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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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CHANGES IN THE COMPOSITION AND PROPERTIES
OF THE HOST ROCKS OF COAL DEPOSITS IN YAKUTIA
UNDER THE INFLUENCE OF CRYOGENESIS

Abstract. The results of laboratory tests carried out on rock samples of the Kharbalakhskoye coalfield located
in Central Yakutia revealed significant secondary changes having taken place in the host rocks containing the coal.
Evidently, under transformation processes, it is not only the composition of the rocks that had changed, but also the
nature of structural bonds that have a great influence on their physical and mechanical properties. Thus, the ultimate
strength values of coal-containing sandstone and siltstone samples under uniaxial compression vary from 20 to
30 MPa, while under uniaxial tension, the ultimate strength values range from 6 to 10 MPa. These relatively low
numerical values pertaining to the physicomechanical properties of rocks, which are generally atypical for long-
flame coal deposits, are almost 50% lower than those of analogous rocks hosting other coal deposits in Russia. It is
considered that the mechanical strength properties of the rocks of the Kharbalakhskoye field are due to significant
cryogenic processes. A comparative analysis of the properties of core samples obtained from boreholes drilled in
2019 with samples from a quarry obtained several decades ago reveals signs of transformation of rocks in the
Kharbalakhskoye field due to phase transitions of freezing and thawing water.

Key words: coal, Yakutia, cryogenesis, physical and mechanical properties, Harbalakhskoye deposit, host
rocks, material composition.

Introduction. In the mining industry, ensuring the stability of pit walls is a very important issue. In
turn, the stability of inclined technogenic landforms largely depends on the cryogenic predisposition of
constituent rock strata [1] (in this work, cryogenesis is understood as a set of processes associated with
phase transitions of water resulting from freezing and thawing [2]). Insufficient attention paid to factors
determining the nature and intensity of cryogenesis in the design of mining facilities leads to the develop-
ment of undesirable processes that complicate mining operations and reduce their safety level [3-8].

In order to obtain quantitative characteristics of the influence of cryogenesis on the technological
elements of the open pit mine, taking the timing of its impact into account, studies were carried out on the
physicomechanical properties (PMS) of carbon-bearing rocks of the Lensky coal basin. The object of the
study was the pit wall of the Kharbalakhsky open pit mine, which has played a significant role in the
mining activities of Central Yakutia in its more than 55 years of operation since the discover of the deposit
in 1962.

The Kharbalakhskoye coal deposit is located in the central part of the Lower Aldan coal-bearing
region of the Lena basin in the Sakha Republic (Yakutia) (figures 1, 2, 3). In orographic terms, the deposit
area is confined to the flat plain of the Lena-Amginsky interfluve and characterised by a weak dissection
of the relief.
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Figure 2 — Area of distribution of coal deposits of the Lensky basin showing coals of various technological groups
Legend. Brown coal: 1 — grade By; 2 — grade B,; 3 — grade B;. Coal: 4 — grade D — G; 5 — grade G-OS
6 - grade T. 7 — coal mining enterprises; 8 — Harbalakh open-pit mine
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GEOLOGICAL SECTION ALONG PROFILE No 7

Figure 3 — Geological scheme of the site. Legend: 1 — alluvial floodplain and riverbed — sand, pebble; 2 - Sartang horizon —
alluvium of the I-floodplain terrace — pebbles, sands, sandy loam, loam; 3 — Upper Jurassic deposits — sandstones, siltstones;
4 — contour; 5 — line of geological section; 6 — line of geological section of the works of 2019; 7 — wells drilled in 2019;

8 — boundaries of the investigated quarry; 9 — loam; 10 — sandy loam; 11 — clay; 12 — sand; 13 — sand-gravel mixture;

14 —ice; 15 — medium-grained sandstone; 16 — fine-grained sandstone; 17 — fine-grained sandstone;

18 — coarse siltstone; 19 — siltstone; 20 — intercalation of lithological differences; 21 — coal.

Absolute elevations range from 110 to 147 m. The climate of the deposit area is characterised as
extremely continental. The average annual air temperature is minus 10 °C. The absolute minimum air
temperature is minus 66 °C, while the absolute maximum is plus 38 °C.

The average number of days with frost is 240, while the frost-free period falls within the range of

120-125 days. The last frosts are observed at the end of May, with negative temperatures starting to appear
at the end of August.
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The geological structure of the region is characterised by terrigenous Jurassic deposits, which are
represented by the alternation of sandstones, siltstones (aleurolites) and mudstones (argillites) (see figure 3).
The total thickness of the deposits is 225-270 m. The deposits are overlain by loose Quaternary
formations. One coal seam, extending to 10.4 m, was identified in the sediments of the Upper Jurassic
upper sub-formation within the Kharbalakhskoye deposit. This coal seam is divided into two bands, with
the thickness of the upper band varying between 1.45 m and 5.40 m, while the lower band has a thickness
of between 1.66 m and 5.56 m. The rocky intercalation separating the seam into bands is typically
composed of sandstone or, less frequently, coarse siltstone. The depth of the intercalation varies from
0.15-0.20 to 3.5-5.21 m. The top of the seam is overlain by medium- and fine-grained sandstones. This
soil is composed of fine-grained sandstones and coarse siltstone. Fault tectonics in the area of work are
represented by infrequent nonsinusoidal in-situ shear zones. In general, the deposit is characterised by a
fairly uncomplicated geological structure [9].

Research methods. In 2019, in order to clarify the PMS and the material composition of the host
rocks, as well as to study the main mining-geological and engineering-geological conditions, boreholes up
to 62.0 m deep were drilled at the Kharbalakhskoye coal deposit (see Figure 3). In the process of carrying
out work on the boreholes, carbon-bearing rocks represented by Jurassic deposits comprising
heterogeneous sandstones and siltstones were tested.

Laboratory tests were performed on a recently-obtained rock core in order to determine the following
characteristics: density; porosity; humidity; tensile strength under uniaxial compression and uniaxial
tension; acoustic properties (propagation velocity of longitudinal and transverse waves in a rock sample);
Poisson's ratio; and Young's modulus of elasticity. The determination of these rock indicators was carried
out in accordance with the requirements established by state standards of the Russian Federation (GOSTs:
12071-2014; 21153.7-75; 21153.2-84; 21153.3-85; 24941-81; 5180-2015; 1248-2010, etc.).

When examining the specificity of material transformations of rocks during cryogenesis, chemical-
analytical studies are typically carried out [10-13]. However, the analysis of changes in the chemical
composition of rocks does not fully characterise the conversion of their mineral composition and fails to
completely take into account the effect of structural transforming processes, which are of great importance
for sedimentary rocks [14]. A satisfactory understanding of the relationship between changes in the
composition and PMS of rocks informs their mineralogical and petrographic study. According to the
authors, this approach gives the most accurate results by identifying the most complete range of possible
reasons for their change as well as providing a forecast of further possible changes in the rocks. Thus, in
addition to defining the PMS, laboratory work included mineralogical and petrographic studies.

The effect of cryogenesis on rocks was estimated from sandstone samples taken from borehole
No. 310, which was drilled in 2019, as well as from the pit wall (opening date 1962), located 750 m from
the borehole. Samples from the borehole were correlated with the corresponding section of the pit wall.

Results. The main results for determining the PMS of rocks from the borehole core and the pit wall
of the Kharbalakhskoye field are shown in table.

The density of rocks from borehole cores at natural humidity is in the range from 1.99 to 2.37 g/cm’;
the tensile strength of siltstone under uniaxial compression is about 20 MPa, while for sandstone it varies
from 21.2 MPa to 31.4 MPa. The uniaxial tensile strength of the host rocks of the considered field
typically does not exceed 10 MPa. At the same time, sandstone samples taken from the quarry showed a
20-27% decrease in uniaxial compression strength, a 16% decrease in density and an increase in porosity
coefficient of 25-32% as compared to fresh samples from borehole 310.

The results of mineralogical and petrographic studies of sandstones from the bore hole and pit wall
allowed the following main transformational mechanisms to be identified (figure 4):

1) hydromicasation, which is caused by the decomposition of feldspars, fragments of aluminosilicate
rocks and clay cement, and is accompanied by a general softening of the rock mass;

2) carbonation, accompanied by the formation of ankerite with grain sizes <0.01 mm and calcite;

3) ironisation due to surface oxidation of carbonates containing iron (ankerite and siderite) and
layered silicates (chlorite and biotites).
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PMS of rock samples taken from a borehole core of (2019) and the pit wall (opened 1962) of the Kharbalakhskoye field

No.i Borehol Sampling
0. 1n orenole interval, m
order number Rock stratum P Kp Vp Vs u E Ocompress oy
from to
1 2 3 4 5 6 7 8 9 10 11 12 13
1| 310A Sandstone, 40.0 | 450 | 215 | 3.10 | 3.66 | 2.03 | 027 | 22683 | 272 95
fine-grained
2 | 310A Siltstone 552 | 56.8 | 2.17 | 1.39 | 342 | 1.95 | 026 | 2084.6 | 21.6 6.5
3| 310A Sandstone, 56.8 | 602 | 199 | 3.16 | 3.76 | 2.12 | 027 | 2283.1 | 26.1 8.4
fine-grained
Sandstone,
4 | 310 very fine- 220 | 235 | 207 | 228 | 347 | 1.96 | 027 | 2032.6 | 29.5 8.6
grained
Sandstone,
5 | 310 medium- 348 | 365 | 212 | 275 | 3.68 | 2.04 | 028 | 2291.6 | 24.9 8.9
grained
6 | 309 Sandstone, 145 | 303 | 237 | 3.50 | 3.78 | 2.09 | 028 | 2654.6 | 314 | 14.3
fine-grained
7 | 309 Sandstone, 440 | 165 | 210 | 726 | 3.09 | 1.75 | 026 | 1671.3 | 212 9.8
fine-grained
oben it Sandstone,
8 penp very fine- 220 | 235 | 1.87 | 51 | - - - - 203 | 6.1
mine i
grained
n pit Sandstone,
9 | °penp medium- 348 | 365 | 1.82 | 6.3 - - - - 18.2 55
mine .
grained

Table legend: p — rock density at natural humidity, g / cm? Kp — porosity,%; Vp — propagation velocity of elastic
longitudinal waves in a rock sample, km / s; Vs — propagation velocity of elastic transverse waves in a rock sample, km/s;
1 — Poisson's ratio; £ — Young's modulus, MPa; o,,ess — Ultimate strength under uniaxial compression, MPa; g, — ultimate
strength under uniaxial tension, MPa; f/g — fine-grained; vt/g — very fine-grained; m/g — medium-grained.

Rock fragments and cement minerals Feldspars

CHLORITE
HORNBLENDE BIOTITE . SIDERITE
(Mg, Fe)siO; 2KHALSIO;(Fe, Mg) | (V& FhlIOHI 18001

ANORTHITE
Ca,0A1,0465i0,

CARBONATION HYDROMICASATION

OXIDATION
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Ca(Mg, Fe)[COs],

CALCITE
CaCO,

HYDROMICA

Figure 4 — Scheme of mineralogical-petrographic transformations of sandstones of the Kharbalakhsky coal deposit.
1 — composition of sandstones from borehole 310; 2 — composition of sandstones from the quarry
after 57 years of exposure to cryogenesis

In the mineralogical and petrographic study of sandstone samples taken from the pit wall,
deformations of individual fragments of quartz grains and feldspars (crushing, fracturing), as well as
plastic damage to materials were identified taking the form of clastic defectiveness and recrystallisation of
carbonate grains. All of these deformational distortions are evidently the result not only of lithostatic
pressure, temperature and hydration mechanisms of weathering, but are also due to cryohydration during
the phase transition of water into ice at the stage of seasonal freezing of rocks.
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The influence of cryogenesis on sandstones in the natural mass revealed by the borehole is broadly
similar to the effects observed in the same rocks that make up the pit walls.

Common signs are the staged nature of weathering and uneven nature of its manifestation, as well as
the mineralogical identity of the neoplasms, including the formation of hydromica with an admixture of
ancherite, kaolinite, calcite and iron hydroxides. The main difference between the transformations of
sandstones from the quarry consists in their greater intensity, especially in terms of carbonation, as well as
the completeness of the manifested processes of the selected mechanisms.

We note that similar mechanisms for the transformation of host rocks subjected to cryogenesis have
been established for other coal deposits in Yakutia. In particular, studies of the mineralogical and
petrographic composition of the Jurassic sandstones of the Neryungri coal deposit in South Yakutia led to
the conclusion that the transformation of the mineral part of sandstones during cryogenesis is expressed in
a change in the PMS of the rocks composing the massif, whose nature depends on the leading role of one
of the above mechanisms [14].

Conclusions. The high intensity of changes in the initial properties of sandstones in the studied
region over a relatively short period of time appears to be due to processes of cryogenesis. Moreover, the
degree of change in the properties of coal-bearing rocks is determined by the duration of cryogenic
impact. Thus, no forecast of the stability of manmade gradients, cut slopes and pit walls can be sufficiently
substantiated without a detailed study of cryogenesis processes. To date, there is still a significant lag in
the study of the theory of weathering processes on which basis methods for their assessment can be
developed. Although the processes of cryogenesis in temperate climates have been studied for several
decades, methods and approaches for areas of permafrost distribution are under development. Hardly any
work has been carried out to describe the mechanisms (mineralogical, structural, including the nature of
water migration and ice formation) and material transformations that occur during phase transitions of
water, i.e. freezing and thawing.

According to the authors, the establishment of features of regional cryogenesis is universal in nature
and can be applicable to solving a wide range of tasks in assessing and predicting the degree of cryogenic
transformation of rocks having various structural components.

The reported study was funded by RFBR and NSFC according to the research project
No. 20-55-53006 and No. 4191101321.
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V3MEHEHUE COCTABA Y CBOMCTB BMEILAIOILMX ITOPOJL
YI'OJIbHBIX MECTOPOYJIEHUM SIKYTAU MO/ BO3JECTBUEM KPMOTEHE3A

Annoranus. [lo pesympraraM mabOpaTOPHBIX MCHBITAHUN MPOO TOPHBIX IOPOX MECTOPOXKACHUS YIS
«Xapbarxaxckoey, pacroiokeHHOTO B LleHTpanpHOll SIKyTHH, YCTaHOBIIEHO, YTO BTOPUYHBIC M3MEHEHHS B TOPHBIX
MOopoJaxX, BMEIIAIONINX YIJIH, SBJSIOTCSA BEChbMa CYIIECTBEHHBIMH. B mporiecce mpeoOpazoBaHMS HU3MEHHIICS HE
TOJIBKO COCTaB IOPOJ, HO U XapaKTep CTPYKTYPHBIX CBA3EH, OKa3aBIINX OOJBINOE BIMSIHHE HA UX (PU3UKO-MEXaHH-
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yeckne CBOMCTBA. Tak, 3HaUCHHMS MpeAea MPOYHOCTH MPH OJHOOCHOM CXKaTHH 0Opa3IoB MECYaHUKa M aJIeBPOJINTa,
BMEMIAIONINX Yy, u3MeHstoTes oT 20 go 30 Mlla, mpu ogHOOCHOM pacTsbkeHnH — oT 6 mo 10 MIla. JlanHbIe
YHCJIOBBIE 3HAYEHHUA (H3UKO-MEXaHHYECKUX CBOMCTB IOPOJ OTHOCHTEIBHO HHU3KH M, B IIEJIOM, HE TUIMYHBI JUIS
MECTOPOXKIECHUH JUIMHHOIIIAMEHHBIX yriieH. [IpouHOCTHBIE CBOICTBA BMELIAIOMINX MTOPOJ, IIOYTH HATIOJIOBUHY HIKE
[0 CPAaBHEHUIO C aHAJOTWYHBIMHU MOPOAAMH JIPYTUX MECTOPOXKAECHUH yriis B Poccun. BeposTHO, Ha TPOYHOCTHBIE
cBolicTBa mopox XapOanaxCKOro MECTOPOXKICHUS CYLIECTBEHHOE BIMSHHE OKa3alu IIPOLECChl KPHOTEHE3a.
IIpoBeneHHbBIN CPaBHUTEIBHBIN aHAIN3 CBOMCTB KePHA U3 CKBAXHH, IPoOypeHHbIX B 2019 r., ¢ mpodamu U3 Kapbepa,
BCKPBITOTO HECKOJBKO JECATHIETHH Hazaja, oOHAapyKMBaeT NPH3HAKU NpeoOpasoBaHMsi Iopoxa XapOallaxCKoro
MECTOPOXKIEHUS, 00YCIIOBICHHOTO (Pa30BBIMH NIEPEXOAaMH BOJIbI, IPOMEP3AHNUEM U OTTAaHBAHHEM.

[erporpado-muHepanornueckue HCCIeOBaHHUS IO3BONMIIN BBIJEIUTH CJIEAYIONIME OCHOBHBIE MEXaHH3MBI
M3MEHEHHS IOpoJL: 1) rHapOoCIIoTH3aNNs, KOTOpasi 00yCcIoBIIEHa Pa3IoKEeHHEM IT0JIEBBIX IINATOB, 00JIOMKOB aJIIOMO-
CHJIMKAaTHBIX TIOPOJ M TIMHUCTOTO LIEMEHTA, JAHHBIH MEXaHH3M COIIPOBOXKJAETCsl OOIIMM pa3sylNpOYHEHHEM CKajb-
HOTO MacchBa; 2) KapOOHATH3aINs, CONMPOBOKIAOMIANACT 00pa3oBaHHEM aHKEPWUTA W KAJBIUTA; 3) OXeJe3HCHHE,
00yCIIOBIICHHOE TTOBEPXHOCTHBIM OKHCIICHHEM KapOOHATOB COAEPIKAIIMX JKeNe30 (aHKepHUTa M CHIACPUTA) U CIIOHC-
TBIX CHJIMKATOB (XJIOpHUTa ¥ OMOTHTOB). AHAIOTHYHBIE MEXaHN3MBI TPE0OPa30BaHMUS BMEUIAIOIINX ITOPO/I, TIOABEPT-
IIUXCSl KPUOTE€HE3Y, YCTAaHOBJIEHBI U AT APYTHX YTOJIBbHBIX MECTOPOXKACHUH SKyTnu, B yacTHocTH, FOKHOM SKyTHn.

ITpu Munepanoro-nerporpaguuIecKoM HCCISTOBAHMN 00Pa3LOB FOPHBIX HOPOJ, 0TOOPaHHBIX ¢ OOpTa Kapbepa,
UIeHTH(GUIUPOBAIUCEH AeOPMAaLlK OTACIBHBIX 00JIOMKOB 3€peH KBapla M IOJICBBIX IUMATOB (IpOOIeHHe, TPEIH-
HOBAaTOCTb), & TaKXKe MPHU3HAKK OOJOMOYHOW JE(EKTHOCTH U NEepPEeKpUCTAIUIM3AIMK 3epeH KapOoHaToB. Bcee atn
)le(l)OpMaIJ,l/IOHHI)Ie CUCKAXCHUA», MO-BUANMOMY, SABJIAIOTCA PE3YJIbTATOM JIMTOCTATUYECKOI'O0 HaBJICHHSA, TEMIICpa-
TYpPHOTO ¥ T'MJPATHOTO MEXaHM3MOB BHIBETPUBAHMUS, & TAK)Ke 00YCIIOBIEHBI KPHOTUAPATHON MPHUPOIOH B Ipomecce
(hazoBoro Nepexoza BObI B JI€J] Ha CTaIMH CE30HHOTO IPOMEp3aHHs IIOPOI.

Bo BimsiHMM KpuoreHe3a Ha NECYaHUKH B €CTECTBEHHOM MACCHBE, BCKPBITOIO CKB&KHHOM, M TaKHMX XKe
MOpO/aX, CIAraroIiuxX CTEHKH KapbepPHOTO yCTyIa, 00HAPYKUIOCh MHOTO cXOAHOTO. OOIIMMHY PU3HAKAMH SIBIISIOT-
Csl CTaIMMHBIA XapaKTep BBHIBETPUBAHMSA, HEPABHOMEPHBIM XapaKTep €ro MpOSBICHUS, MUHEPAIOTHYECKas UHIUBH-
IyaJTbHOCTh HOBOOOpa3oBaHWil. OTimune mpeoOpa3oBaHMi IMECYaHWKOB M3 Kaphepa BBIpaKaeTCs B OONBIICH X
WHTEHCUBHOCTH, 0COOEHHO KapOOHATHU3aINH, U TTOJIHOTE MPOSBICHUH BIJCTICHHBIX MEXaHU3MOB.

Taxum 00pa3oM, BHICOKasi MHTEHCUBHOCTb M3MEHEHUs IEPBOHAYANIBHBIX CBOWCTB IIECYaHHKOB B HCCIEAYEMOM
pErHoHE 32 OTHOCHTEIBHO KOPOTKHH MEpHOJl BPEMEHH OOyCIOBJIEHa IpoLeccaMH KpHoreHesa. lIpuueMm cTeneHb
W3MEHEHHsI CBOMCTB YIJIEBMEIIAIOIIMX TOPOJ ONPE/ENSETCs CPOKOM €ro Bo3aeHCTBUsS. B cBs3M ¢ uem, Iporaos
YCTOWYHMBOCTH MCKYCCTBEHHBIX CKIIOHOB, OTKOCOB BBIEMOK U OOPTOB KapbepOB HE MOXKET OBITh 1OCTATOYHO 0OOCHO-
BaH 0e3 JeTaJbHOTO0 M3y4YEHUs MPOLIECCOB KpuoreHesa. Ha cerogHsmHuil IeHb BCe e€lle MMeeTcsl CyLIeCTBEHHOE
OTCTaBaHHE B W3YyYEHUH TEOPHU IPOLIECCOB BBHIBETPHBAHMS U B Pa3padOTKe METOAMK WX oueHKH. Ecimu mporeccs
KpPHOTEHE3a B yCJIOBUIX YMEPEHHOTO KIMMaTa W3y4yaroTcsl HECKOJBKO AECATHIETHH, TO ISl paifoHOB pacrpocTpa-
HEHUS! MHOTOJICTHE MEp3JI0Thl METOZBI M MOAXOJbl HaXOISTCS B CTaauM pa3paboTku. [IpakTHuecku HUKOTAA HE
MPOBOAATCST PAadOTHI IO ONHCAHHIO MEXaHW3MOB (MHUHEPAJOTMYECKHX, CTPYKTYpHBIX, B TOM 4YHCJIE XapakTep
MUTpAIX BOIBI M JHI000PA30BAHMS) U BEIIECTBCHHBIX MPEOOPa30BaHUi, BOZHUKAIOMNX MIPpH (Ha30BBIX MEPEXoaax
BOJBI, TPOMEP3aHWM M OTTauBaHHEeM. llo MHEHHIO aBTOPOB, YCTAHOBJIEHHE OCOOCHHOCTEH pPErHOHAIBHOTO
KpPHOTEHE3a MMEET YHUBEPCAIBHBIM XapakTep W MOXKET OBbITh MPHUMEHHMO UIS PEIlCHHMs IHUPOKOTo CIIEKTpa 3a/1ad
IIPU OLICHKE Y IIPOTHO3€ CTENCHN KPUOTEHHOHN TpaHC(OopManuy MOPOA C Pa3IuIHbIMU CTPYKTYPHBIMH CBS3SMH.

Hccnedosanue evinoaneno npu unancosoii noodepicke POOU u T'OEH Kumas 6 pamkax HAy4HbIX NPOEKMOs
Ne 20-55-53006 u Ne 4191101321.

KaoueBbie ciaoBa: yromp, SKkyTusi, KpuoreHe3, (U3MKO-MEXaHMYECKHE CBOWCTBA, MECTOPOXKICHUE
Xap0anaxckoe, BMELIaIoNIe TOpHbIE TIOPO/Ibl, BEIIECTBEHHBIH COCTaB.
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