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Pe3stome: AkTyanbHocTb pa6botbl. Pecriybnuku CeBepHoro Kaekasa pacnonaratoT MpUpOAHbIMU U TEXHO-
reHHbIMU pecypcamu. [obbl4a pya Ha UX TeppuUTOpPUK OCYLLLECTBAIAETCSA C UCTOPUYECKMX BPeMeH. [lo6bIBatoLLme
npeanpuaTa paboTtanu no 3aMKHYTOR CXeMe KOMMAEKCHOM0 UCMOJTb30BaHMS METaN0COAepKaLLero cbipbs. Ak-
TyanbHOCTb UCCNEA0BAHNA JAHHOTO HaNpaBneHns YBENNYNBAETCA B CBA3M C PACMNON0OXKEHNEM MECTOPOXKAEHUI
Ha CeBEPHOM CKJIOHe bonbluoro KaBkasa B CNOXHbIX Fe0ANHAMUYECKIX YCOBUSAX, YTO MOBbILIAET HEOO6X04M-
MOCTb y4eTa PUCKOB Npu paspaboTke MeCTOPOXAEHNA, 0COOEHHO NOL3EMHbIM Cnocobom. PelueHnio npobre-
Mbl BOCCTAHOBJIEHUS ObINIOr0 NOTEHLMANA FOPHLIX NPEANPUATUIA PErMoHa Crnoco6CTBYET NPUMEHEHUEe METO/0B
MOHWUTOPUHIa A06bI4HbIX PA60T C UCMONb30BAHNEM BO3MOXXHOCTE PYAHUYHON reodu3nku. AKTyanbsHOCTb TEMbI
1CCNeaoBaHNs 00bACHAETCA HEOOX0AUMOCTbIO MOBbILLIEHNS Ka4eCTBa Py W MUHUMU3ALMI HArPY3KN HA OKpY-
XaroLlyto npupogHyto cpegy. Metoamka. [JoCTXXEHWO MOCTaB/IEHHON Lienn Cnoco6CTBYET pauuoHanmsaums
NPUMEHAEMbIX re0hn3N4eCKMX METOL0B UCCNES0BaHNA PYSOBMELLAIOLLNX MacCuBOB. Pe3ynbTatbl. [TpuBeseHbl
CXEMbl UCMONb30BaHNA CPEACTB PYLHUYHON reon3NKN L1 MOHUTOPUHIA peakuu pyLoBMeLLalLmx maccu-
BOB Ha TEXHOIIOrMYeCKOe BO3AelicTBMe. [1aHO MaTemMaTiyeckoe ONMCcaHne n NoCTPOeHbl MaTeMaTiyeckmne Moge-
NN reoPU3NYeCcKNX CPEACTB CONPOBOXAEHUS FOPHBIX PA6OT. [l0Ka3aHo, YTO reOMexaHnyecKue u npoyue 3ajadm
NOA3EMHON Pa3paboTKN PYAHbLIX MECTOPOXAEHUA peliatoTcs Metofamu reoduanku. 0606LLeHbl BO3MOXHO-
CTW MOHUTOPUMHra NPOLECCOB NOL3EMHONM pa3paboTKn MeCTOPOXLEHUA METOAaMN PYSHUYHON reou3unkiu, B
TOM 4uCe: AUCKOBAHWE KepHa, aKyCTUYeCKOe NPO3BYYUBAHME, YNbTPA3BYKOBOW, SNMEKTPUHECKUA N MArHUTHBbIN
KapoTax, pasrpy3ka HanpsXKeHuit, CEMCMOAKyCTMKa, 3N1eKTPOMETPUS, BAABNMBAHWE NMYAaHCOHOB, AeopmaLus
CKBAXWH, FEOMArHUTHbIN, penepbl CABUXEHUSA, 3NEKTPUYECKIE Lienn B CKBAXMUHAX, MOLENIMPOBAHINE HA 9KBUBA-
NEHTHBIX 1 ONTUYECKU aKTUBHbLIX MaTepmanax, a Takxe mMatematnyeckoe mofenuposanue. Gaenax BbiBoL, HTO
MOBbILLEHNE 6830MACHOCTM FOPHbIX PAaBOT W KavyecTBa pyn ¢ MUHUMU3ALIMERN yuiep6a OKpyXXatoLLeil cpeae 06e-
CMeynBaeTCs 1CMNONb30BAHNEM KOMMIIEKCA re0n3n4ecKnx MeTOAO0B Ha BCEX CTaansAX J0ObIYM U nepepaboTKu
MUHEPanbHOro Chipbs.

KnioueBble cnoBa: CeBepHbIli KaBkas, MeCTOPOXeHMS, paspadoTka, reofuHaMmnka, MOHUTOPUHT, PYLHUY-
Has reouamnka.
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Abstract: Relevance. The republics of the North Caucasus have natural and man-made resources. The mining
of ores on their territory has been carried out since historical times. Mining enterprises operated according to a
closed-loop scheme of integrated use of metal-containing raw materials. The relevance of research in this area is
increasing due to the location of deposits on the northern slope of the Greater Caucasus in difficult geodynamic
conditions, which increases the relevance of taking risks into account when developing deposits, especially
underground. The solution to the problem of restoring the former potential of mining enterprises in the region is
facilitated by the use of mining monitoring methods using the capabilities of mining geophysics. The relevance
of the research topic is explained by the need to improve the quality of ores and minimize the environmental
impact. The methodology. The achievement of this goal is facilitated by the rationalization of applied geophysical
methods for studying ore-bearing massifs. Results. The schemes of using mining geophysics tools to monitor
the reaction of ore-bearing massifs to technological impact are given. A mathematical description is given and
mathematical models of geophysical mining support facilities are constructed. It is proved that geomechanical
and other problems of underground mining of ore deposits are solved by methods of geophysics. The possibilities
of monitoring the processes of underground mining by methods of mine geophysics are summarized, including:
core disking, acoustic sounding, ultrasonic, electric and magnetic logging, stress relief, seismoacoustics,
electrometry, punch indentation, well deformation, geomagnetic, displacement reference points, electric circuits
in wells, modeling on equivalent and optically active materials, as well as mathematical modeling. It is concluded
that improving the safety of mining operations and the quality of ores while minimizing environmental damage is
ensured by using a set of geophysical methods at all stages of mining and processing of mineral raw materials.
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BeeaeHe

YeroiiunBast 100bIYa MOJIE3HBIX UCKOTIAEMBIX 00€CIIEUNBACTCS TAPMOHUYHBIM COYCTAaHHEM
pe3yJIbTaTOB TEKYILEH MPAKTUKU U HAIIPABJICHUH pa3BUTHs Ha Oyyiee, B Mpolecce aHaan3a
OTIACHBIX MPOLIECCOB B MPUPOIHO-MPOMBINUIEHHON CUCTEME, IPOTHO3UPOBAHUS O CTIKCHUN
U yueTa TeXHOJIOTHUYECKUX CBOWCTB IMOJIE3HBIX KOMIIOHEHTOB MeCTOpOXaAeHHM [Aras, 2021;
Bosikov et al., 2021; Knroes u np., 2019].

[TpUHIUITBI YCTOHYMBOTO OCBOCHHS T'€OPECYPCOB KaK CMOCOO0 CHMKECHHUS YS3BUMOCTHU
MOJ3EMHBIX OOBEKTOB SIBIISIFOTCS PE3YJIBTaTOM TPEXMEPHOIO aHajIHM3a U OLIGHKU PUCKOB IO
AMIIUPHYECKUM METOAUKAM IPH MPOSKTHPOBAHUH TOPHO-TEXHOIOTUYECKHX 00BeKTOB [Co-
bian et al., 2022; Kongar-Syuryun et al., 2024; AGpamkun u 1p., 2022, lonuk, 2025, 2026].

KoMmOunMpoBaHue reo(u3nmuecKux METOIOB MOHHUTOPHHTA TOPHBIX pa0dOT TO3BOJSET
pa3pabarbiBaTh MOJCNIM, B TOM 4YHCJE, HANPsHKEHHO-1e()OPMUPOBAHHOTO COCTOSHHS
HApYyIICHHOTO MOPOJHOTO MacCHBa C YyYETOM AaHU30TPOIUM H  HEOJHOPOTHOCTEH,
BJIMSIHUSL OTKPBITBIX TOPHBIX pa0OT Ha COCTOSHHE IOJICTHJIAIOIIETO MacCHBa TOPHBIX
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MOopoA TP KOMOWHUPOBAHUU CHOCOOOB Pa3pabOTKM MECTOPOXKICHHH M JTUHAMHUYECKOTO
IPOTHO3UPOBAHUS OOPYIIEHHsI TOPHBIX IIOPOJ B COUETAHUU C UHBEPCHEN TEXHOJIOIMYECKUX
napametpos [Aauramos, FOxenkos, 2021; ['maakos u ap., 2024; Unapmaues, 2025; AnGopos
u ap., 2026; MyxamermuH u ap., 2026; Hou et al., 2022].

leodpusnueckne METOIBI COMPOBOXKIACHUS TEXHOIOTUYECKHX MPOIECCOB MPUMEHSIOTCS
Ha CMEXXHBIX 3Tanax ropHO-000TaTUTEIBHOTO IMKJIA, HATIPUMEp, ITPH N3BICYCHUH METAIJIOB
W3 TEXHOJOTMYECKU BCKPBIBAEMBIX Py U pa3Bedke pyaHbIX MecTtopoxacHui [[onuk, 2010;
Tomuk u ap., 2023; Yakonovskaya et al., 2020].

O¢pdexTuBHOCTH TeOYU3NUECKOTO COMPOBOXKIACHHUS TOPHBIX IMPOLECCOB MOBBIIIACTCS
MOJIEpHM3AlMEeN ACHCTBYIOIIMX M CO3JaHUEM HOBBIX ammaparoB M OO0OpYIOBaHHUS IS
OCYIICCTBIICHUS MOHHUTOPHHIa METOIaMU pyaHHYHOW reodmsuku [Vysotin et al., 2024;
HapOunsa u ap., 2023; Askaripour et al., 2022].

VY HCTOKOB METOAMYECKOTO OOECIIEYEeHUS! UCCIICAOBAHUN COCTOSIHUS PYIOBMELIAIONINX
MaccuMBOB B Ipouecce ocBoeHusi ux 3amnacoB crosat B.Jl. Crnecapes, ['H. Ky3sneuos,
H.IL. Bnox u ap.

l['unore3sl ympaBiieHUsI COCTOSSHUEM MAacCHBOB €AMHBI B TOM, 4TO 3((EKTUBHOCTH
yTpaBlIeHHUsI MACCUBAMH 3aBUCHT OT COalaHCUPOBAHHOCTH HAIPsHKEHHO-1e(hOPMHPOBAHHBIX
CpeA TMyTeM TEXHOJOIMYECKOTO BO3ACUCTBUS Ha HUX. OOBEKTHBHbIE M OIEpaTHBHBIC
CBEJICHHs O MOBEIEHHH PYJOBMEINAIOIINX TTOPOJ MPEIOCTABISAIOT reo(pU3NIEeCKUe METO/bI
MOHUTOPUHIa TEXHOJIOTHYECKHX IPOLIECCOB.

MeTtoanKa

CTpyKTypHYIO HEOTHOPOIHOCTh MAacCHBa OMPEACISIOT METOAAMH YIBTPa3ByKOBOTO,
ANIEKTPUYECKOTO W MArHUTHOTO KapoTaxka. HampspkeHHuss B MacCHUBE M3MEPSIOT METOIaMU
pas3rpysKu, peructpanuu aeopmannii KEpHOB, OCMBICICHHUS TAPAMETPOB, CEHCMOAKYCTUKH,
CEHUCMHUYECKOT0 U AIIEKTPOMETPUUYECKOTO BO3/IEHUCTBUSI.

Pe3yAbTaTbI

Haubonee nocToBepHBIM U JOCTYIHBIM METOAOM OIICHKH COCTOSHUSI MAacCUBA SIBIISETCS
BBIXOJ] KepHa pu OypeHUU CKBa)KUH ¢ AuddepeHmanmeii no TonumHe auckos Xanszaru .

(puc. 1).

Puc. 1. Bvixoo kepna npu 6ypenuu cxeascun / Fig. 1. Core yield during well drilling

Kosddurment ocmabnenns nopos B Maccuse (K ) ):

_ L[ Bl
° oL\ P

const

M

n

rae L —UIMHa MHTEepBala CKBAKUHBL, M;

[ — nuinHA KepHa, NPEeBbIILIAOLIAs €ro JUAMETP, M;

7 — KOJJMYECTBO KEPHOB JNIMHOW, paBHOM TMAMETPy KepHa, IIIT.;

P, — KOnM4ecTBO KEPHOB JUIMHOM, paBHOW AMAMETPY, HA | M CKBa)KMHBI, IIIT.

CreneHb HEOIHOPOJHOCTH OLIEHHMBAIOT METOIOM MEXKCKBRKMHHOIO aKyCTHYECKOIO
Mpo3By4HBaHus (puc. 2).
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Puc. 2. Cxema uccnedosanus Maccusa npo3eyuusaHuem UMNnYIbCam no CK8ANCUHAM.
1 — usnyuamenu; 2 — npuemtuxu /

Fig. 2. Scheme of massif research by sounding pulses through wells:
1 — radiators; 2 — receivers

Wznyuarens u npuéMHUK 3BYKOBBIX UMITYJIHCOB pa3MEIIAlOT B CKBOKUHAX, IPOOYPEHHBIX
¢ oHOMU cTopoHbl MaccuBa (1) u ¢ npyroii ctoponsl (2). PaccTtosHue Mex1y CKBaXXHMHAMH —
5 m. I'nyOuna ckBakuH — 2,5 M. CKBa)KHUHBI 3aITOJTHSITH BOJIOM.

Kosdpuuuent 3Bykonornomenus o :

_Ly -1 -20lgr;
' 8,687,
rae L, — ypoBeHb CUrHajla B TOUKE U3IyUyeHus, 1b;
L, — ypoBeHb CUTHaJIA B TOYKE IIpueMa, nb;
7; — IPEOA0IEBAEMOE UMITYJIbCOM PACCTOSIHUE, M.
3aBUCHUMOCTb YaCTOThI 3BYKOB Pa3pyLIEHUs OT BEJIMYUHbI HAPsKEeHUi (6):

b

B
oc=a-Ny,

IJie 6 — Beau4yuHa Hanpsbkenuil, MlI1a;

N,, — KOMTMYECTBO UMITYJIbCOB B MUHYTY;

a — k03 HunmenT, XxapakTepu3yOIHi CTPYKTYpy MOPO;
B — KOO PUIMEHT, XapaKTepU3yIOLIHi TPOYHOCThH MOPO.

CaBwkeHHs MacCHBa TOPOA W pyd HIpU MOA3EMHON pa3paboTKe OmpenensiorTcs
DTyOMHHBIMH periepaMy 10 MPOCTUPAHUIO M BKPECT MPOCTUPAHUS PYIHBIX Tel (pHc. 3).

()

Profile Ne 1

Profile Ne 2 !

Profile Ne 1

Puc. 3. I[Ipogunu nabniooamenvhou cmanyuu. a — 0OHOCMOPOHHUL, 6 — O8YXCIMOPOHHULL,
1 — onopHoie penepot; 2 — pabouue penepuvl 3 — pyonoe meno /

Fig. 3. Profiles of the observation station:
a — one-sided; b — two-sided; 1 — reference repers,; 2 — working repers; 3 — ore body
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3J'IeKTpI/I"IeCKI/Ie [nenu r3 mnapajiyieJibHO MOAKIHOYCHHBIX COHpOTHBHCHI/Iﬁ pasMelaroT B

ckBaxxuHax (puc. 4). [Ipu oOpyieHnn nopo ClieMeHTHPOBAHHAS C TOPOI0H YaCTh CKBAYKHHBI
CUTHAJIM3UPYET O pa3pylICHUH.

Il

s

°

o

Puc. 4. Habrnrooamenvnas cmanyus: 1 — snekmpuueckas yenv, 2 — o6caonas mpyoa; 3 — pe3urosas
npooxa; 4 — usmepumenvuviil npudop, 5 — yemenmubvill pacmeop,; 6 — 3auumnslii KOMax /

Fig. 4. Observation station: 1 — electrical circuit; 2 — casing pipe; 3 — rubber plug;
4 — measuring device; 5 — cement mortar; 6 — protective cap

[Ipu n3ydeHnu yCToOMUMBOCTH KPOBIIM IPUMEHSIOT TPaIUIIMOHHbIE U BHOBb pa3paboTaH-
HbI€ JIATYUKU, OCIMIUIOrpadbl U Ap. IPUOOPHI, MEXaHU3MBbI U alIaparhl.
[Ton0Oop 3KBUBAICHTHBIX MAaTEPHAJIOB IIPOU3BOAUTCS IO YCIOBUIO:

SH = ae(gn/ gm) SM’

e Sy — IpoYHOCTH Mopos B Maccuse, MI1a;
g — MacmTad MOJIEIH;

£ — IUIOTHOCTH MOPOJ B MAaCCUBE, KI/cM?;
&4 — MIOTHOCTB TIOPOJ B MOJIEIH, KI/CM>;
Sy — IPOYHOCTH Mopos B Mojaenu, MITa.

IIpn MonmenupoBaHMM Ha ONTHYECKH AaKTHUBHBIX MaTeprajgax 3JIEMEHThl MOIEIIH
U3rOTaBIMBAIOT W3 MAaTEpUAIOB C PA3IUYHBIMU MOIYJISIMH YIPYIOCTH, HarpyXaroT B
HEHTpHU]YTe A0 3HAUEHMsI, IPU KOTOPOM MOJIEIb Be/IeT cebs MOJ00HO HAaType, U HarpeBaroT
JI0 TEMIIEPATYpPhl «3aMOpPaKUBaHUD». Pa3HOCTh IIaBHBIX HOPMaJIbHbBIX HAIPSIKEHUI:

dy —dy = 2 typax,
e d; — TIaBHBIC TOPU30HTATbHBIE HaNpshkeHus, MIla;

d , — IaBHbIE BepTUKaNbHbIE Hanpspkenus, MIla.

Hanpsoxenus ¢, onpenensior o OKpacke Marepuaa MOAEIN B 3aBUCUMOCTH OT Kaca-
TEJIbHBIX HANPSKEHUI:

dH = dMEH /EM

O1eHKy HanmpsHKeHHO-Ie(OPMUPOBAHHOTO COCTOSIHUSI MAacCHBa TOPOJ OCYIIECTBIISIOT
(U3MYECKUM M MaTEeMaTHYECKUM MOJEIHPOBAHNEM C HCIOJIB30BAaHHEM METOIOB IIAXTHOMN

reopusuky, GOpMUPYIOT HHKEHEPHO-TEOJIOIHYECKYI0 MOJIENIb MACCUBA U ONPEJENIAIOT €ro
HapYIHICHHOCTb.
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[To BenmuMHE CTPYKTYpHOTO OCIIAOJIEHHS MTOPOJT BBIJCISIOT 30HBI U CTYIIEHUS TTOJIOTUX

TpELIUH.

I'eomexannueckue 3aaa4u pa3paboTKU MECTOPOKACHUHN PEIIAIOTCS METOAaMU re0(hU3UKI

(Tabm. 1).

Tabnuya 1/ Table 1

Tunuzanusi MeToa0B reou3nyYecKoro odecredyeHusi FTOPHOro NPON3BOACTBA /
Typification of methods of geophysical support of mining production

MeTtonbl / Methods

IMapamerp / Parameter

Hpuaomn /
Principle

CpenctBo peaauzanun/
Means of implementation

JuckoBanue kepHa / Core
disking

IMpounocts nopox / Rock
strength

BrIxo/1 KepHa pu
OypeHHH CKBaXKUH /
Core yield during well
drilling

BypoBoii cTaHok /
Drilling machine

AKycTHYeCKOe

OnHOPOJHOCTH MaccuBa /

IMapameTps! ynpyrux

Nznyyarens,

MIPO3ByUYHBaHHE / Massif homogeneity konebanuii / Elastic 3BYKOIIPHEMHUK, aHAJIN3aTOP

Acoustic sounding vibration parameters | criekrpa / Transmitter,
receiver, spectrum analyzer

Vnerpa3BykoBoii kapotax | CTpyKTypHas DIEKTPHUYECKOE W3nyyarens, npueMHUK,

/ Ultrasonic logging

HEOIHOPOIHOCTD /
Structural heterogeneity

COMNPOTHBIICHUE /
Electrical resistivity

aHaJM3aTop CHeKTpa /
Transmitter, receiver,
spectrum analyzer

ONeKTpUYECKUH KapoTax
/ Ultrasonic logging

CrpykTypHas
HEOIHOPOIHOCTD /
Structural heterogeneity

Juanexkrpuueckast
HPOHHIAEMOCTS /
Dielectric permittivity

W3nyyarens, npueMHUK,
aHaJM3aTop CrekTpa /
Transmitter, receiver,
spectrum analyzer

MarHuTHBIIH KapoTax/
Magnetic logging

CrpykrypHas
HEOIHOPOAHOCTS /
Structural heterogeneity

MarunutHas
IIPOHUIIAEMOCTb /
Magnetic permeability

W3nyyarens, npueMHUK,
aHaJM3aTop CHeKTpa /
Transmitter, receiver,
spectrum analyzer

Pasrpy3ka HanpsokeHHiA/

HanpsokeHHOCTS /

Vipyrue nedopmaryu

BypoBoii ctanok, naTunku,

Stress relief Tension / Elastic deformations | npueMHUK, aHaIU3aTOP
cnekrpa / Drilling machine,
transducers, receiver,
spectrum analyzer

Axycruyeckas smuccusi /| CTpyKTypHas Axyctudeckas Wznyyarens yactor 10-100

Acoustic emission

HEOITHOPOAHOCTH /
Structural heterogeneity

MIPOHUIIAEMOCTB /
Acoustic permeability

k[, MpUEeMHUK, aHAIN3aToOP
cnekrpa / Frequency
transmitter 10-100 kHz,
receiver, spectrum analyzer

CeifcmoakycTraecknit/ CrpyKrypHas Axkycruueckas W3znyuarens yactot 30-500
Seismoacoustic HEOJHOPOIAHOCTD / MIPOHHUILIAEMOCTh / k[, IPUEMHUK, aHAITU3aTOP
Structural heterogeneity | Acoustic permeability |cnexrpa/ Frequency
transmitter 30-500 kHz,
receiver, spectrum analyzer
DIEKTPOMETPUYUCCKHUT/ HanpsoxkeHHOCTS / DHeKTprIecKoe M3mydarens Toka, IpueMHUK,
Electrometric Tension COIPOTHBJICHUE / aHaJIM3aTop crekrpa /

Electrical resistivity

Current transmitter, receiver,
spectrum analyzer

B,HaBJII/IBaHI/Ie ITyaHCOHOB

HanpsokeHHOCTS /

CormnpoTuBieHne

BypoBoii cranok,

/ Punch indentation Tension BHEJ/IPCHUIO J)KECTKOTO | TUIPABIMYECKUI TprOOp
mramna / BIT18 /
Resistance to rigid die | Drilling machine, hydraulic
insertion device BP18

Hedopmanus ckBaxkun/ | ledhopMupoBaHHOCTB/ Wsmenenne muamerpa | BypoBoii cTaHoK,

Well deformation Deformation ckBaxkuH / Changing | neopmomeTpst /

the diameter of wells

Drilling machine,
deformometers

I'eoMarauTHBIH /
Geomagnetic

HanpsokeHHOCTS /
Tension

NmmynscHO-
ANEKTPOMATHUTHOE
n3myuyenue / Pulse-
electromagnetic
radiation

Wznyuarens curnana,
NPHEMHUK, aHAIIH3aTOP
crrekrpa / Signal transmitter,
receiver, spectrum analyzer
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I'myOunHBIC penepsr / JledopMupoBaHHOCTB/ Pasmeps! TpemmH / CucreMsl CBs3HU (ITPOBOJIOKA
Depth gauges Deformation Fracture sizes WX IITAHTH), penepsl /

Communication systems

(wire or rods), gauges
DNeKTpUYecKre IeTH B JledopMupoBaHHOCTH/ CornpoTuBieHne JlaTuuku, aHanuzaTop
ckBaxnHax / Electrical Deformation ANIEKTpUYECKol 1ienn/ | criekTpa / Sensors, spectrum
circuits in boreholes Electrical circuit analyzer

resistance

MonenupoBaHue JedopMupoBaHHOCTB/ HanpsokeHHOCTSD / dopma, MaTepuabl,
Ha SKBUBAJICHTHBIX Deformation Tension JTATYUKH, aHATK3aTop /
Mmarepuainax / Modeling Shape, materials, sensors,
on equivalent materials analyzer
MopnenupoBaHue Ha JledopMuUpOBaHHOCTH/ HanpsokeHHOCTSD / dopma, MaTepuabl,
ONTUYECKH aKTUBHBIX Deformation Tension JTATYMKH, aHATTK3aTop /
Mmarepuainax / Modeling Shape, materials, sensors,
on optically active analyzer
materials
Maremaruueckoe JedopMupoBaHHOCTB/ HanpsokeHHOCTSD / 3aKOHOMEPHOCTH, CPE/ICTBA
MOJIeTUpOBaHuE / Deformation Tension MaTEeMaTH4YeCKOI0 aHaJIM3a
Mathematical modeling / Regularities, tools of

mathematical analysis

3aKAIOYEHMEe

[Tpuponnsie u TexHorennsie pecypesl Pecriyonuk Ceepaoro KaBkasza MoryT ObITh BOC-
TpeOOBaHBI C UCITOIB30BAHUEM AJAITUPOBAHHBIX K HOBBIM 3KOJIOTO-d)KOHOMHUYECKHAM YCIIO-

BUSIM TEXHOJIOTHH.

Jloxanu3amusi pecypcoB B CIOKHBIX T€OJIMHAMUYECKUX YCIOBHSX MOBBIIIAET BaXKHOCTh
ydeTa pUCKOB MPHU pa3pabOTKe MECTOPOKICHHIA.
Prucku MMHMMH3HMPYIOT METOJJOM MOHMTOPUHIA MPOHM3BOJACTBEHHBIX IMPOLIECCOB C HUC-

II0JIb30BAHUEM BO3MOJKHOCTEH PYTHUYHOM Te€O(U3HKH C HOCTPOCHUEM MaTeMaTHUECKHX
MoOJIeNIeil TOPHBIX PadOT Ha OCHOBE OOpabOTKHM KepHA, KapoTaxka, pasrpy3KH HaMpsKEHU,
perepoB CIBMXEHHUSI, MOJICTTUPOBAHUS H JIP.

[ToBbIIeHNE OE30MACHOCTH TOPHBIX PabOT M KadecTBa PyJ ¢ MHUHMMH3alMen ymepoa
OKpY’Kalollei cpenie odecreynBaeTcs HCIOIb30BaHHEM KOMILIEKCA Fe0(pU3UIECKUX METOIOB
Ha BCEX CTaAusAX 100BIYM U epepabOTKU MUHEPAIBLHOTO ChIPBSI.
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