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reziume

samuSaoSi warmodgenilia axali konstruqciis sammasiani
vibraciuli manqanis Teoriuli da eqsperimentuli gamokvlevebis
Sedegebi teqnologiuri procesebis efeqturobis gazrdis mizniT.

SesavalSi aRwerilia vibraciuli manqanebis saxeebi da
daniSnuleba, aseve maTi gamoyenebis sferoebi mrewvelobis
sxvadasxva dargebSi. aRniSnulia is naklovani mxareebic,
romlebic maT gaaCniaT da SesaZleblobebi maTi nawilobriv
gamosworebis mizniT.

Camoyalibebulia Sesrulebuli samuSaos Temis aqtualoba
da is upiratesobebi, romlebic gaaCnia axali konstruqciis
SemoTavazebul sammasian vibraciul manqanas sxva anologiuri
daniSnulebis manqanebTan SedarebiT.

samuSaos mizanSi aRniSnulia, rom saWiroa Seiqmnas
sammasiani eleqtromagnituri vibraciuli manqana, romelic
warmoadgens axali konstruqciis rezonansul reJimze momuSave
manqanas da romelsac gaaCnia ori muSa organo sxvadasxva
masalis ufro efeqturad transportirebisa da separaciisaTvis.
garda amisa naCvenebia is konstruqciuli siaxle, romelic
saSualebas iZleva minimaluri gavxadoT vibraciebis mavne
gadacema garemoze.

samuSaos mecnierul siaxleSi aqcenti gakeTebulia
sammasiani vibraciuli manqanis Teoriuli da eqsperimentuli
gamokvlevebis im SemuSavebul meTodebze, romlebic saSualebas
iZleva manqanis siaxle da misi upiratesobebi srulad iqnas
warmoCenili sxva analogiuri daniSnulebis manqanebTan
SedarebiT. maT Sorisaa vibraciul-teqnologiuri procesebis
zogadi maTematikuri modeliT gamokvlevis meTodi, romelic
iTvaliswinebs vibraciuli manqanis maxasiaTebel parametrebTan
erTad, drekad-blanti-plastikuri formiT warmodgenili
satransporto tvirTis sxvadasxva fiziko-meqanikur
maxasiaTeblebsac.

aRniSnulia  samuSaos mecnieruli da  praqtikuli
mniSvnelo-bac, rac mdgomareobs imaSi, rom Seqmnilia  axali
konstruqciis sam-masiani vibraciuli manqana, romelsac aqvs ori
muSa  organo  da  erTdroulad SeuZlia  sxvadasxva  fiziko-
meqanikuri maxasiaTeblebis mqone satransporto  masalis
gadaadgileba  transportirebis optimaluri siCqareebiT. amave
dros manqana  muSaobs rezonasul reJimSi da  SedarebiT naklebia
energomoxmareba,  manqanis saeqspluatacio  parametrebis reguli-
reba  ki xdeba  martivad da  mdovred.

kvlevebis amocanebis dasmis Semdeg Catarebulia  TemasTan
dakavSirebuli literaturis wyaroebis mimoxilva  da  analizi.
moyvanilia  sxvadasxva  daniSnulebisa  da  konstruqciebis vibra-
ciuli manqanebis aRwera, maTi amZravebis klasifikacia  da
arsebiTi gansxvavebebi. calkea  gamokveTili samSeneblo  saqmeSi
gamoyenebuli vibraciuli manqanebi, romlebic CarTulia  sxva-
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dasxva  teqnologiur procesebSi. meti yuradRebaa  gamaxvilebuli
vibraciul reJimSi momuSave vibraciul manqanebze eleqtro-
magnituri vibroamZravebiT, maTi konstruqciuli da  saeqsplu-
atacio  maxasiaTeblebis upiratesobis gamo.

Teoriul nawilSi Sedgenilia  sammasiani rxeviTi sistemebis
zogadi maTematikuri modeli, romelic Semdgom gamoiyeneba  konk-
retuli konstruqciis realuri sammasiani vibraciuli manqanis
muSa  procesebis aRwerisaTvis.

aseve Teoriul nawilSi Sedgenilia  ganzogadoebuli maTema-
tikuri modeli, romelic moicavs, rogorc vibraciuli manqanis
konstruqciul parametrebs, aseve satransporto  tvirTis fiziko-
meqanikur maxasiaTeblebsac.

orTave aRniSnul modelebze kompiuteruli modelirebiT
Catarebuli mravalricxovani ricxobrivi eqsperimentebis
safuZvelze miRebulia  Sedegebi, romlebic samuSaoSi moyvanilia
grafikebisa  da  cxrilebis saxiT.

eqsperimentalur nawilSi detaluradaa  gamokvleuli
sammasiani vibraciuli manqanis muSa  reJimebi, rogorc uqm svlaze,
sakons-truqcio  parametrebis racionaluri sidideebis gansazRv-
risaTvis, aseve teqnologiuri datvirTvebiT, muSa  reJimebis
optimaluri sidideebis dasadgenad.

eqsperimentiT miRebuli Sedegebi samuSaoSi ilustrire-
bulia   amplitudur-sixSiruli maxasiaTeblebis diagramebisa
da  fotosuraTebis saxiT.

Teoriuli da  eqsperimentuli gamokvlevebiT miRebuli
Sedegebi karg urTierT damokidebulebaSia, rac iZleva  imis
mtkicebis safuZvels, rom dasaxuli amocanis Sesabamisad,
miRebulia  rezonansul reJimSi momuSave axali konstruqciis
sammasiani vibraciuli manqana  eleqtromagnituri vibroamZraviT,
romelic muSaunariania ori muSa  organoTi sxvadasxva  reJimebSi
erTdrouli muSaobis dros. garda  amisa xasiaTdeba  vibraciis
minimaluri gadacemiT gare mzid konstruqciaze.
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Abstract
In this work, there are represented theoretical and experimental research results of
new construction three-mass vibration machine, which are aimed to increase the
efficiency of technological processes.

The introduction contains description of vibration machines types and their purpose,
as well as the industry fields where these machines are used. This part of work also
contains the weaknesses of vibration machines and partially the possibilities for their
improvement.

There are defined the importance of the subject, which is researched in this work and
also the advantages of represented new construction three-mass vibration machine,
comparing them to other machines with similar purpose.

The aim of the work includes the importance of creation three-mass electromagnetic
vibration machine, which represents the new construction resonance machine and
which has two working bodies for transportation or separation of two different
materials. Besides, it shows constructional innovation, which gives us the possibility
to minimize harmful vibration influence on the environment.

The scientific innovation of the work is focused on developed methodology of
theoretical and experimental research of three-mass vibration machine, which give us
the possibility to show the innovation and advantages of the machine, comparing to
the machines with similar purpose. This includes the research methods of vibration-
technological processes with general mathematical model, which takes into account
not only characteristics of vibration machine, but also the physical characteristics of
transportation materials.

At the same time, there is defined the scientific and practical importance of the work,
which determines that there is created new construction three-mass vibration machine
with two working bodies, which can transport different materials with different
physical-mechanical characteristics in optimal speed. This machine works in
resonance mode that ensures less power consumption and the regulation of machine
maintenance can be done in simple and smooth manner.

After definition of research tasks, there are given overview and analysis of materials,
concerned with the subject. There are discussed the characteristics of vibration
machines with different construction and purpose, the classification and significant
differences of their engines. In particular, there are determined vibration machines,
which are used in technological processes in construction industry. More attention is
paid to vibration machines, which work in resonance mode and have electromagnetic
engine due to their advantages of constructional and maintenance characteristics.

In theoretical part of this work, there is created general mathematical model of three-
mass vibration systems, which is used then for description of real tree-mass vibration
machine working processes with particular construction.
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Also, theoretical part includes general mathematical model, which describes not only
the characteristics of vibration machine itself, but at the same time the physical-
mechanical characteristics of transportation materials.

Both models were experimented many times with special computer software and the
results of these experiments are represented in form of graphs and tables.

In experimental part of this work, there are given detailed research results of three-
mass vibration machine working modes, including the modes with and without load.
This determines optimal parameters of working modes.

Results, achieved during the experiments are represented in form of amplitude-
frequency diagrams and photos.

The results achieved during the theoretical and experimental research are much closed
to each other, that gives us the proof of that we have achieved the goal defined in the
work and which can be stated as follows: There was created new construction three-
mass vibration machine with electromagnetic engine, which works in resonance mode
and it has two working bodies, which can be used in different modes simultaneously.
Also, this machine is characterized with minimal harmful vibration influence on
external environment.
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Sesavali

mrewvelobis mraval dargSi meqanizaciisa da avtomatizaci-

is danergva, warmoebaSi axali teqnologiuri procesebis Semota-

na, saxalxo meurneobis calkeuli dargebis mudmivi ganviTareba,

moiTxovs axali maRalefeqturi manqanebis Seqmnas. am miznis

miRwevaSi mniSvnelovani adgili uWiravs vibraciul teqnikas.

mrewvelobaSi vibraciuli manqanebis gamoyenebas gaaCnia

daaxloebiT erTnaxevari saukunis istoria. Tavdapirvelad isini

gamoiyenebodnen fxvieri masalebis dasacalkeveblad nawilakebis

sididis mixedviT da mxolod mas Semdeg rac aRmoCenili iqna

garkveul pirobebSi masalis gadaadgileba vibrirebad zedapirze

daiwyo vibraciul-satransporto da satransporto-teqnologiuri

manqanebis Seqmna.

mravalferovani modifikaciis srulyofili vibraciuli

amZravebis damuSavebam ki ganapiroba vibraciuli teqnikis ro-

gorc dargis Camoyalibeba da misi farTo masStabiT gamoyeneba

mrewvelobis iseT dargebSi, rogoricaa manqanaTmSenebloba, meta-

lurgia, qimia, samTo gamamdidrebeli warmoeba, mSenebloba, sof-

lis meurneoba, medicina da sxva.

vibraciul-teqnologiuri procesebi gamoirCevian TavianTi

mravalferovnebiT da erTmaneTisagan gansxvasvdebian sapirispiro

SedegebiTac ki. vibraciis gamoyenebiT SesaZlebelia masalebis

daxarisxeba fraqciebad da, piriqiT, SeiZleba sxvadasxva ingre-

dientebis Sereva. aseve SesaZlebelia masalebis SemWidroeba an

maTi gafxviereba, myari sxeulis danawevreba an calkeuli

nawilakebis erT mTlian sxeulad Sekvra.

mrewvelobaSi vibraciuli teqnikis danergva xels uwyobs

teqnologiuri procesebis intensifikacias, zrdis ekonomiur

efeqturobas da aadvilebs am procesebis avtomatizacias. garda

amisa qmnis xelsayrel pirobebs gazirebuli da damtverianebuli

masalebis gadaadgilebisas, amartivebs CatvirTva gadmotvirTvis
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operaciebs, saSualebas iZleva erTmaneTs SevuTavsoT sxvadasxva

teqnologiuri procesebi da a.S.

vibraciuli manqanebis gamoyenebis maRali efeqturoba

ganpirobebulia, rogorc muSa procesis xasiaTiT, romelic xor-

cieldeba maRali sixSiris calkeuli impulsebisa da SedarebiT

mcire amplitudis jamuri moqmedebis Sedegad, aseve konstruq-

ciis simartiviT, maTi Senaxvisa da remontis mcire danaxarjebiT

da aseve mcire energomoxmarebiT.

vibroteqnikis ganviTareba xasiaTdeba, erTis mxriv, farTo

gamoyenebis sxvadasxva vibraciuli manqanebis SeqmniT da meores

mxriv, konstruqciuli gadawyvetilebebis mravalferovnebiT, Ti-

Toeuli tipisTvis.

vibraciuli manqanebis principuli mowyobis Tavisebureba,

ZiriTadad, ganisazRvreba masSi gamoyenebuli vibraciuli amZra-

vis tipiT. dReisaTvis SedarebiT gavrcelebuls warmoadgenen

inerciuli, eleqtromagnituri, eqscentruli, pnevmatikuri da

hidravlikuri amZravebi.

Temis aqtualoba. Tanamedrove vibraciul teqnikaSi eleqtro-

vibraciul manqanas erT-erTi mniSvnelovani adgili ukavia. igi

warmatebiT gamoiyeneba warmoebis TiTqmis yvela dargSi

sxvadasxva teqnologiuri operaciebis Sesasruleblad.

eleqtrovibraciuli manqanis ZiriTadi upiratesoba sxva

tipis vibraciul mowyobilobasTan SedarebiT imiTaa ganpirobe-

buli, rom masSi amZravad gamoyenebulia eleqtromagnituri

vibratori, romelSic sworxazovani rxeviTi moZraoba xorciel-

deba uSualod, brunviTi moZraobis saSualedo kinematikuri

rgolebis gareSe. amis Sedegad eleqtromagnitur amZravSi ar

aris moxaxune wyvilebi, rac sagrZnoblad aumjobesebs manqanis

saeqspluatacio pirobebs.

garda amisa, eleqtrovibraciul manqanaSi advilad xorci-

eldeba muSa reJimebis usafrTxo cvla da amasTan erTad masSi

mocemulia avtomaturi da programuli marTvis principuli

SesaZlebloba.
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praqtikaSi sakmaod gavrcelebul saxeobas warmoadgens

erTi an ormasiani eleqtrovibraciuli satransporto manqana.

aseTi tipis manqana muSaobs, rogorc rezonansul, aseve

ararezonansul reJimze. aqve SevniSnavT, rom rezonansul reJimze

momuSave vibraciuli manqanis upiratesobas Seadgens is, rom

masSi naklebia energiis moxmarebis xarji, da, Sesabamisad

naklebia liTontevadoba. miuxedavad amisa  am konstruqciis

manqanebis naklovan mxared SeiZleba CaiTvalos is, rom maT

gaaCnia erTi muSa organo da vibraciis gadacema garemo

pirobebze sakmaod mniSvnelovania.

samuSaos mizania Seiqmnas sammasiani eleqtromagnituri

vibraciuli manqana, romelic warmoadgens axali konstruqciis

rezonansul reJimze momuSave manqanas da romelsac gaaCnia ori

muSa organo. es ukanaskneli iZleva saSualebas erTdroulad

moxdes ori sxvadasxva fiziko-meqanikuri maxasiaTeblebis mqone

satransporto masalis gadaadgileba. amave dros, manqanis

parametrebis SerCeviT, SesaZlebelia am sxvadasxva masalis ufro

efeqturad transportireba an separacia. garda amisa, ori masa

(muSa organoebi) mimagrebulia mesame masasTan rac manqanis

parametrebis SerCeviT iZleva saSualebas minimaluri gavxadoT

mTlianad manqanis mier garemoze vibraciis mavne gadacema.

sadisertacio samuSaos struqtura. samuSao Sedgeba Sesavli-

sagan, problemasTan dakavSirebuli gamokvlevebis analizur

mimoxilvasTan, sami ZiriTadi Tavisgan, miRebuli daskvnebisa da

gamoyenebuli literaturisagan.

kvlevebis Sesruleba mimdinareobda oTxi ZiriTadi

mimarTulebiT: sammasiani eleqtromagnituri vibraciuli manqanis

realuri konstruqciuli modelis damzadeba, sammasiani rxeviTi

sistemebis gaangariSebis Teoriuli safuZlebis Seqmna, sammasiani

vibraciuli manqanis fizikuri modelis maTematikuri

modelireba, gadasaadgilebeli tvirTis maTematikuri

modelireba da sammasiani vibromanqanis fizikuri modelis

eqsperimentuli gamokvleva.
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samuSaos mecnieruli siaxle:

1. damzadebulia axali konstruqciis sammasiani eleqtromag-

nituri vibraciuli manqanis fizikuri modeli. fizikuri

modeli gamokvleulia eqsperimentulad.

2. Sedgenilia sammasiani rxeviTi sistemebis Teoriuli

gaangariSebisTvis saWiro maTematikuri gamosaxulebebi

diferencialuri gantolebebis saxiT.

3. SemuSavebulia sammasiani vibraciuli manqanis Teoriuli da

eqsperimentuli gamokvlevebis meTodebi, romlebic iZleva

saSualebas manqanis siaxle da misi upiratesobebi sxva

analogiuri daniSnulebis manqanebTan SedarebiT srulad

iqnas warmoCenili.

4. Sedgenilia vibraciul-teqnologiuri procesebis zogadi

maTematikuri modeli, romelic iTvaliswinebs vibraciuli

manqanis maxasiaTebel parametrebTan erTad, drekad-blanti-

plastikuri formiT warmodgenili satransporto tvirTis

sxvadasxva fiziko-meqanikur maxasiaTeblebsac.

samuSaos mecnieruli da  praqtikuli mniSvneloba

mdgomareobs imaSi, rom Seqmnilia  axali konstruqciis sammasiani

vibraciuli manqana, romelsac aqvs ori muSa  organo  da

erTdroulad SeuZlia  sxvadasxva  fiziko-meqanikuri

maxasiaTeblebis mqone satransporto  masalis gadaadgileba

transportirebis optimaluri siCqareebiT. amave dros manqana

muSaobs rezonasul reJimSi da  SedarebiT naklebia

energomoxmareba, manqanis saeqspluatacio  parametrebis

regulireba  ki xdeba  martivad da  mdovred.

gansakuTrebiT aRsaniSnavia  is faqti, rom manqanis dakideba

mzid konstruqciaze xdeba  Sualeduri mesame masis meSveobiT, rac

saSualebas iZleva  minimumamde SevamciroT vibraciis mavne

zemoqmedeba  garemo  pirobebze da  momsaxure personalze.

axali konstruqciis sammasiani eleqtromagnituri

vibraciuli manqana, romelic muSaobs vibraciul principze,

gamokvleulia  detalurad rogorc Teoriulad aseve eqsperimen-
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tulad da misi muSaunarianoba dadgenilia. SesaZlebelia aseTi

tipis manqanebis samrewvelo nimuSebis Seqmna da gamoyeneba im

teqnologiur procesebSi sadac arsebobs moTxovna aseTi tipis

konstruqciebze.
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Tavi I. literaturis mimoxilva

vibraciuli satransporto manqanebi

1.1. vibraciuli satransporto manqanebis muSaobis

principi da klasifikacia

vibracia (maRali sixSiris rxevea) didi xania ipyrobs mecni-

erTa da warmoebis muSakTa yuradRebas. amis ZiriTadi mizezia

vibraciis mavne moqmedeba. vibracia iwvevs masalis swraf daRli-

lobas da uSualod emuqreba konstruqciis simtkices, garkveuli

pirobebis dros man SeiZleba gamoiwvios manqanaTa nawilebis,

mTeli manqanebisa da nagebobebis ngreva, sxva SemTxvevaSi vibra-

cia xels uSlis xelsawyoebisa da aparatebis normalur muSa-

obas, iwvevs mavne fiziologiur SegrZnebas da a.S. mecnierebi da

inJinrebi qmnian efeqtur saSualebebs vibraciis mavne gavlenis

mosaspobad an Sesamcireblad.

magram rxevis roli teqnikaSi yovelTvis rodia uaryofiTi.

vibracia farTod gamoiyeneba mravali sasrgeblo samuSaos

Sesasruleblad, rogoric aris: dabetoneba, fxvieri masalis

gacxaveba, gacra da daxarisxeba, miwaSi boZis Casma, sxvadasxva

masalisa da detalis transportireba, sayalibe miwis datkepna,

vibraciuli recxva, liTonis vibraciuli Wra da  a.S.

amJamad teqnikaSi cnobilia mravali saxisa da daniSnulebis

vibraciuli manqana. misi ZiriTadi Tavisebureba sxva analogiuri

daniSnulebis  mowyobilobasTan SedarebiT isaa, rom muSa org-

anos moZraobas gansazRvravs ara misi kinematikuri kavSiri amZ-

ravTan, aramed dinamikuri faqtorebi_moZravi nawilebis masebisa

da amgznebi Zalis sidide, drekadi elementebis sixiste da  a.S.

vibraciul manqanaSi samuSao procesi xorcieldeba calke-

uli impulsebis erTobliobis Sedegad. radgan aseTi impulsebis

raodenoba (rxevis sixSire) didia, miiRweva maRali sawarmoo

efeqti, miuxedavad imisa, rom TiToeuli ciklis dros sruldeba

mcire muSaoba.
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vibraciuli manqanis sawarmoo gamoyeneba  daiwyo jer kidev

gasuli saukunis dasawyisSi. pirvelad am manqanebs mxolod fxvi-

eri masalis  gacxavebisTvis iyenebdnen. mogvianebiT, rodesac

SeamCnies, rom Tundac horizontalur mdgomareobaSi myof merxev

sxeulze moTavsebuli masala garkveuli pirobebis dros gadaad-

gildeboda mocemuli mimarTulebiT, daiwyo vibraciuli satrans-

porto manqanebis Seqmna da gamoyeneba.

vibraciuli satransporto manqana sxva satransporto saSu-

alebasTan SedarebiT bevri upiratesobebiT xasiaTdeba. konstruq-

ciis simartivesa da eqspluataciis siadvilesTan erTad gansa-

kuTrebiT aRsaniSnavia, rom mtvriani, airgamomyofi da maRali

temperaturis mqone masalebis  transportirebisas vibrotrans-

porti hermetulobiT erTaderTi efeqturi saSualebaa.

vibraciuli satransporto manqana uwyveti moqmedebis trans-

portis gansakuTrebuli saxeobaa. sxva satransporto manqanebi-

sagan gansxvavebiT vibraciul manqanaSi masala ganuwyvetliv

erTmaneTis momdevno mikronaxtomebis saxiT gadaadgildeba, rac

gamowveulia merxevi zedapiris (muSa organos) winsvliTi_uku-

qceviTi moZraobiT win da zeviT, ukan da Zirs. aseTi moZraobis

misaRebad vibraciul amZravs muSa organos mimarT ise ayeneben,

rom rxevebis mimarTulebam masalis gadaadgilebis mimarTule-

basTan Seadginos maxvili kuTxe 15_250 (nax. 1 a, b) [1,2].

vibraciis gadacema kuTxiT SeiZleba miRweul iqnas  sxva

saSualebiTac. magaliTad, resorebze muSa organos garkveuli

kuTxiT damagrebiT (nax. 1 g). am SemTxvevaSi masalis gadaadgile-

bis mimarTulebas gansazRvravs es kuTxe da ara amgznebi Zalis

mimarTuleba, romelic SeiZleba emTxveodes muSa organos RerZs

(I), iyos misi marTobi (II) an drekadi elementebis marTobi (III).

mikronaxtomebis gansaxorcieleblad agreTve saWiroa, rom

masalis nawilakis aCqarebis vertikaluri Semdgeni meti iyos

misi simZimis Zalis aCqarebaze. es miiRweva rxevis sixSirisa da

amplitudis saTanado SerCeviT.
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nax. 1. vibraciuli satransporto manqanebis saxeebi

2 naxazze naCvenebia muSa zedapiriT masalis gadaadgilebis

sqemebi. a-Ti aRniSnulia merxevi zedapiri, b-Ti nebismieri werti-

li am zedapirze, indeqsebi 1, 2 da 3 aRniSnavs zedapiris an wer-

tilis qveda, saSualo da zeda mdgomareobebs, Sesabamisad.

mrudebi gviCvenebs zedapirze mdebare nawilakis moZraobis traeq-

torias [3,4].

nax. 2. satransporto masalis gadaadgilebis sqema

rogorc sqemidan Cans, transportirebisas masala Tavisi

gzis nawils gadis muSa zedapirTan  erTad. Semdeg ki scildeba

mas da asrulebs Tavisufal moZraobas, sanam imave zedapirze

daecemodes. gadaadgilebis xasiaTi ganisazRvreba rogorc vibro-

manqanis muSaobis reJimiT, ise TviT masalis TvisebebiT.
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aq Cven ganvixileT vibrotransportirebis  umartivesi SemT-

xveva _ erTeuli nawilakis gadaadgileba, rodesac masalis Tvi-

sebebi yvelaze nakleb gavlenas axdens transportirebaze. rea-

lur sistemaSi saqme gvaqvs fxvieri masalis didi masebis gadaad-

gilebasTan. am SemTxvevaSi masalis gadaadgilebaze moqmedebs

misi wona, nawilakebis forma da zomebi, tenianoba, haergamta-

roba, Siga xaxuni, xaxuni nawilakebsa da muSa organos Soris,

masalis drekadi Tvisebebi, fenis sisqe da  a.S.

aRsaniSnavia is garemoebac, rom vibraciis dros fxvieri

masala iZens specifikur Tvisebebs: sagrZnoblad mcirdeba xaxuni

erTi mxriv masalis nawilakebs Soris, xolo meore mxriv masala-

sa da muSa organos Soris, fxvieri masala ufro ,,denadi" xdeba.

am mizezebis gamo transportirebis reJimis dadgena ZiriTa-

dad xdeba mocemul masalaze Catarebuli cdebis saSualebiT.

vibraciuli satransporto manqana mravalgvaria. dinamikuri

sistemis principuli mowyobilobis mixedviT arCeven erT, or an

mravalmasian manqanebs. 1 a) naxazze naCvenebia erTmasiani vibraci-

uli mkvebavis erT-erTi sqema. mkvebavi Sedgeba muSa organosa

(Raris) da eleqtromagnituri vibratorisagan, romlis erTi e.w.

aqtiuri masa SeerTebulia muSa organosTan, xolo meore _ reaq-

tiuli _ uZrav CarCosTan (an saZirkvelTan). erTmasiani vibra-

ciuli manqana did dinamikur datvirTvas gadascems sayrden

konstruqcias, radgan masSi inerciuli Zalebi gawonasworebuli

ar aris. am mizeziT, miuxedavad konstruqciuli simartivisa,

aseTi manqanebi iSviaTad gamoiyeneba.

yvelaze farTodaa gvarcelebuli ormasiani vibraciuli man-

qanebi. ormasiani konveieri (nax. 1 b) aris izolirebuli dinami-

kuri sistema, romelSic vibratoris amgznebi Zala erTnairad

gadaecema rogorc aqtiur, ise reaqtiul masebs. moZravi masebi

izolirebulia sayrdeni konstruqciebisagan amortizatorebis

saSualebiT da maT SedarebiT mcire dinamikur datvirTvebs

gadascemen.
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amortizatorebis ganlagebis mixedviT vibraciuli manqanebi

SeiZleba iyos dayrdnobili (nax. 1 a da g) an dakidebuli (nax. 1

b da d). muSa organos konstruqciis mixedviT manqana Ria (nax. 1

a) an daxuruli tipisaa (nax. 1 b, g da d).

ormasiani vibraciuli manqana aris konveieri, romelsac erT

uwyvet muSa organoze ramdenime vibratori aqvs dayenebuli (nax.

1 d). masalis efeqturad transportirebisaTvis saWiroa, rom muSa

organo irxeodes mxolod gansazRruli mimarTulebiT da ar

xdebodes e.w. parazituli rxeva. am moTxovnis Sesruleba SeiZ-

leba muSa organos sixistis gazrdiT da vibratorebis dayenebiT

bijiT, romelic ar unda aRematebodes garkveul zRvars.

GHFzemoaRniSnuli vibraciuli satranporto manqanebis daniS-

nulebaa masalis gadaadgileba an horizontaluri mimarTulebiT,

an mcire daxrilobiT. gamoiyeneba, agreTve, vertikaluri trans-

portiori. am manqanis muSa organo aris Rari, romelic

ganlagebulia mcire asvlis kuTxis mqone xraxnuli xazis gaswv-

riv. muSa organos gadaecema rTuli rxeva, romelic aris verti-

kaluri RerZis garSemo wriuli da amave RerZis gaswvriv wrfivi

rxevebis jami. vertikaluri vibraciuli manqanis muSa organos

meSveobiT tvirTis transportireba xdeba garkveuli kuTxiT

zemoT.

yvela zemoT CamoTvlil manqanaSi samuSao procesi xorciel-

deba mxolod rxevis meSveobiT. am manqanebisagan gansxvavebiT

gvxvdeba kombinirebuli mowyobilobani, romlebSic vibracia

damxmare saSualebaa muSaobis efeqturobis gazrdisaTvis. maga-

liTad SeiZleba moviyvanoT vibropnevmaturi konveieri, rkinigzis

merxev baqniani vagonebis damcleli danadgari da sxva.

garda ZiriTadi satransporto saSualebebisa _ vibraciuli -

konveierebisa, farTod gamoiyeneba e.w. satransporto-teqnologi-

uri mowyobilobani, romlebSic masalis gadaadgileba SeTavsebu-

lia sxvadasxva teqnologiur procesTan (gacxaveba, Sroba, daxa-

risxeba, gaciveba, mtvrisagan gawmenda da sxva).
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satransporto manqanebis gansakuTrebuli saxeobebia vibraci-

uli mkvebavi, dozatori, damtkepni, amgznebi  xvimiridan masalis

gamodinebis daCqarebisaTvis da a.S.

vibraciuli manqanebi erTmaneTisagan ZiriTadad gamoyenebuli

amZraviT gansxvavdeba. vibraciuli amZravi _ vibratori mravali

saxisaa: inerciuli, eqscentriuli, eleqtromagnituri, pnevmaturi

da hidravlikuri.

inerciulia vibratorebi, romelSic vibracia gamowveulia

erTi an ramdenime gauwonasworebeli masis brunviT. eqscentriul

vibratorSi amZravis lilvis Zraoba gardaiqmneba barbacas

rxeviT moZraobad. pnevmatur da hidravlikur vibratorebSi

amgznebi Zala warmoiqmneba dguSis an misi Semcvleli elementis

winsvliTi_ukuqceviTi moZraobis Sedegad.

eleqtromagnitur vibratorSi rxeviTi moZraoba miiReba

eleqtromagnitiT Seqmnili amgznebi Zalis gavleniT, romelic

Tavis mxriv warmoiqmneba magnitis gragnilSi cvladi an wyvetili

denis gavlis Sedegad.

1.2. vibraciuli manqanebis amZravebi

vibraciuli manqanis amZravTa mravalferovneba da maTi

gamoyenebis sferoebi ganpirobebulia im moTxovnebiT, romlebic

waeyeneba maT principul mowyobas, konstruqciul Sesrulebasa

da saeqspluatacio maxasiaTeblebs. saxalxo meurneobis TiTo-

eul dargs axasiaTebs specifikuri Taviseburebebi, amitom vibro-

amZravis tipis SerCeva dakavSirebulia Sesasrulebeli teqno-

logiuri procesebis konkretul pirobebTan. imis gamo, rom dRes

arsebuli vibroamZravebidan srulad arc erTi ar Seesabameba

moTxovnebs, amitom praqtikaSi gamoiyeneba vibraciuli manqanebi

sxvadasxva mowyobilobisa da konstruqciuli Sesrulebis

amZravebiT. aseTebia: eleqtromagnituri, inerciuli, eqscentri-

uli, vibrodartymiTi, hidravlikuri da sxva amZravebi.
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vibraciul manqanSi rxevis amgznebi muSa organos aniWebs

rxeviT moZraobas, romlis meSveobiTac xdeba Sinagani da gare

winaRobaTa daZleva da sruldeba sasargeblo muSaoba.

inerciul amgznebSi rxevis iZulebiTi perioduli Zala

warmoiqmneba erTi an ramdenime gauwonasworebeli masis brunvis

Sedegad. mbrunavi amgznebi ZaliT moqmed amZravebs miekuTvneba

debalansuri tipis amZravi, romelSic mimarTuli periodulad

cvalebadi amgznebi Zala iqmneba erTi gauwonasworebeli masiT.

amZravis aseTive saxeobas miekuTvneba Zrava-vibratori, romelic

warmoadgens Zravs gauwonasworebeli rotoriT.

inerciul vibroamZravSi mimarTuli amgznebi Zalis

misaRebad gamoiyeneba ori xerxi. pirvel SemTxvevaSi moqmedebebi

ori arasasurveli mimarTulebiT wonaswordeba sididiT toli

da sapirispirod mimarTuli ZalebiT, xolo meore SemTxvevaSi

gamoiyeneba saxsris Tvisebebi, gadasces Zala mxolod misi

RerZis mimarTulebis perpendikularulad. amgznebi Zalis

mimarTul moqmedebas uzrunvelyofs TviTdabalansebis saxis

vibroamZravi, romelSic gamoiyeneba Sewyvilebuli debalansebi.

inerciuli vibroamZravi konsrtuqciuli mowyobis mixedviT

SesaZlebelia iyos martivi da TviTdacentrebadi. TviTdacentre-

badi vibroamZravi imiT gansxvavdeba, rom misi lilvi mzaddeba

eqscentrulad, ris Sedegadac TviTdacentrebis mqone vibra-

ciuli amZravis brunvis centri im SemTxvevaSi Tu lilvis

eqscentrisiteti Seesabameba vibraciuli manqanis muSa organos

rxevis amplitudas sivrceSi uZravi rCeba.

rogorc inerciul, ise eqscentriul vibroamZravs mniSvne-

lovani nakli aqvs. muSa organoebis maRali sixSiriT rxevisas

maTSi warmoiqmneba inerciis didi Zalebi, romlebic gadaecema

debalansebis an eqscentriuli lilvis sakisrebs da iwvevs maT

vadaze adre mwyobridan gamoyvanas. garda amisa, amplitudisa da

sixSiris regulireba aseT manqanaSi gaZnelebulia misi marTvis

procesis sirTulis gamo. saWiro xdeba manqanis gaCereba da

debalansebis an eqscentrisitetis gadawyoba. garda aRniSnulisa,
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am saxis amZravebis mqone vibraciul manqanas axasiaTebs

xangrZlivi gardamavali procesi, romelic am SemTxvevaSi

dakavSirebulia arasasurveli rezonansuli reJimis gavlasTan.

aRniSnul vibroamZravTan SedarebiT ufro srulyofilia

rxevis eleqtromagnituri vibroamZravi winsvliTi-ukuqceviTi

moqmedebiT. eleqtromagnituri vibraciuli amZravis SemTxvevaSi

manqanis muSa organo saWiro rxeviT moZraobas iRebs uSualod,

yovelgvari Sualeduri brunvis meqanizmebis gareSe. amis gamo

eleqtromagnitur vibroamZravSi ar arsebobs moxaxune kvanZebi da

Sesabamisad ar moiTxovs misi nawilebis mudmiv SezeTvas. es

ukanaskneli argumenti mniSvnelovnad zrdis manqanis usafrT-

xoebas da amartivebs mis momsaxurebas. garda amisa, aseT

manqanaSi Zalze mosaxerxebelia eleqtruli meTodebiT rxevebis

amplitudis regulireba muSa procesis Sewyvetis gareSe. aseTi

manqanebi xasiaTdeba energiis mcire moxmarebiT, gaSvebis

procesis simartiviT da avtomatizaciis farTo SesaZleblo-

bebiT.

praqtikaSi farTo gavrceleba pova iseTma vibraciulma

manqanebma, romelTa stacionaruli muSa procesebi xasiaTdeba

sami erTmaneTisgan gansxvavebuli reJimiT. pirveli maTgania

vibraciuli manqanebis klasi, romlebSic amgznebi Zalis moqme-

debis sixSire mniSvnelovnad naklebia mTliani sistemis sakuTar

sixSireze da jer kidev Soria rezonansamde. Sesabamisad, moSore-

bulia rezonansul reJims. am reJimiT momuSave vibraciuli

manqana naklebad efeqturia energomoxmarebis TvalsazrisiT,

magram mas garkveuli upiratesoba aqvs. kerZod, is, rom

saSualebas iZleva manqana aiwyos teqnologiuri procesebisTvis

saWiro nebismier sixSireze.

meore aris iseTi vibraciuli manqanebis klasi, romlebSic

agznebis Zalis sixSire metia sistemis sakuTar sixSireze da

isinic Sors arian rezonansisgan. aseTi tipis vibraciul manqanas

saWiro sixSireze awyobasTan dakavSirebiT igive Rirsebebi aqvs,

rac wina SemTxvevaSi. Tanac ufro momgebiania energomoxmarebis
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TvalsazrisiT. magram garkveuli nakli masac aqvs, kerZod is,

rom stacionarul rxeviT reJimze gasasvlelad aucilebeli

xdeba rezonansis gavla, rac garkveul siZneleebTan aris dakav-

Sirebuli.

mesame klasi rezonansuli, ufro sworad rezonansTan axlo

reJimSi momuSave vibraciuli manqanebia. am tipis manqanebs wina

ori klasis manqanebTan SedarebiT mniSvnelovani upiratesobebi

aqvs. rezonansuli tipis vibraciuli manqanis gaSveba dakavSi-

rebulia mis SeyvanasTan muSa reJimSi, rac faqtobrivad myisi-

erad xdeba. es manqana xasiaTdeba energiis gacilebiT naklebi

moxmarebiT. misi muSa reJimi sakmaod stabiluria, xolo muSa

amplitudebis regulireba xdeba martivad da mdovred.

Tanamedrove vibraciul teqnikaSi eleqtrovibraciul manqa-

nas erT-erTi mniSvnelovani adgili ukavia. igi warmatebiT

gamoiyeneba warmoebis TiTqmis yvela dargSi fxvieri masalis

transportirebis, miwodebisa da dozirebisaTvis, xvimiraSi masa-

lis gaWedvis Tavidan acilebisaTvis, masalebis damsxvrevisa da

dafqvisaTvis, SesafuTi masalebis datkepnisaTvis, namzadisa da

detalebis transportirebisaTvis  manqanaTmSeneblobaSi da  a.S.

unda aRiniSnos, rom eleqtrovibraciuli manqanis  SesaZleblo-

bebi srulad jer kidev ar aris gamoyenebuli.

eleqtrovibraciuli manqanis ZiriTadi upiratesoba sxva

tipis vibraciul mowyobilobasTan SedarebiT imiTaa ganpirobe-

bulia, rom masSi amZravad gamoyenebulia eleqtromagnituri

vibratori, romelSic sworxazovani rxeviTi moZraoba xorciel-

deba uSualod, brunviTi moZraobis saSualedo kinematikuri

rgolebis gareSe. amis Sedegad eleqtromagnitur amZravSi ar

aris moxaxune wyvilebi, rac sagrZnoblad aumjobesebs manqanis

saeqspluatacio pirobebs.

garda amisa, eleqtrovibraciul manqanaSi advilad xorci-

eldeba muSa reJimebis usafrTxo cvla da amasTan erTad masSi

mocemulia avtomaturi da programuli marTvis principuli

SesaZlebloba. eleqtrovibraciuli manqanis amZravi _ eleqtro-
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magnituri vibratori Sedgeba ori ZiriTadi nawilisagan: eleq-

tromagnitisa da drekadi sistemisagan (nax. 3). eleqtromagnitis

Ruza (1) da gulari (2) awyobilia eleqtroteqnikuri foladis

furclebisagan. gularis furclebs umetes SemTxvevaSi ,,П" an ,,H"

-s magvari forma aqvT, Ruzis furclebs ki _ marTkuTxa forma

[5,6,7].

nax. 3. eleqtromagnituri vibroamZravi

gularze moTavsebuli eleqtrogamtaris gragnili (3), Ruza

da gulari erTmaneTTan zambarebis saSualebiTaa dakavSirebuli.

es nawilebi Seadgenen vibratoris or e.w. aqtiur da reaqtiul

masebs, aqtiuri masa (umetes SemTxvevaSi Ruza da masze mimagrebu-

li nawilebi) magrdeba muSa organoze (8).

muSaobis principis mixedviT arsebobs erTtaqtiani da ortaq-

tiani eleqtromagnituri vibratorebi. erTtaqtian vibratorSi

(nax. 3) Ruzis mizidva rogorc erT, ise meore mxares xdeba magni-

tis mizidulobis ZaliT.

yvelaze martivia e.w. reaqtiuli erTtaqtiani vibratori,

romlis sqema mocemulia 3 naxazze. eleqtromagnitis gragnili

CairTveba cvladi denis wredSi. denis maqsimaluri mniSvnelobis

dros Ruza miizideba magnitiT, xolo minimaluri mniSvnelobis

dros _ ganizideba drekadi sistemis gavleniT, radgan cvladi

deni erTi periodis ganmavlobaSi orjer aRwevs Tavis maqsima-

lur mniSvnelobas (dadebiTs da uaryofiTs), amitom magnitis

mizidulobis Zala amave droSi orjer icvleba nulidan maqsimu-

mamde da, amrigad, Ruzis mizidva-ganzidvac erTi periodis
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ganmavlobaSi orjer xdeba. amis gamo reaqtiuli vibratoris

rxevis sixSire mkvebavi denis sixSireze orjer metia. amrigad,

vibratoris kvebisas  Cveulebrivi cvladi denis qselidan,

romlis sixSirea 50 herci, rxevaTa ricxvi wamSi aris 100.

rxevis didi sixSiris gamo reaqtiuli vibratoris gamoyeneba

SezRudulia. dabali sixSiris misaRebad vibratoris gragnilis

wredSi (nax. 4 a) mimdevrobiT rTaven 1 gammarTvels, romelic

dens atarebs periodis mxolod erTi naxevris ganmavlobaSi (mxo-

lod erTi mimarTulebiT). am SemTxvevaSi magnitis mizidulobis

Zala periodis ganmavlobaSi mxolod erTxel miaRwevs maqsima-

lur mniSvnelobas da, amrigad, gammarTveliani vibratoris rxe-

vis sixSire qselis sixSiris tolia, e.i. wamSi sruldeba 50 rxeva

[9,10].

ortaqtiani eleqtromagnituri vibratori (nax. 4 b) Sedgeba

ori gragnilebiani (2) gularisagan (1) da saerTo Ruzisagan (3).

gularebi konstruqciulad arian dakavSirebuli ise, rom

warmoadgendnen erT masas. Ruza ukavSirdeba gularebs drekadi

sistemis saSualebiT. vibratoris gragnilebi CarTulia cvladi

denis qselSi erTnaxevarperiodiani gamarTvis sqemiT. amis gamo

erTi naxevarperiodis ganmavlobaSi Ruzas miizidavs erTi gula-

ri, xolo meoreSi _ meore gulari. Sesabamisad, rxevis sixSire

cvladi denis sixSiris tolia.

nax. 4. erTtaqtiani da ortaqtiani vibroamZravebi
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sxva tipis ortaqtiani eleqtromagnituri vibratori (nax. 4

g) Sedgeba ,,H”-is msgavsi formis gularisagan (1) da ori

Ruzisagan (2), romlebic erTmaneTTan xistadaa SeerTebuli.

Ruzebi da gulari erTmaneTTan dakavSirebulia resorebis saSu-

alebiT. gularze moTavsebulia mudmivi (3) da cvladi denis (4)

gragnilebi. mudmivi da cvladi denebis erTdrouli moqmedebis

Sedegad gularSi aRigzneba cvladi da mudmivi magnituri

nakadebi. mudmivi magnituri nakadi magnitis TiToeul naxevarSi

mimarTulia erTi mimarTulebiT. periodis erTi naxevris ganmav-

lobaSi cvladi da mudmivi magnituri nakadebi magnitis erT

naxevarSi erTmaneTs abaTilebs, meoreSi ki ikribeba. periodis

meore naxevris dros suraTi Sebrunebulia. amis gamo gularSi

iqmneba pulsirebuli magnituri nakadi, rac iwvevs vibratoris

rxevas qselis sixSiriT,  e.i. 3000 rxeviT wuTSi.

eleqtrovibraciuli manqana ZiriTadad rezonansul

principze muSaobs, rac imiT gamoixateba, rom drekadi sistemis

sixiste isea SerCeuli, rom sistemis rxevis sakuTari sixSire

axloa amgznebi Zalis cvlilebis sixSiresTan. rezonansul

reJimze muSaobisas moiTxoveba mcire amgznebi Zala da, e.i. mcire

simZlavris vibratori.

rezonansul reJimze momuSave vibratoris Ruza da gulari

rxevisas erTmaneTs ar exeba. garda aseTi vibratorisa iyeneben

agreTve dartymiTi moqmedebis vibrators, romelSic Ruzasa da

gularTan SeerTebuli specialuri nawilebi rxevis dros erTma-

neTs ejaxeba, riTac muSa organos harmoniuli rxevis garda dama-

tebiT dartymiT impulsebsac gadascemen. aseTi kombinirebuli,

vibraciul-dartymiTi zemoqmedebis Sedegad zogierT SemTxvevaSi

izrdeba manqanis efeqturoba, magaliTad, xvimiridan masalis

gadmoyrisas, zogierTi masalis datkepnisas da a.S. dartymiTi

moqmedebis vibratorebis gamoyeneba satransporto manqanis

amZravad mizanSewonili ar aris, radgan dartymiTi zemoqmedeba

moiTxovs manqanis muSa organos sixistis gazrdas, iwvevs did

xmaurs, zrdis energiis xarjs da a. S.
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eleqtromagnituri vibratoris erT-erTi ZiriTadi nawili

aris drekadi sistema. drekad elementad Tanamedrove konstruq-

ciis vibraciul manqanaSi gamoyenebulia furclovani resorebi,

xraxnuli zambarebi, torsionebi, rezinisa da agreTve liTonisa

da rezinis kombinirebuli drekadi elementebi.

1.3. eleqtromagnituri vibratorebisa da vibraciuli

manqanebis konstruqciebi.

eleqtrovibraciuli manqanebis konstruqciebi maTi daniSnu-

lebisa da maT amZravebSi gamoyenebuli drekadi elementebis

mixedviT sakmaod mravalferovania.

msoflios mraval qveyanaSi damuSavebuli da aTvisebulia

mravali tipisa da konstruqciis eleqtrovibraciuli satrans-

porto manqana Sesabamisi eleqtromagnituri vibratoruli amZra-

viT.

erT-erT aseTi tipis maqanas warmoadgens ortaqtiani rezo-

nansuli eleqtromagnituri vibratori, romelic daniSnulia

ZiriTadad konveierebis, mkvebebisa da cxavebis amZravad.

me-5 naxazze naCvenebia eleqtrovibraciuli manqanis amZravis

konstruqciuli sqema, romelSic drekad elementad gamoyenebu-

lia resorebis paketi. foladis korpusSi (1) boloebiT Camagre-

bulia resorebis paketi (2). korpuszeve traversebis (3) saSuale-

biT damagrebulia eleqtrovibraciuli Zravas statori, romelic

Sedgeba gularisa (4) da oTxi koWasagan (5). Zravas ori Ruza (6)

erTmaneTTan kavis (7) saSualebiTaa SeerTebuli da magrdeba

kronSteinze (8), romelic Tavis mxriv damagrebulia resorebis

Sua nawilze. am kronSteinis saSualebiT vibratori uerTdeba

vibromanqanis muSa organos. resorebis moWera korpussa da

kronSteinSi xorcieldeba WanWikebis (9 da 10) saSualebiT

[11,12,13].
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nax. 5. ortaqtiani vibroamZravis konstruqcia

resorebs Soris maTi Camagrebis adgilebSi moTavsebulia

Sualeduri safenebi (11). amis gamo resorebi erTmaneTs exeba

mxolod Camagrebis adgilebSi, rac amcirebs maT Soris xaxuns

da rxevis Caqrobas, amave dros xels uwyobs maT gacivebas.

vibratoris awyoba (rxevis sakuTari sixSiris regulireba)

xdeba resorebis an specialuri maregulirebeli tvirTebis (12)

raodenobis SecvliT.

eleqtrovibraciuli Zrava, romlis principuli sqema mocemu-

lia 4 g naxazze, Sedgeba ,,H”-is formis gularisagan, xistad

SeerTebuli ori Ruzisagan da koWebisagan cvladi da mudmivi

denis gragnilebiT.

mudmivi denis simZlavre Seadgens cvladi denis simZlavris

daaxloebiT 10%-s. manqanis rxevis amplitudis (mwarmoeblobis)

regulireba advilad xorcieldeba am mcire simZlavris denis

sididis SecvliT. simZlavris maRali koeficienti da rxevis

amplitudis regulirebis ekonomikuri da martivi xerxi aRweril

vibratorebs upiratesobas aniWebs sxva tipis vibratorebTan
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SedarebiT. am vibratorebis nakli ZiriTadad konstruqciis

sirTuleSia.

eleqtrovibraciuli mkvebavis daniSnulebaa fxvieri masalis

dozirebuli miwodeba da transportireba. mkvebavebs ZiriTadad

xvimiris qveS ayeneben, saidanac masala teqnologiuri procesis

Sesabamisad miewodeba ama Tu im saxis transportiors an manqanas.

datvirTuli eleqtrovibraciuli manqanis gaSveba da gaCerebac

SesaZlebelia. amitom igi asrulebs xvimiris Camketis movale-

obasac.

zemoaRweril eleqtromagnitur vibratorebs axasiaTebs

saerTo nakli, kerZod is, rom resoris tipis drekad elementSi

didi energia ikargeba. es danakargi ZiriTadad gamowveulia e.w.

konstruqciuli demfirebiT, rac dakavSirebulia xaxunTan,

ZiriTadad resoris Camagrebis adgilSi. am TvalsazrisiT

gacilebiT racionaluria drekad elementad xraxnuli zambare-

bis gamoyeneba. Tanac, xraxnul zambaraSi gacilebiT ukeT

gamoiyeneba masalis drekadi Tvisebebi. magram xisti zambarebis

damzadebis sirTulis gamo SezRudulia didi simZlavris vibra-

torebSi maTi gamoyeneba.

xraxnulzambarebiani eleqtromagnituri vibratoris erT-erT

magaliTad SeiZleba ganvixiloT konstruqcia, romelic naCvenebia

6 naxazze. eleqtromagnitis gularze (1), romelic awyobilia

,,ПG”-s formis eleqtroteqnikuri foladis furclebisagan,

moTavsebulia ori gragnili (2). gulari damagrebulia sayrdenze

(3), xolo Ruza (4) _ filaze (5), romlis saSualebiTac vibra-

tori magrdeba muSa nawilze. Ruza da gulari erTmaneTTan

SeerTebulia zambarebis (6) saSualebiT. zambarebi moTavsebulia

sayrdenis orive mxares. Ruzasa da gulars Soris sahaero

RreCos regulireba xdeba sarWebisa (7) da qanCebis (8) saSuale-

biT. qanCebis CaxraxniT an amoxraxniT Sesabamisad ikumSeba an

iSleba zambarebi da icvleba sahaero RreCos sidide [14,15,16].
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nax. 6. xraxnul zambarebiani vibroamZravi

vibratoris rezonansul reJimze awyoba xdeba reaqtiuli

nawilis wonis SecvliT tvirTebis (9) saSualebiT. eleqtromag-

nitis kveba xdeba cvladi denis qselidan erTnaxevarperiodiani

gamarTvis sqemiT.

aRniSnuli vibratori gankuTvnilia vibraciuli transporti-

oris, mkvebavis, vibromagidisa da sxva mravali saxis eleqtro-

vibromanqanis amZravad. kerZod, misi gamoyeneba gaTvaliswinebu-

lia agresiuli qimiuri nivTierebebis damfasoebel avtomatSi

masalis datkepnisaTvis. aseTive konstruqciuli sqemis mixed-

viTaa damuSavebuli mcire simZlavris eleqtromagnituri vibra-

tori, romelic gamoiyeneba Cais mwvane foTlis sinestis mzom

xelsawyoSi

ukanasknel xans Seiqmna eleqtromagnituri vibratorebi,

romlebSic gamoyenebulia rezinis drekadi elementebi. rezinis

gamoyeneba aumjobesebs manqanis saeqspluatacio Tvisebebs; ker-

Zod, mcirdeba meqanikuri Zabva vibromanqanis nawilebSi, xmauri,

drekadi elementebis Rirebuleba, sirTule mxolod Sesabamisi

xarisxis rezinis SerCevaa.

rezinis drekadi elementebis mqone ortaqtiani eleqtromag-

nituri vibratori naCvenebia 7 naxazze [14,17,18].

vibratori Sedgeba Semdegi ZiriTadi nawilebisagan: filisa-

gan (1), romliTac amZravi muSa organoze magrdeba, ori milisagan



34

(2), romlebic xistadaa SeerTebuli filasTan da ganivasTan (3),

Tujis korpusisagan (4), romelic ori naxevrisgan Sedgeba.

nax. 7. rezinis drekadi elementebiani vibroamZravi

korpusSi Camagrebulia eleqtromagnitis ori gulari (5),

xolo ganivaze - Ruza (6). eleqtromagnitis kveba warmoebs 4 b

naxazze naCvenebi sqemis mixedviT. drekadi elementebi _ rezinis

milisebi (7) _ Camocmulia milebze (2) da gare zedapiriT Camagre-

bulia korpusSi (4). rxevis dros rezini muSaobs Zvris defor-

maciaze.

garda zogadi daniSnulebis eleqtrovibraciuli manqanisa,

damuSavebulia specialuri konstruqciis manqanebi, romelTa

amZravebi mtverSeuRwevi, wyalSeuRwevi an feTqebausafrTxoa.

eleqtrovibraciuli satransporto manqanis gansakuTrebuli

saxeobaa vibraciuli mkvebavi xvimiri (bunkeri), romelic gamoiye-

neba ZiriTadad manqanaTa da xelsawyoTa nawilebisa da namzade-

bis avtomaturi miwodebisaTvis sxvadasxva daniSnulebis liTon-

damamuSavebel Carxebze. vibroxvimiris muSaobis principi Semdeg-

Si mdgomareobs (nax. 8). xvimirSi (1), romlis Siga cilindrul

zedapirze Seqmnilia xraxnuli Rari (2), yrian gadasaadgilebel

masalas (namzads); vibraciis gavleniT namzadebi gadaadgildeba
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am Rarze da gamodis xvimiridan, saidanac xvdeba saTanado

transportiorze an uSualod miewodeba Carxs.

vibroxvimirSi masalis gadaadgilebas safuZvlad igive prin-

cipi udevs, rac Cveulebriv vibraciul transportiors, radgan

xraxnuli Rari SeiZleba warmovidginoT, rogorc sworxazovani

muSa organo, romelic horizontisadmi daxrilia xraxnis asvlis

kuTxis toli kuTxiT. rogorc zemoT iyo aRniSnuli, xraxnul

Rarze masalis gadaadgilebisaTvis muSa organos (xvimirs)

eZleva rTuli, xraxnuli rxeviTi moZraoba, rac vertikaluri da

wriuli rxevebis jamia. aseT moZraobas axorcieleben drekadi

elementebis _ resorebis an TviT eleqtromagnituri vibratoris

dayenebiT muSa organosadmi garkveuli kuTxiT, ufro gavr-

celebulia pirveli xerxi. 8 naxazze naCvenebia aseTi vibroxvi-

miris konstruqciuli sqema.

xvimiri (1) SeerTebulia - fuZesTan (3) drekadi Reroebis (4)

saSualebiT. muSa organoze mimagrebulia eleqtromagnitis Ruza

(5), xolo fuZeze _ misi xviebiani gulari (6). vibroizolaciis

mizniT mkvebavi dayrdnobilia amortizatorebze (7) [14,19,20].

nax. 8. vibrobunkeri

eleqtrovibraciul mkvebav xvimirebs farTo gamoyeneba aqvs

manqanaTmSeneblobasa da xelsawyoTmSeneblobaSi. maT mravali

upiratesoba aqvT sxva tipis avtomatur mkvebav mowyobilobebTan

SedarebiT. zogierT SemTxvevaSi vibroxvimiri namzadis avtomatu-
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ri CatvirTvisa da miwodebis erTaderTi racionaluri saSu-

alebaa. eleqtrovibraciuli xvimiri sagrZnoblad aadvilebs

rTuli da arasimetriuli formis namzadis orientacias, rac

aucilebelia Carxze misi avtomaturi miwodebisaTvis.

eleqtrovibraciul vertikalur transportiors mkvebavi

xvimirisagan gansxvavebiT gacilebiT maRali muSa organo aqvs,

romlis gare cilindrul zedapirze gakeTebulia xraxnuli Rari.

am ori tipis vibraciuli manqanis muSaobis principi ki analogi-

uria. vibraciuli konveieris _ elevatoris gamoyeneba fxvieri

masalis gadaadgilebisaTvis vertikaluri mimarTulebiT xSirad

ufro racionaluria, vidre sxva tipis, magaliTad, cicxviani

(CamCiani) elevatorisa.

vertikaluri vibrokonveieri xasiaTdeba muSa organos

simaRlisa da misi gare diametris SefardebiT. am Sefardebas

daaxloebiT 10-mde iReben, xolo simaRles _ 6-8 metramde,

rodesac saWiroa met simaRleze transportireba, awyoben

satransporto xazs, romelSic ramdenime elevatori Sedis.

eleqtrovibraciuli satransporto manqanebis jgufs

miekuTvneba xvimiris amgznebebi. rogorc cnobilia, zogierTi

fxvieri masala xvimirebSi xSirad iWedeba, qmnis TaRs, riTac

xels uSlis ama Tu im teqnologiuri procesis normalur

mimdinareobas. am movlenis Tavidan acilebis mizniT iyeneben

vibratorebs _ amgznebebs, romlebic masalas gadascemen rxevas,

riTac uzrunvelyofen xvimiridan mis uwyvet miwodebas.

amgznebad gamoiyeneba rogorc rezonansuli, ise dartymiTi

moqmedebis eleqtromagnituri vibratorebi. vibratoris konstruq-

cia, simZlavre da muSaobis reJimi, agreTve misi damagrebis

xerxi, damokidebulia xvimiris formasa da zomebze, masalis

Tvisebebsa da mis mdgomareobaze  (sineste, webvadoba da sxva).

liTonis xvimirSi vibrators ayeneben uSualod mis kedelze

daaxloebiT simaRlis ¼1/4 - ze Ziridan. vibratoris muSaobis

dros xvimiris kedeli modis rxeviT moZraobaSi, rac masalas

gadaecema.
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betonis xvimirSi, xolo zogierT SemTxvevaSi liTonis

xvimirSic efeqturobis gazrdis mizniT, vibrators amagreben

foladis specialur furclebze, romlebic xvimiris SigniTaa

moTavsebuli da izolirebulia misgan amortizatorebis

saSualebiT. vibratoris damagreba furcelze xdeba xvimiris

kedelSi gamavali kronSteinebis saSualebiT.

karg efeqts iZleva amgznebi vibratoris moTavseba xvimirSi,

rodesac rxeva uSualod gadaecema masalas. am SemTxvevaSi

sagrZnoblad izrdeba amgznebis moqmedebis efeqturoba da mavne

rxevac naklebad gadaecema xvimiris mzid konstruqcias.

yvela zemoT aRniSnuli, cxadia, xasiaTdeba muSa procesebis

specifiurobiT. miuxedavad imisa, rom aRniSnuli vibraciuli

manqanebi umravles SemTxvevaSi muSaobis principiT ar gansxvavde-

bian erTmaneTisagan, kerZod, warmoadgenen erT an ormasian

rxeviT sistemebs, inerciuli an eleqtromagnituri vibro-

amZraviT, Sesasrulebeli teqnologiuri operaciebis

specifikidan gamomdinare, saWiroeben maTi garkveuli tipebis

damzadebas. es ukanasknelni ki gansxvavdebian erTmaneTisagan

rogorc konstruqciulad, aseve marTvis sqemebiT da muSa

reJimebiT.

xSir SemTxvevaSi dabali sixSiris da SedarebiT maRali

amplitudis mqone vibroamZravebis gamoyenebis aucilebloba aseve

saWiro xdeba sxva teqnologiur procesebSic. aseT procesebs

garda zemoT aRniSnulisa miekuTvneba samSeneblo industriaSi

damsxvreuli inertiuli masalebis vibraciuli xerxiT sxvadasxa

fraqciebad daxarisxeba an betonis samSeneblo konstruqciebis

sxvadasxva formebSi SemWidroeba-Sevseba. am procesebis ufro

efeqturad Sesruleba SesaZlebelia swored dabal sixSiriani

eleqtromagnituri vibroamZraviT. warmodgenil samuSaoSi upira-

tesoba eniWeba dabali sixSiris mqone eleqtromagnituri amZravis

mqone vibraciul manqanas, romelic xasiaTdeba qselis sixSires-

Tan SedarebiT orjer naklebi sixSiriT, rac saSualebas iZleva

mniSvnelovnad gavzardoT muSa amplitudis sidide. am ukanas-
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knels ki aqvs gadamwyveti mniSvneloba aRniSnul procesebSi, ro-

gorc procesebis intensifikaciisTvis, aseve mwarmoeblobis

gazrdis mizniT. konstruqciuli cvlileba qselis sixSireze

momuSave manqanebTan SedarebiT ar xasiaTdeba konstruqciis

garTulebiT da ufro metad igi Seexeba marTvis sqemas an

konfiguraciis Secvlas, rac mniSvnelovnad kompensirdeba axali

konstruqciis vibraciuli manqanebis maRali efeqturobiT.

1.4. vibraciuli manqanebi mSeneblobaSi

mSenebloba saxalxo meurneobis is dargia, sadac ufro me-

tad gamoiyeneba vibraciuli manqanebi. dRes mravali samSeneblo

samuSaos Sesruleba warmoudgenelia vibraciuli manqanis gareSe.

Zalian farTod gamoiyeneba mSeneblobaSi vibraciuli Semam-

Widroebeli manqanebi, zedapiruli da siRrmeSi momuSave vibraci-

uli mowyobilobebi [21,22,23,24].

zedapiruli SemamWidroebeli vibraciuli manqanebi gamoiye-

neba mSeneblobaSi saavtomobilo gzis, aerodromisa da sxva

nagebobis cement-betoniT dafarvisas, gruntisa da xreSisagan

Semdgari nayaris, RorRiT dafarvis, asfaltobetonis narevisa da

civi asfaltis SemWidroebisas da a.S. CamoTvlili manqanebi xSi-

rad ara mxolod amWidroebs narevs, aramed winaswar asworebs,

profils aniWebs da awarmoebs safaris sufTad mowyobis samuSa-

osac. zedapiruli vibraciuli manqanebi warmodgenilia: vibro-

filebiT, vibrolartyebiT, romlebic gamoiyenebian rogorc damo-

ukideblad, ise kombinirebul betonis mompirkeTebel manqanebSi

vibraciuli mtkepnelebisa da vibraciuli sagoravebis saxiT.

erTerTi aseTi tipis vibraciuli satkepni manqana naCvenebia

1 suraTze.



39

sur.1. vibraciuli satkepni manqana

siRrmiseuli vibraciuli SemamWidroebeli danadgari gamo-

iyeneba armirebul konstruqciaSi betonis narevis SesamWidroeb-

lad. mZlavri siRrmiseuli vibratorebi gamoiyeneba agreTve ara-

SekavSirebadi gruntebis SesamWidroeblad. siRrmiseuli Semam-

Widroebeli vibraciuli mowyobilobebis ricxvs miekuTvneba vib-

roReroebi (vibrogurzebi) da maTgan Sedgenili, e.w. vibro-pakete-

bi, SesamWidroebeli samuSaoebis mwarmoeblobis gazrdis mizniT.

erTerTi siRrmiseuli moqmedebis vibratori naCvenebia

suraT 2-ze.

suraTi 2. siRrmiseuli vibratori

samrewvelo da sacxovrebeli, aseve sainJinro nagebobebis

mSeneblobaSi farTo gamoyeneba pova msxvili rkinabetonis blo-

kebma. kombinatebsa an poligonebze damzadebuli blokebisa da

calkeuli detalebis gamoyeneba mniSvnelovnad zrdis mSeneblo-

bis xarisxs da amcirebs mis dros. rkinabetonis qarxnebis damza-

debis teqnologiuri kompleqsis erT-erTi ZiriTadi rgolia

vibromoednebi da vibroformebi (suraTi 3).
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sur. 3. vibromoedani

mravali hidroteqnikuri nagebobis, portis, samoqalaqo da

samrewvelo Senobis, gzagamtaris mSeneblobisas, aseve xidis

sayrdenis fundamentis, qselis sakontaqto  xazis  sayrdenisa da

sxva mSeneblobis dros farTo gamoyeneba pova ximinjebis CaRrma-

vebisa da amoRebis vibraciulma meTodma.

dRes mrewvelobaSi jer kidev ver pova farTo gavrceleba

vibraciis gamoyenebam gruntisa da mTis qanis Wrisa da rRvevis

procesebSi. miuxedavad imisa, rom arsebobs eqskavatoris ramde-

nime varianti vibraciulcicxviani an kidev vibraciulsoliani

maRali qanobis Camosamsxvrevad samSeneblo masalebis Ria wesiT

mopovebis dros, SesaZleblobebi am mimarTulebiT sakmaod mra-

valferovania.

samagierod samSeneblo masalebis warmoebis dros sakmaod

farTo gamoyeneba pova vibraciulma wisqvilma. inertuli masalis

dasamsxvrevad aseve gamoiyeneba vibraciuli samsxvrevi.

mSeneblobaSi sxvadasxva fxvieri samSeneblo masalis gada-

saadgileblad ukve farTod gamoiyeneba da aseve farTo pers-

peqtivebi aqvs vibraciul transports. vibraciuli konveieri

amJamad warmodgenilia saxeTa didi mravalferovnebiT, romlebic

erTmaneTisagan gansxvavdeba rogorc principuli mowyobilobiT,

ise konstruqciuli SesrulebiTa da saeqspluatacio SesaZleb-

lobebiT. vibraciuli konveieri gamoiyeneba horizontaluri,

daxrili da vertikaluri transportirebisTvis. eqspluataciaSi

gansakuTrebiT efeqturia iseTi satransporto-teqnologiuri

vibraciuli manqanebi, rogoricaa: konveier-cxavebi, konveier--

saSrobebi, konveier-gamaciveblebi, konveier-Semrevebi da sxva.
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gansakuTrebiT efeqturia da farTodaa gavrcelebuli mra-

valferovani damxmare vibraciuli mowyobilobebi. maT ricxvs

miekuTvneba vibromkvebavi da vibrodozatori, romlebic gamo-

iyeneba betonis da qvissamsxvrev qarxnebSi, gansakuTrebiT maTi

avtomatizaciis pirobebSi, ganmtvirTavi vibrobaqniani vibra-

ciuli mowyobilobebi rkinigzis mSeneblobis dros da sxva.

erTerTi mkvebavis konstruqcia eleqtromagnituri amZraviT

naCvenebia suraT 4-ze.

suraTi 4. mkvebavi eleqtromagnituri vibroamZraviT

Sesrulebuli samuSaoebis Seswavlisa da analizis

safuZvelze kvlevis obieqtad aRebuli iqna vibraciuli mkvebavi

ori muSa organoTi, romelic muSaobs rezonansul reJimSi da

gaaCnia eleqtromagnituri vibraciuli amZravi. aRniSnuli

manqanis, sxva analogiuri daniSnulebis manqanebTan SedarebiT,

efeqturobis gazrdis mizniT, gamoikveTa kvlevis Semdegi

amocanebi:

1. sammasiani eleqtromagnituri vibraciuli manqanis

maTematikuri modelis Sedgena  da  misi gamokvleva, romlis

safuZvelze miRebuli Sedegebi, saSualebas mogvcems

Teoriulad davadasturoT winaswar dasaxuli amocanebi da

mosalodneli Sedegebi.

2. vibraciuli manqanis satransporto-teqnologiuri procesis

maTematikuri modelirebiT Seswavla, romelic gviCvenebs

vibraciis parametrebisa  da  gadasaadgilebeli tvirTis
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sxvadasxva  fiziko-meqanikuri Tvisebebis gavlenas

transportirebis siCqareze.

3. sammasiani vibraciuli manqanis fizikuri modelis

eqsperimentuli gamocda muSaobis sxvadasxva  rezonansul

reJimebSi, romlebic Sedarebuli iqneba Teoriuli gamokv-

levebis analogiur SedegebTan da dagvidasturebs dasmuli

amocanebis ganxorcielebis SesaZleblobas.
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Sedegebi da maTi gansja

Tavi II. sami Tavisuflebis xarisxis mqone vibraciuli

sistemebis Teoriis safuZvlebi

2.1. sami Tavisuflebis xarisxis mqone vibraciuli sistemebis

Tavisufali rxevebi

sami Tavisuflebis xarisxis mqone vibraciuli sistemebis

magaliTad ganvixiloT nax. 9-ze moyvanili sqema. sqemaze

gamosaxulia sistema, romelic Sedgeba sami myari masisagan,

SeerTebuli erTmaneTTan wrfivad drekadi elementebiT

(magaliTad resorebiT). avRniSnoT masebi 1m , 2m da 3m -Ti, maTi

gadaadgileba ki wonasworobis mdebareobebidan horizontaluri

x RerZis gaswvriv, xaxunis gareSe, ,1x 2x da 3x -Ti. drekadi

elementebi, romliTac masebi erTmaneTTan arian dakavSirebulni

aris ,0c 1c da 2c rogorc es naxazzea naCvenebi.

nax. 9. sami Tavisuflebis xarisxis mqone rxeviTi sistemis
saangariSo sqema

moZraobebis gantolebaTa Sesadgenad viyenebT lagranJis

meore gvaris gantolebas. romelsac aqvs Semdegi saxe [25,26,27,28]:

 d
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sadac q – ganzogadebuli koordinatia, q
.

- ganzogadebuli

siCqarea, i – ganzogadebuli koordinatis rigiTi nomeria, n –

meqanikuri sistemis Tavisuflebis xarisxia, Q – ganzogadebuli
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Zalaa, T – sistemis kinetikuri energiaa,  - sistemis potenciuri

energiaa, t - aris dro.

pirvel rigSi movZebnoT sistemis kinetikuri energia,

romelsac eqneba Semdegi saxe:
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masebis rxevebis procesSi resorebSi viTardeba 10 xc ,

 121 xxc  da  232 xxc  Zalvebi, amitom sistemis potenciuri

energia gamoisaxeba Semdegnairad:
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2.2 da 2.3 tolobebis CasmiT lagranJis gantolebaSi,

sabolood, miviRebT masebis moZraobaTa Semdeg giferencialur

gantolebaTa sistemas:
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2.5 gantolebebi warmoadgenen diferencialur gantolebebs

mudmivi koeficientebiT. es gantolebebi SesaZlebelia amovxsnaT

kerZo amonaxsnebiT, romelTac aqvT Semdegi saxe:
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Tu 2.6 tolobebs CavsvamT 2.5-Si, miviRebT:
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2.6 gantolebebi daakmayofilebs 2.5 gantolebaTa sistemas

drois nebismier momentSi im SemTxvevaSi, Tu dakmayofildeba

Semdegi algebruli gantolebebi:
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2.8 gantolebebi A , B da C koeficientebisaTvis mogvcems

nulisgan gansxvavebul amonaxsns im SemTxvevaSi Tu 2.7 sistemis

ganmsazRvreli udris nuls, anu:
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gaSlili saxiT 2.10 gantoleba miiRebs Semdeg saxes:
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2.11 warmoadgens kubur gantolebas 2p -s mimarT. SemoviRoT

aRniSvnebi
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maSin 2.11 toloba Caiwereba Semdegnairad:

.023   2.12

es ukanaskneli  -s mimarT aris kuburi gantoleba da

iwodeba sistemis sixSiris gantolebad. misi fesvebi sistemis

Tvisuflebis xarisxis, anu samis tolia. es sixSireebi 3,2,1 da

ganlagebulni arian zrdis TanmimdevrobiT. gansaxilveli siste-

misaTvis, romelic asrulebs rxevebs mdgrad mdgomareobasTan

axlos yvela es fesvebi namdvili da dadebiTia. 2.12-Si Semavali

mudmivi koeficientebi  ,, arian ganxiluli sistemis masebisa

da sixisteebisagan Sedgenili sidideebi.

2.12 gantoleba cxadia kvadraturebSi ar amoixsneba, magram

Tanamedrove kompiuteruli teqnikisa da masze gantolebebis

amoxsnis mravalferovani meTodebis arsebobis dros misi amoxsna

da Sesabamisad fesvebis povna sirTules ar warmoadgens.

am paragrafSi ganvixileT meqanikuri rxeviTi sistema sami

Tavisuflebis xarisxiT, romelSic ar moqmedebdnen raime saxiT

winaaRmdegobis Zalebi. aseTi sistemebi iwodebian idealur

sistemebad da cxadia praqtikaSi ar arseboben. realurad, site-

mebSi, nebismieri Tavisuflebis xarisxiT, yovelTvis moqmedebs

winaaRmdegobis Zalebi gareSe an Sinagani Zalebis saxiT. aseTi

sistemebi rxevebis TeoriaSi sakmaod kargadaa Seswavlili erTi

da ori Tavisuflebis xarisxis mqone meqanikuri rxeviTi siste-

mebisTvis. aRniSnuli sistemebis anlizis dros maTSi moyvanili
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dempfirebis gavlena sistemis moZraobaze analogiuria gansaxil-

veli sammasiani sistemis moZraobaze dempfirebis gavlenis.

amdenad yvela gamoyenebuli meTodebi ZalaSia am SemTxvevaSic.

principuli gansxvaveba ori da sami Tavisuflebis xarisxis mqone

sistemebis SemTxvevebSi ar arsebobs. amitom sammasiani sistemis

ganxilvis dros SesaZlebelia dempfirebis maxasiaTeblebi pirda-

pir SemovitanT gamzadebuli saxiT misi specifikis gaTvaliswine-

biT.

igive Seexeba sami Tavisuflebis xarisxis mqone sistemis

agznebas, gareSe moqmedi ZalebiT. esec analogiuria ormasian

sistemaSi ganxiluli meTodis.

2.2. sammasiani vibraciuli manqanis maTematikuri

modelis Sedgena

eleqtromagnitur vibraciul manqanebSi, romlebic umrav-

les SemTxvevaSi muSaobs ZiriTad rezonansul reJimSi, zog

SeTxvevaSi saWiro xdeba dabali sixSiris generireba. es

ukanaskneli SesaZlebelia ara mxolod dabali sixSiris marT-

vis specialuri sqemis SeqmniT, aramed manqanis wevis Zalis

Semqmneli eleqtromagnitis uSualod CarTviT cvladi denis

kvebis wredSi, erTi naxevarperiodiani gamarTviT. aseT SemTxve-

vaSi qselis sixSiresTan SedarebiT (50 hc) dabali (iseve

rogorc maRali)   sixSiris miReba SesaZlebelia manqanis dre-

kadi elementis Rrma arawrfivobis xarjze. aseTi drekadi

elementis arsebobis SemTxvevaSi SesaZlebelia movaxdinoT

rxevebis generireba, ZiriTad rezonansul reJimTan erTad,

subharmoniul da superharmoniul rezonansul reJimebSi.

eleqtromagnituri vibraciuli manqanebis muSa reJimebis

efeqturobis gazrda, rogorc dabali sixSiris rxevebis, aseve
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Cveulebrivi qselis sixSiris rezonansul reJimebSi, SesaZlebe-

lia praqtikaSi gavrcelebuli erTi an ormasiani sistemidan

sammasian sistemaze gadasvliT. aseT SemTxvevaSi Cndeba saSu-

aleba erTdroulad gamoyenebuli iqnas ori muSa organo,

romelTac SeiZleba hqondeT erTnairi an gansxvavebuli muSa

amplitudebi da Sesabamisad isini SegviZlia gamoviyenoT

sxvadasxva masalebis ufro efeqturad transportirebis an

separaciisaTvis.

aseTi axali konstruqciis sammasiani eleqtromagnituri

vibraciuli manqanis sqema, romelsac aqvs arawrfivi maxasiaTe-

blis mqone drekadi elementebi, gamosaxulia nax. 10-ze. igi

Sedgeba 1 da 2 muSa organoebisgan, romlebic damagrebulia 3

da 4 drekadi elementebis SuaSi. drekadi elementebis boloebi

ki damagrebulia mesame masasTan-5. muSa organoebi rxeviT

moZraobebSi modian eleqtromagnitiT, romelic Sedgeba 6

nax. 10. sammasiani eleqtromagnituri vibraciuli manqanis
konstruqciuli sqema

Ruzisa da 7 gularisagan. eleqtromagniti ikvebeba cvladi

denis qselidan erTi naxevarperiodiani gamarTuli deniT.

mTlianad sistema izolirebulia mzidi konstruqciisgan

maRali dempfirebis mqone trosebiT (pirobiTad naCvenebi araa).



49

mesame masasTan drekadi elementebis damagrebis konstruq-

cias aqvs saSualeba gadaadgildes drekadi elementis gaswv-

riv. Sesabamisad, SesaZlebelia drekadi elementis arawrfivo-

bis xarisxis regulireba. TviT arawrfivoba iqmneba im garemo-

ebiT, rom rxevis erTi naxevarperiodis ganmavlobaSi drekadi

elementebi (resorebi), SexebaSi arian sayrdenebTan, romlebic

moTavsebulia elementis Sua da ganapira Camagrebebs Soris,

xolo meore naxevarperiodSi Tavisufldebian maTgan. Sesabami-

sad, miuxedavad imisa, rom rxevis TiToeul naxevarperiodSi

drekadi elementi SeiZleba ganxiluli iqnas rogorc sixistis

wrfivi maxasiaTeblis mqone, or mimdebare  naxevarperiodSi igi

aris arawrfivi.

warmodgenili konstruqciis sammasiani vibraciuli manqanis

muSa reJimebis aRmweri diferencialuri gantolebebis Sesadge-

nad nax. 9-ze warmodgenil saangariSo sqemaSi davuSvaT, rom

sixiste 0c =0, xolo sistemis dakideba mzid konstruqciaze

xorcieldeba erT-erTi Sualedi masis meSveobiT. aseTi sammasi-

ani eleqtromagnituri vibraciuli manqanis kinetikuri, poten-

ciuri da dempfirebis energiebis gamosaxulebebs eqnebaT
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CavsvaT miRebuli tolobebi lagranJis meore gvaris 2.1

gantolebaSi da davumatoT mas marjvena mxareSi sistemis
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agzneba. Sesabamisad, miviRebT sammasiani vibraciuli manqanis

rxevebis aRmwer Semdeg diferencialur gantolebaTa sistemas:
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sadac 321 ,, mmm pirveli, meore da mesame rxeviTi masebia,

321 ,, xxx Sesabamisi masebis gadaadgilebebia, 21 , hh siCqaris

proporciuli winaaRmdegobis Zalebis maxasiaTebeli koefici-

entebia, 21 , cc Sesabamisad pirveli da meore masebis drekadi

elementebis sixisteebia. 2.16 sistemis pirveli da meore

gantolebebis marjvena mxareSi moTavsebuli sidideebi aris

eleqtromagnitis wevis Zala, romelic urTierT sawinaaRmdegoa

pirveli da meore masebisaTvis.

Tu sistemis samive gantolebas gavyofT Sesabamis masebze

da SemoviRebT aRniSvnebs, miviRebT:
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rogorc avRniSneT or momijnave naxevarperiodSi

gansxvavebulia  drekadi sistemebis sixisteebi. aseve gansxvavebu-
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lia  maTi dempfirebis maxasiaTeblebic. Tu 2.17 gantolebaTa

sistemas CavwerT naxevarperiodebis mixedviT, igi miiRebs Semdeg

saxes:

pirvel naxevarperiodSi
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meore naxevarperiodSi
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2.19

2.18 da  2.19 gantolebaTa  sistemebis amoxsnis dros maTi

Serwymis pirobebia: /
11 xx  , rodesac 01 x da //

11 xx  , rodesac

01 x . xolo /
22 xx  , rodesac 02 x da //

22 xx  , rodesac 02 x .

miuxedavad imisa, rom or mimdebare naxevarperiodSi drekadi

elementebis sixisteebi da  Sesabamisad sixSireebi aris sxvadasxva,

rxevebis dros masebs gaaCniaT erTi sakuTari cikluri sixSire,

romlebic udris
2

//
1

/
1

1





 da
2

//
2

/
2

2





 .

sammasiani eleqtrovibraciuli manqana  ormasianTan Sedare-

biT xasiaTdeba  rigi upiratesobebiT. OmuSa  organoebis masebi da

drekadi elementebi SeiZleba  SevarCioT ise, rom isini iyvnen

toli. aseT SemTxvevaSi mesame masa, romliTac xdeba  mTliani

sistemis dakideba, mzid konstruqciaze, xdeba  praqtikulad
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uZravi. Sesabamisad, muSa  organoebis rxevebis dros mavne rxevebis

gadacema  garemoze minimaluria. garda  amisa, aris SesaZlebeli

SeirCes sxvadasxva  masebi da  drekadi elementebi, Sesabamisad

masebis sixSireebi, rac saSualebas iZleva  SeirCes rezonansuli

reJimebis sxvadasxva  kombinaciebi.

2.3. samasiani vibraciuli manqanis maTematikur modelze cifruli

eqsperimentis Catareba

sammasiani eleqtrovibraciuli manqanis muSa reJimebis

aRmweri diferencialur gantolebaTa sistema, romelic warmoad-

gens am manqanis maTematikur models,  gamoisaxeba 2.17-iT.

gantolebaTa sistemis marjvena mxareSi moTavsebuli 2

warmoadgens vibraciuli manqanis eleqtromagnitis wevis ZaliT

gamowveul aRgznebas. am sistemis maTematikuri modelirebis

gamartivebis miziT SesaZlebelia magnituri nakadis aRmweri

diferencialuri gantoleba Seicvalos erTi wevriT, anu 2.17-is

marjvena nawilSi darCes mxolod ZiriTadi rezonansis

gamomwvevi mTavari wevri 2

2


b

[29].

aRniSnulis gamo sistemaSi rxevebis mimdebare naxevarperi-

odebSi dempfirebis maxasiaTeblebisa da drekadi kavSirebis

arasimetriulobis gaTvaliswinebiT sakvlevi modeli miiRebs
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meore naxevarperiodSi
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2.21

maTematikur modelSi Sesayvani sidideebis realurTan miax-

loebuli ricxobrivi mniSvnelobebis cvlilebaTa diapazonebi

Semdegia:
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masebis rxevebis rezonansuli amplitudebis maqsimaluri

mniSvnelobebi SezRudulia  eleqtromagnitis sahaero  RreCoTi,

romelic tolia  3 mm-is.

qvemoT moyvanilia modelirebis Sedegad miRebuli sammasi-

ani vibraciuli manqanis muSa reJimebis amplitudur-sixSiruli

maxasiaTeblebis grafikebi da Sesabamisi oscilogramebi. modeli-

reba Sesrulebulia personalur kompiuterze C++Builderi-s speci-

aluri programiT.

nax 11-ze naCvenebia vibraciuli manqanis muSa rxevebis

amplitudur-sixSiruli maxasiaTebeli rezonansul reJimSi. am

SemTxvevaSi manqanis drekadi elementebi aRebulia simetriuli da

erTmaneTis toli, Sesabamisad tolia maTi sakuTari sixSireebi.
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nax. 11. sammasiani vibraciuli manqanis muSa organos amplitudur-
sixSiruli maxasiaTebeli rezonansul reJimSi

f1
/ =  f1

//=  f2
/=  f2

// =25 hc;   h1
/=  h1

//=  h2
/=  h2

//=5

aseve tolia dempfirebis maxasiaTeblebic. agznebis Zalis

sixSiris cvlilebis diapazonia 21.0 – 29.0 hc. diapazonis gavla

xdeba dabali sixSiridan maRlisken, rac naxazze isrebiTaa

naCvenebi. ganxilul SemTxvevaSi orTave masis rxevebis amplitu-

debi tolia, xolo maqsimaluri rezonansuli amplitudebi

Seesabameba agznebis Zalis sixSires 25 hc-ze.

nax. 12-ze naCvenebia samive masis rxevebis oscilogramebi

manqanis gaSvebidan rxevebis damyarebul reJimebamde. m1- pirveli

masaa, m2 – meore masa, xolo m3– mesame masa. aRgznebis Zalis

sixSire fa = 25 hc.

nax. 12. masebis rxevebis oscilogramebi
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oscilogramebidan Cans, rom mesame  masis rxevebi nulis

tolia, anu igi sivrceSi aris uZravi.

SerCeuli igive parametrebisaTvis movaxdineT agznebis

Zalis sixSiris diapazonis cvalebadoba orTave mxridan, anu six-

Siris qveda zRvaridan zedamde da piriqiT. Sedegi naCvenebia nax.

13-ze. grafiki agebulia mxolod erTi m1 masisTvis. grafikidan

Cans, rom maqsimaluri rezonansuli amplitudebi orive SemTxveva-

Si aris gansxvavebuli. aseTi gansxvaveba axasiaTebs arawrfiv

sistemebs. am SemTxvevaSi arawrfivoba gamowveulia  agznebis

Zalis arawrfivobiT, radgan igi gantolebaSi Sedis kvadratuli

damokidebulebiT.

nax. 13. muSa organos rxevebis amplitudur-sixSiruli
maxasiaTeblebi sixSris diapazonis orive mxridan cvlilebis dros

f1
/ =  f1

//=  f2
/= f2

// =25 hc;   h1
/= h1

//= h2
/= h2

//=5

SevitanoT asimetria pirveli da meore masebis drekad

elementebSi, kerZod f1
/ =25 hc, f1

//=24, hc,  f2
/=25 hc, f2

// =24 hc, xolo

dempfirebis maxasiaTeblebi davtovoT igive, anu h1
/= h1

//= h2
/= h2

//=5.

Sedegi naCvenebia nax. 14-ze. miuxedavad gansxvavebisa ciklur

sixSireebSi orTave masis amplitudebi erTnairia. Seicvala

mxolod rezonansuli sixSire.
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nax. 14. sammasiani vibraciuli manqanis orive muSa organos
amplitudur-sixSiruli maxasiaTeblebi rezonansul reJimSi

rogorc zemoT aRvniSneT TiToeuli masis rxevis sakuTari

sixSire warmoadgens maTi cikluri sixSireebis saSualo ariT-

metikuls, xolo mTlianad sistemisTvis rezonansuli sixSire

aris orTaves Sualedi mniSvneloba.

am reJimis Sesabamisi oscilogramebi naCvenebia nax. 15-ze.

aqac miuxedavad masebis cikluri sixSireebis gansxvavebisa mTli-

anad sistema rCeba simetriuli da mesame masis rxevebs am SemT-

xvevaSic adgili ara aqvs. amgznebi Zalis sixSire fa = 24,5 hc.

nax. 15. rxeviTi masebis oscilogramebi

naxazebze 16 da 17 naCvenebia wina SemTxvevis analogiuri,

mxolod am SemTxvevaSi cikluri sixSireebi gadaxrilia ufro
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maRali sixSirisken. Sesabamisad rezonansuli sixSiris amplitu-

debic daZrulia ufro maRali sixSirisken. rxevis parametrebi

naCvenebia naxazebis qvemoT.

nax. 16. muSa organoebis amplitudur-sixSiruli maxasiaTeblebi
f1

/ =25 hc,  f1
//=26, hc,  f2

/=25 hc, f2
// =26 hc;   h1

/= h1
//= h2

/= h2
//=5

nax. 17. masebis rxevebis oscilogramebi
fa = 25,5 hc

Tu kidev ufro gavzrdiT cikluri sixSireebis asimetrias,

sistemis rezonansul sixSiresTan dakavSirebiT zemoTaRniSnuli
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msjeloba aqac ZalaSi rCeba. saxeldobr, igi aris yvela

sixSireebis jamis Sualedi. gansxvaveba wina SemTxvevebTan

SedarebiT gamoixateba imaSi, rom viwrovdeba rezonansuli piki.

es SemTxveva naCvenebia nax. 18-ze. iqvea naCvenebi sistemis sixSiris

da dempfirebis maxasiaTeblebi.

nax. 18. amplitudur-sixSiruli maxasiaTeblebi
f1

/ =23 hc,  f1
//=27, hc,  f2

/=23 hc, f2
// =27 hc;   h1

/= h1
//= h2

/= h2
//=5

nax. 19-ze ki naCvenebia masebis rxevebis oscilogramebi.

nax. 19. masebis rxevebis oscilogramebi
fa = 25,0 hc

aqamde ganvixileT asimetriis SemTxvevebi, rodesac ciklu-

ri asimetria orTave masisaTvis iyo erTnairi. exla ganvixiloT

SemTxveva, rodesac cikluri asimetria erTerTi masisaTvis aris

gansxvavebuli. am SemTxvevis grafikuli magaliTi moyvanilia nax.
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20-ze. sainteresoa, rom am SemTxvevaSi isev gvaqvs erTi rezonan-

suli sixSire, xolo masebis amplitudebi gansxvavebulia. amave

dros rxevebs iwyebs mesame masac. aqve unda aRiniSnos, rom yvela

zemoT ganxilul SemTxvevebSi agznebis Zala iyo erTnairi. am

ukanasknelSi ki masebis daaxloebiT igive rxevebis amplitudebis

misaRebad saWiroa 20%-iT naklebi agznebis Zala.

nax. 20. muSa organoebis amplitudur-sixSiruli maxasiaTeblebi
gansxvavebuli asimetris dros

f1
/ =25 hc, f1

//=25hc, f2
/=23 hc, f2

// =27 hc;   h1
/= h1

//=h2
/= h2

//=5

masebis Sesabamisi rxevebis oscilogramebi moyvanilia nax.

21-ze.

nax. 21. masebis rxevebis oscilogramebi
fa = 25,0 hc

am SemTxvevis analogiuria nax. 22-ze moyvanili grafiki,

sadac cikluri asimetriebi orTave masisTvis aris erTmaneTisgan

gansxvavebuli. am ukanasknelSi amplitudebs Soris sxvaoba da

mesame masis rxeva SedarebiT naklebadaa gamoxatuli.
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nax. 22. muSa organoebis amplitudur-sixSiruli maxasiaTeblebi
erTidaigive asimetris dros

f1
/ =24 hc,  f1

//=26hc, f2
/=25 hc, f2

// =27 hc;   h1
/= h1

//= h2
/= h2

//=5

aqac reJimis Sesabamisi masebis rxevebis oscilogramebi

mocemulia nax. 23-ze.

nax. 23. masebis rxevebis oscilogramebi
fa = 25,5 hc

ganvixiloT SemTxveva, rodesac orTave masas aqvs

sixSireebis erTidaigive, mxolos ufro Rrma, asimetriuloba, nax.

24. es SemTxveva analogiuria nax. 18-ze warmodgenili SemTxvevis

im gansxvavebiT, rom rezonansuli amplitudebis piki kidev ufro

viwrovdeba, xolo agznebis Zalis sidide, sahaero RreCoTi

SezRudvis pirobebSi, 60%-iT naklebia mis sawyis sididesTan



61

SedarebiT. amave dros sistemis arawrfivoba kidev ufro metad

ikveTeba rasac uCvenebs agznebis Zalis sixSiris diapazonis

cvalebadoba qvemodan da zemodan. naxazze es cvlileba

naCvenebia isrebiT. pikuri amplitudebis Sesabamis sixSireebs

Soris gansxvaveba metia vidre es iyo nax. 13-ze. aqvea naCvenebi am

nax. 24. muSa organoebis amplitudur-sixSiruli maxasiaTeblebi
sixSiris diapazonis orive mxridan gavlis dros

f1
/ =22 hc, f1

//=28hc, f2
/=22 hc, f2

// =28 hc;   h1
/= h1

//= h2
/= h2

//=5

reJimis Sesabamisi oscilogramebi, nax. 25.

Tu kidev ufro gavzrdiT masebis ciklur asimetriebs ise,

rom orTave masisTvis asimetriebi iyos toli, rezonansul

sixSiresTan amplitudebis pikebi kidev ufro viwrovdeba, xolo

TviT amplitudebis sahaero RreCoSi SesanarCuneblad saWiro

xdeba gacilebiT meti dampfirebis maxasiaTeblebis Setana, nax.

26.

nax. 25. masebis rxevebis oscilogramebi
fa = 25,3 hc
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nax. 26. muSa organos amplitudur-sixSiruli maxasiaTebeli Rrma
asimetriis dros

f1
/ =20 hc,  f1

//=30hc, f2
/=20 hc, f2

// =30 hc; h1
/= h1

//= h2
/= h2

//=13

nax. 27-ze naCvenebia aRniSnuli reJimis Sesabamisi masebis

rxevebis oscilogramebi.

nax. 27. masebis rxevebis oscilogramebi
fa = 25,0 hc

maTematikur modelSi gamokvleuli iqna aseve sistemis

dempfirebis gavlena masebis rxevebis amplitudebze. nax. 28-ze

naCvenebia erTerTi masis rxevebis Sesabamisi amplitudur-

sixSiruli maxasiaTeblebi. iqve moyvanilia sistemis sixSirisa da

demfirebis maxasiaTeblebi.
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nax. 28. erTerTi masis amplitudur-sixSiruli maxasiaTeblebi sistemis
sxvadasxva dempfirebis dros

f1
/ = f1

//= f2
/= f2

// = 25 hc; h = h1
/= h1

//= h2
/= h2

//=5,7, 9,11

nax. 29-ze naCvenebia sistemaSi cikluri sixSireebis simetri-

ulobis dros dempfirebis asimetriulobis SemTxveva. rogorc

grafikidan Cans amplitudur-sixSiruli maxasiaTebeli ufro

mdovre xdeba, magram sagrZnoblad iklebs masebis rxevebis rezo-

nansuli amplitudebi.

nax. 29. orive masis amplitudur-sixSiruli maxasiaTebeli sistemis
sxvadasxva dempfirebis dros

f1
/ = f1

//= f2
/= f2

// = 25 hc; h1
/= h1

//=5,  h2
/= h2

//=9

masebis rxevebis Sesabamisi oscilogramebi naCvenebia nax.

30-ze
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nax. 30. masebis rxevebis oscilogramebi
f1

/ = f1
//= f2

/= f2
// =25 hc;   h1

/= h1
//= 5,  h2

/= h2
//=9. fa = 25,0 hc

31 grafikze naCvenebia sistemaSi dempfirebis asimetriulo-

ba, rodesac dempfirebis yvela cikluri maxasiaTebeli aris

sxvadasxva, xolo nax. 32-ze naCvenebia masebis rxevebis Sesabamisi

oscilogramebi.

nax. 31. masebis rxevebis rezonansuli grafikebi sistemis dempfirebis

gansxvavebuli asimetriis dros

f1
/ = f1

//= f2
/= f2

// = 25 hc; h1
/= 5, h1

//= 7,  h2
/= 9, h2

//=11
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nax. 32. masebis rxevebis oscilogramebi
f1

/ = f1
//= f2

/= f2
// =25 hc; h1

/= 5, h1
//= 7,  h2

/= 9, h2
//=11. fa = 25,0 hc

bolos, 33 da 34 grafikebze naCvenebia dempfirebis maxasi-

aTeblebis ufro didi asimetriuloba da Sesabamisi osci-

logramebi.

nax. 33. erTerTi masis rezonansuli rxevebis grafiki dempfirebis Rrma
asimetriis dros

f1
/ = f1

//= f2
/= f2

// = 25 hc;   h1
/= 5, h1

//= 11,  h2
/= 13, h2

//=17
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nax. 34. masebis rxevebis oscilogramebi
f1

/ = f1
//= f2

/= f2
// =25 hc; h1

/=7, h1
//=11  h2

/=13,  h2
//=17. fa = 25,0 hc

rogorc 33 grafikidan Cans masebis rxevebis amplitudur-

sixSiruli maxasiaTebeli kidev ufro mdovre xdeba.

saWiroa SevniSnoT, rom bolo sam SemTxvevaSi adgili aqvs

mesame  masis rxevebsac. Sesabamisad, mesame masis rxevebs iwvevs

ara marto cikluri sixSireebis asimetria, aramed cikluri

dempfirebis maxasiaTeblebis asimetriac.
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2.4. vibraciul-teqnologiuri procesebis zogadi maTematikuri

modelis Sedgena

vibraciuli satransporto  manqana  Sedgeba  rxeviTi siste-

misagan, romelic moicavs masebis garkveul raodenobas, drekad

kavSirebs da  ama  Tu im saxis amZravs.

vibraciuli satransporto  manqanebis saerTo  damaxasiaTe-

bel niSans, romliTac SesaZlebelia  isini mivakuTvnoT erTi

kategoriis manqanebs, aris tvirTis gadamaadgilebeli muSa  orga-

nos rxeviTi moZraobebi. am ukanasknelis parametrebi ki ganisazR-

vrebian sistemis dinamikuri TvisebebiT. manqanis moZraobis para-

metrebis ganmsazRvrel faqtorebs warmoadgenen gare datvirTva,

rxeviTi sistemis mowyoba, Sinagani winaaRmdegoba, da  aseve amZra-

vis kinematikuri da  dinamikuri maxasiaTeblebi.

aRniSnuli klasifikaciidan gamomdinare vibraciuli satran-

sporto  manqana  unda  aiwyos Sesasrulebeli samuSaos gaTvalis-

winebiT, romelic gansazRvravs datvirTvebs tvirTmzid organoze.

aRniSnulis sailustraciod nax. 35-ze moyvanilia  erTi

Tavisuflebis xarisxis mqone martivi vibraciuli satransporto

manqanis sqema, romelic Seicavs M masas, k drekad kavSirebs da h

winaaRmdegobas [30,31].

N

nax. 35. vibraciuli satransporto manqanis konstruqciuli sqema

rxeviT masaze, romelic mocemul SemTxvevaSi warmoadgens

muSa  organos, satransporto  tvirTis mxridan moqmedebs norma-
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luri N da  tangencialuri T datvirTvebi. garda  amisa, muSa

organos gadaadgilebas ewinaaRmdegeba  konstruqciis elementeb-

sa  da  drekad kavSirebSi Sinagani winaaRmdegobebi. es ukanaskne-

li, pirveli miaxloebiT, miiReba  gadaadgilebis siCqaris propor-

ciulad. aRniSnuli daSvebiT miRebuli Sesabamisi uzustobebi

kompensirdeba  winaaRmdegobis proporciulobis koeficientis

Sesabamisi SerCeviT.

manqanis muSa  organo  zogadad SesaZlebelia  daxrili

iqnas horizontTan  kuTxiT, xolo  misi traeqtoriis  kuTxiT

daxra  ganisazRvreba  drekadi sistemebis ganlagebiT, aseve amZra-

vis ganlagebiTa da  amgznebi Zalis xasiaTiT.

Tu amgzneb Zalas gamovsaxavT zogadi  tF saxiT, maSin

manqanis moZraobis gantoleba  iqneba:

       cossin
...

TNtFkxxhxM 2.22

an mcireodeni gardaqmnis Semdeg

     .cossin2 2
...

 
M
T

M
N

M
tFxpxnx 2.23

2.22 gantolebaSi marcxena  mxares pirveli wevri
..

xm

axasiaTebs rxevadi masis inerciis Zalebs,  meore
.

xh - Sinagani

winaaRmdegobis Zalebs, xolo  mesame kx – drekadi kavSirebis

aRmdgen Zalebs. marjvena nawilSi meore da  mesame wevrebi

warmoadgenen gadasaadgilebeli tvirTidan gamowveul datvirT-

vebs, xolo  pirveli wevri aris amZravis mier ganviTarebuli

amgznebi Zala.

damyarebul reJimSi manqanis amZravi aniWebs rxeviT moZra-

obebs muSa  organos da warmoqmnis amgzneb Zalas, romelic Tavis

mxriv gadalaxavs gadasaadgilebeli tvirTis datvirTvebs da

Sinagan winaaRmdegobebs, aseve rxevadi masebis inerciis Zalebsa
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da  drekadi kavSirebis aRmdgen Zalebs. amZravi aseve uzrunvel-

yofs manqanebis rxevadi masebis winaswar gaqanebas da aniWebs maT

sawyisi kinetikuri energiis garkveul nawils.

vibraciuli meTodiT tvirTis transportireba  tvirTmzidi

organos gaswvriv xorcieldeba  tvirTis inerciis Zalebisa  da

muSa  organos zedapirze xaxunis Zalebis xarjze. horizontalu-

rad tvirTis mimarTuli moZraobebis gansaxorcieleblad auci-

lebelia  muSa  organos winsvili-ukuqceviTi moZraobebis dros

inerciis Zalebisa  da  xaxunis Zalebis garkveuli asimetria.

zogadad, rac ufro  metia  asimetriis xarisxi miT ufro  mcirea

(an sulac ar arsebobs) tvirTis gadaadgilebis mimarTulebis

sawinaaRmdego  perioduli gadaxrebi. Sesabamisad tvirTis gada-

adgilebis efeqturoba  gacilebiT maRalia. amitom,  yovelTvis

sasurvelia  SevarCioT transportirebis iseTi reJimi, rodesac

gamoiricxeba  tvirTis uku moZraobebi da  igi gadaadgildeba  mxo-

lod transportirebis mimarTulebiT.

cnobilia  muSa  organos gadasaadgilebel tvirTze asimet-

riuli zemoqmedebis ramodenime xerxi. vibraciuli gadaadgileba

SesaZlebelia  ganxorcieldes inerciis Zalebis asimetriiT,

xaxunis Zalebis asimetriiT da  orTaves moqmedebiT erTdro-

ulad.

inerciuli zemoqmedebis asimetria  miiRweva  muSa  organos

sxvadasxva  mimarTulebiT moZraobisas masze sxvadasxva  aCqare-

bebis miniWebiT, xolo  xaxunis Zalebis asimetria  miiRweva

tvirTis normaluri reaqciis Zalis cvlilebiT muSa  organos

winsvliTi-ukuqceviTi moZraobebis dros.

ufro  farTo  gamoyeneba  pova  vibraciul-satransporto

manqanebis iseTma  saxeebma, romlebic muSaoben sworxazovani

harmoniuli rxevebis reJimSi. aseTi manqanebis muSa  organoebi

asruleben sworxazovan harmoniul rxevebs  RerZis gaswvriv,

mimarTulni arian  kuTxiT misi zedapiris mimarT A (mm) ampli-

tudiT da  wriuli sixSiriT (hc). maTi moZraoba  aRiwereba

gantolebiT:
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.sin tA   2.24

zogad SemTxvevaSi, muSa  organo  SesaZlebelia  ganlagebu-

li iqnas ara  horizontalurad, aramed garkveuli  kuTxis

daxriT (nax. 36).

nax. 36. muSa organos sivrceSi ganlagebis sqema

imis gamo, rom muSa  organos rxevebi warmoebs misi grZivi

RerZis mimarT garkveuli kuTxiT igi asrulebs rogorc grZiv

aseve ganiv gadaadgilebebs Semdegi kanonzomierebiT:

 
  .sinsin

;sincos
tAy
tAx







2.25

2.25-Si Semavali Semdgenebis funqciebi vibrotransportire-

bis procesSi aris sxvadasxva. grZivi Semdgeni uzrunvelyofs

tvirTis gadaadgilebas muSa  organos gaswvriv, xolo  ganivi

Semdgeni iTrevs mas muSa  organos rxeviT moZraobebSi. amave

dros tvirTi yovelTvis imyofeba  simZimis Zalis moqmedebis qveS.

aRniSnulis Sedegad xdeba  normaluri reaqciis Zalis

perioduli cvlileba. tvirTis muSa  organosTan xaxunis Zala,

proporciulia  reaqciis normaluri Zalis da  aris, aseve

perioduli,  mamoZravebeli Zala.

sabolood, vibraciuli transportirebis erTerTi ZiriTadi

ganmsazRvreli parametri, siCqare, muSa  organos sworxazovani

harmoniuli rxevebis dros damokidebulia  vibraciuli satrans-

porto  manqanis iseT parametrebze, rogoricaa  rxevebis ampli-
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tuda  da  sixSire, aseve vibraciis kuTxe da  muSa  organos daxris

kuTxe.

rogorc zemoTmoyvanili msjelobebidan Cans vibrotrans-

portirebis srulfasovani analizis Casatareblad saWiro  xdeba

satransporto  tvirTis SedarebiT srulyofili modelis gamoye-

neba. am SemTxvevaSi modeli unda  akmayofilebdes Semdeg or

pirobas: man sakmaod xarisxobrivad da saWiro  sizustiT unda

gauwios modelireba  procesebs, romlebic mimdinareobs realuri

satransporto  tvirTebis gadaadgilebis dros da  unda  iyos

maqsimalurad martivi da  mosaxerxebeli kvlevebisaTvis.

aseTi modeli, romelic akmayofilebs zemoTaRniSnul

pirobebs aris satransporto  tvirTis erTmasiani drekad-blanti-

plastikuri modeli gamosaxuli nax. 37-ze [32].

nax. 37. satransporto tvirTis reologiuri modeli

satransporto  tvirTis x da y RerZebis mimarTulebebiT

sxvadasxva  deformaciuli maxasiaTeblebis modelirebis SesaZ-

leblobebis mizniT, xk da yk sixistis mqone drekad elementeb-

Tan erTad gamoiyeneba  dempferebis ori  sistema. dempferi sib-

lantis yh koeficientiT asaxavs winaaRmdegobebs, romlebic

proporciulia m masis tvirTis Sris deformacebis fardobiTi

siCqaris, muSa  organos zedapiris perpendikularulad. dempferi

siblantis xh koeficientiT ki asaxavs winaaRmdegobebs, romle-

bic proporciulia m masis tvirTis Sris deformacebis fardo-

biTi siCqaris, muSa  organos zedapiris paralelurad.

CamoTvlili drekadi da  blanti elementebi gamosaxaven

vibrotransportirebis procesSi tvirTis SreSi moqmed Sinagan
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Zalebs. garda  amisa  tvirTis Sreze moqmedeben gareSe Zalebi

(ZiriTadad aerodinamikuri winaaRmdegobebi), ganpirobebuli im

garemos arsebobiT, romelSic xdeba  moZraoba. tvirTis Sris

gadaadgilebis mimarT winaaRmdegobis gareSe Zalebi, muSa

organos zedapiris perpendikularulad, miiReba  misi fardobiTi

siCqaris proporciulad. isini gamoisaxeba  siblantis Yh

koeficientis mqone dempferiT, romelic nax. 37-ze gamosaxulia

moZrav koordinatTa  sistemasTan kavSirSi. tvirTis Sris

gadaadgilebebis mimarT winaaRmdegobebi, muSa  organos gaswvriv,

ki miiReba  misi gadaadgilebis absoluturi siCqaris propor-

ciulad. isini gamosaxulia  siblantis Xh koeficientis mqone

dempferiT, romelic naxazze dakavSirebulia  uZrav koordinatTa

sistemasTan.

satransporto  tvirTis Sris modelSi xk da yk drekadi

elementebis muSa organos zedapirze kontaqtSi mSrali xaxunis

wyvilisa  da xh , yh da Xh , Yh blanti winaaRmdegobebis sistemis

arseboba  saSualebas gvaZlevs sakmao  sizustiT CavataroT

modelireba  satransporto  tvirTis im reluri Tvisebebisa,

romlebic TamaSobs mniSvnelovan rols vibrotransportirebis

procesSi.

ganvixiloT vibraciuli satransporto  manqanis satrans-

porto  tvirTis Sris drekad-blanti-plastikuri modelis muSa

organoze vibrotransportirebis zogadi SemTxveva, rodesac muSa

organo  asrulebs rxevebs  kuTxiT da  daxrilia  horizontis

mimarT  kuTxiT (nax. 38).

SemoviRoT xoy moZravi sworkuTxa koordinatTa sistema,

romelic xistadaa dakavSirebuli vibraciuli satransporto

manqanis muSa organosTan. moZrav koordinatTa sistemasTan

erTad gamoviyenoT ori uZravi koordinatTa sistema: 1) O ,

romlis  RerZi emTxveva muSa organos rxevebis mimarTulebas,

sworxazovani rxevebis dros da 2) XOY , romlis RerZebi parale-

luria moZravi RerZebis.
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nax. 38. satransporto tvirTis muSa organoze ganlagebis saangariSo
sqema

miviRoT, rom muSa organo asrulebs rxevebs  tf   kano-

niT. muSa organos gadaadgilebebis X da Y gegmilebi  uZrav

koordinatTa sistemis RerZebze iqneba

   .sin;cos   YX 2.26

vibrotransportirebis procesSi tvirTis Sreze moqmedeben:

simZimis Zala mg , drekadi kavSirebis xk x da yk y aRmdgeni Zale-

bi, blanti winaaRmdegobis Zalebi,  deformaciis da gadaadgile-

bis absolituri 





 

..
xXhX da fardobiTi

.
yhy ,

.
xhx da

.
yhY

siCqareebis proporciuli, aseve mSrali xaxunis Zala *N , sadac

 da *N - xaxunis koeficienti da muSa organos zedapirze

tvirTis normaluri reaqciaa. zogadad, vibrotransportirebis

SemTxvevaSi, rogorc calkeuli aseve masiuri tvirTebis

gadaadgilebis dros SesaZlebelia misi moZraobis Semdegi

etapebi: muSa organosTan kontaqtis gareSe Tavisufali moZraoba

da muSa organosTan kontaqtSi erTdrouli moZraoba.

muSa organosTan kontaqtSi moZraobisas SesaZloa reJimebi,

rodesac tvirTi srialebs satransporto zedapirze win an ukan,

an kidev, srialis ar arsebobis SemTxvevaSi, ireva Sris drekadi

deformaciebis xarjze.
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tvirTis Sris fardobiTi moZraobebis gantolebebi drekadi

deformaciebis ubanze (srialis ar arsebobis SemTxevaSi) xy

moZravi RerZebis gegmilebSi gamoisaxeba Semdegnairad

.sin

;cos
.......

.....







 



xXhxkxhmgXmxm

ykyhmgYmym

Xxx

yy




2.27

tvirTis Sris drekadi deformaciis dros, Zala, romelic

cdilobs daZras tvirTi, ganisazRvreba gamosaxulebiT

.
.

* xkxhT xx  2.28

tvirTi ar isrialebs muSa organos zedapirze im pirobebSi,

rodesac es Zala absolituri mniSvnelobiT ar aRemateba

statikuri xaxunis Zalis zRvrul mniSvnelobas *Nst -s (sadac

st - tvirTis muSa organosTan xaxunis statikuri koeficientia).

Tu 2.28 gamosaxulebis Tanaxmad mamoZravebeli Zala gadaaWarbebs

xaxunis statikur Zalas, tvirTi daiwyebs srials muSa organoze.

srialis SemTxvevaSi tvirTis Sris gadaadgileba muSa

organos gaswvriv aRiwereba Semdegi gantolebiT

.sin
..

*
.....







 






 xXhNxsignmgXmxm X 2.29

gantolebis Sedgenis dros aTvlis sawyisad miRebulia

tvirTis is mdgomareoba, rodesac drekadi elementi deformire-

buli araa.

imis gamo, rom gantolebaSi Sedis kulonis (mSrali)

xaxunis Zala, igi aris arawrfivi. tvirTis moZraobis xasiaTisgan

damokidebulebiT, mSrali xaxunis Zala icvlis Tavis mimarTule-

bas. amitom
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0

0
1
1

.

.
.



















x

xxsign 2.30

mSrali xaxunis Zala aseve icvleba muSa organoze tvirTis

normaluri reaqciis sididis mixedviT. normaluri reaqciis

sidide erToblivi moZraobis ubanze ganisazRvreba drekadi

kavSirebis aRmdgeni yk y ZalebiTa da Sris deformaciis

fardobiTi siCqaris proporciuli winaaRmdegobis
.
xhx ZalebiT:

.
.

* yhykN yy  2.31

Tu CavsvamT normaluri reaqciis gamosaxulebas 2.28-Si,

miviRebT muSa organoze tvirTis moZraobis gantolebas x RerZis

mimarTulebiT:

.sin
........







 






 






 xXhyhykxsignmgXmxm Xyy 2.32

Tu gavyofT 2.27 da 2.32 gantolebebs masa m-ze da movaxdenT

mcireoden gardaqmnebs, miviRebT gantolebaTa sistemas, romelic

aRwers tvirTis moZraobas Semdegi mimarTulebebiT:

y RerZis mimarTulebiT:

;cos2
..

2
...

gYypyny yy  2.33

x RerZis mimarTulebiT:

drekadi deformaciis ubanze

;2sin2
....

2
...







  xXngXxpxnx Xxx  2.34

da srialis ubanze

,2sin22
.

2
.......







 






 ynypxsigngXnXxnx yyXX  2.35

sadac xp da yp - Sesabamisad x da y RerZebis mimarTulebiT

tvirTis Sris modelis rxevebis sakuTari sixSireebia

;,
,

22










m
k

p
m
kp y

y
x

x
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xn da yn - tvirTis Sris deformaciis modelis Sinagani winaaR-

mdegobebis dempfirebis koeficientebia, Sesabamisad x da y

RerZebis mimarTulebiT; ;2,
,

2 









m
h

n
m
hn y

y
x

x

Xn - dempfirebis koeficientia, romelic ganpirobebulia x mimar-

TulebiT Sris modelis gadaadgilebis mimarT gareSe
m
hn X

X 2

winaaRmdegobebiT.

tvirTi SeiZleba darCes muSa organos zedapirze manamde,

sanam normaluri reaqcia ar gaxdeba nulis toli. amitom drois

garkveul momentSi, romelic ganisazRvreba

0
.
 yhyk yy 2.36

transcendentuli gantolebiT, tvirTi mowydeba muSa organos

zedapirs da asrulebs Tavisufal frenas.

tvirTis Tavisufali moZraobis diferencialur gantolebas

aqvs Semdegi saxe

;cos2
.....

gYyny Y  2.37

,2sin2
.......







  xXngXxnx XX  2.38

sadac Yn - dempfirebis koeficientia, romelic ganpirobebulia

Sris modelis moZraobisadmi gareSe winaaRmdegobis ZalebiT, y

RerZis mimarTulebiT Tavisufali gadaadgilebis ubanze.

gavaanalizoT satransporto masalis erTmasiani drekad-

blanti-plastikuri modelis SesaZlo gadaadgilebebis reJimebi

da ganvsazRvroT moZraobis erTi etapidan meoreze gadasvlis

kriteriumebi.

tvirTis moZraobis erTi fazidan meoreze gadasvlis

momentebi ganisazRvreba Semdegi transcendentuli gantolebebiT.

erToblivi moZraobidan Tavisufalze gadasvlis momenti

(tvirTis mowyveta) 0t ganisazRvreba 2.26 transcendentuli ganto-

lebis amoxsnis Sedegad.
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Tavisufali moZraobidan erToblivze gadasvlis moments

(tvirTis Camovardna) nt - vpoulobT transcendentuli gantolebi-

dan, romelic miiReba frenis ubanze tvirTis fardobiTi

gadaadgilebis nulTan gatolebis Sedegad:

  .0ty 2.39

muSa organoze srialis SemTxvevaSi SesaZlebelia moZraoba

win 





  0

.
x an ukan .0

.







 x tvirTis pirdapiri moZraobidan gaCere-

bamde gadasvlis momenti 0t , an uku moZraobis dros gaCerebamde

0t , moiZebneba srialis ubanze tvirTis gadaadgilebis fardobi-

Ti siCqaris nulTan gatolebiT miRebuli transcendentuli

gantolebis amoxsnis Sedegad:

  .0
.

tx 2.40

da bolos, srialis dawyebis momenti win 0t da ukan 0t

mimarTulebebiT, ganisazRvreba tvirTis damZvreli Zalis, misi

muSa organosTan xaxunis ZalasTan tolobiT:







 

..
yhykxhxk yyxx  . 2.41

sabolood, zemoTaRniSnuli pirobebis gaTvaliswinebiT

muSa organoze tvirTis gadaadgilebis yvela SesaZlo fazebis

aRwerisaTvis miviRebT Semdeg diferencialur gantolebaTa

sistemas:

;cos2
..

2
...

gYypyny yy  2.42

;2sin2
....

2
...







  xXngXxpxnx Xxx  2.43

;cos2
.....

gYyny Y  2.44

;2sin2
.......







  xXngXxnx XX  2.45

.2sin22
.

2
.......







 






 ynypxsigngXnXxnx yyXX  2.46



78

2.42 – 2.46 warmoadgenen eleqtromagnitur vibraciul

manqanaSi teqnologiuri datvirTvebis aRmwer diferencialur

gantolebaTa sistemas. Sesabamisad, igi warmoadgens am procesis

aRmwer maTematikur models.  wriuli sixSiris cvalebadobiT

SesaZlebelia modeli gamokvleuli iqnas sxvadasxva, rogorc

dabal aseve maRal rxevebis sixSireebze. aseve SesaZlebelia

modelSi gamokvleuli iqnas sxvadasxva fizikuri maxasiaTeble-

bis mqone satransporto masalebis gadaadgilebebi.

2.5. vibraciul-teqnologiuri procesebis zogad

maTematikur modelze cifruli eqsperimentis Catareba

wina  paragrafSi moyvanili gvqonda  vibraciuli manqanis

zogadi maTematikuri modeli. es modeli Sedgeba 2.42 – 2.46

diferencialuri gantolebebis sistemisagan, romelic muSa

organos moZraobebTan erTad aRwers teqnologiur datvirTvebs.

models aqvs Semdegi saxe:

.cos2 2
2

2
2
0

.

0

..
tbaxxnx 


  2.47

;cos2
..

2
...

gYypyny yy  2.48

;2sin2
....

2
...







  xXngXxpxnx Xxx  2.49

;cos2
.....

gYyny Y  2.50

;2sin2
.......







  xXngXxnx XX  2.51

,22sin
...

2
.....







 






 






 xXnynypxsigngXx Xyy 2.52

sadac    .sin;cos 00   xYxX
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Tu gavawarmoebT X da Y koordinatebs droSi

       sin;cos;cos 0

....

0

....

0

..
xYxXxX

da CavsvamT zemoTmoyvanil sistemaSi, miviRebT:

.cos2 2
2

2
2
0

.

0

..
tbaxxnx 


  2.53

  ;cossin2 0

..
2

...

 gxypyny yy  2.54

    ;cos2sincos2
.

0

.

0

..
2

...







  xxngxxpxnx Xxx  2.55

  ;cossin2 0

.....

 gxyny Y  2.56

    ;cos2sincos2
.

0

.

0

.....







  xxngxxnx XX  2.57

    .cos22sincos
.

0

..
2

.

0

....







 






 






 xxnynypxsigngxx Xyy 

2.58

2.53–2.58 diferencialur gantolebaTa sistemaSi Semavali

sidideebi:

yxx ,,0 - Sesabamisad, muSa organos da masze teqnologiuri

datvirTvis horizontaluri da vertikaluri gadaadgilebebia;

M
k

M
hn o  2,2  - vibraciuli manqanis dempfirebis maxasiaTebeli

da sakuTari wriuli sixSirea;

a, b – agznebis Zalis maxasiaTebeli koeficientebia;

 - agznebis wriuli sixSirea;

m
h

n
m
hn y

y
x

x  2,2 - gadasaadgilebeli tvirTis Sinagani winaaRmde-

gobebia x da y mimarTulebebiT;

m
hn

m
hn Y

Y
x

X  2,2 - tvirTze garemos mxridan moqmedi winaaRmdego-

bebia;



80

m - gadasaadgilebeli tvirTis masaa;

m
k

p
m
k

p y
y

y
x  22 , - tvirTis sakuTari sixSireebia;

 , - Sesabamisad muSa organos horizontis mimarT da vibraciis

mimarTulebis horizontTan daxris kuTxeebia;

g – simZimis Zalis aCqarebaa;

aRniSnuli sidideebis realurTan miaxloebuli ricxobrivi

mniSvnelobebis varirebis zRvrebia:

n2 10, 0 95 - 220, a = 10 - 20, b = 20 – 30,  = 147 –

167, xn2 1 – 20, yn2 1 – 20, Xn2 1 – 5, Yn2 1 – 5, m = 10,

xp = 1 – 40, yp = 1 – 40,  = 100 – 200,  = 150 - 250, g = 9.81.

qvemoT moyvanil grafikebze naCvenebia sammasiani vibraci-

uli manqanis zogad maTematikur modelze cifruli eqsperimente-

bis Catarebis Sedegebi. modelireba Sesrulebulia personalur

kompiuterze C++Builderi-s specialuri programiT.

nax. 39-ze naCvenebia grafiki, romelic Seesabameba satrans-

porto tvirTis fiziko-meqanikuri maxasiaTeblis, kerZod, misi

drekadobis maxasiaTeblis farTo diapazonSi cvalebadobis

damokidebulebas tvirTis transportirebis siCqaresTan. aRniSnu-

li damokidebuleba miRebulia tvirTis Sinagani winaaRmdegobis

Zalebis sami sxvadasxva mniSvnelobisaTvis, romlebic grafikzea

aRniSnuli. am SemTxvevaSi vibraciuli manqanis amgznebi Zalis

sidide da misi drekadi elementis sixiste arian fiqsirebuli

sidideebi. grafikidan Cans, rom transportirebis maqsimaluri

sidide miiReba im reJimSi, rodesac tvirTis sixiste (drekadoba)

axlosa manqanis drekadi elementis sixistesTan. grafikidan aseve

Cans, rom tvirTis Sinagani winaaRmdegobis Zalebs mniSvnelovani

gavlena aqvT mis transportirebis siCqareze.
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nax. 39. transportirebis siCqaris damokidebuleba satransporto
tvirTis drekadobaze

nax. 40-ze warmodgenilia oscilogramebi, romlebic aRebu-

lia tvirTis drekadobis ori mniSvnelobisTvis da Seesabamebian

tvirTis gadaadgilebisa da siCqaris or mniSvnelobas. kerZod 1 –

rodesac xp = yp = 10 N/mm da 2 - xp = yp = 25 N/mm. 0x - muSa

organos gadaadgilebaa, x – tvirTis gadaadgileba, xolo
.
x . –

tvirTis transportirebis siCqarea. NN

nax. 40. satransporto tvirTis gadaadgilebis da siCqaris
oscilogramebi
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Seswavlili iqna aseve satransporto tvirTis meore

fiziko-meqanikuri parametris, Sinagani dempfirebis gavlena

tvirTis transportirebis siCqareze, cvlilebaTa realur diapa-

zonSi. nax. 41-ze moyvanilia  grafiki  tvirTis drekadobis

nax. 41. satransporto tvirTis Sinagani dempfirebis cvlilebis gavlena
transportirebis siCqareze

ori fiqsirebuli mniSvnelobis dros transportirebis siCqaris

damokidebuleba Sinagani dempfirebis maxasiaTeblebis cvlile-

bisagan. grafikidan Cans, rom rezonasul reJimSi Sinagan

dempfirebas meti gavlena aqvs transportirebis siCqareze, vidre

ararezonansul reJimSi.

rogorc aRniSnuli gvqonda tvirTis muSa organosgan

mowyvetis dros, anu misi Tavisufali frenis SemTxvevaSi, masze

moqmedebs mxolod garegani winaaRmdegobis Zalebi. isini tvirTis

gadaadgilebebis calkeul konkretul SemTxvevebSi TiTqmis

ucvleli rCeba, magram sainteresoa maTi cvilebis gavlenis

gamokvleva transportirebis siCqareze, rac Seesabameba tvirTis

transportirebas sxvadasxva garemoSi. nax. 42-ze naCvenebia

swored am gavlenis kvlevis Sesabamisi grafikebi.
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nax. 42. gareSe winaaRmdegobebis gavlena tvirTis transportirebis
siCqareze Tavisufali frenis dros

rogorc grafikidan Cans garemos winaaRmdegobis Zalebs,

ZiriTadad haeris winaaRmdegobas, gacilebiT naklebi gavlena

gaaCniaT tvirTis transportirebis siCqareze, magram SesaZloa

zogierT SemTxvevaSi isini mxedvelobaSi iqnas miRebuli.

zogad maTematikur modelSi aseve gamokvleuli iqna

amgznebi Zalis amplitudis gavlena tvirTis transportirebis

siCqareze. Sesabamisi grafiki naCvenebia nax. 43-ze. rogorc

mosalodneli iyo tvirTis transportirebis siCqare, amgznebi

Zalis amplitudis zrdasTan erTad izrdeba. damokidebuleba am

or sidides Soris ki aris wrfivi.

nax. 43. amgznebi Zalis gavlena tvirTis transportirebis
siCqareze
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aRniSnuli reJimis Sesabamisi oscilogramebi moyvanilia

nax. 44-ze. oscilogramebi amoRebulia moqmedi Zalis

2

cos 





 tbaF 


sami mniSvnelobisTvis, kerZod 1 - F = 5 n, 2- F = 50 n,

3 - F = 100 n. x da
.
x . Sesabamisad tvirTis gadaadgileba da siCqarea.

nax. 44. satransporto tvirTis gadaadgilebis da siCqaris
oscilogramebi sxvadasxva amgznebi Zalis moqmedebis dros

vibraciuli-satransporto manqanisTvis ZiriTad parametrs

warmoadgens tvirTis transportirebis siCqare, magram aranakleb

mniSvnelovania tvirTis gadaadgilebis amplitudac, rac cxadia

uSualo kavSirSia transportirebis siCqaresTan. saboloo jamSi

satransporto siCqaris SefasebisTvis tvirTis gadaadgilebis

amplituda vizualurad ufro mosaxerxebelia. nax. 45-ze

mocemulia tvirTis gadaadgilebis amplitudis damokidebuleba

tvirTis drekadobis maxasiaTeblis cvlilebisgan. grafiki

agebulia satransporto masalis Sinagani winaaRmdegobis Zalis

erTi mniSvnelobisTvis.
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nax. 45. satransporto tvirTis gadaadgilebis damokidebuleba tvirTis
drekadobis maxasiaTebelze

grafikidan Cans, rom tvirTis maqsimaluri gadaadgilebis

amplituda aris rezonansul reJimTan axlos, anu, rodesac agz-

nebis Zalis sixSire uaxlovdeba masalis drekadobis sakuTar

sixSires.

satransporto masalis droSi gadaadgilebis oscilogra-

mebi naCvenebia nax. 46 a,b,g-ze muSa organos amplitudis sami

mniSvnelobisTvis, F = 60 n, F = 80 n, F = 100 n. 1 mrudebi gamosaxaven

muSa organos gadaadgilebas, 2 da 3 – tvirTis gadaadgilebas.

maT Soris naxazebze SedarebiT sqeli mrudebi-2 axasiaTeben

satransporto masalis Taviufal frenas sivrceSi, xolo-3

mrudebi gamosaxaven  masalisa da muSa organos erTobliv

gadaadgilebas. naxazebze wertilebi asaxaven tvirTis muSa

organosgan mowyvetas da mis gadasvlas Tavisufal frenaSi.



86

nax. 46. satransporto tvirTis muSa organoze gadaadgilebis
oscilogramebi

zogadi maTematikuri modelis kvlevis dros cifruli

eqsperimentebi Catarebuli iqna aseve vibraciuli manqanis muSa

organos mimarT vibraciis gadacemis kuTxisa da muSa organos

horizontis mimarT daxris kuTxeebis cvalebadobis gamosav-

lenad.

nax. 47 -ze naCvenebia grafikebi muSa organos mimarT vibra-

ciis kuTxis () da horizontis mimarT TviT muSa organos daxris

() kuTxeebis cvlilebaTa gavlena satransporto tvirTis

gadaadgilebis siCqareze.

rogorc grafikidan Cans, SeimCneva vibraciis muSa organoze

gadacemis kuTxis optimaluri mniSvneloba sadRac 020 -s farg-

lebSi, xolo muSa organos horizontis mimarT daxris kuTxis

a)

b)

g)



87

cvlilebis dros, Tuki igi aris dadebiTi, marTalia SedarebiT

mcired, magram zrdis transportirebis siCqares, uaryofiTis

nax. 47. tvirTis transportirebis siCqaris damokidebuleba muSa
organos daxris kuTxeze

SemTxvevaSi ki amcirebs mas. naxazze 1 – aris  kuTxis cvlile-

bis grafiki,  2 da 3 Sesabamisad aris  < 0 da  > 0.

modelSi Seswavlili iqna aseve agznebis Zalis sixSiris

cvalebadobis gavlena transportirebis siCqareze. nax. 48-ze

naCvenebia swored es gavlena grafikulad. grafiki agebulia

satransporto masalis fiqsirebuli fiziko-meqanikuri maxasi-

aTeblebisTvis. saxeldobr:  yx cc 24 n/mm, .52 , yxn

nax. 48. tvirTis transportirebis siCqaris damokidebuleba
agznebis Zalis sixSireze
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Tavi III. axali konstruqciebis vibraciuli manqanis

fizikuri modelis eqsperimentuli gamocda

3.1. drekadi sistemis parametrebis Teoriuli gaangariSeba

vibraciul teqnikaSi drekad sistemad iwodeba drekadi

elementebis jgufi, romlebic garkveuli saxiT ganlagebulia

vibraciuli manqanis rxevad masebs Soris, maTi formisa da

Sinaarsis miuxedavad. vibraciul manqanebSi drekadi sistemebi

warmoadgenen erTerT ZiriTad kvanZs, romlebic gamoiyeneba

rxeviTi moZraobebis gaZlierebisa da stabilizaciisaTvis.

drekad sistemaSi calkeuli elementebi an elementebis

sistema erTiandebian erT mTlian sistemaSi, romelsac gaaCnia

sixistis RerZi da romlis gaswvrivac mimarTulia Semadgeneli

elementebis drekadi aRmdgeni Zalebis tolqmedi. drekadi Zale-

bis tolqmedis RerZis mimarTuleba uTavsdeba vibroamZravidan

wamosuli amgznebi Zalebis RerZis mimarTulebas. es saerTo

RerZi ki miRebulia iwodos vibraciis mimarTulebad. gamonak-

liss Seadgenen vibrobunkerebisa da vibroamweebis drekadi

elementebi, sadac isini gamoiyenebian muSa organos moZraobis

saWiro traeqtoriis misaRebad. rezonansSi an rezonansTan axlos

reJimebSi momuSave vibraciuli manqanebis drekadi elementebi

awonasworeben manqanebis rxevad masebSi aRZrul inerciis sak-

maod did  Zalebs. drekadi sistemis daxmarebiT amgznebi Zalis

SedarebiT susti meqanikuri impulsebi gardaiqmneba sakmaod did

Zalebad, romlebic axdenen intensiur zemoqmedebas manqanis muSa

organoze. drekadi sistemebis arsebuli mravali saxeobisa da

konstruqciebidan, SedarebiT ufro farTo  gavrceleba poves

sistemebma, cilindruli zambarebiT da brtyeli resorebiT.

drekadi sistemebis sxva saxeebi, rogoricaa: torsionuli, rgo-

luri, TefSisebri, rezinis, rezinometalis da sxva, gamoiyeneba

SedarebiT iSviaTad.



89

drekadi sistemis drekadi Tvisebebi, upirveles yovlisa

ganisazRvreba misi sixistis koeficientiT. sixistis koeficienti,

rogorc zemoT gvqonda aRniSnuli, warmoadgens moqmedi Zalis

Sefardebas Sesabamis deformaciasTan. vinaidan aRniSnul sidide-

ebs Soris, cvlilebaTa farTo diapazonSi, ar aris wrfivi

damokidebuleba, anu ufro zustad rom vTqvaT damokidebuleba

aris arawrfivi, koeficientic iqneba arawrfivi. zogadad, sixis-

tis koeficienti yovelTvis damokidebulia drekadi sistemis

deformaciaze. magram, drekadi sistemebis deformaciebis garkve-

ul zRvrebSi, am deformaciebis gavlena sistemis sixisteze,

mraval praqtikul SemTxvevaSi, sakmaod mcirea. amitom, sixiste

SeiZleba CavTvaloT deformaciisgan damoukidebeli da wrfivi.

aseTi Tvisebebis mqone drekadi sistemebi miRebulia iwodos

wrfivi sixistis mqone sistemebad, rac niSnavs, rom drekad

sistemaze moqmed Zalasa da Sesabamis gadaadgilebas Soris

damokidebuleba aris sworxazovani, anu wrfivi.

meore mniSvnelovan faqtors drekadi sistemis gaangariSe-

bis dros warmoadgens drekadi elementebis simtkice. simtkice

ganisazRvreba deformirebadi sxeulis masalis dasaSvebi Zab-

vebiT.

simtkicis pirobidan gamomdinare dgindeba drekad sistema-

ze maqsimaluri dasaSvebi datvirTva. Semdgom, sixistisa da

simtkicis pirobidan gamomdinare dgindeba maqsimaluri dasaSvebi

deformacia. drekadi sistemis gaangariSebis dros aseve mxedve-

lobaSi unda iqnas miRebuli statikuri deformaciebi, gamowve-

uli masebis sakuTari woniT da deformaciebi, gamowveuli

rxeviTi masebisgan cvalebadi ZalebiT. amave dros, Tuki cva-

lebadi Zabvebi sakmaod maRalia, imis gaTvaliswinebiT, rom

rxeviTi sistema eqspluataciis pirobebSi iqneba xangrZlivi cik-

luri datvirTvis reJimSi, saWiroa sistema Semowmdes xangamZle-

obaze, anu sistema unda gaiTvalos daRlilobis simtkiceze.

mniSvnelobis mixedviT Tu SevafasebT, drekad sistemaSi

mesame mniSvnelovan saangariSo parameters warmoadgens am sis-
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temis disipatiuri Tvisebebi. disipacia, anu energiis gabneva

vibromanqanis rxeviT reJimSi, xdeba drekadi elementis Camagrebis

kvanZebSi konstruqciuli histerezisiT da deformirebadi masa-

lis Sidamolekuluri histerezisiT.

drekadi sistemis disipaciis sidide, rogorc adre aRv-

niSneT, xasiaTdeba disipaciis koeficientiT. sistemis gaangari-

Sebis gamartivebis mizniT es koeficienti miRebulia moZraobis

siCqaris proporciuli, eqvivalenturi sididis Semotanis xarjze.

drekadi sistema, romelic uzrunvelyofs rxeviTi reJimis

gaZlierebasa da stabilizacias, unda xasiaTdebodes SedarebiT

mcire disipaciuri TvisebebiT. miT umetes es Seexeba rezonansul

reJimze awyobil vibraciul manqanebs, radgan es reJimi gansakuT-

rebiT mgrZnobiarea dempfirebis mimarT.

cilindruli zambarebis gaangariSeba

cilindruli zambarebi mudmivi bijiT sakmaod farTod

gamoiyeneba vibraciul manqanebSi. zambarebi arsebobs daxveuli

da amoWrili saxis.

daxveuli saxiT xraxnuli cilindruli zambarebiani dreka-

di elementebi vibraciuli manqanebis amZravebSi gamoiyeneba mim-

devrobiT-paraleluri SeTanwyobiT. cilindruli xraxnuli zam-

barebi ixveva wriuli, kvadratuli da sworkuTxovani ganivkveTis

mqone Reros an mavTulisagan. amZravebis drekad elementebSi

ZiriTadad gvxvdeba Reros wriuli profilis mqone zambarebi.

kvadratuli da sworkuTxa profilis mqone zambarebi gamoiyeneba

im SemTxvevaSi, rodesac saWiro xdeba didi sixistis miReba.

zambarebis konstruqcia da maTi damagrebis saxe  damokidebulia

datvirTvis gvarobaze. datvirTvis gavrcelebul saxes warmo-

adgens zambaris gaWimva-kumSva, rodesac zambara iRebs grZiv

RerZul datvirTvas orTave niSniT. zambaris masebTan damagreba

ki xdeba winaswari SekumSviT ise, rom vibroamZravis rxevis

maqsimaluri amplitudiT muSaobis dros, ar moxdes sayrdeni

zedapirebis masebisgan mowyveta. daxveuli cilindruli zambare-
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bis uaryofiT mxares warmoadgens is, rom Tavisufal mdgomare-

obaSi maTi simaRleebi da aseve sixisteebi sakmaod gansxvavebu-

lia sxvadasxva zambarebisTvis. garda amisa, aseTi tipis zambare-

bis naklovan mxares Seadgens vibroamZravis muSaobis dros maTi

gazrdili xmauri, rac gamowveulia zambaris bolo xviebis erT-

maneTze SejaxebiT, maTi dabali RunviTi sixistis gamo.

aRniSnuli naklovanebebis aRmosafxvrelad daxveuli

cilindruli gaWimva-kumSvis zambarebis nacvlad vibraciul man-

qanebSi gamoiyeneba e.w. amoWrili konstruqciis zambarebi. es

ukanasknelni warmoadgenen Rru cilindrebs romelTa kedelSi

amoWrilia gamWoli xraxnuli RreCo, xviis sworkuTxovani kve-

TiT. aseTi konstruqciis wyalobiT zambaris bolo xviebi warmo-

adgenen mTlian miltuCebs da maTi damagreba masebze SesaZle-

belia WanWikebiT, miltuCaSi gakeTebul xraxnul naxvretebSi nax.

49.

nax. 49. amoWrili konstruqciis zambara

cilindruli zambarebis ZiriTadi parametrebis sainJinro

gaangariSebebi xdeba qvemoT moyvanili formulebis saSualebiT.

kerZod, zambaris Reros wriuli kveTis SemTxvevaSi c sixiste

iangariSeba Semdegi formuliT:

,
8 3

4

iD
Gdc  3.1
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sadac G - zambaris masalis Zvris modulia, d - xviis kveTis

diametria, D - zambaris saSualo diametria, i - muSa xviebis

ricxvia.

kvadratuli da sworkuTxovani kveTebisTvis igive sixistis

saangariSod gamoiyeneba Semdegi gamosaxulebebi:

.
6

;
56.5 3

4

3

4

iD
Gbc

iD
Gac  3.2

sadac a da b Sesabamisad, xviis kveTis sigane da simaRlea  .ba 

zambaraze moqmedi  Zala samive kveTisaTvis iangariSeba Sem-

degi gamosaxulebebiT:

      ,;42.0;
8

333




D
bP

D
aP

D
dP  3.3

sadac  - grexis Zabvaa,  - aris b/a – ze damokidebuli koefici-

enti.

zambaris RerZuli gadaadgileba (rxevis amplituda) SeiZle-

ba gamovTvaloT Semdegi gamosaxulebebiT:

.;;8
4

3

4

3

4

3

Gb
iFDA

Ga
iFDA

Gd
iFDA  3.4

grexis normaluri Zabva zambaraSi samive SemTxvevisTvis

iangariSeba formulebiT:

,
34
24;

34
244.2;

34
248

333 DD
dD

a
HD

DD
dD

a
HD

DD
dD

d
HD












 


 3..5

sadac H – zambaris simaRlea.

brtyelresoruli drekadi sistemis gaangariSeba

vibraciuli manqanebis drekad elementebSi farTo gamoyene-

ba hpova sworkuTxa ganivkveTis mqone brtyelresorulma dre-

kadma sistemebma. es faqti ganapiroba iman, rom garda konstruq-

ciuli simartivisa, resoris RerZuli deformaciis dros, mis

ganivkveTSi praqtikulad ar moqmedebs gamWimavi Zalebi da Sesa-

bamisad ar warmoiqmneba arasimetriuli Zabvebi.

brtyelresorebiani drekadi elementebis mqone sammasiani

vibraciuli manqanis konstruqciuli sqema moyvanilia nax. 10-ze.
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brtyelresoruli sistema warmoadgens foladis calkeuli

resorebis nakrebs, romelic boloebiT aris Camagrebuli, Camag-

rebis budeebSi. resorebi erTmaneTisgan gancalkevebulni arian

SuasafenebiT an cilindruli gorgolaWebiT. Camagrebis orTave

saxe naCvenebia nax. 50 a) da b) –ze.

a) b)

nax. 50. brtyelresoruli drekadi elementebis Camagrebis
konstruqciebi

pirvel SemTxvevaSi safenebi gamoricxaven resorebis erTma-

neTTan xaxuns, Sesabamisad, maTi muSaobis procesSi ukeTesi

pirobebia resorebis gagrilebis TvalsazrisiT. magram resorsa

da safens Soris xaxunis gamo arsebobs energiis sakmaod didi

danakargebi. meore SemTxveva gacilebiT ukeTes pirobebs qmnis

resorebis muSaobisTvis, radgan resorebis gancalkevebasTan

erTad Camagrebis adgilebSi xaxunze energiis danakargebi gaci-

lebiT mcirea. srialis xaxuni am ASemTxvevaSi icvleba gorvis

xaxuniT. xaxunze danakargebis Semcirebas gansakuTrebiT mniSv-

neloba aqvs rezonansul reJimSi momuSave vibraciuli manqanebis-

Tvis. garda amisa resorebis aseTi paketi zrdis konstruqciis

saimedobas da saSualebas iZleva gaizardos resoris sisqe da

Semcirdes maTi ricxvi.

Suasafenebiani resoruli drekadi sistemis parametrebis

gaangariSeba daiyvaneba xistad Camagrebuli erTmaliani Zelis

gaangariSebaze. sqematiurad igi naCvenebia nax. 51 – ze. aseTi Ze-

lis ganxilvis dros, mis Sua nawilSi CaRunva, sadac modebulia
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nax. 51. brtyelresoruli drekadi elementis saangariSo sqema

Seyursuli gareSe moqmedi Zala, iangariSeba Semdegi formuliT:

 
,

192

3

EI
LFA a 3.6

sadac F - aris gareSe moqmedi amgznebi Zala, aL - aris resoruli

paketis Tavisufali sigrZe,  - aris Camagrebis koeficienti da

miiReba 1,2 – 1,05 zRvrebSi, E - drekadobis modulia, I - resoris

ganivkveTis inerciis momentia.

ganxiluli SemTxvevisTvis resoruli paketis sixiste gamo-

iTvleba Semdegi gamosaxulebiT:

 
.192

3aL
EI

A
Fc  3.7

Tu CavsvamT I -s mniSvnelobas, sadac

,
12

3nbaI  3.8

sadac b - resoris siganea, a- resoris sisqea, n - resorebis

raodenobaa paketSi, miviRebT:

 
.16

3

3

aL
nEbac  3.9

resorebis paketSi Zabvebis gamosaTvlelad gamoiyeneba

Semdegi gamosaxuleba:

 3
12




aL
AaE

 . 3.10
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3.2 drekadi sistemis realuri parametrebis gansazRvra

Catarebuli iqna sammasiani vibraciuli manqanis fizikuri

modelis drekadi elementis eqsperimentuli gamokvleva.

sammasiani manqanis vibratorSi drekadi elementis jamuri

sixiste aris arawrfivi. arawrfivoba am SemTxvevaSi gamowveulia,

rogorc zemoT aRvniSneT, sixisteebis cikluri araTanabrobiT.

es niSnavs, masebis rxevebis erT naxevarperiodSi sistemas aqvs

erTi sixiste, xolo meore naxevarperiodSi-meore.

erT-erTi muSa organos drekadi elementis sixistis maxasi-

aTeblis grafiki naCvenebia nax. 52-ze. analogiuri maxasiaTebeli

miRebulia meore muSa organos drekadi elementisTvisac.

nax. 52. drekadi elementis sixistis realuri maxasiaTeblebis
grafikebi

nax. 52-dan Cans, rom drekad elements erTi mimarTulebiT

da mis sapirispiro mimarTulebiT gaaCnia sxvadasxva sixiste.

sixistis maxasiaTeblebi miRebulia resoruli paketis Semdegi

geometriuli parametrebisTvis: sigrZe resorebis paketis

Camagrebidan calmxriv sayrdenamde Seadgens l = 50 mm, resoris
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sigane b = 30 mm, resoris sisqe h = 3 mm resoris mTliani sigrZis

naxevari L = 150 mm, paketSi resorebis raodenoba aris 3.

naxazidan Cans, rom paketis sixiste sayrdenebiT (2) TiTqmis

orjer metia, vidre maT gareSe (1). naxazidan aseve Cans, rom 2

mrudebs aqvs moxriloba marcxniv, rac imis maCvenebelia, rom

sayrdenebis gamo drekad elementSi datvirTvis zrdis Sesabami-

sad izrdeba arawrfivoba. garda amisa, orTave maxasiaTebelSi

Cans resorebis paketis arasrulyofili drekadoba, maryuJebis

saxiT (naxazze Savi ubnebi). es ukanaskneli axasiaTebs energiis

gabnevas sistemaSi, rac gamowveulia resorebs Soris Camagrebis

adgilebSi safenebTan maTi xaxuniT da TviT resorebSi masalis

Sinagani xaxunis ZalebiT.

resorebis paketis zemoT moyvanili geometriuli maxasi-

aTeblebisTvis cikluri sixisteebi sayrdenebiT da maT gareSe

Sesabamisad aris c1 = 348 n/mm da c2 = 180 n/mm.

jamuri sixiste, romelic vlindeba vibraciuli manqanis

muSaobis dros aris am ori sixistis saSualo ariTmetikuli, anu

c = 264 n/mm.

3.3. sammasiani vibraciuli manqanebis fizikuri modelis

eqsperimentuli gamokvleva

Catarebuli iqna liTonSi damzadebuli fizikuri modelis

eqsperimentuli gamokvlevebi. gamokvlevis obieqts Seadgenda

sammasiani eleqromagnituri vibraciuli manqanis  fizikuri

modeli.

kvlevebis dros gamoyenebuli iqna Semdegi xelsawyoebi:

sixSiris generatori, signalis gamaZlierebeli, sixSiris mzomi,

vibraciuli parametrebis gamzomi.

eqsperimentebis Catarebis sqema naCvenebia nax. 53 – ze. naxaz-

ze 1- gamosakvlevi obieqtia, ЗГ-33 sixSiris generatoria, УПВ – 1,5



97

generatoridan gamomavali signalis gamaZlierebelia, ЧЗ-32 six-

Siris mzomi xelsawyoa, VM6360 vibraciuli gadaadgilebis, siCqa-

risa da aCqarebis maregistrirebeli xelsawyoa, 2 – gadamwodia,

vibraciuli signalebis mosaxsnelad.

nax. 53. sammasiani vibraciuli manqanis fizikuri modelis
eqsperimentuli gamokvlevis sqema

eqsperimentebi tardeboda Semdegi TanmidevrobiT. sixSiris

generatoridan garkveuli sixSiris gamomavali signali Sedioda

signalis gamaZlierebelSi, romlis gavlis Semdeg igi

vibraciuli manqanis eleqtromagnits miewodeboda kvebis saxiT.

sixSiris generatoridan gamomavali sixSire kontroldeboda

cifruli sixSiris mzomi xelsawyoTi. vibraciuli manqanidan,

misi muSa organos gadaadgilebis, siCqarisa da aCqarebis signa-

lebi 2 gadamwodis meSveobiT registrirdeboda vibraciis para-

metrebis gamzom xelsawyoSi.

eqsperimentuli gamokvlevebis dros interesis sferos

Seadgenda muSa organos rxevebis rezonansuli reJimebi.

rogorc Teoriul nawilSi aRvniSneT sammasian vibraciul

manqanas gaaCnia ori muSa organo, Sesabamisi ori drekadi elemen-

tiT. drekadi elementebi ki xasiaTdebian sakmaod gamokveTili

arawrfivobiT.

vibraciuli signalebis moxsnisaTvis gadamwodi fiqsir-

deboda rogorc erT aseve meore muSa organoze. manqanis agznebis

TiToeuli sixSirisTvis vibraciis parametrebi (gadaadgileba,

siCqare, aCqareba) registrirdeboda orTave muSa organoze.
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eqsperimentuli gamocdebis Catarebis Sedegad miRebuli

razultatebi grafikebisa da cxrilebis saxiT mocemulia qvemoT.

nax. 54-ze naCvenebia amplitudur-sixSiruli maxasiaTeblebi

samive masisaTvis, romelTagan ori muSa organoa, xolo mesame

muSa organoebTan dakavSirebuli mTliani manqanis dakidebis masa.

aqvea mocemuli rxevebis amplitudebis mniSvnelobebis ricxob-

rivi sidideebi.

nax. 54. sammasiani vibraciulimanqanis masebis rxevebis amplitudur-
sixSiruli maxasiaTeblebi rezonansul reJimSi

rogorc grafikebidan Cans agznebis sixSiris cvlilebis

diapazonSi 20 hercidan 28 hercamde masebis rezonansuli

rxevebis sixSire Seadgens 25,3 hercs. amave dros mniSvnelovania

pikur amplitudebs Soris sxvaoba pirvel da meore masebs Soris.

rac niSnavs, rom erTidaigive rxeviT reJimSi muSa organoebs

aqvT sxvadasxva amplitudebi. es ukanaskneli mniSvnelovania im

TvalsazrisiT, rom dasaxuli miznis Sesabamisad, SesaZlebelia

ori sxvadasxva fiziko-meqanikuri Tvisebebis mqone masalebis

optimaluri transportireba.
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cxrili #1. sixSiris cvlilebis diapazonis da masebis rxevebis
amplitudebis ricxviTi mniSvnelobebi

rac Seexeba mesame masis rxevebs, Tundac rxevebis rezonan-

sul reJimSi isini Zalze mcire sididis arian, muSa organoebis

rxevebis amplitudebTan SedarebiT da Sesabamisad minimaluria

vibraciis gadacema mzid konstruqciaze.

imis dasturad, rom am tipis manqanaSi drekadi sistemis

sixistis maxasiaTebeli aris arawrfivi nax 55-ze moyvanilia

amplitudur-sixSiruli maxasiaTeblebis grafikebi agznebis

sixSireTa cvlilebis igive diapazonSi. mxolod am SemTxvevaSi

sixSire icvleba maqsimumidan minimumamde, anu 28 hercidan 20

hercamde. Sesabamisi ricxobrivi monacemebi mocemulia #2

cxrilSi.

# sixSire
hc

gadadgileba
mm

gadadgileba
mm

gadadgileba
mm

1 masa 2 masa 3 masa
1 20.0 0.28 0.15 0.025
2 21.0 0.36 0.18 0.03
3 22.0 0.53 0.35 0.05
4 23.0 0.54 0.50 0.06
5 24.0 1.25 0.95 0.12
6 25.0 2.50 1.75 0.20
7 25.2 2.80 2.00 0.22
8 25.3 3.00 2.10 0.25
9 25.5 1.00 0.70 0.17
10 26.0 0.55 0.34 0.03
11 27.0 0.33 0.20 0.025
12 28.0 0.21 0.13 0.02
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nax. 55. sammasiani vibraciuli manqanis muSa organoebis rxevebis
amplitudebi agznebis sixSiris zemodan qvemoT cvlilebis dros

grafikze sixSiris cvalebadoba  aRniSnulia  isrebiT. Tu

wina  SemTxvevaSi sixSiris minimumidan maqsimumamde cvlilebis

dros rezonansuli sixSire Seadgenda  25,3 hercs, am SemTxvevaSi

rezonansuli sixSirea  25 herci.

cxrili #2. muSa organoebis rxevebis amplitudebis ricxviTi
mniSvnelobebi agznebis sixSiris cvlilebis dros

# sixSire
hc

gadadgileba
mm

gadadgileba
mm

1 masa 2 masa
1 28.0 0.20 0.10
2 27.0 0,25 0.15
3 26.0 0,75 0.36
4 25.0 2.80 1.90
5 24.7 2.30 1.62
6 24.5 1.80 1.36
7 24.0 1.00 0.80
8 23.0 0.75 0.56
9 22.0 0.55 0.26
10 21.0 0.34 0.16
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miRebuli Sedegebi sakmaod axlosaa sammasiani vibraciuli

manqanis Teoriuli gamokvlevebiT miRebul SedegebTan.

naxazebze 56 da 57 mocemulia sammasiani sistemis muSa or-

ganoTa siCqarisa da aCqarebis grafikebi Sesabamisi ricxobrivi

monacemebiT.

nax. 56. muSa organoebis rxevebis siCqaris damokidebuleba agznebis
sixSiris cvlilebaze

cxrili #3. muSa organoebis rxevebis siCqareebis ricxviTi
mniSvnelobebi agznebis sixSiris cvlilebis dros

# sixSire
hc

siCqare
mm/wm

siCqare
mm/wm

1 masa 2 masa
1 20.0 11.25 5.5
2 21.0 15.8 7.45
3 22.0 25.0 11.0
4 23.0 40.0 24.0
5 24.0 65.2 49.5
6 25.0 133.0 95.5
7 25.2 155.0 110.0
8 25.3 168.0 115.0
9 25.5 55.0 35.5
10 26.0 31.0 19.8
11 27.0 19.4 11.5
12 28.0 12.8 7.6



102

nax. 57. muSa organoebis rxevebis aCqarebis damokidebuleba agznebis
sixSiris cvlilebaze

cxrili #4. muSa organoebis rxevebis aCqarebebis ricxviTi
mniSvnelobebi agznebis sixSiris cvlilebis dros

# sixSire
hc

aCqareba
mm/wm2

aCqareba
mm/wm2

1 masa 2 masa
1 20.0 2.2 1.2
2 21.0 3.0 1.5
3 22.0 4.8 2.2
4 23.0 8.3 4.8
5 24.0 12.8 10.5
6 25.0 30.6 20.6
7 25.2 32.0 25.0
8 25.3 34.0 26.0
9 25.5 11.5 7.7
10 26.0 6.8 4.3
11 27.0 4.5 2.6
12 28.0 3.1 1.9

rogorc avRniSneT sammasian vibromanqanaSi drekadi siste-

mebi aris arawrfivi maxasiaTeblebiT. Sesabamisad masSi SesaZle-
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belia aRiZras rxevebis sub da superharmoniuli rezonansuli

reJimebi. erTerTi aseTi reJimi, kerZod rxevebis subharmoniuli

reJimi naCvenebia nax. 58-ze amplitudur-sixSiruli maxasiaTeblis

saxiT.

vibromanqanis rxevebis am reJimSi agznebis sixSire aris 50,4

herci, maSin rodesac muSa organoebis rxevebi sruldeba 25,3

hercis sixSiriT. Tu ZiriTad rezonansul reJimSi agznebis

sixSirisa da sakuTari sixSiris fardoba aris 1 : 1, subharmo-

niul reJimSi igive sidideebs Soris fardoba Seadgens 2 : 1.

rezonansuli zona sakmaod viwroa da sixSiris mcire cvlilebac

ki iwvevs rxevebis amplitudebis mkveTr dacemas, rac grafi-

kidanac kargad Cans. grafikis Sesabamisi ricxviTi mniSvnelobebi

moyvanilia me-7 cxrilSi.

nax. 58. vibraciuli manqanis muSa organoebis rxevebis amplitudebis
grafiki subharmoniul rezonansul reJimSi
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cxrili #5. muSa organoebis rxevebis amplitudebi subharmoniul
rezonansul reJimSi

yvela zemoT moyvanili eqsperimentuli gamokvlevebis

Sedegebi miRebuli iqna nax. 53-ze naCvenebi sqemis mixedviT.

aRsaniSnavia is faqti, rom sixSiris generatoridan gamomaval

signals, romelic Semdgom Zlierdeba da miewodeba vibroman-

qanebs kvebis saxiT, aqvs rxevebis sinusoidaluri forma. ZiriTa-

dad mrewvelobis mraval dargSi gamoyenebuli eleqtromagnituri

vibraciuli manqanebis kveba xorcieldeba swored aseTi formis

mqone cvalebadi signaliT. umetes SemTxvevaSi es ukanaskneli

ganpirobebulia qselidan kvebasTan, romelSic Zabvis da denis

cvalebadobas aqvs sinusoidaluri forma.

Catarebulma eqsperimentebma gviCvena, rom energetikulad

ufro momgebiania Zabvisa da denis cvalebadobis sworkuTxa for-

ma, romliTac SemosazRvruli farTobi, erTi ciklis ganmavloba-

Si, metia sinusoidiT SemosazRvrul farTobTan SedarebiT.

Sesabamisad, erTidaigive energodanaxarjebis pirobebSi rxeviT

sistemaSi, am SemTxvevaSi vibromanqanaSi, SesaZlebelia meti

energiis Setana ise, rom man gavlena ar iqonios muSa organoebis

rxeviT reJimebze, xolo efeqturoba ki gaizardos.

am mizniT damzadebuli iqna specialurad vibromanqanebis

modelisTvis kvebis bloki, romlis gamomaval signals aqvs

denisa da Zabvis cvalebadobis sworkuTxa forma. garda amisa

kvebis bloks gaaCnia rxevebis amplitudebis regulirebis

saSualeba eleqtromagnitis sahaero RreCos farglebSi da aseve

# sixSire
hc

gadadgileba
mm

gadadgileba
mm

1 masa 2 masa
1 49.0 0.80 0.60
2 50.0 2.30 1.65
3 50.2 2.60 1.80
4 50.4 3.25 2.10
5 50.6 1.70 1.10
6 51.0 0.80 0.60
7 52.0 0.50 0.30
8 53.0 0.30 0.20
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rxevebis sixSiris cvalebadobis saSualebac rezonansuli

sixSireebis maxloblobaSi.

Catarebuli iqna eqsperimentuli gamokvlevebi sammasiani

vibraciuli manqanebis modelze. eqsperimentuli gamocdis sqema

igivea rac zemoT iyo naCvenebi im gansxvavebiT, rom sixSiris

generatori da gamaZlierebeli Seicvala specialuri kvebis

blokiT.

qvemoT moyvanil grafikebze naCvenebia sammasiani vibroman-

qanis eqsperimentuli gamocdis Sedegebi.

nax. 59. vibraciuli manqanis muSa organoebis rxevebis amplitudebi
specialuri blokiT kvebis dros

nax. 59-ze naCvenebia sammasiani manqanis muSa organoebis

amplitudur-sixSiruli maxasiaTeblebi rezonansTan axlos six-

SireTa cvlilebis garkveul diapazonSi. ricxviTi mniSvnelobebi

mocemulia me-6 cxrilSi.
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cxrili #6. muSa organoebis rxevebis amplitudebis ricxobrivi
mniSvnelobebi specialuri blokiT kvebis dros

# sixSire
hc

gadadgileba
mm

gadadgileba
mm

1 masa 2 masa
1 23.9 1.20 0.72
2 24.2 1.40 0.90
3 24.5 2.10 1.25
4 24.8 2.80 1.82
5 25.1 3.30 2.05
6 25.4 3.40 2.06
7 25.7 1.85 1.20
8 26.0 1.10 0.7

naxazebze 60 da 61 naCvenebia muSa organoebis siCqarisa da

aCqarebis grafikebi sixSireTa cvlilebis igive diapazonSi. iqvea

sidideebis ricxviTi mniSvnelobebi cxrilebis saxiT.

nax. 60. vibraciuli manqanis muSa organoebis rxevebis siCqareebi
specialuri blokiT kvebis dros
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cxrili #7. muSa organoebis rxevebis siCqareebis ricxobrivi
mniSvnelobebi specialuri blokiT kvebis dros

nax. 61. vibraciuli manqanis muSa organoebis rxevebis aCqarebebi
specialuri blokiT kvebis dros

# sixSire
hc

siCqare
mm/wm

siCqare
mm/wm

1 masa 2 masa
1 23.9 65.0 37.3
2 24.2 74.5 47.0
3 24.5 106.3 64.8
4 24.8 155.5 96.5
5 25.1 173.0 109.5
6 25.4 185.0 113.0
7 25.7 100.0 66.0
8 26.0 63.0 39.2
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cxrili #8. muSa organoebis rxevebis aCqarebebis ricxobrivi
mniSvnelobebi specialuri blokiT kvebis dros

# sixSire
hc

aCqareba
mm/wm2

aCqareba
mm/wm2

1 masa 2 masa
1 23.9 11.5 8.0
2 24.2 14.3 10.0
3 24.5 19.3 13.3
4 24.8 30.5 19.8
5 25.1 41.0 30.5
6 25.4 37.4 24.2
7 25.7 21.3 14.0
8 26.0 12.5 8.3

sammasian eleqtrovibraciul manqanebze Catarebuli eqspe-

rimentuli gamocdebis ori seriis, rac mdgomareobs maTi

sinusoidaluri da sworkuTxovani formis signalebiT kvebaSi,

analizis Sedegad SeiZleba aRvniSnoT, rom meore SemTxvevaSi

muSa organoebis amplitudur-sixSiruli maxasiaTeblebi, da aseve

maTi siCqareebi da aCqarebebi xasiaTdebian meti simdovriT.

naklebadaa gamoxatuli am sidideebis myisieri, naxtomiseburi

cvlilebebi. manqana muSaobs ufro stabilur reJimebSi rxevebis

amplitudebis mdgradobis TvalsazrisiT, rac cxadia dadebiTi

momentia teqnologiuri datvirTvebis dros. rac Seexeba TviT

teqnologiur datvirTvebs, romlebic Seesabamebian sxvadasxva

fiziko-meqanikuri maxasiaTeblebis mqone masalebis muSa

organoebiT transportirebas, isini cxadia garkveulwilad

cvlian vibraciuli manqanebis sakuTar sixSires. am ukanaknelma

SesaZloa gamoiwvios muSa amplitudebis mcireodeni cvlileba,

magram maTi aRdgena, rogorc ukve aRniSnuli gvqonda,

SesaZlebelia kvebis blokSi arsebuli agznebis sixSiris

koreqtirebiT.
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3.4. sammasiani vibraciuli manqanis mier fxvieri

da natexi masalebis transportirebis eqsperimentuli gamocda

Catarebuli iqna eqsperimentuli gamokvlevebi sammasiani

vibraciuli manqanis fizikur modelze satransporto masalebis

dozirebuli miwodebis gansazRvris mizniT.

zogadad, satransporto fxvieri masalebis gadaadgilebis

dros vibraciuli manqanis mwarmoebloba dakavSirebulia manqanis

muSa organos zedapirze masalis transportirebis siCqareze. 2.5

qveTavSi es sakiTxi detalurad iqna gamokvleuli Teoriulad da

gakeTebuli iqna Sesabamisi dakvnebi. kerZod, transportirebis

siCqare, rogorc aRniSnuli gvqonda, damokidebulia pirvel

rigSi satransporto masalebis fiziko-meqanikur Tvisebebze,

xolo vibraciuli manqanis mxridan vibraciis sixSireze da

gadadgilebis amplitudaze. Cvens SemTxvevaSi da zogadad umrav-

les SemTxvevaSi vibraciuli manqanebi awyobilni arian erT

garkvel rezonansul an ararezonansul sixSireze. Sesabamisad,

masalebis satransporto siCqaris regulireba SeiZleba ganxor-

cieldes manqanis muSa organos amplitudiT. maSasadame, garkve-

uli kategoriis satransporto masalis dozirebuli miwodebisT-

vis saWiro xdeba muSa organos amplitudis cvlileba.

muSa organos amplitudis regulirebiT satransporto masa-

lebis dozirebuli miwodebis dros mniSvnelovania transporti-

rebis procesis qronometraJi. martivad rom vTqvaT, erTidaigive

moculobis sxvadasxva masalebis misaRebad, muSa organos

rxevebis fiqsirebuli amplitudis dros, saWiro xdeba drois

sxvadasxva Sualedi. SesaZlebelia aseve piriqiT, erTidaigive

moculobis misaRebad, erTidaigive drois monakveTSi, saWiroa

rxevebis amplitudebis saxvadasxva sidideebi. rogorc gamokvle-

vebma uCvena praqtikulad ufro mosaxerxebelia meore varianti,

radgan drois monakveTebis fiqsirebis nacvlad amplitudebis

fiqsireba ufro martivia, danayofebiani nimbiT amplitudebis

regulirebis dros.
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sammasiani vibraciuli manqanis SemTxvevaSi es saSualeba

kidev ufro martivia, radgan gvaqvs ori muSa organo da maT

SesaZlebelia mivaniWoT sxvadasxva amplitudebi.

rogorc zemoT gvqonda aRniSnuli erTdroulad SesaZlebe-

lia ori sxvadasxa fiziko-meqanikuri maxasiaTeblebis mqone masa-

lebis erTdrouli transportireba. amave dros saWiroebis mixed-

viT SesaZlebelia am masalebis rogorc erTidaigive, aseve gans-

xvavebuli moculobebis miReba drois erTidaigive SualedSi. es

ukanaskneli miiRweva manqanis sakonstruqcio parametrebis marti-

vad SerCevis gziT.

qvemoT moyvanil suraTebze naCvenebia sammasiani eleqtro-

vibraciuli manqanis fizikuri modelis ori xedi.

sur. 5. sammasiani vibraciuli manqanis fizikuri modelis gverdxedi

suraTze 1 – 2 muSa organoebia, 3 – vibratoria, 4 – mesame

masaa xolo 5 – marTvis specialuri blokia.
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sur. 6. sammasiani fizikuri modelis winxedi

drois erTidaigive monakveTSi vibraciuli manqanis muSa

organoTa sxvadasxva amplitudebiT rxevebis Sedegad miRebuli

transportirebuli erTidaigive masalis garkveuli moculobebi

naCvenebia suraT 7 a) da b)-ze.

a)                              b)
sur. 7. erTidaigive masalis sxvadasxva moculobebi
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xSir SemTxvevaSi, magaliTad betonis xsnaris mosamzadeb-

lad, saWiro xdeba ori fraqciis, cemntisa da qviSis, garkveuli

TanafardobiT momzadeba. sammasian vibraciul manqanaSi es

procesi advilad xorcieldeba muSa organoebis sxvadasxva

satransporto siCqaris arsebobis gamo. sxvadasxva masalebis,

kerZod, cementisa da qviSis transportirebis procesi naCvenebia

8 a) da b) suraTze.

a) b)

sur. 8. sxvadasxva masalis transportirebis procesi

kidev ufro martivad masalebis dozirebuli miwodeba miiR-

weva muSa organoebis mcireodeni konstruqciuli cvliebiT. ker-

Zod, SesaZlebelia muSa organos gmosasvlelze xistad damagr-

des firfita (fari), romelic qmnis muSa organoze  masalis

gamosavlel sarkmels. es ukanaskneli naCvenebia 9 suraTze.

sur. 9. muSa organoze gamosasvleli sarkmeli
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suraTze 1 aris vibraciuli manqanis muSa órgano, 2 muSa

organoze damagrebuli fari, 3 satransporto masalis gamosasv-

leli sarkmeli.

am meTodiT satransporto masalis dozirebuli miwodebis

upiratesoba imaSi mdgomareobs, rom masalis gamosvla muSa

organodan xdeba Tanabrad da Sesabamisad, advilia saWiro

moculobis masalis miReba qronometraJiT, rogorc muSa organos

rxevebis amplitudis cvlilebiT, aseve fiqsirebuli amplitudis

SemTxvevaSic.

gansakuTrebiT aRsaniSavia, rom fars aqvs saSualeba dafiq-

sirdes muSa organos mimarT sxvadasxva simaRleze, riTac

icvleba gamosasvleli sarkmlis perimetri. es ukanaskneli ki

aucilebelia sxvadasxva fxvieri masalebisagan dozirebuli

narevis misaRebad regulirebis SedarebiT farTe diapazonSi.

sammasiani vibraciuli manqanis muSa organoebiT natexi

maslebis transportirebis Sedegad miRebuli garkveuli moculo-

bebi naCvenebis 10 suraTze.

sur. 10. natexi masalebis sxvadasxva moculobebi
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daskvna

1. damzadebulia axali konstruqciis sammasiani  eleqtro-

magnituri vibraciuli manqanis fizikuri modeli.

2. Sedgenilia sammasiani eleqtromagnituri vibraciuli man-

qanis maTematikuri modeli, romelSic gaTvaliswinebulia manqa-

nis saangariSo parametrebi da konstruqciuli Taviseburebebi.

3. cifruli eqsperimentebis meTodiT Catarebulia axali

konstruqciis vibraciuli manqanis maTematikuri modelireba da

miRebuli Sedegebi warmodgenilia diagramebis da cxrilebis

saxiT. eqsperimentebi Catarebulia rogorc saangariSo parametre-

bis cvililebis, aseve eleqtromagnitis agznebis Zalis sxvada-

sxva mniSvnelobebis dros manqanebis muSaobis rezonansul

reJimebSi.

4. Sedgenilia vibraciul-teqnologiuri procesebis zogadi

maTematikuri modeli, romelic iTvaliswinebs vibraciuli manqa-

nis maxasiaTebel parametrebTan erTad, drekad-blanti-plastiku-

ri formiT warmodgenili satransporto tvirTis sxvadasxva

fiziko-meqanikur maxasiaTeblebsac.

5. Catarebulia vibraciul-teqnologiuri procesebis zogad

maTematikur modelze cifruli eqsperimentebi da miRebuli Sede-

gebi warmodgenilia diagramebis saxiT. diagramebiT ilustrire-

bulia masalis fiziko-meqanikuri maxasiaTeblebis gavlena

satransporto tvirTis transportirebis siCqareze.

6. Catarebulia sammasiani vibraciuli manqanebis fizikuri

modelebis eqsperimentuli gamokvlevebi rezonansul reJimebSi

agznebis Zalis sxvadasxva sididisa da sixSiris mniSvnelobebis

dros. miRebuli Sedegebi warmodgenilia amplitudur-sixSiruli

maxasiaTeblebis diagramebis saxiT.

7. sammasiani vibraciuli manqanis Teoriuli da eqsperimen-

tuli gamokvlevebis Sedegebma uCvena maTi kargi Tanxvedra da

daadastura erT manqanaze ori muSa organos gamoyenebis

SesaZlebloba satransporto teqnologiuri procesebis efeqtu-

robis gazrdis mizniT.
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