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The relevance of increasing the productivity of freight cars
on the Georgian Railway
Petre Kenkadze, Avtandil Sharvashidze, Giorgi Katsitadze
Abstract

The article considers a freight car as one of the mandatory means of carrying out the
transportation process on the Georgian Railway. Ways and means of intensive use of a freight
car are given; its impact on the volume of freight traffic. In order to increase the productivity
of afreight car, it is justified at this stage the need to study the operating conditions and establish
rational forms of its functioning, in order to increase the efficiency of freight traffic on the

Georgian Railway.

AKTYaJIbHOCTH NOBBILIEHUS POU3BOAUTEILHOCTH IPY30BbIX BATOHOB
Ha ['py3uHCKO# KeJIe3HOM opore
IHerpe Kenkansze, ABranaua lllapsammase, I'eopruii Kauuranse

Pe3rome
B cratre paccMaTpbIBACTCA I‘py3OBOI71 BaroH, Kaxk OAWHb U3 06${3aTeJ'H>HLIX CpeaAcCTB
OCYILIECTBJIEHUS TIEPEBO30YHOrO Ipouecca Ha ['py3uHCKOi kene3Hon popore. [IpuBogutbces
IMyTHU U CPCACTBA MHTCHCUBHOI'O UCIIOJB30BAHUA I'PY30BOIr0 Baroda, €ro BJIMAHUC HA 06’I>CM€
T'PY30BLIX IICPEBO30OK. I[JBI YBCJICUYCHUA MTPOU3BOJAUTCIIbBHOCTU I'PY30BOTI'0 BaroHa, O60CHOBaHa
Ha JAaHHOM 3JOTallc HeO6XO,[[I/IMOCTL HCCIICAOBAHUSA OKCIUTYAaTallUOHHBIX YCJIOBUH H
yCTOHOBJ'IeHI/ISI paIlI/IOHaJ'II)HI)IX q)OpM €ro (1)YHKHI/IOHI/IpOBaHI/I$I, C [ICJIIBKO ITIOBBIIIICHUA

3¢ (PEeKTUBHOCTH TPY30BBIX MIEPEBO30K Ha [ py3MHCKOMN KeIE3HOM Jopore.
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Features Exploitation of iron ore in modern conditions
Roman Morchiladze, Jemal Morchiladze,
Vakhtangi Kopaleishvili
Abstract
The article deals with the work of the Thilisi marshalling yard of the Georgian
Railway in modern conditions. The possibility of efficient use of rolling stock
(locomotives, wagons), as well as the use of a double cargo operation, in order to

improve the turnover of the wagon and reduce operating costs, is considered.

Oc00eHHOCTH IKCIUIYATAIHOHHOM PadOThI sKeJIe3HOM T0POru
HA COBPEeMEHHOT JTame
Poman Mopunaanse, Ixxkeman Mopuuiaanse,
Baxranru KonajgenmBuian
Pesrome
B cratbe u3nokeHbl BOMPOCHl pabOThl COPTUPOBOYHOM cTaHuuMu TOMIHCH
['py3uHCKOM KeJIe3HON JOPOTU B COBPEMEHHBIX YCIOBUSAX. PacCMOTpEH BO3MOXKHOCTD
3(p(PEKTUBHOTO HCIOJIB30BAaHUS IOABMKHOTO COCTaBa (JIOKOMOTHMBOB, BaroHOB), a
TaK)K€ MPUMEHHUS JBOMHOM rpy30BOH Orepalyy, ¢ Leablo yaydleHus: 000poTa BaroHa

H COKpAIICHUSA SKCINTYAaTAallTHOHHLIX PaCXOd0B.
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dnmbmzbsms OO, bsMOLLM3BO S OMMWO 93T5YMBOWGds. 50BOTbYP
36m39Lgddo 3603369 ™m3560 sHoo 93MM3boL LoogEMIMdoEM  FHMBbL3MOE 0l
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Q5094mls:

1. md09d@«mco:

— 3mbobEgMmdOL 2505500 dsDg dmmbmzbogdols BO.;
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23



1906500 ,,BMBbL3MME0 5 356J9650000969demds“ Nel (53) 2022€;.

Carriage efficiency improvement for city buses cruising in designated lanes
through rational planning of distances between stops
Davit Pridonashvili, Revaz Revazishvili, Aleksi Chibirashvili
Abstract

External and internal reasons of city bus carriage efficiency reduction are presented in the
article. Among the available measures intended for solving the mentioned problems a
preference is given to allocation of special lanes for route vehicles of general use. In the
mentioned process lots of factors and parameters have to be taken into account, among which
the distance between stops is the most important. Following the research of available literature
on the mentioned issue and measurement of distances between stops planned at the routes
existing in Thilisi the recommendation is made, fulfillment of which will substantially improve

the city bus carriage efficiency.

HoBbienune 3¢ GeKTUBHOCTH NEPEBO30K I'OPOACKUMH aBTO0yCcaMHu,
padoTalIMMH B BbIJIE€JE€HHBIX M0JI0CAX, IyTEM PALMOHAJIBHOIO
TUIAHUPOBAHNS PACCTOSTHUA MEKIAY OCTAHOBKAMU
Hasuja llpuponamsuiau, Pesa3 Pepazumsuiiu,

Asexcn UnOupamsuian

Pe3rome

B cratwe NMpEACTABJICHBI 06I>6KTI/IBHLIe u CYG’beKTI/IBHHe INPpUYIUHBI YMCHBIICHUA
B(I)q)CKTI/IBHOCTI/I NEpPEBO30K TOPOACKHMHU aBTO6yCaMI/I. CpeI[I/I HUMCIOMIUXCA IJid PCHICHUSA
YKaSaHHOﬁ HpO6JIeMLI MCp HOpCANOYTCHHUE OTHAAHO BBIACICHHUIO CICHHUAJIBHBIX IIOJIOC IJIA
MapLIPYTHBIX TPAHCIOPTHBIX CPEACTB OOIIEro IMOoJib30BaHUA. B ymoMmsiHyTOM mpolecce
HEO0OXOIUMO Y4ECTh MHOXKECTBO ()aKTOPOB U MapaMeTPOB, CPEeIU KOTOPHIX CaMbIM Ba)KHBIM
ABJIACTCA  paCCTOAHUC MCKAY OCTAHOBKAMMU. ITocie HUCCJICOO0BAaHU CyIJ_ICCTByIOH_ICﬁ
JUTEpPATypel IO [JAHHOMY BOIPOCY U M3MEPEHUs pacCTOSHUNM MEXIy OCTaHOBKaMH,
3allJJaHUPOBAHHBIMU Ha CYHIECTBYIOIIMX Mapuipyrax B T. TOwiucu, mpeacraBieHa
PEKOMEH/IAIMs, BBIMOJTHEHUE KOTOPOW CYIIECTBEHHO YBENIUYUT A()PEKTUBHOCTH MEPEBO30B

TOPOACKUMU aBTO6ycaMI/I.
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YK 629.113.004
HcciienoBanue BJIMSHUSA TUKJIOB HaArpy>KCHHUs
TOPMO30B AaBTOMOONJISI HA KOJOTHYHOCTD

Bapaam JleknamBuian*, Huao Tonypus**, Banepu kagxanuaze**,

JAumutpu bamaxangze***
* IIpogeccop, I py3sHHCKOro TEXHHYECKOIO YHHBEPCHTETA;
**Accoyuposannuiii npogpeccop, [ pysHHCKOIO TeXHHTIECKOTO YHHBEPCHTETA;
*** JlokropaHT, I py3HHCKOIrO TeXHHYECKOI'O YHHBEPCHTETA

(I'py3uncknii Texuuueckuii YuuBepcurert, yi. KocraBa Ne71, 0175,

Tounucu, ['py3ust)

Pe3tome: Pazpaboman memoo onpeoenenus KoIuuecmaa 8peoHblx 6euecms, ebloeisaeMblx npu
pabome mopmo3HbIM MEXAHUZMOM MPAHCHOPMHO20 cpedcmaa. Mnmencuenocms usHoca pyuex
MOPMO3HO20 MEXAHUIMA ONPeOesiom No KOAUdecmey Mmopmo308 (YUKIUUECKUX HACPY30K).
Onpeodenenvl 3aKOHOMEPHOCMU pachnpedesieHus pecypca MOPMO3HbIX KOJNOOOK U €20
napamempwvi. OnpeodeieHue KoIuyecmea eujecmed, NONYYEHHO20 8 pe3Vibmame U3HOCA,
OCHOBbIBANIOCH HA 3HAUEHUSX HAYATIbHO20 CHUMNCeHUst maccul npobeza na 1000 km.

Kirouesbie ciioBa: TopMO3HBIE HAKIIAIKH, KOJMIECTBO TOPMOKEHUS, BBICTISIEMO BEIIIECTBO,

PECYPCHI HAKITAA0K, HAAC)KHOCTb CUCTEMbI, MTHTCHCUBHOCTH U3HAIIIMBAHU.

BBenenue
[Ipu paccMOTpeHHH MPOOJIEMHBIX IO IKOJIOTHYECKOM O€30MacHOCTH aBTOMOOMIIEH,
HapsAy BPEAHBIX KOMIIOHEHTOB, BBIJEISIEMBIX JABUTATENIIMH BHYTPEHHETO CrOpaHusi, BaXKHOE
3HaUEHUE UMEET TaK K€ BPE/IHbIC BELIECTBA, MOJIy9aeMbIe B CJIEACTBUU U3HOCA (PPUKIIMOHHBIX
HAaKJIaJJIOK TOPMO3HBIE MEXaHW3MOB aBTOMOOWIIEH. DTO B MEPBYIO OuYepedb OTHOCHTCS K
aBTOMOOWJISIM M aBTOTIOE3/1aM CpeHEN U OOJBIION TPy30MOIEEMHOCTH, KOTOPBIE COCTABIISIOT
3HAUYUTENIbHYI0 YacTh TPAHCHOPTHBIX MOTOKOB aBTOMArucTpajieil Kak MPUTOPOJHBIX TaK M

MCKAYTOPOAHBIX U MCKAYHAPOAHBIX ICPCBO3KAX.

OcHoBHAA YaCTh
K CI/IJ'IaM, HpOTHBOHeﬁCTBYIOHIHM JOBHUKCHHUTIO aBTOMO6I/I.]'I${, OTHOCATCA KaK
C€CTCCTBCHHBIC CUJIBI — CHJIbI COHpOTI/IBJ'IeHI/IH Ka4y€HHU1O, 130311yxa, HOJI’BeMy U CHUJIBI TpeHI/Iﬂ,

BO3HHUKAOMIUEC arperarax TPaHCMHUCUU W JABUTATCIIA aBTOM06I/IJ'I${, - TaK U HCKYCCTBCHHBIC,
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CO37aBacMble TOPMO3HBIMH MEXaHU3MaMHU I PETyJIHpPOBaHUs (CHUIKEHHS]) CKOPOCTH
aBTOMOOWJISL UJIM €70 SKCTPEMAJIbHON OCTAaHOBKH — TOPMO3HBIE CUJIBI.

TopMo3HOE [I€HCTBHME €CTECTBEHHBIX CHJI B OOBIYHBIX JOPOXKHBIX YCIOBHSX
CPaBHHUTEIBHO HEBEJIMKO, OJKCHEPUMEHTAIbHBIX YCTAaHOBJIEHO, 4YTO TMPU TOPMOKEHUU
aBTOMOOWIA co ckopocTu MeHee 100 Km/4, BeTMYMHA CHIIBI COMPOTHUBIICHHS KAYEHHUIO KOJIeC,
BO3/yXa U TPAHCMHUCH aBTOMOOMJISL He mpeBbimaeT 8-10% OT MmoHOM CHITBI COTPOTUBIICHUS
JIBUKEHHUIO, KOTOPYIO MOKHO CO3/1aTh MPU MOMOIIU KOJIECHBIX TOPMO30B.

Haubonee »sQdexTuBHOE TOPMOKEHHE CO3[JACTCsl CIEHUANbHBIMU TOPMO3HBIMU
MeXaHU3MaMH, JEHCTBYIOIIMMH Ha KoJjieca aBToMoOuJIs. [Ipu 3TOM TOpMOKeHHE aBTOMOOHIIS
JOJDKHO — OCYIIECTBIATBCSA TaK, 4YTOOBI MaKCHUMajbHas d(PQPEKTUBHOCTh JIOCTUTAJAChH
OJIHOBPEMEHHO C COXpaHEHHEM YCTOWYHMBOCTU U YIPABISIEMOCTH aBTOMOOWISA. DTa 3amaya
peliaeTcs MyTeM OIpPeAeICHHOTO pacpeleIeHUss TOPMO3HBIX CHJI MEX]y KOJIeCaMU U OCSIMU
aBToMOOWId. ONTUMAaNbHBIM pPACIPEAEICHUEM TOPMO3HBIX CHJI IO OCSIM aBTOMOOWJIS
CUMTAETCs TaKoe, IMpPU KOTOPOM B IIPOLIECCE TOPMOMKEHHUSI BCE KOjeca aBTOMOOWIIS
OJIHOBPEMEHHO JOBOJSTCS JO TpaHullbl OnokupoBanus. lIpakThuecku Takol Mporiecc
TOPMOXKEHUS TpeOyeT MEePeMEHHOI0 COOTHOIIEHUS TOPMO3HBIX CHJI B 3aBUCUMOCTU OT
JIOPOXKHBIX YCIOBUH, OIICHUBAEMBIX KOI((UIIEHTOM CIETICHUS — ¢.

PabGoune Topmo3a BBIMOTHSAIOTCS (PPUKITMOHHBIMU, OapaOaHHOTO M JUCKOBOTO THIIA.
bapabannble TopMo3a aBTOMOOWJIEH H3TOTOBISIOTCS ¢ BHYTPEHHMM pPAacIlOJIOKEHHEM JBYX
Kosoiok. Kaxnmas Kojoaka MoKeT ObITh YCTAaHOBJIEHAa TaK, YTO CHUJIbI TPEHHUS Ha ee
MOBEPXHOCTU OyIyT YCHJIMBATh IPUXKATHE KOJIOAKH K OapabaHy npu TOpMOKeHUH. TOopMO3HON
MOMEHT, CO3/IaBaeMbIi  KaXIOW KOJOJIKOW, OyAeT OmpenensiThCd COOTHOIICHHEM
reOMETPUYECKUX Pa3MEpOB TOPMO30B U CPEIHUM KOAIPPHUIIMEHTOM TPEeHHs — U PPUKLIMOHHOM
napsl. J{7s U3roTOBIIEHUS HAKJIAl0K MPUMEHSETCs] acOeCTOBOE BOJOKHO C HAMOJHUTENSIMHI U
CBSI3YIOIIMM  BELIECTBOM. TEXHOJOrMYECKHM COBPEMEHHBIE HAaKJIaJKH aBTOMOOUIIBHBIX
TOPMO30B  H3TOTOBJISIIOT  MPEUMYLIECTBEHHO METOJAOM ropsyero (GopmMoBaHHUS U3
KPOTKOBOJIOKHICTOr0 acbecta ¢ pa3IU4YHbBIMU HAMOJHUTENISIMU: OKHCh I[MHKA, KeJIe3HbIN
CypHK U Jp. B kadecTBe CBS3YIOIIETO BEIIECTBA UCIOJIB3YIOTCS CUHTETUYECKHE CMOJIBI WM
KaydyyKk B KOMOHMHauuu c pereHepaToM. dopMoBaHHE MPOM3BOIUTCA B mpechopmax Npu
OTIpe/IeNIEHHBIX JABIICHUSAX U TeMIlepaTypax, (popMoBaHHE MO3BOJISIET CO3/1aBaTh HAKIIAIKU C
MEPEMEHHOI TOJIIMHON CII0sl, COOTBETCTBEHHO PA3JINYHON CTETIEHU M3HAIIMBAHMS HAKJIAJKH
0 JIyre OKPYKHOCTH KOJIOAKH ©OapabanHoro topmosa. IIpodunupoBaHHble HaKIaIKU
o0ecreynBarOT HamboJIee HPKOHOMHOE pacxoj0BaHHE (DPUKIMOHHBIX MaTEpUANIOB, MPOYHX

IMPOU3BOJACTBE U pallMOHAJIBHOC HMCITIOJIB30BAHNE HAKIIAJOK B OKCILTyaTalluH.
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OU3NKO-MEXaHUYECKUE KadecTBa (PHUKIMOHHBIX MAaTEPUAJIOB OICHHBAIOTCS PSAIOM
noKaszaresei U3 KOTOPBIX BAKHEHIINUM SBISIFOTCS: KO(POHUIMEHT TPEHHS, U3HOCOCTOHKOCTD U
TEIJIOCTOUKOCTb.

KoaddurmeHnt Tpenus 10mKeH ObITh TIOCTATOYHO BHICOKMM M CTAOMJIBHBIM (HE HIDKE
0,37-0,40) HEekoTOpBIE MaTepHalibl UMEIOT BBICOKME 3HaueHus u gocturapmue 0,48. Uro
KacaeTcsi TEIJIOCTOMKOCTH Oosiee CTaOMIBHBIM KOX((UIMEHT COXpaHSETCsl B JAMANa3oHe
temriepatyp a0 200-230°C, c¢ yBenudeHHEM TeMIEpaTypbl HaOMIOJAETCS PE3KOoe MaJcHUE
kodduimeHTa TpeHus: © MoMeHTa Ty TopMo3a.

[leperpeB TOPMO30B BBI3BIBAET HEOOPATHUMBIE TPOIIECCHI B MaTepHuaiax (HPUKIIMOHHON
napbl: H3HOCOCTOMKOCTM TOpPMO3a, IOSBIEHUE TEMIEPAaTypHbIX TpPELIUH, HW3MEHEHUE
(bpaKIMOHHBIX CBOMCTB TOpMO3a U Jp. McnbpiTaHusi TOpMO30B OOJIBLIETPY3HBIX aBTOIMOE30B
MOKa3aji, YTO MHTEHCUBHOCTb M3HOCA MOCIE HarpeBa IMpUMEpHO 5 pa3 Oosblle, YeM B

ucxonuom cocrosiauu (0,2 1 1,0 mm Ha 1000 kM mipoOera).
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Puc. 1. Pacnpedenenue yuki08 HAzpysHceHus mopmo3o6 aemonoe3oos,

pabomarowiue Ha mMexHcOy20POOHUX NEPeBO3KAX.

C uenbio omnpeneiaeHus HUKIOB Harpy»XeHUsI TOPMO30B (KOJIMYECTBO TOPMOKEHHSI Ha
KM npo6era aBTOMOOMIIEH OLUIM BBIIMOIHEHBI CricnyaJbHBIC DKCIICPUMCEHTBI HAa aBTOIIOC3aaxX
paboTarox MEXIYrOpOAHbIX IepeBo3kax). CTaTHCTUYECKHE [aHHbIE 10 KOJUYECTBY
TOPMOXXEHHUHU ObUTH 00pabOTaHbI MU MOCTPOEHBI IMarpaMMbl UX pacnpenaeneHus (puc.1).

OOpaboTKM 3THX JAHHBIX MMOKAa3ajd, YTO MO HOPMAJIbHOMY 3aKOHY pacHpeleseHUs
CpelHee 3HAaYeHHE KOJIMYEeCTBa TOPMOXKEHHUS COCTaBiseT 6,7 e€AUHHI] C KO3(PPUIMEHTHBIM

Baprauuu V=0,31 u cpeaHEeKBaApaTUIECKUM OTKJIOHEHHUEM 2,77.
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AHanu3 pe3ynbTaToB 10 UCCIIEI0BAHUIO II0Ka3aTellel HaleXKHOCTU TOPMO3HBIX CUCTEM
aBTOMOOWJIEN C THEBMAaTUYECKUM IIPUBOJIOM B YKa3aHHBIX YCIIOBUAX 3KCIUTyaTallUy MOKa3aJlH,
YTO pecypchl TOPMO3HBIX KOJIOJOK paclpeesieHbl o 3akoHy Beli0yna co cpegHiM 3HaueHbeM
Lx=45TpIC. kM. 1 K03pPunrerToB V=0,42 1151 TOPOTHBIX TOPMO3HBIX MEXaHU3MOB U 52.0 THIC.
kM, V=0,44 nns 3aIHUX TOPMO3HBIX MEXAHU3MOB.

Kak Ob110 yKa3aHO BbIIIe, HHTEHCUBHOCTh M3HOCA MIPH CPeIHEH TeMIepaType HarpeBa
TOpPMO30B cocTaBisieT mpumepHo 0,25 mm Ha 1000 kM ipoOera. [1pu focTHKeHUH PEIeTLHOTO
COCTOSIHMSI, T.€. 3a pecypc KoioJaKu u3Hoc coctaBuT Lk. 0,25 mm. [lo naHHBIM pe3yabTaToB
UCCIeIoBaHus — 3TO OK0JIo 80% oOT o0riel TOMMUHBI KOIoAOK. [10 cripaBOYHBIM JaHHBIM BEC
KOJIOJKU cocTaBiseT 2,5-3,5 kr. B mepepacuere mo M3HOCYy MM-aX € y4€TOM OCTaTOYHOI'O
pecypca oxono 80% Beca W3HAIIMBAeTCS U BBIIEISIETCS B HapyxXKy. Bbimensercs macca

ONpeaAcCIsICTCA CIICAYHOIIUM 06p8.30MZ

1)
GK'HK‘K
G=——"_" ™ gr
1000 (NT)
I'me Ck — Bec 0THOH KOIOOKHU
IIk — KOJIMYECTBO KOJOIOK HAa aBTOMOOMIIE
Kip — IPOLIEHT U3HOCA OT Beca KOJIOA0K
NT — KOTMYECTBO TOPMOKEHHUSI 3a KM. mpobera
K mpumepy aBromoburs Tsarada ¢ nonynpunenom Mccnenyemas BenuuuHa Oyier:
2 (2)
G= 2,5-36 0,8 =0,072 xr
1000 (6500)
3akJ/IloueHue

HccnenoBaHneM yCTaHOBIIEHO, YTO OJMH aBTOMOOWJIb TArad € IMOJIYIPULIEIIOM,
paboTarouX Ha MEKIAYTOPOAHBIX MEpPEeBO3KaxX B pe3yiabTaTe M3HOCA TOPMO3HBIX HAKIAJIOK

BBIJIEJIIET IPUMEPHO 72 rp. BpeaHbix BemecTs 3a 1000 kM mpobera.
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Impact of vehicle braking system environment
Varlam Lekiashvili, Nino Topuria, Valeri Jajanidze,
Dimitri Balakhadze

Abstract
A method for determining the amount of harmful substances released during operation

by a vehicle brake mechanism has been developed. The intensity of wear of the brake
mechanism knobs is determined according to the number of brakes (cyclic loads). The
regularity of the resource distribution of the brake pads and its parameters are defined. The
determination of the amount of substance obtained as a result of wear was based on the values
of the initial weight reduction values of the mileage at 1000 km.

533MAMd0gdoL BsdMbMY g LoLiEBAoL gog3e9bs g3memMyOMOMISBY

350053 (09305330000, 6obM MMPMG0s, Z5egMo RIXRS60dY,
©030GHM0 d5¢sbsdy

M9Bomdg

059999539090 53¢ ™3mdowols LM I 999560%dob dogm
99b3MsGsE00l  3OMmEgldo  godmygmaowo 85369 6030009Mgd9d0L  BoMm©gbmdol
239BLsBO3MOL Fg0MEO. IYIH0W0s LsTMbOMFg T9dsboBTol bmbgdol 33900l
06@9bbomOMds TGN FGBsS  MIMOIbMOOL (303 M0  IGHI0MMNZJ00)
dobgz0m. goblsbrgmwos  LsdMbeOMFg bmbgdol  GglmMLOL  AsbsHowgdols
3960mb6DMdogmH9ds s dolo 356599EHMY00. 3390l J9go© ForMgdmEo bogmogmgds
509bMdOL  49BLIBEOZML Bogwmdzwro sgm 1000 30-Bg 4903960l bbgdols
Lofgolo fmbol 99330Mgdol 360d3bgermdgdo.
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UDC 621.9
TO THE DYNAMIC RESEARCHER OF

ELECTROMECHANICAL DRIVE WITH TAKING
INTO ACCOUNT ELASTICITY OF LINKS
IN THE MECHANICAL PART

Tornike Kapanadze*
* PhD Student of Georgian Technical University

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

Abstract: Dynamic studies of modern high-speed electromechanical follow-up drives are
coupled with taking into account of elastic properties of mechanical transmission elements that
in turn, requires further improvement of the methods and methodologies of their dynamic
researches. In the presented paper are considered methodological approaches and initial
mathematical dependencies aimed further improvement of methods of dynamic studies of drive
systems with elastic links in the mechanical part.

Keywords: electromechanical system; drive; transmission function; characteristic equation;

moment of inertia.

INTRODUCTION

In previous works [1, 2], the questions of dynamic research of control systems with
absolutely rigid and elastic connections in the mechanical part were considered.

In this work, for research with an elastic mechanical part, an original methodology is
proposed for a reasonable combination of the well-known theory of subordinate regulation,
used in application to systems with absolutely rigid mechanical transmission, to systems with
an elastic mechanical part, followed by analysis of the oscillatory component in the transient
process of the system under study.

BASIC PART

On the Fig. 1 is presented the structural scheme of follow-up electromechanical drive,

characterized by existence in the structure of system of two closed ocntours of adjustment of

velocity and current and the mechanical part is approximated-mass dynamic system.
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On the Fig. 1 are presented the following transmission functions: W, —II — position
regulator; W, and W_—PI — velocity and current regulators; W,,,, W,,, and W,; —elastic
mechanical part [4]; W, and W, —thyristor converter and motor, as well as also: C —constant,

proportional to the magnet flow of motor: K , K, and k, — coefficients pf feedback

transformations on velocity, on current and on position of working member.

Kr |

o e b e e L g e @l e

Kon -}
L1

Fig. 1. Structural scheme of system

For the further researches accordingly to the works [3, 4] us proposed to apply the
transformed structural scheme compiled with respect of coordinate Ap = ¢, —¢,, where ¢, and

@, —accordingly are the input and output coordinates of mechanical transmission of the drive

under study.
The transformed structural scheme is presented on the Fig. 2, where

2 .
W, =1,5"+Db,s;

1+Tpcs_
pe = e Tpcs ’
1
W =K., W, =—
I+s° +bys

K, and T, — are the parameters of velocity Pl-regulators,

W

kmn

— is the transmission function of closed loop of current;

I, =1, +1,; by =b +b,; s— is the operator of Laplace transformations,

I, and I, — are the moments of inertia of the first and second concentrated masses;
c,, — are the stiffness coefficients,

b,b,,b, — are the coefficient pf viscous friction;

>M, =M, +My,; M, and M,,, — are the moments from the dry friction forces [3].
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Due the analysis ot os clear that internal contour of system in the whole represents the
scheme of system with absolutely rigid mechanism, to that is possible to apply the methodology
of selection of parameters of current and velocity closed loops accordingly to the known
methodology od subordinate regulation [1, 2]. Accordingly of the mentioned the transmission
function of the closed contour would be presented as

NERE!
MUK 1+ 278

1)

where: 7 —is the thyristor transformation constant of time.

feon -«

-
-

n ) | u i -
0 S S i Rl T o @l o o] o [0 e

Unt Kt

Uon

kon |

Fig. 2. Transformed structural scheme

Similarly by neglecting of term bys in the transmission function W, accordingly of the
theory of synthesis of velocity contour on symmetrical optimum the transmission function is
possible to represent as

o 1 1
W, (s) = —=—- .
Y K, 167°s* +4zs+b

n

In the works [4, 5] the structural scheme on Fig. 2 is presented as two-contour, in that the

output coordinate of transmission function W, is directed on input of system by additionally

introduced transmission function
W — K, @+ er)TpCs
5 )
P C(T K +Kpe)

2

In this case, the transfer function of the inner loop according to the obtained structural
scheme will be expressed as:
K

Wy, = 0 : (3)
B ag,st +ay,s’ +ags+k, K,
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2
T
where: ag, :16K—;

r

aBZZ4K
1

aBl :K—.

c

Let's turn to the transfer function of the entire system
WBkWA(pWI(p — MOA(p (4)
1-W,W, W, N,

Agp® "on 0A@p

Wo (S) =

where: W, — is the transfer function of the feedback loop in the system presented in Fig. 2 and

it is expressed by the dependence:

Ko (275 +1)(1,8° +b,s)T,s

W _(s)=k + , 5
0”( ) o CKn (chs+ ch) ( )
in that:
T.B+K,
T.B
and T =K T

It is known that one of the effective approaches to further improving the dynamic
properties of the system under consideration, according to the works [1, 2, 5], is the introduction
into the structure of the system of feedbacks on the coordinates and their derivatives of the
mechanical part of drive.

In previous works, and in particular in the work [5], it was mentioned that using the
considered two-loop system based on a combination of parametric synthesis of an internal
closed loop with a frequency study of the characteristic equation of the system as a whole, it is
possible to solve the problem of synthesizing the system under study.

In the presented paper, we consider the synthesis problem taking into account the
feedback introduced into the structure of the system to the structure of the feedback system with
the output function. In this case, the transfer function of the loop feedback will be expressed by

the dependence

Wos =Won — kA(pA(p' (6)
After carrying out certain transformations, the expression of the characteristic equation
Noap = AeS" +AS +A S +AS +ASHA, (7

where the coefficients A, are specific functions of the parameters of the system under study.
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Let’s mention that gain coefficient of P — position regulator, K_ is present in the

n

expressions A,, A,, A, and A, using the following dependencies

A<O = BXOKn ’
A(l = Blen _Cxl ,
A<2 = BXZKn +Cx2 ’
A<3 = Cx3 - BX3Kn ,
where: B, =k; K Cp,;
kén = kon - kA¢A¢ ;
Bx = kr;nchclz + k(;anZKpc - konszpc;
Bx2 = k(!)anZ + kt,JnIZ _bZchkf,)n - IZKpck(I)n ;
Cyo =g1CpT e + 3P K e +850C1K ¢ ;
Km !
Cys =P Ty +8oCro Ty — Tds’
Bx3 = kon |2ch :
The research task would be simplified if the value t is neglected in the expression Wg, ,

as is done in the work [1], and the transfer function is replaced by an approximate expression

of the second order transfer function. In this case, in further research we use the expressions:

K, (1,,8° +b, s%)
Wy, x=(K, —k, )+ ——2P LAy 8
0Ag (on A¢>) anS+akp ()

and

K
Ws s = n , 9
B a8t +ag s+ Ko Ko, ®©)

where: I, =1,T;

|2r = IZTpc;
ap = CKnKchpc ;
a'kp = CKnKpc )

and the transfer function (9) is obtained on the basis of the integral approximation of the transfer
functions Wg,, and Wy, using the apparatus of the characteristics of imaginary frequencies
[6].

Based on the above mentioned, the characteristic equation of the system would be written

down as:

Noage =+ Ays® + Aps® + Aups? + Ays+ Ags. (10)
Further, due the selection of the exponential that is necessarily present in equation (10),

let’s transfer to the analysis of the 4th order characteristic equation

Noage = + ApaS® + Apus® + Ages + Ay, (11)
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and using the laws stated in the work [7], dependencies would be used for approximate

calculations of the parameters of basic vibrational component.

b~ Aoy : (12)
2Aa1[Aa2 —4A,+ AalAa3]
0)*2 ~ AaZAal 1 (13)
APz = Ass
where
Any=Ai(AnA — As) — AdAu; (14)

€ — is the attenuation coefficient, and
o is the frequency of oscillations.
To determine more accurate values of € and o, we transfer to the frequency equations of

real U(e,w) and imaginary V (¢,) frequency characteristics obtained using equality (9), in that
the desired values of € and  are corrected by searching for increments A@ and Ag in the

vicinity of the approximate values of &. and . obtained above, i.e. according to expressions

c=e.+Acand w=w. +Aw.

CONCLUSION
Based on the carried out studies, the necessary mathematical dependencies were obtained,
original dynamic models and methodological approaches necessary for dynamic studies of
considered regulation systems are proposed.
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K AMHAMHUYECKOMY UCCJIIEJOBAHUIO QJIEKTPOMEXAHUYECKOI'O
IIPUBOJIA C YYETOM YIIPYTUX 3BEHBEB B MEXAHUYECKOM YACTH
Topuuke Kanananse
Pe3iome
I[HH&MH‘-IGCKHG HCCIICAOBaHUA COBPECMCHHBIX OJICKTPOMEXAHUYCCKUX  CICOAAIINX
IMPUBOAOB COIIPSKECHBI C YUYCTOM YIIPYIUX CBOMCTB MEXaHHYECKHUX NnepeaaToO4YHbIX 3JICMCHTOB,
4TO, B CBOIO OYCpPCIb, Tpe6yeT ,I[aJ'ILHeﬁHIeI‘o COBCPHICHCTBOBAHUA MCTOA0B MU MCTOAUK HX
JTUHAMHUYECKUX HCCleoBaHui. B Hacrosmel paboTe paccMaTpuBarOTCs METO0JIOTMYECKUE
nmoaxoJabl M HCXOOHBIC MATEMATUUYCCKHUE 3aBUCUMOCTH, HAIIPABJICHHBLIC Ha I[aJ'II)Hef/'Iﬂlee
COBCPHICHCTBOBAHUC METOJA0OB JUHAMHUYCCKUX I/ICCJICI[OBaHI/Iﬁ CUCTEM IIPUBOAOB C YIIPYTUMU

CBS3SIMM B MEXaHHMYECKOM YaCTH.

8995603m6 bsfogrdo Mg330 Mramegdols Igmby gegdd®mdgdsbozmeo
5006530l ©0bsd03MmO 33¢g30L5T0
0066039 35356599
9oy

05658900039 909JGMMIgJ960399600 IMMZoMNZ9eg 53dM93900L 0bsdoHo
3303000 3939009¥Nos 89996030 3d©e3gdoL  9egdghHdol )30
30L90900L  45035¢oLobgdom, M3 ™Msg30L FbM0g, dmombmgl dsmo obsdom®o
33193990l dg00mgdoL  99dpamd LEWMEYMeLL. dmgde 65dOMATo dsboboggds
9900MEOMEMR0MH0 J0EaMTJd0 s LsHYoLo Fs09doE03IM0 IMI0IOIGd900,
™300 30O 0s 394960396 bsfodo M350 MAMegdol IJmbg s3dGMsgzme
LoL3HYTgdOL OBITOMEMO 33¢93900L IgNMEYdOL d9dymdo LEmwymzolszgb.
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V]IK 621.9
YTI/IJII/I3aIII/IH INOJIMMCECPHBIX KOPIIYCOB

TBEPAOTOINVIMBHBIX PAKET C UCIIOJIB30BAHUECM

IKOJOTHYECKH YHUCTOH TeXHOJIOIr UM
Mepab lIBanrupanze™, 'mopru Iadanze***, Pamuan 3ykakumBuian**,
I'mBu Canapse**

*I[Ipogheccop, I py3mHCKUlL MeHCHUYECKUL YHUBEPCUMem
**A4 ccoyutiposannuil npogeccop, I py3smMHCKULI MeXCHUYeCKUll yHusepcumem

*&*Jokmopanm, I py3mMHCKULL medicHUYecKuil YyHugepcumem

(I'py3muckuii Tesknnyeckuii ynusepeurer, yJi. KocraBa, Ne71, 0175,

Tonmmcu I'py3us)

Pe3tome: [[enro pabomoul sensiemces cozoanue 3hHekmusHoc0 mexHoI02UYecKko2o npoyecca
VMUIU3AyuY  NOJUMEPHLIX KOPNYCO8 MEepOOmoniusHvlx paxem. Ha ocnoee ananusza
JUMEPAmypPHbIX OAHHBIX PA3PAOOMAHBL NPOEKMbl PEHCYUWUX UHCIPYMEHMO8, OISl pa30eNeHUs
NONUMEPHBIX  KOPNYCO8 MBEPOOMONIUBHbIX paKem, Komopvle 6 Nnociedcmeuu  Ovliu
uszeomosnenvl 6 aabopamopuu Ne 501  denapmamenma I pysunckoco Texnuueckoco
Yuusepcumema. B uacmnocmu 3anpoexmupoganvl U U320MOGNeHbl IKCHEPUMEHMATbHAS
OUCKOBAsL (hpe3a cO 6CMABHBIM 3YO0M C HANAAHHOU MEEPOOCHIABHOU NIACMUHKOL, OUCKOBAs
@pe3a c kpenawumucs no nepughepuu MHO203yOUMU CEKMOPAMU U3 ObiICMpopedcywell cmai,
a makoice nia3MOmMpoOH KOCBEHHO20 Oelucmausi, 0isl pe3Ku OUINEKMPUYKCKUX MATNEPUATOS.

KuroueBble ciioBa: YTuian3aiusi, TBEpJIOTOIUIMBHAS pAKeTa, Pe3aHHe, SKOJIOTMUECKU YUCThIE

TCXHOJIOTHUH, PCIKAIINEC UHCTPYMCHTHI, HOJ'IPIMCpHBIfI KOop11yC.

BBEJEHUE

CrocoObl pa3feneHusi MaTepualioB, MpPUMEHSEMble Ha MPAKTUKE MHOTOUYHCICHHHBIL.
Be16op TOro wim HMHOTO Croco0a 3aBHCHT OT KOHKPETHOHM IMPOW3BOJCTBEHHOHN 3a7add U
YCJIOBHH manbHeIen 00padoTku. B mporiecce pa3paboTku TEXHOIOTHI pa3eIeHHs U3IETHI
crocobaMu MeXaHW4eCKoW 00pabOTKM MaTepHalioB pPE3aHHeM IEepPBOOYEPETHON 3amaueit
SIBIISIETCS U3YUCHHE CTOMKOCTH PEXYIINX HHCTPYMEHTOB U OTpeieNIEHUE CUIOBBIX MApaMeTPOB

pE€3aHuA TOro UJIM MHOI0 MaT€puraiia.
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OCHOBHASA YACTbH

B Hamem ciydae OCHOBHBIMHM HCCIIEIYEMBIMU CIIOCOOAMH SIBIISIFOTCSL IIPOLIECCHI
paszesieHus JUCKOBBIMU MHJIaMHU, a0pa3uBHBIMU KPYT'aMHU U TJIa3MEHHOU ropenkoil. B cBs3u ¢
9THUM, 33/1a4€il SKMEPUMEHTAIILHOTO HCCIIE0BaHUS SBISETCS pe3aHue AUCKOBBIMU MUJIAMU C
TBEPAOCIUIABHBIMU PEXYIIUMH 3JIEMEHTAMH, NIPU TOM, U3 Pa3HBIX METaUIOKEPaMHUYECKUX
MHCTPYMEHTAJIBHBIX MAaTepHajoB, MWIAMH U3 OBICTPOPEXYIIeW cTand, aOpa3uBHBIMU U
aJIMa3HBIMU OTPE3HBIMH KPYTaMu, a TaK)Ke MOCPEJICTBOM ILIa3MOTPOHA.

[IpoexkTupoBaHue pexXyUIMX MHCTPYMEHTOB MPOBOAMUIIOCH C  HCIIOJNB30BAaHHEM
nporpamMmmbl AutoCAD. M3rorosieHue 3anpoeKTOPUBAHHBIX HHCTPYMEHTOB OCYIIECTBISIIOCH
Ha METAIOPEXKYIIMX CTaHKAaX. B 4acTHOCTM HCIOJIB30BAJIUCH TOKAPHBIM, TOPU30HTAIBHO-
dbpe3epHblii, CBEpAWIbHBIN, HIMUGOBAIBHBIN CTaHKH. CTONKOCTHBIM OKCIIEPUMEHTaM H
CJIEIOBATENIbHO HCCIICIOBAHHUIO, KAaK MPaBHJIO MOJBEPraloTCs pa3Hble HHCTPYMEHTAIbHBIE
MaTepuaibl. B mocienyronmieM Ha OCHOBE CpPaBHUTEIBHOIO aHAHJIM3a PE3YJbTaTOB
AKCIIEPUMEHTAJIbHBIX JAHHBIX OMJIM 10100paHbl ONITUMAJIbHBIE BAPUAHTH HHCTPYMEHTAILHOTO
MaTepuana U peKUMOB pesaHud. [Ipu KOHCTpyHMpOBAaHHMM MHCTPYMEHTA YUYHMTHIBAIOC TaKXKe
CWJIBI pe3aHusi. DTO OCOOCHHO Ba)KHO MPHU MPOEKTUPOBAHUM UHCTPYMEHTOB C MPEPHIBUCTUM
pezanueM. OOHHUM U3 YCIOBHM BBICOKOIIPOU3BOIUTENILHON pabOThl PEXKYILIEr0 UHCTPYMEHTA
ABJIIETCS TPAaBWIBHBIM BBHIOOp MaTepuasia JJig ero u3roroBieHus. K HMHCTpyMeHTalbHBIM
MaTepHuaiaM IpeIbsIBIAIOT CIEIYIoIMe TpeOOBaHUS: BBICOKHE MEXaHHYECKHEe CBOMWCTBA,
BBICOKAsi M3HOCOCTOMKOCTb, BBICOKAs TEIUIOCTOMKOCTb. JIIs IUCKOBBIX  OTPE3HBIX
UHCTPYMEHTOB TMPHUMEHSIOT B OCHOBHOM CIIEJYIOIIME HMHCTPYMEHTAIbHbIE MaTepHallbl:
OBICTPOPEXKYILKE CTaIM, METEJUIOKEPAMUUECKHE TBEp/ble CILIaBbl, a0pa3suBHbIE MaTepUabl,
OPUPOJHbIE M HMCKYCTBEHHblE aiMa3bl. Kak H3BeCTHO OBICTpOpeXyIIHME CTalud ObIBAIOT
BosbpamoBsie (P18, P12, P9) u Bonbdppamomonunbdaenossie (P6M3, POM4, P6MS u np.).
PaHee mnpoBeneHHBIE HCCIENOBAHMS IOKa3ajdd, 4YTO B HWHCTPYMEHTAaX C LMKIMYECKON
HArpy3Kkoil, T.e. NMpHU MPEpPHIBUCTBIX MpOIEccax PpPe3aHHs XOpPOIIO 3apeKOMEeHJoBajla ceds
Bosb(ppaMomonnbieHoBass cTaib  POMS. MeremiokepaMuueckre TBEpAbIE  CILIABBI
MCIIOJIb3YIOTCSl TIPEUMYIIECTMEHHO Il OCHAILLEHUS PE3LIOB, CBEPJ, 36HKEPOB, PAa3BEPTOK U
CPaBHUTENBHO PEIKO A (ppe3. DTO BHIZBAHO TEM, YTO OHHU OTCTAIOT 10 MIPOYHOCTHU U yIapHOU
BA3KOCTH OT OBICTpOpeXymux crajeil. OIHako y HHMX BBIII€ TBEPAOCTh U CIIEIOBATEIHHO
M3HOCOCTOMKOCTh, @ TakKe KPAaCHOCTOMKOCTb, YTO TO3BOJISIET paboTaTh CKOPOCTAMHU Ha
MOPS/IOK BBILIE B CPABHEHHUH C OBICTPOPEXKYIIEH CTATIbI0. DTO 0OBCTOATEIBCTBO CYIIECTBEHHO

MOBBIIIACT IMPOU3BOAUTCIILHOCTD O6pa6OTKI/I U  yjIydmacT AOUHAMHWYCCKUC TI0Ka3aTCJIn
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MPEPBIBUCTHIX MPOIIECCOB pe3aHus. JJaHHOE MPEeUMYIIECTBO OCOOEHHO OIIYTHUMO IIPH PE3aHUU
HeTBepauX MarepuaioB. CKazaHHOE AMKTYET IIeJIECOOO0Pa3HOCTh MPOBEACHUS CTOWKOCTHBIX
SKCTIIEPUMEHTOB IO (PEe3epOBAHUIO MOJIMMEPHOTO0 MaTepuaia TBEPCIIABHUMBI PEKYIIMMHU
aremMeHTaMu. M3BeCTHO, 4TO TBEp/IbIe CIUIABBI OBIBAIOT OJHOKApOWIHBIE M JBYXKapOWIHBIE.
CmnaBel, cojepaiiue HauOOJbIIee KOJIWYSCTBO KoOambTa o00JIagaroT 0Oojiee BBICOKOMN
BS3KOCTHIO. [10 3TOMY 11€71Iec000pa3HO UCTIBITHIBATH OHO U ABYXKapOUTHBIC TBEPABIE CTIABHI
C TIOBBHIIICHHBIM COJIep)KaHMeM KobOanbTa, Takoro tuma kak BKSE, BK10, T14K8, T5K10.
AOpa3uBHBIE MaTepHUalibl OBIBAIOT €CTECTBEHHOT'O WJIM MCKYCTBEHHOI'O MPOUCXOXKIeHUs. B
HACTOAIIEE BpeMs Uil IIUPOKOTO MPHUMEHEHUS B OCHOBHOM HCIIONB3YIOT HCKYCTBEHHBIE
abpasuBbl. [llnudoBambHbIC KPYrH, B TOM YHCIE OTPE3HBIC IHUCKH, W3TOTOBIUBAIOT CO

CBs3aHHBIMH 3CpHAMMU. B GonbHInHCTBE CJIy4acB [IPUMCHACTCA
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Puc. 1. IIpoexm sxcnepumeHmanvbHoll OUCKOGOIl NUTTbL

ANEKTPOKOPYH/I. B Hamem ciaydae mpoBeeH SKCIEPUMEHTHI TAKOTO THIA OTPE3HBIM KPYTOM.
AnMa3bl TPUMEHSIOT Ui OCHAIICHUS JIE3BUHHBIX U aOpa3uBHBIX PEXYIIUX WHCTPYMEHTOB.
AnMasbl OTJIMYAIOTCS HCKIIOYUTENIBHO BBICOKOM TBEPIOCTHIO M HM3HOCOCTOMKOCTBIO, UTO
MO3BOJISIET 00pPabOTKY MBETHBIX METAUIOB M IIJJACTMACC HAa BBICOKHUX CKOPOCTSX PE3aHMs.

OO6nagasi BBICOKOW TBEPJAOCTHIO alMa3bl OTJIMYAIOTCA TOBBIIIEHHON XPYMKOCTbIO, 4YTO
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OTpaHUYMBACT OOJIACTh MX NMPHUMEHEHHs. V3ydeHue mpolecca pe3aHus alMa3HbIM KPyrom
NOJMMEPHOT0 MaTepuaa, TaKkKe SBISIETCS OJHOM U3 3a/1a4 HAIIUX UCCIICIOBAHUI.

[Ipy mpoekTUpoBaHUSISI PEKYIIUX HHCTPYMEHTOB, B OCOOCHHOCTHM HHCTPYMEHTOB C
MEXaHUYECKUM KpEIJICHHEM PeXYyHUIMX DSJIEMEHTOB Ba)KHOE 3HAYEHUE MpPHOOpeTaeT
NpaBUIBHOE OIpENEeIeHNuEe CHJI pe3aHusi, JACHCTBYIOUIMX B 30HE CTPYKKOOOpa3zoBaHUs
oOpabarpiBaromiero Mmatepuana. Cpesaemasi CTpy»KKa IaBUT Ha TIEPEIHIONI0 TTOBEPXHOCTH, B TO
BpeMsl KaK Ha 3aJHIOI0 TOBEPXHOCTh pe3lia IeHCTBYET CPaBHUTEIHLHO HEOOIbIas HOpMabHas
CWJIa YIOPYroro BO3JEUCTBUS MOBEPXHOCTH pe3aHus. MOXKHO KOHCTaTUPOBaTh, YTO CHJIA
pe3aHus 3aTpavyrBaCTCs:

- Ha ympyryoo aeGopMamnuo CHIMAeMOTO CJIOS B 00pabOTaHHOM TOBEPXHOCTH;

- IJJACTUYECKYIO AeopMaIiio CHUIMAeMOro CJosi 1 00pab0TaHHOM MOBEPXHOCTH;

- TpeHHE MEXAY CTPYKKOW U TepelAHel IMOBEPXHOCThIO, a TaKkKe MEeXAy 3aJHei
MIOBEPXHOCTHIO pe3lia U 00padOTaHHOM MOBEPXHOCTHIO;

- OTPBIB CTPYKKH OT 00pabaThIBAEMOIo MaTepuaia.

[Ipyu npakTHYECKOM M3YYEHHH CHJI PE3aHUsl UX PACCMATPHUBAIOT B BUE COCTABIISIONINX,
JIEHCTBYIONIMX B HAOOJIee HHTEPECYIONINX HAC HATIPABICHUSX:

Pz- rmaBHas cocToBIsIIOIIas ACWCTBYOMIAs B HAPABJICHUH BEKTOPA IIIaBHOTO pabodero
JIBUKCHUS;

Py- paguanbHas cocToBisfOmIas JAEHCTBYIOLIas HOPMalbabHO K 00paOoTaHHON
MOBEPXHOCTH;

PX- oceBas cuia, neficTByIOIast B HAIIPABJICHUH TTOAAYH.

Cremyer OTMETHTD, YTO B TIPOIIECCE OTPE3KH M3ACITHIA TUCKOBBIMH IHJIAMH OCEBasl CHIIa
NPaKTUYECKH OTCYTCTBYET T.K. [10/1a4a OCYIIECTBIISIETCS MEePIEAUKYIISIPHO TJIaBHOM pexyIueit
kpoMkH. [TosaTomy cocraBnstomas Px Hamu He OyaeT yuuTsiBaThes (puc.l).

Kak oTumeuanoch BbIlIEe Mepel HAMHU CTOUT 3ajada pa3pabOTKH TEXHOJIOTHYECKOTO
nporiecca pas3/ieleHus] MOJIMMEPHBIX KOPITYCOB TBEPAOTOIUIMBHBIX pakeT Ha HeOoIbIIme
(GparMeHTBl, KOTOpHIE TIO3BOJIIIOT WX JNAIBHEHIIYI0 XHMHYECKYI0 TepepaboTky. T.K.
pa3zenseMblii KOopmyc uMeeT BHymuTenbHbIE pasmepsl (D=2500mMM [=7000mm), TO He
UCKJIIOYaeTcs  HaJOoOHOCTh NPUMEHEHHs pa3HbIX CIIOCOOOB pa3fefieHus Marepuana Ha
OTIENBHBIX CTAaIUsX TEXHOJIOTHYEeCcKoro rmporecca. [lo 3ToMy MBI HCClienyeM pe3aHue
JIVICKOBBIMH TTHJIaMH, a0pa3uBHBIMU KPYTaMU W TUTa3MEHHOW TOPEITKOM.

VYcTaHOBIIEHHE ONTHUMAIbHOTO BapHaHTa KOHCTPYKLIMU TUCKOBOM MHHJIBI BEAETCS Ha
OCHOBAaHMHU HcCCIeoBaTeNbCKOH paboThl. OHa BKIIOYAeT B ceOs MpOBEIEHUE CTOMKOCTHBIX

OKCIIEPUMEHTOB TI0 OMNPEACICHUIO ONTHMAIBHBIX PEKUMOB 00pabOTKH W Toadope
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3P PEKTUBHOTO WHCTPYMEHTAIBHOI'O MaTepuana Juis M3rOTOBJICHUsS 3yObeB nmHCTpymeHTa. C
9TOH LEJIbI0 HaMHU 3allpOEKTHPOBaHA M M3TOTOBJIEHA JUCKOBas AKCIEPUMEHTaJIbHAs IMHJIA.
[Tna uMeer crneuuanbHbBIM Ma3 A MEXaHWYECKOTO KPEIUICHHs PeXYILIEro 3J1eMEeHTa T.€.
3y0a. Ilpu wuccienoBaHuM TBEPAOCIUIABHBIX METAUIOKEPAMUYECKUX IUIACTHH 3apaHee
U3rOTaBIMBAETCS HOXX HAa KOTOPOM IIPMUIIAEBAETCS IUIACTUHKA HCCIENYEMOH MapKH.
HccnenoBanusiM moaBeprayThl ogHokapOuansie TBepasle criaBel BKE, BK10, BK20 u

nBYXKapObIHbIe criaBbl T14K8,

§5LHaLIaD §
§59QR< Olranh

I 1 .
. ||\.:\’\'\<<§ BH L =
[ s i
I E200 . g
70

Puc. 2. IIpoekm nunwt ¢ 0bICMPOPEHCYUWUMU CEKMOPAMU

T15K6. Tak kak TPOMBINUIEHHOCTHIO TPOU3ZBOAATCS PEXKYIIHE MHOT03yOble CEKTOPHI W3
osicTpopeskyiei cran K6MS, To Hamu 3ampoekTupoBaHa (puc.2) ¥ U3roToBIeHa Ppe3a-nuia

OCHAIIIEHHAas YKa3aHHBIMU OBICTPOPEKYIIMMHU CeKTOpaMH (puc.3).
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Puc.3. [luna c 6vicmpopexrcywumu cekmopamu

Kak 6buto oTMeueHO i pa3paOOTKH ONTUMAIBHOIO TEXHOJOIMYECKOIo IMpolecca
clleZlyeT UCCIIEN0BaTh pa3Hble criocoObl pa3enenus noauMepHsix kopnycos PJTT. Ilo stomy
HapsIy Pe3KH TUCKOBBIMH ITUJIAMU MBI HAMEPEHBI NCCIIEA0BATh PE3KY a0pa3uBHBIM OTPE3HBIM
KPpYroM U3 HCKYCTBEHHOIO KOpPYHJAa M aJIMa3HbIM KpyroM. bbuiM MoaepHU3MPOBAHBI

MJIa3MCHHO-AYT'OBBIC T'OPCJIKHU IJIA PE3KU HCMETAJINIMICCKUX MATCPUATIOB.

3AKVIIOYEHUE
[IpoBenena pabora MO MPOEKTUPOBAHUIO, HM3TOTOBJICHWU W TMOJITOTOBKE PEXKYIIUX
MHCTPYMEHTOB JUIsl pa3/ienaeHus noJnMepHbIX kopnycoB P/TT. Yka3aHHBIMU HHCTpPYMEHTAMH
OyAyT TpPOBOJIUTCS OSKCIEPUMEHTHl IO ONPEAETICHHI0O CTOHKOCTH U YCTaHOBJICHUIO

ONTHUMAJIBHBIX PEKUMOB PC3aHUs MMOJIMMEPHOT'O MaT€puaja.

Jlurepartypa
1. Cononenko, B. I'. Pe3anue MeTaJsIoB M pexXyllde HHCTPYMEHTHL. M31aTenbCcTBO:
NHOPA-M. ISBN:978-5-16-015247-9.414 cTt. 2019.
2. AM. Byned., Peszanue merauioB. MAIIIT'U3. Mocksa., Jleaunrpaz., 1985.

42


https://mdk-arbat.ru/catalog?avt=%D0%A1%D0%BE%D0%BB%D0%BE%D0%BD%D0%B5%D0%BD%D0%BA%D0%BE%2C+%D0%92.+%D0%93.

1906500 ,,BMBbL3MME0 5 356J9650000969demds“ Nel (53) 2022€;.

3. ILI. Ilerpyxa., Pe3anne KOHCTPYKIIMOHHBIX MaTE€PHUAIOB, PEKYIIHNE HHCTPYMEHTHI H
ctanku. MockBa., «MamuHocTpoeHuey». 1984.
4. B.H. bakynb., OCHOBBl NpPOEKTUPOBaHMUS MU TEXHOJOTUs aOpasMBHOIO M AJIMa3HOTO

MHCTpyMeHTa. MockBa., «MammuHocTpoeHuey. 1988.

Utilization of polymer bodies of solid propellant Rockets using
ecologically friendly technology

Merab Shvangiradze, Giorgi Tsabadze, Ramili Zukakishvili, Givi Sanadze

Abstract
Projects of cutting tools have been developed for conducting experiments to study the

methods of cutting polymer bodies of solid propellant rockets, which were subsequently
manufactured in the laboratory of the Mechanical Engineering Ne 501 Department of the
Georgian Technical University. In particular, an experimental disk milling cutter with a false
tooth with a brazed hard-alloy blade, a disk milling cutter with multi-toothed high-speed steel
sectors attached along the periphery, as well as an indirect plasmatron for cutting dielectric

materials were designed and manufactured.
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BooG3: N — ©™B79d0L MoMmEbmdss; K — 530dBMEMmgdoL Mom©gbmds.

OO FodBMAMEo 9Ju39MH0dgbGol  ©oagad30lL ToGHEMoEs 00gdl  FMEOTSL
(EbOOwoO 2)

gbGogro 2
B5JGHMM900 X1 X2 X3 Y
d0MH0MSO MbY X 225 0.45 7.5
3500M90d0L 0bGHgMZso P 75 0.2 7.5
b9s mby +1 300 0.65 15
(300l 993900
F6o F6o Lodmom
(3350900 3MEOMEOO 50bodzbs 5(1 5(2 X 5 | 199U396. I 5MH0mAYE@.
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3O0L Ne
1 -1 -1 110 0.20 0.235
2 +1 -1 -1 0,23 0.26 0.245
3 -1 +1 -1 | 0.785 0.815 0.800
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Experimental study of optimal cutting modes of solid polymer missile
bodies and durability of cutting weapons
Merab Shvangiradze, Ramin Zukakishvili, Givi Sanadze,
Giorgi Tsabadze
Abstract

The paper presents an experimental study of the methods of separation of polymer
bodies of solid heat rockets in order to determine the optimal technological processes. In
particular, milling with a disc saw, which was equipped with cutters for high-speed steel and

Sally alloy. Using the experimental planning method, the shear strength indices were obtained
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on which they were built. Summary schedules. The results obtained showed that. In terms of
durability, plate cutters made of VK8 Sally alloy are the best compared to cutters made of high-
speed steel POAMS. The resistance of VK8 is several times higher than the resistance of
P6AMDS. The obtained data can be used for the design of the partitioning unit of polymer shells
of solid-state rockets and for the production of production copies.

3KCHCpI/IMeHTaJIbHOC HCCJICTOBAHUE OIITUMAJbHBIX PEKUMOB PE3aHUA
MOJIMMEPHBLIX KOPITYCOB TBEPAOTOIVIMBHBIX PAKET U
JOJIOBECYHOCTH paﬁoTbI PEXRYIIECIo HHCTPYMEHTA
Mepa6 lIBanrupanze, Pamun 3ykaknmsuiau, I'meu Cananse,
I'mopru ILadanse
Pesrome
B pabote mpencraBieHbl SKCIEPUMEHTAIbHBIC UCCIEI0BAHUS METOIOB pa3felieHus
MOJIMMEPHBIX KOPITYCOB TBEPAOTOIUIMBHBIX PAKET C ILEIbI0 OMpPEIENICHUS] ONTHMAaTbHBIX
TEXHOJIOTHYECKUX IMporeccoB. B wacTHOCTH, Ppe3epoBaHme TUCKOBOM MUJIOM, KOTOpast Obliia
ocHaileHa (hpe3amMu U3 ObICTPOPEXKYIIEH CTaIK U TBEPAOCIUIAaBHBIMY IJIaCTUHAMHUIO MeTozioM
HKCIEPUMEHTAIBHOTO TUIAHUPOBAHUS OBUIM IMOJIy4eHbI MOKa3aTelM CTOMKOCTH Ha OCHOBE
KOTOPBIX OBUIM TIOCTPOEHBI CBOJHBIE Tpaduku. [lomyueHHbIe pe3yapTaThl MOKa3alH, 4To. 1O
JIOJITOBEYHOCTH TIacTUHYATHIE (ppe3nl u3 criaBa BK8 siBisitoTest MydmmMu 1Mo cpaBHEHUIO C
dpezamu u3 ObicTpopexymiei craau POAMS. Croukocts BK8 B Heckonbko pa3 mpeBbiIaer
croukoctu PO6AMS. [IlonmydeHHble pe3ynbTaTbl MOTYT OBITh  MCIIOJB30BaHbl  JUIA
NPOEKTUPOBAHUS 000OpPYIOBaHMS pa3JelieHUs] TMOJIMMEPHBIX KOPIYCOB TBEPAOTOIIIMBHBIX

PaKeT U U3TOTOBJICHUS CEPUITHOTO IK3EMILISAPA.
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Water hammer in pipelines
Alexander Kavelashvili
Abstract

The paper considers the phenomenon of water hammer, ways to prevent damage caused
by it. It is noted that useful models are known in the art related to shut-off and control valves
and used to lock or control the flow of water or other flow or gaseous medium. Each of them
has its pros and cons, depending on the locking elements and driving performance. High or low
functionality, complex or simple design of the movable articulated beret mechanism are
important for flow control over a relatively wide range, but it is important to take into account
the occurrence of water hammer when working with fluid volume regulators and, therefore,

avoid damage from them.

I'mapaBianyeckuid yaiap B TpyoonpoBojaax
Anexkcanap Kasenamsuian

Pe3rome
B pabGore paccmarpuBaercsi SBJIEHHME THIPABIMYECKUX YAApOB, CIIOCOOBI
NpeaoTBpallCHUd BbI3BAHHBIX UM HOBpe)KI[eHI/II\/'I. OTMC‘ICHO, YTO B TCXHHUKEC H3BCCTHBI
IOJIC3HBIC MOACIIN, OTHOCAIIHUECA K 3anopH0-peryany10meITI apMaTrype U UCIOJBb3YEMbIC IJIA
3anvpaHus WIK PEryJInpoBaHUs MOTOKA BOJbI MM IPYrOro NOTOKA UM ra3000pa3HoOM cpebl.

Kaxx1p1i1 M3 HUX MMEET CBOM IUIIOCHI U MUHYCBI, B 3aBUCHMOCTH OT 3allOPHBIX JIEMEHTOB U
XOJIOBBIX KadecTB. Bpicokas wim HHU3Kas (YHKIHMOHAJIbHAs CIIOCOOHOCTH, CJIOXKHAS MU
IIPOCTass KOHCTPYKIWS IIOJBIKHOTO UIAPHUPHOTO OEpeTHOTO MeXaHW3Ma BaXKHBI IS
peryjupoBaHusa IIOTOKa B OTHOCHUTEJIBHO MIMPOKOM JHala3oHe, HO Ba)XXHO YYHUTBHIBATh
BO3HMKHOBEHME THUIPOYAApOB IIpU PaboTe C PperyadaTopaMu oOBeMa >XHUAKOCTU W,

CJlefoBaTeIbHO, N30eraTh MOBPEXAeHUH OT UX.
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3902905 50LMEMEHMMS© dYs60, dmdboro, Mbg3500 S S0MHOLYdMO LbGgdOLYSD
((30Megd0LRSD) 29MIGEHOOMI© DBMLGHO BMOIGOOMS S BMIJPom, JMmIM30
399600090900L5 @5 MBIl go69Tg. L3GE0IWNE 0BT ME godmmM3Egddo
9939w ™dsdo  B00Mgds 306985303 MM0 BMEdoL dEYMIMIS ©S VOHRMYdO
30698530316 §yz0wgddo. 95306, GmEs  994oboBdgdol dmdGmomdols dglfogarobsl,
39650 MdbI6, ®MI HAMgdol FMMTS S BMIGOO SBLMEWEHMMS DBMLEH0S O
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0M9ghmgdo 3069953036 §9Y30gddo 96O 5oL, A96ObOEIGOMPS  YMOOMESE
009500 8974560D3gd0L IMIM>MmdOL 35b6mbgdo.

3060050 bsfjoemo

999560Ddol  ©0bsdo30L  58Mm356900L  AMOZ5RIMM369006  gobgzobowmm
999560Ddob 0bsdozol 33w 935 3069953036 Y300 WEMGBMIGdIOLS S IMEHYIGOOL
3om35¢olfobgdom.  39doboBdol  mM3Mlgems sl 30693s303Me  (y30qddo
©06M9hMgdOL 5MLYOIMBOL 33¢930L 96 MHAMEdOL BEYMIPO IRMOTS309d0L TJOIYO.
d99bgd-0mbobmbg  bgs306mgdol  339000L  F9gI©  0BOYds  30bgdsBHozmeo
093000930l M9RM9d0 s 033wYdS YGHOIIOOL BMIGd0 s FMEDs, B3 0)393L
QIHOOEMBL s bbgo@alibgs Lobol 30mdogdgol.

©IMGHYIS 5Ol BMdMsMdS, MMIOL EOHMBSE OMOL d306mg dmbs3zzgmdo
LobBgdol  Lobdotryg 00gdl o339  3603369EMdL.  sMEGYds  LBbgmegdols
930935000560 MO0 gHMJIGI05s, MMmIgedog bgds 30bgBolzmMo  gbgeyool
390056500 gds. ol bdoMo 993l ILEGHMMIEoMEo bslosmo WMM0gOHMJIggdol
bbgmegdobmgol. 3003500 B9dmddngds 39390w0s, HMmAMME dmdMog Lbgmemgdls
dmMHob MOHD0gHNJIgId0L obgmo G030, MmMIgedos 99odEgds YIENGIGEYMod
“OH000JOJI99d0L OOH™.

M GHYIoL Tgx5L9gds Tgodegds slig 2odmgbobmon:

S = [ F(®dt. (1)

Lo f(x) 9M0l MEHYIOL doy;

T - ©OMOL 0995090, MMl go63s3wmdsdoi J0dObsHIMBL oM EYds.
LoBdotnms 8600369wmd9d0 sMEGHYdol sbsHyoldo s¢03b08bmm 7 0bgdlom, bmwm
MAGHYIoL dmEoml _ 4.1-000.

3obLobogg 894560Hddo wEM9Rm 1-2 306985@ 036 Hyz0dos (bsb. 1).
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Bsb. 1. 8Gepobsts-G5mp0s dogsboBdols lighds a6GgBmomo Bs6Bsgs-06odbss
306905090396 fgzoemdo

1 Ham@ol 8mdmsmdol Mmomgbmds sMEYdol @sbofigoldo s03603bmm Q1; -om,
bomm @sM@GHYdol dmwwmb Q1is1-iT. dgmmg OHamol ImdMHomds  IMEHYIob
5LOHYgolLo 5036086Mmm Qi -0, M GHYIoL dMEML 30 _Q1i41-00.
M GHYIoL MML IMdMH3MdOL Momgbmdol d96sb30l Mgm®m9dols Jglisdsdolis
3loco:
Qriv1 + Qoiv1 = Qi + Gos (2

boQS(3,

Qu=mVi; ()

61i+1 = m3171i+1 (4)

Qri=miVai ;5 ()

Qi1 = mél_/)Zi+1 ; (6)
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(3) 5 (4)-0b Asm3z5eolobgdom (2) Joowgdl
m;J_/)1i+1 + m’2‘72i+1 = mil_/)u + mIZI_/)Zi (7)
bS53

! os ! A152

my =My, My =my o 560L MEYoL dmbsfoag MHamegdols obs; Vi Qo Vieer _

1 Mol BoRJscg 6 EYdsdwg s s EYIol 8909y, Vai Qo Vaisr 2 M@0l
LoBRdo6Mg MGHYFY S IMEHYIOL F99I. M5YL MmOl 2 ImdMoMmdol
509bMds oM EYIol sLsfyolido b0, (7) doowgdls Labgl:

177 177 YA
my Vi1 + MV = miVyy; (8)

2}

S\

bsb. 2. mm9Beals Uiglgds 1_2 306905903296 fgz0¢mdo

399M3Ymxzm IOEHYIOL MM BBl (bsb. 2.) 30M39¢0 — IGZ0OMZ0L 7B
dgbgdol  dmIgbFHoob  BoduoToErMm  EIBMEMTS3050©Y,  MMEILYE  OYMGdOL
R9OHOMI0MO LoBJSMY 60, b Fsmo LogMM SBLMEIMEEOO LoBds®g Vy. Bgmeg
03905 3M39ads  39bFBHZ0MmM30L  FodlodocHo  IBMMTS300L  FMIGOEHOI6
3ol JmMob 39380600 g5hY39E0dy. dgxobgdsdo dmbsfoerg MHamegdols Jsloms
395G®0L LoBdoeg, 9.0. 039 LsgOHOM LoBJsMY, 3060390 RIDOWIE FgmMg BsBsdo

3905b3wol dmd9bGo:
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Iyyn Iy Iy,n
myVy; M Vi1 tmMaVoiio
Vo = 2k =T L2 (9)

[ 1 ! 1
m;+m; m;+m;

Bod® Vit o Vi1 560b 1 GHymenol boBds®ol bm®maswr®o dgyqbgeo 9Lsdsdolsm
@M HYIs0®g o IMEHYIL 8990092; Viirs _ 2 ®3meool boBJsGol Bm®dsgrvy®o
0y9bgwo  @IMGHYAoL  F90gy. bmMBserm@mo  FodsMmMEgdol YOO
3603836905 500935 MM0MMYIE0 (Mol 396¢O0L3906 F0dsMr0rEnds:
V[t = x,cosy + zy,siny; (10)
Vi1 = X1,41€0SY + z1,41Siny; (11)
Vais1 = X2141C0SY + Zpqg5iny;  (12)
30639 535580 1 Mmool dsbols 396G 0L LoBJseol be®-dserymo dgbawo
033w9ds V-6 V5-89 , 530GH™8 0o®@GHydol 033wemlio 53 gsbsdo sGob S;:
mi (Vo — Vi) = =S, (13)

BogLgom (13)-3o (9), Bogowgdo: S; = %Vﬁ . (14)

+
dgmMg BoBsdo 2 Mmool dsbgdol 396@G®OL LobdsMol bmGmdserm®o dagbgwro
033wgds Vo-@9b V2i41-8009
m; (Vo —Vo) =S, (15)
BRI (9)-0b gomzscoliffobgdom (15) 4edmbobmemgds J00mgdlL Labgl:
mim)

S =—— (V2ni+1 - Vﬁ+1) (16)

mi+m)

39633060m30L5 s IHZ0MM30L bMOTsE MO 0339lgdOL LOWOEYMS FGBIMIYOS

560 50ygbol 3mgn0309g6EG0 Ry = AT (17)

Vi
099 HRMGI0 5OLBMEYEHLIMOQ Y3905, 35306 , bererm MM 93500
M g00LsM30L
950 MM5Q©
0<Ry=<1

(10), (11) 5 (12) 259mbobmengdgdo Bogbzso (17)-80, dog00900:

X2i41COSY + Z2i41SINY — X1;41COSY + Z1j41Siny = Ry(xq;cosy + Z1;siny). (18)

LoRJoG9ms Bobgab0owmmo 3gbgwol 89x35Lgds begds 96 sMmEYdsdo, 6
dgobs  Bobmbol  3m95303096GOL  Tgbobgd  303mmgBom 96 TG0 bobmbols
3039 H0b.
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053539200 (8) x0z 3MMMHPObIGHMS WgMIYdDY, dog300M™

MyX1ip1 + MyXaier = MyXy; (19)

MyZ1ip1 + MpZpipr = MyZy; (20)
boo3 X1; @O Z1; _ 1 Gymeool LBoBdo®goms ggadowgdos ox s o0z ©9MHdgdbHy
QIMAHYIS0QY; X141 ©O Z1i41 _ 1 BYME0l LoBdsMms 39ad0wgdo 0x s 0z W)MHJIJGODY
MGHYIob J9IIY; X2i+1 OO Zi+1 _ 2 MRME0L LoBJsMgms g9gadogdo ox s oz Rer-
d90%D9 sMEHYdob 999,

3963L5BO3OM®  EIMEYIOL 98Iy BMEgdoL  LoBdsGg  SBLMEYIGHMMO
Log30lL 303mmMYHBol Jobgzom. ML 58 F9dmnbzg3zsdo o@Ydomo 0d3Mwlo
80856MHmos  HBgs30Mm0L  0dsmm  Loghmm  bmMTowol  goliizdog, dmdGmsmdol
509bMdOL 9gadowo dbgdbg MmoMMYMWo MHRMEOLIMZ0L 56 0E3Eds.
50M0gd, my Vi = myViiy,
by " xq;Siny — Zy;€0SY = Xq;41Siny — Zyicosy  (21)

(18), (19), (20) s (21) 560l 35BEHMEgdsmMs LOLEYTs, Lo0Ibs FIBOLIBOZMDS Xy >

Z1i+1> X1i+1 QO Zi+1.

. _ (1+m)—(1+Rg)cos?y . (1+Rg)sin2y .
Xijp1 = ry YT e STE (22)
. _ (1-Rg)+(1+Rg)cos?y . (1+Rg)sin2y .
Z1i+1 = 141 T ™) Zy; (23)
. (14+Rg)ncos?y . (1+Rg)nsin2y .
Xo i = . — Xq:; (24
2i+1 1+n 1i 2(1+1m) 1i> ( )
. (1+Ro)nsin?y . (1+Ry)ysin?y .
. = X1 Z1is 2
Y2i+1 T FEREECT + . 1 (25)
boQY.
my
n m/2

MEYIoL 990092 Mamegdols LoBdoMg goblyBEO3GmS dyobo (dersb@o) bobwbols
399%30309530L  303mmgboll Fobgz0m, OHMIWOL ™sbsbTs IMEHYIOL 0d3/9elols

A96396305m0 IYgbgrro 9GS IM30IOIYo ol bmEmIserme daabgbg s
29bolsbezMgds A gobo3zMMHo  8mEdozom0,  MHMIJo3 MO IOME0S

B9053060930l ®30L9090bY. 58 F9dmnbzg35d0 LoBJsMgms 3obygbEosw o dygbgdo
M 3Yd59 O IMEGHYIOL 8999 539330609005 39000 GHMELMIO00):
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Viier = (1= DVy; (26)
Loog A4 9oL dgobs bobmbols 3mgzosogbdo (0 < 4 < 1);
Vi = &ysiny — zycosy; (27) Viie1 = Xi41Siny — Zyi44c0sy; (28)
(27) 9 (28)-359mbobwagdgdol asmgzseolfiobgdom (26) doomgdl Lobal:

X1i415iny — Zyip1c05y = (1 — ) (Xysiny — zg;cosy)  (29)

(22), (23), (24) 359mbobmgdgddo 3609369 mdgd0l dg@sbom 03009dm:

. (14n)(1-2Asin?)—=(1+Rgycos3y . 1+R—A(1+n)]sin2y .
x1i+1 — ( ) 0) xli _ [ ( 7’)] yle'; (30)
1+7 2(1+n)
. __ (14+Rg)+(1+Rg—A—ARg)cos?y . (1+Ro—AnRg)sin2y .
Zli+1 - 1+7 1i — 2(1+n) 1i (3]')
. An(1+n)sin?y+n(1+Rgycos?y |, [1+Ro—A(1+7m)]sin2y .
X2i+1 = 141 X1i — 2(147) Zyi5 (32)

. [n(1+Ry)—MmA(1+7n)]sin2y . An(A+n)+n(1+Ry)sin?y .
Zai+1 = prTeYe ut ey Z1; 5 (33)

M GHYIoL 9909y MAMEgdol LoBJsgms 4obLIBOZMS bgds ddMsEo bobmbols

3030m09Hol Jobgz0m. 53 303mmgBoL (Mool 303mmgbs) Jobgwzom sMEHYIOL
@O 6O mHo s 3Hgd0 0839LGI0 835380MYOWOS BHMEMOOM
St =fSn (34)
Bea®3scnMHo s Abgdo 033ligdo Bsofgmgds 390gy0 Lobood:
my (Vi =Vi) =S¢
my (Vaisa=Va) = =Se (35)
my (Vi1 =Vih) = Sa
m;(Vaiv1=Vzi) = Sn.
(34)-259mbobuyagd0sb (35)-GHmemdol gomzseoljobgdom dogomqdo:
Vi =Vii = f(Vi = V1D (36)
Vaier=Var = f (Vo =Va1)s (37)
099 35300035¢0bFobdm, MM Vi = Vi = 0, (36)-056 339969ds:
Viier = fVaisa. (39)
Vit Vite1 8 Vi1 05353806090meos (17)
(40)

LoBRJo9mS Br®BseMo dygbgwgdo
AEdom, sdo¢md Vit =V, — RV .
(36)-0L gom35¢0olfobgdoom (40) Joowgdl d9day Lobagls:
Viier = Vi = f V2 — (L = RoViils (41)
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(39) @5 (41)-359mBobmeqd0sb godmdobsty,
Viigr = Vi = Voo = f(L+ RVY;,  (42)

099, (42) 358cbsbryamgdsls ogligsdom (10), (27) s (28) godmbobvyengdgddo, do30090m:
X141 = X041y = (Zai41 — Zaiva)cOSY = Xy[siny — f(1 + Ro)cosy] — Zy[cosy +
f(1+ +Ry)siny]; (43)

(21), (22), (23) 05 (25) 29b6EHMegdsms LobEH)B06 Fog300gdm:

Ky = (1+n)(1—lsinl?;(1+Ro)coszy By — [1+R—/2181—;;§]sin2y i (44)

Gy = (1—R0)+(1+11?i;1—)tn)coszy Byg— (1+R0;Z)1—+)1n17))sin2y %y (45)

Tpiaq = An(1+n)sin2]1/12(1+R0)c052y Ry — [1+R0—ig:177’;n]sin2y 25 (46)
Gyiey = [77(1+R0);?1(i;))l77)]5in21/ iy + An(1+n)+n(11:§o—ln)sinzy 2y (47)

) (21)_(24), (29)_(32), (43)_(46) 250mbobmengdgddo dqbsdsdols bogligsdom Ry = 0
©> Ry =1 803000000 60 gdol BoRJo®gl s®@EHydolb 9909y 9M5M9Y3900 ©
LMY EHMMI MJ390 IOEYToLIMZ0U.

53605, 056599060M39 36543035 IMmobm3l MBOM HMMEo 3OHMdMGIgdol
39005FM0L, OMIgwoi 9mo3sgl  FomoeloBdstosbo 8sbdobgdols s dgdsbobadgdols
©065d030L dgUfHogesl, dsmo MRmeEgdool dsbogrgdol dyMso ™M30L9dgdoL, dsom
30693530300  x5339000  ©MIPMGIOL  sOBYOMOOLS s Lbgs  Bod@BHmMgdols
30035¢0oljobgdom. B39b 99393909 23983969005 965E0BO, 306905303796 Hyz0do
0OH9RMIdoLy O IMEGYIGOOL  gomzowoljobgdom. gl sTM30YOdGdO
396L5BOZOME0s 39J960BToL FMIMHMBOL  J9bFBHM GO0 499mTObIMY.

3990996990 {i4o6rmgdo s Wo@E MGG
1. . ®s3bgerody, 3. 3Maosdzoo - 3d9doboHdgdol obsdozmemo sbswroBo-
Lobgddm3s69wm; LEGy-bl dBodEom™M93s, 2008()., 2503., 621.01(02) / 33;
2. b. 053005030000, ©. M3bgerodg s bbg. - 39ds60Bdgdols s sbgobgdols
09MM05 - LobgEddm3s69wm, BEG-I dodwoMmy3s, 2010§., 29193.,621.01(02) /
35;
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3. Amommn 10.A., Bepxanckuit ILM. - CTPYKTYPHBIN, KWUHEMATUYECKUA U
JTVHAMUYECKUIN AHAJIM3 PBIYAXKHBIX MEXAHU3MOB. YYEBHOE
[TOCOBME-MHCuC; 2015r; 978-5-87623-893-1.

4. Oleg Vinogradov - Fundamentals of Kinematics and Dynamics of Machines and

Mechanisms-ISBN-13: 978-0849302572.

STUDY OF THE DYNAMICS OF A MECHANISM WITH TAKING INTO
ACCOUNT CLEARANCE AND IMPACTS IN KINEMATIC PAIR
Murman Khachidze
Abstract

Tin the article is considered the features of the mechanisms studied in the field of
mechanical engineering, shows the ways to solve complex problems in modern practice that
studies the dynamics of high-speed machines and mechanisms, the stability properties of the
materials of their links, their kinematic chains, taking into account the existence of clearances
and other factors. Of the various problems of the dynamics of mechanisms, the study of the
dynamics of mechanisms is discussed, taking into account gaps and impacts in a kinematic pair.
These relations are determined on the basis of the equation of motion of the mechanism.

UCCJIEJOBAHUE JTUHAMUKA MEXAHU3MA B KHHEMATHUYECKOM
HAPE C YYETOM 3A30POB U YIAPOB
Mypman Xauuase
Pesrome
B CTaThC OITNCaHbI 0COOEHHOCTH MCXaHU3MOB, HN3Yy4acMbIX B obnactu
MAalIMHOCTPOCHUS, IMOKAa3aHblI IMYTU PCHICHUSA CIIOKHBIX 3a1a4 B COBpeMeHHOﬁ ITPAKTHUKE,
M3ydJaromed JUHAMHUKY OBICTPOXOJHBIX MAIIMH W MEXaHM3MOB, CBOWMCTBA YCTOMYHMBOCTH
MAaTepHUAJIOB MX 3BEHBEB, NX KMHEMATHYECKHX IIENEH C y4€TOM CYIIECTBOBAHMS 3a30POB M
APyrux (I)aKTOpOB. "3 pa3jInYHbIX 3ada4 JHUHAMUKU MCXAaHU3MOB O6CY)K,Z[8.CTC$I HU3YUCHHUC
JAUHaAMHUKU MEXaHHU3MOB C YI4C€TOM 3430pOB U y1apOB B KHMHEMaTHYeCKOM mape. OTH OTHOIICHUS

OMpEACIIAOTCA HA OCHOBE YPaBHCHUA ABHXKCHUSA MCXaHU3MaA.
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abmdmdo 3g0dsbdmerodgtmeo 30m33mBoEdOL
wgbGuMo bgMbgdom bgmbgol 3Gmigliols dsgrwy®o

3565393 MgdoL 33935 (I 6sfogo )
0906 2905330¢0*, B3 Bo@0dy*, 093ME Imbosgs™,

3535 309gbGHo™, 935 LeM083z00™, 3531965 35356539
"BHR9b260, bosgsGorzgenel (9976037960 96039650 0;
“obmpom98sem0 36:059Lm60, bsgsGo39¢rmb (9996032950 960396boBIA0;
OOPOB36H0, Usgsr039¢7b (9976037960 «9b603960bodgBA0;

0 80UHBSOH0, bogsr0339¢ml (997603290 29b60396boBIBHO
(LsgoMn3geML 399603960 Mboggmlio@Eg@o, 3. 3MLESZL J. Ne 71, 0175,

000¢0ob0o, bgsMmgzggEm)

M9bong: bhsBosdo gsbbocrenemos Gbeybdeydo G96dsb3caer0dgtenemo 3020300 bogorIto
dsbsemgdol (©g9sl) 960 bgtbgdoo bambgolb 36Gpgbolb 33¢m935. 39,
B3H509829¢m0 9963960896(9980L bsiwydz9¢obg s dsoo d9ogggdol ds098sHo329(%0
30905396000 8009829¢705 993G9L00L 35692098980 Johrmgdol dserolb ,Q“ s
dsborsb beaBseretro dserob S F6olb doggbgcro dsergdol ©sdm300989¢798s 3
G FFHOYY: FOob bobfsgbg N Fob bodseoergby h“ s dopmepgbol
boBdstrgtg U s8g98ocmos 6ol doggbgero  dsemgbol  gMs30349¢m0
©3923009829¢v98980 358 R3FH298 Y.

153396dm LoBYzgdo: IgMHJsb3merodgmyero 3md3mbBoEo (333) FMHob dgbgaro dswrgdo,
9309L00L 2obEHMeEgds.

dgbsgsemo
fobs  a98md39ybgd e LESGH0gddo  (3mEboewo  ,,GMBL3MOGH0 ©o
05695650039690mds“ Ne2 (51) 2021 §.) 09@SM5 04m 50HgMHoo sbosgro gHdboyer
30dgOHo 3033mBoGoL (333) 999339wmds, 2odmyqbgdol Lizgmmgdo, Foedmgdol
9900900 S B0H03YM-975603M0 M30L9d900.
59 bBo@0sdo B39b 35aMdgegdm 33¢9390L 39 Job3Mme0dgeveo 3mB3MmBoEH ool

39496036  ©3Mds3g0sdo ©@s  3gMdm©  gbGHemo  bgdbgdoom  dlwgdydo
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9964563m0d9Ho  30033mB0EJO0L bgebgol 3Mmglol dseymo 356539EHMYdOL

33@935.

doM00so bsfogro
9963960896390 BoBoMgdmwo ogm JIC-80 GHodol wgb@lsbgMb BsebBg. Mol
LoBdo®ol  @s  Bofmgdol  LoBJsGol  MLosggbmmo  M9gaMwomqdol  dobboom
©9950b0dbmwo Bs®bo 0ym dmEgMboboMgdmwo s sl 399Bbs GHYMHoGHMOmOwwo

N
—@
L\k&/ S

domngo.

(e

_2——'"/—"_"”/‘
S o iy e

RN

bsb. 1 JIC-80 3030l ¢m9bdhlbsbgdbo Bstbo
GOBOUAMGLIEMO F5(90)3000:
1 - psdggsbo oliz0, 2 — engbderdo bgmbo; 3 — Bsebol dsgogs, 4 — dofraogdols
absggbedm Ggg eemo®98ol bolidgds; 5 — sdyeaemo olizo, 6 —Bskbol gstio,
7 = JIIOOBI20 B5630030L 35453, 8 — JLIAHO0(3530, 9 — bOr239@)B0 35053905
5650035M0L ¢9db03M0 dsb39690cgd0 93 ga00:
1. §5993560 ©@ob3ml dGmboms LobdoMg s Fo0OL oW HO0WGOOL LBoBJsGol
932906905 MBsROIGHMEOM;
2. £59943560 @ob3ML dGMbms LobdoMyg: N = 100 —1000 d6/Foo;
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3. 3ol LoBdstmg: V = 5+40 9/§0;
4. 90fm©9doL bLoRdsemg: U =5+ 35 3/fo.

e
~

63b. 2. cogb3eitio bybols yeablidGenglzos

Bob. 2-Bg dm390wos abEHMMo bgdbol 9wgdgb@gdo s 3FMHgeo 380wgdols
390393HONWo 356M5893M900. 390dmE, 3JOOL BsboEMIdI®© 309)bgd w9bdm®
bgebgdl, GMmIwol  3Jdowgdo oym sM®IoMGdMo POMS5 ds630L  LHMexrdFMgwo

ROWHEOL BOOBOEGHIOOM.

9939603963 g00L BslioBoMgdws© Mm3EGH00D0MmGOMWOo 0gm wgbGmMo bgdbols
300930l 99990 39MIGGHO0ME0 356M5d9GM900: 1) fobs 3mmbg v = 25°, 2) w3569
3Mobg a=20°; 3) sergligol 3momby £ = 45°; 4) 3FMOgeo 3d0gdol bodswerg h =5 3d; 5)
bgObol Logobg B = 40 d3; 6) 300¢ms Mol doxo t =7 dd; 7. bg@bob Loldg S = 0,8 dd.

99639603963 go0  Bo@oM©s LEM-L FgMbmo FsboErgdol sTBOWIdIOL o
©53853900L  Loboganm-bsdgabogm  39bBHMOL  WsdMGsEGHMmMosdo JIC-80 Godol
Boebby.

33X9©O0 BoJBHMMGO0 0ym:

X1— 360b LoBdotg V =25+ 40 d/fo;
X2 — 8ofjaroqd0l LoBdstg U =5+32 9/foo;
X3 — 360b bodserg h =16+64 9.

99b396M0896BHJOL  35BHMYP  J39dmm  dmyzsbowo  FgomIOHO  ddEOL

309mygbgdom (gbGowo 1).
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ab®ogro 1
97639(0896cH0l 5898330 FsHMogs
e VO VA IS Xs | XXo | XiXs | XoXs | XiXoXs | 333003000V
Ne 650 9bMdS
1 +1 -1 -1 -1 +1 +1 +1 -1 3
2 +1 -1 -1 +1 +1 -1 -1 +1 3
3 +1 -1 +1 -1 -1 +1 -1 +1 3
4 +1 -1 +1 +1 -1 -1 +1 -1 3
5 +1 +1 -1 -1 -1 -1 +1 +1 3
6 +1 +1 -1 +1 -1 +1 -1 -1 3
7 +1 +1 +1 -1 +1 -1 -1 -1 3
8 +1 +1 +1 +1 +1 +1 +1 +1 3

390593565 BoJGH0MmO 33150l 30MMB0MBY brMmEogegds 99990 BMOIMEgdOL
399mygbgd00:
VvV -32,5 ~U-185 h—40

X, = C X, = COX, = 1
! 7,5 2 135 Y M

3bowo 2-do dmyzsbomos 9dudg@modgb@ol s9ad30L dodMoas BodmMow Mo
Loboo.

3b6. 2-0l dobggz00 Bs353HsM90 9Ju39M096EHYd0 s F9YRJO0 3505390
LASGOLAHOZNMHQ Y39039 30pbgEr doersoby 39MHImE Q @s S doersby.

gboogro 2
3oL F60ob boBdstg dofimrgdol FM0ob Lodsweng
Ne V(9/;9) LoBdotg U (3/ffo) h (90)
1 25 5 16
2 25 5 64
3 25 32 16
4 25 32 64
5 40 5 16
6 40 5 64
7 40 32 16
8 40 32 64
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GbGOo 3
9809600l 32920609630 bssbgstoder gbkogo ,0”
g 969¢mo dsgroborzols
3oL v Xo X1 X2 X3 X1X2 X1X3 XoXa3 X1X2X3
Ne (bo) (by) (b2) (bs) (b12) (b13) (023) (b123)
1 441 | +441 | 441 | 441 —4,41 +4,41 +4,41 | +4,41 —4,41
2 11,6 | +11,6 | 11,6 | 11,6 +11,6 +11,6 | -11,6 | 11,6 +11,6
3 9,22 | +9,22 | -9,22 | 49,22 -9,22 -9,22 49,22 | -9,22 +9,22
4 26,5 | +26,5 | 26,5 | +26,5 +26,5 -26,5 -26,5 | +26,5 -26,5
5 3,85 | +3,85 | +3,85 | 3,85 -3,85 -3,85 -3,85 | +3,85 +3,85
6 10,85 | +10,85 | +10,85 | -10,85 | +10,85 | -10,85 | +10,85 | -10,85 | —-10,85
7 8,05 | +8,05 | +8,05 | +8,05 -8,05 +8,05 -8,05 | -8,05 -8,05
8 195 | +19,5 | +19,5 | +19,5 +19,5 +19,5 +19,5 | +19,5 +19,5
Zn: 93,98 | 9398 | -9,48 | 32,56 42,92 -6,86 | —6,02 | 14,54 5,64
1
30)B0-
6o00®e | | 1o | 119 | 407 | 537 | 086 | 076 | 182 | —071
bi = ZZ 8
1

Bo@Bo69dwo 9db3gmodgb@gdo 235dg3L Lsdrsgdsl dogz00mm MgyMglool

396@™gds 9990 Laboo:

Y= bO + blxl + b2x2 + b3x3 + blZXlXZ + b13X1x3 + b23X2X3 + blZBXlXZXS ’ (2)

Loog b, (1=0, 1, 2, 3) M36mgLbool gobEHmegdol 3099303096¢)9d0L 3bGHoo 3 s 4-0m

300900 395303096@ 900l 86093690 Md9dL LSBOZMIZ300 B0TIMOL 3M0EHIM0MTOm

Q5 BodMEMME MJOILOOL 2obEMeEgds J00gdl dgdg Loby:
,Q“ — 99690 dsgmolsmgob:

Q=11,75-1,19X1 + 4,07X> + 5,37X3 + 1,82X2.X5. 3)
gbeoeo 4
©9869b00ob 32920609690 bssbgsmode gbkogro ,S “
g gb9emo dserolismzols
5Ob i Xo X, X, Xs | XiXo | XiXs | XoXs | XiXoXs
Ne Y (bo) (by) (b2) (bs) (biz) | (D1s) | (bas) | (ba2s)
1 3,87 +3,87 | 3,87 -3,87 | -3,87 | +3,87 +3,87 +3,87 -3,87
2 12,45 | +12,45 | -12,45 | -12,45 | +12,45 | +12,45 | -12,45 | -12,45 | +12,45
3 10,3 +10,3 | -10,3 +10,3 | -10,3 | -10,3 +10,3 -10,3 +10,3
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4 298 | +298 | 298 | +298 | +29.8 | 298 | —298 | +298 | 298

5 226 | 4226 | 42,26 | 226 | =226 | =226 | 226 | 2,26 | +2,26

6 10,11 | +10,11 | +10,11 | -10,11 | +10,11 | 10,11 | +10,11 | 10,11 | -10,11

7 72 | an | an | an | an | an | 92| 972 | 9n

8 189 | +189 | +189 | +189 | +189 | +189 | +189 | +189 | +189

> 9441 | 9541 | —17,44 | 3804 | 471 | —954 | —9,04 | 1424 | -7,58

1

3m9%80-

6o9POI®O || 1193 | 918 | 476 | 589 | <119 | <113 | 178 | 095
bi = Zn:: 8

1

3060MBOMO O BodGHOMMO 33W9@JgO0L  553Y3960  BMOIMgdol
399mygabgdoom (1) ,Q“ 3ygbgero dogrolsmzol MgaMaLooL FoBEHMEds F00MgdL Labgls

Q=11,75-119 Y2322 | 44,07 215 +5,37(—h_40j+ 1,34 27185 (h‘40j.(4)
7,5 135 24 135 24

»o — 00099690 doeolsm3z0l MgaMglool 2obEmeEgds JooEgdl Labgls
§$=11,93-2,18 X1+4,76X2 + 5,89X3 — 1,19X1.X2 — 1,13X1.X3+1,78X2Xs. 5)

30000000 Bsbosb BogGHoME Lobgdo Fosyz3s60L 9989y B0300gd:

S

3505

=11,93-2,18 v-3s25 +4,76 u-185 +5,89(h_40j—
13,5 24

119 V-325)\(U-18,5 113 V -32,5 (h—40j+1’78 U -18,5 (h—40) ©)
7,5 13,5 7,5 24 13,5 24

9009090 456GHMW 93900l F0bYO30m 50905 LEMIBIM FMHTB03900:
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bsb. 3. 1-Q s 2-S FHol dsgrols doggbgerngdol sdm00098-9¢985
FO0b boBds®9Pg N olbsdwydsg989¢mo dsbsgrs dbeydoydo 8.3.3, opracogdols
boBostg Usa = 18,5 d/for; $Gols bodseemg husa. = 40 30

4Q.s (32)

20

15

10

|

0 5 10 15 20 25 30 35 40 V (3/49)

bsb. 4.1 -Q @s2 - S FHol dsemol doggbgcgdol sdm30098-xm9ds
dofmgdol boBdse9bg U @sbsdwydszg98g¢emo dsbsems dbendoydo 8.3.3.
FO0b boBgstg Vwsa = 32,5 d/pa; 360l bodseeng huss. = 40 80
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bsb. 5.1 -Q s 2 - S FHols dsemol doggbgargbols sdm 300987985
FOob bodsemergby h @obsdwydsggBgcmo dsbsgns dbeydoydo 8.8.9; 60l boBgst
V sz = 32,5 /p0; doffracogbols boBgsg Uusa =18,5 d/fpor

336900
. 3963d6meo dsboegdol FMoL 3Mm39LgdoL 9Ju3gM0dYbEIWMMmO S BswoEH03MMO
33@930L  Logndzgwdy  ogm  @oEygboro  FOob  dpgbgro  dogrgdol

533000999905 OO0 BoJEMMGODY;

. 800900 990093900L  bGOEGOLEH0IMMO 53900l JJNMEIOOM 25dMmY3560¢00s
6930900l 49bGHMWgdqd0, MMIgwoE  SbobsgL  FMHoL  dabgwro  dorgdols

533000909 gdsL  FOoL 6g:000L  GodBHmMmgdbg (FOob Lobdstgbg V /0;
dofimgdob LoBJsmgbg U 8/fo; 3Mob bodswwgbg h 09).

. 300900 ©93609L00L  ABEHMEGdIOOL  Log3md3zgEDg 9539OME0s  JMIBOIMEO
©59M 300090990900 FMoL 8y bgero dsggdols FMol M9s50890%DY.

. 000900 3655303980l Bsdmogdom 89a30de0s ©IZ35P0bmm 833 bgMbgols
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3°9mygbgdmeo figsermgdo s odgModes
1. Sequoia. Ru /rv/ OSunuxnomenus — JIIK;
2. Sequoia. Ru /ru/ IIpumenenue — JIIK;
3. . BoB0dg, 0. 3958300, 3. 09630, 3. 9050300 - IO 530F30L W9bEHIOO
bgebgdom bgMbzol 3Mm3gbol 0bsdo3MMO 35M0dgBM9d0  33¢935; FYMbswo
»OMBL3MOEHO o 356456500 TT969dMds“; Ne 1(38) 2017.

RESEARCH OF FORCE PARAMETERS OF BAND SAWING PROCESS BY
LIGHTWEIGHT WOOD-POLYMER COMPOSITES (PART I)
Igor Gelashvili, Zaur Chitidze, Temur Moniava,
Maka Zhgenti, Eka Sarishvili, Papuna Kapanadze
Abstract
In the article is considered the process of sawing by ribbon saws of lightweight wood-
polymer composite materials. In particular, based on the conducted experiments and the
mathematical processing of their results, the equations of regression are obtained for supply
force “Q” and normal to it “S” force cutting components relation on 3 variable factors: cutting
velocity “V”, cutting height "h" and the supply speed "U". The graphical dependencies of the

cutting forces on these factors are constructed.

HccienoBanue CHI0BBIX IAPaMETPOB JIEHTOYHOI'O IMMUJICHUSA
JIETKHX JIPEBECTHONMOJUMEPHBIX KOMIOHeHTOB (HacTs )
Hrops I'enamBuiau, 3ayp UYnruase, Temyp Monunasa,
Maka Krentn, Ika CapumBuiu, [lanyna Kanananse
Pesrome

B crathe paccMOTpPEHO HCCIEOBaHWE IIpoIecca JICHTOYHOIO IMJICHUS JIETKUX
APEBECHOIOJIMMEPHBIX KOMIIO3UTOB. B YaCTHOCTH Ha OCHOBaHHMN IMPOBCACHHBIX
9KCIICPUMCHTOB U HX HOCJ'IeIIYIOH_[Cﬁ MaTeMaTHYEeCKOM 06p360TKC MOJIYYCHBI YpPaBHCHUA
perpeccun i «Q» H «S» COCTAaBJIAOMIUX CUJI PE3aHUA B 3aBUCUMOCTHU OT TPEX NCPEMCHHBIX
bakTopoB: ckopocTH pe3anust «V»; BRICOTHI pomuia «hy u ckopoctr mogaun «U». [ToctpoeHsr

rpauKu 3aBUCUMOCTH COCTABJISIONINX CHJI PE€3aHUSI OT ATUX (PaKTOPOB.
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3565393 M9gdoL 33eg3s (I bsfjogro )
096 39e5930¢0*, Bov® BoE0dg*, 0gdme dmbosgs™,

3535 309gbGHo™, 935 LeM083z00™, 3531965 35356539
BOMRIbG0, bsgstoz9e0mb H976037960 29b039(bodIB0;
*obepo@98e9em0 36:0m%39b0G0, bsgstr0339¢mb (9970603290 2960396boBIGHO;
OIH205690, Ussroz9ereals (9976032950 #960396b0oBIB0;

" 0s80bH®36(H0, bogst039¢ml (9976037960 «960390bodgBd0
(LogsGomzggmml BHgdbogm®o Mbogzghliodgdo, 8. 3mb@ogal J. Ne 71, 0175,

0d0¢olo, LogdsMmggenm)

M9b0onag: bhohosdo gsbbocereyemos dobg G9mdsb3cacrodytreiemo 300032 bogorGHo
dsbsemgdol (og9sl) 960 bgobgdoor bambzob 36Gpgbol 33¢v935. 39(da,
B5h569829¢m0 97639608965 900L bsg«dzgenbg s dsoo d9cog8900b 850905903900
@©30905396000 Jo@98r9cros (930900l 3sbheem9898o dofmgbol dserob ,Q“ s
Isborsb beatrdserento dserob .S« 3ol doggbaero dsengdolb ©s8030098-9¢985 Usd
G35 R3IHOYY: FHob boBsegbg N Fmob bodsmergby h“ s dopmepgbol
bobdstgbg U s898ccmos  FGob  Joggbgcro  dsengdol  3(rs%R0329¢0
©300,3009827¢798900 358 BSFH90 Y.
153396dm LoByz9do: I9HJsb3merodgm o 30d3mBo@o (833) FHol Iygbgero dswrgdo,
M9309L00L 2obEMEgds.
dgbsgsemo

bAoBool I bsfowwdo ogm smhgHowo 9dudg@modgbdowemo  ©sbsasto —
wabBLobgMbo Bsbo JIC-80 ¢Hodol, d3Mgwo 0blGHMmdgbdo — wgb@wemo bgdbo o
9939608963l LoBoMgdol dgoMmEO3s, xMgm3g 9Ju39MH0Tg6EIJOL  35EMJOLOM
dbddo Lgool IgHdsbl 3merodgm e 3:m33mboEgdbY.

LbAo@oob II Bsfoerdo 94u3gm0d9bEHIOL 3s¢o6Mgdm 3dodg dgemdsb3meodg®rvyen
30330mD0E 0B 03039 IgOMPO300 s 9JU39MH0d96EOL ogAAZ30L ToEHMOGOm.
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b&mogmo 1
©9809b00b 329950309690 bssbgstode gbGoero ,Q” doggbgamo d.)qnobmgoob
3oL v Xo X1 X X XXz X1 X3 XoXs X1 XoX3
Ne (bo) (ba) (b2) (bs) (b12) (b13) (b23) (b123)
1 7,31 +7,31 -7,31 -7,31 -7,31 +7,31 +7,31 +7,31 -7,31
2 13,4 +13,4 | -13,4 | -13,4 +13,4 +13,4 | -13,4 -13,4 +13,4
3 11,32 | +11,32 | -11,32 | +11,32 | -11,32 | -11,32 | +11,32 | -11,32 | +11,32
4 32,3 | +32,3 | 32,3 | +32,3 | +32,3 | -32,3 | 32,3 | +32,3 -32,3
5 5,85 +5,85 | +5,85 -5,85 -5,85 -5,85 -5,85 +5,85 +5,85
6 13,55 | +13,55 | +13,55 | —-13,55 | +13,55 | —13,55 | +13,55 | —-13,55 | —-13,55
7 10,35 | +10,35 | +10,35 | +10,35 | -10,35 | +10,35 | -10,35 | -10,35 | -10,35
8 242 +24,2 | +24,2 +24,2 +24,2 +24,2 +24,2 +24,2 +24,2
i 118,28 | 118,28 | 9,78 38,66 48,02 -7,16 | —6,12 20,44 -9,34
1
3MIBO-
(309b-
3900
by = - 14,78 | -1,22 4,83 6,00 -0,89 | 0,77 2,56 -1,17
n
>:8
1
gbGogro 2
3930900 32920309690 bssbgstode abMmogro ,S “ deoggb9emo dserobsozols
oot | o Xo X1 X Xs | XiXo | XiXs | XeXs | XaXeXs
Ne (bo) (ba) (b2) (bs) (bi2) (bi3) (b2s) (b123)
1 5,78 +5,78 | 5,78 | -5,78 | 5,78 | +5,78 -5,78 +5,78 -5,78
2 16,75 | +16,75 | -16,75 | -16,75 | +16,75 | +16,75 | -16,75 | -16,75 | +16,75
3 13,2 +13,2 | -13,2 | +13,2 | -13,2 | -13,2 +13,2 -13,2 +13,2
4 34,8 +34,8 | -34,8 | +34,8 | +34,8 | -34,8 -34,8 +34,8 -34,8
5 3,46 +3,46 | +3,46 | -3,46 | —-3,46 | 3,46 -3,46 +3,46 +3,46
6 13,11 | +13,11 | +13,11 | -13,11 | +13,11 | —-13,11 | -13,11 | -13,11 | -13,11
7 10,52 | +10,52 | +10,52 | +10,52 | -10,52 | +10,52 | -10,52 | -10,52 | -10,52
8 21,9 +21,9 | +21,9 | +21,9 | +21,9 | +21,9 +21,9 +21,9 +21,9
Z 119,22 | 119,22 | 21,84 | 41,02 53,3 -9,92 -11,84 12,06 -9,2
1
3MIBO-
(309~
&9%0
b = - 14,9 -2,73 5,13 6,66 -1,24 -1,48 1,50 -1,15
Zn:: 8
1
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bAsGHool I Bofoewdo  dmyggsboero  @EbG.  2-0l  dobgz00  BZIGHIOID
0Jb3900d96¢980 @2 9300 ©-353798539 BOHAGOLGOIIM@ Yn3Iwoz) drpgbyw
do5bg 39Mdm© Q s S doeoby.
BoGo690mo 939603963900 935deg3l Bodmogdsl dog300Mm MmYaMglool
396@Mgds 9990 Laboo:

Y= bO + blxl + b2x2 + b3x3 + blZXlXZ + b13X1x3 + b23X2X3 + b123xlx2x3 ’ (1)

Looog by (=0, 1, 2, 3) ®ga6m9b00b 256GHMEgd0L 3195303096300 3bG0wo 1 s 2-0m
900900 3095303096@ 900l 86093690 Md9dL LEBOZIMIZ300 B0TIMOL 3M0EHIM0MTOm
5 BsdMEMME M9RMILOOL FobEMegds J00Mgdl 989 Loby:

»Q — 8009690 dogrolsmgzol:

Q =14,79 -1,22X1 + 4,83X2 + 6,00X3 + 2,56X12 — 1,17 X1X2Xs. (2)

30MMO0MO S BoJBHOOMO (3305900l 45053Yz5b60  FMOIMgdols
299mygbgd0m ,Q“ 39690 dseolsmz0l MYaMglool 5bEHMEgds Joowgdl Labgl:

Q=14,78-1,22 Y323 14 g3 Y ~16:5 +6(h_4oj+
7 13,5 24

1256 U -18,5 (h—40j 117 V-325)(U-18,5 (h—40j. 3)
13,5 24 7,5 13,5 24

»o — 000996900 doeolsm3zol MgaMglool 25bEMmeEgds JooEgdl Labgls

S =14,9 — 2,73X1 + 5,13X, + 6,66Xs. (4)

306000 Bobosb FogB0M Lobgdo Assy3z560L 93 dog30Mgdm:

Q. =14,9-2,73 V=325] 515U -185), 6,66(wj. )
wil 7.5 13,5 24

3009090 456EHME 93900l JobgOZ0m 503905 LEMIBIM JMIR03900:
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1. 360ob bLoRds®ol BEOS 0f393L FMoL IA9bIE0 doegdol G9330MYOL, M3 S0blbYdS
0800, ®Md FOOU LoBJsMOL BOPOL MIbs39 OBMHPYdS 0bgMEOMEo LoyHgbo s
Loy 65300905 2oI0bEMYDS, FgLodsdoLo 3MbEodEHOL Bmbs s FMOL dowrgdo
PobboaBg d;306009ds.

2. 8m39999o dsLoergdols FOHobsl dofmgdol Lohds®ol BOs ofj393L Igbgwro
35900l BOIL MM Jofimgds 9O 300Dg BOEOL FHOL doggdl.

3. 3oL bLodseeob BeMs 0f)393L FMHoL dgbgwro dosgngdol 3339 BOELL, Moms
IONOOMMMO©  dmdMdsgg 300wgdol  MoMmIbmdy  gobobgMbdo o mdl,
(0053 8923030005 58 FoLoEgdol M3EH0TsMo FHOL M19:50d9d0L ©oIbs.
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2. Sequoia. Ru /ru/ Ilpumenenue — JIIK.
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3. . Bo®0dg, 0. 3gsdz0wo, d. 096@0, 3. 5050830¢00 - IO B0F30L gbEHIMHO
bgMbgdoo bgmbzol 3MmEglol ©obsdozmMmo 356599EHMYd0 33939 JMbowro
»OOBL3MOEHO 5 565J9b50TFgbgdmds“; Ne 1(38) 2017.

RESEARCH OF FORCE PARAMETERS OF THE BAND SAWING PROCESS
BY HEAVY WOOD-POLYMER COMPOSITES (PART 1)
Igor Gelashvili, Zaur Chitidze, Temur Moniava,
Maka Zhgenti, Eka Sarishvili, Papuna Kapanadze
Abstract
In the article is the process of sawing heavy-duty composite materials with ribbon saws.
In particular, based on the conducted experiments and the mathematical processing of their
results, the equations of regression are obtained for supply force “Q” and normal to it “S” force
cutting components relation on 3three variable factors: cutting velocity “V”, cutting height "h"

and the supply speed "U". The graphical dependencies of the cutting forces on these factors are

constructed.

HccaenoBanne CHI0BBIX IAPAMETPOB JICHTOYHOI'0 IMHJICHUSA
TSIKEJIBIX IPeBECTHONOIUMEPHBIX KOMNIOHeHTOB (YacTs 1)
Hrops I'enamBuim, 3ayp Untnaze, Temyp Monunasa,
Maka Krentu, Ika CapumiBuiu, [lanyna Kananaase
Pesrome
B cratbe paccMOTPCHO HUCCICAOBAHUC IIpoHeCCa JICHTOUYHOIO MHIICHUS TAKCIIbIX
APCEBECTHOIIOJIMMCPHBIX  KOMITIO3UTOB. B YaCTHOCTU Ha OCHOBAHUHU  IIPOBCACHHBIX
HKCIEPUMEHTOB M HMX TOCJIENyIolled MaTeMaThuueckoil oOpaboTKe MOJy4YeHbl YpaBHEHHS
perpeccun ajisd «Q» a «S» COCTaBJIAIOIINX CUJI PE3aHUA B 3aBUCUMOCTHU OT TPEX NECPEMECHHBIX
(I)aKTOpOBZ CKOPOCTH PE3aHUsA ((V)); BBICOTBI TPOIIHJIa «h»u CKOpPOCTH MoAa4Yn «U». HOCTpOCHBI

Fpa(i)I/IKI/I 3aBUCHUMOCTH COCTABJIAIOIUX CUJI p€3aHuAd OT 3THUX (baKTOpOB.
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Lobgdfogzmgdo B39xE0sw0DBEId0sL 535 v 03 Lsbols Mmool 99dabsby
0o63mgdols sbsbotxgdols d9930Mgdol doBbol dom{igzol LMzowom, dglsdsdolo
Bofo®dol  BHMBL3MOEGH0MdS  bmO30gw®gds oo  AsldEHedd00m  FmMge
956dogqd%by.

50gbs  (omB3momIzgds  MoEalo  BH3060mbs3o©Id0  sIMLsgEgm-
©oLO3EgMOl s BOOEMgM-bsdbemgmols  0dsMNMgdgdbg. 98 bs3509gd0L
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339 Lobgmdgdl, o939 LobgedFoRmgdl TmEOLsE GH300MJd0s InbBo30L
05350BsDBOOLOM. 98 B0BOMJI0® BodoMMNZ39EMl 29M3MOEH03MM0 FEYOSMGMDS
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0329olbdqds 86906030, FBobBLMMO, JMYMIROMEO, 5B0BMGO s Lbgs
M9LMOLO. gOH0-gmH o S1gm MGLOLL FoMBMoYIBL LodsMm39EML 4gM3MEOE)03wIMS©
bawloy®9eo 3gds6Mgmds.

UodoMM39™  BIMOEGMOM00m  35G9MS s Fmbobgmdom  I30MmgM03Ebmzsb0
Lobgerdfonms, 35363 dob FHYMOOGHMM0sDY 390 93MM35-5B00L ©STs35300609dgw0
m3m3gbo gbHs, MOl LsMIBIME 9dMYghgds bgdMmEs MBLMZsMO MMOEID,
X960 300093 9E0bMHO O Mo (30300DsE00L 39MH0MPOED. Bs80bs3, Mmiss
Bodomm3gem  sfobsm©mgdmmwo oym  93mbmdogMMe® @S 3ME0GH03MO©  F90
Uo3bggddo.  858obsg 30,  GMmEILLE  Lodomzgwm  Gligool  0d39Mmool
0905009963580  0gm.  259m0ygbhgds  ©ILS(3-WTMY30YOJMdOL  IM3M39d0L
09000pM053, o098 MHMYME[ BBL 56515305(OBs®. 9RO GHEMBLIMGOEOL fowo
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! List of countries by GDP (nominal) per capita. bso@o:
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Condition and perspective of Georgian transport
Nino Osadze
Abstract

The paper discusses the state of transport in Georgia and the perspective on the level of
development of transport infrastructure that determines economic and social development.
When discussing transport infrastructure, we focus on the issue of freight transportation,
although no less important are passenger transportation, security of transport services,
refinement of the transport network, etc. The World Bank regularly evaluates the transport
infrastructure of different countries of the world, in particular, calculates the Logistics
Performance Index (LPI) for each country and determines the ranking of countries according

to this ratio.

CocTosiHNe U MePCNeKTHBbI TPY3HHCKOT0 TPAHCIIOPTA
Huno Ocanse

Pe3iome

B cratbe oOcyxnaercsi cocTosHME TpaHcropTa B ['py3unm M mepcrneKTHBBI YPOBHS
pa3BUTHS TPAHCIOPTHOW MH(PACTPYKTYpHI, ONpPEEAIoned 3KOHOMUYECKOE U COIUAIbHOE
pasButHe. [Ipu 00cykaeHNN TPaHCTIOPTHOM UH(PPACTPYKTYPHI MBI aKIIEHTUPYEM BHUMaHHE Ha
BOIIPOCE IPY30BBIX MEPEBO30K, XOTSI HE MEHEE BaXKHBIMU SIBJISIOTCS MACCAXKUPCKHE EPEBO3KH,
0€30MacHOCTh TPAHCHOPTHBIX YCIYT, YCOBEPLICHCTBOBAHME TPAHCIIOPTHOM CETH W JIp.
BceemupHblii 0aHK peryisipHO MPOBOAUT OLIEHKY TPAHCIOPTHOM HH(PACTPYKTYphl pa3HbIX
CTpaH MHpa, B YaCTHOCTH, pacCUUThIBaeT MHIEKC >pdexTuBHOCTH doructuku (LPI) mms

KaXKIO0U CTpaHbl U OMPEeNseT PEUTHUHT CTPaH Mo 3TOMY KO3 (ULIUEHTY.
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Prospects for the establishment of a regional hub in Georgia
Nino Osadze
Abstract

The paper discusses the role of a regional hub in Georgia and the opportunity for
business development. Georgia is a key country in Europe, the South Caucasus and Central

Asia. Due to its strategically important geographical location, Georgia has a key transit function
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throughout the Caucasus and beyond. Improving transport infrastructure and vehicles is a
necessary precondition for the economic and social development of the country. That is why it
is very important to study the data related to transport in the Association Agreement with the

European Union and to introduce them gradually.

CocTosiHuE U NIePCNIEKTUBBI PerHOHAJBHOrO0 xada B I'py3un
Huno Ocanze

Pe3rome

[lepcnexktuBel co3manusi peruoHanbHOoro xaba B ['pysum Kpatkoe comepkanue: B
cTaTbe OOCYXKIAaeTcs poJib peruoHajabHOro xaba B ['py3uu W BO3MOXKHOCTH ISl Pa3BUTHS
Oousneca. ['py3us sBuserca kimouyeBoil cTpanoii B EBpome, Ha FOxuom KaBkaze u B
IlentpanbHoit A3suu. bnarogapss cBoeMy CTpaTerMuecKd BaKHOMY TeorpaduyecKkoMy
MIOJIO’KEHUO, [ py3¥si BRITIOMHSET KITFOUEBYIO TPAH3UTHYIO PYHKIMIO Ha BceM KaBkase u 3a ero
npenenaMu. YIIydlieHHe TPaHCIIOPTHON HH(GPACTPYKTYPBI U TPAHCIIOPTHBIX CPEACTB SBISETCS
HEOOXOIUMON TPEAMOCHITKON SKOHOMHUYECKOTO M COLMAIbHOTO pPa3BUTHs CTpaHbl. Bor
MoYeMy OYeHb BaXXHO M3Y4YUTh JaHHBIE, Kacawomuecs TpaHcnopta B CornameHuud o0

accouuanuu ¢ EBporieiickum coro30M, U BBOJIUTh UX MOCTENIEHHO.
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Georgia's unified transport system and its Impact on increasing
the competitiveness of the business
Nino Osadze
Abstract

The aim of the dissertation is to study the transit function of Georgia, to evaluate the
pros and cons of its practical implementation, to develop proposals for the creation of a
competitive transport corridor, which determines its relevance in relation to the strong With the
development of industries such as all types of transport (freight and passenger transport), as
well as tourism, trade and household and other services, where in recent years there has been a
significant increase in revenue, creating new jobs, employment and prosperity for the
population and the country as a whole. Promotes further growth. At the same time, what is no
less important, it will further strengthen the economic, cultural and other ties between the states

participating in this corridor.

Enunas rpancnoprHas cucrema I'py3un u ee Biausinue Ha
MOBbINICHNE KOHKYPEHTOCIOCOOHOCTH OM3Heca
Huno Ocanze

Pesrome

Lenbto nucceprauuu SBISETCS W3Y4YEHHE TpPaH3UTHOM (QyHkuMu ['py3um, oreHka
IUTIOCOB Y MUHYCOB €€ MPaKTUYECKOW pealn3aluu, pa3padoTka MpeasioKeHUuN M0 CO3AaHUI0
KOHKYPEHTOCIIOCOOHOTO TPAHCIIOPTHOTO KOPHUIOpa, YTO OIpeNeNseT €ro akTyaJlbHOCTh B
OTHOLIEHUH cwiIbHOTO C. pa3BUTHE TaKUX OTpaciiel, Kak BCE BUJbI TpaHCHOPTa (TPy30BOM U
MACCaKUPCKUI), a TAKXKe TYpU3M, TOPrOBO-OBITOBBIE U IPYTHE YCIYTH, TJ€ B MOCIETHUE TO/IbI
Ha0JI0/1aeTCsl 3HAUUTEIbHBIA POCT JOXO/OB, CO3/IJaHUE HOBBIX PabOUMX MECT, 3aHSATOCTU U
0J1arOCOCTOSIHUSL HAcEJIeHHUs. HacelIeHUs] M CTPaHbl B 11€JIOM, CIOCOOCTBYET AajbHEeHIIeMy
pocty. B To e Bpems, 4TO HE MEHEee Ba)KHO, 3TO ellle OOJIbIle YKPENMUT 3KOHOMHUYECKHE,

KYJIbTYPHBIC U JPYT'UC CBA3U MCKAY IroCyJdapCTBaAaMH-y4YaCTHUKAMU 3TOTO KOpHUA0pa.
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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 1,5 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 — 25 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 13B; 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,
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; Printed by

authors.
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