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sakiTxis aqtualoba. adamianis sxeulze gare rxeviTi 

procesebis gavlenas gaaCnia sxvadasxva aspeqtebi. am dros 

organizmSi mimdinare cvlilebebis analizidan gamomdinare isini 

SeiZleba mivakuTvnoT rogorc sasurvel, aseve arasasurvel 

faqtorebs. 

adamianis organizmze mudmivad moqmed bunebriv rxeviT-

talRur procesebTan erTad, rogoricaa gravitacia, eleqtromagni-

turi gamosxiveba, ionizacia da sxva, yvelaze farTe gavrceleba 

pova vibraciam da xmaurma. 

axali, Cqarosnuli manqanebisa da maRali siCqaris mqone inst-

rumentebis Seqmna mniSvnelovnad uswrebs win adamiani-operatoris 

efeqturi da saimedo vibrodacvis saSualebebis Seqmnas. rogorc 

praqtika uCvenebs vibrodacvis arsebuli saSualebebi da meTodebi 

ar iZleva vibrosaSiSi profesiebis mqone adamianis usafrTxoebis 

myar garantias. Sesabamisad, adamiani-operatoris vibrodacvis prob-

lema moiTxovs Zneli da rTuli problemebis gadaWras aratradici-

uli meTodebiT, principulad gansxva-vebuli midgomiT. 

adamianis sxeulze gadacemuli vibraciebi, umravles 

SemTxvevaSi, iwvevs uaryofiT gavlenas misi fiziologiuri 

sistemebis funqcionalur mdgomareobaze. 

meore mxriv, igive rxeviTi procesebi moqmedebis dadebiTi 

faqtoris saxiT gamoiyeneba medicinaSi, warmoebaSi, sportSi an 

specialur pirobebSi, nervul-kunTovani sistemis Sromisunarianobis 

SesanarCuneblad an misi reabilitaciisTvis. 

miuxedavad am procesebis farTo gamoyenebisa aRniSnul 

dargebSi, ar arsebobs mecnierulad dasabuTebuli midgoma 

vibraciis im parametrebis zemoqmedebis gavlenis monitoringisa, 

romlebic iwveven organizmSi dadebiT Tu uaryofiT reaqciebs.    
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kvlevis mizani da amocanebi. adamanis organizmze vibraciis 

zemoqmedeba, romelsac mivyavarT diametralurad urTierT-

sapirispiro SedegebTan, badebs azrs, rom vibraciul zemoqmedebaze 

adamianis organizmis biologiur reaqciaSi devs gare da Siga 

rxeviTi procesebis rTuli urTierTqmedebis erTidaigive meqanizmi, 

romelsac mivyavarT organizmSi mis sxvadasxva gamovlinebamde. 

 aRniSnuli problemis gadawyvetaze muSaobis dros, Teoriuli 

da praqtikuli mosazrebebis SejerebiT, SerCeuli iqna modeli, 

romelic efuZneba ori rxeviTi procesis urTierTqmedebas: gareSe 

lokaluri vibracia da Siga_kunTis bioeleqtruli aqtivoba. 

Sesabamisad, samuSaos mizans Seadgens adamianis organizmze 

vibraciis moqmedebis meqanizmis Seswavla ori rxeviTi procesis: 

meqanikuris-lokaluri vibracia da kunTis bioeleqtruli aqtivobis 

urTierT-qmedebis xasiaTisa da kanonzomierebebis Seswavlis gziT. 

samuSaos mecnieruli siaxle 

1. damuSavebulia biomeqanikuri rgolis meqanikuri da bioeleqt-

ruli rxevebis eqsperimentuli gamokvlevebis meTodebi lokaluri 

vibraciis zemoqmedebis dros. 

2. dadginda biomeqanikuri sistemis kanonzomierebebi da Tvisebebi, 

saxeldobr: 

- adamianis biomeqanikuri rgolis meqanikuri sivrciTi rxevebis 

kanonzomierebebi, romlebic damokidebulia vibraciis parametrebze 

da kunTebis daZabulobaze.  

- vibraciul zemoqmedebaSi CarTuli kunTebis jamuri 

bioeleqtruli aqtivobis parametrebis damokidebuleba vibraciis 

parametrebze da  kunTebis funqcionalur mdgomareobaze. 

- biomeqanikuri rgolis kunTebis meqanikuri da bioeleqtruli 

rxevebis urTierTkavSiri gare vibraciis zemoqmedebis dros. 

- adamianis organizmis mier garedan miwodebuli ritmis aTvisebis 

unari da sinqronizaciis raodenobrivi kanonzomierebebi, gare 

vibraciasa da kunTis jamur bioeleqtrul aqtivobas Soris. 
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3. Sedgenilia biomeqanikuri rgolis maTematikuri modeli romelic 

iTvaliswinebs Caketili sistemis meqanikur da nervul komponentebs. 

4. maTematikuri modelirebis cifruli meTodebiT miRebulia 

sinqronizaciisa da rezonansis reJimebi rgolis meqanikur rxevebs, 

neironis aqtivobasa da gare periodul zemoqmedebas  Soris. 

 naSromis praqtikuli mniSvneloba. samuSaos mecnieruli da 

praqtikuli mniSvneloba mdgomareobs biomeqanikur sistemebSi ori rxeviT-

talRuri procesis urTierTqmedebis axali mimarTulebis ganviTarebaSi.  

 adamianis biomeqanikuri rgolis sivrciTi meqanikuri rxevebisa 

da kunTovani sistemis jamuri bioeleqtruli aqtivobis sinqroniza-

ciis miRebuli raodenobrivi kanonzomierebebi saSualebas iZleva 

vibrosaSiSi profesiebis mqone adamianis vibrodacvas mivudgeT 

axali, jer kidev Seuswavleli poziciidan da amis safuZvelze 

miRebuli kvlevis Sedegebi gamoviyenoT vibraciis parametrebis 

reglamentaciis saqmeSi sanitaruli normebis damuSvebis dros. 

 miRebuli Sedegebis safuZvelze SesaZlebelia aseve Seiqmnas 

adamianis kunTovani sistemis funqcionaluri mdgomareobisa da 

stimulaciis diagnostikis teqnikuri saSualebebi. 

 gamokvlevebis Sedegebi SeiZleba gamoyenebuli iqnas warmo-

ebaSi adamianis mdgomareobis diagnostikuri da profilaqtikuri 

RonisZiebebis dasamuSaveblad, vibrosaSiSi profesiebis damwyebi 

personalis profesiuli SerCevis dros, medicinasa da sportSi ada-

mianis sayrden-mamoZravebeli aparatis fizioTerapevtuli procedu-

rebis reabilitaciis teqnikuri saSualebebis Sesaqmnelad da sxva. 

publikaciebi da aprobacia. disertaciis Temis Sesatyvisad 

gamoqveynebulia eqvsi samecniero publikacia. maT Sorisaa erTi 

saerTaSoriso samecniero JurnalSi “Problems of Applied  Mechanics”,ori 

saerTaSoriso samecniero JurnalSi “Problems of Mechanics”, erTi 

samecniero-teqnikur JurnalSi “transporti” da ori saerTaSoriso 

samecniero-teqnikuri konferenciebis krebulebSi. 

 



 

6 

 

 naSromis struqtura da moculoba. sadisertacio naSromi 

moicavs Sesavals, problemasTan dakavSirebuli gamokvlevebis analizur 

mimoxilvas, Sedegebsa da gansjas, eqsperimentul nawils, daskvnas da 

gamoyenebul literaturas. naSromi warmodgenilia nabeWdi teqstiT 130 

gverdze, romelic Seicavs 59 naxazs da grafiks, 2 cxrils, da 134 

gamoyenebuli literaturis CamonaTvals. 

 kvlevebis Sesruleba mimdinareobda ori ZiriTadi mimarTule-

biT: biomeqanikuri sistemis gare da Siga rxeviTi procesebis eqs-

perimentuli gamokvleva, lokaluri vibraciuli zemoqmedebis dros 

da biomeqanikuri sistemis moZraobebis modelireba gare perioduli 

moqmedebebis dros. 

 adamianis organizmze lokaluri vibraciis zemoqmedebis meqa-

nizmis gamosavlenad, mis realur aspeqtSi, damuSvebuli iqna meTo-

duri xerxebi da SeirCa signalebis registraciisa da analizis 

saSualebebi. 

 

sadisertacio naSromis Sinaarsi 

 

SesavalSi aRniSnulia, rom manqanebsa da meqanizmebze sul 

ufro mzardi dinamikuri datvirTvebis dros, maTi saimedo 

muSaobisTvis, pirvelxarisxovani mniSvneloba eniWeba ara mxolod 

TviT konstruqciebis mavne vibraciis moqmedebisgan dacvas, aramed,  

maTi mmarTveli operatorebis vibrodacvasac. es ukanaskneli  

ganakuTrebiT mniSvnelovania im pirobebSi, rodesac gaizarda 

operatorze moqmedi vibraciis done da gafarTovda sixSireTa 

speqtri. Sesabamisad, mavne rxevebTan brZola amJamad nakarnaxevia 

ara mxolod teqnikuri mosazrebebiT, aramed socialuri 

moTxovnebiTac. 

Camoyalibebulia Sesrulebuli samuSaos Temis aqtualoba da 

kvlevis is modeli, romelic safuZvlad udevs Catarebuli 

kvlevebis miRebul Sedegebs. 
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literaturis mimoxilvaSi,  Tavi I, Sesrullebulia samuSaoSi 

Casatarebel kvlevebis sakiTxebTan dakavSirebuli literaturuli 

wyaroebis mimoxilva. kerZod, daxasiaTebulia vibraciis gavlena 

adamianis sxeulze rogorc biomeqanikur sistemaze da 

gansazRvrulia is biomeqanikuri maxasiaTeblebi, romlebic 

mniSvnelovania adamianis organizmze vibraciis gadacemisa da 

gavrcelebis Seswavlis dros. 

moyvanilia im wyaroebis analizuri mimoxilva, romlebic 

dakavSirebulia vibraciis gavlenasTan adamianis sayrden-

mamoZravebeli aparatis kunTebis bioeleqtrul aqtivobaze. 

aseve ganxilulia arsebuli literatura, romelic 

dakavSirebulia biomeqanikuri sistemebis moZraobebis 

modelirebasTan. 

Sesrulebuli samuSaoebis Seswavlisa da analizis 

safuZvelze Camoyalibda  kvlevis axali meTodi, romelic ufro 

efeqturad amJRavnebs  adamianis organizmze moqmedi vibraciis 

gavlenas, da, romelic efuZneba ori rxeviTi procesis, gare -

lokaluri vibraciisa da Siga kunTovani sistemis bioeleqtruli 

aqtivobis, urTierTqmedebas. aRniSnulis SedegadAgamoikveTa 

kvlevebis Semdegi amocanebi: 

1. damuSavdes adamianis biomeqanikuri rgolis dinamikuri da 

bioeleqtruli maxasiaTeblebis eqsperimentuli kvlevis meTodebi 

rxevebis meqanikuri agznebis dros.  

2. Catardes eqsperimentuli gamokvlevebi kiduris biomeqanikuri 

da bioeleqtruli rxeviTi procesebis gansazRvris mizniT, meqani-

kuri vibraciis moqmedebis dros. 

3. damuSavdes meTodi organizmis mier gare ritmis aTvisebis da 

sinqronizaciisa da rezonansuli reJimebis gamokvlevisTvis. 

4. damuSavdes eleqtromiogramebis analizis meTodi kunTebis 

mier ganviTarebuli Zalebis Sefasebis mizniT.   
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5. Sedges fenomenologiuri maTematikuri modeli, romelSic 

gaTvaliswinebuli iqneba kunTovani aparatis cnobili Tvisebebi, 

Caketili ukukavSirebiT. 

6. Catardes biomeqanikuri rgolis reaqciis modelireba gare  

perioduli moqmedebis dros, kvlevebis Teoriuli da eqsperimen-

tuli Sedegebis Sesadareblad.  

Sedegebsa da gansjaSi, Tavi II, aRwerilia damuSavebuli 

meTodebi, romlis saSualebiTac xdeboda biomeqanikuri rgolis 

meqanikuri da bioeleqtruli parametrebis registracia, masze 

vibraciis zemoqmedebis dros. moyvanilia am parametrebis 

registraciis sqema da is teqnikuri saSualebebi, romliTac 

xdeboda registracia. 

rogorc kvlevebi uCvenebs da cnobilia literaturidanac,  

parametrebi, romlebsac gavlena aqvT adamianis organizmze loka-

luri vibraciis gadacemis dros aris: sixSire, amplituda da maTi 

sxvadasxva Sefardeba, vibraciis qveS myofi kunTebis funqcionalu-

ri mdgomareoba da vibroeqspozicia. garda amisa biologiuri 

obieqtisTvis, romelic warmoadgens mravali Tavisuflebis xarisxis 

mqone sistemebs, aseve mniSvneloba aqvs vibraciis mimarTulebas da 

intensivobas. 

TiToeuls am parametrebidan gaaCnia modulirebis sakmaod 

didi diapazoni, romelzec organizmi reagirebs araerTgvarovnad. 

amitom, imis gamo, rom amocana aris mravalkriteriumiani, adamianis 

organizmze vibraciis lokalurad gadacemis SemTxvevaSi ZiriTad 

parametrebad, romelTac gavlena aqvT biomeqanikur sistemaze, 

SerCeuli iqna vibraciis sixSire da amplituda, kunTebis staci-

onaruli SekumSva, maT mier Zalis ganviTarebis dros da vibro-

eqspozicia. rac Seexeba vibraciis mimarTulebas (misaRebi sizus-

tiT) igi gamoricxuli iqna gamosacdelis xelis specialurad 

SerCeuli mdebareobiT.   
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standartuli aparaturis gamoyenebiT, romelsac gaaCnia 

cvladi signalebis registraciisa da analizis saSualebebi, 

gansazRvruli iqna biomeqanikuri rgolis meqanikuri da 

bioeleqtruli maxasiaTeblebis is diapazonebi, romlebSic 

SeimCneva am maxasiaTeblebis reaqciebi vibraciul zemoqmedebaze. 

miRebuli eqsperimentuli masala darwmunebiT iZleva imis 

safuZvels, rom ganisazRvros sinqronizaciisa da rezonansebis pro-

cesebis roli meqanikuri rxevebis (gare vibracia) da biorxevebis  

(kunTebis bioaqtivobis) urTierTqmedebis meqanizmSi. aqedan 

gamomdinareobs am meqanizmis mniSvneloba vibraciis, rogorc 

uaryofiTi, aseve dadebiTi gavlenis Sefasebis saqmeSi.  

organizmis periodul zemoqmedebebze reaqciis am meqanizmis 

ufro detaluri Teoriuli analizis mizniT, mizanSewonilia 

Catardes Sesaswavli sistemis maTematikuri modelireba da ricxob-

rivi eqsperimentebi, sistemis meqnikuri da nervuli komponentebis 

gaTvaliswinebiT.  

maTematikuri modeli, romliTac gamokvleuli iqna biomeqani-

kuri rgoli, warmoadgens ori ZiriTadi nawilis erTobliobas. 

pirveli maTgani iZleva saSualebas ganxiluli iqnas realuri 

biomeqanikuri sistema kunTSi energiis gardaqmniT, xolo meore – 

iTvaliswinebs sistemis nervul kontrols neironuli qselis 

daxmarebiT. 

vibraciis zemoqmedebaze adamianis zeda kiduris 

mamoZravebeli aparatis meqanikuri reaqciis gantolebaTa sistema 

saboloo saxiT gamoisaxeba Semdegnairad:  
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  sistemis sakuTari wriuli sixSirea,   1

2

1

130 1/1   kkkD , 

1k -Caketili xidurebis warmoqmnis siCqaris konstantaa, 2k - 

mamuxruWebeli xidurebis warmoqmnis mudmivaa, 3k -maT Soris 

kavSiris mudmivaa, 0H  disipaciis koeficientia, 
0

0




B , J  - 

biomeqanikuri rgolis inerciis momentia, M  - kunTebis mier 

ganviTarebuli statikuri Zalis momenti. cvladi momentisTvis 

   ,0 tmMtM   sadac 0M  da  tm  Sesabamisad momentis mudmivi da 

cvladi Semadgenlebia, 
0

n
y  , n - Cketili xidurebis raodenobaa, 0

- aqtiuri xidurebis raodenobaa. 

1 warmoadgens biomeqanikuri rgolis wonasworobis mdgomare-

obasTan axlos kuTxuri rxevebis maTematikur models, kunTSi 

Zalis Sinagani regulirebiT. Tavisi arsiT igi aris avtorxeviTi 

sistemis modeli, romelic saSualebas iZleva gamovikvlioT 

sistemis reaqcia masze sxvadasxva zemoqmedebis, maT Soris 

perioduli zemoqmedebis dros.  

zogadi modelis meore nawili, kerZod, masSi nervuli 

kontrolis gaTvaliswineba, gamoiyeneba nervul-kunTovani aparatis 

maTematikuri modelis saxiT, romelic aRwers neironuli qselis 

reagirebas gare gamaRizianeblebze da romelic Sedgeba ori 
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erTgvarovani populaciisgan, kerZod, amznebi  tE  da 

damamuxruWebeli  tI  populaciebisgan. 

gantolebaTa sistema, romelic aRwers neironuli qselis 

reaqciebis dinamikas gare zemoqmedebebze gamoisaxeba Semdegnairad: 
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  ( 2 ) 

P - agznebis populaciaze gare zemoqmedebaa, xolo Q - igivea 

mamuxruWebel populaciaze, S - populaciis im neironebis 

raodenobaa (agznebis da damuxruWebis), romlebic reagireben  tx

oqmedebaze t droSi, 1O  parametri axasiaTebs agznebis populaciis 

SigniT kavSirebs, 4O - analogiuri para-metria mamuxruWebeli 

populaciis SigniT, 2O  da 3O  Sesabamisad mamuxruWebeli 

populaciis kavSiris parametria agznebis populaciaze da piriqiT, 

 - sinaptikuri dagvianebis xangrZlivobaa. 

Tu gavaerTianebT 1 da 2 gantolebebs sabolood miviRebT 

diferencialur gantolebaTa sistemas, romelic aRwers 

erTrgoliani biomeqanikuri sistemis rxevebs gare perioduli 

zemoqmedebis dros. igi gamoisaxeba Semdegi saxiT: 
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sadac ;
00 f

f
w 




 f - agznebis Zalis sixSirea, i

g eF  warmoadgens 

gare datvirTvas, 0 ,  x1  da  x2 gamosakvlev sistemaSi or 

avtorxeviT komponents Soris kavSirebia, 

gansaxilveli biomeqanikuri sistemis gamartivebuli sqema, 

romelic Sedgeba oTxi elementisgan, naCvenebia naxaz 1-ze. modelis 

TiToeuli komponenti aris mTliani sistemis qvesistema da gansazR-

vravs am elementis funqcionirebasTan dakavSirebul biofizikur 

process. saxeldobr, pirveli  

 

nax. 1, biomeqanikuri rgolis modelis Semadgeneli nawilebi 
 

qvesistema dakavSirebulia meqanikur procesebTan da ganisazRvreba 

sistemis drekadi, inerciuli da disipatiuri parametrebiT. meore 

qvesistema gamoxatavs kunTebis SekumSvis biofizikasTan kavSirs, 

anu energiis gardaqmnasTan dakavSirebul procesebs. mesame da 

meoTxe qvesistemebi ganpirobebulia neironuli qselis SerCeuli 

modeliT. 

qvemoT moyvanilia 3 gantolebaTa sistemis amoxsniT miRebuli 

Sede-gebi grafikebis saxiT. kerZod nax. 4-ze naCvenebia biomeqanikuri 

rgolis amplitudur-sixSiruli maxasiaTeblebis grafiki gare 

sixSiris modulaciis farTe diapazonSi, kunTebis daZabulobis ori 

mniSvnelobisTvis (20% da 30%). grafikze yuradRebas iqcevs is 

faqti, rom adgili aqvs rgolis rxe-vebis amplitudebis 
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rezonansul zrdas. amave dros rezonansuli sixSireebi kunTebis 

sxvadasxva funqcionaluri mdgomareobisTvis aris sxvadasxva. 

 

nax. 2. biomeqanikuri rgolis rxevebis amplitudur-sixSiruli 
maxasiaTeblebi 

 

nax. 3-ze mocemulia neironebis qselis aqtivobis cvlilebis, 

gare zemoqmedebis sixSiris cvlilebaze damokidebulebis grafiki. 

grafikze (1 mrudi) kargad Cans rxevebis amplitudebis zrdis 

rezonansuli efeqti, garkveul sixSireze. nervuli sistemis 

mdgomareobis Secvlis Semdeg ki aseTi efeqti ar aRiniSneba (2 

mrudi). 

 

nax. 3. neironuli qselis rxevebis amplitudur-sixSiruli 
maxasiaTeblebi 

 

3 sistemis cifruli eqsperimentiT miRebulma Sedegebma aseve 

daafiqsira neironis qselis aqtivobis rxevebis sinqronizacia gare 

periodul zemoqmedebebTan. 
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nax. 4-ze naCvenebia gare zemoqmedebis – 1, rgolis meqanikuri 

rxevebis – 2, da neironuli qselis aqtivobis rxevebi – 3, saidanac 

aSkarad Cans sinqronizaciis efeqti. 

 

nax. 4. sinqronizaciis modelirebis Sedegebi 
 

Teoriul gamokvlevebSi aseve aRsaniSnavia is faqti, rom 3 

sistemaze gare perioduli zemoqmedebis dros sixSireTa cvlilebis 

garkveul diapazonSi dafiqsirda meqanikuri da nervuli 

komponentebis rxevaTa maqsimumebi (rezonansebi) sxvadasxva 

sixSireebze, rac am reJimebis damoukideblobaze miuTiTebs. 

biomeqanikuri rgolis da neironuli qselis rxevebis amplitudur-

sixSiruli damokidebulebebi naCvenebia naxaz 5-ze. 

 

nax. 5. meqanikuri da neironebis aqtivobis rxevebis 
 amplitudur-sixSiruli maxasiaTeblebi 

 

Sedegebsa da gansjaSi, Tavi III, mocemulia biomeqanikuri 

rgolis gare da Sinagani rxeviTi procesebis eqsperimentuli 

gamokvleva vibraciis lokaluri zemoqmedebis dros. 

adamianis organizmi, rogorc fizikuri sxeuli, Seicavs 

meqanikur komponentebs, romlebic xasiaTdebian drekad-blanti da 

inerciuli TvisebebiT. Sesabamisad, aseTi midgomiT da misi aqtiuri 
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an pasiuri mdgomareobiT vibraciul garemoSi, adamianis organizmis 

pirvel reaqcias vibraciul gamaRizianebelze aqvs meqanikuri 

buneba. igi gamoixateba sxeulis sxvadasxva nawilebis da 

organoebis qsovilebis kavSirebis meqanikuri ZalebiT gamowveul 

dinamikur deformaciebSi da rxevebSi, maT Soris rezonansulSi. 

adamianis zeda kiduri, Tundac gamartivebulad warmodgenili 

mxris, winamxrisa da mtevnis saxiT, warmoadgens biomeqanikur 

rgols, mravali Tavisuflebis xarisxiT. vibraciul garemosTan 

misi kontaqtis da kunTebis mier ganviTarebuli daZabulobebis 

dros igi ganicdis gare rxevebis gadacemas da maT Semdgom 

gavrcelebas.   

kvlevebis pirvel etapze Catarebuli iqna cdebi, romlebic 

saSualebas iZleva avagoT xelis nawilebis regularuli rxevebis 

amplitudur-sixSiruli maxasiaTeblebi; kerZod, mxris da winamxris. 

mtevnis rxevebi, kvlevis sqemaSi, warmoadgens vibraciis wyaros 

rxevebis ganmeorebas. 

naxaz 6-ze naCvenebia erTerTi gamosacdelis aCqarebebis 

amplitudur-sixSiruli damokidebulebebi, romlebic miRebulia 

vibraciis zemoqmedebiT winamxarze (1 mrudi) da mxarze (mrudi 2), 

dinamometrze mtevnis maqsimaluri ZaliT moWeris dros, rac 

Seesabameba procesSi CarTuli xelis kunTebis maqsimalur daZabu-

lobas. 

 

nax. 6. mxris da winamxris amplitudur-sixSiruli damokidebuleba 
 

 mxris, winamxrisa da mtevnis meqanikuri rxevebi, gamosacdeli 

jgufisTvis, gamokvleuli iqna kidurze gadacemuli vibraciis 
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sixSiris cvlilebis farTe dipazonSi (5-dan 150 hc-mde) sami 

urTierTmarTobi koordinatTa RerZebis mimarTulebiT. 

 cdebma uCvena, rom sixSiris modulaciis dros aCqarebebis 

amplitudebis maqsimumebi da minimumebi, sam urTierT marTobul 

sibrtyeSi gazomvis dros, yvela SemTxvevaSi ar emTxveva erTmaneTs. 

garda amisa, SeimCneva rxevaTa amplitudebis maqsimumebis arseboba 

20 hc-Tan axlos, xolo minimumamde maTi vardna 80-120 hc-s 

SualedSi. es movlena mkafiod gamoxatuli araa calkeul cdebSi, 

TiToeuli gamosacdelisTvis, magram kargad Cans analogiuri 

statistikuri damokidebulebebis agebisas. 

interesis sagans Seadgenda gansazRvruliyo kiduris reaqcia 

gadacemuli vibraciis amplitudebis variaciis dros. aRniSnulis 

Sesabamisad Catarebuli iqna cdebi, romlis mizani iyo xelis 

nawilebis rxevebis intensivobis gansazRvra, vibraciis 

amplitudebis cvlilebis dros. cdebis dagegmvis procesSi 

SenarCunebuli iyo principi, romlis Tanaxmad gamoikvleoda 

sistemis qceva erTi cvalebadi parametris zemoqmedebiT, rodesac 

sxva parametrebi iyo ucvleli. kerZod, kunTebis daZabuloba 

Seesabameboda maqsimaluris 10%-s, sixSire ki Tumca icvleboda, 

anaTvlebi aiReboda mis didskretul mniSvnelobebze, 10 hercis 

intervaliT. 

cdebma uCvena, magaliTad winamxrisaTvis, rxevebis 

intensivobis arawrfiv damokidebulebaze gadacemuli rxevebis 

amplitudebis cvalebadobis mimarT.    

xelis biomeqanikuri gamokvlevebis Semdegi etapi iyo “mtevani-

winamxari-mxari” sistemaze lokaluri vibraciis gadacemis Tavisebu-

rebebis Seswavla, xelis mier ganviTarebuli Zalvebis cvlilebis 

dros.  

 kunTebis stacionaruli SekumSvis cvalebadobis dros, rac 

Seesabameba dinamometrze moWeris Zalis cvlilebas, icvleba xelis 

meqanikuri maxasiaTeblebi da pirvel rigSi misi sixiste da 
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dempfireba. swored am parametrebis cvlileba gansazRvravs winam-

xarimxaris sistemis rxevebis amplitudebis cvlilebas. am sakiTxis 

Sesaswavlad Catarebuli iqna eqsperimentuli gamokvlevebi, romle-

bic iZleva saSualebas vibraciuli zemoqmedebis dros davamyaroT 

damokidebulebebi kiduris nawilebis rxevebsa da kunTebis 

stacionarul SekumSvebs Soris. 

 miRebuli Sedegebidan Cans, rom kunTebis stacionaruli 

SekumSvis Zalis zrda, moqmedi vibraciis sixSiris fiqsirebul 

mniSvnelobaze, zrdis rxevebis amplitudebs, rogorc winamxarSi 

aseve mxarSi. aqve unda SevniSnoT, rom igive pirobebis dacviT, 

SekumSvis Zalis Semcirebis dros mcirdeba kiduris rxevis 

amplitudebi, magram, klebis dros adgili aqvs amplitudebis ufro 

maRal mniSvnelobebs, rac saboloo jamSi qmnis egreT wodebul 

maryuJs. anu kiduris sixistesa da dempfirebas gaaCniaT arawrfivi 

maxasiaTeblebi. 

dReisaTvis, adamianis organizmis lokaluri vibraciaze 

reaqciis erTerT adeqvatur fiziologiur maxasiaTebels 

warmoadgens kunTebis bioeleqtruli aqtivoba. kunTebis 

bioaqtivoba aris rxeviTi signali, romelic xasiaTdeba ori 

parametriT: sixSiriT da amplitudiT. mniSvnelovan garemoebas 

warmoadgens is, rom es ori parametri informaciis matarebelia 

sensomotoruli sistemis sxvadasxva donis mdgomareobis Sesaxeb. 

amitom, organizmis biologiuri reaqciis Sefasebis kriteriumad 

kunTebis bioaqtivobis SerCeva SeiZleba CaiTvalos dasabuTebulad, 

radgan misi daxmarebiT SeiZleba davaxasiaToT vibraciuli 

zemoqmedebis Sedegad organizmSi mimdinare cvlilebebi. 

gare vibraciisa da kunTis bioeleqtruli impulsaciebis 

rxeviTi bunebis adeqvaturobis gamo, vibracias SeuZlia Caerios 

misi marTvis organizaciaSi da daiWiros ritmi, ris Sedegad xdeba 

zemoqmedebebis dadebiTi an uaryofiTi gamovlinebebi.  
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am poziciidan gamomdinare, naSromSi moyvanili eqsperimentu-

li gamokvlevebis masalebi warmoadgens ori, gare da organizms 

Siga rxeviTi procesis urTierTmoqmedebis kvlevis Sedegebs. isini 

Catarebuli iyo adamianis organizmis zeda kiduris biomeqanikur 

maxasiaTeblebTan erTad. 

vibraciuli zemoqmedebis dros kunTebis bioaqtivobis 

registracia da misi parametrebis eqsperimentuli gamokvlevebis 

Tanmimdevroba daaxloebiT iseTive iyo, rogorc xelis meqanikuri 

rxevebis Seswavlis dros.   

cdebis am seriaSi gamokvlevas eqvemdebareboda kunTebis oTxi 

jgufi: TiTebis zedapiruli momxreli da gamSleli, da, xelis 

orTava da samTava kunTebi. aRwerili meTodiT xdeboda kunTebis 

bioeleqtruli aqtivobis registracia. 

saZiebo damokidebulebebis agebisTvis uSualo monacemebi 

aiReboda eleqtromiogramebis rxevebis oscilogramebidan. 

miRebuli monacemebis analizi uCvenebs, rom, yvela gamosacde-

lisTvis kunTebis daZabulobis SemTxvevaSi, SeimCneoda kunTebis 

bioaqtivobis rxevebis amplitudebis kanonzomieri zrda sixSireebis 

sakmaod farTo diapazonSi (10 dan 150 hc-mde), vidre kunTebis modu-

nebul mdgomareobaSi. garda amisa, rogorc cdebidan Cans, miwo-

debul rxevis sixSires ekisreba mniSvnelovani roli kunTebis bio-

aqtivobis rxevebis organizaciaSi. gamokvlevebma aseve uCvena, rom 

sixSiris cvlilebis mTel diapazonSi bioaqtivobis rxevebis ampli-

tudebis formireba araTanabaria. zogierT sixSireze adgili aqvs 

kunTebis aqtivobis naxtomisebur cvlilebas. Sesabamisad kunTebis 

bioaqtivoba metnaklebad mgrZnobiarea gare zemoqmedebis sxvadasxva 

sixSireebis mimarT. arsebobs sixSireebis zonebi, sadac yvela 

gamokvleuli kunTebi reagireben erTnairad da aqvT aqtivobis an 

maqsimumi an minimumi. sixSireebi, romlebzec SeimCneva bioaqtivobis 

rxevebis amplitudebis maqsimumebi, sxvadasxva gamosacdelisTvis 

aris sxvadasxva. 
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gare vibraciis zemoqmedebis dros kiduris kunTis bioeleqt-

ruli aqtivobis amplitudur-sixSiruli damokidebuleba naCvenebia 

naxaz 7-ze. naxazze 1 – texili Seesabameba kunTi-momxrelis aqtivo-

bis cvlilebas, 2 – gamSlelisas, xolo 3 – orTava kunTis aqtivo-

bis cvlilebas. 

 

nax. 7. kiduris kunTebis bioeleqtruli aqtivobis  
amplitudur-sixiruli damokidebuleba 

 

naxaz 8-ze naCvenebia vibratoris – 1 da bioaqtivobis rxevebis 

oscilogramebi agznebis sixSiris sami mniSvnelobisTvis: a) f = 70 

hc, b) f = 73 hc da g) f = 76 hv. oscilogramebi uCveneben 

bioaqtivobis rxevebis rezonansuli reJimis gavlas. 

 
nax. 8. kunTis bioaqtivobis rxevebi rezonansul reJimSi  

 
naxaz 9 a), b), g)-ze naCvenebia kunT-momxrelis miogramebis 

rxevebis Canawerebis nimuSi, iZulebiT rxevis reJimebSi (2 oscilo-

grama). vibraciis sixSireebia: a) f = 43 hc, b) f = 78 hc, g) f = 110 hc. 

iqvea mocemuli vibratoris (dinamometris) rxevebis oscilograma (I). 

vibratoris da biorxevebis oscilogramebis Sedareba uCvenebs 

kunTebis bioeleqtruli aqtivobis rezonansul rxeviT reJimebs. 
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nax. 9. kunT-momxrelis miogramebis rxevebi 
 

 gare vibraciis amplitudis cvlilebas, aseve gavlena aqvs 

kunTis bioeleqtrul aqtivobaze. misi gavlenis zogadi xasiaTi 

gamoixateba imaSi, rom izrdeba biomeqanikuri rgolis rxevaTa 

intensivoba. Sesabamisad izrdeba kunTebis, rogorc am rgolis 

Semadgeneli nawilis aqtivobac.  

 amave dros, arsebobs gansxvavebac vibraciis amplitudebis 

gavlenaSi biomeqanikuri rgolis meqanikuri da biorxevebis 

amplitudebis formirebis saqmeSi. pirvel SemTxvevaSi, rogorc 

aRwerili iyo, adgili aqvs maT arawrfiv kavSirs. anu, gamosakvlevi 

rgoli gare vibraciis rxevebis amplitudebis cvllebaze reagirebs 

rogorc meqanikuri rxeviTi sistema, arawrfivi meqanikis kanonebiT. 

meore SemTxvevaSi, biorxevebis amplitudebis formireba 

mimdinareobs sxvagvarad. imis gamo, rom kunTebis bioelqtruli 

aqtivobis rxevebi Seesabameba avtorxevebis reJims, gare vibraciis 

moqmedebis dros xdeba am reJimis “daWera” da kunTebis 

bioaqtivobis rxevebis ritmis wamyvani am SemTxvevaSi aris vibraciis 

sixSire. vibraciis amplituda am dros ufro efeqturad moqmedebs 

im sixSireebze, romlebic axlosaa an emTxveva, maT Soris jeradad, 

kunTebis bioaqtivobis rxevebis sixSireebs, vibraciuli 

zemoqmedebis gareSe. 

a) 

b) 

g) 
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 zogadad, kunTebis bioaqtivobis rxevebis amplitudebis cvli-

leba mJRavndeba garkveul zRvrebSi. arsebobs maTi mniSvnelobebis 

“zRurbli” da “Weri”, romlis qvemoT da zemoT kunTebis aqtivoba 

vibraciis amplitudis cvlilebaze ar reagirebs. 

naxaz 10-ze naCvenebia momxreli kunTis eleqtromiogramebis 

Canawerebis nimuSebi (1 oscilograma) vibraciis amplitudis 0-dan 

0.9 milimetramde cvlilebis dros, f = 40 hercis sixSireze. iqve 

mocemulia vibratoris rxevebis oscilogramebi (2). a) Seesabameba 

kunTis modunebul mdgomareobas, b) kunTis daZabuloba F = 10% 

vibraciis zemoqmedebis gareSe, g) vibracia amplitudiT A = 0.1 mm, 

d) A = 0.3 mm, e) A = 0.5 mm, v) A = 0.7 mm da z) A = 0.9 mm.  

 

                      a)   b)  g)   d)  e)   v)   z)  

nax. 10. momxreli kunTis miogramebis rxevebis damokidebuleba  
vibraciis amplitudaze 

 
kunTebis bioeleqtruli aqtivobis parametrebze vibraciis 

gavlenis ganxilvis dros, erTerT centralur sakiTxs warmoadgens 

TviT kunTebis funqcionaluri mdgomareoba. maTi agznebis svadasxva 

doneze, vibraciis aRTqmis procesi mimdinareos sxvadasxvagvarad. 

saWiroa xazi gaesvas erT mniSvnelovan garemoebas. kerZod, 

imas, rom modunebul kunTze, anu rodesac kunTi daZabuli araa, 

vibraciis zemoqmedebis dros Seimneva kunTSi bioaqtivobis 

warmoqmna da misi gaZliereba. mSvid mdgomareobaSi myof kunTSi 

bioeleqtruli aqtivobis zrda, anu masSi daZabulobis gamoCena 

damokidebulia vibraciis parametrebze. es movlena SedarebiT 

advilad viTardeba vibraciis sixSiris 30-100 hercebis diapazonSi 
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da mkacrad individualuria TiToeuli adamianisaTvis. am movlenis 

tipiuri magaliTi moyvanilia nax. 11ze. 

 

nax. 11. modunebul kunTSi vibraciis zemoqmedebis Sedegad 
 aRZruli Zabvis oscilograma 

 

rodesac ganixileba biomeqanikuri rgoli misi kunTovani 

sistemis nervuli kontroliT, vibraciis eqspoziciis dro iZens 

pirvelxarisxovan mniSvnelobas. amaSi igulisxmeba daRlilobis 

sakiTxebi, romliTac xasiaTdeba kunTebis boWkoebi, rogorc drois 

funqciebi kunTebis SekumSvebis fonze. 

vibraciis eqspoziciis drosTan dakavSirebuli sakiTxebis 

Sesaswavlad Catarebuli iqna specialuri cdebi, romlebSic 

gamokvleuli iqna kunTebis aqtivobis cvlilebebi drois 

mimdinareobaSi, maTi sxvadasxva agznebis donis dros. 

gare zemoqmedebis gareSe, kunTebis daZabulobis winaswarma 

gamokvlevebma uCvena, rom daZabulobis gazrdiT mcirdeba maTi 

xangamZleobis dro. amave dros, sxvadasxva gamosacdelisTvis dro 

iyo sxvadasxva. kunTebis xangamZleoba damokidebulia adamianis 

antropometrul monacemebze da mis fizikur momzadebaze. xangamZle-

obis drois gabneva adamianebisTvis, romlebzec cdebi iqna Catare-

buli, sakmaod didia. aqve unda aRvniSnoT, rom am fiziologiis 

TvalsazrisiT savsebiT cxad sakiTxebs gamokvlevebSi yuradReba 

eqceoda imitom, rom kunTis daRlilobis Seswavlis dros 

mniSvnelovania misi agznebis drois im momentis gaTvaliswineba, 

rodesac miewodeba vibracia, anu miewodeba igi SekumSvis dasawyisSi 

Tu daRlilobis dadgomis Semdeg. kunTebis bioaqtivobis reaqcia 

vibraciul gamaRizianebelze sxvadasxva fazaSi aris sxvadasxva. 
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ufro mniSvnelovani efeqti vibraciis moqmedebis dros gamoixateba 

aqtivobis amplitudis gazrdaSi, romelis ufro metia daRlilobis 

fonze, anu periodSi, romelic win uswrebs ganviTarebuli Zalvis 

SenarCunebis Semdgom gagrZelebaze uaris Tqmas. 

aRwerili procesebi, vibraciuli zemoqmedebis dros, mimdina-

reobs erTdroulad, anu sistemis meqanikuri da bioeleqtruli 

komponentebi urTierTkavSirSia. 

 miuxedavad meqanikuri da bioeleqtruli rxevebis urTierTkav-

Sirisa, maTi parametrebis damokidebuleba vibraciaze umravles 

SemTxvevaSi atarebs damoukidebel xasiaTs. es faqti asaxsnelad 

martivia, radgan isini warmoadgenen sxvadasxva fizikuri bunebis 

mqone sistemebis rxevebs. 

pirvel SemTxvevaSi, xelis meqanikuri rxevebis ganxilvis 

dros, procesi mimdinareobs meqanikuri rxeviTi sistemis iZulebiTi 

rxevebis kanonzomierebis mixedviT. saxezea rxevebis rezonansuli 

reJimebi, anu xdeba amplitudebis zrda zemoqmedebis garkveul 

sixSireebze. am procesebs ar Seesabameba kunTebis bioeleqtruli 

aqtivobis rxevebis amplitudebis rezonansuli zrda. meore 

SemTxvevaSi, rodesac analizi ukeTdeba vibraciis biologiur 

zemoqmedebas, process aqvs kunTebis bioaqtivobis avtorxeviTi 

reJimis sixSiris watacebis xasiaTi. am dros, rogorc cdebi 

uCvenebs, wataceba warmoebs agznebis sixSiris sakmaod farTe 

diapazonSi. am reJimebSi avtorxevebis sixSireebi sinqronizaciaSi 

modis gare iZulebiT sixSiresTan (harmoniuli wataceba). rodesac 

sixSireebi mcired gansxvavdeba erTmaneTisgan, xdeba e.w. cema. 

ZiriTadi sixSiris jerad sixSireebze ki xdeba sixSireTa 

subharmoniuli da super-harmoniuli wataceba. Tu vibraciis 

amplitudebi maRalia, wataceba xdeba ZiriTad harmonikaze, kvlevis 

diapazonis nebismier sixSireze. yvela rezonansul reJimSi adgili 

aqvs kunTebis bioaqtivobis rxevebis amplitudebis Sesabamis zrdas. 
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vibraciis zemoqmedebis dros meqanikuri da bio rxevebis erT-

maneTisgan damoukidebeli xasiaTi SeiZleba warmovadginoT kiduris 

Semadgeneli nawilebis magaliTze. naxaz 11-ze naCvenebia winamxrisa 

(1) da TiTebis momxreli kunTis (2) rxevebis oscilogramebi gare 

vibraciis modulaciis dros. oscilogramebis Sedareba, agznebis 

sxvadasxva sixSireebze, a) 0 hc, b) 40 hc, g) 43 hc, d) 46 hc, e) 49 hc 

uCvenebs am rxevebis cvlilebis erTaneTisgan damoukidebel 

xasiaTs.  

 

                   a)    b)     g)     d)    e)   

nax. 11. kiduris nawilebis meqanikuri da biorxevebis  
oscilogramebi 

 
 kunTebis jamuri bioeleqtruli aqtivoba, maTi SekumSvis 

dros, warmoadgens arastacionaruli SemTxveviTi procesis rxeviT 

signals. kunTebis daZabulobis gazrdiT kanonzomierad izrdeba 

maTi bioaqtivobis rxevebis amplitudebi. magram am signalebis 

analizis dros ufro informatiuls warmoadgens maTi speqtruli 

Semadgenloba. 

speqtruli analiziT gamokvlevis Sedegebma uCvena kunTebis 

bioeleqtruli aqtivobis rxevebis speqtris araerTgarovneba, 

cvalebadi parametris varirebis dros. speqtris SemadgelobaSia 

harmonikebi, romlebic jgufdebian sixSireTa garkveul zRvrebSi. 

harmonikebis amplitudebis Tanafardobebi ar warmoadgenen mudmiv 

sidideebs. isini icvlebian kunTebis statikuri daZabulobis 

cvlilebasTan erTad, rac saboloo jamSi cvlis kunTebis 

bioaqtivobis sixSireebsa da amplitudebs. 
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kunTiebis aqtivoba mtevnis mier ganviTarebuli Zalvis zrdis 

SemTxvevaSi, misi saerTo donis zrdis garda, cvlis speqtrul 

Semadgenlobasac.  

rogorc cdebi uCvenebs kunTebis aqtivobis speqtruli Semad-

genloba damokidebulia aseve eqspoziciis droze, romlis 

mimdinareobaSic xdeba statikuri Zalis ganviTareba. kunTebis 

daRlilobis mdgomareobamde siaxlovis dros bioaqtivobis 

rxevebis speqtri icvleba da mis gafarToebasTan erTad, rac 

niSnavs speqtrSi axali harmonikebis gaCenas, aqvs saerTo donis 

matebis tendenciac. 

vibraciis zemoqmedebiT xdeba kunTebis bioaqtivobis rxevebis 

organizacia. gansakuTrebiT es exeba rxevis sixSires. es faqti 

fiziologiaSi cnobilia rogorc “ritmis aTviseba”, an “sinqroniza-

cia” gare sixSiresTan. sinqronizaciis reJimSi vibraciis paramtrebs 

aqvs gadamwyveti mniSvneloba. igi SeimCneva vibraciis sixSiris 

cvalebadobis sakmaod farTe diapazonSi. magram, ufro mkveTrad 

gamoxatulia im sixSireebze, romlebic emTxveva kunTebis 

bioimpulsaciis speqtrSi Semavali im harmonikebis sixSireebs, 

romlebsac Seicavs kunTi vibraciuli zemoqmedebis gareSe.  

naxaz 12-ze moyvanilia kunTebis bioeleqtruli aqtivobis 

rxevebis speqtrogramebi vibraciis f = 80 hc sixSiriT moqmedebis 

dros. vibraciis amplitudaa A = 1,0 mm, xolo kunTebis statikuri 

daZabuloba 25%. speqtrogramebSi kargad Cans speqtrSi arsebuli 

harmonikebi, romelTa sixSireebi emTxveva gare vibraciis sixSires. 

iqvea moyvanili vibratoris rxevebis amplitudebis speqtrograma.  

gansakuTrebuli yuradRebis Rirsia iseTi faqti, romelic 

SesaZloa warmoadgens centralur sakiTxs vibraciis biologiuri 

zemoqmedevbis dros. sinqronizaciis dadgomis da organizmis mier 

miwodebuli ritmis mdgradad aTvisebis Semdeg, ramodenime xnis 

ganmavlobaSi, kunTebis bioaqtivobis rxevebis speqtrSi SeimCneva  
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nax. 12. TiTebis momxreli-1 da gamSleli-2 kunTebis sinqronizaciis  
miogramebi 

A = 1,0 mm, f = 80 hc, F = 25% (10 kg) 
 

Sesabamisi sixSiris harmonikis arseboba vibraciis moxsnis Semde-

gac. aucilebel pirobas am SemTxvevaSi warmoadgens kunTis im 

daZabulobis SenarCuneba, rac mas gaaCnda vibraciis moqmedebis 

dros. dro, romlis ganmavlobaSic SeinarCuneba aTvisebuli ritmi 

sxvadasxva gamosacdelisTvis sxvadasxvaa. igi grZeldeba ramodenime 

wamidan 20-30 wamamde.  
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daskvna 

1. ganviTarebulia axali prgresuli mimarTuleba adamianis 

mamoZravebeli aparatis vibrodacvis sakiTxebSi, romelic efuZneba 

ori urTierTmoqmedi, gare da organizmis Siga, rxeviTi procesis 

gamokvlevas. 

2. damuSavebulia biomeqanikuri rgolis dinamikuri maxasiaTeblebis 

eqsperimentuli gamokvlevis meTodi, romelic emyareba meqanikuri 

da biorxevebis amplitudur-sixSiruli damokidebulebebis 

gazomvebs, vibraciis lokaluri zemoqmedebis dros. Seqmnilia 

danadgari adamianis organizmis vibraciul gamaRizianebelze 

reaqciis maxasiaTebeli parametrebis integralurad Sesafaseblad.  

3. damuSavebuli meTodebis safuZvelze Catarebulia eqsperimentuli 

gamokvlevebi, romlebic iZleva saSualebas davadginoT 

biomeqanikuri sistemebis Tvisebebi da kanonzomierebebi, vibraciis 

lokaluri zemoqmedebis dros. saxeldobr: 

- adamianis kiduris sivrciT rxevebSi mimarTuli vibraciis energiis 

araTanabari ganawilebis kanonzomierebebi, romlis intensivoba 

damokidebulia gadacemuli vibraciis parametrebze da kunTebis 

daZabulobaze. 

- kiduris nawilebis rxevebis maqsimaluri amplitudebis 

sixSireebis Zvra, romelic calsaxad aris kavSirSi kunTebis 

stacionaruli SekumSvis cvilebasTan da rac adasturebs sistemis 

drekad-histerezisuli kavSirebis arawrfivobas. 

- kunTis mamoZravebeli aqtivobis cvlilebis kanonzomiereba, 

romelic mdgomareobs imaSi, rom misi jamuri bioeleqtruli 

aqtivobis done, modunebul mdgomareobaSi da stacionaruli 

SekumSvebis dros, reliefuradaa kavSirSi vibrozemoqmedebis 

sixSiresTan. vibraciis amplituda am dros cvlis zemoqmedebis 

intensivobas.  
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- kunTis Tviseba, Semavali parametrebis da misi funqcionaluri 

mdgomareobis ucvlelobis dros, Seicvalos bioaqtivoba vibroze-

moqmedebis drois xangrZlivobiT. 

- organizmis Tviseba aiTvisos garedan miwodebuli ritmi, rac 

gamoixateba kunTebis bioeleqtrul aqtivobasa da gare vibracias 

Soris sinqronizaciasa da rezonansul reJimebSi da am reJimebis 

adre ucnobi raodenobrivi Tanafardobebis dadgena, romlebic 

individualuria TiToeuli adamianisTvis.  

- biorxevebis speqtris maqsimumebis cvlilebaTa kanonzomierebebi 

sinqronizaciis reJimSi, rasac ganapirobebs vibraciis sixSiris, 

statikuri daZabulobis da vibroeqspoziciis cvlilebebi.  

- kunTebis Tviseba gazardos sinqronizaciis efeqti maTi 

daRlilobis Sedegad.  

4.  cifruli meTodebis gamoyenebiT, kompiuterze maTematikuri  

modelis amoxsniT miRebulia Sedegebi,  romlebic saSualebas 

iZleva SevadaroT isini eqsperimentuli gamokvlevebiT miRebul 

Sedegebs. kerZod, naCvenebia imitaciuri modelirebis meSveobiT 

rgolis meqanikuri rxevebis da neironuli qselis rxevebis 

sinqronizaciis reJimebis realizaciis SesaZlebloba, gare 

perioduli zemoqmedebis dros. 

- miRebulia biomeqanikuri rgolis meqanikuri rxevebis maqsimaluri 

amplitudebis sixSireebisa da neironuli qselis aqtivobis rxevebis 

sixSireebis damokidebulebebi kunTebis daZabulobasa da neironuli 

qseli mdgomareobaze. 
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Abstract 

Along with oscillating – undulatory natural processes such as gravity, electro-

magnetic radiation, ionization etc. permanently influencing human organism, vibration 

and noise are found to be the most widespread. 

Development of new superfast machines and high speed instruments and devices 

have gone far beyond the development of effective and reliable vibroprotection solutions 

of human-operators. On the practice the existing vibroprotection solutions and methods 

do not guarantee proper security of people working in vibro-dangerous professions and 

environments. Correspondingly, the problem of vibroprotection of human-operators seeks 

for the solution of difficult and complicated issues through nontraditional methods and 

fundamentally different approaches.  

While working on the mentioned problem solution through bridging theoretical 

and practical ideas a model based on interaction of two oscillatory processes has been 

picked out. Consequently, the goal of this work is the study of vibration influence 

mechanism on the human organism through research of properties and regularities 

interaction of two oscillatory processes: mechanical – local vibration and muscle’s 

bioelectric activity.  

Theoretical and experimental research methods of mechanical and bioelectric oscillations 

of biomechanical circle have been elaborated to achieve this goal and corresponding 

results have been obtained under the influence of local vibration, which represents the 

scientific novelty of the work performed. 

Particularly, properties and regularities of biomechanical system are being established, 

namely: 

- Human biomechanical circle mechanical spatial oscillations’ regularities that 

 depend on vibration parameters and muscle tension. 

- Dependence of included into vibration influence muscles’ cumulative bioelectrical  

activity parameters on vibration parameters and muscles’ functional state. 

- Relationship of biomechanical circle muscles’ mechanical and bioelectrical 

 oscillations under external vibration exposure. 

- Property of human organism to absorb externally fed rhythm and quantitative  

regularities of synchronization between external vibration and muscle’s cumulative 

bioelectrical activity. 

Mathematical model of biomechanical circle considering mechanical and neural 

components of the closed system has been composed.  By means of digital experimental 

research methods of math models the synchronization and resonance regimes are obtained 

between circle mechanical oscillations, neuron activity and external periodical exposure. 

Practical value of the work is that obtained quantitative regularities let us approach the 

vibroprotection problem of workers with vibro-dangerous professions from the new, still 

unexplored position and utilize them in regulatory sphere of vibration parameters. On the 

bases of results obtained it’s possible to develop technical solutions for human muscle 

system functional condition and stimulation diagnostics.  

Performed work contains also the survey of references on the subject and critical 

analysis used in setting up the work tasks. 

Principal part of the work contains description of device-installation complex 

through which the comprehensive measurement of oscillatory processes’ parameters 

influencing human upper limbs is being conducted and which, on the bases of accurate 
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results, allows us to specify the mechanism underlying local vibration effective exposure 

on neuromuscular apparatus.  

Theoretical part contains phenomenological model of biomechanical circle 

including two interconnected components: mechanochemical – considering muscles’ 

properties to transform chemical energy into mechanical and nervous – in form of neural 

network system.  Results obtained through computer simulation method of mentioned 

model qualitatively prove theoretical capabilities of neuron network activity 

synchronization with external influence and resonance regimes’ realization.  

Experimental part contains results of experimental tests on organism reaction 

during transmission of local vibration to the human limbs in form of amplitude-frequency 

diagrams and other graphical illustrations.  

Quantitative results obtained on the bases of multiple tests are being classified and 

extrapolated. In particular, it’s been defined that oscillations of limp parts are relief 

dependent on vibration input parameters and muscles’ functional state.  

The expression of biological reaction of the limb to the local vibration is the change of its 

muscles’ motor activity.  

Retention of auto-oscillatory regimes of muscles’ bioelectric activity oscillations 

occurs through vibration exposure and vibration frequency is the rhythm carrier in this 

regime. 

Significant growth of muscles’ bioelectric activity oscillations’ amplitudes occurs at 

certain frequencies.  

Synchronization of muscles’ bioelectric activity oscillations with external 

vibration frequencies is observed in quite wide range of frequencies. There are optimal 

magnitudes of vibration amplitude and muscles’ static tension where synchronization is 

more clear-cut.  

There are regimes when muscles’ bioactivity oscillations’ frequencies completely 

coincide with vibration frequency. Quantitative indexes of such regimes are individual for 

each person. 

Fatigue processes in muscles are heavier during vibroexposition and synchronization 

effect in tired muscles is manifested faster.  

Finally, results obtained from theoretical and experimental researches are summarized in 

conclusions and defined as follows: 

- New progressive aspect in human motor apparatus vibroprotection is being 

 developed; it is based on research of two interactive – external and inner organism 

oscillatory processes. 

- Experimental research method for biomechanical circle dynamic characteristics is  

being elaborated; it is based on measurements of mechanical and biological oscillations’ 

amplitude-frequency dependences under vibration local exposure. The special device has 

been designed for integral assessment of characterizing parameters of human organism 

reaction to the vibration irritants. 

- Experimental tests have been performed on the bases of elaborated methods that  

allow us to define properties and regularities of biomechanical systems under vibration 

local exposure. 

- Phenomenological model version of biomechanical circle containing  

neuromuscular apparatus mechanochemical and neural components is being composed 

that allows us to study closed system under different external exposures. 


