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GROUND-SPACE METHODS FOR
FORECASTING DEEP OIL-PERSPECTIVE HORIZONS

Abstract. The search for hydrocarbon deposits is a multifactorial task, which at present cannot be successfully
solved on the basis of data from only one method. And for its solution, as a rule, a set of data is obtained, obtained
both by ground means and remote, providing an objective picture of the structure of the sedimentary cover based on
high information density without significant time and financial costs

The paper considers modern methodological approaches used in the practice of prospecting for oil and gas,
which give an objective idea of the criteria on the basis of which a geostructural image of a section of the geological
environment is created.

The resulting complex of terrestrial and remote data is aimed at clarifying the structure of the zones of possible
oil and gas accumulation and identifying the most promising hydrocarbon traps within them. The main attention is
paid to the identification of local structures of various types and discontinuous disturbances. It is the structural
aspect, that is, the identification of discontinuous faults of various ranks and the determination of their parameters —
strike, direction of fall and kinematics — that is most significant for determining the directions and choosing the
methodology for oil and gas prospecting works in each specific area.

The use of thermal range images with the construction of maps of surface temperatures and thermal anomalies
based on them, taking into account the influence of the atmosphere, weather conditions, and geological features of
the region under study, makes it possible to more efficiently identify productive structures and the most active faults
at the present stage. Isolation of such objects makes it possible to concentrate on them seismic exploration and
drilling, and thereby reduce the cost and significantly increase the reliability of forecasting and search operations
carried out by traditional methods (geology, geophysics, geochemistry).

Among them, in particular, is deep seismic exploration using the common depth point method, which allows to
identify migration channels and fluid supports - structural elements that indicate the possible productivity of certain
horizons. Nevertheless, despite the leading role of seismic exploration, interpretation of its data at great depths
should be approached with some caution due to the high percentage of “dry” wells and the high cost of drilling itself.

.Along with the existing ones, it is proposed and justified the use of the method of parametric 3D modeling of a
geological section, which allows creating a visual spatial image of the distribution of oil prospective horizons. The
method is verified on data from known deposits and showed good convergence of results.

The results obtained are of interest to subsoil users and organizations planning to search for deposits in oil-
spitting regions.

Keywords: density inhomogeneities, hydrocarbons, fluid dynamics.

Despite the successes in the development of technologies for the development of new, practically
inexhaustible, energy sources, currently traditional energy sources are at the peak of their demand.

According to experts, by 2040 a 30% increase in demand for energy is predicted, which significantly
exceeds current consumption [1].

At the 66-th session of the UN General Assembly in 2011, the President of Kazakhstan,
N.A. Nazarbayev, in his report emphasized the need to develop scenario forecasts and a global energy-
ecological strategy for the future, which is objectively understandable. Indeed, even without taking into
account population growth, the size of the global economy should increase by at least 2 times by 2040,
which in turn will require affordable and reliable sources of energy.
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And although Kazakhstan belongs to the states with excess energy resources, and it is able to export
oil, gas, coal, uranium, without prejudice to its domestic needs, but nevertheless, it also needs to plan to
increase natural energy sources, which include hydrocarbons.

Today, Kazakhstan is one of the key exporters of hydrocarbons for the global economy. As of 2013,
according to BP Statistical Review of World Energy 2013, Kazakhstan ranked twelfth in the world in
terms of proven oil reserves. A significant part of them is located in the Caspian oil and gas basin.
However, their additional exploration and further industrial development are complicated':

* low geological exploration of the subsoil;

* the location of a significant part of resources in subsalt horizons located at depths of the order of 5
and more than thousand meters, which increases the capital costs of investors by an order of magnitude.

So, from 202 open oil and gas fields, with estimated recoverable resources of oil in the amount of
7.8 billion tons, and natural gas - 7.1 trillion cubic meters, the vast majority of them are associated with
subsalt horizons [2]. This circumstance, against the background of increasing growth rates of production
volumes, negatively affected the level of growth in the balance of hydrocarbon reserves. Already,
beginning in mid-1995, there was a deficit in replenishment of balance sheet resources, which in the future
may pose a real threat to the economic security of Kazakhstan [2].

Therefore, at the KAZENERGY forum held in 2013, Kazakhstan presented a project to create the
Eurasia international oil consortium, which is aimed at exploring the deep deposits of the Caspian
Depression. According to foreign geologists, the main hydrocarbon reserves, amounting to about
40-50 billion tons of standard fuel, are in the Caspian basin, with 90% of them located at depths of more
than 7 km. According to the President of the Society of Petroleum Geologists B.M. According to the
results of the work, Kuandykova “will identify new promising areas and objects for exploration, which
will make it possible by 2030-2050 to double the existing recoverable reserves of hydrocarbons
(hydrocarbons) [3].

According to Akhmet Timurziev, one of the supporters of the concept of the inorganic origin of oil
and the author of the Deep Oil project, turning the country's heat and energy complex (FEC) to deep
hydrocarbon resources will minimize the cost of replenishing the resource base and stabilize the growth of
oil production, including due to its extraction in the territories of the "old regions", which undoubtedly is a
cost-effective alternative to the development of new territories.

Forecasting methods for deep oil-bearing horizons.

The search for hydrocarbon deposits both in Kazakhstan and abroad is, as a rule, a traditional set of
methods and technologies that allows for a comprehensive analysis of the results obtained using data from
geological and geophysical surveys and ending with recommendations for drilling exploratory wells.

Among the geophysical methods, as a rule, gravity and seismic exploration dominate. The
implementation of the traditional research complex is a very time-consuming and cost-intensive process,
the payback of which is justified "under the conditions of exploration of large and medium anticline oil
and gas bearing structures located at shallow depths" [4]. This is explained by a rather high percentage of
“dry” wells with a high cost of drilling itself. Therefore, the use of a well-known set of methods when
searching for deposits located at great depths should be approached with some caution.

At the same time, deep seismic exploration using the common depth point method (MOGT) allows us
to obtain new data on the structure of the earth's crust, indicating its connection with the structure and oil
content of the sedimentary cover. These data, obtained along the Tatsays geotraverse, which crossed the
entire Volga-Ural province, allowed V.A. Trofimov set “new criteria for the interpretation of seismic data,
which, combined with the results of other methods, make it possible to assess the prospects of large
tectonic elements, small sections and local objects, as well as to purposefully determine the prospects for
deep-seated horizons” [7, 8, 9]. Apparently, the identification of migration channels and possible fluid
backlash, which together can serve as a search sign of a reservoir provided that fluids come from below,
up to the level of the upper mantle, are among these “criteria”. Another search feature is the presence of
dynamic anomalies under each of the known studied deposits - “subvertical or steeply inclined disturbed
zones, which probably display the desired oil supply channels, or, more correctly, oil and gas supply
channels”. In the works of R.M. Bembel et al. [10], they are called subvertical zones of destruction,
having linear dimensions with a width of several hundred meters to several kilometers. Interestingly, no
such “dry” wells were identified in the area of such zones.
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Thus, based on regional seismic studies, it was found that each hydrocarbon field has its own main
fluid supply channel displayed on the seismic sections in the form of a subvertical disturbed zone and,
possibly, secondary channels.

The implemented approach to the interpretation of seismic data allowed the author to identify a
gigantic positive structure at levels of 7—11 km, which, according to search criteria already established,
suggests the presence of a large hydrocarbon field at this depth and recommends drilling of a parametric
well [7].

Along with methods based on ground-based observations, in recent years, the emphasis on
prospecting for mineral deposits (MPI) and, in particular, hydrocarbons has shifted towards methods using
data from remote sensing of the Earth's surface (ERS).

The attractiveness of remote sensing methods in the study of oil and gas regions is due to the
possibility of obtaining an objective picture of the structure of sedimentary cover without significant time
and material costs. The geospatial information obtained in this way allows us to establish the spectral
images of objects due to the deep migration of hydrocarbon fluids and heat and mass transfer of deep
matter, leading to changes in soils, soils, and vegetation located on the surface of the study area. The
integral effect of these factors is expressed in anomalies associated with both a change in the stress-strain
state of the earth's crust and fluid-geodynamic processes, which are detected in space images [11, 12].

Thus, the remote sensing methods at the search stage make it possible to identify promising
geological structures and thereby specify the directions of ground research.

In the analysis of space images, much attention is paid to structural and morphological methods.
Among the latter, there is a large group of geomorphological methods that use maps and spectrozonal
satellite imagery data of various scales, aimed at identifying possible search features - features of the
phototone of the soil and vegetation, the presence of ring structures, lineaments, and other features of the
relief and landscape as a whole. Unfortunately, the results of applying these methods do not allow us to
draw unambiguous conclusions even for predicting shallow structures.

Against this background, the method is distinguished, which is called the structural method, focused
not so much on identifying direct deciphering signs as on detecting indirect ones, which make it possible
to establish some quantitative characteristics of the desired deposits, regardless of the depth of their
occurrence. The method is implemented in the form of a software complex that has “no analogues in
world practice”, which, according to its authors, allows one to conduct scientific analysis, predict the
location and establish various parameters of oil and gas deposits and other objects of the geological
environment, including those located at great depths, right down to up to 20-25 km ”[4, 5].

It is based on the discovery [6], which allowed its author to solve the inverse problem of determining
the depth and localization of a buried deposit up to determining its thickness with an accuracy comparable
to the accuracy of seismic methods. The error of definitions on average is 3-5% of the depth of the
analyzed surface, and "the success of exploratory drilling exceeds 75%." At the same time, the cost of
forecasting work in relation to the traditional technology of searches is (0.3-0.4)% [Structometric analysis
and search of minerals, http://www.magnolia.com.ru/files/anomalies.gif].

The final product of the application of this technology is the recommendations for well placement
provided in the form of cartographic materials, as well as 3D and 2D probabilistic models of the
geological section. Obviously, the use of this technology due to its “limited” verification and practical use
is not indisputable, but from the point of view of cost and timelines it can be very attractive.

The method of geospatial modeling of the section of the geological environment.

Unfortunately, direct search methods for ground-space observations are not a source of complete and
unconditional geospatial information about the presence and location of possible hydrocarbon deposits in
the geological section. And to fill this gap, reducing the ambiguity of the results obtained, is largely
succeeded by the method of mechanical-mathematical modeling of the geological environment [13, 14].

Using the data on the distribution of the elastic characteristics of the geological environment,
borrowed from the results of seismic observations, the method allows you to develop spatial parametric
models of the distribution of density inhomogeneities and values of the parameters of the stress-strain state
in the geological half-space of the study area, regardless of the depth of the proposed reservoir.

In solving this problem, the following stages can be distinguished:

— 227 ——



News of the National Academy of sciences of the Republic of Kazakhstan

Stage 1. Creation of spatial models for the distribution of zones of decompression.

The construction of such models can be used at the search stage, since they allow us to identify, in the
context of the studied structure, the areas of decompression, which may be associated with the actual
spatial position and morphology of possible reservoirs, as well as those elements of the deep structure that
can serve as supply channels, migration channels or areas of potential hydrocarbon accumulation.

Stage 2. Construction of a spatial model of the geological section in the parameters of the SSS.

The mechanical and mathematical modeling of the geological environment involves the calculation of
a set of parameters of the stress-strain state (SSS) with spatial reference of the calculated values. The
distribution of the latter in the geological space can be used in solving a wide range of applied problems.
Including when performing geodynamic zoning of territories and determining areas of latent energy
concentration, identifying areas of increased permeability and assessing the directions of possible fluid
movement, etc.

Stage 3. Development of complex parametric models.

The construction of complex models is aimed at identifying the degree of correspondence of the
distribution of decompression zones with the distribution of the values of the SSS parameters in the
studied block of the earth's crust. In particular, the identification of areas of reduced pressure is one of the
main conditions for the movement of fluids in the geological environment. Therefore, it seems important
to establish their spatial position and link with the distribution of decompression zones, which, by
definition, can be collectors, as well as serve as channels for their migration.

An analysis of the distributions of density inhomogeneities and the anomalous values of the SSS
parameters in the volume of the geological environment allows you to:

1. Get a visual spatial representation of the properties of the geological environment and identify new
structural forms.

2. To give a visual representation of the morphology of productive horizons, which is the basis for the
design of wells and allows you to draw conclusions about the possible location of new deposits.

The proposed methodology can be used as one of the stages of the search and exploration of
hydrocarbon deposits in the projected areas in order to identify productive horizons in the context of the
earth's crust.

The developed method was verified on the materials of several fields of the Northern Caspian and
showed good convergence with the data of downhole observations in terms of the correspondence of the
levels allocated and the actual productive horizons [15].

The method allows to establish the presence of hydrocarbon migration channels and to study their
spatial structure. Thus, in the presence of information on possible fluid backings, it is possible to draw
predictive conclusions about the location of the reservoir.

As a general conclusion, we can say that the presentation of seismic data in decompression
parameters reinforced by the SSS parameters allows to obtain a clear spatial image of the geological
environment section and thereby increase the efficiency of geophysical studies both at the search stage and
at the stage of exploitation of hydrocarbon deposits.

This work was carried out according to RBP-002 “Applied scientific research in the field of space
activity” under the theme “To develop technologies for ground-space monitoring observations of the
development of geodynamic processes in the territory of the Caspian region and forecasting hydrocarbon
deposits”.

K. Kanraes, A.I'. ®pema, b.A. UckakoB
«Honocdepa Uucturytey EXIIC «¥F3TO» AK, Anmatsl, Kasakcran

JKEPJIH TEPEH KABATTAPBIHJAFBI MYHAI-IEPCHEKTUBTI
AMMAKTAPIBI AHBIKTAYFA APHAJIFAH JKEP-FAPBIIITBIK OICTEPI

AnHotanus. KemipcyTek MmuKi3aThIH i37ey - Kell (akTopibl MiHAET, Ka3ipri yakbITTa OHBI TeK Oip oxic Herizinae
FaHa COTTI melly MYMKiH emec. OHBI IIENIy YIIiH, ONETTE, yaKBITTHIH JKOHE KAp)KbUIBIK IIBIFRIHAAPCHI3 aKMapaTThIH
JKOFaph! THIFBI3bIFBIHA HET13/I€/TeH 1OTiH/Al XKaMbUIFBIHBIH KYPBUIBIMBIHBIH OOBEKTUBTI KOPiHiCIH OEpeTiH Kep YCTi JkoHe
KAIIBIKTBIKTAH AJIBIHFAH MOIIIMETTED KUBIHTHIFBI AJIBIHAMIEL.
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Makanaga MyHail MeH ra3uel Oapiay ToXKipuOeciHAe KOJJaHBUIATBIH Ka3ipri 3aMaHFbl OJ[ICHAMAIBIK TOCIIAED
KapacThIPbUIFaH, OJIapAbIH HETi3iHAe IeosIOrusyblK opTa OeNiriHiH IeocTpyKTypasblK OeliHeci jkacalblHFaH elIeMAep
TypaJibl 00BEKTUBTI TYCiHIK OepiireH.

AJBIHFaH ep YCTi JKOHE KAIIBIKTAaFbl MAIIMETTEp KEIICHI MYHail MEH ra3[blH BIKTHMAN KHHAKTATY ailMaKTapbIHbIH
KYPBUIBIMBIH aHBIKTayFa >KOHE ONapJbIH IIIiHIEeTi eH MEepCIeKTHBTI KOMIpCYTeK TY3aKTapbhlH aHBIKTAyFa OarbITTalFaH.
Herisri Ha3ap op TYpii TUHTETri *oHE TOKTAayChl3 OY3bUIyNapAarbl SKEPrilikTi KYphUIbIMIAPIbl aHBIKTAyFa aylapbLIajbl.
Byn KypbUIBIMIBIK acIeKT, SFHU 9P TYPJl KaTapAarbl TOKTAyChI3 akKaylapAbl aHBIKTAYy JXKOHE OJIap/bIH IapaMeTpiepiH
QHBIKTAy - COKKBI, KyJlay OaFbIThl MEGH KHHEMAaTHKa OarbITTap/bl aHBIKTAy JKOHE Op HAKThl ayJaH[a MyHAail MEH Ta3Jbl
OapJiay o/licTeMeCiH TaHAay YIIiH MaHbI3IbI OOJIBIN TAObLIA b

3eprTeneTiH aliMakThIH aTMoc(epachlH, aya-pailbIHBIH >Kar[dailblH >KOHE TI'EONOTHSJIBIK EpEeKIIeTIKTepiH eckepe
OTBIPBIN, Xep OeTiHIeri TemIeparypa KapTalapblH JKOHE OJlapFa HETI3AENTeH JKbUTy aHOMAIIMSUIAPBIHBIH KapTalapblH
CallyMeH KblIy AMANa3OHBIHBIH CypeTTepiH HaiaanaHy eHIIpiCTIK KypbUIbIMIApAbl XKOHE Kasipri Ke3enaeri e OenceHnl
KEeMIIIUTIKTep/Ii THIM/II aHbIKTayFa MYMKIHIIK Oepeni. MyHaali 0ObeKTUIepl OKIIayiay ojapFa CeHCMUKANBIK Oapiiay MeH
OypFpUIayFa ILIOFBIPJIAHyFa MYMKIHAIK Oepeli, ocbulaiillla ©3iHAIK KYHBIH TOMEHJETENi JXOHE IOCTYpJi OIiCTepMEH
(reonorust, reoU3MKa, TCOXUMHUS) KYPri3UIeTiH OOJKay J>KOHE 1i37Iey JKYMBICTAPBIHBIH CEHIMALUIITIH alTapibIKTal
apTTHIPaIBI.

Omapnply iwiHzAe, aran alTKaH[a, KeIUi-KOH KaHaJJapbl MEH CYHMBIKTBIK TipeKTepiH - Oenriii ropu30HTTapAbIH
MYMKIH OHIMJIUTITIH KOPCETETIH KYPBUIBIMJIBIK 3JIEMEHTTEP/I aHBIKTayFa MYMKIHIIK O€peTiH TEePEHMIKTiH KaIbl dIiCiH
KOJJaHa OTBIPHIN, TepeH CeWCMUKANBIK Oapray Oap. CeifcMHKanmbIK OapiayIblH JKETEKIN peiiHe KapaMacTaH, OHBIH
JICPEKTEPIH YIKEH TEPEHIKTE TYCIHAIPYTe «KYPFaK» YHFbIMAAP/IbIH JKOFAphl MalbI3bl %OHE OYPFbIIAYABIH ©31HIIK KYHBI
JKOFaphbl OOJIFAHIBIKTaH 6TE CAKTHIKIIEH Kapay Kepek.Makanana i3aey KeMipcyTeri KeH OpbIHAaphIHBIH OPHATACKAH YIIKEH
tepenaikre. COHbIMEH KaTap, KOJJIaHBICTAFbI MICIIiMACPIMEH YChIHBIIAbI )KOHE HeTi3eNe/l 9AiCiH KOJAaHy, napaMeTpIIiK
3D-monenbaey TeONOTMsUIBIK  KMMAchlH, MYMKIHAIK OepeTiH kacay KepHeKi KeHiCTikTik OeiiHeci Oeiy
HeTenepCIeKTUBHBIX TOPU3OHTTAPABIH. Ofici Bepu(UIMPOBaH OCHl aTaKThl K€H OPBIHAAPBIH XKOHE KAKCHI )KUHAKTAITYhI
HOTHOKeNepi. AJIBIHFAH HOTHIKEINIep KbI3BIFYIIBUIBIK YIIiH JKep KOHHAYBIH Maiiiananynbuiap MeH TOJ.

Tyiiin ce3aep: OipTEKTi eMeC THIFBI3/BIK, KOMIPCYTEKTEp, (IFOMI0IMHAMUKA.

K. Kanraes, A.I'. ®pema, b.A. UckakoB
JATOO «Uuctutyt Monochepsr» AO «HIIKUT», Anmatel, Kazaxcran

HA3EMHO-KOCMHWYECKHUE METO/IbI TIPOI'HO3UPOBAHMUA
I''IYBOKO3AJIETAIOIINX HE@TENNEPCIIEKTUBHbBIX TOPU30HTOB

AnHoTtauus. [Touck MeCTOpOXICHUH YIieBOAOPOAOB - 3TO MHOroakTopHast 3ajaua, KOTOpas B HACTOSIIEE BpeMs
HE MOXKET OBITh YCIICITHO pelleHa Ha OCHOBE JAHHBIX MCKIIOYHTEFHO OJHOTO MeTona. M s e€ pemenus, Kak MpaBuiio,
HCIIOJIB3YCTCA HaGOp JAaHHBIX, MOJYYCHHBIX KaK Ha3€MHBIMU CPEACTBAMH, TaK U NJUCTAHIIMOHHBIMHU, O6CCHC‘{I/IBa}0LILI/IMI/I
NoTyYeHne OOBEKTUBHOM KApPTHUHBI CTPOEHHS OCAJOYHOTO 4YeXja Ha OCHOBE BBICOKOHW IUIOTHOCTH HWH(popMammu 0e3
3HAYUTCJIbHBIX BPpCMCHHBIX 1 q)MHaHCOB])IX 3arpar.

B pabore paccMOTpeHBI COBpEMEHHbBIE METOIMYECKHE MOAXOMBI, UCIONb3yeMble B IPAKTHKE MOMCKOBBIX PadOT Ha
HedTh U ras, gamomue 00beKTUBHOE NIPEACTABICHUE O KPUTEPHUSIX, HA OCHOBAHUU KOTOPBIX M CO3MAETCs T€OCTPYKTYPHBIH
o0pa3 pa3pesa reoJOrnIecKoi Cpepl.

HOﬂy‘{aCMbIﬁ B pE€3YyJIbTAaTC KOMIIJICKC HA3€MHBIX U JUCTAHIITMOHHBIX JaHHBIX HAIIPAaBJICH Ha YTOYHCHHUC CTPOCHUS 30H
BO3MOKHOTO He()TEra3oHaKOIUICHHsI W BBIJCICHHS B MX Ipenenax HanOolee MepCreKTHBHBIX JIOBYHIEK YIIEBOJOPOJIOB.
OCHOBHOE BHUMaHME yJEISIETCs BBIIBICHUIO JTOKAIBHBIX CTPYKTYP PA3IMYHOIO TUIMA U PA3PBIBHBIX HapylleHUH. IMeHHO
CTPYKTYpPHBIH acIeKT, TO €CTh BBIAEJICHUE Pa3phIBHBIX HApYIIEHUH Pa3IMYHOIO PaHIa U ONpeAeeHHEe MX I1apaMeTpoB —
MIPOCTHPAHUs, HaNpaBlIeHUE MAJCHUs W KUHEMAaTHUKH SBISETCS Hauboyiee BECOMBIM [UIS ONPENCNICHHS HANPABICHUH H
BbIOOpa METOAMKH HEPTEra30MOUCKOBBIX Pa0OT Ha KaXKJIOM KOHKPETHOM y4acTKe.

Hcnonp30BaHNEe CHUMKOB TEIUIOBOTO AWANA30HA C IOCTPOSHUEM 10 HUM KapT TeMIIepaTyp MOBEPXHOCTH M TEIIIOBBIX
QHOMAJIMH C y4eTOM BIMSHHUS aTMOC(epbl, MOTOJHBIX YCIOBUH M I€0JOrHYeCKUX OCOOEHHOCTEH HCCIIeyeMOro peruoHa
MO3BOJISIET ¢ Oonbmel 3P PEeKTHBHOCTHIO BBIBIATH MPOLYKTHBHBIE CTPYKTYpPHI U HanOoJjiee aKTUBHBIE HA COBPEMEHHOM
JTare pa3pbIBHbIE HapylleHus. Belienenue nmogo0HbIX 00bEKTOB MO3BOJISIET COCPEAOTOUNTh HA HUX CeiCMOpa3BeI0uHbIE
paboTHI M OypeHue, a STUM COKPATUTh CTOMMOCTh M 3HAUMTENILHO MTOBLICUTD JOCTOBEPHOCTH IIPOrHO3HO-TIOMCKOBEIX padoT,
MIPOBOJMMBIX TPAIUIIMOHHBIMH METOIaMH (T'€0JIOTHs, Te0PH3HKa, TEOXUMHUS).

K ux umucny, B 4aCTHOCTH, OTHOCHUTCS TIIyOWHHAs CeiicMOpa3Be/ika METOI0M 0O0IIel TITyOMHHOW TOYKH, MO3BOJISIOLIAS
BBISIBIISITh MUTPALIMOHHBIE KaHaJbl M (UIIOMJOYNOPBI, - OBIEMEHTHl CTPOSHMSA, YKAa3bIBAIOIIME Ha BO3MOXKHYIO
INPOAYKTHBHOCTh T€X WM HMHBIX TOPH30HTOB. TeM He MeHee, HeCMOTpsS Ha BEOYLIYI0 DPOJb CEHCMOpa3BEIKH, K
MHTEpIpeTauuy e€ JaHHBIX Ha OOJBIIMX IIyOMHAX CIEeAyeT MOAXOIUTh C M3BECTHOM OCTOPOXKHOCTBIO M3-3a BBICOKOIO
MPOLICHTA «CYXHUX» CKBaXHH U BBICOKOH CTOMMOCTH COOCTBEHHO OypEHHUSL.

Hapsangy c¢ cymecTBylomMH — pelIEHUSIMM, IIpelylaraeTcsi W OOOCHOBBIBAETCS — HCIIOJIb30BaHHWE  METOJa
napaMeTpudeckoro 3D MoIeTMpOBaHNUs TeOIOTHYECKOr0 pa3pe3a, O3BOJSIONIEr0 CO3IaTh HAaTJLSIIHBIH IPOCTPAHCTBEHHBIN
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o0pa3 pacmpenesneHuss HEPTEHNEPCIEKTHBHBIX TOPU30HTOB. Meroq BepuGHIMpPOBaH Ha IAaHHBIX H3BECTHBIX
MECTOPOKACHUI U M0Ka3aJl XOPOILIYIO0 CXOAUMOCTb PE3Y/IbTaTOB.

IlomyuyeHHble pe3yabTaThl MPEACTABIAIOT HHTEPEC IS HEIPOIOIb30BaTeNe M OpraHu3alui MIaHUPYIOINX TTOUCKH
MECTOPOXKAECHUH B HEPTENEPCIEKTUBHBIX PErHOHAX.

KioueBble cjI0Ba: IUIOTHOCTHBIE HEOAHOPOAHOCTH, YIIIEBOAOPOIBI, (IIIOUI0JHHAMHUKA.
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