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MupsaauneBa Cadgypa MupBoxuaoBHa

Crynentka | kypca

kadenpa «MonekymsipHas OMOJIOTUS U MEAUIIMHCKASI TEHETUKA
Hayunblit pykoBoguTens: OpbinOek Askap ['aHueBHa
IIpEenoaaBaTeib

AO «¥OxHo-Kazaxcranckas akaJaeMust MEIUIIUHBD)

( r. eimkenT, Kazaxcran)

CTPYKTYPHO-OYHKHNOHAJIBHASA OPTAHU3ALIUA KIIETKHN KAK
OCHOBHOM EJUHUILIBI )KUBOI'O OPIT'AHU3MA U EE POJIb B
OBECIIEYEHMU )KU3HEJAEATEJIBHOCTHU

AnHoTanusi: B 1aHHOI cTaThe paccMaTpuBaeTCsl KJIeTKa Kak 0a3oBasi CTPYKTypHas U
GbyHKIMOHATBHAS €IMHUIIA BCEX )KUBBIX OpraHN3MOB. OMUCHIBAETCS IPOUCXOXKIEHUE TEPMUHA
«KJIETKa», €€ OCHOBHBIE KOMIIOHEHTBI, BKJIIOYAs KJIETOYHYIO MeMOpaHy, NMTOIIa3My U
reHeTruueckuit Mmatepuai. [logpoOHO aHATU3UPYIOTCS pa3IUUUs MEXKAY TPOKAPUOTHIECKUMU U
HYKAPUOTUYECKUMHU KIIETKaMU, UX CTPYKTYPHbIE OCOOEHHOCTH, HAJIMUME WM OTCYTCTBHE S/Ipa,
a TaKKE€ OPraHeIlIbl, BHITOJHAIONINE KIIOYEBbIe (PYHKIUMU >KU3HEAesTeIbHOCTU. OTAenbHOE
BHUMAaHHE YJIETSETCS UCTOPUUYECKOMY acrleKTy OTKphITHUs KieTku Pobeprom ['ykom (B 1665
rony) u (popmupoBanuio kjaetTouHoi Teopun Marruaca lllneiinena u Teogopa [lIBanna (1838—
1839) PaccMatpuBaroTCcsi 0COOEHHOCTH OJHOKJIETOYHBIX U MHOTOKJIETOYHBIX OPraHU3MOB, UX
KIacCU(pUKAIMs W DBOJIOIHOHHOE 3HAUYCHHE. TakKe OMHCHIBAIOTCA (PYHKIIMOHATHHBIC
BO3MOXKHOCTH KJIETOK, TAKHE KaK PEIUIMKAIIHsI, CHHTE3 OeNKa, MOABMKHOCTh H YHEPTETHUECKOE
obecnieuenue. [IpuBoasTcs mpuMepsl TPOKAPUOTUYECKUX OPraHU3MOB, BKIIOUYas OaKTepuu u
apxeM, a TaKKe YHNOMHUHAIOTCA KPYMHEWIne u3BecTHhle OakTepuu. CTaThs MOMYEPKUBAET
byHIaMEHTAIBHYIO POJIb KJIIETKH B OMOJIOTHH U €€ 3HAaUeHHE KaK OCHOBBI BceX (hOpM KU3HH Ha
3emure.

Kuarouesblie cioBa: Kierka, mpokapuoThl, 3yKapruOThI, KJIETOYHAS TEOPHS, OPTaHEILIbI,
SAIpo, IUTOIIa3Ma, MeMOpaHa, MUTOXOHIPHH, XJIOPOIUIACThI, OMOJIOTHS KIIETKH, OaKTepHH,
apxewu.

Kierka u e€ poJib B ;KUBOH PUPO/IE

Krnerka npeacrasisier co6oii 6a30ByI0 CTPYKTYPHYIO U (YHKITMOHATBHYIO STUHUITY BCEX
KUBBIX OPraHU3MOB, HE3aBUCUMO OT YpPOBHS uX opranuzanuu [1, 2]. Ona sBusercs
MUHUMAJIbHON CUCTEMOM, CIOCOOHOW K OCYIIECTBICHHUIO >KMU3HEHHO BaXKHBIX TMPOIIECCOB,
BKJIFOYasi OOMEH BEIECTB, CHHTE3 OCJIKOB, PEIJIMKAIIMIO U MOJJEpKaHUE KU3HEIeATCIIbHOCTH
[1]. Cam TepMHUH «KJIETKa» MPOUCXOAUT OT JIaTUHCKoro cinoBa cellula, yto o3Hayaer
«MajieHbKasi KOMHAaTa», YTO OTpa)xaeT e OrpaHM4YeHHYI0, HO (DYHKIIMOHAJIBHO CIIOXKHYIO
cTpykTypy [2]. C Touku 3peHus Mmop}onaoruu u Gpu3HOIOTUH, KIETKA COCTOUT U3 HECKOIBKUX
KJIFOUEBBIX ~ KOMIIOHEHTOB. (OCHOBOI  sIBIsIeTCS  KJIETOYHAass MeMOpaHa, o0Jajaaromas
MOJIYTPOHUIIAEMBIMU CBOMCTBAMHU, KOTOPAs OTAEIISIET BHYTPEHHIOIO CPEY KJIETKH OT BHEIIIHEH.
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BuyTtpn MemOpaHbl pacrnonaraercs LUTOIUIa3Ma, COJAeprKalias TeHETHYECKHl Marepuad,
obecreunBarOMMi mepeaady HaciaeJACTBEHHOW WH(OpPMAIMM UM KOHTPOJIh BCEX KICTOYHBIX
niporieccoB [1]. BOJBIIMHCTBO KIETOK ABISIOTCS MUKPOCKOMMYECKUMHU U MOTYT OBITh U3YUYECHBI
TOJIBKO C UCIOJb30BAHUEM YBEIMYUTENbHBIX MOpuOopoB [2]. Ocoboe 3HaUYeHHE HMEET
CIIOCOOHOCTh OOJIBIIMHCTBA KJIETOK K peIUMKanmuu W cuHTedy Oenka [1, 3]. Omnako
CYIIECTBYIOT CIEIHAIU3UPOBAHHBIE BBICOKOAU(PGEPEHIIUPOBAHHBIE KIIETKH, TaKHE Kak
SPUTPOIUTHI U TAMETHI, KOTOPBIE YTPATUIIM YACTh ATUX (PYHKIIMH B Mpoliecce CreUaTnu3aiyi.

Taxoke BbIIENSAIOTCS KIETKH, 00J1a1al0IIKe CIIOCOOHOCTRIO K IBUKEHUIO, YTO PACIIUPSET
(GyHKIHMOHATIBHBIE BO3MOXKHOCTH KUBBIX cHcTeM. COrjlacHO MpEJCTABICHHBIM JIaHHBIM,
BO3HUKHOBEHHUE KJIETOYHBIX (OPM KM3HU Ha 3emJie MPOU3OILIO0 MPUOIMU3UTEIILHO YEThIpe
MWUIMApAA JIeT Ha3zad, 4YTO NOJYEPKHBAET HMX HBOJIOLUOHHYIO JIDEBHOCTh H
byHaameHTaIbHOCTE [5]. Bce opranumsmbl moapaslensiioTcsl Ha JIBE OCHOBHBIE TPYIIbBI —
MPOKAPUOTHl U IYKAPUOTHI, YTO OTPAKAECT MPUHUMIHUAIBHBIE PA3JIMUUSl B UX KJICTOYHOU
opranmszauun [2, S]. IIpokapuoThl NPEACTABICHB OJHOKJICTOYHBIMUA OpPTaHU3MaMU U
BKJIIOYAIOT OakTepuu M apxeu. KX xapakTepHO OCOOEHHOCTBIO SIBISIETCS OTCYTCTBUE
MEMOPaHOCBSI3aHHOIO SApa, NMPH TOM T'€HETHYECKUH MaTepuai JIOKaJu3yeTcss B O00JacTH,
HAa3bIBAEMOW HYKJIECOUIOM [2]. DyKapuOThI, HAIPOTUB, MOTYT OBITh KaK OJHOKJIETOYHBIMH, TaK
Y MHOTOKJIETOYHBIMH Opranuzmami [2, 5]. K HuM oTHOCSTCSA POTUCTHI, pACTEHHUS, )KUBOTHBIE,
OOJBIIMHCTBO TPUOOB M HEKOTOpbIE BUJIBI Bojopocieid. OCHOBHBIM OTIUYUTEIbHBIM
MPU3HAKOM DJYKAPUOT SBJSETCS Haduuue O(OPMIICHHOTO siipa, OKPY>KEHHOTO sIIEPHOM
MeMOpaHoii, 4To oOecreynBaeT 0oJjiee BBICOKUM YPOBEHb PETYJSIUU T'E€HETHYECKOM
uHdopmaruu [1]. BHyTpeHHss1 opraHu3aius 3yKapuOTHYECKUX KIETOK 3HAYUTEIHHO CII0KHEE
M0 CpPaBHEHUIO C MpokaproTudeckumu. OHU coaepkaT MeMOpaHHBIE OpPraHEJUIbl, TAKUE Kak
MUTOXOHJIPUM, BBITIOTHSIONIME YHEPTreTUYECKYr0 (YHKIMIO, U XJIOPOIUIACTHl y PACTCHUH,
obecnieynBaronue npoiecc (porocuHTe3a U cUHTE3 opranudeckux Beriects [1, 3]. Hapsay ¢
STUM B KJIETKaX MPUCYTCTBYIOT HEMEMOpPAHHBIE CTPYKTYphI, BKJIIOYasi PUOOCOMBI, KOTOPHIC
Y4aCTBYIOT B CUHTE3€ O€JIKa U BCTPEUalOTCs KaK y IPOKAPHUOT, TaK U 'y 3yKapUOT, YTO YKa3bIBAET
Ha UX YHUBEPCAIbHOCTh B OMOJOrH4YecKux cucremax [1].

OcoObIif UHTEpEC MPEACTABISICT OOHAPYKEHUE YHUKAIbHOM MEeMOpaHHOW OpraHesuibl
MPOKAPUOT — MArHUTOCOMBI, BBISIBJICHHON Y MarHUTOTAKTUUECKUX OAKTEpUi, YTO paACIIUPSCT
MPEACTABIICHUS O CIIOKHOCTH TPOKAPUOTUUECKHX KIIETOK [ 1 |. McTOprnyecku BaXKHBIM 3TAaloM B
Pa3BUTHH KJIECTOYHOM OHMOJIOTHH CTajo OTKphITHE KiIeTku Pobeprom I'ykom B 1665 romy [5].
[Tozmuee, B 1839 romy, Martunac fko6 Ineitnen u Teomop IlIBanH cdhopmynupoBanu
KJIETOYHYIO TEOPHIO, KOTOpas cTaja OCHOBOW coBpemeHHOW Ouonoruum [5]. CormacHo 3Tou
TEOpUH, BCE OPTaHU3MBI COCTOSIT M3 OJHOM MM OoJiee KJIETOK, KJIETKa SIBIISICTCS OCHOBHOM
CAMHUIICH CTPYKTYpPHI U (YHKIIUU KUBBIX OPTAHU3MOB, @ HOBBIE KJIETKH BO3HUKAIOT TOJIBKO U3
yKe cylecTByromux [S5]. Opranu3msl B HEJIOM IMOAPA3AEIAIOTCA HA IPOKAPUOTHI U SYKAPHUOTHI,
YTO OTpakaeT (yHIaMEHTaIbHOE pa3vuhe B YypOBHE KIETOYHOW opraHuzanuu [2].
[IpokaproOThl SBISIOTCS MCKJIIOUUTEIBHO OJHOKJICTOYHBIMU OpraHM3MaMH, TOTJla Kak
HYKApPUOTHI MOTYT CYIIIECTBOBATh KaK B OJIHOKJIETOUYHOM, TaK U B MHOTOKJIETOUHOU (popme.

OHOKJIETOYHBIE 3YKAPHUOTHI MPEACTaBIEHbI, HAIPUMEP, MUKPOBOIOPOCISIMUA, TAKUMU
Kak JIMaTOMOBBIE BOAOpOCHU [2]. MHOIOKJIETOYHBIE 3YKAapUOTHI BKJIIOYAKOT >KUBOTHBIX,
pacTeHus1, 00JIBIIMHCTBO TPUOOB M HEKOTOPHIE BUABI BOJOPOCTEH. B Takux oprann3mMax KIeTKH
OpUOOpPETAIOT  CHENUATM3AIMI0 W BBIIOJHSIOT —pa3iuyHble (QyHKIMH, obecredynBas
IIEJIOCTHOCTh OpraHm3Ma Kak efauHo Owmonormdeckoit cuctembl [2]. IlpokapuoTndeckue
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KJIETKH, BEPOSATHO, SIBISIIOTCA HambOonee panHed ¢opmoit xu3uu Ha 3emuie [5]. OnHu
XapaKTEPU3YIOTCS HATWIUEM 0a30BBIX OHMOJOTHYECKHUX IPOIECCOB, BKIIOYAS KICTOYHYIO
CUTHAJIM3AITMIO, HECMOTpPsI Ha CBOIO NPOCTYIO0 oOpraHu3amnuio. X crpykTypa oTiamdaercs
MEHBIITUMHU pa3MepaMu U OTCYTCTBHEM MeMOpaHHBIX opraHe [2]. Taxke mpokapuoTuueckue
KJIETKH CIOCOOHBI BBIJEIATH PAa3jIMYHbIC BELIECTBAa 4Yepe3 KIETOUYHYIO MEeMOpaHy, BKIIOUas
AK30()EPMEHTHl M BHEKJIETOYHBIC TOJMMEPHBIE COCIMHEHMS, YTO UTPAET BAXKHYIO POJb BO
B3aMMOJICUCTBUM C OKpyXkatouiei cpenoit [2]. Pasmep mNpokapuoTHYECKUX OPTraHU3MOB
Bappupyetcs B npenenax ot 0,5 g0 2,0 MKM, OJHAKO CYIIECTBYIOT MCKIIIOUEHHUSI, TaKUE Kak
Thiomargarita magnifica, koTopas gocTuraer JUIMHBI 10 1-2 CM W MOXeT OBITh BHUIWMA
HEBOOPY>KEHHBIM IJ1a30M |[5].
Cnucok JurepaTyphbi:

1. Alberts B., Johnson A., Lewis J. et al. Molecular Biology of the Cell. 6th ed. Garland
Science, 2015.

2. Campbell N. A., Reece J. B. Biology. 11th ed. Pearson Education, 2017.

3. Lodish H. et al. Molecular Cell Biology. 8th ed. W. H. Freeman, 2016.

4. Cooper G. M., Hausman R. E. The Cell: A Molecular Approach. 7th ed. Sinauer
Associates, 2019.

5. OpenStax College. Biology 2e. Rice University, 2018.



«Central Asian Scientific Journal» Ne2 (30), Tom 2, Mali 2026

TEXHUMKAJIBIK FBIJIBIMJIAP - TEXHUYECKHUE HAYKHU - TECHNICAL
SCIENCE

UDC 004.925
Yang Yuchen

Master's student

Scientific supervisor: Olzhas Turar
PhD, Senior Lecturer

Department of Computer Science,
Al-Farabi Kazakh National University
(Almaty, Kazakhstan)

GEOMETRY SHADER-BASED CORNER-POINT GRID RECONSTRUCTION FOR
REAL-TIME PETROLEUM RESERVOIR VISUALIZATION ON CONSUMER GPUs

Abstract. The corner-point grid (CPG) format used by industrial reservoir simulators
encodes subsurface geometry as irregular hexahedra whose eight corners are obtained by
interpolation along inclined pillar lines. Faithful real-time visualization of CPG datasets is
computationally demanding: a moderate-scale model such as the Norne ATW2013 benchmark
contains tens of thousands of active cells, each requiring per-frame reconstruction. This paper
presents a focused study of an OpenGL 3.3 geometry shader pipeline that performs full per-cell
hexahedral reconstruction entirely on the GPU. The central contribution is a point-to-
hexahedron expansion strategy in which the central processing unit submits a single
GL POINTS primitive per active cell and the geometry shader fetches eight corner depths from
a texture buffer object, performs pillar interpolation, applies origin-shifted coordinates to
eliminate float32 precision loss at universal transverse Mercator scale, and emits twelve
triangles with correct winding order in a single shader invocation. Optional dual-axis slicing
and interactive vertical exaggeration with on-the-fly normal recomputation are integrated into
the same shader stage at negligible cost. On the Norne benchmark (forty-six by one-hundred-
twelve by twenty-two grid; forty-four thousand four hundred thirty-one active cells) the pipeline
sustains fifty-seven frames per second on a mobile NVIDIA GTX 1660 Ti Max-Q while
consuming approximately five megabytes of video memory, representing a twenty-eight-fold
reduction in graphics memory and an eleven-fold improvement in frame rate over a vertex-
buffer baseline. The implementation requires only standard OpenGL Core Profile features and
is therefore broadly portable.

Keywords: corner-point grid, OpenGL, geometry shader, GPU rendering, reservoir
visualization, real-time graphics, ZCORN indexing, float32 precision.

Introduction. Three-dimensional visualization of subsurface reservoir models is a
routine prerequisite for field development planning, well placement, and reservoir management.
Industrial simulators such as Schlumberger ECLIPSE, CMG IMEX, and OPM Flow describe
geological geometry through the GRDECL text format, in which the subsurface volume is
discretized as a corner-point grid (CPG). Each grid cell in this representation is a general
hexahedron whose eight corners lie on four inclined pillar lines, with depth values stored
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separately in the ZCORN keyword. Unlike a Cartesian grid, a CPG faithfully encodes faulted
horizons, pinch-outs, and dipping stratigraphic layers without geometric approximation, but the
price is geometric irregularity: every active cell requires explicit per-corner reconstruction
before it can be displayed.

At interactive frame rates this reconstruction step is non-trivial. Even the moderate-scale
Norne ATW2013 benchmark, distributed publicly by the Open Porous Media initiative, contains
a forty-six by one-hundred-twelve by twenty-two grid in which forty-four thousand four
hundred thirty-one cells are active. A naive immediate-mode renderer that issues eight
glVertex3f calls per cell submits more than one million per-frame vertex commands, a workload
that saturates the central processing unit (CPU) bus while leaving the graphics processing unit
(GPU) underutilized. Commercial workstation packages such as Petrel and tNavigator deliver
high performance but require expensive licensing and hardware. General-purpose scientific
visualization frameworks such as VTK and ParaView lack native CPG support, while
ReslInsight, the most widely used open-source reservoir viewer, depends on a heavy software
stack that obscures the rendering core and resists customization on consumer-grade laptops.

The OpenGL geometry shader (GS) stage, available since version 3.2 of the OpenGL
Core Profile, allows a single input primitive to be amplified into a controlled number of output
primitives entirely on the GPU. This capability is uniquely well suited to CPG visualization,
because each cell can be represented on the host as a single point and reconstructed into a
complete six-faced hexahedron by the shader. The present work develops this idea into a fully
optimized rendering pipeline and reports a focused technical analysis of the geometric,
numerical, and memory aspects of the implementation. The contributions of this paper are
summarized as follows. (1) A complete description of a point-to-hexahedron expansion
algorithm in GLSL that performs ZCORN indexing, pillar interpolation, and per-face normal
computation in a single geometry shader invocation. (2) A documented solution to the float32
precision problem that arises when CPG coordinates are expressed in the Universal Transverse
Mercator (UTM) system, achieved through a CPU-side origin shift. (3) An on-shader
implementation of vertical exaggeration that recomputes face normals in the deformed
coordinate frame, preserving correct lighting under interactive depth scaling. (4) A quantitative
evaluation on the Norne benchmark demonstrating a twenty-eight-fold reduction in graphics
memory and an eleven-fold improvement in frame rate over a baseline vertex-buffer renderer.

The remainder of this paper is organized as follows. Section 2 reviews the structure of the
GRDECL data and the geometry shader stage. Section 3 presents the three-stage architectural
progression that motivated the proposed pipeline. Section 4 describes the GPU data layout, and
Section 5 details the geometry shader algorithm itself. Section 6 reports experimental results on
the Norne benchmark. Section 7 discusses limitations and applicability, and Section 8
concludes.

Background and related work. A GRDECL file describes a structured (i, j, k) grid
through three principal keywords. SPECGRID specifies the grid dimensions nx, ny, and nz.
COORD stores six floating-point numbers per pillar line, namely the (X, y, z) coordinates of the
top and bottom endpoints of the line; for a grid of nx by ny cells in the lateral plane there are
(nx+1) by (ny+1) such pillars. ZCORN stores the depth values of all eight corners of every cell
in a one-dimensional array indexed by the standard ECLIPSE convention; the array length is
eight times nx times ny times nz. Finally, ACTNUM is an integer mask that flags inactive cells,
typically those falling outside the reservoir volume. Reconstructing a single cell therefore
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requires reading eight depth values from ZCORN, evaluating four pillar interpolations to obtain
(x, y) at the requested depths, and assembling the eight corners in the correct topological order.

Existing approaches to interactive CPG rendering fall into three broad categories. The
first approximates each cell as an axis-aligned cube placed at the cell centroid. This
representation is fast to render with hardware instancing but produces visible artifacts at faulted
horizons, where adjacent cells should share corner points but instead expose gaps and overlaps.
The second pre-computes the full set of triangular faces for every cell on the CPU and stores
them in a vertex buffer object (VBO). This approach renders correctly but consumes large
amounts of video memory: at twelve triangles per cell, three vertices per triangle, and ten floats
per vertex, the Norne dataset alone requires more than fifty megabytes of GPU memory for
static geometry. The third category, into which the present work falls, performs cell
reconstruction on the GPU within the geometry shader stage. Earlier examples in geological
visualization include the GPU isosurface and slice algorithms developed for seismic volumes,
but a complete CPG implementation that addresses the float32 precision problem at UTM scale
and supports interactive vertical exaggeration with correct lighting has not, to the authors
knowledge, been described in detail in the open literature.

Three-stage architectural progression. The proposed pipeline was developed through
three architectural iterations, each addressing a specific bottleneck encountered in the previous
stage. Stage 1 used legacy fixed-function OpenGL with immediate mode glBegin/glEnd vertex
submission. Although correct, this approach was incapable of sustaining interactive rates on the
Norne dataset and was rejected. Stage 2 replaced immediate mode with hardware-instanced
cube rendering. By submitting a single canonical cube and instancing it forty-four thousand four
hundred thirty-one times, the per-frame draw-call cost was eliminated and frame rates above
fifty-five frames per second were achieved. The geometric approximation, however, distorted
faulted layers and was unsuitable for production interpretation. Stage 3, the focus of this paper,
retains the single-draw-call performance characteristic of instancing but reconstructs the true
CPG hexahedron geometry within the geometry shader. The result is correct geometry at
instancing-level performance.

The Stage 3 pipeline is organized into four GPU stages. The vertex shader receives one
seed vertex per active cell and forwards the cell index and a normalized scalar attribute (typically
porosity or permeability) without modification. The geometry shader expands each input point
into the six bounding faces of the cell, emitting twelve triangles arranged as triangle strips with
counter-clockwise winding for correct hardware back-face culling. The fragment shader applies
a three-point lighting model (ambient plus key plus fill) and maps the interpolated attribute
through a rainbow transfer function. Finally, depth testing with polygon-offset bias is applied
to suppress z-fighting artifacts on co-planar faces.

GPU data layout. The host-side data preparation is performed once at load time. The
GRDECL parser reads COORD, ZCORN, ACTNUM, and one or more attribute arrays into
NumPy arrays of explicit dtype. To circumvent the float32 precision limitation discussed in
Section 5.3, an origin offset is computed as the centroid of the model bounding box and
subtracted from all (x, y, z) coordinates before they are uploaded to the GPU. Three independent
buffers are then constructed.

The seed VBO contains one record per active cell with a stride of twenty bytes. The first
three floats encode the (i, j, k) cell index cast to single-precision floating point for shader
compatibility; the fourth float carries the normalized scalar attribute in the range zero to one;
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and the fifth float is reserved for future use. For the Norne benchmark this VBO occupies forty-
four thousand four hundred thirty-one times twenty bytes, approximately 0.85 megabytes. The
COORD data is uploaded into a texture buffer object (TBO) of dimension (nx+1) times (ny+1)
times six floats, occupying about 0.13 megabytes. The ZCORN data is uploaded as a second
TBO of dimension eight times nx times ny times nz floats, requiring about 3.5 megabytes for
Norne. The total static GPU memory footprint, including small uniform buffers for the colormap
and lighting parameters, is under five megabytes — to be contrasted with the more than fifty
megabytes required by the precomputed-triangle baseline of the previous section. The
compression factor is approximately twenty-eight, and is achieved without any algorithmic loss
of geometric fidelity.

Table 1 — GPU memory footprint comparison on the Norne benchmark

Approach VRAM (MB) Draw calls FPS
Stage 1: immediate mode <1 1.07M ~5
Stage 2: instanced cubes ~50 1 ~ 55
Stage 3: GS expansion (this ~5 1 57
work)

Geometry shader algorithm.

5.1 ZCORN index resolution. The eight corners of cell (1, j, k) are addressed in the
ZCORN array by an index function that treats the array as a three-dimensional grid of dimension
(2nz, 2ny, 2nx). For a corner specified by half-cell flags (hk, hj, hi), each in the set zero, one,
the linear index is given by

idx(i, j, k, hk, hj, hi) = (2k + hk)-(4 nx ny) + (2j + hj)-(2 nx) + (2i + hi).

Implemented in GLSL via the texelFetch operation against the ZCORN texture buffer,
this lookup costs eight texture fetches per cell. The half-cell flag combinations enumerate the
eight corners in a fixed topological order: (hk, hj, hi) = (0,0,0), (0,0,1), (0,1,0), (0,1,1), (1,0,0),
(1,0,1), (1,1,0), (1,1,1), corresponding respectively to top-back-left, top-back-right, top-front-
left, top-front-right, bottom-back-left, bottom-back-right, bottom-front-left, and bottom-front-
right.

5.2 Pillar interpolation. Each ZCORN value provides only the depth z of a corner; the
lateral coordinates (X, y) must be obtained by linear interpolation along the appropriate pillar
line. For a pillar with top point (xt, yt, zt) and bottom point (xb, yb, zb), the interpolation
parameter at depth z is t = (z — zt) / (zb — zt). The corresponding lateral coordinates are x = xt +
t(xb — xt) and y = yt + t:(yb — yt). When the pillar is exactly vertical, that is when zb equals zt,
the parameter t is undefined; in this case the shader returns the top-point coordinates. The pillar
identification for corner (hi, hj) of cell (i, j, k) follows the same regular pattern as the ZCORN
flags: the pillar index is (1 + hi, j + hj). Four pillar interpolations therefore suffice to reconstruct
all eight corners of a cell.

5.3 Origin shift for float32 precision. Geological coordinates in industrial datasets are
routinely stored in the Universal Transverse Mercator system. For the Norne field, situated in
UTM Zone 32N, easting and northing values typically lie around four hundred fifty-six thousand
and seven million three hundred twenty-one thousand metres respectively. A single-precision
IEEE 754 float provides approximately seven significant decimal digits, which at this magnitude
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corresponds to a least significant bit of about one metre. Since CPG cells in Norne have lateral
extents of fifty to one hundred metres and vertical extents as small as one metre, direct float32
storage produces visible vertex jitter and discrete-step artifacts during camera motion. The
pipeline addresses this through a CPU-side origin shift: the bounding-box centroid (x0, y0, z0)
is subtracted from every coordinate before upload, so that the shader operates on values centred
on the origin and bounded in magnitude by the grid extents. The shift is reversed in the
projection matrix when an absolute coordinate display is required. The technique introduces no
shader-side overhead and entirely eliminates the precision artifact.

5.4 Vertical exaggeration with normal recomputation. Reservoir engineers routinely
apply a vertical exaggeration factor between five and twenty to highlight stratigraphic features
that would otherwise be visually compressed by the large lateral-to-vertical aspect ratio of
typical fields. In the proposed pipeline this scaling is applied within the geometry shader by
multiplying the z-component of every reconstructed corner by a uniform variable verticalScale
before primitive emission. A subtle but important consequence is that the surface normals of the
cell faces, if precomputed in the unscaled frame, no longer correspond to the actual surface
orientation after deformation, producing visibly incorrect lighting. The shader therefore
recomputes normals after scaling using the cross product of two edge vectors of each face,
ensuring that the lighting model receives the deformed-frame normal. This recomputation costs
four cross products per cell and has no measurable impact on frame rate, but is essential for
visual correctness under interactive scaling.

5.5 Dual-axis cross-section slicing. Cross-section slicing along the I and K grid axes is
implemented as two early-exit tests at the start of the geometry shader. The shader receives two
uniform integers, slicel and sliceK, that specify the cut indices, and a third uniform that selects
either include-below or include-above semantics. Cells failing the test return without emitting
any primitives. Because the test occurs before any pillar interpolation, the entire cost of
geometric reconstruction is avoided for clipped cells; for the Norne dataset, slicing typically
discards forty to sixty per cent of the active cells and yields a measurable improvement in frame
rate.

5.6 Face emission and winding order. Once the eight corners are reconstructed, the
shader emits the six bounding faces as triangle strips. Each face is described by four corner
indices in counter-clockwise order as seen from outside the cell; the geometry shader emits the
four corresponding vertices and a primitive-end marker. The total per-cell output budget is fixed
at twenty-four vertices (six faces times four corners) and twelve triangles. This count is below
the conservative GS amplification limit on all consumer GPU architectures since OpenGL 3.2
and therefore does not trigger driver-level fallbacks. Hardware back-face culling, enabled by
the consistent winding convention, eliminates approximately half of the resulting fragments
before rasterization.

Experimental evaluation. All measurements were performed on a Dell G3 3590 laptop
equipped with an Intel Core 17-9750H CPU, sixteen gigabytes of system memory, and an
NVIDIA GeForce GTX 1660 Ti Max-Q discrete GPU. The operating system was Windows 10
with NVIDIA driver version 537.13. The benchmark dataset is the Norne ATW2013 model
from the Open Porous Media initiative, containing a forty-six by one-hundred-twelve by twenty-
two CPG (one hundred thirteen thousand three hundred forty-four total cells, of which forty-
four thousand four hundred thirty-one are active per the ACTNUM mask). The implementation
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uses Python 3.11, PyOpenGL, GLFW, and NumPy, and consists of approximately twenty-one
hundred lines of Python and GLSL code in total.

Frame rates were measured by averaging over a one-thousand-frame test sequence with
the camera orbiting the model at a fixed radius. Three configurations were evaluated. The legacy
immediate-mode baseline (Stage 1) sustained approximately five frames per second; this rate is
bounded by the CPU draw-submission rate rather than by GPU rasterization. The instanced-
cube baseline (Stage 2), which approximates each cell as a unit cube, reached fifty-five frames
per second but produces visibly incorrect geometry at faulted horizons. The proposed Stage 3
pipeline achieved fifty-seven frames per second with full corner-point reconstruction.
Importantly, Stage 3 matches the performance of the geometrically incorrect Stage 2 baseline
while delivering accurate geometry; the additional cost of pillar interpolation and ZCORN
lookups in the geometry shader 1s masked by the reduction in primitive count that results from
per-cell hexahedron emission rather than per-corner cube instancing. Table 1 summarizes the
comparison.

GPU memory consumption was measured via the GL NVX gpu memory info
extension. The Stage 3 pipeline reserved approximately five megabytes of GPU memory for the
seed VBO, the COORD TBO, and the ZCORN TBO combined. A static-vertex-buffer baseline
that pre-computes all twelve triangles per active cell on the CPU consumed approximately one
hundred forty-four megabytes for the same dataset, a factor of twenty-eight higher. The memory
advantage scales with the number of cells: for hypothetical models in the millions of cells the
proposed pipeline remains within consumer-laptop GPU memory budgets, while the static-
vertex-buffer baseline would exceed them by an order of magnitude.

Profiling under NVIDIA Nsight Graphics indicates that the geometry shader stage is the
dominant cost in the Stage 3 pipeline, accounting for approximately sixty per cent of GPU time
per frame, followed by fragment shading at thirty per cent and other stages at ten per cent. The
geometry shader cost is dominated by texelFetch latency against the ZCORN TBO, suggesting
that a future optimization could amortize this cost through a small per-cell on-shader cache or
through reformulation as a compute-shader prepass that writes triangulated geometry to a
buffer-object output. These directions are the subject of ongoing work.

Discussion. The geometry shader stage has historically been criticized as offering inferior
throughput compared with hardware tessellation or compute shaders, particularly on certain
mobile GPU architectures. The present results indicate that for the specific class of single-
amplification CPG reconstruction (one input point producing twenty-four output vertices) the
geometry shader remains competitive on consumer NVIDIA hardware, and provides the
additional benefits of per-cell flow control (used here for slicing) and trivial integration with
downstream fragment-stage features such as colormap lookups and lighting. Compute-shader-
based alternatives that pre-compute the full triangle stream into a vertex buffer on demand
would likely match or exceed Stage 3 performance for static models, but would forfeit the on-
shader interactivity (slicing, vertical exaggeration, and per-cell culling) that the geometry shader
formulation enables at zero additional CPU cost.

Limitations of the proposed pipeline are recognized. First, the geometry shader
amplification limit, while comfortable on the studied dataset, would constrain extension to
certain higher-order cell shapes. Second, the per-cell texelFetch pattern against the ZCORN
TBO is not cache-friendly; on architectures without a unified texture cache (notably some
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integrated GPUs) the pipeline may exhibit lower scaling efficiency. Third, the present
implementation targets a single GPU and a single rendering thread. For multi-million-cell
models, hierarchical level-of-detail strategies and out-of-core data streaming would become
necessary; these directions are outside the scope of the present technical study.

Conclusion. This paper has presented a focused technical study of a geometry shader
pipeline for real-time visualization of corner-point grid reservoir models. The pipeline combines
a point-to-hexahedron expansion strategy, a CPU-side origin shift to circumvent float32
precision loss at UTM scale, and on-shader vertical exaggeration with normal recomputation.
On the Norne ATW2013 benchmark the implementation sustains fifty-seven frames per second
on a consumer mobile GPU while consuming under five megabytes of graphics memory,
representing a twenty-eight-fold reduction in memory and an eleven-fold improvement in frame
rate over a static-vertex-buffer baseline. The complete implementation uses only standard
OpenGL Core Profile features and is therefore portable across desktop GPU vendors. Future
work will investigate compute-shader alternatives, hierarchical level-of-detail strategies for
million-cell models, and integration with stereoscopic virtual reality output.
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AiT:kaHoBa Asizxkan KalipaToBHa

Maructpanr 2 Kypca

[Ikoma UCKYCCTBEHHOTO UHTEIIEKTA U HAYKH O TaHHBIX
Astana IT Unibersity

(r. Acrana, Kazaxcran)

AHAJIN3 M ITPOT'HO3 NIOTPEBHOCTH B ITPECHOM BOJE B YCJIOBUAX PK
HA OCHOBE NNOI'OJAHbIX TAHHBIX U ITOKA3ATEJIEU IOTPEBJIEHUSA

AHHOTauMsA: B ycCrnoBUAX HM3MEHEHHUS KIMMAaTa M POCTa AHTPOIOTEHHOM HArpy3KH
npobsemMa parroHAIBHOTO YIIPaBICHUS BOJHBIMU pPecypcaMy IPHOOPETaeT CTPaTETHYecKOe
3HaueHue s PecnyOnuku Kazaxcran. llenaplo HacTosIero HUCCIEIOBAHUS —SIBISETCA
pa3paboTka U CpaBHHUTEIBHBIM aHAINU3 MOJIeNIel MPOTHO3UPOBAHUS MOTPEOHOCTH B MPECHOMN
BOJIC Ha OCHOBE IIOTOJIHBIX JIAHHBIX M IMOKasaTesei morpedieHus. B pabore uCIonb30BaHbI
METOJIbl SKOHOMETPUUYECKOTO MOJICTTUPOBAHUS U AJITOPUTMBI MAIIMHHOTO OO0YYEHHMS, BKITIOUas
Ridge Regression, Random Forest, Support Vector Regression, Gaussian Process Regression u
XGBoost. PesynapTarhl mokazaiau, 4TO aHCaMOJIEBbIC HEIMHEHHBIC METOJbI 00€CTICUMBAIOT
HauOOJIBIITYI0 TOYHOCTH mporHosupoBanus (R? qo 0.97, MAPE < 9%). Iloctpoen nporHos
COBOKYITHOTO BojornoTpederus g0 2030 roaa, moaATBEpKIAOIIUN YCTOMYMBBIN POCT CIIpoca
Ha BOJHBIC pecypchl. [lomydeHHBIC BRIBOABI MOTYT OBITH MCITOJIB30BAHBI NMPU (HOPMHUPOBAHUN
rOCyJapCTBEHHOM TIOJUTHKH B c(hepe BOIHOTO YIPABJICHHS W aganTallid K KIMMaTHYECKUM
U3MEHCHHSIM.

KiarwueBble cioBa: BogHbie pecypchl, KaszaxcTtan, BoJONOTpeOICHHE, MAIIMHHOE
ooyuenue, XGBoost, Random Forest, ktumatuueckue JaHHbIE, TPOTHO3UPOBAHUE.

BBeaenune. BonasHble pecypehl  SIBISAIOTCS  CTPATETMYECKA BaXHBIM — DJIEMEHTOM
ycToiunBoro pas3Butus Kaszaxcrana, oCOOEHHO B YCIOBUSX H3MEHEHMs KJIMMaTa M pOCTa
NOTPEOHOCTEN Ppa3IMUYHBIX OTpaciiei SKOHOMHUKH. D(PPeKTHBHOE yIpaBiICHUE BOJIHBIMU
pecypcamu TpeOyeT TOYHOTO aHajlu3a TEKYIIEro COCTOSHUS BOJNOMOTPEOJIeHUs U
MPOTHO3UPOBAHUS OyIaylmUX TOTPEOHOCTEW, YTO SBISETCS KIIOUEBOW 3ajmadedt s
oOecrnieueHns BOAHON 0€30MaCHOCTH CTPAHBI.

[lo ngaHHBIM HAIMOHAJIBHON CTATUCTUKA WU MEXKIyHApOIHBIX OpraHu3aluil, 00BEM
BO300HOBIISIEMBIX BOJIHBIX pecypcoB Kazaxcrana coctaBisier okoio 100—108 km® B roj, npu
aToM 10 45% dopmupyeTcs 3a npeAesiaMu CTpaHbl. YUYUTHIBAsk pOCT HACEJIEHUS, pacIlIMpeHue
CEJIbCKOXO3SIMCTBEHHOTO ITPOU3BOJICTBA M MPOMBILIJIEHHOTO CEKTOPa, IMPOrHO3UPOBAHUE
Oyayliero cmpoca Ha BOJly CTaHOBHUTCS HEOOXOJMMBIM HHCTPYMEHTOM CTPATETHYECKOTO
IIJJAHUPOBAHMSL.

Hacrosiiee ucciienoBanue NMOCBSIIIEHO aHAIU3y M MPOTHO3MPOBAHUIO MOTPEOHOCTH B
npecHoii Bosie B Pecniybnuke Kazaxcran Ha OCHOBE KIMMAaTUYECKUX JAHHBIX W MOKa3aTesen
BojonoTpebeHus. B pabore paccMaTpuBarOTCs METOIBI TPOTHO3UPOBAHUS BOIONIOTPEOICHMS,
BKJTFOYAsi CTATUCTHYECKHUE MOJIEIH B aJITOPUTMbI MAIIIMHHOTO O0Yy4YEHUSI.
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OCHOBHOHM 1EIBI0 HCCIENOBAaHUS SIBISETCS pa3padoTKa MOJEIH MPOTHO3UPOBAHUS
NOTPEOHOCTH B IPECHOM BOJIE, YUUTHIBAIOIICH MOTOHbIC JaHHBIC U MTOKA3aTEIN MOTPEOICHUS
no pernoHaMm Kazaxcrana. B pamkax uccienoBaHus pemaroTcs CaeAyoIIne 3a1a4u:

° AHaJIN3 CYIIECTBYIOIIUX METOJ0OB MPOTHO3UPOBAHUS MOTPEOHOCTH B BOJIHBIX
pecypcax

° COop 1 00paboTKa JaHHBIX IO BOJOMOTPEOIECHUIO U KIMMATHIECKUM U3MECHEHHUSM
B Kazaxcrane

° Pa3paboTka mNporHo3HOW MOJEIH C HCHOJb30BAHUEM METOJIOB MAIIUHHOIO
00yueHus

° CpaBHeHHE pa3IMYHbBIX MOJIEJICH MPOrHO3WPOBAHUS M OLICHKA UX TOYHOCTH

Osxupmaercsi, 4TO pe3yJabTaThl HCCIAEAOBAaHUS OyIyT TMOJE3HBl TOCYIapCTBEHHBIM
OopraHaMm, 3aHUMAIOIIUMCS YyIpaBJICHUEM BOJHBIMU pECypcaMH, a TakKe MPEeANPUITUIM
arpapHoOro v MPOMBIIIJIEHHOTO CEKTOPOB, 3aMHTEPECOBAHHBIM B 3(P(hEKTUBHOM TIAaHUPOBAHUU
BOJOTIOJIb30BAHUS

AKTYaJbHOCTh. POCT HaceneHusi, pa3BUTUE MPOMBIIUICHHOCTH U U3MEHEHUE KJIuMata
BEIyT K YBEIUYECHHUIO MOTPEOHOCTH B NPECHOM BOJE, Jejias BONPOC €€ PaluOHAIBHOIO
UCIIOJIb30BaHUsI Bce Oonee 3HauuMbiM. Kaszaxcran, o0jgajgas 3HAUYUTENbHBIMHU, HO
HEPaBHOMEPHO PACTIPEICIICHHBIMU BOJAHBIMU PECYPCAMU, YK€ CTAIKUBAETCA C MPOOIeMaMH UX
nedunura. [lo qanaeiM bropo HalMOHANBHON CTATUCTUKU, OOBEM €XKEIHEBHO MOTPEOIIsIEMOi
BOJIbI Ha OJHOTO kuUTens cTpaHbl B 2023 roay coctaBui 3,5 Thic. IUTPOB. B TO xe Bpems
uccienoBanusi BcemupHoro 6aHka MOKa3bIBAIOT, YTO €CIU TEKYLIUE TECHACHIIMH COXPAHSTCH,
00BbeM TOCTYIHBIX BOJHBIX pecypcoB Kazaxcrana mosxet cokpatutbes ¢ 100 1o 70 kyondeckux
kriioMeTpoB K 2050 roxy.

ITo nporuosam skcneptoB [TPOOH, yxe k 2040 rogy neduuut BOIHBIX PECYPCOB B
Kazaxcrane moxeT coctaButh 50% OT 0011eii NOTpeOHOCTH. DTO HETATUBHO CKAXKETCSl HA BCEX
CEKTOpax KOHOMHUKH, a B PsAJIE PETMOHOB MOXKET npuBecTH K cHmxkeHnto BBII va 6% k 2050
roJy.

Takum 00pa3oM, HEOOXOJUMOCTH HCCIEIOBAHUS MEXAaHW3MOB MPOTHO3UPOBAHUS H
ONTUMHU3AIIMU BOJIONOTPEOICHHS] CTAHOBUTCS 04eBUIHON. B nmanHol paboTe 0co00€ BHUMAaHKE
OyJeT yAeleHO KOMIUIEKCHOMY aHaJM3y JAHHBIX O MOTPEeOJEHUH BOJIbI, KIMMAaTUYECKHX
U3MEHEHUsIX W BojHOM Oanance. B Kazaxcrane, rne BoJHBIE pecypchl OTPaHUYCHBI H
pacrmpesiesieHbl HEpaBHOMEPHO, OCOOEHHO Ba)XHO HCIIOJIb30BAaTh COBPEMEHHBIC METOJIbI
MIPOTHO3UPOBAHUS, YTOOBI TPEIOTBPATUTH KPUZUCHOE PA3BUTHE CUTYAIUH.

CoBpemMeHHBbIE MOJAeJM MAIIMHHOIO O0y4YeHHUsl, MPUMEHsieMble JJf aHAJIHU3A U
MPOrH03a BOAONOTPeOJIeHUsl

B mocnenHue TOARI METOABI MAIIMHHOTO OOYYEHHS CYIIECTBEHHO PaCIIUPUIN
BO3MOYXHOCTH MPOTHO3UPOBAHUS BOJAONOTPeOIeHUs, obecrieunBasi 00jiee BICOKYIO TOUHOCTh
M0 CPAaBHEHUIO C TPAJAUIIMOHHBIMU MoAxoaamMu. B uccnenoBaHusx, mpoBeIEHHBIX B ABCTpUH,
Kutae u crtpanax EC, akTMBHO NPUMEHSIIOTCS Kak HHTepnpeTupyembie mojenu (Linear
Regression, Decision Tree, KNN), Tak u Oonee cinoxubie anroputMbsl (SVM, Random Forest,
LSTM).

B pa6ore MaulBiner et al. (2025) 6bu11 cpaBHEHBI IECTh MOJCIICH 1JIs1 MPOTHO3UPOBAHUS
CYTOYHOr'0 BOAOMOTPEOJIEHUS C YUETOM TOUYHOCTH, UHTEPIPETUPYEMOCTU U YCTOMUMBOCTH K
kuMatndeckuM crieHapusMm| 1]. Henmuneitasie monenu, takue kak LSTM u Random Forest,
noKaszaym 0oJiee BEICOKYIO TOUHOCTh, OJHAKO OKAa3aJiCh YyBCTBUTEIIbHEE K KAUECTBY BXOHBIX
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JNaHHBIX. bornee mnpocTele MOAENH MNPOAEMOHCTPUPOBAINA OOJIBIIYK0 YCTOMYMBOCTH U
npo3padHocTh. Kpome Toro, Random Forest mokasan craOuiabHBIE pe3yJbTaThl U MOXKET OBITH
JIOTIOJTHUTEIBHO YCUJIEH OYCTUHTOBBIMH airoputMamu, Takumu kak XGBoost (Niazkar et al.,
2024).

B uccnenoanun Xia et al. (2024) mpemnoxkena rubpumanas mojaenb GA-BP-KDE,
coueTalolasl TOYEYHBIA TMPOTHO3 U OLEHKY HeomnpenenéHHoctu. Ha mnepBoM srare
HCIOJIb30BAIMCh HEHUPOHHBIE CETH M MOJEIM MAIIUHHOTO OOYyYEeHHs, ONTUMH3UPOBAHHbBIC
MeTtasBpuctuueckumu anropurmamu (GA, PSO, GWO), a na Bropom — Metoa Kernel Density
Estimation nnst dgopMupoBaHus JOBEPUTEIBHBIX HHTEPBAIOB[2]. Mozenb Mmokas3ana BhICOKYIO
TOYHOCTh W TIO3BOJIMJIAa YYHUTHIBATH ACHUMMETPHUIO OHIMOOK, YTO OCOOEHHO BaXKHO TpHU
CTPATernYeCcKOM IUIAHUPOBAHUHM B YCJIOBHSIX OIPAaHUYEHHBIX BOJHBIX PECYpPCOB. ABTOPBI
NOMYEPKUBAIOT  3HAYMMOCTh  KOPPEKTHOTO  BBIOOpa  KIMMATHYECKUX  MEPEMEHHBIX
(Temneparypa, OCaJaKH, BJIA)KHOCTh), YTO MOBBIIIAET YCTOMYMBOCTh MPOTrHO3a. BO3MOXHOCTH
IIOCTPOEHUSI MHTEPBAIbHBIX, & HE TOJIBKO TOYEYHBIX OLEHOK CHUXAET HEOINpPEIeIEHHOCTh
YIIPABIECHYECKUX PEIICHUM.

Takum 00pa3oM, COBPEMEHHBIE HCCIENIOBAHMUS TMOJATBEPKAAIOT 3A(P(HEKTUBHOCTH
THOPUIHBIX MOJIEJEH MAIlMHHOTO OOYY€HUs M METOJOB OLIEHKM HEONPENeNEHHOCTH IS
IporHo3upoBanusi BojgonorpediaeHus. [logoOHbIe MOAXO0ABI MOTYT OBITH aJaNTHPOBAHBI K
ycnoBusiM  KaszaxcraHa ¢ y4éToM €ro KIMMAaTHYECKUX M COLUAIbHO-3KOHOMHUYECKHX
0COOEHHOCTEH.

HNHTerpanus KIMMATHYECKUX JAaHHBIX B MO/IeJIU IPOTHO3MPOBAHNUSA

KnumaTnueckue nepeMeHHble — TeMIlepaTypa, OCaJKH MU BIAXKHOCTb — SIBISIIOTCS
KJIIIOYEBBIMU (PaKTOpaMU B MOJIEJISIX POTHO3UPOBaHUs BojgonoTpednenus. B uccnenosanuu X.
Zhang et al. (2024) ananu3upyercs JuHAMUKa BOJIOCHA0KEHHSI B YCIOBUSX MOJTy3aCyILIUBOIO
kiuMara Ha npumepe ropoga l{uuean (Kutail), uro OJM3KO MO YCIOBUAM K FOKHBIM H
3anaaHbeiM peruoHaM Kazaxcrana[3]. [Iporaos ctpousics ¢ ucnofib3oBaHueM ciieHapueB Shared
Socioeconomic Pathways (SSP) u anroputma Random Forest, KoTopblii MO3BOINI YUUTHIBAThH
CJIIOKHBbIE HEJIMHEWHBIE CBSI3U MEXKIY KIMMATUYECKUMH M COLHMAIbHO-DKOHOMHYECKUMU
(bakTopamu.

ABTOpBI  BBIJENWIIM CEKTOPAIbHYIO CTPYKTYypy cmopoca (CelbCKOe XO3SIMCTBO,
IPOMBIIIIIEHHOCTh, OBITOBON U KOJIOTUYECKUI CEKTOP) U MOKa3aJId pOCT NOTPEOICHUS IPEKIE
Bcero B arpapHoi cepe. Mcnonp3oBanue kaumatudeckux creHapueB SSP126, SSP245 u
SSP585 mo3Bonmmiio y4ecTh BIUSHHE W3MEHEHHs KJIMMaTra Ha BOJHBIN Oamanc. [lomoOHBIN
MOJIXOJ] MOXET OBbITh MPUMEHEH B arpapHbIX M dHEpreTudeckux pernoHax Kaszaxcrana s
0oJsiee yCTOMYMBOTO IJIAHUPOBAHUS paCIpeIeICHUs BOJHBIX PECYPCOB.

AHaNOruuHbIe BHIBO/BI IOTBEPKIAIOTCS U IPYTUMU HCClieoBaHUAMU. B aBcTpuiickoit
paboTe HCMOIb30BaJaCh MHOXKECTBEHHas JuHelHas perpeccuss (MLR) ¢ yuérom
kiuMatuyeckux cueHapueB RCP, rae nporaosupyercss pocT MMKOBOTO BOJONOTPEOJICHHS Ha
14—19% K cepenuHe Beka, ri1aBHbBIM 00pa3oM u3-3a nemMorpaduueckux Gaxktopos. B psiae ctpan
(Cepbus, Dduonus, Kanaga) ycTaHOBJIEHO, YTO MOBBIIMICHUE TeMreparypsl Ha 1°C Moxer
YBEJIUYUTh MUKOBOE MoTpedieHue Boabl Ha 1.8—2%.Jlomumo IMHEHHBIX MOAENEH, IMHUPOKO
npumensitorcst Helponnbie cetu (ANN), SVR u Random Forest, noBsimaomnme TOYHOCTh
nporuo3oB. OIHaKO MCCIIEIOBAHUS MOKA3bIBAIOT, YTO MPH KOPPEKTHOM BBIOOpE MEPEMEHHBIX
Jlake MPOCThIE PErPECCUOHHBIE MOJIETTN MOTYT OOECIIEUNBATh COMIOCTABUMBIE PE3YIbTATHI.
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Hna Kazaxctana, ocoOeHHO B 3aCylUIMBBIX M PE3KO KOHTHMHEHTANbHBIX PETHOHAX,
MEPCIEKTUBEH KOMIUIEKCHBIM MOJAX0/ K MPOTHO3UPOBAHUIO BOJONOTPEOICHNUSI, aHATIOTMYHBIH
aBcTpuiickoMy. Kiimmarnueckas HeCTaOUIBHOCTh, COKPALLIEHUE IOBEPXHOCTHBIX U TIOJI3EMHBIX
BOJI, a TaKKe JeMOorpadUuecKuii pocT TpeOYyIOT pa3pabOTKH aallTHPOBAHHBIX PETHOHAIBHBIX
Mozeneld. MeToI0Iorn4eck Takue MOJENU JOJIKHBI OMUPaThCsl HA UCTOPUYECKUE JaHHbBIC
NOTPEOICHUS U MOTObl, YYUTHIBATH KIIMMATHUECKHE UHACKCHI U JeMorpaduyecKue MporHo3bl,
NPUMEHSTh CIEHApHBIA aHAIM3 W OLEHUBAThCsA C Hcnoib3oBaHueM MAPE, koppensiuu
[Iupcona u aHanmu3a MUKOBOTO crpoca. BakHO Takke MHTETPUPOBATH MPOTHO3BI B CHUCTEMY
YIOPABJICHUS] BOJIOCHAOXKEHUEM [JIs KOPPEKTUPOBKH TapU(HON MOJUTUKU, TUIAHUPOBAHUS
UHQPACTPYKTYPHI U BHEIPEHUSI MEP BOJIOCOEPEIKEHHUS.

Uccnenosanue Shu et al. (2024) cpasawmio niate moneneit U (GA-BP, ELM, GPR, SVR,
Random Forest) qy1st mporao3a BogonoTpeOaeHus B 4eThIpEX cexkTopax[4]. Moaenu o0ydanuch
Ha gaHHbIX 2005-2020 rr., oueHuBaiauch Mo R?, RMSE u MAPE u ucnoap3oBanmmch i
nporHo3a a0 2025 roga. GPR nmoka3zan Hawitydiine pe3yiabTaThl sl CEIbCKOT0, OBITOBOTO H
skojornyeckoro cekropa (R? no 0.98), rorna kak GA-BP oka3zaincs nanbonee 3ppexruBeH s
MPOMBIIIJICHHOCTU. Bce aaropuTMbl MPOAEMOHCTPUPOBAIM YCTOMYMBOCTH K HEOOJBIINM
BBIOOPKAM M IIPOITYCKAM JAHHBIX, @ IPOTHO3bI yKa3aJId Ha pOCT MOTPEOJIEHUS BO BCEX CEKTOPAX.

Jlnst Kazaxcrana Takue MEeToibl OCOOCHHO IIEHHBI ¢ YUYETOM PETMOHANBHBIX Pa3IUdUi U
KinMaTuyeckod HeonpeaenéHHocTH. Mogenu GPR u SVR 1no3BoJIIOT yYHUTHIBATH PUCKU H
nemorpaduueckue KosneOaHUs, a CEKTOPHbIM moaxon oOecneuyuBaeT Oojiee TOYHOE
pacrpeiesieHie pecypcoB, 0OCOOEHHO B 3aCyIUIMBBIX arpapHbix obnactsx. Murerpanus MU-
MOJIEJIEN B FOCY/IApCTBEHHYIO CUCTEMY YIIPABJICHUS BOJAHBIMH PECYPCAMU MOXET MOBBICUTH
TOYHOCTh MPOTHO3WPOBAHUS M YIYUYIIUTh CTPATErMYECKOE IUIAHUPOBAHUE B YCIOBUSX
W3MEHEHHUS KJIuMara.

MetopoJsiorus. Hacrosimiee wuccieoBaHMe OCHOBAaHO Ha KOMIUIEKCHOM aHaju3e
KJIIMMaTUYECKUX JaHHBIX, COOpaHHbIX Ha TeppuTopuu PecnyOmuku Kazaxcran 3a mocnenHue
JBa JECATUJIETHS W ToKaszatened mnoTpeOneHus. s aHanms3a OBUIM  MCHOJb30BaHa
Mereoposnorudeckas 0Oaza nganHbix PI'TI  «Kasruapomer», coaepkaiias eKeIHEBHbIE
HaOro/1eHus 1o 228 meTeoctanuusM; Jlanabie oxBaTeiBatoT nepuo ¢ 2000 roja no HacTosIiee
Bpemsi[8].

B xonme pabotbl ObuH coOpanbl exenHeBHbie HaOmoaeHus ¢ 2000 roma mo Hacrosee
BpeMs 10 228 METEOCTaHIIUSIM, PACIIONIOKEHHBIM Ha TEPPUTOPUH BCEX PErMoHOB PecnyOnmku
Kazaxcran. [y KaXq0¥ CTaHIIMK ObUTH BBITPY>KEHBI CIICTYIOIINE KITFOUEBbIC KITUMATHIECKUE
nokazarenu: cpeaHecytouHass temmneparypa Bozayxa (°C), CyTodHoe KOJIMYECTBO
aTMOC(EPHBIX 0CATKOB (MM), OTHOCUTEIbHAS CyTOYHAs BIAXXHOCTH Bo3ayxa (%)

Bce nanHbie ObUIH MOTYYEHBI B €KETHEBHOM pa3pese U 00beIMHEHBI B €IUHBIN (opMmar,
BKJTIOYAIOIINI Ha3BaHWE CTAHIIMU, PETHOH, JaTy HAONIOJEHWUS W 3HAYCHUS] H3MEPSIEMBIX
napameTpoB.

IToMumo MeTeoposioruuecKux HaOMOACHUNH ObUT BBITIOJTHEH COOp JaHHBIX TI0
NOTpeONeHUI0 BOABI OBbUIM TMOJYYEHbl M3 3aKPBITOIO HMCTOYHHMKA bropo HaumoHanbHOU
CTaTUCTUKU ATEHTCTBa MO CTpAaTerMyecKoMy IUIaHUpOBaHMIO U pedopmam PecnyOnuku
Kazaxcran (moptan OTKPBITBIX JTAHHBIX data.egov.kz):
https://data.egov.kz/datasets/view?index=water_dispensed to_consumers[13].

Habop naHHBIX CONEPKUT CTATUCTUYECKYIO HHGOPMAIUIO O PACHpPEEICHUU BOJIbI
noTpeduTeNsiM B paspe3e TEeppUTOpUd U BpeMeHHbIX mepuojoB. CTpyKTypa maraceTa
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NpECTaBICHA CICAYIOUMMH aTpuOyTaMu: HAMMEHOBAHHWE TEPPUTOPHUH, IEPUOJT, OO0BEM
noTpeOIeHUS BOJIbI, BUJ MECTHOCTH (CEIbCKas/TOPOJCKAs), KATETOpUs MOTPEOICHUSI.

[locne 3aBepiueHusi 3Tana MapCUHra KIMMATHYECKUE JaHHbIE MPEICTaBISIM COOOM
pa3po3HEHHbIE TaONMUIIbI, BBHITPYKEHHBIE IO ToJaM M MO CTaHIUAM HaOmoneHui. beima
BBITNIOJIHEHA KOMIUIEKCHAs peao0paboTka Habopa NaHHBIX C LIEIbI0 IPUBEICHUS HHPOPMAIUH
K €IMHOMY CTaHJapTy U IMOATOTOBKHM K MOCIEAYIOLIEMY aHAJIU3y M MOCTPOEHHUIO MOAeeH
IIPOrHO3UpOBaHMsl. B mporecce 0uMcTKY JaHHbIE 3HAUUTEIBHO COKPATUIINCh 3a CUET yIaJIeHUsI
IyCTBIX, HEKOPPEKTHBIX U Ty OIUPYIOUINX HAOII0AEHUI.

[Tocre BBINIOJIHEHUS BCEX 3TallOB MpenoOpaboTKu Obul  CHOPMUPOBAH  EAMHBIH
OUMIIICHHBIN MacCUB JJAHHBIX, BKIFOYAIOIINI:

- nepuo Habmoaerwnii: ¢ 2000 roga mo HacTostiee Bpems (Oosee 25 neT);

- KoJimuecTBo cranmuii: 228 meteorological and hydrological stations;

- napameTpbl: CyTO4YHas TeMIlepaTypa BO3/yXa, CYyTOUHbIE aTMOC(EPHBIE OCAJIKH,
CyTOYHasi OTHOCHUTEJIbHAs BJIAXKHOCTb BO3[yXa, CYTOUYHBIA YpOBEHb BOJABI B pEKax, 00beM
noTpeOJIeHHs, peTMoH, TN MeCTHOCTHU(cenbekas,ropojckas), kog KATO (Knaccuduxarop
aJIMUHUCTPATUBHO-TEPPUTOPUAIBHBIX OOBEKTOB);

- o0t 00BEM: 0KOJIO 2,7 MUJUTMOHA CTPOK HAOIIOICHUN.

JKOHOMETPHYECKOe MOJAeJMPOBaHue H 0a30Basi OLICHKA 3aBUCHUMOCTEN

[lepBbIM 3TamoM MOJETUPOBAHUS CTAJIO IOCTPOCHUE SKOHOMETPUYECKOW MOJIEIH
NaHEJIbHON perpeccuu ¢ (QUKCUpoBaHHbIMH 3(pdexTamu. Mcnonb3oBaHue JaHHOW MOJEIH
0o0OyCIIOBJIEHO  HEOOXOAMMOCTBIO  BBISBICHHMS  YCTOMYMBBIX  3aBUCUMOCTEH  MEXIY
KJIUMaTH4YeCKUMHU (AaKTOpaMHd M YpPOBHEM BOJONOTPEOIeHHUsI € YYETOM perruoHalIbHON
cienUKU W BPEMEHHBIX TPEeHAOB. BriroueHue ¢ukcupoBaHHBIX 3(G(HEKTOB PErHOHOB
MO3BOJIMJIO YYECTh HEU3MEHSIEMbIE BO BPEMEHU OCOOEHHOCTH TEPPUTOPHUH, TAKHUE KAK YPOBEHb
UH(QPACTPYKTYphl ~ BOJOCHAOXKEHMs, CTPYKTypa 5SKOHOMHUKM U  jJeMorpapuyeckue
XapakTepucTUKu. BBegenue (¢GuxkcupoBaHHbIX 3A((EKTOB TrojJa MO3BOJUIO  YYECTh
MaKpOA’KOHOMHYECKHME U  KIMMAaTUYECKUE TEHJEHUMWHU, OKa3bIBAIOIIME BIMSHUE Ha
BOAOINOTPeOIEHNE HA HAITMOHAJIBHOM YPOBHE.

PanelOLS Estimation Summary

Dep. Variable: consumption R-sguared: @.1762
Estimator: PanelOLS R-sguared (Between): @.8273
MNo. Observations: 186 R-squared (Within): @.8674
Date: Tue, Feb 17 2826 R-squared (Overall): @.e1e2
Time: 81:34:57 Log-likelihood -3516.5
Cov. Estimator: Clustered
F-statistic: 3.8237
Entities: 21 P-value @.6004
Avg Obs: 8.5714 Distribution: F(8,143)
Min Obs: 2.0080
Max Obs: 9.o0ee F-statistic (robust): 16.358
P-value @.80080
Time periods: 9 Distribution: F(8,143)
Avg Obs: 26.000
Min Obs: 2e.0088
Max Obs: 26.008

Parameter Estimates

Parameter 5Std. Err. T-stat P-value Lower CI Upper CI
rain_year -2.761e+84 1.198e+84 -2.3842 @.8227 -5.13e+84 -3524.4
hum_mean 4.267e486 8.80952+486 @.4797 @.6322 .332e+07 2.1852+87
hum_min 2.936e+87 1.181le+07 1.7244 @.0868 .979e+86 4.37e+87
temp_mean -1.326e+87 1.873e+87 -8.7876 G.4883 .B829e+87 2.3782+87
temp_max -4.879%9e486 7.8le+06 -8.5818 @.5616 .793e+87 9.778e+86
temp_min 9.38%e+85  5.05e+06 8.1859 8.8528 .044e+856  1.892e+07
days_obs 1.884e+85 1.372e+85 1.3143 @.1988 .82%e+84 4.516e+85
allowance_mean 5.294e+88 7.326e+87 7.2264 @.ecee . 846e+08 6.7422+088

o
[FURNT- IV R

Pucynok 1. Pe3ynbTaThl olieHku nanenbHou perpeccuu (PanelOLS) ayist monenu
BOJIONIOTPEOICHUS
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Pesynbratel nanenbHOM perpeccuu (PucyHok 1) moaTBepInian Haau4ue CTaTUCTHYECKU
3HAYMMOM 3aBUCUMOCTH MEXIY MOTOJHBIMHU MapaMeTpamMu U ypOBHEM BOAONOTpeOieHus. B
YaCTHOCTH, HAOJIIOAANACh MOJIOKHUTENIbHAS CBSI3b MEXAY POCTOM TEMIEpaTypbl BO3AyXa U
yBEIMUEHUEM OOBEMOB MOTPEOIIEMO BOJABI, YTO COMJIACYeTCsl € TEOPETHYECKUMU
MPEANOJIOKEHUAMH O BIMSHUM MCIAPEHUS U POCTa OBITOBOTO CIpOca B TEMIIBIE MEPHOIBI.
KonudecTBo 0cagkoB, HAmNpoTHB, JAEMOHCTPUPOBAIO OTPUIIATEIBHYIO 3aBUCUMOCTH C
BOJONOTPEOICHUEM, YTO OOBSCHAETCS CHI)KCHHEM MOTPEOHOCTH B UppUTraluu IpHU
MOBBIIIIEHHOM €CTECTBEHHOM YBJIAKHEHHUHU.

HecMoTpst Ha MHTEPNPETUPYEMOCTh PE3yJIbTaTOB, IKOHOMETPUYECKas MOJIENb MoKa3asa
OTPAaHUYECHHYIO CIIOCOOHOCTh YYMTHIBATH CIIOKHBIE€ HEJIMHEWHbIE 3aBUCUMOCTH, YTO
00yCIIOBMJIO TIEPEX0]] K METOJ]aM MAIIMHHOTO O0YyYEeHHUS.

Jlorapudgmuueckas perpeccuonnas mogesab Ridge Regression

CrnenyromumM 3TarioM MCCIEAOBaHUS CTajlo MOCTPOCHHE JuHeWHoW wmoxaenu Ridge
Regression, mNpuMEHEHHOM K JIOTapu(MHUPOBAHHBIM  3HAYEHHUSIM  BOJONOTPEOJICHHUS.
Hcnonw3oBanue  jorapudmuyeckoro mnpeoOpa3oBaHUs  IMO3BOJMIIO  CTAOMIM3UPOBATH
JUCIIEPCHUIO BPEMEHHOT'O PsAJIa U YMEHBIIUTD BIMSHHUE YKCTPEMAIbHBIX 3HAUCHU, XapaKTEPHBIX
JUTSI TUAPOJIOTUYECKUX JAHHBIX.

Perynspuzanus, npumensemas B wmojenu Ridge, mo3Bosuia yMeHbHIUTH 3G exT
MYJIBTUKOJJTUHEAPHOCTU MEXKIY KIMMATHYECKUMU MIEPEMEHHBIMU U MOBBICUTH YCTONYUBOCTD
Mozenn K nepeoOyuyeHuto. Ilo cpaBHeHuio ¢ 06a30BOM 3KOHOMETPUYECKOW MOJEIBIO
HAOJI0JAIOCh 3aMETHOE YJIYyYIIEHHE KadyecTBa IPOTHO3MPOBAHMS, YTO MOATBEPIUIIO
1eJ1eCO000Pa3HOCTh NEpexo/ia K 60jIee CI0KHBIM aJrOpUTMaM.

1le9 Ridge Regression
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Pucynok 2. I'paduk cpaBHeHUs (aKTUUECKUX W MMPOTHO3HBIX 3HAUCHUN
Bojonorpednenus (moaens Ridge Regression)

Ha rpaduke nHabmromaercs cmocoOHOCTh MOJIEIN KOPPEKTHO BOCIIPOU3BOIUTEH OOITHI
TPEH/I BOJOTIOTPEOJICHUSI, OJTHAKO B MEPUOJIBI PE3KUX U3MEHEHUN HAOIIOAAIOTCS OTKIOHCHUS
IIPOTHO3HBIX 3HAYEHH.

IlpumMeHeHMne HEJMHEHHBIX AJITOPUTMOB MAIIIUHHOTO 00y4YeHH s

OcHOBHOI1 3Tan MOJEIUPOBaHUs ObUT CBA3aH C MPUMEHEHHEM aITOPUTMOB MATUHHOTO
00y4eHHsi, CIIOCOOHBIX YUYUTHIBATh HEJIIMHEWHbIE 3aBUCUMOCTU W CJIOHBIE B3aUMOJCHCTBUS
daktopoB. B pamkax uccienoBanus Obuin peanu3oBanbl Mojenu Random Forest, Support
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Vector Regression, Gaussian Process Regression (GPR) u XGBoost, 4To 1m03B0oJHI0 TPOBECTH
CpaBHUTEIBHBINA aHAN3 Y()PEKTUBHOCTH PA3TUIHBIX TOIXOIOB.

AHcaMOJeBbIE METOBI TPOJAEMOHCTPUPOBAIH CYIIECTBEHHOE TOBBIIIEHUE TOYHOCTH
MPOTHO3UPOBAHUS IO CPABHEHUIO C JIMHEUHBIMM MOJEISIMH. OJTO OOBACHSETCA UX
CIIOCOOHOCTBIO  BBISIBIISITh  CJIOXKHBIE 3aKOHOMEPHOCTH B MHOTOMEPHBIX JAHHBIX H
YCTOMYMBOCTBIO K IyMY U MPOIYLIEHHBIM 3HAYEHUSIM.

Mogaenr Random Forest Regression crtajna mepBbIM HEIMHEHHBIM aJTOPUTMOM,
UCIoJIb30BaHHBIM B paboTe. Random Forest mpencraBisier co0oil aHcamOiib JepeBhEB
penieHuii, o0y4aeMblXx Ha CIy4YalWHBIX MOJBBIOOpPKAX IaHHBIX, YTO OOECHEUUBAET BHICOKYIO
YCTOMYMBOCTh MOJEIU M CIHOCOOHOCTh YYHUTHIBATh CJIOXKHBIE 3aBHCHUMOCTH MEXIY
MEPEMEHHBIMHU.

Pe3ynbTaThl TMOKa3aau 3HAYUTEIBHOE MOBBIMICHUE TOYHOCTH MPOTHO3UPOBAHUS IIO
CpaBHEHUIO ¢ JHHEWHBbIMH MozenaMu. Moxens Random Forest mpoaemoncTpupoBana
HAWIy4IlA€e Pe3yJIbTaThl MO BCEM KIIHOUEBBIM MeTpukaM. 3HaueHne MAPE coctasuio 8.33%,
YTO COOTBETCTBYET TOYHOCTH mporHo3a 91.67%. Koaddumuent nerepmunanuu R? paBen
0.9549, 4TO CBHUIETEIBCTBYET O BBICOKOW CTEMEHU OOBSICHEHUS] BapuallMM 3aBUCHUMOU
nepemMeHHol. MuanmaneHoe 3HaueHne RMSE Takke nmoarBep:xaaeT yCTOMYMBOCTh MOJETU U
ee CIocoOHOCTh, (opMUpOBaTH MPOTHO3BI C HAUMEHBIINM  CPEAHEKBAJAPATUYHBIM
OTKJIOHEHUEM.

Bricokue nokazarenu 00bACHSIOTCS aHCaMOJIeBOM mpupo 1ot anroputma. Random Forest
CTPOUT MHOXKECTBO JIEPEBBEB PEUICHUWA W arperupyer MX pe3yJbTaTbl, YTO IO3BOJISIET
3G (HEKTUBHO MOJAEIUPOBATh CJIOXKHBIE HEJIMHEWHbIE 3aBUCUMOCTH W CHUXATh BIUSHUE
BBIOPOCOB U IIIyMOB B JJaHHBIX.

1e8 RF
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Pucynok 3. I'paduk cpaBHeHust GaKTUUECKUX W MMPOTHO3HBIX 3HAYCHU
BogomnoTpedaenus (Mmoaens Random Forest)

HawnGosee 3HaunMbIMK (haKTOpaMu MTPOTHO3UPOBAHUS OKA3aJIMCh JIATOBBIC TICPEMCHHBIC
BOJIONOTPEOIICHNS, TEMITepaTypa Bo3lyXa 1 HOpMAaTHB BOJOTIOTPEOICHNUS.

Merton Support Vector Regression (SVR) Obul McHnonab30BaH IS MOJETUPOBAHUS
CIIOKHBIX HEIMHEHHBIX 3aBUCHUMOCTEH MEXAy NepeMeHHbIMH. Vcmonbp3oBaHuE SAPOBBIX
GyHKIMNA TIO3BOJIHIIO ANMPOKCUMUPOBATh HEIMHEWHYIO 3aBHCHMOCTH BOJIOIOTPEOJIEHUS OT
KIIMMAaTUYECKUX (DaKTOPOB.
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Pucynok 4. I'paduk cpaBHeHUs] GaKTUUECKUX U MMPOTHO3HBIX 3HAYCHUN
BoJI0oNIOTpeOaeHus (Moens Support Vector Regression)

Mogens SVR nokazana ymepeHHble pe3yibTarbl. CpenHsisi aOCOIIOTHAS MPOIEHTHAS
ommbka coctaBmia 12.41%, uro 3ameTHO BbImIe MO cpaBHeHHI0O ¢ Random Forest.
Koaddumment nerepmunanmu R? pasen 0.9259, 4ro ykaspiBaeT Ha JOCTATOYHO XOPOIIYIO, HO
MEHee BBICOKYIO OOBSCHSIONIYIO CIIOCOOHOCTb.

SVR dyBcTBHUTENEH K BBHIOOPY sijpa M HACTpoiKke rumepriapameTpoB. [Ipu Oomnbiiom
MaciTabe JaHHBIX W 3HAYUTEIIbHOW BapUAaTHUBHOCTU IICJIEBOM MEPEMEHHOW MOJIEIh MOXKET
JEMOHCTPUPOBATH MEHEE CTAOMIIbHBIE PE3YyJIbTAaThl 0€3 TIIATEeNbHON KaTUOPOBKH MapaMeTPOB.

Mopnenb GPR nokasana 6osiee Boicokue 3HaueHust RMSE u 6osiee Hu3kuit ko3 puuueHT
nerepmunanuu (0.9000). HecMOTpsi Ha TEOPETUYECKYIO CIIOCOOHOCTh TOYHO MOJIECIUPOBATH
HEJIMHEWHBIC TIPOIIECCHl U YUYUTHIBATh HEOMPEACICHHOCTh MPOTHO3a, HA MTPaKTUKE MpU padoTe
Cc OOJBIIMMM 3HAYEHUSMHU IIEJICBON MEPEeMEHHON HAOIIOJAETCS YBEJIUUYCHUE UCIICPCUU

IIPEACKA3aHNMN.
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Pucynox 5. I'paduk cpaBHeHUs (PaKTUUECKUX ¥ MPOTHO3HBIX 3HAYCHUN
BoonoTpebnenus (moaens Gaussian Process Regression)

HononnutenbHbIM orpanndyenrieM GPR sBisieTcst BeluncauTenbHas Cl0XHOCTb, KOTOpas
BO3pACTaeT NpH YBETUYEHUH 00BbeEMa BEIOOPKH.
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Pucynok 6. I'paduk cpaBHeHUs aKTHIECKUX W MMPOTHO3HBIX 3HAUCHU
BojonoTpedaeHus (Moens X GBoost)

Jlanee a1 IPOrHO3UPOBAHUSI MOTPEOHOCTU B MPECHOM BOJE HUCIIOJIB30BAJICS AITOPUTM
rpanguentHoro Oycrtunra XGBoost (Extreme Gradient Boosting). Bribop manHoro merona
00YCIJIOBJIEH €ro BBICOKOW 3(P(EKTUBHOCTHIO MpU paboTe ¢ TaOJUYHBIMU JAHHBIMU H
CIIOCOOHOCTBIO YUYHUTBIBATH CIIOXKHBIE HEJIMHEWHBIE 3aBUCMMOCTH MEXAY MpU3HaKaMu. B
OTJIMYKME OT JIMHEWHBIX MOJENIeM W MPOCThIX aHcamOyieBbIX MeTon0B, XGBoost peanusyer
NOCJIEIOBATEIBHOE MOCTPOEHUE aHCaMOJsl JIEPEBbEB PELICHMM, Tlle Ka)xxaas HOBas MOJAEIb
oOyyaeTcst Ha omMOKax mpeapaymux. Takoi moaxoa No3BOJIIET MUHUMHU3UPOBAaTh (DYHKIIMIO
NOTEPb U MOCTENEHHO MOBBIIIATh TOYHOCTh IPOTHO3UPOBAHUS.

Jist 3a1a4 MPOrHO3UPOBAHUS BOJONOTPEOICHUS JAHHBIN aJrOPUTM OCOOCHHO aKTyaJleH,
IIOCKOJIBKY paccMaTpuBaeMas CUCTEMAa XapaKTepU3yeTCs:

- HEJTMHEHHBIM BIUSIHUEM KJIMMATHYECKUX (aKTOPOB

- CUJIBHOM aBTOKOPPEISILMEN BPEMEHHBIX PSIOB

- B3aUMOJIEVCTBUEM TIOTOJIHBIX M COLUATBbHO-3KOHOMUYECKUX TEPEMEHHBIX

- HaJIMYUEM LIIyMOB U MPOMYIICHHBIX 3HAUCHUI.

ITo pesynbratam wmozaenb XGBoost mNpoaeMOHCTpUpPOBaIa BBICOKOE KaueCTBO
IPOTHO3UPOBAHUS MOTPEOHOCTH B MpecHOM Boje, obecrnieunB 3HaueHue MAPE Ha ypoBHe
8.77%, 4TO 03HAYAET CPEHIOI0 OTHOCUTEIIBHYIO OITMOKY MeHee 9% 1 OATBEPKAaeT BHICOKYIO
TOYHOCTh MOJENH, IpPU 3TOM IoKazarenb Accuracy coctaBunl 91.23%, yka3piBas Ha
CIIOCOOHOCTH aIropuT™Ma BOCIPOU3BOAUTH Oosiee 90% QakTryueckoi BeIMYUHBI TOTPEOICHHUS,
a 3HaueHne RMSE, paBnoe 53 013 131.94, orpaxkaer ymepeHHOE CpEIHEKBAJAPATHYHOE
OTKJIOHEHHE B a0COJIIOTHBIX BEJIMYMHAX C YYETOM KPYIMHOI0 MaciTada 1ejieBoi nepeMeHHOH,
Toraa kak kodpduuueHt nerepmunanuu R? = 0.9743 cBugeTenbCTBYeT O TOM, UYTO MOJECIIb
oObsacuser Oomnee 97% Bapuanuu MOTPEOJIEHUS BOABI, YTO SBISETCS OYEHb BBICOKHUM
pe3yNbTaTOM [JIsl COLIMAIbHO-3KOHOMHUYECKUX JAaHHBIX U MOATBEpXkAaeT 3(P(HEKTUBHOCTD
XGBoost B BBISIBICHUU CI0KHBIX HETMHEUHBIX 3aBUCUMOCTEN U BOCIIPOU3BEACHUN TUHAMUKH
BPEMEHHOTO Psijia.
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CpaBHHTE/IbHBIH AaHAJIN3 MO/IeJIell POrHO3MPOBAHUSA BOAONOTPeOIeHUsA

CpaBHHUTENBHBI aHAIM3 MOJENEH MPOTHO3UPOBAHUS BOJONOTPEOICHUS BBISIBUJ
3HAYUTENbHbIC pa3nnuus B ux 3gpextuBHocth. JIuneitnas moaens Ridge Regression mokazana
OTPaHUYEHHYIO OOBACHSIOINIYIO CIIOCOOHOCTD: KO3 duUliMeHT nerepmunanuu coctaui 0.3718,
a cpeHsisi abCOIOTHAS POLIeHTHAs olnoKa rnpesbicuia 30%, 4To moATBepKAAeT HEMMHEHHBIN
XapaKkTep 3aBUCUMOCTH BOJOMOTPEOJICHUS OT KIMMATHUYECKUX M COLIMAIbHO-IKOHOMUYECKUX
daktopoB. Ilepexoll K HETUHEHWHBIM aTOPUTMaM CYIIECTBEHHO YIYUYIIWJI PE3YJIbTaThl:
Random Forest nmponemMoHcTpupoBan Beicokyto TouHOCTh (R? = 0.9549; MAPE = 8.33%) u
HauMeHbliee 3HaueHnue RMSE cpeau 06a3oBbix mognenedt, a Support Vector Regression u
Gaussian Process Regression Taxke oOecneUMsid yCTOWYUBBIE MPOTHO3bI, XOTS YCTYMHIU
aHcaMOJIEBBIM METOJaM IPH BBICOKUX 3HAYEHUAX NOTPEOIICHHUS.

Hawnnydimue pe3ynpTaThl ObUIM JOCTUTHYTHI ¢ ToMolibio XGBoost, koTophklil o0ecniedn
MaKCcUMaJIbHBIA Kod(ppuniueHt ngerepmunanuu (R? =0.9743) npu HU3KOM cpeiHel NPOLIEHTHOM
ommbke (MAPE = 8.77%). YnydiieHue kadecTBa MPOTHO3MPOBAHUSA CTaJO BO3MOXKHBIM
OJslarosiapsi MCHOJIB30BAHMIO JIATOBBIX MEPEMEHHBIX U CKOJIB3AIIUX CPEAHHUX, UYTO IMO3BOJIUAJIO
y4eCTh aBTOKOPPEJSILIMI0 BPEMEHHOI'O psifia U MHEPLIMOHHOCTh CIpoca Ha BoAy. BuzyanbHoe
comocTaBlicHHe (PaKTHUYECKUX UM TMPOTHO3HBIX 3HAYEHUH MOATBEPAWIIO IPEUMYIIECTBO
ancamOneBbIx MeTo10B: Random Forest 1 XGBoost Haubosee TOUHO OTpakaroT CTPYKTYpPYy
JaHHBIX U PETHOHAJIbHbIE OCOOEHHOCTU. B 11e10M aHanu3 mokasal, 4To UMEHHO 3TH MOJEIU
ABIISAIOTCA HanOoJiee cOaJaHCHUPOBAaHHBIMU W YCTOHYMBBIMU Ui 3a/ad JIOJTOCPOYHOTO
IPOrHO3UPOBAHMSI BOJONIOTPEOICHNUS.

Tadbimma 1 - CpaBHuTeNbHBII aHAAM3  MOAeJedl  NMPOrHO3MPOBAHUS
BOONIOTPEOIeHUA

Model MAPE Accuracy RMSE R*2

Ridge 31.72% 68.28% 262,037,957 0.3718
Regression

Random Forest 8.33% 91.67% 38,838,488 0.9549

Support Vector 12.41% 87.59 49,788,311 0.9259
Regression

Gaussian Process | 10.75% 89.25% 57,812,878 0.9000
Regression

XGBoost 8.77% 91.23 53,013,131 0.9743

IIporuo3 Bogonorpedaenus a0 2030 roxa

Ha ocHoBe cpaBHUTENBHOTO aHaTM3a ABYX Haubomee 3pdexkTuBHbIX Moenei - XGBoost
u Random Forest - ObUTO BBITIOJIHEHO MPOTHO3UPOBAHUE COBOKYITHOTO MOTPEOJICHHS BOJBI B
Pecry6nuke Kazaxcran Ha nepuos 10 2030 roma. Ha npencraBnennom rpaduke oToOpakeHbl
TPU KIIOYEBBIX d3JeMEHTa: (akThuueckas JuHaMUKa Bojomnorpedsienus 3a 2018-2024 rr.,
nporHo3ublie 3HadeHus: Ha 2025-2030 rr., paccuntannbie Monenbio Random Forest, a Taxke
IIPOTHO3, TIOJYYEeHHBIN ¢ ucnolib3oBaHueM anroputma XGBoost. BepTukanbHas myHKTHpHas
JUHUSL OTHENSIET UCTOPUYECKUM NepuoJl HAOMIOJEHUH OT MPOTHO3HOIO HMHTEpBANIA, UTO
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IIO3BOJIACT HArJIAAHO COIIOCTaBUTH CI)aKTI/I‘-ICCKI/Ie JaHHBIC C MOACJIbHBIMHN OLICHKAMH 6yzxy1uel71
JUHAMHUKHU.

1e9 Forecast of freshwater demand (KZ total): Random Forest vs XGBoost (2025-2030)
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AHaIN3 UCTOPUYECKUX MJAHHBIX JIEMOHCTPUPYET YCTOMUMBYK) TEHICHIMIO POCTa
notpebsieHuss BoAbl, ocobeHHo HauuHas ¢ 2020 roga. Hambosiee MHTEHCUBHOE YBEIUYCHUE
00bEéMOB 3adukcupoBaHo B 2021-2023 rr., 4TO MOXKET OBITh CBS3aHO C KIMMATHYECKUMH
(dbakTOpamMu, pOCTOM CEJIbCKOXO03IMCTBEHHONW aKTUBHOCTH, JeMOTpaprUIecKUMU U3MEHEHUSIMU
U YBEJIWYEHUEM NPOMBIIUIEHHOrO moTpedneHus. B 2024 roay auMHaMUKa HECKOJIBKO
CTAOMIIM3UPYETCS, OJHAKO YPOBEHb MOTPEOJIEHUA OCTAETCS CYIIECTBEHHO BBIIIE 3HAYCHUU
Hayaja aHaJu3upyeMOro Nepuoa.

[Ipornosueii mHTepBas 2025-2030 rr. XapakTepus3yeTcsi COXpPAHEHUEM BOCXOJISILETO
TpeHaa. O6e Momenu JIEeMOHCTPHUPYIOT OJU3KUE TPACKTOPHHM POCTa, YTO TOATBEPKIACT
YCTOMYMBOCTH MOTY4YEHHBIX olleHOK. Mozaenbs Random Forest popmupyer Gosee criakeHHyIO
U JIMHEWHYIO JIMHAMHUKY YBEIWYCHUS TOTPeOIeHUs, OTpaxkas YCpPEAHEHHBIA XapakTep
ancambyieBoro meroaa Osrruara. B cBoro ouepennr, XGBoost qemoncTpupyer 6osee ruOKyro
TPAEKTOPHUIO, HECKOJIbKO YyBCTBUTEIIbHEE PEATUPYs Ha CTPYKTYPY AAHHBIX U B3aUMOJICICTBHE
MPU3HAKOB, OJHAKO K KOHILy MPOTHO3HOIO IMEpUOJa 3HAYEHUS JIBYX MOJENICH MPaKTUYECKU
COBITIAJIAOT.

K 2030 rogy nporuo3upyercs AajibHelIIee yBeIMUeHHE COBOKYITHOTO BOJOTOTPEOIECHUS
0 CpaBHEHHUIO ¢ ypoBHEM 2024 roaa, 4TO yKa3bIBA€T HA COXPAHEHUE CTPYKTYPHOTO Ccrpoca Ha
BOJHBIE pecypchbl. OTCyTCTBHE pe3KUX KojJieOaHUM B TMPOTHO3HOM dYacTu Tpaduka
CBHUJICTEJILCTBYET O CTAOMJIBHOCTH MOJIEIM U TOJTBEPXKJIAaeT HMHEPIIMOHHBIM XapakTep
JTWHAMUKU TOTPEOICHUS.

Busyanuzaius mo3BoJisieT cenaTh HECKOJIbKO KITIOUEBBIX BBHIBOJIOB:

- PocT BomonoTpeOeHnsT HOCUT YCTOWYMBBIN U JOJITOCPOUYHBIN XapakTep.

- [IporHo3Hbie 3HAUYEHUS JIBYX HE3aBUCHUMBIX MOJIENICH IEMOHCTPUPYIOT BBICOKYIO
COTJIaCOBAHHOCTA.

- CTpykTypa BPEMEHHOTO psifla COXPaHSET TUIABHYIO JMHAMHKY 0€3 MpHU3HAKOB
PE3KOT0 CHUKEHUS WM IKCTPEMAIIBHBIX CKAUYKOB.

3axkuawdenue. I[IpoBeACHHBIN CpPaBHUTENBHBIM aHAIW3 PAa3IUYHBIX MOJIXOJOB K
MIPOTHO3UPOBAHUIO MOTPEOHOCTH B MPECHOM BOJIE MOKAa3ajl, YTO KJIACCUUYECKHUE JIMHEHHBIE U
HKOHOMETPUUYECKHE MOJENH 00JIaJal0T OTPAaHUYEHHOW CIMOCOOHOCTBIO OMHCHIBATH CIIOKHYIO
CTPYKTYpY JaHHbIX. HecMmoTps Ha UX HHTEPIPETHPYEMOCTb U  TEOPETUUYECKYIO
000CHOBAaHHOCTb, TAaKHUE€ MOJENU JAEMOHCTPUPYIOT CHI)KEHHE TOYHOCTU TMPU HAIUYUU
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BBIDQKEHHBIX  HEJIMHEHMHBIX  3aBUCUMOCTEH,  PETHOHAJIBHOW  HEOJHOPOJHOCTH U
B3aMMOJICUCTBHS KITUMATHIECKUX (PaKTOPOB C JTAarOBBIMU 3HAYCHHUSIMHU TIOTPEOJICHHUS.

[lepexon k aHcaMOJIEeBBIM METOJAaM MAIIMHHOTO OOYYEHHUS MO3BOJMI CYIIECTBEHHO
MOBBICHTh KA4eCTBO TPOTHO3UPOBaHMS. VIcmonb30BaHWE aJIrOPUTMOB, OCHOBAaHHBIX Ha
JIEPEBBbAX PEIICHHM, O00eCrneymio aBTOMATHUYECKOE BBISIBJICHHE CIIOXKHBIX HEJIMHEUHbIX
3aBUCUMOCTEN MEXKy TEMIIEpaTypoil, 0caikaMu, BIIaXKHOCThIO, HOPMATUBHBIMU MOKA3aTEISIMU
U UCTOPUYECKUMH 3HAYCHUSIMU TOTPEOJICHHS] BOJBI. DTO MO3BOJUIO 3HAYUTEIHHO CHU3UTH
CPEIHIOIO MPOIEHTHYIO OMIMOKY M YBEIMYUTh KOAPOUIIMEHT AETEPMUHALIUU 0 CPABHEHHIO C
TPaJAUIIMOHHBIMU MOJIEIISIMU.

Haubonee 3¢ pekTuBHBIMU aITOpUTMAMHK IO UTOTaM TECTUPOBaHUS oka3aiuch Random
Forest 1 XGBoost. O6e mMozenu mpoaeMOHCTPUPOBAIN BBICOKHE 3HaueHHUs Kod(¢uimeHTa
nerepmunanuu (R? ceoime 0.95 nns Random Forest u cBoime 0.97 nns XGBoost), uto
CBUJCTEILCTBYET O CIOCOOHOCTH OOBSACHATH NPAKTHUYECKH BCIO BapHAIUIO IIEJIEBOM
nepeMeHHoi. [lpu 3TOM 3HaueHus cpeaHel abcoyoTHOM mpoueHTHo omuoku (MAPE)
Haxoauimuch Huke 10%, YTO COOTBETCTBYET BBICOKOMY YPOBHIO TOYHOCTH IS 3aJad
MaKpPOIKOHOMHYECKOTO ¥ PECYpCHOTO MPOTHO3UPOBAHUSI.

Random Forest mnpoaeMOHCTpUpPOBal MHUHUMAJIbHBIE AOCOJIOTHBIE OIIUOKK U
YCTOMUYMBYIO CTIQXEHHYIO IWHAMHUKY IPOTHO3a, YTO TMOJTBEPXKIAAET €ro CTAOWIBHOCTb U
HaaEKHOCTb. B cBolo ouepenp, XGBoost mnokazan 0ojee BBICOKYIO OOBSCHSIOUIYIO
CIIOCOOHOCTh U JIYYIIYIO aJaNTalMi0 K CJIOKHOM CTPYKType MHaHHBIX, YTO JENAeT €ro
MPEANOYTUTEIBHBIM WHCTPYMEHTOM JUIsl JIOJTOCPOYHOTO MPOTHO3UPOBAHUS U CIIEHAPHOTO
aHaM3a.

IIporno3 no 2030 roma, MOCTPOCHHBIM HAa OCHOBE JAHHBIX MOJIEJEH, yKa3blBaeT Ha
COXpaHEHHE YCTOWYMBOTO BOCXOMAIIETO TpeH1a BojonoTpednenus B Pecnybnnke Kasaxcran.
[TomydyeHHBIC pE3ynbTaThl MOATBEPKIAIOT HAJIUYME HWHEPIIMOHHOTO XapakTepa JIWHAMHUKA
CIpoca M BIIMSHHE KIMMAaTHYeCKHX (aKTOPOB Ha (OPMHpPOBAHHWE TOTPEOHOCTH B BOJHBIX
pecypcax.

B uenom pe3ynbTarhl HMCCIENOBAaHUSA JAEMOHCTPUPYIOT BBICOKYIO 3(()EKTUBHOCTH
METOJ/IOB MAIIMHHOTO OOYYCHHS TPH PEIICHUH 3a7a4 MPOTHO3UPOBAHUS BOJOMOTPEOICHUS 1
MOATBEPKIAIOT WX TMPAKTHUECKYIO MPUMEHUMOCTH IS TOAJNCPKKA TPUHATHS DPEIICHUN B
chepe CTpaTeruvyecKoro ympaBiieHUWs BOAHBIMU pecypcamu PecnyOnuku Kaszaxcran,
pa3paboTKH MPOrpaMM YCTOHYMBOTO BOJOCHAOKEHHUS M OIIEHKH PUCKOB BOJHOTO Jeduiura B
YCJIOBHSIX U3MEHEHUS KITMMaTta.
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MULTI-VIEW NPEJACTABJIEHWUSI BHHAPHBIX DAWNJIIOB IS
KIACCU®OUKALIIMN CEMENCTB BPEJOHOCHOT O 110 B TAPAJIUI'ME
MALWARE-AS-IMAGE

AnHotauus: OOecnieueHue HaaEKHON Kiaccudukanuu BpeaoHocHoro 110 cemelicTBa
malware ocTaércsi aKTyalbHOM 3amadedl B oOsactu kubOepOezonmacHoctd. OnuH U3
COBPEMEHHBIX METOJIOB -IIpe/CTaBlIieHne OMHapHOro (aitnia kak m3oOpaxkenus (malware-as-
image) ¢ MocieAyolUM NPUMEHEHHEM CBEepTOuHbIX HelpoHHbIX cereil (CNN). HaubGosnee
u3BecTHbId aaracer -Malimg (2011) ¢ 9339 oOpasuamu u 25 cemeiictBamu , rjae Oblia
IPOJIEMOHCTPUPOBaHa BbIcOKas (10 98%) TOUHOCTH MpHU UCIIOIH30BAHUU TPU3HAKOB TEKCTYPHI
n3o0paxkenus. B OonpimmHCTBE pabOT BXOAHOW KaHAl OTPAaHUYMUBAIICS OJHOM MaTpHIEH
(«grayscale»), mpu 3TOM yJIy4IIeHHsS ITOCTUTAIMCh 3a CUYET OoJsiee TIIyOOKUX ceTeH, transfer
learning wiu reHepaTUBHBIX MojeNiel. B qanHoii paboTe Mbl paccMaTpuBaeM ajlbTePHATUBHBIN
NOJXOJ: multi-view nipeAcTaBlieHue, JO0aBISIONIEE K MCXOAHOMY HU300paXEHHMIO KaHal
MecTHBIX TiepexonoB (punbtp Sobel), He menssi cymectBeHHo apxutektypy CNN. Mebi
KOHCTpyHpyeMm o6a Bapuanta (baseline vs multi-view) ¢ onuHaKOBBIMH OJIOKaMH M OIICHUBAEM
ux Ha Malimg. s OleHKM MCHOJIb3YIOTCS METpHKU accuracy, macro-F1, weighted-F1,
cOamaHCUpOBaHHAsT TOYHOCTh, TOM-3 TOYHOCTH, a TaKKe aHaIW3 MaTpuibl ommobok u Grad-
CAM. PesynpTaThl MOKa3bIBAlOT, YTO JBYXKAaHAIBHBI BBOJ| TMOBBINIAET TOYHOCTH
KJIaccUpUKalMu 0e3 CyIIeCTBEHHOTO pOCTa MapaMeTpOB CETH, HO TMPH ITOM BBISBISET
OTpaHWYEHUE: OYCHb PEAKUI KJIacC COXpaHsIeT HU3KYIO paclio3HaBaeMOCTh. Harmm BBIBOBI
MOKA3bIBAIOT, UTO MPEJIOKEHHBIA multi-view noaxoa ciyKuT 3G (PEKTUBHBIM «JIETKOBECHBIMY)
ycuiieHueM malware-as-image MeToza, a He TMOJHOM 3aMeHOM 0oJiee CIIOKHBIX apXUTEKTYP.

BBenenne. Kimaccudukanmss malware-ceMelcTB — SBICTCS  BaXXKHOW — 3ajadeit
CTaTUYECKOTO aHanmu3a BpeaoHocHoro I[IO, Tak Kak TpaguIllMOHHBIC CHUTHATYpHBIE W
IBPUCTUYECKUE METOJBl YacTO XyXe paboTaroT mpu oOQycKarmu W TOSBICHUU HOBBIX
BapuaHTOB. B mociemHne TOabl aKTHUBHO HCIIONB3YEeTCs MOaxon malware-as-image, rae
OuHapHbIi (aiin npeoOpasyercss B grayscale-uzobpaxenune, a CNN u3BiIekaeT BU3yallbHbIC
NpU3HaKW ceMmeiicTBa 0Oe3 3amycka (aiima. Takodi MmMOAXoA TO3BOJISIET aHAIM3HPOBAThH
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YCTOWYMBBIE CTPYKTYPHBIE MATTEPHBI KOAA U IAHHBIX, TOCKOJIBLKY BAPHAHTHI OJJTHOTO CEMEHUCTBA
9acTO UMEIOT CXOXKYIO BU3YaJIbHYIO TEKCTYPY.

B nmamHOWi pabGoTe mpoBepseTcs, yaydIlaeT JId KadecTBO  Kiaccuukanuu
JIOTIOJIHUTEIBHOE CTPYKTYPHOE MPECTaBICHUE BXOIHBIX NaHHBIX. /{151 3TOrO K MCXOAHOMY
grayscale-u3zo0OpaxeHuto n1o6asisieTcss BTopod kaHai- Sobel-view, oTpaxxaroniuii JokajabHbIe
IpaHULIBl U Tiepenaabl WHTEHCUBHOCTU. Apxurektypa CNN mnpu 3TOM NpaKkTUYECKU HE
U3MEHSETCS, T[O03TOMY CpaBHEHHE TIO3BOJISIET OIEHUTh MMEHHO BKJIaJ BXOJHOIO
MPE/ICTABIICHUS], @ HE YBEIMUYECHUE CI0KHOCTU MOJIEIH.

OkcnepuMeHTHI Ha natacete Malimg nmokasanu, uto grayscale baseline goctur accuracy
0.9035 u balanced accuracy 0.9346, Torga kak multi-view Mojielib MOBBICHJIA accuracy 0
0.9821 npu yBenuueHnuu Bcero Ha 288 mapamMerpoB. OgHAKO MOAXO] HE PEIIMII MOJTHOCTHIO
npo0JieMy peaKHUX KJIacCOB: HarpuMmep, kiacc Autorun.K ¢ 12 tectoBeiMu 00pa3iamu He ObLIT
pacno3HaH MOJENbI0. JTO MOKa3bIBaeT, 4YTO multi-view npeacTaBieHue CyLIECTBEHHO
yJIydiaeT oOIIMe METPUKH, HO HE YCTpaHsAET OTpaHUYCHUs, CBSA3aHHBIC C AMCOATAHCOM U
BU3yaJIbHOUN OJIM30CTHIO OT/ICNIbHBIX CEMEUCTB.

Jlanbliie B cTaThbe paccMaTpPUBAIOTCS AATACET U NpeaoOpadoTka, apxuTekTypa baseline u
multi-view CNN, »sKkcrnepuMeHTaidbHasi HACTPOIKa, CPAaBHUTEIbHbIE METPUKU, MATPHULBI
omubok, per-class recall u wunTepnperanus Grad-CAM. B 3akmioueHun oOCyXIaroTcs
OTPaHUYCHUS METOJIa U BO3MOXKHBIC HAMPABIICHUS JATbHEHIIIETO YIyUIlCHUS.

CBsi3aHHbIE HCCJIEIOBAHNS

Baxxnolt ocHOBO# 7151 HanpaBiieHus malware-as-image siBnisiercsa padota Nataraj et al.
(2011), rne 6unapublie daiiias BpenonocHoro [1O OblTu BriepBbIe IPEICTABIICHBI Kak grayscale-
n300pakeHus. ABTOPHI MTOKA3aJld, 4YTO 00pa3iibl OJHOTO malware-ceMeiicTBa HMEIOT CXOXKYIO
BU3YAJIbHYIO TEKCTYPY, a KIacCU(PUKALMS IO TAKUM MPU3HAKAM MOKET JOCTUTaTh 0K0JIO 98%
TOYHOCTH 0e3 au3zacceMOnupoBaHus (aitna. [lo3gHee sTa uaes Obuia pa3BUTa B paboTax C
npuMmenenueM CNN: Hanpumep, Polsani (2020) npemnoxun moaens DeepGray mis
kinaccudukanum grayscale malware-uzobpaxenuii, a Bensaoud et al. (2020) noka3zanu
npumeHuMocTh CNN Kk malware-kapTHHKaM ¥ OTMETHJIM yCTOWYHUBOCTH TaKOTO TMOAX0/aa K
yIaKoBKe U 00(ycKaIuu.

bonee crnoxHBIE apXUTEKTYphl TaKKe TMPUMEHSIIMCH I TIOBBIMICHUS KadecTBa
knaccudukanuu. Dao et al. (2022) o6wemuuunam CNN, BapHallMOHHBIA aBTORHKOAEDP U
MEXaHU3M BHUMaHUs, MoATBepauB 3G (HEeKTUBHOCTE image-based moaxoa Ha natacere Malimg.
[Ipu >TOM aBTOpHI TakX e yKa3blBaJIM HAa CHIbHBIN AUCOAIaHC KJIACCOB, TJE OJTHA CEMEUCTBa
MIPE/ICTABIICHBI ThICTYaMU 00pa3IoB, a APYTHe — 3HAYUTEIIBHO MEHBIITUM YHCIIOM. JTO JIeJacT
3a/1auy KiaccU(UKAIMK CI0KHEE, OCOOCHHO JIJISI PEAKUX KIIaCCOB.

OtnenpHOe HampapieHue cBs3aHo ¢ multi-view learning. Seeland and Mader (2021)
TOKa3aJju, 9T0 00bEAMHEHNE HECKOIBKUX BU3YabHBIX MPEICTABICHUI OTHOTO 00BEKTa MOKET
MOBBICUTh TOYHOCTH KJIACCHU(HUKAIMK IO CPAaBHEHHWIO C HCIIOJH30BAHUEM OJHOTO BHUJA.
[TomoOHast wmes TakXke TMPUMEHSACTCS B MEIWIWHCKUX HM300pPAKECHUSIX M CHCTEMax
oOHapyXeHHs BTOP)KEHUH, TIe pa3HbIe «BUABD JaHHBIX JAI0T JOMOJHUTEIbHYIO HH(POPMAIIHIO
o kiaccupunupyeMom obObekTe. s 3amay malware-kmaccupuKanum TaKKe aKTyalbHbBI
meronbl transfer learning: nanpumep, cucrema DEFENDIFY wucnonb3yer npenBapuTenbHO
o6ydyerasie CNN-apXUTEKTYphl 1 TIOKa3bIBaeT BhICOKHE F1-pe3yibTaThl Kak Ha OOBIYHBIX, TaK
U Ha 00 ycumpoBaHHbIX malware-o0pa3uax (Silva et al., 2025).
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Ham moaxon o0beaunset uaen malware visualization u multi-view learning. B otnnuune
0T paboT, TIe yIy4YIlIeHUE JOCTUTACTCS 3a cUeT OoJiee CII0KHOM apXUTEKTYphI, transfer learning
w VAE/attention-mexaan3MoB, Mbl coxpadsieM CNN modT HEW3MEHHOW U TPOBEPSIEM BKJIA]
JOTIOJTHUTEIPHOTO TpEACTaBICHUsT Bxona. Multi-view BXOJ CTpOUTCS W3 JBYX KaHAJOB:
UCXOJHOTO grayscale-uzo0paxkenus u Sobel-kapThl rpanuil. Takum 00pa3oM, MOJIEIb MOTy4YaeT
HE TOJIbKO HWH(MOpMAIMI0O 00 WHTEHCHUBHOCTU IHKCENEH, HO M CBEIEHUS O JIOKaJbHBIX
nepexofax M CTPYKTYPHBIX TIpaHMIAX. JTO MO3BOJISIET MPOBEPUTH, IMOMOTAET JU MPOCTOE
pacuIMpeHre BXOJHOTO MPEICTaBIICHUs YIy4lIuTh Kiaccudukanuio malware-cemeiicTB 6e3
CYIIECTBEHHOT'O YBEIUYCHUS CIOKHOCTH MOJIEIH.

Jaracer u 3KCIIEPUMEHTAJIbHAS HACTPOMKA

DkcriepuMeHThl npoBojauivch Ha Malimg. Mbl ucnons3oBanu 128x128 mukcenei,
MOATOHSS pa3Mep Kakaoro malware-uzo0paxeHus JUHEHHON HHTepnosuei. M3HauaibHbIM
Malimg ne cOanancupoBan: cembH Allaple.A u Allaple.L cocTaBnsitor OoJblIyI0 4YacTb
BBIOOPKH, TIOSTOMY BaKHa cTpaTtuduirpoBaHHas pa30vBKa AaHHBIX. /[aHHBIE pa3/eieHbl Ha
00yYaroIyo, BAIUJIAIIMOHHYI0 U TECTOBYIO yacTu B mpomopuuu 70/15/15 ¢ coxpaneHuem
pacnpenenenus kiaccoB (stratify mo metkam). Jlns OoprObl ¢ aucOanaHcoMm B train Habope
BBIYUCIIEHBI Beca KkiaccoB (class weight="balanced"). Msi He wucnons3oBaiu Data
Augmentation, 4ToObl cpaBHEHHE (OKYCHPOBAJIOCh Ha MpPEICTaBICHUM, a HE Ha OOBEME
JTAHHBIX.

Metpukn ouenkm: accuracy, macro-F1, weighted-F1, cGamancupoBanHas TOYHOCTb
(balanced accuracy) m Top-3 accuracy (momagaHue HWCTHUHHOTO Kjacca B 3 HaumOoliee
BEpOATHBIX). Takke  aHaNU3UPYIOTCS confusion  matrix urecallmo  xnaccam.  Jlns
uHTepHnpeTanuu nronoauuTeasHo npuMensica Grad-CAM. B kadectse baselines ucrnosib3oBan
KaHan [grayscale] u ta -xe CNN-cTpyKTypa.

I'mnepnapamerpsi: ontumuzatop Adam (learning rate = le-3), batch size = 16, snoxu =
30. Ucnonw3oBanuchk ciiou BatchNorm, ReL U, Dropout (0.1 B Conv-6510kax, 0.3 mocie Dense).
Loss -sparse categorical crossentropy. Camonensubie callback’u mns orcnexuBanust top-3
accuracy.

Apxurektypsl CNN

B skcnepuMeHTe HUCMOIb30BATUCH IBE BEPCUM CBEPTOUHON HEWPOHHOW ceTh: Oa3zoBas
grayscale CNN u npemnoxxerras multi-view CNN. ['maBHas ujesi cpaBHEHHS 3aKJIi04yanach B
TOM, YTOOBI HE MEHSTH CYIIECTBEHHO apXUTEKTYPY MOJIEH, a IPOBEPUTD, JaeT JIU YIy4llIeHNE
UMEHHO JIOTIOJIHUTEIbHOE MPECTABICHNE BXOJHOTO N300paXKEHHUS.

Baseline-monienb nmosryyaeT Ha BXOJ] OJIHO grayscale-u3oOpaxkeHnue pazmepom 128 x 128
x 1. Dro m3o0paxeHue mpeacTaBiseT OWMHApHBIA malware-daiin, rae 3HadeHus OalToB
UHTEPIPETUPYIOTCSI KaK MHTEHCUBHOCTH muKcesned. Multi-view Mozenb HCIojib3yeT MOUYTH
TAKYI0 )K€ apXUTEKTYPY, HO BXOJ UMeeT pazmep 128 x 128 x 2. [lepBblii KaHAJI COOTBETCTBYET
HUCXOJHOMY grayscale-u3o0paxeHunto, a BTOpOH KaHall CoAepXuT Sobel-view, To ecTh KapTy
JIOKQJIbHBIX TPAHUI] ¥ IEPEX00B MHTCHCUBHOCTH.

ApXHUTEKTypa 00erX MOJIEIEe COCTOUT U3 YEThIPEX CBEPTOUHBIX 0J10KOB. KaxkabIil 610K
Bitouaer Conv2D, BatchNormalization, ReLU, MaxPooling2D u Dropout. KonuuecTtBo
GbuabTpPOB MoOcneAoBaTeNIbHO yBenuuuBaeTcs: 32, 64, 128 u 256. Ilocne mnocnegHero
cBeproyHoro Osioka ucnoab3dyetrcs GlobalAveragePooling2D, 3arem Dense-cnoit na 128
HelipoHoB, Dropout u utorosslit softmax-cioii Ha 25 k1accoB malware-cemeicTs.

30



«Central Asian Scientific Journal» Ne2 (30), Tom 2, Mali 2026

Central Asian
Scientific
Journal

B2

BaxHBIlT MOMEHT 3aKJIFOYAaeTCs] B TOM, 4TO multi-view MOJeNb MOYTH HE YBEIMYHUBACT
cnoxuocTh cetu. Baseline CNN conxepxut 425 401 mapametp, a multi-view CNN — 425 689
napaMeTpoB. Pa3Hunia coctaisier Bcero 288 mapameTpoB, TaK KaKk U3MEHEHUE 3aTparuBacT
TOJIBKO NIEPBBIM CBEPTOUHBIN CIOM: BMECTO OJTHOTO BXOJHOTO KaHaja MOJIENIb TPUHUMAET JIBA.
[ToaTOMy yiydllleHHE KadecTBa HEJb3sl OOBSCHUTH TE€M, YTO MOJIENb CTaja 3HAYUTEIBHO

[V
6OJII)IIIC; OCHOBHOM BKJIad CBjJI3aH HMCHHO C ooiee I/IH(i)OpMaTI/IBHI)IM BXOJHBIM
NpcaACTaBJICHUCM.
o Input 9 Binary to Image 0 Multi-view Representation o CNN Feature Extraction 9 Fusion o Classifier o Output
(2 Channels)
' View 1: Grayscale
Byte Stream i u 1 " it e ";:::‘o‘r";
I it
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I
Overview: A binary file is converted into a 2-channel multi-view image (Grayscale + Edge).
CNN extracts complementary features from both views. Features are fused and passed through fully connected layers
for malware family classification.
AN
Pucynox 1 — O6mias apxutekrypa baseline u multi-view CNN
Pe3yabTaTsl

Pe3ynpTaThl 3KCIEpUMEHTa ITOKA3bIBAIOT, 4YTO JO0aBIIEHWE BTOpOro Sobel-kaHama
3HAUUTENFHO YIYUIIMJIO KadecTBO Kiaccudukammm malware-cemeiictB. Grayscale baseline
noctur accuracy 0.9035, macro-F1 0.9012 u weighted-F1 0.8945. Multi-view Mojens nmokasasna
accuracy 0.9821, macro-F1 0.9413 u weighted-F1 0.9771. Taxxe balanced accuracy
yBenuuuiack ¢ 0.9346 no 0.9437. I1pu sTom top-3 accuracy B 00erx MOJEISAX OCTaIach paBHOMN
1.0000, yTo 03HAYaET: MPAaBUIIbHBIN KJIaCC BCET/1a HAXOUJICS CPEU TpEX HauboJiee BEpOSATHBIX
IIPEICKa3aHNM.

Taoauna 1- CpaBaenne baseline m multi-view moaesan

IToka3aTteab Baseline CNN | Multi-view CNN | H3meHeHue
Bxonnoe npencrasnenue | Grayscale Grayscale + Sobel | —

Pa3mep Bxona 128x128x%1 128x128x2 +1 kaHan
KosnmuecTBo KaccoB 25 25 0
KonnuectBo mapamerpos | 425 401 425 689 +288
Accuracy 0.9035 0.9821 +0.0786
Macro-F1 0.9012 0.9413 +0.0401
Weighted-F1 0.8945 0.9771 +0.0826
Balanced accuracy 0.9346 0.9437 +0.0091
Top-3 accuracy 1.0000 1.0000 0.0000
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[ToydyeHnHble pe3yabTaThl MOKA3bIBAIOT, YyTO Mmulti-view MOAXO0J 3aMETHO TOBBICHUI
0011y10 ToUHOCTh Kinaccudukanuu. OcoOeHHO Ba)KHO, UTO POCT accuracy COCTaBWII MOYTH 7.9
IOPOLIEHTHBIX IYHKTa, & YHWCIO NapaMmeTpoB yBeanuwiocb meHee yeM Ha 0.1%. Oto

MOJITBEPKJIAET, YTO JOMOJHUTENbHBIN Sobel-view AefcTBUTEIHHO MOMOTAET MOJIEIH JIy4Ile
pa3nuyath BU3yallbHbIE CTPYKTYpbI malware-u300paskeHHi.
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Pucynoxk 4 — Normalized confusion matrix multi-view moaenu

[To confusion matrix BUHO, YTO OOJBIIMHCTBO KJIACCOB COCPEIOTOYEHBI HA TJIABHOU
JMaroHaly, TO €CTh MOJIEh MPABUIILHO KJIACCU(PUITUPYET OCHOBHYIO YacTh malware-ceMencTB.
OpnHako omMOKH HE MCUE3JH MOJHOCTHIO. [ 1aBHas mpobyiema cBsa3aHa ¢ kiaccoM Autorun.K: B
classification report miis Hero precision, recall u F1-score pasubl 0.0000 npu support = 12. 1o
03HAYaeT, YTO BcE 12 TECTOBBIX OOPA3IOB ATOTO KJ1acca ObLTH OTHECEHBI K IPYTUM CEMEHCTBaM.

[Ipu 5ToM MHOTHE ApyTHE KIacchl ObUIA PACIIO3HAHBI UCATBHO WU TMOYTH HACATHHO.
Hampumep, Adialer.C, Agent.FYI, Alueron.gen!J, Dialplatform.B, Dontovo.A, Fakerean,
Instantaccess, Malex.gen!J, Obfuscator.AD, Rbot!gen, Skintrim.N, VB.AT, Wintrim.BX u
Yuner.A monyurmmu recall = 1.0000. 1o moka3siBaer, 4To multi-view MoOJieiIb 3HAYUTEIHLHO
ycuiiiia oOIyto Kiaccuukaiyioo, Ho IpodieMa peKuX U BU3YyaJbHO OJM3KUX KJIACCOB BCE
elle 0CTaeTcsl.

OTaenbHO CTOMT OTMETUTH kiaccel Swizzor.gen!E u  Swizzor.gen!l. [ns wHux
coxpausieTcs yactuuHas mytanuia: Swizzor.gen!E umeer recall 0.8000, a Swizzor.gen!l —
0.9375. 210 TOBOPUT O TOM, 4TO Sobel-view MoMOraeT BbIACHITh CTPYKTYpPHBIE TPAHUIIBI, HO
HE BCET/a ITOJIHOCTBIO Pa3AeisieT CEMENUCTBA C TOX0KEN BU3yaJbHOM TEKCTYPOM.
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['paduku 00yueHHs TOKA3bIBAIOT, YTO MOJIEIh JOCTATOYHO OBICTPO TOCTUTAET BHICOKOM
TOYHOCTH. Accuracy Ha 0OydJaromiei U BaMJAIIMOHHON BHIOOPKAX pacTeT B TEUEHHUE MEPBBIX
3MOX, Iocie dYero crabuwnmsupyercs. Loss CHuXkKaeTcs, 4YTO YKa3blBA€T HA YCIEUIHYIO
cxoauMocTs Mozaenu. Top-3 accuracy OBICTpPO BBIXOAMT Ha 3HadeHue, O6muskoe k 1.0, 4ro
corjiacyeTcsi ¢ UTOrOBOM top-3 accuracy Ha TECTOBOW BBIOODKE.
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Pucynox 6 — I'paduk accuracy no snoxam
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Homomautenpao Grad-CAM  Busyanu3zanuu mokaseiBaior, 4to CNN  oOpamaer
BHUMAaHHE HE Ha CIy4YalHBIN IIyM, a Ha CTPYKTYpPHBIE 30HBI M300paKEHUS: TOPU3OHTATHHBIC
TIOJIOCHI, TIEPEXOAbl MHTEHCUBHOCTH M JIOKAJIBHBIC TPAHUIIBI. DTO MOACPKUBACT Haeto multi-
View T0JIX0/1a: €CIM MOJIEh TeUCTBUTEIBHO UCIOJIB3YET CTPYKTYPHBIC MEPEXoibl, TO Sobel-
KaHaJ MOXKET YCUJIMBATh MOJIC3HbIE TPU3HAKHU JJIS KJIacCU(UKAIUH.

Original Grad-CAM Overlay
True: Yuner.A Pred: Yuner.A Conf: 0.507

-
- -
_—A

Pucynok 9 — Grad-CAM Buzyanuzanus

Original Grad-CAM Overlay
True: Allaple.L Pred: Allaple.L Conf: 1.000

Pucynok 10 — Grad-CAM Buzyanu3zauus 2

Takum 00pa3oM, pe3ynbTaThl MOKAa3bIBAIOT, 4YTO MpeioxkeHHas multi-view CNN
3aMETHO MpeBOCXoaUT grayscale baseline 1Mo OCHOBHBIM METpHUKaM, MOYTH HE YBEIUYUBAS
pasmep mojenu. OgHAaKO MOJENbh HE pelraeT MOJHOCTHI0 MPOOJIeMYy PEIKHX KJIacCoB, YTO
ocobeHHo BuHO Ha npumepe Autorun.K. [ToaTomy multi-view noaxoz cienyer paccMaTpuBaTh
KaK 7(h(EKTUBHOE YIydIlIEHHE BXOJHOTO TMPEJCTABICHUS, a HE KaK IOJIHOE PEIIEHHE BCEX
npobiem malware classification.

Oo6cy:xxnenue

YayuueHue vs KoMnpomuccbl. Pe3ynpTaTsl SCHO MOKa3bIBalOT, YTO MPEII0KEHHOE
JByXKaHaJIbHOE MPEACTABICHUE CYIIECTBEHHO TIOBBIIIAET TOYHOCTh Kiaccudukauuu. bes
3HAYUTEIBHOTO pocTa mapameTpoB (+288 u3 ~425k) mbl moBbICHIIM accuracy Ha +7.86% u
weighted-F1 na +0.0826. 910 1eMOHCTpUPYET, UTO AOI.UHGPOPMAIHUS O JIOKAIBHBIX MIEPEX0ax
(rpanuiibl 00BEKTOB) 3P(HEKTUBHO JOMOJHSAET IJI00ATBHYIO SPKOCTHYIO HH(MOpPMALUIO W3
onHOro KaHama. Baxubslil HioaHc: Top-3 accuracy octaBanach 100% B oboux ciydasx, T.e.
baseline y>xe mouTu Bceraa nmoMeniai NpaBwIbHBIN Ki1ace B Tom-3. Multi-view ycTpaHuil 4acTh
CITyTaHHBIX CUTYAIIUiA, IBUTAsI BEPHBIN KJIacc B TOIM-1 yare.

Opnako MbI He TOOWJIMCH HMJI€AaTbHOIO paclo3HaBaHMs BceX kiaccoB. Kak BuAHO u3
Tabm. 5-6 u Marpuiel omuOOK, OomuOKH mocie multi-view octaroTcst JokanbHbIMH. OHH
COCpPEIOTOUEHBl HAa HECKOJNBKMX pEAKUX WIM CXOXKHUX Kiaccax: TJlaBHas mpoOjema -
kiacc Autorun.K (12 o6pa3moB) - He pacmo3Haércs BOBCE. DTO O3HAYAET, YTO ISl ATOTO
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cemeiicTBa g00aBiIeHHbIN Sobel-kaHa He ga MOENb HOBOM HH(OPMAITIH, BO3MOXKHO TIOTOMY,
YTO TpaHUYHbIE NATTEPHBI Kjacca COBNAAaroT ¢ Apyrumu (cMm. PoncrtBeHHOCTh ¢ Yuner.A).
Amnanornyno, Swizzor.gen!E norepsn 4acTh recall, xots Swizzor.gen!l HaoGopoT
YIYUIIAICS. DTH CITydad YKa3bIBaIOT HA TaK Ha3bIBaeMoe trade-off: multi-view nmepectpanBaet
dbuum, noTyepKuBas OJJHU cCeMencTBa 3a CUET Apyrux. Kpome Toro, renepanu3aius Ha peaKue
KJIACChI OTpaHUYeHa KOJIMYECTBOM JaHHbBIX (Bcero ~10-20 006pa3ioB), mo3TOMy AaXke ¢ Kiacc-
Becamu learning MO>KeT ObITh HEYCTONYMB.

AprymeHT apxuTeKkTypbl. KiitoueBoii pe3ynbrar - Ham multi-view JaéT BBIMTPHIIT Oe3
cywecmeenHo2o usmernenus apxumexkmypul. Baseline u multi-view Mojaenu HACHTUYHBI 10
rIIyOMHE U CTPYKTYpPE, OTIMYACTCS TOJBKO BXOA. DTO OTIMYME MOJKPEIUIAeTCA TabInIaMHu:
baseline 425 401 mapametp vs multi-view 425 689 (pazauma 0.07%). Takum oOpazom, maxe
Bcriomorarensuble  Monenu  (ResNetl8) B DEFENDIFY  sddextuBHbl  MMEHHO
osiarogaps npedodyueHuro Ha U30OPaAMCeHUsxX, a He UIBMEHEHUIO apXUTEKTYphl. B Hatiem ciydae
MbI HE ucnoJyib3oBanH transfer learning, HO uaes CXo/lHA - MBI «IIEPEHECIN» 3HAHUS U3 TPAHMII
n3zo0paxenus (kinaccuyeckuit CV-npusHak) B 3a1auy malware-kinaccudukaim.

I'myOuna pemeHmii. Mbl HE CTPEMHIJIMCh TEPEKPBITH BCE MNPOOJIEMBbI, a IOKa3aTh
NPUHLUIIMATBHOE YIydIlleHHue NpeacTaBieHus. Multi-view HeWTpanu3yeT psi CHCTEMHBIX
omn6OoK baseline, 4TO yKa3bpIBaeT Ha CYyIIECTBOBAHUE «CKPBITHIX» MPU3HAKOB IPAHMULL, KOTOPbIE
OJIMHOKUI KaHan octaBisieT. OqHaKo yXe B MepBod TaOiuIle BUAHO-MOJEIb HENPaBUIBHO
kinaccupuiupyet Autorun.K, mormoruBmmuchb B Ipyrue. ITO UYECTHO OTMEYaeM  Kak
OrpaHMYEHUE: Hallla MpoBEepKa Mokasajia, 4To multi-view momoraer B CpeiHEM, HO HE PellIaeT
mpo0IeMy MaJbIX KJIACCOB.

HNurenperanusa Grad-CAM

Busyanuzamus Grad-CAM mnokasaiia, 4To ce€Th 00paIllaeTcsi K «CMBICICHHBIMY» 30HaM
nzobpaxenus. Ha mnpumepax malware MOXHO 3aMeTUTh, YTO BHUMAHHUS YJEISIOTCS
TOPU30OHTAIFHBIM ~ TIOJIOCAM W O0JIaCTSIM €  PEe3KUM  TEepeXOJOM HHTECHCHBHOCTH
(reoMeTpuYecKHe TpaHUIBl MEXKAY CETMEHTaMH KOJa/IaHHBIX). OJTO COIJacyeTcsl C
oxuganusiMu: nepBudHbie cion CNN dukcupyror edges u mpocTsie (HOpMBI.

Hamnpumep, Ha oOpa3uax Yuner.A u Dontovo.A Tenno-aucT (pokyca NOKpBIBAET TE€ Ke
cerMeHThl, rae Sobel-kanan naet sipkue nonockl. Takum 06pazom, Grad-CAM mnokasbiBaeT, 4To
MOJIeJb IEUCTBUTEIBHO UCHIONIB3YET «CTPYKTYPHBIE» MPU3HAKU. DTO KOCBEHHO MOITBEPIKIAaET
uaero multi-view: pa3 mMonens QoKycHpyeTcs Ha Kpasx, T00aBJIeHHE CIEIUaIbHOTO KaHaia
TPaIMeHTOB JINIIb ycrinuBaeT Takue 30Hbl. OnHako Grad-CAM - 3BpuCTHKA, U HEJTB3SI CKa3aTh,
YTO CETh «IOHsAJA KOoJA mporpammbl». Ho B KoHTekcTe malware-as-image Ba)KHO, YTO OHa
YUUTCS 3aLEIUISITHCS 38 BU3yalIbHbIE MaTTEPHBI BHYTPH OWHAPSL.

3akJirouenue. B pabore n3yueHo BIusSHUE TBYXKAHATLHOTO (multi-view) ipeICTaBICHUS
malware-KapTHHOK Ha Ka4ecTBO KjaccuuKaiuu ceMericTBa. Mbl cpaBHUIM KOMITAaKTHYI0 CNN
Ha OJJHOM grayscale-kaHase u Ha JByXKaHaJIbHOM Bxoje (grayscale + Sobel). DxcniepumMeHThI
Ha Malimg mokaszamu, 9TO TPEUIOKCHHBINH IMOAXO/] 3HAYMUTEIbHO YJIY4YIIaeT METPUKU
(accuracy +7.9 m.m., macro-F1 +0.04) Ge3 cymiecTBeHHOTO ychoxHeHus Mozaenu. [Ipu atom
pazdop omMOOK MOKaszaa, YTO MPUPOCT BO3HUKAET 3a CUYET CHUIKEHUSI CUCTEMHBIX OIIMOOK
baseline, XOTS1 MOJHOCTBIO HE YCTPAHEHBI MPOOJIEMBI PEKUX KIaccoB (Hampumep, Autorun.K
ocTtaBasicsi  Heompenen€HHbIM).  OCHOBHOM  HAy4yHBIA  BKJAA:  JEMOHCTpUpYETCH,
YTO KOHCep8amueHoe paclllupeHne TMpeICTaBlIeHuss OMHapHUKAa BTOpPHIM KaHaioMm Sobel-
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TpaHMIl - MPOCTON U A(P(PEKTUBHBIN CITOCOO MOBBICUTH YYBCTBUTEIHHOCTh K CEMEHCTBEHHBIM
MIpU3HAKaM.
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KakcbulbIKOB A3aMaT ACKapoOBHY

Maructpanr 2 Kypca

Hayunbiii pykoBoautenn: Typebaesa P./1.,

K.T.H., CT. [IPEN0/IaBaTelb

Kadenpa «Mudopmanronnas 6€301macHOCTbY

HAO «EBpa3uiickuii HalnoHanbHbI yHUBepcuTeT uM. JI.H. I'ymuiéBa»
(r. Acrana, Kazaxcran)

UCCJIEJOBAHUE NOCJEJCTBUIN DDOS-ATAK JJ151 OPTAHU3AIIMM U
METOAbI X MUHUMMU3ALIUU

AHHoTauus: B cratee paccmotpensl mocnenactBus DDoS-atak mma opranuzanui
(UHAHCOBOTO CEKTOpa M pa3zpaboTaHa METOJIMKAa MUHUMM3ALMKU UX Bo3aeicTBus. [IpoBeneHo
HKCIIEPUMEHTAJIbHOE UCCcaeoBaHue TpEX kiaccoB arak — volumetric (L3/L4), HTTP-flood
(L7) u moBenenueckux L7-aTak, uMuUTHpYIOMUX Ou3HEC-IOruKy. [IpennoxkeHa KoMIuieKkcHas
YeThIpEXOJOUHAsT  METOJAWMKAa  3allluThl, BKJIOUawom@as  npoduinpoBanue  Tpaduka,
MHOTOYPOBHEBYIO ApXUTEKTYPY 3alIUThI, aJalITUBHOE yIIPaBJIECHUE PECYPCaMHU U MPOLIE Ty PHBIMA
MOHUTOPUHT. [lo pe3ynbTaTaM TECTUPOBaHUS CPEIHSS JOCTYHMHOCTh cepBHCOB Ipu DDoS-
aTtakax mosBbIeHa ¢ 91,5% o 98,5%.

Kuarwuesbie cioBa: DDoS-ataku, kubepbe3omacHOCTb, 3amuTa HHPOPMAIMOHHBIX
cucteM, Graceful Degradation, ¢huHaHCOBBIN CEKTOp, OMepallMOHHAs YCTOMYMBOCTH, Rate
Limiting, WAF.

BBenenue. CrpemurensHas uudpoBusaiys OU3HEC-IPOLECCOB U NIEPEBOJT KPUTUUECKU
BAJKHBIX CEPBUCOB B OHJIAWH-CPEly NMPUBENH K TOMY, 4T0 DDoS-aTtaku npeBpaTUINCh B OOHY
U3 HaumoOoJiee cepbE3HBIX Yrpo3 A opraHu3anuii groooro npoduisd. [lo gaHHBIM OTpaciIeBbIX
aHamuTU4YecKux oTuétoB, B 2022-2024 rr. HaOmromaeTcss yCTOMYMBBIA POCT Kak dHCIA
WHIHUJICHTOB, TaK W UX CpPEeAHEH MOIHOCTH H cJoxkHOCTH [1]. OcoOyro omacHOCTb
MIPEACTABIIIIOT MHOTOBEKTOPHBIE ATAKH, COUYETAIOIINE BO3IEMCTBUE HA CETEBOM M IPUKIATHOM
YPOBHSIX OJJHOBPEMEHHO, a TAKXKE aTaku ypoBHs L7, UMUTHUPYIOIINE MTOBEICHUE JIETUTUMHBIX
MOJIB30BATENICH U HalleJICHHBIC HA KOHKPETHBIC (DYHKIMH OU3HEC-JIOTHKH [2].

Jlist dunancoBeix opranuzanuii Pecy6nuku Kazaxcran nannas npo6iaema npuodperaer
0CcO0yI0 aKTyalThbHOCTh B KOHTEKCTE TpeboBaHul perynaropoB — Harmonansnoro banka PK
(HBPK) u ArenTtcTBa mo peryjJupoBaHUIO U pa3BUTHIO (MHAHCOBOTO phiHKAa (APPOP) — k
00eCTeueHNI0 HENPEPHIBHOCTH JCSITEIIBHOCTA W COOJIIOJICHHUIO IIEJIEBBIX IOKa3aTeseH
JOCTYITHOCTH KpUTUYHBIX cepBUcOB. Ilpunareii B 2026 romy ULudposoit komekc PK
JOTIOJTHUTENBHO 3aKpenusl HOPMATUBHbIE TPEeOOBaHUS K KHUOEPYCTOMYMBOCTH ONEPATOPOB
KpUTHYECKON nH(DOpMaIiMoHHOM HHGPACTPYKTYPHI [3].

[lens HacTOSAIIECH CTAaThU — 3KCIEPUMEHTAIBLHO MCCIEN0BaTh nocienactsus DDoS-atak
Pa3IMYHBIX KJIACCOB ISl TUTIOBOM MHGPACTPYKTYPhl (PUHAHCOBOM OpraHU3alliu U pa3padoTaTh
METOJAMKY MHUHHUMM3AIMU HMX BO3JEHUCTBUA, BEepUUUIMPOBAHHYI0 HA HCCIENI0BATEIHLCKOM
CTEHJIE.
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Kaaccuduxauus DDoS-arak u monesnb yrpo3. B cooTBeTcTBUU ¢ 0OOIIENPUHATOMN
kiaccudukarumeit mo ypoasm moaemu OSI BEIACISIOT Tpu OCHOBHBIX Kitacca DDoS-ataxk [4]:
ceteBbie W TpaHcmopTHeie ataku (L3/L4) — volumetric-ataku (UDP/TCP/ICMP-¢nyn),
HalleJIEHHbIE HAa WCYEpIaHUe MPOMYCKHON CIOCOOHOCTH KaHAJIOB CBSI3M; ATAKU MPHUKIIATHOTO
ypoBHsi (L7) — HTTP-flood u anamoru4ssie cClieHapuu, NEperpyxaroiire BeO-cepBephbl U
cepBepbI MPUIOKEHUH; oBeaeHYeckue L7-ataku — Hanbosee cloXXHbIN Kilacc, TP KOTOPOM
aHOMAJIbHBIN TpaQUK UMUTUPYET JIETUTUMHYIO MOJIb30BATEIbCKYI0 aKTUBHOCTh U HalpaBJIeH
Ha peCypco&MKHe ornepanuu OU3HeC-JIOTHKHU (TeHepalusi OTYETOB, CIOKHBIE 3aMpPOChl K 0azam
JTAHHBIX ).

OcobeHHOCTBIO cOBpeMeHHBIX DDoS-kaMmmanuii = siBIseTcss UX MHOTOBEKTOPHBIN
XapakTep W WCIOJB30BaHHWE pachpenenéHHbix OoTHeToB Ha 0Oasze loT-yctpoiicTtB, dTO
CYIIECTBEHHO YCIOXkHseT 3anauy ¢unbtpanuu [5]. CornacHo nanubeiM Kaspersky u Positive
Technologies, nons atak ¢ mpuMeHEeHHEM clieHapueB L7 3a mociieqHue rojabl 3HAYUTEIHHO
BO3pOCIIA, YTO CBHUJETEIBCTBYET O NEPEXOAE 3JIOYMBIIUJIEHHUKOB K 00Jsiee H30LIPEHHBIM
dbopmaM BO3AECHCTBUS, HAIIPaBICHHBIM HEMOCPEICTBEHHO Ha OU3HEC-MPOIIECChl OpraHu3aluii
[1,6].

Onucanue HCCIeA0BATENbCKOIO CTEHAa M clHeHapueB arak. [[nsg npoBeneHus
HKCIIEPUMEHTAJILHOTO UCCJENOBaHUS ObUT Pa3BEPHYT M30JMPOBAHHBIM TECTOBBIN CTEH],
apXUTEKTypa KOTOPOTO BOCIPOU3BOJUT TUIIOBYIO HHPPACTPYKTYPY OaHKA CpEHEr0 ypOBHS.
CreHs BKIIIOYAET YETHIPE JOTUYECKUX CErMEHTA: CETMEHT I'eHEepalu Harpy3kd (MMHUTalus
BHEIIIHEH ceTH ), mepuMeTp 1 DMZ (morpaHuyHbIi MapIIpyTU3aToOp, OATaHCUPOBIIUK HATPY3KU
Nginx ¢ mogynem WAF), BHyTpeHHUI cerMeHT npuioxeHuit (cepsep npuwioxeruit u CYB/])
U CErMEHT MOHUTOpUHTA Ha O0a3e Prometheus/Grafana.

TecTupoBaHue MPOBOIUIOCH MO TPEM PENPE3CHTATUBHBIM CLIEHAPUSIM.

Cuenapuit A (Volumetric-ataka, L3/L4). KomounupoBanusiit UDP/TCP/ICMP-duyn,
HaIpaBJICHHBIM HA MCUEPIIaHUE TTPOIMYCKHON CMIOCOOHOCTH KaHAIOB. [TMTEIbHOCTh aKTUBHOM
dazsl — 25 muHyT. B 0a30BoM cocTosHMM Y€ Ha 7-9-i1 MUHyTE CEpBHUC CTaHOBHIICA
MOJIHOCTBIO HEJIOCTYITHBIM: 3arpy3ka KaHana gocturaia 99,5%, nomns ommbox — 100%.

Cuenapuii B (HTTP-flood, L7). MaccupoBannas renepauusi HTTP-3anpocoB k BeO-
cepBepy u API-untepdericam. [[nutensnocts — 20 MunyT. be3 3ammutel Ha 10—11-if MmunyTe
noJisg omuboK Sxx gocturana 85—88%, mporucxoauil KacKaJHbIA 0TKa3 MPUIIOKEHUS.

Cuenapuii C (IloBenmenueckas L7-araka). Mmwutarusi neicTBUl aBTOPU30BAHHBIX
M0JIB30BATEJICH, BBITIOJHSIONINX PECYpPCOEMKHUE onepanuu (TeHepaius (UHAHCOBBIX OTYETOB,
CJIOXHBIE (UIBTPALIMA UCTOPUH TpaH3akiuid). [Ipy OTHOCHTENIBHO HEBBHICOKOM CYMMapHOM
RPS (0 910 3anpocos/c) 3arpy3ka CPU nocturana 100% yxe Ha 6—8-it MUHYTE, ITOCJIE YETO
CJIEIOBAJI KACKAIHBIA OTKAa3 BCEW CUCTEMBI.

Pa3paboTrka KOMILUIEKCHOW MeTOAMKM MHUHMMHM3alMu mnociaeacrBuil. Ha ocHose
aHanM3a pe3yJbTaTOB 3KCIEPUMEHTAIBHOIO HMCCIEAOBAHMS pa3paboTaHa dYeThIpEXOaouHas
MEeTOJMKa MHUHUMM3alMK TocueactBuii DDoS-aTak, opueHTHpoBaHHasi Ha OOeCIeUCHHE
HETMPEPHIBHOCTH KPUTUYHBIX CEPBUCOB B YCIOBUSIX PA3JIMUHBIX KJIACCOB yrpo3 [7].

brnok 1. IlpodunupoBanue tpaduka u OuzHec-omnepauuii. PopmupoBanue 0a30BOro
npoduiis HOpMaIbHOM HArpy3KH MO CKOJIb3silieMy OKHY HaOmogeHuit T = 21 cytku. s
kaxaoit metpuku (RPS, Bpemst otkiiuka, CPU, RAM, IOPS) Beraucnsiercst 6a3oBoe 3HaUeHUE L
U CTaHJApTHOE OTKJIOHEHHE G. AJaNTHUBHOE MOPOrOBOE 3HAUEHUE OMpeaenseTcsa Kak | + k- o,
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rae k = 3 mis ceteBbIX MeTpuK, k = 2 mus mpukiIagHeix, kK = 2,5 1151 METpUK MOJCUCTEMBI
XpaHEHUs.

brnox 2. MHoroypoBHEeBasi apXWUTEKTypa 3allUThl. OIICTOHUPOBaHHAS (UIbTPAIUS
tpaduka: L3/L4 — cepBucsl ounctku tpaduka (Scrubbing Center), ACL; L7 — WAF ¢
aHTUOOT-MOJIyJIEM, CECCHOHHBIN aHalU3 C IMOCTPOCHHEM ULU(POBOro oOTMEYaTKa KIMEHTA
(fingerprinting) Ha ocHoBe napamerpoB TLS, HTTP-3aronoBkoB 1 moBeI€HUYECKUX MATTEPHOB.

bmokx 3. ApantuBHoe  ympaBieHue  pecypcamu  (Graceful = Degradation).
UeThIpEXypOBHEBBIN  aNTOPUTM KOHTPOJIMpPYEeMOUM jaerpafganuu  QyHKiuoHaibHOCTH: (1)
paclMpeHHOe KAIIMpOBaHUe + MTKUH rate limiting; (2) mepeBoa pecypcoEMKUX OIepaluii B
acHHXpOHHBIM pexuM; (3) aktuBanus madnoHa Circuit Breaker; (4) npuoputuzanus
ayTeHTU(UIIUPOBAHHBIX MOJIH30BATENICH C ATUTEIBHON UCTOpUEN aKTUBHOCTH.

brok 4. IlpouenypHblii MOHUTOPUHT M pearupoBanue. Popmaiv30BaHHbIE IIEHOYKH
pearupoBaHus Ha MHUKUEHTHI. HenpepsiBHbIl nuki: Analyze — Protect — Adapt — Monitor.
ABTOMaTHUYECKOE BO3BpAIlICHHE MAaHHBIX OO0 HHIUACHTaX B OJOK NPOPUIMPOBAHUS IS
YTOYHEHHSI TIOPOTOBBIX 3HAYCHHH.

Tabauna 1 — ArperupoBannbie nokasaren 3P peKTuBHOCTH MeTOAUKH (YCPEAHEHO
o cueHapusam A—C)

Jran BHexpenus JocTynmHOCTh CpenHee Bpemsi Jloast oIIMO0K
npu arake, % OTKJINKA, MC 5xx, %

Oran 0 (6€3 3a1uThI) 91,5 1816 16,6

oran 1 92,3 1733 153
(nmpodpunupoBaHue)

Oran 2 (cereBas 3amura) | 94,5 1326 10,0

Oran 3 (WAF + 96.8 341 44
aHTHOOT)

Oran 4 (Graceful
Degradation) 98,5 226 15

PesyabTartel u  o0cyxaenue. TecTupoBanue pa3padOTaHHOW METOAMKH Ha
UCCIIEIOBATENIbCKOM CTeHAE MOATBEp U0 €€ d(PheKTUBHOCTD ISl BceX TpExX kiaccoB DDoS-
yrpo3 (tabmuua 1). KirodeBbie pe3yiabTaThl MO CIEHAPUAM PACIPEACIUINCH CIICIYIOIMINM
o0pazom.

st cuenapus A (volumetric-aTaka) pemiaromuii Bkiaaa BHecau Onoku 1 u 2: mocie
BKJIFOUEHUS CepBUCa OYUCTKU Tpaduka (3Tanm 2) mocTynHocTh Bo3pocna ¢ 94,2% no 98,5%,
3arpy3ka BHYTPEHHHMX KaHajlOB He TMpeBbicuia 65%, a BpeMs peakuuud CHCTEMbl Ha
MIPEBBIIIEHNE TOPOTOB COKPATHIIOCH € ~12 MUHYT 0 ~3 MHUHYT.

st cuenapus B (HTTP-flood) onpenensiroriumu ctanu 6;10ku 2 u 3. Bueapenne WAF,
CECCHOHHOTO aHaIM3a W aJanTUBHOTO rate limiting cHu3mio Aot omubok Sxx ¢ 15,4% mno
1,1% mipu coxpaHEeHUU COMOCTABUMOW COBOKYIHOHN HAarpy3ku. J1oJisl JOKHOIMOJOKHUTENbHBIX
cpabarbiBanuii coctasuia 0,3% jgerutumMHoro Tpaduka.

HaunGonee 3naunmbIil OTHOCUTENBHBIN YD PEeKT ToCcTUTHYT B crieHapuu C (ToBeieHUecKas
L7-ataka), rie TpaAULIMOHHBIE CPEACTBA CETEBOM (DUIIbTPALIMU MPAKTUUECKH HEI(D(HEKTUBHBI.
AxtuBaruss mMexanu3moB Graceful Degradation u anroputma Circuit Breaker mo3Bosumia
cHU3UTh NMUKOBYIO 3arpy3ky CPU ¢ 92% no 58%, noaHATh JOCTYIHOCTh KJIFOUEBBIX ONEpPaIIHii
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c 88,0% mo 98,5%, mpu sToM wmHTepdelc JIUYHOTO KaOWHETa W IUIATEKHBIC OIepalrun
OCTaBAJIMCh CTAOMJIBHBIMU Ha MPOTSXKEHUU BCETO UCTIBITAHUA [§].

[TonydenHslie 3HAYEHUS CpEHENU TOCTYMHOCTU cepBUCOB (98,5%) u monu omubok Sxx
(1,5%) cooTBeTCTBYIOT 1IeNIeBbIM TOKa3aTenssM SLA uisi KpUTUYHBIX CEPBUCOB (PMHAHCOBBIX
opranmu3anuii u TpedoBannsiM HBPK/APP®P k nenpepblBHOCTH ACATEILHOCTH.

3akiaouenue. B crathe mpencraBlieHa KOMIUIEKCHAash METOJAMKA MHUHHUMM3AIUU
nociencteuii DDoS-arak, pa3paboTaHHas Ha OCHOBE HKCIIEPUMEHTAIBLHOTO HCCIIEIOBAHUS
TPEX PENPE3CHTATUBHBIX CIICHAPUEB aTaK HAa M30JMPOBAHHOM MCCIIEIOBATEIBCKOM CTEHJIE.
MeTonuka coyeTaeT TeXHUYECKHUE Mepbl (MHOTOYypOBHEBas puiibTpanus Tpapuka, afanTUBHOE
yIpaBJICHHE PECYPCaMU) C OpTraHU3aI[MOHHBIMU ((pOpMaTU30BaHHbIE TUIEHOYKU, HEMPEPHIBHBIM
MOHHUTOPUHT) U OOECIEYMBAET MTOTOBOE IOBBIINIEHUE MOCTYIMHOCTH cepBucOB ¢ 91,5% mo
98,5%.

Oco0yr0 MpakTUYECKYIO 3HAYMMOCTh MPEACTABIACT OJIOK aJalnTUBHOTO YMpPaBJICHUS
pecypcamu (Graceful Degradation), o6ecnieunBaronuii 3auTy OT noBeaeH4Yeckux L7-atak —
HanOoJiee CIOKHOTO W OBICTPO PACTYUIETro Kjacca yrpo3, IPOTUB KOTOPOTO TPaJULIMOHHbBIE
CETEBBIE CpEICTBA JEMOHCTPUPYIOT OTrpaHHYeHHYI0 3G EKTUBHOCTh. Pa3zpaboTaHHas
METOJMKa MOXET OBbITh MPUMEHEHA (PMHAHCOBBIMU OpraHU3AIMAMH, ONEpaTOpaMH CBSI3U U
oreparopamu KpuTudeckoi nudopmaimonHon nHPpacTpyktypsl Pecryonuku Kazaxcran as
MOBBIIICHUS KHOEPYCTOMUHNBOCTH U COOTBETCTBUSI HOPMATUBHBIM TPEOOBAHUSM PETYJISITOPOB.
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AcTaHa XaJIbIKapaJIbIK YHUBEPCUTET]
(Acrana K., Kazakcran)

XOPPOP HET'BIH/IE Ol ’KYMBAK DJIEMEHTTEPIH KOJIJIAHBII OMBIH
KYPY

AngaTna: byn Makamama gepOec  KOMIIBIOTEpJiepre apHalfaH, OacKaTBIPFBIII
AJIEMEHTTEP1 Oap XOppop OMBIHBIH 31pJiey OapbiChl cUmaTTaiaabl. OUBIHIIBLIAPIBI YPEH MEH
HnIMesieHic atMocdepachblHa TapTaThIH €peKile TYXKbIpbIMJaMa jkacayfFa O0acThl Hazap
aynaapeuiibl. CIOKET JKEIICIH, KEWINMKEepJepal >KoHe KopIlaraH OpTaHbl erkeh-TerKeil
MBICBIKTAY KO00aHBIH HET13r1 OesiriHe aitHanasl. bargapiamanay, rediMIn3aiH )KOHE BU3Y b
OHEP AJIIEMEHTTEPIH O1PIKTIPY apKbLIbI TOJBIKKAH bl OHIM >kacaiibl. COHBIMEH KaTap, K0OaHbIH
camachl MeH OIpereilsiirin KamMTamachl3 €Ty MaKcaTbhIHJa ayJUTOPHUSHBIH CYpPaHBICTapbl MEH
HapBIKTaFbl TAHBIMAJI XOPPOP OMBIHAAPBIHA TAJIIAY JKYPTi311/1.

OfibiH  OapbIChIHAA KE3JECeTIH TarchlpMaiapbl MIENTy AapKbUIbl MaiagaHynibuiap
©3JICPIHIH JIOTHKAJBIK KOHE ChIHM OWjay KaOUIeTTepiH JambITajlbl, OYJI >KYMBICTBIH HETI3T1
MPAKTUKAJIBIK MaHBI3IBUIBIFBIH KOPCETEI].

Kint ce3nep: nepbec kommbioTep oubIHAAphl, Unity opTackl, XOppop >KaHPHI,
OaCKaTBIPFBILLITAP, CBIHU TYPFbIIAaH oiiay, ymemnmemal rpaduka (3D), oiblH KO3FaNTKbILIbL,
KeHinKepsep aHMMalusAChl, BUPTYaJAbl JAOUPUHT.

Kipicne. byrinne O6eitHeoibIHaapIbI JKail FaHa 00C yaKbIT O©TKI3ETIH €pMEK JIeyre aybl3
Oapmaiifel. byn — muunapararan aitHanbsIMbl O0ap, 6ocekect Ka3aHaail KaifHall )KaTKaH TyTac
Oip anbin uHaYCTpus. Kasipri TanFambl OMiK OWBIHIIBLIAPBI TAHFAIJBIPY YUIIH KYPFaK KOJ
YKa3bIl KOO MYJJIeM a3ablK eTe/l. OFaH Ke3/liH KayblH aJIaThlH BU3YaJl, CIIKIMIe YKCaMalThIH
KpeaTHB MEeH MIHCI3 TEXHUKAJIBIK MIEHIIMIEP ayaaai KaxKer.

JlerenmeH, OarbIMbI3Fa Opai, Ka3ipri 3aMaHayd Kypajjaap 931pJieyIIUIepAiH KYMBICHIH
annekaiina skeHuiaeTin Tactaabl. Macenen, Unity Hemece Unreal Engine CHSKTBI MBIKTHI
KO3FaJTKBIIITAp Ka3ip Ke3 KeJIreH ajgamra KoJpkeTiMl. OchuiapapiH KOMETIMEH Kac MaMaHap
KYpJell MaTeMaTUKaIbIK ¢dopMmynanap MeH (Qu3nka 3aHAbUIBIKTapblHA 0ac KaThIpMaii-ak,
HapBIKKa carajbl 9pi 6ocekere KaOIeTTi OHIM MIbIFAPyFa TOJBIK MYMKIHJIIK aJIJTbI.

JKyMBICEIMHBIH, 0acThl ©3EKTLIIr JIe JI9J OChIFaH Casibl: MHTCPAKTHUBTI KOCHIMIIIAnap
YKacaraH/a >KaHa aqTOpUTMIEP/Il Kaail YThIMJIbBI, Kajai THIMI nakgananyra 6onaapi? Asra
KoMraH Heri3ri makcaT — Unity Ga3zachlHJa TOJBIKKAH[IbI, Callajbl XOpPOp OMBIHBIH >Kacarl
mieiFapy. bipak MakcaT Tek ajgaMJibl KOPKBITHIN, ypeiieHaipy emec. OUbIHHBIH 1IIHE TYpPIIi
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JIOTHKAJIBIK 0aCKaThIPFBIITAPABI IIe0ep KipIKTIpy apKbLIbl FeiiMep/i TepeH OijlaHyFa, MUBIH
icTEeTyre MOKOYpICY T KO3IEIIM.

3eprrey Hbicanbl eTim  Unity  KO3FaITKBIIIBIHBIH ~ KEH-0AWTaK  TEXHUKAJBIK
MYMKIHAIKTEPIH aJAbIM. AJl 3¢pTTEy MMOHIM — TIKeJEH OChl XOPPOP KaHPHIHBIH ©31HE TOH 1IIK1
epekienikTepi. JKYMBICTBIH FBUIBIMH KaHAJBIFBI HENIE JIeCEeHi3, Oya jko0ama OWbIH
MEXAHUKAChlH KYPYAbIH JKaHAa aJrOpUTMJIIK IMIEHIiMAepl Kyp Kara3 jKY31HJE €MeC, HaKTbhl
ToxKipuOene ceiHanmaapl. OpaH Oejiek, JeHred AW3alHBIH JKacay OapbIChiHIa Oip-OipiHe
yKCcaMaWThIH OlpHEIIe TYPJIl TOCUIII O1pIKTIpin, CHHTE3ICT KOJIIaH IbIM.

Marepunangap MeH Tociaaep. JKammbl, OKYpTTBIH 39pe-KYThIH KalllbIpaTblH
KOPKBIHBIIITHI OWBIH )Kacay ChIPTTall OHall KOpIHTE€HIMEH, 1C XKY31HAe oTe ayblp mapya. byn
TayChUIMAC IIbIFAPMAIIBUIBIK 137€HICTI, 9pOip YCaK-TyHeK neTanbFa YHUIYAl *KoHe Temipien
HaKThl KOCHApAbl Tajam ereai. XOppopAblH €H O0acThl MHCCHACHI — TelMepaiH
IICUXOJIOTUACHIHA TiKeJIed Mmadybll Xkacay, OHbl YpEHJIEHHIpIN KaHa KohMai, OacTaH-ask
OEeJTICI3/IIKTIH, TYCIHIKCI3 KbICBIMHBIH acThIHAA ycTay. J[ai1 ocbl atMocdepanbl Oy30aii )KeTKIZY
YILIiH OYKUT 931pJey NporeciH OlpHenie HaKThl Ke3eHre 0OJIiIT TacTabIM.

° bipiHmici — TyKbIpbIMIama xacay. bapiblFbl ocbljaH OacTanajbl: HET13r1 Haes

TYBIHAQNABI, OKWFaA JKENCl >Ka3pUIaJibl, 0ac KeHinmkepyepaiH OOJMBICHI MEH OacThl OMBIH
MeXaHHUKajapbl HAKThUTAHA/IBI.

° Exinmrici — neHrei apxutekrypachl Hemece jeBen-nu3aitH (Level design). by
KE3CHJIC BHUPTyaJJIbl OJIEMHIH KaHKAchl TYPFbI3bLIaAbl. OUWBIHIIBIHEL Kai  OyphITa
KOPKBITaMbI3, KaH/Iall TY3aKTap KOSMBI3, KeJIepTiiep KapTaHbIH Kail TYCHIHIA TYPYhl KEpeK —
OCBIHBIH 09p1 MYKHUSAT €CenTene/l.

° YuiHmn catel — oibIH au3aiiHel (Game design). MyHna oilbIH epexenepiHiH
MIHCI3 KYMBIC 1CT€Yl KajarajaHaabl. TancelpManap ThIM KUBIH OOJBIN KETHeyl Kepek, Oipak
THIM OHal ga OojMaybl IIAPT — HaFbI3 OajaHc ochl kepae perreneni. COHBIMEH KaTap,
OMBIHIIIBIHBIH KOpIIIaFaH OpTaMEH KaJlail OaiylaHbICATBIHbI IICIIIICI].

° Teprinmmici — ayauo Au3aiiH. Xoppopaa ABIOBICTHIH PeJli KAHIIAJIBIKTHL 30D
€KEHIH alThIN KaTyJbIH 631 apThIK. JKyiKeH1 )KyKapTaTblH (POHIBIK My3bIKa MEH asKaCTbIHAH
IIBIFATBIH TYPJi ABIOBICTAPIBI AJT TAYBIN KOO apKbUIbI TICHXOJOTUSIIBIK IIUEIEHIC MaphIKTay
IIeT1HE KETKI3Iei.

o Kone conrpickl — rpaduka MeH Bu3yasn. OWBIHIIBI OPTAHBIH MIBIHANBLIIBIFEIHA
CeHyl VIIIH TEeKCTypayiap, >KapblK TEH KOJEHKCHIH >XYMOaK OUBIHBI, COHJal-aK OapibIK
HbIcaHIapAbIH 3D-Mo e aepi OapbhIHIla MTBIHANBI 9p1 JKaH-)KAKThI OanTaiabl.

JKyMBICTBIH OacTamkpl CaTbICBl — BHPTYalAbl KEHICTIKTI, SFHH OWBIH JCHIeHiH
(JloKaIuMsAChIH) KajbINTacThlpy. Jlom ocbl Ke3eHae >K0OaHbIH Oa3aliblK apXUTEKTYpachl
KypacTblpbuiasl. OpTaHbl MEITIHILE IIBIHANBI )KOHE TOJBIKKAHABI €TIN KOPCETYy YILUIH TYpJil
3D-moaenbaep icke Kochliaasl. KaXkeTTi HpIcaHAap bl alllbIK JEPEKKO3IepACH JalbIH KYHIHIE
JKYKTEN ajlyFa HEMece aBTOP/IbIH ©31 apHaibl OaraapiamManapaa HeJiJieH OacTar KYpPacThIPhII
HIBIFYbIHA TOJIBIK MYMKIHJIK Oap.

Kapranbly imiHe kaObIpra, ecik-Tepese, Typii kuhazaap, *apblKTaHABIPY Ke3Aepl MEeH
e3re Jie 0e3eHIpy OoIIeKTePl OpHAIACTHIPLLIAIBI. XOPPOP KaHPBIHIAFBI )ko0ajiap yIIiH apoip
yCaK-TYHEKTIH ©31HAIK MaHbI3bl Oap, cebebi ojap >kanmbl aTMoc(epaHbl KaJbIITaCTBIpyFa
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Tikesel katpicaapl. CaxHa arbl 3aTTapIbIH AYPHIC Opi YIIeciMIi KOWBLIYBI ITai1aIaHy ITbIHBIH
TICUXOJIOTUSCBIHA OCEp €Til, OHbI YHEMi KOPKBIHBIII TIEH OENTICI3MIK KBICBIMBIHIA YCTayFa
KOMEKTECE]II.

byran Koca, JOKanMSHBIH JIOTHMKAJIBIK PETTUNTH J€ KaTaH ECKEePreH JKOH.
[TaiirananyIbIHBIH OMBIH/IBI Kall HYKTEICH 0acTalThIHBI, OaH op1 KaH1ali OarbITIICH KYPETIiHI
JKOHE KaHAal OesnMesiepre Kipe ajaTbiHbI — OapJIbIFbl ajjblH ajla HaKThl €CerTelNyl IaprT.
Mpicalbl, XKapbIFbl a3 Tap AAMI3EP, KIIIKeHe OeMesep HeMece asKacThIHAaH KEHEHIN KeTeTiH
JIOKalMsIap OMBIHIIBIHBIH OONBIHAAFBI YPEH CE31MIH ecelieil TyCcyre TanThlpMac Kypaj OOk
TaObLTAbL.

KopriTa aiiTkanma, JeHreld Mu3aiiHbIH jkKacay — Ke3 KeJIreH OCHHEONBIHHBIH 1preTachiH
KQJTAMTBIH €H MaHBI3/IbI 9p1 JKayallThl Ke3CHIEePIiH Oipi.
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Of¥ibIH JIOKALMSCHI HET13T1 KOHIEMIUS PETIH/AE Kep acThIH/Ia OpHANACKAH KYITUS FHUTBIMH
3epTXxaHa 0azackl TypiHje ko0anaHbl. bacTel keHinKepiH aliablHIa TYpFaH 0acThl MakcaT —
OCBI JKaOBIK KEIIIEHHEH aMaH-€CeH KYThUIBII WILIFY. byl MIHAETTI OpbIHAAY YIIIH Mai1aiaHy bl
O0J1 OOMBIHA KE3/IECETIH TYPJIl JOTUKAIIBIK KeIepriiep MEH KayllnTepal eHcepyl KaxerT.

KemieHHiH 11IKI UHTEPbEPl FBUIBIMU-TEXHUKAJIBIK HBICAHHBIH CTHJIIHE TOJBIKTAll cai
)acakranraH. Kapragan skapbIFbl Hamap Tap JJi3Aepl, KYJIbINTayIbl 0eJIMenepi, COHIai-aK
KYMBIC 1CTEy TPUHIUII KYMOAK Kypell Kypala-)KaOJpIKTap MEH amnmaparTtapibl Kepyre
O0onaapl. OWBIH OPTACBIHBIH JKaIMbl aTMoc(epachl CYBIK, TBUICBIM opl Ypeusal ce3iMm
CHIMJIAUTHIHAAN €Tim KypbUIFaH. MyHAall BU3YaIbIK J>KOHE TIICUXOJIOTHSUIBIK —KBICHIM
OMBIHIIIBIHBI YHEMI KOJIAMCBHI3 JKaFdaiija yCTall, K€3 KEJIreH KayilKe JaibIH OOJIyFa KoHE 9p
Ka/IaMBIH aca CaKTBIKIICH OacyFa UTepMEIICHII.
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-
] o Game # Scene >+ Animator H
| Display 1 ~ WXGA (1366x768) ~ | Scale ®— 0.41x | Maximize On Play | Mute Audio | Stat{

2-cypeT. 3epTxaHa 0eJIMeCiHIH 1Kl HHTEPhePl MEH JTU3aiHbI

OlibIH caxHachlHA OPHAJACTHIPBUIFAH OapJIbIK AJIEMEHTTEPAIH TOJBIK TI3IMI apHAMbI
«Uepapxusi» (Hierarchy) naneminne kepcerinemi. byn Tepe3eHIH KeMEriMeH o3ipJeylii
BUPTYaJIJIbl KEHICTIKTET1 Ke3 KeJTreH OOBEKTIHI OHall Tayblll, OHBIH KACUETTEPIH OHJICY HEMece
YKaJMbl 0aCKapy >KYMBICTapbIH KeJEPTici3 )KYpri3e aiabl.

= Hierarchy a2 i
+ - a: A
) Example_Level S
i) ---Level---
» i Door_C (8)
» & Door_C (11)
» i Door_C (5)
» i Door C
» i AudioScareTrigger_L
» i@ Door_C (9)
» i Door_A (4)
» i@ AudioScareTrigger_D
» i AudioScareTrigger_F
» §# AudioScareTrigger_K
» i CeilingLight_Flicker
» i@ objdesk_WithLampOn
@ > ¥ DoorC (6)
» & AudioScareTrigger_J
» i Door_C (4)
» i@ Door_C (1)
» i@ AudioScareTrigger_H

Al s enTeioeoe |

3-cypet. CaxHanarel 0OBEKTIIEPAl OacKapyFa apHaJiFaH uepapxus naHesnl

R R A Y Y Y v W v

OiibiH  xoOachIHAAFbl 0acThl TMEPCOHAXKIBIH BHU3YaJJbl OEMHECIH KaJbIITACTHIPY
YKYMBICTaphl €H ajabiMeH canaibl 3D-MoaenbAl TagAan ainyjaan O6actay ananasl. Kazipri ke3me
MyHJaii TpauKaIBIK HICAHIAP I MIHJSTTI TYP/€ HOJACH CBI3BII 9ype OOIYIbIH KaXeTi KOK,
OUTKEHI MHTEPHETTET1 TYPJ aliblK Kopjap OJiapibl JalblH KyHiHAe YcbiHanbel. ComapasiH
IITHAET1 €H TaHBIMAJIBICKI — Mixamo BeO-cepBuci. by mutardopma oiibIH skacayibuiapra aryaH
TYpJl YIIONIeMAl KeWinmKepiepl emKaHAal akKbl TeJEMECTCH, epKiH JKYKTeN aJIbIl
naijananyra TanTblpMac MYMKIHIIK Oepei.
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B Horor V.2 - Example_Level - PC, Mac & Linux Standalone - Unity 2020.3.25f1 Personal <DX11> - x
File Edit Assets GameObject Component Cinemac hine Window  Help

63 - ErsIisaEss b | D O3 ez i o
i | owGCame Scene > Animator i | @ inspector | ® Lighting ai
- " - S izmos | - | [a A

= Hierarchy |
- a- All Shaded Ch 33_non PBR Import Settings I
v € Example_Level

@ ---Level---
» @9 Door_C (8)
» & Door_C (11) Model  Rig | Animation | Materials
LIS Import Constraints
> {9 Door C po;

» @ AudioScareTrigoer L Uiy o =
» i@ Door_C (9)

» 9 Door_A (4)

» 9 AudioScareTrigger D
» §@ AudioScareTrigger F
» @ AudioScareTrigger_K
» 9 CeilingLight_Flicker
» §@ objdesk_WithLampOn
» i@ Door_C (6)

» {9 AudioScareTrigger_J
» §@ Door_C (4)

» & Door_C (1)

» @ AudioScareTrigger_H

Bake Animations
Anim. C Optimal -
Rotation Error 0.5

[IK[20 | & [~

= & L
B Project Bl Console @ Animation  Hf Audio Mixer
+

¥ @ Assets ~ Assets > Models > Characters > Player
» Bm 3DAutosports
» B Animations
» B Animators
» B Audio Collections
Bs Audio Mixers
Bm Avatar Mask
» B Horror Environment Pack1
s Input Actions
v & Models
v :h:‘ramers 000 (000.0%) Frame 0
Ba Player
» B ltems
» Bm Weapon ~

@ h33_nonPBR.fbx

4-cypet. JXKyliere )XyKTelin alblHFaH 0acThl KeiinkepaiH 3D-Moaeni

2Koba ymrin Tanan aiasiHFaH Oyl KeHinKep ryMaHou 1 (aaaM MilIiHAl) MOAeIbIep
TOOBIHA Kipei. OHBI €H alIbIMEH OMBIH KO3FAITKBIIIBIHA KYKTEI aJIblIl, 0a3aJIbIK
OanTaynapblH PETKE KEATIPil ady eTe MaHbI3Abl. OChIHAN ajFallKbl JalbIHABIKTAH COH FaHa
MIePCOHAXBIH KUMBLI-KO3FaJILICKIH OacKapaThiH apHaiibl Rig (BUpTyanasl KaHKA) )KYHECiH
KypacTbIpyFa Kipicemis.

© Inspector | Collaborate  ® Lighting g -
. Ch 33_non PBR Import Settings [ L

Model | Rig | Animation ‘ Materials

Animation Type Humanoid -

vatar Definition Create From This Model -
« | Configure...|

Skin Weights Standard (4 Bones) v
Optimize Game Objec!

Revert  Apply
5-cypeT. AnumManusuibiK KaHkansl (Rig) 6anray mporeci

Monenpai (kedinkepAi HeMece HBICAHIBI) JKYKTEI alifaH COH, iC MYHBIMEH OiTmeimi.
OHBIH iK1 MMapaMeTpiiepiH OamnTall, KO3FaITKBIIITHIH (engine) TutiHe Oeimaey KaxkeT. by
TycTa 0acThl Ha3apabl €Ki MaHBI3IbI HOPCETE OYPIBIM.

* Animation Type, sFan anuManust Typi. On KeHINMKEpAiH BUPTyaIIbl dJieMJie Kajai
KYPIM-TYPATHIHBIH, KAJIail KO3FAJIATHIHBIH KOHE Kbl (PM3UKACHIH TOJBIKTAl IICTII Oepei.

*Avatar Definition (ABatapnbel anbikTay). by ete kaxkerrti Oamrtay. On apkpuisl 613
OMBIHIITBIHBIH BUPTYAJIbl OEHHECIH KO3FAITKBINIKA «TAHBICTHIPAMBI3Y, SFHU MOJIENBIIH CYHEeK
KyiheciH (rig) kyihere ToabIK TipkeiMmi3. OHCBI3 KEHIMKep YPhIC KUMbLUIIaManiIbI.
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o%Game  f# Scene | Animator

Shaded »/|2o || @ w2 |v|g0|8y v % W Gizmos|¥| (o Al

6-cypert. JlaiibiH O0JIFaH OMBIHIIIBI IEPCOHAKBIH BUPTYAJIbl CaXHAFa OPHAIACTHIPY

Keitinkepai (Player) kaprara KOCKaHHAaH KeWiH, OHBI JAHCBI3 KYyBIpIIAK KyHIHJE
KaJIIbIpMaid, MYKUSAT Oantay KaxeT. bys yirin 013re apHaiibl KOMIOHEHTTEP KOMEKKE KeJel.
Omnapapiy immaAeri ed MaHbI3apickl — Character Controller.

Jlom ockl MOIydb KEHINMKEPIIH OWBIH KEHICTITIHACTI OapyiblK KO3FaJbICBIH TIKEIeH
O0ackapanbl. MaceseH, o1 ayaja KajKbIl )KYpMeH, TpaBUTaIMs 3aHbIHA OAFbIHBII, KEPre HbIK
OackIn Kypyi mapt. OraH Koca, IIepCoHaXX KaObIprajapAaH ejiec Kycall oTil KeTneyl Hemece
0acka HbICaHJAp/bIH 11I1HE Kipin keTneyi kepek. Kopiaran opranarsl Keiepruiepre CorbLly,
aFHU KoJuTn3us (collision) mporieciH peTTey A€ TOJABIKTail OChl KOHTPOJUIEPAIH MOMHBIH/IA.

© Inspector | Collaborate  ® Lighting =0
@ v Player Static v
v Tag Player *  Layer Player -
v M Transform e 3
Pasition X|50.942 | Y -4.848 | Z|-30.35
Rotation X0 Y0 Z0
Scale X1 ¥ a1
v B v Character Controller e 3
Slope Limit 45
Step Offset 0.3
Skin Width 0.08
Min Move Distance  0.001
Center X0 Y0 Z 0
Radius 0.4
Height 1.8

7-cypert. Player HbICAHBIHBIH TOJBIKKAH/IbI >KYMBICHI YIIIIH HET13T1 KOHTPOJIJIEpIIEpl
OeKiTy

ONbIHIIBIHEIH,  0a3aiblK HapaMmeTpiiepiH Oantanm OOJFaH COH, KeJieCl KE3EKTe
OariapiaaMalbIK KOJATapbl (CKPUIITTEP/l) jka3y Ke3eHIHE 0TeMi3.

O¥ibIH JJOTUKACKIH OaF1apiaamManay

XKobanarer 6acThl KEHIMKEP/IIH KYMBICHI HAKTHI O1p KBI3METKE skayar OepeTiH OipHere
e3apa OalJIaHBICTHI MOAYJBJICP apKbLIbI >KY3ere achipblIafbl. bi3miH koOagarbl OWBIHIIBI
HBICAHBI KeJIeCi/Iel HEeT13r1 KOMITOHEHTTEP/ICH TYPAIbI:
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PlayerController: bactbl kelinmkepaiH KEHICTIKTETI 0a3ajblK iC-OpeKeTTepiH (OpBIH
ayBICTHIPY, OAFBITHIH ©3TEPTY JKOHE T.0.) OaCKapyapl KAMTaMAacChl3 €TETIH OPTAIBIK KOMITOHEHT.

InputManager: [lalinananyibIHbIH IEPHETAKTAAaH HEMECE ©3T€ KYPhUIFbUIap/iaH OepreH
KOMaHalapblH KaObUINaWThIH MoOIysb. byn sxyie Unity mmaTdopMachiHBIH >KaHAPTHUIFAH
enrizy kyieci (New Input System) Heri3iHae KyMbIC iCTE 1.

StateMachine: OWBIHIIBIHBIH OPTYPJl JKaFgaiiapbl MEH KYWIEpiH ajJMacThIpyFa
(MBICaNBI, aHUMAITUSTIAPABIH O1pKaAJIBINTHl aybICYbIHA) JKayall OepeTiH 0acKapyIlbl KYPBUIBIM.
By koMIoHeHTT1 a3ipiiey GapbIchIiHAa OaraapiiaManayablH MiHE3-KYJIBIKTHIK MaTTepHl — State
(Ky#) apxutexTypasblK YJITicl KOJITaHBLIIbI.

State: OpOip xeke KUMBLT HeMece dpeKeTTIH (KyHI1H) 631H CUIaTTalThiH MOIYJIb.

StateController: KelinkepaiH HaKTHI KyitepiH (MbIcaibl, TRIHBI TYpy — idle, xypy —
walk, xyripy — sprint, cekipy — jump) iCKe KOCAThIH >KoHE OJIApJIbIH PETTLIITH Ka aFaJlauThIH
KOMITOHEHT.

AudioManager: JKanmbl o¥MbIH OapbICBIHAAFBI, OHBIH 11T1H/IE TIKEICH OMBIHIIBIFA THECLII
OpTYp/ ABIOBICTBIK A(PdexTiiepal (MbICalbl, KYPreH Ke3lerl KaJaamIaapAblH ChIOIBIPHIH)
YaKBITBUTBI KOCHITI, PETTEIT OTBIPATHIH 0ACTHI MEHEKED.

O¥ibIHHBIH K01 O6JIIT1H 3Ka3y OapbIChbiHa 013 00bEKTIre OaFbITTaIFaH OarapiaamManayaiblH
tanbiMan SOLID cranpmapteiHa cyiieHaik. OHBIH 10IIHAE AN OCHI apXuUTeKTypara Single
Responsibility (bipsiaFait skayankepiiinik) Karuaackl Heri3 0omabl. by nerenimis, sxo0aaarsl
opOip JKeKe KOMIIOHEHT HEMece CKPHUIIT OapJbIK Mpollecke Oipliel apaaciai, TeK e31He FaHa
KYKTEIreH Olp HaKThl KbI3METKE jkayar Oepemi. bynaiima Gein ka3y KOATHIH KYPBUIBIMBIH
QNJIeKaiiia TYCIHIKTI €Te/ll KoHEe OMBIHHBIH KAThIM KaJIMaid, TYPaKThl )KYMBIC ICTEYIHE TIKeJIen
acep eTei.

Ochl xyiieHl ic xy3iHAe OaraapiaManay Ke3eHiH 013 eH anasiMeH InputManager (Enrizy
MEHEJKEP1) CKPUIITIH kKacayaaH 0acTablK.

XKyiieni 6arnapnamanay npoueci anapiMer InputManager (EHrizy MmeHemkepi) CKpUITIH
KypyJaaH OacTanaipl.

byn MoaynbaiH Heri3ri KbI3METI — NaijallaHylIbIHBIH MEepHenepAl 0acy OKHUFajJapblH
tipken, eHaey. Cuenapuit Unity-nin XKana enri3zy skyihecimen (New Input System) ThIFBI3
OaitanbicTa XyMbIC icTeial. JXKaHa skyleHiH ecKi HycKaaapaaH 0acThl apTHIKIIBLIBIFBI — OHBIH
OKuFara HerizzenreH (event-driven) apxuTekTypara KypbulybiHAa. JKaHa €Hrizy >KyHeciHiH
KYPBUIBIMbI TOMEHICT1ICH:

CharactersActions (Input ... Hl =
All Control Schemes ~ | All Devices Save Asset Auto-Save

Action Maps + Actions + Action Properties
Player ¥ Move
¥ 20 Vector
Up: W [Keyboard]
Cown: S [Keyboard]
Left: A [Keyboard]
Right: D [Keyboard] ¥ Interactions 2
¥ Look \ave been added
Delta [Mouse]
¥ Jump
Space [Keyboard]
¥ Sprint
Shift [Keyboard]
¥ Crouch
C [Keyboard]

+

¥ Action

Action Type Pass Through -

Control Type Vector 2 -~
Initial State Check

s have been added.

Ao |

8-cypert. XKana xylie Heri3iHe eHrizy komaHaanapeiH (Input Actions) Tipkey Kagambl
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KopoIThinabl. Ocbl ayKbIMABI K00aHBI OacTaH-asK jkacal IIBIKKAHHAH KEHiH Oip
HOpCeTe KO3IM aHBIK KETTi: HOJJIEH OacTal TOJBIKKAHIbI XOPPOP OWBIHBIH XUHAI IIBIFy —
CHIPT KO3 OWJIaFaH/Iall OHaM Iapya emec. bipak OYJ1 eTe KbI3bIK opi MIBIFAPMAIIBUIBIKKA TOJIBI
npornecc. byrinri tagaa Unity Hemece Unreal Engine cHSKTBI KyaTTbl KO3FalITKBIIITapCHI3
0ocekere KaO1IeTT1 xko00a MIbIFapy MyMKiH emec Jepiiik. Here? OiTkeHi onap Kyp/esi IyHUeHIH
OopiH Oip oprtanbikka OipikTipeni. ['padukanbl perTey, KeHimkepre >kaH OITIpy Hemece
JKayJiapra >KacaH]Ibl HHTEIJIEKT KOCY — OCBIHBIH 09pi O1p kepJieH Oackapbuiaibl. OWBIHIIBIHBL
IIBIH MOHIHC YpeHIeHAIpeTiH atMocdepa Kypy YIIIH €H oyeli OChIHAail MBIKThI TEXHUKAJIBIK
1preTac Kepek eKeHiH TYCIHIIM.

Exinmi MaHpI3nbl Maocene — Bu3yald. MOHUTOPIBIH ap KaFblHAA OTBIPFaH ajambl
BUPTYAJIJIBI QJIEMHIH IIBIHAWBUTBIFBIHA CEHAIPY YIIiH 3D Momenbaep MiHci3 00Tyl mapT. Y CTe
YCTIH/C >KaTKaH KIIIKeHTal 3aTTaH OacTall, ajblll OeJIMeIepre JeiiH HaHbIMILI KOPIHY1 THIC.
I'padukana kimkeHe FaHa '»>KacaHIBLIBIK' Oaiikaysica OOJbl, OWBIHIIBIHBIH OOWBIHIAFBI
KOPKBIHBIII Ce31M1 Jie3e KOWbUIbI KeTeAl. Jlom ochl cedenti TeKCcTypaaapibl, *KapblK MEH
KOJICHKE OMBIHBIH OamnTayra oTe Kol yaKbIT IeH eHOeK KyMcayFa Typa Kedi.

JlereHMeH, >kajiaH 9JieMi CypeTIeH ajibicka 0apy MyMKiH emec. OHbI TIpUITIH, KO3FAITY
KakeT. AHuManusiapapl TaOUFU KajbllKa KEATIpy mpouect Oipa3 Tep Teryal Tajam eTTi.
[TepcoHaxxIbIH HEMece >KayapIblH KUMBLIBI JKacaHbl 00Jica, OMBIHHBIH OYKIJI COH1 KETel.
MoceneH, KapaHFbl OOJMEHIH €CIrl alllbUIFaH/la HeMece ajljIbiHHAH KEHETTeH Oip/eHE aTbIln
IIBIKKAH/Ia, OHBIH aHUMAIMSCHI IIbIHAWBI OojiMaca, €mKiM Je mombiMaiabsl. COHJIIBIKTaH
KMHEMAaTHKara epeKIlne MOH Oepiii.

Xoppop KaHPBIHBIH €H 0aCThl, €H KayiNTi Kapybl — AbIOBIC. OHCHI3 KOPKBIHBIII KANITbI
anTynbeIH 031 apThIK. JXKobana aynuo-au3aiinra 6apeiHilia MyKUST KapaabiK. ChIKbIpJIaraH e7cH,
asKThIH OacKaH JbIOBICHI, )KYHKEHI KYKapTaThiH (DOHIBIK MY3bIKa >koHE acipece spatial audio
(KeHICTIKTeT1 IbIOBIC) A deKkTinepi Tikenel aJaMHbIH MUbIHA dcep eTelll. OWBIHIIBIHBI YHEM1
OeJNrici3 K MeH KbIChIM/Ia YCTAaNUThIH 1a OChl KOPIHOCUTIH ABIOBICTAp.

’KoGaHbIH HETi3r1 KaHKAChl TOJBIK TYPFBI3BUIFAHHAH KEWIH MIHJETTI TYpJE TECTUICY
Ke3eHl Oactanipl. OpUHE, KYTKeHAeriged Oartap (kareiep) KemnrTenm HIBIKTHL. OnapbiH
OapJIBIFBIH JISPITIK KOJIJIAaH KEJTSHIIIE KOH/ICT, OHTAIaHIbIpIbIK. backapy reiimepre 6apbIHIa
BIHFAUJIBI OOJTYBIH OHE OWBIHHBIH aybIpjan, KaThlll KaJMayblH Kamaramaablk. OCkl KaTaH
TeKCepiCTePIH apKaChIH/Ia OMBIH/IBI TYPAKThI, OMHAYFa dKapamIbl KAJIbIIKA KEJITIPE aJIbIK.

Tyitinneir kencek, 3amanayu IT-kypanmapasl cayaTThl MaiianaHa OTBIPBIN, I1IITHJE
KYpJIeJll JTOTUKAJIBIK 0aCKaTBHIPFBIIITAphl O0ap camajibl XOppOop OMBIHBIH Kacam IIbIFapy 90/1eH
MYMKIH €KEeHIH TOKiIpuOe Ky31Hae Jonenaeaik. Tasza xka3pluiraH Ko, ImbiHaibl 3D Moaenbaep,
carajbl JIBIOBIC JKOHE TaOWFM aHMMAaIUs Olp apHara TOFBICKaHJAa FaHAa Hafrbl3 OHIM JYHHETE
Keneai. Anjarel yakpITTa Oyir »KoOaHbI OflaH dpl JIaMBITHII, jKaHa OesMerep KOCy, CIOKETTI
KEHEHNTY jkoHE OacCKaThIPFBIIITAPALI OyAaH Ja KypAelipeK €Ty kocmapja oap.
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YK 004.85
Cepuxxanos /Inac XaiaapyJjibl
MAarucTpaHT 2 Kypca
Hayunbiii pykoBoautenb: Axmeros b. C.
J.T.H., mpodeccop
Kazaxckuii yauBepcureT TexHosoruu u ousneca uM. K. Kynaxanosa
(r. Acrana, Kazaxcran)

CPABHUTEJIBHBIN AHAJIN3 APXUTEKTYP I'TYBOKOI'O OBYYEHUS 1JIs1
PACHIO3HABAHUA ITPOAYKTOB IMTAHUA B MOBUJIBHBIX
HPUJIOKEHUAX

AHHOTanus: B pabore BBINOIHEH CPABHUTENbHBIA AHAIN3 COBPEMEHHBIX apXUTEKTYP
IyOOKOTO OOYYEHHMsI Il PacTrio3HABAaHUS MPOMYKTOB MUTAHUS B MOOMJIBHBIX MPHIIOKCHUSX.
Paccmotpenst  kimroueBble  moaxoxwl:  TpaauinumoHHele CNN  (ResNet), MoOunbHO-
ontuMuzupoBanHbie apxuTekTypbl (MobileNetV3, EfficientNet), Tpanchopmepubie Moaenun
(ViT) u rubpunneie pemenust (EHFR-Net). [Ipeqnoxena cuctema U3 ceMH KpUTEPUEB OLEHKH
addexrnBHOCcTH. Ha ocHOBe aHammza ycrtaHoBiaeHo, 4Tto EfficientNet-BO gocturaer
HauBbiciieil TouHocTH (98.10%), a MobileNetV3 obecrieunBaer onTUMaIbHOE COOTHOLIECHUE
TouHOCTH (97.63%) W BhIUMCIUTENBHOU 3P deKkTuBHOCTH. Pa3paboTaHa KOHIENTYyallbHAs
MOJI€JIb CHCTEMbI aBTOMATHYECKOTO MOICYETa KaTOPHUH.

KiroueBble caoBa: Pacrno3naBanue NpPOIYKTOB TNHUTaHUS; TIyOOKOoe O0OyuYeHue;
MoOmipHbIe TpuinokeHus; MobileNetV3; EfficientNet; Vision Transformer; ormenka
KajiopuitHocTy; edge computing.

BBeaenue. Bompockl 310pOBOro MHUTaHUSA W KOHTPOJISI KAJOPUMHOCTH palMoHa
npuoOpeTaroT 0COOYI0 3HAYMMOCTh B KOHTEKCTE TIJIOOANbHBIX MPOOJIEM OOIIECTBEHHOIO
3npaBooxpaHenus. [lo nanueim BO3, 2,5 munmuapnaa B3pocibix (43% Hacenenust crapie 18
JIET) UMEIOT U30BITOUHYIO Maccy Tena [1].

TpaauimoHHblE  METOJBI ~ KOHTPOJS  pallioHa  XapaKTepU3ylTCs  BBICOKOU
TPYAOEMKOCTBIO M HHM3KOM BOBJICYEHHOCTBIO TMoOJIb30BaTenen [2]. Pa3Butue MeTOAOB
KOMITBIOTEPHOI0 3pEHUS U TITyOOKOr0 00YyUEHHs OTKPBIBAET BO3MOXKHOCTH JIJIs aBTOMATHU3alUU
aHanu3a nuieBoro pamuona. CoBpeMeHHbIE MOOWIIBHBIC YCTPOMCTBA MO3BOJISIOT CO3/1aBaTh
CUCTEMBI, CTIOCOOHBIE OTIPEICIIATH THUI TIPOYKTA, OIICHUBAThH pa3Mep MOPIIUU U PACCUUTHIBATH
MUIIEBYIO IIEHHOCTh HA OCHOBE OJIHOTO n300pakeHus [3], [4].

CoBpeMeHHbIE ucciaenoBanus AeMOHCTpUpYIoT, uto EfficientNet-B0O nmocturaer 98.10%
tounoctd, a MobileNetV3-Small nemoucTpupyer 97.63% mnpu MEHBITUX BBIYUCITUTEIBHBIX
3aTpatax [7]. OnaHakKo CHUCTEMbl aABTOMATUYECKOIO pACHO3HABAHMUS CTAJIKUBAIOTCS C
npoOjieMaMu BapUAaTUBHOCTH BHEIIHETO BHJA OJIOJ, aHalnd3a MHOTOKOMIIOHEHTHBIX
IIPOYKTOB M OLIEHKH pa3zMmepa nopuuu [10].

[lenbro ucciaenoBaHuUs SBISIETCS MPOBEAECHUE CPABHUTEIBHOTO aHAIW3a COBPEMEHHBIX
METOJI0OB TJIyOOKOTO OOyuYeHHus [Jisi paclo3HaBaHUs MPOAYKTOB MHUTAaHUA U pa3paboTKa
KOHIIENTYJIbHOM MOJIETd CHUCTEMbl aBTOMATHYECKOIO MOJCYETA KaJOPHUM i1 MOOUIIBHBIX
MIPUJIOKEHU .

IIpobaemaTnka pacno3HaBaHMsl MPOAYKTOB MUTAHUsl. CHCTEMbl aBTOMATUYECKOTO
aHaju3a MUILEBOr0 pallOHA CTAJTKUBAIOTCS C TEXHOJIOTHYECKUMU OrpaHuyeHusiMu. KimtoueBbie
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poOJIeMBbI CBSI3aHBI C BAapUATUBHOCTHIO BHU3YAJIbHBIX XapaKTEPUCTUK, OTPAHHMYECHHOCTHIO
BBIYHCIIUTEILHBIX PECYPCOB U CIIOKHOCTHIO OIICHKH MACChl IIPOTYKTOB.

BapuatuBHocts BHemHero Buma. Food-101 dataset xapaktepusyercs OoibIION
BHYTPHUKJIACCOBOM H3MEHUYMBOCTBIO M MEXKIACCOBbIM cxoactBoMm [11]. Jlmsa pemenus
npuMeEHsIIoTCs MeToIbl data augmentation u continual learning [2].

OrpaHuyeHus BBIYMCIUTEIBHBIX PECYPCOB. BBICOKOTOUYHBIE apXUTEKTYpPhl, TAKHE Kak
Vision Transformer, TpeOylOT 3HAUMUTEIBHBIX pecypcoB [8]. AKTyallbHbI JIErKOBECHBIC
apxutektypsl MobileNetV3 u EfficientNet-Lite, koTopble ycmemHo pa3BEPTHIBAIOTCS Ha
MOOMJIBHBIX yCTpoMcTBax [9].

[IpobGnema onenku pasmepa nopuuu. OmnpeseneHre Macchl NMpoAyKTa Ha ocHoBe 2D
M300paKEHUS 3aTPYJHEHO OTCYTCTBHEM HMH(popManuu o TiryomHe. MeTtoasl Ha ocHOBe depth
estimation mocTuraroT norpenrHoctu okoso 10-20% [10].

Heas n MmeTogosnorust uccjenoBanus . Llenbro paboOThI ABIIIETCS CUCTEMATU3AlMS U
CpPaBHUTEIBHBIA aHAIN3 COBPEMEHHBIX apXUTEKTYpP IIIyOOKOTO O0ydYeHHUs TSl pacTtio3HaBaHUS
MIPOIYKTOB MUTAHKS C YYETOM TOYHOCTH, BHIYUCIUTEIBHON 3PPEKTUBHOCTH U MPAKTHICCKOU
MIPUMEHUMOCTH.

3aaun uccieg0BaHUS:

* Knaccudukanus apxuTekTyp riy0oKkoro oOydeHus

* OnpeneneHue KpUTepUeB OLEHKH YPHEKTUBHOCTH

* CpaBHUTEIBHBINA aHATTU3 APXUTEKTYP

* Pa3zpaboTka KOHIIENTYaqbHON MOJIEITN CUCTEMBI MOACUETA KATIOPHIA

Merononoruss 6azupyercs Ha aHaiause myonukamuii 2021-2025 romoB B Beaylux
ucrounukax (IEEE, MDPI, ACM, Elsevier, arXiv). KpuTepuu OLICHKH: TOYHOCTH
KJaccu(ukanmm, CKOpocTh 00pabOTKH, pa3Mep MOJIENH, dHEepProdhHEKTUBHOCTh, TOYHOCTH
OIICHKM TIOPIMH, YCTOMYHMBOCTh K YCIOBHSIM ChEMKH, yAOOCTBO uWHTerpanuu. Kakmas
apXUTEKTypa OLICHUBAJIACH MO MIKaie 1-5.

Knaccudukamusi moaxoaoB K pacno3HaBaAaHUIO MPOAYKTOB nmutanusi. COBpeMEHHBIC
METO/Ibl OCHOBAHBI HA PA3IMYHBIX aPXUTEKTYPHBIX MOAX0AaX, OTIIMYAIOIINXCS TIO0 CIIOKHOCTH,
TOYHOCTH ¥ IPUMECHEHHUIO.

Tpanuunonusie CNN-apxutektypsl (VGG, ResNet, Inception) oGecriedynBaroT BEICOKYIO
TOYHOCTh 3a CYET TIyOOKOW MEepapXuu MPHU3HAKOB, HO MMEIOT OOJBIIYI0 BBIUYUCIUTEIBHYIO
CJI0HOCTH [13].

MoOHUIbHO-OITUMHU3UPOBAHHBIC APXUTEKTYPBI (MobileNetV3, SqueezeNet)
ucnosb3yroT depthwise separable convolutions ans cHmwkenust Harpy3ku. MobileNetV3-Small
nocturaet 97.63% TouyHOCTH Ha MOOWIIBHBIX ycTpoucTBax [7], [9].

EfficientNet u macmrabupyemble apXUTEKTYypbl OCHOBAaHbI Ha MpUHIMIE compound
scaling, obecnieunBas 6ananc Tounoctu u dpdexruBHoctu. EfficientNet-BO qocturaer 98.10%
TOYHOCTH [7].

Transformer-based monenu (ViT) ucnonb3ytor Mexanusm self-attention a1 u3BneueHus
rJ100aIbHbBIX 3aBUCUMOCTEH [15]. JIeMOHCTPUPYIOT BBICOKYIO TOYHOCTh, HO TPEOYIOT OOJIBIINX
pecypcoB.

I'm6punnsie mogxonsl. EHFR-Net nocturaer 90.7% Top-1 accuracy Ha Food-101 mpu
2.8M napameTtpos, npeBocxoas MobileNetV3 (86.2%) u EfficientNet-B0 (85.2%) [8].
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Kpurepun ouenku 3¢¢ekTuBHOCTH apXUTEeKTYyp. 1 0OBEKTUBHOTO CpaBHEHUS
ompejiefieHa CUCTEMa KPUTEPUEB, OTPAXKAIOUIMX MPAKTUYECKYI0 3((OEKTUBHOCTh IS
MOOUIIBHBIX MPUITOKECHHI:

1. Tounocts knaccuduxammu — Top-1 u Top-5 accuracy Ha 3TaJOHHBIX JaTaceTax
(Food-101, Nutrition5k). 3nauenus Bapsupyrotcs B nuamnazone 85-98% [7], [8].

2. Cxopoctb 00pabotkn — latency u FPS. Jli1 MOOMJIBHBIX MPUIOXKEHUNH KPUTUUHO
latency < 100 mc [9].

3. Paszmep monenn — napametpsl U 00bEM namsatu. [Ipeanoururenbusl Moaenu 10 10—
15 Mb. EHFR-Net-0.5 nocturaer 89.4% tounoctu ripu 0.8M napametpos [8].

4. DHeproap(HeKTUBHOCTh — YPOBEHb dHEpronorpedienus npu undepence [9].

5. TOYHOCTH OLIEHKU NOPLHUH — MOTPENTHOCTH OrpeeaeHus Maccol coctaisier 10-20%
[10].

6. YCTOMYMBOCTh K YCIIOBUSM ChEMKHM — pPOOACTHOCTh K M3MEHEHUSM OCBELICHUS U
pakypca [2].

7. YnobctBo umuTerpaiuun — noanepxkka TensorFlow Lite, Core ML u nHanmuuue
peno0yYEHHBIX BECOB.

CpaBHuTeNbHBbIH aHaau3 apxurTekTyp. [lpoBeneHa cpaBHUTENbHAas OLIEHKA
apXUTEKTYp TIyOOKOTOo OOydeHHs Ha OCHOBe mpesioxkeHHbX KputepueB. EHFR-Net-0.5
JEMOHCTPUPYET Haulydlllee COOTHOLIeHHe pazmepa Mozaenu (0.8M nmapaMeTpoB) U CKOpOCTU
(140 FPS) npu npuemiuemoii TouHoctu (89.4%) [8].

Taduanua 1 - CpaBHUTE/IbHbIE XAPAKTEPUCTUKH APXUTEKTYP IIy00KOro 00y4eHus.

Ton-1 Acc NapameTpsl CkopocTb SHepro-
ApxuTekTypa (%) (M) (FPS) 2. WUcTouHmnk
MobileNetV3-Small 97.63 2.5 120+ e e e de ke [7.9]
EfficientNet-BO 98.10 5.3 100 ke ke ok (71
90.7 .
EHFR-Net (Food-101) 2.8 95 *ok ok ok [8]
EHFR-Net-0.5 89.4 0.8 140 ek ok ko [8]
ViT-B/16 94.42 86 25 Kok i [7]
ResNet-50 94.0 25.6 45 Kok I [13]

O0600IEHHBIE pE3yIbTAThI:

* MobileNetV3 nemoHCTpUpyeT HaWIy4llyl0 CKOPOCTb 00pabOTKH U
sHeprodPpheKTUuBHOCTh, gocturas 97.63% touHoctu [7], onTUMaNeH JJisi MOOUJIbHBIX
MIPUJIOKECHUM.

* EfficientNet-Lite o0ecnieunBaeT HanboJiee cOaTaHCUPOBAHHOE COOTHOIIIEHUE TOUHOCTH
(10 98.10%) 1 nmpou3BOAUTEILHOCTH [7].

* ResNet-50 xapakrtepusyercs BBICOKOM TOYHOCTBIO M YCTOMYHUBOCTBIO, HO
YCTYIaeT MO CKOPOCTH.

* Vision Transformer pemonctpupyer 94.42% TouyHOCTH, HO Tpedyer
3HAYUTEIBHBIX BHIYUCIUTEIBHBIX PECYPCOB [7].

* ['ubpunnsie apxurektypsl (EHFR-Net) nocturator 90.7% Top-1 accuracy mpu
2.8M mapameTpoB, IPEBOCXOAsI TPAAULIMOHHBIE MOOMIIbHBIE apXUTEKTYpHI [8].
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CpaBHeHMe TOYHOCTH apXMTEKTYp Ha 3afayax pacnosHaBaHMA NPOAYKTOB NUTaHWUA
(no paHHBIM p HBIX MCCneq, )

97.63% i

Top-1 Accuracy (%)
8
b4

EfficientNet-B0 EHFR-Net MT-B/16 ResNet-50

Pucynox 1. CpaBuenue Top-1 accuracy apXxuTeKkTyp Ha 3ajja4ax paclio3HaBaHUsI POJTYKTOB
MUTaHUS.

MobileNetv3

AHanM3 TOKa3bIBaeT KOMIIPOMHCC MEXKIYy TOYHOCTBIO  Kiaccupukamum U
BbIYMCIUTENBHON 3¢ dekTuBHOCTRIO. MobileNetV3 wu EfficientNet-BO oOecneunBarot
BBICOKYIO TOYHOCTH (>97%) mpu HeOosbmoM paszmepe (<5.5M mapametrpos) [7], [9]. Vision
Transformer npu Gomabiem pasmepe (86M mapameTpoB) HE JOCTHTaeT MPONOPIHUOHATBHOTO
npupocta TouHocTH (94.42%) [7].

JUIs HArJSIIHOTO TIPEJCTaBICHUS MHOTOKPUTEPHAIBLHOTO aHalli3a Ha PUCYHKE 2
MpuBEACHA pajapHas auarpaMMa, OTpPaXKaromlas CHUJIBHBIE M CJIa0ble CTOPOHBI KaXKIOU
APXUTCKTYPBHI.

CpaBHMTeJIbHbIA aHaJIU3 apXUTEKTYp No KpUTepusM 3¢ eKTUBHOCTH
(wkana 1-5, rae 5 — HaMNy4YLLWA NOKasaTenb) —8— MobileNetv3
—=— EfficientNet-BO/Lite
PaaMep moaenu —&— ResNet-50
—4&— Vision Transformer
—&— EHFR-Net (rn6pwa)

CKOpOCTh

SHeproagth.

OueHka nmopunn

W4Terpauus

YCTOAYMBOCTL
Pucynok 2. Pagapnas nuarpamMmma CpaBHEHUS apXUTEKTYP MO KPUTEPUAM
s dexTuBHOCTH (11Kana 1-5, rae 5 — HaWIydIIUid MOKa3aTeb).

Bri6op apXuTeKTypbl OMpeAensercs ClIeHapueM mpuMeHeHusa. J[ins MoOuIbHBIX
MPUJIOKEHUN TTPUOPUTETHBI CKOPOCTh U dHEProddEeKTUBHOCTH, 4TO jaeiiaeT MobileNetV3 u
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EfficientNet-Lite  mpeamoutuTenpHbIMA. B cepBepHBIX CHCTEMax  I€JIECO00pa3HO
ucnosbzoBanue ResNet u Vision Transformer st MakcuManbHON TOYHOCTH.

O6cyxaenne pe3yabTaToB. CpaBHUTEIBHBIN aHATIN3 MOKA3BIBACT, 9TO A((HEKTUBHOCTH
CHUCTEM OMPEIEIICTCS COBOKYIMHOCTHIO XapaKTePUCTUK, BKIOYAas TOYHOCTh, CKOPOCTH,
9HEProd(HHEKTUBHOCTH U YCTOMUHUBOCTH K YCIOBUSM CHEMKH.

Ha pucynke 3 mpencrtaBieHa BHU3yalu3aluds KOMIIPOMECCA MEXIYy TOYHOCTBIO
KJIaCCU(PUKAIMK W pa3MEpPOM MOJIENH, UYTO SBISICTCS KIIFOYEBBIM (PAKTOPOM TIpU BBIOOpE
APXUTEKTYPHI JUISI MOOMIIEHBIX TIPUIIOKEHUH.

KoMnpoMMcc MeXxay TOMHOCTBIO W pasMepoM Mogenu

- (no paHHBIM peanbHbIX HCCNENoBaHHMH)

EfficientNet-80

letv3-small
98 O-,.

96 -

WIT-B/16
ResNet-50 ‘F]

EHFR-Net

Top-1 Accuracy (%)

90 - EHFR-Net-0.5
1

Lienesan TOMHOCTS (95%)
86 - Uenesoi pasMep (5M)
OnTumansHas 3o0Ha
] 10 20 30 40 50 60 70 80 %0

Pucynok 3. Komnpomucc Mex 1y TOUHOCTBIO M pa3MEepOM MOJENH. 3eJI€HAs 30Ha
o0003HauaeT onTUMalibHbIE penieHus (<5SM napameTpoB, >95% TOYHOCTH).

MobileNetV3-Small u EfficientNet-B0O o6ecnieunBatoT BbICOKYI0 TOYHOCTH (>97%) npu
OTHOCUTEIBHO HeOoybiioM pa3Mepe (<5.5M mapametrpoB) [7], [9]. s mMoOuIbHBIX
OpWIOKEHU HamboJiee panuoHaIbHBIM  sABisieTcs: ucnosib3oBanue  EfficientNet-Lite,
00€eCreunBaOIero  ONTHUMaNbHBIA — OajmaHC MexAy TOYHOCThIO (okoso  98%) w
POU3BOAMUTENILHOCTHIO0. MobileNetV3 — anbrepHaTuBa B ClieHApUAX C KPUTUUHOM 33JI€PIKKOM
U BHepronorpedieHueM [9].

3amava OIEHKH pa3Mepa MOPIHHA OCTAETCs OCHOBHBIM HCTOYHUKOM MOTpEnTHOCTH. [laxe
COBpPEMEHHBIE METO/IbI ceTMeHTaIuu U depth estimation obecnieunBaroT TO4HOCTH 10-20%, UuTO
BIIMAET HA KOPPEKTHOCTh pacuéra kamopuitHoctu [10]. IlepcnekTUBHBIM HampaBiIE€HUEM
SIBJISIFOTCSL MHOTO3a/IauHbIe ¥ THOPHUIHBIE apXUTEKTYPHI [12].

KonuenryajbHass Moaejb CHCTEMbl aBTOMAaTH4YeCKOro moacyéra kamnopui. Ha
OCHOBE TMpOBEAEHHOTO aHajdu3a pa3paboTaHa KOHLENTyajdbHAash MOJENIb CHCTEMBI
aBTOMATHUYECKOT0 MOACUETa KAJIOPHii, PEICTaBICHHAs HAa PUCYHKE 4.
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ApXUTeKTypa CUCTEMbl aBTOMaTU4eCKOro noac4érta Kalopun
(Ha ocHose (3, 4, 8, 9])

MobunesHoe ycTpoWcTBO Npepobpaborra Data Augmentation
(kamepa) (pecais, HopManusauun) [z, 11]

Edge-ypoeeHs (MoBbuneHoe ycTpoicTeo)

MobileNetv3 [9]
wnu EHFR-Net [8] Depth Estimation
EfficientNet-Lite [7] (ruGpuanan Mogens) [10]

0b6nayHbil yp (npwn Heobxop ™)

Eaza naHHbix
ViT / ResNet [13, 15] Food-101 [5] Multi-task [12]
(cnoxmbie cnyvan) Nutrition5k [6] kanubposxa

\\ Pe3synsTaT: KNacc NPOAYKTA + MACCA + KANOPMAHOCTE J

(norpewHocTs 10-20% [10])

Pucynok 4. ApXUTEKTypa CHCTEMbI aBTOMAaTHYECKOT0 NOACUETA KAJIOPHI C
VMHJAKAAEW UCTIOJIb3yEMBIX KOMIIOHEHTOB U COOTBETCTBYIOIMX UCTOYHHUKOB.

[IpensioxkeHHass apXUTEKTypa peaau3yeT MHOTOYpOBHEBBIN noaxon [4], rae o0padoTka
JTAHHBIX BBIMOHIETCS KaK Ha MOOMJIBHOM yCTpoicTBe (edge-ypoBeHb), Tak U B OOJiake Mpu
HeoOxoauMmocTu. Edge-ypoBeHb ucmosb3yeT J€rkoBecHbie Mozaenu MobileNetV3 [9] wnm
EfficientNet-Lite [7] nns neppuuHoi kimaccudukanuu, a Tudbpuanas monaeiab EHFR-Net [§]
obecrieunBaeT YTOUHEHHE pe3ysbTaToB. [lisi olleHKM pa3Mmepa mopiuu npumensiercs depth
estimation [10], uyTto mo3BosseT Aoctuub morpemuoctd 10—20% [10]. O6maunplli YPOBEHB
3aICUCTBYETCS JJIS CIIOKHBIX CITy4aeB, TPEOYIOMIUX MPUMEHEHUs 60Jee MOIIHBIX Mojiesei ViT
nmu ResNet [13], [15], a Takke g 1o00y4yeHus ¢ ucnoyib3oBanuem multi-task learning [12].

3axiwuenue. B pabore mnpoBeAEH CHUCTEMHBIM aHalIU3 COBPEMEHHBIX METOJOB
pacro3HaBaHUsl TPOJYKTOB MUTAHUS HA OCHOBE KOMIIBIOTEPHOTO 3pEHUs U TIIyOOKOro
o0yueHusi. PaccmoTpennl kitoueBbie apxuTekTypbl: MobileNetV3, EfficientNet, ResNet,
Vision Transformer u rubpuabie MOJEH.

[IpennoxkeHa cucrema KpUTepUeB OLEHKH 3(DPEKTUBHOCTH MOJAENEH, YUUTHIBAIOLIAS
TOYHOCTh, CKOPOCTH 00pabOTKH, pazMep MOAEIH, SHEProdPGEeKTUBHOCTh U YCTOUUUBOCTD.
Haubonee nepcrnekTuBHBIMH 1711 MOOWIBHBIX mnpuiioxkenuid sBistotcs EfficientNet-Lite u
MobileNetV3,  olecneumBaromue  OamaHc  Mexay  TodHocThio  (97-98%) wm
npousBoauTenbHOCTRIO0. [HOpuanabie Mogenmu (EHFR-Net) nemoHCTpupyroT mpeBOCXOHBIC
pe3ynbtathl (90.7% Top-1 accuracy npu 2.8M napameTpos) [8].

OTtaenpHO OTMEYEeHA MpoOiIeMa OLIEHKH pa3Mepa MOPIUU, KOTOPasi OCTaETCs KIFOYEBBIM
orpanudeHueM. [lanpHelme uccneoBaHms T0KHBI OBITH HATIPABJICHBI HA pa3paboTKy Ooliee
TOYHBIX METOJOB BOCCTAHOBJICHUSI TE€OMETPUUYECKUX XapaKTepUCTUK U HWHTETpaIuio
MYJBTUMOJATbHBIX JaHHBIX [10].

[IpakTHyeckas 3HaUUMOCTh pabOThI 3aKiIr0YaeTcs B (OPMUPOBAHUN PEKOMEHAAIUHN 110
BBIOOPY AapXUTEKTyp [UIsl CHUCTEM AaBTOMATHYECKOTO TMOACY€Ta KajJopuih H pa3zpadboTke
KOHIIENTYJIbHOW MOJIeJTd MOOUJILHOTO MPUJIOKECHUS.

[lepcriekTuBBI CBSI3aHBI C Pa3BUTUEM THUOPUIHBIX APXUTEKTYp, NMpUMEeHeHueM self-
supervised learning [11], a Takke WHTerpanueld TEXHOJIOTHMH JOMOTHEHHON PEAJBHOCTH U
CEHCOPOB TUIyOMHBI ISl TIOBBIIIIEHUSI TOYHOCTH OIICHKH MHUIIIEBOM IEHHOCTH.
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EXPLAINABLE ARTIFICIAL INTELLIGENCE: CONCEPTS, METHODS, AND
CHALLENGES

Abstract: Explainable Artificial Intelligence (XAI) has emerged as a critical area of
research in response to the increasing complexity and opacity of modern machine learning
models. As Al systems are deployed in high-stakes domains such as healthcare, finance, and
autonomous systems, the need for transparency, interpretability, and accountability becomes
paramount. This paper provides a comprehensive overview of XAl, including its foundational
concepts, methodological approaches, and current challenges. We examine both intrinsic and
post hoc explanation techniques, evaluate their effectiveness, and discuss trade-offs between
model performance and interpretability. Additionally, we highlight ethical considerations and
regulatory implications associated with explainability. The study concludes by outlining future
research directions aimed at improving the usability and reliability of explainable systems.

Keywords: explainable Al, interpretability, transparency, machine learning, black-box
models, trust, model explanation, fairness, accountability

Introduction. Artificial Intelligence (Al) has achieved remarkable success in recent
years, particularly due to advances in deep learning and large-scale data processing. However,
many high-performing models—such as deep neural networks—are often considered "black
boxes" due to their lack of interpretability. This opacity creates significant barriers to adoption
in critical domains where understanding the reasoning behind decisions is essential.

Explainable Artificial Intelligence (XAI) aims to address this issue by developing
methods that make Al systems more transparent and understandable to humans. The primary
goal of XAl is not only to improve trust but also to ensure compliance with ethical standards
and legal requirements.

This paper explores the fundamental principles of XAl, surveys existing methods, and
discusses the challenges that hinder its widespread implementation.

Literature Review. The field of Explainable Artificial Intelligence (XAI) has rapidly
evolved over the past decade, driven by the increasing deployment of complex machine learning
models in sensitive and high-stakes domains. Early discussions on interpretability emerged
alongside the rise of statistical learning theory, but systematic research on XAI began to
intensify with the widespread adoption of deep learning in the 2010s.

One of the foundational contributions to the field is the work of Finale Doshi-Velez and
Been Kim, who proposed a formal framework for interpretability, distinguishing between
transparency and post hoc explanations [1]. Their research emphasized the importance of
defining interpretability in context, depending on the needs of different stakeholders such as
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developers, users, and regulators. This work laid the groundwork for subsequent efforts aimed
at standardizing evaluation criteria for explainable systems.

A significant milestone in XAl research is the introduction of model-agnostic explanation
methods such as LIME (Local Interpretable Model-Agnostic Explanations) by Marco Tulio
Ribeiro, Sameer Singh, and Carlos Guestrin. LIME approximates complex models locally with
interpretable surrogate models, enabling users to understand individual predictions [2]. This
approach gained widespread adoption due to its flexibility and applicability across different
types of models.

Another influential contribution is SHAP (SHapley Additive exPlanations), developed by
Scott M. Lundberg and Su-In Lee. SHAP is grounded in cooperative game theory and provides
a unified measure of feature importance based on Shapley values. Compared to LIME, SHAP
offers stronger theoretical guarantees, including consistency and local accuracy, although it
often requires higher computational resources [3].

In addition to model-agnostic techniques, model-specific approaches have also been
extensively studied. For example, visualization-based methods such as Grad-CAM (Gradient-
weighted Class Activation Mapping) enable interpretation of convolutional neural networks by
highlighting relevant regions in input images. These methods have proven particularly useful in
domains like medical imaging, where understanding spatial attention is critical [4].

Comprehensive surveys, such as the work by Abdellatif Adadi and Mohamed Berrada,
provide taxonomies of XAI techniques and identify key research gaps. Their analysis
categorizes methods into intrinsic and post hoc approaches and highlights challenges related to
evaluation, scalability, and user trust [5]. Similarly, Alejandro Barredo Arrieta and colleagues
offer a broad overview of XAI, emphasizing its interdisciplinary nature and connections to
ethics, fairness, and accountability [6].

Recent literature has increasingly focused on human-centered explainability. Researchers
argue that explanations should be tailored to the cognitive abilities and expectations of end-
users. This perspective shifts the focus from purely technical solutions to user experience and
interaction design. Additionally, studies have explored the role of explainability in improving
model debugging, bias detection, and regulatory compliance[7].

Despite significant progress, the literature reveals several unresolved issues. There is still
no consensus on a universal definition of interpretability, and many evaluation metrics remain
subjective or context-dependent. Furthermore, some studies suggest that explanations can be
misleading or overly simplified, potentially giving users a false sense of understanding.

In summary, the literature on XAl reflects a dynamic and multidisciplinary research
landscape. While foundational methods such as LIME and SHAP have become standard tools,
ongoing work continues to address their limitations and explore new paradigms for achieving
trustworthy and effective explanations.

Materials and Methods. The present study is based on a comprehensive analytical
framework combining theoretical investigation, comparative evaluation, and synthesis of
existing approaches in the field of Explainable Artificial Intelligence. The research relies on a
broad corpus of scientific publications, conference proceedings, and authoritative monographs
published between 2015 and 2025, reflecting the most active period of XAl development.
Particular attention is given to works by leading researchers such as Marco Tulio Ribeiro, Scott
M. Lundberg, and Finale Doshi-Velez, whose contributions have significantly influenced
methodological standards in the domain.
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The materials used in this research consist of benchmark datasets commonly applied in
machine learning evaluation, including structured tabular data, image datasets, and text corpora.
These datasets were selected to ensure diversity in data types and to allow the assessment of
explanation methods across different application scenarios. The models analyzed in the study
include both inherently interpretable algorithms, such as linear regression and decision trees,
and complex black-box models, including deep neural networks and ensemble methods. This
combination enables a balanced comparison between transparency and predictive performance.

The methodological approach is grounded in a comparative analysis of explanation
techniques, focusing on both intrinsic and post hoc interpretability. Intrinsic methods are
examined through their structural properties and mathematical transparency, while post hoc
techniques are evaluated based on their ability to approximate or reveal the behavior of trained
models. Special emphasis is placed on widely used methods such as LIME and SHAP, which
are applied to identical predictive tasks in order to assess their consistency, stability, and
computational efficiency.

To ensure methodological rigor, the study adopts a multi-criteria evaluation framework
that considers interpretability, fidelity, robustness, and computational cost. Interpretability is
assessed in terms of human comprehensibility, measuring how easily a user can understand the
explanation provided. Fidelity refers to the degree to which the explanation accurately reflects
the true behavior of the underlying model. Robustness is evaluated by analyzing the stability of
explanations under small perturbations of input data, while computational cost is measured in
terms of processing time and resource consumption.

In addition to quantitative analysis, qualitative assessment is conducted through
visualization techniques and case-based reasoning. Visual tools, including feature importance
plots and saliency maps, are used to interpret model outputs and compare explanatory patterns.
Case studies are employed to illustrate how different methods behave in real-world scenarios,
particularly in domains where interpretability is critical, such as healthcare diagnostics and
financial decision-making.

The research design also incorporates elements of reproducibility and generalization. All
experiments are structured in a way that allows replication under similar conditions, and the
selected methods are tested across multiple datasets to ensure that findings are not limited to a
specific context. By integrating theoretical insights with empirical evaluation, the methodology
provides a robust foundation for understanding the strengths and limitations of current XAl
approaches. The overall architecture of the proposed explainable artificial intelligence
framework is illustrated in Figure 1, demonstrating the interaction between input data, predictive
models, and explanation modules.
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Figure 1. Conceptual Architecture of Explainable Artificial Intelligence (XAI) System

Table 1 - Classification of XAI Methods

Category Method Type Description Example Techniques

Intrinsic Transparent Models inherently interpretable Decision Trees, Linear
Methods Models Regression

Post Hoc Model-Agnostic Applied after model training LIME, SHAP
Methods

Post Hoc Model-Specific Designed for specific Grad-CAM, Layer-wise
Methods architectures Relevance

Hybrid Combined Mix of interpretable and black- Attention mechanisms
Approaches Techniques box models

Results. The conducted study demonstrates that the effectiveness of explainability
methods in artificial intelligence strongly depends on the type of model, the nature of the data,
and the intended use of the explanation. The experimental analysis revealed clear distinctions
between intrinsic and post hoc approaches in terms of interpretability, fidelity, and
computational performance.

Models with built-in interpretability, such as linear regression and decision trees,
consistently provided transparent and easily understandable decision-making processes. Their
explanations were directly derived from model structure, which ensured high fidelity and
stability. However, these models showed limitations in predictive accuracy when applied to
complex, high-dimensional datasets, particularly in comparison with deep learning
architectures.

In contrast, black-box models demonstrated superior predictive performance across all
evaluated datasets, especially in image and text classification tasks. Nevertheless, their lack of
inherent transparency required the application of post hoc explanation techniques. Among these,
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methods such as those developed by Marco Tulio Ribeiro and Scott M. Lundberg proved to be
effective in generating locally interpretable explanations. LIME showed strong performance in
terms of computational efficiency and flexibility, producing explanations rapidly even for large
datasets. However, its results exhibited variability when small perturbations were introduced to
the input data, indicating limited robustness.

SHAP, on the other hand, provided more consistent and theoretically grounded
explanations. The use of Shapley values allowed for a unified representation of feature
importance, ensuring properties such as additivity and consistency. Empirical results indicated
that SHAP explanations aligned more closely with the actual behavior of complex models,
particularly in structured datasets. This increased reliability came at the cost of significantly
higher computational demands, especially when applied to large-scale neural networks.

Visualization-based techniques, including gradient-based saliency methods,
demonstrated strong effectiveness in interpreting convolutional neural networks. These
approaches enabled the identification of relevant input regions contributing to model
predictions, which was particularly valuable in image-based tasks. However, the study also
revealed that such visual explanations can sometimes be ambiguous or sensitive to noise,
reducing their reliability in critical applications.

A key finding of the study is the existence of a measurable trade-off between
interpretability and predictive performance. While simpler models offered clarity and stability,
they failed to capture complex patterns in the data. Conversely, highly accurate models required
additional layers of interpretation, which introduced approximation errors and potential
inconsistencies. This trade-off was observed consistently across all experimental settings.

Furthermore, robustness analysis showed that many explanation methods are sensitive to
minor changes in input data. In several cases, small perturbations resulted in noticeably different
explanations without significantly affecting model predictions. This inconsistency raises
concerns regarding the reliability of explanations, particularly in high-stakes environments.

Overall, the results confirm that no single XAl method universally outperforms others
across all criteria. Instead, the choice of explanation technique should be guided by the specific
requirements of the application, including the need for accuracy, interpretability, computational
efficiency, and robustness. These findings highlight the importance of context-aware selection
and the integration of multiple explanation approaches to achieve more reliable and
comprehensive interpretability.

Discussion. The findings of this study highlight both the progress achieved in Explainable
Artificial Intelligence and the persistent limitations that constrain its practical applicability. A
central observation is that explainability cannot be treated as a universal property of a model
but rather as a context-dependent characteristic shaped by the needs of specific users, the
complexity of the underlying algorithm, and the domain of application. This reinforces the
conceptual position introduced by Finale Doshi-Velez, who emphasized that interpretability
must be defined relative to the audience and task rather than as a fixed technical attribute.

One of the most significant insights emerging from the results is the inherent trade-off
between predictive performance and interpretability. While simpler, transparent models provide
stable and directly understandable explanations, they often fail to capture complex nonlinear
relationships present in real-world data. Conversely, highly accurate black-box models require
external explanation mechanisms, which inevitably introduce a layer of approximation. This
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tension suggests that explainability should not be viewed as a substitute for model performance,
but rather as a complementary objective that must be balanced carefully during system design.

The comparative analysis of post hoc methods further reveals that widely adopted
techniques such as those proposed by Marco Tulio Ribeiro and Scott M. Lundberg differ not
only in computational properties but also in epistemological assumptions. LIME prioritizes local
fidelity and computational efficiency, making it suitable for rapid, instance-level explanations.
In contrast, SHAP offers a theoretically grounded framework based on cooperative game theory,
providing more consistent and globally coherent interpretations. However, the higher
computational cost of SHAP limits its scalability in large, real-time systems. This divergence
indicates that no single method can fully satisfy all interpretability requirements, reinforcing the
need for hybrid and adaptive approaches.

Another important aspect concerns the robustness and reliability of explanations. The
observed sensitivity of explanation outputs to minor perturbations raises questions about their
stability and trustworthiness. If explanations vary significantly while model predictions remain
unchanged, users may be misled about the true decision-making logic of the system. This issue
1s particularly critical in high-stakes domains such as healthcare or finance, where incorrect
interpretations can have serious consequences. Therefore, robustness should be considered a
fundamental criterion in the evaluation of XAl methods, alongside interpretability and accuracy.

The study also underscores the importance of human-centered design in explainability.
Technical correctness alone does not guarantee that an explanation will be meaningful or useful
to end-users. Effective explanations must align with human cognitive processes, domain
knowledge, and expectations. This perspective shifts the focus from purely algorithmic
solutions to interdisciplinary approaches that integrate insights from psychology, human-
computer interaction, and ethics. It also implies that different stakeholders may require different
forms of explanation, ranging from simple feature importance summaries to detailed causal
narratives.

Ethical and regulatory considerations further complicate the development of explainable
systems. As Al becomes increasingly embedded in decision-making processes, demands for
transparency and accountability continue to grow. However, providing explanations that are
both accurate and comprehensible without exposing sensitive information or enabling system
manipulation remains a challenging task. This creates a tension between openness and security
that has yet to be fully resolved.

Finally, the discussion highlights that current evaluation practices in XAl remain
fragmented. The absence of standardized metrics makes it difficult to compare methods
objectively or to establish best practices. Future research should therefore focus on developing
unified evaluation frameworks that incorporate both quantitative and qualitative dimensions of
explainability.

In summary, the discussion reveals that while significant advances have been made in
XAl, the field is still in a transitional stage. Achieving reliable, scalable, and human-centered
explainability requires not only technical innovation but also a deeper integration of
interdisciplinary perspectives and practical constraints.

Conclusion. In this paper, a comprehensive analysis of Explainable Artificial Intelligence
(XAI) has been presented, covering its fundamental concepts, methodological approaches, and
key challenges. The study demonstrates that while modern artificial intelligence systems have
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achieved remarkable predictive performance, their lack of transparency remains a critical
limitation for real-world deployment, particularly in high-stakes domains.

The results confirm that existing XAl methods provide valuable tools for interpreting
complex models, yet none of them offers a complete solution. Intrinsic models ensure clarity
and stability but are limited in their ability to handle complex data, whereas post hoc techniques
enable the interpretation of black-box systems at the cost of approximation and potential
inconsistency. This indicates that explainability should not be viewed as a single technique, but
rather as a multifaceted framework requiring careful selection of methods depending on the
context.

Furthermore, the study highlights that challenges such as the trade-off between accuracy
and interpretability, lack of standardized evaluation metrics, and limited robustness of
explanations remain unresolved. These issues emphasize the need for continued research aimed
at improving both the theoretical foundations and practical applicability of XAl

An important conclusion is that explainability must be human-centered. Effective
explanations should not only be technically accurate but also understandable and meaningful
for different categories of users. This requires interdisciplinary collaboration and integration of
insights from fields such as cognitive science, ethics, and human-computer interaction.

In the future, the development of standardized evaluation frameworks, more robust
explanation methods, and hybrid models that integrate interpretability directly into system
design will be essential. Ultimately, the advancement of XAl will play a crucial role in building
trustworthy, transparent, and accountable artificial intelligence systems that can be safely and
effectively integrated into society.
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MOJEJIb EAMHOT'O PUCK-CKOPUHT A UTHCAUJEPCKHUX YI'PO3 B
KOPIIOPATUBHBIX CETSX HA OCHOBE KOPPEJISILIMU COBBITUH 1AM,
CETEBBIX 1 ENDPOINT-UCTOYHUKOB

AnHoTaums: B paboTe npemyiaraercsi moJxoa K MOCTPOCHUIO €UHOTO PUCK-CKOPUHTA
WHCAWIEpCKUX YIpo3 Ha OCHOBE Koppemsiuuu coobiTuil IAM, ceTeBbix 1 endpoint-MCTOUHUKOB.
Meton BKJIIOYaET NPUBEICHHUE PA3HOPOIHBIX COOBITHI K yHUDUIIMpPOBAaHHOMY ¢dopmary,
HOPMAaJIM3AIMI0 CUTHAJIOB, PACUYET MOJACKOPHUHTOB MO KaXKJIOMY KaHAIy TEJIEMETPUU U HX
KOPPEJSIMOHHOE YCUJICHUE TIPU COBITAJICHUH MPU3HAKOB B OJTHOM BPEMEHHOM OKHE C YUYETOM
KOHTEKCTa (poJib MOJIb30BATEINS, KPUTUYHOCTh pecypca, BpeMsi aKTUBHOCTH). [[ns1 Kaxaoro
JIOMEHa BBOJISATCS HAOOPHI MMPU3HAKOB, XaPAKTEPHBIX JJI TUIIOBBIX MHCANUICPCKUX CIICHAPUEB:
MacCOBOM BBITPY3KH, TOBBIIMICHUS TPUBWIETUN, CKPBITOM HKCPUIbTpAMM M JOCTyNHa K
KPUTUYHBIM pecypcam BHe HOpMbI. UTorosast merpuka RiskScore (0—100) popmupyercs mytém
B3BEIICHHOM arperaiyu rmoJACKOPUHIOB U COMPOBOXKIAETCS 00BsICHEHHEM (PaKTOPOB PUCKA, YTO
noBbimaeT npumeHuMoctb B SOC. PaccMmarpuBaeTca apxutektypa BHeApeHUs: uepe3 SIEM,
BHEIITHUN CEPBUC CKOPUHTA WU THOPUIHYIO CXEMY.

KuiroueBrble cjioBa: MHCailiepcKe yrpo3bl, pUCK-CKOPHUHT, KOppemsuusa coobTuil, [AM,
SIEM, EDR, UEBA, noBeaeHueckast aHaqTuTHKA, IPUOPUTU3ALMS HHIUICHTOB.

Beenenmne. Mucaiinepckue yrpo3sl SBISIFOTCS OAHOM U3 HaMOOJee CIOKHBIX KaTeropuid
WHIHUJICHTOB HMHQPOPMAIMOHHON 0€30MacHOCTH: WHUIMATOP HapyIICHUW JEUCTBYET C
JETUTUMHBIMM TIpaBaMH, a €ro aKTUBHOCTh Maj0 OTJIMYAETCS OT IUTATHBIX JEUCTBUU
nonp3oBaressi. CTaHAapTHBIE CPEICTBA, OPUEHTUPOBAHHBIC HA BHEIIHUW MEPUMETP, ILIOXO
OOHApY>KMUBAIOT Takue WHUOUICHTHI [1-4], a cHUCTeMbl MOHUTOPUHTA BBIHYXICHBI
aHAJU3MPOBATh OOJIBIION O0BEM CHUTHAJIOB 0e3 HaA&KHOTO MEXaHHM3Ma MPHOPHUTHU3AINU.
[IpoGnema ycyryOmisieTcst TeM, 4TO MHCAIepCKasi aKkTUBHOCTh HOCHUT CIICHAPHBIN XapakTep U
pacmpeneieHa BO BpPEMEHU: KPUTUYHOM SBIAETCS HE OTIEIbHOE COOBITHE, a
MOCJICIOBATEIHLHOCTh JEHCTBUN — ayTeHTHU(UKAIMSA B HETUIMHUYHOM KOHTEKCTE, U3MCHCHHE
MPUBUJIETUI, MACCOBBIN JOCTYN K JaHHBIM, TOJATOTOBKA U BO3MOXKHBINA BBHIBOJ] HH(GOPMAIIHH.
[Togxoapl, OCHOBaHHBIE Ha pa3po3HEeHHBIX SIEM-npaBuiax uiau aHaau3e OJJHOTO UCTOYHUKA,
HEJIOCTATOYHO TOYHO OTPAXKAKOT TAKUE LIETIOYKH U MOPOKIAKOT BBICOKUM 1Ty M.

CoBpemenHnble uccienoBanusi B obnactu insider threat, UEBA u mnoBemeHueckoit
aQHAJTUTUKH TTOAYEPKUBAIOT HEOOXOAUMOCTh 00ObEAMHEHNS HECKOJIBKUX JOMEHOB HAOI0ICHUS
U PUCK-OpUEHTHpOBaHHOTO noaxoja [1—4, 14]. B npombinuieHHbIX pemeHusx kinacca UEBA
puck Hopmupyercs B auanazoHe 0-100 [5—7], 4TOo ymopomaer MNPUOPUTH3ALNUIO U
COINIOCTABJICHUE CUTHAJIOB M3 pPAa3HbIX MCTOYHUKOB B €IMHOM MmiKane. OgHako BOMIPOC
NOCTpOoeHUs1 GOPMaTU30BAHHON MO/JIETN, OPUEHTUPOBAHHON HMEHHO Ha MHCAWIEPCKUE YTPO3bl
B KOPIIOPATUBHBIX CETAX, OCTAETCSA OTKPBITHIM.

66



«Central Asian Scientific Journal» Ne2 (30), Tom 2, Mali 2026

Central Asian
Scientific
Journal

B nanHnoii paboTe npesiaraeTcst MOJIEb €IMHOTO PUCK-CKOPUHTAa HA OCHOBE KOPPEIISAILIUU
coObituii 1AM, ceteBbix J0oroB U endpoint-coOBITHI ¢ Y4ETOM KOHTEKCTHBIX (PaKTOPOB —
KPUTHUYHOCTH PECYPCOB, POJIM IIOJIB30BATEIA, BDEMEHH M yCI0BUM akTUBHOCTH. [lIkama 0—100
BBIOpaHa UCXOIs U3 €€ paclpoCTPaHEHHOCTH B CYIIECTBYIONUX risk-scoring-moaxomax [5—7] u
yno0cTBa MHTEpHpeTaluu Ajs 3a1ad npuoputusanuu. llenp uccnenoBanuss — paszpaboTka
METOJla TOCTPOEHHUSI E€IUHOI0 PHUCK-CKOPUHIa HWHCAMIEPCKUX YIrpo3, IPUTOJHOTO s
UCIOJIb30BaHUs B IIpolieccax MOHUTOpuHra u pearupoanus SOC. J{1s1 nocTuxKeHUs 3TON Leu
B paboTe omnpezensercs Habop NpU3HaKoB 1o fomeHaMm IAM, cereBoii TenemeTpuu U endpoint-
JOroB, pa3palaTeIBaeTcsa cxema MpeaoOpadOTKU U arperupoBaHUs Pa3HOPOAHBIX CHUTHAJIOB,
IpeIaraeTcsi METO/1 MHTErpaluy noAcKopuHros B mkairy 0—100 ¢ y4éToM KOHTEKCTa, a TaKkKe
JIEMOHCTpHUpYeTCs pabdoTa MOJAENTH Ha CIEHApPHOM IpUMeEpe U OOCYXKIAeTCsl apXUTEKTypa
BHEJIPEHMUS.

Hayunas HOBH3Ha paboOThl 3akirovaeTcss B (OpPMaM30BAaHHOW cXeMme OOBbEIUHEHUS
Pa3HOPOJHON HMHQPPACTPYKTYPHOU TENEMETpUM B e€auHyr0 Ikady pucka RiskScore c¢
MEXaHU3MOM KOPPESIMOHHOTO YCHJIEHHUS NPH COrJaCOBAaHHOM aKTHUBHOCTU B HECKOJIBKUX
KaHaJlax HaOJIOJCHUS U KOHTEKCTHO-B3BEIICHHOW arperauuen, y4uThIBalOUIEed KPUTUYHOCTD
peCcypcoB, pOJIb U IPUBWIETUH TIOJIb30BATENIS, HETUIIUYHOCTh BPEMEHU aKTUBHOCTU M HOBU3HY
apameTpoB JOCTYIIA.

Mopaesb yrpo3 U cCHEeHApMU UHCalJAepcKoil akTHUBHOCTH. VHcainepckas yrposa B
KOPIIOPAaTUBHOM CETH HE CBOJAMUTCA K HEIOOPOCOBECTHOMY COTPYAHMKY: OJHA U Ta XK€
HaOMoaeMasi aKTUBHOCTh MOKET HMETh pa3Hble MPUYMHBI U TpeOyeT pa3iuydHOM
unTepnperanuu. Salem et al. [ 14] Beigensitor masqueraders, MAaCKUPYIOIIUXCS MO IETUTUMHBIX
MoJIb30BaTelIe, W traitors, JEHWCTBYIONIMX OT CBOEro HMMEHH. B Hactosmieidt padote
UCIIOJIB3YETCsl pacllMpeHHas Kiaccuukauusd u3 TpEX THUIIOB, OXBaThIBarollasi Hauboliee
pacnpocTpaHEHHbIE KJIACChl MHIIMJIEHTOB M XOpPOIIO OIKChIBa€Mas Ha OCHOBE TEJIEMETpUU
IAM, ceteBbix u endpoint-coowiThii (puc. 1).

HeocTopoXkHbIN N 3noHamepeHHbIN y CKOMMPOMETUPOBaHHbIi
vHcanpep \ MHcanpep !Q- aKKayHT

OLUM6KM, He3HaHune, ® OCO3HaHHOe HaMmepeHue ,CLel;ICTBMﬂ BHelHero
ynobcrso; HaHecTy yuiep6 / nonyuunts 3/10YMBbILINEHHNKA OT UMEHM
BbIrOAY; nonb3oBaTens;
» nepecbinika pabounx daiinos

° eHanpa SHHb bop a
B8 NUYHbIE obnaka; LeneHanpaseneHHbin cbop dUWIKHT, yKpageHHbIe

HyBCTBUTENbHbIX AAHHDIX; yYeTHble faHHble;
® ucnonb3oBaHue
HECaHKLMOHNPOBAHHbIX
CEePBUCOB U NNYHbIX
USB-HocuTenei.

® MoBbILIEeHWe NpuBMUNernn BpegoHocHoe MO,
v BbIBOA HPOPMaLK 3a AHOMasbHbIE BXO[bl B CUCTEMY.
nepumeTp.

Pucynox 1 — Knaccudukanys TunoB nHCalIepCKOM yrpo3bl

HeocTopoxxuplii wHcalgep Hapymiaer TpeOoBaHUs O€30MacHOCTH W3-3a  OIIMOOK,
HE3HAHWS WM yI0OCTBa: TepechlaaeT padoune (aiasl B JTUYHBIC OOJAaYHBIC XPaHUIIHUIIA,
WCIIOJIB3yeT HECAHKIIMOHWPOBAHHBIE HMHCTPYMEHTHI OOMeEHa, moakiodaeT nudHbie USB-
HOocUTeNU. JISMCTBUS 3a4acTyr0 TOBTOPSEMBI M HAMPABIICHBI HA YIPOIIeHUEe pabOThl, a HE HA
COKPBITHE, TIOATOMY MOJIEITh TOJDKHA (PUKCUPOBATH POCT pUCKA 0€3 aBTOMAaTHYECKOTO IepeBoia
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UHIUIGHTa B KPUTHYECKUW YypOBEHb 0O€3 TMOATBEPKICHUS UWHBIMA MpPHU3HAKaAMHU.
3noHaMepeHHBI HHCalAep JEHCTBYeT C TMpsAMBIM HaMEepEeHHEM HaHECTH yIIepo:
LEJIEHAPABICHHO COOMPAET YyBCTBUTENbHBIC TAHHBIE, PACIIMPAET IPUBUIIETUH, 00palaeTcs
K pecypcam BHE (YHKIIMOHATBHBIX OOS3aHHOCTEH M BBIBOAUT HH(OpPMAIMIO 32 TPEIEibI
3alIMIIEHHOTO KOHTYpa; MJi HETrO XapaKTepHAa BBIPAKEHHAs CIIEHAPHOCThb, YTO XOPOIIO
BBISIBJISIETCS UEPE3 MHOTOJIOMEHHYI0 KOoppensnio. CKOMIIPOMETHPOBAHHBIA aKKAyHT OTPAKAET
CUTYalHIO, KOT/Ia IEUCTBUS BBITIOIHAIOTCS aTaKYIOIUM OT UMEHU JIETUTUMHOTO MOJIb30BaTENS
— B pe3yJibTare (DUILMHTa, yTEeUKH MMapoJis, IepexBara ceccuu wiv padoTsl BpegaonocHoro [10;
HAa YypOBHE TEJNEMETPUU JTO TMPOSBISETCS Kak aHoMajbHas ayTeHTU(UKaus (HOBOE
YCTPOMCTBO, HETUMHU4YHAs Teorpadusi, HEOObIYHOE BpeMs) U IMOCIEAYIOIIME OMNEpaluUh C
JAHHBIMH, HETUIMYHBIE JJI POJIU MOJIb30BATEIIS.

VY4ér THUNOB HMHCcaiinepa MO3BOISET CHOPMYIUPOBATH KIHOYEBYIO YCTAHOBKY MOJIEIH:
RiskScore He nomkeH ObITh TPUBSA3aH K OAHOMY OOBSICHEHUIO TPUYHMHBI TIOBEICHHSI, HO 00513aH
YCTOMYMBO OTpa)kaTh BEPOSITHOCTh W MOTEHIMANbHBIA YyIIEpO MpU HAOMIOACHUHU LENOYKH
NEUCTBUM, TOJEPKUBAsT pa3Hble YPOBHU PEAKLIUU — OT MPEAYNPEXKACHHUS U O0ydeHUs N0
CPOYHOT'0O pearupoBaHUs U OTPAHUYECHHUIA JOCTYIIA.

JInsg  TOpakTHYECKOM NPUMEHMMOCTH PHUCK-CKOPMHIA CIEHApUU HHCAWAEPCKON
AKTUBHOCTHU JIOJDKHBI OBITh HaOJIOJaeMbl uepe3 JOCTYIHbIE HCTOYHMKU TEIEMETPUU U
OTpakaTh OCHOBHBIE ATambl HapyuieHusi 0e3omacHoctd. Ha ocHoBe pexomenmanmii CERT,
NIST u ananutuyeckux oTu€ToB [1—4] B paboTe BBIIESAIOTCS YETHIPE KIIOYEBBIX CIIEHAPUS,
CIOCOOHBIX KOMOMHUPOBATHCS B €IMHYIO HENOUYKY. MaccoBasi BRITpy3Ka JaHHBIX MPOSBIISETCS
Yepe3 MaccoBO€ YTEHHWE M KomupoBaHue (haloB, oOpalleHus K XpaHWIUIAM C
KOHQUACHIMAIBHBIMA JTaHHBIMM W CO3JIaHUE€ apXHBOB; HMHJIUKATOPbI (PUKCUPYIOTCS
NPEeUMYIIECTBEHHO Ha endpoint M yCWIMBAIOTCA CETEBBIMU MpU3HAKAMU MOCIETYIOUIEH
nepenaud. lloBbllleHWE TNPUBHIIETHI BbIpakaeTcsi B J00aBIIEHUM TIOJIb30BaTeNld B
IPUBUIIETUPOBAHHBIE TPYIIbI, HA3HAYEHUH HOBBIX POJIEH, MOJYYEHUH aJIMUHUCTPATHBHBIX
IpaB ¥ MOMbBITKAX UCIOJIb30BaTh CEPBUCHBIE YUETHBIE 3aMUCH; Ha ypoBHE IAM Takue coObITHS
YacTO MPEAIIECTBYIOT JabHEUIIUM ONEePalUsIM C TaHHBIMU U B MOJEIIA UMEIOT MOBBILIEHHBIH
BEC, OCOOCHHO MPU HETUINMYHOM BPEMEHHM M3MEHEHHUW WIM MOCIEAYIOIIEeH aKTUBHOCTU HA
endpoint u B cetu. CkpbITasi SKCHUIBTPAIMS CBs3aHa C UCTIOIb30BAHUEM O0JIAUHBIX CEPBUCOB,
HECTaHJAPTHBIX IPOTOKOJIOB, TYHHEJIMPOBAHUSA W TOSIBICHUEM HOBBIX BHEIIHHX JIOMEHOB;
npu3Haku pukcupyrotcs B )KypHanax DNS, Proxy, VPN u NetFlow u npuoOperator ocoOyro
3HAYUMOCTb MPHU COBMAJCHUU MO BPEMEHHM C MOJTOTOBKOM MaHHBIX Ha endpoint. JJoctyn k
KPUTHUYHBIM pecypcaM BHE HOPMBI (UKCHpYeT oOpallleHHue MOJb30BaTeNsl K JaHHBIM HWIIH
CHUCTEMaM, HEXAPAKTEPHBIM JUISl €r0 POJIM, B HETUIIMYHOM KOHTEKCTE — HOYHOE BPEMS, HOBOE
YCTPOMCTBO, IOCJIE HM3MEHEHHs NPHUBWIETHUH; B PUCK-CKOPUHIE€ 3TO YUYUTBHIBAETCS 4YEpe3
KOHTEKCTHBbIE MHOXKUTENU. BhineneHue 3TUX cClieHapueB 3a1aé€T paMKu JJisi MHTErpajibHOU
METPUKH, KOTOpas IOJKHA (PUKCHpPOBATh HE OTACNbHBIE COOBITHS, a Pa3BUTHE IIEMOYEK,
YCWJIMBAsi PUCK MPU COBMECTHOM MPOSBICHUU MPU3HAKOB MOATOTOBKH, MAacCOBOTO JOCTYIIA,
UCITOJIb30BAHUS TPUBUJIETUIA U BO3MOKHOTO BBIBO/IA TAHHBIX.

HMcToYHNKH TaHHBIX U NMPUBA3KA COOBITHI K CYIIHOCTSIM. VHTErpajabHbI pUCK-
CKODUHI ONUpaeTcsi Ha TPU OCHOBHBIX JIOMEHA TEJIEMETPUU — COOBITHUS YIpaBiICHUS
uAeHTU(UKAIMEe W JOCTYNOM, CETEBbIE JKypHajbl U TEIEMETPUIO KOHEYHBIX TOYEK. OTH
VUCTOYHUKM  MPEAOCTABISAIOT  B3aUMOJONOJHSAIOIMIME  NPEJICTAaBICHUS O  IOBEICHUU
MOJIb30BATENsI: KOHTEKCT ayTeHTU(UKALMU U TIPUBHUIIETH, CETEBbIE KaHAJIbI B3aUMOICHCTBUS
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Y HETIOCPEICTBEHHBIE OTNEPALINY C JAaHHBIMU Ha pabouuX CTaHIMSX U cepBepax. B nomene IAM
KITFOUEBBIMU SIBJISTIOTCS JKYpPHAIBl ayTEHTU(UKAIIUU W aBTOPU3AINH, W3MEHECHHS YYETHBIX
3aMKCeN W MpaB IOCTYTIa, ONIEPAIH C TPYMIaMHU U POJISIMU: YCIIEIITHBIC U HEYCIIEIITHBIC BXOIBI
(0coOeHHO B HEOOBIYHOE BpeMs WJIM C HOBBIX YCTPOMCTB), CMEHa MapoJjeil, 100aBiIeHUE B
NPUBUJIICTUPOBAHHBIE TPYMIbl, Ha3HAaYE€HUE AJMUHUCTPATUBHBIX M CEPBHUCHBIX pOJIEH,
OJIOKUPOBKU W pa30sokupoBku. B cereBoM momene — xypHansl DNS, Proxy, VPN u
arperupoBanHblie anHbie NetFlow, KoTopble Mo3BOJISIIOT 00HAPYKUTHh HOBBIE UJIM HETUTTUYHBIC
COCIMHEHMSI, MCIOJb30BaHNE HECTAHAAPTHBIX MOPTOB W MPOTOKOJOB, U3MEHEHHE MpOodUs
ucxosiiero tpaduka u ocooennoctu VPN-ceccnit (reorpadusi, TUI KIIMEHTA, JJTUTEIBHOCTB ).
Endpoint-tenemeTpusi oTpaskaeT HEMOCPEICTBEHHBIE NEHCTBUS TMOJIb30BATENsl Ha padoueit
CTaHIIMU WJIM CEepBEpe: NOCTym K (ailylaM W KaTajoram, 3amyCK TMPHIOXKEHUH, OIeparun
apXWBHUPOBAaHUSA W MH(DPOBAHUS, MCIOJb30BAaHUE CHEMHBIX HOCHTEIICH, B3aMMOJICHCTBHE C
KIIMEHTaMH OOJIAYHBIX CEPBHCOB; B OTJIMYHME OT CETEBBIX >KYpPHAJIOB, (UKCHUPYIOMUX (aKT
nepenauu, endpoint-cOOBITHS  MO3BOJISIIOT — OMNPENEIWUTh, Kakhe HMMEHHO JIaHHbBIC
MOITOTABJIMBAIOTCS K BBITPY3KE.

Jlns conoctaBieHuss MHPOpMAIIMU U3 TPEX TIOMEHOB KaXJ0€ COOBITHE MPUBOAUTCS K
CAWHOW JIOTMYECKOW MOJIETTH, OCHOBAHHOW HAa YETBHIPEX KIIOYEBBIX CYIIHOCTIX —
nonb3oBatene (user), ycrpoictBe (host), pecypce (resource) m Bpemenu (time). Ha cragum
HOpMAaJIM3alMN  COTJacyroTcss uaeHTudukaTopbl yuérHoit 3ammcu (userld), ycrtpoiicTBa
(deviceld umm hostname/IP), o6bekTa noctyma (resourceld) n Bpemennas metka (timestamp),
nociie yero opmupyeTcs: yHUGHUIIMpOBaHHAS 3aMMUCh COOBITUA (pHC. 2):

event = {timestamp, userld, deviceld, resourceld, action, attributes, source}.

User

- y4éTHan 3anuce,
ponb / KOHTeKCT

1AN sCoSRi Hopmanusauus u o6orawenue
- ayrenTudmMKaums v bemabe ettty v et kel

- U3meHeHun npas T — BhIpRAaHMBaHUE BpeMeHU | Host
— HopManusaus userld / deviceld / resiouceld Sycpofasos hostname ik

Ceressbie cobbiTus I — ynudmkaumsn action
- DNS / Proxy / VPN / NetFlow — noBaBneHne KOHTEKCTa: POfib, KPUTUHHOCTS, | Resource

NPU3KAKK GHOMANWIA 1 T.N. - ¢pawn / BA / cepenc
Endpoint-cobsmmn —

- dhaiinei, npouecc
- USB, apxusbi

Time
- timestamp, ox1o U6 (koppenniuum)
L YuuduympoeanHoe cobbitne J

ibutes, source]

event = (timestamp, userld, deviceld, resourceld, action, attri

Pucynok 2 — I[IpuBs3ka coObITUH K CYIIHOCTSM user, host, time

Takoe mnpeacTaBieHME O00ECHEUYUBAET COMOCTABUMOCTh PA3HOPOJIHBIX COOBITHM U
dbopMHpyET OCHOBY JJIs OCJEIYIOLIEro pacuéTa MoACKOPUHIOB U HHTerpaigbHoro RiskScore.

IIpenoOopadoTka u 0a3oBasi MoJeab HOPMBI. [IOCKONIBKY HHCaiiiepCKuEe CLIEHApHUU
pa3BUBAIOTCS] BO BPEMEHH, OLIEHKA PUCKa BBIMIOJIHAETCS HE Ha YPOBHE OTAENIbHBIX COOBITHH, a
110 UX COBOKYITHOCTH B Ipefenax BpeMeHHbIX OkoH. Ha ctanuu npenoOpaboTku pa3HOPOIHBIE
JIOTH TPUBOAATCS K oOmeMy GopmaTy, OYHMIIAIOTCS OT JyOJMKAaToOB M 00OTalIaroTCs
KOHTEKCTOM — POJIBIO U TMOAPA3ACIICHUEM MOJb30BaTelsl, KPUTHYHOCTBIO pecypca, THUIIOM
ycTporcTBa. Mcmons3yloTcss Kak KOpoTkue OkHa (5—15 muHyT) nns Qukcanud pe3Kux
BCIUIECKOB AaKTUBHOCTH, Tak U Oosiee MpoTsuKEHHBIE MHTEpBaibl (60 MuHYT u Oonee) s
BBISIBJICHUS  PACTSHYTHIX  IOCJEI0BAaTEIbHOCTEN JEHCTBUI; BHYTPHM OKHA COOBITHSA
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TPYNIUPYIOTCSA IO IOJIB30BATEN0 M YCTPOMCTBY, IOCIE YErO BBIYMCISIOTCS arperarbl —
KOJIMYECTBO ayTEHTU(UKALUN, YUCIO HEYCIEIIHBIX MOMBITOK BX0Ja, 00BEM HCXOJAIIETO
TpaduKa, YUCIO ONEpaii YTCHWS W W3MEHEHHUs (ailioB, KOJUYECTBO OOpAIICHUNH K
KPUTHYHBIM pECypcaM U APYTUe MOKa3aTellH.

UtoObl OTJIMYATh MOTEHLUHUAIBHO OMNACHYI0 AaKTUBHOCTb OT INTaTHOW paloThI,
dbopmupyetcsi 6a30Basi MOJIEIb HOPMAIBHOTO TTOBEACHUSI HA OCHOBE MCTOPUUYECKHUX JAHHBIX C
y4€TOM pOJH, MojApasjeiieHus U rpaduka paboThl mosb3oBaTens. Ha ypoBHe peanuzamuu
MPUMEHUMBI KaK IMPOCThIE CTATUCTUKY (CPEeIHHUE 3HAUYEHUSI, KBAHTUIIbHBIE TOPOTH ), TaK U OoJiee
CJIO’KHBIE METOJIbI MOBEICHUYECKON aHAJUTUKHU, B YACTHOCTU CKPBITHIE MAPKOBCKHE MOJEIH
(HMM), ucnionp3yemsle 11t 00ydeHUsI HOpMajIbHOMY NPO(UITIO MOJIb30BATENS U OOHAPYKEHUS
3HAYUMBIX OTKJIOHEHUH [10]. OTKJIOHEHHE TEKYIIUX arperupoBaHHBIX MPU3HAKOB B CTOPOHY
NOBBIIIEHHON aKTUBHOCTH, OCOOEHHO B HETUIIMYHOE BPEMS M B COUYETAHUU C OOpalIEHUEM K
KPUTUYHBIM pecypcaM, HWHTEPHPETHPYETCS KaK MOBBILIEHUE YPOBHS aHOMAJIbHOCTH U
IIPUBOJUT K POCTY COOTBETCTBYIOIINX MOACKOPUHIOB.

Pacuér moackopunros u wuHrerpaumus B RiskScore. Ilocme Hopmanuzanuu u
arperupoBaHus COOBITUH MO MOJIB30BATEIIO U YCTPOUCTBY BBINOJIHAETCS PaCUET MOJCKOPUHIOB
0 KaXIOMy JOMEHY TeineMeTpud. [IOACKOpHMHI OTpa)XkaeT CTENeHb OTKIOHEHUS
HA0JI0JaeMOT0 MOBEACHHUSI OT 0a30BOM HOPMBI U NMPUHUMAET 3HAYEHUS] B HOPMHUPOBAHHOM
muanazone 0—1. B nureparype BcTpedaroTCs MOAXOABI K aBTOMATHYECKOMY H3BJICUCHHIO
IPU3HAKOB U3 MYJIbTHJIOMEHHBIX JIOTOB C MOMOIIbIO METOAOB INTyOOKOTO OOy4YeHHs, B TOM
yucie Tiy0okasi KilacTepu3alus MyJIbTUHCTOYHUKOBBIX MMOBEIEHYECKUX COOBITHI [9], ogHaKo
B JIaHHOM paboOTe UCTIONB3YyeTCs 00JIee MHTEPIIPETUpYyeMasi CXxema ¢ SBHbIM HaOOpPOM MPU3HAKOB
U SKcnepTHbIMU Becamu. s qomeHa IAM B kauecTBe MPHU3HAKOB MCIOIB3YIOTCS 4acTOTa
YCIICIIHBIX U HEYCHENIHbIX ayTeHTU(UKAIMMI, HalMuyue BXOJOB B HETUIMYHOE BpPEMS WJIU C
HOBBIX YCTPOMCTB, COOBITHSI M3MEHEHHUs IMapoJiel, Ha3HAYeHUsT U OT3bIBA MPUBUJIETH,
n00aBJIeHUs B TPYyNIbl M POJIM — AQHAJIOTMYHBIA TMPUHLMUII arperanuu IMOBEIEHYECKHX
IIPU3HAKOB M3 KOPIIOPATUBHBIX JIOTOB MpUMEHSETCS B [12]. B ceTeBOM JOMEHE yUHUTHIBAIOTCS
00BEM UCXOAIIEro Tpaduka, KOJIUYECTBO HOBBIX MJIM HETUIMYHBIX BHEIIHUX JOMEHOB U IP-
aZApecoB, HCIIOJb30BAaHWE HECTAHIAPTHBIX IOPTOB M IIPOTOKOJIOB, XapakTepucTuku VPN-
ceccuil. [{ns endpoint B kayecTBe MPU3HAKOB UCIIOIB3YIOTCS KOJIMYECTBO ONEpaluil YTEHUS U
KonupoBaHusi ¢GaiaoB, M0y OOpalieHud K pecypcaM MOBBIIMIEHHONW KPUTHYHOCTH, (akKT
CO3JaHUsl ApXMBOB M JPYIHMX KOHTEMHEPOB, HCIOJIB30BAHUE CBHEMHBIX HOCHUTENEH U
MPWIOKEHUH 11 pabOThI C 00JIAYHBIMHU XPaHUIIHIIIAMH.

Kaxnprii mpusHak cpaBHHMBAeTCS C 0a30BOM MOJEIBI0O HOPMBI IS KOHKPETHOTO
MOJIB30BATENSl WM TPYIIbL, JJs 3TOTO MCHOJIB3YIOTCS CTAaTUCTUYECKUE XapPaKTEPUCTHUKH,
paccuuTaHHbIE HA HICTOPUUYECKOM MEPUOJIE, — TUIUYHBIE 3HAYEHU S, JUANIa30HbI, KBAHTUIbHBIE
noporu. OTKJIOHEHUE TEKYIIETO 3HaYEHNs IPU3HAKA OT HOPMBI HHTEPIIPETUPYETCS KAK CTEIICHb
aHOMAaJIbHOCTH, KOTOPAsi MOYKET 33/1aBaThCs YEPE3 HOPMUPOBAHHOE PACCTOSHUE JI0 3TATIOHHOTO
nuarna3oHa. B pabote [8] moka3zaHo, 4TO MOJOOHBIN MOIXOJ K M3BJICUCHHUIO TOBEICHYECKUX
MIPU3HAKOB M3 MCTOPUYECKHUX JAHHBIX ITOJb30BATENEH B COYETAHWH C METOJAMH MAIIMHHOTO
00yUeHHUsI TTO3BOJIIET JOCTUTaTh TOUHOCTH OOHAPYKEHUSI MHCAUIEPCKUX yrpo3 nopsiaka 91 %
Ha 3TanoHHOM Habope naHHbiXx CERT. AHOMalbHOCTH MO OTHAENBHBIM MpPU3HAKaM BHYTpPH
JIOMEHa O0BEIUHSIOTCS B MOJACKOpUHTH S iam, S net u S_end B auamnazone 0—1, mpu 3TOM
pU3HaKU, HanboJiee XapaKTepHbIe I HHCANIEPCKUX CLIEHAPUEB, MOTYT UMETh MOBHIIICHHBIE
BECA 10 CPABHEHUIO C MEHEE 3HAYMMBIMU.
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WuTerpanbubiii mokaszarenb RiskScore ¢opmupyercss Ha OCHOBE MOJICKOPHHIOB IIO
JIOMEHAM C Y4€TOM KOPPEJSLIMA CUTHAJIOB M KOHTEKCTHBIX MHOYKUTEIEH M B OOILIEM BHUJE
npencrasisiercs kak QyHkus RiskScore = f(S _iam, S net, S _end, C), rne C onuceiBaer
KOHTEKCT JOCTYIIa — KPUTHUYHOCTh PECYPCA, POJIb U IPUBUIIETUU TOJI30BATEIISL, COOTBETCTBHE
aKTUBHOCTU paboueMy BpEMEHH, HOBU3HY YCTpOWMCTBa WJIM CETEBOTO HarpaBieHus. Ha
MPAKTUKE UCIOJIb3YETCS B3BELICHHAS arperaiys MoACKOPUHIOB € MOCIIEIYIOINM YMHOKEHUEM
Ha KOHTEKCTHBINA KO3 PUIIMeHT 1 HopMupoBaHueM B nuarnaszone 0—100; mpu 3ToM Bec JoMeHa
MOKET 3aBUCETh OT CLIEHApUS: JJI CKPHITON 3KCHUIBTpAMK 0o0Jiee 3HAYMMBIM CTaHOBUTCS
coueTaHue CeTeBbIX U endpoint-MpU3HAKOB, TOTJA KaK MPH 3JI0yNOTPEOIICHUN TPUBUIICTUSAMHU
KJIItoueBy10 poiib urpaetr [AM. KoppensinoHHbIil 3pekT coCTOUT B TOM, YTO BBICOKHI PUCK
YCTaHABJIMBAETCS NPEUMYILECTBEHHO MPU COBMECTHOM IPOSIBJIEHUHA CUTHAJIOB B HECKOJIBKUX
JIOMEHaX M HEeOJIArOmpHUsITHOM KOHTEKCTE: OTACIBHO B3SThIM HOYHOUM BXon 4epe3 VPN umu
pazoBast maccoBas (haiiyioBasi oniepanys 1al0T YMEPEHHbIE 3HaY€HUs TOJACKOPUHIOB, TOTJa KaK
UX COYEeTaHHe ¢ OOpalIeHWEM K KPUTHUYHBIM PECypcaM U TMOSBJICHHEM HOBOI'O BHEIIHErO
JIOMEHa NMPHUBOJUT K 3HauuTeIbHOMY pocTy RiskScore. 3T0 mo3Boise€T CHU3UTH KOJIMYECTBO
JIOKHBIX CpaOaThIBAHMM MO OJWHOYHBIM AHOMAJIMSIM M TOBBICUTH 3aMETHOCThH CLICHAPUEB,
COOTBETCTBYIOIIUX MOJATOTOBKE U BBIBOY JAHHBIX.

Cuenapublii npumep npumeHeHusi. s wuntocTpanuu paboThl MPEAJIOKEHHOM
MOJEIN PACCMOTPUM YIPOINEHHBIM CIEHAPUM, COYETAOIIUNA 3JIEMEHTBHI 3JI0HAMEPEHHOIO
WHCal1epa U CKOMIIPOMETUPOBAHHON YUYETHOU 3allMCU: MHXKEHEP C JOCTYIIOM K KPUTUYHBIM
JAHHBIM ITOAKIIIOYAETCS K KOPIOPATUBHOM ceTd 110 VPN B HETUIIMYHOE JUIs1 HETO BpEMs, I10CIIE
Yero IOcCiIeI0BaTeIbHO BBIMIOJIHAET MAaccoBO€ uTeHue QailioB Ha (ailloBoM cepBepe U
apXMBUPYET YacTh [aHHBIX, 4 3aT€M YCTAHABIMBAECT MCXOZMALIEE COCAUHEHHUE C paHee
HEHCIOJb30BABIINMCS BHEIIHUM JoMeHOM. Ha mepBom srame B nomene IAM um cereBbIx
COOBITUSIX (DUKCUPYIOTCSI aHOMAJIUM — BXOJ] B HEOOBIUHOE BpeMsi, HOBbIN Tun VPN-kineHTa,
U3MEHEHHUE Teorpauu Wik nNapaMeTpoB CECCUU; 3TO NPUBOJUT K YBEJIIMUEHHUIO MOJCKOPUHTOB
S iam u S net 10 ymMepeHHBIX 3HaUeHUM, ofHako RiskScore ocTaércsi B HU3KOM UITK CpeTHEM
JMana3oHe, MOCKOJIbKY MpU3HAKOB paboThl ¢ naHHbIMU emé HeT. Ha BTOpom 3Tame npu
MacCOBOM YTEHUU (pailyioB 1 0OpalleHNH K pecypcaM MOBBIIIEHHOW KPUTUYHOCTH BO3PACTAET
NOJACKOPUHT S _end, a KOHTEKCTHBIA MHOXUTEIb MOBBIIIAECT BKJIAJ ITHX JEUCTBHM H3-3a
KPUTHUYHOCTH 3aTPOHYTHIX JaHHBIX, M HHTErpanbHbeld RiskScore mnepexomut B 30HY
IIOBBIIEHHOTO pucka. Ha Tperbem srame mosiBIeHHE HCXOAALIErO COSAUHEHMs Ha HOBBIU
BHEIIHHUI JOMEH U U3MEHEHHE MPOPUIIS UCXOSAIIETo Tpaduka MPUBOIAT CETEBOM MOJICKOPUHT
K BBICOKHM 3HAY€HUSIM; COBMECTHOE MPOsIBIICHUE aHOMainii B ToMeHax IAM, cetu u endpoint
B IIpeiesiaX OJJHOTO0 BPEMEHHOTO OKHA U B HEOJIaronpusaTHOM KOHTEKCTE Aa€T BHICOKUI ypPOBEHb
RiskScore, mocrartounslii mns reHepanuu npuoputeTHoro uHnuaeHta B SOC. Ilpumep
JEMOHCTPUPYET, YTO MOJENb YUYUTHIBAET LENOYKY JCHCTBUM M YCUJIMBAET PHUCK IIPU
KOppEJsILIMA CUTHAJIOB, a HE pearupyer Ha eIMHUYHBIE COOBITHSA, UTO Jenaer e€ Ooiee
OPUTOAHOW ISl MPUOPUTH3ALIMM HMHCAWJIEPCKUX CIIEHAapUEeB [0 CPaBHEHUIO C HA0OpOM
W30JIMPOBAHHBIX MIPABUIL.

Ouenka 3¢)¢peKTUBHOCTH U YCJI0BUS NPpUMeHUMOCTH. OnieHka 3pPeKTUBHOCTH PUCK-
CKOpMHTa HeoOXoAuma HJisi TOATBEPXKIEHUS TOr0, YTO TMPEJIOKEHHBIM MOAXOJ HMEET
IIPAKTUYECKYIO LIEHHOCTH JUIsI MOHUTOPUHIA HHCAUAEPCKUX yIpo3. B peasibHBIX OpraHu3anusx
pa3MeTKa COOBITUI KaK MHCANAEPCKUX 4acTO ObIBAECT HETOIHON UM OTCYTCTBYET, TOATOMY B
paboTe paccMaTpUBAIOTCS [1Ba B3aWMOJOMOIHSIONINX MOJAX0Aa — KJIaCCHYECKas OLEHKa 0
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METpPUKaM KadecTBa NPU HAJIUYUKM PA3MEUEHHBIX JAHHBIX M CLEHApPHOE TECTUPOBAHHE Ha
OCHOBE THNOBBIX IIENOYEK WHCAUJACPCKOM AaKTHUBHOCTH. EciyM opranusanus pacrnoJiaraet
HA0OpOM TOATBEPXKAEHHBIX HWHIUISCHTOB, Monaelb RiskScore MokeT olneHuBaThCcs 110
CTaHJapTHBIM MeTpHKaM oOHapykeHusi — recall, precision u F1; moporu ypoBHel pucka
noaduparoTcs I MpUemsieMoro OajlaHca MEXIy MPOIYCKOM HHIIMACHTOB M 00bEMOM
anepToB. [Ipyu OTCYTCTBUM pa3METKU MPUMEHSIETCS CIEHAPHOE TECTHUPOBAHUE: HA OCHOBE
peabHBIX KYpPHAJIOB UJIM CUHTETUYECKUX JIOTOB U3 3TaoHHoro Habopa CERT Insider Threat
Dataset [11] dopmupyroTcss 1EeMOYKH, BKIIOYAIOIIME AaHOMAJbHYI ayTeHTU(PUKALHUIO,
U3MEHEHUE TMPUBUIIETHI, MAacCOBYIO MOATOTOBKY JAaHHBIX M HMX BO3MOXHBIM BBIBOJ, U
orleHUBaeTcs nuHamuka RiskScore — BakHO, 4TOOBI PUCK BO3pacTall MO MEpPe HAKOTUICHHUS
IPU3HAKOB M JIOCTUTAI BBICOKOIO YPOBHS NPH HAJIWYUU COIJACOBAHHOM AKTUBHOCTU B
HECKOJIbKHUX JOMEHAX, a 1711 HOPMaJIbHOM aKTUBHOCTH OCTABAJICSI B HU3KOM JIMAIa30HE.

[IpakTrueckas 3 PeKTUBHOCTD MOAXOAA OLIEHUBAETCS TAKXKE 110 BIUSHUIO HA ITPOLIECCHI
SOC: ucnonp3oBanue MHTErpanbHOTO RiskScore mo3BosisieT COKpaTUTh KOJUYECTBO AJIEPTOB,
HE TPeOYIOIUX YIIIyOJIEHHOTO aHAIM3a, 33 CYET MOAABICHHUS OJMHOYHBIX IIYMOBBIX COOBITUN
U (OKYCHUPOBKHM Ha IENOYKaX, I7I€ OAHOBpEeMEHHO posBisitorcs IAM-, cereBbie u endpoint-
npusHaku. O0bsicHUMOCTh RiskScore uepes BblenieHrne KIIFOUEBBIX (PAKTOPOB, BHECIIUX BKJIAJ]
B MUTOTOBYIO OLICHKY, JOJDKHA YMEHBIIATh BPEMS MEPBUYHOrO TpHaXa U IMOBBIIIATH IOBEpUE
aHAJINTUKOB K pUCK-OLIEHKE. B oTnnune ot HabopoB pa3po3HeHHbIX SIEM-nipaBui, rae kaxaoe
MIPaBUJIO TEHEPUPYET COOCTBEHHBIN allepT, MHTETPAIbHBINA CKOPUHT MO3BOJISET MPECTABISATh
CUTYaLlMIO B pa3pe3e MOJIb30BaTelNsd UM YCTPOWCTBA KaK €IUHBIA MHUUACHT, YTO 00JIerdyaeTt
MPUOPUTHU3AIMIO U KOHIICHTPUPYET PECYPChl HA TIOJI30BATENAX ¢ HAMOOIBIIMMH 3HAYCHUSIMU
RiskScore.

O} peKkTUBHOCTH MOJENN HANPSMYI0 3aBUCHUT OT KadecTBAa W IOJHOTHI HCXOJHOMN
TeJIEMETPUU: TIPU HETIOJTHOM WJIU 3ajiep>kaHHoOM coope [AM-, ceTeBbix unu endpoint-coObITHI
OLICHKa pHCKa 3aHMKAeTCsl H3-32 OTCYTCTBUSL 4YacTU LENOo4YkH. [loMUMO TeXHHYECKUX
TpeOOBAHMI CYIIECTBEHHBIM SIBJIAIOTCS BOMPOCHI MPUBATHOCTH M KoMIulaeHca. ITockonbky
aHaJIU3 TEJIEMETPUU CBsI3aH ¢ 00pabOTKOW MOTEHUMAIbHO YYyBCTBUTEIBbHON MH(GOPMALMK O
JNEUCTBUAX COTPYAHUKOB, TOCTYIl K JAaHHBIM M pe3yJbTaTaM CKOPUHIA JOJHKEH OBITH CTPOTrO
pEriaMeHTUPOBaH B COOTBETCTBUU C TPEOOBAHUSIMU CTAHJIAPTOB, B YACTHOCTH KOHTpoJii PM-
12 (Insider Threat Program) NIST SP 800-53 [13], a Habop coOupaeMbIX NMPU3HAKOB —
MUHUMAaJIbHO JOCTAaTOYHBIM JUIsl pelleHus 3aaad Oe3omacHocTH. KonmuecTBeHHas OlEHKa
BIIUSIHUSL MOJICTIN HA YMEHBIIICHUE JIOKHBIX CpabaThIBaHHM, BPEMs PacCICIOBAHUS U IPYTHE
OIEpaLlMOHHBIE MOKa3aTeau SOC MPEAINoaraeTcss  MPEeAMETOM  JaJbHEUIIEn
HKCIIEPUMEHTAJIbHOM MPOBEPKU B paMKaX MaruCTEPCKON IuccepTauu.

ApXUTEeKTypa BHeApeHHsl. ApXuUTeKTypa BHeapeHus emuHoro RiskScore momkHa
obOecrieunBath cOOp M HOPMAIM3ALMIO TEJIEMETPUU U3 Pa3HbIX JIOMEHOB, BBIYKCIICHUE
MOJICKOPUHITOB ¥ MUHTETPAJIbHON METPUKH, a TAKKE HHTEIPALIUIO PE3YJIHTATOB B CYIIECTBYIOIINE
IpoLIeCChl MOHUTOPUHTA U pearupoBaHusi. [Ipy 3TOM Ba)KHO MHHMMAaJIbHO BMEIIMBATHCS B
TEKYIIYI0 HHPPACTPYKTYpy U UCTIONB30BATh YKe UMetoIIrecs KoMnoHeHTsl — SIEM, cuctembl
coopa oroB u SOAR-miarpopmel. O6001IEHHAS cXeMa UHTETPaIlii HICTOYUHUKOB TEJIEMETPUH,
komnoHeHTa RiskScore u mporieccoB SOC/SOAR mipecTaBiieHa Ha pUCyHKe 3.
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ApxutekTtypa BHeapeHusa RiskScore
IAM / kaTanorun CeTeBble ycTponcTea Endpoint / EDR
(AD, IdP, (FW, Proxy, (areHTsbl,
Access logs) VPN, DNS, NetFlow) ayauT dannos)
SIEM / nnatdopma CepBUNC PUCK-CKOPUHra
cbopa n Hopmanusauumn noros > (RiskScore)
NoACKOPUHI + nHTerpauynsa 0 -100
h 4 v
SOC / aHanuTukn SOAR / pearuposaHue
Haw6opael, anepTsi, - Mnenbykwu, step-up auth,
npuopwuTusauyma no RiskScore + OrpaHUY4eHmne BbIr Py30K
Pucynox 3 — Apxurekrypa Baeapenus RiskScore B undpactpykrypy SOC
Ha ypoBHe cOopa M JDOCTaBKH JAHHBIX HAXOASTCA MUCTOUYHUKU COOBITMM — CHUCTEMBI

yOpaBJICHUS UACHTHU(PUKALKUEH U JOCTYIIOM, CETEBbIE YCTPOMCTBA M CEPBHUCHI (MEKCETEBbIE
skpanbl, npokcu, VPN, DNS, NetFlow), a Takke areHTbl WM CpeICTBA MOHMTOpPUHIa Ha
koHeuHbIX Toukax (EDR, anTHBUpYCBI, cpencTBa ayaumTa); JIOTH MEPEAArOTCs B
LEHTPAIN30BaHHOE XPaHUJIMIIE, KaK MpaBwiIo B cyniecTByromyro SIEM-cucremy. Ha ypoBHe
HOpMAaJM3ali U CKOPUHTA pPeaIn3yeTcs JOrMKa MPUBEIEHUS COOBITUN K YHU(PUIIMPOBAHHOMY
dopMaTy, IpUBSI3KH K CYIIHOCTSM user, host, resource, time, arperupoBaHus 10 BPEMEHHBIM
OKHaM M pacyéTa MoJACKOPUHIOB U UHTETPAIbHON METPUKHU; (PYHKLIMOHAIBHO 3TO MOXET OBITh
otnenbHbli Momynbs BHyTpu SIEM wnu Buemnuit cepuc RiskScore, mnomywatronuit
HOpMaJIM30BaHHbIE COOBITHA uepe3 ouepenb coobuienuit i APIL. Ha ypoBHe npencraBneHus
U pearupoBaHMsI PE3YJIbTATHl CKOPUHTA UHTETPUPYIOTCS B MHTEpdeiicsl aHanuTukoB SOC u B
CLEHAPHUH ABTOMATU3UPOBAHHOTO PEArupPOBAHUS: I KAXKIOTO MTOJIb30BATENS WM YCTPONCTBA
NOJJIEP)KUBAETCS TeKyIUi ypoBeHb RiskScore, ucTopust ero u3BMeHeHus U CUCOK (PaKTOPOB,
BHECILMX BKJIAJl B UTOTOBYIO OLIEHKY, @ HA OCHOBE ITOPOTOBBIX 3HaYE€HUN (POPMUPYIOTCS aJIEPThI
Pa3IMYHOrO MPUOpPUTETA U MOTYT 3amyckaTbess SOAR-mieiOyku — 3ampoc A0MOTHUTETBHON
ayTeHTU(PUKALUH, BPEMEHHbIE OTPAHUYEHUS HA BHITPY3KY JAHHBIX, YCUJICHHBIA MOHUTOPHUHT .
Konkpertnas peanuzauus kommnoHeHTa RiskScore 3aBucut ot macmrTa®oB M 3penoctu
uHppactpykrypsl. BectpauBanue B SIEM win UEBA-Mexanu3mbl npeinoiaraeT peain3aiuro
JIOTUKM 4Ye€pe3 KOPPEIALMOHHBIE IIPAaBWJIA, II0Jb30BATEIILCKUE CKPHUIITHI WM BCTPOCHHBIE
UEBA-nipodunyu; npeumMyIecTBOM SIBJISETCS UCIOJIb30BAHNUE CYLIECTBYIOIIErO XpaHWIUIIA U
CpPEACTB BU3yaJIM3alluH, OTPAaHUYCHHUEM — BbIYUCIUTENbHBIE pecypchl SIEM. BriHeceHue B
OTJIETLHBIN CEPBUC PUCK-CKOPHHTA 00€CIIeYnBaeT OOIBIIYI0 THOKOCTh B BEIOOPE TEXHOJIOTHIA
U MacluTaOUpOBaHMM BBIUMCICHUHM, HO TpeOyeT [OMOJHUTEIBHOTO COMPOBOXKIICHUS.
['ubpuHas cxema, Ipu KOTOPOH HOpMaJIU3aIvs U arperaiys BhITIOIHAI0TCS Ha cTopoHe SIEM,
a pacuét RiskScore — BO BHemIHeMm cepBuce, MO3BOJSET UCIOJIb30BaTh CHIIbHBIE CTOPOHBI
obenx muaTtopM U MOATAHO BHEAPSITH PHUCK-CKOPUHT 0€3 paJuKalbHON MEepecTpONKH
CYHIECTBYIOIIEW  apXUTEKTypbl. MUHHMMaNIbHBIMU  YCIIOBUSMU  BHEIPEHUS  SBIAIOTCA
LHEHTPAIM30BaHHBIA COOp JIOTOB KaK MUHUMYM M3 JIByX JJOMEHOB C BO3MOXKHOCTBIO MPUBSI3KU
COOBITUH K MOJIH30BATENSIM M YCTPOMCTBAM, CUHXPOHM3AILUsl BPEMEHU MEXKIY OCHOBHBIMU
KOMITOHEHTaMH, TOJJEP>KKa CIIPABOYHUKOB KPUTUYHOCTH PECYpPCOB U MHPOPMALIUU O POISIX
IIOJIB30BATENIEN, a4 TAaKXKE PErIAMEHTUPOBAHHBIM JOCTYIl K TEIEMETPUM M pPe3ysbTaTaMm
ckopuHra. Buenpenmwe nenecooOpa3HO NPOBOAWUTH IMO3TAMHO: HAa TEPBOM 3Tare MOJENb
UCIOJIB3YETCS B HAOIIOAATEIbHOM PEKUME AJIs1 HACTPONKU MOPOTOB M OLEHKU paclpeieeHUs
pUCcKa, Ha BTOPOM — HauOoyiee HAAEKHBIE CIEHAPUU U TOPOTH WHTETPUPYIOTCS B
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OPUOPUTHU3ALMIO AJIEPTOB M IUICHOYKM pearupoBaHus, B JaJbHEHIIEM BBIITOIHIIOTCS
KaJTuOpOBKa BECOB 0] KOHKPETHYIO OpPraHU3alrio, paciiupeHne Habopa Mpru3HaKoB U IEPEHOC
YaCTH JIOTUKU B aBTOMAaTU3UpOBaHHbIE MexaHu3Mbl SOAR.

3akioueHue. B pe3ynbrare BHIOJHEHHON pabOTHI paspaboTrana (opmann3oBaHHAS
MOJENb €IUHOTO PUCK-CKOPUHIAa HWHCAMAEPCKUX yIrpo3, BKIKOYAKOMIAs CTPYKTYpY
MOJICKOPUHIOB 110 JomeHaMm IAM, cetu u endpoint, MexaHNU3M UX UHTETPALIMU B €IUHYIO LKAy
RiskScore B nuamnazone 0—100 ¢ yuéTtom KOHTEKCTa AOCTyNa (KpUTUYHOCTh PECYPCOB, POJb U
MPUBUJIETUU TOJB30BATENS, BPEMEHHbBIE XapaKTEPUCTHUKUA AaKTUBHOCTH), CXEMYy IMPHUBSA3KU
Pa3HOPOJIHBIX COOBITUH K CYHIHOCTAM user, host, resource, time ¢ ¢dopMHUpOBaHUEM
yHU(DULIUPOBAHHOM 3amUCH COOBITHA, a TaKkKe HAOOp TUMOBBIX MHCAWJIEPCKUX CIICHAPUEB U
TpeOoBaHUil K TenemeTpuu. KIlo4eBbIM pe3yibTaToM siBIsieTcs (opMamu3aius CTPYKTYpPbI
CKOpHHIa — PAacy€T MOJCKOPUHIOB IO KaXKIOMY AOMEHY, UX uHTerpanus B mkary 0—-100 c
y4€TOM KOPPEJSLUOHHOTO YCHJIEHUS M KOHTEKCTHBIX (PAKTOPOB, a Takxke (popMupoBaHuE
00BACHUMOCTH Ha OCHOBE HanOoJiee 3HAUYMMBIX (PAKTOPOB, BHECIIUX HAWOONBIIWNA BKJIAd B
UTOTOBYIO OLIEHKY. KOHTEKCTHBI MHOXHUTEIb IO3BOJSET NPUOIU3UTh PUCK-OLIEHKY K
peanbHOM Mojzenu yuiepoa, a OOBSICHUMOCTh JAeiaeT pe3yiabTaT npuMeHuMbiM s SOC,
COKpalllasi BpeMsl Tpraka U MOBbIIIAs JOBEPUE K aJiepTaMm.

[IpakTueckass LEHHOCTh MOAXOAA 3AKIIOYAETCS B BO3MOXHOCTH HCIOJIb30BaHUS
RiskScore kak MexaHuU3Ma NPUOPUTH3ALMKA W TPUITEpa ISl MPOMOPIMOHAIBHBIX MEp
IPENOTBpAllCHUS — OT YCWICHHOIO MOHMTOPMHIA M  3alpoca JOINOJHUTEIbHOU
ayTeHTU(PUKALUKA JI0 BPEMEHHBIX OTPAHWYEHUN HA OIEpalyy, MOTEHIIMAIbHO CBSI3aHHBIE C
BBIBOJIOM JIaHHBIX. ApPXUTEKTypa BHEIPECHHS TIOKa3bIBAET, YTO MOJCIb MOXET OBITh
peann3oBaHa B TUIIOBON HHPpacTpykType uepe3 SIEM unu oTnenbHbIN CEpBUC CKOPUHTA C
nocjeaAyoIIel nuTerpamuei B npouecchl aneptuHra 1 SOAR-mneiOyku.

[lepcnexkTuBbI NanbHENIEH paOOThI CBSA3aHbI C PA3BUTHEM MPEAJIOKEHHOW MOJEIHN U €€
ajanTalnye Mmoj KOHKPETHbIE OpraHU3AlMM: UCCIEAOBaHUE CIOCOOOB KaIMOPOBKU BECOB U
noporoB RiskScore Ha ocHoBe oOpatHol cBsizu SOC U HaKOIUICHHBIX COOBITUM C OIEHKOM
BIUSIHUSA TaKOW KaJuOpOBKM HA COKpAIEHHE JIOKHBIX CpabaTbIBAHMM W BpEMSI TPUAXKA;
pacuIMpeHre MexXaHu3Ma BPEMEHHOM KOppesiuu 3a cu€T 0osee rMOKOro MyJbTHOKOHHOTO
HAKOTUICHUS pUCKa U UCTIOIb30BaHue rpadoBoii Koppensiuu Tuma «user—device—resource s
YTOYHEHUS KOHTEKCTa JOCTyMa; JajbHelmmas Qopmanuzanus KpUTEpUEB KadecTBa
OOBSICHUMOCTH W TpopabOTKa BOMPOCOB NPUBATHOCTU W KOMIUIAGHCA MPU MHUHUMM3AIUU
coOMpaeMbIX NMEPCOHATBHBIX JaHHBIX.

Cnucok aureparypsbl:

1. Common Sense Guide to Mitigating Insider Threats. Seventh Edition [ DnekTpoHHBII
pecypc]. — Software Engineering Institute, Carnegie Mellon University, 2022. — 164 p. — URL:
https://www.sei.cmu.edu/documents/619/2022 019 001 886876.pdf (mara  oOparieHus:
05.05.2026).

2. Insider Threat — Glossary Term [Dnextponnsiii pecypc]. — NIST Computer Security
Resource Center (CSRC), 2023. — URL: https://csrc.nist.gov/glossary/term/insider threat (nata
obpamenus: 05.05.2026).

3. Ponemon Institute. 2025 Cost of Insider Risks Global Report [DnexTponnsiii pecypc].
— Ponemon Institute, 2025. — URL: https://ponemon.dtexsystems.com/ (mara oOparieHus:
05.05.2026).

74



«Central Asian Scientific Journal» Ne2 (30), Tom 2, Mali 2026

4. A Guide to User and Entity Behavior Analytics (UEBA) [OnexTponHsbIii pecypc]:
White Paper. — LogRhythm, 2024. — URL: https://www.abpsecurite.com/wp-
content/uploads/2024/09/logrhythm-na-a-guide-to-user-and-entity-behavior-analytics-UEBA -
white-paper.pdf (mata obpamenus: 05.05.2026).

5. Exabeam. Threat Center Risk Score [Dnexktponnsiii pecypc]: Exabeam Documentation
Portal, 2025. — URL: https://docs.exabeam.com/en/threat-center/all/threat-center-guide/get-
started-with-threat-center/threat-center-risk-score.html (nara o6pamenus: 05.05.2026).

6. Entity Risk Scoring in Splunk Enterprise Security [DnexktponHsIii pecypc]: Splunk
Documentation, 2025. — URL: https://help.splunk.com/en/splunk-enterprise-security-
8/administer/8.3/risk-based-alerting/entity-risk-scoring-in-splunk-enterprise-security (mata
obpamenus: 05.05.2026).

7. Advanced Threat Detection with User and Entity Behavior Analytics (UEBA) in
Microsoft Sentinel [DnextponHsiii pecypc]: Microsoft Learn, 2025. — URL:
https://learn.microsoft.com/en-us/azure/sentinel/identify-threats-with-entity-behavior-analytics
(mara obpamienus: 05.05.2026).

8. Bin Sarhan B., Altwaijry N. Insider Threat Detection Using Machine Learning
Approach // Applied Sciences (MDPI). — 2023. — Vol. 13, No. 1. — Art. 259. — DOL:
10.3390/app13010259.

9. Wang J., Sun Q., Zhou C. Insider Threat Detection Based on Deep Clustering of Multi-
Source Behavioral Events // Applied Sciences (MDPI). —2023. — Vol. 13, No. 24. — Art. 13021.
— DOI: 10.3390/app132413021.

10. Rashid T., Agrafiotis 1., Nurse J. R. C. A New Take on Detecting Insider Threats:
Exploring the Use of Hidden Markov Models // Proceedings of the 8th ACM CCS International
Workshop on Managing Insider Security Threats (MIST). — 2016. — DOLI:
10.1145/2995959.2995964.

11. Glasser J., Lindauer B. Bridging the Gap: A Pragmatic Approach to Generating
Insider Threat Data // IEEE Security and Privacy Workshops. — 2013. — DOI:
10.1109/SPW.2013.37.

12. Gavai G., Sricharan K., Gunning D., Rolleston R., Hanley J., Singhal M. Detecting
Insider Threat from Enterprise Social and Online Activity Data // Proceedings of the 7th ACM
CCS International Workshop on Managing Insider Security Threats (MIST). — 2015. — DOI:
10.1145/2808783.2808784.

13. NIST. Security and Privacy Controls for Information Systems and Organizations. SP
800-53 Rev. 5. — National Institute of Standards and Technology, 2020. — DOI:
10.6028/NIST.SP.800-5315.

14. Salem M. B., Hershkop S., Stolfo S. J. A Survey of Insider Attack Detection Research
// Insider Attack and Cyber Security. Advances in Information Security. — Springer, 2008. —
Vol. 39. — DOI: 10.1007/978-0-387-77322-3 5.

75



«Central Asian Scientific Journal» Ne2 (30), Tom 2, Mali 2026

UDC 004.056

Rakhymzhan Sapiulla

Master’s student in Information Security Systems,
Supervisor: Durmagambetov A.A.

Candidate of Technical Sciences, Senior Lecturer
the Information Security Department

L.N. Gumilyov Eurasian National University
(Astana, Kazakhstan)

MICROSOFT DEFENDER AND UNQUOTED SERVICE PATH RISKS: A CASE
STUDY OF CONFIGURATION-BASED PRIVILEGE ESCALATION

Abstract: Configuration-based privilege escalation remains a practical security risk in
Windows environments because the root cause is often not malicious code but insecure
administrative state. This paper rewrites and extends an experimental study of unquoted service
path exploitation by focusing on the effectiveness and limitations of Microsoft Defender
Antivirus and related Microsoft Defender security controls. The case study examines a
Windows service whose ImagePath value contains whitespace without enclosing quotation
marks and whose intermediate directory permissions allow modification by a low-privileged
user. The research question is whether Defender prevents this class of privilege escalation at the
configuration layer, at the payload execution layer, or only through subsequent behavioral
detection. The study uses a controlled Windows virtual-machine environment, intentionally
misconfigured services, native auditing commands, and a PowerShell-based checklist for
service-path and access-control assessment. Defender controls considered in the evaluation
include real-time protection, cloud-delivered protection, Tamper Protection, attack surface
reduction rules, and exclusion management. The results show that Defender is valuable for
detecting or blocking known malicious binaries and suspicious post-exploitation behavior, but
it does not inherently correct insecure service paths or permissive NTFS access control lists.
Therefore, the unquoted service path issue must be treated as a compound configuration
weakness requiring preventive hardening: quotation of executable paths, least-privilege
directory permissions, service-account review, continuous configuration auditing, and endpoint
policy monitoring. The paper concludes that Defender should be evaluated not as a replacement
for secure configuration management but as a complementary control within a layered Windows
hardening strategy.

Keywords: Windows Defender, Microsoft Defender Antivirus, privilege escalation,
unquoted service path, Windows services, configuration security, access control lists, endpoint
protection, attack surface reduction, system hardening.

Introduction. Privilege escalation is one of the most important stages in a Windows
compromise because it changes the attacker perspective from limited user activity to
administrative or SYSTEM-level control. In many cases, this transition is not enabled by a
memory-corruption flaw or a sophisticated exploit but by an operational misconfiguration that
has remained unnoticed across software installations, updates, and administrative changes.
Unquoted service path exploitation is a representative example of this category. It occurs when
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the executable path of a Windows service contains spaces but is stored without quotation marks,
allowing the service loader to interpret earlier path segments as executable candidates.

The issue is particularly relevant in enterprise environments because Windows services
are frequently installed by third-party applications and often run with high privileges. A path
such as C:\Program Files\Vendor App\service.exe should be stored as a quoted string. If it is
not quoted, Windows path resolution can become ambiguous. The vulnerability becomes
practically significant when a low-privileged user can write to an intermediate directory in the
path. Under those conditions, an unintended executable may be placed where Windows searches
before reaching the intended service binary, creating a local privilege-escalation opportunity.

Traditional studies of unquoted service paths usually focus on the vulnerability
mechanism and on corrective actions such as adding quotation marks and hardening access
control lists. This paper shifts the emphasis toward endpoint protection evaluation. Modern
Windows environments commonly rely on Microsoft Defender Antivirus, Microsoft Defender
for Endpoint, attack surface reduction rules, cloud-delivered protection, and Tamper Protection.
These controls raise an important practical question: can Defender prevent configuration-based
privilege escalation, or does it mainly reduce the risk after malicious execution begins?

The objective of this article is to evaluate Microsoft Defender effectiveness against the
unquoted service path scenario as a case study of configuration-based privilege escalation. The
paper does not present an offensive exploitation guide. Instead, it examines the security
boundary between configuration auditing and malware prevention, identifies what Defender can
reasonably detect, and proposes a hardening workflow that combines Defender policy with
service configuration management.

The contribution of this paper is threefold. First, it reformulates unquoted service path
exploitation as a measurable endpoint-protection evaluation problem rather than only as a
Windows parsing issue. Second, it provides a controlled methodology for assessing Defender
behavior against misconfigured services without using unauthorized systems. Third, it proposes
a practical remediation model that distinguishes between configuration prevention, malicious
payload blocking, and post-event detection.

Literature Review. Windows services are managed by the Service Control Manager,
which reads each service configuration from the registry and starts the executable defined in the
ImagePath value. Because many services run as LocalSystem, LocalService, NetworkService,
or administrative accounts, weaknesses in service configuration can have direct security
consequences. Prior work on Windows privilege escalation has repeatedly identified service
misconfiguration as a persistent enterprise risk, especially where legacy installers, inherited
directory permissions, and inconsistent administrative practices coexist.

Unquoted service path exploitation depends on two conditions. The first condition is
syntactic ambiguity: the service path contains whitespace and is not enclosed in quotation
marks. The second condition is authorization weakness: a low-privileged principal such as
Users, Authenticated Users, or Everyone has write permission to an intermediate directory that
Windows may evaluate during path resolution. Without writable permissions, an unquoted path
remains a misconfiguration but may not be directly exploitable. Without the unquoted path,
writable folders are still undesirable but do not create this specific parsing ambiguity. The
vulnerability is therefore compound, involving both service metadata and NTFS access control.

Microsoft Defender Antivirus is designed primarily as endpoint anti-malware protection.
It provides real-time protection, behavior monitoring, cloud-delivered protection, signature-
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based detection, and integration with broader Defender for Endpoint capabilities. Microsoft
documentation also describes evaluation procedures for Defender Antivirus using PowerShell
and Group Policy, as well as management of exclusions, attack surface reduction rules, and
Tamper Protection. These controls are important for reducing malware execution and for
protecting security settings, but they do not automatically rewrite insecure ImagePath values or
remove excessive directory permissions.

Attack surface reduction rules extend the defensive scope by blocking behaviors
commonly used by malicious applications and scripts. They can reduce common initial
execution and post-exploitation techniques, especially those involving Office, scripts,
executable content from email, USB execution, credential theft behaviors, and suspicious
process chains. However, ASR rules operate as policy-based behavior controls. They are not
equivalent to a service configuration scanner and should not be expected to identify every
unquoted path or every weak ACL.

Existing security guidance therefore supports a layered view. Defender contributes
detection and blocking at the file, process, behavior, and policy levels. Configuration
management contributes prevention at the registry, service-control, and filesystem-permission
levels. A realistic evaluation of Defender against unquoted service paths must measure both
parts separately: whether Defender detects the malicious artifact or behavior, and whether the
underlying misconfiguration remains present after the event.

Methodology. The research design follows a controlled case-study model. A Windows
virtual machine is prepared in an isolated lab network. Two user roles are defined: an
administrative account used to create and remediate test services, and a standard user account
used to run discovery checks from a low-privilege perspective. The lab does not interact with
production systems, external users, or third-party services. The purpose is to observe defensive
behavior and verify configuration hardening, not to conduct unauthorized exploitation.

EN Administrator: Windows PowerShell — (m} X

ConvertTo-SecureString
New-LocalUser |

Enabled Des

Lab Admin

Figure 1. Creation of administrator and standard user accounts for the isolated Windows
test environment.

The experimental variable is the service configuration. A vulnerable service condition is
represented by three elements: an unquoted executable path containing spaces, an intermediate
directory with excessive write permissions, and a service context with elevated privileges. A
secure service condition is represented by the same service after remediation: the executable
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path is fully quoted, writable permissions for standard users are removed from intermediate
directories, and the service account is reviewed for least-privilege operation.

EN Windows PowerShell — m| X

Figure 2. Preparation of a test service directory containing whitespace in the executable
path.

A controlled vulnerable service was created with native Windows tools. The sc.exe utility
was used to register the test service, while the Windows registry was inspected to verify how
the service executable path was stored in the ImagePath value. This step was necessary because
the security issue depends not only on the visible service path, but also on whether the path is
stored with or without quotation marks.

reate LabSvcl binPath= "C:\Lab Services\SvcOne\service.exe" start= auto DisplayName= "Lab Se

Figure 3. Creation of a Windows service used to reproduce the unquoted service path
condition.

C:\Windows\System32>reg query "HKLM\SYSTEM\CurrentControlSet\Services\LabSvcl" /v ImagePath

Figure 4. Registry verification of the unquoted service ImagePath used in the Defender
evaluation scenario.

After the vulnerable service condition was confirmed, the experiment was interpreted
through a Defender evaluation framework. The purpose of this framework was to separate two
different security questions. The first question was whether Microsoft Defender could detect or
block malicious activity related to the vulnerable service path. The second question was whether
Defender could identify and correct the insecure configuration itself. This distinction is
important because an unquoted service path is not a malicious file; it is a configuration weakness
that becomes dangerous when combined with writable directories and elevated service
privileges.
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The evaluation framework consisted of four layers. The first layer was the configuration
state, including the service ImagePath, quotation status, directory permissions, and service
privilege context. The second layer was file execution, where Defender may detect or quarantine
suspicious executables placed in service-related directories. The third layer was behavior
monitoring, where Defender may generate alerts if the executed process performs suspicious
actions. The fourth layer was policy integrity, including Tamper Protection, attack surface
reduction rules, and exclusion review. Together, these layers made it possible to evaluate
Defender fairly: not as a tool that automatically repairs service misconfigurations, but as an
endpoint protection control that may reduce the impact of exploitation attempts.

Evaluation framework for Defender against
configuration-based privilege escalation

s ™\ s ™\ s ™\
1. Baseline 2. Defender controls 3. Outcome
Unquoted service path, Real-time protection, Alerts, blocking, missed
writable ACL, cloud protection, ASR configuration risks,

LocalSystem context —> rules, Tamper Protection —" remediation check

Central question: does endpoint protection prevent the misconfiguration itself,
the payload execution, or only detect suspicious behavior?

Figure 5. Conceptual framework for evaluating Defender against unquoted service path
risks

The second part of the vulnerable condition was weak directory permission. NTFS
permissions were inspected with folder security properties or the icacls utility. Special attention
was given to write, modify, or full-control permissions granted to low-privileged groups such
as Users or Authenticated Users. This stage is important because an unquoted service path alone
i1s not always exploitable. The configuration becomes practically dangerous when a low-
privileged user can write to an intermediate directory that Windows may check during
ambiguous path parsing.

C : \WINDOWS\
d file

1 files;
icacls
C:\Custrom Ser ) T ers:

Figure 6. Writable intermediate directory permissions required for practical privilege-
escalation risk.

After documenting the writable-directory condition, the study proceeded to configuration
auditing. This step was used to determine whether the vulnerable state could be identified
independently of Defender malware alerts.
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The configuration audit is performed with native Windows tools and PowerShell. Service
paths are enumerated through Windows Management Instrumentation or CIM classes. Registry
ImagePath values are inspected for unquoted paths containing whitespace. NTFS permissions
are inspected using access-control-list queries, with special attention to write, modify, and full-
control permissions granted to low-privileged groups. The audit also checks related privilege-
escalation indicators, such as writable directories referenced in the PATH environment variable
and insecure installer policies.

Service : LabSvc2 (Lab Service 2)

Account : LocalSystem

ImagePath : C:\Custrom Services\App One\bin\svc2.exe
Binary dir: C:\Custrom Services\App One\bin

Suggestion: quote the path in ImagePath and keep binaries in protected folders.

2] Checking services with writable binary directories..

Service : LabSvcl (Lab Service 1)

Account  : LocalSystem

Binary : C:\Lab Services\SvcOne\service.exe

Directory : C:\Lab Services\SvcOne

Suggestion: move service binary to a locked-down folder and tighten NTFS ACLs.

Service : LabSvc2 (Lab Service 2)

Account : LocalSystem

Binary : C:\Custrom Services\App One\bin\svc2.exe

Directory : C:\Custrom Services\App One\bin

Suggestion: move service binary to a locked-down folder and tighten NTFS ACLs.

Scan finished

Use the suggestions above to harden the system.

Figure 7. Configuration audit output identifying unquoted service paths and writable
directory indicators.

The methodology separates configuration detection from payload detection. A Defender
alert caused by a known malicious file does not mean the unquoted service path has been
remediated. Conversely, absence of a Defender alert does not mean the configuration is safe.
The service is considered secure only if subsequent audit results show that the path is quoted,
intermediate directories are not writable by low-privileged users, and the service account is
appropriate for its operational function.

After the vulnerable baseline was documented, remediation was applied. The executable
path was corrected by enclosing the full service path in quotation marks. NTFS permissions
were then hardened by removing write or modify access for low-privileged users from
intermediate service directories. A repeated audit was performed to verify whether the tested
privilege-escalation condition had been removed.
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PS C:\Users\lab-user\Desktop> powershell.exe bypass
Windows PowerShell
Copyright (C) Microsoft Corporation. All rights reserved.

Install the latest PowerShell for new features and improvements! https://aka.ms/PSWindows

PS C:\Users\lab-user\Desktop> .\WinPrivEscQuickScan.psl

Checking for unquoted service paths..

Service : ADPSvc (ADPSvc)

Account : NT AUTHORITY\LocalService

ImagePath : C:\WINDOWS\system32\svchost.exe -k LocalServiceAndNoImpersonatiom&p
Binary dir: C:\WINDOWS\system32

Risk : unquoted pat h, check parent fc lders for

Figure 8. Validation after remediation by path quotation and ACL hardening.

The evaluation criteria are summarized in Table 1.

Table 1 - Evaluation criteria for Defender and configuration hardening

Layer Evaluation question Defender role Hardening action

Configuration | Is the service path or Does not automatically repair Quote paths and restrict
ACL insecure? ImagePath or ACLs permissions

Execution Is a suspicious binary May block or quarantine the file | Prevent write access to
launched? service paths

Behavior Does the process act May generate behavior-based Investigate and fix root
maliciously? alerts cause

Policy Can protection be Tamper Protection helps protect | Audit exclusions and
weakened? settings centralize policy

Results. The case study indicates that Microsoft Defender should be understood as an
endpoint protection control rather than as an automatic service-configuration repair mechanism.
As shown in Figures 3 and 4, the vulnerable baseline contained an unquoted service path stored
in the service registry configuration. As shown in Figure 6, the scenario also included writable
intermediate directory permissions. These two conditions created the configuration basis for
privilege-escalation risk.

In the vulnerable baseline, the unquoted service path and weak directory permissions
remained present until explicit administrative remediation was performed. Defender did not
treat the unquoted ImagePath value itself as malware. This result is expected because the
misconfiguration is stored in service metadata and filesystem ACLs, while antivirus engines
primarily evaluate files, processes, scripts, memory behavior, network indicators, and
suspicious activity chains.

When the test condition involved only the insecure configuration, Defender did not
directly report the unquoted path as a malicious object. This is an important finding for
administrators: the absence of a Defender alert is not evidence that the service configuration is
secure. A service can remain vulnerable even when Defender status is healthy and real-time
protection is enabled. Therefore, configuration scanning must be part of the evaluation
procedure.

Defender effectiveness became more visible when the scenario moved from configuration
state to execution state. If an executable candidate placed in a writable service-path location
matched known malicious signatures, exhibited suspicious behavior, or triggered policy-
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controlled actions, Defender could block, quarantine, or report it. However, a benign-looking or
custom test binary may not be blocked solely because it is located in a risky path.

Attack surface reduction rules provided additional value by limiting selected behaviors
commonly associated with malware execution. Nevertheless, ASR rules did not substitute for
service-path auditing. Their role was preventive at the behavior-policy layer, not corrective at
the service-registry layer. This distinction is central to evaluating Defender fairly: ASR may
reduce the probability that a malicious payload succeeds, but it does not eliminate the root cause
of unquoted service path exposure.

Remediation was effective only after applying configuration changes. Quoting the full
executable path removed command-line parsing ambiguity. Removing Modify and Write
permissions for low-privileged groups from intermediate directories prevented unauthorized
placement of executable candidates. After remediation, a repeat audit no longer identified the
tested privilege-escalation condition, as shown in Figure 8.

Discussion. The findings demonstrate that configuration-based privilege escalation
occupies a defensive gap between endpoint malware detection and system hardening. Microsoft
Defender is strong when the adversary action creates detectable file, process, script, or behavior
evidence. It is less suited to silently correcting insecure administrative configurations unless
combined with configuration management, security baselines, endpoint analytics, vulnerability
management, or custom audit scripts.

This distinction has operational consequences. Security teams sometimes interpret
endpoint-protection health as broad system security health. The case study shows why that
interpretation is incomplete. A Windows host may report active Defender protection and still
contain weak service permissions, unquoted paths, writable PATH directories, or risky installer
policies. These weaknesses are not necessarily malicious by themselves; they are unsafe states
that can be abused later.

A mature evaluation must therefore include two classes of indicators. The first class is
protection indicators: Defender enabled, real-time protection active, cloud-delivered protection
enabled, current security intelligence, Tamper Protection active where applicable, ASR rules
deployed in audit or block mode, and exclusions minimized. The second class is configuration
indicators: no unquoted service paths with spaces, no writable intermediate service directories,
no high-privilege services controlled by ordinary users, no broad write access in service
installation folders, and no unnecessary local administrator assignments.

The results also support a risk-based deployment approach. In audit mode, ASR and
Defender events can help determine whether stricter policy might disrupt normal operations.
After validation, relevant rules can be moved to block mode. In parallel, service-path and ACL
remediation should be applied directly because it addresses the root cause and normally does
not require accepting detection uncertainty. Administrators should prioritize services running as
LocalSystem and services installed outside protected system directories.

The study has limitations. The evaluation uses a controlled lab rather than a large
enterprise fleet, so it cannot represent every Defender configuration, every third-party service,
or every tenant-level Defender for Endpoint feature. Detection results may vary based on
security-intelligence version, cloud connectivity, policy state, licensing, exclusions, and EDR
configuration. The study also avoids offensive payload development, so it evaluates defensive
boundaries without claiming coverage against all real-world attacker variants.
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Practical Recommendations. Organizations should treat Defender as one component of
a layered control set. First, enable and monitor Microsoft Defender Antivirus real-time
protection, cloud-delivered protection, and security-intelligence updates. Second, enable
Tamper Protection where supported to reduce the risk of unauthorized changes to security
settings. Third, deploy attack surface reduction rules through a staged process: audit mode for
compatibility assessment, followed by block mode for rules that do not disrupt business
workflows.

Fourth, minimize exclusions. Exclusions are sometimes necessary for compatibility, but
broad folder exclusions around application or service directories can weaken detection exactly
where service-path abuse may occur. Exclusion lists should be documented, justified, reviewed
periodically, and scoped as narrowly as possible. Fifth, implement recurring service-
configuration audits using PowerShell, endpoint management platforms, or vulnerability-
management tools. Audit logic should identify unquoted paths with whitespace, writable
directories in service paths, high-privilege service accounts, and user-startable privileged
services.

Sixth, remediate root causes directly. Every service executable path containing spaces
should be enclosed in quotation marks. Intermediate directories should grant write access only
to trusted administrative principals and service-maintenance identities. Standard users should
not have Modify or Full Control permissions over directories that participate in high-privilege
service paths. Seventh, verify remediation by rescanning after every change, because successful
hardening is demonstrated by the absence of the vulnerable condition, not by the absence of an
antivirus alert.

Finally, integrate the findings into security operations. Defender alerts related to
suspicious service execution should trigger both incident response and configuration review. If
an alert is raised from a service directory, analysts should inspect the service ImagePath value
and parent directory ACLs. This converts a file-level alert into a root-cause investigation and
prevents repeated exposure after a single malicious artifact is removed.

Conclusion. This paper evaluated Microsoft Defender effectiveness against
configuration-based privilege escalation using unquoted service path exploitation as a case
study. The analysis shows that Defender can provide meaningful protection against malicious
payloads, suspicious execution, and selected attack behaviors, especially when real-time
protection, cloud-delivered protection, Tamper Protection, and attack surface reduction rules
are properly configured. However, Defender does not inherently eliminate the underlying
service misconfiguration. An unquoted service path combined with weak intermediate directory
ACLs remains a configuration risk until administrators quote the path and harden permissions.

The central conclusion is that endpoint protection and secure configuration management
solve different parts of the same risk. Defender reduces the probability and impact of malicious
execution, while configuration auditing and hardening remove the privilege-escalation
opportunity. Effective Windows defense requires both. Future work should extend this case
study across larger endpoint populations, compare Defender for Endpoint telemetry with local
PowerShell audit results, and evaluate how centralized security baselines can automatically
detect and remediate service-path misconfigurations at scale.
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IKOHOMMUKAUJIBIK 7KOHE KYKBIK F'bIJIBIMJIAPBI - 9dKOHOMHUYECKHUE N
IOPUINYECKHUE HAYKH - ECONOMIC AND LEGAL SCIENCES

YK 342
Tpycos I'eopruii CepreeBuy
CTYJICHT 2 Kypca
(bakynpTeT HEMPEPHIBHOTO 0OpPa30BaHUs M0 TIOJITOTOBKE
CHEIHUATUCTOB JIJIsl Cy1e0HOM CHUCTEMBI
Hayunslit pykoBoauteinbs: Bosiomun OQuier BukropoBuy,
CTapUIMi MpEnoaaBaTeib
Kadeapa rocyapcTBEHHO-TTPABOBBIX TUCITUTIIINH
JHNansaeBoctounslii priman PI'YII um. B.M. Jlebenena
(r. Xabaposck, Poccust)

AIMUHHUCTPATUBHO-IIPABOBOE PEI'YTUPOBAHUE MPOTUBOJAENACTBUA
KOPPYIIIIMHU B COINMAJIBHOU CO®EPE

AHHOTanmusi: B craThbe paccMaTpuBalOTCS aKTyajdbHbIE BOMPOCHI MPOTUBOACHCTBUSA
KOPPYMIIMH B CUCTEME IOCYAapCTBEHHON M MyYHUITUTIIAILHOM ¢ITyk0bl Poccuiickoit denepanum.
C moMouIpl0 COBPEMEHHOW CyACOHOM MPAKTUKU M PETUOHAIBHBIX HOPMAaTHUBHBIX aKTOB.
PaccmaTtpuBaroTcsi mpuUYMHBI KOPPYNUHUOHHBIX MPOABICHUM W MEXAHU3Mbl UX MPECCUCHHUS.
Oco00e BHUMaHUE yAeNsieTcs crneuduKe TMCUUILIMHAPHON OTBETCTBEHHOCTH CITY KaIllUX Kak
dJEMEHTY OO€cCTeYeHusT 3aKOHHOCTM U 3alllUThl MYOJMYHBIX HMHTEPECOB. Y Ka3bIBACTCS
3HQYMMOCTh MOHHUTOPUHIA 3aKOHOJATEIhCTBA U BHEAPEHUS MeEp M0 O00EeCreyeHUuro
MPO3PAYHOCTH JICATEIIBHOCTH JOJLKHOCTHBIX JIUIL )11 YKPETUICHUs CTAOUIIbHOCTH TOCYIapCTBA.

KarwueBbie ciaoBa: Koppymius, coumanbHas cdepa, NpaBOHAPYIIEHHUS, CHCTEMA,
[Tnenym BC P®, rocynapctBo, rpaxkaane, mrpad, KoAll

B coBpemenHoctu 60prba ¢ KOppyImiuen sBIsIeTCs OAHOW M3 TJIABHBIX MOTpPeOHOCTEN
pOCCHIICKOTO OOIIECTBA, BeAh MMEHHO OHA 3aTparMBaeT paziudHble chepbl MyOIudyHOl U
HEMyOJIMYHOM PKOHOMHUKHU B TOCYJIapPCTBE. BHIBAIOT MOMEHTBI, KOT/Ia T€, KTO JT0JKHBI IOMOTaTh
W 3aUIIaTh UHTEPECHI TPAXK/IaH B JIMIIE KOMIIETEHTHBIX OPTaHOB O€pPYT B3ATKHU WJIM BEIMOTAIOT
UX y JIIOJICH, HapyIIast TeM CaMbIM 3aKOH U MpaBa rpakK/aH.

Taxk, Hanpumep, B aBrycre 2025 roga HoBocubupckoit o6mactu sxeHIuHa, padboTaromias
paHee B colMalIbHOM cdepe Mo MOIAEPKKE MOJOABIX OM3HECMEHOB IO CYOCHUAMSM U UX
KOHTPOJIIO 3a PacxoJIOM CpPEICTB, BBIACICHHBIX TocymapcTBoM. Korma k Hell mnpumnia
NPEANPUHUMATEIBLHUIIA C TTOBPSKAEHHBIM JJOKYMEHTOM O PacxojiaX, TO TOTJa COTPYIHHIIA
COIMAIBHON TIOMOIIM TPEAJIOKIIIA €i PeImMTh MPOoOJIeMy 3a TEPCOHATLHYIO BBIIIATY B
pasmepe 25 Teicsu pyoOnei. «Cya MpU3HAT TpakIaHKy BUHOBHOW BO B3ATOYHHYECTBE M
HA3HAYMJI HaKa3aHWe B BUJIE TPEX JICT JIMIIIEHUS CBOOOIBI YCIOBHO, mTpada B 50 ThicsSY pyOIIcH,
a TakKe 3ampeTa Ha paboTy B cdepe peanusamnuu rocnporpamm Ha jaBa roaa. Kpome toro, cyn
TIOCTAHOBMUII KOH(PHUCKOBATH B3ATKY B pa3Mepe 25 Teicad pyOuieii» .

12026 T'TPK «Hoocubupck» I'ocynapcTBennblii uuTepHeT-Kanan "Poccus” (cBuaetenseto o peructpamuu DJI Ne ®C 77-59166 ot 22.08.2014).
VYuapenutens - GpenepanbHoe Tocy1apcTBEHHOE YHUTapHOE IpeanpusaTie "Beepoccuiickas rocyjapcTBeHHas TICBU3HOHHAS U paJHOBEIIaTEIbHAS
xomnanus" (BI'TPK)
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B 2023 roxy Obumi yBOJCHBI MyHHUITUTIATBHBIC CIYXKAIllME 332 YTPATy IOBEPUS TEPE
HAaCEeJICHHEM 3a KOPPYIIIMOHHOE TPaBOHAPYILICHHUE B pa3Mepe 57 MUIUIHAPIOB PyOJICH.

JlaHHBIE TOpPUMEpPBl HArJISJHO ITOKAa3bIBAKOT, YTO KOPPYILHS CO3MAET  Yrpo3y
CTaOUIBPHOCTH M Pa3BUTHUIO, KaK HaceleHUsi Tak W rocyaapctBa. [losToMy KOHTpOIb 3a
nyOJMYHBIMH OOpa30BaHUSIMU U OpraHaMy, UX MPEJCTaBISIONIUX, SBISETCS HEOOXOAMMBIM
aCIIEKTOM B Pa3BUTHUU I'OCY1apCTBA.

B Poccun 3HaunMoe BHUMaHHe yemnsiercs 00pb0e ¢ KOppyHIUeil B rocy1IapCTBEHHON U
MYHUIIUNIATBHOW CIIyX0€, OCYIIECTBIAIONAs MNPUMEHEHHE AUCIHUIUIMHAPHBIX MEp MJis
NOJJIEp KaHUs TOpsAJIKa U 00eCTeueHus JT0JDKHOTO UCTIOMHEHUST 00s13aHHOCTEH, KacaroIuxcs
MHTEPECOB IpaXKJaH.

«OTHOIIEHUSI TOCYTAPCTBEHHBIX U MYHUIUIIAJIIBHBIX CIYXKAIIUX C HAHUMATEIEM HOCAT
yOJMYHBIA XapaKTep U PEryIUPYIOTCS 0COOBIM 00pa3oM. ITO CBSI3aHO C TEM, YTO CITy>Kalllie
BBINIOJIHAIOT OOILECTBEHHO-3HAUYMMbIE (DYHKIIMM U HECYT OOS3aHHOCTU MO COOIIOAEHUIO
JUCUUIUIMHBI, TIO3TOMY HAaHMMATENlb B pPaMKaxX CIIyKEOHOro KOHTpakTa o0JaJaeT B YacTH
MPUBJICUEHUS K TUCIMUIUTMHAPHOW OTBETCTBEHHOCTH OOJIbIIIeH cBOOO 101, ueM paboToaaTeib B
paMKax TPyAOBOro morosopa»’. JlamHas Touka 3penus Ouaxosckoro B.A, Kpyrosoit S.A n
Kykosoit H.A uMeeT KIII04€BOE 3HAYEHUE, B CHILy TOT'O YTO 3JIEMEHTHI COLIMAIBHON c(epbl
MPEACTABISIOTCS YUPEKICHUSIMU.

OCHOBHBIMH TMPUYMHAMU KOPPYIIUU SIBISIOTCS HECTAOMJIBHOCTh IKOHOMHYECKOTO
pa3BUTHS TPaXKJaH, KOPBICTHOE HAMEPEHHUE COTPYAHUKOB 3aHUMAEMOW UMH JOJDKHOCTH, YTO B
IOCIICAYIOIIUM MMPUBOAUT K HAPYIICHUAM AEHUCTBYIOIIETO 3aKOHOIATEIbCTBA.

Hampumep, Pacniopsikenue ot 20 gexadpst 2024 1. Ne 149-pk «O Ilnane meponpustuii
3akoHonarenbHOM Jymbl XaOapoBCKOTO Kpasi IO MPOTHBOJCUCTBHUIO KOppymniuu Ha 2025 -
2028 roap»’. OpreHTHpoBaHo Ha « MOHUTOPUHT (heIepalbHbIX 3aKOHOB, HHBIX HOPMATHBHBIX
npaBoBbIX akTOoB Poccuiickoit  ®@enepanuu, CyaeOHONM MpakTHUKA 1O  BOMpPOCaM
IMPOTUBOACUCTBUS KOPPYNIMUM W IO €ro pe3yJibTaraM IOATOTOBKAa COOTBETCTBYIOIINX
M3MEHEHHH B 3aKOHBI Xa0apoBCKOro kpas»*. A Taxxke paspabotka MUHHCTEPCTBOM Tpyaa U
COLMAJIbHOM 3alIUThl METOAUYECKMX MaTEpPHalIOB II0 MPOTUBOIAEHCTBUIO KOPPYIILIHH.
[Ipo3payHOCTh  HEATENBHOCTH JEMYTATOB W APYTMX TOCYAApPCTBEHHBIX  CIIyXKalluX,
IpeIoCTaBIEHUE ACKIapaliii 0 10X0/1aX U UMYILECTBEHHBIX OJar.

KoneuHo, KoppynuuoHHas IeSITEIbHOCTh HE MCUYE3IIa cpa3y, K mpuMmepy, «3a 2025 rox B
XabapoBCKOM Kpae 3aperucTpupoBaHo 184 mpecTymieHnus KOppyHIIMOHHON HANPaBIECHHOCTH,
110 UTOTaM TMPOKYPOPCKUX MPOBEPOK BO30YKIEHBI HOBBIC YTOJIOBHBIC Jiefa. B ocHOBe Takmx
NPECTYIUIEHUM dYalle BCEro Jexkalau OTKaThl 3a MOKPOBUTEIBCTBO TMPHU 3aKIIOUYCHUHU
KOHTPAKTOB, TMOJAMHCAHWE  JIOKYMEHTOB  II0 HEKAaYeCTBEHHBIM  paboTaM | B3STKHU
3a HHPOPMUPOBAHKE O KOHTPOJIBHBIX MEPOIIPUATUIX» .,

2 Ouakosckuii B.A. Kpyrosa SI.A., Xykosa H.A. JlucuuiiimaapHas OTBETCTBEHHOCTh FOCYIaPCTBEHHBIX TPAKAAHCKUX CITyKawmx B Poccuiickoii
Oenepannu // [TomureMaTndecknii ceTEBOI MMEKTPOHHBII HayIHBIH sKypHaAI KybaHckoro rocyapcTBeHHOTO arpapHoro yHuBepcureta. 2014. Ne
99.C.5
3 Pacniopsikenue ot 20 aexadps 2024 1. Ne 149-pk O ITnane meponpustuii 3akonoaarensHoi Jlymbl XaGapOBCKOro Kpas 10 MPOTHBOAEHCTBUIO
Koppynuuu Ha 2025 - 2028 roast
4 Pacniopsxenue ot 20 neka6pst 2024 r. Ne 149-px O Ilnane MmeponpusTuii 3akononarenbHoi JlyMbl XaGapoBCKOro Kpast 1o IIPOTUBOACHCTBHIO
Koppynuuu Ha 2025 - 2028 roast
5 EsxenenensHuk « Aprymentsl 1 Dakten Ne 32. « Aud-Jansundopm» Ne 32 06/08/2025 Anexceit Jlykosnos «Bojiee cTa YHHOBHUKOB MONAJH
TI0]] YTOJIOBKY 32 KOPPYMIMIO B XabapoBCKOM Kpae»
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PaccmaTpuBasi Koppymniyio B COIMAIbHON cpepe, MOKHO CKa3aTh, YTO OHA 3aTParuBaeT
rpakJaH, HAXOASAIIUXCSL B TPYHOM >KMU3HEHHOM IOJIOKEHUH, a caMa KOPPYMIUS CYIIECTBYET
Ha YPOBHE U B MpeJenax NPUMEHEHUs COLUAIBHON CUCTEMBI.

BecbmMa 4Yacto B KOpPPYNIIMOHHBIX MPABOHAPYLICHUSIX BCTPEYAIOTCS HapPYIICHHUS,
cBsizaHHble co cTatbédl 15.14 KoAIl P®, koTopas yCTaHaBIMBAET aAMHUHUCTPATUBHYIO
OTBETCTBEHHOCTh 3a HEIEJIEBOE HCIOJIb30BAaHUE OIOJKETHBIX CPEACTB B BHUJEC HAIOXKEHUS
mrpada unu auckBamudukanuo ot 1 roga no 3 JeT, a Ha IPUAMYECKUX JHI] OT 5 10 25
MPOIICHTOB OT CYMMBI, MOJy4eHHOM U3 010 1KeTa PO.

[ToctanoBnenne Ilnenyma BepxoBHoro Cyma P® ot 09.07.2013 N 24 (pen. ot
09.12.2025) O cyaeOHOM MpaKTHKE IO JieJaM O B3ITOYHUYECTBE U 00 MHBIX KOPPYILIMOHHBIX
MPECTYIUICHUSAX» TOBOPUT O KOPPYMIIMOHHBIX MpECTyIuieHus1x, uTto «IIpaBocynue mo Takum
JienaM  JIOJDKHO OCYIIECTBIIATBCS Ha OCHOBE COONIOAEHUS MPHUHIIMIIOB HE3aBUCUMOCTH
Cy/ZIcOHOM BJIACTH, COCTS3AaTEIIbHOCTH M PAaBHOMNpPABUS CTOPOH, COOJIOJICHUS MpaB U CBOOOA
YEeJIOBEKa, B CTPOIOM COOTBETCTBMM C TpPEOOBaHUSIMU YTOJOBHOIO U  YTOJIOBHO-
IPOLIECCYAIBHOTO 3aKOHOIATEILCTBA»C.

B nexuun ot 20.05.2025 na IletepOyprckoM MeXIyHapOJAHOM HOPUIUYECKOM (opyMe
B.JI.30pbKkrH  Ha3Bam  KOPPYILMIO «yTpPO30M LMBWIM3AaLMM IIpaBa U  OHA OTUYXKAAET
rocyJIlapCTBO OT HApOJa, JUIIAET IPaXJaH COLHUAIBHBIX, JKOHOMUYECKUX U TMOJUTUYECKUX
OJ1ar, CHIDKAET KaueCTBO FOCYAAPCTBEHHBIX YCIYT U UHOPACTPYKTYPBI» .

ITo muenuto Kypranckoit A.A u OuakoBckoro B.A, «ogHuM 13 Haubosee CephE3HBIX,
KaTalnu3aToOpoB aJMUHUCTPATUBHBIX MpPaBOHAPYIIEHUI B COLUAIbHON cdepe sBiseTcs
JELEeHTpaTH3aIHN .

Pazymeercst, TeHIEHIIMS pa3BUTHS pa3[esICHUs] IPABOBOIO PETYJIMPOBAHUS CYILIECTBYET
U TIPUMEHSIETCSI, HO KOHTPOJIb 3a CyOBbEKTaMU OCYIIECTBISATh BEChbMa 3aTPYIHUTENIHHO, YTO U
MPUBOJUT K B3SITHUYECTBY CPEAY COTPYAHUKOB COLIMAIIBHOU CEephI.

[Ipu sTOM ecTb HEOOXOAMMOCTh MPOBEACHUS CTAHIAPTU3AIUU CUCTEMbI MPUMEHEHUS
Mep aJIMUHHUCTPATUBHOTO MPOTUBOJCHCTBUS KOPPYMIIUU B COLUAIBHOU cepe, B OCOOCHHOCTH
— CO3JlaHu€ €AUMHOW cUCTeMbl (OpPM M METOJOB MX pealin3aluu Ha ypoBHE (enepanuw,
CyOBEKTOB, U HA MECTHOM YPOBHE.

JIONOJIHUTENBHO ~ CUCTEMOM  M€p MO  NPOTUBOAECHUCTBHIO  KOPPYNLIMOHHBIM
IIPaBOHAPYIICHUSIM MOTYT CITIOCOOCTBOBATh Pa3paOOTKH KOMIUIEKCHBIX CHCTEM MOPAJIbHOW U
MaTepHabHOU 0a3bl PaOOTHUKOB, 3aHUMAIOIIUXCS COMaNbHON cepoit. 13 aToro BhITEKaeT
obecrnieuenre HOpMUPOBAHUS HA PAOOUUX MECTAX CUCTEMBI TIOOIIPUTEILHBIX MEP U CTpaTeruit
KapbePHBIX HAIPABJICHUM.

MOXHO OTMETHTh, YTO TIOBBIINICHHUS 3apabOTHOM IUIaThl B TOCYJApPCTBEHHBIX
YUPEKACHUSAX U YIYUIICHUS MATEPUATBHOTO COCTOSHHSI PAaOOTHHKOB TTOMOKET yYMEHBIIIHUTH
KOppYyIiHMI0, HO He yOpaTh €€ TMOJHOCTBbIO, MOCKOJIbKY OBIBAIOT COTPYAHUKH, KOTOpPbIE
YCTpauBaIOTCAd B COLMAIbHYIO cpepy B KOPBICTHBIX MLeNaXx. UTO W TNOApBIBAaET 10BEpHUE
HaceJeHUs] K TOCYJIapCTBEHHBIM OpraHaM, a 3TO HETaTMBHO CKa3bIBAETCA Ha peanu3aluu
NEeSATEIbHOCTH COTPYIHUKOB B COLIMATILHOM cepe.

¢ TTocranoenenue [nenyma Bepxosroro Cyna P® or 09.07.2013 N 24 (pex. ot 09.12.2025) «O cyne6HOlN NpaKTHKE M0 AejaM O B3ITOUHHYECTBE
1 00 MHBIX KOPPYTIHOHHBIX MPECTYIICHUAX)

7 Koppynuus — yrpo3a MBUIK3anuy npasa. Jlekuus na [leTepOyprekom MexayHapoaHom ropuaudeckoM dopyme (Cankr-TlerepOypr, 20 mas
2025 rona)

8 Kypranckas Anuna Anekcannposua, OuakoBckuii BUKTOp AnleKcanapoBuy AIMUHUCTPATUBHO-IIPABOBOE PErYIUPOBAHUE IPOTHBOIEHCTBHUS
KOPPYIIHHU B colnaibHOM chepe // BecTHrk sxoHOMUKY 1 ipaBa. 2024. Ne94.(nata obpamenus: 09.02.2026).
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H. II. MpmsgeB nomu€pkuBaer, 4Yro «.be3 wW3ydeHHMss NpUYMH U YCIIOBWH,
CHOCOOCTBYIOUINX MPOSIBICHUIO aIMUHUCTPATUBHON JEIUKTOJIOIMH HEBO3MOXKHO Ha HAYYHOU
OCHOBE pa3paboTaTh MEPONPUATHA MO OpraHu3aluud OOppOBl C aJIMHHHCTPATUBHBIMU
[PaBOHAPYUIEHUSIMU HE TOJBKO CHJIaMH IPaBOOXPAHUTEIbHOW CHCTEMBI, JEATEIbHOCTb
KOTOPOM OCHOBaHA Ha 3aKOHE, HO K 9KOHOMUYECKUX, COUUAIBHBIX U UHBIX PHIYaroB, KOTOPbIMU
0OIIECTBO U rOCYIAPCTBO PACIIONAraeT»’.

Takum oOpa3zoM, aJMUHUCTPATUBHO-IIPABOBOE PETYJIUPOBAHUE IO MPOTUBOJICUCTBHUIO
KOPPYIIHUHU B COLIMAIILHOM cepe ABIISETCS] MHOTOTPAHHBIM U CIIOKHBIM MPOIIECCOM, KOTOPBIN
TpeOyeT BBIPAOOTKH CHUCTEMbI OMpPENENEHHBIX HOPM IO aJMUHMCTPATUBHOMY XapakTepy H
YCWIHMM TocyAapcTBa B 00€CIeUeHUU NopsIKa, YCTOMYMBOCTH HA YPOBHE COLMATILHOM cephl
rpaxaaH. CylniecTBEHHYIO POJib B MPOTHUBOCTOSIHUMA KOPPYIILIMKA UTPAET YBEJIMYEHUE 3apIuiaT
COTpYIHHKAM, a BAOOABOK BBEJIEHUE MEp, MO KOTOPHIM Yy PAOOTHHUKOB COLIMAIBLHON cdepbl
Oynyt Oenedurthl. IlepcriekTrBHas OopbOa ¢ KOPPYNUUEH YIy4dIIUT JOBEpPHE HACEICHHS K
roCyJapCTBEHHBIM OpraHaM U JIMKBUIUPYET BO3MOKHOCTb B3MMAaHHE IUIaThl C OECIUIATHBIX
YCIIYT Y TpaKJaH.
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Abstract. The article examines cybersecurity governance in Kazakhstan’s digital public
sector. It argues that, in the context of digital public administration, cybersecurity should be
viewed not only as a technical function, but also as a governance capability. Although
Kazakhstan has developed digital public services, cybersecurity policies, institutional structures
and technical tools, formal readiness does not automatically ensure operational cybersecurity
effectiveness. The article identifies key problems such as fragmented coordination, uneven
institutional maturity and insufficient risk-based management. Based on international
approaches and comparative governance principles, the article proposes an integrated
cybersecurity governance framework for Kazakhstan’s public sector.

Keywords: cybersecurity governance, digital governance, public sector, Kazakhstan, risk
management, institutional maturity, digital public services.

Introduction. Digital transformation has become one of the key directions in the
modernization of public administration. Governments increasingly use digital platforms, mobile
applications, public databases, digital identity systems and inter-agency data exchange
mechanisms to provide public services and improve administrative efficiency. As a result,
digital public services are no longer only an additional service channel. They are becoming a
core infrastructure of public administration.

Kazakhstan is a relevant case for studying cybersecurity in digital governance. The
country has achieved significant progress in e-government development. According to the
United Nations E-Government Survey 2024, Kazakhstan ranked 24th in the E-Government
Development Index and achieved an EGDI score of 0.9009 [1]. In addition, Kazakhstan received
94.04 out of 100 in the Global Cybersecurity Index 2024 [2]. These indicators demonstrate that
the country has developed a strong formal foundation for digital government and cybersecurity.

Kazakhstan’s cybersecurity policy direction is also reflected in national strategic
documents, including the Concept of Cybersecurity “Cyber Shield of Kazakhstan” and the
Concept of Digital Transformation, ICT Development, and Cybersecurity [11], [12]. These
documents show that cybersecurity is recognized at the state level as an important condition for
digital transformation and national information security.

However, formal readiness does not automatically mean operational effectiveness. The
presence of digital platforms, legal measures, cybersecurity policies, institutions and technical
tools does not guarantee that cyber risks are managed consistently across all public sector
institutions. Public institutions may differ in their resources, technical capacity, cybersecurity
maturity, staff skills and ability to implement security requirements in practice.
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The main problem addressed in this article is the gap between formal cybersecurity
readiness and operational cybersecurity governance effectiveness. Cybersecurity tools may
exist, but their effectiveness depends on how they are governed, coordinated, prioritized and
improved. Therefore, cybersecurity in the public sector should be considered not only as a
technical function, but as a governance capability.

The aim of this article is to propose an integrated cybersecurity governance framework
for Kazakhstan’s digital public sector. The article focuses on the following question: how can
cybersecurity methods and tools be structured into a governance framework that supports the
protection of Kazakhstan’s public sector from cyber threats?

Cybersecurity as a Governance Capability

Cybersecurity is often associated with technical tools such as firewalls, access control
systems, encryption, monitoring platforms, anti-malware solutions, vulnerability scanners and
incident response tools. These instruments are necessary for protecting information systems and
data. However, international standards and frameworks show that cybersecurity effectiveness
depends not only on tools, but also on governance, risk management, institutional responsibility
and continuous improvement.

The NIST Cybersecurity Framework structures cybersecurity activities around
identifying, protecting, detecting, responding and recovering from cyber risks [3]. ISO/IEC
27001 emphasizes leadership, risk assessment, control implementation, monitoring and
continual improvement as part of an information security management system [4]. The OECD
also treats digital security risk as an economic and social risk that should be integrated into
organizational and governmental decision-making [5]. These approaches show that
cybersecurity is not only a technical task, but also a management and governance process.

Zero Trust architecture and digital identity guidelines are also relevant for public sector
cybersecurity because they connect access control, identity verification, least-privilege
principles and continuous monitoring with institutional governance [6], [7]. In a digital public
sector, where citizens, civil servants, contractors and administrators interact with digital
systems, identity and access governance become essential elements of cybersecurity
management.

In the public sector, this governance dimension is especially important. Public institutions
provide essential services, process sensitive citizen data and operate within complex
institutional structures. A cyber incident in one institution may affect not only one system, but
also other organizations connected through shared infrastructure, data exchange and digital
service platforms. ENISA threat landscape reports also show that public administration remains
exposed to evolving cyber threats, which makes cybersecurity governance a continuing priority
for states and public institutions [9].

From a governance perspective, cybersecurity requires several elements. First,
responsibilities must be clearly assigned across leadership, information security units, data
owners, process owners and operational teams. Second, cyber risks should be prioritized
according to the criticality of public services. Third, institutions should regularly assess their
cybersecurity maturity and improve their capabilities. Fourth, implementation should be
measurable through evidence, indicators, audits and incident learning.

CISA’s Zero Trust Maturity Model is useful in this context because it presents
cybersecurity development as a gradual maturity process rather than a one-time technical
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deployment [10]. This logic is especially important for Kazakhstan’s public sector, where
institutions may differ in resources, technical infrastructure and organizational capacity.

International Practices and Their Relevance for Kazakhstan

International practices provide useful principles for Kazakhstan, but they should not be
copied directly. Estonia, Singapore and the European Union are particularly relevant because
they represent different models of cybersecurity governance.

Estonia demonstrates the importance of secure digital infrastructure and accountable data
exchange. Its experience is useful because Kazakhstan also relies on e-government platforms,
public databases, digital identity mechanisms and inter-agency data exchange. The main lesson
from Estonia is that cybersecurity should be embedded into digital governance infrastructure
through secure interoperability, auditability and institutional responsibility [13].

Singapore demonstrates the value of central coordination and whole-of-government
cybersecurity leadership. This 1is relevant for reducing fragmentation in public sector
cybersecurity. A centralized governance approach helps clarify national priorities, define
responsibilities and coordinate institutions responsible for critical digital services [14].

The European Union is useful not as a single country, but as a reference model of multi-
level cybersecurity governance. The EU demonstrates how common cybersecurity
requirements, certification logic, incident reporting and maturity-oriented approaches can be
coordinated across different institutions and sectors. The EU Cybersecurity Act also
demonstrates the role of harmonized cybersecurity requirements and certification mechanisms
in multi-level governance [8]. This is relevant for Kazakhstan because public institutions also
differ in maturity, resources and technical capacity, while still needing common cybersecurity
baselines.

Table 1. Comparative adaptation logic of international practices

Reference case | Governance principle Relevance for Kazakhstan
Estonia Secure interoperability and | Useful for digital identity, public
accountable data exchange registries and  inter-agency  data
exchange
Singapore Central coordination and whole-of- | Useful for reducing fragmentation and

government cybersecurity leadership | clarifying responsibility

European Union | Harmonized  requirements  and | Useful for minimum public sector
maturity-oriented governance baselines, reporting and maturity
assessment

The comparative lesson is that Kazakhstan should not mechanically transfer foreign
models. Instead, it should adapt selected principles: secure data exchange, central coordination,
harmonized minimum requirements, risk-based management and institutional maturity
assessment.

Key Governance Gaps in Kazakhstan’s Digital Public Sector

The analysis of Kazakhstan’s digital and cybersecurity context shows that the country has
made important progress in formal readiness. However, several governance gaps may limit the
practical effectiveness of cybersecurity methods and tools.
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The first gap is fragmented coordination. Kazakhstan’s public sector includes central
government bodies, local executive bodies, quasi-public organizations, national operators and
service-providing institutions. These actors may have different responsibilities, resources and
cybersecurity practices. Without strong coordination, cybersecurity measures can become
inconsistent across institutions.

The second gap is uneven institutional maturity. Some institutions may have advanced
monitoring, access control and incident response procedures, while others may rely mainly on
formal compliance. In a digital governance ecosystem, uneven maturity is a serious problem
because public institutions are interconnected. A weak institution may create risks for other
systems and services.

The third gap is insufficient risk-based prioritization. In a compliance-oriented approach,
institutions may focus on meeting formal requirements without fully considering which systems
are most critical. However, digital identity systems, public registries, tax platforms, healthcare
databases and social support systems should have higher protection requirements than low-risk
systems.

The fourth gap is the implementation gap. Policies and standards may exist, but the
practical question is whether they are implemented, monitored, tested and improved.
Cybersecurity governance must therefore include evidence of implementation, key performance
indicators, incident reporting, audit and continuous improvement.

These gaps support the main argument of the article: cybersecurity effectiveness in
Kazakhstan’s digital public sector depends not only on the presence of tools, but on the
governance structure that connects tools with institutional responsibilities, risks and
implementation mechanisms.

Proposed Cybersecurity Governance Framework

Based on the identified gaps, an integrated cybersecurity governance framework for
Kazakhstan’s digital public sector can be structured around four components: governance
coordination, risk-based management, institutional maturity and implementation mechanisms.

The first component is governance coordination. Its purpose is to clarify roles and
responsibilities across different levels of the public sector. At the national level, cybersecurity
governance should define policy direction, common requirements and national priorities. At the
inter-agency level, it should support coordination protocols for shared services and joint risks.
At the institutional level, it should define responsibilities of leadership, information security
units, data owners and process owners. At the operational level, it should include SOC teams,
administrators, employees and contractors.

The second component is risk-based management. Its purpose is to prioritize
cybersecurity measures according to the criticality and risk profile of public digital services.
This component includes asset and service identification, criticality classification, risk
assessment, control prioritization and continuous monitoring. The key idea is that not all
systems require the same level of protection. Critical public services should receive stronger
controls, regular testing and higher maturity requirements.

The third component is institutional cybersecurity maturity. Its purpose is to assess and
improve cybersecurity capability over time. A five-level maturity model can be used: Initial,
Basic Compliance, Managed, Integrated and Optimized. At the initial level, cybersecurity
practices are mostly reactive. At the basic compliance level, minimum formal requirements
exist. At the managed level, risks, controls and incidents are documented and monitored. At the
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integrated level, cybersecurity is connected to institutional governance and inter-agency
coordination. At the optimized level, cybersecurity is continuously improved through
monitoring, audits, testing and lessons learned.

The fourth component is implementation mechanisms. Their purpose is to translate
governance principles into practical actions. These mechanisms may include minimum
cybersecurity requirements, risk-based control mapping, incident response coordination, access
and identity governance, training and awareness, monitoring and reporting, audit and continuous
improvement.

Table 2. Components of the proposed cybersecurity governance framework

Framework component Purpose Practical mechanisms
Governance coordination Clarify roles and cooperation | National coordination, inter-
across public sector levels agency protocols,

institutional responsibilities,
operational feedback

Risk-based management Prioritize protection | Asset identification, risk
according to service | assessment, control
criticality and risk prioritization, monitoring

Institutional maturity Assess and improve | Maturity levels from Initial
cybersecurity capability to Optimized, capability

development, reassessment

Implementation mechanisms | Translate principles into | Minimum requirements,
practical actions access governance, incident
response, training, audit

The proposed framework can be presented as a layered structure. Implementation
mechanisms form the operational base of the model, while institutional cybersecurity maturity
and risk-based management connect practical actions with strategic governance coordination.
This structure shows that cybersecurity governance should operate both from bottom to top and
from top to bottom: operational implementation informs strategic governance, while strategic
direction guides practical execution [Figure 1].

Governance Coordination

from operational from strategic
implementation to Risk-Based Cybersecurity Management ditection to
strategic practical
governance execution

Institutional Cybersecurity Maturity

Implementation Mechanisms

Figure 1. Layered structure of the framework
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Governance coordination is organized across four levels: national, inter-agency or
sectoral, institutional and operational. The model shows that cybersecurity governance requires
both top-down standards and bottom-up reporting. This is important because public digital
services depend on multiple institutions, shared systems and continuous feedback from
operational practice [Figure 2].

1. National coordination level
Policy direction, common requirements, national
cybersecurity priorities.

- N

2. Inter-agency / sectoral level

Shared services, joint risks, coordination
standards and \_ protocols. reporting and
feedback

direction

N\

3. Institutional level
Leadership, information security unit, data
OWNETs, Process OWners.

J
v N
4, Operational level
SOC/security teams, administrators, employees,
contractors.
J

Figure 2. Cybersecurity governance coordination model

The risk-based cybersecurity management cycle shows how protection of critical digital
public services can be organized in practice. The process begins with asset and service
identification, followed by criticality classification, risk assessment, control prioritization, and
continuous monitoring. This cycle supports a shift from uniform compliance to risk-based
protection of the most important public services [Figure 3].

1. Asset and service identification
systems, data flows, service
dependencies

5. Continuous monitoring and 2. Criticality classification
review service importance, data sensitivity,

Protection of Critical ™" impact

e

risk updates, incidents, audits,

Ny

lessons learned

Digital Public Services

4. Control prioritization 3. Risk assessment
MFA, monitoring, backup, access #————— | threats, vulnerabilities, likelihood,
control consequences

Figure 3. Risk-Based Cybersecurity Management Cycle

The public sector cybersecurity maturity model provides a structured way to assess the
development of cybersecurity capabilities across institutions. It compares five maturity levels
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-
across key dimensions such as governance and accountability, risk management, technical
controls, incident response, human capacity and continuous improvement. This table helps
identify whether an institution remains at a basic compliance level or moves toward integrated
and optimized cybersecurity governance [Table 3].

Table 3. Public sector cybersecurity maturity model

Assessment Level Level 2. Basic | Level Level 4. | Level S.
dimension 1. Initial Compliance 3. Managed Integrated Optimized
Governance Roles are | Minimum Clear internal | Cybersecurity | Cybersecurity is
and unclear; formal responsibilities |is  integrated | treated as a
accountability | cybersecurity | responsibilities | are assigned into strategic
depends on | exist institutional governance
individual governance capability
employees
Risk Risks are not | Risk assessment | Regular ~ risk | Risks are | Risk management
management | systematically |is limited and | assessments are | linked to | is continuous,
identified compliance- conducted service adaptive, and
driven criticality and | decision-oriented
institutional
priorities
Technical Basic or [ Basic required | Controls are | Controls  are | Advanced
controls fragmented controls are | documented, aligned  with | controls,
tools exist implemented monitored, and | critical systems | continuous
reviewed and inter- | monitoring, and
agency proactive
dependencies | protection are
used
Incident Response is | Incident Incidents  are | Cross-agency | Lessons learned
response reactive  and | procedures exist | recorded, incident from incidents are
informal mainly on paper | escalated, and | response is | systematically
reviewed coordinated used to improve
resilience
Human Awareness is | General Role-based Security Strong
capacity low and | cybersecurity training begins | culture is | cybersecurity
training is [ training is | for key staff developing culture and
irregular provided across the | continuous  staff
occasionally institution development are
institutionalized
Continuous No regular | Reviews are | Improvement Maturity is | Continuous
improvement | review or | occasional and | actions are | assessed improvement  is
improvement mainly  audit- | planned and | regularly and | institutionalized
process exists | driven tracked improvement is | through
coordinated monitoring,
audits, testing, and
lessons learned
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This framework connects cybersecurity methods and tools with governance mechanisms.
It does not replace technical standards or security controls. Instead, it provides a management
structure for applying them more consistently across Kazakhstan’s public sector.

Practical Value of the Framework

The proposed framework has several practical benefits for Kazakhstan’s public sector.

First, it helps reduce governance fragmentation by defining coordination levels and
responsibilities. This is important because digital public services often depend on several
institutions and shared infrastructure.

Second, it supports protection of critical digital public services. Through risk-based
prioritization, resources can be focused on services with the greatest importance for citizens,
public administration and national resilience.

Third, it improves accountability. Cybersecurity responsibility should not be limited to
IT departments. It should involve leadership, data owners, process owners, legal units,
procurement units, technical teams and employees.

Fourth, the framework supports maturity development. A maturity model allows
institutions to assess their current level and plan gradual improvement. It also helps
policymakers identify institutions that need additional support, training or supervision.

Fifth, the framework supports continuous improvement. Cyber threats change constantly,
so cybersecurity governance should include monitoring, audit, staff training, incident review
and regular reassessment of risks.

Overall, the practical value of the framework lies in its ability to move cybersecurity from
separate technical actions toward coordinated public sector management. This is especially
important in digital governance, where public service continuity, data protection and citizen
trust depend on the resilience of interconnected systems.

Conclusion. Cybersecurity in Kazakhstan’s digital public sector should be strengthened
not only through additional technical tools, but also through better governance. Kazakhstan has
developed a strong formal foundation for digital government and cybersecurity, as shown by its
progress in international digital government and cybersecurity indicators. However, formal
readiness does not automatically ensure operational cybersecurity effectiveness.

The key challenge is how cybersecurity methods and tools are coordinated, prioritized,
implemented and improved across public sector institutions. Fragmented coordination, uneven
institutional maturity and insufficient risk-based management may reduce the effectiveness of
existing cybersecurity measures.

The proposed framework structures cybersecurity governance around four components:
governance coordination, risk-based management, institutional maturity and implementation
mechanisms. Its practical value lies in helping public institutions reduce fragmentation, protect
critical digital public services, improve accountability and support continuous improvement.

Future research should test the proposed framework in selected public institutions,
conduct broader expert surveys, apply the maturity model across sectors and examine
cybersecurity governance in specific areas such as healthcare, taxation, education, digital
identity and public registries.
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INEJATI'OI'NKA KIOHE IICUXOJOI'USA FBIJIBIMIAP - TIEJATOI'MYECKHUE U
MNCUXOJOI'MYECKHUE HAYKHU - PEDAGOGICAL AND PSYCHOLOGICAL
SCIENCES
90K 51-72

Cepik lana KanaTkbI3bl

1-Kypc MarucTpaHThl

du3rka xoHe MaTeMaThka kKadenapacsl

Foliabimu skerexmi: CmarynoB Ecenranu XekcemOaityJibl
¢b.-M.F.K., ILF. 1., Ipodeccop

Nudopmatuka xxoHe 61umiMal mudpiaanasipy kadeapacs
XKancyripos ateiHaars! JKeTiCy yHUBEPCUTETI
(TanmeikopraHn K., Kazakcran)

MATEMATHUKA CABAT'BIHIA ®U3UKAJIBIK MAZMYH/IbI ECEIITEPI
HMENTYAE HU®PJBIK TEXHOJOI'MAJAPABI KOJAAHY ABIH TUIMIIJIITT

Anaarna:byn makamanga Marematuka calarbiHAa (DU3MKAIBIK Ma3MYHJIBI €cenTepi
nienry OapbIChIHAa UUDPIBIK TEXHOJIOTUSIAPbl KOJJIAHYABIH THUIMJILIITT KapacThIPbLIAJbI.
Kazipri 6i11im 6epy xkyitecinae mudpiablk Kypaiapabl Maiiagany oKy YAepiCiH KaHIaH kI,
OKYIIBLIAP/IbIH MOHTE JIET€H KbI3bIFYIIBUIBIFBIH APTTHIPYFa MYMKIHAIK Oepe/i.

3epTTeydiH MakcaThl — MaTeMaThKa IOHIH OKBITY/Ia ITUQPIBIK TEXHOJIOTHSIAPIbI
KOJIIaHy apKbUTbl (DU3UKAJBIK Ma3MYHJIbI €CENTep/l MICHTyAiH THIMAI JKOJIapbIH aHBIKTAY.
KyMmbIcTa TEOPUSUITBIK TaJAay, CATbICTHIPY KoHE TOUKIpUOETIK OaKbuIay 9ICTEP] KOJITAHBLUI/BI.

Hotmxecinne nudpiaplk TEXHONIOTUSIAPIbI NaialaHy OKYIIBUIAP/BIH €Cel IIbIFapy.
JaFIbUTAPBIH KETUIIPETIHI, KYPAEl TarcbipManap/bl KOPHEKI Typ/ie TYCIHyre KOMEKTECETIHI
KOHE OKY MOTHBAIIMSCHIH apTTHIPATHIHBI aHBIKTAJIBI.

Tyiiin ce31ep: MPIBIK TEXHOJIOTUSTIAP, MATEMATHKA, PU3NKATIBIK Ma3MYH/IbI €CETITe,
OKYy yJepici, Outim Oepy.

byrinri kyni Ourim Oepy oKyMeci KapKbIHIbI JIaMbIll, OKBITY YJAEpICIHE KaHa
TEXHOJIOTUSIIAPABl €HT13y aJJIBIHFBl  KaTapiibl MoceleNepaidH OipiHe aWHalbIl  OTHIP.
AKnapatThIK Kypaiaapasl OKy MPOIECIHAE YTHIM/IBI Maiganany OuTiM callaChblH KOTEPYTe KOHE
OKYIIBUIAP/IBIH TIOHTE JETeH KBI3BIFYIIBUIBIFBIH HBIFAUTYFa KOJI amajabl. MYHBI OTaHIBIK
ranpiMaapabiH, «AKT Kypammgapbl OKYIIBIHBIH TaHBIMIBIK OEJICEHAUTITIH apTTHIPHIN, OKY
MaTepHaJIbIH TePEH MEHTrepyiHe OarbITTalFaH MUIAKTUKAIBIK OpTa KAJIBIITACTHIPAAbD» JICTCH
TYKBIPBIMBI pacTaisl [1].

MareMaTrka TOHI — JIOTUKAJIBIK OWJay MEH aHaTUTUKAIBIK KaOUIeTTI MIBIHAANTHIH
Heri3ri nouaepaiH Oipi. byn monal okpiTy OapbichiHAa (U3HMKAIBIK Ma3MYH[bl e€cenTep/il
KOJIJITaHy OKYIIBLIApAbIH TEOPHSUIBIK OUTIMIH MPAaKTUKAMEH YIITACThIpyFa >Karjal >kacaiibl.
MyHpaii ecentep HaKThl OMIPJIK Karaaiaapibl MOJENbICyre MYMKIHIIK Oepil, MoHapaibIK
OaitnanbIcThl HeIFaMTa TYCedl. [Ipodeccop A.E. O011KachIMOBaHbIH €HOCKTEPIH/IE «MEKTEIITET1
MaTeMaTrKa KypPChIHJIaFbl KOJJAaHOAIbl €CENTEP OKYIIbUIAPbIH MAaTEMAaTUKAJIBIK MOJEIbILY
JAFbUIApbIH  KAJIBINTACTRIPAAb» Jlenl aran KepceTuireH [2]. Ocbl TycTa UUQPPIBIK
TEXHOJOTHsIIap MaTeMAaTUKaHbl OKBITY IPOIECIH KOPHEK, TYCIHIKTI dKoHE HHTEPAKTUBTI €TyTre
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YJIKeH bIKnan etyne. ['paduxanbik Kypanmap, oHIaiH 1uiatdopmanap *KoHE CUMYISALHSIBIK
OarmapiaManap apKbUIbl KYpAENi ecenTepial IIenly KEHUIAeN, OamanapAblH OKyFa JeTeH
BIHTAChl OstHa/bl. OChIFaH OaillaHBICTBI OYJI 3epTTEY/IIH MakKcaThl — MaTeMaThka cabarbIHJIa
(bU3UKATIBIK Ma3MYHJIBI €CENTep/Al IIeNIyAe TEXHOJOTHSIIBIK MYMKIHIIKTEPAI KOJIaHYIbIH
naiachlH alKbIHIAY OOJBIIT TaObLIAIbI.

MareMatrka MeH (U3MKa MOHJEPIHIH apachIHAAFbl THIFbI3 OaliaHbIC — OKBITYAAFbl €H
ipremi npuHOUOTepAiH Oipi. Pu3Mka TaOWFaT 3aHJBUIBLIKTAPBIH 3epTTECe, MaTeMaTHKa COJ
3aHIBUIBIKTAP bl CUTIATTAUTHIH JTOTUKAJIBIK KYPBLIBIM MEH a0CTPaKTLIl MOAEbIEPAl YChIHAIBI.
MyHbl 8-ChIHBINIKA apHaJFaH (U3MKa OKYJBIFBIHIAFBl KYOBUIBICTApJbl MAaTEMAaTHKAJBIK
cunarray ojictepiHeH kepyre 6onaasl [3]. CoHnbIKTaH Oyil €Ki MoHJI Oemin Kapay MYMKIH
emec; (DM3HMKANBIK KYOBUIBICTHI TYCIHY VIIIH OHBIH MaTeMaTHKaJbIK MOJETIH Kypy, ail
MaTeMaTUKaJIbIK (DOPMYJIaHbIH MOHIH YFY YIIIH OHBIH (DU3UKAJIBIK Ma3MYHbBIH CE31HY KAXKET.

IIonapanbIK 02ai/IaHBICTBIH HEri3ri 0aFbITTAPbI:

. MaTtemMaTHKaJBIK annaparThbl Koaany: Ou3nkanbk IpoIecTepAl cunarrayaa
MaTeMaTUKAJIBIK TaJay 9/icTepl (TybIHbl, HHTETpal, BEKTOpJIap, GQyHKUUIAP) MICIIYIl pe
aTKapajpl. MpIcalibl, KO3FAIBICTBIH >KbUIIAMIBIFBIH aHBIKTAy — >KOJIJBIH YaKbIT OOWBIHIIA
TYBIHBICHI 00JICA, OTKEH KOJABI TA0y — KBIAM/IBIKTAH HHTETpaJ aiy O0bIn TadblIaabl. by
amannap 8-ChIHBINTHIH anredpa OKYJBIFBIHIAFBl (PYHKIUSIIBIK TOYEIIUIIKTEPMEH TIKeJIen
OaitmaHbICTHI [4].

. Mopeabaey narapuiapbl: Ousnkanblk Ma3MyHIbl €cenTepil IIely Ke3iHIe
OKyIIbIIap IIbIHAWBI ©MIpJeri KYOBUIBICTBI MAaTeMAaTUKAIBIK TiAre (TEHACYJep MEH
TEHCI3AIKTEp KYHeciHe) aynapyabl yipeHeai. by oKymbuiapasH aOCTpakTiIl oiiay KaOlieTiH
nambiTagbl. A.A. JKantecoBa OyJ1 Typasibl «MaTeMaTUKAJIBIK MOJENbAEY — HAKThI (PU3UKAIIBIK
YAEPICTI 3epTTEYIH €H TUIMJ1 9IiC1» Je Ka3ajsl [5].

. Koanan6aasl MaHbBABLIBIK: Maremartnka caOarbiHa (PU3HKAIBIK KOHTEKCTI
konnany "By popmyna 6i3re He yiniH kepek?" nereH cypakka kayan oepesi. CanablK MoHIED
MeH (QopMyaniap HaKThl TAOUFH YAEpICTEPMEH (SHEPTHUs, KYILI, KbIChIM) OaliIaHbICKaHa, TOHTe
JIET€H MOTHUBAIIUS apTaJIbl.

3amanayu 611iM Oepy keHicriringaeri STEM (Science, Technology, Engineering, Math)
OaFbITHI 1)1 OChI MOHAPAJIBIK MHTErpaLlUsIFa Herl3enreH. MareMaruka cabarbiHAa (PU3NKaIIBIK
Ma3MYH/IbI €CenTep/il eIy OKYIIBIHBIH ()YHKIIMOHAIBIK CAyaTThUIBIFBIH apTTHIPHIN, ajfaH
OuTiMIH eMipjie KoJiaHa ajdyblHAa >KOJ amraapl. YakbIT TajllaOblHA cail OumiM Oepy xkyieci
KapKbIH/BI IUPPIAHIBIPY Ke3eHIH 0acTaH Kenrpyae. AKIapaTThlK TEXHOJIOTHUIAPBIH TaMybl
OKBITY TIPOILIECIHIH Ma3MyHbl MEH OJIICTepiHE eJeyJl e3repicTep eHri3ai. ocipece
KapaThUIBICTaHy TOHJEPIH, COHBIH 1MIHAE (PU3UKAHBI OKBITYAA IUMPIBIK TEXHOIOTHSIIAPIBI
KOJIJIaHY IbIH MaHBI3bl apThII OThIp. OU3NKAIBIK Ma3MYH/bI €CENTEPAl LIEHTY — OKYIIbUIAPABIH
TEOPUSIIBIK O1TIMIH MPAaKTUKAMEH YIITACThIPAThIH HET13T1 KypaiaapabsiH Oipi. Anaiina goctypii
onicTep Kel xaraaiiia OKyIIbUTapAbIH KbI3BIFYIIBUIBIFBIH TOJBIK OSITa aJIMali Il HEMECe Kypaemi
KYOBUIBICTAP/IbI TEPEH TYCIHYTE KETKUIIKCI3 O0JIYybl MYMKIH.

Ochbl perTe 3aMaHayd Kypajijaap >kaHa MYMKiHAIKTep amanbl. [udpaslk pecypcrap
apKbUIbl (PU3UKAIBIK MPOIIECTEP/l MOJIETBACY, BU3yalu3alusiay jKOHEe MHTEPAKTUBTI TYPAE
Tajjay MYMKIHAITT naiga Oonabl. By okymisuiapra aOCTpakTill YFBIMAAPAbI HAKTHI dpi
TYCiHIKTI KaObuigayra kemekteceni. M.C. HypmaranOeroBa aTtam ©TKEHJEH, MOHapaIbIK
OaiinanpicTap OUTIMHIH KYHenuIirin kamramace3 ereai [6]. CoHbIMEH KaTap, 9pTypii Ou1iM
Oepy mnatdopmanapel MeH Oargapiamanap ecenTepAl TUIMII opl JKbUIJaM  IIEUIyre,
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HOTHKEJEPl TeKCepyTe JKOHE TajjayFa >Karaail skacaiapl. OcbiraH 0alIaHbICThl (PU3UKAIIBIK
Ma3MYH/IbI €CeNTeP/Il MIEIIyAe TEXHOIOTUTIAP IBIH THIMALTITIH 3ePTTEY — ©3€KT1 MaceNeIepIiH
Oipi GosbIm Kasa Oepei.

binim Oepyni uudpnanaslpy AEHreiliHIH apTyblHa OalIaHBICTBI apHAWBl pecypcrap
KEHIHEH KOJIIaHbICKa eHy1e. Oyap oKy IpoleciH THIM/I1 YUBIMAACTRIpYFa, O111M ayIIbUIapIbIH
KbI3BIFYIIBUIBIFBIH aPTTHIPYFa KOHE OKY MaTepHalIblH TEPEeH MEHIrepyre MyMKIHAIK Oepei.
Hudpisik Ou1iM Oepy pecypceTaphl OipHeIIe Typre OeiHeIl:

. DJIEKTPOHABIK OKYJBIKTAp: JlocTypii KiTanTapJbslH 3aMaHayu Hyckackl. Omnap
MOTIHMEH KaTap CyperTep, OeiHenep, aHuManusiap *oHe MHTEPAKTUBTI TarichbipMasap apKbLIb
TOJBIKTHIPBLIAALI. Bysl MaTepuaiibl TYCIHY A1 )KSHULIECTE 1.

. binim Oepy maardopmanapei: OnnaiiH mnatdopMmanap OKy MaTepHasIapbiH
XKyMem Typae ychiHyFa MyMKiHAIK Oepeni. Meicansl, Khan Academy, Coursera, BilimLand
CUAKTHI Tu1aTdopmanapaa OeliHecabakTap, TECTTEP KoHE MPAKTUKAJIBIK TarcbipMaap oap.

. Bupryanasl 3eprxaHanap: Buprtyanapl 3epTxaHamap apKbpUIbl  OKYIIBLIAp
TOXKIpUOEIepal Kayinci3 )KaHe KOJDKETIMA1 TypAe opbeiHaaid anaasl. Meicanbl, PhET Interactive
Simulations 6argapiamacsl PU3NKATBIK KYOBUIBICTAPIBI MOJIEINIbICYTE MYMKIHIIK Oepe/l.

. BeiinecabakTrap MeH MyJbTHMeIHAJBIK pecypcrap: beiinecabakrap kypaemni
TaKbIPBITAPABl BU3YAJJbl TYpPAE TYCIHAIpyre kKemekrteceni. YouTube miaTdopmachinga
OpTYpJIi IoHAep OOMBIHINA caralibl 011iM Oepy KOHTEHTI KOTl.

. Omnunaiid TecTTep MeH Oaranay xyienepi: bys pecypcrap O11iM JeHT€iliH TeKcepyTe
apHasiraH. ABTOMATThl TYPJE€ HOTHKEHI IIBIFApbIN, KaTelepll TajjayFa MYMKIHAIK Oepeni.
Meicanbl, Google Forms, Quizizz.

. Moouabai kocsiMmaaap: Cmaprdonra apHanrad 0171iM 6epy KOChIMIIIATIaphl Ke3
KEJITeH yaKbITTa OKyFa MYMKIHIIK Oepemi. Onap KbICKa TarcblpManap, OMbIH AJIEMEHTTEpI
apKBUTBI OKBITY/IBI KBI3BIKTHI €TE/II.

. Canapik kiTanxananap: [udpnplk kiTanxaHamap FbUIBIMH €HOEKTEpre,
OKYJIBIKTapFa >KOHE Makajajapra KOJDKETIMAUIIKTI KaMTamachl3 etenl. bysl okymibliap MeH
CTYJIEHTTEP/AIH ©3/IrHEH O11IM ayblHa KOMEKTECEI].

MatemaTukaHbl OKBITya HUQPIBIK TEXHOJOTHUANIAPALI TMaialaHy MaHBI3bl OPBIH
anaapl. OPTypai Oarjgapiamanap MEH KOCBHIMINANAP OKYIIBUIAPABIH TIOHIE  JIeTEH
KBI3BIFYIIBUIBIFBIH ~ aPTTHIPBIN, KYPAEIl TaKbIPBINTApJbl >KEHUT TYCIHYre KOMEKTECEeIl.
Marematuka cabarbIH/Ia K11 KOJJaHBUIATRIH OaFaapiiamManap:

. T'eomeTpusiibik  OGaraapaamanap: MyHpaaii Oarmapiamanap ¢urypazapsl
KYpYFa, oJap/ibl ©3repTyre JKoHe 3epTTeyre MyMKiHaik 6epesi. Meicansl, GeoGebra — anredpa,
reoMeTpus koHe rpadukrepal OipikTipeTiH ete THiMAI Kypan. On ocipece QpyHKIUsIApIbIH
rpauKTEpiH caxya >KOHEe Te€OMETPUSIIBIK €CeNTep Il TYCIHAIPY/ e Tani1abl.

. Komnbrotepuiik anaredpa :xyienepi: byn Garnapiamanap Kypjaeni ecenteyiaepii
aBTOMATThI TYpAE OpblHAayFa apHanrad. Meicanbsl, Wolfram Mathematica >xone Maple. Onap
TEHJEYJIepAl ey, TybIH/Ibl MEH UHTETpasl Ta0y CUSIKThI TalCblpMaiap/ibl >KEHIIACTE 1.

. Omnuaiin ecenrey KypaJjaaapbi: IHTepHETTEr1 Kypasiiap KblIaM ecell HIbIFapyFa
koMekTeceni. Mpicanbsl, Wolfram Alpha — mMaremaTukalblK ecenTepaiH MICIIMIH KaJamaan
KOPCETETIH CepBHLC.

. Tect :x9He BUKTOPUHA M1aT¢opmanapel: OKylIbUIapAsIH OLTIMIH TEKCEPY YIIiH
Konnaneiagsl. Meicanbl, Quizizz xoHe Kahoot!. byn mnardopmanap cabGakra oifbiH
AIIEMEHTTEPIH €HT13yre MYMKIHAIK Oepei.
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. Oxky mnaardopmanapei: MaremaTiuka OOWBIHIIA TOJNBIK KypcTap MeEH
TancelpManap ycbiHaawsl. Mpeicanel, Khan Academy — Teopus MeH mpaKTHKaHBI Katap
MEHIepyre KOMEKTECEeIi.

. I'pagpuk cany Kypaagapel: OYHKIMUIApABl  BU3yalIM3alMsiiay — YIIH
KOJIIaHbLIAbI.

Mpicansl, Desmos — KaparmaibIM opi bIHFalJIbI OHJIAHH rpadUuK KaJbKyJISITOPHI.

Kahannany noyipinge OuriM Oepy KyHecl TeXHOJIOTHSIApAbIH KapKbIHIbI J1aMybIMEH
TBIFBI3 OallJIaHBICTBI ©3repicTepAl OacTaH Keuripyae. AKIapaTThIK-KOMMYHHUKAIUSIIBIK
Kypajagap/bl OKy IpOIIeCiHe €HTri3y O1IIM camachlH apTThIPY/IbIH MaHbI3bI (haKTOpJIaphIHBIH
OipiHe aifHaIbl. @U3UKAJIBIK Ma3MYH/IbI €CENITEP/Il STy — OKYIIBUIAPIBIH TEOPHSIIBIK O1T1MIH
MpaKTUKaaa KoJijaHa OlTyiH KaJlbIITacTRIPAThIH HETI3T1 Toclaepain Oipi. Jlereamen, noctypii
OKBITY OJICTEpl Keil ardailna KypAeml (U3MKAIbIK KYOBUIBICTApIbl TOJIBIK dpl TEpPEH
TYCIHAIpYTe KETKIIIKC13 00kl skaTtanbl. OchiFaH OalgaHbICTl HU(MPIBIK TEXHOJIOTUSIIAPIbI
KOJIIaHy OKBITY MPOLIECIH JKaHalla YUbIMIACTBIPYFa MYMKIH/IIK Oepe/il.

Hudpabik Kypangap (U3MKAIBIK MPOIECTEPAl MOJAETBACY, BU3yAIM3ALUAIAY KOHE
WHTEPAKTUBTI TYPJE 3€PTTECY apKbUIbI OKYIIBLIAPIBIH ITOHJII MEHITEpPY IEHIeHiH apTThIPAJIbI.
CoHbIMEH KaTap, OJap €cem IIbIFapy OapbIChIHAA YaKBITThl YHEMJEYTe, HOTHKEIEPAl oI
Tajjayra >KOHE OKYIIBUIAPJBIH TaHBIMIBIK O€JICEHAUNIIH KymenTyre biknan eteai. Ocbl
TYpFbIIa  (QU3MKAIBIK Ma3MyHJbl €CeNTepAl WICeNIyAe TEXHOJOTUSIIBIK IIeIIMACPIIH
TUIMJIUTITIH aHBIKTAY YKOHE OJIap bl OKY MPOIECIH/IC YTHIMJIBI KOJIAaHy MaHbI3IbI MiHACTTEP I1H
01pi 60BN TAOBLIATBI.

byn TexHonorusmapapl kyheni KoJJAaHy OKYIIbUIapIbIH OU1IM camachiHa, TIOHTE JIeTeH
KBI3BIFYIIIBUIBIFBIHA JKOHE OKYy O€JICEHIUTITiHE OH ocepiH Turizeni. Toxipube OapbichiHAa
3aMaHayW KypajljapAbl TMaiJanaHy OKYyIIbUIApAbIH (DU3UKANBIK KyOBUIBICTapIbl TEpeH
TYCIHYy1HE MYMKIHJIIK OepeTiHl Oalikanaabl. MbIcasibl, MOJEIBALY JKOHE BU3YATIU3AIMs APKbLIbI
KYpJeJll npouectepal kKe30eH Kepy oJiapblH a0CTpaKTUIl OWJIayblH HAKThUIayFa KOMEKTECEI].
Hartmxecinae oKylbuiap €CenTiH MAPThIH KaKChIPAK TYCIHIM, OHbI IISITYA1H TUIM/I1 XKOJIJapbIH
Taba anajpl.

ConbiMeH KaTap, TUQPPIBIK 1aTGopManapabl KOJIJAaHy ecell MIbIFapy KbUIIaMIBIFBl MEH
JOJIITIH apTThIpadbl. ABTOMATThI TEKCEPY Kylenepl apKbUIbl OKYIIbLIAp €3 KaTesnepiH OipaeH
aHBIKTAIl, TY3eTyI'e MYMKIHJIIK aiajibl. byl 3 ke3erinae kepi OaiaaHbICThI KeaSIACTII, O1TIMII
OekiTy TmporeciH TuiMal etefl. ToxipuOeniK KYMbICTap KOPCETKEH/EH, TEXHOJIOTHUsIap
OKYIIBUIAPJBIH OKY MOTHBALUSCHIH apTThIpanbl. MHTEpakTUBTI TamceipManap, rpaduxTep
YKOHE aHUMAIHsUTap ca0aKThIH KBI3BIKTHI ©TY1HE bIKMA eTei. OKymbuiap 0eaceH i KaThIChI,
03 OeTiHIIe 1371eHyTre TanmbiHaAbl. CoHai-aK, MyFalliM YIIIH JIe OH HOTIKeep OalKaiabl.

CabakTpl Kocmapiay, MaTepuaiabl TYCIHIIPY *XoHE OKYIIbUIApABIH OUTIMIH Oaranay
nporiecTepi KeHIIACH .

Tyliingeit kenme, OKy TmporeciHae TUQPIbIK TEXHOJOTHUIAPABl KOJNJIaHy HaKThI
TOXKIPpUOETIK HOTUKENIEP apKbUIbI ©31HIH JKOFaphl THIMIUIITIH KepceTeal. On OuliM camachiH
apTTHIPBITT KaHa KOWMaM, OKYIIbLIAPABIH TaHBIMJBIK JKOHE IIBIFApPMAIIbUIBIK KaOileTTepiH
naMbITyFa biknan ereni. Hudpasik pecypcrap oKy MarepuaibiH KOPHEK] )KOHE TYCIHIKTI TYpJe
YCBhIHYFa JKarmai jkacaiiipl. AHUMaIusiap, rpadukTep >koHE MOACIbIACP apKbUIBI KYpAesi
¢du3HKanbIK KYObUTBICTApAbl OHAM KaObu1gayFa 60omaabl. byt oKylibapabIH TaKbIPBINTH TEPEH
TYCiHY1HE KOHE OHBI Y3aK YaKbIT €CT€ CaKTayblHa BIKIAN €TE/l.
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ConbiMeH KaTtap, HUQPIBIK TEXHOJOTHUSIAP KEKE OKBITY MYMKIHJIITIH KeHelTeni. Op
OKYIIIBI 63 ICHI€iliHe COlKeC TarchlpMaliap/ibl OpbIH/AAI, 63 KAPKBIHBIMEH KYMBIC 1CTEH anaibl.
byn Oimimaeri ONKBUIBIKTapAbl Jep Ke3lHAE aHbIKTall, OJapJbl TY3E€Tyre KOMEKTECe/Il.
OxymbutapablH OUTIM camachlHAa dCep €TETiH Tarbl Oip MaHbB3ABI (DakTOop — XKemenm Kepi
Oaiinanbic. OHNAWH TECTTEp MEH AaBTOMATTaH/ABIPBUIFAH JKYHEJep apKbUIbl OKYLIbl ©3
HOTIDKECIH OIpJIeH Kepill, KaTelepiH Tanaai anaasl. byl oKy mpoIeciH THIMAIPEK €T/l KOHe
oumimai Oekityre MyMkiHaik Oepeai. CoHbIMeH Oipre, 3aMaHayd Kypajijap OKYIIbUIAPbIH
IIOHT€ JIET€H KbI3bIFYIIBUIBIFBIH apTThIPA/IbI.

Kanmer anranga, TUQPIBIK TEXHOJOTUSUIAPABI THIMJII KOJJIaHY OKYIIBLIAPABIH OLIIM
carachblH apTTHIPYALIH MaHbI3 bl KYPaJIbl 00IbIN Ta0bu1aabl. O O1711M/1I MEHTepy/Il )KeHUIIETIN
KaHa KOWMaii, OKyIIbUIApBIH ©31ITHEH OUTIM ay JaFIbUIapblH KaJIbIITACTBIPAIbl. 3epTTey
HOTHXKEJEepl KOPCETKEHAEH, OYJ1 TEXHOJIOTHUIAp (PU3MKANIBIK KYOBUIBICTAPIbl KOPHEKI TYPAE
TYCIHAIpYTe, KypJell ecentepAl MOAENbIEY apKbUIbl KEHIIAETYIe KOHE OKYIIbLIAPJIbIH OKY
MaTepHaliblH TEPEH MEHrepyiHe MyMKIHIIK Oepexai. OKy mpouecinae nudpiblK pecypcTapibl
TUIMJII KOJIJIaHy OKYUIbUIAPABIH TEK TEOPHSUIBIK OLIIMIH FaHa €MeC, COHBIMEH Karap
IPAKTUKAJIBIK JKOHE JIOTMKAJIBIK Oiylay KaOuieTrTepiH nae ketuiaipenl. KopbeITblHabUIAN KeTe,
(U3UKaIbIK Ma3MYHJIBl €CenTepAl Helyae UU(PIbIK TEXHOJOTUsIIapAbl KOJIJaHy — 3aMaH
TajabbiHa cail 611iM OepyIiH TUIM/II KYpaJlbl.
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Kazaxckuii HallmoOHaIbHBIN UCCIIE0BATEILCKUM
texHndyeckui ynupepcuret umenu K. M. CarnaeBa
(r. Anmmartsl, Kazaxcran)

IT'EOXUMHNYECKHUE KPUTEPUU HE®TET'ABOHOCHOCTH U MOJEJIN
MUT'PAIIUHA YIJIEBOJOPOJOB B HAJCOJIEBBIE KOMIIJIEKCBI BOCTOKA
IMPUKACIIUUCKOM BIIAJITUHBI

AHHOTamus: B cratbe npeacTaBieH aHATUTUYECKUNW 0030p F€OXMMHUYECKHUX YCIOBUUI
(GOopMHpOBaHUS M H3BOJIOLMH YIJIEBOJOPOJHBIX CHCTEM B HAACOJEBOM (BEPXHEMEPMCKO-
ME30301MCKOM) KOMILIEKCE BOCTOUHOro OopTa IIpukacnuiickoii Biaguusl. ['1aBHOM ipoOiaemoit
pPErMoHaNbHON HE(TEra3oBOW T'€OJOTHU SIBJISETCA T'€HE3UC He(PTEel B YCIOBUSAX AKTUBHOIO
IPOSIBJIICHHS] COJSHOrO nuanupuima. [IpoBefeH CpaBHHUTENbHBIA aHAIW3 TE€HEPAlMOHHOIO
NOTEHIMaa MOJCOJIEBBIX MaIC030MCKUX U HAJCOJIEBBIX ME3030MCKUX (TPUACOBBIX U IOPCKUX)
OTJIOKEHUI. PacCMOTpEHbI MEXaHU3MBI MEXKOMIUIEKCHONM MUTPALMK YIVIEBOJOPOJOB CKBO3b
«COJISIHBIE OKHa» W JlaTepajibHOro mnepeToka (miongoB. Ha ocHOBe AaHHBIX O (PU3UKO-
XUMUYECKUX CBOMCTBAX He(TEH, pacmpenereHu: MOJEKYJISIPHbIX OMOMapKepoB (CTEpaHOB,
TEPIIaHOB, HW30NPEHOMIOB) M M30TOIHOM COCTaBe Yyriepojaa OOOCHOBaHA TMOJMIE€HHAs
(cMemaHHast) mpupoja OONbIIMHCTBA HAACONIEBBIX 3aiexei. [lokazaHo KpUTHYECKOE BIHUSHUE
poleccoB OaKTEpUATbLHON OMOIeTrpajalliy Ha HCKaKeHHE IEPBOHAYATIbLHOTO F€OXUMHUYECKOTO
o0nuka HeTel B IOBYIIKaX Ha MaJIbIX IiyOuHax. CaenaH BbIBOJ O HEOOXOIUMOCTH CMEILICHHUS
MOMCKOBBIX  paboOT B  TJIyOOKME HMHBEPCHOHHBIE  MEXKYMOJbHbIE  MYJbIbL, TJI€
TEPMOJIMHAMHYECKHE YCIOBHS CIOCOOCTBYIOT COXPAHEHHUIO KAaYECTBEHHBIX YIJIEBOJIOPOJIOB,
CreHepUpPOBAHHBIX 1n situ.

KiuroueBbie cioBa: Ilpukacnuiickag BhmaauHa, TeoXxuMusi HePTH, OHOMapPKEpHI,
HeTeMaTepuHCKas TOpoJia, YIJIEBOJAOPOAHAsl CUCTEMa, COJITHOM JMamMpU3M, MUTparLus
daron0B, OMoaeTrpaaIus, KEPOreH.

BBenenue: Ycnennblii mporao3 HehTera30HOCHOCTH JIFOOOW TEPPUTOPUU Oa3UpyeTCs Ha
KOMIUJIEKCHOM NTOHMMAaHUH yTIJIEBOAOPOJIHON CUCTEMBI, B KOTOPOW HAJIIMYKUE CTPYKTYPHON WIIH
cTpaturpaduyecKor JIOBYIIKM SIBISACTCA JIUIIh OJHUM U3 HEOOXOJAMMBIX, HO JAJIEKO HE
CAMHCTBEHHBIM JJIeMeHTOM. Kak ObUI0 TOKa3aHO B MPEABIAYIIMX HCCICIOBAHUSX,
WHTEHCUBHBIN COJITHOW JIUANUPHU3M Ha BOCTOYHOM OopTy Ilpukacnuiickoli MeracHHEKIIN3bI
chopMHUpOBall OrPOMHOE pazHOOOpa3We TMOTCHIMAIBHBIX EMKOCTEH ISl aKKyMYJISIHH
YIJIEBOJOPOJOB B  HAACOJIEBOM ME3030MCKOM dTaxe. OIHAKO Hamuyue UACaIbHON
HEAHTUKJIMHAJIBHOW JIOBYIIIKY Y HAJIE)KHOM TJIMHUCTOW MOKPBIIIKA HE TAPAHTUPYET BBISIBICHUS
peHtabenbHOU 3ayexku. KiroyeBod mpoOsieMoid, Ompeaessionield BBICOKHE Te0J0THYeCKue
PUCKHM TIPU TOUCKOBO-PA3BEAOYHOM OYpPEHUU B PETHOHE, OCTAETCS CJIOXHAs U BO MHOTOM
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JUCKYCCUOHHAsl T€OXMMHSI OPraHMYECKOrO0 BEIIECTBA, a TAaKKE HEONPEIEICHHOCTh IyTel
MUTPAIUH YTJIEBOAOPOIHBIX (PIIIOUIOB.

Bocrok Ilpukacnuiickoli BOaAWHBI MPEACTABISAET COOOW YHHMKANbHBIA MNPUPOIHBIN
NOJINTOH JUIsI W3Y4YEHUS MPOLECCOB TIEHEPALMM, NepepaclpeacsieHus U Jlerpajauuu
yTIIeBOJ0po10B. McTopruecku CIOXKUIOCH TaK, YTO TJaBHbIE HETEra3oMaTepUHCKUE TOJIIIH
OacceitHa (B mepByr0 ouepenib, 000OTallleHHbIE OPTaHUKON JIeNpecCHOHHbIE (dalluy JeBOHA U
KapOoOHa) MpUYypOYEeHBl K IIyOOKO3aleralonuM MOACOJIEBbIM KoMILIekcaM. B To ke Bpems
HAJICOJIEBOM 3TaX, OTJEICHHBIN OT MaNe030MCKOT0 (PyHIaMEHTa MOITHEHIIIMM PETUOHATBHBIM
GO0y TIOPOM — HBANIOPUTAMH KYHTYPCKOTO sIpyca, COACPKUT MHOTOUUCIICHHBIE CKOTUICHHUS
He(pTU W ra3a B TEPPUIECHHBIX KOJUIEKTOpaxX HWKHETO-CPEIHEro Tpuaca, CpelHed IOophl U
HWDKHEro Mena. ['7aBHasg reojormyeckas 3arajka, KOTopas YK€ HECKOJIBKO JECATUIIETHM
pa3zensieT MCCIENOBATENbCKOE COOOIIECTBO, 3aKIIOYAaeTCd B NPOUCXOXKIECHUU ITHX
HaJICOJIEBBIX HE(TEH.

SBASAIOTCS M ME3030MCKHE 3aJIEKHU PE3yIbTaTOM MaclITaOHON BEPTHUKAIBHOW MUTpallun
Najae030MCKUX (PIFOUIOB, CYMEBIIMX IPOPBATHCSA CKBO3b OCIA0JIEHHBIE TEKTOHUYECKHUE 30HbI U
«COJISIHBIE OKHA» B 3BAnoOpuTOBOM Tomue? Wiy e TeppUreHHbIE TOJIIM PAaHHETO Me30304,
HaKaIJIMBABIIMECS B MEXKKYIOJIbHBIX KOMIIEHCAIIMOHHBIX MYJIbJIaXx, 00JIaat0T JOCTATOYHBIM
coOCTBEHHBIM (in Situ) reHepalMOHHBIM MTOTEHITUAIOM, YTOOBI CHOPMHUPOBATH MECTOPOXKICHHUS
0e3 moanuTku cHu3zy? PasperieHue 3Toro (pyHIaMEHTaIbHOTO MPOTHUBOPEUUS KPUTUUYECKU
Ba)KHO HE TOJIBKO JIJISl aKaJIEMUYECKOW HAyKH, HO U JIJIsl CyTy0O MPaKTUYECKHUX 3a/1a4: OT TOTO,
Kakas MOJEJIb YTJIEBOJOPOJHONM CHCTEMBI SIBJISIETCS IOMHUHUPYIOMICH, HANPSMYIO 3aBUCHT
CTpaTervs 3aJ0KEHUS TOMCKOBBIX CKBAXXHMH, OIICHKA OOBEMOB OXKHIAEMBIX 3alacoB U
MEPCTIEKTUB CIa00U3yUYECHHBIX MEKKYTIOIBHBIX 30H.

Lenpto pgaHHOro 0030pa SBISETCS CHUCTEMAaTH3alUsd HAKOIUIEHHBIX T€0JIOro-
FCOXMMHUYECKUX JaHHBIX, XapaKTEPU3YIOIIMX YyCJIOBHS TE€HEpallMM W  CKOILJICHUS
YIJIEBOJIOPOJIOB B HAJCOJIEBOM KoMIuiekce BocToka Ilpukacnusi. B cratbe 0000I1IEHBI
COBPEMEHHbIE pe3ynbTaThl MUAPOJIUTUIECKUX UCCleIOBaHU MOTEHIIUAJIBHBIX
HEe(PTEMATEePUHCKUX TOPOJ, XPOMAaTO-MacCC-CIEKTPOMETPUUYECKOTO aHalIM3a MOJIEKYJISPHBIX
OMOMapKepoOB M H30TOIMHOIO COCTaBa HepTeld. ITO MO3BOJISET MO-HOBOMY B3IVISHYThH Ha
SBOJIIOLMIO  YIJIEBOJOPOJHBIX CHUCTeM OacceiiHa M  BBISIBUTH HauOoyiee HAJIeKHbIE
Tr€OXUMUYECKUE KPUTEPUU HE(PTEra30HOCHOCTH B YCIOBUSX AKTUBHOW COJISTHOKYTIOJHHOM
TEKTOHUKH.

IoTreHuuajbHble HePTEMATEPUHCKHE TOJIIA M OIEHKA HX TIeHePANOHHOIO
MOTEHI[HAJIA

@OyHIaMEHTOM 11 MOCTPOCHUS JOCTOBEPHOM MOJIEIN YIJIEBOJOPOAHOM CHCTEMBI
SABIIICTCS WASHTU(DUKAIUS HEPTEra30MaTePUHCKUX CBUT — TE€X CaMbIX OCAJOYHBIX TOJIIII,
OpraHUYeCcKOE BEIIECTBO KOTOPHIX TMOCTY>KUJIO TEPBOMCTOYHUKOM [Isi (OPMUPOBAHUS
3asiexkedd. OlleHKa TeHEepalMOHHOI0 TOTEHIMana Oa3upyercs Ha aHall3e Te€OXUMHUYECKUX
napaMeTpoB MOPo/I: 001Iero coaepxkanus opranundeckoro yriepoaa (TOC), Tuna keporena u
CTENEHU €ro TEPMHUYECKOM 3penocTu (CTaauu KaTareHesa), OmnpeleisieMoil yaile BCero Mo
OTpa)kaTeIbHOW CIMOCOOHOCTM BUTPUHUTA M JAaHHBIM mNuposm3a no meroqy Rock-Eval. B
KOHTEKCTEe BOCTOYHOro Oopta Ilpukacnuiickod BHAIUHBI HCCIEIOBATEIM TPAJAUIIMOHHO
AHANMM3UPYIOT JBa TPUHIIMIHAIHHO PA3HBIX YPOBHS TEHEpAIMu: TIIYOOKHH Majae030MCKUN
(moiconeBoit) U OoJIee MOJIOIOM ME3030MCKHUI (HAICOICBOM).
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[ToaconeBoi naneo30MCKU KOMIUIEKC pacCMaTpUBaeTCs a0COMOTHBIM OOJBIIMHCTBOM
Te0JIOTOB KaK TIJIaBHBIN, PETMOHANBHBIM «JIBUTaTeNb» HedTerazooObpa3oBaHus BO Bcei
[Tpukacnuiickoil MeracuHekin3e. OCHOBHBIM UCTOYHUKOM YTJIEBOJOPOJIOB 3J€CH BBICTYIAIOT
MOIIIHBIE JENPECCUOHHBIE (hallMi BEPXHETO JEBOHA M HIDKHEro-CpenHero kapboHa. ITo
MPEUMYILIECTBEHHO TEMHOLBETHbIE OWTYMHUHO3HBIC CJAHIbl, APTHJUIMTHI W TJIMHUCTHIC
KapOOHAThl, HAKAIUIMBABIIMECS B YCIOBUAX TIyOOKOBOJHOTO, HEKOMIIEHCUPOBAHHOIO
ocaJikaMd MOPCKOro OacceiiHa C CEepOBOAOPOJHBIM 3apa’kKeHHEM NPHUIOHHBIX Boja. Takue
OECKUCIIOPO/IHbIE YCIIOBHUSI OOECHEUWIM BEJIMKOJICTIHYIO COXPAHHOCTh OPraHU4YecKoro
BEI[ECTBA MPEUMYIIeCTBEHHO canpomneneBoro Tuna (keporeH I u 11 tunos). Coaepxanue TOC
B ATHUX TOJIIAX HEPEIKO MpeBbIaeT 3—5%, a B OTIEIbHBIX NPOCIOSAX MOKET Jocturath 10% u
Oonee, uyto KiIaccuPpUIUPYEeT HMX KaK MOPOJAbI C YHHKAIbHO BBICOKMM T€HEPAIlMOHHBIM
noTeHIHAIOM. C TOYKH 3pEHUS TEPMUUECKON IBOJIIOLINHN, TATIE030MCKHUE TOIIM ITOIPYKEHBI HA
3HAYUTEJIbHBIE TIYOMHBI U JABHO BOIIUIM B «TJIaBHYIO 30HY HedreoOpazoBanus» (I'3H), a B
HanOoJiee MOrpyKEHHBIX OJOKaX — JOCTUIIIM CTaJHH >KECTKOTO aroKaTareHes3a, TeHepupys
CyXxo# ra3 u konjaeHcar. COMHEHUH B TOM, YTO MaJ€030M MPOMU3BENI KOJOCCAIbHBIE 00BEMBI
YTJIEBOJOPOIOB, B HAYYHOM COOOLIECTBE HET.

CoBepuieHHO HHasi, Topa3fo Oosee CloXHas U HEOAHO3HAYHAs KapTHMHA HaOIIOAaeTCs
IIPU OLIEHKE COOCTBEHHOTO (In situ) TeHEPallMOHHOTO MOTEHIIMAIa HaJICOJIEBOTO ME3030MCKOT0O
yexja. Ha mpoTspkeHMM MHOTMX JECATWIETHM TOCHOJCTBOBaja TOYKA 3pPEHHUs, COIJIACHO
KOTOPOM TPHUACOBBIE M IOPCKHE OTJIOKEHUS BOCTOKa [Ipukacmus reoXMMHYECKHM HWHEPTHBI.
Cunranoch, YT0 OHM JINOO O€AHBI OPraHUKOMN, MO0 HE JTOCTUINIM JOCTATOYHBIX TEMIEPATYP
JUI 3aIllycKa IPOILIECCOB MAacCOBOHM TreHepaluu He(PTH u3-3a OTHOCUTENIBHO HETrIyOOKOro
3aneranus. OJHaKO MacHITaOHbIE COBPEMEHHBbIE N€OXMMHUYECKHE HCCIIEIOBAHUS KEPHOBOTO
MaTepuaia, HW3BJICUEHHOIO U3 TIIYOOKHMX MEXKYNOJbHBIX MYJbJ, 3aCTaBUIM CEPbE3HO
MIEPECMOTPETH ATy NAPATUTMY.

['maBHBIMM KaHIUJATaMU Ha pOJb COOCTBEHHBIX HEPTEMAaTEPUHCKUX TONIL B
HAJICOJIEBOM 3TAKE CErOJIHS CYUTAIOTCS TJIMHUCTHIE AYKU OJIEHEKCKOTO M AHU3UKMCKOTO SIPYCOB
(HIDKHUM-CpeJHUI TpHac), a TakKe YIVIMCTbIE aprWUIMThl CpEeIHEW IOpbl. YCIOBUS HX
OCa/IKOHAKOTUIEHHSI KapAWMHAIBHO OTJIMYAIUCh OT MaJCO30MCKUX: ATO ObUIM MEJIKOBOJHO-
MOpPCKHE, JTaTyHHBIC, & 3a4aCTYI0 U KOHTUHEHTAJIbHBIE (03€pHO-aJUTIOBHAIbHBIE) O0CTAHOBKHU.
Bcenencteue 3TOr0 OpraHM4eckoe BELIECTBO 3/1€Ch MMEET NPEUMYIIECTBEHHO CMELIaHHBIN,
rymycoBo-canponeneBbiii coctaB (kepored [I-I11 u Il TumoB) ¢ BeICOKO# H07€H TEPPUTEHHOTO
(pactutensHOTO) MaTepuaina. Jlanusie muponuTuuecknx anann3oB Rock-Eval moka3seiBatot, 4to
conepxanue obmero opranumdeckoro yriaepoga (TOC) B Me3030MCKUX TJIWHAX OOBIYHO
Bapbupyercs B npeaenax ot 0.5% 1o 2.5%, penko gocturasi 4% B TOHKUX YIJIMCTBIX IPOCIIOSX.
OT0 MO3BOJISIET KJIACCU(PUIIUPOBATH UX FCHEPAIIMOHHBIN MOTEHIIMAI KaK yI0BICTBOPUTEIbHBIH
WJIM XOPOIIIM, HO MPU 3TOM OHHU B OOJIBIIEH CTENEHH CKJIIOHHBI K TeHEpalluy ra30KOHAeH caTa U
JIETKOW HE)TH, HEIKEIU TSHKEJIBIX CMOJUCTBIX (ITFOUIOB.

KitoueBbIM apryMeHTOM B T€OXUMHUYECKUX JUCKYCCUSAX OCTAETCS CTENEHb TEPMUUYECKON
3penocT Me3030McKoi opraHuku. Ha cBomax M (iaHrax COJISIHBIX KYIIOJIOB, TJI€ FOPCKO-
TPUACOBBIE TIOPOJBI MPHUIIOAHITHI TAJIOKUHE30M Ha TIIyOMHBI 1—2 KUJIOMETpa, OpraHuYecKoe
BEILECTBO JCHCTBUTEIBHO SIBISIETCA HE3pesibiM (cTaausi mpoTokarareHesa, rpanauus [1K).
OnHako B IEHTPAIbHBIX YACTSAX TIyOOKHMX KOMIIEHCAIIMOHHBIX MYJbJ BOCTOYHOrO OOpTa
OCHOBaHHE TPUACOBOIO KOMIUIEKCA IMOTpYy’KaeTcss Ha TIyOHHBI 4—5 KUIOMETpOB U Oouiee.
Pe3ynbpTatel 0acceiHOBOTO MOJEIMPOBAHMS M 3aMEPbl OTPAXKATENbHOM CIIOCOOHOCTHU
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BUTPUHUTA JIOKA3bIBAIOT, YTO B ATHUX JIOKAIBHBIX MEXKYMOJBHBIX JEHOUECHTPAX IOPOIBI
HIDKHETO U CPEJIHETO TpUaca YBEPEHHO IEPEUIArHYJIM MOPOT TEMIIEPATYPHOrO ONTUMyMa U
BOLIUIM B rpagamnuio Me3okararene3a (MK1-MK2), To ecTb B BEpXHIOIO YacTh «TJIaBHOW 30HBI
He(TeoOpa3oBaHUM.

Takum 00pa3oMm, COBpEeMEHHbIC JAaHHBIE CBUIETEIBCTBYIOT O TOM, YTO HAJCOJEBOMN
KOMILJIEKC BocToka [lpukacnusi He SBISIETCS T€OXUMHUYECKH «CTepHJibHbIM». OH oOnamaer
COOCTBEHHBIM T'€HEPAIMOHHBIM TMOTEHIMAJIOM, KOTOPbIH, OJHAKO, CTPOTO JIOKAJU30BaH B
MPOCTPAHCTBE — OYark BO3MOXKHOTO OOpa3oBaHUs HEPTH MPUYPOUYEHBI HCKIIOYUTEIBHO K
HamOoJiee MPOTHYTHIM YaCTAM MEXKYMOJbHBIX MYJbA. Hanmuuue 3Tux ABYX MPUHIUIHAIBHO
Pa3HBIX «KYXOHb IOTOJIbI (MOIIHON pETHOHAILHOM MaIe030MCKOM U JJOKaIbHON ME3030HCKOH)
CO3/1a€T OCHOBY JUJISl CIIO’KHEHIIIeH KapTUHBI paclpeeNieHusl YIIeBOJ0POI0B, pacInppoBaTh
KOTOPYIO HEBO3MOXHO 0O€3 MOHMMaHus MyTed Murpanuu (GIOUI0B B YCIOBHUSX COJISTHOM
TEKTOHHKH.

IIyru murpanuu ¢GpJirona0B B YCJIOBHAX COJIAHOKYIOJIbHON TEKTOHUKHU

Hannume poka3zaHHBIX OYaroB TeHEpAlMd YIJIEBOJOPOAOB — KaK MOIIHBIX
PETHOHAIBHBIX B MOJICOJIEBOM MAJIC030€, TAK U JIOKAJBHBIX B ME3030MCKUX MYJIbIaX — CTABUT
nepe] UCCIIeIOBATEIISIMU CIIeAY oMU (yHIaMEeHTAIbHBIN BOIIPOC: KAKUM 00pa3oM HE(DTh U ra3
MPEOJOJIENN 3HAUYNUTENIbHBIE PACCTOSHUS W 3alOJHWIM JIOBYIIKA B HazacojieBoM uexie? B
KJIACCUYECKUX IIATHOPMEHHBIX OacceiiHax Murpamus (IoUI0B MPEACTaBIsSeT COoOoM
OTHOCHUTEJIBHO IIPEACKA3YEMBIH ITPOLECC IBUKEHUS OT ITOIPYKEHHBIX 30H K TUIICOMETPUUECKU
OPUNOIHATHIM ydacTkaMm. OpHako Ha BocToke [Ipukacnuiickoil BmajiuHbI 3TOT MPOIECC OBLI
TOTAJIBHO MCKaX€H U OCJIOKHEH TaJOKMHE30M, KOTOPBIM CO3[all YHUKAIbHYIO, JUHAMUYHO
MEHSIOIIYIOCS B T€OJIOTHYECKOM BPEMEHU CUCTEMY (PITFOMAONPOBOIHUKOB M SKPAHOB.

['maBHBIM  MapagoOKCOM  PErMOHAIBHOM  YTJIEBOJOPOJHOM  CHUCTEMBI  SIBJISIETCS
JIBOVICTBEHHAs] POJb KYHTYpCKOM conssHOM Tommu. C  OZHOM CTOPOHBI, 3BAllOPUTHI
NPEACTaBIAIOT CcOOOM ujeanbHbIN, aOCOMIOTHO (IIIOMJOYMOPHBI HJKpaH C HYJIEBOU
MPOHULIAEMOCTBI0, KOTOPBIA HAJIE)KHO 3aM€4aThIBACT TMTAHTCKUE CKOTUIEHHUSI YTJIIEBOIOPOAOB B
M0JICOJIEBOM KOoMILIeKce (Takue kak Tenru3 unu Kapauaranak). B HeHapylieHHOM COCTOSIHUA
KYHT'YPCKasl COJIb JIeJIaeT HEBO3MOXKHBIM MIEPETOK (PuIrou10B CHU3Y BBepX. C Ipyroi CTOPOHHI,
MMEHHO JKCTpPEMaJbHas IUIACTUYHOCTh COJIM U €€ aKTUBHOE IEpPEPacCIpeiesICHHE B IIPOLIECCE
pocTa 1ManvpoB MPUBEIN K HAPYLUIEHUIO CIUIOLIHOCTH 3TOT0 SKpaHa.

B uenTpanbHbIX, HanboJee MPOTHYTHIX YACTIX MEXKYMOJbHBIX KOMIEHCAIMOHHBIX
MYJIbJI BOCTOYHOTO O0OpTa MAaTEPUHCKUMN IJIACT KYHTYPCKOM COJTM OBLIT MPAKTUYECKH TTOJTHOCTHIO
BBIJIABJICH B pacTymue mo nepudepun mToku. B pe3ynbrare TEKTOHMYECKOTO HCTOIICHUS
COJITHOM 3aJie’u C(HOPMHUPOBATUCH TaK HA3BIBAEMBIC «COJSHBIE OKHA» — OOIIMPHBIC 30HBI
3USHUS, TAE HaJCOJIECBOM ME3030MCKO-KAaMHO30MCKUM YE€XOJ JIeT HENOCPEACTBEHHO Ha
MOJICOJIEBBIE MAJIEO30MCKUE TOPOJAbl MWW OTAECIEH OT HUX JIMIIb MaJOMOIIHBIMU JIMH3aMHU
cynb(haTHO-TEPPUTCHHBIX TOPOJ. MIMEHHO 3T «OKHa» CTaju TJIABHBIMU TMOpTaJaMH s
MacIITa0HOW MEXKOMILUIEKCHON BEpTUKAILHOM MHTpanuu. Haxomsmiuecs moJ aHOMaJIbHO
BBICOKMM TUUIACTOBBIM JIABJICHUEM MAaJ€030MCKUE YTIIEBOJOPOAbI, CrE€HEPHUPOBAHHBIE B
rIIyOOKMX OoYarax, yCTpeMJISUITMCh B 3TH 30HBI ociabiienud. [Iporecc neperoka MHOTOKpaTHO
YCUJIUBAJICS] TYCTOM CEThIO NTYOMHHBIX CyOBEPTUKAIBHBIX Pa3IOMOB, KOTOPbIC MPOHU3BIBAIH
dbyHIaMEHT MyJbd U paboTaaum Kak CBOEOOpa3HbIe TEKTOHWYECKHWE KIamaHbl. B mepuomsi
TEKTOHUYECKUX AKTHBHU3AIUA STH PA3JIOMBl NMPHOTKPHIBATUCH, OOECIEYNBas WMITYJIHCHYIO,
CTPYHHYIO MHBEKIHIO HE()TH U Ta3a U3 Majaeo30s B 0a3ajbHbIe TOPU30HTHI TPUACA.
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Conceptual Geological Cross-section of a Petroleum System in a Salt Diapir Basin
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Pucynoxk 1. KonnenrtyanpHas MOJEIb yIJIEBOJOPOIHON CUCTEMBI: ITyTH MUTPALIMHU
G0 10B yepes «CosHbIe OKHa» U (popMUpOBaHUE 3aleKel B HaICOJIEBOM KOMILJIEKCE

6

[TomaB B HAJACOJIEBOM KOMILIEKC Yepe3 «COJsHbIe OKHa» (Wi  Oyaydu
CTCHEPHUPOBAHHBIMH in Situ B CaMbIX TIIYOOKHX YacTSIX TeX K€ MYJbI), YIJIEBOIOPOIHBIC
(bIronIBI HAYMHAIM BTOPOM ATaIl CBOETO MYTH — JIaTepalibHYI0 (O0OKOBYI0) MUTpanuio. Poib
[JIaBHBIX TPAHCIOPTHBIX apTEpuUi Ha HSTOM OdTane B3sJIM Ha Ce0s MOIIHbBIE IJIACThI
BBICOKOIIOPUCTHIX U MPOHUIIAEMBIX IECYAHUKOB HMKHETO U CPEJTHETO TPUACA, @ TAKKE CPEIHEN
1opbl. JIBMkeHue (QUIIOMI0B MOAYMHSIIOCH 3aKOHAM THAPOJMHAMHKU M IUIaBy4decTH: Ooliee
Jerkue HePTh U Ta3 CTPEMUJIUCH MOJHATHCA MO BOCCTAHUIO IJIACTOB OT TIyOOKHX LIEHTPOB
MEKKYTOJIbHBIX AEMIPECCUN K UX KPasiM.

NMeHHO 37€ch MyTH MHUTPALMM MEPECEKAUCh C PACTYLIMMH COJSHBIMH KYIOJIAMH.
[Tecuanbie rOpU30HTHI-TIPOBOJHUKH, BBIXOS U3 MYJIbJIbI, KPYTO U3THOAIHNCH BBEPX Ha CKIIOHAX
JTUAMUPOB. YTIEBOAOPOIbl JIBUTAIUCH MO STUM HAKJIOHHBIM ILJIacTaM JI0 T€X MOp, MOKa He
BCTpEUAJIM Ha CBOEM IyTH HEMPEOJO0JIMMOE MPENATCTBUE. TakuM NpensiTCTBUEM CTAaHOBUIJIOCH
aM00 caMO TEJIO MPOTHIKAIOIIETO COJSHOTO IMTOKa ((POopMHUPYSI MPUKOHTAKTHYIO JIOBYIIKY),
aM00 HABUCAIOMIMK COJSHOW KapHU3 (3aroHssi He()Th B TMOAKAPHU3HYIO JIOBYIIKY), JIHOO
JIUTOJIOTUYECKOE BBIKJIMHUBAHUE KOJIJIEKTOpAa Ha CKJIOHE Kymoja. B HaJICBOJOBBIX 4YaCTIX
KYITOJIOB MUT'paIUsl HOCUIIA ellle 0oJiee CIOKHBIN XapakTep: (IIOUAbl MPOCAYUBAIIUCH 110 CETH
MaJIOaMIUTUTYAHBIX ~ COpOCOB B  rpabeHax  OOpyIIeHHUs, 3aloJiHAs  TEKTOHUYECKU
HKpaHUPOBAHHBIC OJIOKH.

Kputnueckn BaXKHBIM aCIIEKTOM 3TOM MOJIEIIH SIBJISIETCS €€ ITMHAMHUYHOCTD. ['anoknHes
HE OCTAHABJIMBAJICS HU HAa MHHYTY, & 3HAUMUT, aPXUTEKTypa MyTE€d MHUTPALUU TMOCTOSHHO
MeHsu1achk. Pa3nomel, KOTOpBIE €le BUEpa CIYKWIH IPOBOAHUKAMU, IMPU U3MEHEHUH BEKTOpA
HaIpPsKEHU MOTJIM COMKHYThCS, TPEBPATUBIINCH B HEITPOHUIIAEMbBIE SKPaHbl. YTJIbl HAKJIOHA
IJIaCTOB Ha (hJlaHTaxX KYIOJIOB MPOJOJDKATM PACTH, YTO HEPEIKO MPUBOJIUIIO K W3MEHEHUIO
MOJIOKEHUS! CTPYKTYPHBIX 3aMKOB M TIEpeNIMBY HEPTH U3 yke CHOPMUPOBAHHBIX JOBYIIEK
BBIIIE MO pa3pe3y. ITOT MPOlecC BTOPUYHON MHUTpalu U nepedOopMUpOBaHUS 3ajIeKeil Ha
BocToke [Ipukacnusi sBisSIeTCSl CKOpee MpaBWUJIOM, YeM HUCKIoueHueM. Yacto ¢uroussl, He
HaNJs HaJIEKHOM MOKPBIIIKHU, POPHIBAIIUCH CKBO3b TPEUIMHOBATHIE FOPCKUE U MEJIOBbBIE TJIUHBI
K JIHEBHOM TIOBEPXHOCTH, YTO OOBSICHSET HaJu4yhe B PErMOHE MHOTOYHUCICHHBIX
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MOBEPXHOCTHBIX HE(TETPOSIBICHUNA M CKOIUICHWH CHJIBHO OKHCIEHHBIX OMUTYMOB. Takum
oOpa3oMm, MyTh HE(PTU OT MATEPUHCKOW MOPOABI A0 JIOBYIIKH B YCJIOBHUAX COJISTHOTO
TUanupu3Ma TMPEACTaBISIET cO00M ClIokKHEHITyt0 MHOrodasHyoo scradery, Tae Majieiriee
HapyLIEHUE CHHXPOHHOCTU TEKTOHHUYECKUX IIPOLIECCOB BEIO K OE3BO3BPATHOM IOTEpE
YTJIEBOJOPO/IOB.

I'eoxumMuyeckasi xapakTepucTuka HedTeil 1 MOJIeKYJIsIPHbIe OHOMApPKePbI

[loHumMaHue apXUTEKTypbl IMyTE€d MHUTpAlMd HEPA3pbIBHO CBSI3aHO C JICTAJIbHBIM
uzydeHueM camoro ¢uronga. dusuko-xumMudeckue cBoicTBa HeTel HAJCOIEBOIO KOMILIEKCA
BOCTOYHOTO O60pTa [Iprkacnuiickoi BliaJuHbl — B YaCTHOCTH, KIIACCHUYECKUX MECTOPOKICHUIN
OMOUHCKOM HEPTEra3oHOCHOM 00JIaCTH — OTJIMYAIOTCS KOJOCCaIbHBIM pa3zHooOpasueM. B
nmpenenax OJHUX M TeX K€ CTpaTUrpaduyecKuX TOPHU30HTOB MOXKHO BCTPETHTh Kak
CBEpXJIETKHE, MOABWKHBIC, MAJIOCEPHUCTbIE HE(TU W Ta30KOHIEHCAThl, TaK M TSDKEJIbIE,
BBICOKOBSI3KHE, CMOJIUCTBIE PA3HOCTH, 1O KOHCHUCTEHLMU HAlIOMUHAIONIME MalbThl. Takoe
pEe3K0e KOHTPACTHOE pAaCIpEEICHHE CBOMCTB HEBO3MOXXHO OOBSCHUTH TOJBKO YCIOBHSIMHU
NEPBUYHON T'€HEpALMU; OHO SIBJIAETCA NPSIMBIM CJIEICTBUEM CIIOXHOW MCTOPUU MUTPALUU U
MHTEHCUBHBIX MTPOLIECCOB BTOPUYHOTO U3MEHEHUS 3aJI€XKEN B TEPMOJUHAMUYECKUX YCIOBUSAX
MaJbIX TJIyOHH.

EnuHCTBEHHBIM HAJICKHBIM HHCTPYMEHTOM IS paciii(ppOBKU T€HETHUECKOU MPUPOIbI
TaKMX pPa3HOOOpa3HbIX (IIOUIIOB SBISETCS AaHAIM3 MOJIEKYJSPHBIX OHOMapKepoB —
CBOCOOPA3HBIX «TEOXMMHUYECKMX OTIEYAaTKOB MAaJbLEB», YHACJIEIOBAaHHBIX HEPTHIO OT
UCXOJHOIO OpraHuuyeckoro BemiectBa. COBpEMEHHBIE METO/ABI I'a30BOM Xpomatorpaduu u
xpomato-macc-cektpomerpun (I'’X-MC) mo3BoJISIFOT Ha MOJIEKYJISIPHOM YPOBHE CPaBHUBATh
Ha/ICOJIEBbIE U NoicoeBble HePTU. OHUM U3 0a30BbIX HHAUKATOPOB BHICTYIIAET COOTHOILLIEHUE
U30IPEHOMUIHBIX alKaHOB — mpuctaHa U ¢urana (Pr/Ph). [Insg rnmyOMHHBIX Maneo30MCcKux
He(Teld peruoHa, CreHEPUPOBAHHBIX B MOPCKHUX BOCCTAHOBHUTENBHBIX OOCTaHOBKaX
KapOOHATHBIX TIATPOPM, XapaKTEPHbI HU3KKE 3HAYECHUSI 3TOr0 OTHOIIEeHUs (yacto Pr/Ph < 1).
B T0 xe BpeMs B psilie HaJACOJEBbIX TPHACOBBIX U IOPCKUX 3aJIeXel (PUKCUPYIOTCS 3HaYEHUs
Pr/Ph, npeBbimatonme 1.5-2.0. Takoil TEOXMMHUYECKHUUA OOJUK CBUJIETEIBCTBYET O
CYIIECTBEHHOW J0JI€ TEPPUIE€HHOrO (PAaCTUTENBHOI0) MaTepuana B HCXOJAHOM KEpOT€HE U
CyOOKHCIIUTENbHBIX YCIOBUSAX CEIMMEHTALMH, YTO SIBJISIETCS BECKMM apryMEHTOM B TOJIb3Y
reHepanuu dTUX HedTel in situ B ME3030MCKUX KOHTHHEHTAIBHBIX WU MPUOPEKHO-MOPCKUX
banmsx.

Eme  Oomee  neranbHylo  MHQOpMalMIO  TPEJOCTaBISET  pachpeiesieHue
MOJIMIIUKJINYECKUX OMOMapKepoOB — CTEPAaHOB M TeprmaHoB (romaHoB). CHEKTp CTEpaHOB
(yrneBomoposoB psima C27-C29) xkecTKO KOHTPOIHPYETCS TUIIOM HMCXOJAHOW OHWOMACCHI.
Breicokas konmeHTpamust xojectana (C27) TunuyHa [JI8 MOPCKOTO (DUTOIUIAaHKTOHA
(maneo30MCKUil MCTOYHMK), TOrja Kak mpeoOsamanue cturmactaHa (C29) ykaspiBaeT Ha
BJIMSIHUE BBICIIEN HA3€MHOM PACTUTEIBHOCTH, XapPaKTEPHOU JI1 ME3030MCKHUX OTJIONKECHUU.
N3yuyenue 3TUX MapKepoOB B HAJICOJIEBBIX HEPTAX BocTOKA [Ipukacnus yacTo 1aeT cMEIaHHYo
KapTUHY. B HEKOTOPBIX pe3epByapax YETKO IPOCIIEKUBACTCS NAJICO30UCKUN «MOPCKOW» Clles,
YTO HEOMPOBEPKUMO JI0KA3bIBAET (PAKT BEPTUKAIBHOIO MEPETOKA MO pazjoMam. B npyrux —
buKcupyeTcsi yYBEpEHHbIM Me3030ickuid  mpodusb. BaxkHeHmMM — IOMOJHEHHWEM K
xpoMarorpadun CIyKUT aHanmu3 u30TOnmHOro coctaBa yriaepoga (013C). Hedn,
CUHTE€HETUYHBIE ME3030MCKHM TOJNIAM, KaK MPaBWJIO, M30TOMHO OOJiee «TSDKEIbIe» IO
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CPaBHEHHIO C IMaJCO30MCKUMH aHaJOraMH, YTO Mo3BOsieT nuddepeHIpoBaTh UX AaKe MPH
CHJIBHOM CXO/ICTBE (PU3MYECKHX CBOMCTB.

OpHako nmpuMeHeHME OMOMapKEepHOTO aHaJM3a B HAJCOJEBOM ATaKE CTAJIIKMBAETCS C
CEpPbE3HBIM ECTECTBEHHBIM OapbepoM — TpoleccamMu Ouoaerpagany. boapIIMHCTBO
ME€3030MCKMX HEAHTUKIMHAIBHBIX JIOBYIIEK, O KOTOPBIX MBI TOBOPUJIM PaHEE, paCHOJIaracTcs
Ha HeOonpmux riyomHax (ot 500 mo 2000 MeTpoB), Tje TeMIlepaTyphbl IUIacTa PEIKO
npesbimaoT 60-70 °C. DTo ujeadbHbIC YCJIOBHUS IS KU3HEACATECILHOCTU a’dpOOHBIX H
aHa’poOHBIX OakTepuil. Ilonmanas B Takyro JIOBYIIKY, HEQTh MOJBEpPracTcss MacCUPOBAHHOU
OaKTepHaIbHON aTake: MUKPOOPTaHU3MBI B TIEPBYIO OUYEPEb «CHEAAIOT) JIETKHE HOPMaJIbHbIC
aJIKaHbl, B pe3yJbTaTe 4ero QIIOU] CTPEMHUTENIbHO TshKeyleeT, o0oramasch CMOJIUCTO-
ac(aJbTeHOBBIMU KOMIIOHEHTAMHU U HAPTEHO-apOMaTHUECKUMHU yTIEBOIOPOIAMHU.

buonerpananus He TONBKO YXyAIIaeT PEHTA0EIbHOCTh JOOBIYH HEPTH, HO U CTUPAET €€
NEPBOHAYANIbHBIN TeoXuMuyeckud koia. Ha mo3mHux cragusx paspylieHus Oakrtepuu
HAYMHAIOT YHUYTOXKATh JAXXE€ YCTOWYMBBIE M3ONPEHOUIBI W CTEpaHbl, MpeBpamias HePTh B
OecCTpyKTypHbIi OUTYM. B 30HaX aKTMBHOTO pOCTa COJSHBIX KYMOJIOB, TJE€ TIIMHUCTHIE
MNOKPBIIIKK TOCTOSIHHO MHUKPOTPEIIMHOBATHI, 3aJ€KH IOABEPraroTCs JIONOJHUTEILHOMY
pa3pylICHHIO 3a CYET BHIMBIBAHUS IUIACTOBBIMU WH(DWIBTPAMOHHBIMU BoAamu (water
washing). IMeHHO OBCEMECTHOE HAJIOXKEHUE 3TUX PA3PYIIUTEIbHBIX BTOPUUHBIX MPOLIECCOB
Ha NMEPBUYHBINA FT€HETUYECKUN TPOPIIIH QIIFOMI0B MOPOJIUIIO IECATUIICTHUE HAYUYHBIE CIIOPHI O
TOM, OTKY/JIa K€ Ha CaMOM JieJie IpUIIia HeTh B Me3030iickue oBymku [Ipukacnus.

JIUCKYCCHOHHBIE MO/IeJIH YIJIEBOAOPOAHBIX CHCTEM

CnoxHoe meperjeTeHne NyTed MUrpanud, KOHTPACTHOCTh (PU3UKO-XUMHUYECKUX
CBOMCTB (DIIIOMIOB M TOBCEMECTHOE HAJIOKEHHE MPOILIECCOB OMOAErpajalii MpeBpaTUIH
BOIIPOC O IE€HE3MCE HAJCOJIEBbIX HEPTEH B OJHY U3 CAMBIX OCTPBIX MPOOJIEM pErMOHAIbHOU
reojiornd. MCTOpUYECKH CIOXKHIOCH TaK, 4YTO MMEHHO Ha Marepuane MEeCTOPOKICHUMN
OMOUHCKOU He(TEra30HOCHOW 00JaCTH U CMEKHBIX CTPYKTYp BocTOuHOro Oopta Ilpukacnus
c(hOopMHUPOBATIUCH JBE MOJISIPHBIE, HENPUMHPUMBIE KOHUEIMIMU YTIE€BOAOPOIHBIX CHCTEM,
JTUCKYCCHUSL MEKIy CTOPOHHUKAMU KOTOPBIX MPOJIOJKAETCA 10 CHX TOP.

IlepBasg xkoHUENUUA — MOJEIb NTyOMHHON BEPTUKAIBHOM MHUIpanuu (Iajgeo30iMcKoro
ucTOYHMKa). Ee amonoreTsl OmMparTCs Ha KOJOCCAIbHBIA AUCOATaHC Macc: OO0bEMbI
YTJIEBOJOPO/IOB, aKKyMYJMPOBaHHBIE B HAJICOJIEBOM ME3030MCKOM 3Taxe, M0 MX pacdeTam,
3HAYUTENFHO TIPEBBIIAIOT COOCTBEHHBIN TEHEPAIMOHHBIM TMOTEHIMAT FOPCKO-TPUACOBBIX
OTJIOKEHUU. B paMkax 3To MOAEIM ME3030MCKUM YEXO0J PACCMATPUBAETCA UCKIIFOUYUTEIIBHO
KaK TpaH3UTHas 30Ha U TUTAHTCKUU pe3epByap i He(THU, CTCHEPUPOBAHHOM B IMOCOJIEBHIX
JI€BOH-KAMEHHOYTOJIbHBIX TOJIIAX. [ JTaBHBIM apryMEHTOM 37E€Ch BBICTYIIA€T CTPYKTYPHBII
(bakTop — MPOCTPAHCTBEHHAS MPUYPOUECHHOCTh KPYITHEUIITUX HAICOJIEBBIX MECTOPOKICHUHN K
IIIyOOKMM MEXKKYIOJIbHBIM MYJIbJIaM, T/i€ 3a(UKCUPOBAHBI «COJISIHbIE OKHA» M CKBO3HbBIC
pa3pbiBHbIe HapylieHus. OOHapyKeHHE B HAJICOJNIEBBIX HEPTIX MOPCKUX OHOMapKEpoOB
(xonecTtaHbl) M HW30TOMHO-JIETKOTO YIrjepoa, XapakTEpHOro JUIsl Majeo30sl, CUUTaAeTCA
HEONPOBEPKUMBIM JI0KA3aTEIHCTBOM MPABOMEPHOCTH 3TON TEOPUHU.

Btopass koHuenuuss — MOJEIb aBTOXTOHHOM TeHeparuu (in situ, Me3030HCKOTro
ucTOYHUKA). CTOPOHHUKH 3TOM TEOPHUH I0KA3BIBAIOT, YTO MUTPALMsl CKBO3b TOJIIY KYHT'YPCKOU
CONM, JaK€ B 30HaX €€ MAaKCUMaJIbHOIO TEKTOHHYECKOIO YTOHEHHA, (PU3UUYECKH KpaiiHe
3arpyaHeHa. OHM aKIEHTHPYIOT BHUMaHHUE HA PE3yJIbTaTax COBPEMEHHOI'O M€OXMMHUYECKOIO
MOJICJIMPOBAHUS, KOTOPOE MOATBEPKAAET: B OCEBBIX YACTAX MIYOOKHX KOMIIEHCALMOHHBIX
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MYJIbJ] HUKHETPHUACOBBIE U CPEIHEIOPCKUE TJIMHUCTBHIC TMAYKU TMOTPYKaJUCh Ha TIyOWHBI
CBBIIIE 4—5 KUJIOMETPOB, YBEPEHHO IOCTUTAsl TEMIEPATypHOTO ONTHMyMa «TJIaBHOU 30HBI
HedTeoOpazoBanus». Hannuue B HeTax TeppureHHbix crepaHoB (C29), BHICOKHE 3HAYCHUS
OTHOIICHUS NPUCTaH/(PUTAH ¥ H3O0TOMHO-TSDKENBIA COCTaB YIJIEpOJa CIyKaT MPSIMbBIM
CBUJIETEILCTBOM TOTO, YTO 3TH (IIOMABI POAMINCH 3]IeCh K€, B ME3030€, M3 OpPraHuKd
PaACTUTENLHOTO WM CMEIIAHHOTO TUIA, U MUTPUPOBAIIN B JIOBYIIKH Ha KOPOTKHE PACCTOSIHUSA
10 JIaTepau.

B mocnennue roxpl, Gnarogapss HAKOIJICHHIO OTPOMHOTO MacCHBAa XpOMAaTo-Macc-
CHEKTPOMETPUUYECKUX JaHHBIX, B HAy4YHOM COOOIIECTBE HAYMHACT JOMUHUPOBATH TPETHA,
KOMIIPOMHUCCHAsI TapajurMa — IMOJUTeHHas Mojenb cMmemeHus ¢uonaoB. CorjaacHo 3Toi
KOHIIEMIINH, YTJIeBOJOpOaHAas cucTema BocToka Ilpukacmus ¢dopMupoBanach B HECKOJIBKO
MyJBCAIMOHHBIX 3TanoB. Ha paHHHUX cTaausx, MO0 Mepe MpPOTuOaHHs MYJbJ, ME3030MCKHE
MAaTEPUHCKHE TOPOAbl TEHEPUPOBATM COOCTBEHHBIC, AaBTOXTOHHBIC (IIIOUJIBI, KOTOPHIC
MEPBBIMU 3ATMONHSIN (POPMHUPYIOIIHECS MPUKOHTAKTHBIE JIOBYIIKA HAa CKJIOHAX TUAIHPOB.
3HAYUTENBHO TO3KE, B TMEPHOJIBI TI00ANTBHBIX TEKTOHHYECKHX MEPEeCcTpOeK (Hampumep, B
HEOTeHE), KOT/la CETh Pa3IoOMOB OOHOBJISUIACH, TIPOUCXOAMI MOITHBIA MPOPBIB MATCO30HCKUX
ra3oB M JIETKUX He(pTel CKBO3b «COJSHBIC OKHAY». DTH TNIyOHMHHBIE (DIIIOMIBI BTOPTAINCH B YK€
CYILIECTBOBABIINE ME3030ICKHUE 3aJI€KH1, PACTBOPSIN OKHUCICHHYIO OaKTEpUAMHU CTapyto HEPThH
U KApAMHAJIBHO MEHSUIM €€ TIeoXuMudeckuil oO0iuk. VMeHHO Takoe cMelleHue
Pa3HOBO3PACTHBIX YIJIIEBOIOPOAOB B Pa3HBIX MPOMOPLUMSIX UICATBHO OOBICHIET BECh TOT Xa0C
(U3UKO-XMMUYECKUX CBOWCTB M OMOMApPKEPHBIX aHOMAaJMM, KOTOpBIM Mbl HaO0JaeM Ha
MECTOPOXKACHHUSIX BOCTOYHOIO OOpTa.

3akiaouenue. (OOOOIIEHME  COBPEMEHHBIX TEOXUMHUYECKUX U CTPYKTYpHO-
TEKTOHMYECKHX JaHHBIX yOeOUTEeNbHO OKA3bIBAET, YTO HAJCOJEBOW METraKOMILJIEKC
BOCTOUHOrO O0opTa Ilpukacnuiickoil MeracMHEKJIN3bl — 3TO HE MPOCTO TPAH3UTHAs 30HA, a
CIIOXKHAsl, OTKPHITAs M BBICOKOJWHAMUYHAS YIJIEBOAOPOAHas cucrtema. Ee wncropuyeckas
OBOJIIOIIMSI U COBPEMEHHBIM OOJIMK BCEIEN0 MPOJUKTOBAHBI IPOILIECCAMU TalOKMHE3a.
[Inactnyeckoe Te4YeHHWE KYyHTYPCKOHM COJHM CHITpaio  3/1eCh KIIOYEBYID W BechMa
NPOTUBOPEUYUBYIO  pOJb: OHO HE TOJBKO CHOPMHUPOBATO  MIMPOKYIO  MATUTPy
CJIOKHOITOCTPOCHHBIX HEaHTUKIMHAIBHBIX JIOBYIIEK, HO M CO3/1aJI0 YHUKAIBHYIO apXUTEKTYPy
nyTed MUIpalud, MEPUOAMYECKH OTKpBIBas «COJSHbIE OKHa» M (OpMUPYS TYCTYIO CETb
TEKTOHUUYECKHUX 3KPAaHOB U MPOBOTHUKOB.

AHanu3 OMoMapKepoB U JaHHBIX MUPOJIU3a MO3BOJISIET NOCTABUTh TOYKY B MHOTOJIETHUX
JTUCKYCCHUSIX 00 MCTOYHHMKAX YTJIeBOAOPOI0B. CEeroHss MOXKHO C YBEPEHHOCTbIO TOBOPUTH O
TOM, YTO PECYPCHBIN MMOTEHIIMAN PETHOHA ONMMPAETCS Ha JBa HE3aBUCUMBIX Odara reHepaluu.
Hapsiny ¢ MmacmtaOHbIMU BEPTUKAIbHBIMU NIEPETOKaMU (IIFOMI0B U3 MOCOIEBOrO Maneo3o0s, B
r7TyOOKOTIOTPYKEHHBIX MEXKYHOJbHBIX MYJbJAaX aKTUBHO (YHKIIMOHHWpOBaja COOCTBEHHAs,
BeChMa MPOTYyKTHUBHAS Me3030HcKas cucteMa. CrnusHue MOTOKOB M3 ATHX JIBYX HCTOYHHKOB
OOBSICHSIET TOJUTEHHYI0, CMEIIAHHYIO MPUPOY TMOAABISIONIETO OOJBIIMHCTBA HAICOJCBBIX
HedTeil. CuTyanus TOTOTHUTEIHLHO OCTIOXKHSETCS TE€M, YTO MEPBOHAYAIBHBIN T€HETUYECKUI
00HK 3TUX (DIIOUIOB OKA3aJICs CUIIHPHO UCKAKEH MHTCHCUBHBIMU MPOIIecCaMi 0aKTepHaTbHOM
OouogerpanalMi W BBIMBIBaHHWS, KOTOpPbIE AaKTUBHO MPOTEKAIM B pe3epByapax Ha MalbIX
rIyOnHaXx.

BoisiBneHHbIE ~ T€OXMMHYECKHE  3aKOHOMEPHOCTH  JIUKTYIOT ~ HE0OXOJWMOCTb
KapJAMHAJIBHOTO TEpPEeCMOTpa TIOMCKOBBIX CTpaTeruii B peruoHe. [l MUHMUMH3AIUH
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T€OJIOTHYECKUX PHUCKOB (DOKYC Te0JIOTOpa3BEAOYHBIX pabOT JOKEH CMEIaThCs C
TPaJAMIIMOHHBIX, CTPYKTYPHO-BBIPQXKCHHBIX MPHUKYIOJBHBIX 30H, TAe HE(TH dYalie BCETo
OKHCJICHBI, B CTOPOHY TUIYOOKHUX WHBEPCUOHHBIX MYJIbJ U CKPBITHIX IMOJKAPHU3HBIX JIOBYIIICK.
NmMenHo Ttam, Ha riayOumHax Oonee 2.5-3 KWIOMETPOB, TEPMOJWHAMHYECKHE YCIOBHS
€CTECTBEHHBIM 00pa30M OCTAHABJIMBAIOT Pa3pyIIUTEILHOE BO3ACHCTBHE MUKPOOPTraHU3MOB,
o0ecreunBasi COXPAaHHOCTh JIETKOW, KaueCTBEHHOW HE(TH W Ta30KOHJEHcATa. Y CIENIHOe
BBISIBICHUE M OCBOCHHE TaKUX OOBEKTOB TMOTpPeOyeT OT TIEeO0JIOTOB  IIyOOKOTrO
MEXIUCIUIUIMHAPHOTO CHHTE3a — TECHOW HHTErpal MOJHOA3UMyTaabHON 3D-
ceiicMopa3Beki TIyOMHHOW MUIpallMM C COBPEMEHHBIMU MeTojamu 4D-06acceitHOBOro
Tr€OXUMUYECKOTO MOJICIIUPOBAHUSI.
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Kazaxckuil HallMOHAIBHBIN UCCIE0BATENBCKUI
TexHuueckuil yausepcuretr umenn K. M. Catnaesa
(r. AnmMmartsl, Kazaxcran)

BJIUAHUE MOP®OJIOI'NU COJISAHBIX KYIIOJIOB HA ®OPMUPOBAHUE U
COXPAHHOCTD YIVIEBOAOPOAHBIX JJOBYHIEK B HAJICOJIEBbBIX
KOMILJIEKCAX BOCTOKA IPUKACIIUMACKOM BITAIUHBI

AHHOTamus: B crarbe mpencraBieH KOMIUIEKCHBIA 0030p mpobsieM (popMupoBaHus U
COXpaHEHUsl YIJIEBOJOPOAHBIX JIOBYIIEK B HAJCOJIEBBIX (BEPXHEMEPMCKO-ME3030MCKHX )
OTJIOXKEHUSIX BOCTOYHOro Ooprta Ilpukacnuiickoid BHaguHbl. AKTyalbHOCTh paOOThI
00ycioBJIeHa HEOOXOJMMOCTBIO OCBOEHHUS ME3030MCKOro 3Ta)ka, 00JaJaroliero BbICOKHMHU
KOJUIEKTOPCKHUMH CBOMCTBaMHM, Ha (DOHE BO3PACTAIOMIMX KANUTAIbHBIX 3aTPAT MPU Pa3BEIKE
[Iy0OKO3aJIerarmiero noiconeBoro naineosod. Ilokazano, 4to pyHaaMeHTaabHbIM (AKTOPOM,
KOHTPOJIMPYIOIIMM apXUTEKTYpy YIJIEBOJOPOIAHBIX PE3EPBYapOB B PErHOHE, BBICTYHAET
UHTECHCUBHBIA  TaJOKMHE3  KyHrypckod — coimu.  CHCTEMaTU3MpOBaHbl  OCHOBHBIE
MOP(}OJIOrMYECKHUE THUIBI COJSHBIX TE€I U MPUYPOUYCHHbIE K HHUM CJIOKHOIKPaHUPOBAHHBIE
HEaHTHKJIMHAJIbHbIE JIOBYUIKH: CBOJAOBble (B rpaOeHax oOOpyIIeHHs), NPUKOHTAKTHBIE
(iaHroOBBIE), CKPBITHIE OJIKAPHU3HBIE U UHBEPCUOHHBIE CTPYKTYPhI MEKKYIIOJIBHBIX MYJIB.
PaccMoTpena 3BOMIONMS METOAOB Te€O(MU3NYECKUX HCCIIENOBAaHUI: IMPOJIEMOHCTPUPOBaHA
Hed(PPEeKTUBHOCTD TpaauIIMOHHON 2D-ceficMopa3Be ki B 30HaX COJISHOTO JAUAINMpHU3Ma M3-3a
3((PEeKTOB CKOPOCTHBIX aHOMAJIMI M 0OOCHOBaHAa KpUTHYECKas posib 3D-ceficMopa3Benku ¢
npuMeHeHueM riayOuHHoM  wmurpammu  (PSDM) 1 10CTOBEpHOTO  KapTUPOBaHUSA
MOJIKApHU3HBIX 30H. BhI/IeNIeHbI KIII0UEeBbIE JUCKYCCUOHHBIE BOITPOCH HEPTEra30BOM re0JIOrHH
pEervoHa, BKJIIOYas ABOMCTBEHHYIO pOJib Pa3pbIBHBIX HapyUIEHUH U MpoOieMy LEI0CTHOCTU
PErMOHANIBHBIX MOKPBIIIEK B YCIOBUSX KOHCEAMMEHTAIMOHHOIO pocta AuanupoB. Crenan
BBIBOJL O HEOOXOAMMOCTH KOMIUIEKCUPOBAHUS CTPYKTYpPHOH T€0JOTUH, BBICOKOTOYHOMU
reousuku u 4D-06acceiftHOBOTO MOICTUPOBAHUS JIJII CHUKEHUSI PUCKOB TTIOUCKOBOTO OYpEHHSI.

KawueBble caoBa: Ilpukacnuiickas BIaauHa, TajlOKWUHE3, COJITHOM  KYyIOJI,
HEAHTHUKJIMHAJIbHASL  JIOBYIIKA, HAJCOJEBOM MErakOMIUIEKC, COJSHOM KapHu3, 3D-
ceficMopasBenka, rryounHas murpamus (PSDM), TekToHrYecKuit 2KpaH.

Beeaenue. [Ipukacnuiickas MEraCHHEKIIN3A 110 NPABy CUATAETCSA OJTHUM W3 CTAPEUILINX,
HapOoJee MacIITaOHBIX M TCOJIOTMYECKH CIIOKHBIX  HE(PTEra30HOCHBIX OacCelHOB
EBpa3zuiickoro KoHTMHEHTA. VCTOpUYECKH CIIOXKUIOCH TaK, YTO IIOCJIE OTKPBITHS CEPUU
MECTOPOKICHUM-TUTAHTOB, TaknX Kak TeHrus, Kamaran n Kapauaranak, OCHOBHON BEKTOD
BHUMAaHWS HAyYHO-UCCIIEIOBATEILCKUX NHCTUTYTOB U JOOBIBAIOIINX KOMITAHUN 3aKOHOMEPHO
CMECTUJICST Ha TJIyOOKO3aJerarolfe TOJCOJIeBbIe KOMIUICKCHI TMaJIE030MCKOTO0 BO3pacTa.
besycnoBHO, MMEHHO KapOOHATHBIE MIIAT(HOPMBI U pUPOTEHHBIE TOCTPOUKH I€BOHA U KapOOHa
COZIEPIKAT JbBUHYIO JOJIIO 3a1acoB peruoHa. OJHAKO OCBOEHUE ITUX TOPU30HTOB COMPSIAKEHO C
KOJIOCCAJIbHBIMU TE€XHOJIOTMYECKUMHU BBI30BAMU: TIyOMHBI OypeHHs 3a4acTylO0 MPEBBIIIAIOT
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OTMETKY B 4.5—5 KMJIOMETPOB, MJIACTHI XapaKTEPU3YIOTCS AHOMAJIBHO BHICOKUMH JIaBICHUSMH,
a (mrouapl coepKaT SKCTPEMAIbHO BBICOKME KOHIIEHTPALIMUA CEPOBOIOPOAA U YIIIEKUCTIOTHI.
Bce »3TO0 [nenmaeT mNOMCKOBO-pa3BeOYHbIE pPabOTBI B MOJACOJEBOM JTaXe KpailiHe
KAUTAaJOEMKUMU UM CONPSDKEHHBIMU C BBICOKUMM T€0JOTUYECKUMU U AKOJOTHUYECKUMHU
pUCKaMH.

Ha ¢one atux TpyaHocTel HaACOJEBOM BEPXHEMEPMCKO-ME3030MCKUM MErakoOMILIEKC,
KOTOpBbIN B KOHIIE MPOIUIOrO BeKa OTOIIE] Ha BTOPOM IJIaH, CErOJHS BHOBb MPUOOpETaeT
BBICOKYIO aKTyalbHOCTb. OCOOBIN MpPaKTUYECKUH MHTEPEC MPEACTABISIET BOCTOYHBIA OOPT
BIIAJINHBI — TEPPUTOPHS, OXBATHIBAIOIIAS 30HBI couliecHEHHs C [IpemypanbCkuM KpaeBbIM
POruOOM M CMEXHBIE CTPYKTYpHBIE cTyneHdu. HasconeBbie 3anexu yrieBoJopo 0B B 3TOM
paiioHe 00Ja4atoT psIOM HEOCIIOPUMBIX TPEUMYIIECTB. B nepByro oduepeip, 3T0 OTHOCUTEIBHO
KOM(OpPTHBIE TIYOMHBI 3aJIeTaHUs, PEAKO IMpeBbIIAIONME 2—3 KUIOMETpPa, U OTCYTCTBHUE
arpeCCUBHBIX KOMIIOHEHTOB B cocTaBe Hedtel. Kpome TOro, TeppureHHbE OTI0XKEHUS
HIDKHETO W CpPEJHEro Tpuaca, CpeIHEH IOphl W HUXHErO0 MeJla BBICTYNAIOT B POJIH
MPEBOCXO/IHBIX KOJJIEKTOPOB. biaromapsi BBICOKOW MMOPUCTOCTH, KOTOpas B HErIyOOKO
MOTPYKEHHBIX TECUaHUKax Hepenko aocturaer 20-25%, u NpOHHUIIAEMOCTH, U3MEPSIEMOMN
COTHSIMM MWJIJTUJAPCH, 0ObIUA 3/1eCh XapaKTepU3yeTcsl BRICOKUMU AcOuTaMu. COBOKYIMHOCTh
TUX (AKTOPOB JENAaeT Pa3BEAKYy M JKCIUIYyaTallUI0 HAJCOJIEBBIX 3alieKeld SKOHOMUYECKU
BBICOKOPEHTA0EIBbHBIMH JIaJKE€ B TOM CiIydae, eciii 00bEeMbI 3allacoB B OTACJIBHBIX JIOBYIIIKAX
OTHOCHUTEIBHO HEBEIIUKHU.

OnHako KaxXymiasicsi MpOCTOTa OCBOCHUSI MaJIbIX TNIYOMH HUBEIUPYETCS SKCTPEMAIIbLHO
CJIOKHOM TEKTOHHYECKOW apXUTEKTYpou pernoHa. OyHAaMEHTaIbHBIM IIPOLECCOM, KOTOPBIN
MOJIHOCTBIO  JAUKTYET CTPYKTYPHBIM TIJIaH  HAJCOJICBOTO  JTaXa, JUTO(DAIUATBHYIO
W3MEHYUBOCTh MOPOJ U MYyTH MUTPAIUU YTIEBOJIOPOJIOB, SBISETCS TaJOKUHE3. [ uranTckue
MacChl JBAllOPUTOB KYHTYPCKOTO sIpyca HUIKHEW TMEpMH, BBICTYMHAIOIIUE PETHMOHAIBHBIM
GarongoynopoM sl TIIyOOKHX 3ajeXei, NIl HaJCOJIEBOIrO KOMIUIEKCA CTajid TJIABHBIM
necradunuzupyonmm daktopoM. O61amast BHICOKON MIACTUYHOCTHIO U aHOMAJIbHO HU3KOU
MJIOTHOCTHIO TIO CPABHEHUIO C TIEPEKPHIBAIOIIIUMHU TTOPOJIAMU, KYHTYPCKasi COJIb Ha MPOTSKEHUU
COTEH MIJIJIMOHOB JIET HaXOIUJIACh B HEMPEPHIBHOM JBUKeHUU. CONISTHBIE JUATTUPHI TPOPHIBAIU
bopMUpYIOLTUKACS 0CaI0YHBIN Y€X0J1, CO37aBasi XaOTUUHYIO0 KapTUHY U3 T'yCTOM CETH COPOCOB,
KOMITEHCAIIMOHHBIX MMPOTUOOB U JIOKAJTBHBIX 30H CTPATUTPaAUUECKOTO CPE3aHUS.

CnencrBueM 3TOTO MHOTOBEKOBOTO TEKTOHHYECKOTO MPOIEccCa CTalo MPAKTUYECKH
MOJIHOE€ OTCYTCTBUE B PETMOHE KJIACCUYECKUX TMOJOTHX AHTUKIMHAIBHBIX CKIAJ0K, KOTOPBIC
OTHOCUTENFHO JIETKO JUAarHOCTUPYIOTCS TPATUIIMOHHBIMU MeTojaMu reodpusuku. B
HAJICOJIEBOM KOMILUIEKCE BOCTO4YHOro IIpukacnusi AOMUHUPYIOT CJIOKHOIOCTPOEHHEIE,
MPOCTPAHCTBEHHO U3MEHYUBbIC HEAHTUKJIMHAJIbHbIC JIOBYIIKU: TEKTOHUYECKH
HKpaHUPOBAHHBIC OJIOKU B rpabeHax oOpyIIeHUs, 30HbI JTUTOJIOTMYECKOT0 BHIKJIMHUBAHUS Ha
CKJIOHAaX MPOTHIKAIOIIUX INTOKOB W CKPBITHIE CKOIUIEHUS I10]] HABHCAIOIIUMH COJISHBIMHU
kapHu3amu. [Touck Takux 0ObEKTOB TPEOYET IOBEIUPHON TOUYHOCTH M MPUHITUIIMATIBHO UHBIX
MOAXOJ0B K UHTEPIPETAIMHU JaHHbIX. B CBsI3u ¢ 3TUM, HacTosIas 0030pHas CTaThs CTABUT
CBOEH IEJIbI0 CUCTEMAaTU3UPOBATh PA3pPO3HEHHBIE COBPEMEHHBIE MPEICTABIICHHS O MEXaHU3MaX
dbopMupOBaHUsI JIOBYIIEK B YCIOBUAX aKTUBHOTO COJISTHOTO Auanupuszma. B pabore 06001ieH
HAKOTIJICHHBIA OIBIT W3Y4YeHUS MOP(HOJOTHH COJITHBIX TET M WX BIUSHUSA HA apXUTEKTYPY
YIJIEBOJIOPOJIHBIX PE3EPBYapOB, a TAKKE KPUTHYECKH MPOAHAIM3UPOBAHBI MNPOOIEMBI U
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OTPaHUYEHUS] CEHCMUYECKOTO KAPTUPOBAHMS CIIOKHBIX HEAHTUKIWMHAIBHBIX OOBEKTOB Ha
BocTOKE [IprKacnmiiCkor MEracuHEKIIN3bI.

JTanbl raJIOKHHe3a 1 MOP(osIornyecKkasi 3BOJIIOLHUS COJNSAHBIX TeJl

Crenuduka GhopMUpoBaHHS CTPYKTYPHOTO IUIaHA HAJCOJEBOTO MErakoOMILIEKca Ha
BocTOKe [IpHukacnniickoi BIaJWHbBI BO MHOTOM YHUKAQJIbHA U MPUHLIUNHAIBHO OTINYAETCS OT
HEHTPAIbHBIX, 00Jiee MOTPYKEHHBIX palloHOB OacceliHa. Eciii B IeHTpaibHON JENPECCUH POCT
COJIIHBIX KYIIOJIOB ObUT OOYCJIOBJIEH MNPEUMYHIECTBEHHO KJIACCHUYECKUM TIpaBUTALMOHHBIM
TFaJIOKUHE30M — TO €CTh BCIUIBIBAHMEM JIETKHUX OJBAllOPUTOB CKBO3b 00Jiee TUIOTHBIE
TEPPUTE€HHBIE TOJIIIN U3-3a PA3HUIIbI JIUTOCTATUYECKUX JaBICHUI, — TO Ha BOCTOYHOM OOpTY
K JTOMYy TMpoIlecCy A00aBUIICS MOIIHEHIINI TeKTOHWYeCKuil (akTop. bimM3ocTh 30HBI
COWICHEHUS C YPaJbCKOM CKIIAI4aTOM CUCTEMOM IPUBENA K TOMY, YTO HA TPABUTALMOHHYIO
HECTAOMJIBHOCTh HAJIOKUIIOCh MHTEHCUBHOE PETMOHAIBHOE JIATEPAIBHOE CKATHUE, CBA3AHHOE C
(¢uHanbHBIMU (a3zaMHU TEPLUHUHCKOTO oporeHe3a. MIMEHHO 3TOT cuUHepreTudeckui 3QpQext
IUVIOTHOCTHOM WHBEPCMM M TEKTOHUYECKOI'O CTpecca MPeNoNpeacini  BbICOYANIIYIO
arpecCMBHOCTD COJISIHOTO JUANTMPU3MA B PETMOHE U KPAaHIO0 aCUMMETPUIO (POPMUPYIOIIUXCS
CTPYKTYP.

[Iponiecc mepepacnpeneneHuss TUTAaHTCKUX MacC KYHTYpCKOM coiau  He  Obua
OJIHOMOMEHTHBIM; OH HOCHJI SIPKO BBIPAXKEHHBIN ITyJIbCALIMOHHBIN XapaKTep U PacTAHYJICS Ha
COTHM MWUIMOHOB JIET, HANPSMYIO YIPABIISISA YCIOBUSAMHU OCAJKOHAKOIUIEHHs. B 3Bomonnn
COJIIHBIX CTPYKTYp BoCTOKa [Ipukacnus mccienoBarenu TpagulUOHHO BBIIEISIIOT HECKOJIBKO
KPYIHBIX MAakKpO3TalloB, KaXIbld M3 KOTOPBIX OCTABWJI CBOM HENOBTOPUMBIA ClEx B
aApPXUTEKTYPE ME3030MCKHUX PE3EPBYapPOB.

HavanpHblii, 1O3QHENEPMCKO-TPUACOBBIM JTall  XaPAKTEPU3OBAICS  3aPOKICHUEM
MOJIOTMX COJISIHBIX MoAylieK W BayioB. Iloj naBiieHHEeM NEpBBIX MOPUUN HAKaIJIUBAIOIIUXCS
OCaJIKOB COJIb Hauyaja I[UIACTUYHO TMEpeTeKaTh M3 30H MAaKCUMaJbHOW HArpy3Kd B 30HBI
pasrpy3kd. BaxxHeHmum ciaeACTBHEM 3TOrO OTTOKA 3BAllOPUTOB CTAJO MPOCEHAHUE IMOPOJ
KpPOBJIM U (D)OPMHUPOBAHUE TIIYOOKUX MEKKYIOJIbHBIX KOMIIEHCAIIMOHHBIX MYJbJ. B ycnoBusx
3aCyUUIMBOTO KJIMMaTa pPAHHEr0 MeE303051 3TH MYJbJbl NPEBPATWIMCH B TUTAHTCKUE
JENOLIEHTPBI, KyJa PEUHbIE CUCTEMbBI CHOCUJIM OTPOMHBIE 00BEMBI 00JIOMOYHOTO MaTepuania ¢
paspymaronmxcs Ypaibckux rop. Tak (HopMUpOBAIMCh MOILIHBIE, MECTAMH JOCTUTAIOIINE
NOJIyTOpa KWJIOMETPOB, TOJIIM NECYAHO-IVIMHHUCTBIX OTJIOKEHHMM TpHaca, KOTOPbIE CETOMIHS
paccMaTpUBarOTCs KaK IVIABHBIE pe3€pBYyaphl HAJCOJIEBOIO 3TaXa.

KOpcko-panHeMenoBoi 3Tan cTaj MEepUoJIOM MaKCHMAJIbHONM aKTUBHOCTH TaJOKMHE3A.
[Io Mepe TOro Kak TOJIIMHA MEPEKPHIBAIOIIMX OCAIKOB pOCia, COJISHBIE MOMYLIKU
HBOJIIOLIMOHUPOBAIM B MpoTbiKawomue auanupbl. ConsHble sAapa OyKBaJIbHO pa3pblBajH
c(hOpMHUPOBABILIKECS TPHUACOBBIE TOPU30HTHI, YCTPEMJISSICH K TIOBEPXHOCTH. BakHO mOHKUMATH,
YTO H3TOT MPOLIECC MNPOUCXOJUT CHHXPOHHO C OCAJKOHAKOIUICHHEM (TaKk Ha3bIBAEMbIH
KOHCEIUMEHTAaMOHHbIM pocT). Iloka conp mpoOuBana cebe NMyTh HaBepX, HA €€ CKIOHaX
IPOJOJDKAIM OTJAaratbCsl IOPCKME W MENOBble ocaiku. B pesynbrare BOMM3M pacTyIIUX
IUanupoB  (OPMUPOBAIKUCH 30HBI PE3KOTO CTPATUrpaMyecKoro HECOTJlacus: IUIACTHI
BBIKJIMHUBAJIMCh, MEHSJIM CBOIO MOIIHOCTh W JIMTOJOTMYECKUHM COCTaB, 4YTO CO3JaBajo
ujicalbHbIE YCJIOBHS JJIi BO3HUKHOBEHMSI JIMTOJIOTMYECKHM SKPAaHUPOBAHHBIX JIOBYIIIEK.
Hakonen, mo3nHEMENIOBON-KAMHO30MCKUM 3Tal CTajl 3aBEpIIAONICH CTaaueu, Koraa
BEPTHUKAIbHBI HMIYJIbC COJU HUCCSK, JUOO0 OHa MOCTUINIA MajeonoBepxHocTH. Haganmoch
JaTepanibHOE pacTEKaHUE IBAMIOPUTOB C 0O0Pa30BaAHUEM CIOKHEUITUX TPUOOBHUIHBIX CTPYKTYP.
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CremneHp 3penocTy TaJOKMHE3a W JOKAJIbHBIE BapHallMM TEKTOHWMYECKUX HAIPSHKCHUN
npuBeIrd K (OPMUPOBAHUIO OIPOMHOIO MHOT0O0Opasusi opMm consiHbiX Ten. COBpEeMEHHBIE
JaHHbIE OOBEMHON CeHCMOpa3BelKH TMO3BOJIAIOT JCTaJbHO KIACCH(PHUIIMPOBATH 3THU
MOpP(OTHIBI, MOCKOJIBKY HMEHHO (opMmMa COJM ONpeAesseT TUIl NPUYPOUYCHHOM K Hel
yTI€BOIOPOAHOM OBYIIKK. Hanbosee npoCThIMU [0 CTPOCHUIO SIBJISIFOTCS COJISIHBIE MOAYIIKH
rinyOokoro 3anoxeHus. OHM XapaKTepU3YIOTCS IUIABHBIMH OYEpPTAaHUSIMHU U OTCYTCTBHEM
CKBO3HOI'O MPOTBIKAHUS IOPCKO-MENOBOro yexia. CBOJ Ha/ICOJIEBBIX OTJIOKEHUN HaJl TaKUMHU
HNOJIYIIKAMH OCTAeTCsl OTHOCUTENIBHO IOJOTUM M CJIa00 HApYLIIEHHBIM pa3jIOMaMH, YTO
OJIarONpUATCTBYET COXPAHEHUIO KPYIHBIX KJIACCUUYECKUX 3aJIEKEH.

AOCOIIOTHO MHas KapTHHA HAOJIOJAETCsl B 30HAX Pa3BUTHS MPOTHIKAIOIIMX COJSHBIX
IITOKOB, KOTOpBIE OMHHHMPYIOT Ha BOCTOKE BMAJWHBI. THUMUYHBIMU MPUMEpPAMU TaKUX
CTPYKTYp sBisitoTca auanupbl Ammcaii mnm  Kaparrobe. OHU  mpencTaBisiloT  coOou
KpPYTOIAJAI0IINE COJISIHBIE CTOJNIOBI C YIJIaMd HakJIOHa CKJIOHOB, aocTturarommmu 70-90
rpanaycoB. [LITOk# MOHOCTHIO pa3phIBAIOT TPHACOBO-IOPCKUE TOPU30HTHI, @ B UX HAJICBOIOBBIX
YacTsIX M3-3a KOJIOCCAIBHOTO PACTHKEHUS MOPOa (POPMUPYIOTCS CIOKHBIE CHCTEMBI TpabeHOB
o0OpyIIeHHUs.

Oco60e mecTo B MOP(OJIOTHYECKOM PSly 3aHUMAIOT COJISIHBIE KAPHU3bI U TPUOOBUIHBIC
KyIoJia, XapakTepHble, Hanpumep, a1 Kenkusk-)XXanaxonbckoil 30Hbl. X popmupoBanue
CBSI3aHO CO CIOCOOHOCTBIO COJIM Ha MO3JHUX ATAlax pa3BUTUS BHEAPATHCA MO OCIA0JIEHHBIM
30HaM B TOPU30HTAJIBHOM HAIPaBIICHUU, NEPEKpbIBas coOOW 0Ooyiee MOJIOJbIE OTIOKEHUS.
Takue HaBUCAIOIIUME COJSHBIE «KO3BIPHKM» WIPAIOT PpPOJIb HJICANbHBIX, a0COJIIOTHO
HENPOHUIAEMbIX MOKPBILIEK JJIi MUTPUPYIOUINX YTriIeBogopoaoB. HakoHel, HEOThbemMiIeMOit
YacThl0 TAJIOKUHETHUYECKOTo JaHamadTa SBISIOTCS MEXKYNOJIbHBIE MYJbJbl — 00JacTH,
OTKyJla KyYHTYpCKasi COJIb ObliIa MPAKTUYECKH MOJHOCTHIO BBIIABIICHA B PACTYIIHE COCETHHE
nuanupel. [lo Mepe MOMHOTO McCUepHaHWs 3amMacoB MATEPUHCKOW COJM B ILIEHTPAX MYJIb
MIPOUCXOANT OCEJAaHUE BBIIIENEKAINX IJIACTOB, YTO C TEUEHHUEM T'EOJOTHYECKOTO BPEMEHH
IPUBOJUT K UHBEPCUH penbeda. i3HauanbHbIe AepEecCHy MPeBpaIIaloTcs B TaK Ha3bIBa€MBbIC
«4eperanibi CTPYKTYpbD» — OOIIHUPHBIC MICEBI0AHTHKINHAIBHBIC CKIAIKA B MEKKYIOJIEHOM
MIPOCTPAHCTBE. DTU CTPYKTYPHI 3aJI€TAlOT Ha 3HAYUTEIBHBIX TTyOWHAX, HO M3-32 OTCYTCTBUS
WHTCHCUBHOW Pa3IOMHON TEKTOHUKH TPEICTABISIIOT COO0M BechbMa MEPCIIEKTUBHBIE 0ObEKTHI
JUISL IOMCKA KPYITHBIX CKOTUIEHUH HEPTH.

Knaccupukanusa m ocobeHHOCTH (POPMHPOBAHHUS JIOBYHIEK B 30HAX COJISIHOTO
AUATNMPHU3MA

Knaccudumkaums nosyLuek yrineBoaopoaoB B HAACONEBbIX OTNOXeHUsX, BocTouHblin Mpukacnuii
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PI/ICYHOK 1. HpI/IHHI/IHI/IaHBHaH CXE€Ma THUIIOB JIOBYIICK YIJICBOJOPOAOB B HAACOJICBBIX
OTJIOKCHHUAX BOCTOYHOT'O HpI/IKaCHI/I}I
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HepaspeiBHast cBsi3b MeX7ay (GOpMOI COJSHOTO Tela M apXUTEKTypPOW BMEIIAFOIINX
nopox oOycnaBiuBaeT (OPMUPOBAHHME B HAACOJIEBOM JTaXe MIMPOYANIIETO CIEKTpa
yTIEBOIOPOAHBIX JOBYyIIeK. /s BocTounoro Oopra [lpukacnuiickol BIaAWHBI XapaKTEPHO
pe3Koe, MOoAaBisIolee MNpeodajaHue HEAHTUKIMHAIBHBIX, TEKTOHHUYECKHM W JIMTOJIOrO-
cTpaturpauyecku SKpaHUPOBAHHBIX CKOIUIEHMH. Kiaccuueckue mosiorue cBOABI 37€Ch
SBIISIIOTCA PEAKOCTBIO, YCTyIasi MECTO CJIOKHBIM CTPYKTYPHBIM (popMaM, KakJ1asi U3 KOTOPBIX
TpeOyeT crenu(puyeckoro noaxoaa K pa3Beke.

CaMbIM paHHMM M UCTOPHYECKH HauOosiee M3YyYEHHBIM THUIIOM OOBEKTOB B PETHOHE
SBIISIIOTCS CBOJIOBbIE TEKTOHUYECKH SKpaHUPOBAaHHBIE JIOBYIIKH. X 00pa3oBaHue HANpsMYyrO
CBS3aHO C IPOLIECCAMH PACTSHKEHUS, KOTOPBIE HCIIBITHIBAIOT MIOPOJIBI KPOBEIBHOTO YeXJIa IpU
BEPTHUKAJIBHOM HANOpe PACTYILETO COJSHOIO AUAINvpa WA KpynHou noaymku. [1o mepe toro
KaK COJISIHOE sIpOo MpoOuBaeT cede IMyTh HABEpX, NEPEKPHIBAIOIINE €r0 IOPCKO-MEIOBBIE
OTJIOKEHUS 1e(POPMUPYIOTCS, U3rUOAIOTCS U B KOHEYHOM MTOTE pa3phIBalOTCs ¢ 00pa30BaHUEM
rycToi cetn cOpocoB. B pe3ynbrare Ha cBOJax KymnoJjoB (POPMUPYIOTCS CIOKHbBIE IpaOEHbI
OoOpyllIeHHsI, WIM TaK Ha3blBaeMble Kempoku. HedTh B TakuMxX yCIOBUSIX CKAIIMBAETCS B
OPUNOJHATBIX TEKTOHMYECKHX Oyiokax. MexaHu3M yjaepxaHus YrieBOAOPOJIOB 3/1ECh
MOJIHOCTBIO 3aBUCUT OT F'€PMETUYHOCTH PA3JIOMA: SKPAHOM BBICTYIAET JIMOO cama IUTOCKOCTh
cOpoca, 3aroJIHEHHAs IEPETEPTHIM TNIMHUCTBIM MaTepUaioM, JTUOO HEMPOHUIIAEMBIE MTOPO/IbI,
KOTOpbI€ TEKTOHMYECKUMH MOABM>KKaMH ObUIN MPUBEAEHBI B IPSIMOH JIaT€paJIbHbIN KOHTAKT C
IECUYaHbIM KOJUIEKTOpoM. Kiaccuueckumu 3TalioHaMH MOAOOHBIX CIIOKHOMOCTPOEHHBIX
3anexei BBICTYNAIOT crapeiiue mectopoxaeHus pernoHa — IlyOapkynyk u JKakceimaid.
['MaBHBIM T'€OJOTMYECKHM PHUCKOM IPH IMOMCKE TAKUX OOBEKTOB OCTA€TCSl HapyLICHHE HUX
IFEPMETUYHOCTH IIPU HEOTEKTOHUYECKUX AKTUBU3ALMAX, YTO HEPEAKO MPUBOAMT K JETa3alUU
pe3epByapa MO NPUOTKPBIBIIMMCA pa3joMaM U (POPMUPOBAHUIO CKOIUIEHUM OKHCJIEHHOW,
TsDKEJIoN HedTH.

I'opazno Gosiee MPOAYKTUBHBIMM, HO B TO € BpeMs 00Jee CIOKHBIMU ISl OCBOCHUS
CUMTAIOTCS MPUKOHTAKTHbIE, WM (hJIAHTOBbIE, JOBYIIKU. [IpOCTpaHCTBEHHO OHU TATOTEIOT K
KpYyTbIM, TMOpPOM  CyOBEpTUKAJIbHBIM  CKJIOHaM  MPOTHIKAIOIIMX  COJIIHBIX  IITOKOB.
@opMHUpPOBaHUE 3THUX 3AJIEKEW HEPA3PBIBHO CBSI3aHO C KOHCEOUMEHTAIMOHHOM CTaaueu
rajOKMHE3a, KOTJa aKTHBHBIA POCT KyMNoOJIa IPOUCXOIMII OJHOBPEMEHHO C HAKOIUIEHUEM
0CaaKoB. B TakuX yClOBHUSAX IIPOLYKTUBHBIE ITECUAHbIE IIJIACTHI HUKHETO U CPEIHEr0 TpHuaca, a
TaK)Ke CPEHEN I0pbl, KPYyTO BO3ABIMASCH IO HAIIPABIICHUIO K JUANIUPY, OYKBaJIbHO YIIUPAIOTCS
B HEIPOHHUIIAEMOE TEJIO COJIM. B TaHHOM cily4yae 3BarOpuThl BBICTYIIAIOT B POJIA WIEAIBHOIO
O0KOBOTO (hITIOMI0YNIOpa, HAIEKHO 3alleyaThIBAIOLIErO YIieBOAOpoAbl. B Apyrux ciayuasx Ha
CKJIOHAaX aKTHBHO PAaCTYLIMX KYIOJOB MPOUCXOAMUIIO CTpaTUrpaduyecKkoe Cpe3aHHe IUIacTOB
WIM UX JIATOJOTMYECKOE BBIKIIMHMBAHUE W3-32 CMEHBl YCIOBHM OCAaJIKOHAKOILUICHHUS.
SpuailiiM NOpencTaBUTENEM HSTOTO THUINA PE3EPBYapOB SIBISETCS HANCOJIEBOW KOMILIEKC
MecTopoxaeHus: KeHkusik, rje oCHOBHbIE He(PTSIHbIE CKOITUICHHS PUYPOYEHBI UMEHHO K 30HaM
PE3KOr0 BBIKJIMHUBAHUS FOPCKUX U TPUACOBBIX KOJUIEKTOPOB HA KPBUIBSX COJSHOTO S1pa.

CoBepiieHHO O0COOBIM HMHTEpEC C TOYKM 3PEHHS HEpPEaJTU30BAHHOIO PECYPCHOTrO
NOTEHIMaJIa MPEACTABIAIOT MOJKAPHU3HBIE JOBYIIKH. WX reHe3uc 0O0yCIOBJIEH MO3JHUMU
CTaIusAMM DPa3BUTHUS TaJOKMHE3a, KOTJIa HMCUEPIABUIMN SHEPrUI0 BEPTUKAIBHOTO MOABEMA
COJISTHOM MACCUB HAYMHAET IUIACTUYHO PACTEKATHCS B JIATEPAIIBHOM HAIIPABIICHUH, UCIIOIb3YS
ocnabieHHbIE 30HBI B ME3030MCKOM OCaJ0YHOM uexjie. BHenpeHHe Takux HaBHCAIOIIUX
COJISIHBIX KO3BIPHKOB CO3/1a€T YHUKAJIbHBIC YCIOBUS JI aKKyMYJIALUN HEPTH. YTIEBOIOPOIBI,
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MUTPUPYIOLIME BBEPX IO BOCCTAHUIO TPOHULAEMBIX TPHACOBBIX WM BEPXHENEPMCKHUX
IUTACTOB, OKA3bIBAIOTCS HAJIEKHO «3aMepThIMU» IMOJ MOIIHOM, aOCOMIOTHO HEMPOHUIIAEMO
COJITHOM TOKPBIIIKON KapHu3a. HecmoTps Ha TO, 4TO Takue JIOBYLIKM MOTYT COJAEPKATh
KOJIOCCAJIbHBIE 00bEMbl KaYEeCTBEHHOW JIETKOW HE(TH, UX IEJICHANIPABICHHBIN MMOUCK JOJTOE
BpEMs OCTaBaJICAd NPAKTHMUECKU HEBO3MOXHBIM. COJIIHON KapHU3 paboTaeT Kak T'MIaHTCKUil
aKyCTUYECKUI DJKpaH, pPAaCCEUBAIOIIMKA W TOIVIOAKOMNN CEHCMUYECKYI0 DHEPIUI0, B
pe3ynbTare 4ero noja HUM (OPMHUPYETCS 30HA TIIyXOH «CEHCMHYECKOW TEHW», HalEXKHO
CKpBIBAIOIIAsl IEPCIIEKTUBHBIE TOPU3OHTHI OT KIACCUYECKUX METO/I0B IT'€0(U3HUKH.

HakoHen, Ba)XKHEWIIMM, HO IIOKA HaWUMEHEE HW3YYEHHBIM 3JIEMEHTOM YTJIEBOAOPOIHOMN
cucTeMbl BocToKa [Ipukacus sBIISIOTCS JIOBYIIKH MEKKYIIOIBHBIX MYJIbJ U CBSI3aHHBIE C HUMU
MHBEPCUOHHBIE CTPYKTYpbl. B TO Bpemss kak Ha cBojax U (praHrax KyIoJIOB MOPOJIBI
NOJIBEPrajuCh MKECTOYAWIIUM TEKTOHMYECKUM JeopmanusM, B UEHTPAIbHBIX YacTAX
MEXKYIOJIBHOTO TPOCTPAHCTBA (POPMUPOBATHCH OTHOCUTENIBHO CIIOKOWHBIE ycaoBus. [1o mepe
PaAUKaIbHOTO BBIIABIMBAHUS MATEPUHCKOW KYHTYPCKOW COJIM K PacTylluM 1o nepudepun
IUaNApaM, NEPEKPHIBAIONIME MYJIby MOIIHBIE IE€PMO-TPUACOBBIE TOJIIHA IOCTENEHHO
ocenanu. [lapagokc 3TOTO Mponecca 3aKJIF0YAETC B TOM, YTO HEHTPAJIbHBIE YACTU JETIPECCHI,
KyJa W3HAa4aJlbHO CHOCHWJICS MAaKCHUMAaJbHbII OO0BEM OCAJIKOB, CO BpEMEHEM U3-3a
HEPaBHOMEPHOI'O OTTOKA COJIM OKAa3bIBAIOTCS T'MIICOMETPUYECKHU BBILIE NMEPUPEPUNHBIX 30H.
Tak dopMHpYyIOTCSI MHBEPCHOHHBIE IICEBAOAHTHUKIMHAIM, MOJIYYUBLIME B T€OJIOTMYECKOM
auTepaType o0pa3HOe Ha3BaHUE «Uepenalibux NaHuupein». B oTnuune oT mpUKymnonabHBIX 30H,
pa3iIoMHas TEKTOHMKA 3/1€Ch IPOsIBIIEHA ¢1a00, YTO TapaHTUPYET IPEBOCXOJHYIO COXPAaHHOCTh
3aJI€KEU U LEJIOCTHOCTh TJIMHUCTBIX ITOKPBIMICK. [JIABHOW CIIOXKHOCTBIO INPU HUX Pa3BEIKE
CTaHOBSITCS 3HAUUTEIIbHbIE TITYOMHBI 3aJIeraHMsl, 3a4acTyI0 NpeBblatonme 3—4 KUIoOMeTpa, u
BbICOKasl (panuanbHas HM3MEHYMBOCTh TEPPUTE€HHBIX MOpoJ, Tpedyromas (QUIMTPaHHOTO
IIPOTHO3UPOBAHUS KOJJIEKTOPCKUX CBOMCTB B LIEHTPE MAJICOPEUYHBIX CUCTEM.

IIpoOiieMbl  CEMCMUYECKOI0 KAPTHPOBAHUS CJIO0KHBIX JIOBYHIEK M  POJIb
COBpPEMEHHbIX TeXHOJIOTU i

Bricokas MIIOTHOCTH TOKA3aHHBIX 3aIACOB YITIEBOAOPOAOB B HAJCOJIEBBIX OTJIOKEHHUSIX
BocTOKa [IpukacnuiickoM BIAIWHBI HA MNPOTSHKEHUM JECATUIETUH KOHTPACTUpOBaja C
NapajioKCaIbHO ~ HU3KOM  YCHEIIHOCTbIO  IMOMCKOBO-Pa3BEIOYHOrO0  OypeHHs  Ha
HEaHTHKJIMHAJIbHbIE OOBEKTHl. ['€070rM mnpekpacHO MOHUMANM, YTO (JIaHTH KYIOJOB U
MEXKYTOJIbHBIE POCTPAHCTBA TasT B ce0e KOJOCCaIbHBIA MOTEHIMAI, OAHAKO MPOOYypEHHbIE
CKB&)XMHBI pa3 3a pPa30M OKa3bIBAIMCHh CYXWMH WM BCKPBIBAJIM BOJOHOCHBIE TOPU30HTHI. DTO
HECOOTBETCTBHE TEOPUU M TMPAKTUKA OBUIO OOYCIOBJIEHO OSKCTPEMAIbHO CIIOKHBIMU
CEHCMOIeOJIOTUYECKUMU  YCIIOBUSIMU ~ PETHMOHA, KOTOpBIE JOJIr0€ BpEMS  BBICTYHNAJIH
HENPEOJOIMMbIM  OapbepoM JJIi  JOCTOBEPHOTO KapTUPOBAHMS CKPBITHIX  JIOBYLICK.
TpanuunroHHbIE METONbI T€O()HU3UKH MPOCTO HE MO3BOJISUIA T'EOJIOTaM «YBUIETH» TO, YTO
IPOUCXOJIUT B HETIOCPEICTBEHHOM OJIM30CTH OT COJITHOTO TEJa.

Hcropuueckunii MacCUB TaHHBIX, MTOIYYEHHBIX MeToAaMu 2D-celicMOpa3BEIKU B MEPUOL
1970-1990-x romoB, chIrpal Ba)XHEHIIYIO pOJIb B TMOHUMAHUM OOIIEH pEernoHaIbHOU
TEKTOHUKH U BBIABICHUH MOP(OJIOTHH KPYITHBIX COISIHBIX MAacCUBOB. OHAKO AJIs JETAIBHOTO
V3YUYCHHS IPUKOHTAKTHBIX Y MOJKAPHU3HBIX 30H JBYMEPHAsI CEMICMUKA OKa3aJlaCh KPUTUYECKU
manos¢ppexktuBHON. OTHUM U3 ITIaBHBIX €€ OTPAaHUYEHUN CTajla HEBO3MOKHOCTh KOPPEKTHOTO
OTOOpaXeHHsI KPYTHIX YIJOB majeHus IuiactoB. CTaHAapTHbIE aJrOPUTMbI BPEMEHHOM
murpanuu nocie cymmupoBanusi (Post-Stack Time Migration), mpuMeHsBIInECS B T€ TOABI,
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MaTEMaTUYECKH HE CIIPABIISUIMCH C CYOBEPTUKAJIbHBIMU IPAHUIIAMM, YTJIbI HAKJIOHA KOTOPBIX Ha
CKJIOHaX COJISIHBIX INTOKOB 4acTto mnpeBblmaroT 60-70 rpamgycoB. B pesynpraTre Ha
CEHCMUYECKHUX pa3pe3ax TPaHUIlbl COJISIHOIO A]Ipa BBIMJISACINA Pa3MbITBIMH, XaOTUYHBIMH, a
30HBI CTPATUTPAPUUECKOTO MPHUIIETaHUs MPOTYKTUBHBIX TIACTOB K COJIA MPOCTO TEPSIINCH B
(hOHOBOM IITyMe.

Eme 6omee cepbe3noit mpoOaeMol, HCKaykaBIlel MOHUMAaHUE BHYTPEHHEH apXUTEKTYPBI
JIOBYIIIEK, CTallM TaK Ha3bIBaeMble 3(PHEKThl CKOPOCTHBIX aHOManui. DU3MKa 3TOTO SABJICHHUS
3aKIIFOYAETCS B KOJIOCCAJIBHOW pa3HULE INIOTHOCTEN U aKyCTUYECKHX CBOMCTB cpell. CKOpOCTh
MPOXOXKICHUS YNPYTrol CEMCMHYECKOW BOJHBI B IUIOTHOM KYHIypcKoil conu gocturaet 4500
METPOB B CEKYHAYy, TOrJa KaKk B IEPEKPHIBAIOIIMX M NPWIETAIONIMX K HEW TEPPUTCHHBIX
opoJIax Me303051 OHa BapbBaproercsa B npenenax 2500-3500 metpoB B cexyHay. [Ipoxons
CKBO3b COJIIHBIE BBICTYIbI, BOJIHA YCKOPSIETCS, W3-3a YEro HAa BPEMEHHBIX CEHCMUYECKUX
pa3pe3ax rOPU30HTHI, 3aJETAIOIINE MO COJBI0, UCKYCCTBEHHO (IIOATITUBAIOTCS» BBEPX. JTOT
(eHoMeH, U3BECTHBIN B reodusuke Kak 3gpdekr noxuoro noauarus (pull-up effect), npusoaun
K TOMY, 4TO I'€0JIOTH KapTUPOBAIH HECYIIECTBYIOIINE AaHTUKIMHAIIBHBIE CTPYKTYPBI O] TEJIOM
KyIIOJIOB WJIA HEBEPHO OLEHUBAIA THUIICOMETPUI0 MEKKYIOJIbHBIX MYJbJ, 3aKJIaJbIBas
CKBQ)XMHBI B 3aBE€JJOMO ITyCTbIE OJIOKH.

AGCOIIOTHO CJIETION 30HOM /JIs UCCIIeI0BaTENe OCTaBaINCh U MTOAKAPHU3HBIE JIOBYIKH.
MaccuBHbIe, HABUCAIOIINE COJSTHBIE KO3BIPbKU PabOTalnM Kak TMTAaHTCKUE JIMH3BI, KOTOPHIC
XA0TUYHO PACCEUBAIM CEHCMHUYECKYIO DHEPIHI0, HE MO3BOJIAA €M NPOHUKHYTHh BINIyOb U
OTPAa3UTHCS OT MEPCIEKTUBHBIX TPUACOBBIX WIIM BEPXHEIIEPMCKHUX TOpU30HTOB. 1o kapHHU30M
(dopMupoBanach 30Ha MOTEPU KOPPEISLMA — «CeHCMUYECKasi TEHbY», I71€ HEBO3MOXKHO ObLIO
BBIJICJIUTh HA TEKTOHUYECKHE HAPYILIEHUSI, HU TPAHULIbI [1JIACTOB.

Hacrosiumii mpopbsiB B M3y4eHHH HEAHTUKIMHAIBHBIX JIOBYIIEK BocToka I[lpukacmus
IPOU30IIET YK€ B HOBOM ThICSYENIIETUM M OBbUI CBSI3aH C JBYMSI PEBOJIIOIMOHHBIMU
U3MEHEHUSIMU: MEPEX0/IOM K IJIOTHBIM, MOJTHOA3UMYTAJIBHBIM cHCTeMaM HaOmoaeHuit 3D-
CEHCMOpAa3BEIKM M MAacCOBBIM BHEJAPEHHEM PECYPCOEMKHX QITOPUTMOB MHIPALUUA 10
cyMMUpOBaHus B IiyouHHoM o0actu (Pre-Stack Depth Migration — PSDM). Umenno PSDM-
npeoOpa3zoBaHus CTAIM TEM KIIOYOM, KOTOPBI MO3BOJIMI HUBEIMPOBATH BIMSAHHUE COJISTHOU
TONM. B oTIiMuMe 0T BpEMEHHON MUTpALUH, aIrOPUTMbl TIyOMHHOM MHUIpalliyd OMUPAOTCS
Ha TOCTPOCHHUE CIOXKHEHIINX TPEXMEPHBIX TIyOMHHO-CKOPOCTHBIX MoOelied. DTH MOJAETU
VUUTBHIBAIOT PE3KUE JaTepalibHbIE CKAYKHM CKOPOCTEW Ha TpaHMIax paszfena «colb —
TEPPUIre€HHas MOpPOJa» U MO3BOJIIOT BEPHYTh CEHCMHUYECKHE OTPAaKEHUS HA UX UCTUHHBIE
IPOCTPAHCTBEHHBIE MO3ULUH.

[IpakTyeckne pe3ynbTaThl MPUMEHEHHSI ATUX TEXHOJIOTMH KapJIUHAIBHO H3MEHWIH
MOIXOJIBI K TeoJioTopa3Benike B pernoHe. brmaronaps ycrpanenuto pull-up saddexros, ymaanocs
CKOPPEKTHPOBAaTh CTPYKTYPHBIE KapThl MEXKYIOJBHBIX MYJIbJI M BBISIBUTH HCTHUHHBIC
WHBEPCUOHHBIE CTPYKTYpPhl. BBICOKOE MpPOCTPaHCTBEHHOE paspeuieHre 3D-maHHBIX a0
BO3MOYHOCTb JIETAJIbHO TPACCUPOBATh MAJIOAMILIUTYIHbIE COPOCHI B CBOAOBBIX KEMPOKaX, YTO
KPUTUYECKU BAXKHO JIJIs1 OEHKHU T€PMETUYHOCTH TEKTOHUYECKU SKPaHUPOBaHHBIX JIoByIIeK. Ho
IJIABHBIM JTOCTMKEHHWEM CTajl0 OCBEIIECHHWE NOJKAPHU3HBIX 30H: COBPEMEHHBIE METOJIbI
BIIEPBHIE TO3BOJIMJIM YBEPEHHO KapTUPOBATH 30HBI CTPATUTrpaUyEcKOro BBIKIMHUBAHUS
NECYaHbIX KOJUIEKTOPOB IOJ HABUCAIOIIUMHU KO3BIPBKAMH COJIM, HEPEBEAs MOJKAPHU3HBIC
JIOBYILIKH U3 pa3psiia TEOPETUYECKUX TUIIOTE3 B KATETOPHIO PEaIbHBIX, BBICOKONEPCIEKTHBHBIX
00BEKTOB 117151 OypEeHUS.
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JIUCKyCCHOHHBbIE BONIPOCHI M HepelleHHbIe MPOo0JeMbl

Hecmotpss Ha Brneyamisiommuii mporpecc B CEMCMHYECKOM KAPTUPOBAHMM W
3HAYUTEIBHOE NOBBIIIEHWE KAadyeCcTBAa BHU3YyaJIM3allMM HAJCOJEBOIO KOMIUIEKCA BOCTOYHOIO
oopra [Ipukacnuiickoil BaAUHbI, T€OJOTHs PETHOHA MO-TPEXHEMY TauT B ce0e MHOKECTBO
3araqiok. Llenbrit psig pyHIaMeHTaIbHBIX BOIIPOCOB, KACAIOIIUXCS T€HEpaIu, yTelH MUTpalluu
U YCJIIOBHUM COXpaHEHHs yTIeBOAOPOIHBIX CKOIUICHHH, OCTaeTCA MPEIMETOM OCTPhIX HAYYHBIX
JUCKYCCUM, pa3fensisi HCCIEN0BAaTEIbCKOE COOOIIECTBO Ha TPUBEPKEHIEB MOJISPHBIX
KOHIICTIIIUH.

OnHOM U3 caMbIX rOpsu0 00CYKIAEMBIX TEM SIBIIETCS ABOMCTBEHHASI POJIb Pa3phIBHBIX
HapylieHudd B ¢dopmupoBaHud HedTAHbIX 3anexkeid. COpocoBas TEKTOHHKA, TyCTOMW CEThIO
OCJIOKHSIONIAsT CBOMBI U (hJIaHTH COJISTHBIX AWAMHUPOB, BEACT ceOs KpaitHe Hempenckazyemo. C
OJIHOM CTOpPOHBI, CYIIECTBYET YCTOSIBIIASCS KOHLEIMIMS, pacCMAaTpUBAIOMIAs TIyOOKHe
pa3ioMbl KakK TJIaBHbIE TPaHCHOPTHBIE apTepuu. CTOPOHHUKUA ATOW TEOPHH, ONUPASICh Ha
F€OXMMUYECKOE CXOJICTBO HEKOTOPBIX HAACOJEBBIX U MOACOJEBbIX HEPTEH, YTBEPKAAOT, YTO
YTJIEBOAOPOAbl MUTPUPYIOT U3 OOraThIX MAaTEPUHCKUX TOJIII MAJ€03051 CKBO3b TaK HA3bIBAEMBbIE
«COJISTHBIE OKHA» — 30HBI MOJHOTO OTTOKA BAIIOPUTOB B MEKKYIOJIbHBIX MyJbAax. [lomanas
B CUCTEMY HAJICOJIEBBIX Pa3JIOMOB, (hJIIOUIbI YCTPEMIISIOTCS BBEPX, 3AIOJIHAS JOBYIIKH. B 3TOM
napagurMe akTUBHAs pa3jiOMHas TEKTOHHMKA paccMaTpHUBaeTcs KakK aOCoNoTHoe Onaro u
HE00XO0MMOE yCIIOBHE HE(PTETa30HOCHOCTH.

OpnHako aJbTepHAaTUMBHAs TOYKA 3PEHUS NpPEIIaracT COBEPIICHHO HHOW B3IV Ha
npobiieMy. Psa  coBpeMEHHBIX HCCIENOBaHUM, Oa3upyOMMXCS Ha JaHHBIX MHUPOJIH3a
OPraHUYECKOT0 BEUIECTBA, JTOKA3BIBAET HAJUYUE B TPUACOBBIX U CPEIHEIOPCKHUX OTIIOKEHHSIX
peruoHa cCOOCTBEHHBIX, XOTS M MEHee MaclITaOHbIX, OYaroB T€Hepaluu yrieBoaopoaos. B
paMKax 3ToW KOHLENUUH (in situ reHeparmn) pa3ioMbl pacCMaTPUBAIOTCS HE KaK MPOBOJIHUKH,
a IPEUMYILIECTBEHHO KaK TEKTOHUYECKUE dKPaHbl, CIOCOOHBIE yAepKUBaTh HEPTh. KitoueBoi
HEpEIIeHHOW Npo0JeMON 31eCh OCTaeTCs NPOTrHO3WPOBAHUE CIIBUTOBBIX HANpPSDKEHU B
MI0CKOCTAX pasnomoB (mapamerp Shale Gouge Ratio). MccnepoBatenu n0 cux mop He
BbIpa0OTaNM €AMHOTO0 KPUTEPHUS: MPU KAKOM COOTHOIIEHHH Pa3apOOJEHHOr0 MecYaHOro W
JIMHUCTOIO MaTepuaia pa3ioM Ha BocToke IIpukacnusi ocTaeTcsi repMETUYHBIM SKPAaHOM, a
IIPU KAKOM — IPEBPAIIAETCS B MPOHULIAEMBINA KaHaJl, BEAYIIMHI K Pa3pyLIEHUIO 3aJIEXKU.

Bropas rmoOanbHast mpobiieMa, He MMEOIas Ha CErOAHSIIHUN JIeHb OJHO3HAYHOTO
MaTEMaTUYECKOI0 PEIICHMS, CBSA3aHA C OLEHKOW COXPAaHHOCTH 3aJieKE M ILEJIOCTHOCTH
pEerroHaIBHBIX MOKPHINIEK (seal integrity). B yciaoBusix HempepbIBHOTO, MyJICAIIMOHHOTO POCTa
COJIAHBIX KYIOJIOB INIMHHMCTBIE TOJIIIM HUYKHErO TpUACa WJIM CPEIHEW IOpbI, BBICTYIAIOIINE
TJIaBHBIMU (DITIOM0YTIOpaMH, TIOBEPrajIiuch NOCTOSHHBIM ehopmanusaM. OHU pacTATUBAIIUCH,
YTOHYAJIMCh U TIOKPBIBAIUCH CEThI0 MUKPOTpEIIHH. FIMeHHO npoliema Aerpaiaiuu MOKpbIIIeK
HaJ PacTyLIUMHU KyNoJaMu OOBSCHSET TOT (HaKT, YTO MHOTHE HJEaTbHO BBIPAKEHHBIE
CTPYKTYpPHBIE JIOBYILIKH B CBOJIOBBIX YAaCTSIX PU OYPEHUU OKA3BIBAIOTCA CYXHUMHU WM COJIEpKaT
JUIIL  CIENbl  TsDKEJoM, OuonmerpagupoBaHHoN HedTu. [JMHA TPOCTO HE BBIAEpXKaIa
TEKTOHUYECKOTO HANPSLKEHMUSI, U JIeTKHUE (IIIOM/IbI YLLK K JIHEBHOM oBepXHOCTH. HTErparus
JAHHBIX TE€OMEXaHUKH J/JIi TOYHOrO pacyeTa KPUTHUYECKOTO HAMpPsHKEHHs, MPU KOTOPOM
MOKPBILIKA TEPAET CBOIO LEIOCTHOCTD, SIBISIETCS OJHUM U3 IJIaBHBIX BBI30BOB JJIA OyAyLIUX
VCCIIEIOBAHNM.

Hakonen, ceppe3neimuM (PakTopoM T€OJIOTHUECKOr0 pucka ocrtaercs (a3oBas
pacCUHXpOHHU3allMs BO BPEMEHH — TMpobiieMa HECOBMAJEHUS MOMEHTOB (OPMHPOBAHUS
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goBymku (Structural Trap Timing) W TJIaBHOTO HMITyJIbCa TE€HEpAllMd W MUTPALUU
yraeBoopoaoB (Charge Timing). ["anokuHe3 — mporecc pacTaHy T BO BpEMEHH, U JIOBYIIKH
dbopmupoBanucy HepaBHOMEpHO. Ha BOCTOYHOM OOpTYy BHaJAMHBI ONMKCAaHBI MapajoKCaIbHbIC
clly4ad, KOT/Ia KpPyIHBIE TNPUKOHTAKTHBIE pPE3epBYaphl OKOHYATEIHHO O(QOPMUINCH U
3aKpBUIMCh TJIMHUCTBIMM JKPAaHAMH TOJBKO B IIO3JHEMENOBOE BpeMsa. OmHAKO, COrJIacHO
0acceitHOBOMY MOJEIMPOBAHUIO, MUK BBITECHEHHS HE(TH U3 MATEPUHCKHUX IMOPOJ HA ITHX
ydacTKax 3aBepuIwics eiie B panHed tope. HedTb, MUrpupoBaBias mo miactaM, MpocTo He
HallIa Ha CBOEM ITyTH TOTOBOM EMKOCTH M paccesulach B TPAaH3UTHBIX 30HaX. Co31aHue TOUHBIX,
OTKaJIMOpOBaHHBIX MO BpeMeHU 4D-Mojeneit yrieBoopoaHbIX CUCTEM, KOTOPHIE CMOIJIH OBl
MOIIIaroBO PEKOHCTPYUPOBATh KHHEMATHKY COJIA M ITyTH MUTpaliiu (IIIOUI0B B T€OJIOTHYECKOM
IPOLIOM, MPEACTABISET COOOM CIOKHEWINYIO, HO XKM3HEHHO HEOOXOAMMYIO 3ajauy s
MOBBIIICHUS YCIEUTHOCTH TOMCKOBOTO OypEHUSI.

3akiroueHue. Pe3roMupys COBpPEMEHHOE COCTOSIHUE HW3YYEHHOCTH HAaJCOJIEBOTO
MerakomIuiekca BocTo4HOro Oopta Ilpukacnuiickold BHaJWHBI, MOXHO C YBEPEHHOCTBIO
yTBEPXK/IaTh, UYTO 3I0XA JIETKHUX T'€O0JOTMYECKUX OTKPBITHUA B 3TOM PErHOHE 3aBEpIINIIACh.
Knaccuueckne CBOJOBbIE TMOAHSATHS AaBHO pPa3BEJaHbl, OJIHAKO OCTATOYHBIA PECYpPCHBIN
NOTEHIMAJI TEPPUTOPUU OCTAETCS BEChbMa BHYIIMTEIBHBIM. KII0OU K €ro OCBOCHHIO JIEKHUT B
r1yOOKOM TOHUMaHUM IPOLIECCOB TaJOKHHE3a, KOTOPBIM TOTAJBbHO KOHTPOJIMPYET BCHO
HBOJIIOLIMIO YTJIEBOJOPOAHBIX CUCTEM OacceliHa.

TexToHHYECKOE HarHeTaHWE KYHTYPCKOM COJIM TOpHUBENO K  (OPMHUPOBAHUIO
apareHeTUYECKOIo Psiia HEAHTUKIIMHAIBHBIX JIOBYILIEK, TPEOYIOIUX NPUHIUIHAIBHO HOBBIX
NOJIXOJ0B K pa3Benke. HanbonbliuM Hepealn30BaHHBIM NOTEHLUHMAIOM CETOJHs 00J1aJatoT
30HBl CTPaTUrpa)UYEcCKOr0 BHIKJIMHUBAHUS Ha (UIaHrax COJSHBIX IITOKOB, CKpPBIThIE
pe3epByaphl MOJ] HABUCAIOMIMMH COJITHBIMUA KapHHM3aMU U CIA0OHApYIIEHHBIE pa3ioMaMu
WHBEPCUOHHBIE MOAHIATHUS B HEHTPAX MEKKYIOJIbHBIX MYJIbI.

JlocToBEpHOE BBIABICHHE W OKOHTYPUBAHUE ATHX CIOKHOIKPAHUPOBAHHBIX OOBEKTOB
HEBO3MOXKHO B paMKax TpPaJAMIHOHHBIX CEUCMHYECKMX METOAOB. TOJIBKO KOMILUIEKCHOE
IIPUMEHEHUE MOJHOA3UMYTAIBHOU 3D-celicMOpa3BeIKy U MEPEIOBBIX AITOPUTMOB MUTPALIUH
0 CyMMHpOBaHusi B ri1youHHOUM o61actu (PSDM) mo3BoJiIeT CHATh MCKAXaroIIee BIUSHUE
COJIIHBIX JTUAIIUPOB, MPEOI0JIETh CEUCMUYECKYIO TEHb)» KapHU30B U BOCCTAHOBUTH HCTHHHYIO
TE€OMETPHIO IIACTOB.

Bektop Oyaymux uccleqoBaHMM B peruoHe JOJDKEH ObITh HalpaBleH Ha
MEXIUCUUIUIMHAPHBIA cUHTe3. s yclmeumrHoro MporHO3UpPOBaHUS HEPTEra3oHOCHOCTH
HEOOXOIMMO O0BEIUHUTh UHCTPYMEHTHI CTPYKTYPHOM T'€0J0rHH, BBICOKOTOYHOM Te0(U3UKH,
reomexaHuku u 4D-06acceitHoBoro momenupoBaHus. Ilepexoq OT MHTYUTHBHOTO TMOWCKA
CTPYKTYpPHO-BBID@XKEHHBIX TMOJHATUN K LEJICHANPaBICHHOMY, HAy4YHO OOOCHOBaHHOMY
KApTUPOBAHUIO CTPATUIPAPUUECKUX U TOJKAPHU3HBIX JIOBYIIEK CIOCOOEH 00ecneunuTh
peHTaleNbHOe pa3BUTHE pecypcHOM 0a3bl BocTouHOro Ilpukacnus Ha MHOTHE JECATUIICTHUS
BIIEpEI.
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Opsbin6aii I'y1Has bekeTKbI3bl,

Tanantel Hyp3at Ep:kanartyiisl

2 Kypc CTyACHTTEp1

FoiiabimMu skerexmri: Capridae Equn CayroBuu
PhD nonenr

kaptorpadus xxoHe reonHpopmMaTrka Kadeapachl
On-Dapabu aTeiHgarel Kazak ¥JITTHIK YHUBEPCUTETI
(r. Anmartsl, Kazaxcran)

ABAM OBJBICBIHIAFBI OPMAH OPTTEPIHIH KEHICTIKTIK
JTUHAMUKACBHIH KAIIBIKTBIKTAH 30HATAY DJIICTEPIMEH 3EPTTEY
"KOHE BATAJIAY

Anaarna: byn makamana 2023 sxbeutrsl MaychiMaa Kazakcran PecryOnukachiabiy AOaid
oOJbIChIHA OpbIH anbil, «CeMell OpMaHbD» MEMJIEKETTIK OpMaH TaOUFH pe3epBaThIHBIH
ayMarbIH IIApIbIFaH TAOUFU ©PTTEP COHFbI OHXKBUIBIKTAPAaFbl AMaKThIH €H 1p1 9KOJIOTHSIIBIK
anaTTapbIHBIH O1piHe aliHanabpl. OpMaH SKOXKYHelepiHiH 3aKbIMIaHy ayKbIMBIH Oaraiiay 3ap/art
HIEKKEH aiMaKTap/Ibl AKeeI1 )KOHE QI KapTara Tycipy yiriH XKepai KallbIKThIKTaH 30HATaY IbIH
(KK3) 3amanayu opmicTepiH eHrizyal Taman etedi. Sentinel-2 »xone Landsat 8/9 crmyTHHKTIK
TYCIpUIIMEpIH TaijanaHa OTBIPbIN, OpPMaH ©PTTEPl CaNTAPbIHBIH KEHICTIKTIK Talgaybl
YCBIHBUIFAH. 3€pTTeYy CHEKTPJIK WHACKCTEP/l €CeNTeyre HEeTI3[eNreH: OpTKe JeHUiHTi
OMOMaccaHblH Kal-KyHiH Oarajiayra apHajfaH KajiblllKa KENTIPUINeH albIlpMallbUIbIK
BeretanusuiblK uHAEKCT (NDVI) xkoHe 3akpIMaaHy AOpEKECiH aHbIKTayFa apHaJIFaH KaJbIKa
KenTipiaren kyiik aitbipmambuiblk uHAeKkcl (ANBR). Google Earth Engine (GEE) Oyiirtel
miaTdopMachiHaa OYITTBUIBIKTBL CY3y MEH KECKIHAEP/iH YaKbITIIa CEPHUSUIAPbIH CHHTE3/CY
MPOLIECIH aBTOMATTAHJIBIpyFa MYMKIHIIK Oepmai. 3epTTey OapbIChIHAA KYWIeH XKepiepaiH
Tapajy KapTrajapbl jKacaiblll, aHy JIeHredi OoWbIHIIA (TOMEHHEH JKOFaphiFa JeHiH)
altMaKTapabl KIKTCY Ky3ere achipblabl. CaHIbIK TaldAay KOpCETKEHISH, JCHTAIBIK KapaFanibl
OpMaHJIapAbIH e0yip 06JIiri )KOFapbl KAPKBIHIBI OPT dCEpiHE YIIbIPAI, MaHbBI3Ibl Y4acKeIep/ie
araill >KaMbUIFBICBIHBIH TOJBIK JCTpaJallisChiHa OKEITeH. OPTeHIeH ayMakKTapIblH ayJdaHbl
OOWBIHIIIA aJIBIHFAH JEPEKTep PEeCMU ECENTePMEH coiikec Keiemi, conbiMeH kKatap dNBR
MHJEKCIH TaijanaHy BU3yalabl AemU@piey Ke3lHJe TIPKEJIMETreH XachIpblH 3aKbIMIaHY
OILIAKTapbIH aHBIKTayFa MYMKIHJIIK Oep/il. 3epTTey HOTUKEIEpl MEH YChIHBUIFAH KapTara TYcipy
onicteMeciH TeTeHie »xaraaiiiap KbI3METI MEH OpMaH IapyallbUIbIFbl Mekemenepi AOai
OOJIBICHIHJAFbl OPMaH KOPBIH KJIMbIHA KEATIPYJl MOHUTOPUHTLIIEY )KOHE OpMaH TEXHUKAJIBIK
ic-TIIapaiapbIH KocmapJiay YIIiH KoJgaHa anajbl.

Tyiingi ce3nep: Abait obnbicel, Cemelt opmansbl, Taburu eprrep, KK3, Sentinel-2,
dNBR, kenicrikrik Tanaay, Google Earth Engine.

Kipicne. Taburu epTrep OpMaH 3KOXKYHENEpiHIH IWHAMUKAChIHA XKoHE XahaHIbIK
KOMIpTer1 ailHaJIbIMbIHA 9CEp €TETIH €H ACCTPYKTHBTI (akTopiapAblH Oipl OOJbIN TaObLIa b1
[1]. )KahaHabIK KIMMATTBIH ©3TePYyi )KOHE KCTPEMAIIIbI KYPFAKIIBUIBIK Ke3CHICPIHIH KULIEY1
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xkarmapiaga OpTanblK A3HWSHBIH apHATI JKOHE CEeMHUApUATI alMaKTapbIHIAFbl OpMaH
OPTTEPIiHIH JKULIITT MEH KAPKbIHABUIBIFBI alTapibIKTail apTThl. OpMaHABUIBIFBI IaMaMeH 5%-
ne1 KypaiTeiH Kazakctan PecryOnukace! yiria EpTic eHipiHIH peIUKTI JIGHTAIBIK Kaparanibl
OpPMaHJIaphI CHSKTHI Oiperei aKanTap/sl CakTay 0achiM MEMIJICKETTIK MiHACT OOJIBIT TAObLTA b
[2].

2023 xbutFbl MaychiMaa AOait oOmbichiHAaFbl «CemMelt OpMaHbl» MEMJIEKETTIK OpMaH
taburu pe3epBaThiHbIH (MOTP) aymarbinga opbiH anFaH ayKbIMABI ©pT aJ1aM IIbIFbIHBI MEH 6PT
IIaJIFaH ayMaKThIH KeJieM1 OOMBIHIIA aiiMaK TapuUXbIHAAFBI €H ipi anat 6oimsl [3]. Penbedriy
EPEKIICNIKTEP1, ayaHbIH KOFapbl TEMIIEPATYPACHI )KOHE EKITIHI1 )KeJI OpTTIH JKOFapFbl JCHI e e
TapaayblHa BIKIAJ] €TiM, 6PTTI COHIIPY MEH KEPYCTI MOHUTOPUHTIH KUBIHAATTHI.

JlocTypai s)kepycCTi TEKCEPY SIICTEP] YIKEH YaKbIT IIEH ajaMy PECYPCTap bl KAXKET €TE/I.
Ocpiran OaitanbicTel Kepai kambIKThIKTaH 30HATay (JKK3) omictepi MeH reorpadusibiK
akmapatTtelK skydenep (I'AJXK) TexHosorusmapsl amaT cajlgapiiapblH >Ke[en OaraiayablH
TanthipMac KypaibiHa aiHanyna [4]. Landsat xone Sentinel-2 cnyTHUKTIK aepexTepi
OCIMIIKTEPAIH X al-KyHlHE PETPOCIEKTUBTI KOHE arbIMIArbl TANJAYy KYPri3yre MYMKIHJIK
oepeni.

NBR (Normalized Burn Ratio) >xoHe oHbIH TybIHABICBI dNBR CHSKTBI KasblliKa
KEJNTIPUIreH UHACKCTEP/Il KOJJIaHy XaIbIKapaliblK FHUIBIMU KaybIMJIACTHIKTA KYUTEH JKepiep/ii
KapTara TYCIPY/IH €H THIM/1 TOCLIl peTiHae TaHpUIrad [5]. Anaiina KazakcTaHHBIH JICHTAIBIK
OpMaHJlapbl YIIH Oy HWHIAEKCTEPJIH IIEKTI MOHIEPIH KYMJbl TOIBIPAKTAFhl KbUIKAH
KATBIPAKTHI EKIeNIepAIH ePeKIICTIKTEPIH €CKEPE OTHIPHIN OeiMIey KaXKeT.

JKyMbIcThIH MakcaThl - AOail 00JIBICHIHIAFEI TAOUFU OPTTEP/IH CalJapblH KEHICTIKTIK
Tajaaay >KOHE MYJIBTHUCIEKTPJIK CIYTHHUKTIK MOIIMETTEp/l MaiianaHa OTBIPHIN, ©pPTEHTEH
ayMaKTap/AblH IIEeKApachlH JoJI aHBIKTAY JKOHE OpMaH KOPBIHBIH 3aKbIMJIAHY ITOPEKECiH
Oaraiay.

2. 3epTTEy HBICAHBI

3eprreyaid  Herisri HbicaHbl - KazakcraHn PecyOJIMKachIHBIH —COJTYCTIK-IIBIFBIC
Oemirinae, AGail 00NBICHIHBIH ayMaFbIHIa OpHanackaH «CeMeil opMaHbD» MEMJIEKETTIK OpMaH
taburu pezepBatbl (MOTP) Gonbin TaObmagbl. PezepBar 2003 >kblabl Olpereil JIEHTABIK
KaparailJibl OpMaHJapAbl CaKTay KoHe KaJIblHA KEATIPY MaKcaThIHAa KYpbutFaH (2022 xbui1an
Oactam OKIMIIUTIK TYPFBIJIaH *KaHaJdaH KypbutFaH AGait oOmbickiHa THECT) [3].

3eprrey aymarbl batbic Ci0ip >Ka3bIFBIHBIH OHTYCTIK 11€TI MeH EpTic MaHBI >Ka3bIFbIH
KamMTuabl. ['eomMopdonorusiblk Typreiian Oyl aiimMak EpTic oWmaThIHBIH KEH Teppacaibl
Ka3bIFbl 00JBINT TaObUTAbI. JICHTAIBIK Kaparailsibl opManaap (Oopbl) My3 NOyipiHEH KEHiHTi
KE3E€HHEH CaKTaJFaH PEJHKTI JKOXKYyHenep OoJbIm TaObUIaAbl JKOHE KYMIIBI JKOTaJapIbIH
OOMBIMEH COJITYCTIK-OaThICTaH OHTYCTIK-IIBIFBICKA Kapad CO3BUIBIN KaTKaH OipHemie ipi
»xonakrapaan (Kyneiaasl, Kapma sxone 1.0.) Typasl [6].

TonbIpak-KIMMATTBIK KaFdanuJIaphl:

o TonbIpak >kaMbUTFBICHL: AWMAKTBIH TONBIPAK KYPbUIbIMBI 6Te epekiue. Herisri Gedirin
TepeH KabaTThl DOJABIK KyMJapaa KaJbINTaCKaH IIBIMIBI-QNICI3 KYJITIH  (JIE€pPHOBO-
c1ab0MmoM30JIMCThIE) JKOHE Kapamrpiri a3 KyMbl TONBIpaKTap Kypaiiael [6]. by
TONBIPAKTAPBIH bUIFAI YCTay KaOUIeTi TOMEH, OYJ1 6CIMIIK KaMbUIFBICHIHBIH T€3 KYypFaybIHa
KOHE OpT KayIiHIH apTyblHa TiKeJel acep ereni [2].
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« Knumater: 3epTTey aymaHBIHBIH KIWMaThl IIVFBUT KOHTHMHEHTTI JKOHE aca KYpFak.
Kaszrbpl Ke3eHIEe aya TeMmIepaTypachbiHbIH KypT Ketreputyl (35-40°C neiiiH), TemeH
CaJTBICTRIPMAITBI BUTFATABLIBLIK (20%-1aH a3) )KoHE TYPaKChI3 Ken pexumi Oaiikanaasl [3], [4].

1-kecte. OpT Ke3iHaeri 3epTTEy ayAaHBIHBIH KJIMMATTBHIK KOpPCeTKilTepi (MaychbiM

2023 x.)
ITapameTp MoHni Kesi
Makc. aya TemmnepaTypachl +35°C... +38°C Kazrugpomer
Kennix oprama 15-20 m/c (exmini 25 m/c
.- Kasruapomer
YKBUTIAMIBIFbI JIeiiH)
CabicThipmarb! <20% KK3 momimerrepi
BUTFAJIIBITBIK

byn dakTopnapabi KUbIHTBIFBI HecTepoB mikanackl OOWbIHIIA ©PT KayINTUIITHIH S-1i1
(TeTeHIIIE) Ki1acklHA Coiikec kenel [7].

«Cemeil opMaHbD» pPe3epBaTHIHBIH KaJIbl ay/1aHbl 662 MbIH rekTapjaaH acanbl [3]. byn
MAaCCHUBTEp apuJITI KIUMATTHIK ailMaKTa OpHAaJaCKAHJIBIKTaH, alfMaKThIH JKOJIOTHSUIBIK TeIe-
TEHJITIH CaKTay/1a, TONbIPAKThI 3p03UsIaH KOpFayAa )KoHE KOMIPTEriH CIHIPYJE CTPATErHsIIbIK
pen atkapanbl [6]. Analiga, KbpUIKAH >KamnbIpaKThl araliTapblH OachIMIbUIBIFEI (Pinus
sylvestris), aHTPOINOTE€HIIK JKYKTEME >KOHE KIMMATTBIK OJKCTpeMymaap OyJl ailMakKThbl
Kazakcrannarel €H >Kofapel opT Kaymi Oap aiimakrapabeiH KatapbiHa (HectepoB mikamacel
OoiibiHIIa V K1acc) kaTKbizaasl [2], [7].

3. 3epTTey aepeKTepi MeH daicTepi

3.1. KambIKTRIKTaH 30HATAY JEPEKKO3epi

3eprrey KyMbIChIHIA AOail OOJBICBIHIAFBI OPT CaAJNAPBIH KEIICH]I Oaranay YIIiH
MYJIBTUCTIEKTPJIIK CIIYTHHUKTIK MOJIMETTEP MEH T'€OKEHICTIKTIK JIEepPEeKTepAiH KeJeci Typiepi
nangaladbUIIbL:

1. Sentinel-2 (MSI): 3eprreynin Heri3ri akmapat ke3i peTiHie Eypomnanbik rapbiin
areHTTiriHiH (ESA) Sentinel-2 cnyTHUKTIK KeckiHiepl nadganaHeuinbl. [lepektep epTke
neiinri (MaMbIp-maychiM 2023 k.) skoHe opTTeH Kerinri (tmae 2023 K.) Ke3eHaepl KaMTHIBI.
Sentinel-2 mynbrucnekTpiik cencopsl (MSI) eciMIik KaMbUIFBICBI MEH KYHTEH Kepyepi
Tanjgayra KaxeTTl xakblH HHPpaKb3bll (NIR) xkoHe Kbicka TOJKbIHABI HHPpaKb3bu1 (SWIR)
KaHAJJApbIH/A KOFaphl KEHICTIKTIK aXXbIpaThIMABLIBIKTHL (10-20 MeTp) KamTamacsi3 etei [4],
[10].

2. NASA FIRMS (VIIRS/MODIS): Oprtrin Oencenai omakTapbl (TEpMOHYKTEJED)
TypaJibl MOJIIMETTEP OPTTIH Tapaly AUHAMHUKACHIH BEpU(PUKAIMIIAY JKOHE OpT IIeKapalapbiH
HakTbUIay YiIiH Koiaaansuiabl. VIIRS (375 m) sone MODIS (1 kM) ceHcopiiapbIHbIH AepeKTepi
OPTTIH XPOHOJIOTUSCHIH KaJIbIHA KEJITIPYTE KOHE OPTTIH €H KapKbIH/GI (Da3aapblH aHBIKTayFa
MYMKIHIIK 6ep/i [8].

3. SRTM (Shuttle Radar Topography Mission): 1 apkcexkyHAThIK (mamameHn 30 MeTp)
QKBIPATBIMIBUIBIKTaFbl  TUPpAbIK  penbed  momenmi  (DEM)  keprimikti  KepliH
MOP(QOMETPUKAIIBIK CUIIaTTaMajlapblH TalAay YIUIH MaijanaHbuiasl. by nepekrep HeriziHue
OeTKeisiep 1iH SKCIO3UIHUICH MEH €HICTIT1 €CeNTeNiN, OJIapIblH )aHy KapKbIHIbUIBIFbIHA dcepi
3eprreni [4].
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3.2. barmapiamanbIK Kypajaaap ®KoHe IepEeKTepi oHIey

JlepexTepi eHIey MEH Taljgay mporieci eki Herisri kesexae, I'AXK miatdopmanapsiaga
KY3€re aChIpbUIIbL:

o Google Earth Engine (GEE): CnyTHUKTIK MOIIMETTEP/IH YJIKEH KOJEMiH OYJITTBIK
ecernreysep apkKpuibl makeTTik oHuey (batch processing) yiriH kKoiamanbuiabl. [lnaTdopmana
OYIATTBIIBIKTEI aBTOMATTHI Y3y (QA60 mask), CrieKTpiIik HHIASKCTEPl €CeNTey )KOHE YaKbITIIA
cepusiapasl (image composites) CHHTE3/ey KyYMbICTaphl xkyprizimm [10].

o ArcGIS Pro / ArcMap (ESRI): GEE-nen anbiaran pacTpiblK JEepeKTepAl OHACYIIH
COHFBI KE€3€HI XOHE KapTorpadusuIblK TU3aiH YIIH MaigadaHbUiabl. MYHIA KEHICTIKTIK
oerrectipy (Overlay analysis), epTeHren aymaxrapabl ayaaHaacteipy (Zonal Statistics),
CTAaTUCTUKAJIBIK THCTOTPaMMaap Kypy KoHE KOPBITHIHIBI MAaKETTEPIi POCIMICY OPBIHAAIIHI.

3.3. CrieKTpiik UHJEKCTEP/Il €CENTEY JKIHE KIKTEY 9/IicTeMeC]

OpT canmapblH camajiblK >KOHE CaHABIK Oarajiay MakcaThIHAAa KeJNecl CHEKTPIIIK
WHJICKCTEP €CenTe/IL:

1. NBR (Normalized Burn Ratio): Xany kosdduimieHTiH aHbIKTay YIIH XaKbIH
uHppakb3bll  (NIR) skoHe Kpicka TONKbIHABI HHPpakei3pul  (SWIR2)  kanamnapsl
naijanaHbUIbL:

NBR = {NIR - SWIR2}\{NIR + SWIR2}

2. dNBR (Difference Normalized Burn Ratio): OptriH 3akpiMaay nopexecin (Burn
Severity) aHBIKTayIbIH HETI13I1 KOPCETKIII PETIHJE OpTKE ACHIHT1 koHe epTTeH Kelinri NBR
MOH/JICPIHIH albIPMAaIIbIIBIFBI €CETITEI/II:

dNBR = NBR {prefire} - NBR {postfire}

Aneraran HoTiwkenep USGS (AKUI I'eonorusiblk KbI3MET1) CTaHAAPTTAPHI OOMBIHIIIA 5
KJIacCKa (TOMEHHEH >KOFapbIFa JCHMIH) KIKTEN1: 3apJall IIEeKNereH, TOMEH, opTalla-TOMEH,
OpTallla-)KOFapbl XKHE KOFApPbI 3aKbIMIAHY [5].

3.NDVI (Normalized Difference Vegetation Index): Ocimaik OuomaccachlHbIH
YKOFTybIH Oaraliay YIIiH KOJTaHbLUI/IbI:

NDVI = {NIR - RED}\{NIR + RED}

byn wuwHaekc epTTeH  KeWiHrt OpMaH  >KaMbUIFBICBIHBIH  (DOTOCMHTETHKAJIBIK
OeJICeHAUTITIHIH TOMEHIeyiH BepuuKkamusiay yiiH KaxeT 00asl [4].

4. HoTnxesiep MeH TaJKbLIay

4.1. OpT omaKTapbIHBIH KeHICTIKTIK-YaKbITTHIK JUHAMUKACHIH TaI1ay

NASA FIRMS (VIIRS/MODIS) nepektepin Tanmay Herizinge 2023  KbUIFBI
MayChIMJIaFbl OPTTIH Tapajlly XPOHOJOTHACHI KalMblHA KENTIPUIAl. AJFaIIKbl OKBLTY
aHOMAaJTHSIIIAphI (TEPMOHYKTENEP) PE3ePBATTHIH OHTYCTIK-0aThIc Oomirine Tipkeni. OHTYCTIK-
OaTpicTaH COKKaH KaTThl kenmiH (15-25 m/c) ocepineHn ept (GpoHTHI Te3 apajga COJTYCTIK-
IIBIFBIC OaFbITKa Kapaid KbeUDKbIFaH. ArcGIS oprackiHma OpbIHIAIFaH ©PT OMIAKTaPBIHBIH
TeIFBI3BIFBIH Tanaay (Kernel Density) eH xofapsbl jkaHy KapKbIHIbUIBIFbI «CeMeil opMaHbD)
MOTP-HbIH OpTanblK MacCUBTEPIH/AE LIOFbIPJIIAHFAHBIH KOPCETTI, OYJ1 BEpXOBOM (MKOFapF¥hl)
OpTTIH cUNaThiHa colikec kenenl [3], [8].
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1 cypert - AGait o6mbichiHAaFbl 2023 KBUTBI MayChIM alBIHIAFBI OPTTIH Tapary
KOPCEeTKIIT

4.2. ANBR unzekci 6oifbIHIIA 3aKbIMJIaHY JEHT€liH Oaranay

Google Earth Engine mnargopmaceinaa ecenrenren dNBR (Difference Normalized Burn
Ratio) wHAekci epTTIH OpMaH 3KOXKYHWECIHE THTI3TeH 3apAaOblH CaHJBIK TYPHAE JKIKTEyTe
mymkiHaik Oepai. USGS knmaccudukanusIchiHa COWKEC allbIHFaH MONIMETTep 2-KecTele
KOPCETUIrEH.

2-kecte. 3aKbIMIAaHY Jdpexeci 00ibIHIIA 6PTEHTeH AyMAKTAP/AbIH YJieci (ABTOPJIBIK
ecenreyJjep)

dNBR ku1acel 3al<1>1M{[aHy Aynansl (ra) Yaeci (%)
adpexeci
<01 OCIMIIIKTIH OCyi 819316,2 72,83
) (Regrowth)
-0.1...0.1 3apjar 1ekmnereH 116627,28 10,37
01 .. 027 TGME.BH (Low 180146,8 16,01
Severity)
Oprarma-remeH 7036,24 0,63
0.27...0.44 (Mod-low)
Opraia-xorapsl 21444 0,14
0.44 ... 0.66 (Mod-high)
> 0.66 )Korgpm (High 326,72 0,02
Severity)
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Tanmay HOTHXKECI KOPCETKEHIEH, OPTEHTeH Kaimbl ayMakThiH ImamameH 40-50%-b1
(CKOFapbI» JKOHE «OpTalla-)KOFapbl» 3aKbIMJIaHy KiacTapblHa XaTaapl. byin aiimakrapma
Kaparailibl HacaXICHUENEPAiH (POTOCHHTETUKAIBIK OCICEHIUTITIHIH TOJBIK TOKTAYbl >KOHE
ararr KabaTeIHBIH Aerpamanusicel Oarikanansl, 0y NDVI monnepinig 0.6-mgan 0.1-0.2-re aeitin
TOMEH/JICYIMEH pacTayiajipl [4].

Abaii o6meickrHBEIH ND VI nHACKCIHIH KopceTKiTi
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2 cyper - Abaii obsbickiHAarsl 2023 xpuFbl NDVI nHIEKCIHIHIH KOPCETKIIIT

4.3. PenbedTiH %oHE IKCIIO3ULIUSHBIH OPT KAPKBIHIBLUIBIFBIHA 9CEPI

SRTM uudpasix pensed moaem meH dNBR kapraceiH 6eTTecTipy HOTHKECIHAE OpMaH
OpTIHIH TapaidyblHa T€OMOP(OIOTHUIIBIK (PaKTOpIapbIH ocepi aHbIKTAIAbl. OHTYCTIK >KOHE
OHTYCTIK-0aThIC 3Kcno3ulusuibl Oetkeiniepae dNBR Monzepi conrycTik OeTkeinepMeH
caJpICThIpFaHjia opTa ecemnreH 18%-ra »orapbl 0011bl. Byl 3aHIBUIBIK OHTYCTIK O€TKeHIepaeri
KYH paJualusiChIHBIH >KOFapbl 0OJybIHA OAJIAaHBICTHI OCIMJIIK KaMBUIFBICHI MEH TOCEHIIITIH
(OpMaH TOcCEHIllll) bUIFAIIBUIBIFBIHBIH TOMEHIITIMEH TYCIHAIpIIEAl. AJIBIHFAaH HOTUXKEJep
apuITI 30HANIAp/IaFbl OPT IMHAMUKACKI OOMBIHIIIA )KYPT131IT€H alIIHFBI 3€PTTEYJIEPMEH COMKeC
keneni [2], [7].
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4.4. Tocinnmepai calbICTBIPY JKOHE SICTEMEH1 BepudUKausiiay
biznin 3eprreyimizae konaansuirad GEE xone ArcGIS uHTErpausibiK TOCUT J9CTY Pl
MOMUKCENBIIK JKIKTEYre Kaparanja OlpkaTap apThIKIIBUIBIKTapAbl kepceTTi. Landsat 8/9 sxone
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Sentinel-2 nepekTepiHiH KOMOMHALMACH JIGHTAIBIK OPMAaHIAPIbIH CHPEK KaMBUIFBICHI
XKarmabiHaa epT mekapackiH 20-30 MeTpITiK JOIIKIICH aHbIKTayFa MYMKIHIIK Oepai. NASA
FIRMS nykrenepimen cansicteipy (Validation) kapransiH gomuiri 92% exeHIH KepcCerTi.
Conpaii-ak, ANBR unzaexci Busyanapl aemmdprey ke3inae 6aikanManThiH, TeK HHOPAKBI3bLI
CHEKTPJIE KOPIHETIH «KACBIPBIH» 3aKbIMIaHY OIIAKTapblH aHbIKTayFa keMekTecTi [5], [9].

Abaii o6meiceiHBIH ANBR nHaekciHiH kepceTkimni
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4.5 Tankpinay

Aobait o6sbickiHAAaFb! 2023 JKBUIFBI OPTTIH CAJIIAPBIH KAIIBIKTHIKTAH 30H/ITAY 9/IICTEPIMEH
Tanay HOTIKEIepl aliMaKThIH AKOJIOTUSIIBIK TYPAKCHI3ABIFBIH KOHE OpMaH IKOXKYHEIepiHiH
3aKbIMJIaHy JEHIeHIHIH MOFapbl €KeHIIrH KepcerTTi. bi3aix 3eprreyimizne anbinFaH dNBR
WHJICKCIHIH MOHJIEp1 MEH OPTEHTeH ayMaKTap/blH KEHICTIKTIK KoHpurypauuscel Asangaliyev
xoHe T.0. (2024) [4] xymbicbiHAa KenTipuireH Landsat nepexrepine HEri3aenreH MoAebIey
HOTHIKEJIEPIMEH alTapiIbIKTail COMKECTIK KOpCeTell.

Asangaliyev xoHe T.0. [4] o3 3epTTeyinae Landsat ciiyTHUKTIK MaJIIMETTEpIH MaigaiaHa
OTBIPBIN, MOTEHLUAJIBI OpT Kaymi 0ap ailMakTap/pl KapTara TYCIpYiH MaHbI3bUIBIFBIH aTarl
oTKeH 0onaThiH. ONapablH TYKbIPhIMaMachl OOUBIHIIIA, OCIMIK )KaMbUTFBICBIHBIH HHACKCTEP1
(NDVI, NBR) eptTiH TapamysiH 60KayIbIH HET13T1 MHAUKATOPJIAPHI 00JIbIN TabbLIaabl. bi3aix
2023 XbUIFbI HaKTBl ©pT okurachl OoibiHIIA anFaH dANBR kepcetkimTepiMi3 aBTOpiapbiH
MOTEHIIUAJIIBI OPT KAyIl >KOFapbl JIeN JKIKTEreH aWMaKTapbhlHBIH 1C KY3IHJIE €H Kol
3akpiMaanFad («High Severity» kiacel) aymakrapra coiikec KeNeTIHIITH pacTailsl [4].
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ConbiMeH katap, ApxuroB xoHe CarbIHABIKOB [2] eHOEKTepiHAe aram OTUIreHIEH,
KazakcTaHHBIH JIGHTAJIBIK OpPMaHIApBIHBIH OPTKE TO3IMAUNIIHIH TOMEHAIr Oi31iH
3epTTeyiMi3eri )KoFaphl 3aKpIMIaHy yiieciMeH (mamamen 40-50%) nonenneneni. biz Sentinel-
2 npepektepiH 60 MeTpiIK aXbIPaTBIMABUIBIKIIEH OHJEY apKbUIbl ipl MacmTabThl epT
(bpOHTTApBIH aHBIKTAyJa >KOFapbl THIMIUIIKKE KO KeTKi3mik. JlereHmeH, Asangaliyev »oHe
T.0. [4] 3epTreyingeri 30 metpaik Landsat nepektepiMeH canbICThIpFaHaa, O13/1H HOTHXKEIEP
KEHICTIKTIK TEeHEepaJu3allUsiHbIH OCEpPIHEH IIaFblH 3aKbIMIAHY OIIAKTapblH €cenKe aiyja
azJaraH albIpMaIbUIBIKTap KOPCETYl MYMKIH.

biznin HoTHXKEIEpiMI3 OeH Asangaliyev skoHe T.0. [4] 3epTTeyl apachIiHAaFbl MaHBI3IbI
YKCacThIK — penbed ¢akTopbiHbIH ocepi. ABTopaap [4] ©3 KYMBICBIHJIA OeTKeHIepaiH
AKCIIO3HIMSICHI MEH €HICTITT OpTTIH MOTCHIMANIb KAPKBIHIBUIBIFBIH aHBIKTAUTHIH MaHBI3IbI
napameTpiep ekeHiH aran oTkeH. bizmiH dANBR »xone SRTM nepektepiH uHTErpairusiay
apKbUIbI aTFaH HOTHXKEJIEPiMI3 (OHTYCTIK OeTkeiepaeri »kanyabiH 18%-Fa aorapsl 001ybI) Oy
FBUIBIMU OOJKaM bl HAKTHI JKaF/1aii/1a TOJIBIKTal KyaTTaabl.

Kopeita aiitkanna, Sentinel-2 (30m) xone Landsat 8/9 nepextepin KemieHl KOJAaHy
AGaii 00JIBICBIHAAFBI OPMaH IIAPYalIbUIBIFBIH MOHUTOPUHTUIEYE KOFAphl HAKTBUIBIK Oepe.
byn 3eprrey Asangaliyev xoHe T.0. [4] yChIHFaH NOTEHLMAJIIBI OPTTEPAl KapTara TYCIpY
OMICTEMECIHIH TMPAKTUKAIBIK MAaHBI3AbUIBIFBIH OEKITI, OHBbl HAKThl SKOJOTHSJIBIK arar
cajiapJiapbIH KO0 MEH OpMaHbl KaJIbIHA KENTIPY iC-IIapajapblH Kocmapiayaa KolJaaHnyra
00aThIHBIH KOPCETE].

KopbiThiHabl. Abait oOnbsichiHgarel «CemMeill opMaHbl» pe3epBaThl ayMarblHIA OPbIH
alFaH 1pi MacmTaOThl OPTTI KAIIBIKTBIKTAH 30HATAY OJICTEpIMEH 3epTTey Kelecien
KOPBITBIHABLIAP JKacayFa MYMKIHIIK Oepii:

l. Onicremenik tuimautk: Google Earth Engine mmardopmaceinma Sentinel-2
CIOYTHUKTIK MamiMmeTTepiH Level-2A nenreiiinne enaey xoHe dNBR cnekTpiik MHIEKCIH
KOJJIaHy OpPTEHIeH ayMakKTap/blH IIEKapachlH J>KOHE 3aKbIMJIAHY JOPEKECIH KOFaphl
HaKTBUIBIKIIEH aHbIKTayFa MyMKiHaik Oepai. Keckingepai 60 MeTpiik aKbIpaTbIMIbUIBIKKA
reHepanu3alusiay ipi KeJeM/ll opT MaCCUBTEPIH KN Tajaayaa THIMI1 €eKeHIH KOPCEeTTI.

2. OkonorusiblK 3apaantap: dANBR wHaekci OoibIHINA KIKTEY HOTHXKECIHAE OpT
HIaJIFAaH ayMaKThIH O0AachIM O6JIIr «OKOFapbl» jKQHE «OpTallla-KOFapbDy 3aKbIMIAHY JCHIEiiHe
YKATAThIHBI aHBIKTAIIbI. By Kaparaiiiasl opMaHIapablH (OTOCHHTETUKAIIBIK OEJICeH IUTITTHIH
KYPT TOMEHJIET€HIH ’koHEe OMOMAaCCaHbIH e/19y1p O6IriHIH )KOWbUIFAaHBIH paCTalIbl.

3. dakTopablK Tamaay: PembedTiH MOphOMETpUKANBIK CHUIaTTaMansapbl ©PTTIH
Tapaxy KapKbIHIbUIbIFbIHA Tikenel ocep erkeH. CPTM nepexrepimeHn OeTTecTipy HOTHXKeECI
KOPCETKEHJIEH, OHTYCTIK KoHE OHTYCTIK-OaThic OeTKeWeperi oCiMAIK KaMbUIFBICH apHATI
KJIIMMATTHIK KaFaaiFa 0aiJIaHBICTHI OPTKE €H ce31IMTajl aiMakTap OOJIbII TaObIIaIbI.

4, CanpicTeipMmansl Tanaay: bizmig 3epTTey HoTmkenepimiz Asangaliyev xkone T.0.
(2024) [4] ychiHFaH TMOTEHUMANABl OPT KaymiH OoJpKay MOJENbIAEPIH HAKThl Karnanja
KyaTTaibl. ByJl CIyTHUKTIK MOHUTOPUHT AEPEKTEPIH OPMaH IIapyalibUIbIFbIH/IAFbI AJIJIBIH ATy
miapanapbl MEH CTPaTerdsUIbIK >KOCHapiiay YIIIH HEri3rl Kypajl peTiHAe MNaijganaHyIbIH
MaHBI3IBUTBIFBIH TN ACHII.

3eprrey OapbIChIHIA AJBIHFAH CAHJBIK MAJIIMETTEp MEH 3aKbIMJIaHy KapTallapbl
AOaii OOJNBICBIHAAFBI OPTEHI'eH OpMaH aJKaNTapblH KalmblHA KEJITIPY, HKOJOTHSIIBIK
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MOHHUTOPUHT XKYPri3y >KoHE OoJamakTarbl epT KaymiH Oackapy OOWbIHIIA ic-IIapanapiabl
d3ipJey YIIiH MPaKTUKAIBIK HET13 00J1a aajbl.
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XomuH Pycian BuraaseBuy

Marwuctpanr 2 kypca

kadeapa GUI0JIOrHIECKUX HayK

KaparanauHCkuil HallMOHAIBHBIA UCCIIEA0BATENBCKUN yHUBEPCUTET UM. E.A. BykeToBa
(r. Kaparanna, Kazaxcran)

AJITOPUTMU3BALIUA MEIUMHOM CPEJIbl: KAK TEXHOJIOIT MYECKHUE
MJIAT®OPMbI KOHCTPYUPYIOT I'PAKJIAHCKYIO AKTUBHOCTD
MOJIOAEXKH

AnHoTanusi: B cratee ucciemyercss Tpancopmaiiysa MpakTUK TPakIaHCKOTO Y4acTHs
MOJIOAEXKH IO/ BIUSHUEM aJTOPUTMUYECKOM JIOTUKU coBpeMeHHbIX MeauaraTdopm (TikTok,
Instagram, YouTube). Tpagunumonnsie Mojenu QGOPMUPOBAHUS T'PAKIAHCKOW TO3UIINH,
OCHOBaHHbIE Ha MyOJHWYHOU cdepe, YCTyHaroT MECTO IE€PCOHAIM3UPOBAHHBIM IOTOKAM
KOHTEHTa. ABTOP YTBEPKIAET, UTO aAJITOPUTMBI BHICTYNAIOT HE KaK HEUTpaibHbie QUIBTPHI, a
KaK AaKTUBHBIC KYJIbTYpHBIE MEAMATOPBI, KOHCTPYHPYIOIINE «APXUTEKTYPYy BBIOOpa»
nonb3oBarens. Ha ocHoBe Teopetnyeckux pamok J. [Tapusepa, K. Cancreitna u JI. ManoBuua
AHAIIM3UPYIOTCSI TaKW€ MEXaHU3MbI, KaK «(QWIBTPOBOYHBIC IY3BIpU», AMOIMOHAIbHAS
OpUOpUTH3aMS W TelMHUUKalus akTuBM3Ma. B cTatbe pa3OuparoTcs MapagoKChl
AITOPUTMHUYECKON CpEIbl, BKJIIOYAs PUCKU «CIAKTHBM3Ma» W moisgpu3anuu. Ha mpumepe
keiicoB rpaxaanckoit moounuzauuu B TikTok B Poccun u Kazaxcrane neMoHCTpupyeTcs, Kak
TEXHOJOTHUYecKass HUHPPACTPYKTypa OJHOBPEMEHHO U pacUIMpseT BO3MOXKHOCTU JJIst
aKTUBHM3Ma, W CO37aeT HOBBIE (OpMBI KOHTpossE U dpemepuzanuu (KpaTKOCPOUYHOCTH)
noBecTku. Jlemaercss BBIBOJ, YTO COBPEMEHHBIE MEAMATEXHOJOTHH SBISIOTCS HE IMPOCTO
WHCTPYMEHTOM, a CO-KOH(PUTYPATOPOM IPaskIaHCKOU KYJIbTYPhl MOJIOAEKH.

KuroueBble ciioBa: aroputrMudeckast KyJabTypa, TpaXaaHCKass aKTUBHOCTh, MOJIOJIEKb,
meauariatgopmsl, TikTok, puiabTpoBOUHBIHN My3bIPE, APXUTEKTYpa BEIOOPA, IEPCOHATTU3AIIHS,
1IU(POBOM AKTUBU3M, CIIAKTHBU3M.

BBenenne. B nanamagTe cCOBpeMEHHBIX MeauWa TEXHOJIOTMYECKUE IUIaThOpMbl —
COllManbHBIE  CETH, TIOWCKOBBIE CHUCTEMBI M  pPEKOMEHJATEeNbHBIE  CEPBUCHI  —
IBOJIIOLIIMOHUPOBAIH OT MPOCTHIX MOCPEAHUKOB 0 JOMUHUPYIOIMIUX aKTOPOB, (POPMHUPYIOIINX
MOBECTKY [1HSA. B ocHOBe uX (QYHKIMOHUPOBAHUS JICKUT aITOPUTMUYECKAs JIOTHKA,
HaIleJIeHHAs Ha MaKCHUMM3AIIMIO TOJIh30BAaTEILCKOTO BOBJICUEHHS (engagement) U yaep:kaHue
BHUMaHu. Jjisi Moonéxu, Kak s «uudpoBbix adbopureHoB» (digital natives), sta noruka
CTAaHOBHUTCS MMILTUIIUTHBIM, CKPBITBIM PETYJISTOPOM MX MEIUANIOBENCHHUS U, KaK CIECACTBHE,
COLIMAJIbHBIX MPAKTUK.

Ecnu panee rpaxmaHckas mo3uius (oOpMUpPOBajach NPEUMYIIECTBEHHO B paMKax
nenubepaTtuBHON MyonuyHoOM cdeprl (mo Xabepmacy) — uepe3 MHCTUTYTHI O0Opa30BaHMUS,
cembH, TpaaunuoHHele CMU u obmiecTBeHHbIE ne0aTbhl, — TO CETOJIHS A3TOT MPOLECC
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MHKAICYJUPYETCSd BHYTPU NEPCOHAJIU3UPOBAHHBIX ITOTOKOB KOHTEHTAa. MHAMBUAyanbHas
HOBOCTHAsI JICHTA CTAHOBUTCSI OCHOBHBIM OKHOM B COLMAJbHYIO peaIbHOCTh. JlaHHas cTaThs
UCCIIEyeT, KaKUM 00pa30M TEXHOJIOTHUECKas apXUTEKTypa MIaTgopM He MPOCTO OTPaXKaeT, a
aKTUBHO KOHCTPYHUPYET MPAKTUKH IPAKIaHCKOTO YYaCTHUsI MOJIOAEKH, PEBpaiasi airOpUTMbI
B KJIFOYEBBIX MEUATOPOB MEXKIY JIMYHOCTHIO U COLTLYMOM.

1. AIrOpuT™M KaK MeIMATOP MEIUIHON KYJIbTYPbI

B rymanuTapHbix ucciaegoBanusx meaua (media studies) mpousolienn CABUT OT aHalk3a
KOHTEHTa K aHalIu3y HHPPACTPYKTYpbl. AJTOPUTM B HTOM KOHTEKCTE€ — HE MPOCTO
TEXHUYECKUN (QUIbTP, a KyJbTYpHBIM akTop [1] Wiu, Kak MUHUMYM, MOIIHBIA MeIHUaTOp,
ONPEACIISIIOIIUN SUCTEMOJIOTUHYECKHUE U KYJIbTYPHBIE PAMKH.

TeopeTrnyeckyro ONTHKY [JIs aHalIW3a A3TOrO IpoIecca MNPEJOCTABISIOT HECKOIbKO
KJIFOUEBbIX KoHLenuuid. Jnu [Tapuzep BBen nonstre «puinbTpoBouHoro my3sips» (filter bubble)
[2], onuchiBas, Kak aJTOPUTMHUYECKAsT MEPCOHANU3ANUSA U30JIUPYET IMOIB30BATENSI B KOKOHE
UJCOJIOTUYECKH KOM(OPTHOTO KOHTEHTA, JIMIIAs €ro JAOCTyNa K aJbTepHATUBHBIM TOYKAM
3peHusa. JTO CO3JaeT (PparMEHTUPOBAHHYIO MH(MOPMALMOHHYIO Cpedy, IJ€ Y pa3HbIX T'PYII
OTCYTCTBYET 00I11asi «COIMaJIbHAsI TKaHb» (PaKTOB.

Kacc Cancreitn (coBmectHo ¢ P. TamepoM) pas3Bui 3Ty HIEKO Yepe3 KOHIEMIUIO
«apxuTekTypbl BbIOOpa» (choice architecture) [3]. I[lmatdopmbl He MPOCTO mMpeIararT
KOHTEHT, OHU Hpoekmupylom Cpeay, B KOTOpOHM Moib3oBaTenb JAenaeT BbIOOp. Yepes
«moATanKuBaHUs» (nudges) — Harpumep, yepe3 MOpsIOK OTOOPaKEHUs HOBOCTEH, KHOMKHU
peakuui Wi HACTPOMKHU MO YMOJYAHUIO — OHM HAMNPABJISIOT MOBEJECHHUE MOJb30BaTens. B
COLIMAJILHOM KOHTEKCTE 3TO 03HAYaeT, YTO TIaT(HOPMBbI «IIOATAIIKMBAIOT» HAC K ONPEIEICHHBIM
MHEHHUSM, B TOM YHCJI€ U TPAKIAHCKUM, YaCTO ycuiuBas «ctaaabiid apdext» (herd effect) [3],
KOTI'/Ia M0JIb30BaTEIb BUAUT U KOMUPYET MOBEACHHUE OOJIBIIMHCTBA B CBOEM ITY3bIPE».

B cBoto ouepenn, JleB Manosuu B padote «Software Takes Command» [4] yTBepxaaer,
YTO MporpaMMHoOe oOecrieueHnue (software) camo mo cebe cramo menua. Anroputmbl TikTok
wiu Instagram — 3To HE MPOCTO MHCTPYMEHTHI, ITO cpeda, KOTOopasi AUKTYeT COOCTBEHHBIHN
S3bIK (KOPOTKHE BUJIEO, PUILTPHI, AYIThl) U COOCTBEHHYIO JIOTHUKY (BUPaIbHOCTh, TPEH]IbI).
Jana boipg Takke yka3zplBaJla Ha TO, YTO QJITOPUTMbI HE HEWTPAJIbHbl; OHU MOTYT
KoAu(UUHUPOBaTh M YCWIMBATh CYILIECTBYIOIIME cOlUaibHble npeayoexaeHus [5]. Takum
o0pa3oM, MOJIOAEKHAS KyJIbTypa CErOJHS HE MPOCTO UCHOIb3Yem MEUa, a CIpPOUmMcs 6Hympu
OTOM BBIYMCIIUTEIIBHON MEAMAa’KOCUCTEMBI, YIIPABIISIIONIEH IIIaBHbIM pecypcoMm XXI Beka —
BHUMAaHUEM.

2. Ilepconanmn3anus kak GpaxkTop (pOpMHUPOBAHUS IPAKIAAHCKON MO3UIHU

B otnuuune ot pemakTopckoi jJoruku TpaauimoHHbix CMU, anropurmMudeckas JOruka
OCHOBaHa HAa METPUKAX BOBJEYEHHOCTH. OJTO NPHUBOJUT K HECKOJBKHUM HCKaXEHUSIM
yOJIMYHON cephl:

1. DMoumoHajJbHasi NPUOPUTH3ANMA. AJTOPUTMBI OOYy4YEHBl pacro3HaBaTh W
IPOJIBUTaTh KOHTEHT, BBI3BIBAIOIIMKA CUIIbHBIA AMOIIMOHAJIbHBIN OTKIUK (THEB, BO3MYIICHHE,
yAUBJICHHE, IOMOpP), TTOCKOJIbKY OH T€HepupyeT OoJibllie peakuuid (JailkoB, KOMMEHTAapUEB,
penocToB). B pe3ynbrare rpaxkaaHCKUi JUCKYpPC B JIGHTAX MOJIOAEKH peayluupyercs a0
HMOIIMOHAJIBHBIX BCIBIIIEK W «IPABEIHOIO THEBA», BBITECHSA CJOXKHBIM, pallMOHAIbHBIN
aHanus [6].

2. BoBie4yéHHOCTh KaK riaBHas MeTpuka. KOHTEHT O rpakJaHCKMX MOpoOiieMax
OPOXOAUT TOT ke (PUIbTp, YTO M pa3BieKaTenbHbI. OH OyJeT MOKa3aH, TOJbKO €CIH
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TEHEPUPYET BOBJICUEHUE. ITO 3aCTaBlIsIeT AKTUBUCTOB «YIAKOBBIBATH» CBOM UJEU B
BHUpaJIbHBIC, YACTO YIPOIIEHHBIE (OopMaThI (HaIpuMep, MEM HIIA TAHIIEBAJLHBIN YEIIICHK).

3. IlloBbllieHHMEe BUAMMOCTH «CIOPHBLIX» MaTepuaJoB. KOHTEHT, BBI3BIBAOLINI
MOJIIPU3AINIO, YacTO TEeHepUpyeT OOJbIle KOMMEHTapueB (CIIOpPOB) M, KakK CIEICTBHE,
nojydaer OoOJBIIMH OXBaT. AJITOPUTM, TakKuM O00pa3oM, MOXET HeNpeaIHaMEePEHHO
CIIOCOOCTBOBATH HE IMAJIOTY, a dCKaIaIlluy KOH(IUKTA U MOJISIpU3aIluy 00IIeCTRa.

Bo3nukaer Bompoc mudpoBod ATHUKH: TUIATGOPMBI, HCMOJB3Yys HEMpO3padyHbIe
«MaHUIYJISATABHBIC apXUTEKTYPhI», HECYT OTBETCTBEHHOCTH 33 UCKaXEHUE IMTyOJTMIHOU cephl,
OJIHAKO WX OM3HEC-MOJieNIb (SKOHOMHKA BHUMAHHMS) NPSAMO IPOTHBOPEUUT IIEJISIM CO3IaHUS
HH()OPMHUPOBAHHOTO TPAXKIAHCKOTO OOIIIECTRA.

3. MeanarexHo10ruM Kak HHPPACTPYKTypa rPakIaHCKOr0 y4acTusi

HecmoTpst Ha puCKH, TEXHOJOTHYECKasi Cpella MPEAOCTaBISIET U OeCHpeleeHTHYIO
UHPPACTPYKTYpy sl TpaxkaaHCKoro ywactus. [lmatdopMbl pagukaibHO CHIDKAIOT «IOPOT
BXO0/a» B TPAXKJAHCKYIO0 aKTUBHOCTbD, Jieasi €€ JOCTYIMHOM, OBICTPOM 1 MacIITaOupyeMou.

Mpbl HaOMIOJa€M pPaCUBET «AJITOPUTMHUYECKOTO AKTHBH3May», BKIIIOYAIOIIETO TaKHe
(bopMBl, Kak:

o [Mudpossie netunuu (Harpumep, Ha Change.org), co3aaromye WITO3HUIO IPSIMOTO
BIIUSIHUSL.

o Kpayacopcunr u kpayadaHauHT 1Ji COUAIIBHBIX MPOEKTOB (COOp CpPEACTB Ha
MTOMOIIb WM IOPUIUYECKYIO 3aIUTY ).

o MeMonosuTiKa — MCHOJIb30BAHUE MEMOB KaK HWHCTPYMEHTa OBICTpOl H
BUPYCHOM MTOJIMTUYECKON KPUTUKH, TIOHATHOW MOJIOIEXKH.

o dnenmo06-aKIuK U YeIJICH KU, HECYLIIUE COLIMAIbHBINA MU MOJUTUYECKHUM OChLT

(manpumep, #lceBucketChallenge nnu Gosiee monuTu3npoBaHHBIE TPEHIBI).

KiroueBoe wu3MeHeHME 3aKiII04aeTcs B TOM, 4YTO TEXHOJOTMYECKas cpena
reiMupuIUpyeT rpakJIaHCKyl0 aKTUBHOCTh. YYacTHE MPEBPAIAETCS B «UTPOBOID) MPOIIECC:
OHO MPUHOCUT HEMEJICHHOE COLIMAIIbHOE 07100peHue (JTaliku), TaéT ONyIIeHUE MIPUYaCTHOCTH
K KOJUJIEKTUBHOMY AECHCTBUIO (« TOKE B TPEHIE») U IMO3BOJISIET OTCIEKUBATH «IIPOTPECCH
(cuérumku penoctoB). s MooaExu, BEIpocUIE B 3TOM cpeie, rpakaaHCKas akTHBHOCTb BCE
yaiie BOCIPUHUMAETCS HE yepe3 TpaauuumoHHble uHCcTUTYMu (naptur, HKO), a uepes »tu
HOBBIE, TEXHOJIOTUYECKH OMOCPEAOBAHHBIE METUAPUTY AJIbI.

4. ITapagoKchbl M PUCKH AJITOPUTMHYECKOM CPeabl

OnucanHasg HHPPACTPYKTYpa MOPOKIAET PsJl MAPaJOKCOB, KOTOPBIE SBIISIOTCS MPSMbBIM
CJIIEACTBUEM €€ aITOPUTMUAYECKOU PUPOLBI.

Bo-nepBbIX, 3TO paguKamu3alMs Yepe3 PEKOMEHJAUuu. AJrOpUTMBI, CTPEMSCh
yAepKaTh TOJIH30BATENs, MOTYT CO3/1aBaTh «PEKOMEHJATelbHbIe TyHHEIW» (rabbit holes).
3aMETUB MHTEPEC MOJIb30BATENS K YMEPEHHO OIMO3UIMOHHOMY KOHTEHTY, CUCTEMA MOKET
HaAy4aTh Ipejarate eMy Bc€ Oosiee pajuKalibHble MaTepHalibl, TOCKOJIbKY OHU YacTO SIBJISIFOTCS
0oee «IEeTUIIOMUMIY.

Bo-BTOphIX, 3TO  (OpPMHpPOBAHUE  JIOKHBIX  «KOJUIEKTUBHBIX»  MHEHUH. B
«QUIBTPOBOYHBIX MY3BIPAX» U «IXO-Kamepax» (IAe MOJb30BATENM CIBIIAT TOJBKO 3XO
COOCTBEHHBIX MHEHMI) CO3JAETCs WILIIO3MSI, YTO MHEHHE, DPA3AeisieMOe B Y3KOM Kpyry,
SBJIIETCST OOLIENPUHATHIM. JT0 ycuiuBaeT 3¢dexT crau [3] u 3aTpyaHseT a000il auanor ¢
WHAKOMBICIISIIIIUMU, BEJI1 K TOKCUYHOM MOJISIPU3ALINH.
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B-TpeTpux, 3TO PHUCK MOJMEHBI PEAJBHOrO YYacTHsl €ro MeIUa’sMyJisiueil. OTOT
(dheHOMEH, N3BECTHBIM KaK «CIAaKTUBU3MY (slacktivism) Wim «IMBaHHBIN aKTUBU3M», SBIIICTCS
OJTHOM W3 TJABHBIX JITHYECKUX TMpoOJeM HOBOW cpenwl. [lmatdopmbl Moryt co3maBaTh
MEINa’MYJISILUIO TPAXKIAHCKOTO IercTBUS. [1onp30BaTelb, MOCTAaBUBIINN JTAWK IO IETULINEH,
CHENaBIIMKA PENOCT WJIM CMEHUBIIWW aBaTap, MOJIy4aeT SMOLMOHAJIBbHOE YIOBJIETBOPEHUE U
OIIYILEHHUE BBIMOJHEHHOIO «TIPAXKIAHCKOTO J0Jray. DTO MO3BOJSET «BBITYCTUTh Iap», HO HE
NPUBOJUT K peajgbHbIM, OoJiee CJIOXKHBIM M 3aTpaTHbIM (opmam ydactus (oddaita-
BOJIOHTEPCTBO, IOJITOCPOYHAs POEKTHAS padoTa, peabHbIC OJIUTUYECKUE IEHCTBUS).

5. Keiic-ananu3: Aaropurmuuyecknii aktuBu3m B TikTok (Poccusi m Kazaxcran)

ITnardpopma TikTok, ¢ €€ yHUKaIbHBIM QJITOPUTMOM, KOTOPBIH OTIAET MPUOPUTET HE
couuanpbHOMy rpady (MOAMUCKaM), a BOBJICYCHHOCTHM KOHTEHTA, CTajla SAPKOW apeHOW s
aHanm3a.

Poccus: SIpkum npumMepom ctana MOOMIM3ALMS MOJOAEKHN BOKPYT MPOTECTHBIX aKIUN
B sHBape-peBpane 2021 roma [7]. TikTok cram kiItOYEBBIM HHCTPYMEHTOM  JIsSt
pacnpocTpaHeHuss WH(OpManUMM O MHUTHHrax. AJFOpUTM IIaTGOPMBI  CIOCOOCTBOBAI
MOJIHUEHOCHOMY PaclpOCTPAaHEHUIO BHUAECO (YacTO SMOLMOHAIBHBIX, MOJ MY3BIKY) Cpeau
MUJUIMOHOB MOJIOJIBIX IOJIb30BATEIEH, KOTOphlE HE OBLIM BOBJEYEHbl B TPATULMOHHBIN
noymtuyeckuit auckype. Ucenegoatenu ormeyaror [7], 4ro miaTdopma UCHOIb30BalIach Kak
JUTISL IPSIMOM MOOWMJIM3allMU, TaK U JUIsi OPMUPOBAHUS OIMIO3UIIMOHHOTO HACTPOCHUS 4Yepe3
IoMOp U MeMbl. OAHAKO 3TOT BCIUIECK TAaKXe MPOJEMOHCTPUPOBAT U 3(PEMEPHOCTD
(KpaTKOCpPOYHOCTh) Takoro akTuBu3Mma: aiaroput™m TikTok mocTpoeH Ha MOCTOSITHHOM
OOHOBJIEHUW TPEHIIOB, M TMOJUTHYECKass TOBECTKAa OblIa OBICTPO BHITECHEHA HOBBIMU
pa3BIEKATEIbHBIMU YEIICHIKAMH.

Ka3zaxcran: Kazaxcranckuii cermenT TikTok (KazTikTok) nemoncTpupyer cxoxyro, HO
0osee cnoxHyro KapTuHy. C OJHOU CTOPOHBI, KaK OTMEYAIOT JIOKAJIbHbIE MEIMancCae0BaTeNn
[8], mmaTtdopmMa cTasia MPOCTPAHCTBOM JIJIi HU30BOM TPAKIAHCKON aKTUBHOCTH. B jeHTax
MOXHO BCTpeTuTh U JII'BT-akTUBUCTOB, U HSKO-aKTUBHUCTOB, M «4a0aHOB-0JOTEPOBY,
noaHUMaroumx mnpobiemsl cena. Anroput™ TikTok mo3BosiseT UM TOJMYyYHUTH OXBarT,
HEIOCTMKUMBIN B TpaaumoHHbIX CMU. C npyroi cTOpoHbI, TOMUHHUPYIOIIMM KOHTEHTOM B
kazaxcranckoM TikTok ocrtaercsi pa3BiiekaTelbHbIA, KOMMEPUYECKHI M MPOCBETUTEIbCKUI
(#KitanTok) [9]. I'paskiaHCcKkuil akTUBU3M BBIHYXKJIEH KOHKYPHUPOBAaTh C HUMH, HUCTOIB3YS TE
K€ BUpalbHble MexaHuku. Kpome Toro, mnatdopmbl, OMNEPUPYIOUIUE B PETHOHAX C
YYBCTBUTEIHHOW MOJUTUYECKON OOCTAHOBKOW, YAaCTO MPHUOETAIOT K «IIECCUMHU3AIUN» WIIH
«teHeBoMy OaHy» (shadowbanning) — HerIacHOMy NOHIKEHHIO OXBaTa KOHTEHTa Ha
«omacHbele» TeMbl. B pesynbrare BUAUMOCTH W 3()PEKTUBHOCTH TPAKIAHCKOW MPAKTUKU
MOJIOAEKN OKA3bIBACTCSA AJITOPUTMUYECKHA 3aBUCUMOM M YA3BUMOW JUISl HEMPO3PAYHOU
MOJEpaLUH.

3akioueHune. AHaINM3 MOKA3bIBAET, YTO MEAUNHASA KYJIbTYpa COBPEMEHHONW MOJIOJIEKN
ABJIETCSI THOPUAHBIM (PEHOMEHOM — PE3YJIbTATOM HE TOJIBKO COIIMAIbHBIX, IEMOTPaAPUUECKUX
U KyJbTYPHBIX MTPOLIECCOB, HO M CKPBITON pabOThl TEXHOJIOTUYECKON NHDPACTPYKTYPHI.

DTO NOJBOJUT HAC K KJIIFOYEBOMY BBIBOAY, KOTOPBIN MOKET CIIYKUTh TE3UCOM JJis OoJiee
HIMPOKOTO (BO3MOXHO, JUCCEPTALIMOHHOTO) MCCIIEIOBAHUSA: COBPEMEHHBIE MEIUATEXHOJIOTUN
HE IIPOCTO ompadsicarom TPAKIAHCKYIO IMO3HUIUI0 MOJOAEKH, HO aKMUBHO y4acmeyiom B €€
dbopmupoBanuu. OHU JENaroT 3TO Yepe3 QyHAAMEHTATbHYI0 MOIU(DUKAIINI0 MEeIUacpeabl —
3aMeHy MyOIM4YHOM chepbl MepCOHATU3NPOBAHHBIMU TOTOKAMU — U Y€pe3 BHEPEHNE HOBBIX
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JIOTHK MOTPEOJIeHUSI KOHTEHTA, TJIe IPUOPUTET OTAAETCS HE UCTUHHOCTU WM 3HAYMMOCTH, a
BOBJICUEHHOCTH M SMOLIMOHAJIBHOW PEAKIUU.

IloHnMaHue ATOM AITOPUTMUYECKOW KOHCTPYKLMHU I'PAKIAHCTBEHHOCTH, €€ ITUYECKUX
PUCKOB M HWH(QPACTPYKTYpHBIX BO3MOXKHOCTEH, SIBISETCS KPUTUYECKOW 3amayeil s
COBPEMEHHOW I'yMaHUTapHON HAyKH, IIEAATOTUKYU U TIOJIUTUYECKON TEOPUH.
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CyJeiimeHoBa Axusi AJirTaeBHA

Yyeuura 7 Kj1acca mKOJIBI-JTUALIES
BINOM um. K.Carmaesa
(r. Acrana, Kazaxcran)

ITABJIOJAPCKOE ITPUUPTBIIIBE KAK BEPOH]:HI)II‘/JI HEHTP KHMAKCKOI'O
KAT'AHATA: HICTOPUKO-TEOTPAOUYECKUU AHAJIN3 JIOKAJIU3AIIUA
XAKAH-KUMAKA

AHHoTanus: B cTatbe paccMaTpuBaeTcs npodiema JoKaau3aluuu cTouibl Kumakckoro
KaraHara - ropoaa XakaH-Kumak. Ha ocHoBaHuM aHanu3a apa®o-NEpPCUACKUX MHUCbMEHHBIX
UCTOYHUKOB, HCTOPHUKO-T€OrpapuuecKuX CBEJIECHUW, pPACUETHO-MApPIIPYTHOIO aHaiu3a u
apXeO0JIOTMYECKUX JTAHHBIX OOOCHOBBIBAETCSl BBIBOJ O BBICOKOI BEPOSITHOCTH PACIIONIOKEHUS
Xakan-Kumaka Ha Ttepputopun coBpeMeHHoro Kazaxcrana, B paiione IlaBnomapckoro
[TpuupTeinibsa. Ocob0e BHUMaHUE YIEIEHO aHAIU3Y COOOIIEHHS CPETHEBEKOBBIX aBTOPOB O 81 -
JHEBHOM MapuipyTe oT Tapas3a 10 CTOIMIBI KMMAakoB, MPUBA3KE ropoaa K Hpreiy u
MPUPOIHO-TeorpahuuecKuM OCOOCHHOCTSIM CTemHOU 30HBI KazaxcraHa. [lemaercst BBIBOJ O
TOM, YTO COBOKYNHOCTb NHCbMEHHBIX, I'€OrpapUuecKux M apXeoJOrMUeCKUX NpPU3HAKOB
no3BoJisieT paccMmarpuBaTh IlaBnogapckoe [Ipumpthiibe kak Hambosee BEpOSTHBIA pPErvOH
PaCIOJIOKEHUS OTHOTO U3 IJIaBHBIX MTOJIMTHYECKUX HEHTPOB KuMakckoro karaHara.

KaroueBbie caoBa: Kumakckuii karanar, Xakan-Kumak, Umakus, [TaBnomap, UpTeim,
Kazaxcran, Ans-Unpucu, cpeqHeBekoBas reorpadusi, TIOpKCKUe rocyaapctsa, [I[punpThiiibe.

BBeaenune. KuMakckuii KaraHat sIBJISUICSI OJHUM U3 KPYNHEUIINX TIOPKCKUX TOCYAapCTB
IX—XI BeKOB W 3aHMMaJl 3HAYUTEIBHYIO YacTh TeppUTopuu coBpemeHHoro Kazaxcrana [2].
['ocynapcTBO Wrpano BaXXHYK POJIb B TMOJUTHYECKOM M TOProBoil cucrteme LleHTpanbHOI
EBpa3uu, KOHTponMpysl cTenHble MapupyTel Mexay CpenHent Aszueil, Anraem u 3anaaHou
Cubupsio.

OnHyMM W3 HUCKYCCHOHHBIX BOIIPOCOB COBPEMEHHOW HCTOPUYECKONW HAYKH OCTaETCA
JoKanu3auus cronuibl Knmakckoro karanara - ropoaa Xakan-Knmaxk.

HecmoTps Ha CyliecTBOBaHHE Pa3IMYHBIX TUIOTE3, aHAJIN3 NUCbMEHHBIX HCTOYHHKOB,
reorpauyecKux XapakTepUCTUK U apXEOJIOTHUYECKUX JAHHBIX MO3BOJIAET MPEANOararb, YTo
JJAHHBIM LEHTP HAXOAWICA Ha TeppuTopun coBpeMeHHOro Kaszaxcrana, B paiioHe
[TaBnopapckoro [IpuupTeIiibs.

MeTtoaosiorus ucciaenoBanms. B 0CHOBe nccien10BaHus UCIIOIb30BaHbl CPABHUTEIIBHO-
UCTOPUYECKHA METOJl, HMCTOpPUKO-reorpaduyecKuii aHaau3, CPaBHUTEILHBIN  aHAIN3
MMACbMEHHBIX HMCTOYHUKOB, PACUYETHO-MAPLIPYTHBIA METOJ MW aHAIU3 apXEOJIOTMYECKUX
JAHHBIX.

Hayynasi HoBM3Ha mucciaenoBaHus. HaydHass HOBHM3Ha CTaTbU 3aKJIIOYAETCS B
KOMITJIEKCHOM COTIOCTaBJIEHUM MUCHhMEHHBIX MCTOYHUKOB, reorpa)uyecKux XapaKTepUCTHUK
MapuIpyTOB U PaCYETHBIX JAHHBIX JJIs JJoKanu3anuu XakaH-Kumaka B paiione [laBnogapckoro
[TpuupTHILIBS.
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B pabote mpeampuHSATAa TMOMBITKA COTMOCTABICHUS CBEACHHM O TPOIOJDKATEIHLHOCTH
Mapuipyta ot Tapaza 10 CTONMIBI KHUMAaKOB C COBPEMEHHBIMU HCTOPHUKO-reorpapuyecKumMu
PEKOHCTPYKIIUSIMU CTEITHBIX MTyTEH.

IMucbmennble ucTouyHMKku 0 XakaH-Kumake. OCHOBHBIMH  NHCHMEHHBIMU
MCTOYHUKAMU IO UCTOPUU KUMAKOB SIBIIIIOTCS TPYJbl apaOCKUX U MEPCUACKUX reorpados u
uctopukoB: Anb-Unpucu, Napausu, M6H Xaykanb U Apyrux CpeITHEBEKOBBIX aBTOpoB [1; 3; 5;
6; 8].

HaunGomnbliryto IeHHOCTh IPEACTABISIOT cBeieHus Ab-Uapuicu, conepxaiiuecs B Tpyae
«Hy3xat an-mymrak ¢u unxtupak an-adax» («Kuaura Poxepa») [1]. Anb-Unpucu onuceiBan
Xakan-KuMak Kak KpYyHHBIM YKPEIIEHHBbIM ropoj Ha HpThiiie, SBJISBIIMIACA PE3UACHIUCH
npaButessi KuMakoB. COTJIaCHO €ro OMUCAHUSIM, TOPOJ UMEN YKPEIUJICHUS, PBIHKH, JBOPEI
MPaBUTENA U KEJIE3HBIE BOPOTA, YTO CBUAECTEIBCTBYET O PA3BUTHUU TOPOJCKOW KYJIbTYPBI
Kumakckoro karanara.

Baxnoe 3nHaueHue umeer cooOimienue Anb-HMapucu o Tom, uto myTh oT Tapasza no
CTONMUBbl KMMakoB 3aHuMall 81 neHb [1]. JlaHHBIE CBeIEeHUS TMO3IHEE AHATU3UPOBAIUCH B
pabotax uccienopateneit Kumakckoro karanara, B yactHocTu Kymekosa B.E [7].

PacuétHo-reorpadpuuecknii anaaun3 mapmpyra. CoobOmenue Anb-Mapucu o
MPOJIOJKUTEILHOCTH ITyTH OT Tapasa 10 CTONHIBI KUMAKOB MPEACTABIIAET BaKHbII UICTOPUKO-
reorpauyecKuil OpUeHTUP JJIs JoKanu3auu XakaH-Krumaka.

CpenHsasi CKOpOCTh MEPEBHKEHUSI KApaBaHOB M KOYEBBIX OTPSIIOB B CTEMHOW 30HE
CpenHeBeKOBbs, MO OIICHKAM HCCIeoBaTeNiel MCTOPUM KOYEBBIX OOIIeCTB U Benukoro
IIEJIKOBOTO IMyTH, COCTABJIsIA MPUOIM3UTENbHO 20—35 KM B CYTKHM B 3aBUCUMOCTH OT BPEMEHHU
rojia, peibeda MECTHOCTH U TIOTOIHBIX YCIOBUH [2; 4].

Jlaxxe mpu MUHUMAaJIBHOM cpeiHeN CKOPOCTH B 20 KM B CYyTKH PaCCTOSIHUE COCTABHUIIO OBbI:

81x20=1620 k™M

[Ipu cpeanei CKOpoCcTH 25 KM B CYTKH:

81x25=2025 xkm

[Ipu cpennent ckopoctu 30 KM B CYTKH:

81x30=2430 xkm

CoBpeMeHHoe paccTosiHue Mexay Tapa3 u [laBnogap mo aBTOMOOMIIBHBIM MapLIpyTaMm
coctaBisieT okoso 1500 kM, OJHAKO CPEHEBEKOBBIE CTEMHbIE MAPIIPYThl ObUIM 3HAYUTEIBHO
JUIMHHEE BCJIEJICTBUE OTCYTCTBHUS MPAMBIX JIOPOr, HEOOXOJUMOCTH 00XO0Ja MNPUPOIHBIX
NPENsTCTBUN, CE30HHBIX MEPEX0I0B U UCIOJIb30BaHUS KaPAaBAHHbBIX CTOSHOK.

C yu€tom maHHBIX (HAKTOPOB IPEBHUN MapmipyT Mexay Tapasom u CpemHum
[IpuupteimibeM mor gocturath 1800-2200 kM, 4TO B IIEJIOM COOTBETCTBYET CBEIACHUSIM
CPEIHEBEKOBBIX aBTOPOB O MPOJOJIKUTEIBHOCTH ITyTH.

I'eorpaduueckne npusHaku Jdoxkaau3anuu. CpeHEBEKOBbIE HCTOYHUKHU TMPSIMO
CBsA3bIBAlOT XakaH-Kumak ¢ MpThIIIOM, 4TO CyHIECTBEHHO OTPAHWYMBAET KPYT BO3MOMXKHBIX
Jokanu3anui [1].

[TaBnomapckoe IlpunpThilibe pacrnojaraercsi HENOCPeNCTBEeHHO Ha HpTeiie u
TPaJMLIMOHHO PacCMaTPUBAETCS MCCIEIOBATEISIMU KaK TEppUTOpUs uctopruueckoit Kumakum
[7].

Oco0oe 3HaueHHe UMEIT MNPUPOAHO-TeorpaduyecKue XapaKTePUCTUKHU OIMHMCAHHOIO
mapupyTta. Ilyte ot Tapaza xk Cpennemy HpThinly NpoOXOIUT MPEUMYLIECTBEHHO YeEpe3
CTEIHbIE U MOJYNYyCThIHHbIE TeppuTOopun LlenTpansHoro Kazaxcrana.
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Ecnu Ob1 cTONMIIA KUMAKOB pacnoJiarajach 3Ha4UTENIbHO CEBEpHEE, B TITyOOKOH JIECHOM
30He 3anagHoit CuOupH, My TemecTBEHHUKHA HEM30€KHO (PUKCUPOBAITN ObI TPOXOKICHUE Yepe3
TaéXHbIE U JIeCHbIe TeppuTopuu. OAHAKO MOJO0OHBIE CBEICHHUS B MUCHMEHHBIX MCTOUYHUKAX
OTCYTCTBYIOT.

CnenoBatelbHO, MPUPOIHO-TeOrpaduuecKre XapakTEPUCTUKU MapiipyTa B OoJbllen
CTEIEHU COOTBETCTBYIOT TEPPUTOPHUH coBpeMeHHOro Ka3axcrana.

HcTopuko-3THOrpadpuyeckue 0c00EHHOCTH PeruoHa./[OnoJTHUTEIBHBIM apIyMEHTOM
B MOJIb3Yy JoKanu3anuu XakaH-Kumaka B paitone IlaBnogapckoro ITpuupThilibs sIBISIIOTCA
HCTOPUKO-3THOTpaduuecKkre 0COOCHHOCTH paccelieHus HacelieHus B paHHeM Cpe/THEBEKOBhE.

Cpennee IlpuupThillibeé TPAOULIHUOHHO BXOJMWJIO B 30HY CTEMHBIX MU JIECOCTEIHBIX
TEPPUTOPHIA, SABIISBIIMXCS MPOCTPAHCTBOM DPACCEJICHHUS TIOPKCKHUX KOYEBBIX OOBEAMHEHUH,
BKJIIOYasl KMMAaKOB M KblM4akckue muiemeHa [4; 7]. ImenHo crenHas 30Ha IIpuupThimibs
oOecrieunBaia yCJIOBHS JII KOYEBOTO CKOTOBOJICTBA, (PYHKIMOHHPOBAHMS KapaBaHHBIX
MapuIpyTOB M CYILECTBOBAHUS KPYITHBIX ITOJIMTUYECKUX LIEHTPOB.

B 10 e Bpems ceBepHble panioHbl Bepxuero [Ipuupteimibs u TaéKHbIE TEPPUTOPUU
3anagnoit CubMpH XapaKTepu30BAIMUCh MHOW MPUPOAHO-XO03IUCTBEHHOU cpeioil. B iecHbIX 1
TaéXHBIX PErHMOHax Mpeodsanany IUIeMeHa, XO34MCTBEHHasl AESATENbHOCTh KOTOPBIX Oblia
CBsI3aHA MMPEUMYLIECTBEHHO C OXOTOM, phIOOJIOBCTBOM U JIECHBIMH IPOMBICIIAMH.

JlaHHOE pa3nMuue MEXIy CTEnHOW TIOpkckoi 30HOM Cpemnero IlpuupTeilibsd U
CEBEPHOM JIECHOM 30HOW COTJIAcyeTCsl C COOOIIEHUSIMU CPEHEBEKOBBIX aBTOPOB O XapaKTepe
MapLIpyTOB U OCOOEHHOCTAX Tepputopun Kumakckoro karaHara.

Apxeosoruyeckue JaHHble. Apxeosormdyeckue wuccienoBanus IlaBrnomapckoro
[IpuupThILIbS TOATBEPKAAIOT HATMYUE PA3BUTON KUMaKCKON KyiabTypbl [IX—XI BekoB [9].

Ha Teppuropun pernona oOHapyKeHbI:

- KypraHbl KUMaKCKOU 3HaTH;

- OCTAaTKU CPEAHEBEKOBBIX MOCEIICHUM;

- 3JIeMeHThI popTUdUKaIUi;

- IPEIMETHI BOOPYKEHUS;

- U3JETUS PEMECIICHHUKOB;

- TOProBble apTe(aAKTHI.

Bricokass KOHIEHTpalusi TNaMATHUKOB KHUMAaKCKOM DJIOXW CBUJIETEIBCTBYET O
CYLIECTBOBAHUU 3/IECH BAXKHOT'O MOJUTUYECKOTO U SIKOHOMHUYECKOTO LIEHTPA.

3nauenne XakaH-Kumaka. XakaH-KuMmak SBIsIcE OOHMM W3 BaKHEHIINX
MOJIMTUYECKUX M TOProBbIX IEHTPOB cTenHod EBpaszuu. T'opoa BeIMONHST (GYyHKIIUH
aIMUHUCTPATUBHOW CTOJIHUIIBI, BOCHHOTO LIEHTPa, TOPrOBOI0 y3Jia, TPAH3UTHOTO TyHKTAa MEXKTY
[{enrpanbHoii A3ueii 1 CHOHPBIO.

PazBuTne ropoackoit mHOPACTPYKTYphl M HAJIMYHME YKPEIUIEHUW CBUACTEIBCTBYIOT O
BBICOKOM YPOBHE TOCYIapCTBEHHOCTH KUMAaKoOB [1; 7].

3akiarouenue. [IpoBenéHHBIN aHaMM3 MHUCHMEHHBIX HCTOYHHKOB, TeorpadudecKux
XapaKTEPUCTUK MAPLUIPYTOB U APXEOJOTMUYECKUX JAHHBIX MO3BOJISIET MPEAIIOIAraTb BBICOKYIO
BEPOSITHOCTh pacrojiokeHus: XakaH-Kumaka Ha tepputopumn coBpeMeHHOro Kazaxcrana, B
paiione [laBnomapckoro [IpuupTeimbs.

Takum o6paszom, [laBnogapckoe [IpuupThIiIbe MOKET paccMaTpUBaThCs Kak Hauboliee
BEPOSITHBI PETHOH PACIOJIOKEHUSI OJHOTO U3 IVIABHBIX MOJUTUYECKUX LEHTPOB Krmakckoro
KaraHara.
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