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OnTumaJjibHoOe PEryJaupoBaHuEC CKOPOCTH B TATOBOM
IICKTPONIPUBOAC CUCTEM IMOCTOAHHOI'O H NIEPEMEHHOI'O

TOKa ¢ aCHHXPOHHBIMH TATI'OBbIMH ABUI'aTCJIAMHA
Cepro Kapunuguc*, Apranauni llapsammaze**,
Mupuan HouxanamBuian™***, FO3a Cxupraanse****,

I'mopru Ixomenuaze™****
*npogpeccop, I'TY, sn. nouma: s.Karipidisi-karibovi@gtu.ge;
**npogpeccop, I'TY, an. nouma: a.sharvashidze@gtu.ge;
***0oxmop unoicenepnvix nayk, I'TY, an. nouma: miriantsotskhalashvili05@gtu.ge;
*E**qaccoyuuposannuiii npogeccop, I'TY, sn. nouma: iuza.skhirtladze@mail.ru;
*EXEXCcmydenm ookmopanmypet, I'TY, an. nouma: tskhomelidze.giorgi22@gtu.ge
(I'py3uHckuii TexHU4ecKHuil yHuBepcurert, yJa. M. Kocrasa Ne71,
0175, Tonaucu, I'py3us)

Pesrome:

B pabote npousBeneH MOJIHBIA aHATN3 pabOTHl KOJUICKTOPHBIX TATOBBIX JBUTAaTENEil MOCTOSIHHOTO U
MyJTBCUPYIONIETO TOKA C TOCHEN0BaTeIbHBIM BO30ykaeHreM Ha DIIC (31eKTpoIoABIKHONW COCTaB)
MOCTOSTHHOTO ¥ IEPEMEHHOI0 TOKA. YKa3aHbl X OCHOBHBIE HEIOCTATKH: YaCThIX KOPOTKUX 3aMbIKaHUI
IIpU Meperpys3Kax, pa3HOCHBIX OOKCOBaHUM Ipu OOKCOBaHMAX, U T. 1. [IpemioskeH BapuaHT TATOBOTIO
3JIEKTPOIIPUBOJA C ACHHXPOHHBIM JBUTraTelIeM, KOTOPBIN M0 Becy U rabaputamu (2-3) pa3a MeHbIIE,
[0 HAaJSKHOCTH Ha MOPSOOK OoJiblle, JUIICHHBIA YKa3aHHBIX HEJOCTATKOB, KOTOpBIE NPHUCYIIU
JBUTATEIISIM IOCTOSTHHOTO TOKa MOCIIeJ0BaTeIbHOro Bo30y kaeHuto. [Ipeanoxena ontumanbHas popma
NEPEMEHHOTO HAIPSHKEHUS! HMHBEPTOpa, 0oOecrevuBaromias MaKCHMAalIbHOE 3HAYCHHE aMIUTUTYAbI
NEePBOH T'APMOHHKH.

KiarwueBble ciioBa:
TOK, HaNpsDKeHue, pasza, MOIHOCTh, ra0apuThI, BEC U T. 1.

Beenenne

CrnexyeT OTMETHUTh, YTO B TITOBOM DJJIEKTPOIIPHBOJE ITOCTOSHHOIO W IIEPEMEHHOTO TOKa, [0
HACTOALIETO BPEMEHH, IPUMEHSFOTCS KOJIIEKTOPHBIE IBUTaTENN MIOCTOSHHOTO U ITyJIbCUPYIOLIETO TOKa
C TIOCIEZI0BATEIbHBIM BO30YXKJIEHHEM. DTO OBUIO MPOAMKTOBAHO MX 3aMeyaTelbHBIM CBOICTBAM B
1:000M KOJIMUECTBE paboOTaTh MOCIIENOBATENbHO U MApauIeNIbHO, Y€ro Helb3sl TOBOPUTH O JBUTATENe
HE3aBUCHMOTO BO30YXICHHUS, C XOPOIIMMH IPOTMBOOOKCOBAaHHBIMHM cBoWcTBamMH. s ux
napajienbHONH paboThl HEOOXOJMMO CIIEIHalbHOE BBHIPABHUBAIOIIEE YCTPOWCTBO SIKOPHBIX TOKOB
napaienbHeIXx BeTBed. Ilpumepom sBisieTcs snextpoBo3 BJI12, B pa3zpaboTke KOTOPOro akTUBHBIE
ydacTue MPUHUMAJ OJJUH U3 aBTOPOB 3TOM CTaThbH.

B Hauaze >meKTpUYECKON TATH O TAKOM YCTPOMCTBE M pedH He MOTJIo ObITh. B TO Bpemst kpome pere,
KOHTAKTOPOB W CONPOTHBJICHUM HHUYEro He Obuto. J[o TMOSBIEHUS MOJyNIPOBOIHUKOBBIX MPUOOPOB
TaKUX KakK: JAWOMbI, THPUCTOPHI, TpaH3UCTOPHI U T. 1M, Ha DIIC mocrostHHOrO TOokKa 3000 B cKOpOCTH
peryympoBanach ¢ MOMOUIbIO peJie, KOHTAKTOPOB U COMPOTHUBIIEHUH, HA AIIEKTPOBO3aX NMEPEMEHHOTO
TOKa — C TMOMOIIBI0 UTHUTPOHOB, U PTYTHBIX BBIIPAMUTENEH, SKCIUTyaTallMs KOTOPBIX IOKa3ajla MX
HU3KYIO Ha/IeXKHOCTb.
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C mosiBieHNEM OOILIEU3BECTHBIX MMOIYNPOBOIHUKOBBIX MPUOOPOB, TAKHX KaK: TPAH3UCTOPHI, AUOABI U
OOBIYHBIE THPUCTOPHI, HA TMOCTOSHHOM TOKe TosBHINCh JIIC ¢ HMITyIbCHBIM pEryIHpOBaHHEM
CKOPOCTH C HCIIOJIb30BAHUEM CXEM HCKYCCTBEHHOM KOMMYTAlMH (3JEKTPOBO3BI HE TaK MHOIO)
anekTponoesna. [lomoOHON cuctemol perynupoBanus ckopoctd ¢ 2000 r. 1o HacTosIiee Bpems
paboTaroT 3eKTponoes3na tama ,,qu («3C» anexrpomnoesn CakapTBeno), pa3paboTaHHBII OJHUM U3
aBTOPOB JaHHOM cTathu. Ha sexTpoBosax nepemennoro toka BJI60, BJISOT, BJISOP perynuposanue
CKOPOCTH OCYIIECTBIISUIOCH C TIOMOIIBIO OOBIKHOBEHHBIX JHOJI0B U THPUCTOPOB.

OcHoBHast YacThb

JITMTENBHBIN ONBIT AKCIUTyaTalliW YIOMSHYTBIX IBHraTelledl IMOKa3al UX HEBBICOKYIO HalEKHOCTb:
OoJpIIMe SKCIUTyaTallMOHHBIE PACXOAbI (MIPOTOYKA KOIJIEKTOPA, €r0 YHCTKA U T. I.), YaCThIE KOPOTKHUE
3aMBIKaHHS Ha SKOpPE IpHU Ieperpy3kax, IUIOXHE IPOTMBOOOKCOBOUYHBIE CBOMICTBa (pa3HOCHOE
O0okcoBanue). OT BCero 3TOro MOXXHO ObuUIO OBl M30aBUTHCS, €CIM BMECTE HUX HPUMECHHUTDH
ACUHXPOHHBIN TATOBBIA ABUTATENb. ETO HaJe:KHOCTH Ha MOPSIOK BhICIIee, (2-3) pa3a MEHBIIE BeC U
rabapuThl. M3-3a )KECTKUX XapaKTEPUCTHK, TAKMX KaK Y ABUTATENs NOCTOSHHOIO TOKA C HE3aBUCHMBIM
BO30YKJCHUEM, XOPOIINE MPOTHBOOOKCOBOYHUE CBOMCTBO (B 3TOM ClIydae HE MOTYT OBITh pa3HOCHBIE
OokcoBanus). IIpn ToM ke HaKaTHUHM KOJIECHOW IMapbl Ha PENbC, B CIIydae aCHHXPOHHOW TATOBOM
MaluHel, Ha ochk peanusyercs 1500 kBt nmpotur 900 kBT 1151 KOMIEKTOPHBIX C MOCIEIOBATEILHBIM
BO30YXKJCHUEM JIBUTaTeNei. MeUuToil MHOTHX CIIEIHaIMCTOB OBUIO STO ClIeNIaTh. ITOTO HE MO3BOJISII
YpOBEHb TOIYNPOBOJAHHKOBOM TEXHUKH. BMecTe ¢ TeM, MHOTHE CIEHUAINCTBl HCHOJIB3Ys
OOBIKHOBEHHBIC THPHCTOPHI C MaJIBIMH BpeMeHeMH BbIKIIoueHHs: (0ko0 100 MKC) HCHONb3ysl CXeMBI
HUCKYCCTBEHHOM KOMMYTAllMW CO3/1aBajH OIBITHBIE JIEKTPOBO3BI M JEKTPONOE3]a C ACHHXPOHHBIMU
JBUraTensMu. Jlampiie OMBITHBIX 0Opa3lloB 3TO IO HE MPOABHTalioch, IMOKa HE CO3JAAIUCh
MIPUHLMITHAIIEHO HOBBIE MOIIIHbIE TToJieBble TpaH3ucTopsl Tuma IGBT na 6500 B 600 A, 3300 B 1200 A,
yopasisiemble TupucTopbl GTO, IGCT na 6000 B, 5000 A u 1. 1. B HacTosiiee BpeMsi BO MHOTHX
nepenoBbix crpaHax: 'epmanus, @pannus, Anonus, [seinapus, Yexus yCremHo 3KCIUTYyaTUPYIOTCS
3JIEKTPOBO3bI U IEKTPOIOE31a C ACHHXPOHHBIMH TSATOBBIMU JIBUTATENsIMU. {151 HOpManbHOM paboThI
ACHHXPOHHOTO JBHTaTesii HEO0OXO0AMMO CcTabuibHOe Tpex(asHoe HampspKeHHE CHHYCOMIATbHOMN
¢dopmbl. PerynmupoBaHne CKOpPOCTH C AaCHHXPOHHBIMH TSTOBBIMH JIBUTATENISIMH  TIPOUCXOJIUT
OJIHOBPEMEHHBIM NU3MEHEHNEM HANPSKEHUS U YacTOTHI.

a) (.-" 6)
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‘ \ / i f\{\\\/ 1=60")

0 .'fl Vi \/ V | \/ L Nz 0 0 T 4
TR BN RN |
rho b st P
L b L 1 a=0,213; b=0,3314 U B)
as 2,=0,654; 5,=0,9594 ‘
f:ﬁ a=1,1164;b=1,5176 | U,
= @=106° |
0 bif_ ' | |z 0 0 5 0
al T T

2 bl

Puc. 1. /Tluazpammol Hanpasxcenuii 00HoI ha3vl UHEEPMOPA 8 MeUEeHUU NOTOGUHBL REPUOOA RPU
Pa3nuUHbIX CROCOOAx €20 (hopmuposanus

K COXAJICHUIO, HAIIPSXKECHUE HMHBCPTOPOB OT KOTOPBIX MUTAIOTCA ACUHXPOHHBIC ABUTATCIIN OAJICKO
HECHUHYCOUAAIbHO. B HacCcToAlICEC BpPEMA PEryJIMpPOBAHUC BCIWYUHBI HAMPSOKCHUIO NPOUCXOAUT
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CJIO’KHBIM ITyTE€M — IIUPOTHO-UMITYJIbcHON Moaysiuu (ILIMM). Ha puc. 1,a mokazaHa 3Ta Auarpamma,
COCTOAIIAs W3 IaKeTa HMMIIYJIbCOB DPa3HOW IIMPUHBL B 3TOM pexkuMme B TEUEHHH IOJIYyNIEPHOJA,
TPaH3UCTOPHI HHBEPTOPA MHOTOKPATHO BKJIIOYAIOTCS M BBHIKIIOYatOTCA. [IpuHNMas BO BHUMaHHE, YTO
najzeHne HanpsbkeHus: Ha Tpansucropax Thma IGBT mopsaka (4-6) Bonasr, KIIJ[ Takoro maBepropa
OyIeT HU3KMM KpOME TOTO, CHCTeMa YIpaBJIeHHs TpaH3UCTOpamu OynmeT cioxueimnei. Hanbomee
pacrpocTpaHeHHOH (OPMOi HaNPSHKEHUS U OTHOM (pa3bl Te HCKIFOUAIOTCS TPEThs TApMOHUKA U e
KpaTHble IIpuBeneHa Ha puc. 1,06. Kak BUIHO U3 puUCYHKa MHOIYIEPHOA COCTOUT U3 TPEX yYacTKOB C
mmTenbHOCThI0 60°. M3BecTHB Tarke apyrue ¢opmsl 120° u 150°. B atom cmydae cucrema
ynpasnenus Oyzaet npocreiimeii, KI1/] uaBepropa Oynet BeicoknM. OntumanbHast popma mokazaHa Ha
puc. 1, B.

AMIUTUTYY TIEPBOM TapMOHUKH TaKoi (OpMBI HANPSHKEHUS MOYKHO 3HAYUTEIBHO MOBBICUTD, €CITH 3Ty
KyCOYHO-JIMHEHHYI0 ¢dopMy onTuMm3upoBath (puc. 1, B). OnTuMH3amus OCYIIECTBISIETCS 10

0011en3BeCTHOMY BhIpaxeHu:o [ 1]:
n

f[Um sinf — U(0)]* < (U(9)). (1)
0
rae U(60) — kpuBasi, KOTOPYI0 HEOOXOJMMO ONITHMH3HPOBAThH C CHHYCOHIOM; S(U (9)) - HeBsi3ka. bonee

nmoipoOHOe BeIpakeHue (1) MOKHO HAIMCATh CIEeIYIOIIUM 00pa3oM:

T T T
e(U) = Uy* f sin? 6 do — ZUmfsinH -U(0)-dé + f U?(0)-de .. (2)
0 0 0
y‘II/ITBIBaH, YTO Ha I/IHTepBaJ'IaXI
0<o<""% py=L. T o "M ey =uy
2 2 2 2 v
T+a Uy
<6<m UB)=——,
2 O
C Y4C€TOM 3THUX I'PAHUYHBIX YCJIOBHUHU, ITOCJIC HHTCTPUPOBAHUA MOKHO HAITUCATh!:
Up,? a\ T 3
e(U(©)) = -7~ 2Unls (1 +sm§) +7 U+ aly? (3)
I[J'ISI OIITUMH3AlINN HCO6XOI[I/IMO B34ATb IIPOU3BOJAHBIC OT (3) U UX NPUPABHATH K HYJIIO, T. €:
0¢ _ U,U a+3U2—0
da ~ mUreOSy Tyt = @
de Sy m 3
30, = ~2Un (1+ smE) +5 U +oal; =0
Pemmas BeipaxkeHus (4) COBMECTHO JUIA @ Haii/ileM ypaBHEHUE:
(n+3 ) c—15(1+sin3) =0 (5)
) 5 a | CoS 2 , Sin ) =

Pemras ypaBaenue (5) 0IHUM 13 W3BECTHBIX NMPUOIMKEHHBIX METOA0B Haaem: a=1,85.
OnTrMU3NpOBaHHas ABYXCTYyIEHUaTas «KpHBas» oJHOHM (a3bl mokazaHa Ha puc. 1, B. Kak 310 BUIHO
13 pucyHka, yron a = 106° (1,85) Bmecto 60°.

Hwxe s Bcex «KpUBBIX», IPUBEJCHHBIX HA puC. 1, a, 0 U B oNpeAenM TrapMOHUYECKUN COCTaB.

st ammumuty el rapmonuk HIMM-a MoxkHO Hanucarts:
T

m 2
bmk=%ff(9)-sink9d9=%ff(9)-sink9d9, (6)
0 0

rae, f(0) dyukuus [INM-a;
Kk - mopsimok rapmonuk. 1, 3,5,7 ...
BbITONHUB B (6) HHTETPUPOBAHKE C YIETOM TPAHUYHBIX YCIOBHH MOYKHO HAIHCATh:
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8U a; +b by —a a,+b b, —a
mk:n_kl sink 12 L. sink— > Lt sink—= > 2-sink%
a;+b b; —a
+sink — 2. sin ku] , (7)
[oxcrarsist YMCICHHBIE 3HAYCHYS A4, D1, Ay, by, ..., B (7), IpuBeIeHHBIC HA pUC. 1, a, B 00IIEM cTydae
MOYKHO TIOJIYYUTh PAcUETHYIO (GOPMYITY JUIsl ONIPEICIICHHS aMITIUTY T I00bIX TapmoHuk [ITNM-a:
8U
bk = 7T_k1 [sink - 0,2747 - sink - 0,0567 + sink - 0,0867 - sink - 0,152 +
+sink - 1,3 -sink - 0,2]. (8)
Ha ocHoBannu (8) paznoxxenne LLINIM-a Ha TapMOHUKH OyAET:
) 0,087 3,09 0,494
f(6) =0,8089U; [sm 0+ sin 36 + Tsm 560 + sin76 +
1,178 4,647
+ sin 96 + sm119+---] . 9)

4 e I =3 kB a) A =3 kB 0)

EB — BB
C I; u KC L 4

~A L~ o =
e T IHk
i &l 2

ﬁ ~25 kB B) ﬁﬁ ~25 xB r)
BBC

IpE\A**’_'I"

"I/I"

" 11/,
=0 BQ#J c1"L cz—L _3:>

Vf

Puc. 2. Paznuunsie gapuanmosl cxem RUMAHUA ACUHXPOHHO20 M5A206020 08U2amens yepes
ungepmop 0aa cucmem nocmosannoz2o 3000 B (a u 6), u nepemennozo 25000 B (6 u 2) moxoe

W3 (9) BugnO, uTo amruintya nepBoii rapmonuku 1LIMM-a pasua 0,8089U; .
s xpuBbIX puc. 1, 0 u B, B 00111eM ciTyyae, aMILTUTY bl JTFOOBIX TADMOHUK MOKHO OTIPEACITUTD U3:

mT—a m+a

4 2

2
2 2[ Uy _
bmk—nfU(H) smk@d@—;|f sink0 d6 + f U, sinkf dé +
lo

n—a

0
2
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T

U
+ 17151nk9d9| 1+smk— sink ] (10)

n;—a J

Ha ocHoBanmu Beipakenns (10) MOryT OBITH ONIpeieiIeHbl aMIDTUTYABI TAPMOHHIKH KPUBBIX puc. 1, 0, B.

s xpuBoii puc. 1, 6, tae a = 60° (”/3) pa3ioXeHne Ha TApMOHUKH OyIeT:

1 1 1
f(6) =0,955U; [sinG +§sin 56 + 7sin 70 + Hsin 116 + ] (11)

Ha ocHoBanwmii Toro xe Beipaxkenus (10) paznokeHue Ha rapMOHUKH ONTHMANbHOW KpuBo# (puc. 1, B)

Oyner:
, 0,35 1,11 047
f(6) =1,145U, [sm@ + Tsm 360 + Tsm 56 + 7sm 760 +
1,05 0,93
+Tsin99+Tsin119+---] . (12)

CpasuuBas Mexay co0oit momydernsle pacdeTHble Beipaxerus (10), (11) u (12), yoexxmaemces B ToM,
YTO aMIUTUTYAA TIepBOil TApMOHUKH ONITUMAIIBHON KprBo# B 1,2 pasza Ooxpie aMmumaTynbl @ = 60° u
1,396 paza 6omnpie ammuty sl HIM-a.

Ha puc. 2 npuBeaeHbl COOTBETCTBYIOIIME CXEMbl NUTAHHS ACHMHXPOHHOIO TATOBOTO IBUraTessl OT
uHBepTOopa B cuctemax nocrosiHaoro 3000 B u nepemennoro 25000 B Tokos. Ha puc. 2, a HanpsbxeHue
ACUHXPOHHOTO TATOBOrO JBUrarens peryiaupyercs c¢ nomouipto [IMMM-a co cnoxxHO#l cuctemoit
ynpasinenns. Ha puc. 2, 0 mpuBoamTcs cxeMa HWHBepTopa, rae (opma ¢(a3oBOro HAMpPSHKEHUS
ONTHMAalbHAs, BETUYNHA HANPSHKEHUs IBUraTeNsl peryaupyercs ogHuM TpaHsuctopoMm V. Ha puc. 2 B
U T OIPpUBOAATCA CXEMbI IIUTAHUA ACUHXPOHHOI'O IBUTATEIIA YE€PE3 NHBEPTOP AJIsA CUCTEMBI IIEPEMCHHOT'O
toka 25000 B nmocpeactBom ympasisieMoro BeipsMutens Bl u Heynpasiasiemoro Beimpsimutens B2
yepe3 TpaH3ucTopa V.

BuIBOaBI:

1. IlpousBeneH NONHBIA aHAIM3 AJIUTENBHOW PAaOOTHl KOJUIEKTOPHBIX TATOBBIX JBUTaTeNeH
nocieaoBaTensHOro Bo30yxaenus Ha JI1C mocTosIHHOTO U MEPEeMEHHOTO TOKa, B Pe3yJbTaTe
aHalM3a MPeIUIOKEH TATOBBIA AJIEKTPONPHUBOJ C ACHHXPOHHBIM JABHIaTeNeM, HAJECKHOCTD
KOTOPOTO Ha TOPSIIOK OOJbIIE, BeC U radapuThl (2-3) paza MEHbIIIE;

2. TlpennoxxeHa ontumainbHas GopMa MEPeMEHHOTO HANPsHKEHUs] HHBEPTOPa, 00eCIeunBaroImas
Ha 40% Oojplle aMIUIMTYAbl NEPBOM TapMOHMKM HECHHYCOMJAIBHOIO HANpPSDKEHHUS IO
cpaBHeHUIO ¢ «[1IM»;

3. llpennokeHbl COOTBETCTBYIOIINME AHATUTHYECKUE BBIPAKEHHUS Pa3lOKEHHs HAa TapMOHUKU
HECHHYCOMJAIILHBIX Pa3HOH (hOpMBI HAIIPSKEHUH HHBEPTOPA.

Jluteparypa:
1. Kapummmauc C. U., «CraTrueckue mpeodpazoBaTesu IEKTPOIIOIBIKHOTO COCTaBay, TOwmucu
2015, Texnudeckuil YHUBEPCUTET, CTp. 214;
2. Kapunumguc C. U., «/luHaMyKa HEJTMHEHHBIX CHCTEM TATOBOTO 3JICKTPOIPHBOAA TOCTOSHHOTO
Tokay, Toumucu 2012, Texanueckuii Y HuBepcurer, ctp. 314;
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3. L. 3060300b0, X. Lsb030d9. 9e9dEHEMMeEo (930l Logdzwgdo, MdoEOLO, BHgdbolmdo
<60396L0G GO, 2014, 399 a3;

SL06gBMbMEIMs30560 g0l gergdEHMMeddMmsgol LoBdsMol Mm3E0dsenmmo
0939060705 3doz0 s (33190 ©IHoL Loli#gdgddo
LM 35G0300LO, 53056EoE Fo®gz580dg, 30M06 3MEbsEsdg0Eo,
09Bs LboMmEmsdg, 0mMao sbmdgeody
M9bomdy

BsdMm™Mddo  [omdmagboros 9M©doz0 ©s (33O Ibol 9dd-Bg  (9E9dBHOMIMIMS]
09050099bcmdsbg) dmdogzo s IMboMmgdwo  ©Ibol  J0dY3OHMdomO  s3BBYdOL
30094 BHMM0560 §f930L IM53980L ddomdol LEwmwo sbserobo. bsBg969d0s Fosmo doHomswo
Bo3e0m35690930: bdoMmo dm3arg 99gMHmgs 39sGH300030L MHMU, sLM0segdol LoBJsGol BOHS
0gLomMdOLOL o 5. 8. 990MM035HYO0s 53dM30L 356M056E0 SLobJHMbMwo Fgz0l dMzsL
2990yg9bgd0m, HMIGeoE FoLe-2985M0EHJO0m 2-3 ¥9M bs3wqd00s, LY0TIMMdOM 30 - Yo
6000 39BH0. 53000 dmblbowos ol 6530m35690900, o3 bsllosmMgdl F0dI3EMB0NO
53Bbgdol 3mdogo ©bol dMH3zL. FgImmezsDYdMwos 0639MGHMMOL  (33Wso  dsd30L
Mm3GH0doMo  Bm®mds, M3 MHBOWb39wymxl 306390 350HImbogol  933¢o@ ol
9ogJLodoey® 36093690 MdL.

Optimal speed control in traction electric drive of DC and AC systems with
asynchronous traction motors
Karipidis Sergo, Sharvashidze Avtandil, Tsotskhalashvili Mirian,

Skhirtladze Yuza, Tskhomelidze Giorgi
Abstract

The work presents a comprehensive analysis of the performance of commutator traction motors
operating on direct and pulsating current with series excitation, used in electric rolling stock (ERS)
powered by both DC and AC. The main drawbacks of such motors are identified: frequent short circuits
under overload conditions and differential slipping during wheel slip events, etc. The proposed version
of traction electric drive with an asynchronous motor, which is 2-3 times smaller in weight and
dimensions and an order of magnitude more reliable. It is free from the technical shortcomings inherent
to DC motors with series excitation. An optimal inverter AC voltage waveform is also proposed, which
ensures the maximum amplitude of the first harmonic.
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Ff

9 bonmdg:

0565990060M39 Jowsdgdol oo Mol MB0Eolol LsbMmPsMIdM030 53EHMEHMIBL3MMOEHOL
3999530 9539JEH09BMBS MFMsME 353006090905 LOGMIBLIMOEM 0bBOIBEOMIGHMEOL
390560 3496430606 9BLM. Joeodols Loosg@mdmdowm gHgdbHg sGBGOEO B
Bo@®oBL3MOEGM 653500900l o8 Y-l MAgEIL 3900Mm©To doMomo 3356d90L5 @
050G gd0bg 39T0350 BoJuoMEYds 399F0MMZ9dO IMAMOMDS, MroE Mogzol JbEGO]
BoGMoBL3MOGM 3MM390900L TguHIEgdOL EOMOMO EBIBIMIR IO, FoDBOMHOWO L3530
9mbdoMmgdom s FgLodsdoLo  FodMbIdMEJ30L  TJOIRO©  FOISMGBIOMWO GNP MYOIOO
80 M35Mm9Md0m bollosmgds. 3MHMdWGIol dmMmy35M9d0L 9OHM-gOHMo Igomos bsdsOIOEHM
A®9bL3MOEHOLMZ0L B3Y305WIMHO DMEOL QoTMYMRBs, MOE TgbodEgdEl FOBOOL 5306
0g65L 5®»0EYdwo FgBgMbgdgd0 LEBMYSMIOM030 53BMEGHMIBLEMMEOL 35095 Y0EYdsT0,
beem m30molbols 3603035 MM0 93GMG®BL3MOE0L Mo30L9dw)MYBId0D 2odmB0bsty

3°9mymBowo  bmeol  gB9dGHOs©  gdsdmygbgds 30093 MBOM MG Aobool
Lol 9dol gbd30mboMmgdSL.

U53356dm Lo@ygzgdo:
Logoogdm 53¢ ™dmLo, B3)E0sMEMO DM, BHMIBL3MOEH0MIOOL O, J03MMIZ3EHMINLO.

09lssg5¢00

Joasgd 0d0@wobol Lo@G@Msbldm®EGHm LolEgdol 5bdE0MmboMgdol 35650gBHMd0 drsEIMm©
539300090905  MY-0sdol  206353emdsTo  Joawsdol  BoldFHId0m  IROJLOMYOME
333MbOEGMBL3MOEHM 153590930l M5MEYBMBSLBMID, Moz ssbmMgdom Bobgzs® doombl
9GHMEEYdS. FJIRO© Josdol LoGMobldmem@m Bsgob@B®owgd®y 399080350 BoJLOMYdS
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ddGm5mdoL 9z390Hbgds, M3 930l TBOOZ OMYMBOMIE S0LsbYds To3bM3zMmGdIEMS bLmEoMm-
930MA0M 25609IMDBY, 506060 3OIMIGTs gobliolzmmMgd0m MoMYmBoms© Imddggdl
LOBMYSMYOM030 953EMBHMBLIMOEHOL BMBJ30MboMdSDY, B3 FoMIOMEHDY dmempobol
QOMOL oBMHOE0 LOOPOm, bmwm Bmyogho Jgdmbggzsdo FgMlimEgdgero dGMMBom
390m30bgds.  Slgm  306MHMdYddo  Momtglo 360336935605 LobmysmgdMmogz0
333MG®BL3MOEGHOL FIMH>MBOLMZ0L 13Y(305CMIE J98MYMBOWO LsFsOIOMBHM Dol
5MLgdMds.  Joamsd  mMdooLOL  AslIEBHOd0m  SBYMO  BMEdO 339 FMOZWSOS,  BodEST
50530OMMEs© 33wog M®hBgds 3mb3MgEeo dmbs3zgmgdo, MmIwgdos Lsbmysmgdmoz0
933MG®BL3MOEGHOLMZ0L  godmymBowo 139305 Mo Bmeol 390339 §939GOL
0o6m0mo9bab, o3  LodmmmE  s0bodbmo  Bmol  2sdmygbgdol  9B9dGHIO™dOL
9583969090l 59956M9LgdL, FogMsa LodmerMmm xs5ddo 99090 3HBOGH0MO0S.

do60ms5o bsfogro

UoGHEMBLEMOGHM  IMBOMBOOL  MZsLOBOOLOM  MsbsdgEO™MZg  Jorsdgdol, dso  TmMob
0d0wobol  JMo35M0  3MMIWYdss  LoyogBHMIMdorm  Lo@MmabL3mOG™M 653500900
3995P0WGOoL  45dbgangds, 96 8993F0MOM39dM0 LEEGMBLIMOEHM 653500, G5 Mo30L
dbcm0g 2965300093l 50530560LS MY BHZ0MMOL Q59PN GOOL FgRIMBYBSL, MOboE b
193l 930b6MT03MM0 DoMswo. 99030MM390Mo Logbom dMmdMsMdOL ML, MsdIbss3
3obdoMmgdMos  ©odzM-35BIMGO0L  3OMBILO,  SRAOWO 53l 93EMUBIGHMIBL3MOEGHM
Lo3v)oegd9d0l doge ImbIocmdmeo bsfizo30L botxol LooOL To@gdsl, 93EHMIMdOLOL
LodMbOMFm BMbgdoLs s ©OlZML (339000l 0bEIBLOZMdOL Toh39bgdOl gobBOHEIL
Joemodob  93m  LobEgdol  Lbgsolbgs  dmdfsdzwgwo  60gmogMgdom  ©sd0bdMEm9dOL
953969000900l 255MgLgdL.  Lo@MmobL3MmMEHM 6535009001 o5 HOEGOOL  25dbgegds,
95619 B005© dgdggdl 53¢ MLOGMIBLIMOEM L5 gdgd0L LogdldEMsEsE0M MHgmEMLOL
L0EOYHY, M59IbsOE FIHTOMYIMO OAZM-25BYMGdOL 3MMEgLoL TgIRs®© OBOHIYdS
533MIMdOE0L 53M9353900Ls s 33560900 (3390l 0b3HGBLOZMdS.

LogBom  dMdMsMdOL  MmOYsbobBYdoLs o  Fommzol  3MbEIJLGHTo  gh-ghdo  Y39wsby
9600836935605 93GHMIMBOWOL 2555 H0EGOOBIMZ0L BoFoMm B, dolio Lagswo bsfowo,
MMIgoi bolosmgds 2593eMm96560s6mdoL sB39b9dom. 3603d3bgermz560s 50bodbm,
Mmd 2BoL 1og5e0 bsfowol godBomvmbsc0osbmdol 85639690900 LEsG03mo oo,
MH0dwol 3300w gds  FbmemE  OLYdIMMo  dBol  Mg3MbLEGMYI30000 9B sbowo gBol
d0969dmdom  dooefjgzs.  sbodbmo  3sb396909w0  ofiows  goblaHmzMagl
BoG®9BL3MOE M 653500900l 20550000l 065303 s MM 35639690 9dU.
Jowodol  LEBMPsEMdM030  93GMGHGBLIMOGHOL  b30maMgdol  FBGHOZ  MOLOYLO©
36033690 ™35605 Labgardfonm bBgsdbgggero memysbmgdol IbG0w (J. mdowolido - 8gGos)
399000530 s §odsbseroligdgwro wmbolidogdgdol aggadzs s obbmME30ggds, Mo Megzol
dbm0g godmobs@gds 00530, GMI Lobgedfoxzm Bgsdbgzgwro MMABML doge bws 0gbsl
Bodmyse0dgdemo bgzs 06030009506 LoMaqdwrmdsdo Igmbg  93@GMBOGHMIBL3MOEGHM
15350930l IBWMOYEMSMZ0L  Fo00  93BMIMBOOL  5dmYygbgdol  JodBoZgermdol
39999691905BYg, M3  39TMObsBHIds  93BHMLOYMTgOOL  MoEbmzbmdol  d9di0Mgdom,
933MbyaMmdby  amdol  ASBOEOWO  VOMdMEGdom, Loz  bsfoebg  s®LYdMEO
9d5mdOL HBMEngdol MomEgbmdoL 9993060 9B0m S MM 53EMIMBOLOL YM39TOLOOHO
390myg9bgdol J9BOM30m. FgaBOMSs3 WMboldngdgdmMb ghms© oo 3603369 mds
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9603995 olgmo {fodsboroligdgwo wmbolidogdgdol go@stmgdsl, MMYMEMOEs, 89035000560
LOGIMOBM  3MWOGH035, 2obsbGdMo  0bROLGHMIBHMS s BMmdM30 F9dsRgberMds,
LOEEILILHIMWM  EPYJddo  Jogsdol  TosbmzMgdegdols s  LEGHWIMYOOLMZ0L MBSl
LsBMPSMIIMN030 93EGMAGHMBLIMOEOL Fgme35H90s, 06BJM0MJOMO AsIbOL LoliEgdol
53853905 s Lb3o.
Josdol o800 498MmYMmx0wo LsdsMIOMEM  GHMBLEIMOEGOL L3gxE0sWMMo Bmgdol
3990myg9bg00lL 93399dBH05bMdOL Fgnsligdol 3Mmbom, gMm-gMmo 3603369 m3z5605 356539G M0
LsBMPOMIIMN 030 93BMGHMBLEMOEHOL JOMY35MM3bgdOL Boh39bgdgwo, Gog Msz30l dbMog
LogMHNM BoMRJOWMBOL  BHOBLIMOEOL T9IoRIoMBdBS s FMTomdol 153090w9MJdJOL
mb359L bobL. Jognsd mdorolols AsldEod00) dmdMdsgg LsBMAOMYIMN0Z0 53EMEMBL3MMEHO
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Optimizing the work of public transport in the city of Tbilisi on the basis of increasing

the efficiency of the use of allocated lanes
Valery Dzhadjanidze, David Pridonashvili, Goderdzi Tabatadze,
Omari Mamalashvili
Abstract
The efficiency of public transport in modern cities, including Thilisi, is directly related to the proper
functioning of the transport infrastructure. Due to the increased traffic flows on the roads of the city, at
the main junctions and highways, heavy traffic is constantly observed during most of the day and night,
which, in turn, is characterized by time costs for carrying out transport processes, increased fuel
consumption and deterioration of the ecological situation as a result of the corresponding
npousBoauteib One of the methods of solving the problem is the allocation of a special lane for route
transport, which will avoid delays in the movement of public transport, and the effective use of the
allocated lane, based on the features of Thilisi city transport, will make the system work even more
optimal.

Ontumusauus padoThbl 001IeCTBEHHOT0 TPaHCHOPTA B ropoae TOuIMcH HA OCHOBe
noBbimeHus 3 PeKTUBHOCTH UCNOIb30BAHNS BbIIEJI€HHBIX M0JI0C
Banepuii Ixamkanunze, Jasua llpugonamsuian, lonepasu TadaTanse,
Omapu MamasamBuiu
Pesrome

O dhexTuBHOCTH PabOTHI OOIIECTBEHHOI'O TPAHCIOPTa B COBPEMEHHBIX I'OpOjAax, B TOM YHUCIE W B
TOwnnucu, HapsIMYIO CBA3aHa ¢ Ha UISKAIIMM (QYHKIIHOHHPOBAHUEM TPAHCIIOPTHON HHPPACTPYKTYPHI.
B cBs3m ¢ BO3pPOCHIMMU TPAHCIIOPTHBIMH IMOTOKAMH Ha JOpOrax ropoJia Ha OCHOBHBIX Pa3BA3KaX U
MarucCTpaiiax B TCUCHHUEC OOJIBIIIEH YaCTHh JAHsI 1 HOYHX ITIOCTOSIHHO Ha6n}0z[aeTcs1 IIJIOTHOC ABMXKCHUEC, UYTO
B CBOIO O4YEPECIb XapaKTEPU3YETCA BPEMECHHBIMU 3aTpaTaMU Ha BBIITOJTHEHUE TPAHCIIOPTHBIX IMTPOILICCCOB,
MOBBINICHHBIM PpacxXxoJO0M TOIUIMBA W YXYAUICHUCM 9KOJIOTHYECKON OOCTaHOBKU B pe3yabTaTe
COOTBETCTBYIOIINX BBI6pOCOB. O)IHI/IM n3 MCTOOOB PEIICHUA HpO6HeMLI SABJISICTCS BBIACIICHUC
CHGHHaHLHOﬁ TMOJIOCHI I MapHaIpyTHOTO TPAHCIIOPTA, YTO IMMO3BOJIUT n30exKaTh 3aCPIKCK B IBUKCHUHU
O6H_IGCTBGHHOF0 TpaHCIIOpTa, a 3(1)(1)CKTI/IBHOG HUCIIOJIb30BAHUEC BBIHCHGHHOﬁ IIOJIOCBI, HCXOASA U3
OCOOCHHOCTEH TOMJIMCCKOTO TOPOJICKOI0 TPAHCIOPTa, CciejlaeT padoTy CHUCTeMbl elne OoJjee
ONTUMAJIbHOH.
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909w oMgdol godmygbgds. sdo@md, b3gbl doge Ebmdowo 3MHMmaMsds ,PTV VISSIM”-ols
3990myg9bgd0m  9BbMME09Wws  LEGMBLEMOEM  3OHMEILOL  dMEYEoMds  30B63MYGHWIO
d900bg93900Lm30L.  39Mdm, F9gMbgme odbs J. dowoldo JmULE39L JmBs s Toliby
3MLgdMwo  gbox35M90bgdo. 3ol F9d9y, FIbbmOEogw©s  Fgygboero  dmgeol
390000905  350EMOMBISDY. 93  3OMEgLoL  JoBsbos  sOLYdMOo  Lodwoool  dozcmm
1030 MOHO  LoGHMBLEIMOGHM  IMEIolL  odlodoE M@  FosbEMGds  MJoWMBLMSD
15330930 960D 50O Mwo  Imbs(3999d0L  Jobg3zom.  35W0dGMSE00L  39Mom©Jo,
9906900 99093900 F9IMES 5MLGdIME dMmbs3g80msb 030l ILEYIBI®, 0gm 1Y) 56
BoGEsbL3MOGHM  LOIMWOE0s  OLYIZ90  O0535BMBT0.  35eOHEOOL  3MOEHIM0IYO0
58313690905 HoMledo Bo@omqdme sbosermyom® 33e9390msb. 39¢0d6Ms300l d0Bbgdo
9 Mds0gmdL d9dgydo:
30Bsbo 1: 30300 Lovsmdo Mogol LogMdgms 0IbEHOBR03s30s
30Bsbo 2: dmEgogdE LsG®MmbLEMOGHM Jugedo AsbEsgdME M3wol FgMGHowgdby
(Data Collection Points) 50900 Lo@®sbldmd@m 653500930, @osmzwowo bs3zsgdols
d0bg300 530594m530e9dbYb d90gy 30OMdYBL:
- 75%-%9 99 9990b393590 LoGEMbL3MMEHM 653500900l (30MmTogds oymls:
0700 LsGHEmobL3MOGM Bsdrsmgdsby bs3wgdol dgdmbggzsdo Lo@EMsbldm®mEm
153995900l O035DMbT0;
¢ 700-q056 2700 Lo@BeobL3MmMEGHM Lodmswqdols 99dmbggzsdo 15% ©os3sHBmbdo;
e 2700-%9 39&®0 Lo@®abldm®E M oo gdol 390mbgggzsdo 400 LoEHEMIBL3MEMEHM
1539959gd0L Os35DBMbTo.
- 75 36030639 9oL 89dmbggzsdo GEH-ob d603369cmds 0gmb 5-bBg bogargdo.
GEH 560b bGobo®@nmmo b@os@ob@dogm®mo doymds sOLgdmmwo s 3mEaeo®gdweo
Bo3000900L  F9oMmgdolomzol  (LsGHMbldmMG™  JozMmbodMwszom@o  B,mEgEols
©535¢03Mmgd0L  Lobgarddmgsbgarm,  2004). GEH-ob  go0mygbgdoom  dglisdangdgeros
053500600 IMEOYo©Hgdol 350EMOMBS. Ol FodMmomZEgds 999 gabs0M:
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CEH — 2(M — ()2
T M+cC

M = 99069399000 LsGMsbldm®mEm bs3so
C = 0503000 LoGMBL3MOEHM Bs350
e vy GEH 653009005 5-%9, 603b53L, 600 306:085 0053054530 gd9en0s;
e vy GEH 560U 5-b5 o 10-U dmeMob, dgbsdeoms @alFoMgl 39@0 s330603909;
e vy GEH dg@os 10-Bg, ob o6 53059mxz0owgdls GEH-ol dmmbmgbqdl o LsFoMmgdl
2990ULHmEO9OL.
Bo@o®mgdmeo  sb6ao0M009d0Ls o 3M0dBH03Mwo 033060399900l  89oMgdsd  sB39bs
Do 9600 3ol 509335GIOMDS.
390009090 dmgeol Lsdswgdom dmbs 99Mbgeo 33563900 (3MULES39L Jwhs s dolo
3DoXx3509006900) 565c0BO s IR0 F9BgMbYdgdOL J0BYHYd0. 5T0l F90gy, L33W93
MmO 335609 89000535990 0465 IMAOMBOL  MmGABODIE00L  sbogro Udgds, GmIgrol
90bg30053 3MLGHO35L5 S BY39MRIol Jhgdol 339msDY, ybox3sMmg0bgdwg 50 dgEHom
5QM9, LoFoMmd JoMX36030MmTH3930 BMEOL dFymds. Mo Tggbgds dgmeg 3356dL (3MUBESZoLS
@5 FoMOHMGHdol JmBgdol 339m0), 2BoX39Mg0659g BHOMEGMMOL Losbols F9docMgdols
bobxbg, Hmame s ds6x 3603, sbg3zg BoMEbbog, Mbs dmgfhymlb d9adbgzgzo Bmergdo. dgwpqbowo
990l bdMegd0m BoEIMGOMETs 3309350 SB396s, BMI 53 MMbolidogdom 23-29%-om
01935 LoBMBL3MOEBHM 535000l s M MJds Mbs, Lodoeodm 53EMdMBGOOL FIMSMdOL
Lodom bokJo6g s Fgbsdsdols d30MHIds LOdF0M™M3] Bs3oEOLS.

©sl3369
99000l Bs3Mswgdom  Bos@oMgdmmwo  sbserobol  Gggae  Homdmoygbowo
930996530900 2396bmGOE09w9ds 533MIMdOgdol ddG5mdoL Lgqdol

®33H030B0Mgd0Lsm30L,  8b0d369m3bs  oBMHPOL  Lodowsdm oMM MBHDY  dmdIMS30
5330900l 9839JGH0bMBSL s 8959306090L LoBEMBL3MOEGHM 653500900l LodFoMmM3L.

350mygb99e0 {gs®Hrmgdo s odghodmms:

1. https://znanierussia.ru/articls/Mogenuposanme

2. Cewmenos B.B. MaTtemaTnueckoe Mo TMpOBaHNE JUHAMUKY TPAHCIOPTHBIX IIOTOKOB
meranosnuca M., 2004. - 44 c.: wi. - (IlpenpunT Ne 34, Mocksa, 2004 / UuctutyT
npukiIagHoit Matematuku uM. M.B. Kenzprura).

3. 5300 L5E3gMdY, LoEEMBLIMMEHM B5350Yd0L IMEYE0MgdOL d0BOJdO, sTM 6930,
9906900l dg00MYdOLY S 39dbmemaogdol LobEgdmemo sbseobo.
LodoMm39w ML 39dbo3w®o, mdowobo, GESJ: Computer Science and
Telecommunications 2016|No.2(48) ISSN 1512-1232
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Reducing Traffic Flow Density by Increasing the Efficiency of Public Transport
Omari Mamalashvili
Abstract

The article presents the objective and subjective factors that reduce the operational efficiency of city
buses. A significant factor in this reduction is the increase in traffic flow density. Among the measures
taken to address this issue, the allocation of dedicated lanes for city buses is prioritized. However, this
process is labor-intensive and costly. Therefore, modeling is proposed for its rational implementation.
Using the “PTV VISSIM” software, the transportation process was modeled on Kostava Street and its
intersections. Based on the specific implementation of the proposed method, recommendations were
presented that aim to reduce traffic flow density by increasing the efficiency of urban buses.

Cuuxenue IlnornocTn TpancnoprHoro Iloroka 3a Cuér IloBbimenns
IddexTnBHOCTH Ob1mIecTBeHHOro Tpancnopra
Omapu MamanamBuin
Pesrome

B cratee paccmarpuBaroTcss  OOBEKTHBHBIE M CyOBEKTHBHBIE  (DAKTOpPBI, CHIDKAIOIIUE
IKCILTyaTallMOHHYI0 3((EKTUBHOCTh TOPOJACKUX aBTOOYCcOB. CyIIECTBEHHBIM (DaKTOPOM 3TOTO
CHMIKCHHA ABJIACTCA YBCIMYCHUC IUIOTHOCTU TPAHCIIOPTHOI'O ITOTOKA. Cpe;u/l IMPUHUMACMBIX MEP
OCHOBHOE BHUMAaHHE YJIENSETCS BBIICICHUIO OTACIBHBIX MOJOC [UIS ABWKEHHS TOPOJCKUX aBTOOYCOB.
OpHako [aHHBIA TpoOLEcC SBISETCA TPYAOEMKMM M jAoporocrosiuM. [loaTtomy mnpemiaraercs
UCIIONIb30BaTh MOJCIMPOBAHKE Ul €r0 palroOHaIbHOrO BHeApeHUs. C MOMOIIBIO IPOrpaMMHOTO
obecnieyenust "PTV VISSIM" Obia cMozaenupoBaHa TpaHCHOpTHAs cuTyaius Ha ynune KocraBa u Ha
e€ mnepeceueHusix. Ha OCHOBE KOHKPETHOM pealu3alMd MPENJIOKEHHOIO METOJIa IPEICTaBIEHbI
PEKOMEH/IaliH, HAaIlpaBJICHHBIE HA CHIDKCHUE TIOTHOCTH TPAHCHOPTHOTO TOTOKA IMYTEM MOBBIICHUS
3¢ EKTUBHOCTH TOPOJCKUX aBTOOYCOB.
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KuHeMaTnka u AMHAMHMKA JIeCTHUYHOI0 TPAHCIIOPTEpa

3ypad MuempnumsBuin®
* [ py3suncKull mexHuveckuil yHugepcumem, (axyiomem mMpaHCHOPMHBIX CUCTHEM U MEXAHUKU
UHICUHEPUU, OeRAPMAMEHM UHMICUHEPHOU 2papuKku U mexHu4eckolu MexaHUKU, acoyuposaHbili
npogeccop, exr. llouma: zurab.mch@mail.ru

(I'py3uHckuii TexHu4ecknii ynusepcurert, yJa. M. Kocrasa Ne71, Tonaucn,
0175, I'py3usn)

Pe3rome:

JlanHass CcTaThsl IIOCBSINEHA OINPEACICHHI0 OCHOBHBIX (PM3WYECKHUX IMapaMETPOB XOJO0BOM
YacTH H300pETEHHOTO MHOTOLIEJIEBOTO JICCTHUYHOTO TPAHCIIOPTEpa, B YaCTHOCTH,
YOOMSHYTBIA ~ TPAHCIOPTEpP IMpEAHAa3HAYEH MJISl MEePEeBO3KM WHBAIMAA. JlJIsI MOBBILLICHUS
YCTOMYUBOCTHU TUIAT(OPMBI MPH  TIEPEABIKCHUH TPEIUIOKEH HOBBIA PHIYAXKHBIH MEXaHHU3M,
06GCH6‘-II/IB3,IOHII/II71 HHaBHBIﬁ HGpGXOI{ MallInHbI U3 HAKJIOHHBIX B IIJIOCKHEC YaCTHU JICCTHULBI. B
HOpﬂI{Ke onpeaeneHHs{ KOHCTp}/KTI/IBHBIX napaMeTpOB B CTAaThE paCCMOTpeH KI/IHeMaTI/I'-IeCKI/Iﬁ
U JUHAMUYCCKUNA aHajau3 IpeajiaraeMoil MEXaHHMYEeCKOW CHCTEMBI.

KiroueBnle ciioBa:
JlecTHUYHBIE TPAHCHOPTEP, PHIYAKHBIM MEXaHU3M, KHMHEMAaTHKa, JWHAMUKA, YCKOpPEHHE,
MOMCHT I/IHepIII/II/I.

BBenenue

J151st TOro, 4TOOBI JaTh YEJIOBEKY BOZMOKHOCTH MPEOI0JICHUS PAa3IMYHbIX IPENATCTBUN, B TOM
YyHclie JIECTHUIIBI B I'py3MHCKOM TEXHUYECKOM YHHMBEPCUTETE ObLI M300pETEH JIECTHUYHBIN
TPaAHCIIOPTEP C OPUTHHAILHOM CXeMOl Kapkaca. YIOMsHyTas MallnHa n300pakeHa Ha Qur.
1.

Puc. 1. Onoimnusiit o6pazey 1ecmHUUHO20 NOOBLEMHUKA.

Kak mnokazano Ha PUCYHKE, MCXAaHHUYCCKasd CHCTEMa COCTOUT U3 paMbl W PaA3JIMYHBIX
MCXaHUYCCKUX CHCTEM C HCIOJHUTCIBHBIMH MCXaHHU3MaMU. O,E[Ha nus3 O6IJ_II/IX HpO6JICM,
KOTOpas XapakTepHa AJid KaXJ0# Takoi MalluHBbI, - 3TO MOMCHT, KOT'Zlda MalllMHA ITPCOAO0JICBACT
MOCJIEAHUMN IIar JIECTHULIBI K npoaoKAaCT ABUXKCHUC HA JIECTHUYHOH IIIOIIaJKe.. Y Ka3aHHBIN
HCpCXO,[[HBIﬁ nmponecc npoucxoauT B TOT MOMCHT, KOrJa MalllhHa IIPpOXOJUT CBOH LHCHTP
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e
TSOKECTH, YTO MPOUCXOAUT MPU OBICTPOM MEpPEeXojie YCTPOUCTBA HA MIIOCKYIO MOBEPXHOCTH
JeCTHUYHOM miom@aaky. OMNUCaHHBIM MPOLECC HETaTUBHO BIHUSET Ha JAMHAMHYECKYIO
YCTOMYHMBOCTh YCTPOMCTBA U elle 0€30MacHOCTh AKCIUTyaTalliii ~ MalllMHBI, a TaKXKe CO3JaeT
MPEMSITCTBUS HA TyTH UCIOJIb30BaHUSl YCTPONCTBA JIMLAMU HE MOTYIIMMH CaMOCTOSITEIILHO
XOJIUTh.

KunemaTnueckasi cxeMa MexaHu3Ma

JlanHast MexaHMYecKas CHCTEMa COCTOMT W3 PAa3JIMYHBIX THUIOB JAETaledl U 3JIEMEHTOB
KOHCTPYKIIMU C PAa3JIMYHBIMA THUIIAMU CTHIKOB CMEXHBIX 3BeHbEB. /[l mpaBMIIBHOTO
MPOEKTUPOBAHUS ~ MHOTO3BEHHBIX  MEXAHMUYECKHUX  CHUCTEM HEOOXOAMMO ONpEeleisiTh
napaMeTpbl JKECTKOCTH MPYTKa C Y4YETOM JBMKEHHUS MAIIMHBI 0 JIECTHUIIAM.

Huxe Ha puc.2 nmpuBeseHa cxema MOABUKHON MIaT(GOPMBI C MHOTOPBIUSKHBIM MEXaHU3MOM,
KOTOPBIN YIydIlIaeT JBUKEHHE YCTPOMCTBA 110 JIECTHULE U CMATYSET ONUMCAHHOE M1EPEXOAHOE
nBrkeHne. Ha ocHOBaHMUM CKa3aHHOrO, HEXOJSYHE JIFOAM MOTYT HUCIIOJIb30BaTh YCTPOWCTBO
aBTOHOMHO. /laHHast maTopMa COCTOUT U3 CIEIYIOIHUX OCHOBHBIX YaCTEH:

1. Pe3sunoBas 3yOuaras sieHTa; 2. ['mapaBIudecKuil NpuUBOJ HAaKJIOHA JepXaTels CIUHKU
kpecna-kossicku; 3,10. Bemombie koneca; 4. Kopombicio mnpaBoHM 4YacTh pPhIYaXHOTO
MEXaHHU3Ma; 5. IlpyxuHbl u ToNKaTenb; 6. 3aMOK CIIMHKHU Kpecia-Koscku 7. bokoBas
pama, KOoTopasi OJJIepKUBAET Bce YyacTh MamuHbl; 8. KOpoMbIciio JeBOM 4acTu phIYakHOTO
MexaHu3Ma; 9. MexaHu3M HakJIOHA JIepsKaTes CIIMHKY Kpeca-Kosicku 11. Beqyiiee Koeco;
12. xpecno-karanka; 13. Jlep>karenb CIMHKY UHBAJIUAHON KOJISCKH.

Puc. 2. Cxema noosuicHoii ni1amegopmol ¢ MHO2OPLIYAHCHBIM MEXAHUZMOM.

J{BMKeHHe JJIeCTHUYHOI0 TPaAHCIIOpTepa

Jlns BbIBEIEHUS ypaBHEHUS PaBHOMEPHOIO JBIKEHHSI YCTPOWCTBa HEOOXOIMMO H3YyYUTh
MOJIOKEHUE MAIlUMHBI IIPU €€ JBWXKEHUM M0 JecTHule. PacueTHas cxemMa  KOHCTPYKLIHMH
MalIuHbI IPUBEIEHA Ha pHucC.3.
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Puc. 3. Pacuemnaa cxema mpancnopmepa npu e20 08UNCEHUU RO eCHHUYe.

Bo BpeMs 1BMKEHUS TPAHCIIOPTEPA HA HEM JICUCTBYIOT Pa3IMUHBIC CHITBI CO CTOPOHBI TPYHTA
wi  JiectHUNBl, F1 w F2 - cuibl TpeHUS CKOJBXKCHHSI, NECHCTBYIOIINE B MECTE€ KacaHHS
JTIOPOKKH C KpaeM CTyNeHW JecTHUIbl;, cunvl peakyuu NI u N2, Oeiicmgyrowue Ha
nanpasnsiowmue AC u UL (em. puc. 4); G - cuna msicecmu, F u P saBusrorcs
COCTaBMNSIONIMMU B HANpPaBIEHUU JBIDKEHUS TIATGOPMBI W MEPHEHIAUKYISHO K

HalpaBJICHUIO; M - KpyTAIIMi MOMEHT, IEUCTBYIOIIMI Ha BEyLIEE KOJIECO, a m(()] ), mgj ) "

mg] ) . MOMEHTHI ci MHepLUH, JAeHCTByIoIMe Ha koneca miardopmel; Riu Rz cumbl
peakuuu, IeHCTBYIOIIKE B TOUKAaX KacaHHs BEIYILEro M BEJOMOIO KOJIEC C JIECTHULEH WU
MIOJIOM.

OcHoOBBIBasiCb Ha O3TOM pacyeTHON cXeMe U1 HAlUCaHUs YPAaBHEHUS [BIKEHUS, HAJO
UCTOJIb30BaTh M3BECTHOE U3 TEOPETUYECKOW MEXaHHKH oOlee ypaBHEHHE TUHAMUKU
MEXAHUUYECKON CUCTEMBI.

ket (Fiox — muXp) 6y + (Fiy — MYy )8y + (Fip — myZy )62z = 0; (1)

Jlnst Toro, 4yToOBI 3amucaTh 3TO yYpaBHEHHE B Pa3BEpHYTOM BHJI€, HEOOXOIUMO OMPEIEIIUTh
CUJIbl MHEPLIMH, JCUCTBYIOIIME Ha paccMaTpUBAaEMyI0 MEXaHHUYECKYI0 cuUcTemy. B cnyudae,
KOT/Ia MEXaHU4YeCKasi CUCTeMa JIBIDKETCS JIMHEWHO C MOCTOSTHHON CKOPOCTHIO, YCKOPEHUE H,
CJIEIOBATENIbHO, 3HAYEHUS CUJI MHEPIIMH PAaBHBI HYIIIO.
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Puc. 4. Pacuemnas cxema mpanHcnopmepa Hpu €20 08UNCEHUU NO HAKIOHHOMY ZPDYHMY.

OpHaKo, €CIU TPEINOI0KNUTh, YTO HCCIACIYeMbIH TpaHCIOPTEp ABUXKETCS IO JIECTHHIE C
MOCTOSIHHBIM YCKOpeHHeM (W),  TorJa YIJIOBBIE YCKOPEHHS KOJeC, MOXHO 3alucarh
CIIEIYIOIIIM 00pa3oM:

E_W S_W S_W 2
1_1,11 2_1‘2’ 3_7,3' ()

O6ozuaunm M;, M; u Mj' Maccamu KoJec, Tak Kak KoJieca pacroyiokeHbl MOMapHo Mo 06e
CTOPOHBI TPaHCIOPTEPA, MPU OIpPENEIIEHUN CUJI MHEPLMM 3HAUYeHUs] Macc Kosec Oepyrcs B
yIBOGHHOM 3HaueHuu. HampaBum ocb OX BIOJb OBMKEHHUS TpaHcropTepa a ock Oy
NEPIEeHIUKYIIPHO €ro  JBWKEHHMIO. B COOTBETCTBHM €O CKa3aHHBIM, MOXHO 3allHCaTh
BBIPQXEHUS JUIsl CHUJ HMHEPLHMH BCEX KOJEC MO OTIEIbHOCTH:

W = -mw, P =-Mw, VP =-Mw. 3

!
3neck -M; maccsl konec, kotopsie pasast M; = 2M;.
C YUETOM TMPUBCIACHHBIX COOTHONIEHUN MOXHO OINpPCACIIUTb KPYTAIIME MOMCEHTBI CHUJI
MHEPIUH, JIEHCTBYIONIMX HA J[BA KOJIECA B MECTE, B CIIEAYIOIIEM BHUJIE:

G) _ _Mir? ) _ _ M1 () _ _ Mzrg
m, = — 5 &1, my’ = — . &, m; =- 5 £3. (4)
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Jlns pemeHus BblIleyKazaHHOTO ypaBHeHUs (1) HCIONB3yIOT METOJ BO3MOXKHBIX
nepemenieHus. J{nsg Hamero ciydas BO3MOXKHBIE IOBOPOTHI  KOJIEC MAIIUHBI MOKHO

BBIPA3UTh B BUJIE:
8o, = i_f’ 8¢, = i_j’ 83 = (:_z- %)
3neck - §S - DiIeMEeHTapHOE JIMHEHHOE TIepeMeICHHE TPaHCIopTepa.
Bo Bpems nBuXKEHHS TpaHCHOpPTEpAa HAa MAIUWMHY JCUCTBYIOT CJIEAYIOIIUE AKTUBHBIE U
PEaKTUBHBIC CHUJIbL:
* M KpyTAIIMA MOMEHT, JACHUCTBYIOIIMH Ha BEIyLIEE KOJECO, KOTOPBIM IPUBOJIUT B

JABVKCHUC I'YCEHUILY,

P o6o3navaer ABMXKYIIYIO CHIY, JEHCTBYIONIYIO HA oCh O;

G1, G2 u G3 - cuiibl TsDKECTH map KoJjiec Tpancnoprepa. G cuiia TsKeCTH TpaHCIopTepa.

F1, F2 - cunel TpenHus, qeiiCTBYIONIME HA HAMIPABJISIONINE KOJIECHONW MOJBECKU;
N1, N2 cunel peakuuu ACUCTBYIONIME [0 HOPMalIHM K HAMpPaBISIOLIUM KOJECHON
MOJIBECKHU;

Ha ocnoBanuu ypaBaenus (1) ¢ yuerom npuBeACHHBIX BBIIIE COOTHOIICHUNA MOTYYUM:
M;r? &8s 8s ,
& — — Ry fixy— — G,8s sina — M,wds —
n 7

mdée, + pds — G,6s sina — M;wds —

M,r? s s _ MsrZ  8s ,
— &— — Ry fy— — G305 sina — M3zwds — &3— — Muwds — G,sina 6s —
2 1o T T3

Ha cnenyromem stame pacuera HaJlo WICHBl COJAEPIKAIIME YCKOPEHMsI IEpEeHECTH B
NpaByl0 YsACTb YPaBHEHUS, B PE3ysIbTaTe Yero MOIy4HM:

Mir? s 8s .
e, —— R, fy—— G,85 sina —
T 51

m? + pds — G,0s sina —
1

M,r? &8s Msr?  8s

és , .
— &——Ryf9— — G365 sina — &3 — — GuSina §s —
2 1] 1] r3
_(Nl + Nz)k6s == M1W5S + M2W6S + M3W6S + M4W6S. (7)
ITocne yero Hago0 00e usacTu IMNOJIYYCHHOI'O COOTHOLICHUS Ppa3ACiIUThL Ha 65:
m . & R
Dt p—G,sing -8 _BIk_ 6L ging —
r T T
M,7r% & R . Msr? € .
2.8 _Refo g sing - 2.5 _ G, - sina — 8)
2 T2 Ty 2 T3

—(N; + Ny)k = Myw + Mow + Maw + M,w.
YTo0OBI MOJIYUYUTh YPAaBHCHUC OIPCACIIAIOMICC YCKOPCHUC TpaHCIIOPTEpa IMOJ HCﬁCTBHCM
BCCX AKTHUBHBIX CHUJI U MOMCHTOB, CHJI pCaKIMUH, CUII HHCPLUUU W MOMCHTOB CHJI
WHEPILIUU, HAI0 YCKOPEHHUE BBIBECTH 3a CKOOKHM MpaBOW 4YsICTU ypaBHEHUS (8) U MOTOM
JICBYIO YACTb YpaBHCHHA PA3ACIIUTL Ha BBIPAKCHHUC B CK06K8.X, B PE3YyJIbTATC YCTO
MOJIyYUM OKOHYATEJIbHOE BBbIpaXXEHHE OMpeJeldollee yYCKOpeHHe Iuat(opmsl mpu
nmoaArEME€ Ha JICCTHHLY HWJIWM Ha HAKJIOHHYIO rmomam(y:

www.journaltm.gtu.ge 25 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

g96b65¢00 ,,GHMBL3MOE0 s 9569650039690 MdS“ Ne2 (63) 2025§.

2
MqrT &4 R .
1ri g1 Rafk G, sina

m .
H+p—61 sina

W = n ™ _
M{+My+M3z+M,
2 2
M R . M ,
272,51, 2f‘9+G3- sina+—23.86,.sina+(N;+Np)k
_ 2 1 2 2 13 (9)
M{+My+M3z+M,
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kinematics and dynamics of the undercarriage of the ladder conveyor
Zurab Mchedlishvili
Abstract
The given transaction is devoted to the determination of main physical parameters of running
gear of invented stair climber platform for different purposes, in particular the mention platform
is intending to use for disabled person. In order to improve stability of the platform in the given
transaction is offered new lever mechanism, which providing smooth transition of the machine
from inclined to the plane parts of staircase. In order of constructive parameters determination
in the transaction are given kinematic and force analysis of offered mechanical system.

300908535¢00  GHMBbL3MOG0MMOL 3069953035 ©s ©0bsd03s
939003300 HBMMHIO0
Mgbowmdg

9m3909wo  BGsGos 9003bgds 305350 RMbd30mbocm®o 30890535000  BHEMBLEMOEH0MEMO
bogoewo  bsfoeols  doMomso 8949603 memo  356589GMgdoL  oblDBP3ELL.  Bobligbgdo
AOBL3MOEHO0MMO 96379336005 06350EOL FoLEY39H5. 3EsMBRMMTOL JEYMIOMOOL
239HMOL oBbom  A505YOGOOLSL T3 To390w)0s sboewo dM39G o d9dsbobdo,
Mmdgwoi  YOMHM63939mRL dobgdoboll ImOg 4oLl 3000l IBGOWO  bsfoosb
0OFYg Mdsbby. 30099535000l 3MBLGHOMI30MWo 356589GHOJd0L  FoBLIBEOZMOL Jobbom
UBGOGH0530  2939m90M0s 8999853900 394obogmemo  LobiBgdob  30bgdsGozmeo s
0653039600  sbserobo.
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Kinematics of the articulated pentagon with two

degrees of freedom
Zurab Mchedlishvili*
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(Georgian Technical University, Ne71 Kostava str., Thilisi, 0175, Georgia)

Abstract:

The article is devoted to solving the direct kinematic problem of a five-link lever mechanism
and with two degrees of freedom. The solution of this task is very important for determining
the kinematic parameters of the actuators. The problem can be divided in two parts. The first
part deals with the problem When the rotation angles, angular speeds and accelerations of the
input links of the mechanism are set and it is necessary to determine the positions of the output
link, its speed with acceleration, and in the second part of the task, the question is considered
when the coordinates of the output link of the mechanism of its speed and acceleration are set
and the need arises to determine the angles of rotation and angular speeds and acceleration of
the input links of the mechanism. In our case, only the first part of the problem (direct
problem) is considered. In this case, it is considered that the mechanism consists of only five
rotary kinematic pairs of the fifth class and electric mashines are located at the point of
connection of the stand with the initial links of the mechanism under study. The solution
of this problem is based on the use of homogeneous coordinates. On the basis of the
obtained equations of motion, both the trajectories of the output link and its speed and
acceleration can be calculated, as well as the angles of rotation of the links of the mechanism,
taking into account predetermined kinematic parameters of the input links of the mechanism.

Keywords:
Five-link mechanism, kinematic pair, trajectory, link, speed, acceleration.

ntroduction

The five link mechanisms with two degrees of freedom are differ from other multi bur
mechanisms with one degree of freedom with features allowing to obtain different type of
trajectories by output links, when lengths of links remaining constant. The said is very important
for technological machines, which during operation would change movement of trajectory of
the executive link. Because of movements of the output links are governed by controllable
actuators these kinds of mechanisms would be attributed to mechatronic systems. At the same
time, as distinct from the mechanisms with one degree of freedom, design of which depend of
three geometrical parameters, in case of the mechanism with two degree of freedom, in order
to solve the task of synthesis it is necessary to determine six said parameters. Here in spite the
four geometrical parameters it is necessary to determine the initial state of input links, they are
faze angle and transmission ratio between the input links with taking in account of their
direction of motion.

Extension of number of parameters for the mechanisms with two degrees of freedom is given
rise to complication solution of the tasks of synthesis and analysis of such type of mechanical
systems.
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Here in the article is given the solution of the problem of analysis of the mentioned mechanical
systems by usage of homogenous coordinates. The received equations of kinematics are written
in matrix form that simplifies calculations of kinematic parameters.

The straight geometrical task
The design diagram of mechanical system with two degrees of freedom, where the links are

connected with fifes class kinematic pairs is given on the Fig. 1. In order to determine such
kinematic parameters of the system as coordinates of trajectories of the impute link as well its
velocity and acceleration lets use the method of homogenous coordinates.

Fig. 1. The design diagram of five link mechanism.

In case when we have closed kinematic chain it is necessary that the product of matrices of
transition between coupled coordination systems connected with all incoming links be equal
to unit matrix

T (l,O)T (211)T (3'2)T (4’3)T 0.4) _ E (1)

For simplification of calculation it is better that a part of matrices be transferred to the right part
of equality. For this the right and left parts of the first equality should be multiplied on T@
inverse matrix T? from the left. The same operations should be repeated for other matrices as
well which we want to transfer to the right part so as to receive product of matrices of equal or
differing by one number on both parts of equality. As a result we shall have

T (4,3)T 0.4) _ T (2,3)T (1,2)T (0,1) . (2)

The matrix of transfer between of two sequential i-1 and i plain coordinate systems will have
the following general form:
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1 0 0 0

T i) _ li, cosg, —sing,;, O 3)
0 sing;, cosp;, O
0 0 0 1

In our case we can reduce by one the series of matrices of transfer between neighboring links
as a result of which we receive third series matrices the inverse matrices of which are equal of
these matrices

1 0 0 1 0 0
TEO = ~l, cosp, —sing,| TEY = l, cosp, —sing,|:
0 sing, Ccosq, 0 sing, cosg,
1 0 0 1 0 0
TE2 =ll, cosp, -—sing,, : T =l cosp, —sin g, .
0 sing, COSg, 0 sing,; COS@y,
1 0 0 1 0 0
TOY=l, cosg, —sing,’ TOY =/ ljcosg,  cosgy,  singy|’
0 sing, CcOsg, —lysingy, —sing, cosgy
1 0 0 - ° °
e | _ T =|-1,cosp,, COS@,, SiNE,|.
2 = |-, cos cos sing,, |. : -
1§ Pz _ Pz Py l,sing,, —sing,, COSQ,,
l,sinp, —sing, CcOS@,
1 00
E=|0 1 O
0 0 1

After multiplication of these matrixes we will have

1 0 0 1 0 0
TITOY =l cosp,, —sing|x|l, €OSp, —sing,|=
0 sing,, cose,| |0 sing, cosg,

1 0 0
=|l; +1,C080,; COS(@43 +@4) —SIN(Pys +@y0)|-
l,sin g, SiN(@5 +@40)  COS(Qy5 +@yg)

1 0 0 1 0 0
TEITEATOD — | cosg,, COS@, SiN@,|x|-l,cosp, cosp, sing,|x
l;sing,;  —sing,, COSey, l;sing, —sing, cose,
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1 0 0
x| 1,c08¢,  COS@, SiN@y|=
—lysing,,  —sing, oSy

1 0 0
= =1, cosp,; — 1, COS(@, + @5) —1,,COS(@y; + @y, +@y5)  COS(Pyy + P, +@p5)  SIN(Py; + @1, + 0y5)|
I, sin @, + 1, sin(@, +@,3) — 1, Sin((”m +@,t ¢23) —SiN(@g + @y, + @y5)  COS(@yy + @1, +5)

After multiplication of transfer matrices of five-link mechanism we have the following matrix
equation:

1 0 0
- 4
l; +1,C080,; COS(@45+ @) —SIN(@45 +@y)| = “)
l,sin g, SiN(@,; +@,0)  COS(Qy5 + @)

1 0 0
=|—1, cosp,; —1, COS(y, +@,5) =l COS(@y, + @1, +@p3)  COS(@y, + @1, +055)  SIN(Pyy + @1, + y5)|.
I, sin @,; +1,sin(ey, +@,,) 1, Sin((Pm @, t (023) =SiN(@g; + @1, +0p3)  COS(Py +Prp +Py3)

The 4™ matrix equation of five-link mechanism blockage contains full information about
parameters of link motion characteristics. In order to determine relative and absolute
displacement of links the respective elements of left and right parts of equation should be
equated and receive system of algebraic equations the solution of which will enable to
determine displacements of mechanism links. If we differentiate the system of the received
equations twice according to time parameters we respectively get two systems of equations:
first- for calculation of links velocities and the second — for determination of links accelerations

I, +1, cosp,, =—l,cos(p,, + @,5) — 1, COS@,, + 1, COS(@y, + @1y + @y3)
1, SiN @5 =1, 5iN @y, + 1, 8iN(@y, + @)1, SIN(y, + Py, + 0y5) ®)
SiN(@,5 + @40 ) = —SiN(@g, + @1, + 9p3)
COS((/?43 + Py ) = COS((/’Ol t @, + (023)

Besides these equations system in order to solve the problem the condition should be added
according to which the sum of internal angles of any five link is equation to 3n

(001+(§012_7[)+(§023_77)+(¢34_”)‘*‘(040=37r (6)

Por + Py + Poz + Poy + @y =67
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The members of the equations having sum argument of second and third equalities of system
5 should be separated, equalities squared and summed. After transformations we get the
following quadratic equation:

(41212 5in? g, + 412 (1, —1, COS 2, ))COS? oy, — AAI (1, — 1, COS @, )COS P, +

2 212 ain 2 (7)
+A® =4l sin” ¢, =0.
Where
2 2 2 2 / /
A=12 =12 +12 +12 = 21,1, COS @, + 21,1, COS @} — 21,1, cos(p] + ¢,
(Pé =67 -y ~Pao
Lets introduce following additional notations:
B=41212sin’ p,, +412(1, —1,cos0,,)
C =4Al,(, —1,cosp,,)
D= A*—4I{l7sin’ g,
Equation (7) is solved as follows:
—C++C?-4BD
COSQ,, = (8)
2B
—~C++C?-4BD
(@, = arccos
2B
From the first equation of system (5) we have:
oS _ l, cose,, -1, COS(¢34 + §040)+ |, +1, COS(gpll - (/’34)
Pz = |
2
From where angle @23 is defined:
0y = arccosl“ cosgp,, — |, COS(¢34 + I¢4o)+ l; +1 COS(%/ - ¢34) (9)
2
In order to define angle @23 we use condition (6) and get:
Prp =67 — o1 — Pz = P34 — Py (10)

After defining of all angles we can determine radius vector of C point the origin will be in A
point and its value depends on two initial generalized coordinates:

e =Tc (¢01’ Pao ) (11)
Absolute velocity of the point is determined as the first derivative of its radius vector

according time:
dr. o ‘d§001 + are .d§04o

= (12)

dt  Jdgp, dt Op, dt
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In this formula:

or, or, . .
€ =u.; € =ug,; - arevelocity analogs of point C  (13)
0Py 0Py
doy, _ dey,

— =y — =@, - are angular velocities of initial links.
dt dt

After application of theses notations we shall have:
Ve =Ugi0g; +Uc, @y (14)

In order to find the full speed it is necessary to find speed projections on axes X and Y

dXC _ 8XC ) d¢01 + aXC ) d¢)40 _ aXC - Wy, + ai “ Wy (15)
dt 8%1 dt 8(040 dt 8(001 a¢40

dy. _ oY .d(P01 n oY _d¢40 _ e _(0014_%.@40 (16)
dt 0¢, dt 0Jp, dt ¢, ol

I . . fol1) . o .
—==|=lsingy, -1, Sm((/’m + (012)__12'2 Sm((/’m + (012)} * Oyy +_12|2 Sm((/’m ‘H/’lz)' @,,(17)
dt 0Py 0Py

dy. | 0 o9
< = l, cosgy, +1, COS(%l + ¢, )"’ -2 l, COS(%l + ¢, )} "Wy t - l, COS(%l + (Dlz)' @,, (18)
dt a¢()1 a 40

Full acceleration of point C is determined using the formula of arbitrary point mechanical
system of many degrees of freedom

> d’r, arc . (19)
ac = =
CTde? éaq. ZZ 20,00, aq,

When the system has two degrees of freedom we have:

oq, 0 oq, ¢ og,

Projections of acceleration of point C on coordination axes are written as:

ZZ 0% 4.4, i o QQ+—azr d.q _or — G+ o ——— GG, + o —q;
o og;0q; g0, " ogog, ) gl " 8q16q2 EG T

After necessary substitutions we receive acceleration determining final formulas:

d®x.  oxc OXc 0*Xe 5, 0% 0%X

c 2
= Eg + Ep + Wy, + Oy, +— W, (21)
2 01 40 2 01 01~740 40
dt 0Py 0Py 0Py 00004 a(P4o
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d 2 82 62 82
{C = Ve €1 t Ve Egp T ygc a)ozl + Je Wy Dy + yzc a)jo (22)
dt 0Py, 0Py 0Py 0P00Pyg Py
d?x . . oo : oo .
dtzc = {_ I, sin g, — 1, Sm((Pm + (012)_8_12 1, s"‘](@01 + ¢ )}501 + P 21, Sln(¢o1 + @ )‘940 -
01 40

(23)

01

2
0 . 0?
—| L, cosgy, +1, COS((”Ol ¢ {1"' 8%2 ] —1,sin ((001 + ¢ )a—gozlzJa’ozl -

0 0 . 0?
L COS((”Ol + @, {1"‘ &j& +1,sin ((001 + (912)& W1 Wy —
0Py, ) 0Py 0Py 00,,

2
o, . O’
- Izcos((pm+gplz)(a 12) +I25In(¢ol+¢1z)a(p§2]wfo
40 40

d 2 y 8 5
dt2C B |:I1 COS @y, +1, COS((PM TP )+ % 1, COS((PM Y )}801 + % 1, COS((pm TP )840 -

01

2
. . ) 0?
—| l;singy, +1, Sln(§001 + @), )(1"' %) -1, COS(%l + (012) 2 %z ja’gl -

. o¢,, |0 0? (24)
—| I,sin ((001 + ¢, {1"' &j Tz _ l, COS((P01 + ¢, )¢ W1 Wy —
0Py, ) 0Py 0P 0Py

2
. oo o’
- |25m((P01"'§‘)12{a 12} -1, COS((/)01+(P12) P 212 Ja)fo
40 Do

Conclusion

The carrying out of examination of planar five link linkage with two degrees of freedom was
shown that the solution of analysis task of mentioned mechanisms with given conditions by
usage of the system of equations of motion of input links would obtain large number of
connecting rod curves that can be successfully used for different practical aims. The said
feature of five link mechanisms could be used as for investigations of said mechanical systems
as well for preliminary receipt of the law of motion of actuators installed in the centers of
rotation of input links.

References:

1. LILArtobilevski Theory of mechanism and machines. Moscow: Science, 1974 — 640p. (In Russian).

2. D.C.Tavkhelidze, N.S.Davitashvili The theoretical basis of design of planar and spherical multilink
lever mechanisms. Thilisi: Metsniereba, 1975. 208p. (In Russian).

3. N.S.Davitashvili Die bankurven von finfgliedrigen gelenkgetriben//Archiwum budawg maszun.
T.XXYI, Zeszyt 4, 1979, s.489-509 (In Germany).

4. N.Davitashvili, D.Tavkhelidze Synthesis of controlled five bar mechanism with two degrees of
freedom according to predetermined motion of input links. Thilisi.

www.journaltm.gtu.ge 33 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

g96b65¢00 ,,GHMBL3MOE0 s 9569650039690 MdS“ Ne2 (63) 2025§.

MO0 0530MBEGdOL baMobbol Igmbg brmmGymems 39393 wo 9gdsboBbdol 30699sEH03s
b0 039Er0d30eo
M9bondg

LEoGH0s  9dmzbgds MmMo  MogzolBgdol  bosGolbol  ddmbg bymyms  396M39G Mo
9999600l 3069053H03MM0 39659 BHMGOoL  2obLEBOZMLL  BowobmE®o  Fgoomob
399myggbgdom. ImEgdmo  s8mEsbols  sTmblbs  dogBg  LoFoMms  FgalEHEgdgEO
99996093900l  3069353039M0  35615993HMGIOL  49BLBPZMOL JoBbom. sMEsbs Fgodergds
@504l M6 bsfows. 30639 bsfloawdo  asbobowgds  s3m36s, Gm@gLsg  LsFoMHms
3960LsBO3IOML 250535¢00 Gl 8 dsMYMdYO0, LoBJsMYgd0 s BJsMgd9d0 BB
3bmdowos  Lofiyobo  89dsboBdgdol IMdOHMBIdOL  39MbYgd0, 3MPbMMO LoBJsMggdo o
9Bdo690900. bmem Igmeg bsfoendo gobobowrgds Lbsgzombo, MHmEs dmEdmeEos 335350
Mol 3mmOEobsdgdo s BbYds  9E0WgdMds  gobolsBrzMml  dgdsgswo
309008 dMdOHMBYdOL 39Mbggdo. B3gbl dgdmbggzsdo asbobogds dbmerme sdmEebol
306390 bsforo. 39dsbobdo dglbagds brmo dGMB3zomo dgbmog 3asliols 306935303960
£930@0Ls56, MMIGMoQsbs3 MO0 393800 0s  BoEAIOMID 909G ModIM539d30L
99039md0m.  Bm@Egdmo  s3m@Esbol  sdmblbs sz dbgdmos 9Py 3sMH™M3560
30MmOEO0bsEJO0L  go8mygqbgdsby. d0Mgdmwo  2obBHMEgdgdol  Logwydzgarbg Fgodegds
3996256003900 0gml,  OMAMME  350935¢0  OMEol dMmdOHsMdOL  GHMogdEHMM09d0,
LoBRJo09ggdo o 9BJondgd0  oaMgm3g 89JoboBIoL  HAMEgdol IMdGMBIdOL  3Mmbggdo
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KunemaTnka nITU3BEHHOT0 PbIYa:KHOT0 MEXaHU3MA C IBYMSI CTeleHSIMH CBO0O/IbI
3ypaéd MueaauimBHIH
Pesrome

Cratbs IMMOCBANICHA PEUHICHUIO HpHMOﬁ KHMHEMaTH4YECKOM 3aJa4u IATHU3BCHHOI'O PBIYaKHOT'O
MEXaHn3Ma U C ABYMS CTCICHAMU CBO60}:[LI. Pemenune YKa3aHHOﬁ 3aa4d OYCHb BaXHa - JIA
OMpEACIICHUA KHUHEMATUYCCKUX TMapaMCTPOB HCIOJHUTCIIBHBIX MEXaHU3MOB. 33):[3‘-1}/ MOXHO
pa3aciinTk Ha ABC YaCTH. B nepBoﬁ YaCTH pacCMATpUBACTCA 3a4ada, KOFI[B. 3alaHbl YIJIbl IIOBOPOTA,
YTJIOBBIE CKOPOCTU U YCKOPCHHUA BXOAHBIX 3BCHBCB MCXaHHM3Ma W HAJA0 OIPCACIUTH IMOJIOKCHUS
BBIXOJHOTO 3B€HA, €r0 CKOpPOCTH C YCKOpPE€HUA, a BO BTOpOﬁ JaCTH 3aJa4yu pacCMarpuBacTCAd
BOIIPOC, KOrAa 3aJaHbl KOOPAWHATBI BHIXOAHOI'O 3B€HA MCXAdHU3MaA C€ro0 CKOPOCTH U YCKOPCHUS U
BO3HHMKAET HEOOXOAMMOCTh OIPEENICHHs YTJIOB IIOBOPOTA W YIJIOBBIX CKOPOCTEH W YCKOPEHHUH
BXOAHBIX 3BCHBCB MCXAaHH3Ma. B namewm CJIydyac pacCMaTrpuBaCTCd TOJIBKO IHEpBasA 4YaCThb 3aJJadyun
(Hp}IMaH 3a):[aqa). HpI/I OTOM CUYHTACTCA, YTO MCXAHHU3M COCTOUT TOJIbKO H3 MATU BPALIATCIIBHBIX
KMHEMAaTHYCCKUX IMap IIATOro Kjiacca U B MECTE COCAMHCHUA CTOMKH C HaAYaJIbHBIMH 3BEHSIMH
HUCCICAYEMOI'0 MEXaHn3Ma PACIOJIOKCHBI JJICKTPUIYCCKHUEC ABUKHUTCIIN. Pemenne y1(a3aHHOﬁ 3aJa4u
OCHOBAHO Ha MCIOJIB30BAHUN OAHOPOAHBIX KOOpAWHAT. Ha ocHose MMOJTY4YCHHBIX ypaBHeHHfI JOBWKCHUS
MOTyT OBITH BBIYMCIIEHBI KaK TPACKTOPUN ABWXCHUA BBIXOAHOI'O 3B€HA, TaK WU €ro0 CKOPOCTU U
YCKOPCHUA, a TaK K€ YIJIbl [IOBOPOTOB, YIJIOBBIC CKOPOCTHU U YCKOPCHHUA 3BCHLBCB MCXaHH3Ma C
YUYETOM NPEABAPUTECIILHO 3aJaHHbIX KWHEMATUYCCKUX MapaMETPOB BXOJHBIX 3BCHBCB MCXaHU3MaA.
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Pesrome:

B crarke mpeacTaBIeHO AMHAMHYECKOE PEUICHHE THIOIMKINYECKOr0 MEXaHW3Ma C IeCTepHEH,
HaXOJISIIEroCs BO BHYTPEHHEM 3alleTNICHAN C HETIOABIKHBIM HapyKHBIM KoJjiecoM. ['eomerpudeckue
OCOOCHHOCTH TPAaEKTOPHUH STOr0 MEXaHHW3Ma ITO3BOJIIIOT NMPHUMEHSATh 3TOT MEXaHW3M B MAIlMHAX,
00ecTeYrBaloINX TEXHOIOTUIECKHE MPOIECCHI, Al KOTOPBIX MHOTAAa HEOOXOAMMBI HE3HAUUTEIILHBIE
KoneOaHusT BEIOMOrO 3BEHAa Ha JTale OCTAaHOBKU. MeEXaHM3MBI TAaKOrO THIA IPUMEHSIOTCS B
TEKCTHJILHON TPOMBINUIEHHOCTH, TJie IpU 00pa0oTKe Kakoro-HUOyb Marepuana TpedyeTcst 4TOObI
WCTIOJIHUTEILHBI OpraH MOT COBEpIIaTh HE3HAYMTENbHbIE KOJCOAHHS OTHOCHTEIBHO BPEMEHHOTO
THIOJIOKEHHSI.

KuaroueBbie cioBa:
MEXaHW3M, IMKJIOU/Ia, 3y0daToe KOJIeco, CKOPOCTh, YCKOpPEHHE, MOMEHT.

OcHoBHast 4acThb

KpuBomun OA Bpamaercss moj AeiicTBHEM IMpuiokeHHoro k Touke O momeHTa Mg, uepes
KPHUBOIINI TPUBOJUTCS B JBMKEHHE OJHOPOJHOE KOJECO 2 C MAaccoll m, KOTOpOe KaTHTCS II0
BHYTpPEHHEHW mNoBepxHOCTH Koineca 1. Hamo ompemenuTs yckopeHHE NOIydaeMoOe€ KPHUBOLIUIIOM
1oJ JACWCTBHEM MPWIOKEHHBIX K MEXaHW3My BHELUIHMX CHJI M CHJ TPEHHUS NPHIOKEHHOIO B
mapHupe A 3y6daroro kosmeca 2. MexaHH3M HMEET OJMH CTENEeHb CBOOOIBI T.€. €ro MOJOXKEHHE
ompeJesseTcs OJHON 00O0OIIEHHON KOOPAMHATOM.

Jis pellieHnst MOCTABICHHON 3aJaudl HaJl0 BOCIOJB30BaTCS ypaBHeHHeM JlarpaHka BTOPOro poja.
VYpaBuenue Jlarpamxka s 0OOMICHHOW KOOPAWHATHI (9 HUMEET BUI:

2. o-Z=0, ®

AKTHBHBIMM  CHJIaMH SIBIAIOTCA Gpyq = Moy ' g — CHUJA TSKECTH KpuBomwMma, G, =my-g —
CWJIa TSKECTH Kojeca 2, My — Bpamjaroliuii MOMEHT NpWIOKEHHbIM K kpuBommmy OA, B
mapHupe A JefCTByeT MOMEHT CHJI CONIPOTHBICHUS My.
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puc. 1.

Hns  ompeneneHus 0OOOIICHHOM CHIIBI — BBIYMCIUM CyMMY paOOT BCEX IIEPEUMCIICHHBIX CHII
JCUCTBYIONIMX HAa MEXaHW3M Ha 3JEMEHTapHOM BO3MOKHOM IepeMeIleHHH 0@, Ha KOTOPYIO
BOOOpakaeMO MoBopadnBaeTcs Kpuomun OA B CTOpOHY BO3pacTaHUsl yria .

puc. 2.

BBIPpAXXCHHUC 1A pa60TBI BBITVIIIUT CICAYHOIIUM 06pa30M:

6A=My-6p — Gpy-|0C|-cospdp — G, |0A| - cospdp — My - 6@, ; 2)
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JmHa KpbIBOIIMIIA ompenelsieTcss 1o Gopmyre:

0A=0P—AP =1, —1y; 3)
HaXOHI/IM TAKXXC TIOJIOKCHUEC HCHTPA TAKECTU KpI/IBOHII/IHaZ
04 1-
oc=2%_n" 4)
2 2

BosMmoskHOe mepemenieHne 000 TOUYKH Kojieca 2 MOYKHO 3amucaTtbh B BUJE:

6Sq = 6S, + 65, (5)
Ota ¢opmyrna T MrHOBEHHOTO IIEHTpa CKopocTed P mpuHMMaer BHI:
0= 6SP€ + 65137- (6)
—8Spe = O5Spy (7
Tak kak
8spr = |6¢,| - AP =15 [6¢p,] ©)
8spe = OA - |6¢| = (rp — 1) - 6 (9)
To mocie IMpUupaBHUBAHUA IIPABBIX yacTeld 3THUX YpPaBHCHUHN IIOJYUYHUM:
—(r,—1) " 6p =1, 50, (10)
8, = -4 = - (2000 (11)
2 2

PabGoTa MomeHTa cuil TpeHMs B 1apHupe A Oyzer:

SAM,) = —M, -2 5 (12)

T2
YuurteiBas 9TO, CyMMa pa60T BCCX CHJI IMPUWIOKCHHBIX K MCXAaHU3MY Ha DJJICMCHTAPHBIX
BO3MOKHBIX HNEPEMCHICHUAX OIIPCACIUTCA C IOMOIIbBIO BI)Ipa)KeHI/ISI:

Tr1—

Zrz  cospSp —

6A=M0'6(p_GOA'

=Gy (1 —13) " cospdp — My By (13)

2
Otcrona HausieM OOOOIIEHHYIO CHIIy TyTeM JIEIEHHUS 3TOTO BHIpaXeHHs Ha 4¢, TOCie 4ero

MOJTy4YHM.

_ -
Qp = Mg — Goa*—5—*cOSp —

—Gy (1 —13) " cosp — My nr) (14)

T2
Hcxomst U3 TOTO 4TO B COCTaB MEXaHW3Ma BXOIAT TOJBIDKHEIE 3BeHs, KpeiBommun OA wu 3y0uatoe

KOJIECO TO TIOJHAs KMHETHYEeCcKas SHeprusi ompexensercs mo Qopmye:

T=TW4+7® (15)
KpuBommun OA  Bpamiaercss BOoKpyr ocu O M ero KUHETHYECKass JHEpPrusi OmIpeleisieTcs
bopmynoii:

T® =2 Jo¢? (16)

T'ne

1 1

Jo = 3Moa” 0A* = 3Moa” (ry —12)? 17)
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EcTh MOMEHT HMHEpLHMH KPHMBOIIMIIA M IIOCJEC €ro MmoacTaHoBkd B (opmyie (16)

TTomyuum:

1 ,
T = e Moa” (ry —1)%- @? (18)

Kunernueckass sHeprus 3y04aTroro koieca 2 — COBEpIIABINETO TUIOCKOE JIBMIKCHUE paBHA:
T® = 2m,v} + 2,03 (19)
2 2
Crnecwr criepBa HaIO ONPEACTUTh CKOPOCTh IICHTpPA BPAIICHUS KOJieca, KOTOpas SBISACTCA W
KoHIIOM KpuBomumna OA!:
Vg =04-|¢|=(rn—1)- @l (20)
UTOOBI OMpEeneNnuTh YIIOBYIO CKOPOCTh 3BEHAa 2 PAaCCMOTPHM CKOPOCTH TOW JK€ TOYKH A,
MIpUHAJUIeKAIIEH 3y04aToMy KOJecy IO OTHOIICHHI0O K MTHOBEHHOMY IEHTPY CKopocteir P
Kojeca
vy=AP-w, =1, w, (21)
W3 sToro mnomyuum:

w, =872 g 22)

T2

MomMeHT uHepuMH 3yO4yaTtoro Kojeca 2 BbIYMCIAETCA 1O (opmyre:

Ja= %mz '7”22 (23)

[TonHoe BBIpaXXKEHUE IJISI KWUHETUYCCKOM SHEpPTUM Kojieca 2 3aluIlIeTcs B CIEIYIONIEM BHJE:

1 .2, 1
T® =My (GCRaPYR) Tom: T3 w3 =

_ 2
=2my - (=) 19l)" +3my-rF- (B2 19]) =

T2

1 ; 1 )
= my- (r, — 1)?19)? tomee (ry — 1) %@l =

= ma (= 1)*§? (24)
Ilocne moncranoBku  BeipakeHun (18) m (24) B dopmyny (15) mnomyunm BbIpakeHHE
OITMCHIBAIOIIEE TOJHYI0 KHHETHYECKYIO SHETPHI0O MeEXaHH3Ma!
T=TW4+7® = %mOA (rp—1p)? - 9P +%m2 (=)t 9t =

__ 2mgpt9Im,

— (1 3 2. 2 2, 2
= (Smoa+3my) (r —1p)? - 7 = TR (1 — )2 (25)
ITocne 3TOro BBIYMCIISIEM YACTHYIO NPOM3BOAHYIO KHHETHYecKoi sHepruu T mo 0000ImeHHO
CKOPOCTH (:

aT 2 +9 .
£=%(H —Tz)z'fp (26)

M BO3BMEM MNPOM3BOAHYIO IIOJYYCHHOI'O pPE3ynbTaTa IO BPEMCHU:

(r — Tz)z P (27)

d i oT _ 2m0A+9m2
at 8¢ 6
3amMeTHM, YTO IOJHAS KHHETUYECKash JHEPrus CHUCTEMBbl BbIpakeHHas ¢opmyaoin (18) He

3aBHCUT OT OOOOIICHHONH KOOPAMHATHI (0, HCXOJAS U3 YEro IMOIydaeM:
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ar

=0 (28)

ITocie moncranoBku Beipakenuit (19), (20) m (21) B ypaBHenme Jlarpamxka (1) momyunm

muddepeHnranbHOe  ypaBHEHHE ABIKEHHE MEXaHM3Ma sl 000O0IIEeHHOW KOOPIWHATHI (!

r-r
2

2mpa+9m, (
— -

o —1)% ¢ =My — Gop -

*COSQp —

=Gy - (rp —12) - cosp — My BT (29)

T2
Otkyna ompezaensercs HCKOMOE yCKopeHue Kpupommma OA

(}5 _ Mo 3Gpacos® 6G, COSQ
M(rl—rz)z (2moa+9Imy)(r1—-12)  (2moa+9my)(r1—13)

_ 6M 4 (30)

1,(2mpa+9m;) (1 —13)

PaBHOMepHOE BpalleHHE KPHUBOILUIA TMPOUCXOTUT NPH YCIOBHUH:

1 1
Mo =2 Goacosp - (1 —13) + Gy - cosp(r; — 1) + EMA(Tl 1) =
1 1
=cos@ - (rp —13) (5 Goa + Gz) + EMA(H —1) =

= [G Goa + Gz) cosp + 1\:—:] “(ry—1y) (31)

3akiouenne

B cTatbe paccMOTPEeHO TUHAMUYECKOE PEIICHUE THITOIMKINYECKOr0 TNIAHETAPHOTO MEXaHU3Ma KOTia
€ro CaTeJUTUT HAXOIWTCS BO BHEIIHEM 3alleTUICHUM C HEMOJABHMXKHBIM HAPYKHBIM  KOJIECOM.
KOHCprKTI/IBHI)Ie OCO6eHHOCTI/I MEXaHu3Ma IIO3BOJIAIOT HCIIOJIB30BaTh 3TOT MCXAaHHM3M B MallIHHaX,
00eCTeYrBAIONINX TEXHOIOTMYECKHE MPOIIECCHI, /Tl KOTOPBIX HA 3Tare OCTAHOBKHM WHOTIA TPEOYIOTCS
HC3HAUYUTCJIbHBIC KOHe6aHI/IH BEIOMOTI'O 3BCHA. MeX&HH?:MBI TAKOI'0 THUIIA I/ICHOJII)SYIOTCH B TeKCTHJ’ILHOfI
MPOMBIIIIEHHOCTH, T/ MpH 00paboTKe Marepuana TpedyeTcs, YTOObl UCTIONHUTEIbHBIH OpraH Mor
COBepIIaTh HE3HAYUTEIbHBIC KOJeOaHUsI OTHOCUTEIHHO BPEMEHHOTO TIOJIOXKeHUs. B maHHOW paboTte
HpOBOJII/ITCSI HUCCIICAOBAHUC IWHAMHUKHN TaKOro MEXaHM3Ma U B peSy_HBTaTe BBIBOIATCA (1)OpMy.T[BI
JUTSL OTIPENICIICHUS YCKOPEHUHM BEAYIIETO 3BEHA W KPYTAIIETO MOMEHTa IPIIOKEHHOTO K 3TOMY
3BEHY I[IPU €ro paBHOMEPHOM JIBUIKECHUU.
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Study of the dynamics of the hypocyclic mechanism in the presence of
sliding friction in the gear joint
Mchedlishvili Zurab, Tediashvili Lia, Elerdashvili Irma
Abstract

The article presents a dynamic solution of a hypocyclic mechanism with a gear, which is in internal
engagement with a sliding outer wheel. Geometric features the trajectory of the mechanism allows use
of this type of mechanisms in machines, which provide suchkind technological processes where slight
fluctuations of the driven linksometimes are necessary at the extreme position ofthe system.
Mechanisms of this type are used in the light industry, where the processing of any tissue requiresslight
fluctuationsof the executive body at the temporary position.
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"[lluxTa 1)1 BRIIABKU CIIaBOB Ha ocHoBe Mapranma” A.C Nel786169 (CCCP) C22C 33/04
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5. C.M.MasmumBuiy, 1. [JdemypamBunu, b.I'.I'oruvanmsunum, T.W.Byaykypu. . "U3sydenue
MpoLeccaypouYHeHUs MapraHencolepXaiux OpHUKeToB” [IpobGneMbl MeTamypru,
MaTepHaJIOBEACHUS U CBapku cOOpHUK TpyaoB VIl MexnyHaponHOW HaydHO-TEXHHYECKOU
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IIpou3BOACTBO KOMILIEKCHBIX CINIABOB M3 MAJIOIVIMHUCTBIX MAPraHIeBbIX 0TX0/10B U
BbICOKO030JIbHBIX yIJIei
Tama3 bByuykypu, Tamap Lepusanze, Tamap LHunocanm,
Huno KenuunamBusiamn
Pe3rome

[Tepexox I'py3un Ha pPHIHOYHYIO SKOHOMHKY TpeOyeT palMOHAIBHOTO HCIOIb30BAHUS
UMEIOUIMX B CTPAHE pECcypcoB, B TOM 4YHCJIE BTOPUYHBIX, CPEOU KOTOPBIX OTXOIbI
METAJITYPrUUECKUX U XUMUYECKUX 3aBOJIOB COCTABISAIOT 3HAUUTEIbHYIO YacTb. X ocBoeHue
U nepepaboTKa JJsl MPOU3BOACTBA METAJUTYPrHUECKOM MPOAYKIIMH 00EeCTIeYMBAET BBICOKYIO
HKOHOMUYECKYIO 3(P(PEKTUBHOCTh OTpaciiel U 0340poBieHHe pervoHa. lcnomab3oBanue
MapraHel-1u aJlOMUHOCOAEpPKAIIUX OTXOJ0B METAJUTYPTHYECKUX U XUMUYECKUX MTPOU3BOJICTB
JUISL TIONYY€HHs KOMIUIEKCHBIX DPACKHCIUTENEH ¢ I1eNbi0 padUHOpPOBaHUS KUIKOM cTaniu

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

g96b65¢00 ,,GHMBL3MOE0 s 9569650039690 MdS“ Ne2 (63) 2025§.

BECbMa AaKTyaJbHO TaK KaK IPHU MX MCIOJIb30BAHMM 3HAYUTEIBHO COKPAIAETCS PacXxof
HNEPBUYHOI0 YYLIKOBOI'O AJIOMUHMS U CTaHJAPTHBIX MapraHieBbix (eppociuiaBoB. C 3Toi
LIEJIbI0 HAMU ObUIM NPUMEHUMBI 1 00pabOTaHbl MAJOKPEMHMN COJEp KALIMI MaTepHral MblUIb
Ipou3BOACTBO FeMn, a Takke BBICOKO30JIBHBIM 3aj1a YIUIbsl, XMMUYECKUN COCTAaB KOTOPBIX
IIPUBEJCHBI B TEKCTE CTaThU.

Production of complex alloys from low-clay manganese waste and high-ash coals
Tamaz Buchukuri, Tamar Tsertsvadze, Tamar Tsilosani,
Nino kenchiashvili
Abstract

Georgia's transition to a market economy requires rational use of the country's resources,
including secondary ones, of which metallurgical and chemical plant waste constitutes a
significant part. Their development and processing for the production of metallurgical products
ensures high economic efficiency of the industries and the recovery of the region. The use of
manganese- and aluminum-containing waste from metallurgical and chemical industries to
obtain complex deoxidizers for the purpose of refining liquid steel is very important since their
use significantly reduces the consumption of primary ingot aluminum and standard manganese
ferroalloys. For this purpose, we used and processed low-silicon-containing material from
FeMn production dust, as well as high-ash coal, the chemical composition of which is given in
the text of the article.
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Revit Architecture: Two-Story Building Modeling - Floor and Stair Design
Natela Javakhishvili, Tea Baramashvili
Abstract

This article explores the use of Revit Architecture for creating an additional floor and a
staircase in a two-story building. It discusses the key tools and commands used in this process,
such as the Filter tool, Clipboard's Copy to Clipboard and Paste functions, and Aligned Selected
Levels. Particular attention is paid to the planning and calculation of the stairwell, considering
floor height, tread width, and riser height. The article also demonstrates how Revit calculates
the required number of steps (Desired Number) and allows for the modification of stair run
direction and railing material, highlighting the software's flexibility in design adaptation. This
article serves as a practical guide for Revit users seeking to enhance their skills in multi-story
building modeling.
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Revit Architecture: MoaennpoBanue AByX3Ta:KHOT0 31anus - [IpoekTupoBanue
3TAMXAa M JIECTHULbI
Haresa IxaBaxumsuiau, Tea bapamamsuin
Pesrome

Hacrosimas crates uccienyer ucronb3oBanue Revit Architecture mis cosmanms
JIOTIOJTHUTEILHOTO 3TAKa M JIECTHULBI B IBYXITa)KHOM 31aHUU. PaccMaTpuBalOTCs OCHOBHBIE
WHCTPYMEHTBI M KOMaH/bl, IPUMEHsIEMbIE B 3TOM Mpoliecce, Takhue Kak nHctpymeHt Filter,
¢byuxkuuu Copy to Clipboard u Paste u3 6ydepa oomena, a Taxxe Aligned Selected Levels.
Oco0oe BHUMaHHE YJIENSETCA IJIAHUPOBAHUIO U PacueTy JIECTHUYHON KIETKH C y4ETOM
BBICOTBI ATa)ka, IIMPHUHBI IPOCTYIU U BBICOTHI MOACTYyNEHKA. CTaTbs TaKKe IEMOHCTPUPYET,
Kak nporpamma Revit paccuntsiBaeT HeoOxoanmoe konmuectBo cryneneit (Desired Number)
U MPEJOCTaBISAET BO3MOXKHOCTh U3MEHEHUS HalpaBiIeHMsI Mapllla U MaTepuayia OrpakKaeHMUs,
YTO NOJYEPKUBAET TMOKOCTh MPOrpaMMHOro oOecredeHus B ajanTtauuu ausaiiHa. Crarbs
IpeJcTaBisieT co0OM MpaKkTUUEeCKOe PYKOBOJCTBO JUIsl IMoJb3oBaresnei Revit, crpemsmuxcs
YJIy4IIUTh CBOU HABBIKM B MOJEIIMPOBAHMY MHOTOATAKHBIX 3aHUM.
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HccnenoBanue monepevyHorl AMHAMUYECKOH yCTOMYHMBOCTH He IOTHOCTBIO 3aTPYKEHHOTO
CaMO3arpy>Kalolerocs TpeJeBOIHOTO arperaTa
Pama3 Txkemanaase, Tunarun I'orumsumm, Mpakxiawnii I'pazernmsunm
Pesome
s GesomacHOTO BefeHHMA IIpOIlecca JIECO3aTOTOBKM B TOPHBIX Jecocekax I'pysuu, B
Pa3JIMYHBIX YCIOBHUAX pesbeda, He0OXOZUMO pa3paboTaTh peKOMEHJAIIUH [IJI OIIepaTOPOB
TpeJeBOYHBIX MamuH. [JIna 5Toro OBLIO IIPOBeIEHO HCCJIe/l0OBaHMe IIOTepedHO
TVHAMU4YecKOH yCTONYMBOCTY He IIOJIHOCTBIO 3aTPYyKeHHOTO TPeJeBOYHOTO arperara IIpu
KPUBOJIMHEITHOM JBM)KEHUH II0 POBHOM IIOBEPXHOCTH, KOI/Ia TPy3 Ha Ky30Be pacIlOIOXeH
CO CTOPOHBI II0BOPOTA, B (GPUKCHPOBAaHHOM IOJNOXeHuU. Paccuuérom mosydyeHo 3sHaYeHUe
BpeMeHM t IIpU IIOBOPOTe C MMHUMAJIbHBIM PaJuycoM, B CIy4ae KPUTHYECKOH Hu

MaKCHUMaJIbHOM CKOPOCTEM.

Study of Transverse Dynamic Stability of Partially Loaded Self-Loading Skidding Unit
Ramaz Tkemaladze, Tinatin Gogishvili, Irakli Grdzelishvili
Abstract
In order to ensure safe logging in mountain logging areas of Georgia, in various terrain
conditions, it is necessary to develop recommendations for operators of skidding machines.
For this purpose, a study was conducted on the transverse dynamic stability of a partially
loaded skidding unit at curvilinear movement on a plains, when the load on the body is
arranged on the side of the turn, in a fixed position. Due analysis are obtained the values of

time t during a turn with a minimum radius, in the case of critical and maximum speeds.
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2 Ganyi Zhang. Amid the disruption of ocean freight, the China-EU Rail Freight experienced a solid but
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Directions for increasing the efficiency of Georgian maritime transport management
Goderdzi Tkeshelashvili, Giorgi Melkadze, Tamar Kiladze
Abstract

Sea transport is considered the cheapest and most convenient type of transport. The cargo
turnover of sea transport is several times higher than the total cargo turnover of all types of transport.
Since Georgia has access to the open sea, which its immediate neighbors Azerbaijan and Armenia, as
well as the Central Asian states, lack. Therefore, the use of the Central Caucasus transit corridor, a large
part of the route of which passes through the territory of Georgia, should be economically acceptable
for the above-mentioned countries, to which a large contribution will be made by Georgian maritime
transport and its management. The management of Georgian maritime transport should ensure
compliance with the requirements of the International Maritime Organization (IMO) and the
competitiveness of Georgian ports in relation to foreign ports on the Black Sea.

IIyTn nosbimieHust 3¢pPeKTHBHOCTH yIIPABJIEHU MOPCKUM TpaHcnopToM I'py3umn
T'opepasu Tkemenamsuiau, 'eopruit Meakanse, Tamap Kunanse
Pesrome

Mopckoli TpaHCIIOPT CYMTAETCS CaMbIM JCIIEBBIM M YAOOHBIM BHAOM TpPaHCIOPTA.
I'py30060pOT MOpPCKOTO TpaHCHOPTa B HECKOJBKO pa3 MPEBBIIIAET CyMMAapHBIA I'py30000pOT BCEX
BUJOB TpaHcnopra. Ilockonbky I'py3uss umeeT BBIXOJ K OTKPBITOMY MOPIO, YEro JIMLIEHBI €€
HEITOCPEIICTBEHHEBIE cocenu AzepOaiipkan m ApMeHHs, a Takke rocyrapcra LleHTpansHON A3um.
[Mostomy wmcnonb3oBanue lleHTpanbHO-KaBka3ckoro TpaH3UTHOTO KoOpuaopa, Ooiblnasi 4YacTh
MapupyTa KOTOPOTO MPOXOIUT MO TePPUTOPHH ['py3uH, AOIKHO OBITh SKOHOMHYECKH MPUEMIIEMBIM
JUTSL BBIIIIEYKA3aHHBIX CTPaH, B YeM 3HAYMTENBbHBIN BKJIAJ BHECET MOPCKOM TpaHcmopT I'py3un u ero
yhpasiieHHe. AJMHHUCTpalMs MOPCKOTO TpaHcnopra ['py3unm noimmkHa oOecneuuTb COOIII0JeHHE
TpeboBaHMit MexryHapoHol Mopckoii oprann3anuu (MMO) n KOHKYpPEeHTOCTIOCOOHOCTh TPY3HHCKHX
MOPTOB IO OTHOIICHHIO K HHOCTPaHHBIM MopTaM Ha YepHOM Mope.
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Directions for Increasing the Capacities of Georgian Seaports
Goderdzi Tkeshelashvili, Giorgi Melkadze, Manana Laliashvili, Eka Gazashvili
Abstract

For Georgia, the presence of an outlet to the open sea is its geopolitical advantage, which should lead to
its economic prosperity. Since neighboring Azerbaijan and Armenia, as well as all five Central Asian
states, are deprived of such an opportunity. This means that through the territory of Georgia and using
Georgian seaports, it is possible to achieve a much greater load on one of the important transit corridors
of Europe-Asia - “Central Caucasus Transit Corridor”, than it currently exists. We should consider
economic sanctions against Russia and Iran as a contributing factor to this, although the result is still
relatively small. The increase in the capacity of Georgian ports and the effective use of this capacity is
conditioned by their insufficient deepening, which does not allow for the reception of large-draft ships,
although better use of existing resources is possible by improving port management and coordinated
action of ports with other transport systems (railway, road transport).

HanpagJ/ieHus yBeJIM4eHHsl NPOIYCKHOM CIIOCOOHOCTH MOPCKUX MOPTOB I'py3un
TI'opepasu Tkemwenamsuiau, 'eopruit Menkanse, Manana Jlaanamsuiiu,
Jka [N'azamBuIN
Pesrome
Jns ['py3un Hanwaue BBIXOAA K OTKPHITOMY MOPIO SIBJISIETCS €€ TeOMOIUTHUECKUM IPEUMYIIECTBOM,
YTO JIOJDKHO NPUBECTH K €€ SKOHOMHUYECKOMY TMpolBeTaHuio. Tak Kak cocefHue A3zepOailjkaH U
Apmenns, a Takke Bce IATh rocyaapctB LleHTpanbHONH A3WM JTUIIEHBI TaKOW BO3MOYKHOCTH. JTO
03HAYaeT, 4To Yepe3 TeppuToputo ['py3un u UCIoNb3ys IPY3UHCKHE MOPCKHE TIOPTHI MOXKHO JOOUTHCS
ropas/o OOJIbIIIel 3arpy3KH OJTHOTO M3 BaXKHBIX TPAH3UTHBIX KOpuaopoB EBpoma-Asus - «lleHTpanbHO-
KaBkasckuif TpaH3UTHBIN KOPUIOP» - , YEM 3TO €CTh B HacTosee Bpems. K crmocobcTByrOmmM 3TOMy
(dakTopaM ciieyeT OTHeCTH SKOHOMHYECKHE CaHKIUK MpoTuB Poccun u MpaHa, XOTs pe3ybTaT Bce
pPaBHO OTHOCHTEIBHO HEBEIHMK. YBEIWYCHHE IPOIYCKHOW CHOCOOHOCTH TPY3UHCKUX TOPTOB U
3¢ PeKTHBHOE HCIOIH30BAHNUE ITOH MPOIMYCKHONW CIIOCOOHOCTH OOYCIOBJICHO HMX HEIOCTATOYHBIM
yrayOJIeHneM, 4TO He IMO3BOJISIeT PUHUMATE CyJIa ¢ OOJIBIION OCaIKOH, XOTS JIydIliee HCIIOJIb30BaHUS
HMCIOIINXCSA PECYPCOB BO3MOXHO 3a CYUHET YIYUYHICHUA YIPaBJICHHUA IIOpTaMU W COIIaCOBAaHHBIX
JIEUCTBUHA TIOPTOB C JAPYTUMHU TPAHCIIOPTHBIMH CHUCTEMaMU (3KEJIE3HOJOPOKHBIM, aBTOMOOMIHHBIM

TPaHCIOPTOM).
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Trends in the development of world transport services
Vaja Zeikidze, Giorgi Maisuradze, Tamar Rukhadze,
Tamar Khamkhadze, Giorgi Xvedelidze
Abstract

The article analyzes the trends in world transport services, gives the place and role of the transport
system in the formation of world GDP. The development of world transport infrastructure allows to
significantly reduce the cost associated with the movement of goods, services and work. The experience
of forming world transport infrastructure shows that the return on investment has a long period, therefore
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the state should be actively involved in this process. The presented article also discusses the individual
types of transport included in world transport systems, which make a significant contribution to the
development of the transport system as a whole. The world transport infrastructure is developed in
countries such as the European Union, the USA, and Japan. In the European Union countries, road
transport leads in freight transport. Next comes railway transport - 25%, and the rest is represented by
sea and inland waterway transportation. As for international sea freight transportation, the main
"maritime" countries are Greece, Great Britain, Finland, Norway and Japan. As for air transport and
cargo transportation intensity, experts traditionally distinguish three regions: Western Europe, the Far
East and the USA. They account for 2/3 of the world's air cargo turnover.

TeHaeHI UM Pa3BUTHS MUPOBBIX TPAHCHOPTHBIX YCJIYT
Baska 3eiikua3se, I'eopruit Maiicypanse, Tamap Pyxanse,
Tamap Kamxanze, I'eopruii XBeneauase
Pesrome

B cratbe aHanM3MpYIOTCS TEHACHLUMHM MHMPOBBIX TPAHCIOPTHBIX YCIYT, AAETCS MECTO M POJb
TpaHCTIOPTHOW cucTeMbl B (popmupoBannn MmupoBoro BBII. PasButne MupoBoil TpaHCTIOPTHOI
MHPPACTPYKTYPHI MO3BOJISIET CYIIECTBEHHO CHU3HUTH U3JICPIKKH, CBSI3aHHBIC C IIEPEMEIICHHEM TOBaPOB,
ycayr u pabot. OnbiT GOpMHUPOBaHMS MHPOBOH TPaHCIOPTHOM MH(PACTPYKTYpPhl MOKA3bIBAET, YTO
OKYIaeMOCTh HMHBECTULMN HMEET JIUTENbHBIA MepHoJ, TO3TOMY TOCYJapCTBO JOKHO AKTHBHO
y4acTBOBATh B 3TOM Ipoliecce. B mpeacTaBieHHON cTaTbe TakKe pacCMaTPUBAIOTCS OT/EIbHBIE BUIBI
TPAHCIOPTA, BXOSIINE B MUPOBbIE TPAHCIIOPTHBIE CUCTEMBI, KOTOPbIE BHOCST CYLLIECTBEHHBII BKJIaJ B
pa3BUTHE TPAHCIIOPTHON CUCTEMBI B 1IEIOM. MUpPOBast TpaHCIIOPTHASI MHPPACTPYKTYpa pa3BUTa B TAKUX
cTpaHax, kak EBpocoro3, CIHIA u fnonus. B ctpanax EBpocorosa mo rpysonepeBo3kam JUINPYET
aBTOMOOWJIbHBIN TpaHCHOPT. Jlajiee clieayeT KeJIe3HOAOPOXKHBIN TpaHCcmopT - 25%, a ocrajibHOE
MPEJICTABIEHO MOPCKMM M BHYTPEHHHUM BOJHBIM TpaHCHOPTOM. UTO Kacaercss MeKIyHapOIHBIX
MOPCKHX TIPY30BBIX IEPEBO30K, TO OCHOBHBIMH «MOPCKUMM» CTpaHamu siBistorcst ['penws,
BenukoOpuranus, @unnsunus, Hopserus u Snonus. o Bo3aymHoOMy TpaHCIIOPTY ¥ MHTEHCUBHOCTH
Ipy30IEPEeBO30K CIEUUATMCTHl TPAAULMUOHHO BBIIEISIOT TPU peruona: 3anagHas Espoma, lanbHuit
Bocrox u CIHA. Ha ux nomnro npuxoaurcs 2/3 MUPOBOTO rpy30000poTa aBUaNePEeBO30K.
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IIcuxoconuanbHbIe PUCKH COTPYIHUKOB M UX OLIEHKA
Hana Kuxknanse, Hato Kuknanze
Pesrome

B cratpe ommcwiBaeTcs KOHICHIIHA IMCUXOCOUHAJIBHBIX PHUCKOB JId IEpCOHaIa Ha pa60qu MECTEC,
KOTOpasd BKJIHOYACT CTPECC, ACTIPECCUI0 U IICUXOJIOTMYCCKOC IMMPECICA0BaHNEC, BEI3BAHHOC YCIIOBUAMU
Tpyna. OOCYXIaloTCs BOIPOCH BEISBICHUS M ONpereNeHUs (PaKTOpOB pPHCKA, BBI3BIBAIOIINX
COMAaTHYECKHE U XPOHUYECCKHE 3a00JICBaHMsI, BIMSIOIINE HA 3/IOPOBBE JIFOACH U UX TPYI0CIIOCOOHOCTb.
B Hem omnmceiBaeTcs, Kak NMpo)eCCHOHANBHBI PHCK CBSI3aH C KOHKPETHBIMH XapaKTepUCTUKaAMH
pabouero mecta. llpencraBneHsl 1opuIUYecku 00s3aTeIbHBIE HOPMATHBHBIE TOIXOABI Pa3THIHBIX
CTpaH, OTMEYEHa HEOOXOJUMOCTh OIICHKH MCUXOCOIUAIBHBIX (PaKTOPOB Ha paboyYeM MECTe, a TaKKe
AUArHOCTUKU IICUXOOMOIIMOHAJIBHOTO COCTOSAHHUA IICPCOHAJIA. HpaBI/IJ'ILHaH OopraHu3anusa Tpyaa co
CTOPOHBI PYKOBOJICTBA IMO3BOJIACT OIPEACIIATL IMCUXOJOTUYECKOE COCTOAHUE TIE€pCOHATIA Ha pa6oqu
MECTE, YIIPABJIATE CTPECCOM, IIPEOA0JICBATH ACIIPECCUIO, ITOBBIIATE ITPOU3BOJUTCIILHOCTEL TPYyJa, 4Y€TO
MO>KHO ,I[O6I/ITI>C$I 3a CYET HpO(beCCHOHaHLHOﬁ IIOATOTOBKH U ITOBBLIIICHUA KBaJ'II/I(l)I/IKaLII/II/I nepcoHasia,
BHEJIPEHUS MEP CTUMYJIMPOBAHUS, CO3AAHUS MECT JUIs IICUXOJIOTMYECKON pa3rpy3Ku.

Psychosocial risks of employees and their assessment

Nana Kiknadze, Nato Kiknadze
Abstract
The article describes the concept of psychosocial risks for personnel in the workplace, which includes
stress, depression and psychological persecution caused by working conditions. The issues of
identifying and defining risk factors that cause somatic and chronic diseases that affect people's health
and their ability to work are discussed. It describes how occupational risk is related to specific
characteristics of the workplace. It presents legally binding regulatory approaches from various
countries, and notes the need to assess psychosocial factors in the workplace, as well as to diagnose the
psycho-emotional state of personnel. Proper organization of work by management allows us to
determine the psychological state of personnel in the workplace, manage stress, overcome depression,
and increase labor productivity, which can be achieved through professional training and advanced
training of personnel, the introduction of incentive measures, and the creation of places for psychological
relief.
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A

Risk management in metallurgical enterprises
Nato Kiknadze, Nana Kiknadze
Abstract

Metallurgical enterprises represent complex production systems distinguished by intricate
technological processes. These systems are associated with various types of risks, including
technological, environmental, safety, and economic risks. The article discusses modern
approaches to risk management, including the stages of identification, assessment, prevention,
and monitoring.

YupasJ/jieHue pUCKaMH HA METAJLIYPrH4eCKUX NpeInpuATHAX
Hato Kuknanze, Hana Kuknanze
Pesrome

Meramtypruueckue MNPEANpUsITHS TMPEJACTaBISIOT CO00M MPOU3BOJCTBEHHBIE CHUCTEMBI,
OTJIMYAIOIIHUECS CJIOKHBIMU TEXHOJOTHMUYECKHMH TMPOLIECCaMHU, KOTOPBIE COMNPSIKEHbI C
PAa3IMYHBIMHA BUJJAMH PHUCKOB — KaK TEXHOJOTUYCCKUMU, TaK U SKOJIOTMYCCKUMHU, CBA3AHHBIMU
¢ 0e30macHOCTHI0O M SKOHOMHKOW. B cTaTbe paccMaTpuBarOTCs COBPEMEHHBIE MOAXOJbBI K
YIOPaBICHUIO PUCKAMH, BKJIOYas STambl WACHTU(UKALMM, OLEHKH, NPEAOTBpAIECHUS U
MOHUTOPHHTIA.
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Specific of Human resources
Ketevan Kitsmarishvili, Elene Kitsmarishvili
Abstract

One of the modern socio-psychological sciencesA characteristic feature is the origin of
organizational psychology and itsRapid development, which is a new scientific direction andIt
combines psychological, sociological and economic sciencesachievements. The origin of this
direction of social psychology is objectivethe prerequisite is a radical socio-economic
andPolitical reforms that are taking place in modern countries. thisthe reforms confirm that the
human dimension has become the countryOne of the important resources for the development
of organizations to be solvedType of tasks, place of public division of labor, propertyRegardless
of form and level of development. Today alreadylt is clear that “human resources" will have
the ability to do that several timesto increase the effectiveness of the organization or even to
question its ownpossibility of existence.
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Crnennduka ynpapjieHHs IIepCOHAIOM
Keresan Kuumapumsuin, Jiiene Knnmapumsuiu
Pesrome

OnHOI M3 XapakTepHBIX OCOOCHHOCTEH COBPEMEHHON COIMAbHO-TICHXOJOTHYECKOW HAyKd
ABISICTCA  BO3HUKHOBEHME M  OBICTpOE pa3BUTHUE OPraHU3ALMOHHOMW  IICUXOJIOTHUH,
npeicTaBisitomeil co0ol HOBOE Hay4yHOE HalpaBleHUE, OOBEIUHAIOLIEE JOCTUKEHUS
IICUXOJIOTHYECKUX, COLIMOJIOTHYECKUX U S3KOHOMUYECKUX HayK. OOBEKTUBHON MPEAIOCHIIKON
BO3HUKHOBEHHUS HTOrO HAIPABJICHUS COLMAIBHOW IICUXOJOTMM SBJIAIOTCS paJUKaJIbHbIE
COLMAIIbHO-9KOHOMHYECKUE U TOJUTHYECKUE PePOpPMBI, MPOUCXOMSANINE B COBPEMEHHBIX
cTpaHax. DTU pedOpMBbI MOATBEPKAAIOT, YTO «UEIOBEYECKOE M3MEPEHHUE» CTA0 OJHUM U3
BAKHEUILINX PECYpPCOB Pa3BUTHS OPraHM3alUi B CTPaHE, HE3aBUCHMO OT THIIA PEIIAEMBIX
3aJa4, MecTa OOIIECTBEHHOTO pa3/eieHUs Tpyaa, (OpMbl COOCTBEHHOCTH U YPOBHS Pa3BUTHSL.
CeroaHst yXe OYEBHJHO, YTO «UYEJIOBEYECKUN pecypc» CIIOCOOEH MHOTOKPATHO IOBBICUTH
3¢ (EeKTUBHOCTh OpraHU3alUU WIH, HA000POT, MOCTABUTh I10Jl COMHEHUE CaMy BO3MO>KHOCTb
€€ CyIeCTBOBaHUS.

www.journaltm.gtu.ge 100 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

g96b65¢00 ,,GHMBL3MOE0 s 9569650039690 MdS“ Ne2 (63) 2025§.

533MOMs 1554w1HoMIdM©

Usdg3boghm bsdMMBol MYsd3osdo Faedmeygbols figlo

Lodo®m3geml - G9dbogm@mo  1bogg®lo@g@ol  Ls@mabldmm@m  bol@gdgdobs ©s dgdsbozol
065069600l 3o3MEHIBHOL  gObsedo - “GHEbLEIMOG0 s F96J9bsnTbgdEMds” Lsdgabogm
B53OHMAol  [oMdm@agbs bgds  Jooma, o0byeolby® s Gmbue gbgdby, GMIwgdos wWbos
03004 x30e9dgl 8999y dmobmgbadl:

1. Bs36mdo Mbs g gl A4 gm®do@olb Josw@obl 1,15 0b@ghgowom bsdgdw 2390wy
ISO LEHBIOEOL Immbmgbols dobgwzom:

5)  653Gmdo by  Bmdbsgl  Microsoft Word-8o  gbMomadols  @s  gm®degdol

M905JBHMMgool  35dmygbgdom;  dgLadegdgwos  3o8mygbgdmen  odbgl  Microsoft Excel-ol

360 MyM50;

0) Lodmdom JomomEol Jobgz®mol bmdgdo: Bgs - 35 83, Jggos - 25 83, dobbgbs -

25 809, Bstrxggbs - 25 90;

3) JoOome gbsby Fgbewgdmo bsdhmdo Mbs sofjyml  Sylfaen — ol as®bo@w®ol

I60xG0m, 0baEolyy® ©s GV 9690y Tgueymadwyeo Bsddmdo 3o - Times New Roman

dOonEom;

©) 6536m3oL Lobggds vbs sofiyml Sylfaen  qo®bo@mmol IGog@om 18B; o3BGl

Lobgemo  (LOMEL©) ©s ags®o - Sylfaen 239Mbo@emol  dGog@om  14B;  s3@m®ol

056500090Md5/ffmgds/bstolbo, gw. gmbGol dobsds®mo mbws dogmomml dGogEoo 10;

Q5LObYEgds MMABOBI300L, Losz TguMs Lsdwmdsm, Mbos dogmomml gmBbowgddo -

dhom@oo 12B; 6530m@dol Ggbomdg mbs Iglermogl 3996OLogo dhom@oo 11; bs3356dm

bo@yggdo -  dhogEoom 11; 6s8Hhmdol GHgdu@o - 11; MMl 9bsby Gglermewgdmeo Bsddmdo

- 960gGom 12; wo@g®o@mol bsdmbsmgswols 9909y ghmzol Mgbomdg obywrolw® s

by 9690%g 89990 000gd00m: b5dMMIOL ©olbgEgds, 93GMMOL/s3GMMmgdOL Labgwo

(LEMOE) s 235600. OYHBoTgL FmEEMds Mbs 0gml 5-15 LEMogmbo;

2. 65dOMAo HoMmImygbomo Mbs oyml b 3m83sd@ ©olgby (CD-R) s gho 9aH9d3esMo
A4 ROIGHOL  Jowowby  (03980Mm©)  ©MVYFoo b sBH30Mmmgm 990y ToLodsMmbHY:
journal.t. m@gtu.ge

3. 6596OMAL 096 Mbs gOHmM3zmEaL 8mbszg8gdo 93GHMMOL (53GHMMm9dOL) Tgbobgd: 535009009960
bsemolbo/lsdgEbogMm bo@olbo, 096590 gdmds, Ledwdsm S0 s Gger. bmdgho;

4. 5796b5¢0do J399bgds Ibmeme M9396%B0Mgds©o BsdMMIYdO;

5. ®9©5J30s TBOL s FIOL gMm §Mbsedo gHmo s 03039 93GMMHIOOL JogM TgbdHyergdwye
065999 gL Lodo LESEO0L 35dmd39ybgdsL;

6. 653OMI0L 39MHIOOL H5MEIbMds 60LsBLIMGOs 5-sb 30 2390 3Y;

7. 533™MM0 35Lmbl 5390l 65O MB0L F0bss®LLS s batolbby.

www.journaltm.gtu.ge 101 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:journal.t.m@gtu.ge

g96b65¢00 ,,GHMBL3MOE0 s 9569650039690 MdS“ Ne2 (63) 2025§.

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 MAIIMHOCTPOUTEIHHOTO
¢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) Paborta nmoaroranuBaercs B Microsoft Word ¢ ucrosp3oBanneM peaakTopoB TaOIHIl U

(bopMyIT; BO3MOXHO HCITOJIB30BaHue mporpamMmer Microsoft Excel.

0) pasmepsl mois 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 Gpamusns aBropa

— wmpudrom Sylfaen (14B); Ha3BaHMe OpraHH3allUH, TJC BHIOJIHEHA PadOTa, YKA3bIBACTCS

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

KIIIOYEBbIC cTIoBa — 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 MpeBbIaTh S5-15 cTpok;

2. PaOota pomkHa ObITh mpejacTaBicHa Ha kommnakT-mucke (CD-R) wu B omgHOM 3K3eMIuIsape
(pa3bopunBo) HaneuyartaHHoW Ha Oymare Qopmara A4 Mnm sarpysure mo ciefymooueMmy agpecy:

journal.t. m@gtu.ge;

3. K pabore npunaratorcs JaHHbIe 00 aBTOpe (aBTOpax): Hay4yHas CTENEHb, 3BaHUE U J0JDKHOCTD;
4. B >xxypHase IIy0INKyIOTCA TOJIBKO PelleH3upyeMble paboTsl;

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

OIHUM U TEM XKE aBTOPOM;
6. KonmuecTBo nmcToB paboThl onpeaensercs oT 5 1o 30 ctpaHwuir,

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