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GLOBAL CHALLENGES AND PROSPECTS FOR
EFFICIENT ASSIMILATE OF MINERAL RE-
SOURCES

ANNOTATION. The paper analyzes the global challeng-
es, trends and prospects for the efficient use of mineral
resources in the period and conditions of the COVID-19
pandemic, which has affected the mineral-commodity
commodity markets and the mining industry around the
world in different ways. Due to the spread of the coro-
navirus and restrictions imposed by the government, the
mining operations of the companies were somewhat af-
fected and the demand for some goods decreased. The
article discusses the potential long-term impact of the
COVID-19 pandemic, global risks and trends on future
demand for mineral products, tactical, strategic steps and
prospects for mining companies to quickly and effective-
ly rationalize the current crisis in the mining industry.
Suggestions and practical recommendations on the the-
oretical-methodological basis of the stages of policy for-
mation and implementation mechanism in the research
sector have been developed.

KEY WORDS: COVID-19 pandemic; mineral resources;
mining industry; global risks; global trends; development
perspectives; economic analysis.

JIOBIDKAHU/IBE I'.3., KAXA/JI3E B.I'., BYTYJIAIIBUJIN
T.JI., MAYAW3E I'.JI., HAHUTATIBWIN I XK.,

XEI[YPUAHUT.
TJIOBAJIBHBIE BbI3OBBI U ITEPCIIEKTVIBbBI
DOOPEKTUBHOI'O OCBOEHUA
MUWHEPAJIBHO-CBIPBEBBIX PECYPCOB

AHHOTAIIUA. B crartbe mpoaHaIH3ipOBaHbl IJI00aIbHbIE
BBI3OBBI, TEHAEHIMM U IEPCIeKTUBB 3(PdeKTHBHOTO
KCIIONIB30BAHNUA MUHepaTbHO-CHIPhEBBIX pecypcos
B mepuony u yciaoBmax maHgemun COVID-19, mo-
Pa3sHOMY 3aTPOHYBLIEHl MUHEpaJIbHO-CHIPbEBbIE PBIHKU
U TOPHOZOOBIBAIONIYIO IIPOMBIIUIEHHOCTh Mupa. M3-
32 PAaCIpOCTpaHEHMs KOPOHABHPYCA M OIPaHUYEHII,
BBEZEHHBIX IIPABUTEIBCTBOM, HECKOJIBKO IIOCTpajaja
[eATeJIbHOCTh ~ KOMIIAHWH 10  JOGbIYe  IIOJIE3HBIX
KCKOIIAeMBIX M CHHUBWJICA CIIPOC Ha HEKOTOpPbIE TOBApBL
B cratee paccMOTpeHBI NOTEHIMATBHOE JOJITOCPOYHOE
prusave mapzemun COVID-19, rnobanpHble prcKu
Y TEHZAEHIUHM Ha OyIyuil CIpOC HAa MHUHEpajIbHbIE
[IPOLYKTHI, TAKTUYECKWe, CTpaTermdeckyie Iaru o
IIepCIIEKTHBEI TOPHOLOOBIBAIOIIIX KOMIIAHUH /1 GBICTPOI
1 5p}eKTUBHOI palMOHATU3AUNY TEKYLIEr0 KpH3Kca B
ropHo06bIBatoIIel oTpacy. PaspabGoTaHs! IpeIoKeHusI
YU IpaKTHYeCKre pPeKOMEHJAIMH II0 TeOPeTHKO-MeTO-
JOJIOTMYECKON OCHOBE 3TAIoB (HOPMIPOBAHIS IIOIHTUKU
¥ MeXaHW3Ma peasn3al[ii B HCCIeI0BATEIbCKOM CEKTOpe.

KJIIOYEBBIE CJIOBA: 1mamzemus COVID-19;
MUHepaTbHbIe PeCYPChI; TOPHOIOGBIBAOAS WH/Y CTPHS;
r06anbHbIe PUCKW; TI06aTbHbIE TPEH/IbI; MepPCIIeKTUBbI
PasBUTHS; SKOHOMUYECKHIi aHAJIH3.
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MACHAIDZE G., GUDAVADZE Z

PERSPECTIVE OF FORMATION OF
MINING-INDUSTRIAL CLUSTERS IN IMERETI
REGION

ANNOTATION. The paper analyzes the main directions
and prospects of regional innovation system and cluster
development policy and potential research as a means of
economic growth and development. The methodology of
cluster capacity analysis in the mining and industrial sec-
tors of Imereti regional economy is proposed and gener-
alized. The methodology uses expert assessments of the
proximity of the factors required for cluster formation to
their actual values. Based on the cluster structure, taking
into account the potential potential participants and the
peculiarities of the region, the possibility of forming a
regional and industrial cluster model in Imereti region
has been developed, as well as suggestions and practi-
cal recommendations on the theoretical-methodological
basis of cluster policy formation and mechanism imple-
mentation.

KEY WORDS: competitiveness; economic cluster; min-
eral resources; mining industry; regional economy; busi-
ness sector; cluster capacity ratio; expert evaluation;
Spearman rank correlation method; economic analysis.
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JIOB/IPKAHU/3E I'.3., HAHUTANIBUJIN T. XK.,
MAYAUN3ET. JI., TYTABA/I3E 3.J1.
MMEPCITEKTUBBI @OPMHUPOBAHWA
TOPHOITPOMBIIIJIEHHBIX KJIACTEPOB B
MMEPETUHCKOM PETMOHE

AHHOTAITUA. B pa6ore mNpOaHAIM3UPOBAHBI OCHOB-
Hble HAIIPaBJIeHUI U IIePCIEKTHBBl PETMOHAIBHOM WHHO-
BAI[OHHOHN CHCTEMBI U IIOJIUTHKU KJIACTEPHOTO Pa3sBUTHA,
a TaKKe MCCIefOBAHHUA IOTEHIIMATAa KaK CPeZCTBA SKO-
HOMHYECKOTO pocTa ¥ passutus. [IpennoxeHa um 0606-
IeHAa METOZOJIOTUS aHAIW3a KJIACTePHOM eMKOCTH B
TOPHOZOOBIBAIONIEM M IIPOMBIIUIEHHOM CEKTOpaX SKOHO-
muku VimeperuHckoro pernoHa. B meTonuke ucnonesyores
SKCIIEPTHBIE OLIEHKM OIM30CTU (PAKTOPOB, HEOOXOAVMBIX
I opMHpOBaHMA KJIAacTepa, K MX (GAaKTHIeCKHM 3Ha-
yeHuaAM. Ha ocHOBe KyIacTepHON CTPYKTYpHI C ydYeToM
MOTEHIMAIBHBIX yYaCTHUKOB M OCOOEHHOCTeH peruoHa
Pa3paboTaHbl BO3MOXKHOCTH (hOPMUPOBAHUA PETHOHAIBHO-
TIPOMBIIUIEHHOM Mofenu Kiaacrepa B VmepermHckoM
PerHoHe, a TaKKe IPeJIOKeHUT U IIPaKTUYeCKHe peKo-
MeHZIaIU II0 TeOPeTHKO-MeTO/IONIOTIeCKOl OCHOBe, LA
opMHMpOBAHNA ¥ pealu3alMy MeXaHM3Ma KJIACTepPHOM
TIOJTUTHKY.

KJIIOYEBBIE CJIOBA: KOHKYpPEHTOCIIOCOGHOCTD; SKOHO-
MUYeCKUil KJIaCTep; IIOJNe3Hble HCKOIAEMble; TOPHAs
IPOMBIIUIEHHOCT; PETHOHAIbHAS OKOHOMUKA; OU3HEeC
CeKTOp; KOd(GUINEHT MOLIHOCTH KIACTepa; SKCIEPTHAs
OLlEHKAa; Meron, paHrosoii xoppemsnuu  Crmpmena;
SKOHOMHMYECKUI aHAIH3.
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PROSPECTS FOR THE USE OF PRODUCTS
GAINED AS A RESULT OF BRIQUETTING OF
FINE-GRAINED FRACTIONS OF COAL

ANNOTATION. The article describes modern ap-
proaches to briquetting of coal; requirements that must be
met by coal briquettes in order to fully take into account
the interests of the potential customer; the factors affecting
the briquetting process are described and the perspective of
the briquetting process is confirmed in order to improve the
quality of the final product, which is especially important
for the coals of the Tkibuli-Shaori deposit.
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JOJUJ3E H.P.

TIEPCIIEKTUBBI KCIIOJIb30OBAHUA
IPOZYKIINH, [TIOJYYEHHOM
BPUKETMPOBAHWEM MEJKO3EPHUCTBIX
®PAKITUM VTJIA

AHHOTALIASI. B crarbe omnuchIBaroTCsl COBpe-
MEHHBIE TOJIXO/Ibl K OpPUKETUPOBAHMIO YIVIsL; TpeOOBaHUS,
KOTOPBIM JIOJDKHBI COOTBETCTBOBATH YIOJbHBIE OPHKETHI,
YTOOBI IIOJHOCTBIO YYECTh HMHTEPECHI ITOTEHIUAIBLHOTO
3aKa34ynKa; ONMCaHbl (DAKTOPHI, BIMAIOIIME HA IIPOIEecC
OpUKETHPOBaHMS W IOATBEPXKJCHA MEPCIEKTHBHOCTH
nporecca OpUMKETHPOBAHUS C IEIIbIO TIOBBIIICHHS KaYeCTBa
UTOTOBOTO TIPOAYKTA, YTO OCOOEHHO BaXHO [UIS YIS
TxuOynu-I11aopckoro MecTopoXKIeHHSI.

KJIFOUEBBIE CJIOBA: Opuker; TepMHUyecKas
00paboTKa; CBA3YIOIIEE BEIIECTBO; IPOOICHUE.
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INEKPUJTAZI3E H. ITT, ITEKWUJIAZI3E A. .,
KABTEJIATIIBIWIU O. A., BATHAIIIBUJIU M.T.,
CAMXAPAIBE U.III. MATJIAKEJIU3E C.
WCCJIEJOBAHUE
TJIAYKOHUTCOJEPXKATIIVX ITECKOB
TYMBPUIICKOTI'O MECTOPOXXIEHIS
HA OBOTATUMOCTb JIJIf TIOJIYYEHUSA
KOHITEHTPATA

AHHOTAIIAA. B crarbe mpejcTaBieHbI pe3yJIbTaThl
HU3yYeHUA Ha OOOTaTHMMOCTHh IJayKOHHUTCOZEP KAIlUX
meckoB ['ymOpuiickoro MecTopoxgeHus (ryMOpHEH),
YYUTHIBAs BELIECTBEHHBIM COCTAB M TEKCTYPHO-CTPYK-
TypHBIE 0OCOO€HHOCTH IIPOOHI, B Ka4eCTBe MeToza obora-
IeHUs BbIOpaHa MarHUTHAsA cenmapanus. PazpaboranHas
TeXHOJIOTHYeCKas CxeMa O0OraljeHus II03BOJIAET IOJY-

uuTh U3 1 T chIpba 182 Kr KOHIIEHTpaTa C COlepKaHUEM
Fe 0, - 13,26 %.

KJIIOYEBBIE CJIOBA: oGoraiieHue; KOHIEHTPAT;

MarbdviTHas cenapanusi; riayKoOHUT.
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3. Rudmin M. A. Economic potential of glauconitic rocks
in Bakchar deposit (S-E Western Siberia) for alternate
potash fertilizer /Applied Clay Science . 2017 . Vol.
150 . pp . 225-233.

4. Rudmin M. A. Compositional variation of glauconites
in Upper Cretaceous-Paleogene sedimentary iron-ore
deposits in Southeastern Western Siberia Sedimentary
Geology. Vol. 355, 2017. pp. 20-30 .

5. https://en.calameo.com/read/006605473ebc72ef22d8e.
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yInoOpeHuit.

SHEKILADZE A., KAVTELASHVILI O., BAGNASHVILI M.,
SAMKHARADZE 1., MAGHLAKELIDZE S.

A STUDY OF GLAUCONITE CONTAINING
SANDS OF GUMBRI DEPOSIT ON THE EN-
RICHMENT FOR OBTAINING
CONCENTRATE

ANNOTATION. The article presents the results of stud-
ies on the enrichment of glauconite containing sands of
the Gumbri deposit (gumbrine). Taking into account the
material composition and textural-structural features of
the sample, the magnetic separation has been chosen as
the enrichment method. The developed technological
scheme of enrichment enables to obtain 182 kg of con-

centrate from 1 ton of raw materials with a content of
Fe203 - 13.26 %.

KEY WORDS: enrichment; concentrate; magnetic

separation
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MAKHARADZE L., SHARIKADZE A., STERTAKOVA S.
METHOD FOR MEASURING THE VOLUME OF
THE HYDROAIR FLOW INTERRUPTION ZONE
DURING HYDRAULIC IMPACT IN THE PRES-
SURE PIPELINE OF THE HYDRAULIC TRANS-
PORT SYSTEM

ANNOTATION. When a hydraulic shock and
disconnection zone is generated in the pressure pipeline
of a hydraulic transport system by means of its cross-
section blocking body, pressure variability is observed in
this zone over time by a pressure tensometric transmitter.
Simultaneously, in the area beyond this zone, through the
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working body of the speedometer transmitter, the torn
flow velocity is measured and the directional variability
is instantly recorded. The electrical signals generated
in the tensometric transmitters are amplified in the
amplifier and transmitted to the microprocessor, and
after processing - to the computer, where the volume of
the disconnection zone is calculated and the final value is
demonstrated on a secondary measuring device.

KEY WORDS: hydraulic transport system; pressure
pipeline; hydraulic shock; cut off flow; disconnection
zone; tensometric transmitter; flow velocity; electrical
signal; signal amplifier; zone volume.
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MAXAPAJI3E JLA., ITAPUKAISE A.T., CTEPAKOBA C.HU.
OIIPEJIEJIEHUE OBBEMA 30HEI OTPEIBA
THUJIPOADPOIIOTOKA B HATIOPHOM
TPYBOIIPOBOJIE I'MIPOTPAHCIIOPTHOM
CUCTEMBI ITPY TUJIPABJIMYECKOM Y IAPE

AHHOTAIIAA. Oupepenenrie o06beMa  30HBI
OTphIBA I'MIPOAsPONOTOKA B HAMOPHOM TPYGOIPOBOZE
TUIPOTPAHCIIOPTHOM CHUCTEMBI HPU THUIPABIAIECKOM
y/iape, BO3HUKIIETO BPe3y IbTaTe BHE3AITHOTO TIEPEKPBITHS
[IOIIePeYHOro CeueHUs TPyGOIpoBOZAa U OOPa3OBAHIS
30HBI OTPBIBA, B 3TOW 30HE W3MEHEHWE NABJIEHUST BO
BpeMeHH (GUKCUPYETCS TEH30METPUYECKUM AATIMKOM
nasnenys. OZHOBpeMEHHO 32 DTON 30HBI IOCPECTBOM
pabouero  opraHa  TEH30METPUYECKOTO  HATIMKA

IIPOMCXOAMUT OIpefe/ieHHe CKOPOCTH OTOPBAHHOTO
IIOTOKA M OJHOBPEMEHHO IIPOUCXOAUT (DUKCAIHA
U3MEHEHHNA HAIIpaBJIC€HUA. B YCUINUTENAX IIPOUCXOAUT
yCuieHne CHUIHajOB, BOSHHUKIINX B TE€H30METPHUIECKHX
JaTYMKaX, U UX Iepefjada MHKPOIPOIECCOpy, a IIoCie
ImepepaboTKU — KOMIIBIOTEPY, B KOTOPOM IIPOHCXOIUT
ompefeseHre 00beMa 30HBI OTPhIBA M IEeMOHCTpAIUA
IIOCIeAHUX 3HaUeHU! Ha BTOPHUYHOM H3MEPUTEJIBHOM
YCTPOMCTBE.

KJIIOYEBBIE  CJIOBA: TUPOTPAHCIIOPTHAS
CUCTeMa; HAIOPHBIH TPyOOIPOBOZ; THIPaBIMYECKUI
yZap; OTPBIB IIOTOKA; 30HAa OTPhIBA; TEH30METPUYIECKUN
JaTYMK; CKOPOCTh IIOTOKA; OSJIEKTPUYECKMI CHUTHAJL
YCHJINTEJIb CUTHAJIa; 0ObeM 30HBI.
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2. Areiixun J.W. u gp. [laTyuku KOHTPOJA U Peryiu-

MAKHARADZE L., GAVASHELI L., STERIAKOVA S.
TENSOELECTRIC MANOMETER

IN PRESSURIZED HYDRAULIC
TRANSPORTING SYSTEMS TO MEASURE
PRESSURES

ANNOTATION. The article discusses the tensoe-
lectric manometer pressure for measuring pressures in
hydraulic transporting systems, which contains a kind
of glass filled with high viscosity fluid the tensometric
working body, the pipeway scheme associated with it,
and high frequency pressure stabilizing generator, which
differs in that the sensitive elements of the working body
— tenzoresistances are connected high through the elec-
trical circuit with a cascading amplifier assembled from
frequency transistors and with a secondary tool graded
according to pressures, for example, with milliamp me-
ters.

KEY WORDS: tensometric manometer, hydrotrans-
porting system, pipeway scheme, stabilizing generator,
tenzoresistance, transistor, cascading amplifier, milliamp
meter.
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MAXAPAJI3E JLU., TABAIIIEJIM JL.U., CTEPIKOBA C. 1.
TEH303JIEKTPUYECKUIT MAHOMETP JIJI
U3MEPEHUSA JJABJIEHWUY B HAITOPHBIX
T'MAPOTPAHCIIOPTHBIX CUTEMAX

AHHOTAIIVIL. B pabore paccMOTpeH TeH303-
JIGKTPUYECKUI MaHOMETp JJI M3MePeHUS IaBJIeHHN B
HAIIOPHBIX THAPOTPAHCIIOPTHBIX CHUCTEMaX, KOTOPBIA
COZIEP>XUT CTaKaHOOOPa3HBIM TeH30MEeTPUUECKUH pabo-
YU# OpraH, 3aIllOJTHEHHBIH MXUAKOCTHIO GOJIBUION BA3-
KOCTH, CBA3aHHOM C OOJIBIION BA3SKOCTHOM MOCTHUKOBOM
CcxeMOil CO CTAaOMIM3UPYIOUIUM TeHEePATOPOM JaBIeHUI
C BBICOKOM YaCTOTOM, KOTOPBIM OTIWYAETCA TeM, 4YTO
YYBCTBUTEJIbHBIE DJIEMEHTHI Pabodero opraHa — TeH30-
COIIPOTHUBJIEHUA, IIOCPEeACTBOM 3JIEKTPUYECKONH CXeMBbl
IIPUCOEJUHEHBl C KaCKaJHBIM YCHUJIHTeJIEeM, COOpaHHO-
T0 U3 TPAaH3HCTOPOB C BBICOKOM YaCTOTHI M BTOPUYHBIM
npubOpoM, HallpuMep, C MUJIIMAMIIEPMETPOM, KOTOPbIi
TrpaflyipoOBaH B COOTBETCTBUU JaBIeHUMH.

KJIIOYEBBIE CJIOBA: TeH30MeTpHYeCKUH MaHO-
MeTp; TU/POTPAHCIIOPTHAS CUCTEMA; MOCTUKOBAS CXEMA;
CTaGMIM3MPYIOLUi TeHepaTop; TEH30COIPOTHUBIEHHUE;
TPaH3UCTOP; KACKAZHBIA YCHIIMTEb; MUJUTHAMIIEDMETP.
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AKAJZ. TOKTOP JIOCABEPU/I3E M. B.

®OPMY TEJI BPAIIEHUA

AKAJI, JOKTOP MYE/UINIIBWJIU 3. T., IDKUXBAJI3E W. [I.,

TEMITIEPATYPHOE HAITPAXXEHUE B IETAJIAX TOPHBIX MAIITMH, UMEIOINWX

VK 622.232

AHHOTAITHUA. B cmamve paccmompen ananus Ha-
RPANCEHHO-0eOPMUPOBAHHO20 COCIMOAHUA U pachnpe-
oelenusn memMnepamypsl o paouycy MmoacmoCHmeHHbIX
ouckog. IlIpu ux epawienuu 60 epems pabomol 6 Kauecmae
spawarouuxca 0emaseii 6 20pHLIX MAUUHAX, KOMOpble
padomarom ¢ maxcenblx MeMnepamypHbixX ycioGuax 60
epems 000bIuYU NOSIE3HBIX UCKONAEMBIX U PAZHBIX 2OPHBIX
u Kapvephnuvix padomax. /lannulii memoo paciema 0CHO-
64N HA NPUHUURAX PEULeHUA 0CECUMMEMPUUHBIX 340aY
mepm ynpyzocmu.

K/TFOYEBBIE CJ/IOBA: memnepamypa; none, Ha-
npsadcenue, pacnpeoenenue; ypasHeHue.

BBenenue

B ropHbpIX MammHax AeTand BpamieHus B Gopme Io-
JIBIX JTUCKOB HICIIBITHIBAIOT KaK MEXaHWYECKUE, TaK U TEM-
TiepaTypHbIe BO3ACHCTBUS CO CTOPOHBI BHEITHEH Cpebl 1
JeTaneil  HaxOISIIUXCs B COMPUKOCHOBEHUH ¢ HUMH. UTO
Goree yCIIOXKHSCT YCIOBHS pabOTHI 3THX JETANCH U CTAaBUT
Oornee BHICOKHE TPEOOBaHUS Ha KaUeCTBO MAaTepHaJIOB, U3
KOTOPBIX COCTOAT AWCKH. B 3aBHCHMMOCTH OT T€pMOCTOM-
KOCTH 9THX MaTepHajoB oOecrednBacTes paboTa ITHX Jie-
Tayel mpu Oojee BBHICOKMX TEMIIEpaTypax B ITOA3EMHBIX
IIaxTax BO BpeMs pPa3paOOTKH MOJE3HBIX MCKOMAeMbIX. B

JIaHHOW pPaboTe TMOKa3aH METOJA pacdyera, KOTOPBIA TNpH-
MeHsSeTCA Kak MPH CTallMOHAPHOM, TaK M B CIydae H3Me-
HSEMOH BO BPEMEHH pacIpeleNieHIs TEMIIePaTypsl BIOIb
paanyca TOJCTOCTEHHOTO IHCKA, KOTOPBIA MPEACTaBIIIET
Ha4yaJdbHBIA 3Tal pacyera HalpsHKeHHO-1e(OPMUPOBaH-
HOTO COCTOSIHHS OCECHMMETPHYHOTO TeJa, HaXOSIIIETr0Cs
I10]] TETUIOBBIM BO3JCHCTBUEM.

OcHoBHAas YacTh

[Ipu HamMYUN HEPAaBHOMEPHOTO IO TOJIIIIMHE TeMIIepa-
TYPHOTO TIOJISI B IMCKE BO3HUKAIOT TEMIIEpaTypHBIC HAIPS-
xeHns. [Ipeamonoxmm, 9To TemMrepaTrypHoe Mmojie SBIsIeT-
¢ OCECIMMETPUYHBIM H CTAI[HIOHAPHBIM, T.€. TeMIIEpaTy-
pa TMOCTOsTHHA BO BPEMEHH.

JndbdepennmanbHoe ypaBHEHHE CTAIIMOHAPHOTO pac-
HpeleIeHHs] TEMIIEpaTyp B KPYIJIOM TOJICTOCTEHHOM ILia-
CTHHKE B IIFIMHIPUYECKUX KOOPAWHATAX UMEET BUJ:

1o

1o, 0T), 0T 1 07T _
r or

r——+—+ 0, 1
or) oz r’ ¢’ M

e 1- ects Temmeparypa, I - pauyc, Z - Op/IMHaTa,
@- az3umyT paccMaTpUBaeMOil TOUKH.

Puec. 1

Ecnu MbI BHECEM MOHATHUS 6e3pasMepH1)1x KOOpAUHAT B BUIEC:

r=np, z=n¢, T=T'T, )
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o o f
e 1'2- €CTb BHCIIHUHA painyC KPYIJIOU IUNIACTUHKH, T

- HEKOTOpas I0CTOsHHAs Temmeparypa, £, ¢- KOOpJIUHA-
THI H3MEPEHNs Hylb, 1 - TeMIepaTypHas (GyHKIHS H3Me-
PEHUS HYJIb.

[MoncranoBka o6o3HaueHni (2) B nuddepeHnmaaIrHoe
ypaBHeHUe (1) MPUBOAXT €T0 K BUAY:

1 0 oT

T 1 T
— | p— =0
p op\" Op

et ——=
gt p* og’ 3)

JI71l KOHIIEHTPUUYECKOTO pacHpeeIeHUs: TeMIIepaTypsl

MPOU3BOHBIE M0 P- paBHBI HYIIO, HCXOMS U3 3TOTO YpaB-
HeHue (3) MpuUHUMAET BH/I:

KCHHUC:

1 o oT) oT
——| p—|+== =0 4)
p op\' Op) 0F

82

Jlyist ynporieHust 3arnucy BMECTOo P Cz BHECEM CHM-
BoJI D ¢ mMoMOmIBEI0 KOTOPOTO MOXKHO Tepernucarb ypaBHe-
nue (4)

%

1
p Cp op (5)

JI71st petieHust moclIeHEeTo YpaBHEHMsI BHOCUM PAa3Jio-

T=F T+ FDT, + FLOXT 4 =GP + G D6, = G.L P ©)

rie F,u O, ecth QyHKIMHU IEpeMeHHON P, a BenuuuHbI

T,u P, ectb QpyHKImM nepeMeHHoM OTpeIeNIONUeCs
3aJ]aHHBIMH pacIpeieIeHHsIMU TeMIlepaTtyp Ha TpaHHuIax
TUTaCTHHBI.

Ecni MBI BO3bMEM KpymIyIO IUTAaCTHHKY Oe3 oTBep-
cTHs, TO OyeM UMETh JIMIIb OJTHY OTPaHMYHMBAIOIIYIO IT10-

1.4 .ﬂ]
o dpl dp
1A G
g dp.” do

B ciydae miacTHHKM C OTBEPCTHEM 3HAYCHUS (PyHK-

wm F, G, (i =1,2,3,...) Ha TPAHMYHEIX IIOBEPXHOCTAX

P=p,, =1 seusorcs PaBHBIMH HYIIO.

OOGosznaunm uepes T Temmeparypy BHyTpPEHHEH Ipa-
HHYHOM MOBEPXHOCTH, a yepe3 T, TeMIreparypy Hapyx-
HOMW IpaHMYHOM MOBEPXHOCTH TOTAA B cvuty (6) 11 51 QyHK-

wn F,G, (i :1,2,3,...) HOJTyYUM:

Iy =F,1, +G, IT:F(HTG +Gg 1y ©)

Dyukimn £, (p) u Gﬂ (D) MOTYT OBITH BBIOpaHBI
moaxoasuM odpaszoM. Torma cucrema (9) mpencraBiseT
cucTeMy ypaBHeHui s onpesenenus Gynkumit 1, P,

o !’ ’
JUISL JaHHBIX IPAHAYHBIX pactpeneneHuit 1, u 1) B ciy-
4ae 1moyoi miacTUHKH. [locie BeIOOpa (yHKIMi Fo (p)

u Go(p) dynxumit F,G (i=l,2,3,...) BIIOJIHE OTIpe-

nensirorest ypasHeHusiMu (7) u (8) W ¢ moMouipio TN

BepXHOCTh =T, wm P =1,B 3ToM criyuae ¢yHKIHIO

P, npuHnMaem paBHOH HyIIO.

BBonst pasznoxenue (6) B nuddepeHuaipHoe ypas-
HeHue (5) HAaXOAUM YTO MOCeAHee OyIeT YIOBICTBOPCHO
€CJIU BBIIIOJIHAKTCSI COOTHOIIICHMU .

-

TR AT
p Jdp dp | (7
li F..{'#J"' ]”;r:ﬂ
o dp. A, (8)

cucTeMbl (DYHKIMH Ha OCHOBAaHWH (OpMyIHI (6) pereHne
3aa9ll TOITYYaeTCsl MOCPEACTBOM TU(PEpEeHITMPOBAHMU

nuHelHbIX komOunauuii 1, u P, rpanuunsix pacnpenene-

o ! !
Huii Temneparyp T, u 1.
3akioueHue

Kak n3BecTHO B pa3MIUYHBIX TOPHBIX MAIIHHAX W KOM-
IUIEKCaX Pa3InYHbIC arperaTsl U AeTanu paboTaroT B ycio-
BUSIX BBICOKUX TEMIIEPATYPHbIX HANPSKEHUM, YTO BbI3bI-
BaeT B ATUX ACTAISX COOTBETCTBYIOIIME HAIPSKEHHO-ZE-
(opMupoBaHHble cOCTOsSTHUSA. J{JIsl MOMy4YeHHs ONTUMAb-
HBIX (hopM JieTasell B HesiX HIKOHOMHUH 3aTPauyeHHOro Ha
UX MPOU3BOACTBO MaTEPHAIOB HEOOXOIUMO MPOU3BOIUTH
pacder 3TUX JeTajeid Ha MPOYHOCTb C Y4ETOM TepMUUe-
CKHUX YCJIOBHH MX pabOThI, YTO MPEICTABISIET BAKHEHIITYIO
3a7la4y TEPMOYNpyroctd. B naHHOW cTaThe JaH MepBbId
JTall peleHUs TOHM 3ajauu, T.e. OIPEIEIICHUE pacipese-
JICHUS TEMIIEPATyPbl B OCECUMMETPUYHBIX IOJIBIX JUCKaX.
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MCHEDLISHVILI Z., JIHVADZE I, LOSABERIDZE M.
TEMPERATURE STRESSES IN PARTS OF MIN-
ING MACHINES HAVING THE SHAPE OF BOD-
IES OF REVOLUTION

ANNOTATION. Article discusses stress strain analy-
sis and temperature distribution over the radius of thick-
walled disks. When they rotate during operation as ro-
tating parts in mining machines, which work under se-
vere temperature conditions during mining and various
mining and quarrying activities. This calculation method
is based on the principles of solving axisymmetric ther-
moelasticity problems.

KEY WORDS: temperature; field, stress; distribution;
equation.
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tO Roal 3.245 -x96 899G 05, 3000607 m3GH0oYM0, BogdbodoeMHo OOl MM,
.real. __ : —

t 1225

0.opt.

39630bowmm  58v9853900L dgmEg Fgdmbggzs, 96 MMELLE IMe35BY  OII0MO  BEIGHOIMNOO IGZOOMIos
9m©ydMwo - Mst >0.

«~— Motor (= E
' 0 Mst=0
ﬁnl‘rﬁ. 2 |
G=0
59mboblbgan 256@MgdsL (3), gL Lobg -
gt = 9% S*+82 4s | (10)
M M ’

| §*-2 S, S+

st

030b5»M30L, MMI (10) 458mbsbwyargdol 0bEHgaMoMads MBMM Inbobgbgdgwo  gogbomm, fowswol IMosbagerl
©337995H™Mm ©> sZs3mm - 2b_ S - S . 8oowgds -

S
¢ 2b.S_-S :
t=Tby [| 14— o = |dS" an
i\ s*-2b,5,-5+87
M
b, =—m
b , Vst
5Q9(3 Mst
59m3bLbom, (11) gob@megdol dgbsdsdobo, bEGo@03Mmo JobEMEGdS -
S?-2b,S,-S+S; =(S-a)(S-b); (12)

Lo@sg, @ ©s b g39liggdol 8608369emdgd0s -

a= bstSm + Vbitsﬁ _Si'n = Sm (bst + \/bit _1)’ (13)
b = bstSm - bgtsrzn _Si = Sm (bst - \/bzt _1)’

(12) -0b 0bBYaoMYBom, S, s S, LyBrgMIdTo, Boowds -

_It_—1:bst(Sz—S1)+2b§t-Sm-[M-Ln(A)—N-Ln(B)]; (14)

a b S, -a S, -b
i - M:—; N:—; = 2 = 2 . 15
SQO3 a_b a-b A 81—3 Qo B 81—b (15)

50 dmem 2o6GHMmgdsdo,  dMoZgoL 53v9953900L MM Q55bgeM0TgdOOLLL,  3MOdEHOZNWO  godmm3wgdolsmM30l
300gdIW0s, G HmEILsg 5077853905 bogds M35 FoBIMIBWO BEM>OIMdOE s My > 0, 35306 S, = 1 o
S, = 0.05. 58539 OO, gdLMZ5eolfobgdgos, GMI FdGsmdol ©sfygdolsMZ0L SEOWIBIO 30MHMBd BILZO -
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2
a> S1 , 9699 a= Sm (bst + ,bgt _1) >1= 81; 9L 306Mds FgleEEgds, 030 bst > 12+§m

m

239630bowmm 3654EH03v0 Fod5womo (Bgdmo dmygzsbowo dMoagals Imbsgdgdol dobgwgzom) :

P =30 330 1+S2  1+0.08

S, =008 b,=__m="1"" - =6.256

dogomm - h = % =7 %6y
s ’

st

M =%=¥:87.57z886&

st
st

a :sm(bst +\/@)=0.08(7+ 72 —1):1.1142;
b :sm(bst —\/@) :0.08(7— 2 —1):0.0057.

a 1.1142 b 0.0057

i

M= - =1.0051 N= = =0.0051
a-b 1.1142-0.0057 a-b 1.1142-0.0057

A_S;=a_005-11142 oo o S,=b_0.05-0.0057 0\
S,—a  1-1.1142 S,-b  1-0.0057

5091853900l EOHMOL BoOHOMO00 boba™dwogzmds -

t

T—1:bst(Sz—S1)+2-b§t-Sm [M-Ln(A)-N-Ln(B)]=

=7(0.05-1)+2-77-0.08-[1.0051-In(9.32) ~0.0051-In(0.0446) | = 11.064.

b, =— —m

0¥) 53d6G03Dg MOOYMBOMO IGZ0OMZss FMEIOIYO - Mst <0, 3H505, MOMYMBomo 0gbgds st M

309803096305 0 BEIGHOIMNOO FobEHmegdol 81 o5 82 19L39%0.

+— Motor [=

Mst<0

Dob. 3

G<0

20loblbgan 456@Mgdsl 9dbgds bobg -

2 2
dt=—J0)° i S°+S; _ds |
M, (S“+2b,S,_ -S+S;
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3650013071650, Dm0 Bamggadols, fowraol dhoEbggel @sgrBadme s @igsgwmm - 2b S-S . doowgds -

S, i S, .
t,=-T,by | -3 255, -S - |dS=T.b, [|1-% 23Sy -S ~ |dS
s, +2b, S -S+S; , S°+2b, S, -S+S;

59mgblbso Foboliosmgdgwo 3obE™MYds, (M50 3osbasM0dgd0l J0dEI3MIMBs, ML MSt >0 o Mst <0
ALS3L0S 9OHMTbgMOLY, F9bEMEGd5d0 M93005639 F930EbM™ Hobzomo 360d3zbgwMmdgdo) -

by=-7 © S24+2b, S, -S+S%=(S-a)(S—b) @

a= sm(bst +\/@) - 0.08(—7+\/ﬁ) ~—0.0057;
b zsm(bst —\/@)zo.os(—ﬁm):—mﬂm.

21939, 099 3530035¢0LobId™, MM 81 =1 Qo 82 ~0.05

b __ 1N 40051
a—b —0.0057+1.1143

M=_2 00057 0051 N-=
a-b —-0.0057+1.1143

S,-a_005+00057 o qpey g S,-b 005411143 .00,
S,—a  1+0.0057 S,-b  1+1.1143

5091853900l EOHMOL BsOHOMO00 I603369wMmds -

A=

Y b, (5,-8)+265 5, [M-Ln(A)-N-Ln(@) -

=-7-(0.05-1)+2-7%-0.08 [ -0.0051-Ln(0.0554) +1.0051-Ln(0.5507) | = 2.065;
5960350, O®MEYLE IM35DY IBHZ0OMIs Byerol FGHmos, 35d0b dMsgs 53w9d5309ds -

(M, =0), t, =3.245-T_ =3.245.0.043 = 0.14 %

OgLsE 3653599 IIO00 IGZOOMZss BMOYOIO0, 8580b I35 53485300 -

(MSt > 0), t,=11.064-T =11.064-0.043=0.476 %o

bowen  GmEIbsg  dM35%)  ©IGHIZ0OMIS  YOOYMBom0s, 85306  539s3900L MM 0gbgds - (Mst < 0),

t,=2.065-T, =2.065-0.043 =0.0888 ~ 0.1

©GH300m30L o989 53v9853900L boba®dogmds, Fgodwrgds  3obolisHBOZOHM™ML saMgm3y  989IGHYIO0 B8mBgbEol

LMo gdOm.
98399GHMG0 0096 0L 3603369cMmds -
M, = M.S,, - 613-0.08 —188.91~189 6:
0.25+1.5-S; 0.25+1.5-0.08
53¢)85300L @H@OL babaGderogmds t = \'i/lmo = 0251 ;8472 =0.1385~0.14 %5;

ef
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1. 3. §oogmgeo. gomEv@o 8000mgd9d0 36ModEH03MIWwo

Lo3MTomdols  @s  Lo3Obm  3GMmgdBHoMgdol  JgLol-
) gdEs© bogsbdo «Lsdmm Fs64sbgdol gargdEHGwo
509605301 2580339900 Mds “3gdbo3wHo Mboggdlo@g@o”,
®doobo, 2007.

2. 9. GogMgomgwo, B. Bsbs®edzomo, o. §gdgomgwo. bsdmm
056go6900L  ge9dBHHMEo 53dMe30-8gmmEOO Jomo-
90900 365dBH03o  bsdMTomdols s LogOLbm
3009dBHoMgdoL gLl gdO©  EI3OMYMTIOOL
LobBgds MATLAB-80.: 50m0399cmds  “Bgdbogméo
1B039OLOGHGO”, Mdoolo, 2014.

3. 3. §9Ogmgwo, b. dsbosdzomo, 8. mbosbo. dmzwgo
F9H0ME HMGHMOH060 SLobJOMbmwo dMsz5L 3mEgd-

ITEPETEJIYI M.B., PYXA/I3E H.M. EPETEJN .M.
IIEPEXOHBIN PEXXVIM ITYCKA
ACHMHXPOHHOI'O IBUT'ATEJIA

AHHOTAIIAA. B cratee paccMaTpuBaeTcs Iepe-
XONHBIA PEXUM IIyCKa aCHHXPOHHOTO JBUTATeJIs.
Benmuuna BpeMeHH IIyCKa OIpenesnsercs IS TpeX
cny4aeB: 1) mpu pabore mBurartesns Ha XOJIOCTOM XOZIY
(Mst = 0); 2) mpu nonoxurensHOM Harpyske , (Mst > 0),
Ha IPUBOJ U 3) X OTPUIIATEIbHOM HaTPy3Ke Ha IIPUBO/,
- (Mst < 0). [lna peanpHBIX KOMIIOHEHTOB HAarpyska
OIMHAKOBa B 000MX pPeXUMax paGoTsl (IBUTATeIbHBIN U
TeHepaTOPHBIIL).

KJIIOYEBBIE CJIOBA: acuHXpOHHBIN [BUTATEeIb;
[IePeXOAHBIM PEXIM; MEeXaHWIeCKHe XapaKTePUCTUKM;
PEXMM  XOJIOCTOTO  XOZ3;  PEeXUM  JABUTATEJIS;
reHepaTOpPHbI PEXUM; BpeMs 3allyCKa BO BCEX Tpex
peXuMax.

309090 39956037960 Fobsliosmgdgero. bsdmm FoM-
Bogro, Ne1(28), ;mdogrolo, 2015. 33. 63-64.

4. TlecBuanmpze A.B. Pacuer maxTHBIX IOABEMHBIX
ycTaHOBOK: Y4e6. mocobue n11 By3oB.- «Hempar,
Mocxksa, 1992. 250 c.

5. MapTsiHOB M.B,, Ilepecnerun HT.
ABTOMAaTU3UPOBAaHHBIH BJIEKTPOIPUBOJ, B TOPHOH
mpoMmslIeHHOCTH. V37,2, mepepab. u mor., «Hezpa»,
Mocksa, 1977. 375 c.

6. I'. b. Jpaiir. Tabauisr UHTErpaloB U LpyTHe Mare-
MaTudeckue ¢popmynsl. Ilepesog ¢ anraniickoro H.B.
JleBuH, «Hayxka», Mocksa,1973. 228 c.

TSERETELI M., RUXADZE N., TSERETELI L.
TRANSITION MODE DISCUSSES THE ASYNCR-
RONUS MOTOR STARTING MODE

ANNOTATION. The paper discusses the asynchro-
nous motor starting mode. The value of starting time is
defined for three cases: 1) when the engine is running
(Mst = 0) at idle; 2) when a positive load is applied to the
drive (Mst > 0) and 3) when there is a negative load on
the drive - (Mst < 0). For real components, the load is the
same in both operating modes (engine and generator).

KEY WORDS: asynchronous motor; transition
mode; mechanical characteristics; idle mode; engine
mode; generator mode; launch time in all three modes.

o3 531.3
3Gmmygbm®o 9. §gMgomgero, b. Hbsdg, AsaobBMsbE 0. fgMgmgmo
sbobgOHMbwYmo dMsgsL 3gdsbozMMo BsboLOsMYOEGOOL 8556990 TIdS S 53905
360m3sg0s.  gobbogreyemos  sbobdtmboyero, @byt 1. smEowgdymos  GOG®MOOL  dGNMEZms  Mogbgol

GerhmBH0sbo dHszgsl 89560390  sbsbosogdergdol gs-
3635608980bs s 53980l Ggomo. gl Ggompo oo
bsbos 3bmBoeros gangddGero s8dMsgolb bgdolbdogto bs-
byerdde3sbgermcosb.  B3gb F939650900 39839856H0398065
9b 89002000 5 IBG B5OA35% 8503339F930D Jb 5833565.
3o6g9er  Gogdo gsbboeryemos  s0m3s60L  gssfY3930l
0906070 3bs, 90098 30 3MsIHOIIEO B3SO0
©39(3303989¢m0s  sbsgmo  Ggomaol LodsHBogg s go-
3635608980 Ggsemds.

bs3356de2 bogzgbo: sbobgtmbryemo; ooyt Geadher-
605bo; Omzemgo FgHoriem  GedmBHosbo;  GggsbozrGo
Fsbsbosmgdgamo; Asbsliosogdemol 3ssbgsmodgds s s89ds;
8505655039890 G9oom0O0.

RBsHNO HOGMO056 sbobIHMbmo dMsg9dlL, dmIwgo
F9HME  OMGHMM06 3053900006  FgsMmgdom, MBO™
00830005 459m0y94969096. Fomo godmygbgds beogds 35306,
OHMEOIL3:
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OIFILOOYO;
2. 999560BIoL LEHSGH03MM0 Fobsswdmgymdol dmdgbEo
09305 dM35L FodOHMBIdg dmIbBHDY, 90v9ds39d0L
O™, 56v9 - Mst> Mmot;
3. 3dM50d380 dmboyzsbo Bsbgdo 0dgbs OO, HMI
I35 OMEGHMOT0  258MYMBowo  MdMMO  gbgMyos
0f393L, 9v9353900L MU, 4M3aBowgdol s339dgw
39bYIMGOSL.
doebg bdoMo, BHBMOH OHMAEAMO060 IMsz0L 59w9Ts-
3905 bME09wgds OHmEHMO0L (j69do BsOmvo sds-
0499539090 M9mbGHsGHOL Lsdvewgdom ©s GYMbGsEOL
0m0omdol  Gg70db  9bgm0dMdIB, Gmym®E  bsbdmzwry
04935000b ¢9500U.

d535L 99996039960 FobolosMYPIWGOOL gosbA>H0TYdOLS
@5 53900l EOML, JOHM-9MHMNO  JOMHOMOPO  356M1539G MO,
0obolosMYPOWGOOL MomEgbmdss. dvybgdMogo dgdsbozm®o
obolosMPBWOL  gosbadM0dgds s 9390 SZOWS®
bm6E309w©gds 30356 3oGomymEmo Imbsogdgdoms s
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30mbob 3585630390990 3OO,

30bol 458503039099 BMOIMESL, sbgmo bsboom
o63mo9696:
_2.M,S

— m ~ mo
2 2
Sio+S
boog, M, - 965356 8og® g63000509d¢o doglo-
oo dmdgbdo -M_ =M b, 6; P
36339 6dobaerrto dmdgbBo - M, = 9550, 6;

M

n
d0535L bmBobowo LMoo - Sn =1-—";
n

[o]

0ogdL0domo LEMOSWOo 3MBIBMOZ Tobsliosmgdgw by

_Smozsn(bn+\/@).

3032960 93960l 8603369 mds dogowmo -
M, =0.8-M,;

n
P, @5 N, - 35356 6m30Borey®o boddewsz®y, 33¢). ©d
Bmdobocrm®o drbzsms MoEbgzo, d06/fo;

M, 889530b 393EZ0MMZOL 3mgBogBEHO -

d65358 bmF0bserM0 2505EGH30O™M30L 39130309060 - b. — Mm _ Mm —1.95.
1 - - - - bl
LM, M, 0.8-M,
n
M

bomem, ImdgbEGmmo 3mgxn030gbGo -
a,=b,—b?-1=125-41.25"-1=0.5.

00090 50 2596396M0890530, 50lb0Tbsgz00 Mogolio I60dzbgarmdom S10 .b% =1 BOOIs; oY, 810 =a,;- Smo o5

oMo 96L IVI1 303990 3mdgbBol Tglodsdol LEOsWL 396gdM0g Toboboomgdgwby, bmwm Z,
35bobosmgdEgdol MoEbzos.
30980309630 b, Fomdmaagbl 303760 |\/|1 Q5 2905MmM30L M2, dm39gbBHgdolL ImdgbG o 3m95303096GHdOL

a
a,

bgmabaydo

BIOEMOL - h =

bgmgzby®o 9994560360 9940603600 Boboliosmgdagdol s39ds sbsemaow®mos dmbgdMogz0Ls, Roblibgzeggdss dbmermo
05gb0doO (3M0EH039) LE0sYIL FMGOL. dB9dMOZ0L 9B, 306390 by mgbwyMo Jobslinsmgderols 3M0GH03 WO

bOoogol 9603369 mds  0dbgds _Sm1 — SmO .b; 89mOobs _sz _ Sm1 b= Smo p2 @ 5.9;  dMbgdMog

3obolosmYdY DY, 3034900 dmIgbEH0oL dglodsdolo Mmool 8609369 MdS, 530w Fobols-BL3MYds 303G 8mdgbEol
9m9bGMo 3298030gbGLe 8y s 3O0GHOZNOo LEOSWOL, §  -ob bedrewgdoo - S10 =a,- S . 069060309,
mo m

G0 Sm-bZ =1.53

800
700
600
500
400
300
200
100

0.4 0.6 08 1.0

Bob. 1

©139565b369el B0, 399496030 BoboliosmMgdGBOL 495695608930l doMOMo BMMTMWsbog WFm®gdb. 5Jgsbzg
a’ .
10 a§

3000905 3609369m3560 ©odM 30 dMYENgds, S10 .b? =S =1®a,=a,- S% .
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29305639003m0 59 3900MmEOL LTG0 JGMIM FoRIXIOMO S 5353000 TJLodsToLO Tobslinsmgdergdo.
L556g06M0dM, s506dMMbo IM6350, 3539w MyMo Imbs3gdgdos :

@odo - 4AK225M6VY3

Bdoboermo Loddwsgmy - P, =30 33¢;

Bmdobsere®o dGB3sms Gogbgo - N = 965 d@/fo;

63065 MO0 205EZ300m30L 3958303096GO - bn = M_m =25;

50 35300 3mbs39990000 056950089ds:
45356 bmdobso LGoswo -

S =1-T0 13 _ 4035,
n, 1000
85080 bGoswo - Spo =S, (lon +Jb? —1) - 0.035(2.5 ++/2.52 —1) ~0.168

P
Bdobscrr®o 8mdgbdo - M = 9550 = 9550% =296.89 ~ 297 69;
n

n

854108seGo 8mdgbyo - My, =b, -M, =2.5-297 =742.5 = 743 ¢

3039960 dmdgbEol 36093690 Mds@, HMam®3 Bgdmo s30bodbgm, dozowgo -
M, =0.8-M,_ =0.8-743 = 594.4 ~ 594 63;
89bd580L0, 35sAZMMNZoLs s dmIYBAHMOO 3MmgzozogbdIeo - b, =1.25 ©» a, = 0.5;

3039960 939630l Fgbodsdolio LMoo ¥BIdGOZ Boboliosmgdgw by -
S,,=a,-S,, =0.5-0.168 =0.084-

355600300 8mdgbHol 8608369 mds sgoomm - M, =1.2-M_ =1.2-297 = 356.4 ~ 356;

m

3905G300mM30L5 s IMIgbGHMMO 3mgB030g6GHJd0 -

b, = Mn _ 743 _ 5 087 © a, =b, - b2 1=2.087 ~/2.087% _1 = 0.255;
M, 356
b 3098030963 0L 366033690 mds -
b= 05 496,
a, 0.255

bgamgzby®, 9979603960 Fobolosmgdwgdol Momgbmdsl 303009dm, d9Jsbo3wMmo obolosmgdwgdol gosbas®0dgdol
1

30MH0m5©O GoMdnosb - A, =a, - S%; bom gostm3zol 3mdgb@L, M2 =2 Mm 2 1 3o0mbsbmargdoo -
a, +
2
gbMowo 1
z 2 3 4 5 6 7
a2 0.145 0.219 0.269 0.305 0.331 0.351

50

1.2*Mn 356 356 356 356 356 356

M2 21 311 373 415 443 464
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30L5MqdwMmo Nl 3bGowoo - M2 239050M™M30L dmdgb@E0l 3603369 mds, y39wabHg sbermliss, Hobolifjo® smgdwman
5300 dosbermgdwen 36093690 mdLob - 1 .2 - |\/|n = 3506 69, 35306, Hm@gbsis bLExgbMgdol Mom©gbmdss - Z=4.
299mob, H™I M2 23900MM30L IMIGBE0LS s Bobo IMIGHEHMOO 3MgB0EIEEOL Moo 3600369 MdIdOS -
M, = 37360 s @, = 0.269.

b 3m9805096¢0L 86083690 @ds - b= i = i =1.8587 ~1.86 5

a, 0.269

S,,-b? =0.084-1.86" =1.0054 ~1

39330000 ©535L336500: 25564500905 LMo Bo@oMgdmo.

5059v9953909@0 dmIgb@o - MO = 05('\/'1 + MZ) = 05(594 + 373) =483.5 ~ 484 65,

b99mm dmygz560c0 sboMm0Tol 13w gd00 5353Mmm FGLodsdolo 89dsbogMEMmo Bobobiosmgdmmgdo (5g3gs sbswrmyom®mo
sbgoModo Excel- 9o) -

Smo=|0.168 b= | 1.8587

Smo | Sm1 | Sm2 | Sm3 Sm4

0.168 | 0.312 | 0.58 | 1.079 | 2.005

800
700
€00
500 |..
400
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0 S
0 0.2 0.4 0.6 0.8 1.0

——MR0 MR1 MR2—MR3 MR4

bob. 2
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3bMogo 2
Pn 30 |Smo|Mm | M1 | M2 | Mo | Mn | MRO | MR1 | MR2 | MR3 | MR4
nn 965 0 | 743 | 594 | 373 | 484 | 297 0 0 0 0 0

no 1000 | 0.05 | 743 | 594 | 373 | 484 | 297 | 406 | 232 | 127 69 37

bn=Mm/Mn 25 0.1 | 743 | 594 | 373 | 484 | 297 | 653 | 432 | 249 | 137 74
Sn=1-nn/no 0.035 | 0.15 | 743 | 594 | 373 | 484 | 297 | 738 | 580 | 360 | 203 | 111
bo=bn+(bn*2-1)A.5 4791 | 0.2 | 743 | 594 | 373 | 484 | 297 | 732 | 675 | 458 | 266 | 147
Smo=Sn*bo 0.168 | 0.25 | 743 | 594 | 373 | 484 | 297 | 688 | 725 | 540 | 327 | 182
Mn=9550*Pn/nn 297 0.3 | 743 | 594 | 373 | 484 | 297 | 633 | 742 | 606 | 384 | 217
Mm=bn*Mn 743 | 0.35 | 743 | 594 | 373 | 484 | 297 | 580 | 738 | 657 | 436 | 252
M1=0.8*Mm 594 0.4 | 743 | 594 | 373 | 484 | 297 | 531 | 721 | 695 | 484 | 285
b1=Mm/M1 125 | 045 | 743 | 594 | 373 | 484 | 297 | 487 | 696 | 720 | 528 | 318
a1=b1-(b142-1)0.5 0.5 0.5 | 743 | 594 | 373 | 484 | 297 | 449 | 667 | 735 | 567 | 349
$10=a1*Smo 0.084 | 0.55 | 743 | 594 | 373 | 484 | 297 | 415 | 638 | 742 | 601 | 379
M2=1.2*Mn 356 0.6 | 743 | 594 | 373 | 484 | 297 | 386 | 608 | 743 | 631 | 408
b2=Mm/M2 2,087 | 0.65 | 743 | 594 | 373 | 484 | 297 | 360 | 580 | 738 | 657 | 436
a2=b2-(b2*2-1)0.5 0.255 | 0.7 | 743 | 594 | 373 | 484 | 297 | 337 | 553 | 730 | 678 | 462
z 4 0.75 | 743 | 594 | 373 | 484 | 297 | 317 | 527 | 719 | 696 | 488
a2=a1*$10%(1/Z) 0.269 | 0.8 | 743 | 594 | 373 | 484 | 297 | 299 | 503 | 706 | 711 511
b=a1/a2 1.86 | 0.85 | 743 | 594 | 373 | 484 | 297 | 283 | 481 | 692 | 722 | 534
$10*b*Z=1 1.0026 | 0.9 | 743 | 594 | 373 | 484 | 297 | 268 | 460 | 677 | 731 | 555
M2=2Mm*a2/(a2*2+1) 373 | 0.95 | 743 | 594 | 373 | 484 | 297 | 255 | 441 | 661 | 737 | 575
Mo=0.5(M1+M2) 484 1 743 | 594 | 373 | 484 | 297 | 243 | 423 | 645 | 741 | 594
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TSERETELI M., RUKHADZE N., TSERETELI L.
ASYNCHRONOUS MOTOR MECHANICAL
CHARACTERISTICS CALCULATION AND
CONSTRUCTION

ANNOTATION. The method of calculating and
building the mechanical characteristics of an asynchro-
nous, phased rotary motor is discussed. This method has
long been known in the manual of any electric motor.
We tried to simplify this method and solved this task
more simply. First discussed the theoretical way of solv-
ing the task, and then the practical example proves the
simplicity of the new method and the reality of the cal-
culation.

KEY WORDS: asynchronous; phase rotor; short-cir-
cuited rotor; mechanical characteristics; feature calcula-
tion and construction; simplified method.
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KYUYYXUI3E 3.K., ABECAJI3E H.A., ITATBEPAIITBWJIN
I'T., BEMHAIIBUWIN I'.T'., MYPJDKUKHEJH C.K.

AHAJIV3 BO3JEVCTBUA HA 3IAHUA
CEMCMHUYECKUX KOJIEBAHUM,
BBI3SBAHHBIX B3PHIBOM

AHHOTAIIVIA. B crarbe pacCMaTpUBAIOTCS IIPH-
MepbI BO3ZEMCTBUA Ha CTEHKU 3JaHUI B3PBIBHBIX paboT
¥ BBI3BAHHBIX MU CefiCMMYeCKHUX KOJeOaHUil, pacipo-
CTPaHAIOWIMNXCA B TPyHTe pasHoro Ttuma. [Iposogurca
aHaJIM3 BO3JeHCTBUA HAa HUX CUJI CKaTHA, PACTDKEHHI
u crubanus. /latoTcsa mapaMeTpsl, cobm0eHne KOTOPBIX
ZIaCT BO3MOXKHOCTH M30eXKaTh paspylleHHe 3JaHUi, pa3-
pylllaeMBIX dHepruei B3phIBa.

KJIIOYEBBIE CJIOBA: B3phIB; ceiicMuKa; 3apsf;

CKBa’XMHA; CKOPOCTH Koyie6aHus.

KUCHUKHIDZE Z., ABESADZE N., SHATBERASHVILI G.,
BEINASHVILI G., MURDJIKNELI S.

ANALYSIS OF THE INFLUENCE OF SEISMIC
VIBRATIONS CAUSED BY EXPLOSION ON
BUILDINGS

ANNOTATION. The article provides the examples
of the influence of deformation, caused by seismic vibra-
tions in different types of rock, on the walls of build-
ings, analysis of compression and stretching, bending
and shearing forces acting on them. There are given the
options that can be used to protect you from the risk of
explosion energy induced destruction.

KEY WORDS: explosion; seismic; charge; well; os-
cillation speed.
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NADIRASHVILI M., ABESADZE N.
THE IMPORTANCE OF CHEMISTRY IN MILI-
TARY AFFAIRS

ANNOTATION. The article concerns the role of
chemistry in military affairs. Among the fundamental
sciences on which military affairs are based, chemistry
occupies a prominent place. It has a large area of contact
with military science, which greatly increases its impor-
tance. Specific examples are given of the use of different
classes of chemicals, as well as practical physic-chemical
methods, both in preparation for war and in hostilities.

KEY WORDS: war; chemistry; military science; ex-
plosives; synthetic petrol.
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HAJIVPATIBVUIA M.JL., ABECAZI3E H.A.
3HAYEHUWE XMWY B BOEHHOM JAEJIE

AHHOTAIIUA. B crarse paccMaTpuBaercs PpOJb
XUMUH B BoeHHOM Jieste. Cpenu hyHAaMeHTaIbHbIX HAYK,
Ha KOTOPBIX 6a3upyeTcs BOEHHOE HeJ0, BUZHOE MECTO
3aHMMaeT XMMHS, OHA MMeeT TeCHOe COIPUKOCHOBEHNE
C BOEHHOW HAyKOM, YTO 3HAYMUTEJbHO YBEIMYMBAET
ee 3HavyeHue. IIpMBOAATCA KOHKpETHbIE IIPUMEPHI
WCIIONb30BAHUA  PA3IMYHBIX KJIACCOB XMMHYECKHX
BEIeCTB, a TAaKKe NPAKTUYECKUX (HU3NKO-XUMHYIECKUX
METOZOB, KaK IIPU IIOJTOTOBKe K BOWHE, TaK U B GOEBBIX
IeHCTBUIX.

KJIIOYEBBIE CJIOBA: BoifHa; XuUMMA; BOeHHas

HayKa; B3pbIBYAThI€ BEIIECTBA; CUHTETUYEeCKUH OeH3UH.
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ELECTROCHEMICAL PROTECTION OF UN-
DERGROUND METAL RESERVOIRS FROM
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ANNOTATION. The article presents
of protection against electrochemical corrosion of
underground metal tanks, calculations and possibilities
of their use. It has been established that protection
against electrochemical corrosion of underground metal
tanks should be carried out, especially for petrol and gas
filling stations, by passive protection (insulation) and
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JIEJTYAIIIBUJIN JI1.B., PUTUIIIBUJIN T.P.,
JIETYAIIBUJIN T'.JI., CTEPAKOBA C.H.
YCTPONCTBO AHOJHOTI'O 3A3EMJIEHUA
JJIA KATOJHOM 3AIINTHL

AHHOTAIIUA. B cratbe mpeAokeHO YCTPOICTBO
KaTOZHON  3alUTBl JJII  CO3JAHUA  BOJOHOCHOTO
IPYHTa BOKPYr aQHOAHBIX 3a3eMJIUTeNel, HMerolee
TOPHM30HTAIBHYIO TPY6Y, KOTOpas yIOXKeHa B 3eMJIIO 10
Bceﬁ AJINHEe TpaHH.[eI/I HaZ aHOOAHBIMHW 3a3eMJIUTe/IAMU,
BepTHKa)IBHBIe pr6BI, BBIXOJAIINIE M3 rOPHBOHTaJIBHOﬁ
TPYGBI yCTaHOBHeHBI HaZ aHOAHBIMHK 3a3€eMJINTEJIAMU,
OT CepefUHBl TOPU3OHTAJIBPHOM TPYOBI  BBIXOAMT
BepTUKaJIbHAsS TPyOa Ha [OBEPXHOCTU 3€MJIM, OTKyZa
[IePUOLMYECKI 3a/IMBAETCS BOJA.

KJIIOYEBBIE CJIOBA: mnepexomHOoe COIPOTHUB-
JIeHHWe; Karof; Tpy0a; aHOAHBIN 3a3eMJIMTEINB; 3aILUTA;
IPYHT; BJIEKTPUIECKas KOPPO3HSL.

LELUASHVILI L., RIGISHVILIT.,

LELUASHVILI G., STERYAKOVA S.

ANODE EARTHING DEVICE FOR CATHODIC
PROTECTION

ANNOTATION. The article proposes a cathodic pro-
tection device for creating an aquiferous soil around the
anode ground electrodes, which has a horizontal pipe,
which is laid in the ground along the entire length of the
trench above the anode ground electrodes, vertical pipes
coming out of the horizontal pipe are installed above the
anode ground electrodes, a vertical pipe comes out from
the middle of the horizontal pipe on the surface of the
earth from where water is periodically poured.

KEY WORDS: transition resistance; cathode; pipe;
anode earthing switch; protection; priming; electrical
corrosion.
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HO3A/BE I'4., TATAPAS .., JI3UTBAIIBILIY B.P.,
KOBHM/3E T.P., MAMCYPAJI3E P.I., AXBJIEJUAHM T.

KAHATHBIE 3AIITATHBIE BAPBEPHI 1 X
PATTIOHAJIBHOE UCITOJIb3OBAHUE HA
JOPOT'AX TPY3UU

AHHOTAIIYA. B craThe pacCMaTpUBaIOTCS BOTIPOCH
u TpoGreMbl BHEADEHWS KAHATHBIX OTPLKAEHUI B
aBTOJOPOXKHYI0 WH(PACTPYKTypy CTpaHbl. llokasaHa
TEXHOJIOTMYECKAsA DPA3HULIA MEXKAY OIBITOM MECTHBIX
M IepefoBbIX CTPAaH II0 KAHATHBIM OIPAKAEHUAM.
BrbickasaHO MHeHHe 06 OCHAIEHWH BBICOKOTOPHOMN

IOPOXXKHOH  MHGPACTpyKTypsl I'pysum KaHAaTHBIMHU
OTpakIeHUAMHU. ITpepnoxensl  TexXHOJOTHMYeCKHe
TpeOOBaHUA  DHEPreTUYeCKUX  XapaKTePUCTUK B

IIPOEKTHPOBAHNE KAHATHBIX OI‘Pa)K,ILeHHfI B COOTBETCTBHUU
CO CTaHZapTOM.

KJIIOYEBBIE CJIOBA: xaHaTHble OTpakIeHUST;
KaHaThl; SHEPTeTUIECKUH TTOKA3aTesib; aBTOMOGHIIBHbIE
IOPOTH; KaTeTopus NOPOTH.
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4. Cable Barrier Literature Review, Coon, B.A., Faller,
R.K. and Reid, ].D., MwRSF Research Report No.
TRP-03-118-02 July 10, 2002, pp. 1.

NOZADZE G., PATARAIA D., KOBIDZE T., DZIGVASH-
VILI D., MAISURADZE R., AKHVLEDIANI G.

CABLE PROTECTIVE BARRIERS AND THEIR
RATIONAL USE IN GEORGIAN ROAD

ANNOTATION. The article deals with the issues
and problems of using cable bariers in the road infra-
structure of the country. The technological difference
between the experience of Georgia and advanced coun-
tries on cable bariers is shown. An opinion was expressed
about the presence of a high degree of road danger due
to the carrying capacity of cable bariers. Technological
requirements for energetical characteristics in the design
of cable bariers in accordance with the standard are pro-
posed.

KEY WORDS: cable barriers; cable; energetical char-
acteristic; car roads; road category.
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IIeHUe TOPHBIX TOPO/], IPOXOAYeCKUMHI KOMOATHAMH.
Hayuno-Merozmudyeckrie ~ OCHOBBL  paspylIeHHe
pesuoBeiM mHCTpyMeHTOM. «Hayka», Mocksa, 1960.
216 c.

2. Bapon JLM., I'matman JL.B., Anexosa 3.H., Bexa-
uumsuau A.I'. VccaemoBanre OCHOBHBIX 3aKOHO-

BEXXAHUIIBUIN A.T.

OCHOBHBIE 3AKOHOMEPHOCTHU
TAHTEHIIMAJIBHOI'O BUJA PA3PYIIEHUA
ITOPO/JIbI U X AHAJIN3

AHHOTAIIYA. B paGore pacCMOTpPEHBI OCHOB-
HBle 3aKOHOMEPHOCTH paspyLIeHHs TOPHON IOpOABI
TAHTeHIMAJIBHBIM pe3aHueM. VccremoBaHMA IIPOBOAU-
JMch Ha oOpasijax UmaTypcKOoro MapraHijeBOro MecTO-
poxnenus pesuamu PK-8. Beuto ycranoBieHo, 4ro mpu
TaHTeHIIMAIBHOM PE3aHUH [JI1 OLIeHKU COIIPOTUBIAEMOCTH
[IOPOZ, PaspyLIEHHIO Hauboiee BEPOATHBIMU KPUTEPUIMU

ABJIAIOTCA  TIOKa3aTeJM KOHTAaKTHOM IIPOYHOCTH M
BPEMEHHOTO  CONPOTHBIEHMA  IOPOJ  OZHOOCHOMY
oKatuio. PesysnbTaThl  IIpOBefIeHHBIX — MCCJI€JOBAaHUI

TOKa3ajay, YTO C yBeJIMdYeHHeM BBICOTHI yCTyIla M IIara
pe3aHMsA yBeJIMYMBAeTCA YCHIMe pe3aHHi. K Tomy ke,
TaHTeHIIMaJIbHOe pe3aHue J(PQEeKTUBHO IIPU BBICOTE
yeryma 20 MM u Gosnee. M3yueHo TaxoKe BIMAHHeE yIJIa
HAKJIOHA Pe3lja IO OTHONIEHHIO K ITOBEPXHOCTH Pe3aHUA
HA YCHJIMS Pe3aHMUs, a TAKXKE OCHOBHbIE 3aKOHOMEPHOCTH
M3HOCA PEe3IIOB IPH TaHTe€HIINAaIbHOM Pe3aHHU.

KJIIOYEBBIE CJIOBA: TaHreHIMaabHOE pe3aHue;
BBICOTA YCTYIIA; LIAT pe3aHUsd; PeXYIIUI MHCTPYyMEeHT;
yCUJIMe PpE3aHus; CKOPOCTh DE3aHusl; BPEMEHHOE
COTIPOTHBIIEHUH OFHOOCHOMY CKATHIO; abpasMBHOCTE;
M3HOC; KOPPEJISIUOHHAS CBA3b.

MepHOCTe#l Ipolecca IIOAPE3HOTO0 paspyLIeHUs
ropusix nopog,. Kparkuii Hayunsiit orger. VII'J] mm.
A.A. Ckounnckoro, Mocksa, 1970. 55 c.

3. bapor JLU., I'matman JLb., Cremanosckuii E.A.
PaspyureHne TOpHBIX TOPOZ  IIPOXOZLYECKUMU
koMmOaiiHamu. PaspyureHue TaHTeHIWAaJIbHBIMU HH-
crpymenTtamu. «Hayka», Mocksa, 1978. 170 c.

BEZHANISHVILI A.

MAIN REGULARITIES OF ROCK

TANGENTIAL CUTTING ASPECT AND

ITS ANALYSIS

ANNOTATION. The paper considers main
regularities of rock destruction by tangential cutting.
Studies have been carrying out on the samples of Chiatura
manganese deposit by tools PK-8. For tangential cutting
the most probable criterion for rock estimation to
destruction resistance are contact strength and ultimate
strength to uniaxial compression. According to the
results of study, increasing of bench height and cutting
pinch provoke cutting force increasing. Tangential
cutting is effective for bench height of 20 mm and more.
Influence of tool slope over the cutting force and the
main regularities of tools wear for tangential cutting are
considered as well.

KEY WORDS: tangential cutting; bench height;
cutting pitch; cutting tool; cutting force; cutting velocity;
ultimate strength to uniaxial compression; abrasivity;
wear; correlation.

Ir'yYPyjid T.C., YKJIEBA E.H.

AKAJl. JOKTOP XAYATYPSH K.K., AKAJI. IOKTOP I'EI'HA H.A.,

OIIEHKA ®WJIBTPYIOUIEN CIIOCOBHOCTU BEHTOHUTA MECTOPOXXJIEHWUS BAHUCKEIN
(I'Py3Husl) C OEJBIO EI'O IPUMEHEHWSA B ITIPOOECCE OCBETJIEHHAS BUHA

YIK 663.255 (076)

AHHOTAIIHA: IlpoBegeHO HccaefoOBaHHE (DHIB-
TpyIOmeH CHOCOOHOCTH GEHTOHHTOBOHM IJIMHEI MECTO-
poxzennsd Banuckegu (I'pysud) A4 ycTaHOBI€HHUA BO3-
MOXXHOCTH €€ HCIOJb30BaHHA B IIPOLIECCE OCBETICHHSA
6esoro BHHa; B J1a00PaTOPHEIX yCJIOBHAX OLEHHUBAJIHChH
IIPO3paYHOCTH, CTAGHABHOCTS H Ka9ECTBO IPO(PHIBTPO-
BaHHOrO BHHA. IIpoBeseHa mpobHas o6paboTka BHHA U
yCTaHOBJIEHa ONTHMAJIbHAA KO3HPOBKA. BsraBieH om-
TUMAJIbHBIH BapHaHT OCBET/IEHHA BHHA, IIDH KOTOPOM
IOJIy9eH KPHCTAIBHO IIPO3PavHbli (PUIBTPAT, IPOABIA-
IOIHF 3a BpEMS BEIAEPKKH CTAGHIBHOCTS M COXPAHAIO-
LM IPY 3TOM CBOIO KPHUCTAIBHYIO HIPO3PadHOCTb.

KJIFOYEBBIE CJIOBA: 6eHTOHHT; MECTOPOXLEHHE;
BHHO; (PMIBTpyIomasd CIOCOGHOCTh; OCBETIEHHE BHHA;
ITOMyTHEHHE; CT86H}IBHOCTB,' BBIZEPXXKKa; OIITHMAa/IbHAA
JHO3HPOBKa

BuHO - 3TO HeCTOMKWII NPOJYKT, IZle IPOUCXOIAT
U3MeHeHUs (U3NYECKOTO M XMMHYECKOIO XapakTepa,
OoTpaxalolljeca Ha ero IIpO3pavyHOCTH, KOTOpasd, HapsA-
Iy C OIPYTHMU IIOKas3aTelAMHU, XapaKTepusyeT KaduecTBO
BrHA. MyTHBIe BUHA BCErZa IIO/BEP>KEHBI U3MEHEHUAM
u 6oJte3HAM B OOJIBIIel CTEIIeHH, YeM CBETJIbIe IIPO3pad-
HBIe, a CJIOXKHBIM COCTaB BUHA CO3/laeT TPYAHOCTHU MJI
ITOJyYeHUs yCTOWYMBO Ipo3pavyHbix BuH [1]. Dddex-
THUBHBIM CPe/ICTBOM OYMCTKU BUHA OT YaCTUII, BEI3BIBAIO-
UX IOMyTHeHUe, ABNAeTCA IIPIMeHeHHe OCBeTIIAIONNX
BeIeCTB, KOTOPHIE AeJIATCA Ha OpraHudecKue (IINIeBoi
XKeJIATHH, PHIOUI Kiell, SUYHBIN GeJIOK, KaseuH U Jp.),
UMelolre XUBOTHOe IIPOMCXOXAeHNe, JOPOTOCTOSIMe
¥ He 061afaoIye YHUBEPCaIbHBIM OKIEUBAIONINM e~
CTBUEM, a TAKXKe - Ha HeopraHnudeckue (GEHTOHUT, Aua-
TOMUT, acbect, KaonuH u fp.). Cresyer OTMETUTD, YTO
BHHO, 06paboTaHHOe KaK GEHTOHHUTOBBIMY IJIMHAMU, TaK
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u JII0GBIM OCBETJISIONIUM BeIeCTBOM, Itocie 06paboTKy,
HECMOTPSI Ha COBEpLIEHHBIE TEXHOJIOTUYECKUE CXEMBI,
[IpY XpaHEHMH YacTO MyTHEeT, BBIIIaaeT OCaLoK ¥ Tpe-
6yeT IIOBTOpHO# o6paboTku [1].

MexaHu3M yzmaneHUs U3 BUH GEIKOBBIX IOMYTHe-
HUl GEHTOHUTAMH OO0BACHAETCA KOATyIAIuel TPy Hel-
TPAJINBALNN OTPULATENHHO 3aPSDKEHHBIX KOJUIOUJHBIX
9yacTul, GEeHTOHHUTA IOJOKUTEIBHO 3apsDKEHHBIMHU Ya-
cTrnamMy GeIKOBBIX BEINECTB, & TAKXKE afcopoIueil ux u
mocnenyoomum ocesanueM. Kak ormevaercs B [2], GeH-
TOHUT HeJb3sl CYUTATh YHUBEPCAIBHBIM OKJIEHBAIOLINM
MaTepHajoM, TaK KaK OH He BCETZa [aeT IIOJOXKUTENIb-
HBIH 5 deKT; JydlIne pe3yabTaThl IIOJIy4aloTca ¢ Oe-
JIBIMM CTOJIOBBIMHU BHHAMH, @ KPAaCHbIe BUHA HECKOJIBKO
TEPSIOT CBOIO OKpackKy. Ho, HecmoTps Ha 9TO, BUHOEIME
ABJIETCA ONHOM M3 BXXHBIX cep MpUMeHeHUs OGeHTO-
HUTOBBIX [JIMH, 3HAYUTEIbHBIE 3aIIaCHl KOTOPBIX COCpe-
noToueHs! Ha Tteppuropuu I'pysum [3,4]. IIpakrukoit
IO TBEPIKI,EHO, YTO /IS OKJIEHKN BCEBO3MOXHBIX BUHO-
MaTepHaioB caMbiM 3()(EeKTUBHBIM CPeJCTBOM SIBIITETCS
1eI0YHOM 6eHTOHUT AcKaHrens [5].

llenpio TpOBEIEHHOTO MCCIENOBAHUA ABJIAIACH
oleHKa (QUIBTPYIOWIUX CBOMCTB OEHTOHUTOBOW IJIMHBI
MECTHOTO IIPOMCXOX/IEHUS IJIs yCTAHOBIEHUS BO3MOXK-
HOCTH €€ HCIIOJIb30BaHUA B IIPOIecce OCBETIEHUA BIHO-
rpasHoOro BUHA. B maHHOI paGoTe 0OBEKTOM H3y4eHUs
6plIa mpoba GeHTOHWTA M3 MECTOPOXKZAeHuA BaHucke-
mu (I'pysus), a o6pexToM cpaBHeHus - AckaHrens «By»;
B OIIBITaX HCIIOJIB30BAJIOCh MOJIOJOE AoMallHee Geyoe
BUHO; OLLeHUBAIUCH IIPO3PAYHOCTH, CTAOUIBHOCTD U Ka-
4eCTBO IPOMUIBTPOBAHHOTO BUHA.

ITpemBapuTenbHO IJIA MCCIeAyeMOi IIPOOBI OBLIN
oIlpefie/IeHbl COOTBETCTBYIOI[MeE IIOKasaTelau [6], Tpe-
GyeMble OTpacjeBBIM CTaHAAPTOM [7] [jif IpHMeHEeHHUI
GEHTOHUTOB B BUHOJEIbYECKOI IpoMsbInUIeHHOCTH. 1o
BHeIIHeMy BUZIy GeHTOHWT BaHuckeznu mpencraBisier co-
60i1 TOPOLIOK, UMEIOIIHIl CBETIO-3€I€HOBAThIIl OTTEHOK.
ITpoBemenHas opraHoIenTHYeCKas OLeHKA BUHA, 00pabo-
TAHHOTO JAHHBIM GEHTOHUTOM, ITOKa3aua, YTO II0 STOMY
IapaMeTpy OH He ycTymaeT AckaHremio «B»: Tak, mexaH-
THPOBAHHAs OT IJIMHICTOTO PACTBOPA KUAKOCTD He UMesa
HUKAKOTO 3aIlaxa, HO MeJIa BKyC IJINHBI; a leKaHTHPOBAH-
Hast [IOCJIe PasMeIINBaHIsI OEHTOHUTA C BUHOM JKHUAKOCTD
VMeJIa U 3allaX ¥ BKYC TOJIBKO BUHA. Bentonut Banncke-
U IIpOSIBIIsIET XOPOIIYIO OCBETIAIONIYIO CIIOCOGHOCTS,
BIIOJIHE y/IOBJIETBOPSIONIYIO JAOITyCTUMbBIM HOPMaM: ero 5
%-Has BoHAS CYCIIEH3US yXKe depe3 JBe MUHYTHI II0CyIe
IobGaBieHNs BUHHOM Kuciorsl 1o pH=3 6srcTpo cBepTHI-
BAeTCA U II0 BceMy 00beMy 00pasyIOTCA XJIOIbs, KOTOPbIe
HAYMHAIOT OIIYCKaThCS HA JHO IFUIMH/IPA; XKULKOCTH I10-
CTEIIEHHO CBeTJIeeT, a depe3 23 Jyaca CTAHOBUTCSA COBCEM
npospaunoii. Kak u cienoBano oxuzsars, Ackanrens «B»
IIPOSIBJIET OYEHb BBICOKYIO OCBETIIAIONIYIO CIIOCOGHOCTS.
Ha ocHoBaHMU IIOIyYeHHBIX B [6] Pe3y/IbTAaTOB CHEIAHO
80 LI3O0IM JIMmbICN, Nell45), 2022

3aKIIOYeHUe, YTO GeHTOHUT BaHuCKenu, B OCHOBHOM,
YAOBJIETBOPsAET TPeOGOBAaHUAM OTPACIEBOTO CTAHAApTa [7]
U, TIO9TOMY, BO3MOXKHO €T0 HCIIOIb30BaHN€e B BUHOAETIUH,
Hapsazsy ¢ AckaHreneM «B.

CoOTBETCTBEHHO TE€XHOJIOTMYECKOM UHCTPYKIIUHU IT0
06paboTKe cyces 1 BUH GeHTOHUTaMU [8], HAMU JJIS OC-
BeT/IeHMs 6eJIoro BUHA 3apaHee IIPOBejeHa IpobHas 06-
paboTka ucciaefyeMbIM GEHTOHUTOM U YCTaHOBJIEHA He-
obxogumas nosupoBka. C 3To# Lerpio 6bLIa MPUTOTOB-
nena 20 %-Has BoZHASA CyCIleH3UsI OGEHTOHUTA, U3 KOTO-
pOii 3aTeM BBeieHIEM OIIpeieIEHHOTO KOJIUIeCTBa BUHA
nmoxydeHa 5 %-Hag BOLHO-BUHHAA CyCIIEH3UA. Y CTAHOB-
JIEHO, YTO OITHUMAaJIbHOU J030M, IIPX KOTOPOU IIOTYy4YeHO
HauJIy4lllee OCBEeT/IEHNE IIPH HauboJIee IUIOTHOM OCaJKe
Y TIpY HauMeHblIeM KOJIMYEeCTBe B3SITOr0 OEHTOHUTA, SB-
nsercs 0,8 mu 5 %-Hoit BogHO-BUHHOI cycneHsuu Ha 20
MJI BUHA, 8 9TO COOTBETCTBYeT 2 I GeHTOHUTA Ha 1 J1 BuHa
unu 40 i 5 %-Hol BogHO-BHHHOM cycnensuu. Vicxonsa
U3 TOTO, YTO IpUMeHIeMble Ha IIPAaKTUKe [03bI OEHTOHU-
Ta KOJIe6IIIOTCA B TIpeiesiax oT 2 7o 5 T/71, HaMu IoTy4eH
XOpOLIMI pe3ysbTarT.

s oneHKU QUIBTPYIOMIE CIIOCOOHOCTH HCCIeLy-
eMoro OGeHTOHHUTA IIpeJBapUTEIHHO OBLIM KCIIOJIH30Ba-
HBI pa3sHble BapUAHTHI IIPOBEIEHUS OIIBITOB, B KOTOPBIX
U3MeHsUIUCh: pasmep ¢pakuuu (-5 +4; -5+ 25, -5 +
0;-25+0,8;- 1,6 + 0,8 Mm); Bec mpo6sr (2 - 45 r); 06B-
em ¢uasrpyemoro BruHa (50 — 100 mur); TeMmepaTypHBIit
peXuM MOATOTOBKK Ipo6sL. IIpoduiasrpoBaHHOE BHHO
OLIEHMBAJIOCH Ha IIPO3PAYHOCTH U CTAOHUIBHOCTD; TAKXKE
OIIpeJie/IsINCh: IIBET, 3aIax U 00beM (uiIbTpaTa, CKO-
pocTs ¢uibTpanuy; 3HaveHue pH; xummyeckuit cocras
HCXOLHOTO ¥ NPOGUIBTPOBAHHOTO BMHA. B GOJIBIINH-
CTBe IIOCIEAYIOUIMX OIBITOB MCIIOJB30BAJIACh TOHKAsL
¢dpaxuus 6errorura (-0,08 + 0 Mm); MakcuMaTbHOE Bpe-
M BBIAEPXKKM POGUIBTPOBAHHOIO BHHA COCTABIISAIO
114 cyrox.

ITpu usydeHun QUIBTpyIOLWEN CHOCOOHOCTH GeH-
TOoHUTa Banuckemu  mposezseHo 6onee 10 BapuaHTOB
06paboTKH 6eIoTo BUHA; TIONydYeHHbIe Pe3yJIbTaThl U3-
MeHEeHHs CTeIleHM IIPO3PaYHOCTH OTHUIBTPOBAHHOTO
BHHA BO BpeM€HH, a TAK)Ke U3MeHeHue 3HaueHus ero pH,
IJIA IOC/IeZHUX IATH BAPHAHTOB IIPUBEJIEHBI B TA0IUIE
1. IlorygeHHOE B 9THX OIBITAX OTQIIBTPOBAHHOE BIHO
BHayaje, B OCHOBHOM, IIPO3padHOe, OYeHb IIPO3pavHOe
U TaXKe KpPUCTAIbHO Ipo3payHoe. Ho moroMm, mo ucreyve-
HUM ITOYTH KXJOT0 GUKCHPOBAHHOTO IIPOMEKYTKA Bpe-
MeHU, B HEKOTOPBIX OIIBITAX IIOSABJISICS OCAZOK PasHOTO
XapakTepa: KpUCTAJUIMYeCKHi, OeIKOBBIH, KOJIOUAHBIN
¥ MYTHBIH, II03TOMY GUIBTPAT KaXKIBIM Pa3 BHOBB IIOJ-
Beprajcs IIOBTOPHOM (PUIBTPALIMM; MHOTAA OCafKa He
65110 BooOuIe. CefyeT OTMETHUTH, YTO BO BCEX IIpesiBa-
PHUTENBHBIX OIBITaX OT(UIBTPOBAHHOE BHHO OBLIO He-
[IPO3PAYHBIM U HaGIIONAICS KOJUIOMAHBIN 0CaTOK.
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Ta6muua 1
VisMeHeHue CTENeHM IPOSPAvYHOCTH BHHA, IPOGUIBTPOBAHHOIO Yepe3 GEHTOHUT
Banuckeau, CIryCTs onpeZe/ieHHbIe IPOMEXYTKA BPEMEHH
Bpemsa
BapuanT 06pa6oTku BrHa; BEIZEPXKKH CreneHs IpO3PaTHOCTH PH ordunsr-
¢dpaxuua 6eHTOHMTA K OThHIBTP. O0TGHIBTPOBAHHOIO BUHA POBaHHOrO
TeMIepaTypa CyuKy BHHA, H XapaKTep OCazKa BUHA
(cyrxn)
3 He coBcem mpospaunoe 6
HEe3HAYUTENbHBIH 0CAIOK
; ( )
-5+2,5 mm; 105-110°C; 2 Tpospauioe 6
(10 r mpo6sr + 100 M BuHa;
T:XK=1:10); 39 Ouens mpo3pavHOe -
(omsrr Ne 5) 64 Ouens npospauHoe 6
114 - 4,16
15 Ovuens npo3pavHoe (KOHBIIHOTO 3
1BeTa)
542.5 at; 105-110°C; 28 MyTH‘oe (TeM}UIo—KoplxqueBoro 3
1[BeTa; MyTHBIN TYCTOM 0CaoK)
(22 r mpo6sr + 50 My BuHA);
(omsir Ne 1) 45 MyTHOe (KOPHYHEBOTO IIBETA; )
MYTHBIH I'yCTO# 0Ca/IOK)
71 MyTHOe (KOPHYHEBOTO IIBETA; 3
MYTHBIH I'yCTOI 0Ca/IOK)
2 ITpospauHoe (GeciBeTHOe KakK BOZA) -
-1,6+0,8 mm; 105-110°C; 5 [Tpospaunoe 8
(45 T ipoGst + 70 Mt BuHa); (CBETIO-COJIOMEHHOTO IIBETA)
(omsrT Ne 4) 12 [Tpospautoe 8
56 [Tpospaunoe 8
3 Ouens npospavyHoe 5
Iocne ompenenenus
HaOyXaeMOCTH B BUHE Yepe3 22 MYTH?e 5
3 cyTox; -0,08+0 a; (KOJLITOMIHBIN 0CAIOK)
105-110°C; 39 MYTH?e i
(KOJLITOMIHBIN 0CAZOK)
(2 r mpoOsr + 100 Mt BuHa;
T: X =1:50); 64 Myrroe 5
( N2) (koIONAHO-6GEeTKOBBIN 0CaZIOK)
OIIBIT
114 - 2,78
Tocre onpeaeers 5 yac. Kpucraxsuo npospagHoe 6
Ha6yxaeMOCTH B BUHE ‘{epes 2,5 7 KPI/ICTa.TH)HO HPOSPa‘IHoe
vaca; -0,08+0 mm; (KpuCTanIU9ecKuii 0cafioK) 6
105-110°C; 25 Kpucranbuo npospaunoe -
(2 r mpoGier + 100 M Buta; 50 Kpucranpzo mpospaunoe
T:K=1:50); (KpHCTaITUIecKuit 0caioK) 6
(omerr e 3) 100 - 2,64
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B T36HHHE 2 IIpeaCTaBJI€HbI PE3YJIbTAThI OIIPEAEIEHN I XMMHUIECKOT0 COCTaBa NCXOAHOTO U HpOCbI/IJII)TPOBaHHOI‘O

uyepe3 6eHTOHUT Banuckeznu Genoro BUHa.

Tabmuma 2.
XuMH4YecKuii COCTaB HCXOZHOTO ¥ NPOHILTPOBAHHOIO Yepe3 6EETOHUT
Bauuckenu 6emoro BuHa
Ne HUcxonnoe n Conep:xanue , Mr/J
) npo¢uILTPOBAHHOE

N BHHO Na* K* Fe** cr SO,*

1 Hcxonnoe Oeroe 1,0 50,0 _ - -
BHIHO

) OmnbiT Ne 1 — 78.0 3,0 _ _ -
¢dusTpar

3 OmnpiT Ne 2 — 6.0 23,0 3,45 33,19 90,67
dbunsTpar

4 OmpiT Ne 3 — 6.0 24,0 2,48 37,09 70,19
¢bunsTpar

5 OmnbiT Ne 4 — 100,0 2,0 - B i
¢busTpar

6 OmnbiT Ne 5 — 16.0 17,0 3,06 15,62 146,97
dunsTpar

Kax moxaseiBaroT gaHHBIE STOM TaGIMIBI, IIOCIIE
bunprTpanuyu HabIIOZAETCS H3MEHEHMe XUMUIECKOro
cocTaBa 6e0TO BWHA; TaK, €CIM B MCXOJHOM BHUHE CO-
mepxanue K' cocraBnser 50 Mr/m, TO B IOTyYeHHBIX
dbunsrpaTax oHo cHmxaercs mo 2,0-17,0 mr/m; comep-
>kxanne Na' B mcxogHoM BuHe cocTasiasger 1,0 mr/i, a B
dbunsrpatax oHo yBemmuusaercs no 6,0-100,0 mr/i;
3HAYUTeJbHOE yBelrudeHue comepxanusa Na* mo 78,0 u
100,0 mr/n moxydero B ombitax N° 1 1 Ne 4, mpu sTom B
STHX JKe OIIbITaX OTMEYAEeTCs CaMOe HU3KOe COZepKaHue
K* (coorsercrBenno 3,0 u 2,0 M1/71), 9TO, BEpOATHO, 06B-
SICHSeTCSI CPAaBHUTEIBHO 6oJiee IUTEIbHFIM KOHTAKTOM
¢ GEHTOHHUTOM, TaK Kak (GHIBTpAI[Us IIa 3HAYUTEIHHO
MeJieHHee, YeM B APYTHX OIIBITAX.

B xoze usyuenus puabTpyromeit crocoGHOCTH GeH-
touuTa Barnuckenu B ombite N° 1 HaGII0Zam0Ch CIeLyI0-
1mee: Ipo6a mocyie fo6aBIeHNs BIHA Cpasy XKe Habyxia;
bunpTpaya BUHA IIPOXOZMIA OYEHb MeJJIEHHO: CKO-
pocTs GUIBTPAIMK B HAaYaje OIBITa COCTAB/IsIA 3 MII 32
cyTky, a ganbie — auims 0,2 mr; uepes 15 cyTok or Ha-
vasa ombITa 00beM umbTparTa cocTaBIsI 16 MiT; OH 6bLI
OYeHb IIPO3PAYHBIM U XOPOLIEr0 KOHBIYHOIO I[BeTa, HO
ITOTOM IIPY CTOSHUMY GUIBTPAT IOMYTHENI U IIPHOGpes
TEMHO-KOPHUYIHEBYIO OKPACKY, IIOSIBHJICSA MYTHBIH I'yCTOMH
ocaziok. B atom omsiTe 3a OTIBTPOBAaHHBIM BUHOM Ha-
6rofieHns BeIuch B TeueHwue 71 cyTok; sHaueHue pH B
TeYeHHe BCEro 3TOTO IIePHOZa BpeMeH! He N3MEHIIOCh
u cocrasrano pH=8; rakoe moBsimenHoe 3uavenue pH,
yKasblBaollee Ha ILIEOYHYIO PeaKI[HIO, BI3BAHO CHIIb-
HBIM yBenudeHUeM B dunbrpaTe comepyxanus Na' (cM.
TabiI. 2).

B omsrre Ne 4 pu f06aBieHuy BUHA GEHTOHUT Cpa-
3y ’Ke Hadaj HabyXaTh U IIPU STOM Pas3pyLIaThCs; CMa-
YUBAHME €r0 BHHOM IIPOMCXOAWJIO OYeHbH MeZIJIEHHO.
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Yepes 2 cyTok OT Hayasa OIBITA ITOJTYYEHHbIH QUIBTPAT
o6vemoM 1,2 My GBIT IPO3PAYHBIM U GECI[BETHBIM, KaK
Boza. CKkopocTs GuIbTpay BUHA ObLIa OY€Hb HU3KOM:
yepe3 12 cyrokx o6beM ¢uibTpaTa cocTaBisl Bcero 5,4
L. IIpomomKuTeIbHOCTE BEIIEPKKY OT(HIFTPOBAHHO-
TO BUHA B 9TOM OIIBITE COCTaBJIAIa 56 CYyTOK U 3a 3TO Bpe-
M 3HaueHne pH=8 He usMeHMIIOCH; O6pasoBaHIe OcasKa
He uMeJo MecTa. 3abUKCHPOBaHHOE 37IeCh IOBBIIIEHHO
suavenue pH taxke, xak u B omsite N° 1, 06ycioBIeHO
3HAYHTEeIBHBIM yBeIHMYeHNeM B GUIbTPaTe COmepKaHuA
Na* (cm. Ta6a. 2).

He coBcem npospaunslii GUIBTPAT ITOTyYeH B OIIBITE
Ne 5; 3mech mpu mobGaBIeHUN BUHA IPAHY/IBl OEHTOHUTA
MTHOBEHHO Pa3pylIMUINCh, & BUHO IPOQIIIBTPOBAIOCH
B TOT )K€ JeHb; HaOIIOaICs He3HAYUTETbHBIN 0CafOK;
o6beMm dunbrpaTa cocrasuin 77 mi. [Ipu mocrenyromeit
¢unprpanuy OTGUIBPTPOBAHHOE BUHO CTAJIO OY€Hb IIPO-
3pavHbBIM U COXPAaHMJIOCHh TAaKUM B TeueHue 64 CyTOK; 3a
9TO BpeMs 3HadeHue pH=6 He u3MeHmIOCh. B manmHOM
OIIbITE OOLIee BpeMs BRILEPIKKH cOocTaBsuro 114 cyToxk.

B omsiTe Ne 2 oTdurpTpoBaHHOE BUHO BHaYajIe OBLIO
O4Y€eHb IIPO3PaYHEIM; 06BEM ero coCcTaBsuL 86 M u mpo-
($bUIBTPOBAIOCH OHO B TOT K€ JeHb C MOMEHTa Hadaya
¢unprpanuu. Ho co BpemeHeM cTeleHb ITPO3PaYHOCTH
¢dbunpTpaTa M3MEHIJIACH: OH CTAaJ MYTHBIM, K TOMY >Ke
o6pasoBasicsi KOJITIOMAHO-0eIKOBBIN ocazok. Hecmorps
Ha JOIOJHUTEIbHBIE IOoCIenyomye GUIbTPOBAHUA de-
pe3 GuUKCUpOBaHHBIE IPOMEXYTKU BpeMeHU, (UIbTPAT
u depe3 64 CyTOK OCTaBajCAi MYTHBIM M IIPU TOM Ha-
6JII0JaJICS 0CaZOK; B T€YEHUE DTOTO BPeMeHU 3HaUYeHue
pH =5 He Mmenamocs. IIpogomKuTeIBHOCTD BBIIEPKKU B
STOM ombITe cocrasysuia 114 cyTox.

B omsiTe Ne 3 mosryyen Hanyqunii pesysbTarT: 37eCh
oT¢UIBTPOBAHHOE BUHO KPHUCTAJIBHO IIPO3PAavYHOE U OHO
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0CTaBaJIOCh TAKMM Ha IpoTssxeHnu 50 CyTOK; Ipu 3TOM
3HaueHue pH=6 ¢uabrpaTa COXpaHAIOCH HEM3MEHHBIM.
Buno mpoduisTpoBaniock 3a 5 wac.; o6bseM QrIIBTpaTa
cocrasys 88 M. Yepes 7 CyTOK BBIZEPKKU B PUIBTpaTe
TMOABMJICA KPUCTAJIMYECKHH OCafloK B BHJE IIPO3pay-
HBIX KPHCTA/UINKOB; HECKOJIBKO KPUCTAIMKOB BTHHOTO
KaMHA obpasoBanuck u depe3 50 cyrok (puc.l). O6mee
BpeMA BhIZIepXKKH cocTaBiano 100 cyTok.

Kpucranmnyeckuii ocajok BAHHOTO KaMH, B COCTaB
KOTOPOTO BXOZAT KMCJIBII BUHHOKUC/IBIN KaJIMW, BUHHO-
KHCJIBIH KaTbLIUM, KpeMHe3eM U Ip., abCOTIOTHO 6e3Bpe-
ZleH, He BIMAET HAa BKYC BUHA U YKasbIBaeT Ha €ro Ha-
TypansHOCTb [9]. Kpucraminyeckue IOMyTHEHUA YacTO
HaOTI0ZAOTCA B BUHAX IIPU 06paboTkax 6eHTOHUTAMU U
nmocenyoomux ¢puasrpanuax [1].

B [1] oTmMeueHO, uTO Goslee KPYTHbIE YaCTHUIIBI JAIOT
MeHbIIN# ocBeTsomui 3ddext, a Gosee MeaKue da-
CTUIIBI 3aTPYAHAIOT QUIBTPAIUIO, TaK KaK MOTYT IIPO-
HHUKATh depe3 IOpHl (UIBTpa, B3My4uBad (GUIBTPAT;
CMeIIMBaHNe BHECEHHBIX B BUHO OCBETIAIONIUX BEleCTB
JOJDKHO TIPOMCXOJUTH KaK MOXHO ObIcTpee. B Hamem
WMCC/IeOBAHUY JTyYLIMK Pe3yIbTaT IIOJy4YeH Ha TOHKOM
dbpakiuy; MUHIMaNTbHOe BpeMs KOHTAaKTa GeHTOHHTA C
BHMHOM MMeJIO MeCTO B OIbITe N° 3.

Hamu mpu mposesienuu usydeHMs GUIBTPYyIOUIeH
CII0COGHOCTH BBIOPAHHOTO OOBEKTA CpPaBHEHUS - ACKaH-
rens «B» McHoONB30BaHEI TaKue ke YCJIOBUA, KaK U B

omerte Ne 3. IlosyueH O4eHb HPO3PAUHEIH (QUIBTPAT;
06BeM ero cocTanaan 89 mi; yepes 21 CyTKM BBIZEPKKU
TpodUIBTPOBAaHHOE BHHO, XOTS M COXPAHMJIO IIPO3pPad-
HOCTB, HO Ha €r0 IOBEPXHOCTH 06pa3oBajnach ILIEHKA;
ob1ee BpeMs BBIIEPXKKU COCTABIIAIO 71 CYyTOK; 3HAUeHUEe
pH=6. [lo faHHBIM XUMHIYECKOTO aHAIN3A B IIOJTyY€HHOM
¢dunsrpare comepxkanue Na* cocrasmger 24,0 mr/ix; K —
15,0 mr/m; Fe¥ - 3,26 mr/m.

Wrax, Kak IOKa3bIBAIOT JAHHBIE IIPOBEJNEHHBIX HIC-
mbeITaHUH, B ombiTax NeNe 1,2,4.5 mocie dunabrpanuu ¢
IpUMeHeHUeM OeHTOHWTa BaHuCkeZu BMHO BHadale
BBIXOJIUT IIPO3PAYHbIM, HO CO BpeMeHEeM IIPU BBIIEPIKKE
CTaOMIBHOCTY He TPHOGpPeTaeT M CTAHOBUTCA MYTHBIM.
Jlyqmuii a¢bdexT ocBeTIeHUA IONTy4eH B ombiTe N° 3,
r7ile OTOIIBTPOBAHHOE BHHO He TOIBKO KPUCTAIbHO
IIpo3pavyHoOe, HO 32 MCCIelyeMbIii IIPOMEXYTOK BpeMeH!
OHO IIPOABJIAET TAKKE U CTAOUIBHOCTD, IPUYEM IIPU BBI-
Zlep>KKe COXPaHAeT CBOIO KPHUCTAIBHYIO ITPO3PATHOCTb.

Taxum 06pa3oM, UCXO/A U3 MOTYIeHHBIX pe3yJIbTa-
TOB HCC/IeZOBaHUA GUIBTPYIOLIEH CIIOCOOHOCTH GeHTO-
HUTOBOH TJIMHBI, IIPOBEJIEHHOTO B JTAGOPATOPHEIX YCIIO-
BUAX /I HeGOMBIINX 0OBEeMOB BUHA, YCTAHOBJIEH OITH-
MaJIBHBIH BAPHAHT OCBETIEHH JOMAIIHEro 6eJI0T0 BIHA
GeHTOHMTOM BaHuckenu, 4TO, IO-BUAMMOMY, IIO3BOJIIET
PEeKOMeHJIOBaTh €ro A OCBeTJIEeHUd BWHA, HApALy C
Acxanrenem «B».

Puc.1. OrdunsTpoBaHHOE BUHO C KPHCTALIHKaMK BUHHOTO KaMHS, TOJydYeHHOe B ommkiTe Ne 3

LIAOIN] TIRbICN, Nel(45), 2022 83



sboswobo - AHAJIN3

- ANALYSIS

JINTEPATYPA

1. Bepuurswiu JI.M. Crabunusamnus rpy3uHCKUX OesIbIX
CTOJIOBBIX OPAWHAPHBIX BUH C IIpUMEeHEeHNuEeM MeCT-
HBIX GEHTOHHUTOBBIX IJIMH U YJIBTPa3Byka. ABTOpede-
par kauz. gucc. Mennuepe6a, Touaucu, 1967. 28 c.

2. http: //longus.ru/vino/tehnolog/obrabotka/196-ben-
tonit.html

3. Tsamupenuznze A.I'. Ilone3Hsie ncKomaemMble ¥ MHUHE-
panbHas pecypcHas 6asa I'pysum.  Msparemscxwmii
oM “Pyna u Merasurst “, Mocksa, 2006. 320 c.

4. bodommz9wml bm305¢YMH-93mbmI03Ho 4sb30-
5M7d0L 3OMYEMTs. Logdo@MMNZgLMl 3oMmEsdgbEHOL

96369mo dodommgzs. http: // www.nplg.gov.
ge/gsdl/cgi-bin/library.exe ?e .

3- bsBs&M0560, 6. 39309, 0. 3MBYWO, 9. M3WYds
3960Lggol sdsmls d9bE™boGOl
(bagsHoggrm) gogrdHagool 8sB396gderols
399351905 30600 §5350358900L 3GMEgLdo
399mygbgdols dobboo

bm@s30s.  BoGoMgdmmos  3560lggool  bodsml
096@™bo@MmO  mMobol  (LodoMm3zg™)  Bow G300
056396900l dm33wg3s  MIMMO 03060l 453503509000
360mEgbdo  as8mygbgdol  FoBbom;  WsdMESEGHMGMOE
306md7ddo  9gBsLYOI0s  AOBOWEHONMWO 03060l  53-
F3003500ds,  BEHBOWMOH™Mds o baMolbo.  Bo@otg-
09905 03060l Logwo ©sd)3s390s s OEAJBOOs
033085 MH0  MDoMYds.  odmgmmgbowos ©g0bol  go-
399359900 33050 356056¢8)0; J00gdY0s 3OOLES-
M5 39933003509 BowBHMo0, HMIYJM0E oYgm3b9d0L
306009030 505053690L  LEHIVOWMMBISL s 93539 EOML
065MhMBIBL 0530L 3OOLESME 250FI0MZ5CMD.

153356dm LoGyggdo:  d36¢™boG0; Lsdsm; 306Mm;

BoEM5300L Foh39690900; 3060l 453503509095 50030M935;
LGO00WMOHMBS; YM36905; M3EH0TSWMBHO EMDOMYDS.

5. Mepa6uusuru M.C. bernronuTossie riauust. MerHu-
epeba, Tomaucu, 1979. 310 c.

6. Xawatypsa K.XK., TI'erms H.A., T'ypymu T.C., Tar-
unamBuan H.C. OmeHka BO3MOXHOCTH uc-
IIOJIb30BAaHUA OEHTOHUTOB FPYSHH B BHHOIEJINH.
96H™3900: 306390 LogHmsdm®mobm bsdgaboghhm-
305JBHo3Nwo  30b689MHgbzos  “sbowo  obogos-
3039007, Jmmoobo, 2019. 93. 330-339.

7. OrpacneBoit cranzapr OCT 18-49-71 BenroHuTsI
IJIS BUHOJe/Ib4ecKoil mpomsinuteHHoCTH. M3z, Odu-
nuanbHoe, Mocksa, 1973. 12 c.

8. Texnomormveckas MHCTPYKIUA IO 06paboOTKe Cycel
u BuH Gerntorutamu. BHVUVIBuB “Marapay” u BHU-
WIIB u BII. Mocksa, 1966. 4 c.

9. http: // eniw.ru/vinnyy — kamen.htm

KHACHATURIAN K., GEGIA N., GURULI T., UKLEBA E.
EVALUATION OF FILTERING CAPACITY OF
BENTONITE VANISKEDI (GEORGIA) FIELDS
FOR THE PURPOSE IT°S APPLICATION IN THE
PROCESS OF WINE CLARIFICATION

ANNOTATION. The filtration capacity of bentonite
clay of the Vaniskedi deposit (Georgia) has been inves-
tigated to determine whether it can be used in the pro-
cess of clarifying white wine; in laboratory conditions,
transparency, stability and quality of filtered wine were
evaluated. A trial treatment of wine was carried out and
an optimal dosage was established. An optimal version of
wine clarification was revealed, in which a crystal-clear
filtrate was obtained, which exhibits stability during the
holding time and retains crystal transparency.

KEYWORDS: bentonite; field; wine; filtering capac-
ity; clarification of wine; haze; stability; shutter speed;
optimal dosage

AKAJI. JOKTOP IIIYPTASI I.B.

INOIEPEYHOI'O CEYEHUA

AKAJI, JOKTOP MYEJJIMILBUJIH 3.T., AKAJI, JOKTOP JOCABEPH/I3E M.B.,

PACYET HA MPOYHOCTHh MHOTI'OCJIOMHOM BAJIKH ITPAMOYT OJILHOI'O

VIIK 621.9

AHHOTAIIHNA. B cratse paccMOTPEH aHAIH3 Ha-
IIpDKEeHHO Je(OPMHPOBAHHOTO  COCTOSHHMA IIPAMEIX
CTep)XHeH CIOHCTOH CTPYyKTyphI IIO BBEICOTE CEYEHHA
CTEpXXHA. KOTOpBIe MOXHO IIDHMEHHTH B Ka4eCTBe CH-
JIOBBIX Y3/I0B B TOPHBIX MAITHHAX W KOMILIEKCAaxX, paboTa-
IOIHX B TAXKEJIBIX BHEUIHNUX yCAOBUAX BO BPEMA LOOBIYH
IIOJIe3HBIX HCKOIIAeMBIX, a TaloKe IPH DasHBIX T'OPHEBIX
PpaspaboTKax B Kapsepax OTKPHITOIO H 3aKPBITOTO THIIA.
JlanHEI MeTox pacyeTa OCHOBAaH Ha IPHHIHIAX pelle-
HHA 33439 aHH30TPOIHEIX CTEPXKHEH IIPH H3THOe, KOTO-
bl npezcTaBigeT coboii HOBOe HallpaBIeHHE IIPEAMETA
TEODHH YIPYTOCTH.
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KJIIOYEBBIE CJIOBA: momepeyHOe CedYeHHE; H3-
rub6; C/I0¥; HaNpsXKeHHe; pacupeneieHue; ypaBHEHHE.

BBezenmne

Kak wusBecTHO TrOpHOOGHIBAIOIAS IIPOMBIIIIEH-
HOCTh ABJIIETCA OJAHOM M3 TPYLOEMKHX OTpacjIei Mu-
poBoi maAycTpHuu. [lapk rOPHBIX M TPaHCIOPTHBIX Ma-
IIWH, 3aHATHIX B cepe TOPHOTO IIPOU3BOACTBA, ITOCTO-
aHHO pacreT. OZHAKO KpOMe KOJIUYECTBEHHOTO POCTA
mapka HeOOXOZMMEI TaK JKe KaueCTBeHHbIe U3MeHeHUA
3a CYeT yBeJMYeHUA eJMHUYHON MOIIHOCTH MaIlWH U
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IPY30IOBeMHOCTH PabOTAIOWUX C HUMU TPAHCIOPT-
HBIX CPe/ICTB. B CBA3M C 9TUM Ha OTKPHITHIX U 3aKPhI-
TBIX TOPHBIX PaboTaX B HACTOsIIEe BPeMs OCYINeCTBIIA-
eTca IPOTrpaMMa IO TeXHHYECKOMY IepeBOOPYKEeHHIO
ITPOM3BOZCTBA. B rOpHEIX MalIMHaX pa3lInyHbIe CHIOBEIE
JleTalu B BUJe CTep)KHeH MCIIBITHIBAIOT KaK MeXaHude-
CKMe, TaK M TeMIIepaTypHbIe BO3/lefiCTBHe CO CTOPOHEI
BHeITHe} cpe/pl U JeTasel, HAXOAAIMXCA B COIPUKOC-
HOBEHHH ¢ HUMH. UT0 Gojiee yCIOXKHAET YCIOBHUA pabo-
THI OTUX JeTajell ¥ CTaBUT Gojiee BRICOKHE TPeOOBaHUA
Ha Ka4yeCTBO MAaTepHasoB, U3 KOTOPHIX COCTOSAT CHJIOBEIE
Jetanu. Eciu BBeCTM B KayecTBe CHJIOBBIX KOHCTPYK-
IMOHHBIX JleTajeii MHOTOCIOIHBIe IO BHICOTE IIOIe-
pevyHoro ceveHHs GajKH, TO 3TO obecrevynBaeT paGoTy
9THX JeTasei Ha u3rn6 mpu 6ojee BBICOKMX HarpysKax
B IIO/I3eMHBIX IIAXTaX BO BPeMdA PaspabOTKH IOJE3HBIX
MCKoTIaeMbIX. B maHHOI paboTe MOKa3aH METO/, pacyeTa,
KOTOPHIH IpUMeHAeTCA KaK IIPU CTALlMOHAPHOM, TaK U B
Clydae M3MeHAeMOM BO BpeMeHH Harpy3Kax BIOJb CJIO-
HCTOrO CTepskHA. KOTOpPEIH mpescTaBideT HavaJbHBIH
3Tall pacyera HaIPHKeHHO-Ze(GOpMUPOBAHHOTO COCTO-
AHHUA CJIOMCTOTO TeJIa, HAXOAAIIeTOCH MO, TeTJIOBEIM U
MeXaHWYeCKUM BO3/eliCTBHeM.

OcHOBHad 49acTh

ITpn pacueTax Ha M3ru6 KaK IMPOCTHIX GANOK, TAK U
6aJIoK, JIeXXallUX Ha YIPYTOM OCHOBAaHHHY, YaCTO IPUXO-
IOUTCS UMETH JieJI0 CO CJIOMCTBIMM OajKaMH y KOTOPBIX
MOZYJIb YIIPYTOCTU TIPU TIePeXofie U3 OJHOTO CJIOS Ha
Ipyroil MeHseTcs ckaukooOpasHo. CumTas Tomeped-
HOe ceueHHe GaJKM IO BCel ITIHE TIOCTOSHHBIM, TO Ta-
Kue 6aJKM Has3hIBAIOTCA MHOTOCTOMHBIMU. CoelHEHUE
IPUMBIKAIOWIUX CJIOEB MeXZAY C000# MOXHO OCyIe-
CTBUTH PasHBIMU IYTAMHU (HAaIpUMep, 3JIeKTPOCBAPKO
WJIH C TIOMOIIBI0 GOJITOB U 3aKJIETIOK).

ITpu BEIBOZIE OCHOBHBIX ypaBHEHUH mpu usrube 6y-
ZleM MCXOJUTD U3 CJIe[yIONIUX NOIy e HHH:

1) [loyKHBI OTCYTCTBOBAaTH B3aMMHBIE CMeENIEHUA
CJI0eB MeXAY Cco00it;

2) IlomepeuHsle cedyeHUs BO BpeMs U3r16a JOKHBI
0CTaBaThCS TJIOCKUMU;

3) Matepuan fo/DKeH ClIef0BaTh 3aKOHY ['yKa;

4) B mpepenax KaXKJOTO CIOA MOZYJIB YIPYTOCTH
He MeHseTCA.

5) Mex gy HanpsXKeHUAMH U JedOpMaIIMU B ITpe-
Jenax ynpyrux gebopManuii MMeeTcs JUHeHas 3aBH-
CHMOCTb.

ITpu BBIBOZIE OCHOBHBIX 3aBHCHUMOCTEH, MBI IIpeHe-
6peraeM HOPMaJbHBIMU HANIPAXKEHUAMH IT0 BEPTUKAIIb-

HOIi ocy TonepedHoro cevenns (& =0).

Tonepeunoe ceyeHne OGagKU SBISETCS IIPAMOY-
TOJIBHOH C OCBIO0 CUMMETPHH Y, & HATPY3KU IPUIIOKEHBI
B Irockoctu yOx (duwur. 1).

Y4uThIBast Bce STU MIOJIOXKEHIE MOXHO HAIIUCATh 3a-
BHCHMOCTB JIJIS IMHEHHBIX JedopMaluu:

CE (1)
AB p
IJe p - Pajuyc KPUBU3HBI HEHTPasbHON JUHUM;
¥ - PacCTOsIHUE OT HeHTpanbHON JIMHUU [0 PacCMaTpH-
BaeMOTO BOJIOKHA.
HopmanpHble HanpsoKeHHS B CJI0e€ Ha OCHOBAaHUH
3akoHa I'yka 3amumeTcs Tak:

.}}
o,=£,= ()
P
rge n=1, 2, ..., m, npuyYeM m - YHUCJIO CI0eB OATKU.

ITonoxeHune HeHTpaTbPHOMN JTUHUKU MOXXHO HANTH U3
YCJIOBHUA PaBEHCTBA HYJIIO ITPOEKIMI BCeX BHYTPEHHUX
cut Ha ock X. Eciin yuects BeipaxkeHue (2), To 3TO yCI0-
BUE JaeT:

e

£, y
E Z4F=0 @3)
EL "p

TaK KaK BEJIMYWHBI En n ;O IIOCTOAHHBIE UX MOXHO
BBIHOCHUTH 3a 3HAK MHTEIrpasa.

C yuerom Toro uto — #(), ypaBHeHMe 3anumercs B
cIemyIoueM BUe: P

SE,-5,=0 @

=1

e Sn - €CThb CTaTUYECKUY MOMEHT ILJIOIIAAU IIOIIe-
PEYHOrO Ce4YeHHA N - TO CJIOS OTHOCUTEIBPHO HEeUTpasb-
HOM JWUHUMU Z.

YToOBI BRIYMC/IWTH 3HAUYEHUE Sn HaIO BBEeCTHU B

paccMoTpeHue BenuduHy { - PacCTOSHHME MEXAY IeH-
TPanbHOM U HeHTpanbHOU nuHueH (puc. 1).
Beegem o6o3Hauenue

E
o, = 5)

TOTJa UMeA BBUAY 9TO

Sn =F;J ‘yn" (6)

rne Y, - pacCTosHue OT HeHTPaTbHON JIMHUH [0 OCH
TMPOXOAIIEN Yepe3 UEHTD TKECTH € IUIOWAAY Iome-
PEYHOIO CeYeHUd Fn, cjos N, ypaBHeHue (4) mepenu-
1IeTC B CIEMYIONEM BUE:

ZO‘ F .y =0 )

=1
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W3 sroro paBeHCTBA MOXKHO HAWTH PacCTOSHUE { -
HeUTpaJbHOM JIMHUU II0 OTHOIIEHUIO K IleHTPaJIbHOMH. B
BBIDOKEHUH IJII OLIpefie/leHus Y, OHO 6yZeT BXOLUTH B
KayecTBe OTZAEIBHOTO CJIaraeMoro. BelpaxkeHue s A
B 00ILIeM CIydae OIpefesieTcs UCXOAI U3 GOpPMEI
IIepeYHOTO CeueHHs MHOTOCTOHHOM GanKiM.

11 IpAMOYTOIBPHOTO IIOIEPEYHOTO CeYeHUs, IIPHU-

I10-

Be/IeHHOTO Ha (pHC. 2) Y. MOXHO OIpeJeIHTh 10 CIie-
nyiomum Gopmymam:

il
_h-h,

- h +F: (8)
y.f? 2 ; 1 B

h-h, =
Y, =t Lk ©)

=1

rge n=1,2,...,m.

®opmyoii (8) ciemyer mOIB30BATECA B TOM CIydae,
KOrzia Yy, monoxurenbHsle, a Gopmynoit (9) korza Y,
OTpHIIATE/JIBHBIE, T.€. KOTZA LIEHTP TAXKECTH IIOIIEePEIHO-
TO CeYeHMs CJIOA N PACIIONIOKEH HIDKE OCH Z.

ITonoxxeHne HeUTPaNIbHOM JIVMHUN HAXOJUTCS U3 Pa-
Benctsa (7).

BLIBE,Z(eM YpaBHEHHUA [JI1 HOPMaJIPHBIX HaIIPsIKe-
HUH. ,Z[J'IH 9TOTO CII€pBa 3aImruieM CyMMYy MOMEHTOB OT-
HOCHUTEJIBHO OCH Z B CJIeZyIOLIeM BUJE:

i

1 Fi s
M=—>»F “dF
p Zl "J.” g (10)

"

M, N
{ =fo yar (11)

rze | - moment unepruu miomanu F_ornocuress-
HO HeHTpasbHOM OcH z, TT03TOMY BhIpakeHHe (10) MOXK-
HO 3aIIMCaTh TaK:

M
=T (12)

]
P S EI

=1
IIO/ICTAaBUB BRIPAXKEHUe AJI1 KPUBU3HEI B YpaBHEHUE
(2), momy4aum:

(13)

npeo6pasyeM HepBLIﬁ MHOXXHUTEJb ITOCJTIETHETO BbI-
PpaXeHund I1oJIydaeM:

E | 1

~-ull el - 1=l
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(14)

37leCh depes ﬁm— o6o3HavaroTcsa Ge3pasMepHbe KO-
3G dULIMEeHTbI, KOTOPBIE OIPeEeIAIOTCS 10 CIeLYIOIUM

dopmynam:

E
Bm =—" (15)
En
i=1,2,...,m; n=1,2,..., m.
BBe,ZLeM ciaenyoiee 0003HaYeHUS:
i
Irn =Zﬁ}}?1}'-‘ (15)

=l

rae | ectb MOMeHT WHepuuil NpeoGpazoBaHHOM
IJIOWAY BCETO IIOIIePeYHOrO CeYeHHs OTHOCHUTEeIbHO
HeNTpaJbHOU JIMHUY Z.

BosBparascs K BeipakeHuIo (13) u yIuThIBas paBeH-

(o2
N 3amuiIeM OKOHYATeIbHO:

M
GH =_y

]m ( 1 6)

crBo (15), must

n=1, 2, ..., m.

3axio4eHue

Kak m3BecTHO B pa3s/IMYHBIX TOPHBIX MalIMHAX M
KOMILIEKCaX Pa3IHYHble arperaTsl M JeTaltu paboTaioT
B YCJIOBUAX BBICOKHX TeMII€PATYyPHBIX U MEXaHMYECKHX
BO3JeMCTBUI, YTO BHI3BIBAET B OTUX MAETaIAX COOTBET-
CTBYIOIIME HAaIpsLKeHHO-ZeOpMUPOBAHHBIE COCTOS-
HuA. JInd mosydeHHSA ONTHMATbHBIX (GOpPM [eTayneill B
LeIIX SKOHOMMH 3aTPavyeHHOIO HAa MX IIPOM3BOJCTBO
MaTepHaJOB MOXXHO HeCyllMe KOHCTPYKLMOHHBIE Y3JIbI
¥ JeTalIu JAesaTh CJIOMCTBIMM, IIPU TOM KaXKIbIHA CJIOK
MOJKHO [leJIaTh M3 pasJIMYHOrO MaTepuaina. Pacuer sTux
JeTajieid Ha IMPOYHOCTH IIPOM3BOJMUTCSA C YYETOM MeXa-
HUYECKON CTaTMYeCKOM M AMHAMUYECKOH HAarpysKu CO
CTOPOHSBI IPYHTA IIPU TIOA3EMHBIX U HaI3eMHBIX paboTax,
YTO IPEJCTaBIAeT BAXHENNIYIO 33/]a4y TeOPUH yIIPyTO-
ctu. B maHHOW cTaThe NaH NEPBBIN STAIl pelleHUs 3TOH
3a/auy, T.e. OIpeJesieHre paclpefie/leHus BHYTPeHHUX
YCHJIMH B KaXKJ,OM CJIO€ COCTaBHBIX CTEPXKHEM.
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MCHEDLISHVILI Z., LOSABERIDZE M., SHURGAIYA I.
CALCULATION OF STRENGTH OF MULTI-
LAYER BEAM OF RECTANGULAR

CROSS SECTION

ANNOTATION. The article considers the analy-
sis of the stress strain state of straight rods of a layered
structure by the height of the rod section. Which can be
used as power units in mining machines and complexes,
working in difficult external conditions during mining
as well as at different mining developments in open and
closed quarries. This calculation method is based on the
principles of solving the problems of anisotropic rods
during bending, which is a new direction of the subject
of the theory of elasticity.

KEY WORDS: cross-section; bend; layer; stress; dis-
tribution; equation.
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H.E. EHYKH/JI3E

OBOCHOBAHHWE METOJIA HEIIPEPBIBHOM PETHCTPAIIAH A ICOPBIIMOHHBIX
KPUBBIX HA BUCSTYEN WA CUISTYENA KAILJISIX

YIK 532.6:541.183(075)

AHHOTAIIHA. IlpenmoxeH MeTOZ HEUOPEPHIBHOH
PperucIpanuy azCcoOpOLHOHHEIX KPHBHIX Ha BHCAYeid n/
HIH CHEA9e¥ Kamrax. 11 MeToZ0B BHCAYEH H Te)XadeHt
Kalleyb, HCIIO/Ib30BaHHEM Pa3/THIHBIX OpM YpaBHEHHI
KaIHULIPHOCTH, IOIY9€HO IPHOIIDKEHHOE aHATHTH e~
CKoe BEIp)KeHHe 3aBHCHMOCTH gucia Borzga f or reome-
TPHYECKHX IapaMeTPOB KaILIH: BEICOTHI, 00eMa H pafH-
yca meiHKkn BHCAIeH HIH pafnyca IUIOmaAy KOHTaKTa C
IIOZJIOXKKOH, cugadeti kamwnn. IlomydeHa Taioxe dpopMy-
JIa A1 BEIYHCIEHHA I1apaMeTpa b-HopMupyomero MHO-
JKHTed ypaBHeHHA KallH/UIAPHOCTH.

KJIIOYEBBIE CJIOBA: ypaBHeHHEe KalH/ULIPHOCTH;
BHCAYad KaIllg; CHAA9ad Kawwid; 1ucio Borga; azcop6-
und; ¢proramus.

Pamnee, B pa6orax [1, 2] GbLIM TOTy4YeHBI Pa3THIHbIe
¢GbopMBI ypaBHEHUS KAIMILIPHOCTU U IPUOIMKEHHBIE
bopMyIBI A1 BEIYUCIEHUS OPIUHAT KOHTypa U o6beMa
BUCSYeH U/WIN cuAAdel Karau (IIy3bIphKa).

Llenbio maHHON PaGOTHI ABJIAETCA IPUMEHEHUE STUX
Pe3yJIbTaTOB IJIA IONyYeHUs aHAIUTUIECKUX (OPMYJI
B €CTECTBEHHBIX Pa3MEPHOCTAX, 3aBUCHMOCTH IIOBEpPX-
HoctHoro Hatspxerus ([TH) & or reomerpuyeckux mapa-
MeTpOB: aGCIMCCHL ¥ OpPAUHATHL KOHTYpa, oObeMa 1 pa-
Juyca UIeHKy BUCTYel, MU Pafuyca IIOMAAKN KOHTAKTa
C TOJJIOKKOM cupgdeil karmiu/myssipbka. [Ipenmosara-
eTcs, 94TO 9TU (POPMYJIBI MOTYT CTaTh OCHOBOH I pas-
PabOTKU METOZOB U CUCTEM HEIIPEPBIBHOM PEeruCTpaliuu
TTOBEPXHOCTHOTO (MeK(a3HOTO0) HATIKEHUS.

Heo6xozuMocTs pa3pabOTKU TaKMX METOHOB JUKTY-
eTCs TeM, 4TO IIOCTpOeHue afCOPOIIMOHHBIX KPUBBIX IO
TOYKAM MOKET HEIIOJIHO OTPAXKATh BAXKHBIE OCOOEHHOCTHU

azcopOIUOHHOTO Ipouecca. IlpumepoM 3TOro MoOXeT
CIIy>KUTH afCOPOIUA XJIOPUAOB OJHOBAJIEHTHBIX HOHOB
Ha TpaHuUIle BO3AyX-Boga [3, 4]. DTU 5IE€KTPOIUTHI, KO-
TOpBle paHee CUYUTAIUCH IOBEPXHOCTHO-HEAKTUBHBIMU,
IIPU HU3KUX OOBEMHBIX KOHIIEHTPAI[UAX JAIOT Ha afCo-
POILIMOHHBIX KPUBBIX HECKOJIBKO dKCTpeMyMoB. Hempe-
psiBHasA peructpanusa IIH mpu HempepsiBHOM H3MeHe-
HUM 00BeMHOM KOHIIEHTPAIUH afcopbaTa, ZacT MOIHYIO
KapTHHY aJCOPOIMOHHOIO IIPOLiecca U Pe3KO COKPATHUT
BpeMA IOJIy4YeHHUS afCOPOLMOHHBIX KPUBBIX, XOTA yC-
JIOXHUT TEXHOJIOTUIO IIPOBeIeHUS SKCIIEPUMEHTa.

Haunbonee BOCTpeOOBAaHHBIMH 3TH MeTOZBI OyayT
mpu HoZOOpe ONTHMATIBHOTO COCTaBa PEAreHTOB MAJIA
TIeHHOH (JIOTaLHH.

®iroranus oHa U3 IMHUPOKO IPUMEHSIEMbBIX TEXHOJIO-
THH IIpU 00OTallleHUH IMOJIe3HBIX MCKomaeMbIx. Hampu-
Mep, 95% MeTarIMYeCKUX PyZ oOoramaercs MeTOLOM
¢daoTanuu. OTO MUJUIMAPABl TOHH IepepabaThIBaeMBIX
pyZ. g mpoBeieHns GIOTaIMOHHOTO IIPOLIeCCa B OIITH -
MaJIbHOM peXXUMe HCIIOIb3YyeTCA COueTaHue PasHooOpas-
HBIX peareHTOB. JloGaBIeHHbIe B ITyJIbIIe PeareHThI aLCo-
pOUpPYIOTCA HA MOBEPXHOCTAX Pasfiesia KUIKOCTh-IIy3bI-
PeK, XHUAKOCTb-YaCTHUIA U TIPU CTOJIKHOBEHUAX ITy3bIPb-
Ka ¥ YaCTHUIBI O0eCIIeYMBAIOT UX YCTONYMUBYIO CBSA3b.
g mombopa KOHIIEHTPAIUK PeareHTOB IPUMEHIIOTCI
pas3IuYHble SKCIepUMeHTanIbHble MeTomsl. Cpesu oTHX
MeTOZOB Haubojee MHGOPMATUBHBIM CUUTAETCS pelak-
CAaLlMOHHBIA MeTOZ, [5], KOTOPBIH HCIIONb3yeT U3MEPEeHUT
TTOBEePXHOCTHOTO HATXKEHUs Ha BUCAYel(cupasdeil) ka-
IIJIe MUK ITy3BIPbKe B PABHOBECHBIX U KCIIEPUMEHTAIBHO
CO3ZlaBaeMbIX C1a60 HEPABHOBECHBIX COCTOSHHAX, IIPU
Pa3IUYHBIX KOHIIEHTPAIUAX PeareHTOB.

CBs3p MeXZy 00BeMHOI KOHIIEHTpAIluell peareHTa,
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ero azcopbuyeit Ha rpaHulie paszgena ¢pas u Mex(asHbIM
(TIOBEPXHOCTHBIM) HATDKeHUEM {0 yCTAaHABIMBAETCA
byHIaMeHTaIbHBIM ypaBHeHHeM ['166ca [6].

CoryacHO 5TOMy ypaBHEHHIO afcopOius (IoBepx-
HOCTHBI! M36bITOK I') Ha TOBepxHOCTH paszmena ¢as cpsa-
3aHa ¢ ITH u o6pemMHOM KOHIEHTpaluei Ci i-Toro amco-
pbata ypaBHEeHHEM:

_ 1 do
" RT dINc

Jna seraucienus [, mosydaroT sKcIlepuMeHTalb-
HBIe 3aBUCUMOCTH O - C U Ha UX OCHOBE CTPOSAT KPUBBIE
I'-c. KpuBsie 3aBUCHMOCTH F - C CTPOST 110 TOYKAM: [JIS
KaXX7IOTO 3HAYEHUS C, OIpe/eNIaioT .

OcHOBO#1 Bcex METOZOB OIpefesieHus 3 10 reoMe-
TPUUYECKHUM IIapaMeTpaM IIOBEPXHOCTHU pasfeina ¢as, AB-
JIfeTCA ypaBHeHNe KallMJUIAPHOCTH, OHA U3 HGOPM KOTO-
poii mpuBeseHa HiKe [1]:

+Bx-2=0 )

Ly
WGy 60T

P2

I'me X u y GespasmepHsle abciucca ¥ OpAHMHATA II0-
BEpXHOCTH pasfena (a3 (HampuMep, KOHTypa KalllH,
MEHHCKaA XUAKOCTHU B KaIIWJIJIAPE HIN y IIOBEePXHOCTH
IIJTACTUHKY, OIYIEHHOU B XKUITKOCTH). ﬁ - yucao borga

PaBHO
B _ (pl — p2)b2

- @

P1 u Prunornoctu rpammyamux das, b-pammyc
KPUBU3HBI KOHTypa Kamau B Touke y=0; x=0. DToT ma-
pameTp ucmonas3oBaau bamdopr u Amamc [7] ana npu-
BefleHUA ypaBHEHUA KalWIIIPHOCTH K Ge3pasMepHOMY
BUZY.

Crenyer momuepKHYTb, YTO B 3TOI1 pabore u B pabo-
tax [1, 2] ucmonp3yercs HeTPaSUIIMOHHAA [JIS TEOPUU
KaIWUIIPHOCTH KOOPAUHATHASA CUCTEMa, IOKa3aHHaA Ha
puc.1l c KOHTYpOM BUCAYEH KaIlIu.

X

Puc. 1. CucTeMa KOOpAMHAT, MCIIONB3yeMas B JaHHOH pabore 1 B paGorax [1, 2]

Metonpl sKcIlepuMeHTanbHOrO ompeznenenus IIH
BecbMa pasHooOpasubsl. OHu onucansl B QyHAAMEHTaIb-
ubix MoHorpadusx [9, 10], MHOTOYHCIeHHBIX yueOHNU-
Kax, MPaKTUKyMax. MHOrue M3 3THX MeTOJOB (B OCHOB-
HOM JUHAMHUYeCKue), aBTOMaTU3UPOBAHbI YACTUYHO MU
moaHocTho [11].

Heo6xozuMo OJ4epKHYTh: aBTOMATU3UPOBAH IIPO-
Iecc oIpesiesieHUsA 3HaUYeHU IIapaMeTpa KaIUIX JJId Ofi-
HOH TOYKHU CTPOAILEeIiC 3aBUCUMOCTH 6-C.

Jl71s1 HeIpepsIBHOI perucTpanuy afcoponuoH-
HBIX KPHBBIX HEOOXOJVMO TaKXKe HeIPepPBIBHOe H3Me-
HeHUe B M3MEePHUTEJbHON AYeiKe He3aBUCHUMON dKCIIe-
PUMEHTAJIbHON ITepeMeHHON: 00beMHOI KOHIIeHTPaIluu
azcopbara.

Teoperuueckas JacTh

B panpHeiimemM HaM NOHAZOOATCA IIPUBELEHHBIE
HIDKe pasjnyHble (POPMBI ypaBHEHUA KallMJLLIPHOCTU
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IJI BUCAYel KallIu, IoTy4eHHsIe B pabote [1]. ITpu us-
MeHeHHH 3HaKa [ 5TH ke ypaBHEHM: CIIPaBeJJIMBBI JIJIA
JIeXKavMX Kallesb.

: el
-t B sp]| I

_I-_]"= ﬁ - f}‘ - (3)
].|._*; _E
w 2
2y
! =]+E L—x

yl+¥"

X-abcuucca u Y-opArHaTa KOHTypa BUCSYEH KallIu
(puc. 1), f - uucno Bowza.

(4)
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Hxe IIpHUBEAEHbI pa3ME€PHBbI€ BEJIUINHBI YPABHEHNA KAIIMJIJIAPHOCTH U UX 6e3P(’:13MePHLIe dHAJIOTH:

A6cuucca h; h/b=X; opgunara r; r/b=y; o6sem xammu U; U/b"3=V;

HPI/I6)II/I)KeHHoe pellleHre ypaBHEHNA KalIN/IAPDHOCTH B BU€ CTEIIEHHOTO pAAd MMEET BH/, [1]

.r’=l‘f-r:+[g]z.tﬂ""
ZF

i+

R0z

,ZLJIH ,II;aJII;HeﬁI.HefI Pa6OTBI OTPAHMWYIHMCSA IIEPBRIMU TPEM:I WiI€HAMM 3TOTO pAdd. YT068I IIp¥ 5TOM ITOHU3UTH OT-
HOCHTEJIBbHYIO IIOTPEITHOCTD y2, YHCJIIEHHBIE KOS(i)(i)I/II.(I/IeHTBI IIpy ImapaMeTpe ﬁ HO,IL6I/IPEUII/I MeTOa0M HPO6 ¥ OIIMOOK.
Wsmensin KOBq)q)HHHEHTLI B OCHOBHOM BO BTOPOM H B TPE€THEM 3HAKaX. Hmxe IIpHUBEAEHBI IIOJTYyI€HHbIE TAKNM 06-
pasoM q)OpMyJILI AJIs1 BBIYUCI€HNA OPANHAT y KOHTypa 1 o6nvema V JIE)KE[‘IefI/ BUCSYE KaIlJIu:

¥ =2x—(1+0.2 )

v_ o (+02p)
n 3

v =2x—(1-0.2f)x" +%

3 4
K=x2_(1—0,2f3)x L Bx
n 3 28

®)

(6)

@)

®)

3HavyeHUs OTHOCHUTEIbHBIX HOTPELL[HOCTefI HPI/I6JII/I)KeHH]'>IX q)OPMyJI (5, 6) AJIs JeXaver Karru IIpHUBEJEHBI B

Tabue 1.
Tabnuna 1
p
2 4 6 8
2 y A% y \Y% y \Y y \Y%
5 0,0004 0,09953 | 0,00034 | 0,25393631 0,00019 -0,11263 4,93E-05 -0,10619
10 | -0,00027 | -0,00489 | -0,0007 | 0,0040703 -0,00123 -0,00316 -0,0015 0,00415
20 -0,00142 -0,00135 -0,0025 -0,00281 -0,0033 -0,00466 -0,00385 -0,00512
30 | -0,00309 | -0,00362 | -0,0047 | -0,00597 | -0,00528 | -0,0075 -0,00525 | -0,00808
40 -0,0052 -0,00623 | -0,0066 -0,00884 -0,00602 -0,00949 -0,00428 -0,00877
50 | -0,00784 | -0,00943 | -0,0081 -0,01143 -0,00528 -0,0102 -0,00071 -0,00701
60 | -0,01116 | -0,01301 | -0,0094 | -0,0135348 | -0,00312 -0,00945 0,005351 -0,0031
70 | -0,01551 | -0,01712 | -0,0106 | -0,015213 0,000191 -0,00756 0,013692 0,002838
80 | -0,02141 | -0,02196 | -0,0122 | -0,0168345 | 0,004237 | -0,00489 0,023901 0,010101
90 | -0,02961 | 0,009588 | -0,0149 -0,018563 0,008461 -0,00174 0,035473 0,018182
100 | -0,04116 -0,03424 | -0,0194 -0,020688 0,012057 0,001326 0,04771 0,026535

ITepemenHas ¢ — KpaeBO yroJI - He3aBUCUMasi IIEPEMEeHHAs [IPY YUCIEHHOM PEelleHUH yPaBHeHNsI KallUUIIPHO-
CTHU IJI CUAAYel KaIlIn.
3HAYEHUSI OTHOCUTEJIBHBIX IIOrpelHOCTeN IpubarKkeHHbIx hopmyi (7, 8) s BUCsYedl Kaliy IIpUBeieHSI B
Tabute 2.

LIAOIN] TIRbICN, Nel(45), 2022



s6so®bo - AHAJIMU3 - ANALYSIS
Ta6muua 2
B
S 0,1 0,15 0,25 0,4
Y \% Y \% Y \% Y \%
0,1 |5,40E-05 0,2178475 |4,148E-05 |0,2178344 |1,64E-0,5 |0,2178082 |-1,1E-05 0,2177769
0,3 |[5,22E-05 |0,005533 |7,62E-05 |0,00591 0,0001353 |0,00671 0,00021 0,007836
0,5 [0,000132 |0,001153 |0,000199 |-9,15E-05 |0,000335 |0,00186 |0,00054 0,0003
0,9 |0,000253 |0,000926 0,000393 0,00129 0,0007026 |0,001589 [0,001248 |0,00203
1,1 |0,000216 |0,000946 0,00036 0,001188 |0,0007268 |0.00171 0,00145 0,001976
1,3 |7,31-05 0,000866 |0,000191  [0,001107 |0,00058 0.001806 [0,001536 |0,001492
1,5 [-000155 0,00076 -8,08E-05 [0,000969 |0,0003486 [0.001483 |0,001679 |0,000593
1,7 |-0,00033 0,000331 -0,000258 |0,000769 |0,0003487 |0,00155 0,00235 -0,00074
1,9 |-2,34E-05 [0,000455 |0,000248 |0,00068 0,001376  |0,00164  |0,004537 |-0,00222
2,3 10,0169 0,000562 0,0118 0,002385 |0,016264 0,00463 0,02267 -0,00353
2,5 10,0312 0,003739 0,03819 0,005445 |0.06679 0,00923 0,0487 -0,00173
2,7 10,1095 0,007704 |0,12674 0,01086  |0,11081 0,01771 0,1009 0,00343
2,9 10,2228 0,01067 0,23 0,01155 0,19563 0,02406 0,144 0,00779
3,1 (0,56 0,01452 0,5 0,0211 0,33892 0,03389 0,2055 0,01377

S - AJINHA AYTH KOHTYpa KaIIM-He3aBHUCHMas II€epeMeHHad, MCIIOJAb3yeMad IIPpHU YHUCI€HHOM pELIeHNH YpaBHEe-

HUA KalIWIIAPHOCTH

Boruucienwe mapamerpa b
Bucsiuasi kanjsa. YMHOXXUM ypaBHeHHUe (7) Ha X/4 U BBIYHCIUM Pa3HOCTH IIOJyY€HHOTO COOTHOIIEHUA U yPaB-

Henus (8). [Toryuum:

¥ (-02p)
T 4 2 12

IMocre penenus ypasHenus (9) Ha x3 GyieM UMeTs:

L —— 0,25 L - (IL’Zﬁ)

2x mx’ X" 3
Pasmepnas ¢popma ypasuenwus (10) samuumrercs:

kU 4o _(1-0.28)

2k wh h 3

B mpegnonoxenuu uro 1>>0,254, moryunm:
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sbosmwobo - AHAJINU3 - ANALYSIS

6omunam Menuk-T'aiikazsna [8], a gua £=0,4; 0,5 u X<3
— 1o tabruiam bamdopra-Azxamca [7]. Yactp aTux pe-
3yJIbTAaTOB IIpUBeeHa B Tabuie 3.

AGCOIOTHYIO IOTPENrHOCTh A Iis ypaBHEHUS
(12) (pasHocTh /1€BOY 1 IIPaBO# YacTeil) BEIYUCIISIN IPU
3naveHnax X<2 u npu 3uavenusx f 0,05<4<0,25 no Ta-

Ta6nuua 3
AG6cosmoTEsIe norpemuocTy A ypasrHenus (12)
p

S 0,05 0,1 0,15 0,2 0,25 0,4 0,5

0,4 0,02496 0,01647 0,01825 -7,88465 | 0,008942 | 0,034319 | 0,01403

0,8 0,002062 0,003422 0,00128 0,005017 0,006721 0,009516 0,012436

1,2 0,001637 0,005142 0,001396 0,004731 0,005686 0,008821 0,010813

1,6 0,001265 0,002223 0,00126 0,004129 0,004077 0,008006 3,738427

2 0,000946 0,001706 0,00079 4000,0 0,004206 0,006836 0,008621

2,4 0,000333 0,000704 -0,00042 0,001852 0,002555 0,004981 0,006695

Cuasiuas kamisi. opmyiry misa BeraucieHus mapamerpa b cumsdeil Kammm MOXXHO IIOMYYUTh UCIIOAB3Ys IPU-
ommxenue (5).

YmuHoxuM ypaBHeHue (5) Ha X/3 1 BO3bMeM PasHOCTb IIOJTyUYeHHOTO COOTHOLIeHU U ypaBHeHus (6). IToce He-
CJIOKHBIX IPe0OPa30BaHUM IOy IHM:

B ||'-._r Irr 1
i_=."'r ! - =1 : nmr ﬂ:"'r -=1; h=1——r—:
¥ Ty - ey R

(13)

Ucnons3oBanuem tabnuy Bamdopra-Azxamca [7] BeIquCiIeHs! aGCOMOTHBIE morpemHocTy A ypaBHerus (13)
(pasHOCTS JIeBO# ¥ IpaBoit wacTedt) At 8-Mu 3HaUeHUM IapaMeTpa f 1 BCeX 3HaYeHUH X, IPUBEEHHBIX B OTHX Ta-
6xmunax. YacTs 3TUX pe3yJIbTaTOB IIpUBeeHa B Tabuie 4.

Ta6bauua 4
Cupsaas kansa. AGcomorHse norpemHocTy A ypasxHenus (13)

) B 0,125 0,75 1 2 3 4 6 8

10 0,00031 | 0,01172 -0,00485 | -0,00678 | 0,01132 0,00754 -0,0023 0,00931
30 0,00084 | 0,00073 | 0,00068 | 0,00057 | 0,00060 | 0,00010 | -0,0012 | -0,00223
50 0,00097 | 0,00119 0,00113 0,00029 -0,00104 | -0,00264 | -0,00647 | -0,01038
70 0,00159 | 0,00289 0,00281 0,00082 -0,00245 -0,0061 -0,01407 | -0,02203
90 0,00378 | 0,00871 0,00874 0,07986 -0,00063 -0,00706 | -0,02032 | -0,03322
110 0,01125 | 0,02653 0,02708 0,02142 0,01183 0,00156 -0,01867 | -0,03754
130 0,03940 | 0,07941 0,07994 0,06813 0,051491 | 0,03484 0,00422 -0,02294
140 0,07899 | 0,13671 0,13531 0,11489 0,09141 0,06958 ,031113 -0,00196

Boruucienune mapamerpa ff.
Bsraucium 3aBucuMocTs drcia BoHza £ 0T reoMeTpUIecKoro mapaMerpa- BEICOTHI BUCSUeHi(Jiexxadell) K.
Bucsiuas kanusi. Paccmorpum Ypasuenue (3):
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ITocne mozcranosku (15) B (16) 1 HECTIOXHBIX TIpe-
06pa3oBaHUH [TOJIyYUM KBapaTHOE ypaBHEHMUe II0 f:

AP’ +2BB+C =0;

HMHTeTpas B YUC/IUTeIe YpaBHeHNU (3) BBIYUCIUM B IIPU-
Gmwxenun y’=2x-x>. Ioxyaum:

e ] Eaet el (o 2:2.

L
12l (14)
| +i,50 j— -

¥

rne: A=P*+ (0,57 y)'; B=P(—x)-057 )%,
C=1-y"—(-x).

B ypaBuenusx (14) u (4) BBeieM 0003HAUeHUS:

(¥ —0.5xIn(1-0,5x))
o 3

KopHu KBafpaTHOTO ypaBHEHUS PaBHBL:

B li1,l+—AC (17)
B
ﬂl.?z_

) A

IToryamm:

g Bucsueit karnu B popmyite (17) mepen xBampat-
HBIM KOPHEM CTaBUTCA 3HaK (-) ObLia IpoBe/ieHa IpoBep-
xa popmysl (17) c momomursio Tabmu Menuk-I'alikazsaHa
[8] mpu x<2 mna 0,05<$<0,25 u Tabaun bBamdopra-A-
mamca [7] ns fi= 0,4; 0,5: BEIYMCII€HBI OTHOCUTEIBHBIE
norpemrsoctu df=1—f3, / B, tae P, sajanmse B Ta-
6sinuax 3HaYeHWs mapamerpa f, ,Bk —3HAYeHU [, BbI-
yuceHHsIe 10 popmyie (17).

B Tabiuie 5 mpuBeseHa 4acTh IOy YeHHBIX Pe3YJIb-

=l Xthp (15)
1058 /

=1+0.58f (16

o [
WG 6

TAaTOB.
Tabnuma 5

S p 0,05 0,1 0,15 0,2 0,25 0.4 0,5

0,4 0,000451 -0,00378 0,004087 | -86,5579 -0,00411 -0,00725 0,005894

0,8 -0,00194 -0,00294 -0,00327 -0,00269 -0,00859 -0,00472 -0,00642

1,2 -0,00194 -0,00805 -0,00338 -0,00421 -0,00478 -0,00752 -0,00942

1,6 -0,001 -0,00124 -0,00157 -0,00221 -0,00301 -0,00696 -0,01073

2 0,00336 0,006731 0,009122 | 0,001684 | 0,011304 | 0,007116 | -0,00181

2,4 0,024235 0,04586 0,063801 0,077842 | 0,087653 | 0,088091 0,053288

Cupasiuas kamis. [Tapamerp f nis cupgdeit Kamuu BerquciaseTcs takoke popmynoii (17), Ho u3MeHeHUEM 3HaKa
IIpaBOX YaCTH.

B Tabiuie 6 JaHBI IOTPELIHOCTH ITapaMeTpa ff pacCIuTaHHbIe I0 Gopmyte (17) oig cupsueil KaIiu.

[Tpu BBIYMCIIEHUH TTOTPENUIHOCTH f AT CUASIUX Kalelb 0OHAPY KUIaCh OJHA CTPAHHOCTS: AJA 22, IIPHU TIOCTO-
SHHOM f} ¢ usMeHeHueM (yBenudeHueM) X=X(§) IOTPeUHOCTs MEHSETCS MAJIO O HEKOTOPOro 3HAYEHUS ¢, IIPU KO-
TOPOM IIPOUCXOJUT pe3Koe yBeIudeHue (IOYTH Ha ABa IopsaaKa) morpemHocTy. Eciau B popmyite (17) 3naxk (-) mepes
KBa/IpaTHBIM KOPHEM HM3MEHHTD Ha (+) IOTPEITHOCTh CHOBA Pe3KO CHIDKaeTcs. B rabnuue 5 nams! 3HaveHus f u ¢ mpu
KOTOPBIX IIPOMUCXOZHUT CKAYOK ITOTPEIIHOCTH.
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Tabnuua 6
b p 0,125 0,75 1 2 3 4 5 6 8
10 0,58125 [-0,1211  [-0,084 |0,0716  |0,0066 |-0,01 0,01413 [-0,0253  [-0,0434
30 -0,0023 |-0,0006 [0,0008 |0,0035 0,0070 0,0076 0,01078 |0,01156 |0,01382
50 0,00303 |0,00339 |0,0047 |0,0090 0,0052 0,0144 0,0164 ]0,01821  [0,02903
70 20,0003 [0,0043  |0,0057 |0,00893 [-0,006 |0,01258 |0,0138 |0,01481 |0,01633
90 -0,0011 |-0,001 -0,0009 |-0,07962 |-0,0272 [-0,00063 |-0,0005 |-0,00042 |-0,00022
110 -0,0067 |-0,01781 [-0,0196 |-0,02363 |-0,0587 |-0,02673 |-0,0733 [-0,02816 |-0,02916
130 20,0243 [-0,05133 [-0,0544 |-0,05992 [-0,0972 |-0,0637  |-0,0648 |-0,06557 |-0,06689
150 -0,0705 |-0,0982  [-0,0993 |-0,10061 |-0,136 -0,10152  [-0,102 1,446 -0,1032
Ta6numa 7
B 2 3 3,5 4 5 6 8
¢ 125 100 95 85 75 70 60

IIpu ycioBuM IIOCTOAHCTBA pafuyca LIEHKU U 00B-
eMa BUCSYel KAl apaMeTp [ SBIeTCs OfHO3HAYHOMN
dyHKIMe# BEICOTH Karuy. [l cumadeil Kamuiy IIpy 110~
CTOSHCTBe 00BeMa HOJDKEH OBITh IOCTOSHHBIM Pajguyc
TUTIOMIAAY KOHTAKTa KaIlT! C TTOAJIOXKKOIA.

BeBogs:

Ha Bucsueii xamre Ipu u3MeHeHHH 0ObeMHOM KOH-
IeHTpanuu azcopbara, pajuyc IeHKH B ILIOCKOCTH
YCThA KaWLIAPA U 00beM KaIlIu He MeHIIOTCS, a U3Me-
HAETCS TOJIBKO BBICOTA Karuru H.

V3meHeHMe BBICOTBI KAl PETHCTpUpYyeTcH Gec-
KOHTAaKTHBIM, (DOTO2/IeKTpUYecKUM MeTozoM. Ilapas-
JIeJTPHO HEeIPepBIBHON (POTOITEKTPUIECKON Pperucrpa-
nuu H-c xpuBoii nmpoBoguTcsa ¢ororpadupoBaHue MUIu
BUJIEO 3aXBaT M300paXKeHMSA KAIUIM TOYKAX yCTAHOBKU
MapKepoB, KOTOpble HAHOCATCA B XOJe PerucTpanuu
Ha H-c xpusyw. [Ipu perucrpanyuy BBICOTBI KaILIM KC-
TIoJIB3yeTcs ImesieBas AuadparMa WM3BECTHOHM IIMPUHBI
u BbICOTHL. C ITOMOILIBIO TPafyHPOBAHHOI ILIeIeBOi Lu-
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ENUKIDZE N.

JUSTIFICATION OF METHOD FOR CONTINU-

OUS RECORDING OF ADSORPTION CURVES

ON PENDANT AND/OR SESSILE DROPS

ANNOTATION: A method is proposed for contin-
uous recording of adsorption curves on pendant and/
or sessile drops. Using various forms of the capillarity
equation for the pendant and sessile drops methods ana-
lytical expressions were obtained for dependence of the
Bond coefficient f on geometric parameters of the drop:
height, radiuses of the neck in the plane if the capillary
end/or substrate contact area and volume. A formula for
calculating parameter b-normalising coefficient of the
capillarity equation is also obtained.

KEY WORDS: capillarity equation; hanging drop;
sitting drop; Bond number; adsorption; flotation.
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PIRTSKHALAVAT.

ANALYSIS OF POLLUTION BY HAZARDOUS
SUBSTANCES OF THE ATMOSPHERE OF A
PARE DURING MASS EXPLOSIONS

ANNOTATION. The paper considers topical issues
of atmospheric air pollution in open pits by emissions
of toxic gases and dust during mass explosions. To assess
the degree of the polluting effect of toxic gases and
dust emitted during massive explosions on the quality
of atmospheric air in the quarry, as well as to calculate
their emission, the regulatory documents of Georgia
were used, which establish the air quality standard. The
computational algorithm and the results of calculating
the emission of toxic gases and dust emitted during

massive explosions in a quarry are presented.

KEY WORDS: career; massive explosions; emission
of toxic gases; dust emission; maximum permissible

concentration; calculation algorithm; calculation results.
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YXAPTHUIIBUIIA M., IIBAHTUPAI3E H.
AOXVIMHUKATHI, UCITIOJIb3YEMBIE
B CEJIbCKOM XO3SIMCTBE U
SKOJIOTNMYECKA A BESOIIACHOCTH

AHHOTAIIWA. B cratbe pacCMaTpUBAIOTCS MECTH-
LUABI, IpUMeHseMble i GOpsOBI C BPEeLUTENSIMU U
GOJIe3HSAMHU CeIbCKOXO3AHCTBEHHBIX KyJIbTYp. I3Bect-
HO, YTO HEKOTOpHE XMMUYECKHEe BEIeCTBA HETaTHBHO
BIUAIOT Ha Grocdepy, 3arpAsHSAIOT MHUIEBbIE TPOLYKTHL,
YXYZUIAIOT UX KAYECTBO U IPECTABIIOT OPeeIeHHYIO
yTpo3y [ 3IMOpOBbs desoBeKa. llenbio coBpeMeHHOMN
CTpaTeruy 3alliThl PACTEHUN ABILETCS OCYILECTBICHIE
WHTETPUPOBAHHON cHCTeMbl GOpHOBI, 0beceunBaomei
MUHUMM3ALMI0 SKOJOTUYECKOTO U HKOHOMUYIECKOTO
yiiep6a, IPUYNHIEMOTO BPeAUTEIIMH.

KJIIOYEBBIE CJIOBA: s10XMMUKATHI; 3a1IATa PaC-
TeHU; SHAHTHOMED; XPOMaTOrpadus; XUMUS; 300POBbE
yeIoBeKa.

CHKHARTISHVILI M., SHVANGIRADZE I.
POISONCHEMICALS USED

IN ARGICULTURE AND ENVIRONMENTAL
SAFETY

ANNOTATION. The paper discusses the poison-
chemicals used to fight pests and diseases of agricultural
crops. It is known that some chemicals negatively affect
the biosphere, contaminate food products, degrade their
quality and pose some threat to human health. The goal
of the modern plant protection strategy is to implement
an integrated control system that ensures that the eco-
logical and economic damage caused by pests is mini-
mized.

KEY WORDS: poisonchemicals; plant protection;
enantiomer; chromatography; chemistry; human health.
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OLIEHKA YPOBHA 3ATPA3SHEHUA
TAXEJBIMU TOKCUYHBIMU METAJIJIAMU
B PEKE KYPE

AHHOTAIIVA. B crarse omucaHa OIjeHKa YPOBHSI
3arpSI3HEHMS TSOUKENBIMM —TOKCHYHBIMH — METaLIaMu
B Kype (Cd, Pb). YcranoBneH ypoBeHb 3arps3HeHHUs
Kypst Cd, Pb. BrisBieHO, 9TO ypOBeHD 3arps3HEHS
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SVANIDZE Z.

EVALUATION OF THE LEVELS OF
POLLUTION WITH HEAVY
TOXIC METALS

ANNOTATION. The paper gives the estimation of
pollution level with heavy toxic metals in the river Mt-
kvari (Cd, Pb). Established is pollution level in the river
Mtkvari with Cd, Pb. It has been found that the level of
pollution with the mentioned elements is relatively high
in Tbilisi, where they are present in dangerous numbers
for living organisms. The concentration of lead is espe-
cially high, which is mainly caused by the exhaust gases
emitted by the vehicles that enter the river through at-
mospheric precipitation. It is inhabited by various species
of fish, in the tissues of whose internal organs, especially
in the spawn the above elements accumulate, which
cause many irreversible diseases and are unmatched as
carcinogens. The fish of the studied river is intensively
used by the population. Consumption of fish caught in a
polluted river can even lead to severe intoxication.

KEY WORDS: ecology; anthropogenic; atomic-ab-
sorbent; chelating agent; toxic.

MIGINEISHVILI R., PH.D.

PRELIMINARY RESULTS

ORE VEINLET SETS AT THE MUSHEVANI-2 GOLD-COPPER DEPOSIT, GEORGIA:

UDC 553.075+553.411°435

ANNOTATION. Mushevani-2 gold-copper deposit
is the recently discovered mining target in the Bolnisi
ore district. This district includes the cluster of Upper
Cretaceous subduction-related non-ferrous and precious
metal deposits. Field measurements of ore veinlet
orientations were carried out at distinct levels of the
Mushevani deposit. Plotting of the veinlet normals on
Schmidt’s equal-area projection revealed four principal
sets that are ubiquitous at the deposit.

KEY WORDS: Artvin-Bolnisi zone; Bolnisi ore
district; Lesser Caucasus; Mushevani-2 gold-copper
deposit; ore veinlet zone; ore veinlet sets; Schmidt’s
equal-area projection, stereonet.
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Fractures, as well as mineralized fractures — veinlets
themselves, are anisotropic structures. Therefore, where
fractures/veinlets have a preferred alignment, they can
impart a substantial anisotropy to a rock mass/to a mineral
deposit. Besides that, where fractures of varied orientation
exist, they can form a well-connected network for
fluid flow. The study of these structures has practical
applications for the proper selection of a geological
exploration system, in the assessment of the ore resources,
in geological engineering, in hydrology, etc.
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Fig. 1. Location map of exploration trenches. The shaded area corresponds to a well-exposed part of the
Mushevani-2 gold-copper deposit

This paper presents the preliminary findings of
the investigation of geometric characteristics of the
ore veinlet network of the Mushevani-2 gold-copper
deposit. This deposit is located in the south-eastern
part of Georgia in the Bolnisi ore district (the BOD)
which belongs to the most important areas of mining
activities in Georgia. Mushevani-2, as well as Beqtakari,
Bnelikhevi, and Mushevani-3 gold-copper deposits have
been recently discovered by the drilling program of LTD
Caucasian Mining Group (CMG) [1]. The Rich Metals
Group (JSC RMG Copper and LTD RMG Gold) operates
in this district at Madneuli, as well as the Sakdrisi deposit
to produce the copper concentrate and gold Dore alloys.
Ongoing geological exploration for new ore discoveries
is in progress.

The BOD is characterized by Hercynian basement,
unconformable capped by the Upper Carboniferous
molasse, as well as by the Upper Jurassic-Cretaceous arc
association [2, 3]. The BOD is situated in the Artvin-
Bolnisi zone of the Lesser Caucasus. The last was formed
in the framework of south Eurasian active margin,

the evolution of which passed two different stages: (1)
Mesozoic subduction of the Neotethys Ocean beneath
the Eurasian margin, and (2) Cenozoic collision and post-
collision events [4]. Metallogeny of the BOD is specified
by Upper Cretaceous subduction-related bimodal
volcanism [5]. Several gold-copper epithermal deposits
and occurrences are clustered near the Madneuli deposit
that is recognized to be hybrid in character and assigned
to the VMS-epithermal transition [6,7]. At depth
potential porphyry system is supposed [8].

The Mushevani-2 copper-gold epithermal deposit
is represented by ore veinlet zones consisting mainly
of a quartz-barite-pyrite-chalcopyrite aggregate. Barite
occurs at the top of the ore zone. The length of ore
veinlets rarely reaches 5 meters and generally does not
exceed 1m. Most of veinlets are up to 1sm thick but can
be up to 10 sm thick.

The deposit is hosted by Upper Cretaceous felsic
volcaniclastic rocks. Hydrothermal Alteration of host
rocks typically includes silicification, argilization, and
sulfidation.
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Table 1

Veinlet sets of the Mushevani-2 gold-copper deposit. The principal sets are highlighted

Reference Dip azimuth and Reference . . Reference . .
number of dip of veinlet number of Dip azimuth and number of Dip azimuth and
veinlet sets sets veinlet sets dip of veinlet veinlet sets dip of veinlet
sets sets
1.1 170°£85° 2.1 200°£80° 3.1 172°£67°
1.2 125°£40° 2.2 145°£65° 32 198°£53°
1.3 80°450° 2.3 113°£60° 33 106°.£72°
14 30°£80° 24 87°£70° 34 89°L77°
1.5 235°/85° 2.5 45°/75° 35 62°/57°
1.6 250°£75° 2.6 313°£34° 3.6 33°/£70°
1.7 265°£70° 2.7 275°/£30° 3.7 312°/38°
1.8 285°£50° 2.8 275°£65° 3.8 269°£71°
1.9 305°£45° 29 132°/£37° 39 249°/71°
1.10 260°/15° 2.10 180°£64° 3.10 233°/73°
1.11 310°485° 2.11 200°£61°
1.12 148°£17°
1.13 217°£74°

Methods of field investigation include scanline
surveys along the three exploration trenches occupying
distinct hypsometric levels of (1) 1010-1020m, (2) 987-
995m, and (3) 960m (Fig.1). The exploration trenches
are located in a well-exposed part of the deposit allowing
comparatively long ore veinlets to be traced away
from the trenches. Veinlet mapping procedure was
conducted to describe their geometrical features, such as
orientation, trace length, thickness, shape, and spacing.
Measurements of veinlet orientation were carried out
by using a compass-inclinometer device. 320 veinlet
orientation data were collected.

The ore veinlet orientation data obtained from field
measurements were graphically analyzed using Richard
W. Allmendinger’s software Stereonet v.11 [9, 10].

The poles (i.e. normals) to the veinlet planes have
been plotted on Schmidt’s equal-area lower hemisphere
projection and then statistically analyzed by a fixed
counting circle being 1% of the projection area. The
contour lines were drawn to join points with the same
percentage. The inter-contour zones were shaded to
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emphasize sets (i.e. clusters or systems) of subparallel
ore veinlets having different concentrations. Several
6%)
systems, as well as minor ones (density < 6 %) have been

comparatively high concentrated (density >

identified (Fig.2; Table 1). For each population of ore
veinlets measured in different trenches, the stereonets
were separately compiled.

Some ore veinlet systems are found in just one or
two stereonets, but the following four principal systems
are identified in all three stereonets: 1) 1.4, 2.5, 3.6; 2)
1.9, 2.6, 3.7; 3) 1.2, 2.3, 3.3; 4) 1.3; 2.4, 3.4. This means
that the veinlets of these systems are ubiquitous at
the deposit. Besides that, an analysis of the position of
both third and fourth principal systems (Fig.2, Table
1) indicates that a gradual steepening of angles of their
inclination takes place from the upper to lower horizons
of the deposit.

The following ore veinlet clusters: 2.1; 2.2; 2.3; 2.4;
and 2.5 are creating a girdle-like geometry on the second
stereonet (note the dashed arc). The girdle-like geometry
is relatively underdeveloped on the other stereonets.
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Fig. 2. The lower hemisphere equal-area projections of contoured poles to ore veinlets at the Mushevani-2
gold-copper deposit
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MUTVHEUWIIBWJIN P.

CUCTEMBI PYJIHBIX ITPOKMJIKOB
30JIOTOMEZHOI'O MECTOPOXIEHUA
MYIIEBAHU-2, I'PY3UA:
IMPEABAPUTEJIBHBIE PE3VJIbTATBL

AHHOTAIIVA. 3os0TOMEZHOE MECTOPOX/EeHIe
MyueBanu-2  ABIAETCA ~ HEJNABHO  BBIABJIEHHBIM
MecTOpoXkJleHueM B BonHuIcckoM pygHOM paiioHe. DTOT
paiioH BMeIIaeT KJIacTep MeCTOPOXK/JeHHUH LBeTHBIX U
IparolieHHbIX MeTalJIOB, CBA3AHHBIX C CyOAyKIMeit
BepxHero Meja. IloseBble HM3MepeHUA OPHEHTHPOBKHU
PYZHBIX IIPOKUIKOB IIPOBOAMJIMCH HA OTZAEIBHBIX
TOpHU30HTaX MecTopoxzeHus Mymesanu-2. Hanecenue
HOpMaJIed IIJIOCKOCTeH PYJAHBIX IIPOXKMJIKOB Ha pPaBHO-
mromanHoi mpoeknuu IlIMuaTa BEIABMIO YeThIpe OC-
HOBHBIX CHCTeM IIPOXKUJIKOB, KOTOpPbIe ITMPOKO PACIIPO-
CTpaHEeHbI Ha MECTOPOXIeHUN.

KJIOYEBBIE CJIOBA:  Aprsun-Bonuucckas
30Ha; bomHucckuit pypmsiir paiion; Mansrii Kaskas;
30JI0TOMeIHOe MecTOopoxzAeHHe MyueBaHu-2; 30Ha
PYZHBIX IIPOXKUJIKOB; CHCTEMBI PYAHBIX IIPOXKUJIKOB;
pasHomomanHas cerka llIMmuzra; crepeoceTxa.
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BLUASHVILI D., MINDIASHVILI G.
DISCONTINUITIES, DISTRIBUTION SCALES
AND FORMATION CONDITIONS OF
GUJARETI-TSKAROSTAVI (KHACHKOVT)
ORE FIELD

ANNOTATION. Discontinuities, distribution scales
and formation conditions of Adjara-Trialeti Gujareti-
Tskarostavi ore field are reviewed in the work. Gujareti-
Tskarostavi ore field is highly complicated by tectonic
viewpoint. Various type disjunctives and fractures are
observed. Part of fold structures, Arjevani-Bakuriani
fault and other geological elements in distribution of ore
field is represented in the article. Characterization of ore
column structures has got big part, which is connected
to magmatic creatures, fold forms and discontinuities.
Basic and specialized methods of studying structures are
used in the work. Besides, Gujareti-Tskarostavi ore field
was studied by us with distant probing method, resulted
of which basic fault and stress structures were revealed,
where the best conditions are made for establishment of
ore field. In particular, adjacent territory of Arjevani-
Bakuriani fault represents convenient conditions for
oreing-down.

KEY WORDS: ore field; folded system; fault; faults;
cracks.
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BJIYAIIBUJIN A., MUHIUAIIBUIN T.
PA3PBHIBHBIE HAPYIIEHUA I'Y I2KAPETU-
IIKAPOCTABCKOTI'O (XAYKOBH) PYJTHOT'O
I10JIs1, MACIITABBI PACITPOCTPAHEHUA 1
YCJIOBUA OBPA3OBAHUA

AHHOTAIIVIL. B craTbe paccMOTpeHBI pasphiB-
Hble HapymeHus ['ymxaperu-llxapocTtaBckoro pyzmHO-
TO IOJA, MacuTaGbl MX PAaCIPOCTPAaHEHUS U YCIOBUA
obpasoBanusa. Pymuoe mone I'ymxaperu-llxkapocraBu
HMeeT CJIOXHOe TeKTOHWYeCKOe CTpOoeHHe - BCTpeda-
IOTCA Pa3sHOTHIIHBIE JU3BIOHKTHBBI M TPelUTuHSHL B cTa-
The IIpeZCTaBiIeHa POJb CKIAZOK, ApmxeBaH-bBakypu-
AQHCKOTO Pa3jioMa U JPYTHUX Te0JOTHYeCKHX DIeMEeHTOB
B pacIipe/ieIeHHMH PYyAHOrO Imojfd. Bosibimoe BHMMaHue
yZAensercs ONMUCAHUIO CTPYKTYP PYJHBIX CTOJIGOB, CBS-
3aHHBIX C MarMaTH4YeCKMMM OOpa3sOBAHUAMH, CKJIafda-
THIMU (POpPMaMU U Pa3phIBHBIMU HapylIeHuAMH. B pabo-
Te MCIIOJIb30BAaINCh OCHOBHbIE U CIIeLMaIU3UMPOBaHHBIC
MeTO/bI U3yJeHusA CTPYKTyp. Kpome aToro pyzHOe mose
I'ymxaperu-llkapocTaBu HaMu OBIJIO M3yYeHO METOZOM
JTUCTAaHIIMOHHOTO 30HJUPOBAHMA. B pesympraTe GbuIH
BBIABJIEHBI OCHOBHBIE Pa3phIBHEIE M CTPECCOBBIE CTPYK-
TYphL, TZe ObUIM HAWIyYIINe YCJIOBUSA AJII (OPMHPO-
BaHHUA PYJHOTO TOiA. B uyacTHOCTH, Ipuieraiomas K
ApmxeBaH-BakypnaHCKOMY pa3jioMy TepPUTOPHUSA ABJIA-
eTcs 6JIarONPHUATHBIM IJIA OPYLEeHEeHHUS.

KJIIOYEBBIE CJIOBA: pynuoe moje; ckiajgdaras

CHCTeMa; pa3jiOM; Pa3phIBHbIE HaPyIIEHW; TPEIIHHBL.
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KVITSIANI A., GURCHIANI A., EFENIA G.
PECULIARITIES OF THE SUBSTANCE
COMPOSITION OF THE ORES

OF BNELIKHEVI GOLD-POLYMETALLIC DE-
POSIT AND MINERALOGICAL CRITERIA OF
EXPLORATION

OF A GOLD DEPOSIT

ANNOTATION. This article considers the peculi-
arities of the substance composition of the ores of Bne-
likhevi gold-polymetallic deposit and describes the min-
eralogical criteria of the exploration of a gold deposit
in Upper Cretaceous volcanogenic-sedimentary rocks.
Their use makes it possible to open new, promising
gold-polymetallic and gold-sulphide ore-bearing areas
and grounds.

KEY WORDS: deposit; ores; substance composition;

gold; chalcopyrite; galena; sphalerite; gold ore; min-
eralogical exploration criteria.
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I'ycemnosa T.A., Kasmauaesa JL.H. Oruer. Usyue-
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Magueyasckoil rpymmnsl MecTopoxzaeruit (I'pysms).
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KBUITMAHU A., TYPUYUAHU A., EOGEHUAT.
OCOBEHHOCTH BEHIECTBEHHOTI'O
COCTABA PY ]I 30JI0OTO-
IMOJIMMETAJIIMYECKOI'O
MECTOPOXAOEHWA BHEJIMXEBU U
MUWHEPAJIOTUYECKHUE KPUTEPUU IIOMCKA
30JIOTOPY IHOI'O MECTOPOXXIEHUA

AHHOTAIIMSA. B craThe paccMOTpeHBI OCOOEHHO-
CTH BeLeCTBEHHOI'O COCTaBa Py, 30JI0TO-IIOJIUMeTalIN-
4ecKoro MecropoxzaeHusa buenuxeBu. OnucaHel MUHe-
pajIormyecKye KpUTEPHH IIOUCKA 30JI0TOTO OPyAeHeHUA
B BEPXHEMEJIOBBIX BYJIKAHOT€HHO-OCaJOYHBIX IIOPOZAX.
Vx ucmonp3oBaHMe JaeT BO3MOXKHOCTD BBLABUTH HOBBIE,
IepCIeKTUBHBIE YYACTKU U ILIOWAAY C 30JI0TO-II0IIMe-
TAJUIMYECKUM U 30JI0TO-MaJIOCYIbDUIHBIM OPyAeHeHU-
eM.

KJIIOYEBBIE CJIOBA: MecTOpoXAeHUe; PyIbl; Be-
IIeCTBEeHHBIM COCTaB; 30JI0TO; XaJIbKOIMPUT; TaJeHUT;
cdanepuT; KPUTEPUN MUHEPATIOIMYECKOTO IIOMCKA.
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24 nmumua 2021 poxy mHa 85-My pomi ImOB 3 >KMTTA BiJOMUI BYEHMii-eKOJIOT, SUPEKTOP
IncruryTy mpo6em npupogokopucrysanss Ta ekosnorii HAH Vkpainu unen-xopecnongenr HAH
Yxpainu [llanmap Apxkagiit I'puroposmuy.

Apxagiii I'puroposuy Hapozguscs 5 Bepecusa 1936 p. B micti Iarynens /lmimpomeTrpoBcbkoi
ob6macTi. 3akiruns HoBouepkachkuii momiTexHigHmit iHCTUTYT 3a PpaxoM «MapKiIeiiepcska CIpaBay.

ITicna sakiHyeHHA acCIipaHTYpM 3aXWCTHB KaHAWZATCBKY 1 JOKTOPCBKY MAHMCepTamii 3a
CIIeI[iaIBHICTIO «BiJKPUTA PO3pOOKA pPOJOBHIL KOPHMCHMX KONAJHMH», OTPUMAaB BUeHe 3BAHHA
«1‘[p0(1)eC0p».

Apxkagiit T'puroposuu Illamap 6yB ¢axiBimem y ramysi TipHMYOi cHpaBM, paljioOHaJIBHOTO
IIPUPOJOKOPUCTYBaHHA, €KOMOHITOPMHTY, TeXHOreHHOi Gesmeku. Binm sampomomysas cmoco6u
TpaBiTaIliffHOTO BiZlOKpeMJIEHHS TIOPiJ] FipHUYMX MaCHUBIB Ta ix TepeMileHHs y 3aJaHOMY HaIIPSIMi.

3a HayKOBOro KepiBHMIITBA BIeHOro cTBopeHO KoHmemiiio mepexozy YkpaiHu 70 CTajoro
PO3BUTKY, ILJTOTOBIEHO MpOeKT JlepxaBHOI mporpamMu 3a6e3leuyeHHs CTAaJOr0 PO3BUTKY peTioHY
BUZOOYBaHHA i MepBUHHOI Tepepo6KY YPaHOBOI CHPOBHHH.

Apxagiti I'puroposird Illanap — 3acry>keHuii Jisd HayKu i TexHiku YKpainu, maypeat Jlep:xaBHoi
mpemii Ykpainu B raxysi Hayku i Texsiku Ta mpemii im. O.M. [lunnuka, mificHuii 4wieH 6araTsox
TPOMa/ICBKMX aKaJZieMi.

Hayxoswuii mopo6ox Buenoro cranosuTs moHaz 400 HaykoBux npaus, cepes akux 37 MmoHorpadiii.

Konexrus I'ipcpkoro incrutyty iM. I A. Llynykizze rau6oko cyMye 3 IpHBOALY CMEPTi BiZoMOTO
BYEHOT0-€KOJIOTa, AHMpeKkTopa IHCTHTYTy mpobiem mpupojokopucTyBaHHa Ta ekosnorii HAH
Yxpainu, wrena-kopecnonsienta HAH Ykpainu, npodecopa Ilamaps Apkazis I'puroposuya.

Bucmosmoemo rauboki cmiBuyTTa HOro pimHMM Ta 6IM3BKMM, KOJeTaM Ta BUeHil CIiTBHOTI
Yxpainn.

CpiTzIa maM’ATh IPO IO Yy7OBY JIOAUHY i BIEHOTO, HAIIOTO KOJEry i CIIpaBXHBOTO ApyTa,
BeJIuKOro Apyra I'pysii HasaBxk M 36epexxeTsCs B HANIMX CEPILIX.

ITpesupia ['pysmHCHKOrO TipHIMIOTO TOBapPHUCTEA,

I'. Oynyxinze Ipcexmii incruTyT,

I'pysunCHKMIt TeXHIYHUI YHiIBEpCUTET, TipHHYO-TeOJOTiYHMI (aKyIbTeT,
Pepaxuia sxyprany “Tipcekuii xypHar”
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1979-1981 {§.-80 ogm ULsgsGoggenml 93¢mbmdogol  Lsdobol@®mmbomsh seLYdMmo  Lsbsenbm
9979Mbgmdol 93mb6mTozol, 39030l s sGmzoL LsdyEbogMm—33wmag0mo 0bLEOEMEL MRO™Lo
3936096 0565830MTgemo, Lgd@BMmOOL 3589

1981-1983 §§.-80 9w98smd@s Lofo®dmm gogMm0sbgds ,LogbsgmmdOL“ wowml BsgmmdysH—
0m33m39090o  LsddsMmmzgeml  Jmogsmo  93mbmdoldsw; bmenm, 1983-1984 §f.-8o ULsfo®dmm
395900056905 ,Bgb6530MdOL 3BrMBIMTOL MszXEMISMY.

1984-1995 §f.-90 ogm ULsfo®mdImm  g39MHm0sbgds ,L5g65300mdoL”  bm®HIs@Eorme—5s33¢930
LMoL MBOMLo, bagnm, 1995-2005 §f.-do 83L ,,65300mBLsYEboghHml“ g3mbmdozm®o 33wg39d0l
@dMMOGHMOO0L 35399

2001 $gel 089mBgdm©s 5d3-80 HMYMOE LsgMMSTMBOLM 3HMRMTOL ,B5300mdOL TgdmLisgergdol
9969%09630° §9360. d00gd9E0o 5g3L 583-0L SEslizoL IBoGOL 356MadgbEH oL oMmLGBdOL LgMHEHOBOISGHO.

35¢mbo pm9Mdo fFengdol as6d53¢rmdsdo gfgmes 39Woamao® Lsgdosbmdsls s woMlgmaw
OLSHMOPPMPS  FoOO  335e0B0ISE00L  Ls0bgobMHM-g3mbmBogzmMo  BodsMmmNIEgdIOL  JsEMYdOL
9035 9050. 1991 §eosb 39Ms(335a0gd5d¢0g IMBsmdEs LodsOm3gmmls @gdbolzm® Mmboggdlodgddo;
1991-2006 §.-80 ogm Logs®mggaeml ¢gdbozmmo 1boggmliodg@ol bsdmm—ggmemaools s Jodome—
9935 H0Mwo Fo®dmgdol 93mbmdozols s MmMmasbobogool Ne 49 350900l ©mEgbE0; bogm
2006-2017 $§.-80 53537 B03gOLOGIGHOL 93mbmdogols s gbgxdgbBHol Ne49 dodsmorwangdols
36H0x9LMO0 ©s 3M35¢00 ol Jobdobg 30mbEMdEs ¢9gdEogdol 3MOUBL LsfsMBmoms g3mbmdogsls

L ]
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O H|

5 99b69x 8968 00. Fergdol gs68s3@mdsdo 0gm B3 EIGHOL LsdgEboghm s LaolgMEIgom LodFml
$93600, Lsdomm Logdobs s agmenmyools 9gbgxdgbEHol Lomgdmmem 3Gma™msdol byerddemgsbgwmo ©s
50539, 308500v9emgdol 3mengaool Lbmdol magxmdsmg s dpogzsbo.

d53mb  amEgMdo  Gods3Bdgl 935009006  dmm3sHmdsdo  3MMBILOMEO  s©OsMHYdOLIMZOL,
Logotrongganml ¢gdbogw®o mboggmliodg@ol 5350900600 1sd Fml 4ssfyzgdowgdom, Mmbogg®lodgddo
bsobg®deogo, bogmmzogho 3gsamaon®o ©s bsdgsboghm dmeagsfigmdolsmgzol 2017 el dogbods
53LIBMOYPOMEO FOHMBILMMOL s JFgNOGVILOL 53500gd0M0 FmEIds s, 53 3gMOMEPOEsH dsEmbo
3™ do bogsGmggaml G9gdbo3me MboggmloGg@To bsbfsgerm-lsdyboghm Logdosbmdal gdgModmlol
bAoGMbom Fo®dsbmagws Bzgmmo 8gdsmmgdom ©s 0530H000 2oboa®mIMdEs  39oaMy0w)M
155J3056mdsL. oo byErddmgsbgEmdom dMmIBsEIPYMO s GO 0d6s IMsgswo Lsmddmemm
©5 bsdsgobdmm 653Mmdo. ol dogh SOBOPOEO MsMdYd0EE IMsgswo 3bmdowmo dgsbogmo s
139g30sEoliB0d.

3 (HVOGAgL go9mdagybgdyemo 3gmbs 100-8og Lsdgsbog®m B653Gmdo, GmIgeoms dmGmolbss
Ls3gbogHm LEHGH0gd0, Lobgddmzsbgermgdo @s Lbgs. dolo Lsdgaboghm dmezsHgmdol doMomoEo
09953035 0g™ 9306m3030Ls s 3gbgxgbEol 3Mrmdergdgdo Ladom bagddols s ggmemyool, bsgommdobs
©5 25%ol sMydo. ogm USgEbogmm Fgm@bsew LlsdsGmggaml 6sgmmdols ©s gsbol® dmagsmo
69005JAMMoL IMs0yg, LsMgsdom 30egaool §9360, 3M5350 5R0EMDdM030 ©s LEgMMsdMMmOlM
1gdobsols s 3MbRIMIBbE00L sSgBHoM®o dmbsfjoeny.

296L537007300 LoaEOlbIM s 5®LEBOTE5305 ddGHMD . BH9BGIOL 50BN s bsgdosbo
300999080056 2 353H0mbbgds, IMMIoLAMY35MYIMBS, 35LboLIAYYDEMBS, BOMMOM JHIOE0s, 3MMBY-
LomboeoBdo, Mo FoBLFogzEMEMds, BgamdOMds, 35¢MOMmE0BI0, MOMsE EOEO bOY33MYO ©
350303995 dM03m3s 3MegagdLs s HEIRIBOES MOMBOYOL TmMols. 5910, dos@mbo gmegcdo
ogm 9gbsbodbsgo mpsbol dbembggmwo dgmmerg, 0535, dsdvYs, GMIIWLSE  3®9B371IdM0Z50
259mOHBgMo MR IBO EIMRY; 39070¢TMdOO ©s LsmMbm BgMmery JsandsGmbo Bsbs, gogodzomo dgds,
6dogro Bo@s, 330080900 5¢rgduobMyg s o053, MMIEGdOE ZoBLOIMMMIdMEOo LoY35GVIT0c
MBONLOEYd056 ©s Lomms 0boboggh do@mbo amgMdol Hmam®E gsdmMByMEo JoMmgbgdol
Boogem blimgbsl. s0lisbodbsgos, Mmd dg0¢o dgds Fo@da@gdrera ogdosbmdl dGmgglorye sids@Mygbby
2 65300md0Ls s 25Bob bsbgamdfogm Lssggbdmdo.

05¢Mmbo amEgMdo ymggmogg Lbgs Lozgmglomsh gMHmsE sROWEMIdMEO 0ym, 3360039 bg-
@m36g900L BoFom, Ls390mglicm INIHMEs JsBHmmMeE bogrbu® BodmgMdL s FaMs wgdlgdl, Gomsa
00 1053M36935L 33M0Es ol 3gABL, FaMdMYPBLS S SHEOMBEIGIL.

d5@mbo amEyMdols Grmamma Logzgmom Logly 30OHM3bgdol Labgwo, HGMIgEdsl Mg30L0 Towswo
50530569900 30L9d3gd0m s MbsMm 3MHMmEglombsgryMmo baddosbmdom basmgwo bbmgbs s@M3s,
1539953m@E EIMRYDS IMsZsMOEbMzB0 dmfagzgdol, 3MErgagdols s sbEmdgdol gwyewgddo,
699003 0O 35¢030L39000m 0gMbgdgb As.

@3gHmds bsmgmo s LOLYBI39o  IYI330MHML, o ULssg TsMmombo 9sboliggbydgb,
30000@3Md0wwo  8589@0d30¢0L, M3moLIMLIZ0 s WOMLbIMWo 30Mm369d0L, doGmb m©yMIoL
2133053 bryeob!

Logdo@Mmzggeml ¢gdbozm®o 1boggdbodg@ol s
L5 -390MMP0vIO0 B3N GHIGOL 3OMBILME-TsLFogmwgdegdo
166509000 ,,b5d0M MO0 s ,,bodoMZ9ML BogzMdO s PoBO

L5M9IJE0M 3MEYGA0gd0
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BIL0o3L 39756m30
®EJIMKC BEXXAHOB
FELIKS BEZHANOV

Logdo®mzggereml Lsdmm bsdgEboghm LoBMdMYdsd OO IBs3moLo J3boEsW, FoMEI0E3sEs
339mBgboaro  Jodmggeo Igabogho Jobgdol Bobogzol @scpdo, 3359d0mGO mGH™mOo Ggrodls
0gg0bmgo0.

05¢mbo Bgmodlo ©s0dss 1932 famols 9 FsOAL, J. mdowolido. 1950 Fael, Lsdmogm Lzmeols
©3mogMydol 8989y, Lfogmos obog®mdm Lodo®mzgwml 3meodgdbogzm®o obbGodm@ol bsdomm
35379 GgGBY, OMIGEoE LGS 1955 gl Jsbgmeol Lsdsmms Esd)dsggdol B3gE0sMBO.
50539 fgeb ofjygds dolo dMmmBomo Logddosbmds EmbyEzol J3sbsbBo®mol srBols dg-14-17-g Tsb@Egdol
L53dsM039mmdo MBBOL MBOMLOL FMsEY0MY©, 999009 30 - NBOMLOL sbsdEYIMDBY.

1957 §gel 030 d6rvbogds Loddmdenmdo s dBomdsls 0fjggdl sbero@ EosMlgdvye LogdsGmgzggmls
3936096905005 535009900L . Femz0dol Lobgemdol Lsdmm obbGHodwGdo xg® Jsbgdol gobozol
@3dMMGHMM0530, beagrem 89999 - Jobgdob, Lsdnbo Tologrgdol M30LgdgdoLs s baMolbols 3MbEMmmenols
396gmzomwgdsdo, ULssg Logmabeol dmewmig 0mm3sfgmdEs Madmbo  dgsbog®o  dmdszol
05658gdmdsbY. 1963-1966 fiangddo 030 gsbabgmol 3merodgdbozm®o oblGodwm@Eol sLdoMsb@os s
1969 §gamb 5439 Fo®TsBHgdom 03sg3l olgMEGsE0sL Ggdbozol 9g3bogMgdsms Jsboad ol Lsdggbogmm
boMolbob dmbadmgzgdmsm Jsbgdol goBbozol womydo.

05¢)Mbo Bgeodlo sHOL S3EHMGMO 5Gs gMHmo Lsdgboghm bsdMmaols, MmAwgdo gsdmdzgybgdmemos
Ooym®z Bzgbo J3ggbol, oby mEbmgmol Ledggboghm gm®Bogrgdls s 3MgdEgddo, domgdwyamo
5gab M50c0gb00g 3539630 98mambgdsty. dobo wWdmsmm dmbsfomgmdoms ©s byerddmgsbgwmdom
3gbOrmegdryeo LogsGmzgurml Lbgaalibgs Lsdamgdol Jsbgdols mvy Jobgdol gobo3mm-3gdsbozm®o
30l98980b 33e930L 890093900 Ty Yngoo LsdFMms 3538060l Jobgdol 35elGMT0, MMIgELsE
937 56 Y353l IB0A36gEMds, HMAMO B Logbmds®M o Ma@rMsl Jobgdol goBbo 3ol omydo.

31O IOI0s B3GMbo Bgmoglol M3sfieo HsYsBOEs B3gE0sEolB oL smBEMEsdo
- 00 fangdol gobdsgemdsdo Mmogligds JMHmMBobyml LsdgabogMm o 390sama0n® 1ogddosbmdls
L5gdsMmMZggmml 3mw0@gdb03me0o 0bLEHOEHMEHOL bsdmem Bs3MEEGHIGDY.

296L537MPB0m s®lsbodbsgos do@mbo Bgroduol ssdosbmMo M30LYdgdo. 0go ogm MMIsE
3965093 me0o, 03cmMHom gl 30636905, 459MOBRIMO 39000 TMdOMYGdOm, IMMToLTMY35HgMBom,
3530mbobo, bssdsMmE0sbo, gNmaMEo s Moo EsTMI0EIIYEgdom yg3zgmsls Jodsmom. ds@mbo
g9oglol bsmgawo blimgbs sdmsdm aMBYds B3gbL amwrgddo.

Lsgdo®omnggerml Bsdomm Bobmysmgds
3. famm30dol Lodomm 0bbGoGHMEGO,

BH?I-0b Ladmm-ggmemyor)6o Bo3wGIGe
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53(3MM05 LogMM5MYdM!
dmmbmgzbgdo gGbsgrdo gsdmliogdagybgdgeo Lsdgsboghm
1BH5GH09O0L 3BMAGTJOOL s FoMAmMmygbolismzol

L05000M  FMMboedo 439946gds Fobsergdo (LsFgEbogH™ LEE09d0, 0bxM®MTs3E0s, Mg3weds s Lbgs)
JoOmm, OGN s 0baoby® 9693%bg. bEGsGooL dsbswrgdo Wb J399bgdmEIL 30M39ws (»Ebmwdo
2580398900L 5Bse0BOl 4o, MHMIWGdoE J3gybads MIOIMEgA00lL M930m39boE00m), Fomdmawygbogl
Losbegl s Mbs Jmbogl 3903399900 MYMOOMO s 36OJBH03wwo 50dzbgwMds.

Toboens go9mbodg9ybgdaro® ©sdgFowo Mbs oymlb A4 Rm®IsGHdo 1 0bGgMzswom s BsfgMoo
mbs 0gmlb CD obzbg. LEGsGH00L ImbosdBogds© 4odmygbgdyeo »bos 0dbgl G9du@do Mgwoddmeo
MicrosoftWord 2007/2010, 3Gog@o: Js@omeo - Sylfaen, bmds - 12, Gwmlmeno Times New Roman, bmds - 12.
obamoly®o - Times New Roman, Hmds 12. LEos@ool 39¢gdo: bgos - 2 1d, g3gws - 2 1d, JocEbgbs - 3 LI,
Jotx39bs - 1,5 1.

BAo@ool dsbsems Fo@dmoagbowo Mbos 0gbgl 999gao 0sbd0dggzmmdom: v9s3 - dGOgGEHOL Bmds 14,
33BMMMS 33950900 S 0boEoswgdo Sylfaen sS1mYdOM, FOOGEO - 453w9JadwEo, IHOGEHOL Bmds 14, AoLFmMYdS
0o63bgbs 30gLMb.

L505v)H0 bs 503M0RML 1939 Sylfaen 3sdmygbgdwo dM0GEGH0m (M0REHOL HBmds - 14) s PolfimMgl
Jomzbgbs 3ogby.

LGB0l Mbs sbEgl sbMB3E0s MO Misbm gbsBy, HMIWgdOE o6 FomBmaygbgb 08 gbol, HMIgaHys

LEoG0ss ofgMowo. sbm@EsEos dmzwgo vbws s0hgM©gl LESEHOoL Logsbl s dslido sfig®ow doMoms©
39009390L. 5bmGHoEool M93mdgbgdmwo bodwowm dmEmeEmds d95096L 600 BsdgI Bodsbl. dMoxnEo -

QIBOHOEO, 35390990, FoLHMMGOs BYOHEWOL JomEbgbs s Botx3965 3000JJOMb, TMOBREOL Bmds - 12.

1553356dm LoEY3930 (JoMME, MMbvE S 0baEol® gbgdbY) - 930w gdYE0s S YbEs dgoEs3gl 5-10
Lo@Gyggzel. Bo3zzs6dm Lo@yzgdo gMmMsbgmoliogsb 4sdmoygmas foM@EHow-ddodom. dmyzsbowo 1s3356dm Lodyzgdo
DB Mbs SBbsgzbb 330930l LsgbmdMmOg SOUL.

B&o@ool 3gdudo: IG0gEoL Bmads - 12, 06396350 bEHodmbgdl m®ob - 1, 50Bs3o - 1,25 10, ogm®do@gds:
2oLPMOgds BYOHEEOL JotEbgbs s Forx396s 3000)gOMSb.

RO 930 s Fo0g3sBH03wMo oddmermgdo dglmergdmwo Mbs oyml Microsoft Equation-do.
3b®owgdo 3gdu@do dgbOmagdeo Mbos ogmlb Microsoft Word Ggesg@mdo.

BmH500900 5 303530320 Tsbsems dmgd9weo Mbs 0gmb bodMTsm 3gwol bs®bmgddo. ©sdzgdmwos Jomo
2080996905 JPEG gm®mds@do. §o0Hgmgoo bry@omgdlo s 3605303290 3sbogrol §393 40d49dqdwaro, IhoxEoom
11, 3963 ®d0 2olfimmgdymo, 06FIMZswo - 1, LMomol sLabgEgdol deargrml oM Eowo 56 olidgds.
@0EYMGHYYMS Inm3LYd0s bBsEH00L drE®l. IH0GEHOL HBms 12, EIRMGTsEJOS: FILTMOJdS BMOEEWOL
0o6Ebgbs s FoMx3z96s 3009900, Mbs Fg03930IL  93BHMOOL/SZBHMEOMS §35Mg0LS S 0b0EOSEYOL,
5bObYgdSL, FMbs(39dgdL godmd393cmdOl Jqlabgd.

@o@9M3GHOOL 358mMHIgd0l bodwmdo:
@0oGJMSGHMIOS

1. 0. godpbowosgs. Bs3zoMmoghm  @gdbmmmaom®mo  3md3mgdbol  3s6ds6gd0l  4s8mbodmendgzol 85369
6030090939000 5GHIMLRIOML 359M0L Ed0BIMMIOOL Tglobgd. “Lsdmm F9Mbocno”, #1(42), mdowrolo,

2019. 3. 143-149.
2. Pitterson, K.E. The Early History of Circular Sliding Surfaces. Géotechnique, Vol. 5, 1955. pp. 275-296.
3. Ewmenssnosa E.Il. OcHOBHbIE 3aKOHOMEPHOCTH OIOJI3HeBbIX mporeccoB. Hexpa, Mocksa, 1972. 310 c.

§o6m3myqboe doloesls Mbs Bl 530039 0bBMOT5305 53EMOOL (53GMOMs) FLobgd - Lodmdom
500, Mb58YdMds, LdgEb0gMM BoeOLbbo s firgds, LodLabwMoL 56 dBobol dobsds®mo, Bgwrgrmbo s
999 BHOMbMwo gmb@s (E-mail.)

439@d LGB0 5ME0GOs 35030l MHeym®3 Lsdgsbogmem, sLg3g G9db03rIM MgEsdEHOMgdsL.
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TPEBOBAHUA JJI1 OPOPMJIEHUA U TTPEJICTABJIEHUA
HAYYHBIX CTATEH B XXYPHAJIE

B «I'opHOM XypHame» IyOIUKYOTCS MaTepuasasl (HaydHble CTaThH, MHPOPMAIUA, peKiaMa U Ip.) Ha TPy3HH-
CKOM, PYCCKOM U aHIJIMHCKOM sI3bIKaX. MaTepuasibl CTaThi JOJDKHBI TyGINKOBAThCSA BIIepBhle (KpoMe 0030pa 3apy-
OeXXHBIX M3JAaHMH, IyOIMKyeMbIX 110 peKoMeHzauuu Penkoiieruu), IpeiCcTaBisaTh HOBU3HY U MMETh T€OpeTHYe-
CKYIO U IIPaKTUYeCKyI0 3HAUMMOCTb.

Marepuan my1s onmyOIMKOBaHUA IOJDKeH OBITh HalleyaTaH B dopmare A4 yepes OZMH MHTEPBAI U 3aIlMCaH Ha
nucke CD. [Iyg OATOTOBKY CTaThU JO/DKEH HCIIONB30BAThCs TeKcToBsli pemaktop Microsoft Word 2007/2010,
mpudtsr: I'pysusckuii — Sylfaen, pasmep - 12 nit, pycckuii - Times New Roman, pasmep - 12 T, anrimiickuii - Times
New Roman, pasmep — 12 nt. IToa craTeu: BepxHee — 2 cM; HIDKHee — 2 CM; JIeBoe — 3 cM; 1IpaBoe — 1,5 cm.

Marepuas CTaThy LODKEH OBITh U3JIOXKEH B CIIeAyIOIeil TOC/Ief0BaTe TbHOCTH:

VK — pasmep wpudra 14 nr, DVIO aBropos 3ariaBubIMy GyKBaMu, WPHQT — MOIYKUPHBL, pasmep upudTa — 12
IIT, BRIPAaBHUBAHUE II0 JIEBOMY KPalo.

3arosoBoK [oJKeH ObITh HaOpaH 3aryIaBHBIMHE OyKBaMHU IOJTY>KUPHBIM urpudToM (pasmep umpudta — 14 nt) u
BBIPABHHUBAETCA I10 JIEBOMY KpPalo.

K crarse moypxHA ImpuIaraThCsa aHHOTAIUA HA [JBYX A3BIKAX, OTIMYHBIX OT fA3BIKA, HA KOTOPOM OHA HAIIMCaHa.
ABTOpBI TODKHBI yOeAUTECA, YTO aHHOTAIMA HANKMCAHA JOCTATOYHO IIPOCTHIM M IOHATHBIM fA3BIKOM. AHHOTALUA
IOJDKHA KPaTKO M3JIaraTh IPeAMeT CTaThb/ ¥ OCHOBHBIE COJEpIKallvecst B Heil BRIBOABL. PeKOMeHIyeMbIil CpefHui
o6wvem anHoTanuu cocrasiafer 600 mevarHbrx 3HAKOB. [IpudT - KypcHB, IOTY>KUPHBIH, BRIPaBHUBAHUE I10 IIUPUHE
crpanunsl. Pasmep mpudra — 12 nr.

KoroueBsre coBa (Ha Tpy3MHCKOM, PYCCKOM U aHIJIMHCKOM S3bIKaxX) — 00A3aTeIbHBI U JOIDKHBI cogepxath 5-10
CJIOB M CJIOBOCOYETaHMM. KiloueBsle CI0Ba U CJIOBOCOYETAHUSA OTZIAIOTCA APYT OT APYyTa TOUKOIi ¢ 3amaToii. [Ipuse-
ZeHHbIe KTI0YeBbIe CJI0BA JOJDKHBI IIPeieTbHO TOUHO OTPAXKATh IPeIMETHYIO 06J1aCTh MCCIe0BAHUA.

Texkcr crarsm: Pasmep mpudra — 12 0T, MeXAYCTPOYHBII MHTEPBAI — OGMHAPHBIN, KpacHasd cTpoka — 1,25 cu.
(DOPMHTI/IPOBHHHG BBIPpaBHVBAHNEM IIO LTV PUHE.

Dopmysl 1 MaTeMaTHIeCKHe CHMBOJIBL JOJDKHA OBITH BhImonHeHsI B Microsoft Equation.
TaG s B TeKCTe LODKHBI OBITH BHIIIOTHEHDI B pefakTope Microsoft Word.

Pucynku u rpadudeckuii MaTepuas pasMelaoTCA B paMKax pabodero mosd. JlomyckaeTcsa UCIOIb30BaHUE PH-
cyukoB B popmarax JPEG. Iloanuce mozm pucyHKoM, Wpu@T IOTY>KUPHBIN, pasMep - 11 1T, BrIpaBHUBaHUE IIO LIeH-
TPy, HHTEPBAJI — OAMHAPHBIN, B KOHIIe Ha3BAHUA PUCYHKA TOYKA He CTaBUTCA. Y OeIUTeCh, YTO BCe DJIEMEHTHI PUCYH-
Ka yKa3aHBI B IOJPUCYHOYHOMN HAIIUCH.

Cnucok IMTepaTyphl pasMeliaeTcs B KOHIe cTaThi. Pasmep mpudra 12 nr., popmaTrpoBaHue BEIpaBHUBAHNEM
TI0 IIMPUHE CTPAHUIIEL.

Pammmusa u HMHHWUITHNAJIbI aBTOpa/aBTOpOB, Ha3BaHME, BRIXOAHBIEC MaHHBIE, BKIIOYadA Ha3BaHME U3/1aTEeJIbCTBA.

IIpumepst obopMIeHH CIIMCKA IUTEPATYPEL:

JIMTEPATYPA

1. o. godgbowosgs. 1s39Mm090Om  Ggdbmmmyom®o  3033¢gduol  356Jobgdols  4s8mbodmendgzol  dagby
6030009090900 5GHINLBIOML 35960l 00BINEOYOOL Fqlobgd. "bodomm Fm@bowo”, #1(42), mdowobo,

2019. 3. 143-149.
2. Pitterson, K.E. The Early History of Circular Sliding Surfaces. Géotechnique, Vol. 5, 1955. pp. 275-296.
3. Ewmenssanosa E.II. OcHOBHBIE 3aKOHOMEpPHOCTH OIIOJI3HeBbIX IpoeccoB. Hexpa, Mocksa, 1972. 310 c.

K npezcraBieHHBIM MaTepraiaM IIPHIATAIOTCS JAHHEIE 00 aBTOpe (aBTOpax) - MeCTO PaGoThI, ZOJDKHOCTD, yue-
Has CTelleHb ¥ YYeHOe 3BaHe, JOMALIHU WK CIy)eOHbIH anpec, TexedoH, E-mail.

Bce craTbu 06s13aTe/IbHO [OAJIEXKAT PeSaKIuy (HayIHOM M TEXHUYECKOM).
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REQUIREMENTS FOR PREPARATION AND SUBMISSION SCIENTIFIC ARTICLES
IN THE JOURNAL

The Mining Journal publishes materials (scientific articles, information, advertising, etc.) in Georgian, Russian,
and English. The materials of the article should be published for the first time (except for a review of foreign publica-
tions published on the recommendation of the Editorial Board), represent novelty and have theoretical and practical
significance.

Material for publication must be printed in A4 format, line spacing - 1 and recorded on a CD. To prepare the
article, the Microsoft Word 2007/2010 Text Editor, fonts: for Georgian - Sylfaen, font size -12 pt, Russian - Times
New Roman, 12 pt, English - Times New Roman, 12 pt should be used. Page margins: up, down - 2 cm; left - 3 cm;
right - 1.5 cm.

The material of the manuscript should be presented as follows:
UDC - font size 14 pt, authors’ full name in all upper case letters, 12 pt bold, left align.
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