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sakiTxis 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. 

praqtikaSi sakmaod gavrcelebul saxeobas warmoadgens 

erTi an ormasiani eleqtrovibraciuli satransporto manqana. 

aseTi tipis manqana muSaobs, rogorc rezonansul, aseve arare-

zonansul reJimze. aqve SevniSnavT, rom rezonansul reJimze 

momuSave vibraciuli manqanis upiratesobas Seadgens is, rom 

masSi naklebia energiis moxmarebis xarji, da, Sesabamisad nak-

lebia liTontevadoba. miuxedavad amisa am konstruqciis manqane-

bis naklovan mxared SeiZleba CaiTvalos is, rom maT gaaCnia 

erTi muSa organo da vibraciis gadacema garemo pirobebze 

sakmaod mniSvnelovania. 

kvlevis mizani da amocanebi. 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, 
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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.   

   kvlevebis Sesruleba mimdinareobda oTxi ZiriTadi mimar-

TulebiT: sammasiani eleqtromagnituri vibraciuli manqanis rea-

luri konstruqciuli modelis damzadeba, sammasiani rxeviTi sis-

temebis gaangariSebis Teoriuli safuZlebis Seqmna, sammasiani 

vibraciuli manqanis fizikuri modelis maTematikuri modeli-

reba, gadasaadgilebeli tvirTis maTematikuri modelireba da 

sammasiani vibromanqanis fizikuri modelis eqsperimentuli 

gamokvleva.    

samuSaos mecnieruli siaxle. 

1. damzadebulia axali konstruqciis sammasiani eleqtromagnitu-

ri vibraciuli manqanis fizikuri modeli. fizikuri modeli 

gamokvleulia eqsperimentulad. 

2. Sedgenilia sammasiani rxeviTi sistemebis Teoriuli gaangari-

SebisTvis saWiro maTematikuri gamosaxulebebi diferencialuri 

gantolebebis saxiT.  

3. SemuSavebulia sammasiani vibraciuli manqanis Teoriuli da 

eqsperimentuli gamokvlevebis meTodebi, romlebic iZleva saSua-

lebas manqanis siaxle da misi upiratesobebi sxva analogiuri 

daniSnulebis manqanebTan SedarebiT srulad iqnas warmoCenili. 

4. Sedgenilia vibraciul-teqnologiuri procesebis zogadi maTe-

matikuri modeli, romelic iTvaliswinebs vibraciuli manqanis 

maxasiaTebel parametrebTan erTad, „drekad-blanti-plastikuri” 

formiT warmodgenili satransporto tvirTis sxvadasxva fiziko-

meqanikur maxasiaTeblebsac. 

naSromis praqtikuli mniSvneloba. naSromis praqtikuli 

mniSvneloba mdgomareobs imaSi, rom Seqmnilia axali 

konstruqciis sammasiani vibraciuli manqana, romelsac aqvs ori 

muSa organo da erTdroulad SeuZlia sxvadasxva fiziko-
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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 vibra-

ciuli manqana, romelic muSaobs vibraciul principze, gamokv-

leulia  detalurad rogorc Teoriulad aseve eqsperimentulad 

da misi muSaunarianoba dadgenilia. SesaZlebelia aseTi tipis 

manqanebis samrewvelo nimuSebis Seqmna da gamoyeneba im teqno-

logiur procesebSi sadac arsebobs moTxovna aseTi tipis 

konstruqciebze.  

publikaciebi da aprobacia.  disertaciis Temis Sesatyvisad 

gamoqveynebulia xuTi samec-niero publikacia. maT Sorisaa erTi 

monografia stu-s gamomcemlobaSi, ori saerTaSoriso samecniero 

JurnalSi “Problems of Mechanics”, erTi samecniero-teqnikur 

JurnalSi “transporti” da erTi IX saerTaSoriso konferenciis 

krebulSi. 

naSromis moculoba. sadisertacio naSromi Sedgeba Sesavlisa da 

sami Tavisagan. maT Sorisaa problemasTan dakavSirebuli 

gamokvlevebis analizur mimoxilva, Sedegebi da maT gansja, 

eqsperimentuli nawili, miRebuli daskvnebi da gamoyenebuli 

literatura. naSromi warmodgenilia nabeWdi teqstiT 118 

gverdze, romelic Seicavs 61 naxazs da grafiks, 8 cxrils, 10 

sailustracio fotos da 56 gamoyenebuli literaturis 

CamonaTvals. 
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sadisertacio naSromis Sinaarsi 

SesavalSi aRwerilia vibraciuli manqanebis saxeebi da 

daniSnuleba, aseve maTi gamoyenebis sferoebi mrewvelobis sxva-

dasxva dargebSi. aRniSnulia is naklovani mxareebic, romlebis 

maT gaaCniaT da SesaZleblobebi maTi nawilobriv gamosworebis 

mizniT. 

 Camoyalibebulia Sesrulebuli samuSaos Temis aqtualoba 

da is upiratesobebi, romlebic gaaCnia axali konstruqciis Semo-

Tavazebul sammasian vibraciul manqanas sxva anologiuri daniS-

nulebis manqanebTan SedarebiT. 

literaturul mimoxilvaSi (Tavi I) Sesrullebulia samuSaoSi 

Casatarebel kvlevebis sakiTxebTan dakavSirebuli wyaroebis 

analizi. kerZod, daxasiaTebulia vibraciuli manqanebis muSaobis 

specifika da muSaobis principebi. ganxililia am manqanebis 

muSaobis reJimebic rezonansTan axlos da misgan moSorebiT. 

aRwerilia am manqanaTa amZravebi, romlebic gamoirCevian Tavi-

anTi mravalferovnebiT. maTgan ufro metad aqcenti gakeTebulia 

eleqtromagnitur vibroamZravebze; dasabuTebulia maTi upirate-

sobebi sxva tipis amZravebTan SedarebiT. Sesabamisad, aRwerilia 

iseTi tipis vibraciuli manqanebi romelTac gaaCniaT eleqtro-

magnituri vibraciuli amZravebi. 

 samuSaoSi calkea gamoyofili samSeneblo saqmeSi gamoyene-

buli vibraciuli manqanebi, maT Soris sakmaod farTod gavrce-

lebuli vibraciuli mkvebavebi. 

 Sesrulebuli samuSaoebis Seswavlisa da analizis safuZ-

velze kvlevis obieqtad aRebulia 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 Semdegi amocanebi: 

1. sammasiani eleqtromagnituri vibraciuli manqanis maTemati-

kuri modelis Sedgena da misi gamokvleva, romlis safuZvelze 
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miRebuli Sedegebi, saSualebas mogvcems Teoriulad davadas-

turoT winaswar dasaxuli amocanebi da mosalodneli Sedegebi.  

2. vibraciuli manqanis satransporto-teqnologiuri procesis 

maTematikuri modelirebiT Seswavla, romelic gviCvenebs vibra-

ciis parametrebisa da gadasaadgilebeli tvirTis sxvadasxva 

fiziko-meqanikuri Tvisebebis gavlenas transpor-tirebis siCqa-

reze. 

3. sammasiani vibraciuli manqanis fizikuri modelis eqsperimen-

tuli gamocda muSaobis sxvadasxva rezonansul reJimebSi, rom-

lebic Sedarebuli iqneboda Teoriuli gamokvlevebis analogiur 

SedegebTan da dagvidasturebda dasmuli amocanebis ganxor-

cielebis SesaZleblobas.  

Sedegebsa da gansjaSi (Tavi II) mocemulia sammasiani meqanikuri 

rxeviTi sistemebis gaangariSebis Teoriuli safuZvlebi. kerZod, 

moyvanilia sammasiani sistemis saangariSo sqema da masebis moZra-

obebis aRmweri diferencialuri gantolebebis sistema, miRebuli 

lagranJis meore gvaris gantolebaSi Sesabamisi Casmebis Sedegad. 

sammasiani sistemis saangariSo sqema mocemulia nax.1-ze. 

 

nax. 1. sami Tavisuflebis xarisxis mqone rxeviTi 
 sistemis saangariSo sqema 

 

  naxaz 1-ze 1m , 2m , 3m  masebia, ,0c  1c , 2c  masebis damakavSire-

beli drekadi elementebia, ,1x 2x , 3x - masebis gadaadgilebebia. 

sistemas ki aqvs Semdegi saxe: 

                      

 

   

  .0

;0

;0

2323

..

3

2321212

..

2

121101

..

1







xxcxm

xxcxxcxm

xxcxcxm

              (1) 
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 sakvlevi realuri obieqti warmoadgens sammasian eleqtro-

magnitur vibraciul manqanas, romlis konstruqciuli sqema moy-

vanilia nax. 2-ze. 

 

nax. 2. sammasiani eleqtromagnituri vibraciuli manqanis 
 konstruqciuli sqema 

 
igi Sedgeba 1 da 2 muSa organoebisgan (1 da 2 masebi), rom-

lebic damagrebulia 3 da 4 drekadi elementebis SuaSi. drekadi 

elementebis boloebi ki damagrebulia mesame masasTan-5. muSa 

organoebi rxeviT moZraobebSi modian eleqtromagnitiT, romelic 

Sedgeba 6 Ruzisa da 7 gularisagan. eleqtromagniti ikvebeba 

cvladi denis qselidan erTi naxevarperiodiani gamarTuli 

deniT. drekad elementebs gaaCniaT sixistis arawrfivi maxasi-

aTeblebi, rac ganpirobebulia imiT, rom mesame masasTan drekadi 

elementebis damagrebis konstruqcias aqvs saSualeba gadaad-

gildes drekadi elementis gaswvriv. Sesabamisad, SesaZlebelia 

drekadi elementis arawrfivobis xarisxis regulireba. TviT 

arawrfivoba iqmneba im garemoebiT, rom rxevis erTi naxevar-

periodis ganmavlobaSi drekadi elementebi (resorebi), SexebaSi 

arian sayrdenebTan, romlebic moTavsebulia elementis Sua da 

ganapira Camagrebebs Soris, xolo meore naxevarperiodSi Tavi-

sufldebian maTgan. Sesabamisad, miuxedavad imisa, rom rxevis 

TiToeul naxevarperiodSi drekadi elementi SeiZleba ganxilu-

li iqnas rogorc sixistis wrfivi maxasiaTeblis mqone, or 

mimdebare  naxevarperiodSi igi aris arawrfivi. 
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mTlianad sistema izolirebulia mzidi konstruqciisgan 

maRali dempfirebis mqone dakidebiT (pirobiTad naCvenebi araa). 

    warmodgenili konstruqciis sammasiani vibraciuli manqanis 

muSa reJimebis aRmweri diferencialuri gantolebebis Sesadge-

nad nax. 1-ze warmodgenil saangariSo sqemaSi davuSvaT, rom 

sixiste 0c =0, xolo sistemis dakideba mzid konstruqciaze 

xorcieldeba erT-erTi Sualedi masis meSveobiT. aseTi sammasiani 

eleqtromagnituri vibraciuli manqanis masebis moZraobebis 

aRmwer diferencialuri gantolebebis (1) sistemas eqneba Semdegi 

saxe: 

               

 

 

    ,0

;

;

2321313

.

2

.

23

.

1

.

13

..

3

2

3223

.

2

.

22

..

2

2

3113

.

1

.

11

..

1








































xxcxxcxxhxxhxm

axxcxxhxm

axxcxxhxm





    ( 2 ) 

sadac 21, hh  siCqaris proporciuli winaaRmdegobis Zalebis 

maxasiaTebeli koeficientebia.  

   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-is 

marjvena nawilSi darCes mxolod ZiriTadi rezonansis gamomw-

vevi mTavari wevri 
2

2



b
. 

   Tu sistemis samive gantolebas gavyofT Sesabamis masebze da 

SemoviRebT aRniSvnebs: 

,,,,

,,,2,2,2,2

2

2

1

1

3

22

32

3

12

31

2

22

2

1

12

1

3

2
32

3

1
31

2

2
2

1

1
1

m

a
a

m

a
a

m

c

m

c

m

c

m

c

m

h
n

m

h
n

m

h
n

m

h
n








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da CavwerT mas  rxevaTa naxevarperiodebis mixedviT, miviRebT 

Semdeg gantolebaTa sistemebs: 

erT naxevarperiodSi: 

 

 

    .022

;sin2

;sin2

3

/

2

/2

323

/

1

/2

313

./

2

.
/

323

./

1

.
/

313

..

2

2

2

23

/

2

/2

23

./

2

.
/

2

/

2

..

2

2

2

13

/

1

/2

13

./

1

.
/

1

/

1

..




























































xxxxxxnxxnx

t
b

axxxxnx

t
b

axxxxnx













( 3 ) 

meore naxevarperiodSi: 

 

 

    .022

;sin2

;sin2

3

//

2

//2

323

//

1

//2

313

.//

2

.
//

323

.//

1

.
//

313

..

2

2

2

23

//

2

//2

23

.//

2

.
//

2

//

2

..

2

2

2

13

//

1

//2

13

.//

1

.
/

1

//

1

..




























































xxxxxxnxxnx

t
b

axxxxnx

t
b

axxxxnx













( 4 ) 

b - agznebis Zalis mudmivi koeficientia, xolo -   moqmedi 

gare Zalis wriuli sixSire. 

   Strixebi gamosaxaven SemoRebuli aRniSvnebis da cvladi 

sidideebis mniSvnelobebs or mimdebare naxevarperiodSi, romle-

bic SesaZlebelia iyos sxvadasxva. 

         3 da 4 gantolebaTa sistemebis amoxsnis dros maTi Serw-

ymis 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 maT saSualo ariTmetikulebs 
2

//

1

/

1
1





   da 

2

//

2

/

2
2





  

          sammasiani vibraciuli manqanis maTematikuri modeli 3-4 

gamokvleuli iqna personalur kompiuterze cifruli eqsperi-

mentis meTodiT.  
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         rezonansul reJimSi momuSave eleqtrovibraciuli manqanebi 

aiwyoba erT muSa sixSireze, romelic ZiriTadad eleqtroqselis  

sixSiresTanaa dakavSirebuli (50 hc). xSir SemTxvevaSi, satrans-

porto masalis fiziko-meqanikuri maxasiaTeblebisa da misi 

zomebidan gamomdinare saWiro xdeba ufro dabali an maRali 

sixSiris mqone vibroamZravebis gamoyeneba. aseT SemTxvevaSi 

saWiro xdeba damatebiTi marTvis sitemis gamoyeneba, rac arTu-

lebs sistemas da zrdis mTlianad manqanis Rirebulebas. 

manqanaSi arawrfivi drekadi elementebis gamoyenebiT SesaZle-

belia miviRoT muSa organoebis rxevaTa ZiriTad sixSiresTan 

(qselis sixSire) erTad dabali an maRali rxevis sixSireebi 

subharmoniul da superharmoniul reJimebSi, arawrfivobis xarj-

ze. swored aseTi tipis manqanas warmoadgens SemoTavazebuli 

axali konstruqciis eleqtromagnituri vibraciuli manqana, sadac 

masebis damakavSirebeli drekadi elementebis sixistis arawrfi-

vobis regulireba SesaZlebelia mdovred da Rrmad.  

        vibraciuli manqanis muSa reJimebSi aseve mniSvnelovan para-

metrs warmoadgens rxevis amplituda, romelic ZiriTadad yvela 

arsebul vibromanqanaSi regulirebadia garkveul diapazonSi. 

igive mdgomareobaa SemoTavazebul konstruqciaSic.  

        qvemoT moyvanili Sedegebi uCveneben Tu rogori gavlena 

aqvs manqanis drekadi elementebis arawrfivobas, am SemTxvevaSi 

ciklur asimetrias, manqanis muSa reJimebze. 

      sawyis magaliTad nax.3-ze moyvanilia sammasiani vibra-

ciuli manqanis muSa organoebis rxevebis amplitudur-sixSiruli 

maxasiaTeblis diagrama, rodesac cikluri sixSireebi da dempfi-

rebebi aris toli. agznebis Zalis sixSiris cvlilebis diapa-

zonia 21.0 – 29.0 hc. diapazonis gavla xdeba dabali sixSiridan 

maRlisken, rac naxazze isrebiTaa naCvenebi. ganxilul SemTxve-

vaSi orTave masis rxevebis amplitudebi tolia, xolo maqsima-

luri rezonansuli amplitudebi Seesabameba agznebis Zalis 

sixSires 25 hc-ze. 
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nax. 3. sammasiani vibraciuli manqanis muSa organos amplitudur-

sixSiruli maxasiaTebeli rezonansul reJimSi 

f1
/  =  f1

//=  f2
/=  f2

// =25 hc;   h1
/=  h1

//=  h2
/=  h2

//=5 

 

nax. 4-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. 4. masebis rxevebis oscilogramebi 

oscilogramebidan Cans, rom mesame  masis rxevebi nulis 

tolia, anu igi sivrceSi aris uZravi. 

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. 5-ze. miuxedavad gansxvavebisa ciklur 

sixSireebSi orTave masis amplitudebi erTnairia. Seicvala 

mxolod rezonansuli sixSire. 
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nax. 5. sammasiani vibraciuli manqanis orive muSa organos amplitudur-

sixSiruli maxasiaTeblebi rezonansul reJimSi 

am reJimis Sesabamisi oscilogramebi naCvenebia nax. 6-ze. 

aqac miuxedavad masebis cikluri sixSireebis gansxvavebisa mTli-

anad sistema rCeba simetriuli da mesame masis rxevebs am SemT-

xvevaSic adgili ara aqvs. amgznebi Zalis rezonansuli sixSire fa 

= 24,5 hc. 

 

nax. 6. rxeviTi masebis oscilogramebi 

exla ganvixiloT SemTxveva, rodesac cikluri asimetria 

erTerTi masisaTvis aris gansxvavebuli. am SemTxvevis grafikuli 

magaliTi moyvanilia nax. 7-ze. sainteresoa, rom am SemTxvevaSi 

isev gvaqvs erTi rezonansuli 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.  
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nax. 7. 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. 

8-ze. 

 

nax. 8. masebis rxevebis oscilogramebi 
fa = 25,0 hc 

 
am seriis cifrul eqsperimentebSi gamoikveTa erTi mniSv-

nelovani garemoeba. Tu SevadarebT 3, 5 da 7 grafikebs, am 

ukanasknel SemTxvevaSi SeimCneva muSa organoebis rxevebis 

amplitudebs Soris sxvaoba, maSin rodesac orTaves rxevis 

sixSire erTidaigivea. es ki mniSvnelovania im TvalsazrisiT, rom 

muSa organoebze SesaZlebelia sxvadasxva fiziko-meqanikuri 

Tvisebebis mqone masalebis transportireba, maTi trans-

portirebis optimaluri siCqareebis SenarCunebis mizniT. 

maTematikur modelSi gamokvleuli iqna aseve sistemis 

dempfirebis gavlena masebis rxevebis amplitudebze. nax. 9-ze 

naCvenebia erTerTi masis rxevebis Sesabamisi amplitudur-sixSi-
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ruli maxasiaTeblebi. iqve moyvanilia sistemis sixSirisa da 

demfirebis maxasiaTeblebi. 

 

 

nax. 9. 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. 10-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. 10. 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. 11-

ze. 
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nax. 11. masebis rxevebis oscilogramebi 

f1
/  = f1

//= f2
/= f2

// =25 hc;   h1
/= h1

//= 5,  h2
/= h2

//=9. fa = 25,0 hc 

 

saWiroa SevniSnoT, rom bolo SemTxvevaSi adgili aqvs 

mesame  masis rxevebsac. Sesabamisad, mesame masis rxevebs iwvevs 

ara marto cikluri sixSireebis asimetria, aramed cikluri 

dempfirebis maxasiaTeblebis asimetriac.  

 moyvanil Teoriul gamokvlevebSi miRebuli Sedegebi 

uCveneben Tu rogori gavlena aqvs axali konstruqciis 

eleqtromagnituri vibraciuli manqanis muSa reJimebze konstruq-

ciuli da madempfirebeli parametrebis cvlilebas. Sedegebi 

miRebulia manqanis muSaobis e.w. uqm svlaze, rodesac araa gaTva-

liswinebuli gare datvirTva, anu winaaRmdegobis Zalebi rac 

gamowveulia gadasaadgilebeli masalis datvirTviT. 

 Sesrulebul samuSaoSi Catarebulia kvlevebi, romlebic 

uCveneben Tu ra gavlena aqvs satransporto masalis fiziko-

meqanikuri maxasiaTeblebis, aseve manqanis konstruqciuli Tu 

saeqspluatacio parametrebis clilebebs, manqanis saeqsplu-

atacio maxasiaTebelze – gadasaadgilebeli masalis transporti-

rebis siCqareze, romelic ZiriTadia, rogorc sakvlevi manqa-

nisTvis aseve sxva analogiuri daniSnulebis manqanebisTvisac 

maTi mwarmoeblobis gansazRvris dros. 

 vibrotransportirebis srulfasovani analizis Casatareb-

lad saWiro xdeba satransporto tvirTis SedarebiT srulyo-

fili modelis gamoyeneba. am SemTxvevaSi modeli unda akmayofi-

lebdes Semdeg or pirobas: man sakmaod xarisxobrivad da saWiro 
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sizustiT unda gauwios modelireba procesebs, romlebic mimdi-

nareobs realuri satransporto tvirTebis gadaadgilebis dros 

da unda iyos maqsimalurad martivi da mosaxerxebeli kvleve-

bisaTvis. 

 aseTi modeli, romelic akmayofilebs zemoTaRniSnul 

pirobebs aris satransporto tvirTis erTmasiani drekad-blanti-

plastikuri modeli, romelic vibraciuli manqanis muSa orga-

nosTan xistad dakavSirebul moZrav xoy koordinatTa sistemaSi 

gamoisaxeba nax. 12-ze moyvanili saxiT:   

 

nax. 12. satransporto tvirTis muSa organoze ganlagebis 
 saangariSo sqema 

 

sadac xk  da yk satransporto tvirTis Sris modelSi  drekadi 

elementebis muSa organos zedapirze kontaqtSi mSrali xaxunis 

wyvilia,  xh ,  yh  da Xh ,  Yh  ki tvirTis Siga da gare blanti 

winaaRmdegobebia.   

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

lis   RerZi emTxveva muSa organos rxevebis mimarTulebas, 

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

luria moZravi RerZebis. 

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. 
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     saboloo saxiT gantolebebis sistema, romelic muSa organos 

moZraobebTan erTad aRwers teqnologiur datvirTvebs, gamo-

isaxeba Semdegnairad: 
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 5 diferencialur gantolebaTa sistemaSi Semavali sidi-

deebi: 

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

datvirTvis horizontaluri da vertikaluri gadaadgilebebia; 

M

k

M

h
n o  2,2   - vibraciuli manqanis dempfirebis maxasiaTebeli 

da sakuTari wriuli sixSirea; 

a, b – agznebis Zalis maxasiaTebeli koeficientebia; 

 - agznebis wriuli sixSirea; 

m

h
n

m

h
n

y

y

x

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

gobebia x da y mimarTulebebiT; 

m

h
n

m

h
n Y

Y

x

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

bebia; 
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 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.  

 nax. 13-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.   



20 
 

 

nax. 13. transportirebis siCqaris damokidebuleba satransporto 
tvirTis 

drekadobaze   
 

 Seswavlili iqna aseve satransporto tvirTis meore 

fiziko-meqanikuri parametris, Sinagani dempfirebis gavlena 

tvirTis transportirebis siCqareze, cvlilebaTa realur diapa-

zonSi, gare winaaRmdegobisa da agznebis Zalis sididisa da 

sixSiris gavlena tvirTis transportirebis siCqareze, napovni 

iqna muSa organoze gadacemis kuTxis optimaluri mniSvneloba 020 -s 

farglebSi, tvirTis gadaadgilebis amplitudis damokidebuleba 

tvirTis drekadobis maxasiaTeblis cvlilebaze. am ukanasknelis 

grafiki moyvanilia nax. 14-ze.  

 

nax. 14. satransporto tvirTis gadaadgilebis damokidebuleba tvirTis 

drekadobis maxasiaTebelze 

 

Sedegebsa da gansjaSi (Tavi III) mocemulia sammasiani eleqtro-

magnituri vibraciuli manqanis realuri fizikuri modelis 

eqsperimentuli gamokvleva. modelis foto naCvenebia 1 suraTze. 



21 
 

 

sur. 1 

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

masaa xolo 5 – marTvis specialuri blokia. 

pirvel rigSi Catarebuli iqna sammasiani vibraciuli 

manqanis fizikuri modelis drekadi elementis eqsperimentuli 

gamokvleva. Sedegi moyvanilia nax. 15-ze. 

 

nax.15. drekadi elementis sixistis realuri maxasiaTeblebis grafikebi 

nax. 15-dan Cans, rom drekad elements erTi mimarTulebiT 

da mis sapirispiro mimarTulebiT gadaadgilebis dros gaaCnia 

sxvadasxva sixiste. 

eqsperimentuli gamocdebis Catarebis Sedegad miRebuli 

razultatebi grafikebis saxiT mocemulia qvemoT. 

nax. 16-ze naCvenebia amplitudur-sixSiruli maxasiaTeblebi 

samive masisaTvis, romelTagan ori muSa organoa, xolo mesame 

muSa organoebTan dakavSirebuli mTliani manqanis dakidebis masa.  
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nax. 16. sammasiani vibraciulimanqanis masebis rxevebis amplitudur-

sixSiruli maxasiaTeblebi rezonansul reJimSi 

 eqsperimentuli grafiki miRebulia vibraciuli manqanis 

drekadi elementebis  gansxvavebuli asimetriis SemTxvevaSi, nax.7-

ze warmodgenili Teoriuli grafikis analogiurad. Sedegi 

iseTivea, rogoric aRwerili iyo me-7 naxazze. 

 vibraciuli manqana eqsperimentulad gamokvleuli iqna 

rogorc qselis sixSireze, aseve specialuri kvebis blokiT. am 

ukanasknelSi agznebis sixSiris regulireba SesaZlebeli iyo 

garkveul diapazonSi. 

 nax-17-ze moyvanilia manqanis muSaobis amsaxveli 

eqsperimentuli grafiki subharmoniul rezonansul reJimSi. rac 

niSnavs, rom agznebis Zalis sixSire iyo qselis sixSiris toli 

(50 hc), xolo manqanis sakuTari sixSire misi naxevari (25 hc). 

 

 nax. 17. vibraciuli manqanis muSa organoebis rxevebis 

amplitudebis grafiki subharmoniul rezonansul reJimSi  
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 am seriis eqsperimentebSi manqanaze agznebis Zalis miwode-

bis forma iyo sinusoidaluri. ZiriTadad 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. Sesa-

bamisad, erTidaigive energodanaxarjebis pirobebSi rxeviT siste-

maSi, 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 deni-

sa da Zabvis cvalebadobis sworkuTxa forma. garda amisa kvebis 

bloks gaaCnia rxevebis amplitudebis regulirebis saSualeba 

eleqtromagnitis sahaero RreCos farglebSi da aseve rxevebis 

sixSiris cvalebadobis saSualebac rezonansuli sixSireebis 

maxloblobaSi. 

 qvemoT moyvanil grafikze naCvenebia sammasiani vibroman-

qanis eqsperimentuli gamocdis Sedegi specialuri blokiT kvebis 

dros. 

 

nax. 18. vibraciuli manqanis muSa organoebis rxevebis amplitudebi 

specialuri blokiT kvebis dros 
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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.   

 Catarebuli iqna aseve eqsperimentuli gamokvlevebi sammasi-

ani vibraciuli manqanis fizikur modelze satransporto masale-

bis dozirebuli miwodebis gansazRvris mizniT.  

qvemoT moyvanil suraTebze naCvenebia sammasiani eleqtro-

vibraciuli manqanis fizikuri modelis gadasaadgilebeli masa-

lebis transportirebis suraTebi.  

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 

2 a) da b) suraTze. 
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 sammasiani vibraciuli manqanis muSa organoebiT sxvadasxva 

natexi masalebis transportirebis Sedegad miRebuli garkveuli 

moculobebi ki naCvenebis 3 suraTze. 

 

 

sur. 2. sxvadasxva masalis transportirebis procesi 

 

sur. 3. 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 

manqanis maTematikuri modeli, romelSic gaTvaliswinebulia man-

qanis saangariSo parametrebi da konstruqciuli Taviseburebebi. 

 3. cifruli eqsperimentebis meTodiT Catarebulia axali 

konstruqciis vibraciuli manqanis maTematikuri modelireba da 

miRebuli Sedegebi warmodgenilia diagramebis da cxrilebis sa-

xiT. eqsperimentebi Catarebulia rogorc saangariSo parametrebis 

cvililebis, aseve eleqtromagnitis agznebis Zalis sxvadasxva 

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 eqspe-

rimentuli 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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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.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


