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93996930L g59m 300 gd5Hg IYOObMBOM, 5QEH0WMdM030 S LHYOMSTMEOLM 9JldgMEHIool
593060 B0I0Md0m, INIBIES O LJoOMNZGE ML Fsz3MMdOL 2022 ol 4 ogeroliols N
353 596009000 ©33HI0EPS LodosMmzgerml 2022-2025 {iergdol Lagbom MLsgmmbmgdols
96Mm36Mmo  BLEAHMGHIR0S @S Lodmgdgm  99gads. LBEAMOBHIH0s  PobloBOZMLZL  dJoMmOMO©
3600MO0GHIHIOL  9399sbs8o  Logbom  MLsxzOmMbmgdol  dmdsMgmdols  gomdxmdgligdols
908560090000 5 0LEbIZL B0DBSBL 2025 Herolimzol Logbom-Lo@EMbldmMEm 89dmbggzgdols
090092900 VMMM OO 539D MH5MEIBMBY, LodsBOLM sB39693gw 2019 (gemsb
3905609000 (5353900 - 7 921, 030 - 481 5©sdosbo), 999300l 25%-00m. 59
90Bbol  FoLOPHI39  LEAHMGHIR00L  bsdmddgm  g93dsdo  AofgMoos Moo  sdm356900L
A9LEOMEgds, MMAMMOEsS:  Lsabom  MLosgm®mMbMgdol  dosMm30L  9BIJEHMOMIOL  gobM.,
MBoBOObM  Logbom  0bgOLGHOMIGHMOOL  MHOMBlgmymas,  93GMBSGHMIBLIMOEHM
153590930l MLOROMBMYOOL BsGOLBOL 5Togds, LogHom IMdMsMdOL dmbsfowggdols
MBOgOHObMGOOLS @5 933MLoabom  Fgdmbgzgzol  Fgdamdo  M9sa0Mgdol  baGolbols
3919dx mdqLYds [6].

O9oLIM30L  J399sbsdo LGB0  FomM35¢0oliobgdo mbolidogdgdols
d9LEOME9dsBY 35IbolidyGd MBS 6 LodMOZOMIM M[igqdsls 930LMYds, bragem Fs3mMMHEOBYd
MO35bm@©  gobloBgMMEos  Lodo®mzgaml  93mbmdozols s Mo  gobzomstgdols
Lo30bobEHMM, §Mb30MmboMGIL  Lsgbom  MLOFODHMYOOL  Mfiggdesmsdm@olio 3mdolos s
Lodwgdom X QMRBO.

30O Lo 39mglim 365dEH030L 39035 olfobgdom, LogBsm MisgOHDBMGdOL oGN30l
9%39JGMOMdOL s I9bgxgbBHOL  godxmdglgdol  9Mo-9hm  30MMdSE,  JOHM3bmem
BEAHMGHYR0500, LOLME0s Logbom MBsBOMbMYdSDBY 3sbbolidygdgmo ghmo  §sdyzsbo
©50Mm30009090  Mfggdol  dgddbs,  GMIgog  s0FMM30wo  0dbgds  Lomobsm
Lo3oMNEG0MH030  FobIGHOm,  FoBHYMH0sWMH-39d603M0, 9©T0BMMO s  BobsbLMMO
MgbmOLYdom.  0go  0gbgds  3oLbolidygdgo  Logbom  MLOBOMbMdOL  gMMm3bmeo
LEAHMGHIR00m @S  dobo  Lsdmddgm  49adom  Fom35¢oLiobgdmwo  mboldogdgdol
dgLEOMgdsby, 084985390l Logbom MLIROMBMYdOL Lsgzombgdols LO 13gdEODBY s ©d
80035600710 900m SMBYOIO 3OMBEYTGOOLS s 3TM 393900l 5©0IMBb3MSBY.

LogBom MLsgOMbMYdOL Lozombgdbg Imddsgg wfygdol 894dbs LodmEmo boddgs, oo
md9GH9L O™A LoJoMM39MmTo AogLo MOABML SGLYGOMOOL Q5TMFOEIGOS SMLYdMBL, 70-056 -
90-056 {iemgd8o Lodommggarml GuL-b Logbom BMmIMIMdOL  MLOTFOPbMYdOL  Lsdgboghm-
330930000 3960l Lobom, GMmImol BMbJzombosgrm@mo  sbsemao LodFmms  3s3doMdo
dbmmE 3093Ls s IMLZM3d0 SOLYIMDOS.

sl33365

939996530 Logbom MBsROMbMYdOL EMBOL sFogds FoMdmoagbl mabodzbgermgsbgls
L (30000)M-930mbMI03ME  3GIMBWYIsL.  Fobgo39  J9M339MEO  3OMYMILOLS, LogBom
MboROMbMIOOL  BEaMBoMgMds  J399sbsdo  33as3  OHMYos. Lo Bom-LoEGMIBLIMOEGHM
d9000b39390000  58Mf39M0  5©F0BMS  LOIZOEBMBs @S ILIBORMYDS, QI
50530560 BHMoyg0gd0Ls,  J3996oL  93mbmdozolmgol  360d3bqwmgzsbo  obs3eMos.
1553GMIMBOEIM 35030l 296MbEMgo BOEOL BMEDY LogBsm MBsBOMBMGOOL Lomsbsm
MbgHg 99656B1b7ds 5 2oTx™mdgLgds J39ybolomzol 360d369m356 godmi)zg3ow MRS o
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0 doerolbdg3sl dmombmal, bsFommgdl 330390 9090by Ixdbgd s J9wgaHY
M6096G0M90 Lo BoM MBsBOHNHMYIOL 3MEwoBH03sb.

2590myg9bgdmemo §gsmrmgdo s mo@gMs@wes:
1. International Organization of Motor Vehicle Manufacturers - https://www.oica.net
2. Global Plan. Decade of Action for Road Safety 2021-2030. — Geneva: World Health
Organization, 2021. — 36 p.;
3. LogoMM39wml  LBHSGHOLE0ZMMO fgrofgmwo: 2023 - Mdowobo: LodsGmzggermls
LGOGOLEGH030L 9MM3bwo LodbsbyMo, 2023. —291y3.;
4. LogBIM-LOoEMIBLIMOEHM F9dmnbgzg3900L bBsEOLE0ZS - https://police.ge

5. Logbom MBogmmbmgdol gemgbmmo LE®mo@gyos 2022-2025. — mmdogrolo: LadoGmzgumls
L5356Mmbdgderm do3bg, 2022. — 40 93.;

6. Bogvelishvili Z. About the National Road Safety Strategy of Georgia // Modern research in
science and education. Proceedings of the 5th International scientific and practical conference.
BoScience Publisher. Chicago, USA. 2024. Pp. 201-206.

ROAD SAFETY - ACHALLENGE FOR THE COUNTRY
Zurab Bogvelishvili
Abstract

The number of cars in the world is increasing at a faster rate every year, and a similar
situation is observed in Georgia. The growing level of motorization undoubtedly has a positive
impact on the economic and social development of the country, but it also has negative
consequences, which are reflected, first off, in the number of road accidents, fatalities and
injuries. Maintaining and improving road safety at an appropriate level against the background
of inexorable growth of the country's car fleet is an important task for the state and requires a
lot of effort. Georgia, along with other UN Member States, is participating in the
implementation of the UN 2030 Agenda and, along with other global sustainable development
goals and targets, is responsible for reducing the number of deaths and injuries on the roads.

BE3OITACHOCTbD JOPOKHOI'O ABMKEHUS — BBI3OB JJIS1 CTPAHBI
Borseaumsuiau 3ypad
Pe3rome

KonuyecTBO aBTOMOOWIIEH B MUpE YBEIIMUMBACTCS C KAKIBIM TOJOM 0oJiee OBICTPBIMHU
TEMIIaMH, aHaJIOTUYHAs CUTyauus Habmonaercs U B ['py3un. Poct ypoBHS aBTOMOOMIN3ALINH,
HECOMHEHHO, OKAa3bIBa€T IIOJOKUTEIBHOE BIMSHUE HAa DJKOHOMHMYECKOE U COLUAIBHOE
pa3BUTHE CTpaHbl, HO UMEET U OTPULIATENBHBIE MTOCIEACTBHSI, KOTOPBIE OTPAKAIOTCS, IPEKIE
BCEr0, B KOJIMUECTBE JIOPOKHO-TPAHCIIOPTHBIX MPOUCHIECTBUM, CMEPTHOCTH U TpaBMaTH3Ma.
[Tonnepxanue U MoBbIIEHHE 0€30MACHOCTH JOPOKHOTO JBM)KEHUS Ha JOJDKHOM YPOBHE Ha
(dboHEe HEYMOJIMMOTO POCTa aBTOMAapKa CTPaHbl SIBJISIETCS BaXXKHOW 3a7auell JUIsl rocy1apcTBa U
TpeOyer Hemano ycwiui. ['py3us, Hapsany c apyrumu [ocynapcrBamu-Unenamu OOH,
yuactByeT B peannzannu [losectkn nua OOH Ha nepuox no 2030 roxa u, HapsAy ¢ ApyruMu
NI00AaNbHBIMM LIENIIMH M 33Jja4aM{d  YCTOMYHMBOTO Ppa3BUTHSI, HECET OTBETCTBEHHOCTH 3a
CHI)KEHHE KOJIMUECTBA CMEPTEHN U TpaBM Ha JOpPOrax.
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VJIK 656.224

3JICKTpOBO3I)I NMOCTOSTHHOI'0 TOKA ¢ 0€CKOHTAKTHBIM

IUVIABHBIM PeryJJupoOBaHuEM CKOPOCTH

Cepro Kapunuauc*, Apranaui llapsammaze**, Mupuan

HouxamamBuiau***, Pesaz Mosioguau™****, I'mopru L{xomemmaze™****

*npogheccop, I'TY, an. nouma: s.Karipidisi-karibovi@gtu.ge;
**npogpeccop, I'TY, an. nouma: a.sharvashidze@gtu.ge;
***0oxmop unoicenepnvix nayk, I'TY, a1. nouma: miriantsotskhalashvili05@gtu.ge;
****anouoam mexnuueckux nayk, I'TY, on. nouma: molodinirevazi03@gtu.ge;
*ER*E*Xcmyoenm macucmpamypst, I'TY, on. nouma: tskhomelidze.giorgi22@gtu.ge

(I'py3uHCcKuil TeXHHYeCKUH yHUBepcuTeT, yi. M. KocraBa Ne71,

0175, Towaucu, I'py3us)

Pe3iome: Ha nooasnaowem oOonvuwuncmee oeticmseyiowezo IIIC  (Dnekmpososwi,
Dnekmponoe3oa u m. n.) NOCMOSAHHO20 MOKA Pe2YIUPO8aHUe CKOPOCMU OCYUIeCmEIsemcs,
makum obpazom, Kak 3mo npeonodxcero oonee 200 nem momy Ha3ad, a UMEHHO, peleuHO-
KOHMAKMOPHLIM CHOCOOOM € UCNOAb308aHUeM conpomugienuy. Onvim dKCHIyamayuu
NOKA3al UX HU3KYIO HAOENHCHOCMb U 00Nbuiue IKCNIYAmayuoHHvle pacxoovl. B nacmosweri
pabome nNpeonodceHa HAOEeHCHAsT DECKOHMAKMHASL Cucmema pe2yiupo8aHus CKOpoCmu ¢
UCNONb308AHUEM COBPEMEHHBIX NOTYNPOB0OHUK08 mpaHnzucmopos muna IGBT na 6500 B u 600
A, Komopuvle 3HaUUMeNbHO NOBbICAM HAOEHCHOCb U YMEHbULAM IKCNILYAMAYUOHHBIE PACXOObL.
B pabome npousseden ananuz cnocoda pe2yiupo8anus cKkopocmu 6 cywecmsyrowel cucmeme,
20e nono8UHA YnompeOneHHOU u3 cemu SHepeuu mepsiemcs Ha conpomugnenusx. Ocobo
omMmeyeHo npumeHenue OeCKOHMAKmMHO20 pe2yIUposanusi CKOpOCMU HA 91eKMpoeo3ax ¢
MSAACENO0BECHBIM COCMABOM, 20€ 8peMsi pa3eoHa oaumcs munymamu (5-10 munym) 6 meuenuu
KOMOp0o20 NO KOHMAKMHOU cemu npomexaem OONbWIOU BelUdUHbl NYCKO8oU mokK. Ilpu
UMNYTbCHOM Pe2yIUpo8aHuu CKOpOCMU 3MOmM MOK USMEHSEMCsl C HY1e68020 3HAYEHUS.
KioueBble ciaoBa: DIEKTPOBO3, CONPOTHBIEHHE, BPEMs pa3roHa, MpPOHAEHHBIA IyTh,
SHEPIrus, MOTEPU MOIIHOCTH U T. 1.

BBenenue

Pa3BuTue TEXHOJIOTMU MPOU3BOJACTBA IOJYIIPOBOJAHUKOBBIX IMPUOOPOB TaKUX Kak,
tpansuctopsl IGBT nHa 6500 B 600 A, 3300 B 1200 A, ynpasnsemsix Tupucropo GTO, IGCT
HAa COTHM Thicsd BonbT u Ammep MO3BOJWIO CO3/1aBaTh COBPEMEHHBIE TATOBHIE
anekTponpuBoabl s cucteM OIIC  (3/IEKTpONOABMIKHOM COCTaB) TOCTOSSHHOTO |
MEPEMEHHOT0 TOKa C ACHHXPOHHBIMU TATOBBIMH JIBUTATEISIMU MOIIHOCTBIO Ha och 6osee 1500
kBt, mpotuB 900 kBt mnma cucrem OIIC ¢ TArOBBIMH JBUTATENSIMA TMOCTOSHHOTO TOKa
(1BUTATENN TOCIIE0BATEIBHOTO BO30YK/IEHHS TOCTOSTHHOTO TOKA).
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Bmecre Tem, mnepexol Ha HOBYIO CHCTEMY HE TaK IMpPOCTO U3-3a OOJbILIEro
KaIATaJI0BIIOKEHUs. Tak, HanmpuMep, B 3TOH CHCTEME IIeHa 0JTHOM ocH paBHa 1 muyutnoH $. ITo
9TOM MPUYMHE HA MIEPEXOIHOM IEPUOJIE CUUTAEM 11eJIeCO00Pa3HBIM 3aHUMATHCS MOBBIIIEHUEM
SHEPreTUYEeCKUX M TITOBBIX XapaKTEPUCTUK CYIIECTBYIOUIUX B OOJIBIIOM KOJIMYECTBE
3JIEKTPOBO30B ITOCTOSIHHOT'O TOKA.

OcHoBHas1 yacTh
B kauecTBe npumepa paccMoTpuM ciydyail mycka 3iaekrpoo3os Tuna BJI10 u BJI11. Ha
puc. 1 a u r npuBeEHBl YIPOILIEHHAs CXEMa U IMarpaMMa ToKa U CKOPOCTH JUIsl 3TOTO Ciayvasl.
Kak 3t10 BuaHO u3 guarpammsl (puc. 1. T) BO BpeMs MycCKa TOK TSATOBBIX JIBUraTeseil
OCTaeTCsi HEM3MEHHBIM U, CJIEI0BATENIbHO, U cwiia TAru Fo Takke ocTaercs MOCTOSHHOM.
Tpeyronpanku AOAB u AOBC BbIpaxatOT COOTBETCTBEHHO, HHEPIHIO, 3aTpayeHHYIO Ha
CONpPOTHUBIIEHUH R U 3HEPruIo, 3aTpaueHHYI0 Ha MOBBILLIEHUE CKOPOCTH V.

+U U U
a) 6) B) U U
AVl
| /
/ AN :
R V2 t IO
0 t
- - To
r) I’ W IK.ceTM = I() Wr AB. ﬂ) I’ W WI’ AB.
A | B A ———————
Uu p
o
WR IK.CeTI/I /
V(o) \/ AV
7
Wy A Wy
P
4
0 | | | C t 0 | | | C ¢
Te/2 Te Te/2 Te

Puc. 1. Cxemut pecynuposanus ckopocmu I1C ¢ nomouipto conpomuenenusn R u
mpanzucmopa N u coomeemcmeyioujue Ouazpammsl moKo6 u CKOpocmeil
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|

Kak 3T0 BUgHO M3 puc. l. T 3TH PHEPrUM OJMHAKOBBI, T. €. MPU TaKOM CIOco0e
PEryJlMpoBaHUM CKOPOCTH TIOJIOBHHA SHEPrHM TepseTcs Ha compoTuBieHud R. Mcxons u3
3TOr0, MOKHO HAIMCATh:

U-lyt=I1°>"R-t+C-V-®I,-t, (1)
rae Ulyt — aBnsieTcst 23Hepruei, ynoTpebIeHHON U3 CEeTH,
Iy*Rt — SHEPrus, KOTOpast TepsieTcs Ha CONpoTHBIeHUH R;
CV @Iyt — sHeprus, 3aTpayeHHas Ha MOBBIIICHUE CKOPOCTH.

Kak 3TO0 BUAHO M3 BBIIIEHU3JIOKEHHOIO B TEYEHHWU BPEMEHHU pa3roHa MOe€3/la U3 CETH
noTpedssieTcss OONbIION BEIWYMHBI TOK PaBHBIM IMYyCKOBOMY [;. OTO SBISIETCS BTOPHIM
KPYIHBIM HEIOCTaTKOM 3TOr0 Croco0a peryiupoBaHUsS CKOPOCTU MPHU KOTOPOM KOHTAKTHAas
CeTh HarpeBaercsi M HaOrojaroTcsa Oonbluve najgeHus HampspkeHus B Heil 4000-2200 B. B
CBS3M C BBILIEU3JI0KEHHBIM IPECTABIIAET MHTEPEC ONPEIECICHUS JJIUTEIbHOCTH BPEMEHU
(mycka) pa3roHa U MpoWJIEHHOIO MYTH.

JJ1s 5TOTO HaNUIIeM OCHOBHBIE AH(epeHInaTbHbIC YPAaBHCHHS:

av
==2) f), @
av
Vs =120) (1), 3)

rae V. — CKOpOCTh JBMIKEHHUS B KM/U;
t — BpeMsd B MUHYTAaX;
S — nyThb B KM;
Y. f — cymmapnas otHocutesbHas cuna taru ), f (V) = X F(V)/(P+Q),PuQ
COOTBETCTBEHHO Beca JIEKTPOBO3a U COCTaBa B TOHHAX MM B KH.
s snextpoBo3a BJI10 cymmaphas cuna taru 8 tsarosbix asurareneit TJI2K paBha:

Z F=8-0,367C®ly(xr) =8-3,67CPI,(H) =8-3,67-300-0,103 500 = 453612 H

Oxpyrium u Bo3méM 450000 H.

Bec cocraBa P 4+ Q Bo3mém 5000 T = 50000 xH.

Torna oTHOcUTENbHAs cuna f Oyzaer:

= % =9 H/KH (xkrc/T),

Crnenyer OTMETUT, 4YTO Ml CPABHUTENIBHBIX PACUYETOB JIIOOMMHU CONPOTHBIECHUSMU
npeHeOperaem.

B takom cirydae u3 ypaBHeHHS (2) 4151 BDEMEHHU pa3roHa MPH MOCTOSTHHOM CHIIe TATH fj 10
90 km/4 OyieM UMETh:

|4 90
t(MuH) = E =59" 5 MUH.
Paccrostaue, mpolineHHoe 3a 3To Bpemst u3 (3) Oyner:
v? 902

S(km) =

= = 3,75 km.
2-120f, 2-120-9 o

TakxuMm 006pa3zom, B TEYEHUH 5 MUH. IO KOHTAKTHOU CeTH Oy/eT MpoTeKaTh MyCKOBOM TOK
I, 60NBIION BETUYUHBI.
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Huxe paccuntaem 3HEPTruIo, KOTOpasi TEPSAETCS HA 3TOM conpoTuBieHud R. CyMMapHbIii

TOK, IOTPEOJISIEMbIid 8-M TATOBBIMU JIBUTATEISIMUA COCIMHEHHBIMH IOCIIEIOBATEIbHO-TTapal-
nenbHO B pexxume (I1) mapamnensHoOro coequHeHus OyIeT:

Zl=4-500A=2000A.

OO6m1as >HEprus ynorpeOJIeHHAs U3 CETH TIPH 3TOM OY/IeT:
W +w, = L2l
RV 1000 - 60
3000 -2000-5
= = 500 kBT * u.

1000 - 60
Ha conporusiienus npu 3ToM Tepsercs:

(kBT - 9)

w
WR=7=250KBT"{.

Ecnu sty mudpy yMHOKUTH Ha KOJIMYECTBO ITYCKOB M 3JEKTPOBO30B, a TAKXKE BPEMsI UX
pabotel noxyuntcst 6ompmas mudpa. s I'pysun, roe 45 BJI10 u 26 BJI11 notepu Oynyt
3HAYUTEIBHBIMH, BO BPEMS UX IKCILTyaTallud B PEANBHBIX YCIOBHIX. OT BCETO 3TOTO MOKHO
N30aBUTHCS, €CIM TPUMEHHUTH IIUPOTHO-HMITYJIECHOE PETYIUPOBAHHE HANpsHKEHUS Ha
3a)knMax TAToBbIX aBurareneit (Puc. 1, 6). @opMbl HaNpsHKEHUS U TOKA TSATOBOTO JIBUTATEIS
HpuBe/IeHBI Ha puc. | B.

3 kB
Bllzc 1
Ly
A
g
DV, DN Vs
_,_
Ug Coe— [] e []
OB21 OB23
_{)VI OB22 {)Vs OB24
B _IZH B _I:H
V, Vs Vs V;

-

Puc. 2. Ilonnasn cxema snexkmpoeo3a BJI110 ¢ mpanszucmopusim
Pezynuposanuem HanpaMdceHus mazoewlx oguzamerei
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[Ipu sTOM, Kak 3TO BHUAHO U3 pUC. 1, 1, TOK KOHTaKTHOW ceTu | (IyHKTUpPHAsS JTUHUSA),
ckopocTh V (KUpHas JMHHS) YBEJIUYMBAIOTCS IMPONOPLMOHANBHO, IPU 3TOM DSHEPrus,
yrnoTtpeOaeHHast U3 CETU, TPATUTCS TOJIBKO Ha MOBBIIIEHHE CKOPOCTH V. DTa sHeprus paBHa:

To To
IO U b IO b TO
szfU-K-t-dtsz-—-t-dt=—, (4)
Ty 2
0 0
rne Ty - BpeMs pasroHa.
D¢ dexkTrBHOE 3HAUCHNE TOKA PH 3TOM OYET:
To To
I f 2dt 1[(10 t)zdt )
= |— A = |— —_ = —
> o) To) \To 3

OTO sABISETCSd BAXKHOM IOJIOKUTENBHOW CTOPOHOM 3TOro croco0a peryiupoBaHMs
CKOPOCTH IPUMEHUTEIIBHO K 3JIEKTPOBO3aM ITOCTOSIHHOT'O TOKA.

Ha puc. 2 npuBeneHa nonnas cxema aiekrpososa BJI10, roe peryinpoBanye HanpsyKeHUs
Ha 3@XMMax TATMOBBIX JBUTraTeledl M TOKa BO30YKIEHHUS OCYILIECTBIISIIOTCS C IIOMOIb
tpanzuctopoB tuna IGBT mupoTHO-UMITYIBCHBIM CITOCOOOM.

BuiBoabI:
1. B pabote mnpeayio’keH aHAIMTHYECKUH METOJ| pacyera MOTepb 3JIEKTPOIHEPruH Ha
IIYCKOBBIX PE3UCTOPAX JIEKTPOBO30B OCTOSTHHOTO TOKA;
2. Tlpow3BejcH aHAIUTUICCKUI pacyeT BpEMEeHA pa3roHa U MPOUIEHHOTO ITYTH TPYy30BOTO
1oe3na;
3. Ilpemnoxena OeckoHTakTHas (Ha Tpansuctopax |GBT) cxema perymupoBanus
CKOPOCTH U TOKa BO30YxaeHUs dnexTpoBo3a BJII10.

Jlureparypa:

1. L. 39M030o@obo, x. LsBozodg - gwgd@®mwo (gz0L  Lsxrmdzargdo, ™dOEOLO,

39960360 MbogzgMLo@gGo, 2014, 399 93;
2. Kapunumguc C. U., «Cratudeckue npeodpa3oBaTeIy 3IEKTPONOJBUKHOIO COCTaBay,

Tounucu 2015, Texanueckuid YHUBEpCUTET, cTp. 214,
3. Kapumumuc C. U., «/I[uHamMuka HETUHEHHBIX CHCTEM TATOBOTO AJIEKTPOMPHBOJA
MOCTOSTHHOTO TOKay, Tounucu 2012, Texaudeckuii YHuBepcurer, ctp. 314.
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DC ELECTRIC LOCOMOTIVES WITH CONTACTLESS SMOOTH
SPEED CONTROL
Karipidis Sergo, Sharvashidze Avtandil, Tsotskhalashvili Mirian,
Molodini Revaz, Tskhomelidze Giorgi
Abstract

On the vast majority of operating DC ERS (Electric Locomotives, Electric Trains, etc.),
speed control is carried out in the same way as was proposed more than 200 years ago, namely,
by a relay-contactor method using resistance. Operating experience has shown their low
reliability and high operating costs. This paper proposes a reliable non-contact speed control
system using modern 6500 V and 600 A semiconductor IGBT transistors, which will
significantly improve reliability and reduce operating costs. The work analyzes the method of
speed control in the existing system, where half of the energy consumed from the network is
lost on resistances. Particularly noted is the use of contactless speed control on electric
locomotives with heavy trains, where the acceleration time lasts minutes (5-10 minutes) during
which a large starting current flows through the contact network. With pulse speed control, this
current changes from zero.
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POYHKIMOHAJBHBINA AaHAJHU3 CHCTEMbI 0€30I1aCHOCTH ABHKECHHSA
10e3/10B Ha KeJle3HbIX aoporax I'py3uu
Bbaxkap I'enanze
Pesrome

B cratbe paccmarpuBaeTcs METOIMKa ONpENEeNICHHS YpPOBHS Oe30macHOCTH B
HalpaBJieHUU O€30MacHOCTU JBWXKEHMSI II0€37J0B Ha JKeNe3HbIX Joporax [pysum B
CTPYKTYPHBIX MOJpAa3JeNeHUs X, BXOJAIIUMX B JIaHHYIO cdepy, IMpelcTaBlieHa CTPYKTypa
JaHHBIX U HpOI/ICIJ_IeCTBI/II\/'I, napamMeTpbl OICHKH q)YHI(I_[I/IOHaJIBHOFO HMHACKCA U MOJCJIb OICHKH.
Honyqua cbopMlea OLCHKHA 9TOTO IIOKa3arTeiid, pacCMOTPECH MpuMep pacydcTa
(YHKLIMOHAJIBHOIO TOKa3aTens, Uil KOTOporo paspaboraHa ¢opmyna, HeoOXoaumas ais
MPaBUIBHBIX PACYETOB.

Functional analysis of train traffic safety system on the Georgian railway
Bakar Getsadze
Abstract

The article discusses the methodology of determining the level of safety in the direction
of the safety of train traffic on the Georgian railways in the structural units included in the field,
presents the structure of data and incidents, the parameters of the functional index assessment
and the assessment model. The formula for evaluating this indicator is obtained, the example
of the calculation of the functional indicator is discussed, for which the formula necessary for
proper calculations is developed.
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About the determination of the boundaries of the working zone on the main
platform of the roadbed, located under the rolling stock
Nugzar Rurua, Tengiz Papuashvili, Kakha lankoshvili, Vasili Khorava
Abstract
In the article, the method of determining the boundaries of the working zone on the top
of roadbed the rolling stock is considered. The role of the dynamic stresses in the formation of
total vertical stresses in the depth of the working zone is analyzed. It is established that in the
cross-section of the embankment, the pressure is transmitted from the sole sleepers through
hyperbolic surfaces. These surfaces have shown that the ballast section outside the sleeper, the

roadbed shoulder and the part of the slope of the embankment Y, at a distance do not

experience the dynamic force of the train load. As a result of the calculations, the maximum
depth of the dynamic loading of the roadbed determined. It was determined that, for two track
lines, in the case of the joint impact of two oncoming trains, the nature of the distribution of
stresses in the calculation section of the embankment, the train passing along the second track
does not have a force effect on the ballast layer and the working zone of the embankment.

00 onpeneseHun rpaHni padoyveil 30HbI HA OCHOBHOM IJIOIIA/IKE 3eMJISTHOTO
MOJIOTHA, PACIIOJIOKEHHBIX MO/ MOABHKHBIM COCTABOM
Hyr3ap Pypya, Tenrus Ilanyamsuiau, Kaxa Hankomsuiu, Bacuian Xopasa
Pe3rome
B cratbe pacCMOTPCHO METOA OIPCACIICHUA TI'pPaHUI] pa6oqep"1 30HbI Ha OCHOBHOM
mIomaigke 3€MISAHOIoO IIOJOTHaA IIO[ HO,Z[BI/I)I(HOP'I COCTaB. HpoaHaHI/ISI/IpOBaHa PpOJIb
JTUHAMHUYECKUX HAMPSOKCHUH B (DOPMUPOBAHUM CyMMAapHBIX BEPTHUKAIBHBIX HANPSDKCHHUH 110
rIyouHe palodeil 30HBI. Y CTAHOBJIEHO, YTO B IOMEPEYHOM CEUYCHHH HACHIIU JaBICHUE
nepeaacTcsa OT MOJOMIBLI MIIalbl Y€PE3 FI/IHep6OHI/I‘-ICCKI/I€ IMOBEPXHOCTH. Ot IMOBEPXHOCTHU
IIoKasajiu, 4To OayracTHas nmpu3sMa 3a MnpeaciaMu Mimalbl, 000YMHA 3eMIISTHOTO MOJIOTHA U
YaCTb OTKOCA HACBIITH HAa PACCTOSIHUHN HC UCTIBITBIBAOT TMHAMHUYCCKOI'0 CUJI0OBOI'O BOSIIGf/iCTBHSI
MOE3/IHOM Harpy3KH. B pe3ynbraTe mpoBEIEeHHBIX paCUETOB OIPEICIIEHA YTO, ISl IBYX ITYTHOMN
JUHUHU B ClIyda€ COBMECTHOI'O BOSHCﬁCTBHH JABYX BCTPCYHBIX IIOC3J0B XapPaKTCp
pacupCaciICHuA HaHp}I)KeHI/Iﬁ B paC4CTHOM CCUCHHUHN HACBIIIN HpOXO,Z[}IH_II/Iﬁ 10 BTOPOI'O ITyTH
03] He OKa3bIBAET CUJIOBOTO BO3/ICHCTBUS Ha OaJTaCTHBIN CIIOW M pabouyro 30HY HACHIIIH.
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Efficiency criteria and challenges of intermodal shipments
Manana Moistsrapishvili, Kakhaber Gudiashvili

Abstract

The article discusses the criteria and challenges of the effectiveness of intermodal
transportation in the transport system of Georgia, where attention is focused on the growing
trend and challenges of intermodal transportation, ways to solve them. The main body of the
article emphasizes the need for a well-functioning logistics chain to facilitate intermodal
shipments. The article discusses the various challenges and constraints that hinder the capacity
that makes shipping efficient. At the same time, it determines the efficiency criteria and the
value of their evaluation. Factors affecting the optimal functioning of logistics are identified.
The presented limiting concept is given in the form of drawings created by the FMEA method.
The method presented in the article is a general enabling factor that helps logistics companies
in the process of operational planning, which is directly related to the sustainable development
of the transport system.

Kpurepuu 3¢ pexTuBHOCTH M IPOOIEMbl HHTEPMOAAIBHBIX IIEPEBO30K
Manana MoiicupanumBuiu, Kaxatep I'ynnamBuiin
Pe3rome

B crathe paccMaTpuBalOTCA KpUTEpUH U MPoOieMbl 3)(HEKTUBHOCTH HHTEPMOJATbHBIX
IIEPEBO30K B TPAHCHOPTHOI cucreme ['py3um, riie BHUMaHHE COCPELOTOYCHO HA PACTYIIHUX
TEHACHIMSIX U MpodiieMax MHTEPMOJAJIbHBIX MEPEBO30OK, MyTIX UX pelieHus. B ocHOBHOI
YacTH CTAaThbU MOJYEPKUBAETCS HEOOXOAUMOCTh XOPOIIO (QYHKIIMOHUPYIOIIEH JTOTUCTHUECKOM
IETIOYKH JUTS 00JIETYeHUs] HHTEPMOJAIBHBIX TIEPEeBO30K. B cTaThe 00CyXKIaroTCsl pa3iHIHbIe
poOIeMBI M OTPAHUUYCHUS, KOTOPBIE MPEMSTCTBYIOT PA3BUTHIO MOIITHOCTEH, 00€CTIeUnBaIOLINX
s} dexTuBHOCTE cynoxoacTBa. B To xe BpeMs oHO ompenenseT kputepun 3(pGeKTUBHOCTH U
IIEHHOCTh UX OLICHKU. BBIABIEHBI (DaKTOPHI, BAMAIOIINE HA ONTHMAaIbHOE (YHKIMOHHUPOBAHUE
noructukd. IlpencraBneHHOe mpenenbHOE TMOHATHE IAHO B BHUAE YEPTEKEH, CO3MAHHBIX
metonqom FMEA. IlpencraBneHHbId B CTaTbe METOJ SBISETCA OOLIUM CTUMYIUPYIOLIUM
q)aKTOPOM, nmoMoraromuMm  JJOTUCTHYCCKUM  KOMITaHHAM B IPOHECCE  OINCPATHUBHOIO
IJIAHUPOBAHUS, KOTOPOE HANPSIMYK CBSI3aHO C YCTOMYMBBIM pa3BUTHUEM TPAHCIIOPTHOU
CHCTEMBI.
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Stable frequency and voltage sources for

feeding rail circuits
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Abstract: In the article are considered the special devices necessary to ensure the safety of
train traffic that in case of extreme conditions provides the smooth and reliable operation of
rail circuits, offers practical options for stable frequency and voltage sources.
Keywords: rail circuit, train traffic safety, power source, converter, inventor.

Introduction

The rail circuit represents an important part of the railway automation and telemechanics
systems, on the proper functioning of that the safety of train movement significantly depends.

It is known that existing power sources of rail circuits are developed on the principle of
voltage resonance. Under normal conditions, when the voltage and frequency are stable, they
operates correctly and reliably, but when these parameters change (even in a fairly small range),
these devices would no longer provide the correct operation of the rail circuits, and the operation
of the railway automation and telemechanics systems is practically impossible.

Basic part

For the normal operation of the rail circuits, we have developed special devices that
ensure proper and reliable operation of the rail circuits in case of extreme conditions.

On the Fig. 1 is presented a power source using a basic device built on conventional,
non-controlled thyristors. In this case, by g rectifier. The "i" inverter receives power through
the Ly and C; filter by means of the rectifier g. This scheme is known in the literature as the
"McMurry" scheme. Impulses are supplied to thyristors V6 and V7 of the inverter from the
stable frequency source of railway circuit. Due to the presence of the compensating capacitor
C. and inductance L., the thyristors are artificially turned off. The stable value of the supply
voltage is provided by an automatic regulation system. It clear from the Fig. 1 that output
voltage U, through the g2 rectifier is supplied to the comparison unit, where it is compared
with the set voltage (Us,;). Their difference is supplied to the "i" integrator, and then through
the "i g" pulse amplifier - to the thyristors. Such an automatic system is maintaining the supply
voltage within 200£1.5% range when the supply voltage variation is 380+30% and the load
variation range is large.

The shape of the output voltage of the inverter is given in Fig. 2. It is trapezoidal
(enlarged line) instead of sinusoidal.
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Fig. 1. The main option of the power supply
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Fig. 2. Shape of inverter output voltage

By selecting L, C;, parameters and the transformation coefficient, is possible to obtain
the shape ot optimal voltage, where the content of harmonics will be minimal. For this, we used
the method of least squares:

T T—X1

X1
e(x) = f[Umsinx — f()]?dx = f (Upsinx — kx)2dx + f (U, sinx — kx,)?dx +
0 0 “

+ f:_xl(Umsinx — k(m — x)?dx. )
where U,, is the amplitude of the sinusoidal voltage;

k= xi — is the tangent of the angle of inclination of the trapezoid;
1

A — is the trapezium height;
e(x) — difference between sinusoid and trapezoid,;
f(x) — is the analytical representation of a piece-linear trapezoid.

If we set the derivatives of the expressions (1) with respect to k and x; will be equaled
de(x) de(x)
300 = 0 and 305
with two k and x; unknowns. If we solve this system by any known approximate method, we

will obtain:

to zero, i.e. = 0, we will obtain a system of two transcendental equations

x; = 0,26m; A =0,86U;.

Thus, in the case of such a different shape of the trapezoidal voltage, it is no longer
necessary to perform additional measures to improve the voltage shape. Another advantage of
the scheme is its simplicity and high reliability. The shortcoming of the scheme is the large
dimensions and mass of the power transformer and compensating throttle L_k.
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The development of power semiconductor techniques, the appearance of new types of
field-effect transistors and fully controlled thyristors operating at high voltages and currents
allowed us to create fundamentally new converters that do not have the above-mentioned

disadvantages.

Hr
O
0O
220v+1%
50hc+0,2hc

N N

220 g
__D*._.

CYLUM

o
L
-

& |
R
Fig. 3. Built on tranzistors converter
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On the Fig. 3 is presented one of the variants of the converter built on YGBT transistors,
in that, as in the first variant, the inverter receives power from the g1 universal rectifier through
the Ly and C filter. The field transistors V5, V6, V7 and V8 are powered by a closed-loop auto-
regulator system, where the set U, voltage is compared to the output voltage. The frequency
of pulses delivered in this system does not depend on any parameter. When the voltage of the
regulator g1 changes, the width of the open state of the transistor changes, thereby ensuring the
constancy of the average value of the voltage.

The advantage of the scheme is high reliability, relatively small weight and dimensions.
Compared to the previous scheme, lower M.K.C. has, but it is perfectly acceptable for the
purposes we have set.

In real operating conditions, the alarm equipment was tested when it was powered by a
rectangular voltage. As expected, the rectangular shape of the curve (instead of the sinusoidal
shape) has no effect on the performance of the hardware. It should be noted that the frequency
of the output voltage does not depend on the magnitude of the supply voltage.
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HceTouyHuKM cTAOMIBHOM YACTOTHI M HATIPSIKEHU S JIA U TAHUS
PeabCOBBIX Lemen
Mepab I'onansze, Hatua I'orumBuian
Pesrome

B cratbe paccmarpuBaroTCi CHEIMAlbHbIE YCTPOICTBa, HEOOXOIUMBbIE IUIf
oOecrieueHnss OE30MACHOCTH JIBM)KEHHSI IOE3]I0B, KOTOPBIE B JKCTPEMAIBHBIX YCIOBHSIX
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Ssessing the vibroactivity of the rotary mechanism reductor of the rotary cranes
Gabriel Merabishvili, Giorgi Jafaridze, Tengiz Chkhaidze
Abstract

In order to increase the operational reliability of high-risk machines, in particular, rotary
cranes, the study of the main node of their turning mechanism has been carried out. The research
of one of the most important reductor node has been carried out. The vibration spectrum of the
reductor is obtained, the error of the rotating elements included in the kinematic chain of the
reductor is determined. The impact of the return mechanism reductor elements on overall
vibroactivity and their evaluation methods are discussed. The dynamics of vibration excitation
of the gear transmission and its causes are given.

Ouenka BUOPOAKTHBHOCTH PeIYKTOPAa MOBOPOTHOI0 MEXaHU3Ma
MOBOPOTHBIX KPAHOB
I'adpuen MepabumBuiau, I'mopru xanapunze, Tenrns Uxanase
Pe3rome
B cratse HUCCICAYIOTCA OCHOBHBIC Y3JIbl IIOBOPOTHOI'O MEXAaHU3Ma MalllMH U YCTAHOBOK
MMOBBIIIICHHOM OINAaCHOCTHU, B YAaCTHOCTHU, IMOBOPOTHLIX KpPaHOB, C LCJIbIO ITOBLIMICHUA HX
Oe3omacHOl sKkcruioaTanuu. MccnenoBan ouH M3 BaXKHEUIIUX Y3JI0B — PELYKTOp, MOJy4eH
CHEKTp BUOpaIMU KOpITyca peAyKTopa, ONpeAeeHa MOTPEIIHOCTh BPAIAIOIINXCS SJIEMEHTOB,
BXOJSIMX KUHEMAaTHUECKOW MLenmu peaykropa. B craThe Takke paccMOTPEHO BIMSHHE
3JIEMEHTOB IOBOPOTHOT'O MEXaHM3Ma PeAYyKTOpa Ha 00IIyI0 BAOPOAKTUBHOCTH KpaHa U METO/IbI
uXx oueHku. M3yueHa nuHamuka BO30YXJeHHs BUOpaluu 3y0uaToi mepenauyu peaykropa U
HNPUYUHBI UX TTOSBJICHUS.
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Dynamic modelling of rotary cranes
Giorgi Jafaridze, Gabriel Merabishvili
Abstract

The scheme of dynamic modelling of rotary crane has been established. The rotary crane
is discussed. Its arrow’s angle of inclination is regulated by the rope, which is wound on the
drum. At the same time, the crane body rotates with the motor of the turning mechanism. The
calculating formulas for the dynamic modelling are difficult and to simplify them, a number of
assumptions have been made: the crane is considered as a solid object, the weight is considered
as a point mass, as a result the simplified calculating formulas corresponding to the dynamic
model have been obtained.

JIuHaMueckoe MoieJIMPOBaHME MOBOPOTHBIMHU KPaHAMU
I'mopru J:xanapunse, 'abpues MepaOumBuin
Pe3rome

Paspaborana cxemMa JMHAMHYECKOH MOJEIM MOBOPOTHOTO KpaHa, PacCMOTPEH
ITOBOPOTHBIN KPaH,yroJl HaKkJIOHA CTPEJIbl KOTOPOr'0 PEryJInpyeTcs TPOCOM, HAMAaTaHHBIM Ha
OapabaHe, a KOpIyC KpaHa BpAIaeTCs MOTOPOM IIOBOPOTHOTO MeXaHu3Ma. [loimyeHHBIC
paCUYCTHBIC (I)OpMyJ'H:I HHHaMquCKOﬁ MOZCIIM HOBOJIBHO CJOXHBIC W JJId HX YIIPOLICHUA
IMPUHAT PAL r[[Ol'[y]_l_lCHI/II\/'I—KpaH pPacCMOTpPCH, Kak TBEPAOC TECJIO, a HOI[HI/IMaCMHﬁ rpys3 Kak
ToueyHast Macca. C y4eToM 3THUX JONYLICHUN MOIyYeHbl YIPOIIEHHbIE pacueTHbIE (HOPMYIIbI
HHHaMHqCCKOﬁ MOJCIN.
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Creation of structures (walls) in the computer

graphics program REVIT

Natela Javakhishvili*, Tea Baramashvili**, Elene Khvistani***

*Associate Professor, Georgian Technical University, E-mail: n.javakhishvili@gtu.ge;
** Professor, Georgian Technical University, E-mail: baramashvili.t@gtu.ge;
***Student, Georgian Technical University, E-mail: kvistani.elene24@gtu.ge

(Georgian Technical University, Ne71, M. Kostava str., 0175, Thilisi,
Georgia)

Abstract: The CAD program Revit aims to study the basic principles of work and to understand
the process of constructing information modeling. Three-dimensional modeling of building parts
is performed by Revit. It is possible to work jointly on the project. Engineers, designers, architects
and representatives of bordering professions work on one project, therefore, the program is
convenient for the simultaneous work of several specialists within the framework of one project.
After creating the axis grid and levels in the project development process, it is important to create
the walls. The article discusses the creation of walls using the computer program Revit. We can
create an architectural or load-bearing wall, choosing an architectural wall that contains both
load-bearing elements and architectural.

Keywords: wall, architecture, basic relation, parameter line, axis, Chain button, wall thickness.

Introduction

Revit is the BIM (Building Information Modeling) information modeling principle.

A digital prototype of the object would be created. The object consists from structures. St s
consist of materials, materials contain visual properties, physical properties, design
characteristics, economic characteristics. According to BIM, a digital prototype is a three-
dimensional model that contains information about the object to be used.

If the wall according to another program contains only visual properties, in Revit we can
enter all the information about the object: what material the wall is made of, all the physical
properties of the material, the area, and here we can get all the necessary data to work on this
object as a real construction.

Basic part

After defining the grid of axes and levels, we start creating the walls. We would create an
architectural or load-bearing wall, but since we are only studying modeling and not calculating,
let's choose an architectural wall that contains both load-bearing elements and architectural.

There are many types of walls in Revit. We enter the Architecture tab, select Wall, its logo
is (WA) - the wall is architectural. We are working on the base wall that the program offers. Let's
choose a multi-layered wall (Stacked Wall Exterior-Brick over Block w Metal Stud), on which
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we will visibly display the possibilities (Fig. 1). We draw walls by clicking directly, but before

that we need to create elevations.

Properties
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.-\.-\.I
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Fig. 1.

8000 is indicated in the parameters line, this means that the wall starts from Level 1 (the
first floor (which can be seen in the Properties table) and its height rises to the top (Heigh) of
8000 mm. It is much more convenient not to specify a fictitious height, but to bind to some level,
and Later, if we change the distance between the levels, the height of the wall will also change.
In the parameters line, choose Level 2, the numerical value (8000) is no longer active in
Properties. Insert the Top Contain link, it will be Up to Level 2. In the Location Line parameters
line, choose the axis of the supporting part of the wall. It would be:

1. Middle axis of the wall (Wall Centerline);

2. In the middle of the load-bearing layer of the wall (Core Centerline);

3. On the axis with an external surface (Finish Face: Exterior);

4. On the axis with an inner surface (Finish Face: Interior);
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5. Outer surface of the load-bearing layer (Core Face: Exterior);
6. Losd-bearing layer with inner surface (Core Face: Interior).
If the load-bearing layer of the wall is on the other side, we use the Space key. If you turn
on the high level of detailing (on the view control panel) — Fine, all layers of the wall will be
displayed (Fig. 2).

17

Fig. 2.

On the Chain option in the parameters line, the flag is removed if we draw one wall and we
can start drawing the next wall from another point. If the Chain option is checked, then we draw
the walls in sequence, that is, the end of one wall is the beginning of the next wall.

Location Line (parameters line) — the next option is Offset — the offset relative to the
construction axis. With this distance we specify, say 1000 mm. The next option is Radius. If the
flag is marked and we specify the size of the radius, the walls will be connected by curved lines
(arc radius). If the size of the specified radius does not meet our condition, the table will indicate
an error and we will change the size of the radius so that the arc fits between the walls. Depending
on the Draw tab, we can get different outlines of the walls (Fig. 3).

.:r GO -
;+. < 2

D;lﬁﬂs :

Draw

'ﬂ'\-\.

Fig. 3

Rectilinear, rectangular, polygonal — by specifying the number of sides in the parameters
line, by the shape of a inscribed in circumference polygon or a circumscribed in circumference
polygon, circular, by arc (start point, end point, radius) by the shape of a circle, with an arc —
by connecting two sections of the wall..

If it is necessary to connect two walls, we select — Fillet Arc. Then we click on the walls
in turn. If in this case the layers of the arc and the wall do not coincide, we will change the order
of marking the walls. Pick Line — the wall will be built on any axis. Pick Faces wall is built on
any face.

Partail — connecting two walls with an ellipse curve.

Elipse — an ellipse-shaped wall (Fig. 4).
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Fig. 4.

How to remove the walls? If all the walls are of the same type, right-click on one of the
walls, a table will appear, select all elements — Select All Instances — Visible in View and all
the walls of the selected type will be marked. Click Delete (red cross) on the Modify panel.

Category: Count:
Wpos 3 Check A
[»]Stacked Walls
[]Windows g Chedk Mane
Total Selected Ttems: 6
oK Cancel Apply
Fig. 5.

If the walls are of different types, in this case we mark all the walls and all the elements on the
drawing, except for the rings indicating the facades. The Filter tool will be activated, and a table will
appear showing all the elements on the drawing. Mark the elements to be deleted with a flag (if we
delete all the elements, click Check All — mark all and OK) and Modify Check None — the mark will be
removed. The Delete tool (red cross) on the panel will remove the mentioned elements (Fig. 5).
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We will select the wall — Arch. — Wall — Stacked Wall In Exterior Properties Edit Type, Type
Properties we see the main parameters of the wall. Wall width (Ticknees) is not editable, it should be
considered by layers. We enter the structure of the wall:

Core Boundary - Above —upper layer;

Bellow — lower layer;

The load-bearing layer is Structure;

Layers can be inserted and added with Insert;

Up — upwrd, Down — downward;

Draw the walls according to the project (Fig. 6).

Fig. 6.

Conclusion

In Revit, it is possible to save the material and the structure at the same time, at the same
time we move to its construction purpose, that is, if we start modeling in AutoCAD from
different stages, in Revit we build the building from the beginning to the end and indicate not
only the object, but also its visual properties, i.e. It is possible to develop the project in more
detail.

In Revit, there are ready-made elements (for example, walls, windows, etc.) and we
assemble it. The assembly starts from the architectural and construction solution.
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1. ,,CAD program Revit“ — Natela Javakhishvili, Tea Baramashvili, Ketevan Chkuaseli;
Publishing House ,,Technical University”; Central Library of Georgian Technical
University; ISBN 978-9941-28-999-6; UDC 513.21; Thilisi, 2023.;

2. Revit Architect — Text book; Central Library of Georgian Technical University; CD — 7245;

3. Revit Architect — Working notebook; Central Library of Georgian Technical University;
CD - 7246.

303309 gOHE 3Msx8303me 3O MyMsds Revit-8o 3mbLE®m«yd309d0L

(390ergdol) Bggabo
Boomgams 9356083060, Mgs 33615358300, gemgbg bgolGebo
9Bomdg
30330GH9OMwo 3OmyMsds Revit-oll dobsbos 3dsmdols doMomso 3M0b3zodgdols
dgbfogws s gbmdoms  0bxzm®Isgomwo  ImgEo®mgdol  3OmEgbol  swdds. Revit-ob
L53v)5egd0m bgds dgbmdsms bsfoegdol Lodysbbmdowgdosbo dmpgwomgds. 3OHmgdd by
d9Lodgdgos  gHmMdE030  FMTomds. 9o 3GmgdBbg  9domdgb  0bgobMgdo,
©5336M9d3Hgogdo,  ©0Bs0bgMgdo,  9MJoBgdBH™MM9o0  ©s  FMLIBEOZOHY  3MMGIBOGOOL
Do00mB50agbegd0,  Fodslosdyg,  3MMyEMsds  bgalisydgwos  Msdgbodg  L3gEoswolEol
9ONOOMMs©  IMdsmdobmzol  gOHmo  3OMmgdBHolL  Ps®bmdo. 3OMgdEHol  ©sdMdsggdol
36Mm3gbdo ©0gMdgdol doOL s MbBgdol dqddbols d9dgy, dB0T36gMzsb0s 39egdOL
d99065. LEoG0sdo AsbboErmwos 39 gdol F9ddbs 3mB30GHIOMWo 3MMAGMsdol Revit-ob

399myggbgdom. B39b dga30dwos 993ddbsm s6Jo@gdB o b dBoo 3gogwo, 306Bg3m
50Jo0JOVOTL 39X, Omdgeros Fgopegl  OmmG  dbo  gegdgbhdl, sb)gy
56300 OVO L.

Co3naHue KOHCTPYKIHI (CTeH) B KOMIILIOTEPHO# rpaduveckoii
nporpamme Revit
JxasaxumBuiau Harena, bapamamBuiu Tea, Eniene XBucranu
Pesrome

B cratbe paccMOTpEH MpUMEP TIMOCTPOCHUA CTCH C IMIOMOMIBIO KOMHLIOTepHOI\/’I
rpaduyeckoii mporpammbl Revit. Jlaetcs mpoekTupoBaHHE 0a30BOW CTEHBI IS JTYYIIETO
[MOHUMAaHUs 0a30BOTO MOZACIINPOBAHUA.

BBI6paHa CTCHA apXUTCKTYpHAsd, KOTOpasA COACPKUT KaK HCCYIIHUEC, TAK U apXUTCKTYPHLIC
DJICMECHTHI. I/ICHOHB3y}I KOHIICIIIINIO — c60p1<a, AJid CO3aaHud MOACIIU 3JaHUs, YK€ I'OTOBLIC
OJICMCHTBI, TaKHE€ KaK CTCHA, COYCTAOTCA C apXUTCKTYPHBIMH W KOHCTPYKTHBHBIMU
pELICHUSIMUA.
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Create a grid of axes in a Computer graphics program Revit
Nana Nozadze, Natela Javakhishvili, Ketevan Chkuaseli, Lela Tskhadaia
Abstract

Project processing starts with the drowing of axes .The Article discusses the basic
principles of constructing axes, using a computer program Revit. Getting these components
rights is of great importance for the effective execution of the project. BIM modeling is one of
the main topics in construction. This is the entire process of creating all the information for the
project. The information model exists during the life cycle of the building and beyond.

Co31aHue oceBOil CeTKH B IporpamMMe KoMmnbloTepHou rpagpuxu Revit
Hana Ho3anse, Harena [:kaBaxumBuin, Keresan Ukyacein,
Jlena Ilxagauna
Pesrome

Pa3paboTka mpoekTa HauMHaeTcs BblUepUMBaHUS oceil. B crarbe paccmarpuBaercs
0COOCHHOCTH U OCHOBHBIC IIPHUHITHUITBI IOCTPOSHHMUS OCEH B KOMITBIOTEPHOH mporpamme Revit.
[IpaBuiibHOE pelIeHHe €TOro KOMIIOHEHTa HMMeEeT OOJbIloe 3HaueHHE A ePEeKTUBHOTO
BBINIOJIBHEHUS TIpoekTa. BIM MonenupoBaHue 3TO OJHAa U3 OCHOBHBIX TEM B CTPOUTEIBCTBE.
D10 Bech mpolecc co3gaHus Bced mHbopmanuu Uit npoekta. MHdopmannoHHass MoJenb
CYILIECTBYET B IEPUOJE )KU3HEHHOTO IIUKJIA 3/1aHUS U B TIOCIIEAYIOIIMH TEPUOL.
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DETERMINING THE ECONOMIC BENEFITS OF THE
ROTARY MILLING PROCESS
Zaur Chitidze, Igor Gelashvili, Eka Sarishvili,
Maka Zhgenti, Nino Bzhalava
Abstract
In the article is considered the technological processes of manufacturing complex profiles
spatial parts using both traditional technology and new processes of rotational milling and simultaneous
grinding. In both cases, implementation times are calculated for all operations and comparisons are made
with old and new technological processes. The above mentioned comparison gives us the profit from
producing up to 22 more parts in one working day, which is profitable under any production conditions.

Pacuer 3xoHOMHMYECKOr0 3P IKTA NPH UCIIOIB30BAHMH MPoLeCcCa
POTALMOHHOIO (ppe3epoBaHUA
3ayp Yuruase, Urop I'essamBuiu, Jxka CapumBuiin,
Maka Krentu, Huno b:xanasa
Pe3ome
B crathe PacCMOTPCHHBI TCXHOJIOTUYICCKHUE ITPOLICCCHI 06pa6OTKI/I CJ'IO)KHOHpO(I)I/IJIBHLIX
MMPOCTPAHCTBCHLIX ,ueTaneﬁ THIIa OAIICHHBI KaK TpaAUIIUOHHBIMHA MCTOAAMHU TaK U ITPOICCCOM
POTAalTMOHHOT O (I)peBepOBaHI/ISI C OTHOBPCMCHHBIM H_IJII/I(bOBaHI/IeM. I[J'I}I obonx CJIY4acB Ha BCCX
onepanusax IMPOU3BCACH PACUCT OCHOBHOI'O MAalllMHHOIO BPEMCHHU H CACIIAHO CPABHCHHUC
CTaporo U HOBOro MeToja 00paboTku. Takoe cpaBHEHHE JA€T BBIUTPHILI B U3TOTOBICHUM 22
JeTaned B TEYEHHH OJHOTO pabodvero Jyisl, 4TO MPOTPECCUBHO B YCIOBUSX HCIOIb30BaHUS
JI1000r0 THUIA MPOU3BO/ICTBA.
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HexoTopsble acieKThl NOBBILIEHHE KAYeCTBA KMIAKOM CTAIH U JIETHPOBaHHe
Tama3 Byuykypu, Tamap Hepusanse, Tamap Llunocanu, Hato Kanrenanse
Pesrome

[ToBbllIeHNE Ka4yecTBa JKUAKOM CTadM Bcerna ObUIO M OyJeT OCHOBHOM ILEIIBIO
CTaJICBapOB IO BBITYCKY NPOJYKIMH MaKCHMajlbHO BBICOKOrO KadecTBa. Llemp paborsr —
YTHJIM3ALIUS OTXOJO0B METAJUIyPrUYecKOro M XMMHYECKOrO HPOM3BOJCTBA IS ITOBBILICHHS
KauecTBa JKUJKOM CTaW, YIydIICHHE HKOJIOTMYECKOTO COCTOSHHUS OKpY)XKAaromied cpeisl U
VICIIOJIL30BAaHME TTOJYYCHHOH MPOAYKIIMHN JUTSl TTIOBBIIICHUS KauecTBa )KUIKOH cTanu. B padore
IPEICTAaBICHA TEXHOJOTHYECKas CXeMa IepepadOTKU METAUIyPrHUecKUX M XUMHYECKUX
OTXOJIOB, XUMHUYECKHH COCTaB IIOJIyYEHHOTO B pe3yNlbTaTe IepepaboTKU CIUIaBa, a TaKXKe
BO3MOXHOCTBh €TI0 HCIIOJIb30BaHHUA JIsA IIOBBIIICHHA Kady€CTBa CTalld B Ha60paT0prIX
YCIIOBUSX. PaccunTansl KO3(1)(1)I/IIII/ICHTBI IIOTJIOIIICHU A JICTUPYIOIIHX DJIEMCHTOB,
MMpoaHAJIU3UPOBAHBI U APTYMCHTUPOBAHBI IMPUYUHBI YMCHBUICHUA W YBCIIMYCHUS KaKIO0I'0
JJIEMEHTA.

Improving the quality of liquid steel and alloyingsome aspects
Tamaz Buchukuri, Tamar Tsertsvadze, Tamar Tsilosani, Nato Kanteladze
Abstract

Improving the quality of liquid steel was and will be the main goal of steel specialists
to produce as high quality products as possible.The purpose of the work is the recycling of
waste from metallurgical and chemical production to improve the quality of liquid steel,
improve the ecological state of the environment and use the resulting products to improve the
quality of liquid steel. The paper presents a technological scheme for processing metallurgical
and chemical waste, the chemical composition of the alloy obtained as a result of processing,
as well as the possibility of using it to improve the quality of steel in the laboratory. The
absorption coefficients of alloying elements are calculated and calculated, the reasons for the
decrease and increase of each element are analyzed and argued.
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£ _1033odol doenols shdstrgds 9,81 /0%
£ _ @6Mmob 8mbs339000, HM35 dmFMH0wo bg J00mqdL dogocmols boBdstgl, 3_4 0.
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13mOIMwsdo (2) Hosbzomo 3608369wmdgd0l Bslidoo 803009000

=1103+ 1000-1,0 =1103+34 =1137 3.
9,81-3

S

Imsx

903009m, MMI BgMHEMOBY J3930056 Bgz0m IMFMHowro bols dofisbg dmOHPNMHY30L ML
059360b {obss0dgamds 06gME00L dsgrols smzseolifjobgdom Gmeos 1137 33.

VI

6sb. 1 8eazem90c00U356302960 8mdoemeytio bs3sgim bsdsgoter 8mtlbso@ggo osbspgsto;
R908YY 93930056 V93000 dmFHoemo bol Gofs by dmbodgzol
@Ol f0bss@mdwgsmBol xs0-9ko dsgrols bssbgskoder bggds;

I-VIII fjobssmdggmdol dsengbols 8magdols fakdocrgdo

II §od@owdo (obssmdgymdols dogms, MH™IgEwoE 500d3cmgds 100 3 Loa®dol dsg0Mol
39MHMOBY J3930056 D300 4955 Y0MGIOL MM 05bYM0Tgds BTN
-5, =S,+W,, =S, +G,L, Sina+ @, cos,), 3)
S, =1137+0,45-100(sin 40° +0,2c0s40°) = 1137 + 45(0,643+0,2-0,766) =
=1137+45-0,8 =1137+36=1173 3p.
III §96HGHowdo 3030300 [jobsordgamdol dsws, GMdgwoi Lsgo®mms I §9mE0wosb
15H930 B0l ofoby ToMYII MZ0MbLBS BEM3IT0 PoldEIMGOWS®
m-S,, =S, +W, =S, +S, o, (4)
S, =1173+1173-01=1173+117,3=1290,3 33.
IV $96G0do LsFomms gooosbmls BsdFgMols s dofoBg odspa®mqdmew mzomblbs
B 390l 0L dmd3gerero bsffgzo Bog0mob 5§930L Fobsswdwgamdol dsems, a =90°

IV_S, =S, +W, =S, +G,L,,,(Sina —w, cos) . (5)
d03009d0:
S,y =1290,3+0,45-15(sin90° + 0,1- cos90°) =
www.journaltm.gtu.ge 76

ISSN 1512-3537 DOI: https://doi.org/10.36073/1512-3537



http://www.journaltm.gtu.ge/
https://doi.org/10.36073/1512-3537

J29065¢00 ,,GMBL3MOEHO s FobJobscTIgbgdErmds“ Nel (59) 2024§;.
=1290,3+6,75(1,0+0) =1290,3+ 6,75 =1298 33.
V §96@0w80 356356009md0 Bs9FgMH0oL derm3zol d6+¥b30l obssmdwogymdol dsensls:
V_S, =S, +Wg; =S, +S,,0,, (6)
S, =1298+1298-0,1=1298+129,8 =1427,8 33.
VI §96OGHowdo (obssmdogamdols dogns 5000dg3Mgds 50 @ Log®dol bsfgzo dogo®ols
0 393D9 53000939 BEYMTIMGMBSTO OISO HOGOOL MM
Sy =Sy +W,, =S, +G,L,(sina + w, cosa). (7)
233096900
S\, =1427,8+0,45-50(sin 40° + 0,1cos 40°) =
=1427,8+22,5(0,643+0,1-0,766) =1427,8+16,2 =1444 33,
VII §96E0@80 35695003000 derm30l 3699630l Fobsswdgamdol doensls:
VIL Sy =Sy +W3, =Sy, + 5y @,, (8)
Sy =1444+1444-01=1444+144,4=15884 3a.
5 dmml VIII §96E0wdo, 569 mebg doffyomdol §go@owdo, «bws 45b3Lsbrgmmm
030056 M3 Lsfg30 BsR0MOL o3P0 YdOL (f0b550TIFMBOL dogns IBGOE
LodMGHYgdo
VIII_S, =S, +W,. =S, +G,L, (@, cosa —sina), )
Loog: a =60°.

13mOIMwsdo (9) Hosbzomo 360d369¢mdgd0l d9¢sbom dogowmgdo:

Sy =1588,4+0,45-4(0,1cos60° —sin60°) =
=15884+18-(01-0,5-0,866) =1588,4 +1,8(-0,816) =
=1588,4-1,47 =1587 3y,

I §96E0wosb VIII §9HEowol Bsmzwom (obssmdogymdols dsggdol 99309300
0009 F9OE0To 803009000 X536 [obsomdgymdols dognsl

Sx =Wy + Wy +Way +Woy +Wag + W, + Wy, + W =
=1137+36+117,3+6,75+129,8+16,2 +144,4 -1, 47 =1587 3.

8m6OHM930L GHgdbmemyon®mo 36OHmE3gLlol dgmeg m39MHo3E00l gobbmMEogwgdol O™,
MOmEs BOMMEIds InFMHowo bol sdmGsbs B9MHEMdBY 939306 bgz0m, Fodlodswrmedo
o dfo®mBmo bl I-VIII gd@owgddo 8m©gdrmo §obsswdgamdol doggdols xodl 1
090G0w0sH, 96w ImIGowo bosb mebg dofilymdol VIII fad@Gowsdg Gmeros
Sy =15873y. 80pMo@mdol  otogol  LEHsGogm®o  3m9803096E0 n=35
30035 0lfobgdom gsdaegxo does oo ogdbgds Sy, =1587-35=5555 3p.

ISO 2408 ULobsmGol dobgwz00 300930 11 88 ©0sdgEBHMOL LoG30MmMM dooMU
M550 g sGH0m, MMIXol EOHMId0MO 0bos0dgamds 157 33/302, 4odywgxo downs 6190
30 90009010 06550 9Md0L doeol Eslderg3s@ boFoMm LoddwsgzMyg GHEMsbldoLool d.d.3-
ol qom35¢noljobgdom Gmeros:

Syn -V 1587-1
75.n  75-085

33369
1. 3yg3omo0mo  Lsdwmdom  3Mm3glgdol  Neld  Egdbmmyom@o  bdqgdols  d9gbodg

N =

= 24,9 3b.9. = 18,6 330).

&93bmmyom®o  3GmEglol dgmombg Mm39gMs300LsM30L  BoGIMYOMWOos  dogrMHo
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3565393HM9O0L 562560080 S FoblsBrzmMEos Lsfgg ds0MbYg Bmddgo dodbodowMHo
f030L doerol 860836gewmds: Sy, =1587 3.5 399 g0 does HMeros Sy, =55553p,

2. ISO 2408 LEobodEHol dobgwgom dgmbgmeos 11 3 0s3gEHMOL LoGz0Mmm 3530600,
625691000 g sMH0m;

3. 3. 3009000 065508 gaMmd0L dserols ELAEg35¢ Lo FoMm LTI 3™ BHMEO.:
N =2493b.d. = 18,6 330, ®MmIGbsg 3530LMRWSE 350390l Jms-bi IMsZs.
59096 2odmB0bstyg,  sbodbmwo  Mm3gMmozool  AoBbmME0gwgds  Laglgdoom
d9L5dEgdgE0s.

2590myg9bgdmeo ysmrmgdo s wo@GHgMsdmms:

1. 6. 3ygdogwsdg, o. aMdgerodzowo, 9. 3maJo®ody, b. ggsdzowo, B. BoGodg, b.
05 53(o65d300, IM3goLEBE0IM0 FMdOEMMO b53sgHm LdoFoMM OSN30
©5b5gM0, Lod353HIBE0, Jobsboo Ne 15565/1, mdogrobo, 2021F., 9 43.;

2. . 35wsdfoM5d300, 0. w3300, 3. MBS, B. Po@0dY, 3. 53503300, bg-Eyol
©oLodBOYdgo  Bsbdobgdo o  Bmfymdowmdgdo, (II  Bosfowo)  odbIstg
Lobgerdd3sbgem, LsgsdmdEgderm Lsbwo ,,39dbozmmo Mboggdbo@g@o®, mdowrolo,
2013§., 200 g3.;

3. B. 35dHotsd30e0, @. 303505, 3. MBI, M. 3F)0d300, B. BoG0dg, (HYJ3OBROMNO
1599980900l FsbJobgdo s BgIbmeEM0s 805D 30MMdYdT0, 1ddgL3 CBLGHOEMEO, MdOEILO,
2008§., 33.252.

Short-term Mobile-Aerial Ropeway with Log Hauling Device
for VVarious Technological Process Operations:
Determination of Total Resistance Forces
Ramazi Tkemaladze, Irakli Grdzeslishvili
Abstraqt
In this article, during the implementation of the technological scheme No. 14, the three
main technological processes carried out by the short-distance, mobile-aerial, cable-pulling
device according to different technological processes are discussed. For the fourth operation of
the third technological process, a force parameter report was conducted and the value of the
maximum pulling force acting on the pulley system was determinedaccording to the pulley
system of the required diameter which was selected.

Omnpenesienne CyMMAapHBIX CHJI CONIPOTHBJICHUS ONEPALMAM Pa3JIHYHBIX
TEXHOJIOrHYEeCKHX NMPOLECCOB C MOMOLIbLIO NEePEABUKHOI0 BO3XyLIHOI0
KAHATHOI'0 TPEJIEBOYHOI0 YCTPOMCTBO O/1MkHero Paccrosinue.

Pama3s Tkemaunanze, Upaxiauii I'paseaumBuiau
Pe3rome

B crarbe npu peannzanuu TeXHOJIOrn4eckoi cxemsl Ne 14 paccMOTpeHbI TpY OCHOBHBIX

TEXHOJIOTUYECKUX TIPOLECCa, OCYIIECTBISIEMbIX MEPEABMKHBIM BO3IYLIHBIM KaHaTHUM

TPEJIEBOYHUM YCTPONCTBOM. KaOeJIenpoTAruBareneM OJMKHEro JAEHCTBUS 10 Pa3HbIM

TEXHOJIOTUYECKUM mporeccam; Jlasd dYeTBepTOd omnepanud TPEThEro TEXHOJIOTHYECKOTO

npolecca BeIETCs IPOTOKOJ CUIOBBIX IIapaMETPOB U OIIPEEIAETC 3HaYeHHNE MAaKCUMAIIbHOU

TATOBOM CHJIBI, IEHCTBYIOIIECH Ha TAHYIIUN KaHAT, 10 KOTOPOMY BbIOMpPAETCs TAHYIIUN KaHAT

HEOOXO0MMOro AuaMeTpa.
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00b25(330200 JOMIsEMYMsxools 3900M©Om

130eogxLOGHBY GHY300L LEMdEooL glHoges
Bo 9395395, 00M0bs Matgbgerodg*™, 956565 JmBosdzomo™*
Bog0bH®0, bsgstro39e0mb (3976037960 #96039(5b0dgd0, E-mail: nucagvazava@gmail com;

“obobdgbh 3HmRIMG0, bsgsGozgermb 3996032960 #96039(LoBIA0;
E-mail: ugrekhelidzeirinaO4@gtu.ge;

obobdgbd 36mRgbeG0, bogstorzgcmmb (9976032900 260396003 A0,
E-mail: kochiashvilimanana04@gtu.ge

(Lago®mnzggemb Fgdbozmemo MbogzgMlo@gdo, 3. 3MLEZL J. Ne71, 0175, mdogrobo,
Lsgds®mnggerm)

9B0M9g: UHsh0396 306589800 dgbpsgeroeros bogstozggeral bsbsoml goeronbod by
OY300L beaadools 306990306 ©300230098-9¢1985 bea9bhol ds@pgemol beads®y, (dyz00b
d90p39¢70 blibs&ol 306596(9Ms05Yg s pH-Y). ©s0ag9bocros bem®dzool m3hodseremo
3068980. dgbpsgerocr  bolbBdgdyddo g9b3960dgbhol  BsBs®gdol 30689800 beadzool
30699035 €r0dodo98:9¢0s 0B B> beadbHol Js@pzcrolb Jogboo.

153396dm  LoEY39d0: LodoM®mM39w ML LadsEML  Gowogbo@bg Tgufogwowos bLm®MdEO0OL
©50m3000909ds LeaMdY6EOL FoM3ol BmIsHg Gyzool d99339wo blbsMol 3mb3gb-
&6Mo305%bg s pH-bY.

0mbmMo Hgsd30990 blbsergddo 308@obsmgmdl 36Mod@ozmws© LHMsxs, bowm 3g-
A90MgbM 4Mm9dmbo 256339790 LoBJsMOm. 580GHMAE DBMP0IMHO FBodBHmMmgdol (3¢mwbs,
OMIWgdoE PobloBmzMegzgb ombysggzwomo Mgod3ogdol LoRJsMgl, Lodrswgdsls 0deg3s -
BMLEHIL 00b6y5(33e00 3OHM3gLYOOL BoGIMGOOL M3EH0TSW MO 306HMdJd0.

39390096 509080 00mbs(33e000 3MHMEgLJd0 JOMOMIIE BMEMEF0YEIYds T9-
909p b LGeos:

1. bLemEOBdOMYIMEO 0Mbol Foo5EHOEYdS blbsMINWIL LMMdEEOL FotmiEzwols Bgwos-

30650¢09.

2. LEeOBOMYOMEO 0Mbol 9O POWGds FoM33wol Foabom 0mbysizwom (g
AGowsdY.
63530 353300l Jodomo M9god30s.
390039393990 0mbol 35590905 56330l Joabosb dol Bgs306sdwy.
3°90d9390990 0MmbOL 35055 R0wJds BoM(3300l HBY306H0HL blibs®do.

o vk W

3o Mol Igbsdg LEeO0s SbslsMIOL bBms Jodow® 30b9E039L (30MH39o s
dgmE9 ool Jodome® M95g3090L).

15 2; 4 @5 5 bGHOOYOO 30 LYRMS ORMHBOIMHO BOLOSMLYS.

03 360300, 30535WLOxgbM0560 3HMEgLOL BoBMO LoBJs6g 49BOLBLIMYdS
9439wy bgaro LESooL LoBJsMom, 9.§. LoBJsOl 2sbdloBrzmgwo LEsos. 53 GOl
3900306935 M0l 0mbys3gwol 3069@ 030l Fglfogwrols 306390 g@sdo.
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L530mbob gole339350, vy MHMIgero d9dsbobdo - Jodomeo 56 orMBomEo - Foedm-
5©316L 0mbeE3Eomo 3069(H030L F6LbRIOIWL, Y39wsdy 9BIIOVG 89b39690wsw Tg-
0dgds Bs0mM35¢Mml 8mbs399900, HMIgdoE JowgdmEos 0Mmbd33womo 3MM39l9d0L boB-
Jo6ob LemMdg6EOL Jo (330l BMIsBY M0 YdOL Fgbfagerol EOML. o LoBJsMob
3963L5BOZMY 1Bl FoMmBMagbl Jodo®mo Mgodios, 35d0b 3GmEgLoL 3069gE035 56 0gbgds
593000900 BoM(33e0L DMTsBY s 30MH0J0m, 0MmbYS(33e0lL LOBJIMOL sTMI0WIOVIENGOS
0563300l BMIsbY 3939390 g0L F0gs QO Mg 0GB HBOOL 45053FY39E) OMEBY 0MbsE3EPOL
OML (1, 2).

3909 ©OxBMH0s F90dwgds 0gml LoBJsMOL gobdlabrgzmgwmo LEsos LolEgdgddo, G-
3903 bobosm Y0056 BoJlLoMYdO (AMIM30) 0MbBYdOL Fowsero 3:Mb396EGHME00m s blbs-
6ol bgewro dmégzom.

JO™I5EGMYM5530o 11393900l YdgEHILmdsTo 0Mmbs(33col LoBJstg goboloBzmads
956330l doabom oz boom.

5MLYdMBL 0MbOE30mo 3BM(3gLOL LOBJSMOL 0doE0MYdIMWO BESOOL IYHIOOL
9615350 gMEO. Y39wabg bsomge Fomdmoyqbsll 0dwgzs 0mbysgawol 3Hmglbol s-
93000909905 LEOBYEEOL FoME3EP0l BMTsBy. 58 JoBbom 9Ju3dgM0dxbEIO0 BoESMYdMO
0465 LGHOGHOIMEO 30MHMdYdTo: 9o 2650 BoBHMH0MTom IMEOROEOMIOM  BowoBLOGHL
9563300l bmdoom 0,25; 0,5 s 1 99 s0o3L9096 3MBMLME 3mEdsdo, MTo@gdgb 100 dg»
AY300L8993339¢ bLBSML 3mb396EMsE00m 0,2 T2/, pH = 6 s BXWM9396 MO0 Frymols ob-
053 Md530. 4m3z9gero Mo §mol gogerol 99dgy 00qd9b BLBsMOL serodzm@«e bsfol,
MmIgedosg LoHrzMeggb blbsMdo sMBIbow #HYz00l MoMEIbMdL BmEMIgEGOwo dg-
00Eom (3). 9du3gM0TIPBAL 5GH>MJdI6 LMMdIPBEHOL FHYz00lL 0mbgdom LEWW FoxIOYOSDY.
900900 9093900 Im39wos bob. 1.

C ﬂll
2.0 1/ P
/ / .

1.5 | / 3

/ 2

!
.01/
1
0.5 -

10 20 -

bsb. 1. Bgz00l bm68;00b 306909024960 630980 Boerozbod by bbgssbbgs dstggarol bmdol
©6mb. 1-0,25 §6; 2-0,5 80; 3-1,0 0.

MmamO3 9Ju39M089bGHWwo  Imbs399930@sb BBL, doMgol bmds 8b0dzbgermgsb
393965L sbabl LmMBdEOOL LoBJsM9BY, 39MdMm, FoME3EPOl BMAOL FoBMHPOm. LrOMBEOOL
LoBdoMg 930600905, B3 8mfdmdl 035Dy, MM Y300l 0mbgdol LeMdB0OL 3069G035 FZowo-

RLOGDHY W0doGHMIONW0s OB DOEOHO 3GIM3IBO.
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bLEEOE00L 30693)035Pg BHY300Ld9d339c0 BLBIMOL 3MBEIBEGHMSE00L o3wgbols Jglols-
Pogao gdu39M0dg63900 Bo@oMgdeo 0465 BEBSEH03YO 30MMDYOT0: MOMM M8 boGMowdol
0069800 3ME0R0E0MJRM BowogLloGL JoMEgwrol Bmdom 0,5 33 s0o3Lgdgb 3MbmlwmE
303590, 98539096 100 e FHy300L899;339 bLBIOL 3MbEIbEHMs30gd0m 0,1; 0,2; 0,5 3/, pH

=6 5 BXWM9396 MO0 Fmmol gobdsgzermdsdo. ymgzguro mMo ool gogerol 99dwgy 00gd96
blbo®ol senodzm@«e Boforl s dsbido Lsbw3zMz9b blbs®do sMBgbowo FHyzool Gom-

©96mdsL. 9Ju39M0896EGL 5aMdYEgd96 LMEDdYBEOL LOHYIE FoXIMGOSTEY. JoLIOMO TgEIJO0
939999005 Bob. 2.

CL

/s
H/’i‘f

Z,D

o
¥y

1.0

I}

20 t

Tan s emmmEme w -

bsb. 2. Bgz00l bm®B8gools 30699037900 dGrgb0 Boerozlod By
A9300b89053900 blbsGols bbzssbbzs 3mbggbd®Hsgogdols obheml;
1-0,1 83/8am; 2-0,2 83/3¢m; 3-0,5 8g/0em

MmO 3 94b39Mm0dg6G M0 dMbo399900 2308396900, 3M6:396GHMEO0L oMo Lme-
0300l LoBdotg 0bMgds.

53 9996905 LEMMBdE00L 30693H035%g blbsol pH-0b 2o3wgbsls, 9dudgm0dgb@gdo Bo-
9690379 0465 LAHOGH03M 300HMdYdT0: 9o M58 boBHMowmdol 0mbgdoom dmEoroE0MmYdMW
530oRLOAL, dsM33wol Bmdom 0,5 93, 50539096 3Medsdo, ds@gdgb 100 de» BHyz00l
399339 blbs®l 306396 s300m 0,2 3y/dew. blibo®ol pH-U 3300696 2-006 10-8g0g sbm@)-
0535350 5 580530l 535EJd0m. blbsML 56X M9396 MO [mmob gobdsgarmdsdo.

4m39wo mOo ool 9909y 009096 blbs®ol serodzm@we Boffoml, GmdgeBoss bo-
B03605396 bLbsmdo sMBgbowo 3HY300L MoMIbMdLL. 3MM3gLL saMAgEd9gb LMMd96EOL
LOYE FOXIMIO0QY.

MMamO3 99396003960 8mbogdgdo 330839690, LemMdE0OL FogdlodsermEmo LoBJsty
d900Rby35 pH = 6-0 GOML. pH 2-0l AL bEGSGH03MNE 306md9ddo FHY300L LEMEMDE0S Bowro-
gLOEGDY 5O bgds, Moz 99odwgds s0blbsl pH 2-ob blbs®do dymao Fyswds ombgdols
30b63MM9b300m, M55 99gbgds pH 10-U, BY305 godmoygmas 30Mmysbyol Lobom. bsb. 3.
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C
A
2,0 |

1.5 1
1.0 4

0.5

il

10 20

S
t

bsb. 3. B3gz00b bea®8g00b 30695032900 dGic00 pH 6-0b ofimb

pH-0b 3930960l dmbs398900 0093056 56530605306 0bx30MHT5305L 0dol Fglobgd, Gma
AY300L LeMdEo0oL 30693035 W0doE0MGdIMWOs Fot33¢0l Jogabom ogMHBoom.

50 g0 gdol dgLsdmfdgds dogdwmo 9dudgmodgb@G o dmbsigdgdol Logvwy-
d39bg, 539090 0gbs LmGdE300L 3069H030L FOM©O JMMOObsHYTo: F — Vt, bowsg F
0L 4533¢0L ba®olbo, bogrm t - M. Jogdeo dMmo Imygzsbowos bsb. 4.

2 4 6 8

/e
bsb. 4. 3opzemol bstolbbols (F) othmborsh (t) sdmz00908-9¢m980b 863980 Boerozbodol
bbzssbbgs dstpgamol bemdol othmb.
1-02588;2-05380:3—- 1,000

Mmam®3 bob. 4. BsbL, gl IM©gd0 LYYl bsfoedo Foerdmoygbgb LHim® boBL, G-
9903 89093 39050l MEbIBMZ6  ©ITM30EYdMEYd30, G5 SILEHMMGOL  dmbo-
BEYOL, O™ Jglfogero LoliBHYdgddo gdudg@0dgbEol 35689GMYO0L BoMRYWGdTo BHY300L
LEEOE00L 30693039 W0ToEGH0MYOME0S BsM 330l Joabom ok boom.

5060950, 300900 99093990L Boggydzgabg dgodargds gowoxzbod®y @yzool bm-
M0300L 30693030L 89990 Mm3GH0ToMMmO 306MHMBJOOL M19309bEs30s: LMMdYEEOL oM -
33w0ol Bmds 0,5 99, ¢yz00L 9993390 blbs®ol 3mb3gb@MmaiEos 0,2 dp/dew, blibstol pH 6.
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LEGOGH03MOO FJPMEO? sEYJBOO Fogs OBMBoMMo d9gdoboBdo LMoo gdom-
b3939 99539 3539MBY B396L Joge Tglermargdren BsdMPsmgddo LemMdE300L obsdozM® 3o-
Mmd9030 Y3930l IgMmEom  sgbo  3069EH030L  d9JsboBAL  (4). IgmmEol  sGLO
900 Mdo6gmdl d90c9ydo: Lobsd LobBgds JoomHozl Hmbolfmemmdsl, v 893hY39@ 3MbGIBL
LEOBdIBHEHVBS S J9BHIMIIN blBsOL FMMOL 4503390 EOMO0 (24 Lss00) S 899I 33193
393596009000 BsHYOL, 95906 2569 oRYHBool 30693030l Jg8mbzg35d0 LmOdE00L LoRdsMy
RsHgd0L F9969d0L 30MH3gen dmdgbGdo MRYds M33wgwro. J0gd oRwBoMGo 30b69E030L
d900bg935d0 LoBJoMg 0BMHYdS JoM33eol Fogabom LMMIOMGIMWO 0mbol 3mbigbEGHMsE00L
3050009630b 25356506930l botrxBy. 58 99dmnbgzg35d0 LeEBd300L IO DY 90dRb93s HY39EH 0L
3639L0.

LEEOE00L IOIOIDBY bFY39GEMdOL T9FHy39B)e 5ILEIMYIL, BT LeMHdEoOL 30-
BaB030L 3OHMmEglol odoGoMmgde bEoosl dglfsgerowr 30HMdYdTo [FoMdmoagbl wo-
B0 JoM33¢0L dogboo.

399myg9bgdmeo ysmrmgdo s o@GgMsdm®mos
1. TIlpaktudeckoe pyKOBOACTBO IO XHUAKOCTHON xpomatorpacduu. [leppu C., Amoc P., Bproep
I1. Ilep. ¢ anrnwmiickoro, noA. penakuuit Ymyrosa K.B. M. Mup, 1974
2. HonooOmenHbIi Xxpomarorpadpudecknii ananu3 mertanoB. Lllemsakun @.A., Crerma B.B. M.
Wzn. Metranyprus, 1970
3. Hosprit pearent Ha ceuren. JIykua A.M., [letposa I'.C. Tp. UPEA, 1.5, 1960
4. T'ynymaypu LI.H., bpoyaexk ®@.U. Uzn. AH I'CCP, cepus xumuueckas, T. 11, Nel, 1985

The Study of Kinetics of Lead Sorption on Phillipsite
Nutsa Gvazava, Irina Ugrekhelidze, Manana Kochiashvili
Abstract
Kinetic dependence of Lead sorption on grain size of sorbent, concentration and pH of
Lead containing solution has been studied in the stationary conditions on Phillipsite from
Georgian mines. The limiting mechanism of sorption kinetics is the diffusion inside the sorbent
grain of the studied systems in the experimental conditions.

N3yyeHune KMHeTHMKHU COPOIMHU CBUHIA HA GUILTMIICHTE
MecTopoxaeHus I'pysun
Hyua I'BazaBa, Upuna Yrpexeaunnse, Manana Kounamsuin
Pesrome

B crarucruueckux YCJIOBUAX HU3Yy4YCHA 3aBUCUMOCTb KHUHCTUKH COp6I_II/II/I CBHHIIA Ha
MMPpUIIOAHOM LICOJIUTEC DUILIUNCUTE OT CIICAOIINX (baKTOpOB pa3Mepa 3¢pHa, KOHIICHTpallluu U
pH cBuHETNICOMIEPKAMIOTO PacTBOpa. Y CTAHOBIICHBI ONTHMAaAbHbIE YCIOBHS COPOIIMKM CBUHIIA
Ha JaHHOM C0p6eHTe. B HU3YYCHHBIX CHCTEMaX B YCIOBUAX HNPOBCACHHA OSKCIICPUMCEHTA
KHHETHKA COpOIMY CBHHIIA INMUTHPOBAaHA BHYTPH 3€pHa COpOEHTA.
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Abstract: This study proposes an assessment framework to evaluate Al integration in
manufacturing. It considers human factors alongside technical aspects like efficiency.
Analyzing research, the paper highlights Al's multifaceted impact, and proposes KPIs like
Overall Equipment Effectiveness (OEE) to measure success. The framework ensures Al
complements, not replaces, human intelligence.

Keywords: Al Integration; Manufacturing; Human Factors; Efficiency; Multifaceted Impact;
Overall Equipment Effectiveness (OEE); Complementary Intelligence.

Introduction

The integration of Al in manufacturing presents a paradigm shift, not just an upgrade.
This necessitates a framework to assess its impact on efficiency, workforce, and human-Al
collaboration. Al's influence extends beyond automation, introducing intelligent machines that
can learn and adapt (a leap from rule-based to adaptive systems). This transformation, as
highlighted in the research, improves efficiency, reduces waste, and fosters innovation.
However, the human element remains crucial. The interplay between human and Al skills
offers immense potential, but also challenges in optimizing this collaboration. Questions arise
about future human roles and how Al can augment, not replace, human skillsets. A robust
assessment framework is essential to navigate this. This framework should encompass more
than just technical and economic metrics. It should consider human factors like the impact of
Al on workforce dynamics (as measured by changes in job roles and skill requirements), job
satisfaction, and broader socio-economic implications. This review aims to develop such a
framework by analyzing current research on Al-human collaboration. We'll examine various
aspects of Al integration, including technical efficiency, data management, safety, ethics, and
workforce adaptation. This will provide a comprehensive understanding of Al's role in modern
manufacturing and its impact on the workforce and the industry as a whole.
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1. Multidimensional Al Integration and Decision-Making

The industrial 10T landscape is evolving with Al, creating a smarter, more
interconnected manufacturing ecosystem (Trakadas et al., 2020). This goes beyond automation,
fostering a data-driven decision-making environment. Al integration encompasses aspects like
business intelligence and production process optimization, all secured by collaborative Al
systems. Al's role in decision-making isn't limited to basic operations. It includes complex
analytics and predictive modeling, impacting efficiency and productivity significantly. Huang
and Rust (2021) discuss how Al augments human decision-making and even allows machines
to actively participate in problem-solving and strategic planning. To assess this impact, a
comprehensive framework is needed. Metrics like equipment uptime and reduced maintenance
costs can quantify the impact of Al in predictive maintenance. Similarly, improved demand
forecasting and inventory optimization can measure Al's influence on supply chain
management. However, human-Al balance is crucial. While Al excels at data analysis, human
expertise is irreplaceable for context, nuance, and ethics. The assessment framework should
evaluate how Al complements human decision-making - ensuring it supports, not replaces,
human intelligence. Quantitatively, this could involve decision accuracy, time taken, and
economic impact. Qualitatively, it could assess user trust in Al decisions, human-Al interaction
levels, and decision-maker satisfaction with Al support. Wang et al. (2020) explore VQA with
digital twins to improve human-machine collaboration efficiency.

2. Safety, Ethics, and Blockchain-Enhanced Frameworks in Al Integration

Al in manufacturing demands rigorous safety and ethical considerations (Valori et al.,
2021). Machines making decisions and interacting with humans raise safety and ethical
concerns. Assessment criteria must evaluate Al for adherence to safety protocols and ethical
norms. A comprehensive framework should consider:

Transparency: Can Al explain its decisions to humans for trust-building?
Fairness: Does Al avoid bias in decision-making and outcomes?

Quantitatively, safety compliance scores based on industry standards and frequency of
Al-related incidents can be measured. Qualitatively, we can assess worker perceptions of safety
with Al. Ouyang et al. (2022) propose blockchain-enhanced Al frameworks to improve security
and transparency. Blockchain's decentralization and immutability can create a secure record of
Al actions, especially useful in supply chains. Assessment criteria could involve: Traceability:
How well can Al decisions be tracked (e.g., reduced discrepancies in logs)? Bezrukova et al.
(2023) explore the human factors influencing Al adoption and collaboration in teams. Their
research provides insights into how attitudes towards Al impact collaborative efforts.

3. Adaptability and Human-Centric Al Systems in Al-integrated Manufacturing

The focus of Al in manufacturing isn't just efficiency and automation; it's about
adaptability to human needs (Buerkle et al., 2021). Adaptive human sensor frameworks allow
Al systems to respond dynamically to human actions and environmental changes, improving
safety and efficiency in collaborative tasks. To assess this adaptability, we need to consider
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how the system learns from and responds to human actions, adapts to changes in the
environment, and handles unexpected events. This can be measured by the system's response
time to human input, accuracy in varying conditions, and successful task completion rate in
collaborative settings. Additionally, the impact of Al adaptability on collaboration should be
evaluated. This involves how adaptive Al systems contribute to reducing human workload,
preventing accidents, and enhancing overall task performance. A key metric here could be the
reduction in accidents and errors due to Al. Further emphasizing this concept, Zhao et al. (2022)
discuss adaptation in team settings. Al should adapt to both individual and team dynamics.
Assessment criteria should consider the effectiveness of Al systems in facilitating team
coordination, communication, and joint decision-making. Metrics can combine performance
(task completion, error reduction) with human factors (worker satisfaction, perceived workload
reduction). Advanced data analytics on Al-human interactions can further refine the
assessment. Muller & Weisz (2022) explore dynamism and sociality in human-Al
collaboration, highlighting how these factors influence collaborative effectiveness.

4. Workforce Skills and Process Optimization in Al-Enhanced Manufacturing

Al in manufacturing necessitates a reevaluation of workforce skills (Nixdorf et al.,
2021). We need assessment frameworks to evaluate training programs for Al-integrated
processes. These frameworks should consider: Skills Alignment: Does training equip workers
with the skills needed for Al-powered processes? Workforce Adaptability: Can workers
effectively adapt to and leverage Al technologies? Metrics could include the percentage of
workers trained, skill acquisition rate, and training's impact on performance and satisfaction.
Employee attitudes towards Al and the value they see in training programs are also crucial
qualitative aspects. Papadopoulos et al. (2022) highlight Al's data-driven nature. Assessment
criteria should consider data management and its impact on: Productivity: How does Al
contribute to production improvements? Quality Control: Does Al lead to higher quality
products? Predictive Maintenance: Does Al reduce downtime through maintenance
forecasts? Metrics could measure reductions in downtime, quality improvements, and overall
efficiency gains due to Al Mourtzis and Angelopoulos (2020) propose AR tools for
understanding Al. Assessment should include the effectiveness of such tools in: Ease of
Use: Are these tools user-friendly for employees? Learning Outcomes: Do the tools enhance
learning about Al applications? Bridging the Gap: Do they connect Al technology to practical
use cases? This framework should balance quantitative and qualitative metrics to capture the
multifaceted impact of Al, encompassing both technical process improvements and human-
centric aspects like skill development and job satisfaction. Esfahani et al. (2022) propose a
"symbiotic Human-Al partnership” for next-generation manufacturing environments, fostering
collaboration and efficiency.

5. Adaptability and Security in Al-Integrated Manufacturing

The adaptability of Al systems to changes in the manufacturing environment and
workforce dynamics is a critical factor for modern manufacturing. Szajna and Kostrzewski
(2022) discuss the challenges of high employee turnover in manufacturing and the role of Al in
addressing these challenges. A key aspect of adaptability is how well Al systems can maintain
operational efficiency amidst changing human workforce patterns. Assessment criteria in this
area should measure the resilience of Al systems to workforce fluctuations and their capacity
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to support consistent production quality and efficiency. Quantitative metrics for Al adaptability
could include the time required for Al systems to adjust to new operators or changes in
production processes, as well as the rate of error or downtime during such transitions.
Qualitatively, assessments could explore employee perceptions of Al support during workforce
transitions and the impact of Al on easing the onboarding process for new workers. In addition
to adaptability, security remains a paramount concern in Al-integrated manufacturing systems.
Bécue, Pracga, and Gama (2021) highlight the security challenges and opportunities presented
by Al in manufacturing. This underscores the need for robust security measures within Al
systems to protect against cyber threats and data breaches. Assessment criteria here must
evaluate the effectiveness of Al systems in safeguarding sensitive data and maintaining
operational integrity. Security assessment criteria could involve measuring the frequency and
severity of security breaches in Al-integrated systems, the effectiveness of Al-driven security
protocols in detecting and mitigating threats, and the system's compliance with industry-
standard cybersecurity practices. Additionally, employee confidence in the security of Al
systems can provide insight into the perceived reliability and trustworthiness of Al in handling
sensitive data and operations.

6. Future Work Dynamics and Human-Cyber-Physical Systems in Al-Integrated
Manufacturing

The evolving role of Al in manufacturing necessitates a robust assessment framework
to ensure its positive impact on both efficiency and the workforce. This framework should
consider how Al transforms job roles, as highlighted by Willcocks (2020). As automation
increases, tasks will shift, with new opportunities emerging in Al management and
collaboration. Metrics here could track the automation rate, the creation of Al-related jobs, and
changes in workforce composition. Beyond quantitative measures, the framework should also
capture qualitative aspects like employee perceptions of job security, satisfaction with Al
interaction, and career development prospects. Furthermore, the concept of Human-Cyber-
Physical Systems (HCPS) by Zhou et al. (2019) emphasizes the integration of human
intelligence, Al, and physical processes. Assessment criteria should encompass how
seamlessly these components collaborate, reflected in metrics like synchronization levels,
efficiency gains, and the level of innovation fostered by HCPS. Worker engagement and
satisfaction within HCPS environments are also crucial. In both workforce dynamics and
HCPS, a human-centric approach is paramount. Al should augment human capabilities, not
replace them. This necessitates an assessment framework that goes beyond just productivity
and efficiency gains. It should also consider human factors like job enrichment, skKill
development, and worker well-being. Research by Wang et al. (2020) on the transition from
human-human to human-Al collaboration offers valuable insights for designing Al systems that
effectively work alongside humans in manufacturing.

Conclusion and Future Research Directions

This comprehensive literature review delves into the multifaceted landscape of Al-
human collaboration within the manufacturing industry. It underscores the transformative
power of Al, extending beyond mere automation to significantly impact decision-making,
operational optimization, safety management, environmental adaptability, and robust security
protocols. Each of these aspects, meticulously detailed in the preceding sections, informs the
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conceptualization of a robust assessment framework for Al-human collaboration in
manufacturing environments. The following table summarizes key performance indicators
(KPIs) for evaluating the multifaceted impact of Al in manufacturing.

Aspect Description Example Metrics
Technical How Al impacts manufacturing Overall Equipment Effectiveness (OEE)
Efficiency efficiency
Data How effectively Al utilizes data Data processing speed, Accuracy in
Management predictive analytics
Safety and Ethics Adherence to safety standards and Safety incident rates, Ethical compliance
ethical guidelines audits
Workforce How well the workforce adopts Al Rate of successful adoption, Efficiency
Adaptability tools improvements post-adoption
Security Measures to safeguard sensitive data = Frequency and severity of security
and maintain operational integrity breaches, Response time to security
breaches

1. Technical Efficiency: Metrics like Overall Equipment Effectiveness (OEE) quantify the
impact on manufacturing efficiency. OEE reflects the interplay between availability,
performance, and quality within a production system.

Availability X Performance X Quality
OEE = 100

2. Data Management: The framework should assess the effectiveness of Al systems in data
utilization, measured by data processing speed and accuracy in predictive analytics. Efficient
data management is crucial for accurate Al predictions and informed decision-making.

3. Safety and Ethics: Criteria should incorporate compliance with established safety standards
(e.g., 1ISO 45001) and ethical guidelines. This could be evaluated through safety incident rates
and ethical compliance audits, ensuring responsible Al implementation.

4. Workforce Adaptability: Metrics could include the rate of successful adoption of Al tools
by the workforce and the efficiency improvements post-adoption. Assessing workforce
adaptability is crucial to ensure a smooth transition and maximize the benefits of Al integration.

5. Security: Security metrics involve evaluating the frequency and severity of cybersecurity
incidents and the response time to security breaches. Robust security protocols are essential to
protect sensitive data and maintain operational integrity.

Balancing Al with Human Intelligence: A critical component of the assessment
framework involves evaluating how Al complements human intelligence rather than replacing
it. This balance can be assessed through criteria like the level of human intervention required
in Al decisions and the impact of Al on enhancing human skillsets. Striking this balance is
crucial to ensure a collaborative and productive working environment. Quantitative and
Qualitative Metrics: Both quantitative and qualitative metrics are vital for a comprehensive
assessment. Quantitative measures could involve error rates, downtime reductions, and
compliance scores. Qualitative measures could utilize employee surveys to gauge perceptions
and attitudes towards Al integration. This combined approach provides a holistic understanding
of the impact of Al-human collaboration.
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Future Research Directions

In-depth Empirical Studies: Extensive empirical research is necessary to validate and
refine the proposed assessment criteria. This could involve longitudinal studies in diverse
manufacturing settings to observe the long-term impacts of Al integration on factors like
efficiency, safety, and workforce dynamics. Adapting to Al Advancements: As Al technology
continues its rapid evolution, ongoing research must adapt accordingly. Future studies should
focus on how new Al technologies can be integrated into manufacturing processes, assessing
their implications for efficiency, workforce dynamics, and ethical considerations. Human-
Centric Al Applications: Further research into human-centric Al applications in manufacturing
is paramount. This involves exploring how Al can be designed and implemented to augment
human skills, enhance job satisfaction, and contribute positively to the overall workplace
environment. Optimizing human-Al interaction is vital for maximizing the overall success of
Al integration.

Conclusion

The integration of Al into manufacturing represents a significant paradigm shift,
necessitating careful navigation and thorough assessment. By developing comprehensive and
dynamic assessment criteria, stakeholders in the manufacturing industry can ensure that Al-
human collaboration is optimized for efficiency, safety, and workforce empowerment. This
literature review lays a solid foundation for such development, providing insights and a
roadmap for future research in this rapidly evolving field. The future of manufacturing hinges
on a balanced and human-centric approach to Al integration, and continued research will be
critical to navigating this transformative journey.
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HHTEJJIEKTa B 00padaThiBaloLieil NpOMBIIIJIEHHOCTH
Jlyka Kemoxkauasze, Orap 3ym0ypuaze, Koann Purou, bopuc I'mronenaus
Pe3rome

B crarbe mnpemaraercsi OUEHOYHAs CTPYKTypa Ui aHaiu3a BHeapenus WU nHa
npou3BocTBe. OHA YUUTHIBAET YEIOBEUYECKUN (PaKTOP HAPSy C TEXHHUYECKUMH acleKTaMH,
TakuMU Kak d(]dexTuBHOCTE. PaccmarpuBas ucclieoBaHHs, CTaThsl MOTYEPKUBACT
MHororpanHoe BiusHue MU u npeanaraer kiaroueBbie nokazarenu 3¢dexruBroctu (KIID),
Takue Kak ooumii koapdunumeHnt s¢pdextuBnoctu obopynoanus (OEE) nns usmepenus
yerexa. CTpykTypa rapantupyer, uro MU nomonHsier, a HE 3aMEHSET 4YeJIOBEYCCKHI
UHTEJUICKT.
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The role of artificial intelligence in the development of logistics
and transport systems
Vazha Zeikidze, George Maisuradze, Tamar Kiladze,
lulia Tedeevi, Mari Papidze
Abstract

The use of artificial intelligence (Al) in the modern world is growing rapidly and related
topics, are actively dominating the development of logistics and transportation systems. The
presented scientific paper aims to demonstrate the improvement of the processes of using
modern (Al) technologies in the field of logistics and transport systems management in the
country, improving the management of logistics and transport systems by introducing the use
of unique foreign experience in the country.

PoJib HCKYCCTBEHHOI'0 MHTEJJIEKTA B PA3BUTHH JTOTMCTHYECKUX
U TPAHCIOPTHBIX CHCTEM
Ba:xa 3eiikuase, I'eopruit Maucypanse, Tamap Kunanse,
FOuma TeneeBa, Mapu Ilanuase
Pe3rome

Hcnonp3oBanne wuckyccrBeHHoro wuHtemekra (Al) B coBpeMeHHOM — Mupe
CTPEMUTCIIBHO paCTéT N CMCIKHBIC TCMblI aKTUBHO JOMHUHUPYIOT B PA3BUTHUH JIOTUCTUYCCKUX U
TPaHCHOPTHBIX cUcTeM. [IpencraBieHHass HaydHas paboTa MpHU3BaHa MPOJEMOHCTPHPOBATH
COBEPIIICHCTBOBAaHUE TMPOIECCOB HCMOJb30BaHUsl coBpeMeHHBIX (Al) TexHomoruii B cdepe
yIpaBJIeHUS JJOTUCTUYECKUMU U TPAHCIIOPTHBIMU CUCTEMaMH B CTpaHe, COBEPILICHCTBOBAHUE
yIpaBJI€HUS JIOTUCTHUECKUMH M TPAHCIOPTHBIMM  CHCTEMaMU IyT€M  BHEAPEHUs

UCIOJIb30BaHUS YHUKAJIBHOTO 3apy0eKHOTO OIbITA B CTPAHE.
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Development prospects of the middle transport corridor
Vazha Zeikidze, George Maisuradze, Tsira Elgendarashvili, Natali
Elgendarashvili

Abstract

By 2030, there will be a significant shift of cargo flows from the Central Asian countries to the
Middle Transport Corridor, and the transport infrastructure of Georgia must ensure handling of the
increased cargo flows. The article discusses the barriers created by the countries involved in it. Prospects
for the development of the Middle Transport Corridor are outlined, as a result of which Georgia will
become the most important transport and logistics hub in the Trans-Caspian Corridor. The article talks
about the implementation of international practices in the management and development of human
capital in transport and logistics, which will allow the country to fully grasp the existing potential.

IlepcneKTHBBI Pa3BUTHSA CPeJHEr0 TPAHCIOPTHOIO0 KOPHUA0PA
Ba:ka 3eiikunse, I'eopruii Maucypanze, llupa Earengapamsuin, Haranu
EarenpapamBuim

Pesrome

K 2030 romy npon3oiaeT 3Ha4UTEIbHBIN CABUT TPY30IIOTOKOB U3 CTpaH LleHTpanbHoil A3un B
Cpenuuii TpaHCIIOPTHBIN KOPWIOp, M TpaHCHoOpTHas HHGpacTpyKTypa ['py3un mommkHa oOecrevnTh
00paboTKy BO3POCIIMX TPY30MOTOKOB. B craree paccMaTpuBaroTcs Oapbepbl, CO31aBacMble
y4acTBYIOIIMMHU B HeW cTpaHamMu. OO003HAYEHBI MEPCIEKTHBH Pa3BUTHI CpemHero TPaHCIOPTHOTO
KOpHJiopa, B pe3ynbrare 4yero ['pysust cTaHeT BaXKHEHWIIMM TpPaHCHOPTHO-JIOTHCTHYECKHM Y3JIOM
TpaHckacnuiickoro kKopuaopa. B ctarbe roBoputcs 0 BHEAPEHUN MEXKTyHAPOTHOTO OIBITA YIPABICHHUS
W Pa3BUTHsI YEIIOBEUECKOTO KamnuTalla B cdepe TPaHCIOpTa U JIOTHCTUKH, YTO TO3BOJIUT CTpPaHE B
MOJIHOW MEpe peannu30BaTh UMEIOIIMNICA MOTEHIHAIL.
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Potential of Georgia and challenges of the **Middle Corridor**

Natia Butkhuzi, Nino Kochlamazashvili
Abstract

The article substantiates the unique geographical position of the transport system of
Georgia, which is located between two world economic centers - Europe and Asia, which is
a competitive advantage for Georgia. The article proposes a dry port project, the
implementation of which will significantly improve the ecological situation, reduce road
congestion, increase traffic safety, and improve the internal cargo movement system of
Georgia.

IHorenunan I'py3uu n BbI30BbI «CpeiHero KOpuaopa»

Harus Byrxy3u, Huno Kouwramaszamsuian
Pesrome
B crarbe 00OCHOBaHO YHHMKAJIbHOE reorpapuueckoe IOJIOKEHHE TPAHCHOPTHOM
CHCTCMbI FPYBI/II/I, KOTOpasa HAXOAUTCA MCXKAY ABYMsI MHPOBBIMH 3KOHOMHWYCCKUMU
HCHTPpaMHu - EBpOHOﬁ n A31/I€I>i, qTO ABJIACTCA KOHKYPCHTHBIM IIPCUMYIICCTBOM IS prspm
B cratne npemyiaracTces NpoeKT CyXOoro 1nmopTa, peajindannud KOTOPpOro rno3BOJIUT 3HAYUTCIIBHO
YIYyHYIIUTh 3KOJOTMYCCKYIO O6CTaHOBKy, CHU3UTBb 3aTOpbl Ha J0porax, IIOBbICUTb

0€30I1aCHOCTh JBM)KEHUS, YIYUIINTh BHYTPEHHIOIO CHCTEMY IiepemeleHus rpy3os [ py3uu.
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FOR AUTHIORS

procedure for submission of scientific papers in journal

In the Journal “Transport and Machine Building” of Transport and Mechanical
Engineering Faculty of Georgian Technical University manuscripts will be submitted in
Georgian, English and Russian languages with satisfying of the following conditions:

1. The paper must be performed on A4 page format with interval 1,15 by requirements of
ISO standard:

a) The paper must be prepared in Microsoft Word with using of redactor for the tables

and formulae; is possible to use the program Microsoft Excel.

b) Margins: top — 35 mm, bottom — 25 mm, left — 25 mm, right — 25 mm.

c) Performed in Georgian paper must be typed in Sylfaen, performed in English and

Russian papers — in Times New Roman.

d) Title of paper must be typed in Sylfaen (18B); name and surname of author — in

Sylfaen (14B); affiliation, in parenthesis — in 12B; abstract must be performed in italic

12; keywords — in 12; body-type — in 12; performed in Russian paper — in 12; after

references should have the abstracts in English and Russian with following: title of

paper, name and surname of author (authors). The abstract should not exceed 5-15 lines;

2. The paper must be submitted on compact-disk (CD-R) and one copy (legible) printed

on format A4 Or upload to the following address: journal.t. n@gtu.ge;

3. The paper should be accompanied with the information about author (authors): scientific
degree, rank and position;

4. Only the peer reviewed works are published in the journal;

5. The editorial supports the publishing of no more than three articles published by the
same authors in one journal;

6. Size of paper’s sheet is determined in range from 5 up to 30 pages;

7. The author is wholly responsible for the contents and quality of the paper.
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K CBEJAEHHUIO ABTOPOB

IHopsinok npeacraBiieHusi B PeJaKIUI0 HAYYHBIX padoT

B sxypnan “TpaHCHOpT W MaIlIMHOCTPOCHUE” TPAaHCIOPTHOTO W MAIIMHOCTPOHTEIBHOTO
¢dakynpreta ['py3HMHCKOTO TEXHHYECKOTO YHHUBEPCUTETAa HaydHble pabOTHl MPEICTAaBISIOTCA Ha
TPY3WHCKOM, aHTJIMHCKOM H PYCCKOM SI3BIKaxX ¢ COOMIOJICHNEM CIIeTyIOINX TPeOOBaHMI:

1. Pabora nomxkHa ObITh BEITONHEHA Ha Oymare ¢popmarom A4 ¢ uaTepBajom 1,15 Ha mewaTHOM
JIMCTE cOorjacHo TpeboBanusM cranaapra 1SO:

a) Paborta noaroraBnuBaercs B Microsoft Word ¢ ucrnosp3oBaHHeM peaakTOPOB TaOIHIL U

bopMyIT; BO3MOXKHO HCIOIb30Banue mporpammel Microsoft Excel.

0) pa3mepsl moJis pabodero JucTa: BepxHee — 35 MM, HIKHee — 25 MM, JeBoe — 25 MM,
npaBoe — 25 MM.

B) BBINOJIHEHHAS HAa IPY3WHCKOM SI3bIKY PaOOThI JOJDKHA ObITh HaOpana mpudtom Sylfaen,

BBITIOJTHEHHBIN HA aHTJIMHCKOM U PYCCKOM sI3bIKax paboTel — mmpupTom Times New Roman.

r') Ha3BaHHE PabOThI JOJDKHO ObITh HabpaHo mwpudTom Sylfaen (18B); ums u pamunus aBropa

— mpudrom Sylfaen (14B); Ha3BaHME OpraHH3aIlUH, TJ€ BHITOJHEHA PAa00Ta, YKA3bIBACTCS

B ckoOkax — mmpudrom 13B; pestoMe pabOTHI BBIONHSAETCS KYpCUBHBIM mipupToMm 12;

KJTFOYEBbIE cJI0oBa — mpUPTOM 12; TekcT paboTel — mpudToM 12; BBIIOIHEHHAS Ha PYCCKOM

S3bIKy pabota — mpudrom 12; mocie nTUTEepaTypsl MpHUIaracTcs pe3roMe Ha aHTIMHCKOM H

PYCCKOM SI3BIKaX CO CJIIYIONIMM yKa3aHHeM: Ha3BaHHe paboThl, WUMs M (aMuwius aBTOpa

(aBTOpoB). OOBEM pe3roMe He TOJDKEH MPEeBHImaTh 5-15 CTpoK;

2. Pabota momkHa ObITH mpexacTaBieHa Ha kommnakT-nucke (CD-R) wu B ogHOM 3K3emIuspe
(pa3bopunBo) HaneuyartaHHoW Ha Oymare Qopmara A4 Mnm sarpysure mo ciefymooueMy agpecy:

journal.t. m@gtu.ge;

3. K pabote npuiararorcs 1aHHbIC 00 aBTOpE (aBTOpax): Hay4dHas CTEICHb, 3BAHUE U JIOJIKHOCTH;

4. B )xypHase myOIMKYIOTCS TOJIBKO pPelleH3upyeMble paboThI;

5. Pepaknus corjlacuUTCsl HamedaTaTh B OJHOM KypHajie He Oosiee TpEX CTaThell BBIMOTHEHHBIX

OJTHUM U TEM K€ aBTOPOM;
6. KonmuecTBo nmcToB paboThl onpeaensercs oT 5 1o 30 ctpaHull,

7. ABTOp HECET OTBETCTBEHHOCTbD 3a COACPIKAHUEC U KAYECTBO pa6OTLI.
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