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General principles of modeling bound soils in highway embankments
George Khatiashvili
Abstract

Based on the data presented in the work, we can point to a number of provisions that should be
embedded in the basis of modeling of cohesive soils. In this work, an unconventional algorithm
for developing the technology is implemented: systematic cascade modeling to determine the
mechanisms controlling dynamic consolidation - experimental tests of soils using a systematic
methodology - development of accelerated consolidation technology with time-controlled
kinetic parameters. The work focuses on the development of a mathematical model of cohesive
soil consolidation under vibration. The development of vibration consolidation after the initial
stage of hardening is also discussed in the layered consolidation model.

OO0uue NPUHIMIIBI MOJIEJIMPOBAHMS CBSI3AHHBIX TPYHTOB B HACBHINSAX aBTO0POT
Ieopruii XaTuamsuiau
Pe3rome

Ha ocHOBaHnM IPEACTABIEHHBIX B CTAThE JAHHBIX MOXKHO BBIJIEIUTD PSiJ ITOJIOKEHUM, KOTOPBIE
CleyeT TIOJNIOKUTh B OCHOBY MOJEIHUPOBaHHMS TpyHTOB. B pabore peann3oBaH
HETPaTUIIMOHHBIN aITOPUTM pa3padOTKH TEXHOJIOTHH: CUCTEMHOE KacKaHOE MOICTUPOBAHUE
UL ONPENENEHUsS MEXAHU3MOB, YIPABISIOMIMX JIUHAMUAYECKOM KOHCONMJAUMEH -
AKCIEPUMEHTAIbHBIE HWCIBITAHUS TPYHTOB C HCIOJIb30BAHHEM CHCTEMHOW METOAUKH -
pa3paboTKa TEXHOJOTHM YCKOPEHHOW KOHCOJHWIAIUA C KOHTPOJHMPYEMBIMH BO BpPEMEHHU
KHHETHYECKUMHU TapaMeTpaMu. B cTaThe paccMarpuBaercs pa3paboTka MaTeMaTH4eCKOu
MOJICNId KOHCOJIMJAIMA TPYHTOB TMPU BUOPAIIMOHHOM BO3ACHCTBUU. Takke 0OOCyKIaercs
pa3BUTHE BUOPAIMOHHON KOHCONWIAIMM TIOCIE Ha4YallbHOM CTaguM TBEPACHUS C
HUCIOJIL30BAaHUEM MOJIEIN ITOCIOMHON KOHCOIUIAIINH.
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E

Trends in the development of mechatronic systems

Khatuni Amkoladze, Nia Natbiladze
Abstract
The article discusses the main trends in the development of mechatronic systems, including the
integration of intelligent technologies, the use of artificial intelligence, the improvement of sensor
systems, and increasing energy efficiency. The analysis identified key areas of progress, such as cyber-
physical systems, Industry 4.0 and Internet of Things (1oT), robotics and autonomous systems, artificial
intelligence (Al), energy efficiency, and sustainability. The development of these technologies
contributes to the creation of more adaptive, intelligent, and efficient mechatronic devices used in
industry, transport, medicine, and other fields. The article emphasizes the importance of further research
and the implementation of new solutions to improve the performance and functionality of mechatronic
systems.

TeHgeHIUM Pa3BUTHSI MEXAaTPOHHBIX CHCTEM
Xatynun Amkoaanse, Hua HarOunanze
Pesome

B crathe paccMaTpuBarOTCS OCHOBHBIC TEHJCHIMH Pa3BUTHS MEXATPOHHBIX CHCTEM, B TOM YHCIE
UHTErpalvss HWHTEUICKTYAbHBIX ~ TEXHOJIOTHH, HCIOIb30BAHUE HWCKYCCTBEHHOIO HMHTEIJICKTA,
COBEpIIECHCTBOBAHNUE CEHCOPHBIX CHCTEM, IIOBBIIIEHUE SHEProdP(eKTUBHOCTH. AHANNU3 BBISIBHI
KJIIOUEBBIe O0JIACTH Mporpecca, Takue Kak kubepdusnueckue cuctemsl, Uanycrpus 4.0 u Uarepuer
Bemieir (IoT), poboToTexHMKa ¥ aBTOHOMHBIE CHCTEMBI, HWCKyCCTBeHHBIH uHTeIUIeKT (UN),
9Hepro3pPeKTHBHOCTL M yCTOWYHBOE pa3BUTHE. Pa3BUTHE 3THX TEXHOJIOTHH CIIOCOOCTBYET CO3aHUIO0
OoJiee aganTUBHBIX, MHTEIUIEKTYIBHBIX M 3(QQEKTUBHBIX MEXaTPOHHBIX YCTPONCTB, HCHOJIb3YEMBIX B
MPOMBIIIIEHHOCTH, TPAHCIIOPTE, METUIIMHE U APYTHX O0NACTIX. B cTarbe MogquepKuBaeTcsi BAXKHOCTh
JAIBHEHIINX MCCIICI0BAaHUN M BHEJIPEHUS HOBBIX PEIICHHH AJIS MOBBILICHUS NPOU3BOAUTEILHOCTH U
(YHKIMOHAIBHOCTH MEXATPOHHBIX CUCTEM.
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MeTrta/Luin4yecKHe CILUIAaBbl HA OCHOBE MArHMsi M MX
IIPUMCHCHHUE B PaA3/IMYHBIX OTPaC/JadAX TCXHHUKHU

3ypa6 MueaaumBuaun™, Hana PaupeaumBuiaun™*
*IDYSUHCKULL MEXHUYECKUll YHUGEpCUmem, Oenapmamenm UHMICUHEPHOU ZPAuKu U MexXHULecKoll
Mexanuku, acoyuposanmwiii npogeccop, E-mail: zurab.mch@mail.ru;
**DY3UHCKUTL MEXHUYECKUll YHUBePCUMem, XUMUYeCKull Oenapmamennm, acoyuposantbli npogeccop

(I'py3unckuii TexHuueckuii yHuepcureT, yia. Kocrasa Ne71, 0175,
TOunucu, 'py3us)

Pe3rome: Jlerkuii MeTtayyi MarHuii Mo pacnpoOCTPAaHEHHOCTH B 3E€MHOW KOpE 3aHUMAET
Cpeou  METajlioB TpeThe  MECTO TMocie amoMuHHS U xene3a. OnHako Ui
MPOMBINIJICHHOTO TMPOM3BOJACTBA METAUIOB  MOTYT HCIIOJIb30BaHbl  JAIEKO HE BCE
COCIMHEHUS MarHus Kak HCXOJHOE cbipbe. B mpupozae Haiibosiee 4acTo BCTPEHAIOTCS
CHWJIMKAaThl U CyJab(QUIbl MarHus, KOTOpble C OOJBIIMM TPYAOM MOAAAIOTCS XUMHUYECKOMN
obpabotke. ['opazmo Ierde mnepepabaThIBAIOTCA KapOOHATHBIC IOPOABI  COJEPIKAIIUE
OKHCH MarHus, JWIOMHT M MarHe3uT. [l IpOMBILUIEHHOIO IOJIyY€HUsT MarHus yare
BCEro UCHON3YIOTCS €ro XJOPHIbI, B YAaCHOCTH [BOHMHAs COJIb MAarHHs--KapHaJIUT
(MgCl, - KQl-6H,0). Yuctplii MarHuii o0OnagaeT HEIOCTATOYHO BBICOKUM KOMILIEKCOM
MEXaHUYECKUX CBOMCTB, IOTOMY B TEXHHMKE B OCHOBHOM MWCIOJNb3YIOT MAarHUEBbIE
CIUIaBBI.

KaroueBbie cioBa: Marepuai, cruiaB, 00paboTKa, MPOYHOCTh, YIUIMHEHHE.

BBenenue

N3 Bcero mpou3BOAMMOrO MarHus OKOJO IIOJIOBUHBI HCIIOJB3YETCS U JIETUPOBAHUS
QITIOMHUHMEBBIX CIUIABOB, OCTAJbHOM ITOJYYEHHBIM MAarHui pacxonyeTcsi B NPOU3BOJICTBE
MAaramneBbIX CIIJIaBOB. qI/ICTI)II\/'I MaFHI/Iﬁ HEC 06naz[aeT BBICOKMMHU MECXAHUYCCKMMHU U
HpO‘IHOCTHI)IMI/I CBOfICTBaMH. HCXOJI?[ N3 J3TOI'0 B TEXHHKC I/ICHOJ’II:SYGTC?I CIIIaBbI HA €10
ocHOBe. MarnueBble CIUTaBbl 00Jaal0T OOJBIIONW YAETBbHON MPOYHOCTHIO, MOATOMY HX
BHEJPEHUE B Ka4yeCTBE KOHCTPYKUHMOHHBIX MATEPUAIOB IO3BOJSET YMEHBIIUTH MACCy
MalllUH W arperaros.

OcHoBHasi 4acThb

[Tomy4yeHHBI B pe3yiabTaTe TEXHOJOIMYECKUX IPOLIECCOB YMCTHIA MarHWil MPEeACTABISIET
co6oii  Gemblii cepeOPHUCTHII MeTamn, Todka IUIaBleHHs Kotoporo 650°C. DTo caMmblii
JErKUA TEXHUYECKUM MeTaul ¥ ero IUIOTHOCTh Yy = 1.74 F/CM3. [To cBoelr crTpykType

MarHuii OTHOCUTCA K MeETaJJlaM C TE€KCArOHAJIbHOW KpHUCTAIMYecKkoil pemerkon. Ha
OTKPBITOM BO3JyX€ OH KaKk M QIIOMHUHHI MOKPBIBAETCS OKUCHOW IUIEHKOW. Marumii
3aMETHO OTJIMYaeTcss OT Oepusuidg pasMepamu aroma U MoHa. OT cBoero cocena Imo
NEepUOAY — aJTIOMUHUS — MAaTHUN OTJIMYAETCSI MEHBUIMM YHCJIOM BAJIEHTHBIX 3JEKTPOHOB
U OTHOCHUTEIILHO OONBIIMM pa3MepoM aTtoma. McXons M3 3TOTO y MarHus METaTHYecKue
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NpU3HAKW TMPOSBIAIOTCS CHJIbHEe 4eM y Oepwuus U amoMmuHud. K npumepy, s
MarHusi MeHee XapakTepHO oOpa3oBaHHE KOBAJECHTHOW CBS3M C JAPYTUMHU DJIEMEHTaMH,
yeMm i OepwUIvs U alioMUHUS. B 9TOM OTHOIIEHHMH OH OJMKe K dJIeMEHTaM IHOJTrPYIIIbI
KaJIbIHUS.

B npupose MarHuii HAaXoOMTCA B BHIE TPeX CTaGMIbHBIX u3oTomos 2*Mg(78,6%),
Mg(10,11%), *°Mg(11,29%), mnomy4eHsl M WMCKYCCTBEHHBIC M30TONBL ~ Marmuii
BXOJIUT B COCTAaB TaKWX CHJIMKATHBIX MUHEPAJIOB Kak Hampumep onuBuH Mg,Si0, a Tak
e B COCTaB TaKMX KapOOHATHBIX MHUHEpaloB Kak pojomMut CaMg(CO0sz), ¥ MarHesur
MgC0O;. B TexHMYEeCKOM OTHOILIEHHH CaMO€ BaXXHOE 3HAUYEHHE HMEET MHHepal
KapHAJINT;

KCl-MgCl, - 6H,0.

Maruui aKTUBHBIN METalJl n JICT’KO BSaHMOHeﬁCTByeT C rajaorcHaMu, C
COOTBCTCTBYIOIIMMU MCTAJLJIaMH OH 06pa3yeT OBTCKTHYCCKUC CMECHU, TBCPABLIC PACTBOPLL
U HHTCPMCTAIUIMYCCKUC COCAMHCHUA, H3 KOTOPBIX COCTOAT Cro CILUIaBbI. OI[I/IH nus3
HauoOoee MMPUMCHACMBIX CIIJIaBOB MarHus SABIIACTCA OJICKTPOH, KOTOpI:IfI KpoMme
OCHOBHOI'O COCTaBa MarHus COIACPIKHUT

(3 —10% Al, 0,2 — 3% Zn).

Marnuii co3laeT HMHTEPMETAJUIMYECKHE COCNMHEHHsI CO CIEAYIOUIMMH METaJUIaMU:
Mgs;Al,, Mg3zSb,, Mg,Pb. bunapusie coeauHenuss Mg B 3aBUCUMOCTH OT

OpUpobl  Oosiee IEKTPOOTPHUIIATEIBHOTO 3JEMEHTa, MOTYT ObITh KakK HpPeeMyILIeCTBEHHO
METAJUIMYECKUMH TaK ¥ TPEeMYyIIEeCTBEHHO HOHHBbIMH. Hanpumep Mg;Al, —sBnsercs
PEUMYIIECTBEHHO METAJUIMUECKUM coeluHeHueM, a MgCl, mnpenmyniecTBEHHO MOHHBIM
coeauHenueM. Ilo Xxumuueckoil  mpUpoOAE B COCOUHEHUXS] MarHMi  co3jaer ¢
COOTBETCTBYIOIINMH €JIEMEHTaMH OCHOBBI, Takue kak MgCl,, MgS0,, Mg(NO;), .
[IpodHOCTH HA PACTSDKEHUS YHCTOTO MAarHusi B JIMTOM COCTOSTHHUHM COCTaBIISICT

o = 80 — 120 H/

MMZ’
€r0 HC HCHOJB3YIOT B Ka4€CTBC KOHCTPYKOHWOHHOI'O Marepuaja. Maruunit 06pa3yeT

a OTHOCHUTENIBHOE YHJIMHEHuE Ipu paspeiBe 4 — 6%, mostomy

CIUIaBBl CO MHOTMMHU METaJlIaMH, B YacTHOCTH MAarHMW-aJlOMUHUN-IIMHK M MarHui —
HEepUN-LIUPKOHUU.

B nocneanue roapl B KadyecTBE KOHCTPYKLMOHHBIX MaTE€pUAOB BCE Yallle HMCMOJIb3YIOT
negopMHUpyeMble MarHUEBbIE CIUIaBbl 110 CPABHEHUHU C JUTEWHBIMU CIUIaBaMHU. XOpOIIHe
MEXaHUYeCKHUEe CBOMCTBAa 3TH CIUIaBbl NPUOOPETAIOT MpH coJepkaHuu B HUX 3 — 7%
amomunus u 0,5 — 1% unwmnka. Hanpumep cnnaB mapku MgA16Zn —umeer mpenen

MPOYHOCTH Ha 3acTsbkeHue og = 260 — 290 H/MMZ’

paszpeiBe 6 — 10%. JluTeliHple  CruIaBel  3TOM  TPYNIBI MEHEE IIPOYHBI, YEM

a OTHOCUTEJIbHOE Y/UIMHEHHE MpHU

nepopmupyemsble, oHu conepxar 6 — 10% amomunus u 1 — 3% uwmnka. Hanpumep y

muterHuro cmaBa MgA17Znl —npodHocTe Ha paspbeiB paBeH og = 160 — 200 H/MMZ’

a OTHOCHUTEJIBHOE YAJMHEHHE TIPH pa3pbiBe COCTOBISET 2 — 6%.

C 1enpi0 TOBBIIIEHHUS] MPOYHOCTHBIX CBOICTB MarHMeBBIX CIUIABOB B HUX J00aBISIIOT
[IUPKOHUH, YTO CIOCOOCTBYET O0Opa3oBaHMIO 00JIe€ MEIKOrOo 3€pHa M ATUM YIydIIaroTCs
uX MexaHumdeckue cBoiictBa. C 100aBIeHHWEM TaKMX DJJIEMEHTOB, KaK LEpPHA W TOPUI
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MOBBIIIACTCS JKAPOINPOYHOCTh U Topadas TBEPAOCTh CIUIaBOB. Hampumep eciau B3ATh
obpasell CIjlaBa MAarHUH-aTIOMUHHMI-IIMHK M HAarpeTb ero a0 TemmepaTypshl 150°C, To
ymumnantres Ha 0,1% B Tedenun 1000u nmpu Harpyske o = 10 H/

MMZ,
JKapoOMpOYHbIX MArHMCBLIX CIIJIABOB TaKasd KC IIC(bOpMaL[I/ISI HACTynacT npu HleCTHKpaTHOﬁ

TOraa Kaxk y

Harpyske.

B camonerocTpoeHun M3 MarHMeBBIX CIJIABOB HW3TOTABIIMBAIOT KOJE€ca M BUJIKU IIAcCH,
pa3jMyHble phIYaru, Kopryca mpuOOpoB, KOpOOOK mepenad, JAeTalu IJIaHepa CaMOoJIEeTOB,
donapu u naBepu KaOMH. OTH CIUIaBbl AKTUBHO NPHUMEHSJIN B TOJIbI BTOPOW MHPOBOMU
BOIIHBI B TepMaHUM, KaK KOHCTPYKIMOHHbIE MaTepuanbl KpbUIbeB U (ro3esspKed ux
BOCHHBIX HCTpeOuTeneit u OomOanaupoBHIMKOB. Cenyac HX YCIEUIHO HCIONb3YIOT B
KOHCTPYKLUSIX BEpPTOJIETOB, a TaK € pakeT. M3 HuX W3roTaBIMBalOT OINTEKATENH,
TOIJIMBHBIE W KHUCIOPOJIHBIE OaKd, OMOpPHBIC Y3JIbl M CTA0MIN3aTOPHI.

MaruueBble CIUIaBbl HAllId IIMPOKOE IMPUMEHEHHWE B KOHCTPYKLIUHU aBTOMOOWJEH, B
YaCHOCTUM B TOHOYHBIX, W3 HHUX M3TOTOBIISIIOT KOJIECA, KApTEpPbl, KPBIIIKH, HACOCHI.
MarnueBble CIIaBbl 00Jaal0T BBICOKOW JeMmupyroleil cnocoOHOCThIO, MOITOMY U3
HUX HW3TOTaBIUBAIOT KOXKyXa ISl pa3MEIICHUs 3JIEKTPOHHOHN ammaparypbl OaTHCTUYECKUX
paKeT U YMpaBisieMbIX CHapSJIOB.

3akiaiouenue

Bce mpemmymecTBa 3TOro MeTaula B CpPaBHEHUM C OCTAJIBHBIMH, JAlOT OCHOBaHUE
yTBEpXkKAaTh, YTO B HENOJEKOM OyaylieM OH Haijer Oojee IUPOKOe MPUMEHEHUE BO
MHOTHX OTpaciIiX MAIIUHOCTPOCHHUs, TpUYEeM HE TOJIBKO Kak JIeTHpyromas go0aBka,
CPEICTBO MJIi BOCCTAHOBICHHUS W OUYMCTKM METAJJIOB WM JJs IeNield KaTOJHOM 3aIuThI
pa3HbIX METAUIOB OT KOPO3MHM, HO  KaK OCHOBHOM KOMIIOHEHT KOHCTPYKIIMOHHBIX
MaTepUasoB.
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Magnesium-based metal alloys and their use in various industries
Zurab Mchedlishvili, Nana Rachvelishvili
Abstract

Light metal magnesium is the third most common metal in the earth's crust after aluminum and
iron. However, not all magnesium compounds as starting materials can be used for commercial
metal production. In nature, magnesium silicates and sulfides are most common, which are
difficult to chemically process. Carbonate rocks containing magnesium oxides, dilomite and
magnesite are much easier to process. For the industrial production of magnesium, its chlorides
are most often used, in part, double salt of magnesium — carnallite (MgCl, - KQl- 6H,0).
Pure magnesium has an insufficiently high set of mechanical properties, therefore, magnesium
alloys are mainly used in the technique.

@omnMmbms d965006mdgdo Fsabomdol gmdgBy s Fsmo gsdmygbgds
39460308 Lb3zoslbgs atygddo
B0 3390300, 6565 MsF39e0dzomo
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3905305309306 39MdMbsGHwo  Fobgdo  (owrmdo@o, ToabgboB o), MM™Igdo;
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I/IHTepMeTaJIJII/II[HbIe CninaBbl M HX IIPUMCHCHHUEC B
MAIIHHOCTPOCHHUMN

3ypa6 MuenmumBuian™, Hana PaupeaumBuian™*
*Ipy3unckuil mexHuyecKuil yHueepcumem, Oenapmamenm UHICUHEPHOU epauKku U mMexHU4ecKou
Mexanuku, acoyuposanmwiii npogeccop, E-mail: zurab.mch@mail.ru;
**[pysunckull mexHuueckull yHugepcumem, XUMUYECKUull OenapmameHnm, acoyupo8aHHulil npogeccop
(Tpy3uHCckHii TexHUYeCKUi yHWBepcuteT, yin. Kocrasa Ne71, 0175,
Tounucu, I'pys3us)

Pe3tome: Hrumepmemaniuovl yice OA6HO NPUMEHSIONM 8 KAYeCmee KOHCMPYKYUOHHBIX MAMepudnos
6 PA3HLIX OMPACTAX MAWUHOCMPOeHUs. XOPOUiO U3eCMHO NPUMEHEeHUEe ANIOMUHUOO8 U CUTUYUOO8
6  Kauecmee 3AWUMHLIX NOKpUMUL Npu  00pabomke XUMUYECKU aKMUBHbIX — MEmAailos.
Humepmemannuovl  a6110mMcsi  NEPCHEKMUBHBIMU — KOHCMPYKYUOHHbIMU — mamepuaniamu. Taxue
Mamepuansl Kax amoMUHUObl MUmMana sislemcs: XOpoutuMy KOHCMPYKYUOHHBIMU MAMEPUALaMU 8
ABUAYUOHHOU U 8 ABIMOMOOUNBHOU MEXHUKe, MaK Kaxk 001a0aiom Malol NIOMHOCMbIO, 6blCOKOIU
JHCAPONPOUHOCIIBIO U XOpowluMu  aumelnviMu  ceolicmeamu.  Pazpabomanvt  max  oice
KOHCMPYKYUOHHbIE MAMEPUAnbl  HA OCHO8e Opyeux Memauilos U UHMEePMEemaiiudos  He
cooepaicauyux arOMUHUU.

KaroueBbie cinoBa: Marepuai, cijiaB, MHTEPMETAJUIU, MPOYHOCTH, KAPOCTOMKOCTE.

OcHoBHast 4acThb
HHTepMeTAIIMYECKUMH  COCIMHEHUSIMA ~WMJIM  WHTEPMETAIUIMJAMU  HA3BIBAIOTCS COCJIUHEHUS
METAJUIOB MEXIy cOO0O0H, MpruyeM KOMIIOHEHTAMH MHTEPMETAUTUIOB MOTYT OBITH M IOJyMETaJUIbI-
KPEMHUH, TepMaHHH. VIHTepMETaNIuAbl pa3ieisioTcss Ha CIEAYIONIMe OCHOBHBIE  TPYIIIBL:
JanbTOHUABL, Oeproiumabl u ¢a3sl KypHakoBa. JlanbToHHTaMH SIBISIOTHCS (Da3bl MOCTOSIHHOTO
XHUMHAYECKOT0 COCTaBa, a OEPTOUIMTAMHU CIUIABBI MEPEMEHHOI0 XMMUYECKOro cocraBa. beprommnibt
SBISIFOTBCS COCJMHEHUAMU B COCTOSIHUM JIMCCOIMAIMM T. €. TBEPAbIMHA PACTBOPAMHU HA OCHOBE
MHHUMBIX HHTEPMETAIIINIIOB.
B Buay mupokoro pasHooOpasusi CBOMCTB 00NACTH MPUMEHEHUS MHTEPMETAJUIMIOB H  CIUIABOB
HaA WX OCHOBE O4YeHb MMHUPOKH. K 3TUM MaTepwaiaM TMPHHALISKAT CIUIaBBI C OCOOBIMH
(GU3NUECKUMH U XUMHYECKHMH CBOHCTBaMH.
K mwacrosmemy BpeMmeHH OOHapy>K€HO W CcHHTe3mpoBaHO Oojyee 1500 uWHTEpMETATTHMYESCKIX
COCIMHEHHH, Y KOTOpbIX HMeeTcsa Okoyo 200 pa3iuyHBIX THIOB KPUCTAIMYECKHX CTPYKTYP.
Psn  MHTEpMETANTUIOB SIBISIOTCS TMEPCIEKTHBHBIMA KOHCTPYKIIMOHHBIMH MaTepHajiaMu, CpeIn
HUX MOJXKHO BBUICIHTH CIIEAYIOIINE:

1) ®a3bl ¢ kyOuueckoil kpucraiumueckod pemerkoit (NizAl, NizSi, NizFe,

NizMn, Zr;Al),

2) ®a3wl ¢ rekcaroHanbHOM KpucTtammnueckoi pemertkoii (TizAl, Ti3Sn);

3) Amomunuabl Tua Me; Al ¢ KpUCTAUIMYECKON CTPYKTYPOH OTIIMYHON OT JABYX MPEABIAYIINX

(Fe3Al; NbsAl);
4) Amomunauael  tHna MeAl;  (NbAl3, NiAls, TaAls, TiAls, ZrAlz); KpucTajulndecKue
CTPYKTYpPBbI KOTOPBIX OTIMYAIOTCS MEXITY COOOH.
5) Tpoiinbie ¢asbr JlaBeca (TiCrl,SSiO,S; TaFeAl; TaNiAl; NbNiAl);

6) CcHIHIHIBD (MoSi,; NbSi,; Ni3Si; TiSiy; TigSiz; Mg,Si;

COSlz),
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Otu ¢a3sl MOTYT OTHOCUTCA K CBEPXCTpYKTypam KypHakoBa, OepToiinaam M HalbTOHUIAM,
HE3aBHCUMO OT WX KPHUCTAJUIMYECKOW CTPYKTyphl. Tak, Hampumep K CBEpPXCTPYKTypam
KypnakoBa mnpunagnexxar untepmeramnuabl TisAl,  FesAl, NisFe, NizMn, FeCo; x
oeprommunam- TiAl, NiszAl, Ni3Si, FeAl, Nb3;Al, CosTi, x nameronunam- NiAl;, NbAl;,
TaAl;, TiAls, TizSn, NiAl, CoTi, CoZr, NiBe, ZrAl;, Zr;Al; cumununsl.
B cnencTBuM BBICOKOW  KapOCTOMKOCTH, >KApOIPOYHOCTH U BHICOKOW CTAaOMIBLHOCTH ATFOMUHHUIBI
U CIUIaBBl HAa HMX OCHOBE INHPOKO MPHUMEHAIOTCS B AaBHALIMOHHOH, a’pOKOCMUYECKOH H
aBTOMOOMJIBHOH TexHUKe. Tak B YacTHOCTH CIJIaBbl Ha OCHOBe TlizAl MCHONB3YIOTCS — AJs
W3TOTOBJIIEHUSI comen (OpcaXHOH Kamepbl aBHAllMOHHOTO JIBUTATeNsl, COTOBBIX KOHCTPYKIIHH
CBEPX3BYKOBBIX JIETAaTEIbHBIX allaparoB W IPYTruX JeTalei.
AJNIOMMHUI ~ CYHIECTBEHHO TMOHMXAeT IUIOTHOCTh CIUIaBOB. Tak HampuMep IUIOTHOCTh
uaTepMetaina TiAl — 2,5 pa3a MeHbIle, 4eM y >KapONpPOYHBIX HUKEIEBBIX CIUIaBOB. Huzkas
TUIOTHOCTh QIIOMHHHUSI CIIOCOOCTBYET TOBBIIICHHIO VYIENBHBIX XapaKTEepPUCTUK MPOYHOCTH U
JKaponpo4yHOCTH. [lepCreKTUBHBIM TEXHWYECKHM CIUIaBOM B  IIOCJIEJHEE BpeMs  SBISETCS
uHTepMeTaua M g,Si —koTopas ob6mamaeT camoil Hu3KoH mmotHOcThIO (1,94T1/cM3).
AJIOMUHWIA ~ ABISETCS  HENOPOTUM, HENSPUIMTHHIM  JIETHPYIOIUM  DJIEMEHTOM |  TI0
CPaBHEHHMIO C JIPYyTMMH CIJIaBaMH CIUIaBBI HA €ro OCHOBE O00JaJaroT BBICOKHM CONPOTHBICHHEM
okucieHnto. OAHMM W3 JIy49OIMX CIDIABOM B 3TOM OTHOIIGHWH  SIBISETCS HMHTEPMETaJLTH]T
Fe; Al — obnamaronuii Kak BBICOKOH KOPO3HMOHHOW CTOMKOCTBIO, TaK M YKapOCTOMKOCTHIO.
OcoOblif MHTEpec NpeACTaBIsieT WHTEPMETAIUIH], C BBICOKOW TEMIIEpaTypod  IUIaBJICHUS:
Nb3;Al — temmnieparypa IUIaBICHUS KOTOPOTO (1960°C), MPEeIHO3HAYCHHBIA JUIsl pabOThI TIpU
TemmnepaTypax Bbime 1200°C.

KAMEPA

CrorPAHWNHA

Puc. 1.

JlerupoBaHue TOYTH BCEX MPOMBIIIJICHHBIX THUTAHOBBIX CIUIABO JIEJAETCS AIFOMHHUEM, TaK 4YTO
cucrema Ti— Al B MeTa/UIOBEIEHHUN THTAHA MMEET TAKO€ K€ OOJBIIOE 3HAYECHME, KAaK M CHUCTEMA
Fe — C nna cranei.

CmnaBel Ha ocHoBe TiAl MOXHO WCHONB30BaTh [UIsl W3TOTOBJICHUS CTaTOpa KOMIIPECccopa,
BO3IYIIHBIX (DUIBTPOB Kamepbl HU3KOTrO JaBIICHHs, JAeTajeil coIuia, JOMaTOK KOMIIpeccopa |
Kopryca TypOWHBI aBHALIMOHHBIX JBUTaTejici. B 3aMeH >KapoNpoyHBIX M HEPIKABEIOIIMX CTajeH
uaTepMeTaITN TiAl MOXHO TPHMEHSATH IS WM3TOTOBICHHS PAa3HBIX JeTaliel aBTOMOOHIBHBIX
JIBUTaTeJICH.
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Puc. 2. Bnusanue codepycanusn anomunus na npounocms cnaaeoe Ti— Al
npU  PA3HbLIX MeMnepamypax.

HoBele crmaBel Ha ocHOBe amomuHUIa HHUKens Niz Al mpenHo3Ha4YeHBI Uil paOOTHI IPU BBICOKUX
temneparypax nopsaka 1000 C B arpecuBHBIX cpemax. M3 HHX B 4YacTHOCTH, MOIYT OBITh
H3TOTOBJICHBI TIOPLIHM, BEHTHWJIHM, POTOPBI JIBUTATeNed Al aBTOMOOMIICH.

ATOM
ANIOMUH WS

CrulaBaMM Ha OCHOBE HHTEPMETAIWIOB SBISIOTCS TAaKXKE TAaK Has3bIBaeMbIe CYIEPCIUIAaBBl. JTO
cruiaBel Ha ocHOBe ayiemeHToB VIII rpymmer, onn Obmu momydensl B CIIA myrem BBeneHUs
HeOONBIIMX J00AaBOK THUTAHA W AJIOMHHHUS K XPOMOHHKEIEBOMY CIUIaBY U pa3paboTaHbl s
IKCIUTyaTallid TpU TeMIeparypax OJM3KUX TemIlepaTrype IUIaBICHUS (pPEaKTHBHBIC JBHIATEIH,
aTOMHBIE PEAKTOPBI, I'a30Bble TypOWHBI). ANIOMHHHM M THTaH 0Opa3yloT B CIUIaBaX OCHOBHYIO
ynpounstonyro y' — dasy 1. e. Niz(Al Ti).

Ussectubie cymepcmiaBbl CIIIA wa HukeneBoit ocuose: Astroloy, Inconel 718, Rene 41,
Kele3oHuKeneBble cmraBel Hayness 556, N 155, kobaneToBbl cmiaB L605, paborarommii npu
temmnepatype 980°C.

JKaponpouHbsle MHTEpPMETAIHIB O0JIANAIOT CICAYIOIMMHA MEXaHWYeCKUMHU CBOHCTBAMH:
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1) Beicokas XpyOKOCTb, KOTOpas HE YCTaHSETCS NPH YMEHBIICHHH KOJUYECTBA MPUMECEHi.
2) XpyOkoe pa3pylleHHE NpPU PACTSHKCHHHM M IUIACTUYHOE Pa3pyIICHHE MPU CHKATHU.
3) Beicokas tBepmocts (HV500 — 11000MIIa).
4) AHomanbHas 3aBHCHMOCTBH Ipefelia TeKy4eCTH OT TeMIIepaTypbl: HU3Kas IPOYHOCTh HPH
koMHAaTHOM T u BeICOKast npu mosbleHUH T.
5) BhICOKas TeMmmepaTypa Iuiasienus (Bbime 2000°C).
CymnepciutaBpl 001afaioT CICIYIOIMMA OCHOBHBIMH CTPYKTYpaMH:
1) Marpuna ayCcTeHHT, KOTepeHTHbIE BKIIOYEHHS Tpu Y’ — (dase,
2) KoOGasnbTOBBIC CIUIaBbI, BKIKOUYCHUS KapOWIbI.
3) 3epHorpanuyHas (aza yiydlaronas CONPOTHUBICHHE Pa3phIBY.
4) bopuabl BKIIOYAIOIIKE PEAKUE YACTHIBI IO TPAHMI@AM 3EpEH.
5) IlmotHO ymakoBaHHBIC (ha3bl.
MoxHO cKa3aTh, YTO NPUMEHEHHE HHTEPMETAUIMYECKUX COCAMHEHHH OTKPHIBAIOT HOBYIO 3Dy
B CO3JAaHUHU IBHUTraTeiei Uil a’dpOKOCMHUYECKONW TEXHHKH M PAa3BUTUS OPYTUX OTpacien

MAaIIMHOCTPOCHUSL.
Jlureparypa
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Intermetallic alloys and their Application in mechanical engineering
Zurab Mchedlishvili, Nana Rachvelishvili
Abstract
Intermetallics have long been used as structural materials in various engineering industries. It is well
known to use aluminides and silicides as protective sheds in the treatment of reactive metals.
Intermetallics are promising structural materials. Materials such as titanium aluminides are good
structural materials in aviation and automotive technology, as they have low density, high heat
resistance and good casting properties. Structural materials based on other metals and intermetallics
that do not contain aluminum have also been developed.
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Onpenesienne nepeMelmieHUd CBOOOJTHOIO0 KOHIA
3aKPYY€HHOI0 OTHOCHTEJIbHO CBOEl OCH CeMeTpHH
KOHCOJILHOM O0aJIKH

Payn Typmanmaze*, 3ypad muenaumBuiIn**,
Jlaam kopraHamBmwiIn***

*npogpeccop, Daxynomem MpaHCROPMHBIX CUCTHEM U MEXAHUKU UHICUHEPUU, HAYAIbHUK Oenapmamenma
MEXAHUKU UHIMNCUHEpUU U I’lpOﬁb’GO()CWl@EHHbl)C mexHoI02UU,
**acoyviposannviii npogeccop, I pyzunckuti mexnuueckuil ynusepcumem, @axyiomem mpaHcnOpmMHbIX
cucmem u MexanHuxKu UHIICUHepUU, ()enapmameﬂm uHJICMHepHOZZ 2pagbw<u u mex’-lu’-leCKOﬁ MEeXaHUKuU,
E-mail: zurab.mch@mail.ru;
acoyvipogannblii npogeccop, I py3uHckutl mexHuyeckuil yHueepcumem, Oenapmamesm UHNICUHEPHOU
MEXAHUKU U MEXHUYecKou IKCnepmu3sl cmpoﬁmeﬂbnozo qbaKyfzbmema

(I'py3uHckuii TexHudeckuii yHusepcuteT, yia. KocraBa Ne71, 0175,

**k*k

Tounucu, I'pys3us)

Pe3tome: B cratbe paccMOTpeH pacueT Ha MEpEeMElIeHUWH KOHIAa KOHCOJNBHOM Oanku
MPEABAPUTENIbHO 3aKPYUYEHHOI'O OTHOCHUTEIBHO CBOEM OCH CUMMETpUU. Takue CTepKHHU
MPUMEHSIOTCS B CTPOMTENBHBIX KOHCTPYKLUHMAX W B Pa3IMYHbIX MAIIMHHBIX arperarax,
U HYXKJAIOTCSI BCECTOPOHHEM HCIEJOBAaHUU METOJAMM COIPOTHUBIICHUS MaTEpHaJIOB. IJTa
3amada  sABISeTCS  (YHIAMEHTAIBHOW 3aJa4eid CTPOWTENhHOW MEXaHWKH MAlluH |
Pa3IMYHBIX CTPOUTENBHBIX CTAlMOHAPHBIX KOHCTPYKIIHH.

KaioueBble clioBa: CTEp)KeHb, 3aKpyTKa, MEpPEMEIeHHEe, CCYCHUE, W3THOAIONIMA MOMEHT.

BBenenue

HexoTtopble neranyu pas3iWyHBIX CTPOMTEIBHBIX KOHCTPYKUHMHM M HEKOTOPBIX MAaIlIMHHBIX
arperaroB, HaXOMNATCSA IIOJ BO3JACHUCTBUEM CHJI IPUIIOKEHHBIX OT B3aUMOJECUCTBUS C
paSHHqHLIMH HpI/IMI/IKaIOHII/IMI/I JACTAJISIMU. 3TI/I CHUJIbI BBI3BIBAKOT Hal'[prKeHHO
neOpMUPOBAHHOE COCTOSIHME JTUX JIETajei.

KaK N3BECTHO C LCJIIBKO ITOBBIIMICHUA HpOLIHOCTI/I M&IHI/IHOCTPOfITGHBHBIX 158 CTpOfITeHI)HI)IX
KOHCTPYKIIMH, WX HEKOTOPHIM  JI€TalsiM MPHUIAIOT 3aKpydeHHYI (opmy, KoTopas
3HAUYUTENIbHO TOBBIIIAET MX YKECTKOCTh M TPY30MOJAUOMHOCTh. Kpome 3TOro mpumeHeHue
TaKMX JIeTAJIEH TNO3BOJAET CO3J0BaTh O3TH KOHCTPYKUMHU KaK MOXHO JIETKUMH, U
MIPOU3BOAUTh MEHBIIYIO 3aTpaTy MaTepusyla BO BpPEMS MX HW3TOTOBJICHUS.

OcHoBHasi 4acThb

CnupaneBuiHblii Opyc NpsSMOYTOJbHOTO MOMNepevyHero cedeHus (puc. 1) HarpyxeH Ha
KOHIIE W3rHOAlOIMM MOMEHTOM. Hamo onpeaenuThs MonepeyHble IepeMelIeHHusT B
TOPH30HTAILHOM ¥  BEPTUKAIBHOM  HampaBieHWH. llpeaBapuTenbHO 3alaHbl  €ro
reoMEeTpUYECKue U MEXaHMYEeCKHe MapaMeTphl: b — BBICOTA CEYEHHUs a — IIMpPUHA CEUeHUs,
[ > b — pnmunHa crepxHs,E — MOIynbh YHNPYyrocTd MaTepuana cTepxHs, M — wu3rubaromuii
MOMEHT HPUJIOKEHHBIH B KOHIIE CTEpPKHSI.
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Puc. 1

PaccmarpuBaeMblii HaMU CTEp)KEHb OJHHUM KOHIIOM 3ajieliaH jkecTko. Ha cBoOomaHOM ero
KOHIIC IPUJIOXKEeH MoMeHT mapbl cuin M (Puc. 1). [lns ompeneneHus nepeMenieHui
BOCIOJIb3yeMcss  opmysioi Mopa. B  Hadane moigy4uM 3aBHCHMMOCTH HM3THOAFOIIUX
MOMEHTOB B MPOU3BOJIHLHOM MOINEPEUYHOM CEUEHUU OT JEHCTBUS TMPHIOKEHHOTO B KOHIIE
CTCPIKHA MOMCHTA Mu CAVWHUYHBIX CHUJI MPHUIIOKCHHBIX TAKXKE K TOPHEBOMY CCUYCHHUIO B
TOPU30OHTAJIBHOM W BCPTHKAJIBHOM HAIIPAaBJICHHU. Bo Bcex ClIydadx HarpyKC€Hus CTCPIKHA
MMEeT MECTO KOCOW HM3rM0 M3 3a ero 3aKpy4eHHOCTH (pHC. 2).

puc. 2
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W3 3a KpyTKH MONEpEYHOE CEYCHHE CTEPXKHS OTCTOSIIEEe Ha PAaCCTOSHUE Z OT CBOOOIHOTO
KOHI[a TIOBOpauuBaeTcsi Ha yron ¢. Tak dro wm3rmbaromuii MOMEHT M ACHCTBYIONIUI B
3TOM CEYCHHUU MBI MOXKEM DPa3JIOKUTh Ha JIBE COCTABJISIONIMCHA CBSA3aHHBIC C CECUCHUEM
ocu koopauHaTt O0;x;y;z;i(puc. 3):
Miy, = M- cos(90° + @) = M - (=sing); M, =M - cose; (1)
ITo »TM ocsiM pa3iaraercs Ha COCTOBIIIIOIIME, TaK K€ MOMEHTBHI CO3JIaBacMbie  3TOM
ceuenud cunamu Fi, = 1N; wu Fp,, = 1N:
hoo_ Y. hoo_ .
Miy, =z (=sing); My, =z - cos; 2
| Z— . v — (— i .
Miy, =z (—cosg);  Mi,, =z (—sing); ®)

puc. 4
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HanumeM wuHTErpansl Mopa [l ONPENCICHUS TOPU30HTAIBHOTO M BEPTUKAJIBHOTO
NEPEMELICHUATOPLIEBOTO CEUYEHHU 10 HarpaBieHusM oced Ox u Oy, yuuTbIBas 4YTO:

21 21
Z-;(pdz—;d(p (4)
s ynoOcTBa pacuera ¢ mepBa OmpejaessieM IepeMelieHre o HarpaBiieHur ocu 0y ¢
MOMOIITIO (POPMYJIBI:

MJ’iMfyi
— dz (5)

| My M1, l
A= [ —L=1dz + | »

0 Ely, 0

C HadaJlI0 BBIYHUCIIAEMIIO OTACIIBHOCTH HHTCIPAJIbI:

l
j‘MxiM{lxi dz = flM - (—sing) - z - (—sing) dp = flM - zsin? @ i
ElL, o El, ~Jo  EL,

IM - 2—l-gpsin2go 21
_f /4 -—dp =
0 EL, T

4M1? l2 " AMI1?  [(@? @-sin2¢ cos2¢ Ly
neEl,, Jy n?El,, \ 2 4 8 0
4M1?2 (m? @sinm  cosm | 1 aMi1? m?+2
n2El, (? T8 8 5) T m2El, T8 (6)
!
M, M, 'M - cose -z cos 'M - z cos?
f—y‘ 1y’dz=j L ¢dz=]—¢dz—
Ely, 0 Ely, 0 Ely,
IM - 2—l-(pcoszq) 21
0 Ely, T
aM1z2 (T2 AMI? (@ -sin2¢ cos2¢ @* Ly
— . . 2 d — . —_— 2 =
n?El, fo LA G YT < r 8 2 ) 0
4MI1? msinm | cosm w2 1 aMI1? w2 M2
T wEL, ( 8 8 ' 8 5) T wEL, 8 2El, (")

[Tocne dero B pe3yapTare CYMMHpPOBaHWS M TOJACTAaHOBKH 3HAYE€HUH MOMEHTOB
-b3 b-a3

a .
uHepLmu [, = ?Ixi =, MoJTy4uMm:
l l
h h 2 2 2
A —foiMlxidz+fMyiM1yidz— Ml N Ml N M=
Yy - 2 -
. EL, . EIL, 2EL,, m°El,, 2El,
Mi? 1 1 1 M2 6 12 6
= (7 T z) = Got s tan) ®)
AHAJIOTUYHO TOCTYNUM M TMPU BBIYKMCICHUM MEPEMEIIEHUU B CTOPOHY ocu OX:
_ l Mxifol- l MyiMlliyi
A= [ or, dz + | =, dz 9)
flMxifoi dz =flM-(—sin(p)-z-(—cos<p) dz = flM-z-sinqo-cosgo dz (10)
0 Ely, 0 Ely, 0 Ely,
flMyiMfyi dz = flM-cos<p-z-(—sin<p) dz = flM-z-(—simp-costp) dz (ll)
0 Ely, 0 Ely, 0 Ely,
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1 1
M, M7, M, MY, M-z sing - cos M- z-sing - cos
Ax—fx‘—lx‘dz+fyl—1y‘d2=f L4 (pdz—f 4 (pdz
0 0

EL, Ely, El,, ElL,,
/2
4MI* (1 1 )
=—p I—xl—a f @ - sing - cospdp =
0
2 i 2 . . VA 2
=41\/211 .(i_i).fn/z .sm2(pd =4Ml .(i_i).(<p6052<p++sm2<p)| /2=4Ml .
m2E  \Ily; Iy, 0 2 m2E  \ILy; Iy, 4 8 0 m2E
1 1\ = _ M* (1 1 M2 (12 12
'(;—;)'g—ﬁ'(;—;)—ﬁ'(m—a.bs) (12)

MOJIHOE TepeMeleHre onpeaenurcs GhopMyoil:

A= /A§+A§=
_\/MZI‘*.(LJr 2y o) e (a2 azyh_ (13)
- E? b-a3  mw2b-ad3 ab3 4m2E%2 \b-a® ab3 -

MI2 6 12 6 \2 1 12 12 \2
() v )
E b-a3 n2b-a3 a-b3 412 b-a3 a-b3

3akiaoueHue

HekoTopple MalluHHBIE YCTAaHOBKM U CTPOMTENbHBIE KOHCTPYKIIMH COJEpKaT JeTalu
3aKpY4eHHOH (OpMBI, KOTOpble pabOTalOT B YCIOBHAX CHIIOBOTO B3aWMOJICHCTBUU C
JIpYrUMHU  IeTaIAMU KOHCTpyKuuu. Takue B3aUMOJCHCTBUS MOTYT  CO3JaBaTh
I[e(l)OpMaIII/H/I 9THUX JJIEMCHTOB, 4YTO BCBOIO OIICI)CI[B MOXET BBI3BIBATH BO3HHUKHOBCHHUC
JOITIOJIHUTCIIBHBIX HOpMaJ'II)HI)IX N KaCATCIIbHBIX HaprDKeHI/II/I, KOTOpI)Ie MOFyT HpeBSOI/ITI/I
JOTTyCTUMbIE 3HAYCHHS, a 9TO MOXKET TOBJeY 3a ca0oil pa3pylieHHe AETalldi U BBIBOJ
U3 CTpOsl LENoro arperara. Pacdyersl Ha NPOYHOCTb M KECTKOCTh TaKUX JeTayeu
SBIIIETCS aKTyaJIbHOM 3ajadell COBpEeMEHHOW MexaHWKWM. Hamu ObLT Ipou3BENEH pacueT
Ha JKECTKOCTh CIIHMPAIbHO 3aKpyYeHHOW OBLTKH, KOTOpas OJHUM KOHIIOM 3aj/ieJlaH >KEeCTKO
B CTOWKE a Ha BTOPOM KOHIIE K HEMY MPHIOXKEH MOMEHT mapbl cui. C momorio Gopmyn
Mopa HauJeHBl TepeMelIeHHs] CBOOOJHOTO KOHIA 3TOM Oalku B TOPU3OHTAIBHOM H B
BepTI/IKaJ'IBHOM HaHpaBHeHI/II/I.
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To Define the Movement of the End of a Cantilever Beam Swirling About Its Centerline
Raul Turmanidze, Zurab mdedlishvili, Lali Korganashvili
Abstract

The article discusses the calculation of the displacement of the rod pre-twisted relative to
its axis of symmetry. Such rods are used in building structures and in various machine
units, and need to be comprehensively investigated by methods of resistance of materials.
This problem is a fundamental problem of building mechanics of machines and various
building stationary structures.

05300 LodgBMmool MgMdols Bo8sMm EIMgbowo 3MBLmmMMmo mgMmls
053059YBOE0 dMWML J5O3EP0MJdJO0L 5bLsBM3Ms
Mo 0Msbodg, BMMd 03JEr0d30eo, oo YmMsbsdgzoo
M9bomdg

UGHOG0530 QoBbOEIME0s Mo30L0 LOTgEHMOOL WIMIoL F0dsMm EIRMIGBOWO MVIOHMU
0 oI9OP0WOJIOL  4oBLIBOZMOL 5TMEsbs. Slgmo MgMMmgdo 98m0oygbgds
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UoF0MHMI09b  ym3z9gedbMog Tgufogansl Aslogrsms  93dergmdol dgomEgdom. gL
5dmsbs  HomOmoygbl  3sbdobosms  Lossddgbgderm  dgdsbozols s dgbmdgdol
Looddgbgdem  d9dsbo3zol  BMBbITIDEHIWME 5BM(35B5L.
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STUDY OF THERMAL PHENOMENA DURING THE INTENSIFICATION OF THE
SUPERFINISHING PROCESS
Vazha Shilakadze, Zurabi Vatitadze
Abstract

It is well known that the temperature generated during the superfinishing of bearing raceways does not
typically cause structural transformations on the treated surface. However, when the superfinishing
process is intensified—marked by significant increases in both processing speed and specific pressure—
the resulting rise in contact temperature can lead to phase and structural transformations on the treated
surface. Therefore, during the intensification of superfinishing regimes, the average integral contact
temperature was determined.

HCCJIEJOBAHME TEILIOBBIX SABJJEHUI TP HHTEHCU®UKAIIMU ITPOIIECCA
CYHNEPOUHUIINPOBAHUA
Ba:ka Illunakanse, 3ypadou Batutanse
Pe3iome
H3BecTHO, 9TO TeMrieparypa, BO3HUKAIOIIAs B KOHTaKTe MpU CynephUHHUIITHON 00paboTKe TOpOKEK
KaueHHs TOAIINITHIKOB, HE BBI3BIBAECT CTPYKTYPHBIX MpEBpaIleHuil Ha 00paboTaHHOI MOBEPXHOCTH,
OJIHAKO WHTEHCU(UKAIUA Tpoliecca CynepUHUIIHOW 00pabOTKH, TPU KOTOPOH CYIIIECTBEHHO
BO3pacTalOT KaKk CKOPOCTh 00pabOTKH, TaK U YAEJIbHOE IABJICHHE, MOXKET BbI3BATh TAKOE MOBBILICHHUE
TeMIIepaTypbl B KOHTAKTE MPU KOTOPBIX B MOBEPXHOCTHBIX CIIOSIX 00pabaThIBAEMOro MaTepHraia MOTYT
Mpou30iTH (Pa3oBbIe U CTPYKTYPHBIE peBpaiieHus. [lo3ToMmy n3MepeHne TeMiepaTypHbIX SBJICHHIA B
KOHTAaKTe NMPH WHTEHCU(PHUKAIIUN PEKUMOB CYNIepUHUIITHOW 00paOOTKH SIBISIETCS aKTYalIbHBIM.
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ANALYSIS OF FINISHING AND BASING METHODS FOR BEARING RINGS
Vazha Shilakadze, Saba Chakhaia
Abstract

When grinding the raceways of low-precision structural bearings, abrasive grinding is used,
since this method provides a satisfactory quality of machining the raceways of massive bearings with
relatively low labor intensity. The use of the superfinishing process significantly increases the quality
of grinding the bearing rings, and the efficiency of the process significantly depends on the correct
selection of the characteristics of the bushing. An important factor in the grinding process is the accuracy
of the rings' positioning relative to the axis of rotation. The collet (collet) used for the base of the inner
rings and the chuck (cartridge) for the outer rings cannot meet the high requirements for the accuracy of
the working surfaces. A significant drawback of grinding the rings on rigid supports is the copying of
the errors of the base surfaces, magnetization of the rings, and a decrease in the quality of grinding. The
above-mentioned disadvantages are avoided by pre-centering the bearing rings hydrostatically or
aerostatically and then mechanically clamping them to the body.

AHAJIM3 METOJIOB ®UHUIITHON OBPABOTKH U BABUPOBAHUS KOJIEI]
MNOAIINPHUKOB
Ba:ka llInnakanze, Cada YUaxana
Pe3ome

JloBoska aOpa3uBHOW IIKYPKOM OO0ECIIeYMBACT yIOBJICTBOPUTEIILHOE KaueCTBO 0O0pabOTKU
KOJIEI] MacCOBBIX THIIOB MOJIIMITHUKOB MPU OTHOCHUTEITHO HEOOJNBIION TpyAoeMKOCTH. [IpruMeHeHme
nporiecca cynepQHUHUIITHON 00paOOTKH 3HAYMTENBHO MOBBIMIACT KAYECTBO KOJIEI[ MOANIMITHUKOB, a
3¢ (GEeKTHBHOCTD TIPOIECCa BO MHOTOM 3aBHCHT OT IPAaBUJIBHOTO BBIOOpPA XapaKTEPHCTHK
cynepGuHUITHOTO Opycka. BaxkHbIM (pakTOpOM TpH TOBOJKE SBISETCS TOYHOCTh Oa3UPOBAHUS KOJIEI]
OTHOCHUTCJIILHO OCH BpalllCHUA. H_[I/IpOKO HpHMeHHeMBIﬁ B HaCTOAOIEC BPEMA METOMO 6a3I/IpOBaHI/I${
BHYTPEHHHX KOJIEI[ HA OTIPaBe, a HAPY)KHBIX B TATPOHE, HE 00ECIIEYMBAET BO3BPACTAIOIINE TPEOOBAHMS
K TOYHOCTH paboumx moBepxHocTel. CyleCTBEHHBIM HEAOCTATKOM YCTAHOBKU KOJICIl HA JKECTKHX
oropax sABJIACTCA KOIIMPOBAHUC HOFpeHIHOCTefI 6a301351x HOBerHOCTefI, HaMaroHnymMuBaHHUEC KOJICI] U
CHIDKCHHME Ka4yecTBa JOBOJKH. YKa3aHHBIC HEIOCTATKH YCTPAHSIOTCSA MYTEM MPEIBApUTEIHLHOrO
THIPOCTATHUECKOTO MIJIA a3POCTATHYCCKOTO IICHTPUPOBAHUEM KOJIEI MOAIIMITHUKA C TOCIEAYIOINM
MEXaHHMUYECKMM 3aKpeIJICHHEM UX Ha KOPITyCe.
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METHODS OF MAKING SUPERLIGHT AERODYNAMIC
CONSTRUCTIONS USING 3D CONTINUOUS PRINTING

TECHOLOGIES
Ramil Zukakishvili*, Giorgi Kakabadze**

*Professor, Georgian Technical University, E_mail: r.zukakishvili@gtu.ge
**PhD Student of Georgian Technical University
(Georgian TechnicalUniversiti Ne71, M. Kostava ser., 0175, Tbilisi, Georgia)

Abstract: In the article conceptual wing design is represented which is made with its internal structural
part via additive manufacturing technology as a single thin wall shell. Such an approach is one of the
possibilities for manufacturing ultra-lightweight aerodynamic structures for various applications
including aeronautics, energetics, automotive, etc. There is reviewed an optimal design methodology
and internal structural layout to ensure sufficient strength and stiffness characteristics under the
minimum weight.

Keywords: aerodynamic structures, structural part, desing process.

Introduction

Lightweight structures were a crucial part of the aeronautical domain from its first days. Engineers were
developing new materials, and manufacturing techniques to achieve the best strength-to-weight ratios.
From the second half of the 20" century additive manufacturing technologies started becoming more
and more popular (Shahrubudin, Lee, & Ramlan, 2019). If at the beginning it was used just for
prototyping, step-by-step it gained significance in serial manufacturing as well, especially for its ability
to fabricate complicated shapes.

Fused Deposition Modelling (FDM) is the most common method of 3D printing (Iftekar, Aabid, Amir,
& Baig, 2023), which uses filament forming on a heated surface through a heated nozzle to build shapes
layer by layer. Such an approach causes difficulties with the surface smoothness of a printed part while
moving from one layer to another requires retraction of a filament by nozzle. Such moments on a nozzle
trajectory cause a specific pattern to appear on a part surface, which at some point can be assumed as a
printing error. To prevent this event from happening, a new printing approach was created, which can
be used only for shell printing, when geometry is printed continuously, without retraction, overlapping
the starting point of the previous layer, therefore, forming some kind of spiral of layers along the
geometrical trajectory. Such a printing method provides a smooth surface along the whole geometry of
a part.

BASIC PART

Desgjn Apprach. Continuous printing is sometimes referred to as Vase or Spiral mode. To create a part
printable with such a method, specific design approaches should be used. The first aspect that should be
taken into consideration is the ability of a nozzle to go along the whole geometry without interaction.
That is the main reason why in most cases, such a method is used for printing shell structures. However,
with a clever design, it is even possible to print a part with an internal structure being united with a shell
surface.

The main idea is to make slicer software see all the internal structures as an external surface of a part.
The easiest way to achieve this is to perform cuts in a solid body in such a way that in a G-code it will
not interact with any existing pathway.
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Material Selection. In FDM printing various plastics are used, such as ABS, PLA, PETG, etc (Karakurt
& Lin, 2020). Meanwhile, in the last years, some modifications of already existing materials have
appeared on the market, such as so-called lightweight filaments, which were specially designed to print
extremely light parts. One such material is Poly-light LW-PLA (Lubombo & Huneault, 2018) made by
Joseph Prusa and specifically designed for aeromodelling purposes. The main idea behind such materials
is that depending on a nozzle temperature, it increases its volume during extrusion leading to decreased
density and eventually mass of a printed part. However, the continuous printing method can be used for
any kind of filament and lightweight material is not a necessity.

Except for filament, which is used for creating 3D printed parts, it is necessary to consider the assembly
of these parts to create a finalised structure. The most common method for assembling 3D-printed parts
is to glue them. There are many varieties of glues effectively used on plastic materials. Meanwhile, the
most widely spread is the 705 series universal fast adhesive, which contains high-viscosity ethyl
cyanoacrylate and hexane in an aerosol form as an activator.

Desing Process. For conceptual design purposes, a small-scale aircraft wing was chosen, on which the
internal reinforcement structure was designed as a part of the shell as well. In this article, the small
section of the wing will be reviewed as a representation of the design process to visualise the design
approach.

Generally, in 3D printed aerodynamic surfaces part height is chosen based on the printer working
volume and its layout. However, while vase mode enables to printing filled first layer (or several layers
as a base), appropriate use of this feature would be preferable. Therefore, it was decided to separate the
wing along the span based on the location of the ribs and use the filled first layer of each section as ribs
and connection points as well.

Figure 1. Wing divided into sections

The presented wing contains 5 sections creating an internal structure after being glued to each other.
Division of the wing into several sections is mostly affected by the placement of various systems inside
the wing structure. In our case, at the base of the presented wing servo actuator is placed and additional
rib placement is caused by strengthening reasons at the middle part of the servo placement location
between the first and second sections.

It should be noted that the stiffness of the ribs is managed via several layers during printing. While
printing each section, the rib is the base of the part, therefore, it is printed in a flat orientation. Based on
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the previous research flat orientation has the best strength characteristics during the various load
scenarios (Kakabadze, 2020).

If we look at the section cut of the wing several important features can be seen. The general layout of
the structure consists of a front spar, rear spar and stiffness wall on suction and pressure surfaces located
between two spars.

Figure 2. Wing section cut view represented as a single layer on a heated bed surface

In Figure 2 a single layer of a wing section cut is represented, where the whole closed path of a single
layer can be observed. For such kind of approach, the starting point of a layer can be located at any place
of the curve, therefore, having the same starting point for every following layer along the whole height
of a printed part. On a figure it is easily recognisable that internal structure, both spars and stiffener
walls are created via double wall thickness, ensuring better strength characteristics.

Meanwhile, it should be noted that, based on a parametric design approach, the thickness of the spars
can be increased from two walls to a higher even number (four, six, eight, etc.), while keeping the single
wall thickness for the rest of the structure. This will provide increased strength and stiffness
characteristics with minimal increased weight.

Figure 3. Top view of a printed section

From Figure 3 it is seen that the rib is filled with a single layer of the printed surface, however, areas
inside the spars are empty. This layout was created due to the weight reduction and future wiring
possibilities throughout the spar, while these empty channels are located along the whole span length of
the wing.
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Front Spar

Stiffener

Rear Spar

Figure 4. Top view of semi-transparent wing sections

In Figure 4 semi-transparent top view of the sections is shown, where it is easily identifiable how the
front and rear spars are located. Meanwhile, zigzag propagation of stiffener should be mentioned, which
causes additional stiffness properties to the external shell structure of the wing.

The proposed design is one of the possibilities that can be made with continuous printing methods.
However, comparison studies have shown that compared to classical printing layouts, this format
provides the best surface quality and significantly decreases structural weight. Meanwhile, in the case
of using lightweight filament, practical tests showed that the same part can be printed with 50% weight
reduction while keeping approximately the same stiffness characteristics.

On the other hand, there is a significant aspect that should be considered. During such an approach
printing time increases, while it is not possible to print several parts simultaneously. That may not be
critical during prototyping, but for mass production, this may lead to serious delays.

Conclusion

The role of additive manufacturing is significantly increasing in advanced engineering, especially in the
field of complex shapes and lightweight structures, where the minimisation of the mass has a crucial
role. The presented design approach showed its advantages, especially from parametric modelling and
surface quality point of view. Also, one of the most important aspects is that such a printing method
does not require any support structure to be built, therefore ensuring no material waste during the
printing process. However, there are several disadvantages regarding manufacturing time, while
continuous printing is a slower process compared to the conventional and only a single part can be
manufactured at a given time.

Therefore, it can be concluded that the method discussed in the article has some potential, especially in
the field of small-scale aeronautical vehicles (Moon, Tan, Hwang, & Yoon, 2014), like unmanned aerial
vehicles. For a better understanding of the method, future studies including numerical simulations and
laboratory tests are required, which will provide a possibility for creating design protocols for such ultra-
lightweight structures.

www.journaltm.gtu.ge 45 DOI: https://doi.org/10.36073/1512-3537
ISSN 1512-3537 (print) ESJI: https://esjindex.org/search.php?id=7926

ISSN 3038-4047 (online)


http://www.journaltm.gtu.ge/
https://doi.org/10.36073/1512-3537
https://esjindex.org/search.php?id=7926

g6b6s¢0 ,,GHM6L3MOE0 S 356ds6500FgbgdmMdS“ Nel (62) 2025§;.

Bibliography:

1. |Iftekar, S.F., Aabid, A., Amir, A., & Baig, M. (2023). Advancements and limitations in 3D printing
materials and technologies: a critical review. Polymers, 15, 2519.

2. Kakabadze. (2020). Anisotropic Behaviour Analysis of 3D Printed Structures.
doi:10.13140/RG.2.2.13651.40484

3. Karakurt, I., & Lin, L. (2020). 3D printing technologies: technigues, materials, and post-processing.
Current Opinion in Chemical Engineering, 28, 134-143.

4. Lubombo, C., & Huneault, M. A. (2018). Effect of infill patterns on the mechanical performance
of lightweight 3D-printed cellular PLA parts. Materials Today Communications, 17, 214-228.

5. Moon, S. K., Tan, Y. E., Hwang, J., & Yoon, Y.-J. (2014). Application of 3D printing technology
for designing light-weight unmanned aerial vehicle wing structures. International journal of
precision engineering and manufacturing-green technology, 1, 223-228.

6. Shahrubudin, N., Lee, T. C., & Ramlan, R. J. (2019). An overview on 3D printing technology:
Technological, materials, and applications. Procedia manufacturing, 35, 1286-1296.

METO/IbI U3I'OTOBJIEHUSI CBEPXUIEIT'KUX AEPOIMHAMUNYECKUX
KOHCTPYKIAA C UCTIOJIb30BAHUEM TEXHOJIOTUI
HEIIPEPBIBHOM 3D-IIEYATH
Pamuna 3ykaxknmBuim, 'nmoprun Kaka6anse
Pesome
B crarthe mpejicTaBiieHa KOHIENITyallbHAs cXeMa KOHCTPYKIIMM KpbUIa MPOU3BENEHHOE C ITOMOIIH
aJIJINTUBHOM TEXHOJIOTUH, TJI¢ BHYTPEHHSSI KOHCTPYKIIHS YacTh €IMHONH TOHKOCTEHHOM 000JI0UKH. DTO
OJIVH W3 METOJOB JUIsl TIPOM3BOJICTBA CBEPXJIETKHX a’POJMHAMUYECKHX KOHCTPYKIIMH JJISI Pa3HBIX
HaIpaBJICHUH, HApPUMEpP ABUAIIMOHHBIX, JHEPreTUYECKUX, aBTOMOOWIBHBIX W T.A. Paccmorpena
ONTUMAaJIbHASI METO/IMKA IIPOCKTUPOBAHKS M BHYTPEHHSIs1 KOMIIOHOBKA KOHCTPYKIIMH, 00SCIICUnBaIOIIast
MaKCHUMAaJIbHBIE IPOYHOCTHBIE M )KECTKOCTHBIE XapaKTEPUCTHKH IIPU MUHUMAIILHOM BeCE€ KOHCTPYKIIHH.

BgaLwdydo s9MMmEobsdogm®o 3mblEmvdzogdols Jormgdol dgmmogdo
3D 9fg39Go@ 8930300 Hgdbmrmpaogdol gsdmygbgdom
6500¢» 993530030000, 0MOY0 35350539
6bomdg

LGOGH05do 2obbormos 3D Mfy39@e® 893308 39dbmemaool dsdmygbgdoo dowgdwmo
ROOL 306LEHOMI300L Bggds, Losog oo dserEmo 9w9d96@gd0 Ho®mBMmogbgb gMmosbo
b9 3900sbo  4oOLOL  bsfool.  bgdlmdmdo  99MHM©Obsdozemo  3MBLEHM™MJ30900L
900900l sbodbmwo  FgmmEo  gMo-gOHmo  BsFNOoEgdss,  MMIJEoE  FGLsdEgdIE0s
39909496900 0dbsls  Lbgoslbgs dM9H3garmdols d0dommIagdom, MHMYMMOES 5305309,
9696393039  933H™0bMLEGMm0s s 8.8. b53OHMITo  Qobbowmos  ©a3MMYIEgdol
™3035 M0 FJNMPMEMY05 ©5 J0s 3MBLEGMMI300L 0bgmo 3MbgoMGSE0s, HMmIgwoa
MBOHMB39wYmRlL  BLoIEZoEoLs @S BLObOLEHOL FodbodoIM obsloomgdwgdls dobodsermEo
dsLols 3oMmMd7ddo.

www.journaltm.gtu.ge 46 DOI: https://doi.org/10.36073/1512-3537
ISSN 1512-3537 (print) ESJI: https://esjindex.org/search.php?id=7926

ISSN 3038-4047 (online)


http://www.journaltm.gtu.ge/
https://doi.org/10.36073/1512-3537
https://esjindex.org/search.php?id=7926

g6b6s¢0 ,,GHM6L3MOE0 S 356ds6500FgbgdmMdS“ Nel (62) 2025§;.

36MM9JdBHoL mm560HBgdoL gMm-gMHono 8900MmEOo
36O My 590 3539¢0L AutoCAD-ob gs3mygbgdoo

6565 6mBsdg*, 9019356 F3MSLgano™, EM3s MMEMEOHEIZS™
BOMRIb60, bsgstorzgenmb Bgfboz3:960 #bozgmbodgdo, E-mail: n.nozadze@gtu.ge;

“obobd9bd 30mRIbmG0, bsgs:0r39¢mb (997603960 296039(L0BIH0;
E-mail: getino.chkuaseli@gmail com;

*bsgs0939¢2l (9597603290 2960396Gb0AIHOL bsdorr ©s 3gmermgonito 353:9¢°AJgAH0l 1 3296bob
bA096(H0, E-mail: Tolordava luka?4@gtu.ge

(bogdor39™UL 39db03296M0 bo39gOLOE IGO0, 3bEHO3SL J. Ne71, 0175, mdorolo,
Lodotonggarm)

9Bom3g: MymOi3 3bmdowos AutoCAD-o Autodesk-ob gMm-9Om0 30039000 3GMMEMJEH0S.
ol 560L  533MI>EGH0DIOMMo  I3MMYIBHIO0OL  LobBHYdss, 00 0dwgzs  Bobosbol s
9m9qool  d9dabols  Lodoegdsl. ol gosBbos BobsBdo LoFoMm (3300 gdgd0l  dg@sbols
d9L5dgdMBYOO S 0dEY35 BB LOdMEIMM BabsBUL. Tols Ao9Bb0S Mg EHOMYOOL A 5300
L53w)5Egds, MMIGdOM3 IMLILYIObYdGE0s Bobsbol 3mMgdEoMgds Falrmegdol 6gdoldoge
9393%9.  LAHSGH0s Lobffogerm  gmMmEO3ZMOO  bolosmolss s  gobbowwos  3GMmgdEol
62560D7008 9OHMN-9M000 FJOMPO 39MIME FbbOEIMWOs Losgss3g Loberol 3gadol 539ds
Polyline bgbofiyml a58mygbgdom, dgMmBgrmeos 356M539GHM9d0 s sbbowvemos Bsbsbol
52900l 096800 )3MMdS.

bs3396dm bodyggdo: Line, Polyline, RectAngle.

AutoCAD-0 g6m-90000 439Dy 3m3scvwo bosobgobMm 3OHmaMsdmwo 3539305, 00
15399593l 0d¢g3s 153FoMm© BoMBH035® 53ObLBLL Es33MMYIBJdol (obsdg Bsmo
15065066 ™M 53M 356930l Bomm B3gdEBEO0. 030 0dEg3s bsbsBOLS s FMEYEgdol d9Jdbol
Lodw)ogdsls, 91939 oo AOTMEOL BodwYsEIdILSE.

AutoCAD-0 9deogo 1odwgoegdss BobsBol dglolidrvegdas Aol 2o9Bb0s BobsBdo bsFomm
(33w090900L  F93obol Gglodegdemdgdo s 03935 DMUE) LadMmEMmm BsbIBL. Tob gooBbos
905dBH0Mgd0l  Fdegmo  BsdMowgds,  MHMIWgdoms3  ImbobgMbgdgos  babsbol
30699306905 JguHengdol Bydoldoge 9@s3bY.

UAOG0sdo  gobgobowsgm  3OMgIBHOL  MORsboBIIOL  ghm-9B  FgomL.  3OHMgdEoL
m6560H900L5mM30L  2o630boWgm  LosgsM03M  Loberols sbsbzol ghm-gMmo  dgomo.
99000l d9MB935 533000 BMmIbTsMgdgEbY. IMIbTsMGdgo 0MB93L Bgomeb 0dols
dobgz0m, H™Igero dgomEos Jobmzol YRGM Imbsbgdbgdgmo s MRGM Jo® G030, SB939
090l dobgz000 LoFoMmms vy 56> dmdszodo 58 MmMRBBMI0Egdosbo  bobsBowsb
LodgobBMI0gd0s60 dmgerol Jowgds.

393bLbsm sbogo Bobsbo. sboewo bsbsBol gobbol Msdqbodg b sMLYdMOL:

L. = New = Drawing s306Bomo dglododolo dodermbo dog. acadiso.dwt
2. Menu Bar = File = New s306bomm 9glodsdolbo Fsdgombo dog. acadiso.dwt
3. Quick Access Toolbar U{iMogo M953009d0L 3sbgao = New

www.journaltm.gtu.ge 47 DOI: https://doi.org/10.36073/1512-3537
ISSN 1512-3537 (print) ESJI: https://esjindex.org/search.php?id=7926
ISSN 3038-4047 (online)



http://www.journaltm.gtu.ge/
https://doi.org/10.36073/1512-3537
https://esjindex.org/search.php?id=7926
mailto:luka24@gtu.ge

g6b6s¢0 ,,GHM6L3MOE0 S 356ds6500FgbgdmMdS“ Nel (62) 2025§;.

4. Start = Start Drawing = sg3o®bomo dgLsdsdobo dsdermbo (bwe. 1)
B306 OmIger  Tomgobl  A5dm309gbgdom 96 5J3l 60dzbgwmds, yzgaws  dgdmbggzsdo
250mBb69ds OosMyMmO Gobxo®s Seleqt template (dg3s0Bomm) dgzs@Bomo acadiso (bwy6.2).
5g B39b dga30deos dgzsMbomom AUtOCAD-ol 8sdermbgdo.

A Select template bl |

Look in Template v ¢ B @ XE Vews v Toos v I
o Name : Preview
= PTWTemplates

acad -Named Plot Styles
acad -Named Plot Styles3D

= Tutorial-mMfg

< >

File name: [

Flles cftype:  Drawing Template (" dwt)

by, 1 byes. 2.

Cancel

<l |<

LobM3900 BMEOTsEHob dgmbg30L 8999y, 9935MBoMm™ bsB3zoLsmM3z0L LsFoMHm ghHmgmwgdo,
Drawing Units (Lw®. 3) (BsB30L  9oHMgMgdo). 3Mdsbdgd0oL  LEMOJMmbBIo  933M0TMm

DDUNITS = Enter 56 = Drawing Utilities = Units, s6 Menu Bar = Format = Units (b«6.
3) go0blbgds  @oormamMo  gFobxs®s Drawing Units (L. 4), GemIgerdos 99306930,
Lobim®39e 9MmgEadl. aMogsdo Length (Lop@dg) dgagodeos dogmmommo Type (oo,
6509d0) Bs3MM3WOMoQb ghHm-9HMO:

1 A Drawing Units X B
| Length Aogle |
o Type: Type: R .
I Decimal 7 Decimal D v B £ Layer States

Precision: Precision Layer fook ’
H  0.0000 G 0 v B @ Color...
i l Linetype...

(] Gockwise Lineweight...

1 Insertion scale | Transparency
i Units to scale nserted content: | A Scalelist...
f | [ 32 § A TextStyle..
N sample Ouput L % Dimension Style...

1.5.2.0039.0 B Table Style...

3450 /9 Mubtileader Style
I r Plot Style...

Lighting -
B Unis for speciying the intensity of ighting: . w5 Point Style...
H intemational 7 | Y Multiline Style.,
I Cancel Drection b | |
ey ey 15  Drawing Limits

[®]] Rename..,
by, 1. by, 2.
www.journaltm.gtu.ge 48 DOI: https://doi.org/10.36073/1512-3537
ISSN 1512-3537 (print) ESJI: https://esjindex.org/search.php?id=7926

ISSN 3038-4047 (online)


http://www.journaltm.gtu.ge/
https://doi.org/10.36073/1512-3537
https://esjindex.org/search.php?id=7926

g6b6s¢0 ,,GHM6L3MOE0 S 356ds6500FgbgdmMdS“ Nel (62) 2025§;.

- A B ! 2% Drafting & Annotation
| Direction Control X ‘
;‘:npgh A 3 ['SF Layer...
o mal Base Angle £5  Layer States Manueg...
eCil @ East 0 4 E Layer tools >
Precision:
5 (:, North 50 @ Color...
0000 O West 180 o Linetype...
I | ~ r Lineweight...
(O South 270 | Transparency
Insertion s¢1  (*) Other Pick / Type A Scalelist...
! Units to scal
= A. TetStyle..
Miimeters i A -
| 1 < Dimension Style...
T B TableStyle...
= Sample Outl m_ Cancel o
1.5.2.0038. - T /2 Multileader Style
B k450 | t Sty
‘, o, Point Style..,
Lighting ‘ % Multiline Style...
" Units for specfying the intensity of lighting 13
4 Units...
Intemational +
‘| Drawing Limits
oK [
L =[] Rename...
T T !

b6 3. bey6. 4.

Architectural (56Jo@gdG«OHmeo);
Decimal (so0mdomo);

Engineering (bLoobgob®m);
Fractional (ffoerowo);

9. Scientific (LsdgbogH™).
Lob@gzgeol dgMBg3ol 9909, 9390mm  aMmsgsdo  Sample Output (6od«xdol  godmEebs)
390mBbgds FgMBgmo GHodol dglsdsdolo 6odmdo. bmerm aMmsxsdo Precision (LobLd)
d9L5dgdgeos LoFoMmm LOBNLEOL domomgds. aMogsdo Insertion scale (BsLdol dolidEHoedo)
B396 99330dw0s 9mHMGMeEgdol domomgds 3oy, dowodgBHMo, Lsb@GodgBmo, dg@®o, obbo,
RMGHO ©5 5. 3. 3Mmsxsdo Angle (3mmbg) Tglodegdgwos Type-ob (BHodo, 60odmdo) s
M930L0Mb-0b (LOBMLEY) oMM, boerm M0 Bsomol obMOL JodsMNEGds Sedols

® N oW

Bobdolb 9909y ©OEIB0MO  J0ToMMIGdS 9GBS BBdMOL  OLEOL  J0TSMIIYGdS.
aMoxsdo  Lighting (g96500905) Units for specifying the intensity of lighting (9Gomgomegdo
MOmdgwoi  goblobezMogl  aobomgdol  0bFHIbLogMdsl)  Fga30dw0s  JozImOMMO
Bodmm3wommogeb  geom-ghomo  International  (LogOPsIMOOLM,  0bEHIMBsGOMbsMEO),
American (5996M03w9c0), Generic (LogHmm, BmPsO). ows3bg Direction (30356M0IE9ds)
©5(39396900L G909 3908mPbEYds BBX G (Ly®. 5), Losg domomgdmwos Base Angle
(LOBIBOLM  3Mbg) 5IMBIZEgMO, G5 MJds Mbs, Fga30dwos 933335 0o Bz9bo
d9b9gd0Lsdgde. sbg3g 9a300wo0s  F03YPMOMNM®  BMOToEGHOL  BMBs,  MHOLMZ0LS
LoFoMmo 45dmgz0dobmo Drawing Limits (bsbsBbol Lobeg®mgdo) Menu Bar = Format = Drawing
Limits (bm®. 6), dMdsbgdgdol LEHMogmbdo 9sdmBbogds G90wgao domomgds: Specify lower
left corner or [ON OFF] <0.0000,0.0000> (9b6Lbo%®3Mg Jggos dobbgbs  Jmoobg b
[Bo6r0035/250mEO351<0.0000,0.0000>:) J39s dobbgbs 3Mmbg dg300Bomm 3mmOEobs@mo
150539, 9doLOM30L J03MPOMOM® 39> FoMEbYbs JMmbol 3mmEmEObs@gdo (0,0) = Enter

www.journaltm.gtu.ge 49 DOI: https://doi.org/10.36073/1512-3537
ISSN 1512-3537 (print) ESJI: https://esjindex.org/search.php?id=7926

ISSN 3038-4047 (online)


http://www.journaltm.gtu.ge/
https://doi.org/10.36073/1512-3537
https://esjindex.org/search.php?id=7926

g6b6s¢0 ,,GHM6L3MOE0 S 356ds6500FgbgdmMdS“ Nel (62) 2025§;.

39909y dogmmommod  Specify upper right corner <210.0000,297.0000>: 420,297 (06L5%0369
B9s FoMrx3z9gbs  39»bg<210.0000,297.0000>:) Bgz96 dozmommom A3 GmEmIsEHoL  bmIgdo
5dobom30L d0gMMOoOM® JMMMEOobs@gdo (420,297).

A Create New Drawing

N Use a Template

— Y
Select a Template:
Acad -named plot styles.dwt
Acad named plot styles3d.dwt

Acad.dwt

Acad3d.dwt

Acadiso named plot styles.dwt
Acadiso -named plot styles3d.dwt
Acadiso.dwt

Acadiso3d.dwt

Template Description
Normal intemational {metric) drawing t@mglate. Uses Color Dependent Plot
Styles.

by, 7. by, 8.

65 0935 Mbs, Yyz9ws 98 9HMIMol domomgds d9y39derm 0530639 sbowo FMOIsEHol
3oblbol  EOML o5 gl MBOM FOMISGHI350005, MOLbM30LSE  BoFoMms  3MIsbydgdoL
LEOodmbdo v33M0RMm startup (sfygds) = Enter 3e0ma6Msds dmy3:399L 9999y 30000 dsls:
Enter new value for STARTUP <0>: 1 (90943569 sbocwo 9603369mds @sfygdobomgol<0>:)
Bmeo 6036sgL 98mOHmM35L, beagrm gemosbo BbJz00l hoerm3zsL. Bggb dogmmommom ghomo
©> = Enter. 530l 89909y 93bLlbsm sbowo RmOIs@Go, Tob  goblbsdg 49dmBbYds
Robxo@s Create New Drawing (dggdgbo sbosewo bobsbo)looi dmbodbyero 0dbgds Bsbsdao
Start from Scratch (©osgofgmm 5306) (L. 7) of LSLwGOZgwos dogMmommo Metric
(@9BHOMEo), ol 89093 39do  Tip ($Ho30) godmBbgds  FoofgMs, OGMIgeos
90930000m90L  3OMAM5Ts  53BMIdGHIMS© FMObEIbL FgBHMHMEo 356539GM9d0L  ©oY)bgdsls
Lwe. 7). 9gmég  owszbg Use a Template (a00moygby dsdwmbo)  sfi39306900L
d9000bg935d0 (Lw9M.8) 98MmBBEYOS sbBOEIO BobY MY, Losg 396 Tga30dwos AutoCAD-ob
3500rmbgd0b  ghHm-9Hmol FgmBg3zs. bmerm  dgledg )39396900L T9dgy (e, 9)
aMox35do Select a Wizard: (dgo6Bog mb@os@o) 359mBbgds hsdmbsmgocro Advanced Setup

Advanced Setup X

A Create New Drawing X

& D Use a Wizard

Select a Wizard:

Select the unit of measurement.

Angle (® Decimal
Eyot
Angle Measure O Endocsring

O Architectural

Advanced Setup
Quick Setup

Angle Direction

O Fractional
O Scientific

Area

Wizard Description
Sets the units, angle, angle measure, angle direction, and area for your new

Precision:

drawing. Based on the template acadiso.dwt. 0.0000 v
Cancel <Back Next > Cancel
boyes. 9. boyes. 10.
www.journaltm.gtu.ge 50 DOI: https://doi.org/10.36073/1512-3537
ISSN 1512-3537 (print) ESJI: https://esjindex.org/search.php?id=7926

ISSN 3038-4047 (online)


http://www.journaltm.gtu.ge/
https://doi.org/10.36073/1512-3537
https://esjindex.org/search.php?id=7926

g6b6s¢0 ,,GHM6L3MOE0 S 356ds6500FgbgdmMdS“ Nel (62) 2025§;.
(3985OOMIdMo  35M539BHM9d0) ©s  Quick Setup (LFGSBO 3565393HOYd0). ImgzbodbMm»
3060390 8509960 @5 ©35(393MbMmmM o3 Bg OK. Fgwgyo godmbgbon  sboww
©OOWMAYO  BbxMJddo  Tguodsdolo  FozmoM®M 03039  35M5dgBHMY00, MHMIIdOE
D90m0 0ym sOFINHOO 1 POMMIMWO 356599BHMOL Jomomgdol 9909y ©35(393MbMmom
©os3bg Next (3909a0). bmeom mvy Bggb aMegsdo Select a Wizard: (3956Bog mULEs@E0)
Bodmbomgzgsosb dg306MBgzm  Quick Setup (LHGsxgo  35M0dgBHG9d0), 53 Tgdmbgzgzsdo
dbmwnE  MsdEgbody 356M59xBHM0L  J000mMYds  ©oR3F0MYds. MoL 890y 993000
M3Morm© 993990900 bsbsBol Jgliermemqdsls.
©3bsBMm  Bosgo6s3g Lobol ggads (Lwe. 12). as30m3seolfjobmm LsgMomm fglbo, HmA
b5H3s Mbs @sg0fymm 389bgdMdOL  9b5EIMYOWMGS. ©IZ0FYMm BMBI6EH0IE s
Bg-bgems ©93535GMm LoFoMm gargdgbBdo s ©IGYd0. 3oy, 339 39WYd0, Jo
GobMgd0, 3960980, RobxMJo0, RWOBOGHWGS ©s o. 8. bsbsBoL Fgumegdols bbgoaolibgs
3bo  9MLYOIMBL,  OMIGEL 930089300  ©sIM30YdIMos  IMIbTsMYdgbg, B3zgb 30
39630bomm gHM-90Hm0 F5m60. godmgodsbmo bgwbsfiym  Line (o6 Polyling) dmbszggomo,
303000mmm bsfiyolo FgMGHowo ©s dodoMomegds, Bogtommo Ortho Mode s Msyb
Drawing Units bs%gobomgol LsgodOm  gohmguaegds©  d9mbgmeo 43543t doerodg@®gdo,
dogmmommom 7 000 33, 9999y dozmmommo 23 450 8909y 1 050 s 5.9. dmemb 3o
CLOSE (6. 13). 53 ™3965300L 890093 ©o0bsbgds 29609 390wgdol gotg 30b@GHMMo.
sbaws 3033900 ¥Msbgds Offset BoMogoMgds o Mo Mg 3gol boldg sGol 400 99
0Mdsbgdsdo  Offset BHoMo70Mgd0L dobdogrols dmmbmgbol ®ml Specify offset distance or
[Through Erase Layer] <Through>: (d9350Bomo» GHoMo700g00L dobdogro 6 [Bomgzwoom
Podws  @gbsl<  Pomgwom>:) dogmmommm  400. OH™MES oMy 39Ol obsbgzaL
535LOMEgdm, EogbsBMmm Togs GHobMYd0, 9999 BBXMIOO s 390900 s 503560. o3
d99bgds 396M9gdl, oo EHsBZOL TIMS35¢0 gBS sMLYIMBL, B396 godmgzoygbgo ghm-gemo,
B3960 sBMom, y3zgmsby doEGHogzo.

b6, 11. by, 12.

5353m RectAngle dsGm3mmbgoo dgbsdsdolo  Hmdgdom s 3mzs0mbmm 450, 9999
399mgbsbmom [iMghomo dglsdsdolbo Bmdol s bgwlofym Trim-ob LsdwysEgdom Fm3z53Ms0
P6O9f0OL  BgdgBo  bsfowo, B3z9b  BobsBol  Fgumryargdol O™l  dga3z9derm  sbg39
290m339996980s  AutoCAD-3o  s6LgdMeo  3s6gdol  Door-Metric dcomzo Tool Palettes =
Architectural o7 Door-Metiic =, 530b 8990003 ©935(9O™m BmIgdo.

www.journaltm.gtu.ge 51 DOI: https://doi.org/10.36073/1512-3537
ISSN 1512-3537 (print) ESJI: https://esjindex.org/search.php?id=7926

ISSN 3038-4047 (online)


http://www.journaltm.gtu.ge/
https://doi.org/10.36073/1512-3537
https://esjindex.org/search.php?id=7926

g6b6s¢0 ,,GHM6L3MOE0 S 356ds6500FgbgdmMdS“ Nel (62) 2025§;.

b e ) ool

b5, 13,
3030090 BsbsBol ILE™ME9dMEO Loby.

350myg69909e0 §gsHrmgd0 S o@gMdoEMMs:

1. George Omura with Brian C . Benton Mastering AutoCAD® 2018 and AutoCAD LT®
2018. Copyright © 2017 by John Wiley & Sons, Inc., Indianapolis, Indiana Published
simultaneously in Canada. ISBN: 978-1-119-38679-7 ISBN: 978-1-119-41420-9 (ebk.) ISBN:
978-1-119-41425-4 (ebk.);

2. . bodoodgogro 6. bmbodg, Loobgobdem 3md3oydgageo gdsxgozs AutoCAD 2013
» 09603900 9bogg@lo@g@do” md. 2013;

3. www.autodesk.com.

One of the methods of project organization with help of software package AutoCAD
Nana nozadze, Ketevan Chkuaseli, Luka Tolordava
Abstract
As is known, AutoCAD is one of the first products of Autodesk. It is an automated design system, it
allows the creation of drawings and models. It has the ability to make necessary changes in the drawing
and gives an accurate final drawing. It has a powerful editing tool, that makes it easy to adjust the
drawing at any stage of execution. The article is educational methodical nature and discussed one of

the method of organizing the project, in particular is discussed the construction of the country house
plan, using the tool Polyline, the parameters are selected and the order of construction of the drawing
is discussed.

OauH 13 cnoco00B OPraHM3alUM MPOEKTa ¢ MOMONIIbI0 MPOrpaMMHoOro naxkera AutoCAD
Hana Ho3anze, KereBan Ukyacenu, Jlyka Tosopaasa
Pesrome

Kak nBBectHO AutoCAD oinH 13 nepBbIxX NpoykToB Autodesk-a. DTo aBTOMaTH3MPOBaHHAS CHCTEMA
MIPOEKTUPOBAHUS, MO3BOJAIIAs CO3[aBaTh YEPTEKU M Mojeiau. MIMeeT BO3MOKHOCTH BHOCHUTH
HEOOXOIUMbIE HW3MEHEHUS! B YEPTEK M AAaeT TOUYHBIA OKOHYATENbHBIH PUCYHOK. VMeeT MOIIHBIN
WHCTPYMEHT PEIOKTHUPOBAHUS, TMO3BOJIIOMINN JIETKO KOPPEKTHPOBATH 4YEpTEX Ha IJIFOOOM JTare
BbIMONMHEHNs. CTaThsd HOCUT y4eOHO METOANYECKUN XapaKTep W paccMaTpUBAeTCs OIUH U3 CIocoOO0B
opraHm3aniii TpoekTa.B wacTHOCTH paccMaTpuBaeTcsi  MOCTPOCHHE IUIAHW 3arOpOJHOTO JO0Ma C
nomoieio uHCTpyMeHTa Polyling, BeiOuparorcss mapamerpbl, a Takke O0OCYXIaeTcsl MOPSIOK
MTOCTPOEHUS YepTexka.
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Device for freezing round fruits
Amiran Lazarashvili
Summary

The land of Georgia intended for the production of agri-food products is environmentally safe and
contains the least amount of pesticide and antibiotic residues. Consequently, the products produced here
are attractive to foreign consumers, which provides ample opportunities for exporting Georgian products
throughout the world. However, there are circumstances that hinder export, among which the most
notable are the shortcomings of equipment for cold processing, storage and transportation to consumers
of products intended for sale. Accordingly, the development and implementation of new devices for
refrigeration processing is a pressing issue. In this regard, a new device has been developed for shock
freezing of round-shaped fruits using modulated crystal technology.

YcrpoiicTBO 1J1s1 3aMOPO3KH (PPYKTOB KPYIJIoi (hopMbI
Amupan JlazapamBuiu
Pesrome

3emnu ['py3um, mpenHa3HadeHHblE Js1 TPOM3BOJACTBA arpoNpOIOBOJILCTBEHHON MPOAYKIIUH,
OTJIIMYAIOTCA BO BCEM MHPE OSKOJIOTHUECKOW O€30mMacHOCTHIO, COAEp)KAaT HAaMMEHBIIee KOJIMYECTBO
OCTAaTKOB IIECTUIIMA0B 1 aHTHOMOTHKOB. H03TOMy mnpousBoauMasd 31C€Ch MPOAYKIHA IPUBJIICKATCIIbHA
JUTSE 3apyOEXHBIX MOTPEOWTENeH, YTO CO3/AaeT IMPOKHE BO3MOXHOCTH JI 3KCIIOPTa T'PY3MHCKOMN
NPOAYKIMK B 3apyOekHble cTpaHbl. OOHAKO CYLIECTBYIOT OOCTOSTENBCTBA, MPEISTCTBYIOIIUE
IKCIOPTY, CPEJM KOTOPHIX HamOoJiee NMpHUMEYaTeNIbHbl HEJOCTATKH OO0OPYAOBAHHS ISl XOJOJHOMN
00paboTKH, XpaHEHUs] W TPAHCHOPTHUPOBKU 10 MOTpeOHTENIeH MPOAYKLHH, MpeIHa3HAYCHHOW s
peanuzaunu. B mepBylo odepens 3TO KacaeTcs OTCYTCTBHS OOOPYAOBAHHS, COOTBETCTBYIOLIEIO
COBPEMEHHBIM TEXHOJIOTHSIM XOJOJHOH 00pabotku. [loaTromy pa3paboTka W BHEIpEHHE HOBBIX
00pa3LoB TEXHOJIOTHUECKUX YCTPOWUCTB AJIsl XOJIOAHOM 0OpabOTKU MPOIYKTOB SBIISETCS aKTyalbHOM
3aJadeld COBpEMEHHOCTH. Pa3paboTaHO HOBOE YCTPOMCTBO IIOKOBOWM 3aMOPO3KH, HCIIOIB3YIOIIEE
TEXHOJIOTHIO MOJTyJTMPOBAaHHBIX KPUCTAIUIOB IS HPYKTOB KPYIJIOH (OPMEI.
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Revit Architectura roof by footprint single-pitched,

gable, hip, and mansard roof
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(Georgian Technical University, Ne71, M. Kostava str., 0175, Thilisi, Georgia)

Abstract: BIM modeling is one of the most popular topics in construction. It's the process of
creating and managing all information throughout any project. Revit software is a BIM tool that
allows architects and builders to plan buildings and their components in both 2D and 3D, and
access building information from a database. A crucial stage in the building planning process
is determining the roof type and its modeling, including selecting the slope and materials.

Keywords: Roof, slope formatting, BIM modeling, building contour, Architecture tab.

In the Architecture tab, within the build panel, we select 'ROOF by Footprint'. If we choose the slope
direction, the 'Lowest level Notice' table appears. Based on the architectural project, which is a blank
project, it doesn't matter which level we choose - level 1 or level 2 (Fig. 1).

¥ou have created the Roof on the lowest level, Would
you like to move it to:

Level 2 |7

Yes Mo

Fig. 1. Selecting Floor Level When Creating a Roof.

The roof creation will attach to the level from which it begins. At Level 2, the walls appear gray because
Level 1 is turned off. We draw the walls from Level 1 to Level 2.

It's convenient to work on the floor level where the roof should be, although levels can be changed after
roof creation.

From the Draw panel, we can model the roof using lines, polylines, rectangles, or circular outlines. We
create a contour, which must be closed (Esc).

We select the Roof tool, and in the ribbon's parameter line, an additional parameter ‘overhang' appears.
We enter, for example, 500. We select the roof contour based on the chosen wall contour.

In Properties, we choose a generic roof. For example, Generic 125mm. We move the cursor over one of
the walls; the wall contour turns blue, and the roof overhang appears with dashed lines. We press the
Tab key; all walls turn blue, and dashed lines appear on all four sides (Fig. 2). We click the left mouse
button; a pink roof contour appears, and triangles appear on all four sides of the walls, indicating the
roof slope, which in our case is 30°.
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Fig. 2. Fig. 3.

Slope formatting (defining the slope - Define Slope) can be done either from the Draw panel
(Slope Arrow) or from the Properties panel (Slope). It's possible to turn this function on or off, and to
change the slope value for a specific area (line) of the roof. The slope value can be edited for individual
sides. To do this, select one of the roof contour lines, highlight the slope value on it, and you can change
it by typing the desired number for the slope. The slope can also be changed from the Properties panel
- Slope. We can also select all lines at once or several and assign the desired slope, but in this case, it
will be the same for all selected lines (Fig. 3). If we want to assign a different slope to any line (roof
side), then it must be selected separately or turned off (entering 0° is not recommended). Handles in the
form of triangles will also appear, which can be used to adjust the slope up/down in 3D. If we turn off
the slope for all contour lines, we will get a flat roof. Select Finish Edit Mode to complete the task.

We observe the 3D view - we have a flat roof without a slope (Fig. 4). We can change the visual
style. The resulting roof's connection to levels can be altered.

Fig. 4.

We select the roof, and in Properties, we change the Base level from Level 2 to, for example,
Level 1, and the roof will move to the 1st floor. We select the roof, and in the Project Browser, we
specify Level 1. Then Apply and ESC. Any walls can be attached to any roof, even if they don't reach
the roof, but only up to a certain level. In the Modify|Roofs tab, on the Mode panel, we select the
projection (sketch), and click Edit Footprint. This action can also be performed in the 3D view. If the
wall doesn't reach the roof, we move the cursor to the wall, press Tab, then left-click on the wall, and
on the ribbon, we select Attach Top/Base (Modify Walls panel). Then we click on the roof, and the wall
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will attach to the roof. In Properties, we select Plate Offset From... and enter, for example, 2000, and
finally Apply.

Single Slope Roof

A single slope roof can also be created in 3D. We can also select Level 2: Architecture tab, build panel,
Roof, Roof by Footprint, and in the resulting table, specify, for example, Level 2. It doesn't matter which
level we specify; the level can be changed later. From the Draw panel, we select line, polyline, or
rectangle and create the desired roof model. In the parameter line, the Define Slope option appears, with
the program showing 30° by default. We have the option to change it. For example, we create a
rectangular roof model as above, and move the cursor over one side of the building contour; the line
turns blue, and a blue dashed line appears, indicating the roof overhang from the wall. We press the Tab
key; the entire contour turns blue, and dashed lines appear on all four sides.

We left-click with the mouse; all four sides of the rectangle turn pink, and small triangles appear on all
four sides, indicating the roof slope. We turn off the slope definition mark on three sides of the rectangle
and confirm the completion of the task (Finish Edit Mode) with the green checkmark (Fig. 5).

Fig. 5.
We switch to 3D. In the view control panel, we se?ect a high level of detail (Fine) and a realistic view
(Realistic). We have created a single slope roof (Fig. 6).
In the Properties panel, we can change the slope, or we can change the slope value using the triangle
that appears on the roof.

Fig. 6. Fig. 7.
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By double-clicking the left mouse button, you can enter sketch edit mode (Modify tab, Mode panel, Edit
Footprint), and the pink lines of the contour will appear. You can then enter the slope value from the
keyboard. You can also change the roof type, material, structure, layer structure from the Properties
panel, select the desired thickness, and attach the walls to the roof using our familiar method if necessary

(Fig. 7).

Double Slope Roof
Let's create a double slope roof. Select the Level 2 floor plan. Choose the Architecture tab, build panel,
Roof, Roof by Footprint. The Lowest Level Notice table appears. Select Level 2 (second floor level)

(Fig. 8).

[
)
f
=
2
[
Fig. 8.

Draw the rectangular contour of the building, enable slope definition (Defines Slope) by holding down
the left mouse button, select the two opposite parallel lines of the roof, and disable the slope definition
mark on the lines where we don't need a slope, using Define Slope (Fig. 9).

Fig. 9. Fig. 10.
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Show the Modify panel, then select the wall where you need to disable the slope. In the parameter line,
uncheck the Define Slope box. Then, repeat the same actions for the other side of the roof. Confirm the
execution of this action (Finish Edit Mode), and turn on the 3D view (Fig. 10).

We have obtained a double slope roof. If it becomes necessary to attach walls to the roof, we do so using
our familiar method.

Three Slope Roof
Let's perform the same actions: Architecture tab, build panel, Roof, Roof by Footprint. The table
appears, the lowest level is Lowest Level Notice, we select the second floor level - Level 2 (Fig. 11).

Fig. 11. Fig. 12.

In the Properties panel, we select the desired roof type, for example, Generic 125mm. Let's create a roof
model. For example, a rectangle. We turn off the slope definition indicator for one of the lines. We
confirm the action (Finish Edit Mode) and turn on the 3D view. We have obtained a three-slope roof.

Four Slope Roof

A four-slope roof is the simplest to draw. Let's perform the same actions: Architecture tab, build panel,
Roof, Roof by Footprint. In the Lowest Level Notice table, we select one, for example, Level 2. In
Properties, we select the roof type. We do not change the specified slope and confirm the action (Finish
Edit Mode). In 3D, we have obtained a four-slope roof. If necessary, we attach the walls to the roof
using the Attach Top/Base tool (Fig. 12).

[,
[
-
Fig. 13.
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Let's take a more complex outline of the walls. Let's set the roof overhang from the wall (overhang) to,
for example, 500. Similar to the previous examples, move the cursor over one of the walls. Then, using
the Tab key, left-click to select the two-dimensional contour of the wall boundaries, and finally press
ESC (Fig. 13).

Disable the slope indicator on the horizontal directions by unchecking the slope formation flag. Confirm
the action with Finish Edit Mode, and in the 3D view, we obtain a roof with a slope in two directions
(Fig. 14).

Fig. 14. Fig. 15.

Now it is necessary to attach the wall to the roof. On the ribbon, we select Attach Top/Base. If it is
necessary to detach any wall, we detach it using Detach Top/Base. We select the wall first, then the roof
(Fig. 15).

Partially Four-Slope Roof

Construction is done in the same way, with minor changes. Architecture tab, build panel, Roof, Roof by
Footprint. Choose the floor level, for example, Level 2 "yes". Draw panel - selects the Pick Walls tool.
Move the cursor to the wall - Tab, left-click to make the entire contour pink. Then, click on the Modify
tab. Select two walls of the same direction and select them individually. In Properties, find Plate-offset
From (enter, for example, 2000) and Apply. Select Finish Edit Mode to complete the work (Fig. 16).

Fig. 16.
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Boogams xo35b0d30@0, Mgs B3G535930¢0
6ybomdg

BIM 80m@©gwogds ghm-9000 439wsdg 3m3mwstrmeo mgdss ddgbgdermdsdo. gl s6ol
BgdoldogH 3Mmgd@do dmgwo  0bgmEmTszool  Fgddbol s  oMmzol 3MmEgbo. Revit
36015390 YOOMb3gwygma3s 560l BIM-0, H0mIgewos bodwnowgdsl sdang3l sOJodgd@memgdl
o 999690 gdl oo9d5MML 9bmdgdo s dolo 3m33mbybEgdo Hmammi 2D-do, olig 3D-do
5 3000ML §3mds F9bmdol 0bgm®Ts305Hg IMbs3gdms BB, F9bmdol ggadadgdol
36m3gbdo 29603369 m356qL0 gBH305 LobuEmsgol #Ho3ol goshy39@d o FMPYW0M9d,
Jobmdol s dsbaerol 9gMbhg3s.

Revit Architecture Kpbiia no KoHTYpy 0IHOCKATHasi, IBYCKATHAasl,
TPEXCKATHAas, YeThbIPeXCKaTHAasl KPbILIA
Haresa IxaBaxumsuiu, Tea bapamamsuin
Pesrome

BIM-moznenupoBaHue - oJHa U3 CaMbIX MOMYJSPHBIX TEM B CTPOUTENBCTBE. DTO IMPOLECC
CO3JIaHUs U yIpaBlieHHs Bceil nHpopmarueil B mobom npoekte. [Iporpammuoe obecnieuenne
Revit - 510 BIM-uUHCTpYMEHT, KOTOpBI TIO3BOJISICT APXHUTEKTOpPaM M  CTPOUTEISIM
IIPOEKTUPOBATh 3[1aHMUA M MX KOMIOHEHTHI Kak B 2D, tak m B 3D, m momy4aTs JOCTYyI K
uH(poOpMalMu O 3/aHUU U3 0a3bl JaHHBIX. BaXHBIM 3TanmoMm B Mpoliecce MPOEKTHPOBAHUS
3/aHUsl SBIIAETCS ONpENEICHHE THUIAa KPBIIIM M €€ MOJETUPOBaHUE, BHIOOp YKIOHA U
Marepuana.
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OmnpeaesieHue IKOHOMUYECKOH I(PPeKTUBHOCTH NPOLIECCA J1eC03ar0TOBOK
B BBICOKOTOPHBIX PerHoHax
Maua I'oroTuimBuin
Pe3rome

Ha ocHoBe HOBOI MeTOIMKHM pazpaboTaHa TEXHOJOIHYECKas CXeMa JIecO3arOTOBUTENBHBIX paboT, T
YUTEHbl CBOEOOPAa3HOCTH CIIOKHBIX BBICOKOTOPHBIX JIECHBIX pelibedoB, pa3paboTaHbl oOmNepanuu
TEXHOJIOTMYECKUX TIPOLIECCOB TPENEBKH Jieca KaK B ONTHMAaJbHOM KOJHYECTBE, TaK M B HX
panroHaNbHOM mocnenoBaTenbHOCTH. COrJIaCHO TEXHOIOTUYECKOM CXeMbI TPOBEICHBI SKOHOMUYECKHE
pacueTsl mporecca KOMIUIEKCHOM MeXaHM3alMW TPENeBKU Jieca M YCTAHOBJIEHAa Ce0eCTOMMOCTh
TpeneBku 1 M3 reca.

Determination of the Economic Benefits of Logging Operations in Highland Regions
Maia Gogotishvili
Abstract

The article develops a technological scheme for the complex mechanization of the logging process,
based on a new methodology, which takes into account the specific characteristics of developing
complex mountainous logging areas. The optimal number of operations in the skidding technological
process and the rational sequence of their execution are determined. Based on the economic calculation
of the complex mechanization of the skidding technological process, carried out according to the
technological scheme, the cost price of 1m3 of cross-transported skidded-lowered timber to the upper
warehouse is established.
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MHOTOMCTPYMEHTa/IbHasA pe3epHas roJI0BKa /i1 1epeB0o00padaThbIBOJIOIIEr0 CTAHKA
3ayp Uuruasze, Urops I'enamsuiamn, Maua I'orornmsnim,
Huno b:xxanaBa, Maka 7KreHTu
Pesrome

B cratbe paccMOTpeHHa  MHOTOMHCTpYMEHTajJbHas (pe3epHas ToOJOBKAa  JUIA
nepeBooOpabaThIBalONIEr0 CTaHKa. B 4acTHOCTM TMOKa3aH TEXHOJOTMYECKUH IPOLEcC
00pabOTKM »3JEMEHTOB Tel BpalleHuss U ux TtupaxupoBanue. C lcnomapzoBanuem
IPEJICTaBICHHON MHOTOMHCTPYMEHTAJIbHOW (PpE3epHOM TOJIOBKM MPOMCXOAUT pacIIUpeHHe
TEXHOJIOTMYECKUX BO3MOXKHOCTEM CTaHKa, THPAKUPOBAHUE JETANEH MYTEM OJHOBPEMEHHOMN
00paboTKH AeTanell M MOBBIIIEHUE YUCTOTH 00paboTaHHbBIX MoBepxHOCcTe. Takum oOpasom
NOBBILICHUE  MPOU3BOAUTEIBHOCTH  CTAHKA  IPOMCXOAUT MYTEM  JIONOJHUTEIBHOTO
pacriosio)keHust ~ oOpa0aTbiBaeMbIX  JeTaled M MX  OJHOBPEMEHHOW  0OpaoTKu
MHOTOMHCTPYMEHTAIbHBIMU (DPE3EPHBIMH TOJIOBKAMH OTHOCUTENIFHO OJTHOTO KOMHpA.

Multi-Instrumental Milling Head for Woodworking Machines
Zaur Chitiidze, Igor Gelashvili, Maia Gogotishvili, Nino Bzhalava, Maka Zhgenti
Abstract
The article discusses a multi-instrumental milling head for woodworking machines.
Specifically, it demonstrates the technological process for machining and replicating rotary-
shaped elements. The use of the proposed multi-instrumental milling head expands the
technological capabilities of the machine, replicates machining by processing multiple details
simultaneously, and improves the surface finish of the machined parts. Consequently, the
machine's productivity is increased by arranging additional details to be machined and
processing them simultaneously with multi-instrumental milling heads, all relative to a single

copy.
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The historical path of forming sustainable development and climate-smart forestry
Nino Bzhalava, Maia Gogotishvili
Abstract

This article reviews the development of the Climate-Smart Forestry concept, the historical
foundations of sustainable development, and their significance in the modern world. The paper
discusses the three main pillars of Climate-Smart Forestry: adaptation to climate change,
climate change mitigation, and social compatibility. The work also describes the historical
evolution of the sustainable development concept, starting from the 18th century, the concept
of "tragedy of the commons," and the role of the Stockholm Conference in shaping sustainable
development policies. The article traces how forestry management approaches have evolved
from the early German concept of "Nachhaltigkeit" (sustained yield) in 1713 to today's
comprehensive Climate-Smart Forestry framework developed under the European Union's
COST Action CA15226 (CLIMO). It highlights key historical milestones including Garrett
Hardin's 1968 essay on "The Tragedy of the Commons,” the Club of Rome's computer
simulation and subsequent report "The Limits to Growth™ (1972), and the groundbreaking 1972
Stockholm Conference where world leaders first acknowledged the global significance of
climate change and environmental issues. The paper concludes that Climate-Smart Forestry
offers a holistic approach that simultaneously addresses the challenges of climate change
adaptation, mitigation, and social compatibility, recognizing forests not merely as economic
resources but as critically important ecosystems essential for both present and future
generations.

HUcropuyeckuii nyrb (POPMHUPOBAHUA YCTOMYHMBOI0 PA3BUTHS U KIMMATHYECKH
OPHMEHTHPOBAHHOIO JIECHOI'0 X031 CTBA
Huno b:xanaBa, Maiisi I'oroTumBuIn
Pe3rome
B Hacrosmield crathe paccMaTpuBaeTcs (OPMHUPOBAHHE KOHIEMIMHM KIMMAaTUYECKU
OPUEHTHUPOBAHHOIO JIECHOT'O XO35MCTBA, HCTOPUUECKUE OCHOBBI YCTOWUYHMBOTO PA3BUTHUS U UX
3HauEHUE B COBPEMEHHOM MUpe. B cTaThe 00CyX1at0TCsI TP OCHOBHBIX CTOJINA KIIMMAaTHYECKU
OPUEHTHUPOBAHHOIO JIECHOI'O XO3fKCTBA: ajanTaius K HM3MEHEHUIO KIMMara, CMATYEeHHE
MTOCJICACTBHIN M3MEHEHHUS KJIMMaTa U COIMajbHasl COBMECTUMOCTh. PaboTa TakyKe ONMHCHIBACT
HMCTOPUYECKYIO HBOJIOIMIO KOHUEMIMU YCTOMYMBOro pasButhsi, HaumHasg ¢ XVIII Beka,
KOHIIETIIMIO "Tpareauu oOmux pecypcoB" u poib CTOKrodbMCKOW KOH(MEpEeHIIH B
(GhOpMHUPOBAHHUH MOJTUTHKHA YCTOMYUBOTO PA3BUTHAL.
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IIpombllieHHbII 1U3aHH, €10 MeCTO U POJib B COBPEMEHHOM 00111ecTBe
Msusa Munamsuiau, Bajgepuii MuyeaMmBuiIu
Pe3ome

B cratee paccMaTpuBaroTCs MECTO, POJb W LIENb HMPOMBIIUICHHOTO H3aifHa, chepbl NPOU3BOACTBA
(YHKIIMOHAIBHO-3CTETUYECKUX W3ACIHA - CO3JaHME OSCTETHYECKOr'0 MPEIMETHOTO MHpa M €ro
MHTErpalys B 3KOHOMHKO-TIOTPEOUTENCKUN KOHTEKCT. [IpOMBIIITICHHBIH au3aiiH oOecreynBaeT
OaslaHC MeX/1y KOHCTPYKTUBHBIM HCIIOJTHEHHEM M ICTETHUKOM M3eNnud, ero pe3ysbTaT 6a3upyercs Ha
HOBEMIIINX MPOMBIIIJIEHHBIX TEXHOJOTHSX U SBJIsETCA BOIJIOLUICHUEM HJIEH CO3AaTeNs U HHXeHepa. JTa
cdepa 3arparuBaer Bce c(epbl XKHU3HHM 4YEJIOBEKa, YTO OOYCIABIMBACT IOBBILEHHBI CIPOC Ha
cnenuanucToB. [loaTBepkaeHHEM JTOMY SIBISICTCS TIOSBICHHE O0Opa30BaTENbHBIX IPOrpaMM 3a
pyOeKoM HE TOJBKO B 00JaCTH JU3aifiHa M apXUTEKTYpbl, HO U B MH)KEHEpHBIX By3ax. B I'py3un mbl
TOJIBKO B Hayaje IMyTH. B COBpeMEHHOM Ipy3MHCKOM OHM3HECE Majlo KTO MOHUMAET, KakuX 3(QQeKToB
MOJKHO JOOUTHCS C MIOMOIIBIO Tu3aiiHa. MBI cYMTaeM, YTO BaXKHOU 3aJladyei MOMyJIsipU3aiui OTPACITH
SBJISIETCS TPaBUIIbHOE HH(OPMHUPOBAHHE OOIIECTBEHHOCTH.

Industrial design, its place and role in modern society
Mzia Milashvili, Valery Mchedlishvili
Abstract

The article examines the place, role and purpose of industrial design, the sphere of production of
functional and aesthetic products - the creation of an aesthetic world of objects and its integration into
the economic and consumer context. Industrial design provides a balance between the design and
aesthetics of the product, its result is based on the latest industrial technologies and is the embodiment
of the ideas of the creator and engineer. This area affects all spheres of human life, which causes an
increased demand for specialists. This is confirmed by the emergence of educational programs abroad
not only in the field of design and architecture, but also in engineering universities. In Georgia, we are
only at the beginning of the journey. In modern Georgian business, few people understand what effects
can be achieved with the help of design. We believe that an important task of popularizing the industry
is to properly inform the public.
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Selection of effective and cost-effective options for
changing the vessel's course, taking into account

navigation conditions

Otar Jijavadze*, Natalia Jijavadze**, Amiran Jijavadze***
*Professor of BSMA, Chief Engineer, E_mail: o.jijavadze@bsma.edu.ge;
**Head of Quality Assurance Service at the Navigation Faculty of BSMA,

E_mail: n.jijavadze@bsma.edu.ge
***Captain, E_mail: amiran.jijavadze@mail.ru

Abstract: According to the International Regulations for Preventing Collisions (COLREG 1972), when
there is a risk of collision between vessels, early and decisive action must be taken to avoid it. Any
change of course and/or speed must be significant enough to be readily observed by other vessels and
must be in accordance with good seamanship. A series of small changes of course or speed should be
avoided as they may be ineffective. The problem of choosing maneuvers to prevent collisions of vessels
always remains relevant. The aim of the study is to develop algorithms for the automatic mode of vessel
navigation along a given route that allow promptly adjusting the route of passage to prevent excessive
proximity to vessels and obstacles, assessing the safety of movement along the changed route and
choosing an effective route correction option. Two methods are proposed for prompt route correction:
parallel displacement of the active section of the route and insertion of a waypoint. To test the
effectiveness of the proposed methods, a simulation model of vessel navigation along a given trajectory
in the presence of moving targets was compiled, allowing promptly adjusting the route in the manner
discussed above to pass the targets. Analysis of many divergence situations using this program showed
that the proposed methods provide an easy way to select effective route correction options for passing
several vessels and allow taking into account the presence of navigational hazards in the area of
movement. The choice of the divergence maneuver and its execution are made in the automatic vessel
navigation mode along the route and do not require switching to manual vessel control mode.

Keywords: Vessel, Course, Obstacle, Maneuver, Navigation.

A large number of works are devoted to the problem of choosing maneuvers to prevent collisions of
vessels. Their results are reflected to a certain extent in publications [1, 3, 4]. Currently, multipurpose
systems for route planning, situation assessment and vessel navigation are being developed for vessels.
In them, the vessel is controlled by a navigation and information system (NIS). In the control mode, it
should allow promptly and easily adjusting the planned route of passage on the electronic card (EC) to
avoid a collision with an obstacle or a vessel, simply assessing the effectiveness of the planned measures
based on the image on the EC, activating them from the EC module, and monitoring the process of
vessel movement along the changed route. The purpose of the study is to develop algorithms for the
automatic mode of vessel navigation along a given route that allow, in the dialogue mode with the NIS
on the electronic map, promptly adjusting the route of passage to prevent excessive proximity to vessels
and obstacles, assessing the safety of movement along the changed route and choosing an effective route
correction option.

For operational route correction, two methods are proposed:

parallel shift of the active route segment and waypoint insertion.
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In many situations, to prevent excessive proximity to other vessels, it is advisable to shift to a parallel
track line (SPRL) [2]. This standard maneuver can be used with a deviation angle from the course of up
to 150°.

The trajectory of the vessel's CM during the maneuver is shown in Fig. 1. This maneuver is characterized
by: the angle of course change AK , a given turning parameter (let's say radius R3), the turn time t by
the angle AK and the distance traveled during this time Al , the distances As , Ab from the waypoint Z
to the start points A and end points B of the turn, the length SL of the straight segment, the direct cm s
and lateral r;.,,, displacement of the end point E relative to the initial A, the duration mt of the maneuver
and the moment mt of its beginning.

E

_—
-

Fig. 1. Maneuver of shifting to a parallel track line

Depending on the given radius R3 and the angle of rotation, the values of As and Ab can be calculated
using simplified form (ulus explained in Fig. 2:

A A
Sa=(R3 + KR3L)t97K ; ba= tg7K

Here L is the length of the vessel; R3, k is the coefficient corresponding to a specific vessel (usually lies
in the range from 0.7 to 1.7, on average it is considered equal to one). Thus, the turning trajectory is
simplified as a set of the turning delay section AP and the arc of a circle PB. The length of the turning
trajectory

A
lA =KR3L*tg7+R3AK

Fig. 2. Maneuver parameters S,; b,
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More precisely, the maneuver parameters S, by, [, are found by modeling in accelerated turn time
using the reference model of the automatic course control system. The turn time by an angle Ag and the
duration of the maneuver are calculated using the formulas:

Iy . _
Tturn = v Tm = 2T +S1/V

Fig. 3. Route with zones of evolutionary movement

In some cases, the transition route is represented as a broken line with circular areas of radius S, =
f(R3, AK) near the waypoints (Fig. 4). These areas, on the boundary of which the turn begins, are
called zones of evolutionary motion.

In order to avoid excessive approach to vessels by shifting to a parallel track line in the route section [J-
1, J] mode (Fig. 4), the deviation angle from the course ( 4K ) and the shift ( ,,,) of the remaining part
of the active track section are set without changing its direction. As a result, two new waypoints (Z, Q)
are entered into the route and the position of the turning point J is changed.

Parallel offset of a path
. segment with the cursor

Fig. 4. Changing the route to pass a vessel by maneuvering to a parallel track line

Point Z is usually considered to be a location at a distance S, ahead of the current position of the ships.
If the start of the maneuver is planned with a time delay (t), then the future position of the ship's CM at
a distance of (S, + V * t) from its current location is taken as Z. The position of waypoints Q, J depends
on A, , .m as well as the courses along the active and following segments of the route.

In order to promptly change the route using the method under consideration, it is necessary to introduce
a special function and a program for its implementation into the R/V. This program should allow
assigning , R; Ay and the shift r,,, of the route segment. It is also advisable to provide for the input of
the delay time t31 of the maneuver.

It is convenient to shift the active route segment by "dragging" it with the cursor while holding down
the left button of the manipulator. When performing this operation, it is necessary to calculate the values
of the parameters of the SPLP maneuver (in the area of its existence) corresponding to the shift r,,,of
the route segment. The following should be displayed on the screen:

the forecast of the vessel's route and its position calculated at the end of the maneuver with the speed
vector and safety area; target vessels, their path from the current location to the one predicted at the end
of the maneuver, the vectors of true and relative motion.
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Fig. 5 - 7 shows an example of data display when selecting a maneuver of the SPLP to diverge from 4
targets. The initial situation is shown in Fig. 5. The time of the true motion vectors is taken to be 6 min,
the relative motion vectors - 12 minutes, the maneuver delay time - 0 min. The permissible closest
approach distance (PCAD) is set to 10 kb.

When selecting a maneuver (Fig. 6), the predicted trajectory of our vessel's transition to the active route
segment shifted by the cursor is shown by a dotted line. Near the vessel's predicted location at the end
of the SPLP maneuver, its speed vector and safety zone with the PCAD radius are shown by a solid line.
The actual position of the target in Fig. 6 is designated by its number. The true and relative motion
vectors are shown near the predicted target location at the end of the maneuver. If the target is not
dangerous at the end of the maneuver, the true motion vector will be a thin solid line, and the relative
motion vector will be a thin dotted line. If the target is dangerous, the true motion vector will be a thick
solid line, and the relative motion vector will be a thick dashed line. If there is no excessive approach to
the target in the interval from the beginning to the end of the maneuver, the path from the actual position
to the predicted position at the end of the maneuver is shown as a thin dashed line. If a dangerous
approach occurs in the named time interval, this path is displayed as a "dash-two dots" line. The given
method of data display is chosen for explanations. On the NIS monitor screen, to improve understanding
of the situation, information is highlighted in more effective ways: different colors, blinking, etc.

The choice of the divergence maneuver consists in finding (by shifting the cursor to the right and left of
the route segment relative to its initial position) the smallest r,.,,,, at which the SPLP maneuver does not
contradict the COLREGs and does not lead to the danger of excessive rapprochement with other vessels
during the evasion process and at the moment of its completion. In the example under consideration,
such a shift (r,, = 16.62 kb) is shown in Fig. 6. Having selected r,,,,, the navigator, depending on the
situation, determines the maneuver start point. When the vessel arrives at it, gives the command to begin
movement along the changed route. According to this command, waypoints Z, Q, J, corresponding to
the selected ., value, are entered into the planned route in the research vessel. The research vessel,
ensuring movement along the changed route, will perform the divergence task. The situation of vessel
rapprochement at the moment of entering the shifted route segment is shown in Fig. 7.

Offseting the inserted waipoint
with the cursor

Fig. 5. Changing the route to avoid a vessel by inserting a waypoint Q

The second proposed method for selecting a change in the trajectory for diverging from ships
corresponds to the insertion of two waypoints Z and Q (Fig. 8). Point Q appears when the manipulator
key is pressed in the mode of selecting a divergence maneuver in this way. Its location coincides with
the cursor position. When the key is pressed, point Q can be dragged by the cursor along the EC field.
Point Z appears when Q is displayed. The location of Z is determined by the position of our vessel, point
Q, and the assigned maneuver delay time. For any position of point Q selected by the cursor, it is possible
to view (in the area of existence of the maneuver) what the situation of the convergence of the vessels
will be at the moment our vessel enters the QJ segment and what the amount of loss of running time will
be.

To test the efficiency of the proposed methods, a simulation model of vessel navigation along a given
trajectory in the presence of moving targets (up to 50) was developed, allowing the route to be promptly
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adjusted in the manner discussed above in order to pass the targets. Analysis of many divergence
situations using this program showed that the proposed methods provide ease of selection of effective
route adjustment options for passing several vessels and allow the presence of navigational hazards in
the area of movement to be taken into account. The selection of the divergence maneuver and its
execution are performed in the automatic vessel navigation mode along the route and do not require
switching to manual vessel control mode.
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Brbi16op 3¢pexTHBHBIX M IKOHOMUYHBIX BAPHAHTOB H3MEHEHHSI Kypca CyHA C y4eToM
HABUT'ALMOHHBIX YCJIOBHIi
Orap dxugkaBanze, Haranua JxkugxaBanse, Amupan JxkuaxaBanse
Pesome

B cootBercTBHE ¢ MexayHapOIHBIME IPaBHIIAMHE MTPEyTIPEXIeHIs cTomkHOBeHM cyaoB (MIITICC-
72), Tpu BO3HHUKHOBEHHH OMAaCHOCTH CTOJKHOBEHHsS CYJOB HEOOXOAMMO MpeaNpUHUMATH
3a0JlarOBpeMEHHBIC M PELIMTENbHBIC NEHCTBUS Ui ee mpeaoTBpameHus. Jlroboe u3meHeHue Kypca
W/WIIA CKOPOCTH JOJKHO OBITh JOCTATOYHO 3HAYUTENIBHBIM, YTOOBI €70 MOIJIH JIETKO 3aMETUTh JPyTHe
Cylda, U COOTBETCTBOBaTh XOpOIIEH MOpcKoi mpaktuke. CrienyeT wu30eratb cepud HEOOIBLIMX
U3MEHEHHH Kypca WM CKOPOCTH, TaKk Kak OHH MOTYT OBbITh HEd(PGEKTHBHBIMHU. Llesbio
UCCIICIOBAHUS SIBIISICTCS pa3padOTKa JJIsi aBTOMAaTHYECKOTO PEKMUMa BOKACHUS Cy[IHA IO 33TaHHOMY
MapUIpyTy aJITOPUTMOB, IO3BOJIIOLUIMX ONEPAaTHBHO KOPPEKTHPOBAaTh MapLIPyT Mepexona ajs
NpeaynpexkIeHUsT Ype3MEPHOTO COMIDKEHHS C CyAaMd W MPEMATCTBHSIMH, OLICHUBATH 0E30MaCHOCTh
JBIDKEHUS 10 U3MEHEHHOMY IyTU W BbIOMpaTh 3PQeKTUBHBINA BapuaHT KOppeKuuu Mapupyta. s
OIepaTUBHON KOPPEKLIMU MaplIpyTa Ipe/iaratoTcs ABa MeToa: apaieIbHOTO CMEIEHUs! aKTHBHOTO
OTpe3Ka MyTH U BCTaBKH MyTeBOH TOYKH. J{nsi mpoBepku S(PGEKTHBHOCTH MPEIJIOKEHHBIX METOIOB
COCTaBJICHA MMUTALMOHHAs MOJAEIb BOXKICHHA CyIHA IO 3aJaHHONW TPACKTOPUU NPU HATUYUHU
JIBIOKYILIUXCA 1I€JIEM MO3BOJIAIOIIAs ONEPATUBHO KOPPEKTUPOBATh MAPLIPYT PACCMOTPEHHBIM BBIIIE
00pa3oM, 4TOOBI Pa3oOUTHCH C IEMAMH. AHAJINW3 C TIOMOINBIO ITOM MPOrpaMMbl MHOTHX CHUTYaIlHii
pacxoXkIeHHs MOKa3aj, YTO MPEJIOKEHHbIE CIIOCOOBI 00ECTIEYNBAIOT IPOCTOTY BBIOOPa A (PEKTHBHBIX
BAapHAHTOB KOPPEKIUHN MapuipyTa IJd pacXOoKACHUA ¢ HECKOJBKUMH CYJaMU U MMO3BOJIAIOT YUUTHIBATH
HaJIM4YMe HABUTallMOHHBIX OMAacHOCTEl B paiioHe nBwkeHHs. BbiOOp MaHeBpa pacxXOoXIEHHS U €ro
BBITIOJTHCHUE MPOU3BO/IATCS B PEXKMME aBTOMATHYECKOI'0 BOXKJICHHUS Cy/IHA I10 MapIIPYTy U HE TPEOYIOT
nepexosia Ha Py4YHO! pexkUM YIPABICHUS CyTHOM.

www.journaltm.gtu.ge 90 DOI: https://doi.org/10.36073/1512-3537
ISSN 1512-3537 (print) ESJI: https://esjindex.org/search.php?id=7926
ISSN 3038-4047 (online)



http://www.journaltm.gtu.ge/
https://doi.org/10.36073/1512-3537
https://esjindex.org/search.php?id=7926

g6b6s¢0 ,,GHM6L3MOE0 S 356ds6500FgbgdmMdS“ Nel (62) 2025§;.

U5gdo6m0390ml Gm®oDIoL Lo@Mmobldm®m@Gm
0603M3LEGHMIEMMOL 456300560930l 39ML3gJE03900

3595 903009", 30MmMy0 3503, 05056 30gwsdg*™*,
GO6M3 9aa9gbsM830e0*™***, bodomos geragbstsdzowmo
"0b03069829¢m0 3GHMRIG0, bsdoGorz39cmmb (9976037960 £96039(5L0BGIA0;

gem. @l v.zeikidze@gtu.ge;

“3OHMR G0, bsdsHm39¢mmb 3976037960 #)60396L0AIH0, 9e0. BbHs: g.maisuradze@gtu.ge;
BOMRILG0, bsdsH039¢mmb 3976037960 #9b03960L0BIH0, gar. BbHs: tkiladze@gtu.ge;
5l 0(9809¢m0 36G0aBgb2%0, Usfs®039¢0l H976037960 #96039GBLodIAH0;
gem. @elids: telgendarashvili@gtu.ge;

T sbobBIbG 3GR9b0, bsgds®39e0mb 39760329600 #96039(HL0BIAH0s
Jev. @B natalikol710@yahoo.com

(bogdomrm39™UL 39d603996H0 bo39OLOE GO, 0. 3MbEHO3L J. Ne71, 0175, ;mdogrobo,

Lodotonggarm)

skokokokok

9B0Mdg:  LBESGH05F0  JobboMEos  BHOODBIOL  LoGMIBLEMOEHM  0bRMILEMWYIEHMEOL
2963000009008 1530L90MGOJd0 s LogsMmzgermdo dolo LEOEymaol JodsMMNYEgdYdO.
33w930L  36MHmEgldo IgbHzeromo s osboobgdEo 0dbs §399sb5d0  LoG®IBLEMGOEM
068605EHOMIBHMOOL sOLYdIMo IEyMTsMYMds, dolo GMmEo GMOOLEMWo 0bEWLGMOol
396300056090500. LEo@G0sdo 399650 MEos GOH0BIol LoGMobldmeMEGH™
0683M5LEGHMIBHOOL  33¢0g30L F9gRJ00 @S doLBY IYMPHMO0m  BFMMOE0d)INYOS
0oboogdgdo, MHMIgwoms  ©bgey3zs  360836gwm3zbo oo dxmdgligdl  J3gysbsdo
AMOOLGMo  0bMBGOM00L  LoGMbldmd@m  0bg®slGHOdGHmol  Lsdmdsgerm
239630056905U.

153396dm Lodyzgdo:  LoG®mobldm®mGMm  0bxzMILGHMMIGHMGS, GMOMOLEMEo dmdbobMgds,
LogBom 0bxz®msLEGOWJGHMGS.

d9lss35¢w0

L5JoMMNZ9ML GHMOOBIoL 0bEMLEBHMOS, OHMIMOE J399bol 93mbmBogm®mo LoliBgds T9ygds
9615350 x8gMHM3560  3mI3gdlobogsb, MMl  goHm-ghmo  dgdsagbgo  gargdgbEos
U5GMBL3MOEHM 06BOILEMNIBHIO. LoJsem3gEmTo GwMH0HIol 0bEMBEMOOL 49630056 gds
39799 9dgwos  BoGMBL3MOGHM  dmALEbBYMHgOOL  4o6M9Tg.  BHIOHODBIOL  LHEGHMIBLIMOEGHM
dAbsbYMHgd0L MbY LJoMMNZ9wMTo 49633979 Howrs, MMM bsMolbom olg sGBg3s60L
©mbom, BsdMOMBYds 249630000090 J39969dL. BHOHOBIOL BoGMIBL3MOEHM FMALbYYMYdOL
3601009390l Logoermzgarmdo 80939036905 300056 Mg0Mmbgddo LogBosm 0bxzMILGONMIGMEOL
3L mMobsMm  ©MbY, o3 J9M3IZYMWOE OOl  oMTGLb0dbsg  sY0Mgd53Yg
AMO0LGHYOOL F0ygz065L.  FAB3MMDs39OL BOP, MHMIgoE LsFOMMIOL M3EH0F0DOEOSU,
AGMBL3MOEOL 93MMPOMOHO MLsBOMBMYDdS, F530 BEZ0L LobsdoMMm Bmwdo GwOOLEHIOOL
3905520gd0LOM30L  LoB3sm  BHEMBL3MOEHOL  godmygbgdol  49b30m509ds, F9dmdyzs6o
GOJO0L MOs60HIOIOLMZ0L Bo359MM BHEBLEMOEHOL 450mygbgds s 5.9.
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Pomdmpgboo  LEsG0s gbgds  Lmego  GHvOoBIol  0bMLEBHO00L  Lo@G®mIBL3MOEGHM
0635LEGHMJEHOOL 3300935, MY BHEOBL3MME0 53 Tg8mb39350 33930bgdS 5615 BoMGHM
AMOOLEGHIOOL 250500l Bs3YSEgdI®© O IMYOL 396300050900l Lorwdzws,
50509 0dgbl  BHMOOLEGMo  OYLMELOL  BMBJgosl, BB LoBBbL3MGOEH™
06535LEGHMJBHOOL 2563015609300 0436905 Bod o gds J394965d0 GHMBMOLEIo Bs3ogdol
0530BYIBOO WSRO JOOLIMZOU.

Logombol  dglfogarols s 33939008 36OHM3gLdo, OMYMOE Lsdsdwmwm, obg viEbeme
Usdg360960m  igodmgddo  yMMoPds  JoMO0MOEIE  Fob30wgds  LOGMIBLIMOEGHM
9mdLobmgdsbg  ©@o  bo3gdo  YMEOEEgds  gmdmds  GH¥IMOLEHWIWO  LoGMIBLIMOEGHM
06535LEGHMI GOl Igbfogarsl. B3zgbl dogem FoMdmyqboew 65d6Mmdo sJ39b@o LHmego
3939979991005 GH«IOH0DBIOL LBoGMsbLEMOEM 06RMILEHMWIBHIMOOL 2s630005MgdOL  sOlgd e
90 Mds0gmdsbg s 39ML3gdEH035d0 oo A5630M9MYdOL LI YMGBSDY.

do600s0 Ggdudo
939960L  BHOOLEHWWO  LoGMbL3IMOEGH™  06BOILEHOWIBHMOOL 29630056093y  gaLsb gD
30505OG™ GHOOLEGHW 3133560900, 56589 dobo FmALIBNMMGOI0m BoMygdMds F9Ideos
Lodmgomodm  LoBMPsMgdol  FoMdmToAgbargdl,  gossEAOMGOOL s  BHIZ0MMIOOL
AOBL3MOEGH0MYOOL  3OM3gLdo.  BoJBHOMMO© 3990l BHOOLEHMO  LoGMIBLEMEOEHM
06535LEGHMJBHMS 8Mm0oEegl 0 LEEEMBL3MMEHM 3MA3wgdu. B3gbl Jog GHMOLEBHWWO
Lo BHMBLEMOGHM  0bBOIBEGHOMIGHMOOL  Fglfogwos doBbom  sE0wgdgwos dobo  sMLOL
sHMLGHYdS s LOLEBYIMEMO JWSLOBO3ZS300L FgdMTsgz9ds. BodsMmM3gEml GMOLEHWWO
BoG®9BL3MOEM 06BOLEHMMIGHIMS TgbodEgdgE0s O394Mm 9999y 99dgb@gda:
1. 39m3boegdol dobgz00 (LogMmMsdMEOOLM, §HM3bmwo s MgY0mbyro);
2. b53MYMEYOOL  BHo3olb  dobgzom  (Loxstm,  39Mdm,  Lobgwdfoxm-3g@dm
3O GHbomEOwwo);
3. 259myggbgdols  BHodolb  dobgzom  (FsLMdGOZ0-GOHOBTo,  0bEO30OIGO-
AM©0oBao);
3963000060900 MboL Jobggz0m (356300050900, 496z306M9d9w0);
5. 3mbdEomcmo ©sbodbmmrgdols dobgwpzoom:
5. LOGHMBLEMOEM LTMOEYdYOs© (53GMdMLYd0, F03MMIZEMDNMLGdO, LaM3obogBm
GMBL3MOE0, LEBPZM s BBZS LoBBBLSMOE™M B35 gd9d0);
3. Lo@MbL3mOEGH™M  md0YIBHJd0  (53G™LOAMMYd0,  M30603B0L  LoaGgdo,
59603mM3H900, 30:63Hgd0);
8- LOGMBLIMOEM 2BgO0 (LEMI06RDBM, LvogEHMIMdOEIM, LobBLIom);
@. LBOGHMBL3MOEHM FoOTOMBHYO0 (LoMZoboFbM, Lo3sgMHM, BLoDBPZoM, Bo53EHMIMdOLM,
Logggbdogeom);
9- LOG®IBLEMOEM S BH¥MOLEIWO 3335609005
3. 3m3996035300L S LHOBEFMOTs30M LodMoEgd9dO.
DomBmagboer  300l0xg033E05BY  IYMbMdOm  Fglodgdgeos  BsBMZ4OE0dMm™
AMOOLGMOo  LdGMBL3MOGM  068OLGHOWIBHMOOL  sOGLOL  T90ga0  PobIsMGHYds -
AMOOLEHMO LsGHMbLEMOGM 06ROLEHOWIBHMOS sGOL JOosbo 3md3wgdbo, GmIgwos
596M05693L LoBMBL3MMBHM B5FsgdYOL, BoGMIBL3MOEM MBd0YIEJOL, LoGEMBLIMOEBHM s
AMOOLGME 3003560900, BoGEBLEMOGHM  gBgdLs s FoMTIOMEJL,  LoGMbldmEMEGH™
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dmdbsbmgdol  Lgd@m®do  dmdJdge  GHMOOLGHME s AMALEbBMMGdIOL  LigM30LYdL
(3M3MbB035300L o LOobRMMTsz0m  BsFMoWgdgdL, dOMIomo  MYLlmGLYBL), OMIgEos
900 056Mm3580 godm0ygbgds GHMOLEYEo dmdLobwEmadol mGmYs60BYdoLlmz0L.
AGMIOOLEGM0 LEGOIBL3MOEM 068OILEOVIEOS 3603369 M356 Bl SLEBWEdL J3994sbols
AMOOLEGHME0 030X, GHVIMHOLEWWOo 3033560900l s bYMZ0LGdIOL BMEOI0MYGOST0, MMM
939460l oby G9a0mbgdol FodEod0m. STLMB GO  9ME0EYdIE0s 2odmzgmm  dobo
60350 MH0 030199900, MMIgrog IbgEz9wmdsdo Mbs 04bgl oMgdMEo IMPOL o
3003560900l JoG30L5L, 39MdM:

* 3653500536 309MMd;

e 3039603509 mBMd;

o ©0bsdoMBMd;

o 35M535RBIIEGHMOMEMDY;

e BHM5305¢0BIol MHob3o;

o BoMonmEmds;

* 500533 0MY0S.
LogdomM39wML GHMOOLAEHMWO 3eoLEHIOOL LoGMbLEMOEHM 0bRMILEHMMIGHWOOL JosGm30l
360HMdEq3900  2963060MdYOME0s 5T LEgO™mdo  s®LYdMEo  IMALobMYdOL  bg®mzolgdol
0530590090930, JomYD 5©L50FB305 TR0 F9MgIMGdYdO:

e Lob@gdob Bmyogmmo 9egdgb@o 50535EHgM05Em0s (GEMBLEMMEH0MYdS, bLyMgzoLob

bsLosMO, MBOBOELMYdOL BMIYd0, 1d09dEHIOOL TS50 FOMGdJd0);

e Jgmde9gdge0s LobiEgdob Lom3zolgdol dgbsbgs s BsMoygdol 994abs;

e Ugm30L0L gOHMOOMEOo FoMdmgds s ImbToMmgds;

e 190094303000 5¢4d580;

o Boesbliols 99bs0MhMBIdOL 9E0WGOIEIMBS 5©505BMM0 s Fgdb03M0 GodEHmMgdol

5¢0gdsd0.

939460l BHOOLEHMOEO LoGMsbL3MOGHM 0bBMLGHMIEGHMOOL 33wg30l 3Mmiglbdo, B3zgbL
3096 LoliBdol Fomm30L 3OMEgbdo  MYLOLYdOL 989G  Fsbshowgdol dobbom,
390mgmxzowo  0dbs  Lo@mmobldmMEGHm  0bxg®mabEBHMMIGHMIOOL  m3G0dowemo  3ma3wgdulol
3MO»I0MJO0L d0MO0MO©O 9gdgb@gdo s B35BHIMJ FJIMgdOMO  SBosewobo Fgdgao
360@®0v99900L dobgzom:

e ©0Bs0bo s LAH®MIBHMOS (3B0EIO0MToL bggMomo fowo 3nd3wgdsdo-10%);

¢ 0bAHMOOMO Gobigemdsbo (20%);

¢ 16035 OH™dS (10%);

e 3530060 GHMHOLEHWMW G (90Mmbgdmb (20%);

o HOOLEGHIOOL IBOOWIH IMbsbmergdol Lobbdotg (40%).
939460l BHMOMoLEHMEo MmdOogdEHOL F9Mbgzol Imdgb@Edo, mdogd@Eol doge 50%- ol s dgEol
b390M0m0 ool ImaMmzggdols Jdmbggzsdo, mdogd@o dohbgmwo bogds GHwOoLEMo
LOGOBL3MOEGHM  0bFOIBEGHOWIGHMGOL  (odyzsb  9gwgdgb@dHo s bmOE309w©gds
UoBEMBLEMOGM  0bBOLGHOMIGHMOOL  3mI3gdbol  Asbgz0meMgdol;mzol  LoFocm
©™bolid0gdgdols sdw9dsgz9ds.
UodoOmM39wMl  HMOOLGHYWO  BoGHMBLEIMOGHM  0bROLGHOWIGHOOL  LsdmBszwm
396300056900Lm30L FgLsdEgdg0s J5FMZYM® MMbO JOMOMSEO F0TSMMNYGdS:
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> Lo@GmBL3MOGHM 068MLEHMNMIBHMOOL gob30msMgd0m Logbom Jugwol LOmaymas
(sboewo Lo Bom 0bOSLEBHMMIGHIOOL dMfymds, sHsEr0 MsbsdgMmM39 LEIBIMEHIdOL
1553GHMIMBOEM 4Bl dmfymds);
> Logbom  9mdMomdol s BsGEmobldm®mm  0bx®slidOmdd«mol  9969xd9bEOL
LEOMYnRs  (LOG®BL3MOEGHM  B535gd0L  M3BH0TODBE0s,  BMIBIMYdI DY
M6096GH0M90Mwo  JoEMIGOoL  IbYMHA3Zs, s M9bsTgEM™M3g  LBebsMEolb
35630690l dm{igmds, Jo0r0030L 533 MToEH0DB0MYdo LobiE)dgdol 3sdmygbgds);
> 0bm3530900L 635 LOGMBLEMOGHM 0bBOIBEONMIGMOOL FoOm30l bygHmdo
(bgEm3zbm®o 0bFgwgdBHoL godmygbgds Lo@®mbL3dmOEH™M LobGgdgdol dsermn3sdo,
9mdLobMgdol Bsbsg30530m s Lsobxzgm®Ts3zom  0bLEBHOWA6E OOl  89dmTog90s-
©569M339);
> Lobgadfogzgml Mmool d933ws GIM0BAOL LoGMBLIMOEGHM 0bBOILEHM™MJGIOOL
356m30L 3Mm39L00, Lobgwdfoxm s 39MdM 35OEBOMOMBOL 456305MYd0m.
LoGOobl3mOE™ 063605L3HMJGHOMHOL 3963056900 30356 ME9d90Hg
©994MHbmdom, (jobsbfot dgagbowo Jombgzs®mgdom, 0b@gMzoml dgommeol 358mygbgdom
2023 ol asdmzombro 0dbs 8 9Ju3gMGHo-b3gE0swolGo. dmbs3gdgdol sdwdsgzqdols
39092500 Jogdo dmboigdgdo dg@sbowo odbs gbGHowdo (ob.sbMowo 1).
gbBogero 1
429960 He9650bFol bshBsbb3erdm 0bRGSUAG S0l 356300056980 ombol 95985
8s¢m98ol dobgoz00

9960 M3M 300

15359600 BHMBL3IMOEGO

156 306MaBM LoEYMMYOO

Lo 30603HM BHEOBLEIMOEGO
93GMLOYMMHYd0

1553 ™MIMdOEM BHMBLIMOEGO

L3 Dom 0bBOLEHOVIE1IOS
L593GHMIMO0EM 4Bgdol J0IIdIMY

0bg®LEGHOWIGHMGS
AO5BL3MOEGH DY Lg®z0LoL mby

NININININ| W&

N
o)

399835L935 B5egd0m (1 - oE0sb B0, 2 - B0, 3 - Lodw)oEMm, 4 - LyFMsMmBY Toogro,
5 - domoo.)

Domdmagbowo  dmbs3gdgdol  sbse0BoEsb  BBL, MHMI  BdSEo  FggBslgds  FooMM
933MboyM»9dds, Loo3BHMIMdowm  qbgdol  F0dEYdcg  0bBOLEGHMMIEIMST,
15533MIMBOEIM BHEMBL3MOGHT> s LEMZ0BoYBM BHEMIBLIMOEDs. LsTMSEMBY FoLowo EMbol
d9x30lgds  dooem  J399sbsdo  9mdddgds  99MM3MOEHJOs s Lo3sgmm  BHEMbL3M®GHIo.
900056md5d0 3bOHOWOL dMbs3gd900L BoeroBosb Bsbl GMI Lods®mzgeml GmGoBAol
LOEGMIBL3MOEHM 0BTFOIBEOWIEH MG, XIO 300093 396 53059MB0gAL GHIMHOBIoL LgMz0LgdOL
056599060 ™39 Immbmzbgdl.

BodoMmgdmmo 331930l 99090 bsomgwo  bqgds, ™I Lods@mggwrmdo  G©oBdol
BsGEBL3MOEHM 0bROLEHMJEHIOHOL IRIJMGOMWO gob30MMGOOL M HBOMYmaol dobbom
(30909005 BsMHMZ0L 9Hso LoLBHIoL Jgargdgbgool HomdsGHgdood sbgMyas.

59 30Bbom 2025 ferol 3003900 0360L0sb, LogowrodmsdmEmolicm MgymMEs®Ieo FaHogmms
3905Y3565  gobbmdiEogwgds dbmwmo M3 353930600l  93¢MbIGMBL3MOEGHM
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Lodmoegdgdom. 2024 ool 1 FoOEGH0B  LodoOmzggerml  356mbdo  ,Ls53EHMIMdOEM
A®bL3MOEGHOL  Tgbobgd”,  Fg305  (33€0E0G30.  (33X0MGO0EID 499 IE0baty
39053H0©39mL  935¢9ds F2BI3OMMS A5oLY3905@ FgLodsdolo BgdsM™MZOL 5Mgds. JOMMO
Bgosmm3gs  Tggbgds  LodaHoghmm  490g3960L  bgdsMmzal s  dgmeg  LogMHmsdmMOLm
15533MIMOOEM LOGZOODNM FoOHB03900L bgdsOMMZsL.  5xdsOIMN3900 3MBIMEOLOL o69T9
3903995 ©5 L5doMmM39w ML 893MMBOL B3YE0IWMMO PRIH0IOOM MY OMOGDS.
,B5933MIMBOM BHMIBL3MMEHOL Tglobgd® 356mbL L3gEosw Mo FMbero sgdsds, Mmdgwdos
31939 39BLEBWIOM0s 53BHMLIYMMGOOL 3SLYdO S Fsmo LYMEHOROEFOMGds.  35bMbols
0565b35 93EHMLOEYMMYO0 5T JEIBO® WHOYMP0D O MOMGNME JESLL OZ5¢GdIEO 593l
d9Lsdsdolo  IMObM3bgdOL  83TOYMBOEGds. 306390 3¢0boL  533MbOYMMYIO
3965bMM 309009096, HMAMOF LogMMSTMMOLM 0l dos Lodyboghm 4owY3569dL. Jgmeg S
d9Lodg 3¢5LOL 53BMbOYMOGO0 BMmgILObIMY306 Tbmerme B3OS B0 250oY35690L.
939960lL  93BMGHOBLEMOEGHOL  gob30m5Md0LM30L  sFglgdMo  sbowo  HYYMES309d0,
96033690 m3bs0  90999xMmdgLYBOL  TgBogzMs  FosY3s60L LYMZ0L s oBJIMPIL  sbogw
UBHObIMEHJODY  QoOBZEL, o3 ™ogol FbeMog d60d3bgwmzbo  [ooygds  J399sbsdo
AMOOLEGMOo  LEGOBL3MOEHM  FMVobomEgdol J9g8AMT  9630m5MGdL.  BHMIMHOLEO
Bo@®obL3MmOMm  ImALobmgdol  0bROILGHOMIBH OOl  LEWwYmBol  3Mmbom  dgEo©
bogmEogdms 2008/68/EC ooMgd@oz0l dmmbmabadols @sbgdags, Hmdgwros 999b9gds Jggybols
A9IO0GHMO05Dg  LEBOGBIOM  BHZ0MMNYOOL  oIBOEIZ0L J0MMdYPILS s Hobgdl, G@Iol
dmmbmzbgool  99mddggds  9MEOWYOII0S  29TIMMNI0  Lo@MmobLlEmOEM  byMzoLgdol
306)19030.

Lodomomzggaml  H30603bolomzol,  0bx®slidG®mdGHmol  mM35¢LsbdOolom,  doMHOMIO
36Mdgdss bodmEmls o BguGHIBRMBL FmMoL dYdsey 17 3owmdgB®osbo dmbszzgomo,
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Prospects for the development of Georgian tourism transport infrastructure
Vazha Zeikidze, George Maisuradze, Tamar Kiladze, Tsira Elgendarashvili,
Natali Elgendarashvili
Abstract

The article discusses the features of the development of tourism transport infrastructure and the
directions of its improvement in Georgia. In the process of research, the current state of the transport
infrastructure in the country, its role in the development of the tourism industry were studied and
analyzed. The article analyzes the results of the research on tourism transport infrastructure and, based
on it, makes proposals, the implementation of which will significantly improve the future development
of the transport infrastructure of the tourism industry in the country.

IlepcnieKTHBBI pa3BUTHSI TYPUCTUYECKOI TPaHCIIOPTHOI HHppacTpyKTYyphI I'py3un
Baxka 3eiiknnse, I'eopruit Maucypanze, Tamap Knnanse, Linpa Enrennapamsnin,
Hartanu Earengapamsuin
Pesrome

B cratbe paccmarpuBaloTCsi OCOOCHHOCTH Pa3BUTHsI TPAHCIOPTHOHW HMH(QPACTPYKTYphl TypusMa B
I'py3un u HampaBiieHHSI €e COBEpIIEHCTBOBaHUSA. B mpomecce ucciemoBaHusi ObUIO HM3YYEHO H
NPOAHAIM3UPOBAHO COBPEMEHHOE COCTOSHHE TPAHCIOPTHOW MH(PACTPYKTYpPbI CTpaHbI U €€ poib B
pa3BUTUM TYpUCTHYECKOM oOTpacinu. B cratee aHanM3MpyroTcd pe3ylbTaTbl HCCIIEIOBAHUSA
TPaHCHOPTHOH HH(PACTPyKTYphl Typu3Ma M Ha HMX OCHOBE BHOCSTCS IPEIJIOKEHUs, peanu3alus
KOTOPBIX TO3BOJHT CYIIECTBEHHO YIYUYIINTh Oyayllee pa3BUTHE TPAHCIIOPTHOW HHQPacTPyKTypbl
TYPUCTUUYECKOM OTpaciau CTpaHbI.
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93OS L5gMHoMJdM©

Usdg3boghm bsdMMBol Mgsd3osdo Faedmeygbols figo
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A4 ROIGHOL  Jowowby  (03980Mm©)  ©MVYFoo b sBH30Mmmgm 990y ToLodsMmbHY:
journal.t. m@gtu.ge
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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. m@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 xypaan “TpaHcropT u MalIMHOCTPOEHWE” TPAHCIOPTHOTO W MAIIWHOCTPOUTEIHHOTO
¢dakynpreta ['py3HMHCKOTO TEXHHYECKOTO YHHUBEPCUTETAa HaydHble pabOTHl MPEICTAaBISIOTCA Ha
TPY3HUHCKOM, aHTJTMHCKOM M PYCCKOM SI3bIKaX C COOJIOACHUEM CIEAYIOMINX TPeOOBaHHMN:

1. Pabora momxHa OBITH BBITIONHEHA Ha Oymare popmarom A4 c maTepBaniom 1,15 Ha meyatHOM
JICTE coriacHo TpeboBanusMm cranaapra 1SO:

a) Pabora nmoarorasnuBaercs B Microsoft Word ¢ ucrosnp3oBanneM peaakTopoB TaOIHIl U

(bopMyIT; BO3MOXHO HCITOJIB30BaHue mporpamMmer Microsoft Excel.

0) pasmepsl mojs pabouero JucTa: BepxHee — 35 MM, HWKHee — 25 MM, jJeBoe — 25 MM,
mpasoe — 25 MM.

B) BBINOJIHEHHAS HA IPY3WHCKOM S3bIKY PaOOThI JOJDKHA ObITh HabOpana mpudrom Sylfaen,

BBITIOJIHCHHBIN Ha aHTJIMHCKOM U PYCCKOM si3bIKax paboTel — mmpudpTom Times New Roman.

r') Ha3BaHUe paboThI JOIKHO ObITh HaOpaHo mpudpTom Sylfaen (18B); wms u pamusns aBropa

— mpudrom Sylfaen (14B); Ha3BaHMe OpraHH3allUH, TJIC BHIOJHEHA Pab0OTa, YKa3bIBACTCS

B ckoOkax — mpudrom 13B; pesrome paGOTHI BEIOIHIETCS KYPCHBHBIM IIpUQpTOM 12;

KIIIOUEBbIC clIoBa — MIPUPTOM 12; TeKCT paboThl — MPUQPTOM 12; BBINOIHEHHASI HA PyCCKOM

S3bIKy pabota — mpudrom 12; mocie nuTepaTyphl NpHIaraeTcst pe3roMe Ha aHTIIHHCKOM U

PYCCKOM SI3bIKaX CO CIIEAYIOIIMM yKa3aHHEM: Ha3BaHHe paboTbl, WM W (paMuins aBTopa

(aBTopoB). OOBEM pe3roMe He JOJDKEeH MpeBblaTh S5-15 cTpok;

2. PaOota momkHa ObITh mpejcTaBicHa Ha komnakT-mucke (CD-R) wu B omgHOM 3K3eMIuIsApe
(pa3bopunBo) HanewyartanHoW Ha Oymare Qopmara A4 Mnm sarpysure mo ciepymooueMy azgpecy:

journal.t. m@gtu.ge;

3. K pabore npunaratorcst 1aHHbIe 00 aBTOpE (aBTOpAx): Hay4yHas CTEIEHb, 3BAHUE U JIODKHOCTD;
4. B >xxypHase IIy0INKyIOTCA TOJIBKO PelleH3upyeMble paboTsl;

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

OIHUM M TEM XKE aBTOPOM;
6. KonmuecTBo nmcToB paboThl onpeensercs oT 5 1o 30 ctpaHulr,

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