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JKypHaa BLIXOAUT 4 pasa B roa

NM3Bectnsi YpaabCKOro rOCyAQPCTBEHHOIO TOPHOro
YHUBEpPCUTETA — PELIEH3MPYEMbI Hay4YHO-TEXHU4e-
CKUM >KYPHaA, B KOTOPOM HAaXOASIT OTPa’KEHME aKTy-
AALHDIE BOMPOCLI U3YYeHWMsl, OLEHKM U TMPOMBIIAEH-
HOTO OCBOEHMS MMHEPAALHO-CLIPLEBLIX PECYPCOB
YPaabCKOro permoHa 1 COnpeAeALHLIX Tepputopun. B
UX YMCAE MPOOAEMDI FEOAOTMM U PA3BEAKM HEAD, reo-
husmnyecknx nccreaoBaHui, ropHOrO A€Aa U FOPHOM
MeXaHWUKM, SKOHOMUKM MPUPOAOTIOAL3OBAHMSI.

K ny6AMKaLmm NpyHUMAIOTCST CTaTbM HA PYCCKOM M aH-
TAMCKOM sI3bIKax.

[ToAHOTEKCTOBas BEpPCMsl >KYpHaAa pasMellaeTcsl B
CcBOOOAHOM AOCTYTE HA HAlEM CaiiTe, B CUCTEME XKYP-
HanoB oTkpbiToro aoctyna DOA] u ROAD, a Takke Ha
naargpopme PoCcUiACKOro MHAEKCa Hay4yHOro LUMTU-
poBanust (PVIHLL) HOb. boAee noaHasi uHcbopmaumsi
M rpaBuAa OPOPMAEHMSI CTaTell pasMelleHbl Ha caite
SKYpPHaAQ.
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Wadi Road El-Sayalla area is a part of the south Eastern Desert of Egypt. It comprises two plutons, Nikeiba basement rock complexes and Fileita Nubian
sandstone. It is composed of metavolcanics, syenogranite, alkali feldspar granite and quartz syenite intruded by felsite and dolerite dikes and quartz
veins at Nikeiba plutons which non-conformable overlain by Nubian sandstones at Fileita area.

Purpose of the work. The present work of this paper is to elucidate the interaction between inherited ductile fabrics and overprinting brittle structures.
It is important to reconstruct the tectonic evolution of Wadi Road El-Sayalla area which help in constraining the mineralization trends in the study area.
Research methods. The folding related to ductile structures were analyzed using stereographic projection software packages GE Orient version 9.4.5.
The fracture analyses related to brittle structures were carried out quantitatively using the paleostress analyses of the different sets to calculate the
tensors related to the different compressional and extensional events using Tensor program.

Results. Structural evolution in the investigated area enabled the separation of five structural episodes: E1: syn-tectonic granite (tonalite-granodiorite);
folding-thrusting episode associated with the cratonization of the arc/inter-arc rocks association. E2: Late-tectonic granite; upright folding episode
associated with compression and shortening to the NE-SW direction. E3: Post-tectonic granite intrusion episode produced syenogranite and alkali
feldspar granite of Nikeiba. E4 and E5: Early Cretaceous to Post Pleistocene episode is manifested by syncline folding along ENE-WSW detected in the
Nubian sandstone of Fileita (E4). On the other hand, E5: Fracturing, faulting episode is characterized by multi-trends of fault populations (E-W strike
slip (right; oldest), N-S strike slip (left), E-W dip slip, NE-SW strike slip (right) and NE-SW dip slip (youngest). Accessories as thorite, uranothorite,
monazite, zircon, allanite, yttrocolombite and fluorite appear to be structurally controlled by the interaction between inherited ductile fabrics and
overprinting brittle structures. The NE-SW, NW-SE, E-W, NNW-SSE and N-S normal faults are considered to be important deep seated structure trends
which controlled many injections of felsite and dolerite dikes and alteration features that could have acted as good pathways for mineralization.

Keywords: Wadi Road El-Sayalla, Nikeiba, Fileita, Egypt, folding-thrusting, cratonization, folding episode, faulting episode.

ntroduction
The studied area is a part of the basement complex in the Eastern Desert of Egypt; passed through several structural
events since the early cratonization episode of the arc-inter-arc associations. So, the structural analyses of it enabled the
separation of successive structural events including ductile and brittle deformations.

Many researchers have extensively studied structure evolution of the basement complexes and associated rocks in the Eastern
desert of Egypt [1-7].

The structural field measurements were carried out on scattered pattern making use of the wadis in the area. They include
primary structure measurements as bedding, secondary structures like foliation, deformed pebbles, faults, joints, minor and
meso-scale folds. All the measurements were analyzed using different proper techniques “GE Orient version 9.4.5 and Tensor
program according to [8-10]” to characterize the different structure that affected the area through out its geologic history.

Geologic setting

Theexposedrocktypesat Wadi Road El-Sayallaarelocated between Latitudes 23°44°18”-23°54’36” N and longitudes 34°10°48” -
34°24°36” E, in the Eastern Desert of Egypt (Fig. 1). Field studies indicate the presence of metavolcanics, tonalite-granodiorite,
syenogranite, alkali feldspar granite and quartz syenite non-comfortably overlain by Nubian sandstone. Metavolcanics form a
thick sequence of stratified lava flows interbanded with their pyroclastics. They are represented by ash and lithic lapilli metatuffs of
basaltic, andesitic and dacitic composition. These rocks are intruded by tonalite-granodiorite, syenogranite, alkali feldspar granite
and quartz syenite as well as by felsite dikes and quartz veins. Tonalite-granodiorite forms low relief masses and is non-comfortably
overlain by Nubian sandstones at Fileita area. Tonalite-granodiorite consists of plagioclase, K-feldspar, quartz, hornblende and
biotite. Syenogranite is low to moderate relief and is composed of K-feldspar, quartz, biotite, plagioclase and iron oxides. Alkali
feldspar granite is the last phase at Nikeiba plutons. It is characterized by moderate relief and is composed of K-feldspar, plagioclase,
quartz, and biotite. Quartz syenite forms high relief hills and is composed of K-feldspar, quartz, plagioclase, amphibole and
biotite. Syenogranite and quartz syenite are highly albitized, hematitized and kaolinitized. Syenogranite, alkali feldspar granite
and quartz syenite intrude the metavolcanics with well exposed intrusive contact. Felsite dikes cut the syenogranite, alkali feldspar
granite and quartz syenite in the northeastern part of the mapped area. They are brecciated along the contact with metavolcanics
and syenogranite. They are composed essentially of K-feldspar quartz and plagioclase together with subordinate biotite.
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Figure 1. Geologic map of Wadi Road El-Sayalla area, Eastern Desert, Egypt.
PucyHok 1. leonornyeckas kapta panoHa Bagu-poya 3nb-Casnna, BoctoyHas nyctbiHa (Eruner).

Nubian sandstones include two Formations: lower Timsah Formation and upper Um Baramil Formation (Fig. 2). Timsah
Formation attains 7.5 m thick, and comprises different types of cross-bedding, pebbly ferruginous, gradded bedding and clayey
sandstones. Gradded- and cross-bedding features are observed as primary sedimentary structure in some sandstone beds.
Um Baramil Formation is the most extensive exposure of Nubian sandstone in the investigated Fileita area. It overlies Timsah
Formation and in other parts overlies the tonalite-granodiorite with non-conformity surface. This formation attains 70 m in
thickness and comprises yellowish to dark grey sandstone, kaolinitic sandstone and pebbly ferruginous sandstone. Timsah and
Um Baramil formations are traversed by N-S strike slip sinstral faults (Fig. 1).

Structural analyses

The studied area is an object of an intensive detailed systematic analysis of the structural fabrics (bedding, foliation, fold
axes, fault populations, joints and liniments) collected from different sites distributed all the outcropping rock types (Fig. 1).
During the detailed field study, the chronological criteria (cross-cut relationships, overprinting relations, overprinting of marks,
reactivation geometries as well as fold-fault relationships) have been carefully documented in order to define the succession of the
deformational events. A fundamental concept in structural analysis is the proposition that the small-scale structures in the field
can act as a guide to the large-scale regional features that are not visible to the field observer.

Ductile fabrics

Field observations indicate that the ductile deformation was restricted only to highly sheared metavolcanics as regional isoclinal
and upright folds with pervasive NW-SE and ENE-WSW foliations. Ductile deformation is studied by analyzing the measured
structural elements represented by foliations and minor fold axes, using the lower hemisphere stereographic projection. Based
on measurements of foliation, lineaments and fold axes have been collected from different sites distributed along the metavolcanics
exposures. These measurements have been categorized and analyzed according to its trend distribution. Each system of foliation
has been analyzed to deduce its principal compression direction as well as their corresponding inferred tectonic regime.

8 AnuK.T.upp. Structural evolution of Wadi Road El-Sayalla area, Eastern Desert, Egypt // U3BecTua YITY. 2018. Bbin. 4(52).
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Figure 2. Schematic lithological profiles show the nonconformity surface between tonalite-granodiorite and Nubian sandstone
successions in Timsah Formation (7.3 m) and Um Baramil Formation (70 m) at Wadi Road El-Sayalla (Fileita area), Eastern Desert, Egypt.
PucyHok 2. CxemaTuyeckue nurornornyeckue npodmnu nokasbiBaloT Hecornacue mexay TOHanUT-rpaHOAMOPUTaMU U HYGUICKUMU
necyaHukamm B Tumcaxckou ceute (7,3 M) u Ym-Bapamunbckoi cBute (70 M) Ha Bagu-poyn 3nb-Casnna (panoH ®unentbl), BocTouHas
nycTbiHa (Eruner).
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Figure 3. Stereograms of mesoscopic structural data for Wadi Road El-Sayalla metavolcanics rocks, Eastern Desert, Egypt. All
stereograms are Schmidt net equal-area lower hemisphere projection. a — density contour of the poles to the bedding planes, contours at 4,
8, 16 and 32% for 32 bedding; b — density contour of the poles to the foliation from the NW and N limbs of a regional F1 and F2 isoclinal antiform,
contours at 2, 4, 8 and 16% for 34 foliations; ¢ — density contour of the poles to the foliation from the south limb of a regional F2 isoclinal antiform,
contours at 3, 6, 12, 24 and 48% for 32 foliations; d — density contour of the poles to the foliation from the S and SW limbs of a regional F3 upright
fold, contours at 1, 2, 4, 8 and 16% for 75 foliations; e — the great circle of best fit for F3 hinges gives an estimate of the orientation of the F3 axial
plane, contours at 1, 2, 4, 8 and 16% for 109 foliations.

PucyHok 3. CTepeorpamMbl Me30CKOMUYECKUX CTPYKTYPHbIX AAHHbIX ANA MeTaBynkaHW4yeckux nopop w3 Baau-poya dnb-Casnna,
BocTtouHas nycTbiHs, EruneTt. Bce ctepeorpaMmbl — 3TO NPOEKLUSA, COXPaHsOLWAa paBeHCTBO nrollagen HuxHen nonycdepsol LLimuara.
a) KOHTYp MIIOTHOCTM MOJIKOCOB K MIOCKOCTSIM HamnacTtoBaHus, KOHTypbl 4, 8, 16 n 32% ana 32 HacnoeHuid; 6) KOHTYp MIOTHOCTY MOMOCOB K
cnaHuesaTtocTvt n3 NW u N KpbIfibeB cknagku perroHansHon U nsoknuHanbHow aHTudopmsl (F1 1 F2), koHTypbl 2, 4, 8 1 16 % Anst 34 HacnoeHui.
B) KOHTYp NAIOTHOCTM NOMIOCOB K CIAHLEBATOCTM C KOXHOIO Kpbiia CKMafKkv permoHanbHOW N30KNMHanbHoOM aHTudopmel F2, koHTypbl 3, 6, 12, 24 n
48 % nns 32 HacnoeHwii. r) KoHTyp NnoTHOCTM NOMCOB K cnaHueBaTocTn S 1 SW KpbINbeB permoHanbHoW BepTuKanbHoOW cknagku F3, KoHTypbl
1,2,4,8un 16 % ona 75 HacnoeHwi. ) bonbLuon kpyr, Hanbonee nogxoasawmi Ans nepernba F3, faeT oueHKy opueHTaLmMn 0CEBOM NITOCKOCTU
F3, kKoHTypbl Ha 1, 2, 4, 8 1 16 % Ansa 109 HacnoeHwiA.

Bedding

Bedding planes are locally preserved in the metavolcanics and measured whenever possible; they are frequently transposed
by foliation and later deformation. So, the earlier ductile deformation episode can depict from the foliation. Bedding surfaces in
the metavolcanics strike NW-SE and dipping generally range between 50° to 80° SW. On the lower hemisphere equal area has
graphical analysis; (Fig. 3, a) indicates a great circle with fold axis plunging (82°/N-234°). This fold trend represents the third
folding generation F3.

Foliation

Foliations are more extensive, parallel in finer and softer beds than in harder beds and bands of the metavolcanics especially
in the more felsic metavolcanics. Foliation planes resulted from deformation which flattened the embedded clasts. One distinctive

Anu K. T. u gp. Structural evolution of Wadi Road El-Sayalla area, Eastern Desert, Egypt // U3BecTus YITY. 2018. Boin. 4(52). 9
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Figure 4. Effect of ductile deformation on metavolcanics. a — bedding and foliation have minor angle between each other in metavolcanics;
b — banded metatuffs associating more massive basaltic shear pod.

PucyHok 4. BnusaHue nnactuyeckorm pedopmaumm Ha MeTaBYNKaHUTbl. @ — CINOWCTOCTb W CRaHUeBaToCTb B MeTaByrnKaHUTax
pa3HOOPUEHTUPOBAaHbLI MeXay cobown Ha HebornbLLoK yron; 6) nonocyaTble MeTaTydbl aCCOLMMPYIOT C pa3pe3om bonee MaccuBHbIX Ha3ansToB.

set of cleavage is observed; it is either pervasive or penetrative and affects metavolcanics and tonalite-granodiorite along their
contact. The foliations are approximately parallel to the axial surface of regional folds and are considered as an axial plane foliation
representing the early folds in the area, associated with the early folding-thrusting episode [6, 11, 12]. The metavolcanics
possess a strong bedding planes parallel cleavage to the foliations in some sites, have a minor angle between each other (Fig. 4,
a) and others were perpendicular to the bedding planes which related to that they are located on the hinge of the fold. These
bedding enclose the more massive basaltic shear pods (~30 cm long, 20 cm width) banded and ranged in thickness from (1
cm to 10 cm) (Fig. 4, b).

Folding analyses

Based on the geometric analysis of folding, three generations are distinguished F1, F2 and F3. Foliation planes are plotted on
the lower hemisphere equal area projection to deduce the principal compression direction affected the metavolcanics. On the N
and S limbs of F2 fold (Fig. 3, b, ¢), the data show bimodality of two subparallel great circles reflecting the deformation of the two
limbs of an isoclinal tight fold (two limbs of F1). The elongation of pole concentrations is the result of later gentle refolding of the
F1 fold limbs about F3 axial plane. The calculated F1 axis is 6°/ 018° (Fig. 3, b).

The plot of foliation poles for the N and S limbs of F2 fold; it does not show the same bimodality as the other limb due to the
tightness of F1 folds on that limbs. The elongation of the polar concentration is again due to open F3 folding. The F2 axes as 75°/
027° and 63°/ 122° (Fig. 3, b, ¢). The F2 fold is nearly coaxial with the F1 folds indicating that the compression during this episode
(E1) continued in the same direction.

The great circle of best fit for the calculated F3 axes from bedding in metavolcanics 82°/ 234° (Fig. 3, a), and hinges of the F3
upright fold 77°/ 223° and 64°/ 286° (Fig. 3, d, e) are shown in (Fig. 3, e). This great circle defines the mean axial plane of F3 folds
for the study area. Its attitude is N57°W/ 80°SW. The F3 folding is occurred by intracratonic compression episode (E2), which
acted in a general NE-SW trend. The compression and shortening trend during E2 is to the NE-SW direction, i.e., quite different
from the NW-SE shortening direction during E1. This means that crustal shortening directions flipped through about 90°.

The age of E1 episode can be estimated to be between the formation of the arc-inter-arc rock association and the intrusions
of the syntectonic granites. These granites have an age (660-730 Ma) [13]. They are considered as emplaced at the culmination of
the low angle shearing tectonic event.

The fourth folding generation F4 is manifested by syncline folding that existed in Nubian sandstone at Fileita area (Fig. 5,
a, b). Bedding planes are plotted on an equal area projection to show the trend and dip of the regional fold axis F4 plunging
(12°/N-83°) along the axial plane (N84°E/84°S) that existed after the intrusion of younger granites and the deposition of Nubian
sandstone Post-Cretaceous.

Brittle deformation and paleostress analyses

Tectonic analyses based on the aeromagnetic survey data

Wadi Kharit/Wadi Jararah basin may be explained in terms of a pull a part wrench with right-lateral motion (Fig. 6). In
pre-Jurassic time, the main trend of the basement rocks was composed mainly of NW-SE system. Tectonic analyses explain the
geometric configuration and orientation of a pull a part movement which governed the sedimentation history of the area; the
platform regime began in Paleozoic through northern Africa [14].

A rose diagram (Fig. 6) represents the main faults trends from an aeromagnetic map. The main trends of normal faults are
NW-SE to NNW-SSE with minor trends NE-SW, E-W and N-S. On the other hand, strike slip faults have NE-SW and NNE-
SSW trends. These trends can be considered as deep seated trends in the study area. From the present study; alteration processes
including albitization, hematization, kaolinitization and dissilicification affecting syenogranite, alkali feldspar granite and quartz
syenite are mainly associated with the NW-SE to NNW-SSE, NE-SW, E-W and N-S deep seated normal fault trends. This means
that the deep seated trends from an aeromagnetic map of normal faults are the same trends of different types of alterations
delineated the granitoids at Wadi Road El-Sayalla area.

Paleostress analyses

The (INVD) direct inversion [8-10, 16] used to determine paleostress tensors from fault-slip data sets. This method is based
on some hypotheses which can be verified on the basis of data consistency after computations and geological observation at data
collection sites: 1) The stress field was homogeneous within the site studied for the tectonic event considered. 2) Slip occurred in

10 AnuK.T.u gp. Structural evolution of Wadi Road El-Sayalla area, Eastern Desert, Egypt // U3BecTua YITY. 2018. Bbin. 4(52).
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PucyHok 5. CknagyaTtocTb B HYGUMACKUX MecyaHuKax. a — LBeTHas dotorpadus, nokasblBaeT CUHKMUMHAMbHYO CKNaAKy, COCTOSLLYIO U3 OT-
noxeHu TuMcaxckow CBuTbl U cnoes B YM-bapamunbckon ceBuTe, 0ObekTMB hoToannapara HanpaeneH Ha cesep; b — rpadmyeckoe pelueHune
OKOHTYPEHHbIX MOMOCOB K 0Cal04YHbIX CMOSM B HyOUINCKNX NecyaHrkax B panoHe PunewTsl, KOHTYpbI 2, 4, 8, 16 1 32 % ansa 81 HacnoeHui.
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Figure 6. Interpreted tectonic map and rose diagram showing faults trends based on aeromagnetic data for Wadi Kharit / Wadi Jararah
area, Eastern Desert, Egypt, after [15].

PucyHok 6. MHTepnpeTupoBaHHaa TeKTOHW4YeCcKas KapTa U pos3a-guvarpaMma, MnokasbiBallive HanpaBrieHWsi pa3fioMOB Ha OCHOBe
a3’poMarHUTHbIX AaHHbIX Ana paoHa Bagun-Xaput/Bapgu-dxapapa, BoctouyHas nycteiHsa (Eruner), no [15].
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the direction of the maximum resolved shear stress along the fault plane and corresponds to the measured striae. 3) Faults moved
independently but consistently with a single and common stress tensor during the tectonic event. 4) Fault displacement is small
relative to the fault surface area [16, 17]. Paleostress reconstruction of brittle deformation is based on the analysis of fault slip data
using computer programs of tensor [8-10, 16]. These methods depend on determining the best fitting reduced paleostress tensor
for a given fault slip data set. The direction of slip on a fault plane depends on the orientation of the maximum (o)), intermediate
(0,), and minimum (o,) principal stress axes and on the ratio ® = (o, - 0,)/(0, - 0,). This ratio provides a convenient index to
characterize the relationship between the principal stress magnitudes. It ranges from 0 (meaning that 0, = 0,) to 1 (meaning that o,
= 0,). Whereas simple extension generally corresponds to high values of @ (e.g., > 0.5), multidirectional extension is characterized
by low values that make o /0, stress permutation easier. In compressional tectonics, changes between reverse and strike-slip
faulting modes generally correspond to situations with low values of @, down to about zero [18]. A quality estimator of data
dispersion is the average “ratio upsilon” of RUP. Possible value of estimator RUP ranges from 0% (maximum shear stress parallel
to slip with the same sense) to 200% (maximum shear stress parallel to slip with opposite sense). The average ratio of the direct
inversion method (RUP) in percent (100) value < 75% = good consistency [19] as, it generally corresponds to good fits between
actual fault slip data distribution and computed shear stress distribution. Another quality estimator is calculated, ANG as to the
average angle (in degrees) between the measured lineation and the computed slip lineation. The results are acceptable for values
between 1° to 25° [19] which are the case of the present analyses.

In the present study, paleostress tensor analyses have been conducted in the studied area based on crosscutting and
geometrical relationships between faults and dikes. Twenty-one stations have been studied in which 166 fault slip data were used
in calculation. Their analyses allow the calculation of 21 paleostress tensors. There are 29 faults characterizing extension, 132
faults characterizing simple shear (compressional) regime and 5 faults characterizing pure shear regime.

A - Extensional stress regime

It has been defined fault-slip data sets of system in 5 sites (Table 1) and (Fig. 7). These systems are gathered into different
extensional regimes NW-SE, NNW-SSE, NE-SW and NNE-SSW. The faults recording NW-SE to NNW-SSE striking extension
are found in two sites of the area (sites 104A and 109B). While the faults recording nearly NE-SW and NNE-SSW-striking
extensions are recorded in three sites (111N, 3/6C and 91A). The average orientations of o, axes are N-315° and N-170° for
NW-SE and NNW-SSE-striking extension, N-226° and N-45° for NE-SW extension and N-196° for NNE-SSW extension. The
different alteration processes encompass albitization, hematitization, kaolinitization and dissilicification affected Wadi Road El-
Sayalla granitoid plutons are similar to those trends of normal deep seated faults resulted from an aeromagnetic map. These fault
trends are NW-SE to NNW-SSE, NE-SW, E-W and N-S in which reveal NE-SW to ENE-WSW, NW-SE, N-§, and E-W extensional
trending minimum stress (0,). These extensional trends considered the most important trends for higher radioactive zones at
Nikeiba area as reported by [20].

B - Compressional stress regime

It has been defined using 137 faults from simple shear system and 5 faults from pure reverse compression system in 16 sites
(Table 1) and (Fig. 7). These systems are gathered into five events of different compressional regimes N-S, NNW-SSE, NW-SE,
E-W and NE-SW. The strike-slip regime (o, vertical with horizontal o, and 0,) occurs in 15 sites. The compressional event is
detected from strike-slip systems (sites 91, 3/6D for N-S while 109 and 3/6 for NNW). The computed o, for this system plunges
14°, 399, 4° and 15° in 187°, 172°, 156° and 337° directions. The NW-SE compressional event represents strike-slip phases (sites
92,101A, 102, 104, 109A and 111). The computed o, for these systems are 327°, 326°, 165°, 129°, 304° and 313° with plunges from
27°, 18°, 74°, 8° 1° and 16°. From (Fig. 7) the alkali feldspar granite take an oval shape along the NW-SE direction as the same
direction of the foliation planes in the metavolcanics in which their strike ranges between 120° to 160°. Quartz syenite affected by
the N-§ strike slip left lateral compression causing the displacement of their plutons (Fig. 7).

The faults recording E-W-striking compression is detected from two conjugate strike-slip fault systems (93 and 101). The
orientations of o, axis are 104° and 276° respectively with plunges 17° and 14°. The NE-SW compressional event (sites 109C, 3/6A
and 3/6B, have orientation of o, in 251°, 46° and 72° directions with plunges 21°, 4° and 2° respectively.

The pure compressional regime (o, vertical with horizontal 6, and ¢,) is only detected in the NW-SE compression (reverse)
(site 92A). The computed o, for this system plunges 8° in 152° direction. This regime characterized by reverse fault causing highly
sheared zone between syenogranite and quartz syenite. Also, the major synclinal folding (F4 generation), associated with Nubian
sandstone basin at Fileita (Post-Cretaceous) and formed by pure compressional regime in NW-SE direction.

The geometry of fault populations is complex and varies from site to site. Oblique faulting is common where slip movements
were initiated along pre-existing fault planes. For instance, some E-W and NW-SE trending oblique-slip faults have been
reactivated into strike-slip sinstral faults (sites 102 and 92). This indicates that this event is younger than the N-S and NW-SE
extensional events. Also, E-W trending oblique-slip faults have been reactivated into strike- slip dextral faults (sites 109C). This
indicates that this event is younger than the N-S extensional event.

The ratio of stress differences ® has very high value (0.5) in sites 92, 102, 104 and 111 i.e. o, is very close to o, so, changing between
dip-slip faulting and strike-slip faulting modes can took place [18]. Conversely, where the tectonic regime is dominated by extension,
a decrease in the ratio @ results in more irregular trajectories of o, and local permutations of 0,/0, [18] (site 104A and 109B).

Tectonic evolution of Road El-Sayalla area

The following geological and tectonic episodes were inferred from the present study and the geochronological data for the
surrounding areas were published (Fig. 8).

Syen-tectonic granite; folding-thrusting episode (E1)

It was associated with the cratonization of the arc-inter-arc rock association. Low angle thrusting, tight and isoclinal folds of
(F1) were formed during this stage (E1). Sol Hamed-Onib and Allaqi-Heiani sutures were formed due to the collision between
Gerf and Gabgaba-Gebeit terrains (> 715 Ma [13]. Also, the metavolcanics are similar expressions of the ~ 750 Ma crust-forming
events [21]. The compression during early folding-thrusting episode (E1) continued in the same direction to generate nearly
coaxial folds (F2) with (F1). The F2 folds were formed between formation of arc-inter-arc rock association and the intrusion of
the syntectonic granites 660-730 Ma [13]. The intrusion of these granites represent the end of folding-thrusting episode (E1).
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Results of paleostress tensor from the measured fault-slip data at Wadi Road El-Sayalla area, Eastern Desert, Egypt.
Pe3ynbTaThl TeH30pa NaneocTpecca nocre M3MepeHUs AaHHbIX 0 pasnomax B Baau-poya dnb-Casnna, BoctouHasn nycTbiHa (Eruner).

Axe g, Axe o Axe o,

. Conj.
Site No. Tensor D p D p D p 0] ANG RUP No.
91A Ex 20° 78° 287° 1° 196° 12° 0.424 3° 23 9
104A Ex 121° 72° 224° 4° 315° 17° 0.247 3° 15 6
109B Ex 313° 75° 78° 9° 170° 12° 0.249 2° 10 4
3/6C Ex 188° 82° 315° 5° 45° 6° 0.390 2° 10 5
111N Ex 29° 71° 134° 5° 226° 18° 0.33 6° 21 5
3/6D Cp2 172° 39° 285° 26° 39° 40° 0.402 4° 48 8
91 Cp2 187° 14° 54° 69° 280° 14° 0.506 12° 34 16
92 Cp2 327° 27° 185° 56° 66° 18° 0.675 1° 12 6
93 Cp2 104° 17° 329° 67 199° 16° 0.178 3° 20 10
101 Cp2 276° 14° 33° 60 179° 26° 0.416 25° 54 16
101A Cp2 326° 18° 137° 72° 235° 3° 0.363 9° 36 5
102 Cp2 293° 1° 202° 48° 23° 42° 0.644 4° 27 5
104 Cp2 129° 8° 348° 80° 220° 6° 0.552 4° 38 6
109 Cp2 156° 4° 50° 77° 246° 13° 0.244 11° 36 12
109A Cp2 304° 1° 37° 70° 213° 20° 0.471 23° 49 9
109C Cp2 251° 21° 114° 62° 348° 18° 0.176 4° 33 7
111 Cp2 313° 16° 145° 74° 44° 3° 0.524 7° 44 5
3/6 Cp2 341° 22° 162° 68° 71° 0° 0.416 7° 36 9
3/6A Cp2 46° 4° 147° 69° 315° 21° 0.148 6° 28 12
3/6B Cp2 72° 2° 339° 49° 163° 41° 0.256 1° 18 6
92A Cp1 152° 8° 243° 6° 8° 80° 0.422 5° 21 5

Symbols: Ex (Extensional system), Cp2 (strike-slip shear system), Cp1 (pure compression reverse system), g,, 0, and o, = principal stress axes,
D = trend of axis, P = plunge of axis, ® = (0,- 0,)/(0, — 0,). ANG = angle between calculated and measured shear. RUP = ratio upsilon (in %) of
the function defined by [9] from 0% to 200% and Conj. No. = number of conjugate fault systems (total = 166).

Late-tectonic granite; upright folding episode (E2)

It was associated with compression and shortening to the NE-SW direction which different from the NW-SE shortening
direction during (E1). At the end of the E2 numerous plutons of the late-tectonic granites in the Eastern Desert are intruded
parallel to the NNW-SSE to NW-SE trend [22]. The folding and foliation during the E1 and E2 provided most of the space for the
granitic plutons intrusion [23].

Post-tectonic granitic episode (E3)

The syenogranite and alkali feldspar granite of Nikeiba exhibit A-type affinity intruded during this episode. On the basis of
petrological and geochemical data, this batch displays anorogenic features of post orogenic environment [20, 24] (E3). So, this
batch of Nikeiba post-tectonic granites can be occurred during a prolonged heating event by post-collision extension [25, 26]. It
is consistent with the concept that represents a continuation of magmatism in a post-orogenic environment, which reactivates
major structures.

Early Cretaceous to Post Pleistocene episode (E4 and E5)

The fourth episode (E4) is manifested by syncline folding along the axial plane bedding of F4 (N84°E/84°S) that existed after
the intrusion of younger granites which were detected in the Nubian sandstone at Fileita area.

Fracturing, faulting episode (E5) is manifested in the studied area by successive events of compressional reverse, strike slip
faulting and extensional normal faulting. They are detected in syenogranite, alkali feldspar granite and quartz syenite. The area
is dissected by multi-trends of fault populations arranged according to relative chronology starting from the oldest event: E-W
strike slip (right), N-S strike slip (left), E-W dip slip, NE-SW strike slip (right) and NE-SW dip slip main trend clusters. The N-S
reactivated left lateral strike-slip faults which cross cut clayey sandstone at Fileita.

Discussions and conclusion

1 - The detailed structural study reveals four tectonic episodes that affected the studied area; E1: Folding-thrusting episode;
It is represented by tight and isoclinal folds (F1) associated with metavolcanics association. The compression during early folding-
thrusting episode continued in the same direction to generate nearly coaxial folds (F2) with the isoclinal folds (F1). The intrusion
of syntectonic granites (tonalite-granodiorite) marks the end of this episode 660-730 Ma [13].

2 - E2: Upright folding episode; It is associated with compression and shortening in the NE-SW direction, which is different
from the NW-SE shortening direction during E1.

3 - E3: Post tectonic granitic intrusion episode; the syenogranite and alkali feldspar granite of Nikeiba exhibiting A-type
affinity and post orogenic environment formed during a prolonged heating event by post-collision extension.

4 - E4 and E5: Early Cretaceous to Post Pleistocene episode; syncline fold, fracturing and faulting episode show the analysis of
paleostress and relative chronological data indicate that the area experienced successive events of compressional and extensional
regimes starting with the oldest event; E-W strike slip (right), N-S strike slip (left), E-W dip slip, NE-SW strike slip (right) and
NE-SW dip slip (main trend). Trends of the main tensions occurred along the inherited axial planes of F1, F2, F3 and F4 folds in
sites (104A, 109B, (111N, 3/6C) and 91A, respectively.
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Figure 7. Lower-hemisphere Schmidt projection of fault slips data corresponding tensor for compressional and extensional phases
showing their distributions on the geological map for Nikeiba plutons at Wadi Road El-Sayalla, Eastern Desert Egypt. Symbols: as
5-pointer star (red color) = o, 4-pointer star (green color) = o,, 3-pointer star (blue color) = o,; Large blue and red arrows = direction of
extension and compression, small arrows indicate slickenside sense of movement.

PucyHok 7. HuxHaa nonycdepa npoekumum LMuara gaHHbIX UCTMHHOM BbICOThI COpOCa; COOTBETCTBYET TEH30PY ANA PacTAHYThIX
M cxkaTbIX a3, NoKa3bIBalOLWMX UX pacrpeperieHue Ha reosiorm4eckon kapre, onsa nnytoHoB Huken6a Ha Bagu-poya dnb-Casinna,
BocTouHas nycteiHa (Erunet). O603Ha4YeHus: B BUAe 38e3Abl C 5 HAKOHEYHMKaMK (KpacHbIM LBeT) = 0, 38e34a C 4 HaKOHeYHMUKaMun
(seneHbIii uBeT) = 0,, 3B€34a C TPEMsi HaKOHEYHMKaMU (CUHWI LBeT) = O,; Bomnblmne CMHME M KpacHble CTPenkuM = HanpaBneHue
pacTaXeHUA U CXKaTtusa, ManeHbkKue CTpersiku yKa3biBalOT Ha 3epKasio CKOJNbXXeHUs.
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Figure 8. Tectono-stratigraphic sequence of rock association of the basement complex and non-conformable Nubian sandstone at Wadi
Road El-Sayalla in the Eastern Desert, Egypt, modified after [6].

PucyHok 8. TekToHO-cTpaTurpadmyeckas nocnenoBaTeNibHOCTb acCCOLMMPYIOLWNX MOPOA M3 KOMMIEKCOB OCHOBaHWUS U Hecornacue
HyGuickoro necyaHuka B Bagu-poya 3nb-Casnna B BoctouHol nycTbiHe, EruneT, ¢ uameHeHusimm no [6].

5 - The NW-SE, NE-SW, E-W, NNW-SSE and N-S normal fault trends control multi injections and many alteration features.
They are considered as important trends for deep seated structures from aeromagnetic map and could have acted as good
directions for the radioactive mineral (thorite and uranothorite).

6 — Mineralization appears to be structurally controlled by the interaction between inherited ductile fabrics and overprinting
brittle structures. During reactivation, simple shear parallel to the inherited ductile fabrics was responsible for development of
mineralized structures. Also, uranium and thorium are concentrated in accessory minerals, especially uranothorite, monazite,
zircon, allanite yttrocolombite and fluorite in which they are associated with the highly altered syenogranite, alkali feldspar, quartz
syenite, felsite dikes and pegmatite pockets in Nikeiba plutons at Wadi Road El-Sayalla.
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CTpyKTypHas 3BoAIOUMSI parioHa Baay poya dab-Casiana, BoctouHas
nycTbiHs (Ervner)

Xanep Mamanes AU,

Xacan Anu 3JTUBA?,

Macyn Canax MACYO',

Mamopy MYPATA?,

Axmep 9nb Caeg ABAENb FABAQ",

'"YnpaBneHue aaepHbix Matepuanos, Kavp, Eruner
2YHusepcutet MuHydus, Kaup, Erunet
3YHuBepcutet HapyTto, National University Corporation, HapyTo, AnoHus

PaitoH Baan poya dab-Casiana sIBASIETCS YacTbio tora BocrtouHowt nycrbiy Ermnta. OH cOCTOUT M3 ABYX MAYTOHOB, OCHOBAHMsI KOMIMAEKCOB FOPHBIX MOPOA
Hukeiiba u necyannkos duaeiita HybuaH. B cocraB nAyToHOB Hukei6a BXOAST METABYAKAHWTLI, CUEHOTPAHMTDI, WEAOYHLIE MOAEBOLIMATOBLIE MPAHUTLI U
KBapLEBbIE CUEHUTDLI, MPOPBAHHLIE AAiKaMy (PEAL3UTOB M AOAEPUTOB M KBAPLIEBLIMM JKMAAMU, BCE 3TU KOMIMAEKChI MOPOA HECOTAACHO MEePEeKPLIBAIOTCS
HyOUMCKMMM MECHaHMKaMM B paioHe DUAEHTDI.

Lleap pa6oTpl. VICCAEAOBAHME 3AKAIOYAETCSl B BLIICHEHMM B3AMMOAEVCTBUSI MEXAY YHACAEAOBAHHLIMM TMAACTUHECKMMM  CTPYKTYPHO-TEKCTYPHLIMU
SAEMEHTaMM M HAAOXKEHUEM XPYIKUX CTPYKTYp. BaskHO peKoHCTpyMpoBaTh TEKTOHMHYECKYIO 3BOAIOLIMIO paiioHa Baan-poya dAb-Casiaaa, YTO MOMOMKET
OIMPEAEANTDb IPAHNLIbI MMHEPAAM3ALIMY B ICCAEAYEMOI OBAACTH.

MerToAbl MCCAeAOBaHMA. AHAAM3MPOBAAOCL CrMOAHME, CBSI3aHHOE C MAACTUMECKUMMM CTPYKTYPHO-TEKCTYPHLIMM SAEMEHTamMU, C MCTOAL3OBAHVEM
MPOrpaMMHLIX NMakeTos crepeorpacudeckor npoekumn GE Orient Bepcun 9.4.5. AHaAM3 TpelVH, CBSI3aHHLIX C XPYMKUMU CTPYKTYPaMu, MPOBOAMACS
KOAMYECTBEHHO C MCTMOAL3OBAHMEM MAAEOCTPECC AHAAM30B PA3AMYHLIX HAOOPOB AASI PacHeTa TEH30POB, CBSIBAHHLIX C PASAMYHBLIMU COOLITUSIMU OKATUST U
3KCTEHCMOHAAM3ALIMM C UCTTOAL30BAHMEM Mporpammbl Tensor.

Pe3yavtaTnl. CTPYKTYPHAsl S5BOAIOLIMSI B MCCAEAYEMOM OOAACTM MOAPABAEASIETCS Ha MSITh CTPYKTYPHLIX SMM30A0B: E1: CUHTEKTOHMYECKUI FPAHMUT (TOHAAWT-
rPAHOAVIOPUT); 3MM30A CrMOaHMsl, CBSI3AHHBIM C KPATOHM3ALMEN OCTPOBOAYIKHBIX M MEXKAYTrOBLIX KOMMAEKCOB MOPOA. E2: MO3AHETEKTOHMYECKMI FPAHMUT;
SMM30A MPSIMOV CKAAAKM, CBSI3AHHLIV CO Okatvem B HaripaeaeHnn NE-SW. E3: IHTpy31u NMOCTTEKTOHMYECKMX FPAHMTOB C OOPa3soBaHMEM CHEHOTPAHUTOB U
LIEAOYHO-TIOAEBOINATOBLIX rPaHNTOB Hukeiibul. E4 m E5: 0T paHHEMEAOBOTO AO MOCTIAEICTOLIEHCKOTO NMEPVOAOB MPOSIBASIETCS] CMHKAVHAALHOE CrubaHne
BAOAL HaripaeaeHusi ENE-WSW B Hybuiickom rniecyaHvike duneitra (E4). C apyroi ctopohbl, E5: PaspylieHune, TEKTOHMYECKas! 30HA XapaKTepusyeTcs
MHOTOYMCAEHHLIMU Pa3AoMamm (CABUIOBLIT pasaom EW (nmpasbiid, cambliii ctapbiil), cABUroBbIi pasaom NS (AeBbiii), BepTrkasbHOe cmelneHue E-W, caBurosbiit
pasrom NE-SW (npasbii) u1 NE-SW BepTuKaabHOe cmellleHMe (camoe MOAOAOe). AKLIECCOPHbIE MUHEPAALI, Takue Kak TOPUT, YPaHOTOPUT, MOHALIMT,
LIMPKOH, QAAHUT, UTTPOKOAYMOMUT U (DAIOOPHUT, MO-BUAMMOMY, CTPYKTYPHO KOHTPOAMPYIOTCSI B3AMMOAECTBMEM MEXKAY YHACAEAOBAHHLIMU MAACTUHECKMMM
CTPYKTYPHO-TEKCTYPHLIMA SAEMEHTAMM M HAAOXKEHMEM XPYMKuX CTpyKTyp. HopmaabHbie cOpocst NE-SW, NW-SE, E-W, NNW-SSE u N-S siBastiorcst
BKHBLIMM TAYOOKO 3aAETAIOWVMM CTPYKTYPaMM, KOTOPbIE KOHTPOAVPYIOT MHOTOUMCAEHHDIE AAIKM (DEAL3UTOB M AOAEPUTOB M COOTBETCTBEHHO HAAOMKEHHDIE
M3MEHEHMs1, KOTOPbIE MOTYT HECTU PA3AUYHYIO PYAHYIO MUHEPaAM3aLMIo.

KatoueBbie croBa: Baam poya dab-Casiana, Hukeiiba, duneiita, Ervner, cABUroBasl CKAQAYATOCTb, KpaTOHM3aUmsl, 06pa3oBaHme CKAAAYATOCTH, obpasoBaHmne
Pa3sAOMOB.
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Control of movement of heat front during oil reservoir with thermal
treatment

Bagir Ali BAGIROV"”,
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Relevance. For efficiency of oil field development, Enhanced Oil Recovery (EOR) methods are used. These methods can be classified into physi-
cal-chemical, thermal, microbiological, nuclear, etc. Among these treatments, the thermal method has a special place. It is related to the fact, that
these methods are applied to the formations with scavenger (tight) oil, where ultimate oil recovery factor otherwise cannot exceed 0.2-0.3. Thermal
methods are aimed to reduce the viscosity of the oil, thus increasing its mobility in the reservoir. The method is based on pumping the driving sub-
stance (steam or hot water) into the reservoir, and also on burning the oil in the reservoir (in-situ combustion).

Purposes and objectives of the study. The efficiency of the thermal treatment largely depends on geological and physical conditions of the oil reservoir
— its depth, physical and chemical characteristics of the fluids, reservoir type, oil, gas and water saturation.

The substance to be heated in the reservoir is oil. However, part of thermal energy heats water and the rock as well. Therefore, it is very important to
study the reservoir before the start of thermal treatment. Geologically heterogeneous layers especially require detailed study.

The thermal methods have been tested on the reservoirs, occurring at different depth. However, the efficiency of thermal treatment decreases with
depth. The reason for that is the loss of the heat on its way in the borehole, from one hand, and higher temperature of the formation itself, on the
other. That is why, the application of the thermal methods on the deeper horizons are limited.

Results and recommendation. Apparently, the successful application of thermal treatment of the reservoirs requires the systematic monitoring of
the development process, which allows to correct the treatment process in a timely manner. Getting the information about formation current physical
characteristics, making temperature measurements are challenging and expensive processes. The processing of the information also takes time. All of
this can have negative effect on ultimate recovery factor. Usually, construction of isotherm maps is recommended for thermal treatment monitoring.
However, these maps not always indicate the direction of the movement of the injected heat. Thus, the effective method of controlling and monitoring
of the thermal treatment is very relevant task of the reservoir geology.

Keywords: reservoir, oil recovery, thermal treatment, temperature, exposure to steam, in-situ combustion, water mineralization.

ntroduction
For efficiency of oil field development, Enhanced Oil Recovery (EOR) methods are used. These methods can be clas-
sified into physical-chemical, thermal, microbiological, nuclear, etc. [1-3].

Among these treatments, the thermal method has a special place. It is related to the fact, that these methods are applied to the
formations with scavenger (tight) oil, where ultimate oil recovery factor otherwise cannot exceed 0.2-0.3 [4]. Thermal methods
are aimed to reduce the viscosity of the oil, thus increasing its mobility in the reservoir. The method is based on pumping the
driving substance (steam or hot water) into the reservoir, and also on burning the oil in the reservoir (in-situ combustion).

The efficiency of the thermal treatment largely depends on geological and physical conditions of the oil reservoir - its depth,
physical and chemical characteristics of the fluids, reservoir type, oil, gas and water saturation.

The substance to be heated in the reservoir is oil. However, part of thermal energy heats water and the rock as well. There-
fore, it is very important to study the reservoir before the start of thermal treatment. Geologically heterogeneous layers especially
require detailed study.

The thermal methods have been tested on the reservoirs, occurring at different depth. However, the efficiency of thermal treat-
ment decreases with depth. The reason for that is the loss of the heat on its way in the borehole, from one hand, and higher tem-
perature of the formation itself, on the other. That is why, the application of the thermal methods on the deeper horizons are limited.

Apparently, the successful application of thermal treatment of the reservoirs requires the systematic monitoring of the de-
velopment process, which allows correcting the treatment process in a timely manner. Getting the information about formation
current physical characteristics, making temperature measurements are challenging and expensive processes. The processing of
information also takes time. All this can have negative effect on ultimate recovery factor. Usually, construction of isotherm maps
is recommended for thermal treatment monitoring. However, these maps not always indicate the direction of the movement of
the injected heat. Thus, the effective method of controlling and monitoring of the thermal treatment is very relevant task of the
reservoir geology.

Suggested method

The method is based on the fact, that injected heat transfer agent will increase the temperature and mobility of fluids, but
will also change the ion and salt composition of the formation water. The heat transfer agent can be steam, hot water, as well as
the products of combustion of oil in the reservoir [5-7]. One has to pay attention to the fact that the water flow in the reservoir
is faster than the spreading of the heat in the rock matrix or in the saturated fluids. Therefore, the change in water chemistry is
meaningful indicator, which allows finding areas and zones of the field affected by thermal treatment. The behavior of chemical
components of the solution depends on the method of treatment. Injected steam will decrease the salinity, or mineralization, since
injected substance is basically distilled water. In-situ combustion decreases the viscosity of oil, but also increases the temperature

* 4 b.bagirov.36@mail.ru
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Figure 1. Thermal treatment zones in Balakhany-Sabunchi-Ramany field.
PucyHok 1. 3oHbI TennoBow o6paboTku nnacrta B MectopoxaeHun banaxaHbl-CabyHun-Pamanbl.

of formation water, which increases its reactivity and solubility of components of the rock matrix. Therefore, water produced with
the oil will have higher mineralization and, as a rule, the content of Na + K and Cl ions will increase.

As for hot water injection (which has not been applied in the Azerbaijan oil fields), it is reasonable to suppose that the water
chemistry will change according to the chemical composition of the dissolved salts in the injected water [8].

Case studies

Below are the specific examples of realization of the suggested method.

Exposure to steam. This method was successfully used in the oil reservoir horizons IT KS  of Balakhani-Sabunchi-Ramany
field (Khorasan Zone). The target is represented by frequent and uniform alternation of thin (35-45 m thick) interbeds of argilla-
ceous and sandy rocks. Average porosity is 25% and average permeability is 0.215 mkm?* (215 mDa). The area covered by thermal
treatment is not complicated by faults and has 18-25° dip angles.

In place conditions the density of oil is 0.920-0.935 gcc (19.8-22.3 API), while the viscosity is 75-110 mPa x s. Although the
horizon has been developed since 1924, at the beginning of treatment the current oil recovery coeflicient was only 0.19. Average
daily well rate were between 0.6-3.2 t (4-22 bbl) oil and 0.1-8.0 m* water. WCO was 55-65%, while formation pressure of the site
fluctuated from 0.07 to 1.25 MPa. To enhance filtration properties of oil in porous environment of the studied zone steam injec-
tion was first implemented in well No. 1396 (1969), and then in well No. 1128 (1970). The temperature of working agent (steam)
at the wellhead was 200-220 °C at 3.0 MPa injection pressure (Fig. 1).

It must be noted that the steam injection operations create three specific phase zones - steam drive zone, hot condensate zone
and unswept zone [9]. Each of indicated zones affects each other. By compensating each other these zones indicate the nature and
direction of heat front.

The work describes the study results of impact of temperature on physical and chemical features of the oil and reservoir water
in test wells (No. 2220, 2281, 2547, 2238, 2227). It was established that the test wells exhibit regular decrease in viscosity and den-
sity of produced oil with rising temperature. However, the wells where no changes in the temperature of formation were observed
(2236), there was some improvement in oil mobility. This suggested that the thermal flow affected wider area. At that, the studies
indicated the considerable changes in reservoir water even in the wells where formation temperature did not change. The salinity
of this water reduced from 2.5-3.1 to 0.5-2.8 °Be as a result of mixture with steam condensate (Table 1).

Comparison of physical-chemical characteristics of formation water has shown that its properties change as a result of ad-
vanced penetration of steam condensate (which is actually distilled water) via more permeable sub-layers. Such situation was
observed even in wells (No. 1397, 1934), where other geological-engineering characteristics remained stable (Fig. 2).

In the course of controlled steam treatment, it was found that monitoring of hydrochemical conditions within formations in dy-
namics allows identifying directions of the heat flow in formations, and this can be used for control of used treatment method [4, 10].

In-situ combustion. This method is based on the capability of hydrocarbons to release heat as a result of oxidizing reactions.
Heat generation directly within formation is main advantage and characteristic feature of this method. In-situ combustion works
efficiently in clastic reservoirs. Disadvantage of this method is that more than 25% of oil in the reservoir is burned as a fuel, whilst
final oil recovery can be increased to 20% when using this method [8, 11-15].

barupos bB. A., FTapxueB A. M. Control of movement of heat front during oil reservoir thermal treatment // U3Bectus YITY. 2018. 19
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Table 1. Physical-chemical characteristics of formation water of horizon Il KS  Balakhany-Sabunchi-Ramany field.
Ta6bnuua 1. Tabnuua 1. PU3nko-xMMmM4eckme Nnokasartenu NacToBor BoAbl Ha 3anexax ropusoHTa Il KC B mecTopoxaeHuu
BanaxaHbI-CabyHun-PamaHbl.

Before the treatment After the treatment
Equivalent values, equiv. Equivalent values, equiv.
W
ell °Be °Be

Cl HCO, Ca+Mg Na+K X_, Cl HCO, Ca+Mg Na+K X .
2220 2.9 0.0311 0.0085 0.0014 0.0802 0.1212 0.5 0.019 0.0021 0.0013 0.0032  0.0261
2281 29 0.0324 0.009 0.0017 0.0838  0.1269 2.8 0.0313 0.0091 0.002 0.0389 0.0818
1431 3.1 0.0335 0.009 0.0015 0.0862  0.1302 0.7 0.021 0.0034 0.0009 0.0057  0.0315

1397 3.0 0.0322 0.0093 0.0016 0.084 0.1271 2.6 0.0283  0.0091 0.0013 0.0156  0.0758
1432 2.8 0.025 0.0112 0.0012 0.0733  0.1107 2.7 0.0256  0.0109 0.0014 0.0356 0.054
2547 25 0.0239 0.0081 0.0019 0.065 0.0989 1.7 0.0156  0.0077 0.0011 0.0229  0.0478
2238 2.7 0.0256 0.0104 0.001 0.073 0.1 25 0.0244  0.0101 0.001 0.0339  0.0699
1934 3.1 0.0341 0.009 0.0015 0.0873  0.1319 2.8 0.0291 0.0098 0.0014 0.0383  0.0791
2729 2.7 0.0246 0.0108 0.0011 0.0718  0.1083 2.7 0.0261 0.01 0.0014 0.0153  0.0533
2248 2.9 0.0282 0.01 0.0013 0.0776  0.1171 2.8 0.0277  0.0106 0.0013 0.0175  0.0576
2236 2.5 0.0232 0.009 0.0015 0.0655  0.0992 1.7 0.0124  0.0069 0.0011 0.0188  0.0397

® 1396 Injection wells

* 2065 Test wells

=700 — Isolines

Zone of temperature
change

Zone of
m mﬂiﬁlﬁgfﬁ change

80m  40m 0 40m  80m  120m 160m 200m
TR ‘N ]

~330 ft 0 ~330 ft ~660 ft

Figure 2. Map of heat distribution as a result of steam treatment in Khorasany area of Balakhany-Sabunchi-Ramany field.
PucyHok 2. Kapta pacnpegeneHus Tenna B pesynbrate NapoBo3felcTBUA B mectopoxaeHun banaxanbl-CabyHun-PamaHbl (nnowaab
XopacaHbl).

Let us note that as a result of process of combustion in the reservoir, ion-salt composition of formation water from the treated
wells has changed. We registered this effect in wells of the Balakhany-Sabunchi-Ramany and Pirallakhi fields.

1. Horizon PKu of the Balakhany-Sabunchi-Ramany field (Khorasany area). Here PK suite, unlike other areas of the field is
characterized by low oil recovery factors (< 0.30), which is mainly related to high viscosity of oil (> 50 mPa - s). Accordingly, in
1973, people began to apply thermal treatment methods, in-situ combustion, in particular.

Summary of geological-engineering characteristics of target is the following.

Development of PKu began in 1919. Numerous wells have been drilled during the whole period of development, however,
most wells were soon returned to the overlying formations due to low rates. The process of in-situ combustion was applied in wells
No. 3326, 3323, 12z, 3396, 2632. More than 40 producers undergone treatment (Fig. 3).

Treatment continued up to 1995; during the whole period more than 600 thousand m’ of water and over 200 million m? of
compressed air have been injected into reservoir. As a result, about 230 thousand tons (1.5 mm bbl) of incremental oil was pro-
duced owing to its improved mobility at the expense of reduction of viscosity. Treatment was carried out under systematic mon-
itoring and control. It should be noted that while temperature changes in the wells happened in different level, in most of them
(particularly in wells 3375, 3z and 3518), physical-chemical characteristics of formation water changed significantly (Table 2, Fig. 4).

Period of thermal stimulation is shown in grey color.

It can be seen from the presented data that in the process of in-situ combustion in horizon PK  at the Khorasany area, hydro-
chemical parameters of formation experience various changes. In all cases increase of values of Na + K u Cl ions is clearly seen,
which allowed identifying zones of heat flow effect across the area.

20 barupos b. A., FapxuneB A. M. Control of movement of heat front during oil reservoir thermal treatment // U3Bectua YITY. 2018.
Boin. 4(52). C. 18-25. DOI10.21440/2307-2091-2018-4-18-25
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Figure 3. Map of heat distribution as a result of in-situ combustion in Khorasany area of Balakhany-Sabunchi-Ramany field.
PucyHok 3. Kapta pacnpegeneHus Tenna B pesynbrate BHYTPUNIAaCTOBOro ropeHusi B MectopoxaeHun banaxaHbl-CabyHun-PamaHbl
(nnowaab XopacaHbl).
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Table 2. Physical-chemical characteristics of formation water of horizon PK at Balakhany-Sabunchi-Ramany field.
Tabnuua 2. ®M3MKO-XMMMYECKMEe NoKasaTenu NiacToBOM BOAbI Ha 3anexax ropusoHTa PK, B MecTopoxaeHun BanaxaHbl-CabyHuu-
PamaHbl.

Well No. 3375 Equivalent values
Measurement date Cl 8O, HCO, Ca Mg Na + K Yk
Before the treatment
24.06.1971 0.0252 0.0001 0.0074 0.0002 0.0017 0.0305 0.0651
28.07.1971 0.0235 0.0002 0.0067 0.0006 0.0012 0.0284 0.0606
22.12.1971 0.0235 0.0001 0.0066 0.0005 0.0016 0.0281 0.0604
19.03.1972 0.0275 0.0001 0.0072 0.0006 0.0013 0.0328 0.0695
17.06.1972 0.032 0.0003 0.0054 0.0006 0.0017 0.0354 0.0754
03.09.1972 0.028 0.0002 0.0068 0.0001 0.0022 0.0327 0.07
18.01.1973 0.0255 0.0004 0.0069 0.0006 0.0016 0.0306 0.0656
After the treatment
09.04.1973 0.1004 0.0086 0.0059 0.0154 - 0.0995 0.2298
26.06.1973 0.087 - 0.0062 0.0012 0.0039 0.0881 0.1864
07.09.1973 0.029 - 0.0069 0.0002 0.0019 0.0338 0.0718
09.02.1974 0.0265 0.0001 0.0019 0.0004 0.0014 0.0314 0.0617
19.05.1974 0.0245 - 0.0068 0.0004 0.0017 0.0292 0.0626
09.08.1974 0.026 0.0006 0.0063 0.0001 0.0023 0.0315 0.0668
14.12.1974 0.0275 0.0001 0.0075 0.0002 0.0021 0.0327 0.0701

barupos bB. A., lapgxueB A. M. Control of movement of heat front during oil reservoir thermal treatment // U3sectus YITY. 2018. 21
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Figure 4. Change of physical-chemical characteristics of formation water in time (well No. 3375).
PucyHok 4. UameHeHune hn3nKo-XMMUYECKUX NoKasaTernein nnacTtoBoi BoAbl C TeYeHUeM BpeMeHM (ckBaxuHa 3375).

Table 3. Physical-chemical characteristics of formation water of horizon KCu at Pirallakhi field.
Tabnuua 3. ®M3nKo-XMMMYECKMe nokasarenu nnactoeoi soabl ropusonTta KC B mectopoxaeHum Mupannaxu.

Well No. 633 Equivalent values

Measurement date Cl SO, HCO, Ca Mg Na + K
Before the treatment

24.01.1978 0.1550 - 0.0017 0.0071 0.0050 0.1446
21.02.1979 0.1430 0.0009 0.0012 0.0107 0.0076 0.1268
30.10.1979 0.1100 0.0013 0.0019 0.0067 0.0063 0.1002
11.01.1980 0.1515 0.0007 0.0010 0.0108 0.0066 0.1358
20.03.1980 0.1725 0.0009 0.0008 0.0132 0.0071 0.1539
23.10.1980 0.1290 0.0023 0.0008 0.0094 0.0073 0.1154

After the treatment
17.02.1981 0.2000 0.0001 0.0007 0.0112 0.0020 0.1876
25.02.1981 0.2120 0.0001 0.0004 0.0150 0.0077 0.1898
27.03.1981 0.2085 0.0001 0.0004 0.0139 0.0104 0.1847
11.05.1981 0.1360 0.0004 0.0017 0.0084 0.0061 0.1236
20.05.1981 0.1610 0.0014 0.0012 0.0162 0.0046 0.1428
07.08.1981 0.1405 0.0015 0.0012 0.0134 0.0028 0.1270
18.12.1981 0.0165 0.0053 0.0004 0.0016 0.0052 0.0154
26.01.1982 0.0720 0.0012 0.0032 0.0010 0.0053 0.0664
15.03.1983 0.0745 0.0010 0.0038 0.0032 0.0046 0.0745
31.05.1983 0.1025 - 0.0042 0.0032 0.0036 0.0999
26.03.1984 0.0965 - 0.0039 0.0014 0.0029 0.0921
19.06.1984 0.0800 - 0.0041 0.0018 0.0052 0.0771
08.07.1984 0.0845 0.0004 0.0029 0.0052 0.003 0.0796
23.10.1984 0.0865 - 0.0036 0.0031 0.0039 0.0831
15.11.1984 0.0870 - 0.0043 0.0037 0.0048 0.0828
12.12.1984 0.0610 0.0010 0.0039 0.0034 0.0035 0.0590
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Figure 5. Map of heat distribution as a result of in-situ combustion in horizon KS  of Pirallakhi field.
PucyHok 5. Kapta pacnpenenenus Tenna B pesynsTate BHyTPUNIIacTOBOrO ropeHus B 3anexax ropusoHTta KS  mectopoxaenus Mupannaxu.
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Figure 6. Change of physical-chemical characteristics of formation water in time (well No. 633).
PucyHok 6. U3ameHeHne hn3nMKo-XMMUYECKUX NoKa3aTerien NnacToBon BoAbl C Te4eHUEM BpeMeHU (CkBaxuHa 633).
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2. Horizon II KS, of the Pirallakhi field. Horizon KS of the Pirallakhi field is in development over 70 years. This horizon is quite
heterogeneous and compartmentalized, which lead to different level of recovery in different blocks. Accumulation of significant re-
maining recoverable reserves of highly viscous oil in come blocks required design and application of in-situ combustion method.
This method was applied in a number of wells: well 208 - 1974; wells 800 and 801 — 1976; well 172 - 1981; well 843 - 1982 (Fig. 5).

During the period of formation treatment, alongside with other geological-engineering measures hydrochemical studies
were carried out. It should be noted that vast volume of data had been accumulated for this target, and increased content of Na +
K and Cl ions in formation water was registered. Results of analyses for a number of wells are presented in Table 3, Fig. 6.

Period of thermal stimulation is shown in grey color.

As follows from Fig. 3, 4, 6, affected zones established just by data of thermal studies cover only part of areas, which is related
to natural physical tendency of heat to move to elevated parts of the structure. Chemical-structural changes in mineralization of
water encompass much greater area, giving better indication of coverage with thermal treatment.

Thermal treatment in a form of hot water injection was not used in the Azerbaijan fields. Nevertheless, one can assume that
on injection of hot water mineralization of formation water will change depending on the ion-salt composition of injected water.

Conclusions

1. For the improvement of mobility of highly-viscous oils in reservoirs temperature within the development targets has to be
increased.

2. In the process of thermal treatment, in any modification, specific variations in chemical composition of formation water
are observed.

3. This effect is in favor of inclusion of water sampling and hydrochemical analysis data into monitoring process of formations
thermal treatment.
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KOHTPOAD 3a MPOABMYKEHMEM TEMAOBOIO MOTOKA B MPOLIECCE PA3PabOTKM
HETSIHLIX MECTOPOXKAEHMHM C MPMMEHEHMEM TEPMUYECKON 0OPabOTKM

Barup Anu ornsl BATUPOB' °,
Arap3a Mecya ornbl TFAIDKUEB? ™

'A3epbaiimxaHCK1i rocy4apCTBEHHbIA YHUBEPCUTET HePTW 1 NpoMmbILLNeHHOCTM, Baky, AsepbangxaH
2HUMNW «Hedteras», SOCAR, baky, AsepbangxaH

AKTYaALHOCTb. AASI yBEAVUYEHMSI HE(PTEOTAAUM MAACTOB B MPOLIECCe Pa3paboTKy 3aAeXKel MPUMEHSIIOTCS TEMAOBLIE METOALI (3aKayka B MAACT rapa 1 ro-
psi4ei BOALI, BHYTPUIAACTOBOE ropeHue). DPEKTUBHOE NMPUMEHEHME STUX METOAOB TPEBYET HAAEXKHOTO KOHTPOASI MPOBOAMMLIX MpoueccoB. C 3Toi
LIEALIO OOLIYHO MPOBOASITCS COOTBETCTBYIOLIME 3aMEPDLI B CKBAKMHAX, PE3YALTATH KOTOPLIX OTPAYKAIOTCS HA KapTax msorepm. COrMocTaBAEHMUE TakMX KapT,
COCTaBAEHHDIX AASI PASAMYHDLIX MEPYOAOB PA3PABGOTKM 3AAEXKEN, MO3BOASIET MOAYHATb MH(POPMALIMIO O HAMPABAEHUU U CKOPOCTY MPOABVYKEHMSI TEMAOHO-
CUTEAS IO MAACTY. B uTOre BLIABMraeTcsi KOHLENUMSI O PETYAMPOBAHUM (€CAM 3TO HEOOXOAMMO) MPOBOAMMBIX MPOLIECCOB.

Lleab v 3aaaum nccareaoBanmst. [IPOBOAVMMBIE HAMM T€OAOTO-TIPOMBICAOBLIE MICCAEAOBAHMSI MO MECTOPOXKAEHMSIM A3epOaiiaskaHa MoKasbIBAIOT, YTO AAst 60-
A€€ HAAEXKHOTO KOHTPOASI 3a TEMAOBO3AECTBUEM LIEAECOOOPA3HO UCTIOAL30BATL AAHHBIE O TMAPOXMMUM MAACTA. Tak, MpPU BHEAPEHUM TEMAOHOCUTEAS HE
TOALKO MOBLIIIAETCS TEMMepaTypa MAacra M TeM CaMbiIM CHMYKAETCS! BSIBKOCTL M MAOTHOCTDL MAACTOBLIX HE(hTENM, HO M 3MEHSIIOTCS (DU3NKO-XMMUYECKME Xa-
PaKTEPUCTUKM NAACTOBLIX BOA. CA€AyeT OTMETUTDL M TO, YTO B MPOLIECCe TEPMOBO3AECTBUSI HAPSIAY C MAACTOBLIMM (PAIOMAAMM MTOABEPraeTCsi USMEHEHMSIM
1 MOPOAA 3TOTO MAACTa. B utore Tenao, npoasuraioweecs: ot BO3OY KAAIOLEN CKBOKMHBI K CKBXKVMHAM PEATVPYIOWMM, MPEACTABASIET COOOM BECHMA CAOXK-
HYIO TEPMOAMHAMUYECKYIO cucTemy. K TOMy >Ke MpOLIecC U3MEHEHMSI TMAPOXVMMMUM MAACTA BCETAQ OMEPEKAET MOAOOHBIE MPOLIECCH B HEITIX M MOPOAAX
3aAEKU. VIMEHHO 3TMM OBCTOSITEALCTBOM OBOCHOBLIBAETCS HEOBXOAMMOCTDL BKAIOYEHUST B KOMIAEKC MCCAEAOBAHMIA MO KOHTPOAIO 3a TEMAOBO3AENCTBUEM
MHbopMaLmMm O TMAPOXMMMM MAACTA.

BoiBoA. Onmpasich Ha MaTeprabl PaspaboTkM PsiAd MECTOPOXKAEHMIM A3epbaiiakaHa, asTopbl BLISIBYUAM MEXAHM3M M3MEHYMBOCTM TEMAOBOTO PEXMMA
3aneXeit. B yacTHOCTH, GLIAO YCTAHOBAEHO, YTO MPU 3aKauke B MAACT Mapa, MPEACTABASIIOLEro COBOiA, MO CyLECTBY, AUCTUAAMPOBAHHYIO BOAY, COAEHOCTD
BOA 3aA€Kel YMEHbLUIAETCs; MPYU BHYTPUIMAACTOBOM FOPEHMM 3a CYET PE3KOTO MOBLIEHNMs] TeMMneparypbl MAACTa MOBLILAETCSI M XMMUYECKasl aKTMBHOCTL
BOA. 3TO, KaK MPAaBMAO, MPUBOAUT K M3MEHEHMIO XMMMu3Ma BoA (coaepykanne Na + K u Cl nosbiwaetcst). KoHuenumsi, BIABUHYTast B AQHHOM CTaTbe, MOA-
TBEPIKAAETCS TEOAOTO-TIPOMBICAOBO MHDOPMALIMEN M MAAIOCTPUPYETCSI COOTBETCTBYIOWMMM KapTamu v TabAMLIaMM.

KarodeBbie croBa: pesepByap, He(pTeoTAaua, TEPMUUECKOE BO3AEVICTBME, TEMIMEPATYPA, MAPOBO3AECTBYE, BHYTPUINAACTOBOE FOPEHNE, MAHEPAAV3ALIVISI BOADI.
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The chemical composition and dating of accessory zircon from granitic
pegmatites in the north-eastern part of the Aduisky massif

Vera Vital’evna KHILLER',
Yuriy Viktorovich EROKHIN™

Institute of geology and geochemistry of the Ural branch of the Russian Academy of Sciences
Ekaterinburg, Russia

This work is made relevant by the necessity to improve chemical dating methods, when applied to high atomic and thorium zircons,
for which isotopic methods cannot be used.

The purpose of the work is to study the chemical composition of the accessory zircon (cyrtolite) from granitic pegmatites in the
north-eastern part of the Aduisky massif (in the Middle Urals) and determine how best to date it.

Methodology. The study comprised quantitative analysis of the chemical composition of the zircon by using a CAMECA SX 100
X-ray electron probe micro-analyser (with an electron beam diameter from 1 pm, BSE, SE, Cat, and determination of elements from
beryllium to uranium). To measure the intensity of elements, we have selected the following analytical lines: Y La, Si Ka, Zr La, Hf
Ma (analysing crystal TAP), U MB, Pb Ma, Ca Ka, Th Ma (analysing crystal PET), Yb La, Er La, Lu La (analysing crystal LiF). Calculation
of the age of the zircon was carried out acsi/cording to well-known, existing methods in addition to those developed by the authors.
Results. According to the microprobe analysis, the impurity content of ThO,, UO, and PbO in the zircon varied significantly, within
the ranges 0.13 to 2.69, 1.59 to 15.42 and 0.05 to 0.57 wt.%, respectively. The dating calculation was carried out for each mineral
(in which the analysis took place). Their age was found to be between 280 and 219 Ma. At the same time, the weighted mean was
254 + 6 Ma (with the Mean Square of Weighted Deviates being 0.17) and the isochron showed 255 + 7 Ma. The values of the ages
found for the zircon from the pegmatites “Mys-2" agree with the isotopic data. The period of formation of the Aduisky granite massif
has been estimated to be between 291 + 8.0 Ma and 256 + 0.6 Ma (according to zircon and monazite dating, respectively) or within
the range 255 to 241 Ma (according to mica dating).

Conclusion. We have studied the accessory zircon (cyrtolite) from granite pegmatites from the “Mys-2" vein, in the north-eastern
part of the Aduisky massif. We have obtained the chemical composition and calculated the age to be 255 + 7 Ma. Dating calculations
show that veined pegmatites and host granites were formed almost simultaneously (at least, in this part of the Aduisky massif). This
situation justifies microprobe dating of the U-Th zircon content because the minerals are usually in a metamict state and not suitable
for accurate age determination.

Keywords: zircon, chemical dating, granite pegmatites, Aduisky granite massif, Middle Ural.

ntroduction
l Chemical dating of minerals is widely carried out [1, 2] and is based on the precise determination of the contents of
radioactive elements (Th, U) and (not) radiogenic (total) Pb by X-ray microprobe analysis. Through the use of modern

microprobe analysers and the thorough development of analytical procedures, it has become possible to quickly solve problems
in the direct geochronological dating of accessory minerals in thin sections of rock. The X-ray microprobe analysis method can
be used for chemical dating when the content of Th, U, Pb in these minerals is above 0.03 wt.% therefore, most of the work is de-
voted to monazites, although some relates to dating of uraninite and other radioactive minerals [2, 3]. There are only a few studies
concerning the application of this method to zircon [2, 4, 5]. Due to the low contents of thorium, uranium and lead (Pb is often n
% 0.001 wt.%), zircon dating is performed using local isotope mass spectrometry with laser (LA-ICP-MS) or ion (SIMS) sampling.
In practice, zircons with abnormally high concentrations of Th, U, Pb are found, particularly in alkaline and granitic pegmatites.
In this case, isotope dating using a device with an ion probe is not applicable for technical reasonsand it is assumed that a high
adulteration of radioactive and radiogenic elements makes the result of dating unreliable ([6] and others). It is not always possible
to use mass spectrometry with laser sampling (which gives the average value) due to the large diameter and depth of the crater (n
x 10 um). In our work, the microprobe analysis method was used for chemical dating of the zircon with abnormally high concen-
trations of U, Th, Pb, Hf, Y (i.e. we have determined the age of the cyrtolite).

Geology of the study area

In recent years, a number of new pegmatite veins have been discovered in the Aduisky granite massif [7]. A large number
of them are located 6 to 7 km north of the village of Ozerny, south of Rezh. Pegmatites are located in the hills on the right
bank of the river Rezh, which is situated on the north-eastern edge of the massif (1.5 km) [8]. There is a forest corridor at this
location, associated with the power lines that cross the area. This site is rich in ceramic pegmatite veins, the largest of which
were mined by tributors for feldspar for the ceramic industry at the beginning of the last century (1925-1927). Lump feldspar
was mined from the upper, fractured parts of the veins to a depth of 2 to 3 m and in workings between 4 and 30 m long. The
feldspar was transported by carts to the river and then further on to the station at Rezh. In total, about 1000 tons of feldspar
were mined [9].
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Figure 1. The lineaments of the Aduisky granite massif with marked settlements and water bodies (according to [11] with our simplifica-
tions). The filled square shows the location of the granite pegmatite “Mys-2”.

PucyHok 1. KoHTypbl AQyicKkoro rpaHUTHOro MaccuBa ¢ BbIHECEHHbIMU HacerneHHbIMU NyHKTaMu U Bogoemamu (aaHo no [11] ¢ Hawumm
ynpolieHuamMm). 3anuTbiM KBaApaToOM NMoKa3aHO pacnornoXxeHue rpaHuTHoro nermatuta «Meic-2».

One of the veins (known as “Mys-2” and located at GPS-fixing: 57°20°36,9” N, 61°12’38,3” E) was opened with a small dig-
ging pit of 10.0 x 1.0 x 1.5 m (Fig. 1). The pegmatite body lies in the fine-grained, slightly sheared, biotite granites and its strike
is about 20°. The vein has a visual zonality because it contains graphic pegmatite with muscovite in its casing and a quartz core
at its centre. The vein contains the following accessory minerals: garnet, apatite, brockite, columbite, zircon, ilmenite, magnetite,
polycrase, titanite, allanite and epidote [8, 10].

For the dating studies, relatively large but short, prismatic zircon (cyrtolite) crystals (up to 2.5 mm long) were selected from
the block zone of the “Mys-2” vein. The mineral is characterised by a zoned colouration: light brown in the centre and dark green
around the periphery of the crystals (Fig. 2, a). The green colour seems to be associated with the smallest inclusions of uraninite
and thorite, which are found all over the zircon matrix. While preparing the specimens during the first grinding, the top part of
the crystal was revealed (Fig. 2, b); the second grinding then opened up the deeper parts of the crystal. In addition, both polished
surfaces were studied with respect to chemical dating to provide statistical data.

Study Methods

Quantitative analysis of the chemical composition of the zircon was carried out using a CAMECA SX 100 X-ray electron
probe micro-analyser (electron beam diameter being from 1 pm, BSE, SE, Cat, determination of elements from beryllium to ura-
nium). The optical field of view was 0.25 to 1.75 mm from the sample surface. The BSE image of the crystal shows weak, spotted
heterogeneity due to different heavy element contents. Small inclusions of uranium and thorium phases (not more than 5 to 10
microns in size) are fixed in the zircon matrix. To measure the intensity of elements, we selected the following analytical lines:
Y La, Si Ka, Zr La, Hf Ma (analysing crystal TAP), U M, Pb Ma, Ca Ka, Th Ma (analysing crystal PET), and Yb La, Er La, Lu
La (analysing crystal LiF). The calculation of the chemical age was carried out according to well-known methods [1, 2] in addition
to those developed by the authors [3, 4].

Results and discussion

According to the quantitative microprobe analysis, the impurity content of ThO,, UO,, PbO in the zircon significantly varies
within the ranges 0.13 to 2.69, 1.59 to 15.42 and 0.05 to 0.57 wt.% respectively (see Table). For each point of the crystal in which
analysis was carried out, the age was calculated by the Montel method [1]; the range was found to be from 219 to 280 Ma. The
weighted average is 254 + 6 Ma and the Mean Square of Weighted Deviates = 0.17 (Fig. 3).

Xunnep B. B., EpoxuH [0. B. The chemical composition and dating of accessory zircon from granitic pegmatites in the north- 27
eastern part of the Aduisky massif // U3Bectua YITY. 2018. Boin. 4(52). C. 26-32. DOI 10.21440/2307-2091-2018-4-26-32
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Figure 2. Zircon crystals from granite pegmatite «Mys-2»; a — appearance, length of crystals up to 2.5 mm, b — crystal cut, BSE-image,
CAMECA SX 100.

PucyHok 2. Kpuctannbl uMpkoHa U3 rpaHuTHoro nermatuta «Mbic-2»; a — BHEWHUIA BuA, ANUHA KpUcTannoB Ao 2,5 mm, 6 — cpes
KpucTanna B wawke, BSE-nsobpaxenne, CAMECA SX 100.

Due to the wide range of uranium and lead oxides, we were able to form an isochron from a set of analytical points using
the CHIME method [12] in the coordinates UO,* - PbO. Using its slope angle (m = 0.03456), we calculated the U * / Pb-age to
be 255 + 7 Ma (see Fig. 4). UO, * = (UO, + ThO,*), where ThO ¢ is the thorium content, converted to the equivalent uranium
content and it is capable of producing the same amount of Pb during the lifetime of the system if U-Pb and Th-Pb-age values are
equal. The resulting isochron passes through the origin of the coordinates; it indicates the absence of non-radiogenic (initial)
lead in the matrix of the studied zircon, as well as the absence of any addition or subtraction of radioactive components in the
process of crystal evolution. The analytical points are distributed throughout the isochron, which suggests that the age estimation
is probably correct.

The chemical composition (in wt.%) of zircon from granite pegmatites in “Mys-2”.
Xumunyeckuit coctas (B Mac. %) LLMPKOHA U3 rpaHUTHbLIX nermaTuToB Mbic-2.

No 1 2 3 4 5 6 7 8 9 10
ThO, 0.03 0.17 0.13 0.73 0.71 0.82 0.92 1.05 2.65 0.63
uo, 0.77 1.03 2.04 5.77 5.95 6.34 6.61 7.06 1217 14.21
Zr0O, 57.19 59.19 57.73 54.55 54.06 53.95 53.14 52.38 45.87 44.32
HfO, 5.35 6.36 6.16 5.88 5.76 6.30 6.21 6.18 4.67 5.40
SiO, 32.53 31.76 31.38 30.81 30.63 30.86 30.67 30.44 28.68 32.38
Gd,0, 0.01 0.05 0.00 0.07 0.20 0.1 0.13 0.04 0.21 0.17
Dy,0, 0.13 0.24 0.08 0.09 0.14 0.20 0.04 0.01 0.22 0.18
Y,0, 0.44 0.86 0.70 0.98 1.13 0.97 1.00 1.04 1.63 1.54
PbO 0.00 0.00 0.00 0.13 0.1 0.15 0.14 0.15 0.38 0.53
FeO 0.15 0.09 0.08 0.05 0.13 0.03 0.02 0.01 0.06 0.13

In total 96.60 99.75 98.30 99.06 98.81 99.73 98.88 98.37 96.52 99.47

Note: the sample from 41 analyses with growth of uranium from 0.77 to 14.21 wt. %.

It is interesting to note that small inclusions of uraninite and uranium-containing thorite in the zircon matrix showed
similar dating, within 253 to 251 Ma. This indirectly confirms the accuracy and correctness of the chemical dating of the cyrtolite
crystal carried out by us.

The age values obtained for the zircon from the “Mys-2” pegmatites equate with isotopic data. Thus, the formation time
of the Aduysky granite massif covers a wide interval and is estimated to have been from 291 + 8 Ma (according to zircon dating
[13]) to 256 £ 0.6 Ma (according to monazite dating [14]). A dating range of between 255 and 241 Ma was found according to
dating of the micas [11]. At the same time, the accessory monazite was precisely dated in mesocratic granites within the vicinity
of the village of Ozerny (mica is found in the intersecting pegmatites [11]); this fact indicates the same time interval of the vein
formations and the granites enclosing them in the area of the Aduysky massif. Recently, one of the authors of this article obtained
a similar and reasonably reliable Th-U-Pb dating for accessory monazites from pegmatite veins in the same vicinity (within Ozerny
village); the date derived was 254 + 15 Ma [15, 16].
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Figure 3. The weighted average Th-U-Pb-age of the zircon crystal according to microprobe analysis (41 definitions were made in total).
PucyHok 3. CpeagHeB3BelweHHbIM Th-U-Pb-Bo3pacT kpucTanna uMpkoHa no AaHHbIM MUKPO3OHAOBbLIX aHanu3oB (Bcero caenaHo 41
onpeaeneHue).
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Figure 4. UO,* — PbO data for the Aduiskiy zircon. Ellipses correspond to 10 uncertainty values; dot-and-dash lines correspond to re-
gression lines with two symmetric hyperbolas that fix errors.

PucyHok 4. UO,*~ PbO-gaHHble AnsA agyMcKoro LMpKOHa. Anauncbl COOTBETCTBYIOT 3HaYE€HMAM NOrpewHocTy 10, WTPUX-NyHKTUP — nu-
HWUU perpeccum ¢ AByMsi CUMMETPUYHbIMU runepbonamu, (puKCMpyoLWUMU NOrPeLUHOCTH.

Conclusion

This work has studied the accessory zircon (cyrtolite) from granite pegmatites in the “Mys-2” vein, located in the north-east-
ern part of the Aduisky massif. We have obtained the chemical composition and calculated the age to be 255 + 7 Ma. The calcu-
lated dating shows that veined pegmatites and their host granites have been formed almost simultaneously (at least, in this area
of the Aduisky massif). In general, it can be added that the chemical age of zircons gives accurate results if the mineral contains
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significant concentrations of uranium, thorium and lead. This case is only one of a few successful examples of microprobe dating
of zircon; it is usually seen in a metamict state and is unsuitable for correct age determination.
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AKLECCOPHLIA LMPKOH M3 TPAHUTHLIX MErmMatMtoB CEBEPO-BOCTOYHOM
yactm AAYMCKOro MaccmBa (XMIMMYECKUI COCTaB U AATUPOBAHME)

Bepa ButanbeBHa XUIJEP,
lOpuit Buktoposuy EPOXUH™

WHCTUTYT reonorum 1 reoxumnn um. akag. A. H. 3asapuukoro YpO PAH, Poccus, ExkatepunHbypr

AKTYAABLHOCTL Pa6oTLi OOYCAOBAEHA HEOOXOAMMOCTBIO COBEPLIEHCTBOBAHMSI METOAA XMMMYECKOTO AATMPOBAHMSI B MPUMEHEHWUM K
BbLICOKOYPAHOBBLIM M TOPUEBLIM LIMPKOHAM, KOTOPbIE HEBO3MOXKHO AATUPOBATL M3OTOMHLIMM METOAAMM MCCAEAOBAHMSI.

Lleab paboTbI: ICCAEAOBAHME XMMMUYECKOTO COCTaBa aKLIECCOPHOTO LIMPKOHA (LIMPTOAMTA) U3 IPAHUTHLIX MErMaTUToB CEBEPO-BOCTOHHOW
yactu Aayickoro maccvea (CpeaHuin Ypaa) 1 onpeAeAeHue ero Bo3pacra.

MeTOAOAOTMSI UCCAGAOBAHMSI: KOAMYECTBEHHDIM aHAAM3 XMMNYECKOTO COCTaBa LIMPKOHA BLINMOAHEH Ha PEHTT€HOCNEKTPAALHOM SA€KTPOHHO-
30HAOBOM MuKpoaHaamsarope CAMECA SX 100 (avameTp nyyka AeKTpoHoB oT 1 Mkm, pesxumsl BSE, SE, Cat, onpeaereHue sneMeHTOB
OT BEPUAAMST A0 YPAHA). AAST UBMEPEHMSI UHTEHCUMBHOCTM SAEMEHTOB MOAOBPAHDI CAeAytolme aHaauTndeckue avHmm: Y La, Si Ka, Zr La,
Hf Ma (kpucraa-asaamsarop TAP), U MpB, Pb Ma, Ca Ka, Th Mo, (kpuctaar-aHaamsatop PET), Yb La, Er La, Lu La (Kpuctaan-aHaamsarop
LiF). Pacuer Bo3pacra NpOBOAMACS MO U3BECTHLIM METOAMKAM 3aPyOesKHbIX ABTOPOB B AOMIOAHEHMM C COOCTBEHHBLIMM HAPABOTKaMM.
Pe3yarTatpl. [10 AAHHLIM MUKPO3OHAOBOTO aHaAM3a coaepskaHue npumeceii ThO,, UO,, PbO B uMpKOHE CUALHO BapLUPYIOT B MPEAeAaxX
0,13-2,69 1,59-15,42 n 0,05-0,57 mac. %, cOOTBETCTBEHHO. AASl KAYKAOWM TOUKM KPUCTAAAQ, B KOTOPOW MPOBOAUACSI QHAAMU3, BLIMOAHSIACS
pacyer Bo3pacra, pasbpoc KOTOPOro HAXOAUTCS B MHTEpPBaAe OT 280 A0 219 MAH A€T, MPU 3TOM CPEAHEB3BELIEHHOE 3HAYEHWE BO3PACTa
cocraBasieT 254 + 6 maH AeT (CKBO = 0,17), a usoxpoHa nokasbiBaet 255 + 7 MAH AeT. [ToAydeHHble 3HaYeHMs1 BO3pacTa AASl LIMPKOHA
13 NermaTntoB «MbiC-2» BIIOAHE XOPOLLIO COMOCTABUMDI M C M3OTOMHLIMM AQHHLIMU. Bpemsi o6pasoBaHmsi AAYMCKOro rpaHUTHOrO MaccmBa
OLIEHMBAETCSl B LIMPOKOM BPEMEHHOM MHTepBaAe oT 291 + 8 MAH AeT (Mo LMPKOHY) A0 256 + 0,6 MAH AeT (1o moHauuty) u 255-241
MAH A€T (MO CAlOAAM).

BriBoAbl. Hamy v3yyeH akUeCCOPHLIM LUMPKOH (UMPTOAUT) U3 FPAHUTHLIX MErMaTutoB CEBEPO-BOCTOYHOM YacTu AAYIMCKOrO Maccusa
M3 KUABI «MbIC-2». AAsi HETO ObIA MOAYYEH XMMMYECKMI COCTAB M PACCYMTAH BO3PACT 255 + 7 MAH AeT. PaccumtaHHasi AATMpOBKA
MoKasbIBAET, YTO >KMALHbLIE MErMaTuThl M BMEILAoWMNe UX rPaHUTbl (hOPMUPOBAAUCEH MPAKTUHECKM OAHOBPEMEHHO, MO KpaiHe Mepe, Ha
AAQHHOM yyacTke AAYMCKOTro maccuBa. AaHHbLIM CAyYai, 3TO OAMH M3 HEMHOTMX YAQYHLIX MPUMEPOB MUKPO30HAOBOTO AatnpoBsaHus U-Th-
COAEPIKALLETO LIMPKOHA, OOLIYHO OH HAXOAUTCSI B METAMUKTHOM COCTOSIHUM M HEMPUTOAEH AAsI KOPPEKTHOTO OMPEAEAEHUsI BO3pacTa.

KatoueBbie cA0Ba: LMPKOH, XMMUYECKOe AATMPOBAHME, IPAHUTHLIE MErMaTtUTLbl, AAYMCKUA IPAHUTHLIN MaccuB, Cpeanuin Ypaa.

Asmoput svipascatom enybokyto 6nazodaprocms Buxmopy Apxadvesuyy Iyoumny 3a nomoup 8 Uccrie008aHusx U ckoposm o
20 6e38peMeHHOL KOHUUHE.
Paboma evinontena 6 pamxax 6r00xemmoti memot Ne 0393-2016-0019 eocyoapcmeentozo 3adanus VIIT YpO PAH.
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The redox state of chromitites from the Yambotyvissky area (Voikar-Syninsky
massif, Polar Urals)

Pavel Borisovich SHIRYAEV'" 2"
Nadezhda Vladimirovha VAKHRUSHEVA' 2~

'Institute of geology and geochemistry of the Ural branch of the Russian Academy of Sciences, Ekaterinburg, Russia
2Ural State Mining University, Ekaterinburg, Russia

The relevance of the work is due to insufficient knowledge of the redox state of chromitites of the Voikar-Syninsky massif.

The aim of the work is to establish how did redox conditions change during the formation of Al-rich chemical type chromitites within
the Yambotyvissky area.

Research methodology: study of the composition of ore-forming chrome-spinels and olivines from chromitites of the Yambotyvissky
area; evaluation of the temperature of olivine-spinel equilibrium and oxygen fugacity in chromitite samples; study of variation in the
composition of minerals and T — fO, parameters within the whole area and within individual ore bodies.

Results of the work. The composition features of ore-forming chrome-spinels and redox state of the chromitites of the Voikar-Syninsky
massif of the Yambotyvissky area are studied. It was shown that ore-forming spinels of ore bodies occurring in dunites have lower
Cr-number compared to chrome spinels of ores localised in harzburgites. It was found that Fe/(Fe+Mg) of olivines and spinels, which
compose the chromitite of the area, were directly proportional. It indicates the rock — ore equilibrium existence in the system. The
change in the chemical composition of ore-forming chrome spinels, the temperature of olivine-spinel equilibrium and oxygen fugac-
ity within individual ore bodies were studied. The oxygen fugacity increases from the inner parts of chromitite bodies towards their
endocontacts. It was shown that in Al-rich chromitites an increase in oxygen fugacity is followed by an enrichment of chrome spinel
quantity in the ore. Chromitites occurring both in the dunite bodies and harzburgites, have been formed under close redox conditions.
The data obtained were compared with the results of mineral composition and redox state of the chrome ores of the Ray-Is massif
from previous studies.

Keywords: redox state, chromitites, ultramafites, Voikar-Syninsky massif, metamorphism, ore formation.

ntroduction
The geological and petrological studies of the Voikar-Syninsky massif significantly contributed to the development of
ideas on the conditions of formation and evolution of ophiolite complexes. Despite the remoteness and inaccessibility of
the object, compared with the Ray-1z massif located to the north, the quantity of scientific research is very high. Issues concern-
ing the geological structure of the massif, the metamorphism of mafic and ultramafic rocks, their petrostructural features and
chromite content are highlighted in A. A. Savelyev, G. N. Savelyeva, N. L. Dobretsov, Yu. E. Moldavantsev, V. N. Puchkov, S. A.
Shcherbakov A. B. Makeev, E. P. Tsaritsyn, I. S. Chashchukhin, A. A. Efimov and many others.

The oxythermobarometry study of the Voikar-Syninsky massif chromitites was performed [1-4]. I. S. Chashchukhin and
co-authors [1] have studied several samples of chromium ores from different parts of the massif. For the sample of aluminous
chromitite (the Cr,O, content in the ore-forming spinel is less than 40 wt.%), the lowest values of fO, (0.8 logarithmic units above
FMQ buffer) were obtained, and the highest values (1.8-2.7 logarithmic units above FMQ buffer) were for high-chromium chro-
mitites. This data is presented in the table of results, and the relationship between the chemical type of spinel and oxygen fugacity
is not discussed. The results of I. S. Chashchukhin are used in the article [2].

In our works [3, 4], it was found that the Al-rich chromitites of the northern part of the Voikar-Syninsky massif are less oxi-
dised (-0.5 ... + 1.5 logarithmic units regarding the FMQ buffer) than chromium ones (+ 1.8 ... + 3, 5 logarithmic units in relation
to FMQ buffer) [3]. In the ore body section of high-chromium chromitites of the Arkashorsky ore occurrence, fO, (FMQ) varies
within + 1.8 ... + 2.8 logarithmic units. A decrease in fO, is observed where the body comes into contact with the host rocks and
inside the deformation zone dividing it into two blocks [4].

The purpose of this work is to establish how did redox conditions change during the formation of Al-rich chromitites within
the Yambotyvissky area.

Geological structure of the Yambotyvissky area

The ultramafic Voykaro-Syninsky, Ray-Iz and Syum-Keu massifs constitute most of the main watershed range of the Polar
Urals. Ophiolites are integrated into the system of allochtons, overriding westward to the Paleozoic sequences of the Central Ural
uplift [5, 6]. According to modern concepts [6, 7] they are large fragments of the oceanic-type crust and lithosphere formed in the
back-arc and inter-arc marginal basins, including in the sub-subduction conditions in the Early and Middle Paleozoic.

Ultramafites of the Voikar-Syninsky massif are represented by rocks of the reticular and banded dunite-harzburgite complex,
which are fringed with gabbroids both from the north and from the south. There can be traced metamorphic zoning in rocks:
from west to east, the high-temperature apoharzburgite mineral parageneses are replaced by low-temperature ones [8].

The Yambotyvissky area is located at the Yambotyvis stream watershed and the Left Payera River (Fig. 1). In the southeast the
tectonic contact of ultramafites and gabbroids takes place; therefore, in ultramafites of the southern part of the area, rocks of the
vein dunite-wehrlite-clinopyroxenite (Kershorsky) complex occured.
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Figure 1. The geological structure of the Yambotyvissky area. 1-4 — rocks of the dunite-harzburgite complex: 1 — dunites. 2—4 — the content
of the dunite component in harzburgite: 2 — more than 30%, 3 — 10-30%, 4 — less than 10%; 5 — ore occurrences studied in this work and their
numbers; 6 — other ore occurrences.

PucyHok 1. leonornyeckoe crpoeHre AAMG6oTbIBUCCKOM nnowanu. 1—-4 — nopoabl AyHUT-rapubyprutoBoro komnnekca: 1 — ayHuTbl; 2—4 —
cofepkaHue OyHUTOBOWM cocTasnsitowen B rapudyprutax: 2 — 6onee 30 %, 3 — 10-30 %, 4 — meHee 10 %; 5 — pyoonposiBneHus, u3y4yeHHole B
HacTosLel paboTe, 1 UX Homepa; 6 — Npo4ne PyaonpPOsIBIEHUS.

The amount of dunite component in the dunite-harzburgite complex rocks of the Yambotyvissky area varies from 10-70%,
with a background content of 15-20%. Dunites appeared both in the form of veins in harzburgites, whch thickness varies from
the first centimetres to tens of centimetres, and as a dunite bodies with a width of up to 100-150 m. The form of dunite bodies
is predominantly lenticular, less often close to isometric. Dunite bodies and areas with a high dunite content have a northeast
extintion (Fig. 1).

Apoharzburgite metamorphic associations are formed under the influence of equilibrium and non-equilibrium metamor-
phism [8]. Non-equilibrium metamorphism (amphibolisation) is manifested in the development of talc-amphibole aggregate
pseudomorphose on enstatite. Equilibrium metamorphic rocks are represented by amphibole-olivine, amphibole-olivine-antigo-
rite and olivine-antigorite (voikarite) rocks.

The apoharzburgite metamorphic rocks of the northern part of the area are represented by voikarites; to the south they are
replaced by amphibole-olivine-antigorite rocks and after amphibole-olivine rocks; further to the south, amphibolised and ser-
pentinisated harzburgites dominate.

In the present work, the chromitites of the largest chromite occurrences No. 24, 25, 28, 118, 346, Morkovkinskoye (Fig. 1)
were studied. They differ both in structural and textural features and in the petrographic composition of the ore-bearing rock
section.

Chromitites of the occurrences 24 and 25 occur in the body of dunites. In ore manifestation 24, impregnated-banded chromitites
of a poorly-rarely impregnated structure prevail and occurrence 25 has medium-densely disseminated with thick schlieren.

The mineralization of ore occurrences 28, 118, 346 and Morkovkinskoye is localised in apoharzburgites. The ore bodies
are surrounded by a dunite envelope, which thickness varies from 10-15 cm to 1-2 metres. The chromitites of chromite oc-
currence 28 are medium-grained, varying from medium to densely disseminated. At the occurrence 118 densely disseminated
chromitites of massive structure are developed. For chromitites of the occurrence 346, schlieren texture is typical - among the
fine-grained medium-disseminated matrix there are isolated lenticular and irregular shapes composed of densely disseminated
medium-grained chromitite. Nodular chromitites are typical of the Morkovkinsky ore occurrence. The nodules have the shape of
distorted octahedra with rounded edges and an average diameter of approximately 1.5 cm.

The chemical composition of ore-forming chrome spinel

The chemical composition of minerals is determined using microprobe analysis (Cameca SX-100 installation, the analysts
are N. N. Kononkova, V. I. Vernadsky (Institute of Geochemistry and Analytical Chemistry of RAS, Moscow). The ore-forming
chromic spinels of the Yambotyvissky area chromitites are of the Al-rich magnesia chemical type (Fig. 2) and contain 37-44 wt.%
Cr,0, with an AL O, content of 24-30 wt.%. Spinels from chromite ores of ccurrences 24 and 25 have the lowest chromium con-
tent and the highest one from occurrence 28. The compositions of the chrome spinels of the Morkovkinskoye ore manifestations

34 LWwupses . b., Baxpywesa H. B. OKMCIMTeNbHO-BOCCTAaHOBUTENIbHOE COCTOSIHME XPOMUTUTOB AMBOTbLIBUCCKOM NnoLwaan Boikapo-
CbiHbMHCKOro MaccuBa (MonsapHbin Ypan) // Ussectua YITY. 2018. Boin. 4(52). C. 33-40. DOI10.21440/2307-2091-2018-4-33-40



P. B. Shiryaev, N. V. Vakhrusheva / News of the Ural State Mining University. 2018. Issue 4(52), pp. 33-40  EARTH SCIENCES
Cr
40_ 60 @1 =
@2 s
@3
@4
Q5
45 55 o ¢
3 (o=
5 05t &oﬁ &g ©
s o % 8
o ® e
o
0,4 1 1 L 1
60 40 0,25 0,30 0,35 0,40 0,45
Alg 5 10 15 20 Fe" Fe''/ (Fe”-l—Mg)

Figure 2. Compositions of ore forming chrome spinels from Yam-
botyvissky area. Ore occurrences: 1-24, 2-25, 3-28, 4-118, 5-346,
6 — Morkovkinskoye.

PucyHok 2. [ilnarpamma coCTaBOB pPyAo06pa3ylomnx XpoMOBbIX
wnuHenen AM6oTbIBUCCKON nnowaau. Pynonpossnenus. 1 — 24, 2
—25,3-28,4-118, 5 — 346, 6 — MOpKOBKMHCKOE.

Figure 3. Cr/(Cr+Al) vs Fe?*/(Fe?*+Mg) diagram of the ore-forming
chromic spinels of the Yambotyvissky area. The legend keys are
shown in Figure 2.

PucyHok 3. [Juarpamma >erne3mctocTb—XpPOMUCTOCTb pyaoobpa-
3YHOLLUX XPOMOBBbIX LLNUHenen iM6oTbIBMCCKOM NoLLaaun. YCroBHble
0603Ha4YeHNsA CM. Ha PUCYHKe 2.
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Figure 4. Ferruginosity of olivine — ferruginosity of spinel diagram. 1 — chromitites of the Yambotyvissky area, 2 — chromitites and wall-rock
ultramafites fromTsentralnoye deposit, 3 — chromitites and wall-rock ultramafites from Engayskoye ore within the Ray-lz massif.

PucyHok 4. inarpamma ene3ucTocTb ONMBUHA—KENE3UCTOCTb LWNUHENU. 1 — XpOMUTUTbLI FAMBOTBIBUCCKON NMOWaan, 2 — XPOMUTUTBI U
yneTpamaduTtbl MecTopoxaeHus LieHTpaneHoe, 3 — xpomututsl 1 ynbTpamadutbl EHrarickoro pygonposienenms maccvsa Paii-U3.

118, 118a and 346 are close to each other. In terms of the ratio of Cr and Al cations they occupy an intermediate position between
the spinels of the ore occurrences 24, 25 and 28.

Iron oxidation state (Fe # = Fe** / (Fe’*+ Fe?") in spinel for all the studied ore occurrences is in the range of 15-27%. Spinels
of 118 occurrence contain the least amount of trivalent iron; they also have the lowest ferruginosity (f = Fe** / (Fe**+ Mg)). It
is noteworthy (Fig. 3) that there is no correlation between the contents of divalent and trivalent cations, which is typical of the
ore-forming chrome spinels of the Ray-Iz massif [9].

There is a direct proportionality of Fe**/(Fe**+Mg) between of olivine and spinel (Fig. 4). The ratio of olivine Fa/ferruginosity
of spinel for Yambotyvissky area chromitites is two times higher than for the Tsentralnoye deposit of the Ray-Iz massif and one
and a half times higher than those of Engayskoe occurence [9]. For the Ray-Iz massif trends in the composition of olivine and
spinel for each of the objects are common to chromitites and the equilibrium meta-ultramafites enclosing them (Fig. 4). This in-
dicates the metamorphic genesis of the chromitites. The studied chromitites of the Yambotyvissky area occur in non-equilibrium
metamorphites (amphibolised harzburgites), however, the compositions of olivine and chrome spinels fall on a single trend line.
This confirms that the change in the trend line slope reflects the change in the parameters of ore formation and metamorphism,
but not the different Cr content of spinel [10, 11].
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Figure 5. Chemical composition of the ore-forming spinel, the temperature of the olivine-spinel equilibrium and the oxygen fugacity
within the chromitite bodies 28 and 118 in the Yambotyvissky area. 1-3 is chromitite structure in terms of the content of ore-forming spinel:
1 — solid; 2 — densely disseminated; 3 — medium disseminated; 4 — dunites.

PucyHok 5. U3ameHeHUe XMMHUYeCcKoro coctaBa pyaoo6pasytoLien WNuHenu, TeMnepaTypbl ONIMBUH-LUNUHENEBOro paBHoBeCUA U yru-
TUBHOCTU KUCNopoAa BHYTpU Ten XxpomuTtutoB 28 n 118 AMG6oTbiBUcCcKOM nnowanu. 1-3 — CTpykTypa XpOMUTUTOB MO COAEPKaHUI0 pyaoo-
OpasyioLueit WwnuHenu: 1 — cnnoLuHble, 2 — rycToBKpanmneHHble; 3 — cpeaHeBKpaneHHble; 4 — OyHUTbI.
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Figure 6. Chemical composition of the ore-forming spinel, the temperature of the olivine-spinel equilibrium and the oxygen fugacity
within the chromitite body 346 of the Yambotyvissky area. The legend keys are shown in Figure 5.

PucyHok 6. M3ameHeHMe XMMMUYECKOro cocTaBa pyAooOpa3sytloliei LWNuHenu, TemnepaTypbl ONMBUH-LUINMUHENEBOro paBHOBECUA WU
chyruTMBHOCTM Kucnopoga BHyTpu Tena XxpomututoB 346 AAimMG6oTbIBMCCKOM Nnowanun. YcrnoBHble 0603Ha4YeHUA CM. Ha pUCyHkKe 5.
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Figure 7. T-fO, diagrams for chromitites of the Yambotyvissky area. a — for chromitites of ore occurrences studied (for symbols, see figure 2).
b — different impregnations: 1 — poorly and rarely disseminated; 2 — from moderately disseminated to massive.

PucyHok 7. inarpammbl T-fO, Ans XxpoMuTMTOB SAMGOTLIBUCCKON NNowWaau. a — Ans XpOMUTATOB U3YYEeHHbIX PYAONPOSABIEHUA (YCIIOBHbIE
0603HayYeHns1 CM. Ha pUCYHKe 2); 6 — pa3nuyHon BKpanneHHocTu: 1 — yboro- u peaKoBKpanneHHble; 2 — OT CpeAHeBKPanfeHHbIX 40 CMMOLLHbIX.

Within the range of ore occurrences 28, 118 and 346, there was an increase in the content of Cr,O, to one of the contacts
(Fig. 5, 6) by 1 wt.% (occurence 346) and about 3 wt.% (occurrences 118 and 28). All these were accompanied by a decrease in
the content of ALO, and Fe#. According to the content of divalent cations the most pronounced zonality is observed at the ore
occurrence 28 where ferruginosity of spinel to its contacts increases. On the contrary, in the chromitite bodies of ore occurrences
118 and 346 the most ferruginous spinels are localizes in the inner parts of the ore deposits.

Ferruginosity (Fa = Fe / (Fe + Mg)) of olivine within the studied chromitite bodies varies slightly (within 0.7%) and increases
to one of the contacts simultaneously with the amount of Cr,0, in the spinel. The content of the fayalite molecule within one
sample varies by 0.5%, that may be due to the existence of the chemical zonality of the mineral.

Oxythermobarometry of chromitites of the Yambotyvissky area

The oxygen fugacity and temperature of the olivine-spinel equilibrium were calculated using a Ballhaus-Berry-Green geo-
thermometer and oxybarometer [12, 13] (Ballhaus et al., 1990, 1991). The calculated temperatures vary in the range of 600-795 °C
within separate ore deposits.

In general, the lowest fO, values in the Yambotyvissky area are estimated (Fig. 7, a) in chromitites of 346 and 24 occurences
(0.6-1.5 units above the FMQ buffer). The highest oxygen fugacity is determined in chromitites of 28, 118 and 118a occurrences
(FMQ + 1.5. + 1.9 units). Poorly and rarely disseminated chromitites are more reduced than the moderately disseminated, densely
disseminated and massive ones (Fig. 7, b). This illustrates the increase in chrome spinel amount in chromitite with an increase in
fO, in the ore body of 346 occurrence (Fig. 6).

Chromitites of the internal parts of the ore bodies are less oxidised compared with the end-contact parts (Fig. 5, 6). From the
centre of the ore body to the host rocks fO, increases by 0.2-0.6 units. The temperature of the olivine-spinel equilibrium, deter-
mined near the contacts of the ore bodies, is higher than in the internal parts.

In the ore body 346, an increase in amount of chrome spinel impregnation from the centre to the northern end contact is
observed. The structure of chromitite varies from rarely disseminated and moderately disseminated to densely disseminated. At
the same time, the value of fO, rises from 0.8-1.4 logarithmic units above FMQ buffer.

Conclusion

The Yambotyvissky area chromitites are localised both in the rocks of the dunite-harzburgite complex and in the dunite bodies.
Chromitites occurring in large dunite bodies (occurrences 24 and 25) are distinguished by lower Cr content in spinel. They are
characterised by a somewhat lower Fe# in spinel. The difference in Fe# spinel from chromitites of the dunite-harzburgite com-
plex and dunite bodies is insignificant and corresponds to the difference in oxygen fugacity of 0.1-0.2 logarithmic units. This
value is within the error of the method (0.4 logarithmic units [13]) and the change in fO, within the area does not depend on the
petrographic composition of the host rocks. There is another regularity: with the oxygen fugacity rising, the spinel amount in
chromitite increases. This is clearly manifested in chromitite body 346. Another example is the studied chromitite occurrences of
24 and 25, which occur in the same dunite body and consist of chrome spinels of a similar composition. They differ in structure:
rarely disseminated in occurrence 24 and densely disseminated to massive in occurrence 25. The oxygen fugacity determined for
chromitites of occurrence 25 is statistically higher than for the occurrence of chromium ore 24. The highest values of fO, are noted
for occurrence 118, composed with massive and densely disseminated to massive chromitites. These facts indicate the existence
of a relationship between the amount of the ore-forming mineral in chromitite with the change in oxygen fugacity during ore
formation. We found a similar pattern in the high-chromium chromitites of the Ray-Iz massif [3, 9]. In this massif the greatest
oxygen fugacity is found in densely disseminated chromitites of the Tsentralnoye, Zapadnoye and other deposits, and the smallest
one in disseminated-banded and rarely disseminated chrome ores of the Engayskoye, Yugo-Zapadnoye-2 and Yugo-Zapadnoye-3
ore occurrences.
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Oxygen fugacity in all the investigated ore occurrences in the Yambotyvissky area increases to ore bodies contacts (by 0.2-0.6
logarithmic units). In this case, the rising in fO, occurs independently of the change in the ore-forming mineral content in the ore
and is apparently associated with retrograde metamorphism (similar with the formation of chrome spinel grain rims, for example
(14, 15]).

The direct proportionality between ferruginosity of the coexisting olivines and chromite spinels of the studied Yambotyvissky
area ore occurrences indicates the existence of equilibrium in the rock/ore system.
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OKMCAUTEALHO-BOCCTAHOBUTEALHOE COCTOSIHME XPOMUTUTOB SIMOOTLIBUCCKOM
naowaam Bonkapo-CoiHbMHCKOro maccmsa (IoAsipHbI Ypaa)

MNaBen Bopucosuy LUUPAEB' 2",
Hapgexpa BnagummnposHa BAXPYLUEBA'" 2™

"MIHCTUTYT reonorum n reoxumun umM. akag. A. H. 3asapuukoro YpO PAH, Poccusi, EkatepuHbypr
2YpanbCKkuii rocyaapCcTBEHHbIN FOPHLIA YHUBEpcUTeT, Poccus, ExkatepuHbypr

AKTYaALHOCTB Pa60TBI OOYCAOBAEHA CAABOM M3YHEHHOCTBIO OKUCAUTEALHO-BOCCTAHOBUTEALHOTO COCTOSIHMST XPOMMUTUTOB BoiKkapo-CLIHLMHCKOTO MaccyvBa.
LleAb pa6oTLI COCTOMT B TOM, YTOObI YCTAHOBUTL 3aKOHOMEPHOCTM M3MEHEHMSI OKMCAUTEALHO-BOCCTAHOBUTEALHLIX YCAOBMI B MpoLiecce oOpasoBaHusi
XPOMMUTUTOB FAMHO3EMUCTOrO XMMMYECKOTO TUMA, PA3BUTLIX B MPEAEAAX SIMOOTLIBUCCKOM MAOLIAAM.

MeToAoAOrMs MCCAGAOBAHMA: V3yHEHWE COCTABOB PYAOOOPA3YIOWMX XPOMOBLIX LWIMUHEAEA VM OAVBUMHOB M3 XPOMMUTUTOB SIMOOTLIBUCCKOW MAOLIAAM;
OLIEHKA TEMMEPATYPLl OAMBMH-LIMYHEAEBOTO PABHOBECHS] M (DYTMTUBHOCTM KMCAOPOAA B OOpAasLiax XPOMMWTUTOB; M3y4Y€HME M3MEHEHMsI COCTAaBOB
MuHeparos 1 T-fO, napameTpoB B MPeAeAaX MAOWAAK B LEAOM U BHYTPM OTAALHLIX PYAHLIX TEA.

PesyAbTatpl pa6oTel. VI3ydeHbl OCOGEHHOCTM COCTABA PYAOOOPA3YIOWMX XPOMOBLIX WIMHEAEH M OKMCAVMTEALHO-BOCCTAHOBUTEALHOE COCTOSIHME
XPOMUTUTOB SIMOOTLIBUCCKOM MAoLaan Boiikapo-ChiHLMHCKOrO Maccusa. INokasaHo, 4to pyaoobpasyiowme WMHEAU PYAOTPOSIBAEHMI, 3aAeraiowmx B
AYHUWTaX, MEHEE XPOMMCTLI MO CPABHEHMIO C XPOMOBLIMM WIMMHEASIMM PYA, AOKAAM30BAHHDIX B rapLIByprutax. YCTaHOBAEHO, YTO YKEAE3UCTOCTV OAVIBUHOB U
WNVHEAEN, CAAralolmMX XPOMMUTUTLI MAOILAAM, MPSIMO MPOMOPLMOHAALHDI, YTO YKa3blBa€T Ha CyLIeCTBOBaHME PABHOBECUS B CUCTEME NMOPOoAa/pyAa. MayyeHo
M3MEHEHME XMMMYECKOTO COCTABA PYAOODBPA3YIOIIMX XPOMOBbIX WIMMHEAEH, TEMMEPATYPLI OAVBUH-LIMMHEAEBOTO PABHOBECHS! M (DYTUTUBHOCTM KUCAOPOAA
B MPEAEAAX OTAEALHLIX PYAHDLIX TEA. PYrUTUBHOCTL KUCAOPOAA BO3PACTAET OT BHYTPEHHMUX YacTel TeA XPOMMUTUTOB MO HAMPABAEHUIO K X SHAOKOHTaKTaMm.
[NokasaHo, YTO B FAMHO3E€MMUCTLIX XPOMUTMTAX MOBLILIEHNE (DYTUTUBHOCTU KMCAOPOAA KOPPEAMPYET C YBEAVYEHMEM [YCTOTLI BKPAMAEHHOCTM XPOMOBOA
WIMYHEAU B PyA€. XPOMMUTUTLI, 3AAETAIOLIME B TEAAX AYHUTOB U B rapLbyprurax, 06pasoBaavch nMpu GAMBKMX OKMCAUTEALHO-BOCCTAHOBUTEALHLIX YCAOBUSIX.
[poBeA€HO CpaBHEHME MOAYHYEHHLIX AAHHLIX C Pe3yALTaTamyl MCCAEAOBAHMsI COCTaBa MMHEPAAOB M OKMCAUTEALHO-BOCCTAHOBUTEALHOTO COCTOSIHMS
XPOMOBLIX PyA Maccupa Pain-Us.

KatoyeBble cAOBA: PEAOKC-COCTOSIHUE, XPOMUTUTDI, YALTPaMaduTbl, Bokapo-ChlHLUHCKMIE MAccuB, MeTaMopusm, pyAoobpasoBaHme

Hccnedosanust nposedenvr npu wacmuunoti nodoepucxe PODI, npoexm Ne 18-05-70016 (II. b. Ilupsies) u KomnnexcHoti
npozpammot YpO PAH, npoexm Ne 18-5-5-32 (H. B. Baxpyuiesa).
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O BO3MOYKHOM MAKCMMAABLHOM TAYOMHE HAXOXKAEHUSI MECTOPOXKAEHM
HedoTn

Kupunn Ceatocnaesu4y UBAHOB®
WHcTuTyT reonorun un reoxumnmn YpO PAH, EkatepuHGypr, Poccus

AKTYaABHOCTL MCCAEAOBAHMM. VI3yyeHne npupoAbl HEhTM — 3TO OCHOBOMOAAraloLMii BOMPOC B F€OAOTMU, UMeIoINI hyHAAMEHTaAbLHOE Hay4yHoe U
NPAKTUYECKOE 3HAYEHME. B CBSI3U C MOCTENMEHHBIM MCYEPIAHMEM MECTOPOXKAEHMUI MAABIX M CPEAHMX TAYOMH (A0 4,5 KM) HEM36eXXHO BCTaeT Bonpoc o6
OCBOEHUM BoAee TAYOOKMX MECTOPOYKAEHMI YTAEBOAOPOAOB.

LleAb pa6oTbI: OLEHNTDL, AO KAKUX TAYOMH B HACTOSILEE BPEMSsI BO3MOXKHO OBHApPY KEeHME HEPTSIHLIX MECTOPOXKAEHUI.

MeTOoAOAOIMSI MCCACAOBAHMSI: AHAAV3 TEOPETUHECKMX MOAEAEN HEOPraHNYeCKoro ob6pasoBaHmst HEdPTU U TAYOUHHOTO CTPOEHUsI 3EMHOM KOPLI C Mpu-
BA€YEHMEM HOBDLIX AQHHLIX MO 3KCMNEPUMEHTAM U MUPOBLIM OTKPLITUSIM MeCTOpO)I(AEHVIﬁ Ha CBerI'/\yéVlHaX‘

Pe3yAbTaTLI. VICXOAS U3 PEOAOTMHYECKOV MOAEAW CTPOEHUsI KOHTMHEHTAALHOW 3eMHOM Kopbl C. H. VBaHoBa, Hanboaee raybokue MecTopoXKAEHUsI HeddTh
AOAXKHDI PACTIOAAraThesl CPasy HUXKE OTAEAUTEAS], T. €. HEMOCPEACTBEHHO MOA HEMPOHMLIAEMON AASI (PAIOVAOB IPAHMLIEN, PACMIOAATAIOWENCST OOLIMHO HA
raybuHe 10-11 km. Mo moaean popmupoBanust Hedptn A. V. MaabieBa (MOAEAL OXADKAAIOWMX FTOPU3OHTOB) MAKCUMAALHBIE TAYOMHBI AASI MECTOPO-
SKAEHMI HedPTU COCTABASIIOT 12 KM. YyKe U3BECTHLI MECTOPOXKAEHUsI HedpTH € TAyOuHoM 10,7 km. DkcriepumenTbl B. C. baAmLIKOTO M APYrUX Mo (hasoBbiM
COCTOSIHMSIM BOAHO-YTA€BOAOPOAHBIX (PAIOMAOB MPU BLICOKMX TEMMEpPATypPaxX U AQBA€HMSIX MOKa3biBAIOT, YTO MOTYT CYyILECTBOBATL MECTOPOXKAEHUS HehTn
KAk MAHMMYM A0 12 KM. DTa >Ke€ rAyOMHA SIBASIETCS] MAKCMMAABHO AOCTVMOKUMOM BYpPEHMEM B HACTOSILLEE BPEMSI.

BoiBoAbI. HaxokaeHVe MECTOPOXKAEHMI HEPTU BO3MOXKHO AO TAYOMHLI 12 kM. HO M3 npeAcTaBA€HMit O HEOPraHUYeCKON MPUPOAE HEMPTU HUKOMM
06PAa30M He CAEAYET HEOBXOAVMOCTL M LIEAECOOBPA3HOCTL MOMCKOB €€ MECTOPOXKAEHMI B (hyHAAMeEHTe 3araaHoi Cubmpu 1 SIMara Ha OBWMPHLIX MAO-
LWAASIX BHE U3BECTHBIX HE(PTEHOCHDLIX PaioOHOB. EcAM Bbl TaM CyIECTBOBaAM 3HAYMMbIE HEPTEMOABOASILIME TAYOMHHBIE PA3AOMDI, TO HEdTL, BAaroaaps ee
AETKOCTU, AOAXKHA BbIAA Bbl MPOSIBUTLCS U B YexAe. [103TOMY MepBOOYEPEAHOM OBLEKT MOUCKOB — TAYOOKME FTOPU3OHTBI MOA KPYMHBLIMY MECTOPOXKAEHMSIMU
HedpTH.

KatodeBble cAOBa: MECTOPOXKAEHUsI HEPTU, TAYOUHHOE CTPOEHUE 3EMHOM KOPbLI, (DAIOMADI.

BeAeHMe. ABe rurnotesnbl O NPUpoAe HedpTn
Kaxk n3BecTHO, B HacTosiIlee BpeMs Ye/IOBEUECTBO JKUBET B 3MIOXY He Ty, KOTOpas SABJAETCS OCHOBOI 6/1ar0cocTost-
HusA Poccyn. Harle crpana Bee ocyieiHyIe FOBI CTAOWIIBHO 3aHVMaeT 1-2-e MecTo B Mipe 110 ee fobbrde Hapany ¢ Caynos-
CKOII ApaBueri, TPy 3TOM 3HAYUTENBHO OTCTABASI OT Hee M0 3a1acaM, COCTABISIOIINM IO Pa3HBIM OLieHKaM 0Koro 260 1 60 mypx 6ap-
pereit (604ek) coorBeTcTBEHHO. ITO 1-€ 1 8-e Mecta B Mupe [URL: http://www.ereport.ru/articles/commod/oilcount.htm u gp.].
Vsyuenne npupoysl HepTH — 9TO OCHOBOIIOMATAIOIINIT MIPOBO33PEHYECKIIT BOIPOC B TeOTIOTUY, UMEIOLNit HYHAaMEeHTaIbHOE
Hay4HOe I IpaKTu4ecKoe sHadeH1e. Ero HeBO3MOXKHO pemarh 6e3 puBIedeHNs 3HAaHUIT O TTYOMHHOM CTPOEHNMU 3eMHOIT KOPBI
Yl MAHTUMY, JAaHHBIX II0 IIETPOIOINY, SKCIIePUMEHTATbHON MIHepanorny, reodusuke u op. [1-36 u gp.].

Kak 13BecTHO, ceifqac 0 IpOMCXOXAeHUM HepTH eCThb [jBe OCHOBHBIX I'MIIOTE3bI — 0CaJOYHO-MUTPALMOHHAA U [TTyOMHHASA
HeopraHudeckas. IlepBast 13 HMX OOCTOATENBPHO M3/IOKEHA B COTHAX TPYHOB, /IE/ATh 37€Ch 0630p KOTOPBIX HEOOXOAMMOCTI
HeT. [I/1s1 11e71e71 3TOJ CTaThby Ba)KHO JIMIIb OTMETHUTD, YTO B HACTOAIIEE BPeM HAMETI/IOCh IIPOTUBOpEYNe MEeX/Y «Teopuer» 1
«9KCIEPUMEHTOM» (T. €. MeXXIy HayKOI1 U IIPAKTUKOII), TOCKOJIbKY, B YACTHOCTH, ObII OTKPBIT P HE(PTAHBIX MECTOPOXKACHMUIT
HIDKe (DTy6)ke) TaK Ha3bIBaeMOTO «HE(TAHOTO OKHa», IZle, KaK CUMTAETCsA B PaMKaX 9TOJ TUIIOTE3bl, TONbKO ¥ MOXKET 13 Opra-
HIYECKUX OCTAaTKOB reHepupoBaThcs HepTh (Hegpmsaroe okro 50-150 °C, T. e. IIyOMHBI, KaK IPaBUIo, OT 2,3 [0 4,6 KM; cpasy
HIDKe — 2a3080€ 0kHO, 150-200 °C). «Hukakum Konuuecmseom sKcnepumennos Heav3s 00Ka3amv meopuio; Ho 00CHamouHo 00HO-
20 aKcnepumenma, 4mo0vl ee onposepeHymo» (A. DiHIITEIH). Bpodewm, 11 monckoB HeTH B HauboIee YacTO BCTPeYaIoeMcs
THUIIE TOBYILIEK — AaHTUK/INHAIbHOM — HUKAKOI 0Ca/J0YHO-MUTPAIIVIOHHOM TUIIOTE3HI ¥ He HYKHO, JOCTaTOYHO 3HATb IMIIb 3aKOH
BCEMMPHOTO TATOTEHNsI, OTKPBITHIE HbloToHOM 350 jIeT Hasaj, U Y/elbHbI BeC BOAbI 1 HeTH.

Tumoresa rmy6MHHOTO IpoucxoKaeHus Hedru 6eper Hauaso ¢ pabot [. V1. Menpeneesa u I1. Beptio u passupanach yde-
Hbeimu Poccnn, Ypanust, CIIA n gp. [5-7, 12-14, 16, 17, 19, 21-23, 29, 30 u MH. ip.]. DTa KOHIIEMI[1s OCHOBAaHA Ha TIpeCTaBIIe-
HUAX O TOM, YTO 00pa3oBaHue yIaeBogoponos (YB) mpoucxogut B MaHTUITHBIX O4arax BCJIeCTBYE HEOPTAHNYECKOIO CUHTe3a.
O6pasosasumecs: B MaHTH 3eM/t Y B 10 m1y6rHHBIM pasioMaM IPOHUKAIOT B 3eMHYIO KOPY, I7ie 1 00pasyioT HedTerasoBble
MeCTOpPOXX/IeHN:. AHA/IN3 I€0IOTMYECKOTO CTPOEHN TUTAaHTCKMX MECTOPOXKIeHUIT YB MmokasbiBaeT, YTO IMyTAMM KPYITHOMAcC-
mITaOHOI! YI/IeBOZOPOMHOI lera3aliy MaHTUM 3eM/IN SIB/LIIOTCS IIPEMMYIIeCTBEHHO OKpayHHbIe M BHYTPeHHME PUGTHI OKea-
HIYECKUX U KOHTMHEHTAIbHBIX TUTOC(EPHBIX IVIUT U JPYTYE 30HBI ITyOMHHBIX PasToMOB (GyH/[aMeHTa OCaJJOUHbIX 6acceiTHOB
[6,12,13,19 u mp.].

B mocnenHee BpeMs B IOJIb3Y IIPEACTABICHNIT O IIYOMHHOM IIPOUCXOXKAEHUM HedTy HOMydeHbl HOBble (akThl. CrucTeMa
H-C, xoTopoii siBisieTcst npupogHas HepTb, MeTacTabyibHa. [Ipn HM3KMX [aBIeHNsX BCe TsDKenble YB HecTaOMIbHBI IO OT-
HOIIEHNIO K METAHy U CTEXMOMETPMYECKOMY KONMMYECTBY BOJOPOAa. MeTaH He MOMMMEPU3YeTCs B TsDKenble YB Ipu HU3KUX
HaBJIeHMAX U MI0ObIX TeMneparypax. Hao6opor, yBenudeHre TeMIepaTypbl Py HUSKUX AABICHNUAX YBEIMUINMIO ObI CKOPOCTh
PAasIoXKeHMs TSOKETBIX YIIEBOTOPOFHBIX MoKy [23 1 ip.]. [TocKombKy XMMMdecKue MOTeHIIMATIbI BCeX OMOTIYECKIX MOTIEKYIT
JIeXKaT HAMHOTO HIDKe XMMMUYeCKOTro IIOTeHIMala MeTaHa, [IOCTONIbKY HIKaKas Y B Morexyra TsDkeliee MeTaHa He caMooOpasy-
eTCs U3 JTIOOBIX OMOTMYeCKIX MOJIEKYIL. VI TepMoMHaMIYecKue pacdeThl, M 9KCIIePMMEHTBI IIOKa3aIn, YTO /I CUHTe3a YI/IeBO-
JOPOJHBIX CHCTEM, CXOFHBIX 110 COCTABY C IPUPORHBIMY, HeobxoxuMa temmeparypa 700-1800 K u gasrenue 15-80 x6ap [14 u
mp.]. Takue ycmoBus CyLIeCTBYIOT B BepxHell MaHTuy 3emun Ha IryOuHax 50-240 KM. DKCIepiMeHTaIbHbIe PaOOTHI TOCTIEHNIX
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JIeT, IIPOBefleHHbIe POCCUIICKMMY, aMePUKAHCKIMI, 3aIla[HOEBPOIEIICKUMM U KuTaiickumu yaeneivu [30, 31 u fip.], mokasanu
BO3MOXXHOCTb a6MOT€HHOTO CMHTe3a YI/IeBOIOPOOB B ITyOMHHBIX (MAHTUIHBIX) YCIOBUSAX. [0TydeHHBIE Pe3yIbTaThl CBUETENb-
CTBYIOT O TOM, YTO 13 HEOPTaHNYEeCKIX KOMIIOHEHTOB IIPY BHICOKVIX JIABIEHMAX U TeMIIEpaTypax, CXORHBIX C TepMOOapydecKuMu
YCTIOBMAMY BepXHel MaHTUY 3eM/IN, CUHTe3UPYeTCs CMech YITIeBOIOPOJOB, CXOHAs 110 CBOEMY COCTABY C IIPUPOJHOI HeThIO.

Ko/mraecTBO CHHTe3MPOBaHHBIX TSDKEbIX Y B Bo3pacTaer mpu yBenndeHnn gasieHust. TakuM 06pasoMm, TsKesIble YITIEBOO-
POJHbIE MOJIEKY/IbI, IPUCY TCTBYIOLIIE B He(TI, AB/IAIOTCA MapKepaMIt BHICOKVX [JAB/IEHNIT ee TeHepaLyiL.

Ecmu Hedpth 06pasoBamach B MaHTUY, CIOKEHHOI, KaK M3BECTHO, IIPEUMYILIECTBEHHO YIbTPAOCHOBHBIMU HOPOJAMMU, TO
JIOTMYHO IPEAIIONOXNTD, UYTO B3aUMOJEICTBIE HeTH U YIbTPaMapUTOB JOIDKHO OTPA3UTHCSA Ha ee MUKPOSTEMEHTHOM COCTa-
Be. V3ydenne Heopranudecko reoxumun Hedpru 3anagHoit Cubupy u Tarapcrana metogom ICP-MS mokasbiBaeT, 4to Hedptu
ob6mazaoT KpaitHe crenuduIecKM MUKPOTeMEHTHBIM COCTABOM, He IPUCYLIUM 60/lee HUKAKVM [[PYTUM BellleCTBaM 3eMin
[22 u gp.]. DraBHas reoxuMmdecKast 0COOEHHOCTb He(TI 3AK/II0YAETCS B IPEe/IbHO HU3KMX COEPXKAHNIX OOJIBIIHCTBA MI-
KpoaneMeHTOB. Ha guarpammax HOpMUPOBAHHBIX cofiepxkaHuit P33 sameTHOIT 4epToil MX paclpenesieHus B HepTAX ABIACTCS
npeoOafaHye JeTKUX JIAHTAHOU/O0B Haj cpemHuMHU u TspkenbiMu (La/Yb = 16-19). BaxHoit yepToit HepTU ABIACTCS SIPKO
BBIPa)KeHHas ITOIOKMTeNIbHAS eBPOIIVeBas aHOMaIU, XapaKTepHas /I ITyOMHHBIX 06pasosanuit. Cofepxanus B Hedrsx Cs,
Rb, Sr, Zr u n1aTMHON0B BIIOTHE COOCTABMUMBI € VX KOHIIEHTPAaLMAMY B yibTpabasuTax. Ha ocHOBaHMM ITOBBIIIEHHBIX COfiep-
xanuit Ni, Co, Cr, V u gp. TakxKe ObUI Cfie/laH BBIBOJ, 00 «y/IbTpabasuTOBO» reOXMMIKO-MeTa/JIOTeHNYeCKOIl ClIeIa/I3aliuu
Hedru [16, 22 1 Ap.] U HOAAEPIKAHO MIPEATIONOKEHNIE O ee ITyONHHOM IIPOVICXOXK/IEHIIL.

Hamu coBmecTHO ¢ xojuteramu u3 VIHCTUTyTa opranmdeckoro cunresa YpO PAH [7] 6bl1a mpoBeneHa cepusi 9KCIIepu-
MEHTOB II0 MacCOIIePEHOCY OPraHMYeCKMUX COeMHEeHWIT 13 00pasIioB 6MTYMIHO3HBIX apTI/UINTOB 6aXKeHOBCKOI cBUTHI CeBe-
po-Tlokauesckoro, FO>xHo-fryHcKkoro u TeBmmHcko-PycckuHcKoro MecTopokiennit Heptu 3amagHor Crbupu B CMHTE3UPO-
BaHHble YB 1 MuHepanu3oBaHHbIe TepManbHble Bofbl. [TokasaHo, 4To IpucyTcTBre 61oMapkepoB (YB, coxpanmuBIIMX Xapak-
TepHbIE YePThI MCXOTHBIX OMOOPraHIYeCKUX COEAVHEHMIT) B IIPUPOSHBIX HePTAX He AB/IAeTCA OeCCIOPHBIM JOKa3aTeIbCTBOM
OPraHMYeCKOro IMIPOUCXOXK/IeHNA HeTy (KaK 9TO pacCMaTpUBaeTCA CTOPOHHMKAMY OPraHIYecKoll, 0CaloYHO-MUTPALIOHHO
TUIIOTe3bI IPOUCXOX/EHMSI He(pTH), a BIIOJIHE MOYXKET OBITb IPUOOPETEHO NCXOTHO ITyOMHHbIMY Y B mpy Murparu depes oca-
TOYHBIE ITOPOTbI, COfeprKall/ie OPraHNYECKOE BeleCTBO.

EcTb Hay4HbIN ¥ TPAKTUYECKUII CMBICT B IOIBITKE OLIEHUTD, 1O KaKUX )Ke TIIYOUH B HaCTosAIIee BpeMs BO3MOXKHO OOHapy-
JKeHVe HeTAHBIX MeCTOpoxieHmil. Kob ckopo yske abCOMIOTHO MOHATHO, YTO OHYM MOTYT pacIosaraTbcs U Imybske 4,5-5 KM,
KOTOPBIMM OTPaHIYVBaJIa VIX PACIPOCTpaHeHMe 0CaIOYHO-MUTPALIVIOHHASA NTApafiurMa, T. €. IIy6Ke TaK Ha3bIBaeMOro «HeTs-
HOTO OKHa» 3TOIf r1IoTe3pl obpasoBanust Hedpru. OLeHKY MOIpobyeM AaTh, UCIONB3YsI MOJEIN PA3HBIX ABTOPOB KaK YCIIOBHO
PaBHOLIEHHBIE — JI/IsI HEKOTOPOTO «yCpeJHEHMsI» U O0NbIIeil 00 BEKTYBHOCTIH.

Peonornyeckasi MOAEAL CTPOEHUST KOHTUHEHTaAbLHOM 3eMHoM Kopbl C. H. ViBaHOBa 1 ee pOAb AAsl HEOTSIHOM FreoAOrMn

C. H. VIBaHOBbIM 6bLIa IIpeMIOXKeHa IUAPOAIHAMIYECKasi, OHa JKe PeoIornuecKast 30HaIbHAsI MOJIe/Ib 3eMHOI KOPBHI C I10-
YTH HETIPOHMI[AEMOI [/ TPELVHHO-TIOPOBBIX BOJ, U (IIOM/O0B 30HOI MeX/y BepXHelt 1 cpefHeit kopoit [8-10, 27 u fip.]. Cythb
MOJIe/IV 3aK/II0YaeTCsA B CIefyIolleM. B KoHCOMMAMpoBaHHON KOpe MaTepUKOB TPEILIMHEL M OTKpPbIThIe TOpbl (fanee TIIII - Tpe-
IIMHHO-TIOPOBOE IIPOCTPAHCTBO) B TBEPABIX MOPOJAX IOJ «2UOPOCHAmu4eckoti» 30HOI CBOOOHOTO CTOKA 3aKPbIBAIOTCS HA
r1y6uHe 7-15 KM B 3aBIUCHMOCTH OT COCTaBa U MPOYHOCTH OPOJ, @ TAK)KE TeMIIEpaTypblI (Halle Bcero Ha IybuHe okoso 10-11
kM). 3akpoitie (3akynopusanue) TIIII mprBOANUT K CO3HAHMIO «OapbepHOLi» Aist (IIONIOB 30HDIL, TOf] KOTOPOII MOCIefHIE Ha-
XOJSATCS MO INTOCTATUYECKIM JIaBTIEHNEM B «IUmMocmamu4eckoti» 3o0He. Bbicokoe mmnrocrarudeckoe gasneHne Bog B TTIIT 06-
YCTIOBNIMBAET 110 3aKOHY 9(p(peKTUBHOTO AaB/ieHyst Tepriaru moTepo TOPHBIMI HOPOAAMH YIIPOYHEHNs, BBI3BAHHOTO OO/IBIINM
BCeCTOPOHHUM fiaBjieHreM. Cosfaercs ocableHHas BEpPXHsA YacTb JIMTOCTATIYIECKOI 30HDI, B KOTOPOIL JIETKO Pa3BUBAIOT-
s IIacTndeckue (ICeBOIIACTUYECKIE VI UCTUHHO ITACTHYeCKIe) ¥ XPYNKO-IUIacTuIecKre geopManny, Coco6CTBYIOIe
IIPOABIDKEHNUIO ITTyOMHHBIX (IIOMIOB IIyTeM ruapopaspeiBa. IIpu mocrymrennu us 6oee ryboKux MeTaMopduuecKux 30H
HernapaTaluy ITyOMHHBIX BBICOKOHAIOPHBIX (DIIOM/IOB OHM YaCTUYHO KOHIIEHTPUPYIOTCS TOJ 6apbepHOIt 30HOI U IIpU HaJIN-
YUY YX TUIPABINYECKON CBSI3Y C IIYOMHHBIMI O4araMiu KpaTKOBPEMEHHO MPOPBIBAIOT GapPbepHYIO 30HY, OCTAB/ISAA Ha IIyTAX
PasrpysKy faBieHMsI OOMIbHYIO SKIIBHYI0O MIHEPaIM3alNio, B TOM YUC/Ie U PYAHYIO. 3aKpbITHE MPOPBIBA OCYILECTBIACTCS
6marofapsi MafieHNIo faB/IeHNsI, BEAyIIeMy K ObICTPOMY MIHEPaIo06pasoBaHuIo Mo 3aKoHY [IKoy/si-ToMcoHa.

OcabnenHast, YaCTUYHO OOBOJHEHHAs BEPXHSSA YaCTb JIMTOCTATUYECKON 30HBI Ha TPAHMUIIE C «CYXOi», Ooee IPOYHOIL
OapbepHOI 30HOI CIY>KUT HeM30eXHBIM MECTOM TeKTOHMYECKUX Pa3pbIBOB — 0OpPAa3OBAHUEM «OMOenUnesns», OTHENAIONIero
peosIornyecK pasIMyHble TOIIY JJasKe IPU CaMbIX MaJIbIX TEKTOHMYECKUX MOABIDKKAX. OTAennTeNnb OTMeYaeTCs CelICMIKOI
BO MHOTVX PeTMOHaX MaTepnkoB 3emMu Kak rpannia K, (unu F 'y HEKOTOPBIX 3amaiHbIX uccenosareneli). Hanbonee scxo ona
BBIAB/IACTCS B KPYIIHBIX PETMOHAX PACTXKEHNS IUTOCQEPEL.

INony4yeHbl OATBEP)KAEHNUA Halllell 30HAIbHON MOJieN PaclpefeneHlieM B 3eMHOII KOpe PYAHBIX TMAPOTePMaIbHbIX Me-
CTOPO>K/ICHUI!, BBIABICHNEM ITyOMHHBIX 30H 9/IEKTPOIPOBOAVIMOCTH, Pa3MelleHIeM O4aroB 3eM/IeTPSICeHNUIT U PYTUMU JJaH-
HBIMI, @ TAaK)Xe HEIIOCPEICTBEHHBIM BCKpbITHEM cBepxraybokumy ckBaxunamu CI-3 (Konbckas), KTB (Hemerkas), [pas6epr
(IIBencxkas). braromaps npumopHsaToct banruitckoro mmra, CI-3 mepecek/ia BepTUKaIbHYIO I1aie030HaNIbHOCTb. OHa IO-
CIIefloBaTe/IbHO BCKPbIIA TMAPOCTATUYECKYIO, 3aTeM 6apbepHYIo, 3aTeM CIe[bl OT/eNUTEIs, 3aTeM TUTOCTATHYECKYIO YaCTUIHO
06BOJHEHHYIO 30HY C BBICOKIM JIMTOCTaTH4ecKMUM AaBnenueM ¢monga B TTIIT. Hemenkas cksakuna KTB Toxe noprsepamna
PeOoIOrnYecKyIo 30HaIbHOCTb 11 ObITa 3aKpbITa IIPU BXOfie B BEPXU JIMTOCTATNYECKOI 30HBI BCIEACTBME CAMOIIPOU3BOIBHOTO
CY>KEeHMsI CTBO/IA CKBKMHBI, IPEIIATCTBYIONIEro 6ypeHuio (PUCYHOK).

Otpennrenb OTTpaHNYMBAET 30HY XPYIKUX AedopManuii — cOpOCOB, CABUIOB, TEKTOHNYECKMX OPeKUIMil M IPYTUX XPYIIKUX
HPOSIB/ICHNIT TEKTOHMKM OT PAaCIIONIOKEHHON HIKe 30HBI B OCHOBHOM IUIACTUYHBIX eopMariil. ITO XOPOIIO 3aJOKyMEHTHPO-
BaHO B Pas/INYHBIX 067macTAX 3eMnu (IpoBUHIM GacceilHOB 1 XpeOToB Ha 3amafe CeBepHoil AMepuky, KanenoHubl CKaH/MHA-
BuM 1 Jip.). OTHeNuTeNd ABIAETCA KpaifHe CIabbIM LIBOM BHYTPYU 3€MHOIT KOPBI, 1 TI0 HEMY B IIEPBYIO O4Yepefib PaspsuKAIOTCs BCe
HOC/IEAYIONIVe TeKTOHNYEeCKIe HalpspKeH A [Ipy TeKTOHMYeCKOI IeHy[AlM BePXHeil YaCTy 3eMHOII KOPbI U (VM) M3MEeHEeHNU
TEIUIOBOTO ITOTOKA B IIpoliecce fedopMariyi KOpbl 30Ha OTAEIATENLA MUTPUPYET 1 HAK/IabIBAeTC sl Ha BEPXHIOIO (VI IOACTIIAI0-
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YnpoleHHas cxema CTpOoeHuUsi BepxHel U cpeaHe KOHTUHEHTaNbHOW 3eMHOM Kopbl. A — 3MeHeHue ¢ riy6uHo: N — NpoYHOCTU rPaHUTHbBIX
nopog, C — ckopoCTV pacrnpoCcTpaHeHNsi CENCMUYECKMX BOMH, B — copepxaHunsi Bofbl B TPELLMHAX U Nnopax.

B — rnaBHble ariemMeHTbl CTPOEHUS KOHTUHEHTaNbHOW 3€MHOWM KOpbI: X — XpynKas 30Ha BEPXHEW KOpbl CO CHUXXEHNEM codepKaHusa oronaoB BHU3
no paspesy, b — nnotHas cyxas 6apbepHas 3oHa, O — otaenuTens, [l — Bogocoaepallasi 30Ha ¢ npeobnagaHvem nnactTuydeckux aedopmauui,
W — MHTpy3ust nyTem ruapopaspbiBa CyrnepkpUTUYECcKOro BOAHOrO chnovaa unv marmel.

The simplified scheme of the upper and middle continental structure of the Earth crust. A — changing with depth: I — of granite rock
strength, C — of seismic wave distribution rate, B — fissure-pore water content. B — main structure features of the Earth’s crust upper part:

X — brittle zone of the upper crust with decrease of fluids downwards, b — dense ‘dry’ barrier zone, O — otdelitel' (detachment fault), [ — aquiferous
zone with prevalence of plastic deformations, W — intrusion of supercritical water fluid or magma by the way of hydrobreak.

1[yI0) 30HY. VI3y4as HaloXeHIe XPYIIKUX CTPYKTYp Ha IJIACTIYeCKIe (I HI060POT), MOYKHO HOTYINTD CYIIeCTBEHHBIE TaHHbIE
0 TeKTOHMYECKOI1 9BOJIIOLVIN PerOHa.

B nonymanuy riry6MHHON IUAPOreonorny 1 HeTsHOI Fe0/I0rNy 3HaYeHe 30HBI OTEMUTEIS SIB/LIETCA onpenensomnm. [1o-
BEPXHOCTHBIE BOABI B CBOOOHOM COCTOSIHMY He MOTYT IIPOHMKATh HIDKE 30HBI OTHEINATEILA, BBIIIe KOTOPOIl HEPELKO OTMEYAIOT-
cs1 3a7mexxyt pacconoB. C 30HOI OTHENTeENA CBA3aHO 00pa3oBaHIe MHOIMX 9/IU3VIOHHBIX PEXXVMOB C BBICOKOHAIIOPHBIMY BOJAMI.
Yacrast IpIypOYeHHOCTb MECTOPOXX/EHNUIT YITIEBOZOPO/OB K 0O/IACTSIM MOBBILIEHHBIX (IION/HBIX AABIEHNII IO3BOJISIET IPEIIO-
JIaraTh MX MCXORHYIO KOHIIEHTPALUIO, ellje He BCKPITYIO OypeHyeM, HyDKe 30HBI OTeNUTes. B IpuHIuIIe, 3T0 IPeIIoIoKeHe
MOIIO OBI OBITH IIPOBEPEHO He TONIBKO CBEpXITTYOOKUM OypeHyeM B 30HaX MHOTOTAXHOIO HeTelpOsiB/IeH ST, HO 1 BHE 3TUX 30H,
3aMepaMI eCTECTBEHHOTO (DIIOMTHOTO faB/IeHNsI 1 IPU MCKYCCTBEHHOM TMPOpasphiBe B CBEPXITTyOOKIX CKBOKMHAX.

Taxkym 06pa3oM, B COOTBETCTBUU C PEOJIOTMYECKOI MOJIE/IbIO CTPOEHVSI KOHTMHEeHTaIbHOI 3eMHoI1 kopel C. H. VBanosa
Haubo1ee rry6okue HeTAHbIEe MECTOPOKAEHIA MOTYT OBITh PACIIONI0>KEHbI HENOCPECTBEHHO HIDKE OTEIUTEN, T. €. Cpa-
3y HiDKe 10-11 kM (B pepKux cny4asx — 15 km).

OLIEeHKA MAKCUMAABLHDIX TAYOVMH MECTOPOYKAEHUM HECPTM MO MOAEAM «OXAKAAIOUIMX FOPU3OHTOB» A. . MaableBa

B HepmaBHelt nHTepecHOIt pabote A. V1. MansireBa [15] 651710 MOKa3aHo, YTO Ha KOHTAKTe BOCXOAAIINX 13 [TyOMHBI (IIio-
MJHBIX IIOTOKOB C OX/IXKJAIOLMIMIL TOPM3OHTAMI BCTIECTBIE OX/IAXK/IEHNS IIPOMCXORUT MAaCCOBBIIL COPOC BelljecTBa 13 Ta30Boil
(aspl B KOHJIEHCAT C IPOTEKAHVeM XMMIYECKVX peaKIuil eCTeCTBeHHOro yrnesopfopopnHoro cunresda (EVC). Ilepsuunsiit EYC
IPOTEKAET 3a CYET MPOCTemX nocrMarmMatiieckux gpmronannpix coemuennit (H,, CO,, H,S) n 06ycnosnen reteporeHHbIMu
peakuuAMM B YCTOBUAX KOHJeHcauuu (1o Mepe IpuO/IKeHus GIIONHOrO MOTOKA K 3eMHOIi oBepxHOCTM) cHavana H. S, a
satem CO,. BosMOXXHOCTb 06pa3oBaHysi KOH/IEHCATOB ONPE/eNAETC KPUTNYECKMMY TEMIIEPATyPaMi BELeCTB, BXOSALIUX B CO-
cTaB ra3oBoit cMecu. [ToaTomy mporjecc 06pa3oBaHus KOHIEHCATOB B 9HOTEHHBIX YCIOBUAX KOHTPOMUPYETCs, IIPEX/e BCETO,
TeMIIEPAaTYPHBIM IIpo¢IIeM BMEILAIOIMX [TOPOJ, Ha MY TY BVDKEHNSI Ta30BOI CMECHL.

B nepsuunom EYC A. V1. Manbiiues [15] BbifiesieT HeCKOIbKO Hanbo/Iee BaXHBIX KPUTUYECKUX ITTYyOUH /11 00pa3oBaHusa
Hedru. Tak, o6pasoBaHe cepOBOJOPOJHOrO KOHeH CaTa HaunHaeTcsA npy Temneparype 100,4 °C. Ilpu cpefHeM 3Ha4eHUM TeM-
IepaTypHOro rpafirenTa 30°/KM IBVDKYIIAACA K HIOBEPXHOCTH SHJ0T€HHAA Ta30Basi CMeCh BXOZIUT B 30HY KOHJEHCALINI CEPOBO-
Iopopa Ha BeposiTHON r1ybuHe 3,2 kM. [TocTMarmMaTndeckye ra3oBble CMeCH TIPY TaKMX YCTIOBIUSX HPeNCTaB/IeHbI, KaK IIPABIJIO,
H S, CO, n H, ¢ HesnaunrenpupiMu komrdectsamu CH . ITpu Temneparypax, NpeBbIIIAIOIMX KPUTHYECKYIO TeMneparypy H.S,
B COCTaBe Ta30BBIX CMeCeil MOXKeT OBITD /1I000e KOMYeCTBO CEPOBOLOPO/A, HO B MOMEHT JOCTVKEHNUS KPUTUIECKOI! TeMIlepa-
TypbI cofiep>kanue H S cka1ko06pasHo orpaHN4MBaETCA €ro Mpefle/IbHbIM NIapIUUaIbHbIM JIAB/IEHUEM U TPOUCXO/IUT MACCOBDII
cbpoc Bcero usbpitka H S B konnencar. [Ipu punbrpaunn rasoo6pasnoro CO, yepes konaencar H S nporekaror peakuyn EYC:

4st(>.<) + COZ(I‘) = CH%_) +2H0 oo T 4S(

poméf
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7st(x<> + 2C02(r) = CZHG(T) + 4HZO()K> + 7S(Pm6)

Taxnm 06pasoM, OC/IEROBATENbHOE JOCTVDKEHNE S9HAOTEHHbIMY (rronamu Kputudeckux temneparyp H S u CO, npuso-
IUT K MHTeHCUBHOMY cuHTe3y YBC. Otu crienpududaeckue ycnosus A. V1. Marblies paccMaTpuBaeT Kak CBoeoépasnme JIOBY1I-
KU, 00yCTIOBNMBAIOIIVE BO3HUKHOBEHME KOHIICHTPAIUIT YITIEBOIOPOJIOB B SH/IOTEHHBIX YCIOBUAX, — JIOBYLIKM KPUTUIECKUX
temneparyp H S u CO,. OHpjoreHHbIe 1€Ty41e 10 Mepe NepeMelleHNs K TOBEPXHOCTI 3eM/IM TPRHCIOPTUPYIOT ¢ Gonee ry6o-
KX TOPU3OHTOB VX TIOBBIIIEHHbIE IaB/IeHMe U TeMIepaTypy. IIpn BcTpede (QionIHBIX IIOTOKOB € OX/IaXK/IAIOIIVM TOPV30HTOM,
0671a/]afoIIVIM BBICOKVMM TEIUIO@MKOCTBIO 1 TEIIONPOBOSHOCTDIO, BOSHUKAET ellje OAVH TUII TeMIIePaTyPHBIX JIOBYLIEK, NME0-
X 6OMBIIOe 3HAYEHME 1A 00pa3oBaHMA 3aI1aCOB YIJIEBOJOPOJHOTO ChIPbS B YCIOBUAX APKTHUKIL

Jna Bropuanoro EYC nepsbiM xe 1 Hanbosee Iy60KINM OX/TaXKJAIOIIM FOPM3OHTOM Ha ITyTH GIIOMIOB 13 ITy6uH 3eMin
OKa3bIBaeTCs TEOXVMMUYECKNUII 6apbep, CBsI3aHHDI C KPUTUUECKOI TeMIepaTypoil Bopsl (374 °C). DToil Temmeparyps ¢iio-
W/HBI TTOTOK TIPM CPeHEM TeOTepMUYECKOM TpafiMeHTe HOCTHUIaeT Ha IMybuHe ~12,3 kM. B MOMeHT oxyaxeHus [0 9TOM
TeMIIepaTypbl MPOUCXOAUT MACCOBBIN COPOC B KOHJIEHCAT BCeX M3OBITOYHBIX ITAPOB BOJbI, POPMUPOBAHNE TEIIONIPOBOJHOTO
oXJaXK/jaromiero ropusonra 1 konsieHcauusa YBC. brnarogapsa sropnuynomy EYC nop BoszeiicTBMeM BOIHBIX OX/IaXKAAIOIUX TO-
pu30HTOB (GOPMUPYIOTCA Hanboree rIyboKo 3anerarolue HedTAHbIE MECTOPOXK/IEHN.

Takum o6paszoM, i GOpMUPOBAHNSA OTIOKEHWIT YINIEBOJOPOIHOTO CHIPbS UMEKT IMobanbHOe 3HadeHne P-T noBymku
kputnyeckux temneparyp H O, H,S u CO,, Torsa kax oxanbHble ycnous GopMUpOBaHUA KOHIEHTPALUIi yITIEBOL0POJIHOTO
CBIPbs 00YCTIOBNIMBAIOTCA BO3/CIICTBYEM OX/TXKIAIOIINX TOPU3OHTOB. VTak, Han6OMbIIas BO3MOXKHASA ITy0IHA TeHepaly 1
HAXO)K/JeHIA MeCTOpOKieHiT HedTH cocrasiser, o mogemu A. V1. Manbimresa [15], okomo 12 k.

O 4YeM CBMAETEALCTBYET MPAKTUKA COBPEMEHHDLIX HEPTENONCKOBLIX PABOT?

B mocnepHme rofibl cieNaH psj| CEHCALMOHHBIX OTKPBITHIT KPYITHBIX HePTAHBIX MECTOPOXK/IEHWIT HA MaKCHMaIbHBIX ITy6u-
HaX. [IpMHINMIINANbHO BaXKHBIM ABJIAETCSA OTKPBITUE OOTaThIX 3ajiekeil HepTu B MeKCMKaHCKOM 3auBe Ha rybuHax 8,8-10,5
KM, IJIACTOBBIE TeMIIepaTyphbl Ha KOTOPbIX gocturany 280-290 °C [3, 12, 25 u gp.]. B 2009 r. Ha mromazy Tait6ep B MekcukaH-
CKOM 3ajMBe Ha raybouHe 10,5 KM (MakCcUMaabHON M3 BCEX BBIABICHHBIX Ha OONBLIMX ITTyOMHAX MECTOPOX/EHMIT) OTKPBITO
KpyIHerilee HeTAHOE MECTOPOXKIEHNE C IPeBAPUTEIbHO OlleHeHHbIMY 3anacamu 400-550 MyH T Hed . IIpogyKTBHBI a-
JIeOIleHOBbIE OTIIOXKEHNA. B paHee OTKpbITOM HeTAHOM MecTOpoXxaeHUN Kackuja IpOfyKTUBHBI Te Ke OTIOKeHuUs (rmyOuHa
9750 M, r1y6uHa BogHOro cnost 1770 M, 3amacel — 6omee 400 MJIH T). B Iajieo1ieHOBBIX OT/IOXKEHMAX 3eCh OTKPBITO 18 MecTOpO-
XeHnit HeTy Ha cBepxryOuHax. HedTerasoHocHbI KOMIIIEKC, TPe/ICTaBIEHHBIN ITeCYaHMKaMMU C BBICOKMMY KOJIEKTOPCKY-
MM CBOJICTBAaMM, XapaKTepU3yeTCsA aHOMAJIbHO BBICOKVMI ITACTOBBIMMU JIABJIEHMAMM. DTO KPyIIHasa 30Ha HeTerasoHaKorie-
HIA Ha CBepXITy6uHax [32 u fip.]. Beero BoisABIeHO 55 MecTopoxaeHnit YB ¢ samacamu 5,5 Mapy; T B HepTAHOM SKBUBAJICHTe, U3
HuX 10 HeTAHBIX MECTOPOXKIEHUIT ITTyOKe 9 kM (Tabmnia).

B nposunuymu Canroc (bpaswmus) B 2008 1. HaieHO MecTopoxkaeHye Toiomy. C y4eToM BOZHOTO ¢104 (2 KM) IPORYKTHB-
Hble [TeCYaHble TOPM3OHTHI 3a/IETAIOT HA IIyOuHe 5 KM u 6onee. IIpegBapnTenpHO OleHeHHBIe 3amachl (0 15 mpobypeHHbIM
ckBaknHaMm) — 680-960 miaH T HedTu. [Ipennonaraercs, 4To ThIOMM AB/IAETCS COCTABHOI YaCThIO KPYIIHOI 30HBI He(Teraso-
HaxomteHust — 800 kv Ha 200 kM. B 2008 1. Ha 6pasmnbckoM 1ienbde ATTaHTHKY OBIIO HaliAEeHO KPYIIHelilee MeCTOpOXKieHe
Kapuoka Illyrap Jloyd. IIpensapuTenbHo olleHeHHbIe U3B/IeKaeMble 3aIIachl HeTH COCTABIAIOT 5,7 MIIP T, Teonorndeckue — 11
MIIPZ, T, I/TyOVHa 3ajIeTaHysl IPOLYKTMBHBIX TOPU30HTOB — cBbIlle 5500 M. [IpuBeneHHbIe JaHHbIE CBUAETENIbCTBYIOT O BO3MOXK-

U T. .

CBepxrny6okue HepTAHbIE MecTopoxaeHUs MekcukaHcKoro 3anvBa (No AaHHbIM [3, 12, 25 u ap.].
Superdeep oilfields of the Gulf of Mexico (according to the data [3, 12, 25 et al]).

MecTtopoxaeHve my6uHa, m 3anacbl, MIH T

ToHra Yact 7832,5 27,5
YuHrmns XaH 8003 -
OsoHa [un 8037 17
Kackag 8082-7732 -
K-2 Hopt 8144 14
MaHca 8320 28,5
LLeHbu3bl 8320 55
YnHyk 8433 -
MatganHaep 8540 -
leinens6epr 8692,5 14
CroyHc 8711 -
[xek 8845 68,5
Oac Bamn 8862 -
CeH-ano/OanHa MonHT 8862 —
FaHdnuHT 8930 -
BakckuH 8968 -
DdpucnaH 8971 -
Cusap 9065 27,5
LeHangoa 9150 685-2055
[xynus 9500 —
Koasik 9501 -
Buto 9760 -
[MoHwu 9897 68,5
Kacknga 9912,5 475
Hottn Xag 10 428 68,5
[Ounyotep XopansH (aBapuiHoe) 10 500 550
Tanbep 10 692 475
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HOCTH CyIeCTBOBaHNs HeTAHOI pasbl YB Ha cBepXIy6MHax Py BHICOKUX TeMIepaTypax I aHOMaIbHO BHICOKMX ITTACTOBBIX
HaBJIeHMAX. DTU pe3yNIbTaThbl Te0TOrOpasBeOYHBIX PabOT Ha HeTh U ra3 Heb3sA ONHO3HAYHO TPAKTOBATH, MCXOMA U3 OCAfI0U-
HO-MUTPALMOHHOI TMIIOTe3bl 06pasoBanusa HepTu. OHM CKOpee IIOATBEPXKJAI0T a0MOTeHHBIN CHHTe3 YIJIEBOJOPOLOB HeTH U
ee COXPaHHOCTD TIPY BBICOKMX TeMIIEpaTypax, 4eM «IaBHyo (asy» Hedreobpasoanus, Korja cranus Kararenesa MK, (temre-
parypsl He Bbiue 150 °C) AB/IgeTCA IIpefe/IbHON AL CyllecTBOBaHNUA Hedtu [3 u ap.].

SkcnepumeHTbl B. C. baAnUKoro ¢ Koaseramm rno msyyeHuto hasoBbIX COCTOSIHMIA BOAHO-YTA€BOAOPOAHBIX (HAIOMAOB
NPV BLICOKMX TEMIMEPATYPAX M AABAEHUSIX U X 3HAYEHNE

ITpuBeneHHbIe paKTHUECKIIE JAHHbBIE OIIPOBEPTal0T PACIPOCTPAHEHHYIO PaHee TOUKY 3PeHNs O HEBO3MOXXHOCTI HaXOX/e-
HJIS Ha TaKUX IIyOMHaX (T. e. CyLIeCTBEHHO HIDKe TaK Ha3bIBaeMOTO «He(TIHOTO OKHa») HeTAHBIX MECTOPOXKAEHMIL, 3a0CTPUB
M3JaBHA [JYICKY TMPYEMBIII BOIIPOC: A 1O KAKMX COOCTBEHHO MAKCUMA/IbHBIX ITIyOVH U TEMITEPATypP OHA MOXKET OOHAPY>KUBATHCS
B 36MHBIX Hefjpax?

IIpencTaBiseTcs, YTO HAa 3TU BOIPOCHI BO MHOTOM OTBEYalOT OIy61ukoBaHHble B 2015 I. pe3y/IbTaThl BecbMa MpefCcTaBU-
Te/IbHBIX 9KCIeprMeHToB. OHM ObIIM MpoBefeHbl B VIHCTUTYTe sKcnepuMeHTanpHoil MyuHepanoruu PAH (8 r. YepHoronoska)
B. C. BammuxuM u fpyruMu npu yyactun GpaHIy3cKux ucciaegosareneit [1  gp.]. ViMu BOIpochl BO3MOXKHBIX ITTyOVH 11 TeM-
Ileparyp CyILieCTBOBaHNA HeTU BBLACHAINICH ITyTeM 9KCIIePUMEHTATbHOTO U3Y4YeHMsI CMHTeTHYECKUX (DIIOMIHBIX BKTIOUSHMI
B KBaplle, BBIPAI[CHHOM B aBTOK/IaBaX B BOZHO-He(TAHBIX (UIIOMaX B MIMPOKOM JAMalla30He TeMIlepaTyp U HaBleHmit. B pe-
3y/brare OBUIO IIOKA3aHO, YTO ChIpast He(Th, B C/IyYae IPEBBIMICHNSI ee 00beMa HaJi BOSHBIM PACTBOPOM, IIPM TeMIIepaTypax
240-310 °C u faBIeHusX, 6MM3KUX K TaB/IeHIIM HACBILIIEHHOTO T1apa 1 BbIllle, He 00Hapy>X1MBaeT HUKaKuX usMeHenuit. Ho yxe
npy TeMueparypax sbiure 320-330 °C HedTh mofgBepraeTcs HeOOPATUMbBIM M3MEHEHMSAM C BbIJje/IEHIEM TBEpPAbIX OUMTYMOB I
rasoBbix Y B, B ocnopHoM CH,, o6orautasch TerkuMu 1 cpefiHuMy HeTAHbIMYU ppakuuaAMu. B crydae npeobmaganus Haz BOg-
HOJI dasoit HedTh Ty Temmeparypax 350-380 °C mpaxTudecku monHOCTbIO epexonut B CH, u TBepabie 6uTymbl, a Ipu 6o0mee
BBICOKIX TeMIlepaTypax — B MeTaH ¥ rpadut. [IyOMHbI HaxoX/ieHNA 3a/iexxeil HeTV B TaKUX YC/IOBUAX, YIUTBIBAsA peajibHbIe
reoTepMITIecKIe TPaIieHThl He(pTera30HOCHBIX IPOBMHIINIL, He JO/DKHBI IpeBbiuats 12-14 km. Korga sxe o6pem Hed T yeTy-
maeT 06beMy IIPUCYTCTBYIOIIETO BOJHOTO PACTBOPA, IOBBIIIEHNUE TEMIIEPATYPbI IPUBOAUT BHAYA/IE K IIOTHOMY PACTBOPEHMIO B
HeM He(TI U ra30BbIX YB ¢ 06pasoBaHIeM rOMOTEHHBIX, B TOM YHUC/Ie CBEPXKPUTNIECKUX BOTHO-YITIEBOJOPOSHBIX (IIIOMIOB.
ITepexon YB HedTi B TOTOOHOE COCTOSTHIE COXPAHSAET €€ OT AeCTPYKILUM C IPeBpalleHNeM B TBEpible OUTYMBI 1 YIIEBOZOPOJI-
Hble ras3bl. B aToM ciydae HedTh coxpaHAeTCs Kak TaKoBas 1o KpaliHell Mepe 1o 500 °C 1 MOXXeT pacIipoCTPaHATLCA O ITyOuH
okoro 20-22 xum [1]. Vitak, HamGonee ocropoxxHass (MMHINMaIbHAsI) OlleHKA BO3MOXKHBIX ITyOMH HaXO)K/IeHU 3a1exeit Hed-
TH, UCXOf A U3 3KcnepuMeHnToB B. C. Bannikoro ¢ konmeramu, cocrapusaer 12 km.

CoBpeMEeHHbIE TEXHUYECKME BO3MOXKHOCTM CBEPXTAYOOKOTO BypeHus

Kak nsBectHo, pexoppHas Konbckas cBepxriaybokast ckBakuna CI-3 Havama 6ypurbest B Mae 1970 I. B KPUCTa/IMIECKUX
IPOTEPO3OIICKUX IOPOAaX BanTuitckoro muTa, rae 06HaXXaTCsA KOMIUIeKCh pyHaamenTa Pycckoit (Boctouno-EBpomneiickoit)
wiatdopmbl. BypeHue ¢ mepepbiBamMit IpoRomKanoch fo 1991 ., mpudeM rryOuHbI 12 KM yAaaoCch JOCTUTHYTD K Hadary 1983
r. B nione 1979-ro ckBakuHa mo6uma pekops B 9583 M, paHee IpuHaIexaBIunit HepTsaHol ckBaxnHe Bepra Pomxkepc (CIIIA,
Oxmaxoma). C Tex mop CI-3 crana camoit I7Ty60KOI CKBaXKMHOI B Mupe. VIsHada/IbHO IIaHMPOBAIOCh IPOTH 15 KM, HO U3-
3a C/IMIIKOM BBICOKMX TEeMIIEPATyp, a TAK)Ke TEXHUYECKNUX U (PUHAHCOBBIX TPYAHOCTEI OCTAaHOBWINCD Ha 12 262 M. [TaBHBIMU
yemsamu CI-3 6bU10 U3ydeHMe [TyOMHHOTO CTPOEHMST KOHTHHEHTA/IbHOI 3eMHOI KOPBI (3eCh OBUIO JOCTUTHYTO OY€Hb MHOTO
Ba)KHBIX HAyYHBIX PE3y/IbTATOB, ellle He 0 KOHIa OCMBICTIEHHBIX [I0 CUX IIOP), 2 TAK)Ke COBEPIIEHCTBOBAHIE OYPOBBIX TEXHO-
noruit. [I71s IOC/IeHEr0 BO MHOTO a3 (a BeposATHee — BO MHOTO [eCATKOB pas) apdexTuBHee U femresye 6b110 6b1 OYypUTDH 9Ty
CKB)XIHY HeIIOCPe[CTBEHHO BO [BOPE 3aBOfia «YpanMali». BypeHue ObI10 Ha4aTo cepuitHOl 6ypOBOI YCTAHOBKOI « YpaIMali-
49», KOTOPYIO IPUMEHSIN /ISl OypeHNs CKBaXXVH IIPK IIONCKe U pasBeike MeCTOpOKieHuit Hetn 1 rasa. C rryOuHsl 7263 M
OypeH1e Mpoo/DKUIIN YCTaHOBKOI «Ypanmani-15000». B HacTostmee Bpemst Kombckast cBepXrmy6oKast MOMHOCTBIO 3aKOHCEPBHU-
posaHa. B 1997 r. CI'-3 6b11a 3aneceHa B Kuury pexoppos [mHHecca Kak «caMoe ITy60Koe BTOp)KeHIe YeI0BeKa B 3eMHYI0 KOPY»
U SIBJIAETCSI TAKOBOII 0 cux mop. O6mas ctonmocts CI-3 Upes3BbIYaiiHO BeMuKa, B OTKPBITON [Ie4aTy OHA He 03By4MBaIach, HO
OBLIN YKa3aHMU, YTO «COIIOCTABMMA C IKCIIeAnIyeit Ha JIyHy».

CI-3 6bL1a TaKXKe 1 CaMoit JUIMHHOI CKBaXXIHOI B Mupe 1o 2008 r., korza ee o6olta mpoOypeHHast IO, OCTPLIM YITIOM K
HOBEPXHOCTH 3eM/IN HepTsiHas cKkBakuHa BD-04A. Ota ckBakiHa 6pu1a mpobypeHa kommanueit Transocean st Maersk Oil B
Karape, B HedTs1HOM 6acceitne Anp-Ilaxun (Al-Shaheen) ¢ menpio reonornyeckoit passenku. O61as AMHA CTBO/IA CKBAYKMHBI
cocraBuia 12289 M, a oTMETKY B 12 KM yIazoCh IpOMTY BCETO 3a 36 THEIL.

Haunnas ¢ 2003 1. 6bl1a MpoBefieHa Iiefast cepusi paboT 1o CBepXITy6oKoMy 6ypeHnIo (HO TakyKe — HAKTIOHHBIX CKBaXIH) B
paMKax MeXIyHapofHoro mpoekrta «Caxanmuu-1» Ha MenkoM menbde. B 2011 r. kommanneit Exxon Neftegas Ha MecTOpoXKzieHII
Opomnrty 6bU1a IPOOypeHa offHa 13 HarboIee AIMHHBIX CKBKIH B Mupe — 12 245 M, nmpudeM Bcero 3a 60 gHeit. OZHAKO Ha 9TOM
pexopybl He 3akoHuIMnnch. CkBaxknta O-14 — elle ofHa 13 HanbosIee AIMHHBIX 9KCIUTYaTALMOHHBIX CKBOKIH B MUPE — He MIMeeT
QHAJIOTOB M0 0011Ielt AnHe cTBoa — 13 500 M, a TaKKe SIBISIETCS CaMOii [UTMHHOI TOPU30HTATbHOM CKBOXMHOI — 12 033 M. Ee pas-
paborxkoit saunmanach HK «PocHedTb», Taxoke BXofsIIast B KOHCOPLUYM mpoekTta «CaxamnH-1». OTa ckBaknHa ObUIa mpobypeHa
Ha Mectopoxxaenun Yaiiso. [ljst ee 6ypeHns nconbp3oBanach 6yposas miardopma «Opran». OTMETUM U DIYOMHY IO CTBOJY CO-
opy>keHHoi1 B 2013 I. B paMKax 3TOT0 ke ITPOEeKTa CKBayKMHBI 1107l HOMepOM Z-43, 3HaueH1e KOTOPOI1 OCTUITIO OTMETKM 12 450 M.
B ToM xe roty aTOT pekopy; 661 Ho61T Ha HaiBUHCKOM MeCTOPOXK/IEHIN — [UINHA CTBOMA Z-42 focturia 12 700 m. B 2014-M 6bu1a
3aKOHYeHa MPOXofKa CKBXMHbI Z-40 (MecTopoxpaenue YaitBo), kotopast 5o O-14 6bi1a caMoil AIMHHOI IO CTBOTY CKBXKMHOIL
B Mupe — 13 000 M, a Takxe 06/1afana caMbIM [/IMHHBIM TOPU3OHTA/IbHBIM y4acTKOM — 12 130 M. Takum 06pasoM, K HaCTOSILIEMY
BpeMeHN 8 13 10 caMbIX IPOTA’KEHHBIX B MMPe CKBXVH HAXOJATCA Ha MECTOPOXKIEHMAX poeKTa «CaxanmmH-1».

Wrak, «He(TsiHBIE» (4aCTO — HAKJIOHHBIE) CKBAXXMHBI OYPATCS BO MHOTO pas 6bicTpee, ueM CI-3, He TonmbKo 6maropapst pas-
BUTUIO TEXHOJIOTUIA, HO 1 IOCKO/IbKY, B YaCTHOCTH, ITPOXOJKA OCYILIeCTBIAETCA, KaK IIPaBUJIO, B CYIIeCTBEHHO MeHee IIPOYHbIX
nopopax 1 6e3 momHoro oT6opa KepHa, npumenssuerocst Ha CI-3. Imy6uHa 12 KM MaKcMManbHa, HO BCe JKe IOCUTbHA [T
COBPEeMEeHHbIX 6ypPOBBIX yCTAHOBOK.

MBaHoB K. C. O BO3MOXXHOW MaKCUMarnbHOM rny6uHe HAaX0XXaeHUs MecTopoXXaeHun HedTu // U3Bectua YITY. 2018. Boin. 4(52). 45
C. 41-49. DOI10.21440/2307-2091-2018-4-41-49



HAYKU O 3EMAE K. C. Usanos / Ussecmus YITY. 2018. Buin. 4(52). C. 41-49

A€ BO3MOYKHO (M FA€ COBEPLIEHHO HE HY)KHO) UCKATh TAYOUHHYIO HEDTD?

Kpome TexHmn4eckoit BOSMOXKHOCTH, 6€3yC/IOBHO, HAUTTIABHENIINM (paKTOPOM AB/IAETCS KOMMepyecKas [eiecoo6pasHOCTb
IIOVICKOB He T Ha ITTyOOKIX TOPU30HTAX, IOCKOIBKY HepTh — 9TO He TOIBKO ropioyast MacsIHUCTAs KUKOCTb, HO ¥ 9KOHOMU-
Yeckas KaTeropus. B neppoM npu6mvpKeHNM pelieHye STOro BOIpoca SO/DKHO OLIPefieINTh — MeCTOPOXK/ICHNA ¢ KaKVIMY 3ariaca-
M ¥ CKBOKMHBI C KaKuMu feburamu 6yfyT peHTabe/IbHbI Ha TeX V/IM MHBIX [TyOMHAX B PAllOHaX C pasHOi MH(PACTPYKTYPOIL.
ITo OT/AE/MIBHAS IPYIIIA 3a/5a4, BBIXOSIINX 3a PAMKIL JaHHOI cTarbi. [Toka >Ke HeOOXOVIMO OTMETHUTB, YTO U3 IIPefCTaBIeHNIT
0 HEOPTraHNMYEeCKOIl IpMUpofe HepTU HUKOMM 00pasoM He CleflyeT He0OXOUMOCTD U 1[e/lecO00OPasHOCTh ITOUCKOB ee MeCTOpO-
xpeHnit B pynpamente 3anaguoit Crbupy u SIMana (kak, BIpodeM, U PYrUX HeTera3oHOCHBIX 6acCeiiHOB) Ha OOIIMPHBIX
IUTOLIA/IAX BHE M3BECTHBIX He(PTEHOCHDIX PailOHOB, KaK 9TO U3JIMIIHE IPOCTO U ONTUMMUCTIYHO IPeJIaraloT psj AesTereil Ha-
yKI U1 Ipon3BoycTBa. Eciy ObI TaM cyljecTBOBaIM 3HaYMMble HepTelIoABOAIIMe ITyOMHHBIE Pas/IoMbl, TO He(Tb, Omarofaps
ee JIETKOCTH, O/DKHA ObITa OBl IPOSIBUTHCS 1 B Yexyte (a KaK IIOKa3bIBAeT MCTOPUsI MOMCKOB HedTu [11 u ap.] — 6BITH MOXKeT,
HaKe 11 Ha oBepxHOCTN). TakuM 06pasoM, OCHOBHOII BHIBOJ, COBEPIIEHHO APYTOil: IPefCTAB/IEHNs O HEOPTaHNYEeCKOIT IPUpPOTe
He( TN 06yCTIOBNIMBAIOT BeCbMa BBICOKYIO BEPOSTHOCTb MHOTOITXXHOCTH 3a/IeXell B Ipefie/iaX ee MeCTOPOKAEHNUIT, 0COOEHHO
KPYIIHBIX U CyNIepKPYIHBIX. [loaTOMY IepBooYepeHbIMIU HOMCKOBBIMYU 00'beKTaMU SABJLAIOTCS HIDKHIE TOPY3OHTBI 0CaJJOYHOTO
yexsia ¥ GyH[JAMEHT B IIpefiesiax HeTeHOCHDIX IOJIell, 0COO@HHO KPYIHBIX MeCTOPOXKAECHMIL.

Brrpatommiics pycckuit ydeHsii-HepTaHuk H. A. KynpsABlLieB OTMeTII «3AKOHOMEPHOCMY 6 pasmeuieHuu 3anexceti Hegpmu
U 2430 — MHO20IMANHOCHIL UX MECTNOPOHCOEHUL U NPUYPOUEHHOCHID NOCTIEOHUX K ONpPeOeNIeHHbIM YHACTNKAM 3eMHOTL KOPbl, 02Pa-
HUYeHHbIM ey OunHbIMU pasnomamu» [13 u fp.]. CoBpeMeHHbIe AaHHbIE ITYOOKOT0 OypeHums MOATBEPXKIAOT 9TO HOIOXKeHIe. B
Poccnu mpu opasBeike MeCTOPO>KIEHNUIT OTKPBIBAIOTCS 3aJIeKNM Ha ITyOuHax 6oiee 4 KM, 3a CIET 4ero yBeIMIMBAeTCS 9TaXK-
HOCTb He(pTera3oHOCHOCTU psfia MecTopokaeHnit Tumano-Iledopckoit, CeBepo-Kapkasckoit, 3amagHo-Cubupckoit u fpyrux
He(pTera30HOCHBIX PErMOHOB. XapaKTE€PHBIM AB/IAETCA OOBLION 9TaX HeTera3oHOCHOCTH (1o 2—4 KM) MECTOPOXKICHMII Ha
O0BIINX ITyOMHAX, IPUYPOUCHHBIX K TEKTOHMYECKY aKTUBHBIM IIPUPa3/IOMHBIM 30HaM, I7Tie BO3MOXKHBI IIEPeTOKN YIJIEBOJO-
ponoB U3 IIyOOKMX B BepxHue 4acTu paspesa. OTKphITIE KPYIHBIX He(PTSIHBIX MECTOPOXKEHNUIT B MHTepBase rnybusn 8-10,5
KM TIPU BBICOKMX CTajmsaX KarareHesa (AK -AK,), BbICOKMX TemIiepaTypax ¥ aHOMajIbHbIX I/TACTOBBIX /IAB/IEHNAX PacIUpsIeT
DIYOMHHBII MHTEPBA/ CYLeCTBOBAHM SKUAKON (asbl YB, MOBBINIaeT mepcreKTUBbl HepTEHOCHOCTH 0 rmyouH 10-12 kM u
3aCTaB/IAeT IIePecMOTPETh CYIeCTBYIOIME TPaAUIIOHHbIE IPeICTaBIeHN O Ipolieccax HedTerasoobpasosaHus 1 Hedpreraso-
HaKOIIIeHV S B 3eMHOJI Kope. [TpuBefieHHbIe JaHHDIE CBUJIETE/IbCTBYIOT B II0JIb3Y IJTyOMHHOTO ICTOYHMKA HeTH U ra3a B 3eMHOI
Kope [3, 6,21 u fp.].

Vcxopst 13 TIyOMHHOTO IIPOMCXOXKAIeHNUsT HepTI, BeCbMa Ba)XKHBIM SIB/IETCSI KapTMPOBAaHUe pasioMoB ¢yHpaMeHTa. ITo
CYTH, yXKe ceifqac pa3ByBaeMble HaMU IpefcTaBieHus [5-7, 22 u fp., a Taxke 13, 21, 30 u fp.] Har0T OCHOBaHMSI OTKA3aTbCS OT
TAKoTO, ellle CPAaBHUTETLHO HelaBHO Ka3aBIIerocsl He3bl6leMbIM TpeOoBaHMs, Kak 00s13aTellbHOe Ham4re «HeTeMaTepUHCKIX
TOJIII» B pa3pe3e KOHKPETHOT'O PajloHa JyIA ero IPOMBIIIICHHO He(Tera30HOCHOCTH.

3axkaoueHme

VTak, KaK HU CTPaHHO (/IS TeOIOTNN ), HOMyYeH HEIIPOTUBOPEUNBDIIL Pe3y/IbTaT — BCE PACCMOTPEHHBIE MOJIE/IN, Pe3y/IbTa-
THI 9KCIIEPUMEHTOB 11 JAHHBIE HePTEIOMCKOBOTO OypeHMs YKasbIBAIOT, YTO HAXOXK/[eHMe MeCTOPOKAeHMIT HepTI BO3MOKHO
mo rayOounbl 12 kM. OcaloyHO-MUTpal[MOHHAA IMIIOTe3a 00pa3oBaHuA HeTU 3afaBajla 9TaXX HeTeHOCHOCTN ITTyOMHOI OT
2,3 o 4,6 kM. IIpefcTaBieHNst 0 HEOPraHNIECKOIL, ITTyOMHHOI IIPUPOJie HeTH, 3a/I0KEHHbIE ellle BendaifmmM yaeHsM JI. V.
MeHpieneeBbIM, TO3BOJIAIOT PACIIMPUTD AMATIA30H HAXOXKIEHNUS MeCTOpOXKAeHniT HedpTu B 4 pasa, 1o 12 km. [ToHATHO, 4TO OC-
BaMBATbCA STV CBEPXITYOMHBI OyyT He Cpasy, a C OCTeNIeHHbIM yBeIYeHNeM ITyOUHBbL.

Ho Heo0XonMMO IOAYepKHYTh, YTO U3 IIPefCTAB/IeHNII O HeOpraHW4YeCcKoll Ipupofie HeTy HUKOUM 00pasoM He CIefyeT
HeO6XOMMOCTb U 11e7lecO0OPa3HOCTD MOMCKOB ee MeCTOpOXKAeHuit B pyHmamenTe 3amaguoi Cubupu u Smana Ha 06mMpPHBIX
IUIOILIA/IsIX BHE M3BECTHBIX HeTEHOCHBIX paitoHOB. Ec/ ObI TaM cylecTBOBaIM 3HaUMMBble HepTEIOBOJAILVIE ITTyOMHHbIE Pas-
JIOMBI, TO HepTh, 671arofaps ee IerkoCTH, JO/DKHA OblIa TIPOSBUTLCA 1 BbIIIE — B 0CaJOYHOM dexyte. [IoaToMy mepBoodepesHoit
00BEKT ITOUCKOB — ITTyOOKVIe TOPU3OHTHI IOl KPYITHBIMM MECTOPOXKACHIAMN HePTI.

Takum 06pasoMm, [A/Is peanusalny MOTeHIMaMa ITyOMHHBIX MECTOPOXKIEHNIT HepTH BeCbMa BaXKHbI UCCTIEHOBAHNS HO0OP-
ckoro pyHzamenTa 3anagHoi Crbupn u SIMara B pailoHaX KPYIHBIX He()TAHBIX MECTOPOXKICHUIT B CTPATUTPapUIeCcKOM YexIe.
Heobxonumo kapTupopaHme GpyHIaMeHTa, Mi3ydeHle 1 BbIIe/IeHye ITyOMHHbBIX pas/ioMOB M MOTEHLIMATbHBIX Ko/leKTopoB. He-
06X01IMO 6€30rOBOPOYHO U 63 KaKMX-1100 TOIIOTHUTEIbHBIX (PMHAHCOBBIX B3HOCOB 0e30T/IaraTe/IbHO OTMEHUTD OrpaHide-
HIsI 110 [Ty O1He BCeX [ieliCTBYOMMX nuiensnit. CrefyeT pasBUBaTh re0JIOro-reo(usmdecKye TeXHOMOTHN, @ TAK)Ke TEXHOIOTI
TJIyOOKOTr0 OYpeHMs 1 CHUXKATb €T0 CTOMMOCTb.

Hccnedosanus nposodsmes 6 pamxax npoexma PODI Ne 18-05-70016 «leonozuueckoe crpoerue U I60I0UUSL KPUCATIIUYe-
K020 pyHOameHma u pugmosozo Komnaexca noayocmposa Aman u conpedenvrvix meppumopuil Apkmuueckoii vacmu 3anaoxo-
Cubupckozo Hedpmeza3oHocHO20 Me2abacceiinar.
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About possible maximum depth of oil deposits
Kirill Svyatoslavich IVANOV"
Institute of geology and geochemistry of the Ural branch of the Russian Academy of Sciences, Ekaterinburg, Russia

Relevance of research. The study of the origin of oil is fundamental in geology, with essential scientific and practical importance. In connection with
the gradual exhaustion of deposits of small and medium depths (up to 4.5 km), the question inevitably arises of the development of deeper hydro-
carbon deposits.

The purpose of the work: to estimate the depth to which it is currently possible to detect oil fields.

Methodology of the research: analysis of theoretical models of inorganic formation of oil and the deep structure of the earth’s crust with the involve-
ment of new data from experiments and global discoveries of deposits at super depths.

Results. Based on the rheological model by S. N. Ivanov (about the structure of the continental crust), the deepest oil fields should be located imme-
diately below the separator, that is, directly under the fluid-tight boundary, usually at a depth of 10-11 km. According to the model of oil formation by
A. I. Malyshev (model of cooling horizons), the maximum depth for oil fields is 12 km. Oil deposits with a depth of 10.7 km are already known. Tests
by V. S. Balitsky and others on the phase states of water-hydrocarbon fluids at high temperatures and pressures show that there may be oil deposits
of at least 12 km. Now, the same depth is maximally achievable when drilling.

Conclusion. Finding oil fields is possible to a depth of 12 km. However, the concept of the inorganic oil origin does not assume the necessity and
expediency of searching for its deposits in the basement of Western Siberia and Yamal, over vast areas outside the known oil-bearing regions. If there
were significant oil-bearing deep breaks there, then oil, due to its lightness, would appear in the mantle. Therefore, the primary object of exploration
is deep horizons under large oil fields.

Keywords: oil fields, deep structure of the earth’s crust, fluids.
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KoAnyecrBeHHas1 OLIeHKa LBeTa IOBEAVPHDLIX KAMHEN C AAAOXPOMATUYECKOM
OKpacKkom

PomaH Hukonaesuy 3YBOB’

YummckniA rocynapCTBEHHBIN HePTAHOM TexHnYecknin yHmeepeuteT, Poccusi, Pecnybnvka bawkoprtoctaH, Yda

AKTYaALHOCTL pa6oTbl 06YCAOBAEHA HEOOXOAMMOCTLIO PA3PabOTKM LIMAPPOBLIX TEXHOAOTUM OMPEAEAEHUsI LIBETOBLIX XaPAKTEPUCTMK IOBEAVPHDLIX Kam-
HEe AASl TOBLILIEHNMS] TOYHOCTM MX OLIEHKM.

Llean pa6oTpI: pa3paboTka METOAQ, KOTOPDLIM MO3BOAUT OMPEAEASIT KOAMYECTBEHHDIE MOKA3ATEAU HEKOTOPbIX LIBETOBLIX XAPAKTEPUCTUK IOBEAVPHLIX KAMHEVA.
MeTOoAOAOIMSI MCCAEAOBAHMS: V3YYEHNE CMIEKTPOB MOTAOIIEHUSI IOBEAMPHDLIX KAMHEMN, BLISIBAEHME 3aKOHOMEPHOCTEN U Pa3paboTKa MATEMATUHECKOTO
arnapara AAsl KOAMYECTBEHHOM OLIEHKM MOKAa3aTeAsl CBETAOTLI.

PesyAbTaTil. YCTaHOBA€HA 3aBMCHMOCTL CBETAOTLI IOBEAVPHOTO KaMHSI OT OTHOCMTEALHOW BEAMHMHDLI MOTAOILEHMSI CBETA B 30HE MOAOCDLI MOTAOIIEHMS],
OBYCAOBAEHHOM TMABHLIM SAEMEHTOM-XPOMOOPOM. Marematnyeckn OrpeAeAeHa XapakTePUCTUKA, MPOTMOPLIMOHAALHASI OMTUYECKOM MAOTHOCTYM OBE-
AVIDHOTO KaMHs1, KOTOPasi MOYKET MCMOAL30BaTLCSl AAsl KOAVYECTBEHHOW OLIEHKM €rO CBETAOTLI. [ToKasaHa HeAMHENHOCTL WKAALI AAHHOM XapaKTePUCTUKM
B CpaBHeHMM ¢ NpuHATLIMM B Poccun u CLLA rpyrinamm LIBeTa VAU MOKAa3aTeAsIMM CBETAOTLI. [1pyBeAeHb MpUMepbl, PACKPLIBAIOIIME MOAXOALI K KOAMYECT-
BEHHO OLIEHKE LIBETa PA3AMYHLIX IOBEAMPHLIX KAMHEN C AAAOXPOMATUUECKOW OKPACKOA.

3akaroyenne. VIamepeHune CrieKTPaALbHLIX XapPaKTEPUCTUK IOBEAVPHLIX KaMHEN MO3BOAsIET MPOBOAUTL KOAMYECTBEHHYIO OLIEHKY MOKasaTeAei UX CBeT-
AOTbI. AAsI MPAKTUYECKOTO MPUMEHEHWST AAHHON METOAVIKM HEOOXOAMMO OTMPEAEAEHME STAAOHOB LIBETA M MOCAEAYIOWAS MPAAYMPOBKA WKAALI. TOYHOCTD
MPOBOAVMbBIX M3MEPEHUM 3aBUCUT OT HECKOALKMX (DAKTOPOB, FAABHLIM U3 KOTOPbLIX SIBASIETCSI pasmep obpasua. AAsi MOBLILEHWUs] TOYHOCTU OMPEAEAEHMs!
CBETAOTBI KPYTMHbBIX IOBEAUPHBIX KAMHEV HEOGXOAMMO YBEAMUMBATL KOAUMECTBO M3MEPEHMI.

KAtoyeBble CAOBA: TEMMOAOTWSI, IOBEAVPHLIE KAMHM, CMIEKTPOMETP, CMEKTP MOTAOWEHMs1, abcopOLms CBETa, LIBETOBOM TOH, CBETAOTA, XPOMOOp.

BEAECHME
BcecTOpOHHAA XapaKTepUCTUKA MHOTOOOPA3Ns IIBETHBIX KaMHeIl I VX CBA3b C IIPUCYTCTBUEM 3/IEMEHTOB-XPO-
Mo¢opoB npuBefeHa B sHuukonenuu B. B. Bykanosa [1], a Taxxe paborax 3apy6exxHbIX aBTOpoB [2, 3]. CBs3b
CIIEKTPOB IIOIIOLEHS C I{BETOBBIMI XapPAKTEPUCTUKAMI U 97IeMEHTaMI-XPOMO(DOpaMI TAK)Ke M3ydanach JOCTATOYHO HAeTalb-
Ho [4]. ITokasaHO, YTO 06/1ACTY C HAMMEHBIIM ITOIJIOIeHIIeM [JIVH BOJTH COOTBETCTBYIOIIUX [[BETOB I ONPEE/IOT BUUMBIIL
[[BeT KaMHs1. JJOCTaTOYHO MHOTO PAabOT IOCBSIIIEHO aHANMN3Y B/IVSHSI PA3INYIHBIX XPOMO(OPOB HA I[BETa TYPMA/IHOB, B TOM
qucie noHoB Mn**, Mn?** [5, 6], a rakxxe Cu** u Fe?* [7].

JIs1 ompepenieHyst iBeTa KaMHs Ha MPOTsHKeHNU XX B. IPeM/Iaraauch pasaidHble TOAXOABI U MOAENN, KOTOpPbIe B UTOTe
TpaHCcPOPMUPOBAICHh B MeKIyHapopHblil ctangapt CIELAB, oTmyaromuiicss CI0)KHBIM MaTeMaTU4eCKUM allllapaToM U TeM
He MeHee VCIIO/Ib3YIOLIMIICS IS TPAKTUYECKIX Iiesielt [8], a Takyke TpexMepHas MOJe/b 1 IUIOCKUIT [IBETHOI KpyT cucTemMbl GIA
(Colored stones. Issue 8. Gemological Institute of America. Reprinted 2004. 48 p. URL: https://www4.gia.edu/tryelearning/220-08/
media/resources/cs08_printable.pdf) ¢ 31 uBeTHbIM 3neMeHTOM. CrcreMa GIA TakKe IpefIonaraeT pasje/leHue KaMHeil I10
opuuHazuaty (0-10) rpynmam csernorsl 1 mectn (1-6) rpynnam HaceimenHocty (The Gemology Project. URL: www.gemolo-
gyproject.com/wiki/index.php?title=Color_grading). B Poccuu IpuHSTSHI 110 5 TPYIII LBETA A/ U3YMPYAOB, PYyOMHOB, carupos
M OTCYTCTBYIOT HOPMATVBHBIE JOKYMEHTBI J/Is1 APYIMX LIBETHBIX KaMHeil. XOTsA aHaJOTMYHbIE MpeIIoXKeHs, HalpuMep, o
OLieHKe I1BeTa TypMa/HOB BblpabareiBatorcs ([9]).

Hecmorps Ha cyujecTBoBaHMe GOJIBIIOrO YMC/IA CHCTEM OLIEHKM IIBETa KAMHSI, TPV IPAKTUYECKON OLlEHKE IPUXOUTCS
pelaTh He TONIbKO 3a/fady COOTBETCTBISI KAMHI KaKOI1-/Ii00 IPYIIIe I{BETa, HO I ONPEe/SiTh CTEIEHb «OIM30CTI» STOTO 1{BeTa
K TPaHNUIIAM TOII WIN MHOI rpynmsl. /st KaMHelt 60/IbIION CTOMMOCTH 3TO UMeeT CYIeCTBEHHOe 3HaUeHIe I YaCTO BBI3bIBAET
CIIOPBI CPefM CIeNNaIICTOB, TAK KaK OIleHKa I[BeTa BO MHOTOM CyO'beKTUBHA U 3aBUCHUT OT OIIbITA M MHIUBMAYA/TbHOTO I[BETO-
BOTO BOCIIPUATHA OLIEHIINKA.

IToka reMMOJIOIY BCEX CTPAH IIPU3HAIOT TPY OCHOBHBIX IIPHOOpa — MUKPOCKOIL, peppaKTOMETP 1 CIIEKTPOCKOII B COBOKYII-
HOCTH C MHO>KECTBOM JOTIO/THSIOIVX VX IIPUCIOCco6/eHit. [I09TOMY IOrMYHO MCIIONb30BaTh OAVH U3 HUX, a IMEHHO CIIEKTPO-
Metp (IIpaBpa, 1y POBOIL) ATt KOMMIECTBEHHOI OLIEHKI IIBeTa. AHATU3UPYsI CIIEKTPBI IIOMIOLEHISI C LIe/IbI0 MeHTU(PUKALINI
CaMbIX PasHbIX KaAMHeIT, Ya/I0Ch YCTAHOBUTD, YTO MepeNaji MeXX/y MUHIMYMOM 1 MAaKCUMYMOM B 30He, XapaKTePHOII AJIsI aTo-
MOB XpoM0(0opa, IPOIOPIIMOHAJIEH CBETIOTe OKPACKU KaMHS.

MeToAbI CcAeAOBaHMs!

Cnexrpomerp GL Gem Spectrometer Kanapckoro macturyra remmonoruu (https://www.cigem.ca) mo3BossfeT IOIy4aTh
CIIEKTPBI IIPOIYCKAHNS 1 CIIEKTPBI HOITIOLIEHNs CBETa, IPOIIEIIero CKBO3b KaMeHb. VICTOYHIKOM CBETA CTyXKUT TaJIOT€HHAs
mamia. Jlabine Mbl yBUUM, 9TO MMEHHO CIIEKTPBI HOIVIONIEHNsT YEOOHBI A/ i poBoil 06pabOTKM 1IBETA, XOTSI KAMHI BO
BCeX CICTeMax OLIeHKM OLIEHMBAIOTCS MO MPOIyCKaHmo nBeTa. Hampumep, Takas oreHka npeparaetcs E. A. BacuibeBsIM /st
6punnuanTos [10]. B Tormanmum aHanornuHbie paboThI TAKXe BeLYTCs /1A OPUIMAHTOB, BBICOKAs CTOMMOCTD KOTOPBIX fle/laeT
«MalllYHHbIe» MeTOAbI 0COOeHHO BOCTpeboBaHHbIMY [11]. [TONBITKM aHa/MU3a CIEKTPOB HOITIOLIEHNS, B TOM YIC/Ie TYpMau-
HOB, C I1€/IbI0 OLIEHKY I1BETa OBUIN BBIIIOTTHEHBI KOTIEKTBOM aBTOPOB, OHV OY€Hb CJIOKHBI [12].

ATOMBI 37IeMeHTa-XpoM0o(Opa, BCTPOEHHBIE B Ty M/ MHYIO KPUCTA/UINYECKYIO PELIETKY PV 06pa30oBaHNy KPUCTAIUIA WIN
IV BO3JIEIICTBYM Ha Hero [13] obecreunBaioOT MOIJIONEHIE CBETA OIIPe/e/IeHHBIX [UIVH BOMH, OCTaBIINeCs (HEIOI/IONeHHbIe)
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IJIMHBI BOJH ¥ 06eCIeurBaT BUAUMYIO IJTa30M OKPACKy KaMHsI TOJ MM VIHOV MHTEHCHBHOCTY. YIIPOIEHHO MOXKHO CKa3aTb,
YTO aTOMBI XpOMa B pellleTKe KOPYH/a 00ecredBaloT KPacHy0 OKpPacKy pyOnHa, B pelieTke Oepuiiia — 3eJIeHYI0 OKPacKy us-
YMPYZa, B pellleTKe KPOKOUTA — OPAHXKEBYIO OKPACKy U T. 7. O4eBUIHO, YTO YeM 6osblile OyIeT HOIIOAThCS CBETa, TeM TeMHee
OyzieT BBIIJIALETD OCTABIINIICA IIBeT (00 9TOM CBUJIETEIbCTBYET MUK-MAaKCUMYM II0JIOCHI HOMIOMIeHNA XpoModopa Ha CIIeKTpe
IoIIONIeHyEsA). JIOTMYHO ONpeeINTh €0 OTHOCUTEIbHYIO Be/IMYIHY 10 CPaBHEHUIO C 30HOM MaKCUMa/IbHOTO IIPOITYCKAHIA CBe-
Ta (MMHUMYM Ha CIIeKTpe MOI/IOLIeH B 30He UINH BOJIH, ONpefle/IAIIINX OKPAcKy KaMHA WM ero L{BeToBoI ToH (tone)). Kak
IIPaBUJIO, 3TA 30Ha PacHo/IaraeTcs CIpaBa MIN CIeBa OT MMKa-MaKCUMyMa ITOTJIOIeHI.

PacyeTrHble ypaBHeHwMs1

Vicnionb3yeM M3BeCTHBIII B OLITHKE 3aKOH Byrepa:

I=1 exp (-at),

rfie [ - MHTEHCUBHOCTD CBETA, POLIEIIEro C/I0i BEWeCTBA TOMINHOIL £ [| — MHTEHCUMBHOCTD CBETA IIPY BXOJie B BELIECTBO; O —
IOKa3aTeIb IOIJIOIEHN.
Caetonpornyckanue (light transmittance)

T=1I/1=exp (-at).
A6copbuns csera (light absorption)
A=-logT=atloge

COITIACHO OIVMICAHMUIO CIIEKTPOMeTpA.

IIBeTOBOI TOH KaMHA COOTBETCTBYET JIMANa30HY JI/IMH BOJIH C MMHMMA/IbHBIM ITOT/IOLEHEM Xmm (hue). I'naBHbIT XpOMO-
dop dopmupyet 30HYy TOTTIONIEHNSA [TMH BOTH APYTUX IBETOB C MAKCUMYMOM Tipu A_ . YeM 6o7bIliTe MaKCMMYM, TeM TeMHee
K@)XeTCs1 KAMEHD JI/IS1 4eOBEYeCKOro rmasa. [I0CKOIbKY KOMIMIeCTBEHHO MOITOLICHIe CBETa PA3TIIHBIX AMMH BOIH 3aBIUCUT OT
MHOTMX (paKTOPOB, HaJI0 U3Y4YaTh OTHOCUTEILHYIO BBICOTY MaKCHMYyMa:

A -A_ =-logT, +logT, =logexp(-a t) =

m

(Amin) t) - log eXp (_a()\max)

=a, tloge-a  tloge=(a

. )tlog e = Aat log e,

Amax a)\min
e Aa= a}\max - q')‘min'

BenmunHa Aat 103BO/IET OLIEHUTD CTENIEHb CBETIOTHI (tone) KaMHs. YeloBedeckmii I71a3 He MOXKeT «pasfienTb» Aat Ha
OIITMYECKYIO IVIOTHOCTD ¥ TOMIIMHY TOYHO TaK JKe, KaK Mbl He MOYKeM BUAETb IVIOTHOCTb KaMHs, 8 BUJUM TOJIBKO €ro 00beM.
Tenepb meperifeM K 1IKase OLleHKYM TOHa KaMHsI, HALIPUMeED, OT 5 10 1, KoTopasi 06BIYHO IPeACTABIISIETCS B BUTE:

| 5555555 44444444 | 33333333 | 22222222 11111111 a
T= 1,0 0,8 0,6 0,4 0,2 0

Amin a)\max

Ha camoM fierte TOH 11BeTa U3MEHETCsI HEIIPEPbIBHO, 0e3 CKaYKOB Ha FPaHMUIAX, HO IPOTSHKEHHOCTb YYaCTKOB TOHA He 5IB-
JIsIeTCSL IMHEIHOM (PYHKIIMeEl, IOKaKeM 3TO:

T, =1 /1,=exp(-a(i+1)t); T,=I/1 = exp (-a(i)t);

i+1 i+1
torga otHourenve T, /T, = exp (-a(i + 1)t + a(i)t) = exp k,

rie k - HekoTopasi OCTOSIHHASA /11 KOHKPETHOTO KaMHA.

PesyAbTaThl MICCAEAOBAHMIA U UX OBCYy KAEHME

Tak, 10 UTOraM 9KCIIePMMEHTOB BO3MOXXHO ncionb3oBanne k = 0,8 u exp 0,8 = 2,22 1151 OLleHKHU TOHA 3€/IEHOTO Oepuiina un
Cliefyroell MKabl:

Ll s | 4 | 3 2 | 1 [ |
0175 0275 0,50 1,00 2,10 4,56

3amepnl Aat i1 pasIMYHBIX KaMHel IOKasamy, YTO IpK IOBOPOTEe KaMHs Ha CTONMMKe Ipubopa HabmomaeTcs pasbpoc
IIOKa3aHMil, MHOTZA 3HAYUTE/IbHBI. Pa3bpoc HabM0Oancsa y M30TPONHBIX ¥ aHM30TPOIIHBIX KaMHell, 04€eHb YMCTBIX U C BKIIIO-
YeHMSAMM, OKpaIleHHBIX OJHMUM I IBYM: XpoModopaMi, TakK YTO CBA3aTh €ro CO CBOMCTBAMM KaMH:A II0Ka He yaanoch. Ho ms
PasHBIX KaMHell (TypMannHOB, TPAHATOB, WIINHENeIl 1 T. /i.) pasbpoc moKkasaHmit Aat Bceraa BO3pacTal C pasMepoM KaMHSL.
[Toatomy /st KaMHeit pa3MepoM fi0 1 kapara JOCTaTOYHO CHATb OFHO [OKa3aHIe, a A/s OO/BIINX — OT 3 10 6 OKa3aHuUIL, YTOOBI
MOBBICUTb TOYHOCTD VI3MEPEHUI.

Jna uamocTpalyuy U3/10>KeHHOTO MPYHIINIIA M3MepeHNA CBET/IOTH PaCCMOTPUM JIMHUIO U3 CeMM TYPMalINHOB MacCoil OT
6 o 16 xapaT po30BOTrO M KPacHOIO 1IBeTa, OKpacka KOTOPBIX 00yCI0OBIeHa B OCHOBHOM Hamu4yeM Mn?*, paclionoXXus UX OT
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PucyHok 1. ®oTo TypManmHoOB CO CTOPOHbI FPaHel KOPOHbI.
Figure 1. Photos of tourmalines from the sides of a crown.

PucyHok 2. ®oTo TypManmHoOB CO CTOPOHbI FpaHel NaBUIIboHa.
Figure 2. Photos of tourmalines from the sides of the pavilion.

TEMHOTO K CBETZIOMY — ()OTO CO CTOPOHBI I'paHeil KOPOHbI (pic. 1) 1 pOTO o CTOPOHBI rpaHeit maBunboHa (puc. 2). Ilokasarennb
HACBII[EHHOCTH I1BeTa 3/jeCh He IPMHMMAETCA B pacyeT, XOTA OTYETIMBO BUHO, KaK TYPMa/MHBI OTINYAIOTCA U 10 9TOMY IO-
KasaTelio.

Vamepenus ¢ nomomplo criekrpomerpa GL Gem Spectrometer faioT caefyomye cCpeHue II0OKa3aTe CBETIOTHI I 9THUX
ceMIt KaMHeit:

2,19-1,99 - 1,53 - 1,20 - 1,06 - 0,58 - 0,36.

Iyt Toro 4To6BI MPOMUIIOCTPUPOBATH PAa3OPOC TIOKA3AHMIT CIIEKTPOMETpa IIPY BPAlLleHUN KaMHs, IPUBEIEHDI CIIEKTPBI
IIOI/IOLIeHNs /11 KPACHOTO MefbCofepiKallero TypmMannta u3 Mosambuka mMaccoit 12,3 kapat (Ne 1 u3 nmHeiikn) 1 po30BOro
TypManuHa u3 Mosambuka maccoit 11,3 kapat (Ne 5 us nuneriku). [TponsBefeHbI cTaTUCTIYeCKas 00pabOTKa pe3yIbTaToOB U3-
MepeHIi ¥ OTpefieNleH e CPEJHEro 3HAUCHs A, CPEIHEro KBapaTuIeckoro OTKIoHers S = V 2(A, - A)’In n xoadpdunmenta
Bapuanyn V = S/A. st yKa3aHHBIX 06Pa3L0B 9TU 3HAYEHNS COCTABIIIN:

—rypmanua Ne 1 - A =2,19; § = 0,222; V =10 % (puc. 3);
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PucyHok 3. CnekTpbl nornoweHusa typmanvHa Ne 1 npu BpalieHnm KamMmHA Ha CTonuKe npubopa.
Figure 3. The absorption spectra of tourmaline No. 1 while the rotation of a stone on the platen.
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PucyHok 4. CnekTpbi nornoweHusa TypmanuHa Ne 5 npu BpalwieHum kamHA Ha cTonuke npuéopa.
Figure 4. The absorption spectra of tourmaline No. 5 while the rotation of a stone on the platen.
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PucyHok 5. CnekTpbl NOrNoLeHns ypanbCKoro AgemaHtonaa npuy BpaleHMn KaMHsA Ha cTonuke npubopa.
Figure 5. The absorption spectra of the Ural demantoid while the rotation of a stone on the platen.
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PucyHok 6. CnekTpbl NOrfoweHus Ko6anLTOBOW WNUHENX NpU BpalleHUM KaMHA Ha cTonuke npubopa.
Figure 6. The absorption spectra of cobalt spinel while the rotation of a stone on the platen.
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- rypmamuH Ne 5 - A = 1,06; S = 0,104; V = 9,8 % (puc. 4).

JIis cpaBHeHMs fanee IPMBEEHbI CIIEKTPbI MOMIONeHIsI YPaIbCKOTO 3eleHoro feMaHToupa (2 1set) Maccoit 0,4 Kapara,
okpauteHHoro xpomoM Cr** [14] (puc. 5) u romy6oit kobansroBoit umuHenu u3 lpu-Jlanku maccoit 0,88 kapat, OKpaleHHOI!
kobamprom Co?* [15] (puc. 6), B KauecTBe IPUMEPOB M30TPOIHBIX KAMHElT C COOTBETCTBYIOLIE CTATUCTUIECKOI 00pabOoTKOIL:

- pemanTtoup - A = 0,865; S = 0,035; V =4 % (puc. 5);

- mmmHenb — A = 1,012; $ = 0,041; V =4 % (puc. 6).

KoadduumenT Bapuanum saMeTHO BO3pacTaeT C yBeMMYeHeM pasMepa KaMHs 1, BO3MOXKHO, C YBeNIMYeHIeM KOIIecTBa
XpoModOpOB, KOTOpbIe, 06oraas OKpacKy KaMHs, IIOBBIIIAIOT U3MEHIMBOCTb [IOKa3aTels CBETIOTHI IIPY IOBOPOTAaX Ha CTO-
nvKe mpubopa.

BuiBoab

Takum 06pasoM, M3MepeHMe CIIeKTPATbHBIX XapaKTePUCTUK LIBETHBIX KaMHell [03BOJISET IPOBOANUTDH KONMUYECTBEHHYIO
OLICHKY ITOKasaTe/eil X CBETNOTHL. /i MpaKTUYeCKOro IPYMeHEHNs NAaHHOI MeTORVKM HeOOXONUMBI OIpefie/ieH/e 3Talo-
HOB IIBeTa I0BEMMPHOTr0O KaMH [16], puandecKux XapaKTepUCTUK OCBEIeH s Vi IIOC/IefyIolias TPaflyNpoBKa IIKambl. TOYHOCTD
HIPOBOAMMBIX M3MEPEHMIT 3aBUCUT OT HECKOTIbKMX (PaKTOPOB, IIABHBIM 13 KOTOPBIX fAB/IACTCS pasMep 06pasiia, HO3TOMY /L
HOBbILIEHNs TOYHOCTH OIPefie/IeH sl CBETIIOTHI KPYITHBIX KaMHell HeOOXOMIMO YBETMYNTh KOMNYECTBO M3MEPEHIIL.
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Quantitative evaluation of the colour of gem stones with allochromatic
colour

Roman Nikolaevich ZUBOV’

Ufa State Petroleum Technological University, Ufa, Republic of Bashkortostan, Russia

The relevance of the work: is due to the need to develop digital technologies for determining the colour characteristics of gem stones to improve
the accuracy of their evaluation.

The purpose of the work: development of a method that will allow us to determine the quantitative indicators of some colour characteristics of gem
stones.

Methodology of the research: the study of the absorption spectra of gem stones, the identification of patterns and the development of mathematical
tools for quantitative estimate the lightness parameter.

Results. The dependence of the lightness of a gemstone is established by the relative magnitude of light absorption in the zone of the absorption
band caused by the main element-chromophore. Mathematically, the characteristic proportional to the optical density of the gemstone is determined,
which can be used to quantify its lightness. The nonlinearity of the scale of this characteristic is shown in comparison with the colour groups or light-
ness indicators accepted in Russia and the USA. Examples are given that reveal the approaches to quantifying the colour of various gem stones with
allochromatic colour.

Conclusion. Measurement of the spectral characteristics of gem stones allows us to quantify the indicators of their lightness. For the practical appli-
cation of this technique, it is necessary to determine the colour standards and the subsequent graduation of the scale. The accuracy of measurements
depends on several factors; the main being the sample size. To improve the accuracy of determining the lightness of large gem stones, it is necessary
to increase the number of measurements.

Keywords: gemology, gem stones, spectrometer, absorption spectrum, light absorption, colour hue, lightness, chromophore.

REFERENCES
1. Bukanov V. V. 2008, Gemstones. Encyclopedia. Saint-Petersburg, 416 p. http://gems.minsoc.ru
2. Nassau K. 1997, Color for science, Art and Technology. Vol. 1. Amsterdam: Elsevier, 490 p. https://www.elsevier.com/books/color-for-sci-
ence-art-and-technology/nassau/978-0-444-89846-3
3. Darby Dyar M. Color in minerals. USA: West Chester University, 348 p. URL: http://www.minsocam.org/msa/monographs/Mngrph_03/
MGO003_323-348.pdf
4. Tani S., Fukunaga Y., Shimizu S., Fukunishi M., Ishil K., Tamiya K. 2012, Color standardization method and system for whole slide imaging
based on spectral sensing. Analytical Cellular Pathology, vol. 35, issue 2, pp. 107—115. http://dx.doi.org/10.3233/ACP-2011-0037
5. Bacik P., Fridrichova J., Stubna J., Antal P. 2015, Application of spectroscopic methods in mineralogical and gemmological research of gem
tourmalines. Acta Geologica Slovaca, vol. 7(1), pp. 1-9. URL: http://geopaleo.fns.uniba.sk/ageos/archive/2015_01/bacik_et_al_2015.pdf
6. Reddy J., Frost R., Martens W., Wain D., Kloprogge T. 2007, Spectroscopic characterization of Mn-rich tourmalines. Vibrational Spectroscopy,
vol. 44, pp. 42-49. https://doi.org/10.1016/j.vibspec.2006.07.010
7. Merkel P., Breeding C. 2009, Spectral differentiation between copper and iron colorants in gem tourmalines. Gems and gemology, vol. 45,
Summer, pp. 112-119. URL: https://www.stellarnet.us/wp-content/uploads/G-and-G-Article.pdf
8. Xueyang L., Ying G. 2016, Color grading of emerald green based CIE 1976 L*a*b. 2nd International Conference on Economics, Social Science,
Arts, Education and Management Engineering (ESSAEME 2016). Beijing: China University of Geosciences, pp. 818—-826. URL: https://download.
atlantis-press.com/article/25860334.pdf
9. Konovalova A. N. 2011, Analiz tsveta turmalinov dlya dizayna yuvelirnykh izdeliy [Color analysis of tourmaline for jewelry design]. PhD thesis.
Irkutsk, 155 p.
10. Vasilyev E. A. 2013, Registration of the faceted gems absorption spectra. Journal of Mining Institute, vol. 200, pp. 163-166. URL: http://pmi.
spmi.ru/index.php/pmi/article/download/732/760
11. Royen J., Loots I. Automatic color grading. WTOCD, Lier, Belgium. URL: http://www.wtocd.be/nl/Projects/lumisense_auto_color.html
12. Ertl A., Kolitsch U., Dyar M., Hughes J., Rossman G., Pieczka A., Henry D., Pezzotta F., Prowatke S., Lenganer C., Korner W., Brandstatter F.,
Francis C., Prem M., Tillmanns E. 2012, Limitations of Fe?* and Mn?* site occupancy in tourmaline: Evidence from Fe?* and Mn?*- rich tourmaline.
American Mineralogist, vol. 97 (8-9), pp. 1402-1416. https://doi.org/10.2138/am.2012.4028
13. Lopatin O. N., Nikolaev A. G., Khaibullin R. 1. 2012, Crystal-chemical aspects of the ionic implantation of minerals and their synthetic analogs.
Zapiski RMO [Proceedings of the Russian Mineralogical Society], Part 141, issue 1, pp. 61-70. URL: https://elibrary.ru/item.asp?id=17674662
14. Kropantsev S. Yu. 2000, Chromium andradite from the Novo-Karkodinskoe deposit of demantoid garnets. /zvestiva UGGU [News of the Ural
State Mining University], issue 10, pp. 72—77. (In Russ.) https://iuggu.ru/download/10zip.pdf
15. Kleismantas A., Dauksyte A. 2016, The influence of Vietham and Sri-Lanka spinel mineral chemical elements on colour. Chemija, vol. 27, no. 1,
pp. 45-51. URL: http://mokslozurnalai.lmaleidykla.lt/publ/0235-7216/2016/1/45%E2%80%9351.pdf
16. Kiselev R. K. 2012, The need to update the evaluation system color cut stone. Nauchnyy vestnik Moskovskogo gosudarstvennogo gornogo uni-
versiteta / Gornye nauki i tehnologii [Mining Science and Technology], no. 9, pp. 30-37. (In Russ.) URL: https://elibrary.ru/item.asp?id=17964606

The article was received on August 31, 2018

" D4 zrmine@mail.ru
® https://orcid.org/0000-0002-2746-6041

56 3y6oB P. H. KonnuecTBeHHas oLeHKa LiBeTa KAMHEN C annoxpoMaTuyeckorn okpackor // M3sectus YITY. 2018. Boin. 4(52).
C.50-56.D0I10.21440/2307-2091-2018-4-50-56



H3ssecmus Ypaasckozo zocydapcmeenozo 20prozo ynusepcumema. 2018. Bomn. 4(52). C. $7-60

YK 622.276.1 https://doi.org/10.21440/2307-2091-2018-4-57-60

MeToAoAOTrMYECKME OCHOBDLI OLIEHKM (OUALTPALIMOHHO-EMKOCTHBIX
CBOWCTB MPOAYKTMBHOIO FOPU30HTA MNP dKCMAyaTaUum ero
FTOPU3OHTAALHLIMU CKBKMHAMMU

Camupa Barucp ABBACOBA’
AszepbanxaHCK1In rocyaapCTBEHHbIV YHUBEPCUTET HeTH 1 NpombiLLneHHocTH, A3epbangxaH, baky

AKTyaALHOCTB pa6oTil. B crathe npoeeaeH 0630p MHOPMALMM O CTPOEHMM U CBOCTBAX HEPTSIHBIX MAACTOB, 06 YCAOBMSIX COCPEAOTOYEHUSI U (DUAL-
Tpaumm B HUX HepTU. [IpUMEHEHNE rOPU3OHTAALHBIX CKBXKMH C YYE€TOM (DUALTPALIMOHHO-EMKOCTHDLIX XaPAKTEPUCTUK MAACTA MO3BOASIET 3HAYUTEALHO
YBEAMUUTD MAOLAAL KOHTAKTA C HE(PTEHACLILEHHBIM MAACTOM, OBECMEUNTH MAKCMMAALHLIM OXBAT BLIPAOOTKOM M TEM CAMbIM COKPATUTL BPEMsl pa3paboTku
M CHU3UTB 3aTparhbl HA AOBbIYY HEMTH.

Lleas pa6oTel. PacCMOTPEHbI OCHOBHLIE KOHLIEMLIMM PAa3PabOTKM KOAEKTOPA M MX MPUKAAAHOE MPUMEHEHNE K TOPU3OHTAALHLIM CKBAYKMHAM B CPABHE-
HUM C BEPTUKAALHBLIMU CKBOKMHAMM.

MeToAbl nccaeaoBanms. AaH CPABHUTEALHDIV aHAAM3 MOKa3aTeAsl (PUMALTPALMOHHO-EMKOCTHBIX CBOMCTB MPOAYKTMBHOTO FOPU3OHTA MPY SKCMAyaTaumm
€ro rOPU3OHTAALHLIMY U BEPTUKAALHBLIMU CKBOKMHAMM.

PesyabTaTil. [TPOBEAEH AHAAM3 BAMSIHUSI CKMH-30HDLI HA (DUALTPALIMOHHO-EMKOCTHLIE XaPAKTEPUCTMKM MAACTA. Ha KOHKPETHOM Mpumepe OLIAM MOACHM-
TaHbI MOTEPYU AABAEHMI AASI TOPU3OHTAALHBIX M BEPTUKAALHLIX CKBOKUH C LIEABLIO MPOBEAEHMSI CPABHUTEALHOTO aHAAM3A PAaCcCMaTPUBAEMbIX CKBaKMH. [1o-
Ka3aHo, YTO MPY OAHOM U TOM K€ 3HAUYE€HUM MOAOXKUTEALHOTO CKMH-(PaKTOpa MOTEPU AABAEHMS B CKMH-30HE TOPU3OHTAALHOM CKBASKMHLI BCEFAA MEHbLIE
€ro 3Ha4YeHWsl B BEPTUKAALHOMN. [OPU3OHTaAbLHDIE CKBAXKMHBI MOTYT BLIAEPIKATH GOABLIYIO CTEMEHb MOBPEXKAEHMSI, YEM BEPTUKAALHbIE, 6€3 3HAUYMTEALHO
rorepu Aebura.

[MpoBeAEHHbIN aHAAM3 MOKA3LIBAET, YTO HAPYIIEHUE B OKPECTHOCTU NMPU3abOMHOM 30HbI CKBAXKMHBI BCAEACTBME 3aKYNOPMBAHMSI MOPOBOrO MPOCTPAHCTBA
KOAAEKTOPA MPMBOAUT K OBPA30BAHMIO 30HLI C MOHVMYKEHHOMN MPOHULIAEMOCTLIO M AOTIOAHUTEALHDLIX MOTEPL AABAEHMST — CKMH-30HbI. [103TOMy npeaBa-
PUTEALHO MEPEA MPUHSTUEM PELIEHMS] O BO3AEWCTBUM HA MPU3aBOMHYI0 30HY FOPU3OHTAALHOM CKBXKMHLI HEOOXOAMMO OLIEHUTb BEAMYMHY MAAEHWsI
AABAEHMsI B CKVMH-30HE U CPABHUTDL €€ C OOLMM MEPENAAOM AABAEHUSI MEXKAY MAACTOM M 3a60€eM, MPOHULIAEMOCTb CKMH-30HbI C MPOHULIAEMOCTBIO MAACTA.
BbIBOABI. AASI CBOEBPEMEHHOTO BO3AECTBMSI HA MPU3ABOMHYIO 30HY CKBXKMHDI C LIEALIO YAYYLIEHMS! MPOHMLIAEMOCTM 3TOM 30HbI U MOBBILEHMST MTPOAYK-
TMBHOCTU CKBKMHbI HEOOXOAVMO OLIEHUTL BEAVMMHY MAAEHUsI AABAEHUSI B CKMH-30HE.

KatoyeBble croBa: KOAAEKTOP, CKBaKUHDI, Ae6VlT, nepernaa AaBA€Hus1, MpPOHNLAEMOCTD, CKMH-Cf.)aKTOp, CKUH-30Ha, (.bVl/\praLlVIOHHO-eMKOCTHL\le CBOJCTBA.

11e/1bI0 3 PEKTUBHOTO yIpaB/IeHs TPOLIeCCOM U3B/IedeHNs Hep TV 13 IIIACTOB U AJIS PellleHns Ipo6/IeMbl yIydIie-

HVsA QUIBTPALVIOHHBIX CBOJCTB (IIONJOB, YBeMYeHs HeTeOT/[auN IIacTOB LA Hayala HeoOXouMo o6IaiaTh

unHpOpMaIell 0 CTPOEHNM U CBOVICTBAX HePTAHBIX KOMIEKTOPOB, 00 YCIIOBUAX COCPefOTOUeHUA U (puIbTpannuu B
Hux Hepru. VI3BeCTHO, YTO CTelleHb HACBHIIEHHOCTY He(ThIO IIyOOKO3a/IeTalolX IIOTHBIX, TOPUCTHIX, CTab0CLeMeHTIPO-
BaHHBIX IIOPOJ], B OCHOBHOM ITP€JCTAB/IEHHbIX NeCYaHMKaMU, U3BECTHAKAMI VIV JNOIOMMUTAaMM, HepaBHOMepHa. Bcnencraue
0eCIOPsAIOYHOrO pacwIeHeHns HepTerasOHOCHBIX [JIACTOB HETIPOHNI[AEMBIMIL IMH3AMH, TIPOIIACTKAMY U CJIOSIMIU Pa3/IMIHOI
MOIITHOCTY Hab/IofiaeTcs 6eccucTeMHOe M3MeHeH e GU3NIeCKUX 1 GUIbTPALMOHHO-eMKOCTHBIX CBOVICTB.

O6bIYHO HeTera3oHOCHbIE OTIOXKEH XapaKTePU3YIOTCS IMPOKUM (PPAKI[MOHHBIM COCTAaBOM — IIOPOJIBI Yalle MeTKO3ep-
HICTBIE, peXe — Cpe[JHe3ePHICThIE, COfieprKallllie pasIndHOoe KOMUYeCTBO IIpUMecCeit.

WTak, HedTerasoBblil KO/UIEKTOP — TOpHasA HOPOJa, KOTOpas 06lajiaeT CBOJICTBAaMY, IIO3BOJIAIOIMMY HAaKaIIMBaTh ras,
He(dTb, BOLY 11 QpUIBTPOBATH VX IIPY HA/IMYNM Iepenaza gasienns [1-4].

OcHOBHBIE KpUTepHN KOJUIEKTOpa He(TI M ra3a — ero eMKOCTHas U (pUIbTPALMOHHAS XapPAaKTEPUCTUKI, OIIpefie/isieMble
HOPUCTOCTBIO, IPOHMIIAEMOCTDIO, @ B 607Iee 061eM BIJie — TUIIOM KOJIZIEKTOPA.

Pasnuyalor crenyomye BUAbI KOJUIEKTOPOB HeTH U rasa: TeppUIeHHbIe i KapOOHATHBIE.

CocTaB TeppUTreHHBIX IOPOJ, IIPEACTAB/IsAET COO0I KOMIUIEKC OOIOMOYHBIX OCaJJOYHBIX OT/IOXKEHMIT, a TAKXKe 3ePHa C LM~
POKIUM CIIEKTPOM pa3MepoB, KOTOPbIe MMEIOT pas/IMYHbI TUII IeMeHTanyy. OObIYHO 3TI IIOPOAbI CJIOKEHDI B Pa3HOI Mepe
CIIEMEHTVPOBAaHHBIMM IT€CYaHMKAMI, aJIEBPOINTAMH, a TAK)Ke B BUJI€ CMECH VX C IJIMHAMM M apTWIIMTaMy U 110 MIHEpaIory-
YEeCKOMY COCTaBY — KBaplieBble 1 IONMMUKTOBDIE.

Tl TeppUTeHHBIX MOPOJ-KONIEKTOPOB (DM/IbTPAIMIOHHbIE CBOJCTBA M3MEHSIOTCS B JOCTATOYHO IIMPOKOM JMaIa3oHe.
[TpoHniaeMocTs ux KojnebmeTcs B mpegenax ot 3-5 o 0,0001-0,001 MxM?, a MOPUCTOCTD — OT 25-26 1o 12-14 %.

Kap6oHaTHbIe IOPOABI COCTOAT 13 M3BECTHIKOB I JOJIOMITOB, OCHOBHOE pas/inyye KOTOPBIX 3aK/II04YaeTCs B TUIIE ITyCTOT-
HOTO IIPOCTPAHCTBA U, KaK C/Ie[CTBYE — B €eMKOCTHBIX XapaKTepUCTUKaX. MelTKo3epHICTbIe, CTab0IpOHNIIaeMble, MEIKOIIOPY-
CTbIe KapOOHATHBIE KOJUIEKTOPBI, 00/IafatoIye HU3KOII [I0/IE3HOI eMKOCTbIO U IUIOXVMU (DM/IBTPALVIOHHBIMY CBOJICTBAMI, Ta-
KIMM KaK IOpUCTOCTb 8-15 %, mponunaemocts 0,0001-0,001 MKM?, AB/IAIOTCA CHUIBHO MepeKPUCTaIN3IPOBAHHBIMI IIOPOTAMMU
(marpuipr). EMKOCTHBIE CBOIICTBA KapOOHATHBIX KOIEKTOPOB 9TOTO THUIIA CBS3aHBI C MOPUCTOCTBIO MATPUL], @ QUIbTPALINOH-
HbI€ CBOJICTBA — C TPEIMHOBATOCTbIO TOPOJ,.

BricokomopucTble, BBICOKOIIPOHMIIaeMble KapOOHATHDIE KOJJIEKTOPDI — XOPOLIe 00BeKThI A1 paspaboTKIL.

PaccMoTpuM OCHOBHBIE KOHLITILIMY Pa3pabOTKM KOJUIEKTOpa U MX IIPUKIaJHOE IPUMEHeHNe K TOPM3OHTa/IbHBIM CKBaXKI-
HaM B CPaBHEHUU C BEPTUKAIbHBIMM CKBaKMHAMMU.

VI3BecTHO, 4TO BOKPYT CTBOJIA CKB)KVHBI C U3MEHEHHO /I YMEHbIIEHHON IPOHNI[aeMOCTbI0 (CKMH-30Ha) MeeTCs 30Ha
TOIIOTHUTENbHBIX TIOTEPD JAB/IEHN)s, B pe3y/IbTaTe Yero Ipy OIpefe/IeHHO CKOPOCTH ITOTOKAa 3aMePEHHOE IITTACTOBOE JIaByie-
HIe OKa3bIBAeTCs MEHbIIe, YeM TeOpeTHYecky paccuuTaHHoe. HeoOXOoaMMbIM yC/IOBMeM NIpK OYpeH!Y CKBaXXVHBI ABIACTCS
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HOJIOKUTEIbHOE JIaBIeHNe B CTBOJIE CKBXKIMHBI, CIIy>Kalllee UL IPefjOTBPallleHNs IIPUTOKA [UIACTOBBIX (IIONIOB B CKBAXKUHY.
ITpoHMKHOBEHNe >Ke He3HAYUTEeTbHOTO KOJMYeCTBa 6ypOBOro pacTBOPa B KOMIEKTOP NMPUBOAUT K YXYAIICHUIO (GUIbTPAIVOH-
HO-eMKOCTHBIX CBOJICTB IIIACTA ¥, KaK CJIEAICTBIE, K 00Pa30BaHMIO B CTBOJIE CKBaXKVIHBI 30HBI C TIOHVDKEHHOI IPOHMIIAeMOCTBIO.

Ban OBeppuren 1 XepcT Ha3Ba/IM 9TO 30HOI IIPOHMKHOBEHNUA QIIBTPATA, WIN IIOBPEXK/ICHHON 30HOM, CKMH-30HOM U CBA-
3aHHOE C 9TOJI 30HOJI CHIKEeHNe JlaB/ieHysi CKuH-adgdextom [5-10].

Kak 13BecTHO, IIOPOAIBI C BBICOKOIT IIPOHUIIAEMOCTBIO UMEIOT (0JIee MIPOTSHKEHHYIO0 30HY IIPOHMKHOBEHNUs OYpOBOro pac-
TBOPA, HO IIPU 9TOM CHIDKEHNE IIPOHUIIAEMOCTH B 3TUX NTOPOJAX HE3HAUNTEIbHO 1 MOJIOKUTEIbHbIe 3HAUeHVsI CKMH-(paKTopa
IIpY 9TOM TaK)Ke He3HayuTenbHbl. HanpoTus, B mopofax ¢ HU3KOJ IPOHNUIIAEMOCTDIO TOMIIMHA 30HbI BTOP)KEHNA HE3HAYMUTE/Ib-
Ha, HO IIPM 9TOM CHIKeHMe TPOHMIIAeMOCTH B 3TOI 30HE 3HAUUTENIbHO, YTO IPUBOANUT K BBICOKOMY ITOJIOXKUTETbHOMY 3HAYEHUIO
cknH-(akTopa noce 6ypennst. ITo Bceit BepOATHOCTI, 9TO CBSI3AHO C TEM, ITO BBICOKOIIPOHMI[AEMbIe TIOPOBI MMEIOT GOIbIIIe
pasMepbl MOPOBBIX KAHAJIOB, KOTOPbIE He TIOJTHOCTBIO O/IOKMPYIOTCs. A BOT HU3KOIIPOHMIIAEMbIe ITIOPO/BI C MAJIEHBKVIMIL pasMe-
paMi1 TIOp HOTHOCTHIO OIOKUPYIOTCS TBEPHOit Pasoil.

Takum 06pazoM, HOBpeXK/jeHNe B 30HAX C BBICOKOJT IIPOHMI[AEMOCTBIO OTHOCUTEIbHO MEHbIIIe, YeM B 30HaX C HU3KOII IIPo-
HUL[AEMOCTDIO.

Hapymenne nponuaeMocty npu3aboiiHOl 30HbI CKBRKMHBI OKa3bIBaeT CHMIbHOE BIIVISIHIE HA BEIMYMHY ITOHVDKEHM 3a-
0OITHOTO AMHAMMIIECKOTO [JAB/IEHNST, COOTBETCTBYIOIET0 3a/JAHHOMY eOUTY CKBXXIHBI, A CTIEFOBATE/IHO, Ha BEIMYMHY K03(-
¢bunyeHTa IPOTYKTUBHOCTY CKBaYKIHBL.

Kak mpaBuso, cKMH-(paKTOphl OLEHUBAIOTCs C MOMOIIBIO OPOOOBAHMSA CKBaXKIHBI UCIIBITATeIEM IUIACTOB WM METOLOM
BOCCTaHOBJICHN: AaB/IeHNs. 3Has CKMH-(DaKTOP, MOXHO PacCYMTATh IIOTEPH [JABIEHNUS BIOMD IOBPEK/ICHHBIX 30H.

Il BepTUKaNIbHO CKBOKUHBI TOTepy AaBneHus APs 3aBucAT oT q/h, T. e. OT ge6uTa Ha eVIHUILY J/IMHBI IIACTa:

_ SuBgq

A= Sk

(1)

CrienoBaTenbHO, [/ TOPM30HTATBHON CKBaKMHBI IToTepy faBaeHus (APs) saBucar ot g/L, T. e. OT ie6UTa IPUXOAALILErOCs
Ha eIVHUILLY JIJIMHBI TOPM30HTATbHOTO CTBOJIA.

) = SuBg
- 2knL’

e S — ckUH-(aKTOP; [t — BA3KOCTD; B — 00beMHbI KO9pPuimenT; k — IPOHNIIAeMOCTb; § —AeOUT CKBOKMHBL; I — MOIHOCTD
1acTa; L — pnHa 326051 TOPM30HTATbHONM CKBAXKIHBL.

Bakueimmm GpaKTOPOM CIMTAETCS TO, UTO TP OTHOM ¥ TOM K€ 3HAYEHWUN TONIOKNUTENBHOTO CKIH-(aKTOpa IIOTePH [aB-
JIeHVsI B CKMH-30He TOPM30HTA/IbHOI CKBAXKVMHBI BCEITa MEHblIle ero 3HaUeHMsI BepPTUKaIbHOI. CBsI3aHO 9TO C TeM, YTO BeNN-
4yHa gebuTa, IPUXOAAIAsCA Ha AIMHY BCKPBITON TOMIUIMHBI IIACTA /s TOPM30HTA/IbHOM CKBKMHBI, HAMHOTO MEHbIIIE, YeM
TS BepTUKA/IbHOI. [OpM30HTa/IbHBIE CKBRKVHBI MOTYT BBIIEP>KAaTh OOJIBIIYIO CTEIIEHb TOBPEXIEHNS, YeM BePTUKAIbHBIE, €3
3HAYUTEIbHOI ToTepu febuta [11-15].

[ MHTeprIpeTanuy NPOBENEHHOTO aHaaM3a B KadeCTBe HpuMepa ObUIM MCIOMb30BAaHBI [AaHHbIE MO BEPTUKAIBHOIN
ckBaXuHe A 55 u ropusoHTanpHoi ckBaxuHe C 27 mectopoxpenns N. Onpo6upoBaHye JaHHBIX CKBaXXIH II0KAa3aio, 4TO
CKMH-(aKTOp MOMOXUTEIbHBIA U paBeH S = +1. ITo popmynam (1) u (2) 6pUIM HOCYNTAHBI TaleHNs JaBlIeHNs B CKUH-30He,
T. €. IOBPEX/IEHHOII 30He, JI/IsI KaXK/[0V1 13 pacCMaTPUBAEMbIX CKBaXKVH.

B pesynbrarte pacyeTa BenMuMHa MaJleHNA JaBI€HNA I BEPTUKATbHONM CKBa)KMHBI COCTaBUIIA (APs)Bep = 3 mlla, a gng ro-
PU30HTA/IBHON CKBa>KMHBI (APs)rop = 0,12 mlIIa. JaHHBII IpUMeEp ACHO IIOKa3bIBAET, YTO [JIA ONPEMIEIEHHOTO IIOT0KIUTE/TIbHOIO
CKMH-(paKTOpa NajeHye NaBIeHNs depe3 CKUH-30HY 3HaYMTENTbHO MEHbIle IJIs1 TOPU3OHTAIbHOI CKBOKMHBI, YeM I BepTH-
Ka/IbHOJL. JTO JaeT BO3MOXHOCTb CYAUTb O TOM, YTO IIpYIMEHEH)e KOHKPETHOTO MeTOfia BO3AENICTBY Ha IpU3a0OoiHYIO 30HY
IUIACTa C L[e/IbI0 YIYYIIeHUA IPOHMILIAEMOCT B CJIy4ae FOPU3OHTAIbHOM CKBXXVMHBL OyeT MMeTb MeHbIIyIo 9 (eKTBHOCTD
C TOYKI 3PEHVIsI IOBBILIEHNS ee IPOAYKTUBHOCTI, YeM BepPTUKAIbHOI CKBAXXVHBL. [109TOMY IIpeBapuTeNnbHO Hepef IPIHSI-
THEM peLIeHNs O BO3/Ie/ICTBUM Ha TIPN3a00IHyI0 30Hy TOPU3OHTA/IbHON CKBaXXVMHBI HEOOXOAMMO OLIEHUTD BeTNYNHY TafIeHIs
IaB/IeHMsI B CKMH-30He U CPaBHUTD ee C OOLINMM IepenafoM faB/IeHNsI MEXAY IUIACTOM 1 3a060eM, IPOHMIIAeMOCTh CKMH-30HbI
C IPOHMI[AEMOCTBIO IIAacTa. DTO CPaBHEHME MOXKET OBITb B [a/bHEJIIIEM MCIIONb30BAHO /I OIpefe/eHns HeoOXOmMMOCTH
CBOEBPEMEHHOTO BO3/eIICTBISA Ha IIPU3abOIIHYI0 30HY CKBaXXVMHBI (TMAPOPA3PBhIB IIACTA, KMCIOTHASA 06paboTKa 326051, epdo-
paLus 1 T. A.) C LIe/IbI0 YIYYIIeHN S IPOHIIIAEMOCTH 9TON 30HbI ¥ OBBIIIEHNUS IPOAYKTUBHOCTY CKBA)XKVHBL.

(APs ©)
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Methodological fundamentals of the evaluation of porosity and
permeability properties of production horizon when using horizontal wells

Samira Vagif ABBASOVA’
abbasovasamira@mail.ru

Azerbaijan State University of Oil and Industry, Baku, Azerbaijan

The relevance of the work. This paper provides a review of information on the structure and properties of oil reservoirs, on the conditions of con-
centration and filtration of oil in them. The use of horizontal wells, taking into account porosity and permeability properties of the reservoir, can sig-
nificantly increase the contact area with an oil-saturated reservoir, ensure maximum development coverage and thereby reduce development time
reducing the cost of oil production.

Purpose of the work. The basic concepts of reservoir development and their application to horizontal wells in comparison with vertical wells are
considered.

Methods of research. A comparative analysis of the parameter of porosity and permeability properties of the production horizon, during the opera-
tion of its horizontal and vertical wells, is given.

Results. The analysis of the skin zone influence on porosity and permeability properties of the reservoir. For a specific example, pressure losses were
calculated for horizontal and vertical wells in order to conduct a comparative analysis of the wells under consideration. It is shown that for the same
value of the positive skin factor, the pressure loss in the skin zone of a horizontal well is always less than its value in the vertical one. Horizontal wells
can withstand a greater degree of damage than the vertical, without significant loss of flow rate.

The analysis shows that a violation in the vicinity of the bottomhole zone, due to pore space bridging of the reservoir, leads to the formation of a zone
with low permeability and additional pressure loss — the skin zone. Therefore, before making a decision on the impact on the bottomhole zone of a
horizontal well, it is necessary to estimate the pressure drop in the skin zone and compare it with the total pressure drop between the reservoir and
the bottom (the permeability of the skin zone with the reservoir permeability).

Conclusions. For timely impact on the well bottomhole to improve the permeability of this zone and increase the productivity of the well, it is nec-
essary to estimate the pressure drop in the skin zone.

Keywords: reservoir, wells, flow rate, pressure drop, permeability, skin factor, skin zone, porosity and permeability properties.
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McrnoAb3oBaHME METOAQ F€OPAAMOAOKALIMM AASI UICCAEAOBAHUI APEBHETO
MEAHOTrO pyAHMKa «BopoBsckas sima» Ha FO>kHOM Ypane

Bnagucnas Butansesny HOCKEBUY',
Hatanba BacunbesHa PE[JOPOBA™

WHcTtuTyT reocpusmkm um. FO. M. Bynawesunya YpO PAH, Poccus, ExkatepuHbypr

AKTYaALHOCTL. HeoThbeMAEMO HacTbio MCCAGAOBAHUM B APXEOAOTUM CTaAM reOhUBNYECKME METOALI, KOTOPbIE MO3BOASIOT M3y4aTh rnorpebeHHble na-
MSITHUKM 6€3 paspylieHmsl TOYBEHHOTO CAOST M AAIOT BO3SMOXKHOCTL BOAEE LIEAEHATNPABAEHHO OMPEAEASITh MECTO GYAYLIMX AOPOTOCTOSIMX 1 TPYAOEMKMX
]PacKONOK apXxeoAoroB. B crenHoii 3oHe KOxHOro Ypasa n Myroaxap M3BeCTHO OKOAO TPEX AECSITKOB APEBHMX MEAHLIX PYAHMKOB, Pa3paboTka KOTOPLIX
MPOMCXOANAA B GPOH30BOM BeKe. B HacTosiee BpeMsi AHO MOKPLITO TOACTLIM CAOEM HAHOCOB, a 6opTa KapLEPOB OMABLIAW. [1PY MCCAEAOBAHMM APEBHUX
PYAHMKOB aKTYaALHO OMPEAEAUTL PeAbed KapLEPOB M AOKAAM30BaTL MECTa AOOLIUM PYAbl BO BPEMSI MX SKCMAyaTaLMM, YTO MO3BOASIET MPOBECTU OLIEHKU
KOAMYECTBA AOOLITOM PYALI U BLINAABAEHHO! MEAN.

Llerb nccreAoBaHMM. BhiaeaeHE METOAOM reopPaArOAOKaLIMM OTPKAIOWMX IPAHMLL MEXKAY PLIXALIMM OTAOYKEHMUSIMM HAHOCOB U CKaALHLIMM MOPOAAMM
MEAHOTO Kapbepa GPOH30BOro Beka «Boposckast SIMa», MOCTpoeHre OGLEMHOV MOAEAM APEBHETO Kaphepa M OMPEAEAEHNE MECTa AOOLIUM PYAbI.
OG6GOCHOBAHME MCIIOAL3OBAHMA METOAQ T€OPAAMOAOKALUMM M METOAMKA MCCAEAOBaHMM. DPHEKTUBHOCTL METOAA F€OPAAMOAOKALIMM 3aBUCUT OT
KOHTPACTa AMUSAEKTPUUYECKONM MPOHMLIAEMOCTM CAOEB B MCCAGAYEMOM Cpeae. B AaHHOM cAyuae 3TO OCAAOUHDLI KOMIMAEKC, MPEACTABA€HHDIN TEXHOT€HHLIMM
rPYHTaMM, U KOPEHHBIE MOPOAbLI, KOTOPLIE U OMPEAEASIIOT MOBEPXHOCTL Kapbepa BO BPeMsi €ro paspaboTku. KopeHHble MOpPOAbl MMEIOT 3HAYUTEALHDIN
KOHTPACT AMSAEKTPUYECKOV MPOHMLIAEMOCTM MO CPABHEHMIO C OCAAOYHLIM KOMIAEKCOM Kak MUHMMYM B ABA Pasa. TO OOCTOSITEALCTBO MO3BOASIET BLIAE-
AUTL OTPKEHMs OT FPAHULIbI KOPEHHDLIX MOPoA. CheMKa METOAOM reopaAnoAOKaLMmM Ha Kaphepe «Boposckas SIma» npobeaeHa reopasapom SIR-3000 no
AEBSITU MapPaAEAbHBIM MPOMUASIM AAMHON 9—20 M C paccTosiHueM Mmexkay Npouasimm 2 m. Ha npohrasix chemka NPOBOAMAACE C IIArOM MEXKAY MMKeTaMmn
0,1 M. AASl KOPPEKTHOM MHTEPIPETALIMU PE3YALTATOB U yYeTa COBPEMEHHOTO peAbecha Obiaa MPoBeAeHa Tornorpaguyeckas chemia. MNocae o6paboTkm
AQHHBLIX CLEMKM Ha MPOMUASIX MOCTPOEHDLI FEOPAAAPHLIE Pa3pesbl.

Pe3yALTaTbl MccaeAoBaHmMi. [ToCAe MHTEPMPETALIMM HA PA3Pe3ax BLIAGAEHO ABA F€OPAAAPHLIX KOMIAEKCA: HUXKHWIA, KOTOPbLI OOYCAOBAEH KPOBAEN KO-
PEHHBIX MOPOA, Y BEPXHMUA, CBSI3AHHDIN C TEXHOTEHHLIMU MAM MepepaboTaHHbLIMM rpyHTamm. OTMEYatoTCs1 cAabble OTPKAIOWME IPAHMLILI B 30HE BEPXHETO
KOMIIAEKCA, KOTOPbIE MPEANOAOXKMUTEALHO BLI3BAHLI CAEAAMM OTBAAOB, MOrpebeHHLIX KaHas M wypdoB. OCHOBHLIMU «MHAMKATOPaMMU» MPU BLIAEAEHWUU
rPaHMLILI MEXKAY TEXHOT€HHLIM IPYHTOM U KOPEHHLIMM MOPOAAMM HAa FEOPAAAPHLIX Pa3pesax SIBASIETCS CMEHA BOAHOBOM KAPTUHDLI OTPKEHUI B 3TUX Cpe-
AAX, & TAKXKE YTAOBOE HECOTAACHE OCel CUH(PAZHOCTU OTPAKEHMI MEXKAY HUMU. [TOCAE MHTEPMOASILIMM FPAHULL MEXKAY MPOMUASIMM MOCTPOeHa OBLEMHAs!
MOA€ADL peAbedha PyAHMKA B MEPHUOA €T0 PA3PabOTKM. MOLHOCTL HAHOCOB, OOPA30BABILMXCS] K HACTOSILIEMY BPEMEHM, BAPLUPYET B MPEAGAAX Kapbepa Ha
KpomKe BbipaboTku ot 0,5—1 M A0 3 M B 3a6oe. MakcMaabHas TAybuHa Kapbepa B ADEBHOCTM Obira 7 M.

BriBoAbl. [10 pe3yALTaTam reopasapHoOi CLEMKM Ha PYAHMKE MOA TOACTLIM CAOEM BOAEE MO3AHMX HAHOCOB YAAAOCh YBEPEHHO OMPEAEAUTL PEAbEd KO-
PeHHBIX MOPOA. [TocTpoeHa 06LEMHAsI MOAEAL APEBHETO Kapbepa, AOKAAM30BAHO MECTO AOOLIYM PYADL. DTV AAHHbLIE MO3BOAMAM OLIEHWUTL TAYOMHY 1 0OLEM
BLIPABGOTOK B MEPUOA PA3PaBOTKM MECTOPOXKAEHMST MEAU B BPOH30BOM BEKE.

KatodeBble cAOBa: reohM3nHeCcKmMe METOADI, FE0OPAAAP, FEOPAAMOAOKALIMSI, MOAEAL, MEAHDIN PYAHUK, OPOH30BbLIN BeK, KOXKHLIA Ypan.

BEAEHME
B nocneguume fecsatunets reodusnudeckyue METOAbI aKTYBHO VICIIO/NB3YIOTCS P M3y4eHUM apXeOTOrnIecKmx
IaMATHMUKOB [1-3], B TOM 4MCIie M IPEeBHUX MeTa/UTypIrIMYecKX KOMIUIEKCOB. B HacTosIee BpeMs B CTEIIHOI 30HE
IOsxHOrO Ypama n Myromkap n3BeCTHO HECKO/IBKO [IeCSITKOB MEIHBIX APEBHIX PYJHIUKOB PasHOTO TUIA, paspaboTKa KOTOPBIX
IPOVCXOANIIA B 9TI0XY OpoH30BOro Beka [4-9]. ITo mpegBapuTe/IbHBIM pacyeTaM Ha HUX ObUIO ZOOBITO MPUOIUSUTENBHO 55 THIC.
T MEHOIT PyZbl, B KOTOPOI COTEPKAIoch OKOJIO 3,5 Thic. T MeTasta [10]. 3a mporrepiine Beka 60pTa ApeBHIX KapbepOB OIUIBIII,
¥ THO PYAHUKOB VI BBIPAOOTKY C PYAHOI MUHepasi3anueil 6blim 3achlaHbl IepepaboTaHHBIMM TPYHTAMU 1 OCaJOYHBIMI IO~
ponmamu [11]. JI1s1 MccmegoBaHmMIl apXeo/IOrM4ecKuX NaMATHIKOB B IOC/IeHYIe TOABI, B TOM 4MC/Ie 1[I OIpefeneHns penbeda
IPEeBHUX KapbepOB CTa/IM aKTVBHO UCIIO/NIb30BaTh reo(usndeckme MeTOMbI, B YaCTHOCTI METOJ, reopaauonoKaunn [1, 12].

B reopanionokauny 0CHOBHBIM (PM3MYECKMM IIapaMeTPOM [JIA pacWICHEHN TOMIIM IPYHTOB U Pa3ie/ieHNsA HeOTHOPO-
HBIX CJIO€B SBJIACTCA AUIIEKTpUYecKas MPoHUIaeMocTs [13-14]. s ocafouyHbIX MOPOJ IIPY €CTECTBEHHO BJIAKHOCTY 3HA-
YeHVsI JUSTEKTPUIECKOIl IPOHNI[AeMOCTI B METPOBOM [Mana3oHe 9/IeKTPOMATrHUTHBIX BOMTH KOIeOmoTest ot 12 no 30, a ms
KPUCTA/UINYECKUX TTOPOJ 3HAYEHVS JVIMIEKTPUUECKON IPOHNUIIAeMOCTI COCTaBIAIT 3-6 [15]. CregoBaTenpbHO, MEXAY Kpu-
CTA/IMYECKVIMU KOPEHHBIMM OT/IOXKEHVSMM U 0CaJJOUYHBIM KOMIUIEKCOM HaO/II0fjaeTCsl 3HAYUTE/IbHBIII KOHTPACT CBOMCTB. ITO
II03BOJIACT IIPEANIONOXKUTD 3¢ (PeKTMBHOCTD VICIOIb30BAHNUA IFeOpaflapHOil ChEMKY Y OIpefie/leHNs OTPa>KeHUII OT KOPEHHBIX
IOPOJI, KOTOPBIE OIPENENAIOT IIOBEPXHOCTD Kapbepa BO BPEMsA €T0 SKCIITyaTalliMN.

B pabore mpoBeneHo reodusnuecKoe UCCIeOBaHIE MEFHOTO Kapbepa OpoH30Boro Beka «Boposckas SIma». C moMOIbi0
MeTOJIa TeOPaAONOKaI[MN ONIpefie/ieHbl OTpaskalolllyie TPAHNIIBI MY PBIXIBIMU OTIIOXKEHMAMMY, CKOMMBIIMMUCS 32 IPOIIef -
IIe BeKa Ha [jHe Kapbepa, ¥ CKa/JIbHBIMM [IOPOfiaMM. B pesyibraTe yaanoch BOCCTaHOBUTD penbed ApeBHEro Kapbep, ompere-
JINTh MeCTa paspaboOTOK U OLIEHUTb 00BeM HOOBITON PYHBDL.

Onucanne pyAHMKa

PynHuk pacmonoxeH B cTenHoit 30He IO>xHOTO Ypara, B 5 KM K ceBepo-BOCTOKY OT ITocenika 3uHrelickmit. @opMa Kapbepa
okpyrnasi ¢ fuamerpoM 30-40 M u rnybuHoit 3-4 M (puc. 1, A). Ero okpyskaeT mpepsIBUCTHIIT Bajl BbicoTolt 0,8-1,5 M n mmpu-
Hoit 5-15 M. HasBanue pynHuka «Boposckas fmMa» cBA3aHO C ero UCIIOIb30BaHMEM Ha PaBHUHHO OTKPBITOI MeCTHOCTHU Kak
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PucyHok 1. PyaHuk «BopoBckas fima». A — coBpeMeHH I BUA pyaHuka; b — pasbuBka reopagapHbix npodunen Ha He kapbepa.
Figure 1. "Vorovskaya Yama" ore district. A — up-to-date look of the ore district; 5 — marking of ground-penetrating radar profiles at the bottom of the pit.

a 1 2
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PucyHok 2. CoBpeMeHHbIN penbed pyaHuka. a — penbed pyaHuka B 3D-cdopmarte; 6 — kapTa ¢ U30NnHMAMM OTMETOK penbeda. 1 — KaHaBbl U
nx 0603HaveHust cornacHo [9]; 2 — nonoxeHne reopagapHbIX NPOgUNen 1 X Homepa, CTperka ykasbiBaeT HanpaBneHne CbeMKM.

Figure 2. Up-to-date relief of the ore district. a — relief of the ore district in 3D-format; 6 — map with structural contour of the relief. 1 — ditches
and their keys according to [9]; 2 — position of ground-penetrating radar profiles and their numbers, the arrow indicates the survey direction.

MecTa /I YKPbITV: BOPOBAHHOTO CKOTa. Bay 1 Kapbep IMOKPBITHI CTEITHOM PACTUTEIbHOCTDIO U MMEIOT NOCTATOYHO MOIHDIN
TYMYCHBII C/IOM.

ITepBbie nccnenoBanus pygHmKa nposefeHsl B. B. 3aiikoBeim, I. b. 3panoBuuem u A. M. IOmuHOBBIM B 1995 T. [16]. Hemo-
CPEJICTBEHHO B Kapbepe, a TAKXKe II0 ero 6opram reoyoramy ObIIO HPOIAEHO HECKOJIBKO KaHaB M LIypgoB, OTOOPAHBL IIPOOBI
PYA ¥ IOPOJ Ha MIHEPAIOTIeCKIte, ITeTporpaddecKyie 1 reoXxummdeckue anaa3sel. [1o pesynrpraTam NCCIeTOBAHNMIT COCTAB/IEHB
reojorndeckue paspesst [17]. B HacTosiiee BpeMs KaHaBbI Ha [IHe Kapbepa, IIPOIiIeHHbIe Te0/IOTaMI, 3aTAHYThI IPYHTOM (puc. 1).

C TeKTOHMYECKUX ITO3ULIUIT PYJHNUK PACIIONOXEH B BOCTOUHOM 60pTy MarHUTOrOpCcKoi OCTPOBOAY KHOI CUCTEMBI JIeBOH-
CKOro BO3pacTa. B IpeBHeM Kapbepe 0OHapy»KeH CepIIeHTVHITOBBIN MeTaHX U Ha JIHe BBIPAOOTOK BCKPBIT SIOBUIT IPAHATOBBIX
nopop. PynHble MIHepasbl IpeCTaBIeHbl B OCHOBHOM Ma/IaXMTOM U a3ypUTOM. Ma/laxuToBble THe3/la ¥ HeOOJbIINe SKIIKU
MaJIaX|Ta COREP>KATCsl B 06/IOMKaX POAVHIVITOB KOPBI BEIBETPUBAHNSL. B KOT/IOBaHe Cpey MeCYaHO-IIMHIICTHIX C/I0eB 0OHApY-
JKeHa IPecBa, 1je6eHb, 06710MKY 6a3a/IbTOB I CepIeHTNHNUTOB. Kapbep nmeeT mI10cKoe [HO U aCUMMeTPUYHbIE OPTa: TOIOI NI
BOCTOYHBIIT MMeeT HeOO/Mblyto KpyTu3Hy 20°-30° 1 KpyTOil 3amajiHblii CKJIOH, KPyTHU3Ha KoToporo gocturaer 70°-80°. Ha 3a-
IIaJTHOM CKJIOHe OOHaPy KeHbI OCTATKY APEBECUHBL, II0-BUJIMOMY, B IIePUOJi Pa3pabOTKM 3TOT Kpall KOTTIOBaHa ObII 3aKpeIIeH.
MOoIIHOCTh HAHOCOB olleHeHa B 1-2 M. ITo MHeHMIO aBTOpOB paborsl [17], penbed Kapbepa 1 OTBANOB CBUAETENbCTBYIOT 00
OJIHOJT TeXHOJIOTMYECKOJT STI0Xe X GOPMUPOBAHNUA.

ITpu apxeoornvIecKux MCCIefOBAHMAX OblIa HalieHa KepamMyKa. Ky/IbTypHBIT C/1oi AIMHOI 0K0Io 8 M 6bIT 06HApyKeH
Ha CeBEPHOM OTBaJIe PYAHNUKA B €r0 BOCTOYHOIT yacTu. CI0it BK/IIOYAJI 1B TOPU30HTA, EPEKPBITHIX OTPA6OTAHHOI TOPOOIL. B
HIDKHEM TOPU30HTe OBUIN HallIeHbl KOCTH JOMAIIHIX XBOTHBIX U 30712, @ B BEDXHEM — OCTATKIU CTPOUTENbHBIX KOHCTPYKIIMIL.
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PucyHok 3. PesaynbraTbl reopagapHbiX UCCrefoBaHUi no npo-
dumnio 2. a — pagaporpamma; 6 — paspes, NOCTPOEHHbI MO rpaHULam
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Figure 3. Results of ground-penetrating radar studies on profile
2. a — radargram; 6 — section built along the boundaries of intense - e
reflection of radio waves; B — geologic cross-section along the VK-4 4 EpOBNA KOPEHHLIX NOpog
ditch [3]; 1 — up-to-date topsoil; 2 — interlayers of fossil soil; 3 — rotted
rock and breakstone; 4 — loams; 5 — rodingites with adhesion of copper ~ PucyHok 4. Pesyniratbl 06paboTku 1 MHTepnpeTauum no npocunio 8.
ores; 6 — basalts. Figure 4. Results of processing and interpretation according to profile 8.
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B siMxax ObUIM HaiffieHbl (parMeHTbl KePaMUKY CPYOHO-a/IaKyIbCKOro Tuia. PparMeHTs! MOCYAbl OTHOCUINCD K CUHTAIITUH-
CKO-IIETPOBCKOI KY/IbType, YTO JIa/I0 BO3SMOXKHOCTb apXeojIoraM OTHECTH 3Tallbl pa3paboTKM Kapbepa K 3I0XaM CpefHel 1
o3gHert 6poHssl (0koo 1700-1300 et fo Haleit 9pbI).

MerToaMKa reopasapHoO CLeMKM

7151 reopajiapHOIT CheMKU MCIIoNb30Bacs reopazgap SIR-3000 (GSSI) ¢ anrennoit 400 MITy. ITpegBapuTenpHO /1S TOCTPO-
eHIs KAPTBI COBPEMEHHOTO0 penbeda pPy[HIKa IIPOBefieHa HUBENMMPOBKa Kapbepa. Tomorpaduieckas cbeMKa IpoBejeHa Ha II0-
may 3500 m?. Paccrosiame Mexx iy TpodusimMm TonorpaduaecKkolt CbeMKI ObUIO 2 M, @ MEX/[Y TOUYKaMy M3MepeHMit 1o Ipodu-
mo — 1 m. CoBpeMeHHBII1 penbed PyAHIKA IIOKa3aH B BIfie 00beMHOT0 1306paxkeHus (puc. 2, a) 1 Ha IJTaHe B BUJe M30IMHMIT (puC.
2,6). Kapbep nmeeT MaKcHMabHYO ITyOUHY 4 M B 3aIIa/{HON YacTV KOT/IOBaHa. A MaKCHMasIbHasA BBICOTA Baja 1,3 M yCTaHOB/IeHa
B ceBepHOM oTBaste. Ha puc. 2, a ¢ 06beMHBIM 1300pakeHNeM Kapbepa MOXKHO OTYeT/IVIBO YBUAETb OCTATKY OT IPOKOIIAaHHBIX B
1995 1. pasBenouHBIX KaHaB. [eopamapHas cheMKa ObIIa IPOBEIeHa Ha TIOJIOTOM JIHE Kapbepa Ha rorormazan 16 x 20 m. Habmone-
HIIsI BBIIOJTHEHBI Ha 9 IPOQUIIsX, [/IMHA KOTOPBIX BapbMpoBanach ot 9 1o 20 M. MexxnpoduibHoe paccTosiHye — 2 M, a IIar Io
npodutio Mexxay Toukamu Habmofenus — 0,1 M. Ilepen c6opom faHHBIX ObUIYM BEIOPAHBI CTIEAYIOLIE TTaApaMeTPbl CheMKI: OKHO
BpeMeHM — 90 HC, 41CIo BBIOOPOK Ha KaxAyIo Tpaccy — 1024, popmar cbopa JaHHBIX — 16 paspsmoB, 41C/I0 Tpacc Ha MeTp — 10,
YJCIIO TPACC B CEKYHAY Ha KaXX0Jl TouKe Ipous — 64.

JJaHHBIe, ITONTy4YeHHbIe Ha IPOPUIAX, 06pabaTbIBaIICh 0 OAMHAKOBOI CXeMe ¢ IIOMOIIBI0 IPOrPaMMHOr0 0becIedeHns
RADAN 7 (GSSI) (Radan 7, User Manual, Geophysical Survey Systems. New Hampshire: Inc. (GSSI), 2015. 273 p.). Tax xak me-
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PucyHok 5. Mogenb pyaHuka. a — penbed OpeBHEro pyaHvKa B Mepuog ero akcniyataumm Ha nnaHe B Buae M30NMHUN; 6 — MOLLIHOCTb COBpe-
MEHHbIX HAHOCOB. [TyGUHbI AaHbl OTHOCUTENBHO COBPEMEHHOIN MOBEPXHOCTMU.

Figure 5. Model of the ore district. a — relief of an ancient ore district during its operation on the plan in the form of structural contours; 6 — thick-
ness of recent fluvial sediments. Depths are given relative to the recent surface.

pemaz BbICOT Ha mpoduisax gocturan 1,5 M, TO [/Is1 KOPPEKTHOI MHTEPIIPETALUN Pe3y/IbTaTOB B HAOIOEH s BBOAMIUCH 110~
HpaBKI 3a penbed. PenakTupoBaHue 3anycaHHOI Ha TPOMULAX MHPOPMALUM 3aK/TI0YaI0Ch B KOPPEKLMY TTO3SULIUN HY/IeBOIL
r1y6unbl. Kpome Toro, mpoBefeHa GpuibTparyist JaHHBIX, MUCIIONb30BAINCh BEPTUKANbHBII GuibTp B fuanasone 100-800 MI,
a TakKe IJIs yazneHusa GoHa TOPU3OHTA/IbHBLI (BMIBTP, MaKCUMasIbHAs IIVHA GUIbTPaA BBIOVPanach B COOTBETCTBUM C YUCTIOM
Tpacc (CKaHUPOBAaHMI).

Pe3syabtatnl nccaeaoBaHmin

ITocrte 06paboTKY M MHTEPIPETALNY PE3y/IbTATOB Fe0OPajAPHOIL ChbeMKI ObIIN IOCTPOEHBI Pa3pe3bl Ha MPOPUIISX, @ 3aTeM
IIOCTPOEHA MOJie/b APEBHEro Kapbepa. B kayecTsBe mpumMepa Ha puc. 3, a IOKa3aH IreopajlapHblil BOIHOBOI paspes IO INpo-
¢umo 2. IIpodunp yactiyHO coBmazaet ¢ kaHaBolt BK-4, mporigenHoit panee reonoramu [18]. Ha pagaporpammax moxasaHsl
aMIUIUTYJbl OTPayKEHHBIX 3IEKTPOMATrHUTHBIX BOMH, IPMYeM MONIOKUTENbHAA YaCTh BOJHBI 3aKpallleHa YePHBIM 1IBETOM, a OT-
puLarenbHas — 6enbiM (puc. 3, a). Ilo ocu opayHAT IpuBefeHO BpeMs IIPOXOfa BOJIH OT AaHTEHHBI 0 OTPa’kalolljeil IPaHNIIbI 1
06parHO K IpueMHUKY. /s ITepexoia OT BpPEMEHHOI IIKAJIbI K IIKaJIe PaCCTOSHMII (11 1yOuH) HeoOXOANMO OLIEHITH CKOPO-
CTH 9/IEKTPOMATrHUTHBIX BOJIH, KOTOPBIE 3aBUCST OT AMIIEKTPUUECKOI MIPOHNIIAEMOCTH B TpyHTaxX. [jist 9Tvx wesest 6bumn uc-
HI0/Ib30BAHBI PE3y/IbTaThI F€OJIOTMIECKOIT ChbeMKI B IIypde, IPOIIIeHHOM [0 KOPEHHBIX Opof. MeTofoM mopdopa napamMeTpoB
ObLIN HalifieHbl HeoOXonMMbIe KO3 PUIVIEHTHI epeBoyia BpeMeHy B paccTosanuA. [llkana rimy6yH Ha pagaporpaMmmax IpuBefe-
Ha OTHOCUTE/IbHO CaMOJl BBICOKOJ OTMETKM Ha Ipoduie.

VIHTepnpeTanus NOMTy4eHHBIX BOTHOBBIX Pa3pe3oB 3aK/II09alach B BBIEICHNN OTPaKAIOMUX rpannll. [I1a o6Hapy>KeHus
TPaHMIbl MEX/y TEXHOT€HHBIM TPYHTOM ¥ KOPEHHBIMU IIOPOJAMM Ha IeopaJapHbIX paspes3ax OJHMMM M3 BaXKHENIINX IpU-
3HAKOB SIBJIIIOTCS CMEHA BO/THOBOI KaPTIHBI OTPAXKEHMUIT B 9TUX CPEiax U YIJIOBOE HECOrmacue oceil CMHPAasHOCTI OTPaXKEeHMIT
Mexnay Humu. Ha mpusefieHHOM paspese Hamboree KOHTPACTHbIE TPAHUIIBI MBI JOIIOJTHUTEIBHO OTMETV/IM YePHBIM I1[BETOM
(puc. 3, a).

ITocTpoeHHBIIT IO JaHHBIM reopagapa paspes 1o mpodumo 2 (puc. 3, 6), Ha KOTOPOM IIPUBEEHBI IPAaHNUIIBI MHTEHCUBHBIX
OTpaXXeHWM PaJiIOBOJIH, XOPOLIO COITIACYeTcA ¢ paspe3oM (puc. 3, B), HOCTPOEHHBIM reojoramu 1o kanase BK-4 [18]. Yerko
MPOCTIEKNBAETCA HVDKHAA IPAHNIIA MKy HAHOCAMM M KPUCTa/IZIMYEeCKUMU IIOPOJaMI, OTMEYEHHBIMM Ha T€OTIOTMYECKOM Pas-
pe3e KaK pOFMHTUTHL U 6asanbThl. JTa TPaHNUIIA HOTPY)KAETCA HA 3 M B CepefjiiHe pa3pesa. Bbllire BbIe/IEHO MHOTO IIPepPBIBU-
CTBIX TPAHML], CO3[JAHHBIX OCAIOYHBIMI TOPOfiaMU (CYTIIMHKM), M TEXHOTEHHBIMU V/IM TIlepepaboTaHHBIMY TPYHTaMH (fpecBa u
me6ens).

ITo pesynbpraraM MHTepIpeTaLy FeOpaJapHBIX JAHHBIX HA BCeX IPOQMIAX BBIEIEHO [1Ba KOMIUIEKCA: HVKHMIL, COOTBET-
CTBYIOLVIIT KPOBJIe KOPEHHBIX ITOPO], ¥ BEPXHII, CBA3aHHDII ¢ HaHOCaMU. [JTy61Ha 10 HYDKHe IpaHULbl BapbUPYeET OT 3 10 7 M.
Ha npodmsix 7-9 B 0cafjo9HOM KOMIUIEKCE OTMEYAIOTCS CTAGOKOHTPACTHBIE OTPAKAIOLIVe TPAHMIIBI U YIJIOBOE HECOI/Iacye
ocell cH(A3HOCTH C/I0EB, BbI3BAHHbIE CTIEAAMI OTBAJIOB, TOrPeOeHHBIX KaHaB 11 MIyp¢OB, KOTOPbIe OBUIN MPOII/IEHBI IIPY I€0-
JIOTMYECKOM U3YIEHUN PySHMKA.

Ha puc. 4 mpuBeieHb! pesyabTaThl 00pabOTKM U MHTepIIpeTanuy Ipodus 8 ¢ MoIoKeHNeM HorpebeHHbIX OTBAJIOB U Ka-
HaBbl, IlepeceKaoNINX IPOQUIIb.

ITony4eHHble Ha TPO(UIAX TaHHbIE O IIOTOXKEHNY OTPaKAIOIIVX I'PAHNI] OT KPOB/IM KOPEHHBIX IIOPOJ, OBUIN VICIIO/Ib30BAHBI
IS TIOCTPOCHMA MOJIe/IV PyAHUKA BO BpeM: ero pabotsl (puc. 5, a). [Imy6uHa kapbepa IpeBHeT0 pyIHIKA B BOCTOYHOI YaCTH CO-
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CTaB/s/Ia 4 M, B LIEHTPA/IbHOI YacTu — 6 M, @ MaKCHMaJIbHas IIIyOMHA 7 M OTMedeHa B 3arafgHoil yacti. CriejoBaTenbHO, MOXKHO
CHenaThb BBIBOJ, UTO YIbTPabasUTOBBIN MacCCHB ¥ PYHOE TEJIO MMEIOT 3allajiHOe MaJieHIe.

CormocTap/ieHyie COBPEMEHHBIX ) JPeBHUX IPAHNUL] PYSHMKA IIO3BOJIAET OLIEHUTh MOIIHOCTh HAHOCOB, 00pa30BaBILNXCS
K HacrosAmeMy BpeMeHn (puc. 5, 6). TonmyHa sTuxX rpyHTOB BapbupyeT B Ipefenax ot 0,5-1 M Ha 60pTax Kapbepa U Jio 3 M
B KOoT/I0BaHe. [IpryeM MOIIHOCTD HAHOCOB YBENMYMBAETCA OT 1 M B BOCTOYHONM 4YacTy 10 3 M B 3aIaJIHOM 4acTyU KOT/IOBaHA.
Bo3Mo)xHO, OCHOBHasI OOBIYA METHOI PY/AbI IIPOBOAMIACH B 3alIalHOM Kpae Kapbepa. O6beM HaHOCOB B IpefieaX IJIOALN
reopafapHoit cbeMKH cocTapisieT npuMepHo 700 m°. Tlo faHHBIM, IpUBeReHHBIM B paboTax [18-19], mpoBeneHa oleHKa KOMu-
JyecTBa JOOBITOI PY/IbI, KOTOPast COCTABIIANA OPUEHTUPOBOUHO 4700 T MefHOII pyabl. IIpu conep>xannu B pyzie oT 1 5o 3 % Menu
u koo Puimente uspnederns 10 % 13 sTOro pygHUKA MOIJIO OBITH IIOTYYEHO NPUOIUSUTEIBHO 5-15 T M.

BoiBOALI

ITo pe3ynbTaTaM NpOBefIeHHBIX Fe0(DU3NYeCKIX CCIeJOBAHNIT Ha pyHIKe «BopoBckas SIma» IO TOICTBIM CTI0eM 0Cafod-
HBIX [IOPOJ 11 IepepabOTaHHbIX IPYHTOB YHA/IOCh YBEPEHHO ONPENeNUTDb pebed KopeHHbIX nmopof. [TocTpoeHa Moe/b Apes-
HETo Kapbepa, OIpefieieH0 MeCTo Harbojiee MHTEHCMBHOTO MeCTa HOOBIUY PYAbL. DTU HaHHBIE IO3BOMIIN YCTAHOBUTD, YTO BO
BpeMs pa3paboTKy Kapbepa B 6POH30BOM BeKe ITyOMHA PyHMKA TOCTUTaNA 7 M, a U3 JOOBITOI PY/bI MOITIO OBITH BBINIABICHO
ot 5 1o 15 T menu.
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Using the ground penetrating radar method for research
of the ancient “Vorovskaya Yama” copper mine in the South Ural

Vladislav Vital’evich NOSKEVICH’,
Natal’ya Vasil’evha FEDOROVA"

Bulashevich Institute of Geophysics of the Ural Branch of RAS, Ekaterinburg, Russia

Relevance. Integral to research in archeology, geophysical methods allow the study of buried monuments without destroying the soil layer and
provide an opportunity to more accurately determine the place of future expensive and laborious archaeological excavations. In the steppe zone of
the Southern Urals and the Mugodzhar Hills, about three dozen ancient copper mines are known, the development of which took place in the Bronze
Age. At present, the bottom is covered with a thick layer of sediment, and the sides of an open pit have earthflows. In the study of ancient mines, it
is important to determine the relief of pits and localise the sites of ore mining during their operation, which allows us to estimate the amount of ore
mined and copper smelted.

Purpose of the research. The determination of reflecting boundaries using the ground penetrating radar method between loose sediment deposits
and copper-bearing rocks of the Bronze Age copper mine called ‘Vorovskaya Yama’, design of a three-dimensional model of an ancient open-pit mine
and determination of the ore mining site.

Justification of the ground penetrating radar method and research methods. The effectiveness of the ground penetrating radar method depends
on the contrast of the dielectric permittivity of the layers in the studied environment. In this case, it is a sedimentary complex represented by man-
made soils, and bedrock, which determine the surface of the pit during its development. The bedrock has a significant contrast in dielectric permittiv-
ity compared with the sedimentary complex at least twice. This circumstance makes it possible to determine the reflection response from the bedrock
boundary. The ground penetrating radar survey at the Vorovskaya Yama open pit was conducted by radar SIR-3000 in nine parallel profiles with a
length of 9-20 m and a distance of 2 m between the profiles. In the profiles, the survey was carried out with a step between surveyor stations of 0.1
m. To correctly interpret the results and take into account the current topography, a topographical survey was carried out. After processing the survey
data, geological radar sections were formed in the profiles.

Results of the research. After interpretation, two georadar complexes were identified in the sections: the lower, which is caused by the roof of the
bedrock, and the upper one associated with man-made or processed soils. There are weak reflecting boundaries in the zone of the upper complex,
which are presumably caused by traces of surface dumps, buried ditches and pits. In identifying the boundary between man-made soil and bedrocks
on georadar sections, the main ‘indicators’ are the change in wave patterns of reflections in these environments, as well as the angular unconformity
of the axes of synphasic reflections between them. After interpolating the boundaries between the profiles, a three-dimensional model of the relief
of the mine was designed during the period of its development. The thickness of sediment varies within an open pit at the edge of the working from
0.5-1 m to 3 m at the bottomhole. The maximum depth of the pit in antiquity was 7 m.

Conclusion. According to the results of the georadar survey at the mine, it was possible to confidently determine the relief of bedrock under a thick
layer of later sediments. A three-dimensional model of an ancient open-pit mine was designed and the place of ore mining was localised. This data
allowed us to estimate the depth and volume of workings during the development of a copper deposit in the Bronze Age.

Keywords: geophysical methods, georadar, ground penetrating radar, model, copper mine, Bronze Age, South Ural.
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TexHoreHHble TpaHcdhopmaumm rmaporeocpeps Kniprbizckor PecryGankum
JNngns SpreweHa OPOJIBAEBA’

VIHCTUTYT ropHOro gena v ropHbIX TEXHOMOorni M. akag. Y. AcaHanuvea, Kbiprbidckas Pecnybnuka, bulikek

AKTYaALHOCTL pa6oTil. PazpaboTka MECTOPOXKAEHMIA YpaHa M 30A0TA B FTOPHLIX PAMOHAX, OTOOP MOA3EMHbLIX BOA M MHTEHCMBHOE OPOLIEHME B MPEA-
FOPHLIX M PABHUHHLIX TEPPUTOPUSIX MPMBOASIT K U3MEHEHMSIM BOAHOM COCTABASIIOWLEN SKOCUCTeM TeppuTopuu KuiprbisctaHa. OCOBEHHO 3TO Kacaercsl
roasemHbiX BoA. C TpaHchopmaLmelt MPOLEeCccoB reohUALTPALIMM U XMMMUUYECKOrO COCTaBa MOA3EMHbLIX BOA Ha Tepputopun Kbipruisackoi pecryGAnku
CBSI3aHbI FTEO3KOAOTMYECKME U3MEHEHMsI, TPEOYIOWME AaHAAM3A U OLIEHKM.

LleAb pa6oTeI: aHAAU3 BO3AEICTBUSI TEXHOME€HHLIX MPOLIECCOB PA3AUYHOTO TUMA HA U3MEHEHVE CBOVICTB FEOAOrMYECKO CPEAbI M TPAHCOPMALIMIO TMAPO-
reocpepbl FOPHLIX FEOCUCTEM B MPEAEAAX TEPPUTOPUM Kuiprbiackor PecryGAnku.

MeTtoaororus nccreaoBanms. B pabote 06001meHbl CBEAEHMsI O TEXHOTEHHBIX MPOLIECCAX M TPAHCopMaLmy rmaporeocepbl Mpu paspaboTke MecTo-
POXXA€HUIA yPaHa M 30A0Ta B TOPHDLIX YCAOBMSIX, COMPSKEHHDIX C MPOSIBAEHMEM PUCKOB OMAaCHLIX MPOLIECCOB CMHEPreTUYecKoro xapaktepa. lNpoaHaau-
3UPOBAHO MPOSIBAEHNE TEXHOT€HHLIX MPOLECCOB PA3AUYHOIO TUMa.

Pe3yaLTatebl. BuiaeaeHbl haktopbl, BAMsIOWME HA (DOPMUPOBAHUE BOAHBLIX PECYPCOB MEKIOPHLIX GacceriHOB. OXapaKkrepu3oBaHbl FEOAOrO-TMAPOreo-
AOTUYECKME, TMAPOAMHAMMYECKME OCOBEHHOCTY MEXKTOPHBIX APTE3UAHCKMX BACCEHOB; AAHA XapPAKTEPUCTMKA TEXHOrEHHBIX (PaKTOpoB. OmnmcaHbl 0co-
6EHHOCT (POPMMPOBAHMST 1 XaPAKTEPUCTMKA TEXHOTEHE3A TOPHOAOBLIBAIOIIETO, MEAVIOPATMBHOTO M IPAAOIPOMBILIAEHHOTO TUMA, AOKAALHLIE M MAOLIAA-
HbIE M3MEHEHMsI HA3EMHOW M MOA3EMHOM rMAPOChepLl. PaccMOTpeHbI MPOBGAEMBI TEXHOTEHHOTO 3arpsi3HEHUsI MPECHBIX MOA3EMHBIX BOA, aHAAM3 TUMOB
3arpsi3HeHusi, (POPMUPOBAHMST MPOLIECCOB MOAMOPA FPYHTOBLIX BOA, MOATOMA€HMsI, BTOPUYHOIO 3aCOAEHMSI, aKTMBMU3ALMM SK30r€HHbLIX €OAOTMYEeCKMX
MPOLIECCOB.

BrIBoABI. PAacCMOTPEHLI OCHOBHbBIE TUTLI TEXHOT€He3a MO YCAOBMSIM HETaTMBHOTO BO3AEMCTBUSI HA CBOMCTBA F€OAOTMYECKON CPEAbl M TPaHChopMaLmio
reoUALTPALIMOHHLIX MPOLIECCOB M XMMUYECKOTrO COCTaBa MOA3EMHbLIX BOA. TeXHOreHHble TpaHcchopmaumm ruaporeoccepbl FTMAPOMEAMOPATUBHOTO TUIMA
CBsI3aHbl CO CTPOUTEALCTBOM BOAOXPAHUAMLL, UPPUTALMOHHONM CETU M opolleHnem. [puBeAeHbl NpuMepbl CEMCMUYECKON aKTMBHOCTU B paiioHe ToKTo-
TYALCKOTO BOAOXPAHMAMILA, PA3BUTUSI MOATOTNAEHMSI, MPOCAAKM, MPUPALLEHUI CeficMmUueckoi 6aarbHoCTH B Oi-Kapacyickom oasuce. TexHOreHHbie npo-
LIECChl FPAAOTPOMBILIAEHHOTO TMIA (POPMMPYIOTCSI HA TEPPUTOPUM KPYTHDLIX FOpoaoB Kuiproizckoli Pecriybanku. PaccMoTpeHbl MPOLEecch 3arpsi3HEHMsT
MOA3E€MHLIX BOA M TPAHCPOPMALIMM MOTOKOB MOA3EMHLIX BOA Ha Tepputopum ropoaos buikek, Ou, Kapa-Cyy. [Noa AeiicTBMeM TEXHOreHHbLIX MPOLIECCOB
FOPHOAOOLIBAIOWErO, MEAVIOPATUBHOTO M MPAAOCTPOUTEALHOTO TUIMOB Ha TePPUTOPMM Kbiprbi3cTaHa MPOUCXOAUT TPAHCPOPMALIMSI XMMUYECKOTO COCTaBa
MOA3E€MHLIX M MOBEPXHOCTHLIX BOA, MPOLIECCOB reoOUALTPALIMN.

KaroyeBble cAOBa: TpaHCPOPMALIMS TMAPOreOCepbl, FTEOPUCKM, TEXHOTEHHLIE MPOLIECCDHI, MOA3EMHLIE BOADI, 3arpsi3HEHME, MOATOTNAEHME.

BEAEHUe
AHTpOInOreHHOe fjaBieHNe Ha npupopHyto cpeny Tanp-1llana n [Tammpo-Aras 3a HocinefHme BeCATIICTNA BbI3-
Ba/IO Psifj OTPUIIATENbHBIX 9KOMOIMIECKMX MOCTENCTBMIL: B 30HAX TEXHOTEHHOTO BO3MEICTBNsI M3MEHMICs GasaHc,
XVMMUYECKUI COCTaB MOA3EMHBIX 1 PEYHBIX BOJ, aKTVBU3VPOBA/INChH CBsI3aHHbIE C HYMI OIIACHBIE IIPOIIeCChl 1 ABIeHUA. AHa-
/M3, OLIEHKA ¥ IIPOTHO3 aHTPOIIOTeHHOII TpaHchopMaLuy ruaporeocdepbl, CBA3aHHBIX C Hell OIIACHOCTENT ¥ TeOPMCKOB — BaXK-
HBIe 9JIeMEeHTBI 00eCIIeYeHN A YCTONYMBOrO Pa3BUTIA TOPHBIX 11 ypOaHM3upoBaHHbIX Teppuropuii Taub-1lana u [Tamupo-Arnas,
OIIpefie/sAoIyie VX O TMMa/IbHOE UCIIONIb30BaHMe U 3alMIIEHHOCTD Hace/eH s, 3/1eChb BCe KOMIIOHEHTDI 9TOJ BeCbMa C/I0XHOI
re0CUCTEeMBI HAXOSITCS B TECHEIIIelT B3aMOCBs3M, 00YC/IOB/IMBAIOLIEl KaK B3aVMHOE PasBUTIE, TAK U ferpaganuio [1, 2].

B mpepenax Me>XrOpHbBIX 6aCCETHOB IMOMHOCTHIO 3aKAaHUMBAIOTCS BCe THAPOAMHAMIYECKIIE TIPOLIeCChl, COCTABIIAS eHBII
VKT OpMUpPOBaHNe, HAKOIIEHNe, IBJDKEHIIE U PAa3rPy3Ky MOA3eMHbIX Bofi. OXHAKO caM IUAPOAMHAMIYECKIIT IPOLeCC 31eCh
O4YEeHb CI0XKHBII [3-5, 6].

Pesynbrarsl uccnepoanuii pancgopmanyi rugporeoceepst Taub-1lans u [Tamupo- Anas Mokas3bIBaloT, YTO OHY OIIpefie-
JISIIOTCST KOMIUIEKCOM B3aMMOCBSI3aHHBIX IIPMPOJIHBIX ¥ TEXHOTEHHBIX (pakTOpoB (Tadm. 1).

Ha tpancdopmanmu rugporeocdepnl B 60MbIeil CTENEHN CKa3bIBAIOTCS IO3eMHAast I OTKPBITas ZOOBIYA TIO/IE3HBIX MICKO-
[aeMbIX, 0TOOP ITOA3eMHBIX BOJ /IS MUTHEBOTO 1 IIPOMBILIIEHHOTO BogocHabkenus (Okpyxarowas cpeda 8 Kuipevidckoii Pecny-
6nuke 2010-2014 ze. // Cmamucmuueckuii c6oprux. buwxex, 2015. 82 ¢.) [2,7] .

Tpancpopmaryam rupporeocepsl CIOCOOCTBYIOT M3MEHEH Vs TOPHBIX JIETHMKOBBIX 1 JIECHBIX 9KOCUCTeM. BbIsBaHHas co-
BOKYIIHBIMY BO3JIEJICTBYAMM IIPMPORHBIX I TEXHOT'€HHBIX (PaKTOPOB, OHA IIPUBOIMNT K CYLeCTBEHHOMY POCTY I'eOpUCKOB. Bos-
IeVICTBIE TEXHOTEHHBIX IPOLIECCOB Ha MI3MeHeHe CBOJICTB Te0/IOrMYecKOil Cpefibl U TpaHchOopMannio rugporeocdepsl omnpese-
nsteT popMMpOBaHIIe TEXHOTeHe3a PasIMIHOro Tuma' [2, 6, 8]. Tax, mpu aKCIUTyaTaluy MeCTOPOXKAE€HMII ITOIe3HbIX MCKOIIAeMBbIX

Tabnuua 1. PakTopbl, BNUsOWMeE Ha TpaHcdopmauuio rugporeocdepsbl.
Table 1. The factors affecting transformation of the hydrogeosphere.

EcTecTtBeHHbIE dhakTOpbI TexHoreHHble hakTopbl
dusnko-reorpadmyeckmne PaspaboTka MmecTopoxaeHuit 1 hopM1poBaH1e OTXOA0B FOPHOPYAHOMO
M3meHeHne knumara Npon3BOACTBa
[eonoro-cTpyKkTypHble Wppwuraums
OHAOreHHbIe 1 3K30reHHble NPoLecChl PerynnposaHvie pe4Horo ctoka
PU3NKO-XMMUYECKME NpOoLieCChl OT160p NnoaseMHbIX BOA
Broxumunyeckme npouecchl IpeccrHr ropHbIX 9KOCUCTEM
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dbopMupyeTcsi TeXHOreHe3 TOPHOAOObIBaOIero Tuma. Ero xapakTepHbIMI OCOOEHHOCTAMU SIB/IIOTCS INTyOOKOE M3MeHeHVe
CBOJICTB T'€O/IOTUYECKOIT Cpefibl, TpaHCHOPMAIMsA TPOLECCOB reo(UIbTPALNY, XMMUIECKOTO COCTaBa MOJI3EMHbIX ¥ IOBEpPX-
HOCTHBIX BOZ U (GOpMUpOBaHMEe TEXHOI€HHOIO I'MpOreoXmmmdeckoro naupmagdra. Paspaborka MeCTOPOKIEHNIT MOMIE3HBIX
JICKOIIA€MbIX B TOPHBIX YC/IOBUAX CONpPsKEHA C MPOABIEHMEM PUCKOB aKTMBM3alMM ONACHBIX NPOIECCOB CMHEPTETUYECKOTO
XapakTepa.

ITpu popMupoBaHNM TEXHOT€HE3a MEMMOPATUBHOTO TUIIA HA OPOLIAEMbIX TEPPUTOPYSIX IIPOUCXOUT He3HAUUTEIbHOE BIIN-
sIHMe TeXHOTEHHBIX IIPOLIECCOB Ha IIYOMHY, OHAKO IO IIOLIA/IM OHU IIPOSBIIAIOTCA Ha OOLIMPHBIX TePPUTOPUIAX, ITie HAOMIo-
JAIOTCsA BTOPMYHOE 3aCO/IEHME TI0YB, IIOBbILIEHNE YPOBHA TPYHTOBBIX BOJ U PasBUTHE IIPOLECCOB IOATOIIEHN, 3arPsASHEHNE
TIOJI3EMHBIX BOJ, 1 JIp.

Ha reppurtopuaAx KpyIHBIX roponoB GopMUpyeTCcs TeXHOTeHe3 IpafolpOMBIIUICHHOrO TuIIa. IIposB/IeHe TeXHOreHe3a Iie-
PeUNCIeHHBIX TUIIOB OTMedaeTcst Ha Teppuropyn Tsub-1llaus u [Tamupo-Anmas B npepenax Keipreisckoit Pecry6mmkn (Tabir. 2).

ITpocTpaHcTBeHHBIe TpaHChOpMALUY TUAPOreocepbl TOPHBIX CTPAH MPOSIB/LIOTCS Ha JIOKAIbHBIX YYaCTKaX, Ha 3HAYM-
TE/IbHBIX IIOIA/IAX U TMHEITHO, TIOBTOPAs KOH(UTYPALIMIO NHXEHEPHOTO COOPY>KEHUSL.

JloxanbHble U3MEHEHMA, IPOMCXOMAIINE Ha CPABHUTENILHO HEeOOMBIION IIIOMAy 1 CBA3aHHBIE C pa3pabOoTKO MeCTOpO-
XKJICHMII ITOJIe3HBIX MCKOIIAeMBIX VI TUJIPOTEXHIYECKIX COOPY)KeHMI (TUAPOINIEKTPOCTAHIVIL ¥ TOPHBIX BOOXPAHIIINIL), IPO-
SBJIAIOTCS B OCHOBHOM B IIpefie/laX I'MIPOreOIOIMYecKMX MacCUBOB. B MeXXTOpHBIX 6accellHaX, Ifie XO3A/CTBEHHAA JeATeNb-
HOCTb Habo/Iee NHTEHCVBHA, IIPOSIB/ISIIOTCS KaK JIOKA/IbHbIE, TAK U IUIOMIA/HbIe 3MeHeHNs. [lepBble 113 HUX CBSI3aHBL C PabOTOII
KPYIIHBIX BO03a0OPHBIX COOPY)KEHMII, MariCTPaIbHBIX KaHAIOB U PaBHMHHBIX BOZOXPAHIINIL, 2 BTOPbIE, OXBATbIBAIOIIVIE
3HauMTeNbHbIE VIO, — C OPOLIEHNEM U OCYILIEH/eM TePPUTOPUIL, @ B PailOHAX KPYITHBIX HACE/IEHHBIX ITYHKTOB I Ha OpOIIIa-
€MBIX 3eM/ISIX — U UX 3arPsASHEHNUEM.

Mpymepbl TpaHchopMaLmm rmaporeoccepbl MOA BO3AECTBMEM TEXHOTEHE3a rOPHOAOOLIBAIOLLETO THMA

JnrenbHas IPOMBIIIEHHAS SKCIUTyaTalyisl MECTOPOXKIEHNI B BBICOKOTOPHBIX pernoHax KeIprpl3cTaHa COIMpOBOX/AETCSA
MHOTOYVC/IEHHBIMY 9KOJIOTMYECKMMY BO3JIEICTBMAMY Ha OKPY>KAIOLLYIO CPENYy.

Ha teppuropun Keipreisckoit Pecrry6/mkn B XBOCTOXpaHWININAX 0OIell IIoafbio 6oee 5276 ThIC. M? COCPETOTOIEHO
109 mMyH M* OTXO[OB 1 B OTBanax obieit mromanpio 18 000 Toic. M2 — 60mee 725 MIH M*. 3arpsA3HSIOTCS BOSHDIN ¥ BO3LYIIHBII
GacceltHbl BOMU3Y NPENIPUATHUIL. B ycIOBMAX TOPHBIX TEPPUTOPUIT IPUPONIA OYEHDb XPYIIKA M YYBCTBUTENbHA K M3MEHEHUAM,
KOTOpbIe 3a4aCTYI0 CTAHOBATCA HeOOPATUMBIMMI. B BBICOKOTOPHBIX perroHax 6epyT cBOe Ha4yalo MHOXECTBO PeK U PydbeB, KO-
TOpbIe HYDKe 10 TeYEeHVIO MCIIONb3YIOTCH LA IUTheBOTO BOJOCHAOKEHSA M OPOLIEHIS, ABJIAI0TCA UCTOYHNKOM (POPMMPOBAHNA
MeCTOPO>K/IEHMII IIPeCHBIX IT0A3eMHbIX BOAI. [IoaTOMY pa3paboTka BEICOKOTOPHBIX MECTOPOX/IEHNUII COIPsKeHa ¢ PUCKaMM UX
3arpsI3HEHN, €ro PaclpoCTpaHeHNeM Ha paBHMHHbBIe Teppuropyn. VMeromuecs B Kolpreiscrane ganssle 7, 9-12] cBuperesns-

Tabnuua 2. OCHOBHbIE TUMNbI TEXHOreHe3a Mo YCrIOBUSAM HEraTUBHOro BO3AEeNCTBUA HA M3MEHEHUe CBOWCTB reoniormyeckon cpepbl u
TpaHcdopmauuio ruaporeocdepbl.

Table 2. The main types of technogenesis under the terms of negative impact on changes in the properties of the geological environment
and transformation of the hydrogeosphere.

Tun TeXHOreHesa,
XapakTep BO3[eNCTBUA

TexHoreHHas Harpyska

XapakTep TEXHOrEHHbIXV3MEHEHNIN
CBOWCTB reonornyeckon cpeabl
1 TpaHcdopmaLmmn rugporeocdepsbl

[NocneacTemst U3BMEHeHMN

opHodobbisaroujuli
Kapbepbl, ropHble Bbipa-
GOTKW, KpYMHblE BOAO3a-
GOpHbIE COOPYKEHNS 1
OpeHaxHble CUCTEMBbI;
oTBarbl, XBOCTOXpaHU-
nuwa

uépomenuopamueHbili

padocmpoumerbHbIl
paxpaHckue, NpoMbiILL-
NEeHHble U rnapoTexHUYe-
CKME COOPYXXEHWS!, NOA-
3eMHbIE COOPYXEHUSA 1
KOMMYHWVKaLMKN KPYMHbIX
MPOMBbILLIIEHHbIX TOPOAOB

[peHax 1 ocyLLeHWe ropHbIX Bbl-
paboTok. Copoc ApeHaXHbIX U
CTOYHbIX BoA. Bogosabop ans o6o-
raTuTenbHbIX habpuk, meTannypru-
Yyeckux npon3soacTB. CoopyxeHue
XBOCTOXPaHWMULL, OTCTOMHWKOB,
KaHanoB. PunTpaLms U3 XBOCTOXPaHM-
WL, wnamoHakonutenen. O6bekT
BO3AEeNCTBUSI — rmapocdepa (no-
BEPXHOCTHbIE 1 MNOA3EMHbIE BOAbI)
MpeccuHr ropHbix akocucTem (neg-
HWKOB, NECOB)

Cuctema BOAOXpaHUNWLL, nppuraum-
OHHBbIX KaHasoB, OpoLLaeMoe 3eM-
nefenuve, 06bEKThI XNBOTHOBOACTBA
n ap.

CroxHble YCroBWsi B3aMMOLENCTBYS
TEXHOTeHHbIX NPOLLECCOB, UCTOLLE-
HWe 1 3arpsisBHeHne NoA3eMHbIX BOg,
n op.

OcylueHune rugporeocdepb! 30Hb!
runepreHesa, CyLecTBEHHOe
UCTOLLEHNE ECTECTBEHHbIX 3ana-
COB MOA3EMHbIX BO4, Aerpagaums
€CTEeCTBEHHbIX U (hOpMUpOBaHME
TEXHOTeHHbIX NaHALWagToB; 3a-
rpsisHeHue Noa3eMHbIX Bog (f1o-
KarbHOro 1 perMoHansLHOro Xxapak-
Tepa), cokpalleHne oneaeHeHus,
JAerpagauus ropHbix necos

YxyaLeHue G1onornyeckoro Ka-
yecTBa Nnoys (BTOPUYHOE UX 3aCO-
neHve), 3arpsisHeHne Noa3eMHbIX
BOA,

OcylueHre BogoBMELLatOLLEel Tomn-
LU, M3MeHeHWe BoaHoro GanaHca,
CTPYKTYpbl M HaNpaBneHHOCTM reo-
PUNBETPALIMOHHBIX MOTOKOB, YCU-
NeHve B3aMMOCBSA3W IKCyaTmpy-
€MbIX BOOOHOCHbIX TOPU3OHTOB C
MOBEPXHOCTHLIMU BOAOTOKaMM

McToleHre 3anacoB NpecHbIX
BO[, UCCYLLEeHWe Unun nogrtonne-
HVe TeppuTOpUK, HapyLleHne
CTPYKTYpbl 0GLLEro BOAHOIO
GanaHca

YXyaLeHne caHUTapHOro cocTo-
SIHMS BOOOEMOB U BOAOTOKOB
YxyaLeHue kayecTBa NpecHbIX
BOJ XO3ACTBEHHO-MUTLEBOTO
HasHa4yeHus. PopMupoBaHme
onacHbIX NPOLECCOB CUHEPreTy-
YecKoro xapakTtepa

dopmmnpoBaHne NppUralMoHHbIX
naHawadgToB, NoaToNnseHne,
3abonauymBaHue. MNpupalleHne
cericMuyeckor 6annbHOCTH

McToleHre 3anacos v 3arpss-
HEeHWe NPeCHbIX NOA3EeMHbIX BOL
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CTBYIOT O TOM, YTO IIPMMEPHO 10 1960-1964 IT. r1ipon3onALMA XBOCTOXPAaHWINIL He BBIIIONIHANACH. B ocienyoue rogsl s
IpefloTBpalleHNs 3aTrPA3HEHNs OI3EMHBIX BOJ B OCHOBAHMI XBOCTOXPaHW/INIL CTA/IM YK/Ia/blBaTh CIELMalbHbI BOJOYIIOP-
HBIJ 3KPaH U3 CI04 IJIMHbI ¥ CYI/IMHKA TOMHOM 0,5-1,0 M 11K ONIM3TUIEHOBYIO IIJIEHKY.

OpHaKo MOHOTO U JOCTATOYHO JIUTeIBHOTrO 3¢ deKTa IUpOoN30/IALUY XBOCTOB B OO/IBIIMHCTBE C/Iy9aeB JOCTUIHYTO He
6b110. [IMHMCTAs WK CYIIMHIUCTAS IIPOCTIONKA C TOAAMI TePsieT CBOI0 3 (PEeKTUBHOCTD IO B/IMSIHIEM €CTeCTBEHHBIX TMAPO-
Te0JIOTMYeCKMX MIPOLIECCOB U CeICMUYHOCTH, OIMITIICHOBAS [/IEHKA PBETCS MOf, TSHKECThIO M30BITOYHOrO 06'beMa IIy/IbIIbI U
13-3a BO3JeIICTBIA pacTeHuit. [Ipo1cXofsaT NHPUIBTPAIMOHHBIE TOTEPU XXIUAKOI! (hasbl XBOCTOB, 3aTPA3HSAIOTCS MOPOJbI 30HbI
aspanuy, 3aTeM U 1of3eMHble Bofbl. OT 049aroB 3arpA3HEHNs HAYMHAETCSA MUTPAIVA TOKCUYHBIX VTN PAaiMOaKTUBHbBIX KOMIIO-
HEHTOB B II0JJ3¢MHBIX BOJaX, GOPMUPYETCS OPeOIT 3arpsA3HeHN .

Han6onpinyio yrposy npefcTaB/Is0T XBOCTOXPAHIINIIA, pa3MellleHHbIe B pajlOHaX BBICOKOI CeIICMIYHOCTH, B JO/IVHAX U
pYycax cene- 11 ONO/I3HEONACHBIX PeK. ITO MOYKHO IPOVJUIIOCTPUPOBATh HECKONbKIMI IIPUMePaMIN.

B monune pexu Maiinyy-Cyy ¢ 1945 1. npoBoamaach IpOMBbIIIEHHAs 9KCIUTyaTalus MeCTOPOXK/IeHMA ypaHa. bornbinas
YacTh YPaHOBBIX XBOCTOXPAHM/IMII M TOPHBIX OTBAJIOB pasMellieHa B IoJiMax p. Maiinyy-Cyy 1 ee IpUTOKOB.

OTBasIBl ¥ XBOCTOXPAHMINIIA ABJISAIOTCA MOCTOAHHBIMYU MCTOYHMKAMM PaJiYiOAaKTMBHOTO 3arpASHEHNA ITUAPOrpapuiecKoi
cety 6OacceitHa p. Colpapbyl B pe3y/bTare Jerpajaliuyl 3alTHBIX M IPEHAKHBIX CUCTEM, BHIMBIBAHNA paguoHykanoB. Co-
Tep>KaHMe PaMOAKTYBHBIX BEIIECTB B XMMIYECKOM COCTaBE PEYHBIX U MOJ[3EMHBIX BOJ, Ha JIOKa/JIbHBIX Y9aCTKaX B pe3y/ibTaTe
MHOWIBTpALUM aTMOC(EPHBIX OCAJIKOB Yepe3 He MMEIOMIVe IMAPOU3OJIALMM XBOCTOXPAaHWINIIA Y OTBA/IbI Ha 2-3 mopsfiKa
BbItle GOHOBOTrO ypoBHs [7, 12, 13]. ITo p. Maitnyy-Cyy u ee IpUTOKaM C BBICOKOII IIOBTOPsIEMOCTDBIO IPOXOJAT TMBHEBBIE Ce-
7ieBble TIOTOKM. B BepxoBbe p. Maiinyy-Cyy pacronoxkeHo BbICOKOTOpHOe IpopbiBoomnacHoe 03epo Kytman-Kenb. Teppuropus
HaXO[UTCA B palloHe BHICOKOI CEICMMYHOCTH, IIOfIBEPKEHHOCTH OIIOJI3HAM M TPAHCTPAHMYHOTO PAYIOAKTMBHOIO 3aTPA3HEHN
TIOBEPXHOCTHBIX U MOJ3€MHBIX BOJ.

Ha mectopoxpennnu Ax-Tio3 mponsBopyiach NOf3eMHas M OTKpbITasg foObIYa 1 oOoralieHye CBUHIOBBIX PYJ pefKo3e-
MEJIbHBIX 3/EMEHTOB. XBOCTOXPAHV/ININA M OTBAJIbI HU3KON YCTOMYMBOCTY Pa3MellleHbl B CMJIBHO IT€PECEYEHHOI TOPHO MECT-
HOCTH C OOJIBIINM IIePeTafioM BBICOT. B nexabpe 1964 . B pesy/braTe seMIeTpsCeHNA B 5 0a//IOB IIPOMU3OIIIIO KaTacTpoude-
CKoOe paspylIeHre XBocToxpanumina Ak-Tiosckoro pygHmka. ITo XuMIIecKoMy COCTaBy aK-TIO3CKIe XBOCTBI OBUIN IMPeACTaB-
JIEHBI COJISIMU TSDKEJIBIX META/I/IOB C OYeHb BBICOKMM COflep)KaHMeM CBUHIIA, IIMHKA, MefIu, MOMMOJieHa, MBIIIbAKA ¥ GepUIIIHUA.
Kpome Toro, XBOCTBI cofiepyKaiy MOBBILIEHHbIE KOHLIEHTPALMy KaMus, BOIbppaMa, CypbMbl. VI3 paiioaKTUBHBIX 37IeMEHTOB
XBOCTBI COZlepIKanu BbICOKMe KOoHIjeHTpanyy Topust (800-7000 ppm) u nupkona (110-4800 ppm) [7].

PaspyeHne HeycTOYMBOI HAMBIBHOM TaMObI AK-TI03CKOTO pag0aKTUBHOTO XBOCTOXPAHIIINIIA IPHUBEJIO K BBIHOCY OKO-
710 680 ThIC. M’ TOpUIICOTEPIKALIETO ITeCKa 1 JIa 1o pyciy p. Kuun-Kemus 1 appr4HOI MppUTaLOHHON CETH.

IToToKM XBOCTOB paiOaKTUBHbIM Ce/leM PaclpOCTPAHMUIICD IO pycny u gonuHe p. Kuun-Kemun Ha paccrosnme fo 40 Kk,
IIPOM3OLIIO 3aTPSA3HEHME [TOYBBI, PEYHDIX U IIOJ3€MHbIX BOJ.

3onoTopyaHoe mecTtopoxaenne Kymrop. ITo mepe ocBoeHNs 3a11acoB 3TOr0 MeCTOpOXK/jeHM:A ¢ 1998 r. HapacTanyu MaciTa-
OBI U BU/IbI TEXHOTEHHBIX BO3/IEIICTBIIT. MeCTOpOXKIeH e XapaKTepU3yeTCst 0COOBIMI IPUPOSHO-KINMATNIECKIIMU YCIOBYSIMI
BBICOKOTOPbs (Ha/lu4ue aKTVMBHBIX JISAHUKOB, BEYHOI MEP3JIOTHI C MOfI3¢MHBIMU JIbJaMV, CyPOBBIl KIMMAT C MHTEHCUBHON
conHevHoIt pagnanueit). Crenndukoit mpor3BOACTBEHHOTO IIPOLieCca sIB/SIETCA MCIIONb30BaHe TeXHOMIOTUY IIMaHUJHOTO BbI-
1le/Ia4MBaHMA 30/10Ta.

Hanboree cepbe3HBIM 9KONIOTMYECKMM BO3JEIICTBIEM Ha rUpocdepy TeppuTopun pyaHuKa KyMTop sABIAIOTCA PUCKY, CBS-
3aHHBIe C KPYIIHOMACIITaOHbIM TeXHOI€HHBIM IIPECCUHIOM Ha OKpy>Kalolljyie TefHMKM (pasTpyska jIbAa, yAaldeHMe TeTHUKOB,
CKJIaVIpOBaHVe Ha JIEHHUKAX I'PaHAMO3HBIX MacC OTBA/IbHBIX U ITYCTBIX IIOPOJ, U3 KapbepoB). MoIHOe IpsAMOe M KOCBEHHOe
BO3JeIICTBIE HA O/U3/IeXAllye IEAHNKI B TedeHre o4ty 20 jleT BbI3BA/IN UX YCWIEHHOE TasiHMe U JeTPajjaliuio, a B CIydae
¢ neguykoM JlaBbIfioBa — paspymenue [7, 14]. IlocrencTBIAMM MOIHOTO TEXHOT€HHOTO IIPECCHHTA HA JISTHUKY CTalIo MOCTe-
IIEHHOE 3arpssHeHMe OBEPXHOCTHBIX BOJ U PEYHBIX ([OHHBIX) OT/IOKeHuMII B 6accertne p. KymTop cymbdartamu, HUTpaTamu u
CONYTCTBYIOIMMM 30/I0TY MMHEPAIaMI, BKIIOYAIOIIMI COEVHEHNA TAXKeNbIX MeTas/IoB. HalyonanbHble ¥ MEXX/IyHapOZIHbIE
9KCIIEPThI OTMEYAIOT, YTO 3arpsA3HeHNe BOIHBIX pecypcoB B paitoHe KymMTopa 1 of3eMHBIX BOJ, HIDKe IIO Te4eHMIO OyHeT Ipo-
TOJDKaTbCA B T€UEHMeE JUINTETbHOTO BpEMEHU II0C/Ie 3aKPBITUA PyJHUKA.

[Mpumepnl TpaHcchopmaumm rmaporeocchepnl MOA BO3AEVCTBUEM TEXHOTE€HE3a IMAPOMEAMOPATUBHOTO TUMa

MacurabHoe pa3BuTIe TeXHOT€He3a IMIPOMEINOPATIBHOTO TUIA CBA3AHO, IPeX/je BCETO, CO CTPOUTENBCTBOM BOZOXpa-
HIINIL ¥ OpollleHreM. VIcTOYHMKaMu MppUralilOHHOrO HasHayeHMs B KbIproiscTane ABAATCA 40 BOZOXPaHMINIL CE30HHOTO
perynmpoBaHus, Ie COCPefOTOYeHO 2,5 KM Boabl [9-11].

JJononHuTeIbHbIE HATPY3KM Ha KPOBJIIO IUTOCHEpPhl BOJOXPaHMINILA (OPMUPYIOT FeOPUCKY, BBISBIBAS MHAYLMPOBAHHBIE
3eMJIeTpACeHNA, OOBOIHEHNA TeKTOHNYECKIX Pa3/IOMOB, I3MEeHeHVS IOPOBOTO IaB/ICHNA.

B ToKTOryIbCcKOM BOOXPaHM/INILE MHOTOJIETHETO PETYIMPOBAHNA ¥ NPPUTALVIOHHO-9HEPTeTUYECKOTO MICIIO/Ib30Ba-
HIs1 06beMoM 19 500 MmH M° ipu Hanope BoAbl 100 M B 1977 I. yBeNMUIMIOCH YUCIO CTAOBIX 3eM/IETPACEHMIT C TUIOLEHT-
poM Ha rny6uHe 5 KM 61113 TWIOTHHBL B 1979 u 1980 rr. npy HamomHeHUY BOFOXpaHuanina 6onee 17 kM® 4ucio semmeTpsi-
CEeHMII Pe3KO BO3POC/IO, SIMULEHTPBI PacIpefieNINCh BOKPYT BOl0eMa Ha PacCTOAHNM OT 15 1o 20 KM, TUIIOL€HTpP JOCTUT
IJTyOMHBI 8 KM.

VIppurannoHHasi ceTh, BKTIOYAIOIIAs MATYCTPaIbHbIE KAHA/IbI B 3eM/ITHBIX PYC/IAX, 3a MCK/TIOYeH1eM HeOOIbIINX OTPE3KOB
Bonpmoro Yyiickoro (BYK) u Tamacckoro kaHanos, xapakrepusytorcs Bemrannoit KITJ1 0,6-0,7, penko 0,8.

JnuTenpHas SKCIUTyaTalys MppUrannoHHsix cucteM ¢ HuskuM KIIJI cmoco6cTBOBana Heob6paTumoit Tpancopmannu
30HBI I'MIIEpPreHe3a MpUIETAIOUIX TePPUTOPUIL: MTOBBIIIAJICA YPOBEHDb IPYHTOBBIX BOJI, Pa3BMBAJIOCh IIOATOINIEHNE, TPAHC-
(bopMMpoBanCcs XMMIUYECKUIT COCTaB MO/I3eMHBIX BOJI, MEH:/IACh 30Ha a3pallyi, Pa3BUBAINCh TPOIIECCH BTOPUYIHOTO 3acoIe-
Hus. Tpancpopmanys ruporeocepsl, CBsA3aHHas C TEXHOTCHHBIMY IIPOLIeCCaMy TUPOMEIMOPATUBHOIO MPOdIIA, CONPsDKeHa
€ 0TOOPOM 3HAYNMTENBHOTO KOIMIECTBA IIOBEPXHOCTHBIX Vi IIOA3EMHBIX BOJI, VICIIO/Nb3YEeMbIX /IS OPOLIEHsI, 0OBOJHEHNsI IIACT-
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Wcnonb3oBaHue BoaHbIX pecypcoB 3a nepuopg ¢ 1990 no 2014 r. 1 — opoLleHne 1 CenbcKoXo3sNCTBEHHOE BOAOCHAbXeHWe; 2 — noTepu Boabl
npu TPaHCMOPTUPOBKE.
Use of water resources for the period from 1990 to 2014. 1 — irrigation and agricultural water supply; 2 — water losses while transportation.

OMIL U CENMbCKOXO35IICTBEHHOTO BOfoCHa0eH st [12-15]. Vicrionb3oBaHme BOFHBIX PECYPCOB HA OPOLIEHNIE 1 CeTbCKOXO3SIICT-
BEHHOE BOJIOCHA0XKeHIe CONIPOBOXKAAETCA 3HAYUTEIbHBIMYU OTEPSIMMI IIPU TPAHCIIOPTUPOBKE (CM. PUCYHOK).

K mpumepam Tpanchopmanuy rugporeocdepsl METUOPATUBHOTO Mpoduia oTHOCATCA mporecchl B Omi-Kapacyiickom oa-
3uce [9]. 3mech nop, BNMAHMEM VHQUIBTPALMIN M3 UPPUTALIMOHHBIX COOPY>KEHWIT CKOPOCTD OJ’beMa YPOBHA TPYHTOBBIX BOZ, B
cpenHeM 3a 70 JIeT COCTaBIIsIa KO 1,5 M/TO, YTO IPUBEIIO K IOATOIVICHNUIO, 3a00/TauVIBaHIIO, 3ACOTIEHMIO, IPOCAIKaM, TUKCOTPO-
UYL, AVUTATaHCUY, CeJICMOIIPOCagKaM, IIPUPAIeHUI0 CelICMUYIeCKOll 6a/UIbHOCTI.

[pumepnl TpaHcchopmaumm rmaporeocchepcpbl MOA BO3AEMCTBMEM TEXHOTE€HE3a rPAAOCTPOUTEALHOTO THMa

BospeitcTBIe TeXHOT€HE3a IPafOCTPOUTEIBHOTO THITA OTMEYaeTCsl IUTOIIALHON TpaHCchOopMaIyel Tog3eMHOI rapocdeps
TeppuTOpuUil KpynHeIx ropopos (Bumikek, Kapa-banra, Om, Yommon-Ara u ap.). TpancdopMarys XMMUIeCKOro cOCTaBa I10-
BEPXHOCTHBIX U TTOfI3eMHBIX BOJI CBsI3aHa CO CMEIIAaHHBIM 3arpPsA3HEHNEM 32 CUeT OBITOBBIX M IIPOMBIIITIEHHBIX CTOKOB, @ TAKXKe
OpOILeHNA TOPOJICKUX TEPPUTOPHUIA.

[TpumMepoM MOTYT CITyXKUTb AnmaapunHckoe ¥ OpTo-ATBIIICKOe MEeCTOPOXKIEHNA MO/I3EMHBIX BOJ, UCIIONIb3yeMble /I BO-
mocHaOxeHus I. Bulikeka, Iie BepXHssA YaCTh YeTBEPTUYHOTO BOJOHOCHOTO FOPM30OHTA HMPAKTUYECKN Ha IIyOUHY #o 150 M
ABJIACTCS 3aTPA3HEHHOIL. 3arpsi3HeHe MOA3eMHbIX BOJ B 3HAYMTE/IBHOI CTelleHN 00YCIOBIEHO 3arpsi3HEHNEM OKPY>Kalolert
Cpefibl B L[elIOM — TIOBEPXHOCTI 3eMI (IIOYBBI, TOBEPXHOCTHBIX BOJI, aTMOC(EpPhI 11 aTMOC(EPHBIX OCA/IKOB). 3IeCh OTMeYaeTCs
3arpsA3HeHNe HUTPaTaMI, IeCTUBAIIEHTHBIM XpOMOM, cynbgaramu Boiie [TJK, yBemnunBaeTcs 5KeCTKOCTb BOJIBL.

ITpy TeXHOreHHOM 3arpsA3HEHNN IIPECHBIX MOfI3eMHBIX BOJ Ha [eMICTBYIOIINX BOJI03a00paX, MCIONIb3yeMBbIX /L1 BOJOCHA0-
JKEHVI, TI0J3eMHbIe BOJbI TEPSIOT CBOY IIUTbeBble KA4eCTBA, CHIDKAIOTCA 9KCIDTyaTal[IOHHbIe 3amachl [1, 6].

Tpancdopmarnust reopuIbTpaLuy HOTOKOB MOA3EMHBIX BOJ, CBsI3aHA C OTOOPOM IPECHDIX IOA3EMHBIX BOJ, A/l UTHEBOTO
U IPOMBIIIIEHHOTO BOJJOCHA0XKEHIS.

Our-Kapacyiickimit 0asuc sB/seTcs TyCTOHACETIeHHBIM IXKHBIM perroHoM KbIproisckoit Pecniy6mmkn, 31ech pacronoyeHsl
ropopa Om u Kapa-Cyy, rae Hapaay ¢ mpo6neMaMu 3arpsA3HEeHNA TTOA3eMHBIX BOJ| HeCTUIVIAMI ¥ HUTPATaMU ¥ MTOITOIIEHUEM
CYILLeCTBYeT Ipo6ieMa VICTOLeHN A 3aI1acoB IOA3eMHBIX Bofi. Onpo6oBaHue CKBaXXMH BOCTOYHOM 1 3alla/fHO YacTU TOPOJIOB
Om u Kapa-Cyy nokasasno, 4To Hofi3eMHble BOABI 3/leCb HEKOHIMIMOHHbIe. OCHOBHOM HPUYMHON 3TOTO ABJIAETCA YCUIEHME
TUPaBINYECKON B3aMMOCBA3YU 9KCIUIyaTUPYeMOr0 BOJIOHOCHOTO TOPM3OHTA C CONPSKEHHBIM BOJIOHOCHBIM TOPM30OHTOM HEOre-
Ha 1 IOJTOK COTIOHOBATBIX BOJ, B 9KCIUIyaTUPYeMblil BOJOHOCHBIII TOPM3OHT YeTBEPTUUHBIX OTIOXKeHM [3]. YkasaHHBIIT (akT
CBUJIETENLCTBYET 00 UCTOIIEHNM PeCypCOB IIPECHBIX NMOI3EMHBIX BOJ B ITpoLiecce X IKCIUTyaTanyu. [InTbeBast Bofia Ipy 3TOM
MMeeT MyHepanusanuio 1,3-2,0 r/11, B Hell IIOBBIIIEHO COflepXKaHNe CYIb(aToB U XTOPUIOB.

HutparHoe 3arpsa3HeHMe OA3€MHBIX BOJ, ¢ KOHIIeHTpanuel Hutparos 1,5-2,0 IIJIK ormeuaercs B 3anagHoit yacTu I. O
VL Ha €TO CEBEPHOIT OKpanHe.

BoiBoALI

Amanus npoueccoB TpaHchopmarun rugporeocdepst Tanb-Illansa u ITaMnpo-Aasi ToKasbIBaeT, YTO OHU OIPEAEIAI0TCS
KOMIIJIEKCOM B3aMIMOCBsI3aHHBIX IPUPOJIHBIX U TEXHOTEHHBIX pakTopoB. [Tof 1eiicTBMeM TeXHOI€HHBIX IIPOL[eCCOB TOPHO0-
ObIBAIOIIET0, METMOPATUBHOTO V1 IPalOCTPOUTENLHOTO TUIIOB Ha TeppUTOpyM KBIProIscTaHa MPOMCXOANT TpaHCHOpMaIa
XMMIYECKOTO COCTaBa MOI3eMHBIX U IIOBEPXHOCTHBIX BOJ, IIPOLIECCOB re0(uIbTpalii. Boiie/leHbl OCHOBHbIE TUIIBI TEXHO-
reHesa II0 YCJIOBUAM HETATVBHOTO BO3/ICIICTBIA Ha M3MEHEHIIE CBOJICTB IT'e0JIOTMYECKOIl CPeibl M TPaHCPOPMALUIO TUIpOre-
ocdepsL

TexHOTeHHBIe POLECCH TOPHOOOBIBAIOIETO TUIA AKTUBHO MPOSAB/IAIOTCA HA TEPPUTOPUY PasMelleHNsI OTBAIOB I XBO-
CTOXPaHWINI, PYIHBIX M PaIOaKTUBHBIX OTXOZOB B onuHax pek Maitnyy-Cyy u Kapa-Kuue, AB1410TCA IOCTOAHHBIMY MICTOY-
HUKaMI 3aTPASHEHMA U XaPAKTEPU3YIOTCA CEIEBOIL U OIIOI3HEBOII ONTACHOCTHIO.

TexHOreHe3 rpaOIPOMBIIIICHHOTO IPO(QWIA Pa3BUT Ha TEPPUTOPUU KPYIIHBIX ropofoB buinkex u O, B pe3y/ibTraTe 4ero
IIPOMCXOAUT TpaHCHOpMALUA XMMIYECKOTO COCTaBa MOJI3eMHBIX BOJ|, I3MEHEHIEe CTPYKTYPbI HOTOKOB ITOA3EMHbIX BOJI.

TexHOTreHHbIE MPOLECCHI METMOPATUBHOTO PO(UIISL MPOAB/AIOTCSA Ha Tepputopun KelpreiacraHa HOAbeMOM YPOBHS
TPYHTOBBIX BOJ M PasBUTHEM IIPOLECCOB MOATONIEHNS, 3aCO/IEHNUS U IPOCAAKY, IIPMpallleHneM CeifCMUIecKoil 6amIpHO-
CTH.
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Technogenic transformations of the hydrogeosphere of the Kyrgyz Republic

Lidiya Ergeshevhna OROLBAEVA’
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Academician Asanaliev Institute of Mining and Mining Technologies, Bishkek, Kyrgyzstan

Relevance of the work. The development of uranium and gold deposits in mountainous areas, intake of groundwater and strong irrigation in the
submontane areas and even land lead to changes in the water component of ecosystems of the territory of Kyrgyzstan. This is especially true of
groundwater. Geo-ecological changes that require analysis and evaluation are associated with the transformation of geofiltration and the chemical
composition of groundwater in the Kyrgyz Republic.

Purpose of work: analysis of the impact of various types of technogenic processes on changes in the properties of the geological environment and
transformation of the hydrogeosphere of mountain geosystems within the territory of the Kyrgyz Republic.

Methodology of research. This paper summarizes information on technogenic processes and the transformation of the hydrogeosphere in the devel-
opment of uranium and gold deposits in mountainous conditions associated with the risks of hazardous processes of a synergistic nature. Technogenic
processes of various types were analyzed.

Results. The factors affecting the formation of water resources of intermountain basins are highlighted. The geological, hydrogeological, hydrody-
namic features of intermountain artesian basins are characterized; the characteristic of technogenic factors are given. The features of the formation of
techogenesis are described; the definition of technogenesis of mining, reclamative and industrial type is specified; some local and area changes in
the surface and underground hydrosphere are given. This paper deals with some problems concerning technogenic pollution of fresh groundwater,
the analysis of types of pollution, the formation of processes for groundwater dam, saturation, resalting, and activation of exogenous geological
processes.

Conclusions. The main types of technogenesis are considered according to the conditions of negative impact on the properties of the geological
environment and the transformation of geofiltration processes and the chemical composition of groundwater. Technogenic transformations of hydro
land reclaiming type of hydrogeosphere are associated with the construction of reservoirs, irrigation networks and irrigation itself. This paper gives the
examples of seismic activity in the area of the Toktogulsky reservoir, development of saturation, contraction, and increasing measures of earthquake
intensity in the Osh-Karasuysky oasis. Technogenic processes of a city-industrial type are formed within the territory of large cities of the Kyrgyz Re-
public. The processes of pollution of groundwater and the transformation of groundwater flows in the territory of the cities of Bishkek, Osh, Kara-Suu
are considered. Under the influence of technogenic processes of mining, reclamative and industrial types in the territory of Kyrgyzstan, there is a
transformation of the chemical composition of groundwater and surface water, as well as geofiltration processes.

Keywords: transformation of hydrogeosphere, geohazard, technogenic processes, groundwater, pollution, saturation.
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Mathematical simulation of joint work of a vibration isolator group
with quasi-zero stiffness
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Timur Airatovich YANBARISOV

Ufa State Petroleum Technological University, Ufa, Republic of Bashkortostan, Russia

The relevance of the work is due to the need to develop new means of highly efficient vibration protection. One such means is a vibration isolator
with quasi-zero stiffness. They are quite sensitive elements, so the problem of designing and operating vibration isolators with quasi-zero stiffness is
relevant. Nowadays, comprehensive studies on their work within a group have not yet conducted.

Purpose of the work is to study the sensitivity of vibration isolators with quasi-zero stiffness to the errors of geometric parameters while their manufacture.
Methodology of research. This work is a continuation of the experimental studies of plate-type universal vibration isolators with quasi-zero stiffness.
For the research, an analytical study and a computer-based multiple experimental procedure with random input data were used.

Results. Analytical studies show that vibration isolators with quasi-zero stiffness are very sensitive objects. Basic properties, such as workload and
stiffness under workload, largely depend on key parameters. Vibration isolators of plate type have a very strong dependence of the workload on the
external and internal radii, the height of the cone and the wall thickness. The dynamics of a group of vibration isolators was analysed. Due to the
deviation of different parameters and the nonlinearity of the power characteristics, the behaviour of the group does not coincide with the average
behaviour of one vibration isolator. It has been found that for a group of isolators there is a slight increase in workload. Moreover, deviations in pa-
rameters lead to a decrease in stiffness.

Conclusions. The high sensitivity of installed vibration isolators with quasi-zero stiffness proves that they require careful attention and high precision
in manufacturing. The resulting deviations of the behaviour of a group of vibration isolators from the behaviour of a single vibration isolator indicate
the need to enter appropriate corrections when designing them, otherwise this may lead to loss of stability and instability of the equipment, which
should be avoided.

Keywords: vibration, vibration isolator, quasi-zero stiffness, mathematical simulation, nonlinear oscillations, sensitivity.

ntroduction
A significant part of modern equipment is characterised by high power, and its work is accompanied by high noise and
vibration. These factors negatively affect equipment and personnel.

The high level of vibratory background noise accelerates the wear of equipment, bearing assembly and bases. In addition,
noise creates uncomfortable working conditions and can cause chronic diseases [1-3]. Laboratory and high-precision equipment
also have the problem of vibration protection. The need for protection from vibration arises in everyday life, for example, in
washing machines [4].

Various methods can be used for noise and vibration protection: an increase in the mass of equipment, vibration isolation,
and the use of dynamic dampers. From a practical point of view, the most convenient way is vibration isolation. Traditional spring
and rubber vibration isolators are well suited only for standard conditions, but their use is complicated under special conditions,
in particular, if it is necessary to obtain a high coeflicient of vibration isolation with small dimensions.

For high-quality vibration isolation, it is necessary to have a low natural frequency of the entire system. But traditional vibra-
tion isolators, in fact, are an elastic linear mechanical system with large dimensions. This problem can be solved with the help of
vibration isolators with a low natural frequency.

Vibration isolators with quasi-zero stiffness are elastic nonlinear mechanical systems with a section with a small (or low) stift-
ness value. Also, these systems are sometimes called “systems with low stiffness” [5]. In foreign literature one can come across the
term “systems with high-static-low-dynamic-stiffness” [5, 6]. The principal view of the power characteristic is presented in Fig. 1.

Vibration isolators with quasi-zero stiffness represent a very promising development in mechanical engineering. They can
prove well in various areas: industrial machines and equipment, vibration control of heavy vehicles, workstations, manual ma-
chines, marine engines, close control and aerospace equipment, etc. Vibration isolators with quasi-zero stiffness provide both
high static load and low dynamic stiffness. The low stiffness of the system with a significant static load reduces the natural fre-
quency of oscillation to less than 1 Hz and allows you to get rid of a wide range of vibration with high efficiency.

P. Alabuzhev studied vibration isolators with quasi-zero stiffness. He analysed various types of passive systems with quasi-ze-
ro stiffness [5]. A. Carrella is also known for analysing quasi-zero stiffness by means of two inclined springs [6] or two compressed
rods [7-9]. The observation of the “scissors” system with a spring for obtaining quasi-zero stiffness was done by X. Sun et al.

" < anv-v@yandex.ru
@ https://orcid.org/0000-0001-7197-605X

74 [OEKABPb 2018 | BbINYCK 4(52) M3BECTUA YPANTbCKOI0 roCYJAPCTBEHHOIO TOPHOIMO YHUBEPCUTETA



A. R Valeev / News of the Ural State Mining University. 2018. Issue 4(52), pp. 74-83 ENGINEERING SCIENCES

The horizontal
zone in the power
characteristic
shows low quasi-
zero stiffness, i.e.,
the working zone

X
Figure 1. Power characteristic of a system with quasi-zero stiffness.
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Figure 2. Plate-type vibration isolator with quasi-zero stiffness.
PucyHok 2. BubpousonsaiTop ¢ KBa3uHyneBou XeCTKOCTbIO TapenbyaToro Tuna.

[10]. These systems can also be obtained using pneumatic active elements, as described in [11]. Pneumatics are also used by M.
Holtz and J. Van Niekerk for seat suspension [12]. The application of the quasi-zero stiffness effect for special isolators of cables is
studied by Y. K. Ponomarev [13, 14]. Another type of special cable is studied by P. Tapia-Gonzales and others in [15]. In addition,
systems with quasi-zero stiffness of the passive type are proposed by T. Le and K. Ahn [16] and I. Matseevsky [17].

There is also a new prototype vibration isolator with quasi-zero stiffness, based on folding paper cylinders with torsional
buckling [18]. Experimental research shows that the elimination of oscillations occurs at frequencies greater than 6 Hz. It is also
known that it is possible to obtain quasi-zero stiffness with cammed spring mechanisms [19].

Systems with quasi-zero stiffness can also be obtained by active or semi-active methods. A suspension system with semi-ac-
tive devices was proposed by J. Choi and others [20, 21]. An electromagnetic actuator with linear characteristic is used by Kh.
Khan and others [22]. The electric servomotor with a ball-and-screw unit is also actively used as a power suspension drive by
M. Kawana and T. Shimogo [23]. Electromagnetic systems are presented by V. Robertson and others [24]. Unfortunately, active
systems with quasi-zero stiffness are usually quite expensive. Systems with quasi-zero stiffness, controlled by a rotary drive, are
presented by D. Ning et al. [25]. There is also a vibration isolator developed by Y. Zheng and others [26]. It is implemented by con-
necting a magnetic spring with negative stiftness parallel to the springs of the membranes in order to compensate for its positive
stiffness. An isolator consists of two coaxial magnetic rings that have axial magnetisation, and their directions of magnetisation
are the same. Quasi-zero stiffness can also be obtained using the suspension system of an off-road vehicle using intelligent active
power control [27].

Quasi-zero stiffness can also be used to create an elastic suspension for equipment shafts [28]. In this case, it is possible to
minimise the transmission of dynamic effects from the rotor to the pump or compressor casing.

Often, systems with quasi-zero stiffness are characterised by design complexity. Tests by authors and other scientists show
that the practical implementation of systems with quasi-zero stiffness is rather complicated. Any significant parameter deviation
may impair the operation of the vibration isolator. It is also possible that serially manufactured vibration isolators installed in one
equipment may differ, and, accordingly, their behaviour may slightly deviate from the predicted one.

As follows from the experience of the authors and other scientists, vibration isolators with quasi-zero stiffness are, on the
whole, quite sensitive to changes in geometric parameters. This leads to the need for careful adjustment. The use of such a vibra-
tion isolator requires studying the possibility of deviating the parameters and analysing their influence on the effectiveness of
vibration isolation. Moreover, usually prototypes of vibration isolators with quasi-zero stiffness are developed separately. But it is
obvious that at least four vibration isolators are required for machines or equipment, to ensure better stability as well. It is import-
ant to know the difference in behaviour between one vibration isolator and a group of vibration isolators.
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Thus, the purpose of this study is to analyse the sensitivity of the characteristics of a vibration isolator with quasi-zero stiffness
when changing geometric parameters, as well as analysing the behaviour of a group of vibration isolators with several different
parameters.

Mathematical model of plate-type vibration isolator with quasi-zero stiffness

A tray-type spring of a disc without any changes in the design is difficult to apply, because it has a quasi-zero stiftness when it
is flat (the height of the cone h is zero), i.e. fully incorporated into the base. On the other hand, the tray-type spring should have
room for deformation; therefore, something like support should be used. This design of an isolator is shown in Fig. 2. To distin-
guish these two designs, an isolator in Fig. 2 is called “dome-shaped”

For further description of the vibration isolator with quasi-zero stiffness, the following parameters are used (Table 1). The
detailed derivation of the formulas in this paper is not shown.

The relationship between the load F on the vibration isolator and its compression x is determined by the formula [29]:

F(x) = niE t* X, 1 88°x —125x” +4x’ W
- (rz—rl)(rl+r2(2kv—3))+2r22(1—kv)1n(r2/r1) 3 4oln(r2/r1) (rz—rl)z
The optional coefficients k_and k_are described as
3
d
h=é;; )
L :ln(rz/rl)—(l—(rl/rz)). 3)
v k,+In(r, /1)
The height of the cone wall
Ly In(r,/1,)
S_\/gt(rz rl) (rz—fi)(r1+r2(2kv—3) +2r22(1—klu)ln(r2/r1)' @)

Operating load

/(333 ) B (r, 1) Jin( 1,/ 7
P T ( ) (T T') n(r T') . (5)

(o)) 1 i )

Maximum stress in the wall of the vibration isolator

F rz(l—kv)_1

2
(n / 3) t n )
For further analysis, the stiffness of the vibration isolator should be taken into account:
k=2
dx
Table 1. Description of parameters of a plate-type isolator with stiffness.
Tabnuua 1. OnucaHne napamMeTpoB U3ONATOPa C KBa3MHYIIeBOW XECTKOCTbIO TapenbyaToro Tuna.
Criterion Physical meaning
Compression of vibration isolator x, m Variable
Capacity of vibration isolator F(x), H Elastic force of vibration isolator
Operating load of vibration isolator F, H Capacity of vibration isolator with minimum hardness
Thickness of the cone t, m Geometric parameter of vibration isolator
Inner radius of vibration isolator r,, m Geometric parameter of vibration isolator
Outer radius of vibration isolator r,, m Geometric parameter of vibration isolator
Young’s modulus E, Pa Describes the properties of an isolator material
Optional coefficient k Characterises the shape of the outer wall for a thick or rigid wall. The value k_ tends to zero.
Optional coefficient k| Shows the effect of the outer wall on hardness. For a thin outer wall, the value k_ tends to zero.
Maximum height of the inner cone S, m Geometric parameter of vibration isolator
Pressure wall thickness ¢, m Geometric parameter of vibration isolator
Height of the sustaining wall h, m Geometric parameter of vibration isolator
Stress g, PA Maximum stress in vibration isolator in static condition
Hardness k, N/m Hardness of the vibration isolator in the direction of compression

76 Banees A. P. n gp. Mathematical simulation of joint work of a vibration isolator group with quasi-zero stiffness
/I Vi3Bectna YITY. 2018. Boin. 4(52). C. 74-83. DOI10.21440/2307-2091-2018-4-74-83



A. R Valeev / News of the Ural State Mining University. 2018. Issue 4(52), pp. 74-83 ENGINEERING SCIENCES

After changes:
/3 1 28°—6Sx+3x’
k = nEt + . 7)
(rz—rl)(rl+r2(2kv—3))+2r22(1—kv)1n(r2/r1) In(r,/1,) (rz—rl)z
Stiffness of vibration isolator at the operating point
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These formulas are used for further analysis.

The sensitivity of the vibration isolator with quasi-zero hardness to changes in geometric parameters

The design of vibration isolators with quasi-zero hardness and the study of the dynamics of a group of vibration isolators
require information about sensitivity to the deviation of their parameters.

Let us consider a situation in which one of the parameters of the isolator differs sharply from its calculated value. We deter-
mine the change in workload and stiffness when changing geometric parameters. Based on the analysis of formulas (1)-(8), the
sensitivity of dimensionless parameters is determined, which is summarised in Table 2. It shows the deviations of the workload
with respect to various geometric parameters of the vibration isolator (sensitivity of the workload). The specified parameters are:
wall thickness, height of the cone, inner radius of the isolator, outer radius of the isolator, thickness of the outer wall of the vibra-
tion insulator and height of the outer wall of the vibration insulator. Calculations are made in dimensionless form. The following
dimensionless parameters were used:

_t
— dimensionless workload F = i; - dimensionless thickness of the outer wall £ = -
Er} h
. . . _ t . . . a
- dimensionless wall thickness 7 = —; ~ dimensionless height of the outer wall h =—*;
r, r2
7 _ N . . 7 _
— dimensionless inner radius 7 = -1; dimensionless stiffness k = F/s’
£
S

>

— dimensionless height of the cone § =

Nyl

Table 2. Sensitivity of the workload.
Ta6nuua 2. YyBCTBUTENbLHOCTL paboyeit Harpysku.

Deviation of dimensionless value

Dimensionless

deviation Wall thickness Cone height Innerradius ~ Thickness oftthe outer wall  Height of tlf;je outer wall Outer radius
r1 s s rZ

-0.10 —0.1840 —0.1000 —-0.3591 -0.0372 —0.1068 1.5361
-0.09 -0.1662 —0.0900 -0.3316 —-0.0333 —0.0963 1.2814
-0.08 -0.1484 —0.0800 -0.3026 —-0.0295 —-0.0857 1.0591
-0.07 -0.1304 —-0.0700 -0.720 —-0.0258 —-0.0751 0.8643
-0.06 -0.1122 —-0.0600 -0.2395 -0.0220 -0.0644 0.6928
-0.05 —-0.0939 —-0.0500 -0.2052 -0.0183 —-0.0538 0.5414
-0.04 -0.0755 —-0.0400 -0.1689 -0.0146 —0.0431 0.4071
-0.03 —0.0569 —0.0300 -0.1304 —-0.0109 —-0.0323 0.2876
-0.02 —0.0381 —0.0200 —0.0895 —-0.0072 -0.0216 0.1810
0.01 —-0.0191 —0.0100 —0.0461 —0.0036 —0.0108 0.0856
0.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.01 0.0193 0.0100 0.0491 0.0036 0.0108 -0.0771
0.02 0.0388 0.0200 0.1013 0.0071 0.0216 —0.1466
0.03 0.0584 0.0300 0.1571 0.0107 0.0324 —-0.2095
0.04 0.0783 0.0400 0.2166 0.0142 0.0432 —-0.2665
0.05 0.0983 0.0500 0.2801 0.0177 0.0540 -0.3183
0.06 0.1186 0.0600 0.3481 0.0212 0.0647 —-0.3654
0.07 0.1390 0.0700 0.4210 0.0246 0.0755 —-0.4085
0.08 0.1597 0.0800 0.4991 0.0280 0.0862 —0.4478
0.09 0.1805 0.0900 0.5830 0.0315 0.0969 —0.4838
0.10 0.2016 0.1000 0.6732 0.0348 0.1076 -0.5168

Sensitivity 1.9210 1.0000 4.7600 0.3600 1.0790 —8.1350
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The sensitivity of hardness at the operating point (i.e. the minimum hardness of the system) is presented in Table 3 (similar-
ly, the change in hardness when changing one of the geometric parameters of the vibration isolator). The hardness sensitivity is
calculated relative to the static stiffness, i.e. with respect to the value equal to the value of the workload divided by the working
compression of the vibration isolator (i.e. F/S).

Table 3. Stiffness sensitivity at the working point.
Tabnuua 3. YyBCTBUTENBLHOCTb XECTKOCTU B pabouen Touke.

. . Deviation of dimensionless value
Dimensionless

deviation Wall thickness ~ Cone height  Innerradius  Thickness of the outer wall  Height of the outer wall Outer radius
t S r t h r,
-0.10 -0.1029 0.0266 0.0077 -0.0054 -0.0167 -0.0055
-0.09 -0.0914 0.0241 0.0070 -0.0048 -0.0149 -0.0047
-0.08 -0.0803 0.0215 0.0063 -0.0043 -0.0131 -0.0039
-0.07 -0.0694 0.0189 0.0055 -0.0037 -0.0114 -0.0033
-0.06 -0.0588 0.0163 0.0048 -0.0031 -0.0096 -0.0027
-0.05 —0.0485 0.0137 0.0040 —-0.0026 -0.0080 -0.0021
-0.04 -0.0384 0.0110 0.0032 —0.0021 -0.0063 -0.0016
-0.03 -0.0285 0.0083 0.0024 -0.0015 -0.0047 -0.0012
-0.02 -0.0188 0.0055 0.0016 -0.0010 —0.0031 -0.0007
-0.01 -0.0093 0.0028 0.0008 -0.0005 -0.0015 -0.0004
0.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.01 0.0091 -0.0028 -0.0008 0.0005 0.0015 0.0003
0.02 0.0181 -0.0057 -0.0017 0.0010 0.0030 0.0006
0.03 0.0269 -0.0085 -0.0026 0.0015 0.0044 0.0009
0.04 0.0355 -0.0114 -0.0035 0.0020 0.0058 0.0011
0.05 0.0440 -0.0143 -0.0044 0.0024 0.0072 0.0013
0.06 0.0524 -0.0173 -0.0053 0.0029 0.0085 0.0015
0.07 0.0606 -0.0203 —0.0063 0.0034 0.0098 0.0017
0.08 0.0687 -0.0233 -0.0072 0.0038 0.0111 0.0019
0.09 0.0767 -0.0263 -0.0082 0.0043 0.0124 0.0020
0.10 0.0845 -0.0294 -0.0092 0.0047 0.0136 0.0021
Sensitivity 0.9210 -0.2800 -0.0840 0.0500 0.1510 0.0340

The sensitivity of the workload and stiffness at the operating point is shown in Fig. 3, 4.
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Figure 3. Sensitivity of the workload.
PucyHok 3. YyBcTBUTENbHOCTL paboyen Harpysku.
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Figure 4. Stiffness sensitivity at the working point.
PucyHok 4. YyBCTBUTENBbHOCTb XXECTKOCTU B pabouen Touke.

Table 4. Deviations for a group of vibration isolators.
Ta6nuua 4. OTKNOHeHUs ANs rpynnbi BAGPOM3ONATOPOB.

I I I Deviation of the average Standard deviation
Standard deviation Deviation of average Standard deviation . . . . . .
of dimensionless parameters dimensionless workload of dimensionless workload dimensionless sifiness  of dimensionless stifness
under workload under workload
0.000 0.00000 0.0000 0.0000 0.0000
0.005 0.00057 0.0267 0.0000 0.0127
0.010 0.00114 0.0534 —0.0006 0.0258
0.015 0.00256 0.0802 —0.0006 0.0383
0.020 0.00603 0.1099 —-0.0014 0.0513
0.025 0.00962 0.1365 —0.0028 0.0643
0.030 0.01322 0.1650 —-0.0030 0.0789
0.035 0.01935 0.1925 —-0.0067 0.0934
0.040 0.02491 0.2265 —-0.0072 0.1090
0.045 0.03079 0.2553 —-0.0064 0.1217
0.050 0.04026 0.2884 —-0.0077 0.1390
0.055 0.04811 0.3214 -0.0123 0.1571
0.060 0.06269 0.3628 —-0.0138 0.1745
0.065 0.07894 0.4122 -0.0196 0.1927
0.070 0.08751 0.4538 —0.0200 0.2200
0.075 0.09356 0.4920 —-0.0229 0.2367
0.080 0.10555 0.5215 —-0.0265 0.2636
0.085 0.12513 0.6143 —0.0339 0.2971
0.090 0.13879 0.6486 —0.0334 0.3126
0.095 0.16731 0.7328 —-0.0479 0.3507
0.100 0.18932 0.7776 —0.0462 0.4064

As can be seen from Table 2 and Fig. 3, the value of the workload is very sensitive to the internal and external radii of the
vibration isolator. It is also sensitive to wall thickness and cone height. Consequently, these parameters should be given special
attention in the production of vibration isolators.

In accordance with Table 3 and Fig. 4, one can see that stiffness at the working point strongly depends on the wall thickness
and is inversely related to it. It should be noted that if the wall thickness is less than the calculated one, then the stiffness can
become negative. This means that a “snap buckling” will occur, i.e. stability loss, which is unacceptable for the vibration isolator.
Therefore, the wall thickness must be carefully controlled.
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PucyHok 5. HyBCTBUTENbHOCTL XEeCTKOCTU B paboyen Touke.
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PucyHok 6. BeposiTHoe pacnpeneneHue paboyen Harpy3ku (cpeaHee 3HayeHue A4aHO KpacHbIM LIBETOM).

The joint work of a group of plate-type vibration isolators with quasi-zero stiffness

It follows from Fig. 4 that the sensitivity of vibration isolators with quasi-zero stiffness is not symmetrical with respect to
nominal values. Indeed, since each vibration isolator has some deviation from the nominal parameters, it is necessary to check
the behaviour of the vibration isolator group with quasi-zero stiffness.

For this purpose, the following calculations were made. It is assumed that the parameters of the vibration isolator (wall thick-
ness, height of the cone, inner radius, thickness of the outer wall, height of the outer wall of the vibration isolator) may deviate
somewhat. The deviation is taken in accordance with the normal distribution (Gaussian distribution) with a standard deviation o.

A number of numerical experiments were carried out. During one experiment, 10 000 isolators with a standard deviation o
were calculated. The results are presented in Table 4.

The results from Table 4 are graphically illustrated in Fig. 5.

The analysis of Fig. 6 shows that the average workload (or the total workload of an isolator group) increases with an increase
in the standard deviation of the parameters. Therefore, it is necessary to develop isolators for a lower workload. Moreover, as
the number of vibration isolators increases, the spread of geometric parameters increases, and the standard deviation increases.
Therefore, the dynamics of the vibration isolator group do not coincide with the behaviour of a single vibration isolator.
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As for stiffness, its value decreases. Stiffness less than zero is unacceptable for isolators, as it is possible to observe a loss of
stability. It leads to unacceptable system behaviour, increased vibration, and reduced durability.

To avoid the loss of stability of all systems, the stiffness of all vibration isolators should be slightly increased. For example,
for the standard deviation of dimensionless parameters o = 0.1, stiffness decreases by 4.6% (Table 4). Thus, to restore the stiffness
value, the height of the cone should be reduced by 2.6% (according to Table 3).

Conclusion

Analytical studies prove the fact that vibration isolators with quasi-zero stiffness are very sensitive objects. Basic properties,
such as workload and stiffness under workload, largely depend on key parameters. In plate-type isolators, there is a very strong
dependence of the working load on the external and internal radii, the height of the cone and the wall thickness. This proves that
vibration isolators with quasi-zero stiffness require careful attention and high precision in manufacturing.

The dynamics of a group of vibration isolators was analysed. Due to the deviation of different parameters and the nonlinearity
of the power characteristics, the behaviour of the group does not coincide with the average behaviour of one vibration isolator. It
turns out that for a group of isolators there is a slight increase in workload. But another problem is more important. Deviations
of parameters lead to a decrease in stiftness, which can lead to loss of stability and instability of equipment Therefore, such devia-
tions should be avoided. To this end, the reduction in stiffness due to a decrease in the height of the cone should be compensated.

Thus, the effectiveness of vibration isolators with quasi-zero stiffness can be increased through careful analysis and design.
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MatemaTmyeckoe MOAEAMPOBAHNE COBMECTHOM PAaBOTDLI MPYIIMbI
BUOPOM3OASITOPOB C KBA3UHYAEBOM YKECTKOCTDLIO

AHBap PawuTtoBuy BAJIEEB',
Anekcen Hukonaesuy 30TOB,
Mapat Muaxarosuy FAJIMYITIUH,
Tumyp AipatoBuy AHBAPUCOB

YummckniA rocynapCTBEHHBIN HePTAHOM TexHnyecknin yHmeepeuteT, Poccusi, Pecnybnvka bawkoprtoctaH, Yda

AKTYaALHOCTL PaboTbl OOYCAOBAEHA HEOOXOAMMOCTLIO PA3PABOTKM HOBBLIX CPEACTB BLICOKOI(P(EKTUBHON BUOPALIMOHHON 3awmTbl. OAHUMM U3 TakMX
CPEACTB SIBASIIOTCS] BUOPOM3OASITOPBI C KBA3MHYAEBOM JKECTKOCTbIO. OHM SIBASIIOTCST AOCTATOMHO YyBCTBUTEALHLIMY SAEMEHTaMM, MO3TOMY MPOBAEMA MPOEK-
TUPOBAaHMsI M SKCTAYATALIMM BUOPOUBOASITOPOB C KBA3MHYAEBOM JKECTKOCTLIO SIBASIETCSI AKTYaALHOM. Ha AAHHLIi MOMEHT HE MPOBEAEHD! €lUe KOMMAEKCHDLIE
MICCAEAOBAHMsI MO MX paboTe B rpyrne.

LleAbto pa6oTul SIBASIETCS ICCAEAOBAHME YYBCTBUTEALHOCTV BUOPOUBOASITOPOB C KBA3MHYAEBOW JKECTKOCTLIO K MOrPEWHOCTSIM FEOMETPUYECKMX Mapame-
TPOB MPU VX U3TOTOBAEHMM.

Meroaorormns nccaeaoBanms. AaHHas pabota SIBASIETCS POAOAKEHNEM SKCMIEPUMEHTAABLHBIX M OTLITHBIX MCCAEAOBAHUM YHUBEPCAALHBIX BUOPOU3OASI-
TOPOB C KBA3MHYAEBO KECTKOCTLIO TAPEALHATOrO TUMA. AASI ICCAEAOBAHMSI MPYMEHSIAOCh AHAAUTUHECKOE MCCAEAOBAHME U KOMITLIOTEPHDIA MHOTOKPATHDIV
SKCMEPUMEHT CO CAYHAMHLIMU BXOAHBLIMM AQHHBIMM.

PesyALTaTBI. AHAAUTMECKME CCAEAOBAHWST MOKA3LIBAIOT, YTO BUOPOMBOASTOPBI C KBA3UHYAEBOM YKECTKOCTLIO SIBASIFOTCS] O4€HDb YyBCTBUTEALHBIMM OOBLEK-
Tamu. OCHOBHbIE CBOVICTBA, TaKMe KaK paBoyasl Harpy3Kka 1 >KECTKOCTb Mpu paboueii Harpy3Kke, B 3HAUUTEALHOV CTEMEHM 3aBUCST OT KAIOYEBbIX Mapame-
TPOB. Y BUOPOU3OASITOPOB TAPEALYATOTO TUTMA HAOAIOAAETCS OYEHD CHABLHASI 3aBUCMMOCTL PaboUeli Harpy3Kky OT BHELHMX U BHYTPEHHUX PAAMYCOB, BLICOTDI
KOHYCA M TOALMHBI CTEHKM. BblAd MPOAHAAM3MPOBAHA AVHAMMKA FPYIMbi BUGPOU3OASTOPOB. M3-3a OTKAOHEHMsI PA3HLIX MAPAMETPOB M HEAUHENHOCTU
CHMAOBbIX XaPAKTEPUCTUK MOBEAEHME IPYTIMbI HE COBMAAAET CO CPEAHMM MOBEAEHMEM OAHOTO BUOPOU3OASITOPA. YCTAHOBAEHO, UTO AAsI FPYIIMBI U3OASITOPOB
HaBAIOAAETCS1 HEBOADILIOE YBEAMHEHME PaboUeil Harpy3sku. Takyke OTKAOHEHMS! MapaMeETPOB MPUBOASIT K CHVYKEHMIO SKECTKOCTY.

BLIBOALI. YCTAaHOBAEHHAsI BLICOKAsl 4yBCTBUTEALHOCTL BUOPOM3OASITOPOB C KBA3VHYAEBOM JKECTKOCTBIO AOKA3BIBAET, YTO OHM TPEOYIOT TIIATEALHOTO BHU-
MaHWsl ¥ BLICOKOM TOYHOCTU MPU U3TOTOBAE€HMM. [TOAYHEHHDLIE OTKAOHEHMS MOBEAEHWS! IPYIbl BUGPOM3OASTOPOB OT MOBEAEHMSI OAMHOYHOTO BUOPOM30-
ASITOPA YKA3bIBAIOT HA HEOBGXOAMMOCTL BBOAA COOTBETCTBYIOWMX MOMPABOK MPM X MPOEKTUPOBAHUM, B MPOTYBHOM CAYYAE TO MOXKET MPUBECTM K MOTEPE
YCTOMYMBOCTM U HECTAOMALHOCTM MOAOXKEHMSI OOOPYAOBAHMSI, YETO CAEAYET U3berarb.

KarodeBbie croBa: BUOpaumsi, BUOPOU3OASITOP, KBA3MHYAEBAsI KECTKOCTL, MATEMATUYECKOE MOAEAVPOBAHUE, HEAMHEMHDIE KOA€OAHMSI, YyBCTBUTEALHOCTD.
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OueHKa BAMSIHUSI B3PbIBHbIX pa60T Ha YCTOMYMBOCTL CrapeHHDLIX
TOHHEeAEeN

TyaH Munb YAH',

CioaHb Ham BYN' ',

KyaHr Xuey YAH',

KyaHr Xtou HFTYEH? ™,
Bnagumup UBaHosuy FONUK® ™

"XaHOoWCKMUIN YHUBEPCUTET FOPHOro Aena 1 reonorin, BoetHam, XaHol
2MHCTUTYT TpaHCMOPTHBLIX TEXHOMNorui, BoeTHaMm, XaHoi
3CeBepo-KaBkasckuin rocyaapcTBeHHbIV TeXHOMornyeckuin yuusepcuteTt, Poceus, BnagukaBskas

AKTYaABHOCTB VICCAEAOBaHMSI OBBLSICHSIETCS HEOOXOAMMOCTBLIO CTPOUTEALCTBA BOALIIOTO O6LEMA MOA3EMHbBIX TPAHCMOPTHBIX MArMCTPAAEN B YCAOBUSIX
CAOXKHOCTPYKTYPHbIX MOPOAHBIX MACCMBOB BheTHama. PelueHune 3aTpoHyTO NMPOBAEMBI MOXKET CAY KMTL OCHOBAHMEM AAsl OMTMMM3ALIMM MPOLIECCOB CTPO-
UTEALCTBA MOAZEMHbBIX OGLEKTOB MHOTOLIEAEBOIO HA3HAYEHMSI.

LleALro VICCAEAOBAHMSI SIBASIETCS] YCTAHOBAEHME 3aKOHOMEPHOCTEN MEXKAY TEXHOrE€HHBIMM HAMPSKEHUSIMM BCAEACTBUE B3PbIBHbIX PAGOT B HOBOM TOHHEAE
M COXPAHHOCTLIO KOHCTPYKLMIA Y FOPHLIX MOPOA B CyLIECTBYIOIIEM TOHHEAE AASI OMTMMM3ALIMM MaPaMETPOB KPernei TOHHEeAE.

CBepx3aAayei VICCAGAOBAHMS SIBASIETCS] MOAYYEHME KOAMYECTBEHHDIX MapamMeTPOB HAMPsSYKEHHOCTM MaCcCMBA MyTEM MOAEAMPOBAHMSI YCAOBUI TOHHEAS! B
3aAAHHLIX YCAOBMSIX METOAOM KOHEYHLIX SA€MEHTOB C YYETOM TOTO, YTO AABA€HME B3pblBa NMPU PaCIIMPEHNM BCIIOMOTaTeALHOTO TOHHEAS! A0 MPOEKTHOro
CeYeHMs! KOHLEHTPUPYETCSl HA KOHTYPE MPOEKTHOrO TOHHEAS.

IMpeameToM MCCAEAOBAHMS SIBASIETCSl TPAHCTOPTHLIV TOHHEAL XaliBaH Ha aopore Cepep—tOr BretHama.

Pe3yabTaTni m nx obcyxaenmne. [IPUBEAEHS METOAMKA M PE3YALTATLI YMCAEHHOTO MOAEAMPOBAHMSI MO rporpamme Phase 2 ycAOBMIT CTPOUTEALCTBA
OCHOBHOTO M BCMTOMOTaTteAbLHOrO TOHHeAel. [ToAyYeHbl napameTpbl pacnpeAeAeHusl HarNpsDKEeHN U AechopmaLinii B OKPECTHOCTSIX BCMIOMOTaTeAb-
HOTO M KarMTaALHOrO TOHHEAEN MPU M3MEHEHUM B3PLIBHOTO AAQBAEHMSI. [TOAYY€EHbI KOAUYECTBEHHBIE 3HAYEHMST GE30MACHOTO AAsl KPEMW B3PLIBHOTO
AQBAEHMSI B SAEMEHTaX CUCTEMbI O6OMX TOHHEAEN. PeKOMeHAOBaHbI 6e30mMacHble MO (PAKTOPY YCTOMYMBOCTM KPENM TOHHEAEN NMapaMeTpbl B3PLIBHLIX
pabor.

BoiBoAbI. [eHepUpyeMble B3PLIBHLIMU PABGOTaMy TEXHOTEHHBIE HAMPSKEHMS BO BMELLAIOLEM CTPOUTEALHBIE OOLEKTbI MTOPOAHOM MACCUBE HE PA3pyLIAoT
Kperb TOHHEAs], €CAV HE MPEBLILLAIOT YCTAHOBAEHHOW AASI AAHHBIX YCAOBUM BEAUUMHDI, U PETYAMPYIOTCSI TEXHOAOTMYECKM MyTEM BbLIOOPA PALIMOHAABLHDIX
NapameTpoB B3PLIBHLIX PABOT Ha AIOBOM CTaAUM CTPOUTEALCTBA.

KaroueBbie croBa: B3PLIBHLIE pa60TLvl, B3PLIBHASI BOAHA, AQBA€HUE, KPErlb, TOHHEADL, Harps»>KeHus1, yCTOﬁ‘-IVIBOCTb.

BEAEHMe
[Tpoxozka HOBOTO TOHHeNsI BOMM3M CYILIECTBYIOLIETO WM PAcCLIMpeHe TPAHCIIOPTHOTO TOHHEIS Ha JOpOre
Cesep-10r BreTHaMa OCyIeCTB/IACTCS 6YPOB3PBHIBHBIM CIIOCOOOM, KOTOPBIII IIMPOKO MCIOIb3YIOTCS BO BpeTHaMe
[1-3]. B 6ynymem TonHenu XariBas, [leoka, KyMoHr u fipyrie 6ynyT pacIIMpAThCA TAKUM XKe CIIOCOOO0M.

CocTossHME U YCTOIYMBOCTb TOPHBIX IOPOJZ, BOKPYT TPAaHCIIOPTHOTO TOHHENS, a TAaK)Ke OlleHKAa BIMAHMUA B3PBIBHOTO
BO3/IEIICTBIS OT IIPOXOAKI HOBOTO TOHHEJISI Ha CYIeCTBYIOIINIT TOHHE b ObIIN OLieHeHbI B Pab0TaX BbeTHAMCKIX YYeHbIX [4-9]
¥ YUIEHBIX [PYTUX CTPaH Mupa, B ToM yucrie u Poccun [10-15].

Llenpio MCCIENOBAHNUSA SABIACTCS YCTAHOBJICHNE 3aKOHOMEPHOCTEN BIMAHMA B3PBIBHBIX pabOT B HOBOM TOHHeNIE Ha
KOHCTPYKIIMM U OKPY>KAIOIINI TOPHBI MaCCUB B CYIECTBYIOLIEM TOHHEJIE, YTO CIY>KUT OCHOBONM ONTUMM3ALUU [TaPAMETPOB
Kperei.

ITocTaB/ieHHas Lie/Ib JOCTUIAETCS MOCPEICTBOM MOZAEIVPOBAHNUSA HAIPSHKEHHO-Te(OPMUPOBAHHOIO COCTOSHMA TOPHOTO
MaccyBa BOKPYT BCIIOMOTaTe/TbHOTO ¥ KaIUTA/IbHOTO TOHHEIEN IIPY M3MEHEHNM SKBMBAJIEHTHOTO B3PbIBHOTO JIJaBTIEHNUA.

ViccnepoBaHusA BBIIONHEHB! JIs yCaoBMil TOHHend XaiiBaH Mexpy Txbla Txuen Xis u JJananrom (BberHam),
npoitgenHoro B 2005 1. ¢ o6meit gnHO BIPA60TOK 6280 M, B TOM YIC/Ie IBa MApPajUIe/IbHBIX TOHHES, YeThIPe TIOTOCHI
JUIS1 aBTOMALIVH U BEHTVW/ISAL[MOHHBIE CTBOJIBL. IIpo6/ieMa 3TOro TOHHE/ISI XapaKTepHa ¥ /IS APYTVX TOHHeIEN U OI3eMHBIX
06bekTOB BreTHaMA.

Pesyavtatbl 1 Mx 0OCy KaeHME

D1aBHBIT TOHHEND MMeeT WMPKUHY 13 M. BcrioMoraTenbHbIN TOHHEIb HAXOAUTCA Ha paccTosAHMM 30 M OT IJTABHOTO U MIMEET
wromans 15,5 m? (puc. 1).

Tl mocTVKeHMs 1Ie/M MCCIefOBaHMsA MCIIONb30BaHO YMCTIeHHOE MOJepoBanue 1o nporpamme Phase 2. JInvHa ToHHeNA
6,3 KM, IO3TOMY MOJE/IMPOBA/IN YCIOBMA YacTU TOHHEA, IIPMHAB, YTO IOPOAIbI MMEIOT HEM3MEHAIMECA CBOiCTBA. Bemomo-
raTe/IbHbIII TOHHENIb MMeeT WVPYUHY 5,3 M U BBICOTY 4,5 M. CylecTBYIOIIMII TOHHEIb 3aKpeIUIeH Xele300eTOHHON KPEeIbio ¢
TOJILMHOM 35 CM, apMaTypoii ;uaMeTpoM 22 MM M PACCTOAHMEM MEXJY 37eMeHTaMu apMaTypbl 20 cM. Pe3ybTaThl 41C/IEeHHOTO
MOJIeTTMPOBaHN A IPUBEJEHbI Ha PUC. 2.
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ToHHenb XanBaH

BeHTUNALUMOHHBIN
CTBO/

Ha [JaHaHrckom HanpaeneHuu

PucyHok 1. Mogenb ToHHens XanBaH Bo BbeTHame.
Figure 1. The model of the tunnel Hai Van in Vietnam.

PucyHok 2. Cxema 4McrneHHoOro moaenvpoBaHus.
Figure 2. The scheme of numerical modeling.

Pasmepsl Mogenu: mupuHa 125 M, BeicoTa — 90 M. DKBMBa/JIEHTHOE B3pbIBHOE IaBJIeHIE [/IsI MOJeIMPOBAHIA MOXKET OIpe-
HeTAThCA TI0 POpMYIIE:
p=0,00337p?,

I7ie p — JaB/ieHMe B3pbIBHOM BOoNMHbI, MIla; p — mnoTHOCTD 3apskanuA BB; v — ckopocTb B3pbIBHOJ BOMTHBI, M/C.

[Tpepmonaraem, YTO [aB/ieHMe B3pblBa IPM pPaCIIMPEHMM BCIIOMOTaTeIbHOTO TOHHENA [0 IIPOEKTHOTO CE4YeHUs
KOHIIEHTPUPYETCA Ha KOHTYPe IIPOeKTHOTO TOHHeNA (puc. 3-6).

MopennpopaHyeM OonpefieNIeHbl ITapaMeTPhbl B3PHIBHOTO NaBJIeHNA Ha KOHTYPe BCIIOMOTaTeNbHOrO TOHHENA. PaccMarpuBas
COBMECTHO [OVHAMMKY CIWI B KpelM ¥ IOVHAMHKY B3PbIBHOI'O [aB/JI€HNA IIPY PAaCIIMPEHNN BCIIOMOIaTEIbHOTO TOHHENA,
OIIpENENINT BENIMYVHY B3PbIBHOTO [ABJIEHNA, KOTOPOE€ HE pa3pymaeT KOHCTPYKIMNIO. PeSyJ'II)TaTbI pacueTa HaIIpAXKEHHO-
I[C(bOpMI/IpOBaHHOI‘O COCTOAHMA BOKPYT' BCIIOMOIaTE€/IbPHOTO 1 KalMTAa/IbHOI'O TOHHeJTen IIpy MSMEHEHNN 3KBUBAJIEHTHOTO
B3PBIBHOTO JIaB/IEHNS II0Ka3aHbl Ha puc. 7-9.

3aKOHOMEPHOCTDb JMHAMMUKI CUJI B CYILIIeCTBYIOIIEM TOHHeNE UIIIoCTpupyeTcs puc. 10-12.

YaH T. M. 1 gp. OueHKa BNUAHMSA B3PbIBHbIX PAaboT Ha YCTOWUMBOCTb CMApeHHbIX ToHHenew // U3BecTus YITY. 2018. Boin. 4(52). 85
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a 6

PucyHok 3. MogenupoBaHue 6ypoB3pbIBHOIO AaBreHus B 3a60e. a — Lnypbl B NEpBOii rpynne; 6 — B3pbIBHOE AABIIEHNE B LUMypax.
Figure 3. Modeling of drilling-and-blasting bottomhole pressure. a — blastholes in the first group; 6 — blast pressure in the blastholes.

PucyHok 4. PesynbraTbl MOAENMpoBaHus Npu B3pbiBHOM gaBrieHun 20 MMa.
Figure 4. The results of modelling with blast pressure of 20 MPa.

PucyHok 5. PesynbraTbl MOAenupoBaHus npu B3pbiBHOM gaBneHun 15 MlMa.
Figure 5. The results of modelling with blast pressure of 15 MPa.

PucyHok 6. luHaMuka B3pbIBHOro AaBrieHUs Npu NpoxoAke BCrioMoraTenbHOro ToHHens. a — B3pbiBHOe AasneHue 20 MlMa; 6 — 15 MMMa;
B — 10 MMa.
Figure 6. The dynamics of the blast pressure while tunneling. a — blast pressure 20 MPa; 6 — 15 MPa; B — 10 MPa.
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Total
Displacement
m

0.00e+000
2.50e-003
5.00e-003
7.508-003
1.00e-002
1.25e-002

1.50e-002
1.75e-002
2.00e-002
2.25e-002
2.50e-002
2.75e-002
3.00e-002
3.25e-002
3.50e-002
3.75e-002
4.00e-002
4.258-002
4.50e-002
4.75e-002
5.008-002

PucyHok 7. PacnpepeneHue HanpsbkeHUn U cMeLLeHUin npu B3pbiBHOM AaBrneHuu 10 MIMa. a — pacnpegeneHune BepTuKanbHbIX HanpsKeHW
Ha KOHTYype ToHHeneW; 6 — pacnpefneneHne CMeLLEHNIA Ha KOHTYPe TOHHENEN.

Figure 7. Distribution of stresses and displacements at an explosive pressure of 10 MPa. a — distribution of vertical stresses on the
contour of the tunnels; 6 — distribution of displacements on the contour of the tunnels.

Total Yielded
Displacenent Elements

n [per-cent]
0

,«llIW

S

oo o)

PucyHok 8. BekTop cmelLeHUsi FOPHbIX MOPOA U 30HbI HeyNnpyrux AedopMaLnii Ha KOHTYpe TOHHernel Npu B3pbIBHOM AaBneHuu 10 MMa.
a — pacnpefeneHe BEKTOPOB CMELLEHWI TOPHbIX NMOPOZ, BOKPYT TOHHeNEe; 6 — 30HbI Heynpyrvx AedopmaLmin BOKPYr ABYX TOHHENEN.

Figure 8. Displacement vector of rocks and plastic range of stress on the contour of tunnels with an explosive pressure of 10 MPa. a—
distribution of rock displacement vectors around tunnels; 6 — plastic range of stress around two tunnels.

TTTTITTY
T [

PucyHok 9. PacnpeneneHue HanpsbkeHUI U cMmeLleHuiA Npyu B3pbiBHOM AaBneHun 7 MMa.
Figure 9. Distribution of stresses and displacements at an explosive pressure of 7 MPa.

PesynbraTel MopenmpoBanus (puc. 13-15) CBUAETENLCTBYIOT O TOM, YTO B3PhIBHOE JIaB/IeHe MeeT ONTHMaIbHOe 3HaJe-
HIfe, TIOKa 3Ha4YeHUsA BHYTpeHHMX cul (M, H, Q) B Kpemmu CyIecTBYIOIIEro TOHHE/A PaBHbI 3HAYEHMAM BO BCIIOMOTATE/TbHOM
ToHHere. [Ipy sHaveHuy B3phIBHOTO HaBaeHusA 4o 7 MIla cuibl B CylecTByIOIIEM TOHHENIE HE U3SMEHIOTCA.

Pesy/nbTaThl MOJEMPOBAaHMA IOKA3bIBAIOT, YTO B3PBIBHBIE PAOOTHI BO BCIIOMOIaTe/IbHOM TOHHeJIE KallMTaTbHOTO TOHHEIA
XariBaH He OKa3bIBAIOT OIIACHOTO BJIMAHV Ha YCTONYMBOCTD KOHCTPYKIUM KPEIN B CYILIeCTBYIOLeM ToHHere (Tabm. 1-2).
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PaccTosHne no nepuMeTpy KanntanbHOro TOHHenNd, M

PucyHok 10. iIvHaMuKa npoaonbHON CUbl B KPenu CyLecTBYOLLIero TOHHENs 40 B3pbiBa U Noche B3pbiBa BO BCNOMOraTerisHOM TOHHene.
Figure 10. The dynamics of axial force in the poling boards of the existing tunnel before the explosion and after the explosion in the
auxiliary tunnel.
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PaccTosiHne no nepuMeTpy KanutanbHOro TOHHENA, M

chyHOK 1. .U,VIHaMVIKa VI3I'VI68IOLI.WIX MOMEHTOB B Kpenu cylliecTByHOLWero ToHHend A0 B3pbiBa U nocre B3pbiBa BO BCNomMoratesibHOM
TOHHene.

Figure 11. The dynamics of bending moments in the poling boards of the existing tunnel before the explosion and after the explosion
in the auxiliary tunnel.
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PaccTosiHne no nepuMeTpy KannutanbHOro TOHHENA, M

PucyHok 12. AnHamuka cunbl NONepevyHoro ce4eHUs B Kpenu cylecTBYHOLEro TOHHeNs A0 B3pbiBa U Nocre B3pbiBa BO BCoMoraTterb-
HOM TOHHene.

Figure 12. The dynamics of the cross-section force in the poling boards of the existing tunnel before the explosion and after the
explosion in the auxiliary tunnel.

Ta6nuua 1. Noka3saTenu pacluMpeHus BcnoMoratensHoro ToHHens XanBaH npu B3pbiBe.
Table 1. Expansion numbers of the auxiliary tunnel Hai Van while explosion.

Mokaszatenb 3HavyeHve
Iny6uHa wnypos L,, M 1,3
Pacctosinne mexay wnypamu B pagy W, m 0,8
YaenbHbi pacxog BB g, kr/m® 0,8
O6wwwmin pacxon BB Qg, kr 42,75
KonunyecTso wnypos N, wr. 98
AnvHa 3apsana B wnype Bo Bpy6ax L, M 0,6
Anvna sapspa Bo Bpy6ax L, M 0,7
[nuHa 3apsifa B KOHTYPHO rpynne L, m 0,3
[nvHa 3apsina B KOHTYpHO rpynne L, m 1,0

Tabnuua 2. MapameTpbl 3apsixkaHus WNYPOB B 3a60e TOHHEeNSA.
Table 2. The parameters of hole charging at a face of the tunnel.

CymmMapHas macca 3a- - Yron HakrnoHa,
Snex- M?Qﬁiﬁ" Obuee  [ny- p:!)na BB, kr GFS::a rpag.
Wnype! Homep Tpoge- nehns WWinyp yucno  GuHa nepe- OnuHa, —Fopm-
wnypa TOHa- wny- wny- Ha 1 Yucno M BepTu-

Top Bpemenu, poB  POB,M wnyp LWNypoB Beero  6ypa, Kanb 30w

Mc M Tanb

OT60MHbIN Wnyp 1 1-8 1 25 2 16 1,3 0,6 8 4.8 0,7 5,6 90 115
OTOOWVHbIV Wnyp 2 9-16 5 125 2 16 1,3 0,6 8 4.8 0,7 5,6 105 105
OT60MHbIN Wwnyp 3 17-24 9 250 1,5 12 1,3 0,45 8 3,6 0,85 6,8 90 100
OT160MHbIN Wwnyp 4 25-34 11 350 1,5 15 1,3 0,45 10 4,5 0,85 8,5 90 95
OT160MHbIN Wwnyp 5 34-41 13 450 1 8 1,3 0,3 8 2,4 1 8 90 90
OT60MHbIN Wnyp 6 42-51 15 600 1 11 1,3 0,3 11 3,3 1 11 90 90
KOHTYpHbIN Wwnyp 52-66 17 800 1 16 1,3 0,3 16 4,8 1 16 90 92
MopowBeHHbIN Wnyp 1 67-75 20 1125 1 16 1,3 0,3 16 4,8 1 16 90 92
MopowBeHHbI Wnyp 2 76-80 21 1225 2,5 15 1,3 0,75 6 4,5 0,55 3,3 90 92
MopowBeHHbI Wnyp 2 81-98 30 4350 2,5 17,5 1,3 0,75 7 5,25 0,55 3,85 90 92
Umoeo - - - - 142,5 - - 98 42,75 - - - -
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TEXHWYECKHME HAYKIN

PucyHok 13. BypoB3pbIBHble paboThbl NPY paclUMPEeHU BCIOMOraTesibHOro TOHHens.
Figure 13. Blasting workings during the expansion of the auxiliary tunnel.
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PucyHok 14. Cxema pacnonoxeHus LNypoB B 3a60e BCNOMOraTeribHOro TOHHens.
Figure 14. The boring hole pattern at a face of the auxiliary tunnel.
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PucyHok 15. Pa3pylueHue Kpenu cyLLiecTBYIOLEro TOHHENA nocre B3pbiBa BO BCOMOraTtefi.HOM TOHHenNe.
Figure 15. Destruction of the poling boards of the existing tunnel after the explosion in the auxiliary tunnel.

BbIBOADI

Hp]/[ BC/IIMYNMHE B3prBHOI‘O OaBJICHUA O 7 MHa Hp]/[pOJIHO-TeXHOI‘CHHI)Ie Hal'[pH)KeHI/IH B MaCClBE€ HE paspymamT erl’[b
TOHHEJIA.

HIIS{ yMeHbﬂleHI/Iﬂ BSpI)IBHOI‘O OaBJICHVIA U IIOBBIIICHIIA yCTOI/uI‘{I/IBOCTI/I KOHCprKHI/Iﬁ erHI/I n yCTOI?I‘H/IBOCTI/I HOPOH BOprI‘
TOHHeJIe!l PEKOMEHIYeTCA MCIIOIb30BaHMe 3TIeKTPOSEeTOHATOPOB C CepyAMM 3aMelIeHIil, OPMeHTHPOBKA HaIpaBJIeHNUA yhap-
HOJ1 BOJIHBI TIPOTMBOIIONIOXHA HATIPaB/IeHNUIO BOIMSY PACIIONIOKEHHOTO TOHHETISL.

[Tossiiienne 3¢ eKTUBHOCTI pabOTHI B3pbIBa JOCTUTAETCA IPUMEHeHNeM A depeHIIaTbHOI CXeMbI C HedJIeKTPUIECKI-
M Cpe)lCTBaMI/I B3prBaHI/IH n pa]_[I/IOHaTII/ISaIH/IH CXEeMbI pr6a - HOCPCI[CTBOM I/IHI/II.[I/II/[pOBaHI/IH B3pblBHO]7[ CeTn B Hal’IpaB]’IeHI/II/I
MUHUMMN3ALUN HETATMBHOI'O BIAMAHMA BSprBHI)IX BOJIH.
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Evaluation of influence of blasting workings on the stability of double tunnels
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Relevance of the study is explained by the need to build a large amount of underground traffic arteries in the complex structural rock masses of
Vietnam. The solution of the problem can serve as a basis for optimizing the processes of construction of underground multipurpose facilities.
Purpose of the study is to determine regularities between technological stresses due to blasting workings in a new tunnel and keeping of construction
and rocks in the existing tunnel to optimize the parameters of the tunnel poling boards.

The most important task of the study is to obtain quantitative parameters of stress of the rock mass by simulating the conditions of a tunnel under
specified conditions using the finite element method and taking into account that the explosion pressure during expansion of the auxiliary tunnel
before the design section is fixed on the contour of the designed tunnel.

The subject of the research is the Hai Van transport tunnel in the North-South Vietnam road.

Results and discussion. The methodology and results of numerical modeling using the Phase 2 program for the conditions of construction of the main
and auxiliary tunnels are given. The parameters of the distribution of stresses and strains in the vicinity of the auxiliary and main tunnels with varying
explosive pressure are obtained. The quantitative values of safe explosive pressure for poling boards in the elements of the system of both tunnels
were obtained. The safety parameters of blasting workings are recommended (according to the stability factor of poling boards).

Conclusions. Technogenic stresses generated by blasting workings in the rock mass that encloses building sites do not destroy the poling boards of
a tunnel, if they do not exceed the value specified for these conditions; they are technologically regulated by choosing rational blasting parameters
at any stage of construction.

Keywords: blasting workings, blast wave, pressure, poling board, tunnel, stress, stability.
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B3amoaAencreme raAaBHLIX MEXaHU3MOB KapPLEPHOrO 3KCKaBaropa
MPU 3KCKaBaLUuUM rOpHLIX MOPOA

Anatonuu NMasnosuy KOMUCCAPOB',
Onus AnpgpeeBHa JIATYHOBA',
Hukurta Cepreesuy NNOTHUKOB',
Onbra AHatonbeBHa JIYKALLUYK? ™,
Bunb UpxyxeeBuny CAUTOB'

"Ypanbckuii rocyfapCTBEHHbIN rOpHbI YHUBepcuTeT, Poccusi, EkatepuHBypr
2Ypanbckuii efepanbHbI yHuBepcuTeT M. nepeoro lMpesngeHTta Poccumn B. H. EnbumnHa, Poccus, EkatepuHbypr

AKTYaALHOCTB PAGOTLI OTNPEAEASIETCS] TEMOM MCCAEAOBAHMSI — U3YHEHWE PEXXMMOB PABOTLI U CTEMEHM B3AUMOAECTBUSI TAQBHLIX MEXAHU3MOB (MOABLEM-
HOTO M HAroPHOro) KapLepHOro 3KCKaBATOPa B MPOLIECCe SKCKABALMKM TOPHOM Macchl. PasBuTME KOHCTPYKLMIA KapbepHbIX SKCKABATOPOB (MEXAorMar),
MPEACTABASIOLIMX COOOM YHUKAALHBIE TEXHUYECKME OOBLEKTbI, XaPAKTEPUIYETCsI MPOSIBAEHNEM KPUTMHECKOTO HECOOTBETCTBUSI MEKAY TEXHUYECKMM CO-
BEPLEHCTBOM KOHCTPYKLIMIA M CAOXKHOCTLIO YMPABAEHUsI PAGOUMM MPOLIECCOM KOMaHusl. B TEXHUYECKON AUTEPATYyPE OTCYTCTBYIOT CBEAEHMST O PEKMMAX
COBMECTHOVI PaBOTLI TAABHBIX MEXAHM3MOB KapPbEPHLIX SKCKABATOPOB B MPOLIECCE SKCKABALIMM TOPHOM MACChI, paspabaTbiBAEMbIE AATOPUTMbI YTTPABAEHMST
PaboyMM MPOLIECCOM OCHOBbLIBAIOTCSI HA AOCTPAKTHLIX MOAEASIX (METOAAX HEYETKOM AOTMKM, MYALTMAr€HTHOTO MOAXOAA M T. M.). B paborte Ha ocHoe
VIMUTALIMOHHOM MOAEAM MPOLIECCA SKCKABALIMM BrIEPBLIE BLIMTOAHEHO AATOPUTMUYECKOE OTMMCAHME MPOLIECCA U OMPEAEAEHDbI PEXUMDbI PAGOTBI TAABHDBIX
MeXaHU3MOoB, obecreymBaiowe nepemelleHre KOBLIA (BEPLIMHBI PEXKYILEN KPOMKM) MO 3aAaHHOM Tpaektopuu. [oKkasaHo, 4To npu coBmectHomn pabore
FAQBHBLIX MEXAHM3MOB MPeobpPa3oBaHMe PEXMMHDLIX MAPAMETPOB MEXAHM3MOB B SHEPIOCUAOBLIE MAPAMETPLI, PEAAMIYEMBIE HA KOBLIE, MPOUCXOAUT B
3aBMCHMMOCTM OT KMHEMATMYECKMX CBOMCTB ABYXKPMBOWMITHO-PLIYAKHOTO MEXaHM3Ma paboyero 060pyAOBaHMsl, COEAVHSIIOLENO MAABHLIE MEXAHU3MbI C
KOBLIOM. B pe3syALTate BLbIMMCAUTEALHOTO SKCMEPUMEHTA ONPEAEAEHBI AMATNa3OHbl USMEHEHMST CKOPOCTEN U YCMAMI MOALEMA M HAropa Mpv NepemelleHnm
KOBLUA B MPEAEAAX PAGOUEN 30HbI SKCKABATOPA.

Pe3yAbTaTpl M Mx npumeHeHmne. Pa3paboTaHHDLI METOA OMPEAEAEHUs] PEKUMHBIX MAPAMETPOB FAABHBIX MEXAHM3MOB MO3BOAWUT CO3AATL ABTOMATU3M-
POBaHHYIO CMCTEMY LIMCPPOBOIO YIMPABAEHMS MPOLIECCOM SKCKABALIMM, AAAMTUPOBAHHYIO K KOHKPETHLIM FTOPHOTEXHUYECKMM YCAOBUSIM SKCMAyaTaLmm v
napamerpam paboyero 3abosl, YTO B KOHEYHOM CHETE OOECEYNT MOBLILEHNE SPEPERTUBHOCTM (PYHKLMOHUPOBAHMST KAPLEPHOTO SKCKABATOPA.

KAto4eBbie cAOBa: KapLEePHDLIM SKCKABATOP, PEXXMMHbBIE MAPAMETPBI FAABHLIX MEXAHM3MOB, ABYXKPVBOWMITHO-PLIYAXKHDLIA MeXaHM3m paboyero o6opyAo-
BaHMsl, SHEPIOCMAOBLIE MapPaMETPLI.

BEAEHNE
KapbepHble 0JHOKOBIIOBbIE 9KCKaBATOPbI ABJIAIOTCA OCHOBHBIM CPE/ICTBOM MEXaHNU3aI[U} BbIeMOYHO-IIOIPY304-
HBIX OIlepaInii Ha OTKPBITBIX TOPHBIX PaboTax.

B coBpeMeHHBIX YCTTOBUAX KOHKYPEHTHOTO Pa3BUTIA SKOHOMMKI 0c060€ 3HaueHMe IprobpeTaeT IpobdieMa IMOBBIIIEHNS TeX-
HIYECKOTO YPOBHsI KapbePHbIX 9KCKaBaTOPOB U CO3/IaHMe BBICOKOIIPOM3BOAUTEILHOTO 1 pecypcocheperaoiiero o60pyoBaHms.

PeuteHe 9101t BaykHeli11Iell IIPO6/IeMbI OCHOBBIBAETCS Ha KOMIIZIEKCHOM MCIIO/Ib30BAHNY Pe3Y/IbTATOB HAyIHBIX MCCTIe0Ba-
HIIT KaK B 00/1aCTV MAaIIMHOBE/IEHNS, TAK U CBA3AHHBIX C U3YUeHNeM pabOodnX IPOLeCCOB TEXHOIOTMYECKIX MAIINH.

OCHOBHBIMI HAaIIPaB/IEHISIMH UCCTIELOBAHNIL [0 JAHHOIL TPo6/IeMe, OTPaKeHHBIMI B IIOC/IEAHNUX TyOINKALUX, SIB/ISIOTCS:

— MOfeMpoOBaHye pabodero mporecca ¢ Lebo 000CHOBAHVSI PALMOHATbHBIX 3HAYEHIIT KOHCTPYKTMBHBIX M PEXXVIMHBIX
rapaMeTpOB IIABHBIX MeXaHU3MOB [1-7];

— OIICHKA TeXHIYECKOTO YPOBHA (TeXHMYECKMX Y TEXHOMIOTMYECKIX IT0Ka3aTenell GYHKIMOHNPOBaHNA) KapbePHBIX 9KCKa-
Baropos [8-16].

BmecTe ¢ TeM BOIPOCHI, CBA3aHHBIE C U3y4YeHNEM PEXUMOB PabOTbI IVIABHBIX MCIIOJTHUTENbHBIX MEXaHI3MOB KapbepPHBIX
9KCKaBaTOPOB (IIOJ/beMHOTO U HAIIOPHOTO), B M3BECTHBIX ITyOIMKAIMAX PacCMAaTPUBAIOTCA HEOCTATOYHO IIOMHO. B wacTHOCTH,
He U3y4eH BOIIPOC B3aMMOJIEIICTBIA ITTABHBIX MEXaHIM3MOB IIPY X COBMECTHOIT paboTe B Ipoliecce SKCKaBaIM TOPHBIX TOPOJ,
B Pa3/IMYHBIX 00/TaCTAX paboder 30HBI 9KCKaBaTOpa (HYDKHET, BepXHel 1 T. I1.).

AHanus XapakTepa B3aMOJIEIICTBISA [IaBHBIX UCIIOTHUTEIbHBIX MEXaHU3MOB IIPM MX COBMECTHOI paboTe B IIpoLiecce 9KC-
KaBal[M} TOPHBIX ITOPOJ] B KOHKPETHBIX TOPHOTEXHUYECKUX YCIOBIUAX OTPAOOTKIM 9KCKaBaTOPHOTO 340051 IIO3BO/IUT HOBBICUTD
9¢pPeKTUBHOCTD (PYHKIMOHMPOBAHMS IKCKABATOPA.

Lleab 1 3aaa4um pabortbl

Lenv pa6omo: — nossieHne 3¢ (GEeKTUBHOCTI YIIPABIEHNMS IIPOLIECCOM KOIIAHN 3a CUET COMIACOBAHNS PEXXVMMHBIX [apa-
MeTpOB (CKOPOCTeIT M YCUINIL IIOfbeMa 1 Hallopa) IJIaBHBIX MeXaHM3MOB KapbepPHOI'O 9KCKaBaTopa.

3adauu pabomot:

— YCTaHOBJICHVE B3aVIMO3aBUCYMOCTEl MEX/Y PeXXMMHBIMY ITapaMeTpamMy (CKOPOCTAMMY 1 YCUIIVSIMYL) I7IaBHBIX MEXaHU3MOB;

— COITIACOBaHIE PEKVIMHBIX ITApaMeTPOB 1 ONIpefie/ieHyie paliOHa/IbHBIX 3HAYEHNIT ITApaMeTPOB /It KOHKPETHBIX YC/IOBUIT pabOThL.

OO6DeKTOM MCCIefOBaHNMA ABIACTCA pabounii Mpoljecc SKCKaBaIy TOPHOI MAaCcChl, 3aK/TIOYAONINIICA B IIepeMeleHNI KOB-
1Ia (BEpIIVHBI PeXYIIel KpOMKM) IO S9KBUAVNCTAHTHBIM TPAEKTOPHAM C OTHOBPEMEHHbBIM OTHETIEHMEM CI0s1 («CTPY>KKI») Top-
HOJ1 MacChl IIOCTOSHHO TOJIIVHBL.
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Cxema mexaHu3ma paboyero o6opyaoBaHus. 1 — 3BEHO «PYKOSATb—KOBLUY»; 2 — CEANOBOV MOALUMMHUK; 3 — NOABEMHBI KaHaT; 4 — rornoBHOM
6r1oK; v,, v,, v, — CKOPOCTW Hanopa, NoAbema 1 KonaHus.

The diagram of the mechanism of work equipment. 7 — element “lift-arm-bucket’; 2 — saddle bearing; 3 — hoist rope; 4 — fairlead sheave; v, v,,
v, — speed of pressure, hauling-up and excavation.

IIpenmet uccmenoBanms 3aK/I0YAETCA B BbIABICHUN B3aMMOCBA3€E MEeX/1y PEKMMHBIMM ITapaMeTPaMM ITaBHBIX MEXaHU3-
MOB U 9HEPTOCM/IOBBIMU IIapaMeTPaMy, peann3yeMbIMI Ha peXyIneit KpOMKe 3yObeB KOBIIA IPU KOIAHMY, IJIs1 KOHKPETHBIX
YCIOBUI 9KCITyaTal /.

B xauecTBe MeTO/ja MCCTIENOBAHNUIT IPMHAT BBIYMCIUTENbHbIN 9KCIIEPUMEHT, BHIITOTHAEMbIN Ha OCHOBE UMUTAI[MIOHHON MO-
Iey TIpoljecca 9KCKaBaluy IPyHTa pabodum obopynoBanueM npamas nonama [8, 10]. g anropuTMmn4eckmux Mofesnei sKc-
NIEPUMEHTUPOBAHNE C ITOMOIIBI0 MOJENN TOXIECTBEHHO HAXOXKJEHMIO 3HAYEHMI BBIXOJHBIX XapaKTEPUCTUK IPU 3aJaHHbIX
3HAYEHMAX BXOJIHBIX II€PEMEHHBIX U ITOCTOSHHBIX aPTYMEHTOB, T. €. IIO/ICTAHOBKE B a/ITOPUTM KOHKPETHBIX YMCEeT M PAcyYeTy
no popmynam. Ilepe6op BapraHTOB pelleHNU IPOU3BOAUTCS C 3aJaHHBIM LIIATOM BapbUpPOBaHMs. B xoze mpocyera u Kanu-
OpOBKM MaTeMaTN4eCKOI MOJeN HaKaIumMBaeTcst MHGOpMaLys 0 GyHKLIMOHAIBHBIX BOSMOYKHOCTSIX PA3/INIHBIX CTPYKTYPHBIX
cxeM pabodero o6opynoBanus. Takum 06pasoM, UMUTALVIOHHOE MOZIeTIIPOBaHIe COCTOUT B MHOTOKPaTHOM BOCIIPOU3BEeHIN
¢GyHKIMOHMpPOBaHNA (IIOBEEeHN) MCCIefyeMOll CUCTeMbl Ha OCHOBE MaTeMaTU4ecKoil Mofeny. Pe3ynbTaTsl MMUTAIYIOHHOTO
MOJIe/IMPOBAHNIS IPECTABIISIIOT CO601 HAGOP BENMMYNH, XapaKTePU3YIOLINX NCCTIERYEMBIIT IIPOoLecc.

B mporjecce sKcKaBaruy TOPHOI MAcChl IPU COBMECTHOI paboTe IJIABHBIX MCIIOTHUTENbHBIX MEXaHU3MOB (MEXaHM3MOB
HofybeMa 1 Harmopa) o6pasyeTcst MeXaHm3M pabouero 060py/[oBaHsI, CBA3bIBAIOLINIT ITTABHBIE MEXAHI3MBI C KOBIIOM.

JIByXKpMBOILINITHO- PbIYQXKHBIII MeXaHNM3M pabodero 060pymRoBanus (PUCYHOK) BKI0OYaeT YeThIPe ITOABIKHBIX 3BeHa: 3Be-
HO I B BUJE >KECTKO COeNVHEHHBIX PYKOATU 1 KOBIIA (B JajbHeNIIeM 3B€HO — «PYKOATb—KOBII»), 00pasyloliee CO CTOMKOI
O, MBYXNOABIDKHYIO Mapy (MOCTYIATeNbHYIO ¥ BPAIATeNbHYI0) HOCPEICTBOM CE//IOBOrO MOAMIMITHIKA — 3B€HA 2; 3BEHO 3 —
[IO/yBEMHBIII KQHAT U 3B€HO 4 — TOJIOBHOI O/IOK CTpeIbl. 3BeHbsI 3 1 4 KMHEMATI9eCKy 9KBYBA/IEHTHBI CTEP>KHSIM, 00pPasyoLm
BpalljaTe/bHbIe Mapbl MeX/Y o001, CO 3BeHOM I U CTONKOI! Oz. 3BeHbs 2 1 4 IpefCTaBAIOT COO0I BBIXOHBIE 3BEHbSI ITTABHBIX
MEXaHU3MOB HATOpa U Mofrbema. [Ipu 9ToM CKOpOCTb TOUKM A 3BeHa | paBHA CKOPOCTH HATIOPA U, @ CKOPOCTh TOuKM D paBHa
CKOPOCTH IIO/{BEMA T

ITpu ympaBnennn pabo4ym MpOLECCOM 9KCKaBalM, T. €. GOPMUPOBAHUA 3aJAHHOI TPaeKTOPUY IiepeMellleHNs KOBIIa,
KOBII CTAHOBUTCA BeLyLIMM (M Hada/IbHBIM) 3B€HOM O01IIeTo ITepelaTOYHOro MeXaHu3Ma (MexaHu3Ma pabodero o60pynoBaHms
U TVIABHBIX MEXaHI3MOB). B 9TOM c/y4ae IO/IO>KeHA 3BEHbEB U Pe>KMMHBIE ITapaMeTphl I/IABHBIX MEXaHU3MOB OIPee/A0TCs
B 3aBMCHMOCTH OT HOJIOKEHNSI KOBIIA B pabodeli 30He, a TAKXKe OT KMHEMATUYeCKIX CBOMCTB MeXaHu3Ma pabodero o6opymo-
BaHU:.

Pe>xxMHbIe MapaMeTphl TIaBHBIX MEXaHM3MOB OIIpefie/IeHbl Ha OCHOBE BbIUMC/INTETbHOTO 9KCIIEPUMEHTA, BHIIIOTHEHHOTO
nna skckaBaTopa IKI-20A npoussopcTea ITAO «Ypanmamsasopy.

Vicxonnble maHHbIE 1A pacyeTa:

— pasmepbl pabodeil 30HBI 9KCKaBaTOPa — BbICOTA OCH HAIIOPHOTO Baja H, = 12 M, MaKcMMajIbHas BbICOTa Komanus H,

K max

=17 M, MUHVMAaJIbHBIN ¥ MAaKCYMAJIbHBIV PaJINyChl KOIIAHNA Ha YPOBHE CTOAHMA 9KCKaBaTopa R =9MuR =18 M,

K.y. ¢ min K. Y. ¢ max
MaKCUMAJIbHBII pafinyc KOmauus R =23,4 m;
- reoMeTpuyecKe (JIMHeIHbIe U YITIOBbIE) pa3Mephl 37IeMEHTOB pabodero 060pynoBaHNs;
— MacChl 97IEMEHTOB pabodero 060pynoBaHms — pyKOATHU MP =30 T; koBua M _= 40 T u rpy>keHoro kopua M =70 T;
— CWJIa COLIPOTMBIIEHNS IIOPOJbI KOAHNMIO (KacaTe/IbHasA COCTAB/IAIONAs): IIPY PaCUeTHON BBICOTE KONIaHMA H, ., =H, F, =

325 kH u mpyu MakcuManbHOI BbicoTe Komanusa F) =230 kH.

B Tabmuile TIpUBeIeHbI PE3YIbTAThl pacyeTa PeXKMMHBIX ITapaMeTPOB ITTABHBIX MEXaHM3MOB (CKOPOCTH MO/beMa U, U Ha-
nopa v, ycwms nogbema F, u Hanopa F,) Tpyu TlepemelieHny KOBIIA B TIpefiefiaX paboyert 30HBI 10 HaYa/IbHOI, cpefiHert (T. e.
B IIeHTpe paboyeil 30HbI 9KCKaBaTOPa) ¥ KOHEYHOI! TPAeKTOPMSAM C YITIOM HaKJIOHA, COOTBETCTBYIOIIMM YTy OTKOCA YCTYTIA.

VI3 npuBeeHHbIX HaHHBIX BUJHO, YTO PEXXMMHBIC TapaMeTpPhl IIABHBIX MEXaHM3MOB (CKOPOCTH U yCU/INA IOAbeMa I Ha-
II0pa) M3MEHAIOTCS B Ipefieax pabodeil 30HbI 9KCKaBaTOpa B IIMPOKOM AMaIla30He U 3aBUCAT KaK OT BBICOTBI KOIaHMA (KO-
Op/IMHATBI Y, BEpIIMHBI PEXYyIleil KPOMKY KOBIIIA), TaK ¥ OT pajiuyca KomaHus (KoopauHarsl X ) M yjianeHus TPaeKTOpuu
repeMeleHNs KOBIa OT 9KCKaBaTopa.
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PeXxnMHble napamMeTpbl rMaBHbIX MeXaHU3MOB aKkckaBaTopa AKIM-20A.
The standard parameters of propulsion machinery of the EKG-20A excavator.

Homep VcxoaHble aaHHble PacueTHble aaHHble
nosunuun X, M Y, M G, kH u,, Mlc v, M/c F,kH F.,kH
HaywansHas mpaexkmopus (X, =9 m)
1 9,00 0 400 0,95 -0,87 290 -630
2 10,15 2 435 0,92 -0,81 350 -620
3 11,30 4 470 0,84 -0,70 420 —-605
4 12,45 6 500 0,70 -0,51 520 -580
5 13,60 8 540 0,52 -0,19 700 —-555
6 14,75 10 575 0,50 0,19 975 -590
7 15,90 12 610 0,66 0,50 1270 —-700
8 17,05 14 650 0,80 0,70 1560 -850
9 18,20 16 680 0,89 0,81 1810 -1005
10 18,80 17 700 0,91 0,84 1910 -1060
CpedHsiss mpaekmopust (X, = 13,5 m)
11 13,50 0 400 0,88 -0,64 610 -310
12 14,65 2 435 0,83 -0,51 640 -300
13 15,80 4 470 0,76 -0,34 680 —-280
14 16,95 6 500 0,70 -0,12 710 -230
15 18,10 8 540 0,66 0,11 780 -155
16 19,25 10 575 0,65 0,32 830 -40
17 20,40 12 610 0,62 0,50 885 140
18 21,55 14 650 0,50 0,63 930 420
19 22,70 16 680 0,22 0,72 105 845
20 23,30 17 700 0,02 0,76 1125 1130
Koneuras mpaexkmopus (X ,= 18 m)
21 18,00 0 400 0,79 -0,39 1020 110
22 19,15 2 450 0,73 -0,25 1060 150
23 20,30 4 500 0,68 -0,09 1100 210
24 21,45 6 550 0,61 0,07 1150 320
25 22,60 8 600 0,53 0,23 1210 480
26 23,75 10 650 0,42 0,38 1290 710
27 24,90 12 700 0,27 0,50 1420 1030

PacueTsl [TOKa3bIBAIOT, YTO B paboyell 30He 9KCKABATOPA MMEIOTCSI KPUTUYECKIIE YIACTKH, B KOTOPBIX PeXXIMHbIE ITapame-
TPBI IPUHMUMAIOT 9KCTPEMa/IbHbIe 3HAUYCHU.

Tak, mpu mepeMeleHny KOBIIA 110 HAYa/lIbHOJ TPAeKTOPUY yCUIUe HObeMa 3HAUNTEIbHO BO3PACTAET C POCTOM BBICOTHI
KOIIaHMA BBUAY YMEHDIICHNA IJI€Ya YCVIINA ITOADBEMA OTHOCUTE/IPHO TOYKI O1 (OCI/I HaIIOpHOTO Bana) un npn MaKCUMaIbHON
BBICOTE KOIIAHMA YCUINE IO bEMA JOCTUTAET IIPENEIBPHOTIO 3HAYEHINA, COOTBETCTBYIOLIETO CTOIIOPHOMY MOMEHTY Ha Bajly OBU-
raTesid HOJ’beMHOTO MeXaHN3Ma. IIpy 9ToM COOTBeTCTBEHHO BO3pacTaeT M yCIINe Hallopa, KOTOPOe HaIIpaB/IeHO B CTOPOHY OCH
HaIIOpHOTI'O Bajia (YCI/IHI/IC Hammopa MMeeT 3HaK «MI/IHYC») 1 ypaBHOBEIINBAET yCMINe MogbeMa.

ITpu mepeMeleHNM KOBIIIA [0 CPeHEN TPAeKTOPUM CKOPOCTH IO’beMa YMEHBIIIAeTC sl U PV MaKCUMa/IbHOIL BBICOTE KOIIa-
HISA MMeeT IIPAaKTUYeCcK! Hy/leBoe 3HaYeHNe, T. €. IBUTATeIIb ITO’beMHOr0 MeXaH3Ma paboTaeT B pexmMe TopMosa. B aTom cry-
qae (HpI/I KOIIaHUN B BerHeIuA qacTn 38.60;[) TIIEpEMEIIECHYIE KOBIIA OCYIECTB/IAETCA B OCHOBHOM 3a CYET HAIIOPHOI'O ME€XaHM3Ma.

B nporiecce KomaHusI Ipu IepeMeleHn ) KOBIIA 10 KpalfHell TPaeKTOpyM ABUTaTe 060MX MEXaHN3MOB (IIO'beMHOTO 1
HAIMOPHOTO) paboTaloT B POPCUPOBAHHBIX PEKMMAX, IPUIEM C POCTOM BBICOTBI KOTIAHVSI IBUTATENb IIOJ/BEMHOTO MEXAHM3MA
«CHACT MO3UIIUM».

Takum 06pasoM, Ipu COBMECTHOM JIeIICTBYM ITTABHBIX MEXaHM3MOB KapbepHOT0 9KCKaBaToOpa B IIPOLiecce 9KCKaBaLUI FOp-
HBIX IIOPOJ, IPOUCXOAUT ITpeobpasoBaHue PeXVMHbBIX IAPAMETPOB HOJBEMHOTO ¥ HATOPHOTO MEXaHU3MOB B COOTBETCTBUU C
KMHEeMaTU4eCKMMU CBOICTBAMU PBPIYaXHOTO ME€XaHN3Ma pa60'{er0 060pyIIOBaHT/IH.

B pe3ynbpTraTe NUSMEHAIOTCA PEKNMbI pa6OTbI ;[eraTeneIZ T/IAaBHBIX ME€XaHV3MOB U 3HAYCHIA CKOpOCTeI?[ n YCI/UH/Iﬂ mogbeMa
U HaIloPa, YTO 3aTPyAHAET BefleHe IPoLiecca 9KCKaBaIuy IOPOf,.

Ouenka (aKTIIeCKMX 3HAYEHNIT PEXXVMMHBIX TapaMeTPOB MOBEMHOTO I HAMOPHOTO MeXaHN3Ma IIPU KOHKPETHOII TeXHO-
JIOTMYEeCKOIt cXxeMe OTPaboTKM 326051 HO3BOIUT ITOBBICUTD KAYECTBO YIPABICHNA Pab0UNM IIPOLIECCOM.

AHanms cTeneHy B3aVIMOJEVICTBYSA IPUBOJIOB ITTABHBIX MEXaHM3MOB KapbepHOrO 3KCKaBaTOpa MPY 3KCKAaBAIMM TOPHBIX
TIOpPOJ, B KOHKPETHBIX TOPHOTEXHMYIECKNX YCIIOBUAX IKCITyaTallN ITO3BOINT 060CHOBAThH ANANTVBHYIO CUICTEMY YIIPAaB/IEHUA
pabo4nM IpoLeccoM.

B jentom adpexTrBHOE yrpaB/IeHNe IPOLjecCOM KOMAHN U [OCTIDKEHNe TPeOyeMOro 3aKOHa BVDKEHIST KOBIIA BO3MOXKHO
IpY TIPAKTUYECKN HeIPEPBIBHOM KOHTPOJIE HOJIOXKEeHIsI KOBIIIA B 3a60€ 1 MOCTOSIHHOM PeryInpoBaHNU CKOPOCTel pabounx
TIBVKEHUI.
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shovelling rocks

Anatoliy Paviovich KOMISSAROV'”,
Yuliya Andreevna LAGUNOVA'"",
Nikita Sergeevich PLOTNIKOV"™,
Olga Anatol’evha LUKASHUK?"",
Vil' Irkhuzheevich SAITOV'

'Ural State Mining University, Ekaterinburg, Russia
2Ural Federal University named after the First President of Russia B. N. Yeltsin, Ekaterinburg, Russia

Relevance of the work is determined by the research topic — the study of modes of operation and the degree of interaction of the main mechanisms
(lifting and pressure) of a mine excavator in the process of shovelling the rock mass. The development of designs for mine excavators (shovels),
which are unique technical objects, is characterized by critical discrepancy between the technical perfection of the structures and the complexity of
control of the shovelling process. In the technical literature, there is no information about the modes of joint operation of the main mechanisms of
mine excavators in the process of shovelling; developed control algorithms for operating processes are based on abstract models (methods of fuzzy
logic, multiagent technologies, etc.). For the first time, an algorithmic description of the process was carried out and the operating modes of the main
mechanisms were determined to ensure the movement of a bucket (tooth tip of a cutting edge) in a predetermined path. It is shown that with the
joint operation of the main mechanisms, the conversion of the operating parameters of the mechanisms into energy-power parameters in a bucket
occurs depending on the kinematic properties of the double crank mechanism of the working equipment connecting the main mechanisms with the
bucket. As a result of simulation experiments, variation range in the speed and lifting force when the bucket is moved within the working area of the
excavator are determined.

Results and their application. The developed method for determining the operating parameters of the main mechanisms will allow the creation of
an automated digital control system for the excavation process, adapted to the specific mining conditions of operation and the parameters of the
working place, which ultimately will increase the efficiency of a mine excavator.

Keywords: mine excavator, standard parameters of propulsion machinery, double crank mechanism and implement linkage, power parameters.
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DyHAAMEHTAALHDIE MPOBAEMDI MPAKTUYECKON F€OMEXAHNKM
M BO3MOYKHbLIE MYTU UX MPEOAOAEHMSI

Anppen BuktopoBuy XXABKO'
Ypanbckuii rocyAapCTBEHHBIN FOpHbIN YHUBEpcuTeT, Poccus, ExkatepuHbypr

AKTYaABHOCTB TEMBI VICCAEAOBAHM OOYCAOBAEHA TEM, YTO B rEOMEXAHVKE CyLIECTBYIOT OOLEKTMBHLIE MPOBAEMbI, CBSI3AHHBIE C HEKOPPEKTHOCTLIO MPEA-
CTaBAEHMsI TOPHOTO MACCMBA KOHTUHYAALHOM CPEAOi. B CBSI3M C 3TMM MOSIBASIIOTCS (hyHAAMEHTAABHDBIE MPOBAEMDI OMPEAEAEHMST MPOYHOCTHBIX U AehOp-
MAaLIMOHHBIX CBOWCTB FOPHBLIX MACCMBOB, pacyeTa MX Harpsi»KeHHO-Ae(POPMUPOBAHHOTO COCTOSIHMSI.

LleAnto MCCAEAOBaHMS SBASIETCSI OBOBLWEHME CYILECTBYIOWMX MPOOAEM FEOMEXAHUKM, BLIAEAEHUE U3 HMX HAMOOAEE 3HAYMMBIX M (DYHAAMEHTAABHBIX, &
TaKKe 0OCY)KAEHME BO3MOXKHDIX MyTeM MX MPEOAOAEHMSI.

Mertoabl nccreaoBanumii. B pabote WMPOKO MCMOAL30OBAHBI AHAAMTUYECKME METOALI MCCAEAOBAHMI C SKCMEPVMMEHTAALHON MPOBEPKOM MPUMBOAMMbBIX
PEe3yALTATOB.

Pe3yALTaTol m ux npumeHeHme. B pabote NpearosKeHbl AHAAUTUYECKME KPUTEPUM MAACTMYHOCTM M MPOYHOCTM FTOPHLIX MOPOA U APYTMX MCKYCCTBEHHDIX
Marepuanos, a Takoke (OYHKLMS MAACTUHECKOTO MOTEHLMAaAa AAsl CABUIOBOTO XapakTepa MAaCTMHeCKOro AehOPMMUPOBaHUST U PaspylleHusl HA OCHOBE
MPEACTABA€HUST TBEPALIX TEA KOHTMHYaALHOM (CMAOIUHOM) cpeaoit. [peararaemuie Kputepum M (hyHKLMST MAQCTUHECKOTO MOTEHLIMAAA COMOCTABA€HLI U
CKOPPEKTUPOBAaHbI C 3KCMEPYMEHTAALHBLIMU MCCAEAOBAHUSIMM MO PA3PYLIEHNIO TOPHLIX MOPOA B CAOYKHOM HarpsKEHHOM COCTOsIHMM. [1pearoskeH Bapu-
ALIMOHHDIV MPUHLMI A€3MHTErPALIMU TOPHLIX MACCMBOB, MO3BOASIIOLIMIA OMPEAEASTL FEOMETPUIO NMOBEPXHOCTEN Ae3MHTerpaumm. M3 AaHHOro npuHumna
HEMOCPEACTBEHHO CAEAYET, YTO MOBEPXHOCTLIO AE3VHTErPALMY MUHUMU3MPYIOTCS MAOWAAN (O6LEMBI) C MOHUXKEHHDLIM MOTEHLMAAOM (MAACTMHECKME) U
YBEAMUYMBAIOTCS MAOIIAAM C MOBDLILEHHLIM MOTEHUMAAOM (YMNpPYyrue, SHEProemMmkue), Mpu 3TOM MUHUMM3MPYETCSl SHEPIUsl, 3aTpadnBaemasl Ha co3aaHne
MOBEPXHOCTEN A€3UHTerpaumm (Mx AmmHa). Ha ocHoBe AaHHOTO MPUHLIMIIA MOAYHEHA 3aBUCMMOCTb, CBSI3bIBAOLLAS PAAMYC KPUBU3HLI MOBEPXHOCTU CABUTO-
BOM A€3MHTETPALIMM U TAABHLIE HAMPSDKEHMST MPY Pa3pyLieHny OOBLEMHBIMM CMAAMM (HArpUMeEP, rpasutaumsl). [IPEANOXKEH KPUTEPUIA POCTA TPELMHDI AU
PyHAAMEHTAALHDIN MAPAMETP MEPAPXMU (AMHEVHDIA KOS (ULIMEHT BAOXKEHUSI OAOKOB), YCTAHOBAEHO, YTO €ro 3HAYEHME OMPEAEASIETCSI YTAOM BHYTPEH-
HEro TPEeHMs Kak MEPOM AMCCUMALIMK SHEPrumM npu cpese. [py paccMOTPEHUM TOPHOTO MACCMBA KAK AUCKPETHOM BAOYHOM CPEAbI MOAYHEHO YPaBHEHWE
no vy sin-fopaoHa, onucbiBaiollee AMHaAMMKY ero AechopMUPOBaHMsI.

BoiBoabl. 10 pe3yAbTaTam BLINMOAHEHHDLIX MCCAAOBAHMI MPEAOXKEH LIEALIA PSIA KPUTEPUEB, MPUHLIMIIOB M 3aBUCUMMOCTEN, OMPEASASIIOIMX MPOLIECCLI
MAACTMHECKOTO AE(DOPMMUPOBAHMSI M PA3PYILEHUsI (AE3MHTErPALIMM) FOPHLIX MOPOA HA OCHOBE KOHTMHYAALHOM M BAOYHO-MEPAPXMYECKON MOAEAEN rop-
HOTro Maccumea.

KatoyeBbie croBa: MPOBAEMbI TEOMEXAHUKU, MPOYHOCTHLIE U Ae(POPMALIMOHHBIE CBOVICTBA FOPHLIX MACCMBOB, A€3MHTErpaLMsi U Pa3pyleHne TOPHLIX
MOPOA, NMAACTUYECKoe AeChOPMUPOBaHKeE, ypaBHeHue sin-fopaoHa.

BEAEHME
[eomexaHMKa — 9TO QpyHIaMeHTaIbHasA YaCTh TOPHOI HAYKY, U3y4daronias GpUsnKo-MeXxaHUdIecKue CBOICTBa rop-
HBIX TIOPOJI, I MaCCUBOB, VX HalPsHKEHHO-Ae(hOPMUPOBAHHOE COCTOSHIE M paspylleHe, pa3BUBalomieecs Moy B/Iu-
SHUEM IPYPOFHBIX ¥ TOPHOTEXHNIECKUX (PaKTOPOB. ITO BeChMa TAKOHMYHOE ¥ TOYHOE OIpefie/ieHIie TeOMeXaHMKM KaK HayKi
caMo 10 cefe yKe COIEPXKUT BCe ee TIPOOIeMBl.

[l HoOHMMaHMA po6/IeM reOMeXaHMKY BHavasie Heo6XO/MIMO OIIPEfie/INTh ee MeCTO CPellu IPYTMX TeXHMYeCKMX HayK.

ITosiBnenye n 6ypHOe pasBUTIE TEXHUYECKUX HAYK OBIIO 0OYCIOB/IEHO TeM (HaKTOM, 4TO TeOpeTHIeCcKoe 3HaueHue IIPOoY-
HOCTH, TIOTy4aeMoe U3 pU3NIecKNX (eCTeCTBEHHOHAYYHBIX) IPENIOChIIOK Ha MOJIEKY/IAPHO-MIOHHOM YpOBHe, B 500-1000 pas
BBIIIE IPOYHOCTY PeAIbHBIX TBEPABIX Te/l. HeBO3MOXXHOCTD MCIO/Mb30BaHNA IIPOCTOI SKCTPANONALMY [/I IIePEX0a OT aTOM-
HOTO CTPOEHNs MaTePMUAIOB K IPaKTUYECKOMY OIPee/IEHNIO UX CBOJICTB U IIPOYHOCTY ABU/IOCD, TIOXKaTyil, KPYIHENIIMM pa3o-
JapoBaHyeM B GM3NUeCKOIl HaykKe O ITOBefleH1n MaTepuasos [1]. 9To cnocobcTBOBANIO Pa3BUTHUIO TEXHITIECKOTO (HeHOMEeHOI0-
TYeCKOT0, KOHTMHYaIbHOTO W/IM CIIOIIHOCPENHOTO0) MOAX0/ia K 060CHOBAHMIO IPOYHOCTY TBEPHBIX TeJL.

dakTIdecKyt OTIIPABHOI TOYKOJ MM JOKTPUHOI M0060J TeXHIYECKON HAYKM AB/IACTCA MOHATIE «KOHTUHYYM» — CIIIOII-
Hasd cpefa, abCTPaKTHO BBEJIeHHAA U He CYIeCTBYIOIas B peabHOCTY MaTepyA. OHAKO TaKoe MOHATHE eCTh He0OXOIUMOCTb,
C MaTeMaTMYIeCKOI TOUKH 3pEHMA, /I BO3MOYKHOCTY UCIIONb30BaHMA allllapaTa MHTETpanbHOro u fuddepeHIanbHOTo ncIn-
ceHys (HeIpepbhIBHOCTD (PYHKINI).

TonbKo 10C/Ie BBEfieHNA JaHHOI abCTPAKTHOI Cpefibl MOAB/ACTCA BO3MOXKHOCTb MCCIIOBATh IIPOLIecChl iehopMmpoBa-
HMA U paspylleHMs C MHbIX No3uuuii. Tenepb pedb crama MATH He O CUIOBOM B3aMMOJIEICTBUM YACTULL, a O MEXaHMYECKUX
HAIIPKEHUAX, NefICTBYIOIX Ha HEKOTOPBIX IIONIA/IKAX Te/la, HelPePhIBHO 3aIIONHAILIEro IIPOCTPAaHCTBO. B 6onee obuiem
crydae pedb UfIeT O IPOCTPAaHCTBEHHO-BPEMEHHOM KOHTUHYYMe.

VIMeHHO TaKo¥ TOAXOf, TMOCTYKU/I KaTaau3aTOpOM HAayJIHO-TEXHUYECKOro mporpecca. VM feiicTBUTeNbHO, 6OMbIINHCTBO
OKPY>KaIOIIMX HaC MaTepUanoB — KOHTHMHYaMbHbIE Cpefibl. JKMuKocTh (Bofa), ra3, KOHCTPYKIIVIOHHbBIE MaTepuabl, TOTyJaeMble
9JeJIOBEKOM C 3aBefJOMO 3a/JaHHBIMI CBOVICTBAMM (CTalb, KMPINY, KOMIO3UTHI, CTEK0) ¥ T. [ YCIeXV MeXaHWKM CIIIONIHON
cpenipl (TrMApOMeXaHMKa, aKyCTHUKa, TeOPUA YIPYTOCTU M TepMOYIPYTOCTH, IACTUYHOCTHY U T. [I.) FAalu TOMYOK B PA3BUTUU
CaMOJIETOCTPOEHNA, PAKETOCTPOEHNA, KOPAO/IeCTPOEHNA, MAIIMHOCTPOEHNA, CTPONTEIbCTBA IIPOMBIIIIEHHBIX I TPaXKJAHCKIX
COOPY)XEHMII, HATIOPHBIX TMAPOTEXHNIECKUX COOPYKEHMIL, SKeNe3HbIX JOPOr U T. /i. E1rte 60/bImil ckauok IIPOM3OILeN C MOsAB-
JIeHNEeM YMCTTeHHBIX METOJIOB PeIIeH A 3a/lad MeXaHUKY CIUIOIIHOM cpefibl (MeTos KOHEeUHBIX s1meMeHToB MKO), peanmnsyeMbIx
B IIpOrpaMMHOM obecnedennit. I1osAB1Iach BOSMOXXHOCTD PeIIaTh 3ala4M LA TeJl C IPOM3BO/IbHOI KOH(UIypaliieil M rpaHny-
HBIMM YC/IOBUSAMM C 3aBEOMO 3a/IaHHOI TOYHOCTBIO.
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Avarpamma HanpskeHue—deghopmayusi AnNA o6pa3LoB rpaHUTa NpyU pa3nMYHOM 60KOBOM 06GXaTuu U Manom uHTepsane
BpeMeHu 3amepoB [3].
Stress-deflection chart for the granite sample with differential edging and short-time measurement [3].

MpoBAeMbl reOMEXaHMKM

K coxanennto, ckazaHHOE HETIPYMEHNMO K TOPHOMY JIeTy, a TOUHee, K reoMeXaHIKe. PeaTbHbII TOPHBII MacCUB HIDKE YeT-
BEPTUYHBIX OT/IOKEHNIT, KOTOPbIE SIBIIIOTCS CPeRoil /IS APYTUX TEXHMYECKUX CHELMANNCTOB (CTpOUTENell, IMPOTeXHIKOB,
JKeJIe3HO- U aBTOJOPOXKHIKOB), sIB/IIETCSI BeCbMa TPEINHOBATOl (6/109HOIT) cpemoil. VI ecu B epBO3JAHHOM BIJE €TO ellle
MO>KHO PacCMaTpUBaTh KaK CIVIOLIHYIO CPefy, TO IIOC/Ie ero AedopMaliuii 1 IOKaIbHBIX PaspyIIeH T, BI3BAHHBIX IPOBeJeHNEM
TOPHBIX BBIPaOOTOK, JAHHBIN [TOCTYNIAT OyAeT HeKOppeKTeH. [lefiCTBUTEIbHO, TPAKTUIECKH TI0601 reoMeXaHIdeCKIit IIporece
conmpoBoKIaeTcs AeOpMUpPOBaHMEM TOPHOTO MaccHBa KakK KBa3UCIUIONIHOI CPefibl, a TAKoKe paspylleHNeM U HepeMelleHneM
Ie3VHTETPUPOBAHHBIX TOPHBIX ITOPOJ]. DTO 3aTPYAHAET VCIONIb30BAHNE MEXaHUKY CIUIOMIHOM Cpefbl /A IPOTHO3MPOBAHNSA
HAIIPSDKEHHO-1eOPMIPOBAHHOTO COCTOSHIIS, @ TOYHOCTH JAHHOTO IIPOrHO3a CTAHOBUTCS HeolpefeieHHoit. Bonee Toro, faH-
Has Cpefia, B OO/IBIIHCTBE CBOEM MMEIOIast MePapXIIecKy 67I09HOe CTpoeHNe (MCK/II0IeHNeM MOTYT BBICTYIIATh CIAaHIIeBAThIe
HIOPOJBL, T. €. IOBEPXHOCTI J€3MHTEIPALIVIN €CTh, a BJIOKEHIS OTCYTCTBYIOT), IIPeObIBaeT B IIOCTOSIHHOM JBVDKEHIN, IIPUMEPHO
HECKOJIbKO CaHTUMETPOB B TOfl. ITO IBIDKEHUE, IO JaHHBIM HEKOTOPBIX MCC/IEOBAaTeNIel, MPUBOAUT K «MO3AUIHOCTI» MU
«IVICKPETHOCTU» HAaIPSDKEHHO-Ae()OPMUPOBAHHOTO COCTOSHIA TOPHOTO MAcCHBa, T. €. 30HBI CKATusA (KOHIIEHTPAIVN) CMeHI-
I0TCA 30HAMI PACTsDKeHUsA (Jlermpeccuu) UM «MepTBBIMI» HefleOopMUpyeMbIMU 30HaMu. boree TOTo, BBIIEIAIOT TPEHOBYIO
COCTABJISIIONIYIO T€OAMHAMIIECKIIX BYDKEHIIT, KOTOPasi MIMeeT OTHOCUTEIBHO IIOCTOSIHHYIO CKOPOCTD U HAIIPABJIeHNE U LMK -
YeCKYI0, IMEIOIIYIO IO/IUTAPMOHIYECKIUIT XapaKTep U IPOfO/DKUTENIBHOCTD OT CeKYHJ 10 9acoB 1 AHelt [2].

To ecTb CyIIeCTBYeT MHEHIE, YTO MEXaHMKA CIVIOLIHOI CpeAbl B IIPMHIINIIE HEIIPUTOHA /I ONMCAHMS [IPOLIECCOB, IPONC-
XOZAIINX B TOPHOM MaccyBe. TPelMHOBaTOCTDb U MePAPXUYHOCTD (CAMOOPraHM3aLVsI) TOPHOTO MAacCKBa IPU/AIOT €My 3aBef0-
MO HeJIMHelTHbIe CBOVICTBA, @ MPOLecchl 1eOpMUPOBAHIIS, Je3NHTETPALlUY, PeTaKCaIMy HAPSDKEHUIT M HOI3Y4eCTH, TPONC-
XOZAIIMe B HEM, CBSI3aHbI C HIMHEIHBIMM, B TOM YJC/Ie MeIJICHHBIM) BOTTHAMY, BbISBAHHBIMI IIepeMelleHUAMN U gepopma-
LVSIMU CTPYKTYPHBIX 37IEMEHTOB. B CBsI3M € 3TMM OYeHb C/IO)KHO TOBOPUTH 06 9KBIBAJIEHTHOCTY TOPHOTO MAaCCHUBA U JIMHETHO
T'YKOBCKOJ Cp€JIbl.

Hepapxudeckoe u camorofo6Hoe (ppakTaabHOE) CTPOEHIe TOPHOTO MACCKBa MOAPA3yMeBaeT ero CaMOOPraHM3alNIo I
npu gesuHTerpanyn. B pabore [3] npusoputcs auarpamma gedopmupoBaHus obpasua rpaHnTa (PUCYHOK) € MalbIM MHTEPBa-
JIOM BpeMeHM 3aMepoB. AHa/IM3 JAHHBIX KPUBBIX IIOKa3bIBaeT, YTO OHM UMEIOT HpaKTanbHYI0 mpupoxay. Takum o6pasom, TpeH-
moBoe obliee yIpyroe mopefieHne o6pasiia TOPHOI MOPOAbI BKIIOYAET B CeOs PsAJ CKAYKOB U CHAJIOB, B LIJIOM IIOBTOPSIONINX
KayeCcTBEHHYIO popMy Bceit kpusoii [3].

OTO TOBOPUT O TOM, YTO YIIPyroe HoBefeHMe Bcero 06pasiia B Lje/IoM BO3MOXKHO IIPY MeX3ePEHHOM CKOIbXKeHNN (3alpe-
menbHOM fiepopMupoBaHui) Ha Oojee MeNKOM MacITabHOM ypoBHe. To ecTh mmacTudeckoe fedopMupoBaHue I paspylIeHe
MMeeTCs U Ha yupyroit dase medopmupoBanusa obpasua, ofHaKo 3Tn gedopmManny pasBUBAIOTCSA HA OYEHD «JaIEKOM» Mac-

YXKabko A. B. DyHpaMeHTanbHble Npo6/1eMbl IPAKTUYECKOM FeoMexXaHVKM 1 BO3MOXHble NyTu ux npeogonenus // U3sectua YITY. 99
2018. Bbin. 4(52). C. 98-107. DOI 10.21440/2307-2091-2018-4-98-107
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mTaOHOM YPOBHe, a BUAMMbIE IUIACTUYeCcKue AedopMaluy Mbl Hab/II0fjaeM, Korja pasMep 06pasoBbIBAIONIMXCS MUKPOTPEIINH
OyzeT HaXOAUTbCA C pasMepoM 06paslia B OIpefie/IeHHOM COOTHOIIeHNM. TakuM 06pasoM, BooOIe HEKOPPEKTHO TOBOPUTD 00
YOPYTOM WX IIACTUYECKOM MOBEEHUM TOPHBIX ITOPOJ, I MACCUMBOB, He YKa3aB pa3Mepbl pacCMaTpMBaeMOTro I Harpy>kaeMoro
MacCHBOB.

Tak, KOrzja MbI TOBOPYM, YTO Cpefa CIUIOLIHAS U YIPYyras, HOAPasyMeBaeTCs, YTO YIPYTUM SIB/ISIETCS KaK 6€CKOHEYHO Ma-
JIBLIT 37IEMEHT 9TOII Cpefibl, TaK 1 BCe Teto B 1iestoM. Ho Korza peub 3axoaut 06 repapxmdecku 6I09HOM MacCUBe, YIIPYroe moBe-
IeHue 00bEKTa B LIeJIOM, HAIIPUMeP TeKTOHMYIECKON IUTUTHI MK 6710Ka, aOCONIIOTHO He 03HAaUaeT TAKOTO XKe COCTOSHIA Ha Ootee
MEJIKOM MepapXM4ecKoM YPOBHE. B 3TOM U COCTOUT NpUHIMIIMANIbHOE OTAMYNME pacCMaTpuBaeMbIX cpefi. C Ipyroi CTOpOHBI,
3epHa, oOpasylolue obpasell, UMEIOT, KaK IIPaBUIo, 60Iee BHICOKIE IPOYHOCTHBIE U TehOpMAalIOHHbIE XapaKTePUCTUKIY, YeM
cam o6paser] WK MeXX3epeHHbIe YIaCTKIL, II09TOMY OHM TaK>Ke IIPeObIBAIOT B yIPYTroit ¢pase gedopMupoBaHusL.

Takum 06pa3oM, IepBast ¥ OCHOBHasI IPOO/IeMa TeOMEXaHUKY SIB/ISIETCSI METOHLOIOTIIECKONL, T. €. TOPHBIIl MaCCUB — 9TO
67104Hast cpefa, onmcaHye HU3NIECKOro IOBeeH st KOTOPOII [Of] HArPy3KOlt He IPEACTABIIAETCI BOSMOXKHBIM B CHITY OTCYTCT-
BILSI MATEMATUYECKOTO allllapaTa MEXaHUKY OJI0UHbBIX CPef.

B mocnenHee BpeMs 60IbIOe pasBUTHE MOMYYAIOT MOAEIN JUCKPETHBIX CPefl, OffHAKO, B CUIY CIOXHOCTEN, CBA3AHHBIX
C ImapaMeTpUYecKuM obecriedeHneM JaHHBIX Mofienell (OTCYTCTBYE METOMUK SKCIePUMEHTAIbHOTO YCTAHOB/IEHMs 3HAUeHUI),
HeoIIpefle/IeHHOCTell, BBI3BAaHHBIX HEJOCTATOYHON 000CHOBAaHHOCTBIO XapaKTepa B3aMMOJEICTBMA (YIPYIUil, Ipefe/IbHO Ha-
IIPSDKEHHBIN, BSASKWIL U T. [.) CMEXXHBIX O/IOKOB MAacCuBa, X IPAKTNYECKOe IpUMEHEeHNe OrpaHndeHo. VImercs paboTsl mo
IIPUCIOCOO/IEHII0 MEXaHVUKI CIUIOLIHOI CPEIBI /IS MACCUBOB C O/IOYHO CTPYKTYPOIT TOCPEACTBOM IPYMEHEH s KOHTAKT-9JIe-
MEHTOB ¢ QUKTUBHOI TOMIINHON [4].

@DaKTUYeCKV efVHCTBEHHBIM BbIXO[IOM IIPY HEJOCTATOYHOM Ha CETOJHAMIHMI JleHb Pa3BUTUM MEXaHUKY IMCKPETHBIX MU
OJIOYHBIX Cpef, ABJLAETCS MCIONIb30BaHNe /LA IIPOTHO3a HANIPSDKEHHO-1e(OPMIUPOBAHHOTO COCTOSHIA MOJIE/IN CIUIOIIHBIX CpPef
U IIpY 9TOM HaJleJIeHue TOPHOTO MacCyBa HEKOTOPBIMI 9KBUBaJICHTHBIMY YUV IHTEIPaJIbHBIMU Jle(OPMaLVIOHHBIMI 11 IIPOY-
HOCTHBIMU cBOJicTBaMu. OTMeTHM, YTO MOAY/Ib YIPYTOCTY TPEIIHOBATOrO MacCHBa B HECKO/IBKO pa3 HIDKe MOAY/LA fedopMa-
1y 06pasioB (CTPYKTYPHBIX 0JI0KOB), @ BOT CLieIIEHIIe MAacCBa MOXKET COCTAB/IATD OT 1 10 50 % ClielieHNs HeHapyIIeHHOTO
TpeuMHaMy obpasia. [IpyyeM BaXKHO, 9TO KO3 QUIMEHTHI CTPYKTYPHOTO OCTab/IeH st P pacdeTe MOJA3eMHbIX TOPHBIX BbI-
paboTox 06br4HO cocrasiaior 0,1-0,5, a mpy pacdeTe 60PTOB KapbepoB U paspe3oB, Kak mpasuio, 0,01-0,06. To ecTb cuemniie-
HIle MacCUBa He SABJITCA KOHCTAHTOJ, a 3aBMCUT OT pa3MePOB PacCYMThIBAEMBIX 97IEMEHTOB CUCTeM Pa3pabOTOK, CTEIIeHN UX
06HaKeHVsI Wn pasrpysku. Boree TOro, clienienne TPEITHOBATOrO MACCUBa B OOTIbIIIEIT CTEIIEHII OIIPEesIeTCs CLiellIeHeM
TpeLH, KOTOPOe, BCIeACTBIE (paKTaJIbHOIN IPUPORDI M B 3aBYICUMOCTH OT YC/IOBIIT HATPY)KEHIISA, MOXKET M3MEHATHCS OT HY/IA
IO 3HAYEHWIT CLeTUIeHMsT 00pasIia, T. . eCSTKOB MeranacKarerl.

Paspy1eHne ropHOro0 MaccrBa Kak 6/1049HOI Cpefibl BeCbMa OTIMYHO OT NMPEeACTABACHUI O PaspyILIeHNN CIUIOLIHON CPefbl,
obnafaroleit TpeHneM 1 crerieneM. IlogpasymeBaeTcs, 4To CIUIOMIHAA Cpefja paspyIaeTcs 10 IIOCKON OBEPXHOCTH IO, Aeii-
CTBMEM HOPMaJIbHBIX U KacaTe/IbHbIX HaNpsD KEHMIT Ha TIJIoaziKe cpe3a. PaspyleHne ske peanbHOTO FOPHOTO MaccKBa COIMPOBO-
XKJIA@TCS CKOJIbKEHVEM II0 CYLeCTBYIOLMM TPeIyHaM OT/e/IbHOCTY ¥ pa3BOPOTOM CTPYKTYPHBIX 37IeMEHTOB (TPaHC/IALMIOHHO®
U pOTAaLIMOHHOE IBVDKEHNE O7I0KOB), T. €. BCE 3TO Y>Ke He CIBUIOBOe paspylleHue B KIACCIIeCKOM OHMMaHUIL. B cBA3M ¢ 3TuM 1
BE/IMYMHA CIIETUIEHNSA YKe HOCUT HECKOJIbKO YC/IOBHBIN XapaKTep. ITO e MOXKHO CKa3aTb 1 IIPO MOAY/b YIIPYTOCTI FTOPHOTO Mac-
CuBa, AeopMUpOBaHIE KOTOPOTO BBI3BAHO Kak JiehopMalyeil CaMmX CTPYKTYPHBIX 0/I0KOB, TaK ¥ MEXXOTOUHBIM IIPOCKA/Ib3bIBa-
HyeM. Uto kacaetcsa koaduimenTa ITyaccona (koadduienTa nomnepevHoOro pacmpens), To A/Is TPEIVHOBATOr0 MacCHBa €ro
¢dusndeckas Ipupofia CTAHOBUTCS HESACHON, @ METOIMK €ro onpefeneHys GaKTUUecKy IIPOCTO He CYIeCTBYeT.

Tem He MeHee cUMTaeTCA, YTO CYIIECTBYIOT HEKOTOPBIE SKBYBa/IEHTHBIE ¥ OCPEJHEHHbIE XapaKTePUCTNKY TOPHOTO MacCHBa,
KOTOpbIE CMOT'YT OXapaKTepPM30BaTh €r0 HAPSDKEHHO-Ae()OPMUPOBAHHOE COCTOSIHIIE B PAMKaX MEXAHUKI CIUIOLIHOI CPebl 1
ero paspylueHye B paMkax Kputepus Kynona. OnHako BBUAY OTCYTCTBUs OOIIelt TeOpMM, OMMCHIBAIOLIEI CITOXKHBIN POTAIIN-
OHHO-TPAHC/IILMOHHBII XapaKTep MIACTIYECKOro AepOpMUPOBAHNUA U paspyLIeHNs OIOYHBIX cpef (M Zaxke 06pasIioB MOPOJ,
C TeM >Ke XapaKTePOM paspyIleHNs), Ha IpaKTUKe JaHHbIE XapaKTePUCTUKY OIPEeAI0TCA, KaK TIPaBUIIO, C UCIIONb30BaHMEM
SMIMPUIECKNX GOPMYN U 0O6PATHBIX PACIETOB.

B cBs131 ¢ 9TMM IOSIBIISIETCsT BTOpast pyH/iaMeHTa/IbHAS IPOo6/IeMa reOMEXaHNUKI — 0OO0CHOBAHIE IIPOYHOCTHBIX 1 ieopma-
I[IOHHBIX XapaKTePUCTUK TPEILIMHOBATOr0 FOPHOro MaccuBa. He muimHyuM B ¢BA3K ¢ aTUM OyfieT CKa3aTb U PO TO, YTO B CULY
OO/IBIINX Pa3MepOB LIAXTHBIX 1 KAPbEPHBIX IOJIelT, I3MEHIMBOCTHU CBOJICTB TOPHBIX MOPOJ (CTPYKTYPHBIX 6/IOKOB) 1 97IEMEHTOB
TpeIIMHOBATOCTH (IIPOCTUPaHIe, TafieHNe, pasMep, GopMa, 3alI0JTHEHHOCTD) OTHOLIEHVe 00eMOB BBIOOPKU K pasMepy MacCUBOB
OyayT MMeTb MOPsAROK HipKe 107'°. DTo TOBOPUT O TOM, UTO ¥ MeXaHUYeCKIUe XapaKTePUCTUKY CAMMX CTPYKTYPHBIX 9leMEHTOB
(06pasioB) ycTaHOB/IEHBI HEZOCTATOYHO. TO ecTb Ipy TakoM 06beMe BBIOOPKM JOCTOBEPHOCTD NTApaMeTPOB O4YeHb HY3Kas.

B cBs3u ¢ 9TMM He06X0AMMO HOOaBUTD CIefyomiee. B oTmndme oT [pyrux oTpacieil MH>XeHEePHBIX (TeXHUYeCKNX) 3HaHUI B
reoMeXaHVKe HeT BO3MOXKHOCTH «II0f00paTh Matepuasy sl <KOHCTPYUPOBAHNS ¥ CTPOUTENBCTBAY. JIF060IT IIPOEKTUPOBIINK
(pakeT, caMOJIeTOB, O€3/I0B, KOpabIeli, MaIlNH, 3JaHNUIL, COOPY)KEHNII 11 Ip.) MMeeT BO3MOXKHOCTD BBIOPATh MaTepuaJl 1o Ipoy-
HOCTH, Macce ¥ MHBIM XapaKTepucTukaM. K coxxanenuio, B reoMeXaHMKe ¥ TOPHOM Jieie TAKOJ BO3MOXKHOCTH He MMeeTcs. Bee
TO, 4TO CO3JJAHO CTIOKHENIUMMY SHOT€HHbIMM ¥ 3K30T€HHBIMI T'€0/IOTMYeCKIMM IIPOILeCCaMy, BK/II04as BhICOKOHAIIOPHbIE BO-
TOHOCHbIE TOPU3O0HTBI, TOTEHI[MATbHYI0 KapCTOOIMACHOCTb, METAHOOIIACHOCTD, IIBIBYHBI, IT€pEeHANPSKEeHHbIE Te0TornYecKye
HapyIlIeHN A, KOTOPbIe IIPMBOJAT IIPY 9KCIUTyaTALV MeCTOPOXKAEHWIT K pa3pyLIeHNIO BBIPaOOTOK, TOPHBIM yapaM U 3eM/IeTps-
CEHISIM, 3aTOIUICHNIO IIIAXT, B3PHIBAM METAHO-BO3[YIIHOI CMECH U IO/ COTEH TOPHSIKOB, U SIB/SIETCs Oe3a/IbTepHATUBHOIL
Cpefoii /s BefieHNsI B Heil TOPHBIX paboT. To, 4TO MOXKHO Cie/laTh B JAHHBIX CTUXUITHBIX YCIOBUSX, — BBIOPATb MOPSIIOK OTpa-
OOTKIM MeCTOPOXKJieH!s (CCTeMy pa3pabOoTKM), YTO ¥ Ha3bIBAETCS YIIPABIeHMEM TOPHBIM [aB/IeHIEM I COCTAaB/IsET IPEeIMeT
reOMEXaHUKIA.

BoNbIIMHCTBO KOHCTPYKIMOHHBIX MaTepyajIoB sAB/AIOTCA MaTepyalaMy IVIACTUYECKOTO paspyLieHNs, A KOTOPbIX (ak-
TUYECKM OTCYTCTBYeT IOHATHE TIpefie/ia IPOYHOCTM Ha CXKaTHe, a MX pacyeT OCYIIECTBIIAETCA Ha pacTsKeHMe. IIpakTudeckn
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BCe TOPHbIE OPOIbI OTHOCATCS K MaTepyaaM XpYyIIKOTro paspyleHs, T. e. MaTepyanaM, 06/1a/jalolyiM BHYTPEHHIM TPEHUEM.
CnBuroBoe paspylleHye MaTepuaoB, 06/IafalolX BHYTPEHHUM TPEHUEM, ABJIAETCSA BeCbMa CJIOKHBIM IIPOIIECCOM, COIIPOBO-
XKJIAIOLMMCS AytaTaHcueil. Takum 06pa3oM, faxke B CIIydae IPMHATIA MO/ CIUIOIIHON Cpefibl HOABIAETCA pAL crenydude-
CKJX BOIIPOCOB IIpY OIMCaHMY Jie(pOpMUPOBaHNA IIOPOJ, B ITTACTUYecKoiT pasze. PaKTIUECK MOXKHO YTBEPXKAATD, YTO Ha CETOf-
HSILTHUI [IeHb [Is1 CABUTOBOTO XapakTepa AeOpMUpOBAHIIsi TOPHBIX IIOPOJ I CIOKHOTO (06'beMHOT0) HAIIPSDKEHHOTO COCTOSI-
HIsL B JINTEPAType OTCYTCTBYIOT TEOPETUIeCKM 060CHOBAaHHbIE U MOTBEP)KAECHHbIE 9KCIIEPYMEHTOM KPUTEPUY IIACTUIHOCTHI
U TIPOYHOCTY, QYHKIMA IUIACTUYECKOTO MOTEeHIIMA/Ia U 3aBMCUMOCTH, OIpefersiome KoapduiMeHT aumarancuu. B csasu ¢
3TUM B KadeCTBe IOBEPXHOCTHU TEKYYeCTM ¥ (QYHKIVM IIACTMYECKOro MOTEHIMaa UCHOIb3yeTCs Mpefie/ibHasA KyTOHOBCKas
IIOBepXHOCTb. [T0aTOMY K09 PUIIMEHT fyIaTaHCUM, PACCYNTAHHBIN COIIACHO aCCOLMIPOBAHHOMY 3aKOHY IIACTUYECKOTO Te-
YeHIs, B HeCKOJIBKO pa3 IIpeBBIIIaeT IKCIepYMeHTa/IbHble 3HaYeHs, a 00/1aCThb YIPYrOCTY acCOLMMPOBaHA C IIPefe/IbHOIL. JTO,
B CBOIO OYepelb, IPYBOJUT K 3HAUNTE/IbHOMY 3aBBIIICHNIO IVIATAHTHBIX ISMEHEeHWIT IIPY IUIACTUYECKOM e OpMIPOBAHNI 1
MCKaXKEHUIO Pe3y/IbTaTOB MOJEMIMPOBAHNS HAMIPHKEHHO-1e(pOpMUPOBAHHOTO COCTOSHIA.

3aMeTuM, 4TO €Cly yTPUPOBaTh IOHATHE TOPHOTO fe/la, TO MOXKHO CKa3aTbh, YTO OHO CBOJAUTCS K Pa3pyIIEHMIO TOPHBIX
nopog. V feiicTBUTENbHO, OTPabOTKa MECTOPOXK/IEHN CBOAUTCA K IPOBEIEHMI0 Pa3HOTO POfia BRIPAOOTOK (CKBa>KUH, BCKPBI-
BAIOLIMX KaIIMTA/IbHBIX, IOTOTOBUTE/IbHBIX, HAPe3HBIX, OUMCTHBIX U T. [I.), IPY 3TOM OCHOBHBIM TEXHOJIOTMYECKIM IIPOLIECCOM
ABIIAETCA paspylueHye (6ypeHme — 6ypUMOCTb, B3pbIBaHME — B3PbIBAEMOCTD, BTOPUYHOE IpOO/IeHNe, PYLOIOAIOTOBKA IIpK 060-
rameHnn — fpobuMocTs). HanpoTrus, reoMexaHnKa UCCIEAYET YCIOBUS YCTOMIMBOCTI ¥ IIPOYHOCTI MaccuBa. Kak B mepBoMm,
TaK ¥ BO BTOPOM C/Ty4ae HeoOOXOAMMO PaCIO/IaraTh yCIOBUAMM, IPU KOTOPBIX MIPOUCXOAUT paspylleHe (KpUTepuy IIPOYHOCTH
Y IJIACTMYHOCTH ), C KOTOPBIMI, KaK II0Ka3aHO paHee, MMEIOTCA CIOXKHOCTH. B CBA3M ¢ 9TUM MCCIIeIOBAHNA YCIOBIIL CIBUTOBOTO
PaspyIIeHNs TOPHBIX IIOPOJ] KaK MaTepyaioB, 00/Ia Ao MX BHYTPEHHNM TPEHMEM U CLIeI/IEHUeM, TaKKe IPeJiCTaBIISAI0OT Cepb-
€3HYI0 I JlaXKe epPBOCTEIIEHHYIO HAyYHYIO IpOo6ieMy.

OpHolt U3 ITTAaBHBIX 3a/jad T€OMEXaHVKI SAB/IAETCA IIPOTHO3MPOBAaHNE Pa3BUTUA ONACHBIX T€OMEXaHNYECKUX IIPOLIECCOB.
BobIIMHCTBO Ba>KHBIX BOIIPOCOB IPUXOIMTCA PellaTh Ha CTAfUV IPOEKTUPOBAHNUA, B YCIOBUAX, KOITa QPAaKTU4eCKN OTCYT-
CTBYIOT IaHHbIE O €CTeCTBEHHOM HAIPsKEHHOM COCTOSHMI MacCUBOB, IIapaMeTpax Ipoliecca CABVDKeHN (YI/Ibl COABVKEHNA,
Pas3pbIBOB) TOPHBIX IIOPOJ], 9MEMEHTaX TPELINHOBATOCTY MAaCCUBOB 1 T. .

EcrecTBeHHOE HaNpsDKEHHOE COCTOSHME (HATIPSDKEHNS, CYIIeCTBYIOLIMe 1O Hauasla BeleHNUs TOPHbBIX paboT) BBICTYIAeT B
KayecTBe IPAaHMYHBIX YCTIOBUIL IPY pacyeTe HalPsDKeHHO-eOPMIPOBAHHOTO COCTOSHIA B 9JIEMEHTaX CUCTEMBI Pa3pabOTKY C
JICIIONb30BaHMEM MOJIe/Iell MEXaHVMKY CIUIOIIHON cpefibl. Ecnyu BepTHKanbHasg KOMIIOHEHTA ITIAaBHBIX HAITPSKEHWI TPAKTUYECKU
BO BCeX C/Iy4asAX OIpefe/AeTCA IpaBUTallell, T. e. O/IM3Ka 110 BellM4MHe K IIpecIoByToll YH, To ropusoHTanbHasA (TeKTOHNYe-
CKasA) KOMIIOHEHTa BecbMa Heolpefe/neHHa. [1o JTaHHBIM HaTYPHBIX OIpee/IeHNI, ee BeINdIHA MO>KeT BapbMPOBATbC B OYEHD
mnpokux npepgenax (0,5-12)yH. OgHAaKo MONMYyYUTh JOCTOBEPHBIE JAHHBIE O TEKTOHNYIECKOI COCTABIIAIOLIEN HAIIPSKEHMIT BO3-
MO>KHO TOJIBKO ITPOBEJs CIeIaNbHbIe MCCIEeNOBaHMA B TOPHBIX BBIPAOOTKAX, Ia ¥ TO C HEOIIPE/eNIeHHOI TOYHOCTbIo. [lefio B
TOM, YTO CYIeCTBYIOLYE CIOCOObI OIpeie/ieHNsl eCTeCTBEHHbIX HOJIeil HalpsDKEHUIT OCHOBAHbI Ha HarpysKe WINM pasrpyske
MaccuBa MajIoit Wiy 60/Ib1Ioi 6assl, M3MEPEHNI FeOMeTPIIECKIX TapaMeTPOB AedopMarii (CMeI|eHNIT, KOHBEPTeHINN BbIpa-
OOTOK I T. [i.) ¥ UIX IlepecydeTe B KOMIIOHEHTBI HAIIPSDKEHMIT C MCIIONIb30BaHIeM MaTeMATI9eCKOrO aMIapaTa TeOPUN YIPYTOCTIL.
OpHako I7TaBHBIM HEJJOCTATKOM TAaKOJ CXeMBI ABJIAETCSA MCIO0/Ib30BaHNMe CTPYKTYPO3aBUCHMBIX YIPYTHX IIapaMeTPOB MacCHBa.
Takum 06pasom, 3aiaya 10 IPOTHOZMPOBAHNIO HAIPSDKEHHO-Ae(OPMIPOBAHHOTO COCTOSIHUA 1 BOSMOXKHOCTH Pa3pyLICHNUs
TOPHOTO MacCHBa CTABUTCA PAKTUYECKM CIeYIOMNUM 06pasoM: ONpefienNTb HApsDKeHUs 1 leopMalyy B S7IeMEHTaxX CUCTe-
MBI pa3pabOTKyM NPy HEM3BECTHBIX HAarpy3Kax, 4TO, KOHEYHO, HEBO3MOXHO. TakyM 06pa3oM, CXOLHOe HAPsHXKEHHOE COCTO-
SIHJe TOPHOTO MacCUBa TaKXKe IIPEACTaB/IAeT Cepbe3HyI0 IpobieMy B reoMexaHuke. OIATh JKe YMECTHO CpaBHEHMeE C APYTUMU
TE€XHUYECKVMMI HanpaBleHuAMU. EC/iu Mbl IPOEKTUPYEM 3JJaHMe, Mbl 3HA€M €TI0 BBICOTY, & COOTBETCTBEHHO ¥ MaKCHMAa/IbHYIO
Harpy3Ky; eC/ MOf{BOHYIO IOMIKY, TO PerIAMEHTUPYETCs ITTyO1HA ee IOTPY>KEeHNs], a 3HAYNT, M Harpy3Ka.

AHasIorMYHas CUTYaLVsl BO3HNUKAET IIPU BBIOOpe MeCTa 3aK/IafIkil BepTHUKA/IbHOIO IIAaXTHOro cTBo/MA. Kak 13BecTHO, ero
YCTbe JJOJDKHO ObITh BBIHECEHO 32 00/1aCThb (30HY) OIACHBIX lepopMalinit, OnpeesseMyo yIraamMu cABIbKeHs. OHAKO HaiexX-
HO€ YCTaHOBJIEHME 3HAYEeHNII YIJIOB CABVDKEHMA BO3MOXKHO JIMIIb IIPY NMPOM3BOAICTBE MHCTPYMEHTANBHBIX MapKIIeIepCKUX
Hab/moeHNnI1 y>ke Ha HOAPabOTaHHO TOPHBIMY BEIPAOOTKAMI TEPPUTOPIIL.

TeoMexaHMKa OTKPBITOI paspabOTKI MMeeT XOTh U crerduueckite Ipo6reMsl, HO MX IPUUYIHA TAK)Ke TPUBUAJIbHA 1 (aK-
TUYeCKM o6Cy>KzieHa Bbllle. [Ipu OljeHKe YCTONYMBOCTY OTKOCOB HAaMOOJBIIYIO PO6IeMy IpefCTaB/sieT YCTAHOB/IEHIE Pac-
JeTHBIX XapaKTePUCTUK TOPHOTO MACCHBA, IIPEXe BCETO BeMMUNHBI crierieHns [5]. s onpenenenns Koadduiiienrta CTpyk-
TYPHOTO OC/abIeHns UMEITCS UIIb NPUOTVDKeHHbIe SMIIMPUYECKIe 3aBUCYMOCTH, He OOBACHAIONE GU3VKU pa3pyLIeHNUs
OJI0OYHBIX Cpef WM IPecTIoByThle 0OpaTHble pacyeThl. Elle ofHOI IIpo61eMoil AB/IgeTCA YCTaHOBIEHNE KPUTHYECKIX TTapame-
TpoB fileopMIpPOBaHNA 6OPTOB KapbepoB, Pa3pe3oB ¥ OTKOCOB OTBAJIOB VI ke BpeMeHN f1o obpymrennus. Takum ob6pasom, Ha
IIePBBIil B3I/ISA, Pa3Hble IPOO/IEMbI MMEIOT O6IIye KOPHY — OTCYTCTBIE MATEMATHIeCKOTO alllapara MeXaHUKY OJIOYHBIX Cpef.

OtcyTcTByeT crioco6 060CHOBaHMS YCTONYMBBIX IAPAMETPOB OTKOCOB AJIsI 00DBEMHOTO HAIIPSDKEHHOTO COCTOSIHMS, T. €.
3a/ja4a 10 OIleHKe YCTOIYMBOCTY OTKOCOB 110 METOAY IIPeJie/IbHOTO PABHOBECHS pelllaeTCA B IJIOCKOII TocTaHOBKe. OlHaKO JaH-
HbIJ1 BOIIPOC JIOKUT B IJIOCKOCTY TIPOG/IEMBI BIUAHMA IIPOMEXYTOYHOTO I7IABHOTO HAIIPSDKEHNS Ha IPOYHOCTD TOPHBIX OPOJ,
KOTOpasl Ha CETOfIHAIIHMUI leHb He UMeeT OKOHYATEeTbHOTO peIlleHN .

O6o0061as ckazaHHOE, 3aMeTVIM, YTO 3ajiada IPaKTIYeCKOll FeOMeXaHMKI Ha CTa{yJl IPOEKTUPOBAHUA MOXKeET OBITb cPop-
My/IMpOBaHa C/IEAYOLIMM 00pa3oM: OLPeNe/UTh IIpefie/IbHble ITapaMeTpPhl 9IeMEeHTOB CUCTeMbl pa3paboTKi (pasMepbl OIIOPHBIX
L[e/IKOB, YI/IBI Pa3PbIBOB U CABIDKEHNS, YITIbl yCTONYUBBIX OTKOCOB I T. [I.) B YCTIOBUSAX, KOTAa (haKTUUeCKU HEM3BECTHBI (HU3M-
KO-MeXaHIYeCKle XapaKTePUCTUKI TOPHBIX MaCCUBOB, [AeIICTBYIONINe HATPy3KN (eCTeCTBEHHbIe WM IePBUYHbIE IO/ HAIIPsI-
JKEHMIT), @ pacyeTHast MOJIE/b CIUIOLIHOI CPefibl He COOTBETCTBYET peallbHOMY TOPHOMY MacCCHBY.

To ecTb 3ajjlaya TOPHOTO MH)KeHepa-TeOMeXaHMKa abCOMIOTHO TTO00Ha 3aaue PYTUX MpeCcTaBUTeNell TeXHNIeCKON Hay-
KU1, OJHAaKO B C/ly4ae TOPHOTO MacCuBa JaHHasd 3ajjada MO>KeT OBbITh HeoIpefe/leHHOI. MeToJbl MeXaHVKM CIUIOIIHON Cpenbl (Te-
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Op¥isl YIPYTOCTH U IVTACTUYHOCTH) XOTh 1 TO3BOJISIOT TOTTYYUTD KOTIMYEeCTBEHHbIE XapaKTEPUCTHKI HAPSDKEHHO- e opMmpo-
BAHHOTO COCTOSIHMSI MacCyBa, HO He YUYUTHIBAIOT MHOTMX PeasbHBIX IIPOLIECCOB, IPOMUCXOAAIINX B 6JIOUHOM MIIU MepapXIdecKnt
6HO‘{HOM I‘OpHOM MacCCUBe Hp]/[ €ro ]Ie(i)OpMI/IpOBaHI/H/I U1 HAJIOKE€HMN Ha HETO I[pyI‘I/IX MeXaHNYeCKUX IT0IeN.

V3 ckazaHHOTO paHee C/IefyeT, 4YTO CKOIbKO-HUOY/Ib JOCTOBEPHOE pellleHNe TeOMeXaHNYeCKMX 3aa4 BO3MOYXKHO JIMIIb I10-
CpenCcTBOM OOPATHBIX pacueToB. TOMBKO MPOIeCC Je3MHTETPALINI MATEPHUAIOB M TOPHBIX TIOPOZ 0ObeauHsIET B cebe IPOIHOCT-
Hble CBOIICTBA, IIpefe/IbHble HATPY3KM, KOHIIEHTPATOPBI HANIPsDKEHWIT 11, HAKOHel], (JaKTUUeCKYI0 TeOMETPUI0 TIOBEPXHOCTENL
mesuHTerpanyy (paspyueHus, CKonbxenus ). Heo6XoauMo b yCTaHOBUTD MEXAY STUMU IIapaMeTpaMy CBA3b HAopobe
ypaBHEHMsI cOCTOsIHYS. VICcIonb3yeMble B TeOMeXaHUKe TPagULMOHHble (eHOMEHONIOIMYeCKyie KPUTEPUI IPOYHOCTH JIOKATIb-
HBI, T. €. OIIPefIeJIAI0T YCIOBYA PAa3pyLIEHN B TOUKe, a He B Tejie. KpoMe TOro, Kak y>ke 0TMe4asnoch, OHY YCTAHAB/IMBAIOT TONBKO
Hpenen HPO‘{HOCTI/I, BMECTE C TEM HOBerHOCTI/I I[eSI/IHTeI‘paIH/II/I IIOABIAOTCA y>1<e Ha CTagum IIaCTUYIE€CKOro prO‘IHeHI/I}I, KpI/I-
Tepvm HaCTyHIIeHI/Iﬂ KOTOpOFO (I)aKTI/I‘{eCKI/I OTCyTCTByIOT.

[Tpeararaemble peleHusl

B paMkax Mopenu CIJIOLIHOM Cpefbl, 0Omajfaoleil BHyTPEHHUM TpeHueM ¢ u cuernyieHreM C, aHATUTUYECKN TIOTYYeH U
9KCIIEPYMEHTA/IbHO IIPOBEPEH U MOATBEPXKACH eAMHBII KPUTEPUIl IVIACTUYHOCTY ¥ IIPOYHOCTY TOPHBIX MOPOX (TBEPADIX Te)
npu casure [7-9]:

— B KOMIIOHEHTAaX ITTaBHbIX HaHpH)KeHI/Iﬂ 0'1, 0'3:

o,=0,-2C [| 1+

3

tgpo tgpko
gg11+g(P s |, (1)

C
— B KOMIIOHEHTaXx HaHpH)I(eHI/IiI Ha IIOIIafgKe cpesa T, O'nl

) 1+k |(1—k)0n+2kCcosq)|
=C —C | ,
T (1+sm(|))+1 P sin @ n‘ (l+k)Ccosq) | (2)

oTIpefeAii Ipy k = 0 GYHKINMIO IIACTNYECKOTO TOTEHI{MA/IA U Hada/IbHYIO IOBEPXHOCTD TeKy4eCTy (IIpefiert yIpyrocTi)
IUISI TOPHBIX IIOPOJ € ITACTMYECKIM XapaKTepoM paspyurerrss; 0 < k <1 — mpees IpOYHOCTIE TOPHBIX HOPOJ U IPeeN yIpyro-
CTH J/Is1 TOPHBIX HIOPOJI C XPYIKMUM XapakTepoM paspyurerns (k= 1 - sin ¢); k - 1 — TeopeTUdIecKyIo IpefeNbHYI0 IOBEPXHOCTD
VTN TIpefieN IIPOYHOCTY Ipu caBure (cpese), copnagaminyo ¢ kputepueM Kynona (Coulomb, 1773 [6]).

Ha 6ase pemeHus sajjaqu yCTONYMBOCTH OTKOCOB COOPY>KEHUIT KaK KOHTMHYaJIbHOI Cpefbl MOMy4eH BapUal[MOHHBIN
IIPUHIUII Ae3MHTETPALY TOPHBIX HOPOZ [7, 8], onpenesstronit GYHKIMIO HOBEPXHOCTH (TPAeKTOPUIO) PaspyIIeHIst, KOTOPBII
MOXKHO c(OpMyY/INpOBath ciefyoiuM obpasom. Popma OBEPXHOCTEN CABUTOBOI Ie3MHTETPALINN B TBEPABIX TeaX (TOPHBIX
MTOPOJIaxX) OIPeNeNseTCs] MaKCMMaIbHOI paboToit BHenrHNX XV 1 06beMHbIX X (W — U) ciyt Ha OTHOCHTETBHOM TIepeMeIeHnI
JacTell Te/a IpK cpese, IPY 9TOM MUHIMUSKMPYETCs SHEPIHis, 3aTpaunBaeMasi Ha CO3/IaHle JAHHbIX IIOBEPXHOCTEN £21):

IV(x,y,y’)dn + J.[W(x,y,y') - U(x,y,y')]dS

N

—> max, 3)
J.2n(x,y,y')dl

L

rie A — ygenbHas pabora 06beMHbIX caBurammux W n ygepxusanomux U cul Ha BO3MOXXHOM IIePeMEIeHII CICTEMBL IIPU
CABUTOBOII ile3uHTerparuu (CABUTOBBI OTeHI AT 0TCeKa), A = W - U; V — yfenpHas paboTa MOBEPXHOCTHBIX CUT; 21) — YZIe/b-
Hasl [OBEPXHOCTHAsI S9HEPIYsl paspyIIeHVs efVHULbI AIVHBI TPEIIMHbI IPU Cpe3e; dn — 9JIeMEeHT Harpy>KeHHOII MOBEPXHOCTHU
Tena.

V3 npunnuna (3) clegyloT JOCTaTOYHO BaXKHbIe BBIBOABL. Ec/u BHeIIH:AA HarpysKa HOCTOSIHHA, @ 00 beMHbIe CUJIBL OTCYT-
CTBYIOT WIM UMM MOXHO IIpeHe6pedb, TO B OZHOPOSHOII Cpefie MOBEPXHOCTSMI Je3MHTerparuit OyAyT SBIATHCS IOCKOCTIL.
[TpumepoM sIB/IsIETCST Ae3UMHTErpaLyist 0Opasiia TOPHOI IOPOABI IO HATPY3KOIL, MACCUBA TOPHBIX TOPOJ, IO EIICTBIEM TEKTO-
HIYECKUX HAIIPsDKEHMIA.

Korza A u 1 IIOCTOSIHHBI, a BHEIIHSSA HATrPy3Ka OTCYTCTBYeT, pellleHeM BapUallMOHHOTO YpaBHeHMsA (3) Ipy OTCYTCTBUM
IOTIOMTHNUTENbHBIX YCTIOBMII /1A 0ObEMHOI 3afjaun ABIAeTCA cdepa, a B IVIOCKOM CIydae — OKPY>KHOCTD. JJaHHBII pesynbrar
CTIefyeT 13 TaK Ha3bIBaeMOIl M30IIepUMeTPUYecKoil 3ajaun (3agada JJujoHbI) U 3aKOHa ee B3aUMHOCTH. To ecTb Ipu HUKCUPO-
BaHHOII JUIMHe MaKCYMa/IbHYIO IUIOIa/ib OKOHTYpUBaeT OKPYXXHOCTD, M HA060pOT. [InTeNIbHOE BpeMs IIpK pacyeTe YCTONYNU-
BOCTH OTKOCOB JICIIO/Ib3YeTCSl IOBEPXHOCTD CKOJIbKEHN B BUJie JYTY OKPYXXHOCTH. AHAJIOIMYHO IPONCXOAUT GOPMIPOBaHIe
KOJIbII€0OPa3HBIX IIePeHANPsDKEHHbBIX 30H BOKPYT MOJ3€MHBIX TOPHBIX BBIPAOOTOK — sIBJIEHIE 30HA/IBHOI Je3NHTerPaLiui, e
OT/Ie/IbHbIE CAIBUTOBBIE TPELMHBI CBOEI COBOKYITHOCTDIO (JIOMaHast TMHMA, BK/IIOYAIOIast CIBUTOBbIE U OTPbIBHBIE TPELMHBI) B
30HAX JIe3VHTEerpalluyl OKOHTYPMBAIOT MOBBILICHHBII IOTeHIMaN (HabmoaeTcs AMCKOBaHNe KepHa), MUHMMUSKPYS AIMHY 30H
Te3VHTerpal .

Takym 06pasoM, IOBEPXHOCTDIO JIe3MHTEIPaLlMyl MUHVMU3UPYIOTCA IUIomaay (06beMbl) ¢ IOHVKeHHBIM IOTEHIIMATIOM
(mwractTudeckue) U yBeIMYMBAIOTCA VIO € IIOBBIIIEHHBIM IIOTeHIIMAIOM (IIepeHaNpsDKeHHbIe, YIIPYTIe, SHeproeMKue oba-
CTH), IpY 9TOM MUHIMU3NPYETCA S3HEPrus, 3aTpadnBaeMasd Ha CO3[aHNe IOBEPXHOCTell fe3nHTerpanyy (ux aamnHa). To ecTb mo-
BEPXHOCTAMU (30HAMI) AE3MHTETPALINN OTCEKAETCs II0 BO3MOXKHOCTH OOJIblllee KOMMYeCTBO OTEHIINAIbHOI SHepruu (CABUTO-
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BOTO [TOTEHIVA/Ia NIV BO3MOXKHOI PabOThI IIPY CABMUTE), PeaTN3yeMOIt /I MX CO3LaHN, I, HAIIPOTHB, YMEHDBLIAIOTCS Pa3Mepbl
IJIACTIYECKUX 00/IacTell Ipy MIHMMAIbHOM pacxofe (UCCUITalim) S3Hepruy Ha IIPOLeCC Je3MHTerpaLiuiL.

OtMmeTnm, 4To BoipaskeHns (1), (2) u (3) ABIAIOTCA CTPOIMM MEXaHMKO-MAaTeMaTUYeCKUM Pe3y/lIbTaToOM, IOTy4eHHDbIM U3
eIVHCTBEHHOTO IIPeNIIONIOKEHN — KOHTUHYaIbHOCTH (CIUIOIIHOCTM) Cpefbl. VICIob3ys JaHHbIe BBIPaXKEHVA, MOXKHO IIOKa-
3aTh, YTO PAAIYC KPMBU3HBI IIOBEPXHOCTI CABUTOBOII Ie3MHTEIPallyyl IPOIOPLMIOHAJIEH Pa3HOCTY [IaBHBIX HaIIpsDKeHMII (pa-
muycy kpyra Mopa) u 06paTHO IIPOIOPIIOHaIEH 00'beMHOIT cityIe o/t (00'beMHOMY Becy), KOTOpPasi CO3/jaeT JaHHbIE Ipefe/ib-
Hble HaIIPsDKEHM:

|R| _ [1 + th\P]S/z 0,-0;

> 4
tgotgy Y @

I/Jie Y — YroJI HaK/IOHA IUIOLIAfKM Cpe3a K MUHMMAIbHOMY IJIABHOMY HAIPSDKEHNUIO, KOTOPBII B IIepBOM IPUOIVKEHNN MOXKHO
IPUHATD PaBHBIM T/4 + ¢/2.

Takym 06pa3oM, KpUBM3HA IIOBEPXHOCTY AE3MHTETPALVIN ABJIAETCA MHANKATOPOM BYJja HAIIPSDKEHHOTO COCTOSHYSA U €ro
U3MeHeHNUs B Tejie. VI3 BbIpaxkeHN: (4) clenyer, 4TO MOCTOSAHHAA KpUBU3HA (pamiyc) O3Ha4aeT MMOCTOSHHYIO PasHOCTD IJIaB-
HBIX HaIlpsDKeHUI WIN OTHOOCHOE HAIlpsDKEeHHOe COCTOAHMUE B KaXKHOoi Touke. /I ujeabHO CBA3HBIX IIOPOJ I MaTepHajIoB
HOBEPXHOCTBIO Je3MHTETPALIUY AB/IAETCA INIOCKOCTD. Taxoke CIefyeT, YTO YeM IIpoYHee MaTepasl, TeM KPUBU3HA II0BEPXHOCTH
CIOBUIOBOM Ie3MHTErpalliyl MeHbIIIe.

C ncnonbp3oBaHMEM BapMaIMOHHOrO NpyHIMIA (3) ObUT IMONTydYeH KPUTepuil YKPYITHEHNsA CIBUTOBOI TPEIIVHbI VN JIN-
HelHbI K09¢UINEHT BIOXKeHUA 67I0KOB Py CABUIOBON fesMHTerpanyu min QyHfaMeHTalbHbI TapaMeTp uepapxuu [9].
ITpu oTcyTCTBUM IIPUTOKA SHEPIUY U3BHE Je3MHTETPaLA B 3aMKHYTOI INTOCKOJL CYICTEMe MOXKeT IIPOMCXONUTD TOTBKO 3a CUeT
HAKOIIVBLIENCSI B Te/le 9HEPIUN, IIPU 9TOM pas3pyLIEHNe VI MOsIB/IEHNE TPELIVHbI Ha TI000M MacIITAOHOM (MepapXIdecKoM)
YPOBHE HAaCTyIIaeT TOT/A, KOI/ja OTHOIIIEHE CPEHEr0 PACCTOSHIS MeX/y 00pasyOLIMMILCS TPEIINHAMMI K MX CPeHEMY pasMe-
PY HOCTHUTAET 3HAYEHMA

(o
A =4sin Z+; 22,8(‘):0...3,7(‘):”4. (5)

Ipyrumu croBamiu, 06pasoBaHiie TpelnH OyfeT BOSMOXXHO TOTIBKO TOTZA, KOTa OTHOLIEHVE PACCTOSHNIT MEXIY HUMU K
UX [IMHe OyAeT sB/ATbCSA HeKOTOPOJ KOHCTAHTOI, IIPOAMKTOBAHHOM 3aKOHOM COXpaHeHMs SHepruu. [JaHHBI pasMep Mex-
TPEIIMHHOIO y4acTKa HeOOXORMM IJIsl HAaKOIUICHMA B HeM JOCTaTOYHOJ SHepIUM IS CO3[AaHUA IUIOCKOCTHU Jie3MHTerpaLun
3agaHHOro pasMepa. Eciu pasmep 6osblite, TO U TpelliHa Oy/ieT IIMHHee, KOHEYHO, B CJIy4ae OTCYTCTBUA PacCesHMA M IIPUTOKA
SHEepIUIL

JI/1s1 oCpefHeHHOTO 3HaYeHsI OTHOIIEHIIT pa3MepOB 0/IOKOB COCEIHUX PAHIOB, paBHOTO 3,5 o M. A. CafjoBCKOMY, CXOfsI
u3 ypaBHeHus (5) uMeeM @ = 32°, 4YTO JOCTATOYHO TOYHO COOTBETCTBYET CKabHOMY MaccuBy. Takum obpasom, popmyna (5)
MOYXeT OBITh MCIIONb30BAHA /ISl IPOTHO3MPOBAHNA yI/Ia BHYTPEHHET0 TPeHMs TPELIMHOBATOTO TOPHOTO MacCyBa.

Y nmapameTpa uepapxuu (5) MosBJIAETCS BIIOJIHE ABHOE U IOTMYeCKOe TONKOoBaHue. YeM 6orbliie Yo/l BHYTPEHHEro TPEeHu,
TeM OOJIblile SHepIyM TPATUTCS Ha CO3JIaHMe HOBBIX IIOBEPXHOCTEN (CTPYKTYP) JAHHBIX PasMepoB, a 3HAUUT, MeXTPELIHHOe
paccrosiHne Taxxe Bospacraer. Takum ob6pasom, dusmdaecknit cMbIct Kputepus (5) — MOKasaTenb JUCCUIALNN SHEPTUN IIPU
CO3JIaHMU [TIOBEPXHOCTEN lesMHTerpauyn. B cpefax, rie Auccumanyisl SHepIuM 3a cueT BHYTPEHHETO TPEHNUA OTCYTCTBYET, T. €.
=0, A =2+/2, 4TO paBHO yJBOCHHOMY 3Ha4eHMIO MacIITabHOTO paKTOpa AesuHTerpanuy, mpegaoxxeHHoMy B. H. Omapusneim [10].

[TomMyMO pelreHNs IPSIMBIX TeOMeXaHMYeCKIX 3afad, BopakeHns (1)—(5) mosBoOMAT pelraTh oOpaTHble 3agadn. eitcTBy-
TE/IbHO, B IIpoLiecce OTPabOTKI MECTOPOXK/ICHNA JIe3VIHTEeIpallyisi MacCUBOB IOBCIONY COLIPOBOX/IAET pasBUTIE TOPHBIX paboT.
To ecTb MaccuB paspymIaeTcs II0J AelICTBYeM BTOPUYHBIX HOJIeil HAIIPsKeHUI! (II0J1A, M3MEeHEeHHble KOHIIeHTpalell — TOPHBI-
mu BeipaboTkamn). VI3 saBucumoctn (4) cefyer, 4TO He MMeeT 3HAYeHNsI, KAKOBBI IIPUYMHbI BO3SHIKHOBEHIS IIOBEPXHOCTENT
IesMHTeTpaLNy, BaXXHA IUIIb UX reoMeTpust. Takum 06pasom, ucnonbsys npuHuni (3) n saBucumocti (4), (5) MOXHO peliath
obpaTHbIe 3afadn: 0 popMe OBEPXHOCTEl CABUTOBOI [e3MHTETPAL{UY ONIPERe/ISITh UCXOTHOe HAIPsDKEHHOE COCTOSIHIE, T. €.
ero pacrpepeseHie, HapyuMmep, ¢ IIyOMHOI, B Clydae M3BECTHOTO €CTECTBEHHOTO 0/ HANPSDKEHMIT — K03 UIMEeHThI KOH-
LeHTpaLyy HaIPsDKeHUI YUY IIPOYHOCTHBIE XapaKTePUCTUKY TOPHOTO MacCuBa.

3aMeTuM TakxKe, 4TO 3aBUCUMOCTH (1)-(4) ompemeaIoT 3aKOHOMEPHOCTH Ae3MHTeTPalVIyi KOHTUHYaIbHOI CPefibl, OfTHAKO
HeOOXO/IMMO Y€TKO IIOHVMMATh, YTO 6/I04Has cpefa (TOPHBI MaCCHB) B IIEPBOHAYAIBHOM BIJiE SB/IS/IACH CIUIOLIHOIL, IOTOMY
I/Is1 BBISIBIEHMISI 3aKOHOMEPHOCTEN! e€ TIOBeNEHMsI KaK O/TOYHOIT Cpefibl HeOOXOAMMO paconaratb 3aKOHOMEPHOCTSIMIL €€ TeHe3a,
T. e. ge3uHTerpanuu. [IpumepoM sBysietcst Kputepuit (5), ONpefesIoLyii mapaMeTp BIOXKeHNUs 6I0YHOTO MacCuBa, HO HOJy-
YEeHHBIIT I3 KPUTepIeB Ae3MHTeTPaLi CIUIOMIHOI cpenbl (1)-(4).

Taxkym 06pasoM, reoMexaHIKa, SABIAACh TEXHNYECKOI HAYKOIL, MMeeT psf creluIyecKX 4epT, KapAUHaIbHO OT/INYAI0-
IIMX ee OT IPYIMX MH>KeHepHbIX Hayk. [To-BupuMoMy, ot crenyidudeckiie 0Co0eHHOCTY U IPOOIeMHOCTb HEKOTOPBIX reoMe-
XaHNYECKUX, TeO/MTHAMUIECKIX, T€0/IOTNIeCKIX, Te0(PU3NIECKUX U CEIICMOIOTNYEeCKUX BOIIPOCOB U SIBJISIOTCS IIPUYMHO TOTO,
4TO Tpoceccust TOpHsIKA 110 Cell IeHb SIBJIIETCS CaMOlt OIIACHOI, 0COOEHHO B YC/IOBUSAX IIOCTOSIHHOTO POCTA ITYOMHBI BeIeHNUs
TOPHBIX PabOT. VI IeiicTBUTENbHO, [TTyOMHA BefeHNUS TOPHBIX PabOT CerOfH: TOCTUTAET CBbILIE 4 KM, B 9TOM CTydae IPaBUTALIU-
OHHasl COCTAB/LAIONIA HAIIPSDKEHMI C YIeTOM 00'beMHOro Beca IIOpof 1 KoaddulyenTa KOHIeHTpauuy 6yaeT MMeTb 3HaUYeHe
oxono 300-400 MIla, 4To MpuUMeEpHO COOTBETCTBYET MPOYHOCTY Ha OTHOOCHOE COKaTHe CaMOil IPOYHONM U3 CYIIeCTBYIOIEeN
CKaJIbHOI TOpofbl. VI3nMIIHe ja’ke YIIOMIHATD O BeMYMHE HAKOIJIEHHOI B TAKOM TOPHOM MacCHBe ITOTeHIIMATbHO SHEPINI,
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0COOEHHO B YC/IOBUAX TeKTOHMYIECKMX MO/l HAIIPsDKEHNMIL, a Beb TOPHBIe PabOThI MOAPasyMeBalOT MEeXaHNYeCKOe BO3eliCT-
BUe Ha 9TOT MaccuB (OypeHie, B3pbIBaHue 1 T. A.). To ecTb paboTa (akTuuecku He3alMIeHHOTO Ye/loBeKa (IIaxTepa) B HeIlo-
CPEZICTBEHHOIT O/IM30CTH OT NEePEHAIPSDKEHHOT0, KaK CTPYHA, MAacCyBa B IIPUHINIIE He MOXeT 6bITh 6e3omacHoit. O TOYHOCTH
IIpOrHo3a 6e30IIaCHOCTH BeeHIsI TOPHBIX pabOT MOXKHO CY[AUTh U3 PaHee IPUBELEHHBIX O0CY>KIEHNMIL, B CBS3M C 9TUM CTaHO-
BIUTCSI CIIPABE//INBBIM U IIOHSITHBIM U3BECTHOE U3PEUeHIIE, YTO KTOPHOE JIeI0» — ITO BOBCE He [IEJI0, @ «TOPHOE MICKYCCTBOY.

Hraxk, uMeroruecst Ipo6eMbl T€OMEXaHUKY CBOJATCA, O CYTH, K OZHON (yHZAMEHTa/IbHOI — OTCYTCTBUE JOCTATOYHO
000CHOBAHHBIX (PU3NYECKUX IMPEICTABICHNUIT O SABJIEHNSX, IPOMCXOAAIINX B OIOYHBIX CPefaX U UX 3aKOHOMEPHOCTSIX, U, KaK
CTIefICTBIE, MaTEMATIYEeCKOTO alapaTa ONMCAHs IOBeeHNs TPELMHOBATBIX TOPHBIX MaCCUBOB IIOf] HATPY3KOIL.

«KpacHoit H1TbIO» B BOIPOCax (pu3MIecKoil Me30MEXaHVKI, TeOTeKTOHVKI, CEeIICMONOTNM, Te0du3NKe 1 Jp. IPOCTIEKN-
BAETCsI TE3NC O BUXPEBOM IIPOTEKAHNN IPOI[ECCOB IIACTUYECKOrO fehOpMUPOBAHISI M Pa3pyLIEHNST MATEPUAJIOB ¥ TOPHBIX
IIOPOJ], POTAIMIOHHOM XapaKTepe [BIKEHVsI TEKTOHMIECKNX TUTUT, BOMTHOBOM XapaKTepe mepepacipee/ieHNs HalpsDKeH!IT B
MaccuBe, BOTTHAX KPYTWIbHOI MO/IAPU3ALNY, HeTMHEHBIX BOTHAX MAsTHIKOBOTO THIIA, PACIIPOCTPAHEHNN U TlepepacIperie-
7eHnn SHepruu KedOpPMaIIOHHOTO Ipoliecca B BU/e MeIIeHHbIX e OopMalMOHHBIX MIN TEKTOHNYECKUX BOH I JBVDKEHUI
u T. o. Jpyrumu crnoBamy, IpoLiecc feCTPYKLMY, Iepepacipee/ie sl HalpsDKEeHWIT ¥ BOJTHOBbIE IIPOLIeCChl IPOTEKAIOT B BUJE
TPAHC/LILMOHHOTO CMEIeHNs CTPYKTYPHBIX 9/IEMEHTOB I X Pa3BOPOTA, T. €. 10 CXeMe C/IBUT + HoBopoT [11-20].

B mocrnepHme roppr Bce 6onbliee MpyMeHeHNe B Pas/INIHbIX 00/TaCTSIX HAYKV HAXOWUT TaK HasbIBaeMOe ypaBHEHMeE sin-
Topnona mnn Kneitna-Topmona [12, 15, 16]. Ero ncrionb3oBaHme B CeiCMOIOTHUM 1 TEOMEXAHNKe 00BSICHAETCS TEM, YTO OHO MMe-
eT pellleHsI B BUJie KMHKOB, OpU3epOB, YeIHEHHBIX BOTH (CONMUTOHOB), OBICTPBIX ¥ MeJI/IEHHBIX KHOU/IA/IbHBIX BOJTH I KQXKIOMY
U3 HMX COOTBETCTBYET CBOJI XOZ 9BOMIOLIMY CUCTEMBI O7I0KOB 11 pa3noMoB. Kpome Toro, conutoH sin-lopmoHa MO>KeT OCTaHaB-
NMBATbCs 63 M3MEHEeHNs CBOEI TOIIOIOTMY 1 BHOBb IIPUXOAUTD B ABIDKeHne. Ho caMoe r1aBHOe CylieCTBOBaHUe TAKOTO pofia
BOJIH B TOPHOM MacCCIBE, OIVCBIBAEMbIX YpaBHeHeM sin-[opfoHa, ITOATBEPXK/FAeTCs 9KCIEPUMEHTAIbHBIMIL Te0(pU3MNIeCKIMI
nccnenoBanusamu [12].

[raBHOI mpo6eMol mpy cospfaHMy Mogerneil feopMupoBaHuA OIOYHOIN Cpefbl ¢ MCIONb30BaHMEM YpaBHEHUA sin-
TopnoHa sB/IsgeTCST OTCYTCTBME (HU3UUECKON MHTEPIPETALNH TIOSABIEHNS COOCTBEHHOTO MOMEHTA CHJIbI Te00/IOKOB (CIMHA).
CormacHo uccnefosanusm A. B. Buxynuna [13, 14] mo reoTeKTOHMKe, MOMEHT CUJIBI CBsI3aH ¢ BpajeHueM 3emnu. Vccnenosa-
tensaMu [15, 16] maHHDIT MOMEHT BBOGYUTCS IIOCPEACTBOM MIPUBJIEYEHMSI HECUMMETPUYHOIO TeH30pa HAIPsDKeHMIT (MeXaHMKa
Koccepa). Bipouem, Takoit IOAXO0M ZOCTATOYHO KATETOPUIHO KPUTUKYeTCs B pabore [13], ykaspiBaeTcs: Ha 6€3[J0Ka3aHHOCTh
VICIIO/IB30BAHMS HECHMMETPUIHOTO TeH30pa B PAMKaX TEOPUH YIIPYrOCTH, Ha OTCYTCTBUE (PU3NIECKOTO CMBICTTAa MOMEHTHOIL
TEOPNN YIIPYTOCTH C TEPMOSMHAMUYECKON MTO3MINM, & TAK)KE Ha HEyPABHOBEIIEHHOCTh KMHETNYECKOr0 MOMEHTA BCEero Teja
u T. 1. B pabote [11] ykasbiBaeTcst, YTO Ha CETOAHAIIHWIL leHb BBUY OTCYTCTBIUSA JAHHBIX O IPUPOJie COOCTBEHHOTO MOMEHTA
6710KOB 4MCTO (HeHOMEHOIOTMYECKH er0 MOXKHO pacCMaTpUBaTh KaK MPOU3BeeHNe KacaTeNbHOTO HaIlPsDKEHNUS Ha IINHY T17I0-
IIAJIKY CIBUTA.

B paMKax mpoBefjeHHbIX MCCIEHOBAHNUIT 10 CO3[aHII0 TEOPUM YCTOMIMBOCTIE OTKOCOB KaK KOHTMHYA/IBHOI CPEJBI 110 Me-
TOY IIPeAe/IbHOTrO paBHOBeCH:I [21] MOYKHO ITOKA3aTh, YTO HA CTANN IUIACTIUYECKOTO Ae(OPMIPOBAHIS MATEPUAJIOB, T. €. TP
CIBWTE IO TpelyHe (MUKPOTPEIHE) BOSHMKAET aKTUBHBII MOMEHT CHJIBI, PABHBII

M:(‘r—tg(pcn—C)lcosq)rsin(S—q)), 6)

e [, r — [IMHa IJIOAagKY cpe3a U papuyc (cpegHmit) 610Kka COOTBETCTBEHHO; & — YrojI HaK/IOHA IUIOLIAKY K BIOPaHHOM OCH.

Ecnn paccMarpuBarh rOpHBI MaCCUB KaK CPefy, HA MAKpPOYPOBHE B KOTOPOIT IIPOMUCXOANT [UIACTIIECKOE TedeH e (MexX-
6/10KOBBIe TIOABIDKKY), 4 HA MUKPOYPOBHE (B CTPYKTYPHOM 0710Ke) COXPAHAETCs YIpyTast CBs3b, T. €. IMHEIHasl CBSI3b MEXAY
MOMEHTOM CUJIbl I KPUBU3HOIL rpaHeli 6710koB [16], To ypaBHeHMe OBefeHNs HepparMeHTIPOBAHHOI Cpefibl ¢ yueToM (6) u
IUIOCKOII 3ajiaunt (IBYMEpHBIiT C/ry4ait) OyjeT uMeTb BUJ:

2 2 2
aS—AaS—BZ?=(r—tgaocn—C)ZCOSWSiH(S“P)’ 7
y

1
or’ ox’

rie A, B — ynpyro-reoMeTpuieckie MOCTOAHHbIE; | — MOMEHT MHEPIN re06/IoKa.
YpasHeHue (7) npefcrasisieT cob60il ypaBHeHe sin-lopfoHa ¥ MMeeT psifj pellieHNiT COiep>KallyiX, B TOM YMC/Ie, Me/IeHHbIe BOIHDL.
BuiBOALI
Takum 06pasom, ¢ ncroabp3oBanneM ypasHeHuit (1)—(7) HOSB/IsIETCS BOSMOXXHOCTD IIPOTHO3MPOBAHNS ITOBEEHISI TOPHOTO
MacCKBa Ha CTA[MAX IJTACTIIECKOTO AepOpMUPOBAHIL 1 Pa3pyILIeHNsI KAK KOHTUHYa/IbHOI, TaK U MepapXndecKu O7I0THOI CPefibL.
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Underlying problems of practical geomechanics and possible ways to
overcome them

Andrey Viktorovich ZHABKO®
Ural State Mining University, Ekaterinburg, Russia

Relevance of the research is due to the fact that there are some problems in geomechanics associated with the incorrect presentation of the mountain
mass by the continuum environment. In this regard, some fundamental problems may occur in determining the strength and deformation properties
of mountain ranges, the calculation of their stress-strain behavior.

Purpose of the study is to summarize the existing problems of geomechanics, determination the most significant ones, as well as to discuss possible
ways to overcome them.

Methods of the study. Analytical methods of the research with experimental verification of the specified results are used in this work.

Results and their application. This paper is intended to propose analytical criteria for plasticity and strength for rocks and other artificial materials,
as well as the function of plastic potential for the strike-slip character of plastic deformation and destruction, based on the representation of solid
bodies as the continuum environment. The proposed criteria and function of plastic potential were compared and adjusted with some experimental
studies on the destruction of mountain rocks in a complex stress pattern. A variational principle of the disintegration of mountain ranges is proposed,
which makes it possible to determine the geometry of the surfaces of disintegration. It follows that the surface of disintegration minimizes areas
(volumes) with reduced potential (plastic), and areas with increased potential (elastic, energy-intensive ones) increase while minimizing the energy
spent on creating surfaces (their length). On the basis of this principle, dependence has occurred; it connects the radius of curvature of the surface of
shear disintegration and the main stresses while destruction by body forces (for example, gravity). A criterion for a crack extension or a fundamental
hierarchy parameter (linear factor of blocks) is proposed:; it is established that its value is determined by the angle of shearing resistance, as a measure
for energy dissipation during when shearing. When considering a mountain massif as a discretic block medium, the sine-Gordon equation was
obtained, which describes the deformation dynamics.

Conclusions. According to the results of the research, a number of criteria, principles, and dependencies were proposed that determine the processes
of plastic deformation and destruction (disintegration) of rocks based on continuum and block-hierarchical models of the mountain massif.

Keywords: problems of geomechanics, strength and deformation properties of mountain ranges, disintegration and destruction of rocks, plastic
deformation, sin-Gordon equation.
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Crioco6 60pLObLI ¢ TBEPAOH PA30 WIAXTHLIX BOA MYTEM MOAE3HOIO
MCMOAbL30BaHMS U3OLITOYHOM HAMOPHOCTM HACOCHOTO OOOPYAOBAHMSI

Hukonawu MetpoBuy OBYUMHHUKOB®

CeBepo-BocTouHbin heaepanbHbii yHuBepeuteT nm. M. K. AmmocoBa, Poccus, Pecnybnuka Caxa (AkyTtns), AkyTck

AKTYaALHOCTL pa6oTsl. LLaxTHast BOAQ, OTKA4YMBAEMAs M3 TOPHLIX BLIPAOOTOK MOA3EMHbLIX KUMOEPAMTOBLIX PYAHUKOB PoCcHitckoi heaepaumm, HaAXoAsl-
wmxcst B BeaeHmn komnanum AK «<AAPOCA» (TTAO), SIBASIETCS| BLICOKOMMHE PAAM3OBAHHOM HATYPHOM YKMAKOCTDIO, B CBSI3M C YEM OHA OBAAAAET MAOTHOCTLIO,
MPEBOCXOAsILEeN MAOTHOCTL YMCTOM BOAOMPOBOAHOM BOALI B 1,2—1,4 pasa. AAsi OTKaUYKM TaKOM HATYPHOM SKMAKOCTM Ha Ha3BaHHbLIX PYAHMKAX UCMIOAL3YIOT
CEKUMOHHDBIE HACOChI C M3OLITOYHON HAMOPHOCTLIO, YTO MCKAIOYAET MX PABOTYy B PEXMME MEPErpY3KM — HEXXEAATEALHOM paboyeM pexxMme C TOUYKM
3PEHMs SKCrAyaTaummn. Ha psiae BOAOOTAMBHbLIX YCTAHOBOK MOA3EMHLIX KUMOEPAMTOBLIX PYAHUMKOB HAMOPHOCTL SKCMAYATUPYEMBIX CEKLIMOHHLIX HACOCOB
MPEBLILAET PACYETHLIV MOAHDBIA Harop 6oAee Yem B 1,7 pasa. 3aBbllEHHDIN 3arac U3GLITOYHON HAMOPHOCTM AAHHLIX PYAHMYHDLIX BOAOOTAMBHDIX YCTAHO-
BOK CHWKAeT 3(PPEKTUBHOCTL MX SKCTAyaTaLMM BCAEACTBME HEMPOM3BOAUTEALHBIX 3aTPAT HA SAEKTPOSHEPTUIO, U3-3a STOTO MOAE3HOE MCTMOAL3OBaHME
M3BLITOYHOM HAMOPHOCTM MX CEKLIMOHHDLIX HACOCOB MPEACTABASIET COB0M BOCTPEBOBAHHYIO HAYHHO-MPAKTUYECKYIO 3aaady.

Lleab pa6otel. Hacrosiasi pabota nocesiweHa paspaboTke U Hay4HOMY OBOCHOBAHMIO TEXHUYECKOTO PELIEHMs], HAaMPABAEHHOTO Ha 6opLOY C TBEPAOH
(pa30ii WaXTHLIX BOA, OTKAYMBAEMDIX M3 BOAOCOOPHMKOB MOA3EMHBIX KUMOEPAMTOBLIX PYAHUKOB PoCCHiickoi (heaepaumm, MmyTem MOAE3HOTO UCMOAL3OBA-
HUs1 U3BLITOYHOM HAMOPHOCTM UCMIOAL3YEMOTO HACOCHOTO OBOPYAOBAHMSI.

MeToALI MCCAEAOBAHMA. AAsI AOCTVDKEHMSI MOCTABAEHHOW LIEAV MCMOAL3OBAACS KOMIMAEKCHDIV MOAXOA, BKAIOYAIOWMI B CeBsl: aHAAM3 PA3AUYHLIX AUTE-
PaTypHLIX UCTOYHMKOB MO TEMATUKE UCCAEAOBAHUSI, AHAAM3 3HAUMUTEALHOTO MPAKTUYECKOTO MATEPUAAa Mo PaboTe HACOCHOTO OBOPYAOBAHMS MOAZEMHDBIX
KMMOEPAUTOBLIX PYAHUKOB POCCHIACKOM (PeaepaLmm, AHAUTUYECKME PACHETDI, SKCMEPUMEHTAALHLIE MCCAEAOBAHMSI HA AABOPATOPHOM HACOCHO YCTAHOB-
Ke Ha 6a3e ueHTPobeXXHOro Hacoca moaean K8/18.

Pe3yAnTaTpl. Ha OCHOBAaHMM BBLIMOAHEHHLIX ABTOPOM HAYYHLIX UCCAEAOBAHMUM OLIAO MPEAAOXKEHO TEXHMUYECKOE PELIEHME, HAMPABAEHHOE Ha 6opLby ¢
TBEPAOM (Pa30¥i WAXTHLIX BOA, MOCTYMAEMbIX B BOAOCOOPHMKM MOABEMHLIX KUMOEPAMTOBLIX PYAHUKOB Poccuiickoi eaepaumnm. AaHHOE TEXHUYECKoe
peleHye 3aumIEHO NaTEHTOM Ha n3obpeteHme Poccuiickoin deaepaumu.

KatoueBble cAOBA: WAXTHASI BOAA, MOASEMHbI KUMOEPAUTOBDLIN PYAHUK, CEKLIMOHHLIE HACOCHI, M3OLITOYHASI HAMIOPHOCTD, WAAM, YCTPOVICTBO AAsI B3MYUMBA-
HVS1 LWAQMA, MOATIOP, TMAPOLIMKAOH.

BeaeHue. [NocraHoBKa 3aaaum
[ITaxTHAs1 BOfjA, OTKaYMBaeMas 113 TOPHBIX BHIPAOOTOK ITOI3€MHBIX KUMOEPIUTOBBIX pyfHIKOB Poccun, obmagaer
IUIOTHOCTBIO, IPEBOCXOsAIIe B 1,2—1,4 pasa IVIOTHOCTD YMCTOI BOALI [1-4].

JI/is OTKa4YKy TaKo¥l HaTypHOI XKMIKOCTU Ha MOA3EMHBIX KMMOEpINTOBBIX pygHuKax Poccuiickoit Depepanyn, Haxoms-
muxcs B Beferyu Kommanuy AK «AJIPOCA» (ITAO), ncrnonb3yoT ceKIMOHHbIe HACOCHI C M30BITOYHON HAIIOPHOCTBIO, YTO
VICKJTIOYAeT X PpaboTy B PeXKUMe IIEPErpysKy — HeXXeIaTeIbHOM PabodeM pexxyMe ¢ TOUKN 3PeHIsI SKCIUTyaTaluiL.

PaHee mpoBeJieHHBIE aBTOPOM JCCIIEOBAHISI CBUIETENILCTBYIOT, YTO IPUMEHNTEIBHO K YCIOBMSM MOfI3€MHBIX KUMOepn-
TOBBIX PYJHMKOB Poccuy ceKIMOHHbIE HACOCHI CUUTAIOTCA ONTMMAIBHO MOZOOPAHHBIMI, KOT/IA MIX HAIIOPHOCTD HPEBbIIIAeT
pacyeTHBII MOHBII Hatop B 1,5-1,7 pasa [3].

OpHako Ha HECKONbKVX BOJOOT/IVBHBIX YCTAHOBKAX yKa3aHHBIX PY/JHMKOB HAIIOPHOCTD 3KCIIIYaTHPYEMbIX CEKIIVIOHHBIX
HAaCOCOB IIPeBBIIIaeT PacyeTHBIN ITOIHBI Harop Ooyee 4eM B 1,7 pasa [3]. Pabora Takoro HacoCHOro 060pyOBaHMA OIpefe-
JICHHO BJIedeT 3a CO00il 3HAYNTe/TbHbIe HEIIPOU3BOAUTEIbHBIE 3aTPATHI Ha 9/IEKTPOSHEPIHIO.

Vcxopst 13 BCETO U3/I0KEHHOT0, KOHCTATUPYeM, YTO CHIDKEHNUE M30BITOYHOI HAIIOPHOCTY CEKIIMOHHBIX HACOCOB [0 OITHU-
MaJIbHBIX 3HAUeHWI! VI ee MO/Ie3HOe MCIOIb30BaHNe IIO3BOMUT MOBBICUTD 3P PEKTMBHOCTD SKCIUTyaTalluy Psifia BOJOOT/INB-
HBIX YCTaHOBOK IIOf]3eMHbIX KMMOepIUTOBBIX pyfHIUKOB Poccuiickoit Gepepariyn.

Kparkumit aHaAM3 paboT Mo TeMaTMKke MCCAEAOBAHMSI

AHa/u3 pas/IYHBIX MICTOYHVKOB II0Ka3asl, YTO CHVDKEHYVIS VIV MOJIe3HOTO MCIIOIb30BaHMA M30BITOYHON HAIIOPHOCTH Ha-
COCHOT0 000PYOBaHMA MOXKHO JOOUTHCS Pa3IMIHBIMU My TAMM [5-9)].

Ha mponsBoicTBe OGHMM U3 PACIIPOCTPAHEHHBIX METOLOB OOPBODI € M3OBITOYHOI HATIOPHOCTHIO HACOCHOTO 060PYTOBAHIIS
JIO CUIX TIOP SIBLIETCA APOCCENMPOBaHIe 3a/[BYKKOI Ha HaTHETaTeIbHOM TPy0OoIpoBofie. [JaHHbIT MeTOf; 06ecredrnBaeT CHIDKe-
HIe HaTPy3KM Ha 9/IeKTPOJIBUTATe/Ib, OJ[HAKO B TOXKe BpeMs Y Hacoca 3HaunTenbHO cHypkaetcs KIIIT [5].

B pabotax [6, 8] oTmedaeTcs, 4TO M3OBITOYHAS HAIIOPHOCTb HACOCA MOXKET 3HAYMTENbHO OBITh CHIDKEHA IIyTeM BITyCKa
BO3JlyXa B €ro BcachBarouil Narpy6ok. Cepbe3HbIM MUHYCOM 3TOIO CIOCO0a ABJIAETCA TO, YTO OH MOXET CIIOCOOCTBOBAThH
VMHTEHCUBHOMY Pa3BUTUIO KaBUTALMOHHBIX IIPOLIECCOB B HACOCE, HETATUBHO BIMAIONINX Ha €r0 pab0TOCIOCOOHOCTb.

Jis1 cHYDKeHMsT M3OBITOYHOI HATIOPHOCTIE HACOCHOTO 060PYXOBaHIIsI ObII PACCMOTPEH BAPMAHT C UCIIOIB30BAHUEM IIPEO-
6pasoBaTeselt 4acToThI [5-8]. Kak BBIACHUIOCH, CHIDKEHME M36bITOYHOI HAIOPHOCTY HACOCHOTO 000PYAOBAH JO ONTUMAIb-
HBIX 3HAYeHMII IIyTeM M3MeHeHMA YaCTOThI BPallleHN: CONPKEHO CO CHIUYKEHMEM eTo IPOM3BOAUTENbHOCTH, YTO B psAfie CIIy-
vaeB HefforyctuMo. K npumepy, HekoTopble pyAHUYHbIE BOZOOTIMBHbIE YCTAHOBKY IIPAKTUYECKN Oecriepe6oiiHO paboTaloT 10
cxeMe «OffIH HacocC B paboTe, OJMH HACOC B pe3epBe, OIMH HACOC B PeMOHTe». B c/iydae IpUHYAUTEIBHOIO CHIDKEHMS IIPOU3BO-
AUTEIBHOCTY HACOCA 13-32 MCIIOIb30BAHI IIPe06pasoBaTe/isi 4aCTOTHL B pabOTY JOIIOJTHUTEIBHO BK/IIOYAETCsI HACOC, PaHee Ha-
Xopsmumiics B pesepse. Takum 06pasom, BOZOOT/IMBHAS YCTAHOBKA OCTAeTCsI 6e3 pe3epBa, YTO CO3/1aeT aBapPUITHYI0 CUTYALIMIO.

B pa6ore [9] u36bITOUHYIO HATIOPHOCTb HACOCHOTO 00OPYIOBAHMA IIPE/IaraeTCs UCIOIb30BATh B KaueCTBe TeHePaTopa BbI-
COKOHAIIOPHOI CTPYM I'MPO3/IeBaTOPHOI YCTaHOBKY. Peannsaliya Takoro TeXHUYECKOTO PeIleHNsA MOXKeT IIPUBECTH K IOBBI-
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PucyHok 1. 'mapomexaHU3UpoBaHHbIN KOMMNNEKC PYAHUYHOro BOJOOTNMUBA. 1 — CEKUMOHHbIE HAacochl; 2, 3 — BcacbiBatoLLyMe U HarnopHble
Tpy6onpoBoapl; 4 — CEKLMOHHBIN Hacoc; 5, 6 — BcackiBatoLLMe 1 HanopHbie Tpy6onpoBoabl; 7 — MMAPOLMKITOH; 8 — OBLLMIA HAMOPHBIA KOMNEKTOp;
9 — yCTpOMCTBO ANS B3My4nBaHus wnama; 10 — napannenbHble HaknoHHble NnacTuHel; 11 — wnam; 12 — 3ymnd BogocbopHuka.

Figure 1. Hydromechanized mine drainage complex. 1 — stage chamber pumps; 2, 3 — intake and pressure pipelines; 4 — stage chamber pump;
5, 6 — intake and pressure pipelines; 7 — cyclone; 8 — general discharge header; 9 — device for spreading sludge; 10 — parallel inclined plates; 11
— sludge; 12 — drain sump of water-collecting header.

LIEHNO YHC/Ia OTKA30B HACOCOB, TaK KaK IIOJIE3HOE MCIOMb30BaHNe X M30BITOYHOI HATIOPHOCTH COIPSKEHO CO 3HAYUTENBHBIM
HOBBILIEHMEM HAIPY3KM TUIPaBINIeCKOI IPUPObI Ha X YIIJIOTHUTE/IbHbIE 37IEMEHTBI CO CTOPOHBI BCAChIBaHMA.

[Mpeararaemoe TexHM4Yeckoe pelleHne

Jns noBbieHns 3P PEeKTUBHOCTU IKCIUTyaTaluy Psifid BOLOOTIMBHBIX YCTAaHOBOK IIOfI3€MHBIX KVMOEPIMTOBDIX PYLHN-
xoB Poccnu corpynuukamu [opuoro nuctutyra CeBepo-Bocrounoro depepanbaoro yausepcutera M. M. K. AMMocoBa 65110
IIpeJIOXKEHO TeXHIYeCKoe pelleHue (puc. 1), mo3BosAmliee I0/Ie3HO UCI0/Ib30BaTh M30BITOYHYIO HAIOPHOCTbh HACOCHOTO 060-
PY[OBaHUA B LIE/IAX 60pBOBI CO IITAMOM — TBepAoit pas3oil OTKAIMBAEMOIT IIIaXTHOI BOAbL. CTOUT OTMETHUTB, YTO YCTPOWCTBO U
crroco6 paboThI JAHHOTO TEXHMYECKOTO PeIIeHNs 3alMIeHbl IaTeHTOM Ha n3o6petenne Poccurickoit Peneparym [10].

[MppoMexaHM3MPOBAHHDI KOMIIIEKC PyAHMYHOTO BOZOOT/INBA paboTaeT CIEAYIOLIIM 00pasoM.

[Tocrynarommas B 3ymnd BogocbopHmKa 12 maxTHas BOJa IpeABapUTENIbHO OCBET/IACTCS 3a CUET OCefjaHMsl Ha HAKJIOHHBIX
mracTuHax 10 mmamall, BXopAmiero B coctas BOAbI, C IOCAEAYIOUIMM €r0 IIepeMeleHEM B CIIELaIbHYI0 KaHaBY, I/l€ YCTaHOB-
JIEHO YCTPONCTBO /I B3MYUMBaHMA HITaMa 9.

YeTpoiicTBO /IS B3MYYMBAHMS ITaMa 9 obeciednBaeT IMOAHATIE IIIAMOBOrO 06/1aKa Ha MOBEPXHOCTD 3yMIIda BogocOop-
HIKa 2, KOTOPOE IO [eVICTBIEM LIeHTPOOEXHBIX CUJI Pasfie/isieTcsl B TUAPOLVIKIIOHE 7, YCTAHOB/ICHHOM Ha BCAChIBAIOIIEM TPY-
60mpoBoOfe 5 CEKIIIOHHOTO Hacoca 4, Ha KUKYI0 U TBEPAYIO COCTABIIAIONINE C IOCIEAYOLUINM yAaneHeM IIoCIefHelt. YCTpoit-
CTBO JyIs1 B3My4MBaHNA IITaMa 9 COCTOUT U3 IBYX TPy6ompoBonoB. OfuH TpyOoIpoBOL Bpe3aH B 00T HAIOPHBIIL KOTJIEKTOP
8, obecneuynBaroINii HeOOXOAVIMBII IIOAIIOP JIA NOFHATHA MIJITAaMOBOTO 00JIaKa, 1 OIyIeH Ha JHO 3yMiida Bogoc6opHuKa 12,
I7ie COefIHEeH CO BTOPBIM TPYOOIPOBOAOM, IIPEACTABIIOMINM COO0iT TPYOY IIPSMOTO AeCTBIS, 3aKPHITYIO C 000MX TOPIIOB, C
BPE3aHHBIMI B OJHY 13 ee 60KOBBIX CTEHOK COTIIaMM, HATIPaB/IeHHBIMIU BBEPX.

CeKII1IOHHbIe HACOCHI 1 Ha BBIIIeIeXKAIINi TOPU3OHT UM THEBHYIO TIOBEPXHOCTD YoKe OTKaYMBAIOT OCBET/I€HHYIO IIIAXTHYIO BOTTY.

Heo6xoumblil TOATIOP A/Is MOGHATHSI IITAMOBOTO 061aka obecriednBaeT jaBieHme 00IIero HamopHOro KoiekTopa 8, B
KOTOPBIII Bpe3aH OfVH 13 ABYX TPyOOIPOBOLOB yCTPOICTBA A/IsI BSMYUMBAHIS IIaMa 9.

Takym 06pasom, BIFHO, YTO M30BITOYHAST HATOPHOCTD CEKIMOHHBIX HACOCOB 1 MCIOBb3YeTCs /sl CO3HaHMsI IOAIOPa, He-
00XOAVIMOTO [I/IsI HOFHATHA IIJIAMOBOTO 00/IaKa Ha IIOBEPXHOCTD 3yMIIda BofocOopHIKa 12.

Hay4yHoe o60CHOBaHME MPEANArAEMOTO TEXHUYECKOTO PeIEHMs!

B npenyiaraeMoM TeXHMYIECKOM PEIIeHNN TUAPOLVKIOH SIB/ISETCS HAOPHBIM. [I151 06ecriedeHns TIOIOKUTENBHOTO JIaBiie-
HIisI Ha BXOJje B TUPOLIMK/IOH HEOOXOVIMO BBIIIOMHNUTD CIeAyIoliiee yCIOBYe:

h> HBaK’

r7ie h — moamop, Heo6XOAMMBII /1A HOTHATHA MIaMOBOro 0bmaka, M; H, |- daxrudeckas BakyyMMeTpUYeCKas BhICOTA BCACHI-
BaHMs CEKL[MOHHOTO HacocaM, M (puc. 1, mos. 4).
B nHamrem crydae akTuuecKas BaKyyMMeTpUYecKas BbICOTA BCACHIBAHN CEKIMOHHOTO HaCcOCa paBHa:

HdK=HI+H2+H3+H4+H5,

B

e H1 — réoMeTpnIeCcKas BbICOTA BCACbIBAHNA CEKMIOHHOI'O HAacoOCa, M; I‘I2 — BBICOTA OT OCU CIIMBHOTO Hany61<a Tmgponu-
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K7TOHa, M (puc. 1, M03. 5) 10 OCH BCachIBalONIero TPy6OIpoBO/ia CEKIMOHHOTO Hacoca; H, — IoTepy HAIopa BO BCAachIBAIONIEM
TPy6OIPOBOJE CEKIIMOHHOTO Hacoca, M; H, — AMHAMIYeCKuii Hallop BO BCACHIBAIOIEM TPYOOIIPOBO/ie CEKIIMOHHOTO HacoCa, M;
H, - notepn Haropa B TUJPOLMKIIOHE, M.

Bemmanny H, naxopum no crepymomeit popmyre, Ila:

H, = pv/2.

I7ie p — IWIOTHOCTD KUAKOCTH, KI/M?; ¥ — CKOPOCTB XIUAKOCTY BO BCAChIBAIOIeM TPyOOIpoBoze, M/C.

O6bryH0 B pacyerax BenmmanHaH cocTapser 2-5 M (puHMMaeM 4 M). VICXOJIA M3 TOTO, YTO MAXTHBIN BOTOIPUTOK B BOZIOC-
GOPHVKM YY9aCTKOBBIX BOJOOT/IMBHBIX YCTAHOBOK IIOfI3€MHBIX KMMOEP/IMTOBBIX PYSHIMKOB C M30bITOYHON HAIIOPHOCTBIO HACOC-
HOTro 060pyfoBaHNs He ImpeBbiiraeT 300 M*/4, a CpefHsA KOHIIEHTPALMs MeXaHMIeCKIX IpyMecel B Bofie cocTasiseT 20 /11, To
LIS OCBET/IEHNS TAKOI BOJbI IIOZONIeT HATOPHbIII IUPOLIMK/IOH MaJIOl IIPOU3BOUTEBHOCTIL.

Hampumep, MakcumanbHas BenmdnHa H, 71 HallOPHBIX TUAPOLMKIOHOB C TPOM3BOAUTENLHOCTHIO 10 50 M*/4 cocTaB/sAeT
1 m. Bemrumna H, 06bran0 He ipesbimnaet 0,5 M, a H, - 2600 ITa wmm 0,265 m (ipu ycmosuu, uto p = 1300 kr/m% v = 2 M/c).

OKCIepUMEeHTA/IbHbIE UCCIENOBAHISI, BHIIIO/IHEHHbIE HA TAOOPATOPHOIT HACOCHOI! YCTAaHOBKe (puc. 2), MOKa3au, 9T0 IpK
paboTe C IUAPOLVMKIOHOM, yCTAHOB/IEHHBIM Ha BCACBIBAIOLIEN IMHIM Hacoca-umurtaropa (Mopens K8-18), orpunarensHoe 1aB-
JIeHNe Ha BXOJie IIOCTIefHET0 CHUSMIOCH Ha 25 %.

Takum ob6pasom,
H_ =125(H+H,+H,+H,), (1)

Torma:

Hmz 7,2 M.

MuHuManbHOe faB/eHne Ha BXOJ€e B TUAPOLMKIIOH IIPOM3BOAUTEIBHOCTHIO B0 50 M*/4 coctaBmset 0,03 MITa (3 m)".

C yueToM 06s13aTenbHOro KoadduimenTa sanaca (mpuHnmaeM 0,5) 1 pacCTOAHNUA OT YCTPOJCTBA /I B3MY4YMBaHNA ITaMa
710 BCachIBalOMIell TMHMM CEeKI[MOHHOTO Hacoca (mpuHuMaeM 1,3 M)MUHUMATLHO JOMYCTUMBbII HORHOP h ., HeOOXOMMBII JI/IS
MIOHATYA IIIAMOBOTO 00J1aKa, B HallleM CIy4ae JO/DKEH COCTABIATD 12 M.

He crounTt 3a6bIBaTh, YTO CO3IaHMe U POCT HOAIOPA /i HEIIPEMEHHO CBSI3aHBI CO CHIDKEHVEM TUIPABINIECKNX ITAPAMETPOB
HaCOCHOTo obopynoBauns. UpesMepHoe CHIDKeHNe mofiadn Q u Haropa H CeKIMOHHBIX HACOCOB MOXKET IIPUBECTH K UX paboTe
C KPUTUYECKUM OCEBBIM CMeIleHIEM POTOPA, T. €. K paboTe B aBaPUITHBIX PeXKIMaX.

ITpoBepeHHBIE aBTOPOM 9KCIIEpMMEHTAIbHbIE VICCTIEOBAHIS HA Y>Ke M3BECTHOI HaM JIabOPaTOPHOI HACOCHOI YCTaHOBKE
(puc. 3) NO3BONMWIM YCTAHOBUTD SMIIMpUYecKye GOPMY/Ibl, BHIBEJeHHbIE ¢ IIOMOLIBIO aIllIPOKCUMAIIAY IMHEHBIX 3aBYCUMO-
creit (puc. 4, g, 6), 6marogapst KOTOPbHIM MOXKHO PaCCUYUTATb ONITYMATbHbIN /IsI HOFHATIS [ITAMOBOTO 067I1aKa MIOATIOP C TOYKM
3peHns 6e30macHoro GpyHKIMOHIPOBAHNS BOGOOT/INBHO YCTAaHOBKIL.

PaccmoTpuM peanmsanmio mpefjiaraeMoro TEXHMYECKOTO pelleH)s Ha IpuMepe Y4acTKOBOI BOJOOTIMBHON YCTaHOBKMU
YHC-310 nopzeMHOro KuMOEpIUTOBOrO pyfHMUKa «Mup».

VicxonHble faHHbBIE BOLOOT/INBHO YCTAHOBKI: CPeIHAA IPOU3BOAUTENIBHOCTD Q — 360 M*/4; cpemumit Harop H - 227,5 m.

PucyHok 2. PaboTta Hacoca-umuTaTopa ¢ yCTaHOBIIEHHbLIM Ha BCacblBatoLe IMHUM TMAPOLIMKITIOHOM B NTaGopaTOpPHbIX YCIIOBUSIX.
Figure 2. The operation of the simulator pump with a cyclone installed in the suction line in laboratory setting.

" M'magpouuknoHbl. TexHuyeckue ycroBust 1104-022-05773333-2008. URL: http://pzgo.ru/uploadedFiles/files/TU_1104-022-05773333-2008 _
Gidrociklon.pdf
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PucyHok 3. PaGorta Hacoca-MmutaTtopa ¢ yCTaHOBNEHHbIM Ha HaNOPHOW NIMHMU YCTPOWCTBOM Ansi B3My4YMBaHUA Wnama B naboparop-
HbIX YCNOBUAX.
Figure 3. The operation of the simulator pump with a device installed on the pressure line for spreading sludge in laboratory setting.
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PucyHok 4. JluHeHbIe 3aBUCMMOCTU NOTepb NoAayu — a U Hanopa — 6 Hacoca-uMuTaTopa oT co3gaBaeMoro noanopa.
Figure 4. Linear dependences of supply losses — a and pressure — b of the pump-simulator from the created backwater.

Kak 6b1710 0OTMeYeHO paHee, MMHIUMA/IbHbII IOATIOP h_. T/ TIOAHATHSA 1I/IAMa paBeH 12 M, 4To cocTaB/seT 5,3 % OT Harmopa
BoffooTNNBHOI ycTaHoBKM YHC-310.IIpoBepum, sBIAETCA MM TAKON HOAIIOP ONTUMAIbHBIM C TOUYKM 3peHUs 6e30IIaCHOCTH
(bYHKIMOHMPOBAHNSA PAcCMaTPUBAEMOIl BOLOOTIVNBHO YCTaHOBKIL

CoracHO BBIBe[leHHBIM aMIVpudeckuM ¢popmynam (puc. 4, g, 6), BogoorntusHasa ycranopka YHC-310 obecrieunBaer mop-
TI0p, paBHbII 12 M, Ipy ycmoByy cHYDKeHM:A nogauy Q Ha 8,5 % m Haropa H Ha 17,6 %, 4TO BIIO/IHE IIPMEM/IEMO, TaK KaK ITpefeb-
HOe CHJDKEHIe TI0fja4l BapblpyeTcs B iuamazone 20-30 %(Ipon3BofCTBEHHbIE JaHHbIE), a MAKCHMAaIbHOE CHIDKeHNe Hallopa
JaHHO BOZOOT/IMBHOI YCTAHOBKM [0 ONTMMA/IbHBIX 3HaUeHMiT cocTab/sieT 20 % (pacueTHble JaHHbIE).

Vcxops U3 0CHOB Teopyy OO0, TaKye HOTepy TUAPABINIECKUX TapaMeTPOB BOJOOTINBHOI ycTaHoBKM YHC-310 BO3-
MO>KHBI B CTy4ae JIMHbI TOPU3OHTAIbHOI TPYOBI YCTPOIICTBA /1A B3My4YMBaHMA LITaMa, PaBHOII 1,6 M, M BHYTPEHHETO AyaMe-
Tpa cones, paBHoro 0,08 M, paccTosiHMe MEXy LeHTpaMu KOTOpbIX cocTasnser 0,16 m:

H H 216 2275 I 1 015 15 d _d 0008 0,08

n

= = ; = = ; = = .
l l 0,15 1,6 d d 0,008 0,08 a, a 0,016 0,16

n

rae H , H - HOMMHA/IbHBII Hanlop Ta60paTOPHOI HACOCHO! YCTaHOBKM 1 BOIOOT/IMBHOI yCTaHOBKM; |, | - iymHa Tpy6bI ycTpoii-
CTBa [/l B3My4MBaHMsA IJTaMa Ta0OPATOPHOM HACOCHOT YCTaHOBKY U BOTOOT/IMBHOM YCTaHOBKY; d , d — BHyTPeHHMIT TaMeTp
comen Tpy6bl yCTPOIICTBA /1l B3My4MBaHNsA I/TaMa 1a60PaTOPHOI HACOCHO! YCTAHOBKM M BOJOOT/IMBHOMN YCTaHOBKYL; d , 4
— paccTosiHMe MEXy LIeHTpaMI COIIel TPYOBI YCTPOIICTBA JUIA B3MY4MBaHMUA HITaMa 1ab0paTOPHOI HACOCHON YCTAHOBKMU U
BOZIOOT/IMBHOM YCTAaHOBKM.

Tak Kax AjvHa TOPU3OHTAIBHON TPyObl YCTPOMCTBA A/IsI B3My4MBaHMS IUTaMa Oy/ieT 3aBefoMO OoJIblire AraMeTpa ceTda-
TOrO (PMIBTPA, YCTAHOB/IEHHOTO Ha BCACBIBAIOLIEN IMHII HACOCA, TO AA/IeKO He BCs IIORHATAs YyCTPOIICTBOM ITy/bma (~ 35 m*/1)
IOCTYIIUT B HACOC. YYMUTBIBAA 3TO, MOXKHO IIPEJIIONOXUTD, YTO MPOM3BOAUTENLHOCTD 110 MUTAHUIO TUIPOLMKIOHA COCTAaBUT
okormo 15-20 m*/4. Takylo MpoM3BOANUTENIBLHOCTD II0 MUTaHMIO Ipu AaBnenuu 0,03 MIla (3 M) MoxxeT obecrednTb HaIOPHBIN
ruppounknon Mogeny I'T1-250. Vicxopsa us Mopeny rMaponMKIOHa, B KaueCTBE HAcOCa MOYKHO JICIIONb30BaTh HACOC MOJENN
ITHC(K) 13-280.
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BbIBOADI

B xope poBefeHHBIX HayYHbIX MCCIEOBAHNIT OBIIO paspaboTaHO ¥ HayYHO 0OOCHOBAHO TeXHMYECKOe PellleHe, HallpaB-
JICHHO€ Ha ITOBBIIIICHNE S(b(i)eKTI/IBHOCTI/I C-)KCH)'IyaTaIU/II/I pﬂua BOJIOOT/IMBHBIX YCTaHOBOK II0[J3€MHDbIX KI/IM6ep}II/ITOBI)IX py}IHI/I-
koB Poccuiickoit Denepanyn, o6mafaonix n30bITOYHON HATOPHOCTHIO. CTOUT OTMETHTD, YTO MPEI0XKEHHBIN TIPOMeXaHN-
3MPOBAHHBIIT KOMIIIEKC PYJHIYHOTO BOZOOT/INBA B OOJIBIIIETT CTEIIEHN HAIIPaB/IeH Ha 60pbOy C 3aM/IMBaHIeM BOZOCOOPHIIKOB, a
He C rmnpoa6pa3MBHb1M M3HALIMBAHMEM JieTajlell IPOTOYHO YacT HACOCHOTO 060py,t[0BaHI/IH, SABJISIOIIVIMCS OTHON 113 OCHOB-
HBIX IIPUYMH €T0 0TKa30B [3, 4, 11-17], Tak KaK yCTPOMCTBO A/sI BSMYYMBaHMA IJTaMa CIOCOOCTBYET COXPAHEHMIO B3BELlIEHHBIX
YaCTHUI] B OTKAYMBAEMOIl HACOCHBIM 060PyLZOBaHUEM BOTIE.
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The method of fighting with the solid phase of mine waters by the
beneficial use of excessive pressure pumping equipment

Nikolay Petrovich OVCHINNIKOV'

M. K. Ammosov North-Eastern Federal University, Yakutsk, Russia

Relevance of the work. Mine water pumped from the mine workings of the underground kimberlite mines of the Russian Federation, administered
by PJSC ALROSA, is a highly mineralized natural fluid, and therefore it has a density that exceeds the density of pure tap water by 1.2—-1.4 times. For
pumping out such natural fluid in the mines mentioned above, sectional pumps with excessive pressure are used that excludes their operation in the
overload mode — an undesirable operating mode from the operational point of view. At a number of drainage installations of underground kimberlite
mines, the pressure of the used sectional pumps exceeds the predicted total head by more than 1.7 times. The excessive supply of excess pressure
of these mining drainage plants reduces the efficiency of their operation due to unproductive energy costs; because of this, the beneficial use of the
excessive pressure of their sectional pumps is a demanded scientific and practical task.

Purpose of the work. This paper is devoted to the development and scientific substantiation of a technical solution aimed at combating the solid
phase of mine water pumped out of the water-collecting headers of the underground kimberlite mines within the Russian Federation, through the
beneficial use of excessive pressure equipment used by the pump equipment.

Method of research. To achieve this goal, an integrated approach was used, including: analysis of various literature sources on the subject of research,
analysis of significant practical information on the operation of pumping equipment at underground kimberlite mines of the Russian Federation, ana-
lytical calculations, and experimental studies using a laboratory pumping unit based on a K8/18 centrifugal pump.

Results. On the basis of the scientific studies carried out by the author, a technical solution was proposed aimed at fighting the solid phase of mine
water entering the water-collecting headers of the underground kimberlite mines of the Russian Federation. This technical solution is protected by
patent of the Russian Federation.

Keywords: mine water, underground kimberlite mine, stage chamber pump, excessive pressure, sludge, device for spreading sludge, backwater,
cyclone.
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Relevance of the topic is due to concern of modern civilized society about the negative impact on the ecology of man-made mineral formations of
the mining activity.

Technogenic ores are represented by sludges, which are removed by groundwater from abandoned pits and rock dumps. They are deposited in
surface watercourse and serve as a source of environmental disasters. They overfill natural and artificial sedimentation basin, and the mine waters
carrying them threaten to increase acidity in protected reservoirs that serve as a source for drinking water for big cities. At the same time, in recent
years, the industrial value of these sludges has been determined, and the technology has been developed for extracting non-ferrous metals and useful
associated components from them. It is revealing that this ore sludge occur directly in alluvial and deluvial deposits of river valleys and ponds, which
are also of industrial interest as a source of surface gold and industrial minerals — sand gravel mixes. The need for the extraction of large volumes of
the latter is particularly relevant, since an extensive construction program is planned and implemented here.

The purpose of this paper is to attract attention of business and the public to an economically advantageous project for the development of man-
made copper-zinc ores from the abandoned pits of the Urals with a simultaneous solution of environmental problems.

Methodology. The work was done by the authors using the results of their own research and materials in collaboration with the team of Nedra group Ltd.
The result of the work. The authors have shown the presence of technogenic copper-zinc deposit within the territory of the Degtyarsky pit and
predicted gold-bearing placers in addition to it.

Conclusions. The main task of the study in the territory of the Degtyarsky pit is granting the licenses for the sites of Istok and Elchyovka; the estimated
cost of engineering design and geological exploration with an evaluation of reserves of non-ferrous, noble metals and associated raw materials in
sludge and alluvium-deluvium, as well as with the solution of environmental problems, ranges from 50-60 to 80 million rubles.

Keywords: technogenic and complex deposit, copper-zinc ores, alluvial gold, industrial minerals, economics, ecology.

ntroduction
Mining activity generates a large amount of mine waste, which accumulates in unwanted artificial man-made waste
heaps and sludge storages [1, 2, etc.]. One of the most extensive mining activities is copper mining. Copper is a metal that
has been important to humanity since ancient times and is the third largest metal in the world after iron and aluminum. The
undesirable effect of such mining operations is especially enhanced in the case of mining by the shaft method since the minerals
that make up copper ore contain sulfur in large quantities, which forms an acid when dissolving in water. Therefore, acidic mine
waters, adversely affecting plants and the animal world, engender one of the most significant environmental problems and are the
main source of water pollution worldwide [3-5].

Sludges of abandoned copper-pyrite pits of the Urals (Degtyarsky, Levikhinsky, Gumeshevsky, Verkhne-Pyshminsky, Zyu-
zelsky and other smaller ones — 14 pits in the Middle Urals in total) that carried out by underground and surface waters from idle
mines and dumps accumulate in the surface watercourse overflowing them and threatening the environmental safety of adjacent
territories (Fig. 1) [6-8, https://uraloved.ru/ goroda-i-sela/sverdlovskaya-obl/gorod-degtyarsk].

Technogenic lead-zinc deposit of the Degtyarsky pit

At the same time, in recent years, some sources exploring sludge of the Degtyarsky copper-sulphide pit, one of the largest in
the world [9, 10, etc.], show the commercial value of the marketable output produced from sludge: copper, zinc, ferrum and oxide
coloring agent and quartz-sulphide cake containing gold, silver and rare earth metals, as well as industrial mineral - gypsum
(Bukharov A. N. 2013, Tekhniko-ekonomicheskoye obosnovaniye investitsionnogo proyekta «Opytno-promyshlennoye predpriyatiye
po kompleksnoy pererabotke ilov pruda-otstoynika otrabotannogo Degtyarskogo mednogo rudnika s polucheniyem tovarnoy pro-
duktsii [Feasibility study of the investment project “Experimental-industrial enterprise for integrated processing of sludge from
the treatment pond of the abandoned Degtyarsky copper pit to produce marketable products”. Ekaterinburg, 22 p.) (Table 1).
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Figure 1. Woeful spectacle of the valley of the Istok river containing slimes of the Degtyarsky pit (source: uralmines.ru).
PucyHok 1. Ygpyuatowme Buabl COBPeMEHHOro COCTOSIHUA AonuHbI p. cTok, BMewatollen wnamMbl [1ertapckoro pyaHuka (MCTOMHNK:
uralmines.ru).

The concentrations in these man-made ores of copper — 1.5% and zinc - 5.5% are illustratory (whereas the copper content
was 0.9-1.26%, and zinc, 1.38-2.7 % [9] in ledge ores using shaft method), as well as the presence of a highly profitable technology
for extracting valuable elements from sludge developed by CISC “NPK Ekologia™

Within the territory of the Degtyarsky pit, the predicted resources of technogenic ore (sludge) of category P, in the valley of
the Istok river can be expertly taken in the amount of 1.3 million tons; category P, in the Elchevsky teatment pond - 1.1 million
tons. In general, the estimated resources of sludge in the Degtyarsky pit of categories P, + P, will amount to 2.4 million tons. In

Table 1. The chemical composition and volume of sludge in the licensed areas of the Degtyarsky pit.
Ta6nuua 1. XuMMUYecKknMi CoOCTaB M 06bEeMbI LWamMa Ha NIMLEH3NOHHbIX Y4acTKax [lerTapcKoro pyaHuka.

No Element Average grade in dry ore, % Reserves, tons
1 Copper 15 6000

2 Zink 5.5 22 000

3 Ferrum 20 80 000

4 Manganese 2.9 1100

5 Cementitious residue (gypsum) 70 280 000

KaparopwH C. C. v gp. To the question about prospects (upcycle) of abandoned copper-sulphide pits in the Urals // U3BecTusa YITY. 115
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Table 2. The volume and cost of stocks of the main raw materials extracted at the licensed sites of the Degtyarsky pit according to the
technology developed by CJSC “NPK Ekologia”.

Tabnuua 2. O6bLEM M CTOMMOCTb 3anacoB OCHOBHOIO Cbipbsi, U3BMEKaeMbIX Ha NULIEH3NOHHbIX y4acTkax [lertAapckoro pyaHuka no
pa3paboraHHou «HIMK 3konorusi» TexHonoruwm.

Elements Recoverable quantities, tons Price, 1 ton Sales, million $ Sales, million € Sales, billion rubles
Copper 4200 $6100 25.62 23.37 1.6
Zink 15 400 $ 2600 40.04 162.56 2.52
Ferrum 56 000 2000 rubles 2.24 2.04 0.11
(Csﬁgze"g”;g“oi’r%s;‘él&) 196 000 1000 rubles 3.92 3.56 0.96
Total - - 71.82 191.53 4.44

1€=73rubles, 1$ =63 rubles.

this case, estimated reserves of copper of the category C, + C, in the sludge of the valley of the Istok river and the Elchevsky teat-
ment pond can be estimated at 14250 tons (6000 tons + 8250 tons).

According to the data of PJSC Uraltsvetmetrazvedka for 2003, silver reserves in the sludges of the Elchevsky pond amounted
to 0.736 tons with an average grade of 1.6 ppm. The gold content in the sludge was not determined. At the same time, according to
CJSC “NPK Ekologia’, in the sludge (silt) sample taken from the Elchevsky pond, gold was determined in the amount of 1.1 ppm.
However, the absence of geological description of the material of this sample does not allow determining its genesis and classify-
ing it as sludge or alluvium-deluvium. The mineral assemblage and distribution of noble metal contents by area and thickness of
deposits of sludge from the Degtyarsky pit has not been studied.

Predicted resources of ore sludge from another largest copper mine, Levikhinsky, are estimated at 5 million tons. The condi-
tional predicted reserves of copper of C + C, category with a content of 1.5% in its sludge will be more than 18 750 tons.

CJSC “NPK Ekologia” together with Nedra group of companies has formed a promising business plan for extraction and
processing of ore sludge in the licensed site of the Istok river. In particular, it provides information on the volume and cost of
non-ferrous metals and related raw materials that can be extracted in the site of the valley of the Istok river' (Table 2, with the
author’s amendment of rough prices for July 2018).

Auriferous alluvials of the river valleys Istok and Elchyovka

Further, special attention should be paid to the fact that areas occupied by river valleys Istok and Elchyovka are located in
the area of distribution of alluvial placers with an average industrial gold content of 180-235 mg/m’. The geological structure of
the Degtyarsky pit indicates the presence of the latter within the territory under consideration. Along the valley of the Elchyovka
river (its affluents and ravines are located within the territory of tectonically disturbed eastern exocontact of the Revdinsky gabbro
massif, which serves as the alimentation zone of the robbed-out gold alluvial deposits) there are often traces of old mining. There
is the Elchyovskoye occurrence of surface gold at the mouth of the Istok river. The orebody of gold can be the intrusive body of
the medium acidic composition of the fourth phase of the Revda complex.

The swampy area of the Istok site is composed of alluvial sediments, which are overlapped by silts and sludge supplied by
waters from the abandoned Degtyarsky pit. Since the valley of the Istok river is known for the previously worked-out pros-
pecting gold-bearing alluvial Pre-Quaternary and modern placers, one should expect to have the richest industrial placer of
gold in the alluvium of the Elchyovsky pond. Although the Elchyovsky teatment pond is a water protection object, technogenic
sludges covering the alluvial-deluvial sediments of its water area have overflowed the pond. There is only one way to avoid the
disaster: to have the project for construction of dike embankment which cost exceeds 2 billion rubles. One more cost-effective
option is cleaning the treatment pond from the sludge with excavation and washing of gold-bearing alluvial-deluvial sediments
of the pond.

Table 3. The results of the samples studying by CJSC “NPK Ekologia”.
Ta6nuua 3. Pesynbratbl uccnepgosanui npo6 OO0 HIMK «3konorus».

, Weight of initial  Mass fraction, grain-size ~ Weight of extractable ~ Au mass fraction in the Au mass fraction in the
Sample’s name

sample, kg class — 1.4+0 mm, % Au in the sample, g initial sample, ppm initial sample, g/m®
C31 35.40 50.56 0.0033 0.093 0.167
C32 38.00 50.61 0.0110 0.289 0.520
C33 40.00 61.68 0.0188 0.470 0.846
C34 38.00 61.79 0.0110 0.289 0.520
C35 36.60 50.22 0.0055 0.150 0.270
C36 37.42 53.89 0.0338 0.903 1.625
C37 33.84 69.21 0.0055 0.162 0.291
C38 35.22 62.86 0.0011 0.031 0.056
C39 34.30 66.66 0.0031 0.090 0.162
Total 328.78 - 0.0931 2477 4.457

'Karagodin S. S., Mazur S. V., Shinkaryuk |. E. 2015, Biznes-plan investitsionnogo proyekta «Opytno-promyshlennoye predpriyatiye po kom-
pleksnoy pererabotke shlamov otrabotannogo Degtyarskogo mednogo rudnika s polucheniyem tovarnoy produktsii» [The business plan of the
investment project called “Experimental-industrial enterprise for complex processing of waste sludge from the Degtyarsky copper pit for production
marketable output”]. Ekaterinburg, 80 p.
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CnekTp (6] Na Mg Al Si Ca Ti Fe Zn As Sn Sb Au Pb Wror
1 10,1 1,5 0,0 46,9 41,5 100,0
2 3,7 96,3 100,0
3 4,3 1,3 94,4 100,0
4 3,1 0,3 96,6 100,0
5 10,8 0,5 0,9 0,0 22,1 22,9 42,9 100,0
6 37,3 10,2 13,7 21,3 . 9,3 8,3 100,0
7 46,7 0,7 4,5 9,9 19,0 3,2 0,8 15,1 100,0
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Figure 2. Electronic photographs and graphics of the study of gold washings using the micrologging sonde (sample no. 1).
PucyHok 2. OnekTpoHHbie choTorpacdum n rpacdmkmn nccnenoBaHus LWNMXa Ha MMKpo3oHAae (o6pasen Ne 1).
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CnekTtp O Mg Al Si S Ti Fe Cu As Zr Sn Sb Au Pb Wror
1 4,0 1,2 94,8 100,0
2 11,7 6,6 0,0 17,8 13,4 50,5 100,0
3 6,1 0,4 2,7 90,7 100,0
4 10,4 3,9 0,2 19,9 23,3 42,3 100,0
5 59,5 10,4 30,1 100,0
6 38,5 14,8 46,7 100,0
7 2,7 0,7 46,4 48,2 2,0 100,0
8 19,6 1,4 1,2 4,0 21 18,6 22,2 30,8 100,0
9 59,0 8,8 27,1 100,0
10 57,0 2,6 10,9 55 24,0 100,0

U3obpaxeHue nosepxHocmu obpasya Ne 2 e pexxumax BSE, <Cameo>, cnekmpbl u mabnuuya pesynbmamos aHanu3a 8 8bI0efieHHbIX MoyKax.

Figure 3. Electronic photographs and graphics of the study of gold washings using the micrologging sonde (sample no. 2).
PucyHok 3. OnekTpoHHbIie hoTorpadum u rpacdpmukmn nccnefoBaHUsA LWNMXa Ha MUKpPo3oHAae (o6pasew Ne 2).
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These considerations are practically confirmed by new findings (prior to prospecting and evaluation works). So, when sink-
ing in the valley of the Istok river, the team of CJSC “NPK Ekologia” discovered a previously unknown industrial alluvial gold
deposit (Table 3).

As one can determine from the data in the table, the average gold content in this placer was 495 mg/m’ with a sample weight
of 328.78 kg, which is composed of nine particular samples weighing from 34 to 40 kg. At the same time the industrial gold con-
tent are found in 8 samples: from 162 mg/m?’; in four samples, it is especially high: from 520 mg/m?® to 1.625 g/m’.

The samples were taken from the surface dump borders of the pit without a geological description of the test material charac-
terized as “soil”. The material composition of the “soil” has not been studied. However, there are some electronic photographs and
graphs of the study of gold washings from the “soil” using the micrologging sonde, in which the magnitude of fine (up to one-third
micron) placer gold and fineness of gold is visible (Fig. 2, 3).

Since the samples were taken from the surface dumps of the pit without fixation, it is not known from what depth this dump
was selected, and it is not possible to judge the thickness of the gold-bearing reservoir. However, the above information undoubt-
edly indicates the industrial scale of this deposit and the need for its exploration. In addition, in three separate samples of the “soil”
(sandy and slimy precipitate) from the valleys of the Istok river, the team of CJSC “NPK Ekologia” have determined: gold in the
amount of 0.224 ppm; 0.422 ppm and 3.48 ppm, as well as silver, respectively, — 8.4 ppm; 9.6 ppm and 12.6 ppm.

It is known that sludge from abandoned copper-sulphide fields form industrial technogenic deposits [6, 11, 12, etc.]. The
sludges of the Degtyarsky pit are not an exception. It is clear from the above information that they are a remarkable copper-zinc
polymetallic ore and form an industrial technogenic deposit.

Geologically, sludge is deposited directly in alluvial and deluvial deposits of the river valleys and ponds, which are of indus-
trial interest as a source of placer gold and industrial minerals — sand gravel mixes [13-15].

Conclusion

Thus, the field in the valley of the Istok river located in a 4.5 km long site (from Degtyarsk to the Elchyovsky pond) and in the
Elchyovsky pond itself is complex and promising field for further development. The high economic effect of exploiting such deposits
is particularly clearly defined when it is calculated using the methodology proposed by V. A. Dushin and V. S. Karagodin [16].

Considerable profitability of mining such a complex field is a good opportunity to direct funds to artificial revegetation of
the territory of the Degtyarsky pit involved in the ecological incident [6-8, https://uraloved.ru/goroda-i-sela/sverdlovskaya-obl/
gorod-degtyarsk]; this territory is the part of a beautiful mountainous area defined as Ural Switzerland by some experts.

When addressing environmental issues, first of all, a geoecological assessment should be carried out due to the development
of the mine’s field transformation [17]. Moreover, one should pay attention to the introduction of modern geotechnological
methods of mining, such as biotechnology — metal extraction using bacteria and fungi. In recent decades, biotechnology has been
increasingly used both in the operation of primary deposits, and in the elimination of geo-ecological stress, as well as in artificial
revegetation [18, 19].

Summary

The immediate task of research within the territory of the Degtyarsky pit is to receive licenses for the Istok and Elchyovka
sites, to design a project for geological exploration, to solve environmental problems and to conduct geological exploration with
an assessment of reserves of non-ferrous, noble metals and associated raw materials in sludge and alluvium-deluvial mining. The
estimated cost of these works ranges from 50-60 to 80 million rubles.
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K Borpocy o nepcrnektuBax (BTOPOM >KU3HM) 3a0POLIEHHDbIX
MEAHOKOAYEAAHHDLIX PYAHMKOB Ypana

Cdcpen CtenaHoBuy KAPATOOUH" °,
Bnagnmup CheHoBuy KAPAFOAUH? ™,
KOpwuii MetpoBuy MOPO30B2 ™,

UBaH BacunbeBuy 3AY30JIKOB® ™

000 KoHuepH «Hegnpay, Poccus, ExaTtepuHbypr
2YpanbCkuii rocy4apCcTBEHHbIN FOpPHbIA YyHUBepcuTeT, Poccus, ExkatepnHbypr
3000 HIK «3konorus», Poccusi, EkatepuHbypr

AKTYaABHOCTB PACCMATPVBAEMON TEMbI OOYCAOBAEHA OBECNOKOEHHOCTbIO COBPEMEHHOTO LIMBMAM3OBAHHOIO OOWIECTBA HETaTMBHLIM BAMSIHUEM HA
SKOAOTMIO TEXHOTE€HHBIX OBPA30BAHMI FOPHOAOBLIBAIOWIEN AESITEALHOCTU.

TexHOreHHbIE PYAbI 3a0POWEHHBIX MEAHOKOAYEAAHHDBIX PYAHUKOB MPEACTABAEHD! WAAMAMM, KOTOPLIE BLIHOCSTCS MOASEMHLIMM BOAAMM M3 3a6POLIEHHDBIX
LWAXT Y FOPHBLIX OTBAAOB, OTAQraKOTCsl B MOBEPXHOCTHBIX BOAOEMAX M CAYIKAT MCTOYHMKOM 3KOAOTMYECKMX GeACTBUM. OHU MEPETOAHSIIOT €CTECTBEHHbIE U
UCKYCCTBEHHO CO3AaBa€MbI€ OTCTOV[HVIKV[, A HeCylMe NX WAaXTHLIE BOALI YTPOXKAIOWE MOBLILAKOT KUCAOTHOCTL B OXPAHSIEMBIX BOAOEMAX, KOTOPLIE CAY KAt
pe3epByapamm MUTLEBOTO BOAOCHAGKEHMSI MUAAMOHHBIX TOPOAOB.

BMecTe € TeM B MOCAEAHME TOALI YCTAHOBAEHA MPOMBILAEHHAST LIEHHOCTD 3THX WAAMOB, Pa3paboTaHa TEXHOAOTMS! M3BAEUEHMSI U3 HUX LIBETHBIX METAAOB M MOAE3HLIX
COMYTCTBYIOWMX KOMIMOHEHTOB. [TOKA3aTeALHO, YTO LWAAMBI OOLIMHO 3AAETAIOT HA AAAMOBUAABHDBIX M AGANIOBUAALHBIX OTAOSKEHMSIX PEYHBIX AOAVIH M MPYAOB, KOTOPbIE
MPEACTABASIOT MPOMBILAEHHBIN MHTEPEC KAK UCTOYHMK POCCHINHOIO 30A0TA M CTPOUTEALHBIX MATEPUAAOB — MECHAHO-TPABUMHLIX cMecel. [ToTpeBHOCTb B A0BbI4e
BOALLIMX OBLEMOB MOCAEAHUX OCOBEHHO AKTYAALHA, Tak KaK 3AECh 3arAAHMPOBAHA U PEAAM3YETCS OBLIMPHAST MPOrPaMMAa CTPOUTEALCTBA.

LeAbto HacTosimesi myGAMKAUMM SIBASIETCSI MPUBAEYEHME BHMMAHWs OM3HECA M OBWECTBEHHOCTM K SKOHOMMYECKM MPUBAEKATEALHOMY MPOEKTY
Pa3paboTKM TEXHOrEHHDLIX MEAHO-LIMHKOBLIX PYA 3a6POLEHHBIX PYAHUKOB YPaAa C OAHOBPEMEHHDLIM PELIEHVEM SKOAOTUYECKMX MPOBAEM.
MeTtoaororms. PaboTa BLINMOAHEHA ABTOPaMM C MCMOAL3OBAHUEM PE3YALTATOB COOCTBEHHBIX MCCAEAOBAHMI M MPUBAEHEHUEM M AHAAM3OM (POHAOBBIX
marepuaroB B coapyskecTee ¢ KoarekTBom OOO KoHuepH «Heapan.

B pe3syabTaTe paboTbl MOKA3aHO HAAMMME HA TEPPUTOPUM 3aBPOLIEHHOrO AErTIPCKOro PYAHMKA MPOMBILAEHHOTO TEXHOT€HHOTO MEAHO-LIMHKOBOTO
MECTOPOXKAEHMS! U CMPOTHO3UPOBAHO MPUCYTCTBUE B KOMIMAEKCE C HM 30AOTOHOCHDBIX POCCHINEN.

BoiBoAbl. DAvDKaieli 3araueli MCCA@AOBAHWI Ha TePPUTOPUM AErTAPCKOrO PYAHMKA SIBASIETCSI MOAyHYEHME AVLEH3MIA Ha ydactku «Vctok» u «EAbdéskar,
COCTaBAEHME MPOEKTA FEOAOTOPA3BEAOHHBIX PABOT, PELIEHME SKOAOTMYECKMX MPOOAEM U MPOBEAEHNE FEOAOTOPAZBEAOHHLIX PAOOT C OLIEHKOM 3ariacoB LIBETHDLIX,
BGAArOPOAHBIX METAAAOB U COMYTCTBYIOLIETO ChIPbsl B LWAAMAX M AAAKOBO-AEAIOBUM. OPUEHTMPOBOYHASI CTOMMOCTD 3THX PABOT coctasasieT oT 50-60 A0 80 MAH py6.

KatodeBbie cAOBA: TEXHOTEHHOE MECTOPOYKAEHME, KOMIMAEKCHOE MECTOPOYXKAEHME, MEAHO-LIMHKOBLIE PYAbI, AAAMOBUAALHOE 30A0TO, CTPOUTEALHBIE MATEPUAADI,
SKOAOTMYECKME MPOBAEMDI.
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MoaeAb yCTOMYMBOro pPa3BUTUS: YCAOBUSI peaan3aumnm

Oner BanepuaHoeuy KOCOJIAMNOB",
Bnagumup EBrenbeBuy CTPOBCKUW?",

'AO «Ypanbckasa MegHas komnaHusi», Poccusi, EkatepuHbypr
2YpanbCkuii rocyAapCTBEHHbIN FOpPHbIA YHBepcuTeT, Poccus, ExkatepuHbypr

AKTYAALHOCTL. AAsi COBPEMEHHOIO 3Tara HEOCTOPUMBIM (PAKTOM SIBASIETCS HEOOXOAMMOCTDL MEPEXOAA HA HOBLIM MyTh Pa3BUTHs, oOecreYmBaoWMii
c6araHCMPOBAHHOCTL SKOHOMMKM M SKOAOTUM, YTO MPEACTBPATUT PaspyllleHNE LIMBMAM3ALIMM MOA BAMSHMEM SKOAOMMUYECKOTO Kpusuca. Takoit nyTh onpe-
A€AsIET KOHLIEMNUMsl YCTOMYMBOrO PasBUTUs, KOTOPasl, KaK CHMTAETCs, MOXKET PelNThL OAHOBPEMEHHO ABE 3aAauM: SKOHOMUYECKMIA POCT M COXpaHeHue
npupoAbl. OAHAKO U CETOAHSI, MO MPOLWECTBMY ABAALIATU WECTU AT C MOMEHTa KOoHpepeHLmn B Pro (1992), NOAO>KMTEALHbIE OLIEHKM B OTHOILIEHMW pea-
AV3aLMM KOHLIETMLUMM OTCYTCTBYIOT.

LleaL pa6oTbI — OrpeAeAUTh HaMbOoAEe BEPOSITHLIE HAMPABAEHMSI AESITEALHOCTH, CMOCOBCTBYIOLIME NEPEXOAY HA HOBLIM MyTh PA3BUTHSL.

Pe3yALTATLI MICCAEAOBAHMA: B CTaTLE YTOUHSIETCS MOHSITUE YCTOMYMBOTO PA3BUTHSI, MPUBOAMTCS aBTOPCKOE OMNPEAGAEHUE, B KOTOPOM aKLEHTUPYETCs BHU-
MaHMe Ha YCAOBMM COXPAHEHVISI PETYASITUBHLIX (PYHKLIMIA SKOCMCTEM 1 HEOOXOAMMOCTM TPAHC(POPMALIMM CO3HAHMSI COLIMYMA B YaCTV €r0 SKOAOTM3aLIMM.
B cxematMyHOM BMAE OTOOPAKAIOTCS KOHLIEMNTYAALHLIE MOAXOADLI M YCAOBUSI PEAAM3ALIMI MOAEAM YCTOMUYMBOTO PA3BUTHSI HA FOCYAQPCTBEHHOM YPOBHE, TA€
OTpaKeHa HEOBXOAMMOCTL COBAIOAEHMST SKOAOTMYECKMX OTPAHMYEHWMI, MAAHUPOBAHUE YMCAEHHOCTH, OrPAHUYEHNE NOTPEGHOCTE, SKOAOTMUHOCTL TEX-
HOAOTU, COBEPIIEHCTBOBAHME MPABOBLIX OCHOB YCTOMYMBOTO Passutusi v T. A. OBOCHOBaHA LIEA€BAsI OPUEHTALIMSI MTOACUCTEM SKOAOTO-3KOHOMMYECKOM
CHCTEMDI HA AOKAALHOM YPOBHE B OTHOLIEHMY MPEANPYSITUIL, OCBAMBAIOWMX PECYPChbl HEAD M CAMOM SKOAOrO-3KOHOMMUYECKOM CUCTEMDI, LIeAecoobpas-
HOCTL O6LEAMHEHUS] SKOHOMUYECKOW M COLIMAALHOV MOACUCTEM B EAVHYIO COLIMAALHO-9KOHOMMYECKYIO MOACUCTEMY, A TaloKe TpeBoBaHMe COrAacoBaHHO-
CTU TEXHOT€HHOW Harpy3Ku C SKOAOTMUYECKOM TEXHOEMKOCTLIO TEPPUTOPUM U KYALTYPLI MPUPOAOTOAL3OBAHMSI.

BriBoAbl. OG0CHOBAHHBIE YCAOBMSI MEPEXOAQ HA HOBYIO SKOAOTO-3KOHOMMUYECKYIO MOAEAL PA3BUTHSI HA TOCYAAPCTBEHHOM U AOKAALHOM YPOBHSIX YIpaB-
A€HWS1 OMPEAEASIIOT OCHOBHbIE HAMPABAEHMUS AESITEALHOCTM, MO3BOASIOWME MPUOAU3UTL MOMEHT PEeAAM3ALIMM KOHLIENLIMM YCTOMUYMBOTO PA3BUTMSI.

KarodeBble croBa: KoHUenumsl, yCTOVI‘-{VlBOC pPasBuTuE, peasmsaumsi, HanpaBA€HU AEITEALHOCTH, C6aJ\aHCVIPOBaHHOCTb.

BEAEHME
Kondepenuns B Puo (1992) osHaMeHOBaIa IpU3HaHNE HeOOXOMMOCTY IIepeXofia MIPOBOro cOO0IIecTBa Ha HO-
BbIiL Iy Th pa3utyA [1]. IlpencraBurennu 178 rocypapcTs, IPUCYTCTBYIOMME Ha KOH(pEPeHIU, TIOAepKalIil OCHOB-
HbI€ TIONIOXKEHN A KOHIEIIMY YCTONYMBOIO PasBUTHA, 3aKperleHHble [lekmapanueir Pro, KoTopsle nernm B 0CHOBY «IloBecTku
pH:A Ha XXI Bek». CormacHoO 3TOMY JOKYMEHTY, HallMOHa/IbHbIe CTPAaTernM JO/DKHBI aJallTUPOBAThCA K 3a/ladyaM YCTOMYMBOCTH,
T. €. 0becIeunBaTh rapMOHM3AIINIO SKOMTOTMYECKIX, COIMANbHBIX U SKOHOMMYECKUX Mep U IUIAaHOB, [IeHICTBYIOIINX B TOM MU
uHoit cTpase. llenbio ycToitunBoro passuTus, cornacHo «Ilosectke guaA Ha XXI Bek», ABNAETCA YCUTIEHME COLMAIbHO OpUEH-
TalMM Pa3BUTYSA SKOHOMYKI U OJHOBPEMEHHO COXpaHEeHUe PeCypCHOI 6a3bl M Cpefibl OOMTaHMA /LA 0/1aromoaydus OygyIux
TTOKOJIeHMIT. B 4rcmo ocHOBHBIX cocTaBsaomux «IloBecTku fHA Ha XX Bek» BOIIIN: XapTysa 3eMIM, COfiepKalias He CTONIBKO
IIPaBOBBIE, CKOJIBKO MOPAJIbHbIE IIPUPOLOOXPAHHBIE 00513aTeNbCTBA, IUIAH JIEVICTBUIT 110 MHTEIPALIUY LieJIell OXPAHBI OKPYXKa-
roleli cpenpl U passutua B XXI Beke, crienuanbHble MEX/yHapOJHO-IIPaBOBbIE MHCTPYMEHTDI A peanu3ali 3TOro IJIaHa,
IpyIue CPefCTBa ero BBINONTHEH, BK/II0Yas MHCTUTYIMOHATbHbIE MEXaHU3MbI, POHIOBOE ObecredeH e, Mepefady TeXHOMO0-
ruii, 06pasoBaTe/IbHble MEPOIIPUATIS U APYTye Mepsl [2].

ITpepnonaranoch, 4YTO YCTONYMBOE PasBUTIE CMOXKET PEIIUTb OJHOBPEMEHHO JiBe 3ajiauy: U o0ecreyyBaTh SKOHOMIYe-
CKUIT POCT, ¥ COXpaHATb npupony [3]. Llenp B gaHHOM cirydae, BEIPaXKasAcCh A3BIKOM CHCTEMOTEXHUKY, OTpa)kasia >KelaeMoe
COCTOSIHME — 3KOJIOTMYECKN YCTOMYMBOE COLMATbHO-9KOHOMIYECKOE PAa3BUTIE, HO PEaIbHOCTD €€ JOCTVDKEHUA IO CUX IOp
OCTaeTCs1 HeOCYIeCTBUMOI [4]. VI cerofHs He YMOJIKAIOT CIIOPHI IIO IOBOJY OIIpefie/IeH sl CYILHOCTH TIOHATYS YCTOMYINBOTO
PasBUTUA, CONIOCTAB/IEHN OHATUI YCTOMYMBOCTY U PAa3BUTUSA, XapAKTEPUCTUKI LI/ U €€ JeKOMIIO3ULIM U T. [I., B TO JKe
BpeMs IYTH Iepexofia K yCTONYMBOMY Pa3BUTHUIO Hay4HO He 000CHOBaHBI. IIpofomxkaeT ocTaBaTbCs HafeX/ja Ha Hay4dHO-
TeXHUYECKMIT IPOrpecc B IPeOROIeHNY 9KOMIOIMYEeCKOr0 KpYU3Nca Py OTCYTCTBUYM OTKasa OT HapallVBaHUA NOTpebIeHNs
MaTepuaJIbHbIX O/1ar.

Cy1ecTBYIOT BeCATKY OIIpefe/eHNi1 YCTOMYMBOrO pa3BUTHA:

- pasBUTHUe YeTOBEYECTBA, PV KOTOPOM YHOBIETBOPEHME HOTPeOHOCTEN! HACTOAILIMX ITOKONEHNUIT OCYIeCTBIsAeTCs Oe3
yiiep6a i OyAyLX MOKOIEHNI: yIIpaBiseMoe cOalaHCHPOBaHHOE PasBUTHE OOI[eCTBa, He paspyIIatolee CBOEI IIPYPOHOIL
OCHOBBI I 0fecIeurBaolIiee HeIIPEPhIBHBLI IIPOrpece uBMIusanmu [5];

— IJINTEeTIbHOE HEeIIpephIBHOE Pa3BIUTHE, OOecreunBaolee IOTPeOHOCTI KUBYIIVIX CeTOHA /Tofelt 6e3 yiep6a yoBIeTBO-
peHust moTpebHOCTel OYAyINX HOKO/IeHWit [6];

— IIOCTOAHHO MOJIEP>XXKMBAEMOE PAa3BUTHE — 3TO Y/Iy4IlleHNME Ka4eCTBA YKU3HY TIIOfeN, JKUBYIIMX B IIpeJje/iax HECYIell eMKO-
CTU HOJePXKMBAOIINX 9KOCKCTeM [7];

— pasBUTHE SKOHOMMUKM C OITHOBPEMEHHBIM ITOBBILIEH)EM KauyeCTBa KM3HI HaCeNleHNs M CHVDKEHMEM 9KOTOTMYECKOI Ha-
IPY3KM Ha OKPY>KaIOIIYIO CPeqy, JOCTUIaeMoe IyTeM (POpMUPOBAHS «3e/IeHON 9KOHOMUKI» [8];

- pasBuUTHe, KOTOpOe 00ecIeunBaeT yIOBIeTBOPEHIE HY XK CYIeCTBYIOIEr0O IIOKO/ICHNA I TOBBILIEHME Ka4eCTBa eTo XKI3-
H 63 HOAPBIBA OCHOB XXI3HU OYAYIINX TOKOTeHN1 [9];
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- CcO37aHMe TaKOIl SKOHOMIYECKOI MOfIe/N, KOTOpasi OCHOBBIBAETCA HA SKOJIOTMYECKUX MMIIePATBaX U MPUHIUIIAX COLU-
aJIbHOVI CIIPaBEIMBOCTY, YIUTBIBAET Mepy 6110Cc(hepHBIX IPOLIECCOB U AONYCTMMYIO aHTPOIIOT€HHYIO Harpy3Ky Ha OKpY>Kalo-
myo cpeny [10];

— pasBUTHUE YeJIOBEYECTBA, IIPY KOTOPOM He pa3pyllaeTcs IpUpofHas 6a3a 9TOro pasBUTHA, T. €. BOCIIPOM3BOAUTCA IIPU-
TORHAsI A/IsI CYIECTBOBAHSI YeIOBEKA OKPYIXKAIOIAs CPefa, MOMIEPXKIBACTCS JOCTATOYHAsI peCcypCcHasi 6asa, COXpaHseTCs Te-
HOM 4YejioBeka [11].

B pabore [12] ycTOMYMBBIM pasBUTVEM IIPU3HAETCS «MOJIE/Ib COLIMAIbHO-9KOHOMIIECKOTO Pa3BUTHSA, PV KOTOPOIT pean-
3yeTCst BBICOKUIT K09 PULIMeHT 6y AyIero 1 JOCTUTAeTCs YEOBIeTBOPEHNE )XM3HEHHbIX TOTPeOHOCTEl HbIHEITHETO TOKOIEHNS
mofeit 6e3 MUIIeHNs TaKOil BO3MOXKHOCTH OYAYIINX TIOKO/IeHU». ABTOp paboTh! [13] cunTaeT yCTOMYMBBIM «pa3BUTHE, KOTO-
poe coueTaeT B cebe HeYKJIOHHBIE YTy4dIIeHN A SKOHOMUYECKUX 1 COLMAIbHBIX YCIOBUIL KV3HMU C JONTOBPEMEHHBIM COXPAHEHM-
€M IIPUPOIHBIX OCHOB 9TOJ )KM3HW». [leTanbHOe MCCIefoBaHIe KaTerOpMM «YCTOYMBOE PasBUTIE» BBIIIOTHEHO B pabore [14],
B KOTOPOM aBTOPBI aHAM3UPYIOT ONpefie/IeHVIsI 9TON KaTeropuy, chopMyIupoBaHHbIe MCCIeoBaTeIsAMU B 44 MCTOYHUKAX, U
[IPEeJIATAI0T CBOE OIIPefie/ieHIe YCTONYMBOrO PAa3BUTHS KaK «COBOKYIHOCTD IIPOLIECCOB MTO3UTUBHBIX M3MEHEHWIT BOIUIOIIA0-
IIMX UX TEXHOJIOIMI, HAIIPaB/ICHHBIX Ha TApMOHM3AIVIO OTHOIICHMII MEX/Y 9KOJIOTMYEeCKONl, 9KOHOMIYECKON U COLMATbHON
cepamu 151 yOB/IETBOPEHSI TOTPEOHOCTE COLMAIBHO-9KOHOMIIECKOI CUCTEMBI B OITOCPOYHOM CyII[eCTBOBaHUI». Yarie
BCEro MCIIO/Mb3yeTcs: GOPMYINPOBKA YCTOMYINBOrO PasBUTHS, faHHAs B goknage Komuccun Bpynarmann: ato «pasBuriue, Ko-
TOpOE YIOBIETBOPsIET MOTPEOHOCTH HACTOSIIIETO ITOKOTIEHNMs, HO He CTABUT IO, YIPO3y CIHOCOOHOCTb OYAYIINX IOKOIEHMIT
VIOB/IETBOPSTD CBOM COOCTBEHHbIE HOTPEOHOCTIN».

B aBTOpPCKOIT MHTEpIpeTALNN YCTONYMBBIM SABJISETCS TaKOe PasBUTHE, IPU KOTOPOM HOCTUTAETCA YIydlleHue 9KOHO-
MMYECKUX ¥ COLMAIbHBIX YC/IOBUIT )KU3HU HaceleHus 6e3 paspylleHys 61ocdepsl 1 HapyIIeHUs PerylIaTUBHBIX QYHKIINIT
9KOCHCTEM HPU YCIOBUM KapAMHATbHOI TpaHCHOPMAIMM CO3HAHNUA COLMYMa M YIpodeHMs upuen HeocheporeHesa. Kiro-
YeBBIM aCIEKTOM KOHIIEIIUM YCTOMYMBOTO PasBUTHA, cOPMUPOBAHHON A/ pelleHus NpobiaeMbl cHaTaHCHPOBAHHOTO
B3aIIMOJIEIICTBUA 00IIeCTBa U IPUPOADL, ABIACTCSA COXpaHEHMe AMHAMUYECKOTO PaBHOBecUA Ouocdepsl, Iepexos OT Cyle-
CTBYIOILL[ETO 9KCTEHCUBHOI'O IPUPOLOINIOIb30BaHMA K PaBHOBECHOMY, KOTOPBIJI OCHOBBIBAETCS Ha COXPAaHEHUU YCTIOBUI Jis
CaMOBOCCTaHOBJIEHNSI IPUpPOxbI [15].

Pesyantartol

Yaige Bcero Ha IpaKTHKe YCTOIYMBOE Pa3BUTIE XapaKTePU3YIOT C TOYKY 3peHMs 9K09((PEKTUBHOCTY KaK 9KOTOIMIeCKN
cbamaHCHPOBaHHOE, 0becIeYnBaOIee MIHIMN3ALMIO AHTPOIIOTEHHBIX BO3/IEICTBNUIL, COOIOfEH e SKOIOTMIECKIX OTPaHM-
YeHMII, IOCTOSIHHOE BO30OHOB/IEHIe MCIIO/Ib30BAHHBIX BO30OHOBUMBIX PECYPCOB, @ TAK)KEe BOCCTAHOBJIEHME HAPYIIEHHBIX U
3arpsI3HEHHbIX; HeJONYIleHIe MCTOIIEHNs 9KOIOTO-PEeCypPCHOTO MOTEHIAaNa; COXpaHeHre 61M0pasHO0Opasust 1 COXpaHeHIe
HEeBO300OHOBMMBIX IIPUPOAHBIX pecypcoB. OfHAKO YCTONYMBOE Pa3BUTHE MIPEANIONATaeT peannsalnio i YCIOBIs 9KOCIIpaBes-
JIMBOCTH: pellieHNe BOIIPOCOB CIIPAaBE//IMBbIX OTHOILIECHNIT MEXIY TOKOIEHVSAMI U B PaMKaX OIHOTO IOKOJIEHsI, CIIPaBeINBOe
pacrpefieneHe 671ar, T. €. BOIPOCOB, COLMAIbHBIX II0 CBOEMY XapaKTepy. B coranbHOM IIaHe yCTOIYMBOE PasBUTHE JODKHO
OBITh OPMEHTUPOBAHO Ha IOBBIIIEHVE YPOBHSA KU3HM HaceleHNs, IpeofioneHne 6efHOCTI, YBeNuYeHe NHBECTUIINII B Ye/loBe-
yecKuit Kanuran [16].

Mogenp ycTOIYMBOrO pa3BUTIA IPeAIIoaraeT peaan3aliio Tpex Leell: obecedeHye CoLManbHOl CIpaBeIMBOCTH, 9KO-
HOMMYECKO 3¢ (HeKTMBHOCTY U 9KOTOIMYECKOTO VIMIIepaTyBa, YTO B KOHEYHOM CuYeTe IPUBOAUT K CUCTEMHO-CHHepreTinye-
ckoMy addexry. ObecriedeHye COBOKYIIHOI peanm3alyi Leyell IpefcTaB/IAeT co60ll JOCTATOYHO CIOXKHYIO 3a/jady B CUITY VX
koHmuKTHOCTH. KOHIIenua ycTounBoro pasBuTuA TpedyeT OLeHKU 3HAYMMOCTH Iiesieil (IIpoLeiyphl B3BELIMBAHIA LIeJIeit)
C TOUKM 3peHust obuectBa. ECTeCTBEHHO, 4TO B XOfie Pa3BUTIS OOIeCTBA, TOTyYIeHNs HOBBIX 3HAHWIT, MI3MEHEHVsI 06CTAHOBKI
IIPUOPUTETHOCTD LI€/IEBBIX YCTAaHOBOK OyaeT naMeHsAThCs [17]. OgHAKO BO BCeX CIy4asx OCTAeTCs HEM3MEHHBIM obecIedeHne
eIMHCTBA 9KOHOMUKII, 9KOJIOTHI U COLIMATIbHOI CIIPaBe/INBOCTH, COQTAHCHPOBAHHOCTD 9KOJIOTMIECKIX, SKOHOMIIECKIUX I CO-
IMa/IbHBIX LIe/IeBBIX OPUEHTUPOB.

KoHIjenTyanbHble YCIOBYS Iepexofa K peanynsaluyl KOHIEMIMN YCTOMYMBOrO PasBUTHUS OTPa>KeHBI Ha puc. 1, us Ko-
TOPOTO C/IefyeT, YTO IepeXxof, K YCTOIYMBOMY PasBUTMIO TpeOyeT M3MEHEHMs OTHOLICHMS K 9KOJIOTMYEeCKOMY (aKTopy,
IpeoNioNieHNsA HOTPeOUTENbCKOTO IOAXOAd, peanusaluy MHOMUTUKY PecypcocOepeskeHNs, MacIITabHOTO OCBOEHMUS
BTOPMYHO-CBIPbEBOTO IOTEHIIMA/IA, BCECTOPOHHEN 9KOMOTM3AllMM CO3HAHMA, IPOM3BOJCTBA ¥ 3aKOHOMATENbCTBA, MOOBIX
yIIpaBIeHYeCKUX pelleHNii. Yka3aHHble YCIOBMsA, obecledMBalolye Mepexof K yCTOMYMBOMY PasBUTMUIO, B IIOJIHOV Mepe
OTHOCATCS KO BCEM BUJaM IIPYPOROIOIb30BaHMA, B TOM 4MC/Ie K He[poIoib3oBanuio. Ocobas pob NPUHAJIEKUT B JaHHOM
cIydae IpefUpUATHAM, OCBaMBAIOLIMM PeCcypchl HeAp, IPegMeTOM TPYAa KOTOPBLIX BBICTYIAIOT MMHEpaJbHble PeCypPCHL

Crenudnyeckoll 0COO€HHOCTbIO TOPHOJ IIPOMBIIIIEHHOCTU ABJIAETCA Ilepepaclpefe/ieHyie OIPOMHON MacChl TOPHBIX
IOpOJ, KaKk B juTocdepe, TaKk U Ha 3eMHOI IOBepXHOCTU. OFHOBPEMEHHO C VM3BJICYCHNEM eIVMHUIBI TBEPHOro II0JIE3HOIO
JICKOIIAeMOTO Ha IIOBEPXHOCTY 3eM/IM PasMeILaeTcsi B0 6—7 eAMHUI] IIyCTOil MOPOsL. IIponcxopsaT rmobanbHble M3MEHEHNs
(o pacyetaM CIelMaIMCTOB, TOLOBAsI Macca BEI[eCTBA, M3BIEKAEMOTO U3 IUTOCGEPDI M BKIIOYAEMOro B 000pOT Ha 3eMHOI!
HOBEPXHOCTH, COCTAaB/IsIeT OKOJIO IOJIOBMHBI MMPOBOJ BEeTMYMHBI CYXOro Beca 6momacce) [18]. C mporjeccom nobsram u
HePBUYHOI NepepabOTKOI CBA3aHBI U JPYTHe BUAbI aHTPOIIOTEHHOTO BO3JEICTBIA (3arpssHeHe, HapylieHne TaHamadTa u
Ip.), obycnosnuBamollero GpopMIUpoBaHMe MOCIEACTBIUII SKOHOMIYIECKOTO, SKOMTOTUYECKOTO U COLMANbHOrO Xapakrepa [19].

KoHkpeTusaius 1eneBoii OpMeHTalNu ITOACUCTEM SKOIOT0-3KOHOMIYecKoit cucteMbl (93 C) rOpHOTO NpefIpUATUA IMeeT
BU/JI, TOMTYYMBIINIT OTpaykeHNe Ha puc. 2.

Omna MOXxeT ObITb OXapaKTepy30BaHa KakK cOaTaHCHPOBAaHHOCTD LieJiell IPUPOTHOI (9KOTOIMYECKOll), COLVIAIbHOI Y 9KO-
HOMMYECKOJI MOACUCTEM. B yC/IoBUAX IpeanpuATus LenecoobpasHo oObeHeH)e COLMATbHON 1 9KOHOMIUYECKOI MOfICUCTEM
B OJHY COILMa/IbHO-9KOHOMIYECKYIO IOfICUCTeMy U obecIIedeHe CoLMaabHO-9KOHOMIYeCKoll ycToiuuBocTu [20], 0 KoTopoit
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rpaHuLax KoTopon npupoaonoTpebutens- AesiTenbHOCTU (npexae Bcero
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K yCTOVNVIBOMy pasBuUTUo
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PucyHok 1. KoHuenTyanbHble noaxoabl U YCroBUs peanu3auum Mogenu ycTonuyMBoro pasBuTus.
Figure 1. Conceptual approaches and conditions for the implementation of a sustainable development model.

CBUETENIbCTBYET COXpaHeHVe TPAeKTOPUM SKOHOMMUYECKOI 1 COlManbHON 9 PeKTMBHOCTY NPeANpyUATIA, OTBeYaromell coa-
JIAHCUPOBAHHOCTI COLMA/IbHBIX 11 9KOHOMIYECKIUX MHTEPECOB CyObeKTOB TOPHOROOBIBaIOIIero NpeanpuATua. OgHaKo HepBo-
CTENEHHYIO 3HAYMMOCTD MEET c6amaHCPOBAHHOCTD SKOHOMIYECKOI! ¥ 9KOJIOTMYECKOI MOfICUCTEM, OCHOBOI KOTOPOIT BBICTY-
[aeT CoM3MepeHe SKOJIOTMYEeCKOI TEXHOEMKOCTI TEPPUTOPUN M IIPUPOJOEMKOCTH TeXHOC(HEPEI, TPy KOTOPOM BO3/EICTBIE Ha
IPUPOJHYIO Cpefy He MPUBOAUT K QYHKIVOHATbHBIM HAPYIIEHUAM HOCTefHEI:

TH < 9TT,

rie TH - mpupomoeMkocTs TexHOCheps! (1mponssoacTsa) Teppuropun; OTT — aKomorndeckas TeXHOEMKOCTb TePPUTOPUH, OT-
paKarlllas caMOBOCCTAHOBMTEIbHBIN MOTEHIIAI IIPUPOLAHOI CPefibl ¥ KOMNYECTBEHHO paBHAsA MAKCMMa/IbHO TEXHOT€HHOM
Harpyske, KOTOPYIO MOXXET BbIJIep>KaTh B T€UeHME ITUTETbHOTO BPEMEHY COBOKYITHOCTb BCEX PELUIIMEHTOB Y 9KOIOTMYeCKIX
cucTeM TeppuTopu 63 HapyIleHN X CTPYKTYPHBIX U (GYHKI[MOHA/IBHBIX CBOMCTB [21].

CormacHo paboTaM KccnefoBaTenell, paccMaTpuBaeMble BETMYNHBI MOTYT VIMETDh SHEPreTNIecKoe VIV CTOMMOCTHOE BBIpa-
JKEHIe, a TaK)Ke MOTYT OBITh OXapaKTepM30BaHbl MacCOI! BEIeCTB, IIPUBENCHHON K e[THOMY K/IaCCy OIIACHOCTY, T. €. COIIOCTa-
BIMBI [I0 TOKCUYHOCTH. [Ipu OTCYTCTBMM BBIIOTHEHNS TOXOOHBIX COMOCTAB/ICHNIT YIIPAB/IeHE [IPOL[eCCOM OCBOEHUsSI pecyp-
COB HeJIp JJOJDKHO ObITh OPUEHTMPOBAHO Ha CHIDKEHNE aHTPOIIOTeHHOTO BO3JEIICTBISI Ha OKPY)KAIOIIYIO Cpefy, obecredeHne
9KOJIOTMYECKOIT 6€30I1aCHOCTI HeIPOIOIb30BAHNUA, YTO CIIOCOOCTBYET COXPAHEHNIO KayecTBa OKPY)KAoleil Ye/loBeKa CPefibl
¥ TIOIflep)KaHII0 MeXaHM3Ma 6MOTHYeCKOlT perynAum skocucteM [22]. HecoMHeHHa 11 3HaUMMOCTD JYXOBHOTO O370OPOBJIEHII
00111eCcTBa, 9KOJIOTU3ALMI CO3HAHMA IIePCOHAIA IIPEANIPUATHA, B IIEPBYI0 OYepesib, allllapara YIPaB/IeHIeB, IPMHIMAIOIX pe-
LIeHNA B OTHOIICHNY Pa3pabOTKU MeCTOpOXKIeHmit [23].
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Figure 2. The target orientation of the subsystems of the ecological-economic system of the mining enterprise.
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Model of sustainable development: conditions for its implementation
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Relevance. Nowadays, the indisputable fact is the need to move to a new path of development, ensuring a balanced economy and ecology, which
will prevent the destruction of civilization under the influence of an environmental crisis. This path is determined by the concept of sustainable
development, which, as it is believed, can simultaneously solve two tasks: economic growth and nature conservation. However, twenty-six years on
from the date of the Rio Conference (1992), there are no positive estimates regarding the implementation of the concept.

Purpose of the work is to determine the most likely areas of activity that contribute to the transition to a new path of development.

Results of the study. This paper clarifies the concept of sustainable development, provides the author’s definition, which focuses on the condition of
maintaining the regulatory functions of ecosystems and the need to transform the consciousness of society in terms of its environmentalization. Some
conceptual approaches and conditions for the implementation of a sustainable development model at the state level are displayed in a schematic
form, reflecting the need to comply with environmental restrictions, population planning, limiting needs, environmental technology, improving the
legal framework for sustainable development, etc. The target orientation of the subsystems of the ecological-economic system at the regional level is
justified in relation to enterprises mastering the resources of the subsoil and the ecological-economic system itself, the expediency of combining the
economic and social subsystems into a single socio-economic subsystem, as well as the requirement of consistency of man-induced load with the
ecological technological intensity of the territory and civility for natural resource use.

Conclusions. The substantiated conditions for the transition to a new ecological and economic model of development at the level of public
administration determine the main areas of activity that allow us to bring closer the moment of implementing the concept of sustainable development.

Keywords: concept, sustainable development, implementation, areas of activities, equation.
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[Napaaokchl MPUrpaHNYHOro Typusma Ha Boctoke Poccmm

WpuHa MNetpoBHa MNMA3bIPUHA',
AnekcaHgp EesreHbeBuu MNMELLKOB

MHCTUTYT NpupoaHbIX pecypcos, akonornu n kpnonorum CO PAH, Poccus, Unta

AKTYAALHOCTL VICCAGAOBAHMsI MPOLIECCOB PA3BUTHSI TYPU3MA B PErMOHAX BOCTOYHOM YacTh CTpaHbl OOYCAOBAEHA €ro BLICOKMM MOTEHLIMAAOM AASI KO-
AOTUYECKM BAAronpUsITHOM AUBEPCUMKALIMM SKOHOMMKM STUX TEPPUTOPHIA, UCTILITLIBAIOWMX CYLIECTBEHHYIO SKOAOTUHYECKYIO Harpy3Ky BCAEACTBUE MPU-
]POAHO-PECYPCHOV OpUEHTaLIMM. BLICOKOe KayecTBO OKpY KAIOLE CPEADI SIBASIETCSI HEOOXOAMMbIM YCAOBMEM YCTOMUYMBOTO PA3BUTMSI STOTO CEKTOPA, STO
CO3AAET AOTIOAHUTEALHYIO SKOHOMUYECKYIO MOTMBALIMIO BM3HEC-COOBLIECTBA AASI €70 COXPAHEHMSI, YTO COOTBETCTBYET OCHOBHBIM MPUHLIMIAM SKOAOTUYE-
CKOM 3KOHOMMKM.

LleAbro pa6oThI SIBASIETCS TOAYYEHME KOAMHYECTBEHHDIX OLIEHOK BAMSIHMSI PA3AMYHbBIX (PAKTOPOB HA SKOHOMMYECKME PE3YALTATbI B PAMKAX TYPUCTUHECKOTrO
CeKTopa, CBS3aHHBIX C AOXOAAMM KOAAEKTUBHLIX CPEACTB pasmelueHus (KCP).

MeToaororms. AAsi OLEHKM BAMSIHUSI PA3AMYHBIX (DAKTOPOB HA AMHAMMKY SKOHOMMYECKMX MOKa3aTeAel OblA MCMOAL3OBAH AVHENMHLI PErpecCMOHHDIN
aHaAM3 C UCMOAL30OBAHMEM MPOrPaMMHLIX pecypcos nakera STATA.

IoAy4yeHHBIE Pe3YALTATDI BLISIBUAM PSIA MOAOYKUTEALHBIX TEHAECHLMI B Pa3BUTUM TYPUCTUHECKOTO CEKTOPA Ha BOCTOKe Poccum, HECMOTPSI Ha 3HAYUTEAL-
Hble BHewHWe woku nocae 2014 r. Bo Bcex pernoHax pacret AoxoA KCP, aake CKOPPeKTMPOBaHHDLIM C yHETOM MHAEKCA (hU3MYECKOro obbema MAATHBIX
YCAYT HaceAaeHmio. PactyT otuncaenust B BioaKeTHyI0 cuctemy P Besae, 3a UCKAloueHMeEM 3aBaikaALCKOTO KPasi, TA€ OHU COKPATUMAMCD, MPU TOM, YTO
obluee KOAMYECTBO TYPUCTOB HECKOALKO BLIPOCAO € 2009 o 2016 r. BMecTe € Tem BLISIBAEH PSIA MAPAAOKCAALHBIX TEHAEHLIA, KOTOPbIE TPeOYIOT BHUMA-
HMS1 TOCYAAPCTBEHHDLIX OPraHOB, OTBEHAIOWMX 3a CTPATETUIO PETMOHAALHOTO Pas3BuTUsl. Pe3yALTaThl FOBOPSIT O TOM, YTO AESITEALHOCTD, HE CBSI3aHHasl C pas-
MellEHVEM TYPUCTOB, MPUHOCUT BLICOKYIO AOAID AOXOAA AASI KCP B GOABLIMHCTBE PACCMOTPEHHLIX PEMMOHOB, HECMOTPSI HA AKTUBM3ALIMIO TYPUCTUYECKMX
MOTOKOB Ha BOCTOKE CTpaHbl. B TOM uncae co cropoHbl Kntast — 3a MOCA€AHME FOAbI YYCAO KUTAMCKMX TYPUCTOB Ha o3epe balikaa CTpeMUTEALHO pacTeT.
BLIBOALI. ABTOPDI CHUTAIOT, YTO MOAYHYEHHbIE PE3YALTATLI SIBASIOTCSI AOCTATOUHBLIM OCHOBAHMEM AAsI MTPEANIOAOXKEHUSI O PACTYLUEl AOAE TEHEBOro obopoTa
B TYPUCTMYECKOM CEKTOPE U, COOTBETCTBEHHO, AASI CPOYHOM Pa3pabOTKM MEP MPOTUBOAENCTBUSI STUM TEHACHLIMSIM.

KaroueBble croBa: TypUCTUHECKAsl MHAYCTPUSI, PErPEeCCUOHHDIN aHAAM3, AVHAMMKA AOXOAOB, PErvOHaAbHAsl MOAUTUKA.

BEA€HMe
Typuctudeckas UHAYCTPYUS MOXKeT ObITh 3HAYMMBIM (PAaKTOPOM B PasBUTUN «3eIeHOI» sKoHoMUKM (Hascmpeuy
«3eneHoti» axoHomuke Poccuu (0630p). KOHIII, 2012. URL: http://www.sustainabledevelopment.ru/upload/File/Reports/
ISD_UNEP_GE_Rus.pdf) permona [1]. Kax Me>XXZyHapOIHBIil, TaK M POCCUIICKUI OIBIT TOBOPSAT O TOM, YTO [ TeX TePPUTO-
PWit, Tie IPMPOMHBIE AKTUBBI ABJIAIOTCS CYLIeCTBEHHBIM 9/IEMEHTOM B OpTaHM3al[Uy TYPUCTUYECKIX IOTOKOB, B LieJLIX obecIe-
YeHMsT TYPUCTUYECKOI U PEKPEA[IOHHOI IIPVBIEKATEIbHOCTI TEPPUTOPUM HEOOXOAVMO IPUIOKIUTD OIpeNe/IeHHbIE YCUIIUS
U 3aTparhl JyIs coxpaHeHus, obmaropaxkusanus (Tahoe Facts. URL: http://www.trpa.org/tahoe-facts), a B HEKOTOPBIX CTy4asix
BOCCTaHOBJIEHNUsI OKPY>Kalolllell Cpefibl JaHHOI TeppuTopun [2-4], a Tak)Ke CTPOUTENbCTBA HAa Hell 06beKTOB IPMHUMAIOLIE
undpactpyxrypsl (The Lake Baikal in 21 century: a model of sustainable development or continued degradation? A Comprehensive
Program of land use policies for Russian portion of the Lake Baikal Region. N. Y.: Wadhams, 1993. 166 p.) Takum 06pa3oM, BBICOKOE
KayeCTBO OKPY’Kalolllell Cpefibl AB/IAeTCS HeOOXOAVIMBIM YCIOBMEM YCTOMYMBOTO PasBUTUA 9TOTO CEKTOPA, M 9TO CO3JaeT Jo-
[IO/IHNTE/TBHYI0 9KOHOMIYECKYI0 MOTUBAIINIO OM3HEC-CO00IIeCcTBa [i/Isl €0 COXPAHEHNS, YTO COOTBETCTBYET OCHOBHBIM IIPUH-
IIIIaM 5KOJIOTMYECKOI SKOHOMUKM [5].

HccnenoBanueM oxXBaueHbl ceMb PerMOHOB P®, BOB/IeUeHHBIX B aKTMBHOE TPAaHCTPAHMYHOE COTpyHHMYecTBO ¢ Kutaem
u MoHronueit 1 3aHMMAIVX YE0OHOe IpUrpaHNYHOe IOoNIOKeHMe: 3abajikanbckuit Kpait, Peciybmika Bypsans, Vpkyrckas
ob6macts, AMypckas obmacts, XabapoBckuit kpait, [Ipumopckuit kpait, AlTaitcKuit Kpail.

B xauecTBe MH(OPMAIMOHHO! OCHOBBI ObIIM MCIIONB30BAHbBI CIEAYIOLIVE MHTEPHET-PECYPCHl (elepanbHbIX U PEruo-
Ha/IbHBIX OPTaHOB, a TaKXe MHPOpMaLMOHHBIX areHTCTB: Poccrar (URL: http://www.gks.ru), Poctypusm (URL: https://www.
russiatourism.ru), ®HC (URL: https://www.nalog.ru).

JI/Is1 OLleHKM BIAMSIHUS PasINYHBIX (PAKTOPOB HA AMHAMUKY S9KOHOMMYECKVX IIOKas3aTesiell ObUI MCIIONb30BAH JMHEIHBII
perpeccMoHHbIIT aHA/IN3 C MCIIONb30BAHMEM IIPOTrPAMMHBIX pecypcoB maketa STATA.

Pe3yAbTaTbl PacHeToB M MX OBCY)KAEHUE

B nmepuop ¢ 2009 no 2013 1. peanbHbIe JOXOABI IPaXKAaH B OOMBIINHCTBE POCCUIICKMX PETVIOHOB, B TOM YMCTIe B IPUTPAHMY-
HbIX pernoHax Cu6upy n Jampaero Bocroka, ycrortuuso pocmu. ITocie 2014 r., HanpoTus, oTMevaeTcs ux nageHne. OfHaKko
B 9TOT IE€PUOJ, IIPOU3OLIIA AeBaIbBALVS POCCUIICKOTO PyO/Isi, HETATMBHO CKAa3aBILIASICS HA MHOIMX CEKTOPAX U OTPAC/AX, U
IpefoCcTaBIIa JOIOMHUTEeIbHbIe CPABHUTEIbHbIE IPeVMYIIeCTBa 1A Bbe3fHoro TypusMa u3 KHP, KoTopblit cTa IoCTOAHHBIM
(baKTOpOM pasBUTUA SKOHOMUYECKOI IeATENbHOCTY BOCTOYHBIX IPUTPAHNYHBIX PETMOHOB. 3HAYMMOT XapaKTePUCTUKOI pas-
BUTYS PETMOHAIBHOTO TYPUCTUYECKOIO CEKTOPa ABJLAETCA JUHAMIKa JOXOJ[0B KOJUIEKTUBHBIX cpecTB pasmernenns (KCP). Ha
puc. 1, a, 6 mpencTasieHa fuHaMuKa foxonos KCP B TeKyIux eHax Mo rofaM.

Hanbonbiuit pocT ZOXOROB B MCCIeNOBaHHBIN Nepuop Bpemenn mokasamu KCP IIpumopckoro kpas. B rexymmx re-
HaX yBelIMYeHUe cocTaBuiIo 6omee yeM 1,6 pasa. B abcomoTHOM ncumcinenny Haubonple cyMMapHble goxonsl nmetor KCP
ITpumopckoro 1 XabapoBCKOro kpaes. 3abaiikanbCKuil Kpait B 9acTy JOXOA0B, nonydeHHsix KCP B 2009-2016 rr. (B abcomot-
HOM BBIP@XEHNI), CPEMIV CEMY PETMOHOB 3aHAN IIOCIefHee MeCTO.

JMHaMMKa OCTYIIEHNs HAJIOTOB 1 COOPOB OT [ieATeNbHOCTY TOCTUHUILL B TeKYILIMX lieHaX MpefcTaBIeHa Ha pIC. 2, d, Ha
puc. 2, 6 n3006paXkeH MPOLIEHT IPUPOCTA HAJIOTOB 1 c60pOB oTHOCUTENbHO 2009 I.

"4 iglazyrina@bk.ru
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PucyHok 1. AuHamuka goxonoB KCP.
Figure 1. The income behavior of collective accommodation facilities.
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PucyHok 2. iIuHaMmuka NnocTynsieHUsi HarnoroB U c60pPoOB OT AesATEeNIbHOCTU FOCTMHUL, B GI0AXeTHY cuctemy PO.
Figure 2. The dynamics of return of duties and fees from the activities of hotels to the budget system of the Russian Federation.

Hawnb6onblune mocTymaeHns HalIOroB 1 COOPOB CPeiu CeMM PETMOHOB B MCCIEOBAHHDIN Iepyof, 06ecednBan TOCTUHA-
s [Ipumopckoro kpas (puc. 2, a). CyuiecTBeHHbIT IpUPOCT (puc. 2, 6) IOCTYIIeHNs HanorosB 1 c6opos B 2016 r. mokasanu
Anraiicknit xpait (Ha 126,5 %) u Pecriybnuka Bypatusa (Ha 116,2 %). B 3abaiixanbckoM kpae B 2016 I. OTMe4eHO CHIDKEHME
IIOCTYIUIEHNsI HA/IOTOB 11 COOPOB OT [eATenbHOCTY roctuHuml Ha 10,2 % no cpaBHeHmio ¢ 2009 r. ITo o6bemMaM moCTyIIEHMIT
Iatexert B 61opxeTHyI0 cucteMy PO kpait B 2016 I. 3aHsI IOCIEfHEE MECTO CPEAY ICCTIEAOBAHHBIX PETMOHOB.

Ha puc. 3, a npuBeieHa JHaAMMKA YMCT€HHOCTH TYPUCTOB, HOCETUBIINX PErMOH, IO TofaM. Pric. 3, 6 mpefcTaBdgeT mpo-
LIeHT NPUPOCTA YMCTEHHOCTH IIOCETUBIINX PETMOH TypUCTOB OTHOCUTeNbHO 2009 I. Y4eT BefieTcs 1o IpakKiaHaM, KOTOpbIe I/
BPEMEHHOTO ITpeObIBaHMA B pernoHe uctonbsosamy ycnyru KCP.

ITpumopckmit Kpait B MCC/IefyeMblii IIepMOf TOCETIIO Hanbosblilee KOMMYECTBO TYpUCTOB. B 2016 1. unciio nui, pasMelieHHbIX
B KCP (puc. 3, a), npesbicuno 1 miH ven. Ecu cpaBamuBats ¢ 2009 . (puc. 3, 6), To pupoct coctaBmi 456 Toic. e (76,9 %). Takxe B
4IIC/Ie JIMAEPOB IO MIPYUHSATBIM TYpUCTaM (puc. 3, a) Haxopsitcst VIpkyTckas o6macts, Anraiicknit kpait u XabapoBCKuit Kpait.

3abarikanbCcKumii Kpait mo 4mcity nutl, pasmereHHbIx B KCP, cpefyt ceMyt pernoHOB 3aHsI OCTIEfHee MeCTO, HECMOTPsI Ha TO,
YTO Ha €r0 TePPUTOPUYM HAXOGUTCS KPYIIHEMIINIT Ha POCCUIICKO-KUTANICKOI IpaHniie TPaHCTPaHNYHbI Iepexon 3abaiikanbCK-
Manwxypysa. OTMETHM, YTO B IIPOLICHTHOM OTHOLICHVM YMCTIO TYPUCTOB, pasMeleHHbIX B KCP 3abarikanbckoro kpas, B 2016 T.
110 cpaBHeHuIo ¢ 2009 r. yBenmmnumnocs Ha 3,2 % (puc. 3, 6).
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PucyHok 3. [luHaMMKa YNCNEHHOCTU TYPUCTOB, MOCETUBLLMX PETUOH.
Figure 3. The dynamics of the number of tourists visiting the region.

C 2014 r. B 60/IBIIMHCTBE UCCIENYEMbBIX PETMOHOB 3aMeTeH POCT IMOTOKA TypucToB. OfHa U3 IPUUYMH — CHIDKEHHUE Kypca
pyo6ms. BBupy aToro oTAbIX I MHOCTpaHLeB B Poccum okasajcs feleBrie, a A/is1 POCCUAH cTan Oojee TOCTYIHBIM Ha GoHe
HOJOPOXABIINX 3apYOeXHBIX TYpoB. OJHAKO B 9THX IIPOIIeCCaXx HAMETU/INCH TPOTUBOPEYMBbIE TEeHACHIINY, IPOSABUBILIIEC Ha
¢doHe pocra TyprcTHIeckux moTokos u3 KHP"2,

B pamkax mccmegoBaHyst ObII IPOBEJEH IVHENHBI PEerpeCcCHOHHBIN aHA/IN3 C UCIIONb30BAHVEM IIPOrPAMMHBIX PECYPCOB
nmaketa STATA.

ITepeMeHHbIe [ perpecCHOHHOTO aHa/IN3a:

¥ — 3aBMCMMas [IepeMeHHast — JOXOJ, IOTyYeHHbIII KOJUIEKTMBHBIMU CPECTBAMY pasMelleHNsI PerroHa (TOCTUHMIIBL, TY-
pucTidecke 6asbl U fp.), MIH pyo.;

x1 - He3aBUCHMMas IIepeMeHHasA — KONMMYEeCTBO MOCETHBIINX PETYOH TYPUCTOB, THIC. YelL;

X2 — He3aBUCUMasl IIepeMeHHas — YVC/IO HOYEBOK B KO/UIEKTVBHBIX CPEACTBAX Pa3MelLleHNsI PErViOHa, ThIC. ell.;

X3 — He3aBUCHMAsI IePEMEHHAs — YVCTI0 MECT B KOJIEKTVBHBIX CPECTBAX PasMelleHNsT PETMOHA, THIC. ef.

VcxopHble faHHBIE 711 aHA/IU3a IPEICTAB/IEHDI B TAOI. 1.

B Tab671. 2 mpuBeNeHbI pe3yIbTAThI IMHEITHOTO PErPecCUOHHOTrO aHaIN3a.

3neco R-squared — xoadduument gerepmunanyn, Adj. R-squared — cKOppeKTUPOBAaHHBIN KO3 DUIIMEHT AeTepMUHALINI,
KOTOPBIN MO3BOJIAET YCTPAHUTh 3 (EKT, CBA3AHHBIN ¢ POCTOM R-squared TIpy BO3pacTaHMU UMCTA PerpeccopoB. 3HAUEHNUs
R-squared v Adj. R-squared nyns Bcex pernoHos 6onbiie 0,5. Takum 06pa3oM, MOXXHO OTMETUTb, YTO BCe IOTy4eHHbIe MO/
JINHETHOTO PerpeCcCUOHHOrO aHA/IN3A SB/ISIOTCS CTATUCTIIECK 3HAYMMbIMIL.

JI0BO/IPHO HEOXXVMIAHHBII U Ja)Ke, HA IEPBBLIl B3I/, TAPaJOKCA/IbHBII Pe3y/IbTaT aHa/IN3a COCTOUT B TOM, YTO 3HAUEHUS
BCeX K09 (UIUEHTOB PerpecCHOHHOTO ypaBHEHUs st 3a06aifkalbCKOrO Kpasi OKasalich OTPULIATEIBHBIMU. DTO TOBOPUT O
TOM, YTO OCHOBHBIE IOXOJIBI, JIETA/IbHO paboTaroliye 1 mpefgocrapsonie ordeTHOCTs KCP, monmyvator He OT IpefocTaBIeHus
HPOXXVMBAHMA, @ OT [PYTUX YCIIYT, K KOTOPBIM MOXKET OTHOCUTBCS Cjaua IIOMelleHNIT B apeHy, 00CTyKuBaHue B Kade 1 pecTo-
panax u fip. OTpuijarenpHoe 3HadeHVe K03 uLMeHTa perpeccuit Ipy X1 MOKHO OO'BSICHUTD 3HAYNTENBHOI OJIEN «TPAH3UT-
HBIX» TYPUCTOB — T€X, KTO IIPMe3KaeT Ha OAVH [ieHb U He OCTAHAB/IMBAETCS B PETHOHE, IIPOJO/DKAs CBOII Iy Th fjajiblre — B Kurait
wnu B ipyrue ropopa Poccuu. OgHako TOT GakT, 4TO OTPULIATEIbHBIM 0Kas3a/Icsa K09 GuiimeHT mpu x2 — 4icio HoueBok B KCP
PEerioHa, — MOXKET OBITb CBUAETEIbCTBOM TOTO, YTO POCT II€H IPOUCXOANT OBICTpEe, YeM POCT TYPUCTUIECKIX IIOTOKOB, 8 TAKXKE
Ha/IN4Vsl 3HAYNTENTbHOI OV TEHEBOIO CEKTOPA B 3TOM CeTMEHTe YC/IYT, IPUYeM TaKas >Ke CUTyalus Hab/ofgaeTcs B Bypsarum,
AMmypckoit obmacty, XabapoBckoM 1 AnTaiickoM Kpasx. Eije ofHOI Mpr4mHOi MOXKeT CTy»k1UTh HenonHoTa oTdyetHOCTH KCP; B
M060M Ciydae 9T0 06CTOSTENBCTBO HY)KAAETCS B 0COOOM BHYMAHMY PETYIMPYIOLIUX ¥ KOHTPOIMPYIOLINX OPTAHOB.

ITepemenHas x3 oTpakaeT He TONbKO kommdecTBO MecT B KCP, HO ¥ BO3MO>KHOCTD BbIOOpa U3 pas/IMYHBIX BapMaHTOB,
9TO YacTO ObIBAaeT BAXKHO IIPU OPraHMU3ALUIL TYPOB, I, TAKMM 0OpPasoM, IPefOoCTaB/IsIeT JOIOTHUTE/IbHbIE BO3SMOXXHOCTI VIC-
H0/Ib30BAHNS TYPUCTUYECKOTO MoTeHIMana pernona. Yem 6onbiue ncio Mect B KCP, TeM B 60/Ibl1Ielt CTEMEHN PETMOH CTaHO-
BUTCS IIPYBJIEKATEIbHBIM MECTOM Ji/IA IPOBefieHNs KOH(pepeH1uit, GOpyMOB, CUMIIO3MYMOB, 0COOEHHO KPYIIHBIX U 3HAYMMBbIX.
Hanuune MHTEpECHBIX TYPUCTUYECKMX 0O'bEKTOB YaCTO AB/IACTCA BaXKHBIM apTyMEHTOM IIPM BBIOOpE MeCTa VX IPOBEeleHNMs, a
COOTBETCTBYIOIas MHPPACTPYKTYpa CO3iaeT O/IarONpyATHBIE YCIOBYA /IS BOBIEYeHMA IOCETUTENIelT perioHa B cepy cobct-
BEHHO TYPUCTUYECKUX YCIYT. IIOTOKY CBA3aHHBIX C 9TUM JJOXOLOB OT YCIYT Pa3MeIeH st IPAKTUIeCKY HUKOTA He ObIBAIOT «B

"BonbLUON KUTaCKUIA 3aroBOp: NoYeMy MUMMNOHbLI rocTel u3 MNogHebecHol He NpuHOcsT B BroaxeT Metepbypra Hu py6ns. URL: https://www.spb.
kp.ru/daily/26708/3733790
2Typuam B kpacHoMm Tepeme. URL: https://www.vedomosti.ru/opinion/articles/2016/07/06/648112-turizm-krasnom-tereme
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Tabnuua 1. UcxoaHble AaHHbIe ANA NMMHENHOTO PerpecCMOHHOro aHanm3a.
Table 1. The initial values for linear regression analysis.

[MepemeHHas fons!
2009 2010 2011 2012 2013 2014 2015 2016
Babadlkanbckull kpal
y 282,8 343,9 322 355,2 430,1 524,2 527,3 543,6
x1 194,8 200,4 2481 2425 2453 221,5 205,2 2011
X2 793,2 790,4 587,7 526,7 494,9 422,6 371,2 327,2
x3 8,9 8,1 7,5 7,3 7,5 7,3 7.4 7,3
Pecny6nuka bypsmus
y 405,6 443,2 475,9 7441 839 870,2 980 1019,2
x1 217 2444 2951 357,2 370,7 299 281,7 334,5
X2 974 1002 752,8 754,2 707,6 617,4 581,7 640,3
x3 12,6 10 11,7 12,4 12,5 15,1 13,4 12,6
Upkymckas obracmb
y 1146,5 1063,6 1265,2 1320,7 1585,5 1579,9 1590,7 2022,3
x1 415 473,8 501 550,3 595,5 567,3 546,9 725
X2 2118,7 2226 1393,4 1453,1 1300 1373,2 1209,7 2712,3
x3 19 19,2 20,9 20,8 25 28,6 26,2 20,6
Anmadckuli kpal
y 689,4 715,3 827,3 889,6 939,1 1000,8 1048,7 1056,4
x1 416,4 432,7 473 529 502 497,8 519,5 610,7
X2 27117 2573,4 2069,5 2192,1 1988,4 1962,9 2056,9 3340,2
x3 20,8 18,6 19,1 21,6 24,1 23,9 24,5 24,5
Amypckasi obrnacmsb
y 346,2 433,4 4781 493,7 592,1 623,8 645,1 652,5
x1 221 2274 2927 298,5 277,9 260,3 228 319,6
X2 926,8 923,6 757 800,9 600,4 438,2 419,5 465,2
x3 7 7 6,6 6,3 6,4 6,9 8 8
Xabaposckuli kpati
y 1465,1 1677,4 1926,9 2130,5 2271,2 2551,7 2558,7 2696,2
x1 3457 393,1 418,1 417,7 399,9 393,8 355,8 584
X2 1175,3 1159,2 789,2 790,5 678,4 613,5 618,6 1150,3
x3 8,2 8,1 7,9 7,8 9,1 9,9 10,2 14,1
IMpumopckudl kpali
y 1420,5 1703 1829,7 2258,7 2528 2939,3 3425,9 3707,1
x1 5927 694,6 703,2 755,5 614,7 586,4 7447 1048,7
x2 2729,6 2861,2 1514,5 1430,1 1459,1 1553,1 1869,9 33424
X3 21,4 25,5 27,1 27,9 30,1 34,1 39,5 39,2

WcTouHnk gaHHbix: PoccTat, PocTtypusm.

Tabnuua 2. Pe3ynbraTbl IMHENHOro perpecCMOHHOro aHanusa: 3aBucumocTb goxoaosB KCP oT nepemMeHHbIX, XapakTepusyoLmMx Typu-
CTMYECKMMI NOTOK.

Table 2. The results of linear regression analysis: dependence of the income of collective accommodation facilities on the variables
characterizing the tourist flow.

PervioH YpaBHeHue perpeccun R-squared Adj. R-squared
3abavikanbckuii kpan y=-2,12x1-0,43x2 — 55,28x3 + 1533,58 0,92 0,86
Pecnybnvka BypsTtusa y =0,64x1—1,25x2 + 2,64x3 + 1437,07 0,80 0,65
MpkyTckas obnactb y =2,69x1 + 0,11x2 + 29,05x3 — 869,54 0,92 0,86
Amypckasi obnactb y=0,42x1 - 0,49x2 — 1,54x3 + 756,31 0,94 0,90
XabapoBckuii kpai y=1,10x1—-1,22x2 + 148,56x3 + 1373,73 0,97 0,95
MpumMopckumin kpan y=0,23x1 + 0,01x2 + 122,42x3 — 1459,66 0,97 0,95
AnTanckuin kpam y=1,50x1-0,08x2 + 24,92x3 — 216,62 0,94 0,90

TEeHI», YTO TOXKe Ba>KHO. Cpefiyt ceMM PerroHOB B [IBYX — B 3a6ailka/lbCKOM Kpae M1 AMypcKoil o6macti — ko9 PuumeHT mpu
IIepeMEeHHOI X3 0Ka3ajIcs OTPULIATeIbHBIM, IIPY 9TOM B 3abaliKaTbCKOM Kpae — JOBOIBHO OOTBIINM 110 a0COMIOTHON BeNNYUHE.
Cormacuo gaHHBIM Ta671. 1, 0611ee urcino Mect B KCP B aTiX pernoHax CyijecTBEHHO MEHbIIIE, YeM B [PYINX, a B 3a6ailKa/mbCKOM
Kpae OHO ellfe ¥ COKPATUIOCh II0 cpaBHeHuI0 ¢ 2009 I. OTO Tak)Ke MOXXET CBU/IETENIbCTBOBATD 00 OIlepexkalolieM pPOCTe LieH Ha
ycnyru KCP.

B tabn. 3 npencTaBneHsl fanHbe o yncnenHocTy KCP B nccnenyeMbIx pernoHax. VismepeHne mpoBOANUTCA IO YNCITY 3ape-
IUCTPUPOBAaHHBIX opranmsanuii B cpepe KCP.

B Amypcxoit 0671acTi B MCCIeOBAHHBII IePIO IIPOU3OLIeN caMblit 3HaunTenbHblil mpupoct KCP - 65,6 %. B 2009 1. uncio
KCP 3pech 65110 HaMEHBIINM CPEU CEMU MCCTIeOBAHHbIX PErMOHOB. BeposaTHO, B JaHHOIT 06/1aCTI COXPAHSIINCH HUIIN /IS
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Ta6bnuua 3. YncnenHoctb KCP.
Table 3. The number of collective accommodation facilities.

[oabl

Pervion 2009 2010 2011 2012 2013 2014 2015 2016
3abavikanbckuii kpan 146 135 142 148 147 151 153 151
Pecnybnuka bypsTtus 211 218 282 301 332 296 334 342
MpkyTckas obnactb 229 241 271 289 316 346 322 282
Amypckasi obnactb 96 100 113 119 126 138 149 159
XabapoBckuii kpai 172 167 158 175 208 213 224 232
Mpumopckunin kpan 269 312 368 360 347 379 422 292
AnTanckuii kpam 250 256 269 338 342 316 393 351

McTouHmK gaHHbIX: PoccTar.

nosB/IeHNs HOBBIX 00bekToB KCP BBUAY HEOOBIION YMCIEHHOCTI MMeIouXcs. TakKe He0OXO[MMO IPUHATb BO BHUMaHNUE
(haKTOp NPUIPAHUYHOTO PACIIONONKEHVA 00IACTH, pery/ipHOe pedHoe coobuieHne barosemencka ¢ ropogoM Xaiixa ¢ Hace-
neHueM 6oree 1 MJIH YelL., a C/IEfOBATENIbHO, 3HAUUTeNbHOE dncio Typuctos u3 KHP (38,8 teic. yern. B 2016 r.). Kpome Toro, B
00671aCcTV Pa3BUBAETCS «KOCMITIECKNIT TYpusM» Ha 6aze kocMozpoMa «Bocrounsiit». B pabore [6] cooburaercst 06 opranusanmu
TpaHcdepTa IPYIII MOfielt K CIelnaTbHBIM CMOTPOBBIM IUIOIIA/IKaM BO BpeMsI 3aIlycKa KOCMIYECKMX paKeT, KOTOpble obectie-
4eHbI MHPPACTPYKTYPOIl B BIfE Kade, TOCTUHNULL ¥ MECT CTOSHKIL.

B 3abaiikanbckoM kpae npupoct KCP coctaBui 3,4 %, 3TO caMblil HU3KUIT IOKasaTebcpeny perroHoB. OfHAKO A/ pas-
BUTVS TYPUCTUYECKOIT OTpaciu B 3abalikaIbcKOM Kpae IpeJIpUHIMAIOTCSA ONIpefie/ieHHble Mephbl: BKIIIOYeHIe PerioHa B TYpU-
CTUYeCKIIT MapuIpyT «30/10T0e Kombo Cubupu»®, opraHusanys 9KCIO3ULNI I «KPaCHOIO Typu3Ma»*, KOTOPBIII BBI3bIBACT
6onbiuoit naTepec noceruteneit u3 KHP. B Peciybnuke Bypsitust u VIpkyTckoit 06/1macTyi AUHAMUYHBI POCT TYPUCTUIECKOTO
HOTOKa OOYC/IOB/IEH BO3pacTalolilell MOMyIAPHOCTbIO M3BECTHOTO TypUcTUUecKoro 6penna Poccun — osepa Baitkan kak Ayt
BbesHoro moroka u3 KHP (BcrencTBue nesanbpanyy py6sis), Tak 1 A/Is BHyTPeHHero (KpoMe JieBalbBalil, ellle ¥ 13-3a CHU-
JKEHYIS1 peasIbHBIX JOXOROB rpaxaH nocie 2014 r.) [7-9]. Takxe cefyeT OTMETUTD, YTO OOILell XapaKTePUCTUKON yKa3aHHBIX
PETMOHOB ABJIAETCSA 9THMYECKOe pa3HOoOpasye Hace/leHNA. TOT PaKTOp MOXKET CYI[eCTBEHHO PAaCIIVPUTD HaTUTPY TYpPUCT-
CKO-PEKPEeALIOHHBIX PECYPCOB, CIIOCOOCTBYS PasBUTIIO STHOKY/IBTYPHOrO Typuama [10].

B IIpuMopckoM Kpae CyllecTBEHHOE BHUMaHMeE Y/ieAeTCsA a3MaTCKUM TYPUCTaM M3 CONIpee/NbHbIX rocyaapcTs. s Hux
ropopi BraguBocTOK MO3UIMOHUPYETCA KaK eBpOIeiicKIit Topofi B A3un. 9To fjaeT pe3ynbraTsl — ¢ 2009 1o 2016 I. MOTOK MHO-
CTPaHHBIX TYPUCTOB YBEIUUN/ICA Ha 162,7 %. B Kpae mponcxoanT akTMBM3aIsA pabOThI IO Pa3BUTUIO IO3HABATEIBHOTO TYPU3-
Ma B OXpPaHHBIX 30HaX 3anoBefHMKoB. Hanpumep, B [lanbHEeBOCTOYHOM MOPCKOM OMOchepHOM 3alIOBEIHUKE ITOTOK TYPUCTOB
BO3poc ¢ 5301 yer. (2011) mo 21742 yen. (2016); ogHAKO HEOOXOAMMO OTMETUTD, YTO OOJIBIIYIO YaCTbh TYPUCTOB COCTABIIAIN
xurtenu [Ipumopbs [11], ciefoBaTeIbHO, TYPUCTIYECKUIT IPOAYKT IPEMMYIIeCTBEHHO ABJLACTCS IPeIMeTOM MeCTHOTO CIIPOca.

Bo MHorux crpasax, B yactHoctu B CIIIA, Kanage, Mekcuke, Kocta-Puxke, IlIsenyn, Tepmanum, Ilopryrammm un gp., Ty-
pUCTHYeCKNe TIOCELIEHNs 3alI0BEIHMKOB YCIIEIIHO 3BOIOLVIOHNPOBAIN B IOMTHOLEHHYI0 3KCIOPTHYIO MHYCTPUIO, KOTOpas
CITYXXUT CYLIEeCTBEHHbIM MICTOYHMKOM JI0XOJa ¥ MOMiep>KUBaeT pasBuTHe cepbl YCIyT B IPMHUMAalOleM pernoHe [12, 13]. U
BMeCTe C TeM OpTraHM3aLVA TYPUCTUYECKOI MHAYCTPUY Ha IPUPOOOXPAHHBIX TEPPUTOPUAX TpebyeT CYleCTBEHHBIX M HeoO-
XOJVIMBIX TPaHCAKIVIOHHBIX U3fiep>Kek [14], KoTopble MOTYT BK/IIOYaTh 3aTPaThl HAa OPTaHM3aLMIO TYPUCTUIECKUX MapIIPYTOB
B OXpaHAEMOJ IPUPOJSHON 30HE U BbIA4y JIMLIEH3NIA Ha €€ IOCENIeHle CO CTOPOHBI TOCYapPCTBEHHBIX PETYIMPYIOLINX OPIaHOB
u ap. OmHaKo IIpK I0/DKHOM YPOBHE OPTaHM3AIUY NTPOLIECCOB PAsBUTHA TYPUCTUYECKOTO CEKTOPA OTKPBIBAETCA MEePCIEKTHBA
IIPEBBILIEHNA [JOXOJ0B, IIONTyYEHHBIX OT TYpM3Ma, HaJl BeIMYMHON TPaHCAKI[MOHHBIX M3/lePXKeK.

Brnacty Xa6apoBcKoro Kpas MAYT IO IyTU IPUBIEYEHNS MHOCTPAHHBIX TYPUCTOB. BeleTcs coTpyHNYecTBO C BIACTAMU
CTIeYIOIMX KUTAICKUX IpoBUHUWIL: [yaunyH, JIsonun, XaitHaub, X269, XoinyHussad u llanenys. B uccnenyemslit nepron
YJC/I0 MHOCTPAHHBIX TYPUCTOB YBeIMYMIOCh Ha 191 %, B TOM 4ic/ie BBUAY JaHHOTO ¢aKkTa Ipousonren pocT komrdecrsa KCP
Ha 34,9 %.

Ha teppuropun Anraiickoro kpas B paMKax y4acTusi B QefepanbHOIT LjeneBoil mporpaMMe «PasBuTue BHYTPEHHETO U
BBe3gHOro Typusma B Poccuiickoit ®@emepanym (2011-2018 rr.)» GOpMUPYIOTCS TYPUCTUUECKO-PEKPEALMOHHBIN KIacTep
«benmoxypuxa» 1 aBTOTYpUCTCKUII K/IacTep «30/I0Tble BOPOTa», a TAKXKe HOBBII KiacTep — «bapHayn — ropHO3aBOICKOI TOPOf»,
KoTopbIii Boen B ykazaHHyto ®IIII ¢ 2015 r. B uccnenosannslil neprox (2009-2016) yactp 06beKTOB YKa3aHHBIX KIaCTEPOB
ABJLANNCDH JelicTByloluMu. B pabore [15] orMedaeTcs pa3BUTIe CAHATOPHO-KYPOPTHOI OTPAC/IM PerMoHa 3a CYeT LieJIeOHBIX
rpsaseit (SIpoBoe) 1 pagoHoBbIX Bog (benokypuxa). Ycrenrnoe pa3BuTyie TYPUCTUYECKOI OTPACN ATaICKOTO Kpasi 9KCIIepTh
CBA3BIBAIOT C IMIPOJYMAaHHOI U TIOC/IEJOBATE/IbHOI PETVIOHATBHOM IO TUKOIA.

YT0o6BI IPOSICHUTD BOIIPOC O BIVSHUY OIlepexkaloliero pocra el Ha ycayru KCP, B paboTe Takxe OIpefie/leHbl TOTOKH
IOXOJIOB, CKOPPEKTUPOBAHHBIX C YUYeTOM MHJEKca (PU3IIecKoro ob6beMa IVIATHBIX YCIyT HacelneHuIo (fanee — VIHAeKC) Ays ro-
CTMHMIL ¥ aHAIOTMYHBIX CPELICTB pasMellieHns. Pe3ynbTaTsl IpefcTaB/IeHbl Ha pUC. 4, a, 6. OTMeTHM, 4TO TaK Ke, KaK Ha puc. 1,
IJie JOXOMBI IIPEICTAaB/IeHbl B TEKYIIMX [IeHaX, POCT HAOJII0aeTCs 110 BCeM PeryioHaM, XOTA U B MeHbIINX Maciradax. JIugepamu
110 IIPUPOCTY HO-IIPEXHEMY OKIaeMo sB/LtioTcst Pecriybnuka Bypsitust n ITpumopckuit Kpaii.

Ilajtee mpeaCTaB/IeHbl PE3Y/IbTATHI PErPECCHOHHOrO aHanmum3sa (TabL. 4), IAe B Ka4ecTBe 3aBICUMOII IIePEeMEHHOIL B3AT YKe
CKOPPEKTMPOBaHHbIN foxof. OcTanbHble IepeMEHHBIE OCTANNCh MpeXXHUMM. VITaK, IyCcTh y* — [OXOH, MOMy4eHHbII KOJIeK-

33abarikanbCckuin kpan npucoeguHUTCs K MapLpyTy «3omnotoe konbuo Cubupuy. URL: http://rgotomsk.com/2018/06/14
“Myszein uctopum oTkpbircs B 3abavikanbcke. Potopenoptax. URL: http://zabaikalskadm.ru/index.php/news-region/4-zab-region/3021-2018-08-24-07-22-57
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PucyHok 4. [lunamuka poxonoB KCP, ckoppekTupoBaHHbIx ¢ yyeToM NHAaekca.
Figure 4. The Income behavior of collective accommodation facilities adjusted to the Index.

TUBHBIMM CPeJCTBaMM pasMelleHus (TOCTMHMUIIBI, TypUCTUYecKye 6asbl U Ap.), CKOPPEKTUPOBAHHbIN ¢ yueToM VHpaekca s
TOCTMHMI] ¥ aHAJIOTMYHBIX CPEACTB pasMellieHNs, MITH pyo.

OTU pe3y/IbTaThl TOBOPAT O TOM, UTO CTENIEeHb 3aBUCYMOCTI CKOPPEKTMPOBAHHOTO C YY€TOM POCTa IjeH I0X0fa OT KOmde-
CTBA TYPUCTOB U 00BEMOB IIPEJOCTABICHHBIX YCIYT TOPA3A0 HIDKE, 4eM MOXXHO OBIIIO OXKI/ATh, €C/Ii OBl pOCT OBUI JOMUHUPY-
Iollell IPYYMHON OTPULIATENBHOM KOPPEIALUY J/IsI HEKOTOPBIX PETVOHOB, BBIABIEHHOI B Ta6/. 2. [l 3abaiikanbcKoro Kpas
3aBUCHMOCTD OT OOIIIET0 YMC/Ia TYPUCTOB OCTACTCS MO-IIPEKHEMY OTPUIIATENIBHOI, XOTS ¥ YMEHBIINIACh B IIOJITOPA pasa Mo
abcomoTHOIT BennunHe. OTpUllaTeNnbHasA KOPPeALMA BbIABMIACH U A1 AMypcKoit obmacTy, u i IIpumopckoro Kpas, BIIpo-
4yeM, OHA, KaK U IIPeX[e, OCTaeTCsA BeCbMa He3HAUYUTE/IbHO 10 a0COMIOTHOI Be/IMYMHE, TaK YTO, BEPOSATHO, CJIEAYET IPEAIIONO-
XKUTDb CKOpee IIOYTH HeliTpalbHoe BiuAHue. OTpullaTe/IbHasg 3aBUCUMOCTD OT YJC/Ia HOYeBOK COXPaHMIACD 1A OOIbIIMHCTBA
PETMOHOB, XOTS U CTajIa MeHbIIIe II0 a0COMIOTHOI Be/IMYIHE.

BBICOKYIO TOTIOXXUTENBHYIO 3aBUCUMOCTb 0X00B OT 0611ero ncna KCP B pernonax, rie HabmofaeTcst G0/IbIION TypUCTU-
YeCKMit IOTOK, — VIpKyTcKoit obmactu, Bypstun, Xabaposckom, IIpuMopckom u ANTaitckoM Kpasix — IIpY CyIIeCTBEHHO Horee
HM3KOJ1 (VTN OTPULIATENIbHON) KOPPEMALMHA C YMCTIOM HOYEBOK MOXXHO OO'BACHUTD TeM, YTo Gojee pasBuTas MHPPACTPYKTypa
Y KPYIIHbIe TOCTUHYIIBI MMEIOT 60JIbllle BO3MOXHOCTeL [IA IIPeSOCTaB/IeHUA APYTUX YCIYT, C pasMelleHMeM He CBS3aHHBIX:
pecTopaHsl, 6acceilHbl, CayHbI, Cla-CaIoHbL 1 Ap. [Ipumepsr 3abarikanbcKoro Kpas 1 AMypCKOil 06/IacTi MOTYT TOBOPUTD O
TOM (CM. JaHHbIE TaOII. 2), 4TO HEFOCTATOYHO PasBNUTast MHPPACTPYKTYPA, HAIIPOTHB, CHIDKAET IIepedrC/IeHHbIe BO3MOXKHOCTIL.

3aKkatoueHne

ITonyyeHHbIe pe3y/nbTaThl BBIABUIN Psf MONOKUTENbHBIX TEHIEHIMUI B Pa3BUTUM TYPUCTUYECKOTO CEKTOPA Ha BOCTOKE
Poccun, HecMoTps Ha 3HauUMTe/NbHbIE BHeMHMe MoKy nocne 2014 1. Bo Bcex pernonax pacret poxop KCP, gaxe ckoppexTupo-
BaHHBIII ¢ yyeToM VIHfekca. PacTyT oTuncnenus B 61ompkeTHyIo cucteMy PO - Besze, 3a uckmodeHeM 3abaiikanbcKoro Kpasd,
I7ie OHV COKPATIIINCH, IIPU TOM, 4TO 00lIlee KOIMYIECTBO TYPIUCTOB HECKOIBKO BBIPOCo ¢ 2009 mo 2016 .

BMmecrTe ¢ TeM BBIsIB/IEH Psifj HapagOKCaIbHBIX TEH/EHINIT, KOTOPbIe TPeOYIOT BHUMAHSI TOCYAAPCTBEHHBIX OPraHOB, OTBE-
YaOIUX 33 CTPATETNIO PETMOHAIBHOTO PasBUTIH, @ TAK)Ke a/IbHEIIIero MpoBefieHN: uccnegopanuii. OTpunatenbHas 3saBUCK-
MocTb ioxofos KCP oT pocTa TypucTHYeCKOTO IOTOKA B PETPECCUOHHBIX YPaBHEHMAX YKa3bIBaeT Ha ONACHOCTb HETaTUMBHBIX

Tabnuua 4. Pe3ynksTathbl IMHENHOro perpeccMoHHOro aHanusa: 3aBucumocTb AoxonoB KCP, ckoppekTMpoBaHHbIX ¢ y4yeTom UHaekca, ot
nepemMeHHbIX, XapakTepusyrwunx TypI/ICTVI'-IECKVIVI NOTOK.

Table 4. The results of linear regression analysis: dependence of the CAF income, adjusted for the Index, on the variables characterizing
the tourist flow.

PervioH YpaBHeHue perpeccun R-squared Adj. R-squared
3abavikanbckuii kpan y*=-1,41x1 -0,19x2 —-59,32x3 + 1245,87 0,79 0,63
Pecny6nvka Bypstusa y*=0,84x1-0,78x2 + 12,15x3 + 834,75 0,82 0,69
MpkyTckasa obnactb y*=1,55x1+0,01x2 + 14,18x3 + 130,23 0,91 0,84
Amypckasi obnactb y* =-0,04x1 -0,36x2 —35,8x3 + 990,06 0,87 0,76
XabapoBckuii kpai y*=1,04x1 -0,97x2 + 56,23x3 + 1860,69 0,95 0,91
Mpumopckuin kpan y* =-0,08x1-0,06x2 + 88,15x3 —288,7 0,98 0,96
AnTanckuin kpam y*=0,87x1-0,11x2 + 8,55x3 + 453,3 0,97 0,95

5My3ei1 nctopum otkpbirncs B 3abarikanscke. otopenoprax. URL: http://zabaikalskadm.ru/index.php/news-region/4-zab-region/3021-2018-08-24-07-22-57
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TEHJICHIINII B PasBUTHUM TYPU3Ma, CBA3AHHBIX C TEHEBBIM CEKTOPOM. DTO 0OCTOATENIBCTBO IOAYEPKUBAET TAK)Ke HEOOXOAMMOCTD
IPOBEPKY TTOTTHOTHI JaHHBIX 0 floxofiax KCP, mpefcTaBneHHbIX Ha 0QUIIMaIbHBIX OPTaIaX OPraHOB TOCYAAPCTBEHHOTO YIIPaB-
nenyis. Ha 0CHOBaHUY 9TUX JaHHBIX IIPUHYIMAIOTCS pellleHs], pa3pabaTbIBalOTCs PerMOHa/IbHbIE CTPATErNY, TI0OITOMY KadeCTBO
MHPOPMAIVIOHHOTO 00ecreYeH s ABJIAeTCA ONHUM U3 BaKHBIX (PaKTOPOB, OIpee/IAIONINX, B CBOI0 OYepefib, U KaueCTBO TOCy-
TApCTBEHHOTO YIIPABJIEHNA.

B 4acTHOCTM, pe3y/IbTaThl TOBOPAT O TOM, UTO AeATe/IbHOCTD, He CBA3aHHASA C pa3MelljeHIeM TYPUCTOB, IPMHOCUT BBICOKYIO
momo poxopa st KCP B 607bIIMHCTBE PaCCMOTPEHHBIX PETMOHOB, HECMOTPS Ha aKTUBM3ALNIO TYPUCTUYECKUX OTOKOB Ha
BOCTOKE CTPAHBI, B TOM YJC/le CO CTOPOHbI KnTas — 3a mociefHme TofIbl YMC/IO KUTAMCKUX TYPUCTOB Ha 03. baiikan cTpemu-
TEeJIbHO pacTeT. ABTOPBI CUNTAIOT, YTO C YIETOM IIOTYYeHHBIX Pe3y/IbTaTOB €CTb JOCTATOYHO OCHOBAHMIA [JIA IIPEAIIONOKEHNA O
pacTymielt foe TEHEBOTO 060POTa B TYPUCTIIECKOM CEKTOPE 1, COOTBETCTBEHHO, JI/IA CPOYHOI PaspaboTKM Mep IIPOTUBOTEN-
CTBVS 9TVM TEH/ICHLIVAM.
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Discrepancies of border tourism in the east of Russia

Irina Petrovna GLAZYRINA',
Aleksandr Evgen’evich PESHKOV

Institute of Natural Resources, Ecology and Cryology of the Siberian Branch of RAS, Chita, Russia

Relevance of the study of the development of tourism in the regions of the eastern part of the country is due to its high potential for environmentally
friendly diversification of the economy of these territories experiencing significant environmental pressure due to natural resource orientation. High
environmental quality is a condition for the sustainable development of this sector; it creates an additional economic motivation of the business
community for its preservation, which corresponds to the basic principles of ecological economics.

Purpose of the work is to obtain quantitative estimates of the influence of various factors on the economic results within the tourism sector related
to the income of collective accommodation facilities (CAF).

Methodology. To estimate the influence of various factors on the dynamics of economic indicators, linear regression analysis was used using the
STATA software resources.

Results obtained have revealed a number of positive trends in the development of the tourism sector in eastern Russia, despite significant external
shocks after 2014. In all regions, the income of CAF increases adjusted to the index of the physical quantity of services paid to the population.
Deductions to the budgetary system of the Russian Federation are growing everywhere, except for the Trans-Baikal Territory (here they decreased),
while the total number of tourists increased slightly from 2009 to 2016. At the same time, a number of controversial trends were revealed that require
the attention of public authorities responsible for the strategy of regional development. The results show that non-tourist activities bring a high income
share for CAF in most of the regions examined, despite the increase in tourist flows in the east of the country. In recent years, the number of Chinese
tourists in the territory of Lake Baikal is growing rapidly.

Conclusions. The authors believe that on the basis of the obtained results there are enough grounds for the assumption about the growing share of
shadow turnover in the tourism sector and, accordingly, for the urgent development of measures to counter these trends.

Keywords: tourism industry, regression analysis, income behavior, regional policy.
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Bornpochl co3aaHusi MTHHOBALUMOHHOM MOTMBALMOHHOM CPEALI B CUCTEME
NMPOdPeCCMOHAALHOTO 0OPA30OBAHMSI

KoHcTaHTMH Bacunsesuy POYEB',
Cepren AnekceeBuu MOJIULLYK,
Omutpuinn CepreeBuy MAPYEHKO

YXTUHCKUNI rocyapCTBEHHbIV TEXHUYECKUA yHuBepcuTeT, Poccus, Pecnybnuka Komu, YxTta

AKTYaAbHOCTL. OLIEHKA ¥ CTUMYAMPOBAHME TPYAA SIBASIOTCSI OAHOWM M3 BOKHEMIIMX COCTABASIIOLMX YMPABAEHMUSI, MOCKOALKY OT HETO B HAMOOAbWEN CTerne-
HU 3aBUCUT PE3YALTATMBHOCTL PAGOTDLI M KOHKYPEHTOCIOCOBHOCTL OPraHU3aLmMy B LIEAOM.

Llear pa6oTbI: MPOBECTV 0630P METOAMK OLIEHKM PE3YALTATOB TPYAOBOW AESITEALHOCTM C MO3WLMIA MX MPUMEHEHWs B CUCTEME MPOGECCHOHAALHOTO 06-
Pa3oBaHMsl U peaan3almn B UHAEKCHOM CUCTEME OLIEHKM TPYAA.

3aaaym: cchopmMUPOBATL CUCTEMHDIM MOAXOA K CTUMYAMPOBAHMIO BY3OBCKOTO KOAAEKTUBA, MPEAAOXKUTL U OLIEHUTL MHAEKCHYIO METOAMKY M3MEPEHUs pe-
3YALTATOB TPYAOBOV AESITEALHOCTM HA OCHOBE CUCTEMHOIO MOAXOAQ, UCCAEAOBATL PABOTY AAHHLIX MOAEAEN MPU (hYHKLIMOHMPOBaHUM MH(POPMALIMOHHDIX
CUMCTEM AASI OTAEABHDBIX CETMEHTOB KOAAEKTMBA By3a, OMPEAEAUTL OCHOBHDIE HAMPABAEHMS COBEPILEHCTBOBAHMSI PA3PABOTaHHOM CUCTEMBI CTUMYAVPOBAHMSI
Ha OCHOBE PE3YALTATOB €€ anpobaLmnm 1 aHaAM3a MOBEAEHWS! TPYAOBOTO M CTYAEHUYECKOTO KOAEKTUBOB B YCAOBUSIX (DYHKLIMOHMPOBAHMSI AAHHOM CUCTEMDI.
IMpeamerT: oLieHKa TPYAOBOM AESTEALHOCTU.

OG6LEKT: TPYAOBOW U CTYAEHUYECKMI KOAAEKTMBDLI B Chepe MPOECCHOHAALHOTO 0OPA3OBaHMsI.

PesyanTatil M mx npumeHeHmne. PacCMOTPEHLI OCHOBHLIE COBPEMEHHLIE MOAXOALI M TEOPUM MOTMBALIMK TPYAA, OTMEYEHO MX BOMAOIIEHME MPU pea-
AVBALMM CUCTEMBI CTMMYAMPOBAaHUsI B CPEAE MPOECCHOHAALHOTO 0OpazoBaHusl. [peActaBAeHbl STarbl (POPMUPOBAHMSI MOTUBALIMOHHOW CPEAbl B YHU-
BE€PCUTETCKOM KOMIMAEKCE M OMopa CTUMYAMPOBAHMS HA KAIOYEBbIE MPUHLIMILI CUCTEMHOTO MOAXOAA U TeOpPUit MOTMBaUMKM Tpyaa. OnmncaHo npumeHeHve
paspaboTaHHO ABTOMATM3MPOBAHHOM CHUCTEMbI K OLIEHKE AESITEALHOCTU U CTUMYAVPOBAHMIO CTYAEHTOB 1 MPETNOAABATEAE! B ChePE BLICIIETO Y CPEAHETO
NMPOECCHOHAALHOTO 0BPAa30BaHMsl. YKa3aHbl KAIOUEBLIE BO3MOYKHOCTM, MPEAOCTABASIEMbIE PA3PABOTAHHOMN CUCTEMOIA.

BrI1BOABI. 3HaYeHVe UCCAEAOBaHMSI COCTOUT B MPEAANOYKEHHDLIX MOAXOAAX M METOAAX OLIEHKM PEe3YALTATOB AESITEALHOCTU PA3AMYHLIX CETMEHTOB KOAAEKTMBA
BLICLIMX Y4E€BHBIX 3aBeA€HUM. AOTTOAHUTEALHYIO AKTYAALHOCTL MCCAEAOBAHMIO MPUAAET CO3AAHME MHCPOPMALIVIOHHOTO KOMIAEKCA, COCTOSILErO U3 CUCTEM
CTUMYAMPOBAaHMs1 MPEroAaBaTeAEN, COTPYAHUKOB M CTYAEHTOB.

KatoyeBble cAOBa: MHAEKCHAsT CUCTEMA, MHAEKCHO-PEVTUHIOBasI CUCTEMA, CTMYAMPOBAHUE TPYAQ, KAIOUEBbLIE MOKA3aTeAn 3(pPEKTMBHOCTU, MaTepUarbHOE
CTYMYAMPOBAHME, OLIEHKA KA4YECTBA B By3e, MH(POPMATM3aLMsi OOPa30OBaHusi, yHUBEPCUTET.

BeA€HMe
CrumynupoBaHme TPyAa AB/IAETCS OfHON M3 BaXXHEIIINX COCTAB/IAOIINX YIIPAB/IEHNU, IOCKOIbKY OT 9TOTO B
HamOOJIbIIell CTEIIeHN 3aBUCAT KaK IOBBIIIEHNE TPYAOBOI aKTMBHOCTY KOHKPETHOTO YIeHa KO/UIEKTMBA, TaK 1 pe-
3y/IBTATBI JIeATEIbHOCTY U KOHKYPEHTOCIIOCOOHOCTD M000II OpraHu3aluy B IieoM. Bricuie ydeOHble 3aBefieHIsI, €CTeCTBEH-
HO, He SIBJIIIOTCS VICK/IIOYEHEM, [IOCKOIbKY B COBPEMEHHBIX YCIOBMSX BaKHOCTY OLEHKN ¥ CTUMY/IMPOBAHNS TPyAa B cepe
o6pasoBaHus yaesieTcst 0co60e BHMMaHMe. ITO WUTIOCTPUPYETCsI peannsyeMoil B MacIiTabax CTpaHbl CHCTEMOI MOHUTOPIMHTA
3¢ G eKTNBHOCTY By30B, IpoBoANMOl MuHoOpHayky P, akijeHTaM Ha He3aBJUCMMYIO OLIEHKY Ka4eCTBa 0Opa30BaHNA B HOBOM
¢enepanbHoM 3aKone «O6 obpasoBanun B Poccuiickoit Pepeparinm» u MHOTUMI APYIUMU (PaKTaMIL.

Bompocs! MOTUBAIMN PACCMATPUBAIIICh IIPeUMYIecTBeHHO ¢ XIX B. 1 MpeACcTaB/IeHbl OOMBIINM KOMMYeCTBOM TEOPUIl I
MEeTOJVIK C TOYeK 3pEHMA pasHbIX HayK: 9KOHOMMK, IICHXOIOTUY, COLIMOJIOTHN, TIearoruKy. TeM He MeHee ITPOBEPEHHbIe BeKa-
MU METOJBI, TaKMe KaK «KHYT U OpsiHuK» (X/Y), MCIIonp3yroTcs: He MeHee upoko. Ha Tekymimii MOMEHT MOXXHO BBIJIENUTD PSfy
OCHOBHBIX T€OPUIL, IPUMEHSIEMBIX J/IsI MOTUBALINY IIEPCOHATIA, CPEAI KOTOPBIX:

1) comepyKaTebHBIE TEOPII MOTHBALINIY, IOKA3BIBAOIIIIE MOTUBALIMIO C TOUKY 3PEHMsI MOTpeOHOCTeI! YesoBeka [1 u ap.];

2) mpolieccyanbHble TEOPUU MOTUBALUI, PACCMATPUBAIOLIYE BIMAHIE MOTUBUPYOLINX (PaKTOPOB Ha YesoBeKa [2, 3 u up.J;

3) cucTeMBI IpelifioB, ealolilyie KapbePHBIL POCT 1 YPOBEHDb YCTIOBHO-IIOCTOSHHO YacTy 3apaboTHOIT I/IaThl Hojee Ipo-
3padHbIMU [4];

4) cbamaHCMpOBaHHBIE CHCTEMBI TTOKa3aTesel ¥ KIodeBble oKasaTeny sddexTuBHOCTH, obecreunBaromme Haf0aBKy K
OIUIaTe TPY/A 3a JOCTIDKEHNSI B 00/IaCTSX, COBIAIAMONINX C Le/IIMI KOMITAaHUM [5, 6].

JI/is1 TOBBIIIEHNST Pe3Y/IbTATYBHOCTH PAbOTHI By3a B HEM [JO/DKHA (PYHKIIOHMPOBATb COOTBETCTBYIOLIAs CUCHEMA OUeH-
ku u cmumynuposanusi. Kpome toro, B coorserctsun ¢ IIpukasom Munrpyna PO Ne 1671 «O6 yTBep)XaeHNN peKOMEH/ AL
1o odopmrieHnio ... apdexktuBHOro KOHTpaKTa» (06 ymeepuoeHuu pekomeHOAUUL 1O 0POPMIEHUI MPYIOBLIX OMHOUIEHUL C
PpabomuuKom 20cy0apcmeenHoeo (MyHULUNAIbHO20) yupexOeHus npu 6sedeHuu IPdexmusHozo koHmpakma: npuxas Munmpy-
0a Poccuu om 26.04.2013 Ne 167n. URL: http://www.consultant.ru/document/cons_doc_LAW_149028) pnst KaXEOro paboTHUKA
OIOJKETHBIX OPTaHM3ALNI JO/DKHBI OBITh OIpefie/IeHbl II0Ka3aTe/N OLIEHKI Pe3y/IbTaTUBHOCTI PpaboThl, OT KOTOPBIX Oy/eT 3a-
BIICETDb pasMep IepeMEeHHOII YaCTH OIUIATHI ero TpyAa. HapaBHe ¢ HEOOXOAMMOCTBIO CTUMY/TUPOBAHMS TPYAOBOTO KO/UIEKTIBA
SIBHO aKTYaJIbHBIM SIB/IIETCS MaTepyalbHOEe CTUMYIMPOBaHMe y4eOHON U BHEY4IeOHOI AesTebHOCTI cTyaeHToB (O nopsoke
COBEPULEHCINBOBAHUST CIMUNEHOUAIbHO20 00ecrieueHuUs 00yuaruuxcs 6 gedepanvHbix 20cy0apcmeeHHbix 00pa308amenvHbIX yi-
pexdenusix npogeccuoHanvHozo 0bpazosanus: nocmarosnerue Ilpasumenvcmea PO om 18.11.2011 2. Ne 945), crenoBatenbHO,
MIMEeT CMBIC/I PaCCMaTPUBATh 9T IIPOLIECCH B KOMILIEKCE.

VImeeT MecTO 1 60O/IBIIIOE KOMYECTBO CHCTEM CUMYIMPOBAHYISI, MCIIO/Nb3YeMbIX B By3ax [7-11 u Ap.], 60/MBIIMHCTBO 13 KO-
TOPBIX UMEIOT Psifi HETOCTATKOB (B TOM YMCIe CYIIECTBEHHBIX),  IMEHHO:
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1) CMC oxBarbIBaeT, KaK IIPaBUJIO, TOIbKO OfVH CETMEHT KO/MIeKTuBa (IpodeccopcKo-NMpenonaBaTebckKuii COCTaB —
[TIC);

2) cucTeMa IoKasaTesieil OpUeHTYPOBaHa Ha KOHKPETHBIII By3 M HEIIPUMEHVIMa K By3aM C JPYroil crenyudukoii;

3) ImoKasare/m «B3BelleHbI» Ha OCHOBAHUY SKCIIEPTHBIX OIIPOCOB, HO BBUJY JiepUIVITa KOMIIETEHTHBIX 9KCIIePTOB B JAHHOI
06/1acTy 3HAHWIT OLIEHK! HOCST HeHA/IeKHBII XapaKTep;

4) OTCYTCTBYIOT HafIeXXHbIe (GUIBTPBI, FAPAHTUPYIOLYE TOCTOBEPHOCTh BBOAUMBIX B CMC jaHHBIX;

5) xoncepBarusM CMC - Hu cucTeMa BeCOB, HI Belnn4nHa CTUM(OH/IA He pearrpyloT Ha [UHAMUKY Pe3y/IbTaToB;

6) HETPO3PavYHOCTDb CUCTEMBI OLICHKM /IS KOJUIEKTUBA.

Takum o6pasom, 6b1Ta Heo6X0MMa pa3paboTKa MOTHOIEHHOI, 9 (HEKTUBHOI CHCTeMBI MaTepUaTbHOTO CTUMY/INPOBAHNA
B BY3€, CBOOOJJHOJ OT yKa3aHHBIX HEJIOCTATKOB.

B cBoeii cTatbe yuenbie POY nm. [Tnexanosa JI. I1. Tonyapenko n M. A. [lToHOMapeB 0TMe4al0T HEKOTOPBIE APYTUe HETOCTATKI
CYLIECTBYIOLINX CUCTEM PeiITMHTOBAHNs BYy30B I B BY3aX I IOAYEPKUBAIOT aKTYa/IbHOCTb (POPMUPOBAHNSA PEIITUHIA CTYAEHTOB
¥ BBIITYCKHUKOB JI/IA OLIEHKM KaK CaMUX 00y4JalolXCs, TaK ¥ KadecTBa paboTbl 06pasoBaTe/IbHBIX OpraHM3anuii B 1enom [12].

PesyAsTartnl

Dopmuposanue cucmemvt momusayuu mpyoa é cdepe npodeccuonanvHozo 06pazoeanus Ha 0CHO6e UHMezpaUUL
U36eCMHbIX meoputi U 100X0006

C 2006 1o 2016 r. B YXTMHCKOM T'OCYAapCTBEHHOM TexHI4YecKoM yHusepcurere (YI'TY) mpoBeneH pApm mcciegoBaHuii,
L[e/IbI0 KOTOPBIX OblTa pa3paboTka KOMIUIEKCAa METONMK OLIEHKM KaueCTBa TPYHA U CUCTEM CTUMYIMPOBaHMA B cdepe
npodeccroHaTbHOro 06pasoBaHMsA, KOTOPbIE TIO3BOJIIOT 00ECIeYNTb COOTBETCTBIE BO3HATPAX/EHNA YPOBHIO JOCTUTHYTHIX
pe3ynbratoB 1 GOpMUpPOBaHIE COPEBHOBATENbHOI Cpefibl, IPUBOJAILEH K ITOBBIIIEHNIO Ka4eCTBa IIOATOTOBKM CIIeLIMaINCTOB .

B xopne pabot 1o popMIpOBaHUIO CUCTEMBI CTUMYIVPOBAHNA U OLleHKM Tpyha B YI'TY 6bUIu npoiineHs! Take 3Tambl, Kak:

1) M3y4yeHue TeKyIEro COCTOSHMA Pa3/IMYHbIX CETMEHTOB KOJIEKTVBA By3a (B TOM 4MCIIe IIPeoOIaialolero TUIIa MOTHBA-
L¥11), KOTOPOE TI03BOJIMIO BBISIBUTD 3¢ (eKTHBHBIE (PaKTOPBI A/IsI MOTUBALIMY KO/UIEKTUBA yIeOHOTro 3aBefeHns [13];

2) ¢opmupoBaHue IepedHeil OKa3aTenell OLEeHKI AesTeIbBHOCTI YWIEHOB Pas/IMIHBIX CETMEHTOB KOIEKTHBa 00pa3oBa-
TeNbHON opranmsanuu [14];

3) paspaboTka METOAMK 1 aJITOPUTMOB BBIUYUC/ICHNS PEITUHIA, MH/IEKCOB U OOI[PUTEbHBIX BBITUIAT I Pas/IMYHBIX CeT-
MEHTOB KOJUIEKTHBA By3a (3[1eCh, C TOUKM 3peHMs CO3[JaHNMsA KOHKYPEHTHOI cpefbl B chepe IpodeccuoHaIbHOr0 00pa3oBaHus,
HayOO/IbIINIT MHTEpeC IPefCTaB/AI0T METORUKY OLeHKM IIpelofiaBaTeeli 1 o0yJarolmuxcs, paspaboTaHHbIe C IPUMEHEHUEM
eIMHBIX IOAXOA0B U MPUHINIOB [15]), cTuMy/MMpoBaHue pabOTHIKOB By3a, He 3aHATHIX B y4eOHOM IIpoliecce, peamn3oBaHo C
IIpUMEeHEeHUeM PYToro MOAXO0/a B BUJie OTAEIBHOTO IPOrPAMMHOTO IIPOAYKTA, €T0 B JAHHOI CTaThe MOfPOOHO paccMaTpuBaTh
He 6ymem [16];

4) paspaboTKa aBTOMaTU3MPOBAHHOI MHPOPMALMOHHON CHCTEeMBI CTUMYIMPOBAHMA KOJUIEKTHBA BY3a, BKIIOYAOLIel Ch-
CTeMBI pacyeTa pPeliTMHIA, MHJIEKCOB U CTUMYIMPYIOLUINX BBIIUIAT, GOpMUpPOBaHMA HOPTHOIMO 3a BeCh IepUOf, 00ydeHN 1
paboTHI U ITOTy4YeHV s IeTaIbHOI CTaTUCTYKY II0 COOpaHHBIM CUCTEeMOII JaHHBIM [15, 16];

5) BHeApeHNe CUCTeM CTUMY/IMPOBAHNS I M3ydeHNe PACIPee/IeH sl Pe3yIbTaTOB PabOTHI U CTPATH(UKALNY YIEHOB KOJI-
JIEKTVBOB IIOf] MIX BO3TEIICTBYIEM;

6) paspaboTKa METOIMKY M3MEPEeHNs aKTUBHOCTY (MHTEHCUBHOCTY KOHKYPEHIIUN) IS KONMYeCTBEHHOI OL[eHKH CTeIleHN
BO3JIEIICTBIUSA CUCTEM CTUMYIUPOBAHNA;

7) aHa/Iu3 pe3yIbTaToB (PYHKLMOHMPOBAHNA CUCTEM CTUMY/IMPOBAHIA U ONIpefie/ieHIie Iy Tell UX HaTbHEeNIIero COBepIleH-
CTBOBAHUA.

ITpy IpOEKTHUPOBAHNY U PeaN3aLI CUCTEMBI ObUIN IIOJTHOCTHIO BOIIOLIEHBI OCHOBHBIE IIPUHIINIIBI CUCTEMHOTO IIOAXOfA
K OIleHKe JeATeTbHOCTI M CTUMY/IMPOBAHNIO KOJUIEKTUBA, TaKue Kak [17]:

1) npunyun yenocmHocmu — pacCMOTPEHIe CUCTEMBI KaK e[[IIHOTO L[eIOT0 1 B TO K€ BpeMs KaK MO CHCTEMBI [JIs BbILIECTO-
AIIVX YPOBHEI;

2) npuHuun yenenonazaHus: Liefb, ONpefeAiolas IoBefeHIe CUCTeMb, BCera 3aaeTcsl HaICUCTeMOlT;

3) npunyun PyHKYUOHANLHOCMU — COBMECTHOE PacCMOTPEHNe CTPYKTYphl U QYHKIMM C IpUOpuUTeTOM (YHKLVM Haf
CTPYKTYpOI;

4) npunyun edurcmea (C6A3HOCMU, IMEPONCEHMHOCU) — COBMECTHOE PAaCCMOTPEHNE CUCTEeMBI KaK Ie/Ior0 ¥ KaK COBO-
KYITHOCT 4acTeil, IIPM 3TOM CUCTeMa MMeeT CBOJICTBA, He BBIBOAVMbIE U3 U3BECTHBIX CBOJICTB €€ 3JIEMEHTOB U CIOCOOO0B MX
COeIMHEeHN;

5) npunyun pazéumus — XUByda TOTbKO Pa3BUBAIOLIAsAC CUCTEMA;

6) npuHyUN uepapxXUHOCIY — Haldye MHOYKeCTBa (110 KpailHeil Mepe [IBYX) 97IeMeHTOB, PAaCIIOJIOKEeHHBIX Ha OCHOBE IIOJI-
YIHEH 9/1eMEHTOB HU3IIETO YPOBH: 37IeMEHTaM BBICIIETO YPOBHS;

7) npuHyun mHo2006pasus: 1eM MHOTOOOpasHee CICTEMA, TeM OHa yCTOIYNBee;

8) npunyun omcymcmeus TuLHe2o: TUIIHUI 97IeMEHT CHCTEMBI ITOrnbaeT;

9) npuxyun cnaboil c6A3u: CBA3Y MEXJY 9MeMEHTaMM CHCTEMBI JO/DKHBI OBITH HEOOXOAMMO MPOYHBIMI JJISI COXPAHEHMs
LIeJIOCTHOCTH CHCTEMBI, HO TOCTATOYHO CTa0BIMU [/ 00eCIIeYeHs ee XXIMBYIeCTH;

10) npunyun ompuyamenvHoti 06pamHoil c6A3u: peaKIMs CUCTEMBI Ha BO3JIe/ICTBIE JO/DKHA MUHVIMU3UPOBATh OTK/IOHEHNE
CHCTEMBI OT TPAEKTOPUM K IIE/N.

Ha ocHoBe yHMBepCaIbHOI! JeKOMITO3UI[U ITT06a/IbHOII L€V By3a Onpefe/ieHbl Pasie/ibl 1 Mofpasie/ibl CUCTEMbI — JOCTA-
TOYHO YHUBepCa/lbHas CTPyKTypa. Kak mpaxTudeckoe BONIOIIEHNE CUCTEMHOTO HPUHUUNA PYHKUUOHAIbHOCHU, TTIOKA3aTeNN
MupexcuHoit cucremsl (VIC) B paspenax pacrpefie/ieHbl IO YeThIPeM YHUBEPCATbHBIM KaTeropusaM (IIOTEeHIMal, aKTUBHOCTD,

'06 UnaekcHow cucteme / UC YITY. URL: http://is.ugtu.net/Views/About.aspx
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Ppe3yIIbTart, pe3y/nbTaT 9KCTpa-Kaacca), MHOTHe U3 [oKasarernell rpafgynposanbl. PopMupoBaHie Habopa IoKasaTerielt 1 OlleHKa
UIX BECOMOCTY ITPOM3BOAMINACH C IOMOIIbIO Pas/INYHbIX CTATUCTUYIECKUX CPEICTB U METOZIOB IPUHATHUSA PEIleHMIA.

Takum 06pa3oM, IOTMYHBIM AB/IAETCS TOT (PAKT, YTO Ha IPAKTUKe CTPYKTypa U HaronHeHue crcteM oljeHky I1TIC u o6yyaro-
IIVIXCA TECHO YBA3aHBI MEXJY COOOIL, TeM CaMBbIM pea/l30BaH KJIACCUYECKIIT NPUHUUN KOOPOUHAWUY Y CUCTEMHDIIL NPUHUUN CBA3-
nocmu. IIpoexTipoBaHye MHPOPMALVOHHOI CICTEMbI BBIIIOTTHEHO KAK eMHOE IIe/I0e Ha 06ase CYCTEMHOTO NPUHUUNG eOUHCINEA.

[TpyHINI paseumus peann3yeTcs 3a C4eT OTKPBITOCTI VIHIEKCHON CUCTeMBI CTYMY/INpPOBaHMA (IPO3PAYHOCTD 1 BO3MOXK-
HOCTb COBEPIIECHCTBOBAHMA), @ TAK)Xe MOAY/IbHOI apXUTEKTYpPbl (MOAY/IM JIerde KOPPEKTUPOBATDb, YeM BCIO CUCTEMY Cpasy).
Kpome Toro, Ha pOTs>KeHUM BCEro Meprofa GyHKIMOHNPOBAHNA TPOBOAMIOCH IIOCTOSHHOE COBEPLICHCTBOBaHME KaK Opra-
HI3aLIYIOHHOIA, TaK U TEXHUYECKOJ CTOPOHDI CCTEMBI.

Hepapxuurnocmo n MH02006pasue CUCTEMbl CTUMYIMPOBAaHUA 0asUpyeTcs Ha MepecedyeHUN MepapXuy CTPYKTYPHBIX I10-
IpaszmeneHnit Bysa ¢ mepapxueit myHkTos VIC oT pasgena o rpajganym. [TokasaTenn omeHKM TPYOBOI IeATEbHOCTH B CUCTEME
CTUMY/INPOBAHMSI CO BpeMeHeM YTOYHAIOTCs, @ yCTapeBIIue I HeKOTOPbIe HEMCIIONb3yeMble YAA/AIOTCS, 3a CUeT 4ero obecredn-
BaeTCA npuHyun omcymcmeus nuwirezo. CucTeMa BeCOB pasfieNioB IMHAMMYECK) KOPPEKTUPYETCs Ha OCHOBE allpMOPHO-aIo-
CTepPMOPHOTO TIOAXONIA C HpUMeHeHUeM 00pamHoLl C6A3U.

YHueepcanvHocmp BOCTUTAETCA 3a CYeT BBEIEHUA JIBYX 00OOIIEHHDIX XapaKTePUCTUK JIeATeIbBHOCTY YWICHOB TPYLOBOTO
Ko/tekTuBa [18]: muaekca nupmepcTBa — paboTa «BIyOb» — U MHAEKCA TAPMOHNM — PaboTa «BIINPb», YHUBEPCAIBHON CUCTEMBI
rpajarLit IoKa3aTesell 1 OOPhI Ha eKOMIIO3MIIVIO YHUBEPCAIbHOII I106aIbHOIL Lienu Bysa. biarogaps atomy VIC mpumennma
B By3ax /060ro Macuuraba, mpoduis i reorpadun, B TOM YKCTIE U B 3apyOEIKHBIX.

CucTeMHbII TOAXO/ K CTUMY/IMPOBAHNIO IIPEAIIOIaraeT KOMIIZIEKCHOE BO3/eliCTBIIE Ha Ka)KJ0T0 YIeHa KOJIeKTUBA By3a C
y4eTOM OPraHM3aLMOHHON CTPYKTYPbL VIHpOopMannoHHOI 6a30¥i U1 CTUMY/INPOBaHMA BBICTyNaeT VIHIeKCHas cucreMa cpaB-
HUTEbHOI OLIEHKM Pe3yIbTaTOB HeATeNbHOCTY KaXKJ0TO 4ieHa KO/UIEKTMBA 32 OTYETHBIN 1epuof. MomgyIbHOCTD peannsanymu
aBTOMATU3MPOBAHHOI CUCTEMBI I IIPUMEHEHNe CePBUCHBIX TEXHOIOIMII 06ecIednBaloT IPUHLNI ¢1a60ti ceA3u. TlofcnucTeMsl
CTUMY/INPOBAHMS, padpabOTaHHBIE /I KAKIOrO CErMEHTa TPY/AOBOr0 KO/UIEKTUBA By3a, B ITO/IHOI Mepe 0asupYIOTCs Ha IpUBe-
TEeHHbIX IPYHINIIAX CYCTEMHOTO IOJX07ia.

Jlanee BepHeMCs K APYTMM (yHIaMEHTAIbHBIM HOAXOfaM K MOTMBAIIMM MHAMBUAYYMOB M KOJZIEKTMBA B Lie/loM. Paccma-
TpUBas TEOPUU NMOTPEOHOCTEI, MOXHO IpeAcTaBUTb pabory VIC-pogyKTa, CO3/jaBaeMOro B paMKax OIMChIBAEMOTO MCCIEN0-
BaHN, — Ha K&XJOM 13 YPOBHeJT MupaMubl ToTpebHOCTelt 1o Macnoy [19]: 0oCHOBHBIM BO3[EJICTBYIOIMM MEXaHU3MOM SB-
JIIeTCA MaTepyabHOe CTUMYIMPOBaHye (/I YOBICTBOPEHM IIOTPeOHOCTelT (PU3MONIOINIeCKOro YPOBH:A) — paclpesie/ieHIe
[OOLIPUTEIBHBIX BBIIUIAT HPOIOPLVIOHAIBHO JOCTUTHYTOMY pe3yinbrary. [IoTpe6HOCTD B 6€30IIaCHOCTH OCYIEeCTBIAETCS 3a
CYeT TOTO, YTO WIEHBI KOJIEKTVBA, HAXOMAIINECsS] BBEPXY MH/EKC-TIICTA, MMEIOT OO/IBbIINIT yPOBEHb 3alMIIeHHOCTH (Hampu-
Mep, OT YBO/IbHEHMs). YPOBeHb IPMHA/JIOKHOCTH OIIPEe/AeTCs OPraHN3alIOHHOI KY/IbTYPOIl By3a, BIVSTHIEM KKIOTO u/le-
Ha KOJUIeKTMBA Ha MHJIeKC Kadeap u GpaKynbTeToB, MOPATbHBIMU CTUMY/IAMU, KOTOPbIE ONMPAIOTCA Ha PEe3y/NbTaThl PacyeToB
VIC. IToTpe6HOCTM B YBa>KEHUY 1 CAMOBBIPaXKEHNUY OTPA>KAIOTCs HEIIOCPECTBEHHO B 3aHMMaeMOil HO3UIUY B MHJIEKC-TICTE,
pesynbTaTe OTHOCUTENIBHO NNJiEPa 110 BY3y WM B COIIOCTABIEHNN C YCPEJHEHHBIM YIEHOM KOJUIEKTUBA.

Ecnn paccmarpusars Boiciine nmorpebroctu o Mak-Kremmauay?, to morpe6HOCTD B mpryactHOCTH B pamKax VIC saxiio-
YJaeTCs KaK B [TOBBIIIEHNNM MHIEKCHOI ITO3UIIUM CBOMX Kadeapsl 1 paKyIbTeTa KaXK/bIM IperofaBaTesieM I CTYEHTOM, TaK U
B BO3JEIICTBUY Ha Pe3yIbTAThI AEATEIBHOCTI By3a B Lie/loM. IIoTpe6HOCTD B yCIlexe MOXKET BBIPA)KAThCs HEIIOCPECTBEHHO B
nonafanuy B Tor-muct VIC. A moTpe6GHOCTh BO BIACTH OCYIECTB/IACTCS 3a CUET BBIIBVDKEHNS TIPEfICTaBUTeNell KOMIeKTUBA,
MMEIOIINX BBICOKME MHJEKCHbIE TIOKa3aTeNn Ha PyKOBOZAIINE TTO3UIINIA.

Beupy Teopmit oxxupanys K. JleByHa, npepnourenns u oxypanus B. Bpyma [3], cnpasegmBoctu C. Agamca 1 KOMIDIEKC-
Holt Teopuu [loprepa-Jloynepa’, VIC npegHasHadeHa B IIepBYIO OYepenib /I OLIEHKY Pe3y/IbTaTOB JeATeTbHOCTI KaX/JOT0 YWieHa
KO/IIEKTUBA C BBICOKUM YPOBHEM afjeKBaTHOCTH I, KaK CIefiCTBIIE, CIPABE/IMBOCTH 3TOr0 Bo3Harpakaenus. Ilo aByxdakrop-
Hoit Teopun ®. Teprbepra ocHOBHBIM 00beKTOM AeticTBus VIC sAB/IsieTcs Bo3feiicTBIe Ha (paKTOPBI, MOTUBMpYIOLINe K padorTe.
A o teopuu X n Y JI. Mak-Iperopa crucrema HalleneHa B IepByI0 04epeb Ha MOJieNb Y.

C nmosunuii cuctemsl rpeiifos VIC ABIAeTCA MCTOYHMKOM JaHHBIX /1A IPUHATHSA PEIIeHN I O BBIIBYDKEHNY TOTO VIV IHOTO
COTPYZIHMKA MM NpeNofaBaTesid Ha ONpeJeNeHHYI0 IODKHOCTD VUIM 3BaHue /I MPOABIDKEHNA 110 KapbepHO lecTHMIE. B TO
xe Bpems VIC, no cyru, asnsgercs Habopom KPI 11 Bysa 1 MeToaMKoOI pacdeTa cOanaHCMPOBaHHbIX II0Ka3aTeleil, Halje/leHHO
Ha rapMOHM3AIIMIO JIeAITeIbHOCTH KONJIEKTUBA YHUBEPCUTETA U IOCTIDKEHUE UM aKKPEIUTAIIIOHHbBIX ¥ CTPAaTernyecKux IoKa-
3aTerein.

KoHeuHbIM NTOrOM ITPOBEJIEHHOTO ccefoBanmA AaBunach VnaekcHas cucrema (VIC) — mHPOpPMAIIOHHBIN T KOMIUIEKC y4e-
Ta Y CPAaBHUTE/IBHOI KOMYECTBEHHON OLIEHKM Pe3y/IbTaTOB AesATeIbHOCTY MIperofiaBarteieil i CTYAeHTOB [/ HOCTPOeHNs 00-
IIeBY30BCKOTO PEJTUHTa U BBIYMC/ICHUA CTUMY/INPYIOIIMX BBIILIAT [15].

Hlccnedosanue pesynvmamos 6HeOpeHUSs cucemMbl MOMUBAUUL

ITepBast Bepcusi VIHAEKCHOI CHCTeMBI CTUMYINPOBaHMs Ipodeccopcko-mpernofasBarenbckoro cocrasa (IITIC) 6bira BHe-
npexa B YI'TY B 2007 r. B 2011 r. paspaboTaHa HOBast BepCIsI CCTEMBI U IIPOBefieHa paboTa [0 0XBATy €10 Kojuempkeit I. YxTbL. C
2013 . Ha OCHOBeE OIBITA OLICHKI 1 CTUMY/INPOBaHMA IIpeIofaBareeli 6blTa paspaboTaHa ¥ BHEJPEHa CICTeMa OIIeHKM CTY/IeH-
4eCKOTo KO/IeKTHBa (pyc. 1), 4TO IO3BOIIMIO CO3[aTh €AVHYIO CPey MOTMBAILMM aKTUBHOI HayYHO-VIHHOBAIVIOHHOI Y MHOM
HesATeIbHOCTH, IIOBBICUTD Ka4eCTBO 00YYeHNMA 1 [PyTUe Ba>KHble II0Ka3aTe/I) YHUBEPCUTETCKOTO KOMIIIEKCA B IIe/IOM.

Ha puc. 2 npusefieHO M3MeHeHNe HEKOTOPBIX KOIMYEeCTBEHHDIX TIOKasaTe/lel NeATeTbHOCTY IITaTHBIX IIpernojaBaTenei Yx-
TMHCKOTO YHUBEPCUTETa 3a HepBble IATh seT BHexgpenus VIC. A Ha puc. 3 - my6nmMKanuoHHAs aKTUBHOCTD By3a 110 JaHHBIM

2Teopusi npuobpeTeHHbIx notpebHocTen [asmaa Mak-Knennanaa / MpodeccrmoHanbHble cuctemsl ynpasneHusi. URL: http://www.pragmatist.ru/motivaciya-truda/
teoriya-priobretennyx-potrebnostej-d-makklellanda.html

3Amnonbckas [., 3oHuc M. MpoueccyanbHble Teopun motuBaumn. Mogenb MopTepa-Noynepa / LieHTp kpeaTuBHbIX TexHonoruid. URL: http://www.inventech.ru/lib/
management/management-0029
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PucyHok 1. KonnuyecTBO AaHHbIX, BHeCeHHbIX B UHAEKCHY0 cuctemy 3a Bpemsi ee PyHKLMOHMpPOBaHUs: ganbHun pag — MINC sysa (no
y4eOHbIM rogam), cpeaHun psag — npenogaBaTenu Konneaxen (no y4ebHbIM rogam), 6GnvkHUM psag — CTyAeHThI (Mo ceMecTpam).

Figure 1. The amount of data entered into the Index system during its operation: the far row is the faculty members (by academic year),
the middle row is the college teachers (by academic year), the closest row is students (by semesters).
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PucyHok 2. UsmeHeHne HeKoTopbIX KONMYeCTBEHHbIX Noka3saTtenei AesTeribHocTH WTaTHbIX MIMNC 3a nepBble 5 net BHeapeHus UC.
Figure 2. Changes in some quantitative indicators of the performance of full-time faculty members in the first 5 years of the implemen-
tation of the Index System.

Poccuiickoro nupekca Hayuysoro nutuposanya (PVIHII)!. Oty maHHble HeMHOTO OT/IMYAIOTCA OT (PAKTUYECKUX Pe3y/IbTaTOB
mraTHbIX [IIIC YI'TY BBUAY ydeTa BHENTHNMX COBMECTUTETIEN 1 0Cc06EeHHOCTEN MHIEKCUPOBAHIS Hy6}11/11<aum71 B PMHII, omHako
001111Ie TeHeHIMN JOBOIBHO MOX0XN. Ha puc. 3 MOXXHO 3aMeTUTh CKaI0K aKTUBHOCTK B 2009 T., TOC/IeNOBABILINIT 32 BHEpe-
HIIeM HOBOJI VIHIeKCHOII crcTeMbl CTUMYIMpoBanus (1o Hee ctumymupoanue I1T1IC ocyiiecTBsocs B Buze 60omee Tpaguiu-
OHHOTO periTuHra). OgHaKo fajee IMOCTeN0BaIO «HACBIIIEHe» Y HEKOTOPBIN CIaf 0 MpIMYIHe MOBBIIIeHNs BecoB fpyrux VIC
OTHOCKUTETIbHO HayYHOJ feATebHOCTY, B 2012 I. BeC HAyYHOTO pasfena ObUI IOBBIIIEH OTHOCUTEIBHO JPYIMX, YTO BBI3BAJIO
[IOfyBEM ITyO/IMKALMOHHON aKTUBHOCTIL, a € 2013 T. aKIjeHT ObII CMelleH Ha Ty O/IMKauy, NHAEKCHPyeMble B 3apyOeXXHbIX 6a3ax,
BBUJIY 9eTo MyO/MMKaIyil B )KypHanax nmepeynsa BAK cTamo Heckonbko MeHbIIe.

4 O6 yTBEPXOEHWN peKOMeHAaLUmWii No oOPMIIEHUIO TPYAOBLIX OTHOLUEHWII C PaBOTHWKOM roCYAapCTBEHHOro (MyHULMMNANbHOTO) YYPEXAEHUS MpU BBEAEHWUU
ahHeKTUBHOTO KOHTPaKTa: npukas MuHTpyaa Poccum ot 26.04.2013 Ne 167H. URL: http://www.consultant.ru/document/cons_doc_LAW_149028
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PucyHok 3. UameHeHune ny6nukaumoHHoun aktuBHocTu MIMC YITY B PUHL.
Figure 3. Changes in the publication activity of faculty members of the Ukhta State Technical University
in the Russian Science Citation Index database.

3akAloueHue

O60611as Bce U3M0KEHHOE, MOXKHO CHieIaTh BBIBOJ, 4TO MexaHu3M VIC 1mo3BoiseT 06ecrednTh:

1) MaTepyaIbHOE CTUMYIUPOBAHNE:

- paccuuThIBaeTCA pasMep HagbaBOK M APYTUX MOOLIPUTE/IbHBIX BBIIIAT;

— obecreunBaeTcst cOOp U AHA/IN3 AAHHBIX [/ISI IIPOJBIDKEHSI COTPYAHMIKOB 11 OYAYIVX BBITYCKHIKOB II0 KaPbePHOIT IECTHULIE;

2) MOpaJIbHOE CTUMY/IUpPOBaHNE:

- IMOCTpOeHNe 0611[eBy30BCKOTO CPAaBHUTENBHOTO PEITHHIA 3a ONIpee/IeHHbIIT epyof (MHAEKC-TIICTa) C IPefOCTaBIeHeM
BCeX YYTEHHBIX IIPY PacyeTax pe3ynbTaToB, 00eCrednBamIiX IPO3PauHOCTb MHAEKC-TUCTOB;

— HarpakJeHe M/iepoB 1o pasnenaM VIC mo utoram roja AUIUIOMaMM, TaMATHBIMY OJapKaMy, pasMeljeHlieM Ha OCKaxX
nouyeta u B CMU.

Koneuno, He0OXOAMMBIM SIB/ISIETCS M MOPAIbHOE CTUMY/IMPOBAHIE, OCHOBAHHOE Ha CUCTeMe OPTaHU3ALMOHHON KY/IBbTyPbI
By3a, KOTOPasi MOXeT OBITh HOCTPOEHA OT/E/NBbHO, OfIHAKO B COUETAHNN C CUCTEMOIT OLIEHK, NMelolelt popMann3oBaHHbIE KPU-
Tepun (KOTOpBIE [/Is1 MaTepyabHOIO CTUMYIMPOBAHNS HeOOXORMMBI ), [TO3BOJISET JOCTUYb O0JIee CYILIeCTBEHHDIX Pe3y/IbTaTOB
[20-23].

ITogBopas MTOIrM, aBTOPHI OTMEYAIOT, YTO 3HAUEHVIE VICCTIEOBAHUA COCTOUT B IIPE/IOKEHHBIX MTOJXONAX M METO/IaX OL[eHKI
Pe3y/IbTaTOB [eATeIbHOCTY Pa3/IMYHBIX CETMEHTOB KO/UIEKTMBA BBICIIVX Y4eOHBIX 3aBefleHMII, B pacIIMpeHMM HayYHBIX
IIPeCTAB/IEHNUIT O MOTMBALNMY, CTUMYIMPOBAHUY TPYAA U B IIPEMIOKEHHON METOAVKE OLIEHKN YPOBHsI KOHKypeHuuu. Ocobyro
aKTya/IbHOCTb MCCIEHOBAHNUIO TIPUAAET CO3AaHMe NHPOPMALIOHHOTO KOMIUIEKCA, COCTOAIIEr0 M3 CUCTEM CTUMYIMPOBAHUS
IperofaBaTesnieil, COTPYSHUKOB U CTYIEHTOB, 00eCIeYNBAIONINX CIeYIOLye IPENMYIeCTBa:

1) cucTemMaTy3auys IMOOLIPEHNSI BCEX CErMEHTOB KO/IIEKTIBA BY3a;

2) MOBBILIEHNE AKTVBHOCTY WICHOB KO/IIEKTVBA By3a, 0COOCHHO B MHMUIMATYBHOI ¥ MHHOBALMOHHOII cepax, IpuBIede-
HIe MX K HayuboJlee aKTya/IbHBIM HaIlPaB/IeHNUAM JeATeIbHOCTI y4eOHOTO 3aBefieHIs;

3) c60p CTATUCTUKM [/Is OLIEPATVBHOIO MCIIO/Ib30BAHNS, OLIEHKM 1 AKKPENUTALINN BY3a;

4) mony4yeHNe CBEEHNIT O CTPYKTYpe [IeATebHOCTY KaK OTAEIbHBIX WICHOB KOJUIEKTVBOB, TaK 1 Kadenp, $paKkyIbTeToB,
VMHCTUTYTOB, BY3a B II€/IOM;

5) OTCIEXMBaHME Mpaexmopuy TBVDKEHVSI KaXX[OTro YIeHa KO/UIEKTMBA B MHOTOMEPHOM IIPOCTPAHCTBE 3a BeCh MEPHOf,
00y4ueHus UK paboThl;

6) BO3MO>KHOCTb CPaBHEHU:A C By3aMM-IIapTHepaMI B cly4ae (PYHKIVIOHMPOBAHMA OOIIell MHPOPMAIMOHHON CUCTEMBI
OLIEHKI JIeATeTbHOCTH IPeIOofiaBaTesiel] YN CTYeHTOB;

7) olleHKa pabOoTBI /It Ha3HAYEHNS CTUMY/IMPYIOIIUX BBIIUIAT B COOTBETCTBIUM C HOBOII CHCTEMOII OIIATHI TPyAa 1 9 dex-
TUBHBIM KOHTPAKTOM;

8) obneryenye BpIOOpa KaHAUAATOB Ha Ha3HA4YeHIE [TOBBILICHHBIX CTUIIEHNIL, IPEOCTABACHIe MHCTPYMEHTA, IIOMOra-
IOLIeTO B IOA0Ope KaHAMIATOB Ha Ha3HadeHVe MMEHHDbIX CTUIIEH/VII, HallpaBjieHye Ha IPaKTUKM M CTRXKMPOBKYU B Befyliue
TIPENTPUATHS;

9) bopMMpoOBaHIe IPUIOKEHNA-IIOPTHOINO K AUIIOMY BBIITYCKHUKA By3a IJI TPYHAOYCTPOIICTBA B KPYIIHbIE KOMIIAHUI;

10) moBBILIIeHNE OTKPBITOCTH YIeOHOTO IIpoLiecca A/ist IPeAIPUATUIL-IIAPTHEPOB BY30B, MCIIOMb3YIOINX IOOOHYIO CHCTEMY.

ABTOpBI IVIAaHUPYIOT B AajIbHEIIEM IPOJO/DKUTD aHA/IN3 HAKOIUIEHHOTO OIBITa U MPAKTUYECKUX ACIEeKTOB peannsannn
OIMICAaHHOJ B CTaThe VIHIEKCHOI CHCTEMBI € y4eTOM BO3MOXKHOCTY MaCIITaOMPOBAHMS Y TUPKMPOBAHM IPOEKTA B Pa3/IIHbIX
y4eOHBIX 3aBeIeHMsAX CTPAHBL I APYTUX chepax IpUMeHeHMs II0J0OHDIX MHHOBAIVIOHHBIX MOTUBALIMIOHHBIX PeIIeHMIL.
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Questions on creating an innovative motivational environment in the
vocational training system
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Relevance. Evaluation and stimulation of labor are one of the most important components of management, since the effectiveness of work and com-
petitiveness of the organization as a whole depend on them to the greatest extent.

Purpose of the work. The aim is to review some methods of evaluating the results of labor activity from the standpoint of their application in the
vocational training system and implementation in the index system of labor assessment.

Tasks. To form a systematic approach to stimulating a university team, propose and evaluate an index method of measuring work results based on a
system approach, investigate the work of these models in the operation of information systems for individual segments of the university, determine
the main directions for improving the developed incentive system based on the results of its testing and analysis of the behavior of personnel and
student groups in the conditions of operation of this system.

Subject: working activity assessment.

Study object: personnel and student groups in the field of vocational education.

Results and their application. The main modern approaches and theories of labor motivation are considered, their implementation when developing
the incentive system in the professional education is noted. The stages of fomation of the motivational environment in the university complex and the
support of incentives on the key principles of the systems approach and theories of labor motivation are presented. The application of the developed
automated system to the assessment of activities and stimulation of students and teachers in the field of higher and secondary vocational education
is described. The key features provided by the developed system are indicated.

Conclusion. The value of the research lies in the proposed approaches and methods for evaluating the performance of various segments of the higher
education institutions. Additional relevance to the research is given by the creation of an information complex consisting of incentive systems for
teachers, staff and students.

Keywords: index system, index-rating system, labor incentives, key performance indicators, financial incentives, quality assessment at the university,
informational support of education, university.
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AvdpbhepeHumaums apKTMYECKMX TEPPUTOPUIN MO YPOBHIO
dprHaHCOBOW obecrneyeHHOCTH

EkaTepuHa AnekcaHgpoBHa 3AXAPYYK',
MonuHa CepreeBHa TPUDOHOBA™

WHcTuTyT akoHomumkmn YpO PAH, Poccus, EkatepuHbypr

AKTYaABHOCTB. Pa3BuTHE apKTUYECKMX TeppUTOPUil Poccuitckoi dPeaepaum B MOCAEAHME TOADI SIBASIETCS] OAHMM U3 MPUOPUTETHLIX HaMPABAEHWH pas-
BUTMSI FTOCYAQPCTBA (OCBOEHME BOraTbiX 3aAeXKel YTAEBOAOPOAHOTO Cbipbsi, passutne CEBEPHOrO MOPCKOrO MyT!, 3aKPernAeHe BOEHHOTO MOTEHLIMAAQ),
a TalOKe MOBLIWEHMST YPOBHST >KM3HM MPOXKMBAIOLLEro B APKTUKE HaceAeHusl. B To >ke Bpemsi pasBuTUE 3arOASIPHLIX TEPPUTOPUI MPOUCXOAUT KparHe
HEPABHOMEPHO, AV hEPEHLIMALIMSI COLIMAALHO-3KOHOMUYECKOTO PA3BUTMSI MEXKAY OTAEALHBIMM MYHULIMMAALHLIMM OOPA30BAHUSIMM MPUBOAMUT K CyLLECT-
BEHHOMY Pa3pbiBy SKOHOMUYECKOTO MPOCTPAHCTBA APKTUKM, YTO U MPEAONPEAEAMAO AKTYAALHOCTL HACTOSILEN PABOThI.

LleAL MCCAEAOBaHMSI — OTPEAEAUTD CTENeHb AchPEPEHLIMALIMMU YPOBHST (PUHAHCOBOM 06€CNeYEHHOCT MYyHULIMIMAALHLIX OOPAa30BaHNi APKTMHYECKOTO
PErvoHa rno KAIOYEBLIM MOKA3ATEASIM U BU3YaAU3MPOBATL PACXOXKAEHMS B KAPTOrPachyeCKOM BUAE.

Pe3yALTatol m nx npumeHenme. B pabote Ars oripeAeAeHmst OGLEKTA MCCAEAOBAHMSI MPEACTABAEH ABTOPCKMIA MOAXOA K BLIAGAEHMIO TEPPUTOPUIA APKTU-
YECKOro PErMoHa, OCHOBOW KOTOPOTO SIBASIETCS AAMUHUCTPATUBHO-TEPPUTOPUAABLHOE AEAEHME MYHMLIMIAALHBIX OOPA30BaHui. B ycAoBUsix 6OAbLIOrO Mac-
CMBA AQHHDIX MPEAAOXKEHO AASI BU3YaAM3ALIMM UCTIOAL30BATL COBPEMEHHDIE reorpadmyeckme nHpopmaumoHHsie cucteml (TMC) Kak METOA OTOBPaKeHUs!
SKOHOMMYECKMX MOKA3ATEAEN B MPOCTPAHCTBE. B CBsI3N € 3TM 060BWEH OMLIT MPUMEHEHMS! TAKUX CUCTEM B PA3AMYHBIX OOAACTSIX 3HAHMI U OCHOBHbIE
BO3MOXKHOCTY MO MPUMEHEHMIO B SKOHOMMYECKMX MCCAEAOBAHMSIX. ABTOPAMM AAST OTPEAEAeHMs] AMdPPEPEHLIMALIMM APKTUHECKMX MYHULIMIAALHBIX 0Opa-
30BaHMii ornpeAeAeHbl 6a3oBble MOKA3aTeAu, oTpakaloume o6ecrneYeHHOCTb (PUHAHCOBLIMM PECYPCaMU TEPPUTOPUiA. AAsl HACEAEHMSI B KAYECTBE MOKa-
3aTeAst BLIOPAH CPEAHMIT PasMep OMAATbI TPYAQ, FOCYAAPCTBEHHDIA CEKTOP MPEACTABAEH BIOAKETHON OBECMEYEHHOCTHLIO MYHULIMITAALHOTO OBpPAa3oBaHMst
Ha Aylly HaCEA€HMsl, & MHAMKATOPOM aKTMBHOCTM MPOMBIIIAEHHOTO Pa3BUTUsI ONIPEAEAEH pa3sMep MHBECTULIMM Ha Ayllly HaceAaeHusl. Ha ocHoBe cdhopmu-
POBaHHOM 6a3bl AAHHDLIX MO BLIAGAEHHBIM MOKA3ATEASIM M YUMCAEHHOCTM HACEAEHMSI MYHMLIMMAALHBIX OOPA30BaHUM COCTABAEHDI KAPTLI AMchdepeHUmaLmm
APKTUYECKMX TEPPUTOPUI, BLIAGAEHbI OCHOBHbIE OCOOEHHOCTM U CMELM(PUKA OTAEALHDLIX MYHMLIMMAALHBIX OOPA30oBaHuii. [TpeACTaBAEHHbIE PE3yALTATDI
MOTYT GbITh UCMOAL3OBAHBI OPTaHAMM FOCYAAPCTBEHHOM BAACTM M MECTHOTO CAMOYMPABAEHMSI MPU Pa3paboTKe CTPATErMYECKMX AOKYMEHTOB COLIMAALHO-
SKOHOMMYECKOTO PasBUTHMSI MAKPOPErMoHa Kak OCHOBA AASI TAQHVMPOBAHMSI U MPOTHO3MPOBAHMST PA3BUTMSI OTAEALHLIX aPKTUYECKMX TEPPUTOPUIA.

KatodeBble cAOBa: apKTUYECKME TEPPUTOPUM, TEOMH(POPMALIMOHHBIE TEXHOAOTMM, UHBECTULIMM, 3apabOTHas NAata, BloAKeTHasi 06ecrnedeHHOCTb, MyHM-
UMNaAbHbIE OBPA30BaHMSI.

BEAEHUEe
B IIOC/IEAHIIE TO/IbI 60}1]3H.[OI7[ I/IHTepeC BbI3bIBAIOT NCCIIENOBAHNA B 06}IaCTI/I Msy‘leHI/IH apKTI/I‘{eCKI/IX TeppVITOpI/If/L
Tpynab! y4eHbIX MOCBSIIIEHbI BOIIPOCAM TPAHCIOPTHOI MH(PACTPYKTYPBI, O/IATONPUATHOCTI IPOXKUBAHYIS, OLIEHKI
II0JIE3HBIX MCKOITAE€MbIX, 3KO/IOTMYECKOTO paSBI/ITI/IH, FCOHOHI/ITVI‘IGCKOVI 3HAYMMOCTI U T. 1. prr I/ISY‘IaCMbIX C(bep IIOCTOAHHO
paCTeT n paCIlII/IpHeTCH. Taxkoit I/IHTepec K apKTI/I‘IECKI/IM Tepp]/[TOpI/IHM BbI3BaH BbBICOKMMMN II€HAMU Ha yrHeBOILOpO,[[HOC Cprbe
Ha MI/IpOBbIX prHKaX, ITIOCTEIICHHbIM I/IC‘{epHaHI/IeM 3aI1acoB U CHIDKEHVEM 3KOHOMITYECKOM C—)qu)eKTI/IBHOCTI/I pa3pa60TKI/I neﬁ[—
CTBYIOHU/IX MHOTI'MI€ T'O/1bl MeCTOpO)KJ:[eHI/If/I. M HE B ITIOCIIEAHIOIO o‘{epenb KOMIIJZIEKCHBIM paSBI/ITI/IeM CTpaHbI n COXpaHeHI/IeM I'[p]/[—
pOlIHO—K}'II/IMaTI/I‘leCKOI‘O 6a)1cha HpI/I aHTpOHOI‘eHHbIX Harpysxax Ha YHI/IKa}'IbHYIO 3KOCI/ICTeMy ApKTI/IKI/I. O]lHaKO BonpocaM
¢uHaHCOBOTO pasBuTysi ApKTHuecKoi 30Hb PD, 0cobeHHOCTAM (HOPMUPOBAHYSI U UCIOIB30BAHMS (PUHAHCOBBIX PECYPCOB
y;;eneﬂo, Ha Hall B3IJIA, HEJOCTATOYHO BHVMIMAHNA. MaHOI/IBY‘{eHHOCTb (bI/IHaHCOBOI‘O paSBI/ITI/IH ApKTI/IKI/I oenmaeT UucciaegoBa-
HUA B 9TON 06]'IaCTI/I aKTyaTIbeIMI/I n BOCTpeGOBaHHblMI/I KakK l'IpI/I HpI/IHHTI/II/I ynpaBnqueCKI/{x peLLIeHI/IIZ B Bonpocax OCBOEHUA
n JIaIIbHeIZI.Hel“O HpI/ICYTCTBI/IH Ha 3Tux TeppMTOpI/IHX, TaK U NCCIIENOBAHNA Hp]/[‘{I/IH n YCHOBV[I?'[ HepaBeHCTBa COIIMaZIbHO-3KOHO-
MINYECKOTro paSBI/ITI/IH OTIAE/IbHbIX TeppMTOpI/IﬁI.
MeTOADbI MICCAEAOBAHMSI
ITpobmemMaMu coLMaIbHO-9KOHOMIYECKOTO PAa3BUTUA apKTUIECKOTO IIPOCTPAHCTBA POCCUIICKME U 3apyOesKHbIe ydeHble
3aHMMAIOTCS JOCTATOYHO IaBHO, OJJHAKO B CUTY Y30CTU MH(bopMaLU/IOHHOI?I 6a3bl 06BEKTOM MCCIEOBAHNS, KaK MpaBuUIIO, sIB-
JIAKTCA prngIe TeppI/ITOp]/II/I (Cy6”beKTbI Pq)). CoOOTBETCTBEHHO 3HaulMTe/IbHAA YacThb I/ICC}IeJIOBaHI/Iﬁ IIOCBAIIECHA ]/ISy‘{eHI/IIO
(1)I/IHaHCOBbIX oKasaTesei 1Mo peFI/IOHaM, BXOOAIINM B apKTI/I‘IECKI/Ie Tepp]/[TOpI/II/I Pq), C UCIIOJIb3OBAHIMEM ,[[OCTyrIHbIX OaHHBbIX
CTAaTUCTUKU IO BajIOBOMY PETrMOHAIbHOMY IPOAYKTY, MHBECTUIVAM, HOXOJaM U pacxojam 6romxera u T. i. [1-7]. Vccnemo-
BaHUA B O6J‘IaCTI/I I/ISY‘JCHI/IH (1)I/IHaHCOBbIX IIOTOKOB ApKTI/IKI/I Ha MYHI/IIH/IHaJ'II)HOM ypOBHe YHpaBJ'IeHI/I}I JAOCTATOYHO pem(l/[ n
(dbparMeHTapHbI, KaK MPABUIIO, OTPAHNIMBAIOTCS aHATN30M MO0 OT/ENTbHBIX TEPPUTOPUIL, TNOO (BMHAHCOBBIM aHA/N30M OT-
paHUYeHHOTr0 Kpyra nokasareneit [8]. B mccneqoBaHmuAX, OCHOBAaHHBIX Ha MeTomomoruu «CrcTeMbl HAI[MOHAIBHBIX CUETOBY,
MsyqaeTca OBVDKEHUE d)MHaHCOBbIX IIOTOKOB Me)KJIy I/IHCTI/ITyuI/IOHa}IbelMI/I CeKTOpaMI/I MYHI/[LU/II'Ia}'IbeIX O6paBOBaHI/Iﬁ, BXO-
IBAIMX B ApkTideckyo 30Hy PO [9, 10]. [TonyueHHBIe pe3y/nIbTaTbl CBUAETENBCTBYIOT O TOM, YTO CYIIeCTBYeT cuabHas nudde-
peHLU/[auI/IH B COIIMa/IbHO-SKOHOMMNYECKOM I (1)I/IHaHCOBOM paSBI/ITI/H/I MYHI/IIU/Il'IaTII/ITeTOB ApKTI/IKI/I. OJ:[HaKO B CI/I}'[y 60)‘[I)H_II/IX
paSMepHOCTeﬁI MacCCuB I/IH(i)OpMaIH/H/I II0 BCEM ITOKa3aTe/IAM paSBI/ITI/I}I apKTI/I‘IeCKI/IX TeppI/ITOpI/Iﬁ HE MOXET 6I)ITb HpeHCTaBTIeH
B TaO/MIM4IHOIT POpPMe, IIOCKOIBKY Ha/In41e GO/IbIIOro KOMMIeCTBa TEPPUTOPMIL M Pa3OPOC FAHHBIX BHYTPH [IOKasaTeseit cmabo
BOCHpI/IHI/IMaeTCH KaK €IVMHO¢€ 1iej10€.
B cBaA3u caTM B enAax BM3yaHM3auMM HOHY‘ICHHHX pesyanaTOB nB 6yny1ueM CO31aHIA Monenei{ (bI/IHaHCOBOI‘O paSBI/ITI/IH
ApKTI/IKI/I C BbIJICTICHNIEM HpI/IOpI/ITeTHbIX cd)ep paSBI/ITI/IH 3KOHOMUKN aBTOpaMI/I CTaTbn 6bI}'I JICIIO/Ib3OBAaH I/IHCTPYMCHTapI/IIZ
reOMH(i)opMauMOHHbIX texnonoruit (TYC), KOTOPBIN TIO3BOJIAET 6o0J1e€e HAITIATHO OTO6pa3]/ITb CIIOXKMBUIYIOCSA KapTUHY B COLIU-
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aJIbHO-9KOHOMIYECKOM Pa3BUTHU U IIPUBECTU K Horee ITy60KOMY ITOHMMAHUIO IPOLIECCOB, TPOTEKAOIINX Ha OT/eIbHBIX Tep-
puTopusax. PasBuTue u JOCTUTHY ThIe ycIexy B 0671acTu Mg poBoit KapTorpaduim u reorpadmiecknx MHGOPMAIMOHHBIX CUCTEM
II03BOJIACT pellaTh MMPOKMii cektp 3agad. [VIC, mmo cBoeit cyTu, ABIAIOTCA KOMIIBIOTEPU3MPOBAHHBIMY CYCTEMaMU /L c60-
pa, XpaHeHus1, 0TOOPaKeHNST 1 paclIpeieie st reorpagpuecKy IPUBsI3aHHBIX 3HAYEHNIT II0OKa3aTesIell, Co3aBast 6asbl JaHHBIX
pasHoI NH(OPMALMOHHOI HAIPABIEHHOCTI: (PIU3IIECKOI, SKOHOMIUIECKOIL, 6110I0rNYeCKOl, KY/IbTYPHOIT, TeMOrpagaecKoit
u ap. Takum o6pasom, 06/1acTb IpUMeHeHMsI TeOMHPOPMALMOHHBIX TEXHOIOTMIT JOCTaTOYHO obipHa. OHa BK/IIOYaeT B ce0s
HCCTIeTlOBaHe TIPYPOJHO-00IIeCTBEHHBIX OOBEKTOB 1 ABIEHNUI, @ TAK)Ke CMEKHBIX C HYMU COLMATbHO-9KOHOMIYECKUX IIPO-
11eCCOB, CBSI3aHHBIX C YIIPaB/IeHNeM Tepputopusamu. Takoe MHOroo6pasue popM U METOJIOB IaeT 3HAYUTEIbHbIEC BO3MO>KHOCTH
npumenenus: IVIC Bo MHOTMX 06/MacTsIX 3HaHUIL, 4TO OTMedaeTcs B paborax [IaBuga M. Mapka, Hukomaca Xpucmana u fip.
[11-17]. B Hacrosiee Bpemst TexHomorusi IVIC BocTpeboBana Jijist aHanm3a 9KOHOMUYECKOTO Pa3BUTHUS TEPPUTOPUIT HA MECT-
HOM, PETMOHA/IbHOM U TOCyIapcTBeHHOM ypoBHAX. [Ipu aToMm I'VIC BRICTyIIaeT KaK MHCTPYMEHT MHTEPAKTVBHOM BU3ya/lIn3alnn
U TIOAAEP>KKM IPUHATH pelteHnit. Takoit crioco6 aHamM3a MOMyYWI HadBaHUe «9KOHOMUYeCKast KapTorpadusi». BriopaHHbIit
MHCTPYMEHTApUIl MMeeT IPeMMYLIecTBa Hepef TPAAULMOHHbIMY aHATUTUYECKMMI MeTOaMU 1 IIO3BOMUT Oo/ee HAIJLAHO
HPeNCTaBUTD MOMyYeHHbIE pe3ynbrathl [18].

PesyanTartnl

B nepByro odepenb, CTOUT OTMETUTD, YTO B HAYYHOI IUTEPAType Ha CETONHALIHNIL JeHb He CTIOKMUIOCh €VIHOTO MHEHMA O
10kHO¥ rpanuIie Poccniickoit Apktuku [19]. CymiecTByeT HeCKOMBKO QyHAaMeHTaNbHbIX OAXO0/I0B K KPUTEPUAM OTHECEHVIS Tep-
PUTOPUIL K APKTUIECKUM, CPEIY KOTOPBIX MOXKHO BBIIEMUTD (PU3UKO-reorpapuaecKuit, OMOKINMATIIECKIIT 1 SKOHOMUYECKMIT'.

Crout OTMETUTD, YTO B Haleli cTpaHe ¢ 2014 r. Ykasom IIpesupmenta PO Ne 296 ot 2 mas 2014 1. «O cyXOIyTHBIX TEPPUTO-
pusAx Apkrudeckoit 3oHbI Poccuiickort Pefepanim»? 3akperieH coCTaB CyXOIyTHBIX TepPUTOPMIT ApKTHUeCcKoit 30HbI Poccuii-
ckoit Pepepanun.

CoracHoO JOKYMEHTY, K CyXOIyTHBIM TeppUTOPUAM APKTUdIecKoit 30HbI Poccuiickort Penepanym OTHOCATCA: TEpPUTOPIA
Mypmanckoit obmacty; Teppuropust HeHenkoro aBTOHOMHOTO OKpyra; Tepputopusi YyKOTCKOTO aBTOHOMHOTO OKPYTa; TePPU-
topust SImano-HeHel[koro aBTOHOMHOTO OKPYTa; TEPPUTOPUS MYHULMUIIAIBHOTO 06pasoBaHMs TOPOJCKOTO OKpyra «BopkyTa»
(Pecy6rmuka Komn); teppuropun AnmanxoBckoro yayca (paiiona), AHabapcKoro HaiyoHanbHOro (JJonraHo-DBeHKUIICKOTO)
ynyca (paitoHa), bymyHckoro yiyca (paitona), HuskHekombpIMcKoro paiiona, Ycrb-SIHcKoro yiyca (paitona), Pecriy6mika Caxa
(AxyTusa); reppuropuu ropopckoro okpyra ropoga Hopunbcka, TariMpipckoro Jlonrano-HeHelkoro MyHUIIMIIaIbHOTO pajioHa,
Typyxanckoro pariona (KpacHospckmil Kpail); TeppUTOpUM MYHULIMIIAIbHBIX o6pasoBanuil «[opop ApxaHrenbck», «MeseH-
CKUJI MYHULIMIIAJIbHBIN paiion», «HoBasa 3emma», «Topox HoBomgsuHCK», «OHEXXCKMIT MyHUIIMIAIBHBIIN parioH», «[IpuMopckuit
MYHULUIIAIBHBII paiion», «CeBepoaBNHCK» (ApXaHTelbCKast 00/1acTb); 3eM/IN ¥ OCTPOBA, pacronoxenHsie B CeBepHoM Jlemo-
BITOM OKeaHe, ykasaHHble B [loctanosnennnu I1pesupauyma Lentpanbroro Vicnonuutensnoro Komurera CCCP or 15 anpens
1926 r. «O6 06BsiBeHny teppurtopueit Corosa CCP 3eMernp 11 OCTPOBOB, pacionokeHHbIX B CeBepHOM JIeOBUTOM OKeaHe» U
npyrux aktax CCCP.

BpIxon mOKyMeHTa CTal 3HaYMTE/IbHBIM BKJIAIOM B PasBUTHE U YIOPAJOYEHNE IPOrPAMMHBIX JOKYMEHTOB 110 APKTHKE.
OpHako, HECMOTPS Ha CBOIO 3HAYVIMOCTbD, OH He ObUI BOCIIPUHAT OFHO3HAYHO 1 BBI3BAI CEPbe3HYIO JUCKYCCUIO B HAYYHBIX KPY-
rax ¥ B HEKOTOPBIX PETMOHAIbHBIX OPraHaX BACTY, MMEIOIIMX OTHOILEHME K 3aKpeIlJIeHHOI 30He. B pesynbraTe yero, COrmacHo
Yxasy [Ipesunenta PO ot 27.06.2017 Ne 287 «O BHeceHun nsmeHenuit B Ykas IIpesupnenta Poccuiickorit degeparun ot 2 Mas
2014 . Ne 296 «O cyXONyTHBIX TeppuUTOpUAX ApKTHrueckoit 30ubl Poccuiickort Pefepanum», K CyXOIyTHBIM TepPUTOPUAM Ap-
KTI4YeCKOV 30HbI PO TOMOTHNTENBHO OTHECEHBI TEPPUTOPUY MYHUIMITAIBHBIX 00pa3oBaHuil « beToMOpcKuiT MyHUIINITAIbHBII
paiton», «JIOyXCcKuit MyHUIIMIIANbHbI paitoH» 1 «KeMcKmit MyHMIUTIambHEIN paiion» Pecrrybnukmu Kapemra®. Pasnoobpasue
B3IJIANOB ¥ CYLIeCTBYIOIIMX IOIXOJ0B II0 3TOMY BOIPOCY MO3BOJIIET aPIyMEHTNPOBAHHO BK/IIOYATh TEPPUTOPUN B COCTaB A3
P® B 3aBUCHMOCTH OT CTOSIINX HEpPef CCTeR0oBaTe/sIMN 3afiad. [I7Is erteit uccmefoBanust (MHAHCOBBIX TOTOKOB apPKTUIECKIX
teppuropuit PO Opmu ncionb3oBaHsl, BO-IEPBBIX, MIMPOKO MOJePXKIBaeMblil B HAyYHOM coobiecTBe mopxop B. B. Bacunbe-
Ba, B. C. CennHa, CyTb KOTOPOTO CBOAUTCS K TOMY, UTO I0XKHasl IpaHuIia APKTUKM B O0IblIeil cTeneHn orpanndeHa CeBepHbIM
IIOJIAPHBIM KPYTOM, T. €. reorpadudeckum npuHuyumnoM [20]. Vicnonbp3oBaHue crenyolero Kpurepus 6b1o 06yC/IoB/IeHO 3Ha-
UTETBHOI IJIOLIA/IBI0 HEKOTOPBIX CyObekToB PD. CymiecTByomye pasinnans B pYHAHCOBO-XO3SIICTBEHHOI A€SITE/IBHOCTI B
IIpefielaX OLHOIO PErMOHA JOCTATOYHO BEIMKI, I03TOMY I/L1 OO'beKTUBHON OLIEHKI 1 COIIOCTaBYMOCTY JAaHHBIX IIPeJIaraeTCs
MIPYMEHATD «MYHUIIMIIANbHBI>» oAX0f. OH MCIO0/Ib30BaH B YKase «O CyXOIYTHBIX TeppUTOPUAX APKTIUYECKOIT 30HbI Poccnmit-
ckoit Gepeparum» Ipu BbIAEIEHNN apKTHUeCKMX TeppuTopuit Pecniy6mkn Caxa, KpacHospckoro kpas 1 ApXaHIenbcKoil 06-
nacTu. VIcronb3ays aToT 5Ke KpUTepuit, IpefiaraeTcsl HeCKONbKO U3SMEHNUTD YrKe CYLIeCTBYIONINIL COCTaB MYHMUIIUIIAIbHBIX 06pa-
30BaHMII Ha3BaHHBIX PETMOHOB, @ B HEKOTOPBIX CyObekTax PD, BKIIOUEHHBIX ITONTHOCTHIO, YaCTh MYHULIMIIAJIUTETOB MCKIIIO-
4uTh. B joMONTHEHNE K JBYM MPEAbINYIIMM KPUTEPHUAM IPEAIaraeTCsA TPeTUI — 30Ha BEJEHNA XO3AMCTBEHHON NeATeTbHOCTI.
B HEKOTOPBIX C/Iy4asx XO3s/ICTBEHHAs IesITeNIbHOCTD MIPOMCXOANT B APKTIUYECKOIL 30He, a PaboTOl 06€eCIeInBaIOTCS KIUTENN
MYHUIUIIAIbHBIX 00Pa30BaHNIT, PACIIONOXEHHBIX I0)KHee. B 9TOM ciydae IpefiiaraeTcst 9TV HaCe/leHHbIE ITYHKTBI BK/IIOYATDh B
coctaB ApkTuxu [9].

C ucronb3oBaHMeM COBOKYITHOCTM paHee OIMCAaHHBIX KpuTepueB copMupoBaHa 6asa JaHHbIX MyHUIIMIIATbHBIX 06paso-
BaHUII BCeX YPOBHeII, BXOJAIIMX B COCTaB apKTUYecKuX Tepputopuit Poccuiickornt @eneparym (puc. 1).

ABTOpBI IIpeIaraloT pacCMOTPETh YPOBEHb 00eCIIedeHHOCTY (PMHAHCOBBIMI PecypcaMi MyHUIIMIIATbHBIX 00pa3oBaHmMIl
ADKTUKI 4epe3 IPU3My OCHOBHBIX IIOKa3aTeNlel, KacalolMXCsA NOXOJO0B JOMAlIHUX XO3AMCTB, PACXOJ0B TOCYNApCTBEHHOIO

KykoB M. A. MeTogonoruyeckue u Metoamyeckue npobnemsl BbiaeneHus ApkTuueckoi 3oHbl Poccuiickon ®epepaumnm. URL: http://www.arctic-today.ru/index.php/
rajonirovanie-arktiki/19-metodologicheskie-imetodicheskie-problemy-vydeleniya-arkticheskoj-zony-rossijskoj-federatsii

20 cyxonyTHbIX Tepputopusix ApkTdeckom 3oHbl Poccuiickon ®enepaumm: Ykas MNpesvnaeHta Poccuiickoin ®epepauum ot 02.05.2014 r. Ne 296. URL: http://www.szrf.
ru/szrf/doc.phtml?nb=100&issid=1002014018010&docid=54 (aaTta obpaLueHus: 03.08.2018).

30 BHeceHuN nsmeHeHuii B Ykas lMNMpesungeHta Poccuiickon ®enepauum ot 2.05.2014 1. Ne 296 «O cyxonyTHbIX Tepputopmsix ApkTuueckoi 3oHbl Poccuiickoin epepa-
uumy: Ykas NpesngeHta P® ot 27.06. 2017 r. Ne 287. URL: http://www.kremlin.ru/acts/bank/38377
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Tepputopus A3 P® cornacHo
Ykasy ot 27.06.2017
McknioyeHsl 13 cnuncka

BkntoyeHbl B CIMCOK

—— CeBepHbIil NONSAPHBIN Kpyr

N

PucyHok 1. ABTopckoe npeactaBneHne Apktuveckom 3oHbl P® B cpaBHeHuu ¢ Yka3om lMpe3ngeHTta PP.
Figure 1. Author’s presentation of the Arctic zone of the Russian Federation in comparison with the Decree of the President
of the Russian Federation.

YIIpaB/IeHVsI ¥ aKTMBHOCTHU HMPEeANPUHIMATEIbCKOTO CeKTOpa. Takoil IOXO MHTETPUPYETCs C CeKTOPATbHBIM 0TOOpaXKeHeM
(MHAHCOBBIX IIOTOKOB TEPPUTOPUIL, IPEACTaBIeHHbIM B HalMX paboTax [9, 10], 1 MOKa3bIBaeT ypOBEHb PA3BUTUA KaXKIOTO
MHCTUTYLMOHA/IBHOTO CEKTOPa, MpefcTaBleHHoro B CrucTeMe HalMOHANbHBIX cYeTOB. [l1a cekropa «/loMauiHmue X034/icTBa»
OTIpeJieNAIIMM IIOKa3aTeNneM BBICTYIAIOT JOXObl HACEIEHNA U3 BCEX UCTOYHMKOB,  OCHOBHBIM MCTOYHMKOM JIOXOfIOB, KaK
[IPABWJIO, SIB/ISIETCSI 3apabOTHAsS [UIaTa HAeMHBIX pabOTHNKOB. OCOOEHHO 9TO aKTya/lbHO MMEHHO ISl APKTIIECKUX TePPUTO-
PpMit, TaK KaK APYTYe ICTOYHVKY JOXOHOB — IIEHCUMY, COL[Ma/IbHbIE II0COOYIS, JOXOADI OT IPeAIIPMHIMATENIbCKOI IeATe/IbHOCTI
- Ha JJAaHHBIX TEPPUTOPYSAX He UTPAIOT BeAyleil pomy B culy crenndukn obpasosanns goxonos. [l cexkropa «Jocymapcer-
BEHHOE yIIpaBJ/ieHNe» ITIABHYI0 POJIb B CPABHUTEIBHOI OlleHKe O/1aroIoydys TeppUTOPMIl BHICTYIAIOT PAcXOfibl Ol0/KeTa B
MYHMIMIIAIBHOM 00pasoBaHMY Ha IyIry HaceneHus. KoHeuHo, 60see MH(MOPMaTHBHBIM IOKa3aTe/leM BBICTYIIVIN Obl pacXOfbl
KOHCOJIVAVIPOBAHHOTO Oro/pKeTa (T. €. defilepasbHOrO, PerMOHaIbHOIO Y MYHMUIIUIIAIBHOTO) Ha KOHKPETHON TePPUTOPUN, OF-
HAKO B COBPEMEHHOIT CTATUCTUYECKOI 6a3e TaKOi MHPOPMAINN He TPETOCTABIAETCS, IIO9TOMY JJIA CPaBHEHN:A OIOPKeTHOI
006€eCIIeYeHHOCTI aPKTUYECKIX TEPPUTOPUIT MOXKHO UCIIO/IB30BATh MOKa3aTeNnb «BIOKeT000eCedeHHOCTh MyHUIINITATbHBIX
06pa3oBaHmMil 10 pacxofam», TeM O0jIee YTO B ITUX PACXOfiaX YUTEHa YaCTh PACXOSHbIX 0053aTe/IbCTB BBIIIECTOAIINX OIOIKETOB.

B kauecTBe MHAMKATOpPa PasBUTKA KOPIIOPATMBHOTO CEKTOPA JICIO/Nb3YyeTCA MOKasaTenb «VIHBecTHIM B OCHOBHOI Ka-
IMTas U3 BCEX MCTOYHVKOB», 0TOOpaXkaeMBblil B cTaTUCTNIecKux 6asax PoccraTa. K ToMy >ke maHHBII ITOKa3aTeIb MO3BOJIAET
OIIpeJie/INTD B IIEPBYIO OYepeib SKOHOMUYECKIIT MHTepeC K PasBUTUIO 9TUX TEPPUTOPUIL KaK CO CTOPOHBI BJIACTH, TaK U OM3Heca.
OH noKa3pIBaeT, HACKOJIbKO MYHUIIMIIAINTEThl NHBECTULMOHHO IIPVBJIEKATeIbHEL U B OYAYIIEeM CMOIYT CO3[jaBaTh BaJIOBbII
MYHUIIMIIAIbHBIA IPOAYKT.

B nensix onpenenenns guddepeHanuy apKTUIeCKuX TeppuTopuii aBropamu 6si1a copmupoBaHa 6asa JaHHBIX 110 MC-
CTIeyeMbIM ITOKa3aTe/lsIM pasBUTHs Tepputopuit 3a 2008-2016 IT., MCTOYHUKOM HOCHy)Xuta Enunas 6asa MyHUIMITATbHBIX
obpasosannit Poccrara®. IIpegBaprTenbHblil aHaIN3 MAaCCHBOB JAHHBIX MO ITOKA3aTe/IAM MTO3BOJIVII OIPENEINTD, YTO CHIIbHBII
pasOpoc 3HaUeHMII IO APKTUYECKUM TePPUTOPUAM He MO3BO/IAET IPYMEHNUTD YHUBEPCAIbHYI0 METORUKY UX OTOOpaKeHNs B
OfHOI1 IIKaJIe, ITOITOMY K KaXK[OMY ITOKA3aTeio0 IPUMEHsIeTCsI COOCTBEHHAsI METOAMKA 110 BU3yaIu3arun gudQepeHnarin.
Jist oToOpakeHNst pa3nuunii B ypoBHe (DMHAHCOBOTO OOeCIeveHNs] MYHNUIUIAINTETOB APKTNKI BbIOpAH MMOCIENHIII [0S B
aHanmm3upyeMoM nepuoze — 2016-it. B mepByro ouepenn, 6b11a prMeHeHa Hanbomee pacipoCTpaHeHHas IIKama 0TOOpaKeHIsI
muddepeHINAUY TaHHBIX — OTHOCUTEIBHO CPeHEro sHaueHMs J/IA T0Ka3aTe/s MHBECTUINIT B OCHOBHOI KamuTanl. B xade-
CTBe CpefjHero ObIIO MCIIOIb30BAHO POCCUIICKOe 3HAYEHMe ITOKa3aTessd, cocTapsoee B 2016 I. 1469,8 Thic. py6. Ha gyIIy Ha-
cenenus. Ha puc. 2 npencrapeHa Kapra, Ha KOTOPOII 0TOOpakeHa MHBECTUIVIOHHASA aKTUBHOCTD IIPENIPUATII apKTIYeCKIX
TE€PPUTOPUIL, IO CPABHEHNIO CO CPEHEPOCCUIICKMM 3HaYeHMeM. VI3 puc. 2 HarAHO BUAHO, 9TO HIDKE, 4eM 1o Poccun, nHBec-
TULUY HAOMIOFAIOTCS B 4acTy MypMaHCKOIT 06/1aCTi 1 B BOCTOYHOI YacTu CTpaHsl, KpoMe Uykorckoro AO. CpennHHas 4acTh
TeppuTOpUM APKTUKIU — OT ApXaHTrenbcKoil o6nacti 1o KpacHospckoro kpast — MMeeT BHICOKUIT MHBECTULVIOHHBII OTEHIIUATT,
obecreyrBas X0OpoIlle OKa3aTeIy Ha TyIy HaCeleHN .

“basa [aHHbIX MokasaTenen MyHuumnanbHbix obpasoBaHuin Pocctata P®. URL: http://www.gks.ru/free_doc/new_site/bd_munst/munst.htm (nata obpalieHus:
03.08.2018).
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PucyHok 2. OudchepeHumanms MTHBECTULIMIA B OCHOBHOMW KanuTan MyHULUNanbHbIX o6pa3oBaHuii ApKTUYeCKOW 30HbI P®.
Figure 2. The differentiation of investments in the fixed capital of municipalities of the Arctic zone of the Russian Federation.

CrouT Tak)Ke OTMETUTb, YTO JAHHBIN MOAXOJ K 0OTOOPa)XEeHNUIO JAHHBIX He [T03BOJISIET YBU/ETh CYLIECTBYIOLINIT pasbpoc B
VHBECTULINAX, HAIIPYMep, ICXOH s U3 OpUIIMANTbHbIX JAHHBIX, B Psifie MyHUIIMIIATbHBIX 06pasoBanuit Yykorckoro AO (HayHcknit
u VIynbTUHCKWIT paliOHbI) MHBECTULIUY B OCHOBHOI KaIlTasa BOOOIIe He PErMCTPUPYIOTCH, 11, Ha060poT, B [TypoBckoM paiioHe
STHAO paHHbBII ITOKa3aTeNIb COCTaB/IAeT 6oree 129 MIH py6. Ha OyLIY Hace/leHNs, IpeBbllias cpefHepoccuiickuii B 88 pas. Tax-
e ouIaabHasA CTaTUCTIKA He BCEIIa KOPPEKTHO 0TOOpaXkaeT peabHble IPOLIeCCHI II0 HAKOIUIEHIIO OCHOBHOTO KaIliTala Ha
TeppuTopuax: SIManbcknit MyHUnuIanbHbii paiton SHAO 1o mHBeCTHINAM He JOTATUBAET [0 CPEJHEPOCCUIICKOTO YPOBHA,
IIpuYeM Ha TePPUTOPUM TTOTYOCTPOBa SIMast peanusyeTcss HECKOIBKO MAcIITaOHBIX IPOEKTOB — padpaborka boBaHeHKOBCKOrO
He(Tera3oKOHEeHCaTHOro MecTopoxaeHus 1 mpoekT «SIman CIIT». B enom kaprorpadudeckoe oTobpaskeH1e MHBECTULNIT HA
IyIIy HaceJleH)A OKa3bIBaeT HOCTATOYHO SACHYI0 KapTUHY MHBECTULIMOHHON aKTUBHOCTY apKTUIECKUX TePPUTOPUIL: Haubonee
VHBECTUIIMIOHHO TIPVBIIEKaTeTbHBIMI ABAITCSA MYHUIMITATIbHBIE 00pa3oBaHys, TATOTeN e K CeBepHOMY MOPCKOMY IIyTH U
Ha TEPPUTOPUM KOTOPBIX PacIIONOKeHbl MECTOPOXKJEHMA CO 3HAYUTEIbHBIMM 3aIlacaMy IPUPOJIHBIX PECYPCOB.

Criepyrolum mokasarejeM, XapaKTepu3yoIuM GprUHAHCOBOE Pa3BUTIE APKTUUECKIIX TEPPUTOPIIL, BBICTYIIAET CPEIHSIS 3a-
paboTHasI I1aTa HaeMHbBIX PaOOTHMKOB I10 UCCIIEyeMbIM MYHMIIUIIA/TbHBIM 0Opa30OBaHUAM.

[TpenBapuTeNbHBI aHANMN3 YPOBHS 3apIIaT Ha apKTUYECKUX TEPPUTOPUSAX MMOKA3aJI, YTO JIUIIb [[BA MYHUIUIIATIbHBIX 00-
pasosanus (Jlososepckuii paiion MypmaHcKkoit o6/acTu 1 OBeHO-BbITaHTallCKNIT HalMOHANBHBI ynyc Pecrry6mikn Caxa) o
YPOBHIO OIUIaTbl HAXOJATCA Ha CPEJHEPOCCUIICKOM ypoBHe (B 2016 T. =36 709 py6.), 4TO fenaeT 6@CCMBICIEHHBIM NIPUBASKY K
[AHHOMY 3Ha4eHMI0. PAH)XMpOBaHNe apKTIYEeCKNX MYHUIIMIIATbHBIX 00pa3oBaHMII [TOKA3aJI0, YTO CPefHsIsI 3apaboTHas Iy1aTa
Ha [JAHHBIX TEPPUTOPIIX Kormebrercst ot 37 260 py6. mo 104 089 py6. B HagpiMckom myHmipunansaoM paitone SIHAO. B coot-
BETCTBUU C 9TUM 60JIee IOTMYIHO /I OTOOpaKeHNs YPOBHS 3apabOTHBIX IUIAT IPOBECTH IPAJALNIO TIOTyIeHHBIX 3HAYCHWIT B
OIpeJe/IeHHOM JMarasoHe. /s 9TuX Leert OblIM BbIfIe/IeHbl YeThIpe [Uala30Ha CPefHeMeCsIIHOI 3apaboOTHOI IIATHI IO MYHHU-
LIMIIaJIbHBIM 00pa3oBaHmaM: 1o 40 Toic. pyod.; 40-60 ThIc. py6.; 60—80 ThIC. py6.; cBbIiIe 80 THIC. Py0., pe3y/IbTaThl IPeACTaBIeHbI
Ha puc. 3. Kak BUIHO 13 KapTorpaduyeckoro Matepnana, 3apaboTHas I1aTa HAeMHBIX PabOTHIKOB IIPYMEPHO Y ITOMOBUHBI ap-
KTHYECKNX MYHMUI[UIIA/IbHBIX 00pa3oBaHMil yKIafbIBaeTcst B Auanason 40-60 Teic. py6. HecMOTpst Ha TO 9TO 9TO CYILIECTBEHHO
6o7Ibllle, 4eM CPEeFHEPOCCUIICKOe 3HAYEHIE, YIUTBIBAs CIIe(UKY TeppuTOpuit (OTHATEHHOCTD OT «OOJIBIIION 3€MIN», BBICOKIIL
IIPOXXUTOYHBII YPOBEHb, CYPOBbIe KIMMATHUYeCKIe YCIOBUS IIPOXKUBAHN), JAHHbIE YPOBEHb 3apabOTHOI IIATHI He AB/IAETCS
CTIMIIKOM BBICOKMM JI/Is1 Hace/leHusA. Y 3HaYMMOJl YacTy TePPUTOPUIL YPOBEHD JI0XO[I0B BapbupyeTcs B AuanasoHe 60-80 Toic.
py6. B MecsIl, 4TO B [iBa C IMIITHNM pasa IMPEBbILIAeT CPEHEPOCCUIICKIUIT 3apabOTOK HaCe/IeH s, 1 FeorpaguiecKy, Kak BUTHO U3
KapThl, 9TO OJABIIAIONIAA YaCTh TEPPUTOPHIT poccuiickoit ApkTuky. CaMas BBICOKOOIIIaYMBaeMas pabovas Cula pacronoxeHa
HepPaBHOMEPHO — TaKJe aHK/IaBBI €CTh IIPAKTUYECKN ¥ BCEX PervOHOB APKTHKY, KpoMe MypMaHCKOIT 06/1acTi.

Crout OTMETNTB, YTO, CYfis IO BCEMY, IIOKA3aTe/lb CPeHell 3apabOTHOI! IJIAThI SAB/ISAETCS B CTATUCTUKE 60/Iee KOPPEKTHO
oToOpakaeMbIM IIOKa3aTe/leM, YeM MHBECTUIUN B OCHOBHOI KamuTajl. [/ palloHOB, OPUEHTUPOBAHHBIX Ha HOOBIUY CHIPbs
MM C BHICOKOI MHBECTUIIVIOHHONM aKTMBHOCTDIO, CTATUCTUKA II0 OIUIaTe TPyZia IOKa3bIBaeT IOBbILIIEHHbIE JOXO/bI Hace/IeH s,
a 3aHATBIX B MaJIOPEHTA0ENbHBIX OTPACIIAX (FOOBIYA YIVIA, MAIIMHOCTPOEHME Y YCIYTH) — CPefiHUE 3HAUSHVS [0 TePPUTOPUAM
ApKTudeckoro pernosa. Vcronb3opaHne paH>XMpPOBaHHBIX 3HAUEHMIT ITPU OTOOPaskeHNM 3apabOTHON IIaThl pabOTHUKOB Ap-
KTIYECKOTO MaKpOPETMOHa M03BOMIIO 60JIee HAITIAHO IPEfCTaBUTh MaciuTab AuddepeHimanym JOX0H0B OT/Ae/IbHbIX MYHI-
LUIa/IbHBIX 00pa3sOBaHMIL, TAK KaK HA COCENHMX TeppuTopusix (Hampumep, B Pecy6rmke Caxa mmm YyKOTCKOM aBTOHOMHOM
OKpYyTe) BO3MOXKHBI PaspbIBbl B OIIaTe TPyHa, gocTuraromue 150-200 %. B memom 3akoOHOMEpPHOCTb B YPOBHE OIUIATHI TPYHA
BO MHOTOM 3aBUCUT OT CIIeLIMaIM3alM MyHUIIMIIATbHBIX 00pasoBaHuil — foObIYa HeTHU U raza obecrednBaeT 3HAYUTEIBHOE
NIPEYMYIIECTBO B JOXO/IaX HACETEHM .
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PucyHok 3. QudrdepeHumaumsa 3apaboTHOM nnaTbl HA@MHbIX PAGOTHUKOB MyHULMNanbHbIX 06pa3oBaHUi ApKTUYECKOW 30HbI P®.
Figure 3. The differentiation of remuneration of labor of municipalities’ workers of the Arctic zone of the Russian Federation.

W mocnenHmit u3 0To6paHHbIX Iie/IeBbIX [TOKasaTeselt, «BlokeToo6ecriedeHHOCTb MYHUIIUITATBHBIX 00Pa3oBaHUIL II0 pac-
XOZlaM», PaCCYMTAH KaK OTHOLICHMe 0011[ero o6’beMa pacxof0B MyHHUIIUIIATLHOTO OI0IKeTa K CPeJHErOfJ0BOI YMCIIEHHOCTH 110~
CTOSIHHOTO HACeNeHNUs 9THUX TEPPUTOPUIL, T. €. TIOKa3hIBAET, CKOIBKO OIOJPKETHBIX JieHer MIPUXOAUTCS Ha OfHOTO >KuTens. Eciu
paccMarpyBaTh HAHHBI IOKa3aTe/Ib B AMHAMIKeE 110 apKTUYECKVM TEPPUTOPYAM, TO XapaKTepHOI 0COOEHHOCTBIO BBICTYIIAET
PasHOHAIPaB/ICHHOCTb AVHAMUKY OI0IKeTOOOeCIIeYeHHOCTI MYHMIIUIIAIbHBIX 00pa3oBanuil. B Tabmiiie mpencTaBIeHsl pac-
4eThI ABTOPOB M0 OIOfKETHOI 00eCIeIeHHOCTI HEKOTOPBIX TeppuTopnit ApkTuky 3a 2008-2016 rT., OrpaHNYEHHOCTb BEIOOPKI
006yCIIOB/IeHA yKe YIIOMIHABIINMMCS MacIITaboM 1 PasMepHOCTDIO IIPeACTaBIeHNUs TaOMMIHBIX JaHHbIX. Kak BugHO U3 Tabnum-
11b1, 10 cpaBHeHuo ¢ 2008 1. B 2016 . Jaxke B peabHOM BbIpakeHnu (6e3 yuera MHGIALNMY) Y HEKOTOPBIX MYHUIIMITATBHBIX
obpasosannit THAO mponsonuio cHmKeHye OGI0KeTHBIX PAacXOIOB Ha OFHOrO utend. [IpuyeM B 9Ty KaTeropyio MOIAnu
TOCTaTOYHO OjaromnonyyHsle Teppuropun — Hagpivcknii, [Tpuypanbckuil MyHUIMIIAIbHbIE PAiOHbL, a Takoke I. HoBbiil Ypen-
TOJ, 3aHMMaIoI Ve TUAVPYIOLIVe TO3UIIMK TI0 JPYTUM UCCIENYEMBIM IIapaMeTpaM pa3BUTHA. [Ipyras KpaltHOCTb — pe3Kuil pocT
OroxeTHOI 0becedeHHOCTI TeppuTopuit Pecrrybnuku Caxa; eciu B CpeiHeM II0 IIPeCTaBIeHHOIT BbIOOpKe OroxeToobecre-
4eHHOCTb ¢ 2008 1o 2016 r. BeIpocia Ha 76 %, TO y BceX 6e3 MCKIIoYeHNA MyHUIMIANbHBIX 00pasoBanmil Ky Tun AuHaMmKa
Obln1a nTydiie, Kone6ysch ot 84,5 1o 189,5 %. [ToaToMy BO MHOIMX apKTUYeCKUX paifoHax SIKyTiu 610/KeTHas 06eCIe4eHHOCTh
IpeBbICIIA aHAJIOTMYHBIe IToKasarteny Smana (uckmodenne — SImanbckuit u ITypoBcKuit MyHUIMITATIbHBIE PAIOHBI), YTO MOYKHO
OOBACHUTD NOMUTHKOV (eflepanbHBIX Y PEIMOHAIbHBIX OPraHOB BJIACTH II0 BBIPAaBHMBAHUIO PACXOZIOB OIOIKETa Cpefy MyHU-
L[UII/IBHBIX 06pa30BaHMIL.

Crenudnkoii JaHHBIX II0 ITOKA3aTe/lI0 ABJIAETCA OTPOMHBII Pa3pblB MEXAY apKTUYeCKIMI TEPPUTOPMUAMI: C/IN 110 3apa-
60THOII TIaTe Pa3bpoC 3HAYEHMIT COCTAB/IA MOYTH 3 Pasa, TO MO OIIKETOOOeCIIeYeHHOCTY KOmebaH st COCTAaB/SIOT OT 14,87
ThIC. py0. Ha fyiuy Hacenenus (JloBosepckuii paiton MypmaHckoit o6macti) 5o 388,5 Toic. py6. (SImanbckmit paiton SHAO), unn
6oree yeM B 26 pa3. AHaIUTIYIECKUe METOIbI MCCIENOBAHNA ITOKA3aIy, YTO Hanbosee yIOOHOI rpajialiueit A 0TOOpasKeHN
OI0I>KETHON 00eCIIeYeHHOCTY apKTUYeCKMX MYHIINIIAIbHBIX 00pa3oBaHuil AB/IAETCA IPYIIVPOBKA JAHHBIX B Jalla30HaX: 10
100 TbIc. py06. Ha >xuTens, 100-200TbIc. py6., 200-300 u cBbime 300 THIC. pyo. (puc. 4). B nepBylo, HauMeHee oOecrieYeHHYIO IPyII-
1Ty, BOLUIM 17 MyHMIIUIIA/IBHBIX 0OPasOBaHMIT — 9TO IIPAKTIIECKN BCe TeppuTtopuyt MypMaHCKoit 06mactu (3a UCK/II0YeHeM
Tepckoro paitona u r. OCTpOBHOIT), MyHUIMIIATIbHBIE 00pasoBanyst Pecriy6mkn Komu, Apxanrenbckoit o6mactu u Henenxoro
AO, a taxxe (uro yausurenbHo) HoBoypenroiicknit paiion SHAO. Bo BTopyro rpyniry BK/IO4YeHs! 13 MyHUIMIIAIBHBIX 06pa-
30BaHUIT — B 9TOJI TPYIIIe 3HAYMTENbHASA YacTh TeppuTopuii Pecy6mkn Caxa, gactb paiionos IHAO u 1Ba MyHMIIUIIaTBHBIX
obpasoBanusa MypmaHckoit o6mactu. Kak BMIHO 13 KapThl, HAMOOJIBLIYIO TEPPUTOPUIO 3aHUMAIOT MYHUIVIIATbHBIE 06pa3oBa-
Hust ¢ pacxoamu ot 200 1o 300 Thic. py6., KONMMYECTBEHHO X MEHBIIE, €M B IIPeAbIAYIINX IPYIax, — Bcero 10. Bonbimas actp
u3 Hux pacnonoxena B IHAOQ, B [pyrux pernoHax faHHas IPyIIa IPefCTaBIeHa HeCKOIbKyM paitoHamu. Camblie Gorarbie o
OI01KeTO06ECIIEIeHHOCTI TEPPUTOPUN — A X BCETO IIECTb — IPEUMYIIeCTBEHHO PAaCcIIONOXKeHbl Ha SIMarte, OfH HAXOANTCS B
KpacHosipckom kpae (IBeHKUIICKIIT pajioH), fBa — Ha UyKoTKe.

KoHeuHo, 1okasaTenb 610/KeTo00eCIIedeHHOCTY TePPUTOPHIT He [IaeT MOTHOTO TIPECTABIeHNA O PACXOJaX, IIPOVN3BOIVIMBIX
B MYHMIJUITQ/IbHBIX 00pa30BaHMAX KOHCONMMANPOBAHHBIM OtofkeToM P®, Tak KaK He yYUTBIBAET PACXOADIL, IPOBeeHHbIe IOMUMO
MYHMIVIIAIBHOTO OIO[KeTa, B TO JKe BpeMs [JaHHbI [I0Ka3aTelb JaeT IpecTaBIeHre o v depeHIayy caMOCTOATeIbHOCTI
MEeCTHOTO CAMOYIIPABJIEHNSI B Pa3BUTHUI CBOVIX IIOCE/IEHNIL, YIUThIBAsI (DHAHCOBBIE BO3MOXKHOCTI MECTHOTO OIOKeTa.

BuiBoAbI

[TpoBeneHHOe MCCIEOBAHNE IO ONpefeneHuIo AuddepeHIyay no ypoBHio GMHAHCOBOI 00eCIIeYeHHOCTI apKTUIECKIX
Teppuropuit u npumMeHeHmo ['VIC-TexHOIOINII /1A ee 0TOOPasKeHNUs MO3BOIMIIO Clie/IaTh PAJ OCHOBOIOJIATAIOIIVX BHIBOJOB.

Vicnionb3oBaHue reonHGOPMAIVIOHHBIX TEXHOIOTMII /I OTOOpasKeHN A OOJIBIINX MACCYBOB AHHBIX II03BOMIAET YIPOCTUTD
IIpeficTaB/IeHne MHGOPMaLy O pa3BUTHUI TeX VIV VHBIX ABJICHUIT M IIPOLIeCCOB. B yC/IOBIAX, KOIIa OCYIIeCTB/IATCA IIPUBI3Ka
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BrogxeToo6ecnevyeHHOCTb MO pacxoAaM apKTUUYeCKUX MyHuLmMnanbHbix o6pa3oBaHui Pecny6nuku Komu, imano-HeHeukoro aBToHOM-
Horo okpyra, Pecny6nuku Caxa (AkyTtus) 3a 2008—-2016 rr., Tbic. py6./4en.

Fiscal capacity for expenditures of the Arctic municipalities of the Republic of Komi, the Yamalo-Nenets Autonomous District,
the Republic of Sakha (Yakutia) for 2008-2016, thousand rubles per person.

MyHuuunansHoe loabl Temn
o6pasosaHie 2008 2009 2010 2011 2012 2013 2014 2015 2016 npupocta, %
Pecny6bnuka Komu
'O BopkyTa 29,04 28,17 30,72 33,76 47,15 43,59 43,56 42,53 43,59 50,10
'O YcuHck 31,93 29,58 34,12 43,45 53,77 56,88 63,69 61,06 63,89 100,12
Smano-HeHeukuli a8mMOHOMHbIU OKpye
Hapgbimckuin MP 120,06 84,54 104,20 130,09 113,89 130,79 135,21 102,37 101,36 -15,58
Mpuypanbckuit MP 24513 203,70 226,23 282,83 245,89 249,22 248,84 209,86 213,05 -13,09
Myposckuit MP 149,42 113,01 158,19 194,57 175,45 187,01 195,46 157,97 314,03 110,17
Ta3zosckuin MP 229,53 249,48 280,16 365,61 305,74 358,35 399,70 346,09 382,64 66,71
Amansckuin MP 221,73 288,55 287,63 396,09 358,41 379,48 367,15 291,49 388,49 75,21
'O Canexapg 114,87 100,43 125,95 127,77 130,55 135,45 137,40 109,33 117,75 2,51
'O NabbITHaHrn 131,31 147,67 124,67 157,20 183,34 176,06 167,59 183,30 133,39 1,59
'O HoBelit YpeHroi 92,87 97,20 89,12 102,04 85,55 88,98 91,08 82,16 91,29 -1,70
Pecnybnuka Caxa (Slkymusi)
Abbiickuin MP 97,42 118,30 81,99 103,63 123,45 162,84 178,83 183,82 195,43 100,61
Annawvxosckuin MP 101,14 126,15 89,16 108,96 126,01 176,56 191,45 192,57 193,64 91,45

AHabapckuit Haumo-
HanbHbIV (gonraHo-

3BeHkuinckuin) MP 75,56 91,92 85,90 89,42 118,72 150,00 167,55 201,79 218,74 189,51
BynyHckuin MP 61,90 63,50 54,05 62,03 79,79 101,90 110,46 124,05 119,56 93,15
BepxHekonbimckuii MP 77,98 106,72 96,01 86,91 91,61 121,12 175,28 145,86 175,21 124,70
BepxosiHckuii MP 89,63 103,75 77,67 153,96 137,23 144,84 171,26 169,01 214,90 139,76
YKuraHckuin MP 78,40 85,00 62,46 100,60 98,44 121,55 152,59 186,35 185,97 137,21
Momckuin MP 106,10 128,07 98,06 119,17 133,30 182,04 216,33 217,19 275,99 160,13
HwxHekonbimckmin MP 85,71 106,63 87,60 85,27 119,51 150,34 160,14 152,45 166,94 94,77
OneHékcknit MP 93,62 111,77 84,00 102,04 119,95 197,47 233,08 219,08 255,47 172,89
CpepnHekonbiMmckmin MP 87,91 106,39 91,92 111,91 103,98 147,66 145,47 154,81 162,45 84,80
Yerb-Axckuin MP 96,04 123,84 103,17 123,03 113,67 143,68 169,07 170,61 203,30 111,69
OBeHo-bbITaHTanckuin

HaumoHanbHbI MP 80,53 99,10 86,49 97,12 83,83 141,99 168,36 181,32 197,73 145,54

'O — ropopackoii okpyr; MP — MyHMUMNAnbHbIA panioH.

Oo 100 Tbic. py6.

: . > )
| - - h B 100200 Tbic. py6.
day : 200-300 TbIC. pyo6.
g . 300—400 TbIC. PY6.

PucyHok 4. OuddepeHumaumns 6roaxetoo6ecne4eHHOCTU MyHMLMNanbHbIX 06pa3oBaHuii APKTUYECKOW 30HbI PD.
Figure 4. The differentiation of fiscal capacity of municipalities of the Arctic zone of the Russian Federation.

K HeOOJIbIINM TePPUTOPUATBHBIM 00pa3oBaHMAM (B HallleM CTydae — MyHMIUIIAIUTeTaM), ucronb3osanue I'VIC-rexHomornit
3HAUYNTE/IBHO NOBBILIAET BOCIpUATHE NHPOPMALNI, JaeT BO3MOXHOCTb €MKO U HAIJIS/JHO OTPAa3NUTh IIOJIYYEHHBIl pe3y/bTar,
TeM CaMbIM IpHobpeTas MpeMMyIIecTBa Mepey TabmuaHoit Gpopmolt mpeacTapieHnsa. Kak mokasano JaHHOE JICC/IENOBaHNE,
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nuddepeHnManys moKasaTeneil pasBUTUS TEPPUTOPUIT MOXKET OCHOBBIBATHCS HA PA3TIMIHBIX MOAXOLAX: OTHOCUTEIBHO CPef-
HETO II0 CTpaHe, [0 PerMoHY, cCPOPMIPOBAHHOI IKajIe JAHHBIX B 3aBUCUMOCTH OT CPeJHEro 3HaueHNs, IPYIIIMPOBKY JaHHBIX
TI0 MacCHBY.

IOuddepennyanma Mex/y IOKasaTe/LIMM COLMATbHO-9KOHOMIUYECKOTO Pa3BUTVA apKTUYECKUX TePPUTOPUIL JOCTUIALT
IeCSITKOB pa3, HAMMEHDIINIT PAa3pbIB HAOMIOLAETCS B CPEFHMX 3apabOTHBIX [JIATAX HAEMHBIX PAaOOTHUKOB, HAMOOMBLINIT — B
MHBECTHULAX Ha AyLIy HaceneHyst. [Ipy aToM fjaxke BHYTPHU OZHOTO PerroHa paspbIBbI B PUHAHCOBOM 00eCIIeUeHII MOTYT OT-
JIMYATbCS Ha MOPSIIOK, OIpefensis pasaiIHble BOSMOXKHOCTM /IS Pa3BUTHSI MYHUIIUITATbHBIX 00pa3oBaHMil.

Vicnionp3oBaHue NPUBSSKY K MYHULIUITATBHOMY YPOBHIO yIIpaB/IeHMs II03BOJIsIeT 60/Iee 0ObeKTUBHO ITOKa3bIBaTh YPOBEHD
ux puddepeHIManyM KaK B paMKaX BCero ApKTIYECKOTO PeroHa, Tak U BHYTpU cyObekToB Defiepaium, 9TO ABIAETCI BaXK-
HBIM IIpK pa3paboTKe IPOrHO30B U IVIAHVPOBAHMI HAIIPAB/ICHNI COLMaIbHO-9KOHOMIYECKOTO Pa3BUTIA APKTUYECKON 30HbI
P®. Boibop moxasareseii, XapaKTepU3YIOIX PasindHble cepbl Pa3BUTIS TEPPUTOPMIL, IO3BO/IAET KOMIUIEKCHO OLIEHUTH pe-
aJIbHOE MOJIOXKEHVe MYHUIIUIIA/IbHBIX 00pa30OBaHMII U OIPeNeINTh OCHOBHBIE MCTOYHVKI MX (PMHAHCOBOTO MIOTEHIIMAIA.

B nemom nupepaMiu 1o MOKasaTelsAM COIMaNbHO-9KOHOMUYECKOTO Pa3BUTHUA B POCCUIICKOM APKTUKE SABIATCA TePPUTO-
P, OCHOBHOJ 9KOHOMIYECKOIT 63011 KOTOPBIX SABJISIETCS [OODbIYA YITIEBOZOPOZHOTO ChIPbI: 3TO IPAKTUIECKIL BCE TEPPUTOPUI
SIHAO n HAO, KpacHospckoro kpas. MynununanabHble o6pasoBanusa Mypmanckoit o6nmactu u Peciy6nuku Caxa mokassl-
BaIOT CMEIIAHHBIN XapaKTep PasBUTUA MO UCCAENOBAHHBIM MTOKa3aTeNAM, OJHAKO B I1€JIOM 3HAYUTEIbHO OTCTAIOT OT ChIpbe-
BbIX Teppuropuit. Ocobast CUTYaLVsI CTIOXWIACh B MyHUIMIIATbHBIX 06pasoBanmsix Yykorckoro AO: mpu OTHOM OTCYTCTBAI
MHBECTHULNIT 3apabO0THas IIaTa U OI0[KeTHasI 06eCIIeYeHHOCTb HaXOSATCS Ha BHICOKOM YPOBHE, YTO TOBOPUT O 3aBUCUMOCTI
TEPPUTOPUIL OT BBILIECTOSLINX OIOIKETOB.

B saxioueHye OTMETVM, YTO IIPEfCTaB/IeHHas! PaboTa SABIAETCS MPOMEXYTOYHBIM 9TAIIOM KOMIUIEKCHOTO M3Y4YEeHUs yC-
70BMIL U (PAaKTOPOB COLMAIbHO-9KOHOMIYECKOTO PasBUTUA apKTUYECKMX MYHMIIMIIAJIBHBIX 00pa3oBaHMil, HAIIpaB/IeHHBIM Ha
CO3JjaHNe CUCTEMbI IPOrHO3MPOBAHSI ABVDKEHNST (PUMHAHCOBBIX IIOTOKOB 9TUX TEPPUTOPUIL, HEOOXOAVMBIX Py paspaboTke
CTPaTETM4eCKMX JJOKYMEHTOB PasBUTUA MaKPOPErMOHa OpraHaMy FOCYapCTBEHHON BIACTY I MECTHOTO CaMOYTIPaB/IEHM .

Hcenedosanue svinonnerno npu gurarcosoti noddepucke PO, npoexm Ne 18-010-01007 A «Durarcosvie nomoku Apkmu-
Ku: popmuposarue, pacnpedenerue U UCNONb30BAHUE 000AB/IEHHOL CIOUMOCHIU 8 YCTI0BUIX NPOMBIUUTIEHHO20 0C60EHUS HOBbIX
npoCMpancme».
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Differentiation of the Arctic territories by the level of financial security

Ekaterina Aleksandrovha ZAKHARCHUK’,
Polina Sergeevna TRIFONOVA™

Institute of Economics of the Ural Branch of RAS, Ekaterinburg, Russia

Relevance. The development of the Arctic territories of the Russian Federation in recent years is one of the priority directions of development of the
government (development of rich hydrocarbon deposits, development of the Northern Sea Route, strengthening of military potential), as well as
raising the standard of living of the population living in the Arctic. At the same time, the development of the polar areas is extremely uneven, the
differentiation of socio-economic development between individual municipalities leads to a significant rupture of the economic space of the Arctic,
which predetermined the relevance of this work.

Purpose of the study is to determine the degree of differentiation of the level of financial security of municipalities in the Arctic region by key
indicators and visualize some discrepancies as a cartograph.

Results and their application. The work presents the author’s approach to identifying the territories of the Arctic region, the basis of which is the
administrative-territorial division of municipalities. In the conditions of a large data array, it was proposed to use modern geographic information
systems (GIS) for visualization as a method for mapping economic indicators in space. In this regard, the experience of using such systems in
various fields of knowledge and the main possibilities of application in economic research are summarized. To determine the differentiation of
the Arctic municipalities, the authors have specified the basic indicators reflecting the financial security of the territories. For the population, the
average size of remuneration of labor is chosen as an indicator, the public sector is represented by the budgetary security of the municipality per
capita, and the indicator of the activity of industrial development is determined by the amount of investment per capita. On the basis of the formed
database according to the selected indicators and population size of municipalities, maps of differentiation of the Arctic territories were compiled,
the main peculiarities and specific features of individual municipalities were identified. The presented results can be used by public authorities and
local governments in the development of strategic documents for the socio-economic development of the macroregion as a basis for planning and
forecasting the development of individual Arctic territories.

Keywords: arctic territories, geo-information technologies, investments, remuneration of labor, fiscal capacity, municipalities.
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Hcropus ropHOTO pAeAa

AHATOAMM PUAMNMOBMY BYLLUMAKUH (1947-1999) 11 OYLLUMOKUHUAT
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YpanbCKnii reonormyecknin mysemn Ural Geological Museum —
YpanbCcKoro rocyaapCTBEHHOIO rOPHOro yHMBEpcuTeTa Ural State Mining University

Anatoly Filippovich Bushmakin (1947-1999) and Bushmakinite

Anatoly Filippovich Bushmakin (1947-1999) is a well-known Ural mineralogist, one of the founders of the Ural school
of mineralogy of technogenesis, and one of the discoverers of 10 new minerals.

Keywords: Bushmakin, bushmakinite, mineralogy, technogenesis, the Urals.

AHaToAun PuAMnnoBuy byumakuH (1947-1999) — usBeCTHbIA YPAABCKUA MUHEPAAOT, OAMH U3 OCHOBATEAEHN YPAAb-
CKOM LLUKOAbl MUHEPAAOTUU TEXHOTEHE3d, COABTOP OTKPbITUA 10 HOBbIX MUHEPAAOB.

KAto4eBble cAoOBa: BYLUMGKMH, 6YLLIMGKMHMT, MHHEPAAOrusa, TexHoreHes, ypa/\.

CHOBHbIe AaTbl XM3HW U gesdTenbHocTn A. O. Byw-
MakuHa (no [1]):

1947 — POAU/CS 29 ceHTAbpsA B . CBepA/10BC-
ke (HblHe — ExaTepuHbypr) B cembe paboyero.

1955-1966 — yyeba B wkone N2 2 r. CBepa/10BCKa (HblHE
— EkaTepuHbypr).

1966-1968 — cnyxba B psagax CoBeTckon ApMun, B Tex-
H1yeckom yactu BBC.

1969 — MPUHAT B Hay4HO-MPOU3BOACTBEHHbIN OTAE/
CBepaA/10BCKOro rOPHOro MHCTUTYTa (HbiHe — YT TY) Ha gonx-
HoCTb 1abopaHTa, rae nocaesoBaTeibHO paboTan cTapwumnm
NabopaHTOM, WHXEeHepoM, MAALWMM Hay4YHbIM COTPYAHM-
KOM.

1970-1978 — yyeba Ha 3a04HOM dakysbTeTe CBEPAIOB-
CKOr0 FOPHOro MHCTUTYTa MO crneunanbHocTh «lfeonorus u
pa3Bezka MeCTOPOXAEHMIM NOE3HbIX MCKOMAEMbIX».

1980-1983 — yueba B ouHOM acnupaHType B CBEpAIOB-
CKOrO FOPHOM MHCTUTYTe.

1983-1989 — paboTa B A0/HKHOCTU MNIAALIErO HAYy4YHOrO
COTPYAHUKA B Hay4HO-UCCNesoBaTesIbckoM cekTope Caep-
ZJI0BCKOTO FOPHOIO MHCTUTYTA.

1989 — B CBSI3M C M3OpaHMeM Mo KOHKYPCYy nepeBeseH Ha
JO/KHOCTb HayYHOro COTpyAHMKa snabopaTtopun MUHepa-
nornn TexHoreHesa B MHCTUTYT MuHepanorun YpO PAH (r.
Mwnacc).

1990 — 3aliuTa B AUCCepTaLMOHHOM coBeTe MHCTUTYTa
reonoruu u reoxumun YpO PAH kaHaugatckon guccepra-

unM Ha Temy «MUpUT YepHOoCaHUeBoW Tonwm Kynapckoro
panoHa (CeBepHas AKyTuUs)». AHamonuli @ununnosud BywmakuH

"MpopornmkeHne cepumn crateinn npoekta «MuHepanorus B nuuax». Cm.: A. B. Wy6HukoB (1887—-1970) n wy6HukoBuT (M3B. YITY, Ne 1(49), 2018. C. 140-146);
B. M. Wywickuia (1935-2000) n wyrickut (U3B. YITY, Ne 2(50), 2018. C. 157-161); }O. C. Kobswes (1935-2009) n kobswwesunT (M3B. YITY, Ne 3(51), 2018. C. 165-175).
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1991 — NepeBe/eH Ha J0/IKHOCTb CTapLIero Hay4YHOro COTPy/AHMKa.

1994 — MPUCBOEHO yYeHOe 3BaHWe «CTapLLUNM HayUHbIA COTPYAHMKY.

1998 — vcnosHsoWMiA 0653aHHOCTY 3aBeAytoLero abopaTopuei TexXHoreHesa.

1999 — B CBSI3W C peopraHu3aumeit cTpykTypbl MIHCTUTYTa MuHepanorumn YpO PAH nepeBeseH Ha A0/IXXKHOCTb CTapLUero
Hay4HOro coTpy/AHuKa 1abopaTopmn MUHEPaNornm, TeXHoreHesa 1 reo3KoI0rum.

1999 — 27 Aekabps — Tparuyeckas rubens AHatonna Guannnosumya bywimakuHa.

B HayuHoW gesitenbHOCTM AHaTonnst Quavnnosuya bylwiMaknHa MOXHO BblAeNUTb ABa Nepuosa.

PaboTa B Hay4YHO-MCCe0BaTE/IbCKOM CEKTOPEe Ha Kadeape MUHepanoruu, netporpadum n reoxmmmmn CBepaaoBckoro
FOPHOrO MHCTUTYTa (HblHe — YTTY), B xoge koTopon A. @. BylwmakmH 6bl1 UCNONHUTENEM XO340rOBOPHbIX TeM. 34eCh 3ak/a-
AblBaAlOTCH OCHOBbI €ro JlasibHelllero N1040TBOPHOrO HayYHOr o COTpyAHMYecTBa ¢ Boprcom BaneHTrHOBUYeM YeCHOKOBbLIM
(2928-2005).

B 3TOT nepuog BbixoAAT nepBble cTaTbu AHaToIMA Quannnosmya, NOCBsLLEHHbIe BONpocaM MiHepanorumn Bepesosckoro
30/10TOPYAHOrO MECTOPOXAEHWMS, AeTa/lbHOMY U3YYEeHUIO MUHEPAJI0B BUCMYTa U HUKENS, MPUYMH BOSHUKHOBEHWSA OKTas3pu-
4ecKoW OTAENbHOCTM Yy rafeHuTa. MeHsieTcs TeMaTuka Hay4YHO-UCCIe40BaTeNbCkUX paboT Kadeapbl, U COTPYAHUKM Bble3-
XaloT Ha 30/10TOPYAHble MecTopoxaeHus B CeBepHON AkyTun. 3agaum paboT: BbISBUTb 3aKOHOMEPHOCTU B pacnpesesieHnm
30/10TOrO OpY/AEeHeHUs, U3yUnTb MUHEPaIbl-CYTHUKMN A paroL,eHHOro MeTa1a, MOHATb 0CO6EHHOCTM MPOUCXOXAEHNS 1 Npe-
obpa3oBaHMs BMELLAIOLWMX OpyAeHeHNs YepHOCAaHLLEBbIX MOPOA,. VI3MeHseTcs 1 TeMaThka HayuHbIX MybankaLuii y4eHoro.
Co CBOWCTBEHHOW eMy CKPYMNY/1e3HOCTbHIO, BAYMUYMBOCTHIO OH aHa/IM3MPYeT COCTaB NMPUTA, C KOTOPbIM CBSI3aHO OpyAeHeHue,
MPOBOAUT MUCCNeA0BaHNE U30TOMHOMO COCTaBa Cepbl, 3MOPPHOW NMPUMECU MbILLbSKA, U3yYaeT ero TepModiekTpuyeckme
CBONCTBA.

PaboTas HaZ 13yyYeHMeM pa3IMYHOrO MUHepasIbHOr o BelecTBa, AHaToMi DUANNNOBUY yCOBEPLLEHCTBOBA UMElOLL Me-
s 1 paspaboTas HoBble MpreMbl paboTbl: MarHUTHbIV yKasaTeNb A/ BbIBAEHUS Jaxe oueHb c/1aboMarHUTHbIX MUHepasioB,
urny Ans otbopa MoHodpaKLMiA (CTaslbHas Urna pasorpeBanach ¥ BranmBaiach TyMbIM KOHLLOM B MJ1aCTMacCOBYIO ManouKy),
TEXHOJIOM M0 MNOArOTOBKM PEHTreHOrPaMMm, MeTO/, BbifiB/IEHWS 3/1eKTPONPOBOAALLMX MUHEPAJIOB C MOMOLLbIO 1€KOPUPOBAHUSA
meTanna u ap. [1].

Mocne nepexoga AHatonns Quannnosnya bywmakuHa B MHCTUTYT MuHepanorum YpO PAH B r. Muacce HauMHaeTcs
BTOPOW 3Tan ero Hay4yHol gesitenbHocTU. CoBMecTHO ¢ B. B. YeCHOKOBBIM OHM HauMHAOT U3yyYeHUe MUHepaaM3aLun Me-
Ta/INYECKMX NPeAMETOB B SKCTPEMAJIbHbIX YC/NOBUSX TEXHOreHHOM cpesbl — B FOPALLMX YrobHbIX 0TBasax KopkuHckoro
mMecTopoxaeHus. Tak Bbia 3a10KeH GyHAAMEHT ypasibCKOW LWKO/Ibl MUHEPanorMmn TexHoreHesa. B pesynstate MHOroOAeTHUX
nccnes0BaHNM Hbia OTKPBIT LieNbIld KOMMIEKC YHUKabHBIX MUHEPasoB, MHOre U3 KOTOPbIX ellle He 6bin U3BECTHbI Hayke.
Ho MexayHapoaHasa M1Hepanornyeckas accoumalms, nepBoHayaibHO yTBEPAMB NepBble U3 HUX B KaYeCTBE HOBbIX MUHe-
pajibHbIX BUA0B, BNOCAeACTBMM OTKa3anacb PerncTpupoBaTh cielytolne, MOTUBMPOBAB CBOE PelleHne TeM, YTO 3T coen-
HEHWS UMEIOT TEXHOT €HHYI0 NPUPOoAy 0bpasoBaHus. Ho XU13Hb BCe paccTaB/sieT Mo CBOMM MecTaM, 1 yxe B XXI B. poccuitckne

BywmakuHum (xenmbie ynnoweHHble Kpucmarnibi), Mommpamum (4epHbiti), nupomopghum (3eneHbill), Uepyccum Ha Keapue u 2aneHume.
Bepesosckoe 3o0momopydHoe mecmopoxoeHue. Lllaxma CesepHas. Tunosoli obpasey bywmakuHuma. Pasmep rons 3peHus 15 x 25 mm.

Kneimenos [I. A., KaiHos B. . AHaTonui Gununnosuy BywmakuH (1947-1999) u 6ywiMakunuT // U3Bectua YITY. 2018. Boin. 153
4(52). C.152-157.



HNCTOPMATOPHOTI'O AEAA

BocnomMuHaHus
06 A. ¢. bylumakuHe
€ro KOAAET U YHEHUKOB

B raaszax 19-AeTHen BbiMyCk-
HULLbI FTOPHO-METAAAYPIMYECKO-
rO TEXHUKYMQ, MPULLEALLEN MO
PACMPEAEAEHUIO HO Kadbeapy
MUHEPOAOTU U MEeTPOrpadoum,
AHOTOAMM PUAMANOBMY ByLLIMO-
KUH OblIA MAeAAOM. OH MPMXOo-
AMA HQ paBOTY K 8 yTpa, XOTa pa-
004MM AeHb HaYmHaACs B 8-30.

MNoOpPA3NAC  UCKAIOHUTEABHAS
MYHKTYOABHOCTb, MOPSAOK B 30-
MUMCax, ByMarax, PA3AOXKEHHbIX
0BpPA3LAX, AKKYPATHO PACCOoP-
TMPOBAHHbLIX MAKETAX C MpPO-
6amun. Hu pasy 3a 10 AeT cos-
MECTHOM pPABOThl M OBLLLEHUS
AHATOAMM PUAMMMNOBUY HE BbI-
LLEeA M3 cebs, He Harpybua, 31O
OblA BCErAQ O4EHb CMOKOMHbBIN U
YPOBHOBELLEHHbIM YEAOBEK.

OAHOXABI 4 MNPUTALLMAC
OPOLLUEHHOrO, PA3HOrO, pPbhke-
ro KOTEHKA. YNPOCUAQ OCTABUTb
Ha cybB06oTy M BOCKpPECEHbE B
PEHTTEHOBCKOM AQDBOPATOPUM.

A. A. Kaeiimenos, B. U. Kaiinos / Hssecmus YITY. 2018. Buin. 4(52). C. 152-157

MPUXOXY B MOHEAEABHUK — KOTC
HeT. OKO3bIBAETCH, KOTUK MIPAA
MNAKETMKAMM C Npodamu. «le-
OAOTMYECKMI KOTMKY, — CKQA3AA
AHATOAMM PUAMUMMOBUY U B3FA
€ero Kk cebe AOMOM.

B OAMH 13 MOAEBbLIX CE30HOB
MO HAYYHO-UCCAEAOBATEALCKOM
Teme (Mo KeaApLy) pPABOTAAM
BMECTE C AHOTOAMEM PUAUMTIO-
BUYEM MOA . MATHUTOTOPCKOM,
noceAok «KOXHbIM). XMAM B 0O-
LLLEXMTUM, O (HAYKY TBOPMAMY
HO KEPHOXPAHMAMLLLE. OT CTOA-
OUKA KEepHA Yepe3 MHTEPBAA
HY>XHO ObIAO OTOUTb KyCOYEK HA
MOAMPOBKY (CHLUAMAD), APYrowm
KyCco4ek — HO OHOAM3. Mom 0B4-
30HHOCTM ObIAM HEXUTPbLIE, MO-
MOYb HOCMUAKM C SLLMKOM MPU-
BOAOYb, AQ MOAMUCATb DTUKETKY
M YNAKOBATb MPOOBY B MAKET M3
KpadpT-6ymaru. 3ato AHATOAMM
PUAMMNOBMY  AOBPOCOBECTHO
YCMNEBAA HE TOAbKO PE3YAbTA-
Tbl B MWKETAXKKY 30HECTU, HO U
abpuc caeAdtb, 1 Napy dopas
HaMMcaTtb. K KOHLLY Ce30Ha OT-
4yeT OblA TOTOB. A MOCAE PABOThI
Mbl KCXKABIM A€Hb MO TPOAMLIM-

OHHOMY MAPLLPYTY 30XOAMAM
B MECTHbIM MArA3MH — CEAbMO.
NoceAok «KOXHbIMY MMEA OCO-
©oe, CNeuMaAbHOE CHABXEHME
(Mbe30KBAPLL, AOOLIBAEMbIM HA
MECTOPOXAEHMN,  OTHOCUACSH
K CTPATErMYECKOMY CbIPbIO), M
MOAOYKM CEAbCKOTO AMArda3mHA
OblAM YCTOBAEHbI NApPdIOMEPU-
€N BbICLLIETO KAQCCA M3 PpPaH-
U m Utaamm. M HALWA C HUM
30A040 COCTOSAQ B TOM, HTOOBI
KC>KAbIM  AE€Hb MOHIOXCATb  ABQ,
KO>KAbIM PA3 HOBbIX, TUMA AYXOB,
YCABILLQTb MX QPOMAT, MPOYYB-
CTBOBATb BCE QKKOPAbI 3QMaAxd.
B KOHLLe KOMAHAMPOBKKM AHATO-
AU PUAMMMNOBMY, OCHOBBIBASCH
HQ PE3YAbTATAX HALLEM «(IKC-
nepTn3bh, BbIDPAA AYXM CBOEW
cynpyre. Bot Takon 0oBCTOATEAD-
HblA 4YEAOBEK OH ObIA ACQXKE B
XXUTEMCKMX BOMpocax. CeeTAas
emMy NaMATb.

Bukropums leHHAALEBHA HEBOAMHA,
TAQBHBIN XPAHUTEAD YPAABCKOIO
reoAorm4yeckoro mysesq YIry

y4eHble OTKPbIBAIOT MNOHOCTbIO MAEHTUYHbIE MUHEPasbHble $asbl B MPOAYyKTax BO3roHa By/KaHOB Ha KamuyaTtke, coxpaHss
ANA HAX Ha3BaHWSA, NPUCBOEHHbIE YPaibCKUMKN NepBOOTKpbIBaTeNaMU — Bopucom BaneHTuHoBuuem HecHokoBbIM 1 AHaTO-
nvem Guannnosunyem bywmakmHbIM.

Y4eHbI NPoA0/IXKa akTUBHOE MUHEPAJIOrMYeCcKoe N3y4eHune 1 K1acCuyecknx ypaabCkux MecTopoxeHui: bepesoscko-
ro 3onotopyaHoro, MegHopyasHckoro, CapaHosckoro, BopoHuosckoro. B maTtepuane ns BopoHL0BCKOro MeCTOPOXAeHMAX
6b11 ONMCaH HOBbIN MUHEPas — KEPUT, Ha3BaHHbIW B 4eCTb yupeanTens Ypanbckoro obuiectsa ntobutenei ectecTBo3HaHNA
O. E. Knepa, B M3y4eHUN KOTOPOro NpUHMMaI akTUBHOE yyacTme AHaToamin Ouamvnnosumy.

B maTtepuane us otsanos Jertapckoro pygHuka A. @. ByliMakMH yCTaHOBWI HOBbIV MUHEpan — MAPOranng Kanus u
Me/u, B Ha3BaHMM KOTOPOro (aBAOHMHUT) PeLLn YBEKOBEUYNTb MMS U3BECTHOMO YPasibCKOro M1Hepaaora Baagumupa Huko-
NaeBnya ABAOHMHA (1925—2017). YTBepxXAeHue aBgoHNHUTa MMA KaKk HOBOro MMHepa/IbHOr O BUAa CTa/10 BO3MOXHbIM Mocae
OTKPbITUS aHAJIOMMYHON MUHepaibHOM da3bl B NpoAykTax GpyMapo/ibHOM AesTeIbHOCTH By/ikaHa Tonbaumk.

B nocnesHue rogbl Xu3sHu HayuHble nHTepeckbl AHaToMs Guannnosmya NOCTeNeHHO cMeLanmncb B 0baacTb apxeonoru-
4eCKOM MUHepanoruu.

A. ©. ByLuMaKWH rops4o nogaepyan yupexzaeHve YpasibCkoro reo/lorMieckoro XypHana, BOLE/ B ero peAaKLMOHHYHO KOMeruio.

Tparuyeckasi cly4aiHOCTb obopBasia XM3Hb Y4eHOro 27 Aekabpsa 1999 roga... MHorne naaHbl OKasaancb Hepeasnso-
BaHHbIMU, HO €ro Aes10 NPOAO/IXKUAN y4eHWUKU u koanern. A. @. BywmakuH noTpaTa MHOIO CU 1 BPEMEHU Ha MOAFOTOBKY
1 peAakumio KHUMM «OKCUAbI U TUAPOKCUABI», BbilLe/LLen B CBET yXe MoJie ero CMepTi B 2000 rogy (nepsas YacTb) 1 2007
roay (BTopasi 4acTb). B 2002 rogy B BecTHuke Ypasnbckoro otaeneHns MuHepasornyeckoro obuecrsa 6bin nsgaH «Cnmcok
MWHepanoB MeZHOPYASHCKOro MECTOPOXAEHUS», Haj KOTOPbIM Jo/rue rogbl pabotan AHaTonmn Guavnnosuy. Becero AHa-
Toavem Guannnosmuem BywimakuHelm 6610 onybanKoBaHo 115 pabor.

Tpyabl A. ®. BywiMakuHa o HOBbIX MUHepanax
1.YecHokoB b. B., baxeHoBa /1. ®., KameHues W. E., Monsikos B. O., BywmakuH A. ®. Cesdxunnt (Mg, Mn, Ca)(Al, Fe) (SO4)2F-14H20
— HoBbIV MWHepan [/ 3anuckmn BMO. 1984. 4. 113. Bbin. 3. C. 347-351.
2.MonogaB. ., Monos B. A., Pyaawesckuii H. C., MnaBatckmx C. @., Monskos B. O., BywmakuH A. . Habokout Cu7TeOz'(SO4)5 -KCl
M aT/1aCcoBUT CusFe3+ Bi3 + 04(504)5 - KCl — HoBble MUHepasibl By/ikaHu4yeckux akcransymi [/ 3anuckm BMO. 1987. 4. 116. Boin.
3. C. 358-367.
3. YecHokos b. B., Monskos B. O., BywmaknH A. ®. BaxeHoBUT CaBSS(Szoa)(OH)12 -20H O - HOBBbIV MUHepa [/ 3annckn BMO.
1987.4. 116. Boin. 6. C. 737-743.
4. YecHokoB B.B., BaxeHosa J1.0., BywmakuH A. ®. Gaoopannectagut Cam[(SOQ),(SiOé)]GF2 — HOBbIV MUHepan [/ 3anucku
BMO. 1987.4. 116. Bbin. 6. C. 743-746.
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AHATOAMIM PUAMMINOBMY, TO-
Ad... 3HOA BPOAE AOBHO, A BOT
APYXKOQ 30B430AACH, KOTAQ Pa-
BOTAAM YepE3 CTEHKY B MOABOAb-
4yMKe MpUCTpos 3-To0 y4eBHoro
3AQHUA. AHS, HOBEPHOE, HE NPO-
XOAMAO, HTOObI HE MOrOBOPMAM,
HEe OBCYAMAM OBLLIME TEMBI, Fe-
OAOTMYECKME BOMPOCHI. Kpome
TOrO YTO OH OYEHb YACTO MOMO-
FOA B PEHTTEHOBCKMX OMPEAEAE-
HUAX, TOAS O4EeHb OCHOBATEABHO
MOMOI MHE B MCCAEAOBAHMSX
MUPUTOB M3 OKOAOPYAHBIX Me-
Tacomatmtos Caypemckoro u
BpyCHMYHOTO AMECTOPOXKAEHMM
Ha [MoAspHOM Ypaae. lMpu mc-
CAEAOBAHUM GKYTCKMX MECTOPO-
SKAEHMM 30A0TA B YTAEPOAMCTbIX
CAQHLGOX MM ObIAG  BbIIBAEHA
30BMCMMOCTb  3HOYEHUM  TEpP-
MO-DAC OT COOTHOLLIEHUS DAE-
MEHTOB-MPUMECEN B MUPUTAX
— KOBAABTA, HUKEAS M MbILLIbIKA.
B TECHOM KOHTOKTE Mbl TOrAQ
PABOTAAM C AOLLEHTOM Kadoe-
Apbl doum3smkn A, A. KpumsoLuen-

HbIM, KOTOPbIM OblA PA3PaBOTaH
OPUIMHOAbHbIM

M U3rOTOBAEH

NPUOBOP AAS U3MEPEHMI TEPMO-
SAC 1 pa3paboTAHO METOAMKA
AN CYABAOUMAHBIX  MMHEPAAOB.
Yxe T1oraa y TOAM MPOSBAAACS
HEOObIYAMHbIM MHTEPEC K MUHE-
PAAbHbIM OBPA30BAHMAM, KOTO-
pble MOTOM MPUHATO ObIAO HA3bI-
BATb TEXHOTEHHBIMM. BOT OAMH 13
COMbIX OObIMHBIX AAS HEFO CAYYO-
€B: B MOABOABHOM MOMELLLEHMM
MPOM3BOAMACSH PEMOHT KAHOAM-
3ALLMOHHbIX TPYO — MEHSAM CTOSK,
PACMOAOXEHHbIM PIAOM C PEH-
TTEHOBCKOM AQbBopatopuen, d
HO TPETbEM ITAXKE HOXOAMAOCH
JoOTOAABOPATOPUI  MHCTUTYTA,
M MOHSITHO, 4TO BCE OTXOAbI MPO-
M3BOACTBO CAMBAAMCH B KOHOAM-
3aumio. Koraa COHTEXHUKM CTOAM
youpaTh CTapble TPYObl, AHO-
TOAMM  PUAMMMOBUY  MOMPOCHA
KX, 4TOObI BbIPE3AAM YACTb TPYO
AA UCCAEAOBOHMM MUHEPOAOB,
KOTOpble OBOPA30BAAMCH HA MX
CTeHKax. Toraa AHATOAMEM Pu-
AMMNOBMYEM ObIAM OBHAPY>XKEHDI
HEOObIYHbIE XMMMYECKME COe-
AMHEHMS cepebpda. OYeHb UHTe-
PECHbIE MCCAEAOBAHMS MO TEX-

HISTORY OF MINING

HOFEHHOMY MMHEPAAOODBPA30-
BAHMIO AHATOAMM  PUAMMMNOBMY
MPOBOAMA YXXE B MIHCTUTYTE MMU-
HepaAormm B r. Mmacce. Bneyar-
AJET €ro pabota Mo M3yHEHMIO
MMHEPOAOB HO PEBOAbBEPE,
MPOAEXABLLIEM CO BPEMEH [Pa-
>KAQHCKOWM BOMHbI B MOYBEHHOM
cAoe. [oTom y>ke AHATOAMI Pu-
AMMIMOBMY YCMELLHO MPOAOAXMA
MMUHEPAAOTUYECKYIO paboty
HOA QPXEOAOTMHECKMMM MPEA-
METAMMU C U3BECTHOTO BCEM Ap-
Kamma. NocaeaHmint y Hac ¢ To-
AEN MHTEPEC ObIA K OOPA3LLAM,
OTOOPAHHLIM MHOM C OTBAAOB
CYM3a, 370 mceBAOMOPTOO3bI
MEAM MO LLIGMOTOBOMY KMPMUYY
M NCEBAOMOPAOO3bl FEMATUTC
MO TAKOMY XXE KMPMUYY M3 Me-
AEMAQBUABHOM Medn. K moemy
BEAMKOMY COXOAEHUIO, 3TOM
paboTte He AQHO ObIAO 30BEP-
LLIMTLCH — TOAM HE CTAAO.

Barepwmr BacmabeBmy [pUropbes,
3QBEAYIOLLIMM OTAEAOM MOAE3HbIX
MCKOMAEeMBbIX YPDAALCKOro
reoAormyeckoro myses Yiry

YrnoweHHble Kpucmannbel bywmakuHuma (xenmsil), 8aHaduesbIli 8oKenieHUm (mMeMHo-Kopu4yHesbIl), Mommpamum (YepHeil), yepyccum (6enbid, cepbil), Keapu.

Bepesosckoe 3omomopydHoe mecmopoxdeHue, waxma CesepHasi. Paamep rornsi 3peHusi 5 x 8 Mm.
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5. YecHokos B. B., J/lotoBa 3. B., MasntoyeHko B. C., Ycosa J1. B, BywmakuH A. @., Huwan6aes T. M. CBaTocnaBuT CaAIZSiZO8
(pombuueckunin) — HoBbIN MUHepan [/ 3anuckn BMO. 1989g. Y. 118. Boin. 2. C. 111-114.

6.YecHokos b. B, Kosanes E. T, Fopenos . H., KoTaapos B. A, BywmakunH A. @., Xaanos B. ®. TuHHyHkymT C _H _N.O, -
HOBbIV MUHepan [/ MUHepasibl U MUHEPabHOE Cbipbe FOPHO-NPOMBILIEHHbIX paioHoB Ypana. Ceepanosck: YpO AH CCCP,
1989. C. 20-24.

7. YecHokos b. B., /loToa 3. B., Hurmatyamna E. H., Masatoyerko B. C., Bywmakun A. @. AmuwTenHbeprut CaAl Si O,
(rexcaroHasibHbIN) — HOBbIM MUHepan /[ 3anuckn BMO. 1990.4. 119. Bbin. 5. C. 43—46.

8. MypsuH B. B., Bywmakur A. ®., Cycrasos C. I, LLiep6ayes []. K. Kneput MnSb_S, — HoBbI MuHepan u3 BopoHL0Bckoro
30/10TOPYAHOrO MECTOPOXAEHUSA (Ypan) Il 3aI'IVICKVI BMO. 1996. 4. 125. Bbin. 3. C. 95—101

9. BywmakuH A. ®., Buancos B. A., Kotasipos B. A. Okcndepbeput Fe WO, — HOBbIN TeXHOTr@HHbI MUHEPan M3 ropenoro
TeppPUKOHa, YenabuHcknii yronbHbin 6acceliH /| Y panbckuii MuHepanorudeckuin cboprumk. 1998. N2 8. C. 23—31.

10. bywmakuH A. @., BaxeHosa J1. ®. ABAOHUHUT KZCUSCI8(OH)4- H.O — HOBbIN MVHEPa U3 30HbI TEXHOTeHe3a yPasbCkmX

KO/lYeZLaHHbIX MECTOPOXAEHUN [/ Y pasbCckuii MUHepanoruyeckuin cbopHmk. 1998. N2 8. C. 32-39.

B yecTb AHaToma Quannnosuua bylumMakuHa Ha3BaH HOBbIV MUHepan — rapokcua docdaTo-BaHazaTa CBUHLA 1 asto-
MWHUSI, OTKPbITbIN B 06pa3Liax 13 30Hbl OKMCIeHNst Bepe30BCKOro 30/10TOPYAHOIr0 MECTOPOXAEHMS B 1999 FOAY, U3YUYeHHbIN
B 2000—2001 roAax, yTBEPXAEHHbIM MexzayHapogHON M1Hepanornyeckom accoymanment B 2001 rogy (IMA 2001-031) [2].

BylwMaknMHUT BCTpeyeH B 0bpasLe B BUAE LWETOYEK TOHKOMIACTUHYATbIX KPUCTaNN0B, 6a13Knx no dopme K NpsiMoyrosib-
HbIM, pa3MepoM A0 1 X 0,5 X 0,05 MM, UMeIOLLMM HECOBEPLLEHHYIO OrpaHKy: Kpasi KpUCTaNN0B pacliensieHbl, CriaxeHbl, 3aKpy-
rneHbl. CBOEN PKO-XeTOM OKpackol 6yLMaknMHUT 0643aH O4HOMY 13 OCHOBHbIX 3/1eMEHTOB B CBOEM COCTaBE — BaHaAMIO.

MuHepan Xpynok, B UMMEPCUMOHHbIX NMpenapaTax BUAHA CNanHOCTb MO TPeM HanpaBAeHUsaM. ByluMaknHUT onTuyeckn
ZBYOCHbIW, oTpuLaTenbHbli. Mokasatenn npenomaeHns Np = 1,99, Nm = 2,03 Ng = 2,06.

XumMunyeckumi coctas bylwmakmHmTa (Macc. %): PbO 65,95; CuO 2,46; ZnO 0,08; A|203 5,75; Fe203 0,05; PZO5 11,67; V205
9,84; CrO3 1,99; SO3 0,10; H O Bbiu. 1,35. Pb (AIOIUCUO,MZno’m)olgg[POA][(VWCrOMPOInSO’m)l/mO['](OH). TeopeTtunueckas popmy-
na Pb_(Al,Cu)(PO,)(V,Cr,P)O, (OH).

BylumMakuHUT — nepBoe NpupogHoe CoeAMHEHWe, B CTPYKType KOTOPOro AOCTOBEPHO YCTAaHOB/IEHO YMOpsijo4eHHoe
pacnpegenexue P> un V5. MuHepasnsl, cogepxatme ¢ocdaT- 1 BaHaAAT-MOHbI B COMOCTAaBMMbIX KOJIMYECTBAX, OMMCaHbI, HO
CTPYKTYpbI X He U3ydanmce. B cTpyKkTYypHOM n1aHe MMHepan OTHOCUTCS K rpynne bpakebylwinTa, B CTPYKTYpe npegcTaBuTe-
neli KOTopoW MPUCYTCTBYIOT ABE HE3aBUCMMbIE TETPA3APUYECKHe MO3MLMM, KOTOPbIe B Cyyae 6yLIJMaKI/IHI/ITOM 3anoJ/IHeHb
docdopom B 04HON NO3NLUN M BaHAZMEM B APYron. [ipyrnM MHTEPECHBIM C KPUCTAIIOXMMUNYECKOM TOUYKM 3pEeHUS ABIEHUEM,
obHapy>eHHbIM B byLIMakMHWTe, ABAseTcA M3oMopdHas npumeck Cu?* B Al-okTaszpe. B Mrpe MrHepanioB 40 OTKpbITHSA ByLu-
MakuHWTa nogobHoe n3omopdHoe 3amelleHne HabIAAN0Ch TONIbKO B OCcapu3aBanTe. B rpynne xe 6pakebylumTa n3BecTHsl
Kak MeJHble, TaK WU a/IIOMUHUEBBIE MUHEPasibl, HO B HUX M30MOpdU3Ma MEXAY ABYMS STUMM dNeMeHTaMM He HabaAan0Ch.
OgpHoBpeMeHHO ¢ BxoxaeHuem Cu* B no3uumio AB* B ByliMakuHUTE NPOUCXoAUT nsomopdHoe 3amelteHne V5 Ha Gré*.

2,02

Cpocmok ynnoweHHbIX Kpucmarnnos bywmakuHuma (xenmeili), eaHadueg8o2o 8okenieHUma (memMHo-kopu4Hessbil). Mommpamum (Menikue YepHble Kpucmarniibl)
Hapacmaem Ha b6ywmakuHum. bepesosckoe 3o0momopydHoe mecmopoxoeHue. Pasmep cpocmka 2 x 3 Mm.
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Sl o [ e e R ekl e - A - e
BywmakuHum (xenmsie nnacmuHyamslie Kpucmarnsbl), 8yrbgheHUm (OpaHxeeo-Xefimble KpyrnHble Kpucmaribi), MupoMopghum (3eneHnbili).
lMeHHu Becm lond MatiH (Penny West Gold Mine). 3anadHas Aecmpanus. Obpa3sey, u gpomoepacgpus Myses 3anadHou Aecmparnuu.

JTan0HHble 06pasLbl bylMakMHMUTa XPaHATCA B YPa/ibCKOM reo/IorMyeckom Mysee YpasibCKoro rocyapcTBEHHOro rop-
HOro yHMBepcuTeTa B . EkaTepuHbypre n MuHepanorunyeckom mysee um. A. E. @epcmana PAH B . Mockse.

MNMomnmo Bepe3oBcKoro 30/10TOPYAHOr0 MeCTOPOXAeHUs DyLIMakMHUT BcTpeyeH Bo OpaHumK, B 2017 rogy 6bi1 ycTaHOB/EH
B aCCoLMaLLMM C By/IbGEHUTOM U NMMPOMOGUTOM B 06pasLie 13 30HbI OKUCIeHUs MecTopoXaeHus MeHHn BecT Mong MaiiH (Penny
West Gold Mine) B 3anagHol ABcTpananu. B 2014 rogy B kKauecTse HOBOro MMHepasibHoro Buga MMA 6bin yTBepxaeH Geppurbyiu-
MaKuHUT Pb_ Fe3*(PO4)(V04)(OH), OTKPbITbIM Ha MecTopoxaeHun Cnnbaep KovH MaiH (Silver Coin Mine), B Hesage (CLLIA).
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[eoMy3enHAs NEAQTOMMKA — YPAAbCKAS (OKMBMHKO B AEAEY:
€CTECTBOMCMbITAHME, SKCMNEPUMEHT, HAYYHbIM MOMUCK,
CAOMOOMPEAEAEHME
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Geomuseum pedagogy - Ural “creativity in labor of love”
natural philosophy, experiment, scientific search,
self-determination

Relevance of this work arises from the need to summarize and present to the public the positive pedagogical experience
in working with young naturalists and junior geologists, which are fascinated with natural scientific knowledge, interested in
searching for and collecting minerals, rocks and fossils, as well as scientific studies and scientific search at the Geological
museum cabinet (the status of a “school museum”) in UD Revda (Sverdlovsk Region).

This work aims at presenting the foundations of geomuseum pedagogy (GMP) - the authors’ pedagogical system of edu-
cational and socially practice-oriented activities with junior geologists, young naturalists, to show its advantages compared
to the traditional museum pedagogy and the role of the geological museum, integrated geological-ecological-local history
expeditions, scientific research and socially important activities in the team development of the junior association “Rifey-GeoEko”
and the harmonious development of personality of students.

Research methods. The geomuseum pedagogy is based on the method of systematic pedagogical observations, analysis, and
correction of educational activities on the basis of the freedom of choice of natural sciences to study. The naturalist is a nature
explorer, which is well informed about nature and how significant the nature to us. The monitoring of the develop-ment of young
naturalists is based on person-oriented, team-oriented, and competence-based approaches at studying in the museum, during
hiking trips and annual summer expeditions, the participation of juniors in intellectual and creativity competitions and socially-
oriented activities.

Research results. Our experience of activity in the field of geomuseum pedagogy (1988-2018) shows the effectiveness of the
GMP, which is expressed in the creation of a friendly, purposeful team of like-minded colleagues and, correspondingly, the
optimal conditions for the development of personality of each natural scientist. One of the distinguishing features of the GMP is
the positive results of the diverse practice-oriented activities of children and junior associations in nature and society. As a result,
the authors’ principle of the “triple bottom line concept” (“three pillars”) of the GMP is implemented: the trinity of personalities
in a multilateral activity — children, parents, teachers; the trinity of environments in the education—geological museum, nature,
society; the trinity of sciences at the scientific search — geology, ecology, and local history.

Conclusions. The new term - geomuseum pedagogy was proposed for the first time. The essence of this kind of activity is
determined by two leading fundamental vectors. The pedagogical vector reflects the results of the supplementary education
and a degree of education of children and juniors in the field of natural sciences, as well as their positive choice of the trajectory
of life. The second socially important vector demonstrates the results of the practice-oriented activity of a team of like-minded
colleagues (children, parents, and teachers), the socialization of young naturalists to help them to get socially involved in the
museum, as well as in the nature and society.

Based on the personal experience, authors are strongly convinced that in the Urals and beyond it there are many school
geological and geological and local history museums and mineral exhibitions, within which young amateurs of minerals, hiking
tours and expeditions. The natural sciences, scientific research, and inquiry encourage children to understanding the evolution
of the Earth, develop the natural scientific worldview, and contribute social and professional self-determination, as well as the full
development of the human personality. When entering the adulthood, especially in the student years, the acquired knowledge,
skills, and life experience will determine the perspectives of their further development.

Keywords: Urals, geomuseum pedagogy, “school” geological museum, junior geologist-naturalist, integrated expedition,
students of the museum scientific society “Riphean”, metallurgical experiment, socially significant activity, social and profes-
sional self-determination, laureates; education and research work, Shilovskoe deposit, “hot paleospots”, virtual geological route.

AKTYQAbHOCTb pa60Tbl 06YCAOBAEHO HEOOXOAUMOCTBIO KPATKOrO 0606LLLEHUSA U NPEACTABAEHUS OOLLECTBEHHOCTU MO3UTUBHOTO
neAarorM4eckoro onbiTa paGoTbl C A@TbMU-E€CTECTBOUCTLITATEAIMU, IOHBIMU F€OAOTAMU NpU f€eoAOrMHECKOM My3ee-KabuHeTe
(cTaTyc «wkoAbHbIN)) TO PeBaa (CBepAAOBCKAS OBAACTD), YBAEKAIOLLUXCSA €CTECTBEHHOHAYYHbIMU 3HOHUSAMU, UHTEPECYIOLLLUXCS
MOUCKOM U KOAAEKLLUOHMPOBOHMEM MUHEPAAOB, FOPHBIX MOPOA U OKAMEHEAOCTEN, UCCAEAOBAHUSMU U HOYHHbIM MOUCKOM.

LleAb cTaTbM — NPEACTABUTb reoMy3seiHylo neaaroruky (FMI) — aBTopcKylo NeAdrorM4eckyo CUCTeMy o6pa30BATEABHO-PA3BU-
BAIOLLEN U COLUAABHO NPAKTUKO-OPUEHTUPOBAHHOM AESATEABHOCTU C IOHBIMU F€OAOTAMU-ECTECTBOUCTLITATEAIMU, MOKA3ATHL €e
OTAMYUTEAbHbIE OCOBEHHOCTU OT TPAUAULLMOHHOM MY3E€MHOW MEAArorMKM U POAb F€OAOTMHECKOro My3esi, KOMMAEKCHbIX reo-3Ko-
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AOTO-KPAEBEAYECKMX IKCNEeAULUA, HOYYHOrO NMOUCKA U COLMAALHO 3HAYUMOM AESTEABHOCTU B PA3BUTUU KOAAEKTUBO AETCKOro
ob6beAnHeHus «Pudpei-freodkon U AMMHOCTU peBeHKa.

MeToaoAOrMs UCCAEAOBAHMSA. B OCHOBY MOAOXEH METOA CMCTEMATUHECKUX MEAArorm4eCckmux HaGAIOAEHMH, AHAAU3A U KOPPEKLUU
06pa30BATEABHON AESATEABHOCTU HQ OCHOBE CBOGOAbI BbIGOPA AETbMU €CTECTBEHHOHAYYHOM HANPABA€HHOCTU. EcTecTBOUCHbITA-
TeAb — TOT, KTO UCCAEAYET NPUPOAY. MOHUTOPUHI PA3BUTUS IOHbIX ECTECTBOUCTLITATEAEN GA3UPYETCS HO AUMHOCTHO-OPUEHTUPO-
BAHHOM, KOAAEKTUBHOM U KOMMNETEHTHOCTHOM MOAXOAOX HA 3AHATUSAX B My3€ee, NPU NPOBEAEHUU MOXOAOB U €XKETOAHbIX AETHUX IKC-
neAULUI, Y4HaCTUU AETEN B UHTEAAEKTYUABHO-TBOPYECKUX KOHKYPCHbIX MEPOMPUATUAX U COLLUAABHO HONPABAEHHON AESTEABHOCTH.
Pe3yAbTATbl UCCAEAOBAHMA. ONbIT reOMy3eiHO-NeAarornyeckomn aesteabHocTu (1988-2018) nokasbiBaeT pe3yAbTaTMBHOCTb TMI,
KOTOPAs BbIPAXAETCSH B CO3AAHUU APYXXHOTO LLeA€HANPABAEHHOTO KOAAEKTUBA € AMHOMBILLA€HHUKOB U B HEM — ONMTUMUAAbHbIX YCAO-
BUM AASl PA3BUTUS AMMHOCTU KAXAOTFO ecTecTBoucnbiTaTeAd. OAHA U3 OTAMYUTEAbHbIX 0OcoB6eHHocTen TMIT cOCTOUT B NO3UTUBHBIX
pe3yAbTaTAX PA3HOOGPA3HOW NPAKTUKO-OPUEHTUPOBAHHON AEATEABHOCTU AETCKOTo 06beAMHEHUS B NPUPOAE U couunyme. B npo-
Lecce peaAmsyeTcs aBTOPCKMI NPUHLLUM UTPOMHOTrO TPUEAUHCTBAN — «TPU kuTan FTMI: TPMEeAMHCTBO CYy6GbEKTHOCTEN B MHOTOFPAH-
HOW AEATEABHOCTHU — A€TU, POAUTEAU, NEAATOTU; TOPMEAUHCTBO CPEA B OOPA30BAHUU — TeOMY3€el, MPUPOAC, COLLMYM; TPUMEAUHCTBO
TPeX HayK B HOY4YHOM NMOUCKE — FTeOAOTUs,, IKOAOTUSA, KPAEBEAEHHUe.

BbiBOABI. BnepBble BBEAEH HOBbIM TEPMUH — reOMYy3€eMHAs NEeAAroruka, CyTb KOTOPOM ONpeAeASeTCs AByMsl BEAYLLLUMU OCHOBOMO-
AQraloLLLUMK BEKTOPamHU. lMeaarormieckuit BEKTOp OTPAXAET Pe3yAbTATbl AONOAHUTEABHOIO 06PA30BAHUS U YPOBHS 06pPA30BAHHO-
CTU A€TEel B €CTECTBEHHOHAY4YHON HANPABAEHHOCTH, UX MO3UTUBHbIN BbIGOP XXM3HEHHOTO Ny TU. BTOPOI1 BEKTOP — COLLMAABHO 3HAYM-
MbIM — NOKA3bIBAET PE3YAbTATbI NPAKTUKO-OPUEHTUPOBAHHON AEATEABHOCTU KOAAEKTUBA € AUHOMbILUAEHHUKOB (AETEN, POAUTEAEN,
NneAQqroroB), COUUAAU3ALMIO IOHbIX ECTECTBOUCHLITATEAEN B My3ee, NpUpoAe U couuyme. OnNMpascb HAO AUYHBIM OMbIT, ABTOPbI
rAy60Ko y6eXAeHbl, YTO Ha YpaAe U 3a ero NpeAeAdMU CYLLLECTBYET HEMAAO LLKOAbHbIX FEOAOTMYECKUX U TEOAOT0-KPaeBeA4EeCKUX
My3€€eB U BbICTABOK KOMHS, NPU KOTOPbIX UAET AKTUMBHAS paGOTA C IOHbIMU AIOGUTEASMU KAMHS, YCTPAUBAIOTCS MyTeLeCcTBus,
MOXOAbI U 3KCNeAULMN. ECTeCTBOMCNLITAOHME, UCCAEAOBAHUA U HAYYHbIM MOUCK BAUSIOT HO UHTEPEC AETeN K 3HOHUSAM eCTeCTBEH-
HOW UCTOPUU 3€MAU, eCTECTBEHHOHAYHHOE MUPONOHMMAHHUE, COLLMAAbHOE U NPOPECCUOHAABHOE CaMOOoNpeAeAeHHue, passuTme
AMYHOCTU. Ha BbIXOAE BO B3POCAYIO XMU3Hb, OCOBEHHO B CTYAEHYECTBE, NPUOGPETEHHbIE 3HOHUSA, HABbIKU U XKM3HEHHbIN ONbIT onpe-
AEASIOT 06AACTb UX GAMXKAWLLEro PasBUTUS.

KAtoyeBbie cAOBQ: YPAA, reoMy3einHas NeAarormka, LLUKOAbHbIN) reOAOTMHECKUA MY3€eH, IOHbIA FTeOAOr-eCTECTBOUCTbITATEAb, KOM-
NMAEKCHAsA 3KCNeAuuUs, My3elHoe Hay4Hoe o6uLecTBO y4dawmxcsa «Pudpbenn, MeTAAAypru4eckun 3KCNepPUMEHT, COLLMAALHO 3HQ-
YUMAA AEATEABHOCTb, COLLMAABHOE U NPOPEeCCUOHAABHOE camoonpeAeAeHune, y4ebHo-uccaepoBaTeAbckas pabora, LLinaoBckoe
MeCTOPOXAEHUE, Krops4Me NAA€OTOYKMU), BUPTYAAbHbIA r€OAOrMHECKUA MAPLLPYT.

leonozuyeckull my3ell omKkpbin HamM MHOMecmBo dgepell 8 0a8HO yuledwue Mupebi...
A. JlyKbSIHOB, BbIMYCKHWK My3es, KaHAUAAT FreoN0ro-M1Hepasormieckux Hayk

Mol Ypan, 3emns 30nomasn! B knadossle s maou cmy4yce.
Bydy nu 2e0/1020M — He 3HAI0, HO 0epP3amb U X UMb A Hay4ycs!
/leB13 IOHOLWECKOrO reoI0rMYeCckoro ABMXeHUs Ha Ypane

bl XMBeM Ha Ypase. MNMoHsAThe «Ypas» OTPaxatoT Takme BaxHeNLWwmne KaTeropum, Kak «reorpapus», «<Mctopums»,

«3KOHOMMKa», «Fe0I0rnA», «ropbi», «rpaHnLa EBpona—Asuns». Bce 3TM KaTeropmm opraHMyHO 3aKpen/ieHsl C/10-

BaMu GppoHTOBOro NoaTa A. TBapgoBckoro — «¥pan! OnopHeill kpall depicassl, ee 0obbImyuK U Ky3Hey...». B Mu-
poBoM nTepaType obpa3 ropHO3aBoACKOro Ypasia HepaspbiBHO CBs3aH C 6aXkoBCKMMM cka3amu 1 Xossikoln MegHom [opsbl.
Obpas3 flepkn HepeAKo MOXHO YBUAETb Ha LeBPOHax GOPMbI POCCUICKMX BOEHHbBIX. ApXeosioraMu gokasaHo, 4to Ha Cpea-
HeM Ypase eLle C OUCTOPUYECKMX SMOX, B NANEONTE JPEBHUI YESIOBEK HAXOAW M UCMO/b30BaAJ B ObITY M OXOTE HYXHbIN Ka-
MeHb, a B SHEO/IMTE NPOSIBU/IACh METATYPruns Meau, AaBLuas Havano BeKy 6poH3bl. OKo10 NosyTopa ThiCAYeeTU 40 Hallewn
3pbl CUNAMU PYAO3HATLLEB M APEBHUX META/IIYProB HACTY MW Xee3HbI BeK. MUHY/IM ThICAYeNeTUs, U He YAUBUTE/IbHO, YTO B
HaLLW AHW Ypas OCTAETCS OA4HUM U3 KPYMHENLLINX LLEeHTPOB LBETHOMN 1 YepHOI MeTaanyprum Poccun. Ffopoga PeBaa, B koTopom
Mbl X1BeM, ocHoBaH A. leMn0BbIM B CeHTsIbpe 1734 I"., Korga Ha PeBAMHCKOM 4yryHONUTENHOM 3aBoze bbi/1 BbiMaaB/eH nep-
Bbli YyryH. / BMoiHe 3aKOHOMepHa HaxoAKa IMTeNHOM GOPMbl B OKPECTHOCTM FOPOZa Ha OAHOM 13 SHEOANTUYECKMX CTOSHOK
JPEBHero YenoBeka, HaTa/IKMBAOLWLAs HAC Ha MbIC/Ib 06 MCTOKAX APEBHEN METANYPruK, 3aPOAMBLLENCS OKOO 6 ThiCAY J1eT
Ha3aj,.

Touka oTcueTa

Koraa Hayanacb nepectporika, Mbl Xuan n pabotanmn reonoramu B KpacHosipckom kpae, Ha AHrape. B 1988 r. pewnan
BepHyTbCs U3 Cnbupu B poAHble MecTa, B PeBay. Hayanock ¢ Toro, 4To B MtoHe 3T0oro xe roga V. B. Kosnosa yctponnack Ha
paboTy B /oM NMOHEPOB PyKOBOAMTE/IEM Fe0I0rMYeCcKoro Kpyxka. /ingmns HukonaesHa J/loboBa, Hal gupekTop, Bbigennaa
AN51 3aHATUIN NMOMeELLeHMe NoLWagbto 60 KB. M Ha BTOPOM 3Taxe. OHo NoTpe60oBasio 60/1bLIOro NPUAOKEHUS CU U BPEMEHMW,
npexze 4eM CTano pebsaybnM 1 HaWMM BTOPbIM AOMOM.

Hazo ckasaTb, 4To B 3TU rogbl B CBEpA/I0BCKON 061aCTH elLe CyLLeCTBOBA/IO FOHOLLECKOe Fe0/10rnYeckoe JBUXEHNE, BO3-
rnasnsiemoe I'. b. 3aiiueBbim. [leBu3 — «BocnmTaHue reosornen!». OceHbto 1988 r. 6b110 NPUHATO peLleHne 06 opraHMsaLMmn B
JlomMe nnoHepoB My3es, a yxe B Aekabpe poauncs aBTopckuii npoekT «Co3AaHue reonornyeckoro Myses-kabuHeta s r. Pes-
Zie», KOTOPbIV NMOAAEP>Kan ropoACcKon OTAe HapoAHoro obpasosaHus. Ero Torga Bosrnasasna Metp Muxannosuy Xaknmos.
Kak pykoBoguTenb ropoAckoro oTAesna HapogHoro obpasosarusa (FTOPOHO) u reorpad-kpaeses, ntobutenb Npuposabl, oH
MOHMMaJI, HACKO/IbKO BaXKHO XWTb Ha Ypasie U UMeTb B rOpoje CBOW reoIorMyeckmin My3en-kabuHeT 415 eCTeCTBEHHOHaYyuY-
Horo obpasoBaHus geTe 1 nomoLmM negaroram. Ham notpe6oBanock YeTbipe roga, Ytobbl 0bbl4Has, Tpebytolwas kanuTaab-
HOro peMOHTa KOMHaTa npeBpaTuaack B leonornyeckmin Mysen-kabuHer.

Yem ommyaeTtcs PeBANHCKMIA Fe0NI0rMYeckunii My3emn-KabmnHeT OT «LWKOJIbHBIX» reosiornyeckmx Mysees CBepA/I0BCKOM 0bnacTn?

Mpe3seHTauuns mysesn-kabuHeTa obLiecTBEHHOCTU ropoja cocTtosaack 18 Aekabpsi 1992 r. LleHHOCTb 1 npuBiekaTesb-
HOCTb J1060ro My3esi — B €ro HEMOBTOPUMOCTM U HEMOXOXECTU Ha Apyrue. PeBANHCKMI BKtOYaeT GyHAAMeHTasIbHble pasze-
/bl HAYK O 3emJ/1e: FeoMHaAMUKY U yHEHME O MOIE3HbIX UCKOMaeMblX, MUHEPAIOT Mo U KpUcTaaiorpaduio, neTporpaduio 1 na-
neoHTonormo. CneymanbHas SKCNO3MLMA NOCBSLLEHA FEONOTMM U MOJIe3HBIM UCKOMaeMbiM PeBAMHCKOroO panoHa v oHoLe-
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CKOMY reo/iorm4eckomy gsmxeHnto. Kak rosoputcs, Bcero noHemHory. Ha 60 KB. M 3KCMO3ULMOHHOM M/I0LWaAMN B 20 BUTPUHAX
HUXHero Hay4Ho-MHGOPMALMOHHOMO YPOBHS pa3MelleHbl OKO0 800 SKCMOHATOB: MUHEPAJIbl, FOPHbIE MOPOZAbI, No/e3Hble
nckonaemsble Ypana u Poccum, okameHenocTtu gpesHeit Gaopbl U payHbl. MHOrMe 13 HUX NpUBe3eHbl U3 3KCNeAnLuiA No Ypany
n Poccum, HekoTopble NogapeHbl 3apybesxxHbIMU FoCTAMU 1 Apy3baMu My3es. Hag BUTPMHAMM C KAMEHHbIMUW SKCMOHaTaMu
pacnosioXeHbl MOSCHAIOLWME MHPOPMALMOHHbIE NAAHLIETHI BEPXHEr0 HAaY4YHO-MHPOPMALMOHHOIO YpOoBHS. KaMeHHbI MaTe-
pvian, pacnooXeHHbIN B WwKadax, CyXUT yHebHbIMU KOANEKLUAMU A5 LKOJIbHUKOB U OHbIX reos10roB. CNpoeKkTUPOBaHHbIe
BHYTPV BUTPUH 3epKana ZesatloT My3el 60/1ee MpoCTOPHBIM, @ SKCMOHaTbl — 06beMHbIMK. My3elt — xpaMm Hayku — yAuBUTE Nb-
HbIM MUP KaMHsi!

My3el-kabnHeT MMeeT CTaTyC WKObHOMO. [l15 yunTenen u yqalmxcs WKkoa Bcero PeBAMHCKOro paoHa oH cTan 60/b-
UMM MOMOLLHMKOM B NPOBEAEHNM 0DbIUHbIX YPOKOB, @ TakXXe YPOKOB-3KCKYPCUI, YPOKOB MHTerpaLumun. EctecTBeHHOHayuHas!
My3elnHas cpeja BaXKHa He TOJIbKO A8 MOyHeHM s HOBbIX 3HAHWI MO MPUPOAOBEAEHMIO, eCTECTBO3HAHMIO U reorpadun. Pas-
JINYHbBIE KJACChl MMHEPAIOB MO3BONSIOT YIIyOUTb 3HAHWSA AeTer No XMMUK 1 GU3UKe 1 Aaxke Mo IMTepaType, KorAa nsydaetcs
TBOPYECTBO ypanbckux nucatenew M. M. baxosa, [. H. MamuHa-Crbupsika n gp. OkameHesnoct ¢paopbl U GayHbl BaXHbI B
n3y4eHnn b1oNorm, B NO3HaHUM IBOMOLMM XKMBOTHBIX U pacTeHW. fopHble MOpoAbl Aal0T AeTSM NpeAcTaB/eHne O cocTaBe
nutocepbl — kameHHoN 060/104Ke 3emMan, UcTopun ee obpa3oBaHKs, O TOM, KakK YeI0BeK MCMO/b30Bas KaMeHb elle B J0u-
cTOpUYeckue BpemeHa.

PapuTeToM My3es aBASeTCA KOMNEKLMA MUHMATIOPHbIX 06esrckoB EBpona—A3uns, nogapeHHas Myseto reorpapom-kpae-
Begom M. V. XomyToBbIM (1917-2003). Cpean M1MHEpaaoB, Brepsble B MUPe OTKPbITbIX Ha Ypasie, 3KCMOHUPYIOTCA BULLHEBWT,
YBapOBUT, KPOKOUT 1 Ap. K papuTeTam 0THOCATCA CUHSAS lMa — UpHUMUT (MpuMopckuii kpal), dparMeHT KepHa By/IKaHUYe-
CKOM NOPOZbI, MOAHATON C IyOMHbBI OKO/IO 4 KM U3 YPasibCKoW CBepXrybokon ckBaxkuHbl Cl-4, KONNEKLMS KBapL,a — FOPHOMO
xpycTans — u3 mectopoxaerus [logo (MpunonspHeiit Ypan) n 4p. B naneoHTonornyeckom skcnosunymm ocoboe MecTo 3aHu-
MatoT OKaMeHenocTu gpeBHen Gaopbl U PayHbl, BepBble HaAeHHble KAyboM B 3KCNeAnLMsxX no Ypany u UccaefoBaHHble
MY3€eMHbIM Hay4YHbIM 06LLecTBOM yyalmxca «Pudein» («feonoruns rnasamu geTten: NyTb K HAYYHOMY TBOpYecTBY». EkaTepuH-
bypr; PeBaa, 1999).

Bonblie Bcero B Mysee nobbiBasio ypanblies. leorpadus nocetutenen obwmpHas: Ekatepunbypr, KpacHoydumck, Ce-
poB, HuxHwue Cepru, Mepmb ... Mocksa, CaHkT-MeTepbypr, HoBocnbupck, Mckos, MpkyTck u ap. — 6onee yem us 60 Teppu-
Topuit Ypana n Poccun. MobbiBanm y Hac n nHoctpaHubl n3 CLUA n N3pauns, Mfepmanumn n Asctpun, Mosblum n CroseHuy,
AHrvmn v Hopeeruw, Boarapum u HOrocnasum, us YsbekucraHa n KasaxcraHa... ExerogHo B pasinyHbix popmax paboTsi
My3esi NPUHMMAIOT y4acThe OKOJI0 2000—2500 YesioBeK. BoT HekoTopble cTpoUku 13 «KHWIM OT3bIBOB re0/10rM4eCcKoro My3es-
kabuHeTa»: «My3ell — yydo Hawezo 2opoda ... BooxHoseHHbIU mpyo...Cokposuwje... 3amedyamensHsil... YousumensHsil ...Mo-
pasumensHeil... [Mompsacarowjuli ... KnaccHell... 30ecs msopsm cyacmaussie 100uU!» — 13 0T3bIBOB YUYEHbIX, Nearoros, geTemn
M MeHCMOHepOB. «Ecau mbi xoyewb umems dpy3ed. Ecau mel xodeuws, 4mobel mebe yousaAsAUCh U Xomenu bbiMb NOXOWUMU HA
mebs, mbl bydewb 30echb ...», — MULLYT APY3bsi-CTYAEHTbI HaLero My3es 1 kayba. 3T 0T3bIBbl HAC BAOXHOB/ISIOT.

A BOT Kak OT3bIBalOTCS O My3ee MHOCTPaHLbl, cTyaeHTbl 13 CLUA: «...Mbl usymneHsl 30ewHel konnekyuell! Hadeemcs, ymo
cmonmcem coenams NodobHbIU obpasey myses 8 wmame BaliomuHa». «Ydaqu 8 sawux 6ydyujux skcneduyusx. Mbi sepHemcs u
BbINNABUM (eNe30!», — BOCKNNL,AIOT 3aeXaBLUne B My3el NyTeLleCTBEHHNUKMN U3 AHINK, CeAyIoLLME MO XeNe3HOL0POXHOMY
mMaplpyTy Yepes Poccuto B CalroH (BbeTHam). Bce 3apybexHble rocTi yanBAAIOTCS, YTO Ha Ypasie OHu BnepBble Ans cebs
OTKPbI/N Takne My3eun. 3a pybexom MHOro NpekpacHbIX My3eeB, HO My3eM CO CTaTYCOM «LIKO/IbHbIM» U MHOTrO/IMKas AesTeslb-
HOCTb NMPU HKX C y4acTMeM geTel — POCCUMCKUM yHUKYM! VI Mbl ropAMMcs 3TUM.

«ObpasoBaHue cBobogHOro Boibopar

Feonornyeckmii Mysen — My3ei eCTeCTBEHHOW MCTOPUM — CTasl TPEKPACHOM CPesomn A0NoHUTeIbHOro 0bpa3oBaHuUsa Je-
Tel. B «3akoHe 06 obpa3oBaHMmM» roBOpUTCH, YTO «0bpa3oBaHuMe AeTel — 3To obyyeHne, BOCNUTaHWe 1 pa3BuTuex. MepBas
Halla aBToOpCcKasi Mporpamma HasblBasacb «PasBuUTHE IMYHOCTY geTel Yepes reo1ormio Kak HayKy». OHa cTana 1ornyeckum
npogo/KeHeM paboTsl € 4eTbMU B My3ee Noc/e ero co3aHus. B Helt opraHMyHo codeTanncb obpasoBaTesibHas, Ky/bTypHO-
MpoCBeTUTE/IbCKas, SKCMEANLNOHHAsA, Pa3BUTME My3eMHOro Aesa, SKCNepuMeHTaslbHas U Apyrue BUAbl AesaTeNbHOCTU BHe
LIKO/IbI C aKTUBHBIM y4acTMeM geTel 06beAnHeHNs kayb «Pudei».

Mo onpeaenenunto B. B. HectepoBsa, akc-MuHMcTpa obuero 1 npodeccroHanbHoro obpasosarus Ceepanosckor obna-
cT, nobbiBaBLUEro B HalleM My3ee-kabuHeTe, fJononHUTeIbHOe obpa3oBaHue — «obpa3oBaHue cBobosHOro Bbibopay, 370
€B060AHbBIN BBIGOP y4aLLMMCS CBOEI IKO0rMYECKOM HULLIK, MOUCK CBOErO AeTCKOrO KOIIEKTUBA A1 3aHATUS MO MHTepecam
BHe LUKO/IbHbIX cTeH. ObpalleHne WKoNbHMKA K HaM B My3eli MOXeT 6bITb nepBbiM BbIDOPOM. A BO3MOXHO, yXXe BTOPbIM UK
TpeTbUM. U He To/bKO. BbiBaeT, 4TO A€TM U3 HEMOHbIX CEMEN, @ UX, K COXaJZIeHNIO, CTAHOBUTCS BCe Hosiblie, NCMbITbIBAOT
HeZOCTaTOK B POAUTENbCKOM 3a60Te, 06LieHMM. Posib ceMeNHOM A4Yenkn B TakKUX BaxKHbIX NpobieMax BeCbMa akTyaslbHa.

[ns 3aHATUI B My3ee Y Hac HeT crewmanbHoro otbopa geten. OgHa 13 Hawmx 3aga4 — YTobbl knyb «Puden», obbeanHas
AEeTel 3HaUMMOW feATe/IbHOCTBIO NPU My3ee, CTa APYXHbIM KONJIEKTUBOM €MHOMBILL/IEHHWKOB — AeTel, poguTenen, nesa-
roroB. HYTobbl KaxaoMy pebeHky B KosnekTVBe Hbl10 TeN10 1 KOMPOPTHO, HTOOLI MOXHO 6bII0 peasn30BaTh CBOU 3a4YMKM
1 obpasoBaTesibHble NOTPe6HOCTM MO CaMblM pa3HbIM MHTepecaM 1 3anpocam, HauTH Apy3ei, CnblTaTb cebs B aKCNeANLUAX
1 noxoAax, nonpoboBaTb CBOW CWJ/IbI B MOJEBbIX UCCIE0BaHNAX, HAy4HOM Moucke B My3ee-nabopaTopuu, B oMMnnagax,
KOHKypCax, MUHepanormuiecknx ¢ectnbansx ... Hekotopble 4€T1 NPUXOAAT K HAM B TPETHEM W/IN YETBEPTOM KJlacce, KTO-TO B
7-M, 9-M WM AaXe B 10-M, «TPUKMUNAIOT» K KAYOy 1 3aHMMAtOTCS A0 OKOHYAHMS LUKO/IbI, A0 coBeplueHHoAeTus. ConpoBoXAas
AETen No XM3HKW, Mbl CO34aeM UM ONTUMaJIbHbIE YCI0BUS 415 XKM3HETBOPYECTBA, MOMOraeM CAeNaTb JIMYHOCTHO 3HAUYUMBbIN
MO3UTUBHBIV BbI6OP — BEIGOP CBOEIr0 HEMOBTOPMMOTIO XU3HEHHOMO MY TH.

Ot my3ses-kabuHeTa — k My3eto-abopaTtopun. am 4To Ham yAanock A0CTUYb Ha Hay4YHOM nonpuie?

Mocne co3paHus Myses-kabrHeTa Mbl He OCTAHOBU/MUCH Ha JOCTUTHYTOM U MPOAOC/IKUAN MOUCK HOBbIX BO3MOXHOCTEN
M ONTUMa/IbHBIX YCI0BUW AJ1S PAa3BUTUA AeTel-ecTecTBOMCNbITaTeNelN. EcTecTBoucnbITaTeNb, NO onpegenenuto B. . [lans,
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— «...TOT, KTO UCC/IeZYeT ABNIEHUSI MPUPOAbI». Yepes 5 1eT HaMm yAan10Ck NpeBpaTUTbL My3el-kabuHeT B My3en-nabopaToputo
M CO34aTb MpU HEM My3eliHoe Hay4Hoe 06w ecTBO yyalmxcs — MHOY «Puden». Tem cambiM geTsim 6blim co34aHbl HOBbIE f0-
MOJIHUTE/IbHbIE YCI0BUS At MHTEEKTYaIbHO-TBOPYECKOro pa3BuTus. be3ycs10BHO, CaMOCTOATENIbHO 3aHMMATbCS HAYKOM
He MOTYT He TO/IbKO €T, HO MOPOW M CTyZAeHTbI By30B. HO Nposo/1xXMTeNbHas COBMECTHasi MOMCKOBAs, MOMCKOBO-UCCIes0-
BaTeNbCKas W Moc/eAytoLiasi MHOFONeTHAs y4ebHo-nccnedoBaTesIbckas A4eATeNbHOCTb ecTecTBonCnbITaTens 8 MHOY npwu
noaAep>ke Hay4YHbIX PyKOBOAWTE/IEN — Fre0/10r0B-HAaCTaBHUKOB-MNEAaroroB My3es U y4eHbIX-KOHCY/IbTaHTOB YHUBEPCUTETOB
1 AKaZ,eM1mM HayK — MPUHOCAT cBou niogbl [Ko3ioB, K03/10Ba, 2014 1 CCbINKM B Hel].

B 1999 . Hamu n3gaH cbopHuK nccnegoBaTesnbekmx pabot MHOY «leosorvs u skosiorvs Ypana rnasamu geten: nyTb K
Hay4YHOMY TBOPYECTBY», r4e ony6/IMKOBaHO 15 CTaTel, B HAMMCAHWUN KOTOPbIX B TOM YMC/1e MPUHUMAIN yYacTue 12 AeTen, No
reos0rnm, MMHepaorMmn, NaNeoHTONIOM MK, SKOSI0r MM N TEXHOTeHesy, KpaeBeeHUIo 1 apxeoaorun. HekoTtopele cTaTbu nobe-
AvTenein o61acTHOM reolorMyeckor oMMNMazbl onybaMkoBaHbl B 0671aCTHOM M3aHWUK YpaibCKoW FOPHO-reo0rnyeckom
akagemuum «leosorns, MuHepaaorus n sxkonorus Ceepanosckor obnactu» (EkatepmHbypr, 1999). CaenaHbl nepsble Waru K
CBOWM MYCTb MasieHbKMM, HO OTKpbITUAM. Brocieacteum nybankosaHo 6onee 60 cTaTel 1 Te3UCOB A0KNaJ0B B MaTepuanax
Hay4HO-NpaKTnyeckmx koHdepeHumi yyawmnxcs B Mockee, ObHuHcke, CaHkT-MNeTepbypre, EkaTepuHbypre, Pesae. Tpoe Boc-
nUTaHHKKOB My3ed n MHOY — A. JlykbaHos, E. Kpoxanes v 3. laanH — B 1998 1 2003 T. BNepsbie B UCTOPUK ropoia Pesabl
cTann naypeatamu npemun NybepHatopa CBepasioBCkon 061acTh Ha pecTmBane «tOHble uHTeNnekTyanbl CpegHero Ypana».
Bce Mbl pagbl, 4To B 2007 1. CemeH CanypuH — BOCMUTaHHKK My3es-1abopaTopum — NoNy4mns 3BaHMe naypeaTa npemmm Ynpas-
NeHns obpasoBaHuWs Halero ropoga 1 naypeata npemuu Mpesngerta PO no nogsaepxke TanaHTImBon monogexu. Celvac
OH 3aKaH4YMBaeT acnupaHTypy B VIHcTUTyTe reonormm n reoxummm YpO PAH. MNMonoaxHnav paabl naypeatos H. BpataHoB, HbiHe
CTYAEHT 3 Kypca YpasibCKOro nesarormiyeckoro YHMBepCUTeTa, NpescesaTesb CTyAeHYeckoro MoaoAexHoro kayba Poccuii-
ckoro reorpaduyeckoro obuiectsa, A C. [lecaToBa — BbiMyckHMLLa My3esi-nabopaTopum (2000), naypeat [ybepHaTopckow npe-
mum v Mpemun MpesungeHTta PO, HarpaxaeHa 3a ycnexu B 0CBOEHUU NPOPeCcCMOHaIbHOMO reoIorMyeckoro obpasoBaHns B
CTeHax Ypa/ibCKOro rOPHOro yHuBepcuTeTa. [ycTb laypeaToB HEMHOMO, HO BCE OHU MPOLL/IM He3abbiBaeMy!o LWKOY AeTCKO-
tOHOLLECKON reosiorun. Ecaiv HekoTopble U3 BOCMUTAHHUKOB — BbIMYCKHUKOB My3esi aBHO CaMu CTasiv pOAUTENSIMU U BOBJle-
YyeHbl B TPOdECcCUOHA/IbHYIO Fe0/IorMYeckyto, NPenoaBaTesIbCKyo U MHble BUAbI AeATENbHOCTH, APYyrie NoJyyatoT Bbicliee
obpa3oBaHue B By3ax WK 3aBepLiatoT obyyeHne B acCnMMpaHTYpe, UM HAaXOoAATCs B MOMCKe cBoen byayuien npodeccun, To
NATUKAACCHUKKU AenaloT CBOU MepBble Wark B My3ee, «rpbi3yT FPaHUT HayKu», NO3HaBas TaMHCTBEHHbIM MUP MUHEPAJIOB,
MOPOZ 1 OKaMeHeI0CTeN B My3ee, NPEMYAPOCTU FrE0NOMMUYECKMX MAPLLPYTOB, NEPBbIX MOXOA0B U KCMeAULUNA.

«3KCneAnLMs — BOSMOXHOCTb U3MEHUTL Cebs K Nydllemy ...»

3TW cnoBa OAHOIO U3 YHACTHUKOB MHOMMX 3KCMEAULMIA KNyDa, BbINyCKHUKA My3es FrOBOPST O MHOroM. Beb B camom
C/I0BE M MOHATUM «3KCMNEeAMLUSA» 3a/10KeHO ryboKoe cozepxaHune: 3TO U CTPEMIEHNE K OTKPbITUAM, U BaXKHas 06LeCTBEHHO
3HauYMMas nosie3Has AesTe/bHOCTb. ITO eCTECTBOUCTbITAHME U MOUCK, MOPOW B SKCTPEMAJIbHBIX U YPEe3BbIYAMHbIX MPUPOAHbIX
CUTyaumsx, pomaHTrka byaHen n npukatodeHmns. A camoe BaxkHoe, SKCMEANLNA — 3T0 konnekTnB e4MHOMBILLIEHHNKOB.

MMeHHO reomMy3einHas nesarorvka, B OTM4Me OT TPASULMOHHOW «MY3EeMHOM NeAarormkm», Yepes noxoabl U aKcneau-
LUK 33 KAMHEM OTKPbLIBAET AETAM MyTU NO3HAHUS «B AABHO YyLieAlne Mupbi». [103aAn OnbIT 30 JIET IKCNEAULUN C AeTbMU
no Ypany v Poccuu. Mo Hawmm HabatogeHnsM, skcneamumns kak ¢opma BecbMa npuBaeKaTesbHa, BocTpebosaHa 1 ntobuma
J,eTbMU, OHA Ha MHOTME FroAbl MUTAEeT JeTckoe BOObpaXKeHne, pacliMpsieT rOpM30HTbI MO3HaHWS, reorpadunyecknin Kpyrosop,
ZlaeT BO3MOXHOCTb OTBETUTb Ha MOCTaBJ/IEHHbIE BOMPOChI, MPOBEPUTL Cebs U ApyxOy Ha MPOYHOCTb, MYCTb NMOKa HEOCO3HAH-
HO, HO caenaTh Bk1ag B cBoe byayuiee [Kosnos, Ko3noBa, 2013]. B akcneanumm Bce BUAHO Kak Ha naZoHW. W ecaiv roBopuTb
06 3¢ dekTMBHbIX cnocobax BOCMUTAHUS, TO 3TO YHUKA/IbHbIM CNOCO6 BOCMUTaHUS COLMANbHO OPUEHTUPOBAHHOIO pebeHka
1 KonsekTmBa. KoMnaekcHble akcneanumm Mysest U kayba — MUKpOMOZeb BXOXAEHUS AeTel BO B3POC/YHO XM3Hb. 3TO, MO
CYTH, MaNeHbKas XW13Hb: OCYLLECTBUTb CBOIO 3aBETHYIO MeYTY, BMECTe C APY3bsSMM MNOCTPOUTL MaNaTOUHbIN FOPOAOK, 3aroTo-
BUTb |POBa, pPa3Xeyb KOCTEpP, CBAPUTb Ha BCeX Kally, YTobbl OHa He npuropesa. ObycTpounTb 6bIT, OpraHM30BaTh MHTEPECHbIN
J0CYT U TBOPYECTBO Ha MPUPOAE, MOAPYXMUTBLCS, YCMELIHO PELLNTb NOCTaB/IEHHbIE Nepes SKcnenLmnen colnaibHO 3HaUYMMble
3aZ,a4u. Bce Kak B HaCTOSLWEN XM3HW, HO TO/IbKO B MMHMATIOPE, 3@ 15—20 JIETHUX AHEN 1 HOYel.

Kak y>xe roBopwaock, skcneAnLms — obLLecTBEHHO Noe3Has, NOCUIbHas A8 AeTel TpyaoBas AesTeNbHOCTb. B pesyb-
TaTe ee B re0/IOrMYeckoM My3ee MosiB/ISIOTCS HOBbIE SKCMOHATLI, y4ebHble 1 yyebHo-1ccnegoBaTeNbCkMe Koanekummn. am, K
npumMepy, oTKpbITbIN Kaybom «Pudeli» B npupogHom napke «OeHbU pyybm» (Moc. BaxykoBo) My3ei Nog, OTKpbITbIM Hebom
«MWUTKUHCKWIA PYAHWK» (2007) MM MOCTPOEHME TaM Xe JOMHULLbI M NMPOBeZeHME METaNNYPruiecknx SKCNeprMEHTOB C BbiMJias-
JNleHnem Kpuubl Mean 1 xenesa (2018). Ho cambIM r1aBHbIM NpY BCEM 3TOM TPYAOBOM U MHTENNEKTYa/IbHO-TBOPYECKOM Aene
YYaCTHUKaMM-CO3MAATeNsIMU OblIN 1 BCErAa OCTAIOTCS AeTW — eCTeCTBOMCMbITATe N, UX HACTaBHUKM — NeAaror 1 poguTenn.

OT «XKenesHoro Beka» — K 3KOKy/bType

Ypan — ropH03aBOACKOM Kpal, «rOPHO3aB0oA,CKas LMBUIN3ALLMSAY», F4e MOUCKM NOE3HbIX UCKOMAEMbIX U BOBJIEYEHUE X B
MeTasilypruyeckoe NponsBOACTBO, B METaTYPruio U3 peBie 3BeCTHbl. HECOMHEHHO, MeTall MO3UTUBHO BAMAET Ha Hayy-
HO-TEXHUYECKU NPOTPeCC, XN3Hb Ye/I0BEKa, HO U ero NMpoM3BOACTBO BbI3bIBAET 3K0/I0rMyeckme npobiemsl. M coBeplieHHO
He C/ly4alHO, a CKopee BCero, 3aKOHOMEPHO, YTO B 2000 TI. NPV akTMBHOM MHWULMMPOBAHMM M aKTUBHOM Y4YacTUK Hallero
knyba cocTosiiacbnepBas KOMMAEKCHas akcneanuymsa «KenesHbl Bek» B NpUpogHOM napke «OneHbM pyybny». ColnanbHas
Lle/ib STUX SKCMEANLNIA — CO34aHNE IKCKYPCUOHHOI0 06bekTa nog oTKPbITbIM HE60M B parioHe MUTBLKUHCKOO YpouunLLa A
pa3BUTUS 3KONOrO-MPOCBETUTEbCKON paboTbl Napka ¢ nocetutensimu. [lis 3Toro NoHag406uANCk FroAbl U Aaxe NposeeHue
pAAa METaNNYpPruiyecknx SKCNEPUMEHTOB MO BbINIaBAEHUIO KPULLbI XXesle3a U MeAM CbIPOAYTHBIM CMOCO6OM B CAMOCTONTE b-
HO COOPYXEHHbIX K/IYOOM HECKO/IbKUX JOMHULLAX.

CyTb MeTannypruyeckmx akcnepumeHToB (M3) 3aknto4anacb B PeKOHCTPYKLMKN U OCBOEHUM AeTbMM Ha NpaKTuKe Cnoco-
60B Nosly4YeHMs MeTaI0B A PEBHUM Ye/I0BEKOM B 3MOXY SHEO/IMTa (Me/b) M Xesle3HOro Beka (xkesie30). BaxHo, yto M3 Bk/to-
4aEeT HeCKOJIbKO BaXKHbIX 3TaMNoB: NOArOTOBUTENbHbIN — 3Tan XM3HeobecneueHns skcnegumuum (3aesa, obycTpocTBo nareps
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— ManaToYHbIM FOPOAOK, NMUTaHMe, BbIT, MONCKN N UCCNe[0BaHUS, JOCYT U AP.), TEOPETUKO-MO3HABATE/bHbIM, OMbITHO-3KCe-
PUMeHTa/IbHbIN U MeToanYeckui 3Tanbl [Kosnos, Kosnosa, 2018]. MeTannypruyeckuii SkCriepuMeHT B NpoLLecce SKCrneauLum
B MPUPOZe BbICTYMNaeT Kak O4MH U3 COBPEMEHHbIX BHELLKO/IbHbIX aBTOPCKMUX MHHOBALMOHHbIX METOZ0B U METOAMNK Pa3BuTHA
ZeTel — HAUMHAOLLMX eCTECTBOMUCTLITATENEN CPeACTBaMM AOMOHUTEbHOMO 06pa3oBaHus [Ko3nos, Ko3znosa, 2013]. AKTy-
aNbHbIM SIB/ISIETCS KOHCTPYMPOBaHWe creludnyeckon MeTannypruiyeckon MUHN-NeYr — JOMHWLbl, TEXHOOr S NpoLiecca ne-
peniaB/ieHns pyAbl B KPULY U UCMO/Ib30BaHNE 31€MEHTOB 3aHUMATe/IbHOM MHXXEHEPHOM reoNornm (MoUCKK U A06blYa KaMHS
ANS AoMHUL, dAtoCa A5 NAaBKU HA TEPPUTOPUM SKCMEPUMEHTA, UCMO/Ib30BaHME CreLanbHOro MHCTPYMeHTa 1 npnbopos
n ap.). Megarornyeckas NpakTUKa NOKasblBaeT, YTO MNO3HaHWeE AeTbMU NPUPOAbI M UCTOPUM Yepes MeTalaypruieckunii akc-
MepPUMEHT C BbIN/IaBJIEHNEM U3 PYy/, META/I/IOB APEBHUX 3MOX (MeZb, Xe/1e30) CyLeCTBEHHO BIMAET Ha UX COLMann3aLmio n
npodeccroHanbHOe camoonpesenerHmne. AKTyasbHblM, 3HAUMMbIN NMPAKTUYECKUIA Pe3yNbTaT — COBEPLLEHCTBOBAHME TeMaTu-
YECKMX IKCMO3UL M, WKObHBIX y4ebHbIX 1 y4ebHO-nccneA0BaTEIbCKUX KONEKLMI [eoornyeckoro My3es — kabuHeTa LieH-
TPa, BaXHOM My3eMHOM Cpegbl Pa3BUTUS CaMUX YHAaCTHMKOB dKCneAnL MU, He MeHee BaXxHa 1 nepeada 4acTu akcrnoHaTos M3
B «Jemungos-LieHTp», PeBaa (KosnekLmns ropHbix NOpoA 1 pyA) n B ObnactHomn mysen npupogbl, EkatepuHbypr (kpuubl Mean
W Xenesa; pyAbl; ApeBecHbl yrosb; nybavkauum). 3aberas Bnepes, oTMeTMM, 4To 61aroAaps npoBeeHHbIM paHee 3Kcnepu-
MeHTaM co3/aHbl 61aronpusTHbIE YC10BUS 4151 MPOEKTUPOBaHUA U MOCTPOEHMSA B 2018 I. 4aCTU MHTEPaAKTMBHOIO MeTanayp-
rMYeCcKoro KOMM/IeKca-A40MHULLbI B 0C060 oxpaHsieMol npupoaHon TeppuTtopum COIY npupogHbin napk «OneHbu pyyubm».

B 2005 r. akcneanuus knyba «nepepocna», passuaachk B SKCneanLmio — wkosy «Haw Beibop-akokyabTypal». 3a 8 net
3KCNeANL N IOHbIE Fe0IOMN-3K0/I0TU-KpaeBebl Ha MPakTUKe NOCTENeHHO 3HAKOMWANCE 1 OTKPbIBaAWN Ans cebs paj coBep-
LEHHO HOBbIX NPOdECcCUii U NMOHATUIN: eCTeCTBOMCMbITaTe s U PYAO03HATLA — Fe010ra, FopHsKa-cTapaTens 1 oboratuTens,
MeTasilypra v peMec/1eHHMKa, 0TYaCTU — YI/1eXora 1 Ky3HeLla; SKCnepuMeHTaTopa W 3K0/10ra, MICTOPMKa M Kpaeseza 1 MHorme
Apyrve. [ocTuras skcneANLNOHHYIO XMN3Hb, Mbl MOHAIN, KaKytO UCKOUYMNTEbHO BaXHYIO POJb B NeAarornke CoTpygHuye-
CTBa UrpaeT BXOX/EHWe JeTel B pa3Hble posiv (Ha cBoeM ypoBHe). «OnbIT — BOT y4MTeNb Halu!»,— CKa3an KTO-TO U3 BENNKMX.
MNepeAayda MHHOBALLMOHHOIO OMbITa B MOJ1EBbIX MPUPOAHbIX YCIOBUSAX C y4aCTUEM IOHbIX F€0/I0r0B-3KO0/10r0B, B MOJ/IEBbIX KOH-
depeHLMsaX 1 SKCNepUMeHTax JIOFMYHO NoABEeNA HAC K SKCNeANLMOHHOMY MacTep-Kaaccy. 3a 3TU rofbl yHaCTHUKaMU UHTe-
PaKTMBHbIX SKCMEPUMEHTOB CTa/N CBbILLE 600 AeTel, CTYAEeHTOB U B3pOC/biX B «ONeHbUX pyUbsix», B PeBAMHCKOM palioHe u
Ha o3epe UTkysb BYensbuHckon obnactu. M Bce Mbl MbiCIeHHO NO6bIBa/IM B 3M0OXax IHEONTA U Kesle3HOro BeKa. A npupoa-
HbI NapK B UCTOPMM 0cob0 oXpaHseMbIX NPUPOAHbIX TEPPUTOPUIA CTas NepBON TEPPUTOPUEN, F4e BMeCTe — eTH U B3pOoC/ible
— B JOMHMLE BbIMAaBUAW KPULLbl METAINIOB MeAN U Kene3al

SKCneAnLMmM B NpupoAHOM napke «OseHbK pyUbu» 3aBepLUMINCE OTKPLITUEM 29 MIO/IS 2007 . MPUPOAHO-UCTOPUYECKOrO
My3es oz oTKpbITbIM He6oM (MIMOH) «MutknHckunii pyaHuk» [Ko3nos, 2007 1 ccoiiku B Hel]. MpogenaHa 6onblias paboTa m
B COCTaBe My3esi Bble/1eHbl 5 MaMATHUKOB NPUPOAbI M UCTOPUK: 1. [eonornyeckne NnaMATHUKN MPUPOAbLI MECTHOT O 3HaYeHUS:
a) «bapaHuit 106» — reomopdosI0rnyYecknii MPUPOAHbIN 06BEKT — ApPEeBHSA Me30-KaHO30McKas cneunduyeckas Bbinykaas
(oTnpenaprpoBaHHas NPMPOAOI) NOBEPXHOCTb BbIBETPUBAHUSA CpeHeAeBOHCKMX PUPOreHHbIX M3BECTHAKOB, BCKPbITas Ka-
pbepoMm npu fobbive Byporo xenesHska; 6) «Bogonas» — reos0ro-naseoHTONOrMYeCKMi 06beKT — OMbITbIE BOAOM pudo-
FeHHbIE U3BECTHSKN CpesHero AeBoHa ¢ boratol ¢ayHoM OANMHOYHBIX M KOIOHUA/IbHBIX KOPasIoB, 6paxmuonos, KpuHouaen,
OCTaHKOB KOHOAOHTOHOCUTENEN U APYTrMX MOPCKUX XMBOTHbIX YPasibCKOro naseookeaHa. 2. IcTOpnko-ropHo-reosormye-
CKWI NaMATHUK PErMOHaIbHOTO 3HaUYeHUs «MUTKUHCKUIA PYAHWUK» OTpaxaeT A00bivy Bypoxese3HIKOBOW pyabl KapbePHbIM
M NOZ3eMHbIM (WaxTHbIM) cnocobamu B cepegnHe XIX—Hauyane XX B. 3. AHTpononaHAWaPTHBIN NaMATHUK NPUPOAbI perno-
Ha/NbHOro 3HayeHMst «MUTKMHCKME 03epa» — Kackaz, 13 Tpex o3ep (BepxHee, LleHTpanbHoe 1 HuxHee), obpa3oBaBLumMxcs Ha
MecTe bbIBLUMX KAapbepOB Xes1e3HbIX pyA, OTPaboTaHHbIX OKO0 100 /1eT Ha3ag. 4. leoboTaHnyeckne ob6bekTbl (Ha TeppuUTOpPUN
BbISIBJIEHO CBbILLE 9O BUAOB PAaCTEHUN, U3 HUX 2 BUAQ, He XapaKTepHble 4151 30H TeXHOreHe3a). 5. 300/10rMyeckmne obbekTbl
(xapakTepHoe MecToobMTaHMe TaeXHbIX BUAOB XMBOTHbIX — JI0Cb, BOJIK, PbICb, 3asiLy, Bbigpa, HOpka, 606p 1 606posas nao-
TUHA U AP.; UAKH, rayxapb 1 4p.). MITOH «MUTKUHCKWIA PYAHWK» OTHECEH K MCTOPUKO-rOPHO-reosiornyeckomy tuny. Mo
HaLIMM NpeACcTaB/eHUsM, 3TOT 06bekT MPUPOAHOro Napka Ype3Bbl4aNHO BaXeH AJ151 OXpaHbl M BOCCTaHOBJ/IEHNS MPUPOAHOWM
cpe/bl, HAPOAHbIX TPAAWULMI, IKONOTMU3aLLMM CO3HAHMSA CaMOro Ye/loBeka Kak OCHOBHOMO NPMpoAou3MeHsioLiero ¢pakTopa.
3KONOrMYECKN OPUEHTUPOBAHHbBIN TYPU3M U MOrPYXeHME B MPUPOAY NapKa rapMOHUPYIOT oTHoleHus Yenosek-Tpuposa
ANs ycTonumBoro passutus [Kozlov, 2002].

B 2007 . B napke nobbiBasio 0ko10 25 000 Yenoek! «B okmsabpe 2007 2. Mbl, npedcmasumenu mypepynnel «JJukue eaku»,
nocemuau npupodHbil napk «OneHbU pyubu»...HeoMUIAHHO BbILLAU K HUBONUCHOMY 03epy... AHWAG_U HAM pacuugpposanu
sce! 5mo my3el nod omkpeimsim Hebom MumiuHckul pydHuk cpedu enyxol madeu!.. Ml camoe anasHoe — 8ce CMosIHKU, MOCMU-
KU, mponku coenarsl pykamu demel uz knyba «Pugel — leo3ko», u3 podHoll Pesdsi!.. Caedyrowum nemom mbl 0653amenbHO
sepHeMcs Ha MumkuHcKkue pyOHUKU U paccmompum sce Kak caedyem» (M3 oT3biea Typuctku . E. JlormHoBckmx 06 yanBmTe b-
HOM MapLLpyTe B napke). A ceiiyac NoCeLLaeMoCTb NapKa yBeNNMUYMIACh B Pasbl U AOCTUIAET eXerogHo 0K0J10 100 000 YeoBek!

PaboTa knyba 1 Bcex HalLMX coLManbHbIX MapTHEPOB MO AOCTOMHCTBY OLeHeHa 3010ToN Meganbio MNepBoro mexperno-
Ha/IbHOro 0bLLEeCTBEHHOIO KOHKYpCa My3eeB 3anagHo Cnbrpu n Ypana «Mysei roga. EBpa3uns-2006» B HoMmnHaumm «J1iobu
CBOW KpaW!», MoYeTHbIMM rpaMoTamMu 1 AUMNJIOMaMK PyKOBOACTBA napka, MUHUCTepcTBa NpUpoAHbIX pecypcos CBepaos-
cKkoM 061acTK, a Takxe OprkoMmTeTamMm 061acTHbIX IKOA0rMYeCKUX NporpamMmm «3esieHas BoHa» U «MapL napkosy». JlobuTb
CBOW KpaW — 3TO HeNlerkui NyTb K ZOCTUXEHMIO YCNELWHOCTU AeTelN U CO34aHMI0 HOBOrO My3eMHOro NPOCTPaHCTBA B OKPYXKa-
loLel cpege A5 YCTOMYMBOIO HACTOSILLErO M NepCreKTUBHOro byayLuero.

«KUMBUMHKaA B fene»

Feomy3eiHas nejarorvka — CJI0KMBLLIASCA CUCTEMA My3elHO-MeAarornyeckor NPakTUKM — aBTOPCKOe HamnpaB/eHue B
My3eWHoW negaroruke. [epBble pe3ynbTaTbl POJY FEOMY3€eMHOW NeAaroruku B pa3BUTUM JIMYHOCTU pebeHka ony6/1MKoBaHbI
B 1998 r. MaTepuanbl 0 pa3Hbix acnekTax paboTbl yumTenemn c 4eTbM1 B eCTeCTBEHHOHAy4YHOM My3eMHOM KOMlekce, B CO-
LMyMe 1 Npupoge Mbl ony6anKoBaAM B METOANYECKOM NOcobum «feonornyecknin Mysen — LWKoia» (2004) 1 B 6onee yem 40
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CTaTbAX U Te3MUCax AOKNAA0B B MaTepuanax negarormyeckmx Hay4Ho-npakTUYeckmx KoHpepeHLnn. B geiicTBMM Halwa HoBast
JonoaHuTebHas oblepassuBatollas obpasoBaTesibHas nporpamma «OT ecTecTBOMCNbITaHUS — K Bbibopy nyTu!» [Ko3snos,
KosnoBa, 2009 u ccbinku B Hel]. B 2013 I. ycnelHo 3aBeplieHa paboTa no 5-1eTHeMy rpaHTOBOMY npoekTy «EcTecTBOMCHbI-
TaHue. HayuHbili nonck. PaseButue» 061acTHOM 3kcnepumeHTanbHon 6azoson niowaaku FAY A0« Bopel, MONOAEXM», N0-
rMYeCKUM MPOAO/IKEHMEM KOTOPOIO ABASIOTCS HOBble 06pa3oBaTes/ibHble MHHOBALMOHHbIE NPOeKTbI «[eos0rnyeckunii Mysen-
LLIKO/1a HAy4YHOro nomcka» (2017) n «Hayka/laHa» (2017).

MpuobpeTast Apy3elt 1 COPaTHUKOB B NeAarormyeckom 1 CoLMaabHO HanpaB/ieHHOMN AeATeIbHOCTH, Mbl OTNpeAeNnan Ans
cebsi LLeHHOCTHbIe MPUOPUTETbI: YXOBHOE, HPaBCTBEHHOE U PpU3MUECKOe 30POBbe, eCTeCTBEHHOHay4YHOoe obpa3oBaHue, ecTe-
CTBOMCMbITaHME, 3KOIOrnYeckas KyabTypa, coLunasbHoe 1 npodeccnoHanbHoe camoonpesenerue Aetel — byaylimx ecTecTso-
ncnbiTatenein. Mbl Kak reonoru CBOW XM3HEHHbIN OMbIT M «POMAHTUYECKOE BUAEHWE MUPa» NepesaeMm AeTam. BmecTe ¢ HUmum
oborallaemM 3KCNoHaTaMu Halll My3el B MOMOLLb YYUTENIM, COBEPLLAs MOXOAbl U SKCNeANL MK, obeperaemM NpupogHble pecypcbl,
pa3BuBaeM CBOO My3eWHyto cpedy 0butaHus. C 3TUMM U APYrMMU COLMaIbHBIMU LLEeHHOCTSIMM, C HOBBIMU 3HAHMSIMK U Npuobpe-
TEHHbIM XW3HEHHBIM OMbITOM B IKCMEANLMUAX U MOX0AaX pUPeeBLibl — BbIMYCKHUKN My3esi — BXOASAT BO B3POC/IYIO XM3Hb.

JlocTUrHyTble ycrnexu coctosnnce baarogaps nojaepxke MHOMMX CNeLMaancToB 1 opraHnsan . MNoabsysacs cayyaem,
Bblpaxaem baarogapHocTb agMmuumctpaumm LLJO 1 Hawmm MHOrONeTHUM coumabHbiM NapTHepam. My3elHo-negaroruye-
CKas AesTeNbHOCTb BCE 3TU FOZbl TECHO CBA3aHa C Ypa/bCKMM reoiormyeckum Myseem YpanbCkoro rocyjapCcTBeHHOro rop-
Horo yHuBepcuteTa (anpektop . B. KnemeHos), ¢ npodeccopom YITY, 40KTOPOM reosoro-MmHepanorudecknx Hayk H. A.
MoneHoBbIM. 3HaUYMMYIO POJib B peann3aLnmn MHTEPaKTUBHBIX U UCCAeA0BaTeIbCKUX MPOEKTOB CbiFPasio MEXCEKTOPHOe CO-
TPYAHWUYECTBO C NpUBJIeYEHNEM MaTePUa/IbHO-TEXHNYECKMX PECYPCOB FOCYAapPCTBEHHbIX yUpexXeHn, 0bLecTBeHHbIX opra-
HM3auuni 1 busHeca. brarogapum cotpygHukos COIY OOMT «MpupoaHbIv napk «OneHbu pyybm» (Moc. BaxykoBo, AnpekTop
H. M. KannHkmH) n ObnactHoro «Myses npupogbl» (Exkatepunbypr, anpektop E. C. Ckypbix1Ha), COTPYAHMKOB 061aCTHbIX
obLecTBeHHbIX opraHmsaumnin «LleHTp akonornyeckoro obyvenus n nHdopmauum», Ceepanosckoro obaacTHoro obuecTsa
oxpaHbl npupozabl, «Knyb 3go0poBba «Buta» npu YITY (EkaTepunHbypr), npodkombl M agMuHucTpauunm 3A0 «Metannypruve-
CKUI XONANH» (1. PeBaa, r. HuxHue Cepru), OO0 «MuHepan-LUoy» (EkaTepuHOypr), Hekommepyecknii GoHZA «oCTONHBIM
—nyywee!» (r. BepxHsas MNMbiwuma).

«Byay nn reonorom?..». P. JleHueBmy: «f 3Hato...»

HayuHbi nonck 1 cBA3aHHas € HUM NPakKTUKO-OPUEHTUPOBaHHasA AefTe/IbHOCTb pacCMaTPMBAOTCA HaMU Kak MHTepec-
HbIM, YB/1eKaTeNbHbIM MNyTb HAY4YHOrO MNO3HAHWUA U XM3HETBOPYECTBA B MEPUOA AETCTBA U oHOLWECTBA. [NepeBog pebeHka 13
061acTH aKkTyasibHOro B 061acTb 61MXKaNWEro pasBUTUSA HAXOANUT CBOE JIOTMYECKOEe U KaYeCTBEHHO HOBOE NMPOAO/IXKEHME B
coumasibHOM 1 NpodeccroHabHOM caMmoornpeseneHnm, B BbIbope cBOen HEMOBTOPUMOMN «KUBWMHKW B Aesiex B CTyAeHYeCKon
1 B3POC/ION XMU3HMU.

[Jlanee Mbl npejcTaB/iseM B KPaTKOM WM3/10XEHWUM Te3ncbl yyebHo-uccnegoBatesibckor paboTtel PomaHa JleHueBunya
«MapLpyT no «ropsunm naneotoykam» LLinnosckoro mectopoxaerusi (CBepanosckas obnactb)» [JleHuesuny, 2018]. PomaH
— OAMHHAALATUKAACCHUK, YneH MHOY «Puden». B 2018 1. oH cTan nobegmtenem 061acTHOrO TypHUPA IOHbIX FE00r0B U
naypeatom npemun NybepHaTopa CBepA/10BCKOM 06/1aCTH, Y4aCTHUMKOM BTOporo mexzayHapogHOro c/eTa toHbIX reosoros
«eoApTek-2018». Ero ncciegoBaTenbckas paboTa ycnelwHo NpoLuia SKCNepTM3y 3a04HOMO M OYHOro 3TanoBs Beepoccuickom
KoHbepeHUUN nccnesoBaTebcknx pabot «ObpeTeHHOE MOKONEHME: HayKa, TBOPYECTBO, AyX0BHOCTb» (Mockea, HC "VH-
Terpauua®) n 3acnywana B Mockse Ha cekumn «[eonorns, MMHepaaorus, naieoHToNornsa». PomaH ycnewHo 3awmTna cBoko
paboTy 1 30 HOsI6pA 2018 . eMy BpyyeHa 30/10Tasi Megaslb desepanbHoro koHkypca "ObpeTteHHoe nokoseHue". B HTepBbio
rasete «[OpoAcCKMe BECTU» HA BOMPOC, KEM OH XO4eT cTaTb, PomaH oTBeTUA: «TpodeccmoHanbHyto AeaTeNbHOCTb CBAXY C
reosiornemn».

«BBegeHue. B okTsabpe 2017 roga Haw knyb «Puden-lfeodko» nocetnn LLInnosckoe MeZHO-CKapHOBOE MECTOPOXEHME.
3T0 MECTOPOXAEHME 3aMHTEPECOBAIO MEHS CBOEN MUHEpPasiormen. A TakxKke MHe CTalo MHTePEeCHO, Kak U Npu Kakux Temre-
paTypax obpa3oBanock ropHble nopogbl LLinnosckoro mectopoxaeHus. JlaHHoe MeCTOpPOXAeHKWe 4acTo nocewatoT. MiHpop-
MaLMIo O MECTOPOXAEHWUM TypUCTbl pa3MelLatloT B MHTepHeTe. HO caiTbl Masiof0CTyMHbl U He BCerAa NoHATHbI 06bIYHOMY
Kpyry nyTewwecTBeHHNKOB. Llenb: CocTaBUTb BUPTYaibHbIM Fr€0SIOMMYECKMIA MapLIPYT MO «ropsiunM naseotoukam» LLnnos-
CKOro MecTopoxzeHusi. MnaBHble 3agaun: 1) OTobpaTh MCCIeL0BaTENbCKYO KOMIEKLMIO TOPHbBIX MOPOZ MECTOPOXAEHUS.
2) MI3yunTb xapakTepuctuky LLInnosckoro MeaHO-MarHeTUT-CKapHOBOIrO MeCTOPOXAEHUSA NO AnTepaType U UHTEpPHeETY. 3)
N3yunTb nHdopMaLMio No MarmaTU4eCcknM NOpoAam, CTPOEHMIO CKapHOB U TemnepaTypam nx obpasoBaHus. 4) Onpesenunts
r/1aBHble FPYMMbl FOPHbIX MOPOZ MO UX reHesucy. 5) OnpesennTs «ropsiymne naneoTouku» MectopoxzeHus. 6) CoctaButb Ans
TYPUCTOB MO3HaBATEe/bHbIN FE0/I0rMYECKUI BUPTYasIbHbIN MApLLUPYT MO «ropsynM naneoToykam» LLinnosckoro mectopoxge-
HUs. O6beKT Uccnes0BaHMA: rOpHble NOpoAbl LLIM0BCKOro MeAHO-MarHeTUT-CKapHOBOrO MecTopoxeHus. Mpegmer uccne-
AOBaHUA: «fopsuMe NaseoToUKM» MeCTOpOXAeHMs. TMnoTesa nccnegoBaHus: Ha noBepxHOCTN 3eMan MOXHO 0BHapPYXUTb
CBUAETE/IbCTBA-C/IEAbl «FOPSYMX NafeoToueKk», ecan B ybuHe 3eman B kKapboHaTHbIE MOPOAbI BHeApsSAack MarmMa pasany-
HOrO XMMMYECKOro COCTaBa W Mog, BO3AeNCTBMEM ee TeMnepaTypbl 06pa30BbIBa/IMCh CKapHbI, @ NMPU ee «OXIaXAEHUN» KpU-
CTaNIN30BaINCb CaMN MarmaTUyeckre ropHble MOPOAbI 1 pa3Hbie MMHepasbl. MeToauka uccneaosanus. lNonesas: MOMOTOK,
nyna, komnac u ¢otoannapat. KamepasbHasi: mukpockon MBC-2, consiHas kKMc10Ta, LWKkana TBepAoCTU MUHepasoB Mooca,
dapdoposas naactmHka. ManeoToukm — 3To yCNOBHO Ha3BaHHas HaMK Hebo blas 061acTb, KOTOpas HAXOAMTCS B 30He 3a-
NleraHns MarMaTUYeCKMX MHTPY3UBHBIX U METaMOPPUUECKMX FOPHbIX MOPOos. MecTopoXAeHVe 5 pa3fenna Ha NaTb ToYek
(obnactein). MectopoxgeHue Ob1s10 OTKPBITO B 1703 FoAy KpecTbsiHuHOM W. LLInnoBbIM. 3aneraeT OHO B Oro-BOCTOYHOM 3HZAO-
KOHTakTe Bepxucerckoro rpaHnTHoro maccmsa (http://mineral-show.ru/children/ekskursiya-na-shilovskoe-mednomagnetit-
skarnovoe-mestorozhdenie). PazpabaTtbiBasioch ¢ nepepbiBaMu A0 1905 roga. B TeyeHune s1oro nepmoga 6bi1o gobeiTo 480
000 TOHH MeZHOW pyabl [ApocnaBsues, 1995]. Moae3HbIMU MCKONAEMbIMU HAa MECTOPOXAEHUN ABAAIOTCS MeAHO-MarHeTMTo-
Bble pYZbl M 30/I0TOHOCHbIE MOPOZbl, Te/la KOTOPbIX 3a/1eratoT B ckapHax. MNpobHocTs 30/10Ta 795—-806. ManeoTtouka N2 1. Pac-
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MO/IoXeHa Ha caMo 3anaZHoM okpanHe Kapbepa (puc. 2). NMopoga B Cka/ibHOM BbICTYyre NpeACcTaB/ieHa MelaHOKPaTOBbIM M0-
nocyatbiM rabbpo. Nb6po nmeeT MarmaTmyeckoe nponcxoxgeHve. Temnepatypa obpasoBaHus Mo AnTepaType — 0KoJ10 850
°C (http://referatwork.ru/category/geologiya/view/26943_lekciya_10_skarnovye_mestorozhdeniya). lopHas nopoaa rab6po
COCTOUT U3 TaKNX MUHEPAsOB, Kak rno/ieBOM WMaT U NMMPOKCEHDI. Llepe3 2—-3 M Y NOAHOXWUA CKa/IbHOIO BbICTyMa OTMEYEHbI
MOPOZbl CBET/IO-CEPOrO LiBET, NJIOTHbIE, MaCCUBHOM TEKCTYPbI, KpUCTanandeckme, bosbluas 4acTb MOPOAbl CI0XEHA Naaru-
0KJ/1a30M, a OCTaJ/IbHble MUHepasibl TpyAHoomnpeensemsl. Mbl 3Ty TOPoAy Ha3biBaeM nNpesBapuUTe/IbHO SHAO0CKAapPHOM, Tak Kak
oHa obpasoBanack B kpato rabbpoBoro Tena 3a cyeT NPUBHOCA Ka/bLMs, Yrepoda 1 KUCIopoga 13 MpamopoB. Temnepatypa
nx obpasoBaHuMs J0KHA bbITb, BO3MOXHO, 0k0/10 750 °C. ManeoTouka N2 2. PacnonoxeHa B 3anazHoM 4acTu Kapbepa, y Noj-
HOXWA CTEHKU Kapbepa. CKapHaMVI C/10)KeHa 30Ha MOLWHOCTbLIO 40 4 M. I'Iopop,y C/1aratoT rpaHaToBble U FPaHaT-3NNA0TOBbIE,
rpaHaT-NnMPOKCEeHOBbIE CKapPHbl. TO eCTb AaHHble CKapHbl COCTOAT M3 Takoro MMHepanaa, Kak rpaHaT, a Takxe nmeeT npume-
CY 3MNAOTA, MUPOKCeHa. TakXe B rpaHaTOBbIX CKapHaX BUAEH KanbLWT. TemnepaTypa 06pa3oBaHMs rpaHaTOBbIX CKAPHOB OT
800—400 °C. BoT 4TO elé xoTes10ch Hbl 3aMETUTH: BO BTOPOW MOJIOBUHE AaHHOM «ropsiveit naneoTouke» 66111 BbipaboTaHsbl
PYAHbIe Tes1a, KOTOpble MOM/IM BKavaTb B cebs Takme 3/1eMeHTbl, Kak Xesie30, MeAb 1an 3o101o [Myp3suH B. B., CazoH0B, 1990;
Ca3oHOB 1 Ap., 1994; [ BOpHUK, 2009]. ManeoTouka N2 3. Touka pacnosioXeHa B LLleHTPa/ibHOM YacTW Kapbepa, B BOCTOYHOM
CTeHKe Kapbepa. MpaMopbl 1 MpaMOpU30BaHHble U3BECTHAKM MMEIOT MeTaMopdpuyeckoe NponcxoxgeHue. 3Ta nopoaa ume-
eT 6ypHYI0 peakLmIo ¢ CONAHOM KncaoTon. Mpamopbl obpasoBaancs npu Temnepatype okosao 500 °C. XoTesocb 6bl nogme-
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yyactkamu ¢ cynbdvaamm
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[paHaToBble, rpaHaT-NMMPOKCEHOBbLIE U FPaHaT-
~ 3aNMO0TOBbIE CKAPHBLI C MArHETUTOM U HaINOXEHHOMN
cynbUAHON MUHepanuaauuemn

(==1 ['paHOaMOpUTBLI M annUTbl C HANOXEHHOW CEPULINT-
KBapLIEBOM MUHepanu3aumen

g OxkonockapHOBble U3MeHeHWs1 rabopo:
aKTUHONWUTM3aUMs, ANUA0TU3aLUS, anbbuTnsaums ¢
HaroXeHHOW CynbduaHON MUHepanusaumen

leonornyeckune 1 TEKTOHNYECKIe rpaHmLbl
€] Mpanuupl kapbepa

CxemamuyHasi 2eonoeuyeckasi kapma LLlunosckozo mazHemum-meOHO-CKapHOB020 MEeCMOpPOXOeHUsI ¢ usMeHeHuUsiMu (npedcmaeneHa [. B.
Bopouwykom). Npsimoy20rbHUKaMU roKa3aHo MosioXKeHUe 2e0/102U4eCKUX pa3pe3os: CUHUL 3HaK — pa3ped Ne 1; kpacHbIl 3Hak — paspe3 Ne 2; xer-
mbil — paspe3 Ne 3. KpacHbie moyku 03Hadarom «2opsiyue naneomoydkuy. 1 — 2abbpo; 2 — ckapHbl-1; 3 — MpamMopsbl; 4 — ckapHbI-2; 5 — duopumei.
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leonozuyveckuti paspe3 Ne 1 yepe3 3anadHyto Yacme LLunosckozo kapbepa. Konmakm eabbpo (1, 2) ¢ mpamopamu (7), co ckapHamu (3, 4, 5, 6).
KoHmakmbi: a — 2a66po co ckapHaMu U CKapHO8 C MpaMopaMu; apKka Ha epaHuye ckapHos u Mpamopos. 6. 1 — 2abbpo usameHeHHoe C 8KparieH-
HOCMbIO Cyribghudo8 Medu U 8MOPUYHBbIMU MUHEpanamu o HUM, 2 — 2abbpo curbHO U3MeHeHHoe (IHOOcKapH?), 3, 4 — cKkapHbl epaHamossble,
2paHam-anudomosble, epaHam-anudom-kanbyumossie, 5 — MpamMopbl. 36e3004KU KpacHo20 ygsema — HomMepa 06pasyoes (MpusioxeHue 2, kamarioa).

leonoeuyeckull pa3pes Ne 2 yepez sBocmoyHyto Yacms LLlunosckoeo kapbepa. a — ckapHbl (0bpasup! 10, 11, 12) Ha KOHMakme duopumos
(obp. 13) ¢ mpamopamu (06p. 9). 6 — dewuhpuposaHHbIl hOMOCHUMOK (a): 1 — Mpamopsbl, 2 — duopumsl, 3 — CKapH.
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leonoeuyeckuli paspe3 Ne 3. «XornodHasi cospemerHHas moyka». ObpasosaHue Kanbyumoegozo fnecka rnpu uau4eckoM ebleempueaHuu Mpa-
Mopos. TOYKU — COBPEMEHHbIE OMITOKEHUSI 8bIBEMPUBAHUS: Karlbyumoebili MeCcoK, KpynHo3epHUCMbIl Mo mMmpamopam. Tpey2osIbHUKU — omearbl
cKapHo8. «Kupruyuku» — Mpamopsl. Kpueble NUHUU — epaHulbl Mexdy nopodamu.

TUTb €Ll KOe-4TO MHTEPECHOE: B LIeHTPa/IbHOM YacTU CTEHKM eCTb cBoeobpasHas «reLiepa» — BblpaboTka A/IMHON HECKO/IbKO
MeTpOB, NOAYUMBLLASICA NP J0ObIYe pyZAbl BKPECT MPaMOPOB B LUIMPOTHOM HamnpasaeHuun. B newepe, He goxoas Ao Tynuka,
npu ocBeleHnn GoHapUKOM 0BHapyKMBaEeTCs NPOC/ION NopoAbl (OKO/IO 1,5 M), HAMOMUHAIOLWEN FHEWChl AW ClaHLbl. T
MeTamopduyeckme ropHble NMOPOAbl, IAaBHBIMW MUHEpPaaMun KOTOPbIX SIBASIOTCS NoJieBble WnaTbl, KBapy, U caogbl. Ma-
neotouka N2 4. OHa pacnosioxeHa Ha BOCTOYHOM 6OpTy Kapbepa M pacrnonaraeTcs Mexzay MpamMmopaMu v 4UOPUTaMK.
JlaHHble cKapHbI MO BUAY CU/AbHO OTANYAIOTCA OT FPaHaTOBbIX, FPaHAaT-3NMA0TOBbLIX CKAPHOB CBOMM KOPUYHEBATO-CEPbIM
LLBETOM, OCTPOYrO/IbHbIMU KpasiMn 0OpasLLOB MpW CKasibiBaHWUM, MESIKO3EPHUCTLIM CTpOoeHMeM. Bosblyto YacTb ckapHoB
COCTaBASIOT NAarnoksaas. KoHTakTbl CKApHOB C MpamMopamu 1 AWOPUTaMM YeTKMe 1 peskue. TemnepaTypa obpasoBaHus
3TMx ckapHoB npumepHo 600 °C. Maneotouka N2 5. [Mopoga npeAcTaB/ieHa MOPUTAMK, COCTOALLMMM M3 KBapLa, Naaru-
ok/aasa 1 uroabvatoro amdubona. B nopose Mectamm BUAHbI BTOPUYHbIE MPOXMUIKM SMNAOTA MOLHOCTBIO A0 2 CM, YTO
rOBOPUT O MPOHUKHOBEHUWN B MOPUTBLI PacTBOPOB, boraTeix KasbLuem. TemnepaTtypa obpa3oBaHusa Marmsl Mo MTepaTy-
pe okosno 650-700 °C. Ecav npuHATL TemnepaTypy AMOPUTOBOM Marmel 700 °C, To TeMnepaTypa obpa3oBaHWUs CKapHOB,
npeanonoxuTensHo, bblna Huxe, yem 650 °C. rsnyeckoe BbIBETPUBAHME MNOPOZ HA MOBEPXHOCTU MECTOPOXAEHMUS NPo-
NCXOAMNO MPU aTMOCPEPHOM AABAEHUWN U TeMNepaTypax, XapakTepHbIX A4 kaumaTa CpedHero Ypana. 3To «Xono4Has
COBpeMEHHas TOUYKa» MeCTOPOXAEHUS.

1 noATBEPAW TMMOTE3Y NCC/IEZ0BaHMUSA: HAa MOBEPXHOCTM 3eMAMN O6HAPYXMBAIOTCS CBUAETEIbCTBA-C/EAbl «FOPSYMX Ma-
NleoToYeK», CyLeCTBOBABLUMX B IybrHe 3emM11 B A€BOHCKMI NEpPUOZ Nasie030MCKOM 3pbl. B pesyabTaTe nccaefoBaHns pas-
paboTaH BMPTyasbHbIN MapLIPYT NO «rOpsYMM nasaeoTouykam» LLIMaoBCKOro MeAHO-MarHeTUT-CKapHOBOrO MECTOPOXAEHMS.
Mob6biBaB Ha MECTOPOXAEHMM, MOXHO Y3HaTb: ) O FEHE3MCE FNABHbIX FOPHbIX MOPOA: MarMaTnyeckom (rabbpo v anopuTsl),
MeTamopduyeckoM (Mpamopsbl), METaCOMATUYECKOM (CKapHbI) U TMAPOTEPMAIbHOM (MeAHO-MarHETUTOBbIE U 30/10Tble PYAbI);
6) 0 «ropsunx NaseoToukax» Mectopoxgenus (T, °C) —31o rabbpo (850), AMopuUTbI (700), Mpamopbl (500), ckapHbl (800—400).
Taknm 06pa3oMm, Mbl Y3HAEM, YTO KPUCTANINIYIOLLMECS U3 MarMbl FOPHbIE MOPOZbI M BMELLAIoLLMe NX NMOPOoAbl UMEIOT pasHble
TemnepaTtypbl obpaszoBaHMs. XoTenoch bbl NOAMETUTH ele o4MH GakT, UTO B 3TOM rogdy ucnoaHsetcs 315 net (1) ¢ roga oT-
KpbiTua LLInnoBckoro mectopoxaerus. MNpakTnyeckas 3HaYMMOCTb MOel paboTbl COCTOUT B CO34aHHOM MHOIO BUAEOPO/INKE
«BupTyanbHas reonornyeckas skckypcus no LLiniosckomy MecTopoxaeHuto» (419 TYpUCTOB, tobuTenemn KaMHs), KOTopbI
BblJIOXeH Ha Youtube: https://www.youtube.com/watch?v=LQKcfqPtM3U. Pe3ynbTaThl paboTbl Takxe A40KAaAbIBaINCH Ha Ha-
yYHO-TpakTUyecknx koHdepeHumsx B I. EkaTepuHbypre nr. PeBse, Ha ypoKax B LLKOJIE U B HALLEM Fe0/I0OrMYeCcKOM My3ee, r4e
3aHMMalOCh. B WKo1e BECHOM 2018 . MHOM MOJTyY€eH 3a4eT Mo BaXXKHOMY A /15 MeHA 3k3aMeHy «[poeKkTHas 4esTesNbHOCTbY.
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YHuKarnbHas Ko/ekyus MuHuamiopHbix obenuckos «Eepona-A3us»
u3 KamHs1, nodapeHHasi 2eozpachom-kpaegedom M. Y. Xomymosbim —
papumem eeonoau4yeckoeo mMy3es-kabuHema. @omo [1. C. Koanosa

OkcnepumeHm e my3ee-kabuHeme. 9mo 4ydo — MeHO8EHHOe 0bpa3sosa-
Hue medu Ha 28030e 8 pacmeope MedHO20 Kyropoca U meraHmepuma
u3 Jeamspckozo pydHuka! ®omo 1. C. Koanosa

P. JleHyesuy — 10HbIU ecmecmeoucrbimamers. @omoapxus Kiyba
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Okeneduyus ydanacs! ®omo [1. C. Kosnosa

XKenesHas kpuuya. Memannypaudeckul akcriepumeHm. « OneHbU pyyYbuy,
28 okmsibpsi 2018 e. ®omo E. Pycsiesod.

CoopyxeHue kiybom «Pucgpeli-F'eo3ko» domHuybl 8 OO[T npupodHom napke
«OneHbu pyybu». Mrons 2018 e. ®omo Y. B. Koanosoli
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YBarkaemble aBTOpbi!

Kypuan «M3Bectuss YITY» nyb6amukyeT pesyabTaThl HAYYHBIX UCCIIEROBAHNUI POCCUIICKIUX U 3apYOEKHBIX aBTOPOB Ha Pyc-
CKOM VIV QaHIJIMIICKOM S3BIKAX.
K paccMoTpeHnio puHMMAIOTCs PYKOINCH, CHabKEHHBIe CIIeYIOIMMI HeOOX0AMMbIMU KOMITOHEHTaMIL.

1. TekcT cTaTBV Ha PYCCKOM MIM QHITIMIICKOM A3bIKe (T160 gnyﬂsmqnmﬁ) B 9JIEKTPOHHOM Bujie. CTaTbyl IPUHIMAIOTCS
Ha 37IeKTPOHHYIO ITOYTY pefakuum: iuggu-journal@yandex.ru 6o mpy moMoly 371eKTPOHHOM peflaKIMM Ha caiTe iuggu.ru.
He momryckaeTCst HarpaB/ieHNUe B PeAKIINIO CTATEN, yKe ITyO/IMKOBABIINXCS MIN NOCTAHHBIX Ha TyOIMKALMIO B PYTHe XypHa-
np1. Heo6xopumo ykaseiBaTh HoMmep YIK.

2. AHHOTAIIA U KnroueBble cnoBa. O6beM aHHOTALMM JO/KEH cOCTaBIATh 200-250 C10B, KII0UEBbIX C/IOB NO/DKHO OBITH
He MeHee 5. I[Jo aHHOTaILUV YUTATeNb JOMKEH OILPENeNATh, CTOUT /U O0PAIAThCs K HOMHOMY TEKCTY CTaTby IJLS HOMy4eHMs
6oree moxpobHOIL, MHTepecyomielt ero nHdopmaryu. CTOUT BO3[IEpPXKAaThCsl OT BTOPOCTENIEHHOI MHPOPMALUY ¥ BBIPAKATh
MBIC/TY BO3MOXKHO 60JIe€ TaKOHUYHO.

B aHHOTAIN AO/DKHBI OBITH Y€TKO IIPONMCAHBL: AKTYaTbHOCTB, I1e/Ib Pa6OTHI, METOJ V/IN METOJOIOTA POBeTeHN
paboThI, pe3ynbraThl padoThI M 061aCTh MX NIPUMEHEHWsI; BBIBOJbI (IIPY HEOOXOXMMOCTH).

TeKCT cTaTby AO/DKEH OBITh CTPYKTYPUPOBaH B COOTBETCTBUY C aHHOTAIIVIEH M COAEeP>KaTh KOHKpeTHbIE pa3JeNbl: BBe-
IeHUe, pe3ynbTaThl ¥ NX IPUMEHeHe, BbIBOAbI (IPY He0OXOXMMOCTH), 3aK/II0YEHIeE.

IlepeBonm aHHOTaLVN, KIIOYEBBIX CIOB ¥ CIMCKA TUTEPATYPhl HA aHIIUACKUIL A3BIK OCYLIECTB/ISAETCA aBTOPAMM, TONIBKO
eCJIVl OHM YBepeHbI B KauecTBe IlepeBOofia, eCI JKe HeT — MepeBOf, OCyllecTBIAeTcA pefakiyeil. [lepeBos ¢ moMolibio a71eKTpoH-
HBIX HC}&CBO,T_[‘{I/IKOB He PeKOMEH/[yeTCA. 3

3. CnMcoK MuTepaTyphbl Ha PYCCKOM U aHITIMIICKOM A3bIKaX. CChIIKM Ha MICTOYHMKY NODKHBI UATH B TEKCTe IO OPAAKY —
1, 2, 3. B TeKkcTe CChUIKM 3aK/TIOUAIOTCS B KBafIpaTHble CKOOKI. KOMMuecTBO CCUIOK B TEKCTE JOHKHO COOTBETCTBOBATH KOTIIUe-
CTBY MICTOYHUKOB IUTepaTyphl B crvicke. YiiomyHanusa TOCT, CHull, npaBui 6e30nacHOCTY, HOPMAaTUBHBIX, 3aKOHOJATE/IbHBIX
U IPYIUX HOKYMeHTOB, oTdeToB 0 HIP, a Taxoke cchblIok Ha HeopuIManbHble UICTOYHUKM B VIHTEpHET HeOOXOMMO IPUBOLUTD
B TEKCTe CTAaTbU WIM B CHOCKAaX, He BBIHOCS B CIIMCOK JuTepaTypbl. O0A3aTeNIbHO OTpaXkeHMe B CTaThe MUPOBOTO OIBITA IIO
paccMaTprBaeMOMY BOIIPOCY, CIIMCOK TUTEPATYPbI JOIDKEH COflep>KaTh COBpeMeHHbIe 3apyOesxHble cTaTby (He panee 2013 ropa
uspganust). CIMCOK TUTepaTyphl JO/DKEH COLEPXKATh He MeHee 15 MCTOYHMKOB, U3 KOTOPBIX HO/DKHO OBITH He 6o/tee 2 cOOCTBEH-
HBIX paboT aBTOpa. Haymuuvie B crivcke MTEPaTyphl y4€OHUKOB, y4€OHbBIX ¥ METOIMYECKMX OCOOMIA, yKasaHUIl IO KypCOBOMY
U JUIJIOMHOMY IIPOEKTMPOBAHNIO, KOHCIIEKTOB JIEKLIMIA [/Is CTYIEHTOB He JOIYCKAeTCs.

4. CBegenns 06 aBTopax. Heo6xom1uMo ykasarh I KaKJZOro aBTOpa Ha PYCCKOM M aHIIMIIcKoM sA3bikax OO, pomx-
HOCTb, YIEHYIO CTEIleHb 1 3BaHe, MeCTO paboThl (yue bIg C yKa3aHMeM II0/IHOTO [IOYTOBOTO ajfjpeca, KOHTaKTHBIN e-mail, koH-
TakTHBII TeteoH, Homep ORCID ID (akxaynT ORCID 06s3aTenbHO HO/DKeH cofiep>KaTh MHPOPMAIINIO 0 MecTe paboThl aBTOpa
u aKTgaTH/ISI/IpOBaHHHﬁ nepedyeHb IyOMIMKaLINIt).

. DKCIIepPTHOE 3aK/II0YeHVe O BO3MOXKHOCTY ONYONMKOBaHUs. B CKaHMPOBaHHOM MM pacliedaTaHHOM BUJIE.

6. Cornmacue Ha 00pabOTKY HepCOHATbHBIX JAHHBIX. MOXXHO KaK IIPUCIATh B CKAHMPOBAHHOM BIJie, TaK U IPUHECTU B

penakinio. b1aHK MOXKHO B3ATb B peaKLINIA.

[Dnara3a ny6}m1<aumo C aBTOPOB HayYHO-TEXHNIECKNX cTareit, BKTto4Yas ACIIMPaHTOB, B IOPAJKE 061_ue171 OYe€peNN HE B3MIMAETCA.

O(BOPM}ICHI/IC crareit
1. Pegaxtop Microsoft Word, rapantypa Minion Pro. ITomns TOKYMEHTa: IeBoe 2 CM, ocTanbHble — 1,5 cM. Kernp 10, ogmHap-
HBI MHTepBal. A63anHsii orctyn 0,63. CTpanunsl HyMepyoTcsa. He nonyckaioTcsa npo6ensl MexXny ab3anamu.

2. B TekcTe HOMyCKAIOTCS TOMBKO OOLIeTpUHSITbIE COKpalljeHus CIOB. Bce cokpaleHns B TEKCTe, PUCYHKAX, TabmuIax
TOJDKHBI OBITH pacin(ppOBaHbL.

3. ®opmybl KOMKHBI ObITh HabpaHbI B pefakTope Microsoft Equation 1 mpoHyMepoBaHBI, eC/iu B TEKCTe IMEIOTCS CChUT-
ku Ha HUX. [Ipn Habope GOPMYI U TeKCTa TATUHCKUE OYKBBI BBIIEIAIOT KYPCUBOM, @ PYCCKIE, IpedecKye 1 H(pbl — IPsIMbIM
urpudrom. Kernb mpitdra B popMymax omKeH COBIAZiaTh C KersieM MpudTa OCHOBHOTO TeKCTA. TpUroHOMeTpiyecKe SHaKu
(sin, cos, tg, arcsin 1 T. [i.), 3HaKM runepbomndecknx ¢pyuxumii (sh, ch, th, cth u . 1.), 0603HaueHNs XMMIYeCKMX 37eMeHTOB (Al
Cu, Na m T. 1.), HeKOTOpBIe MaTeMaTndecKue TepMuHEI (lim, In, arg, grad, const u 1. 11.), uncna umm xkputepuu (Re - PeitHonbaca
U T. [I.), Ha3BaHUs TeMilepaTypHbIx mKai (°C — rpagycst Llenbcus i T. f.) HAGMPaOTCA NPSIMbIM LIPHPTOM.

4. Ousnyeckye efVHNIIBI IPUBOAATCA B cucteMe CII.

Ipaduyeckuit MaTepuan
VICYHKM, KapTBhl, YePTEXM IPeOCTAB/IAITCA B 9/IEKTPOHHOM ¥ 6yMa>kKHOM BHJie, B IIBETHOM J/VIY YePHO-0e/I0M MCIION-
HeHyu. V3o6paxkeH1st ZOMKHBI ObITh YeTKMMU, KOHTPACTHBIMMU. TaOMIIIBI U CXeMBI JO/DKHBI ObITh TIPUTOTHBIMMA JIA MPaBKIA.
Tabnmiiel 1 cXeMbl, CKAHMPOBAaHHBIE KaK U300paXKeH s, He IPUHMMAIOTCA.

Ha kapTax o6s3aTenbHO ykasbiBaeTca Macitab. Ha geprexax, paspesax, KapTax JOIDKHO OBITb OTPa>KeHO MUHMMAJIbHOE
KOIMYeCTBO OYKBEHHBIX 1 L[I/I&)pOBbIX 0603HaueHNIt, 2 MX OOBSACHEHNE — B OAPICYHOUHBIX HoAnucsax. Kcepokonmu u ckaHu-
poBaHHbIe Kcepokonuy (poTorpaduit He MPUHUMAIOTCA. PYCYHKY ¢ HedMTaeMbIMI VTN IJIOXO YMTAEMBIMM HaATIMCAMY, C HOf-
MUCAMM «OT PYKI», CIMUIKOM TOHKMMU TIVMHUAMM He IPYMHMMAIOTCA.

IMoppucyHOYHasA MOAINUCH JO/DKHA ObITh HabpaHa 8 KeIleM, OCHOBHOJI TEKCT B Tabmulle — 8 KerieM, IIaIKa Tabmumbl — 8
Ker7eM. [apHITypa TeKcTa B pUCYHKax U Tabmuiiax — Arial, kerns 8.

Bce cTaThy mopiexxat JBOMTHOMY C/IEIIOMY PELIeH3MPOBaHNIO, MHEHNE PELeH3eHTa BCETA OBOAUTCA IO CBEICHNSA aBTOpa.
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Hcumapy A. PaciipocTpaHeHMe 1 paccesiHIe BOJIH B Cy4aifHO-HEOJHOPOAHBIX cpefax. M.: Mup, 1981. 280 c.
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[lamsiTKa AASI aBTOPOB

Hay4HbIi1 )kypHas He MOXKeT (M He JO/DKeH) Pa3BUBAThCSA TOMBKO CUIaMU pefakium. [ToaToMy, mperbsBss HoBble Tpe6o-
BaHMA K cebe, Mbl IIPEIbABIIAEM UX M K aBTOPaM, KOTOPbIE XOTAT MyOIMKOBAaThCSA B HAIllEM >KypHaJle.

Tpe6oBanus K 0pOPMIEHNUIO BBIChITAEMbIX PYKOIMNUCEIT MbI ITyOIMKyeM Ha HAIlleM CaifTe, a TAK)Ke Ha MOC/IeHell CTaHNIIe
Ka>KJIOTO HOBOTO BBIITYCKa. 37Iech MBI He 6yfieM IIOBTOPATH BCE 9TO, MUIIb PACCKaXKeM O HOBOBBEJIEHNAX, KOTOPble HaM IIpefi-
CTaBJIAIOTCSA Hanbosee BayKHBIMIL

Annoranus. Kak Ha pyccKoM, Tak 11 Ha aHITIMIICKOM A3BbIKaX aHHOTAIMMU Ceif9ac MIPUHMMAIOTCA TOIBKO paclIMpeHHbIe — He
MmeHee 200 croB. [lenaeTcs 9TO /1A TOTO, YTOOI YUTATENb (B TOM YUC/Ie MHOCTPAHHBIN) MOT B CYUTaHHbIC MUHY THI IIOHATD, O 4eM
TaHHAA CTaThs M IPENCTAB/IAET /M OHA [/ Hero MHTepec.

Crncok nmureparypsl. K coxanennto, my6nukanmy B COBETCKUX XKYPHaIaX TPAAMUIIVIOHHO OTIMYANINUCh OT MHOCTPAHHBIX
MEHBIINM YVCIIOM MICTOYHUKOB. KpoMe TOro, oTedecTBeHHbIE YUeHBIE 3a4aCTYIO He YTPYXK/AIoT cebs M3ydeHNeM NHOCTPaHHBIX
HyOIMKAIMil Ha MHTEPeCYIOLyIo TeMy. Takke 4acTbl MCIIONb30BaHMA B KaueCTBE MICTOUYHNMKOB PAa3IMYHBIX YUeOHUKOB, METO-
Iudek u Ip. Bce 9TO 3HAUUTENBHO CHYDKAET ypOBeHb IybnmuKanuit. [I09ToMy MbI B3s/IM 3a IPaBUIO PEKOMEHOBATh aBTOPaM
PacUIMpATH CIIUCOK TUTEPATYPBI 10 10-15 MCTOYHMKOB ¢ 00s13aTeIbHBIM VMCIIONb30BAHIEM COBPEMEHHBIX 3apyOeKHBIX MyO/IM-
Kanumit. VICK/To4eHys BO3SMOXKHbI, HO OHY JIO/DKHBI ObITh 060CHOBaHHBIMI.

DOIL. ITomMnMo cTaBILIEToO yKe IPUBBIYHBIM JI/Is1 aBTOPOB IIPMCBABAEMOT0 KaXKjoil cTaThbe HoMepa Y]IK, HaumHasA co BTO-
poro HoMepa 2016 rofa KaXgoit cTaTbe B 00513aTe/IbHOM IOpsAKe pucBanBaeTcst Homep DOL.

DOI (anen. Digital object identifier) — kmaccuukarop undpoBoro o6beKkTa 151 CO3FAHUSA IOCTOSHHBIX I'UIIEPCCHITOK,
KOTOPBIE TO3BOJIAIOT COXPaHATh MH(GOPMAIINIO O KOHKPETHOIT CTaThe B ceTU VIHTepHeT, jaxke eC/Ii MU3MEHWIAach CTPYKTypa cail-
Ta, IJje 9Ta CTaTbsA M3HAYAIbHO OBl COXpaHeHa.

ITpome roBopst, Homep DOI mo3BossieT HayIHOI CTaTbe TAPaHTPOBAHHO OTKPBIBATHCS M OBITH JOCTYIIHO [Is TIOUCKA B
CeTH, YTO COBEPILICHHO HEOOXOAMMO /LS TOTO, YTOOBI CTAThsI MOITIA IIUTHPOBAThCSA C ITIOMOIIbI0 VIHTepHeTa, He 3aTPy/H:AA aBTO-
POB HOMCKaMI ee B OMOMIMOTeKaX 1 apX1BaX — CBOETO POfja JaHb COBpeMeHHBIM I T-TeXHomorusam.

Pepaxuuert «M3sectnit YITY» 3akmoden gorosop ¢ HekoMMepueckum napTHepcTBoM «HarmoHnanbHblil 9neKTpoHHO-VIH-
¢dopmarmonnslit KoHcopryM» (HIT HOVIKOH), koTopoe npenoctasiseT B Poccunt nocpegHuyeckue yCIyri 0 IPUCBOSHUIO
DOI ot perucrpanmontoro areurcrsa (DOI Registration Agency) CrossRef. 9To caMblil cCOBpeMeHHBIN LIEHTDP PeTrUCTpaLin
MesxyHapOJHOI OpraHU3aluy JOKYMEHTAIUI, OCHOBHOII 3ajlayeil KOTOPOTo ABJIAETCA OpraHM3alMA JOCTYIA ITOIb30BaTeNel
K IePBUYHBIM ITyOMMKALVAM, COlepXKalMM HayIHBIN KOHTEHT, M COflelICTBYE KOJUIEKTMBHOII paboTe U3faTesneli 10 BceMy MUpY.
OTy KOOIEPaTUBHYIO CIIPAaBOYHYIO CHCTEMY Ceifuac UCIOIb3YIOT OOMBIIMHCTBO HAyYHBIX XYPHAIOB B MUpE.

DOI o6s13aTenbHO yKas3bIBaeTCs IPpY UUTUPOBaHuy ctaTbu. B xxypuane «VM3Bectus YITY» DOI ceityac nmpucBanBaeTcs Ka-
XJI0/1 BHOBD BbILIefIel cTaThe. Takxke HoMep DOI MoxeT 6bITh IPUCBOEH NMTI0601T M3 CTaTell, KOTOpble paHee ITy6IMKOBAIUCh
B HallleM )XypHaJle — HO y>Ke He B 00513aTe/IbHOM IOPsIKe, a 110 JKeTaHUIO aBTOPOB. [IJIA XKeTalomuX JOCTaTOYHO Cle/aTh 3asBKY
B peJaKLIIO.

KauecrBo mepeBoga. Hac He ycTpanBaeT mepeBoy, aHHOTAIWit (1 y>K TeM 6oJiee — cTarell) ¢ MOMOLIBIO 7IEKTPOHHBIX Ie-
peBomuMKoB. Ec/iut BBI He yBepeHBI B CBOEM IepeBOJie, Ty4dllle 00paTuTech 3a IOMOIIbI0 B pefakiuio. JIydiie He IPefOCTaBUTh
HJKAKOTO IlepeBofia, YeM IepeBof; HM3KOro KadecTBa.

KavyecTBO pHcyHKOB. PUCYHOK JIO/DKEH OCTaBaTbCA KaueCTBEHHBIM Ipu yBenudeHuy. He sabbiBaiiTe 0 TOM, YTO CTaThs
OyneT omy6IMKOBaHa He TONBKO B OYMa)kHOI, HO U B 9/IEKTPOHHOI! BEPCHUIL.

KauectBo TexkcroB. [Ipy paccMOTpeHMM PYKOIMCH aBTOPUTET M 3aC/IyTH aBTOpa CTATby BO BHMMAaHMe He TIPMHUMAIOTCA —
TOJIbKO Ka4eCTBO IMPUCTAHHOTO TeKCTa. [1/1A 9TOro BBeIeHO ABOJHOE CIeNoe peljeH3MPOBaHMe.

Cienoe peneH3npoBanme. [[Ba peljeH3eHTa OLleHMBAIOT KadyeCTBO CTaTby, He 3Hasd, KTO ee aBTop. B ciydae, ecim peleH-
3€HT y3HaeT aBTOPA, TO PYKOIIMCh ABTOMATHYEeCKN TlepeflaeTcsl APYTOMy pelleH3eHTY — U3 YMC/Ia 9KCIePTOB, COTPYAHUYAIOIIIX
¢ XypHanoM. JlenaeTcs 3TO AJIA TOTO, YTOOBI TMYHbIE OTHOLICHNUS He BIMAMYM Ha Ka4eCTBO PelleH3MU. ABTOp TakoKe He 3HaeT
CBOETO pelleH3eHTa.

ITomMumo sToro, mpaBuia NyOIMKAILMM TeKCTOB IPEAIOJAraloT ux pasHoobpasue. I1oaToMy HegomycTMMa ITyOMMKAIA
ABYX CTaTell OHOTO aBTOPa B OHOM HOMepe >KypHana. To >ke IpaBMIO pacIIpOCTPaHACTCA M Ha COCeliHMe HoMepa. Tak MbI
HOJep)KMBaeM pasHoobpasie TeM 1 aBTOPOB, MCK/II0Yast MpeBpallleHNe KypHasla B U3JJaHue, T/ie ITIOCTOSHHO MyOIuKyeTcs Jie-
CATOK OJHUX M TeX XKe aBTOPOB. VICK/TI0ueHne COCTaB/IAI0T CTaTbyl BHE HAyYHBIX Pa3fie/ioB, a TAKXKe CTaTby, IIPOJO/KAIONIIeCH
13 HOMepa B HoMep. B kadecTBe a/lbTepHATUBbI MyOIMKALIMY B HAIlIleM )KypHaJle Mbl MOYKeM IPEeJII0OKITh aBTOPY OITy 6/IMKOBATh-
s B [PYTOM XYpHaJle, C KOTOPBIM Y HaC 3aK/TI0YeH JOTOBOP IO 0OMEHY CTaThsAMIL.

Ouepenb. Cpokn myOnuKaLuy 3aBUCAT OT KOMMYecTBa (M KadecTBa) CTaTell, IpelIoXKeHHbIX pefakuun. Ecim craTeit MHO-
T, OHJ ITyO/IUKYIOTCSA B IOPSIKE O4ePeTHOCTH, OFHAKO PeJaKLsA OCTAB/IACT 32 cO60I1 IIPAaBO IeYaTaTh BHE OUYepeNy Te U3 HIIX,
KOTOpBIE CYNTAET Harbosiee 3SHAUVMBIMIL.

ABTOD JIO/DKEH TaKoKe TOAIICATD COITIacue Ha UCIONIb30BaHMe pefakielt skypHana "VMssectusa YITVY" ero mepcoHanbHbIX
TaHHBIX.



Ha o6ro0xkke: poTO OGyHIMAKMHMTA — MMHEPAAQ, OTKPLITOro B o6pasuax u3 3oHbl okucaetmns bepesosckoro
30AOTOPYAHOIO MecTopoKAeHusi B 1999 roay.

On the cover: the photo of Bushmakinite, the mineral found in samples
from the Berezovsky ore deposit oxide zone in 1999.
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