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Literary review of researches on Ferula tenuisecta Korovin —
endemic of the Western Tien-Shan

The study of natural flora and its biodiversity, as well as its conservation, is one of the main tasks in the bio-
logical sciences. The threat of extinction of rare, endemic and disappearing species of the flora of Kazakhstan
indicates the need to develop scientific foundations and methodological approaches to the conservation, resto-
ration and effective use of their genetic reserves. The flora is characterized by the specific composition, soil
and climatic conditions of the region, but many components are poorly studied in terms of their phytochemi-
cal and biological activity. The issues of phytochemical studies of plants of the local flora are also listed in
the priority directions of the program for the development of pharmaceutical production in the Republic of
Kazakhstan. Thus, representatives of genus Ferula (family Apiaceae — Umbelliferae) are known mainly as a
source of medicinal properties. Unfortunately, there are few data about useful properties of genus Ferula spe-
cies in the national and international literature. Ferula tenuisecta Korovin as the medicinal plant is paramount
in the production of medicinal preparations due to its chemical composition. Overall, results of the study on
Ferula tenuisecta were analyzed in the article. Directions for further study of Ferula tenuisecta were deter-
mined.

Keywords: Ferula tenuisecta, endem, biological active compounds, cenopopulation, Western Tien-Shan, me-
dicinal properties.

Introduction

Features of flora diversity depend on climatic, geological, soil, and other conditions; are reflected in the
archaeological, ecological and taxonomic diversity of plant species. Kazakhstan is located in the center of
Eurasia, while most of it belongs to Asia and a small part to Europe. It leads to the formation of ecological
systems in a significant part of the territory under the conditions of a continental climate and insufficient
humidity. The territory of Kazakhstan is diverse in terms of natural and climatic conditions. The heterogenei-
ty of natural conditions is reflected in the diversity of landscapes presented on the territory: forest-steppe,
steppe, dry steppe, semi-deserts and desert zones. The vertical belt of various mountain systems
is characterized by desert, semi-desert, steppe, forest-steppe, and forest zones, mountain meadows and the
snow belt [1].

In this regard, the entire territory of Kazakhstan is divided into 29 floral districts [2]. In general, the
uniqueness of the flora in the steppe and desert regions of the country increases from West to East, in Moun-
tain systems — from North-East to South-West [2-5]. The number of vascular plants of Kazakhstan in vari-
ous botanical literature includes from 5.5 to 6.0 thousand species, 10671118 genera and about 160 fami-
lies [2-4].

An important component of arid communities is the genus Ferula, which has a number of valuable
properties and is not sufficiently studied. Among species diversity, the Ferula tenuisecta is of interest, as an
endemic species with valuable medicinal properties.

Cepusa «Bbrnonorusa. MeguumHa. 'eorpacma». Ne 4(104)/2021 7



M.O. Bekebayeva, S.T. Nazarbekova

The main purpose of the study is to examine the biological, morphological, ecological, and phytocenotic
features and phytochemical characteristics of Ferula tenuisecta Korovin (family Apiaceae — Umbelliferae)
in the Kazakh part of the Western Tien-Shan; to search for directions for further study.

Experimental

Object of the research was an endemic plant F. tenuisecta on the area — the Kazakh part of the Western
Tien-Shan. Climatic conditions are continental and dry. The average July temperature is +20-25 °C in the
lower part of the inter-mountain Okot, +15—17 °C in the middle zone, 0 °C in the upper peaks of the moun-
tain. The average January temperature at the foot of the mountain is —2—4 °C (in the south), —6—8 °C (in the
north). In the winter months, temperature inversions cover a wide area. The annual precipitation is 300 mm
at the foot of the mountain, 800 mm at the top of the mountain ranges. The period of maximum precipitation
falls in the northern part of the Tien Shan Mountains on summer period (June, August); in the south — on
spring (March—April). Due to continental and dry climates, drought landscape types predominate. The pre-
mountain slopes, the foothills of most ridges and some inter mountain pits are occupied by semi-desert and
desert landscapes.

The mountain range belongs to Tien Shan Mountain system. It stretched from North-East to South-West
for 110 km, the wide is about 30 km. The highest point is Sairam peak (4299 m above sea level). It is formed
from limestone, sandstone rocks of the lower Carboniferous period. In the South-West, the slope rests on the
Shcherbak reservoir (Uzbekistan). The relief is diverse; the lower border is Meadow Plains. In the plains
there are many springs. High ridges are covered with glaciers. The territory of Kazygurt and Tole Bi districts
includes the North and South-West of the Ugam range. It consists of the Kumkezen, Zhaltyr, Konekty,
Zhetiyungir, Shymyrbai, Azarteke, Makpal ridges, Turpakbel, and Maidan. At the intersection of Ugam with
the Talas Alatau there is the Aksu-Zhabagly Nature Reserve. From the mountain glaciers originate tributaries
of the Ugam and Pezkem rivers: Maydantal, Boldybyr, Sairamsu, Saryaigyr. In the brown, alpine meadow
soils of the mountains, at the foot of the mountain, various herbaceous plants, fruit trees with mixed shrubs,
juniper species, subalpine, alpine meadows grow in the altitude zone.

The rich composition of plants is concentrated on this territory [5, 6]. In addition, there are forage, me-
dicinal endemic species, meadow, species of ornamental plants, fruit and berry crops [6—8].

The work includes a review of information on medicinal and endemic species F. tenuisecta based on
available literary sources. Field studies are conducted on the basis of Sairam-Ugam State National Natural
Park.

Literature review

Sairam-Ugam State National Natural Park, established in 2006, covers an area of 149,053 hectares in
the Western Tien-Shan Mountains (Ugam, Karzhantau ridges and the Western part of Talas Alatau and Bo-
raldaytau). The territory of the park covers 3 districts: Tulkubas, Tole Bi and Kazygurt districts of South Ka-
zakhstan region. The object is represented by the North-Eastern part of the Western Tien-Shan: the Ugam,
Karzhantau and Boraldaytau mountain ranges, as well as the North-Western Spurs of the Talas Alatau. The
park is geographically represented by three cluster sections extending from North to South (Fig. 1).

The flora of this territory is insufficiently explored, especially in the Ugam and Karzhantau ranges,
which are located near the territory of Uzbekistan.

A.A. Ivashchenko conducted floristic studies on this territory since the beginning of the 80s of the last
century. As a result, data on the most interesting floral finds were published [9-11], providing new infor-
mation about previously unpublished endemic plants and poorly studied plant species [12].

Genus Ferula are known mainly for their medicinal properties. In this regard, our interest was aroused
by the study of the endemic plant F. tenuisecta, which is found on the territory of the Sairam-Ugam State
National Natural Park.

In nature, these plants grow primarily in the middle zone of the South-Western Tien-Shan within Ka-
zakhstan, Uzbekistan and Kyrgyzstan, and on soft and gravel slopes in places similar to the climatic condi-
tions of the middle zone [13]. In Kazakhstan, there are 47 species, including tree species, well-studied and
used in folk medicine (Table 1).
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Figure 1. Territory of Sairam-Ugam State National Natural Park

Table 1
Data from recent studies on the species of genus Ferula studied in Kazakhstan
Species Geographical lo- Recent research (authors, year)
cation Kazakhstan CIS International
Ferula tenui- Kazakhstan part - M.K. Malikova, Fadia S. Youssef,
secta Korovin of the Western K.K. Akhmedova, M.A. Mamatkhanova,
Tien-Shan R.K. Rakhmanberdieva, N.Z. Mamadalieva,
K.S. Zhauynbayeva G. Zengin,
(2018) S.F. Aripova,
E. Alshammari,
L. Mohamed
(2020)
Ferula iliensis Dzungarian N.M. Mukhitdinov, N.V. Veselovskaya, -
Krasn. ex Ko- Alatau, A. Ydyrys, Yu.E. Sklyar,
rovin Ili Alatau A.B. Akhmetova M.G. Pimenov
(2013) (1980)
Ferula foetida | On the Mangystau | M.S. Sagyndykova N.G. Gemedzhieva, -
(Bunge) regel Peninsula, (2016) E.V. Kuzmin
Zhambyl and (2015)
Southern Kazakh-
stan region

To begin with the work of Youssef F.S. et al. [14], here information on essential oil composition is giv-
en; in the works of R.M. Khalilov et al. [15], data on the extraction of estrogenic drugs, essential oil from the
roots are provided. Roots of F. tenuisecta described as a source of raw materials for the industrial production
of preparation: ferulene, tefestrol and panopherol. Ferutinin and tenuferidine from the roots of F. tenuisecta
contain essential oil components, such as ferutin, tepherin and prestidine, which are comparable in estrogenic
activity. The creation of preparations containing all these compounds leads to an increase in the output of the
final product, which is not inferior in pharmacological activity to tefestrol [15, 16]. These preparations are
also used in animal husbandry and feed production.
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F. tenuisecta is a perennial plant. The roots are thickened, the neck is branched, densely surrounded by
fibers of dead leaves, the number of stems is several, the height reaches 80—90 ¢cm [17]. In the upper part, an
oblong-ovate inflorescence is branched, the branches of which alternate at the bottom and are collected in
several rings at the top. The leaves are serrated, oval-rhombic, oblong petiolate, consisting of short and hard
hairs, their plate is three-lobed with 2 additional segments and numerous (up to 5 times) small, divided into
2-5 mm long, linear, carved above, arched, oval-lanceolate, raised, serrated. Tent flowers are of two types:
8—15 rays with a center, sitting or short stem, 6—8 cm wide and 2—5 cm lateral, with long inflorescences ex-
ceeding the central umbrella, 10-flowered tent flowers with scaly petals. The flowers are yellow, the cup is
pointed, and the petals are oval, narrowed at the top, wrapped inside, elongated, 1.2 mm. The fruits are ob-
long-oval, the back is convex, with a thickened pale edge, 9 mm long and 5 mm wide, the ribs are rough. The
tubes are single, wide between the ribs, and the waxes are 2—6 on the sides. Phase of flowering occurs in
May—June, and fruit maturation occurs in June—July [17]. It grows on rocky and meadow slopes of the cen-
tral mountain belt. It is found in the Shu-Ili Mountains, Karatau, and the Western Tien-Shan. The general
distribution is the Central Asia (the Western Tien-Shan within part of Uzbekistan).

From F. tenuisecta, which was collected in the Tashkent region, a number of aromatic acid and esters is
isolated [18-20]. Scientists of the Institute of Chemistry of Plant Substance named after academician
S.Yu. Yunusov developed a method for qualitative determination of esters in the roots of F. tenuisecta and
quantitative determination of esters in the ferulene substance [16]. The indicators of extraction of esters ob-
tained from the root of thin sorrel were studied and it was found that the size of raw material particles for this
process should be 2—6 mm, and the alcohol concentration is 95 %. A new phytopreparation “Ferulene” was
developed on the basis of esters of sesquiterpene alcohols. As a result of the conducted experiments, the
technology for obtaining this preparation has been developed. It was also found that the greatest loss of the
amount of esters occurs during the process with potassium [16].

Roots of F. tenuisecta are a source of raw materials for industrial production of ferulene, tefestrol and
panopherol preparations [21]. Previously, the preparation “Tefestrol” was developed, which is a natural mix-
ture of esters of sesquiterpene alcohols, which are comparable in estrogenic activity [21].

Based on the obtained data, a technological scheme for the separation of ferulene was developed, as a
result of which a ferulene preparation consisting of a set of esters ferutinin, ferutin, teferin, fertidine
and tenuferidine was obtained, and a methodology for quantitative determination of Ferulene
was developed [21].

Conclusions

The above studies indicate the need for a more detailed study on the cenopopulation of F. tenuisecta,
found in the Sairam-Ugam National Natural Park. In this regard, by analyzing the previous studies, it is pos-
sible to determine the ontogenetic structure of the F. tenuisecta cenopopulation, the phytocenotic role and the
productivity of communities, to study the structure and composition of the main groups of biologically active
substances in various organs of the F. tenuisecta, to conduct DNA-identification of populations.
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M.O. bekebaera, C.T. Hazap6ekoBa

Bbarbic Taus-lllanbubig dunemuri Ferula tenuisecta Korovin
TYpaJibl 3ePTTEY KYMBICTAPbIHA J/1€0H 10Ty

Taburu ¢uopa MeH OHBIH OHOATyaHTYPINUNIriH 3epTTey, COHBIMEH Karap OHBI CaKTay OHOJOIHUs
FBUIBIMJIAPBIHBIH HETi3ri MiHneTTepiniy Oipi Gombim Tadsutanel. Kasakcran (iopacklHBIH CHpEK Ke3IeceTiH,
9HIEMHUK KOHE KOMBUIBII Gapa jKaTKaH TYpJIEPiHiH KOMbLTy Kayilli — OJaplblH FCHETHKAIBIK KOpJapblH
caKray, KJIIBIHA KEeITipy XoHe THIM/I IaiijaaaHyAbIH FRUIBIME HETi3/1epi MEH oJ[iCTeMeITiK TaCIiepiH Kacay
KaXeTTUNriH kepcereni. dmopa eCIMIIKTEpHiH ©cy OpTachIHBIH TYPJIK KypaMbIMEH, TONBIPAaK >KOHE
KJIMMATTBIK JKaFAaillappIMeH epeKiieneHe i, Oipak onapAblH KOMIILTIrT (UTOXUMHSIIBIK JKOHE OHOJIOTHSIIBIK
OenceHaimiKTepi TYPFBICHIHAA a3 3epTrenreH. JKeprimikri ¢uiopa eciMIIKTEpiHIH (UTOXUMUSUIBIK 3epPTTEIy
maceneci Kasakcran PecrmyGnukackiHblH (hapMaleBTUKAIBIK OHIIPICIH AaMbITy OarqapiaMachlHbIH 0ackiM
GarpiTTap Ti3iMiHIOe ne kepcerinreH. Depymnanap — TYBICHIHBIH OKinaepi — (Apiaceae — Umbelliferae
MYKbIMOAChl) HETI3IHEH eMJIK KacHeTTepiMeH TaHbIMall. OKIHIIIKe Opaid, OTaHABIK JKOHE XaJIIKapaJIbIK
onebuerTepe TYpIIepIiH Maitaabl KacHeTTepi Typallsl Kol aiftemainbl. Ferula tenuisecta Korovin. mopimik
OCIMIIIK peTiHIe XHMHISUIBIK Kypambl OOHBIHINA [IOpUIK INpenapaTrapibl OHAIpyle eTe KYHIbI OOJIBIT
TabbuTaabpl. Makanana Ferula tenuisecta G0¥bIHIIA OTAHIIBIK, IIET CIAIK FAIBIMIAPABIH 3€PTTCY KYMBICTAPHI
MEH 3epTTey HOTHKeJepi )KHHAKTAJIBII, CapaliaHblIl, CaIbICTBIPBUIBII, TAIKbUIAY HOTHXKEIEPI KEeNTipiareH.

Kinm ceo30ep: Ferula tenuisecta, 3uneMuK, OHONOTHSUIBIK OCNICEHI KOCBUIBICTAp, LEHOMOMYJIiHs, baTbic
Tsaup-11lanb, MEIUIIUHAIIBIK KACHETI.
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M.O. bekebaesa, C.T. Hazap6ekoBa

JlutepaTypHblii 0030p ncciaea10BaHUI
no dHaeMuKy 3anaaHoro Tsaub-Ilans Ferula tenuisecta Korovin

Wzydenne u coxpaHeHrne MpUpOIHON (IOpEI M ee OHOPa3HOOOpa3Hs SIBISETCS OJHOW M3 OCHOBHBIX 3a]ad
OMOJIOTHUECKHUX HAayK. YTpo3a HCUE3HOBEHHUS PEAKHX, SHAEMHUUYHBIX U HCUe3aroIuX BUIOB (iiopsl Kasaxcra-
Ha CBHUJCTEIbCTBYET O HEOOXOAUMOCTH pa3padOTKH HAYYHBIX OCHOB M METOJMYECKUX MOIXOJO0B K COXpaHe-
HHIO, BOCCTaHOBJICHUIO U (D (PEKTUBHOMY HCIONB30BaHHIO MX T'€HETHYECKHX 3amacoB. Diopa xapakrepusy-
€Tcs BUIOBBIM COCTABOM, MIOYBEHHBIMU U KIMMATHYECKHUMHU YCIOBUSAMHI OOUTAHHS, HO MHOTHE KOMIIOHEHTHI
MaJI0 U3y4YCHBI C TOYKH 3pCHHs (PUTOXMMHUYCCKONW M OHOJIIOTHUECKON aKTHBHOCTH. BOmpockl ¢puroxumide-
CKOTO M3YYCHUsI pACTEHUA MECTHOH (IIOPBI OTPaXKEHBI B IEPEYHE MPUOPUTETHBIX HAMPABICHUI POTPaMMbI
pasButus (hapmaneBTHUecKoro npomsozactea Pecriyommku Kazaxcran. [IpencraButenu pona Ferula (cemeii-
cTBO Apiaceae — Umbelliferae) B OCHOBHOM H3BECTHBI CBOMMH JICKAPCTBEHHBIMH CBOWCTBaMu. K coxkaie-
HHUIO, B OTEYECTBEHHBIX M MEXIYHApOJHBIX MCTOYHUKAX JINTEPATyphl HEAOCTATOUHO CBEJIEHHUH O MOJE3HBIX
cBoifctBax BuIOB. Ferula tenuisecta Korovin, Kak JekapCTBEHHOE PAaCTEHHUE, PEICTABISIET IEHHOCTh B MPO-
M3BOJICTBE JICKAPCTBEHHBIX MPENapaToB HA OCHOBE XUMHUYECKOTO COCTaBa. B craThe 0000IICHEI U ITpOaHaIu-
3MpOBaHbI pe3yJIbTAThl HCCIeA0BaHUM 0 Ferula tenuisecta. OnpeneneHsl AanbHeHIIe MyTH u3y4eHus Ferula
tenuisecta.

Knioueswvie cnosa: Ferula tenuisecta, SHIEMHK, OUOJOTUYECKU aKTHBHBIC KOMIOHCHTBI, ICHOIOMYJISALNS, 3a-
naaaeii Tsaup-111anb, MeIUIMHCKHE CBOMCTBA.
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NHTPOAYKIHMOHHBIN AHAJIN3 IPEBECHO-KYCTAPHUKOBBIX PACTCHUH
AeHApapusi AJNTaiCKOro 60TAHHUYECKOr o €ca/1a

B craTthe npuBeeHBI MHOTOJICTHIE HTOTH HHTPOIYKIMU KOJUICKIIMOHHBIX pacTeHUH apOoperyMa AnTaicko-
ro 6oTaHWYecKoro cana. VcmbITaHbl IpeBeCHbIC HHTPOIYLICHTHI, IPUBIICYCHHBIC ISl IEPBHYHOTO MCITBITAHUS
u3 CeepHoil Amepuku, Cubupu, Jlamsaero Bocroka, Kuras, Sinonnn, Cpenneit Azun, EBponbl. OO0BEKTHI
HCCIIe0BaHM IpeCTaBlIeHbl 643 Bugamu, popmamu, copramu u3 102 ponos u 40 ceMeHCTB roo- ¥ MOKpPhI-
TOCEMEHHBIX PEBECHBIX pacTeHUll. PacTeHus npuBieKanuch CEMEHHBIM MaTepUaJIOM, KUBBIMU PAaCTEHUSIMHU
U 3eJeHbIMU YepeHkamu. OleHKa HHTPOAYKIMOHHOW YCTOWYNBOCTH reHO(OH A AeHpapys caaa AaHa Ha oc-
HOBE KOMIIJICKCHBIX TTOKa3aTesel KU3HECIIOCOOHOCTH PACTEHUH 10 JaHHBIM MHOTOJIETHHX IKCIIEPUMEHTAIIb-
HBIX McCllefoBaHuH. [ onpeneneHus mokasaresiell )U3HECIIOCOOHOCTH, alalTalluy UCIIOJIb30Bajlach METO-
IKa (HPEHOIOTUYECKUX HAONIOACHUH B OOTaHMUECKHX canax. [lepCreKTMBHOCTh TAKCOHOB JUIS MCIIOJIB30Ba-
HUS B O3€JICHEHUU peruoHa ormpenaeneHa no komriekcHbiM mmkanam ML.IL Kocapesa, IL.U. Jlanuna u
C.B. Apucrosa. [lo komrmiekcy OMONOTr0-X03HCTBEHHBIX MPU3HAKOB PEKOMEH/IOBAHBI ISl MPHUMEHECHUS B
o3eneHeHnH pernoHa 370 BUIOB, GopM, COPTOB TOJIO- U MOKPHITOCEMEHHBIX IPEBECHBIX MOPOA. Matepuaibt
10 MOHHTOPHHTY HHTPOIYKIIMOHHBIX PECypCOB JCHApapus ANTaiickoro OOTaHHYECKOTO caja MOXKHO HC-
MOJIb30BATh VI PACIIMPEHHUs MHTPOAYKIMOHHBIX paboT B Kazaxcrane M B perMOHaNbHOM 3€JEHOM CTPOH-
TENBCTBE.

Knrouesgvie ciosa: MHTPOMYIEHTHI, CHCTEMATHKA, reorpaduyeckoe MpoUcXoxeHue, GeHoaorus, aganramus,
JKM3HECTIOCOOHOCTD, EPCIIEKTUBHOCTD, X035HCTBEHHO-TIOJIE3HbIE TPU3HAKH.

Beeoenue

Bricokas cTeneHb KOHTUHEHTAJIBHOCTH KiuMaTa Ka3axcTaHa BBIIBUTaeT KyJIbTHBUPYEMbBIM PACTEHUSIM
HOBBIIIEHHBIE TPEOOBAaHMSI K aflaNTallHOHHOMY IOTEHIMATy HHTPOAYLIEHTOB. IIpoliecc BBeIeHUS B KYJIbTYpPY
pacTeHuid, HaXOAIIUXCS 3a MpeieslaMi UX IPUPOJHOTO apeaja OOMTaHus, 3aHUMAET JOBOJBHO JAJUTENbHBIN
nepuof. OH npeaycMaTprUBaeT NpeABaPUTENbHBINA aHAIN3 0TOOpa UCXOIHOTO MaTepHuala, SKCIIepUMEHTANb-
HOE TIEPBUYHOE HCTIBITAaHHUE C M3YUYCHHEM OMOAPKOJIIOTHYECKUX OCOOCHHOCTEH PacTeHHH U OLEHKY HHTPOIYK-
OUOHHOTO TMOTEHIHMajda OOBEKTOB WCCIENOBAHWH, HAXOIMIIUXCS MO BO3JACHCTBHEM IOYBEHHO-
KJIMMaTHYECKUX U arpOTEXHUYECKUX YCIOBHM KyJIbTUBHpOBaHus [1-4].

3HayuTeNIbHAs POJIb B COXPAHEHUU U PACIPOCTPAHEHUH I'€HETHUECKUX PECYPCOB MUPOBOIl (iops! mpu-
Ha/JIeKUT OOTaHMYECKUM cafaM. VX KOJIeKLHOHHBIE T€HO(OHIB! SIBISIOTCS XPaHWIUILEM IPUPOIHOIO U
KyJbTYpHOTO Oropa3zHooOpasusi, OJHOBPEMEHHO CTaHOBATCS 0a30il (OpMUpPOBaHUS PETHOHAIBLHOTO accop-
TUMEHTA MEPCIIEKTUBHBIX TAKCOHOB JUISI 3€JICHOTO CTPOUTENBCTBA [5].

Co mHs ocHOBaHUS AnTaiickoro 6oTaHndeckoro cana B 1935 r. u mo HacTosmee BpeMs OTea0M IeHI-
POJIOTHH aKTHUBHO BEAETCS MPHUBJICUCHHE HHOPAWOHHBIX BHIOB, MPOBOJUTCS MX aKKJIMMAaTU3ALMSA, U3y4aeTCs
MOBEJICHNE B YCIIOBHAX PE3KO KOHTHHEHTAJIBHOTO KJIMMAaTa, PEeKOMEHIYIOTCS TEpPCIEKTUBHBIC BUABI IS
BO3MOXHOT'O IPUMEHEHUS B 03€JIEHEHUU I'OPOJIOB. MHOI0JIETHUM ONBIT B pabOTe 110 MHTPOAYKIIMH PACTEeHUI
[O3BOJIMJI 3HAYUTENIbHO PAcUIMPUTh BUIOBOI COCTaB MHOPANOHHBIX IPEBECHO-KYCTapHUKOBBIX IOPOJ IS
JeKOPaTUBHOTO CaJl0BO-NMApKOBOT0 cTpouTeibcTBa BocTouno-Kazaxcranckoit odmactu.

Ienp pa®oTEl — aHaJIN3 KOJOTO-OMOJOrMYECKUX UTOTOB MHOTOJICTHUX MHTPOIYKIIMOHHBIX HCIIBITa-
HUM JpeBECHBIX PACTEHUM Pa3IUYHOIO IMPOUCXOXKICHUS NIPU BhIpAIlUBAaHUU B FOPHOJIECHBIX YCIOBUSIX Bo-
crounoro Kazaxcrana anst pa3paboTKu HayYHBIX OCHOB IPOTHO3WPOBAHMSA U OLICHKH MEPCIEKTUBHOCTH TaK-
COHOB JIJIs1 CTIOJIB30BaHUS B 3€JIEHOM CTPOUTENBCTBE.

Mamepuanst u Memoowl uccied08anus

B coctaB aenapapusi BXOIAT: KOJUICKIMOHHBIA Y4acTOK, MOCEBHOE U LIKOJBHOE OTACNICHUE, MapHUKU
JUTSL 9€PEHKOBAHUS M TEPPUTOPHUS €CTECTBEHHON pacTUTENbHOCTH. OOBEKTaMH MUCCIIEOBAHNUS SIBIITIOTCA TO-
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JI0- ¥ TIOKPBITOCEMEHHBIE PEBECHBIE PacTeHUs IMpeacTaBieHHbIe 40 cemeiicTBamu [6], u3 6 palilOHOB TOHO-
poB [7]: Aceraceae Juss., Actinidiaceae Hutch., Anacardiaceae Lindl., Aquifoliaceae Bartl., Apocynaceae
Juss., Araliaceae Juss., Aristolochiaceae Juss., Berberidaceae Juss., Betulaceae S.F.Gray, Buxaceae
Dumort., Bignoniaceae Juss., Caprifoliaceae Juss., Celastraceae R. Br., Cornaceae Dumort., Cupressaceae
Bartl., Elacagnaceae Juss., Ericaceaeluss., Euphorbiaceae Juss., Fabaceae Lindl., Fagaceae Dumort.,
Grossulariaceae DC., Hippocastanaceae DC., Hydrangeaceae Dumort., Juglandaceae A. Rich. ex Kunth,
Menispermaceae Juss., Oleaceae Hofmqq. et Link, Pinaceae Lindl., Ranunculaceae Juss., Rhamnaceae
Juss., Rosaceae Juss., Rutaceae Juss., Salicaceae Mirb., Schisandraceae Blume, Solanaceae Juss., Staphy-
leaceae Dumort., Taxaceae Gray, Thymelacaceae Juss., Tiliaceae Juss., Ulmaceae Mirb., Vitaceae Juss.

Jl71s1 BBITTOTHEHUS ITOCTABJICHHOM TN COTPYIHUKAMH AJNTaiCKOro OOTaHWYIECKOTO Caja MPOaHaTu3H-
POBaHBI MHOTOJICTHUE JaHHBIC (DEHOIOTUYCCKUX HAOIIOICHUN U CE30HHOUW JMHAMUKH Pa3BUTHS JAPEBECHBIX
WHTPOAYIEHTOB B TOPHO-JIECHBIX YCIOBHSIX.

XapakTeprucTHKa MOYBEHHO-KJIMMATHYECKUX YCIOBUH JaHa Ha OCHOBAHWU ITOYBEHHO-KIMMATHYECKUX
KapT [8] ¥ METEOPOJIOTHUECKUX NaHHBIX [9]. MHOrONEeTHHE (heHONOTHIeCKHEe HAOIOICHHS TPOBOAMIUCH pa3
B JIB€ Henenuw B mepuoj Bereranuu pacteHuil [10, 11]. MHTpogyKUHMOHHBIN aHAIN3 APEBECHO-KYyCTapHU-
KOBBIX pacTeHUH AJNTalCcKOro 0OTAaHMYECKOTrO caja JaH Ha OCHOBAHWU NPOBEICHHBIX HAOIONCHHUA OICHKU
MEPCIIEKTUBHOCTH UHTPOAYIICHTOB MO0 OCHOBHBIM IMapaMeTpaM aJanTaiud BUIOB — 3HUMOCTOHKOCTh, PUTM
Pa3BUTHS, CIIOCOOHOCTH K TEHEPATUBHOMY BO300HOBIICHHIO, EKOPaTUBHOCTH [12—18].

Peszynomamor u ux obcyscoenus

Hennpapuii Anraiickoro 00TaHHYECKOTO cajla PacIoioKeH Ha OKpanHe Topojia Pummep B MexXTOpHOU
KOTJIOBHHE YOMHCKOro U MBaHOBCcKOTrO XpeOTOB Ha ruromanu 12 rekrap B moiiMe peku BricTpyxu, 3aXBaThl-
Bas 10r0-3amajiHblid CKJIOH Topbl benkuna. ITouBbl peACTaBIEHb TOPHBIMU Y€PHO3EMaMH Pa3IMUHON MOIII-
HOCTH C COZIepXaHueM rymyca ot 6 1o 8 %. ['opHsIil penbed 3a cueT TemmepaTypHBIX MHBEPCHH cMArdaeT
HU3KHE TEMIIepaTyphbl 3UMMOI U BBICOKHE JIeTOM. [lorogHsie ycIoBHUs 3MMHETO NepHoAa omnpenenser MoHro-
710-CuOupckuil aHTHLWKIIOH, NPUHOCSIIUI XOJIOIHBIE BO3AYIIHBIE MAacChl, CIIOCOOCTBYS BBIHYKICHHOMY
IIOKOIO JPEBECHBIX MOpoX. BererannoHHbIN nepuoa (heHOIOrMYECKOro pa3BUTHUS PACTCHUN HACUUTHIBAET
5,9-6,4 mecsanes [9]. Cpennsasa Temnepatypa 3uMbl cocTasisieT —12,6 °C ¢ KpaTKOBPEMEHHBIMYM MOPO3aMH 10
—35-45 °C. Cpeassist BEICOTa CHEKHOTO ITOKPOBA HAa OTKPBITHIX NMpOCTpaHcTBax gocturaet 50—60 cm, ¢ riy-
OouHoM ipoMep3anus ouBbl 40—119 cum [9]. BecHa mo3guss 1 IpoaoinKUTENbHA. [T Hee XapaKTepHEI TTe-
pHoaMYecKHEe BeceHHUE 3aMOpo3ku. OcoOeHHO HeOJIaronpusiTHEI MOCIEICTBUS 3aMOPO3KOB B KOHIIE Masi —
Havane uroHs. [loHmwkenue temmneparypsl 10 —3—5 °C BBI3BIBAIOT CYLIECTBEHHBIE MOIMEP3aHMs MOJIOABIX
1100EroB, PaCIyCTUBLIMXCS JUCTHEB U '€HEPATUBHBIX OPIaHOB, YTO IPUBOJUT K HAPYIIEHUIO HOPMAJIbHOI'O
¢bu3noI0ruyeckoro pa3BuTys. JIeTo KOPOTKOE, YMEPEHHO TEIUIOE — PETMOH HAXOAMUTCS IO BIMSHUEM LIEH-
Tpa HU3KOTO AABJIEHUS C TOCTIOACTBOM CYXHUX KOHTHHEHTAJIBHBIX Tponuueckux mMacc. CpenHss TeMnepaTrypa
caMoro Teroro Mecsua coctasisieT +16,6 °C. OcoOeHHOCTBIO JieTa SIBIISIETCS OTPaHUYEHHBIA 0€3MOPO3HBIT
TepuoT ¢ cyMMO# akTUBHBEIX Temmepatryp B 1000—-1800 °C, mmrensHocThio 82—121 nens. Bes repputopus
HaxoIuTcs B 00JAaCTH C JOCTaTOYHBIM YBJIQ)KHEHHEM B JIETHUH IEpPHOA, C BbIIAJeHHEM ocalakoB 140-—
300 mm. OceHb paHHSS, C PE3KUMH IIE€penajaMyi CyTOUHBIX TEMIeparyp, BIUAIOMNX HA (QU3HOIOTHIECKOE
COCTOSIHME PacTeHMI NpH MPOXokAeHHN (a3 3akanuBaHus. [lepBbie 3aMOPO3KH Ha TIOYBE BO3MOKHBI yXKE B
TpeTheil Jekaze aprycra. 3UMHHUM NEpuo] HACTyHaeT IpU YCTONUMBOM IIEPEXO0JIe CPEeIHECYTOUHBIX TEMIIe-
paryp Hike 0 °C B TpeTheil nexane oKTs0ps — mepBoi aexaae Hosops [9].

Kak mokazana mpakTuka, BeLymuMu (HakTOpaMu €CTECTBEHHOTO 0TOOpa MpH (POpMUPOBAHUHU KOJIIEK-
LUK AeHApapusi Anraiickoro 60TaHHYECKOro caja SBJIAIOTCS BBICOKAasi 3MMOCTOMKOCTh U MOPO30yCTOWYH-
BOCTb PAaCTEHHH, paHHEE Ha4aJo U OKOHYAHUE BETeTallH, JUHAMUYHOE MTPOX0KIEHUE POCTOBBIX MPOLIECCOB
W PEenpOIyKTHBHOW (a3bl pa3BUTHS, YTO, B LIEJIOM, HEOOXOJUMO sl COXpPaHEHHsI MPUPOJHOTO TaduTyca U
BBI3PEBaHUS CEMSIH B YCIOBHSIX OIPaHMYEHHOI0 O€3MOPO3HOT0 NEPUOJIA.

ITo cocrostamio Ha 2021 r. Kosmekunonusiii ¢hoHI AeHIpapus HacuuThiBaeT 644 Buaa, Gopm, copra,
otHocsmuxcs K 40 cemericteam u 103 pogam. B popMupoBannn KoeKIuu JpeBECHO-KYCTAPHUKOBBIX TO-
POJ y4acTBYIOT I'0JI0- U IOKPBITOCEMEHHbIE PACTEHUS, CUCTEMAaTUIECKUN COCTAaB KOTOPBIX MPEACTaBJIECH Ha
pucynke 1.
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Pucynok 1. Cucremarndecknii cocta apdoperyMa ANTaiicKoro 00TaHMYECKOTO cajia o cocTosHuMio Ha 2021 T.

B ocHOBy pasMenieHusi pacTeHU B IEHIApPApUH TOJIOKEH TeorpapuuecKuii MPUHITUI, COCTOSIINN U3
MHTPOTYKINOHHBIX MOMYJISIIUH, COOpaHHBIX B BUJIEC HEOOJBIINX I'PYIII WIN OTACIBHBIX COIUTEPOB M3 pas-
HBIX OoTaHuKo-reorpaduyeckux obnacrert (Janpauit Boctok, CeBepnas Amepuka, Cubupb, Cpennss Azust
u EBpomna) (puc. 2).
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Pucynoxk 2. I'eorpadruaeckoe nmpoucxoxaeHne nHTpoayueHToB Komrekunonnoro ¢honma
JeHaApapusi ANTaicKoro 60TAHMYECKOTO caia

OcHoBHas 4yacThb (65 %) KOJUIEKIIMOHHBIX PACTCHHN JEHIPApHs COXpaHIeT MPUpOIHYI0 (hopMy pocrta,
00J1aaeT yCTOWYMBBIM TOJIOBBIM MPUPOCTOM € 3aKOHUCHHBIM IIUKJIOM CE30HHOTO Pa3BUTHS. AHAIIN3 MHOTO-
JNEeTHUX (DEHOJIOTUYECKUX HAOJIOJCHUI TO3BONIMJ BBISIBUTH HawOoOJiee TEPCIEKTUBHBIE OOTaHUKO-
reorpaduyeckre o0JIacTu ST HHTPOJAYKIUH JPEBECHBIX MOPOJ K MOYBEHHO-KITMMATUYECKUM YCIOBUSIM B
TOPHO-JIECHOM Tosice — 3T0 yMepeHHas 30Ha CeepHoit Amepuku, [lanpauit Boctok, Cubups u TopHBIC
pationsl EBpornetickoii yactu EBpazumn.

T'omocemenHble TOPOABI MpEACTaBICHB 3 ceMelcTBaMU, OTHOcSMMHCS K 9 pomam, 40 Bugam, 24
dopmam u copram (9,9 % ot obmero uncia KynbTuBapoB). M3 HUX 10 xu3HeHHOH popme 37 TaKCOHOB OT-
HOCSITCA K JepeBbsiM, U 27 — K KycrapHukaMm. OCHOBHasl 4acTh KOJUICKIIMM XBOWHBIX IOPOJ JIOCTHIJIA
20-30-nretHero Bo3pacta. Hambonee 3penbie HacakAeHUs NPEACTABICHBI JIECOOOPA3yIOUIMMHU TOPOJAMH,
BXOJISIIIMMH B COCTAaB MECTHOM neHapodiopsl: Picea obovata Ledeb., Abies sibirica Ledeb., Larix sibirica
Ledeb., Juniperus sabina L., Pinus sibirica Du Tour, Pinus silvestris L. B KOJTU4eCTBEHHOM COOTHOIIICHHU B
KOJIJIEKIIMIO TpHBJIeueHo 1o 16 TakconoB u3 EBpomnsl u Cubupu; u3 CeBepHoit AMepuku —14 BUaOB, mpous-
pacTaronux B XBOHHBIX Jiecax ATinaHTHuecko-CeBepoaMepuKaHCKON 00acTy.

N3 Bocrtouno-A3maTckoit U bopeanbHol aeHapoduiopucTrdeckoi obmacreit Jlampaero Boctoka wH-
TpoayuupoBaHo 7 BuaOB (puc. 2). [To BumoBoMy coctaBy Hanboiee IUPOKO MPEACTABICHBI TAKCOHBI U3 PO-
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noB: Pinus L. — 11 BunoB u 2 ¢opwmsr; Picea Dietr. — 8 BunoB u 8 dopm; Juniperus L. — 7 BumoB u
8 dhopmM, coproB; Abies Hill. — 4 Buna. B reHepaTvBHYIO CTaIHIO Pa3BUTHUS BCTYHHIU 24 BUAA, U3 HUX IIe-
PUOAMYCCKH THIOTOHOCIT — 22.

Picea schrenkiana Fisch. et Mey., Abies holophylla Maxim., UHTpOAYIIUPOBaHHEIE U3 PETUOHOB C 0O-
Jiee TETUTBIM KITMMaTOM, U3MEHWIN (JOPMY POCTa ¢ APEBOBUIHOM HA KYCTOBYIO MPH YBEIMUYCHUN TIPUPOCTA B
HIDKHEHN 4acTH KPOHBI.

MHoroeTHIE HAOIIOCHHS 32 CE30HHBIM Pa3BUTHEM BBISBHIN Y XBOWHBIX MHTPOAYIEHTOB B KOJLICK-
1Y OMPEJEICHHBIH (EHOJIOTHYSCKUN KOHCEPBAaTH3M OHOPUTMOB, OOYCIOBJICHHEIN Mopdodusnomornye-
CKOM crienin(pUIHOCTBIO BUia. THTPOAYIICHTHI ME/ITICHHEE M3MEHSIOT CE30HHBIN IIUKIT Pa3BUTHS, XYXKe Mepe-
HOCSIT 3UMHHE TIOBPEXK/ICHHS, BETETAINsl U CEMEHHAs PENMpPOAYKIHNS OCIa0JIEHBI, C TIEPEMEHON HKOJIOTHYe-
CKUX YCJIOBUH MPOU3PACTaHUs MPOSBISIOT OTPAaHUYCHHBIN YPOBEHb afantupoBaHHocTH. Hanbosee BrIcOKHe
MOKA3aTeN YCTOWIMBOCTH, 3UMOCTOMKOCTH M JEKOPATHBHOCTH TIOKa3bIBAIOT XBOWHBIE pacTeHus Culupw,
psan takcoHoB CemepHoli Amepuku, JlampHero BocToka u ropHbeix obmacteit Bocrounoit Espomel. Cpenn
MEPCIICKTHBHBIX KyNbTyp 16 BUaoB 1 19 dopM, COPTOB, KOTOPEIC MO3BOJISIFOT PACIIUPHUTH MOTCHIIUATBHBIH
ACCOPTHMEHT BEYHO3EJCHBIX MOPOA JJIsS NMPUMCEHEHUs B O3CJICHEHUM peruoHa: Pinus mugo Turra, Pinus
banksiana Lamb., Pinus sibirica DuTour, Picea obovata Ledeb. u ee dopmsl, Picea jezoensis (Sieb. et
Zucc.) Carr., Picea pungens Engelm., Picea abies (L.) Karst., Picea engelmannii Engelm., Larix decidua
Mill., Juniperus sabina L., Juniperus sibirica Burgsd., Juniperus davurica Pall., Microbiota decussate Kom.

ITokpeITOCEMEHHBIE pacTeHUsl AeHmpapus BKI09aroT 580 BUIOB, (GopM, COPTOB, YTO COCTaBIISCT
90,1 % ot Bceit koyutekmu aeHapapus. 3 Hux nepesbst HacUUTHIBAIOT 230 TaKCOHOB, KyCTAPHUKH U JTHAHBI
350 cootBercTBeHHO. [Ipeobmanaromniee KOMMYECTBO KYCTAPHUKOB B KOJUICKIIMOHHOM (OHJIE CBSI3aHO ¢ 0O-
Jiee IIUPOKOM IKOJOTHYECKOM MIaCTUYHOCTBIO TaHHOH (GOPMBI pocTa, MO3BOJISAIONICH UM adanTHPOBATLCA K
IIMPOKOMY HAmNa30Hy M3MEHEHHH BHemHed cpenbl. Cpean KyJIbTHBHPYEMBIX PACTEHHUN BBINENAIOTCS Ce-
MelicTBa: Rosaceae Juss., Bkmtovaroree 22 pona, 176 sumos u 13 dopwm, coptos; Caprifoliaceae Vent. — 6
ponoB, 48 BunoB, 4 popmser; Oleaceae Hoffmgg. et Link — 5 ponos, 28 Bumos u 32 dhopwmel, copra; Fabace-
ae Lindl. — 5 pomos u 14 BumoB ¢ 2 popmamu. boraroe pazHooOpas3me TAKCOHOB MPEACTABICHO CPEIN POJIA:
Crataegus L. — 38 takcoHoB, Lonicera L. — 32, Spiraea L. — 29, Rosa L. — 25, Salix L. — 22 Buna.

ITo reorpaduueckoMy MPOUCXOXKICHUIO B KOJUICKITMOHHOM (DOHZE NEeHApapus MpeoOaaaatoT BUII U3
Cesepnoit Amepuku — 19,6 %, Jlansaero Bocroka — 17,8, EBporer — 16,5, Cpenneit Asun — 10,7 u Cu-
oupu — 3,1 %. Pacrenus, mpouspacraroniye B CMEXHBIX OOTaHUKO-Teorpadudecknx odmactsax EBpaszum,
HACUUTHIBAIOT 52 TakcoHa — 24,3 % oT umcna pacTeHuil apooperyma. CymecTBeHHBIH MPOLEHT KyJIbTHBH-
PYEMBIX ApPEBECHBIX PACTEHUH cajja MPHUXOAUTCS HAa CHCTEMATHYECKHE eWHUIIBI B Npeaeiax BUAa — TH-
opun, dopma, copr. Obnanas pazHoll QUIOTCHUEH W aMIUTUTYA0H U3MEHUYMBOCTH PUTMA Pa3BUTHS, TOKPBI-
TOCEMEHHBIC PACTEHUS KOJUICKIIMOHHOTO (DOH/A JICHApapHs MMOKa3bIBAIOT PA3HYK0 CTEIICHD KU3HECIIOCOOHO-
ctu. CeBepoaMepUKaHCKUE BUIBI NPEJCTABIEHBI B KOUIEKIMU 126 TakcoHamu. OCHOBHAs 4acTh PacTCHUUN
oTHOcUTCs K Kanazackoit xBoitHo# nmpoBuHIyd CkanucTeix rop, Cutxu u bpuranckoit Komym6uu. braroma-
Pl yIOBIETBOPUTEIHHON 3UMOCTOMKOCTH U TTOKA3aTENAM KU3HECIIOCOOHOCTH, JaHHBIE PAOHBI MOKHO TIPH-
YUCIUTh K MEPCICKTUBHBIM TEPPUTOPHSIM IPU UHTPOAYKIIUU B SKOJIOTHUSCKUE YCIOBHUS ANTalCKOW TOpHOM
CTpaHbl. BBeseHne B KynbTypy MHTPOIYIIEHTOB JJISi CEBEPHBIX M BOCTOYHBIX obmacteit Kazaxcrana pexo-
Menayercs 64 BumoB u3 Cepepoamepukanckoit ¢uiopbl. Cpenu Hux Crataegus flabellate (Bosc) C. Koch,
Crataegu spunctata Jacg., Viburnum lentago L., Mahonia aguifolium (Pursh) Nutt., Padus pensylvanica
(L. £.) Sok., Amelanchier spicata (Lam.) C. Koch, Spiraea menziesii Hook., Physocarpus opulifolius (L.)
Maxim. u ap. C duopsl JJanpHero BocToka, 0XBaTHIBAIOIIETO CEBEPO-BOCTOUHYIO OKPAWHY MaTepuka A3HH,
B KOJUIEKIIMOHHBIN QOHA apOopeTyMa HHTpoLyuupoBaHo 115 Buaos.

PesynbpTaTthl HaOMIOMEHUH CBUAETEIBCTBYIOT O Pa3HOW YCTOWYMBOCTH APEBECHBIX mopoj. Hambonee
BBICOKHE TIOKa3aTeNH XU3HECTIOCOOHOCTH XapaKTepU3yIOT BHUIBI M3 KOHTWHEHTAJIBHBIX apeasoB OXOTCKO-
KamuaTckoit 1 MaHbWKYpCKOH IeHAPO(IOPUCTHUSCKON MPOBUHIINY, & TAKKe HECKOJIbKUX paiioHoB Cpe-
HecuOupckoi u 3a0alKaIbCKOW MPOBUHINM, HAXOMAIINXCS TIO0J BIUSHHUEM MYCCOHHOTO KiMMara THUXoro
okeaHa. HanMenee cnabble aganTHBHBIE TTOKa3aTeNd XapaKTepPHBI IJIs pacTeHUH ocTpoBHOU dacTu Caxanu-
HO-XoKkkanickoil u SAnono-Kopeiickoit npoBuniuii. Ho, B 11€J10M, MOJIOKUTENIbHBIE PE3YJIbTAThl HHTPOIYK-
MY TIO3BOJIMIIA PEKOMEHJIOBATh B KyNIBTYpy 89 Bua0B — Acer ginnala Maxim., Juglans mandshurica Max-
im., Euonymus maackii Rupr., Pyrusus suriensis Maxim., Ulmus lasiniata (Trautv.) Mayr, Crataegus dahu-
rica Koehne, Crataegus pinnatifida Bunge, Populus maximowiczii A. Henry u ap. 13 3anagnoii, Bocrounoi
EBponsl u KaBkasa ucneitano 106 BugoB.
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I'enoTunmueckass 0COOEHHOCTh PacTEHHH PErMOHa CHOCOOCTBYET MPONOJLKUTENBHOMY POCTY U CE30H-
HOMY Pa3BUTHIO KYJIbTYp B TOPHOJIECHBIX YCIOBHUSX paiiOHa MHTPOJYKIINU. BhIHYX)/IeHHOE OKOHUAHHE Bere-
TaIMK B YCJIOBHSIX PE3KOTO BO3PACTAHUS CYTOYHBIX aMILTUTYJI OCCHHETO IEePHOo/ia He TIO3BOJISET IPEBECHBIM
nopoJaM B MOJTHOH Mepe MOATOTOBUTHCA K 3UMHEMY MEPUOy U MEpeiTH B MOPO30YCTOHYNBOE COCTOSHHE.
[MosTOMY TIOCIIE TIEpE3UMOBKH XapaKTEPHBI Pa3IyYHbIC MOBPEKICHUS OPTaHOB M YacTei PacTeHUH OT HU3-
KHX 3HMHUX TeMIIEpaTyp.

VY psna apeBecHbIXx nopox EBpormeiickoro permona (peHOpUTMUYECKas Te€TEPOreHHOCTh B Ipeaeiax
MPUPOAHOTO apeasia 00ecreYrBaeT BHICOKUE aalTAllMOHHBIE TOKa3aTelH, YTO MTO3BOJIMIIO BRIACTUTH OoJiee
40 mepCIeKTUBHBIX BUAOB Ui PETHOHATIBHON KyIbTyphl: Quercus robur L., Alnus incana (L.) Moench,
Picea abies (L.) Karst., Rhamnus cathartica L., Euonymys europaea L., Acer tataricum L., Syringa josikaea
Jacg. Fil., Berberis vulgaris L., Genista tinctoria L., Cornus alba L. 13 paiionos Cpeaneit A3uu KyJIbTHBH-
pytorcst 69 BunoB. MHOTHE U3 HUX HEJAOCTATOYHO 3UMOCTONKH M TOSTOMY MAIIONIPUTOHBI JUTS UHTPOIYK-
K Ha Tepputopru Boctounoro Kazaxcrana. HecMoTpst Ha 3To, psiil HHTPOIYIIUPOBAHHBIX BHUJIOB MPOSIB-
JISIIOT JOCTaTOYHYIO YKM3HECTIOCOOHOCTD K YCIOBHUSM CPEbl M BIIOJHE MPUTOAHBI AJISl MPAKTHYECKOTO MPH-
MeHeHus B KynbType: Malus sieversii (Ledeb.) M Roem., Populus bolleana Lauche., Caragana aurantiaca
Koehne, Crataegus * almaatensis Pojark., Aflatunia ulmifolia (Franch.) Vass., Sorbus tianschanica Rupr.,
Lonicara lanata Pojark. [IpeBecHbie nopoasl Cubupu u Antas mpefcTaBieHbl 66 Bugamu. V3 HUX OKOIIO
70 % pacTeHHil BXOAAT B cOocTaB AeHAPO(MIOpb yMmMepeHHoro mosca EBpasum. JlanHas rpymnmna Haumbonee
aJIafTHPOBaHa K OCOOCHHOCTSIM KIIMMATHYECKUX YCJIOBHN pernona. OHM 00JIaaloT BHICOKOH CTETICHBIO 3U-
MOCTOWKOCTH, COXPAHSIOT MPHUCYIIYI0 UM B MPHUPOJIE KUIHCHHYIO (popMy U moOerooOpa3oBaTenbHYO CIO-
COOHOCTB, JAal0T CEMEHHOE MOTOMCTBO, 00ECIeYnBaloLiee MPUCIOCOOUTEIbHYI0 I3MEHYMBOCTD TIPH CMEHE
nokosieHuit. OTHOCATCSI K TPyIIIe PaHO WK MO3IHO HAYMHAIONINX M PAHO 3aKaHYMBAIOIIUX BETETAIMIO TIPH
MOJTHOM OJIpEBECHEHHMH MOOeroB. B o3eneHeHNH 007acTH TPAJUIIMOHHO HCTONB3YIOTCS TaKUe BHIBI, Kak
Crataegus altaica Lange., Tilia sibirica Bayer, Populus nigra L., Betula pendula Roth, Pentaphylloides fru-
ticosa (L.) O. Schwarz, Spiraea media Friedr. Schmidt, Sibiraea altaensis (Laxm.) C.K. Schneid.

B cocrare KomnekmmornHoro ¢oHma cama npeactasieHo 156 TakcoHOB THOPUAOB, GOPM B COPTOB Jpe-
BeCHBIX pacTeHHH. CpaBHUTENBHBIA aHAJN3 OKA3bIBAET, YTO MHOTHE M3 HUX XapaKTEPU3YIOTCS MOHMKEH-
HOM >KM3HECTIOCOOHOCTBIO K JIMMUTHPYIOIIMM (akTopaMm cpelibl 0 CPaBHEHHIO C TUIMYHON (QopMoi BuAa,
HO TOBBIIICHHBIC JIEKOPATUBHBIC KadecTBa M OTOOP YCTOWYMBBIX KYJIHTHBAPOB K YCIOBHIO MPOU3PACTAHUS
JIAF0T BO3MOXKHOCTh HMCIOJIb30BaTh 83 TaKCOHA MPH CO3JaHUM Pa3HOOOPA3HBIX CaJIOBO-TIAPKOBBIX KOMITO3H-
U,

Raxnouenue

CooTtHomeHue (GUIOTeHUH BUIa ¢ OCOOCHHOCTAMHU KIMMATHYECKUX YCIOBWH MPOHM3pACcTaHUs OIpee-
JIIET YCTOHYMBOCTh MHTPOAYIICHTOB M UX CIOCOOHOCTH K aKkiInmMaru3anuu. [Iporecc mepecTpoiiku puTMOB
CE30HHOTO Pa3BUTHUS U POPMHUPOBAHHE KU3HCHHBIX (DOPM MO3BOJISIFOT CO3/1aBaTh YCTOWYMBBIC MHTPOIAYKIIH-
OHHBIC TIOMYJISIIINY, SBJSISICH 02308 T (HOPMHUPOBAHUS PETUOHALHOTO 2CCOPTHUMEHTA JIJIsl KCITOTIh30BaHUS B
3eJICHOM CTPOHTENILCTBE U HHBIX chepax X03aiCTBEHHON JIeATEILHOCTH.

Konnexkumonnsrit hoHa neHApapust caia MpeAcTaBiseT cOOO0W IIEHHBIH HAaYYHBIN MaTepuan JJis MO3Ha-
HUS OMOJIOTUY ¥ 3KOJIOTHH WHTPOAYIIUPOBAHHBIX BHJIOB B IPHPOIHO-KIMMATHUECKHUX YCIOBUAX BocTouHOTO
Kazaxcrana. OcHOBHas 4acTh KyJbTUBUPYEMBIX IIOPOA MMPOXOIUT BCE ITAIBI CE30HHOTO Pa3BUTHS, 00JIagaeT
MOBBIIIICHHON 3UMOCTONKOCTBIO, YCTOHYHUBBIM POCTOM, IIBETET U TUIOJOHOCUT C (DOPMUPOBAHUEM JKU3HECITO-
COOHBIX ceMsiH. Pe3ynbTaThl MHOTOJICTHUX HAOIOCHHN 332 3UMOCTOUKOCTHIO, PUTMOM CE30HHOTO Pa3BHUTHUS
Y IEKOPAaTUBHBIMU KadueCTBAaMH MO3BOJIIN peKOMEHI0BaTh He MeHee 370 BuI0B, GOpM, COPTOB IPEBECHBIX
MOPOJT YIS MPAKTUIECKOTO UCIOIB30BaHMS B KyJIbType. JlanpHelre HaydHO-UCCIIeI0BATEIbCKUE PaOOThI
HaIpaBJieHbl HA MPUBJICUYCHUE W HMCIILITAHUE HOBBIX BUJOB MUPOBOH ACHIPOMIOPHI, Pa3padOTKH HAYYHBIX
OCHOB TIPOTHO3MPOBAHUS U OIIEHKY MEPCTIEKTUBHOCTH TAKCOHOB B PE€3KO KOHTHHEHTAIBHOM KiuMmarte Kazax-
CTaHa MpH MOBBIIIEHHONW aHTPOIIOTE€HHOU Harpy3Ke.

Cmamusi n0020Mo6IeHa 8 PAMKAX HAYUHO-MeEXHUYecKkou npozpammul «Paspabomka nayuno-npaxmu-
YeCKUX OCHO8 U UHHOBAYUOHHLIX NOOX0008 UHMPOOYKYUU PACMEHU 8 NPpUpoOHbIX 30Hax 3anadno2o u Bo-
cmounoeo Kazaxcmana 0ns payuonanvro2o u sghgexmuenoco ucnonvzoganusy Munucmepcmea obpasosa-
Hus u Hayku Pecnyonuxu Kazaxcman (2021-2022 22.).
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A.A. Bunokypos, E.A. Mcakosa, A.H. /lanunosa, A.A. Iman6aeBa

AJrTail 00TAHUKAJIBIK 0aFbIHBIH J€HAPAPUACHIHIAFBI OYTAJIbI
ociMIIKTepAiH MHTPOAYKIUSUIBIK TAJIAYbI

Maxkasnana Antaii 60TaHHKAJIbIK Oarbl apOOPETyMBIHIAAFbl KOJUICKIMSUIBIK OCIMIIKTEp HHTPOLYKLIHUSCHIHBIH
KOIDKBUIABIK HoTIKenepi kentipinren. Conrycrik Amepukanan, Cibipaen, Kubip Ileirpictan, Kpiraiigan,
XKanonusnan, Opra Asusznan, Eyponagan ayFamikel ChIHAKKa TapThUIFAH aralll HHTPOAYLEHTTEP ChIHAJIBI.
3epTTey HbICAaHIAphI JKATAHALITYKBIMIbI JKOHE KaOBIKTYKbIMIbI aral eciMaikTepain 40 Tykpimaacel Men 102
Typinen 643 Typ, dopma, copT peTiHAe YChIHbUIFaH. OCIMAIKTEp TYKbIM MaTepHAJLAAphl, Tipi ©CiMIiKTep
JKOHE JKachUl cabakrap apKpuibl 3epTreiai. bakina neHapapHuschIHIaFbl TeHIIK KOPIBIH HHTPOLYKLHSIIBIK
TYPaKTBUIBIFBIH Oarajay KeIDKBIIIBIK SKCIIEPUMEHTTIK 3epTTeyliepre ColKec oCiMIIKTepAiH oMipIIeH iriHIH
KypAeni KepceTkimTepi Heri3iHae OepiireH. OMipIIeHIIKTiH, OefiMaeny il KOpPCeTKIIITepiH aHbIKTay YIIiH
GotaHuKaNBIK OakTapaa HeHONOTHsUIBIK OaKbLIay 9/iCi KOJIaHBULABI. AIMaKThl KerajaJaHabpyaa KOJIIaHyFa
apHairaH TakcoHmapapiH Oomamarel M.II. Kocapesrin, ILU. Jlanunuin, C.B. ApHCTOBTBIH KelleHI
IIKaJachl OOMBIHIIA AHBIKTAIFaH. BUONOTHAIIBIK JKOHE SKOHOMHKAIIBIK CHIIATTaMallap/IblH KelleHi OoifbIHIIa
aliMaKThl KeraJJaHIbIPyAa >KaJaHAIUTYKbIMIBI JKOHE JKaOBIKTYKBIMIbI araml TypaepiHiH 370 TypiH,
(bopMachIH, COPTHIH KOJJAaHYy YCBHIHbUIFAaH. AnTail OOTAHMKANBIK Oarbl IEHIAPAPUHiHIH HMHTPOIYKLHSIBIK
pecypcTapbIHbIH MOHMTOPHHII OoiibIHIIA MaTepHanaapasl KasakcTaHIarbl HHTPOAYKLHSIIBIK KYMBICTAp.IbI
KEHEHTY yoHEe oJiap/ibl OHIp/i KeralngaHIbIpy YIIiH nainananyra 001aisl.
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A.A. Vinokurov, E.A. Isakova, A.N. Danilova, A.A. Imanbayeva

Introduction analysis of tree and shrub plants
of the arboretum of the Altai Botanical Garden

The article presents the results of the long-term introduction of collection plants of the arboretum of the Altai
Botanical Garden. The authors of the article collected woody introduced species for primary testing from
North America, Siberia, the Far East, China, Japan, Central Asia, and Europe. The objects of the study were
643 species, forms, varieties of woody plants from 102 genera and 40 families of gymnosperms and angio-
sperms taxa. Plants were collected by seed material, living samples and green cuttings. The assessment of the
introduction resistance of the garden arboretum gene pool was given based on complex indicators of plant vi-
ability according to the data of long-term experimental research. To determine the indicators
of viability, adaptation, the method of phenological observations in botanical gardens was applied. The pro-
spect of taxa for use in the landscaping of the region was determined according to the integrated scales of
M.P. Kosarev, P.I. Lapina, S.V. Aristova. According to the complex of biological and economic characteris-
tics, 370 species, forms, varieties of coniferous and angiosperms are recommended for use in landscaping of
region. Materials for monitoring the introduction resources of the arboretum of the Altai Botanical Garden
can be used to expand the introduction work in Kazakhstan and in regional green construction.

Keywords: introduced species, taxonomy, geographical origin, phenology, adaptation, viability, prospects,
economically useful signs.
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Investigation of the effect of acetylation
on the physicochemical properties of grain starches

Use of acetylated starches in the production of composite biodegradable materials is a promising direction,
since acetylation increases the water-resistant properties of starches. This article presents the results of studies
on the effect of acetylation of wheat A and corn starches with glacial acetic acid on the physicochemical
properties of polysaccharides and the study of the potential of using modified starches to obtain a composite
mixture of biodegradable films. Comparative studies of the physicochemical properties of polysaccharides
and their modifications have illustrated that acetylation leads to a decrease in the proportion of amylose in
starch, and also reduces the swelling of starch. It has been revealed that the degree of substitution in starches
increases only at the initial stages of the acetylation reaction, which is possibly associated with the rheology
of starches common to corn and wheat A during swelling and gelatinization. With a decrease in the amount of
acetylating agent, a more uniform course of the reaction is observed, the granules destroyed after absorbing
the maximum amount of moisture still have access points for replacement with acetyl groups, the reaction
proceeds more slowly, but deeper. Solubility depends more on the reaction time. The optimal technological
parameters for obtaining acetylated starches have been determined. For wheat starch A, the following are
optimal: the concentration of glacial acetic acid is 1: 6, the reaction time is 40 minutes; for corn starch:
concentration of glacial acetic acid 1: 5, reaction time 60 minutes. Samples of acetylated starches obtained
under such conditions are convenient for preparing a composite mixture of biodegradable materials.

Keywords: wheat A starch, corn starch, amylose, swelling, solubility, acetylation, rheology, starch
modification.

Introduction

The packaging materials, mainly polyethylene, which is durable and degradable for more than hundred
years, creates a serious problem for the environment all over the world. This problem is also highly relevant
in Kazakhstan. In addition, according to the EU Directive (EC 94/62 “SDA-Green Mark”), the responsibility
of the packaging manufacturer for the life cycle of the packaging put into circulation on the market is
determined. As a member of the World Trade Organisation (WTO) being fully compliant with its
requirements, the problem of packaging recycling is also arised in our country.

The most attractive alternatives to petroleum-based or synthetic-based plastic packaging are polymers
derived from a variety of renewable natural resources such as starch, cellulose, chitosan, plant and animal
proteins. An affordable, inexpensive, renewable, and degradable natural polymer is starch. However, poor
water resistance and low strength are limiting factors for the use of materials made from starch. These
problems are solved by chemical modification of starch, which allows obtaining optimal functional
properties for packaging materials.

Despite a plenty of studies being done on biodegradable starch-based materials, there are
still challenges and opportunities to improve productivity and reduce costs, in particular to improve
the recognized weakness of starch-based materials: moisture sensitivity.

Starch is a polysaccharide that can be synthesized by plants and is found mainly in fruits, root tubers,
legumes and cereals, usually its content varies from 25 to 90 %. Unlike other polysaccharide polymers,
which are harvested or recovered by destroying plants, starch can be harvested in most cases without
destroying them [1]. Starch is stored by plants in a partially crystalline, water-insoluble granule form, the
size and composition of which depends on the plant source [2, 3]. Due to its complete biodegradability [4],
low-cost and renewability [3—5] starch is considered as a promising candidate for the development of
environmentally friendly materials. The hydrophilic nature of starch is a major limitation that severely limits
the development of starch-based products, so chemical modification is a way to solve the problem when
making waterproof materials [6]. Acetylation is one of the best studied and implemented chemical
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modifications on the industrial level and is based on the esterification of starch with acetyl groups (~COCH3)
to form starch acetates [7]. The introduction of acetyl groups helps to reduce interactions between the outer
chains of amylopectin and amylose chains, imparting new properties to the polymer. Authors found that the
introduction of acetyl groups during acetylation reduces the bond strength between starch molecules and
thereby increases the swelling and solubility of starch granules, reduces starch coagulation, and provides
improved freeze-thaw stability. As with all chemical reactions, acetylation depends on factors such as
reagent concentration, reaction time and pH, which finally determine the number of acetyl groups [8].

Aim of this work is to study the potential of wheat A and corn starches acetylated with glacial
acetic acid to obtain a composite mixture of biodegradable materials.

Experimental

Materials. Industrial samples of starches were used in the work: corn starch was purchased from
Zharkent Starch Plant LLP, Zharkent, wheat A starch was provided by BioOperations LLP, Taiynsha. All
used chemicals were of analytical grade.

The total protein content was determined on a semi-automatic complex (Keltron 4005, Sibagropribor,
Russia), which includes a digestor, a scruber, and a distillation unit, titration was carried out manually,
according to the Association of Official Agricultural Chemists (AOAC) method 2011.11 “Protein (crude) in
animal feed, plant tissues, grain and oilseeds”, the method of block ashing using a copper sulfate catalyst
with steam distillation into boric acid.

Lipid content was determined on an automated Buchi device (Extraction Unit E-812). To carry out the
analysis with an error of no more than 0.1 g, a sample of starch 25-50 g was transferred into a disposable
cellulose cartridge and weighed. Then the cartridge was placed in an extraction sleeve and mounted on the
device. Chloroform in a volume of 100 ml was used as a solvent. The analysis was conducted in three stages:
1. Extraction takes place at 100 % heating and lasts 60 minutes, includes 6 cycles; 2. Drying lasts 60 minutes
at 100 % heating; 3. Rinsing lasts for 25 minutes at 70 % heat. After the completion of the extraction, the
cartridge was weighed with an error of not more than 0.001 g and the percentage of lipids was calculated.

Content of amylose and amylopectin was identified according to the method described by Juliano [9].

Determination of phosphate content. The content of phosphates in native and oxidized starches was
determined according to GOST 7698-93 “Starch. Acceptance rules and methods of analysis”.

Preparation of acetylated corn and wheat A starch

Acetylated starch was prepared according to the study by Kumoro, Amalia, Budiyati, Retnowati, and
Ratnawati with modifications. 100 g of starch was dispersed in 500 ml of distilled water to obtain a starch
suspension with a concentration of 20 %. A magnetic stirrer was applied to get a uniform suspension. Then
the pH from the suspension was raised to a value of 8 by adding a solution of 1 M NaOH, after which the
temperature was raised to 50 °C. Then, to the reaction suspension was added a predetermined amount of
glacial acetic acid (1:5, 1:6, 1:7), which led to a sharp decrease in pH. The pH was returned to its original
state by the addition of 1 M NaOH. The reaction proceeded from 40 to 60 min, after which the reaction was
stopped by bringing the pH to 5.5 by adding 1 M HCI, the acetylated starch after precipitation was washed
three times from acid with distilled water, and then dried at room temperature, after which the degree of
substitution, the ability to swell and solubility was increased [10].

Determination of Acetyl Group Content (%) and Degree of Substitution (DS)

To determine the degree of substitution (DS), the percentage of acetyl groups (% Ac) ((1), (2)) was
determined by titration according to the method of Wiirzburg (1986). Acetylated starch (1.0 g) was placed in
a 250 ml flask and 50 ml of 75 % diluted ethanol in distilled water was added. The samples were heated in a
water bath at 50 °C for 30 min, and after cooling, 40 ml of 0.5N hydrochloric acid was added. NaOH, then
the mixture was kept under stirring at 200 rpm for 72 hours. The excess alkali was titrated with 0.5 N. HCI,
using phenolphthalein as an indicator. The neutralized solution was stirred for 2 h and the excess alkali was
titrated. A control sample was also used with the original unmodified starch [11].

[(Control Sample (ml) —Sample (ml)) x Molarity HCI x 0.043x100
Sample weight ( g)
163xAcetyl groups (%)
[4300 - (42 xAcetyl groups (%))] '

Acetyl groups % = ) (1

2
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Determination of solubility and swelling

Water solubility (WS) and swelling power (SP) of native and acetylated starches were analyzed based
on the method of Li and Yeh (2001). A 1.0 g starch sample (W0) was accurately weighed and quantitatively
transferred into a clear dried tube and reweighed as W1. Then the starch was dispersed in 50 ml of distilled
water. The resulting suspension was heated at 60 °C for 30 min with constant stirring. The mixture was
cooled to 30 °C and centrifuged at 100 x g for 15 min.

Aliquots (5 ml) of the supernatant were dried to constant weight at 110 °C and designated as WC. The
residue, obtained after drying the supernatant, represented the amount of starch dissolved in water. Solubility
was calculated as g per 100 g starch based on dry weight according to formula 3.

ws="C %0500 . 3)
wo' s

The supernatant was separated, the swollen starch was weighed as a precipitate. The residue, obtained
in the aforementioned experiment (after centrifugation) with the water stored therein, was quantitatively
transferred to a clean drying test. The previously used tube was weighed (W2). To calculate the swelling
capacity, the weight of the residue was divided by the original weight after subtracting the solubility [12].

Rheology of Acetylated Starch

The rheology of starches was determined using a Rapid Visco Analyzer (RVA 4500, Perten
Instruments, Sweden). Distilled water (25 ml) was added to starch weighed portions weighing 3 g (in dry
form), then the samples were first equilibrated at 50 °C for 1 min, then heated to 95 °C at a rate of
12 °C/min, held for 2.5 min, then cooled to 50 °C at 12 °C/min, held for 2 min.

Statistical Analysis

The results of experimental studies are represented by the average values determined from three parallel

measurements. Mathematical processing of measurements was performed using standard computer programs
MS Office Excel 2010, IBM SPSS Statistics.

Results

Currently, most of the starch acetylation is carried out using acetic anhydride and vinyl acetate, which
are expensive and hazardous to human health. In this work, glacial acetic acid was used as a modifying
agent.

Acetylation of wheat and corn starch was conducted by the suspension method using distilled water as a
dispersing agent and sodium hydroxide as a catalyst at a temperature of 53 °C. The influence of the mass
fraction of glacial acetic acid on the solubility in water and the swelling power of acetylated starch are
presented in Table 1.

Table 1

Influence of different ratios of glacial acetic acid and wheat A starch on water solubility (WS),
swelling power (SP) and degree replacement of acetylated starch at pH 8

Time WS IS:PS WS lég WS ;»7
(minutes) | 100 | % DS 1 5100 % DS 1 oo | % DS
. 405+ | 539+ . 405+ | 539+ o | 405+ | 5302 .
0.178 | 0.001 0178 | 0.001 0.178 | 0.001
0 549+ | 528+ | 208+ | 406 489+ | 12+& | 345+ | 545+ | 193
0204 | 00007 | 0017 | +0.011 | 00003 | 0026 | 0495 | 00006 | 0.0422
0 330+ | 555+ | 202+ | 406+ | 496+ | 197+ | 356+ | 546+ | 213+
0.127 | 0004 | 0077 | 0138 | 00008 | 0031 | 0575 | 0.0009 | 0.0178
0 308+ | 588+ | 195+ | 773+ | 618+ | 205+ | 286+ | 567+ | 215+
0.128 | 0001 | 0004 | 0149 | 00006 | 0044 | 0691 | 00007 | 0.009

The values of the degree of substitution in starches increased only at the initial stages of acetylation
reaction, which is possibly associated with the rheology of starches common to corn and wheat
A during swelling and gelatinization. The granules absorbed water and retained it while swelling and
increasing the viscosity, since the acetylation process was carried out in an environment with a temperature
of 53 °C. This effect was pronounced in samples, where the reaction medium had a greater amount of glacial
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acetic acid, absorbing the medium inside the granules undergoing a violent reaction, but with an increase in
the reaction time, the supramolecular structures holding the structures of the granules were destroyed and the
acetylating agent could no longer carry out the acetylation reaction, since the reaction surface was already
acetylated due to the aggressive initial reaction. With a decrease in the amount of acetylating agent, a more
uniform course of the reaction was observed, the granules destroyed after absorbing the maximum amount of
moisture still had access points for replacement with acetyl groups, the reaction proceeded more slowly, but
deeper. This phenomenon was also discovered by a group of scientists led by Kumoro et al. [10].

As can be seen from Table 1, native wheat A starch has a low swelling power and solubility in water,
which are 5.39 (%) and 4.05 (g/100 g), respectively. The amylose content in wheat A and corn starch is
23.51 and 24.32 %, respectively.

Table 2 indicates that native corn starch, as well as native wheat A starch, has a low swelling power and
solubility in water, which are 5.28 (%) and 4.4 (g/100 g), respectively.

Table 2

Influence of different ratios of glacial acetic acid and corn starch on water solubility (WS),
swelling power (SP) and the degree of substitution of acetylated starch at pH 8

Time WS 1S:PS WS 1SP6 WS lS:P7
(minutes) | 100 g % DS 5100 g % DS gi00g | % DS
. 440+ | 528+ . 440+ | 528+ . 440+ | 528+ .
0251 | 0.001 0251 | 0.001 0251 | 0.001
0 566= | 744x | 069+ | 492+ | 742= | o 1435+ | 799% | 08+
0.025 | 0.001 0.009 | 0185 | 0002 |V 0421 | 0001 | 1.1102
i 491+ | 549+ | 091+ | 534= | 7,54+ | 0.79% | 201+ | 664+ | 084=
0688 | 0002 | 0008 | 0574 | 0002 | 0004 | 0.124 | 0004 | 0.009
0 809+ | 593 088 | 441+ | 814+ | 086+ | 199+ | 547+ | 086+
0.109 | +0.0008 | +0.018 | 0.176 | 0.0008 | 0008 | 0.728 | 0003 | 0.013

The high content of amylose in starch granules leads to the fact that amylose molecules in crystalline
form become more compact and intertwined with amylopectin. These structures form a surface; the starch
granules become almost solid and prevent the diffusion of water molecules into the starch granules [13].

These patterns are also observed in corn starch, but the degree of substitution in corn starch is less than
that in wheat A, perhaps this is due to the increased content of amylose in native corn starch, since amylose
is destroyed during acetylation and the destroyed molecular structure of amylose is not further exposed to
acetylation, which reduces the overall degree of substitution.

Tables 1, 2 also show that the use of more glacial acetic acid for acetylation does not always increase
the solubility of starch in water. Solubility depends more on the reaction time. A similar result was also ob-
tained by Singh et al. on the acetylation of corn and potato starches and Raina et al., who studied the acetyla-
tion of rice starch. From the data in Tables 1 and 2, it follows that increasing the reaction time does not al-
ways improve the solubility of starch in water in accordance with an increase in the degree of substitution.
The high content of amylose in corn starch slows down the rate of the acetylation reaction, as well as an in-
crease in the degree of acetylation. At a low degree of substitution, starch granules of starch are predomi-
nantly crystalline or retrograde, which are insoluble in water at ambient temperatures. The slow rate of the
acetylation reaction with increasing amylose content may be due to crystals or complexes of amylose [7—14].

According to the data of Tables 1 and 2, DS in starches obtained by acetylation with acetic acid at dif-
ferent concentrations and at different times can be considered high since their limit ranges from 0.69 to 2.15.
In this connection, the increase in the swelling of the granules after acetylation was not proportional to the
introduction of acetyl groups. Josiane Bartz et al. also illustrate in their studies that acetylation increased the
swelling of granules in all modified starches; however, the increase in pellet swelling after acetylation was
not proportional to the introduction of acetyl groups, which were more significant in starches with low DS
(0.047 and 0.098) and less significant in starch with higher DS (0.125) [15].

Since research is conducted in order to obtain raw materials for the production of biodegradable films,
the following samples of acetylated starches were selected for further research: wheat A obtained under con-
ditions: concentration 1:6, reaction time 40 minutes; corn: concentration of glacial acetic acid 1:5, reaction
time 60 minutes. This choice is based on the authors’ statements that the degree of substitution above 3 leads

Cepusa «bronorusa. MeguuuHa. 'eorpacumsa». Ne 4(104)/2021 25



Y.Y. Yermekov, D.B. Toimbayeva et al.

to the fact that films obtained on the basis of acetylated starches with this degree of substitution do not un-
dergo degradation in vivo, and the degree of substitution above 1.9 leads to a two fold increase in the de-
composition time. Films compared with samples with a degree of substitution of 1.2 [1, 16].

Comparative studies of the physicochemical properties of native wheat A, corn starch and their modifi-
cations (Table 3) demonstrated that the amount of amylose in corn and wheat A starch is approximately at

the same level, 24.3 % and 23.5 %, respectively.

Physical and chemical properties of starch

Table 3

Indicator Native wheat A starch Acetylated wheat Native maize starch Acetylated maize
starch A starch

Moisture, % 9.42 +0.0823" 8.6700 + 0.1356° 10.006 + 0.0541¢ 9.2200 + 0.0096*
Ash, % 0.2463 +0.0162* 0.2351 +0.0228 0.2061 + 0.0223 0.1753 £0.0128
Phosphate content, % 0.0375 £ 0.0006* 0.0165 + 0.0021° 0.0416 £ 0.0014° 0.0359 + 0.0004*
Protein content, % 1.7066 + 0.0644° 1.2103 + 0.0488° 1.4300 £ 0.0133° 1.0006 + 0.0511°
Amylose content, % 23.5100 + 0.3399* 22.5266 + 0.4444* 24.3233 +£ 0.6147* 23.2126 £ 0.2135*
Content, % 0.3347 £0.0168* 0.2101 £0.0102° 0.5769 £ 0.0127° 0.3659 £ 0.0230"

Note. p <0.05; Mean value + SD from three repetitions.

The content of phospholipids in starch granules of cereal starches is proportionally related to the content
of amylose, since phospholipids, as a rule, form complexes with amylose and long branches of amylopectin
and affect the solubility of starch [13]. Physicochemical properties of native starches will have a significant
effect on the properties of derivatives, which must be taken into account when modifying starch.

Table 3 designates that the amount of phosphates and lipids correlates with the amount of amylose. The
highest amount of amylose (24.32 %), as well as phosphates (0.0416 %) and lipids (0.5769 %), is observed
in native corn starch. Wheat A-starch contains amylose (23.51 %), lipids (0.3347 %), phosphates (0.0375 %),
and proteins (1.7 %) and ash content (0.2463 %).

Whereas in acetylated starches all these indicators, albeit to an insignificant extent, but decrease. This is
due to the use of glacial acetic acid and the constant maintenance of the pH of the suspension at an alkaline
level during the acetylation process. A high alkaline environment washes out lipids. Since lipids and phos-
phates are interconnected and form a phospholipid complex, lipid loss leads to a decrease in phosphate con-
tent.

Thus, studies have shown that acetylation of starch leads to a decrease in the proportion of amylose, as
well as the swelling of starch. At the same time, with an increase in the mass fraction of amylose,
the solubility of acetylated starches decreases and vice versa.

From the data presented in Table 4, it follows that the highest viscosity index achieved during gelatini-
zation has corn starch, but after acetylation, this indicator decreases, perhaps, this is due to the fact
that acetylation of starch leads to the destruction of the supramolecular structure of starch because of substi-
tution by acetyl groups.

Table 4
Rheological properties of native and acetylated wheat A and corn starches
Sample Peak 1 Trough 1 Breakdown | Final Visc Setback Peak Time P,?Zgll;g
Wheat A starch  |3059 £ 12.52]2363 £ 25.66 | 696 + 12.66 | 3589 +45.66| 1226 + 28.33 | 6.40 = 0.01 |81.50 + 0.00
ﬁcs‘zglcaﬁed wheat | )046+22.23| 1703 + 17.46| 343 +15.69 |2270 = 52.33 | 567+29.33 | 6.80 +0.03 | 88.05 = 0.05
Native cornstrach |3753 + 37.66| 1743 £ 19.33 | 2010 +45.23 |3510 + 66.66 | 1767 £ 25.66 | 4.53 £ 0.02 | 76.70 + 0.00
‘:;;fctilated O 13036+ 38.33 [ 1298 +26.33 | 1738 + 42.66 [ 2967 + 48.33| 1669 = 15.95 | 4.47 = 0.02 | 75.15 = 0.00

Note. p <0.05; Mean value + SD from three repetitions.

After all the starch granules are completely destroyed, amylose and amylopectin are completely re-
leased from the crystal structure and are in free movement in the Breakdown suspension, the lowest viscosity
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is observed in acetylated samples, that is 343.00 and 1738.00 for wheat and corn starches, respectively,
which is possibly due to the higher degree of substitution in wheat A starch, which, in comparison with na-
tive starch, lost two times in viscosity, while acetylated corn starch with a lower relative degree of substitu-
tion lost 15 % compared to native starch.

The value of the final viscosity achieved after the end of gelatinization followed by cooling. Wheat A
starch has the highest final viscosity, which is 3589.00 versus corn 3510.00 for native starch (Fig. 1, 2).
However, with acetylation, this indicator changes in the opposite direction and is 2270.00 for wheat versus
2967.00 for corn starch.

Figure 1. Viscograms of native and acetylated wheat A starch

Figure 2. Viscograms of native and acetylated corn starch

Greatest difference between peak and viscosity after disintegration of wheat starch A granules probably
due to the large size of the granules.

Accelerated peak viscosity (4.53) is noted for corn starch, which indicates that corn starch is easier to
gelatinize. Relatively, low gelatinization temperature of corn starch at 76.7 °C in native starch is probably
due to the small size of granules.
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Conclusions

Comparative studies of the physicochemical properties of polysaccharides and their modifications have
shown that acetylation leads to a decrease in the proportion of amylose in starch, and also reduces swelling.

It was found that with a decrease in the amount of the acetylating agent, a more uniform course of the
reaction is observed, the granules destroyed after absorbing the maximum amount of moisture still have ac-
cess points for replacement with acetyl groups, the reaction proceeds more slowly but deeper. Solubility de-
pends more on the reaction time.

During the research, the optimal technological parameters for obtaining acetylated corn and wheat A
starches were determined. The optimal acetylation parameters for wheat A starch are: the concentration of
glacial acetic acid is 1:6, the reaction time is 40 minutes; for corn starch: concentration of glacial acetic acid
1:5, reaction time 60 minutes. The samples of acetylated starches obtained under these conditions are suita-
ble for the formation of biodegradable materials from them in terms of their physicochemical properties.
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E.E. Epmekos, JI.b. ToiimbaeBa, C.I'. Kamanoga, JI.A. Mypar,
M. Mypartxan, C.A. Canyaxacosa, ['.C. Aitgapxanona, I'.X. OcnankynoBa

AleTHICHAIPYAIH JOHII KpaxmMaJaapablH (U3NKA-XUMHSJIBIK
KacueTTepiHe dcepiH 3epTTey

Kommo3nTTi GHONOTHSUIBIK BIOBIPAUTHIH MaTepHaliapAbl OHIIpyAe aleTHICHIeH KpaxMajjapAbl KOIIaHy
TIEPCTICKTUBTI OarbIT OOJBINT TAaOBLIANbI, OUTKEHI aleTWIAey KpaxMalmapiblH CyFa Te3iMAi KacHeTTepiH
apTTEIpanbl. Makanaga A OnmaifbIH jkoHE XKYTepi KpaxMajJapblH MY37bl CipKe KBHIIKBUIBIMEH alleTHIICy e
TIOJIMCaXapuATePAIH PHU3NKa-XUMHUSUIBIK KaCHETTePiHe acepi skoHe OHOJIOTHSIIBIK BIABIPAUTHIH IICHKAIAPABIH
KOMITO3MIMSUIBIK KOCHAChIH ajly YIUIH MOAM(UKALMSIAHFAH KpaxMajiaplbl KOJJIAHy OJIEyeTiH 3epTrey
OolibIHIa HoTIOKENEpi Kenripiired. [Tonucaxapunrep MeH oslapIbiH MOAMGHUKATTAPbIHBIH (QU3HKa-XUMHUSIIBIK
KacHeTTePiH CalbICThIPMallbl 3epTTey aleTHWIACYAiH KpaXMalJarbl aMWIO3aHBIH YJIECIHIH TeMEHIeyiHe
OKeJIeTiHiH, COHBIMEH KaTap, KpaxMalJIblH iCiHyiH TeMeHJeTeTiHiH kepceTTi. Kpaxmangapaarsl aaMacTeIpy
JIOpexeci aleTWIAey PEeaKIMsACHIHBIH 0acTalKbl Ke3eHAepiHJe FaHa ©CeTiHI aHBIKTAIAbI, Oy iciHy KoHe
KJelicTepu3anyst Ke3iHae xKyrepi MeH A OMIalbIHBIH KpaxMaJgapbIHBIH OpTaK PEOJIOTHICHIMEH OaiIaHbICTHI
00JIybl MYMKIH. ATIETIJIICYIII areHT MOJIIEPIiHiH a3alobl Ke3iH/e PeaKIIIHbIH OipKeNKi arbIMbI OaiKaasl,
€H KeIl MeJIIepjae bUFaiAsl ©3 OoWbIHAa CIHIPreHHEH KeiiH BIABIparaH TYHIpIIIKTep ameTHI TONTaphIH
IMAacCTBIpy HYKTeJepiHe wHe, peakiuus Oasy, Oipak TepeHipek ypeni. EpIrilrTik peakuusiHblH KYPY
YaKbITbIHA GallyIaHBICTBI. ALCTHIIZICHICH KpaXMaJiap/ibl OHAIPYIiH OHTAIIIbl TEXHOJIOTHSIBIK apamMmeTpiiepi
anpikTanabl. CoHbIMEH, A OUIaibl KpaXMaibl YIIH: CipKe My3 KbIIIKbUTBIHBIH KOHIEHTPALUsCHI 1:6, peakuus
yakpITel 40 MHHYT; Kyrepi KpaxMaisibl VIOiH: CipKke My3 KbIIIKBUIBIHBIH KOHIEHTPALMACH 1:5, peakims
y3akTblrbl 60 MuHyT. OcbiHIAil Jkarjainapia anblHFAaH AaLCTHIJICHICH KpaxMalJapiblH  YJrinepi
OMOJIOTHSIIBIK BIIBIPAHTHIH MaTepHaIapIbIH KOMIO3UIMSUIBIK KOCTIACHIH aJTy YIIIiH )KaKChl COHKec Kelei.

Kinm co30ep: A 6upmaiibl KpaxMaibl, )KYrepi Kpaxmalbl, aMIII03a, iCiHy, epirilTiK, aleTHICHAIPY, PEOTOTHS.

E.E. Epmekos, J1.b. Toiimb6aeBa, C.I'. Kamanoga, JI.A. Mypar,
M. Myparxan, C.A. Canyaxacosa, I'.C. Aiinapxanosa, I'.X. Ocnankynosa

HccnenoBanue BJOMSIHUS ALCTUINPOBAHUSA
Ha (lmsmco-ngnqecmle CBOMCTBA 3€PHOBLIX KpaxMaJioB

Hcnonp3oBanue aneTMIINPOBAaHHBIX KPaxMaloB B MONYyYEHHHM KOMIIO3MTHBIX OMOpa3laracMbIX MaTepHaloB
SIBIISICTCS. ICPCIIEKTUBHBIM HAIIPABICHUEM, TAaK KaK alleTHIMPOBAHUE YBEIUYUBACT BOJAOPE3UCTEHTHBIE CBOM-
CTBa KpaxMmajoB. B craTbe mpencTaBieHbl pe3ynbTaThl UCCIEIOBAHUM MO BIUSHUIO alleTHIMPOBAHUS JEHs-
HOHM YKCYCHOIl KHCJIOTOH MUIIEHMYHOTO A M KYKypy3HOTO KpaxMajoB Ha (hHU3MKO-XHMMHYECKHE CBOWCTBA IMO-
JMCAaXapuI0B U H3YYEHUIO MOTEHIMala HMCIOJIb30BaHUS MOAWU(DUIMPOBAHHBIX KPaXMaJIOB JUIS IOJIYyYEHUS
KOMIO3UIIMOHHOW cMecu OHopasiaraeMblX IUIeHOK. CpaBHUTENbHBIE HCCIEIOBAHUS (DU3UKO-XMMHYIECKHX
CBOICTB MONMCAXapUA0B M MX MOJU(HUKATOB ITOKA3AIIH, YTO alleTHINPOBAHUE NIPUBOIUT K CHIDKCHHUIO JIOJIN
aMMIIO3BI B KpaxMalle, a Takke HabyXxaeMOCTH KpaxMaia. BBISBIICHO, 9YTO CTEIEHb 3aMEICHUs B KpaxMayax
pacTeT TOJIBKO Ha HAYalbHBIX 3TalaX PEakUUW aleTUWIMPOBAHUS, YTO, BO3MOXHO, CBA3aHO C PEOJIOTHEH
KpaxMaJoB, OOIINX Ul KyKypy3HOTO U IIIEHHYHOTO A, BO BpeMsi HaOyxaHus u kierictepu3anun. C yMeHb-
IIeHHEM KOJIMYECTBa alleTHINPYIOIIETro areHTa Habonaercst 0oee paBHOMEPHOE TeUeHHE PEaKlny, TPaHy-
JIbI, pa3pylIeHHbIEe TOcIe BOUpaHus B ce0s1 MAKCUMATbHOTO KOJIMUECTBA BJIATH, BCE €I UMEIOT TOUYKH JI0-
CTyma JUls 3aMEIleHUs] aleTHIbHBIMH TPYIIaMH, PEakKihs MpOTeKaeT MeIJIeHHee, HO TimyOxe. PactBopu-
MOCTb OOJbIIIE 3aBUCUT OT BPEMEHH MPOXOXKAEHUS peakiuu. OnpeneneHbl ONTUMAIbHBIE TEXHOJIOTUUECKHE
MapaMeTphl MONydeHHs aleTUINPOBAHHBIX KpaxmanoB. Tak, A7 MIIEHHYHOTro A Kpaxmaia ONTHMalbHBIMU
SIBIIIOTCS: KOHLIEHTPALUs YKCYCHOM JIEASHOM KUCIOTHI 1:6, BpeMs peakuuu 40 MUH; U1 KyKypy3HOI'O Kpax-
MaJjla: KOHLEHTpauusl YKCyCHOM neasHol kucnotsl 1:5, nnurensHocts peakuuun 60 muH. IloryuenHsie npu
TaKHUX YCJIOBUSX 00pa3Ibl alleTHINPOBAHHBIX KPAaXMaJOB XOPOIIO ITOIXOIAT JUIS MOTyUeHUS] KOMIO3UIIMOH-
HOHU cMecH OHopasiiaraeMbIX MaTepuasoB.

Knioueswie cnosa: MmeHNYHbIH A Kpaxmall, KyKypy3HbIi KpaxMal, aMiii03a, HabyXaeMoCTh, PACTBOPUMOCTb,
aleTUINPOBAHUE, PEOTIOTHS.
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Current state and future development potential of the oak forests
in the floodplain of the Ural River (West Kazakhstan)

The article provides information on the current state of the oak forests of the Ural River floodplain (West Ka-
zakhstan) based on the analysis of forest inventory materials (as of 01.01.1992 and 01.01.2016) and field sur-
veys. The study of the dynamics of the oak forests (Quercus robur L.) is timely and relevant due to the im-
portant ecological role of the oak forests as the most resilient among floodplain forests, and the need to pre-
serve their biological diversity near the south-eastern limit of the natural distribution range. Over a 24-year
period, the area of the oak forests decreased by 98.7 hectares (4 %). During the study there has been
a decrease in the stand density and site productivity, as well as the predominance of mature stands reproduced
through re-sprouting. Pure oak forests or oak forest with an insignificant admixture of Ulmus laevis Pall.,
Populus alba L. and Acer negundo L. are the most common oak forest types. Natural regeneration of Q. ro-
bur is unsatisfactory or absent altogether. The total projective cover of the grass layer is up to 90 %, however,
its floristic diversity is low. Authors of the article present estimates of the carbon balance of the oak forests
under various management scenarios, obtained by using the EX-ACT tool. We stress the need to develop
measures aimed at preserving these unique forests, including promotion of the natural regeneration of Q. ro-
bur and the creation of sustainable forest plantations. To reduce the impact of anthropogenic factors on oak
forests (felling, grazing, recreation, etc.), we propose to create a specially protected area in the region.

Keywords: Quercus robur, floodplain forest, site quality class, age composition, stand density, natural regen-
eration, EX-ACT, anthropogenic impact.

Introduction

Protection of forests in general and preservation of their biological diversity in particular is a globally
paramount task, which is especially relevant for poor forest countries such as the Republic of Kazakhstan.
According to the Committee of Forestry and Wildlife of the Ministry of Ecology, Geology and Natural Re-
sources of the Republic of Kazakhstan [1], as of 01.01.2021 the total area of the state forest fund was
30 047.7 thousands ha, of which 13 316.9 thousand hectares were covered by forest; thus, the forest cover
was ca 4.9 %. The most important forest stands are those with the predominance of rare, economically valu-
able species. The oak forests growing in the floodplain of the Ural River are among such forest stands.

Within its natural distribution range, an oak (Quercus robur L.) is an economically valuable forest tree;
it is one of the dominant species of deciduous forests in many European countries. In Russia, it grows from
St. Petersburg in the north to the steppe zone in the south, and from the eastern country border to the western
slopes of the Ural Mountains. In Kazakhstan, the oak grows only in the floodplain forests of the Ural River
within the West Kazakhstan region, where it reaches the south-eastern limit of its distribution range [2]. Be-
ing a rare type, Q. robur is listed in the Red Data Book of Kazakhstan [3]. It has been suggested [4] that oak
forests, together with the characteristic elements of the herbaceous layer, penetrated into the territory of Ka-
zakhstan from the Cis-Urals only in historical time.

Oak ecosystems have been extensively studied across the world, from the 19th century onwards. Let us
focus on the studies carried out on the territory of Kazakhstan and in the regions of Russia bordering on the
West Kazakhstan region.

In the available literature, we found descriptions of the general silvicultural characteristics and growing
conditions of the oak forests of West Kazakhstan [5], results of detailed floristic and geo-botanical studies of
vegetation in the floodplain of the Ural River, including the oak forests [6—10], and characteristic features of
the growth and productivity of forest stands in the region [11]. A typological forest classification
was developed, which is still used in forest inventory; according to this classification, the oak stands are de-
scribed as “oak forests of medium and high levels of the central floodplain” [2]. By origin, they are repre-
sented by those reproduced by seed and re-sprouting.
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The floodplain forests of the Ural River have a European character [6] that is in their structure and spe-
cies composition, they are similar to forests in the central regions of the European part of Russian Federation.
The ongoing processes of the oak forests degradation and other vegetation of the floodplain are due to
changes in the hydrological regime, as well as a high level of anthropogenic impact (fire, grazing, etc.)
[12, 13]. Over a fifty-year period, the southern boundary of the distribution of Q. robur in the floodplain of
the Ural River shifted from 49°40' N to 51°15' N [14]. Nevertheless, in the absence of significant anthropo-
genic load, oak can be a stable and viable species even in the steppe climate [6].

The ongoing anthropogenic transformation of natural ecosystems makes the problem of decreasing bio-
diversity of the oak forests more acute [15—17]. Of particular concern is the fact that the reduction in the oak
forests area and their condition deterioration under the influence of both climatic and anthropogenic factors
is noticeable even in the regions with optimal growing conditions, i. e. in the centre of the distribution range,
including European countries such as Slovenia and Serbia, as well as the Central regions of Russia [18-21].
Negative factors have a particularly strong influence on the oak forest near the limits of their natural distribu-
tion range.

Sustainable forest management plays a significant role in mitigating climate change impacts either by
reducing CO, emissions or by capturing and storing atmospheric CO,. The former can be achieved
by reducing deforestation and forest degradation rate, introducing improved agricultural practices (limited
land cultivation, integrated use of nutrients and water resources); and the latter, by applying methods of con-
servation agriculture and improving forest management, by afforestation, reforestation and agroforestry, and
by improving grassland management and restoring degraded lands.

To conduct a preliminary assessment of the impact of agriculture and forestry projects on greenhouse
gas emissions and carbon sequestration, Food and Agriculture Organization (FAQO) developed an Ex-Ante
Carbon-balance Tool (EX-ACT). This method allows to estimate the overall impact of a project on the car-
bon balance, compared with the conservative approach scenario (Fig. 1). Carbon balance is defined as the net
balance of all greenhouse gases, expressed in carbon dioxide equivalent that was emitted or isolated as a re-
sult of the project. EX-ACT is a land-based accounting system that measures carbon stocks, stock changes
per unit of land, and CH4 and N,O emissions, expressed in tonnes of CO» per hectare per year [22-25]. Of
particular interest is the use of this method to assess the carbon balance of the oak forests in Western Ka-
zakhstan as the most valuable declining forest ecosystems.

C balance
(reduced GHG
emissions and
C sequestered)

r 3
X5
Mﬂ
X4
Xg 4.6
Implementation phasei Capitalization phase
» Time (years)

t b bt
Figure 1. Logic diagram of the EX-ACT method

Taking into account a small forest area, ecological role of forests, as well as the need to increase both,
the Strategic Plan of the Ministry of Ecology, Geology and Natural Resources of the Republic of Kazakhstan
for 2020-2024 developed the strategic direction “Ensuring the protection, reproduction and rational use of
flora and fauna, water resources and specially protected natural areas” [26]. At the same time, special atten-
tion should be paid to rare species, especially if they are the main forest-forming species. One of such spe-
cies is Q. robur which forms the most durable floodplain forests in Western Kazakhstan. Therefore, the study
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of the oak forest dynamics is timely and relevant. In view of the increasing negative impact of climatic and
anthropogenic factors, technologies and methods of sustainable forest management developed with the help
of predictive modelling should become a priority. Analysis of the available literature revealed that despite a
long period of research, the majority of studies have focused on the geo-botanical and floristic features of
plant communities in the Ural River floodplain, and only a few, on the silvicultural characteristics and dy-
namics of the oak forests; the carbon balance of the oak forest has never been estimated.

The specific research objectives of the present study are: i) to assess the current state of the oak forests
in the floodplain of the Ural River (West Kazakhstan) using forest inventory materials and our own experi-
mental data; ii) to estimate the carbon balance of the oak forests using various management scenarios; iii) to
develop recommendations for the protection and regeneration of these unique natural objects.

Experimental

1. Characteristics of the study area and analysis of the forest inventory materials

The studies were carried out in West Kazakhstan. This region is located in the subzone of light chestnut
desert-steppe (semi-desert) soils. The strongly continental climate of the region is characterized by wide
temperature fluctuations between day and night, and between winter and summer, as well as by a rapid sea-
sonal change, especially from winter to summer. The climate is also characterized by little rainfall and thin
snow cover, also by low air humidity. Annual precipitation is 239-273 mm. The isotherms of January and
July are —11 °C and +24 °C, respectively. The main part of the territory is occupied by the basin of the Ural
River, which divides the region into two approximately equal parts. Within the study region, the length of the
river is 781 km, and within the country, 1084 km [27]. To study the dynamics of the main forest inventory
parameters (the forested area by forest owner, age class, basal area, and site productivity class), the materials
of the Republican State Treasury Enterprise (RSTE) “Kazakh Forest Management Enterprise” were ana-
lyzed. Specifically, we focused on the characteristics of the oak forests in the West Kazakhstan region as of
01.01.1992 [28] and of 01.01.2016 [29].

2. Survey of the sample plots

During the growing season of 2021, we carried out detailed studies of the oak forests using sample plots
with a size of 50 m x 50 m. On the sample plots, the following parameters were measured: tree diameter at
breast height (using a caliper), tree height (using a Haglof altimeter), tree age (by taking cores), and basal
area. The natural regeneration of tree species and undergrowth were studied using sample plots with a size of
1 m x 1 m established within the main sample plot according to the standard methods [30, 31]. On each sam-
ple plot, we measured the total projective cover of all plants and all species [32]. We also identified all plant
species found on the plots. The taxonomic affiliation of plants was determined in compliance with the Flora
of Kazakhstan (1956-1966) [33]. The nomenclature of species followed the International Plant Names Index
(IPNI) [34]. Species were assigned to the category of rare according to the Red Data Book of Kazakhstan
[3]. In total, five sample plots were established in the Burlinskiy and Yanvartsevskiy communal state institu-
tions (CSI) for the protection of forests and wildlife of the Department of Natural Resources and Environ-
mental Management of West Kazakhstan region. The coordinates of the sample plots were established by
GPS.

3. Development of the carbon balance scenarios

The EX-ACT V9.0 tool [35-36] was applied to assess the carbon balance of the oak forests under vari-
ous management scenarios. The tool used the following region-specific coefficients: climate, moisture re-
gime, dominant regional soil type, and vegetation type. Two scenarios were taken as examples [37].

Scenario 1. Potential carbon benefits were calculated based on the following assumptions:

— Silvicultural activities involve tree planting in areas that have previously not been forested, and in-
clude land preparation, planting of oak and other species, and sustainable management of the created forest
areas. The total area to be planted is 30 ha (6 ha of mixed oak stands to be planted over five years) [28]. It
should be emphasized that in 1992-2016, in the West Kazakhstan region oak plantations were created and
registered as forested lands in a satisfactory condition in an area of only 2.9 ha, which, in our opinion, is in-
adequate.

— Forestry activities aimed at restoration of degraded forested areas without planting trees imply an im-
provement of the state of the oak forests and their management. Restoration of degraded forests will be
achieved through the promotion of natural regeneration, better protection and conservation of the oak forests,
enforcement of relevant laws, and by use of modern management practices. The “moderate” degrada-
tion level is to be changed to the “low” over 20 years. According to the available forest management data
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[28], the area of the oak forests of 3—5 site productivity classes, including reproduced through re-sprouting
oak forests, was 2 318.5 ha. This area was taken as the one with the “moderate” level of degradation (Ta-
ble 1).

Scenario 2. Calculation of carbon benefits was made for 2 318.5 ha of degraded oak forests, where the
initial level of degradation was “moderate” and changed due to the 15-years sustainable management to the
“very low” level of degradation (Table 1).

Table 1
Methodology for calculating the carbon balance according to the proposed Scenarios

Scenario 1

Scenario 2

Module of the EX-ACT_ V9.0 tool

Module: Land-use changes.
2.2 Afforestation and reforestation.
Module: Forest management.

Module: Forest management.
5.1 Forest degradation and man-

5.1 Forest degradation and manage- agement
ment
Continent Central Asia
Country Kazakhstan
Climate Cool Temperate
Moisture Dry
Soil type High-activity clay soils
Implementation phase, years 5 25
Capitalization phase, years 15 15
Total duration of accounting, years 20 40

Type of forest vegetation Temperate continental forest
Module 2: data entry
NO
Annual cropland
Module 5: data entry

Scenario 1

2.2 AFFORESTATION & REFORESTATION If country-sp

Fire used
Initial land-use

Final land-use Fire used? Initial land-use Initial agroforestry systems Reforested area (ha)
(y/n) Without With
* *
Temperate continental forest NO Annual cropland Please select 0 30
5.1 FOREST DEGRADATION & MANAGEMENT Hf country-sp

Type of forest vegetation
that will be managed

Fire occurrence

Without With Without With
(ym) (y/n) (year) (vean)

NO NO 1 1

Forest degradation level
Start Without With

Fire periodicity Impact (% bumt)

Without ~ With

Forested area (ha
Start Without With

*
Temperate continental forest 2319 2319 ‘

Moderate Low Very low

Scenario 2

5.1 FOREST DEGRADATION & MANAGEMENT It country-sp

Type of forest vegetation
that will be managed

100% 100% 2319

Fire occurrence

Without With Without With
(ym) (y/n) (year) (vean)

NO NO 1 1

Forest degradation level
Start Without With

Fire periodicity Impact (% bumt)

Without ~ With

Forested area (ha
Start Without With

Temperate continental forest Moderate Low Very low 100% 100% 2319

5
2319 2319 |

Results and Discussion

1. The oak stand parameters according to the forest inventory data

As 0f 01.01.2021, the forest fund total area of the West Kazakhstan region was 220 thousand ha, includ-
ing the forested area of 89.7 thousands ha; the forest cover was 0.6 %, one of the lowest in the country [1]. In
the region, the share of the most valuable natural oak stands (Q. robur) was diminutive. As a result of the
analysis of the data on the oak forests, the West Kazakhstan region obtained from the State Enterprise “Ka-
zakh forestry enterprise” as 0of 01.01.1992 and 01.01.2016, the following was established.
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In 1992, the oak forests total area on the territory of the four CSI for the protection of forests and fauna
(Burlinskiy, Uralskiy, Yanvartsevskiy, and Chingirlauskiy) amounted to 2,465.9 ha (Fig.2). As of
01.01.2016, only the first three forest owners preserved the oak forests with a total area of 2,367.2 ha, which
is 2.6 % of the area covered by forests in the region. On the territory of the Chingirlauskiy CSI, the oak for-
ests were absent. It was not possible to establish the exact reason for their absence; perhaps they disappeared
under the pressure from frequent droughts and wild fires. On the whole, over 24 years the total area of the
oak forests decreased by 98.7 ha, or 4 %.
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Figure 2. The distribution of the oak forests (ha) by forest owner in the West Kazakhstan region

Changes in the basal area of the oak forests were also recorded. Analysis of the distribution of the oak
forests by basal area (Fig. 3) illustrated that as of 01.01.1992, stands with the 0.7 and 0.6 relative basal area
dominated and accounted for 56.3 % of the oak forests total area. As of 01.01.2016, stands with the 0.5 and
0.6 relative basal area prevailed and accounted for 64.3 % of the total area of the oak forests. At the same
time, the forest stands area with the 0.5 relative basal areas increased, while the oak forests area with the 0.7
basal areas decreased; that is, the tree density decreased since 1992. There were only few high-density stands
(with the 0.8 basal area and above), and their area had been decreasing.
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Figure 3. The distribution of the oak forests (ha) by basal area

Analysis of the distribution of the oak forests by the site productivity class (Fig. 4) revealed that as of
01.01.1992, stands of the second site productivity class predominated, which accounted for almost 50 % of
the oak forest arca. As of 01.01.2016, oak stands of the fourth site productivity class predominated and ac-
counted for 50.2 % of the oak forest area. This indicates a decrease in the productivity of the oak forests be-
cause of deterioration of soils and changes in the climatic conditions.
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The analysis of the distribution of the oak forests by age class (taken as 10 year) showed that in 1992,
stands of the sixth and seventh age classes dominated, accounting for 65 % of the total area of the oak for-
ests. Stands, younger than 60 years, accounted for 30.7 %, while stands, older than 70 years, — for 4.4 %.
In 2016, stands of the seventh and eighth age classes dominated, accounting for 61.1 % of the total area of
the oak forests. At the same time, the younger stands area was only 8.5 % of the total area of the oak forests

(Fig. 5).
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Figure 4. Distribution of the oak forests (ha) by the site productivity class

Presently, mature and over-mature oak stands prevail in the West Kazakhstan region. Changes in the
distribution of stands by age class occurred as a result of natural aging and transition from one age class to
another, and because of anthropogenic factors, including forest fires. It should be noted that seed regenera-
tion of broad-leaved species, including Q. robur, is suppressed at the extreme limit of their natural distribu-
tion range due to weakened seed production, intensive development of herbaceous plants in low density
stands, and anthropogenic impact. However, owing to reproduction through re-sprouting, forest-forming spe-
cies can regenerate and are able to persist in the occupied area [6]. This is also observed in the floodplain
forests of the region, where the oak forests reproduced through re-sprouting dominate [38] and occupy about
80 % of the oak forest areca [29].
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Figure 5. The distribution of the oak forests (ha) by age classes
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Thus, the results of our analysis of the forest inventory data on the oak forests of the West Kazakhstan
region for 1992-2016 indicate a decrease in the area occupied by 4 % of Q. robur, a decrease in stand densi-
ty and site productivity, as well as the prevalence of mature and over-mature stands reproduced through re-
sprouting.

2. The oak forests’ current state according to the sample plot surveys results

To obtain the detailed information on the oak forests’ current state, we carried out surveys of five sam-
ple plots in the middle reaches of the Ural River valley in 2021. The sample plots layout is demonstrated in
Figure 6.

OFlot 5

I 1

Plat HEd

Figure 6. The sample plots layout

The surveyed oak stands were represented mainly by low-density, pure stands of the sixth and seventh
age classes (Tab. 2, Fig. 7a). Some stands had an insignificant admixture of Ulmus laevis Pall., Populus al-
ba L., and Acer negundo L. Our data are in good agreement with the results of the analysis of the forest in-
ventory materials (see the previous sub-section). Natural regeneration of Q. robur (Fig. 7b) was recorded in
small quantities in one plot (sample plot 1) only. The presence of the invasive species Acer negundo L. in all
sample plots designates an anthropogenic impact and can lead to undesirable changes in species composition.
Lately, several authors have pointed to this problem [9].

a b
a — general view of the sample plot 1; b — natural regeneration of Q. robur

Figure 7. An oak stand
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The undergrowth contains mainly Lonicera tatarica L. and Cerasus fruticosa Pall., and less often, Rosa
majalis Lindl.

The grass layer was abundant with a total projective cover of 60-90 %, but poor in floristic diversity.
Only one sample plot was dominated by an early flowering mesophilic forest species Convallaria majalis L.
(Fig. 8a). In other areas, Aristolochia clematitis L. is predominated (Fig. 8b). Although it is also an element
of the mesophilic forest flora, it is less valuable in phytocenotic terms.

a — Convallaria majalis L.; b — Aristolochia clematitis L.
Figure 8. The dominant herbaceous species of the oak forests

P.L. Gorchakovskii [8] commented on a poor and uniform floristic composition and simplified structure
of the oak forests in the Ural River valley. According to B.A. Bykov, Convallaria majalis L. and Aris-
tolochia clematitis L. are typical representatives of the herbaceous cover of the European forests; they pene-
trated into the territory of Kazakhstan together with Q. robur [4]. The oak forest with Convallaria majalis is
considered the most widespread oak forest in the region [9]. At the same time, oak forests with Convallaria
majalis L., Euonymus verrucosus Scop., and Corylus avellana L. are listed as relict [7] and require special
protection. It should be noted that such rare species as Corylus avellana L., Euonymus verrucosus Scop., and
Convallaria majalis L. are listed in the Red Data Book of Kazakhstan [3].

In 1980, proposal for the need to preserve the unique flora and vegetation of the region was made to
create a nature reserve encompassing floodplain poplar and oak forests and meadows [39]. The proposal has
not yet been implemented but is still relevant.

3. Carbon balance

Forests contribute to climate change mitigation by absorbing CO; and using it to form aboveground and
underground biomass, and to replenish soil carbon. To develop proposals for improving the environmental
conditions in the region, we carried out calculations of the carbon balance using various scenarios. Accord-
ing to Scenario 1, the carbon balance was calculated for the oak forests with an area of 2,348.5 ha, which
included forest stands of 3—5 ha site productivity classes and future forest plantations (Fig. 9, Tab. 3).

Table 3
Carbon potential of oak forest management in Western Kazakhstan

. CO»-equivalent, ton COs-equivalent,
Type of activity Area, ha (with in terventi:)ns) ton / year / ha
(with interventions)
Silvicultural 30.0 12 723 21.2
Forestry 2318.5 359 406 7.75
Total 2 348.5 372 128 7.9
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Project name Management in oakwoods of Ural River in W estern Kazakhstan

Continent Central Asia
Country Kazakhstan
Climate Cool Temperate

Moisture Dry

GROSS FLUXES

In1CO e over the whole period analysis

PROJECT COMPONENTS WITHOUT -

Project duration (in years) Total area (ha) 2349
Implementation Mineral soil 2349
Capitalization Organic soil 0
Period analysis Waterbodies 0

SHARE PER GHG OF THE BALANCE

In 1CO e over the whole period analysis

Global warming potential (100 yrs)
1

co,
CHs 34
N0 298

AVERAGE ANNUAL EMISSIONS

In (COz-e/r

Deforestation 0 0 0 0 0 0 0 0 0 0
t:’::‘g“j: Afforestation 0 12723 12723 1177 952 0 0 0 636 636
Other land-use 0 0 0 0 0 0 0 0 0 0
Annual 0 0 0 0 0 0 0 0 0 0
Cropland Perennial 0 0 0 0 0 0 0 0 0 0
Flooded rice 0 0 0 0 0 0 0 0 0 0
Grasslands & Grasslands 0 0 0 0 0 0 0 0 0 0
Livestock Livestock 0 0 0 0 0 0 0 0
Forest mngt. -239 604 -359 406 -119 802 -119 802 0 0 0 -11 980 -17 970 -5990
Inland wetlands 0 0 0 0 0 0 0 0 0 0
Coastal wetlands 0 0 0 0 0 0 0 0 0 0 0
Inputs & Invest. 0 0 0 0 0 0 0 0 0
Total emissions, tCO e -239 604 -372128 -132 524 -131 572 -952 0 0 0 -11 980 -18 606 -6 626
Total emissions, tCO,-e/ha -102,0 -158,5 56,4 -56,0 0,4 0,0 0,0 0,0
Total emissions, tC0,-e/ha/yr 5,1 7,9 28 28 0,0 0,0 0,0 0,0 0,0 0,0 0,0
+=Source /- = Sink
R al and orgaric sois Uncertainty level 1C02-epr Percent
Without 11980 33%
With -18 606 40%
Balance 6626 33%

Figure 9. Results of calculating the carbon balance according to Scenario 1

Without project interventions, the carbon balance for the reporting period (20 years) will be 0.24 mil-
lion tons of CO»-equivalent or 5.1 CO,-equivalent/ha/year. Thus, the additional net carbon uptake achieved
as a result of the implementation of the measures will amount to 2.8 tons of CO,-equivalent/ha/year.

Data on the average and total growing stock per hectare of the oak forests in the floodplain of the Ural
River, obtained between 1992 and 2016, demonstrate the degradation dynamics (Tab. 4).

Table 4

The oak forests development in Kazakhstan between 1992 and 2016

Indicators Measur.ement Period Difference
unit 1992 2016 m’ %
Total growing stock 1000 m? 303.4 292.5 -10.9 3.6
Increment / ha m? 1.8 1.8 0.0 0
Growing stock / ha m? 123 124 -1 -0.8

An average annual growth rate of about 1.8 m® per hectare is considered low. The results of calculating
the carbon balance according to Scenario 2 are presented in Figure 10 and Table 5.

Projectname Management in oakwoods of Ural River in Western Kazakhstan

Continent Central Asia
Country Kazakhstan
Climate Cool Temperate

Moisture Dry

GROSS FLUXES

Project duration (in years)

Implementation
Capitalization
Period analysis

SHARE PER GHG OF THE BALANCE

Total area (ha) 2319
Mineral soil 2319
Organic soil

Waterbodies

Global warming potential (100 yrs)
1

CO,
CH, 34
N,0 298

AVERAGE ANNUAL EMISSIONS

In 1COg-¢ over the whole period analysis In CO-¢ over the whole period analysis In (COzeAr
PROJECT COMPONENTS WITHOUT WITH BALANCE CO; BIOMASS CO, SOIL N20 “ OTHER WITHOUT WITH BALANCE
Land Deforestation 0 0 0 0 0 0 0 0 0 0
and use Afforestation 0 0 0 0 0 0 0 0 0 0
changes
Other land-use 0 0 0 0 0 0 0 0 0 0
Annual 0 0 0 0 0 0 0 0 0 0
Cropland Perennial 0 0 0 0 0 0 0 0 0 0
Flooded rice 0 0 0 0 0 0 0 0 0 0
Grasslands & Grasslands 0 0 0 0 0 0 0 0 0 0
Livestock Livestock 0 0 0 0 0 0 0 0
Forest mngt. -239 604 -359 406 -119 802 -119 802 0 0 0 -5990 -8 985 -2995
Inland wetlands 0 0 0 0 0 0 0 0 0 0
Coastal wetlands 0 0 0 0 0 0 0 0 0 0 0
Inputs & Invest. 0 0 0 0 0 0 0 0 0
Total emissions, tCOz-e -239 604 -359 406 -119 802 -119 802 ] 0 0 0 -5990 -8 985 2995
Total emissions, t€C0,-e/ha -103,3 -155,0 -51,7 -51,7 0,0 0,0 0,0 0,0
Total emissions, tCO,-e/ha/yr -2,6 -3,9 -1,3 1,3 0,0 0,0 0,0 0,0 0,0 0,0 0,0
+ = Source /- = Sink
Resuits preserted here include GHG fluxes on mineral and orgaric soils Uncertainty level 1C02-efr Percent
See further down for detailed results on organic solls Without 5990 33%
With 8985 40%
Balance 2995 33%

Figure 10. Results of calculating the carbon balance according to Scenario 2
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Table 5
Carbon streams with and without project activities
Type of activity COs-equivalent, ton COs-equivalent, ton Balance
Reducing degradation (without the project) (with the project)
Total emissions 239 604 359 406 119 802
Per hectare 103.3 155.0 51.7
Per hectare / year 2.6 3.9 1.3

With a decrease in forest degradation, the net carbon uptake (ha/year) will be 3.9 tons of CO»-
equivalent, which will provide an average potential. Thus, sustainable forest management allows for a posi-
tive carbon balance in the future.

Conclusions

According to the data from “Kazakh Forest Management Enterprise”, the oak forests occupy 2 367.2
hectares in the West Kazakhstan region, which is 2.6 % of the all forested area in the region. In 19922016,
the area of oak forests decreased by 98.7 hectares, or 4 %. The analysis of the forest inventory data illustrat-
ed the negative dynamics of the oak forests: the decrease of stand density and site productivity, and the pre-
dominance of mature and over-mature stands reproduced through re-sprouting.

The above results are consistent with the results of our field studies. A characteristic feature of the sur-
veyed oak forests is a poor natural regeneration and a relatively low floristic diversity, which can be ex-
plained by the unfavorable conditions of their existence at the border of the natural distribution range. The
presence of an invasive species Acer negundo L. in all sample plots indicates the potential undesirable
change in the species composition leading to the displacement of the most valuable species.

In view of the paramount ecological role of the oak forests, the reduction of their areas, and poor natural
regeneration, we emphasize the need for the special protection and further study of the oak forests, primarily
through the development of measures to promote the natural regeneration of Q. robur and the creation of
sustainable forest plantations.

One of the main ways to preserve the oak forests in the face of climate change is sustainable forest
management. Rational management decisions will ensure a positive carbon balance in the oak forests of the
West Kazakhstan region.

To preserve the relict forests of the Ural River floodplain, including the oak forests with their biological
diversity and rare floristic elements, it is necessary to create a specially protected natural area, which will
reduce the negative impact of such anthropogenic factors as felling, recreation, grazing, and wild fires.
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7KaiibIK e3eHi kaiibliIMachIHAaFbI (BaTbic KazakcTan 00/1bICHI) eMeH OpMaHIAPbIHBIH
Ka3ipri karaaibl JkKoHe 0JIapAbIH TYPAKThI 1aMy KeJielleri

Makanaza opMaH IIapyamIbUIBIFBIHBIH MaTepuanaaps tamgay (01.01.1992 . sxenme 01.01.2016 x.) sxoHe
aBTOPJAP/BIH JANANBIK 3epTTeyiepi Herizinge XKaitbik o3¢Hi (bateic KazakcTaH 00JIBICH) KaHbIIMACHIHIAF B
eMeH OpMaHIapbIHbIH Ka3ipri jkardaiiblH KepceTeTiH MajiMertep KenTipinren. JKaiipiimansl opmaHzmap
apachIH/aFbl €H Oepik eKmenep peTiHAe eMEH OpMaHAApPBIHBIH 3KOJOTUSUIBIK MaHbI3IbUIBIFbIHA OaliIaHbICTHI
Quercus robur L.-TeH TypaThlH OpMaHIApbIH Kai-KYHiHIH JUHAMHUKACBIH 3€PTTEy FBUIBIMU 3€PTTCYJEPIiH
©3eKTi OarbIThl OOJIBINT TaOBLIAIBI, apeaIblH OHTYCTIK-IIBIFBICBIHAA OJApAbIH OHOJIOTHSUIBIK SPTYPIIUIriH
CaKTay KaKETTLIIr TYbIHIAUABL. 24 KBUIIBIK Ke3CHIC aiiMaKTaFbl €MCH aFalITapblHbIH ayaaHbl 98,7 ra, sFHU
4 %-ra KpICKapraHbl aHbIKTaIABL. CYpekIOiHHIH cupeyi, OHBIH OOHHTETIHIH TOMEHAEYi, )KOFaphl >KacTarbl
cypekainaepain 6aceiM Ooiysl yaepictepi atan ertinai. CypekmiHHIH TYpJK KypaMbl OOHBIHINA Ta3a eMeH
opMannapsl OaceiM Hemece Ulmus laevis Pall., Populus alba L., Acer negundo L. mamansl Kocriackl 6ap.
Q. robur Tabufu >XaHApybl KaHAFaTTaHAPIBIKCHI3 HeMece MynaeM koK. llemTep kammbl MPOEKIMSIIBIK
JKaMBUIFBIHBIH XKOFapbl KepceTkimTepine ue (90 % neitin), 6ipax daopucruxansik Kypamsl Hamap. EX-ACT
KYPaJIbIH KOJIaHa OTBIPBIN, OpTYpsi Oackapy ClLEHapuiiepiHae eMeH OpMaHIapbIHOAarbl KeMipTeri
GanaHchIHBIH Oomkambl kenripiareH. Ocbl Gipereit opmaHmap/bl cakrayFa, COHbIH itminae Q. robur Taburu
JKaHApYBIHA JKOpAEMJIECY JKOHE TYPaKThl OPMaH JaKbULAAPBIH KypyFa OarbITTalFaH ic-IIapajapibl o3ipiey
KaXeTTimiri atan eTinmi. EMeH opmaHmapblHa aHTPOIOTeHAIK (haKTOpJIAPABIH CepiH a3zaifTy ymriH (aram
Kecy, MaJl Xalo, peKpeanys oHe T.0.) allMaKTa epeKiIe KOpFaJaThiH TAOUFU ayMakK Kypy YCHIHBIIIBL.

Kinm ce3dep: Quercus robur L., xaiibiMa opMmaH, OOHHTET, jKac KYPaMbl, CYPEKIIHHIH TOJIBIMIBUIBIFEI,
taburu xaHapy, EX-ACT, anTponoreHmik acep.

B.1O. Kupumnnos, B.I1. Aneka, A.A. UBamenko, A.H. PaxumxaHos,
H.C. Kenren6aes, /[.V. Aye3os, I'.C. Aiitexos, T.H. Ctuxapesa

CoBpemenHoe cocTosiHue 1y0OpaB B nmoiiMe pexu YpaJ
(Banmaagno-Ka3axcranckasi 00,1acTh) M NIEPCNEKTUBBI UX YCTOWYHUBOr0 Pa3BUTHS

B craree mpuBeneHB! CBEIEHUS, OTPAXKAIOIINE COBPEMEHHOE COCTOSIHUE AyOpaB moimsl p. Ypan (3amamHo-
Kazaxcranckas 007acTb) Ha OCHOBE aHalIM3a JIECOYCTPOMTENbHbIX MaTepuanoB (Ha 01.01.1992 r. u
01.01.2016 r.) 1 moseBbIX 0OCIe0BaHMId aBTOPOB. V3yueHue TMHAMUKH COCTOSIHUS JIecOB U3 Quercus robur
L. siBisieTcs akTyanbHBIM HAIIPaBJICHUEM HAYYHBIX HCCIEI0BaHUI BBUIY BaKHOTO KOJIOTHYECKOTO 3HAUCHUS
IyOpaB Kak HauOoJee JONTOBEYHBIX HACAKICHUI Cpey MOIMEHHBIX JeCOB, HEOOXOAUMOCTH COXPAHEHHS UX
OMOTIOTHYECKOr0 pa3HOOOpa3us Ha I0r0-BOCTOKE apeayia. Y CTAHOBIICHO, YTO 32 24-JIeTHUH NepHoA IIIomaib
nyOpaB B pernoHe cokparuiack Ha 98,7 ra, T.e. Ha 4 %. OTMEUCHBI MPOIECCH H3PEKUBAHUS J[PEBOCTOS,
CHIDKEHHUS ero OOHHUTETa, MpeodIagaHus BRICOKOBO3PACTHEIX JIPEBOCTOEB, IIPEHMYIIECTBEHHO OPOCIEBOTO
npoucxoxzeHus. Ilo BuIoBoMy cocTaBy ApeBOCTOs MPE0OIANAIOT YUCThIE JyOHIKH THO0 C HE3HAUUTENbHOI
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npumecbto Ulmus laevis Pall., Populus alba L., Acer negundo L. EcrectBenHoe Bo3o6HOBIeHHE Q. robur
HEYJI0BJIETBOPUTENIBHOE WM BOOOIIE OTCYTCTBYeT. TpaBOCTOH ¢ BBICOKMMH HOKa3aTeNIsIMH OOIIEro MpoekK-
TUBHOTO MOKPHITHS (10 90 %), onHako GemHbIi Mo opucTHdecKoMy cocTaBy. IIpuBesneH nporHos 6anaHca
yriepoja B 1yOpaBax IpH pa3iIndHBIX YIPABICHYECKHUX CIEHApHIX ¢ npuMeHeHneM nucrtpymenta EX—ACT.
OtMeueHa HEOOXOAUMOCTh pa3pabOTKH MEPONPHUATHH, HAIIPaBICHHBIX Ha COXPAaHEHHE STHX YHUKAJIBHBIX JIe-
COB, B TOM YHCJIE II0 COJICHCTBHIO €CTECTBEHHOMY BO300OHOBIEHHIO (. robur W CO3AHUIO YCTOWUMBBIX JIEC-
HBIX KyJNbTyp. sl CHIKEHHs BIMSHHS Ha XyOpaBbl aHTPOIOTEHHBIX (haKTOpOB (MOpYOKH, BHIIIAC CKOTA, pe-
Kpeawys U JIp.) MPEeUI0KEHO CO3aTh B PErHOHE 0C000 OXPaHAEMYIO IPHPOIHYIO TEPPUTOPHIO.

Kniouesvie cnosa: Quercus robur L., moiiMeHHbIH Jiec, OOHUTET, BO3PACTHON COCTaB, MOJIHOTA APEBOCTOS,
ecrecTBeHHOE Bo30OHOBIeHHEe, EX—ACT, aHTpoInoreHHoe BO3AeHCTBHE.
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Chemical composition and biological activity of essential oil of Nepeta pannonica

Search for new sources of biologically active substances from plants of local flora is a promising area of
modern phytochemical science. The article examines the composition of essential oil samples obtained from
Nepeta pannonica, growing in the Karaganda region with the use of gas-chromatography-mass spectrometry
method. The differences in the chemical composition of the oil depending by the plant organs have been iden-
tified. The main component of essential oil is nepetalactone. For the analysis, a unified method for determin-
ing the component composition of essential oils, as well as an Agilent Technologies 7890A chromatograph
system with a 5975C inert MSD mass spectrometric detector were used. According to the data, the following
substances were identified in the essential oils of the plant — 1,8-cineole, nepetalactone, germacrene D,
screening of essential oil of Nepeta pannonica for antimicrobial and analgesic activity.

Keywords: Nepeta pannonica, essential oil, gas-chromatography-mass spectrometry, chemical composition,
antimicrobial and analgesic activity.

Introduction

Genus Nepeta L. (family Lamiaceae) comprises of 279 species; among them in Kazakhstan there are 16
species [1]. Many species belonging to the genus Nepeta have traditionally been used as biologically active
agents for the treatment of many diseases. Pharmacological effects of plants include antimicrobial, antioxi-
dant, anti-inflammatory, sedative, cholesterol-lowering, anti-asthmatic, diuretic, sweating, antipyretic, gly-
cogenic, and other properties [2-9].

All of these effects are related to a certain chemical composition. Plants of the genus Nepeta contain
unsaturated lactones called non-tetolactones. Depending on the content of this compound, genus Nepeta spe-
cies can be divided into two groups, one containing nepetolactone (and isomers thereof) with a relatively
high content and a second group with low nepetalactone content and major components such as 1,8-cyneol,
B-caryophyllene, caryophyllene oxide, B-farnesene, a-citral, B-citronellol [10—11].

Essential oil from Nepeta species is characterized by presence of sesquiterpene lactones and their deri-
vates, such as germacrenes, caryophyllenes, caryophyllene oxide [2, 10—11]. Many substances contained in
the essential oil of Nepeta have pronounced biological activity [12—14].

The prospects for the use of Nepeta set us the task of studying the chemical composition of the essential
oil of Nepeta pannonica L., growing in the Central Kazakhstan, and determining its biological activity.

Experimental

N. pannonica raw material was collected in June, 2020; phase flowering, Spassky hills, Abay district of
the Karaganda region (N 49°32'19"; E 73°16'33"). Raw material was dried according to plant drying rules.

Essential oils of aboveground parts (leaves, shoots and inflorescences) were extracted by hydro-
distillation method for 3 hours using a Clevenger apparatus.

To study the composition of the essential oil, a chromatograph-mass spectrometry method was used
with the help of an Agilent Technologies 7890A Gas Chromatograph with a quadrupole mass spectrometer
MSD 5975 C as a detector. The capillary column HP-SMS had a size of 30 m x 0.25 mm (film thickness 0.25
um). Evaporator temperature was 230 °C. The gas chromatographic column was kept at 40 °C for 10
minutes; with temperature programming up to 240 °C at a temperature change rate of 2 °C/min, and then
held in isothermal mode for 20 minutes. Sample injection mode was flow division 100:1. Sample volume
was 0.2 ul. The conditions for recording mass spectra are 70 ¢V, the mass range is m/z 10-360. For data pro-
cessing, the MSD ChemStation software, supplied by Agilent Technologies, was used in combination with
AMDIS 32 and NIST 2017.
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The analgesic activity of the essential oil of N. pannonica was studied on an experimental model of
chemical irritation of the peritoneum, induced by the introduction of acetic acid in white barren mice. The
crusts were induced by intra peritoneal administration of 0.75 % aqueous acetic acid solution at a dose of
1 ml per 100 g of animal body weight. The essential oil was administered by intra-gastric for 30 minutes pri-
or to administration of acetic acid. The number of crusts was calculated in 20 minutes after intra-peritoneal
administration of acetic acid for 30 minutes. An essential oil in the form of starch mucus was administered
by intra-gastric at a dose of 25 mg/kg by means of a special metal probe for 30 minutes prior to administra-
tion of acetic acid. A decrease in the amount of crusts in animals compared to the control group served as an
indicator of the analgesic activity of the test substances. As a comparative preparation, sodium diclophenac
was used in its effective dose of 8 mg/kg (YeD50 = 8 mg/kg). Control animals received an equivalent
amount of starch mucus. Analgesic activity was expressed as a percentage of the reduction in the number of
acetic crusts in experimental rats compared to controls [15].

Antimicrobial activity of a sample of essential oil of N. pannonica was studied on reference test micro-
organisms: Staphylococcus aureus ATCC 6538, Bacillus subtilis ATCC 6633, Escherichia coli ATCC
25922, Pseudomonas aeruginosa ATCC 27853 and to yeast fungus Candida albicans ATCC 10231 method
agar diffusion (holes). Comparative preparations are benzyl penicillin sodium salt, gentamicine for bacteria
and nystatin for Candida albicans. For the study, pure cultures of test strains were taken, which were previ-
ously grown on a liquid medium pH 7.3 £ 0.2 at a temperature from 30 to 37 °C; for 24-48 hours on a bev-
eled meat-peptone agar.

A standard bacterial suspension was prepared by diluting a 1:1000 culture in sterile 0.9 % sodium chlo-
ride isotonic solution. The corresponding bacterial suspension was added 1.0 ml each to dishes with appro-
priate elective, nutritional media for the test strains under study and seeded by a “continuous lawn” method.
After drying, 6.0 mm wells were formed on the surface of the agar, into which 20 pl of the test sample was
added. In the control, water for injection was used to dilute samples in equivalent amounts. The crops were
incubated at 370 °C for 24 hours for the bacterium and at 300 °C for 48 hours for the yeast fungus Candida
albicans [15, 16].

The antimicrobial activity of the sample was estimated by the diameter of the growth delay zones of test
strains (mm) around the hole: i) the absence of a growth delay zone — the test culture is not sensitive to this
concentration of the sample; ii) diameter of growth delay zones is less than 10 mm and continuous growth in
the dish was evaluated as an absence of antibacterial activity; iii) 10-15 mm — weak activity; iv) 15—
20 mm — moderately expressed activity; v) over 20 mm — pronounced activity. The essential oil of N. pan-
nonica was tested in three parallel runs.

Statistical processing of the results was carried out using the software package Statistica 8.0. Differ-
ences at the achieved significance level p < 0.05 were considered reliable.

Results and Discussion

Earlier, in the composition of the essential oil of N. pannonica, 36 components were identified, more of
them from light fractions of monoterpenes and their oxidized forms. The major components in the essential
are 1,8-cineole and y-cadinene. The amount of eucalyptol was 28.9 %, nepetalactone was 14.3 % [14].

Other authors investigated the above-ground part of N. pannonica, which was collected in the Aksai
gorge of the Transili Alatau (Almaty region) in 2000. The yield of essential oil was 0.2 %. The essential oil
composition was examined by chromatograph-mass spectrometry. It was identified 92 components; among
them nepetalactone — 41.5 %, 1,8-cineole — 12.2 %, germacrene D — 6.3 %, caryophyllene oxide —
5.2 %, pulegon — 2.9 %, a-terpineol — 1.6 %, and B-terpineol — 1.0 % [15].

The essential oil that we have isolated from N. pannonica is a light yellow moving liquid with a pleas-
ant smell. The yield of essential oil is 0.35 % (Tab. 1).

In the essential oil isolated from the aboveground part of N. pannonica, 50 components were identified
by the GC-MS method, the main ones being 1,8-cineole (11.77 %) and (4aR,7S,7aS)-nepetalactone
(18.75 %). The main sesquiterpenoids are represented by caryophyllene (3.53 %) and germacrene D
(5.21 %). We have determined the component composition of essential oils depending on the plant organs
(Tab. 2).
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Table 1
Chemical compositions of essential oil of Nepeta pannonica
No RT, Component Amount of component, in %
' | minutes from whole essential oil
1 | 10.736 |a-pinene 1.19
2 | 12.208 [cis-sabinene 0.66
3 | 12.280 |y-pinene 1.03
4 | 12.533 |1-octen-3-ol 0.99
5 | 12.894 |B-myrcene 0.77
6 14.272 |1,8-cineole 11.77
7 | 14.856 |B-pinene 0.78
8 | 15.174 |y-terpinene 1.77
9 | 15.462 |trans-4-thujanol 1.11
10 | 18.500 |Pyrocarbon 0.23
11 | 18.637 |cis-sabinene 0.58
12 | 18.947 |terpinen-4-ol 0.41
13 | 19.366 |a—terpineol 0.96
14 | 19.532 |(1R)-(-)-myrtenal 0.15
15 | 20.686 |cis-3-hexenyl isovalerate 0.45
16 | 22.194 2H-1-benzopyran, 3,4,4a,5,6,8a-hexahydro-2,5,5,8a-tetramethyl-(2“a”, 015
4a“a”, 8a“a”)

17 | 22.367 |n-cymene-2-ol 0.04
18 | 22.865 |non-identified

19 | 24.200 |(4aS,7S,7aR)-nepetalactone 2.41
20 | 24.575 |Copaene 0.49
21 | 24.835 |(-)—B-burbonene 3.02
22 | 25.160 |[(4aR,7S,7aS)-nepetalactone 18.75
23 | 25.484 |1H-cycloprop[e]azulene 0.21
24 | 25.593 |naphthalene, 1,2,3,4-tetrahydro-1,6,8-trimethyl 0.12
25 | 25.766 |caryophyllene 3.53
26 | 25.975 |o-copaene-4-ol 0.33
27 | 26.358 |isogermacrane D 0.31
28 | 26.603 |Humulene 1.40
29 | 26.920 |[B-cubbenen 0.57
30 | 27.317 |germacrene D 5.21
31 | 27.663 |bicyclogermacrene 0.63
32 | 27.880 |B-bisabolene 0.56
33 | 28.277 [1(10),4-cadinadien 0.61
34 | 29.200 |epoxy daristolene 0.72
35 | 29.222 |(-)-norburbonone 0.31
36 | 29.374 |3-hexene-1-0l, benzoate 0.34
37 | 29.763 |caryophyllene oxide 2.49
38 | 29.987 |salvial-4(14)-en-1-one 0.24
39 | 30.355 |humulene epoxide 0.63
40 | 31.055 |Cadinol 0.19
41 | 31.163 |trans-chrysantemal 0.17
42 | 31.351 |a—cadinol 0.37
43 | 31.726 |muurola-4(10)-dien-1-ol 0.27
44 | 32.065 |y-muurolene 0.29
45 | 32.180 |Geneikozan 0.08
46 | 40.160 |Dokozan 0.16
47 | 41.950 |Hexakozan 0.14
48 | 43.660 |Tetrakozan 0.15
49 | 45.312 |pentakozan 0.18
50 | 47.181 |tetratracontane 0.07
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Table 2
The main components of essential oil of Nepeta pannonica depending on the plant organs
Content of components in % of | Content of components in % of
No. Component e .
whole oil in inflorescences whole oil in leaves and stems
1 |1,8-cyneol 2.88 13.00
2 [(+)-(4aS,7S,7aR)-nepetalactone 3.91 1.38
3 |(-)-B-burbonene 3.09 3.87
4 |(4aR,7S,7aS)-nepetalactone 46.55 18.0
5 |Caryophyllene 5.49 5.23
6 |germacrene D 10.69 6.95
7 |Humulene 2.24 2.23
8 |caryophyllene oxide 2.97 11.0

According to GC-MS, the following substances are determined in essential oils of plant flowers —
(4aR,78S,7aS)-nepetalactone (46.55 %), germacrene D (10.69 %). The essential oils of plant leaves contained
(4aR,78S,7aS)-nepetalactone (18.0), 1.8-cyneol (13 %), caryophyllene (5.23 %) and its oxide (11 %), ger-
macrene D (6.95 %).

The results of the analysis of the antimicrobial activity of N. pannonica essential oil sample by diffusion
into agar are shown in Tables 3, 4.

Table 3
Antimicrobial activity of Nepeta pannonica essential oil
Staphylococcus Bacillus Escherichia Pseudomonas Candida
Testing sample aureus subtilis coli aeruginosa albicans ATCC
ATCC 6538 ATCC 6633 ATCC 25922 ATCC 27853 10231
Essential oil of 18 +0.1% 16 +0.1% 15+0.2 - 15+0.1%
N. pannonica
Benzylpenicillin 16£0.1 14£0.1 15£0.1 - -
sodium salt
Gentamicin 24 +0.1 21+0.2 26 +0.1 27+0.1 -
Nystatin — - - 21+0.2
Note: validity of differences p < 0.05 compared to comparison group.
Table 4
The screening of Nepeta pannonica essential oil for analgesic activity
Testing sample Doze, mg/kg Number of crusts % to control Analgesic activity
Control - 1054+ 11,8 100 —
Diclofenac sodium 8 53,6+ 10,5 50.9 49.1
Essential oil of N. pannonica 25 49,2+ 10,8* 46.7 53.3

Note: validity of differences p < 0.05 compared to comparison group.

An antimicrobial study found that an essential oil sample exhibited moderate antimicrobial activity
against the gram-positive test strains Staphylococcus aureus ATCC 6538 and Bacillus subtilis ATCC 6633,
and also illustrated poor antibacterial activity against the gram-negative test strain Escherichia coli ATCC
25922. N. pannonica essential oil shows antifungal activity against yeast fungus Candida albicans ATCC
10231.

As a result of the study, it was determined that a sample of essential oil of N. pannonica at a dose of
25 mg/g demonstrated analgesic activity in a model of chemical irritation of the peritoneum, illustrating a
significant decrease in the development of experimental bark in rats by 53.3 %, respectively, in comparison
with the control.
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Conclusions

The work presented the result of study of N. pannonica essential oil, extracted by hydro-distillation
method. The essential oil is a light yellow moving liquid with a pleasant odor; the yield was 0.35 %. For the
first time, the GC-MS method determined the component composition of N. pannonica growing in the Kara-
ganda region (the Central Kazakhstan). 1,8-cyneol (11.77 %), (4aR,7S,7aS)-nepetalactone (18.75 %), caryo-
phyllene (3.53 %), germacrene D (5.21 %) are characterized as the main components.

Screening for antimicrobial and analgesic activity of N. pannonica essential oil showed the indicated
antimicrobial activity against gram-positive test strains of Staphylococcus aureus ATCC 6538 and Bacillus
subtilis ATCC 6633, and yeast fungus Candida albicans ATCC 10231, and also demonstrated poor antibac-
terial activity against the gram-negative test strain Escherichia coli ATCC 25922.

The analgesic activity of N. pannonica essential oil is comparable to the diclofenac sodium drug.
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I'.K. KypmanTaea, A.b. Mapuenko, C.A. BaceHko,
P.b. CeiinaxmeroBa, M.K. Cmarynos, . A. AtaxxaHoBa

Nepeta pannonica 3¢up MallbIHBIH XUMUSIBIK KYPaMbl
JKOHE OHOJOTHJIBIK 0eJICeHiTiri

XKeprinikri ¢uopa eciMaikTepiHeH OHONOTHSJIBIK O€NCeHAl 3aTTapiAblH JKaHa Ke3AepiH i3aey Kasipri
(UTOXUMUSAIBIK FBUIBIMHBIH II€PCIICKTHBANIBI  OarbIThl OoJbIN  TaObulagbl. Makanaza XpoMaTo-mMacc-
criekTpomerpusi oxicimen Kaparauasl oONBICHIHIA ©ceTiH Maxap KerokanObi3piHaH (Nepeta pannonica)
anplHFaH 2¢GHp Maibl YITUICPiHIH Kypambl 3epTTeireH. Ocimaik MymienepiHe OaillaHbICTBI MaiIbIH
XUMHSUIBIK ~ KYPaMBIHJaFbl  afibIPMAIIBUIBIKTAD  aHBIKTAABL.  Nepeta pannonica-tiH >dup  Maiibl
THAPOIUCTUIULILHS SICIMEH OKIIAyJIaHFaH, OJAPJBIH XHMHSUIBIK KYpaMbl XpOMAaTO-MacC-CIEKTPOMETpPHSL
oniciMeH 3eprrenreH. Tammay ymiiH 3¢up MaiIapbIHBIH KOMIIOHEHTTIK KYpaMbIH aHBIKTAyAbIH OipbIHFail
axici, connaii-ak 5975 Cinert MSD macc-criekTpoMeTpHsiIbIK JeTekTopsl Oap 7890A Agilent Technologies
xpomarorpadusuibIK JKyHeci KonmaaHbULAbl. OCIMIIK rynaepinid aup MailnapblHIarsl MaJIiMETTepre caiikec
MbIHa 3aTTap aHbIKTALAbI: 1,8-I[MHEOoJ, HemeTonakToH, repmakpeH [I. Maxap KeKKanObI3bIHBIH 3(up
MaibIHBIH MUKPOOKAKapChl )KOHE aHAJIbIeTUKANBIK OCJICeHIUIIrHEe CKPUHUHT XY Pri3inmi.

Kinm ce30ep: Nepeta pannonica, 3¢up Maiibl, ra3 XxpoMaTorpadusacsl, Macc-ClIeKTPOMETPHUS, XUMUSIIBIK
KYpaMbl, MUKPOOKaKapChl KHE aHAIbIeTHKAIIBIK OSICEH IiTIT1.

I' K. KypmanTaeBa, A.b. Mapuenko, C.A. MBaceHko,
P.b. CeitnaxmeroBa, M.K. Cmaryinos, I'.A. AtaxaHoBa

XHUMHYECKHH COCTAB M OUO0JI0rHYecKasi aAKTUBHOCTD
3¢upHoro macsa Nepeta pannonica

ITorck HOBBIX UCTOYHHKOB OHOJOTHMYCCKH aKTUBHBIX BEIIECTB M3 PACTCHHUN MECTHOW (DIIOPHI SIBISCTCS TIEp-
CIICKTUBHBIM HAIIPABICHHEM COBPEMEHHOW (UTOXUMHYCCKOW HayKH. B craThe METOIOM Xpomaro-macc-
CICKTPOMETPHH H3Y4YCH COCTaB 00pa3noB 3(HUPHOrO Macia, BBIACICHHBIX W3 KOTOBHHKA BEHTEPCKOTO
(Nepeta pannonica L.), npouspacraromero B Kaparananackoit o0mactu. BEISIBICHBI pa3iindusi XHMIYECKOTO
COCTaBa Maciia B 3aBUCHMOCTH OT OPraHOB pacTeHus. D(upHOe Macjio KOTOBHHKa BEHI'€PCKOI'O BBIIEICHO
METOAOM TUAPOIUCTIULALUM, €0 XUMHUYECKUIl COCTaB M3y4YeH METOJOM XPOMAaTO-MaccC-CIEKTPOMETPHHU.
st aHanmu3a MCMOJb30Balach YHU(DUIMPOBAHHAS METOHMKA OINpPE/IS/ICHUs] KOMIOHEHTHOTO cocTaBa d(up-
HBIX Macel, a Takxke xpomatorpaduueckas cucrema 7890A Agilent Technologies ¢ macc-cnekTpomeTpu-
geckuM JieTekTopoM 5975 C. CorllacHO IaHHBIM, B 9(QUPHBIX MAacliaX IBETKOB PACTCHHUS OTPEICIICHBI CIIECIy-
folIre BemecTea: 1,8-muHeon, HenetalakToH, repMakped /1. [IpoBeieH CKpUHUHT 3(UPHOTO Macia KOTOBHH-
Ka BEHTepCKOT0 Ha aHTUMUKPOOHYIO M aHAJIbIeTHICCKYH0 aKTHBHOCTb.

Kniouesvie cnosa: Nepeta pannonica, >pupHOe Macio, ra3oBas XpoMaTorpadus, Macc-CleKTpOMETpHs, XU-
MHYECKHUI COCTaB, aHTUMUKPOOHAs U aHAJIbIeTHIECKast aKTHBHOCTb.
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Cnoco0HOCTH IKCTPAKTOB HEKOTOPBIX CheA00HBIX I'PUOOB
NOAABJSATH PEeNPOAYKIHI0O BUPYyCa rpuinmna

B crarbe ommcaHbl CIIOCOOB! MONYYSHUS HKCTPAKTOB W3 MULEIHS HEKOTOPHIX KCHIO(QHUTHBIX TI'pUOOB:
Pleurotus eryngii, Auricularia auricula-judae, Tremella fuciformis, nana OlEHKa TOKCHYHOCTH MOJYYEHHBIX
9KCTPAKTOB, a TAKXKE HCCIEI0BaHA UX NMPOTUBOBUPYCHAsI aKTMBHOCTh. BHpyc rpuma BeIpaliyBaiy B ajjiaH-
TOMCHOM TOJIOCTH KYPUHBIX 3MOpHOHOB. MH(EKIHOHHBIA TUTP BUpYCa TPUIIA ONPENENSIY TUTPOBAHUEM Ha
KypUHBIX SMOpHOHAX, HAIMYUE BUPYCa — MO PEAKIUH I'eMarriIlOTHHUPYIOIEH aKTHBHOCTH. I eMarraroTHHH-
pyolasi akTHBHOCTb BUPYCOB BBISIBIISIACH MCXOJS U3 CTaHIAPTHON MeToauku ¢ mpumeHeHueM 0,75 % B3Becu
KyPHHBIX 3pUTPOIUTOB. TUTP HH(EKIHMOHHOCTH BUPYCA PACCUUTHIBAJICS C MCIOJIb30BAaHUEM MeTOMNKN Puna u
Menua. ['1aBHEIM ITOKa3aTeNeM IIPH UCCIIEIOBAHIH CHEA(HIECKOT0 IPOTHBOBUPYCHOTO d(hdeKTa coeMHeHIH
SBJISUICS TOKaszaTens TH (TepaneBTHUECKUI MHIEKC), ONpeielsieMbIi OTHOIIEHHEM CPEHETOKCHIHOM KOHICH-
tpamun BemectBa (TKso) k cpennesddexrrBHOl BupycuHTHONpYTonieil koHnenTpamyy (OKso). IIporuBoBupyc-
Hasi aKTUBHOCTb TNOJTYYEHHBIX SKCTPAKTOB ObLTA M3y4YeHa HAa MOJENIHN BHPYCOB I'DHIINA YETOBEKa, KUBOTHBIX U
ntuL, B uHTepBaie 103 ot 0,025 Mkr/mi mo 1,25 MKIr/MiI ¢ HCHONB30BaHHEM METOIMYECKUX MpUéMoB «Pyko-
BOZICTBA TI0 TMPOBEICHUIO JOKIMHUYECKHX MCCIIENOBAHHIN JIEKApCTBEHHBIX cpeAcTBy». Ilpu nccnegoBanum 3-x
HOJIY4EHHBIX SKCTPAKTOB KCHJIO(GUTHBIX TPUOOB HA OCTPYIO TOKCHYHOCTb OBLIO YCTAHOBJIEHO, YTO BCE MCCIIE-
JyeMble COEIVHEHHS T'PHOOB, IPH OJHOKPATHOM BHYTPIIKEIYZOYHOM BBEICHUH O€NbIM OSCHOPOHBIM MbI-
II1aM, He MPOSBIIIIA TOKCHUECKOTO JEUCTBUS B HCCIEAyeMOM MHTepBaje 03. [Ipu nmpoBexeHnu uccienoBa-
HHS 110 CHOCOOHOCTH MOMAABIICHUS PENPOLYKINH Pa3IHIHBIX IITaAMMOB BHPYCa IPHIIIA OBUIO BEISIBICHO, YTO
9KCTPAKTHI TpuOOB Auricularia auricula-judae n Tremella fuciformis obnamaroT BEIpaKEHHBIMU POTHUBOBH-
PYCHBIMH CBOWHCTBAMHU H NPEBOCXOJAT MO TOKA3aTENI0 XMMHUKO-TEPANEBTUUECKOTO HHIEKCA KOMMEPUECKHe
MPOTHBOTPUIIIO3HBIE MTPEMapaTh.

Knioueswie crosa: Pleurotus eryngii, Auricularia auricula-judae, Tremella fuciformis, Munenuii, skcTpaxuusi,
HPOTHBOBHUPYCHAS aKTUBHOCTb, BUPYC I'PHIIA, TOKCHYHOCTb.

Beeoenue

Bupyc rpunmna sBisieTcs caMbIM M3BECTHBIM M LIMPOKO PaclpOCTPaHEHHBIM BO30ynuTeneM 3aboseBa-
HUM U3 COTHU BUPYCOB, NOPAXKAIOLIIMX BEPXHHUE AbIXaTEIbHbIE IyTH. DNUAEMUM TPUIIIA HOCAT CE30HHBIN
XapakxTep, cnocoOHb! nmopaxats 10 20 % sxuteneit u yHocuTh 25 000-50 000 yenoBeuecKux >KU3HEH B rof
[1]. Bupyc rpumnma A criocobeH 00pa3oBbIBaTh TOUSUHBIE MyTaLlMH B IBYX MMOBEPXHOCTHBIX TTUKOMIPOTEHHAX
(remarrmotuaEH (HA) n Helipamuaugaza (NA)), B CBI3H ¢ 3TUM OH OOpeTacT CIOCOOHOCTh OOXOAMTH 3a-
LIUTHBIE MEXaHU3MBbl UMMYHHOW CHCTEMBI YEJIOBEYECKOT0 OpraHu3ma [2].

[epen nndexunonncTamMu U papmMakomoraMu CTOUT 3a/1a4a — 00ECIeUYNTh KOHTPOJIb Haa MH(peKuuei
BUpPYyCa, KOTOPYI0 MOXXHO PEIIUTh IOCPEICTBOM IPUMEHEHHs BAKLMH U IPOTUBOBUPYCHBIX IPENapaToB.
Kpome BBICOKOH pPe3ysbTAaTUBHOCTH W XOpOLIEH IEPEHOCHMOCTH, HOBbI€ IPOTHMBOBUPYCHBIE IpeHapaThl
JOJKHBI MIMETh IIMPOKUH CIEKTP AEHCTBUS, IEUCTBOBATH HA JIEKAPCTBEHHO-YCTONYHBEIE I TAMMBI.

BBuny HemoctatouHoi 3(p(heKTHBHOCTH CYIIECTBYIOMIMX MPOTHBOBHPYCHBIX JICKAPCTBEHHBIX CPE/ICTB,
a TAKOKe UX BO3MOXHOH TOKCHYHOCTH YUYEHble-BUPYCOJOTH BCETO MUPA BBIHYKJEHBI IPOBOAUTH HCCIIE0BA-
HUS A7 TIOUCKa HOBBIX, 00Jiee MEpPCIEKTUBHBIX MpenaparoB. BaxxHoe 3HaUeHUE MMEET HE TOJIBKO acleKT
MOKCKa MPHUHIUIHNAIBEHO HOBBIX MEXAHHM3MOB JICHCTBHS COSAMHEHUH, HO U MCTOYHUK MX MPOUCXOKICHUS.
OnHuM M3 aKTyaJbHBIX HallpaBJIEeHUH UCCIIEIOBAHUH B I1OCIIEIHEE BpeMsl SIBJIETCA CO3/1aHHE JJOBOJIBHO Iep-
CTIEKTHBHBIX JIGKAPCTBEHHBIX CPEACTB, MOITYyYCHHBIX HA OCHOBE OMOJOTMYECKH aKTHBHBIX COCIHMHEHMH pac-
TUTEIBHOTO WU MHUKPOOHOTO MPOUCXOXIeHus [3-5].

HecMoTpst Ha MHOTOUYHCIICHHBIE HCCIIEOBAHNS B HAIIPABICHUN CO3MaHMs O€30MacHbIX U 3¢ (HEKTUBHBIX
IIPOTUBOBUPYCHBIX NPENapaToB, B Tepaluu I'PUNO3HON MH(EKUUN NPUMEHSIOTCS JIMIIb OT/EJIbHBIE Mperna-
partsbl, Takue kak Tamudio, Pemanraaun, Pubasupun, Kcodmroza, Asunotumuann [6—8]. OmHOM U3 CI0XK-
HEHIINX Lenel SBISeTCs MOWCK aHTUBUPYCHBIX MpPENapaToB, CIOCOOHBIX OJOKMpPOBATH BHPYC IpUIINA, HE
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MOBPEXKAas CTPYKTYpPY KJIETKH OpraHu3Ma-xo3suHa. [1o 3Toi mpuunHe pe3ynbTaThl MHOTOJICTHUX MTOMCKOB
MIPOTHUBOBHUPYCHBIX BEUIECTB OKA3aJIMCh BEChbMa CKYIHBIMH, OCTAIVMCHh HAa YPOBHE OTKPBHITUS JIMIIb EAUHUY-
HBIX XUMHOIIPENAPATOB, UMEIOLIUX Y3KUW CHEKTp JAeHCTBUSA. Mano u3y4eHbl MEXaHU3Mbl B3aUMOJIEUCTBUS
AHTHBHUPYCHBIX MPEMapaToB C MUIICHSIMHU KJICTKU-XO35IMHA, CBSA3b MEXAY aAHTHUBHUPYCHON aKTUBHOCTHIO U
CTPYKTYpPHBIMHU TTapaMeTpaMH JIEKapCTB.

JlexapcTBEeHHBIE CBOMCTBA BRICIITUX TPUOOB M3BECTHHI ¢ IpeBHUX BpeMeH. K 3aBepmiennio XX cTonmeTus
OB HAKOIUICH OIIBIT, TIOKA3BIBAIOIIHNHA, YTO TPUOBI, BBUAY OMOXUMUYECKHX OCOOCHHOCTEH, SBIISIOTCS OIHU-
MU U3 OCHOBHBIX MPOJYLEHTOB B OMOTEXHOJOTHH, CIIOCOOHBI CTaTh 3aMEHON OAaKTEpUSM U PACTUTEIHLHBIM
obwsekTam [9, 10], B TOM 4mCiIe KaK HCTOYHHUKH CHIPHS TSI CO3JaHUS MPENapaToB, HMEIONTUX PaHO3aKUBIIS-
FOLIUH, IMMYHOMOTYJIUPYIOIIHIA, IPOTHBOBUPYCHBIN U aHTHPaKoBbId 3ddekT [11-14].

Henp Hamero wcciaenoBaHUS — W3YYUTh MPOTHBOBUPYCHYIO aKTHBHOCTh HEKOTOPBIX KCHUIO(MUTHBIX
ChETOOHBIX TPHOOB.

Mamepuanvt u memoosi

Bupyc rpunmna. B skcnepuMeHTanbHBIX HCCIIEAOBAaHHUAX ObUT MCIOJIB30BaH SMUAEMUYECKH 3HAYNMBII
mTaMM Bupyca rpumnma uenoBeka A/Anmatel/8/98 (H3N2), Bupyc rpunmna yenoBeka (MaHASMHYECKHN BapH-
aHT, ycTONUMBBIH K TaMudiro) A/Brnagueoctox/2/09 (HIN1), Bupyc rpunmna nrui, A/FPV/36/1 (H7N1).

B pabote paccMaTpuBaUCh SKCTPAKTHl HEKOTOPBIX CheT0OHBIX IpruboB (Tadm. 1).

Tabnuma 1
IIpeacTaBUTEIH HEKOTOPBIX MOPSAKOB 6a3UAUAIBHBIX IPHOOB, 321€liCTBOBAHHBIX B IKCIIEPHUMEHTE

Kpatkoe

[Mopsimox CemeicTBO Bug Hassanne
0003HaUeHNE

ArapuKouTHBIE
. .. Benienka crennas
0a3uINOMUTICTHI Agaricaceae Pleurotus eryngii PE

(Agaricales s. lato) (Genbrif cTeHOM TpHO)

AypukynspueBbie . .
. . Auricularia
0a3UIUOMHMIIETEI Auriculariaceae . . CBHHOE, WK UYIOBO, YXO AA
. . auricula-judae
(Auriculariales)
TpemeionaHbie
p A Tremella
0a31AMOMHULIETHI Tremellaceae . . CepebpsiHoe yxo TF
fuciformis

(Tremellales s. lato).

KyneTrBHpOBaHHE BHpyca OCYIIECTBISUTH HAa MOJEITH KYPHHBIX SMOPHOHOB B TedeHHE 2448 4 mpu
37 °C. Jlyisi 9KCHEPUMEHTOB UCIOJB30BAIM AJUIAHTOMCHBIN BUpYC B 103e 108-10° DU [Iso/M1. MHpeKnon-
HBIM TUTp BUpYycCa TPUIIIA ONPEAEISUI METOAOM MpEAEIbHBIX pa3BeaeHui no Merony Puna m Menua [15].
Hanmuaue BupycoB omnpenesiii reMarraioTHHIPYIOIIUM CITIOCOO0M TMPH MCTIONIB30BAHUH IPUTPOIIUTOB KYPH-
LBl MJIK MOPCKOM CBUHKH [15].

Munenuii TpuOOB Mocie OTMBIBKH CPebl MOJABEPrajid CHUPTOBOH IKCTPAKIMH C IOCIEAYIOIIUM JIHO-
(bUITBEHBIM 00€3BOKUBAHNEM.

TokcH4HOCTh U crienu(uuecKas TPOTUBOBUPYCHAS aKTUBHOCTh MCCIIEIYEMbBIX DKCTPAKTOB Oblla HM3y-
YeHa COIJIACHO METOAWYECKUM YKa3aHUsIM «PyKOBOICTBO MO MPOBEACHUIO AOKIMHUYECKUX HCCIIEIOBaHUN
JIEKApCTBEHHBIX CpencTB» [16] ¢ pacuéToM XWMHKO-TepareBTHdeckoro uHaekca (XTU), BeIABISEMOro OT-
HOILIEHUEM cpenHeTokcuuHON KoHueHTpauuu BemecTBa (TKso) k cpenueadpPexkTHBHON BUPYCHHTHOUPYIO-
et konneHTpanuu (IKso).

Octpast TOKCHYHOCTD OIPEAeIsUIach ¢ MCIOIB30BAHUEM METOAMKH «103a—3(dekTy, mocie BHyTpHKe-
JTyTOYHOTO BBEJEHHS TOTOBBIX IKCTPAKTOB, ayTOPEIHBIM JIAOOPATOPHBIM MBIIIAM, B Pa3HBIX BapHaHTaxX JIo-
3UpPOBOK. YUET pe3ynbTaToOB MPOBOAMICS corylacHO MeToauueckuM pekoMeHaanusam [16—-18].

BupycuarnOupyromue cBOWCTBa aHATH3UPYEMBIX IPENapaToB U3ydald METOJOM MOCTPOCHUST KPUBBIX
«J103a—aKTUBHOCTHY [18].

Cratuctrueckass oOpaboTka ObUTa TIpOBENEHA C HCIIONB30BAaHHWEM IakeTa mporpamMm «Microsoft
Office». [Ina Tabnu4yHOTO M TpaduyuecKoro M300pakeHUH MOTYUYCHHBIX PEe3yIbTaTOB MCIONb30BAIACH MPO-
rpamma Microsoft Office Excel.
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Pesynomamot u ux obcyscoenue

OcCTpyI0 TOKCHYHOCTh 3-X TOJMYYCHHBIX dKCTPAKTOB TPHOOB M3ydYaM HA MOJETH OebIX 0eCIIopOoIHBIX
Mbimei. OTobpaHHBIE TIpenapaThl BBOAMWIN BHYTPIDKETYJOYHO C MOMOINBIO CIIEIHATM3UPOBAHHOTO METa-
JIUYECKOTO aTPaBMAaTHUYECKOTO 30H/Ia B MaKCHMaJbHO JOIMYCTHMOM OOBeMe Juis Mbllied Becom 18-20T
(0,5 mi1). MplIiaMm B KOHTPOJIbHOM rpymme Beoawin GocdarHbiii Oydep B aHamoruuHoMm oobeme. Jlo3a ais
BCEX IpemnapaToB coctapisma 1, 3, 5 mr.

HaGumronenue 3a sUBOTHBIMU OCYIISCTBIISUIN B TeUEHHUE 2-X HeleNb. [Ipy BCKPBITHH MBITICH MMaTOIOTH-
YECKUX M3MCHCHHI B OpraHax W TKAHSAX, BEI3BAHHBIX BO3/ICHCTBUEM HCCIICIYEMBIX MPENapaToB, HE OOHAPY-
JKEHO. YCTaHOBJIEHO, YTO BCE MCCIIEyeMbIE COSTMHEHHS TIPH OJTHOKPATHOM BHYTPIDKETYJIOYHOM BBEACHHUU
He TPOSIBISUTH TOKCUYECKOTO ACUCTBUS B MCCIEAYEMOM HHTEPBAIE J03.

CornacHo «CoriacoBaHHOW Ha TII00ATLHOM YPOBHE CHCTEME KIACCU(HUKAIINY OMACHOCTU U MapKHPOB-
ku xumudeckoi npoaykmum»y (CI'C) (IV mepecm. uza., OOH, 2011 r.), ucciemyemsie MTPOTUBOBHPYCHBIC
MperapaTsl MOXXHO OTHECTH K V Kitaccy — «MalloOTOKCHYHBIE TpenapaThD).

Takum 00pa3oM, IPY BBIABICHUHM OCTPOH TOKCHYHOCTH Ha MOJIENH OCNBIX OSCIIOPOAHBIX MBIIICH ITOKa-
3aHO, YTO TMOJYYCHHBIC SKCTPAKTHI TPHOOB HE TPOSBIISLTN OCTPON TOKCUYHOCTH MPU OJHOKPATHOM BHYTPH-
YKEITyIOYHOM BBEJICHUH B JI03€ JI0 5 MT.

N3ydeHne npOTUBOBUPYCHOW aKTUBHOCTH ITOJIyYCHHBIX HA MOJICIH BHPYCOB T'PHIIIA YEIOBEKA )KHBOT-
HBIX M TITHI] TPOBOIWIN B MHTepBane 103 ot 0,025 mxr/mi 1o 1,25 MKI/MII COTJIACHO METOAMYECKUM TPHE-
MaM «PyKOBOJICTBA 11O TIPOBEICHUIO TOKIMHUIECKUX NCCIEIOBAHMMA JIEKapCTBEHHBIX cpencTsy [18].

Ha pucynke mpenctaBieHsl pe3yJbTaThl CIIOCOOHOCTH HMCCIENYyEeMBIX JKCTPAKTOB T'PHUOOB ITONABIATH
penpoayKiuio BUpPycoB. [loka3aHo, 4TO BCE MCCIEAYEMbIE IKCTPAKTHI CheJOOHBIX TPHOOB CIIOCOOHKI B 3a-
TAaHHOM HMHTEpBaJie 03 MOJHOCTHIO OJOKUPOBATH BOCIPOM3BOACTBO BHPYCa IPHIINIA HE3aBUCUMO OT €T0 aH-
THTEHHOM CTPYKTYpHI. [Ipn 3TOM MakCUMalTbHOW aKTHBHOCTBIO O0Jamaiu 3KCTPAKThl Auricularia auricula-
Jjudae n Tremella fuciformis.

CpaBHUTENHLHOE M3YUYCHHUE MPOTUBOBUPYCHOTO NEHCTBHS 2-X OTOOPAHHBIX SKCTPAKTOB B COIIOCTABIIC-
HUU C TPOTHBOBUPYCHOW aKTHBHOCTHIO KOMMEPUYECKMX MPOTHBOTPHUIIIIO3HBIX CHHTETHYECKHX Iperapa-
ToB — OcenbramuBup (Tamudiro) u PeManTanuy npy UCIIBITAHUN Ha Pa3IMYHBIX ITAMMAaX BUpYyca TpUIa
MPEICTaBJICHO B TabuuIe 2.

Taonuma 2

CpasuutenbHast oneHka XTH rpuOHbIX 3KCTPAKTOB H KOMMEPYeCKHUX NpenapaTos
¢ NIPOTHBOBHUPYCHOI AKTHBHOCTBIO

[IIramM Bupyca rpumnma OcenpramuBrp | PemanTanuu afrllfz;clz{j;ﬁze Tremella fuciformis
A/Bnagusoctok/2/09 (HIN1) 10,3 11,0 >100 >100
A/Anmatsi/8/98 (H3N2) 29,9 30,1 >100 >100
A/FPV/36/1 (H7N1) 15,3 15,2 >100 >100

B pesynbrare cpaBHUTENBbHOTO M3yueHUs noka3areneid XTU ycTaHOBIEHO, YTO UCCIEyEMBIE IKCTPAK-
ThI TPUOOB MPEBOCXOMAT 1O Mokazarento X TH koMMepueckre MpOTHBOTPHUIIIIO3HBIC TPENapaThl IPU TECTH-
POBaHUU Ha Pa3IMYHBIX IITAMMaX BUpYca.

Baxnouenue

ITouck coeMHEHUI PACTUTEILHOTO MPOMCXOXKIACHHS, CIIOCOOHBIX MOMABISATh PEIPOAYKIIHIO BUPYCOB,
0CTaeTCs BEChbMA MEPCICKTUBHBIM HAMPABICHHUEM HAYYHBIX HCCICIOBAHUN. DTO MOXKHO OOBSICHUTH PAIOM
MPUYHH, TIABHBIMH U3 KOTOPBIX SBIISIOTCS JOCTYMHOCTh CHIPhS W HU3Kas TOKCHYHOCTh. B HaIMX UcCiIemo-
BaHMAX M3yYeHa BO3MOXKHOCTh MPHUMEHEHHSI 3KCTPAKTOB HEKOTOPBIX CheOOHBIX IPUOOB MOMABIIATH PEMPO-
JYKIHIO BUPYCOB IPHUIITIA.

[Tokazano, uTo 3KCTpaKThl rpuboB Auricularia auricula-judae wu Tremella fuciformis obnanarT Bbipa-
’KEHHBIMHU TIPOTHBOBUPYCHBIMH CBOHCTBAMH, COTTOCTABUMBIMU C KOMMEPYECKHMH TperapaTamMH.
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o ocu opaMHAT — MOAABJICHUE PEIPOAYKIHH B %0, IO OCH a0CIMCC — 103a Iperapara, MKI/MII

Pucynox. M3yuenne nozo3aBucumoro adexra BUpyCHHIHOUpYONield aKkTHBHOCTH MCCIIEIyEMBIX IIPENapaToB
Ha MOJIEJIM BUpYCa IPUIIIIA YesIoBeKa (aHJeMUYeCKUI BapuaHT, ycTOWYMBBIN K Tamuduiio)

Paboma evinonnena 6 pamxax npoexma epanmosozo npoekma Komumema nayku Munucmepcmea 06-
pasosanus u Hayku Pecnybnuxu Kazaxcmarn Ne AP08855630.

56 BecTHuk KaparaHguHckoro yHuBepcuTeTa



CnocoBHOCTb 3KCTPAKTOB HEKOTOPbIX CbeJ0BHbIX rPUGOB ...

Crmcok aTepaTypsl

1 World Health Organization (WHO), World Health Statistics 2018. DOnekrtponnsiii  pecypc. URL:
http://www.who.int/whosis/whostat/EN_WHS2018 TOC.pdf (nata obpamenus: 10.11.2020).

2 Influenza Antiviral Drug Resistance. Centers for Disease Control and Prevention. Onektponssiii pecypc. URL:
https://www.cdc.gov/flu/about/qa/antiviralresistance.htm (gara obparuenus: 10.11.2020).

3 Teplyakova T.V. Antiviral activity of polyporoid mushrooms (higher basidiomycetes) from Altai mountains (Russia) /
T.V. Teplyakova, N.V. Psurtseva, T.A. Kosogova, N.A. Mazurkova, V.A. Khanin, V.A. Vlasenko // Int. J. for Med. Mushrooms. —
2012. — Vol. 14 (1). — P. 37-45. https://doi.org/10.1615/intjmedmushr.v14.i1.40

4  Sanghai Vaijwade D.N. Screening of antiviral compounds from plants — a review / D.N. Sanghai Vaijwade, S.R. Kulkarni,
N.N. Sanghai // Journal of Pharmacy Research. — 2014. — Vol. 8(8). — P. 1050-1058. http:/jprsolutions.info

5 Lin L.T. Antiviral Natural Products and Herbal Medicines / L.T. Lin, W.Ch. Hsu, Ch. Ch. Lin // J Tradit Complement Med.
—2014. — Vol. 4, No. 1. — P. 24-35. https://doi.org/10.4103/2225-4110.124335

6 Magano J. Synthetic approaches to the neuraminidase inhibitors zanamivir (Relenza) and oseltamivir phosphate (Tamiflu) for
the treatment of influenza / J. Magano // Chemical Reviews. — 2009. — Vol. 109, No.9. — P.4398-4438.
https://doi.org/10.1021/cr800449m

7 Pagadala N.S. AZT acts as an anti-influenza nucleotide triphosphate targeting the catalytic site of A/PR/8/34/HIN1 RNA de-
pendent RNA polymerase / N.S. Pagadala // J Comput Aided Mol Des. — 2019. — Vol. 33, No.4. — P.387-404.
https://doi.org/10.1007/s10822-019-00189-w

8 Noshi T. In vitro characterization of baloxavir acid, a first-in-class cap-dependent endonuclease inhibitor of the influenza vi-
rus polymerase PA subunit / T.Noshi, M. Kitano, K. Taniguchi, A. Yamamoto, Sh. Omoto, K. Baba, T. Hashimoto, K. Ishida,
Y. Kushima, K. Hattori, M. Kawai, R. Yoshida, M. Kobayashi, T. Yoshinaga, A.Sato, M. Okamatsu, Y.Sakoda, H.Kida,
T. Shishido, A. Naito // Antiviral Res. — 2018. — Vol. 160. — P. 109—117. https://doi.org/10.1016/j.antiviral.2018.10.008

9 Lindequist U. The Pharmacological Potential of Mushrooms / U. Lindequist, T.H.J. Niedermeyer, W.D. Jiilich // Evid Based
Complement Alternat Med. — 2005. — Vol. 2, No. 3. — P. 285-299. https://doi.org/10.1093/ecam/neh 107

10 Kapomaros 1.[1. I'puGs1 — neueGHbIe cBoiicTBa (0030p mutepartypsl) / M. J1. Kapomaros, I11.K. Takaesa // buonorus u unre-
rparuBHas MequnuHa. — 2019. — Ne 11 (39). — C. 72-131.

11 Quang D.N. Inedible mushrooms: a good source of biologically active substances / D.N. Quang, T. Hashimoto, Y. Asakawa
// Chem Rec. — 2006. — Vol. 6, No. 2. — P. 79-99. https://doi.org/10.1002/tcr.20074

12 Chunchao H. A Hypothesis: Supplementation with Mushroom-Derived Active Compound Modulates Immunity and Increas-
es Survival in Response to Influenza Virus (HIN1) Infection / H. Chunchao, J. Guo // Evidence-Based Complementary and Alterna-
tive Medicine. — 2010. — Vol. 2011. Article ID 252501, 3 pages. http://dx.doi.org/10.1093/ecam/neq037

13 Wasser S.P. Medicinal mushrooms as a source of antitumor and immunomodulating polysaccharides / S.P. Wasser / Appl
Microbiol Biotechnol. — 2002. — Vol. 60. — P. 258-274. http://dx.doi.org/10.1007/s00253-002-1076-7

14 Ivanova T.S. Anticancer Substances of Mushroom Origin / T.S.Ivanova, T.A. Krupodorova, V.Y.Barshteyn,
A.B. Artamonova,  V.A. Shlyakhovenko //  Experimental = Oncology. — 2014. — Vol.36. — P.58-66.
https://pubmed.ncbi.nlm.nih.gov/24980757/

15 Balammal G. Analysis of herbal medicines by modern chromatographic techniques / G. Balammal, M. Sekar Babu,
P. Jayachandra Reddy // International Journal of Preclinical and Pharmaceutical Research. — 2012. — Vol. 3, No. 1. — P. 50-63.

16 Aminoff D. Method for the quantitative estimation of N-acetylneuraminic acid and their application to hydrolysates of
sialomucoids / D. Aminoff // Biochem. Journal. — 1961. — Vol. 81. — P. 384-392.

17 Klimov A. Influenza virus titration, antigenic characterization, and serological methods for antibody detection / A. Klimov,
A. Balish, V. Veguilla, H. Sun, J. Schiffer, X. Lu, J.M. Katz, K. Hancock // Influenza Virus. — 2012. — Vol. 865. — P. 25-51.
https://doi.org/10.1007/978-1-61779-621-0_3

18 MuponoB A.H. PykoBoACTBO MO TMPOBEICHUIO NOKIMHUYECKHX HCCICIOBAHHI JIEKapCTBEHHBIX CpeACTB. YacTh mepBas /
A.H. Muponos. — M.: I'pud u K, 2012. — 944 c.

A.H. Ilotexuna, IL.T". Anekcrok, U.A. 3aiiuesa, H.C., Cokonosa, 2.C. OMupTacsa,
M.C. Anexkcrok, A.Il. borossnenckuii, A.C. Kensuna, B.3. bepe3un

Keii0ip xeyre :kapaMabl CAHBIPAYKYJIAKTAPAbIH TYMAay BUPYCbIHBIH
penpoayKuMsichbiH 0acy Kaodijeri

Maxkanana Pleurotus eryngii, Auricularia auricula-judae, Tremella fuciformis cuskrsl keiibip xcmmoduTTi
CaHbIPAyKYJIaKTapAblH MHULECIUAICPIHEH CHIFBIHIBUIAD aJbIHIIBI, ANBIHFAH CBHIFBIHIBUIAP/BIH YBITTBUIBIFBI
OaranaHIbl, COHBIMEH KaTap BHPYCKAaKapchl OENCEHIUIK KacHeTi 3epTTedreH. Tymay BHPYCHI TaybIK
SMOpPUOHAPBIHEIH AJUIAHTOUA KyBICHIHAA ecipiingi. Tymay BHPYCHIHBIH HHQEKIUSIIBIK THTPI TayBIK
SMOpHOHIApBIHA THTPIIEY apKbUIBI aHBIKTANIBL. BUPYCTHIH Gap GOIybl reMarrIoTHHASIIBIK OeICeHITIK
peaKIMsIChl apKbUIbl OaranaHgbl. BUPYCTHIH MHQEKUHUSIBIK THTPI Pux skoHe MeHd omiciMeH ecenTelni.
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BupycrapbH reMarrioTHHALMSIIBIK OeJICEH AT TaybIK 3puTpoLuTTepiHin 0,75 % CcycneH3usChH KoJaaHa
OTBIPBIIN, CTAHAAPTTHI 9Jlic GolibIHIIA 3epTTenreH. KochulblcTapablH BUPYCKaKapehl epeKIle dcepiH 3epaeiey
Ke3iHae Herisri Kputepuit 3aTThlH opTama ybITThl KoHueHTpaiwmschiabl (TKso) oprama Tuimai
BUpyCHHTHOMpieyn koHneHTpanuschiHa (DKso) KaTeiHackIMeH aiikpiHanaTeiH TH (Tepammsuislk MHACKC)
KepCeTKili 00l AJNBIHFAH CHIFBIHABUIAPIBIH BUPYCKaKapchl OelceHaunri «/lopiik 3aTTapplH KINHHUKA
QJIABI 3epPTTEYJICPIH JKYPTi3y >KOHIHJET! HYCKAyJBIKTBIHY OiCTEeMEIK YCHIHBIMIAPHIH IaiiaJaHa OTBIPHII,
0,025 Mkr/mm-men 1,25 MKr/mi-re JIediHri noszalap apaibFbIHAA agaMpaap, skKaHyapiap MeH KyCTapIIbIH
TYMaybl BUPYCBIHBIH MOJETiHIE 3epPTTEIIAI. AJBIHFAH 3 CaHBIPAYKYJIAK ChIFBIH/BICHIHBIH OTKIp YBITTBUIBIFBIH
3epTTey Ke3iHae OapiblK 3epTTENreH CaHbIPAyKYJIaKTap KOCBUIBICTAPBI aK TYKbIMCBI3 THILIKaHAapFa Oip per
MHTpPAracTpalblK SHri3y Ke3iH[e 3epTTeNeTiH J03aiap apajblFbIHIA YBITTHI 9Cep KOPCETHEereHi aHbIKTaIbl.
Tymay BHpPYCBIHBIH SPTYpJIi IITaMAApBIHBIH KeOeroiH Oacy Kabijeri OobIHIIA 3epTTey KYPridy KesiHme
Auricularia auricula-judae xone Tremella fuciformis caHBIpayKYJIaKTapbIHBIH CBHIFBIHABIIAPE]  AHKBIH
BHPYCKaKapchl KacHeTTepre He EKEHIIr »MXOHEe XHUMILSUIBIK-TepPaNsUIblK HHAEKC KepceTKimmn OoibIHIIa
TYMayFakapchl KOMMEPISUIBIK IIperapaTTapAaH acklll TyceTiHi Oenrii 6ompL.

Kinm ce30ep: Pleurotus eryngii, Auricularia auricula-judae, Tremella fuciformis, MuLemui, sKcTpaKuus,
BHPYCKaKapchl OCJICEHALTIK, TYMay BHPYCHI, YBITTBUIBIK.

A.N. Potekhina, P.G. Aleksyuk, I.A. Zajceva, N.S, Sokolov, E.S. Omirtayeva,
M.S. Aleksyuk, A.P. Bogoyavlenskij, A.S. Kenzina, V.E. Berezin

The ability of extracts of some edible fungi
to suppress the reproduction of influenza virus

In this work, extracts from the mycelium of some xylophytic fungi: Pleurotus eryngii, Auricularia auricula-
Jjudae, Tremella fuciformis were obtained, the toxicity of the obtained extracts was evaluated, and the antiviral
activity was researched. The influenza virus was grown in the allantois cavity of chicken embryos. The
infectious titer of the influenza virus was determined by titration on chicken embryos. The presence of the
virus was judged by the reaction of hemagglutinating activity. The virus infectivity titer was calculated using
the Reed-Muench method. The hemagglutinating activity of viruses was determined by a standard method
using 0.75 % suspension of chicken red blood cells. The main criterion for studying the specific antiviral
effect of compounds was the CTI (chemical-therapeutic index), that is determined by the ratio of the average
toxic concentration of the substance (TC50) to the average effective viral inhibitory concentration (EC50).
The antiviral activity of the obtained extracts was studied on a model of human, animal and bird influenza
viruses, in the dose range from 0.025 mcg/ml to 1.25 mcg/ml using the methodological recommendations of
the “Guidelines for conducting Preclinical studies of medicines”. While studying the acute toxicity of 3
obtained fungi extracts, it was found that all studied fungi compounds with a single intragastric injection to
white mongrel mice, did not show a toxic effect in the studied dose range. During the study of the ability to
suppress the reproduction of various strains of the influenza virus, it was found that extracts of the fungi
Auricularia auricula-judae and Tremella fuciformis have possessed antiviral properties, and extracts exceed
in terms of CTI to commercial anti-influenza drugs.

Keywords: Pleurotus eryngii, Auricularia auricula-judae, Tremella fuciformis, mycelium, extraction,
antiviral activity, influenza virus, toxicity.
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XapakTepucTHKA NOJUMOP(U3MOB I'eHa peuenropa Burammaa D

B crarbe mpezacTaBineHa XapakTepUCTUKA OCHOBHBIX MOIUMOP(U3MOB reHa peuentopa suramusHa D (VDR):
rs2228570 (Fokl), rs731236 (Taql), rs1544410 (Bsml) u 1s7975232 (Apal). Onucana posib TOPMOHAIIBHO-
akTuBHOM (popmel ButamuHa D (1,25(OH)2D3, xansuuTprod) Kak GpakTopa TPaHCKPHIILUH, PETYIUPYIOIIEro
9KCIIPECCHIO T€HOB B KJIETKaX-MUIICHSIX ITyTEeM CBS3BIBaHUS C OenkoM-penentopom Burtamuua D. OtmedeHo
HMMYHOMO/IyJIUPYIOIEe U ONocpexayloliee BIMsHUE perentopoB VDR Ha Ouonormdeckue (GyHKIMU opra-
HHU3Ma 9elloBeKa. JlaHo omMcaHme reHa perenTtopa BUTamMHuHA D, M yka3aH ero moauMop(HBIH Xapaxrep.
IIpoBenen anamu3 yeTbpex HambOoJee 3HAYMMBIX ONHOHYKICOTHIHBIX moaumMopduimoB (SNP) rema VDR.
IIpuBeneHo moapoOHOE ONMUCAHKE KaX0Tro MOoJMMopdu3Ma, ero TeHOMHOM MO3HINH, XapaKTepa B3auMoIe-
CTBUSI C APYTUMHU HOMUMOp(H3MaMU reHa penentopa ButaMuHa D, a Taxoke ero BIHSHHE Ha CTPYKTYpY U aK-
tuBHOCTh Oenka VDR. IlpexncrtaBneH aHamu3 ajuleNbHOTO COCTaBa yKAa3aHHBIX OJHOHYKJICOTHIHBIX IMOJH-
MOP(}U3MOB 10 TUTEPATYPHBIM HCTOYHUKAM M CNEIMATH3UPOBaHHBIM Oa3zaM gaHHbIX SNP. M3ydensr yacrora
BCTPEYACMOCTH OTIEIBHBIX ajUleleil KaXJoro MoJMMopdu3Ma, a TaKKe UX BIMSHHE Ha MPEIpacIoioKeH-
HOCTh U TEUEHHE pa3IH4HBIX 3a0osieBaHui. [lokazaHa HEOOXOIMMOCTE IPOBEICHUS NAaTbHEHIINX HCCIIENO-
BaHUi nommmop¢u3MoB reHa VDR, Ux amiensHOTro cocTaBa M paclipoCTPAaHEHHOCTH, a TAKXKe BOZMOXKHOCTEH
HX HOTEHIUAJIBHOTO HCIIOJIB30BAHUS B KAaUECTBE T€HETHIECKUX MApKEpOB JUIS TaKUX aKTyaJbHBIX, HO MaJlo
n3y4eHHBIX naTonoruii, kak COVID-19.

Kniouesvie cnosa: surammn D, penentop ButamuHa D (VDR), ren VDR, nmomumop¢usmsl rena VDR,
1s2228570 (Fokl), rs731236 (Taql), rs1544410 (Bsml), rs7975232 (Apal).

Beeoenue

Butamua D ObUT OTKpPBIT U A0JITOE BpeMs M3ydalsCsl KaK OCHOBHOH (akTop (hochOpHO-KAIBIIHEBOTO
oOMeHa, KOTOPBIH y4acTBYeT B (POPMHUPOBAHMH U HOPMaabHOM (YHKIIMOHUPOBAHHHM KOCTHOW TKaHu [1, 2].
OnHako nanpHeHIIre uccieI0BaHus OKa3aid, 4To B Ipolecce MeTaboIn3Ma B IIEUYSHH U TIOYKax o0pasyer-
cs TopMoHaIbHO-akTHBHas (Gopma Butammaa D — 1,25-gurnapokcusutamun D3 (1,25(0OH)2D3, xambiu-
TPHOJ), POJIb U BO3MOXKHBIE 3P PEKTHI KOTOPOro ropasuo mupe [3].

1,25(OH)2D3 sBnsercss IUTIOPUIIOTEHTHBIM TOPMOHOM, 00JaJaroliuM HMMYHOMOAYJIUPYIOIIUMH
¢ysakuusmiu [4, 5]. CBoe 3HIOKPHUHHOE JEHCTBHE OH PEaIn3yeT IMyTEM CBSI3BIBAHHS C PEUENTOPOM BUTAMUHA
D (vitamin D receptor, VDR), KOTOpBIi IPUHAAICKHUT K CyIIepCEMEUCTBY (PaKTOPOB TPAHCKPHUIIIIAHN, YICHBI
KOTOPOTO 001aJal0T YHUKAJILHBIM CBOMCTBOM HETOCPEICTBEHHO aKTHBHPOBATHCS HEOOJIBIIUMH JIUMO(UIb-
HBIMU coenuHeHusAMH [6—9]. [Toxoxkum o6pa3oM (yHKIHOHUPYIOT CTEPOUAHBIE pelenTopsl. Penentop Bu-
TamuHa D crmocoOeH crieruduuecKkyd B3auMoIcicTBOBaTh ¢ 1,25-nuruapokcupuraMmuaom D3, onocpenoBaTh
ero JIeHCTBHE U MPOXYLUPOBATh pa3indHble 3()(EKTHI, BIUSIONNE HAa MPOTEKaHHe OHOIOTHYECKUX TpOoIiec-
coB B opranusme uenoseka [4, 10, 11]. Takke VDR ¢yHKIHOHUPYET KaK PELENTOp JIUTOXOJIEBOM U BTOPHY-
HOM JKeITIHOM KUCIIOTHI [12].

Penenrop Burammaa D BMecTe la-ruapokcuiiazoit, KOTopas KaTadu3UpyeT MOCICIHIO W KITIOUYEBYIO
CTaJIMI0 CHHTE3a aKTUBHOTO 1,25-murnapokcuButamuaa D3, skcnipeccupyercs MpakTUUECKH BO BCEX TKAHAX
opranmsma [10]. ITo manuemm L. Fagerberg u coasrt. (2014), npoBoauBIINX aHaIM3 TKaHeCHEIH(YUIECKOH
akcrpeccun 4deiaoBeka Metogom PHK-cexBenupoBanus 27 BHIOB TKaHeW, HauOoJibIas akTUBHOCTH VDR
ObuIa BBIBIICHA B TKaHSX TOHKOM, JBEHAIIIATUIIEPCTHONW M TOJCTOW KHIIKH, ITOYKaX, KOXKE, JIETKUX H Ke-
mynka. [Ipy 3ToM B TKaHAX MO3ra, MOAKEITYJOYHOM Kele3bl, IMUHUKOB U NIEYEHH YPOBEHD IKCIIPECCHH IeHa
0BT MuHUMAaEH [13].

M3BecTHBI ABa YPOBHS PETYIISIIIMU pellenTopa BUTaMruHa D: TeHHbIN U HereHHbI. B epBoM cityuae pe-
LENTOPHl HAXOIATCA U QYHKIHOHHUPYIOT B SIIPax KIETOK-MHIICHEH, BO BTOPOM — B LUTOIUIA3MATHYECKHX
MeMmOpanax [7, 8]. Peanusysice Ha renHoM ypoBHe, VDR nposBinser cedst Kak JIMTaHA-UHIyINOeIbHbIA (ak-
top Tpauckpummu [12]. Ilpu stom 1,25(0OH)2D3 1 VDR 00pa3yroT KOMILIEKC, B COCTaB KOTOPOT'O BXOJST
cneunguueckue JTHK-cBsi3piBaroiyie J0MeHbI, KOTOPBIE JOJDKHBI OBITH OOLIMMH C CAaHTOM Havajia TpaH-
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CKPHITLMH TEPBUYHBIX T€HOB-MHUIIEHEH penenTtopa. OcHOBHOW ()yHKUMEH NaHHBIX MOCIEA0BATEIbHOCTEH
JHK siBnsieTcst KOHTPOJb TPAaHCKPUIIUU ONPEIEICHHBIX TeHOB. B pe3ynbrate U3MeHseTcsl T0CIe10BaTeb-
HOCThL cuHTe3upyemon matpuaaoit PHK u, xak ciemcteue, mpoucxoauT 00pa3oBaHue HOBBIX (JOPM COOTBET-
CTBYIOIIMX OEJTKOB, yYacTBYIOIIUX B PETYIALMH (HU3UOIOTHIECKUX peakuuit [4, 9, 14, 15].

Xapakmepucmum 2eHa peyenmopa eumamuna D

CrpykTypa pernentopa Butamuaa D 3akonupoBana B reHe VDR (mpyrue Bo3moxHabIe Ha3Bauus: NR111;
PPP1R163). I'en VDR naxogurcs B xpomocome 12, mokyc 12q13.11 [8, 12, 16]. KonudectBo 5k30HOB B
TaHHOM TeHe, 110 JaHHBIM Pa3HbIX UCTOYHHUKOB, BappupyeTcs oT 9 o 11 [6, 17-20]. [Ipyrue aBTOpHl, Takue
kak Tuoresmaki et al. (2014) yka3siBatoT, 4To reH VDR cOCTOUT 13 BOCBMH 3K30HOB U LISCTH aJIbTePHATHB-
HO CIUTaWiCHPOBAaHHBIX 00JacTel, KOTOPHIE PACIIONOKEHBI B TEHETHYECKH aKTHBHBIX YaCTIX, COAEPIKAIUX
MPOMOTOpPHYI0 00sacTh [9]. Onnako, mo manasiM NCBI (National Center for Biotechnology Information,
HanmonanpHablid 1ieHTp OmotexHosormueckorr mHbopmammu CIIIA), KOTHIECTBO KOTUPYIOIMIUX oOacTel
JHK rena VDR cocraBnser 12 (unentuduxarop rena: 7421, coopka GRCh38.p13 ot 28.02.2019) [12].

[TonHOE CeKBEHUpPOBAHKE UYEIOBEYECKOT'O TeHOMA IMOKA3aJi0, YTO MHOTHE T'eHBI SBISIOTCS MOIUMOPQ-
HBIMH, T.€. B MX MHTPOHAX M SK30HAX MOTYT BBISABIATHCS OJHOHYKICOTHIHBIC 3aMCHBI Map OCHOBAaHUU
(single nucleotide polymorphisms, SNPs, cnunst). I1o cBoelr cyt SNP SBISIFOTCS TOYKOBBIMH MYTAITHSIMH,
OJTHAKO PA3JINYHs B TEPMUHOJIOTUH 00YCIOBIMBAIOTCS UX YACTOTOM BCTpedaeMocTu. Takum oOpa3om, MyTa-
WSl CYUTACTCS OAHOHYKIICOTHUIHBIM MOJIMMOP(U3MOM, eCiii BcTpedaeTcs Oonee yeM y 1 % Hacenenus [21—
23].

SNP MoryT oka3plBaTh CYIIECTBEHHOE BIUSHHE Ha CKOPOCTh U 3(PEKTHBHOCTh TPAHCKPHIIIHMH, CTa-
omwrsHOCTh MaTpuuHOU PHK, kommdecTBO 1 akTHBHOCTh CHHTE3UPYEMOTo Oellka, a TakkKe, B I[EJIOM, Ha YPO-
BEHbB DKCIIpeccuu TeHa [3, 4, 22]. B nactosmee Bpemss SNP pa3mnyHBIX T€HOB UCIOJB3YIOT B KA4eCTBE OMO-
JIOTUYECKUX MapKepOB MPH M3YUCHHH T€HETHYECKHX MPHU3HAKOB. Takke MMeEeTcss MHOXKECTBO HCCIIEI0Ba-
HUH, 1ICJIbI0 KOTOPBIX SBIISETCS BBISBICHUE 3aBHCUMOCTH IMPEIPACIIONOKEHHOCTH K KaKOMY-TH00 3a00i1eBa-
HUIO M TSDKECTH €r0 TEYCHUS OT HAIWYWS WIA OTCYTCTBHUS KOHKPETHBIX ajuleici B MOJUMOP(HBIX TCHaX.
KommgectBo ammeneit ogaoro SNP Mo)keT BapsHpOBaTh OT JABYX JO YETHIPEX, a oOIIas BCTPEUAEMOCTh U
peo0iajaHie KOHKPETHON aJIeIi BO MHOTOM 3aBUCST OT 3THUYECKOHN MPHUHAJICHKHOCTH UCCISAYEMOU T10-
nyssiud [5, 8, 11, 22].

CyiecTByeT HECKOJIbKO 0a3 maHHbIX SNP, Haxomsmuxcs B oTKpeIToM goctyre. Cpeau Hux dbSNP,
SNPedia, MirSNP u ap. baza dbSNP Obuia pa3spaborana u momaepxkuBactcs HalnroHanbHbIM LEHTPOM OHO-
texHonornueckod mHpopmanun CHIA (NCBI), oHa comepXHUT OOIIMpPHYIO WHPOPMALUIO HE TOJNBKO O
CTPYKTYpE U MO3UIHH orpeaeneHHsx SNP, HO 1 onrchIBaeT X KIMHIYECKOE 3HAYeHUE, UCTOPHIO, a TaKKe
BCTPEYAEMOCTh OTACTBHBIX aJieliell JaHHBIX MOTUMOP(U3MOB CpEld PAa3IUYHBIX 3THUYECKUX TPYIII
[24, 25].

I'en peneniropa ButamuHa D sBisiercss monmumopdHbIM. B OoJiee paHHUX HCCIIEIOBAaHUAX OBUIH TIPEII-
CTaBJICHBI JaHHbIC 0 HAIMYMK B HeM Ooiiee 470 OAHOHYKIICOTHIHBIX monumopdusmMoB [17, 18, 21]. Haubo-
Jiee HM3ydeHHBIMH cpeau monuMopdu3moB reHa VDR seistores rs2228570 (Fokl), rs731236 (Taql),
151544410 (Bsml) u 157975232 (Apal). Bropoe nHa3Banne SNP 00yClIOBIEHO HAIMYHEM WU OTCYTCTBUEM B
HUX CaWTOB peCTpHUKIMHU JuIs cooTBeTcTBYOIUX GepmentoB (Fokl, Taql, Bsml, Apal) [4, 26, 27]. Cyuie-
CTBYET MHOXKECTBO HCCIICJIOBAaHHM, MOCBANICHHBIX BBISBICHUIO CBSI3H JIAHHBIX TOJMMOPPHU3IMOB C TAKUMH
3a00JIeBaHUSIMU, KaK OpOHXHMalbHAS acTMa, PaK, PeBMATOWIHBIN apTpUT, TYOEpKyJie3, caXxapHbIl auaderT,
JICHT'e, pACCEeSIHHBIN CKIIepo3, 6one3ns [lapkuHcona u ap. [1, 3-6, 17, 18, 28, 29].

Honumopgusm rs2228570 (Fokl)

Momumopduzm 152228570 (Fokl) pacronoxken B 5'-koaupyromieii obmactu 2 3x30Ha rera VDR [3, 11,
16]. Tenomuas mozmummst: chr12:47879112 [18, 30]. Jlauusii SNP sBriseTcss eIMHCTBEHHBIM W3 YETHIPEX
HanOoiree 3HauMMBIX SNP rena VDR, KOTOpBIH H3MEHSET CTPYKTYPy CHHTE3HPYEMOTO OEIKa, T.C. SBISETCS
MHucceHc-MyTanueid. Kpome Toro, oH He CBsI3aH HY ¢ OJHUM M3 Ipyrux noaumopdusmos VDR [6, 18, 26].

B Oomee paHHWX HCTOYHMKAX MOXKHO BCTPETHTH JPyroe Ha3BaHWE JAaHHOTO NOTUMOppU3Ma —
rs10735810 [18]. Oanako, o ganabeiM NCBI (dbSNP), B iepuos ¢ 2006 mo 2010 rr. B rs2228570 Obu1n 00b-
enuHeHbI ceMb SNP, Brrodas rs10735810 (puc. 1) [31].
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CBA3aHHbIN ID McTopus o6HoBneHa (cbopka)
rs117559231 16 aBrycta 2010T. (132)
rs17881966 11 mapTa 2006 1. (126)
rs8179174 23 manA 2008 . (130)
rs10735810 23 man 2008 . (130)
rs57067622 23 manA 2008 . (130)
rs56641119 27 manA 2008 . (130)
rs52811041 21 ceH.2007 . (128)

Pucynox 1. Cnincok nonmmopdusmoB, o0beMHEHHBIX B 152228570 [31]

B muteparypHBIX HCTOUYHUKAX MOTUMOphH3M 152228570 mpenMyIeCTBEHHO OTMCHIBAECTCS KaK TCHETH-
yeckasi Bapuaius 3aMeHbl Hykiieotuna T B craptoBoMm kogone ATG Ha amnens C. Takum 06pa3om, B TeHe
VDR MoxeT HaxoauThbes 100 1Ba cTapTOBBIX KogoHa ATG, pa3iae/ieHHBIX MIECThIO0 HYKJICOTHIAMH, K00
onwH HOBBIN caiT mauIMamu ACG. B pe3ynsrare skcripeccuu rera Hocutens amienn T (ATG) cuaTesupy-
eTcs Oenok, coctoammii u3 427 aMUHOKHCIIOT, a B cinydae reHotuna C (ACG) naHHBII 6enok OyneT BKITIO-
4yaTh HA TPU aMUHOKHUCIOTHI MeHbIIE, T.€. 424 [3, 6, 11, 20, 32, 33]. IIpu 3TOM ucclieq0BaHUs MTOKA3alId, YTO
KOpOTKHH BapuaHT Oesika VDR Oosee akTHBeH 1 00J1a1aeT MOBBIIICHHON TPAaHCKPUITIIHOHHON aKTUBHOCTBIO
10 CPABHEHHMIO ¢ MOJIHOpPa3MepHbIM OenkoM [3, 16, 26, 27, 33].

[To manabM dbSNP (cOopka 155 ot 9 anpens 2021 r.), monumopdusm 152228570 MOKET UMETh YEThIpEe
BapuaHnTa ayienei, 1.e. A, C, G u T. IIpu 3ToM cpemHssi 4acToTa BCTPEUAEMOCTH aJlIeyIeH M0 arperupoBaH-
HbIM JaHHBIM C BBIOOpKOM 236272 oOpasuos cocraBmsier G=0,611257, A=0,388743, T =0,000000
(puc. 2) [34].

[Tokazannoe 3HaueHue s awtenu T u oTcyTcTBHE MHpopMalwu 1o awienu C roBopar o0 ux KpaiiHe
pEeIKOi BCTpeUuaeMOCTH 10 cpaBHEHUIO ¢ A u G.

Population Group “  Sample Size Ref Allele Alt Allele
Total Global 236272 A=0.388743 G=0.611257, T=0.000000
European Sub 200152 A=0.38T441 G=0.612559, T=0.000000
African Sub 3680 A=0.2759 G=0.7241, T=0.0000
African Others Sub 118 A=0.288 G=0.712, T=0.000
African American Sub 3572 A=0.2755 6=0.7245, T=0.0000
Asian Sub 6580 A=0.4384 G=0.5616, T=0.0000
East Asian Sub 4716 A=0.4315 G=0.5685, T=0.0000
Other Asian Sub 1864 A=0.4560 G=0.5440, T=0.0000
Latin American 1 Sub 782 A=0.292 G=0.708, T=0.000
Latin American 2 Sub 4862 A=0.4881 G=0.5119, T=0.0000
South Asian Sub 240 A=0.250 G=0.750, T=0.000
Other Sub 19966 A=0.28756 G=0.61244, T=0.00000

PucyHox 2. AHanu3 4acToThl BCTpEe4aeMOCTH ajuiesnei nonmmmopduima rs2228570, mo nanasiM dbSNP [34]

Taxoxe cpenu psga MCCICAOBaHHUMA, TOMUMO omucanHoro s 152228570 remoruna C>T, BcTpedaroTcst
aynenbHble KomOuHamu A>G, A>T. B HuX paccMmarpuBaroTcs au00 00Ias pacnpoCTPaHEHHOCTh aylielieh
nanHoro SNP cpenu 310poBOro HaceneHus:, TH00 MX CBSA3b C TAKUMH 3a00JICBaHUSIMH, KaK JIEHTe, OPOHXH-
aNbHas actMa, rernaTut B, Oonesus [lapkuncona u TyOepkyies [4, 23, 29, 35-39]. CBoaHble JaHHBIC IPUBE-
IeHbl B Tabauie 1.

62 BecTHuk KaparaHgmHckoro yHmBepcuteTa



XapakTepucTrika NonMMopu3MoB reHa ...

Taonuma 1
AHaIU3 U3yyeHus aJuleIbHbIX KOMOMHANUI rs2228570 B HayuHbIX nyOaukanusx [4, 23, 29, 35-39]

BapuanTs! anneneii 1s2228570 ABTOpBI, TOJI U3AAHUS TYOJIUKAIMH
CC/CT/TT Kre§felder et al. (2011), Alagarasu et al. (2012), Grzegorzewska et al. (2014), Bah-
rami et al. (2020)
AA/AG/GG Osman et al. (2015), Shih-Wei Lee et al. (2016), Hua et al. (2020)
AA/AT/TT Wang et al. (2019)

Takum oOpa3oM, BBHIY BBICOKOH I'€HETHYECKOW BapmabenbHOCTH, mojduMopdmsm rs2228570 tpedyer
JaTbHEHIIero N3y4eHHUs] PACIIPOCTPAHEHHOCTH BCEX €ro ajulesiell CpeAM pa3iMYHbIX STHHYECKHX TPYIII, a
TaKXe PACIIMPEHUS €ro POJIM B KaUyecTBE T€HETUIECKOTo MapKepa 3aboneBanuii [22, 29, 35-38].

Honumoppusmor rs731236 (Taql), rs1544410 (Bsml) urs7975232 (Apal)

[Momumopdusmer 15731236 (Taql), rs1544410 (Bsml) u 157975232 (Apal) HaxomsTcs B CHIIBHOM
HEPaBHOBECHOM CIICTIIICHUH APYT C ApyroM B 3'-HeTpaHcnupyemoii oonactu rena VDR. TloaTtomy noBoasHO
4acTo BCTpedaeTcs ux oodiiee oObeauHeHHoe HazBanue: nonumopdusm 3' UTR (3' untranslatedregion,
3'-HeTpaHcnupyeMas o0jacte) [4, 26, 28, 33]. JlaHHbIC TeHETUYECKHE U3MEHEHUS HE BIHSAIOT HA KOJIMYECTBO
AMHHOKHCIIOT WM HX MOCIEA0BaTeNbHOCTh B Oenke VDR, HO yuacTBYIOT B peryJisiiiy YPOBHSI 9KCIIPECCUHI
rena VDR nocpenctBom ymensiienus win ysenndenus crabuinbanoctu MPHK [3, 11, 16, 27].

rs731236 naxoaurcs B 9 sk30He reHa VDR (reHomuas nosunus chr12: 47844974) [40, 41]. ITo qaHHBIM
NCBI, B nepuon ¢ 2002 no 2014 rr. B 15731236 0buir 00BEIUHEHBI TIECTh MOIUMOP(HU3MOB: 152228571,
117777794, rs17880019, rs59730659, rs118037316 u rs386609145 [42]. CornacHO NaHHBIM HEKOTOPBIX
aBTOpOB [4, 11, 20, 37], 3TOT MOSTUMOPU3M TIpeCTaBIAET coO0l 3ameny ameneid T>C u IpuBOIUT K MOJI-
YaIuM MyTalldsM B COOTBETCTBYIOMHUX KomoHax. [Ipu atom dbSNP (c6opka 155 ot 9 ampens 2021 r.) xa-
pakTepusyeT 15731236 kak TpexamuienbHeld monumopdusm (A, G, T) ¢ mpenMyIecTBeHHOH BcTpedaeMo-
cteio aend A=0,61282, menbineii pacnpoctpanerHHocTbio G=0,38718 u T=0,000000 (konmuecTBO 00pas-
LIOB B BEIOOPKeE cocTaBisteT 193424) [43].

Uccnenoanus amneneét A u G nonumopdusma rs731236 taxke npoBoamwnu Osman et al. (2015),
S.W. Lee et al. (2016) u Y. Wang et al. (2019). [IpeacraBnens! JaHHBIE O PaCIPOCTPAaHEHHOCTH AaHHBIX r'e-
HETHYECKHX Bapualuii cpean 3n1opoBoro HaceneHuss OAD, a Takke UX CBA3b C BOCIPUUMYHBOCTBIO K TyOep-
Kynesy [21, 38, 39].

Homumopdusmer rs1544410 u rs7975232 pacnonoxkensl B uHTpoHe 8§ [11, 27]. ['eHOMHBIE MO3ULINU:
chr12: 47846052 u chr12: 47845054 cooTBeTcTBEHHO (pHC. 3, 4) [44—46].

Coopka: ‘ rPU38.n13 (GCF_000001405.39) " = | Chr 12 (NC_000012.12) '|

{{ NC_000D12.12: 47 846 015 - 47 8 46 083

p13.3 P32 Pl P23 pz2 pizl ¥nz FLARENE - q13.1 g2 i a5 g2 g2z q213 922 922

C o O S 0007 TSRS S B S .

TeH Crenorpamma DEOMBI; LUSAKHHTE SKCEOH, WTDEM YEC/HMNTE, HESEAHTE KYPCOR MMM, NTOGH VERGETS SETEH,
o6nacrev [ { ] VDR »[ 1 ]| [(nM 0003763 +) { ) eeeeesssse

9 = ncovonizaz- O G| @ 1@ e 22 X
47,848,820 47,345,838 47,848,840

=
o
3

[47.848.880

AC/ TCACTCAC rsii574155 EE A/G rs1945272677 EEEE /G rs123026031 BN G/A r1544410 [ C/A/6/T 21545273323 W T/R PSIEE3E1B57
[ rs1B32778543 NN R/T  rs1945272304 EEEN G/A rs542924501 M 60 rs10192E47EE [ 6RC/T rs948058A3 M G/, T rslis;
CARIT rel945272400 H C/T r21193734511 I G/A 21361267642 I G/A rE3TOBLTI4 W /T
PEESTORIRET NN G/R/C 21339073131 . /T rel431523373 W T/C
Fs747EABE1S N B/ rs194E273544 B G/
rs1264854096 BN A/G
dbVar Clinical Structural Variants (nstd102)

Pucynok 3. TTonoxenue rs1544410 B rene VDR [47]

B nepuox ¢ 2008 mo 2014 rr. B rs1544410 Obutn 00beaUHEHBI TPH HOIMMOpdu3Ma: 1s56495123,
1s56911380 u 15386536760 [48]. Ilo nanneiM dbSNP, rs1544410 BxiodyaeT B cebs Bce YeThIpe BapuaHTa
amenerr (A, C, G u T) [45]. OOmas dacTtoTra BCTpedaeMOCTH ajuieieil B BbIOOpke 220674 cocraBuia:
C=0,611934, T=0,388066, A=0,000000, G=0,000000 [49]. Takum oOpa3zoM, MpeoOIATAIOIIMHI ATUICTITMHU
sisitores C 1 T, ogHAaKO B MTUTEpaTypHBIX JaHHBIX PACCMATPHUBAIOTCS M IPYT'He TeHEeTHIeCKne KOMOMHAITUN
(Tabmn. 2).
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COopka: | I'P'—|38.r|13[GCF_OOOOOMOS‘EQ]V| o | Chr 12 (NC_000012.12) v|

(( NC_000012.12: 47 845 021 - 47 845 087

pla3 P32 pI31 pl23 plz2 p121 pnz Pl an g2 131 q32 g4 415 G211 g2 213
[ T -m 1 1 x 1 T
a
CTeHorpaMHa SUIOHEN LETKHITE SKI0H, HTOSE VESIHSHTE, HEESHTE KYDCOD MELUK, STOOE VEHISTE JETIMM,

rex
‘oﬁnacn,v (4] vor v b}‘ NM 0003763 ) | } seseesceee

S5 S ncosonziz- Qo G ] ® i == X
545, AZ0 47,845,836 [47.545,A4a 47,845,850 & 47,545 BE6
™A G A G A A G A A G G C A CAGGAGTC CTCTOCAGGTCTGG G CCCCTCALCTGCTC A A
A T C T C T T C T T C C 6 T 6 T C C T CGAGA G T C G A CCCG 6 6 6 A G T 6ACGAG T
NCBI Homo sapiens Annotation Release 109.20210514 1k
Clinical, dbSHP bl55 v2 1k
Live RefSNP=z, dbSNF bl55 v2 1k
rsTEEPIE4EG /R ABAAG rsTEI432606 BN A/G rs194E2S33A4 BEEN G/R|  rs1545253663 NN C/T rs96a441365 ER
rslZ14586466 B G/A 51545252652 W C/R rsPEAE34Z5S W GAA/CST rs37A232745 B C/R/G rsPSPEEEE NN C/R rs194G253712 EEEE C/A/T rs13853
A/GAT rslB32E95314 I R/C rs1445202561 I C/T re372EEE457 NN T/R/CAE relO4E253507 NN C/T
TR 5753058057 M B/A 151209512550 . G/A/T r51945253201 M. B/H 5533037420 W T/0
rs70E355115 HEE A/G rsl264956550 M G/A rs54TI41260 I GAA

rsl3EARAR35S M C/T
re1291491572 . C/6/T

Pucynok 4. ITonoxenue rs79752328 rene VDR [50]

Tabnuma 2
AHaIu3 U3yYeHus ajjieJbHbIX KoMOuHauuii rs1544410 B HayuHbIX myOoaukanusx [4, 11, 20, 28, 36-39, 51]

BapuanTs! amteneii rs1544410 ABTODBI, TOJI U3JIaHUS Ty OJIMKAITIH
Alagarasu et al. (2012), Grzegorzewska et al. (2014),
GG/GA/AA S.W. Lee et al. (2016), P. John et al. (2017)
Silva-Ramirez et al. (2018), Yadav et al. (2021)
AA/AT/TT Y. Wang et al. (2019)
GG/GT/TT Bahrami et al. (2020)

1s7975232 6bu1 o0benuneH c rs17879735 B 2006 r. [52]. Jna naHHOrO momMMOpgH3Ma XapaKTepPHO
HaJIM4ue IByx BapuanToB ayteiei: C u A [46]. Ilpu aHanu3e oOuie#t pacnpocrpaneHHOCTH cpeau 39134 00-
pasioB npeobnanaromei aiensio sipasiercs A=0,55448. Berpeyaemocth anprepHaTHBHOUM ayenu C cocras-
nsiet 0,44552. OnHako B pa3aMYHBIX STHUYECKHX IPYIIAX JaHHBIE TOKA3aTeNd MOTYT MEHATheA (puc. 5) [53].

Population Group *  Sample Size Ref Allele Alt Allele
Total Global 39134 C=0.44552 A=0.55448
European Sub 26550 C=0.46286 A=0.53714
African Sub 7790 C=0.3693 A=0.6307
African Others Sub 240 C=0.292 A=0.708
African American Sub 7550 C=0.3718 A=0.6282
Asian Sub 214 C=0.687 A=0.313
East Asian Sub 156 C=0.686 A=0.314
Other Asian Sub 58 €=0.69 A=0.31
Latin American 1 Sub 168 C=0.411 A=0.589
Latin American 2 Sub 670 C=0.582 A=0.418
South Asian Sub 104 C=0.385 A=0.615
Other Sub 3638 C=0.4451 A=0.5539

PucyHox 5. AHanu3 4acToThl BCTpe4aeMOCTH ajuiesnei nommmopdusma rs7975232, no nanasivm dbSNP [53]

B nutepatypHbix nctounukax usydenue renotunos CC, CA u AA nonmumopdusma rs7975232 nposo-
munu Alagarasu et al. (2012), S.W. Lee et al. (2016), da Cunha Pereira et al. (2017), Y.Wang et al. (2019),
MIPEUMYIIIECTBEHHO B CBS3M C IMATOTCHE30M TyOepKyiesa [4, 38, 39, 54].

Opnnako umeetcst myonukauusi Bahrami (2020) o cBszu nomumopdusmoB reHa VDR ¢ xpoHnueckum
renatutoM B, rae B kauecTBe ameneid 1s7975232 paccmatpuBatores G u T [37].
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Raxnouenue

Takum 00pa3oM, MOKHO cZeJaTh BBIBOI, uTo TeH VDR siBiisercst upe3BbIuaiiHO MOIMMOP(HBIM, U €ro
SNP mMoryT oka3pIBaTh 3HAYUTEIHHOE BIUSHIE HA MPOTEKAHNE PA3IMIHBIX MPOIIECCOB B OpraHU3Me YeoBe-
Ka W Ha ero moka3aTelld 3/JI0pOBbs. TakkKe MMEIOTCS NMPOTUBOPCUMBHIC NAaHHBIE 00 AUICIIBHOM COCTaBe
rs2228570 (FoklI), rs731236 (Taql), rs1544410 (Bsml) u rs7975232 (Apal) cpenu muTepaTypHBIX HCTOYHH-
koB ¥ 0azoi manHeix dbSNP (NSBI). OgHoBpeMEeHHO Bee 0OJIbIlIe UCCASIOBAHMM HAPABICHO HA M3YUYCHHE
PO OTHOHYKIICOTUAHBIX TOMMMOpdu3MoB reHa VDR B maToreHese pa3nuyHbIX 3a00JCBaHUA, B YHCIIE KO-
TOPBIX 3HAYUTEIFHOE MECTO 3aHMMACT rpyIa OPOHXOJETOYHBIX 3a00JIEBAaHUIN Pa3TUYHON ITHONOTUU (TY-
Oepkyies, OpoHXHalbHas acTMa, aeHre) [3, 4, 8, 12].

Bce nepeunicieHHoe Bbillle aeaaeT noauMopdusmel rena VDR HOTEHIMAIBHO 3HAYMMBIME 00BEKTaMH
JUTSL U3yUSHUS UX BIHMSHUS Ha TPEIPACIIONIOKEHHOCTh U TSDKECTh TEUCHHUS IPYTUX, MEHEE N3YYCHHBIX 3a00-
neBanuii. OMHUM U3 HauOoJee akTyalbHBIX B Hacrosiee Bpems sBisieTcss COVID-19, BrI3BaHHBIN KOpOHa-
Bupycom SARS-CoV-2 [55].

Cnucox IuTepaTypsl

1 Sonomjamts M. Vitamin D plasma concentration and vitamin D receptor genetic variants confer risk of asthma: A compari-
son study of Taiwanese and Mongolian populations / M. Sonomjamts, H.-F. Kao, Y.-I. Hou, N. Tuvshintur, B. Bayar-Ulzii, N. Logii,
J.Yao, L.Shih, H.Wu // World Allergy Organization Journal. — Vol.12, Iss.11. — 2019. — P.210-216.
https://doi.org/10.1016/j.waojou.2019.100076

2 Tluraposa E.A. Heknaccuueckue a¢pdexrst Butamuna D / E.A. [Turaposa, A.A. [lerpyuikuna // OcTeomnopo3 u ocTeonaTuy.
—2017.—T. 20, Ne 3. — C. 90-101.

3 Zhao D.D. Association of vitamin D receptor gene polymorphisms with susceptibility to childhood asthma: A meta-analysis /
D.D. Zhao, D.D. Yu, Q.Q. Ren, B. Dong, F. Zhao, Y.H. Sun // Pediatric Pulmonology. — 2017. — Vol. 52, No. 4. — P. 423-429.
https://doi.org/10.1002/ppul.23548

4 Kalichamy A. Association of vitamin D receptor gene polymorphisms with clinical outcomes of dengue virus infection /
A. Kalichamy, T.P. Honap, A. Mulay, R. Bachal, P.S. Shah, C. Dayaraj / Human Immunology. — 2012. — Vol. 73, Iss. 11. —
P. 1194-1199. https://doi.org/10.1016/j.humimm.2012.08.007

5 Grant W.B. Evidence that vitamin D supplementation could reduce risk of influenza and COVID-19 infections and deaths /
W.B. Grant, H. Lahore, Sh. L. McDonnell, C.A. Baggerly, C.B. French, J.L. Aliano, H.P. Bhattoa // Nutrients. — 2020. — Vol. 12.
— P. 98-116. https://doi.org/10.3390/nu12040988

6 Hadi S.M. Genotyping of vitamin D receptor FOKI polymorphism as a predictor for type 2 diabetes mellitus by a tetra pri-
mer-ARMS-PCR  assay / S.M.Hadi, R.Al-Zubaidy // Gene Reports — 2019. — Vol.15. — P.1003-10062.
https://doi.org/1016/j.genrep.2019.01.003

7 Holick M.F. Evaluation, treatment, and prevention of vitamin D deficiency: an Endocrine Society clinical practice guideline /
M.F. Holick, N.C. Binkley, H.A. Bischoff-Ferrari, C.M. Gordon, D.A. Hanley, R.P. Heaney, M.H. Murad, C.M. Weaver // J. Clin.
Endocrinol. Metab. — 2011. — Vol. 96, No. 7. — P. 1911-1930. https://doi.org/10.1210/jc.2011-0385

8 Uitterlinden A.G. Genetics and biology of vitamin D receptor polymorphisms: Review / A.G. Uitterlinden, Y. Fang, J. van
Meurs, H.A.P. Pols, J. van Leeuwen // Gene. — 2004. — Vol. 338. — P. 143-156. https://doi.org/10.1015/j.gene.2204.05.014

9 Tuoresméki P. Patterns of Genome-Wide VDR Locations / P. Tuoresmaiki, S. Vaisanen, A. Neme, S. Haikkinen, C. Carlberg
// PLoS One. — 2014. — Vol. 9, No.4. — P. 96-105. https://doi.org/10.1371/journal.pone.0096105

10 Nabih E.S. Association between vitamin D receptor gene Fokl polymorphism and atopic childhood bronchial asthma /
E.S. Nabih, T.B. Kamel // Egyptian Journal of Chest Diseases and Tuberculosis. — 2014. — Vol. 63, Issue 3. — P. 547-552.
https://doi.org/10.1016/j.ejcdt.2014.02.012

11 Silva B. Association between Vitamin D receptor gene polymorphisms and pulmonary tuberculosis in a Mexican population /
B. Silva, C.A. Saenz-Saenz, L.a. Bracho-Vela, K. Penuelas-Urquides, V. Mata-Tijerina, B.L. Escobedo-Guajardo, N.R. Gonzalez-

Rios, O. Vazquez-Monsivais, M.B. de Leon // Indian. J. Tuberc. — 2019. — Vol.66, No.l1l. — P.70-75.
https://doi.org/10.1016/].ijtb.2018.04.005
12 VDR vitamin D receptor [Homo sapiens (human)] [Daekrponnsii pecypc]. — Pexum  gocryma:

https://www.ncbi.nlm.nih.gov/gene/7421

13 Fagerberg L. Analysis of the human tissue-specific expression by genome-wide integration of transcriptomics and antibody-
based proteomics / L. Fagerberg, B.M. Hallstrom, P. Oksvold, C. Kampf, D. Djureinovic, J. Odeberg, M. Habuka, S. Tahmasebpoor,
A. Danielsson, K. Edlund, A. Asplund, E. Sjostedt, E. Lundberg, C.A. Szigyarto // Mol Cell Proteomics. — 2014. — Vol. 13, No. 2.
— P. 397-406. https://doi.org/10.1074/mcp.M113.035600

14 Carlberg C. Vitamin D receptor signaling mechanisms: Integrated actions of a well-defined transcription factor / C. Carlberg,
M.J. Campbell // Steroids. — 2013. — Vol.78, No. 2. — P. 127-136. https://doi.org/10.1016/j.steroids.2012.10.019

15 Carlberg C. Dynamics of nuclear receptor target gene regulation / C. Carlberg, S. Seuter // Chromosoma. — 2010. —
Vol. 119, No. 5. — P. 479-484. https://doi.org/10.1007/s00412-010-0283-8

Cepusa «bronorusa. MeguuuHa. 'eorpacumsa». Ne 4(104)/2021 65



B.B. NpoTac, I".I1. MNorocsiH u ap.

16 Tabaei S. Vitamin D receptor (VDR) gene polymorphisms and risk of coronary artery disease (CAD): Systematic review and
meta-analysis / S. Tabaei, M. Motallebnezhad, S.S. Tabace // Biochemical Genetics. — 2021. — Vol. 59. — P. 813-836.
https://doi.org/10.1007/s10528-021-10038-x

17 Tantawy M. Vitamin D receptor gene polymorphism in Egyptian pediatric acute lymphoblastic leukemia correlation with
BMD / M. Tantawy, M. Amer, T. Raafat, N. Hamdy // Meta Gene. — 2016. — Vol. 9. — P. 42-46. https://doi.org/10.1016/
j-mgene.2016.03.008

18 Mostafaece A. The association analysis between rs1544410 and rs10735810 polymorphisms located at VDR gene and suscep-
tibility to Multiple Sclerosis in Iranian population / A. Mostafaee, S. Rafiei, Z. Fazeli, A. Sayad // Gene Reports. — 2019. — Vol. 17.
— P. 1005-1038.

19 Taymans S. The human vitamin D receptor gene (VDR) is localized to region 12cen-q12 by fluorescent in situ hybridization
and radiation hybrid mapping: Genetic and physical VDR map / S. Taymans, S. Pack, E. Pak, Z. Orban, J. Barsony, Z. Zhuang,
C. Stratakis // J Bone Miner Res. — 1999. — Vol. 14, No. 7. — P. 1163-1166. https://doi.org/10.1359/jbmr.1999.14.7.1163

20 Yadav U. Fokl polymorphism of the vitamin D receptor (VDR) gene and susceptibility to tuberculosis: Evidence through a
meta-analysis / U. Yadav, P.Kumar, V.Rai // Infection, Genetics and Evolution. — 2021. — Vol. 92. — P. 1048-1071.
https://doi.org/10.1016/j.meegid.2021.104871

21 Osman E. Frequency of 15731236 (Taql), rs2228570 (Fok1) of Vitamin-D Receptor (VDR) gene in Emirati healthy popula-
tion / E. Osman, A. Anouti, G. Elghazali, a. Haq, R. Mirghani, H.A. Sagar // Meta Gene. — 2015. — Vol. 6. — P. 49-52.
https://doi.org/10.1016/j.mgene.2015.09.001

22 Elkama A. Role of gene polymorphisms in vitamin D metabolism and in multiple sclerosis /A. Elkama, B. Karahalil //
ArhHig Rada Toksikol. — 2018. — Vol. 69, No. 1. — P. 25-31. https://doi.org/10.2478/aiht-2018-69-3065

23 Bid H.K. Vitamin-D receptor (VDR) gene (Fok-I, Taqg-I and Apa-I) polymorphisms in healthy individuals from north Indian
population / H.K. Bid, D.K. Mishra, R.D. Mittal // Asian Pac J Cancer Prev. — 2005. — Vol. 6, No. 2. — P. 147-152.

24 Cariaso M. SNPedia: a wiki supporting personal genome annotation, interpretation and analysis / M. Cariaso, G. Lennon
// Nucleic Acids Research. — 2012. — Vol. 40. — P. 1-5. https://doi.org/10.1093/nar/gkr798

25 Sayers E.W. Agarwala R. Database resources of the National Center for Biotechnology Information / E.W. Sayers, J. Beck,
E.E. Bolton, D. Bourexis, J.R. Brister, K. Canese, D.C. Comeau, K. Funk, S. Kim, W. Klimke // Nucleic Acids Research. — 2019. —
Vol. 47, Issue D1. — P. D23-D28. https://doi.org/10.1093/nar/gkaa892

26 Wolski H. Vitamin D receptor gene polymorphisms and haplotypes in the etiology of recurrent miscarriages / H. Wolski,
G. Kurzawinska, M. Ozarowski, A. Mrozikiewicz, K. Drews, T.M. Karpinski, A. Bogacz, A. Seremak-Mrozikiewicz // Sci. Rep. —
2021. — Vol. 11. —P. 46-49. https://doi.org/10.1038/s41598-021-84317-3

27 Tizaoui K. Association of vitamin D receptor gene polymorphisms with asthma risk: Systematic review and updated meta-
analysis of case—control studies / K. Tizaoui, A. Berraies, B. Hamdi, W. Kaabachi, K. Hamzaoui, A. Hamzaoui / Lung. — 2014. —
Vol. 192, No. 6. — P. 955-965. https://doi.org/10.1007/s00408-014-9648-8

28 John P. Case-control study of vitamin D receptor gene polymorphism in Pakistani rheumatoid arthritis patients / P. John,
A.Bhatti, N. Ul Ain, T.Igbal, T.Sadaf, J.M. Malik // Rev Bras Reumatol. — 2015. — Vol. 57, No. 6. — P. 633-636.
https://doi.org/10.1016/j.rbr.2015.01.008

29 Hu W. Vitamin D receptor rs2228570 polymorphism and Parkinson’s disease risk in a Chinese population / W. Hu, L. Wang,
B. Chen, X. Wang // Neuroscience Letters. — 2020. — Vol. 717. — P. 134-152. https://doi.org/10.1016/j.neulet.2019.134722

30 [OnexrponHsI pecypce]. Pexxum nocryma: https://www.ncbi.nlm.nih.gov/snp/?term=rs2228570
31 [OnexrponHsIil pecypc]. Pexxum nocryna: https://www.ncbi.nlm.nih.gov/snp/rs2228570?horizontal tab=true#thistory

32 Maalmi H. Association of vitamin D receptor gene polymorphisms with susceptibility to asthma in Tunisian children: A case
control study / H. Maalmi, F.H. Sassi, A. Berraies, J. Ammar, K. Hamzaoui, A. Hamzaoui / Hum Immunol. — 2013. — Vol. 74,
No. 2. — P. 234-240. https://doi.org/10.1016/j.humimm.2012.11.005

33 van Etten E. The vitamin D receptor gene Fokl polymorphism: Functional impact on the immune system / E. van Etten,
L. Verlinden, A. Giulietti, E. Ramos-Lopez // Eur. J. Immunol. — 2007. — Vol. 37, No. 2. — P. 395-405. https://doi.org/10.1002/
€j1.200636043

34 [DnextpoHHEIH pecypc]. Pexxum noctyma: https://www.ncbi.nlm.nih.gov/snp/rs2228570?horizontal _tab=true#frequency_tab

35 Kiresfelder T.L. Confirmation of an association between single nucleotide polymorphisms in the VDR gene with respiratory
syncytial virus related disease in South African children / T.L. Kresfelder, R. Janssen, L. Bont, M. Pretorius, M. Venter // ] Med Vi-
rol. —2011. — Vol. 83, No. 10. — P. 1834-1840. https://doi.org/10.1002/jmv.22179

36 Grzegorzewska A.E. T-cell cytokine gene polymorphisms and vitamin D pathway gene polymorphisms in end-stage renal
disease due to type 2 diabetes mellitus nephropathy: comparisons with health status and other main causes of end-stage renal disease
/ A.E. Grzegorzewska. G. Ostromecki, P. Zielinska, A. Mostowska, P. Jagodzinski // J Diabetes Res. — 2014. — Vol. 2014. —
P. 1203-1217. https://doi.org/10.1155/2014/120317

37 Bahrami A. Association of VDR (rs2228570, rs731236, rs7975232, rs1544410) and DBP (rs7041) genes polymorphisms
with chronicity of hepatitis B in Iranian patients / A. Bahrami, M. Parsania, A.A. Pourfathollah // Gene Reports. — 2020. — Vol. 19.
— P. 1006-1015. https://doi.org/10.1016/j.genrep.2020.100615

38 Lee S.W. VDR and VDBP genes polymorphisms associated with susceptibility to tuberculosis in a Han Taiwanese popula-
tion / S.W. Lee, T.Y. Chuang, H.H. Huang, C. -W. Liu, Y.H. Kao, L.S.H. Wu // J Microbiol Immunol Infect. — 2016. — Vol. 49,
No. 5. — P. 783-787. https://doi.org/10.1016/j.jmii.2015.12.008

66 BecTHuk KaparaHgmHckoro yHmBepcuteTa



XapakTepucTrika NonMMopu3MoB reHa ...

39

Wang Y. A meta-analysis on associations between vitamin D receptor genetic variants and tuberculosis / Y. Wang, H.J. Li //

MicrobPathog. — 2019. — Vol. 130. — P. 59-64. https://doi.org/10.1016/j.micpath.2019.02.027

40

Kang S. Vitamin D receptor Tag I polymorphism and the risk of prostate cancer: a meta-analysis / S. Kang, Y. Zhao,

L. Wang, J. Liu, X.Chen, X.Liu, Z.Shi, W.Gao, F.Cao // Oncotarget. — 2018. — Vol.9, No.6. — P.7136-7147.
https://doi.org/10.18632/oncotarget.23606

41
42
43
44
45
46
47
48
49
50
51

[OnexTponnstii pecypc]. Pexxum nocrymna: https://www.ncbi.nlm.nih.gov/snp/?term=731236
[DnexTponustii pecypc]. Pexxum nocrymna: https:/www.ncbi.nlm.nih.gov/snp/rs731236%horizontal _tab=true#history
[DnexTponnsiii pecypc]. Pesxxum nocryma: https://www.ncbi.nlm.nih.gov/snp/rs731236%horizontal _tab=true#frequency_tab
[OnexTponnsrit pecypc]. Pexxum nocryma: https://www.ncbi.nlm.nih.gov/
[3nexTponustii pecypc]. Pesxxum nocrymna: https://www.ncbi.nlm.nih.gov/snp/?term=rs1544410
[OnexTponnsrii pecypc]. Pexxum nocryma: https://www.ncbi.nlm.nih.gov/snp/?term=rs7975232
[OnexTponnstit pecypc]. Pexxum nocryma: https://www.ncbi.nlm.nih.gov/variation/view/?assm=GCF_000001405.39

[3nexTponustii pecypc]. Pesxxum nocrymna: https://www.ncbi.nlm.nih.gov/snp/rs1544410%horizontal _tab=true#history

e e T e R R S |

[OnexTponnsrii pecype]. Pesxxum nocrymna: https://www.ncbi.nlm.nih.gov/snp/rs1544410?horizontal _tab=true#frequency_tab
[3nexTponnstii pecypc]. Pesxxum nocrymna: https://www.ncbi.nlm.nih.gov/variation/view/?assm=GCF _000001405.38

Selvaraj P. Association of vitamin D receptor gene variants of Bsml, Apal and FokI polymorphisms with susceptibility or re-

sistance to pulmonary tuberculosis / P. Selvaraj, G. Chandra, S.M. Kurian, A.M. Reetha, P.R. Narayanan // Current Science. — 2003.
— Vol. 84, No. 12. — P. 1564-1568.

52
53
54

[OnexTponnsri pecypc]. Pexxum nocryma: https://www.ncbi.nlm.nih.gov/snp/rs7975232%horizontal _tab=true#history
[3nexTponnstii pecype]. Pexxum nocrymna: https:/www.ncbi.nlm.nih.gov/snp/rs7975232%horizontal _tab=true#frequency_tab
Pereira A. High prevalence of dengue antibodies and the arginine variant of the FcyRIIa polymorphism in asymptomatic in-

dividuals in a population of Minas Gerais State, Southeast Brazil / A. Pereira, T.R. de Siquiera, A.A.O. Prado // Immunogenetics. —
2018. — Vol. 70, No. 6. — P. 355-362. https://doi.org/10.1007/s00251-017-1046-y

55

Agshan F.U. Relevance of vitamin D3 in COVID-19 infection / F.U. Afshan, B. Nissar, N.A. Chawdri, B.A. Ganai // Gene

Rep. — 2021. — Vol. 24. — P. 1012-1070. https://doi.org/10.1016/j.genrep.2021.101270

B.B. IIporac, I'.I1. [Torocsan, K.I'. JIu, M.II. lanunenko

D nopymeHni peuentopsl reHiHin noaumMopgpusmaepine cunarrama

Makamaga D nepymeni penenrtopsl rerimie (VDR) Herisri momumopdusmuepinin: 1rs2228570 (Fokl),
rs731236 (Taql), rs1544410 (Bsml) xone rs7975232 (Apal) cunatramacs! 6epinreH. D nopymeHiniy ropmo-
HanaslK Oencenni ¢popmacsHb (1,25(0OH)2D3, kanemuTpro) XKacyia-HeIcaHaapAarsl D topymeHi penen-
TOPBIHBIH aKybI3bl MEH OalIaHbICy apKbUIBI T€HIEP/iH KCIIPECCUSICHIH PETTEHTIH TPAaHCKPUIIUS (aKTOpPHI
peTinze peni cumarranraH. AJaM aF3achHbIH OMONOTUsIBIK QyHKIMsmapbiHa VDR penentopiapbHbIH UM-
MYHOMOZYJIALMSUIBIK JKOHE ASNNANIBIK ocepi alThuIFaH. D NopyMeHi pelenTopbIHbIH TeHiHe CHIaTTama
6epiir, oHbIH MOAUMOPGTHI cumatsl KepceriireH. VDR reHiHiH eH MaHbI3IbI TOPT Oip HYKICOTHATI MOJIH-
mopdusmine (SNP) tannmay sxacanasl. Opoip monuMopdusM, OHBIH T€HOMIBIK MO3HULHACH, D mopymeHi pe-
LEeNTOpHl TeHiHIH 6acka MOJMMOpP(QHU3MAEPIMEH OpEKETTeCy CHIAThl, COHNal-ak oHBIH VDR aKybI3BIHBIH
KYPBUIBIMBI MeH OeJICeHIUIITiHe acepi Typaibl erkei-Terkeini cunarrama OepinreH. ArtanraH 0ip HyKJeo-
TUITI TTOIMMOP(U3MISPAIH AJUICNBAIK KypaMblHa JEPEKKO3IepMEH apHAibl ManiMerTep Oa3ackl OOMBIHIIA
Tanjay JKypriziini. ©pbip moauMophU3MHIH JKeKe ajuleNbJepiHiH Ke3jecy KHUNri, COHAai-aK oNapablH
SPTYPIIi aypyapabiH OediMiniri MeH arbIMbIHa ocepi 3epTrenai. VDR reHiHiH nomuMopdusmi, oapasbiy ai-
JeJBIIK Kypambl MeH Tapaiysl, conpaait-ak, COVID-19 cuskrel e3ekti, 6ipak a3 3epTTenreH maToJorusiap
YIIIH TeHETHKAJIbIK MapKep PeTiHAe MOTeHIHAaNAbl KOJJaHy MYMKIHAIKTEepi Typajbl KOCBIMILIA 3epTTeyJiep
JKYPri3y KaXKeTTiliri KepceTireH.

Kinm cos30ep: D nopymeni, D napymeni peuentopsl, VDR reni, VDR reninig momumopdusmuaepi, rs2228570
(FoklI), rs731236 (Taql), rs1544410 (Bsml), rs7975232 (Apal).

V.V. Protas, G.P. Pogossyan, K.G. Li, M.P. Danilenko

Vitamin D receptor gene polymorphisms characteristic

The article presents the characteristics of the main vitamin D receptor (VDR) gene polymorphisms:
rs2228570 (Fokl), rs731236 (Taql), rs1544410 (Bsml) and rs7975232 (Apal). The role of the vitamin D hor-
monally active form (1,25(0OH)2D3, calcitriol) as a transcription factor regulating gene expression in target
cells by binding to the vitamin D receptor protein is described. The immunomodulatory and mediating effect
of VDRs on the biological functions of the human body has been noted. A description of the vitamin D recep-
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tor gene and its polymorphic character have been provided. The analysis of the four most significant single
nucleotide polymorphisms (SNPs) of the VDR gene was carried out. A detailed description of each polymor-
phism, its genomic position, the nature of interaction with other polymorphisms of the vitamin D receptor
gene, as well as its effect on the structure and activity of the VDR protein were given. The analysis of the in-
dicated single-nucleotide polymorphisms allelic composition was conducted according to the literature and
specialized SNP databases. The frequency of each polymorphism individual alleles occurrence, as well as
their influence on the predisposition and course of various diseases, were studied. The need for further studies
of VDR gene polymorphisms, their allelic composition and prevalence was designated. It is also necessary to
study the possibilities of their potential use as genetic markers for such relevant but little-studied pathologies
as COVID-19.

Keywords: vitamin D, vitamin D receptor (VDR), VDR gene, VDR gene polymorphisms, rs2228570 (FokI),
rs731236 (Taql), rs1544410 (Bsml), rs7975232 (Apal).
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Characteristics of growth rates as a result of salt impact on seedlings of Suaeda

This article presents the experiment data on pre-sowing treatment of Suaeda salsa Pall. seeds by different
concentrations of salts (Na2SO4 and NaCl) and soil extract solutions (0 %, 0.6 %, 1.2 %, 1.8 %, 2.8 %, and
3.6 %). The reaction of seedlings and young roots of S. salsa was observed, grown after treatment to salt solu-
tions and soil extracts. In addition, based on the results of the growth of young roots and shoots which are ex-
posed to salt, a comparative description of the growth rates of seedlings and young roots before and after salt
stress was made. The results of the experiment showed that S. salsa seeds have a high germination capacity
after the elimination of the high level of salt stress and soil extract solution. The significant changes in devel-
opment rate of S. salsa juvenile root and shoot during and after the salt stress, as well as increasing the ger-
mination rate after influence of salt stress were noticed. It was discovered that the growth rates of young roots
and shoots of S. salsa are different, salt solutions considerably inhibited the growth of roots of plants seed-
lings compared to soil extract solution. The salt concentration has a greater effect on roots development. It
was found that after the removal of salt stress, the germination rate and regenerative capacity of S. salsa seed-
lings increased.

Keywords: saline soil, halophytes, salt concentration, soil extract solution, salt stress, seeds, seedlings,
Suaeda salsa.

Introduction

Salinity is a significant abiotic factor that limits plant development and decreases agricultural capacity
[1, 2]. More than eight hundred million hectares or approximately 6 % of the entire land area on the planet
are impacted by salt [3]. Salt-affected soil reduces agricultural production by more than 12 billion US dollars
per year, and this amount is still rising. Simultaneously, as more arable land is lost due to the urban expan-
sion, agricultural production is being pushed into marginal areas [4]. Halophytic plants are one of the re-
sources that can be effective in coping with salt-affected environments.

Halophytes are plants that are resistant to salt concentrations which lead to 99 % death of other plant
species. Although halophytes have been known for hundreds years, their definitions have remained the same.
They are plant species that are capable of continuing life process at concentration of a minimum of 200 mM
NaCl with the circumstances that are comparable to those observed in nature [5]. Based on the definition of
the life cycle, it was possible to distinguish halophytes from plants that cannot live in saline conditions.

There are 5000—6000 species of halophytes, which make up about 2 % of all angiosperms [6]. Only a
few of the halophyte species (less than 500 species) are resistant to the salinity of seawater, and most halo-
phytes can be tolerant only low salt concentrations. The agricultural system's salinity of saline soils can be
equal to half of sea water, so some halophytes have the potential to be exploited as salt-tolerant crops. Un-
derstanding how halophytes endure saline soils can help for plant breeders and molecular biologists to im-
prove the salt resistant of traditional agricultural crops [7].

Suaeda is a halophyte belonging to the family Amaranthaceae. Several species, such as S. acuminata,
S. aegyptiaca, S. arcuata, S. argentinensis, S. australis, S. baccifera, are known as salt resistant plants. Many
species of these plants grow well in saline or alkaline soils, such as coastal saline plains and sedimentary
wetlands. They are adapted to grow in areas with high salt accumulation (halophytic plants). Suaeda salsa
Pall. has been demonstrated to be resistant to salinity up to 500 mM [8]. At the same time, it is an important
key in the restoration of deserts, solonetz and sea coasts.

S. salsa is commonly used for both edible and non-edible purposes. The shoots of the plant are used in
salads or processed into salty drinks, vinegar. On the other hand, making soap from these plants and using it
as a source of soda (sodium carbonate) has been a common practice for centuries [9].

Some species of Suaeda (S. salsa) are grown commercially for biofuel production, animal fattening, salt
and fat production. Recent studies have shown that some species of Suaeda can be used as bio-indicators of
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zinc and copper. In addition, the medicinal and nutritional properties of the plant Suaeda contributed to the
growing interest in it [10].

Although the use of these plants is widespread, the use of halophytes as cultivated plants is still limited
due to barriers including loosening the soil and uneven seed germination. In fact, some species of halophytes
are salt-tolerant during the mature shrub, but undergo salinity — resistant ecotypic feedback during seed
germination [11].

Seed germination is usually high in fresh water and germination decreases with increasing salinity, but
in some species, low salt concentrations may stimulate seed germination [12]. Often, after the rainy season,
when the salinity of the soil decreases, the germination of seeds is high and the risk of stress on the seeds of
salt plants is reduced [13].

Halophytes are studied widely because of their importance in the development of saline arable lands.
An example is the eugalophytic herb Suaeda (S. salsa). Eugalophytes can dilute salts in their leave sand
stems, indicating that they have a high salt tolerance. This information will be useful in determining how di-
cotyledonous plants tolerate salt [14]. The possibility of using salt-tolerant, juicy halophytes (especially
Suaeda and Salicornia species) in amaranth in saline fields is given in several articles [15]. S. salsa is highly
salt-tolerant; for its growth, the ideal salt concentration is 200 mM NaCl, which germinates as well as in
400 mM NacCl solution in 10 mM NacCl solution [16]. A number of genes related to the salt resistance of
S. salsa was cloned and their functions were studied before. That is, halophytic plant species are a promising
model for understanding salt tolerance. In addition, the leaves of this species have been studied as vegeta-
bles, and its seeds are high in fatty acids that are edible and unsaturated, which can be used as crops. The
value of §. salsa is considered from the economic and ecological point of view. The purpose of this study
was to assess the growth and recovery of Aksora (S. salsal) seedlings under the influence of various salt
stress.

Experimental

Test materials were obtained in late September, 2020 from the saline soils of Lake Maraldy, Pavlodar
region. The seeds were obtained from a complete and mature European calf plant, the experiment was per-
formed in the laboratory of the Department of Environmental Management and Engineering, L.N. Gumilyov
Eurasian National University.

The light intensity was 12 h/day, the temperature was 25 °C (day time)/15 °C (night), the relative humid-
ity was 75-80 %. Basic salts to be tested: NaCl, Na,SO4 and a soil extract solution (SES) soil sample ob-
tained from Lake Maraldy, Pavlodar region. The proportion of basic elements in 10 grams: Cl — 0.679 %,
K— 3.375%, Ca — 2.326 %, Fe — 8.819 %, S — 0.039 %. Concentration of stress salts: 0 %, 0.6 %,
1.2 %, 1.8 %, 2.8 %, 3.6 %.

The plant seeds collected for the experiment are sterilized for 10 minutes with a 10 % hydrogen peroxide
(H20») solution, then cleaned multiple times with distilled water. The cleaned seeds are dried on filter paper.
This is done to prevent the seeds from rotting under the influence of bacteria and fungi [17]. Two layers of filter
paper (10 cm in diameter) are placed on each Petri dish, and then 25 pieces of sterile plant seeds are placed on
top of the filter paper. Distilled water is used to prepare different saline solutions, and each experiment is re-
peated 4 times. The number of seeds grown must be monitored and recorded daily (from the time the seedling
grows 2 mm from the seed coat) [18]. The total duration of the experiment is 14 days.

Results and Discussion

Aksora (S. salsa) has young roots with different concentrations of salts (Na,SOs and NaCl) and soil ex-
tract solutions (0 %, 0.6 %, 1.2 %, 1.8 %,2.8 %, 3.6 %). The results are demonstrated in Figure 1.

Figure 1 depicts the salt stress effect on development of the young roots of Aksora, depends on the type
and concentration of salt, and the main trend in the growth of young roots is an increase in root growth retar-
dation due to increased salt concentration.

It was found that low concentrations of salts are effective for the growth of young roots. At 0.6 % of
salts and soil solutions, the root growth rate was 1.8-2.5 cm, which had a positive effect on their growth.
When the salt concentration is more than 1.8 percent, it is demonstrated that the growth of young roots is
inhibited, and inhibition grows with increasing salt concentration, and the degree of growth and inhibition
depends on the type and concentration of salt, significantly inhibited.

Results of growth of Aksora seedlings at different concentrations of salts (Na,SO4 and NaCl) and soil
extract solutions (0 %, 0.6 %, 1.2 %, 1.8 %, 2.8 %, 3.6 %) are illustrated in Figure 2.
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Figure 2. Suaeda salsa shoot growth rate (cm)

Figure 2 indicates that increasing the concentration of salts and soil extract solutions has a good effect
on the development of S. salsa seedlings. At a concentration of 0.6 % of salts and soil solutions, the length of
the growth was 2.31-2.73 cm, while at 1.2 % it was 2.40-2.80 cm. When the salt level exceeds 1.8 percent,
the growth of the seedlings is inhibited; however, the effect of soil solution on seedling development is neg-
ligible.

It was established that the degree of inhibition of salinity in young shoots and young roots is different,
the change in the parameters of young roots is clearly visible, and the change in young shoots is relatively
slow. Only when the salt concentration exceeds 1.8 percent, there is a significant change in the growth rates
of young roots and shoots. This indicates that the concentration of salts has an effect on the growth rate of
S. salsa seedlings. In particular, these salts have been shown to have a greater effect on the growth of Suaeda
roots.

There is an assessment of the growth of S. salsa seedlings after the elimination of salt stress. Figure 3
designates the normal growth rates of Suaeda seedlings after the elimination of high-concentration salt stress.
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Figure 3. Comparison after re-cultivation of Suaeda salsa seedlings in distilled water, (cm)

Figure 3 demonstrates that after re-cultivation of S. salsa seedlings in distilled water, the growth of
young roots exceeded the control data by more than 65 %, while the growth of young shoots exceeds that of
the control by more than 80 percent. Before planting, the development of roots and shoots of Suaeda salsa
seedlings was slowed down because of the increase in salt concentration, and after this process and treat-
ment, the growth of roots and seedlings showed a tendency to increase concentration of saline solutions. As a
result, it was found that the ability of Suaeda seedling store cover after the elimination of salt stress has im-
proved. In addition, there were differences in the growth of seedlings and roots under stress and stress relief
at different concentrations of salt, and at high concentrations of soil solution (3.6 %) there was a significant
change in the growth of seedlings and roots before and after re-cultivation in water. It can be seen that the
length of young roots and shoots increased by 1.57-2.18 (cm) and 1.91-2.15 (cm), respectively. However,
before and after the stress of NaCl salt, there were paramount differences in the development of roots and
branches, and high concentrations of NaCl significantly affected the growth of Suaeda seedlings.

Conclusions

It is illustrated that the growth of seedlings of Aksora (S. salsa) is directly related to the type and con-
centration of salt, and the degree of inhibition of seedling roots grows with increasing salt concentration un-
der the stress of salt and soil solutions. Under stress of 0.6—1.8 %, the growth rates of young shoots increased
to varying degrees, but the scale of change was negligible. It was found that the concentrations of salts and
soil solutions have a greater effect on young roots than on shoots. S. salsa seeds not only germinate normally
after high concentration of salt stress, but can grow normally in their seedlings, young roots and shoots can
be used in 65 % and above 80 % salt-free conditions, and after exposure to salt, S. salsa improves the ability
to restore the growth of seedlings.

Significant changes in the growth rate of white seedlings before and after treatment with NaCl salt were
observed. Germination and germination of seeds in a saline environment will be a crucial and sensitive stage
in the growth of halophytes [19]. Studies presented that Aksora has a strong ability to adapt to salt, so it is
recommended to grow and use it extensively in saline-alkaline areas. The results of the experiment demon-
strated that the Suaeda seeds still have a high germination capacity after the stressful effects of salts and soil
extract solutions on the Suaeda seeds have been eliminated. Considerable changes in the growth rate of
young roots and shoots of the plant Suaeda were observed during the salt stress. The improvement of seed
germination rate after the removal of stress was identified. Consequently, the growth rates of young roots
and shoots of Suaeda in different saline solutions were different, and the salt concentration had a greater ef-
fect on the roots. It was studied that after the elimination of salt stress, the germination rate and regenerative
capacity of Suaeda seedlings increase.
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K. Paxeivmokan, P.P. Beticenona, XK.b. Texe0OaeBa, A.b. AGxkainenos

AKcopa KelleTTepiHe TY31ap/AbIH dcep eTy Ke3iHjaeri
0Cy KOPCETKIIITEPiHIH CHIATTAMAaJIapbl

Maxkamana Suaeda salsa tyxpiMpapbiHa Ty3aap (Na2xSOs4 xome NaCl) MeH TOIBIpAaK CBHIFBIHIBICHI
epitinainepinin oprypuni koHuenrpauuacsiHaa (0 %, 0.6 %, 1.2 %, 1.8 %, 2.8 %, 3.6 %) eHuey xacaiibl.
OmnJienreHHeH KeifiHri ecin mbIKKaH AKcopa CiMIIriHiH OCKiHASPIMEH Kac TaMBIPIapbIHBIH TY31apMEH TO-
IbIPaK CHIFBIHABICH epiTiHAiIepineri peakuunsicel 6akputanasl. COHbIMEH Gipre, Ty3 CTpeci xaraalbiHaa Ocil
IIBIKKAH Kac TaMbIpjiap MEH OCKIHIep/AiH ecy Ke3iHIeri KOpCeTKIIUTepiHiH HOTIKeIepiHe CYHEeHe OTBIPHIIL,
TY3 CTpeCiHeH OYpBIHFBI JKOHE CTPECTCH KEHiHIi Ke3Zeri ecKiHAep MEH jKacTaMbIpJapiblH 6Cy Kepcer-
KIIITEPiHiH CaJBICTBIPMAJIbl CHIIATTAMACHI JKaCabIH/ABL. DKCIEPUMEHT HOTIKENEPI KOpceTKeH e, AKcopa
TYKbIMBIHA ocep erymi Ty3aap (Na2SOas sxone NaCl) MeH TombIpaK CHIFBIHIBICH €PITIHIICIHIH CTpeCTIiK acepi
JKOMBUTFaHHAH KeHiH AKcopa TYKbIMIAPBIHBIH QJiJIe JKOFaphl OHTIMITIK KaOlleTke Me eKeHJIri aHBIKTaJlJbl.
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Ty3 crpeci Ke3iHIe XoHE CTpecc KOMbUIFAaHHAH KeWiHri ke3ge AKcopa eciMIITiHIH jkac TaMbIpiapbl MEH
OCKIH/IepiHIH 6CY KOPCETKILIHAe aiTapiIbIKTail e3repicTep 6ap OONFaHIBIFbL, COHBIMEH KaTap CTPECTIK acep-
JIeH KeHiH TYKbIMHBIH ©HY KbUIIaM/bIFbIHBIH JKaKCapFaHIbIFbl OalKanabl. AKCOPaHbIH ’Kac TaMbIpIapbIMEH
OCKIHJIEpIHIH opTYpNi Ty3 epIiTIHALIEpIiHAeTi ©Cy KOPCEeTKIITEpiHiH Typiimie OOJFaHIBIFBI, TOMBIPAK
CHIFBIHJIBICBIHBIH €PITIHIICIMEH CANBICTBIpFaHa TY3 epiTiHAiIepi AKCOpa KOIICTiHIH TaMBIPIapbIHBIH O6CYyiH
affTapibIKTall TEeXEUTIHAITi, SFHH Ty3 KOHIEHTPAIMACHIHBIH TaMBIpJapra KeOipeKk ocep eTeTiHHIri
anbpIKTanasl. Ty3 cTpeci KOWBIIFaHHAH KeHiH AKCOpa KeUIeTTepiHiH 0Hy KOPCETKIMIIHIH jKoHe KaJIlbIHa KeTy
KaOiJIeTiHIH )KOFapbUIANTHIHIBIFBI AHBIKTAJIIBL.

Kinm ce30ep: Ty31pl1 TONBIPAK, TANOGHUTTEP, TY3 KOHLEHTPALKUSICHI, TOMBIPAK CHIFBIHIBICHIHBIH €PITIH/ICI, TY3
cTpeci, TYKbIM, KeleTTep, Suaeda salsa.

K. Paxeivmokan, P.P. Beticenona, XK.b. Texe0OaeBa, A.b. AGxkainenos

XapaKkTepuCTHKHA CKOPOCTH POCTA NMPHU BO3ACUCTBUHU COJIEH
Ha NPOPOCTKHU CBeAbI COJIOHYAKOBOM

B craTbe mpeacTaBieHEI pe3yIbTaThl SKCIIEPUMEHTOB N0 00paboTke ceMsH Suaeda salsa Pall. paznuaasiMu
koHneHTpamsaMu coneir (Na2SO4 u NaCl) u mousenHbiMu 3kctpaktamu (0 %; 0,6; 1,2; 1,8; 2,8; 3,6 %).
Habmionanu peakuuio mpopocTKOB M MOJIOJBIX KOpHEH pacteHuit Suaeda salsa, BrIpalleHHBIX MOcie 0Opa-
60TKM pacTBOpaMu COJel U MOYBEHHBIMHU 3KCTpakTamMu. Kpome Toro, mo pesyiabTaTaM pocTa MOJOMABIX KOP-
Hell 1 Mo0OeroB, BHIPAIIEHHBIX B YCIOBUSIX COJIEBOTO CTpecca, ObLIO MPOBEJEHO CPABHUTEIBHOE OMHCAHUE
TEMIIOB POCTa NMPOPOCTKOB M MOJIOJBIX KOpHEH 10 M IMOCIE COJEBOr0 CTpecca. Pe3ynbTaThl OKCIIEPUMEHTA
TIOKa3aJIi, YTO CEMECHA COXPAHSIOT BBICOKYIO BCXOXKECTh, HECMOTPSI Ha BEICOKHE CTPECCOBEIE YCIOBHS COJEH
(Na2SO4 1 NaCl) u pacTBOpPOB MOYBEHHBIX IKCTPAKTOB, BIHSIONINX Ha ceMeHa Suaeda salsa. Habmonanuch
3HAYMTEIbHbIE H3MEHEHHS B CKOPOCTH POCTa MOJIOJBIX KOpHEH U 100eroB pacTenus Suaeda salsa Bo BpeMs U
TIOCJIE COJIEBOTO CTPECca, a TAKXKe YTydIlleHHe CKOPOCTH MPOPACTaHUsI CEMSH Tocie cTpecca. BrlaBiaeHo, uTo
TEMIIbI POCTa MOJIOJBIX KOpHEH U 1noberoB Suaeda salsa B pPa3sHBIX COJIEBBIX PACTBOPAX Pa3jIMYarOTCs, COJIe-
BbIC PACTBOPBI 3HAUUTEIIBHO MOJABIIIOT POCT KOPHEH POPOCTKOB Suaeda salsa 110 CPABHEHHIO ¢ PACTBOPOM
TIOYBEHHOT'O PKCTPAKTa, KOHIICHTPALUS CONU B OOJIBIIECH CTEIIEHHM OKa3bIBaeT BIIMSHHE HA KOPHU PacTEHHUS.
YcTaHOBIIEHO, UTO MOCIE CHSATHS COJIEBOTO CTPECCa BCXOXKECTh M PEreHepalioHHasl CIOCOOHOCTH IIPOPOCT-
KOB Suaeda salsa moBbILIAIOTCS.

Kniouesvie cnosa: 3aconeHHas 1no4sa, TalopUT, KOHIEHTPALHUS COJIH, PACTBOP, IOYBEHHAS BBITSKKA, COJICBON
cTpecc, ceMeHa, IPOPOCTKH, Suaeda salsa.
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Influence of zinc nanoparticles on the development of sprouts
of Avena sativa and Pisum sativum plants

The research aim is to study the effect of zinc nanoparticles on morphological parameters of sprouts of mono-
cotyledonous and dicotyledonous plants (Avena sativa, Pisum sativum) during its accumulation in the envi-
ronment. In laboratorial conditions of the experiment, it was found peculiar features of various concentrations
of nanoparticles. It was specified the multidirectional effect of zinc macro- and nanoparticles onto growth
rate, green weight of both aboveground and underground parts, as well as species related effect. Authors of
the article identified concentrations of macro- and nanoparticles trigger permanent biological response on the
experimental plants. A stable stimulating effect of zinc nanoparticles on all indicators of growth and devel-
opment of pea seedlings at the concentration of 20 mg per 100 ml was revealed. A similar effect was found in
oat seedlings which were exposed to zinc nanoparticles at the concentration of 5 mg per 100 ml. The effects
of zinc macro- and nano-particles on plants were manifested differently.

Keywords: nanoparticles, macroparticles, zinc, plants, Avena sativa, Pisum sativum, morphological
parameters.

Introduction

There is a limited number of studies by the Kazakh authors related to the study of the physical and
chemical properties of metal nanoparticles [1-3], while the physiological properties and the toxic effect of
these xenobiotics on living organisms have not been studied to all intents and purposes.

In the Russian journals and overseas scientific publications, there are a number of works devoted to
assessing the effect of metal nanoparticles on both plants and animal organisms. It is revealed that
nanoparticles have both positive and negative effects on these organisms. The positive effect of nanoparticles
(NPs) of zinc and its compounds is found in mammals and birds [4], which is associated with changes in the
parameters of the intestinal barrier and antioxidant protection. By conducting a research on rodents and fish
using in vitro and in vivo methods and, Rajput V.D. et al. (2018) [5] proves the importance of developing the
metal nanoparticles’ toxicity criteria. Similar conclusions are reached by Chen et al. (2016) [6], who
emphasize the need to study the toxic effect of zinc NPs on terrestrial and aquatic animals, and to revise the
levels of these pollutants in natural conditions, especially if a synergistic toxic effect is possible with a
complex of pollutants.

A number of studies have shown both positive and negative effects of metal nanoparticles and their
oxides on the growth, productivity and physiology of plants, including agricultural crops [7-10]. Some
authors demonstrate how safe the environmental pollution by nanoparticles [11-12], while other researchers
emphasize on some significant risks of contact of plant organisms with nanosized particles [13—16].

In this regard, the issues related to the effect of metal nanoparticles on biological objects remain an
urgent and practically significant.

Experimental

For the experiments, the suspensions of Zn particles of various concentrations 5, 10, 20, 200 mg per
100 ml of distilled water were utilized. The particle sizes were 80—100 nm (nanoparticles) and 500—1,000 nm
(macroparticles) [17-18].

Agricultural monocotyledonous crops — cultivated oat (Pisum sativum, “Irtysh 15” variety) and
dicotyledonous plants — green pea (Avena sativa, “Sugary pod” variety) were selected as typical test
organisms. The growth and weight parameters of seedlings were studied [19-21].

The suspensions of NPs in various concentrations and in a volume of 10 ml were applied to filter paper
in Petri dishes. The plant seeds were sown there in an amount of 15 pieces per one dish. In 14 days, the roots
of the seedlings were placed on filter paper ribbons, which were rolled up into a loose roll and immersed in
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plastic cups with a volume of 150 ml distilled water (Fig. 1). The plant weight and their growth were
measured in 28 days after the start of the experiment.

The work was carried out at the Research Center for Biotechnology and Eco-Monitoring. The
nanoparticles of zinc were synthesized at the Research Center for Ion Plasma Technologies and Modern
Instrumentation of Karagandy University of the name of academician E.A. Buketov.

Figure 1. The test plants in plastic cups (A) and in Petri dishes (B)

Both plant species were cultivated in climatic chamber BINDER, temperature +24 °C, lighting 14
hours.

Results and Discussion

Observations over biological development showed that macro- and nanoparticles of zinc had different
effects on the seedlings of the cultures under the experiment.

The macroparticles of zinc had a depressing effect on oat seedlings in all experimental groups, which
led to a decrease (Tab. 1) in the root length compared to the control values by 75.1 and 24.7 %, 7.6 %,
25.6 %, respectively.

Table 1
Growth and weight parameters of Avena sativa seedlings
Concentration, Length of main root, Aboveground part Bio mass, g
mg/100 ml cm length, cm Underground part Aboveground part

Control 11.46 +2.96 10.6 +1.43 0.15+0.06 0.07 £0.02
Macroparticles

5 2.85+1.56 4.5+0.79 0.07+0.01 0.03 +£0.01

10 8.63 +2.64 11.0+ 0.89 0.07+0.03 0,06 +0.04

20 10.8+2.4 92+1.7 0.15+0.06 0.07 £0.02

200 8.53+2.34 10.72 +1.17 0.14+0.03 0.06 +0.02
Nanoparticles

5 152+3.26 13.1+£1.9 0.14+0.04 0.1 +0.02

10 13.0+2.75 12.42 £2.78 0.16 £ 0.03 0.09 +0.02

20 8.13+1.35 11.47+2.21 0.16 £ 0.03 0.08 £ 0.02

200 12.28 +0.74 11.48+1.76 0.15+0.04 0.08 +0.01

When roots of seedlings treated with nanoparticles at the concentrations of 5, 10 and 200 mg, an
increase in this indicator was noted by 32.6 %, 13.4 % and 7.1 %, respectively. At the same time, at the
concentration of 20 mg/ml, the length of main root decreased by 29.1 % compared to the control values.

Measurement of the length of the aerial part of oat seedlings demonstrated that treatment with zinc
macroparticles in some concentrations has a depressing effect on their growth parameters, and nanosized
particles in all concentrations have a stimulating effect (Fig. 2). Compared with the control values, when
treated with macroparticles at the concentrations of 5, 20 mg, the sizes of leaves and stems decreased by
57.6 % and 13.2,%, respectively. At the same time, at the concentration of metal particulates of 10 mg, an
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increase in this indicator by 3.7 % was noted. The treatment of oat seeds with nanoparticles at all
concentrations led to an increase in the length of the aerial part compared to the control values by 23.6 %,
17.2 %, 8.2 %, 8.3 %, respectively.

The wet weight of the underground oats organs, treated with zinc nanoparticles, had similar values for
the experimental and control groups, while the weight of the roots of seedlings, treated with suspensions of
macroparticles of 5 and 10 mg, was lower than the control values. A similar picture was observed by
studying the parameters of the mass of the aerial part of seedlings.

| | ,
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A B

Figure 2. Appearance of seedlings of seed oats in the control (A)
and against the background of zinc nanoparticles (B)

When studying the effect of zinc particles on the green pea, it was found that high values of all
morphological parameters of the aboveground and underground parts of seedlings were recorded under
exposure to zinc nanoparticles at the concentration of 20 mg (Tab. 2, Fig. 3). The nanoparticles at the
concentration of 5 mg caused a significant increase in the mass of the aboveground part of the plants and the
length of the underground part, with a decrease in its mass, compared with the control values.

Table 2
Growth and weight parameters of Pisum sativum seedlings
Concentration, mg / | Length of main root, Aboveground part Bio mass, g
100 ml cm length, cm Underground part Aboveground part
Control 7.17+2.383 4.01+1.71 0.53+0.04 0.16 £ 0.09
Macroparticles
5 8.05+3.16 6.13+2.52 0.39+0.09 0.26+0.12
10 542+3.12 233+1.13 0.55+0.1 0.1 +0.06
20 4.94+1.7 6.43+2.34 0.5+0.14 029+0.11
200 4.44+1.59 5.21+3.87 0.52+0.1 0.18 £ 0.07
Nanoparticles
5 13.2+242 4.69 + 0.95 0.37+0.07 0.22 +£0.05
10 4.69 +1.38 3.61+1.67 0.53+0.13 0.12+0.06
20 8.39+3.25 5.13.+£2.96 0.59+0.1 0.2+0.11
200 7.92+2.8 52+1.13 0.49 +£0.05 0.24 £ 0.06

An increase in the concentration of macroparticles led to a decrease in the length of the underground
part. Thus, at the concentration of 5 mg, the root length increased by 10.9 %, while at a concentration of 10,
20, and 200 mg/ml, the root length significantly decreased in comparison with the control values by 32.2 %,
45.1 % and 61.5 %, accordingly.
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A B
Figure 3. The internal view of pea seedlings after treatment with nanoparticles (A) and macroparticles (B)

In the experimental groups of those plants treated with nanoparticles, the root length exceeded the
control values by 84.1 %, 17.0 %, and 10.5 % when treated at the concentration of 5, 20, and 200 mg,
respectively. The shortest root length was observed in the variant with the concentration of 10 mg, where the
length decreased by 34.6 %.

The study of the length of the aerial part of the green pea illustrated that the treatment with
macroparticles and nanoparticles at the concentration of 10 mg has a depressing effect on the morphological
parameters of both leaves and stems. Compared with the control values, the sizes of leaves and stems
decreased by 41.9 % and 10.0 %, respectively. When treated with macroparticles at the concentrations of 5
and 20 mg, the leaf and stem length indicators were higher than the control indicators by 37.3 % and 38.7 %,
respectively.

The treatment with nanoparticles at the concentration of 5, 20 and 200 mg has a beneficial effect on the
plants. The lengths of the plants’ sprouts were 16.9 %, 27.9 %, and 29.7 %, respectively.

A decrease in the weight of the root was observed upon treatment with macroparticles at the
concentration of 5 and 20, 200 mg, which corresponds to 26.4 %, 5.7 %, and 1.9 %. At the same time, at the
concentration of 10 mg of macroparticles, a slight increase in this indicator by 3.8 % was observed.

When treated with nanoparticles at the concentration of 10 mg, no change in the root wet weight was
observed in comparison with the control values. At the same time, at the concentration of nanoparticles of
20 mg, an increase in this indicator by 11.3 % was noted. A decrease in the root weight was observed upon
treatment with nanoparticles at the concentration of 5 and 200 mg by 30.2 % and 2.4 %, respectively.

The wet weight of the aerial part of the green pea treated with both macroparticles and zinc
nanoparticles was higher than the control values, except for the case at the concentration of 10 mg, which
caused a decrease in the indicator by 37.5 % when exposed to macroparticles and by 25 % when exposed to
nanoparticles.

The study of the length of the underground part of Pisum sativum when treated with macroparticles
showed that, in addition to those varieties treated at the concentration of 5 mg, an increase in the growth rate
was observed. Whereas concentrations of 10, 20, 200 mg inhibited the root growth. When treated at the
concentration of 5, 20 mg, an excess of the control values for the wet weight of aboveground organs was
observed.

Conclusions

It can be concluded that the experiment with the treatment of oat and green pea by zinc water
suspensions showed the dependence of the biological reaction of these plants on the particle size and the
metal concentration.

In general, the suspensions of zinc nanoparticles caused a stimulating effect on oat seedlings, while the
effect of macroparticles led to a decrease in a number of morphological parameters. The maximum values of
the morphological parameters of oat seedlings were revealed when exposed to zinc nanoparticles at the
concentration of 5 mg per 100 ml. The opposite effect manifested in the suppression of the growth of both
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underground and aboveground parts of the plants was caused by the exposure to macroparticles at the
concentration of 5 mg per 100 ml.

The treatment of green pea with zinc macroparticles mainly caused the stimulation of the length and
mass of the plant sprouts, while most of the morphological parameters remained unchanged or decreased
relative to the control values. The impact of suspensions of nanoparticles on the green pea caused an increase
in the mass of the aerial part. Other morphological indicators showed a multidirectional nature of the reaction
to the effect of nanoparticles. It should be noted that there is a stable stimulating effect of zinc nanoparticles
on all indicators of growth and development of the green pea’s seedlings at the concentration of 20 mg per
100 ml and the opposite effect of zinc macroparticles at the concentration of 10 mg per 100 ml.

To elucidate what mechanisms can be the basis for the reaction of the plants to such action of macro-
and nanoparticles of zinc, an extensive study of the morphological structure of aboveground and
underground organs, as well as changes in biochemical processes in them, is further required.
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Mpipbil HaHOOOIIIEeKTePiHiH Avena sativa oHe Pisum sativum eciMIiKTepiHiH
OCKIiHIepiHiH 1aMybIHa dcepi

3epTTeyaiH MakcaThl — KOpIUAFaH OpPTaZa MBIPBILI HAHOOOJIIEKTepPiHiH KHHAKTAIYbl Ke3iHAE aapa jKoHe
KOC)KapHaKThl eciMaikrepaiy (Avena sativa, Pisum sativum) eckiHaepiHiH, OJapIblH MOP(HOIOTHSIIBIK
TapaMeTpliepiHe acepiH 3epTTey. MBIPBIITHIH op TYpJli MaKpo- JKOHE HAaHOOOIIIEKTEePiHiH 0CIMAIKTEp/IiH 6cy
KapKbIHbIHA, JKOFapblIaH J1a, TOMCHHEH /¢ BUIFAJIbl CajJMakKa >KaH-)KaKThl dcepi eTETiHAIri aHBIKTAIBI.
ABTOpJIapAblH  MaibIMIayblHIIA OKCHEPUMEHTTIK JKYMBICTaFrbl MaKpoO- JKOHE HAaHOOGJIIEKTepIiH
KOHIIGHTPALUSACH OCIMAIKTEpJe TYPaKThl TYpAe OHOJOTHSUIBIK JKayan TYyZAbIpaThIHBI OalikanraH. Bypruax
OCKIHJIEpIiHIH ©cyl MEH IaMyBIHBIH OapiIbIK KepceTKiTepiHe MbIphIn HaHoOemmekrepinig 100 mi 20 mr
KOHLCHTPALUSaFbI 9Cepi TYpaKThl Type OenceHi acep eTeTiniri anpikranapl. OChlHIal HOTHIKEAE MBIPBILI
HaHoOeumekTepiHin 100 mi-me 5 Mr KOHLEHTpauusga CyJbl ©CKiHIEpiHe acep eTeTiHAIr Ie 3epTTelmi.
MBIpBILITHIH MaKpO- jKoHE HAaHOOOIIIIEKTEPiHIH OCIMIIKTEepre acepi ap Typ:li KOpiHTeH.

Kinm ce30ep: nanoOGemekTep, MakpoOeJIIeKTep, MBIPBILI, eciMaikTep, Avena sativa, Pisum sativum,
MOP(]OJIOTHSUIBIK KOPCETKIIITED.

A.T. Cepuxo0aii, A.M. AliTkynos, A.A. 3eitnuneHos, B. Ilym

BiMsiHMe HAHOYACTHI] HIMHKA HA Pa3BUTHE IPOPOCTKOB
pacrenuil Avena sativa u Pisum sativum

Iens nccnenoBanus — U3yYUTh BIMSIHUE HAaHOYACTHI] IUHKA Ha MOP(OJIOTHIECKHe ITapaMeTphl IIPOPOCTKOB
OJHO- U JBYAOJTBHBIX pacTeHuit (Avena sativa, Pisum sativum) TIpH €rO HAKOIJIEHUU B OKpYXaloIleH cpene.
YcTaHOBIEHO Pa3HOHANPABICHHOE BIMSIHUE MAaKpO- M HAHOYACTHUII IHHKA Ha CKOPOCTh POCTA, CHIPYIO Maccy
KaK CBEPXY, TaK U CHU3Y, a TAKXKE BIUSHUE BUAOB. ABTOPAMH OTMEYEHO, UTO KOHIEHTPAIIMH MaKpO- M HAHO-
YaCTUIl BBI3bIBAIOT TIOCTOSIHHBIA OHMOJOTUYECKUI OTBET y PACTEHUH, yYacTBYIOLINX B KCIIEPUMEHTE. BhIAB-
JICHO CTOHKOE CTUMYJIUpYIOLIee IeiCTBUE HAHOYACTUIl LIMHKA HA BCE MOKA3aTEJd POCTa M Pa3BUTHS IIPO-
pocTkoB ropoxa B koHreHTpanun 20 mr Ha 100 M. AHamoruaHbeIH 3¢ ekt ObuT 00HApYKEH y MPOPOCTKOB
0BcCa, NI0IBEPrHYTHIX BO3/CICTBUI0 HAHOYACTUL IUHKA, B KOHIEHTpauuu 5 Mr Ha 100 M. Bnusaue makpo- u
HAHOYACTHI[ LINHKA HA PACTCHUs IPOSBIIIOCH I0-Pa3HOMY.

Kniouegvie cnosa: HaHOYACTHLIBI, MAaKpOYACTHILBI, LMHK, pacTeHus, Avena sativa, Pisum sativum,
MOpP(OIOTHUECcKHe MOKa3aTeIH.
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The isolation of fungi from lichens of the Magadan region
and biological activity of their extracts

The study aims to isolate fungi from lichens of the Magadan region (Russia) and evaluate their antibacterial
and antifungal activity. Fourteen species of lichen from the Magadan region (Russia) were selected for the
study. Antibacterial activity was determined based on gram-positive (Staphylococcus aureus) and gram-
negative bacteria (Escherichia coli). Antifungal activity was identified by using strains of Aspergillus terreus
and Candida albicans. According to the results of the study, fungi isolated from lichens Peltigera
leucophlebia (CD), Hypogymnia sachalinensis (CD) showed antifungal activity, and fungi from Peltigera
leucophlebia (CD), Peltigera aphthosa (CD), Melanohalea olivacea (PDA, CD), displayed antibacterial
activity. As a result of studying the biological activity, the fungi isolated from the lichen Peltigera
leucophlebia (CD) have both antibacterial and antifungal activity.

Keywords: lichens, Magadan region, fungi, antibacterial activity, antifungal activity.

Introduction

Lichens are complex symbiotic associations between a fungus (mycobiont) and an alga (photobiont)
and used in traditional medicine for various diseases due to the presence of several bioactive compounds [1].
Lichen compounds can be arbitrarily divided into two groups: primary and secondary compounds. Primary
lichen compounds have structural functions and are involved in cell metabolism.

Secondary lichen compounds are characterized by acid properties, such as lichen acids [2, 3]. Each
lichen species has its own set of lichen acids, which generally gives qualitative reactions enabling the lichen
species to be discriminated against. Many lichen species contain atranorin, usnic acid, lecanoric acid,
salazinic acid, lobar acid, and other acids [4]. Lichen acids are essential to identify the lichens, and could be
used as natural antibiotics [5, 6]. Therefore, the bioactive compounds from lichens have various
biopharmaceutical applications as antimicrobial, antioxidant and cytotoxic agents, which can be the basis for
the development of new antibiotics [7, 8].

Experimental

Lichen materials

Fourteen types of lichens: Flavocetraria nivalis (L.) Kérnefelt et A. Thell, Cetraria laevigata Rass.,
Umbilicaria hyperborea (Ach.) Hoffm., Melanohalea olivacea (L.) O. Blanco, A. Crespo, Divakar, Essl.,
D. Hawksw. et Lumbsch, Cladonia ecmocyna Leight, Flavocetraria cucullata (Bellardi) Kéarnefelt et
A. Thell, Cetraria islandica (L.) Ach., Cladonia uncialis (L.) Wigg., Vulpicida pinastri (Scop.)
J.-E. Mattsson, Peltigera aphthosa (L.) Willd., Cladonia stellaris (Opiz) Pouzar et Vézda, Vulpicida
Jjuniperinus (L.) J.-E. Mattsson et M.J. Lai, Peltigera leucophlebia (Nyl.) Gyeln., Hypogymnia sachalinensis
Tchabanenko et McCune, were collected in October, 2019, in the Magadan region (Russian Federation) and
identified by Dr. E.V. Zheludeva (Institute of Biological Problems of the North, Far-Eastern Branch of the
Russian Academy of Sciences) (Fig. 1).
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: ot

Cladonia uncialis

Umbilicaria hyperborea

Peltigera aphthosa

Vulpicida juniperinus

Flavocetraria cucullata Cetraria islandica

Figure 1. Lichens of the Magadan region (Russia)

Growth nutrient medium

Potato Dextrose Agar (PDA), Czapek DOX Agar (CD), Potato Dextrose Broth (PDB), and Czapek
DOX Broth (CDB) were used.
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Method of isolation of fungi from lichens

Lichen were cut into small pieces (about 0.5%0.5%0.5 cm), washed with a chemical solution (distilled
water, 96 % EtOH, 70 % EtOH, 1 % NaClO). A Petri dish with an antibiotic (streptomycin) was divided into
4 sectors; one fragment of lichen was added to each sector. Samples were incubated in a darkened place at
room temperature for 7-10 days. The process was repeated 3 times, after which a culture of pure fungi was
obtained. A pure identified fungi culture, grown in a solid medium (PDA, CD), was placed in a flask with a
liquid medium (PDB, CDB) to produce biomass. During cultivation at the room temperature in dark place
for 7-10 days, it was used the Biosan PSU-20i Orbital Shaker at 110 rpm.

Antibacterial activity

The antagonistic activity of lichen-fungi was determined by diffusion into agar by the diameter of the
zone of absence of the growth of opportunistic cultures: Staphylococcus aureus (B-RKM 0470) and
Escherichia coli (B-RKM 0447), provided by the Central Museum of the Republican Collection of
Microorganisms (Nur-Sultan, Kazakhstan). For this purpose, medium MPA (meat-peptone agar, Nutrient
agar + Meat extract, 5 g/l) is used. The pathogenic cultures in the form of suspensions of cells in the amount
of 1 bln/ml (for bacterial turbidity standard of 0.5) were applied on the surface of the Petri dish, rub
thoroughly with a spatula over the surface of the medium, then cut out holes with a drill diameter of 10 mm
and filled them with the investigated cultures (0.1 ml). The zones of inhibition were measured after 24 hours,
and the results were presented without deducting the diameter of the whole zone. The antagonistic activity
was considered zero at the width of the zone of absence of test strains up to 1.0 mm, low — at 1.1-4.9 mm,
medium — at 5.0-8.9 mm, high — at 9.0 mm or more [9, 10].

Antifungal activity

Antifungal activity of fungi extract was identified using two test strains: Aspergillus terreus (B-RKM
0697), Candida albicans (B-RKM 0475) provided by the Central Museum of the Republican Collection of
Microorganisms (Nur-Sultan, Kazakhstan). The Petri dishes with PDA and CD media were prepared and
waited until solidification and suspension in the amount of 1 bln/ml (for bacterial turbidity standard of 0.5),
were placed on Petri dishes and rub thoroughly with a spatula over the surface of the medium. Then, the
holes with diameter of 10 mm were drilled and filled with the cultures organisms (0.1 ml). After 48 hours of
incubation, the inhibition zones were measured.

Fermentation of fungi

Fermentation was carried out in conical flasks (250 ml), each containing 60 g of rice and wheat.
Distilled water (60 ml) was added to each flask and autoclaved at 15 °C for 30 minutes. After cooling to
room temperature, 50—100 ml of pure culture suspension isolated from lichen was poured into the flask.
Cultivation was carried out at room temperature for 25 days, in a dark place.

Results and Discussions

Mycelial cultures

Fungi isolated from lichens Cetraria islandica, Cladonia uncialis, Flavocetraria nivalis did not grow
after the first sowing on nutrient media (PDA, CD) with the antibiotic streptomycin, other fungi from the
samples, such as Peltigera aphthosa, Cladonia stellaris, Vulpicida juniperinus, Umbilicaria hyperborea,
Flavocetraria cucullata did not grow on PDA, but showed a good growth on CD (Fig. 2).

In the case of Peltigera leucophlebia, Vulpicida pinastri Hypogymnia sachalinensis, and Melanohalea
olivacea, mycelium growth was observed on two nutrient media. The fungi were actively growing after the
first sowing. After each seed incubation, the mycelium turned from light to dark. The growth of Cladonia
ecmocyna is very slow in nutrient media, its color is light, and has acquired a convex shape. Fungi isolated
from the lichen Cetraria laevigata showed excellent growth on the PDA medium; the shape is uniform, the
color is white.

Mycelium growth was checked every week, and after one month, we received pure fungi. Each fungus
demonstrated a different growth rate and pigmentation.
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PDA

Peltigera leucophlebia Vulpicida pinastri Cetraria laevigata
PDA

Melanohalea olivacea Hypogymnia sachalinensis Peltigera leucophlebia
D

Flavocetraria nivalis Melanohalea olivacea Vulpicida juniperinus

Figure 2. The process of fungi isolation from lichens of the Magadan region in two nutrient media PDA, CD

Antibacterial activity

The antibacterial activity of fungi isolated from lichens of the Magadan region was evaluated using agar
diffusion method. The diffusion method in the agar provides information on the resistance of fungi material
extracts to various microorganisms [11]. Fungi extracts were tested with gram-positive and gram-negative
strains. Vulpicida pinastri, Cladonia stellaris, Hypogymnia sachalinensis, Vulpicida juniperinus, Cetraria
laevigata, Umbilicaria hyperborea, Flavocetraria cucullata did not show antimicrobial activity on both test
strains. Fungi from Peltigera leucophlebia (CD), Peltigera aphthosa (CD), Melanohalea olivacea (PDA,
CD) showed an antimicrobial activity (average — 5.0-8.9 mm). According to experimental data, it is
demonstrated that the activity of lichens is also affected by nutrient media.

Antifungal activity

Antifungal activity was determined on a solid medium based on a test strain of Aspergillus terreus
(B-RKM 0697), Candida albicans (B-RKM 0475). This study illustrated relatively high activity of fungi from
Peltigera leucophlebia (CD). Fungi isolated from lichens suppressed the growth of test strains, which
indicates antifungal activity. At that time, only the growth of the test strain was observed in other samples.
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Conclusions

It was found that fungi isolated from lichens of the Magadan region have a biological activity. Fungi
isolated from Peltigera leucophlebia (CD), Hypogymnia sachalinensis (CD) showed antifungal activity on
Aspergillus terreus, Candida albicans.

Fungi isolated from Peltigera leucophlebia (CD), Peltigera aphthosa (CD), Melanohalea olivacea
(PDA, CD) have activity against gram-positive (Staphylococcus aureus), and gram-negative bacteria
(Escherichia coli). These experiments make it possible to study further in-depth their other biological,
physical, and chemical properties.
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Maraaas 00J1bICbl KbIHAJIAPBIHAH CAHBIPAYKYJIAKTAPABIH AJbIHYbI
JKOHE 0JIapAbIH (PEPMEHTATHUBTI CHIFbIHABLIAPbIHBIH 0MOJOTUSJIBIK OeJICeH TiIiri

3epTTey KYMBICHIHBIH MakcaTbl — Marazian o6mbIchHbIH (Pecelt) KplHamapelHaH caHbIpayKyJIaKTapIs! Oein
aly JKOHE OJIap/bIH MHUKPOOKa, CaHbIpayKyJaKKakapchl OCNCEHALTINH aHBIKTay. 3epTTey HBICAHBI PETiHIe
Maranan o6bIChl KbIHANApPBIHBIH 14 Typi ansiHasl. MukpoOkakapesl Oencenainiri rpamo (Staphylococcus
aureus) xoHe rpamrepic Oakrepusunap (Escherichia coli) nerisinge anbiKTangsl. CaHBIpayKyJIaKKaKapChl
6encenninik Aspergillus terreus sxxone Candida albicans mraMaapsl apKbUIbI TAaOBULIBL. 3epTTEY HOTIDKENIEpPl
Ooiipmnma Peltigera leucophlebia (CD), Hypogymnia sachalinensis (CD) KplHanapeiHaH GeJIHTEH yiTijep
caHbIpayKyJIaKKakapchl, an Peltigera leucophlebia (CD), Peltigera aphthosa (CD), Melanohalea olivacea
(PDA, C/) GemiHin anblHFaH CaHBIpAyKYIAKTap MHKPOOKaKapchl OelCeHIUTIK KepceTTi. Bromorusibik
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GenceHainikTi 3epTTey HaTIXNKECiHAE Peltigera leucophlebia (CD) GeniHin anblHFaH caHbIpAyKyJIaKk MHUKPOOKa
JKOHE CaHBIPAyKYJIaKKaKapchl OCNCeHIUTIKKE e OOJIbL.

Kinm  ce30ep: xpiHamap, Maragan OONBICHI, CaHBIPAyKYJIaKTap, MHKPOOKaKapchl — OENCeHAINIK,
(yHTaIIBFaKapChl OSJICEH ILTIK.

E.M. Cyneiiman, E.B. XKenyznesa, A. bazapxanksizbl, XK.b. Texeybaesa,
bynna baxanyp bamner, C.K. Haekoga, 3.C. Capmyp3una

Boinesienue rpu0oB u3 THIIAMHUKOB Marajanckou 00j1acTy 1 0MoJI0rnyecKas
AKTHBHOCTH UX ()epPMEHTATHUBHBIX IKCTPAKTOB

Iens maHHOrO WMCCIEemOBaHWS — BBIJEIUTh T'PHOBI U3 JHIIAHHUKOB Marananckoir obmactu (Poccus) n
OLICHUTH WX aHTHMHUKPOOHYIO M IIPOTHBOIPHOKOBYIO aKTHBHOCTB. J[Is mccienoBaHus ObLIH O0TOOpaHBI 14
BUOB JIMIIAHHUKOB. [IpOTHBOMHMKPOOHYIO AaKTHBHOCTH OHpENE/SUIM Ha  TI'PaMMIIOJIOKUTENBHBIX
(Staphylococcus aureus) m Tpammorpuuarenbubix (Escherichia coli) OGakrepusx. IIporuBorpnOkoByro
AKTUBHOCTb BBISBISUIM C HCHOJIb30BAHMEM INTaMMOB MHKPOCKONMYECKUX TI'pUOOB Aspergillus terreus n
Candida albicans. CornacHo pe3yJbTaTaM HUCCIeIOBaHUs, 00pa3Lbl, BbACICHHbBIC U3 JUIIAHHUKOB Peltigera
leucophlebia (CD), Hypogymnia sachalinensis (CD), mokazanu NpOTUBOMHKPOOHYIO aKTHBHOCTb, a Yy
obpasuoB u3 Peltigera leucophlebia (CD), Peltigera aphthosa (CD), Melanohalea olivacea (PDA, CD)
HaOmomanach aHTUMUKPOOHAsh AaKTUBHOCTb. B  pesynbprare U3y4eHHS OHONOIMYECKOH aKTHBHOCTH
YCTaHOBJIEHO, YTO TPHO, BBIIENCHHBIN U3 uImaiHuka Peltigera leucophlebia (CD), obnagaer aHTUMUKPOO-
HOH W IPOTHBOTPHOKOBOH aKTHBHOCTBIO.

Kniouesvie crosa: mmmaiiHuky, Maraganckas —o0macte, TpuOBl, aHTHUMHKpPOOHAas aKTUBHOCTb,
aHTH(YHraIbHAS AKTUBHOCTb.
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Anti-inflammatory activity of a dental gel
based on Origanum vulgare raw material

Inflammatory and destructive diseases of parodontosis are one of the most complex and common forms of the
teeth diseases of human population. Search of the herbal preparation with anti-inflammatory activity is a
prospect way for development of new drugs on the base of local raw material. A prerequisite for this study
has been the presence of a high antimicrobial and anti-caries activity of the essential oil of medicinal plant
Origanum vulgare. The article presents for the first time the results on the anti-inflammatory activity of
dental anti-caries gel with essential oil and ethanol extract of oregano. A sample of dental gel at a dose of 25
mg / kg has anti-inflammatory activity, which was expressed in a significant decrease by 41.4 % in the
amount of inflammatory lymph in the abdominal teeth in rats compared to controls. The anti-inflammatory
activity of this sample is comparable to the reference drug diclofenac sodium.

Keywords: gel, essential oil, ethanol extract, Origanum vulgare, anti-inflammatory activity.

Introduction

Inflammatory and destructive diseases of parodontosis are one of the most complex and common forms
of pathology and the prime cause of tooth loss among the adult population, therefore, the development and
implementation of new dosage forms for the treatment of inflammatory periodontal diseases is an urgent
task.

The use of herbal preparations is a promising direction today [1-5] due to the fact that the bioactive
substances of medicinal plants are more related to the human body in nature, they are easier to enter into the
life process, have a wider spectrum of action and are active against strains of microorganisms and viruses.
Therefore, they are recommended for the prevention and treatment of many chronic diseases, including
inflammatory periodontal diseases [6].

According to literature review, essential oils and extracts of many plants are used for various dental
diseases [7-17]. For example, against gingivitis — Larix sibirica, Acorus calamus, Origanum vulgare,
Cedrus libani, and etc.; against stomatitis — plants from genera Rosa, Salvia, Chamomilla, Eucalyptus, etc.
Applications of bee wax with essential oils are actively used. Thus, for the treatment of stomatitis and ulcer
were observed the beneficial effects of waxes with application of Rose, Citrus, Salvia, Lavandula on the
mucous membranes of the mouth and prosthetic field tissue.

Essential oil of Salvia is effective in the treatment of root pulpits — the acute inflammatory process dies
out in the pulp, its transition to the chronic stage stops. In the case of inflammation of gums, a chewing gums
and preparations in the form of rinds of plants from genus Juniper is also used. Besides, the following
essential oils are effective for the treatment of the parodontosis: Citrus limon, Citrus x sinensis, Syzygium
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aromaticum, Monarda didyma, Myrtus communis, Citrus x bergamia, Lavandula officinalis, Thymus
serpyllum, Mentha piperita, Pogostemon cablin, and etc.

The pharmaceutical market offers a wide range of drugs applied in the local treatment of inflammatory
periodontal diseases [18]. However, there are a few combination of drugs. In addition, the presence of side
effects, sensitivity reactions, and the phenomenon of antibiotic resistance make it paramount to search for
new treatments. A prerequisite for this study was the presence of a high antimicrobial and anti-caries activity
of the essential oil of medicinal plant Origanum vulgare [19-22].

Experimental

Raw material. As a plant material, we used the aboveground part of Origanum vulgare L. (family
Lamiaceae), collected in the vicinity of the Ridder town (the Eastern — Kazakhstan region) during the
flowering phase, July — August, 2020 (Fig. 1).

Figure 1. Internal view of flowering plants of Origanum vulgare

Before extraction, fresh leaves and flowers were dried at temperature +22 — 25 °C, avoiding exposure to
direct sunlight, for 10 days. The humidity of the herb of O. vulgare after drying was not more than 6.38 %.

For the preparation of antimicrobial dental gel, essential oil was isolated from oregano (Origanum
vulgare L.), which was carried out by the method of hydrodistillation. EM yield — 0.7 %. The content of
cymophenol in the oil reaches up to 85 %. A thick ethanol extract of dark green color with a pleasant smell
and a yield of 6.2 % was also obtained. To obtain the gel, Na-CMC was used as a gel base, glycerin,
essential oil, and oregano extract as an active pharmaceutical ingredient, glycerin as a plasticizer, a sweetener
— saccharin, water for dissolution.

In order to obtain 100.0 grams of gel, the calculated volume of Na-CMC was placed in a beaker with a
capacity of 500 ml and poured with cold purified water, stirred and left to swell for 15-20 minutes. Then the
solution was stirred with the mixer turned on 50—100 rpm until fully dissolved. Afterwards, in a separate
container, the extract of oregano was dissolved in a measured amount of glycerin, and then the calculated
amount of essential oil of oregano and other substances were added dropwise. The prepared solution was
added to the gel base with the mixer turned on at 100 rpm and stirred until a homogeneous mass was
obtained.

Statistical processing of the results was conducted using the “Statistica 6.0” software package. The
results are presented as “mean =+ standard error of the mean”. Intergroup differences were assessed by the
nonparametric Mann-Whitney U test. Differences were considered significant at the achieved level of
significance p <0.05.

Discussion

Screening of a dental gel for anti-inflammatory activity
The studies were carried out on 48 white rats of both sexes with a mass 210-220 g, which were divided
into 8 groups of 6 animals each: 1-6 experimental groups — animals receiving dental gel at a dose of
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25 mg/kg; 7 comparison groups — animals receiving the comparison drug diclofenac sodium, 8 control
groups — animals receiving the solvent.

Acute exudative reaction (peritonitis) was caused by intra peritoneal injection of 1% acetic acid
solution in a volume of 1 ml per 100 g of rat body weight. After 3 hours, the animals were sacrificed, the
abdominal cavity was opened, the exudate was collected and its volume was estimated [23]. The objects
under study were examined at a dose of 25 mg / kg when administered orally in the form of starch mucus.
The sodium diclofenac comparison drug was administered to animals intragastrically once at an effective
dose of 8 mg/kg (EDsp). Control animals received an equal volume of starch mucus. The test objects were
injected once in 1 hour before the introduction of a 1 % solution of acetic acid.

Anti-inflammatory activity was expressed as a percentage of the decrease in inflammatory exudiation in
the abdomen of experienced rats compared to control rats.

The results of an anti-inflammatory activity study of samples of test gel and sodium diclofenac are
illustrated in Table 1.

Table 1
Anti-inflammatory activity of studied samples
Name samples Dose, mg/kg Exudate amount, ml % to control Anti-inflammatory activity
Control - 7.0+ 0.6 100 -
Diclofenac sodium 8 4.4+0.8* 37.1 62.9

Dental gel 25 4.1 +0.5% 414 58.6

Note. * — p <0.05 compared to control.

As a result of the experiment, a sample of dental gel at a dose of 25 mg/kg was found to have anti-
inflammatory activity, resulting in a reliable decrease of 41.4 % corresponding to the amount of
inflammatory exudiation in the abdomen in rats compared to control.

The anti-inflammatory activity of stomatological gel with essential oil and ethanol extract of common
cholera is comparable to that of sodium diclofenac.

Conclusions

It has been established that the sample of new dental gel based on common saline in vivo experiments
has a high level of anti-inflammatory activity.
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Origanum vulgare eciMik IIMKI3aTbIHA HeTi3/1eJTeH
TiC reJiiHiH Ka0bIHYFaKapchl 0esICeHaTiri

[TapasoHTO3bIH KaObIHY JKOHE JASCTPYKTUBTI aypysapbl — ajaM HONYJIALMACBIHIAFbl TiC aypyJapbIHbIH €H
KYpJZeli koHe jkanmbl Typiepinin 6ipi. KaOGwiHyrakapcsl Oencenaiiiri 6ap eciMaikrepai i3xey »KeprimikTi
OCIMJIIK MIMKi3aThIHA HETI3AeNIeH ASpi-IopMEKTepi 3ipiey IiH MepCreKTHBANIbI OarbIThl OOJIBIT TaObLIa bI.
Byn 3eprreynin anrbiuaptel Origanum vulgare Dopimik eciMAiriHiH 3Qup MaWbIHBIH KOFapbl MHKPOOKa-
Kapchl )KoHe KapHecKeKapchl OelceHaUriHig 60yl Makanana anram per 3(up Maibl MEH STaHOJ OPETaHo
CBHIFBIHJIBICHI 0ap Tic KapHeCKeKapchl IelbiH KaObIHyFaKapchl OSICEHALTIrH 3epTTey HOTIKENepl KenTipin-
TeH. 25 MI/KT J103aaFbl TiC TeNiHIH yirici KaObIHYFakapchl OENCEHUIIKKE e, 0N ereyKYHphIKTapAblH il
TicTepineri 6akpUIayabl CalbICThIpFaHaa KaObIHy THMbackHbIH Memepin 41,4 %-ra enoyip TOMEHETKEH.
Byn ynrinig KaObIiHyFakapchl OSICeHALTIN JUKIo(peHaK HATPHHiHIH aHBPIKTAMAIIBIK MpenapaTbIMeH CabICThI-
PBUIIBL.

Kinm ce30ep: renb, a3¢pup Maiibl, 3TaHOJ CBIFBIHABICH, Origanum vulgare, KaObIHYFaKapChl OCICEHIITIK.
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C.b. AxmeroBa, K.2K. bagexona, I'.A. Ataxanosa, S.K. Jleas, M.K. Cmarynos

IIpoTnBoBOCTAINTEIbHASI AKTHBHOCTH 3yOHOTO TeJIst
HA OCHOBE PACTUTEJIBLHOIO ChIpbs Origanum vulgare

BocnanurensHble B IeCTpyKTHBHEBIE 3a00JI€BaHMs IapaJoOHTO3a — OIHU M3 HanbOojee KOMIUIEKCHBIX W 00-
mux (GopMm 3yOHBIX 3a00ieBaHMIl 4YenoBedecKOW momyJsiiuu. ITOMCK pPacTHTENbHBIX CPEACTB C aHTH-
BOCHAINTENbHON aKTHBHOCTBIO SIBISIETCS MEPCHEKTHBHBIM HANpaBlIeHUEM IJIsl pa3paboTKU JIEKApCTB Ha OC-
HOBE MECTHOTO PacTHTEIBHOTO ChIphs. IIpeanochuikoil as JaHHOTO MCCIEN0BAaHHS ABUIIOCH HAIMUUE BBICO-
KOH aHTMMMKPOOHOI U NPOTHBOKAPHECHOH aKTMBHOCTH 3(UPHOro Macia JiekapcTBeHHOro pacteHus Origa-
num vulgare. B cTaThe BIepBBIC MPECTaBICHBI PE3yIbTATHI 110 H3YYEHHIO MPOTHBOBOCIIANINTEILHON aKTHB-
HOCTH 3yOHOTO IIPOTHBOKAPUECHOTO TSl C 3(GUPHBIM MacIOM U 3TaHOJIBHBIM 3KCTpakToM xymmuisl. Obpaser
3yOHOrO Tens B jo3e 25 MI/Kr o0llafaeT NpOTHBOBOCIIAIMTENIBHON aKTHBHOCTBIO, KOTOpas BBIpaXkanach B
3HAUUTENFHOM CHIDKEHHH Ha 41,4 % KonmdecTBa BOCHAIUTENIHLHOH JMMQBI B OPIONIHBIX 3y0axX y KpBIC O
CpaBHEHHUIO ¢ KOHTpoJeM. [IpoTrBoBOCHaINTENbHAS AaKTUBHOCTH 3TOTO 00pasiia COIOCTaBUMA C 3TaJOHHBIM
npenapatoM «/Jluknodenaxk HaTpus».

Kniouesvie cnosa: renb, 3pUpHOE MAacio, 3TaHONBHBIN dKCTpakT, Origanum vulgare, TPOTUBOBOCIATUTENb-
Hasl aKTUBHOCTb.
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Investigation of the effect of agomelatine
on cellular and humoral immunity in mice

Agomelatine has primarily been described as an antidepressant drug for laborartory animals. In the present
study, agomelatine showed an overall stimulatory effect on the specific, as well as on non-specific immune
functions of mice. Stimulatory effects were observed at 25 mg/kg. Administration of agomelatine in human
beings is simple as it is available in the dosage form. The general immunomodulatory effects of agomelatine
need further investigation for its use in the cases of clinical immunostimulation and in order to understand the
precise mechanism of action for the stimulatory effect of the drug. The present result suggests that agomelatine
may stimulate both the cellular and humoral immunity. Effects were evaluated at different doses of 1, 5 and
25 mg/kg using various parameters such as effect on hematological parameters. The results were further utilized
to evaluate the activity on the cellular and humoral branches of immunity.

Keywords: agomelatine, cellular immunity, humoral immunity, immunostimulation, antidepressant, hematol-
ogy, SHT2 antagonist, neutrophil adhesion test.

Introduction

The search for new antidepressants has led to the discovery and development of the agomelatine
(Valdoxan). In February, 2009, the agomelatine, a novel antidepressant with an innovative pharmacological
profile, had received a marketing authorization by European Medicines Agency for the treatment of major
depressive disorders [1-3]. The novel melatonergic agonist/SHT2 antagonist agomelatine displays robust
antidepressant properties [4]. Agomelatine is a potent melatonin receptor agonist drug that strongly binds to
and stimulates the activity of melatonin MT1 and MT2 receptors which are localized within the SCN [5].
Agomelatine has also been reported to resynchronize circadian rhythms and has anxiolytic properties in ani-
mal models. Besides its antidepressant efficacy, it may be helpful in sleep promotion. Agomelatine is an ac-
etamide naphthalene analog of melatonin [2]. Melatonin plays a major role in the regulation of body temper-
ature and consolidation of sleep. Melatonin is involved in the regulation of both cellular and humoral im-
mune responses [6]. Immunological parameters included humoral and cell-mediated immune responses to
sheep red blood cells (SRBC) and TLC, DLC.

Materials and Methods

Animals

Inbred Swiss albino mice (6—8 weeks) of either sex, weighing about 18-20 g, born and reared in the an-
imal house of College of Pharmacy, IPS Academy, Indore, M.P. from a stock originally purchased from
Govt. Veterinary College, MHOW, M.P., were used for the study. Animals were placed randomly in poly-
propylene cages (five/cage) with husk as bedding. Standard laboratory condition of temperature 25+2 °C,
relative humidity 55+5 %, and 12h/12h light/dark cycle were maintained throughout the experiment. Ani-
mals were kept for 1 week to acclimatize to laboratory conditions before starting the experiment; they were
given free access to water and standard mice food except during experimentation.

Drug Solution

Agomelatine — a melatonin receptor agonist, (Sigma Aldrich, USA) was dissolved in hydroxyethyl-
cellulose 1 %, and melatonin, N-acetyl-5-methoxytryptamine, (Aristo Pharma, Daman, India) was dissolved
in ethanol. The employed doses of agomelatine (1 mg/kg, 5 mg/kg, 25 mg/kg, i.p.) and melatonin (20 mg/kg,
40 mg/kg, 60 mg/kg, i.p.) were selected on the basis of our preliminary investigations and previous reports.
Normal saline was applied as vehicle. All other chemicals were of analytical grade.
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Experimental design

Grouping

Using Swiss albino mice of either sex, 7 groups were formed for the experiments (n = 5) fashioned as:
Group I: control, normal saline; Group II: 20 mg/kg, MLT i.p.; Group III: 40 mg/kg, MLT, i.p.; Group 1V:
60 mg/kg MLT, i.p.; Group V: 1 mg/kg, AGO, ip.; Group VI: 5 mg/kg AGO, i.p.; Group VII: 25 mg/kg
AGO, ip.

Treatments

Determination of agomelatine effect on hematological parameters

Groups I-VII were pre-treated with saline and drug (Ago and MIt) for 7 days, respectively. At the end
of treatment, schedule blood was collected from retro-orbital puncture and parameters such as total RBC
count, total WBC count, hemoglobin conten, and was counted with automatic blood cell counter. Differential
count (Leishman’s stain), were recorded [7, 8].

Assessment of cellular immune functions

Neutrophil adhesion test

Swiss albino mice in Groups [-VII were administered by Ago and Mlt and saline for 14 days in their re-
spective groups. Adhesion of neutrophil to nylon fibers was determined using a modification of adherence
assay. Briefly, lcc tuberculin syringe was uniformly packed with 65 mg to a volume of 0.4 cc. This assemble
was pre-warmed to 37 °C in an incubator. Blood samples were collected from mice (after 14 days of drug
treatment) by retro-orbital puncture and 1 mL added to tuberculin syringe and allowed to flow through the
fibers for 2 min with the effluent collected in a test tube. Percent of neutrophil adherence was calculated
based on cell counts performed before and after blood sample was passed through the syringes. Cell count
was determined applying automated blood cell counter. The neutrophil adherence was thus determined as a
percentage using the formula

N —-N,
% Neutrophil Adherence = HN Lx100,

where N, is neutrophil count in untreated blood, &, is neutrophil count of fiber treated blood [9, 18].
Determination of delayed-type hypersensitivity (DTH) response
The mice of group I-VII were sensitized to antigen by injecting SRBC (0.5x10° cells/mL/100 g sus-
pended in saline solution, i.v.) and after 5 days they were antigenically challenged by injecting SRBC
(108 cells/20 pl) into sub-planter region of hind paw. Increase in the thickness of paw was measured 24 h
later with digital Vernier caliper and cell-mediated immunity expressed as difference in paw thickness [5, 9].

Assessment of humoral immune function

Serum antibody titre

After studying cell-mediated immune response, mice were lightly anesthetized with ether on 7 day and
blood was withdrawn from the retro-orbital plexus. The serum was separated by centrifuging the blood at
3000 g. Serial two-fold dilution of serum was made in 25 pl of saline in 96-well microtitre plate and mixed
with 1 % of SRBC (0.025%10° cells) in saline. After mixing, plate was kept at room temperature for 2 h. The
value of antibody titre was assigned to the highest serum dilution showing visible hemagglutination [10—19].

Result

Determination of effect of agomelatine on neutrophil adhesion test

Incubation of blood with nylon fibres produced a decrease in the neutrophil counts due to adhesion of
neutrophils to the fibers at a dose of 60 mg/kg of Melatonin and at a dose of 25 mg/kg of Agomelatine. There
was also a rise in neutrophil count of untreated blood of all treated animals (Tab. 1).

Table 1
Effect of Agomelatine on Neutrophil Adhesion Test
Neutrophil Index o . .
No. Groups UTB FIB % Neutrophil Adhesion
1 Control 1.6£0.21 1.3+0.16 17.98+1.19
2 MLT 60 mg/kg 7.4+0.95 2.8+0.08 57.97+8.452
3 AGO 25 mg/kg 52425 2.62+0.5 48.73+7.6°
Data represents mean=SEM; (n=>5), values are compared with control animals, 4p<0.01; Melatonin, ’p<0.05; Agomelatine
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Determination of effect of agomelatine on humoral immune function

In hemagglutination titre doses of Melatonin 20, 40, and 60 mg/kg showed titre values of 972.8+307.2,
1075£399.9 and 1638+250.8, and doses of agomelatine 1, 5, and 25 mg/kg showed titre values of
486.4+153.6, 512+140.2, and 1280+256, respectively, while the titre values of control (Group I) was
277.3£51.38, thus demonstrating increase in the titre values of all treated groups (Table 2).

Table 2
Effect of Agomelatine on Humoral Immune Function

No. Groups Titre Value
1 Control 277.3£51.38
2 MLT 60 mg/kg 1638+£250.8*
3 AGO 25 mg/kg 1280+256.0°
Data represents mean+SEM; (n=5), values are compared with control animals, *p<0.01; Melatonin, ’»p<0.05; agomelatine

Determination of agomelatine effect on hematological parameters

Differential leucocyte count

The percentage of peripheral blood neutrophils was significantly increased at doses of Mlt 20, 40, and
60 mg/kg and Ago 1, 5, and 25 mg/kg. On the other hand, the percentage of circulating peripheral blood
lymphocytes was considerably increased at doses of MIt 20, 40, and 60 mg/kg and decreased at doses of Ago
1, 5, and 25 mg/kg. No significant changes in other parameters were seen in all indicated doses (Table 3).

Table 3
Effect of agomelatine on DLC
Parameters
No. Groups Neutrophils Eosinophils Basophils Lymphocytes Monocytes
(%) (%) (%) (%) (%)
1 Control 28.80+0.58 2.6+0.67 0.0 65.80+1.42 0.60+0.4
2 Mit 20 mg/kg 30.40+0.51 2.6+0.40 0.0 66.40+£1.36 0.20+0.20
3 Mit 40 mg/kg 31.60£1.07 0.2+0.44 0.0 68.80+£1.02 0.0+0.0
4 Mit 60 mg/kg 32.80+0.86* 1.2+0.37 0.0 69.80+0.37 0.40+0.24
5 Ago | mg/kg 29.80+0.86 2.8+0.37 0.0 67.40+£1.24 0.20+0.20
6 Ago 5 mg/kg 31.60+1.03 0.2+0.31 0.0 68.60£1.50 0.20+0.20
7 Ago 25 mg/kg 32.60+0.81° 1.2+0.60 0.0 69.20+0.58 0.20+0.20
Data represents mean + SEM; (n=5), values are compared with control animals, 2p<0.05; Melatonin, ®»<0.05; agomelatine

RBC Count, WBC Count and Haemoglobin content

Administration of agomelatine was found to increase the total RBC count (p<0.01) at a dose of
25 mg/kg, but the same was unaffected at lower doses of 1 and 5 mg/kg. There was no considerable change
in the Hb content at all three doses, whereas total WBC count illustrated a rise (p<0.05) at 25 mg/kg dose
(Table 4).

Table 4
Effect of agomelatine on RBC Count, WBC Count and Haemoglobin content
No. Groups Parameters
RBC Count (10'¥/L) WBC Count (10'/L) Hb (%)

1 Control 8.60+0.33 6.02+1.0 13.384+0.40

2 Mit 20 mg/kg 9.20+0.17 8.20+8.5 15.76+0.71

3 Mit 40 mg/kg 10.04+0.67 9.1849.7 16.06+0.41

4 Mit 60 mg/kg 11.1540.64° 10.08+5.8° 17.7040.60*

5 Ago | mg/kg 8.61+0.98 6.08+9.7 13.56+0.41

6 Ago 5 mg/kg 9.13+0.42 6.1£9.2 13.04+1.07

7 Ago 25 mg/kg 11.10+0.64* 9.845.6" 15.82+0.79™
Values are mean=SEM; (n=6), *P<0.01, highly significant; ®P<0.05, significant; "P>0.05, non-significant (compared to respective
control)

Cepusa «bronorusa. MeguuuHa. 'eorpacms». Ne 4(104)/2021

99



Vaishali D. Naphade, Gaurav Parihar et al.

Determination of agomelatine effect on delayed type hypersensitivity response
Melatonin (60 mg/kg) and agomelatine (25 mg/kg) produced a significant, dose-related increase in
DTH reactivity of mice. The edema achieved a peak at 48 h comparing to control at 48 h (Table 5).

Table 5
Effect of agomelatine on delayed type hypersensitivity response
Paw difference (mm)
No. Groups 0 hr 2hr 24 hr 48 hr
1 Control 0.89+0.18 1.594+0.15 1.79+0.14 2.58+0.20
2 Mit 20 mg/kg 0.96+0.24 1.80+0.22 2.00+0.19 2.78+0.33
3 Mit 40 mg/kg 1.30+0.13 1.84+0.06 2.04+0.10 2.95+0.432
4 Mit 60 mg/kg 1.53+0.34 2.50+0.11 2.61+0.10 3.53+0.47°
5 Ago 1 mg/kg 0.89+0.18 1.59+0.15 1.79+0.14 2.85+0.19
6 Ago 5 mg/kg 1.30+0.28 2.00+0.26 2.21+£0.22 3.03+0.19°
7 Ago 25 mg/kg 1.08+0.31 2.37£0.18 2.60+0.20 3.05+0.12°
Effect of MIt (20, 40 and 60 mg/kg, i.p.) and Ago (1, 5 and 25 mg/kg, i.p.) on SRBC (0.5x10°/ml/100 g) induced DTH at 0, 2, 24
and 48 h. Each value represents the mean+SEM of five observations. p<0.05; ®»<0.0001; Melatonin, °p<0.01; agomelatine

Discussion

Essentially, agomelatine has been determined as the antidepressant drug for laboratory animals. In this
study, agomelatine showed an overall stimulatory effect on the specific and non-specific immune functions
of mice. Stimulatory effects were observed at 25 mg/kg. Drug at this dose increased cell counts indicating its
stimulatory effect on hematopoietic cells. Overall, it was concluded that 25 mg/kg is the optimum dose for
mice. Thus, 25 mg/kg dose of Agomelatine seems to be pharmacologically effective dose for mouse as far as
immunomodulatory effects are concerned. The response at lower dose i. e. 1 mg/kg, was either identical to
control group animals or mildly stimulated comparing to control animals.

Immune activation is an effective and protective approach for treating infectious diseases. Among the
leukocytes, only antigen specific lymphocytes possessed the diversity, specificity, memory, and self-recogni-
tion indicating an adaptive immune response. It was observed that agomelatine caused significant increase in
TLC and lymphocyte population designating the presence of its immunological effects.

Boundary of neutrophil from the blood stream requires a firm adhesion which is mediated through the
interaction of the [, integrins present on the neutrophil. The B, integrins stored in the cell granules and up-
regulated for a firm adhesion. In this study, adherence of neutrophil to the nylon fiber was increased in the
treated group comparing to the control.

DTH is a part of the process of immunity causing many intercellular infections, microorganisms, espe-
cially chronic diseases as tuberculosis. DTH requires the specific recognition of a given antigen by activated
T Iymphocytes, which subsequently proliferate and release cytokines. These, in turn, increase vascular per-
meability, induce vasodilation, macrophage accumulation and activation, promoting increased phagocytic
activity and concentration of lytic enzymes for more effective killing. In the present study, SRBC was used
to elicit hypersensitivity reaction of mice. It was found that agomelatine potentiated the DTH reaction in-
duced by SRBC at 10® cells. Increase in DTH reaction of mice in response to thymus-dependent antigen re-
vealed the stimulatory effect of agomelatine on T lymphocytes and accessory cell types for the expression of
reaction.

The humoral immunity involves interaction of B cells with the antigen and their subsequent prolifera-
tion and differentiation into antibody-secreting plasma cells. Antibody functions as the effector of the hu-
moral response by binding to antigen and neutralizing it or facilitating its elimination by cross-linking to
form clusters that are ingested by phagocytic cells. To evaluate the effect of Agomelatine on humoral re-
sponse, its influence was tested on sheep erythrocyte specific hemagglutination antibody titre in mice. It was
found that agomelatine enhances the production of circulating antibody titre. This indicates the enhanced
responsiveness of macrophages and T and B lymphocytes subsets involved in antibody synthesis.

Conclusions

Reviewing all the data presently available on agomelatine, a stimulatory effect was noted. This stimula-
tory effect is associated with increased cytokine production, enhanced phagocytosis and increased natural
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killer cell activity. The results of this study propose that agomelatine may stimulate both the cellular and
humoral immunity. Further investigation is suggested for the precise mechanism of action for the stimulatory
effect of the drug. Effects were evaluated at different doses of 1, 5, and 25 mg/kg using various parameters
as an effect on hematological parameters. The results were further utilized to evaluate the activity on the cel-
lular and humoral branches of immunity. Its reported immunomodulatory effects deserve further investiga-
tion for its use in the cases of clinical immunostimulation. The drug can be evaluated for its consequence on
stress induced immunomodulation.
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Baiimanu /1. Hadane, I"'aypad [lapuxap, JI.K. xaun, Atyn P. bennane

TelmKaHaapaarsl aroMeJaTHHHIH KACY I ATBIK
’KOHEe TYMOPAJIbJILIK HMMYHHTETKE dCEePiH 3epTTey

ATOMeNaTHH aiFall peT 3epTXaHAJBIK JKaHyapiapaa aHTHACIPECCAHT peTinae cunartanrad. Ocbl 3epTTey e
aroMeJaTHH THIMIKAHAAPIAFEl HAKTHI, COHIAM-aK CIeUH(MHUKATIBIK eMeC UMMYHIBIK (yHKIHSIIAPFA JKAIIIIBL
KO3IBIPYLIBI dCepiH KOpceTTi. AroMenaTHH/I ajiaMfa CHTi3y KapamaibiM, efTKeHi oy Jopilik Typ TypiHzae
OHait KorkeTiMai. OHBIH JKaIbl IMMYHOMOIYJISILHSIIBIK 9Cepi KITMHUKAIBIK IMMYHOKYLICHTY JKaFqaifbiHaa
KOJIIAHy YLIiH OZaH 9pi 3epTTeydi KaXeT eTeli. ANbIHFAH HOTIIKEICPAl arOMeNaTHH JKacyLIalbIK JKoHE I'y-
MOpaJIbJibl IMMYHHTETTI KO3/BIPYbl MYMKIH Jen GopkadraH. IIpenapaTTblH KO3IBIPYILIbI dcepi YIIiH HAKThI
dcep eTy MEXaHM3MiH TYCiHyre KOChIMINA SKCIIEPUMEHTTEp KaKeT. Ocepliep reMaToIorHsUIbIK apaMerpliep-
re acep €Ty CHSKTBI OpTYpJi IapaMerpiepAi KojjaHa OTHIphIN, 1,5 koHe 25 Mr/kr opTypii mo3anapia
Garanmanpl. HoTrkenep MMMYHHUTCTTIH JKacyllalbIK JKOHE T'yMOpaibIbl TaAPMaKTapbIHIAFbl OCICEHIUIIKTI
Garaiay YIIiH KOChIMIIA KOJIIAHBUI/BL.

Kinm co3dep: aromenartr, )acyIlaiblk HMMYHHTET, TYMOPAJIbABIK HIMMYHHUTET, HMMYHOKYLICHTY, aHTHAE-
MPECCaHT, TeMaToNIorHs, aHTaronucT Sht2, HelTpoduaepAiH aare3uschbHa TECT.

Baiimanu /1. Hadane, 'aypad [lapuxap, JI.K. xaun, Atyn P. bennane

HcciaenoBanue BJMAHUS aroMeJIaTHHA
HA KJIETOYHbIH U TYMOPAJIbHbII MMMYHHUTET Y MbILIEH

AroMenaTuH BIIEpBBIC OBLI ONMCAH KaK aHTUACIPECCAHT Yy J1aOOPaTOPHBIX KUBOTHEIX. B HacTosmem mccie-
JIOBaHUM aroMeJIaTHH MOKa3ajl olliee CTUMYJHpYIoIee AeHCTBHE Ha CHenU(HUIecCKHe U HecnenupUIecKre
uMMyHHbIe (QyHKImK y Mbieil. Ctumysupyronme 3¢ ¢dexTsl Habmoaanuch npu ao3e 25 Mr/kr. Beexenune
aroMenaTHHa YeJOBEKY SBIIETCS MPOCTBIM, HMOCKOJIBKY OH JOCTYIICH B BHIE JieKapcTBeHHOIT dopmsbl. Ero
o0Lme UIMMYHOMOTYJIUpYoIine 3G deKTh TPEOYIOT AAIBHEHIIEr0 U3YUEeHHs IS UCIIOJIb30BaHus B CIIydasX
KIMHUYECKOH MMMYHOCTUMYJIALMH. [loydYeHHbIe Pe3ysbTaThl MO3BOJISAIOT PEANONIOKHUTH, YTO aroMeNaTHH
MOXET CTUMYJIMPOBATh KaK KJIETOYHBIH, TaK X TyMOpaJbHbI nMMyHUTET. HeoOX0MMMEBI mansHeHe sKce-
PHMEHTHI, YTOOBI ITOHATH TOYHBIH MEXaHU3M JCHCTBHS ISl CTUMYIHpYIomero dddekra npenapara. Dddex-
THI OL[EHUBAIIN TIPH PA3IUYHBIX 033X 1, 5 ¥ 25 MI/KT ¢ NCTIOIB30BaHIEM Pa3JIMIHbIX ITapaMETPOB, TAKUX KakK
BIIMSTHHAE HA T€MaTOJIOTHUECKUE NapaMeTpsl. Pe3ynpTaTel ObUTH JOMONMHUTEIHHO IPUMEHEHBI IPH OICHKE aK-
THBHOCTH Ha KJIETOYHBIX M TYMOPAJbHbIX BETBSIX HMMYHHTETA.

Kniouesvie cnosa: aromMenaTuH, KI€TOUHBIH MMMYHHUTET, TYMOPAIbHBIH HMMYHUTET, UMMYHOCTUMYJISIINS,
AHTHUJETIPECCaHT, reMaroorus, antaronuct SHT2, Tect Ha aare3uto HeUTPOUIIOB.
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Effects of Rhodiola semenowii extract on hematological parameters
in experimental hypothyreosis

Thyroid pathology has a leading position in clinical endocrinology. Diseases of the thyroid gland in terms of
prevalence are comparable with diabetes mellitus, and far ahead of other endocrine disorders. Current treat-
ment approaches of hypothyroidism are rarely based on the pathogenesis, and are reduced to hormone re-
placement therapy. The purpose of this study is to determine the general hematological parameters after cor-
rection of experimental hypothyroidism with an extract of the root of the plant R. semenowii both alone and in
combination with potassium iodide. As a result of the study, we found that in the experimental treatment of
hypothyroidism, the extract of the root of R. semenowii B. with a predominant content of rhodioflavonoside
has a pronounced therapeutic effect, expressed in the normalization of the level of pituitary and thyroid hor-
mones. The obtained results indicate the absence of toxic and damaging effects such as activation and inhibi-
tion of hematopoiesis after enteral administration of the root extract of R. semenowii.

Keywords: hematology, hypothyroidism, thyroid, Rhodiola semenowii, extract, phytopreparation, medicinal
plants, root.

Introduction

Thyroid pathology has a prime position in clinical endocrinology. Diseases of the thyroid gland in terms
of prevalence share the priority with diabetes mellitus, far ahead of other endocrine disorders. Thyroid
hormones (THs) that are synthesized and released by the thyroid are essential for normal growth, develop-
ment, and metabolism of organisms, as well as energy homeostasis. Even small changes or an imbalance in
thyroid homeostasis may adversely affect human health [1].

The methods of treatment are associated with the prescription of medications containing thyroid
hormones; patients often do not adhere to treatment regimens. If the treatment is not adequate, then the
patients might develop ischemic heart disease, disorders in reproductive system, and psychological disorders.
With a high dose of hormones, myocardial dystrophy might develop and there might be changes in mineral
composition of bone tissue [2]. Currently, the greatest prevalence and clinical significance are primary hypo-
thyroidism caused by a defect in the biosynthesis of hormones T4 (and T3) due to disorders in the thyroid
gland. Its frequency among the population is high: overt hypothyroidism — 0.2-2.0 %, subclinical — ap-
proximately 7—10 % among women and men 2-3 %. In the group of older women, the prevalence of all
forms of hypothyroidism can reach 12 % or more (sporadic goiter). These data suggest that hypothyroidism
is one of the most common endocrine diseases. Hypothyroidism might cause the development of complica-
tions from the cardiovascular, digestive, reproductive, and central nervous systems, and in case of decom-
pensation, it might lead to death [3]. With a decrease in the function of the thyroid gland, changes in the
hematopoietic system might occur [4]. Currently, it has been established that a deficiency of thyroid
hormones leads to a qualitative and quantitative impairment of erythropoiesis [5]. It has been proven that low
levels of thyroxine and thyroid teranine lead to impaired erythropoiesis, including a direct relationship
between the erycitic index and the content of thyroid hormones in the blood [6]. Hypothyroidism has various
effects on hematopoiesis, peripheral blood cells, and the coagulation system. 25-50 % of patients with
hypothyroidism suffer from anemia and concomitant diseases that develop with dysfunction of the thyroid
gland [7]. The protocol for the treatment of thyroid disorders has not changed over the past 15 years, and the
new offered drugs are not effective enough [8].

Herbal medicines, acting systemically on the body, regulate the functions of various interconnected
systems and organs. They have almost no side effects, and can be used both for treatment and the prevention
of various diseases [9]. Research illustrates that Rhodiola semenowii Boriss. stimulates the body's immune
response, enhances cell proliferation in the central and peripheral organs of the immune system and weakens
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inflammatory damage in various diseases, regulating the differentiation of immune cells, activating
inflammatory signaling pathways and releasing inflammatory factors [10]. Since stress factors with low
immunity are the main causes of thyroid diseases, our main task is to conduct an experimental study by
correcting (treating) primary hypothyroidism using an extract of the plant R. semenowii.

Experimental

The study material was the extract of the root of the plant R. semenowii both alone and in combination
with potassium iodide. The experimental study was carried out in two stages on nonlinear white male rats
(50 individuals) weighing 200-250 g. Animals were kept in cages in groups of 10 individuals. There were 4
groups of animals in total. Wood sawdust was used as a bedding. The air temperature in the premises of the
vivarium was maintained in the range of 18-200 °C with a relative humidity of 60-70 %. The animals were
kept under standard conditions on a vivarium diet. Animals were monitored daily applying an open field
behavioral test and weighed. All experimental studies were conducted in accordance with the rules set out in
the Guidelines for preclinical, biomedical, and clinical research in Kazakhstan (July 25, 2007, No. 442).

At the first stage, all animals were divided into 2 main groups: 1% group — control, 2™ group —
experimental hypothyroidism. The first group of animals received oral water (placebo) daily for 15 days. To
simulate experimental hypothyroidism in the second group, the pharmaceutical drug ‘“Mercazolil Health”
(“Health” pharmaceutical company, Ukraine) was used. Daily mercazolil was administered orally at the rate
of 2.5 mg per 100 g of body weight for 15 days [11]. After creating an experimental model of
hypothyroidism, a control study of the levels of TSH, free T4, free T3, and TG in the blood serum was
carried out to confirm the development of the hypothyroidism state. At the second stage of the research,
animals of the second group with confirmed hypothyroidism were divided into 3 subgroups: subgroup 2a —
hypothyroidism model without treatment; subgroup 2b — correction of hypothyroidism with an extract of R.
semenowii root by enteral administration of the extract at the rate of 2.5 mg per 100 g of body weight animal
for 28 days; and subgroup 2c — correction of hypothyroidism with an extract of the root of R. semenowii by
enteral administration of the extract at the rate of 2.5 mg per 100 g of animal body weight in combination
with potassium iodide at the rate of 1 ug per 100 g of body weight for 28 days.

At the end of the experiment, peripheral blood was taken from all animals for hematological and
immunochemical studies in vacutainers containing the K3-EDTA anticoagulant and a coagulation activator
with a separating gel. Hematological tests were carried out on an automatic hematological analyzer Sysmex
XS-550-1 (Japan). Levels of TSH, free T4, free T3, and TG in blood serum to confirm the hypothyroid state
were conducted on an automatic immunochemiluminescence analyzer “Immulite 2000XPi” Siemens
(Germany). The obtained data were analyzed applying statistical methods in the Statistica-6.0 program. The
significance of the arithmetic mean differences was assessed using the Student’s t-test. P values < 0.05 were
considered statistically significant.

Results and Discussion

According to the available chemical composition data, in the root extract of plant R. semenowii
substances such as flavonoids (74.8 %), coumarins (11.7 %), phenolic acids (6.1 %), and polysaccharides
(7.4 %) were identified. The main biologically active component of flavonoids was rhodioflavonoside. In the
course of this study, the purpose was to determine changes in the general hematological parameters after
correction of experimental hypothyroidism with an extract of the root of the plant R. semenowii both alone
and in combination with potassium iodide. The results of the study of the comparative assessment of the
hematological parameters of the observed groups are presented in Table 1.

In the Table, there were statistically significant differences (p<0.001) between the hematological
parameters of experimental animals, including the total number of leukocytes, the total number of
erythrocytes, hemoglobin level, and the total number of platelets, but they were all within the physiological
norm. Based on analysis of the hematological parameters of animals in groups 1, 2a, 2b, and 2¢ the following
data was illustrated: the hemoglobin content in animals with experimental hypothyroidism was
160.60+4.47 g/1 versus 146.00+4.06 g/l in the control. Here, small relative changes can be noticed. When
counting the number of red blood cells 7.06+0.58x10'%/1, leukocytes 7.28+1.13x10%1, and platelets
475.41£49.47x10%1 in animals of subgroup 2a with experimental hypothyroidism, it was found that the
arithmetic mean values of the amount of the above elements are normal and do not differ significantly from
those of clinically healthy animals of the 1% control group. The percentage of different types of leukocytes in
animals of subgroup 2a did not change considerably in comparison with the leukogram of control animals.
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Small relative changes were also observed only in the content of lymphocytes in animals of subgroup 2a with
experimental hypothyroidism 48.48+2.76 % versus 40.40£2.30 % in the control group.

Table 1

Hematological parameters of the blood of rats of the intact group, with hypothyroidism and experimental
treatment with the extract R. semenowii B. both alone and in combination with potassium iodide

Correction
Internatio Experimental | Correction with ngsnf:;roav(;i
Indicator name, nal Control group |Hypothyroidism| extract R. T L
unit of measurement abbreviat (group 1) in no cure semenowii m.combmaFlon
ion (group 2a) (group 2b) w1th'pot.assmm
iodide
(group 2¢)
Total number of Leukocytes, 10%/1 WBC 6.22+0.44 7.28+1.13 7.64+1.19 6.73+1.04
Total Red Blood Cell Count, 10'%/1 RBC 6.29+0.52 7.08+0,58 7.81%0,65 8.28+ 0.68
Hemoglobin level, g/l HGB 146.00+4.06 | 160.60+4.47* | 157.39+4.38 154.244+4.29
Total platelet count, 10%/1 PLT 413.40443.02 | 475.41+449.47 | 570.49+£59.3 | 599.02+62.34
Absolute neutrophil count 10%1 Neut 3.06+0.41 3.03+0.54 3.46+0.86 2.55+0.80
Absolute lymphocyte count 10%/1 Lymph 2.51+0.14 3.52+0.51 3.53+0.72 3.63+0.60
Absolute content of monocytes 10%/1 Mono 0.47+0.12 0.52+0.23 0.49+0.13 0.26+0.04
Absolute eosinophil content 10%/1 Eos 0.16+0.05 0.19+0.06 0.12+0.08 0,41£0.07%**
The absolute content of basophils 10°/1 | Baso 0.3+0.01 0.20+0.02 0.04+0.01 0.10+0.05
The relative content of neutrophils % Neut 49.00£3.60 41.58+4.66 45.174£7.44** | 37.57£7.30%**
The relative content of lymphocytes% | Lymph 40.40+2.30 48.48+£2.76* | 46.2046.53** 54.20+6.57
The relative content of monocytes % Mono 7.56x1.77 7.004£2.00 6.56+1.86 6.16+1.35
The relative content of eosinophils % Eos 2.55+0.96 2.594+0.90 1.60+1.14 1.60+0.89
The relative content of basophils % Baso 0.49+0.05 0.35+0.37 0.47+0.09 0.47+0.01
Note. * — statistically significant changes compared to hypothyroidism without treatment (p<0.001); ** — statistically significant
changes versus correction R. semenowii on my own (p<0.001); *** statistically significant changes versus correction R. semenowii
with the addition of potassium iodide

At the second stage of the study, after the application of the extract of R. semenowii, correcting
hypothyroidism, alone and in combination with potassium iodide, the following picture was observed: the
hemoglobin level in subgroups 2b and 2¢ did not demonstrate changes. The number of leukocytes showed
insignificant changes in subgroup 2b (7.64+1.19x10°L) compared to subgroup 2a, while in subgroup 2c it
did not show any considerable changes. The level of erythrocytes was considerably increased in subgroup 2¢
(8.31£0.68x10%/L), which indicates the restoration of erythropoiesis. The number of platelets in subgroup 2b
was 570.49+£59.3x10%/1, and in subgroup 2¢ — 599.02+62.34x10%/1. There are no significant changes in this
parameter.

According to the results of some researchers [11-13] on the study of blood parameters in pathologies of
the thyroid gland, the number of erythrocytes in simulated hypothyroidism decreases. In addition, on this
background, the hemoglobin content decreases by 4.65 % in hypothyroid animals which leads to the
development of anemia [14]. In our study, evaluation of the hemoglobin content in animals with
hypothyroidism, in comparison with healthy animals, did not detect any significant changes. When
calculating the number of erythrocytes, leukocytes, and platelets in animals with hypothyroidism, a number
of authors [11-14] designated that the average values of the named, shaped elements were within the norm
range, not significantly differing from similar indicators of clinically healthy rats, which is consistent with
the results of this study [12]. In studies of experimental hypothyroidism, when assessing the rate of
erythropoiesis, it was found that mercazolil inhibits the maturation of erythrocytes [13]. However, with
short-term modeling of the hypothyroid state, the function of erythropoiesis is preserved.

When assessing the biological effects of iodine-containing preparations in accordance with researchers
[11], the number of erythrocytes in individuals receiving “iodovet” increased, in relation to the group with
hypothyroidism, by 8 %, and the hemoglobin level — by 2.7 %, which indicates the restoration of
erythropoiesis [14]. When assessing hematological parameters, the total number of leukocytes and platelets
in the compared groups did not change significantly. The studied iodine-containing diets contributed to the
restoration of the level of blood cells [12]. In hormone replacement therapy with thymazole, stimulation of
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erythropoiesis takes place due to an increase in the production of erythropoietin, but the actual hematological
changes after reaching euthyroidism are not eliminated [13]. The administration of levothyroxine in
hypothyroidism contributes to the correction of hemogram parameters and the acceleration of iron
metabolism in the body of animals. In addition, when using thyroid hormones in hypothyroidism therapies, it
was shown that an increase in animal body weight reduced the effectiveness of treatment. Good therapy
results were obtained in microcytosis, iron deficiency, hypochromic anemias [11].

Conclusions

As a result of the study, it was identified that in the experimental treatment of hypothyroidism, an
extract of the root of R. semenowii with a predominant content of rhodioflavonoside (up to 70 %) has a
pronounced therapeutic effect, expressed in the normalization of the level of pituitary and thyroid hormones.
Furthemore, the obtained data indicate the absence of toxic and damaging effects such as activation and
inhibition of hematopoiesis after enteral administration of the root extract of R. semenowii B. Based on this,
an extract of the root of R. semenowii with a predominant content of rhodioflavonoside (up to 70 %) in
combination with potassium iodide is recommended for further extended study as a means of correcting
pathological conditions associated with a decrease in thyroid function.
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Rhodiola semenowii CbIFbIHABICBIHBIH IKCIIEPUMEHTTIK TMIIePTEePUO3AAFbI
reMaToJIOTHAJIBIK KOPceTKilTepre acepi

Kankanma Oe3iHIH HaTOIOTHACH KIMHUKAIBIK SHIOKPHUHOJOTHSNA MaHBI3IBI peid aTkapanbl. Kaikanmra
Oe3iHiH aypynapsl Tapaitybl OolbIHINA OacKa SHIOKPHHAIK aybITKyJlapAaH repi KaHT nuaberiMen Oipaeit
6aceIMIBIKTHI KopceTei. Kasipri TaHaa KoJIJaHbUIaThIH TUIIOTUPEO3 bl MY TOCUIAEpi NaToreHe3re Toyem i
OonMaiiel KOHE TOPMOHABI aJIMAacCTBIpy TepamusicbiHa okenexi. Ochl 3epTTeyli OpbIHAAY OapbIChIHIA
KOWBUIFaH MiHAET — R. Semenowii OCIMAITiHIH TaMBIPBIH JKEKE JKOHE Kauuid HOAWAIMEH KOCBUIFaH
CBHIFBIHJIBICHIH THIOTHPEO3[bl eMAeyre Kapchl KOJJaHa OTHIPBII, OHBIH JKadllbl T'eMaTOJOTHSIIBIK
KOPCETKIIITEepiH aHBIKTAy. 3epTTey MarepHansl R. semenowii ©CIMAITIHIH TaMBIPBIHBIH CHIFBIHIBICHL
Ochraiiiia KYPTi3iAreH 3epTTeyJepliH HOTHXeCi KepceTKeHuael, R. semenowii ©CIMIITIHIH TaMbIpHIHAH
JKacallFaH CHIFBIHJBI TOXIpHOeNIl T'MIOTHPEO3[sl O3MIriHeH HeMece Kaluii HOIHUI KOCBUIFAH CHIFBIHIBICHI
0osica J1a )KaKChI BIKIAT €TCTIHAIr OaliKanuel. R. semenowii ©CIMIITiHIH TaMBIPBIHBIH CBHIFBIHIBICHI KAJIKAHIIA
6e3i MeH rumodu3AiH TOpMOHAAp JeHreiin Kaubinka kentipeni. COHBIMEH ajIbIHFaH HOTHIXKENEPAiH
capanrtamacblHa CyieHcek, R. semenowii ©CIMIITiHIH TaMbIPbIHBIH CBHIFBIHJIBICBIH IIIKE aybI3 apKbLIbI
SHIi3reH/ie FeMOIOe3Fa CIIKaHal 3UH/IbI BIKITAJIBIHBIH )KOKTBIFbI OaiKaIIbl.

Kinm cesoep: remartonorus, runeprepuos, KaakaHma 6e3, Rhodiola semenowii, CHIFBIHABI, (QUTONpENapar,
JOPITIK ©CIMIK, TaMBIp.

H.K. Kop6o3oBa, T.H. KoGynuna, H.O. Kynpuna, H.B. Tepnenxkas, A.K. Hlokan

Bausinue 3xctpakra Rhodiola semenowii Ha remaTo10rn4ecKue nMoKa3aTesu
NPH IKCNIePUMEHTATbHOM THIIepTepuo3e

[laTonorust MWUTOBUIHOMN KeJE3bl 3aHUMAET JIMAMPYIOILYIO TO3ULMIO B KIMHUYECKOW 3HAOKpUHONOruu. Ilo
BCTPEYAaEMOCTH HapYIIECHUS IUTOBUIHOM *ee3bl CPABHUMBI C CaXapHBbIM JHabeToM, TaKUM 00pa3oM, OHU
HAMHOTO OTEpexaroT ApYyrue >HAOKPHHHbIE 3a0onieBaHus. B HacTosIee BpeMs MPUHLUIBL, KOTOPBIX HPH-
JEPKUBAIOTCS TP KOPPEKIUH THUIIOTHPE03a, PAKTUUSCKU HE yUHTHIBAIOT NATOTCHE3 3a00JIeBaHus U, B OC-
HOBHOM, BKIIIOYAIOT 3aMECTUTEIIHYI0 FOPMOHAIBHYIO Tepanuio. B xozie BBHIIOIHEHUS JaHHOTO HCCIEA0Ba-
HUsI ObLIA TIOCTaBJICHA 3a/{ada — OIPEAENUTDH OOIIie reMaToJI0THIeCKUe ITOKa3aTe ! MOCle KOPPEKIHH dKC-
NIEPUMEHTAILHOTO THIIOTUPEO03a IKCTPAKTOM KOPHS pacTeHUs R. semenowii, Kak cCaMOCTOSITENIHOTO, TaK U B
COYeTaHMM C KanueM Hoaupa. MarepranoM HCCIEA0BaHMS TOCITY>KHJI 3KCTPAKT KOPHS PacTeHHUs
R. semenowii, Kak CaMOCTOSITENIbHO, TaK M B COYETAHUM C KajlueM Hoauaa. B pesynpTare mpoBeNEHHBIX HC-
clie[oBaHMil OBLIO YCTAHOBIEHO, YTO B O3KCIEPUMEHTAIBHOM JIEYEHHHM THMIOTHPE03a IKCTPAKT KOPHS
R. semenowii oka3pIBaeT BBIPAXKCHHBIN TepaneBTHUECKUil A deKT, nposBIsIIONIMiiCS B HOpMaIU3allii ypPOB-
HS TOPMOHOB TMNO(HU3a ¥ LIIMTOBUIHOW xkene3bl. [losydyeHHbIe JaHHbIE CBUICTENBCTBYIOT 00 OTCYTCTBHM
TOKCHUYECKUX U MOBPEXIAIOINX 3()(HEKTOB B BUJIE aKTUBAIIMN/YTHETEHHS TEMOII033a IIPU YHTEPaTLHOM BBeE-
JICHUU DKCTpaKTa KOpHs R. semenowii.

Kniouesvie cnosa: reMaronorus, TUIIEPTEPUO3, IUTOBUIHAS Kenesa, Rhodiola semenowii, sxcTpakt, GpuTo-
rnpenapar, JeKapCTBEHHOE pacTeHHE, KOPEHb.
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Neurological symptoms and complications of COVID-19. Minireview

Since the first official case of COVID-19 in China in December 2019, researchers have been trying to uncov-
er the mechanism of action of the severe acute respiratory syndrome Coronavirus 2 (SARS-CoV-2), which at-
tacks several organs in addition to the lungs and causes circulatory changes that can lead to death not only be-
cause of lung failure but also failure of other organs. The aim of this study is to find out the neurological con-
sequences of COVID-19. A systematic review of the literature was concretized by mobilizing the descriptors:
“SARS-CoV-2”, “coronavirus infections” and ‘“Neurological Consequences”. Although the effects of SARS-
CoV-2 on the lung are exemplary and frightening, the long-term effects on the nervous system may be greater
and even more overwhelming, as the regeneration of nerve tissue is difficult and can lead to general disabil-
ity, as the nervous system coordinates the functions of the entire body. Considered studies point out the pres-
ence of various injuries (mild or severe) to central nervous system because of COVID-19 infection. It can be
said that the studies all agree on the possibility of existing neurological sequelae and a majority emphasize on
the need for further investigation.

Keywords: coronavirus, SARS-CoV-2, neurological consequences, coronavirus pathogenesis.

Introduction

Often, infectious diseases are the cause of local outbreaks. With the active spread, these infectious dis-
cases develop into epidemics, pandemics. In December 2019, in the city of Wuhan, China, for the first time,
cases of a previously unknown infection characterized by severe acute respiratory syndrome were recorded.
As a result, it was found that the causative agent is RNA containing the SARS-CoV-2 (COVID-19) virus,
according to WHO data [1]. Earlier SARS-CoV and MERS-CoV epidemics were registered as CoV. Howev-
er, because of its virulence and pathogenicity the SARS-CoV-2 virus was declared as pandemic in December
2020. To date, more than 140 million cases have been registered worldwide, while in Kazakhstan this figure
is 367 thousand.

Most often, coronavirus infection manifests itself with respiratory syndrome, and more attention is paid
to studying these issues. Nonetheless, neurological manifestations were reported in 30—80 % of patients with
COVID-19. Nervous system-related symptoms may include headache, dizziness, impaired consciousness,
agitation, acute stroke, seizures, ataxia, and peripheral nervous system symptoms such as syndrome Guillain-
Barre, changes in the sense of smell and taste, as well as painful neuropathy [2—7]. According to studies of
previous respiratory pandemics, neurological symptoms can occur both in the acute period and in the long-
term. Thus, after the Spanish Flu pandemic, the number of cases of Parkinson's disease, lethargic encephalitis
increased. After SARS-CoV, MERS, the incidence of encephalitis, encephalopathies, neuromuscular, de-
myelinating diseases, Guillain-Barre grew [8—11].

To date, the literature contains data on the manifestation, features of the clinical course of coronavirus
infection, including nervous system disorders. However, there is insufficient information about the long-term
consequences that may develop 3—6 months or more after the infection. The study of the consequences will
allow evaluating the effectiveness of the treatment, as well as improve the prevention of undesirable conse-
quences.

Pathogenesis of coronavirus infection. In December 2019, hospitals in Wuhan began to receive patients
with atypical pneumonia. During the examination of patients, their bronchopulmonary passage was studied.
A virus, later named SARS-CoV-2, was detected in the passage of patients. Earlier, there were local out-
breaks of coronavirus infection, but this mutation led to a pandemic. At the moment, the issue of the patho-
genesis of the development of coronavirus infection remains one of the most relevant. There are several theo-
ries about the mechanisms of infection development.

ACE?2 receptor. Currently, there are several hypotheses about the mechanisms that cause the signs and
symptoms associated with SARS-CoV-2 infection. According to a number of studies, coronavirus infection
interacts with ACE2 receptors, which are found in the cells of the nervous system, in muscles and respond to
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the regulation of blood pressure in the RAS system. This type of receptor is also found in the brain, namely
in the brain stem, in the medulla oblongata in the thalamus, which makes them a potential target for corona-
virus infection [12, 13].

Direct damage to nerve cells. According to the literature, some of the symptoms of coronavirus infec-
tion are anosmia, aughesia. The olfactory nerve is the entrance gate of the virus to the central nervous sys-
tem. The peculiarity of the olfactory nerves and the olfactory bulb is that this nerve is like a channel between
the nasal epithelium and parts of the brain, especially the brain stem [14]. In the brain stem, there are centers
that regulate the work of the heart and lungs, which can also cause a severe course of the disease, as well as
the development of consequences against the background of a transferred coronavirus infection [15-17].

Immune response. One of the most relevant hypotheses is systemic inflammation. As a result of the
immune response to the pathogen, there is an increase in the secretion of inflammatory mediators, cytokines,
which leads to a cytokine storm and systemic damage. This phenomenon can lead to damage to endothelial
cells and subsequent changes in the permeability of the blood-brain barrier. Infection can also cause autoim-
mune encephalitis due to the presence of autoantibodies attacking neurons and endothelial cells in blood ves-
sels, thus, activating the hypothalamic-pituitary-adrenal axis, which causes stress and other physiological
changes due to excessive activation of glucocorticoid effectors and their receptors [18].

Clinic for coronavirus infection. This viral disease is highly contagious and rapidly spreading. The main
routes of transmission of coronavirus infection are airborne droplets and contact.

Initial symptoms of coronavirus infection include: fever, cough, shortness of breath, myalgia or fatigue,
headache. In a number of patients, the manifestation occurs with neurological symptoms. Neurological mani-
festations were reported in 30-80 % of patients with COVID-19. The most common symptoms are headache,
myalgia, dizziness, fatigue, and sleep disorders. Therefore, a study was conducted in which 214 patients
were admitted with coronavirus infection to a hospital in Wuhan, 36.4 % had neurological manifestations, of
which: CNS 24.8 %, peripheral NS 10.7 % and musculoskeletal 10.7 % [4].

In the literature, cases of manifestation of coronavirus infection with encephalitis in a 56-year-old pa-
tient from Wuhan were described [19, 20]. The patient was admitted to the intensive care unit and presented
with a reduced level of consciousness, so, a CT scan of the brain was performed, which was normal. The di-
agnosis of encephalitis was confirmed by isolation of SARS-CoV-2 from the cerebrospinal fluid by genomic
sequencing. There was also a case of acute hemorrhagic necrotizing encephalopathy in a patient with a coro-
navirus infection who developed symptoms of fever, cough, and changes in mental state. The diagnosis was
made by detecting SARS-CoV-2 by PCR in a nasopharyngeal sample. CT scans of the brain revealed a
symmetrical and bilateral area of hypodensity in the medial nucleus of the thalamus. MRI showed an in-
crease in hemorrhagic lesions after contrast injection, multifocal and symmetrical, ring-shaped both in the
thalami, insula and medial temporal lobe region. Acute necrotizing encephalopathy, although relatively rare,
is a complication described in some viral infections, including the influenza virus. The authors suggest that
its pathogenesis will be associated with the cytokine storm syndrome described by coronavirus infection
[21].

Based on the course the following degrees of severity of coronavirus infection are distinguished: mild,
moderate, severe, and critical. Patients with mild severity are characterized by an asymptomatic course, or a
mild clinical manifestation without radiological changes. Patients with moderate severity are characterized
by lung damage up to 25 %, saturation is not lower than 93 % moderate clinical manifestations. Patients with
a severe degree are characterized by lung damage up to 75 %, saturation up to 90 %, as well as pronounced
clinical manifestations. In the case of a critical degree, lung damage is more than 75 %, saturation is less than
90 %, and it includes multiple organ damage [22].

As with any infectious process, coronavirus infection is characterized by periods of development of the
disease. The incubation period, which on average lasts from 2 to 14 days, is characterized by the replication
of the virus in the body, usually without any clinical manifestations. The initial period, as a rule, is 1-7 days
with characteristic clinical manifestations, as well as laboratory changes. The duration of the disease is di-
vided into two main phases: early and late pulmonary phases. The early pulmonary phase lasts on average
from 8-14 days, and the late pulmonary phase lasts 15-28 days. The main difference between the early and
late pulmonary phases is the severity of the clinical course [23].

According to the studies, there are also 3 main stages, which are characterized by both clinical and la-
boratory changes. The first stage is the stage of early infection. It is characterized by the introduction of the
virus into the lung parenchyma through the ACE2 receptor. The main marker of this stage is lymphocytope-
nia. The second stage is pulmonary. It is characterized by the development of viral pneumonia, lymphopenia,
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and an increase in transaminases, such as CRP. As a rule, the patient is hospitalized at this stage. The third
stage is hyperinflammation — the most severe stage of the disease. It is characterized by the development of
a cytokine storm up to ARDS, MVS. At this stage, patients are admitted to the intensive care unit with an
increase in all markers of inflammation in the blood. At the same time, other organs and systems of the body
are damaged at this stage [24].

Consequences of coronavirus infection. According to the literature, coronavirus infection does not pass
without a trace. So, in a study of the long-term consequences of infection, it was found that 63 % of the ex-
amined people developed general muscle weakness, 26 % had sleep disorders, and 23 % had anxiety. Also,
most patients have respiratory system disorders. To a greater extent, patients who have suffered from a se-
vere coronavirus infection are more susceptible to adverse consequences. At the stage of patient selection,
cases of fatal outcome were registered as a result of insufficiency on the part of various organs and systems.
At the same time, there were cases of repeated hospitalization of patients due to an increase in complaints
and deterioration of the condition [25].

Since the outbreak of coronavirus infection began relatively recently, so far all estimates of long-term
consequences are preliminary and hypothetical. Based on the experience of previous outbreaks from perspec-
tive of many researchers the most pronounced consequences will be from the respiratory system. Consider-
ing the results of the studies, it was found that among patients who had SARS-CoV (a history of SARS-CoV
a year, two and fifteen years ago), persistent changes in the lungs, foci of fibrosis were revealed. These
changes led to impaired breathing and quality of life, respectively [26, 27].

Coronavirus infection is characterized by a rapid course and multiple organ damage. According to a
number of authors, the interaction of the virus with the ACE2 receptor contributes to damage to the kidneys,
heart, blood vessels, nervous system, and other organs. As a result, patients after coronavirus infection de-
velop diabetes mellitus, arterial hypertension, thrombosis, and diseases of the nervous system. However, it is
not fully known whether coronavirus infection causes the development of somatic pathologies or only con-
tributes to the manifestation of a disease that has already been latent [28].

Viruses, including respiratory viruses, can enter the central nervous system (CNS) (neuroinvasion), in-
fect both neurons and glial cells (a property known as neurotropism), and cause various neurological pathol-
ogies. According to the scientists, coronavirus infection also has neuroinvasive properties. Such assumptions
were made on the basis of the experience of previous coronavirus infections, clinical manifestations, and the
creation of models of animal infection with coronavirus infection [29].

To date, the issue of the frequency of occurrence of neurological complications remains relevant. It is
noted that patients who have suffered a coronavirus infection in severe form are more likely to develop neu-
rological consequences. Besides the background of coronavirus infection, patients may develop brain edema,
destruction of neurons.

Anosmia and taste disorders are common in people with coronavirus infection, and can occur suddenly
[30]. The prevalence of olfactory and gustatory dysfunctions was analyzed in the case register of 12 Europe-
an hospitals. The study involved 417 patients with mild to moderate coronavirus infection. Patients complet-
ed taste and smell disorder questionnaires based on the nutrition and health survey and a short version of the
Olfactory Taste and Smell Disorder questionnaire. The most common symptoms were cough, myalgia, and
loss of appetite. Olfactory and gustatory disorders were reported in 85.6 % and 88 % of patients, respective-
ly, and olfactory dysfunction was the initial symptom in 12 % [31].

Patients with coronavirus infection suffer from severe hypoxia, which is a risk factor for encephalopa-
thy. In a study by Mao et al., 15 % of patients with severe coronavirus infection had a disturbed level of con-
sciousness, while only 2.4 % of patients with mild coronavirus infection had a disturbed level of conscious-
ness [4]. Also, according to a number of authors, the immune-mediated mechanism of damage in coronavirus
infection contributes to the development of acute cerebral circulatory disorders. Most often, patients with
concomitant pathology, as well as patients who have suffered a severe coronavirus infection, are subject to
impaired cerebral circulation.

The literature also describes cases of damage to the peripheral nervous system against the background
of coronavirus infection. A case of the syndrome Guillain-Barre, associated with SARS-CoV-2 infection,
was described in a 62-year-old female patient who had motor weakness in the lower extremities. The study
of cerebrospinal fluid showed an increase in protein (124 mg /dl) and the absence of cells. Neurophysiologi-
cal examination showed an increase in distal delays and the absence of F-waves, indicating a form of demye-
linating GBS. The authors suggest that the patient was infected with SARS-CoV-2 at the beginning of HBS
symptoms, as she had lymphopenia and thrombocytopenia [31].
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Conclusions

To date, the literature describes multiple cases of damage to organs and systems, including the nervous
system, during coronavirus infection. However, there is still insufficient data on the long-term effects of
coronavirus infection on the nervous system. Overall, it is not fully known whether coronavirus infection is
the root cause or a factor that stimulates the activation of latent processes. In this regard, this issue remains
relevant and requires further study to prevent adverse consequences.
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3.J1. Kyns6aena, JI.A. Kiroes, I11.C. Kanuena

COVID-19 HeBpOJIOrHAVIBIK CHMIITOMAAPHI MEH CaJ/1aphbl
Kpickama momay

2019 xwuioelH okentokcaH aibiHaa Kerraiimarer COVID-19  anmramkbl pecMu JkarjaiibiHaH —Oacrart,
3epTTeymiiep OipHeme imKi MyIIenepre acep eTETiH aybIp JKeled PeclupaTopiblK cHHIPOMHBIH (SARS-
CoV-2) acep ery MexaHU3MIH allyFa THIPHICTHL. Byl CHHApPOM ajgaMpaa eKIe >KoHe KaH aiHaJbIMBIHBIH
e3repyiHe oKeieldi, Oy TeK OKIe >KeTKUTKCI3AiriMeH FaHa eMec, COHbIMEH KaTap Oacka opraHmapiablH
3aKpIMIanybIMEeH Oipre emimre okemyi MyMkiH. SARS-CoV-2-HiH exmere THri3eTiH acepi YIIKeH >XoHe
KOPKBIHBILITHI OOJIFaHBIMEH, JKYHKE JKyleciHe y3aK Mep3iM/i acepi aiiTapibIKTail )koHe 0JJaH Aa ayblp OOJIBIIT
caHanaabl, OWTKEeHI JKYHKe TiHIHIH KajlblHa Kelyi KHBIH MKOHE OJI JKabl MYTESICKTIKKE SKelyi MYMKIiH,
cebebl Jkylke skyiHeci OYkinl meHeHIH (yHKIUAIAapbH yimecripeni. bapiblk 3eprreynep opraiblk >KyHke
JKYHeCiHIH Ke3 KeNreH >KapaKaThIHBIH (KEHUT HeMece ayblp) OONyBIH Kepcereni, Oipak keiiGipeymepi
CEHIMIUIIK VIIIH OJaH opi 3epTTey KaKeT AeNn caHaiisl. byn cuazapom amampma GapiblK 3epTreylnepre
HEBPOJIOTHSIIBIK aCKBIHYJIAPABIH MYMKIHITIH JKOKKA IIBIFapMaiabl, COHBIMEH KaTap, KOCHIMIIA 3epTTEeyIIep
JKYPri3yAi Tanam eresi.

Kinm ce30ep: xoponasupyc, SARS-CoV-2, HeBpOIOTHSIBIK 3apAanTap, KOPOHABUPYCTHIH MaTOTeHE3I.

3.J1. Kyns6aena, JI.A. Kiroes, I1I.C. Kanuesa

HeBpoaornueckne cumnromsl u nocaeacrsuss COVID-19
Munuo630p

C momenTa niepBoro opunuaieHoro cirydas COVID-19 B Kurae B nexabpe 2019 r. mcciienoBareny mbITa-
JIMCh PACKPBITh MEXAHU3M JICHCTBHS TSDKEJIOro OCTporo pecrnupartopHoro cunapoma Coronavirus 2 (SARS-
CoV-2), KOTOpHBIil HOpaXxkaeT HECKOJIBKO OPraHOB B JOMOJIHEHHE K JIETKUM U BBI3BIBACT U3MEHEHUs] KPOBOOO-
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palleHus, CHOCOOHBIC MPUBECTH K CMEPTH HE TOJBKO M3-3a JITOYHOW HEIOCTATOYHOCTH, HO M IOPAKEHUS
npyrux opraoB. Xots a¢dexrst SARS-CoV-2 Ha jerkue o06pa3noBbie U Myrarolie, A0JIrocpoynsie 3¢ dex-
ThI Ha HEPBHYIO CUCTEMY MOT'YT OBbITh 0OJiee 3HAUUTECIbHBIMU U JJAXKE CEPhE3HBIMH, TOCKOJIbKY pereHeparus
HEpBHOM TKaHU 3aTPyAHEHA M MOXET IPUBECTU K OOIIeH MHBAIUIHOCTH, TaK KaK HEpBHAs CHCTEMa KOOPIH-
HHUpYeT (YHKIUH BCero Tena. Bce mccieioBaHms MOKA3bIBAIOT HAIMYKE JIFOOOTO BUJA TPaBMBI (JIETKOH MM
TSDKEJION) EHTPAILHOM HEePBHOM CHCTEMBI, HO HEKOTOPbIE U3 HUX ITOJUEPKUBAIOT HEOOXOAUMOCTH JalIbHEi-
IIMX UCCIIENOBAHM U1 GONBIIeH yBEPEHHOCTH. ABTOPHI CTaThH MPUXOJAT K BEIBOJY, UTO BCE UCCIIEMOBAHMS
HE MCKJIIOYal0T BOSMOXKHOCTD CYLIECTBYIOLINX HEBPOJIOIMUECKHX OCIOXKHEHHI U, KPOME TOro, TpeOyIOT Ipo-
BEJICHUS JJONOJIHHUTEIbHBIX UCCIIEOBAHMIL.

Kniouesvie cnosa: xoponasupyc, SARS-CoV-2, HeBposoruyeckue MOCIEACTBH, TaTOIeHe3 KOPOHABHUpPYCa,
HOpaXXEHUE OPIaHOB.
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CaxapHblii 1uadeT U XpOHUYECKHIl MAPOJIOHTHUT: IBYHANIPABJIEHHAS CBSA3b

B Hacrosimee BpeMs HCCIEAOBATENSIMU H3ydaloTcs Haubolsiee TTyOOKHE B3aMMOCBA3HM MEXIY CaXapHBIM
J1abeToM U XPOHHUYECKUM IMApOAOHTHTOM, TeM Oojiee OHM CBHUAETEIBCTBYIOT O ABYHANpPABICHHOW CBA3M
MEXIy OBYMs 3TUMH 3a00JI€BaHMAMHM, KaXkJ0€ U3 KOTOPBIX OTPUIATENbHO BiuseT Ha Apyroe. Ilo maHHBIM
MHOTHX HCTOYHHUKOB, €CTh CBEACHHS O CBS3M MEX[y 3a00JeBaHUSIMU ITapOJOHTA M TTIMKEMHYECKHM CTaTy-
COM, BBIPKAIOIIMMCS depe3 IIMKO3MWIHMPOBAHHBIM IeMOTJIOONH M IOKa3aTelb IIIOKO3EL. BeposTHOCTH BO3-
HUKHOBEHMS U IPOrPECCUPOBAHUE XPOHUYECKOIO MApOJOHTHUTA YBEIUYUBAIOTCA B 2—3 pa3a y IALUCHTOB C
caxapHbIM Ana0beToM, 10 CPAaBHEHHMIO C JIFOJbMHU 0e3 yKa3aHHOH IaTOJIOTHH. YXY/IICHHE YPOBHS TTIMKO3MIN-
POBaHHOT'O I'eMOIJI00MHA MPSIMO MPOMOPIMOHAIBHO COCTOSHHUIO MOJIOCTH PTa. JIFoau ¢ XpOHHYECKHM Mapo-
JOHTUTOM MMEIOT 0oJiee BBICOKHH ypOBEHb INIMKO3MIMPOBAHHOTO reMoryiobnHa. HoBble 1aHHBIE YKa3bIBAIOT
Ha TO, 4TO JIUIIA C TSXKETOH CTENEeHbI0 MapoJOHTUTA HMEIOT MOBBILIEHHBIN PHCK Pa3BUTHs AuabeTa 2-ro TUMa.
Taxxe nmeroTcs paboThl, MOCBAIIEHHbBIE ONPENETIEHHIO 0OPATHOTO BIUSHUS XPOHUYECKOTO MapOJOHTUTA Ha
TEUCHUE caxapHOro quadera, B KOTOPBIX yKa3bIBAE€TCs, YTO IOCIE JICYEHHs BOCHAIUTEIBHBIX 3a00JIeBaHHI
TapoJIoHTa, HaOJI0aach TEHJCHIMS K KOPPEKIINH TTIMKUMHUYECKOTO MoKasarels. TeM He MeHee TOUHbBIe Me-
XaHU3MBI, KOTOpPBIE IPUBOMAT K CHIDKEHHIO TIIMKEMUYECKOTO TeMOTIIO0NHA U YIYYIIEHHIO TIINKEMIYECKOT0
KOHTPOJISI TTOCIIE TIAPOIOHTOJIOTHIECKOTO JISIEHHs y JII0Jel C caXapHBIM JHabeToM 2-ro TUIIa, Ha Cero IHIII-
HHI JIEHb HE COBCEM SICHBI U TPeOYyIOT JabHEHIIIEro n3yyeHus.

Knouegvie cnoea: XpOHUYECKUH MapOJOHTHT, MIMKO3WIMPOBAHHBIH IeMOro0KH, (haKTOphl pHCKa, CaXapHBbIit
nuader 2-ro Tuna, GakTopbl pUCKa, HATOTCHE3, OCIOKHEHUS, [NTUKEMUYECKUH CTaTyc.

Beeoenue

B coBpemMeHHOM MHpe TPaKTUYECKH BO BCEX CTpaHaX HAOIIOJAeTCsl CTPEMHUTENBHBIN CKauOK BBEPX JH-
TOKPUHHBIX 3a00JIEBaHUM, B YACTHOCTH, caxapHoro nuadeta (CJI).

Ha 61-it I'enepanbhoii Accambiiee OOH Obina npunsiTa Pe3onmonus, nenbi0 KOTOPOH SBISUIOCH 00b-
eIMHEHNE BceX CTpaH Mupa B 6oppbe ¢ ammaemuei caxapHoro auabdera. [lo manasiM BeemupHoit opranmza-
nmu 3apapooxpanenus (BO3), va 9 mekabps 2020 r. orMeuanock, uto 3a nepuon ¢ 2000 mo 2019 rr. cmepT-
HOCTH OT CaxapHOro AuadeTa BO BceM Mupe yBennumnach Ha 70 %, u3 atoro yucia 80 % mpupocra mpuxo-
JUTCS Ha OO My>kuuH [1].

CpaBHuBas JaHHBIE ¢ pa3HuUIlei moutu 40 JIeT, MOKHO BBIIEIHUTD, YTO KOJUYECTBO MAI[MEHTOB C MaTo-
joruel caxapHoro auabera yBenumumiock B 4 paza. B 1980-x rr. umcno miozmelt ¢ caxapHbIM nuabeTom
HacunuthiBasio 108 MiH, To Ha 2014 r. Komu4ecTBO Jitoel yxke coctaBisuio 422 muH [2]. 3abomeBaeMOCTh
caxapHeiM auabetoM B KasaxcraHe, Kak M BO MHOTHX JPYTHX CTpaHaX, MPOTPECCUPYET C KAKIBIM T'OJOM.
B maugane 90-x 4mcio BBIABIEHHBIX 00MbHBIX Ha 100 ThIC. HACENCHMSI HAXOIWIIOCHh HA YpOBHE 35,2 Yell., HO
Ha CEroJHALIHUN IEeHb 3TOT MOKa3aTenb coctaBuiu 115,8, 9yTo mokassiBaeT mpupocT B 3 pasa [3].

Opranusm 4enoBeKa — 3TO €AMHOE IIeTI0e, Te Kak1as CUCTeMa CBA3aHa U BIMSET APYT Ha JIpyTa, dTHM
’Ke MOYKHO OOBSCHHUTH CBSI3b CTOMATOJIOTHYECKOTO 3JI0POBbS C APYTUMH CHCTeMaMu. Takum oOpa3om, Boc-
MaJTUTEIbHBIC 3200JIEBaHUS MAPOOHTA 3a4aCTYIO0 COMPOBOXK/IAIOTCS COMATUICCKIMHU TATOJIOTHSIMHU, TEM Ca-
MBIM IPUBOJIS K YXYIIICHUIO WM IPOrPECCUPOBAHUIO MIEPBBIX.

B xnaccudukanmuy 3abomeBaHN MapoOIOHTa BBIAEISAIOT CHCTEMHbBIE 3a00JI€BaHNs, CBA3aHHbBIE C TOTe-
pell oIePIKUBAKOIIUX MAPOJJOHTANBHBIX TKaHEH, OJYEPKUBACTCS CIeNU(DPUIHOCTh KIMHUKO-MOP(OIOTH-
YECKUX TMPOSBICHUN MapOJOHTUTA Y TMAIIMEHTOB C CUCTEMHBIMH 3a00JICBAaHUSIMH, OJJHUM M3 KOTOPBIX SIBJIS-
eTCs caxapHblid AuadeT [4, S5].

Hecmotpst Ha aTOT dakt, Ha TeppuTopun PK nprunnHas cBsA3b caxapHOro nuadera u BOCTIATHTEIBHBIX
3a00JIeBaHUi MAPOIOHTA HE TIpU3HAaHA. V3 4ero BEITEKaeT OTCYTCTBUE MPOTrpaMM MPODWIAKTHKY U CUCTEMa-
TUYECKH CBSI3aHHOTO TI0IX0/1a K KOMIUIEKCHOMY JICUCHHIO 3TUX 3a00JICBaHUM.

B coBpemeHHOI HaydHOMW JHUTEpaType aKTUBHO Pa3OHpAIOTCs MPUYHHBI PA3BUTHS M MPOIIECCH MTPOTeE-
KaHWUS XPOHUYECKOTO MapoJOHTHTA Y MAIUCHTOB C CaXapHBIM IUA0ETOM, OJHAKO JI0 CHX IOpP HET YETKUX
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OTBETOB KacaTelIbHO TOTO, KAKUM 00pa30M MPOUCXOAUT BIMSIHUE YHAOKPUHHOHN MATOJIOTUU HAa Pa3BUTHE U
TEeYeHHE TeHEePAIM30BaHHOTO TTAPOJIOHTHTA, KaK U IIPOTOKOJIOB BeIEHHUS TAKMX MAINEHTOB.

Hens paboThl — OIpenenuTh ABYHANPABICHHYIO CBSI3b MEXAY CaxapHBIM AHA0ETOM 2-TO THIA U XPO-
HUYECKUM MapOIOHTUTOM.

Mamepuanvt u memoosi

[IpoBoauiicst MOUCK MyOIUKAIMK TI0 BOTIPOCAM BIIMSTHHS JIBYX MATOJIOTHIA JPYT Ha JIPyTa B CIETYIONIHX
0azax gannbix: Medline/PubMed, Cochrane library, Web of Science, eLibrary. [Ipu nmpoBenenun mccieno-
BaHUS WCIOJIB30BAICS CIEAYIOUINH KPUTCPUH BKIIOYCHUS MyONMKAIHi: BHIOOPKA B MCCIICIOBAHUU TPE-
CTaBJICHA TIAIIMCHTAMH C TOJIBEP’KCHHBIMU JIMATHO3aMHU CaxapHOro JuabeTa U XPOHUYECKOTo MapOoJIOHTHTA.
Kpureprem HCKITIOUEeHUs BEICTYTAIH HEJJOCTATOYHOCTh U HETOUHOCTD MPECTABICHHBIX JaHHBIX.

Pesynomamot u ob6cyscoenus

B magame 1990-x rT. BepBbie OMyOIMKOBAHBI pabOTHI, ONMMCHIBaOmMue cBsI3u Mexay CJl m xpoHmde-
CKMM TapOJIOHTUTOM, B KOTOPBIX MAPOJOHTUT OBUIT MPU3HAH KaK «IIECTOEe OCIOKHEHHe» nuadera (rmociie
KJIACCUYECKUX TUaOETUUCCKUX OCIIOKHEHUH: PETHHONATHUY, HeWponaTiu, HepomaTuu, Makpo- 1 MUKPOCO-
CYIUCTBIX 3a00neBanuii) [6, 7].

Ha ceronusamii 1eHb UCCIEAOBATENAMA ONPENEISIIOTCS 00Jiee CI0KHBIE CBSI3M MEXAY BYMS STUMH
3200JIEBaHUSIMU, K TOMY XK€ OHU CBUACTEIHCTBYIOT O JIByHanpaBieHHOU cBsi3u CJl u XpOHMYECKOTO mapo-
JIOHTUTA, KAKABIHA U3 KOTOPHIX OTPUIIATEIBHO BIUSCT HA JPYToTo.

ITo raHHBIM MHOTHX UCTOYHHUKOB, IMEETCS MOTBEPIKACHNE CBA3M MEX Ty 3a00JIeBaHUSIMHE MTapOJOHTA U
TJINKEMHYECKUM CTaTyCOM, BBIPAXKAIOIIUMCS depe3 TITMKO3WINPOBAHHBIA TeMOTJIIO0NH U TOKa3aTeseM TIIo-
KO3BI. JII0JIM ¢ XpOHUYECKUM MapOJAOHTHUTOM HUMEIOT 0oJiee BBICOKHH YPOBEHb TIIMKO3WIMPOBAHHOTO T'€MO-
riobuHa (cpemgnee 3HaueHue 5,64 %; 95 % U, 5,54-5,74 %), no cpaBHEHHIO C KOHTPOJIBHOW TPYMIIOH, Y
KOTOPBIX HE TWarHOCTHPOBaH mapomoHTHT (5,31 %; 95 % Cl, 5,18-5,44 %), rne pa3HuIia cCpeqHIX 3HAYCHUN
o HbA1C cocrasnser 0,29 % (95 % AU, 0,20-0,37 %, p<0,01) [4].

Puck pa3BuTus XpOHUYECKOTO MApOJOHTHTA yBEIMYMBACTCS B 2—3 pas3a y JtoJel ¢ caxapHbIM Juade-
TOM, 10 CPAaBHEHHUIO C JITOIbMHU 0€3 maHHo# matosoruu [8]. Kak u aApyrue ocloKHEHHS caXapHOTO auadeTa,
PUCK Pa3BUTHSA U MPOTPECCHPOBAHUE XPOHHUYECKOTO MAPOJOHTUTA YBEIMYUBAIOTCS C YXYAIICHHEM IMOKa3a-
TeJIeH MIMKEeMHYECKOTO PO,

[TaToreHHBIE MPOILIECCHI, CBS3BIBAIOIINE JTH JIBE TATOJIOTHUH, ABIISIOTCS HA CETOMHS OCHOBOW MHOTHX
WCCIIEIOBAHNH, U, BEPOSTHO, TO, UYTO yXyAIICHHE OJHOTO 3a00JIeBaHMs OTPHUIIATEIHHO CKA3hIBAETCS HA TeUe-
HUU Jpyroro 3aboneBanus. CaxapHbIi quabeT yBEIMYUBACT PUCK XPOHUYESCKOTO MAPOIOHTUTA, TEM CAMBIM
CHOCOOCTBYSI YCUJICHHUIO BOCTIAJIUTEIHHOTO Mpollecca B TKaHAX maponoHTa. K mpumepy, eciu y Tuiia mMeeT-
Ccsl caxapHBIA 1UabeT, TO ATO MPUBOIUT K TOBBIIIEHHOMY OTJIOKEHHIO KOHEYHBIX MPOIYKTOB TITUKUPOBAHUS
(AGE) B TKaHsX TapoIoOHTa, T.€. MPOUCXOAUT B3aumojeiicTBue Mexxay AGE u ux penentopamu (0COOCHHO
Ha Makpodarax), 4To, B CBOIO O4epe/ib, IPUBOJIUT K aKTUBAIUU MECTHOH MMMYHHOU M BOCIIATUTEIHLHON pe-
akmuii [6]. DTO BedeT K YBEIWUYCHHUIO CEKPEIMH ITUTOKWHOB, Taknx Kak mHTepiehkuH-13 (IL-1B), daxTop
Hekpo3sa omyxonu-o (TNF-a) u IL-6, mMeeT MecTO MOBBIMICHHBIH OKUCIUTENBHBINA CTPECC M, B KOHCYHOM
cdeTe, 3TO CIIOCOOCTBYET Pe30pOIMH KOCTHOUM TKaHW. J[aHHBIC (haKTOpPBI MPUBOMAT K JOKAILHOMY IOBpE-
KIACHAIO TKaHeW M TOCIenyromel pe3opOIiy albBeoIPHON KOCTH U Jlajee K Oojee TSHKETIOMY TEYEHHUIO
XPOHHYECKOTO MapOJOHTHUTA.

Ecnu paccMarpuBath B3aMMOJAEHCTBUE NIBYX MATOJOTHHA B JPYTOM HAIPABIICHUU W BIUSHUE XPOHHUYE-
CKOTO TIApOJIOHTHTA HA CaXapHbBIN AMA0ET, TO peaan3yeTcs CIEAYIOINHA MEXaHU3M: MMapOIOHTABHEIC OaKTe-
PUH U TPOJIYKTHI WX JKU3HEJESTEIFHOCTH BMECTE C BOCHAINTENbHBIME UTOKUHAMH, TTPOMU3BEICHHBIMU Ha
MECTHOM YPOBHE B BOCTIAJICHHBIC TKAHU MAPOJIOHTA, MOMAA0T B MUPKYJIISAIMIO U TEM CaAMbIM CIIOCOOCTBYIOT
YCWICHHIO CUCTEMHOTO BOCIAJICHUS. JTO MPUBOJUT K HAPYIICHUIO TEepeIadll CUTHAJIOB WHCYJIMHA U MHCY-
JTUHOPE3UCTEHTHOCTH, TAKIM 00pa3oM, y MalueHTa JUarHocTUpyeTcs: 000CTpeHne caxapHoro quabera.

B 2012 r. Ha coBmecTHOM MexayHapomHoM ceMuHape EBporeiickoit Denepanuu MmapomaoHTOIOTHH
(EFP) u MexxaynaponHoit gpenepanuu auadera (IDF), B kotopyro Bxogsr 15 sxcneproB u3 Espomnsi, CILIA u
HOsxHO# A3mum crenaHbl BRIBOJBI, YTO UMEETCS MPSMO MPOIMOPIIUOHATIBHAS 3aBUCHMOCTDh MEXAY TSHKECTBHIO
MapOIOHTUTA W CEPACYHO-TIOYCUHBIMHU OCTIOKHeHUsAMH auabeta [1]. HoBele maHHBIe YKa3BIBAaIOT HA TO, UTO
JUIA C TSHKEJIOW CTENEHBIO MapOJOHTHUTAa MMEIOT MOBBIMICHHBIA PUCK pa3BUTHSA auadera 2-ro tuma [2, 9].
Panee npoBeneH cucreMaTHUeCKUid 0030p, B KOTOPOM H3ydYald BIUSHHE JICUCHUS XPOHUYECKOTO MapOIOH-
THTa, Ha YPOBEHB TIMKO3mInpoBaHHoro remMorinoomaa (HbA1C). Uepes 3 Mecsira KOppeKIIUA XPOHHIECKOTO
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NapoJOHTUTa B cpeaHeM Habmromanoch cumxkenne HbAIC wHa 0,36 % (95 % noBeputTesnbHBIA WHTEpBa
[[I] p) Bpemenu (3—4 Mecsria) mociie KOPPEKINH XPOHUIECKOTO apOodOHTHTA.

CornacHo MPOCHEKTUBHOMY KIMHUYECKOMY HCCIEJOBAaHHUIO CaxapHOro nuadeTa, mpoBeleHHoro B Be-
nukoOpuTanuy, cHikeHne HbAlc Ha 1 % mpuBOAWT K CHU)KEHUIO PHCKA THA0ETHIECKON MUKPOAHTHONIATUI
Ha 35 %. Kpome Toro, uccieoBaHie OKa3auo, YTO CHU)KEHUE TTIMKO3UIMPOBAHHOTO IeMOINIOONHA IIPUBO-
JUT K CHIDKCHHUIO PUCKA JHa0eTHIecKoi HehpomaTHH, pETHHONIATHN W HEBPOTIATHH.

Ha ceropnsmnuii 7eHb HET HUKAKUX J10KAa3aTelIbCTB TOTO, YTO HAOIIOAAETCS KaKOW-TO ONpeneneHHbII
ypoBenb cHkeHus HbA lc, mocie kotoporo Oynyt ynydmenus. Takum o0pa3om, peanonaraercs, 4yTo Jio-
6oe cumxenne HbAlc cBemer Ha HET PUCK AMAOETUICCKUAX OCIOXKHEHUH. DTH PE3yNbTATHl B MPOBEICHHBIX
HCCIIEIOBAHUAX IIOKA3bIBAIOT, YTO Jaxke HeOomblIoe cHkeHue yposHs HbAlc 3HauurensHo yimydmaer ca-
MOYYBCTBHE MAIIHEHTOB.

IMocne neyeHNst XpOHNYECKOTO MApPOAOHTHUTA, KyJa BXOAHIIA MPOIeaypa MpodeccHoHalIbHON YUCTKU U
TOJTMPOBKH KOpHS 3y0a (SRP) u onTumanbHas TUTHEHA TTOJIOCTH PTa, BCE DT MAHMITYJISIIUN CHIDKATH Oak-
TEpUAJIbHYI0 Harpy3Ky B IOJJECHEBOH cpefle, 3TO, B CBOIO OUYEpPElb, IPUBOANUIO K YMEHBIIEHUIO CTETIEHU
BOCTIAJICHUS] B TKAaHSAX MapOJOHTA. YMEHBIICHHE B IMOJAECHEBON cpene OakTepualbHONW HArpy3Kd MPsIMO
IIPOIOPLIMOHAIIBHO KOPPEJIUPOBAJIO C YPOBHEM IIPOBOCHAIUTENbHBIX IMTOKUHOB U MEAMATOPOB BOCIIAJIEHUS
(takux kak TNF-a u CRP).

TouHbIe MEXaHU3MBI, IPUBOAIINE K CHIKCHHUIO TIMKEMHYECKOTO TeMOTIIO0NHA U YIYYILIEeHUIO TIIHKe-
MHYECKOr0 KOHTPOJIS [OCTIE NapoJIOHTOJIOIMYECKOI0 JICUEHHs], Y JII0JIel ¢ caXxapHbIM AMAa0ETOM HE COBCEM
SICHBI M TpeOYIOT AajbHENIero n3yueHus. Tak ke OyayIine UcclleIoBaHUs IOJDKHBI ObITh HAIPaBJICHBI, HA
oTpeaesieHHe UCXOTHOTO YPOBHS TIMKO3WIMPOBAHHOTO TeMOTJIO0MHA, MOCiIe KOTOPOTO MapoAOHTOIOTHYe-
CKOT'0 JIEYEHUE JaCT HAUOOIBIIYIO I0JIb3Y 310POBbIO NAIEHTA.

Kak omnucano Belie, crienuduyeckuM OMOJIOIMYECKUM MPOSIBICHUEM JUIMTENIbHON TMIIEPIIINKEMUM SIB-
nsiercss 00pa3oBaHKe MPOJBUHYTHIX TNIMKUPOBAHHBIX KOHEUHBIX MpoAykToB (AGE), koTopsle, B cBOIO Oue-
penb, BIUsIOT Ha QyHKIMI0 HeWTpodunoB. YBennuenne AGEs ycunuBaeT akTUBHOCTh HEUTPODHUIIOB U BbI-
CTyNaeT KIIOYEBBIM (haKTOPOM aTHUIMYHOTO BOCHATHTENBHOTO mporecca y jmi ¢ C/I. Takxke ycroitumBas
THIIEPTIIMKEMUS] BBI3BIBACT YBEIMYCHHUE BHEKJIECTOYHBIX HeHTpomipHbIX JoBymek (BHJI), oTBeTcTBEeHHBIX
3a cAepKUBAaHUE M YHHYTOXKeHHE maTtoreHoB. BHJI cocTosAT U3 neKOHAEHCUPOBaHHOTO XpOMaTHHA U LIUTO-
TOKcHUYeCcKHUX OenkoB. Kpome Toro, oHM crIoOCOOHBI BBI3BIBAaTh MOBPEKACHUE TKAHEH U 3aMeAJIeHHe pernapa-
TUBHBIX IpOLIECCOB B paHaX. [IOBBINIEHHBIH ypOBEHb IVIIOKO3bl B KPOBU M MHTEHCHBHOE BBICBOOOXKIIEHHE
¢akTopa Hekpo3za onyxonu-anbdpa (TNF-anbha) xapakreps! st CJ| 1 cmocoOCTBYIOT IPOIYKIKHU U BBHICBO-
o6oxnenuto BHJI. Jlumomonmcaxapuasl Takxke BeIcBoOOkmator BHJI, 3To mpuBoguT kK 0ojiee BBICOKOMY
YPOBHIO KOHIICHTPALMU 3j1acta3bl HelTpoduior, kommoneHTa BHJI, crmocoOHOro K paspylIeHH0 Kapkaca
paHbl 1 3aMeanienuto ee pernaprnanud [10]. 3To 0ocoOeHHO Ba)KHO NpH CTaPUIOKOKKOBOM HH(PHUIHPOBAHUU
paH, yacto BcTpevaromemes y nauneHToB ¢ CJI, nz-3a Hecnocoonoctu BHJI addexTnBHO yHHUTOXKATH JaH-
HBEIN THIT MEKpoopranu3MoB. Kak ciencteue, HecnocooHocTh BHJI k 3ammre 0T MEKPOOPTaHW3MOB U BO3-
MO’KHOCTb JIOTIOJIHUTENBbHON albTepaliii COOCTBEHHBIX TKaHEH yKa3bIBatoT Ha To, kak CJI MOXKeT BIMTh Ha
JIOKaJIbHOE MOBPEXACHNE TKaHEW B TApPOJOHTE.

TakuMm o00pa3oM, OCTaeTCsi OTKPBITBIM BONPOC 00 HHTEHCUBHOCTU OOpa30BaHUSI BHEKJIETOUHBIX
HEUTPO(UITBHBIX JIOBYIIEK M UX POJIH B IMIPOTrPECCUPOBAHUHN IATOIOTUYECKOTO MPOIIECCa B TTAPOJOHTE Y JIHI,
HUMEIOIIUX caxapHbIi 1ualeT 2 TUMa, ¥ 3TH BOMPOCH TPEOYIOT AETANBHOTO U ITyOOKOTO H3Y4YEHHUS.

Raxnouenue

B 3akirodeHre MOKHO OTMETHTH, YTO B HBIHEITHEE BpEeMsI MMEIOTCS Oojiee TIIyOOKHE CBSI3U MEXIY
JIBYMsI STUMH 3a00JICBaHUSIMH, TEM 00JI€€ OHU CBHJICTEIBCTBYIOT O JIBYHANPABJICHHOW CBS3HM MEXKIY caxap-
HBIM J1a0eTOM M XPOHUYECKUM MapOJOHTUTOM, KaXKIbI U3 KOTOPBIX OTPUIATEIHHO BIHACT HA APYTOe 3a-
OoneBanne. McciemoBanus yKa3pIBalOT Ha TO, UTO JIMIA C CaXapHBIM AMa0ETOM MMEIOT TOBBIIIICHHBIA PHCK
Pa3BUTHS U IPOTPECCUPOBAHUS XPOHUIECKOTO TTAPOJOHTHTA.

Kpome Toro, TOUHBIE MEXaHHU3MBI, KOTOPBIC MPUBOJAT K CHHXKCHHUIO TIIMKEMUYECKOT'O TeMOTJIOONHA |
YIAYUIICHUIO TIIMKEMHUYIECKOTO KOHTPOJIS MTOCIIE MTapOJIOHTOIOTHUSCKOTO JICUCHHS Yy JIFOICH C cCaXapHBIM JHa-
0eTOM 2-T0 THITa, HA CETOMHSAIIHIM IEHb HE COBCEM SICHBI U TPEOYIOT JAILHEHUIIIETO U3YICHIS.
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C.T. Tyneyraea, K. K. Amupbexona, O.A. [Tonamapesa, C.A. I'panbko

Kaunt nua6eri koHe cO3bLIMAJIBI NAPOJOHTHUT: €KiKAKTHIK 0ailyIaHbIC

ByriHri KyHre ranpiMaap KaHT AHa0eTiMeH CO3bUIMANbl MApOJOHTUT apachiHAAFbl Kypaeni OaitmaHbicTapab
AHBIKTAIl JKaThlp, COHBIMEH KaTap aiThurFaH OailllaHbICTAp OCBI €Ki aypyIblH eKiGarbITThl OaillaHBICHIH
KepceTeli, OJIapIbIH OpKaWChIChl OackamapeiHa Kepi ocep Oepeni. KemrereH nepexkesmepre coiikec,
[NIMKO3UIIICHIeH T'eMOTJIOOWH MEH TIJIF0OKO3a apKbUIbl KOPCETLIIeH IJIMKEMHSUIBIK CTaTyC IeH MapOJOHT
aypyJiapbl apachlHarbl GainaHbICThIH pacTaybl 6ap. KauT anabGeriMeH ayblpaThlH amaMaapia CO3bUIMAJIb
MapoJOHTHUTTIH JaMy Kayri OChbl IaTOJIOTHSCHI JKOK amaMIapMeH cajblcThipranna 2—3 ece apraapl. Kant
nuabeTiHiH 0acka acKbIHYJapbl CHSKTHI, CO3BUIMAJbI MApPOJOHTHTTIH mMaiga 0oy Kaymi JKoHE AaMysbl
IIIMKEeMUSJIBIK  POQMIbIIH HamapiaaybiMeH Oipre apragsl. Co3bUIManbl NapoOJOHTUTICH —aybIPAThIH
azamzap/a TIIMKO3WIICHIeH T'eMOTNIOOWH JeHreili jxorapel Ooxansl. JXKaHa monesngemenep MapOIOHTHUTTIH
ayslp ¢opMmanapsl 6ap amaMaapia 2-HINI THOTI KaHT OUAOCTIHIH JaMy Kaylll JKOFapbUIaraHbIH KepCeTel.
Co3bUIMaIsl TapoOJXOHTHTTIH KaHT JUAOCTIHIH JaMybIHA ocepiH aHBIKTay MaKCaThIH/A 3epTTEYJIep JKYPri3iai,
OHZa CO3BUIMAJBI MAPOJOHT Aypybl TY3€TUIT€HHEH KeHiH 2-HImi THNTI KaHT quaberi Gap Haykacrapna
TIIMKeMUSJIBIK  CTATYCTBIH TOMeHAey ypaici Oaiikanmel. Opman 0acka, TIIMKEMHSUIBIK Te€MOTIIOOHHHIH
TOMEHJICYiHE JKOHE NMEPUOMOHTAIbIbI eMJICYACH KeHiH TIIIMKeMHsUIBIK OaKblIayAblH XKaKcapyblHa OKEJNETiH
HaKTBhl MEXaHM3M/Ep 2-HIIi THOTI KaHT JuabeTiMeH aybIpaThlH agaMaap/a Ka3ipri yakpITTa TOJIBIK aHbIK eMec
JKOHE KOCBIMIIA 3epTTeyaAi KaxkeT erenmi. Anaiija, 2-HIni TUNTI KaHT AuaOeTiMeH aybIpaThlH agaMaapia,
TIIMKeMUSJIBIK  TeMOTJIOOMHHIH ~TOMEHJAEYiHe JKOHE IMapOJOHTUTTI eMACYIeH KeHiH TIJIMKeMUSUIBIK
GaKpuIay JbIH JKaKCapyblHa OKEJCTIH HAKTHI MEXaHHU3MCP/I 3epPTTEY KaKer.

Kinm co30ep: co3puIMaibl MapoJOHTHUT, TIIMKO3MIIEHTCH TeMOTTIO0NH, Kayil GakTopaapsl, 2-HIi THITI KaHT
nuabeTi, MaToreHes3, aCKbIHYJIap, TIINKeMUSUIBIK CTaTycC.
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S.T. Tuleutayeva, Zh.Zh. Ashirbekova, O.A. Ponamareva, S.A. Granko

Diabetes mellitus and chronic periodontitis: bi-directional relationship

Today, scientists are identifying more complex links between diabetes mellitus and chronic periodontitis, and
also indicate a bi-directional relationship between these two diseases, each of which negatively affects other.
According to many sources, there is a confirmation of relationship between periodontal disease and glycemic
status, expressed through glycosylated hemoglobin and glucose. The risk of developing chronic periodontitis
increases 2-3 times in people with diabetes as compared to people without this pathology. In common with
other complications of diabetes mellitus, the risk of developing and progression of chronic periodontitis
increases with the deterioration of the glycemic profile. People with chronic periodontitis have higher levels
of glycosylated hemoglobin. New evidence indicates that individuals with severe periodontitis have an
increased risk of developing type 2 diabetes. Studie have been carried out to determine the effect of chronic
periodontitis on the progression of diabetes mellitus, in which there has been a tendency to a decrease in
glycemic status in patients with type 2 diabetes mellitus after correction of chronic periodontal disease.
However, the exact mechanisms that lead to a decrease in glycemic hemoglobin and an improvement in
glycemic control after periodontal treatment in people with type 2 diabetes mellitus are currently not entirely
clear and require extensive study.

Keywords: chronic periodontitis, glycosylated hemoglobin, risk factors, diabetes mellitus type 2,
pathogenesis, complications, glycemic status.
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BbicoTHast opraHu3anus pABHUHHBIX JAaHAIIA(PTOB
(ua npumepe LlenTpanbHoro Yepuoszembs Poccun)

AOGCONIOTHBIE M OTHOCUTENBHBIE BHICOTHI MECTHOCTH BBICTYHAIOT Ba)XKHBIM (haKTOpOM (HOPMUPOBAHUS MeXa-
HU3MOB OpTaHU3aIlH F€OCUCTEM HE TOJBKO B TOpax, HO M Ha paBHHHaX. OHU IpenonpenersioT pa3Indus B
HOoKa3aTessIX MOP(HOMETPUU 3EMHOM NMOBEPXHOCTH, HHTEHCUBHOCTH M HANpPAaBICHHOCTHU JiaHAmadToo0pasy-
IOIMX MPOLIECCOB, XapakTepe JaHAma(THEIX pUCYHKOB. OCHOBHAS IIENb HCCIEA0BAHUS COCTOSAIA B BbISBIIC-
HHU 3aBHCHMOCTEH MEXAy BBICOTAMU 3€MHOH MOBEPXHOCTH M JAHAMAMTHBIMH METPHKAMH Ha 4YEThIpeX
MacIITabHBIX ypOBHSX. B kauecTBe mccieqyemMoil TeppUTOpUN OBUIO BBIOPAHO XOPOIIO M3yYEHHOE B JIAHJ-
magpTaOM Iutane LlenrpansHoe YepHozembe Poccuu. B xozne pabot Obumn HOATOTOBICHB! IIM(POBBIE MOJETH
penbeda u JaHAmadTHEIE KapThl, IPOBEICH HX MOP(HOMETPUIECKHUH, THIPOIOTUUCCKUH, HHCOISINOHHEIN 1
TEKCTYPHBIH aHAIM3BI, Pe3yNIbTaThl KOTOPHIX OBLIM CBEJCHBI B 0a3bl JaHHBIX OIEPAaTHBHO-TEPPUTOPHAIBHBIX
eMHUIl pa3HO# pa3MepHocTu. [lokazaTenu naHmmadTHOrO YCTPOHCTBA OBUTH pa3/eNieHbl HA TPH TPYIIIHI:
yCIIOBHE, MPOLECC, Pe3yabTaT. B Xo/ie MpoBEAEHHOTO HCCIEIOBAHUS C TIOMOIIBIO PErPECCHOHHOTO aHAIM3a
OBbLIO YCTaHOBJICHO, YTO 3aBHCHMOCTh IIAPAMETPOB PACUJICHEHHOCTH peibeda OT abCOMIOTHBIX BBICOT
YMEHBIIAETCS C YBENUUEHUEM MACIITaOHOTO YPOBHS HCCIeNOBaHNUs. B To BpeMs kKak 3aBUCHMOCTB IOKa3aTe-
Jiel, XapaKTepu3yoMuX JaHAmadTooOpa3yomue IPoIecchl U JaHAmadTHbIE TEKCTYPbl OT OTHOCUTENbHBIX
BBICOT, PACTyT TP YMEHBIIEHWH MacIITaOHOTO YPOBHS HCCIENOBaHMS. PamxupoBaHHE OIeEpaTHBHO-
TEPPUTOPHANBHBIX EIWHHI[ Pa3sHOH Pa3MEpPHOCTH IO ITOKA3aTENsIM a0COIIOTHBIX M OTHOCHUTENBHBIX BBICOT
TI03BOJIMJIO BBLICIHUTH €IWHBIE B MOP(OJIOTHUSCKOM U JHHAMUYECKOM OTHOIICHUH BBICOTHO-TAHMIA(THEIE
cuctembl. Takke Oblta pa3paboTaHa TaKCOHOMHYECKAas CXEMa BBICOTHO-JIAHIMA(THEIX CHCTEM, KOTOpas
BKJIIOYAET B ce0s CIEMYIOMNE TAKCOHBI: OTAEN, KJace, MOAKIACC, THII, HOATHII, CEMEHCTBO, PO, BH U HOA-
BUJI.

Kniouesvie cnosa: opranmsanms nanamadra, BbicoTHas auddepenumanys naHAAGTOB, BHICOTHO-
JaHgmadTHAs CHCTEMa, PErpeCCHOHHBIN aHAIH3.

Beeoenue

[Mpobnema opranuzanuu nanamadra, Kak CI0XKHOU MapaJldiHAMAYECKON CUCTEMBI, B MOCIIECTHIE TOJIbI
aKTHBHO 00CYXKIaeTcsl B HAYYHOW JINTEpaType, O YeM CBHJICTEIHCTBYIOT MHOTOYHCIICHHBIE pabOThI, TIOCBS-
IIICHHBIC JTAaHHOW TeMaTuke. [Ipn 3ToM TepMuH «ianAmadTHas OpraHUu3aIusD MOHUMAETCS JOBOJIBHO IIIHPO-
KO, OT JJaHAIa()THOTO yCTPOHCTBA KOHKPETHON TEPPUTOPHHU /IO MPOIIECCOB, POPMHUPYIOMNX JTaHIIA(T KaK
cucremy. [Ipubmu3nTENbHO TaK e TPaKTyeT TePMHUH «opraHu3amsn» bonpmas CoBeTckast SHIUKIONEANS,
MpeAJiararonasl pacCMaTpuBaTh €ro, C OAHONW CTOPOHBI, KAK «BHYTPEHHIOI YIOPSAOYEHHOCTDh, COTJIaCOBAH-
HOCTH B3aMMOJICHCTBUS OoJiee Win MeHee AU PepeHIIMPOBAHHBIX U aBTOHOMHBIX YacTel I1eJI0r0, 00yCIIOB-
JICHHBIX €r0 CTPOCHUEMY, & C IPYTOi — KaK «COBOKYITHOCTH IIPOIIECCOB MITH ACUCTBUH, BEAYIINX K 00pazo-
BAHMIO U COBEPIICHCTBOBAHMIO B3aMMOCBSI3€H Mexay udacTsaMmu nenoro» [1]. Takoe mmpokoe moHUMaHUE
TEPMHUHA BHOCHUT B JIAaHAIIA(QTOBECHIE HEKOTOPYIO MYyTAaHUILY, B PE3YJITATe YETO MO OpraHu3anuei JaH/I-
madTa MOHNMAETCs MPaKTHYECKH BCE: BHYTPEHHEE CTPOEHHWE, MPOCTPAHCTBEHHOE YCTPOIMCTBO, AMHAMUYE-
CKHe Tporieccsl U MH. 1p. [lo HameMy MHEHHIO, OpraHU3aIfIo, B IEPBYIO OYepelb, CIEAYET pacCMaTpUBATh
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KaK TIpOLECcC, UMEIOIINI MHO)KECTBEHHBIE MEXaHU3MBI, B Pe3yJbTaTe NEHCTBUS KOTOPHIX (OPMHPYIOTCS
oTIpe/ieTIeHHbIE TaHAIIAPTHBIE CTPYKTYPHI.

Nzydenre MexaHU3MOB OpTaHU3AINH JIaHAIA(QTOB HAXOAUTCS elle B HAYaIbHOW CTaJIUH, YTO BBI3BAHO,
C OZIHOI CTOPOHBI, CIIOKHOCTBIO JTaHAIA()THOTO YCTPOUCTBA, a C IPYroil — TPYAHOCTHIO MOITy4YeHHs 0OBEK-
THUBHBIX CBEJCHHUH O MpoIeccax, MPOUCXOAANINX B reocucTeMax. OMHAKO B IMTOCIETHIE O/l COBEPIIEHCTBO-
BaHHE METOJIOB MCCIIEOBAHUN M TEXHUYECKHX CPEICTB (reonH(OPMAIMOHHBIX TEXHOJIOTHH, almapara ma-
TEMaTHYECKOTO MOJISIMPOBAHUS, aHAllM3a JaHHBIX JUCTAHIIMOHHOTO 30HIWPOBAHUS, MPUOOPHON YacTH)
MO3BOJISIET MOCTEMEHHO MEPEXOANUTh OT OMUCATENBHOTO YPOBHS IaHAMIA()THOTO YCTPOMCTBA K KOJINYECTBEH-
HOMY aHanu3y MeXaHu3MoB (opmupoBanus maHmmadra. [IpumepoM TOMy MOXKET CIYXUTh UENbIH Psin
YAa4HBIX MCCIIEIOBAHMA MEKKOMITOHEHTHBIX M MEKIIaH AP THBIX CBsI3ei [2—7].

B mexanu3max opranmzanuu JaHamadra ocodast poiib 0TBOAUTCS (aKTOpaM, BIHUSIONUM Ha JaHmad-
TOOOPAa3yIOIIHe MPOLIECCH M CTPYKTYphl. B X umcne BakHOE 3HAYEHHE MMEIOT M3MEHEHHsI a0CONIOTHBIX U
OTHOCHTEIBHBIX BBICOT MECTHOCTH. B ropax oHHM CHOCOOCTBYIOT 0Opa3OBaHHIO BBICOTHOHM IOSICHOCTH U
SIPYCHOCTH T'OPHBIX CTpaH. Ha paBHWHAX MPOSBIISIOTCS B BUJIC BHYTPU30HAILHOW BEpTUKAIHHON AU(QepeH-
nyanyu Jaaamadros [8], CKIIOHOBON MUKpO30HATIBHOCTH [9], hopMUpOBaHUs 3BEHbEB JTaHAMAPTHRIX KaTeH
[10], marmmadTaEIX spycoB [11] u ypoBrei [12] u mp.

Hayuno-meTonuueckie moaxoabl K UCCIEAOBAHMIO MPOoOIeMbl BepTHKaIbHON AuddepeHnranny pas-
HUHHBIX JaHIMa(ToB 0a3upyroTcs Ha pa3pa0dO0TKaX OTCUSCTBCHHBIX M 3apyOCKHBIX YUYCHBIX, KOTOpPHIC IO
BPEMEHH MOKHO OOBEIMHNTH B YETHIPE JTaIa.

Tosenenue nep8uyHvIX c6edeHUll 0 PA3NIULUAX HPUPOOHLIX KOMHOHEHMO8 B038bIUEHHBIX U HUSMEHHBIX
pasnun. K aToMy nieprony oTHocaTcst paboThl cepenunbl XIX — Hawana XX Beka, MOCBSIICHHBIE TIPEUMYILIE-
CTBEHHO BBICOTHBIM OTJIMYHSIM MOYBEHHO-PACTUTEIHFHOTO TOKPOBA, B MX 4HCIE TPyIsl J.A. DBepcMmaHa,
A 1. Hopamana, @®.U. Pympexta, M.H. bormanosa, IL.A. KocterueBa, B.B. lokyudaeBa, A.H. Kpacuosa,
I''U. Taudunwera, I.d. Mopo3zora, I.H. Breicorkoro [13].

Buisgnenue 3axonomeprocmetl 8 epmuxaivbHol ouggepenyuayuy KOMROHEHMO8 NPUpoovl U noseie-
HUe YYeHUs 0 GepMUKAIbHOU Ougdepenyuayuu aanowagpmos. Bxiaouaor B ceds paborer 20—40-x rT.
XX Beka, cpeau KOTOpBIX cienyeT oTMmeTutrbh nyOnukammu — A.A. Kamunckoro, E.E. ®enoposa,
C.A. bacramoBa u H.H. U3toM0oBa 1O BBICOTHBIM 3aKOHOMEPHOCTSIM U3MEHEHUS KJiIUMaTa pPaBHUH;
B.A. Kemnepa, I'.2. I'poccera, A.Il. Unsunckoro, E.M. JlaBpeako u A.B. IIpozoporckoro, I[1.A. CmupHOBa
10 BBICOTHBIM OTIIMYHSAM pacTHUTEIbHOTO nokpoBa; M.B. Tropuna, JI.W. IIpacomora, C.C. CoboneBa 1o mod-
Bam; W.C. llykuna, A.C. DnenpiuTeiiHa Mo SpyCHOCTH PaBHUHHOTO penbeda. B 5T0 Bpems mosiBHiICS Tep-
MUH «BepTHKaIbHas auddepenipanys manamadrosy, ero npeaaoxumt ®.H. Munskos B 1947 r. [14].

Yemanosnenue nympucucmemMnvix 3aKOHOMEPHOCIEN 8 8EPMUKATbHOU Ouphepenyuayuu pasHuHHbIX
JAHOWAhmos u ux pecuoHaAIbHBIX 0cobenHocmetl. DTan o0beIuHAET paboThl IO MPOOIEME BRICOTHBIX pa3-
nnuuil paBHUHHBIX JaHamadtoB 50-80-x rr. XX Beka. Cpemum Hux Tpynsl ©.H. Munbkosa [14, 15],
HU. lynauka [16], M.A.I'mazosckoit [10], I.A. benocensckoit [17], H.W. AxteipueBorr [18],
I'.E. I'pumankosa [19], 3.I1. bepnaukooii [20], B.b. Muxuo [21], A.A. Unbunésa [22], B.A. Hukomnaesa
[11].

Mamemamuxo-cmamucmudeckoe u 2eouzuyeckoe 000CHOBAHUE CYUWECTNBOBAHUSL BEPMUKATLHOU
oughpepenyuayuu pasHUHHLIX 1AHOUAPMOE, 2eOUHDOPMAYUOHHOE MOOTUPOBAHUE BbICOMHO-TAHOWAPDN-
HuIX cucmem. PabOTBI COBpEeMEHHOT0 dTana 0a3upyroTcs Ha MPUMEHEHHH HOBBIX TEXHOJIOTUH B BBISBICHUHU
3aKOHOMepHOCTeH B auddepeHnuanuy JaHAmadToB paBHUH. B WX YWCIe MOXHO OTMETUTh CTaThH
B.b. Muxuo [23], b.H. Hemaraesa, A.A. Kopuyca, A.E. llleBuenko [24], I'.W. Jleancuka, JI.M. Kupmmoka
[25], A.B. Bepexnoro [26], A.C. I'opoynosa [27], N.I1. Kamntaneuyka [28], A.C. Tabenunosoii [29]. IIpo-
Onema monyyuiia HEKOTOpPOEe OTPaKEHUE W B aHTJIOA3BIYHOM JIMTepaType, B YaCTHOCTH, B paboTax Richard
T.T. Forman [30], M.G. Turner, R.H. Gardner, R.V. O’Neill [31], Robert G. Baily [32], I.S. Zonneveld [33].

Memoovr u mamepuans

OO01as METOAOIOTHSI UCCIICIOBAaHUS 0a3UPOBAIACH HA CIICIYIOIINX MTOJIOKCHUSX

1) BeicoTHass nmuddepennmanus TanamadTOB PaBHUHHBIX TEPPUTOPUNA — YHHBEPCAIBHOE CBOWCTBO
Ka4eCTBEHHOTO U3MECHEHUS TEOCHUCTEM B 3aBHCHMOCTH OT Pa3NUuuii penbeda W, Ipexse Bcero, ero adbco-
JIOTHBIX M OTHOCHTEIBHBIX BHICOT. HecMOTps Ha BHYTPH3OHAIBHBIN XapaKTep, OHa HaXOJUT JIOCTATOYHO
SIPKOE OTPaXCHHE B CTPYKTYPE U ITUHAMHKE T'€OCHUCTEM U, TaKMM 00pa3oM, BBICTYNACT B KAUECTBE MHIUKA-
Topa TpaHchOpMaIHK 30HATLHBIX JTaHAmadToB [26];
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2) BeicoTHas audepeHnmanus naHAMAPTOB €CTh pe3yIbTaT U3MEHEHUS] HHTEHCUBHOCTH BEPTHUKAIIb-
HBIX ITOTOKOB B JIaHAmadTHON cdepe, U, B IEPBYIO 0Uepe/ib, BHI3BAHHBIX TPABUTAIIMOHHON SHEprueii;

3) BBICOTA MECTHOCTH BO MHOTOM TIPEIONpE/IeisIeT HHBAPHAHTHBIE CBOWCTBA JIAHAMA(PTOB, CKOPOCTh
BEIIECTBEHHO-9HEPTeTHYECKUX MOTOKOB W HANpaBIEHHOCTH JaHImadTooOpa3yrolmero mpomecca M, Kak
CJIC/ICTBUE TOTO, HA Pa3HBIX BHICOTHBIX cpe3ax GOpPMHUPYIOTCS pa3Hbie TanamadTHie pucyHkd (Buktopos);

4) BeicoTHas auddepeHIays TagamadToB — MOJIUMACIITabHOE SBIICHHE, CBOMCTBEHHOE T€OCHCTE-
MaM pPas3IMYHOr0 TaKCOHOMHYecKoro panra. B mpenenax Llentpansnoro UepHo3eMbsi OHa MpOSBISETCS B
naramadTax oT ypoBHA ¢anuu 10 Gpusnko-reorpaguueckoil NpOBUHIINY;

5) B mpoiiecce BEPTUKAILHON TpaHchopMaluu peibeda 00pa3yroTcsi BBICOTHO-TaHAMADTHBIC CHCTEMBI,
KOTOPBIC TIPEJICTABIISIOT COOOH TUHAMUYECKH U MOPQOIOTHICCKH €IUHBIC TPYIIIBI JTaHAMAPTOB Pa3IuIHO-
r0 TAKCOHOMHUYECKOT0 paHra, MMeronme obiiee BHICOTHOE MOJIOKEHHE W c(HOPMHUPOBABIIMECS BCIEICTBUE
COBMECTHOTO TIPOSIBIICHHSI JIByX OCHOBHBIX HANpaBJICHHH (PU3NKO-TeorpadUueckoro mporecca: ropu30H-
TAJBHOTO U BEPTUKAIBHOTO.
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VYcnoBusle 3HaKu: [ panuysbl: | — TIPUPOIHEIX 30H; 2 — (PU3UKO-reorpaduuecknx NpoBHHINI; 3 — MPUPOAHBIX MOA30H; 4 — ¢u-
3uKo-Teorpapuueckux paionos. Lluppamu Ha kapre 0603HaUeHBI PU3NKO-Teorpadudeckue pailoHsl: Jlecocmenuas 30na: npo-
sunyus Cpednepycckoii gozeviuennocmu. Ilon3ona ceBepHoit necocrenu: | — Bepxueokckuil. [log3ona THIMYHOH JiecocTe-
nu: 2 — Cymxanckuit; 3 — CocHunckuit; 4 — Tumckuil; 5 — Ockono-Jloneuxuit; 6 — IIpugoHCKONH H3BECTHIKOBO-
KapcToBblif; 7 — IlpunoHckoit menoBoii. [loa3ona 10kHON necoctenu: § — KanuTBuHCKMN BonHUCTO-0ano4yHbll; 9 — Kanau-
CKHI OBpakHO-0anounblil. [Iposunyus Oxcko-oHnckoui pasuunsi: Ilon3ona ceBepHoit necocrenu: /() — LIHUHCKUN AOTMHHO-
3aHApoBeId. [log3ona TunuyHOM necoctenu: // — JleBoOepekHbII NPUAOIUHHO-TeppacoBblil; /2 — LleHTpanbHBIH MIOCKO-
MecTHbI; /3 — CeBepo-Boctounblii [lpunaunckuit; /4 — FOxubii butioro-Xomnepckuil; /5 — Bocrounsiii Bopono-
Huunckuii. Ilonzona roxHo# necocrenu: /6 — Cpennexonepckuil. Cmennas 3ona: Ilposunyus CpeOHepyccKou 8038blileHHO-
cmu: 17 — borydapckuii npaBobOepexHblit; /8 — HOxHOKanauckuii 1eBoOEepeKHBIN.

Pucynok 1. ®usuko-reorpadudeckoe paionupoanue [lenTpansao-UepHo3eMHbIX obnacTel [8]
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B kauecTBe TeppuTOpHH MCCIEN0BaHUS ObLT BBIOPAaH XOPOIIO H3YUYECHHBIN B JIaHAIIA()THOM OTHOLICHUN
peruon Poccun — Ilentpansaoe YepHozembe (benropoackas, Boponexckas, Kypckas, Jlunernkas u Tam-
0oBckas obiacTr). TeppuUTOPHS MOYTH MOJTHOCTHIO paciiojaraeTcs B Ipeenax JISCOCTEITHOW 30HbI Pycckoit
paBHuHBI, npoBHHLMAX CpenHepycckol, IlpuBomkckoil Bo3BbeimeHHOCTEH M OKCKO-JIOHCKON paBHHMHBI
(s HeOoIbIIas YacTh fora BopoHexckoi obmactu o cxeme paiionupoBanus @.H. MmibkoBa OTHOCHTCS
K ceBepHOU ctemnu) (puc. 1). [IpoBHHIIMATBEHEIE pa3IHdus B OporpaduaeckoM IIaHe TIPEIONPEICTIIIA CYIIIe-
CTBOBaHHE 37IeCh BHYTPHU30HAJIBHOM BBEICOTHOH AuddepeHnanny paBHUHHBIX JaHAMAPTOB.

B umncie ocHOBHBIX 3a/1a4 UCCIIEIOBAHUS BHICTYIAIIH:

— M3YYCHHUE CTETICHU BIIMSHUS OTHOCHTEIBHBIX M a0CONOTHBIX BEICOT Ha MOPQOMETPHUYECKIE MTapaMeT-
PBI 36MHOM OBEPXHOCTH, IMOKA3aTeIH, XapaKTepU3yIOIue JTaHAmagToo0pa3yone Ipomnecchl U TEKCTYPhI
TUTIOB MECTHOCTH;

— BBISIBIIGHUE 3aBHCHMOCTEH M3MEHEHHS XapaKTepa CBs3W MEPEUNCIICHHBIX BBIIIE TIOKa3aTeNeil Ha pas-
HBIX MacIITaOHBIX YPOBHSX;

— BBIICTICHUE BBICOTHO-TIAaHAIAQTHBIX CHCTEM Pa3HOH Pa3MEPHOCTH U MOJATOTOBKA MX KJIACCH(DUKALIUH.

Ha nepBom stane a1 npoBeaeHMsT HCCIICAOBAaHNS HAa TEPPUTOPHIO BopoHekcKoil o0nactu B mporpam-
Me SagaGIS 6vma moarorosneHa LIMP ¢ paszpemennem B 10 M. st LenTpansHoro UepHO3eMbsI HCIIONIB30-
Bajach THAPOJOTUYECKH CKOPPEKTHPOBaHHas Mojaeib penbeda ¢ paspemenneM 30 M, cosgaHHas
D. Yamazaki [34]. B manpHeiimem no o6enM MoJensiM ObUIM pacCUUTaHbl OKa3aTeld MOPPOMETPUH PElb-
eda (AKCHO3UIUS, KPyTHU3HA, 00mIas, MpoQiIbHas, TUIAHOBAs, TPOJIOIBHO-TIONIEPEYHAs KPUBU3HA, MO3HIIU-
OHHBIN WHJIEKC, WHJIEKC PAaCWICHEHHOCTH pelibeda, NTyOWHBI TOJIHH, MPEBBIIICHHE BOJIOPA3/ICIIOB HAJ| Tallb-
BEraMu, BOJOCOOPHBIE IJIOIIAIH, TITyOUHBI 3aMKHYTBIX IMOHMKEHUI), KOTOpBIE C ONpeAesICHHOM J0el yBe-
PEHHOCTH MOYKHO OTHECTH K (pakTopam, onpeaessIFoIIM HHTEHCHBHOCTh JIAH A TOOOPa3yIOIUX MPOoIiec-
coB. [l XapakTepUCTUKH CaMUX IMPOILIECCOB Ha OCHOBE YK€ CO3AaHHBIX MOJIeNel OBLIM pacCuMTaHbl Clie-
IYIOIME TOKa3aTeIn: MHAEKC Pa3BUTHA IUIOCKOCTHOTO CMBIBA, MHJEKC JTMHEHHON 3pO3UH, HHIEKC CHOCA U
AKKyMYJSILUH BEIIECTBa, TONOrpaprueCKHii HHASKC BIAXKHOCTH, CyMMapHas, IpsMas, paccesHHast U GoTo-
CUHTETUYECKH aKTHBHAS COTHEYHAs PaauaIlvs, CIOH IIOBEPXHOCTHOTO CTOKA M €ro padora.

Ha BTOopoM »Tame Ha moiydeHHBIE MOZIETH OBUTH HaJlOXKEHBI CETKH ONEPaTHBHO-TEPPUTOPUATBHBIX
eauHUI] pa3HoU pasMmepHocTh: 25%25 kM u 10x10 kM — nmnsa LentpanbHoro UepHo3eMbs, 5X5 KM U
I1x1 kM — mms BopoHexckoit oOmactu. 3HaUeHUs TOKaszaTelel m3 Mojenei (MakCMMalbHBIE, MUHUMAITb-
HEIE, CpeIHUE, TUCTIEPCH M Pa3dpoc) ObUTH BHECEHBI B 0a3y JaHHBIX ONEPATHBHO-TEPPUTOPHATHHBIX €IH-
HHUII, [TOCJIE Yero ¢ OMOIIbI0O MHOKECTBEHHOT'O PETPECCHOHHOTO aHANN3a ObUIM YCTaHOBJICHBI 3aBUCHMOCTH
MEX/1y H3MEHEHHUSMU BBICOT MECTHOCTH ¥ 3HAUYEHUSIMH CMOJICJIMPOBAHHBIX MTOKa3aTeNeH.

st BBISIBIIEHUST TEKCTYPHBIX OCOOCHHOCTEH TaHAma(THRIX PUCYHKOB HCIIONb30BaIKCh Jlanamad tHas
KapTa BapHaHTOB TUIOB MecTHOCTH LlenTpansHoro YepHnozemps, macmutad 1:500 000, n JlanamadtHas kap-
Ta Boponexckoit o0nactu, macmrad 1:200 000 (puc. 2). B xauectBe mokazaTens JaHAMAa()THONH TEKCTYPHI
pacCYUTHIBATIACH DHTPOIUHHAS Mepa CIIOKHOCTH JIAHIIIIAGTHOTO pUCYHKa [35].

Ha Tpethem dTame ObUTa TpOBelEHA KIACTEPH3ANMWS 3HAYUMBIX JUISL BBHICOTHOHM auddepeHmanim
na"amadTOB MOKa3aTenel, BbIACICHbl BBICOTHO-IAHAIA(THRIE CHCTEMBI Pa3HOTO TAKCOHOMHYECKOTO PaHTa
Y TIOJATOTOBJIEHA UX KJIACCU(UKAITHS.

Peszynomamut u ux obcyscoenue

®dopmupoBaHue BhICOTHON auddepeHnmanuu maHAIAPTOB Kak TI00ATBHOTO SIBICHHUS MPOUCXOIUT
Onaronapsi pa3HOHAIIPABICHHBIM MOTOKAM BEIIECTBA U YHEPTUH, KOTOPHIE CKIAIBIBAIOTCS M3 BOCXOMAALINX,
HUCXOJAIIMX U JlaTepaibHbIX MOTOKOB. Kak otMeuan @.H. MuibkoB: «BbInoiaHsAg B KpyroBopoTax pa3ind-
Hble (DYHKIMH, OHU UTPAIOT HEOJMHAKOBYIO, HO PaBHO BaXKHYIO JaHAmadToobpasyomyto ponb» [8]. Cpenun
BCEX MOTOKOB 0cO00O€ 3HAUYEHHE UMEIOT BOCXOMSIINE aHTHUTPaBUTALIMOHHBIE MEPEMEIEHHS, IIOCKOJIbKY OHU
BBICTYMAIOT HAYaJbHBIM 3BEHOM (OPMHUPOBAHHS TeorpadUuecKuX KPyroBOpoToB. VI3MeHeHNsT MHTEHCUBHO-
CTH U XapakTepa BepTHKAIbHBIX MOTOKOB JIEKaT B OCHOBE BBICOTHOM MU depeHnranuu JanamapTHon che-
pBL U 00pa3oBaHHS 6bICOMHO-TAHOWAdmMHbIX cucmem. Ero OCHOBHBIMH HEPreTHYeCKUMH HCTOYHHKAMU
BBICTYTIAIOT COTHEYHAs paJnallusl, BHYTPEHHSS DHEPTH 3eMJIN U TPaBUTAIIMOHHAS SHEPT U

Conneynas paduayus OTpPENENsieT WHTEHCHUBHOCTh BOCXOJSINIUX TOTOKOB B arMocdepe, KOTOphIe, B
CBOIO Ouepeiib, GOPMHUPYIOT BBICOTHBIC PA3TIMUUs KIMMATUIECKUX YCIOBHI U ONPEAEISIOT BEPXHIOI TPaHu-
Iy IPHUPOHBIX 30H. JTO ObLTO yOenauTenbHO Moka3aHo [.E. ['pumankoBeiM (1972) npu 000CHOBaHUM TpeX-
MEpHOCTH reorpaduyeckoii 3oHanpHOCTH [20]. B 9KBaTOpHANbHBIX IIMPOTAX, XaPaKTECPUIYIOLIHUXCSA MOIII-
HBIMH BOCXOJISAIIMMHU TIOTOKaMH B aTMoc(depe, BEpXHss IpaHuIla PUPOTHON 30HEI PACIIONIAraeTCs Ha BBICO-
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tax 800-1000 M, B yMepeHHOM nosice — Ha BeIcoTax 350400 M, B momsipaom — 200-250 m [20]. IMeHHO
[IO3TOMY Ja’K€ BBICOKHME PAaBHUHBI B 9KBATOpHAIbHOH AdpHKe HaXOAATCS B OAHOM MPUPOAHOM 30HE M Xa-
PaKTEpU3YIOTCSl BHYTPU30HAIBHONW BepTUKaIbHON auddepeHnuanueil 1anama@ros, B TO BpeMs KaK MEHb-
L€ 110 BBICOTE MOTHATHS Ha KOJIbCKOM MOTyoCcTpoBE MOTYT HACUUTBIBATH A0 4 MPUPOJHBIX 30H.
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YcnoBusle 3Haku: [lnakophsie mecmuocmu.: 1 — BO3BBIMICHHBIE; 2 — MOHIKEHHBIE; 3 — HU3MEHHEIE. Bodopaszdenvho-3andposuie:
4 — noHIKEHHbIe. MeoicOypeuno-HedpeHuposantvle MecmHocmu. 5 — BO3BBIIIEHHEIE; 6 — IOHIKEHHBIE. CKI0H08bIe MECHHOCTNU!
7 — ¢ riry0OKOBpE3aHHON YPO3MOHHON CEThIO; 8§ — CO cnaboBpe3aHHON SPO3HOHHOI ceTblo. Haonoumenno-meppacosvie Mecmuo-
cmu: 9 — Boicokue; 10 — Huskue. [oumennvie mecmuocmu: 11 — noHmwxeHHsle. MHAekcaMu Ha KapTe 0003HaYeHB! BUBI MECTHO-
creit: [Inaxopneie: 11JII13B — mONOrOBOIHUCTBIE CYTIIMHHCTO-MENOBBIE BO3BBILIEHHBIE MOJIEBbIE C YEPHO3EMAMH OOBIKHOBEHHBIMH;
[1JI1I10a — moJI0rOBOJHUCTBIE CYTIIMHICTO-MENOBbIE TOHMKEHHBIE TTOJIEBBIE ¢ YepHO3eMaMu BhleraoueHHbIMY; [1JI11108 — mosto-
TOBOJIHUCTBIE CYTJIMHUCTO-MENIOBBIC OHMKEHHBIE TOJIEBBIE ¢ yepHOo3eMaMu 00bIkHOBeHHbIMY; [1JIIII11a — mmockue cyrnuHuCThIC
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HU3MEHHBIE M0JIEBbIE ¢ YepHOo3eMaMH BblenoyeHHbIMy; [1JIIII116 — mmockue cyrimHUCTBIE HU3MEHHBIE TIOJIEBbIE ¢ YepHO3EMaMU
tunnyHbivMy; [T 1B — mutockue CyrIMHHUCTBIE HU3MEHHbIE MOJIeBbe ¢ YepHO3eMaMu oObIkHOBeHHbIMH; [1JIIII11e — mmockue
CYTJIMHHUCTBIE HU3MEHHBIC 0JIeBbIe ¢ cepbIMu JiecHbIMU noyBamu; [1JII1113a — minockue nmecyaHo-CyTJIMHHUCTBIE HU3MEHHBIE MOJIe-
BBIE ¢ yepHO3eMaMH BbImienodeHHsME; [IJIII113B — muockue mecyaHo-CyTIMHNACTBIC HU3MEHHBIE TTOJIEBBIC ¢ YCPHO3EMaMH OOBIK-
HoBeHHbIME; [IJIII113e — rmuTOCKHE TECYaHO-CYTIIMHHUCTBIC HH3MEHHBIC TIOJIEBBIC C CEPHIMU JICCHBIMH TOYBaMU. Meocoypeuro-
nedpenuposannvie: MIIk — IOJOTOBOJIHUCTBIC CYTJIMHACTBIC BO3BBIIMICHHBIC IIOJIEBBIE C JIYTOBO-UYEPHO3EMHBIMU II0YBAMU;
MIII6xk — mTockue CyIIMHHUCTHIE HU3MEHHBIE TIOJIEBBIE C JIyrOBO-U€pHO3EMHBIMH I0UBaMU. Bodopasdenvho-3anopossie: 3112n —
BOJIHUCTO-OYTPUCTBIE MOHMXEHHBIE JIECO-TIOJIEBO-CTEMHbBIE C YEPHO3EMOBHIHBIMU NecyaHbIMK MouBaMu. CkioHoBble: CISH — cy-
TJIMHUCTO-MEJIOBBIE C TITyOOKOBpPE3aHHOH 3PO3MOHHOI CEThIO JIECO-TIOJIEBO-CTEMHBIE C TOYBAMU OBPAKHO-0AJIOUHBIX CKIIOHOB;
CIII14H — cyrauHUCTBIE cO cI1a00BPE3aHHON 3PO3MOHHON CETBIO JIECO-TIOJIEBO-CTENHBIE C MOYBAMU OBPAXKHO-0AIOYHBIX CKJIOHOB.
Haonoiimenno-meppacogvie: HTI1B — necyaHo-CyTITHHUCTBIE JTOKOWHHO-JIOMIMHHBIE BBICOKHE TIOJIEBBIE C YEPHO3EMAMHU OOBIKHO-
BeHHbIMH; HTI26 — mecuyano-cyrmHUCTBIE JI0KOHMHHO-JIOIUHHBIE BHICOKHE JIECO-IIOJIEBO-CTEITHBIE C YSePHO3EeMaMH THITNYHBIMU,
HTII93 — mecuanble J10)KOWHHO-3aMaiMHHBIC HU3KHE JIECHBIC ¢ JepHOBo-iecHbiMEA mouBamu; HTII7u — mecuaneie Oyrpucro-
KOTJIOBHHHBIE HU3KHE JIECHBIE C YePHO3eMOBHIAHBIME rtecyanbiMu nousamu; HTII10um — necuanbie 10xOMHHO-3aTIafHHBIE HU3KHE
JIECO-TIOJIEBEIE C YepHO3eMOBUIHBIMY IecuansiMu ouBamu; HTII10e — necuaHsle 105kOMHHO-3ama{MHHBIE HU3KHE JIECO-TIOJIEBBIE C
CephIMU JIeCHBIMU TouBaMHu. [lotimennvle: TIIII13m1 — cerMeHTHBIE WIIOBAaTO-TOP(SHBIC HU3KHE JIYTOBO-OOJOTHBIC C HIJIOBATO-
0O0JIOTHBIMU ITOYBAMIL.

Pucynox 2. ®@parment nanamadTHol kapThl Boponexxckoii obmactu (teppuropus HoBoxonepckoro paiiona) [36]

Ha Pycckoii paBHUHE, B CBSI3U C €€ OporpadMueCKUM IIaHOM, BO3BBIIIEHHOCTH HE TOCTUTAIOT BEpXHEH
T'paHMLBl TPUPOIHON 30HBI, B KOTOPOIl OHU PacIoIOKEHBI, TOATOMY IIOBCEMECTHO MpeoliIagaeT BHYTPU30-
HaJIbHAs BepTUKaJIbHAs TU(depeHIHAIS, UCKITIOYCHUE COCTaBISIIOT BonbiHO-T1010J1bCKast BO3BBIIIEHHOCTD,
MomnnaBckue Koapsr u otqactu JJoHETIKHI KPsIK, e HAOMIOMAIOTCS 3a9aTKH BEICOTHOM TTOSICHOCTH.

Brympennss suepeuss 3emau npenonpenenser CKOPOCTb U HaNpaBICHHOCTh BEPTHKAIBHBIX ABIKCHUN
3eMHOU KOPBI, BHOCSIIUX CYIIECTBEHHBII BKJIa]] B BEICOTHYIO auddepennuanuio penbeda. Ha Boicoko mpu-
oaaATEIX Tepputoprsax (1000 m u Gonee) HabmIOmAETCS CyIIECTBEHHAS TpaHChOpMaNus KIMMAaTHIECKUX
YCJIOBUH, COMPOBOXAAMOMIASACS TTyOOKHMMH W3MECHEHUSMH 30HAIBHBIX JJaHTA(TOB U (hOPMUPOBAHUECM BHI-
cOTHOH mosicHocTu. Hapsiay ¢ aTum oOpa3oBaBiimecs: mepenaabl BHICOT YCHIMBAIOT HUCXOISIINE MOTOKH
BEIIECTBA U DHEPT UM, BBI3BAHHbBIE TPABUTAIIMOHHBIMH CHIIAMHU.

I'pasumayuonnas sHepeus OKa3pIBaeT BIMSIHHNE HA MHTEHCHUBHOCTH OOJIBITMHCTBA IK30T€HHBIX JIAH-
magroodpasyonmx mnponeccos, GOPMHUPYIOMHUX MOPPOCKYIBITYPHBIH OONMHMK penbeda W PUCYHOK JIaHA-
madTa. OHA HE TOJTBKO KOMIIEHCHPYET BO3AEUCTBHE BOCXOIAIINX MMOTOKOB 33 CYET aKTHBH3AINH JICHYIAIlH-
OHHO-aKKyMYJISITUBHBIX IPOIIECCOB, HO M OIpPENEsieT TECHOTY CBSA3EH MEXKIy TeOCHCTEMaMH, PeryiIupys
00BbEMBI TTIOBEPXHOCTHOT'O CTOKA, MEPEHOC TBEPAOTO BEIIECTBA, BO3MYIIHBIE MOTOKH. B 3TOM oTHOLIEHWH
cnpaBeniuBo yreepxkaeHue B.H. Comunesa (2002) o ToM, 4TO «rpaBUTAlMs BBICTYIIAET OJHUM M3 JBYX paB-
HOB@XHBIX (hakTOpOB (popMHUpOBaHUS U (GYHKIIMOHHPOBAHMS JaHaIapTHOrO mpocTpancTsay [37].

Mexanu3m (HOpMHUPOBaHUS BHYTPU3OHAIHHON BBICOTHOH MuddepeHnuanuu maHamapToB U o0pa3oBa-
HHUE BBICOTHO-TAHAMAQTHBIX CHCTEM BBITJSITUT CIEAYIOMMM 00pa3oM: 1) n3MeHeHHe WHTCHCUBHOCTH BEp-
THUKAJBbHBIX JBIKEHUH 36MHOM KOPHI (TEKTOHHYECKOE TOJHITHE) BHI3BIBAET BHICOTHOE Pa3o0IeHNE TeppH-
TOpPYH, YBEININBACTCA Tepenaa BBICOT MEXIy BEPIIUHHON W 0a3MCHOM TOBEPXHOCTSIMHU; 2) BO3pACTaeT Io-
TEHI[UAJIbHAS YHEPTHSI IOBEPXHOCTHOTO CTOKA M YKIIOHBI MEXKY BOJIOPAa3/ICIIaMU U TAJIbBETaMH; 3) YBEIHYU-
BaeTCsI CKOPOCTh BOJIHBIX TIOTOKOB, PACTYT MX KMHETHUECKAs dHEPTUs U padoTa; 4) yBeINIUBACTCS TIyOHHA
Y TYCTOTa 3PO3UOHHOTO PaCUJICHEHHS, TPOI0JDKACTCS POCT KMHETUYECKOW SHEPTUU U PabOThI TOBEPXHOCT-
HOTO CTOKa; 5) hopMHpyeTCsl pUCYHOK JaHAMAPTHOTO YCTPOHUCTBA, IKCIIO3UIIMOHHBIE PA3TUIUs HAKIIOHHBIX
MOBEPXHOCTEH; 6) TpaHCPOPMUPYETCS HHCOSIMOHHBIA PEXXUM CKIOHOB Pa3HBIX HKCIO3UIHM, MOSIBIISIOTCS
JIOKAJbHBIE Pa3INyusl B TIOCTYIUICHUH COJTHEYHOW pajualiil U MUKPOKJIMMATHYECKHUX YCIOBHUH; 7) o0pasy-
10TCSI MOP(OJIOTHYECKH U TUHAMUYECKH CXOXKHE BRICOTHO-IaHAIA(THBIE CHCTEMBI.

[Ipu omyckanuu TeppUTOpHH HaOMIOMAeTCs OOpATHBIA MPOLECC: MPOUCXOJUT HAKOIUIEHUE 0CaTOYHBIX
TOPHBIX TMOPOJI, BEIPABHUBAHWE TEPPUTOPUH, YMEHBIIAETCS MOTEHIMANbHAS M KHHETUYECKast YHEepPrusl Io-
BEPXHOCTHOTO CTOKA, CIUIAXHBAIOTCS IKCIO3UIIMOHHBIE PA3NAYHs B WHCOJSAIMH M MHUKPOKIUMATHYECKUX
YCIIOBHSIX.

B cBsi3u ¢ 3THM B KadecTBe OCHOBHOMW 3alaud BBICOTHO-TAHAMIA(PTHOTO aHAJIN3a CTABUTCS BBISABICHHE
BIUSHUS a0COMOTHBIX M OTHOCHUTENBHBIX BBHICOT MECTHOCTH Ha COBOKYITHOCTH TOKa3aTeneil MoppomMeTpun
penbeda, nanamadToodpa3yoUIX MPOLIECCOB U UTOTOBBIX CBOWCTB JaHAMLIAQTHOTO PUCYHKA.

B nmepByto ouepens, HEOOXOAUMO YCTaHOBUTH, KaK CBS3aHBI MEXIy cOO0M aOCOMIOTHBIE BEICOTHI MECT-
HOCTH W BEpPTHKaJbHAs PACWICHEHHOCTh pesibeda, TOCKOIBKY TOCIEIHSS BBICTYACT KIIIOYEBBIM (HaKTOpOM
(opMHUpOBaHUS BBICOTHO-JIAHAMA(THBIX CHCTEM (BEPTUKANbHAS PAacUJICHEHHOCTh pelibeda paccMmarpuBa-
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JIaCh KaK Tepernaj BBICOT B MpejiesiaX ONepaTHBHO-TEPPUTOPUANBHBIX SIMHUI] Pa3HBIX pa3MepoB). OueBHI-
HO, YTO 3aBHCHMOCTH 3/I€Ch JOJDKHA MPUCYTCTBOBATh HAa BCEX MCCIIEAYEMBIX MacIITaOHBIX ypoBHIX. OgHAKO
TIPOBEICHHBIN JIMHCWHBIN PETPECCHOHHBIN aHAN3 IMMOKa3aJl, YTO 3HaueHUs KO3 (HUIMECHTa ACTCPMHUHAINN
(R?) mo mepe yBenmueHHss MacumTaba HCCIEAOBAaHMS yMEHbINANUCH. st siueek pasMepoMm 25%25 kM
R?=76,34; 10x10 xm — R*=59,00; 5x5 kM — R?=46,10 u 1x1 kM — R?>=28,60. DTO TOBOPHUT O TOM, UYTO C
yBeIM4YeHHEeM MaciTaba ucciaenoBaHus Poib aDCOMOTHRIX BBICOT B (POPMHUPOBAHUHM BEPTHKAIBHON pacdiie-
HEHHOCTH penbeda YMEHBIIACTCS.

Wnas cutyarnus HaONIOMAETCS MPU YCTAHOBICHUH CBS3M MEXY OTHOCUTENBHBIM IMEPEIa oM BBICOT U
nokazarensiMu Mopdomerpun penbeda. Tak, MpOBEACHHBIE PacUEThl MOKA3aJd, YTO 3aBUCHMOCTh MEKITY
BEPTHKAIBHOIN PacUIEHEHHOCThIO U MaKCHMaJIbHOW KPYTH3HOH CKIIOHOB IO Mepe YMEHBIIEHHUS MaciiTada
HCCIICAOBAHMS YBEIIMYUBACTCS, COOTBETCTBEHHO R?* MeHsiercst ot 22,84 ans siueek pasMepoM 25%25 kM A0
75,53 mus sgeex 1x1 kM. AHamOTHYHAS CHUTYyarusl OTMEUAETCS W JUIsl MHOTHX JPYTHX IOKaszarelieif, B TOM
YHCIie ISl TEKCTYPHBIX Pa3IndHid PHCYHKA THIIOB MECTHOCTH.

[Tockonbky Mo KaxAOMy MaclITaOHOMY YPOBHIO OblIO paccumTano Oojee 350 3aBucuMocTel, mpuBe-
CTH WX BCE B PaMKaX JAaHHOW CTaThbH HE TPEACTABISACTCS BO3MOXKHEIM, MO ATOW NMPUYHMHE CAEIAaeM HEKOTO-
peie 00001IeHNs. Bee peakuuu Tpex rpymn mokasateneil (pakTopos, MPOIECCOB M TEKCTYP) Ha U3MEHCHHS
a0COJIFOTHBIX M OTHOCUTEILHBIX BHICOT MOXHO OOBEAMHUTE B MATH TPy 1) IMOKa3aTeNH, pearupyrommue Ha
W3MEHCHUS BBICOT, TIPH 3TOM C YBEIUYCHUEM MACIITA0OHOTO YPOBHS HCCIIEIOBAHHS 3aBUCUMOCTB pacteT. K
TAKOBBIM OTHOCSATCSI OOJIBIIMHCTBO IMOKazareneld MopdoMeTpuu peibeda u JaHamadTooOpa3yomux mpo-
[IECCOB, PEarupyroIInX Ha W3MEHEHHUS aOCONIOTHBIX BBICOT; 2) TOKAa3aTeNH, pearupyronme Ha U3MEHEHUS
BBICOT, TIPU STOM C YBEIMUYCHHEM MacIITaOHOTO YPOBHS HCCIEIOBaHHS 3aBUCHUMOCTH MajgaeT. B ux umcio
BXO/ISIT BCE OCHOBHBIE MMOKA3aTelNH, CBSI3aHHBIE C N3MEHEHHEM OTHOCHTENBHBIX BBICOT; 3) MOKa3aTelnu, pea-
TUPYIOIINE Ha N3MEHEHHE BBICOT BHE 3aBHCHMOCTH OT MacIITaOHOTO ypoBHs. K HUM mpHHAIIek)AT B3aUMO-
00yCITOBJICHHBIC WM OJM3KUE TI0 CONCPIKAHUIO MOKA3aTeNN, TAKUE KaK ITyOWHBI TOJIVH, TIPEBEIIIEHUE BOJIO-
pa3IelioB Haj TallbBETaMH, MOTCHIMAIbHAS HEPTUS MOBEPXHOCTHOTO CTOKA, MMO3UIIMOHHBIA MHICKC U JIp.
3aBUCHMOCTH MIX OT OTHOCHTEIHHBIX BHICOT HA BCEX MACIITAOHBIX YPOBHSIX OCTAIOTCS BBICOKUMM; 4) TIOKa3a-
TEJIH, HE Pearupyrolne Ha U3MECHEHHS BBICOT HA BCEX MAcCIITA0HBIX ypoBHsX. OHU BKIIFOYAIOT B ce0s B OC-
HOBHOM CpEJIHHE 3HAUYCHUS TOKa3aTelic, KaKk MpaBWIO, CBA3aHHBIX C MHCOJAIUEH. Takke OTMEUeHO, YTO
CpeaHHe 3Ha4YCHHs B IpeeNiaX KaKoW-Tr0o OmepaTHBHO-TEPPUTOPHAIBHON EAMHUIIBI MMEIOT MEHBIIYIO 3a-
BHCHUMOCTb OT BBICOTHI MECTHOCTH, HEXKEIH €r0 MaKCHMaJbHBIE BEIMYMHBI WM JUCIIEPCHS, CBSI3aHO 3TO C
M3BECTHBIMH HEJOCTATKAMH PACUETOB CPEIHETO apu(METHUECKOT0; 5) MOKa3aTeIH, Xa0THYHO Pearupyromime
Ha M3MEHEHHs BBICOT. VX HE Tak MHOTO, B Ka4eCTBE NMpUMepa MOXKHO MPUBECTH MOKA3aTelb JHEBHOM OCBe-
IIEHHOCTH, KOTOPHI B 3HAYUTEIHHON Mepe MpeonpeiesieH pacuIeHEHHOCThIO peibeda B MaciTade sdeek
1x1 kM (R?>=76.82), a Ha OCTAIEHBIX MAacCIITA0HBIX YPOBHSX 3aBUCUMOCTh OTCYTCTBYET.

B menom ycraHOBIIEHO, YTO aOCOJIFOTHBIE BBICOTHI BIUSIOT Ha MOP(POMETpHIO pelibeda, ToKa3aTean
MPOLICCCOB M TEKCTYPY JaHAMAPTOB IPU HU3KOW aeTanu3anud Matpuil (25%25 kM u 10x10 kM), a nepenan
BBICOT TPEIOIpeeNsieT N3MEHINBOCTh OOJBIIEH YacTH IMOKa3zaTeleld MpH BBICOKOM IEeTaTH3alliil MaTpPHII
(1x1 xm). Mcxons U3 3TOr0, BOSHUKAET BO3MOXKHOCTD IPOBECTH PAHKUPOBAHUE ONIEPATUBHO TEPPUTOPHUAITH-
HBIX EIMHMII [0 TI0Ka3aTesiM abCOMIOTHBIX U OTHOCHTEIBHBIX BBICOT C IIETHIO BBISBICHUS OJHOTHITHBIX B
MOP(POMETPUIECKOM, JHHAMHYECKOM W TEKCTYPHOM OTHOIICHWW BBICOTHO-TAHANIA(THBIX CHCTEM Pa3HOTO
TaKCOHOMHYECKOTO paHra. llepes mpoBeaeHHEeM TPYIIITUPOBKH SYEEK MO BHICOTHBIM ITOKA3aTelsIM, IKCIIEPT-
HBIM MyTEM YCTaHABIIMBAJIOCh KOJUYECTBO JHAITa30HOB, B KAY€CTBE METOAa OOBCIUHEHUS 3HAYCHHHA OBLI
BBIOpaH MOJXO0/1 €CTECTBEHHBIX IpyNIl. B pe3ynbrare paHXKUpoBaHU sUeeK pa3MepoM 25%25 kM B mpeaenax
HenTpansHoro YepHo3embst ObLI0 000CO0ICHO Tpu Hamboliee KPYMHBIE BHICOTHO-JIAHIMA(THBIC CHCTEMBI
YPOBHS TPyHIbl (QU3UKO-TeOrpadUveCKUX PaOHOB: BEPXHSS CpEIHEpACUJICHCHHAS, CPEIHSS CHILHOpAcC-
WIEHEHHas W HIKHSS ciabopacdjeHeHHas, KOTOpPBhIe HAXOMAT HEKOTOPOE COOTBETCTBHE C BBICOTHO-
nanmmadTHeIME cTynieHs My ©.H. MusbkoBa.

[Mocnenyromee paHXUpOBAaHUE ONEPATHBHO-TCPPUTOPHANIBHBIX €IUHUI] TPOBOIMIOCH OTACIBHO IS
Ka)KIIOM BBIICIIEHHOM Ha MPEIbIAYIIEM 3Tale BRICOTHO-TaHAMA(THONH CHCTEMBI. [ pyTIITHPOBKa STUeeK pa3zMe-
poM 10x10 KM ITO3BOIMIIA TT0 3HAYCHHSIM a0COJIFOTHBIX BBICOT 000COOUTH BEICOTHO-JIAHIIAPTHBIC CUCTEMBI
YPOBHS TPYIIIIEI MTOAPAioHOB. X BHYTpEHHSS CTPYKTypa JAOBOJLHO XOPOIIO PACKPBIBACTCS MAaTPUIICH pas-
MepoM 5X5 KM, KOTOpasi IIOMOTJIa BEISIBUTH JIBE BHYTPHUIOJMHHBIC BRICOTHBIC CUCTEMBI JIAaHAMAPTHON pa3-
MEpHOCTH U TPU MEXTypedHblie. PamkupoBanne siaeek 1x1 kM 060c00MII0 BRICOTHO-TaHAIIA(PTHBIE CHCTEMBI
YPOBHS TPYIIIT MECTHOCTEH.
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Jlorn4yHbpIM 3aBepILAIONIMM UTOTOM aHAJIN3a BRICOTHOW OpTaHU3alMy JaHAIAa(TOB SBIASETCS MOATOTOB-
Ka Kiaccu(UKaIMy BhICOTHO-TaHAMAPTHRIX cucTeM. HO OCHOBaHMU BBICOTHBIX pasnniuii peibeda, mpe-
OTIPEIENUBIINX TUPPEPEHIUAIIIO JIUTOJIOTO-TeOMOP(OIOTHIECKOT0 CTPOSHHS, XapaKTepa JHHAMHYECKHX
B3aMMOCBSI3eH, HANPABICHHOCTH Pa3BUTHSA M OOLIHOCTH CTPYKTYPHI T'€OCHCTEM, OblIa pa3paboTaHa makco-
HOMUYECKAsl CXeMd 8bICOMHO-TAHOWADMHbIX cucmem, BKITIOUAIOMAs B ce0s1: omaden, Kiacc, nookiace, mun,
noomun, cemeticmeo, poo, 8uo u nodsud. Omaoenst BEIICIAIOTCS 110 THITY KOHTaKTa KOHTPACTHBIX cpex (Ju-
Ttochepa—armocdepa, murochepa—Tunpocdepa), B pe3yabrare dero popmupyercst BeicoTHas auddepenua-
s nTaHamadToB cym u riiyOuHHas auddepeHnuanus akBalbHbIX reocucteM. Kiaccst 000c00IMBatoOTCs
MO TIepenaay BhICOT MOP(GOCTPYKTYpP TEPBOTrO Mopsiika (TOpbi—paBHUHBI), HTOIOM JICICHUS SBIISIOTCS BbI-
coTHast TudepeHIranysi paBHUHHBIX JIAHAMA(QTOB M BRICOTHASI TIOSICHOCTh TOPHBIX CTpaH. [1o0xraccel BbI-
JEISIOTCS ¢ YYETOM Pa3yIinuuil paAualiioHHOTO OanaHca, ONMpefessioero MocieaAyIoIy0 BEICOTHYIO O1o-
KITUMAaTUYECKYI0 aupHepeHIraiio reocucTeM. Pe3ynbTaToM BBIIEICHUS SIBISIETCS BBICOTHAs TU(QepeH-
IUAIYs PAaBHUHHBIX JIAHAMIA(TOB MOJSPHOTO, YMEPEHHOTO, CyOTPOIMMYECKOTO U TPOIIMIECKOTO TOSICOB. Tu-
nvl 000COONMBAIOTCS HAa OCHOBAaHHMU CTYNEHYATOCTH penbeda, GopMHUpYIOLmero JaHAmapTsl HU3MEHHBIX,
BO3BBILICHHBIX U BBICOKUX PaBHUH. [lo0munsi 000COOIUBAIOTCA C YIETOM Mpeodiaatalomux JaHamadTooo-
Pa3yIoNHX MPOLECCOB (AKKYMYJISIIUN U ISHYAAIUN) U MPEyCMAaTPUBAIOT JCTICHHE TEOCUCTEM Ha JIOJMHHBIC
u Mexxaypeunsie. Cemeticmea BBIIEISIOTCS HA OCHOBE 30HAJIBHOTO TTOJIOKEHHSI TEOCHCTEM U OMOKIMMaTHYe-
CKMX OCOOCHHOCTEH BBICOTHOW Iu(¢epeHInanuy paBHUHHBIX JaHamagToB. B ocHOBe BBLAEICHUS podos
JIeKAT Pa3NUyuus BEPIIMHHON MOBEPXHOCTH BOJOPA3JICIIOB, ONMpPEICISIONINE MECTHBIN Tepenaj BhICOT. Pe-
3yJIETATOM JICIICHUS BBICTYIAeT (OPMHUPOBAHUE HA MEXKIYPEUbsX HU3KUX, TOHIKEHHBIX, BO3BBIIIEHHBIX U
BBICOKMX YYacTKOB. Buodwul 000COOIMBAIOTCS BHYTPH POJOB MO OCOOCHHOCTSIM BOAHO-T€OXUMHUYECKOTO pe-
KHMMa, CHOCa M aKKyMYJISIIMHU BelecTBa. Ha OCHOBaHHMHM 3TOTO BBIJICNSIOTCS BOJIOPA3/IeibHBIC aBTOHOMHBIE
T€OCHCTEMBI, CKIIOHOBBIC JICHYAallMOHHO-TPAH3UTHBIE, HAAMONMEHHO-TEPPACOBBIC TPAH3UTHO-aKKyMYJIs-
TUBHBIC U MMOWMEHHbIE aKKyMYJISITUBHBIE Te0CUCTeMBl. C y4eTOM OTHOCHUTENBHOTO BBICOTHOTO IOJIOMKEHHS,
MOp$OJIOrUK U TUHAMUKHU JOKAJIbHBIX T'€OCHCTEM BHYTPU BHIOB 000COOISIOTCA n0d6udsul. [IpumepoM mux
MOTYT CITYXHTb JIAHAIA(THI EHTPATBHBIX, IPUBEPITHHHBIX, MPUOPOBOYHBIX BOJOPA3JIENIOB, BBICOKHX, MO-
HIDKEHHBIX M HU3KUX MONM, BEPXHUX, CPEIHUX U HIKHUX YacTeH CKIIOHOB. B mpemnokeHHOH cxeme mosic-
HOE M 30HAJbHOE JelicHHE JaHAa(TOB CYIIH MOCTABICHO Ha OoJjiee HU3KME TAKCOHOMHUYECKUE YPOBHU 10
CPaBHEHHIO C U3BeCTHhIMM Kiaccubukamusmu D.H. MunskoBa (1981), A.I'. Ucauenko (1995),
JJL. Apmanma (1975), B.A. HuxonaeBa (1979) u apyrux B CBSI3M C TE€M, YTO KPUTEPHH UX 000COOICHUS
MPEICTaBISIIOTCS MEHEe 3HAYMMBIMU JJIs1 ITpOLiecca BEICOTHOM TpaHchOpMaluy JaHAMAaPTOB CYIIH.

Raxnouenue

Takum 00pa3oM B X0j1€ TIPOBEJICHHOTO UCCIIEIOBAHUS OBIIIO YCTAHOBIICHO:

1. Ha mMexaHW3MBI OpraHu3aliiil T€OCUCTEM CYIIICCTBEHHOE BIIMSIHUC OKa3bIBAlOT BBICOTHI MECTHOCTH,
KOTOpPBIC MPEIONPEACIAIOT N3MEHEHNE MHTCHCUBHOCTH BEPTHKAIIBHBIX MTOTOKOB B JaHIIIaQTHOH cdepe U, B
MEPBYIO O4epe/Ib, MPOIECCOB, HHUIIMUPOBAHHBIX TPABUTAIIMOHHOW YHEPrUei 3eMIIH.

2. 3aBUCHMOCTh IOKa3aTejIeld pacuwIeHEHHOCTH peibeda, mepenaga BhICOT, INIyOHMHBI Bpe3a OT adco-
JIIOTHBIX BBICOT MECTHOCTH TPOSBISETCS HA YPOBHE OIEPATUBHO-TEPPUTOPHAIBLHBIX SIUHUIL JaHIIaQTHOH
pasmepHOCTH (25%25 xm 1 10%10 xMm). [Ipn yBenmaennn MacimTadba ucciaeI0BaHusI 3aBUCUMOCTD IPOTIaIacT.

3. 3aBucHUMOCTh MOpP(HOMETPHUECKHUX TOKa3areseil penbeda, XapaKTepu3yIoNuX 0COOSHHOCTH CTpOe-
HUS 36MHOW MOBEPXHOCTH, WHICKCOB JIAHIIIA()TOOOPa3yIONINX MPOIECCOB U JAaHIIIAQTHBIX PUCYHKOB, OT-
MEYaeTCs Ha YPOBHE OINCPATUBHO-TEPPUTOPHUATBHBIX CIMHUI, COOTBETCTBYIONIMX PAa3MEPHOCTH JIaH/-
madTHOTO ypouniia M MecTHOCTH (1X1 kM, 55 kMm). [Ipn ymeHbIIeHHN MacmiTada UCCIECIOBAHUS 3aBHCH-
MOCTb MTPOTAIaeT.

4. 'torom BeICOTHOH auddepeHIanuy moxkasareyield CTpyKTyphbl T€OCHCTEM, JIaHAMAPTOOOPpa3yOIINX
MPOIIECCOB U JIAHAMA(PTHBIX PUCYHKOB BBICTYIAIOT BBICOTHO-JIAHAMIA(THBIE CHCTEMBI, KOTOPBIE MPEJICTaB-
JISIOT TUHAMUYECKU ¥ MOP(HOJIOTHUYECKH EMHbIC TPYIIIHI JIAHAMA(PTOB pa3IMIHOr0 TAKCOHOMUYIECKOTO paH-
ra, IMEIONIHX 00IIee BRICOTHOE IOJI0KCHHUE.

5. TakcoHOMHYECKAasl CXeMa BEICOTHO-TaHIAPTHBIX CUCTEM UMEET CIIeIyIoIee COMOJINHEHHE: OT/IEN,
KJ1ace, MOIKJIace, THII, TOJITHII, CEMEHCTBO, POJI, BHII M MTOIBUI.

Hccneodosanue nposedeno npu unarcosoti noodepocke Poccutickoeo ¢onoa gyrnoamenmanvhvix uc-
cnedosanuti (Ilpoexm 19-45-360005 p _a «Bepmuxanvuas ouggepenyuayusa ranowagmos Bopouedccxou
obracmuy).
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A.C. T'op6ynos, O.II. beikoBckas

Ka3pIk manamadTrapabiH OMIKTITiH YBIMIACTBIPY
(Peceiigin OpTajnbik YepHo3eMbe MbICAJIBIH/IA)

PenpedTin aOComMOTTI koHE CaNBICTHIPMANBI OMIKTIr TEK Taylapaa FaHa eMec, JKa3bIKTap/a Ja reoxxyhenepi
YUBIMIACTEIPYABIH MaHBI3B! (hakTopsl Oonbin Tadbutazsl. Omap xep OeTiHmeri MopdomeTpus, JaHAmadT
MPOLECTEPiHIH KApKBIHABUIBIFEI MEH OarbIThIH, JaHAUIADT ChI30aNapblHBIH TaOWFATBIHIAFBl AMbIPMAILIbI-
JBIKTap/Abl aHBIKTaWbl. 3epPTTEYAiH HETi3ri MakcaThl ep OeTiHiH OWIKTIKTepi MEH JaHmmadT eimeMaepi
apachbIHAAFbl TOYCJIUIIKTI TOPT ayKbIMIbI JeHrelae aHblKTay. JlaHmmadT TYpFBICBIHAH XKAKChI 3€PTTENreH
Peceiinig Optanbik YepHozembe 3epTTey ayMmarbl peTiHae TaHaauabl. JKymbic GapbichiHa penbedTiH
mMPIBIK  MOZeNbIAEpi MeH JIaHAWA(TTBIK Kaprajgap JalblHAANABL, OJapAblH  MOP(OMETPHSIIBIK,
THAPOJIOTUSIIBIK, WHCOJSIIMSUIBIK OJKOHE TEKCTypasblK TalJaylapbl OKYPri3ingi, HOTIKenepi opTypii
OJIIIIEeM/IET] KeeNI-ayMaKTHIK OipJikTepIiH aepektep 6a3achlHIa >KMHAKTALABL JlaHamadT KypbUIFBICEIHBIH
KOpCETKIIITepi YII ToIKa GeiHi: mapT, nporecc, HoTke. JKyprisiireH 3eprrey OapbICHIHAA PETrpecCHsUIBIK
Tanjay KeMmeriMeH penbe(TiH OeliHy mapaMeTpliepiHiH aOCOMIOTTIK OHMIKTIKTepre TOyeNIuIri 3epTTeyIiH
MaciuTabThIK JCHICHIHIH YIIFAfObIMEH a3asThIHBl aHbIKTaAbl. JlaHmmadTsl KypalThiH MpoLecTep MeH
naHamapT KyphUIBIMBIH CHIIATTAWTHIH HMHIMKATOPJIAPIBIH CAaJbICTHIPMAibl OWIKTIKTEpre ToyemnaiIiri
3epTTeydiH MaclTalOThl JASHIeHiHIH TOMEHAeYiMeH apTaibl. AOCONIOTTIK JKOHE CAlbICTHIPMANbl OUIKTIKTEp
KepceTKilTepi OOWBIHIIA OPTYPJi OJIIeMAEri JKelel-ayMaKkThIK Oipiikrepai capanmay — GipTyTac
MOP}OJIOTHSIIBIK JKOHE AMHAMUKAJIBIK OWiKTiK-TaHamadT xylenepin Gemyre Mmymkinaik 6epai. Conpaii-ak
OmikTiK-maHImadTHK KyHenepaiH TaKCOHOMISUIBIK CXeMachl 931pJIeHMl, OFaH MBIHAaJall TaKCOHAAp Kipeni:
0eJ1iM, ChIHBII, TOMEHT] ChIHBII, THIIi, TUIl TAPMaFbl, TYKbIMAAC, TYBICTAC, TYP, TYP TAPMAFbL.

Kinm co30ep: nanmmadtTsl yHBIMAACTHIPY, naHAumadTapaslH OHIKTIK auddepeHrannscbl, OHIKTIK-
TasauadT Kyieci, perpeccusIbIK Tajay.

A.S. Gorbunov, O.P. Bykovskaya

Altitudinal organization of plain landscapes
(on the example of the Central Black Earth Region of Russia)

Absolute and relative terrain altitudes are an important factor in the genesis of geosystems. They determine
differences in morphometry indicators, intensity and direction of landscape-forming processes, and landscape
patterns. The study objective is to identify the relationships between altitudes and landscape metrics at four
scale levels. The forest-steppe zone of the Central Black Earth Region of Russia was chosen as a study area.
Authors of the article created a digital elevation model and a landscape map for the area, then conducted
morphometric, hydrological, insolation, and textural analyses. Applying grids with different cell-sizes, the
analyses results were obtained and stored into a spatial database. Authors divided the obtained indicators into
three groups: condition, process, result. The regression analysis showed that the dependence of the relief dis-
section parameters on the absolute altitudes decreases with the increase of the study scale. The dependence of
the indicators of landscape-forming processes and landscape textures on the relative heights increase when
the study scale decreases. Ranking of the greed cells by indicators of absolute and relative heights made it
possible to identify morphologically and dynamically unified altitudinal landscape systems. As one of the re-
search results, the authors of the article devised a taxonomic scheme of altitudinal landscape systems, which
included the division, class, subclass, type, subtype, family, genus, species, and subspecies categories.

Keywords: landscape organization, altitudinal differentiation of landscapes, altitudinal landscape system, re-
gression analysis.
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Functioning of steppe landscapes in the autumn season
by the example of the Karadag Nature Reserve

The results of the functioning of low-mountain sub-Mediterranean steppe landscapes in the autumn period
(from 2014 to 2019) are obtained on the example of the Karadag Nature Reserve. The results of the processes
of “development”, “destruction” of both prerequisites and results of landscape functioning and “accumula-
tion” of prerequisites for landscape development, as well as mixed categories in the autumn season are distin-
guished. Relatively alternating with each other, in the autumn season, the process of accumulation of prereq-
uisites (in 2015, 2016, and 2019) and the process of development (in 2014 and 2017, respectively) have min-
imum values. In 2018, the processes of accumulation and development are at the same level, and each ac-
count for 2.6 % of the total number of the processes observations, which occurred in the steppe landscapes
this year. The autumn season is absolutely dominated by the process of destruction of prerequisites and re-
sults of functioning in landscapes. This process varies from 93.9 % in 2014 to 98.8 % in 2016.

Keywords: functioning of steppe landscapes, types of states, weather types, meteorological parameters, au-
tumn season, Karadag Nature Reserve, Crimean Peninsula.

Introduction

Landscape dynamics are inextricably linked to its functioning and are seen as a sequence or more com-
plex structure of landscape transition from one state to another. Changes of states and maintenance of land-
scape in one state are provided by different functional processes [1]. Therefore, the study of the dynamics of
any landscape system is based precisely on the study of functional processes which take place in them.

The processes that manifest themselves in the landscape and the study of its dynamics, are characterized
by a rhythmic manifestation. They can be active at relatively equal intervals of time and lead to changes in
the state of individual components of the landscape throughout the year [2].

Our article deals with intraday states of landscapes associated with measurements of system parameters
every hour. Intraday dynamic is determined by such external environmental factors, which are caused by the
influence of the sun, and have a rapid change (within a few minutes), as they differ only in parameters asso-
ciated with the transformation of solar energy [1].

The stable sequence of changing landscape states is defined as the temporal structure of the landscape [3].
In many studies, as in ours, landscape dynamics is studied precisely through the change of its states [4—9].

In the study of landscape dynamics, stationary studies are of great importance. For exam-
ple, Beruchashvili N.L. has developed a functional model of the landscape at the Martkop stationary on the
basis of the substance and energy flows in the landscape system [7]. The Roztocze landscapes also quantify
indicators of substance and energy flows by determining the main parameters of radiation, water, and heat
balances [10]. Geochemical and geophysical features of landscapes are studied at the Chernogorsk station, in
their strategies, synergetic and spatial, and temporal organization, as well as regime landscape-monitoring
observations (meteorological, hydrological and phenological) [11-13]. Krauklis A.A. had been carrying out
studies in the Priangar taiga facies since 1963. He conducted long-term observations of the natural regimes
of typical southern taiga facies in the Chunoyarsk station. He paid special attention to the study of seasonal
cycles and regeneration-age dynamics of dark taiga [14—16].

Also phenological research methods are now actively used as an approach to the study of landscape dy-
namics. In central Russia, phenological data is collected by the Moscow branch of the Russian Geographical
Society (RGS). In the northwestern region, this has been carried out for a long time by the staff of the Botan-
ical Institute of the Russian Academy of Sciences. In the Far East, long-term phenological monitoring is
conducted at the Orotuk stationary of the IBPS FEB RAS (Kolyma River headwater). In addition, phenologi-
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cal studies are carried out in the phenological section of the Sverdlovsk Branch of the Russian Geographical
Society at the Ural Pedagogical University by a group of students and followers of Batmanov V.A.: Yant-
ser O.V., Terentyeva E.Yu., Skok N.V., and others [17].

At present, the study of years-long states of landscapes that characterize their functioning remains as an
urgent task. Knowledge of the mechanisms of interaction between landscapes and their environmental condi-
tions makes it possible to solve problems of predicting their dynamic patterns and trends [18].

The methodology, taken as the basis of our study of the landscape dynamics’ states, was developed by
Mamay LI. [4] when studying the functioning of landscapes at the Lesunovo landscape stationary [19-22].

Experimental

The approach used in this paper is the landscape functional assessment approach according to the meth-
odology [4]. Based on the completeness of the primary data for assessing the dynamics of landscape states, a
specific approach to the assessment was chosen:

1) The rank of the territorial complex is selected: at the facies, natural landmark (tract) or landscape
level;

2) The rank of periodic states observations of the territorial complex is selected: intraday, diurnal, intra-
seasonal, seasonal, intra-annual, and multi-annual states.

In this work, the functioning of the natural system is given at the landscape level. Intraday meteorologi-
cal indicators of the Karadag station of baseline environmental monitoring (fixing meteorological data every
hour), as well as materials of the “Annals of Nature” [23—28], where indicators were applied for some of the
diagnostic attributes of landscape functioning, were used as source data.

The diagnostic signs for assessing the functioning of steppe landscapes in the autumn season are those
processes, which manifest themselves within steppe landscapes and which can be assessed over the time pe-
riod. For over 6 years (2014-2019) we assessed the following diagnostic attributes, which are proposed in
the methodology [4]. The diagnostic signs include:

— Heat transfer;

— Moisture transfer;

— Wind speed;

— Precipitation;

— Phytomass growth, vegetation;

— Increase of moisture in soil;

— Freezing and thawing of soil;

— Surface sediments transfer;

— Change of soils of one type by another while preserving the type of soil formation;

— The emergence of new morphological parts of the landscape or the disappearance of old ones;

— State of vegetation, phenology;

— Soil formation;

— Evaporation and transpiration;

— Surface runoff;

— Change of ground water level.

Each of these diagnostic signs refers to a particular category of functioning results, which influence the
development of steppe landscapes as a whole. The results of landscape functioning include “development”,
“accumulation” of prerequisites and “destruction” of prerequisites and results of landscape functioning.

A certain type of weather conditions establishes the result of steppe landscape functioning: develop-
ment, accumulation and destruction of different degrees of intensity (weak, medium, strong). In one type of
weather conditions all named results or only some of them can be realized simultaneously. When assessing
each process, among the results of the functioning of landscapes are defined:

— Strong development (3 scores);

— Medium development (2 scores);

— Weak development (1 score);

— Strong accumulation (3 scores);

— Medium accumulation (2 scores);

— Weak accumulation (1 score);

— Stabilization (0 score);
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— Weak destruction (1 score);

— Medium destruction (2 scores);

— Strong destruction (3 scores).

Scores can reflect both positive “+” and negative “—", as well as the contribution of each diagnostic
signs to the overall result of landscape functioning. Correspondingly, scores with a “+” and “—” signs reflect
the strengthening or weakening of these functional signs in the landscape.

The autumn season is characterized by different categories of results of steppe landscape functioning
with different degrees of intensity of their manifestation. The final results of steppe landscape functioning in
the autumn season include development, destruction of both prerequisites and results of steppe landscape
functioning, and accumulation of prerequisites for landscape development, as well as mixed categories.

Study Area

The Karadag Nature Reserve is located on the shore of the Black Sea, between the Otuzka River valley
and the Koktebel hollow. The climate of this area is characterized as hot, arid, with mild winters, and the ar-
ea is classified as the south-eastern climatic region of Crimea. In general, the territory of the reserve is insuf-
ficiently wetted. 87 % of annual precipitation evaporates and only 13 % (53 mm) forms surface runoff [29].

[T3RE

Results

The duration of the autumn season in 2014-2019 varies greatly from 60 to 108 days. Autumn occurs
between 24 September (2014) and 23 October (2018). The end of autumn is marked between 13 December
(2016) and 13 January (2017). The longest autumn was recorded in 2017 with 108 days, while the shortest
autumn season was in 2016 with 60 days.

In the autumn period of 2019, it was impossible to assess the situation under which the functioning of
steppe landscapes took place. As for technical reasons there were difficulties in obtaining meteorological
data from the Karadag station of baseline environmental monitoring in the period from 13 November to 27
November (on these days there is no data on the amount of precipitation, so it was not possible to identify
weather types. Therefore, this period was not taken for the functioning assessment).

The autumn season from 2014 to 2019 is characterized by 48 types of weather in the study area. In
2014, 35 types occur, in 2015 — 27 types, in 2016 — 34 types, in 2017 and 2018 — 30 types, and in 2019
26 types were identified (given the lack of weather data for some period of the autumn season in 2019).
Some weather types recur during each year and some occur only in certain years of the studied time period.

One of the results of the steppe landscapes functioning in autumn is the landscape “development” pro-
cess. This was observed throughout the entire six-year time period. A weak development process was present
in all the listed years, however, also in the period from 2014 to 2017, weather types were noted in which the
development process was classified as a medium category, and strong development was noted in all years
except 2015.

During the autumn period, based on methodology [4], such diagnostic signs as surface sediments trans-
fer, change of soils of one type by another while preserving the type of soil formation, the emergence of new
morphological parts of the landscape or the disappearance of old ones, state of vegetation, phenology, soil
formation are classified as developmental.

The result of steppe landscape functioning, such as the “accumulation” of prerequisites for landscape
functioning was noted in the autumn periods of 2014, 2016, 2017, and 2018. Moreover, it was pointed out
that the category of strong accumulation is completely absent in the autumn season. The processes of prereq-
uisites accumulation in the autumn season according to the methodology [4] include diagnostic signs: heat
transfer, moisture transfer, wind regime, precipitation, phytomass growth and vegetation, increase of mois-
ture in soil.

The process of “destruction” of both prerequisites and results of landscape functioning is characteristic
for the whole period under consideration, with all categories of intensity (weak, medium and strong result of
functioning) occurring in each year. Among the signs influencing the overall destruction result in the autumn
season according to the methodology [4], the following are highlighted: heat transfer, moisture transfer, wind
regime, evaporation and transpiration, and surface runoff.

The following categories of outcomes are related to the manifestation of two, three or more parallel
steppe landscape processes or combinations thereof. In this case, the intensity of the manifestation of the re-
sult is zero and it is characterized by the definition “in the absence of result”. This suggests that the parallel
processes in the type of weather under consideration have levelled each other, resulting in the same level of
their functioning, i.e. the intensity of the processes does not stand out.
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Discussion

During the autumn season each of the diagnostic signs contributed to the overall picture of steppe land-
scape functioning.

Development of steppe landscapes. The process of development in different years was caused by differ-
ent diagnostic signs, but it was mainly dominated by the surface sediments transfer, which is inseparably
linked with the intensity of precipitation in this season. Besides, such signs as the emergence of new morpho-
logical parts of the landscape or the disappearance of old ones in the period under consideration and the
change of soils of one type by another were not manifested, while preserving the type of soil formation.

The percentage of cases (of the total number of observations) of the result with weak development var-
ies from 0.1 % to 3.4 %. Generally, this category of landscape functioning is a fraction of a percent and does
not exceed 0.6 % of the total number of process observations. In 2019, however, this category accounted for
3.4 %. This category is mainly characterized by diagnostic signs such as the surface sediments transfer and
soil formation.

In 2016, 2018, and 2019, such a diagnostic sign as “state of vegetation and phenology” affected the
overall picture of steppe landscape functioning and levelled out the overall positive result of the functioning
of weak development. This sign makes the most of its negative contribution in 2019. In 2014 and 2015, it
had no influence at all on the overall steppe landscape functioning result.

Medium landscape’s development in the autumn season is supported by the surface sediments transfer
and soil formation. The other diagnostic signs do not have the intensity for which the current category of
steppe landscape functioning results. It is important to note that in 2018 and 2019 no weather types with a
landscape functioning result such as medium development were identified. This category of functioning re-
sult is poorly represented among the others and amounts to no more than 0.5 % of the total number of obser-
vations. Overall, average development as a result of steppe landscape functioning occurs in fractions of a
percentage of the total number of observations: 0.1 % in 2014 and 2015, 0.3 % in 2016, and 0.5 % in 2017.

The functioning result characterized as a strong development was considered in all years except for
2015. The dominant diagnostic sign is the surface sediments transfer, which makes the main contribution to
the category of strong development. Parallel to this, soil formation makes a positive contribution to this cate-
gory too. There is also a negative impact of the diagnostic attribute “state of vegetation and phenology” on
the final result of this category in 2019. During the autumn season, this diagnostic sign actively influences
the reduction of the category result through the weakening and complete termination of flowering processes.

The percentage of the total number of observations with a strong development result varies from 0.1 %
in 2014, 2017, and 2018 to no more than 0.4 % in 2016. The development process itself accounts for small
fractions of a percentage of the autumn season compared to other processes.

Accumulation of prerequisites for the steppe landscapes functioning. The accumulation of prerequisites
for the steppe landscapes functioning is weak and not all diagnostic signs are presented in this category. Such
sign as wind regime does not appear at all in this category of results. Also, it is presented the negative impact
of “phytomass growth and vegetation” on the general process of accumulation, indicating that this sign in-
creasing the weakness of overall result of weak accumulation functioning in autumn 2016 and 2018. Obser-
vations (of the total number) with weak accumulation of prerequisites for steppe landscape functioning con-
stitute a very small percentage: 0.1 % in 2016 and 1.2 % in 2018.

The next category of the result intensity of steppe landscapes functioning is the medium accumulation.
It occured only in 2014 and 2017 and was realized through wind activity, precipitation, phytomass growth
and vegetation, moisture transfer, and increase of moisture in the soil. In addition, wind speed affected this
category of functioning only in 2014 and moisture transfer only in 2017. A negative contribution in 2014 and
2017 to the overall steppe landscape functioning result in this category is brought by the sign “phytomass
growth and vegetation”, as the autumn season tends to depress phytomass growth in plant communities. The
percentage of the average accumulation result from the total number of observations is 0.1 % in 2014 and
0.7 % in 2017.

Destruction of prerequisites and results for steppe landscape functioning. Weak destruction of results is
not implemented by all diagnostic signs in this category of landscape functioning. For example, surface run-
off is not a diagnostic sign in none of the years under consideration, the activity of which would influence
the overall result of weak destruction. Individual attributes do not reflect their contribution in the autumn
season functioning of some years (for example, the wind regime does not have such activity in 2015 to influ-
ence the total result of the considered category of steppe landscapes functioning).
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Autumn 2017 was characterized by the smallest number of diagnostic signs actively acting on the de-
scribed result; only three diagnostic signs standed out in this year: heat transfer, wind speed, change of
groundwater level.

It should be noted that changes in the groundwater level in 2014 and 2015 contributed positively to the
overall process of destruction of the results, while in 2017 and 2018 it contributed negatively, with a strong
intensity. Due to this, the destruction of the steppe landscape in the autumn of 2017 and 2018 was weakened.

The percentage of cases (of the total number of observations) with weak destruction of steppe landscape
results varies from 0.4 % to 8.4 %. The lowest values are characteristic of 2014, 2015, and 2019 (1.51 %,
0.4 % and 2.1 %, respectively). In 2016 it is 8.4 %, in 2017 — 6.9 % and in 2018 — 4.6 % of the total num-
ber of observations.

In the medium destruction of result of steppe landscapes functioning, all diagnostic signs were active,
except for surface runoff. This diagnostic signs did not manifest itself at all in those types of weather, when
the category of medium destruction of results operated. There was a negative impact of the sign “change of
groundwater level” on the total contribution to the result of this category of functioning in 2014-2019.

This category of steppe landscape functioning varies between 0.8-28.2 % of the total number of obser-
vations. Between 2014 and 2018, this percentage ranged from 0.8 % to 6.9 %, and increased sharply in 2019
(28.2 %).

The result of the landscape functioning as a strong destruction of the results is manifested under more
types of weather. Thus, heat transfer in the air, moisture transfer, wind regime, evaporation and transpiration
and change of groundwater level are active in the autumn season in all years under consideration. Little ac-
tivity of surface runoff was recognized in autumn 2016, where it made a small positive contribution to the
overall result of functioning of steppe landscapes.

As in the other categories of intensity of result, destruction in the last three years (2017-2019) had a
negative contribution of the diagnostic sign “change of groundwater level”. In these years, there was a fre-
quent increase in the groundwater level during the autumn season. This category of performance result varies
between 57.6 % and 89.6 % of the total number of observations. The minimum percentage of observations
that characterize the functioning result of this category is noted in 2019 (57.6 %). Between 2014 and 2018,
this percentage remained approximately at the same level, ranging from 82.5 % to 89.6 % (the maximum
was noted in 2015).

The result of steppe landscape functioning as a destruction of prerequisites was only noted in 2015 and
2018.

The medium destruction of prerequisites is typical for some weather types only in 2018. The more in-
tense category of strong destruction of preconditions was found in 2015. These functioning processes add up
to different diagnostic signs. Only three diagnostic signs contributed in both 2015 and 2018. Such signs in-
clude: wind regime, evaporation and transpiration, and change of groundwater level. Moreover, the negative
impact of the signs on the general result was made by different processes: in 2018, with medium destruction
of the prerequisites the negative contribution to the overall result of landscape functioning was made by
change of groundwater level, while in 2015, with a strong destruction of the prerequisites the negative con-
tribution to the total result was made by evaporation and transpiration.

The percentage of cases (of the total number of observations) with medium destruction of steppe land-
scape prerequisites in the autumn season 2018 is 3.8 %, and with strong destruction of prerequisites in 2015
is 0.8 %.

An interesting category of performance is the one in which both prerequisites and results destruction
processes occur together. Such categories of different intensities were observed throughout the whole period
under consideration, except for 2016. It must be said that evaporation and transpiration are presented in al-
most all years and at all intensity categories of the functioning results, except for 2019, in which the medium
intensity category is absent. However, in the autumn of 2015 with weak intensity of this result category
evaporation and transpiration made a negative contribution to the total functioning result of steppe land-
scapes. This diagnostic sign is joined by others. Each year a particular range of diagnostic signs dominated.
There is an absolute lack of activity of diagnostic signs in 2019 with a weak category of intensity of the pro-
cess. This suggests that within each diagnostic sign that manifested itself in a particular weather type in
2019, there was a mutual balancing of positive and negative scores affecting the overall result with zero pro-
cess manifestation result. It is noted that in the autumn season of 2019 with the category of strong intensity
of the considered result of functioning only one diagnostic sign was manifested — it is wind speed.
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The category of steppe landscape functioning, such as weak destruction of preconditions and results has
the following percentage distribution of the total number of observations: 0.2 % in 2015, 1.3 % in 2018 and
0.3 % in 2019. The medium category has the following distribution: 1 % in 2014, 0.6 % in 2015 and 1.9 % in
2016. In 2016 and 2019, this result at a strong level is 1.3 % and 7.1 %, respectively.

Co-dominant categories of steppe landscape functioning. When assessing the joint accumulation and
development category of steppe landscape functioning, it is noted that it occured in all years except autumn
2018. Among the fundamental diagnostic signs there are: wind regime, precipitation, phytomass growth and
vegetation, increase of moisture in soil, surface sediments transfer, state of vegetation and phenology, soil
formation. Additionally, considering all years, two diagnostic signs contributed negatively to the overall re-
sults of this category during the autumn season. These are phytomass growth and vegetation, and also vege-
tation condition and phenology, which are due to the fact that in the autumn season active processes of vege-
tation flowering and growth cease and are inhibited, so a stronger negative impact of these attributes is found
in deep autumn near winter.

The accumulation and development category accounts for small fractions of a percentage of the total
number of observations. The years 2014, 2016, 2017, and 2019 accounted for just 0.1 % and 2016 for 0.2 %
of the results in this category.

The next result with parallel processes of landscape functioning is the development and destruction of
the result. This result category occurs in the autumn season in all years. It should be noted that the diagnostic
signs influencing the overall result in each year is soil formation. It is joined by other diagnostic signs with
different levels of contribution in different years. There is a negative contribution of some signs in 2014,
2015, 2017 and 2018. These include: state of vegetation and phenology, as well as change of groundwater
level (only in autumn 2018).

In general, the occurrence of this category varies between 0.1-1.9 % of the total number of observa-
tions. In 2014, 2016 and 2017, there is the lowest percentage of occurrence of this steppe landscape result
among all observations, 0.3 %, 0.3 % and 0.1 % respectively, while in 2015, 2018 and 2019 the occurrence
increases to 1.9 %, 1.1 % and 0.9 %, respectively.

A significant contribution to the functioning of the steppe landscapes of individual years in the autumn
season is made by the category of accumulation and destruction of prerequisites. This category of steppe
landscape functioning is evident in autumn in 2014 and 2017. In these years, almost all characteristic diag-
nostic signs are observed, with a high level of negative contribution of phytomass and vegetation growth, as
well as change of groundwater level (only in 2017). The occurrence of this category result does not at all ex-
hibit heat transfer as a process of destruction. The occurrence of this category of steppe landscape function-
ing result is 9.6 % in 2014 and 2.4 % in 2019 (% of total observations per season).

The last category of the result of the steppe landscapes functioning in autumn is the category which in-
cludes all the processes: accumulation, development and destruction, running in parallel. However, only
some of the diagnostic attributes appear in this category and influence its result. Among them: heat transfer
(as accumulation), moisture transfer (as accumulation), wind regime (as accumulation), precipitation, phy-
tomass growth and vegetation, increase of moisture in soil, surface sediments transfer, state of vegetation and
phenology, soil formation, moisture transpofer (as destruction), evaporation and transpiration, surface runoff,
change of groundwater level.

This mixed category of steppe landscape results is found in all years of the time period, except for the
autumn season of 2016. It is noted that in 2018, the intensity of such diagnostic signs as phytomass growth
and vegetation, as well as state of vegetation and phenology contribute more negatively to this category of
functioning than in other years. On the contrary, such diagnostic signs as moisture transfer, accumulation
make the largest positive contribution compared to other years.

Comprehensively, various signs have a negative impact on the overall steppe landscape functioning in
individual years, including: phytomass growth and vegetation, state of vegetation and phenology, evapora-
tion and transpiration, precipitation and change of groundwater level. This category of steppe landscape
functioning accounts for small percentages of occurrence: in 2014, 2015, 2017, and 2019, it is only up to
0.2 %, and in 2018 — 4 % of the total number of observations.

Conclusions

In general, the autumn season in the period of 2014-2019 is characterized by the presence of both ac-
cumulation and development and destruction processes, together with the parallel processes of various steppe
landscape functioning.
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By grouping and summarizing the main categories of steppe landscape functioning processes in the au-
tumn season, a graph of their correlation and dynamics in the time period under consideration was obtained.
The graph (Fig. 1) illustrates that in the autumn season, the process of destruction in steppe landscapes abso-
lutely dominates. It ranges from 93.9 % in 2014 to 98.8 % in 2016 (of the total number of functioning pro-
cesses within the study area). In turn, the processes of development and accumulation are weak and do not
exceed a total of 5 %, in some years they characterized by fractions of percentages of the total picture of
functioning of steppe landscapes.
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Figure 1. Processes functioning in steppe landscapes in the autumn season,
their correlation and dynamics in the period 2014-2019

Figure 1 shows that relatively alternating with each other, in the autumn season in different years, the
accumulation process of prerequisites for functioning and the development process in steppe landscapes are
characterized by minimal values. The accumulation process makes the minimum contribution among the
other processes in 2015, 2016, and 2019, and the development process is in 2014 and 2017, respectively. In
2018 the processes of accumulation and development are at the same level and make up 2.6 % from the pro-
cesses occurring in the steppe landscapes in the autumn season of this year.
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A.B. [Ipwireans, I1.B. Ipsireans, P.B. 'opOynoB, B.A. Jlamuenko

Kapagar taduru KOpbIFbIHBIH MbICAJIBIHAA KY3Ti MayCbIM/Ia
Aajga JaHAma@TTapbIHbIH JKYMBbIC icTeyi

Kapapmar Taburu KOpBIFBIHBIH MBICANBIHAA KY3Ti ke3erneri (2014 sxpurman 2019 xopurra neifin) TOMEHTayIIbI
XKepopra TeHi3iHiH mama TaHIAQTTAPBIHBIH KYMBIC icTey HoOTmkenepi amblHabl. OCBHIHIAH HOTHXENep
HeTi3iHJe KY3Ti MayChIM/a MBIHA/Ial TIPOIECTep aHBIKTaJ/Ibl: JAaHAMA(TTapbIH KYMBIC ICTEY HOTHXKENIEpPiHIH
AIFBIIAPTTAPBIHBIH  «IAMYBD», (OKOMBUIybD» JOHE JaHAA(TTAapABIH JaMybl YIIIH aJfbILIapTTapIbH
«OKHHAKTaJlybl», COHJail-aK apanac caHaTtap. bip-0ipiMeH caibICTBIpMalbl TYpAE aybICHII, Ky3ri MaychIM/Ia
JKYMBIC 1CTEY aJIFBIIIAPTTaphiH kuHaKTay mpoiieci (2015, 2016 »xone 2019 kpuiaapsl), comaH KeiiH mamy
npoueci (coiikecinme 2014 sxone 2017 xpuigapsl) eH a3 mMoHre ue. 2018 KbUIbI JKHHAKTAY XKOHE Jamy
npornecrepi Oip AeHreine OONBIT TaObUIAIBI XKOHE OWBUIFBI XKBUIBI Jalia JaHImAaQTTapbiHAAa OOJBIN KaTKaH
nponecTepAi OaKbUIayAbIH JKaJIIbl CaHBIHBIH 2,6 %-bIH Kypaiinsl. Ky3ri MaycsiMaa mangmadTTapIsH KyMbIc
ICTeYIHIH aJFBIIIApPTTapbl MEH HOTIDKENEpiH »olo mporeci mynneMm OackiM OomraH. On 2014 >xpuiman
93,9 %-nan 2016 xputra neitin 98,8 %-ra neiiiH aybITKbIFaH.

Kinm co30ep: pana nanamadTTapblHBIH JKYMBIC iCTEyi, TYpJEpAiH >Kargailbl, aya-pailbIHBIH TypJiepi,
METEOPOJIOTHSUIBIK apaMeTpliep, Ky3 Me3rini, Kapamar Tadburu Kopbirsl, KeipbiM TyOeri.
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A.B. [Ipvireans, [1.B. [Ipeirsans, P.B. 'opbyHoB, B.A. Jlamuenko

DOYHKIMOHUPOBAHME CTENHbIX JAHAIIA(PTOB B OCCHHUU CE30H
Ha npuMepe Kapagarckoro npupoaHoro 3anoBeJHuKa

Ha nmpumepe Kapanarckoro 3amoBeHHKa MONYy4YEeHBI Pe3yJbTaThl (YHKIMOHHPOBAHUS HU3KOTOPHBEIX CYO-
CPEAM3EeMHOMOPCKHX CTEMHBIX JaHAma(ToB B oceHHui nepuof (¢ 2014 mo 2019 rr.). B xauecTBe Takux pe-
3yJIbTAaTOB B OCEHHUI CE30H BBIAENSAIOTCS MPOLECCHI: «PA3BUTUEY, «YHUUTOXKEHHE» KaK MPEINOChIIOK, TaK U
pe3yJIbTaToB (YHKIMOHUPOBAHUA JIAHAIIA(TOB U «HAKOIUICHUE) MPEANOCHUIOK UL Pa3BUTHS JaHAIA(TOB,
a TaKoKe CMeNIaHHbIe KaTeropui. OTHOCHTENBHO Yepeaysach MEXTy c0o00il, B OCEHHUI CE€30H MUHUMAJIbHBIMHU
3HAUEHMSIMM 00JIaJjaeT TO IPOIECC HAKOIUIEHHs HPeNochUIok (yHknuoHupoBanus (B 2015, 2016 wu
2019 rr.), To mpornecc pa3Butus (coorBercTBeHHO B 2014 1 2017 rr.). B 2018 1. mporeccsl HaKOIIICHUS U
Pa3BUTHS HAXOMATCS HA OXHOM YPOBHE U COCTaBIIIOT 110 2,6 % OT 00Iero KoJan4ecTBa HaOMIOAEHHH 3a 1po-
neccaMy, NPOUCXOIAMINMHY B CTEMHBIX JaHAmadTax B 3ToM rofy. B ocennuii ceson abcomoTHO npeobiafaer
TIPOLeCC YHUYTOXKEHHS IPEIIIOCBUIOK U pe3ysbTaToB (pyHKIMOHMpoBaHMS JaHAmagToB. OH BapeUpyeT B
npeznenax ot 93,9 % B 2014 r. 10 98,8 % B 2016 1.

Kniouesvie crosa: GpyHKIMOHUPOBAHUE CTEIHBIX JAHIWADTOB, TUIIBI COCTOSHUH, TUIIBI OTOABI, METEOPOJIO-
THYECKHE TapaMeTphl, OCEHHUM ce30H, Kapanarckuii npupoansiil 3anosequuk, KpbiMckuil momyoctpos.
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Informal roads as social-ecological-technological systems (SETS):
sustainability challenges and impact on landscape transformations

Following the call to mobilize studies of social-ecological systems and sociotechnical systems, the paper pre-
sents the case for studying integrated social-ecological-technological systems (SETS), and dynamic systems
that include social, natural and technological (engineering) elements. Using the case study of informal roads
in the Baikal region, authors of the article argue that re-focusing on SETS creates additional synergies and
convergence options to improve the understanding of coupled systems and infrastructure in particular. Histor-
ically, transportation infrastructure has contributed to changes in natural and social systems of Northern Eura-
sia: Trans-Siberian and Baikal-Amur railroads and Eastern Siberia—Pacific Ocean and Power of Siberia pipe-
lines have been the main drivers of social-ecological transitions. At the local scale, informal roads serve as
one of the most illustrative and characteristic examples of SETS. The examination of development and trans-
formation of the informal roads allows exploring the interactions between socioeconomic processes, ecologi-
cal dynamics and technological advances. The variety of informal roads reflects the importance of specific
social, natural or technological factors in the SETS transformation largely unconditioned by policy and regu-
lations thus providing a unique opportunity to better understand sustainability challenges facing infrastruc-
ture-based SETS. Relying on interviews and in-situ observations conducted in 2019 in the Baikal region, the
following factors affecting sustainability of informal road SETS were identified: social (identification of ac-
tors involved in location, construction, maintenance, use and abandonment of informal roads), technological
(road cover, width, frequency and nature of use by different kinds of vehicles), environmental (geomorpholo-
gy and landscape sensitivity and vulnerability). The sustainability challenges of SETS development and trans-
formations are found in changing mobility practices, social structure and economies of local communities, in-
creased occurrences of forest fires and development of erosion and permafrost degradation in local environ-
ment and push for development of new technologies of transportation and communication.

Keywords: informal roads, benefit-sharing, extractive industries, transportation infrastructure, indigenous
people, transformation of geosystems.

Introduction

Development of transportation infrastructure has been in the focus of attention of researchers for a long
time. Researchers recognize both positive and negative effects that transportation infrastructure brings. The
1ssues of 'infrastructure violence', 'tunnel effects of infrastructure' have been discussed in the southern con-
text, contagious development has been in the center of attention of studies in Amazonia, and the changing
geopolitical map under the influence of pipeline networks has been a point of concerns in Europe. The Arctic
and Subarctic environmental impact of infrastructure is rarely considered in terms of power relations. More-
over, prevailing assumption that the infrastructural development has a network character, which means con-
nections between different nodes are more or less similar. In our study, we emphasize the access to some
links is restricted or negotiated, which means it involves some power relations and subsequent hierarchies of
infrastructure. Such phenomenon is evident in the resource extractive regions, such as the North of Irkutsk
Region or the South of the Republic of Sakha (Yakutia) where new boom of infrastructural development was
caused by construction of the Eastern Siberia—Pacific Ocean (ESPO) oil pipeline in 2008 and current con-
struction of Power of Siberia gas pipeline.

During the fieldwork in Vershina Khandy, we travelled by roads of common use, forest roads, former
geophysical line clearings, inter-settlement informal road and subsistence tracks.

In the process of the fieldwork in Tokma, we used roads of common use, federal and municipal winter
roads, forest roads, former geophysical line clearings, and subsistence tracks.

These roads have distinguishable physical properties that in some cases are regulated and have to be
conformed to certain requirements by low, and in some cases — used and maintained by local traditions and
capacities. However, the officially existing requirements differ from real practices of maintenance and use.
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The federal winter road can be narrow and the municipal winter road can easily be blocked by a road acci-
dent.

Roads for special use, in our case, are mostly forest haul and logging roads with the former being larger
than latter. They are often created along the former geophysical line clearings which explain their straight
lines.

Roads with restricted use usually have a gated access point, which is sometimes enforced by security
cameras, as in the case of oil service road. Their roads are patrolled, and unwelcome intruders are quickly
expelled. Or the access restrictions can be formal, when there is just a local hired guard as in case of forest
road near Vershina Khandy. The main purpose of the guard in this case is to make sure no illegal loggers will
get on the rented forest area.

Roads with customary use are the least visible; they have fewer imprints both in summer and winter and
casily destroyed by ice heave, rain, snow, or heavy vehicles. Therefore, we put them in the lowest place in
our hierarchy of infrastructure. In addition, the outsiders either do not know, or do not care about rules of use
and maintenance of these roads, while local communities cannot enforce their low in any form.

Road construction negatively affects the state of the landscape, damaging or destroying its natural ele-
ments, and therefore, disturbs the balance in nature [1]. Thus, road landscapes belong to direct anthropogenic
complexes formed as a result of purposeful human activity in nature [2].

Addressing the need to deal with complex issues humanity faces today, researchers look for conver-
gence of different sources of knowledge. One of such approaches is studies of social-ecological-
technological systems (SETS).

Theoretical considerations

We understand SETS as integrated and dynamic systems that include social-cultural, environmental,
and technological-infrastructural domains. Environmental domain provides ecosystem services to the social-
cultural domain, while humans apply anthropogenic impact on the environment. Chester et al. [3] estimate
the environmental impacts of transportation systems, and the ways to cost-effectively minimize these im-
pacts, by including vehicle, infrastructure, and energy production life-cycle components, in addition to op-
eration. The technological-infrastructural domain affects the social-cultural domain by the use of technolo-
gies and infrastructure, as well as impacting on local mobility, while social perception and values are em-
bedded in the creation and maintenance of infrastructure and technologies. Bearing capacity of infrastructure
is significantly determined by environmental conditions while transformations in technologies and infrastruc-
ture cause changes in ecological flows [4] (Fig. 1).
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Figure 1. Study area SETS components
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Transportation networks have already been explored as the networks developing in a hierarchical pat-
tern [5]. The same is true about electricity grid networks [6]. To analyze the structure and operations of in-
frastructure systems, Janssen et al. [7] use the couple infrastructure systems (CIS) framework. “Poor road
quality is not just a consequence of biophysical processes, but also a consequence of choices for funding,
planning, construction, use, and maintenance” [7]. As many other unbuilt and unfinished projects [8],
strength of Siberia pipeline construction has not been finished yet, but has already had significant impact on
local expectations, mobilities, economies, and even environment.

To study SETS, we use a panarchy metaphor for describing multi-scale social-ecological-technological
interactions with patterns of stability and change within and across scales. They have specific adaptive cycles
that instead of traditional within social-ecological systems phases of growth, conservation, release, and reor-
ganization [9], they rather include growth and exploitation when the system expands, maintenance, when the
system is stable, collapse — decline of a system in the current form, and reorganization — transformation of
one type of SETS into another. Processes in an adaptive cycle at one scale affect adaptive cycles at other
scales.

Resilience in this view is “the amount of disturbance that can be sustained before a change in system
control and structure occurs — ecosystem resilience” [10].

Among the slow variables we can list growth of cedar and lichens. Among the fast variables: growth of
thicket, wildfire.

Study Area

In this paper, we discuss the preliminary results of the studies of informal roads as an example of SETS.
Under informal roads we understand all the transportation pathways that the remote, mostly indigenous
communities use in absence of public roads [11]. The study area is located in North-Eastern Siberian taiga
having similarities in taiga and bears with many other Arctic and Subarctic regions. It has harsh climatic
conditions, presence of permafrost, traditional indigenous cultures, high dependency on extractive industries,
and nascent elements of tourism. The dynamics of economic development are closely linked to the large in-
frastructure projects Baikal-Amur Mainline, Eastern Siberia—Pacific Ocean and Power of Siberia pipelines.
Forestry and geological exploration companies are also active in the study sites. These activities take place
on the territories of traditional land use of indigenous people of Evenki. Traditional subsistence activities of
Evenki include hunting, fishing and pine nuts, berries and herbs gathering [12].

The study communities are rather small, with 54 people in Tokma and from 6 to 20 in Vershina Khandy
depending on the season [13]. However, both settlements are home for Evenki, indigenous people of the
North whose traditional culture depends on hunting, fishing, and gathering activities. So, the territories of
traditional land use occupy significant territories, in case of Khandinskaya obshchina almost comparable
with the territory of the Road Island state. The study areas are crossed by major pipelines, developed by oil
and gas companies, logged by forest companies and explored by geological parties (Fig. 2).

Methods

This research is based on data from field studies in Vershina Khandy, Kazachinsko-Lenskiy district in
August 2019 and in Tokma Katangskiy district of Irkutsk region in March 2020 which includes 14 in-depth
interviews, both on the move, and in settlements with local residents, and participated in daily activities. The
residents shared their personal stories, concerns and emotions related to the existence and use of informal
roads. Travelling together by these roads using different modes of transportation gave us a glance on sensory
experiences of local mobility. Also, we utilize data from previous studies in the region where we have
worked since 2006.

To make an inventory map of the study area, we used medium- and high-resolution satellite data such
as Landsat and Digital Globe, multi-temporal topographic maps, infrastructure development planning docu-
ments, interviews with local residents, and drone imagery. To study dynamics of the road network develop-
ment in the study areas since 1980s, students of George Washington University mapped informal roads from
using Landsat imageries.

We categorized existing transportation infrastructure according to the regulations and distinguished
formal, semi-formal and informal ones (Fig. 3). Then we identified different forms of ownership for under-
standing maintenance and use of these roads and differentiated public and private roads, rented and owned
by different state agencies. In regard to accessibility, we distinguish public roads of common use, private and
rented roads with limited access. The roads with special use have been created for specific purposes, but the
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access is not controlled. Subsistence and informal inter-settlement roads form specific kind of roads for tradi-
tional use that are maintained, used, and regulated according to local traditions.
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Finally, we tried to identify existing hierarchies that are materialized in the forms of pavings, right-of-
way and regime of access. Partially, they conform to the Russian regulations on automobile roads and their
environmental impact assessment. At the federal level, we distinguish federal roads and major infrastructure
objects, at the regional: roads of regional significance, private service roads and the forest haul roads. At the
local level, there are municipal roads and roads for forest logging. Informal roads represent an additional
level where we list not only traditional roads, but also former official roads that have been abandoned and
geophysical line clearings since specific regulations concerning roads and transportation infrastructure do not
apply to them.

The landscape studies included measurements of soil erosion, permafrost degradation, vegetation condi-
tion. For this analysis, we verified data from remote sensing applying a variety of cartographic material, field
studies, and data from engineering geological drilling.

Results

SETS at federal, regional and local levels of spatial hierarchy have similarities with existing regulations
on automobile roads and their environmental impact, including categories of roads, ecological classes, zones
of impact and protection, reserve technological strip, work project and specific recommendations for
measures to mitigate the negative impact. Among techno-infrastructural characteristics, there are distance,
traffic volume, specifications of infrastructure objects, and availability of engineering project. The socio-
cultural aspects are limited by an investment plan and specific recommendations to mitigate negative social
impact (Fig. 4).
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Figure 4. Informal roads level

In the study area, the infrastructure of the federal level is represented by the Baikal-Amur Mainline
(Fig. 5), Eastern Siberia—Pacific Ocean oil pipeline, and Power of Siberia gas pipeline under construction.

Decisions about construction are made at the highest state or international level and take a long time to
implement. For example, discussions about BAM construction started in the end of 19th century, the call to
build BAM was announced by the former Soviet Secretary Leonid Brezhnev in 1974 [14], and the project
was fully completed only in 2013. The BAM includes over 4300 km of railroad, multiple side tracks and 200
stations, linking over 60 cities and towns and crossing over 2000 bridges across the territories of six federal
subjects of East Siberia and the Russian Far East. It served as an impetus for local and regional economic
development, changed transportation accessibility, and led to significant environmental problems in the re-
gion [15, 16].

However, even before the completion of the construction, the project was heavily criticized during the
1990s, and only state subsidies secured it from collapse.

Because construction of the major infrastructure has such profound impact across large territories, even
anticipation of construction plays an important role in social dynamics [16, 17].
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Figure 5. Study area

At the regional level, infrastructure is more adjusted to local engineering-geological conditions, and de-
pends on major infrastructure and its configuration. In particular, we can see dramatic change in accessibility
with construction of the Eastern Siberia—Pacific Ocean oil pipeline and adjacent service roads. However, the
users of this private road are charged with the high price to access the road. From another side, control over
the traffic and maintenance of infrastructure reduce poaching, forest wildfires.

At the local level, the development of forestry and access roads often has a seasonal and/or temporary
character. They are often used by either heavy or light off-road vehicles. Lower quality of these roads leads
to a shorter amortization period for vehicles. From an environmental perspective, they serve both as a barrier
and cause to forest wildfires. Lack of maintenance leads to garbage accumulation and on wetlands and open
areas the vehicles often create multiple tracks.

From social perspective, increased uncontrolled and unregulated accessibility along the roads for spe-
cial and common use from one side increase opportunities for inter-settlement communication, access to ser-
vices, opportunities to travel longer distances for subsistence activities. From another side, it leads to deple-
tion of hunting and fishing resources due to poaching.

At the level of informal roads, we find that their share exceeds the share of the roads of all other levels
combined, and the environmental impact estimated according to SNIP regulations can reach up to 12 % of
the territory. These informal roads are used for both traditional activities by local residents and recreational
fishing and gathering by non-locals.

The main function of traditional roads is to connect dwelling with subsistence place in the best way
considering available infrastructure, natural conditions, vehicle capacities, and driver’s skills and abilities.
That makes these roads highly adaptive to changes. Particularly, they change location depending on emerg-
ing new infrastructure, technologies, environmental and resource conditions. Usually, they are narrow (about
2-3 meters wide) and stretch over short distances. However, with the development of technologies and infra-
structure and lack of resources nearby the distance can increase. The most adapted to local conditions vehi-
cles: snowmobiles and swamp buggies that have lighter imprint in the landscape. Within the time frame,
their function is carried on for multiple generations while traditional ecological knowledge and values are
preserved. Therefore, they are highly dependent on the existence of local and indigenous cultures.
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To illustrate the dynamics of SETS, we take an example of the road between Zhigalovo and Ulkan set-
tlements. It was planned to be constructed in the 19th century and depicted on the map from that period as
the planned road to Bodaibo. Nonetheless, the plans have not been accomplished for almost a century.

The map of 1937 shows the absence of roads at that time. Most of the transportation and communica-
tion was still by the rivers and using traditional ways, which for Evenki was by reindeer trails.

In the 1960s, the geological explorations started in the region and led to development of geophysical
line clearings.

In 1984, the main parts of the BAM were completed and forestry development along the BAM started.
In addition, Krivolukskaya geological oil-gas exploration expedition was based in Zhigalovo for prospecting
the area. In 1987, the Kovyktinskoye gas deposit was discovered. Used by these agencies local roads were
impassable by ordinary motorized vehicles.

In 1992, TNC-British Petroleum, Interros and Irkutsk region founded collaborative Russia Petroleum
enterprise for its exploration. They started permanent road construction that by 2004 was not completed. In
2011, with the changing political climate, Russia Petroleum sold license for exploration to Gasprom and the
road was left for local uses.

In 2014, agreement about Strength of Siberia pipeline construction was signed between leaders of Rus-
sia and China and in 2018, Gasprom started re-construction of the road Zhigalovo — Kovyktinskoye as a
part of their major infrastructure.

The investigated road from Vershina Khandy is formed by an old fishing route (7.2 km), an abandoned
seismic line clearing (5.3 km), road created by locals informally (4.0 km), a private forest road (currently
rented by Rusforest Magistralny LLC) (18.4 km), and a public road to the village of Magistralny (4.7 km).

Three types of characteristic surfaces with different relief are distinguished in this territory: denudation
on wavy watersheds, the structural-erosive-denudation on the river valleys slopes, and the erosion-
accumulative relief on floodplains and river terraces, lacustrine-accumulative and biogenic relief is wide-
spread in the bottoms of the basins [18]. The studied territory has an average geomorphological hazard with
a high probability of occurrence of karst, cryogenesis, planar and linear erosion processes [19]. Permafrost
cracking and swelling of soils, thermokarst, and ice heaves are especially common for hollows and river ba-
sins bottoms.

Informal roads form country-road landscapes without a raised subgrade or paved surface prone to road
erosion. Nearly two thirds of the road have roadside secondary birch forbs, while larch and spruce-larch
moss forests with spruce form the background. In 8 kilometers from the village road lays over peatland with
permafrost occurrences. In summer, local residents can cross it only by heavy or light cross-country vehicles.
The road use is accompanied by thawing, watering, and subsidence of soils. At the same time, the moss cov-
er dies, supplanted by sedges and reed grass. Local efforts to by-pass disturbed surface result in “multitrack-
ing”. Ravines (erosion potholes) were observed on the sections of the road with a slope steepness reaching
10°. Given the width of the carriageway of informal roads (an average of 6 m), the area of directly affected
landscapes is approximately 1000 hectares, without taking into account indirect impact.

Discussion

Based on this short analysis of existing transportation infrastructure in the study area, its morphology
and properties, we find it important to study hierarchies of infrastructure. Because uneven infrastructure ac-
cess is illustrative of existing power relations; where local communities have limited options for negotia-
tions.

Unequal status of different roads and hierarchy of relations between them are especially evident at the
intersections. Unfortunately, it was impossible to take a picture of the right-of-way sign that ensures undis-
turbed movement of the vehicles along the oil service roads. However, the quality of their roads is also con-
trasting both in comparison with forest and winter roads for common use. Often, they are represented by
bundles of different infrastructure components: both power lines and pipelines, or fibre-optic lanes or other
objects that makes the lines large and inaccessible for the use by ordinary drivers.

Meanwhile, the service roads are often shorter, the lines are straighter, they have better location, and the
other roads may toggle in parallel, contributing to the forest fragmentation. It is especially evident in Tokma
area, nevertheless, in the Vershina Khandy area, we see path dependency on the previous seismic line clear-
ings location. The gas pipeline has not been built yet, but one can assume significant disruptions in local mo-
bilities since the line crosses the main access roads to the village.
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Hierarchies of infrastructure determine infrastructural violence, while the other users lacking power
have to seek consensus and negotiate use of infrastructure. Ownership recognized only at the higher levels of
hierarchy while customary low is neglected.

Such hierarchies have certain impact on landscape, such as fragmentation, contamination, and degrada-
tion and on local (im)mobilities by restricting, regulating, and channeling them.

Intersectionality of roads affects social intersectionality. The travel by roads with lower quality is not
physically demanding, it also provides visible marks of power hierarchies when crossing well-maintained
elements of infrastructure of higher level.

Implications of the road development for technological-infrastructural domain are increased by those
who travel between BAM settlements and regional center of Irkutsk; lower crossing capacities for the vehi-
cles and driving skills are required with road quality improvement; amortization period for vehicles in-
creased. In the social-cultural domain, there is an increased accessibility of subsistence resources to non-
locals, opportunities for local Evenki to sell their products of subsistence activities to the passersby. Access
to the regional center for the local communities significantly improved and for local entrepreneurs new op-
portunities were open for shipping goods. In the environmental domain, road caused erosion on steeper
slopes, waterlogging in swampy areas, spread of invasive species along with the road and dust.

Based on research of SETS in the study area we distinguish the following driving forces of dynamics
sets (Fig. 6).
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Figure 6. Dynamics in transportation SETS components of the study area

Large scale infrastructure (railroad and major pipelines) corresponds to large social-ecological systems
and requires significant state and international investments for their creation and maintenance. Their rela-
tions with the lower levels are strongly hierarchical in the case study in Russia. At the regional scale, pro-
spects of economic development which follow development of major infrastructure are important. Local
SETS develop faster and have smaller cycles of functioning and can at the latter stages transform into the
regional SETS, as the case with Zhigalovo — Ulkan road demonstrates.

Informal roads have the lowest scale and have both fast and slow cycles since they constantly adapt to
changes at the higher scales. As for traditional roads, the most important factor for their existence is preser-
vation of local and indigenous cultures. Some of these roads can evolve into local SETS.

Moreover, collapse of any SETS of any scale can theoretically lead to their transformation into tradi-
tional roads. Degrees of flexibility decrease with growing scale of infrastructure while the rigidity increases:
federal infrastructure is the most rigid. The higher level also requires higher level of predictability (e.g. in
terms of minutes for railroad).
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Conclusions

Our study demonstrates that the panarchymodel is useful for studies of SETS. In difference with the so-
cial-ecological systems approach, in studies of SETS, we emphasize importance of new technologies,
maintenance efforts, crucial role of investments and social values embedded in infrastructure. Technologies
and infrastructure directly affect ecological flows and human mobilities, and without their consideration the
knowledge on human-nature relations will be incomplete. However, application of the same methods for
studies of SETS as for SES is possible, because adaptive cycles and interactions across scales have some
similarities.

More studies are needed to determine the input of each driving force and measure the interactions with-
in SETS. Using the panarchy approach, we can better understand sustainability, resilience, and adaptive ca-
pacities of such complex systems as SETS for informed decision making and local knowledge co-production.
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DJIEYMeTTIK, IKOJOTHSJIBIK KIHE TeXHOJIOTHsJIBIK Kyleaep (9ITK)
peTiHae OelipecMu KOJIAP: TYPAKTHI 1aMy MaceJiesiepi
JKIHe JJaHAa(TTBIH e3repyiHe acepi

ONEYyMETTIK-OKOJIOTHSIIBIK  JKYHellep MeH QJIEyMETTIK-TEeXHUKAJbIK OKYHelepai 3epTTeydl TepeHmeTy
MIiHJIeTTepiH OacIIBUIBIKKA ana OTBIPHIN, MaKala aBTopiaphl balikan aiiMarbIHmarel GepecMu KOJAAPIBIH
QNIEYMEeTTIK, TaOWFM IKOHE TEXHOJIOTHSUIBIK (MHKEHEPIK) JJICMEHTTEPIH KAMTUTHIH QJICyMETTiK-
SKOJIOTHSIIBIK-TEXHOJOTHSIIBIK JKyHenepre (OOTXK) kaH-)KaKThl TaKbIPBINTHIK Tajnay ycblHFaH. COHBIMEH
KaTap OJapAblH MiKipiHumie KaikTa Oargapiany, aram aiTkanga, ODTXK OGaimaHeicTel Kyiienep MeH
UHOPAKYPBUIBIMABL TYCIHYZAI JKaKcapTy YVIIIH e3apa OpeKeTTeCy MEH KOHBEPIeHLHs YIIiH KOCBIMIIA
MYMKIHJIKTEp »Kacalapl Jen KepceTedi. Tapuxu TyprbloaH ainFaHia, Kok HHppakypbuibiMbl CONTyCTiK
Eypasustaely TaOury sxoHE JICYMETTIK JKyHelepiHiH e3repyine bIknai erti: Tpanccibip xone Baitkan-Amyp
TeMip koinapsl, an Kasipri yakerrra Ilersic Cibip — TemHbIK MyxuTsl MeH Cibip KyaTbl KyOBIpiapsl
QJICYMETTIK-OKOJIOTHSUIBIK  KaliTa KYPYABIH HeETi3ri Ko3raymbl Kymrepi Oommbl. JKeprimikri >xepiepne
Oefipecmu sxoimap ©OTXK eH jkapKbIH JKoHE CHIATTHI YIriIepiniy Oipi Gomeim TaObutansl. bBefipecmu
JKOJIIAPJIbIH IaMybl MEH €3TepyiH 3epTTey l1eyMEeTTiK-9KOHOMHKAJIBIK MPOLECTEP, SKOJIOTHSIIBIK JUHAMHKA
JKOHE TEXHOJIOTHSAJIBIK IIPOTPEecC apachlHIarbl KaThIHACTApIbl 3epTTeyre MyMKiHmik Oepexi. Ocbuiaiiiia,
OeiipecMy KONIAPIBIH SPTYPJIUIIri HAKTHI QNICYMETTIK, TaOMFM HEMece TEXHOJOTHSUIBIK (hakTopiapably
casicaT IIeH epeXelepleH TYbIHIAMaNThIH/BIFBIHBIH MaHbI3JbUIBIFBIH KepceTell, 0yl MHPPaKypbUIbIMIBIK
JKUBIHTBIKTapABIH TYPAKTBUIBIK MaceJIelepiH aKChl TyciHyre MyMKiHmik Oepeni. Baiixan aiimaremma 2019
JKBUTBI XKYPri3iUIreH cyx6arrap MeH Oakpuiaynap OefpecMu KOJapIblH TYPaKThUIBIFBIHA 9Cep €TEeTiH MbIHA
(axTopyiap aHBIKTAIFAH: 9JIEyMETTiK (OeHpecMM >KONmapibl OpHAIACTHIPYFa, CallyFa, KbI3MET KOPCETYTE,
nmalganaHyra »KoHE OfaH Oac TapTyra KaTbICaThIH CyOBEKTLIEpZl AaHBIKTAy), TEXHOJOTHSUIBIK (KOJ
JKAMBUIFBICHI, €HI, OXKMUNIrT >oHE op TYpial KeJK TypliepiH maljanaHy CHIAThl), OSKOJOTHSUIBIK
(reomopomnorust, naHAMA(TTBIH OcalabIFbl JKoHe Oy3butybl). ODTXK mamybl MeH KallTa KYpBUTYBIHBIH
TYPaKTBUIBIFBI ~ Macenenepi  KONiK  KO3FalbIChIHBIH  KaJbIITAaCKaH  TOXKIpHOECiH,  IKepriTikri
KOFaMJJAaCTBIKTapbIH 9JI€YMETTIK KYPBUIbIMBI MEH SKOHOMMKACBIH ©3TepPTy, OpPMaH OpTTEPiHiH KoOeoi xKoHe
OCBI ayMaKTa MOHI1 TOHHBIH 3PO3HUACH MEH JIeTrpaJalusChIHbIH 1aMybl, COHlali-aK KeJliK IeH OaillaHbICThIH
JKaHa TEXHOJIOTHSUIAPBIH AaMBITYIbI XKOCTIapIiay OOJIbIN TaObIIabL.

Kinm cesoep: Geiipecmu xonpap, Haiiianel Oeily, KeH OHJIPYIIi KOCIMOPHIH, KONIK HH(PAaKYpBUIBIMEL,
OalBIPFEI XANIBIKTAP, TEOXKYHenep i KaiTa Kypy.

B.B. Kykmuna, A.A. Iletpos, .H. bununuenko,
B.H. bornanos, /[.B. Koosuikun, H.E. KpacHomranosa

HedopmanbHbie 10poru Kak conuagabHbie, IKOJIOTHYECKHE U TEXHOJIO0THYeCKHe
cuctembl (CITC): npobjieMaTUKa YCTOHYMBOrO Pa3BUTHS U BJIUSIHHE
Ha npeodOpa3oBanus Janamadra

PykoBOACTBYsCh 3a/1a4aMHu YIiTyOJI€HHS MCCIIEIOBAHHS COLUAIBHO-3KOJIOTMYECKUX CUCTEM M COLIMOTEXHUYE-
CKMX CHCTEM, aBTOPbl CTAaTbU INPEACTABWIM KOMIUICKCHBIH TEMAaTH4ECKUH aHalIU3 COLMAIbHO-3KOJIOr0-
texHonorunyeckux cucreM (COTC) n TMHAMHUYECKHX CHCTEM, BKIIIOUAIOIINX COLUANIbHbIE, IPUPOAHBIC U TEX-
HOJIOTHUYeCKUe (MH>KEHEpHBIE) 2JIeMEeHTHl HehopManbHbIX Jopor B baiikansckom pernone. Kpome sroro, mo
HX yTBepikaeHHIo, nepeopuenTanus Ha COTC co3maer nomomHUTENbHbIE BO3MOKHOCTH B3aUMOJICHCTBUS 1
KOHBEPT€HIINH JUIS YIIy4IICHHs TOHUMAHUS CONPSDKEHHBIX CHCTEM M MH(PACTPYKTYpHI, B 4acTHOCTH. McTo-
PHUECKH CIIOXKHIOCH TaK, YTO TPAHCIIOPTHAs MH(PACTPYKTypa, B LEJIOM, CHOCOOCTBOBana M3MEHEHUSIM B
NPUPOAHBIX U coluaibHbIX cucTeMax B CeepHoii EBpasun: Tpanccubupckas u baiikano-Amypckas sxenes-
HBIE IOPOTH, a B HacTosIee BpeMs Tpyoonposoasl Boctounas Cubups — Tuxuit okean u Cuna Cubupu Obl-
JM OCHOBHBIMH JBIXKYLIMMH CHJIaMH COLMATIBHO-3KOJOTHYECKHX NpeoOpa3oBaHuil. B MectHOM Macuirabe
HeopManbHbIEe OPOTH CIyXaT OZHUM M3 HauOosee SApKUX M XapakrepHbIx npumepoB COTC. Nzyuenue
pa3BuTHs U TpaHCc(HopMau HeGOPMATBHBIX JOPOT ITO3BOJISIET HCCIEA0BATh B3aUMOCBSI3H MEXKIY COLMATb-
HO-3KOHOMHUYECKUMH IPOLIECCAMH, SKOJOTUYECKOH NUHAMUKONH M TEXHOJIOTHYECKHM IporpeccoM. Takum
obpa3omM, pazHooOpasue HehOPMAIBHBEIX JOPOT AEMOHCTPUPYET BaKHOCTH KOHKPETHBIX COLHANBHBIX, IPH-
POIHBIX WM TEXHOJIOTHYECKHX (hakTopoB B TpaHchopMarmu CITC, B 3HaUUTEILHOH CTENEHH HEe 00yCIOB-
JICHHBIX HOJIMTUKON U HOPMAaTUBHBIMH aKTaMH, IPEJOCTABIISS YHUKAIBHYIO BO3MOXHOCTD JUISl JIy4IIEro I10-
HUMaHUs Ipo0JeM YCTOHYMBOCTH, ¢ KOTOpbIMH crankuBatotcsi uHppactpykrypasie COTC. TIpoBeneHHsie B
2019 r. B baiikaabCckoM peruoHe HHTEPBBIO U HAOMIOACHHS Ha MECTax MMO3BOJIMIIM BBISIBUTH CIICAYyIOLINE (ak-
TOpHI, BIUAIOIIME Ha YCTOHUUBOCTH HedopMmanbHbIX fopor COTC: counanbHble (BBIABICHHE CYyOBEKTOB,
Y4YacTBYIOIIUX B Pa3MEILEHUH, CTPOUTEIILCTBE, 0OCITYKMBAaHUH, UCIIONB30BAHUU M OTKa3e OT HE(OPMAIbHBIX
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JIOpOT), TEXHOJIOTHYECKHE (IOPOKHOE MOKPBITHE, IIMPUHA, YACTOTA U XapaKTep UCIIONb30BAHUS Pa3INUHbIMU
BUJIaMH TPAHCIIOPTa), 9KOJOTHA (reoMopdoiorus, yA3BUMOCTh U HapyLIeHHOCTh Janamadra). IIpobnembr
yCTOMUMBOCTH pa3BuTHs U nmpeodpazoBanuii COTC 3akmrouaroTcs B H3MEHEHUH CI0XKUBIICHCS IPAKTUKY T1e-
PEIBIKEHHST TPAHCIIOPTA, COLMAIBHON CTPYKTYPHI M 3KOHOMHKHM MECTHBIX COOOIIECTB, YJAICHUH JIECHBIX
TI0XAPOB M Pa3BUTHU DPO3UH U JETPANAIMU BEUHOH MEp3JIOTHI Ha JAaHHOH TEPPUTOPHH, a TAKKE B CTUMYIIH-
POBaHUM PA3BUTHUS HOBBIX TEXHOJIOTHH TPAHCIIOPTA U CBSI3ML.

Kniouesvie cnosa: HeopMalbHBIE TOPOTH, paclpeseleHie BBIro, J0ObIBalomas MPOMBIIUICHHOCTh, TPaHC-
MOpPTHAast UHPPACTPYKTYpPa, KOPEHHbIE HAPObI, TPAHC(HOPMALHS TEOCUCTEM.
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CucremaTnuyeckmii 0030p MeTO/10B OLICHKH BJIMSHUS MAaCCOBOr0 TYpH3Ma
HA NPUPOIHO-TEPPUTOPUATbHBbIE KOMILJIEKCHI CY0apKTHKH U APKTHKH

B crarse BriepBBIe IpeaCTaBIeH CHCTEMAaTHYECKUH 0030p MHOCTPAHHBIX IPAKTUKO-OPHEHTHPOBAHHEIX HAyd-
HBIX TPYZOB, OIKCBHIBAIOIIUX METOJIbl U3YYCHUS BIUSIHUSA TYPUCTCKOH JEATENbHOCTH Ha IPUPOIHO-
TeppuTOpHaNbHbIe KOMILTEKCH CyO0apKTHKH W APKTHKU C OOLIMM aHAIH30M HX 3()(GEKTUBHOCTH IS IIaHU-
POBaHUSI TyPHCTCKO-PEKPEAIIOHHOTO NIPOCTPAHCTBA. Pe3ynbTaThl GOJBIIMHCTBA MPHUKIIAAHBIX UCCIIEM0BAHHI
CBUJETEIBCTBYIOT O TOM, YTO CyOapKTUUECKUE U apKTUIECKHE IPHPOIHBIE KOMIIIEKCHI MEHEe TOJIEPAHTHBI 1
Han0oJjiee MoABEPKEHBI K HETATUBHOMY BO3JEHCTBUIO OT MacCOBOTO TypH3Ma, MEUIEHHO BOCCTaHABINBAIOT-
cs. Hanpumep, HanbGosee ycroituuBbie K (JakTopy TypH3Ma M PEKpealud epHHKOBO-MOXOBbBIE U TPaBSHO-
MOXOBBIE TYH/PBI, a TUIIAHHUKOBBIE, TyLIHIEBO-OCOKOBBIE TYHIpPBI Haubosee ys3BuMble. CTETIEHb yCTOHYH-
BOCTY NPHUPOJHBIX KOMILIEKCOB K TYPHUCTCKO-PEKPEALIMOHHBIM BO3JICHCTBUAM OIpENENeTCS HE BEIMYUHON
ob1ero 3amaca HaJ3eMHOH OMOMAcCHL, a ero CTpyKTypoi. Ha mepBoHawansHOM 3Tare MPOeKTUPOBAHUS TY-
PHCTCKO-PEKPEarioHHOT0 NIPOCTPAHCTBA, B MPUPOHON cpene Apktuku n CyOapKTHKH, B HEPBYIO Odepenb,
HEOOXOAMMO ITPOBOIUTH HCCIIEOBAHNUS 110 OLIEHKE JIMHEIHON ¥ IUTONIaHON peKpeaioHHON Harpy3KH, BO
n30e)kaHne HETaTHBHBIX MOCIIEACTBUI MacCOBOTO TypH3Ma.

Kniouesvie cnosa: MaccoBBIi TypHU3M, PEKpEallHOHHOE MPUPOIONIOIb30BaHue, ApkTuka, CyOapKTHKa, pekpe-
alMOHHAs HArpy3Ka, IPHUPOIHO-TEPPUTOPHAIILHBIE KOMIUICKCHI, METOABI MCCIIEIOBAHMSA, CHCTEMATHUECKUN
0030p.

Beeoenue

CeBepHble TEPPUTOPUN — ITO TPYAHOLOCTYIIHBIE U IK30THUECKHUE TI0 CBOEH NPHUPOJE PErHOHbI, KOTO-
pble B MOCIEIHUE NECATWICTHS CTAJIM IIPUBJIEKATEIbHBIMU HE TOIBKO CBOMMM PECYPCAMU, NIPOMBIIIJIEHHO-
CTBI0 M SKOHOMUYECKHM IMOTEHLMAIOM, HO U C TOYKH 3pEHUS Pa3BUTUS TYPHCTCKO-pEKpEallMOHHOW naed-
TenbHOCTH [1]. AKTHBHOE pa3BUTHE MaccoBOTrO Typu3Ma B ApkTuke u CyOapKTHKE B OOJIBIINHCTBE CIIy4acB
BEJIET K HEpaIllOHAJIbHOMY PEKPEallMOHHOMY OCBOEHHIO TEPPUTOPUIL, UTO yallle BCEro IPUBOAUT K HEraTHB-
HBIM 9KOJIOTHYECKUM MOCIIEICTBHSM.

MHorouncieHHbIe UCCIEAOBaHNS B 00IAaCTH PEKPEAlMOHHON SKOJOTHH CBUIETEILCTBYIOT O TOM, UTO
BOCCTAHOBJICHHE PACTUTEIBHOTO HAANOYBEHHOTO MOKPOBA IOCIE HAHOCHMOTro ymiepda OT MaccoBOTO Ty-
pHU3Ma IPOUCXOAUT OUYEHb MEIJICHHO M MOXET 3aHsTh Jgecstuierus [2]. JaHHy0 TOUKy 3peHMs MOALCPKU-
BaeT B CBOMX HCCIICOBAHMSAX O CKOPOCTU BOCCTAHOBIICHHMS apKTHUeCKOW TyHApH Ha Ausicke D.A. Walker,
KOTOPBIM MpHILIEN K BBIBOLY O TOM, YTO OONBLUIMHCTBO OJHOKPATHBIX HApYIICHUH MPUBOIUT K OBICTpPOMY
BOCCTaHOBJICHHUIO, HO ITIOCTOSSHHBIE MHOT'OKPATHBIE HApYLICHHUs HAHOCAT MaclITaOHbIN yiiepO sKocucTeMam.
ITo cnoBam M. Colin, u3-3a HU3KOTO MOPOra YyBCTBUTEIBLHOCTH SKOCHCTEM AK€ CamMble HE3HAUHTEJIbHBIC
W3MEHEHUS], B HEKOTOPBIX apKTHUYECKHX JIaHAIadTaX MOTYT BBI3BaTh CEPbE3HBIE JOJITOCPOUYHBIC HETATUBHBIE
MOCJIEICTBUS AJIS )KU3HENESATEIbHOCTU PACTEHUM U )KUBOTHBIX.

VYiep0 Takxke HAHOCAT U TPAHCIOPTHBIE CPEJCTBA IOBBIIIEHHON IIPOXOIUMOCTH, NIEPECCKAIOIINE TyB-
CTBHUTEJIbHYIO apKTHUYECKYIO TIOBEPXHOCTh cyin. Hampumep, B HopBexckoM apxunenare Hlnundepren cy-
LIECTBYET Ipo0sieMa, BbI3BaHHASI HEPETyJIUPYEMbIM IIEPEIBHKEHUEM BE3AE€XOAHOM TEXHUKH, B T.4. CHET0XO-
noB [3]. TypHCTBI, UCIIONIB3YIOLIUE CHErOXObl AJS IyTELIECTBUM, OKa3bIBAIOT pa3pylIUTEIbHOE BO3IEH-
CTBHE Ha POCT pacTeHUi, 0cOOEHHO TaM, T1e HeOOobIIas MOIIHOCTE CHEXXHOTO TIOKpoBa. Heperymupyemoe
WCIIONIb30BAaHUE CHETOXOMOB INPHUBEIO K TOMY, YTO HOPBEKCKas JKOJOTMYecKas opraHusanus Naturvern
Forbundett BeIcTynmIa IpOTHB yBenW4eHHs duciaa TypucTtoB. A. Viken yTBepxkaer, 4To B pe3yiabTaTe HH-
TEHCHBHOTO MEPEABMKEHNSI TPAHCTIOPTHBIX CpeACTB Ha apxumnenare [lnundeprena notpedyoTcst COTHH JIET,
yTOOBI MIX CIIEIbI Hcue3nu [4].
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BrissBnennbpie mpo0iIeMbl BO B3aMMOOTHOIICHUH YEJIOBEKa C MPHUPOJOH MOOYIMIM HEOOXOAUMOCTh B
MIPOBEJICHIH MEXTUCIUIUIMHAPHBIX HAyYHBIX M3BICKAaHUSIX, HAPABICHHBIX HA TIOMCK MEXaHW3MOB ONTHMH-
3aIiH PeKPEAMOHHOTO PUPOIOIOIb30BaHusI. OcOOCHHOM TTy00KO# HaydyHOUW MpopaboTKH TpeOyroT cyo-
ApPKTHYECKUE U apKTUYCCKUE PETUOHBI, TaK KaK B CEBEPHBIX MIUPOTAX JaKe HE3HAUYNUTEIILHOE BIIUSHUE MOTYT
HaHECTH HEIOTPABUMBIN Bpe B 0€3 TOTO XPYIKOH IpHpoIe.

IlepBbie HAOMIOACHUS BIUSHUS PEKPEAIIOHHON NIESTENHPHOCTH Ha TPHPOJIHBIE CPEIbI MOSBIINCH B 20—
30-x rr. mpomwioro croneTusa B AMepuke U AHrnuu [5]. B MupoBoil HaydHOH NpakTHKE, B TOM YHCIIE U OTede-
CTBEHHOM, OCHOBa PEKpPEAIIMOHHBIX MCCIICOBaHMI ObLIa 3ayi0eHa B koHIe 60-x — Hayane 70-x rr. XX Beka
[6]. TTogoOHBIE HccIemOBaHMS TIPOBOIMIACH HCKITIOUNTEIEHO B YMEPEHHOM, CYOTPOITMYECKOM, TPOIHYECKOM,
CyOdKBaTOPHATFHOM KJIMIMAaTHYECKHX MosicaX. B cy0apKTHYEeCKHNX W apKTHYECKUX TEPPUTOPHUIX BOIIPOCHI BIIH-
SIHUSL TypU3Ma Ha KOCHCTEMbI ObLTH SIMHUYHBI U PUYPOUCHBI K ONPEICICHHON MECTHOCTH.

B Poccun mociie Betytuiernst B cuiny «CtpaTterun pa3BuTHA ApKTHdeckoi 30H6I PO mo 2020 romay u
l'ocynapctBenHo# mporpaMmbl « COIUaIbHO-d)KOHOMHYECKOE pa3BUTHE ApPKTHYeCKoH 30HKI PD Ha mepuon
1o 2020 r.» Ha BBICIIEM YPOBHE ObLIA 3aKpEIUICHA 3ajlaya — MPEBpAIICHNE apKTUYECKOTO PErvoHa B MPH-
BJICKATEIIHYI0 TYPHUCTCKYIO JISCTHHAIIMIO, aKTUBU3UPOBAJICS IPOIECC PA3BUTHUS TYPHCTCKON oTpociu [7].
C »TOTr0 BpeMEHHU OTMeUaeTCsl BCIUIECK HAYYHBIX HCCIIEIOBAHMMA, MIOCBSIICHHBIX PAa3INYHBIM TEMAaTHKaM, OT
0030pOB TYPUCTCKUX M PEKPEalMOHHBIX PE3YCOB CEBEPHBIX pernoHoB Poccuiickoit depepanunt 10 KOHKPET-
HBIX TTPOOJIEM Pa3BUTHS apKTUYECKOT0 TypU3Ma — JIOTUCTHKA, [IEHO00pa30BaHUE 1 OPMUPOBAHHE TYPHUCT-
CKOTO TIPOJyKTa, Pa3BUTHE OTICIBHBIX BUJIOB TypH3Ma, OIECHKH WH(PACTPYKTYPHl M BO3MOXKHOCTEH €&
onIcTporo MacmrabupoBanus [8—11]. OmgHako W3 BCEro MHOT00Opa3us HCCIIEAOBATEIILCKUX PabOT BBIWIC-
HUTH TPYJbI, KOTOPBIC OBLUTH OBl KOHIIENTYaIbHO C(HOKYCHPOBAHBI HA SKOJIOTHYECKYIO COCTABJISIONIYIO B Ce-
BEpHBIX perHoHaX, KpaitHe TpyaHo [12—14]. 310 cBsA3aHO C TeM, YTO IPHU BCEM pa3HOOOpa3uu CYIIECTBYIO-
IIMX METOAMYECKUX IMTOAXO0B, UCTIONB3YEMbIX JJIS TUIAHUPOBAHMS, MOHUTOPHUHTA W ONTUMH3AINH PeKpea-
IIMOHHOTO TPUPOJIOTIONB30BAHUS, aJaITHPOBAHHBIX IS CYyOAPKTUYCCKUX M apKTUYECKUX PETHOHOB, B TOM
YHCIIE BBICOKOIIUPOTHBIX TOPHBIX CUCTEM, (DAKTUICCKH HET.

B cBs3M ¢ 3THM 1ENbI0 HACTOAIIETO HCCIIENOBAHMS SIBISETCS aHAIN3 HAYYHBIX MCTOYHUKOB, ITOCBS-
IICHHBIX METOJaM OIICHKH BJIMSHUS MacCOBOTO TypU3Ma Ha MPUPOIHO-TEPPUTOPUATBHEIC KOMILIEKCH Cy0-
apKTUKU U ApPKTHKU U ompeaelicHuss X 3()(QEKTHBHOCTH IS TUTAHUPOBAaHUS W Pa3BUTUS TYPUCTCKO-
PEKpeanrnoHHOr0 MPOCTPAHCTBA.

Memoovl u smanut ucciedosanus

AHanmu3 Hay4HBIX TPYJOB OCYIIECTBIISUICS ITyT€M HCIIOJIb30BAHUS TEXHOJIOTUH CHCTEMaTHUECKOro 00-
30pa HaydHO-HCCIeNoBaTebeckux padbor. Cucremarndeckuid 0630p (mamee — CO) HampaBieH Ha TIpeo-
CTaBJICHUE IOJIHOM M McuepnbIBaroleil HHpopMaluy Hay4dHbIX TPYAOB, OTHOCSIIUXCS K MCCIIE0BaTEIbCKO-
My Bompocy. CO moapa3zyMmeBaeT NpoBeJcHUE MATH dTanoB [15]: 1) onpeneneHue TeMbl U MPOOIEMAaTHKU
UCCIIeI0BaHus; 2) HACHTU(QHKALNS COOTBETCTBYIOIIMX HCCIEJOBaHMi; 3) pa3paboTka KpUTEpHUEB BKIIOYC-
HUS U UCKJIIOUEHHUSI HAy4HBIX UCCIICAOBaHMM; 4) cOCTaBIEHUE MaTpPUIIbl UCCIEI0BaHUS; 5) CONOCTaBICHHUE,
000011IeHNEe U NIPECTABICHUE JaHHBIX IPOBEACHHOIO UCCIIEIOBAHUS.

B pamkax HacTosIIEro UCCleAOBaHNs CUCTEMAaTHIECKUN 0030p OCYIIECTBIISIICS IMyTEM pealn3aluy ye-
TeIpex 3TanoB. Ha mepBoM srame Obina copmynupoBana mpobieMaTuka padoT AJIsl ONpEeNICHNs Halpas-
JICHUH MCCIEeOBaHUM, B KOTOPBIX OCBELIEHbl METOAMKM OLIEHKH BIIMSHUSA DPEKpealldd Ha HPUPOIHO-
TeppuTopuanbHble Komiuiekcsl (nanee — I1TK) ceBepHBIX pernoHoB.

Ha BTopom aTame Benack padota no coznanuto Oudmauorpaduyeckoit 6a3pl o mpobdieMaTHKe HCCIea0-
BaHMs. Ilouck ocymiecTBiIsIICS B €CTECTBEHHOHAYUYHBIX TEMAaTHUECKUX HAINPaBICHUAX B TPEX AIIEKTPOHHBIX
Oubimorekax: KpymHeimen snexTponHoi Oubmmorexke Poccum «eLIBRARY.RUy, nay4noit Oubmmorexe
disserCat u Bemymieil HHOCTpaHHOH IUIATGOpPME peleH3upyeMoit HayuHol autepaTypsl «Elsevier». UnenTu-
(bukanys HyXHOH JIMTepaTyphl OCYLIECTBIUIACH C HCIIOJIb30BAaHUEM KOMOMHAIMH KIIFOUEBBIX CIIOB U3 Clle-
TYIOTUX KaTeropuii moucka (tadm. 1).

Ha tperpem 3Tame ObTO pealM30BaHO BKJIIOUEHHE M HCKIIOYEHHE pabOT Ha OCHOBE pa3pa0OTaHHBIX
KpHUTEpHUEB 0TOOpa I O0JIee YETKOTO BBISBJICHHS HANpaBIECHUH HAYYHBIX HCCIIeoBaHUM (Tadi. 2). Bxirto-
YaJiCh TOJIBKO T€ IyOJUKAIMU, B paMKaX KOTOPBIX ObUIM ONKCAHbl METO/bI, KPUTEPUH OLIEHKH BIUSIHUS pe-
Kpeauuu Ha MpUPOAHO-TEPPUTOpHAIbHbIE KOMIUIEKCH. Oco0oe BHUMaHUE YIENSUIOCh MyONMKalusaM, Mo-
CBSILIEHHBIM M3YYE€HHUIO KOJIOTUYECKOTO COCTOSIHUS PUPOAHO-TEPPUTOPHATIBHBIX KOMIUIEKCOB CyOapKTHKH
U ApPKTHKH B YCIIOBUSIX HHTEHCUBHOI'O PEKPEAlMOHHOTO OCBOEHUSI.
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Taonuma 1

Kareropun noucka nmo npodjeMaTuKe HCCJIeJOBAHUS

Kareropuu noucka KiroueBsie ciioBa

I'eorpadus nccnenoBanus |3anoBEAHUK, 3aKa3HUK, HAIIMOHAIBHBIN MapK, IPUPOAHBIA apK, JIECOTAPKH

MeTomp! HccieI0BaHUS OmnpenencHue KPUTHYCCKON HATPY3KH, BPEMEHHAS METOHMKA, METO] IPOOHBIX TLIOMIAICH,
TPaMIUICOMETPHYCSCKUI METOJ, MOMEHTHBIA METOJl, MATEMAaTHYCCKHIA METOJ, TPAHCEKT-
HBIA METOJ, OIICHKAa BO3CWCTBUS HAa OKPY)KAIOIIYI0 CPEIy, OLICHKA TCKYIIeH EMKOCTH,
YYeT MOCETHTEIBCKON HArpy3KH, MPENeN JOMyCTUMBIX W3MCHCHHMH, COLMOJOTHYCCKUI
(ompochl, aHKETBI), TEOMH(POPMAIIMOHHBIH, CTATHCTUYCCKUH, MEIMKO-OMOJOTHICCKUM,
3CTETUYECKUHN, SIKCIIEPUMEHTAIbHbBIN METOBI

Bunsl rypuctckoit u pe-  |Ilewmuii, BOAHBIM, TOPHOIBIKHBINA, KOHHBIN, BEJIOCUIIEIHBIH, 9KOJOTUUYECKHUHM, TPOTYIOYHO-
KPCAIMOHHOW aKTUBHOCTH |[IPOMBICIOBBIN, PHIOOJIOBHBIA U OXOTHUYHMA, JKUITHHT, TYPBI BBIXOIHOTO JTHS

Taonuma 2
KpuTtepuu BKJIKYEHHS M HCKIIOYEHHA HAYYHBIX Pa0oT M0 TeMe MCCIeT0BAHUS

Kputepuu
BKJIIOYEHUS UCKITIOUEHHUS
CyOapkThueckass M apKTH4eckas 30Ha, TyHIpa u Je- | HaceneHHbIe IyHKTBI, TOPOJCKHE MAPKH.
COTYHJIpa, CeBEpHas Taira, FOpHbIE TEPPUTOPUHI IOHBle MIMPOKONUCTBEHHBIE JIeCa, CTENH, MyCTHIHU U

MOJYIYCTBIHH, FO)KHAsI Talira, TPOIMUYCCKHUE Jieca
[IpupoaHbie pecypchbl, UCTOPUKO-KYJIBTYPHBIC PECYpChl, | B cTaThsx mpeacTaBieH 0030p peKpPEalluOHHBIX PECYPCOB.
COILIMANEHO-9KOHOMHYECKUE pecypchl, (akThueckas u | B paboTax mpeobiiagaeT TeOpEeTHYCCKIIT MaTepHall.
HMUTHPOBaHHAs OICHKA, Pa3pa0O0TaHbl MEXaHU3MBI pa- | HeT KOHKPETHBIX MPEIOKCHUN 10 ONTHMHU3ALNU PEKpe-
LHOHAJIBHOTO PEKPEALMOHHOTO IPHPOAOTIOJIL30BAHHS AIIMOHHBIX PECYPCOB

Biusinre pekpeanun U Typu3Ma Ha OKPYIKaIoIyo Cpey
(mrymMoBOe, YIUIOTHEHHE MO4BBI, 3arps3HEHHE MOBEpPX-
HOCTHBIX U TPYHTOBBIX BOJI, BHITANThIBAHHE HAIMOYBEH-
HOTO MOKPOBa, MCYE3HOBEHHE PEIKHX MpeICTaBUTeeh
(ha0opsI U hayHbl, SPO3UOHHBIC MPOIIECCHI)

B pamkax geTBepTOro srama ObUT MPOBEACH METATLHBIM aHAIN3 KaXIOW BKIIOUCHHOW IMyOIMKAIIUN U
COCTaBIICHa MaTpHIla WCCIEJOBAaHMS, HA OCHOBE KOTOPOH MpOBEcH aHAU3 3PPEKTHBHOCTH METOJOB TIPH
peanu3aluy MPOeKTOB MO TIAHUPOBAHUIO TYPUCTCKO-PEKPEALIMOHHOTO IPOCTPAHCTRA.

Peszynomamot u 0bcyscoenue

B o0mieit coskHOCTH TIpoaHanu3npoBaHo 833 HaydHBIX paboT, u3 HUX 428 MHOCTPAHHBIX HCCIEHOBA-
Huil. Beero B nccnenoBanue BkIroueHsl 65 mHOocTpaHHBIX (CeBepHast Amepuka (Assicka), Kanaga, Hopse-
rus, Usenms, Ucnannus, @unnsaunus, Jlanus, BenukoOputanus (roHHAs MECTHOCTD) M POCCUICKUX ITyOim-
Karuit (CyOBeKTHI, BXOIAIINE B COCTaB ApKTudeckoi 30HEI Poccuiickoit deneparum). BpeMeHHO# oTpe3ok
aHAMM3UpyeMoi urepaTypsl coctaBiset 92 ser (1929-2021 rr.). JlanHBIH eproa BpeMEHH TTIO3BOJINI BBI-
SIBUTh OCHOBHBIC ()a3bl CTAHOBJICHHUSI METOJOJOTMYECKUX OCHOB MCCIIEIOBaHUI B 00JacTH peKpeallmOHHON
9KOJIOTHH.

0O0630p Hay4HBIX TPYJOB MOMOT OINPENETUTh KIIOUYEBbIE HANPABICHHS B U3yUYEHUH BIHUSHUS MacCOBOTO
typusma Ha [ITK CyGapkTuku u ApKTUKH.

Ilepsoe nanpasnenue HeceT B ce0e KOJIMYECTBEHHBIN MOJX0/1, KOTOPHI OCHOBBIBAETCS HAa (PaKTHUECKOM
MTOJIEBOM OIUCAHUH YYACTKOB HHTEHCHBHOT'O TYPHUCTCKO-PEKPEAIIOHHOTO HCTIONB30BaHMS M SKCIIEPUMEHTaX
0 OTIPEIENIEHUIO YCTOMYMBOCTH PACTUTEILHOTO TIOKPOBA K Pa3IMYHBIM BUAAM PEKpPEalluy U TypU3Ma.

Bmopoe nanpaegnenue npeacraBiseT co00i KaYeCTBEHHYIO OLICHKY COCTOSIHUSI TYPUCTCKHUX TPOI M MECT
OTIbIXa TYPUCTOB (KEMITMHT), BKIIIOYAIOMIMKA B ce0s: BU3YAIBHBIM MOHHUTOPHHT, Hcmonb3oBanue [MC-
texHosorui, GPS, a3podoTo, BUIEOCHEMKH U JIp.

1. @axmuueckue nonesvie U IKCNEPUMEHMATbHBIE Uccre0o8anus. VI3yuenne n3sMeHeHnH (pU3NIecKuX U
MOP(}OIOTHYECKUX XapaKTEPUCTUK PACTUTENBHOCTH M TIOYB B PE3yJbTaTe PEKPEAIMOHHOW aKTHBHOCTH SB-
JIIeTCS OMHOW W3 PaclpoCTpaHEHHBIX TeM HHOCTpPaHHBIX HcciemoBanuii [16—18]. BnepBrle koMOMHAIMIO
AHAJMTUYECKUX M OKCHEPHUMEHTAIBHBIX TOAXOAOB B ASTOH 00JacTH MPUMEHWI AHTIMUCKUN y4YeHBIH
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G.H. Bates B 30-x rr. XX Beka. Pe3ynbpTaTsl ero uccienoBaHuii MO3BOJIMIN CAENIATh BBIBOJI O TOM, YTO pe-
KpeaoHHas JIeATEbHOCTh OKa3bIBa€T HETAaTHBHOE MEXAaHMYECKOE BO3JIEHCTBHE Ha PACTUTENBHOCTD, TaK H
KOCBEHHOE, M3MEHss (r3mdeckue cBoicTBa mouB [19]. Cremyromnue Tpu ASCATHICTHS TTOCIEA0BAIIA MHOTO-
yucneHHble dkcriepuMeHThl B CIIIA. OnHako panHue pabOTHl B OCHOBHOM HOCHITU OTIMCATENBHBIN XapakTep
Y UMENH KECTKYIO MPUBA3KY K ONpPEneIEHHOW TEPPUTOPUH, penko myonnkoBanuch [20]. B ckangmHaBCKHX
crparax (Hopserun, IlIBerum 1 OUHISHINN) UCCICIOBAHUS YKOJIOTHUECKUX TTOCIICACTBHMA, BEI3BAHHEBIC pe-
KpPCAIMOHHOW JIeATEIhHOCTBIO, MOSIBUIIMCHE HaMHOTO To3xke, yeM B CIIA. Tlomapinstomee OOMBITMHCTBO
HayYHBIX HCCJIEJOBaHUI HE OIyONMKOBaHBI WM JOCTYIHBI Ha TOCYJapcTBeHHBIX s3bikax [21]. C koHua
70-x — Hagana 80-x rr. XX BeKa BO3POCHINI CIPOC HA OTABIX BO BCEM MHUpPE MPHUBEI K YCUICHHUIO BIMSHUS
peKpeanny Ha IPUPOJHYIO cpeay. B pe3yipTrare 4ero SKCIIepUMEHTHI 110 BHITANITHIBAHUIO OBLITN aKTHBHO WH-
TErpUPOBaHbI C CUCTEMOH yNpaBleHNs peKpeannoHHol Teppuropun. Haunnas ¢ 1990-x rr. u no HacTosmiee
BpeMsI, DKCIICPUMEHTAIBHBIN TIOIX0] TIOCTOSTHHO COBEPIICHCTBYETCS [22]. AJNTOpuT™M TpOBEIEHUS TO100-
HBIX HCCIeA0BaHuil moapoOHo onucan B paborax N.G. Bayfield (1979, 1993), S. Kellomakii (1977, 1980),
D.N Cole (1986, 1995) u npyrux. CyTh 3KCIIEPUMEHTAIBHOTO TOJX0/a 3aKJIF0YACTCs] B TOM, YTO Ha 3aJI0-
JKEHHBIX DKCIEPUMEHTAILHBIX TPOMaX, OOBIYHO B TPEX HIIM IMATH KPATHBIX MOBTOPHOCTIX (pa3Mepbl TPON
BappupyroTcs oT 0,3%x3 M 10 0,4x1,5 M), BEIIOTHSACTCS KOHTPOJIUPYEMOE BBITANITBIBAHIE PACTUTEIHLHOTO T10-
KpOBa, ¢ (hUKCaAIeH KOJIMYECTBA MMPOXOJIOB (CM. pHC.).
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Pucynok. [IpuMeps! 3a0keHHs SKCIIEPUMEHTAIBHBIX TUIOIIAI0K IS BBIMOJTHEHUS,
KOHTPOJIMPYEMOT'0 BBITaNThIBaHUs, peioxkennsie: 4 — Cole D.N, Bayfield N.G. (1993);
b — Thurston E., Reader R.J. (2001); B — Gatzouras M. (2015)

B nienTpe kaxa0i TPOIBI 3aKIabIBAIOTCS MUKpOILIOMaaky pazmepamu (1x1 m; 0,3x0,5 m; 0,4x0,4 m),
Ha KOTOPBIX U3MEPSIOTCS CICAYIONINE MapaMeTphI:
— BHU3yaJbHasl OllEHKA MMPOSKTUBHOTO MOKPBITUS KAXJIO0TO BUJA COCYIUCTOIO PACTCHUS, MXOB U JIHIIAH-
HUKOB (B MPOIICHTAX);
— BHU3yaJbHasl OI[CHKA ITOYBbI, HE TTOKPHITON PaCTUTEIHLHOCTHIO (B MPOIICHTAX);
— OIpPeAeIICHNE BBICOTH PACTHTEIHLHOCTH C ITOMOIILI0 TOYEUHOTO KBaApaTa ¢ 5-0 KOJIBIITKAMH BBICO-
TOM 5 cM;
— oTOUparoTCs MpoOkI oYB Ha rinyoune 10 cM, 1 onpeneacHust GopM a3oTa.
Jlasiee yCTOMUMBOCTD KaXKIOTO OTJACIBHO BHJIa PACTUTEIILHOCTH PACCUMTHIBACTCS MOKA3aTelh OTHOCH-
TEILHOTO IPOSKTHBHOTO MOKPHITHS (relative cover — RC):
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COXpaHHBHMﬁCH TIOKPOB Ha BBITONITAHHBIX Y4aCTKax

(surviving cover on trampled subplots)

RC = Ckef C100 %,

HCXOJHOE MOKPBITHE HA BBITONTAHHBIX YIACTKaX
(initial cover on trampled subplots)
rae
HCXOJTHOE TIOKPHITHE HA KOHKPETHBIX Y4aCTKax
(initial cover on control subplots)

COXPaHUBILHIICS TOKPOB HAa KOHKPETHBIX y4acTKax

of

(surviving cover on control subplots)

[TonyyenHsle pe3ynbTaThl BU3YIM3UPYIOTCSA B BUAE IpaMKOB JJIsl OLECHKH U3HOCA Ka)I0TO OTAEeNBHO-
T'O BHJIa PACTEHUS WIH, B IIEJIOM, PACTUTEIBHOTO COOOIIECTRA.

Munyc MeToJia 3aKJIF0YaeTCsl B TOM, YTO BHITANITHIBAHUE OCYIIECTBIISUT OJJUH M TOKE YeJIOBEK, YTO OKa-
3BIBACT BIUSHUE Ha KOHEYHBEIM pe3ynbTar. KpoMe TOro, MHTEHCHBHOCTh BBITANITHIBAHUS OJMHAKOBAs, YTO
CHIYKaeT IPUMEHEHHE JaHHOTO METO/ia IIPH OPTaHU3alKH 30H OTAbIXA.

B ceBepHBIX MUpOTax AaHHbIA MeTon npuMmensuics B Ounnsaaun (Kellomaki, 1975,1977,1980; Torn,
Rautio u np., 1999), Kanane (Taylor, Reader, Larson, 1993; Thurston, Reade, 2001), CIHA (Ansacke) (Monz,
2002), Hopseruu (Gellatly, Whalley, Gordon, Ferguson, 1986), Ucnannuu (Gatzouras, 2015), a Takxe B
Poccun na Iomsapraom, CeBeproMm u FOxxHOM Ypane (AHmpesmkuHa, [lemkoa, 1997).

AHanmu3 TaHHBIX paOOT MO3BOJIAET CACNATh BBIBOJ O TOM, YTO CYOapKTHUECKHE M apKTUYECKHUE PacTH-
TeNbHBIE COOOIECTBa Hanboee YyBCTBUTEIBHBI K BO3ACHCTBHIO M MEIJICHHO BOCCTAHABIMBAIOTCS, M3-32
HU3KOH MPOYKTUBHOCTH B COYETAHUHM MAJIOMOITHOCTH ITOYB, KOPOTKOTO BETE€TAIIMOHHOTO MEPHOJIA U CypO-
BOT'O KJIUMATa.

2. MemoOovl MOHUMOPpUHEA PEeKPEeAYUOHHBIX MPON U Mecm Omovixa mypucmos (kemnune). MHOTOKpaTt-
HOE€ HCITOJIb30BAaHUE TPOI M KEMIHHTa (PParMEHTUPYET MPUPOJHYIO CPEAY U MPUBOJIUT K NATHHEHITUM H3-
MEHEHHUSAM Yepe3 paclIupeHus: TPOmbl (MOSBICHUIO BTOPOCTEIIEHHBIX TPOIT), (OPMUPOBAHHIO 3PO3HOHHBIX
MPOIIECCOB (HAIPUMEp, OBParoB), yTHETEHUIO PACTUTEIBHOCTH U YBETUUYEHUIO NPOHUKHOBEHHUS! CHHAHTPOII-
HBIX BHJIOB PACTCHHIA, a TaK)KE HAHOCUTCS 3HAYUTEIBHBINA yIIEpO MOYBE, a MMEHHO YIUIOTHSS €€ U yrHeras
KOpHEBYIO cucTeMy [23—-25]. B CBsI3U ¢ 4eM B MHOCTPAHHBIX HAYIHBIX TPYIaX CYIIECTBYIOT pa3HOOOpa3HbBIC
METOJIBI OLIEHKU 00pa30BaHUs SPO3UOHHBIX MPOIECCOB B Pe3yJIbTaTe MHTEHCUBHOTO MCIIOJIh30BAHUS JIMHEH-
HOM M IUIOIIAAHON TYpHCTCKOW HH(PpacTpyKTypsl (Tadm. 3).

Taonuma 3
IIpuMepsl METOIOB MOHUTOPHHTA TYPUCTCKHUX TPON M KEMIHHTA (COCTABJIEHO aBTOPOM)

Meron Kparkas xapakrepuctuka
1 2

Kraccudukanms ycio-
Buii (Condition Class
Method)

IIpucBauBaeTcs omnpeneieHHbIH KiIace HapyIIEeHHOMY y4acTKy TpoInbl miu kemnuHry. Heno-
CTaTK{ METOJA 3aKJII0YAI0TCS B TOM, YTO OH OIHUPAETCS Ha OIHY KaUECTBEHHYIO BeIHuuHy. OH
IIPOCT B UCIIOJIb30BaHKH, HE TPEOYET OOJIBIINX 3aTPaT M CIEeUUaIbHOH HOATOTOBKH

WuBenTapu3anus 3po-
3MOHHBIX MPOLIECCOB
(Census of Erosional
Events)

OrnpenenstoTest 3po3uoHHbIE Tponecchl. [locne yero npoBoAuTCs UX MHBEHTapu3auus. MuHyc
METOJ[a 3aKIIF0YaeTCsl B TOM, YTO TpeOyeT BBHICOKOH KBATM(HUKAINH CIIEIHAINCTA, KOTOPHIA
Oyzer mpoBOAWTH HccienoBaHue. Ilmoc MeToma — B KOPOTKHE CPOKH IO3BOJIET OICHUTH
COCTOSIHHE TPONBI W MPENOCTABISIET MCUEPIBIBAIOIIYI0 HWH(OPMAIMIO O YacTOTe, CTCTICHH H
pacIpoCTpaHEHHUH MPOOIIEM 3PO3HOHHBIX IPOIIECCOB

Meron nonepeyHoro
CCUCHHSA
(Cross-Section Area
Method)

C 00enx CTOpOH TPOIIbI HATATHUBACTCS BEPEBKA MIIM MEpHAs pyJIeTKa, 3aKpeIUIeHHast Ha X0po-
10 3a()UKCHPOBAHHBIX KOJBIIIKAX UM JCPEBBSX, 3aTE€M OTBECOM HJIM YPOBHEM IPOBOMISTCS

BEPTUKAJIBHBIC U3MCPCHUA.

Vi+2Va+-2Vp+Vins1
— XL,

rne Vi — Vye1 — BepTuKanbHble n3Mepenus (cM); L — untepsai (5 uiau 10 cM) ropu3oHTab-
HOM HATSIHYTOW BEPEBKH WJIM MEPHOW PYJIETKU. 3aTeM CTPOUTCS IPOQIIL TPOTIBI.

Henocrartok mMerona 3akiroyaercsi B Ype3BBIYAHHO TPYJOSMKOM IpOLEcCce YCTAHOBKH HEO00-
XOAUMOTo 000pyJOBaHMS JUI NPOBEACHUs n3Mepenuil. HeoOxoquma BbIcoKast KBaTu(UKalys
cneuuanucToB. TpeOyer OonpIMX 3aTpar it o0y4eHus crenuanuctos. [Ipouecc u3mepenuit
3aHMMAaeT MHOTO BpeMeHH. lIcroib3oBaHME NaHHOTO METOIA II03BOJIET IMOJTYYUTh OYECHBb
TOYHBIE U3MEPEHHS IPO3HOHHBIX IIPOLIECCOB

[Tomans BepTHKaNbHOTO ceueHust Beraucisiercs (4) no dopmyne: A =
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[Ipononxenue Tabaumbl 3

1

2

®dororpadpudeckas
OIICHKa cTepeon3o0pa-
JKEHHI

Mo 3ano’keHHOMY TpaHCEKTY AenaeTcs cepus ¢ororpaduid, Mpu 3TOM IJIsl COXpPAHEHUs] Mac-
mraba HEOOXOIMMO MMETh HOAPOOHYIO TONOTpadUUEcKyl0 KapTy MECTHOCTH. 3aTeM IOJly-
YEeHHbIC JaHHbIE aHAJM3UPYIOTCS M OLM(PPOBBIBAIOTCS Ha CTEPEOILIOTTEPE.

(Aerial Photo Apprais-
al)

(Stereo Photography) |HemocraTok mMeTona 3aKiF04aeTCsl B TOJIYYCHUH KaYeCTBCHHBIX CHUMKOB, CBSI3aHHBIC C HAJIHU-
YHEM PACTUTEIBHOCTH U MPUPOTHBIMU YCIOBHUSIMH.
[To3BoJIsieT TOUHO UJICHTU(DHUIUPOBATH TUHAMHYCSCKUHN MTPOLIECC IPO3HU TPOIT
AspodoTocreMka [IpoBenenune aspodoTocheMkH Tpor. OCYMECTBISIIOTCS AeITUGPUPOBAHNE U OIICHKA CTEPEO-

n300pakeHus. MHUHYC MeToJla — TPYAHO BBIIEPKATh OMpEENeHHbIH MacmTad a’spodoTo-
cHIMKOB. KadecTBO (pOTO 3aBUCUT OT MOTOMHBIX YCIIOBHH IMPOEKTHBHOTO TOKPBITHS H CO-
MKHYTOCTH KpOH. TpyAHOCTH AemM(PpPUPOBAHHUS CHUMKOB, OIpEICICHHE BBHITONTAHHOW H
YTHETEHHOUM pactutenbHOCTH. [lmoc MeTona — ormpeaelieHne peanbHbIX TEHACHIMH 3pO3U-
OHHBIX ITPOIIECCOB

MHOrouHAMKATOPHBIN
meron (Multiple indica-
tor methods) ¢ ucmons-
3oBanueM GPS u GIS

MeTox OCHOBBIBAa€TCSl Ha BH3YAIBHBIX OIIEHKAX M3MEHEHHH COCTOSHHS MPHPOTHON Cpeibl B
MECTax OTIbIXa TYpPHCTOB (KeMmuHr). [lociie yero mpoBoauTCs KiIacCU(PHUKAIMS KEMITHHTA 10
YPOBHIO BIIUSIHUS Ha IPUPOAHYIO cpeay. [lmoc MeToa — B MPOCTOTE €ro UCIOJIb30BaAHUS

TpaMHHeOMeTpI/I‘Ie— B IMOYBY 4Yepe3 paBHLIﬁ HWHTEPBAJ BTBIKAIOT TOHKHUE MaJIO3aMETHBIC KYCOYKH IPOBOJIOKH JIU-
CKUI METOQ Hoi 3—5 cMm. PaccrosiHue MCKAY KyCOYKaMU IMPOBOJIOKA MOXKCT BapbUPOBATLCA U 3aBUCUT OT
(Trampleometers) HWHTCHCUBHOCTU ABUIKCHHA HA TPOIIC, a TAKIKEC MJIMHBI TPDAHCCKTA. HaanMep, JJIsL TPAHKCCKTa

B 10 M noxxoaut unaTepBan 10 cM, ¢ quuHON 150 M 1 60ostee — 20 cm u 30 cm. 3arem yepes
Kaxaple 2—24 9 QUKCHpPYeTCs KOJIWYECTBO COTHYTHIX IMPOBOJIOK, TMOCJTE YETO MX CHOBA BBI-
HOPSMIISIIOT JUTS albHEHIIUX n3MepeHuil. [lonydeHHble [aHHbIe BU3yaln3upOBAJIKNCh B BUJIC
THCTOTPaMMBbl, KOTOPas JaeT 0oJiee YeTKOE MPECTaBICHHE O CTEIIEHH BBITANTHIBAHUS TPOIIBI.
Jauubiii MeTon siBisieTcst 3 GEKTUBHBIM J[a)Ke B MECTaX CO CPaBHUTEIbHO HEBBICOKOH Moce-
[IaEMOCTBIO

W3noxeHHbIe BBIIIE METOJIBI UCTIONB3YIOTCSA KaK OTJENBFHO, TaK U B CHHTE3€, YTO TIO3BOJISIET 3HAYUTEIHHO
YIPOCTUTH TPOIIECC aHaM3a JAHHBIX W TOJYYUTh JOCTOBEPHYIO MH(OPMAIUIO O COBPEMEHHOM COCTOSHUH
CEeTH TYPUCTCKHUX TPON U MECT OTAbIXa (kemmuHra). [lomydeHHple MaTepHasbl Jal0T BOBMOKHOCTh MEHEKe-
paM TYPUCTCKOHM JieCTHHAIMN cHOpMYIIUpOBaTh Oosiee dSPPEKTUBHYIO MOJICTh YIIPABICHHUS TYPUCTCKUM TPO-
CTPAHCTBOM, B LIEJISIX MUHUMHU3AIIUY BIMSHUS TYPUCTCKHUX TPOI U KEMITMHTOB Ha TIPUPOTHYIO CPEy.

KomM0uHanmm qaHHBIX METOIOB IMIMPOKO MCIIOIB30BAIUCH JJISi MOHUTOPHUHTA TOPHBIX TPOTIMHOYHBIX Ce-
Tell Ha ceBepo-3anane Anrauu (Coleman, 1977, 1981), cyGansnuiickoil u anbIUHACKONW PacTUTEIBHOCTH BbI-
cokoropbst 1 Haropbs [otaanmuun (Watson 1984,1985, 1991; Aitken 1985; Lance 1989, 1991; Legg 2000;
Morroco, Ballantyne 2007), rop Cesepnoii Mpnanauu (Ferris, Lowther, Smith 1983) u ceseproit Hopseruu
(Gellatly, Whalley, Gordon, 1986; Pounder, 1985).

[Ipumepom ucnosb3oBanus komOuHauu Meto 0B «Kimaccudukanuu ycnosuit (Condition Class Meth-
od)», «Muorounaukaropubiii Metoq (Multiple-indicator methods)» ¢ mobaBneHHEM TEXHOJOTHH CHUCTEMBI
onpenencaus mecrononoxenus (GPS) u TMC-texnonoruii siBnsitorcst padboTsl, mpoBeaeHHbie R. Olafsdottir,
M.C. Runnstrom (2007, 2013), B KOTOPBIX OCYIIECTBIISIIACH OTICHKA COCTOSIHHS TPOITUIHOM CETH B IBYX ITO-
MYJSIPHBIX IPUPOAHBIX 3amoBeIHUKOB «porsmork» u «Fjallabak» B Mcnannun. OCHOBHBIME MOKa3aTeNsIMU
OTICHKY BBICTYIIWJIN: 1) IMMpUHA TPOMBI, 2) TIyOMHA TPOIHI; 3) U3MEHEHHE dKOCUCTEMBI — OTHOIIEHUE CO-
CTOSIHUSL PACTHTEIHHOTO IMOKPOBAa M TMOYBHI HAa TPONE IO CPAaBHEHUIO C MX COCTOSHUEM BOKPYT TpPOIIBI;
4) 3po3us NOYBHI.

OrneHKa MHINKATOPOB OCYIIECTBIISIIACH HA TUIOMIAAKaX 2X2 M, ¢ KaKIOW CTOPOHBI Tpombl. s ympo-
IICHHS POBEJICHUS MCCIIEIOBAHMS aBTOPAMH MPEIJIOKEHA CHUCTEMA KITAaCCU(UKAIIUU COCTOSIHUS TYPUCTCKUX
Tpor. JJisi HHTETPaIbHOW OIEHKH KaXXAOMY BBIJEIEHHOMY TOKa3aTelto mprcBanBaercs 6amt ot 0 mo 3, B
3aBHCHMOCTH OT UX COCTOSHUS. 3aTeM OOIIHIA MTOKa3aTelb COCTOSHUS TyPUCTCKON TPOITBI OMPEIENIeTCS ITy-
TEM CYMMHUPOBAHUS MPHUCBOCHHBIX 0amuioB. [1o uToram mpoBeIEHHOTO UCCIIEAOBAHUS aBTOPAMHU COCTABJICHA
cucreMa KiacCH(UKaIUK MelmMx MapIipyToB Ui OLIEHKH MX COCTOSHUS, ITO3BOJISIONIAS MPOBOAHUTE PEry-
JISPHBI MOHUTOPHHT COCTOSIHUS TPOII, B LEISIX OTCICKUBAHUS U3MEHEHHIA, TEM CaMbIM IOBBIIIAS IIETIOCT-
HOE TIOHUMAaHHE CYIIECTBYIONUX MPOOJIEM U MPUHATHS HEOOXOIUMBIX YIPABICHYSCKUX PEIICHUH [Tl paIlu-
OHAJILHOTO UCTIOIB30BAHUS YSI3BUMBIX 9KOCHCTEM HCIAHICKON TOPHOH MECTHOCTH.

Takum 00pa3oM, YCTOHYMBOCTh KaXKIOTO MPUPOIHO-TEPPUTOPHATBHOTO KOMITIEKCa MOXKET BapbHPOBAThH
B Ty WIN WHYIO CTOPOHY, YTO 3aBUCHT OT pAfa (HaKkTOpPOB, TAKHX KaK MEXaHWYECKHUH COCTaB MOYB; BIAKHOCTb
MTOYBBI; MOIITHOCTh TYMYCOBOT'O TOPHU30HTA ITOYBKI; YKIIOH MIOBEPXHOCTH; COCTAB APEBOCTOS M CTPOCHHUE KOPHE-
BOM CUCTEMBI OCHOBHBIX ITOPO/T IEPEBLEB; 3armac OMOMacChl M BUIOBOM COCTaB paCTUTENLHOCTH [26] (Tabm. 4).
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Raxnouenue

IIpoBeeHHBIN CHCTEMATHIECKHUI 0030p HAYIHOH JTUTEPATypPhl, CBI3aHHBIN C U3YICHHEM BIUSHUSI Mac-
COBOTO TypH3Ma Ha MPUPOIHO-TEPPUTOPHATEHBIE KOMITIEKCH APKTHKH U CyOapKTHKH, MO3BOJISET CAENaTh
CJIEIYIOLUE BBIBOJIBI:

1) MeTozp! HccaenoBaHus B peKPEaliOHHON SKOJIOTHH Ha MPOTSHKEHUHA MHOTHX JIET COBEpPIICHCTBOBA-
JIUCh M JONOAHSUIMCEH (0T ¢axkTudyeckux HaoOmogaeHuid coctosHus [ITK mo ucmonb3oBaHUsS COBPEMEHHBIX
I'MC-texHonoruii, a3poPOTOCHEMKH ), BMECTE C HUMHU BHEIPSUIUCH UHAUKATOPHI O1leHKH cocTosiHus [1TK;

2) OONBIIMHCTBO MPUKIIAIHBIX UCCICAOBAHUIN UCMOIB3YIOT IMEPEUNCIICHHBIC BBIIIE METOUKUA B CHHTE-
3e, U4TO yBeInunBaeT ux 3()(HEKTUBHOCTD U MO3BOJISIET OJIYYHUTh IOCTOBEPHYIO HH(GOPMAIIHIO O BO3/ICHCTBUN
MaccoBoro Typusma Ha [1TK;

3) pe3ynbTaThl OONBIIMHCTBA MPUKIAIHBIX UCCIEAOBAHUN CBUACTEIBCTBYIOT O TOM, YTO CyOapKTHUe-
ckue u apkrudeckue [ITK menee TomepanTHel 1 Hambosee MOABEPKEHBI K HETATHBHOMY BO3JICHCTBHIO OT
MaccoOBOTO Typu3Ma, MEIUICHHO BOCCTaHaBIWBaroTcs. Hampumep, Hambosee YyCTOHYMBBIMU K (aKTOpy Ty-
pU3Ma U peKpealyu SBISIOTCS €PHUKOBO-MOXOBBIE U TPABIHO-MOXOBBIC TYHAPHI, a JIUIIAHHUKOBEIC, MYIIH-
IIEBO-OCOKOBEIE TYHJPBI Haubosee ysa3sumbie. Crenens ycroiunBocty [1TK k TypucTCKO-peKpearmoHHBIM
BO3JICUCTBHSIM OIPEACIIICTCS HE BETUIMHON OOIIETo 3armaca HaJ3eMHONH OMOMACCHI, a €ro CTPYKTYPOI;

4) Ha TepBOHAYAILHOM 3Tare MPOCKTUPOBAHUS TYPUCTCKO-PEKPEAIMOHHOIO MPOCTPAHCTBA B MIPUPOI-
HOW cpene Apktuku u CyO0apKTHKH, B MEPBYIO O4Yepe/lb, HEOOXOIUMO MPOBOJUTH MCCIICIOBAHMS, HAIMIPAB-
JIEHHBIC Ha OIICHKY JTUHEHHON U IIOMATHON peKpeallnOHHOW HAarpy3KH, BO N30eKaHe HETATUBHBIX TIOCTIC]I-
CTBHI MacCcoBOIr0 TypU3Ma.
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P.1. JIokteB

AKannaii trypusmHiH Cy0apKTHKa MeH APKTUKAHBIH TAOMFU-AyMaKTbhIK
KellleH/iepine dcepin Oaranay dicTepine xKyieJi moJry

Makanana Typuctik Kpi3MerTiH CyOapkThka MeH ApPKTHKaHBIH TaOMFH-ayMaKThIK KeUICHAepiHe ScepiH
3epTTey ONICTepiH CHIATTAHTBHIH IIETENNIK TaKipuOere OarbITTalFaH FBUIBIMH €HOEKTepre »XKyiemi ooy
JKacalblll, OJAPJIBIH TYPHCTIK >KOHE pEeKpealysyIbIK KCeHICTIKTI jKocHmapiiay THIMAUIITiHE >Kalllbl Tajaxay
xacanasl. Kenreren kxommaHOanmsl 3epTTeyJepiH HOTIDKENepl CyOapKTHKAIBIK XKOHE apKTHUKAJIBIK TaOWFH
KeIIeH Iep a3 Te3IM/Ii JKoHe JKammai Typu3MHIH Tepic acepine OeifiM, O6asy KaJIbHA KEJIETIHAITIH KOpCeTei.
Mpicasl, TYpU3M MeH pekpeaius (pakTopblHa eH Te3IMIi anaca KailblH MIOFBIPIBI-MYKTI XKoHE IIONTi-MYKTi
TYH/Ipa, KbIHAJBI, TYKTi-OyTabl TyHApanap eH ocan 0oJbin Tabbutaasl. TaOUFH KeLISHISPAIH TyPHUCTIK jKoHE
peKpealrsuIbIK dcepiepre TO3IMALTIK JIpexeci KepycTi OMoMaccachlHBIH JKaJIlbl KOPBHIHBIH MOJIIEPIMEH
eMeC, OHBIH KYPbUIBIMBIMEH aHbIKTanaabl. Apkriuka mMeH CyOGapKTHKaHblH TaOHFH OPTachIHAA TYPHCTIK-
PEeKpeanrsUIbIK KeHICTIKTI Jko0alayAblH 0acTankbl Ke3CHIHAE, ©H alIbIMEH, JKalllail TYpH3MHIH Tepic
caJgapblH OOJIIbIpMay YIIH CHI3BIKTHIK JKOHE ayIaHIBIK PEKpealysuIbIK JKYKTeMeHi Oaramay OoifbIHIIa
3epTTeyliep Kyprizy Kaker.

Kinm ce30ep: xanmnail Typu3M, peKpealysuibK TaOUFaTThl Haiinanany, Apkruka, CyOapKTHKa, peKpearusiibIK
JKYKTeMe, TAOUFU-ayMaKTBIK KeLUICHIep, 3ePTTey dicTepi, xKyiieni moiry.

R.I. Loktev

Systematic review of methods for the assessing the impact of mass tourism
on the natural-territorial complexes of the Subarctic and the Arctic

For the first time, the article presents a systematic review of foreign practical-oriented scientific works de-
scribing methods of studying the impact of tourism activities on the natural-territorial complexes of the Sub-
arctic and the Arctic with a general analysis of their effectiveness for planning tourist and recreational space.
The results of most applied studies indicate that Subarctic and Arctic natural complexes are less tolerant and
most susceptible to negative effects from mass tourism. For example, the most resistant ones to tourism and
recreation factor are pink-moss and grass-moss tundra, and lichen, fluff-sedge tundra are the most vulnerable.
The degree of stability of natural complexes to tourist and recreational effects is determined not by the value
of the total reserve of above-ground biomass, but by its structure. At the initial stage of the design of tourist
and recreational space, in the natural environment of the Arctic and the Subarctic, first of all, it is necessary to
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conduct studies to assess the linear and area recreational load in order to avoid the negative consequences of
mass tourism.

Keywords: mass tourism, recreational environmental management, Arctic, Subarctic, recreational load, natu-
ral-territorial complexes, research methods, systematic review.
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Calculating scheme for ground freezing depth variations
and its application in different landscapes

Snow study is important because snow, after the ocean, is the second largest interface between the atmos-
phere and Earth's surface and it covers considerable part of the land during winter. Changes in snow cover ex-
tent and snowpack properties in recent decades in response to warming are ongoing and will likely continue
in future. Ground thermal regime, despite the simplicity of measuring the ground temperature, remains an in-
sufficiently studied field of landscapes. For determination of air-temperature influence, snow cover thickness,
absolute values and the dynamics on the depth of ground freezing and thawing, a number of ground freezing
models have been developed. In this work, the calculation is done with calculating scheme for ground freez-
ing constructed on the basis of three-layer media heat conductivity problem (snow cover, frozen and thawed
ground) with phase transition on the boundary of frozen and unfrozen ground. The heat balance equation in-
cludes phase transition energy, inflow of heat from unfrozen ground and outflow to frozen ground, snow cov-
er and atmosphere. The heat flux is calculated on basis of Fourier law as a product of heat conductivity and
temperature gradient. It is supposed that temperature changes linearly in each media. The calculations of
ground freezing depth variations are done for plain and mountain regions. The ground freezing depth calcula-
tion results correspond to the observed values. Hence, the influence of the recent climate and weather con-
trasts and snow cover spatial and temporal variations on underlying ground freezing depth variations are in-
vestigated and reviled. This is vital, although climatic norms between 1961-1990 and 1991-2020 did not il-
lustrate significant changes, but some strong weather variation extremes and contrasts (such as hotness in last
2020 year and weather anomalies of this 2020/2021 winter) are present in recent decades causing danger and
risks for population and economics.

Keywords: calculation scheme, air temperature, snow cover, ground freezing, landscapes, mountain regions.

Introduction

As snow is one of the largest interfaces between the atmosphere and Earth's surface covering considera-
ble part of the land during winter it is important to study snow. Changes in snow cover extent and snowpack
properties in recent decades in response to warming are ongoing and will likely continue in future. Despite
the simplicity of measuring the ground temperature, ground thermal regime remains today an insufficiently
studied field of landscapes. This topic was essentially explored by A.V. Pavlov [1]. To determine the influ-
ence of air-temperature and snow cover thickness, absolute values and the dynamics on the ground freezing
and thawing depth, a number of ground freezing models have been developed. For example, for his ground
freezing depth estimation scheme, V.A. Kudriavtsev [2] characterized warming and cooling action of snow
cover on the ground depending on snow accumulation regime, its duration and suggested equation for esti-
mation of ground freezing depth including snow cover thickness, its thermal properties and amplitude of
yearly air temperature oscillations. Applying this model, our calculation scheme for plain areas were done
for observation site of Lomonosov Moscow State University for bare and covered with snow surface and for
Moscow region. Verifying and proving the method consistency of the calculation, scheme was done accord-
ing to the ground freezing depth and thermal regime observation data for plain regions where the data is
available. For the rock ground freezing modeling, the model Alpine3D [3] consisting of the 3D atmospheric
processes model coupled with the 1D energy balance model SNOWPACK was used. In this article, during
the construction of debris flow and snow avalanche protecting installation in the mountain regions, the prob-
lem of fixation and stability of these constructions under the conditions of seasonally or permanently frozen
ground arise. For this reason, the freezing depth of the soil is estimated based on the developed calculation
scheme data on the thickness of the snow cover and air temperature for the Terskol weather station of the
Elbrus region for winter periods 2015/16-2019/20. The calculating scheme for ground freezing is construct-
ed on the basis of three-layer media heat conductivity problem (snow cover, frozen and thawed ground) with
phase transition on the boundary of frozen and unfrozen ground. The heat balance equation includes phase
transition energy, inflow of heat from unfrozen ground and outflow to frozen ground, snow cover and at-
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mosphere. The heat flux is calculated on basis of Fourier law as a product of heat conductivity and tempera-
ture gradient. It is supposed that temperature changes in each media linearly. The results of ground freezing
depth calculations indicate that ground under snow cover stays frozen in the Elbrus region from December to
April. At the same time, the ground under the snow-covered surface freezes according to calculations on av-
erage by 20 or more cm. If the snow cover is partially or completely blown away, the ground may freeze to a
depth of 1 m or even more and last for a longer period. Thus, the proposed method allows to evaluate soil
freezing as a factor of soil stability for the protection of constructions.

Experimental

In this paper, we calculate freezing depth based on data on air temperature and snow cover thickness
applying the proposed calculation scheme for weather station of Lomonosov Moscow State University and
Moscow region weather stations (for number of winter seasons for verifying and proving the consistency),
and for Terskol meteorological station (for the snow-covered soil surface of the winter seasons 2015/16—
2019/20). The calculation scheme was based on the problem of thermal conductivity of a three-layer medium
(snow, frozen and thawed soil) with a phase transition at the boundary of frozen and thawed soil. The heat
balance equation included the energy of the phase transition, the inflow of heat from the thawed ground and
the outflow to the frozen ground and, in the presence of snow cover, through it to the atmosphere. The heat
flux was calculated considering Fourier law, as the product of the thermal conductivity and the temperature
gradient. It was assumed that the temperature in each medium varies linearly (for example, [4, 5]). For snow
cover and frozen ground, the formula of thermal conductivity of a two-layer medium was used.

The calculation of ground freezing based on data on air temperature and snow cover thickness and
thermal conductivity during the winter period made it possible to estimate the intensity of the freezing front
movement during this period. The dependence of the speed of the freezing front movement was found ac-
cording to the calculated scheme. The scheme took into account the freezing of the ground from below on
the frozen ground mass in winter based on data on the daily air temperature (the thickness and thermal con-
ductivity of the snow cover).

The heat balance equation was written as

Fi=cLV+ F>,

or as:

dhg/dt =V = (F1 - F2)/cL, (1
where F; — heat outflow through the frozen ground (and snow cover) from the freezing front (W/m?) to the
atmosphere; ¢ L V = ¢ L dhy /dt — consumption heat at the phase transition; ¢ — moisture content of the soil
(1-4 kg/cm*m?), (last value corresponds to the complete filling of pores with water from a lightweight clay
with a density of 2000 kg/m* and a porosity 0,617 [1]); L — energy of the phase transition (335 kJ/kg);
V = dhg/dt — the speed of the freezing front (cm/s); F> — heat exchange in the cooling melt the ground be-
fore the freezing front (W/m?).

The heat flux was expressed according to the Fourier law: F = —\ grad T. The heat flow through the fro-
zen ground from the freezing front to the atmosphere in the case of snow cover was expressed in terms of
thermal conductivity and heat flow of a combination of two media (snow cover and frozen ground):

AT _ AT _ T, )
Ax % .\ Axfg i h. ( )

+ e
Ao A A A,

here T, is the air temperature, /s and /g are the snow thickness and freezing depth, and As and A4 are the
thermal conductivity of snow and frozen ground.

It was assumed that at a depth of 10 m in the ground, there is a point of zero annual temperature fluctua-
tions 7o with an average annual value of about 7 °C. Therefore

AT T
F, ==\, ~ =N ﬁ ,
thg

here Au,q is the thermal conductivity of thawed soil. Calculations were performed in one-day increments. At
first, it was considered that the thickness of the frozen ground /g was 0.5 cm. The freezing rate J and the
value of the frozen ground thickness /g, was calculated for the next day (time step). According to [6], the
average thermal conductivity of thawed and frozen clay soil could be taken as 1.4 and 1.8 W/m°C. The aver-
age thermal conductivity of snow A. was calculated relatively to the density according to the formula of
A.V. Pavlov [1] and was taken equal to 0.18 W/m°C.

F=-\

1

€)
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Results and Discussion

In this paper, a difference scheme was constructed for the derived first-order time differential equation
for changing the depth of soil freezing by approximating this differential equation by the explicit Euler
method: Ag(ta1) = hso(tn) + AT V(tn). According to the obtained difference scheme, each winter season of re-
cent decade calculations of ground freezing depth variations were performed of plain observation site of Lo-
monosov Moscow State University for verification and mountain of Terskol meteorological station. An ex-
ample of the calculation results of mountain of Terskol meteorological station for the winter season 2016/17
is shown on the Figure 1.
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1 — air temperature; 2 — thickness of snow cover; 3 — estimated depth of freezing of the ground
under the snow cover; 4 — estimated depth of freezing of exposed ground

Figure 1. Changes in air temperature and freezing depth based on calculations for snow-covered
and exposed ground surfaces of a weather station Terskol for winter period 2016/17

The example of results of calculations of ground freezing depth for plain under bare and covered with
snow site surface of the meteorological observatory of Lomonosov Moscow State University for the winter
period 2017/18 and their comparison with the observed data are displayed in the Figure 2.
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The results of calculations for ground freezing depth for the bare (3) and covered with snow site surface (5) and their
comparison with the observed data (2 and 4 correspondingly). Air temperature (/) and snow cover thickness (6)

Figure 2. Variations of air temperature and ground freezing depth according to the data of calculations
and observation under bare and covered with snow site surface of the meteorological observatory
of Lomonosov Moscow State University for the winter period 2017/18

168 BecTHuk KaparaHgmHckoro yHmBepcuteTa



Calculating scheme for ground freezing depth variations ...

The results of calculations of maximal ground freezing depth for the bare site surface of the meteoro-
logical observatory of Lomonosov Moscow State University for the winter periods of 2011/12-2017/18 and
their comparison with the observed data are demonstrated in Table 1 indicating general consistency of the
calculating method.

Table 1

Comparison of calculated and observed maximal ground freezing depth under bare and covered
with snow site surface of the meteorological observatory of Lomonosov Moscow State University
for the winter periods of 2011/12-2017/18

Maximal ground freezing depth under bare site  |Maximal ground freezing depth for the covered
Winter period surface, cm with snow site surface, cm
observed calculated observed calculated

2011/12 120 110 18 10

2012/13 118 120 8 12

2013/14 100 87 18 4

2014/15 95 85 30 7

2015/16 78 88 25 30

2016/17 100 100 3 7

2017/18 95 105 14 18
Max diff. 13 23
Min diff. -10 =5
Aver. diff. 1,6 4

From the Table 1 one can see that averaged difference of calculated and observed maximal ground
freezing depth under bare site surface of the meteorological observatory of Lomonosov Moscow State Uni-
versity for the winter periods of 2011/12-2017/18 is 1.6 cm and under the covered with snow site surface it
is 4 cm. The main advantage of the calculating scheme is that it reproduces the dynamic of the ground freez-
ing process well. So, the calculation method is physically well-justified. The solution method thoroughly de-
scribes the process of changing the freezing depth during the winter season. It is important for the successful
operation of the method to set the initial data as accurately as possible.

The proven consistency of the method allows to predict that the results of calculating the maximum
ground freezing depth for Terskol weather station are valid. These results are demonstrated in Table 2.

Table 2

Variations in the maximum ground freezing depth, average snow cover thickness for February
and the sum of negative monthly temperatures for Terskol weather station for winter periods 2015/16-2019/20

Winter Sum ofnﬁlgatlve Averaged February snow Max. freezing depth Max. freezing depth of
period monthly o cover thickness, cm of snow-covered ground, cm | exposed ground, cm
temperature, °C
2015/16 —18,7 60 21 97
2016/17 27,7 40 23 119
2017/18 —14,2 70 8 83
2018/19 -19.4 60 20 96
2019/20 20
Conclusions

As indicated in Table 2 the thickness of the accumulated snow cover on the mountain Terskol weather
station can reach half a meter or more. At the same time, the ground under the snow-covered surface freezes
according to calculations by an average of 20 centimeters or more. In the case of partial or complete blowing
off of the snow cover, freezing of the ground can occur to a depth of 1 meter or more and last for a longer
period. Thus, the proposed method for calculating the dynamics of the ground freezing depth on basis of data
on air temperature and snow cover thickness allows to assess the variation of ground freezing depth in differ-
ent landscapes. It is also necessary to mention that for the mountain Terskol weather station, we do not have
values of ground freezing depth for verification, but only air temperature and snow cover thickness. Howev-
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er, we rely on the proven general consistency of the calculating scheme for the plain territory where the veri-
fication data of ground freezing depth is available.
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TonbIpakThIH KaTy TePeHAIriHIiH 63repyiHiH ecenTik cbhbI30achl
JKOHe OHBI IPTYPJIi JaHAmaGTTApAAa KOJAAHY

Kapzs! 3epTTey oTe MaHBI3IbI, OMTKEHI MYXUTTaH 0acKa, Kap arMocdepa MeH xep OeTi apachIHAarbl eKiHIIi
YJIKeH Oaitnanbic OO TaObLIAbI, all KbICTA Kap JKEpIiH eadyip Oeinirid kamTuabpl. COHFBI OHXBUIIBIKTAp
KbUIbIHYFa JKayan PETiHIe Kap >KaMBUIFBICHIHBIH ayJaHbl MEH KACHETTEpiHIH e3repyl Kairacyla >KoHe
Oonamiakra aa JKaJdFacybl MYMKiH. TONBIDAaKTBIH JKbUIy DEXKHMi, TONBIPAK TEMIIEPaTypachlH eJIliey
KapanaibIMABUIBIFbIHA KapamMacTaH, Oyrinje nanamadTrapably a3 3epTTeNIreH aiMarsl Oonbln Kaya Oepeni.
AOCONIOTTI MOHIEP MEH aya TEMIIepaTypachiHbIH JUHAMMKAChl MEH Kap JKaMbUIFBICHIHBIH KaJIbIHIBIFbI
TOIBIPAKTHIH KaTy J>KOHE epiTy TepeHAIriHe ocepiH aHbBIKTay YIIIH TONBIPAKTHl KATBHIPYIBIH OipKaTap
MoJeTbepi skacanapl. Makanana ecentey My3[JaThbUIFaH jkoHe My3aaTtbiiMaran Gru miekapachlHaa (a3aibik
aybICyMeH YII KabaTThl OPTaHbIH (Kap JKaMBUIFBICHL, MY3JaTBUIFAH JKOHE €PIreH TONBIPaK) XKbLTYy ©TKI3TIIITIK
MIHJIETI HeTi3iHAe CalbIHFaH TOIBIPAKTHl MY3MaTyABIH ECENTIK cXeMachl OOHBIHINA JKy3ere achIpbUIFaH.
XKbutry OanmaHChIHBIH TeHIeyi (ha3aiblk aybiCy SHEPrUsACHIH, My3/laThbUIMaraH TOIBIPAKTAH XbUIY arbIHBIH
JKOHE MY3JAThUIFaH XKEpre XbLIy aFbIHbIH, Kap >KaMBbUIFBICBI MEH aTMocdepaHbl KaMTHIbL JKbUly arbIHbI
Oypbe 3aHbIHA COMKEC KbUTY OTKI3TIIITIK [IEH TeMIepaTypa rpaJueHTiHiH KeOelTiHaici peTiHae ecenTtemnmi.
Op oprazarbl TeMIlepaTypa ChI3BIKTBIK ©3repeli Aen OoypkanraH. TONBIPAKTHIH KaTy TEpeHIIriHIH e3repy
ecenTepi Ka3bIK JKOHE TayJyIbl ayJaHiap YIIH ecenTesai. TombIpakThIH KaTy TePeHMIrH eCenTey HOTIKeNnepi
OalikamraHn MoHJepre coiikec kenmemi. OcbUlalilia, COHFBl KJIMMATTHIK JKOHE aya-paiibIHBIH Kapama-
KaHIIBUIBIKTApBIHEIH  ocepi, COHJIal-aK Kap >KaMBUIFBICHIHBIH KCHICTIKTIK JKOHE YyaKpITIIa e3repicTepi,
TOIBIPAKTHIH KATy TEPeHMITiHIH e3repyi 3epTTEeIreH JKoHE TaJKbUIAaHFaH. Byl eTe MaHbBI3IBI, OWTKeHi
KIUMAaTTBIK HOpMayap 1961 sxeupman 1990 xeurra neiiin sxkoHe 1991 xpurman 2020 sxpuFa  JeiiH
aiiTapibIKTail ©3repreH KoK, 0ipak aya-pailbIHbIH aybITKYybl MEH Kapama-KaWIIbLIBIKTapbl ©T¢ KATThl 00JIIbI
(mbicanbl, eTker 2020 KbUIbI ©T€ BICTHIK aya-paiibl sxone 2020/2021 . KbICTarbl aya-pailbIHbIH aybITKYbI).
Byt Xanblk IeH 5KOHOMMKA YIIiH Kayill IeH KaTep Ty JbIPajibl.

Kinm ce3dep: ecentik cxema, aya TeMmIeparypachl, Kap ’KaMbUIFbIChl, TONBIPAKTHIH KaTybl, JaHAmadTTap,
TayJbl ayJaHaap.
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PacuérHasi cxema u3MeHeHUs IJIyOUHBI IPOMeP3aHUs IPYHTA
U ee IPUMEHEeHHe B PAa3JIMYHBIX JaHamagTax

W3yuenne cHera BakHO, IIOTOMY 4TO, 33 HCKJIFOUCHHEM OKEaHa, CHET SBJIIETCS BTOPHIM O BEIIMYHMHE CBA3Y-
IOILMM 3BEHOM MEXy aTMOC(EepOii U MOBEPXHOCTHIO 3eMIIH, a 3MMON CHET MOKPBIBACT 3HAYUTEIIBHYIO YacThb
cymu. MI3MeHeHus TUIOMaan U CBOMCTB CHE)KHOTO TOKPOBA B MOCJIEAHHE JECATUIETHS B OTBET Ha MOTETIe-
HHE MPOJI0IDKAIOTCS U, BEPOATHO, HAWIYT NMpoaobKeHHe B OyaymieM. TepMudeckuil pexxuM rpyHTa, HECMOT-
pst Ha IPOCTOTY U3MEPEHHS €r0 TEMIIEPATyphl, HA CETOJHALIHUN JEHb OCTAETCsl MaJlo U3y4EHHOH 0071acThIo
napamadToB. s onpeneneHus BIUSHUS aOCOMIOTHBIX 3HAUCHUH, TMHAMUKI TEMIIEpaTyphl BO3AyXa U TOJ-
IIMHBI CHEXXHOTO MOKPOBa Ha TIIyOMHY IMpOMEp3aHUsl W OTTaMBaHMS TPyHTa pa3paboTaH psi MojeieH mpo-
Mep3aHus TPyHTa. B cTaThe pacdyer mpoBOAMIICS IO pacYEeTHOH cXeMe poMep3aHHs TPYHTa, IIOCTPOSHHON Ha
OCHOBE 3a/1au¥l TEIUIOIPOBOJIHOCTH TPEXCIOMHBIX cpel| (CHEXHBIN MOKPOB, MEP3JIbIH M TaIBIH TPYHT), C (a-
30BBIM IIEPEXO/IOM HA FPAHUIIE MEP3JIOTO U He3aMep3IIero rpyHTa. Y paBHEHHE TEIIOBOTO OaaHca BKIIOYaeT
SHepruo (a3zoBoro mepexona, NPUTOK TEIUIA M3 HE3aMep3LICH MOYBBI M OTTOK TEIUIa B MEP3IIYI0 3EMIIIO,
CHEXHbIH MOKpPOB M aTtMocdepy. TemnoBoil moTOK paccuuThiBaeTcs 1o 3akoHy dypre Kak mpousBeneHHe
TEMJIONPOBOAHOCTH M TPafMeHTa TeMnepartypsl. IIpeamonaraercs, 4To TemmepaTrypa B KaxJI0H cpesie n3Me-
HsleTCs TUHEIHO. PacueThl M3MeHeHHs TiTyOHHBI IPOMEP3aHHs TPYHTA BBITIOIHEHBI U1 PABHUHHBIX M TOPHBIX
paiioHOB. Pe3ynbTaThl pacdera TIyOHHBI IPOMEp3aHUS TPyHTa COOTBETCTBYIOT HAOIIOJAEMbIM 3HAUCHUSIM.
Takum 06pa3om, HCCIERyeTCS U OCY>KAAeTCsl BIMSHIE HEAaBHUX KIMMAaTHUECKUX U IMTOTOJHBIX KOHTPACTOB, a
TaKoKe MPOCTPAHCTBEHHBIX W BPEMEHHBIX BapUallii CHE)XHOTO ITOKPOBa Ha BapHallUH TIIyOUHBI TPOMEpP3aHUs
TIOJICTHJIAIOIIEH TTOUBBI. DTO JEHCTBUTENHEHO BAXKHO, IIOTOMY YTO, XOTSI KIIMMaTHYECKHEe HOPMBI B EPHOJ C
1961 mo 1990 r. u ¢ 1991 no 2020 rr. U3MEHUINCh HE OYEHb CYIIECTBEHHO, OJHAKO MPOSBUINCH 3KCTpe-
MaJIbHbIE MOTOJIHbIE KOJeOaHUs M KOHTPAcThl (HapuUMep, OUeHb jKapkas noroga B npouuioM 2020 r. u mo-
rofiHbIe aHOMauH 3ToH 3uMbl 2020/2021 r.) B IIOCIEAHHUE ASCATHICTHSI. DTO CO3AaET OMACHOCTh M PUCKHU IS
HACENICHUS U SKOHOMHKH.

Kniouesvie cnosa: pacueTHas cxema, TeMIlepaTypa BO3IyXa, CHEXXHBIH ITOKPOB, IIPOMEp3aHUE TPyHTa,
JMaHAMmAQTEL, TOPHBIC PaHOHBL.
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Stability of phytomass dynamics in protected low mountain-steppe landscapes
and pastures in the Southern Urals

In the steppe zone, the high sensitivity of plant cover to humidity contrasts raises the question of what
landscape conditions provide a stable predictable phytoproductivity. Authors of the article tested the
hypothesis about the inequality of the spatial factors of variability of functioning under the conditions of the
reserved regime and anthropogenic impact on the example of the Aytuarskaya steppe. Based on the
deviations of the intra-seasonal increments of the normalized difference vegetation index (NDVI) for 33 pairs
of terms from the mean values, the measure of instability of the types of dynamics of green phytomass
(Shannon's index) was calculated. To identify the clusters of high and low phytoproductivity, the Hot Spot
Analysis was applied based on Getis—Ord statistics. On grazed areas, the background type of dynamics of
green phytomass is not dominant in area in contrast to protected areas. The reserve regime stabilizes the
dynamics of phytomass due to a higher subordination to landscape-scale processes. Summer loss of
phytomass outside the reserve occurs over a larger relative area than in the reserve. Zones of the most
unstable phyto-production functioning with high variability of the shape of spots of increased phytomass are
characteristic of catchment depressions, lower parts of slopes, and narrowed sectors of gullies.

Keywords: steppe, phytomass, NDVI, seasonal dynamics, instability, hot spot, relief, Urals.

Introduction

The current trend in landscape research involves supplementing the structural characteristics with
functional ones while delineating natural complexes. In the steppe zone, with its almost ubiquitous plowing,
the high sensitivity of the vegetation cover to humidification contrasts the question of what landscape
conditions provide a stable predictable phytoproductivity is critical. From the point of view of environmental
planning, the spatial structure is easier to describe than the time series of functioning. Hence, the question of
the relationship between the spatial structure and the variability of functioning modes is the question of the
predictability of the consequences of external influences, including anthropogenic loads.

Considerable experience has been obtained in compiling dynamic portraits of phytocoenoses types
based on the inter-annual variability of the normalized difference vegetation index (NDVI) [1, 2]. The
researchers established the dependence of the total aboveground phytomass production in plant communities
of the arid zone on soil moisture, in protected areas particularly. Changing the reserve regime for economic
use and vice versa, as a rule, induces changes in the course of phytomass production. A significant part of
such studies is devoted to the dynamics of the phytomass in pastures [3, 4]. In degraded communities, the
relationship between changes in herbage productivity and soil moisture is not always unambiguous, which is
most often associated with the introduction of species resistant to soil drought into degraded communities
[5]. Most remote sensing studies of phytoproductivity focus either on directed changes in the vegetation
cover associated with climatic changes or fires [6], or on spatial patterns that exert control over trends in
productivity changes under the anthropogenic impact [7]. One of the problems in the analysis of time series
is the influence of inter-annual phenological shifts in the development of vegetation. Therefore, to ensure the
comparability of information for different years not direct NDVI values are used, but their deviations from
the mean long-term value [1].

Understanding the regularities of the spatial and temporal organization of the phytomass dynamics and
the range of possible states for each specific area of the landscape will reduce the risks of both agriculture
and animal husbandry associated with fluctuations in phytomass production. The goal of the study is to
determine the spatial differences in the variability of the types of intraseasonal dynamics and the spatial
mosaicity of phytoproductivity in protected and pasture low-mountain-steppe landscapes.
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Experimental

The territory is located within the Alimbet-Kargalinsky physical-geographical region of the Sarinsko-
Guberlinsky district of the Ural-Tanalyk province [8] near the confluence of the Aytuar river in the Ural river
(center — 51°05'N 57°40°E). Most territory (except for the north-western section) belongs to the Orenburg
State Nature Reserve. The characteristic alternation of protrusions of different layers on the ridges and slopes
creates a high facies mosaicity of steppe communities. They differ in lithomorphism ranging from Stipa
zalesskii (species names are given according to [9]) dominated steppes on well-developed chernozems on the
plateau up to Elytrigia pruinifera dominated petrophytic communities on the petrozems of steep rocky
slopes. In the hollows and the bottoms of the gullies, one can observe xeromesophytic variants of the steppes
(Poa transbaicalica, Stipa pulcherrima, various forbs), shrub thickets (Amygdalus nana, Cerasus fruticosa,
Caragana frutex, Spiraea hypericifolia) or coppices of black alder, aspen, birch on hydrometamorphized
chernozems. In the 1980-1990s, according to local residents, up to 30 thousand heads of goats were grazed.
By 2010 no more than 200 heads, mainly sheep, were grazed north of the village Aytuar.

To explain the spatial differences in the variability of the phytoproduction process, we classified the
Landsat 8 multichannel satellite image using the k-means method and distinguished 10 types of
phytocoenoses (Fig. 1). Field verification was performed in June 2019. The territory was provided with 216
landscape descriptions in 2011-2019.

NDVI values were calculated in SAGA GIS software based on 33 Landsat images from 1984-2019. For
each of the 80,860 pixels, the following calculations were conducted:

1) Difference in NDVI values between survey dates during one growing season (increment with a
positive or negative sign). Totally 38 pairs of dates were processed.

2) Average (background) increment of NDVI over the landscape for each pair of dates. The hypothesis
of a normal distribution of increments, or at least the presence of a modal interval near the mean, was tested.
For all pairs of dates, the second case was confirmed.

3) A measure of the deviation of the increment from the mean over the landscape (in units of standard
deviation) for each pair of dates. For each pixel, we checked whether it had a modal increment of NDVI
(deviation from the mean value no more than 0.5 standard deviation (STD) or deviates from it in the interval
0f 0.5-1.5 STD or more than 1.5 STD in positive or negative direction.

According to the results, for a given pair of date search pixel was assigned one of five “deviation
classes”, below referred to as the types of green phytomass dynamics. Dynamics types 1 and 2 correspond to
the strategy of rapid accumulation of phytomass in spring and small losses in summer (STD<-1.5 and
—1.5<STD<-0.5, respectively). Type 1 corresponds to the preservation of almost all late spring — early
summer phytomass. Dynamics type 3 (-0.5<STD<0.5) corresponds to a background mode of intraseasonal
change for the landscape. This means a moderate loss of phytomass in the second half of summer. Types 4
and 5 (0.5<STD<I1.5 and STD>1.5, respectively) correspond to a slow accumulation of phytomass in spring
and a strong loss in summer, in comparison, respectively, with background and high values in late spring —
early summer. Then, for each pixel, the following procedure was carried out: 1) calculation of the probability
of each gradation (type of dynamics); 2) calculation of the measure of uncertainty (i. e. instability) of the
dynamics of NDVI (H) according to the Shannon’s formula. We tested the hypotheses that the measure of
the dynamics instability depended on the phytomass itself and this dependence varied over the seasons. We
calculated Spearman's correlation coefficient between the NDVI values for each period and the values of the
uncertainty measure by means of the Statistica 7.0 software.

To identify the locations of clusters of high and low values of phytomass, we applied the Hot Spots
Analysis (in GIS ArcMap 3.0) based on the calculation of Getys-Ord statistics for a neighborhood with a
radius of 300 m. In each pixel, for each of 38 pairs of dates, we evaluated the statistical significance of the
NDVI difference from the neighborhood. Clusters of increased phytomass are below referred to as hot spots
(HS), clusters of decreased phytomass — as cold spots (CS). In the last decade, the method has been
increasingly used to explain the reasons for the mosaic nature of agricultural productivity, the emergence of
urban heat islands, fires, etc. [10]. The morphometric parameters of the relief were calculated in GIS SAGA
7.0 from a digital elevation model with a resolution of 30 m.
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1 — petrophytic steppes; 2 — dry steppes dominated by Festuca valesiaca,; 3 — feather-grass-forb steppes;

4 — typical feather-grass steppes; 5 — meadow steppes and meadows; 6 — shrubs with a predominance of xerophilic
species; 7 — shrub steppes with dominance of Spiraea hypericifolia, Elytrigia repens, Poa transbaicalica, and Stipa
zalesskii; 8 — shrubs with a predominance of xeromesophilic species with undergrowth of aspen; 9 — shrubs with a

predominance of mesophilic species with undergrowth of black alder and poplar; /0 — thickets of black alder,
aspen, birch with mesohygrophytic meadows. K — means classification based on a series of Landsat satellite images
from 2018-2019, resolution 30 m

Figure 1. Types of phytocoenoses of the Aytuarskaya steppe

Results and Discussion

The map of the prevailing types of intra-seasonal dynamics of phytomass (Fig. 2) shows their uneven
spatial distribution and sensitivity to the landscape pattern.
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phytomass
dynamics

Contour |
lines

e Kilometers
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1 — more than 1.5 standard deviation (STD) below the average increment; 2 — deviation by 0.5-1.5 STD
below average; 3 — deviation within the background increment (+ 0.5 STD from the mean); 4 — deviation 0.5-1.5
STD above the average; 5 — deviation more than 1.5 STD above the average increment.

Calculation based on a series of 33 Landsat satellite images from 1984 to 2019, resolution 30 m

Figure 2. Types of intra-seasonal dynamics of green phytomass (according to NDVI), maximum frequency

Concave landforms are the most clearly distinguished by high probability of the dynamics type 1.
Convex landforms are indicated by domination of the dynamics type 4. It is worth noting that in the grazed
areas (northwestern part), the variety of types of dynamics is reduced, in comparison with the protected
central and southern parts of the landscape. In contrast to the reserve, the background type of dynamics 3 is
not dominant in the pastures, and can be supplanted by the type 2.

The reserve regime in zonal steppe phytocoenoses stabilizes the dynamics of green phytomass due to
the higher frequency of background dynamics (type 3), i. e. subordination to landscape-scale processes. This
is interpreted as a uniform mode of functioning inherent in a holistic geosystem. Production of phytomass in
spring with the possibility of its preservation or renewal by the end of summer (types 1-2) in grazed areas
occurs with a higher frequency than in the nature reserve. This strategy is inherent for shrub communities
(commonly, in concave landforms) which often expand at the expense of steppe communities due to grazing.
In the most intensively grazed sector, where petrophytic steppes and communities with domination of
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Festuca valesiaca prevail, dynamics with partial preservation of spring phytomass (type 2) is the most
typical. This indicates a rather high degree of pasture digression with the predominance of drought-resistant
species ignored by sheep and cattle. At the same time, type 2 of dynamics can be dominant in pastures while
type 1 — only within a deeply incised small valleys with riparian forests in the northeastern corner and on
the floodplains of the Aytuar and Ural rivers. In the reserve, type 1 dynamics is manifested not only along
streams, but also in numerous gullies and drainage depressions.

The maximum positive Spearman's correlation (0.3-0.4) between the NDVI values and the H values
was revealed in July and August. This dependence almost disappears in April and May. In other words, the
maximum instability of phytomass dynamics (H=1.17—1.26) is characteristic of those landscape units that are
able to maintain the maximum phytomass in dry hot summer months, i.e. gullies and floodplains. Basically,
these are areas with the maximum occurrence of the 1st type of dynamics (30—40 %). A positive but weaker,
correlation persists in autumn.

The most productive communities on pastures (besides riparian forests) are steppes with dominance of
Stipa zalesskii, Poa transbaicalica, Elytrygia repens, Spirea hypericifolia, and various forbs occupying
gullies and the most concave parts of the valley bottoms. In the reserve, higher abundance of Poacea species
favours elevated probability of 3rd and 4th types of phytomass dynamics. This results in decrease of average
measure of instability H which accounts for 1.11 versus 1.19 on pastures. On pastures, types of dynamics 1
and 2 occur more often (Table 1), since the bulk is made up of non-food shrubs while most grasses and forbs
are grazed. A similar pattern is characteristic of phytocenoses dominated by Scorzonera austriaca, Poa
transbaicalica, Festuca valesiaca on pastures, which is confirmed in the literature [11], as well as of typical
Stipa — dominated steppes (Tab. 1).

Table 1
Median frequency of phytomass dynamics types (1-5)
and measures of instability of phytomass dynamics types (H)
Phytpmass . Stipa zalesskii.and Stipa zalesskii Shrqbby steppes yvith
dynamics types | Petrophytic steppes Festuca valesiaca dominated steppes dominance of Spiraea
(1-5) and dominated steppes hypericifolia
instability
Reserve | Pasture Reserve Pasture Reserve Pasture Reserve Pasture
measure H
H 1.35 1.43 1.19 1.28 0.98 1.16 1.04 1.11
1 0.03 0.06 0.00 0.03 0.00 0.03 0.00 0.03
2 0.27 0.30 0.24 0.36 0.15 0.27 0.15 0.24
3 0.39 0.30 0.42 0.33 0.57 0.45 0.51 0.51
4 0.28 0.24 0.27 0.27 0.21 0.21 0.27 0.15
5 0.03 0.06 0.00 0.00 0.00 0.00 0.03 0.00

In this case, the increased frequency of the strategy of maintaining the phytomass (usually characteristic
of less xerophytic communities) in pastures is explained by its initially low phytomass in the beginning of
grazing in early spring. High grazing loads in the 1980s favored the same mode of phytomass dynamics. In
addition, the phytomass in the petrophytic steppes is preserved slightly better in summer than in areas with
the background dynamics. This is associated with the predominance of poorly eaten drought-resistant
species. In the reserve, a similar regime is typical for narrow watershed ridges and steep west-facing slopes.
Thus, the summer loss of phytomass outside the reserve occurs over a larger relative area than in the reserve.
The instability of the phytomass dynamics (H) for all types of phytocenoses is lower in the reserve, which
proves the stabilizing role of the reserve regime. Hence, the absence of anthropogenic disturbance reduces
the contribution of local factors to the variation of phytomass but increase the dependence on landscape-scale
factors.

The Hot Spots Analysis showed evidence that seasonal dynamics of patches of increased and decreased
green phytomass (HS and CS, respectively) clearly differs in the protected and grazed areas. Within the
reserve, the total area and the number of emerging CSs are greater than on pastures to the north of Aytuar
village. The main differences in the seasonal dynamics of HS and CS are manifested in spring and autumn.
In the second half of April, the only HS corresponds to the most strongly grazed site near the northern
outskirts of the village. In the first decade of May, patches of increased phytomass begin to form on gently
sloping pasture areas to the north of the reserve. By mid-May, HS in the pasture shrinks and disappears. In
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the 1980s-1990s by the end of the month, it used to be transformed into CS due to intensive grazing.
However, since the 2010s this site has not differed from the background conditions due to decrease of
pasture loads. In June-August, there was no fundamental difference in the formation of HS and CS in the
reserve and on pastures. By the beginning of October, the total area and the number of emerging CSs within
the reserve is greater than on pastures.

Comparison of the frequency of HSs in 1984-1998 and 2007-2019 illustrated that the establishment of
the reserve regime resulted in significant changes in the functioning. The frequency of HSs along with the
thalweg increased which is explained by restoration of tree and shrub thickets. On the pasture during this
period, the decrease in loads caused a noticeable decrease in the occurrence and area of CSs. In fact, CS
remains stable only along the main path of livestock movement from the village to the pastures. In the rest of
the territory of pastures, the phytomass is distributed relatively evenly, which is partly explained by the
compensating role of the phytomass of non-food species.

Now, we turn to the comparison of the spatial mosaicity of the phytomass and the characteristics of its
variability over time. It is indicated by frequency of occurrence of spots of increased (HS) and decreased
(CS) phytomass. The measure of instability of the intra-seasonal dynamics (H) indicates variability of
phytomass. As a spatial unit, we took the drainage basin, for which descriptive statistics of these indicators
were calculated.

The direct relationship between the average H over the catchment area and the fraction of the area with
ever emerging HS (Fig. 3) designates that spots of increased phytoproductivity, as a rule, do not obey the
background intra-seasonal dynamics (type 3). A high proportion of the most frequently occurring HSs (with
a frequency of more than 0.7) are characteristic of those watersheds in which the instability of intra-seasonal
dynamics is high. The catchments 39 and 41 which are noticeably out of this rule (Fig. 3), are still subject to
pasture loads, although incomparably less than in the 1980s. In catchment 39, even with a small fraction of
HS, a high average instability of the dynamics of green phytomass is observed. In contrast, in catchment 41,
the dynamics are somewhat more stable than expected with such a high proportion of HSs.
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Figure 3. Dependence between the share of the catchment area with the possible formation of “hot spots”
with increased phytomass and the average instability of the types of phytomass dynamics (H)
in the catchment for the period 1984-2019. Digits correspond to numbers of catchments

Although high instability H occurs with any frequency of occurrence of HSs, a group of pixels stands
out with a combination of maximum instability of intra-seasonal dynamics and average (0.4-0.6) frequency
of HS occurrence. In other words, these are territories with a combination of unstable difference from the
surroundings and unstable intra-seasonal dynamics. They occupy 2 % of the territory. It is only in this range
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of the HS frequency that the instability of the dynamics H is everywhere high and cannot be low (less
than 0.8). These are areas in which the frequency of deviations from the background dynamics is maximal
while development of HSs is instable. In other words, some strong local factors are manifested from time to
time. Such pixels usually surround the area of permanent HSs along the thalwegs or occupy drainage
depressions. They most often correspond to the 1st and 5th types of dynamics, especially in woody thickets
and mesophytic shrubs.

According to the results of discriminant analysis, the convergence index and cross-sectional curvature
make the greatest contribution among the morphometric parameters of the relief to the development of
unstable phytocoenoses (the frequency of HSs 0.4-0.6, H more than 1.2), especially on slopes. This means
that a periodically occurring increased inflow of moisture (gullies, narrowed parts of small valleys) causes
the occurrence of HS, which does not exist permanently and often disappears. Such areas can be called strips
of functional instability. They are confined to the lower part of the slope with an increased catchment area.
The inflow of moisture into the lower part of the slope, causing the occurrence of HS, is an event of almost
equiprobability, with no such event (i.e. to a frequency of about 0.5). In other words, from time to time, the
activation of lateral moisture flows actually integrates the foot slope and the bottom of the erosional
landform resulting in similarintensity of phytomass production.

The largest area of zones of functional instability (41 %) falls on mesophytic meadows and woody
aspen-birch-black alder thickets, less (15 %) — on meadow steppes. Such zones are practically do not occur
in dry and typical steppes, and rarely occur in phytocoenoses with xerophytic and mesoxerophytic shrubs.

Conclusions

In contrast to most studies of phytoproduction functioning, focused on the patterns of time series and
their variations depending on lithogenic conditions, we identified spatial patterns of stability of functioning
generated by radial and lateral connections. The proposed method makes it possible to clarify the degree of
stability and sharpness of landscape boundaries by measures of instability of the types of dynamics and
variability of the areas of “hot spots” of phytomass. In addition to the traditional criterion of homogeneity of
the abiotic template, we applied the criterion of the integrity of the functioning mode. The following
conclusions were obtained.

1. The stability of the dynamics of green phytomass is always higher in the reserve than outside it. The
conservation regime in typical steppes stabilizes the dependence of the dynamics of green phytomass on
landscape-scale processes. Anthropogenic loads increase the dependence on local factors.

2. Summer loss of phytomass outside the reserve occurs over a larger relative area than in the reserve.
In the most arid conditions and under pasture loads, the phytomass in summer can hardly decrease due to the
predominance of drought-resistant and poorly eaten species.

3. Owing to the establishment of the reserve regime, the frequency of occurrence of spots of increased
phytomass associated with tree and shrub thickets along the thalwegs has increased. On the pasture, the
decrease in loads resulted in a noticeable decrease in the frequency of occurrence and the area of spots of low
phytomass.

4. The highest proportion of frequently occurring spots of increased phytomass is characteristic of
catchments with maximum instability of intra-seasonal dynamics, with the exception of catchments with
intense pasture loads.

5. Zones of the most unstable phytoproductive functioning with high variability of the shape of patches
with increased phytomass are characteristic of catchment depressions, lower parts of slopes, narrowed
sectors of valleys.
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A.B. XopoieB

OnrycTik OpajabiH KOPFAJIAThIH TOMEHTAYJIbI-1AJ1a JaHAA(PTTAPbI MEH
KAHBLIBIMIAPBIHAAFBI (UTOMACCA JUHAMUKACBIHBIH TYPAKTBLIBIFbI

Jana aiiMarbIHIaFbl ©CIMIIK JKaMbUIFBICBIHBIH BUIFAJIABUIBIK KOHTPACTBIHA JKOFAPhl CE3IMTANIBIFbIHA KaHAM
nmaHamadT JKaFAaiIapsl TYpakTel OomKaMAbl QUTOOHIMIUIIKTI KaMTaMachl3 eTell JAereH Cypak TYFbhI3aibl.
ABTOp AliTyap JanachlHBIH MbICANIBIHAA KOPBIK TOPTIOI MEH aHTPOIOIeHAIK dcep YKarAaiblHIa KYMBIC
ICTey/IiH ©3TepriluTiriHiH KeHICTIKTIK (haKTOpIApBIHBIH afbIPMAIIbUIBIFG TYpalibl THIOTE3aHbl TEKCEPIeH.
NDVI ecimaikrep uHISKCIHIH opTamra MoHiHEH 33 Mep3iMre apHajfaH MayChbIM iLIHAETT ©CIHIUIepiHiH
aybITKyJIapblHA CYieHe OTBIPHII, JKachul (UTOMacca JMHAMHKACHIHBIH TYpakch3abiFbl (ILleHHOH MHIEKci)
ecenrenred. OUTOOHIMALTIT KOFaphI XKoHE TOMEH KiacTepiepi anbikray yiuid ['ernc-Oppa cTaTHCTHKACHI
HETi3iHAe BICTBIK HYKTE Tajaybl KoOJOaHbUIAbl. JKaflbIbIMABIK aymakTapia jkackul (uTomacca
JIMHAMHKACBIHBIH (DOHIBIK TYPI €peKIle KOpFaJlaThlH ayMaKTapra KaparaH/a ayJaHbl OOMbIHIIA OackiM eMec.
Kopsik TopTi6i nmammmadThIK MacmTaOTarel Ipomecrepre kebipek OarblHy apKbUIBI — (pUTOMAaccaHBIH
JMHAMHKACBIH TYpaKTaHIbIpaabl. (DHTOMACCAHBIH JKa3Fbl YaKbITTa KOPBIKTaH TBIC JKOFAIybl KODPBIKKA
KaparaHaa CaJbICTBIPMaNbl TYpAE YJKeH aymakra Oonazapl. JKorapsl ¢uTOMacca NaKTapbIHBIH KeTEpily
e3repriwuTiri 6ap eH TYpakchi3 (UTOOHIMICPHAIH KYMBIC icTey alMaKTapbl Cy >KHMHAJaTbIH OWIMAaTTapra,
OeTkeiinepaiH TOMeHT1 OeiKTepiHe, MYHKbIPIAPAbIH TAPbUIFaH CEKTOPHIHA TOH.

Kinm ce30ep: nana, hpuromacca, NDVI, MaycbIMABIK ANHAMHKA, TYPAKCHI3BIK, BICTBIK HYKTE, penbed, Opait.

A.B. Xopomues

YCcToi4YUBOCTh ITUHAMMKH (PUTOMACCHI B OXPaHSeMbIX HU3KOTOPHO-CTETHBIX
Janamadrax u nactonmax O:xnoro Ypana

B crenHoit 30HE BBICOKas 9yBCTBUTENEHOCTh PACTUTENHEHOTO MOKPOBA K KOHTPACTaM BJIAKHOCTH CTABHT BO-
IPOC O TOM, Kakue JaHAma(THIE YCIOBHS 00ECHEYHBAIOT CTA0MIBHYIO IPEACKa3yeMylo (UTOIPOIYKTHUB-
HOCTb. ABTOPOM IIPOBEPEHA I'MIIOTE3a O PA3IMYMU NMPOCTPAHCTBEHHBIX (DPAKTOPOB M3MEHYUBOCTH (yHKIHO-
HHMPOBAHHUS B YCJIOBHAX 3allOBEJHOTO PEXHMa M AHTPOIIOTEHHOTO BO3ACHCTBHA Ha mpuMepe AMNTyapckon
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crenu. Ha ocHOBaHUM OTKJIOHEHMH BHYTPHCE30HHBIX NMPHUpPALICHUH uHIeKca pacturensHocTd NDVI mns 33
CPOKOB OT CPEJJHUX 3HAYEHHI PACCUMTHIBAJIACH MEPA HECTAOMIBHOCTH TUIIOB JMHAMHUKH 3€JICHON (pUTOMACCHI
(unpexc lenHona). st BBISBICHHS KIACTEPOB BHICOKOW M HU3KOW (DUTOMPOIYKTHBHOCTH OBUT HPHUMEHEH
aHaJIN3 TOPSYMX IISITEH Ha OCHOBE craTUCTHKH ['etrca—Opaa. Ha macTOMIHbIX yyacTkax ()OHOBBIN THI IH-
HAMUKH 3€JIEHON (PUTOMACCHI HE SBISICTCS JOMHHUPYIOIUM 110 Turomany, B ormmare ot OOIIT. 3anoBeaHbrit
pexuM cTabHIM3UpyeT IUHAMHKY (PUTOMAcchI 3a cYET OOJIbIIeH TOJYMHEHHOCTH IPOIeccaM JIaHAMAa(THOTO
macmraba. JleTHsst morepst puToMacchl 3a HMpezesiaMy 3aroBeIHUKA IIPOMCXOAUT Ha OOJbIIeH OTHOCHTEIb-
HOH IUIOIIAJM, YeM B 3allOBEAHUKE. 30HBI Hanbojee HEyCTOMYMBOIO (PUTONPOAYKIIMOHHOTO (DYHKIIOHUPO-
BaHMS C BBICOKOH M3MEHUYMBOCTBIO ()OPMBI MATEH MOBBIIICHHON (PUTOMACCHI XapaKTEePHBbI 11 BOJOCOOPHBIX
MOHWKEHHH, HIXKHUX YacTel CKJIOHOB, CY>KEHHBIX CEKTOPOB JIOIIMH.

Knioueswie crosa: crenp, puromacca, NDVI, ce3oHHast AMHaMUKa, HECTaOMIBHOCTD, FOpsdasl TOUKa, peabed,
Vpau.
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Jlangmad el TUrHpeKcKoro 3anoBeIHNKA: MPOIILJIOE, HACTOsLIEe, Oyayliee

3anoBeHUKU ObUTH MOJIMTOHAMHU, I/ie IPOUCXOIWIO (popMHpPOBaHHE OCHOB JaHAMA(PTHOrO KapTorpadupo-
BaHUs. B cTaThe 0XapakTepH30BaHBl OCHOBHBIE OCOOCHHOCTH JaHAIA(PTHON CTPyKTypsl TUrHpekckoro roc-
yaapcTBeHHoro 3amoBenHuka (Pycckuit Anrait). MHorue nanamagTHbIe TpaHUbl 00yCIOBICHb! TEKTOHH-
KOH. BBICOTHAsI MOSICHOCTD SIBJISIETCSI OCHOBHOM 3aKOHOMEPHOCTHIO JaHMmadTHOH muddepenimanun. B 3a-
TIOBETHUKE TIPECTaBICHBI pa3HOOOpa3HbIe TOPHEIE TOPO/BI, CO3AI0IINE KOHTPACTHBIE YCIOBHS U OUOTHI U
1mouBo00Opa3oBanus. OTHOCUTEIBHO TEIUIbIN M BiIaXHBIH KiuMaT CeBepo-3anagHoro AJTas, B COUYCTaHUH C
IUTOCKUM pebed)oM JIONUH BHOJHE OIaronpusTCTBYIOT HakoIuieHuto Topda. [Ipeacrasiena kapTa Ha ypoBHE
BunoB JaHmmadros. Kapra compoBosxmaercst moapobnoii snerennoii. HecMoTtpst Ha Bbicokoe JaHAmadTHOE
pa3HooOpasue THTHPEeKCKOro 3aloBEeJHUKA, 3aHMMAeMOW WM IUIOIAIH SIBHO HEAOCTATOYHO Ul TOPHBIX
yCIIOBHH, YTOOBI OH MOT B TOJHOM Mepe BBIONHATh (yHKIMH 10 COXpaHEHUIO OMOTHL. Pacmmpenue 3amo-
BEJIHMKA HEOOXOANMO U A7 OOJBIIET0 0XBaTa OXPAHHBIM PEKHMMOM BBHICOKOTOPHIT M BEPXHEH YacTH JIECHOTO
nosica. OTME4eHO, 9TO JIaHAMAa(THO-KapTOTpadUIECKHH aHAIN3 MOXKET UMETh KIIF0UeBOE 3HAUCHHUE IS 9KO-
JIOTUYECKOTO MOHHMTOPUHTA U OLEHKH KYJBTYPHBIX, PETYIHPYIOMNX U IOJICPKUBAIOIINX IKOCUCTEMHBIX
YCIIyT Ha 3alOBeIHBIX TeppUTOpHsX. bomnbmoil HayuHsll nHTEpec nangmadTsl TUTHPEKCKOTo 3aroBeIHUKA
TIPEACTABISIIOT B KOHTEKCTE MX PEaknuH Ha Iiio0aibHbIe KIMMAaTHYECKHEe W3MEHCHUS M MMEBIIME MECTO B
MPOIIJIOM aHTPOIIOT€HHbIE BO3AEHCTBHSI.

Knioueswie crnosa: Turnpexckuit 3anoBeaHuk, Anraii, nanmmadr, nanamadTHoe pasHoodpasue, TophSHUKY,
BEPXHsSA IPAHMIIA JIECa, SKOCUCTEMHBIE YCIIYTH, SKOJOTHYECKUH TypHU3M.

Beeoenue

B CCCP 3anoBenHUKH SBISUTUCH TEMH IIOJIMTOHAMH, T/I€ MPOWCXOAMIO CTAHOBIECHHE W Pa3BUTHE
JaHIaGTOBEICHNS, B YaCTHOCTH, OTPa00TKa METOIHK TOJEBOTO JJaHAIadTHOTO KapTorpadupoBanus. Tak,
CTYyAEHTHI reorpaguueckoro ¢axyiasreta MI'Y, mpocnymiaBmiie BrepBbie BBeaeHHbIH B 1947 r. kype «Oc-
HOBBI JaHIIIaQTOBEACHU», YK€ B 1948 . mpoXoauiyu MpOU3BOJACTBEHHYIO IIPAKTHKY B COCTAaBE DKCIICIM-
uuii B [Ipuokcko-TeppacHom 3anoBenuuke. Kak oTMeuan OCHOBOIOJOKHUK yUEHHUS 0 MOP(OJIOrHH JIaH/I-
madra H.A. Connues, 3amadeii JaHAMAaQTHOTO OTpsiga SIBISUIOCH M3YUYEHHE M KapTHpOBaHHE JaHAMA(PTOB
[Tproxcko-TeppacHOro rocyJapcTBEHHOTO 3allOBEIHUKA, B pe3yibTaTe uero Obuta naHa (Gusnko-reorpadu-
YecKas XapaKTepUCTHKA 3allOBEJHMKA, OCHOBaHHAS Ha JIAHAMA(PTHOM NPUHIUIE, M MMOCTPOECHA KPYITHOTO
MacmTada KapTa JaHamadToB U ypouui. B mponecce rccinenoBaHusi KOHKPETHBIX JIaHAMA()TOB BO3HUKIN
HOBBIE HJIEH, HAMETUJINCH HOBBIE TEOPETHUECKUE POOIIeMBl, OAJISKAIINE pa3pelieHnto B Oyaymem. Haxko-
Hell, ObUT TOCTABJICH UIA JTANbHEUIIeH pa3paboTKH BOPOC O METOIWKE KOMIUIEKCHBIX JIAHAMA(PTHBIX HC-
cnenopannii [1]. Kak oTmeuanocs B psae pabor [2—6], B 3amoBeIHHMKAX Ha JaHAIIAQTHON OCHOBE MOXKET
pemaTbesl LeNblid KOMIUIEKC HayYHO-OPraHU3allMOHHBIX, (PyHIAMEHTaJIbHBIX W MOHHTOPMHIOBBIX 3aiad:
TUTAHUPOBAHUE YYETHBIX MapIIPYyTOB, IMOCTOSIHHBIX W BPEMEHHBIX MPOOHBIX IDIOMAZCH B COOTBETCTBHH C
naHamadTHON CTPYKTYpOH; NaHamadTHas MPHUBS3Ka MPUYPOUYESHHOCTH OTJCIBHBIX BUJIOB PACTCHUH H KU-
BOTHBIX, B TOM YHCJIE PEIKHUX M HYKTAIOIIUXCS B OXpaHe; BBIABICHHE HanOojiee W HAUMEHEE M3yUYCHHBIX
TUTIOB MIPUPOAHBIX KOMILJIEKCOB; SKCTPATIOJISLUS Pe3yIbTaTOB HAOIIOACHNH, OMMCAaHUN 1 U3MEPEHUil, oITy-
YeHHBIX B KOHKPETHBIX JaHAMA(PTHBIX BBIIENAX HA APYTHWe yYacTKH 3allOBEIHUKA C aHAIOTUYHBIMH JIaH-
madTHEIMU YCIOBUSIMU; BBISIBICHHE 3aKOHOMEPHOCTEH MPOCTPAHCTBEHHOTO pacipeesieHus KaueCTBEHHBIX
U KOJIMYECTBEHHBIX XapaKTEPUCTHK OMOTHI, B TOM YHUCIIE apeajioB BHIOB, UX MOTCHUIUAIBLHON YUCICHHOCTH
U Jap.

3nakoBas pabora «OIleHKa 3KOCHCTEM Ha IOpore ThICsdeneTus» [7] chopMmyiupoBana HOBYIO mapa-
JUTMY JJIS1 OXpaHAEMBIX TEPPUTOPHA. DTa mapagurmMa noJpazyMmeBaeT 0ojee MUPOKUil 1 Oosee alanTUBHBINA
COLMANTBHO-3KOJIOTHYECKUI TOAX0 K 0c000 oxpaHseMbIM npupoAHbiM Tepputopusim (OOIIT) u okpyxkaro-
UM WX JaHgmadTaM, 0a3upyromIuiics Ha KOHIENIMA 3KOCUCTEMHBIX yciyr. CoriacHO HOBOHW MPHPOI0-
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oxpanHoii napagurme, OOIIT He ToabKO coxpaHsIOT OMopazHooOpasne, HO M MPEIOCTABISIOT Pa3HOOOpas-
HBIE 9KOCHCTEMHBIC YCITYTH, KOTOPBIE CIIOCOOCTBYIOT OJIAromojiydnto dyenoBeka [8, 9].

Omnako Tpaguronao 6ompmuHCTBO OOIIT, 0COOEHHO € KECTKHUM PEKUMOM OXPaHBI, HE MMPOCKTUPO-
BaJINCh C YY€TOM HEOOXOIUMOCTH MPEIOCTABICHUS OOIIECTBY OOCCIICUUBAIOIINX, PETYIUPYIOMUX U KYIb-
TypHbIX yeiyr [10, 11]. ITosToMy B Hay4HO# cpefie HET COrlacHsl OTHOCHTEIBHO 3()()EKTUBHOCTH M IIEJIECO-
00pa3HOCTH HOBOH MPUPOA0OXpaHHOM mapaaurMbel. Oco0oe OECIIOKOWCTBO B ATOW CBSI3H BBI3BIBAIOT TOPHEIC
OOIIT, tak kak OHH SBISAIOTCS (harMaHaM¥l OXPaHbI MPUPOJBI IO BceMy MHUpPY. M3BECTHO, 4TO BEICOKOE
Ouonoruueckoe pasHooOpasue, BOJHBIE PECYPCHl U AyXOBHbBIC LIEHHOCTH TOP JIY4IEe BCErO COXPAHSIOTCS B
yeaosusax OOIIT ¢ xectkuM oxpaHHBIM peskumoM [12, 13]. C npyroi#t cTOpOHEI, B psiie UCCIEIOBAHUN TI0-
Ka3aHO, YTO MHOTO()YHKIIMOHAJILHBIC JaHAMA(TH 00SCIEYNBAIOT OOJBINMK 00beM JSKOCHCTEMHBIX YCIYT,
4eM OJHOCTOPOHHEE HCIIOJIb30BaHUE, JTAXKE CIHM ATO KecTKas oxpaHa. VIcXos U3 CTOJIb MPOTUBOPEUYHBHIX
MHCHHH, BHEAPECHNE KOHIICTIIIMHA dKOCUCTEMHBIX yciyT B ympasieane OOIIT sBisercs CIOXHOW 3amadvei,
TaK KaK yCHJIEHHe MPSAMOTO aHTPOMOTEHHOTO BO3IEHCTBHS Ha 3alIOBEIHbBIE TEPPUTOPUHN TIOPOTUT IEITBIA P
npobsieM. Cutyanuto ycyryosser to, 4to ¢opmupoBanue 6onpmuHcTBa OOIIT mpoucxonuino B yCIOBUSIX
MPENICTaBICHUH O CTAaOMILHOCTU MPHUPOAbL. CeroHs e KIMMaTHYSCKUE U3MECHEHUS U BOSHHUKAIOIINE B Pe-
3yJlbTaTe ATOTO HEONPEAETICHHOCTH CTAHOBSTCS AONOIHHUTEIHHBIM (hakTopoM OecrokoicTBa 3a Oymyriee
TOPHBIX JTaHAIIA(TOB.

Tepputopuss Turnpekckoro 3amoBeIHUKA, CIUHCTBCHHOTO 3allOBEAHHMKA B AJITAalicCKOM Kpae, Mocie
MPOJODKATENHHOTO MUCTIONh30BAHNSA, JJIMBIIETOCS HE OJHY COTHIO JIET, B CaMOM KoOHIle XX B. Obl1a BBIBEJE-
Ha U3 XO3SIMCTBEHHOTO 000poTa. B ¢Bsi3u ¢ 3TM, THUTHPEKCKUi 3aITOBETHUK SBISICTCS YHUKATBHBIM TOJIATO-
HOM, TJIe UMEETCS MPEeKpacHasi BO3MOXHOCTh MPOCIEANUTh, KaK MPOUCXOANUT JUHAMUKA JTaHIIIA(TOB TOCIe
MPEKPALICHHS XO35MCTBEHHOM ASATEILHOCTH Ha (DOHE KIIMMATHUECCKUX U3MEHECHUH.

Llenvio wccnenoBaHWs ABISETCS M3ydeHHE MPOCTPAHCTBEHHO-BPEMEHHON OpraHM3allié JaHIma(ToB
YHUKaIBHON MPUPOIHON TEPPUTOPUHN CEBEPO-3anaHOro Anrtas — TUTHPEKCKOTO 3aIlOBETHUKA B KOHTEKCTE
TJI00ATBHBIX KIIUMATHYSCKUX U3MEHEHH, CMEHBI PEKUMOB IIPUPOIOTIONH30BAHNS U HOBOW MPUPO00XPaH-
HOM MapaJIurMsl.

3adauu:

— OIIEHKA PENPe3eHTaTUBHOCTH JIaHAMA(TOB 3aII0BEAHUKA B KOHTEKCTE PACIIMPEHHUS €T0 TPAHHIL;

— XapakTepucTHKa JTaHIadTOB 3alOBEHUKA C MO3HUIUN BO3MOXHOCTEH TSl MHIUKAIIMH KIMMaTH4e-

CKUX M3MCHCHUH;
— OIICHKA MEPCIIEKTHB Pa3BUTHSI HKOJIOTHYECKOT0 U HAyYHO-TIO3HABATEILHOTO TypH3Ma B 3allOBEIHUKE
C y4eToM JIaHAmadTHOTO pazHooOpa3usl.

Mamepuanvt u memoosi

locynapcTBeHHBIN TpUpoIHBI 3an0BeAHUK « Turupekckuii» odpaszosan B 1999 r. ans coxpanenus Ou-
O0pa3HO00pa3usl TUIMUIHOW UEPHEBOM TalTW M MPHUPOIAHBIX KOMILIEKCOB cpemHeropuii CeBepo-3amamHoro
Anras. OH sABIseTCS €AMHCTBEHHBIM 3allOBEJHUKOM B AJITAliCKOM Kpae U OJHHM M3 CaMbIX MaJICHbKHUX B
Poccun. 3anmoBenHUK COCTOUT U3 Tpex KinactepoB — benopenkoro, Turupekckoro 1 XaHxapuHCKOTO, TJIO-
agb €r0 B HBIHELIHMX IPaHMIax cocrapisger 415,1 kKM%, a mwiomans OXpaHHoM 30HbI — 262,6 kMm? [14]. Ha
cxeme (HU3MKO-reorpaguIecKoro palfoHNPOBAHUS BCS paccMaTpUBaeMasi TeppUTOpHs BXOIuT B coctas Ce-
Bepo-3amagHoil Anrtaiickoil nposuHK AnTaiickoit (Pyccko-AnTaiickoii) roproit oonactu [15, 16]. B mpo-
LIUIOM 3Ty MECTHOCTh Ha3bIBaIM Manblil AnTaii, paccMaTpuBaiIH Kak 4acTh PynHoro Anras.

OcHoBy MaTepuaia Ajsl JaHHOH CTaThU COCTABUIJIM IOJIEBBIE JIaHAIIA(THBIE ONUCAHUS U [IOJTOTOBJICH-
HBIE 110 UX pe3yJbTaTaM JaHaadTHeIC KapThl HA BCIO TEPpUTOPHIO Pycckoro Antast [16], oTaenbHbIE KIiTrO-
YeBBbIC YYACTKU M KiacTepbl 3anoBenuuka [17-19]. [omeBbie naHmmadTHBIE OMUCAHUS BBITOIHSIIACH TIO
crangapTHOi Metomuke [20]. OHM BKIIOYATH XapaKTEPUCTHKY JTUTOTEHHON OCHOBBI (TIOBEPXHOCTHBIE OTIIO-
JKeHUsI, penbed), BKI0Yass MUKPO- U HAaHO(OPMBI), YBIAXKHEHUsS (XapaKTep W CTEIEHb), MOYBbI (IIOJHOIPO-
¢ubHBIE pa3pesbl, TM00 NPUKOIIKK), PACTUTEIBHOCTH (Te000TaHUUECKUE OTIMCAHN).

Pesynomamot u ux obcyscoenue

Hns Ceepo-3anmamgaoii AntaiicKol TMPOBHUHIMK XapaKTEPHBI BHICOKWE 3HAYCHHS JaHAMA(THOTO pas-
HOOOpa3us. B wacTHOCTH, B IIpeziesiaXx MPOBUHIIMYU MIPEACTaBIECHO 47 BHIOB JTaHAIIA(TOB, YTO SIBISAETCS BTO-
PBIM 110 BETMYMHE 3HAYCHHUEM CPEIIU BCeX MpOBUHIMIA Pycckoro Anras. Buner manamagpToB 00beIUHSIIOTCS
B 12 moarumoB u 17 moaponos [16, 21]. B To e BpeMs Ha TEPPUTOPUH 3AMTOBEAHHKA IO OXPAHOW HAaXO-
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JAUTCs JTUIIb 16 BHUII0OB J'[aH)lIJ_Ia(l)TOB (pI/IC 1) B YaCTHOCTH, B 3aIIOBCIHUKEC HEC IIPCACTABJICHA BECPXHAA BBICO-
KOropHas 4aCTb BbICOTHO-IIOSICHOI'O CIICKTpa MPOBHUHINU.
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Jlerenna nanqmadTHON KapThl THrHpeKcKOro 3amoBeJHUKA:

Cpeonecopnule nodzonvyoso-cybarvnunomuntole (11-I1)

B-II-11-3-4 MaccuBHBIC ¢ KyHOJ0OOPa3HEIMH ¥ KOHYCOBHIHBIMH BEPITHHAMH, OCIIOKHCHHBIC HUBATH-
HBIMH HUILIAMH, BOZOCOOPHBIMH BOPOHKaMH, KPUOTEHHO-CKJIOHOBBIMH (POpPMaMH, C MaJOMOIIHBIM MOKPO-
BOM CYTJIMHUCTO-IIEOHUCTBIX OTJOKEHUI, HEpPenKo ¢ KypyMHHUKaMH C KEAPOBBIMH, JHCTBEHHUYHO-
KEIIPOBBIMH C y9acTHeM Oepe3bl M MUXTHI PEIKOIEChIMU M PEIKOCTOWHBIMHA JIECaMH, CyOaTbITMHOTHITHBIMH
HU3KOTPABHBIMH JIyTaMU Ha TOPHO-JIYTOBBIX CIa00pa3BUTHIX MOYBAX, YYACTKAMU BBICOKOTPABHBIX MOJHIO-
MUHAHTHBIX JYT'OB Ha FOPHO-TYI'OBBIX MOYBaX, APUAAOBBIX, JTYTOBBIX OCOKOBO-IE€PHOBUHHO3JIAKOBBIX U €p-
HUKOBBIX TYHJIP HA TOPHO-TYHJIPOBBIX TOPQSIHUCTO-TIEPETHONHBIX TTOYBAX.

Cpeonecopnvle copro-maedrcivie (111-1)

B-III-1-3-1 kpynHBIe TEKTOHOTEHHBIE YCTYIIBI CKAJHCThIE U CKAJHCTO-OCHIITHBIE, C TOKPOBOM Ipy0000-
JIOMOYHBIX TPOJYKTOB (DU3UYECKOTO BBIBETPHBAHUS, (pparMeHTaMH CONUQIIIOKIIMOHHO-IEe(IFOKIIMOHHBIX
eOHNUCTBIX CYTJIMHKOB, OCIIOKHEHHBIC JIABUHHBIMU JIOTKAMH M DPO3MOHHBIMH O0pO31aMH C JTUCTBEHHUY-
HBIMU U O€pe30BO-THCTBEHHUYHBIMU C YYacTHEM KeJpa, MeCTaMH — MHXTbI, 0aaHOBBIMH, BEICOKOTPABHBI-
MU U KyCTapHHUKOBO-TPaBSHBIMU PEIKOCTOMHBIMU JIECAMU U PEAKOJIECHIMH Ha TOPHO-IECHBIX OYpPBIX OTOp-
(hOBaHHBIX MAIOMOIIHBIX (hPArMEHTAPHBIX MOYBAX, METPOQUTHBIMU KYCTAPHUKOBBIMU I'PYIITUPOBKAMH.

B-III-1-3-2 kpyTOCKJIOHHBIE ¢ TPeOHEBUAHBIMU BOJOPA3eiIaMH, TYCTBIM SPO3UOHHBIM PacUJICHEHHEM,
MaJIOMOIIHBIM TIOKPOBOM AE(IIOKIIMOHHBIX IIEOHUCTHIX CYTJTMHKOB, HEPEIKO CKAIbHO-OCHIIHBEIE C Oepe3o-
BO-€JIOBO-JINCTBEHHUYHBIMUA C Y9aCTHEM Kelpa W MHUXTHl KyCTaPHUKOBBIMH BBHICOKOTPAaBHBIMH U TPaBSHO-
3eJIEHOMOIITHBIMH JIECAMU Ha TOPHOJIECHBIX OYPBIX TUIIHYHBIX, PEKE OTMOA30JICHHBIX MTOYBaX.

B-III-1-3-4 maccuBHBIE C KymoJIoOOpa3HBIMH M KOHYCOBHIHBIMH BEPIIMHAMH, OCJIOKHEHHBIE BOJO-
COOPHBIMH BOPOHKAMH, C MAJIOMOIITHBIM TOKPOBOM CYTIIMHHCTO-IIIEOHNUCTHIX OTIOKEHUH, HEPEAKO C KypyM-
HUKaMHd C KeIPOBO-MIMXTOBO-THCTBEHHUYHBIMH, ITHXTOBO-TUCTBEHHUYHO-0EPE30BBIMU  KYCTapHHUKOBO-
TPaBSHBIMHU, PEXKE TPABSIHO- U KyCTAPHHYKOBO-3€JICHOMOILIHBIMU JIECAMH Ha TOPHO-JIECHBIX OyphIX cnabo-
OTIO/A30JICHHBIX MTOYBAX.

Huskozopuvie wepneso-maedicnvie cyonemopanvhvie (111-11)

C-II-1I-2-2 0cTaHIIOBO-XOJIMHUCTO-YBAJUCTBIE C TIOKPOBOM CYTJIMHHCTO-IIEOHUCTHIX, pexXe MeOHNUCTO-
TTIBIOOBBIX DIIOBHATBHBIX OTIIOXKEHUH ¢ 0€pe30BO-OCHHOBO-ITMXTOBBIMU BBHICOKOTPABHBIMU M MAIIOPOTHUKO-
BBIMH KYCTapHUKOBBIMH JIECAMU Ha TOPHO-JIECHBIX OYPBIX, peXe IEPHOBO-TITyOOKOOIOI30I€HHBIX TTOYBaX.

C-III-1I-3-3 HakJIOHHBIE, pacUICHCHHBIC HAa CEPHUU OKPYTJIO-BEPIIMHHBIX, PEXE IUIOCKOBEPITHHHBIX
TIPS, C IOKPOBOM CYTJTMHHUCTO-IIEOHUCTBIX OTJIOKEHUH: HA BEPIIMHAX U B BEPXHUX YACTSIX CKIOHOB Maso-
MOIIIHBIX DITIOBHABHO-JEMIOBHANIFHBIX; B HIDKHUX YacTSIX — JAENIOBHAIHHO-TIPOIIOBHAIBLHBIX C Oepe3oBo-
OCHHOBO-TTUXTOBBIMH, MECTAMH C yYaCTHEM JINCTBEHHHIIB BHICOKOTPABHBIMH U MAMOPOTHUKOBBIMH C HEMO-
pPABHBIMH PENTUKTAMU KYCTApPHHUKOBBIMU JIECAMH Ha TOPHO-JECHBIX CBETJIO-CEPBIX U JIEPHOBO-TIIYOOKO-
OTIO/A30JICHHBIX MTOYBAX.

C-III-1I-3-4 MaccuBHBIE ¢ KYITOJIOOOpa3HBIMHA M KOHYCOBUAHBIMUA BEPIIMHAMH, 9aCcTO CBSI3AHHBIC C WH-
TPY3UBHBIMH 00pa30BaHUSIMH, OCIOXHEHHbIE BOJOCOOPHBIMH BOPOHKaMH, C MaJOMOIIHBIM ITOKPOBOM CY-
TIIMHUCTO-IIEOHUCTHIX OTIOKEHUH, HEPEIKO ¢ KypyMHHKaMH ¢ 0€pe30BO-IIMXTOBBIMU C MPUMECHIO OCHHHI,
Kellpa U COCHBI BBICOKOTPaBHBIMH KYCTapHHUKOBBIMH JIECAMH Ha TOPHO-JIECHBIX OYPBIX CpelHe- U JIETKOCy-
TJIMHUCTBIX 3alleOHeHHBIX TOYBaX, Pa3HOTPAaBHO-0aJaHOBBIMU JIECAMH HA TOPHO-JIECHBIX MPUMHUTHBHBIX
(parMeHTapHBIX IOYBAX.

Husxoeopusie noomaeoicnvie (I111-111)

C-III-1II-3-3 HakJIOHHBIC, PACWICHEHHBIC HA CEPHH OKPYTJIOBEPIIMHHBIX, PEXE IUIOCKOBEPITUHHBIX
IpsA, C TOKPOBOM CYTJTMHHUCTO-IIEOHUCTBIX OTJIOKECHUH: HA BEPIIMHAX U B BEPXHUX YACTSIX CKIOHOB Maso-
MOILHBIX 3JIIOBHATBHO-IECTIOBUAIBHBIX; B HIJKHUX YaCTAX — AEIIOBHAIBHO-TIPOIOBHAIBHBIX C COCHOBO- H
JTUCTBEHHUYHO-0E€PE30BBIMHU 3JIaKOBO-, OCOYKOBO-Pa3HOTPABHBIMH, OPJISKOBBIMH KYCTApPHUKOBBIMU JIECAMH
Ha TOPHO-JIECHBIX CEPHIX MOYBAX.

Husxoeopuvie recocmenuvie (1V-1)

C-IV-1I-2-2 0oCTaHII0BO-XOJIMHUCTO-YBAIHUCTHIC C TTOKPOBOM CYIECUYAaHO-, CYTJIMHUCTO-MMEOHUCTHIX, CY-
TJIMHUCTO-APECBIHUCTHIX MIOBHAIBHBIX OTIIOKEHHH, U3PEAKa C TIOKPOBOM JIECCOBHIHBIX CYTIMHKOB CO 37a-
KOBO-Pa3HOTPABHBIMH HACTOSIIUMU U JIyTOBBIMH CTEIISIMH, UX METPO(PUTHBIMH BapHaHTaMH, pa3HOTPaBHO-
37IaKOBBIMH OCTEITHEHHBIMH JIyTaMH, 3aPOCIISIMH METPOPUTHBIX KYCTAPHUKOB Ha TOPHBIX YEPHO3EMax BBILIE-
JIOYEHHBIX  JIETKOCYTJIMHUCTBIX TOBEPXHOCTHO 3alleOHEHHBIX, OCHHOBO-OEpE30BBIMH M  COCHOBO-
JMCTBEHHUYHO-OEPE30BBIMH TEPEIecKaMi Ha TOPHO-JIECHBIX TEMHO-CEPBIX U CEPBIX MOYBaX, pa3HOTPaBHO-
371aKOBBIMH JIyT'aMH Ha JIyTOBBIX M JIyTOBO-UYEPHO3EMHBIX IM0YBAX IO JHUIIAM JIOTOB.
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C-IV-I-3-2 KxpyTOCKIOHHBIE IPUPEUHBIE TYCTO PACWICHEHHBIE C MAJOMOIIHBIM TOKPOBOM CyNECYaHO- U
CYIJIMHUCTO-IIEOHUCTBIX AE(IIOKIMOHHBIX U JCTIOBHAIBHBIX OTIOKEHHUH, YacTO CKaJHCThle M CKAJIUCTO-
OCBINHBIE C NMETPOPUTHO-PA3HOTPABHBIMU KYCTAPHUKOBBIMHU CTEMSIMHU Ha TOPHBIX HMPUMHUTHUBHBIX YEepHO3e-
MOBHJHBIX MT0YBAX, T'YCTHIMH KyCTaPHUKOBBIMH 3apOCISIMH, OCHHOBO-OEPE30BBIMH, C YYaCTHEM JIUCTBEHHH-
(b, COCHBI, PEXE€ MUXThI, C Pa3HOTPABHO-3JIAKOBBIM TPaBSIHBIM IOKPOBOM Ha I'OPHO-JIECHBIX JAEPHOBBIX U
JIEpHOBO-KapOOHATHBIX MAJIOMOIIHBIX [I0YBAX.

C-1V-I-3-3 Hak/OHHBIE, pacUCHEHHBIE CIa00BPE3aHHBIMHU MOJIOTOCKIOHOBBIMHU JIOTaMH M OajKaMH Ha
CepUH TUIOCKOBEPLIMHHBIX, PeXe OKPYTTIOBEPIIUHHBIX TIPS, C IOKPOBOM CYTJIMHHCTO-IIEOHUCTHIX OTIOXKE-
HUM: Ha BEpUIMHAX M B BEPXHUX YacTAX CKJIOHOB MAJIOMOIIHBIX 3JIFOBUAJIbHO-/IENIOBUAIBHBIX; B HIXHHUX
YacTSIX — JAENIOBUAIBHO-NIPOIIOBHANBHBIX, ¢ ()ParMEHTApHBIM ITOKPOBOM JICCCOBUIHBIX CYTJIMHKOB C OCOY-
KOBO-Pa3HOTPAaBHO-3JIaKOBBIMH KYCTapHHUKOBBIMU CTEMSIMHU, 3aPOCISAMHU METPO(YUTHBIX KYCTAPHUKOB C JIyTO-
BO-CTENHBIM TPABOCTOEM HA FOPHBIX UEPHO3EMaX BBIIIEIOUYEHHBIX U CKEJIETHBIX, COCHOBO-JIUCTBEHHUYHO-
0epe30BbIMU H3pEIKa C y4yacTUEM IHXThl, Pa3sHOTPABHO-3JIAKOBBIMU M BEHHUKOBBIMM JIECAMH Ha T'OPHO-
JIECHBIX TEMHO-CEPBIX M CEPhIX MOYBaX, Pa3HOTPAaBHO-3JIAKOBBIMH MOJUIOMUHAHTHBIMHU JIyTaMU Ha JyrOBO-
YEpHO3EMHBIX T0YBax [0 TMOHM)KEHUSAM, 3allafiMHaM U OCHOBAaHUSAM CKJIOHOB, MOJBIHHO-3JaKOBBIMHU CTETISIMH
Ha FOPHBIX YEPHO3EMaX FOXKHBIX 10 BBIITYKJIBIM CBETOBBIM CKJIOHAM.

Meoiceopro-komnosunnsie noomaedxcuvie (111-111)

D-HI-1II-5-2 nonoro-HakjIOHHBIE BOJIHHMCTBIE, MECTAMH TEPPACHPOBAHHBIE, CIOKEHHBIE CYIJIMHUCTO-
1IeOHUCTBIMU AETIOBUAIBHO-IIPOJIIOBUAIBHBIMU OTJIOKEHUSIMH, HEPEAKO HNEPEKPHITHIMH MaJOMOIIHBIM I0-
KPOBOM JICCCOBU/IHBIX CYIJINHKOB C OCHHOBO-OEPE30BBIMHM C yYacTHUEM JIMCTBEHHHMIbl U IHUXTHI 3J1aKOBO-
Pa3HOTPaBHBIMU U MANOPOTHUKOBBIMU KYCTapHUKOBBIMHU JIECAMH HA TOPHO-JIECHBIX CEPBIX U TEMHO-CEPBIX
[I0YBaX; 3JIAKOBO-Pa3HOTPAaBHBIMHU IOJMIOMUHAHTHBIMU U BEHHHMKOBBIMU JIyraMu (eJIaHsAMH) Ha JIyIOBO-
YEepHO3EMHBIX [10YBAX.

Topro-donunnvie 1y2oeo-necrvie (VII-1I)

F-VII-1I-7-3 smmkoo0pa3HbIe TOMWHBI, BPE3aHHBIC B BOJHO-JICHUKOBEIC, 03€PHO-JICIHUKOBBIC, JICITIO-
BUAJIbHO-TIPOJIIOBUANIBHBIE TAJE€YHUKOBO-CYIJIMHUCTBIE, 1€CUYAHO-TAIEYHUKOBBIE, CYTJIMHUCTO-IIEOHHUCTEIE,
MTOKPOBHBIE JIECCOBUAHBIE OTJIOKEHHSA, PEXKE B KOPEHHBIE KPHUCTAUIMYECKHE MOPOJIBI, C PA3BETBICHHBIMU
pyciaMu, YaCTHYHO TEPEKPHITHIE IEOHNUCTO- U IPECBIHO-CYTIMHUCTHIME AETIOBUAILHO-TIPOTIOBHATBHBIMU
nuieiigaMu 1 aNIrOBUAIBHO-NIPONIIOBUATIBHBIME KOHYCaMH BBIHOCA C HPUPYCIOBBIMH HBOBO-O€pE30BBIMU
JiecaMu, HU3UHHBIMM 3aKyCTapEHHBIM U BBICOKOTPAaBHO-OCOKOBBIMHU JIyraMM Ha aJIIOBHAJIBHBIX JIYTOBBIX,
HACTOSIIUMH Pa3HOTPABHO-3JIAKOBBIMH (€KOBBIMH, OBCSHHULIEBBIMU, MTOJICBUIIEBBIMU, MATIMKOBBIMH) JTyTaMu
Ha YEPHO3EMHO-JIyTOBBIX BBIIIEIOYEHHBIX IOYBAX, OEPE30BO-EIOBBIMU C YYaCTHEM IMXTHI, JIMCTBEHHULIBI
KyCTapHHUKOBO-TPaBsIHBIMU JIECAMH Ha TOPHO-JIECHBIX CEPBIX OIJICEHHBIX I10YBaX.

F-VII-II-8-2 nonuHbI ¢ HECKOIBKUMH YPOBHSIMH (PparMeHTAPHON MONMBI, KOMILIEKCOM HU3KHX, MECTa-
MU BBICOKMX HaJIIOMMEHHBIX Teppac: BEPXHUHA YPOBEHb MOWMBI CI0KEH C TIOBEPXHOCTH MaJIOMOIIHBIM CJIO-
€M CyIeCUaHO-CYIJIMHUCTOIO aJUIIOBUS, MOJCTUIAEMOI0 raJIeYHUKOBO-BAJyHHBIM aJUIIOBUEM, HIDKHUH ypo-
BEHb — T'aJICUHUKOBO-BAIyHHBIH; HAKJIOHHbIE TIOBEPXHOCTU TEPPaC MIE€CUaHO-TAICYHUKOBbBIC, HEPEIKO Iepe-
KPBITBIE  CYIJIMHUCTO-IIEOHUCTBIMH ~ OTJIOKCHUSIMH  JICNIOBHAJBHBIX  LUICH(POB ©  ajuIlOBHAIBHO-
IIPOJIFOBUANIBHBIX KOHYCOB BBIHOCA, MHOI'ZIA C MaJIOMOIIHBIM CJIOEM ITOKPOBHBIX CYNECEH; C 3pO3HOHHBIMU
OCTaHLIAMH U3 IJIOTHBIX KPUCTAJUIMYECKUX IOPOJL C MPUPYCIOBBIMU UBHSIKAMU; JINCTBEHHUYHO- U COCHOBO-
0epe30BbIMU, MECTAMH C TPUMECHIO €M KyCTapHUKOBO-TPABSIHBIMHU JIECAMH Ha aJUTIOBHAJIBHBIX HEpErHOMN-
HBIX OTJIEEHHBIX CIOMCTBIX MOYBaX, 3aKyCTapEHHBIMU Pa3HOTPAaBHO-3JIaKOBBIMM JyraMH Ha aJJIFOBHAJIBHBIX
JIYTOBBIX II0YBaX 110 OCHOBHOI! IONME; y4yacTKaMU OCOKOBBIX KOUKOBATBIX 00JIOT; BTOPUYHBIMU Pa3HOTPAB-
HO-3JJAKOBBIMHM JIyTaMH Ha JIyTOBO-YEPHO3EMHBIX [TOYBAX, JTYTOBBIMH CTEMSIMH U OCTENTHEHHBIMHU JIyTaMU Ha
YepHO3eMax BBIMIETIOUYCHHBIX, O€PEe30BO-IMCTBEHHUYHBIMHI U JIMCTBEHHUYHBIMHU, MECTAMH MapKOBBIMH, 371a-
KOBO-Pa3HOTPAaBHBIMH JIECAMU Ha TOPHO-JIECHBIX YEPHO3EMOBUIHBIX M CEPBIX JIECHBIX I104BaX Ha Teppacax.

Topno-oonunnvie n1y2oeo-cmennvie (VII-111)

F-VII-III-7-1 ymenucTsle CKaqUCTHIE JOJIMHBI C MOPOKUCTHIMH PyClIaMH, MECTAMU C YE€TKOBUAHBIMH
pacupeHusMy, GparMeHTapHBIMU TeppacaMy U NOHMaMH, IeCYaHO-TaJeYHUKOBO-BAIyHHbIE, C aKTUBHBIM
pa3BUTHEM HaJIe[HBIX SIBJICHUH C NETPOPUTHO-PA3HOTPABHO-371AKOBBIMU KYCTapHUKOBBIMH CTEIISIMH Ha Cla-
00pa3BUTBHIX YEPHO3EMOBUIHBIX TIOYBAX, OCOKOBO-Pa3HOTPABHO-3JIAKOBBIMH JTyT'aMH Ha aJUTIOBHUABHBIX JTy-
TOBBIX U JIEPHOBBIX MOYBAX, Pa3peKEHHBIMA HBOBO-TOMOJIEBHIMHA M OEPE30BBIMH JI€CaMH Ha aJUTIOBHATBHBIX
JIEPHOBBIX CcJ1a00Pa3BUTHIX II0YBAX.

F-VII-III-7-2 nonuuel V-00pasHble, C Y3KMMH NOWMaMi, MECTaMH C PACLIMPEHUSIMH B (pparMeHTaMu
HAJNONMEHHBIX TEppac, NMEeCYaHO-TAICYHUKOBBIE, MECYaHO-BATyHHO-TAIEUHUKOBBIE C MBHSIKaMH M HBOBO-
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TOTOJICBBIMU TPHUPYCIOBBIME 3aKyCTAPCHHBIMHU JIECAMHM Ha aJUTFOBHAIBHBIX HIIOBATO-TJIEEBBIX CIIOUCTBIX
MOYBaX, 3JaKOBO-PA3HOTPABHBIMU JIyTaMH Ha aJUTIOBHAJIBHBIX JYTOBBIX H JIYTOBO-4YEPHO3EMHBIX MOYBaX,
Pa3HOTPaBHO-THUITYAKOBO-KOBBUIBHBIMH KYCTAPHUKOBBIMHU CTETISIMU Ha Y€pHO3eMaxX OOBIKHOBEHHBIX.

BaxuelmmMu 0cOOEHHOCTAMU TEPPUTOPUN THUTHPEKCKOTO 3alOBEIHUKA, HAIICIIIMMUA OTPAKEHUE B
nmaHAmapTHON CTPYKTYPE, SBISIOTCS CIEAYIOIIHE:

1. XapaktepHoe st AnTasi CeBepo-3amagHoe (Tak Ha3bIBAEMOE «JITACKOE») HaIlpaBICHUE OCHOBHBIX
oporpaduuecKux 3IEMEHTOB — XPeOTOB U Pa3NENSIONMUX UX MAarUCTPAIBHBIX PEYHBIX MOJIUH. DTO 00y-
CJIOBJIMBACT, C OHON CTOPOHBI, YHACIICOBAHHOCTD OOJIBIIIOTO KOJUYECTBA JaHIIA(QTHBIX TPAHUI] TEKTOHH-
YecKUM pyOekaM, a ¢ Ipyrod — BBICOKYIO KOHTPAaCTHOCTh Ha BHYTPWJIAHIAMIA()THOM YPOBHE, B CBSI3H CO
3HAYUTEIHFHON MPEICTABIEHHOCTHIO HABETPEHHBIX U MOIBETPEHHBIX CKIOHOB.

2. BricoTHasl MOSICHOCTh KaK OCHOBHAs 3aKOHOMEPHOCTh JaHAMAPTHON MuddepeHmaii B ropax.
[Ipu 5TOM BBICOTHAsI MOSICHOCTH OCJIOXKHAETCS APYTUMH, XapaKTEPHBIMHU JJISi TOPHBIX CHUCTEM KOHTHHEH-
TaJbHBIX PAOHOB (hakTopamMu, — OapbepHbIM 3 dekToM, THIAPOMOPGHBIM U JTUTOMOPGHBIM (haKTopamH,
COJISIpHOH dKcro3unuend. Kpome 3T0ro, MMEIOT MECTO CiIydad MHBEPCHU BBICOTHOM MOsICHOCTH. Tak, Kak oT-
MeJasioch HaMu panee [19], B mpenenax 4epHeBO-TaeKHBIX HU3KOTOpUH Ha TPEOHEBUIHBIX U KOHYCOBUIHBIX
BEpIIMHAX ¥V MPUBEPIINHHBIX CBETOBBIX CKIIOHAX, TIOABEPKEHHBIX aKTHBHOMY BO3JIEHCTBHIO BETPOB U MHCO-
TAUH, GOPMHUPYIOTCS MEeTPO(UTHBIC BAPHAHTHI JIYTOBBIX CTEIEH M OCTEITHEHHBIX JIYTOB B COYETaHUU C MEJl-
KUMU O€pe30BBIMH MEPENeCKaMH.

3. IlonoxeHne TEpPUTOPUN Ha CEBEPO-3aMamHoil mepudepun ANTaiCKUX TOp, ¢ YeM CBS3aHO 3HAYH-
TEJBHOE KOJIUYECTBO aTMOC(EPHBIX OCAJKOB 3a cyeT OapbepHOro agdekra. B Takux ycioBusx B mpezenax
Cesepo-3anangnoit Anraiickol pusnko-reorpadpuyeckoil MpOBUHIINY, TJ€ PACIIONIOKEH 3a0BEIHUK, POPMU-
pyeTcs OMH U3 CaMBIX TYMHIHBIX U, OJHOBPEMEHHO, TEIUTBIX B ropax HOxHo# CuOMpH CTIEKTPOB BHICOTHOM
nosiciocT. B wactHOCTH, CeBepo-3anaauniii Antail SBISETCS CIAHCTBCHHON NMPOBHHIIMCH, TI€ B BBEICOKO-
TOPHOW YacTH CHEKTpa HaOIroaeTcs mpeodiiaganue JIyTOBBIX (popmanuii Haj TyHIPOBEIME. OTHOCUTEIHHO
TEIUIBIA ¥ BIAXHBIN kiuMaT CeBepo-3anafHoro AnTas, B COUYESTAHHU C TUIOCKUM Peiibe(OM JIOJIMH BIOJHE
ONaronpuATCTBYIOT HaKOIDIEHHIO Topda. DopMupoBaHue TOPPSIHUKOB B 3aMIOBEIHUKE MMPOUCXOANT B IIHUPO-
KOM BBICOTHOM jauanaszoHne (6onee 1000 M), HaunHAs OT HU3KOTOPHUN B OKPECTHOCTSIX Moc. TUrHpeK U 3aKaH-
YUBas CyOQTBITUHCKUM IOSICOM.

4. SpycHocTh penbeda, peibedooOpa3yIomMX MPOLUeccoB U JaHamadToB B 1enoM. Tak, B mpeaeiiax
CyOIIMPOTHO-OPUEHTHPOBAHHON THUTHPEKCKON KOTIOBUHEIL, JaXKe MPH €€ HeOOJbIINX pa3Mepax, KOTIOBHH-
HBII 3QPEKT IPOSBISICTCS B 3HAYUTEIHHOM CHUKCHHU KOJMYECTBA OCAJIKOB, B TOM YHCIIE 3UMHUX. B TO ke
BpeMSI BRIPKEHHOCTH OT/IENBHBIX SIPYCOB pelbeda Ha Pa3IMdHBIX yIacTKaX HEOJUHAKOBA, a TPAHUIIBI SIPY-
coB penbea He BCET/Ia COBMAIAIOT C BRICOTHO-TIOSICHBIME PyOeKaMH.

5. Pa3zHooOpasue TOpHBIX MOPOJI, BBICTYMAIOIIUX [TOYBOOOPA3YIOIIMMHU MOPOAaMH M CO3IAIOIINX KOH-
TpPacTHBIC YCIOBHS JJIsi OMOTHL. DTO M KapOOHATHBIC MOPOABI (U3BECTHSIKU CHUIYpa), C KOTOPBIMH CBS3aHO
OCTEITHEHHE, M KUCJIbIE MOPOAbI (TpaHUThI), co3aaroriue 3p ekt oceBepenus. Kpome atoro, Ha GoHe roc-
MOJICTBA CKAIBHBIX MOPOJ, MPOAYKTOB WX BBIBETPUBAHUS WM TMEPEOTIOKEHUS, B 3aMOBEIHHUKE TOCTATOYHO
LIMPOKO PACHPOCTPaHEHbI IECCOBUIHBIE OTIOXKEHU, 00pa3yIone MecTaMi Ha MOBEPXHOCTH CKaJIbHBIX MO-
POl 9€XO0J MOIIIHOCTHIO B HECKOJIBKO METPOB. Ha reonmormdecknx kaprax JECCH MOKa3aHbl HE TaK ITHUPOKO,
TJIaBHBIM 00pa3oM B CTEIMHBIX M JIECOCTENHBIX HU3KOTOphsiX. Ha pacmpocTpaneHnne 1€CCOB B HU3KOTOPBIX
CeBepo-3amagHoro AnTas HEOJHOKpAaTHO oOpaman BHuManue B.A. Hukomnaes. OH cripaBeIIMBO OTMEUA,
4TO NECC MEPEKPHIBACT 3/IeCh HE TONBKO NMUICH()BI TOPHBIX CKIOHOB M BBICOKHX Teppac PEYHBIX JOJHH, HO
HEpEeAKO TOTHUMAETCS Ha TPEOHEBYIO YacTh XpeOToB [22]. B To e BpeMs, 10 €ro MHCHHIO, APEBECHAS pac-
TUTENBHOCTh Ha Jieccax 3leCh HUKOrAa He mocensiercs. CienyeT OTMETUTh, YTO THIATENbHOIO H3yUYeHHUS
pacnpocTpaneHHOCTH JiéccoB B CeBepo-3anasiHoM AJTae HUKOTAA HE MpoBouinock. Kak mokasanu Hamm
WICCIIEIOBAHUSA, TIOKPOBHEIE JIECCOBUIHBIE OTIIOXKEHHS JOCTATOYHO IIUPOKO MPECTABICHBI B Mpeenax dep-
HEBO-TaeXHOTO HofmnosAca beropenkoro yuactka Turupekckoro 3amoBeIHUKA. 3716Ch OHHM 3aJIETal0T Kak Ha
CKJIOHAX, TaK M Ha BOJlOpa3/ieliaX, U Ha HUX (OPMHPYIOTCS MOJTHONPOPHUIEHBIC CephIe JICCHBIC TIOYBBI, CHIIb-
HO KOHTPACTHPYIOIIHE C TOPHO-JIECHBIMHU MMOYBaMH, C(HOPMHUPOBAHHBIMU HA TPOIYKTaX BBIBETPUBAHUS KPH-
CTAJUTMYECKUX Topox (puc. 2).
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Pucynok 2. Cepas necHas mo4sa o1 0epe30BO-MUXTOBBIM
3JIAKOBO-Pa3HOTPABHBIM JIECCOM B BEPXOBBSX . AJeit

Hecmotpst Ha Bbicokoe nanmmadTHOE pa3sHooOpazue THTHPEKCKOro 3armoBelHHKA, 3aHUMAeMOH WM
TUIOINAAM SIBHO HEOCTATOYHO IS TOPHBIX YCIOBHIA, YTOOBI OH MOT B TIOJIHOW Mepe BBIMOJHSTH (YHKLUH 110
COXpaHEHHIO OMOTHI. YTHOPAAOUYCHHOCTh NPUPOIBI B TOPAX MO BEPTHKAIH MPEIOIaraeT, YT0 MHOTHE BHIbI
OpPraHu3MOB MUIPHUPYIOT B T€UEHHE I'0/la B HAIPABJICHUM OT HIKHHUX BBICOTHBIX IIOSICOB BBEPX U 0OpaTHO.
VYuuTeiBas 3TOT (pakT, TOpHBIE 3aNIOBEAHUKH, KaK MPABUIIO, IPOSKTUPYIOT TAKMUM 00pa3oM, YTOOBI OHU OXBa-
THIBAJIX BECH CIIEKTP BBICOTHBIX MOACOB, OT MOJHOXHM rop A0 CaMbIX BBICOKMX BEpIIUH. TUrHpEeKCKUii 3amo-
BEJHUK 3TOMY YCJIOBHIO HE OTBeuaeT. BepXHss 4acTb BEICOTHO-IIOACHOTO criekTpa CeBepo-3anaaHoro Airas
B 3aIIOBETHUKE HE MPEJCTaBIECHA. DTO APEBHENECTHNUKOBBIE U BHEJIETHUKOBBIE BBICOKOTOPBS C aJbIUICKIMH
U CyOanbIMHCKUMH JTyTaMH, IIHPOKAM PacHpOCTPaHECHHEM MHOTOJIETHUX CHE)KHHUKOB M MOTPEOCHHBIMU MO
cJ10eM O0OJIOMOYHBIX OTJIOKECHUH JibaaMH. B TO jke BpeMs Ha CMEXHBIX C 3alIOBEHUKOM y4JacTKax B BEPXO-
Bbsix VHm m Koprona Haxomwics KpymHBIH Oodar MOCIETHEro ojieiecHeHus. B rpaHumax AnTaiickoro kpas
TOJIBKO 37IECh MPEICTABICHO BCe MHOrooOpasue GopM penbeda M TaHAMAPTOB, CBI3AHHBIX C JESTEIbHO-
CTBIO JIEAHUKOB. DTO U JIAHUKOBBIE [IUPKU C MHOTOYHMCIIEHHBIMU O3€paMHU, OTPOTOBbIC JTOJIMHBI, Ha JTHUIIAX
KOTOPBIX MHOT'OYHCIICHHBI JICTHUKOBBIE OTIOXKCHHS — MOPEHBI, (PUKCHPYIOIINE KPAaTKOBPEMEHHBIE MO-
JIBUXKKHU JISAHUKOB, HaOmonaronecs Ha (oHe oOmiero ux orcrymnanus. Jlanmmadrtel, 00s3aHHBIE CBOGMY
MIPOUCXOXKICHHUIO JIETHUKOBBIM ITPOLIECCAM, YPE3BBIYAHO XPYIIKHA U HEYCTOMUYUBEI, TaK KaK SBJISIOTCS OYE€Hb
MoJIOBIMU. B HHX Hepenko (UKCHpyeTcs MHOTOJICTHSS MEP3JI0Ta, @ MHOTJA U MPOCTO JieJ, MOrpeOeHHBII
noJ oOBaslaMH, CeNIsIMHU | JaBuHaMH. OCOOCHHO YS3BUMBIMH 3TH JaHAIIA(THI CTAHOBSTCS Ha QoHe rinodanb-
HOTO TOTEIUICHUS KMMaTa, Habroaromerocs: B Hacrosiee Bpems. [loTerienne MoXeT BbI3BAaTh YCHIICHUE
Jerpagaluy Mep3/l0Thl U TEPMOKAPCTOBbIE IIPOLIECCHI.

Pacmmmpenue 3amoBeqHIKa HEOOXOANMO U IJIs1 OOJBIIETO 0XBaTa OXPAaHHBIM PEXMMOM BEPXHEH 4acTu
JIECHOTO TI0sica — TOPHOMU Taiiru. B HOBBIX rpaHMIaX OXpaHOW OXBaTHIBACTCS 3HAYUTENHHO OOJIBIIE CIICIH-
(udeckoii TopHOH Taiiru. B ropHo-TaexkHbIx Jecax CeBepo-3anagHoro AnTasi IpeIcTaBIeHO OOIBITUHCTBO
U3 XBOWHBIX KXKHO-CHOMPCKUX MOPOJL — KEIp, JINCTBEHHUIIA, TUXTA, €J1b, YTO SBJISETCS] YHUKAJIBHBIM SIBJIE-
HueM. HanpuMmep, muxTa ¥ IMCTBEHHUIIA, SBJISIOMIUECS TOPOIAMU-AHTaTOHUCTAMH, PEKO TAE€ BCTPEUaroTCA
BMecTe. KpoMe 3Toro, ropHO-TaeKHbIE Jieca BBIMOIHSIOT PSJI BAXKHBIX SKOJOTHYECKHX (YHKIUH — BOJOpe-
T'YJIUPYIOLINE, TPOTHBOIPO3HOHHBIE, IPOTHBOOOBAIBHBIC, IIPOTHBOJIABUHHBIE. MHOT00Opa3HBI THITOJIOTHYE-
CKHE TPYIIIBI TACKHBIX JIECOB. DK30T€HHBIE T€0JIOTHUECKUE MPOLECCH UIMEIOT Pa3HyIo CeUU(UKY Ha CKIIO-
HaX CEBEPHBIX M IOKHBIX dKCMo3uLuil. Tak, Ha 10)KHBIX CKJIOHAX 0oJiee YHEPTUYHBI OCHINTHBIE U 0OBAJILHBIE
SIBJICHUSL.

Pacmmpenue TeppuTOpUH 3a0BEIHIKA MTO3BOJIUT B3ATH I10]] OXPaHy JaHAMAPTHI SKCIO3UINOHHOM JIe-
cocrend, OJIM3KON IO CBOMM XapakTepucTHKaMm jecoctenu Llentpansaoro Anras. Eciu necocremns ceBepHBIX
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HU3KOTOpUi AnTtas Onu3ka 1Mo CTPYKType Jecoctenu fora 3anmanHoid CuOupH, Tlie Ha CEBEPHBIX CKIOHAX
pacnpocTpaHeHbl OCUHOBO-0€pe30BbIE JIeca, @ Ha FO’KHBIX — IOPHbIE BAPHUAHTHI JIYTOBBIX U HACTOSIIHUX CTeE-
nei, To OmmKe K HeHTpy AJTas CTPYKTypa JecocTenu MeHseTcs. Ha ceBepHBIX CKIOHAX 3/1ech (hOpMUPYIOT-
csl Jieca W3 JTUCTBEHHHIIBI, HEPEIKO Ha3bIBaEMbIC TAPKOBBIMH, Ha I0KHBIX, HAPSAAY C HACTOSIIMMH JIESPHOBHH-
HO-3J1aKOBBIMU CTEIISIMH, 00pa3yrOTCsl MEJIKOEPHOBUHHO-3JIaKOBBIE CTEIIH.

Bonbmioit HayuHblil naTepec anamadThl TUTHPEKCKOTo 3aMOBEHUKA MPEICTABISIOT B KOHTEKCTE HX
peaknuy Ha riio0anbHble KIMMAaTHYECKHEe W3MEHEHUS! M MMEBIIME MECTO B IIPOILIOM aHTPOIOTEHHBIE BO3-
JeiicTBus. 31ech, B 4aCTHOCTH, MMEETCS BO3MOXHOCTH HAOJIOAATh BOCCTAHOBJIICHHE JIaHAIMA(TOB TOCIHe
pacnamku wiM pyOok seca. EcrecTBeHHBIE JaHAIIAdTHl MOTYT HUCHBITHIBATh IIyOOKHE TpaHC(hOpManuu B
pe3yibTaTe XO3sIMCTBEHHOro Bo3AeHcTBUA. ONHAKO Jalleko HE BCEra IOoCie IpeKpalleHus BO3AeHCTBUS
na"amadT BO3BpaLIaeTCs B UCXOJHOE COCTOSIHUE, TeM Oonee Ha ¢oHe moTeruieHus kiauMarta. Hampumep, B
nonuHe bonpimoro Turupeka, Ha MeCcTe HEKOTAa CBEIECHHBIX JIECOB, JPEBECHAs PACTUTEIBHOCTh B HACTOS-
11ee BpeMs BOCCTaHaBIMBaeTCs He Be3ne. OTeNbHbIe YyUaCTKH JOJIUHBI I'YCTO 3aCE€JIEHbl KOBBIJIEM U APYIH-
MU JICPHOBUHHBIMH PACTCHUSIMH, IIEPEKOUEBABIINMH CIOa C IOKHBIX COJHLIENICYHBIX M3BECTHSIKOBBIX CKIIO-
HOB, OTpaHMYMBAIOIINX ¢ ceBepa nonuHy bombmoro Turupeka. Ilpum 3ToM muoTHas AEpHUHA CTETHAKOB
HPEMATCTBYET JIECOBO300OHOBICHHIO, HO MHOTHE JIECHBIE BUIBI TPAB COCEACTBYIOT 3[1€Ch CO CTEMHBIMU, (op-
MUpYsI HOBBIE, OTCYTCTBOBABILIKE MIPEXKE, COOOIIECTBA.

Baxneiimmii ncToYHUK HHOOpMAIMK O JaHJAPTHBIX 00CTaHOBKAX MPOLUIOro — TopdsiHbIe O0JoTA.
Ha Tteppuropun TuUTHpEeKCKOTO 3amoBeTHHKA OOHApPYXEeHbI TOP(SHUKKH MOMHOCTBIO g0 1,5 M (puc. 3).
Bonbmas yacTe U3 HUX TaK WINM WHAYE CBA3aHA C JOJIMHAMH PEK, IIO3TOMY B TOpQsIHUKAX 3amucaHa nHdop-
Malus He TOJILKO O INHAMUKE caMoro OOJIOTHOT'O MacCHBa, HO M O KOJeOaHUsIX BOOJHOCTH pek. B wacTHOCTH,
JAaTUPOBKH OPTaHUKH, MOJTyYCHHBIC HaMH 13 TOp(SHOH 3anexuB moiimMe p. benas, B ee BepxHEeM TedeHHH,
CBUJIETEIILCTBYIOT O TOM, uTOo Maiblii tegHuKoBbIN nepuosa B CeBepo-3amagHoM AnTae, Kak U BO MHOI'MX
JIpyrux peruoHax [23, 24], xapakTepu3yeTcsi CHKEHHEM BOJHOCTH peK. BeposTHo, Takas cuTyauus uMena
MECTO 3a CYET OOLIeT0 CHWKEHHUS KOJIMYECTBa aTMOC(HEPHBIX 0CAIKOB M YMEHBILICHHUS MTPOAOKUTEIBHOCTH
TEIUTBIX CE30HOB. B Manblii JieIHUKOBBIN Mepro;] 6osiee CYpOBbIE U MPOAOJIKUTEIBLHBIC 3UMBI TIPEPHIBATHCH
KOPOTKHMH U OTHOCHUTENHHO MPOXJIaJHBIMH CE30HAMU C TIOJIOKUTENLHBIMHU TeMiiepaTypamu [24]. B pesyinb-
TaTe B moiiMe p. benas HabiromaeTcs mepepsiB B OTIOKEHUH aJUTIOBHANBHBIX TOJI U aKTUBHO pa3BUBAETCS
00110TOOOpa3oBaTENBHBIN TIporiecc (cioit Topda Ha riryoune 40—67 cMm). JIuIb B peikue TO/bI TOT TPOIIECcC
IIPEPHIBACTCS AJUTFOBHAIBHBIM IIPOLIECCOM (BKIIIOUEHHUS TSDKENOro cyriuHka). [lo okoHyanuu Masoro nea-
HHMKOBOI'O MEpHOJa IPOUCXOJUT yBEIMYEHHE BOAHOCTU p. benas, conpoBoxaaromeecs cHayana HeperyJsp-
HbIM (2440 cm), a 3atem peryisipHbIM (0—24) BBIXOIOM PEYHOTO CTOKa 3a MPEIENbl PYCIOBBIX OpPOBOK.
B ycnoBusix moéMHOro pexuma, T.€. PerysIpHOrO OTJI0KEHUS! Ha IIOBEPXHOCTH IOMMBI CIIOEB CBEXKETO ped-
HOTO JUTIOBHS, TIPOUCXOAUT (YOPMUPOBAHNE CHHINTOICHHBIX AJTIOBHAJIBHBIX TIOYB.

Pucynox 3. Topdsinuk B TUrHPEKCKOM 3aI10BEAHUKE
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Ha Bepmmnax Turupekckoro xpedTa Mbl MOKEM BHJIETh XOPOIIIO COXPAHUBIIUECS (PParMEHTHI ICPEBb-
€B, MMOTUOIIKX BO BpeMsi MaJoro JieIHUKOBOTo nepuoaa (puc. 4). D10 ele 0JdH HCTOYHUK MH(DOpMaILUU 0O
JUHAMUKE JTaHamadToB B mponuioM. KcraTw, MHOTHE MyTEIIECTBEHHHUKH, MMOCEIIABIINEe ANTail B KOHIIE
XVIII — nepsoit nonosure XIX B., oTMeuanu oouire MOruOIIMX B3POCIBIX AEPEBbEB HA BEPLUIMHAX TOPHBIX
xpe0ToB, B ToM urciie B CeBepo-3amagaoM Ajtae, Tie ceiuac pacmoyiokeH THTHpeKCKui 3armoBeHUK. Tak,
Ha 3TOT (DaKT yKa3bIBAIOT WICHBI JKCICTUITNH, OpraHW30BaHHOH JlepnTckuM yHUBEpcHUTETOM B 1826 T.,
K.®. JleneOyp u A.A. bynre. O6a ecTecTBOMCIIBITATENSI HEOJHOKPATHO YIIOMUHAIOT B CBOMX JTHEBHUKAX 00
YBUICHHBIX MMM CITydasX MacCOBOW THOENU jeca, paccyXkaas O MPUYWHAX 3TOTO M HEIOyMEBas, YTO OHHU
SIBIIIIOTCS CBUACTEISAMHE [NI00aIbHOT0 OX0a01aHus [25].

Pucynox 4. [ToruOwnii keap Ha BepmrHe TUrupexckoro xpedra

B nacTosmee BpeMst Ha pOCCHUCKHE 3aITOBEIHIKY BO3JIOKEHA 3a/1a4a TI0 OPTaHU3AIIH YKOJIOTHIECKOTO
typusMa. B Cepepo-3anagHom Anrae, B TOM 4YMCI€ B OXpPaHHOU 30HE TUTHPEKCKOro 3amoBEAHUKA, TJIC
IpaHb MEXIy OOBEKTAaMH KyJIbTYPHOTO H MPHUPOJHOTO HACIEIUS HE BCETNa pe3Kas, TypU3M JOKEH UMETh
CHJILHBIM KPEH B CTOPOHY HAYYHO-IIO3HABATEIBHOTO. J[JTNTEIpHOE BpeMs, OCBanuBas JaHAMA(TH 3TOH Tep-
pUTOpUH, YEIIOBEK, C OAHON CTOPOHBI, IPUBHOCHUII B HUX UCKYCCTBEHHBIC 3JIEMEHTHI, KOTOPHIC BIIOCIIEICTBUU
CTaJu KyJIbTYPHBIM HACJIEIUEM, a C IPYTOi — HAJENsUT ONMPEeACICHHBIMU CMBICIAMU €CTECTBEHHBIE DJIEMEH-
ThI NaHAMAGTOB, HAIPUMEP, CaKpanu3upys ux. [Ipy rpaMOTHON OpraHM3alliy JaHIIIad)Thl TAKUX TEPPUTO-
puit MOTYT CTaTh IOUCTUHE KYJIbTYPHBIMH, TTPHYEM HE TOJIHKO KaK apeHa ACSITeIHPHOCTH, HO U KaK (DeHOMEHEI,
HATIOJIHEHHBIC ONPEIEICHHBIMU CMBICTIAMH, U OHH, O€3YCIIOBHO, OYAyT BOCTPEOOBAaHBI CPEAH DKOTYPHCTOB.
Hcxons u3 aToro, 1 He00X0auMO (POPMHPOBATH CETH SKOTPOI M MapmipyToB. KoHEUHO, HENB3S HE COTITACUTRCS
C IIMPOKO PACHPOCTPAHECHHBIM MHEHHEM, YTO JIIOOOH MapIIpyT — 3TO HEKOTOPOE OrpaHUYCHHE CTEICHEH
CcBOOOIBI MyTEIIECTBCHHUKA, HO B OXPAHHOW 30HE 3alOBEIHUKA MO-APYroMy Henb3s. CuuTaro, 4To Hay4HO-
MO3HABATEIBHBIN MapIIPYT HEOOXOAMMO OPUESHTHPOBAThH HA MOCTIbKeHNE TaHmmadTa. [lyreniecTBeHHUK, clie-
IO TT0 MapIIpyTy, Ja)Ke €CIIA OH MPOXOAUT MapIIpyT HE B TIEPBhIA pa3, KK pa3 JODKEH 3aHOBO OT-
KpBIBaTh JIs ce0s anamadr. 3To MOXKHO CHEaTh, €CIH MOCEHIaTh TEPPUTOPHUIO B pa3HbIC CE30HBI rojia, B
pa3Hoe BpeMsi CyTOK ITPH Pa3HOH OCBEIICHHOCTH, UCTIONB3YsI Pa3HbIC TOYKH HAOIIOACHUHN U T. 1.

Baxnouenue

1. OxapakTepn30BaHbl OCHOBHBIC OCOOCHHOCTH JaHAMA(THONH CTPYKTYpPhl THUTHPEKCKOTO 3aIOBEIHU-
ka. B manmmadTHOW CTPYKType TEPPUTOPHH HAIIUTH OTPaKCHUE KaK PErHOHAIBHBIE YePThI, 00YCIIOBICHHBIC
reorpaUUecCKuM TOJIOKECHUEM, TaK M MECTHbIE OCOOCHHOCTH, CBSI3aHHBIC C TPOSBICHHEM JOKATbHBIX
nanamadTooOpazyomux GaKTopoB M XO3IHCTBECHHON IEATEILHOCTBIO YeTIOBEKA.
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2. HecMotps Ha BhiCOKOE NaHAmadTHOS pa3HooOpasue TUTrHpEeKCKOro 3amoBeIHUKA, 3aHUMAeMON UM
TUTOINA/IM SIBHO HEJIOCTATOYHO JUTSl TOPHBIX YCIOBHA, YTOOBI OH MOT B TIOJIHOW MEpE BBIMOIHATH (YHKIIUU TI0
COXpaHEHUIO OMOTEHI.

3. Bonbmioit Hay4HbIM MHTEpeC JaHAmadThl THTHPEKCKOTO 3alOBEIHUKA MPEICTABISIOT B KOHTEKCTE
UX Peakluu Ha rIIo0albHBIE KIMMATHYECKAE M3MCHEHUS M MUMEBIIHE MECTO B MPOIUIOM aHTPONOTCHHBIE
BozaeiicTBrst. OCOOCHHO MHTEPECHBI B TOM OTHOIIICHUN TOp(siHbIC 00j10Ta U JaHAma(pTel Ha BEpXHEH rpa-
HUIIE Jieca.

4. B oxpanHoii 30He THTUPEKCKOTO 3alOBEHMKA, TJI€ TPaHb MEXIY O0OBEKTaMU KYJIBTYPHOTO U IPH-
POJTHOTO HACNIE[Ms HE BCerja pe3kasi, SKOJNOTHUECKHA TYpPH3M JIOJDKEH WMETh CHIIBHBIH KpeH B CTOPOHY
HAYYHO-ITO3HABATEIILHOTO ¥ €ro He00X0IMMO OPHEHTHPOBAThH Ha TIOCTHXKEHHUE JTaH{adTa.

Teopemuueckue nonO*CEHU OAHHO20 UCCAEO08ANHU CHOPMYTUPOBAHDL 8 PAMKAX 20CYOUPCHBEHHO20
sa0anus Uncmumyma 600Hwuix u sxonoeudeckux npoorem CO PAH (Ne 1021032422891-7). [lonesvle pabo-
mbl, 00PAbOMKA U OCMBICIEHUE HOE8020 MAMEPUANA OCYWECMBILIUCL, npu noddepoicke Pycckozo eeocpa-
guueckozo obwecmsa 6 pamxax npoexma «Jlanowagpmor Cesepo-3anadnozo Anmasn: om pycckux nepeo-
npoxooyes U Manoco J1eOHUKOB020 Nepuodd 00 IKOIOSUHECKO20 MYPUSMA U 2100a1bHO20 NOMENICHUs)
(epanm Ne 03/2021-H).
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J.B. Uepnbix

Turupexk KOpbIFrbIHBIH JAHAMAPTTAPBI: 6TKEHI, Ka3iprici, 0oamarpl

Kopsikrap jganauadTThiK KapTorpadust xacayablH HETi3iH KypaiThIH ChIHAaK ananaapsl OonraH. Makanana
Turupex MemiekeTTik KOpbIFbIHbIH (Opbic AjTaiibl) JaHAMIA(TTHIK KYPBUIBIMBIHBIH HETi3ri epeKuienikrepi
cunatTtaitFad. Kenreren nanamadT mekapanapbsl TSKTOHUKaMEH aHbIKTanaabl. buikTtik 6enneysiep nanmmapt
nuddepeHMalMIHBIH HETi3T1 3aHIbUIBIFEI OO TaObu1abl. KopeikTa 6MOTa MEH TOMBIPAKTHIH TY3ilyiHe
Kapama-Kapchl JKaFmaiimap skacaiiTelH opTypii Tay okbiHbicTapel Oap. Contycrik-bateic  Antaiinsig
CaJIBICTBIPMAJIBl TYPZAC JKbUIBI JKOHE BUIFAJIBI KIIMMAThl aHFapiapIblH JKa3blK penbedimen yilnecyi
LIBIMTE3CKTIH JKHHAIybIHA o01eH Konainbel. Kapra manmmadrt Typnepi neHreilinne ycoiHburrad. Kapra
erKeii-TerKelni aHpI3Fa Heri3feNreH. THrHpeK KOPBIFBIHBIH OKOFaphl JTaHMMA(QTTHIK OpTYpIiTiriHe
KapamacTaH, GHOTaHbI cakray (YHKLHSIAPBIH TOJBIFBIMEH OPBIH/AY YLIIH OHBIH aJblll )KaTKaH ayJaHbl Tay
JKaFJainapel YIIH JKeTKiTiKci3. KOpBIKTBl KeHEHTY YIIiH TayJbl JKepiiep MEH opMaH OelieyiHiH KOFapFbl
Geutirin Kopray pexumiMeH kebipek KamTy Kaxer. JlaHmmadTThIK-KapTorpadusuIbK Talaay SKOTOTHSIIBIK
MOHUTOPHHT )KOHE KOPBIKTHIK ayMaKTap/arbl MOJCHH, PETTEYI KoHE KOJJIayLIbl SKOXKYHENiK KbI3METTepIi
Oaranay YLIIH MaHBI3Obl MOHTe He OOJNybl MYMKIH eKEHAIri artam oTinreH. THIHPEeK KOPBIFBIHBIH
gasquadTTapel kahaHABIK KIMMATTBIK ©3repicTepre >koHe OYypbIH OOJIFAaH AHTPOIOTEHAIK dcepliepre
PEaKLHSCHI TYPFBICHIHAH YJIKEH FBUIBIMU KbI3BIFYLIBLIBIK Ty IBIPAIbL.

Kinm ces3dep: Turupexk KOpBIFBI, Anrtail, JaHamadT, TaHMIATTHIK OPTYPIUIK, MBIMTE3eK OaTmakrap,
OPMaHHBIH XOFAPFHI MIEKapachl, IKOXKYHEIIK KbI3METTep, KOJIOTHSIIBIK TYPU3M.

D.V. Chernykh

Landscapes of the Tigirek Reserve: past, present, future

Strict nature reserves are the grounds where the basis of landscape mapping was developed. The paper pre-
sents a number of markable features of landscape structure of Tigirek State Nature Reserve (Russian Altai)
and the map at the level of species of landscapes. The map includes a detailed legend. Many landscape
boundaries are caused by tectonics. Altitudinal zonation is the main regularity of landscape differentiation.
The reserve contains a variety of rocks that create contrasting conditions for biota and soil formation. The
warm and humid climate of the Northwestern Altai, combined with the flat relief of the valleys, is favorable
for the accumulation of peat. Despite the high-diversity landscape of the Tigirek Reserve, the area occupied
by it which is clearly insufficient for mountain conditions, so that it could fully perform the functions of pre-
serving biota. Expansion of the reserve is necessary for greater coverage of the highlands and the upper part
of the forest belt with the protection regime. The landscape-cartographic analysis based on the structural-
genetic principle can be of key importance for environmental monitoring and evaluating cultural, regulation
and maintenance ecosystem services in nature reserves. The landscapes of the Tigirek Reserve are of great
scientific interest in the context of their response to global climatic changes and anthropogenic impacts that
took place in the past.

Keywords: Tigirek Reserve, Altai, landscape, landscape diversity, peatlands, upper treeline, ecosystem ser-
vices, ecological tourism.
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Forest-steppe landscapes are ecotonic systems that are characterized by a high degree of diversity due to the
combination of zonal forest and steppe landscapes, as well as swamps and meadows. The research is based on
a comprehensive analysis of literary sources, topographic and thematic maps, satellite images, as well as field
expeditions of 1997-2020. In the south-western part of the Tyumen Oblast, 12 types of terrain are differenti-
ated on an area of 30,000 km?, including types of terrain of divides, ridges, flat ridges, flat depressions, hill-
ock depressions, terraces, slopes, lakes and swamps, reed swamps, ravines and girders, floodplains of large
rivers, small valleys. The main features of the spatial organization of landscapes in the region and the land-
scape structure at the level of components are characterized. In the conditions of the region, the main part of
landscapes is convenient for economic development and used in various sectors of the economy. Meadow and
steppe landscapes, and partly forests are plowed. Pastures and hayfields are widespread on the territory. Such
economic activities as sand and peat extraction, wood harvesting, recreational nature use, as well as fishing,
hunting, and gathering have been developed. Some landscapes are protected by state as nature reserves.

Keywords: type of terrain, landscape structure, forest-steppe, Tyumen Oblast.

Introduction

Taking into account the landscape structure of territories is important for understanding the features of
natural processes, economic activities planning. On the example of the south-western part of the Tyumen
Oblast with an area of 30,000 km?, the landscape structure of the territory is characterized in detail at the lev-
el of types of terrain as combinations of landscape units and a set of landscape components; the main direc-
tions of economic use of landscapes are described.

Experimental

The landscape diversity of the forest-steppe on the example of the south-western part of the Tyumen
Oblast is characterized on the basis of a comprehensive analysis of special literature, topographic and the-
matic maps, satellite images [1], field explorations in the period of 1997-2020. In the article, the structure of
types of terrain is presented [2], the landscape components — features of the relief, geological foundation,
climate, hydrological conditions, soils, vegetation; economic use of the territory are characterized.

Results and Discussion

The landscapes of the forest-steppe were formed under conditions of insufficient moisture (the hydro-
thermal coefficient is 1.0) at an average annual temperature of +0.4 °C, the average temperature in January is
—18.0 °C, in July +19.0 °C. The sum of temperatures above +10 °C is 1800—1900°. The frost-free period lasts
120 days. An average of 335 mm of precipitation falls per year, of which 80—85 % is during the warm peri-
od.

In the northern forest-steppe, types of terrain of divides, ridges, flat ridges, flat depressions, hillock de-
pressions, terraces, slopes, lakes and swamps, reed swamps, ravines and girders, floodplains of large rivers,
and small valleys are differentiated [3, 4].

I. The type of terrain of divides is mapped on the Iset-Pyshma interfluve (Isetsky district), on the To-
bol — Borovaya Ingala interfluve (Uporovsky district), in the central part of the Yalutorovsky district, on the
watershed plains in the upper reaches of the Bochanka, Koktyul and right tributaries of the Uk River (Za-
vodoukovsky district). The type of terrain of divides includes flat and wavy watershed plains covered with
chernozems and gray forest soils, without noticeable signs of erosion.

The type of terrain is confined to wavy loamy watersheds with absolute heights of 80—152.6 m (the
highest point in the Tyumen Oblast without autonomous okrugs). The area is dominated by well-drained,
mostly plowed, surfaces on the site of meadows in combination with birch, birch-aspen and birch-willow
forests in depressions. The lithogenic complex is formed by alluvial deposits of the third and fourth above-
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floodplain terraces and eluvial-deluvial cover deposits represented by sands, sandy loams, loams and clays.
The landscape diversity is associated with the presence of a large number of depressions, valleys and the up-
per reaches of shallow girders [5].

The heavy-loamy variant of the type of terrain is represented by landscape units of high wavy plains
with arable land in place of meadow steppes on leached chernozems and meadow saline soils in combination
with birch grass forests (Convallaria majalis L., Thalictrum simplex L.) on gray forest soils. Rounded de-
pressions are occupied by birch forests, willow bushes and low-lying sedge-grass swamps (Caltha palus-
tris L., Phragmites australis (Cav.) Trin. ex Steud., Typha latifolia L.) on peat soils (Iset-Pyshma interfluve
northwards Isetskoye village).

Within the medium-loamy variant of the type of terrain, arable land in combination with birch, birch-
aspen and birch-willow forest outliers on meadow-chernozem soils predominate. Fragmentary low- and me-
dium-aged birch and birch-aspen broad-grass forests (Archangelica officinalis Hoffm., Conium macula-
tum L.) are distributed on dark gray forest soils.

On the Iset-Pyshma interfluve northwards Sizikovo, Barkhatovo, Arkhangelskoye villages, there are
meadows and arable land on leached chernozems and meadow soils in combination with birch grass forests
on gray forest soils. The landscape structure is complemented by landscape units of elongated, closed, un-
drained depressions with sedge-grass swamps, often overgrown with birch and willow, on peat soils.

The light-loamy variant of the type of terrain within the flat plains is represented by field and meadow
landscape units on meadow saline soils in combination with birch and birch-aspen forest outliers in depres-
sions. The landscape structure is complemented by isolated massifs of birch grass forests (Agrimonia pilosa
Ledeb., Agrostis albida Trin., Athyrium filix-femina (L.) Roth) on gray forest soils (the interfluve of the To-
bol and Borovaya Ingala rivers northwards Suyerka village). Flat-closed depressions with sedge-grass
swampy meadows (Alopecurus arundinaceus Poir., Carex acuta L., Eleocharis palustris (L.) Roem. &
Schult.) on peat bog soils have a limited distribution.

In the conditions of the region, the landscape units of the type of terrain of divides are among the most
convenient areas for agricultural development, which have been largely transformed into arable land. Grass
meadows are used as hayfields and pastures. Forests are used for collecting of berries, mushrooms, and me-
dicinal herbs, as well as for grazing livestock.

II. The type of terrain of ridges is confined to the drained watershed plains located southwards the Iset
River, in the basin of the Yemurtla River, in the upper reaches of the Bochanka and Singarivers (Isetsky,
Uporovsky, and Zavodoukovsky districts). Absolute heights vary from 100 to 140 m. There are numerous
deep ravines in the valley of the Kizak River. Loamy, sandy loam and sandy eluvial-deluvial and deluvial
cover deposits, alluvial deposits of the third and fourth above-floodplain terraces are common. Combinations
of forest landscape units and dry grass meadows are typical for ridges. Significant areas are occupied by ara-
ble land on the site of reduced forests. Swamp landscapes are rare and confined to flat-closed depressions.

By area, landscape units of medium-loamy variant with plowed meadow steppes on leached cherno-
zems, meadow soils in combination with birch grass (Adegopodiumpodagraria L., Lactucaserriola L., San-
guisorba officinalis L.) and sedge-grass (Carex cespitosa L., Puccinellia tenuissima Litv. ex V.I. Krecz.,
Scirpus sylvaticus L.) forests on gray forest soils (Goryunovo and Kolesnikovo villages) are dominated.
Landscapes of old-age birch sedge-grass forests on gray forest soils in combination with grass dry meadows
(Medicago falcata L., Phleum pratense L., Plantago lanceolata 1.) and arable lands on meadow soils
(Kirsanovo village) have been formed in shallow depressions. Eastwards Bateni and Bityuki villages, land-
scape units of grass and sedge-grass meadows and arable lands are mapped on the site of reduced forests in
combination with numerous birch and willow forest outliers on leached chernozems and gray forest soils
(Lipikha and Nifaki villages).

The heavy-loamy variant is characterized by landscape units of arable lands and meadows with birch
and birch-aspen forest outliers on leached chernozems in combination with birch and birch-aspen grass and
sedge-grass forests on gray forest soils (Masali and Pyatkovo villages). Meadows, as a rule, are confined to
the southern slopes of ridges or to the areas with clearly expressed signs of salinity [6].

The sandy loam variant is represented by landscape units of drained plains with pine and pine-birch
sedge-grass (Calamagrostis canescens (Weber) Roth, Carex vaginata Tausch, Filipendula vulgaris Moench)
forests on gray forest and sod-podzolic gley soils (Kirsanovo village). Within the contours of the sandy vari-
ant, under good aeration conditions, landscape units of pine and pine-birch berry-mossy (Linnaea boreal-
is L., Lycopodium clavatum L., Rubus saxatilis 1..) and grass forests on podzolic soils were formed (Kirsano-
vo village and Lebedevka settlement).
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In the basin of the Yuzya River, on high-plains pine-birch berry-mossy (Dryopteris filix-mas (L.)
Schott, Rubus saxatilis L., Trientalis europaea L.) and grass (Calamagrostis epigeios (L.) Roth, Lathyrus
pisiformis L., L. vernus (L.) Bernh., Linnaea borealis L.) and birch grass (Paris quadrifolia L., Urtica dioi-
ca L., Vicia cracca L.) forests are widely distributed on podzolic, sod-podzolic gley and gray forest soils.
Near settlements and villages forests have been cut down and plowed (Bateni and Bityuki villages). In the
area of Staraya Shadrina and Gubina villages, old-age pine berry-mossy forests in combination with dry
grass meadows (Alopecurus pratensis L., Lotus corniculatus L., Trifolium hybridum L.) and arable lands on
podzolic soils are dominated.

The forests of the type of terrain of ridges are regularly cut down. Dry meadows are used as hayfields
and pastures. In the forests, residents collect berries, mushrooms, medicinal herbs. The high degree of plow-
ing of the territory leads to a shortage of pasture lands, consequently, people use forests as pastures.

II1. The type of terrain of flat ridges is formed on flat-undulating inclined plains composed of loamy al-
luvial deposits of the fourth above-floodplain terrace. The type of terrain is mapped on the interfluves of the
left tributaries of the Iset River in the Isetsky district. The prevailing absolute heights are 80—100 m. The re-
lief is complicated by numerous depressions and ridges with a height difference of up to 1-5 m. The ground
water level varies from 0.5 to 5 m. The landscape structure consists of forest landscape units in combination
with dry grass meadows, some of which have been transformed into arable lands. Swamps are rare and con-
fined to flat-closed undrained rounded, less often elongated, depressions.

The most widespread ones are the landscape units of the heavy-loamy variant. The landscape units of
plains with birch grass forests (Berteroa incana (L.) DC., Chamaenerion angustifolium (L.) Scop.) on dark
gray forest soils dominate. Smaller areas are occupied by grass meadows (Melilotus albus Medikus, Trifoli-
um hybridum L., T. pratense L., Tussila gofarfara L.) and arable lands on leached chernozems. The land-
scape structure is complicated by numerous birch-aspen and birch-willow forest outliers on gray forest soils.
Landscapes of birch grass-marsh forests and mesotrophic sedge-willow swamps on low-lying peat soils have
been formed in flat-closed undrained wet depressions (Ishimsky settlement, Sozonovo village).

The medium-loamy variant is characterized by the predominance of dry-grained grass (Artemisia ab-
sinthium L., A. pontica L., Plantago major L.) meadows and arable lands on meadow soils. The landscape
structure is complemented by landscape units of birch grass and sedge-grass forests on gray forest soils. For-
ests and meadows are used as hayfields and pastures. Forests are used for berries, mushrooms, medicinal
herbs collecting. Some of the forests and meadows have been transformed into arable lands, but the total
ploughing of the territory does not exceed 30 %.

IV. The type of terrain of flat depressions is mapped on the above-floodplain terraces of the Tobol Riv-
er (Lebedevka and Zavodopetrovsky settlements, Korkino and Polyakovskaya villages), as well as in the
North-West of Yalutorovsky (westwards Kiyova village) and in the East of the Uporovsky (eastwards
Kiselyovo village) districts. Absolute heights vary from 110 to 140 m. The area is dominated by arable lands
in combination with meadow steppes, birch and birch-aspen forests along the depressions.

The structure of the sandy variant is dominated by landscapes of pine-birch lichen (Polygonatum odora-
tum (Mill.) Druce, Pulsatilla patens (L.) Mill.), berry-mossy (Chimaphila umbellata (L.) W.P.C. Barton,
Fragaria vesca L., Pyrola rotundifolia L.), and grass forests on podzolic soils. The light-loamy variant in-
cludes birch grass (Geranium sylvaticum L., Pulmonaria mollis Wulfen ex Hornem.) and sedge-grass (Carex
hirta L., Equisetum sylvaticum L., Filipendula ulmaria (L.) Maxim.) forests on gray forest soils.

Within the medium-loamy variant, wavy-drained surfaces with plowed meadow steppes on chernozem
and meadow-chernozem soils with birch, birch-aspen and birch-willow forest outliers dominate (upper
reaches of the Begila and the Uk rivers). Meadow-chernozem soils are characterized by a high humus con-
tent (6—8 %) and a close to neutral acidity (pH 6—7) [7]. The landscape units are convenient for economic
development and have been mostly transformed into arable lands.

V. The type of terrain of hillock depressions is mapped on the watershed plains in the Zavodoukovsky,
Isetsky, Uporovsky, and Yalutorovsky districts. It is characterized by rounded concave depressions, often
occupied by lakes. Absolute heights vary within a wide range — from 60—70 m in the lower reaches of the
Iset River to 100-140 m in the South of the Isetsky and Uporovsky districts. Erosion processes are poorly
expressed. The groundwater level varies widely — from 0.5 to 7-8 m.

The landscapes of sandy and sandy loam variants include high-drained plains with pine-birch reed grass
(Calamagrostis langsdorffii (Link) Trin., Melica nutans L.) and grass (Asarum europaeum L., Oxalis ace-
tosella L.) forests on podzolic, sod-podzolic and sod-podzolic gley soils in combination with lakes (Pa-
myatnoye and Singul Tatarsky villages). To a lesser extent, smoothed manes with berry-mossy pine forests
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are common on podzolic (Nizhneingal and Tatarsky Singul villages) and shallow depressions with sedge-
grass birch forests on sod-podzolic gley soils (Drobinino and Tyumentsevo villages). The landscapes of the
loamy variant include birch reed grass and grass forests on sod-podzolic soils in combination with grass and
sedge-grass meadows on chernozems.

The landscapes of the type of terrain of hillock depressions are actively used in economy. Industrial
logging is carried out in the forests; residents collect berries, mushrooms, medicinal herbs. Meadows and
forests are used as pastures; fishing is carried out in lakes. Part of the forest and meadow landscapes has been
transformed into arable land. The combination of forest landscape units with clean lakes creates favorable
conditions for the organization of recreational activities — resorts operate within the type of terrain. Within
the area, two region class reserves are organized — Rafailovsky is on the right bank of the Iset River and
Komissarovsky is in the upper reaches of the Yemurtla River.

VI. The type of terrain of terraces is mapped in Zavodoukovsky and Uporovsky districts on the above-
floodplain terraces of the Tobol River, as well as in the valleys of the Yemurtla, Kizak, and Koshair rivers.
The flattened relief is typical; it is complicated by the remnants of the fluvial network and forms of Aeolian
processing. Absolute heights vary from 60 to 100 m. Erosion processes are poorly expressed. The ground
water level varies from 3 to 10 m. A combination of forest, meadow and swamp landscape units is character-
istic.

Landscapes of the sandy variant have become the most widespread. Landscape units of drained wavy
above-floodplain terraces with pine and pine-birch lichen (4dntennaria dioica (L.) Gaertn., Equisetum hye-
male L., Polygonatum odoratum (Mill.) Druce), heather (Calluna vulgaris (L.) Hull, Calamagrostis epigeios
(L.) Roth) and berry-mossy (Fragaria vesca L., Maianthemum bifolium (L.) F.W. Schmidt, Vaccinium myr-
tillus L.) forests on podzolic soils dominate. The landscape structure is complemented by landscape units of
pine-birch-aspen and birch reed grass (Calamagrostis epigeios (L.) Roth, C. phragmitoides Hartm., Diphasi-
astrum complanatum (L.) Holub) and grass (4ngelica sylvestris L., Crepis tectorum L., Hieracium umbella-
tum L.) forests on podzolic and sod-podzolic soils that occur, in most cases, in the site of burn [8, 9].

The loamy variant is characterized by the predominance of landscape units of the terraces with pine-
birch grass (Bromopsis inermis (Leyss.) Holub, Lathyrus pratensis L., Poapratensis ssp. pratensis, Ranuncu-
lus repens L.) and sedge-grass (Carex vaginata Tausch, C. vulpina L.) forests on gray forest soils (upper and
middle reaches of the Yemurtla River). The landscape structure is complemented by landscape units of grass
meadows (Phleum phleoides (L.) H. Karst., Poa angustifolia L., Puccinellia hauptiana V1. Krecz.) on cher-
nozems (Berdyugino, Morevo, Slobodchiki, Staraya Nerda, and Yemurtla villages).

In many places, forests have been replaced by meadows used as hayfields and pastures. Industrial sand
mining was carried out in the quarries (Tumashovsky settlement). In the South of the Zavodoukovsky dis-
trict, the Komissarovsky region class reserve is organized on the above-floodplain terraces of the Yemurtla
River.

VII. The type of terrain of slopes is mapped in the areas of the valleys of the Tobol, Uk, and Begila riv-
ers and contiguous watershed plains in the Zavodoukovsky district. The landscapes are represented by slopes
with an inclination of more than 3°. Absolute heights vary from 80 to 130 m.

Within the type of terrain, all types of plant communities characteristics of the forest-steppe zone are
found. The upper and middle parts of slopes are occupied by pine-birch berry-mossy (Fragaria vesca L.,
Vaccinium myrtillus L.) and grass (4Angelica sylvestris L., Butomus umbellatus 1..) forests on sod-podzolic
soils (Zavodoukovsk town, Sungurovo village). There are also birch grass forests on gray forest soils in
combination with grass meadows (Atriplex patula L., Scorzonera purpurea L., Thlaspi arvense L.) on
leached chernozems and meadow soils (Markovo, Semenovo, Staraya Zaimka villages).

In the lower part of the slope, birch-aspen grass forests grow on gray forest soils (Semenovo and
Staraya Zaimka villages) in combination with sedge-grass meadows on meadow salted soils (Staraya Zaimka
and Yakovlevo villages). Landscape units of the type of terrain have been largely transformed into arable
land. Haymaking and grazing are carried out on the meadows. Forests are used for collecting berries, mush-
rooms, and medicinal herbs, as well as additional pasture lands. In the past, industrial sand mining was car-
ried out in several quarries.

VIII. The type of terrain of lakes and swamps is mapped on the flat, limited, drained above-floodplain
terraces of the Tobol River in the Uporovsky and Yalutorovsky districts. It is characterized by lake-covered
depressions, closed depressions with sedge-grass swamps and swampy birch woodlands. The prevailing ab-
solute heights are 60—65 m. The ground water level varies from 0.5 to 1.5 m. The background landscape
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structure is formed by forest-meadow flatlands with a combination of birch sedge-grass forests, dry grass
meadows and arable lands.

Typical are flat, low, undrained over-flood terraces with sedge-grass swamps (Carex vaginata Tausch,
Phragmites australis (Cav.) Trin. ex Steud., Schoenoplectus lacustris (L.) Palla, Typha latifolia L.) on peat
soils. To a lesser extent, grass-marsh birch forests (Equisetum palustre L., Eriophorum vaginatum L., Ledum
palustre L.) are common on peat soils. In economic terms, the landscapes are poorly developed. Mostly
landscape units are used as hunting grounds. Part of swamps has been transformed into arable land. Haymak-
ing is carried out in the meadows. On the lake terrace of the Moshkara — the Moshkara regional class re-
serve is created.

IX. The types of terrain of reed swamps is confined to flat depressions within the lake-alluvial plains on
the interfluve of the Iset and Ingala rivers (Isetsky and Yalutorovsky districts), flat above-floodplain terraces
of the Tobol River (Zavodoukovsky, Uporovsky, Yalutorovsky districts). The most characteristic location of
the type of terrain is flat, low, undrained terraces. Typical, in this respect, is the Zamannoye Swamp, which
is located on the first over-floodplain terrace of the Tobol River in Zavodoukovsky and Yalutorovsky dis-
tricts. The prevailing absolute heights are 55-60 m. Dominant landscape units are characterized by a close
occurrence of groundwater and peat accumulation processes.

Sedge-willow swamps are widely distributed in combination with pine-birch forests of different ages
(Ledum palustre L., Menyanthes trifoliata L., Myrtus communis L., Origanum vulgare L.) and sedge-
sphagnum (Carex limosa L., Equisetum palustre L.) forests. Less common are birch-willow grass-marsh,
birch grass-marsh and sedge-sphagnum forests on peat soils. In economic terms, the landscape units of the
type of terrain are poorly developed. Haymaking is carried out in the meadows; forests and swamps are used
for collecting berries.

X. The type of terrain of ravines and girders is mapped in the basins of the Yemurtla and Kizak rivers
(Zavodoukovsky and Uporovsky districts). Large differences in relative heights (50—-70 m) and significant
slopes of the territory (0.006—0.016) predetermined the intensive development of erosion processes. Ravines
are constantly growing, reaching a length of 10 km (Masali village).

In the basin of the Kizak River, steep-walled ravines deeply embedded in heavy loam have wet bottoms
with a temporary stream network. Typical are birch and birch-aspen and willow grass and sedge-grass
(Carex praecox Schreb., Poa angustifolia L., Puccinellia hauptiana V.1. Krecz.) forests on gray forest soils
(Masali and Markovo villages). Slightly, grass and sedge-grass meadows (Agrostis albida Trin., Carex ros-
trata Stokes, Festuca ovina L., F. rubra L., Phleum phleoides (L.) H. Karst.) are distributed on leached cher-
nozems (Vidonovo village).

Steep slopes of ravines and girders are occupied by birch sedge-grass forests on sod-podzolic soils (Py-
atkovo village). In gentle slope girders, pine-birch grass forests on sod-podzolic soils are common (Krash-
eninino and Panteleyevka villages). Sometimes ponds are created in such girders (Kolesnikovo village). Ra-
vine and girder forests are used for collecting berries, mushrooms, medicinal herbs. In the ponds, the resi-
dents reserve water, breed fish.

XI. The type of terrain of floodplains of large rivers is differentiated in the valleys of the Iset and Tobol
rivers. 1-6 km wide floodplains are composed mainly of loam, only in the area of Aslany village are mapped
the landscape units of sandy variant. Absolute heights vary from 50 to 55 m. In the structure of floodplains,
the near-river, central and near-terrace floodplains are clearly differentiated. Typical are landscape units of
ridges up to 5 m high, emerging early from flooding. Their surface is dominated by grass meadows (Bro-
mopsis inermis (Leyss.) Holub, Filipendula ulmaria (L.) Maxim., Phleum pratense L.) on alluvial sod-
meadow soils. The landscape structure is complemented by landscapes of saucer-shaped depressions with
aspic sedge-grass (Agrostis stolonifera L., Allium angulosum L., Glyceria fluitans (L.) R. Br., Potentilla an-
serina L., Stachys palustris L.) meadows on alluvial gley soils.

In the central floodplain, ridges and flat surfaces with 3—5 m high in combination with inter-ridge de-
pressions are common. The ridges are covered with grass meadows (Bromopsis inermis (Leyss.) Holub,
Lathyrus pratensis L.) on alluvial turf soils. Thickets of shrubby willows and sparse forests of black poplar
(Populus nigra L.) are common on the slopes of the ridges. Flat and shallow depressions are typical for the
near-terraced floodplain. Landscapes of wet sedge-grass meadows were formed on peat soils. Floodplain
landscape units are valuable forage lands, used as hayfields and pastures. The raised and drained floodplain
areas are largely plowed.
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XII. The type of terrain of small valleys is mapped in the valleys of tributaries of the Iset and Tobol riv-
ers. The marks of absolute heights vary widely — from 50 to 120 m. Loamy variants predominate, only in
the floodplain of the Yuzya River, sandy loam and sandy variants are common in fragments.

In the basin of the Iset River is dominated by landscapes of flat floodplains with birch and willow grass
(Geranium sylvaticum L., Lathyrus pratensis L.) and sedge-grass (Carex rostrata Stokes, Phleum pratense
L., Poa palustris L.) forests on gray forest and alluvial soils. Birch forests are widespread in the upper reach-
es of the Yemurtla River. In the floodplain, grass (Lotus corniculatus L., Melilotus officinalis (L.) Pall.,
Tanacetum vulgare L., Trifolium hybridum L.) and sedge-grass (Carex rostrata Stokes, Carex vaginata
Tausch, Elytrigia repens (L.) Nevski) meadows on leached chernozems, meadow and alluvial soils are com-
mon. In the floodplain of the Uk River is typically a combination of willows and sedge and grass meadows
on alluvial turf soils. The small-valley landscapes are mainly used as hayfields and pastures. In a number of
places on the rivers, ponds have been created (Begila and Chukhonka rivers); they are used for recreational
purposes.

Conclusions

The diversity of the forest-steppe landscapes in the southwestern part of the Tyumen Oblast is charac-
terized by a high degree both at the level of natural complexes and at the level of landscape components. In
the region, 12 types of terrain of divides, ridges, flat ridges, flat depressions, hillock depressions, terraces,
slopes, lakes and swamps, reed swamps, ravines and girders, floodplains of large rivers, small valleys are
differentiated and characterized in detail. Forest-steppe landscapes are convenient for economic development
and have been largely transformed as a result of mainly agricultural activities and partly industrial and recre-
ational activities. Such types of traditional nature use as gathering, hunting and fishing are paramount for
residents.
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A.B. MapuuHuH

TroMeHb 00/1bICHIHBIH OPMaH/IbI AAJIACHIHBIH JaHAAQTTBIK IpTYpJaiiairi (Peceii)

Opmanas! fnana ganmmadTrapsl — Oyl aifMakTHIK OpMaH jKoHE Jana JIaHAmadTTapblHbIH, COHali-aK Oat-
TaKTap MeH INaJFBIHIApABIH Yillecyine OalIaHBICTBI PTYPIIUIIKTIH JKOFaphl IeHreiliMeH CHITaTTaJaThIH KO-
TOHUKAIBIK Xyifenep. 3epTreynep o1e0u AepeKko3aepi, TonorpadusuIbIK jKoHE TaKBIPHIITHIK KapTaJlapibl,
CIlyTHHKTIK cyperTepui, congai-ak 1997-2020 xpuinapaarsl gaja SKCIEIUIUUIAPBIH )KaH-)KAKThl TajgayFa
Heriznenres. ToMeHb OOJBICHIHBIH OHTYCTIK-0athic Gomirinae 30 000 km? aynanna sep Oenepinin 12 Typi
capajiaHFaH, OHBIH iliHge Oeiy penbediHiH Typuiepi, skoTanap, Ka3blK JKOTajgap, KKas3blK OHmaTTap, TayJbl
oiimarrap, Teppacrap, OeTkeiaep, Kkenaep MeH OaTmakrap, KaMblc OaTmakrap, skapracrap MeH Oerertep, ipi
©3eH/IepAiH aNKaNTaphl, Killi agFapiap. AWMaKTHIH JaHIma]TTapbH KEHICTIKTIK YHBIMIACTBIPYBIH KeHOip
epeKIIeNIKTepl CHIIATTaNFaH, KOMIOHEHTTEp AEHreHiHneri JaHamadT KypbUIBIMBIHA CHIIaTTamMa OepiireH.
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Ajimax sxarnaiipiaaa aHmadTTapapiH Herisri 6eiri SKOHOMHKAINBIK JaMy YLIIH bIHFAHJIbI )KOHE SKOHOMH-
KaHbBIH SPTYPJI cajagapblHAa KOJIJAHBUIAAb, HETi31HEH MIANFBIHABI JKOHE Haja JaHauadTrapbl, COHOai-aK
JKapTBUIAH JKBIPTBUIFAH OpMaHap. AyMakTa >KalbUIBIMIap MEH IIaGBIHIBIKTAp KeH Tapanrad. Kym MeH
LIBIMTE3€K OHAIPY, aFall JailbIHAaY, PeKpealusIblK TaOUFaTThI Maiifanany, CoH/ail-ak OanbIk ayiay, aH ay-
Jay, KUHAYIIBUIBIK CHSKTBl SKOHOMHKAJIBIK KbI3MET Typusiepi mambiabl. Keiibip manguradrrapasl Taburu
KOPBIKTap CHSKTHI MEMJICKET KOPFai/Ibl.

Kinm ce30ep: penvedrin TYpi, TaHmmadT KYPEUIEIMBL, OpMaHAbIAaNa, TIOMEHb OOJIBICHL.

A.B. MapmHux

JlangmadTHoe pasnoodpasue gecoctenu TromeHnckoii o0aactu (Poccus)

Jlecocrennble maHamagTHl — SKOTOHUYECKHE CUCTEMBI, U1 KOTOPBIX XapaKTepHa BBICOKAs CTEIEHb Pa3HO-
o0pasus Oiaromapsi COYETAHUIO 30HAIBHBIX JIECHBIX M CTEIHBIX JaHAMAPTOB, a Takke 60yoT u JiyroB. Hc-
ClIeJOBaHUsI OCHOBAaHbI HA KOMIUIEKCHOM aHAJIN3e JINTEPAaTYPHBIX HCTOYHUKOB, TOMOTrPaQUISCKUX U TeMaTH-
YECKUX KapT, CIYTHUKOBBIX CHUMKOB, a TaKKe MoJieBbIX skcreaunuid 1997-2020 rr. B roro-3ananHoit yactu
Tromenckoit o6nacru Ha mwiomanu 30 000 km? nuddepennuposano 12 TUOB penbeda MECTHOCTH, BKIIOYAs
THIIBI penbeda pa3ienuTeIbHOH MECTHOCTH, XpeOTOB, PABHUHHBIX XpeOTOB, PABHUHHBIX BIAIMH, XOJIMHCTBIX
BITQJIMH, TE€Ppac, CKJIIOHOB, 03€p M OOJIOT, TPOCTHUKOBBIX OOJIOT, OBPAaroB M PHUTENeH, OMM KpyIHBIX peK, Ma-
JBIX 10JMH. ONUCcaHbl HEKOTOPBlE 0COOEHHOCTH MIPOCTPAHCTBEHHOM OpraHM3aliy JaHAmadToB peruoHa, na-
Ha XapaKTepUCTUKa JaHMA(PTHONH CTPYKTYphl Ha YPOBHE KOMIIOHEHTOB. B yCIOBHSX peruoHa OCHOBHAs
yacTh JaHAWAPTOB yA00HA A1 SKOHOMUYECKOTO Pa3BUTHA M UCIIOIB3YETCS B PA3IMYHBIX OTPACIAX SKOHO-
MHKH, B OCHOBHOM, 9TO JIyTOBbIC M CTENHbIC JaHAIIATHI, a TAK)KEe YaCTHYHO Jieca pacrnaxanbl. Ha Teppuro-
pHHU MIUPOKO PAcIpOCTPaHEHHI MACTOUINA ¥ CEHOKOCHI. Pa3BUTHI Takue BUABI XO35HCTBEHHOH JIEITEILHOCTH,
Kak Jo0bIua rmecka u Topda, 3aroToBKa APEBECHUHBI, PEKPEalliOHHOE IIPUPOAOIIOIB30BaHIE, a TAKXKe PHIOO-
JIOBCTBO, 0XOTa, coOmparenscTBo. HexoTophle manAmadThl 0OXpaHsSIOTCs TOCYAapCTBOM Kak MPUPOJHBIE 3a-
MOBEJHUKH.

Kniouesvie cnosa: TAII MCCTHOCTH, IIaHZ[IHa(i)THaS[ CTPYKTYpa, JIECOCTCIb, TroMeHcKast 00J1aCTh.
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Legacy of the great plan of environment transformation in Russia

In October 1948, a comprehensive long-term plan for the transformation of environment was adopted in the
USSR in order to ensure maximum sustainable yields in the main agricultural regions of the country. The pro-
ject, designed for the period 1949-1965, was developed as a reaction to the consequences of severe 1946
drought, but its content is undoubtedly a strategic document of national importance. The created forest belts
and reservoirs had to significantly diversify the flora and fauna of the country. Consequently, the plan com-
bines the tasks of environmental protection and obtaining maximum sustainable yields. The paramount fea-
ture of this plan was its thorough scientific support based on the ideas of a whole galaxy of prominent Rus-
sian scientists and practitioners. This plan anticipated the emergence of the national concept of rational nature
management. It was not fully implemented. However, the very fact of its adoption and partial implementation
has become a bright page in the history of domestic land use and an instructive example of a combination of
economic, social and environmental interests. Numerous manifestations of this plan legacy in modern condi-
tions are perceived as a multifunctional historical heritage that deserves a high national status.

Keywords: legacy, cultural landscapes, agriculture, nature management, environment transformation, heritage
sites.

Introduction

In the history of Russia, there were many projects for the transformation of nature. As a result of their
implementation, economic, cultural landscapes of local and regional scale were formed. Among them there
are a plenty of landscapes that can rightfully be attributed to the category “Unique economic landscapes”
(classification of cultural landscapes of the UNESCO World Heritage Center) or to the category “Standard of
environmental management efficiency” (according to the similar classification of V.A. Nikolaev). A special
place among such projects belongs to the so-called Stalin's plan for the transformation of nature — one of the
most ambitious in world history and throughout the years remains one of the most productive [1, 2].

The essence of the plan was the purposeful transformation of agricultural landscapes to ensure their op-
timal efficiency through scientifically grounded systemic reclamation measures. It so happened that the mul-
ti-year program of this project was not fully implemented. However, even in such a situation, this project left
behind a kind of historical legacy. One of the manifestations of this heritage is the transformed steppe land-
scapes on vast territories with such iconic elements as forest belts and water bodies. These landscapes are
unmistakably determined from the ground and when observed from the air, clearly visible in aerial photo-
graphs and images from space. Essentially, they really ensure the agro-economic stability of the respective
regions, convincingly demonstrating the advantages of a scientifically grounded culture of environmental
management.

Possessing features of objects of mixed natural and cultural heritage, these landscapes, with rare excep-
tions, do not have the corresponding status. However, in our opinion, they undoubtedly deserve it due to their
value from the standpoint of the history of nature management and ecological culture. To confirm this thesis,
let us take a further historical excursion.

Project background

Russia is a country with the deep traditions and great achievements in agriculture. For centuries, the
Russian peasant fed his country and ensured its export. In many ways, the success of Russian agriculture is
associated with the presence of a huge territory of black earth soils in the country — the most fertile lands in
the world for growing grain and the most other popular crops. At the same time, unfortunately, the entire ter-
ritory of the country is located in the so-called “zone of risky farming”. The risks in it are associated with
numerous natural disasters, the worst of which is drought — the ruthless enemy of the Russian countryside
and its peasants for centuries.
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Drought in Russia is not such a rare occurrence indeed. Yet, sometimes its scale reaches the dimensions
of a national catastrophe, manifested in the spread of hunger in the places of this disaster and the death of
tens and hundreds of thousands of people from it. Such catastrophes, in particular, were the droughts of 1891
and 1921. Nevertheless, the drought of 1946, which hit a huge part of the country, was the most terrible in its
consequences. The situation was aggravated by the dire consequences of the just-ended war with fascist
Germany and its European satellites.

In these conditions, the government of the country decides to take radical measures to prevent similar
phenomena in the future. It attracts leading specialists in the USSR to develop an unprecedented project of
guaranteed provision of favorable natural conditions for the development of agriculture in the main agricul-
tural zones of the country (Fig. 1). In modern times, it could be called a sustainable agriculture program.

\ Vi 1

P A3MEILERE TOCURAPCTEEHHbIX TECHEX @
IALWATHbIX NOADE K NONE3AWATHbIX NECOHACAKAEHHA

Figure 1. Schematic map of the 1948 environment transformation plan on the Soviet post stamp”

Plan and Its Context

In October 1948, authorities of the USSR adopted a comprehensive long-term plan for the transfor-
mation of nature in order to ensure maximum sustainable yields in the main agricultural regions of the coun-
try. In terms of its economic, environmental, and geographical characteristics, this plan had no precedent in
either domestic or world history. The project, designed for the period 1949—1965, was developed as a reac-
tion to the consequences of the severe drought of 1946, but in its content it was undoubtedly a strategic doc-
ument of national importance [3].

Despite the noted circumstances, this plan still remains ignored by analysts of the history of environ-
mental management. The initial reasons for this annoying fact are likely to lie in the political aspects of the
life of Russian society. It is believed that the named plan was developed and adopted on the initiative of the
Soviet leader Josef Stalin. Almost immediately, it received in society the title “Stalin's plan for the transfor-
mation of nature”’, which reflected both its essence and status (Fig. 2).

The immediate goal of the plan was to prevent droughts, sand and dust storms in the southern regions of
the USSR (Western Kazakhstan, the Volga Region, the North Caucasus, Eastern Ukraine). In accordance
with this plan, it was necessary to change the climate on an area of 120 million hectares, equal to the territo-
ries of Britain, France, Italy, Belgium and the Netherlands combined.

The central place in the plan was occupied by field-protective afforestation and irrigation. In total, it
was planned to reforest more than 4 million hectares of the territory and create state field-protection belts
with a length of over 5300 km [4]. These strips were supposed to protect the fields from hot southeastern
winds — dry winds. In addition to the state forest protective belts, forest belts of local importance were
planted along with the perimeter of individual fields, the slopes of ravines, existing and newly created reser-
voirs on the sands (Fig. 3).

* Hereinafter, photographs and scans of the authors and from open sources on the Internet.
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Figure 3. Field protection forest belts

The plan also provided for the introduction of a grass farming system developed by the outstanding
Russian scientists P.A. Kostychev and V.R. Williams. According to this system, part of the arable land in
crop rotations was sown with perennial legumes and bluegrass grasses. Herbs served as a fodder base for
animal husbandry and a natural means of restoring soil fertility.

The taken measures have led to a significant increase in grain yield. As a result of an increase of in-
vestment in agriculture and an improvement in the technical equipment of collective and state farms, it was
possible to create a solid forage base for the development of animal husbandry.

The plan envisaged not only absolute food self-sufficiency of the Soviet Union, but also building up the
export of domestic grain and meat products from the second half of the 1960s. The created forest belts and
reservoirs had to significantly diversify the flora and fauna of the USSR. Thus, the plan combines the tasks
of environmental protection and obtaining maximum sustainable yields.

Scientific support

The most important feature of the 1948 plan was its thorough scientific support, based on the ideas of a
whole pleiad of prominent Russian scientists and practitioners of agriculture. The leading place among them
rightfully belongs to the professor of St. Petersburg University Vasily Dokuchaev — the founder of modern
soil science (Fig. 4).

In 1892, a year after a terrible drought that engulfed almost the entire black earth zone of European
Russia, he published the book “Our Steppes Before and Now”. In this book, he simply and clearly explained
the causes of steppe droughts, which he saw not so much changes in natural conditions as in the predatory
nature management of that time, in the depletion of the natural fertility of chernozem (black) soils. There he
also proposed and substantiated a coherent system of measures that could protect the steppe zone of Southern
Russia from crop failures.
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Figure 4. Monument to V.V. Dokuchaev in Moscow near the Moscow State University

Dokuchaev’s system is based on his idea of “harmony with nature” and includes [3]:

—regulation of runoff of large and small rivers and arrangement of local water basins for irrigation of
adjacent lands;

— securing ravines with the help of forest plantations, wattle fences and hedges, arranging ponds to re-
tain snow and rainwater, in order to irrigate the underlying slopes and the bottom of the gullies, pro-
hibiting plowing of steep slopes;

—regulation of watersheds using a system of shallow ponds, rows of hedges for accumulating snow and
retaining spring and rainwater;

— afforestation of all sands, mounds and generally uncomfortable plots for arable land;

— development of norms that determine the relative areas of arable land, meadows, forests and waters,
that is, the correct organization of steppe territories;

— application of the most favorable methods of soil cultivation for the use of moisture and adaptation of
varieties of cultivated plants to local soil and climatic conditions.

Having developed a program for combating drought and having organized a number of experimental
sites for many years of testing their proposals, Dokuchaev created the basis for that grandiose plan for trans-
forming the nature of the steppes. The scientist understood that the program he proposed to combat drought
was a national task. However, it was impossible to implement it in the conditions of pre-revolutionary Rus-
sia. The ideas of the great Russian scientist about the radical transformation of the nature of the steppes were
in demand only after 50-60 years, under the conditions of a planned socialist economy with the active scien-
tific support within the framework of a national project.

Implementation of the plan

The implementation of the plan began almost immediately after the adoption of the government decree.
Among other things, this was facilitated by the active work deployed in the country to clarify the meaning of
the plan. Prominent scientists, university professors, municipal and regional authorities, cultural figures and
the media took an active part in it (Fig. 5). The topic of this plan has become one of the main points in the
country's information and educational policy. Nature conservation courses have become ubiquitous in uni-
versity curricular. In the field of education, the topic of nature conservation and transformation has dramati-
cally expanded its presence.
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Figure 5. Poster encouraging participation in the implementation of the forest planting plan

The adopted plan received the broadest public support. Undoubtedly, this was facilitated by its popular-
ization. However, the paramount factor was conscious support of this plan on the part of the country's peas-
ants. As bearers of traditional ecological culture, they saw in this government project a reflection of the pop-
ular ideas of increasing the efficiency of agriculture based on centuries of experience. The urban population,
most of which at that time were peasants in their very recent past, did not remain aloof from this project.

The most important advantage of this long-term plan was the possibility of obtaining economic results
literally from the first years of the creation of its infrastructure. So, it actually happened. By 1952, the infra-
structure envisaged by the plan was basically created and started to work. The quality of agricultural lands,
protected by forest belts and provided with modern reclamation, gradually increased — erosion decreased,
water balance was ensured, and as a result, the yield of fields and the productivity of forage lands increased.
The taken measures have led to an increase in the yield of grain crops by 30 %, vegetables — by 5075 %,
herbs — by 100-200 %. The situation changed in full accordance with the scientific forecast, which prom-
ised the country a significant progress in the agricultural sector and environmental well-being.

The fate of the plan and its meaning

However, with the death of Stalin in 1953, the fulfillment of the plan was curtailed. Many forest belts
were cut down, several thousand ponds and reservoirs for fish farming were abandoned; hundreds of forest
protection stations created in 1949-1955 were eliminated. Instead of the Stalin’s plan, the new Soviet leader
Nikita Khrushchev put forward another plan based on increasing the production of grain crops due to the de-
velopment of virgin lands. Unfortunately, this plan was not scientifically justified, which facilitated its nega-
tive environmental consequences, without providing sufficiently targeted economic results.

In spite of being only implemented partially, Stalin’s plan for the transformation of nature and its adop-
tion became a bright page in the history of domestic environmental management and an instructive example
of the combination of economic, social and environmental interests. The forest belts created at that time
firmly fit into the landscape of a number of the most considerable agrarian regions of the country, still ensur-
ing their well-being results (Fig. 6).

Figure 6. Dokuchaev's heritage, the legacy of the Stalin’s plan
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Despite the decades of the actual hushing up of this grandiose national ecological and economic project,
a number of its elements have been in demand both in Russia and abroad. Particularly impressive ones are
the large-scale afforestation of semi-desert and desert territories in China, as well as in some another coun-
tries. At the same time, it seems that many elements of the current forestry policy and environmental policy
of this country as a whole are based on the ideas of the scientific heritage of V.V. Dokuchaev and the lessons
of the Stalin’s Plan for the Transformation of Nature.

Artifacts of Outstanding Land Use Systems as Historical Heritage

The retrospective analysis undertaken above facilitated to make the following estimates:

—agricultural landscapes formed as a result of the implementation of the Stalin’s plan have a stable
economic and high historical and cultural value;

—they have been demonstrating their high economic value for about 70 years, which ensures recogni-
tion of the effectiveness of the land use systems they have formed;

— historical and cultural value of these landscapes is based on the synthesis of local agricultural tradi-
tions with scientifically based innovations;

— culture of farming, formed in the process of the formation of progressive systems of land use, is in
demand in modern conditions and in the future, especially in connection with the ongoing climate
changes.

These features give reason to consider the artifacts of the project under consideration as a formed phe-
nomenon of heritage, both material (outstanding in terms of their productivity systems of nature manage-
ment) and intangible (based on the scientific substantiation of V.V. Dokuchaev and other domestic scientists,
the experience of effective environmental management). In this case, we can talk both about cultural heritage
sites of the national level, and about proposals for the inclusion of especially outstanding cultural landscapes
in the World Heritage List. One of the most convincing arguments in favor of the formulated proposal is the
presence of such properties on the World Heritage List. Here are some examples (from among those person-
ally surveyed by the author).

One of the most famous and popular World Heritage Sites in Switzerland (Romandy) is the Lavaux
Terraced Vineyards (since 2007). The landscape of this World Heritage Site on the northern shore of Lake
Geneva is breathtaking in all seasons, attracting a huge number of tourists. It is no coincidence that the image
of this landscape is present on the 200-franc note (Fig. 7). However, the Lavaux vineyards became a World
Heritage Site not because of their aesthetic merits. They were nominated for the World Heritage list by the
government of this country as a unique example of centuries-old interaction between man and the environ-
ment, focused on the optimal use of local resources for the production of high-quality agricultural products.
In this case, it is wine, which is highly valued here and plays an important role in the economy of the region.

Figure 7. Lavaux vineyard landscape on a Swiss banknote

Lavaux vineyards are nominated according to three criteria: iii (demonstrating the cultural traditions of
extinct or modern civilizations), iv (unique buildings or architectural ensembles, including landscape) and v
(a prime example of a traditional settlement or land use system). The World Heritage List took into account
that “local communities actively support measures to protect nature, thereby striving to counter the threat of
galloping urbanization”.

Another illustrative example of this kind is the Indonesian site “Cultural Landscape of Bali Province:
Subak System as a Manifestation of the Tri Hit Karana Philosophy” (2012). Subak is a traditional water
management-based agricultural (terraced rice) system that has shaped the modern landscape of Bali (Fig. 8).
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It is believed that it is this system that has allowed the Balinese to become the most successful rice growers
in the archipelago.

Figure 8. Bali Subak system landscape

Subak was included in the world heritage according to four criteria: ii (unique object of architecture,
monumental art, urban planning, as well as especially valuable areas of the cultural landscape), iii (see
above), v (see above) and vi (demonstration of modern ideas, beliefs, trends in art, living traditions of man-
kind).

The list of such objects in the world heritage can be significantly extended. At the same time, these ex-
amples are enough to be convinced of the possibility of interpreting the artifacts of the Stalinist plan for the
transformation of nature as a heritage phenomenon that fully coincides with the criteria for identifying the
cultural heritage of UNESCO.

In this regard, we believe that the time has come for the recognition of the nature management sphere
formed in the course of the implementation of the largest project in Russian history as a phenomenon of his-
torical heritage. The inclusion of the artifacts of this project (in one form or another) in the register of nation-
al cultural heritage is also becoming relevant. In addition, it is legitimate to raise the question of our country
nominating an object associated with this project and having a symbolic meaning.

There are many options for choosing such an object. As an example, let us point out the State Nature
Reserve of federal significance “Kamennaya Steppe” with an area of 5232 hectares [4]. It is located in the
Talovsky district of the Voronezh region, on the watershed of the Bityug and Khoper River basins and was
created on May 25, 1996 by a decree of the Government of the Russian Federation. This protected area has
the profile of an integrated (landscape) reserve. It was created to protect the unique semi-cultural forest-
steppe landscapes. On the territory of the reserve, undisturbed classic chernozem soils have been preserved.
It is also important that this reserve is directly related to the research of V.V. Dokuchaev. An experimental
agricultural station named after this great scientist operates on its territory. The history of this “Dokuchaev-
sky oasis” is connected with another outstanding scientist of our country — Academician N.I. Vavilov, who
worked here in the 1920s.

Conclusions

Stalin's plan for the transformation of nature is perceived in our time as an outstanding event in the his-
tory of nature management in Russia. His project received an unprecedented scientific basis, it was enthusi-
astically supported by the entire vast country. It has become one of the national development priorities.
However, the fate of this plan turned out to be dramatic; it was actually curtailed without any real reason [5-7].

At the same time, its story is highly instructive. This plan largely anticipated the emergence of the do-
mestic concept of rational nature management and, to a certain extent, the Western concept of sustainable
development. This is especially true for our time — the era of transition to a “green” economy as the main
condition for sustainable development.

This plan left behind numerous valuable artifacts, a kind of legacy of the scientific ideas of great scien-
tists and a grandiose implemented project. Now, after seven decades, this legacy is increasingly perceived as
the historical legacy of Russia, and possibly of neighboring countries — Kazakhstan and Ukraine.
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1O.JI. Mazypos, M.B. Cnunenuyk

Peceiieri kopmaran opranbl TpaHchoOpMaAIUSIIAYIbIH
VJIBI KOCTIAPBIHBIH MYPAaChl

1948 xpuiaeH KasaH aibHna KCPO-ga ennid Herisri aybulapyambulbIK ayAaHIapbIHAA SKOFaphl TYPAKThI
OHIMIUIIKTI KaMTaMachI3 €Ty YIIiH KOpIIaraH OpTaHbl KaiTa KYpYABIH y3aK Mep3iMIi KocTiapbl KaObUINAH/IBL.
1949-1965 >xppmapra apHairad x00a 1946 >KbUIFBI KAaTThl KYPFaKIIBUIBIKTBIH OCEpiHE PEakLus peTiHne
yKacanbl, OipaK OHBIH Ma3MYHbI CO3Ci3 MEMJICKETTIK MaHbI3bl 0ap CTPATErusUIbIK KY)KaT OOJbIN TaObUIabl.
Kypasiran opMaH ajkanTapbl MEH Ccy KolManapsl esiiH (iopacsl MeH (ayHachlH edyip dpTapanTaHibIpybl
kepek eni. COHBIMEH KaTap >KOCIap KOpILIAaraH OPTaHbl KOPFAay JKOHE JKOFaphl TYpPaKThl OHIM aiy
MiHzeTTepin GipikTipeni. By xocnapaslH MaHBI3ABI €peKIIeNiri MBIHAAA: KOPHEKTI OpBIC FAIBIMIAphl MEH
MIPaKTHKTEPIHIH HIesIapblHa HETi3JeNreH, SFHU JKaH-KaKThl FBUIBIMH KaMTaMmachl3 eTimyi Oonmel. Byn
JKOCTIap TAOWFATTH! YTHIMJBI MaiIanaHyAblH YITTHIK TYKBIPHIMIAMachIHBIH Taiina OoNybIH Ke3xeni, Oipak
TOJIBIK OpbIHAANIMab!. JlereHMeH OHBIH KaOBUINAaHyBl MEH ilIiHapa >KY3ere achIphUTYBIHBIH 031 OTaHIBIK JKep
HaiijajaHy TapUXbIHBIH XKapKbIH 11aparbl KOHE YKOHOMHKAIIBIK, QJICYMETTIK JKOHE SKOJOTHSIIBIK MYyJesep
yiieciMiniH  TarpuTbIMIBL  yirici Oonmel. Kasipri jxarmaiima OCbl JKOCHApIbIH MYPACHIHBIH KONTEreH
KOpIHICTepi )KOFapbl YITTHIK MopTedere ve Ko yHKIMOHAI/IbI TAPUXU MYpa peTiH/ie KaOblIgaHa bl

Kinm cesoep: mypa, Mozienu nanaumadTTap, aybul LIapyalbUIblFbl, TAOUFATThINANIATaHy, KOPLIAFraH OpPTaHbl
KaiiTa Kypy, Mypa oOBeKTiIepi.

1O.JI. Mazypos, M.B. Cnunenuyk

HacJsieque BeJIMKOro mJjiaHa TpancopManum oKpy:kawmei cpeasl B Poccnn

B oxtsa6pe 1948 r. 8 CCCP 6511 npunaT KoMIIIeKCHBIH 10AT0CpOYHBI IIIaH peoOpa3oBaHus OKpYKaromen
Cpexsl ¢ enbio 00ecedeH s BEICOKUX YCTOMIHMBBIX yPOKaeB, B OCHOBHBIX CEIbCKOXO03SHCTBEHHBIX paifoHax
ctpanbl. [Ipoexr, paccuntansbiii Ha nepuon 1949—-1965 rr., paspabaThIBasICsl KaK peakuus Ha MOCIEACTBUSL
CHIBHOI 3acyxu 1946 r., HO, IO CBOEMY COZEPKAHUIO, HECOMHEHHO, SBJISUICS CTPATETMYECKUM JOKYMEHTOM
ToCyAapCTBeHHON BakHOCTU. CO37jaHHbIE JIECOMOTIOCH! M BOZOEMBI JOIKHBI OBUIH 3HAYMTENBHO Pa3HOOOpa-
3uth Qropy u dayHy crpansl. Takum 00pa3om, IUIaH coUeTaeT B ceOe 3a1au OXpaHbl OKPYIKAIOIIEH cpelbl 1
TIOTy4YeHUS] BEICOKUX YCTOMYMBBIX yposkaeB. BakHelmeldl 0cOOEHHOCTBIO ITOrO IDIaHAa OBLIO €ro OCHOBa-
TENBHOE HAyYHOE COIIPOBOJKACHNE, OCHOBAHHOE HA MJEIX LEJION IUIEsAbI BEIIAIOMNXCSI POCCUIICKUX YUEHBIX
W TIPAKTUKOB. DTOT IUIAH IpEAIoJaraj IOsIBICHHE HAIMOHAIBHOW KOHIICHIIMU PAalOHAIEHOTO HPUPOIO-
TI0JIb30BaHMS, KOTOpast He OblIa BHIIIOJIHEHA B TTOJHOM o0beme. OnHako caM (akT ero IPUHATHS U YaCTHIHO-
TO OCYILIECTBIIEHHS CTall SIPKOH CTpaHHMIIEH B UCTOPHH OBITOBOTO 3€MJIEHONIB30BAHUS U MOYYHTEIBHBIM MPH-
MEPOM COYETaHHsI SKOHOMHYECKHX, COIIMAIBHBIX M 3KOJIOTMYECKUX HHTEPECOB. MHOTOUHCIEHHBIE MIPOSIBIIE-
HMS HACJIEZUs BTOTO IIaHa B COBPEMEHHBIX YCIOBHSAX BOCIPUHUMAIOTCA KaK MHOTO(YHKIHOHAIBHOE HUCTO-
pHYECKOe HacIeane, 3acTy>KUBAIOIIEe BBICOKOTO HAlIMOHAIBHOT'O CTaTycCa.

Knoueswvie cnosa: HacJieaue, KyJIbTypPHBIC IIaHZ[I_Ha(i)TbI, CCJIbCKOC XO3ﬂﬁCTBO, IpUPOJAOIIOIB30BAHUE, Hpeo6-
pa3oBaHuC 0pr>1<a}ou1e171 Cpenabl, 00BEKTHI HacJICcaus.

208 BecTHuk KaparaHauHckoro yHusepcuTeTa



Legacy of the great plan of environment transformation in Russia

References

1 Voitsekhovsky, M. (2008). Gosudarstvennyi lesnoi poias [State Forest belt]. Nezavisimaia gazeta — Nezavisimaya Gazeta,
Nov., 26 [in Russian].

2 Saushkin, Yu.G. (1952). Velikii plan po transformatsii prirody [A great plan for transforming nature]. Voprosy geografii.
Vyp. 28. Problemy fizicheskoi geografii v sviazi s bolshimi stroitelnymi proektami kommunizma — Questions of Geography. Issue 28.
Problems of physical geography in connection with the great construction projects of communism. Moscow: Geografgiz [in Rus-
sian].

3 Golubchikov, Yu.N. (2018). Pervaia v mire globalnaia agroekologicheskaia programma (k 70-letiiu «Stalinskogo plana
preobrazovaniia prirody») [The world's first global agro-ecological program (to the 70th anniversary of the “Stalin's plan for the
transformation of nature”)]. Proceedings from Ecological and geographical research in river basins: 5-ia Vserossiiskaia nauchno-
prakticheskaia konferentsiia — Fifth all-Russian scientific-practical conference. Voronezh: Voronezh State Pedagogical University
[in Russian].

4 Shipunov, F. (1988). Dokuchaevskie «bastiony» [Dokuchaevskie “bastions”]. Chuvstvo Zemli: sovetskie uchenye i pisateli o

zashchite rodnoi prirody, ob ekologii upravieniia — Sense of the Earth: Soviet scientists and writers on the protection of native na-
ture, on the ecology of management. Moscow: Mysl [in Russian].

5 Marchenko, N. Rassekrechennaia istoriia. Velikii plan preobrazovaniia prirody [Declassified history. The great plan for the
transformation of nature]. Retrieved from: http://tvkultura.ru/video/show/brand_id/31793/episode id/2042658 [in Russian].

6 Mazurov, Y. (2021). Great Plan of Environmental Transformation: from the history of nature management in Russia. Explore
Rural India, 8 (1); 41-44.

7 Panfilov, V.F. (2004). Lesnye bastiony [Forest bastion]. Moscow: Priroda [in Russian].

Cepusa «brnonorusa. MeguuuHa. Neorpadcumsa». Ne 4(104)/2021 209



DOI 10.31489/2021BMG4/210-218

UDC 911.52

S.V. Solodyankina, Yu.V. Vanteeva

V.B. Sochava Institute of Geography SB RAS, Irkutsk, Russia
Corresponding author: solodyankinasv@mail.ru

Geosystems of the Primorsky ridge (Baikal region) — classification and mapping

In this article, the application of landscape approach for geosystem classification and mapping was discussed
on the example of the landscapes of the Primorsky ridge (Baikal region). Authors of this study used the ge-
osystem concept formulated by V. Sochava and method of factorial-dynamical series of facies developed by
A. Krauklis for modeling landscape structure of study area. The basis for the development of a hierarchical
classification of geosystems was the data of fieldwork at 70 plots. The ordination of the plots by three param-
eters (topographic wetness index, slope steepness and humus thickness) was carried out using the method of
ternary plots to group geosystems into classes and determine their dynamic state. The landscape map was
compiled at the local scale (1:50 000) based on fieldwork, DEM, and remote sensing data. As a result, 14
groups of facies were identified in the study area. They were represented by both climax and succession stag-
es, as well as anthropogenic modifications. The main classes of facies formed under the influence of local en-
vironmental factors were revealed using factor-dynamic analysis. They are represented by the following dy-
namic series: sublithomorphic, subhydromorphic, and subxerolithomorphic. The 66 % of the study area is oc-
cupied by landscapes of the sublitomorphic series.

Keywords: factoral-dynamical series of facies, landscape approach, geosystem structure, hierarchical
classification, landscape typological map, satellite images, digital elevation model, ordination.

Introduction

The optimal and sustainable land use is achieved on the basis of understanding the processes occurring
in the natural system. The classification of geosystems and their mapping is one of the main methods for
studying the spatial structure of landscapes. Despite the active development of geo-information technologies,
remote sensing methods and improvement of computer processing of spatial data, which greatly facilitates
the work, to date, a unified approach to the compilation of landscape maps has not been developed. This
circumstance is inextricably linked with the absence of a generally accepted taxonomic system of landscape
units, which is due to the issues of landscape modeling that are still unresolved in the theory of landscape
science (reflection of emergent properties, geostationary and geodynamic essence of the landscape,
determination of hierarchical levels of landscape organization) [1].

Various approaches are used to identify the structural units of landscapes. One of such approaches is the
theory of geosystems [2]. The geosystem approach is widely used in the applied aspects of landscape
science, landscape ecology, and landscape planning [3—6].

The study of the landscape structure using various models allows to get a more complete picture of the
processes of integration and differentiation in the geographic envelope [7].

Typification and classification of geosystems are aimed at identifying the general properties of
geosystems and their invariants for different locations (conditions) [8]. In most cases, the typification of
landscapes is based on morphological and functional indicators [9].

The aim of the study is to compile a hierarchical classification of the geosystems of the Primorsky
Ridge in the Baikal region and to carry out large-scale mapping of a test site of this territory.

Landscapes of the Primorsky Ridge (Baikal region) were selected as the object of research. The study
area with an area of 283.4 km? shown in Figure 1 is located in the southern part of the ridge, within the
central ecological zone of the Baikal natural territory which is insufficiently studied in terms of landscape
[10]. The relief of the territory is low-mountainous (460—1177 m), characterized by deep dissection (up to
600 m) and significant steepness of slopes (up to 60 °). The annual arrival of total solar radiation is 4400—
4600 mJ/m? [11]. The climate is humid with moderately cold summers and winters. The annual amount of
precipitation on the windward (northwestern) slopes and crests of the ridge is 400-600 mm, on the leeward
(facing Baikal) — 200—300 mm [12]. The thickness of the snow cover reaches 60 cm [11].
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Figure 1. The location of the study area and test plots
(the background is “Stamen Terrain” http://maps.stamen.com/)

Mountain-taiga light-coniferous forests are widespread in the territory. The watersheds and near-
watershed parts of the slopes are dominated by mountain-taiga dark coniferous, mainly cedar forests with the
participation of fir, larch, and pine. Warmed by the sun, the slopes of the southern and southeastern exposure
are occupied mainly by steppe larch and pine forests in combination with steppes. The valley bottoms are
covered with meadows and swamps. Various stages of restorative successions are also common in the study
area — young and middle-aged birch-aspen, aspen-birch, and larch-pine forests [13].

Experimental

The research included several stages: collecting information about the study areas (thematic maps,
space images, etc.); field works (geographical and botanical descriptions of sample plots); the creation of
GIS-projects and databases; classifications of geosystems using geosystem approach; delineation of the
borders of landscape units using methods of GIS analysis and processing of remote sensing data; computer-
based supervised classification of landscape units [14].

The input data were digital elevation models (SRTM with a resolution of 30 m), topographic maps
(1:200,000), multispectral space images (Landsat-8 with a resolution of 30 m), the map of landscapes of the
South of Eastern Siberia (1:1,500,000) [15], geological maps (1: 200,000) and other published thematic maps
(landcover, land use, vegetation and soil units), literature data.

The main sources of information about the studied landscapes were field data. Between 2017 and 2020,
70 physical-geographical descriptions (look it on https://www.researchgate.net/publication/337944189
Primorskij hrebet) were completed on the study areas. Representative sample plots (15 to 15 m)
characterizing the landscape diversity was laid in all major landforms.

At the stage of preliminary landscape mapping, an automatic classification of images from different
seasons was carried out using the ISODATA method, then by using a digital elevation model, a classification
of relief forms based on the index of the topographic position was conducted. According to the combination
of classification parameters for the image and the relief form, each section is assigned to a certain type of
landscape by the preliminary classification of geosystems [13]. As a result, we concluded that the use of
remote sensing and GIS data is still impossible without carrying out field studies and manual correction of
the contours and their parameters. The high fragmentation of the landscape contours obtained by this method
(104,000) required generalization and editing based on the data of field complex studies and other above-

Cepus «buonorusa. MegmuuHa. Meorpadus». Ne 4(104)/2021 211



S.V. Solodyankina, Yu.V. Vanteeva

mentioned spatial data collected in the working project. In the range of scales 1:5,000 to 1:25,000, the
contours were re-digitized using the QGIS program (their number was reduced by more than a hundred
times). Work with spatial data was carried out in the geographic coordinate system WGS-84, in the universal
transverse Mercator projection (UTM), zone 48N.

The legend to the map was improved: the facies groups were ordered according to the facies classes
depending on their belonging to a certain factor-dynamic series [16], in which the root variant, which is
closest to the zonal norm (or altitudinal belt), and serial facies groups, modified under the influence of a
certain factor (lithomorphic, hydromorphic, cryomorphic, etc.) or a set of factors. The degree of influence of
landscape-forming factors was determined from the data obtained during the processing of the DEM
(landform, slopes, exposure of slopes, topographic moisture index), and from data on the type of vegetation
[17].

Classification of geosystems was carried out for a number of geomers: examples of facies (the lowest
hierarchical level), groups of facies, classes of facies, and geoms (highest hierarchical unit at the local level).
To determine the factoral-dynamic series of facies and groups of facies, we performed ordination of test plots
along the axes of three parameters as follows: the thickness of the humus horizon (field data), the
topographic moisture index, and the slope calculated from DEM. The identified groups of sample plots were
provided with the characteristics of the microrelief, vegetation, and soils. After that, they were ordered into
typological units (groups of facies) [18].

Geoms were identified from their belonging to a particular belt, with similar structural characteristics of
soil cover and vegetation. The class of facies is defined as the set of facies of one factorial-dynamical series
and has its own primary variant (the primary group of facies), which are closest to the zonal norm, and serial
groups of facies which are modified by a particular leading factor. In this case, the facies are connected by
one equifinal state with a corresponding primary plant formation. Groups of facies are identified according to
the degree of seriality (variability, reduction) and, hence, a decrease of the degree of correspondence to the
zonal norm. They are separated according to the degree of modification into the following categories:
primary (P) — facies in which the series of successions end with the establishment of a relative stability of
biogeocenoses; pseudo-primary (PP) — facies characterized by the hypertrophied influence of one or several
environmental factors which endows the biogeocenoses with a significant potential dynamism, additionally,
serial (S) — facies where no stabilization of the structure and regimes of the biogeocenoses is reached
because of the environmental conditions [17].

Humus

50

*03P18

®17p18
®24p18 /
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®18p:

I
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Figure 2. Ordination of plots belonging to two geomes: Mountain dark coniferous taiga and Cedar-larche taiga
of intermountain basins and valleys (I — the facies close to the primary dynamic state, Il — the facies close to the
pseudo-primary state of subhydromorphic series) in the space of indicators of three factors:
the thickness of the humus horizon, the topographic moisture index, the steepness of the slope

The ordination of the descriptions was carried out by constructing a ternary plot (Fig. 2). When
constructing it, a triangular coordinate system on a plane is used to study the relationships between three
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variables. As a result, the main factor series were identified — sublitomorphic (structural-denudation
surfaces characterized by significant substrate skeletal structure), subhydromorphic (drainage depressions,
valleys, and valleys, characterized by increased moisture) and subxerolithomorphic, formed under the
influence of a complex of factors: arid conditions characteristic of slopes, in the rain shade, and the skeletal
nature of the substrate. Classes of facies are grouped into geomes according to the zonal affiliation and
similar structural features of the vegetation cover. The hierarchical levels above the geome are given
following the legend of the map “Landscapes of the South of Eastern Siberia” [15].

As the result of landscape classification, the 5 geoms, 7 classes of facies and 14 groups of facies were
identified on the study area (Tab. 1, Fig. 3). The calculation of the areas showed that the larch-pine forest
with the admixture of aspen and rhododendron, red bilberry, small grasses, and often with Bergenia and
green mosses on steep slopes (group of facies Ne 6, see Table 1 and Fig. 3) is most widespread in the study
area. It covers 19 % of the territory. The group of facies Ne 2 (see Tab. 1 and Fig. 3) also occupies a large
area (17 %).

Results and Discussion

Secondary mixed aspen-birch and birch-aspen forb grass forests (Ne 4a, 7a, 9a) cover 5.7 % of the study
area. Anthropogenically transformed landscapes occupy an insignificant area (3.4 %) and are represented
mainly by several small villages.

Rivers 6
Water bodies 7
Group of facies /7 7a

Figure 3. Geosystems of the southern part of the Primorsky ridge

Table 1
The fragment of legend to the map “Geosystems of the southern part of the Primorsky ridge”
No Group of facies
NORTH ASIA TAIGA Dynamic state
Class of geoms “Mountain taiga of South Siberia” of geosystem™

Geom “Mountain dark coniferous taiga”
Class of sublithomorphic facies
Fir (Abies sibirica Ledeb.) — Siberian cedar (Pinus sibirica Du Tour) forest with shrubs
1 |(Duschekia fruticose (Rupr.) Pouzar, Sorbus sibirica Hedl.) and Bergenia (Bergenia crassifolia P
(L.) Fritsch) on narrow watersheds and near-watershed slopes (03P18, 17P18, 18P18, 24P18)**
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Continuation of Table 1

Geom “Siberian cedar-larch taiga of intermountain basins and valleys”

Class of subhydromorphic facies
Siberian cedar—larch (Larix sibirica Ledeb.) with the admixture of spruce (Picea obovate
Ledeb.) and birch (Betula spp.) shrubby (Rhododendron dauricum L., Spiraeca media Schmidt)
forest with red bilberry (Vaccinium vitis-idaea L.), small grasses (Lycopodium annotinum L.,
2 |Maianthemum bifolium (L.) F.W. Schmidt) and green mosses (Pleurozium schreberi (Brid.) PP
Mitt.) (02P19, 05P19, 05BG20) combined with birch — spruce shrubby (Duschekia fruticosa,
Chamaedaphne calyculata (L.) Moench) forest with sedge and sphagnum in intermountain
basins and valleys (01P19, 07BG20)

Geom “Mountain light coniferous taiga”

Class of sublithomorphic facies
Larch—pine (Pinus sylvestris L.) with Siberian cedar undergrowth and rhododendron
3 |(Rhododendron dauricum) suffruticose (Linnaea borealis L., Vaccinium vitis-idaea) forest with P
green mosses on watersheds and near-watershed slopes (03BG20, 03BI'18)
Pine forest with larch, forb (Chrysanthemum zawadskii Herbich), and legume grasses (Lathyrus

4 |humilis (Ser.) Spreng., Vicia cracca L.) on watersheds and near-watershed slopes with rocks S
(01BG18)

4a Secondary mixed aspen (Populus tremula L.) — birch (Betula spp.) and birch-aspen forb grass
forests

Larch-pine shrubby (Ledum palustre L., Rhododendron dauricum, Duschekia fruticosa) forest
with Siberian pine undergrowth, red bilberry and small grasses (Maianthemum bifolium,
5 |Linnaea borealis) combined with sedge (Carex sabynensis Less. ex Kunth) and green mosses PP
(Pleurozium schreberi, Polytrichum commune Hedw.) on gentle slopes and piedmont plains
(03P19, 04P19, 06P19, 07P19)

Larch-pine with the admixture of aspen forest with rhododendron (Rhododendron dauricum),
6 |red bilberry, small grasses, and often with Bergenia and green mosses on steep slopes (08P18, S
08P19, 09P18, 03bI'17, 04bI20)

Larch-pine with the admixture of aspen and birch forest with small grasses (Maianthemum
bifolium Galium boreale L.), legume grasses (Vicia baicalensis (Turcz.) B. Fedtsch., Vicia

7 amoena Fisch.), and graminoids (Calamagrostis arundinacea (L) Roth, S
Brachypodium pinnatum (L.) Beauv.) mostly on steep slopes (01P18, 02P18, 04P18, 11P18)
7a Secondary mixed aspen-birch and birch-aspen forb grass forests

Class of subhydromorphic facies
Birch-larch with Siberian cedar and pine shrubby (Rosa acicularis Lindl., Spiraea spp.) forest
with sedge (Carex macroura Meinsh.) and forb grasses (Allium microdictyon Prokh., Rubus
saxatilis L.) (05P18, 02BG20, 01BG20), sometimes replaced by small grasses (Trientalis
8 |europaea L., Maianthemum bifolium) and shavegrass (Equisetum spp.) (16P18) combine with S
shrubby (Padus avium Mill., Spiraea flexuosa Fisch. ex Cambess.) meadows with tall grasses
(Cardamine macrophylla Willd., Aconitum septentrionale Koelle) and fern (Matteuccia
struthiopteris (L.) Tod.) in valleys (06P18, 07P18)
Geom «Piedmont light-coniferous subtaigay
Class of sublithomorphic facies
Larch-pine shrubby (Spiraea media, Rhododendron dauricum, Rosa acicularis) forest with
legume grasses (Vicia unijuga A.Braun, Vicia nervata Sipliv., Lathyrus humilis) and
graminoids (Calamagrostis arundinacea, Poa sergievskajae Prob) often with forb (Pulsatilla
ppatens (L.) Mill., Iris ruthenica Ker Gawl., Chrysanthemum zawadskii Herbich) on steep slopes,
mainly of southern and southeastern aspect (19P18, 20P18, 21P18, 22P18, 26P18, 27P18,
29P18, 30P18, 31P18, 06BG20, 04BG18)
9a Secondary mixed aspen-birch and birch-aspen forb grass forests
Class of subxerolithomorphic facies
Steppificated pine forest with cotoneaster (Cotoneaster melanocarpus Fisch. ex Blytt,
Cotoneaster lucidus Schltdl.), sedge (Carex korshinskyi Kom.), graminoids (Koeleria cristata
(L.) Pers., Agropyron distichum (Georgi) Peschkova), and forb (Rhaponticum uniflorum (L.)
DC., Kitagawia baicalensis (1. Redowsky ex Willd.) Pimenov, Artemisia gmelinii Weber ex
Stechm.) on steep slopes, mainly of southern aspect (10P18, 13P18, 01BG17, 02BG18, 23P18,
33P18)

10
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Continuation of Table 1

CENTRAL ASIAN STEPPE
Class of geoms “Mountain Western Baikal steppes”
Geom “Piedmont steppes”
Class of subxerolithomorphic facies
Steppes (Agropyron cristatum (L.) Gaertn., Koeleria cristata, Tephroseris integrifolia (L.)
Holub, Thymus baicalensis Serg., Carex pediformis C.A.Mey., Poa sibirica Roshev.) often S
with cotoneaster (Cotoneaster melanocarpus) and single pines and larch on steep slopes with
rocks, mainly of southern aspect (12P18, 15P18)
Anthropogenically transformed geosystems
14 | Settlements and infrastructure
Notes: * Dynamic state of geosystem: P — Primary, PP — Pseudo-primary, S — Serial; ** In parentheses the plots numbers
are indicated, see Fig. 1.

13

As noted by D.V. Zolotov and D.V. Chernykh [19], in addition to constructing factorial-time series,
other principles of systematization of geosystems at the topological level have been developed, for example,
the classification of elementary landscape areas by L.G.Ramenskiy, geochemical classification of
elementary landscapes, universal typological classification of facies by Prokaev et al. [20], etc. However, it
is the factorial-dynamic approach of A.A. Krauklis “takes into account the lateral connections that go beyond
the gravity conjugation of locations and, despite the functional-dynamic basis, makes it possible to judge the
genesis of the landscape structure” [16]. The resulting model of factorial-dynamic series, built-in with a
hierarchical classification, links local data with the region as a whole and makes it possible to trace the
dynamics of geosystems, taking into account their genesis. This approach allows to identify the relationships
between geosystems, which are considered as stable systems but subject to continuous changes under the
influence of various factors. In this case, the structure is understood as an invariant (unchanging) aspect of
the system, and the dynamics are a rhythmic change in the states of the geosystem under the influence of
internal and external factors within a certain time interval, which does not lead to a change in its structure
[21]. Field landscape mapping, despite the development of remote sensing methods, remains relevant.
Without these soil descriptions, it is difficult to accurately determine the root state of areas of the territory
that are in the stages of restorative succession.

Conclusions

The main features of the landscape structure of the southern part of the Primorsky Ridge are identified
based on the analysis of the results of geosystem classification and mapping. Geosystems of the study area
are represented by a combination of four types of mountain taiga geoms (correlated with high-altitude zones)
and one steppe geom. Such a contrast in a relatively small area is due to the influence of the barrier effect
under conditions of high-altitude zonation. Steppe landscapes are formed on the slopes of the southern and
southeastern exposure in conditions of a rain shadow.

The seven classes of facies formed under the influence of local environmental factors are represented by
the following dynamic series: sublithomorphic, subhydromorphic, and subxerolithomorphic. Factoral-
dynamic analysis of the geosystems showed that deep ruggedness of the relief and significant distribution of
steep slopes have the greatest impact on the formation of geosystems at the local level. The study area is
mostly occupied by landscapes of the sublitomorphic series (66 %) also 29 % of the territory is covered with
landscapes of the subhydromorphic series, and 5 % — subxerolithomorphic. Only 5 % of the study area is
occupied by landscapes in a primary dynamic state.

The modeling landscape structure in the framework of the geosystem approach using factoral-
dynamical series of groups of facies allows considering both regional and local factors of landscape forming.
This can be of great practical importance for predict changes in the landscape structure under the influence of
both natural and anthropogenic factors, ecological monitoring, assessing the resource potential of the
territory and landscape functions, landscape planning, and other applied tasks.
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C.B. Comogsauakuna, FO.B. Banreena

IIpumopck xoTacbIHbIH reoxyienepi (baiikaa aiimarbl)
Kikrey xoHe KapTara Tycipy

Maxkamana Ipumopck xotaceinbie (Baiikan alimarsl) JapamadTTapsl MBICATBIHAA TeOXYHenepli XiKTey
JKOHE KapTara TYCipy YVIIIH JIaHAmadT TOCUIH KOJJAaHy KapacTHIPBUIFaH. AYIAaHHBIH JTaHAIIAGTTHIK
KYPBUIBIMBIHBIH MoJeniH 3eprrey yiniH B. CouaBa KypacTbIpFaH TIe€OXyHe TYKbIpbIMAAMachl MOHE
A. Kpaykimuc  a3ipieren  dauusiiapasiH  (HakTOpIBIK-IMHAMUAKAIBIK — Kartapnap oici  KOJJaHBUIFaH.
Teoxyitenepin HepapXusuIblK KiIaccuUKaMAChIH o3ipyeyre 70 ydackenmeri nana HKYMBICTapbIHBIH
nepekrepi Heriz Oonnsl. ['padukrepai yur mapamerp OofibiHIna yilnecTipy (TomorpadusuiblK bUIFAIABLUIBIK
HHJIEKCI, €HiC TIKTIT )koHEe KapallipiKTiH KaJbIHIBIFE) FreosKyHenep i ChIHbITap OOHBIHIIA TONTACTHIPY JKOHE
OJIapJIbIH AMHAMHKAJBIK Kali-KyHiH aHbIKTay YIIiH ymOipiik rpadukTep amiciMeH xyprisinai. JJanmmadTTeix
KapTa Jananslk skyMbicTap, DEM »oHe KamBIKTBIKTaH 30HATAY AEpeKTepi Heri3iHe sKeprilikTi mMamcradra
(1:50 000) kypacteipeuinsl. HoTmkecinne 3eprrenetin aiimakra danusiapasiH 14 ToObl aHbIKTamAbL. Onap
IIapbIKTay LIEri MEH Ca0aKTacThIK KE3CHICPIMEH /e, aHTPONOreHIIK MOAU(UKAIMIAPDMEH /1€ YCHIHBIIFaH.
XKeprinikri KopuiaraH opta (aKTOpIapbIHbIH ScepiHeH maiina OonaThiH (GalusIapablH HEri3ri Kiactapbl
(bakTOpIBIK-IMHAMUKAJIBIK TaJllay KeMeriMeH aHblkTanaasl. Oijap MblHAa JUHAMHKAJbIK KaTapilapMeH
YCBIHBUIFaH: CyOIUTOMOPQTHI, CyOruapoMopdThl jxoHE CyOCepoIuTOMOP(THL. 3epTTey alaHbIHbIH 66 % —
BIH CyOIUTOMOPQTHI KaTapAbIH JaHAMAPTTapHI AJIBII KATHIP.

Kinm  co30ep: ¢anmstmapasly  (GaKTOPIIBIK-TMHAMUKAIBIK ~KaTapbl, JAHAMA(QTEIK TACUI, TeoXYiHeHIH
KYPBUIBIMBI, HEPapXUSUIBIK JKIKTEY, JAHAMA(TTHIK THIOJIOTHSIIBIK KapTa, CIyTHUKTIK OelfHenep, OMiKTIKTIH
CaH/BIK MOJEi, OpANHALIHS.

C.B. Conogsnkuna, F0.B. BanTeesa

I'eocuctembl IIpumopckoro xpeodta (baiikaJabCKuil peruoH)

Kaaccnduxanus m kapTupoBanue

B crarbe 00CyKIeHO MPUMEHEHHE JIaHAIAa(THOrO NOAX0/a JUIsl KIacCU(DUKALNKE U KAPTUPOBAHUS FEOCHCTEM
Ha npumMepe nanamadpTos [Ipumopckoro xpedra (baiikanbckuit peruon). s MoaenupoBanust JanAapTHOR
CTPYKTYPHI paifoHa HCCIIeOBaHMUS HCIIOIb30BaHbl KOHIETIIUS Fe0CUCTeMEI, chopMyupoBanHas B. CouaBoi,
" MeToJ[ (haKTOpaIbHO-TMHAMHIECKHX PsANoB (arui, paspadboranssiid A. Kpaykmicom. OcHOBOH 1y pa3spa-
00TKM HepapXUUecKol KIacCH(HKAIMN FE€OCUCTEM IIOCITY>KIIH JaHHBIE TTOJIEBBIX paboT Ha 70-TH ydacTKax.
OpauHanust TpadMKOB IO TPEM IapaMeTpaM (MHICKC TOIOTpauvecKoil BIaXKHOCTH, KPyTH3HA CKJIOHA U
TOJIIIMHA IyMyca) IPOBOJMIACH METOJOM TEPHAPHBIX rpadMKOB U1 rPYNIIMPOBAHUS FEOCHCTEM MO KilaccaM
U OINpe/ieNIeHHs] UX JIMHaMuueckoro cocrosHus. JlanmmadrHas kapra Obuta cocTaBieHa B JIOKAJIbHOM Mac-
mrade (1:50 000) Ha ocHOBe AaHHBIX NOJieBHIX padoT, DEM u aucrannnonHoro 3oHxupoBanus. B pesynbra-
Te B pailioHe HccienoBaHHs ObUTO BhIABIEHO 14 rpynn dammii. OHM HpeACTaBICHBl KaK KIMMAaKCOBBIMH U
CYKIIGCCHOHHBIMHU CTAIUSIMH, TaK M aHTPOIIOTCHHBIMU MoandukarusiMu. OCHOBHBIE Kiacchl (anuii, oopasy-
Iomuecs MoJ| BO3AEHCTBHEM JIOKAIBHBIX (JaKTOPOB OKPYIKAIOIIEH CPeIbl, BHISBICHBI C IOMOIIBIO (haKTOPHO-
JMHAMUYECKOro aHanm3a. IIpencTaBiieHbl OHM CIEAYIONIMMH ANHAMHYECKIMH PSIJaMU: CyOINTOMOP(HEIMY,
cyOoruapoMophHBIMH U CyOKCeposMTOMOPQHBIMH. 66 % IUIOMmMAIM HCCIeJOBaHUS 3aHUMAIOT JIAHIIIA(THI
cy6auTOMOp(HHOTO psiaa.

Kniouegvie cnosa: GakropanpHO-IHHAMHYIECKHI psix (auuii, TaHamadTHBIA MOAXO0A, CTPYKTYpa FEOCHCTEMBI,
uepapxudeckasi Kinaccupuranus, gaHmmuadTHAs THIONOTHYECKas KapTa, CIIyTHHUKOBBIE H300paKeHHUS,
g poBast Mozieb penbeda, opAUHALKSL.
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Pecnybuimkanckasi HAyYHO-IPAKTHYeCKasi KOH(epeHuust
«CoBpemenHoe cocTosinne Ouopasnoodpasus PI'Y «'HIIII «BbyiipaTray»
U €ro poJib B 3KOTypu3Me», nocesimennas 10-nmeruo PI'Y «I'ocynapcrBeHHbIi
HALMOHAJIbLHBIM NPUPOAHBLINA napk «byliparay»

K 10-netHemy ro0wmiero opraHu3anud [ oCyZapCTBEHHOTO HAITMOHAIBLHOTO MPHUPOIHOTO TIapKa
«byipartay» (11.03.2011 r.) Opia opranuzoBaHa PecmyOnukaHckas Hay4HO-TIpaKTHUecKash KOH(EpEeHIHs
«CoBpemenHoe coctosiare 6uopasznoodpasus PI'Y «['HIIII «byiipaTtay» u ero ponb B 3KOTypu3Me», 110 UTO-
raM KOTOpO# ObLT M31aH COOPHHUK MaTepUajIoB.

B xondepennnu npunsin ydactue 6oiree 40 cOTpyIHUKOB HAIIMOHATHHBIX IMMAPKOB, YUEHBIX, MPEIO/Ia-
BaTele yHUBEPCUTETOB.

B pamkax koH(epeHIHH OBUIM PacCMOTPEHBI BOIPOCHI MOHUTOPUHIA, COXPAHEHUS M BO30OHOBIICHHUS
OMOJIOTHUECKOr0 pa3sHOOOpa3usi, OXpaHbl U PALUOHAIBHOIO HCIOIb30BaHUS NPHPOIHBIX PECYPCOB, HCCIIE-
JOBaHMsI B 00JIaCTH MOBBIIEHUS TPOJYKTUBHOCTH PACTCHUN M dKUBOTHBIX.

Martepuans! KOH(QEpPEHINH 0XBaTHIBAIOT UTOTU aHAJM3a COCTOSHUS MOMYJISUNA PEIKUX U UCUE3aAI0LINX
BHuOB pacteHui u )kuBoTHEIX [ HIIIT «byiiparay», Caitpam-Yramckoro, Kokmerayckoro, Mie-Amarayckoro
n basnaynsckoro I'HIIII, pe3epBaTtoB Axkxaiibik, blprei3-Topraiickuil. [IpeanoxeHsl Mephl IO COXpaHEHUIO
MOMYJISIIMNA JIEKApPCTBEHHBIX PACTEHHMH, 3HIEMHUKOB, YBEIMUYEHHIO BHAOBOTO COCTaBa OXOTHHYBUX JKHUBOT-
HBIX; OTPaHUYCHUH MPOHUKHOBEHHUS Uy>KEPOIHBIX BHJOB B MPUPOHbIC MOMYIIALNH U 3alIuTe OT (uTomaro-
reHoB. B pamkax koH(epeHIH MpoBeieH 0OMEH HayYHBIM M MPOU3BOJICTBEHHBIM OIBITOM, METOINYECKOM
0a30ili, HaMeueHbl JajJbHEHIINE MEPONIPHUATHS 10 PAa3BUTHIO HAYYHOU NESATEIBHOCTH B 0CO00 OXpaHIEMBIX
HIPUPOAHBIX TEPPUTOPUSIX.

CoopaEK MaTeprajaoB KoH(epeHInH, 00beMOM 7,5 MeYaTHBIX JIUCTOB, OyIET MPEACTaBIATh WHTEPEC
IUIsl YYEHBIX, COTPYJHHUKOB 0CO00 OXpaHAEMbIX NPUPOTHBIX TEPPUTOPHMA, pEroAaBaTesicii By30B H KOJLIe-
JDKEH, CTYAEHTOB, MAarucTpaHTOB M AOKTOpaHTOB PhD mo OHONOrMYecKnM U CeabCKOXO3SHCTBEHHBIM
HaIpaBJICHUSIM.
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