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NANITASHVILI G., KHETSURIANI G.

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.

JIOBIPKAHU/IBE I'.3., KAXA/JI3E B.T"., BYTYJIAIIIBUJIN
T.JI., MAYAU3E I'.JI., HAHUTATIBWJIN I XK.,

XEI[YPUAHUT.
TJIOBAJIBHBIE BbI3OBBI U ITEPCIIEKTVIBBL
DOPEKTUBHOI'O OCBOEHUA
MUWHEPAJIBHO-CBIPBEBBIX PECYPCOB

AHHOTAIIWA. B crartbe mpoaHaIH3ipOBaHbl IJI00aIbHbIE
BBI3OBBI, TEHAEHIMM U IePCIeKTUBB 3(PdeKTHBHOTO
KCIIONIB30BAHMUA MUHepaTbHO-CHIPHEBBIX pecypcos
B mepuony u yciaoBumax maHgemun COVID-19, mo-
Pa3sHOMY 3aTPOHYBLIEHl MUHEpaJIbHO-CHIPbEBbIE PBIHKU
U TOPHOZOOBIBAIONIYIO IIPOMBIIUIEHHOCTh Mupa. M3-
32 PAaCIpOCTpAaHEHMs KOPOHABHPYCA M OIPaHUYEHII,
BBEZEHHBIX IIPABUTEIBCTBOM, HECKOJIBKO IIOCTpajaja
IeATeJIbHOCTh ~ KOMIIAHWH 10 JO0bIYe  IIOJIE3HBIX
HCKOIIAeMBIX M CHUBWJICA CIIPOC Ha HEKOTOpPbIE TOBApBL
B cratee paccMOTpeHbBI NOTEHIMATBHOE JOJITOCPOYHOE
pmusaue mauzemun COVID-19, rnobansHble prcKu
Y TeHZAEHIUHM Ha OyIyWWuil CIPOC HAa MHHEpaJIbHbIE
[IPOLYKTHI, TAKTUYeCKWe, CTpaTrerwdeckyue Iaru U
IIepCIIEKTHBEI TOPHOLOOBIBAIOIIIX KOMIIAHUH /1 GBICTPOIt
1 5p}eKTUBHON palMOHATH3AINK TEKYLIEr0 KpHU3KCa B
ropHo06bIBatoMIel orpacy. PaspabGoTaHs! IpeIoKe s
YU IpaKkTHYecKre pPeKOMEHJAIMH II0 TeOpeTHKO-MeTO-
JOJIOTMYECKON OCHOBE 3TAIoB (HOPMIPOBAHIS IIOIHTUKA
¥ MeXaHM3Ma peay3al[ii B HCCIe0BATEIbCKOM 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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LOBJANIDZE G., NANITASHVILI G.,
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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JIOBIPKAHU/I3E I'.3., HAHUTANIBUJIN T. XK.,
MAYAUNBET. JI., TYTABA/I3E 3.J1.
IMMEPCITEKTUBBI ®OPMHUPOBAHWA
TOPHOITPOMBIIIJIEHHBIX KJIACTEPOB B
MMEPETUHCKOM PETMOHE

AHHOTAITUA. B pa6ore mNpOaHAIM3UPOBAHBI OCHOB-
Hble HAIIpaBJIeHUT U IIePCIEKTHBBI PETMOHAIBHOM WHHO-
BAI[OHHOMN CHCTEMBI U IIOJIUTHKU KJIACTEPHOTO Pa3sBUTH,
a TaKKe MCCIeJOBAHHUA IOTEHIIMATAa KAaK CPeZCTBA SKO-
HOMHYECKOT0 pocta ¥ passurus. [IpennoxeHa um 0606-
IeHAa METOZOJIOTHS aHAIW3a KJIACTePHOM eMKOCTH B
TOPHOZOOBIBAIONIEM ¥ IIPOMBIIUIEHHOM CEKTOpaX SKOHO-
muku VimeperuHckoro pernoHa. B MeTonyke ucnonesyores
SKCIIEPTHbIE OLIEHKU Oym30CcTU (haKTOPOB, HEOOXOZMMBIX
I opMHpOBaHMA KJIAacTepa, K MX (AaKTHIeCKHM 3Ha-
yeHuAM. Ha ocHOBe KIacTepHON CTPYKTYpBl C ydYeTOM
MOTEHIMAIBHBIX yYaCTHUKOB M OCOOEHHOCTeH peruoHa
pa3paboTaHbl BO3MOXKHOCTH (hOPMUPOBAHUA PETHOHAIBHO-
TIPOMBIIUIEHHOM Mofenu Kiaacrepa B VmepermHckoM
PerHoHe, a TaKKe IPeJIOKeHUI U IIPaKTUYeCKHe peKo-
MeHZIAIMU II0 TeOPEeTHKO-MeTO/IONIOTMIeCKOl OCHOBe, LA
GopMHMpOBAHNA ¥ peaNu3alMy MeXaHM3Ma KJIACTepPHOH
TIOTUTHKY.

KJIIOYEBBIE CJIOBA: KOHKYpPEHTOCIIOCOGHOCTD; SKOHO-
MUYEeCKUil KJIaCTep; IIOJNe3HblEe HCKOIAEMbIe; TOPHAs
IPOMBIIUIEHHOCT; PETHOHAIbHAS OKOHOMUKA; OU3HEC
CeKTOp; KOD(GULUNEHT MOLIHOCTH KJIACTepa; SKCIIEPTHAs
OLlEHKAa; Meron, paHrosoii xoppemsnun  Crmpmena;
SKOHOMHMYECKUI aHAIH3.

LI3OIN] TIkmbICN, Nell45), 2022 23



Ls8oe 8Ggfggeadols 36Gmdwgdgdo - TPOBJIEMBI TOPHOM ITPOMBIIIIEHHOCTH - PROBLEMS OF MINING INDUSTRY

©MJGMM5630 6. meody

3ol gsdmyggbgdols 3gmldgdEo3900

BsbdoMmob (j300mdsmE3w™3560 BMagd309d0l ©EsdMm0393Jd0L 89Iys® Bowgdmeo

o3 622.7

sbmdsgos. bdsdosdo sofgmHoemos bsbdoGolb ©sdGo-
2903980 05653900639 Foamdgbo; dmorbem3zbgbo, G-
daembsg  #9bs 5305908098l bsbdotkol 86093960,
68 boyems ofbsl goozse¢rolbfobgdryemo 3edgbgorto
0mdbBs98¢mols 06¢hgigligdo; smPgGHoemos ©sdkH09BId0l
363969 0mJGg0 RsHHMOIB0 ©5 ILAXGIBLIOS
@860 39¢9980b  36Gmpgbol  396L39JA0emds  bsdmermm
36m@rggool  bstobbols  s8smengdol  dobbom,  Gsg
856537900098 79ams  8608369¢0035605 (HYodrIamo-Bsemaols
bsBsqoels bsbdomgdolsmgol.

bs3356de2 bodgzg80: 86039¢90; 09G3xyem0 s3290s3985;
89030960 6030009(98s; Y3935

5055050 AbMmxomdo dm3mggdyeo bsbdomol mom-
dool  Igmobgo  HoMImsaabl  [3M0wdoM33m35b
BOJ3osl.  s1gmo  BHo3oL  LsdMBL 5O gosBbos  Tm-
obmgbs  LsdMIBASOIPIW™  BsBIODY, LOMOdML  dS-
o 350m37353900L  godm.  dmvbg®dbgdgwos  dobo
3590ygbgds LogmRBsELMZMYOM J0BBYOOLOMZOLSS, oY
03600wdsm33w™3560 Tobos 3003060 gobo@3z0Mmgds
Lofigo30 3099M0L 00319306 bom®mdo s 5ol godm
59J3L odo0 9BIJGHWIOMBS. QoMs sdobs, FaMmowo ©o
933Mm0L9gdM0  BMSJ300L OO MomEIbMBdOL  SOLYIMDS
ofj303L 39630500l dofirEydol 3d3s3YIAHZNL ©s @dgwo
dM9gds.  3OHMdEgdoL  495HY39@0L  ghm-gMmo  aBos
BobdoMol 0MH0393H0Mgds. b Bgdbmermyos  bsdmeegdsls
0d935 5159000 ToboE0sB, Bs®owo siBgbol 3oMmMdYddo,
©53D5©900 04656 LomdMBO FoboeNs ¥6I039EHYOOL Lobood.
655300l BM0Z3gHO 39650 0FGBL  BHOBLIMOEH0MYI,
065b905 OEHBL, FodmoMBI3s OO JSWMMONMDBOM
Lofigols  Asboemaliorsb  Ggo@gdom  (=6000 335¢0/33), 5O
3590mygmxal 3359, 0fj3ol dmwosbs, 56 bgds Tgsbmds
§30L 36mEgLdo s oL boEgs®do. »bos 50obodbmy,
6™ bseobbosbo 6sbJoMmol d®039390T0 bogM0osbmds oM
509353905 dmgo ImEMEmdol 7-8 %-U.

ALemgwoml bbgoslbgs dgsboghms 33¢g3900L (e.o.
@MM0g s 1bZs) Logmdzguwdy, 8M03gEH0Mgdol »bscmol
d0bg30m, dmbEs N Moo obdErol 3ESBOBOISEO,
3ol dobgz00m 3060390 X380 FoMmdmoygbowos 0d
LoboMAJOW™ Hoswolgmwom s bs®Bgbgdom, GMmIgwoms
060393H0M9ds 3000bsmgmdl 89933090 603m0Mmgdgd0L
396989 d0y™ 4 J39X BN BOQ:

5) J39xdMB0 — Tbogdo, MMIwgdoz dgoasgl  obgm
30030b763H9OL, HMIgdLSE go9Bbos 893909639090
3090900  (mobgdo, FgGHowms LMWRBOYO0,  SO-
p9bowo 3065 s bbgs). of sbg3g Fgolb fzMowo,
9336M0Lgdcm0, LYLEO LEHOWMIGHMOOL TJmby Toborgdo,
3963dm, 63060b5 s BIH© onmbms Jobydo, IMGs
Bobdomgdo o Lbgs.

0) J39%X2MB0 — ImoEsgL FobLoEgdL, GMIWIBLE Fo9BbOs
3MMmoEYOHo  m30890900. dgBgl dgdmbggzsdo gL
5MoL  9B3M0LIdMO0 ©s LMLEO LEHOWMIGHWOOL TJmby
§0000LgMwo (sbogrgsbEs IMGs BabdoMgdo, GHmORO,

24 LI3O0IM JImbICN, Nell45), 2022

JOH™obs s bozgwob 9993390 dobgdo s Lbgs).

) 930X20B0 - 9506gwo  bbsdagde  foseobyrwo,
OmIgeog  LBsFoMmMmadL  dMm039E0MYO0LIL  s®Eygbom
3990358 (0sbgBHo@co  §3Mowdsbo,  3oMoEob
659§30.)

©) J39XdMB0 — 9moEsgL 0bgo  ToboEgdl, MHMIIdOS
LoFoMmgdl  Jomoer (69390l @sfbgbzol  3Gmi3gLido,
000L 2500, MM Fomdo o6 sMOL F9ds3999bGH0MYdgwo
3003mbg6GHgd0 (bmyoghmo GHodol ®3060L Fowbgdo;
3390 365 bobdoMm9do).

99069 X830 Bgol mOo J3gxaIBO:

30603900 J39%3RB0 — Fomdmygbowos bogmogmg-
0900m, MMIGMS  BM03GBH0MPdS bgds dobgMmswr®o

0oG3mImdol 99933090 ©6sTFsBHgdom  (Fobgdo;
§o03mgdol bs6Bgbgd0).

0969  J39x3MNRB0  Fgpqds  0lgmo  Toboergdolsb,
HMIGMS BOOIYGHO0MGVS bgds mMAs6Mwo Fo®ImImdol
99033090 ©6s3sBHd0m  (J3565b80M0;  BGHMs30E0;
Logmdbg §300@dsbo s bmyogHhmo dswbgdo).

©56036gdol  dobgzom  BsbdoMmol  3M03gBHgd0
0ymgs LsdM9fzgwm s Logmaebmgmgdm ©ebodbmwmgdol
060393905©.  LsdMgf3gwm 86039300 3dmoygbgdo,
OnymOi3  bgowgmmwo  bobggme  ozmdlgdobsmzgol
(@m6s  Bobdomgdo) s ©o3mILYdOLIMZOL  (J39bsbdo®o
©o MM Bsbdo®o). J3sbsbdomol dM0393H9d0 Fgodergds
399mygbadmmo 0gml, OMAMEOE 0dMLI0BMEsE0M  dolss-
s, doGHOMO© gy Lbgswsbbgs Lsbol gwgd-
AOMEYd0L  [oMdmgdsdo. Logmaxsgbmgz®mgdm d6MH039¢Hgool
do60mo©  dmIbToMgdgl  FoMdmoaqbl  Imbobergmds.
Logmzo3bmzmgdm 360393 Ol mgMdmwo ©s d9dsbozm®o
LO3BIOEOL FoHBOOU, 53MYJNZY 3350 0sbMdOL Fgd30MYdOL
00Bbom 5318539096 0gMTMs.

BoboMOl s0M039HJOS BIMHMNMPS J93M(3ILYOIVIC0
obgo 439969080, HmymMoEss 3gmdsbos, 3membgmo, Bgbg-
00,580, 003605, b5BMBYI0, 7305065, 0O dGOE B0,
OMbgo o bbgs. mobsdgodmgg 130303900, Loos
bgds 0MH03930M9ds FoMImogbl dowedfsmdmgdarme,
533™85@0BoMIdMo  IN[Ymdowmdom  s0FIMH30 o~
Gomdmgdl.

Bsbdotgdo Fgagds MmEMYsbmwo Tsbobs s dobg-
oMo 30bs6g3900Loa0b.  65bToMmIdOL  MOY6MEo
0obs oMo FoMImagbowos mmbo gagdgb@oon:
B5b3oMds0, §4o¢d50, 56805000 s sDME0. FgEoMgdom
93069 M3MEIHMO0Mss JMA0M©O, OMIJEo3 FoMmTIMoAIbL
05369 90boMg3L. Mo G9gbgds dobgmagry dobsmgzl — sMOL
B5b3oMob Boz@056mdOL Boboliosmgdgwo s FoMImawygbl
BoBgbl,  GmIgmos  FoMm3moddbgds  dgsto  Lofzego
6030009M900L  ©@sfizolb  F9d9y ©@s TgHYgmBL  BoMH™M
b3™gddo.

BobdoMgd0l 08 JoMHOMSE BODOIOH LOEOIJOL, H™MIg-
o3 by o30m35colobmo oo dG03gEHOMIOOLSL
0093790036905:

BOOOBMBS — FobLsH3M3L BabTomol 30aMmmbzm3ovy-
@Bl s 99933090 60300090930l oBYHBool  bo-



5800 8Gfiggemdols 36G:mdegdgdo - TPOBJIEMEI TOPHOM ITPOMBIIIIEHHOCTH - PROBLEMS OF MINING INDUSTRY

MolbL.  bsbdoMol  gmOgdo  Lodoperm  @0sdgEH@mOLS

©5 90 Bga3oMol dobgzom 0ymxys dozMm -

303600mx3MM905©. 50bodbmo 356G589GMId0 dglsdsdobow

AME00: B53MMBMOGBoLsM3gol — 5 + 108 3 s 1 3%y, bmem

3030MBMdGBOLIMZOL — (5-15)- 107103 s 200 8%y,

AbbgMmg3500Mds — obLHOIMZL BobToMmgdOl MBsMl

0605009 mds gomfioml sdsl dodlbgMgzo Lbgwangdols

b99mddggdol M.  dbbgmgzomdOL  3MmgB0E3096GHO

0060905 BsBHgbgdol Bmdol BsGEMd0m ©saLb3MY350¢)

5 dlbgMg30L F90ma.

bodgogg — bsbdoMol m3z0Lgds s0dsenml dgdebozw®o
©90mddggool  dggye®, 03 dgdmbggzolbsmgzol, Mmas

56 9960300l 306306 BgImddggdsl  sdlbgzmgz0

bbgragdologsb. dobo Lodvsagdoo sx35Lgd96 Bobdo®ols

939356 s{ibgbzol ™.

3b3gmgdOL Mbs®o — sbslosmgdL Tgd3MgdOL -
06900l 06¢8gblomm™dsL B5HJoMOl Bys3omoby.
BobdoMgdol  dM039BH0Mgds  JOMOMOOOE

09000  bmGEogwEgds: 899330M9wo  BogmogMgdgdol

399mygbgdom o 3ol 3o693. 306390 IgOM©Om bgds

9396563060l s ,,d390” 3O bobdomob, s6GHMs30GIOOL,

Logmdbg 3600860l sdMm039¢H9ds, bmem 89933690

603009M9d0b go0gdg sbograsBMmEs 3o B5HToMgdob.

Q©50M0393J05, OMYMOE ©BsFMM3b9d0L  ©sdmy30-

QIR0 HFbm@wmyon®o 3OmagLo, 8gpgds gdgyo

LofomBmm m396o30900L556.

1. Bgowgmerol Imdbsgds sfbgbzolomgol: sdlbgmgas,
239GHOOEZS, ©OBRJ3d s 2dTMMds; 9993309  bog-
00969008 3mIboYds;  LEdMOZgGH™ 3BTl 3033m-
6963900l  MBoMYds, Tomo TgMg3s, FoEHLIIdS s
5{ibgbgoL fob 36BTob yo30900;

2. 360039¢0b 350l sfibgbgs 08 doerolibdgzom, Gmdgwos
©59M300g00s  ELEdMO3YHJOJo  Toborol  go-
D036-Jodo® m30L90g0bg s 39GHMMYMsgoe dg-
0500996 MdsbY;

3.9.9. ,.6g0wo0” 3M0393gdoL ©s3MTogzgds dobo LG~
3O 25995MHgd0L d0DBbom (530905, FgmOMNJ3es, 356-
0mbBoB309, FoTOMDS, 5096000 358mf3s s bbgs);

4. 3LsHYMdYds.

00mbm369d0, MMImIPBLSE Mbs  93059MmG0wgdIL

BsbdoMol 860393900 99 ga0s:

1. 80Mo@Mds  5GHIMLGIOML  Bgyegwgbol dodsGo (o6
00mgds  (Hgd3gMs@Gmol  Bgdmddggdom s 5GHImb-
B9ON0 brgdob pogergbom);

2.99do603mM0  daMomds  (fobssmdgamdol  vbsto
©5MGHYIoL, Imbgbzol s B30l dodsGm);

3. 3mM0obmds  (L5305MOLOE  BMMM3ZBo,  HMIgwos
MBOWB3gYngL 50Mmgd0L 356y Tgmfig3omdsl 30l ©s
©b6mdOLL Fowowo F9a3gMsdwmol 306MdYdT0);

4. Bgbol dobodscrmEo 999339 ™Mds (MMIOol sSOLYdIMOOL
990b3935d0 LoFoMms LomMdML ©sTGHJO0mMO bobxqgdo
0mMMJgdol Jobbom s Moz 99bgwgdl dG03YEHIOOL
20639059350 MdL);

5. $993965&HG0b 3005600 390093Md — 56 Ybs s0Tscmly
§30L5 5 BMBOLLL Jo®so Bgd3gMa@ MOl 30MMdYdT0.

65bdoMol ¥M039EHOL FoMBmgds LydwgoEgdsly 0deg3s:

- 000900 0dbsl  2oIxmdILYdIMEo  boGobbols s
GOBLEMOEHOMYOO LoPOdMO;

- 8903060900 0dbsl 65bJomol ©sbszatygdo dolo dg-
Bobgols, 3osH030L s 30l 306HMd9d30;

- 00300056 0469l 530930 HZOMOIWYOS;

MO0

- ©53mJugdol  3MmEgldo  2o0mygbgdmero  0dbgl  oMo-
393bmdso T30l BobdoMmgdol ©sds@JdomO MYLe-
bgdo.

000l 950m, GMI Jbmiwomdo, 9500 FmOolL bodser-
39030, BobdoMo FoMdmoyqbl doMoms bgowgmal
96960390039, GO, Jodoe dMYf3germdsdo
©>  Lodo@mnggermdo dbmeomo 3Yodwen-domMol
Lodoml  Lofo@dmgdo Fo®mdmoyqbl doMomo@ dmdgdgo
LofotmBmgdl.  obbogmm™gdmmo  360336gamds  gboFgds
BobdoMol  GgbmELOL LMWL  smM30LYdSL  J39ybol
0306m3030L 4963000 gd0LsMZ0L.  5©0bod3zb0L oML,
63 BYgodol bsdsmb BsbdoMgdo, MMM, BoHOIWM-
Jodom™mo 9903960 Mmd0EIL 25dmdobady, 093293690
3690 2oLEOEMPII 35BJAMM0L s, FqLodSFOLS,
3905399353900 B9dbmarmaom®o  Ldgdolb  LoGmwyerol
390m,  25800MJo0L  3GMmEgldo  FoMmdmoddbgds oo
om©9bmdom  §3M0wdoM33emazsbo ooy,  MMIEOL
LOMEWO© 3590Yggbgdsly oo 3608369 ™ds 5g3L.

AYodyn-3om@ob LadomL BabdoMgdo dog3m3zbgds
LI 0 07 85630 Babdomadl. GHgdbmemyom®o godmgz-
393900l 30Bbom s©gdo 0dbs BHYodOl MoPomO
Bob3oMgdol bLobyxo Lolbmmo 0-25 33. LsgMomo s6sEWoBOL
dobgz0m 3slgdol 2odmbogswo 3MMmEgb@gddo Bgsc-
30bo: +13-8.8 99; 13-7 90 -18; 7-3 90-31; 3-0 00-42.2.
Lobxol Fobolinsmgdwrgdo Fgoygbs: GH9gbosbmds — 7.1 %,
Bo300bmds — 50.9-53.3 % 5 5JOMEs0 BogmogMgdgdol
23990bsg5¢0 — 52 %.

WHOMOSGHMOOM 300MdJdTo 50bodbmwo FoMoggdo-
56 o©gdmos 10-0 99 Bmdol 3ewsbo, Loosbsg 10-1
098 3sbol BsbBotgdo sdomgdawo odbs 1.6 /Ld?
109336M030L JEmOH™mzsbo Mmool blbs™do, Jowgdwywo
0dbs 3mb39b@MsGH0 Bog®osbmdom 20.6 % s sHMEIsO
Bogmogmgdol  asdmbsgwom 450 %. 1-0 33 Jawsbol
Bo3M056mds 8950039605 46.5 %. 5JOHMs00 6030009 9dgdOL
390mbogowwo — 49.5 %. 0dob godm, MMmI Qs8mbHEOYLO
LoBx oL BoM056Mmds Ao¢0sb Bomawo ogm gdlidg®odgb@wmo

3393900 Fom0oMms JgH0Mme Hg70330. J0IHg©350
590bs 99300000 293539NM™ 39633910 1336900 o

93M39bs30900.
AYodeo-8om@ol  LsdomL  ,,I7 o .7 8s630L
9696393030 BsbdoGmgdo,  GMIgdog  39dmoyggbgds

Loygmio3bmzmgdm-3mdwbsemmo  doBbydobsmgzgol  ofjizol

0598397 GHw9Mo© 39900920 30bgbgdol godm:

- 05000 Bo3M056Mmds s 3oL sdsEo Lomdm (4500-3500
335@/3%);

- 3dM500 60gm0gMHgdgdOL F505¢0 A58MLZs0 0f393L
20l ©53359¢056905L 30l MOML;

- 0360w 3303560 FoLogrol oo MomEabmds od-
390090L  65HToMolL  A5myqbadol 3m9n0E0IEEL G-
o 3oL 4odm.

bbgoobbgs  bsdgEboghm  @sfiglgdwyargdgdol  doge

Bo@BoMgdmwo  33e0939000 oy bowos slgmo §3down-

0003303560 9696393032900 653HToMYOOL o s3w)T39d0L

©5 9obsb M3350m  3GMMm©IEHoL dJorgds Lb3sslbgs

0900MmEom.  9Mo-ghm  SLgm  FgoomEL  FoMmIMoAgbL
09M3MmdM039EH0MY0s, MMIgwoa 32eolbdmdl Fobslfom
23953bgEgdsl 140-380°C —0g. mgMImdOH03gHIOL goshbos

0o 333900L  FomBmgdbol bsdo s  omzgwgds

OMO3 93350M BoMIMBO.

Bo@omgdmwmo 3wgdo 330h39690L, HMI  HYod ol

Bsbdogdo, d0bgsz9  Foowo  BoMosbmdols s

LI3OIN] TIkmbICN, Nell45), 2022 25



LsboMgdEm Fosmolgymob gsdowmgds - OBOTAIIIEHHUE ITOJIE3HBIX HCKOITAEMBIX - PROCESSING

3533005 MH0 350599 BHMYOOL  (Bobdomol  yo3bgrgds
bmE30gwEgds  IMGs  bsb3omgdolsmzgol  m3GH0dov®
306Mmdgdd0) Fgdmbggzsdo Fgodagds  gosdds390Eo
04698 9MIMBOOIYGHOMIO00 s obsE Fgbodagdgeos
000900 0gbsl bo3doMmolo 3BHI0E) ©d Yswdggao

®9MHIMdM0393H900.
@odIHOT0
1. 5. 8dBosgs. Foswolgmamols gsdo®gdol Logrdgegdo.

&99b6039960 Mbogg@Lo@ g0, mdowobo, 2011. 161 3.
DOLIDZE N.
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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JOJUA3E H.P.

IIEPCIIEKTUBBI KCIIOJIb30OBAHUA
TIPOZYKIINH, [TIOJYYEHHOM
BPUKETMPOBAHUEM MEJKO3EPHUCTBIX
®PAKITUM VTJIA

AHHOTALIASI. B craree omnuchIBaroTCsl COBpe-
MEHHBIE TOJIXO/Ibl K OpPUKETUPOBAHMIO YIVIsL; TpeOOBaHUS,
KOTOPBIM JIOJDKHBI COOTBETCTBOBATH YIOJbHBIE OPHUKETHI,
YTOOBl ITOJHOCTBIO YYECTh HMHTEPECHI ITOTEHIUAILHOTO
3aKa3uynKa; ONMCaHbl (DAKTOPHI, BIMAIOIIME HA IPOIEece
OpUKETHPOBaHMS W MOATBEPXKJICHA IEPCIEKTHBHOCTH
nporecca OpUKETHPOBAHUS C LEIIbIO TIOBBIIICHHS KAaYeCTBa
UTOTOBOTO TIPOAYKTA, YTO OCOOEHHO BaXHO [UIS YIS
TxuOynu-111aopckoro MecTopoXKIeHHSI.

KJIFOUEBBIE CJIOBA: Opuker; TepMHUyecKas
00paboTKa; CBA3YIOIIEE BEIIECTBO; IPOOIECHUE.
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IMEKPUJIAZI3E H. ITT, ITEKWUJIAZI3E A. .,
KABTEJIAIIIBIIU O. A., BATHAIIIBUJIU M.T.,
CAMXAPAIBE U.III. MATJIAKEJIUI3E C.
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AHHOTAIIAA. B cratse mpencTaBieHBI pe3yIbTAThI
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IeHus BpIOpaHa MarHUTHAA cemapanus. PazpaboranHas
TeXHOJIOTHYeCKas CxeMa O0OraljeHud II03BOJIAET IOJY-

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

KJIFOYEBEIE CJIOBA: oGoraiienue; KOHIEHTPAT;

MarbdvuTHas 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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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

LI3OIN] TIkmbICN, Nell45), 2022 3



bsdomem gegdBH®mdgdsbogs - TOPHAA DJIEKTPOMEXAHUKA - MINING ELEKTROMECHANYCS

&adb. 99336. mIB)., 3hmg. en. Asbs®msdy, 5. Bs@0odsdg, b. bLBHgMos3mas

30 MHMLE B3N EHM LoliBgdol Losfbgm Bolisgbdo 30MgE03MGMO sMEGHYIOL
ML 3000MHMgMHMB5M930L 6535c00L dmMigggEHob Bmbol dmiEwyemdol 3sBmdzol bgMbo

53622 . 649 . 4: 656 . 6

3bmBsE0s.  30GMUA®EL3mGAM  boldgdol Usws-
fbgea  Boenbsgbdo  dobo  3s60333900L 3538390
6356l §9039mB00 93560 350339393000 f363mgdbogro
303037960  ©sOAYIolbs ©s  Imfyz930L  bmbol
Po3mgdb0bsl 58 bebsdo kmol dobgwozom godbotgds
Pbasol  3s¢ngdocomds [bggol Bgbbedadonero 35ws0-
poom.  ghobharmso 58  bmbol  domds  s69do
bobgstolb BabbmdgdGhaemo gssdfimool d798s mekgsbols
99939800 0dMFgds Bmfiy39d0emo bszsolb LoBgs®y s
dgolbogts 3ogboBgds dodsHomremgdol 335¢rg8sc0mds.
BI6BIOGIL 50809880 S©IGLEO JLIIOBILO
bogbsengbo demoghogds  3s8sdemog@9dgerdo s
350596995  803636m39b0Bl,  3ss87Tsg980l G903
30 - 30305y geb, Gmdgemdog bogds defigzgdolb bmbols
deagryemmdols gosbgstodgds s bsdmernme 360dgbgermdols

©90mbbBGOGISs Fgm@s gosdbmd bgembsfigeby.

bs3356de2 bo@gggdo: 3o@Gmbsdmsbbdm@e bobdgds;
bsosfbgm  Bognbsgbo;  300Ms3emoza960  sOAYDS;
6535000l 8mfy39ch5; 8mfPy39H0lb bebs; HgbbmIgBGwIemo
350050fm0o; 653500l boBJs®y; gargdd®epmo bogbsero;
bogbsemols 3s8sder0gB989amo; dmbols Bmpgemmds.

65960380 56bow o Lsgzombo 4sbg39m3bgds Joen-
bogbo  30OHMLGMBLEMOEHM  LobEHYIgdoL  (3293bo-
©96900L,  Fyoamliogbgdol, 65300MmdLoY6gdOL) oML,
300dm 53 boLEgdgdol  Loofbgm  Fowbswgbyddo
3000653103900  MGHYIGO0L O™l Lombol Bszsol
9mfy39BHolb  Dbmbol  dmEwmdol  2oHmdzol  bgMbl.
sbgom  3OmEgbl  s0bodbee  LoLGgdgddo  JOMOMSWIE
5300 543L 08 G9dmbgg35d0, MLz bgds Lo@wddm
LoMMgdbY Losfbgm Folsgbby TMBEIGdO
039L5OJZIWOL 9300 ©d39HZOLL  FIBLIFNOOYOY
99000b3939090. 25bLo3MMNMHYd0m 30 M) Mo0dg dgdmbgg-
3580  Qmbs  dobo g0 ©o39B3S  M3MBogool
§603mgddbobogsb. slgo dgdmbggz9dL 3o dogwbg bIoGo
593l 000, MHmEgbsg obobo gmbdiombomgdgb Mo
LodMgH39™  306HMdYdTo, by Boger  LobEgdsl  oggb
OO FIMLMA0IOHO SOMRBOO. 5 Lozombol Fglifoganals
9M903900md0L IM535¢» MRT0 doewDHg OO SPOWO
59J3L omBMdowo @. Fm30dol Lsdmm obLEodwEdo
[1 — 5]. 58gbo@ oLo IGHIWWOMHI®  FoTJMMGds 56
0093956605 30Bsbdgfimbows. s dbmermo shzhowgdom
0gdbgds  gobbomo  Bgdmm  s©bodbyo  LobiEgdgdol
Loofbgm dologbgddo 30MIZ3WO3NMO ©IMEHYIGOOL
©OHML bombol bogzool Imfyz9Eol Bmbol FmEmEwmdol
30Dmdgzs. 50 FmEwymdol 36093690 mdoL  QoblsBLg®s
S2)BOWIOIW0s, O3S JBIJOVO  obbOOGogEEgL
90§9439GH0b Bmbol 033005305 s FglodsdolsE M9300
0dbgl 530N 30QMmIZWOINMO  IMGHYIYOOL
0o63mgddbs 250939@ 00 653500900L MO0 gHmAgxsHgd0m
b m3mbs35000L  Boabogbol 36033390001 355339
9099963056 dgxsbgdoom.

32 LI3OIN JImbITN, Nel(45), 2022

Loafbgm  owbowgbgddo 3mb3Mg@me 3oGmo-
65903996 350009 BHMODY  ©IM30IOMWGO0m, 30MS3-
@O03MM0  oMBHYds  dgodangds  §o®m3moddbsl  §bggzoL
3539000, OMOILOEG OIBIL0S 30MMDS

apv, <k, (1)

bos3 @ - 0ewbogbdo GHMsbldm®mGHoMgdvw mby3s©
Bbsdo  How@ol  ogmEgegdol  boBdstg, A/ -
dobogbdo  GHMbL3MOEGH0MYdIMWo  mbggzoo  Isbol
103336039, 38/0% V- dowwlaghdo GHMabldm®Eomgdmeo
mbg3500  Tobol  IMIMsmdOL  LoBJstg  BYSMYOIEO
697030l MM, 9/§d; P~ dowlsgbdo GOMBLSMOEO-
69090 mbgzoo dsbol 6935 ©s8YsmYdMEo Ggz0dol
O™, 33/L02
03039 30600900bsM30L 3003 NMO  IGIEGYDS
d90dgds  §o@dmogddbol  §bg30L  3wgdom,  HmYLss
QIGN05 30OMDS
apv,>F, . ®
50 MO0 990mbgq3006  AsbLs3MmMgdom  Lsdodoo
09m69, MoRb sbgo EOML, OMYMOE Fabo, dowbowgbdo
693> 969> 5GHBMLBIO  fBgzoby  J399me  o
3000053003900  OAGHYIL  Fomdmgdbol  gsb0333900d0
(Boalbogbol 29603339000l 003930  ggdgbGHom
U635 350539B30b 9030@sl) brgds 6535@0b 3ofig3ade
(00ebogbol  949603339000L  gosd39BH0  9egdgbBHologsb
9m0y39®0) - 653500L  FWosbmdOL  ©IMM393s.  SLg,
d90mbgg3s80  dmfiy39G0wo 653500 1530530039
396339790 BoBdomom  9653MHdMBL  IMIMIMBL 03539
0005OHMgdom, M5 F0FMNYGO0mS3  IIMOIMDOS
©53Y45Mm90o MHg10dol O™, 8909y 030 BIMHIds ©s
ofiygol  ddMomdsl  Lofobssmdgam  dodsOmEgdom,
90§g3930Lb  bmbologgh.  dowbowgbol  ob033390m0L
39005039¢) 9w999bEGHMB - M3MLoMI39wmsb Fgxobgdolol
§o03m0ddbgds  3000M3wo3MM0  oMEYds s  §bgz0L
93500 360036gammgzsbo  25BMs. vy obowgbol
39603339000 25000039 998gbEHb Tgxobgdsdg dmbs
50 9396503690l gowgds, 390degds gHmIobgml Fggxobmls
d99b3900M0 65350900 S MBOH™ 3603369 mzgbs 0odml
069350 - 9gdbgg®o 65350930L  MHN0gHNIgxSbgd0m
9630gdbsl 30M93w0349MH0 IGEYIs.
50 5M0lolvyM39o  3MMEgLlol  Mo30@sb  s30EgdOL

9899GHMG0 bghbos M3bBs35000L 39d39Mmd00 o bawgbol

39603339000b  35@3039¢  gwgdgbGHmb  Bgxabgdsadg
Loobol 65350L dmfg393Hob Bmbol (50 Bmbsl BIoGmo

3930%5300L BMBOL 96 gorbImgdol oMl MHm©gd9b)
393L905 Lombom (3903560 6 oBoLgdMHom). iagmmagsbo
Lombggdom  (F595¢0ms©, Fywom) dmfyzgGHolb  bmbol
LHOoxgs d93Lgd0Lsls I30M@Ids 3653500l (9003930
909996306 dmfiyzgBowo  bsgool)  Lobdstg o,
d9bsdsdobo,  Bg30lL  MgEe®o  ToBgool  Homdmgdbols
L5dodOMYds. 58 Bmbol dmgwo FmEwyewmdol L{Mmsxgs



bsdomm gegdBH®mdggdsbogs - TOPHAA DJIEKTPOMEXAHUKA - MINING ELEKTROMECHANYCS

d93L9d0m 30 FgbodegdgE0s LEYONME OIZ0POMIOIEO
0969L 300M930399M0 IOEYIOL Foerdmddbol LsdodBMYds.

506036990006 459mI0bsy, dserbg o d60dzbg-
@mds 9603905 Losfibgm Fowwbowgbdo 30Magero3m®o
©OGHYIOL AL Lombol 653500l dmfiyzg@Eol bmbol
93mdol  2oBLaBOZMsl, Msms  Tglodsdols©, OO
LOBMLEHOM ABOLEBIOMU 53 BMbsdo T9dzgdwyco Lombol
I39Emds. 58 J0BboLEMZOL Yy39esbg Jo®BH0Z s Loodg™
90gmdomdsl  Fomdmoagbl  35930m30Mageozm®o
53999905 BMG0, GMIol Imddgwgds LobdO®mbobgdwo
bs 0gml dologh BogolGMswdo dmfg3zg@ol Bmbol
0o63ngabsbonob, Goms dobdo  Ivymbgderog  Imbeogl
30005300300 IMEHYIOL Fo®dmddbol 153096 sgoery-
00LsmM30L Lo FoMM 5ME0WGdYE0 LOMbOL MMEOIbMDS.

9mfy3930ob  Bmbol gloglgds Fgodergds  dsdmyg-
6930 0dbgl saM9m3g 39BoLYdMmO Lombggdo (Gmymes
§9b0, 35960) 56 §3900m3560 (Fyeob) s 4sbolgdMo (3596M0L)
LombygdoL 30MmMSYOMBIMY30 - sbgo dgdmbggzsdo 9x39d-
30 ©589bodg bsgangdos.

©OYLEEIMO00 5O SOBYIMOL bosfbgm  Bowloy-
B9d80  3000M53w039MH0  IMEGHYIOL  OHML  Loombol
65350008 mfiyzg@Hol  Bmbol  ImEEmdol  2s%BmIgzol
500096500307 Loodgm bgmbo 56 bbgs Hs08g mgmdoveo
0900m©035, MOmIeol dobgzomsg dgladargdgero 0gbgds
doLo IO ABom  AosbRsM0Tgds. gl BodBHo 3o
36003690 m3bs  9930MgAL  Losfbgm  doerbowgbgddo
Lomboli Bs3sol  asHg39@ols ©@s Loombol  dgdbgzgto
653500900L MM MHIGx 9bgdOL Ig)R9® 30MO3¢039MO
3OEYIOL Fo®dmJabol 053006 530gdoL LooTgEMMdLL.

90g393H0Lb  Bmbol  ImEEMdOlL  AsBLEBLIMLL
I0EIYLO  3Mogd@ozo  3608369wmds  odgl,  Mosh
Lboobol  b53500L  dmfiyzg@ol  Bsbdoewby 93O
5MOL  ©sIM3I0EIVYO  30MOZM03ZNMO  IMEHYIOL
©Omb {30l Bobotol 36033690mds, 306500056 00
300306 g53wgbsl  sbgbl  dmfgzgBHowo  Bozool
132990050 go00  dmdGomdOL  boBdoMol  yobgome-
0905%9. 50539 396509EMDY o 60369 MdIL sSbgbL
32609039 Jologbol 3OHMBOo s 0sxBHMO, Lombol
65350000 bofigolo (sdystgdwyeo Mg0d0l ML) bLoBJs®y,
Lombol v6 Fogrbsgbdo BHMsbldm®EH0MIdWwo 30MM ©s
30MHMogMHMmbsMY30L BoH0IM-09d5603M0 M30LYdgdO.

36md0wos 30OHMLOGHMBLEMOEG™ LolEgdgdols dogr-
bogbdo  30Me3w03MH0  IMEHYIOL  M™ML  Lombol
6535000L 8mfiy393H 0L Dmbob ImEwemdol sygbol bgdbo,
0ol 2obbmOEogmgds bogds 2983306035y dogrdo
90§93930b Bmbol sBJsmgdmwo 3oMdom 306mBoMHDY
sxodloMgdom [6].

9L bgMbo 5B MLEO S 3MIBEOTYMS Mo Yb:

5) BoLo M99 MMO© ABBMOEF0gEgds FLodegdIE0S
dbmmmE 4983300359  dobols  dorgddo,  OHMIgms
©0539¢HM0 @5  3gowol Lobdg @sdHBogdol  Ggdbm-
©@M30900L LOMOEEOL F5TM doeBy FgDOMMEO;

3) 80fig39(0L JOMYNLO 3530(HIEONO0 dNFAIEIOOL
90HglO0gIIO©  3oBIBEZOL  298m,  3MOIBH0IMNWI©
d9mdegdgos  9mfy3z9BHol  Bmbol oo  LobMLEBHOom
©>p06;

3) 809393 0L BMbs3o (sdso {930l - gormbImgdwan
56980) 3530¢)30)M0 dmzagbol (6930l ©sEgdals boxgdo
mOongdwol  §6935%  ©sdws) 396300560 gdol  dseby
9653589036900 godm 3MogdE03IMs 9923w gdIT0s
®mOXIO ©5 9GO ghHmo s 003539 LEIOL Jomgds

(80gLO0MGDS) 30bMBOMDY 2o GOOLLL;

©) 9O 0mz35wobfiobgdl  fbggols s LoBJsGob
(Bobogbdo BHGMBLEMMEMmIdMO Lombol 3oEGMEO-
65903760 3565893HMgd0b) BoJuoMdL (FsHMIZsl), Mog 5O
00935 3OHME9LOL BEVIEO Fo5650BIdOL Lodwromgdsl;

9)  bghbob  Fom3s@goom  asbbmME0gmgdolsmzol
SB0IdIO  JoMMdss 96> dbmwmme  dorol
©53BoYds  200330035¢0g  Fobologsh, oMsdgo  dobido
AMBL3IMOGHOMYOMWo  bLombys 9930w gdYE0s  0Yml
390330603509 0bgmo  30OMLYOMBIMY3900L  (fgo-
@0+35960+395MH0 Bb309M0 FoboEs) GHMBL3MMEHMYdOLL,
OmEgbog  dgLodegdgeos  doelsgbol  39agdol
39839H0MdOL  dga3ws,  bgdbol  asbbm®mEogwmgds
399190090909, 969 JoElagbols Jogboom Ms0dg 3Gmaglols
30gLoMYdS 30bmxzoOBY.

3Bmdoos  Losfibgm  dowbowgbdo 3oMMmagMmbo-
6930L ©)9go9dgo B350l 35659gEHMIOOL FobmIzol
bgdbo, GmIgwoi  0mzseobfjobgdl  §bgzol  dgobogdo
(339¢9050Md0L B0JLoMYdL MIMsEmE F9B53E3MmYOJEO
00937bob §omImddbol Bmbsdo [7], 0ol Mo@ymuomo
dbsM99d0s:

5) 3bmem {69306 HMOL Jobg300, (335¢09d5MBOL
30JLoMGds o6 0dwg3zs  LodMOEgdL  gobolaBLIMM™L
Loofbgm  Jowboghdo  30M93w03M9M0  IMEGYIOL
©OML Lombol bs3500L ImfyzgBHol bmbol dmEmeErmds,
MHoLm30LsE  9MEOWYOJE0  30OMDS EMMOL  Jobg30m
0L 960 350539330V 89099 FoMdmddboero bs3owol
9609369mdol g3odboMgds, MMAMOE 3003060, sbg39
13299005OMYd0m;

0)  300060MmE065d039M0  35M5IgBHGOL - Lombol
6535000L MMM 3003060, 0l 931965350l bobdstol
530JboMgds  Fgdgdgos  9dsdBMMIdIWo  0839Ebol
§o6M3mgddbol  dolbogbol 396033390001 250539330V,
96 Lombol bsgool dmfyzg@ol Bmbsdo, sk oo
0oM3MoagbL  3930@5300L  (3obdmgdol)  LogMagl,
60dgog  993L90ve0s 56 Lombom, 9M0IJO B0
(5¢IMLBgOHMBY bogargdo) §6930L J390 dgmazo 3sgMol
019G gdOm.

6596300 Qobbowmmo bgdbo Lsdoowgdsll 0dwrg3s
s0dmgbgmho  0odbgl  Mobwmgl  3OMEGHMEH039d0LsM30L
Bgdmm asbbowmmwo bs3em3z5698900 s FoduodoEr s
3900560l 30OMLOGHMBLENOEG™ LolEgdol LswsHbgm
0ol 969dd0 300M13w039MH0 IMEYIOL OHML 300-
O59MMbsMg30L 6535000 ImFY393HoL Bmbol TmEmEmdol
230Dmdz0l bgdbol LobMLEg, Gog doowfgzs Lowsfbgm
dolbo9bdo dmfiyzgBHob Bmbsdo {930l Mmol Jobggom
(339¢29%50Md0L  BoJLOMYOLMIB  gHNOOMMWs©, Tm-
093930L  bmbol  Jomds  smgdo  bgds  dmfiyzgGowo
6535000l Lobdo0ol 8Yoliogho (335¢9d5MdOL BoJLOMYdS
90bogbol dogs ©0sdgE®mOL ImIogmdOol 30MMmd9dT0.
50 99356513690 306MBOL B3 SYFOWIOIOS FobMAZ0L
3ogdLods®mo LoBMLEOL Jobowfigzsc.

Bobobby 1 BmEgdmwos  300OMLsGGMBL3MOEHM
LobLEIoL Losbgm Fobsrbdo 30EMIZ3WO3MGO G-
AYdol OML  30MHMgOMBIMY30L Bo3sol  dmfiyzg@ol
Dmbol dmEemdol ysbmadgzol bg®bol Liggds [8].

3000MMLOEGHMBLIMOGHM LobEGgdol
Jolbogbdo 309303 MYMH0  MEYIOL MM
3000MMogMMmbsMgzol B350l Imfy39BHol  Bmbol
ImEMEMmdol  4obdmdgzol  bgdbol  aobbmGmEogargdol

bdgds mEgdMos BobsBBy 1, MHMIgEbHgs 39X 3gMIEo
LIAOINT JIR6IGN, Nel(45), 2022 a3

Losfbgm



bsdomem gegdBH®mdgdsbogs - TOPHAA DJIEKTPOMEXAHUKA - MINING ELEKTROMECHANYCS

999963900 s 33960990  F9dgabsoMmo 9056
960356900056 05353906 9000. 030 3900390
J0bogbologsb 1,  GmIgwbgz  ©dmbE7gdM0s
dobo 45603339000L 25059390 MMPbM - 139LsGJ3gwo
2, 909,z 169308  BH9bbmIgEHOMwo  Assdfmoo 3
@5 boBdomol  FHgbBbmIg@BHHwo  gosdfimeo 4  9mds
mOybmmo 5, M™Igwdog  o@dGmo  gagdGHeIEo
Logboegdol Aode0gMgds bEgds 4ddwogMgdgwdo 6 ©s
3900593995 903OHM3OMEILMOL 7, 35059853900l 989y

6

v

e

30 303309BHgML 8, ®mdgwdos dmbogds  dmfyz9g@ob
Dmboll  dmEEmdol  4oobast0dgds s dobo  LsdmeErm
3600369cmdolb  ©gImblEMmoMgds  godbmd  (9gmMo)
bgabsfymoy 9.

Looffbgm doebagbdo 30Mege03M0o sMEYIol
©OHMb bombol bogzool dmfyz9Eol Bmbol dmEmEmdol
230Dmdz0l  bgMbo  0m35obFobdL,  MMI  LowsHbgm
dologbdo 1, dobo 25603339000L 49003930 MMM 2
09039mdom LHGez0

e v

3
4
2 /
A

! 1

\ :

(1] |
R R St U == = > I_ —1,

-T— ::-...::- . .':-.-"'::: 7 ¢ —
Bsb. 1. 30@OMLsGHOBL3nOGN  LolGgdol Lswsfogm  dowlsgbdo 30Ms3Wo3MHo  EsHEYIOL ML

30MHMsgMHMbsMg30L 6535000L dmfiyzgE ol Bmbol miwmdol gsbmadzol bgmbo: 1 - bssfibgm Bombsgbo; 2 - Lssfibge
Boemlisgbol 39603339000 250593930 MGHYBM (3MLsdgzgeo); 3 - §bgzol GHgbbmag@Hmo gssdfimo; 4 - Lombols
Bogool LoBgs®ols Bgbbmdg@Eemmo gosdfimeo; 5 - boBdstol Ggbbmdg@Mmmo gosdfmeol dwds meysbm; 6 -
99059¢09Mgd90; 7 - 3030 m3MMEgleme0; 8 - 3330v9BgMo; 9 - odBmdo bymlsfigm

390539330m,  §oM3Imogddbgds  30MH3W03MO M-
AYds,  B0@logbol 250539330l  ob03339mdo  s30-
WYoIW0s  I3Io  0dbgl  30OHMds  (2), GMms  300-
5300039900 OGYs Homdmoddbsl {bggol 3ergdom ©o
9mbgl 2500503930 MORbMEb 2 bogool dmfiyzg@ol
(3979b3mgdob, 3530F300L BMbOL) BMMT0MmYds. 53 Bmbsdo
©OHMoL  dobggom {6930L  (335¢gd5Mds  BoJLoMmEYdS
76930L  3HgbomIgBHOMwo  godfimwom 3. dowbswgbol
2390059393 MO2odmbomsb 2 dmfyzgEol dmdgb@do Lombol
653500  003005306039o©  2obod®MIMBL  IMIM>MISL
Lofgobo F0FsOmMMWGdOM (sTYsMGdYo MYg0dol O™l
9md65m00L  J0FsOMMEgdom) 93390 Lobdsom,
MHmIeol  dgobogmo  d60d36gcmdol  BogloMgds  O™OU
dobg300  (3395¢90500MdOL  BoJboMYdLMB GBI,
bgds LoBJsHOL FHgbBmIgEHOVIO Ao@sdhmool 4 dmIs
mOobmmo 5, GMIgwog Wdswm© boombol bs5350dos
2396053L9d9w0, JoEwbowgbdo Lombol bsgsol dmfiyzg@ob
bmbol doeds oMgdo. {Bg30L s LobdoMol Bgdmddggds
359m0§393L FgLdsToL gosdHmgdd0o BH9bbmFobowmdgdol
©IBMOT53008,  OoL  FggAss3  Fomdo  Fo@Bmodbgds
993dAHOMo bogbsegdo, HMIgEms JodeogMhgds bgds
3905d@0gOgdgdo 6. ddoIHIONO  JLIIHOILO
Logbowgdo dogfitgds 3036MM3MM3ELemOL 7, Gmdgwdos
99dBHOMwo  Logbswgdo  2oMEs0ddbgds  (30R3MMWS.
34 LI3OIN JImbITN, Nel(45), 2022

900900 G99a900 39053995 300830MGHIOL 8, HmIgedos
Fobolifo® 99y3z560@0 3BrMyMsdol Bobg300 g50sb65M0Tgds

LogoMm 35053930 - Lombol  Bsgsol  dmfiggg@ol
Dmbol dmEemds.  gosbas®0dgdol dgwgao  dogfimgds
2300%m3 bgabofymlb 9, GM™Awol bzsws Fobsbffse sGob
©3M500MJdMo Lombol B350l dmfiyggBob bmbol
dEemdol  3603369wmdgdol dglsdsdolo, GmIgEos

399m0m3gds ©sIM3I0IOYIOO

D’
%.%?Tf v, @3)

Loog W, 900b 8oebsgbdo dmdMsgo Lombol bogs-
ol Imfyzg@Hob bmbol dmawyemds, 3% D - Lssfbgm
dobogbo 3s30LGHMswol 0sdgE®o, 3; t - Imfiyzg@oL
Dmbol 5OLYdIMBOL bobyMdogzmds, 56w MMOL, GMIwol
3960530 mdsd0 Lombob dmfiy39EH 0o 653500 QobsMIMdL
90d65md5L Lofiyobo dododmwyargdom, §0; V- Lombol
Bogzoobl Lofigolo 303560 gd00 FmdMsmdol LobdsMy,
a/ga.

6536>m3do  gobbocryemo  bgdbol  9x89dBH Mo ob-
bm®3090gd0Lbsm30L, 96w Lombol Bszsol dmfyzg@ol
Dmboll oo LOBNLEHO®  FosbYIMOTGIOLIMZOL  sEO-

90905 {16930L FH9bBmyssdfimel dgolbogMse dggdemls



bsdomm gegdBH®mdggdsbogs - TOPHAA DJIEKTPOMEXAHUKA - MINING ELEKTROMECHANYCS

9mfy393H0olb bmbsdo gombdmgdol 360dzbgermdol ®mol
d0bg300m  godbo®mgds;  LoBJseol  GHgbbmassdfhmeol
3bg39 dgobogMo dggdanml Lombol 6535000l dolersgbols
9dMomdOL LoBdoMol 86033690 mdoL EMMOL dobggom
130gL0MYOS HMYMO330MHS306M0, 0lsg ©932930T>MMIYGO0;

Jolbogboll  dogs  ©@osdgBHmo  GgbbmgEHeemo
23905(Mm©9d0L JoE bbby 456msglgdol dmger Loy®dg by
oymb 9Ohmbsomo.

B396L 096 58998539005 5TQ396M0 FosT[HMEIdOL
30BLEHOM 30900, HMAWYOOG SOLMEWNEHNMEOSE 10bgMEF0MS,
3o9Bbosm  OHxgogo  Fobolosmgdwgdo s  936M0OYS©
LoBMLEHOM IgologMo sx30JLoMYd96 (FBgz0Ls s Lohdstol
3dg4ologH 3600369 mdgdL sw)dysmd9gEro Bs3sol MMU.
76930L GH9bBMIgGHOHME 250s8fmElL dgmdaros gembsoto
9%39JOHMOMd00  IMObEobml  GmymOE  4obdmgdol
(53H0MLBIOHMO Vo bg30L-3539M30L), obg FoMdo
69306 oxzodbomgds, bemwm LoBds®ol  GHgbBbmIgE e
23959fmEL Fgmderos LoBds®ol dgobog®o 3609369 mdoL
©580dLoMgds 653500l BMAGIMBOL  B0ToMHMYEGIOL
3933¢0b d90mbg9z580.

foboliffoMmo 330939000 oYIBOWO0s, M Losfibgm
Jobogbdo 300630032900 IMEHYIOL EOML bombol

Bogocool  dmfyzgBHol  Bmbom  Log®dol  doglodsery@o
36003690mds, Gowlsgbol ©osdgGHEmols s Loa®mdol
330 BHOBLEMOEHOMGOWo Lombol 30EMME06530379M
3905393 9dbg  ©I0MIOEIOMWIdOm, 9O 509F5FHgdS
6509b0dg dgBH™L. $9gbs, bgMbol LoBMLEBHOL doglo-

@oGIHGIGS

1. Maxapazgze JI.W., Kupmenamswru I'.'M. Hecramuo-
HapHBbIE IIPOLLECCHL B HATIOPHBIX I'MJPOTPAHCIIOPTHBIX
cucTeMax ¥ 3allUTa OT THUAPABINYECKUX YapOB.
Mernuuepeba, Téunucu, 1986. 152 c.

2. Maxapagze JIL.U., Kupmemamswiun I'W. T'mgpas-
JIMYeCKUH yzap B TpybOIPOBOJAX IIPU TPAHCIIOP-
THpOBaHHK MHOroGba3HbIX ruApocMeceil. MenHuepe-
6a, Téumucu, 1997. 232 c.

3. PykoBoZcTBO 1O  3almjuTe  HANMOPHBIX  THZPO-
TPAHCIIOPTHBIX CHCTEM OT THAPABIMYECKUX YZApOB
BCH 01-81 (cocraBurens JI.W. Maxapaznze). T6unucu,
Meunwuepeba, 1981. 151 c.

4. Maxapazze JI.W. 3anruTa ruipOoTPaHCIOPTHEIX CUCTEM
OT rHUApaBINYecKux yzaapoB. Mocksa, Crpoiinszar,
Meruuepeba, Tounucu, 1996. 150 c.

5. Maxapagze JL.M. Kiaccudukanus wu  aHamus
HAIIOPHBIX MHOTOCTYIIEHYATHIX T'MJPOTPAHCIIOPTHBIX

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 JLU., ITAPUKAIBE A.T., CTEPAKOBA C.H.
OIIPEJIEJIEHUE OBBEMA 30HEI OTPEIBA
THUJIPOADPOIIOTOKA B HATIOPHOM
TPYBOIIPOBOJIE I'M/IPOTPAHCIIOPTHOM
CUCTEMBI ITPY TUJIPABJIMYECKOM Y IAPE

AHHOTAIIYA. Omnpepenenrie o06beMa  30HBI
OTphIBA T'MIPOAsPONOTOKA B HANOPHOM TPYGOIPOBOZE
TUIPOTPAHCIIOPTHOM CHUCTEMBI IPU THUIPABIAIECKOM
y/iape, BO3HUKIIETO BPe3y IbTaTe BHE3AITHOTO TIEPEKPBITHS
[IOIIePeYHOro CeueHUs TPyGOIpoBOZAa U OOPa3OBAHIS
30HBI OTPBIBA, B 3TOW 30HE W3MEHEHHWE NABJIEHUSI BO
BpeMeHN (GUKCHUPYETCS TEH30METPUYECKUM AATIMKOM
nasnenus. OZHOBpeMEHHO 32 DTON 30HBI IOCPECTBOM
pabouero  opraHa  TEH30METPUYECKOTO  HATYMKA

IIPOMCXOAMUT OIpefeeHHe CKOPOCTH OTOPBAHHOTO
IIOTOKA M OJHOBPEMEHHO IIPOMCXOAUT (DUKCAIHA
U3MEHEHHNA HaIIpaBJIC€HUA. B YCUINUTENIAX IIPOUCXOMUT
yCuieHne CHUI'HajIOB, BOSHHUKIINX B T€H30METPHIECKHX
JaTYMKaX, U UX Iepefjada MHKPOIPOILECCOpy, a IIoCie
ImepepaboTKH — KOMIIBIOTEPY, B KOTOPOM IIPOHCXOAUT
ompefeseHre 00beMa 30HBI OTPhIBA M IEeMOHCTpAIUA
IIOCIeAHUX 3HaUeHUI Ha BTOPHUYHOM H3MEPUTEJIBHOM
YCTPOMCTBE.

KJIIOYEBBIE = CJIOBA: TUPOTPAHCIIOPTHAS
CUCTeMa; HAIOPHBIH TPyOOIPOBOZ; THIPaBIMYECKUI
yZap; OTPBIB IIOTOKA; 30HAa OTPHIBA; TEH30METPUYIECKUN
JaTYMK; CKOPOCTh IIOTOKA; OSJIEKTPUYECKMI CHUTHAJL,
YCHJINTEJIb CUTHAJIAa; 00beM 30HBI.
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Oduumaneuserii Growrererns Ne12. 1980.

2. Areiixun J.W. u gp. [laTyuky 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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poBanus. CrmpaBounble Marepuanbl. Vza. Mamso-
cTpoenue, Mocksa, 1965, 612 c.

3. 3sbs®3dg . s Bbggdo. ¢HgbBbmdgEMwo 3s6mdgEHmo
Losfbgm 30MHM-LsGMBL3MMGM LolEgdgddo {6g30L
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MAXAPAJI3E JLU., TABAIIEJIM JL.U., CTEPIKOBA C.1.
TEH303JIEKTPUYECKUIT MAHOMETP JIJI1
U3MEPEHUSA JABJIEHWUY B HAITOPHBIX
T'MAPOTPAHCIIOPTHBIX CUTEMAX

AHHOTAIIVIL. B pabGore paccMOTpeH TeH303-
JIGKTPUYECKUI MaHOMETp I M3MePeHUS JaBJIeHHN B
HAIIOPHBIX THAPOTPAHCIIOPTHBIX CHUCTEMAaX, KOTOPBIA
COZIEP>XUT CTaKaHOOOPa3HBIM TeH30MEeTPUYECKUH pabo-
YU# OpraH, 3aIllOJTHEHHBIH MXUAKOCTHIO GOJIBUION BA3-
KOCTH, CBA3aHHOM C OOJIBIION BA3SKOCTHOM MOCTHUKOBOM
CXeMOil CO CTAaOMIM3UPYIOUIUM T€HEePATOPOM JaBIeHUI
C BBICOKOM YaCTOTOM, KOTOPBIM OTIWYAETCA TEM, 4YTO
YYBCTBUTEJIbHBIE DJIEMEHTHI Pabodero opraHa — TeH30-
COIIPOTHUBJIEHUA, IIOCPEACTBOM 3JIEKTPUYECKONH CXeMBbl
IIPUCOEUHEHBl C KaCKaJHBIM YCHUJIHTEJIEeM, COOpaHHO-
TO 13 TPAaH3UCTOPOB C BBICOKOM YaCTOTHI M BTOPUYHBIM
npubOpoM, HallpuMep, C MUJIINAMIIEPMETPOM, KOTOPbIi
TrpaflyipoOBaH B COOTBETCTBUU JaBIeHUMH.

KJIIOYEBBIE CJIOBA: TeH30MeTpHYeCKUH MaHO-
MeTp; TU/POTPAHCIIOPTHAS CUCTEMA; MOCTUKOBAS CXEMA;
CTaGMIM3MPYIOLUl TeHEepaTop; TEH30COIPOTHUBIEHHUE;
TPaH3UCTOP; KACKAZHBIA YCHIIMTEb; MUJUTHAMIIEPMETP.
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AKAJZ. TOKTOP JIOCABEPU/I3E M. B.

®OPMY TEJI BPAIIEHUA

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

TEMITIEPATYPHOE HAITPAXXEHUE B IETAJIAX TOPHBIX MAIITMH, UMEIOINWX

VK 622.232

AHHOTALIHUA. B cmamve paccmompen ananus na-
RPAIHCEHHO-0ehOPMUPOCAHNHO20 COCMOAHUA U pAchpe-
oefenus memMnepamypsl RO paouycy MmoacmoCHeHHbIX
ouckoe. Ilpu ux epawienuu 60 epems pabomol 6 Kauecmae
spawarouuxca 0oemaseil 6 20pHbLIX MAUUHAX, KOMOpble
padomarom ¢ mMaxNceNblxX MeMnEPAmypHbIX YCa08UAX B0
epems 000bIul NOSIE3HBIX UCKONAEMBIX U PAZHBIX ZOPHBIX
u Kapvepnuvix padomax. /lannulii memoo pacuema 0CHo-
6aH HA NPUHUURAX PEULeHUA 0CECUMMEMPUUHBIX 3a0aY
mepm ynpyzocmu.

KIIFOYEBBIE CJ/IOBA: memnepamypa; none; Ha-
npsaycenue; pacnpeoenenue; ypaguenue.

BBenenue

B ropHbpIX MammHax jaeTand BpamieHus B Gpopme Io-
JIBIX JTUCKOB HICIIBITBHIBAIOT KaK MEXaHWYECKUE, TaK M TEM-
TiepaTypHbIe BO3ACHCTBUS CO CTOPOHBI BHEITHEW Cpebl 1
JeTaneil  HaxOISIIUXCs B COMPUKOCHOBEHUH ¢ HUMH. UTO
Goree yCIIOXKHSCT YCIOBHS pabOTHI 3THX J€TaJeH U CTaBUT
Gornee BHICOKHE TPEOOBAHUS Ha Ka4eCTBO MAaTepHajIoOB, U3
KOTOPBIX COCTOAT AWCKH. B 3aBHCHMOCTH OT T€pMOCTOM-
KOCTH 9THX MaTepHajoB oOecrednBacTcs paboTa ITHX Jie-
Tajel mpu OoJee BBHICOKMX TEMIIEpaTypax B ITOA3EMHBIX
IIaxTax BO BpeMs pa3paOOTKH MOJIE3HBIX MCKONAeMbIX. B

JMAaHHOW paboTe IMOKa3aH METON pacdera, KOTOPBIH MpH-
MeHsSeTCA KakK MPH CTallMOHAPHOM, TaK M B CIyyae H3Me-
HSEMOH BO BPEMEHH pacIpelesieHHs TEMIIePaTypsl BIOIb
paanyca TOJCTOCTEHHOTO IHCKA, KOTOPBIA MPEICTaBIIIET
Ha4yaJdbHBIA 3Tal pacyera HalpsHKeHHO-1e(OPMUPOBaH-
HOTO COCTOSIHHSA OCECHMMETPHYHOTO TeJa, HaXOSIIIEroCs
II0]] TETUIOBBIM BO3JCHCTBUEM.

OcHoOBHAas YacTh

[Ipu HamMYUN HEPAaBHOMEPHOTO IO TOJNIIIIMHE TeMIIepa-
TYpPHOTO TIOJISI B IMCKE BO3HUKAIOT TEMIIEpaTypHBIC HAIPS-
xeHns. [Ipeamonoxmm, 9To TemMrepaTrypHoe Mmojie SBIsIeT-
€5 OCECIMMETPUYHBIM H CTAI[HOHAPHBIM, T.€. TeMIIEpaTy-
pa TMOCTOsTHHA BO BPEMEHH.

JudbdepennmanbHoe ypaBHEHHE CTAIlMOHAPHOTO pac-
HpeNeaeHHs] TEMIIEpATyp B KPYIJIOM TOJICTOCTEHHOM ILia-
CTHHKE B IIFTMHIPUYECKUX KOOPAWHATAX UMEET BUJ:

1 o( or\ &*T 1 o°T
——|r— |+ —===0, (1)
ror\ or) o0z= r Op

e 1- ects Temmeparypa, r - pamyc, z - Op/IMHaTa,
@- az3umyT paccMaTpUBaeMOil TOUKH.

T:

Puec. 1

Ecnu Mb1 BHECEM MOHATHUS 6e3pasMepH1)1x KOOpAUHAT B BUIEC:

r=np, z=ng, T=T'T, )
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o o f
e 1'2- €CTb BHCIIHUHA painyC KPYIJIOU IUIACTUHKH, T

- HEKOTOpas I0CTOsHHAs Temmeparypa, £, ¢- KOOp/IUHA-
THI H3MEPEHNs Hylb, 1 - TeMIepaTypHas (GyHKIHsS H3Me-
peHUS HYJIb.

[MoncranoBka o6o3HaueHni (2) B nuddepeHnmaaIpHoe
ypaBHeHHe (1) IPUBOAXT €T0 K BUY:

o’T 1 0T
a2t
o¢™ p° Op

Lof,er
p op\ 0Op

(€)

JI711 KOHIIEHTPUUYECKOTO pacHpeieIeHUs: TeMIIepaTyphl

MPOM3BOHBIE 10 P- paBHBI HYIIO, HCXOMS U3 3TOTO YpaB-
HeHue (3) mpuHUMAeT BH/I;

KCHHUC:

T=FT,+FDI,+F,DT, +

riae F,u O ecth QyHKIMHU NepeMeHHON P, a BenuuuHbI

T,n P, ecTb QyHKIIMHU IEpEMEHHON OIpEeACIAIOIUECs
3aJJaHHBIMM PACHpeAeTICHUsIMU TeMIIepaTyp Ha IPaHHUIAX
IIACTUHBI.

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

1.4(,49h )
p dp\  dp
1.4( .46
p dp\ dp

B ciydae miacTHHKM C OTBEPCTHEM 3HAYCHUS (PyHK-

wn I, G, (i=1,2,3,...) Ha TPaHMYHEIX IIOBEPXHOCTAX
P=p,, p=1 ssusorcs PaBHBIMH HYJIO.
OGosnaunm yepes T, TeMIepaTypy BHYTPEHHEH rpa-

HHYHOM MOBEPXHOCTH, a uepe3 7, TeMreparypy Hapyk-
HOM IpaHMYHOM MOBEPXHOCTH TOTAA B cvuty (6) 11 51 QyHK-

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

Tn'=FmTB +GOOEJ IT:F(HTG"'GmPn

)

Oyukimn £, (p) u Gﬂ (D) MOTYT OBITH BBIOpaHBI
moaxoxsuM odpaszoM. Torma cucrema (9) mpencraBiseT

cHCTeMy ypaBHeHHil just onpenenenus Gynkumit 1y, F
o ! ’

JUIA JaHHBIX T'PaHUYHBIX pacrIpEaCICHUN 7:) )41 Ti B ClIy-

dae monoit miactuaky. ITocie BeiOopa dynkmmin F, (p)

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

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

1 0 oT\ oT
— | = =0 4)
p op\" Op) 0¢

82

Jlyist yrporieHust 3arnucy BMECTO P Cz BHECEM CHUM-
BOJI D C IIOMOIIBI0 KOTOPOTO MOXKHO IIepeIrcarb ypaBHe-
nue (4)

%
L9 0L lipr=0
p Cp op (5)

JI71st pemeHust moclieIHeTo YpaBHEHHsI BHOCUM PAa3Jio-

~+G, Py +G,DP +G,D*P, +-- (6)

BEPXHOCTh V=V, Wik O =1,B aToM crnyuae ¢yHKIHIO

P, npuHrMaeM paBHOM HYIIIO.

BBons pasznoxenue (6) B nuddepeHaipHoe ypas-
HeHue (5) HaXOAUM YTO MOCeAHee OyIeT YIOBICTBOPCHO
€CJIU BBIIIOJIHAKTCSI COOTHOIIICHUA:

14 p.dFﬂ +F =0
o dp dp (7
1d( G,
pdp\’ dp ) ®)

cucTeMbl (GYHKIUH Ha OCHOBAaHWH (opMyIHI (6) pereHue
3aa4ll TOITY9aeTCsl IMOCPEACTBOM TU(PEpEeHITMPOBAHMU

nuHeiiHbIX kombuHaimii 1 u F) rpanndHbIX pacmpenene-

o ! !
uuii remneparyp Iy u 1 .
3akioueHue

Kak n3BecTHO B pa3NUYHBIX TOPHBIX MAIIHHAX W KOM-
IUIEKCaX Pa3InYHbIC arperaThbl U AeTanu paboTaroT B ycio-
BUSIX BBICOKUX TEMIIEPATYPHbIX HANPSKEHUM, 4TO BbI3bI-
BaeT B ATUX ACTAISIX COOTBETCTBYIOIIHME HAIPSKEHHO-ZE-
(dbopMupoBaHHble cOCTOSTHUS. J{JIsI MOMy4YeHHs ONTUMANb-
HBIX (hopM JieTasell B HesiX SIKOHOMHUH 3aTPauyeHHOro Ha
UX MPOU3BOACTBO MaTEPHAIOB HEOOXOIUMO MPOU3BOIUTH
pacder 3TUX JeTajei Ha IPOYHOCTb C Yy4ETOM TepMUUe-
CKHUX YCJIOBHH MX pabOThl, YTO MPEICTABISIET BAKHEHIITYIO
3a7la4y TEPMOYyNpyroctd. B naHHOW cTaThe JaH MepBbId
JTall peleHUs 3TOHM 3ajauu, T.€. OIPEIEIICHUE pacipese-
JICHUS TEMIIEPATyPbl B OCECUMMETPUYHBIX IOJIBIX JUCKaX.
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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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5858785390900 B0 -
M. =b, -M, = 2292 =584 65
LESGH03M0 MGl LoEoYE 30300M™, bmdobsw Mo dmdgbEol 85% -
M, =0.85-M_ =0.85-292 = 248.2 ~ 248 63;

0350, 9edgdobo3m®mo Mmol dvdogs -

T _Jo, 0.25-104.72
mtT M 613

m

~0.043 ¥

39305629008m0 dMo35L 53053900L O™ v994d LgwsBy. (5) BMOIMsdo XM d930@bMmm dsglodswrMo LGSOl

695000 36033690Mmds (sMBgeo M35l dobgz0m) —

+— Motor —E
D Mst=0
Gals, 1 |
G=0
Smrea =0.08 S,=1;S,=0.05,
o reat = 1 +1.5-S_ = L +1.5-0.08 = 3.245;
T 4.5 4.0.08

m m

abans 5300mm 35gb0dsEMO LOHOsEOL M3E0TsEwyMo 360d36gEMds - Sm.opti. =0.408 ;

tO.ReaI. _ 1 +1-5'Sm =;+1_5.0_408 =1.225;
T 4.S 4.0.408

m m
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50999539006 ©@M™ol  360dzbgEMds, MMEILsE  FoduodoermO LMoL LOOY MYIMMOS,  EIHELMYOOM
to Real 3.245 -x96 89305, 3000607 m3EGH0oM0, BogdbodoeMo LEOSOL MM,
.real. __ : —

t 1225

0.opt.

39630bowmm 5949853900l Igmeg Fgdmbggzs, 96 MMELLE IMe35BY  OII0MO  BEIGHOIMNOO ©IGZOOMZos
9cm@gdYwo - 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

030b5m30L, MMI (10) 58mbsbwyargdol 0bEgaMoMmads MBMM InbobgMbgdgwo  gogbomm, fowswol IMosbaguerl
©337995H™m ©> s33mm - 2b_ S - S . Boowgds -

S
¢ 2b,S_-S :
t=Tby [| 14— o = |dS" an
i\ s*-2b,5,-S+87
M
b, =—m
b , Vst
5Q9(3 Mst
59m3bLbom, (11) gob@megdol dgbsdsdobo, bEGoEH03MMmO JBEMEGdS -
S?-2b,S,-S+S: =(S-a)(S-b); (12)

Lo@se, @ ©s b g39liggdol 86089369emdgd0s -

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

(12) -0b 0bBYaG0MYBom, S, s S, LyBEgMIdT0, BooWds -

—;1 =b,(S,-S,)+2b%-S, :[M-Ln(A)-N-Ln(B) ; (14)

a b S,—-a S,-b

bosg- M=——; N=——; A=22 == —.
953 a-b 2 b A 5. a o B S, b (15)

50 dmem QobGHMmgdsdo,  dMogoL 53v9953900L OMOL  Q55bgeM0TgOOLLL,  3MOdEHOZNWO  godmm3wgdolsm30l
30@gdIWOos, G HmEILsg 5077853905 bogds IMd35L FoBIMIBWO BEM>OIMdOE s My, > 0, 35806 S, = 1 o
S, = 0.05. 50539 OO, gdLM35eolfobgdgEos, GMI FdGsmdol ©sfygdolsMZ0L SEFOWIBIO 30HMBd BILZO -
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2
a> S1 , 9679 a= Sm (bst + ,bgt _1) >1= 81; 9L 306Mds FgleEEgds, 030 bst > 12+§m

m

239630bowmm 36543030 Fod9wwomo (Bgdmo dmygzsbowo dMagals Imbsgdgdol dobgwgzom) :

P =30 330 1+S2  1+0.08

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

dogomm - p = % =7 %6y
s ’

st

M =%=¥:87.57z8868;

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

17

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 ..
S,—a  1-1.1142 S,-b  1-0.0057

5091853900l EOHMOL BoOOMO00 bobaMadwogzmds -

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

0Y) 59d6G03Dg MOOYMBOMO IGZ0OMZss FMEIOIYO - Mst <0, 3H50s, MOMYMBoMo 0gbgds st M

309803096305 s BEIGHOZMNOO FobEHmagdol 81 o5 82 19L39%0.

+— Motor [=

Mst<0

Dob. 3

G<0

00loblbgn 456@Mgdal 9dbgds Lobg -

2 2
dt=—J0)° i S°+S; _ds |
M, (S“+2b,S,_ -S+S;
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3650003071650, DM Bamggadols, fowraol dhoEbggel @sgrBadme s @igsgwmm - 2b S-S . doowgds -

S, . S, .
t,=—T.by | -3 2545, -S 7 |dS=T.b, [|1-% 23S, -S ~ |dS
s, +2b, S -S+S; , S°+2b,S., -S+S;

59mgblbso Foboliosmgdgwo 4obEMEYds, (M5yb 2osbas®0dgd0l J0dEI3MIMBs, ML MSt >0 o Mst <0
ALS3L0S 9OHMTbgMOLY, F9bEMWGd5T0 M93005639 F930EbM™ Hobzomo 360d3zbgwMmdgd0) -

by=-7 © S24+2b, S, -S+S%=(S-a)(S—b) @

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

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

b _ 1143 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 o0,
S,—a  1+0.0057 S,-b  1+1.1143

5091853900l EOHMOL BoOHOMO00 I603369wMmds -

A=

Y b, (5,8 42655, [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 5398530 gds -

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

OgLsE 365359 IIO00 PIGZOOMZss BMOYOIO0, 85806 I3 5348530 ds -

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

bowon  GmEIbsg  dM35%)  ©IGHIZ0OMIS  YOMYMBom0s, 85306 53953900l O™ 0dbgds - (Mst < 0),

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

©GH300m30L o698 53v9853900L boba®dogmds, Fgodwrgds  3obolisHOZOML saMgm3y  9B9IGHYIO0 8mBgbEol

LMo gdO.
98399GHMG0 9md96E 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 babaGdeogmds t = \'i/lmo = 0251 ;8472 =0.1385~0.14 %5;

ef
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1. 3. §oogmgeo. 3gomEv@o 8000mgdYd0 36003 MIWwo

Lo3MTomdols  @s  Lo3Obm  3GMgdGHoMgdol  JgLol-
) gdEs© bogsbdo «Lsdmm ds64s6gdol gargdEHGwmo
50960530»: 2580339900 Mds “3gdboz Mo Mboggmlo@g@o”,
®doobo, 2007.

2. 9. Gog®gomgwo, B. Bsbs®edzomo, o. Fgdgmgwo. bsdmm
056go6900L  9e9dBHHMEo 53dMe30-8gmmEIOHO Jomo-
90900 365dBH03o  bdMTomdols s LogOLbm
369dBHoMgdol  FglsbOHMgds©  EI3OMYMETIOOL
Lob#gds MATLAB-8o0.: 50m0399cmds  “Bgdbogmeo
1b039OLOGHGO”, Mdoolo, 2014.

3. 8. §9Ogmgwo, b. dsbosdzomo, 8. mbosbo. dmzwgo
F9H0ME OHMGHMOH060 SLobJOHMbmwo dMsz5L 3mEgd-

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

AHHOTAIIAA. B crartee paccMaTpuBaeTcs Iepe-
XONHBIA PEXUM IIyCKa aCHHXPOHHOTO JBUTATeJIs.
Benmuuna BpeMeHH IIyCKa OIpenensercs IS TpeX
cny4daeB: 1) mpu pabore mBuratesns Ha XOJIOCTOM XOZIY
(Mst = 0); 2) mpu nonoxurensHOM Harpyske , (Mst > 0),
Ha IPUBOJ U 3) X OTPULIATEIbHOM HaTPy3Ke Ha IIPUBO/,
- (Mst < 0). [lna peanbHBIX KOMIIOHEHTOB HAarpyska
OIMHAKOBA B 000MX pPeXUMax paGoTsl (IBUTATeIbHBIN U
TeHepaTOPHBIIL).

KJIIOYEBBIE CJIOBA: acuHXpOHHBIN [BUTaTeIb;
[IePeXONHBIM PeXIM; MEeXaHUIeCKHe XapaKTePUCTUKM;
PEXMM  XOJIOCTOTO  XOZ3;  PEeXUM  JABUTATEJIS;
reHepaTOpHbI PEXUM; BpeMs 3allyCKa BO BCEX Tpex
peXuMax.

309090 3999603960 Fobsliosmgdgero. bsdmm Fom-
Bogro, Ne1(28), ;mdogrolo, 2015. 33. 63-64.

4. TlecBuanmpze A.B. Pacuer maxTHBIX IOABEMHBIX
ycTraHOBOK: Yueb. mocoGue nst By3oB.- «Hempay,
Mocxksa, 1992. 250 c.

5. MapTsiHOB M.B,, Ilepecnerun HT.
ABTOMAaTU3UPOBAaHHBINH BJIEKTPOIPHUBOZ, B TOPHOH
mpoMslnIeHHOCTH. V37,2, mepepab. u mor., «Hezpa»,
Mocksa, 1977. 375 c.

6. I'. b. Jpaiir. Tabauisr UHTErpaloB U LpyTHe Mare-
MaTtudeckue ¢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. §gMgomgeo, b. Hbsdg, AsaobBHMmbEO 0. fghgmgmo
3L0bgBHMBMmo IMsg5L Fgdsbolz®o Bsbolinsmgdagdols §osbast0dgds s 5390s
36mAsg0s.  gobbogreyemos  sbobgtmboyero, @byt 1. smEowgdymos  GOG®MOOL  dGNMEZms  Mogbgol

GerdmBH0sbo  dbsgsl 8ggsbozyto  sbsbosogdergdol gs-
363560d980bs s 53980l Ggoxmo. gl Ggompo oo
bsbos 36mBoeros gangddGemo s8dksgol bgdolidogto bs-
boanddmgsbgarmsb. B39b 993965090 85839956GH0Z39006s
9b 890000 s 9RO BsBH35 505339093095 U 5803565,
3o6zgam  Gogdo  3sbboereemos  s8mpsbols  3ssfiyrgdol
090600 gbs, 90098 30 3MsIHOZIO B3SO0
©39(3303989¢m0s  sbsgmo  Ggomol bodsHBogg ©s go-
3635608980 Ggsenmds.

bs3356de2 bodgzgbo: sbobgtmbryemo; gsbwyt Gede-
605b0; Om3zemgo FgHoriew  GedmBHosbo;  GggsbozrGo
Fsbsbosmgdgamo; Asbslbosorgdemol 3ssbgs®odgds s s39ds;
8505655039090 G9oomO0.

RBsHNO HOGMO056 sbobHMbmo dMsz9dL, dmIwgo
F9HOME  OMGHMO06 30539000006  FgsMmgdom, MBOM
00830005 459m0y94969096. Tomo godmygbgds bgds 35306,
OHMEOIL3:
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OIFILOOYOD;
2. 999560BIoL LEHSGH03MMo Fobssndmgymdol dmdgbEo
09305 dM35L FodMHMBIdg dmdbBHDY, 50v9ds39d0L
O™, 56v9 - Mst> Mmot;
3. 33dM50d380 dmbsyzsbo Bsbgdo 0dgbs oo, H™I
I35 OMEHMOT0  258MYMBowo  MdIMMO  gbgMyos
0fi393L, 9v9353900L MU, 4Msabowgdol s339dgw
39bIMGOSL.
doebg bdoMo, BIHBMH OHMAEHMO060 IMsz0L 53w9Ts-
3905 bME0gwgds OHmEHMO0L (i69do RsGmvo sds-
0499539090 M9mbGHsGHOL Lsdswgdom ©s GYMbGsEOL
0m0omdol  G970db  9bgm0dMdIB, GmymGE  bsbdmzwry
04935000b ¢95000.

dM35L 99996039960 FobolosmMYPIWGOOL gosbA>H0TYdOLS
@5 53900l EOML, JOHM-gOMO  JOMHOMOEO  356(539G 6O,
0obolosmMYPOWGOOL MomEgbmdss. dvybgdMogo dgdsbozm®o
obolosMYPBWOL  goobadM0dgds s 9390 SZOWS®
bm6E309w©gds 30356 3oGowmymEmo 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® g63000569d¢0 doglo-
Bo@Oo dmdgbo -M_ =M b, 6; P
36339 6dobaerrto dmdgbBo - M, = 9550, 6;

M

n
d0535L bmBobowo LMoo - Sn =1-—";
n

[o]

0ogdL0ToMO LEMOSWOo 3MBIBGOZ TobsliosmgdI by

'smozsn(bnﬂ/@).

3032960 dm3dgb@EolL 8603369 mds dogowmo -
M, =0.8-M,;

n
P, @5 N, - 35356 6m30bsre®o boddwsz®y, 33¢). ©d
Bmdobocrm®o drbzsms MoEbgzo, d06/fo;

M, 889530b 393EZ0MMZ0L 3mgB0gBEHO -

d65358 b™30bserMH0 2505EGH300H™M30L 39130309060 - b. — Mm _ Mm —1.95.
1 - - - . bl
LM, M, 0.8-M,
n
M

bomm, Imdgb@Gmmo 3mgxn030gbGo -
a,=b,—b?-1=125-41.25"-1=0.5.

0009 53 2596296M0890530, 50lb0dbsg300 Mogolio I60dzbgarmdom S10 .b% =1 BOOIs; oY, 810 =a,;- Smo o

oMo 96L IVI1 303990 3mdgbBoL Tglodsdol LEHOsWwL 396gdM0og Toboboomgdgwby, bmwm Z,
35bobosmgdEgdol MoEbgos.
30980309630 b, Gomdmawagbl 3037360 |\/|1 Q5 2505MmM30L M2, dm3d9gbBHqdol ImdgbG o 3m95303096GHOOL

a
a,

bgmazbydo

BIOEMOL - h =

bgmgzby®o 999560360 9945603600 Boboliosmgdegdol s39ds sbsermaom®mos dmbgdMogz0Ls, #oblibgeggdss dbmermo
05gb0BoIO (3M0EH039E) LEsYIL BMGOL. dB9dMOZ0L 98I, 306390 by mzbwyMo Jobslinsmgdeols 3M0GH03 WO

bOoogol 960d36gmds  0dbgds _Sm1 — SmO .b; 89mGobs _sz _ Sm1 b= Smo p2 @ 5.8 dMbgdMog

3obslosmYdgBY, 3034900 dmIgbEH0oL Fglodsdolo bmoswrol 8609369 MdS, 530 Fobols-BL3MYds 303G 8mdgbEol
9m39bGMo 329803E0gbGLe 81 s 3O0GH0ZNOo LEOSWOL, §  -ob bedrewgdoo - S10 =a,- S o 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

1395650369l B0, 399d9603M0 BobolinsmgdgdOL 25565608930l doMoMs BMMTMWsbog WFm®Idb. 5Jgsbzg
a’ .
10 a§

3000905 3609369 m3560 ©odM30GdNNgds, 810 .b? =S =1®a,=a,- S% .
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29305639003m0 59 3900MmEOL bFYSEGOOD JGMIM FoRIXIOMO S 5353000 TJLsdsToLO Tobslismgdergdo.
L556g06M08M, s06dMMbo I35, 3539w MyMHo Imbs3gdgdos :

@odo - 4AK225M6Y3

Bmdobocyy®o boddesgdg - P, = 30 330

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

BmB0bse®o 2505GH30MM30L 3MIB03096EO - bn = M_m =25;

50 353oMmy©m0 3mbs39990000 056950089ds:
65356 bmdobseo 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 mdgbdo - M = 9550 = 9550% =296.89 ~ 297 63;
n

n

85Jb08seGo 8mdgbyo - My, =b, -M, =2.5-297 =742.5 = 743 ¢

3039960 dmdgbEol 36093690 mMds@, MMM Bgdmo s30bodbgm, dozowgo -
M, =0.8-M,, =0.8-743 =594.4 ~ 594 60;
89bd580L0, 35sAZMMNZoLs s dmIBAHMOO 3Mmgzozogbdeo - b, =1.25 ©» a, = 0.5;

3039960 93963 0L Iglodsdolio LMoo ¥BIdMOZ Boboliosmgdgw by -
S,,=a,-S,, =0.5-0.168 =0.084-

3505600300 8m3gbHob 8608369 mds sgoomm - M, =1.2-M_ =1.2-297 = 356.4 ~ 356;

m

3905G300mM30L5 s IMIgbGHMMO 3mgR03096GHJd0 -

b, = Mn _ 743 _ 5 087 @ a, =b, - b2 1=2.087 ~/2.087% 1 = 0.255;
M, 356
b 30998030963 0L 36603369 mds -
b= 05 496,
a, 0.255

bgmgzby®, 9979603960 Fobolosmgdwgdol Momgbmdsl 303009dm, 39Jsbo3wMmo obolosmgdwgdol gosbasm0dgdol
1

30M0m5©0 GoMdnosb - A, =a, - S%; bowm gostm3zol 3mdgb@L, M2 =2 Mm 2 1 390mbsbargdoo -
a, +
2
gbGMowo 1
Y4 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 239056M™M30L dmdgb@E0l 3608369 mds, y39wabHg sbermliss, Hobolifjo® smgdwman
095300 dosbermgdwen 3609369 mdsLob - 1 .2 - Mn = 356 69, 35306, Gm@gbsg LsggbwyMgdOL MH3MEI6MdS - Z=4
299mob, H™I M2 3900030l IMIGBEOLS s Bobo IMIGBEHMOO 3MgB0EIEEOL Moo 3600369 MdgdOS -
M, = 37360 @ a, = 0.269.
a 0.5
b 3m9805096¢0L 86083690 @ds - b=—t=—""_=1.8587~1.86 ©5
a, 0.269
S,, -b>=0.084-1.86" =1.0054 ~ 1
393300005 ©535L336500: 255645M0gds LMo Bo@oMgdmo.
5059v9953909@0 dmIgbEo - MO = O5(M1 + MZ) = 05(594 + 373) =483.5 ~ 484 65;

bg9mm dmyz5600 sboMm0Tol 13w gd00 5353Mmm FGLodsdolo 89dsbogMMmo Bobolbiosmgdumgdo (5g3gs sbogrmaom®o
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
600
500]....
400
300
200
100

0 S
0 0.2 0.4 0.6 0.8 1.0

——MR0 —MR1 —— MR2—MR3 —MR4

bob. 2
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gbMogo 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 04 | 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.



5@gmggdob 9Bger0ol 358mggbods - UCTIOTIb3OBAHUE SHEPTUU B3PHIBA - APPLICATION OF EXPLOSIVE ENERGY

sbsgroBo

b. 31300y, b. 5dglsdY, . 5BHdYMsT3060, 3. dg0obsdzowo, Us. Mexo3bgmo

996md5-69390Md93Bg s839mggd0m 45dmf3gmamo LgoldmGmo Mbg3900L BydmJdgwoadols

mo3 541.427.6 :A622.235.2

3bemahsgos. bds@osdo  fsdmggboeros Ubbgsosbbgs
Aodols  gsbgdlbs s  G9gbmds-bsggdmdgdol  3900ar98by
bgolidnko 6bgzgdol byimdiowogboo gsimfiggrcmo ©g-
BeGAsg00l  sg5em00m9gd0. Fsmby dmdgoo Tg390035-
3s30d30lb, dgtmol s Odwrbsgo dsemgdol  sbsgrobo.
0mg3560¢m05 35650950980, HGrBgemms 335 bsdrsemgdsl
0dgmggs 093030 s3030¢mm:  sBgoIdgdol  9bgta000
3500f3979¢00 b3 930l bsgGHoby.

bs3256002 bodyggdo: s390d998s, Lgolbdey®mds, dagbio,
Fs8r96Bmoero, Bbgzol bobdoy.

©533063909005  oB3965, OMI  sOLYOMBL  Lbgomdos
6bg3900L LobJomggdl Mol AMHMBETo s bgwsdomby,
505bmob ghmo BogoMmo Jobgdo 0dwmggzs MBGM Fomso
LbobdoMmol  Mbg33dL, 300067 BBI0MO. MHmEs Fgbmdol
B6sdgbGHDY  8mgdggdgb  sxgmdgdom  edmfiggmwo
bg39%0, obobo  wWdmewm  Bgdmddggdsl  sbgbgb
300RBY, O3 o ©IBMMI5305L  0fj393L. 39Ol
©5H05b6gds Fg0odagds  498mofi30ml 25300350, d360d b
©96350. 535LMB bl MPOYGOME 3609369 MdSL 0dgbL
30006 3geol LobdoMolbs s Isbbg dmgdgo Gbgzol
LobBo®ob £, - 0l BoGMds. 53 Bgdmbgggzsdo Ggbadwrgdgeros
599935, MHMI 5EFOWMIM0Z sHB06JBLS s bBOEH0INO
693906 89dwosm  89o030MMmb  fobsmmdol  Bwzsmo,
653 M30035MO© (3301 M009dBHOL  IYMIOMIOL
3060m09dL. 5do@md, dgLodegdgeros 0dol B30Egds MMI
63M930L 3H0EIMH0do Fomdmoagbl 4odmbobwargdsl:

S(a, B, 7)=const AF* C" £75 1)

boog: 4 - olvgg0M3909wo  Lgoldwy®o  Gowwmol
3m6OH0BMbEIMOHo b 39HGH035wMMo d3M0ol dygbgwo
(A....... @5 A, 8gbodsdolo); f - 503eodnol Lobdody;
C - 30980306900, ©30M30©9PPM@o  ©IBMOHI>G00L
2393039900l bogMdgby,  FoROWOMeE:  BHOWMIdOL
2393039900l Lobdodg  40mbBHTo, b6 BHowrmgdol
39360390 9d0L LoRdsMg bsggdmdsdo. a, B, ¥y - 306mdomo
306Jg0s.

00 390mbgg3sd0  0¢)  2obBHMegdsl  J0LoIYYOM
39009380 353M3E9gd0L BHdEL, 35306 LoddmEwem C - ob
85303650 99m0ggbgds Loddmwm u. f, 1B396dL 9ol
Lbobdo®mgl 0dgd0mMO MHY37dOL EOML, HMAOL sbserobo
bgds gobGHmagds 1-0b Lsdmowgdom. 0d dgdmbggzsdo,
6035 f, 56 BrbI30mBoGYOL Hmym®E 3098030g6G0, 85306
v="0wo> S(a, f8,0) 5006086905 gsdcmbsbmmgdoom:

S(a, BY=vconst A-f4C™" (@

500@™I 33930L M306m39wgbo sdmEsbss a s B - b
36003690mdol  ©sygbs  Lbzsslbgs  30MHMIYdOLMZOL.
365JBH03MWo  258mYygbgdolmzol 54930 gdgE0s  OZI-
306mm S - ob 9du3gH0dgbEewMo ooy, GMIgEog
d99L50009ds  Ba™Mgzol  GoL3L.  FgYagooL  sbscrobosb

2900806569, b30Ma 39050905 gbdegdgwos S @s f- ol
960U, 0y) odmzMoEbagm f, 35906 baMggzol 3Modgmomdo

0gbgdo: ] “
S(a) = const Af “ 1)
300GH035 YO0 Z0dOE00LIL, HMEd GdEROlL Lobdomy
BogegBos 390l Hseeob bobdohgby, f [ 30@0T0

o

9md65m0L 3v9d030 5BJsMm9d0m JgEo mMsgz0Lo Lodswerol
ALH3M03. bmwm, Gmgs g —U dsgbodsewm@o 960d3zby-

@Md0m  9hdoMgds oo aros  §39300,  brzGwo
3930935 39090 GO0
Ha
e = p 9, @)
E

Loog: £ - 39wob bod3zzmoggs; £ - M9350mdol
dmMwo; H - 390000l boﬁaq\)qipg .,
a=2x f=4n"f "4 3)

Asbosb I = £ s “
585b0s =, =—
P Q@ ° T4l

00 05839690900l Tgygzobs  2obEHM@gdsdo  dma339dL
2359mboberangdsl:

nfA
(fy)

e=x fufyu)= @)

50 99dmbgggado S(2; 1; 1) - 0o.

oY) 3969006 Hbg30L LobdoGg A530WgdOM
509953905 390l Mbgzol Lozmmz®oz LobdoGmgl s
' [ 30000900  LOYVIWOosE  Q9BLb3s3gdos, 53

0
9900mbgg3sd0 O™ Ls305G0OLos AOHMBEHOL ghmo 96 dgEHo

Mbg30bmz0L, Lsbsd 993199330L GHowres d0smfg3l 39l
b9 BOIOL. 3MHMBEHOL 39ME03OWMEMS© dy -0l 900o6M-
0OMWYoom dt OMPo dMmAMMOOLLL bgds Tobo  Jwwo-
B0g3035G03, MMM 39wl g530d3s 96 993mddgs u d £ -
L3003, Ldysg U - 39©IWDY HIQROL FIZOFIWYOOoL
LboBdoMgs. 35906 BsMEOMBOMO 2530035 0dbgdo:

d. : i
s Gy _2nf4d 5)
udt u u

9L Bgbodsdobos  BaMgzol  3GoGgHowdol S
Go30bogol, Loy a =1, f=1 > v=0.

(1;1)
5990056

390m30bstg  BayMgzol  300FGHIM0MIo  BIOEMOOM

LI3OIN] TIkmbICN, Nell45), 2022 53



5@gmggdob 9Bger0ol 358mygbods - UCTIOIb3OBAHUE SHEPTUM B3PHIBA - APPLICATION OF EXPLOSIVE ENERGY

3030035%9 0330l Foboliosmgdgwls f ‘ 399mbobwgangdols

Jo

(330209g35LMSB gOHM. Gl FoMUBbUEgds 1BOH™ bsos©
3006905 65bsB 1-Bg, OMIgenBg3 Im(39dME0s, MmO

f 3MbJ30s. 0 L 1 803009000 M7bMbsBLYIE 303V,

MHMIG0E O30 gd0m T 04690 25beeagdwgeo 30-
69 8myg3560¢00 bob. 1-Bg. gl 35B3969d9d0 bgarboy®garos
09 v =50, 100 s 200 33/§3-d0bmngol, beewem u = 2500 9/0-
do.

fi o
Lbobdoty f(fo =20)
% 25 5 10 20 40 80 160
0,1 — | — .
c
)
S & 0,04 / — —
S S/
7S N/ S/
& 0,02 / 7 1 —
& / / °°/
0,01 7 A
/ A
18 14 12 1 2 4 f/f,
RMOMB0MO Lobdoy

Bsb. 1./ LobBoMobs s 3900l Gbggol bagrm®ogo bobBomob f, BsHmdomo gmbjgos 200, 100 s 50 33/
®bggol LoBdoeol Gmlb

099 Logo®ms  3mbso3gdgdo  390wol  Lsgmm®ozo
Lbobdo®mol  dglobgd, bBYds OsRMsdol dgagbs, dolbo
6OHymO3  BMbJgool  godmbsmgwgms  H - 390wob
LodsEOL s 2O3OEMOOL boBds@ol u dm®ol, (bsb. 2).
3m6OH0BmbE Mo bgoldGo MHY3900L dgbgwro slg39

2z f 4

003> 399wdo 893dd35-330030L  98IJOL. Horws,
mdgwog € LoBdsGom 3MEI©Yds 3900wol 0dsG;
3®dogo 30350 d0m,  SBorMmAOMM©  3009d™
309%303096¢L S (1; 1), boeom

(6)
¢

v
&) -
c
a
100 \§
N

40

4

20

" VKU
AL
QQ

5

390¢0b Lodseg

0

N
10 N \\\\
\\\ \\ }‘

33

10 20

5
UogmoMogo bobdoMy  f;

40 80 160

Bsb. 2. 15300030 LobJoMy, HrymOE 39Eol LoTswEOLs s
330600L 3953037900 LoBJsMol (1) BMbsos

dofiolb Bgs30M0oL  Jobfgmog LoBJsMom  Fog3MEgwg-
OMO  GHos  s0dMogl  39MGH0ZIH  Mbg3z9gdL, OHMI-
@gd03  9BdoMgdols 9ngdBHMb ghmo 0§39396 Jobgdol
dzeob [1]. gb 9839JGHO  ©9M30gdMos  Lobdomgby,

54 LI3O0IM JImbICN, Nell45), 2022

503@0GHMIBY o GHowol LoBJsMgbg. 98 EOML dzGo
306@3003GM3NOE0M0s ©s 0BM©ds 4 ©s f - ob
©5 M399360M30MOE0MWO© € -b 3035Om. 58 EOML dgzmoL
3700bob 496@MEgds 00gdL d90g Labgl:



5@gmggdob 9Bger0ol 358mggbods - UCTIOTIb3OBAHUE SHEPTUU B3PHIBA - APPLICATION OF EXPLOSIVE ENERGY

_dy_v=2:’1'fA| (6)

ar ¢ ¢

"bo 500603bMb, MM dodbodserw®o dz6Ms Tgbadeyg-
09wos  30300Mmm o LoBJsMm0m  253MEgEdO
D930OHMWo  BHowngdol  dg0mbgg3sdos,  OH@IOl
©OMbyg  35JLoBoEMo  oFoTMMds  3wobgds
GO0 LobGgdob dgmeg dbstgl. f, 4 s O -ob LEvy-
oo  obbbgoggdmo 860393690 mdgd0m  sobobgds
23963999080 (6) o (67).

B93mo blgbgdero 9839dGH9d0L F9M@Y, 39O EH03SIHO
H939%0 0§39396 39000l VMB3L, B3 Mogol IbGOZ 0f393L
3900ol  Bgs  Bofoeol  goF0d3z5-093499d30L  HBEOEIU.
59 9839d@oL  odubodogrmo  36033b9ermdol o6
99L5dgdYI 0 253MLEbYIEGd0M

Hdi}’ _ H - (7)
dar’ c?

S=

300wbg dmgddgo 3mOHobMbEHImmGo Mbgzgdo, Gm-
3MOF 3560590 0y 396396000399 M0o, Fo®dmddbol
00z MbHY3sL. F9a300ww0s 930bodbmm, M@ bymgzol
360¢96090 53 9900bg93580 046925 S (2;2)  Lsbob, G-
3003 (7) 3ob@Hmargdsdo.

@OGINGHWOHMo 3mb399900L [1] 0ebsbds byMggzs
396306009005 MHbg30L 9bgcmo00:

1

Evg=5pv’ ®

053M50 b 396MBBMI0MYdS 56 Fgodgds 0yml LsgOMM.
05250050, 9050 LOLIOMHOL MHYZGOOL A5SSAOIYIOL

LboBdoMg s, FgLsdsdolog, 9bgMyos Gglisdwrgdgwos oyml
0505¢00, 50539 OOML 5BJsMgds - J30MY. 50 Jgdmbgzgzsdo
0lg39, MMYMOE A99EY0Yd0L  IMdogo  LoBJsGol
OB, 56 05MLYdYOL baMg30L 2odmdfzgzo doBybo, 0lgzy
HmymO3 Obggol dMdogo Lobds@ol MH™L, 306506
©bg30L gbgtaos 96O 2oMo0ddbgds ®s0dg Lbgs ULobol
9bg60sdo.

dglodangdgao sbLbs, GMMIgebsg 903935000 byMg-
30L  360@9m0dmsb  S(1;0), Fomdmswpqbl ol, Gmd
396LsBOIOMO shJoMgdol Bgdmo 9B9dEO SBJsMmgdOL o
A 2500550020930 3OHM3MM(3009¢000.

Ubgs  3odBHmOgdL, GmIgmadoi 990dwgds  dobogl
33w930L  Logobo, §omdmoygbl 96900l Mom@gbmds,
HMIJoE 3MMm3Y0s 5 03503905 OOMOL gMHMgMEdo
5 M5 bmdom .

W = pva = consid " f° ©)

SEEJO G030bmzol, sbg3g oLy,  TobsliosmgdIWU,

|
(—)1’0 L0EOY.
T

53390g900m0 Bodw)domgdol Bo@omgdol mmL mbws
30m35¢0lLfjobgdgm Lgolbdmemo Mbgzgdol Ldogd@wco
509490l 9539JAL. 3MbRE0dGHIdOL »IMIZ3Egbmds SRg-
J909bs s ol 2oMgdm35L Mol Ho®dmoddbgds 0dol
23590, O™ 5M1393050LAGHL FodMgal GO li336s
533900490000 353Mf39ro ByMg30L LododHMgdol Tglobgd.
590 20MEs 583900790l 9R39dB0 Bobobogds, MmO
DMy 5MoboL0sdMZbm dmgzEgbs.

5Q530560L  ®god3os 839 Jgdom  3sdmfizgmel
b9390%7 Im 3990 bobabby 3.

OHMPMO0GES

U

AN

AN
N\
N\

-
o
o

o

5930

N\
N

1

X
N
N

Lobdoty

Bsb. 3. 396G 0L Gbgzgdol LrydogdBwdo dgxsbigds Ggodgmols
5 3o0bEBHYMHOL gom3zegdols dobyzom

BobsBbg  boBggbgdos,  oxgmdgdom  odmfizgmeo
brbEo  dgbodbBgzo  gxgddo  (a), GgbsdBbggzo  (b), go-
050010569890 (c) 5 5OLELSAMZ6M (d). gl Bmbsizgdgdo
36003690m35605, OGmEs bogdg gbgds Bogowgdl Lgoldwmo
6b93900L  LEAOTIOMYOOL MoMmBBY. OG> 33083690,
603 50580560 B39MwgdMog HJoa0MgdL LsdodMMgdsBY
A9EOWYO0m SOOI, 300009 gl LsdodOMYds  BbdS

(3196gHo60oL  bsbo). Bgdmom  gobbowwrmaro, sx39mdgdom
390mfizgmwo  Lgobdeo  Goweol  Bgdmddgwgdol
05300056 53090l 5@ MboB0gol [oMdmawygbl (4)-(9)
396309090056 Tglodsdolmds.

Sta, B) = constAf “C 7 (10)

LI3OIN] TIkmbICN, Nell45), 2022 55



5@gmggdob 9Bger0ol 358mygbods - UCTIOIb3OBAHUE SHEPTUM B3PHIBA - APPLICATION OF EXPLOSIVE ENERGY

Dmaoghomo 3603369 mdolmzgol  dmyzsbowos  bobsbby
Gogs & =1;3/2 ©s 2, bowe b= OQoIB =1, 4. bsbsbosb BsbL, ®mI v ooy dGMIMOEoWwo S
(1;1)8mO0L oOEMdS ©s 4~ b 36m3mmEos S(2;0)-ms6
§0obolfo® 50608bmEo oym, MM sdse LobJoMmggdbg  0(33wgds LObToMmILMSL O, berewm S (1;1) EMdoboMgdl
(< 10 33) Ba930L Hol3o 0O 30650 S (1;1) s HMI B LobBoMggdOL EOML.
5BJoMgds S (2;0) o6 W 5(3/2;0) 306003930 Lm30L 396 5093l 5(2;0) 8o0gdmo ogm @sdsew Lobdomggdby f < fo'
oo B5385G0bo Bsmse 85B3969d9@l, M Bgoddboll ol Bowswo 85B3960dmgB0LmZ0L B00wgds lbgs 306Hmd9dO,
Ba®930L LsdodMMmgds 08 EMHMIEY, Lobsd 56 8030090  OMIGEWMs3 903993500  (1;1)-0096.  dbmzsbo  MRgds
S(1;1) 956396909 0. dbowene [ = f, ©Omb.
503@0GHMEsLy ©s LObIOMmOL OTMIOWIOINMIYES

=T
N
10000 -
; A\
33 1000 k\
: N
3 100 \\ \
\
A 3
10Q1 1 10 100 G
Lbobdotg

Bob. 4. ©s9M30EYOMEds S33WOBHML s LobdoMgls FmGol

oYM GHIMsdo BMg30L 3M0GHIM0Ts® 0m3wgds  250Mm3EOBIMIMBL  3MOJBH03MMO 330603909006 s
S(2; 1; 1)-b, S (1; 1) 5 Fgbsdergdgos S (1; 0), Foa@od  bomers Bsbl BobsBby 5, Lowsr sdsbyMazwro gn9d@o 50-
365§ (3/2; 0) 3®o@gmondo. S (1; 1) 6 S (1; 0)-boogol, g 400 33 BoGRyEgdT0, 533oEH©s - LEbAoMmgL OSYMS>DYS

dmy3zsboero.
M .
INEE
50 x-3
40 NN e
Ne N
Lol 30 \ \a\\\
g °: ° o _x
I ER NN
g HRCRW
Y 150N, A\ DA,
2 \gg:?\%s:v\\b
\ °° OX/‘ Lb
70 \ X\ - \\;A\%{\
50 \ atg| y|a4gls e RN\
\ TN
40 ‘\ N
30 \ A 00 \
\ N
20 \
40 50 70 100 150 200 300 400 36
Lobdoy

6ob. 5. ©IM3I0EIOMEGd> 5330 BHMEIL, LobToMIl s EIBOIBYIDYOL BmGOol:
1 - 3603369 mgsbo 6s3Mogngdol Fatdmgdbs, A ;2 - Bod®sgrgdol Fs®dmddbs, Oo; 3 - fiaowo bsdGMsegdo, ds0gsdol
BsBmy®o, x; 4 - Bglisdhbgg0 sB0s6gdGdOL 35698y, O ; v- LoBgstg, 30/f0; a- sBsrgds, g

56 LI3O0IM JImbICN, Nell45), 2022



5@gmggdob 9Bger0ol 358mggbods - UCTIOTIb3OBAHUE SHEPTUU B3PHIBA - APPLICATION OF EXPLOSIVE ENERGY

©O00M585%9  HoMdmpgbowos 5330 Ido
LobdoMmggdo, OMIIdoE Fggbsdsdgds MHY3900L  Imdog

LoRdotgls v 5 230, 160, 110 83/(3 56 ®bggzgdol LoBdsGol
gb@@mbob — =77 .53 s 37 99/3. 3MbJBHom o bsbgdom

506036 05 390030 5Bds®qdols sBr9bgdqgmo a=1 S 4
Q p NG ‘JOIOZ JoOy 300909 g

g . 00bs399900 d00gdMwos B399 gd®m0o30 Logbmamgdgwo
Lobergdolmgzol, 5d9bgdwrl  3wEMmash  Jobgdby, Lowoss

Lo 56 MBS 0gmb Eow®obl LoBds®ol oo Ighygmds
(c = 3000 3/§0). Ls3LYdO AOLERJO0S, BT 53 LobIoMmgdbY
6a®930L  3m9803096G0  30MHIS0MIMMIMO0MIW0S
b930L BoMEMB0MO LORJSOOL s 50> sBJoGgdOL [1].

3WMEs396 Jobgd by 29967090 Fgbmdgdol bamgzol
L5d0IOMYOOL Fbs398900L Fobslosmgdgdo dmygzsbowos
gbMowdo 1.

gbGowo 1

K3emgsb Jobgdols bagmadggembyg s89690vmo 3gbmds-Boggdmdgdols
BaMgzoL MHobzgdo (¢ = 3000 9/§0)

v 80/0 v 99/§0 9900929%0
C
25 75 56 5oL 9gbodRBI30 bo3Mrowrgdo
33 100 93069 Dol Bo3Mogdo, domgsdol Bsdmy®s
50 150 Bo3Moegd0
75 225 LgHoMbYwo bs3Mogdo

d303656 @5 0bmgzsb aMbEHBY 5996900 Bogagdmdgdo Fgglsdsdgds bMowro 1-do dmyzsboer dgwgaqdL 2,5 33-by
Q505¢0 LObJoMYgBIOLMZOUL, (BsboBo 6). sbgo 4MMBET0 € BHowrol 493MEIEgdOL LobdoMg FgogbL, Toase Jsbgddo ao3-

G990 BoBJs®Ol 2/3-b. Gmgs BogdHmOl Y.

593L 6930l g59mfH3930LmMZ0L g3s8FY39G0 3608369eMds, 35906 Mbgz0l

C
Y7,
N
FNNAN
@ 10 \\
§) . LN
DR
x [\
TR AR A \N
B 1IN
1,0 x \u\\\\
0,2 + \ \
2 4 6 10 20 40 3
Lobdotg 6

Bob. 6. ©59M30HIMWIDds 583 oFEsL, Lobdomgb s IBIBIIJOL
3060 5o LobdoMggdolsmzol

LboRdoMggdo  dmyzsbowo @EbGowdo 1, MmymGi  dmbo-
@mEbywos 1/3-00 bs3mmgdo 0dbgds J3086s6 s mobmzgsb
Boo@sgdo s B3gb dogowgdm Vv=5088/F8 85B396909@b, Gog
999059905 MR ,,89U09B6930 653G GIOL 5G SOLGDdMDS”.

0533003900l 990939  ©IP9bowos, GMI  byMgzs
99Lodgdg0s Gowmol bLobds®ol 50 33/fd 60dbmsdwgs -
30. b5ddg 235J3L J3085-00bbsMmOl MBEHJdTO  BHowrmgdol
930609 LoBJsMOm 9339w gdLMb, MMIgwoE Fgoygbl
3wMm39b  Jobgddo  go3Mi3gwgool  2/3-b.  dglsdsdobo
230m35¢olobgdmwo  Mbs oygml s  FoOGHM  Mbgzol
LboRdoMy, 065990  GHowmol  go3MEgwrgdol  LobdoMgs. gb
LboRdoMy  ©s9m300g0Mmos  3MbEoL abboboomgb@gb‘bg
Ba®930L 3600GH9M0B5 Jo®gdos §(1:1) = —

v
31939 Fgladergdgeros 9ga3bzegl ,, G030l bacgzol

BogdB™Oo 3500653, Losg u - boggdmdsdo  Gowemol
2393M39wgd0L  LoBdotgs. g FodBHmMo  g35dag3L
©5056aM9309  9x39JAL 03  Fgdmbggzsdos, GmEs v
35650505 M6 Lb3oolbgs boggdmdsdo u -l geMbsoMo
356396900l oMM,
@oGIOGH
1. Jlaunredopc X., Kunbctpom K. CoBpemennas rex-
HUKA B3PBIBHOM OTOOMKM ropHbIX mopoz. «Hexmpar,
Mocxkasa, 1968. 207 c.

LI3OIN] TIkmbICN, Nell45), 2022 57



5@gmggdob 9Bger0ol 358mygbods - UCTIOIb3OBAHUE SHEPTUM B3PHIBA - APPLICATION OF EXPLOSIVE ENERGY

KYUYYXUI3E 3.K., ABECAJI3E H.A., ITATBEPAIITBWJIN
I'T., BEMHAIIBUWIN I'.T'., MYPJDKUKHEJH C.K.

AHAJIN3 BO3JEVCTBUA HA 3IAHUA
CEMCMHUYECKUX KOJIEBAHUM,
BBI3SBAHHBIX B3PHIBOM

AHHOTAIIVIA. B craree pacCMaTpUBAIOTCS IIPH-
MepbI BO3EMCTBUA Ha CTEHKHU 3JaHUI B3PBHIBHBIX paboT
¥ BBI3BAHHBIX MU CeHCMMYECKHX KOJeOaHUil, pacipo-
CTPaHAIOWINXCA B TPyHTe pasHoro Ttuma. [Iposogurca
aHaIM3 BO3JeMCTBUA HAa HUX CUJI CKaTHA, PACTDKEHHI
u crubanus. /latoTcs mapaMeTpsl, cob6I0eHne KOTOPBIX
ZIaCT BO3MOXKHOCTH M30eXKaTh paspylleHMe 3JaHUi, pas-
pylllaeMBIX dHeprueii B3phIBa.

KJIIOYEBBIE CJIOBA: B3phIB; CceiicMuKa; 3apsf;

CKBa’XMHA; CKOPOCTH KoyieGaHus.

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.JI., ABECAZI3E H.A.
3HAYEHUWE XMWY B BOEHHOM JAEJIE

AHHOTAIIUA. B crarbe paccMaTpuBaercs PpOJb
XUMUH B BoeHHOM Jieste. Cpenu dyHIaMeHTaIbHbIX HAYK,
Ha KOTOPBIX 6a3upyeTcs BOEHHOE JeJ0, BUZHOE MECTO
3aHMMaeT XMMHS, OHA MMeeT TeCHOe COIPUKOCHOBEHNE
C BOEHHOW HAyKOM, YTO 3HAYMUTEJbHO YBEIMYMBAET
ee 3HaveHue. IIpMBOAATCA KOHKpETHbIe IIPUMEPHI
WUCIIONb30BAHUA  PA3IMYHBIX KJIACCOB XMMHYECKHUX
BEIeCTB, a TaKKe NPAKTUYECKUX (HU3NKO-XUMHIECKUX
METOZOB, KaK IIPU IIOJTOTOBKe K BOMHE, TaK U B GOEBBIX
neHCTBUIX.

KJIIOYEBBIE CJIOBA: BoifHa; XuUMMA; BOeHHas

HayKa; B3pbIBYAThI€ BEIIECTBA; CUHTETUYEeCKUN OeH3UH.
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ANNOTATION. The article presents
of protection against electrochemical corrosion of
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of their use. It has been established that protection
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PE3EPBYAPOB OT 3JIEKTPOXUMWYECKOM
KOPPO3UHU

AHHOTAIIAA. B cratbe IIpefCTaBIEHBI CHCTe-
MBI  3QIIUTBI  OT  3JIEKTPOXWMHMYECKOW  KOPpO3UU
[IOZI3eMHBIX MEeTA/INYECKUX Ppe3epBYapoB, PacdeTsl U
BO3MOXXHOCTH WX WCIIOJIB30BAHUSA. YCTaHOBJIEHO, YTO
3aI[ATA OT 3JIEKTPOXUMHUYECKONH KOPPO3HH IMOA3EMHBIX
MeTaUIMYECKUX Pe3epByapoB JO/DKHA OCYIECTBIIAETCS,
0CcOOGeHHO A OeH303aIIPaBOYHBIX U Ta303aIPaBOYHBIX
CTaHIIVY, TACCUBHOM 3alUTON (M30JALUL) U aKTHUBHOM
3aIIUTOM (IIPOTEKTOP) B MECTE.

KJIIOYEBBIE CJIOBA: pesepByapsl; H30JIAIUS;
[IaCCHBHAs; aKTHBHAS; IIPOTEKTOP; 3JI€KTPOXMMUIECKas
3amuTa.

35355360 §. Y5300, U. LGHIM0s3Mm35

53500.c0MJBHMMO . geysd30¢0, 0670bgMool EmIEGMMo m. Moa0dz0emo,

3500mEMOO 330l 3bMEMO ©Es330fjgdEolL gofigermgsbgdols Bmfgmdommmds

153 620.193.01

sbmdsgos. bdshosdo fsGdmgggbocmos  dofoligggds
@slsgsgo mBogddol (Bzgb 9dobzgasdo dsgobd®senayto

35blsgbols) I99AGBMJo80rHO 306mboolsgsb
330000960 30l sborGo  ©sddofgderol  gs-
Pyemezsbgdol  Beaffymdoenmds,  Gmdgemog  99gogsyl

3m60bebAsemt  (Semsbddstiols 56  Ggbobol) dogrl,
00539829¢mb o s 80 (HG56890L dogem bog Hdg by sbragrto
@©s830f98acmgdol  ms3bg, 3mBGoBmbBHseBo  dogrosb
350093560¢m0  3963HOZserBo  Jogmgbo  Bsdag8syemos
sbmry ©s3d0fg8em9859©g, brrgmer 3eHobMbHIrIGHO
dogmols Jops  sogoo@sb  dofjols Bgs3o6HBy  s8egool
39603035¢v76H0 Jogro, Ubsosbsg 3gtomprumse bogds
Pyamols Bsbbds s sbmgryto  ©s880fgd¢mols  gs6dgdm
8367960l gshyganmgzsb98s.

bs3356dm  bodyagdo: 356s0535¢m0  [0bssmdmogsmds;
3500000; doero; 3G9bF0; sbmOrHo sFF0fg8IEmo; 335
I99AdBgodonBo 30k bos.

3o0MmEYOHo  Loymol  9x9ddwOo  3mdsmds
58030009000 5BMmEMGHO ©sddofgdwol Byws3oMosb
©5330L  ©gbol  gobobgdol Fobsowdgamdsby. odgwsb
390006567 9e9dBHHmdodor®mo 30MHMBooboYsD ©3E30L
LobG 93590 56MmEIHO s3T0f9dgo FomM©y bl doHoms
9w9996)L, 93090 Fmgden d5BoLL, Msbga 939090
53308 LobEBgdob  9gx89gdBHMIMO  FMTomds.  ELIOLIMZOL
0md0go o330l LobGHYIgRdTo SBmEMGO s3TofgdEgdo
§963M50969b 9egdBHHmodon®o gargdgb@Egdol sgdom
I@IOOMEL, Gedwgdog d2850896 ffy30¢) ©@IIbAZOL

LI3OIN] TIkmbICN, Nell45), 2022 67



MbsgOmbmgdol ¢gdbozs - TEXHUKA BE3BOINTACHOCTHU - SAFETY TECHNOLOGY

9510930 5 505530 Fo0 IMM3LYdOLLL IET0Z30 IbOL
3930l 8999 F08obaty  Bmmmo  3GHm3gligdol
23990 09gd05b - F9Boeol 0mbgdo goMs0ddbgdosh boo-
0L JEgIHOMOGHIE, M3 03930 ©o330L LobEHIIOL
0g4mdM0b 4o9mbgnsls. §oboliffo®ds 33¢9390ds 3308396,
63 56mEMOO ©s9d0fgdwol Bgwsdo@o boswagl gbgds
565 3000560 BIOOm, 5599 oM EHOW™Zsb ©dbgdTdo o
©5330L 318030 6oL 2930l FggAs© F0IEOBIMYMdL
59 §90GH0wMm3z560 d6gd0L b330l 3MM3EgLo, MOL Fodms
ofiygds oo L{iMogo ©sdws 9egd@OmEobol 899y,
650096 560 ©s330fgdgdol adEHowm3zsbo dbgdoL
X50MO0 3735 BIOMO 530 gdom bs3egdos sbm®o
©5390{90egd0lL Inosbo Bgs30MHOL RoOmMBY, sdo@Ema
090GH0wm3z560 db6gd0 250504393096 3sLbome BdEgd,
oL 99993  0DBMOEIds  bmMMO  ©sddofgderol
2390035350 {obso®dgymds s  Fglodsdols  dobo
D9053060056 330l IbOL 2s60H67dOL [fobsowdgymds.
94039039 gb 0f393L 96MmMMO sTofgdEol AobMYdL,
oL 6050056 FME0EgdSL s LEdMEIMM ¥5TT0 S3E30L
LobLEYIoL  IFYMOMOEIL  ASBMUZWSL.  Bgdmom  mgdwywo
30m3gbol  3090bsmgMds  30MHI30MEMMIMGEFOME0S
0bmEs3Eo0l 5056900 0oL Bod™I6. 5J90056
390030656y sLozego (B39 Bgdmbzgzsdo  dofjolidzgds
3o0LGHOOWMEOO  QoBLoIHo) MdOYJBHOL o330l bmbo
©o  ©5330L  3m@gbgoswo  3goMmEgds  0BMSEOOL
©H056905bmMb  gMMO®. ©IE30L  3MGIbosols o
©5330L BMbol 530s306039¢ OO doboyzsbs

SMEOMIYOI0S  J9MENMMO  ©O330L  Loawy®do  dsdgzol
0053905, M3 dgbodsdobo@ godmofizgal o330l ©gbol

LOEOEOL FOHBOEIL s BIMmM sEbOTEMWO 3GMEILYdOL
00006569md0L ©shJoMmgdsL.

9bbbgzs39996
5330{9deqdU:
1. 84995 ggd@BH®mEol dsboerol dobgzom - FgEswwol
(BME5©0L, MMXoL, M306535:50500L) s 5590l
(3M55830E0MOO, AMIB0GHMBI6MZ60, J35BsbdoMob);
2. 99dBH®mEgdol gm@dol dobgogom - dowolgdmo,
3mbmgzsbs, Hgwbo, {bgeroligd®mo, wghmbigd®o;
3. 899850m00b balosmol dobggom - Fodzgwo, gmduol
56594560056 gHM5;
4. ©53%s0900L 3gdbmemyool dobgwzom - JgaMmmeo
Q5 565 9RMYE0;

5. 8498 9gdBH®mEgdol  gsbeoggdol  dobgogom -
39MG035M0, 30MH0BMOEHIWM®Oo, 3nId0boMYdMEO;
6. 30680876s300L Jobggom - §HMAF3H03zs, mOHIF3H03s,

bbgoolbgos Ao3ob 3bmn®

090 3065303 MMSE00L;

7. 60580 dmmsglydol dobgogom - Bywsdo®oero,
©M3s;

8. @ibogdgo  Md0gdBHo@sb  Bmgogdol  dsbdoewols

d0bg300m - IEOWIOME0, OHEIMYINIEV0;
9. @iboEdg0  MdogdEHOL  Log®IGmsh  FodsGmgdsdo -

$960G0wM3560, 1538myHowo, 3obsfowmgdwwmo.

sbmmMo ©5330§9deol 090599656 056mdOL
bsba®dw03mds 4960LsBZMYds BMEOmBMOm
G
T'=0,1096 n

boog: T - 96m@vyto ©s880fgdeol gdldamvgs@sgool
O™, fgwo; G - bmEOo  ©sddofigdergdol  9mds
909dHOMEYO0L  Loghomm §mbs, 3; I - ©9bol oo
390000 bsy@OL §MHywdo, 533960.

gbGogo 1

©®YoLEM30L 3MMEMGO bsEyIMYdOo J5dmol gdga0
63065¢rmH0 ool 356539E MO0

boddewsg6y, 359560070 ©gbo, | gsdsM0mo dsd3s,
533960 3030

330

0,6 12,25/25 48/24
1,0 21/42 48/24
1,2 25/50 48/24
1,6 33/66 48/24
2,0 21/42 96/48
25 26/52 96/48
3,0 31/62 96/48
4,0 42/84 96/48
5,0 52/104 96/48

53 999bgds  9bmmMmo  ©sddofjgdegdol  sdeols
LboBdoMgl 3mgbol gbgbowdo Immsgligdwemo Bmersol
99dHOMEOLM30L Tgoaabl 4 33/5.5, bmeoem dz06Mo©
©OMHPMWO  ©3065-35:0500560  gegd@Om©obsmzgol 1,1

68 LI3O0IM JImbICN, Nell45), 2022

0d0bsm30U,

00¢9850b  9839JHNO;
9Ju3gGOEo0l  39M0MmET0  0gml  ESEYIO

38/9.0. O3 30OINWosh s Bgdmo Bsdmmzwowo
dmbs3999d0@s6 BB,

©5330f9d9ends

sbmm@ds
dogwo  dobo

©>330L



MbsgOmbmgdol ¢gdbozs - TEXHUKA BE3BOINTACHOCTHU - SAFETY TECHNOLOGY

Dmboll LOOY s 93930 3MABHYBE0sEOL  LsFoMHm
ooy, 3930600 0gml sbmEHo ©s3dofgdeols
39600505350 §obs508YMds s 9bMOMO sIT0fgdOL
D95300006 53306 760l 4960bgdOL [obsswdwgym-
05, UEASGH0500  F9IM™O35HYINM0S  FOMOMPMMO  O(330L
3bm@MMo ©s330fgdewol 2ofyem3zsbgdols dmfigmdowrmds,
HmIob 39760360 9009205 Y3900 Bgdmm Rsdmmzerowo
3OMdgIoL  sIMBb3MS @O bMEGO  ©sdTofgdol
D953060L 100%-0560 2458myg969d0L Jglsdargdanmds.

bmOMMo  ©s3d0fgdeol  2ofgwm3zsbgdol dmfiymdo-
@MdS 39905  3mM0BMbGHIwMMo 1 Boologsh
(©9B0obol 96 3asliBdolbols), GMIgoE IMmogLgdE0s
Bossgdo 4 BHM6dgol  dmgaer  LogMdgbg  sbmp@o
©5330§9g0egdol 5 mogby, 3mMHOBMbEIWMMHO dowosb
3o9myzsbowo  39MGH03wMGo  dogdo 2 Bs33900s
5bmEMMHo ©s390(degds9©g, b 3mGobmbGswr®o
300l 3995 5y0w0Esb bossaol Bgs3om®BY sdmpol
3960303560 dowo 3 (bob. 1).

3
Y /
/' AII,L L | "(. % iid E “ = : ‘4 _.-A—l . /
Dl A / : Lk
2 7% ; gy aAsE N
ST AT ST ST R

Bob. 1. 350m©MH0 ©o330L sbMEMMO s3T0FgdEOl Yofigenm3zsbgdols dmfigmdogomds
1 - 3m6G0BmbE oMo dogro, 2 - 39ME035¢MH0o Jogngdo, 3 - AoM0MsEO 39MEH035¢MH0o dogro, 4 - boswsyo,
5 - 56m©YMo s330fgdemol gergdBHHmeo

9fgmdomds  ddomdl  d90gabooma:
@M bEgds fywol Bobbds §gowdboo dsbdsboom
39030356  dowdo 3, Loosbog fgowo  3mGHobmb-
Gdwmo dowol 1 99339mdom  309obgds  sbmpmco
©5330§90gd0oLogzgb 5 s 39MEH0IIWMGO dowgdom 2
B59©0069%s5 96m©G0o ©s3d0fgdwgd0olzgh, ol G9w9y°©s3
bogds  sbmmmo  ©s330fgdol  as0dgdm  yMwbEHob
3ofyamgzobgde.

6o 50060dbMb, MM Bxdobdoghmo FHodol sbmwwm®o
53009090  y3gwoby 3oGyo  3w9dsmdl  fyswdo b
390Ymgz5690vga 406330, Moysb 53 dgdmbggzsdo bgdes
560 ©5330{gdwol Bgs3o@ol BsMmol Jnwosbo
399mygbgds, bewm sbmM®o ©sd30figdeol gobgwgdol
3900mbgg3sd0 o6 dmbEgds Pofgermzebgdmmo 4MmbEol
d30gds dobo HBYEs30MH0EH.

3960m-

@353369%0:

1. 9gd@emdodon®o  3nemBoobogsd Jsmmom®o
53300 56m©mo ©s330fgdeol 3w)dsmds bmMEogwrgds
dofigermgabyd e 20bGdo.

2. afymzsbgdme gGmbEnddo sbme®o ©sddo-

900l 31Fomds 393  MBROM  9B9JGHMM05,  30-
69 B3gmwgd®og  30MbEJ030, Moysb Tga0MmgdmEos
9bm©Mo  ©s330fgdwol Bys30M0Eb ©s330L Yol
3960006900L Fobsowdgamde.

3. 2fymzsbgdme a®w63gd8o bogds bmveo
©5390§900l  BgEsd0Mmol FoMmol oMo FgdEHowmasbo,
55990  dEoobo  godmygbgds,  Mog  sboby™Mdwoggdl
9bm©M0 ©5330f{gdol 3w9Fomdob.

@oGHIHGNGS

1. Tuxomwupos E.H. MoHTax, HalagKa U 9KCILTyaTalus
YCTPOMCTB 3JIEKTPOXUMMYECKOH 3samuTel. Hezpa,
Jlenunrpag, 1976. 133 c.

2. Bonkos B.I'., Tecos H.I., lllysanos B.B. CnpaBounnk
TI0 3aI[UTe ITOJ3eMHBIX METATTHUYECKIX COOPYKeHUH
ot xopposun. Hezpa, Jlennnrpag, 1975. 224 c.

3. MHCTpyKUuA IO COOPY>KEHMIO YCTaHOBOK OD.X.3. OT
Kopposuu, MunsedTrascrpoit, Mocksa 1981. 77 c.

LI3OIN] TIkmbICN, Nell45), 2022 69



MbsgOmbmgdol ¢gdbozs - TEXHUKA BE3BOINTACHOCTHU - SAFETY TECHNOLOGY

JIEJTYAIIBUJIN JI1.B., PUTUIIIBUJIN T.P.,
JIEJTYAIIBUJIN T'.JI., CTEPAKOBA C.H.
YCTPOMCTBO AHOJHOTI'O 3A3EMJIEHUA
JJIA KATOJHOM 3AIIWTHL

AHHOTAIIVA. B cratbe mpeokeHO YCTPOICTBO
KaTOZHON  3aluTBl JJII  CO3JAHUA  BOJOHOCHOTO
IPYHTa BOKPYr aHOZHBIX 3a3eMJIUTeNel, HMerolee
TOPHM30HTAIBHYIO TPyOY, KOTOpas yIOXKEeHa B 3eMJIO 10
Bceﬁ OJINHEe TpaHH.[eI/I HaJ aHOOHBIMHW 3a3eMJINTe/IAMU,
BepTHKa)IBHBIe pr6BI, BBIXOJAIIIE M3 rOPHBOHTaJIBHOﬁ
TPYGBI yCTaHOBHeHBI HaZ aHOAHBIMH 3a3€eMJINTEJIAMU,
OT CepefUHBl TOPU3OHTAJIBPHOM TPYOBI  BBIXOAMT
BepTUKaJIbHAsS TPyOa Ha [OBEPXHOCTU 3€MJIM, OTKy[a
[ePUOLMYECKIii 3aIUBAETCS BOJA.

KJIIOYEBBIE CJIOBA: mnepexomHOoe COIPOTHUB-
JIeHUe; 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., AXBJIEJUAHU T.

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

AHHOTAIIYA. B craThe paccMaTprBaOTCS BOTIPOCH
u TpoGreMbl BHEAPEHWS KAHATHBIX OTPLKJAEHUI B
aBTOJOPOXKHYI0 WH(PACTPYKTypy CTpaHbl. llokasaHa
TEXHOJIOTMYECKAA DPA3HULA MEXKAY OIBITOM MECTHBIX
M IepefoBbIX CTPAaH II0 KAHATHBIM OIPAKAEHUAM.
BrbickasaHO MHeHHe 006 OCHAIIEHWH BBICOKOTOPHOMN

IOPOXXKHOH  MHGPaCTpyKTypel I'pysunm KaHAaTHBIMHU
OTpakIeHUAMHU. ITpepnoxeHsl  TexXHOJOTHMYECKHe
TpeOOBaHUA  DHEPreTUYeCKUX  XapaKTePUCTUK B

IIPOEKTHPOBAHHNE KAHATHBIX OI‘Pa)K,ILeHHfI B COOTBETCTBHUU
CO CTaHZaPTOM.

KJIIOYEBBIE CJIOBA: xaHaTHble OTpaXkIeHUS;
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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OCHOBHBIE 3AKOHOMEPHOCTH
TAHTEHIIMAJIBHOI'O BUJA PA3PYIIEHUA
ITOPO/JIbI U X AHAJIN3

AHHOTAIIUA. B paGore pacCMOTpPEHBI OCHOB-
HBle 3aKOHOMEPHOCTH paspylIeHHs TOPHON IOPOABI
TAHTeHLIMAJIBHBIM pe3aHueM. VccremoBaHMA IIPOBOAU-
JMch Ha oOpasijax UuaTypcKOro MapraHijeBOro MecTO-
poxnenus pesuamu PK-8. Beuto ycranoBieHo, 4ro mpu
TaHTeHIIMAIBHOM PE3aHUH [JI1 OLIeHKU COIPOTUBIIAEMOCTH
IIOPOZ, PaspyLIEHHIO Hauboiee BEPOATHBIMU KPUTEPUIMU

ABIAIOTCA  TIOKa3aTeJM KOHTAaKTHOM  IIPOYHOCTH U
BPEMEHHOTO  CONPOTHBIEHMA  IOPOJ  OZHOOCHOMY
oKatuio. PesysnbTaThl  IIpOBefIeHHBIX — MCCIIJOBAHUI

TOKa3ajay, YTO C yBeIMdYeHHeM BBICOTHI yCTyIla M Ilara
pe3aHMsA yBeJIMYMBAeTCA YCHUIMe pe3aHHi. K Tomy ke,
TaHTEeHIIMaJIbHOe pe3aHHe J(PQPEeKTUBHO 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; PeXYIIU MHCTPYMEHT;
yCUJIe PpE3aHus; CKOPOCTh DE3aHusl; BPEMEHHOE
COIIPOTHBIIEHUH OFHOOCHOMY CKATHIO; abpasMBHOCTE;
M3HOC; KOPPEJISIUOHHAS CBA3b.
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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'yYPYyJII T.C., YKJIEBA E.H.

AKAJ. JOKTOP XAYATYPSH K.K., AKAJI. IOKTOP I'EI'HAI H.A.,

OIIEHKA ®WJIBTPYIOUIEN CIIOCOBHOCTH BEHTOHUTA MECTOPOXXJIEHWUS BAHUCKEIN
(I'Py3usl) C OEJBIO EI'O IIPUMEHEHWSA B ITIPOOECCE OCBETJIEHHAS BUHA

YIK 663.255 (076)

AHHOTAIIHA: IlpoBegeHO HccaefoBaHHE (DHIB-
TpyIomeH CIOCOOHOCTH GEHTOHHUTOBOHM IJIMHBI MECTO-
poxzennud Baunuckegu (I'pysud) A4 ycTaHOBIE€HHUA BO3-
MOXXHOCTH €€ HCIOJb30BaHHA B IIPOLIECCE OCBETICHHA
6esoro BHHa; B J1aO0PaTOPHEIX yCJIOBHAX OLIEHHUBAJIHChH
IIPO3paYHOCTE, CTAGHABHOCTS H Ka9ECTBO IPO(PHIBTPO-
BaHHOrO BHHA. IIpoBeseHa mpobHas o6paboTka BHHA U
YCTaHOBJIEHa ONTHMAJIbHAA HO3HPOBKA. BsraBieH om-
TUMAJIbHBIH BapHaHT OCBET/ICHHA BHHA, IIDH KOTOPOM
IOJIy9eH KPHCTAIBHO IIPO3PaYHbli (PUIIBTPAT, IPOABIA-
IOIHF 3a BpEMS BEIZEPKKH CTAGHIBHOCTS M COXPAHAIO-
LM DY 3TOM CBOIO KPHUCTAIBHYIO HIPO3PaYHOCTb.

KJIFOYEBBIE CJIOBA: 6eHTOHHT; MECTOPOXLEHHE;
BHHO; (DPMIBTpyIomasd CIOCOGHOCTb; OCBETIEHHE BHHA;
ITOMyTHEHHE; CT86H}IBHOCTB,' BBIZEPXKKa; OIITHMAa/IbHAA
JHO3HPOBKa

BuHO - 3TO HeCTOMKMII NPOJYKT, IZle IPOUCXOIAT
U3MeHeHUs (U3UYECKOTO M XMMHYECKOIO XapakTepa,
OoTpaxkalolljreca Ha ero IIPO3pavyHOCTH, KOTOpasd, HapsA-
Iy C OIPYTHMH IIOKas3aTelAMHU, XapaKTepusyeT KaduecTBO
BrHA. MyTHBIe BUHA BCErZa IIO/BEP>KEHBI U3MEHEHUAM
u 60Jte3HAM B OOJIBIIelf CTEIIeHH, YeM CBeTIIbIe IIPO3pad-
HBIe, a CJIOXKHBIM COCTaB BUHA CO3/laeT TPYAHOCTH MJI
ITOJyYeHUs yCTOWYMBO Ipo3pavyHbix BuH [1]. Dddek-
THUBHBIM CPe/ICTBOM OYMCTKU BUHA OT YaCTUII, BEI3BIBAIO-
X IOMyTHeHUe, ABNIAeTCA IIPIMeHeHHe OCBeTIAIONNX
BeIeCTB, KOTOPHIE AeJIATCA Ha OpraHudecKue (IINIeBoi
JKeJIATHH, PHIOGUI Kiell, SUYHBIN OeJIOK, KaseuH U Jp.),
UMelollie XUBOTHOe IIPOMCXOXJeHNe, JOPOTOCTOII e
¥ He 06J1afaolye yHUBepPCaIbHBIM OKIEUBAIOMINM e~
CTBUEM, a TAKXXe - Ha HeopraHnudeckue (GeHTOHUT, Aua-
TOMUT, acbect, KaonuH u fp.). Cregyer OTMETHUTD, YTO
BHHO, 06paboTaHHOEe KaK 6€HTOHHUTOBBIMU ITIMHAMU, TaK

LI3OIN] TIkmbICN, Nell45), 2022 79



sboswobo - AHAJIN3

- ANALYSIS

¥ JII00BIM OCBETJISIONIMM BeIeCTBOM, Itoce 06paboTKy,
HECMOTPSI Ha COBEpLIEHHBIE TEXHOJIOTUYECKUE CXEMBI,
[IpY XpaHEHMH YacTO MyTHEeT, BBIIIajaeT OCaLOK U Tpe-
6yeT IOBTOpHO# 06paboTku [1].

MexaHu3M yZaneHUs U3 BUH GEIKOBBIX IOMYTHe-
HUl GeHTOHUTAMU OO0BACHAETCA KOATyIAIuel Ipy Hel-
TPAJINBALNN OTPULATENBHO 3aPSDKEHHBIX KOJUIOUHBIX
9yacTul, GEHTOHHUTA IOJOKUTEIBHO 3apsKEHHBIMHU da-
cTunamMy GeIKOBBIX BEIECTB, & TAKXKE afcopOIuei ux u
nmocnenyomum ocesanueM. Kak ormevaercs B [2], GeH-
TOHUT HeJb3sl CYUTATh YHUBEPCAIBHBIM OKJIE€HBAOLINM
MaTepHajoM, TaK KaK OH He BCEeTJa [aeT IIOJIOXKUTENIb-
HBIH 5 deKT; JydlIne pe3yabTaThl IOJIy4aloTca ¢ Oe-
JIBIMM CTOJIOBBIMHU BHHAMH, 8 KPAaCHbIe BUHA HECKOJIBKO
TEPSAIOT CBOIO OKpacKy. Ho, HecmoTps Ha 9TO, BUHOZEIME
ABJIETCA ONHOM M3 BAXXHBIX cep MpUMeHeHUs OGeHTO-
HUTOBBIX [JIMH, 3HAYUTEIbHBIE 3aIIaCHl KOTOPBIX COCpe-
noToueHs! Ha Teppuropuu ['pysum [3,4]. IIpakrukoit
IO TBEPIKI,EHO, YTO /IS OKJIEHKY BCEBO3MOXHBIX BUHO-
MaTepHaioB caMbiM 3()(EeKTUBHBIM CPeJCTBOM SIBIITETCS
meI09HOM 6eHTOHUT AcKaHrens [5].

llenpio TPpOBeIEHHOTO MCCIENOBAHUA ABJIAIACH
oleHKa (GUIBTPYIOWIUX CBOMCTB OEHTOHUTOBOH IJIMHBI
MECTHOTO ITPOMCXOX/IEHUS IJIs yCTAHOBIEHUS BO3ZMOXK-
HOCTH €€ HCIIOJIb30BAaHUA B IIPOIecCe OCBETIEHUA BUHO-
rpasHoOro BUMHA. B maHHOI paGoTe OOBEKTOM H3y4eHMUs
6pia mpoba GeHTOHWTA M3 MECTOPOXKZAeHuA BaHucke-
mu (I'pysus), a o6pexToM cpaBHeHus - AckaHrens «By»;
B OIIBITaX HCIIOJIB30BATIOCh MOJIOJOE AoMalHee Geyoe
BUHO; OLLeHUBAJIUCH IIPO3PAYHOCTH, CTAOUIBHOCTD U Ka-
4eCTBO IPOGUIBTPOBAHHOTO BUHA.

ITpemBapuTenbHO IJIA MCCIeAyeMOH IIPOOBI OBLIN
olpefie/IeHbl COOTBETCTBYIOI[ME IIOKasaTenu [6], Tpe-
GyeMble OTpacjeBBIM CTaHAAPTOM [7] [if IpHUMeHEHHUI
GEHTOHUTOB B BUHOJEIbYECKOI IpoMsbInUIeHHOCTH. 1o
BHeIIHeMy BUZy GeHTOHWT BaHuckeznu mpencraBisier co-
60i1 TOPOLIOK, UMEIOLIHIl CBETIO-3€I€HOBAThII OTTEHOK.
ITpoBemenHas opraHoJIenTHYECKas OLlEHKA BUHA, 00pabo-
TAHHOTO JAHHBIM OEHTOHUTOM, ITOKa3aua, YTO IO STOMY
IapaMeTpy OH He ycTymaeT AckaHrenio «B»: Tak, mexaH-
THPOBAHHAs OT IJIMHICTOTO PACTBOPA KUAKOCTD He UMesa
HUKAKOTO 3aIlaxa, HO MeJIa BKyC IJINHBI; a eKaHTHPOBAH-
Hast [I0CJIe Pa3MeIINBaHIsI OEHTOHUTA C BUHOM JKUAKOCTD
VMeJIa U 3allaX ¥ BKYC TOJIBKO BUHA. Benronut Banucke-
OU IIpOSIBIIsIET XOPOUIYIO OCBETIAIONIYIO CIIOCOGHOCTS,
BIIOJIHE y/IOBJIETBOPSIONIYIO JAOITYCTUMbBIM HOPMaM: ero 5
%-Has BoHAS CYCIIEH3US yXKe depe3 JBe MUHYTHI II0CTIe
Io0GaBIeHNs 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 Jaca CTAHOBUTCSA COBCEM
npospaunoii. Kak u ciemoBano oxuzsars, Ackanrens «B»
IIPOSIBJIET OYEHb BBICOKYIO OCBETIIAIONIYIO CIIOCOGHOCTS.
Ha ocHoBaHMU IOIyYeHHBIX B [6] Pe3y/IbTaTOB CHEIAHO
80 LI3O0IM JImbICN, Nell45), 2022

3aKIIOYeHUe, YTO GeHTOHUT BaHuCKenu, B OCHOBHOM,
YAOBJIETBOPSAET TpeOGOBAaHUAM OTPACIEBOTO CTaHAApTa [7]
4, TIO9TOMY, BO3MOXKHO €T0 HCIIOIb30BaHNe B BUHOAETIUH,
Hapsazsy ¢ AckaHreneM «B.

COOTBETCTBEHHO TEXHOJIOTMYECKOM UHCTPYKIIUH IT0
06paboTKe cyces 1 BUH GeHTOHHUTaMU [8], HAMU JJIS OC-
BeT/IeHMs 6eJIoro BHMHA 3apaHee IIPOBejeHa IpobHas 06-
paboTka ucciaefyeMbIM GEHTOHUTOM U yCTaHOBJIEHA He-
obxogumas mosupoBka. C 3To# merpio 6bLIa MPUTOTOB-
nena 20 %-Has BoZHASA CyCIlleH3UsS OEHTOHUTA, U3 KOTO-
pOii 3aTeM BBeZieHIEM OIIpeieIEHHOTO KOJINIeCTBa BUHA
nmoxydeHa 5 %-Hag BOLHO-BUHHAA CyCIIEH3UA. Y CTAHOB-
JIEHO, YTO OITHUMAaJIbHOU J030M, IIPX KOTOPOU IIOTYy4YeHO
HawuJIydllee OCBeT/IEHNE IIPH HanboJIee IUIOTHOM OCaJKe
Y TIpY HauMeHblIeM KOJIMYEeCTBe B3SITOr0 OEHTOHUTA, AB-
nsercs 0,8 mu 5 %-Hoit BogHO-BUHHOI cycnensuu Ha 20
MJI BUHA, 2 9TO COOTBETCTBYeT 2 I 6eHTOHUTA Ha 1 J1 BuHa
unu 40 i 5 %-Holt BogHO-BUHHOM cycnensuu. Vicxonsa
U3 TOTO, YTO IIpUMeHIeMble Ha IIPAaKTUKe [03bI OEHTOHU-
Ta KOJIeGIIIOTCA B TIpeiesiax oT 2 70 5 T/71, HaMu IoTydeH
XOpOUIMI pe3ysbTarT.

s oneHKU QUABTPYIOMIE CIIOCOOHOCTH HCCIeLy-
eMoro OGeHTOHHUTA IIpeBAapUTEIHHO OBLIM KCIIOJIH30Ba-
HBI pa3sHble BAaPUAHTHI IIPOBEIEHUS OIIBITOB, B KOTOPBIX
U3MeHsUIUCh: pasmep ¢pakuuu (-5 +4; -5+ 25, -5+
0;-25+0,8;- 1,6 + 0,8 Mm); Bec mpobsr (2 - 45 r); 06B-
em ¢uasrpyemoro BuHa (50 — 100 mur); TeMmepaTypHBIit
peXuM MOAToTOBKK Ipo6sL. IIpoduiasrpoBaHHOE BHHO
OLIEHMBAJIOCH Ha IIPO3PAYHOCTH U CTAOHUIBHOCTD; TAKXKE
OIIpeie/IsINCh: IIBET, 3aIlaX U 00beM (uiIbTpaTa, CKo-
pocTs ¢uibTpanuy; 3HadveHue pH; xummyeckuit cocras
HUCXOLHOTO ¥ NPOGUIBTPOBAHHOTO BMHA. B GOJBIIMH-
CTBe IIOCIEAYIOUIMX OIBITOB MCIIOJB30BAJIACh TOHKAL
¢dpaxuus 6errorura (-0,08 + 0 Mm); MakcuMaTbHOE Bpe-
M BBIAEPXKKM IPOGUIBTPOBAHHOIO BHHA COCTABIISAIO
114 cyrox.

IIpu usydeHuu 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 IIATH BAPHAHTOB IIPUBEJIEHBI B TA0IUIIE
1. IlorygeHHOE B 9THX OIBITAX OTQIIBTPOBAHHOE BIHO
BHayaje, B OCHOBHOM, IIPO3padHOe, OYeHb IIPO3pavHOe
U TaXe KpUCTAIbHO Ipo3payHoe. Ho moroMm, mo ucrede-
HUM ITOYTH KXJOT0 GUKCHPOBAHHOTO IIPOMEXKYTKA Bpe-
MeHU, B HEKOTOPbIX OIIBITAX IIOSABJISICS OCALOK PasHOTO
XapakTepa: KpUCTaJUIMYeCKHi, OeIKOBBIH, KOJIOUAHBIN
¥ MYTHBIH, II03TOMY GUIBTPAT KaXKIBIM Pa3 BHOBB IO/ -
Beprajcs IIOBTOPHOM (PUIBTPALlMM; MHOTAA OCafKa He
65110 BooOIe. CefyeT OTMETHUTH, YTO BO BCEX IIpesBa-
PHUTENBHBIX OIBITaX OT(UIBTPOBAHHOE BHHO OBLIO He-
[IPO3PAYHBIM U HaBIIONAICS KOJUIOMAHBIN 0CaTOK.
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Ta6muua 1
VisMeHeHue CTENeHM IPOSPavYHOCTH BHHA, IPOGUIBTPOBAHHOIO Yepe3 GEHTOHUT
Banuckeau, CIryCTs onpeZe/ieHHbIe IPOMEXYTKA BPEMEHA
Bpemsa
BapuanT 06pa6oTku BuHa; BEIZEPXKKH CreneHs IpO3pavIHOCTH PH ordunsr-
¢dpaxuus 6eHTOHMTA K OoThHIBTP. OTGHIBTPOBAHHOIO BUHA POBaHHOrO
TeMIepaTypa CylKy (nuna,) H XapaKTep OcazKa BUHA
CyTKH
3 He coBcem mpospaunoe 6
(He3HAUMTETBHBIN 0CATOK)
- . _ 0.
5+2,5 mm; 105-110°C; 2 Tpospauioe 6
(10 r mpo6sr + 100 M BuHa;
T:XK=1:10); 39 Ouens mpo3pavHoOe -
(omsrr Ne 5) 64 Ouens npospauHoe 6
114 - 4,16
15 Ouens npo3pavHoe (KOHBIIHOTO 3
1BeTa)
1542.5 at; 105-110°C; 28 MYT}?OE (TeM}UIo—KoppqueBoro 3
1[BeTa; MyTHBIN TYCTOM 0CafoK)
(22 r mpo6sr + 50 M1 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 KaK BOZA) -
-1,6+0,8 mm; 105-110°C; 5 [Tpospaunoe 8
(45 t tpoGst + 70 Mt BuHa); (CBETIO-COJIOMEHHOTO IIBETA)
(omsrT Ne 4) 12 [Tpospautoe 8
56 [Tpospaunoe 8
3 Ouens npospavyHoe 5
ITocne ompenenenus
HaOyXaeMOCTH B BUHE Yepe3 22 MYTH?e 5
3 cyTox; -0,08+0 as; (KOJLITOMIHBIN 0CAZIOK)
105-110°C; 39 ( MYTH?e ) i
K K
(2 r mpo6Gsr + 100 Mt BuHa; OITOMAHBIN 0CaRo
T: X =1:50); 64 Myrroe 5
( N2) (koIONAHO-6GEeTKOBBIM 0CaIOK)
OIIBIT
114 - 2,78
Tocre onpeaeers 5 gac. KpucraxsHo npospagHoe 6
Ha6yxaeMOCTH B BUHE ‘{epes 2,5 7 KPI/ICTa.TH)HO HPOSPa‘IHoe
vaca; -0,08+0 mm; (KpUCTanIU9IecKuii 0cafioK) 6
105-110°C; 25 Kpucranbuo npospaunoe -
(2 r mpoGir + 100 M Brra; 50 Kpucranpzo mpospaunoe
T:K=1:50); (KpHCTaIIUIecKuit 0caioK) 6
(omerr e 3) 100 - 2,64
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B T36HHHG 2 IIpeaCTaBJI€HbI PE3YJIbTAThI OIIPEAEIEHN I XMMHUIEeCKOI0 COCTaBa NCXOMHOTO U HpOCbI/IJII)TPOBaHHOI‘O

uyepe3 6eHTOHUT Banuckenu Genoro BUHa.

Tabmuua 2.
XuMu4YecKuii COCTaB HCXOZHOTO ¥ NPOHILTPOBAHHOIO Yepe3 6EETOHUT
Bauuckenu 6emoro sBuHa
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 _ _ R
¢bunsTpar

3 OmnbiT Ne 2 — 6.0 23,0 3,45 33,19 90,67
¢bunsTpar

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
¢dumsTpar

6 OmnbiT No 5 — 16.0 17,0 3,06 15,62 146,97
dunsTpar

Kax moxaseiBaroT gaHHBIE STOM TaGIMIBI, IIOCIIE
bunprTpanuy HabIIOZAETCS H3MEHEHHe XUMUIECKOro
cocTaBa 6e0TO BWHA; TaK, €CIM B MCXOJHOM BHUHE CO-
nepxxaunue K' cocraBnser 50 Mr/m, TO B IOTydYeHHBIX
dbunprpaTax oHo cHmxaercs mo 2,0-17,0 mr/m; cogmep-
>)xaune Na' B mcxomHoM BHuHe cocTasiasger 1,0 mr/i, a B
¢bunsrpatax oHo yBemmuuBaercs no 6,0-100,0 mr/i;
3HAYUTebHOE yBelrudeHue comepxxanusa Na* no 78,0 u
100,0 mr/n moxydeto 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/x1), 9T0, BEpOATHO, 06B-
SICHSeTCsI CPAaBHUTEIHHO GoJiee IUTEIbHBIM KOHTAKTOM
¢ GEHTOHHUTOM, TaK Kak (GUIBTpAI[Us IIIa 3HAYUTEIHHO
MeJjleHHee, YeM B APYTHX OIIBITAX.

B xoze usyuenus GuabTpyromeit crroco6HOCTH GeH-
toHuTa Barnuckenu B ombite N° 1 HaGII0ZaI0Ch CIeLyI0-
mee: po6a mocyie [o6aBIeHNs BIHA Cpasy XKe Halbyxia;
bunpTpaua BUHA IIPOXOZMIA OYEHbH MeJJIEHHO: CKO-
pocTs GUIBTPAIMK B HAYaje OIBITa COCTAB/IsIA 3 MII 32
cyTky, a gansme — auims 0,2 yr; uepes 15 cyTok or Ha-
vasa ombITa 00beM umbTparTa cocTaBIsI 16 MiT; OH 6bLI
OY€eHb IIPO3PAYHBIM U XOPOLIET0 KOHBIYHOIO I[BeTa, HO
IIOTOM IIPY CTOSHWY GUIBTPAT IIOMYTHENI U IIPHOOpes
TEMHO-KOPHUYIHEBYIO OKPACKY, IIOSIBHJICS MYTHBIH I'yCTOM
ocaziok. B atom omsiTe 32 OTIBTPOBAaHHBIM BUHOM Ha-
6rofieHns BeIuch B TeueHwue 71 cyTok; sHaueHue pH B
TeYeHHe BCEero 3TOTO IIEePHOZa BpeMeH! He N3MEHIIOCh
u cocrasrano pH=8; rakoe moBsimenHoe 3uavenue pH,
yKasbIBaollee Ha ILIEJOYHYIO PeaKI[HUIO, BBI3BAHO CHIIb-
HBIM yBenudeHueM B dunbrpaTe comepykanus Na' (cM.
TabiI. 2).

B omsrre Ne 4 pu f06aBieHUy BUHA GEHTOHUT Cpa-
3y ’Ke Hadaj HabyXaTh X IIPU STOM PaspyLIaThCs; CMa-
YMBAHME €r0 BHHOM IIPOMICXOAWJIO OYeHbH MeZIJIEHHO.
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Yepes 2 cyTok OT Hayasa OIBITA ITOJTYYEHHbIH QUIbTpPAT
o6semoM 1,2 My GBIT IPO3PAYHBIM U GECI[BETHBIM, KaK
Boza. CKopocTs GuIbTpany BUHA ObLIa OY€Hb HU3KOM:
yepe3 12 cyrok o6beM ¢puibTpaTa cocTaBisl Bcero 5,4
L. IIpomomKuTeIbHOCTD BEIIEPXKKY OTQHIBTPOBAHHO-
TO BUHA B 9TOM OIIBITE COCTaBJIAIa 56 CYyTOK U 3a 3TO Bpe-
M 3HaueHne pH=8 He u3MeHMIOCH; O6pasoBaHIe OCafKa
He uMeJIo MecTa. 3abUKCHPOBaHHOE 37IeCh IOBBIIIEHHO
suavenue pH taxxe, xkak u B omsite Ne 1, 06ycioBIeHO
3HAYMTEIBHBIM yBeIHMYeHNeM B GUIbTpaTe COmepKaHuA
Na* (cm. Ta6a. 2).

He coBcem npospaunslii GUIBTPAT ITOTyYeH B OIIBITE
Ne 5; 3mech mpu fobGaBIeHUN BUHA IPAHY/IBl OEHTOHUTA
MTHOBEHHO pa3pylIFJINCh, & BUHO IPOQIIIBTPOBAIOCH
B TOT )K€ JeHb; HaOIIOAICs He3HAYUTETbHBIN 0CafOK;
o6bem dunbrpaTa cocrasnin 77 mi. [Ipu mocrenyromeit
¢unpTpanuy OTGUIBPTPOBAHHOE BUHO CTAJIO OY€Hb IIPO-
3pavHbBIM U COXPAaHWJIOCH TAaKUM B TeueHue 64 CyTOK; 3a
9TO BpeMs 3HadeHue pH=6 He uaMeHwmyIOCh. B mamHOM
OIIbITE OOLIee BpeMs BRILEPIKKH cOoCcTaBsuro 114 cyTox.

B omsiTe N° 2 oTdhurpTpoBaHHOE BUHO BHAaYasIe OBLIO
OY€eHb IIPO3PaYHEIM; 06BEM ero cocTaBsuL 86 M u mpo-
($uIBTPOBAIOCH OHO B TOT K€ ZeHb C MOMEHTa Hadaja
¢unprpanuu. Ho co BpemMeHeM cTelleHb ITPO3PaYHOCTH
¢dbunpTpaTa M3MEHIJIACh: OH CTAaJ MYTHBIM, K TOMY JKe
o6pasoBasicsi KOJIIIOMAHO-0eIKOBBIN ocazok. Hecmorps
Ha JOIOJHUTEIbHBIE NOoCIenyolmye GUIbTPOBAHUA de-
pe3 GUKCUpOBaHHBIE IPOMEXYTKU BpeMeHU, GUIbTpPAT
u depe3 64 CyTOK OCTaBajJCAi MYTHBIM M IIPU DTOM Ha-
6JII0JaJICS OCaZOK; B T€YEHUE DTOTO BPeMeH!U 3HauYeHue
pH =5 He Mmenamocs. IIpogomKuTeIBHOCTD BBIIEPKKU B
5TOM oImbITe cocrasysuia 114 cyTox.

B omsiTe Ne 3 mosryyeH Hauyqunii pesysbTarT: 35eCh
oT(¢UIBTPOBAHHOE BUHO KPHUCTAJIBHO IIPO3PAavHOE U OHO
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0CTaBaJIOCh TAKMM Ha IpoTsxeHnu 50 CyTOK; Ipu 3TOM
3HaueHune pH=6 ¢uabrpaTa COXpaHAIOCH HEM3MEHHBIM.
Buno mpodmuisTpoBanock 3a 5 wac.; o6bseM QrIIBTpaTa
cocrasys 88 M. Yepes 7 CyTOK BBIZEPKKU B PUIBTpaTE
TOABMJICA KPUCTAJIMYECKUH OCafloK B BHJE IIPO3pay-
HBIX KPHCTA/UINKOB; HECKOJIBKO KPUCTAIMKOB BITHHOTO
KaMHA obpasoBanuck u depe3 50 cyrok (puc.l). O6mee
BpeMA BBIZIEpXKKH cocTaBaano 100 cyTok.

Kpucranmnyeckuii ocajoxk BAHHOTO KaMH, B COCTaB
KOTOPOTO BXOZAT KMCJIbII BUHHOKUC/IBIN KaJIMW, BUHHO-
KHCJIBIH KaTbLIUM, KpeMHe3eM U Jp., abCOTIOTHO 6e3Bpe-
JleH, He BIMAET HA BKYC BMHA U YKasbIBaeT HAa €ro Ha-
TypansHOCTb [9]. Kpucraminyeckue IOMyTHEHUA YacTO
HaOTI0ZAIOTCA B BUHAX IIPU 006paboTkax 6eHTOHUTAMU U
nmocienyoomux ¢puasTpanuax [1].

B [1] oTmeueHO, uTO GOsTee KPYTHbIE YAaCTHUIIBI JAIOT
MeHbIIN# ocBeTisomui addext, a Gosee MeaKue da-
CTHIIBI 3aTPYAHAIOT QUIBTPAIUIO, TaK KaK MOTYT IIPO-
HHUKATh depe3 IOpHl (UIBTpa, B3My4uBad (GUIBTPAT;
CMelIMBaHNe BHECEHHBIX B BUHO OCBETIAIONIUX BEIeCTB
JOJDKHO TIPOMCXOJUTH KaK MOXHO ObIcTpee. B Hamem
MCCIeIOBAHUY JTyYLIMK Pe3yIbTaT IIOJy4YeH Ha TOHKOM
¢dbpakiuy; MUHIMaNTbHOe BpeMs KOHTAaKTa GeHTOHHTA C
BMHOM MMeJIO MeCTO B OIbITe N° 3.

Hamu npu mposesenun usydeHMs GUIBTPYyIOUIeH
CII0COGHOCTH BBIOPAHHOTO 0OBEKTA CpPaBHEHUS - ACKaH-
rens «B» McHonB30BaHEI TaKme ke YCJIOBUA, KaK U B

omerte Ne 3. IlosyueH O4eHb HPO3PAUHEIH (QUIBTPAT;
06BeM ero cocTanaan 89 mi; yepes 21 CyTKM BBIZEPKKU
poUIBTPOBAaHHOE BHHO, XOTS M COXPAHMJIO IIPO3pad-
HOCTB, HO Ha €r0 IOBEPXHOCTH 06pa3oBajnach ILICHKA;
ob1ee BpeMs BBIIEPXKKU COCTABIIAIO 71 CYyTOK; 3HAaUeHUEe
pH=6. [lo faHHBIM XUMHIYECKOTO aHAIN3A B IOy Y€HHOM
¢dunsrpare comepkanue Na* cocrasmger 24,0 mr/mx; K —
15,0 mr/m; Fe® - 3,26 mr/x.

Wrax, Kak IOKa3bIBAIOT JAHHBIE IIPOBEJNEHHBIX HIC-
mbeITaHUH, B ombiTax NeNe 1,2,4.5 mocie uiabrpanuu ¢
IpUMeHeHUeM OeHTOHWTa BaHuckeZu BHMHO BHadale
BBIXOJUT IIPO3PAYHbIM, HO CO BpeMeHEM IIPU BBIAEPIKKE
CTaOMIBHOCTY He TPHOGpPeTaeT M CTAHOBUTCA MYTHBIM.
Jlyqmuii abdeKxT ocBeTIeHUA IONTy4eH B ombiTe N° 3,
r7le OTOIIBTPOBAHHOE BHHO He TOIBKO KPUCTAIbHO
IIpo3pavyHoe, HO 32 MCCIelyeMbIil IIPOMEeXyTOK BpeMeH!
OHO MPOABJIAET TAKKe U CTAOUIBHOCTD, IPUYEM IIPU BBI-
Zlep>kKKe COXPaHAeT CBOIO KPUCTAIBHYIO ITPO3PATHOCTb.

Takum 06pa3oM, UCXO/A U3 MOTYIeHHBIX pe3yJIbTa-
TOB UCC/IeZOBaHUA GUIBTPYIOLIEH CIIOCOOHOCTH GeHTO-
HUTOBOH TJIMHBEI, IIPOBEZIEHHOTO B JTAGOPATOPHBIX YCIIO-
BUAX /I HeGOMBIINX 0OBbEMOB BUHA, YCTAHOBJIEH OITH-
MaJIBHBIH BAPHAHT OCBETIEHH JOMAIIHero 6eJ0To BIHA
GeHTOHUTOM BaHuckenu, 4TO, IO-BUAMMOMY, IIO3BOJIIET
PEeKOMeHZIOBaTh €ro A OCBETJIEeHUA BHWHA, HApALy C
AcxanreneM «B».

Puc.1. OrdunsTpoBaHHOE BUHO C KPHCTALITHKaMK BUHHOTO KaMHS, TTOJyYeHHOe B omkiTe Ne 3
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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 .B.

INOIEPEYHOI'O CEYEHUA

AKAJI, JOKTOP MYEIJIMILBIJIH 3.T., AKAJ, JOKTOP JOCABEPH/I3E M.B.,

PACYET HA MPOYHOCTHh MHOTI'OCJIOMHOM FAJIKH ITPAMOYT OJILHOI'O

VIIK 621.9

AHHOTAIIHNA. B cratse paccMOTPEH aHAIH3 Ha-
NIpKEeHHO Je(OPMHPOBAHHOTO  COCTOSHHMA IIPAMEIX
CTep)XHelH CIOHCTOH CTPYyKTyphI IO BBEICOTE CEYEHHA
CTEpXXHA. KOTOpBI€ MOXHO IIDHMEHHTH B Ka4eCTBe CH-
JIOBBIX Y3/I0B B TOPHBIX MaITHHAX X KOMILIEKCax, paboTa-
IOIHX B TAXXEJBIX BHEMIHNX yCIOBUAX BO BpEMA LOOBIYH
IIOJIe3HBIX HCKOIIAeMbIX, a TaloKe IPH DasHBIX T'OPHBIX
PpaspaboTKax B Kapsepax OTKPHITOIO H 3aKPBITOTO THIIA.
JlanHEI MeTon 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; pacupeneaeHue; ypaBHEHHE.

BBegenmne

Kak wusBecTHO TOpHOOGHIBAIOIAS IIPOMBIIIIEH-
HOCTh ABJIIETCA OJAHOM M3 TPYLOEMKHX OTpaCjIei MU-
poBo# maAycTpHuu. [lapk rOPHBIX M TPaHCIOPTHBIX Ma-
IIWH, 3aHATHIX B cepe TOPHOTO IIPOU3BOACTBA, ITOCTO-
aHHO pacreT. OZHAKO KpOMe KOJIUYECTBEHHOTO POCTA
mapka HeOOXOZMMEI TaK JKe KaueCTBeHHbIe N3MeHeHUA
3a CYeT yBeJMYeHUA eJMHUYHON MOIIHOCTH MAaIlWH U
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IPYy30IOLBEMHOCTH PaboTAIOWUX C HUMU TPAHCIOPT-
HBIX CPe/ICTB. B CBA3M € 9TUM Ha OTKPHITHIX U 3aKPhI-
TBIX TOPHBIX Pab0OTaX B HACTOsIIEe BPeMs OCYIIeCTBIIA-
eTca IIPOrpaMMa IO TeXHHYECKOMY IepeBOOPYKEeHMIO
ITPOM3BOZCTBA. B rOpHEIX MalIMHaX pasjInyHble CHIOBEIE
JeTalu B BUJe CTepXKHeH MCIIBITHIBAIOT KaK MeXaHude-
CKMe, TaK M TeMIlepaTypHbIe BO3/leliCTBLe CO CTOPOHEI
BHeITHeH cpepl U JeTayiel, HAXOAAIMXCA B COIPUKOC-
HOBEHHH ¢ HUMH. UT0 Gosiee yCIOXKHAET YCIOBHUA pabo-
THI STUX JeTajell ¥ CTaBUT Gojiee BRICOKHE TPeOGOBaHUA
Ha Ka4yeCTBO MAaTepHaOB, M3 KOTOPHIX COCTOSAT CHJIOBEIE
Jetanu. Eciu BBeCTM B KayecTBe CHJIOBBIX KOHCTPYK-
IMOHHBIX JeTajeii MHOTOCIOHHBIe IO BHICOTE IIOIe-
pevyHoro ceyeHMs GajKH, TO 3TO obecrevynBaeT paGoTy
9THX JeTasei Ha u3rn6 mpu 6ojee BBICOKMX HarpysKax
B IIO/I3eMHBIX IIAXTaX BO BPeMdA PaspabOTKH IOJE3HBIX
MCKoTaeMsbIX. B maHHOI paboTe MOKa3aH METOJ, pacyeTa,
KOTOPHIH IpUMeHAeTCA KaK IIPU CTAllMOHAPHOM, TaK U B
Clydae U3MeHAeMOM BO BpeMeHH Harpy3Kax BIOJb CJIO-
HCTOTO CTepkKHA. KOTOpEIH NpescTaBideT HavaJbHBIH
3Tall pacyera HaIPHKeHHO-IeGOpMUPOBAHHOTO COCTO-
AHHUA CJIOMCTOTO TeJIa, HAXOAAIIETOCs MO, TeTJIOBEIM U
MeXaHWYeCKUM BO3/eliCTBHeM.

OcHOBHad 49acTh

ITpu pacueTax Ha M3rH6 KaK IMPOCTHIX GANOK, TAK U
6aJIoK, JIeXXalUX Ha YIPYTOM OCHOBAaHHHY, YaCTO IPUXO-
IOUTCS UMETH JeJI0 CO CJIOMCTBIMM OajKaMH y KOTOPBIX
MOZYJb YIPYTOCTH TIPU TIepeXofie U3 OJHOTO CJIOS Ha
Ipyroil MeHseTcs ckaukooOpasHo. CumTas Tomeped-
HOe ceueHue GaJKM IO BCel ITIHe TIOCTOSHHBIM, TO Ta-
Kue 6aJKM Has3hIBAIOTCA MHOTOCTOMHBIMU. CoeflMHEHUE
IPUMBIKAIOWIUX CJIOEB MeXZAY C000# MOXHO OCylle-
CTBUTH PasHBIMU ITYTAMHU (HAaIpUMep, 3JIeKTPOCBAPKO
WJIH C TIOMOIIBI0 GOJITOB U 3aKJIETIOK).

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

1) [loyKHBI OTCYTCTBOBAaTh B3aMMHBIE CMeEIUEHUs
CJI0eB MeXAy Cco60it;

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

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

4) B mpepenax KaXKJOTO CJIOA MOZYJBH YIPYTOCTH
He MeHseTCA.

5) Mexpy HanpssXKeHUAMH U fedOopMaIIMU B ITpe-
Jenax ynpyrux gebopManuii MMeeTcs JUHeHHas 3aBH-
CHMOCTb.

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

HOIi ocy TonepeyHoro cevenns (& =0).

Tonepeunoe ceyeHne OGaJKU SBISETCS IIPAMOY-
TOJIBHOH C OCBI0 CUMMETPHH Y, & HATPY3KU IPUIIOKEHBI
B Iwrockoctu yOx (duwur. 1).

Y4uThIBast BCe STU MIOJIOXKEHIE MOXHO HAIIMCATh 3a-
BHCHMOCTB JIJIS TMHEHHBIX JedopMaluu:

CE (1)
AB p
IJe p - PajuyCc KPUBU3HBI HeHTpasbHON JUHUM;
¥ - PacCTOsIHUE OT HeHTpanbHON JIMHUU [0 PaCCMaTpH-
BaeMOTO BOJIOKHA.
HopmanpHble HanpsoKeHHS B CJI0€ Ha OCHOBAaHUH
3akoHa I'yka samuieTcs Tak:

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

ITonoxeHune HeHTpaTbPHOMN TUHUYU MOXXHO HANTH U3
YCJIOBUA PaBEHCTBA HYJIIO ITPOEKINI BCeX BHYTPEHHUX
cut Ha ock X. Eciin yuects BeipaxkeHue (2), To 3TO yCJI0-
BUE JaeT:

H

£, y
E Z4F=0 @3)
EL "p

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

C yuerom Toro yto — #(), ypaBHeHMe 3anumercs B
CIemyIoueM BUe: P

S E,-5,=0 @

=1

e Sn - €CThb CTaTUYECKUM MOMEHT ILJIOIIAAU IIOIIe-
PEYHOro Ce4eHHdA N - TO CJIOS OTHOCUTEIBPHO HEeUTpasb-
HOM JWUHUHU Z.

YToOBI BRIYMC/INTH 3HAUYEHUE Sn HaIO BBECTHU B

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

E
o, = 5)

TOTJa UMe€A BBUAY 9TO

Sn =F;J ‘yn" (6)

rae ) - pacCTOAHME OT HEeWTpaJbHOU JIMHUY [0 OCU
TMPOXOAIEN Yepe3 UEHTD TKECTH € IUIOWAAY Iome-
PEYHOTO Ce4YeHUs Fn, cos N, ypaBHeHHe (4) mepenu-
LIeTCA B CJIeAYIOIEeM BHUE:

ZO‘ F .y =0 )

=1
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W3 sroro paBeHCTBA MOXXHO HAWTH PacCTOSHUE { -
HeUTpaJbHOM JIMHUU II0 OTHOIIEHUIO K IleHTPaJbHOM. B
BBIDOKEHUH IJI OLIpe/ie/IeHNs ) OHO 6yZeT BXOLUTH B
KadecTBe OTZAEIBHOTO CJIaraeMoro. BelpaxkeHue s Y,
B 00ILIeM CIydae OIpefesieTcs UCXOAT U3 GOpPMEI
IIepeYHOTO CeueHHs MHOTOCTOMHOM GanKM.

11 IpAMOYTOIBPHOTO IIONEPEeYHOTO CeYeHU, IIPHU-

I10-

Be/IeHHOTO Ha (pHC. 2) ) MOXHO OIPeJeNHTh IO CIie-
nyiomum Gopmymam:

il
_h-h,

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

h-h, =
y, =t L ©)

=1

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

Dopmyoii (8) cienyer mOIB30BATECA B TOM CIydae,
KOrzia Y, TIOJIOXUTeNbHBIe, a Gopmynoit (9) xoraa y,
OTpHIIATE/JIBHBIE, T.€. KOTZA LIEeHTP TAXKECTH IIOIIEePEeIHO-
TO CeYeHMs CJIOA N PACIIONIOKEH HIDKE OCH Z.

[TonoxxeHne HeUTPaIBbHOM JIVMHIN HAXOJUTCS U3 Pa-
Benctsa (7).

BLIBE,Z(eM YpaBHEHUA [AJI1 HOPMaJIBHBIX HAIIPsIKe-
HUH. ,Z[J'IH 9TOTO CII€pBa 3aIrlIeM CYMMY MOMEHTOB OT-
HOCHUTEJIBHO OCH Z B CJIeIyIOLIeM BUJE:

i

1 Fi s
M=—>»F “dF
p Zl "J.” g (10)

"

I, N
! =fo yar (11)

rae In - MOMEHT MHEepPIUH IO U Fn OTHOCHUTEIh-

HO HeHTpanbHOI OcH z, TT03TOMY BhIpakeHHe (10) MOX-
HO 3aIIMCaTh TaK:

| M
- = ot (12)
)
Z E” I”
=1
IIO/ICTAaBUB BRIPAXKEHUE AJI KPUBU3HEI B YpaBHEHUE
(2), momyumm:

(13)

npe06pa3yeM HepBLIﬁ MHOXXHUTEJIb ITOCJTIEAHETO BbI-
PpaXeHud IoJIydaeM:

1 ]
= (14)

E" =
Z El, > ? I, > B.A,

n=1 n=1 " n=1
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37lech depes ﬁm— oGo3HavaroTcsa Ge3pasMepHbe KO-
3G dULIMEeHTbI, KOTOPBIE OIPeNEeIAIOTCS 10 CIeAYIOIUM

dopmynam:

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

=l

rae [ ecth MOMEHT WHepIHii TPeo6GpasoBaHHOMN
IIJIOWAY BCETO IIOIEePeYHOTO CeYeHHs OTHOCUTEeIbHO
HeNTpaJbHOU JINHUY Z.

BosBpamrascs K BeipakeHuIo (13) 1 y4uThIBas paBeH-

(o2
T zamuilreM OKOHYATeJIbHO:

M
GH =_y

]m ( 1 6)

crBo (15), must

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

3axio4eHue

Kak m3BecTHO B pa3/JIMYHBIX TOPHBIX MalIMHAX M
KOMILIEKCaX Pa3IHYHble arperaTsl U JeTaatu paboTaioT
B YCJIOBUAX BBICOKHX TeMII€PATYyPHBIX U MEXaHMYECKHX
BO3ZIeMICTBUI, YTO BHI3BIBAET B OTUX MAETAIAX COOTBET-
CTBYIOIIYME HaIpsHKeHHO-ZeOpMUPOBAHHBIE COCTOS-
HuA. JInd mosydeHHA ONTHMATIbHBIX (GOpPM [eTayieill B
LeIIX SKOHOMMH 3aTPavyeHHOIO HAa MX IIPOM3BOJCTBO
MaTepHaJoB MOXXHO HeCyllMe KOHCTPYKLMOHHBIE Y3JIbI
¥ JeTalIyu JAesaTh CJIOMCTBIMM, IIPM TOM KaXKIbIA CJIOK
MOJKHO [leJIaTh M3 PasJIMYHOTO MaTepuaina. Pacuer sTux
JeTajieil Ha IMPOYHOCTH IIPOM3BOJMUTCSA C YYETOM MeXa-
HUYECKON CTaTMYeCKOM M AMHAMHUYECKOH HAarpysKu CO
CTOPOHSBI IPYHTA IIPU TIOA3EMHBIX U HaI3eMHBIX paboTax,
4YTO NPEJCTaBIAeT BAXHENNIYIO 33/]Ja4y TeOPUH yIIPyTO-
ctu. B maHHOW cTaThe HaH NEPBBIN STAIl pelleHus 3TOH
3a/7auy, T.e. OIpeJeieHre pacIpefie/leHus BHYTPeHHUX
YCHJIMH B KaXKJ,0OM CJIO€ COCTaBHBIX CTEPXKHEH.
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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. EHYKHWJI3E

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

YIK 532.6:541.183(075)

AHHOTAIIHA. IlpenmoxeH MeTOZ HEUOPEPHIBHOH
PperucTpanuy azCcoOpOLHOHHEIX KPHBHIX Ha BHCAYeid u/
HITH CHEA9el Kamrax. g MeTog0B BUCAYEH H Te)XadeHt
Kalleylb, HCIIO/Nb30BaHHEM Pa3/THIHBIX POpM YpaBHEHHSI
KaIHULIPHOCTH, IOIY9€HO IPHOIIDKEHHOE aHATHTH e~
CKOe BEIp)KeHHe 3aBHCHMOCTH gucaa Borzga f or reome-
TPHYECKHX apaMeTPOB KaILIH: BEICOTHI, 00beMa H pafH-
yca meiHKkn BHCAIeH HIH pajnyca IUIOIaAy KOHTaKTa C
IIOZJIOXKKOH, cugadeti Kamwmn. IlomydeHa Taioxe dpopMy-
JIa A1 BIYHCIEHHA I1apaMeTpa b-HopMupyromero MHO-
JKHTed ypaBHeHHA KallH/UIAPHOCTH.

KJIIOYEBBIE CJIOBA: ypaBHeHHEe KalH/ULIPHOCTH;
BHCAYad Kalllg; CHAA9ad Kalwid; 1ucio Borga; azcop6-
ung; ¢proramus.

Pamnee, B paborax [1, 2] GbLIM ITOTy4YeHBI Pa3IHIHbIe
GbopMbI ypaBHEHUS KAIMILIPHOCTH U IPUOIIKEHHBIE
bopMyIBI A1 BEIYKUCIEHUS OPIUHAT KOHTypa U o6peMa
BUCSYeH W/WIu cuaAdel Karau (IIy3bIphKa).

Llenpio maHHOU pabOTHI ABJIIETCA IPUMEHEHUE STUX
Pe3yJIbTaTOB IJIA IOJyYeHUs aHAIUTUYECKUX (OpPMYJI
B €CTECTBEHHBIX Pa3MEPHOCTAX, 3aBUCHMOCTH IIOBEPX-
HoctHoro Hatspxerus ([TH) & or reomerpuyeckux mapa-
MeTpOB: abCIMCCHL ¥ OpPAUHATHL KOHTYpa, o6beMa U pa-
Juyca UIefKy BUCTYel, MU PaAuyca IO KOHTAKTa
¢ TOJJIOKKOH cupgdeil kKarmiu/myssipbka. IIpenmosara-
eTcs, 4TO 9TU (POPMYJIBI MOTYT CTaTh OCHOBOH I pas-
PabOTKU METOZOB U CUCTEM HEIIPEPBIBHOM PeruCTpaluu
TTOBEPXHOCTHOTO (MeX(a3HOTO0) HATIKEHUS.

Heo6xozuMocTs pa3pabOTKU TaKUX METOHOB JUKTY-
eTCsA TeM, 4TO IIOCTpOeHue afCcOPOIIMOHHBIX KPUBBIX IO
TOYKAM MOKET HEITIOJIHO OTPAXKATh BAXKHBIE OCOOEHHOCTHU

azcopOIMOHHOTO Ipouecca. IlpumepoM 3TOro MoXeT
CIIy>KUTH afCOPOIUA XJIOPUAOB OJHOBAJIEHTHBIX HOHOB
Ha TpaHHUIle BO3AyX-BoAa [3, 4]. DTU 5IE€KTPOIUTHI, KO-
TOpBle paHee CUYUTAIUCH IOBEPXHOCTHO-HEAKTUBHBIMU,
IIPU HU3KUX OOBEMHBIX KOHIIEHTPAI[UAX JAIOT Ha afCo-
POILIMOHHBIX KPUBBIX HECKOJBKO dKCTpeMyMoB. Hempe-
psiBHasA peructpanusa IIH mpu HempepsiBHOM H3MeHe-
HUM 00BeMHOM KOHIIEHTPAIUH afcopbaTa, ZacT IOIHYIO
KapTHHY aJCOPOIMOHHOIO IIPOLecca U Pe3KO COKPATHUT
BpeMA IOJTy4YeHHs afCOPOILUMOHHBIX KPUBBIX, XOTA yC-
JIOXHUT TEXHOJIOTUIO IIPOBeIeHUS SKCIIEPUMEHTa.

Haunbonee BoCTpeOOBAaHHBIMH 3TH MeTOZBI OyayT
mpu HombOope OINTHMATIBHOTO COCTaBa PEAreHTOB MJIA
TIeHHOH (JIOTaLHH.

®iroranus oHa U3 IMHUPOKO IPUMEHSIEMBIX TEXHOJIO-
THH IIpU 00OTallleHUH IOJIe3HBIX MCKomaeMbIx. Hampu-
Mep, 95% MeTasIMYecKUX PyZ oboramaeTrcs MeTOLOM
¢daoTanuu. OTO MUJUIMAPABl TOHH IepepabaThIBaeMBIX
pyZ. g nmpoBeieHns GIOTaIMOHHOTO IIPOLIeCCa B OIITH -
MaJIBHOM peXHUMe HCIIOIb3YeTCA COueTaHue PasHooOpas-
HBIX peareHTOB. Jlo6aBIeHHbIe B ITyJIbIIe PeareHThI aCo-
pOMPYIOTCA HA MOBEPXHOCTAX Pasfiesia KUIKOCTh-IIy3bI-
PeK, XHUAKOCTb-YaCTHUILA U IIPU CTOJIKHOBEHUAX ITy3bIPb-
Ka ¥ YacTUIBI 00eCIIeYMBAIOT UX YCTONYMBYIO CBA3b.
s mombopa KOHIIEHTPAIUK PeareHTOB IPUMEHIIOTCI
pas3IuYHble SKCIepUMeHTanbHble MeTomsl. Cpeiu oTuX
MeTOZOB Haubojee MHGOPMATUBHBIM CUUTAETCS pelak-
CAaLOHHBIA MeTOZ, [5], KOTOPBIH UCIIOIb3yeT U3MEePeHUA
TTOBEPXHOCTHOTO HATXKEHUs Ha BUCAYel(cupasdeii) ka-
IIJIe WJIX ITy3BIPbKe B PABHOBECHBIX U SKCIIEPUMEHTAIBHO
CO3ZlaBaeMbIX C1a60 HEPABHOBECHBIX COCTOSHHAX, IIPU
Pa3IUYHBIX KOHIEHTPAIIUAX PeareHTOB.

CBs3p MeXZy 00BeMHOM KOHIIEHTpAlluell peareHTa,
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ero agcopbuueit Ha rpanuIle paszena (a3 u MexpasHbIM
(TIOBEPXHOCTHBIM) HATsDKeHUEM {0 yCTAaHABIMBAETCA
byHIaMeHTaIPHBIM ypaBHeHHeM ['166ca [6].

CorsacHO 5TOMy ypaBHEHHIO afcopOius (IoBepx-
HOCTHBIH M36bITOK I') Ha TOBepXxHOCTH paszmena ¢as cpsa-
3aHa c [TH u o6pemMHO KOHIIeHTpanyei ¢i i-TOro azco-
pbara ypaBHEeHHEM:

_ 1 do
" RT dINc

Jna seraucienus [, mosydaroT sKcIlepuMeHTaIb-
HBIe 3aBUCUMOCTH O - C U Ha UX OCHOBE CTPOAT KPUBBIE
I'-c. KpuBsie 3aBuCHMOCTH F - C CTPOST 110 TOYKAM: [JIS
KaXX7IOTO 3HAYEeHUS C; ONPe/eNIaioT .

OcHOBO#1 Bcex METOZOB OIpefeieHus (3 10 reoMe-
TPUUYECKUM IIapaMeTpaM IIOBEPXHOCTHU pasfesna ¢as, B-
JIeTCA ypaBHeHNe KallMJUIAPHOCTH, OfHA U3 HOPM KOTO-
poii mpuBeeHa HiKe [1]:

+Bx-2=0 )

Ly
WGy )]

P2

I'me x u y GespasmepHsle abciucca ¥ OpAHMHATA II0-
BEpXHOCTH pasfena (a3 (HampuMep, KOHTypa KalllH,
MEHHCKaA XUAKOCTU B KaIlWJIJIAPE HIN y IIOBEePXHOCTHU
IIJTACTUHKY, OIYIEHHOU B YKUTKOCTH). ﬁ - yucao borzga

PaBHO
B _ (pl — p2)b2

> @

P u Prunornoctu rpammyamumx das, h-pasmyc
KPUBU3HBI KOHTypa Kamau B Touke y=0; x=0. DToT ma-
pameTp ucmonas3oBaau bambopr u Amamc [7] ana npu-
BefleHUA ypaBHEHUA KaWIIIPHOCTH K Ge3pasMepHOMY
BUZY.

Crenyer momuepKHYyTb, YTO B 3TOI1 pabore u B pabo-
tax [1, 2] ucnonp3yercs HeTPaSUIIMOHHAA [JIS TEOPUU
KaIWUIIPHOCTH KOOPAUHATHAA CUCTEMa, IOKa3aHHaA Ha
puc.1l c KOHTYpOM BHUCAYEH KaIlIu.

X

Puc. 1. CucreMa KOOpAMHAT, MCIIONB3yeMas B JaHHOH pabore 1 B paborax [1, 2]

Metonpl sKcIlepuMeHTanIbHOrO ompeznenenus IIH
BecbMa pasHooOpasubsl. OHu onucaHsl B QyHAAMEeHTaIb-
ubix MoHorpadusx [9, 10], MHOTOYHCIeHHBIX yIeOHNU-
Kax, MPaKTUKyMaxX. MHOrue M3 3THX MeTOJOB (B OCHOB-
HOM JUHAMHUYeCKue), aBTOMaTU3UPOBAHbI YACTUYHO TN
moaHocTho [11].

Heo6xozuMo OJ4epKHYTh: aBTOMATU3UPOBAH IIPO-
Ilecc oIpesieJieHUs 3HaUYeHU IIapaMeTpa KaIUIX JJId Ofi-
HOH TOYKHU CTPOAIIEICA 3aBUCUMOCTH 6-C.

Jl71s1 HeIpepsIBHOI perucTpanyy afcoponoH-
HBIX KPHBBIX HEOOXOJVMO TaKXKe HeIPepPHIBHOe H3Me-
HeHUe B M3MEePHUTEJbHON AYelKe He3aBUCHMON dKCIIe-
PUMEHTAaJIbHON ITepeMeHHON: 00beMHOI KOHIIeHTPaIluu
azcopbara.

Teopermueckas JacTh

B panpHeiimemM HaM TOHAZOOATCHA IIPUBELEHHBIE
HIDKe pasjnyHble (POPMBI ypaBHEHUA KaIlMJLLIPHOCTU
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IJI BUCAYel Kalllu, IoTy4eHHsIe B paboTe [1]. IIpu us-
MeHeHHH 3HaKa [/ 5TH ke ypaBHEHU: CIIPaBeJJIMBBI JIJIA
JIeXKavMX Kallesb.

2 ot
1—x+ﬁi+o.5,8j J}J i
, : Y 3)
W= >

Bl pe
» 2
sl

S S—— DU skl I SR

(4)

X-abcuucca u Y-opArHaTa KOHTypa BUCSYEHN KallIx
(puc. 1), f - uucno Boxza.
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Huxe IIpHUBEAE€HbI pa3ME€PHBbI€ BEJIUINHBI YPABHEHNA KAIIMJIJIAPDHOCTH U UX 6e3P(':13MePHLIe dHAJIOTH:

A6crucca h; h/b=X; oppunata r, r/b=y; o6sem xamnu U; U/b 3=V

HPI/I6)II/I)KeHHoe pelleHre ypaBHEHNA KaIIN/IAPHOCTH B BU€ CTEIIEHHOTO PAAd MMEET BHU/, [1]

1 =2x—x +(§]Z o™

nt2

T (n+1)2"

,ZLJISI ,II;E[JH;HEfII.HefI Pa6OTBI OTPAHMYIHMCSA IIEPBRIMU TPEM:I WiI€HAMM 3TOTO pAdd. YT068I IIpY 5TOM ITOHU3UTH OT-
HOCHTEJIBHYIO IIOTPEITHOCTD yz, YHCJIIEHHBbIE KOB(i)(i)I/II.(I/IeHTBI IIpyY ImapaMeTpe ﬁ HO,IL6I/IPEUII/I MeTOa0M HPO6 ¥ OIIMOOK.
Wsmensin KOBq)q)HHHEHTLI B OCHOBHOM BO BTOPOM H B TPE€THEM 3HAKaX. Hxe IIpHUBEAEHBI IIOJTYyI€HHbIE TAKNM 06-
pasoM q)OpMyJILI AJIs1 BBIYUCI€HNA OPANHAT y KOHTYypa 1 oonvema V JIE)KE[‘IefI/ BUCSYEH KaIlIu:

¥ =2x—(1+0.2 )

v_ o (+02p)
n 3

¥ =2x-(1-0.2f)x" +%

3 4
K=x2_(1—0,2f3)x  Bx
n 3 28

®)

(6)

@)

®)

3HaYeHUs OTHOCUTEIbHBIX HOTPELL[HOCTEfI HPI/I6JII/I)KeHH]'>IX q)OPMyJI (5, 6) AJIsL Jexaver Karru IIpHUBEIEHBI B

TaGuie 1.
Tabnuua 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 ¢ — KpaeBOM yroJI - He3aBUCUMast IIEPEMEeHHAs [IPY YUCIEHHOM PelleHUH yPaBHeHNsI KallMUIIPHO-
CTH IJ1 CUAAYel KallIn.
3HAYeHUSI OTHOCUTEJIBHBIX IIOTPelHOCTeN IpubarKkeHHbIX Ghopmyi (7, 8) s BUCsYedl Kaliy IIpUBeieHS B
Tabuie 2.
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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 KOHTYypa KaIIM-He3aBHUCHMas II€peMeHHad, MCIIOJAb3yeMaa IIPpHU YHCI€HHOM pELIeHNH YpaBHEe-
HUA KalIWIIIAPHOCTH

Brruucienue mapamerpa b
Bucsiuasi kanjsa. YMHOXXUM ypaBHeHHUe (7) Ha X/4 M BBIYHCIUM Pa3HOCTH IIOJyY€HHOTO COOTHOIIEHUA U yPaB-
Henus (8). [Toryuum:

n 4 2 12

IMocre penenus ypasHenus (9) Ha x3 GyieM UMeTs:

L: V —— 0,25 }__(IL‘Zﬁ) (10)

2x mx’ X~ 3
Pasmepnas ¢popma ypasrenwus (10) samuurercs:

b_U s _(1-0.28)

2h wh’ h 3 11)
B mpegnonoxenuu uro 1>>0,254, moryunm:

(12)

L0 U gps| Lo g2 L
2x 2h wh’ A~ 3| nx x* 3

90 LI3O0IM JImbICN, Nell45), 2022



sbosmwobo - AHAJINU3 - ANALYSIS

omunam Menuk-Taiikazsna [8], a g £=0,4; 0,5 u X<3
— 1o tabnuiam bamdopra-Azxamca [7]. Yacts aTux pe-
3yJIbTAaTOB IIpUBeeHa B Tabuie 3.

AGCOIOTHYIO IOTPENrHOCTh A IIg ypaBHEHUS
(12) (pasHocTs 1€BOY ¥ IPaBO# YacTeil) BEIYUCIISIN IPU
3naveHnax X<2 u npu 3uavenusx f 0,05<£<0,25 mo Ta-

Ta6nuua 3
AG6cosmoTEsIe norpemuocTy A ypasHenus (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

Cunsiuas kamisti. Popmyiry mis BeIYHCIeHUS IapaMeTpa b cuisdell Kaluld MOXXHO IIOJNYYUTh UCIIOAb3Ys IIPU-
ommxenue (5).

YmuOoXuM ypaBHeHHe (5) Ha X/3 1 BO3bMeM Pa3sHOCTb IIOTyYeHHOTO COOTHOLIeHU U ypaBHeHus (6). IToce He-
CJIOKHBIX IPe0OPA30BAHUM IOy IHM:

R
A

wh  h

X3 wm Moz Yy bh=3

y ey r Xy

(13)

kl

Ucnons3oBanuem tabnun Bamdopra-Azxamca [7] BerqmcieHs! aGCcOMOTHEIE morpemHocTy A ypaBHerus (13)
(pasHOCTS JIeBO# ¥ IpaBoit vacTedt) At 8-Mu 3HaUeHUM IapameTpa f U BCeX 3HaYeHUH X, IPUBEEHHBIX B OTHX Ta-
6xunax. YacTs 3TUX pe3yJIbTaTOB IIpUBeeHa B Tabuie 4.

Tabauua 4
Cupsaas kanga. AGcomorHse norpemHocTy A ypasrHenus (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 yrcia BoHza £ 0T reoMeTprIecKoro mapaMerpa- BbICOTHI BUCSUeHi(Jiexxadell) Kalim.
Bucsiuas kanusi. Paccmorpum Ypasuenue (3):
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ITocne mozcranosku (15) B (16) u HECIOXKHBIX TIpe-
06pa3oBaHUY ITOJIyYUM KBapaTHOE ypaBHEHHUe II0 f:

AP’ +2BB+C =0;

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

1—x+ B2 -0,5x-1n(1-0,5:)}/3

3 = [vds (14) 7 2 o
1+0,58] 4 —x rae: A=P*+ (0,57 y); B=P(-x)-05fy";
=

C=1-y"—(-x).

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

(¥ —0.5xIn(1-0,5x))
o 3

KopHu KBafpaTHOTO ypaBHEHUS PaBHBL:

B li1,l+—AC (17)
B
ﬂl.?z_

) A

Ioryamm:

g Bucsueit kamnu B popmyte (17) mepen xBampat-
HBIM KOPHEM CTaBUTCA 3HaK (-) ObLia IpoBe/ieHa IpoBep-
xa popmysl (17) c momomursio Tabau Menuk-I'alikazsaHa
[8] mpu x<2 mna 0,05<$<0,25 u Tabaun Bamdopra-A-
mamca [7] ns = 0,4; 0,5: BEIYMCII€HBI OTHOCUTEIBHBIE
norpemsioctr dff=1—f,/ f,, rae P, sapannsie B Ta-
6inuax 3HaYeHWs mapamerpa f, ,Bk —3HAYeHU [, BbI-
yuceHHsIe 10 popmye (17).

B Tabinuie 5 mpuBeeHa 4acTh IOy YeHHBIX PE3YJIb-

=X b p (15)
1058 7

=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

Cuasiuas kamis. [Tapamerp f pis cupgdeit Kamnu BerquciaseTcs takoke popmynoii (17), Ho u3MeHeHUEM 3HaKa
IIpaBOX YaCTH.

B Tabiuie 6 JaHBI IOTPELUIHOCTH ITapaMeTpa ff paccIuTaHHbIe I0 Gopmyte (17) nig cupsueil Kariu.

[Tpu BBIYMCIIEHUH TTOTPENIHOCTH f AT CUASIUX Kalelb 0OHAPYKUIaCh OJHA CTPAHHOCT: AJIA 22, TP TIOCTO-
SHHOM f} ¢ u3MeHeHUeM (yBeandeHueM) X=X($) IOTPeUHOCTs MEHSETCS MaJIoO O HEKOTOPOro 3HAYEHUS ¢, IIPU KO-
TOPOM IIPOUCXOAUT pe3Koe yBeIudeHue (OYTH Ha ABa opsaaKa) morpemHocTy. Eciau B popmyite (17) 3unaxk (-) mepes
KBa/IpaTHBIM KOPHEM M3MEHHTD Ha (+) IOTPEITHOCTh CHOBA Pe3KO CHIDKaeTcs. B rabiauue 5 nams! 3HaveHus f u ¢ mpu
KOTOPBIX IIPOUCXOIHUT 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 ycaoBUM IIOCTOAHCTBA pafuyca LIEHKU U 00B-
eMa BUCSYel KaIUlK TapaMeTp [ SBIseTCs OLHO3HAYHOMN
dbyHKIMe# BeICOTH Katumy. Iyt cumadeil Kamuiy IIpy 110~
CTOSHCTBe 00BEMa IOJDKEH OBITh IOCTOSHHBIM Pajuyc
TUIOMIAAY KOHTAKTa KaIlI! C TTOJAJIOXKKOIA.

BreBogs:

Ha Bucsueii xamre Ipu u3MeHeHHH 00beMHOM KOH-
IeHTpanuu azcopbara, paguyc IIeHKu B IIOCKOCTH
YCThA KaWLIAPA U 00beM KaIlIu He MeHIIOTCS, a U3Me-
HAETCS TOJIBKO BBICOTA Karuru H.

V3meHeHMe BBICOTBI KAl PETUCTpUpYeTcH Gec-
KOHTAaKTHBIM, (DOTO2/IeKTpUYecKUM MeTozoM. Ilapas-
JIeJTPHO HEeIPepBIBHON (POTOITEKTPUIECKON Pperucrpa-
nuu H-c xpuBoii mpoBoguTcsa ¢ororpadupoBaHue UIu
BUZIEO 3aXBaT M300paXKeHMSA KAIUIM TOYKAX yCTAHOBKU
MapKepoB, KOTOpble HAHOCATCA B XOJe PerucTpanuu
Ha H-c xpusyw. [Ipu perucrpanyuu BBICOTBI KaILIM HC-
TIosIB3yeTcs ImeseBas AuadparMa WM3BECTHOHM IIMPUHBI
u BbICOTHL. C ITOMOILIBIO TPafyHpPOBAHHOI ILIeIeBOi Iu-
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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 ff 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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Kapbepe.
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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., IIBAHTUPA/I3E H.
ATOXUMUNKATHI, UCIIOJIb3YEMBIE
B CEJIbCKOM XO3AMCTBE 1
SKOJIOTUYECKAS BE3OIIACHOCTDH

AHHOTAIIWA. B cratbe pacCMaTpUBAIOTCS MECTH-
LUABI, IpUMeHseMble i GOpsOBI C BPeLUTENSIMU U
GOJIE3HSAMHU CeIbCKOXO3HCTBEHHBIX KyJIbTyp. I3Bect-
HO, YTO HEKOTOpblEe XMMUYECKHEe BEIlIeCTBA HETaTHBHO
BJIUAIOT Ha Grocdepy, 3arpAsHSAIOT IHUIEBbIE TPOLYKTHL,
YXYZUIAIOT UX KAYECTBO U IPECTABILIOT OTPeeIeHHYIO
yTpo3y [IJIis 3MOpOBbs desoBeKa. llenpio coBpeMeHHOMH
CTpaTeruy 3alliThl PACTEHUN ABJILETCS OCYIECTBICHIEe
WHTETPUPOBAHHON cHCTeMbl GOpHOBI, 0beceunBaomei
MUHAMM3ALMI0 SKOJOTUYECKOTO U HKOHOMUYIECKOTO
yiiep6a, IPUYNHIEMOTO BPeAUTEIIMH.

KJIIOYEBBIE CJIOBA: s10XuMUKATHI; 3aLIATa 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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OLEHKA YPOBHA 3ATPA3SHEHUA
TAXEJIBIMU TOKCUYHBIMU METAJIJIAMU
B PEKE KYPE

AHHOTAIIVA. B crarse omucaHa OIjeHKa YPOBHSI
3arpS3HEHMS TSDKENBIMM —TOKCHYHBIMH  METaLIaMu
B Kype (Cd, Pb). YcranoBneH ypoBeHb 3arps3HeHHUs
Kypst Cd, Pb. BrisBieHo, 9TO ypOBeHb 3arps3HEHUS
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HCIIOJIB3YeTCsT HacejleHHeM. YIHOTpeGieHHe B IIHILY
pbIOBI, BBUIOBJIEHHOW B 3arpsS3HEHHON peKe, MOXKET
IIPUBECTH K CUJIbHON WHTOKCHUKALIWN.

KJIIOYEBBIE CJIOBA: 5KOMOTHS; aHTPOIOTEHHBIH;

aTOMHO-a6COpOEHTHBIH; XeIaTO0OPa3yIOIHii; TOKCIIHBIIA.

xumun. T. 38, Ne8. Mocksa, 1983. c. 1503 — 1504.

4. Macoenos I'.B., llep6ununa H.M., Cearuzze 3.C., Mscoenos
B.®. CopbunoHHBIE KOHIEHTPHPOBAaHME ¥ aATOMHO —
a6CcopOIIMOHHOe OIIpeZieIeH s KafMUs B MUHEPAIbHbIX BOJAX.
K. Amanut. xumumn. 1. 31, Mocksa,1986. c. 1209 — 1215.

5. Mscoezos I'.B., Caseun C.b. XenarooGpasyolue COpOEHTHI.
Hayxa, Mocksa, 1984. 173 c.

6. LogdoMmM3gemb 1s356MmbIEgdm Bozby. LogoGmzgEml
00003000l ©ogbomgds  Ne425 2013 ferol 31
093990960 J. MdooLo.

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° 31 172°£67°

1.2 125°/40° 2.2 145°£65° 3.2 198°£53°

1.3 80°£50° 2.3 113°£60° 33 106°£72°

1.4 30°£80° 24 87°£70° 34 89°£77°

15 235°/85° 2.5 45°/75° 3.5 62°/57°

1.6 250°4£75° 2.6 313°4£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°437° 3.9 249°/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

106 LI3O0IM JImbICN, Nell45), 2022

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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N-=100

N=120

Atan altitude of 987-995 m

At an altitude of 960 m

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.

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

AHHOTAIIVIAL. 3os0TOMEZHOE MECTOPOX/EeHIe
MymeBanu-2  ABIAETCA  HEJNABHO  BBIABJIEHHBIM
MeCcTOpoXKJleHHeM B BonHucckoM pygHOM paiioHe. DTOT
palioH BMelIaeT KJIacTep MeCTOPOXAEHMI LBeTHBIX U
IparolieHHbIX MeTalJIO0B, CBA3AHHBIX C CyOAyKIMei
BepxHero Mesa. IloseBple mM3MepeHMS OPHEHTHPOBKHU
PYZHBIX IIPOXKIJIKOB IIPOBOJMJIKCH Ha OTJeJbHBIX
TOpHU30HTaX MecTopoxzeHus MymeBanu-2. Hanecenue
HOpMaJIed IIJIOCKOCTeH PY/JAHBIX IIPOXKMJIKOB Ha pPaBHO-
mromanHoi mpoeknuu IlIMuaTa BEIABMIO YeThIpe OC-
HOBHBIX CHCTEM IIPOXKUJIKOB, KOTOPbIe ITMPOKO PaCIIPO-
CTpaHEeHbI Ha MECTOPOXIeHUN.

KJIOYEBBIE CJIOBA:  Aprsun-Bonuucckas
30Ha; bomHucckuit pypmsiil paiion; Mansrit Kaskas;
30JI0TOMeIHOE MecTOpoXxzAeHHe MyueBaHu-2; 30Ha
PYZHBIX IIPOXKUJIKOB; CHCTEMBI PYAHBIX IIPOXKUJIKOB;
pasHomomanHas cerka llIMuzra; 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) PYJITHOT'O
I10JIA, MACIITABBI PACITPOCTPAHEHUA
YCJIOBUA OBPA3OBAHUA

AHHOTAIIVIL. B craTbe paccMOTpeHBI pasphiB-
Hble HapymeHus ['ymxaperu-llxapocTtaBckoro pyzmHO-
TO IOJA, MacwTaGhl MX PacIPOCTPaHEHUS U YCIOBUA
obpasoBanusa. Pymmoe mone I'ymxaperu-llxkapocraBu
MMeeT CJIOXHOe TeKTOHHWYeCKOe CTpOoeHHe - BCTpeda-
I0TCA Pa3sHOTHIIHBIE JU3BIOHKTHBBI M TpelUTuHSHL B cTa-
The IIpeZCTaBIeHa POib CKIALOK, ApmxeBaH-bBakypu-
AHCKOTO Pa3jioMa U JPYTHUX Te0JOTHYeCKHX DIeMEeHTOB
B pacIpe/ieIeHWH PYyAHOrO Imojfd. Bosbimoe BHMMaHue
yZAensercs ONMUCAHUIO CTPYKTYP PYJHBIX CTOJIGOB, CBS-
3aHHBIX C MarMaTM4YeCKUMM OOPa3sOBAHUAMH, CKJIAfda-
THIMU ()OpPMaMU U Pa3phIBHBIMU HapylIeHuAMH. B pabo-
Te MCIIOJIb30BAINCh OCHOBHbIE U CIIeLMaIU3MPOBaHHBIC
MeTO/bI U3y4eHHUsA CTPYKTyp. Kpome aToro pyzHOoe mose
I'ymxaperu-llkapocTaBu HaMu OBIJIO M3yYeHO METOZOM
JTUCTaHIIMOHHOTO 30HJUPOBAHMA. B pesymbraTe GbuIH
BBIABJIEHBI OCHOBHBIE Pa3phIBHBIE U CTPECCOBBIE CTPYK-
TYpbL, TZe ObUIM HAWIyYIINe YCJIOBUA AJII (OPMHPO-
BaHHUA PYJHOTO ITOA. B uyacTHOCTH, Ipuieraiomas K
ApmxeBaH-BaKkypnaHCKOMY pa3jioMy TepPUTOPHUSA ABJIA-
eTcs 6IarONPHUATHBIM IJIA OPYLEeHEeHHUS.

KJIIOYEBBIE CJIOBA: pynuoe moje; ckiajgdaras

CHCTeMa; pa3jiOM; Pa3phIBHbIE HaPyIIEHW; TPEIIWHBL.
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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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Dmaoghmo  bogombgdo. Lsdom  gmmbsero, Ne1(38),
»doolo, 2017. a3. 53-55.

2. ApaGaesa I'A., I'puzynoBa 3.M., Crynakosa H.B.,
I'ycemnosa T.A., Kasmauaesa JL.H. Oruyer. Usyue-
HHe 060TaTUMOCTH MaIoCyIbQULHON MeSHON PyAbI
Magueyasckoil rpymmsl MecTopoxzaeruit (I'pysms).
Ycrp-Kamenoropek, 2017. 158 c.

KBUITMAHU A., TYPUYUAHU A, EOGEHUAT.
OCOBEHHOCTH BEHIECTBEHHOTI'O
COCTABA PY ]I 30JI0OTO-
IMOJMMETAJUIMYECKOI'O
MECTOPOXIOEHWA BHEJIMXEBU U
MUWHEPAJIOTUYECKUE KPUTEPUU IIOMCKA
30JIOTOPY IHOI'O MECTOPOXXIEHUA

AHHOTAIIMSA. B craThe paccMOTpeHBI OCOOEHHO-
CTH BeLeCTBEHHOI'O COCTaBa PY/J, 30JI0TO-IIOJIUMeTalIN-
4ecKoro MecropoxzaeHusa buenuxeBu. OnucaHel MUHe-
pajJIormyecKye 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; XaJIbKONIMPUT; TaJIeHUT;
cdanepuT; KPUTEPUN MUHEPATIOIMYECKOTO IIOMCKA.
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24 numua 2021 poxy mHa 85-My pomi OB 3 >KMTTA BiJOMHI BYEHMii-eKOJIOT, SUPEKTOP
IncruryTy mpo6em npupogokopucrysanHi Ta ekosnorii HAH Vkpainu unen-xopecnongenr HAH
Yxpainu [llanmap Apxkapgiit I'puroposuy.

Apxagiii I'puroposuy Hapoguscs 5 Bepecusa 1936 p. B micti Inrynens /lmimpomeTrpoBcekoi
ob6macti. 3akimuns HoBouepkachkuii momiTexHigHMit iHCTUTYT 3a PpaxoM «MapKiIeiiepcska CIpaBa.

ITicna sakiHyeHHA acCIipaHTYpM 3aXWCTHB KaHAWZATCBKY 1 JOKTOPCBKY HAMCepTamii 3a
CIIEI[iaIBHICTIO «BiJKPUTa PO3pOOKA pPOJOBHIL KOPHMCHMX KONQJHMH», OTPUMAaB BUeHe 3BAHHSA
«1‘[p0(1)eC0p».

Apxkagiit T'puroposuu Illamap 6yB ¢axiBimem y ramysi ripHM4Oi cHpaBM, paljioOHaJIBHOTO
IIPUPOJOKOPUCTYBaHHSA, €KOMOHITOPMHTY, TeXHOTeHHOi Gesmeku. Bim sampomomysas cmoco6u
TpaBiTaIliffHOTO BiZlOKpeMJIEHHS TIOPiJ] FipHUYMX MAaCHUBIB Ta ix TepeMilleHHs y 3aJaHOMY HaIIPSIMi.

3a HayKOBOro KepiBHMIITBA BIeHOro cTBOpeHO KoHmemiiio mepexozy YkpaiHM 70 CTajoro
PO3BUTKY, ILJTOTOBIEHO MpOeKT JlepxaBHOI mporpamMu 3a6e3leueHHs CTAaJOr0 PO3BUTKY peTioHY
BUZOGYBaHHA i MepBUHHOI Iepepo6KY YPaHOBOI CHPOBHHH.

Apxagiti I'puroposird Illanap — 3acry>keHuii figd 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 aKaZieMii.

Hayxoswuii mopo6ox BaeHOro cranoBuTs moHaz, 400 HaykoBux npaus, cepes akux 37 MoHorpadiii.

Konexrus I'ipcekoro incrutyry iM. I A. Ilynykinze rau6oko cyMye 3 IpHBOALY CMEPTi BiZoMOTO
BYEHOTO-€KOJIOTa, AHMpeKkTopa IHCTHTYTy mpobiem mIpupojokopucTyBaHHa Ta exosnorii HAH
Yxpainu, wrena-kopecnonsienta HAH Ykpainu, npodecopa Ilamapsa Apkazis I'puroposuya.

Bucmosmoemo rauboki cmiBuyTTa HOro piZHMM Ta 6IM3BKMM, KOJeraM Ta BUeHil CIiIBHOTI
Yxpainn.

CpiTsia maM’ATh IpO IO Yy7[OBY JIOAUHY i BIEHOTO, HAIIOTO KOJEry i CIIpaBXHBOTO JpyTa,
BeJuKOTo Apyra I'pysii HasaBx M 36epexxeTsCs B HANIMX CEPIAX.

ITpesupia ['pysmHCHKOrO TipHMYIOTO TOBapPHUCTEA,

I'. Oynyxinze Ipcexuii incrTuTyT,

I'pysunCHKMIt TeXHIYHUI YHIBepCUTET, TipHHYO-TEOJOTiYHMI (aKyIbTeT,
Pepaxuia sxyprany “Tipcekuii xypHar”
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1962 §geb Lsdom—obgobmob 33seonogzszoom.

1962-1965 §f.-do 0¢domdEs BHYLmsg0L FgBHewYMmA0Eo Jo®bbol dowo®mms bsddsmmgzgmm
»0503bEml“ 0bgobMaog, T90gy 30, 99539 Jo@bbol 3063900l @S mEMIoEgdols bssdMHmL (33eol
MBO@BSC.

1965-1979 {j§j.-80 ogm Logds®mggeml 8936096090505 93909800l Lsdmm dgdsbozol oblGo@GmEGolL
wdzOmbo 993609 0658dMMTgeo; SL30MBEHWMOL  sFmsgMgdols dgdwgy 1977 fgwb ©s0330
J. 9mbgmgdo Lo3sbowodm olgM@sgos ©s dogboFs 93mbmdogol IggbogMgdoms Jsboadol
bsdg3bogMm ba®olbo.

1979-1981 {§.-80 ogm ULsgsGoggemml 93mbmdogol bsdobolG®mmbmsb 6L  Lsbsebm
997960bgMdol 930mb6mFozol, 39030l s sGmzoL LsdyEbogMm—33wmgg0mo 0bLEOEMEL MRO™MLo
3936096 0565830 Tgemo, Lgd@BMOOL 3589

1981-1983 §§.-80 9w98smd@s Lofo®dmm gogMm0sbgds ,LogbsgmmdOL“ wrowmls BsgommdysH—
0m33m39090o  LsddoMmmzgeml  Jmogamo  93mbmdoldow; bmenm, 1983-1984 §f.-8o ULsfomdmm
3990056905 ,Bgbs30MdOL 3BrMPBIMTOL MsgXEMISMY.

1984-1995 -0 ogm ULsfo®mdImm  g59MHm0sbgds ,Log65300mdOL”  Bm®HIs@Eorme—5533¢930
LsaMol MBOmbo, baagnm, 1995-2005 §f.-do 83L ,,65300MBLsYEbogMHml“ g3mbmdozm®o 33wg39d0l
@dMMIGHMOO0L 35399

2001 §geols 089mBgdm©s 5d3-80 HMYMOE bsgMMsTMBOLM 3HMRMSTOL ,B5300mdOL Tgdmliogergdol
3969%09630° §9360. 300gd9E0 5g3L 583-0L 5Esl3oL IBOGOL 356adgbEH oL OMLGBOL LgMHEHOBOISGHO.

35¢mbo pm9Mdo fengdol as6353¢rmdsdo gfgmes 39Woamao® Lsgdosbmdsls s womligmaw
OLSHMOPPMPS  FoOO  3Z5e0B0ISE00L  Ls0bgobMHM-g3mbmBogzmMo  BodsMmmIEgdIOL  JsEMYdOL
9035 9050. 1991 §eosb 35G5(335a0gd5d¢0g IMBsmdEs LodsOm3gmmls @gdbolzm® Mmboggliodgddo;
1991-2006 §§.-80 ogm Logs®mggaml ¢gdbozmmo 1boggmliodg@ol bsdmm—ggmemaools s Jodome—
99G5H0Mwo Fo®dmgdol g3mbmdozols s MmMmasbobogool Ne 49 35090Mol ©mEgbE0; bogm
2006-2017 $§.-80 53537 B03gOLOGHIGHOL 93mbmdogols s IgbgxdgbBHol Ne49 dodsmorwangdols
36H0x9LMO0 s 3M35¢00 ferol Jsbdobg 30bEMdEs ¢9dEogdol 3MOUBL LafsMBmms g3mbmdogsls
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s 99b9x 968 00. Fergdol gs68s3@mdsdo 0gm B3 EIGHOL LsdgEboghm s LaolgMEogom Lodmls
$9360, Lsdomm Logdobs s agmenmyools IgbgxdgbEHol Lsmgdmmem 3Gma™msdol byerddemgsbgwmo ©s
50539, 308500v9emgdols 3mengaool Lbmdol magxmdstg s dogzsbo.

do3mb  amEgMdo  GodsBdgl 935009006  dmm3sHmdsdo  3MMBILOMEO  sPOsMHYdOLIMZOL,
Logotrongganml ¢gdbogw®o mboggmliodg@ol 5350900600 1sd Fml 4ssfyzgdomgdom, Mmbogg®lodgddo
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bAoGMbom Fo®dobmagws B3gmmo gdammgdom ©s 0030Jd00 2oboa®mImdEs  390oamMy0w)M
15J3056mdsL. oo byErddmzsbgEmdom dMIBsEIPPYMO s PG 0d6s IMsgswo Lamddmemm
5 bsdsgobdmm 653Mmdo. ol dogh SOBOHPOEO MsMdYdoEE IMsgswo 3bmdowmo dgsbogmo s
13930sEoliB0d.

3 (HVOGAgL go9mdagybgdyemo 3gmbos 100-8og Lsdgsbogm B653Gmdo, GmIgeoms dmGmolss
Ls3gbogHm LEHGH0gd0, Lobyddmgsbgmmgdo s Lbgs. dolo Lsdgaboghm dmezsHgmdol doMomsEo
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BIL03L 3975630
®EJIMKC BEXXAHOB
FELIKS BEZHANOV

Logdo®mzggerml Lodmm badgaboghm LoBmMdMYdsd 0o IBs3moLo JsboEsW, FoMEI0E3sEs
3sdmBgboemo  Jodrmggeo Igabogho Jobgdol Bobogzol @scado, 33509d0mGo MmIGH™mOo GBgrodl
0gg0bmgo.

05¢mbo Bgmodlo ©s0dss 1932 fawols 9 FsOAL, J. mdomolido. 1950 ael, Lsdmogm Lzmeols
©53mogMydol 8989y, Lfogmo obsg®mdm Lodo®mzggwml 3meodgdbogzm®o obbGodm@ol Lsdomm
353790 HgGBY, OMIGEoE LGS 1955 gl Jsbgmeol Lsdsmms Es8)dsg9d0l 139E0sEMBO.
50539 fgeb ofjygds dolo dMmmBomo Logddosbmds mbyEzol J3sbsbBomol srBols dg-14-17-g Tob@Egdols
153dsM0039mmdo MBBOL YMBOMLOL FMsEY0MY©, 99009 30 - NYBOMLOL sbsdEYOMDBY.

1957 §gel 030 d6rvbeogds Loddmdenmdo s dBomdsls 0fjggdl sbero@ osMlgdvye Lodstomggmls
3936096905005 535009900L . FErmz0dol LobgEmdol Lsdmm obbGHodwGdo xg® Jobgdol gobozol
@dMMGHMM0530, beagrm 89999 - Jobgdob, Lodgbo Tobiogrgdol M30bgdgdoLs s baMolbols 3MbEMmmemols
396gmzomwgdsdo, ULsog ULogmabwol dmewmig 0mm3sfgmdes Mmadmbo dgsbog®o  dmdsgol
05653©g0mMmdsBY. 1963-1966 fangddo 00 gsbabgmol 3merodgdbozm®o oblGodwm@Eol sLdoMsb@os s
1969 §gamb 5439 Fo®TsBHgdom 03s3L EoligMEGsEosL Ggdbozol dg3boghgdsms Jsboad ol Lsdggbogmm
boMolbob dmbadmgzgdmsm Jobgdol goBbozol womydo.

05¢)Mbo Bgeodlo sGOL S3EHMGM0 565 gMHmo Lsdgboghm bsdMmaols, MmAwgdo gsdmdzgybgdmemos
Ooym®z Bzgbo J3ggbol, oby mEbmgmol Lodggboghm gm®bogrgdls s 3MgdEgddo, domgdwyamo
53l M59c0gb0dg 35396¢0 98mambgdsty. dobo wWdmsmm dmbsfomgmdoms ©s byeddmgsbgwmdom
3gbOrmemgdreo LsgsGmzgarml Lbgaaolibgs Lodamgdol Jsbgdols mvy Jobgdol gobo3mem-3gdsbozmmo
30l98980b 33e930L 890093900 TgbrIE0s Yngoo LsdFMms 3538060l Jobgdol 350G MT0, HMIgELsG
©©g3Y 56 Y353l IB0F36gEMds, MMM LogbmdsMM o Mo@rMsl Jobgdol goBbo 3ol omydo.

31O YOI0s B3GMbo Bgmoglol M3sfeo  HYIBMES B3YE0sEoLEJIOL sMBEMEsdo
- 00 fangdol gobdsgemdsdo Mmoegligds JMHmMBobyml Lsdgaboghm o 390oama0n® bogddosbmdols
L5dsMmNZ3gmml 3mw0@gdb03meo 0bLEHOEGMEOL bsdmm Bs3MEEHIADY.

296L537MYB0m s®lsbodbsgos ds@Mmbo Bgeoduol ssdosbmMo ™m30LYdgdo. 0go ogm MMI>E
39650¢rgd Mo, 03cmMom gl 30636905, 45dMOBIMO 39000 TMBOMYGdOm, IMMToLTMY35HgMBom,
35¢0mbobo, bssdoMmE0s60, gNMRMEo s MBOWO EsTMI0IIYEGdom Yg3gmsls Jodsmom. ds@mbo
g9oglol bsmgamo blimgbs Lsdmsdm ©aMBYds B3gbL amwrgddo.

Lsgdo®onggermls Bsdomm Bobmysmgds
3. famm3z0dol Lodomm 0bbGoGHMEG,

BH?I-0b Ladmm-ggmemyor)6o Bo3wGIGe
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53(3MM05 LogMM5MYdM!
dmnbmzbgdo gGbsgrdo gsdmliogdazgybgdgemo Lsdgsbogmm
1GH5GH09O0L 3BMGTGOOL s FoMmMmygboliscmzols

L05000M  FMMboedo 43994bgds obsargdo (LsFgEbogH™ LESE09d0, 0bxMMTs3E0s, Mg3weds ©s Lbgs)
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2580398900L 5B5er0BOl oM, MHMIWgdoE J3gybEads MIOIMEWIA00lL M930396o3E00m), Fomdmaygbogl
Losbegl s Mbs Jmbogl 3903399900 MYMGOMO s 36OJGH03wwo 50dz6gwMds.

3oboens go9mbodg9ybgdars ©sdgFowo Mbs oymlb A4 Rm®IsGHdo 1 0b@gMzswom s BsfgMoo
mbs 0gmb CD obzbg. LEGGH00L IMbosdBoYdEs© o8mygbgdyeo »bos 0dbgl G9du@Mo Ggwaddmemo
MicrosoftWord 2007/2010, 3Gog@o: Js@oveo - Sylfaen, bmds - 12, Gmlmeno Times New Roman, bmds - 12.
obawoly®o - Times New Roman, Hmds 12. LEo@oolb 39¢gdo: bgos - 2 18, g3gws - 2 1d, JocEbgbs - 3 19,
Jotrx39bo - 1,5 113,

LBo@ool dsbsems Fo@dmoagbowo Mbos 0dbgl 999ga0 0sbd0dggzmmdom: v9s3 - dGHOGEHOL Bmds 14,
33BMMMS 23950900 S 0boEoswgdo Sylfaen s1mYdOM, FOOGAEO - 453w9J9dwo, IHOGEHOL Bmds 14, AoLFmMYdS
3o63bgbs 30gLMb.

L505¥)H0 6o 503M0xML g3 Sylfaen 3sdmygbgdwo dM0gEGH0m (M0REHOL HBmds - 14) s RolfimMgl
Jomzbgbs 3ogby.

LGB0 Mbs sbEl 56MBIE0s MO Msbm gbsBy, HMBWgdOE o6 FoBmaygbgb 08 gbol, HMIgubHys

LEoG0ss fgMowo. sbm@EsEos dmzwgo vbws s0hgM©gl LESEHOO0L Logsbl s dslido sfig®ow doMoms
39009390L. 9bmGsEool M93mdgbgdmwo bydwowm dmEmeEmds d95096L 600 6sdgI Bodsbl. dGMoxnEo -

QIHOHOEO, 3539090, FoLHMMGOs BYOHEWOL JomEbgbs s Botx396s 3000JJdMb, TH0BREOL Bmds - 12.

1553356dm LoEY3980 (JoHME, MMbvE s 0baEolM gbgdbY) - 930w gdYE0s S Ybs dgoEsgzgl 5-10
Lo@yggzel. Bo3zzs6dm Lo@yzgdo gMmMsbgmoliogsb 4sdmoygmas faM@EHow-ddodom. dmyzsbowo 1s3356dm Lodyzgdo
DB Mbs SLbsgbb 330930l LsgbmdMmOg SOUL.

B&o@ool 3gdudo: IG0gE0L Bmads - 12, 06396350 bEMHodmbgdl m®ob - 1, 50bs3o - 1,25 b0, ogm®do@gds:
23oLPMOgds BYOHEEOL JotEbgbs s Forx396s 3000)gdMSb.

}OH39980 s F0g353H03wMo Loddmermgdo dglmHErgdmwo Mbs oyml Microsoft Equation-do.
3b®owgdo 3gdu@do dgbOmagdo Mbos ogmlb Microsoft Word Ggesg@mdo.

BmH500900 5 305530300 Tsbsews dmgdgwco Mbs 0gmb bodMTsm 3gwol bs®bmgddo. sdzgdmwos Jomo
2980996905 JPEG gm®mds@do. §o0Hgmgoo bry@omgdlo s 4605303290 3sbogrol §393 40d49dqdwaro, IhoxEoom
11, 3963 ®80 2olfm®mgdymo, 06EIMZswo - 1, LEMomol EsLbgEgdolL dergml oM E0wo 56 olidgds.
@0EYMGHYYMS InM3LYdM0s bBsEH00L drEml. IH0GEHOL HBmas 12, EIRMGToEJOS: FILTMOJOS BMGHEEWOL
0oOEbgbs s FoMx3z96s 3009900, Mbs Fg03930IL  93BHMOOL/SZBHMEOMS §35Mg0LS S 0boEOSEYOL,
5bObYgdSL, FMbo(39dgdL godmd393cmdol dqlabgd.

@o@9M3GHOOL 258mMHIgd0L bodwmdo:
@0oGJMSGHMOS

1. 0. godOpbowosgs. Bs3zoMmoghm  @gdbmemmaom®mo  3md3mgdbol  3s6dsbgdol  4s8mbodmendgzol 85369
6030009093900 5GHIMLRIOML 359G0L Esd0BIMEMGOOL Tglobgd. “Lsdmm gw9Mbocno”, #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 5300039 0bBMMT5305 53EMOOL (53GMOMs) FLobgd - Lsdmdom
500, Mb58YdMds, Ldg3E60gMM BoeOLbbo s frgds, LodLabwIMOL 56 dBobol dobsdsMmo, Bgwrgrmbo s
999 GHOMbMwo gmb@s (E-mail.)

4395 LGB0 5ME0GOMs 35030l MHegm®3 Lsdgsbog®em, sLg3g G9dbozrM MgEsdEHOMmgdsls.
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K CBEJEHHIO ABTOPOB!

TPEBOBAHUA JJI1 OPOPMJIEHHUA U TTIPEJICTABJIEHUA
HAYYHBIX CTATEH B XXYPHAJIE

B «'opHOM XypHame» IyOIUKYOTCS MaTepuasnsl (HaydHble CTAaThH, MHPOPMAIUA, peKjiaMa U Ip.) Ha TPy3HH-
CKOM, PyCCKOM U aHIJIMHCKOM sI3bIKaX. MaTepuasib! CTaTbi JOJDKHBI TyGINKOBAThCSA BIIepBble (KpoMe 0030pa 3apy-
GeXXHBIX M3AHUH, IyOIMKyeMbIX 110 peKOMeHzauuu Penkoiieruu), IpeicTaBisaTh HOBU3HY U MMETh T€OpeTHYe-
CKYIO U IIPaKTUYeCKyI0 3HAYMMOCTb.

Marepuan mj1s onmyOIMKOBaHUA IOJDKeH OBITh HalewaTaH B dopmare A4 depe3 OZMH MHTEPBAI U 3aIIMCaH Ha
pucke CD. [Iyg OATOTOBKM CTaThU LO/DKEH HCIIONB30BAThCsA 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 craTsu: BepxHee — 2 ¢M; HIDKHee — 2 CM; JIeBoe — 3 cM; 1IpaBoe — 1,5 cm.

Matepuas CTaThyl LODKeH OBITh U3JIOXKEH B CIIeyIOIeil TOC/Ief0BaTe TbHOCTH:

VIIK — pasmep wpudra 14 nr, DVIO aBropos 3ariaBubIMY GyKBaMu, WPHQT — MOy KUPHBL, pasmep upudTa — 12
IIT, BRIPAaBHUBAHUE II0 JIEBOMY KPaio.

3arosoBoK [oJKeH ObITh HaOpaH 3aryIaBHBIMHE OyKBaMH 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.
ABTOpHI TODKHBI yOeAUTHCH, YTO aHHOTAIIMA HANKMCAHA NOCTATOYHO IIPOCTHIM M IOHATHBIM fA3BIKOM. AHHOTALUA
IOJDKHA KPaTKO M3JIaraTh IPeAMeT CTaTb/ M OCHOBHBIE COJZEpIKallivecs B Heil BRIBOJBL. PeKOMeHIyeMbIil CpefHui
ob6wvem anHoTanuu cocrasiafer 600 meyarHbrx 3HaKOB. [IpudT - KypcHB, IOTY>KUPHBIH, BRIPAaBHUBAHUE 10 IIUPUHE
crpanunsl. Pasmep mpudra — 12 nr.

KiroueBsre cioBa (Ha Tpy3MHCKOM, PYCCKOM U aHIJIMHCKOM f3bIKaxX) — 00A3aTeIbHBI U JOIDKHBI cofiepxarh 5-10
CJIOB M CJIOBOCOYETaHMM. KiloueBsle CI0Ba U CJIOBOCOYETAHUSA OTZeIAIOTCA APYT OT APYyTa TOUKOIi ¢ 3amaToii. [Ipuse-
ZleHHbIe KJTI0YeBbIe CJI0BA JOJDKHBI IIPeieIbHO TOYHO OTPAXKATh IPeIMETHYIO 06J1aCTh UCCIeOBAHUA.

Texkcr crarsu: Pasmep mpudra — 12 0T, MeXAYCTPOYHBII MHTEPBAI — OGMHAPHBIN, KpacHasd cTpoka — 1,25 cum.
(DOPMHTI/IPOBaHHe BBIPpaBHVBAHNEM IIO ITVPUHE.

Dopmysl 1 MaTeMaTHIeCKHe CHMBOJIBL JOJDKHA OBITH BhImoTHeHsI B Microsoft Equation.
Ta6ms! 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 oz pucyHKoM, MIpu@T IOTY>KUPHBIN, pasMep - 11 1T, BrIpaBHUBaHUE IIO II€H-
TPy, HHTEPBaJI — OAMHAPHBIN, B KOHIIe Ha3BaHUA PUCYHKA TOYKA He CTaBUTCA. Y OeIHUTeCh, YTO BCe DJIEMEHTHI PUCYH-
Ka yKa3aHBI B IOJPUCYHOYHOMN HAIIUCH.

Cnucok JmTepaTyphl pasMeliaeTcs B KOHIe cTaThi. Pasmep mpudra 12 nr., popmMaTrpoBaHue BEIpaBHUBAHUEM
TI0 ITMPUHE CTPAHUIIEL.

Pammmusa u HMHHWUITNAJIbI aBTOpa/aBTOpOB, Ha3BaHME, BRIXOAHBIEC MaHHBIE, BKIIOYdA Ha3BaHUWE U3/1daTEeJIbCTBA.

IIpumepst obopMaeHM CIIMCKA TUTEPATYPEL:

JIMTEPATYPA

1. o. godgbowosgs. 15390096Om  Ggdbmmmyom®o  3m33¢gduol  356Jobgdols  as8mbodmendgzol  dagby
6030009090900 5GHINLBIOML 35960l 00BINEOYOIOL Fqlobgd. "bodom 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 OIOJI3HeBbIX IpoueccoB. Hexpa, Mocksa, 1972. 310 c.

K npezcraBneHHBIM MaTepraiaM IIPHJIATAIOTCS JAHHEIE 00 aBTOpe (aBTOpax) - MeCTO paGoThI, LOJDKHOCTD, yue-
Has CTelleHb ¥ yYeHOe 3BaHe, JOMAUIHU WK CIy)eOHbIH anpec, TexedoH, E-mail.

Bce craTbu 06s13aTe/IbHO [OAJIEXKAT PeaKIui (HAyIHOM M TEXHUYECKOM).
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