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Sesavali 

 
teqnikis ganviTarebis Tanamedrove amocanebma, xarisxis, saimedoobis, 

uavario muSaobis, Sesasrulebeli funqciebis sizustisa da 
teqnologiurobisadmi gazrdilma moTxovnebma  mkveTrad gazarda teqnikuri 
diagnostikis MmeTodebis Seqmnisa da diagnostikuri saSualebebis  gamoyenebis 
aucilebloba, riTac igi Camoyalibda, rogorc  teqnikuri uzrunvelyofis 
damoukidebeli mimarTuleba. samomxmareblo bazris maRali konkurentuli 
garemo, romelic mkveTrad zrdis produqciis xarisxisadmi wayenebul 
moTxovnebs teqnikuri sistemebis TviTRirebulebis Semcirebisakenaa 
orientirebuli (masalebis, teqnologiurobis, damuSavebisa da damzadebis 
drois SezRuduli resursebis pirobebSi), amasTan usafrTxoebis, Seuferxebeli 
muSaobis, xangamZleobis moTxovnebi araviTar SeRavaTs ar iTvaliswinebs 
gansakuTrebiTA rTuli da Zvirad Rirebuli sistemebis mimarT. amitom teqnikuri 
diagnostikis mimarTuleba rCeba erTaderT gonivrul gadawyvetilebad teqnikur 
sistemebSi aseTi urTierTgamomricxavi amocanebis gadawyvetisas. 

teqnikuri diagnostika  warmoadgens teqnikuri bunebis obieqtebis 
defeqtebis mokvlevisa da aRmoCenis     Teorias,  meTodebsa  da   saSualebebs.  
defeqti ganixileba, rogorc obieqtis mocemul, moTxovnil an mosalodnel   
nebismier  TvisebasTan  Seusabamoba.   diagnostika aris  obieqtSi defeqtis  
arsebobisa Tu ararsebobis  faqtis dadastureba. defeqtis moZieba gulisxmobs 
garkveuli albaTobiT  (sizustiT)  misi adgilmdebareobis miTiTebas  obieqtSi. 

termini “diagnostika” warmodgeba berZnuli sityva “diagnozisagan”, rac 
qarTulSi garCevas, gansazRvras niSnavs. sadiagnostiko procesSi dgindeba 
diagnozi, es SeiZleba iyos avadmyofis mdgomareobis gansazRvra (samedicino 
diagnostika) an teqnikuri sistemis mdgomareobis dadgena (teqnikuri 
diagnostika). 

teqnikuri diagnostikis ZiriTadi daniSnulebaa obieqtis  saimedoobis 
amaRleba  misi damzadebis,  eqspluataciis da Senaxvis dros.  

diagnostikuri uzrunvelyofa saSualebas iZleva gavzardoT obieqtis 
swori funqcionirebis sandooba, gavzardoT misi muSaobis xangrZlivoba da 
Seuferxebeli  muSaobis dro.  

moTxovnebi, romelsac unda akmayofilebdnen  damzadebuli (axali) an 
eqspluataciaSi myofi obieqtebi, ganisazRvreba  Sesabamisi normatiul- 
teqnikuri dokumentaciiT. iTvleba, rom  obieqti, romelic akmayofilebs 
normatiul-teqnikuri dokumentaciis yvela moTxovnas  teqnikurad gamarTulia.  

eqspluataciis pirobebisaTvis mniSvnelovania  cneba obieqtis muSa 
teqnikuri mdgomareoba.  obieqti  muSa mdgomareobaSia,  Tu mas SeuZlia 
Seasrulos yvela dakisrebuli funqcia  mocemuli parametrebis  (niSan-
Tvisebebis)  SenarCunebiT moTxovnil sazRvrebSi. 

Tu obieqtis daniSnulebis mixedviT  gamoyenebis momentSi misi parametrebi 
(niSan-Tvisebebi) moTxovnil sazRvrebSia,  maSin is  sworad funqcionirebadi 
obieqtia.  

sadiagnostiko obieqtebi SeiZleba daiyos gaumarTav, aramuSa  teqnikuri 
mdgomareobis  an araswori funqcionirebis teqnikuri mdgomareobis  
obieqtebad,  Tu miTiTebuli iqneba obieqtis erT an ramdenime Semadgeneli 
nawilis an mTlianad obieqtis Sesabamisi defeqtebi, romlebic gamarTulobas,  
muSaobisunarianobas an  sworad  funqcionirebis pirobas  arRveven. 

defeqtebis  Zieba da  aRmoCena  obieqtis teqnikuri mdgomareobis 
gansazRvris procesebia. isini erTiandebian saerTo terminiT ”\diagnostika”.  
diagnozi  diagnostikis Sedegia.  

nebismieri obieqtis teqnikuri mdgomareobis diagnostika xorcieldeba ama 
Tu im  sadiagnostiko  saSualebebiT. sadiagnostiko saSualebebi SeiZleba iyos 
aparaturuli an programuli; sadignostiko saSualebis rolSi SeiZleba 
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adamiani-operatori,  kontroliori an  gamwyobi mogvevlinos. sadiagnostiko 
saSualebebi da sadiagnostiko obieqtebi erToblivi moqmedebisas qmnian  
sadiagnostiko sistemas.  ganasxvaveben testur da funqciuri diagnostikis 
sistemebs.  testuri sadiagnostiko sistemebis gamoyenebisas  obieqtze xdeba 
specialurad organizebuli testuri zemoqmedeba. funqciuri sadiagnostiko 
sistemaSi,  romlsac  obieqtis daniSnulebis mixedviT muSaobisas  gamoiyeneben, 
testuri zemoqmedeba, rogorc wesi, gamoricxulia;  obieqtze zemoqmedeben 
mxolod  funqcionirebis algoriTmis Sesabamisad. 

 sadiagnostiko sistema    obieqtis teqnikuri mdgomareobis gansazRvris 
procesSi axdens  testuri an funqciuri sadiagnostiko  algoriTmis 
realizacias.  sadiagnostiko algoriTmi zogadad Sedgeba e.w. elementaruli 
Semowmebebis  garkveuli  erTianobisagan, aseve  obieqtis elementaruli 
Semowmebebis  Tanmimdevrobis  da diagnostikis Sedegebis analizis  wesebisagan. 
TiToeuli elementaruli Semowmeba  xasiaTdeba Tavisi miwodebuli an 
Semosuli   testuri an muSa zemoqmedebiT da  sakontrolo wertilebis 
SedgenilobiT, romelTaganac ixsneba   obieqtis pasuxebi zemoqmedebis 
faqtorebis Sesaxeb. 

sadiagnostiko sistemis Seqmnisas  gadasawyvetia obieqtis  Seswavlis,  
SesaZlo defeqtebisa da gamovlenebis niSnebis,  obieqtis  qcevis gamarTuli  
da gaumarTavi modifikaciis  modelis agebis an  arCevis  amocanebi.  

obieqtis teqnikuri mdgomareobis gansazRvris procesSi ganixileba cnebebi  
”marTva”,  ”kontroli”  da ”diagnostireba”. 

“marTva” gulisxmobs mizanmimarTuli mmarTveli gadawyvetilebis  
gamomuSavebisa da    obieqtze zemoqmedebis  ganxorcielebis process. 

“kontroli”  aris obieqtis teqnikuri mdgomareobis Sesaxეb monacemTa 
Segrovebisa da damuSavebis procesi  movlenis gansazRvris mizniT.  Tu movlena 

gulisxmobs  obieqtis romelime parametრis mier  winaswar  gansazRvruli 
mniSvnelobis  miRwevis faqts, maSin SeiZleba visaubroT mocemuli parametris 
kontrolis Sesaxeb.   Tu dasafiqsirebelia obieqtis gamarTuli Tu gaumarTavi, 
muSa an aramuSa, swori   an araswori  funqcionirebis  mdgomareoba, maSin  
saqme gvaqvs obieqtis teqnikuri mdgomareobis kontrolTan.  

testuri sadiagnostiko sistemebi  marTvis sistemebia, radganac maTSi 
realizebulia,  obieqtze specialurad organizebuli testuri  (mmarTveli) 
zemoqmedebis gamomuSaveba da ganxorcieleba,  misi teqnikuri mdgomareobis 
dasadgenad. 

funqciuri sadiagnostiko sistemebi  kontrolis sistemebia (farTo 
gagebiT),  obieqtze mizanmimarTuli  zemoqmedebis aucileblobis gareSe. am 
TvalsazrisiT, magaliTad,  ararRveviTi  (aradamazianebeli, ararRvevadi) 
kontrolis sistemebi gvevlineba testuri sadiagnostiko klasad, xolo 
teqnikuri mdgomareobis kontrolis  vibroakustikuri   sistemebi - funqciuri 
sadiagnostiko sistemebia. 

obieqtis (an procesis)  formalizebuli  modeli  aris misi analizuri, 
grafikuli, cxriluri an sxva  formiT aRwera.  sadiagnostiko martivi 
obieqtebisaTvis mosaxerxebelia  e.w.  aSkara modelis   gamoyeneba,  romelic 
gamarTuli obieqtis  aRwerasTan erTad  Seicavs gaumarTavi modifikaciis  
aRwerasac. 

sadiagnostiko obieqtis calsaxa modeli gulisxmobs mis mxolod erTi 
aRwerilobis  arsebobas, magaliTad  gamarTuli obieqtis aRwerilobas,  xolo  
formalizebuli modeli defeqtebis da maTi miRebis wesis aRweras defeqtebis 
modelebis  mixedviT obieqtis yvela gaumarTavi modifikaciisaTvis. 

arseboben  obieqtis  funqciuri da struqturuli   modelebi. pirveli 
asaxavs obieqtis  muSa Sesasvlelebsa da gamosasvlelebze   gamarTuli an 
gaumarTavi obieqtis yvela funqcias,  xolo meore, amis garda , Seicavs 
informacias  obieqtis Siga organizaciis, misi struqturis  Sesaxeb.  
funqciuri modeli saSualebas gvaZlevs gadavwyvitoT  obieqtis 
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muSaobisunarianobisa da swori funqcionirebis amocana. obieqtis gamarTulobis 
Sesamowmeblad (zogadad) da ufro Rrmad mimavali  defeqtebis  ZiebisaTvis,  
gamoiyeneben struqturul modelebs. 

sadiagnostiko obieqtis modelebi SeiZleba iyos determinirebuli da 
albaTuri. determinirebul models mimarTaven, rodesac SeuZlebelia obieqtis 
qcevis determinirebuli aRwera. 

sadiagnostiko obieqtis modelebi saWiroa formalizebuli modelis  
sadiagnostiko algoriTmis Sesaqmnelad.  

sadiagnostiko algoriTmis Seqmna gulisxmobs iseTi elementaruli 
Semowmebebis SerCevas, romelTa Sedegebis mixedviT defeqtebis aRmoCenis 
amocanaSi SesaZlebeli iqneba  obieqtis gamarTuli da gaumarTavi mdgomareobis 
an obieqtis  gamarTuli   da gaumarTavi  funqcionirebis mdgomareobis da 
defeqtebis Ziebis amocanebSi  gaumarTavi mdgomareobis garCeva.    

obieqtis sadiagnostiko aracalsaxa modelebis sadiagnostiko algoriTmis  
agebisas  elementaruli Semowmebebi  SeirCeva  teqnikuri mdgomareobis aRweris 
im wyvilTa SedarebiT,  romelTa teqnikuri mdgomareobis gansxvavebis 
dadgenacaa moTxovnili.  testur sadiagnostiko amocanaSi obieqtis 
sakontrolo wertilebis Sedgeniloba  xSirad  winaswar gansazRvruli da 
erTnairia yvela elementaruli SemowmebisaTvis. aseT  SemTxvevaSi  irCeven  
elementaruli Semowmebebis  mxolod  Sesasvlel   zemoqmedebebs - es  
testebis  agebis amocanaa . funqciur sadiagnostiko amocanebSi, piriqiT, 
elementaruli Semowmebebis Sesasvleli zemoqmedebebi winaswar SerCeulia 
obieqtis funqcionirebis muSa algoriTmiT da arCevas eqvemdebareba mxolod 
sakontrolo wertilebis Sedgeniloba. 

sadiagnostiko erTi da imave amocanis gadawyvetisas (mag. gamarTulobis 
Semowmeba)  SeiZleba aigos ramdenime algoriTmi, romelTa   realizacia  
SesaZlebelia  an elementaruli Semowmebis saSualebiT an maTi  
TanmimdevrobiTi realizaciT. 

sadiagnostiko operaciebis Sromis nayofierebis gazrdis, defeqtebis 
moZiebisa da aRmofxvris, sadiagnistiko saSualebebis moculobisa da sirTulis 
Semcirebis  aucilebloba, garkveul interess warmoadgens iseTi optimaluri  
algoriTmebis meTodebis Seqmnisas, romelTa realizacia minimalur danaxarjs 
moiTxovs. 

sadiagnostiko saSualebebi  SeiZleba iyos  aparaturuli an programuli, 
garegani an CaSenebuli, xelis,  avtomatizebuli an avtomaturi, specializebuli 
an universaluri. 

funqciuri sadiagnostiko saSualebebi, rogorc wesi, CaSenebulia, amitomac 
maTi  damuSaveba da  Seqmna obieqtTan erTad mimdinareobs. 

obieqtis kontrolvargisianobas uzrunvelyofs  Sesamowmebeli obieqtis 
struqturis gardaqmna sadiagnostikod mosaxerxebel formad. amitom obieqtSi 
jer kidev daproeqtebis etapze SehyavT testuri sadiagnostiko damatebiTi 
CaSenebuli saSualebebi. 

sadiagnostiko amocanebi _ drois mocemul  momentSi an momavalSi 
obieqtis teqnikuri mdgomareobis dadgenis amocanebia.  

pirveli tipis amocanebi formalurad SeiZleba mivakuTvnoT  teqnikur 
diagnostikas, xolo meore tipis amocanebi teqnikur prognostikas. arsebobs 
mesame tipis amocanebic - obieqtis teqnikuri mdgomareobis gansazRvra 
warsulis romeliRac momentSi, romelic teqnikuri genetikis saxeliTaa 
cnobili. teqnikuri genetikis amocanebi Seiswavleba avariis mizezebis 
gamokvlevisas, rodesac obieqtis teqnikuri mdgomareoba,  drois gansaxilvel 
momentSi, gansxvavdeba  warsulSi avariis gamomwvevi pirveladi  mizezis 
warmoSobis mdgomareobisagan. am amocanebis gadawyveta  dafuZnebulia obieqtis 
dRevandeli mdgomareobis gamomwvevi albaTuri winaistoriebis gansazRvraze. 
teqnikuri prognostikis amocanebs miekuTvneba obieqtis muSaobis  
xangrZlivobis an profilaqtikuri Semowmebisa da remontis  vadis dadgenis 
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amocanebi.  am amocanaTa gadaWra xorcieldeba drois mocemuli momentidan 
dawyebuli  obieqtis mdgomareobis SesaZlo an albaTuri evoluciis 
gansazRvriT.  

prognozirebis amocanaTa gadaWra metad mniSvnelovania, kerZod,  obieqtis  
teqnikuri momsaxurebis  organizaciisaTvis  mocemuli momentisaTvis misi 
mdgomareobis mixedviT  (nacvlad saresurso momsaxurebisa). sadiagnostiko 
amocanaTa uSualo gadatana  prognozirebis amocanebze dauSvebelia, muSa 
modelTa gansxvavebis gamo, kerZod: modeliT diagnostikas  Cveulebriv iyeneben 
obieqtis aRwerilobas, maSin rodesac prognozirebisas aucilebelia obieqtis 
teqnikuri mdgomareobis maxasiaTeblebis droSi  evoluciis procesis ganxilva. 

sadiagnostiko sistemis xarisxis mTavari maCvenebelia defeqtis 
garantirebuli da sruli aRmoCena da Ziebis siRrme. 

garCevadobis meTodebis zogadi Teoriisa da diagnostikis maTematikuri 
Teoriis  sakiTxebis daufleba saSualebas gvaZlevs ufro dasabuTebulad 
SevarCioT diagnostikis konkretuli xerxebi da maTi Sesabamisi gadawyvetis 
wesebi.  

teqnikuri diagnostika aris mecnierebaa teqnikuri sistemis  mdgomareobis 
garCevis Sesaxeb, romelic diagnostikuri informaciis mopovebisa da Sefasebis 
problemaTa farTo wres moicavs.   

rogorc ganmartebidan Cans teqnikuri diagnostika Seiswavlis 
diagnostikuri informaciis mopovebisa da Sefasebis meTodebs, diagnostikur 
modelebsa da gadawyvetilebis miRebis algoriTmebs. teqnikuri diagnostikis 
mizania teqnikuri sistemebis saimedoobisa da samuSao resursis gazrda. 

rogorc cnobilia, saimedoobis yvelaze mniSvnelovani maCvenebeli 
teqnikuri sistemis muSaobis procesSi Seferxebebis ararasebobaa. 
magaliTisTvis SeiZleba warmovidginoT ra Sedegebamde SeiZleba migviyvanos 
TviTmfrinavis an gemis Zravas mtyunebam frenisas da curvisas, rom araferi 
vTqvaT energetikul danadgarebSi warmoqmnili mtyunebis Sesaxeb (Cernobili, 
fukuSima). 

teqnikur sistemebSi adreul stadiebze defeqtebisa da gaumarTaobebis  
aRmoCena  saSualebas iZleva mkveTrad Semcirdes Seferxebebis ricxvi da 
Tavidan aviciloT SesaZlo mZime Sedegebi, rac mkveTrad zrdis teqnikuri 
sistemebis efeqturobasa da saeqspluatacio saimedoobas, aseve saSualebas 
iZleva darCes eqspluataciaSi sistema faqtobrivi mdgomareobis gansazRvris 
Semdeg. praqtikaSi aseTi sistemis resursi ganisazRvreba nakeTobis yvelaze 
“susti” egzemplarebis saSualebiT. TiToeuli egzemplari eqspluataciaSia 
teqnikuri sistemis diagnostikis zRvruli mniSvnelobis rekomendaciis 
mixedviT. aseTi saxis, teqnikuri mdgomareobis mixedviT, eqspluatacias SeuZlia 
moitanos ekonomikuri efeqti, am tipis eqspluataciaSi myof manqanaTa parkis 
saerTo Rirebulebis 30 %-is farglebSi. 

teqnikuri diagnostika amocanaTa Zalian farTo wres ganixilavs, 
romelTagan umetesoba mWidro kavSirSia momijnave disciplinebis amocanebTan. 
teqnikuri diagnostikis ZiriTadi amocanaa SezRuduli diagnostikuri 
informaciis pirobebSi teqnikuri sistemebis mdgomareobis garCevadoba. 
teqnikur diagnostikas xSirad dauSlel diagnostikasac uwodeben anu 
diagnostikas, rodesac obieqtis  mdgomareobis analizi eqspluataciis 
pirobebSi xorcieldeba, nakeTobis daSlis gareSe. xSirad informaciis 
simciris gamo SeuZlebelia msjeloba obieqtis teqnikuri mdgomareobis Sesaxb 
aseT dros srulyofili analizis Casatareblad mizanSewonilia statistikuri 
meTodebis gamoyeneba.  

teqnikuri diagnostikis ZiriTadi amocanis gadaWris Teoriuli safuZvelia 
saxeTa garCevis zogadi Teoria..  es Teoria, romelic teqnikuri kibernetikisa 
da informaciuli teqnologiebis mniSvnelovan nawils warmoadgens Seiswavlis 
nebismieri bunebis (geometriuli, bgeriTi, optikuri da sxva.) saxeTa garCevis 
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(metyyvelebis, nabeWdi da xelnaweri teqstebis da sx.) algoriTmebs    
diagnostikur amocanebTan mimarTebaSi. 

saxeTa garCevis algoriTmebi teqnikur diagnostikaSi umetesad efuZneba 
diagnostikur modelebs, romlebic amyareben kavSirs teqnikuri sistemis 
mdgomareobasa da maT asaxvebs Soris diagnostikuri signalebis sivrceSi. 
diagnostikuri amocanis gadawyveta (obieqtisTvis gamarTuli Tu gaumarTavi 
mdgomareobis miniWeba) yovelTvis dakavSirebulia yalbi gangaSis an miznis 
gamotovebis garkveul riskTan. dasabuTebuli gadawyvetilebis misaRebad 
mizanSewonilia gamoyenebul iqnas statistikuri gadawyvetis meTodi.  

teqnikuri diagnostikis amocanebis amoxsna yovelTvis dakavSirebulia 
saimedoobis prognozebTan eqspluataciis uaxloesi periodisaTvis (Semdeg 
teqnikur daTvalierebamde). am SemTxvevaSi gadawyvetebi dafuZnebuli unda iyos 
saimedoobis Teoriidan cnobil  uarebis modelebze. 

teqnikuri diagnostikis meore mniSvnelovani mimarTulebaa nakeTobis 
kontrolunarianobis Teoria. kontrolunarianoba nakeTobis Tvisebaa 
uzrunvelyos misi teqnikuri mdgomareobis, adre aRmoCenili gaumarTaobebisa da 
Seferxebis sando Sefaseba. kontrolunarianobis Teoriis umniSvnelovanesi 
amocanaa diagnostikuri informaciis miRebis meTodebisa da saSualebebis 
Seswavla. rTul teqnikur sistemaSi gamoiyeneba teqnikuri mdgomareobis 
avtomatizebuli kontrolis sistema, romlic gulisxmobs diagnostikuri 
signalis miRebis, damuSavebisa da mmarTveli signalis formirebis 
avtomatizebul meqanizms. aseve Zalian mniSvnelovania kontrolunarianobis 
Teoriis amocana, romelic gulisxmobs gaumarTaobebis aRmoCenis algoriTmebis 
Seqmnas, diagnostikuri testebis damuSavebas da daskvnis gamotanis procesis 
minimizacias.  

teqnikuri diagnostikis struqtura moicavs or urTierTgadamfarav da 
urTierTdakavSirebul mimarTulebas _ saxeTa garCevis da kontrolunarianobis 
Teoriebs (sur.1). garCevadobis Teoria moicavs struqturebs, romelic 
dakavSirebulia algoriTmebis agebasTan, gadawyvetilebis miRebis wesebTan da 
diagnostikuri modelebis SeqmnasTan. kontrolunarianobis Teoria moicavs 
diagnostikuri informaciis miRebis, gaumarTaobebis avtomatizebuli 
kontrolisa da moZiebis meTodebisa da saSualebebis Seqmnas.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

sur.1. teqnikuri diagnostikis struqtura 
zemoTqmulis gaTvaliswinebiT teqnikuri diagnostika SesaZlebelia 

ganxiluli iqnas, rogorc saimedoobis zogadi Teoriis Semadgeneli nawili. 
 

 

 

teqnikuri diagnostika 

garCevadobis Teoria kontrolunarianobis Teoria 

garCevadobis 

algoriTmi 

gadawyvetilebis miRebis 

wesi 

diagnostikuri 

modeli 

diagnostikuri  

informacia 

gaumarTavobis 

Zieba 

mdgomareobis kontroli 
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1. teqnikuri diagnostikis amocanis Camoyalibeba 
 

sawyisi cnebebi. praqtikaSi xSiria SemTxveveva, rodesac aucilebelia ama 
Tu im kvanZis defeqtis dadgena mowyobilobis eqspluataciis pirobebSi. 
magaliTad rTuli meqanizmis kbilanebis RerZebisa da kbilebis cveTis xarisxis 
dadgena. maT cveTas SeuZlia gamoiwvios nominaluri geometriuli zomebidan 
arasasurveli gadaxrebi, rac SesaZlebelia liTons daRlilobis gamo, kvanZis 
rRvevis mizezi gaxdes. eqspluataciis procesSi reduqtoris daSlis gareSe 
misi SigTavsis uSualo  daTvaliereba SeuZlebelia anu aucilebelia kvanZis da 
Sesabamisad manqanis eqspluataciis SeCereba, es ki manqanis saeqspluatacio 
xarjis zrdas gamoiwvevs. aRniSnulma gaumarTaobam SesaZlebelia Tavi iCinos 
reduqtoris akustikuri  fonis zrdiT, korpusis rxevis speqtrSi Sesabamisi 
mdgenelebis gaaqtiurebiT, namuSevar zeTSi liTonis Semcvelobis zrdiT da 
sxva parametrebis cvlilebiT.  

teqnikuri diagnostikis amocanaa arapirdapiri parametrebis gazomvis 
monacemebis mixedviT kbilanis kbilebisa da RerZis cveTis (zedapiruli fenis 
dazianeba) xarisxis dadgena. rogorc ukve aRvniSneT, teqnikuri diagnostikis 
erTerTi Taviseburebaa garCevadoba informaciis SezRuduli raodenobis 
pirobebSi, amitomac aucilebelia safuZvliani gadawyvetilebis miRebisas  
vixelmZRvaneloT garkveuli xerxebiTa da wesebiT. 

sistemis mdgomareoba aiwereba misi mdgomareobis maCvenebeli niSnebis 
(parametrebis) erTobliobiT (simravliT). igulisxmeba, rom ganmsazRvreli 
parametrebis simravle erTmaneTisagan gansxvavebulia, pirvel rigSi, TviT 
garCevis amocanidan gamomdinare. magaliTad, ganxiluli sistemis mdgomareobis 
gasarkvevad sakmarisia parametrebis ramdenime jgufi, mgram Tu sadiagnostiko 
obieqti sxva detalebicaa maSin aucilebelia sxva jgufis parametrebis 
damatebac. 

sistemis mdgomareobis garCevadoba  niSnavs sistemis mdgomareobis 
mikuTvnebas romelime SesaZlebeli klasisTvis (diagnozisTvis). diagnozebis 
raodenoba (klasebi, tipuri mdgomareobebi, etalonebi) damokidebulia amocanis 
Taviseburebebsa da kvlevis miznebze.  

xSirad aucilebeli xdeba arCevanis gakeTeba or diagnozs Soris 
(diferenciauri diagnostika an diqotomia; magaliTad, “gamarTuli mdgomareoba” 
da “gaumarTavi mdgomareoba”. sxva SemTxvevebSi auculebelia ufro 
dawvrilebiT daxasiaTdes gaumarTavi mdgomareoba, magaliTad kbilanis 
kbilebis momatebuli cveTa, turbinis frTebis momatebuli vibracia da sxva. Tu 
diagnostikis amocanaSi winaswar dadgenilia dignozi (klasi), maSin 
garCevadobis amocana daiyvaneba gaumarTaobis klasifikaciis amocanaze. 

teqnikuri diagnostikis mravali amocanis gadaWra dakavSirebulia 
informaciis didi raodenobis damuSavebasTan, amitom dignostikuri niSnis 
garCevadobis amocanis gadawyvetisaTvis aucilebelia monacemTa damuSavebis 
informaciuli teqnologiebisa da meTodebis gamoyeneba. 

garCevadobis algoriTmi aris garCevadobis procesis Tanamimdevrul 
moqmedebaTa erTianoba. am procesis arsebiTi nawilia diagnostikuri 
parametrebis racionaluri SerCeva, romelic sistemis mdgomareobas 
adekvaturad aRwers. maT moeTxovebaT maRali informaciuloba diagnozebis 
arsebuli SesaZlo raodenobidan diagnostikuri procesis ganxorcielebisaTvis. 

 
 

1.1. amocanis Camoyalibebis maTematikuri mxare 
 
diagnostikis amocanebSi sistemis mdgomareoba xSirad aiwereba 

diagnostikuri niSnebis (parametrebis) kompleqsiT 
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  (             ) 

sadac    aris diagnostikuri parametri    _Tanrigebis raodenobiT. 

vTqvaT, diagnostikuri parametri (niSani)    warmoadgens samTanrigian 

parametrs (    ), romelic axasiaTebs airis temperaturas turbinis gareT sami 

maxasiaTebeli mdgomareobiT dabali, normaluri, maRali.     parametris 

TiToeuli Tanrigi (intervali) aRiniSneba     iT, magaliTad, turbinis gareT 

airis maRali temperatura    . faqtobrivad dakvirvebis mdgomareoba Seesabameba 

parametris realizaciis garkveul mniSvnelobas, romelic aseTi saxis (*) zeda 
indeqsiT aRiniSneba. magaliTad, maRali temperaturis dros parametris 
realizacia   

     .  
zogadad sistemis TiToeuli egzemplari Seesabameba parametrebis 

kompleqsis romeliRac realizacias: 

   (  
    

     
     

 ).  

garCevadobis mraval algoriTmSi sistemis daxasiaTeba mosaxerxebelia    

parametriT, romelic warmoqmnis ν-ganzomilebian veqtors an wertils ν- 
ganzomilebian sivrceSi: 

  (             ) 

umetes SemTxvevaSi    parametrs gaaCnia uwyveti ganawileba. Tu    

parametri airis temperaturas aRniSnavs turbinis gareT maSin   ( ) parametrsa 

da samTanrigian    diagnostikur parametrs Soris Sesabamisobas eqneba aseTi 
saxe: 

                   

450 _ 550             

                  

am SemTxvevaSi    diagnostikuri niSnis saSualebiT miiReba diskretuli 

aRwera, maSin rodesac parametri    iZleva uwyvet aRweras. aRsaniSnavia, rom 
uwyveti aRwerisaTvis saWiroa bevrad meti moculobis winaswari  informacia, 
riTac    bevrad ufro maRali sizustis aRweriloba miiReba. TuU cnobilia 
parametris ganawilebis statistikuri saxe, maSin winaswari informaciis 
raodenoba mkveTrad klebulobs.  

zemoaRniSnulidan naTelia, rom sistemis  diagnostikuri  da parametruli 
niSnebiT aRweris SemTxvevebs Soris principuli xasiaTis winaaRmdegoba ar 
arsebobs, amitom SemdgomSi gamoyenebuli qneba aRweris orive saxeoba. 

teqnikuri diagnostikis amocanebSi sistemis diagnostikuri mdgomareoba _ 
diagnozebi Di  iTvleba cnobilad.   

garCevadobis amocanebSi arsebobs ori ZiriTadi midgoma: albaTuri da 
deteminirebuli.  

albaTuri meTodebis gamoyenebisas amocanis dasmis xasiaTi ase 
Camoyalibdeba:  mocemulia, romelime   SemTxveviT mdgomareobaSi myofi Di  

sistema. cnobilia parametrebis erToblioba, romelTagan TiToeuli garkveuli 
albaTobiT axasiaTebs sistemis mdgomareobas. moTxovnilia aigos gadamwyveti 
wesi, romlis daxmarebiTac SesaZlebeli iqneba diagnostikuri niSnebis 
erToblioba miekuTvnos erT  romelime SesaZlebel mdgomareobas (diagnozs). 
sasurvelia aseve SevafasoT miRebuli gadawyvetilebis saimedooba da mcdari 
gadayvetilebis riskis xarisxi. 

determinirebuli meTodebiT diagnistirebisas mosaxerxebelia amocanis 

geometriuli formulireba. Tu sistema xasiaTdeba ν-ganzomilebiani veqtoriT 

 , maSin sistemis nebismieri mdgomareoba warmoadgens wertils parametrebis ν- 
ganzomilebian sivrceSi. igulisxmeba, rom diagnozi Di  Seesabameba ganxiluli 
parametrebis sivrces. moTxovnilia vipovoT gadamwyveti wesi, romlis 
Tanaxmadac wardgenili veqtori    (sadiagnostiko obieqti) mikuTvnebuli iqneba 
garkveul diagnostikur sivrces. amrigad amocana daiyvaneba diagnostikuri 
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niSnebis sivrcis dayofaze diagnistikur zonebad. am meTodis gamoyenebisas 
iTvleba, rom diagnostikuri zonebi erTmaneTs ar “gadakveTen” e.i. erTi 
diagnozis albaToba (zona romelSic moxvdeba diagnstikuri wertili) udris 
erTs, xolo sxva wertilebis moxvedris albaToba nulis tolia anu erT 
zonaSi SesaZlebelia mxolod erTi diagnostikuri wertilis arseboba, rac 
niSnavs, rom mocemuli diagnostikuri niSani an gvaqvs mocemuli diagnozis 
SemTxvevaSi an ar gvaqvs. 

diagnostikis albaTuri da determinirebuli midgomebi principulad ar 
gansxvavdeba erTmaneTisagan. albaTuri meTodi ufro zogadi saxisaa, magram igi 
xSirad winaswari informaciis sagrZnoblad met raodenobas moiTxovs. 
determinirebuli midgomiT SedarebiT mokled aiwereba mimdinare garCevadobis 
procesebis arsi, is umniSvnelodaa damokidebuli zedmet araRirebul 
informaciaze da metad Seesabameba adamianis azrovnebis logikas. xatovnad 
SeiZleba vTqvaT, rom pirvel SemTxvevaSi mniSvnelovania yvela gamovlenili 
diagnostikuri niSnis gamokvleva, gaTvaliswineba, xolo meore SemTxvevaSi 
xorcieldeba mniSvnelovani diagnostikuri niSnebis gamorCeva kvlevaze 
damyarebuli intuiciuri, mkvlevaris gamocdilebasa da kvalifikaciaze 
damyarebuli midgomebiT.  

 
 
 

1.2. diagnostikis statistikuri meTodebi 
 

  baiesis meTodi. diagnostikis statistikuri meTodebis ZiriTadi 
upiratesoba sxva meTodebTan SedarebiT aris misi SesaZlebloba erTdroulad 
aRricxos sxvadasxva fizikuri bunebis mqone diagnostikuri niSnebi, radgan 
isini xasiaTdebian uganzomilebo sidideebiT _ sistemis sxvadasxva 
mdgomareobis  dros  maTi gamoCenis albaTobiT. 

simartiviTa da efeqturobiT baiesis meTods gamorCeuli adgili uWiravs 
diagnostikis statistikur meTodebs Soris, Tumca garkveuli xasiaTis 
xarvezebi am meTodsac gaaCnia, rac winaswari diagnostikuri informaciis didi 
raodenobis aucileblobiT, “arapopularuli” dazianebebis winaswari 
ugulvebelyofiT da sxva saxis naklovanebebiT gamoixateba. magram im 
SemTxvevebSi, rodesac statistikuri monacemebis moculoba saSualebas 
gvaZlevs gamoviyenoT baiesis meTodi mizanSewonilia misi gamoyeneba, rogorc 
erT_erTi saimedo da efeqturi meTodisa. 

meTodi damyarebilia baiesis martivi formulis gamoyenebaze. Tu 
mocemulia diagnozi Di  da ubralo diagnostikuri niSani    , romelic am 

diagnozisas gvxvdeba, maSin am sidideebis (obieqtisaTvis Di mdgomareobis da      
diagnostikuri niSnis) erTdroulad gamoCenis albaTobis xdomileba iqneba: 

 (     )   (  ) (    ⁄ )   (  ) (    ⁄ )                           (1.1) 
am tolobidan gamomdinareobs baiesis formula 

 (     )   (  )
 (    ⁄ ) 

 (  )
                                                                      (   ) 

Zalian mniSvnelovania zustad ganisazRvros formulaSi Semavali yvela 
sididis arsi. 

 (  )  _ Di  diagnozis albaTobaa, romelic ganisazRvreba statistikuri 
monacemebiT (diagnozis aprioruli albaToba), rac gulisxmobs, rom Tu 
winaswar gamokvleulia N obieqti da Ni obieqts gaaCnda Di mdgomareoba, maSin  

 (  )     ⁄ .                                       (1.3) 

 (    ⁄ ) aris Di  mdgomareobaSi myofi obieqtis     diagnostikuri niSnis 

gamoCenis albaToba. Tu Di - diagnoziani Ni obieqtidan romelimes    aRmoaCnda 

diagnostikuri niSani   , maSin  
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 (    ⁄ )  
     

  
                                              (1.4) 

 (  )  aris yvela obieqtze     diagnostikuri niSnis gamoCenis albaToba 

obieqtis mdgomareobisagan (diagnozisagan) damoukideblad. vTqvaT N obieqtebis 
saerTo raodenobidan    diagnostikuri niSni aRmoaCnda    obieqts, maSin  

 (  )     ⁄ .                                    (1.5) 

diagnozis dasasmelad    (  ) -s specialuri gamoTvla ar aris 

aucilebeli, rogorc amas Semdgom vnaxavT  (  )  da  (    ⁄ )  mniSvnelobebi 

cnobilia yvela SesaZlo mdgomareobisaTvis, romlebic  gansazRvraven  (  ) 
sididis mniSvnelobas. 

(1.2) tolobaSi  (     )  aris   Di  diagnozis albaTobis mniSvneloba mas 

Semdeg , rac cnobili gaxda gansaxilveli obieqtisaTvis    diagnostikuri 
niSnis arseboba (apostoriaruli diagnozis albaToba). 

 
 

1.3. baiesis ganzogadebuli formula 
 

ganzogadebuli formula miekuTvneba SemTxvevas, rodesac gamokvleva 

tardeba diagnostikuri niSnebis K kompleqsTan, romelic Seicavs k1,k2,…kν  
niSnebs. yovel kj niSans gaaCnia mj Tanrigi (kj1, kj2, …, kjs, …,     ).  kvlevis 

SedegebiT cnobili xdeba diagnostikuri niSnis realizacia 
  
     .                                                (1.6)  

iseve, rogorc niSnebis mTeli   kompleqsis  realizacia      indeqsi   
rogorc wina SemTxvevaSi aRniSnavs diagnostikuri niSnis konkretul 
mniSvnelobas (realizacias). baiesis formula diagnostikuri niSnebis 
kompleqsisaTvis miiRebs Semdeg saxes: 

 (    
 )   (  ) ( 

   ⁄ )  (  )⁄                                  (        )             (1.7)    
sadac   (    

 )  aris    diagnozis albaToba mas Semdeg, rac cnobili gaxda 
kompleqsuri diagnostikuri niSnebis K mixedviT kvlevis Sedegebi. 

  (  )  aris    diagnozis winaswari albaToba (adrindeli statistikuri 
monacamebis mixedviT). 

miRebuli (1.7) formula Seesabameba sistemis nebismier n mdgomareobas 
(diagnozs). igulisxmeba, rom sistema imyofeba mxolod erT romelime 
miTiTebul mdgomareobaSi da amitom  

∑  (  )
 
     .                                             (1.8) 

praqtikul amocanebSi xSiria ramdenime mdgomareobis (diagnozis) 
SesaZlebloba   A1,A2, …Ar   amasTan zogierTi maTgani SeiZleba sxvebTan erTad 
garkveul kombinaciaSi arsebobdes. aseT SemTxvevaSi sxvadasxva     diagnozebad 
ganxiluli unda iyos calkeuli mdgomareobebi D1=A1, …Dr=Ar da maTi 
kombinaciebi           ,  da a.S.  

ganvsazRvroT (1.7) formulaSi Semavali  (    ⁄ )  gamosaxulebis 

mniSvneloba. Tu diagnostikuri niSnebis kompleqsi Sedgeba ν niSnisagan maSin  
 (    ⁄ )   (  

   ⁄ ) (  
   

   ⁄ )  (   
   

   ⁄      
   ⁄ )                  (1.9) 

sadac   
      aris kvlevebis Sedegad gamovlenili diagnostikuri niSnis 

Tanrigi. damoukidebeli diagnostikuri niSnebisaTvis  
 (    ⁄ )   (  

   ⁄ )(  
   ⁄ ) (  

   ⁄ )                   (1.10) 
praqtikuli amocanebis umetesobisaTvis,  gansakuTrebiT diagnostikuri 

niSnebis didi raodenobisas, SeiZleba gamoviyenoT diagnostikuri niSnebis 
damoukideblobis piroba Tundac maT Soris arsebobdes arsebiTi korelaciuri 
kavSirebi.  

   diagnostikuri niSnebis gamoCenis albaToba  
 (  )  ∑  (  ) ( 

   ⁄ ) 
                                 (1.11) 
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aRniSnulis gaTvaliswinebiT baiesis ganzogadebuli fomula Semdegi saxiT 
Caiwereba: 

 (   
 ⁄ )    (  ) ( 

   ⁄ ) ∑  (  ) 
 
   (    ⁄ )⁄                                 (1.12) 

sadac  (   
 ⁄ )  gamosaxuleba  (1.9) an (1.10) tolobiT ganisazRvreba. (1.12) 

gamosaxulebidan gamomdinareobs, rom  
∑  (   

 ⁄ )    
   .                                         (1.13)   

rac, ra Tqma unda, mosalodnelia, radgan sadiagnostiko procesSi 
erT_erT maTgans mainc eqneba adgili (realizdeba), amasTan ori diagnozis 
erTdrouli realizacia SeuZlebelia. 

yuradReba unda mieqces im faqts, rom baiesis formulis mniSvneli yvela 
saxis diagnozisaTvis erTnairia. es saSualebas gvaZlevs Tavdapirvelad 
ganisazRvros mocemul realizaciaSi diagnostikuri niSnebis kompleqsidan  
i_uri diagnozis erTdrouli gamoCenis albaToba.  

 (    
 )   (  ) ( 

   ⁄ )                          (1.!4) 
xolo Semdeg diagnozis aposteruli albaToba 

 (    
 )   (    

 ) ∑  (    
 ) 

   ⁄                         (1.15) 
aRsaniSnavia, rom zogjer mizanSewonilia gamoyenebuli iqnas formula 

(1.12)_is  winaswar galogariTmebuli saxe, radgan  (1.10) gamosaxuleba Seicavs 
mcire sidideebis namravls. 

Tu raime diagnostikuri kompleqsis niSnebis    realizacia aris 
madeterminirebeli (ganmsazRvreli)    diagnozisaTvis, maSin es kompleqsi sxva 
diagnozebis SemTxvevaSi ar gvxvdeba: 

 
                                                                                             rodesac  s   

 ( 
 

  
⁄ )   

                                                                                                    rodesac   s=ρ 

aseT SemTxvevaSi (1.12) tolobis ZaliT gveqneba, rom: 
                                                                      

                                                                                                                     rodesac  s   

                                                ( 
 

  
⁄ )                                                                           (1.16) 

                                                                                                        rodesac   s=ρ 

rogorc vxedavT,  diagnozis dasmis deterministuli logika  albaTuri 
logikis kerZo SemTxvevas warmoadgens. baiesis formulis gamoyeneba 
SesaZlebelia im SemTxvevaSic, rodesac diagnostikuri niSnebis erT nawils 
diskretuli ganawilebis saxe aqvs, xolo meores _ uwyveti ganawilebis. uwyveti 
ganawilebisaTvis gamoiyeneba ganawilebis simkvriveebi, magram gamoTvlebisaTvis 
diagnostikuri niSnebis es gansxvaveba arsebiTi ar aris, Tu uwyveti mrudi 
mocemulia diskretuli mniSvnelobebis erTobliobiT. 

 
 
 
 

 
1.4. diagnostikuri matrica 
 

baiesis meTodiT diagnozebis albaTobebis gansazRvrisaTvis aucilebelia 
diagnostukuri matricis Sedgena (cx.1), romelic formirebulia winaswari 
statistikuri masalis bazaze. am cxrilSi mocemulia diagnostikuri niSnebis 
Tanrigebis albaToba sxvadasxva diagnozebisaTvis.  

im SemTxvevaSi Tu diagnostikuri niSnebi orTanrigiania  “diax_ara”, maSin 

sakmarisia cxrilSi  vaCvenoT niSnis gamoCenis albaToba   (    ⁄ ) . 
diagnostikuri niSnis  ararsebobis albaToba orive TanrigisaTvis 
erTgvarovnad gamosaxulia formiT 
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 (    ⁄ )   (     ⁄ ); 

  ( ̅   ⁄ )   (     ⁄ )  
cxrili 1. baiesis meTodis diagnostikuri matrica 

 
 
aRsaniSnavia, rom yvela SesaZlo albaTobis jami erTis tolia  

∑  (     ⁄ )    
  
    sadac    aris    diagnostikuri niSnis Tanrigebis raodenoba.  

diagnostikur matricaSi CarTulia diagnozebis aprioruli albaTobebi. 
baiesis matricis Sedgenisas mniSvnelovania diagnostikis procesSi 
gaTvaliswinebuli iqnes cxrilis dazustebis SesaZlebloba. amisaTvis 

kompiuteris mexsierebaSi Senaxuli unda iyos ara mxolod   (     ⁄ ) 

mniSvnelobebi, aramed Semdegi sidideebic:  N _ diagnostikuri matricis 
Sesadgeni obieqtebis saerTo raodenoba;  Ni _ obieqtebis raodenoba, romelTa 
diagnozia Di;     Ni j _ diagnostikuri niSniT k j _is mixedviT gamokvleuli Di 
diagnozis mqone obieqtebis raodenoba. Tu gamoCndeba axali obieqti diagnoziT 

Dμ, maSin xorcieldeba wina aprioruli diagnozebis koreqcia Semdegi saxiT: 
 

               
  

   
  (  )

 

   
 ;                            ; 

      (  )                                                             (1.17) 

               
    

   
  (  )

 

   
 

 

   
                      

 
amis Semdeg diagnostikuri niSnebisaTvis Semogvaqvs Sesworebebi.  vTqvaT, 

axali obieqtisTvis diagnoziT       aRmoCenilia  r Tanrigis diagnostikuri 

niSani kj, maSin Semdgomi diagnostikisaTvis miiReba axali mniSvneloba 
diagnostikuri niSnebis intervalebis albaToba ki axali     diagnozisaTvis:  
 
 

                        (     ⁄ )
   

     
 P                      ; 

  (     ⁄ )                                                               (1.18)                                                 

                    (     ⁄ )
   

     
 

 

     
                           

sxva diagnozebis SemTxvevaSi pirobiTi albaTobebi koreqtirebas ar 
saWiroeben. 

 
1.5. baiesis meTodis gamoyenebis konkretuli magaliTi 
 

vTqvaT, airturbinuli Zravas dakvirvebisas kontrolirdeba ori 
diagnostikuri niSani: k1 _ airis temperaturis zrda turbinis gareT 50  _is 
zemoT da k2 _maqsimaluri brunTa ricxvisas airis gamosvlis drois zrda 5 

                     diagnostikuri niSani kj 

diagn

ozi Di 
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wm_ze meti drois ganmavlobaSi. davuSvaT, rom mocemuli tipis ZravasaTvis am 
niSnebis gamovlena dakavSirebulia an siTbos reguliatoris gaumarTavobasTan 
(mdgomareoba D1) an turbinaSi radialuri RreCos zrdasTan (mdgomareoba D2). 

Zravas normaluri mdgomareobisaTvis (mdgomareoba D3) diagnostikur k1 
niSans ara aqvs adgili, xolo niSani k2 damaxasiaTebelia SemTxvevaTa 
5%_isaTvis. statistikuri monacmebis mixedviT cnobilia, rom Zravebis 
80%_isaTvis resurs amowuravs normalur mdgomareobaSi muSaobiT, Zravebis 
5%_isTvis damaxasiaTebelia D1 mdgomareoba, xolo 15%_isTvis D2 mdgomareoba. 
cnobilia aseve, rom diagnostikuri k1 niSani gvxvdeba D1 mdgomareobisaTvis 
SemTxvevaTa 20%_is, xolo D2 mdgomareobis 40%_is SemTxvevaSi; diagnostikuri 
niSani k2,  D1 mdgomareobisaTvis gvxvdeba 30%_is, xolo D2 mdgomareobisaTvis 
50%_is SemTxvevaSi. mocemuli monacemebi da am monacemebiT gansazRvruli 
diagnostikuri niSnebis albaTobaTa maCveneblebi  SevitanoT diagnostikur 
matricaSi (cxrili 1.2). 

Tavdapirvelad vipovoT Zravas mdgomareobebis albaTobebi, rodesac 
erTdroulad aRmoCenilia orive, k1 da k2, diagnostikuri niSani. amisaTvis 
CavTvaloT es niSnebi erTmaneTisagan damoukidebelad da 1.12 formulis 
gamoyenebiT vipovoT Zravas albaTuri mdgomareoba: 

 (      ⁄ )  
            

                                    
       

analogurad miviRebT  (      ⁄ )         (      ⁄ )   . 
ganvsazRvroT Zravas mdgomareobis albaToba, Tu gamokvlevebma gviCvena, 

rom temperaturis momatebas ara aqvs adgili (k1 = 0), magram airrdilia 
gamosvlis dro brunTa maqsimaluri ricxvisaTvis (k2 niSani arsebobs). k1  niSnis 

ar arseboba aris  ̅  niSnis arsebobis dadastureba (sawinaaRmdego xdomiloba), 
amasTan  

                 ( ̅   ⁄ )     (    ⁄ )   
gaangariSebisaTvis aseve iyeneben (1.12) formulas. magram diagnostikur 

cxrilSi  (    ⁄ )   mniSvnelobas cvlian  ( ̅   ⁄ ) mniSvnelobiT. am SemTxvevaSi  

 (   ̅   ⁄ )  
            

                                    
       

analogiurad miviRebT  (   ̅   ⁄ )         (   ̅   ⁄ )        gamoviTvaloT 
albaTuri mdgomareoba orive   diagnostikuri niSanis  ar gamovlinebis 
SemTxvevaSi.  gamoTvlas CavatarebT wina gamoTvlis analogiurad, ris 
Sedegadac miviRebT: 

 

 (   ̅  ̅ ⁄ )  
            

                                    
       

Sesabamisad       (   ̅  ̅ ⁄ )              da    (   ̅  ̅ ⁄ )      . 
aRsaniSnavia, rom   D1 da D2    albaTuri mdgomareobebi gansxvavebulia 

nulisagan, radgan gansaxilveli niSnebi maTTvis madeterminirebeli niSnebi ar 
aris. Catarebuli gamoTvlebis saSualebiT SeiZleba dadgindes, rom k1  da  k2 
niSnebis arsebobisas ZravSi 0,91 albaTobiT gvaqvs D1  mdgomaroba anu 
radialuri RreCos gadideba. orive niSnis ararsebobisas yvelaze albaTuria 
normaluri mdgomareoba albaTobiT 0,92. k1 niSnis ararsebobisas, rodesac gvaqvs 
k2 niSani,     da     mdgomareoba TiTqmis TanabaralbaTuria 0,46  da 0,41 
amitom Zravas mdgomareobis ufro zusti suraTis misaRebad aucilebelia 
damatebiTi gamokvlevebis Catareba.  

cxrili .2. diagnostikuri matrica 

   
 

 (    ⁄ )  (    ⁄ )  (  ) 

   0,2 0,3 0,05 

   0,4 0,5 0,15 
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   0,0 0,05 0,8 
 

1.6. diagnostirebis gadamwyveti wesi 
 

baiesis meTodisaTvis gadamwyveti wesis mixedviT miiReba gadawyvetileba 
diagnozis Sesaxeb. rogorc aRvniSneT am meTodis mixedviT    kompleqsur- 
niSnebiani obieqtisaTvis romelime diagnozis mikuTvnebis Sesaxeb Sesaxeb 
gadawyvetileba, miiReba udidesi (aposteriaruli) albaTobis mixedviT. 

       Tu  (   
 ⁄ )   (   

 ⁄ )      (                )                 (1.19) 

funqciur analizSi gamoyenebuli    simbolo aqac elementis 
simravlesaTvis mikuTvnebaze miuTiTebs. (1.19) piroba gvaCvenebs, rom obieqts, 
romelsac gaaCnia mocemuli realizaciis  diagnostikuri niSnebis  kompleqsi 
  , an  mokled rom vTqvaT    ekuTvnis     mdgomareobas (diagnozs).  (1.19) wesi 
Cveulebriv dazustebulia diagnozis albaTobis zRvruli mniSvnelobiT: 

 (   
 ⁄ )                                             (1.20) 

sadac   aris garCevadobis SerCeuli done       diagnozisaTvis. amasTan 
masTan yvelaze axlos mdgomi sxva diagnozis albaToba ar aRemateba 1_      
Cveulebriv, miRebulia,        im pirobiT, rom:  

 (   
 ⁄ )                                          (1.21) 

am SemTxvevaSi diagnozis Sesaxeb gadawyvetileba ar miiReba (uari 
garCevadobaze) da aucilebeli xdeba damatebiTi informaciis moZieba. 
kompiuteruli teqnikis gamoyeneba baiesis meTodis gamoyenebisas mniSvnelovnad 
aCqarebs sadiagnostiko process. magaliTad, diagnozis dasmas 24 
mdgomareobisaTvis 80 mravalTanrigiani diagnostikuri niSnis SemTxvevaSi 
Tanamedrove sayofacxovrebo donis kompiuterisaTvis ikavebs 1 wamze nakleb 
dros. 

rogorc aRniSnuli iyo, baiesis meTods gaaCnia garkveuli saxis 
naklovanebebi, magaliTad iSviaTi diagnozebis garCevadobis kuTxiT. praqtikuli 
gaangariSebisas mizanSewonilia diagnostika CavataroT TanabaralbaTuri 
diagnozebis SemTxvevebisTvisac Tu miviRebT, rom 

  (  )  
 
 ⁄                                          (1.22) 

am dros aposteruli albaTobis yvelaze maRali mniSvneloba eqneba 
diagnozs   , romlisTvisac  (    ⁄ ) maqsimaluria: 

      Tu    ( 
   ⁄ )   (    ⁄ )       (                                (1.23.) 

sxva sityvebiT, rom vTqvaT, dgindeba diagnozi    Tu diagnostikuri 
niSnebis mocemuli erToblioba ufro xSirad gvxvdeba    diagnozis dros  
vidre sxva saxis diagnozisas. aseTi saxiT mocemuli gadamwyveti wesi Seesabmeba 
maqsimaluri simarTlis msgavsebis meTods. aqedan gamomdinare SeiZleba iTqvas, 
rom “xSiri” da “iSviaTi” dignozebi TanabarmniSvnelovania. 
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2. vibrodiagnostika 
 

2.1. zogadi cnobebi vibrodiagnostikis Sesaxeb 
 

manqanisa da meqanizmis saimedoobis airrdis erT_erTi efeqturi meTodi am 
mowyobilobebisa da maTi Semadgeneli kvanZebis dazianebis safrTxis Sefasebaa 
vibraciuli kontrolis monacemebis mixedviT. 

sakvlevi obieqtis vibraciuli diagnostika sam etapad sruldeba: obieqtis 
pirveladi aRwera, diagnostikuri niSnebis gamoyofa da gadawyvetilebis miReba. 

sadiagnostiko informaciuli niSnebis moZiebis etapze zustdeba da 
ganisazRvreba vibraciis, xmaurisa da dartymis gasazomi parametrebis ricxvi. 
amasTan im mravali parametridan, romlebic vibraciul procesebs axasiaTeben, 
gamoyofen mxolod im parametrebs, romlebic pirdapir an arapirdapir 
axasiaTebs obieqtis mdgomareobas. am parametrebis mixedviT formirdeba  
informaciuli niSnebis sistema, romelsac sadiagnostiko procesSi iyeneben. 

vibraciis diagnostikuri parametrebis arCeva damokidebulia gamosakvlevi 
meqanizmis tipebis, aseve gasazomi rxevebis amplitudur da sixSirul 
diapazonze.  

Vibracia sxeulis meqanikuri rxevaa wonasworobis mdebareobis irgvliv. 
wonasworoba sxeulis iseT mdgomareobaa, romdesac masze ar moqmedebs gare 
Zalebi an maTi zemoqmedebis jamuri sidide nulis tolia. 

myari sxeulis rxeviTi moZraoba sulad aiwereba eqvsi martivi tipis 
moZraobis kombinaciiT: gadataniTi _ sami uTierTmarTobuli (x,y,z) RerZebis 
mimarTulebiT da am  RerZebis mimarT (Ox,Oy,Oz) brunviTi moZraobiT, ris gamoc 
amboben, rom merxev sxeuls gaaCnia eqvsi Tavisuflebis xarisxi.  

sxeulis vibraciis mizezi yovelTvis aRmZvreli Zalebia, romelebic 
sxeulze SeiZleba moqmedebdnen rogorc garedan, aseve SeiZleba aRiZvran 
sxeulis SigniTac. am Zalebis moqmedebis  mimarTuleba, sidide da sixSire 
mTlianad gansazRvravs sxeulis vibracias.  amitomac vibraciuli analizi 
saSualebas gvaZlevs gamovavlinoT manqanis muSaobis procesSi warmoSobili  
aRmZvreli Zalebi, romelTa sidide manqanis mdgomareobazea damokidebuli, rac, 
Tavis mxriv, maTi warmoSobis mizezis dadgenasa da Sesabamisad diagnostikaSi 
gvexmareba.   

bunebaSi arsebul vibraciul procesebs Soris yvelaze martivia sxeulis 
drekadi wrfivi  gadaadgilebebi, romlis sailustraciod SeiZleba zambaraze 
dakidebuli sxeulis rxevebi gamoviyenoT. 

 
 

 
sur.2. umartivesi harmoniuli erTi Tavisuflebis xarisxis mqone merxevi 

sistemis magaliTi 
 

nebismieri harmoniuli gadaadgileba aiwereba Semdegi parametrebiT:  
A _ rxevis amplituda, aris wonasworobis mdgomareobidan sxeulis 

maqsimaluri gadaxra; 
 F _ rxevis sixSire. drois erTeulSi Sesrulebuli rxevaTa ricxvi; 

A   wonasworbidan 

gadaxra (amplituda) 

     droiTi RerZi 

 

moZraobis 

mimarTuleba 
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T _ rxevis periodi. drois intervali, romelSic erTi sruli rxeva 
sruldeba; 

ganmartebebidan gamomdinare aSkaraa, rom      ⁄   
rxevis sixSiris erTeulia herci. Herci iseTi rxevis sixSirea, rodesac  

erT wamSi  erT sruli rxeva sruldeba. Tu saubaria brunviTi moZraobis 
Sesaxeb  maSin Tvlian, rom ZiriTadi rxevis sixSire Seesabameba brunvis 
sixSires, romelic izomeba erTeuliT  bruni/wuTSi da ganisazRvreba       . 
am tolobaSi 60 miuTiTebs  wamebis  raodenobas wuTSi. 

Tu grafikis vertikalur RerZze gadavzomavT harmoniuli rxevisas moZravi  
sxeulis gadaadgilebas, xolo horizontalurze dros Sedegad miviRebT 
sinusoidas (sur.2.1), romelic aiwereba gantolebiT: 

      (  ) 
sadac   _ myisieri gadaadgilebaa; 
    _ maqsimaluri gadaadgileba; 
    _ kuTxuri siCqare;  
        kuTxuri sixSire.  

rogorc maTematikis kursidanaa cnobili gadaadgilebis siCqare aris 
gadaadgilebis droiTi  warmoebuli, amitom 

            (  )⁄   
sadac   _ myisi siCqarea.  formulidan Cans, rom harmoniuli rxevis dros 
siCqarec sinusoiduri kanoniT icvleba.  

aCqareba siCqaris cvlilebis siCqarea,  Sesabamisad gveqneba 

      ⁄         (  )  
sadac    myisi aCqarebaa. 

vibraciis dabalsixSirul speqtrSi irCeven vibrogadaadgilebis parametrs, 
saSualo sixSirul speqtrSi vibrosiCqares, xolo maRal sixSirul speqtrSi 
vibroaCqarebas.  

vibrogadaadgileba saSualebas gvaZlevs davaxasiaToT obieqti im 
SemTxvevebSi, rodesac mniSvnelovania vicodeT misi an misi Semadgeneli 
kvanZebis fardobiTi gadaadgileba an deformacia. 

vibromanqanis efeqturobis kvlevisas an vibraciis adamianis organizmze 
gavlenis Seswavlisas, mizanSewonilia vibrosiCqaris Seswavla, radgan igi 
gansazRvravs Zalis impulsis mniSvnelobas da kinetikur energias.  

obieqtebis saimedoobis kvlevisas misi SesafasebisaTvis ZiriTadi  
parametri vibroaCqarebaa. 

speqtruli Semdgenebis, vibraciis donis droiT da sixSirul ganawilebaze 
damokidebulebiT, aseve normirebuli dasaSvebi donis SemTxvevaSi zomaven 
arCeuli vibraciis parametrebis amplitudur, saSualo an saSualo kvadratul 
mniSvnelobas. saSualo kvadratuli mniSvnelobis gazomvis ZiriTadi 
upiratesobaa, gazomvis Sedegis damoukidebloba vibraciis speqtris calkeul 
Semdgenebs Soris arsebuli  fazaTa Zvrisagan. 

vibraciis parametrebis gazomvisas iyeneben or  meTods: kinematikurs da 
dinamikurs. 

kinematikuri meTodis gamoyenebisas obieqtis calkeul wertilebis 
koordinatebs zomaven romelime uZrav koordinatTa sistemis mimarT. gamzomi 
gardamqmnelebi, romelTa moqmedebis principi damyarebulia gazomvis aRniSnul 
meTodze iwodebian fardobiTi vibraciis gardamqmnelebad. 

dinamikuri meTodi  damyarebulia vibraciis parametrebis gazomvaze  
pirobiTad uZrava koordinatTa sistemis mimarT, umetes SemTxvevaSi es SeiZleba 
iyos inerciuli elementi, romelic obieqtTan drekadi bmiTaa dakavSirebuli. 
aseT xelsawyoebs  absoluturi vibraciis  gardamqmnelebi ewodebaT,  xSirad  
maT  seismur sistemebsac  uwodeben. 
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2.2. vibraciuli gardamqmnelebis tipebi 
 
vibraciis gasazomi gardamqmnelis muSaoba  damyarebulia sxvadasxva 

fizikuri movlenis moqmedebis principze, sadac xorcieleba meqanikuri 
gadaadgilebis (rxevebis) gardaqmna eleqtrul signalad. fizikuri sididis 
gardaqmnis principis mixedviT  isini SeiZleba iyos: 

 generatoruli tipis: 

 piezoeleqtruli; 

 induqciuri; 

 holis efeqtze momuSave; 
parametruli: 

 rezistoruli; 

 piezorezistoruli; 

 induqciuri; 

 transformatoruli; 

 magnitodrekadi; 

 tevaduri; 

 eleqtronul - meqanikuri;  

 vibraciul - sixSruli; 

 zRvruli kontaqturi; 

 impedansuri. 
 fardobiTi vibraciis gasazomi ukontaqto gardamqmnelebi: 

 magnituri; 

 radiosixSruli; 

 eleqtromagnituri; 

 akustikuri; 

 radiaciuli; 

 optikuri. 
ukontaqto gasazom gardamqmnelebSi gamoiyeneba fardobiTi vibraciis 

parametrebis gazomvis kinematikuri meTodi optikur, radiosixSirul, 
eleqtromagnitur da sxva efeqtebze momuSave mowyobilobebisaTvis. 
vibrodiagnostikis ukontaqto gamzom gardamqmnelbSi yvelaze farTo gamoyeneba 
moipoves vibraciis parametrebis gazomvis optikurma meTodebma da saSualebebma, 
romlebic gasazom obieqtze informaciis warmodgenis  mixedviT iyofa 
amplitudur da sixSirul xerxebad. gazomvis amplitudur meTodebs miekuTvneba 
fotoeleqtronuli, difraqciuli da interferenculi xerxebi, aseve sxivuri 
nakadis sivrculi modulaciis gamoyenebis meTodebi. 

obieqtidan areklili, optikur kvanturi generatoris mier gamosxivebuli 
sixSiris gazomvaze damyarebuli  vibraciis  paramtrebi  izomeba sazomi 
mowyobilobebiT, romelTa moqmedebis principi damyarebulia dopleris efeqtis 
gamoyenebaze.  

praqtikaSi dopleris efeqts SeiZleba davakvirdeT, rodesac damkvirvebels 
Cauvlis erT garkveul tonalobaze sirenaCarTuli avtomobili. sanam manqana ar 
moZraobs damkvirveblis mimarT, maSin mas esmis im tonis signali, romelsac 
sirena gamoscems. damkvirvebelTan manqanis moaxloebasTan erTad sirenis xmis 
sixSire gaizrdeba (Sesabamisad Semcirdeba talRis sigrZe) da damkvirvebeli 
gaigonebs  realurTan SedarebiT ufro maRali tonis signals. damkvirvebelTan 
miaxloebisas signalis toni TandaTan miuaxlovdeba realurs, xolo 
dacilebisas signalis toni Semcirdeba da is gaigonebs ufro dabali tonis 
signals. analogiuri efeqti SenarCundeba damoukideblad imisagan talRebis 
wyaro gadaadgildeba damkvirveblisaken Tu damkvirvebeli talRebis wyarosken. 
sur.2.2.   
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sur.3.  dopleris efeqtis ilustracia  

arsebobs vibraciuli  signalis eleqtrul signalad gardamqmnelebis ori 
klasi: 

 geneatoruli _ meqanikuri rxevis  energiis eleqtrul energiad 
gardamqmnelebi; 

parametruli _ meqanikuri rxevebis eleqtruli wredis parametrebis 
cvlilebad gardamqmnelebi, mag. induqciuroba, tevadoba, aqtiuri winaRoba, 
sixSire, fazaTa Zvra da sxva. 

manqanisa da meqanizmis vibrodiagnotikisaTvis ZiriTadad gamoiyeneba 
generatoruli tipis piezoeleqtruli da eleqtrodinamikuri gardamqmnelebi, 
agreTve parametruli  tipis induqciuri,  tevaduri da grigalurdeniani 
gardamqmnelebi. 

piezoeleqtruli gardamqmnelebi gamoiyeneba  meqanizmebis absoluturi 
rxevis vibraciuli parametrebis gasazomad. piezoeleqtrul gardamqmnelebs 
aqvT kargi metrologiuri Tvisebebi, farTo ampltudur - sixSiruli diapazoni, 
maRali  saimedooba da SedarebiT dabali Rirebuleba. maTi ZiriTadi 
uaryofiTi mxarea didi gamosasvleli winaRoba da xelSeSlebisadmi daculobis 
dabali done. piezorezistorul gardamqmnelebs, romlebic parametruli 
gardamqmnelbis klass ganekuTvnebian, aRniSnuli uaryofiTi Tvisebebi 
SedarebiT naklebi xarisxiT axasiaTebT.  

umartivesi piezoeleqtruli gardamqmneli SeiZleba warmovidginoT, 
rogorc kvarcis an xelovnuri piezokeramikis firfita. piezokeramikis 
dasamzadeblad gamoiyeneba tyviatitanis cirkonati,  bismutis titanati da sxva. 
firfitas amagreben gare rxevebis mimReb safuZvelze, xolo meore mxridan 
ganaTavseben   m masis tvirTs. seismuri sistemis aseTi gardamqmnelis  sakuTari 
sixSire  

   (
 
  ⁄ ) (   ⁄ )  ⁄  

sadac:     piezoelementis drekadobs koeficientia    masis tvirTis inerciis 
Zalis modebis mimarTulebiT. 

sixSirul diapazonSi         gardamqmnelis gamosasvlelze warmoSveba   q( ) 
muxti, romelic miRebuli  α( ) vibroaCqarebis   proporciulia.  

q( )       ( ). 
sadac      da    - Sesabamisad piezomoduli da gardaqmnis koeficientia. q ( )  
sidide gardaiqmneba eleqtrul denad an Zabvad. 

piezoeleqtuli gardamqmnelis SerCevisas konkretuli gamocdbisaTvis 
aucilblad gaTvaliswinebuli unda iqnas maTi temperaturuli, amplituduri da 
sixSiruli diapazonebi, gardaqmnis koeficentebi, damyarebuli rezonansis 
sixSire da sxva. 

eleqtrodinamikuri gardamqmnelebi  gamoiyeneba vibraciis gasazomad 1 hc - 
2khc sixSirul diapazonSi. 

eleqtrodinamkuri gardamqmnelebi  Seicaven magnitur sistemas, romlis 
sahaero RreCoSi  moTavsebulia gamtariani koWa.  Cveulebriv, magnituri sistema 
damagrebulia gardamqmnelis fuZeze, xolo koWaze xistadaa mimagrebuli 
inerculi (seismuri) masa.  gare  vibraciuli Zalis moqmedebisas da mis mier 
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gamowveuli  fardobiTi x ( )  rxevebis Sedgad  koWaSi aRiZvreba 

eleqtromamoZravebeli Zala (emZ) e( ) . 
e (t) = B W lსაშ.(d x(t)/dt ), 

 

sadac: B W lსაშ. aris RreCos magnituri induqcia, xviaTa ricxvi da moZravi koWas 
xviaTa saSualo diametri Sesabamisad.  

eleqtrodinamkuri gardamqmnelebis  muSa sixSiruli diapazoni 
ramdenimejer aRemateba  inerciuli (seismuri) sistemis sakuTar sixSires.  

eleqtrodinamkuri gardamqmnelis  koWas gamosasvlelze emZ harmoniuli 
rxevebis vibrosiCqaris proporciulia 

  ( )                 ,          სადაც:  k = B W lსაშ.. 
eleqtrodinamkuri gardamqmnelebis upiratesobebs miekuTvneba farTol 

amplituduri diapazoni, dabali gamomavali winaRoba da gamomavali signalebis 
kavSiris grZeli xaziT gadacmis SesaZlebloba. 

 
 
 
 

2.3. vibrodiagnostikis meTodebi 
 
 

vibrodagnostikis meTodis SerCva damokidebulia  obieqtis struqturul, 
funqciur da vibraciul mdgomareobaze. 

struqturuli mdgomareoba ganpirobebulia manqanisa da meqanizmis 
konstruqciuli  TaviseburebiT  maTi elementebis geometriiT da maT Soris 
urTierTkavSiriT. obieqtis es mdgomareoba, Cveulebriv xasiaTdeba,  ZriTadi  
rxeviTi procesebiT. am  SemTxvevaSi  adekvatur meTodad SeiZleba CaiTvalos 
meTvalyure speqtruli analizis meTodi.   

vibraciis harmonikebis ganawilebis wesis mixedviT SesaZlebelia maTi 
warmoSobis wyaroebis identificireba; harmonikebis amplitudebi axasiaTebs 
energiis ganawilebas, rac damokidebulia obieqtis teqnikur mdgomareobaze. 
defeqtis warmoSobisa da ganviTarebisas rxevis energia izrdeba. 
mbrunavkvanZebian (rotorul) da kbilanebian meqanizmebSi maTi struqturuli 
mdgomareoba xasiaTdeba dartymiTi procesebiT. am SemTxvevaSi adekvaturia 
konkretuli  defeqtis dagrovebis meTodi, rodesac gamoyofen sadiagnostiko 
kbilanis TiToeuli kbilis  dartymiT   impulsebs.  impulsebis Tanmimdevrobis 
sixSire gansazRvravs wyaros (kbilanas), signalis doneebs Soris sxvaoba - 
defeqtis mizezs (defeqturi kbilana), xolo impulsebis doneebis absoluturi 
mniSvneloba - dazianebis xarisxs. 

obieqtis vibraciuli mdgomareoba ganisazRvreba vibraciuli 
maxasiaTeblebis erTobliobiT, rac misi dinamikuri Tvisebebis struqturuli 
funqciuri  mdgomareobis Sedegia.  normaluri  struqturul funqciuri  
mdgomareobis SemTxvevaSic ki vibraciuli mdgomareoba SesaZlebelia 
aradamakmayofilebeli  iyos rezonansuli da parazituli rxevebis efqtidan 
gamomdinare. 

perspeqtiulad iTvleba meTodi,  romelic iyenebs  obieqtSi dinamikur 
cvlilebebs, maT Soris umartivesia - siCqarisa da procesebis xasiaTis niSnis 
cvla, romlic defeqtis droSi ganviTarebaze  miuTiTeben, rac saSualebas 
iZleva gakeTdes momavlis prognozi  obieqtis Sromisunarianobis Sesaxeb. 

vibraciuli signalis korelaciur - speqtruli   algoriTmis analizi 
aerTianebs: vibrosignalis diskretizacias,  cifrul gafiltvras,  
sainformacio parametrebis gamoTvlas da obieqtis teqnikuri mdgomareobis 
gansazRvras. obieqtis modelirebis programuli uzrunvelyofa saSualebas 
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iZleva imitirebul iqnas signalebi, romlebic axasiaTeben  meqanizmis  rogorc 
gamarTul, ise gaumarTav  mdgomarobas. 

vibraciuli procesebis kvlevis erT_erTi efeqturi instrumentia, obieqtis 
meqanikuri konstruqciis modelireba.  modelis agebisas gansazRvraven obieqtis 
elementebs Soris ZiriTad kavSirebsa da maT kanonzomierebas. kvlevisaTvis 
mosaxerxebelia  maTmatikuri, eleqtromeqanikuri da virtualuri modelebis 
gamoyeneba. 

vibroakustikuri signalis speqtris erTi an ramdenime sixSiriT 
modulirebis SemTxvevaSi, rac damaxasiaTebelia kinematikuri da kbilanuri 
wyvilebis Semcveli obieqtebisaTvis, efeqturia informaciis SemWidroeba  
galogariTmebisa da misi  Zalovani speqtris furies gardaqmnis 
ganxorcielebiT, rasac kepstri ewodeba.   

kepstri _    [ ( )]   energetikuli funqciis speqtria, romelic 
ganisazRvreba gamosaxulebiT  

  ( )  
 

  
∫   [ ( )]       
 

  
. 

sxvagvarad kepstri gansazRvravs   [ ( )]  funqciis xarisxovan mwkrivad 
gaSlis koeficientebis Tanmimdevrobas.  

aseTi meTodi saSualebas gvaZlevs gamovyoT informacia signalis Sesaxeb,   
modulaciis  arawrfivi,  mravaljeradi gardasaxvis Sedegidan.  amasTn, 
vibroakustikuri signalis mTliani energia, romelic gabneulia  mraval 
harmonikas  Soris  speqtrul meTodSi,  lokalizebulia erT mdgenelSi 
signalis analizis kepstruli  meTodis gamoynebisas. 

kepstruli meTodi diagnostikuri niSnebis formirebisas gamoiyeneba 
mxolod im SemTxvvaSi, rodesac rxeviT process gaaCnia perioduli 
modulirebuli speqtri,  romelic  SeimCneva meqanizmebis kvanZebisa da 
detalebis arawrfivi urTirTmoqmedebis Sedgad, amplituduri da  sixSiruli 
modulaciis arsebobisas, aseve meqanizmis fizikuri parametrebis cvlilebisas 
cveTis, sixistis cvlilebis da  dartymiTi urTierT moqmedebisas. 

kepstrulma meTodma yvelaze farTo gamoyeneba pova reduqtoris 
meqanizmebSi kbilanuri Tvlebis diagnostikas, romelsac zedapiris 
sxvadasxvagvari cveTa axasiaTebs. 

vibrogamzomi aparatura  moicavs: 
1. stacionaruli laboratoriuli xelsawyoebis kompleqss, maT 

Soris: 
mravalarxiani xelsawyoebi: 
• mimdevrobiTi moqmedebis; 
• paraleruli moqmedebis. 
mravalfunqciuri xelsawyoebi: 
• vibraciuli analizatori; 
• mikroprocesori. 
2. gadasatani laboratoriuli da samrewvelo xelsawyoebi. 
3. xelsawyoebis kompleqsi sagamocdo teqnikisaTvis: 
• xelsawyoebi vibraciuli procesebis marTvisaTvis; 
• mravalkomponentiani xelsawyoebi; 
• xelsawyoebi farTozolovani SemTxveviTi procesebis formirebisa 

da gazomvisaTvis. 
stacionaruli laboratoriuli xelsawyoebis kompleqsis 

daniSnulebaa  sxvadasxva obieqtisa da  elementis kvlva da Sesabamis 
kondiciamde miyvana, damuSaveba maTze meqanikuri faqtorebis 
zemoqmedebisas.  

gadasatani laboratoriuli da samrewvelo xelsawyoebis 
daniSnulebaa vibraciisa da  xmauris  donis mimdevrobiTi da 
paraleruli kontroli obieqtis erT an ramdenime wertilSi, manqanisa da 
meqanizmis mbrunavi nawilebis teqnikuri diagnostika da balansireba, rac 
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aerTianebs sakontrolo-sasignalo, balansirebisa da vibrodiagnostikur 
aparaturas. 

xelsawyoebis kompleqsi sagamocdo teqnikisaTvis  gamoiyeneba produqciis 
gamosacdelad vibraciul, dartymiT da akustikur xmaurze, romelic moicavs 
xelsawyoebisa da meqanikuri datvirTvebis Seqmnisa da aRwarmoebis   
saSualebebs, sazom-sakontrolo  da  marTvis aparaturas. am xelsawyoebma 
unda uzrunvelyon gamocdis Catarebis sandooba, maTi Sesabamisoba obieqtis 
teqnikur reglamentsa da eqspluataciis pirobebTan.  

mravalarxiani vibrogamzomi aparatura farTod gamoiyeneba 
vibrodiagnostikis sistembSi, romelic klasificirebulia gazomvis ZiriTadi 
principebis mixedviT: 

o vibraciis parametrebis mimdevrobiTi gazomva  obieqtis calkul  
wertilebSi;  

o vibraciis parametrebis paraleruli gazomva obieqtis yvela 
sakontrolo  wrtilSi   erTdroulad; 

o kombinirebuli xelsawyoebi vibraciis parametrebis paraleruli 
CaweriT  yvela gamosakvlev   wertilSi  da am parametris 
mimdevrobiTi gazomviT  TiToeul  wertilSi. 

vibraciis parametrebis mimdvrobiTi  gazomvis  aparaturis gamoyenebisas 
obieqtis sakontrolo  wertilebSi  amagreben  gadamwodebs,  isini    winaswari 
gamaZliereblis gavliT mierTebulia  eleqtomeqanikur  an  eleqtronul  
komutatorTan, romlis  saSualebiTac    mimdevrobiT  erTvebian  sazom 
xelsawyosTan.  

vibraciis parametrebis paraleluri gazomvis aparaturas  gaaCnia  imdeni  
gamaZlierebeli da gamzomi  arxi, ramdeni gadamwodicaa  damagrebuli  
obieqtze. aseTi aparatura warmoadgens erTarxiani vibrogamzomi xelsawyoebis  
nakrebs. 

kombinirebuli xelsawyoebi gamosayeneblad  ufro perspeqtiulia, 
ramdenadac isini saSualebas gvaZleven vakontroloT vibraciis parametrebi 
obieqtis yvela wertilSi, operatiulad SevafasoT maTi eqstremaluri 
mniSvneloba,  movaxdinoT vibraciis dasaSveb donesTan komparireba (Sedareba), 
riTac saSualeba gveZlva gamovricxoT calkeuli, magram obieqtisaTvis  
damaxasiaTebeli  sakontrolo  wertilebi.  aseTi aparatura farTod 
gamoiyeneba  rTuli meqanikuri konstruqciis obieqtebis diagnostikaTvis. 

vibrodiagnostikis sakontrolo mowyobilobebis ganviTarebis ZiriTadi 
tendenciaa signalebis paraleruli seleqciis mravalarxiani   sistemebis  
Seqmna. 

kombinirebuli seleqtorebi saSualbas gvaZleven   vmarToT gamocdis 
reJimebi vibraciis minimaluri, saSualo  da  maRali  doneebis mixedviT. 

aparaturis SerCvisas pirvel rigSi aucilebelia davadginoT sakontrolo 
wertilebis aucilebeli da  sakmarisi  raodenoba, maTi   adgilmdebaroba, 
gazomvis komponentebis raodenoba TiToeul wertilSi, vibraciis sakontrolo 
parametri, sixSiruli diapazoni, romelSic damaxasiaTebel,  mniSvnelovan   da 
saxifaTo  defeqts  mivyavarT speqtris calkeuli Semadgeneli harmonikebis 
amplitudis an mTlianad  vibraciis donis Secvlisaken. 

vibraciuli kvlevis masalebis statistikuri damuSaveba saSualebas 
gvaZlevs SevadginoT  defeqtis garCevis rukebi.  am monacemebis mixedviT 
SeiZleba vimsjeloT defeqtis niSnebis   Sesaxeb  da SevarCioT aparaturis 
sixSiruli diapazoni, romelic aucilebeli iqneba manqanis  damaxasiaTebeli 
defeqtis aRmosaCnad.  yvela SemTxvevaSi  sixSiruli diapazonis zeda  zRvari  
ar unda iyos naklebi  rotoris muSa brunTa ricxvis gaormagebuli 
mniSvnelobaze. 

analoguri meTodiT vibraciis gazomvisa da analizisaTvis monacemTa 
damuSavebis cifruli xerxis gamoyenebisas gamosasvlelze  vibraciis donis 
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ganawilebis histogramis, fazuri diagramebis, vibraciis fazis sixSirisa da  
droiTi damikidebulebis misaRebad  gamoiyeneba mravalfunqciuri sistemebi. 

avtomatizebuli sistemebi  iyofa sam ZiriTad jgufad. 

 pirvel jgufSi informaciul saSualebebs gamoiyeneben 
signalebis operatiuli damuSavebisaTvis; 

 meore jgufSi informaciuli saSualeba daamuSavebs 
miRebul  signals da gamoimuSavebs korelaciis Setyobinebas 

gamocdis reJimis Secvlisas. 

 mesame jgufs ganekuTvneba  mTlianad  avtomatizebuli 
sistemebi, sadac sainformacio saSualeba CarTulia  signalis 
damuSavebis, analizisa da marTvis   wredSi gamocdisa da kvlevis  
programis sruli  samuSao reJimiT. umartivesi avtomatizebuli 
sistemebi operatiulad zomaven da aanalizeben damaxasiaTebel 
vibraciebs da adareben etalonur mniSvnelobas. 

SemTxvviTi vibracia. realurad vibraciuli procesebi SemTxveviT xasiaTs 
atarebs, amitom sadiagnostiko obieqtebis  analizisaTvis saWiroa gaizomos 
farTozolovani  SemTxveviTi  vibraciis  parametrebi. SemTxveviTi vibraciis 
parametrebis sazomi aparaturis Taviseburebaa maTSi sixSirul-amorCeviTi 
sqemebis arseboba.  

defeqtis warmoSobisas sixSiris Δω  zolSi adgili aqvs  vibraciis donis  
cvlilebas. vobrosazom xlsawyoebSi  vibraciis parametrebis informaciulobis 
gazrdis mizniT gamoiyeneba filtrebi, romlebic  atareben speqtris Sesabamis  

mdgenelebs Δω0 zRvrebSi. am SemTxvevaSi filtris gamosasvlelze signali  
Sedgeba iseTi harmoniuli signalebis jamisagan, romelTa amplitudaa        da  

xmauri P ( )  . 
 vibrodiagnostikur aparaturaSi mravali saxvadasxva filtri gamoiyeneba 

maT Soris:  
• aqtiuri analoguri filtrebi; 
• mamravlebel- amorCeviTi mowyobilobebi; 
• cifruli filtrebi; 
• meqanikuri filtrebi da sxva. 
sadiagnostiko obieqtis SemTxveviTi vibraciis analizi mizanSewonilia  

Catardes orarxiani analizatorebis gamoyenebiT  drois realur  masStabSi. 
analizatoris yovel arxSi CamontaJebulia mikroprocesori monacemTa 
operatiuli damuSavebisa da furies swrafi gardaqmnis gansaxorcieleblad. 
ori arxis arseboba uzrunvlyofs obieqtis speqtrul-korelacuri da 
kepstruli mdgomareobebis Sefasebas, analizis Sedgebis displeis saSualebiT 
asaxvis SesaZleblobiT. 
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3. ultrabgeriTi kontroli. 
zogadi cnobebi 

 
akustikuri  ewodeba meTods, romelic damyarebulia nebismieri sixSiris 

drekadi rxevebisa da talRebis  gamoyenebaze. meTodebi, sadac gamoyenebulia 
sixSireebi 20 kHz -dan  100 MHz-mde  iwodeba ultrabgeriT meTodebad. 

drekadi  talRa  warmoadgens garemoSi meqanikuri Zalebis aRZvris 
gavrcelebis  process, romelic ganpirobebulia garemos nawilakebis drekadi 
urTierTmoqmedebiT. garemos mniSvnelovani parametria misi maxasiaTebeli 

impedansa an kuTri  talRuri  winaRoba.   
 rxeviTi siCqare. aris   bgeriTi wneviT ganpirobebuli nawilakebis rxevis 

siCqare, romelic   myisier  da    statikur  wnevebs Soris wnevaTa sxvaobiT 
        warmoiSoba garemos mocemul wertilSi. wonasworobis  

mdgomareobidan  nawilakis   gadaxras ξ wanacvleba ewodeba,  xolo sidides   
v = dξ/dt  - rxeviTi siCqare. 

drekadi  talRa  warmoadgens garemoSi meqanikuri Zalebis aRZvris 
gavrcelebis  process, romelic ganpirobebulia garemos nawilakebis drekadi 
urTierTmoqmedebiT. 

garemos mniSvnelovani parametria misi maxasiaTebeli impedansa an kuTri  
talRuri  winaRoba.  igi ganisazRvreba, rogorc bgeriTi wnevis kompleqsuri 
amplitudis     fardoba rxevis siCqaresTan     harmoniul morbenal talRaSi: 

       
Cveulebriv, is gamoisaxeba   garemos simkvrivis namravliT talRis 

gavrcelebis siCqareze: 
     

im garemosaTvis, sadac  z mniSvnelobis danakargi  didi ar aris, is 
SeiZleba CaiTvalos namdvil sidided. 

nebismier harmoniul talRaSi kompleqsuri amplitudebis          fardobas  
akustikur impedansas   _s uwodeben. 

        .    
zogadad       kompleqsuri sididea. 
ararRvevadi kontrolis praqtikaSi gvxvdeba meqanikuri impedansis cnebac,  

rac  gulisxmobs aRmZvreli harmoniuli F Zalis  kompleqsuri amplitudebis 

fardobas  am Zalis mimarTulebis  mqone rxevis v siCqaresTan.                 
z=F/v. 

gansxvavebiT     namravlisagan, romelic axasiaTebs garemos, meqanikuri 
impedansi konstruqciis parametria. 

drekadi talRis energetikuli maxasiaTebeli  aris intensivoba. morbenali 
harmoniuli talRisaTvis  intensivoba gamoisaxeba formuliT: 

j = ρc(vm)2 / 2 = (pm)2 / 2ρc . 
sadac vm da pm Sesabamisad rxeviTi siCqarisa da bgeriTi wnevis amplitudebia. 

gansaxilveli sidideebis erTeulebi SI erTeulTa sistemaSi Semdegia:  

wanacvleba - m ,  rxeviTi siCqare -  m/s,  bgeriTi wneva – Pa,  intensivoba  - 
  

  ⁄  ,  maxasiaTebeli da akustikuri impendansebi -     ⁄ ,  meqanikuri impedansa 

-      ⁄ .  
siTxeebsa da airebSi vrceldeba mxolod grZivi talRebi.  usazRvrod 

mkvriv sxeulebSi SesaZlebelia mxolod grZivi da ganivi (gadamaadgilebeli) 
talRebis arseboba. grZiv talRebSi garemos nawilakebis rxeviTi moZraobis 
mimarTuleba emTxveva (an sawinaaRmdegoa) talRis gavrcelebis mimarTulebisa, 
ganiv talRebSi ki gavrcelebis mimarTulebis marTobulia.  

naklebad  mkvriv sxeulebSi SesaZlebelia sxva tipis talRebis 
gavrcelebac. maT Soris mniSvnelovania: zedapiruli talRebi (releis 
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talRebi), normaluri talRebi fenebSi (lembis talRebi), Runvadi talRebi, 
normaluri Rerovani talRebi (poxhameris talRebi).   

zedapiruli talRa vrceldeba myari sxeulis Tavisufal zedapirul 
fenaSi, romlis sisqe talRis sigrZis rigisiaa. garemos nawilakebi moZraoben 
ekliptikur traeqtoriaze.  

lembis talRebi aRiZvreba furclovan, Rru kedlebisa da sxva fenebSi da 
gaaCniaT talRgamtari gavrcelebis meqanizmi. am talRebis gavrcelebis siCqare 
ar aris damokidebuli fenis sisqeze  da sixSireze. simetriuli   da 
arasimetriuli α talRis  modebi  (rxevebs talRuri veqtors garkveuli 
mniSvnelobiT  ewodeba talRis moda, romelic magaliTad daWimuli simis 
rxevis SemTxvevaSi garkveuli mniSvnelobiT gansazRvravs mis ZiriTad tons da 
obertonebs)  gansxvavdebian talRis SuakveTis  fenis mimarT  simetriuli da 
arasimetriuli moZraobiT (sur.4).  tlRis sxvadasxva moda vrceldba    
sxvadasxva siCqariT. Runvadi talRebi lembis  nulovani rigis    
arasimetriuli talRebis kerZo SemTxvevas warmoadgens, rodesac talRebiis 
amplituda bevrad aRemateba gavrcelebis fenis sisqes.  

 

 
sur.4. fenebis deformacia simetriuli da arasimetriuli talRebis 

gavrcelebisas 
 

Rerovani  talRebi  bevri ramiT hgavs lembis talRebs. isinic iyofian 
simetriul da arasimetrul talRebad  da gaaCniaT mravalgvari saxis moda. 

grZivi, ganivi da zedapiruli talRebis siCqareebi masalaTa umravlesobaSi 
ar aris damokidebuli sixSireze. talRis siCqare firfitebsa da ReroebSi 
damokidebulia nakeTobis sisqisa da sixSiris namravlze.  am movlenas siCqaris 
dispersias uwodeben. 

nebismieri talRa gavrcelebis siCqare ganisazRvreba garemos simkvriviT 
da  misi drekadobis  Semdgenis arsebobiT.   

drekadi talRebi garemoSi gavrcelebisas sustdeba  sivrcSi  energiis 
gabnevis  da am   garemoSi milevadobis gamo. ultrabgeriT defeqtoskopiaSi 

gamoiyeneba maRali sixSireebi (f        ) .   rodesac gardamqmnelis  ganivi 

zomis fardoba 2  metia talRis sigrZeze (2     , sadac λ - talRis sigrZea). am 
SemTxvevaSi gamosxiveba xasiaTdeba  mimarTulebiT,  anu ZiriTadi energia 
Tavmoyrilia SedarebiT  viwro zolis farglebSi.  gamomsxiveblis akustikur 
vels gaaCnia axlo da Soreuli zonebi. a radiusis  wriuli gardamqmnelisaTvis 

axlo zonis   sazRvari aris     
  
 ⁄  manZili. axlo zonaSi       bgeriTi 

wneva icvleba aramonotonurad,  xolo Soreul zonaSi monotonurad mcirdeba. 

      manZilebze bgeriTi wnevis damokidebuleba gamosxivebis RerZis θ  
kuTxeze  warmodgenilia  mimarTulebis diagramaze  (sur.5), romelsac gaaCnia 
ZiriTadi da ramdenime gverdiTi furceli.  am diagramis ZiriTadi  furclis 
gaSlis kuTxe 

            (  ⁄ ). 
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sur.5. badros formis gardamqmnelis gamosxivebis velis 

mimarTulebis diagrama       ⁄  polarul koordinatebiT. 
 

 drekadi rxevebis aRZvrisa da miRebisaTvis iyeneben 
eleqtroakustikur gardamqmnelebs. maT Soris yvelaze ufro 
gavrcelebulia piezoeleqtruli gardamqmnelebi. isini sxvadasxvagvaria 
da gansxvavdebian daniSnulebis,  Sesrulebis, muSa sixSiriT da sxva 
parametrebiT.

 
sur.6. piezogardamqmnelebis konstruqciebi: 

a) - pirdapri SeTavsebis;      b) - daxrili SeTavsebis;    g) gayofil-
SeTavsebuli. 

1 - piezoelementi; 2 - dempferi;  3 - proteqtori;  4 - sakontaqto siTxis 
fena; 5 - sakontrolo obieqti;  6 - korpusi;  7 -  gamomyvani;  8 - prizma;  9 - 
akustikuri ekrani. 

pirdapiri SeTavsebis gardamqmnelebis  (sur.6.a)  daniSnulebaa grZivi 
talRebis  gamosxiveba da miReba. am orive funqcias asrulebs erTi 
piezoelementi. 

daxrili   gardamqmnelebi  (sur.6.b) gamoiyeneba ganiv  da lembis 
zedapirul talRebTan samuSaod. sakontrolo   nakeTobaSi  yvela es talRa  
aRiZvreba grZivi talRebis transformaciis Sedegad, romelic miewodeba 
gardamqmneli-nakeTobis gayofis sazRvarze sxvadasxva kuTxiT. miRebisas 
xorcieldeba  uku  transformacia. 

gayofl-SeTavsebuli (sur.6.g)  gardamqmnelebi grZivi talRebis  miRebisa 
da gamosxivebsaTvis iyeneben sxvadasxva piezoelements, romlebic erT 

a) b) 
g) 
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korpusSia damontaJebuli. gamoiyeneba aseve grZivi talRebis  calke 
gamomsxivebeli da calke mimRebi gardamqmnelebi. 

gamoiyeneba sxva saxis gardamqmnelbic - farTolzolovani, daxris 
saregulirebeli kuTxeebiT, fokusirebadi, mravalelementiani (matriculi) da 
sxv. drekadi talRebis gadacemisaTvis gardamqmnelis elmentebsa da 
sakontrolo obieqts Soris aucilebelia akustikuri kontaqtis Sesaqmneli  
materialuri garemos arseboba. aseTi kontaqti SeiZleba ganxorcieldes 
Semdegi masalebis gamoyenebiT: 

•  siTxis Txeli fena (kontaqturi meTodi); 

• h sisqis siTxis fniT, rodesac h aris λ talRis sigrZis rigis  (RreCos 
meTodi); 

•  siTxis sqeli fena (Sre)  h>>λ ( imersiuli meTodi); 
•  elastikuri plastikis feniT (mSrali meTodi). 
dabal sixSireebze (60 – 100 kHz),  gamoiyeneba wertilovani mSrali kontaqti 

gardamqmnelis gamosasvlelis daboloebis amozneqili zedapiridan. 
specialuri amocanis gadawyvetisas drekadi  rxevebis gamosxivebisa  da 

miRebisaTvis  iyeneben   arasakontaqto (ukontaqto ) gardamqmnelebs maT Soris:  
• eleqtromagnituri velis efeqtze  damyarebul _ eleqtromagnitur-

akustikurs (ema); 
• optikurs, lazeruli aRgznebiTa da drekadi rxevebis interferenciuli 

miRebiT; 
• piezoeleqtruls, haeris sqeli fenis (h>>λ) saSualebiT drekadi 

talRebis gamosxivebiTa da miRebiT.   
mgrZnobiarobis mixedviT arakontaqturi gardamqmnelebi CamorCebian 

gamosakvlev  obieqtTan  SiTxiTi kavSiris mqone  piezoeleqtrul  
gardamqmnelebs. 

3 
 

 

 
3.1 akustikuri meTodebis klasifikacia 

 
ararRvevadi kontrolis akustikuri meTodebi  iyofa or did  jgufad - 

aqtiur  da pasiur  meTodebad. 
aqtiuri meTodebi iyofa gavlis, arekvlis, kombinirebul (gavlisa da 

arekvlis gamoyenebiT),  impedansur da sakuTari sixSireebis meTodebad. 
gavlis meTodebi gamoiyeneben gamomsxivebel da mimReb gardamqmnelebs, 

romlebic gamosakvlevi obieqtis sxvadasxva  an erT mxaresaa ganlagebuli. 
gamoiyeneben impulsur an uwyvet (iSviaTad) gamosxivebas da obeqtSi gavlil 
signals aanalizeben.   

 
 

3.1.1. akustikuri diagnostikis aqtiuri meTodebi. gavlis meTodi 
 
akustikuri sadiagnostikosa da kontrolis meTodebidan yvelaze farTod 

gamoiyeneba akustikuri signalis sakvlev obieqtSi gavlis meTodi, aRniSnuli 
meTodi akustikuri signalis obieqtSi gavlisas misi fizikuri maxasiaTeblebis 
cvlilebisa da registraciis xasiaTis mixedviT arsebobs  Semdegi saxis: 

a) amplitudur Crdilovani meTodi, dafuZnebulia kontrolirebad 
obieqtSi defeqtis arsebobiT gamowveuli  gavlili   talRis amplitudis 
cvlilebis  registraciaze  (sur.7.a) 
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sur.7. gavlis meTodebi 

a) Crdilovani;       b)  droebiT Crdilovani;      g) velosimetruli; 
1. generatori; 2. gamomsxivebeli;   3. sakontrolo obieqti;  4. mimRebi;  5. 

gamaZlierebeli; 6. amplitudis gamzomi; 7. gavlis drois mricxveli; 8. fazis 
gamzomi. 

droebiT Crdilovani meTodi, dafuZnebulia impulsis mier sakontrolo 
obieqtSi defeqtis garSemovlis gamo,  gavlili gzis gazrdiT gamowveuli 
dagvianebis cvlilebis registraciaze,  amasTan talRis tipi ar icvlba (sur.7.b).  

velosimetruli meTodi, dafuZnebulia defeqtis zonaSi drekadi talRebis 
dispersiuli  modebis siCqaris cvlilebis registraciaze da gamoiyeneba 
sakontrolo obieqtTan  calmxrivi da ormxrivi midgomis dros (sur.7.g). am 
meTodis realizaciisas, Cveulebriv, gamoiyeneba wertilovan mSralkontaqtiani 
gardamqmnelebi. calmxrivi midgomis variantSi (sur.7. g, zeda) gamomsxiveblis 
mier  aRZruli  nulovani rigis а0 arasimetruli talRebis  siCqare calkeul 
defeqtur SreSi naklebia, vidre aradefeqtur zonaSi. ormxrivi midgomis dros  
((sur.7.g, qveda) aradefeqtur zonaSi energia gadaecema grZivi talRis L  
saSualebiT, defeqtis zonaSi  - а0 talRiT, romelic gaivlis met manZils da 
vrceldeba naklebi siCqariT, vidre grZivi talRa. sakontrolo obieqtis 
defeqtis dafiqsireba xdeba  fazis cvlilebiT an gavlis drois airrdis 
xarjze (mxolod impulsuri reJimisaTvis). 

 
 
 
 
 
 
 
 
 

 

C) 

A) B) a b 

          g 
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3.1.2. akustikuri signalis arekvlis meTodebi. 
 
ultrabgeriTi diagnostirebis akustikuri arekvlis meTodebis 

realizacisas gamoiyeneben, rogorc erT, aseve or gardamqmnels. 

 
sur.8. arekvlis meTodebi 

a. eqo;      B b. eqo-sarkiseburi;         g. delta meTodi;  Dd. difraqciul-
droiTi;    Ee. reverberaciuli; 

1 - generatori; 2 - gamomsxivebeli; 3 - sakontrolo  obieqti; 4 - mimRebi; 5 
- gamaZlierebeli; 6 - sinqronizatori; 7 - indikatori. 

 
am meTodebSi gamoiyeneba  impulsuri gamosxiveba da isini iyofian 

defeqtoskopiis  meTodebis     Semdeg  qvejgufebad: 

 eqo-meTodi (sur.8.a) dafuZnebulia defeqtidan eqosignalebis 
registraciaze. indikatoris ekranze Cveulebriv aisaxeba zondirebuli 
(gagzavnili) signali I,  sawinaaRmdego zedapiridan (fskeridan) areklili  
signali     impulsi  III , da defeqtidan areklili eqo - signali  II.  II da III  
signalebis mosvlis dro proporciulia defqtis ganlagebis siRrmisa da 
nakeTobis sisqisa. kontrolis SeTavsebuli reJimis sqemiT  (sur.8.a) erTi da 
imave gardamqmneli asrulebs gamomsxiveblisa da mimRebis rols. Tu am 
funqciebs asrulebs sxvadasxva gardamaxi maSin mas gayofil sqemas uwodeben. 

 eqo-sarkiseburi meTodi (sur.8.b)  dafuZnebulia nakTobis fskerisa da 
defeqtidan sarkiseburad  areklili  signalebis analizze,  e.i. iseTi signalis 
analizze, romelmac gaiara A,B,C,D manZili.  am meTodis varianti , romelic 
gaTvlilia vertikaluri defeqtebis gamovlinebaze EF sibrtyeSi, cnobilia 
tandemis meTodis saxelwodbiT.  misi realizaciisaTvis A da  D gardamqmnelbis  
gadaadgilebisas  mudmivad  toveben mniSvnelobas              xolo  
vertikaluri defeqtebis sarkiseburi anareklis misaRebad axdenen          
mniSvnlobis varirebas. meTodis  erT-erTi varianti, romelic ”mrude tandemis” 
saxeliTaa cnobili, gulisxmobs gamomsxiveblisa da mimRebis ara erT,  aramed 

 B 

a 

b 

g 

d e 
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sxvadasxva sibrtyeSi ganlagebas (sur.3.5.b, sqematuri xedi qveviT), magram  ise,  
rom miiRos  sarkisebri anarekli defeqtidan.  kidev erTi varianti, romelic  

K-meTodis saxeliTaa cnobili, gulisxmobs maT ganlagebas nakeTobis 
sxvadasxva mxares, magaliTad mimRebs aTavseben  C wertilSi. 

 delta-meTodi (sur..8.g)  dafuZnebulia defeqtis Tavze ganlagebuli   
grZivi talRebis (4) gardamqmneliT, gardamqmnelidan gamosxivebuli da 
defeqtidan gafantuli  ganivi talRebis  (2)  miRebaze. 

 difraqciul-droiTi  meTodi  (sur.8.d), romelSic  gamomsxiveblebs  (2) 
da (2'),  mimRebebs (4) da (4') SeuZliaT gamoasxivon an  miiRon grZivi an ganivi 
talRebi, amasTan SeuZliaT gamooasxivon da miiRon  sxvadasxva tipis talRebi. 
gardamqmnelebi isea ganlagebuli, rom talRebis  eqo-signalebis maqsimaluri  
mniSvneloba miiRon, romlebic defeqtis boloebSia Tavmoyrili. zomaven 
defeqtis Tavsa da bolodan      signalebis mosvlis drosa da amplitudas. 

 reverberaciuli meTodSi   (sur.8.e) iyeneben defeqtis gavlenas 
sakontrolo obieqtSi mravaljer areklili  ultrabgeriTi impulsebs milevis 
droze. magaliTad,  gare metaluri Srisa da Siga polimeruli   Sris 
Sewebebuli konstruqciisaTvis  SeerTebis  defeqti  xels uSlis  energiis 
gadacemas Siga SreSi, rac zrdis mravaljeradi eqo-signalebis milevis 
xangrZlivobas gareTa SreSi. ultrabgeris didi milevadobis gamo polimerul 
SreSi areklili impulsebi, Cveulebriv, ar aris. 

 
 
 

3.1.3. akustikuri kontrolis kombinirebuli meTodebi. 
 
es meTodi ukve ganxiluli wina ori meTodis erTgvar kombinacias 

warmoadgens, romlis realizaciisasac iyeneben, ultrabgeriTi talRis, rogorc 
gavlis ise  arekvlis principebs. 

 
sur.9. kombinirebuli meTodebi, gavlisa da arekvlis gamoyenebiT: 
a)sarkisebur - Crdilovani;   b)  eqo-Crdilovani; g) eqo-gamWoli; 

1- defeqti; 2- gamomsxivebeli; 3 - sakontrolo obieqti; 4 – mimRebi 
 
a) sarkisebur _ Crdilovani meTodi dafuZnebulia fskeruli signalis 

amplitudis gazomvaze.  areklili signali  sur.3.9A-ze pirobiTad  
wanacvlebulia. Sesrulebis teqnikis mixedviT (eqo - signalis dafiqsireba) mas 
miakuTvneben arekvlis meTodebs, xolo  kontrolis fizikuri arsis mixedviT 
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(izomeba signalis Sesusteba, romelmac orjer gaiara defeqtis zona) is 
uaxlovdeba Crdilovan meTods. 

b) eqo_Crdilovani meTodi damyarebulia rogorc gamavali, ise 
areklili signalis analizze. (sur.3.6.b). 

g) eqo-gamWol meTodSi  fiqsirdeba nakeTobaSi orjer areklili 
gamWoli signali, xolo naxevrad gamWvirvale defeqtis aRmoCenisas  - 
defeqtidan areklili signalic, romelic aseve airekla Sesabamisad  nakeTobis 
zeda da qveda zedapiriebdan. didi gaumWvirvale defeqtis aRmoCena xdeba 
signalis gaqrobis (dakargvis)  an mkveTri Semcirebis  dafiqsirebiT, e.i.  
Crdilovani meTodiT. 

  
 

 

 
. 
 

 
3.1.4. akustikuri kontrolis sakuTari sixSireebis meTodi 

 
    sakontrolo obieqtis rxevis sakuTari sixSiris gazomva warmoadgens 

akustikuri kontrolis sakuTari sixSireebis meTodis safuZvels.  nakeTobaSi 
sakuTar sixSireebs zomaven rogorc iZulebiTi, ise Tavisufali  rxevebis   
aRZvrisas. Tavisufali rxevebi, Cveulebriv, aRiZvreba meqanikuri dartymis 
Sedegad, iZulebiTi - cvladsixSiriani  harmoniuli Zalis moqmedebiT.  

 
 

sur.10. sakuTari sixSireebis meTodebi: 
iZulebiTi rxevebis gamoyenebiT  a) -integraluri;   Bb) - lokaluri; 

Tavisufali rxevebis gamoyenebiT g) - integraluri;Dd) - lokaluri. 
1.cvladsixSiriani uwyveti moqmedebis generatori; 2. gamomsxivebeli; 

3. kontrolis obieqti; 4. mimRebi; 5. gamaZlierebeli; 6. rezonansuli 
indikatori; 7. sixSiris modulatori; 8. indikatori; 9. speqtruli 
analizatori. 10. dartymiTi vibratori; 11. informaciis damuSavebis bloki. 

ganasxvaveben integralur da lokalur meTodebs. integralur meTodebSi 
aanalizeben iseTi nakeTobis rxevis sakuTar  sixSireebs, romelic irxeva 

g) 
  d) 

a) 

 

b) 
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rogorc erTi mTliani, lokalurSi analizs eqvemdebareba nakeTobis calkeuli 
monakveTebis (nawilebis) rxevebi. 

sakuTari sixSireebis meTodi xorcieldeba iZulebiTi rxevebis 
gamoyenebiT.  integralur meTodSi  regulirebadsixSiriani, Cveulebriv 
sakontrolo obieqtze (3) moqmedi, grZivi an drekadi talRebis   aRmZvreli 
generatori (1) (sur.10.a)  mierTebulia gamomsxivebelTan (2). mimRebi (4) 
gardaqmnis miRebul rxevebs eleqtrul signalSi, romelic Zlierdeba 
gamaZlierebliT (5) da miewodeba rezonansis indikatorze (6). generatori (1)-is 
sixSiris regulirebiT, zomaven   nakeToba (3)-is  sakuTar sixSires. 
gamoyenebuli sixSiris diapazoni Seadgens 500 kHz. 

lokaluri meTods  iZulebiTi rxevebis gamoyenebiT  (ultrabgeriT 
rezonansul meTods)  ZiriTadad iyeneben nakeTobis sisqis  gasazomad.  
nakeTobaSi (3) (sur.10.b) gardamqmneli (2) da mimRebi (4), Cveulebriv,  aRZraven 
uwyvet cvladsixSirian grZiv  drekad talRebs, afiqsireben sixSireebs, 
romlebzedac  aRiniSneba “gardamqmneli_nakeTobis” sistemis rezonansi.  
rezonansuli sixSireebis mixedviT gansazRvraven nakeTobis kedlis sisqes da 
masSi defeqtis arsebobas. zedapiris paralerur defeqtebs gaaCniaT  gazomvadi 
sisqe, xolo  zedapiris mimarT kuTxiT ganlagebuli defeqtebi iwveven 
rezonansis gaqrobas.  lokalur meTodSi  gamoyenebuli sixSiris diapazoni 
ramdenime  megahercs  (MHz)  aRwevs. 

sakuTari sixSiris meTodebi Tavisufali rxevebis gamoyenebiT,  aseve  
iyofa  integralur da lokalur  meTodebad. 

integraluri  meTodis gamoyenebisas   nakeTobaSi  (3)  (sur.10.g.)  CaquCis 
(1) dartymiT aRiZvreba  Tavisufali milevadi rxvebi. am  rxevebs aRiqvams 
mikrofoni, signals gaaZliereben da gafiltraven zoluri filtris 
gamoyenebiT, romlebic gamoyofen signalbs im sixSireebiT, romlebic 
Seesabameba  rxevebis amorCeul  modas, romelsac zomaven modulatori (7) 
saSualebiT.  defeqtis arsebobis niSani sixSiris cvlilebaa (Cveulebriv, 
Semcireba), rogorc wesi, meTods gamoiyeneben sakuTari sixSireebisaTvis  
romlebic ar aRemateba  15kilohercs ( kHz). 

lokalur meTodSi  (sur.10.d)  generatoriთ (1) aRgznebuli   vibratori 

(10)  axოrcielebs sakontrolo obieqtze periodul dartymebs. mimRebi 
mikrofondan (4)  gamaZlierebelis (5) gavliT eleqtruli signalebi miewodeba 
speqtrul analizators (9).  signalis gamoyofili speqtri gadaecema   
informaciis damuSavebis bloks (11),  indikatorze  xdeba damuSavebis  Sedegebis  
warmodgena. mimReb mowyobilobad mikrofonebSi gamoiyeneben piezomimRebebs. 
defeqtis  dafiqsireba xdeba miRebuli impulsuri signalis  speqtris  
cvlilebis mixedviT.  integraluri meTodisagan gansxvavebiT   kontroli 
xorcieldeba nakeTobis skanirebis  gziT. muSa sixSireebis diapazoni, 
Cveulebriv, Seadgns 0,3-dan  20 kHz-mde sixSires. 

akustikur_topografiul  meTods  gaaCnia lokaluri da integraluri 
meTodebis niSnebi.  igi dafuZnebulia nakeTobaSi intensiuri sixSiris uwyveti  
cvlilebis  Runvadi  talRebis aRZvraze da rxevis amplitudebis ganawilebis 
registraciaze,  zedapirze datanili fxvnilis saSualebiT. drekadi talRebi 
aRiZvreba mSral nakeTobaze  miWerili  gardamqmneliT.  gardamqmneli ikvebeba  
mZlavri (0,4 kW) sixSiris uwyveti cvlilebis generatoridan.  Tu  defeqtiT 
(ganSreveba, SeerTebis darRveva)   gamowveuli zonis  sakuTari sixSire 
moxvdeba aRZruli sixSireebis diapazonSi, maSin am  zonis rxevebi Zlierdeba, 
nakeTobis zedapiris damfaravi fxvnili wainacvlebs defeqtis sazRvrebisaken, 
rac mas TvalsaCinos xdis. gamoyenebuli rxevebis   sixSiris diapazoni   40 - 
150 kHz Seadgens. 
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3.1.5. akustikuri diagnostikis impedansuri meTodi 
 

nakeTobaSi defeqtebis arsebobisas meTodis realizaciisaTvis drekadi 
rxevebisas iyeneben nakeTobis impedansebis damokidebulebas am  nakeTobis 
parametrebze.  Cveulebriv, afaseben meqanikur impedans 

Z=F⁄V, 

sadac   F  da   V - aRmZvreli Zalis da siCqaris  kompleqsuri amplitudebia  
Sesabamisad. impedansur meTodebSi gamoiyeneba Runvadi da grZivi talRebi. 

Runvadi talRebis gamoyenebisas Rerovani    gardamqmneli  (sur.11.a)   
Seicavs generatorTan (1) mierTebul gamomsxivebels (2) da mimReb (4) 
piezoelementebs.  gardamqmneli (3) wertilovani mSrali kontaqtiT nakeTobaSi 
aRZravs Runvad harmoniul rxevebs. SeerTebis defeqtis zonaSi meqanikuri 

impedansis     | |     moduli  |Z| mcirdeba da icvleba misi argumenti  φ. es 
cvlilebebi registrirdeba eleqtronuli aparaturis saSualebiT. am meTodis 
impulsur variantSi sistemaSi  nakeToba_gardamqmneli aRZraven Tavisufali 
rxevis  milevad impulsebs. defqtis arsebobis  niSani iqneba am rxevebis  mzidi  
sixSiris amplitudis Semcireba. 

  
sur.11. kontrolis meTodebi: 

a - impedansuri;   b - akustikur - emisiuri; 
1 - generatori; 2 - gamomsxivebeli; 3 - kontrolis obieqti; 4 - mimRebi; 5 - 

gamaZlierebeli; 6 - monacemTa damuSavebis bloki indikatoriT. 

a 

b 
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SeTavsebuli gardamqmnelebis garda iyeneben saerTo korpusSi cal-calke 
SeTavsebul, damoukidebel gamomsxivebeli  da mimRebi vibratorebiT aRWurvil  
gardamqmnelebsac,  es gardamqmnelebi impulsur reJimSi muSaoben.  SeTavsebul 
gardamqmnelebTan muSaobisas iyeneben 8 kHz-mde   sixSires, cal-calke 
SeTavsebuli gardamqmnelebis SemTxvevaSi impulsebs mzidi  sixSiriT 15 -35 kHz. 

sxva SemTxvevaSi mravalSrian  sakontrolo konstruqciaSi   brtyeli 
firfitiseburi piezogardamqmneliT  aRZraven  fiqsirebuli sixSiris  grZiv 
drekad talRebs.  defeqtebis dafiqsireba xdeba gardamqmnelis  Sesasvleli 
eleqtruli impedansis      cvlilebis mixedviT.       impedansis cvlilebebs 
gamosaxaven wertilis saxiT kompleqsur sibrtyeze, romlis mdebareoba 
damokidebulia defeqtis xasiaTze.  im meTodebisagan gansxvavebiT,  sadac 
Runvad talRebs iyeneben, am meTodis gamoyenebisas, gardamqmnelis kontaqti 
nakeTobasTan xorcieldeba sakontaqto sacxis saSualebiT. 

kontaqturi impedansis meTodi, gamoiyeneba  simtkicis kontrolisaTvis da 
damyarebulia sakontrolo obieqtTan mudmivi ZaliT miWerili Rerovani 
gardamqmnelis almasis indentoris kontaqtis zonis meqanikuri  impedansis  
Sefasebaze. simtkicis Semcireba zrdis sakontaqto  zonis farTobs,  iwvevs misi 
drekadi meqanikuri impedansis zrdas, rac aRiniSneba grZivad merxevi 
gardamqmnelis sakuTari sixSiris zrdiT, rac  calsaxadaa dakavSirebuli 
gasazom simtkicesTan.  

simtkicis sazomebis muSa sixSireebia 25 – 80 kHz,  simtkicis  gazomvis  
diapazoni 20—68 HRC,(50—990 HV). ultrabgeriTi simtkicis sazomebi 
portatiuli xelsawyoebia (1,5 – 3 kg), rac saSualebas iZleva gaizomos simtkice 
Znelad misadgom adgilebSi (kbilanis kbilebi). 

 
 
 

3.2. diagnostikis pasiuri akustikuri  meTodebi 
diagnostikis pasiuri kontrolis meTodi dafuZnebulia  sakontrolo 

obieqtSi aRZruli  talRebis drekadi rxevebis analizze. 
pasiuri meTodebidan  yvelaze damaxasiaTebelia akustikur - emisiuri 

meTodi  (sur.3.8.b).  akustikur _ emisiuri  movlenis  arsi  drekadi talRebis 
TviT sakontrolo masalis  gamosxivebis Sedegia  struqturis mier  Sinagani 
lokaluri dinamikuri  gadawyobis  gamo. iseTi movlenebi, rogoricaa  bzaris 
warmoqmna da ganviTareba garegani datvirTvis zemoqmedebiT, alotropiuli 
gardaqmna  gacxelebisas  an  gacivebisas,  dislokaciuri grovebis  moZraoba,  
-  akustikuri emisiis yvelaze damaxasiaTebeli  wyaroebia. nakeTobasTan 
kontaqtSi piezogardamqmnelebi iReben drekad talRebs, riTac saSualebas 
gvaZleven davadginoT maTi (defeqtis)  warmoSobis   adgili da  wyaro. 

vibraciul_diagnostikuri da bgeriT_diadnostikuri meTodebic  
diagnostikis pasiur akustikur meTodebs ganekuTvneba. pirvel SemTxvevaSi 
aanalizeben romelime calkeuli detalis an kvanZis (rotori,  sakisrebis, 
turbinis frTebis) vibraciul parametrebs kontaqturi tipis mimRebebis 
saSualebiT, meore SemTxvevaSi swavloben xmauris speqtrs meqanizmis  
muSaobisas, Cveulebriv, mikrofonuli mimRebebis saSualebiT. 

akustikuri meTodebi sixSiruli niSnebis mixedviT iyofa 
dabalsixSirulad  da maRalsixSirulad.  pirvel maTgans miakuTvneben rxvebs 
bgeriT da dabalsixSirul (ramdenime  aTeul kHz - mde) sixSiris ultrabgeriT 
diapazonSi. meores  - maRalsixSirul ultrabgeriT sixSirul diapazonSi: 
Cveulebriv ramdenime aseuli kHz - dan 20 MHz -mde. maRalsixSirul meTodebs, 
Cveulebriv, ultrabgeriT meTodebs uwodeben. 
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3.3. akustikuri meTodebis gamoyenebis sferoebi 
 ganxiluli akustikuri kontrolis meTodebidan praqtikuli mizniT  

yvelaze  xSirad gamoiyeneba eqo_meTodi,  romelsac  obieqtebis 90%  
emorCileba.  sxvadasxva tipis talRebis gamoyenebiT defeqtoskopiis sxvadasxva 
amocanis gadaWraa SesaZlebeli  maT  Soris: naWedobis,  sxmulebis,  SeduRebis 
SeerTebis da sxva metaluri da  arametaluri masalebisaTvis.  eqo - meTodi 
aseve gamoiyeneba nakeTobis zomebisdasadgenad, amisaTvis zomaven fskeruli 
signalis mosvlis dros, ultrabgeris gavrcelebis cnobili siCqaris pirobebSi 
(mocemuli masalisaTvis) da gamoiangariSeben nakeTobis (masalis) sisqes masTan 
calmxrivad midgomis SesaZleblobisas.  SesaZlebelia aseve masalis ucnobi 
sisqis Sesafaseblad ganisazRvros ultrabgeris milevis  dro da misi 
saSualebiT ganisazRvros masalis fizikur-mqanikuri Tvisebebi. 

sarkul_Crdilovani meTodi gamoiyeneba eqo-meTodis nacvlad an damatebiT 
im defeqtebis aRmosaCenad, romlebic  arekvlis sust signals iZlevian  
gayofil - SeTavsebuli gardamqmnelis mimarTulebiT.   

eqo_sarkiseburi  meTodi aseve gamoiyeneba Sesasvleli  mimarTulebis 
marTobulad orientirebuli defeqtebis aRmosaCenad. am meTodis  ”tandemis” 
varianti  gamoiyeneba vertikaluri bzarebis da SeuduRebeli adgilebis 
aRmosaCenad SeduRebis  SeerTebis kontrolisas.  zogierTi saxeobis SeduRebis 
defeqtebs, magaliTad, eleqtronul_sxivuri SeduRebis  defeqtebs gaaCniaT 
gluvi  arekvlis zedapiri, romelic Zalian mcired gaabnevs ultrabgeriT 
talRebs, magram aseTi defeqti eqo_sarkiseburi meTodiT kargad gamovlindeba. 
momrgvalebuli formis defeqtebi (widovani CanarTebi, haeris buStukebi) 
iZlevian  Zlier gabnevis signals  da kargad registrirdeba  SeTavsebuli 
gardamqmnelebiT. 

delta da difraqciul_droiTi meTodebi aseve gamoiyeneba damatebiTi 
informaciis misaRebad Seduebuli  SeerTebis defeqtebis  kontrolisaTvis. 

kargi xarisxis kontaqtis misaRebad mimReb pirdapir gardamqmnelsa da 
SeduRebis SeerTebis zedapirs Soris  gamaZliereblis  Tavaks  asufTaveben.  am 
meTodis gamoyenebiT sakmaod zustad gansazRvraven SeduRebis SeerTebis 
defqtis mdebareobas, rac mniSvnelovania misi avtomaturi registaciisaTvis. 

eqo_Cdilovani meTodi  aseve gamoiyeneba  SeduRebis SeerTebis 
kontrolisaTvis. magaliTad,  SeduRebis SeerTebis avtomaturi kontrolisaTvis 
defeqtis maZieblebs ganalageben SeerTebis nawiburis orive mxares da 
gamoiyeneben rogoc areklil, ise gamaval signals. es ukanaskneli gamoiyneba 
akustikuri kontaqtis kontrolisa da Zalian susti gamomavali eqo - 
signalebis mqone  gansakuTebuli orientaciis mqone defeqtebis aRmosaCenad.  

Crdilovan eqo_gamWol meTods iyeneben  nakeTobasTan ormxrivi misadgomis 
arsebobisas,  martivi fomis nakeTobis avtomaturi kontrolisaTvis, magaliTad, 
imersiul abazanaSi furclebis kontrolisas. am meTodis  defeqtebisadmi 
mgrZnobiaroba  10 -100 -jer  naklebia,  vidre eqo meTodebisa, rac xelSeSlebis 
didi gavleniTaa gamowveuli.  eqo_gamWoli meTodis gamoyeneba am nakls 
mniSvnelovnad amcirebs.  

Crdilovan meTodebs iyeneben ageTve struqturuli reverbaciebis e.i. 
xmauris maRali donis SemTxvevaSi, romelic araerTgvarovani zedapiridan  
ultrabgeris arekvlis araeTgvarovnebiT,  defeqtis msxvilmarcvlovani 
stuqturis  da nakeTobis  mravalSriani konstruqciebis fenovani plastikebis 
arsebobiTaa gamowveuli. Txeli nakeTobebis kontrolisas  struqtuuli 
xmauris Zalian maRali doniT Crdilovani da droiTi meTodebi  uzunvelyofen 
ufro maRal mgrZnobiarobas. es meTodebi saSualebas gvaZleven gamovavlinoT 
msxvili defeqtebi masalebSi, sadac sxva akustikuri meTodebiT kontroli 
airnelebuli an SeuZlebelia aseTebia: msxvilmarcvlovani austenituri 
foladi,  ruxi Tuji, betoni, cecxlgamZle aguri. 

Crdilovan meTods iyeneben eqo_meTodis sanacvlod masalebis fizikur-
meqanikuri Tvisebebis gamokvlevisas akustikuri talRebis didi milevadobisa 
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da gabnevis SemTxvevaSi, magaliTad, betonis simtkicis gansazRvrisas 
ultrabgeris siCqaris mixedviT. am miznisaTvis gamoiyeneba ara mxolod 
Crdilovani meTodi,  aramed (ufo zogadi saxiT) gavlis meTodic. magaliTad, 
gamomsxivebelsa da  mimRebs moaTavseben nakeTobis erT mxares, erT zedapirze 
zomaven mTavari talRis  gamWoli signalis drosa da amplitudas. 

iZulebiTi rxevebis lokalur mTods iyeneben sakontrolo obiqtTan 
calmxrivi midgomis  SesaZleblobisas  mcire sisqeebis gasazomad. dRes 
dReobiT, sakontrolod   gamoiyeneba xelis impulsuri  sisqmzomebi. 
Txelkedliani  milis kedlis sisqis gasazomad avtomatur reJimSi saukeTso 
Sedegebs iZleva imersiuli rezonansuli sisqmzomi. 

iZulebiTi rxevebis integralur meTods iyeneben nakeTobis masalisagan 
amoWrili martivi formis  nimuSebis drekadobis modulis gasazomad grZivi,  
Runvis da  brunvis rezonansuli sixSireebis  mixedviT,  e.i. rRveviTi 
gamocdebis Catarebisas. 

Tavisufali rxevebis integraluri meTodi  gamoiyeneba vagonis borblebis 
salteebis an minis WurWlis Semowmebisas  ”xmis  sisufTavis”  mixedviT smeniT  
subieqturi SefasebiT.  

reverberaciul,  impedansur, velo_simetrul,  akustikur_topografiul  
meTodebs  da Tavisufali rxevebis lokalur meTodebs ZiriTadad iyeneben 
mravalSriani konstruqciebis kontrolisas.  akustikur_topografiul meTods 
iyeneben  upiratesad liTons mravalSrian konstrqciebSi (fiWuri panelebi,  
bimetaluri konstruqciebi da sxv.) defeqtis aRmosaCenad.  

vibraciul_diagnostikur da bgeriT_diagnostikuri meTodebi  emsaxureba  
meqanizmebSi muSaobis dros  defeqtis aRmoCenas.  akustikuri emisiis meTods 
iyeneben, rogorc sadiagnostiko saSualebas masalebis,  konstruqciebis, 
nakeTobebis kontrolis (magaliTad  hidrogamocdebis Catarebisas) da 
eqspluataciis dros. meTodis  mniSvnelovani upiratesoba kontrolis  sxva 
meTodebTan SedarebiT aris misi reagirebis unari  mxolod  ganviTarebad, 
namdvilad saSiS defeqtebze, aseve  SesaZlebloba imisa, rom didi monakveTebi  
an mTlianad nakeToba Seamowmos  gardamqmneliT skanirebis gareSe. 
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4. gama_defeqtoskopia 
 

gama-defeqtoskopia radiaciuli kontrolis ganxorcielebis saSualebaa, 
romelsac iyeneben maRali saimedoobis, teqnikuri, ekonomikuri da ekologiuri 
usafrTxoebis uzrunvelsayofad mniSvnelovani proeqtebis calkeuli kvanZebisa 
da elementebis kontrolisa da diagnostirebisas. 

radiaciuli kontrolis zogad sqemaSi (sur.12.) gamoiyeneba, rogorc 
minimum, sami elementi: radiaciis wyaro, sakontrolo  obieqti da deteqtori.  

   
sur.12. dasxivebis zogadi sqema: 

1 - radiaciis wyaro; 2 - sakontrolo obieqti; 3 – deteqtori 
 
nakeTobaSi gavlisas maionizebeli gamosxiveba sustdeba, STainTqmeba  da 

gaibneva. Sesustebis xarisxi damokidebulia  sakontrolo obieqtis (2) sisqeze, 
simkvriveze (ρ)  da sakontrolo obieqtis masalis atomur nomerze (z), aseve  
gamosxivebis intensivobaze  (M) da gamosxivebis energiaze  (E).  nivTierebaSi Δρ 
zomis Sinagani defeqtebis arsebobisas  icvleba gamosxivebis sxivTa konis 
intensivoba da energia. 

radiaciuli kontrolis meTodi defeqtoskopiuri informaciis 
deteqtirebis xerxebis mixedviT arsebobs radiografiuli, radioskopiuri da 
radiometriuli. 

nakeTobebis dasxiveba xdeba sxvadasxva saxis maionizebeli gamosxivebiT, 
romelTa saSualebiTac  SesaZlebelia maRali simkvrivis nivTierebebis maT 

Soris 1-dan 70 mm-mde sisqis foladis nakeTobis gaSuqeba.  
 
  
 

2.4. radiografiuli meTodebi 
 

 radiografiuli meTodebi aris ararRvevadi radiaciuli kontrolis  
meTodebi, romelebic dafuZnebulia sakontrolo obieqtis radiaciuli 
gamosaxulebis gardaqmnaze radiograful suraTad, an am gamosaxulebis 
Caweraze damaxsomebeli mowyobilobis gamoyenebiT, Semdgom misi  xilul 
gamosaxulebad gardaqmnis SesaZleblobiT. es meTodi  praqtikaSi yvelaze ufro 
gavrcelebulia misi simartivisa da miRebuli Sedegebis dokumenturad 
dadasturebis SesaZleblobis gamo.  gamoyenebuli deteqtorebis mixedviT 
ganasxvaveben fotoradiografias da qseroradiografias (eleqtroradiografia).  
pirvel SemTxvevaSi dafaruli gamosaxulebis deteqtoris rols asrulebs  
fotomgrZnobiare firi  meore SemTxvevaSi _ naxevargamtaruli firfita, xolo 
registraciisaTvis iyeneben Cveulebriv qaRalds. 

gamoyenebul gamosxivebisaze damokidebulebiT arsebobs ramdenime 
saxeobis samrewvelo radiografia: retgenografia, gamagrafia, amaCqarebluri 
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da neitronuli radiografia. TiToeul CamoTvlil meTods gaaCnia Tavisi 
gamoyenebis sfero.  

radiaciuli introskopia aris radiaciuli ararRvevadi kontrolis 
meTodi, romelic damyarebulia sakontrolo obieqtis radiaciuli 
gamosaxulebis  gardaqmnaze sinaTlis gamosaxulebad radiaciul - optikuri  
gardamqmnelis gamosasvlel ekranze, amasTan miRebuli gamosaxulebis  
analizi xorcieldeba  kontrolis procesSi. 

am meTodis mgrZnobiaroba ramdenadme  mcirea,  vidre radiografiisa, 
magram misi upiratesobaa miRebuli Sedegebis maRali  sandooba, rac defeqtis 
stereoskopiuli xedvisa da nakeTobis sxvadasxva kuTxiT daTvalierebis 
SesaZleblobiT,  aseve  meTodis eqspress SesaZleblobiTa da kontrolis 
uwyvetobiT aris ganpirobebuli. 

radiometruli defeqtoskopia aris  maionizebeli gamosxivebis 
saSualebiT sakontrolo nakeTobis Sinagani mdgomareobis Sesaxeb  
informaciis eleqtruli  signalebis saxiT (sxvadasxva sididis, 
xangrZlivobis an raodenobis) miRebis meTodi. 

radiometriuli defeqtoskopiis meTodi uzrunvelyofs kontrolisa da 
nakeTobis damzadebis teqnologiuri procesebis avtomatizaciisa da 
avtomaturi ukukavSiris ganxorcilebis saukeTeso SesaZleblobas. meTodis 
upiratesobaa is, rom misi gamoyenebisas SesaZlebelia uwyvet raJimSi 
ganaxorcieldes nakeTobis xarisxis maRalmwarmoebluri kontroli, rac 
gamoyenebuli aparaturis swrafqmedebiTaa ganpirobebuli. mgrZnobiarobis 
mixedviT es meTodi CamorCeba radiografiul meTods. 

 
 
 

4.2 kontrolis meTodika da teqnika 
 

 vizualuri kontrolisaTvis nakeTobis detalebi da kvanZebi 
dasasxiveblad miewodeba zeTis, widis da sxva  WuWyisagan  gasufTavebis 
Semdeg. sakontrolo  nakeTobis kvanZebisaTvis muSavdeba kontrolis 
teqnologiuri rukebi, romlebic gansazRvraven maionizebeli gamosxivebis 
gamoyenebiT kontrolis  teqnikasa da wess. 

axali obieqtebis dasxivebis win sruldeba Semdegi operaciebi: 
• konstruqciis gaanalizebiT  ganisazRvreba dasxivebis monakveTebi 

da sqema; 
• irCeven dasxivebis wyaros, rentgenografiuli firis tips, 

gamaZlierebel ekrans; 
• irCeven dasxivebis reJims (rentgenuli milakis Zabva da denis Zala, 

radioaqtiuri wyaros tipi, amaCqarblis tipsa da dasxivebis energias, fokusur 
manZils, dasxivebis dros); 

• tardeba RonisZieba adamianebis dasacavad maionizebeli 
dasxivebisagan, aseve eleqtro da saxanZro usafrTxoebis  sxva RonisZiebebi. 

• iteneba kasetebi; 
• ayeneben meqanizaciisa da avtomatizaciis saSualebebs, dasxivebis 

wyaroebs da sakontrolo obieqtebs  dasxivebis mdgomareobaSi,  aseve kasetbs, 
markirebis ekranebs, mgrZnobiarobis etalonebs da kompensatorebs. 

• xorcieldeba kasetis dacva  gabnevis gamosxivebisagan; 
• CasarTavad amzadeben rentgenis aparatebs, betatronebs, gama - 

defeqtoskopebs. 
dasxivebiT kontrols daqvemdebarebuli nakeTobis detalebsa da 

kvanZebze  feradi fanqrebiT an carciT moniSnaven suraTis zomis  calkeul  
ubnebs, romlebsac  ukeTeben markirebas  pirobiTi niSnebiT.  markirebis 
niSnebs (cifrebi,  asoebi,  isrebi)  amzadeben Sesabamisi normatiuli 

dokumentaciis mixedviT. amJamad saqarTvloSi moqmdebs  ГОСТ 1843-70). meoreuli 
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kontrolisas sadiagnostiko ubanze suraTis markirebas umateben aso ”R” 

(Repeate - gameoreba). 
dasxivbis  Catarebisas  aucilebelia  firis kasetis dacva  gareSe 

gabnevis gamosxivebisa  da meoreuli dasxivebisagan, amisaTvis kasetis ukana 
mxares   moTavsebulia (1_3) mm sisqis furclovani tyviis firfita. an  
Sesabamisi  sisqis eqvivalenturi masalis firfita. datenili kaseta tyviis 
firfitasTan erTad sakontrolo obieqtze magrdeba specialuri samarjvebis 
saSualebiT, rac uzrunvelyofs kasetis mWidro kontaqts dasasxivebel  
ubanTan. stacionarul pirobebSi brtyeli detalebis dasxivebisas kasetas  
SeRebili tyviis firfitis  specialur magidaze an iseT tyviis firfitaze 
aTavseben,  romlis zomebic dasasxivebeli velis zomebze metia.   dasxivebisas 
kasetebs mWidrod akraven sakontrolo obieqtis dasasxivebel ubans, amasTan 
mTeli dasxivebis periodis ganmavlobaSi obieqtic da kasetac daculi unda 
iyos njRrevisa da vibraciisagan. 

radiografiuli kontroli aucilebelia tardebodes ZiriTadi da 
mosamzadebeli operaciebis meqanizaciisa da avtomatizaciis saSualebebis 
optimaluri  gamoyenebiT, rentgenuli firfitis foto damuSavebis, aseve  
ZiriTadi aRWurvilobis saeqspluatacio  maxasiaTeblebis  asamaRlebeli 
samarjvebisa  da mowyobilobebis gamoyenebiT. 

radiografiuli kontrolis operaciebis meqanizaciisa da avtomatizaciis 
Casatarebeli mowyobilobebis Seqmna da arCeva, konkretuli pirobebidan 
gamomdinare - sakontrolo obieqtis konstruqciis, maTi danergvis teqnikur - 
ekonomikuri efeqturobisa da sakontrolo operaciebis Sromis nayofierebis 
airrdisa da TviTRirebulebis Semcirebis, warmoebis kulturisa da pirobebis 
gaumjobesebis, sawarmoo farTis racionaluri gamoyenebis pirobebis 
gaTvaliswinebiT  unda Catardes.  

praqtikul saqmianobaSi  radiografebi  mudmivad dganan konkretuli 
nakeTobis kontrolis axali amocanebis winaSe,  rodesac dasxivebis gamoyeneba 
Cveulebrivi  formiT  amocanas ver gadaWris.  magaliTad,  radiografiuli 
suraTiT mTlianad mirCiluli SeerTeba zogjer Zneli gasarCevia mTlianad 
aramTlianad mirCilulisagan. am SemTxvevaSi yuradReba unda mieqces fenebis 
(Sreebi) ganlagebas, maTi arseboba suraTze SeiZleba mirCiluli ubnis 
arsebobis niSani  iyos.  

aluminis Senadnobis SeduRebuli nawiburis xarisxis radiografiuli 
kontrolis dros  suraTebze xandaxan SeimCneva zolebi SeduRebis nawiburis 
gaswvriv, romelic e.w. ”cru defeqtis” saxeliTaa cnobili. maTi gamoCenis 
ZiriTadi mizezi - rentgenis gamosxivebis difraqcia liTons nawiburis 
marcvlovan struqturaze. 

cnobilia, rom sibrtyiTi formis defeqti defeqtis marTobuli 
mdgomareobidan dasxivebisas  Znelad gamovlindeban. es exeba  wertilovani 
SeduRebiT SeerTebul ubnebs, webovan, weboSeduRebiT da webomeqanikur 
SeerTebebis SemTxvevaSi webos ar arsebobas.  aseT SemTxvevebSi SesaerTebel 
zedapirebs Soris  (an weboSi) SeyavT gamosxivebis kargad STamnTqmeli 
kontrastuli masala (magaliTad liTonuri pudra), romlis gadanawileba 
TvalsaCinod gamovlindeba radiografiuli suraTebis mixedviT.  

defeqtebis ganlagebis siRrme SeiZleba ganisazRvros, stereoskopiis 
principebis gamoyenebiT. am mizniT gamosxivebis wyaros erTmaneTisagan 
daZruli ori  mdgomareobisas  iReben    suraTebs an erT suraTs erT 
firfitaze orjeradi dasxivebiT sxvadasxva mdgomareobaSi. nakeTobis 
zedapirze ganalageben tyviis niSnulebs. defeqtis ganlagebis siRrmes 
gansazRvraven gamoTvlis saSualebiT an  suraTebis stereoskopuli wyvilis  
specialuri stereoskopiuli linzebis sistemiT daTvalierebisas. 

ararRveviTi kontrolis specialistebi unda muSaobdnen nakeTobis 
konstruqtorebTan, masalaTmcodneebTan da teqnologebTan  kontaqtSi. 
aucileblad iTvleba metalografiuli analizisas miRebuli Sedegebis 
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gamoyenebuli  xerxebis  saimedoobis  Semowmeba, damzadebis teqnologiaSi 
Setanili cvlilebebis  Sefaseba nakeTobis simtkicis  Tvisebaze. Tvisebebis 
cvlilebas  SeiZleba adgili hqondes,  SeerTebaSi kontrastuli masalebis 
Setanis gamo.  radiografiuli kontrolis saimedooba izrdeba ararRvevadi 
kontrolis meTodebis specialistebis mowveviT,  axlad  Seqmnili 
konstruqciebis defeqtoskopiuri teqnologiurobis  analizisaTvis,  
proeqtirebis  adreul etapebze. 

 
 

4.3. dasxivebis sqemebi 
 

nakeTobis kontrolisa da diagnostikaTvis misi geometriuli zomebis, 
Semadgeneli masalis, konstruqciis, sakontrolo parametris saxeobisa da  
misi adgilmdebareobis gaTvaliswinebiT  gamoiyeneben dasxivebis sxvadasxva 
sqemas. 

  
sur.13. sakontrolo  obieqtis SeduRebis nawiburis dasxivebis sqema: 

a. SesaerTebeli gverdebis iribi CaWris gareSe; b. SesaerTebeli gverdebis 
X-is magvari CaWriT;  

1. dasxivebis wyaro;  2. sakontrolo obieqti; 3. firi. 

 

 

 

 

 

a 

b 



45 
 

  
sur.14.  T-sebri    SeerTebis  nawiburis kontroli kuTxis   arasruli   

SeduRebisas:  a) swori;   b)   araswori;   
 1. dasxivebis wyaro;  2. sakontrolo obieqti; 3. firi 

 
sur.15. T-sebri SeerTebis  nawiburis kontroli kuTxis  sruli   

SeduRebisas:       
 1. dasxivebis wyaro;  2. sakontrolo obieqti; 3. firi 

 

 

 

 

 

ბ) 

ა) 
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sur.16.  rgoluri  Sepirapirebis da SeduRebuli SeerTebis  erTi 

kedlidan dasxivebis sqemა: 
1. energiis wyaro; 2. muSa sxivTa konis RerZi.sakontrolo obieqtis, 

radiaciuli gamosaxulebis didi distorsiis gamomwvevi,   sxivTa konis 
apertura;  4. gamosxivebis muSa sxivTa konis aparatura; 5. sakontrolo 
obieqti; 6. tyviisekraniiani firi,  ukugabnevis  gamosxivebisagan 
dasacavad; 7. kontrolis eqspoziciis ubnebi (aranakleb 6) 

 

 
sur.17. rgoluri  Sepirapirebis, SeduRebuli SeerTebis,  

dasxivebis sqema,  gare diametriT 32...64 mm, ori kedlis gavliT: 1. 
gamosxivebis wyaro; 2. sakontrolo obieqti; 3. firi; 4. mgrZnobiarobis 
etalonuri firfita, romlis sisqea kedlis gaormagebuli sisqis 2%. 

5. mgrZnobiarobis etalonuri firfita, romlis sisqea kedlis erTmagi 
sisqis 2%. 6. kontrolis eqspoziciis ubnebi (aranakleb 6). 

            

D      

 

mm 



47 
 

  
sur.18. didi diametris milebis dasxivebis sqema 

1. dasxivebis wyaro;  2. sakontrolo obieqti; 3. firi 

  

 

 

  
sur.19. erTnairi (msgavsi) sakontolo obieqtebis dasxivebis sqema                    

1. dasxivebis wyaro;  2. sakontrolo obieqti; 3. firi  

 

 

 
4.4. radiografiuli suraTebis gaSifvra 

 
gaSifvris procesis sirTule SeiZleba Sefasdes ara procesze 

zemoqmedebis faqtorebis  CamonaTvaliT, aramed  maTi  maxasiaTeblebis 
mixedviT, romlebic warmoSobis wyaros mixedviT SesaZlebelia warmodgenili 
iqnas Semdegi saxiT: 

• sakontrolo obieqti: forma, sisqe, masala, orientacia, yvelaze albaTuri 
defeqtebis tipebi; 

• kontrolis saSualeba: gamosxivebis wyaro, registraciis saSualebebi da 
maTi damuSavebis meTodebi; 

• suraTebi: fonis ganaTebuloba,  dabrkolebebis da cru gangaSis  
simkvrive; 
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• operatoris: Tvalis simaxvile, gawafuloba, moqmedebis motivacia, 
daRliloba, winaswari instruqtaJis miReba,  asaki, inteleqti, individualuri 
SesaZleblobebi, samuSao datvirTva, Ziebis meTodi; 

• sxvadasxva faqtori: saTavsis ganaTebuloba, xmauri da vibracia 
gaSifvrisas. 

unda aRiniSnos, rom operatori aRmoaCens defeqtebs albaTuri saxiT. 
radiografiuli suraTebis gaSifvris Sedegebis gabneva informaciis mopovebis 
SesaZleblobidan Seadgens 30%.  naTelia, rom swavlebis  saukeTeso pirobebis  
da gamocdilebis SemTxvevaSic ki  firebze gamosaxulebis gamSifvrelebi 90 – 
95%-ian Tanxmobas iSviaTad Tu miaRweven. amitom yvela SemTxvevaSi, rodesac mza 
produqciis  usafrTxoebis faqtoris xarisxi mniSvnelovania, minimum orma 
kvalificirebulma operatorma unda Seafasos sakontrolo obieqtis xarisxi da 
radiografiuli suraTebis mixedviT moamzados daskvna. 

sakontrolo radiografiuli suraTebi faseuli saxelmZRvaneloa 
swavlebisa da gaSifvrisaTvis. amas garda, rekomendebulia radiografiuli 
suraTebis da sakontrolo obieqtis defeqtis ubnebis_mikromixexvebis sakuTari 
biblioTekis Seqmnac. 

maxvili mxedveloba gaSifvris sametapiani procesis (aRmoCena, amocnoba, 
Sefaseba)  pirveli etapis, mniSvnelovani parametria. adamianis mxedvelobis 
simaxvile SeiZleba Seicvalos yoveldRiurad fiziologiur faqtorebze 
damokidebulebiT, rac mniSvnelovani stimulatori unda iyos mxedvelobis 
simaxvilis yoveldRiuri SemowmebisaTvis. magaliTad wrfivi defeqtebis 
gamosaxulebiT mkveTri da bundovani sazRvrebis monacvleobiT. gaSifvris 
procesisaTvis mniSvnelovania suraTebis daTvalierebis pirobebic. 

negatoskopebi regulirebadi ganaTebulobiTa da ganaTebis velis zomebiT 
iyofa oTx jgufad: 

• suraTis lokaluri daTvalierebisaTvis gankuTvnili (ganaTebuli velis 
diametri 7 – 10 cm); 

• didi farTobis dasaTvalierebleli (35x45 cm); 
• lentisebri rentgenis firis dasaTvalierebeli; 
• kombinirebuli (didi farTobis lokaluri daTvalierebisaTvis). 
gamosaxuleba rentgenul firze SeiZleba efeqturad Sefasdes  

gamadidebeli mowyobilobebis saSualebiT:  lupiT (danayofis fasiT 1mm. da 
naklebi),  Stativze damagrebuli gamadidebeli obieqtiviT da sxva. 

radiografiuli firis daTvalierebis pirvel etapze  xdeba 
radiografiuli gamosaxulebis  xarisxis Sefaseba, rac Semdegi faqtorebis 
gansazRvras gulisxmobs: 

• aris  Tu ara suraTis emulsiur Sreze laqebi,  zolebi, gaWuWyianebuli  
da dazianebuli  ubnebi; 

• aris Tu ara suraTze SemzRudveli niSnebis, markirebisa da 
mgrZnobiarobis etalonis gamosaxulebebi;  

•  dasaSveb normebSia Tu ara optikuri siSavis simkvrive. 
radiaciuli kontrolis mgrZnobiaroba. suraTebis xarisxis Sesafaseblad  

iyeneben mgrZnobiarobis etalons, romelic normatiuli dokumentebiT mocemuli 
zomis, formis, Sedgenilobisa da gamoyenebis wesiT dadgenili sagamocdo - 
nimuSebia (test-nimuSebi). qimiuri Sedgenlobisa da simkvrivis mixedviT 
etalonebi identuri unda iyos sakontrolo  obieqtis. Mme_20 suraTze. 
gamosaxulia mgrZnobiarobis etalonebi.  

mgrZnobiarobis etalonebi konstruqciuli Sesrulebis, formis, zomisa da 
daniSnulebis mixedviT SeiZleba iyos: safexurovani, safexurovan - xvreluri, 
mavTuliani  da  firfituli. 
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 . 
Sur.20. radiaciuli kontrolis etalonebi 

1.safexurovani; 2. safexurovan - xvreluri; 3. mavTuliani; 4. firfituli 
 
mgrZnobiarobis safexurovan etalonebs ar gaaCniaT standartuli 

konstruqcia,  magram tipuri  SeiZleba ewodos  konstruqcias, romelsac 

gaaCnia kvadratuli formis xuTi safexuri zomiT:  magaliTad 10x10mm. 

TiToeuli  safexurebis sisqe 0,2;  0,5;  1,0;  da 1,25 mm.  
mgrZnobiarobis Rarebiani etaloni  warmoadgens firfitas, romelsac aqvs  

dadgenili formisa da zomis  Rarebi. 
mavTuliani etaloni - aris mavTulis dadgenili zomis swori naWrebis 

nakrebi, romlebic standartizirebulia saqarTveloSi moqmedi standartis  

ГОСТ  7512-82 mixedviT, didbritaneTSi  BS3971.1980,  germaniaSi  DIN 54109,  

skandinaviis qveynebSi  UCO ISO/R-1027,1969  da  SeduRebis saerTaSoriso 

institutis mixedviT - IIS/IIW - 62-60 . etalonebs Soris konstruqciuli 

umniSvnelo sxvaobebia. 
safexurovan_xvreluri  etaloni  Seicavs firfitebis nakrebs, 

romelTagan TiToeuls aqvs zedapirisadmi marTi kuTxiT gamWoli erTi an ori 
naxvreti.  naxvretis diametri firfitis sisqis  tolia.  

radiaciuli kontrolis  mgrZnobiarobis firfituli etaloni  
warmoadgens  gansazRvruli zomisa da formis cilindrul xvrelebian 

firfitas, romelic saqarTveloSi standartizebulia  ГОСТ 7512-82  da 

masalebis gamocdis amerikuli sazogadoebis  (ASTM)  standartiT  Е 142. 
mravali saerTasoriso maT Soris  aSS-is normebi isea formulirebuli,  

rom firfitis sisqe Seadgens  sakontrolo obieqtis sisqis 2%-s, raTa 
radiografiul suraTze Candes xvreli, romlis diametri orjer metia 

firfitis siganeze (2T). etalons  standartiT  Е 142  garda 2T diametriani 

xvrelisa, gaaCnia aseve xvrelebi diametriT 1T da  4T. 
radiaciuli kontrolis absolituri mgrZnobiaroba, romlis mixedviTac 

Raruli etalonis mier suraTze gamovlenili Raris umciresi siRrme, 
mavTulis etalonis mier suraTze gamovlenili mavTulis umciresi dimetri, 
firfituli etalonis umciresi sisqe, romlis drosac suraTze gamovlindeba 
xvreli  etalonis gaormagebuli sisqis diametriT,  unda Seesabamebodes  
sakontrolo obieqtis teqnikuri dokumentaciis moTxovnebs. 

sakontrolo obieqtze  teqnikuri dokumentaciis moTxovnebi SeiZleba 

mocemuli iyos agreTve kontrolis  fardobiTi mgrZnobiarobis saxiT  K (%) 
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       ⁄ , 
sadac δ- kontroliis absoluturi  mgrZnobiarobaa; x- sakontrolo obieqtis 
radiaciuli sisqe. 

Cveulebriv, mgrZnobiarobis etalonebs ayeneben sakontrolo obieqtis 
mxares da mimarTaven    gamosxivebis wyarosaken. rogorc cnobilia, 
sakontrolo obieqtis  Sinagani struqturis suraTis formirebisas yvelaze 
metad  degradirdeba struqturebi, romlebic gamosxivebis wyarosTan axlosaa 
ganlagebuli,  am movlenis  Tavidan  asacileblad  Semotanilia  Semdegi  
moTxovna. Tu sakontrolo obieqts araerTgvarovani sisqe gaaCnia, maSin 
etalonebs ayeneben ufro mniSvnelovan ubnebze  an sakontrolo obieqtze  
ganaTavseben ramodenime etalons. sakontrolo obieqtze, SeduRebis 
gaZlierebuli nawiburiT, mavTulisa da firfituli etalonebi SeiZleba 
ganvalagoT iseTi sisqis damatebiT firfitebze, rom gaZlierebis radiaciuli 
sisqe toli iyos damatebiTi firfitisa da sakontrolo obieqtis  
ekvivalenturi radiaciuli sisqisa, etalonis ganlagebis adgilas. 

unda aRiniSnos, rom  etalonebis mgrZnobiarobis kontrolsa da 
gamovlenili realuri defeqtebis  mgrZnobiarobas Soris ar aris martivi 
damokidebuleba.  magram mgrZnobiarobis etalonebis gamoyeneba saSualebas 
gvaZlevs SevafasoT zogierTi tipis defeqtebis gamovlenis SesaZlebloba. ase 
magaliTad,  airiT  savse  foras,  romlis moculoba firfituli  etalonis 

2T  diametris xvrelis moculobis tolia 1,8-jer meti moculoba aqvs vidre 
etalonis sisqea, amitom  am etalonis mgrZnobiarobis 2%  Seesabameba 
forianobis 3,6%.  sxmulebSi  gaciebisas warmoSobili Seklebis (Cajdomis) 
niJarebi warmoadgens TiTqmis cilindruli kveTis sicarieles. Sesabamisad  
mgrZnobiaroba mavTuliani etalonebis mixedviT Seesabameba  Seklebis 
niJarebis mgrZnobiarobas. 

 

 
4.5. sakontrolo obieqtis xarisxis Sefaseba 

suraTis mixedviT 
 

 damkvirvebeli operatoris gamocdilebas, mxedvelobis simaxviles da 
suraTis miRebis procesis codnas   am etapze  gadamwyveti mniSvneloba  aqvs.  
adamianis Tvali ukeT aRiqvams gamosaxulebis moZrav elementebs, amitom  
suraTis mcire gadaadgileba damkvirvebels exmareba gaarCios gamosaxulebis 
mcire detalebi. firis mxedvelobis aresTan kuTxiT ganlageba an xedvis 
kuTxis cvla  gamosaxulebis kontrastulobas zrdis da saSualebas iZleva 
warmoCindes gamosaxulebis mikromarcvlovani  elementebi. ganaTebulobis 
velis kuTxuri zomebis Semcireba  da gamadidebeli xelsawyoebis gamoyeneba 
xels uwyobs sakontrolo obieqtis xarisxis Sefasebis obieqturobis zrdas. 
sxva mxriv, ganaTebuli velis didi kuTxuri zomebi saSualebas iZleva 
gaizardos kvanZebisa da meqanizmebis  diagnostirebis sizuste. 

suraTis gamosaxulebis  elementebis CaSavebis simkvrivis done arsebiT 
gavlenas axdens sakontrolo obieqtis  xarisxis Sefasebaze.  CaSavebis 
simkvrivis dones zomaven densitometriT, romlic saSualebas iZleva 
SevafasoT gamosaxulebis optikuri simkvrive zomiT 1 – 3 mm, xolo  

mikrodensitometrisa  da mikrofotometrebis  saSualebiT  3 mkm-de.  
densitometri _ optikuri simkvrivis  sazomi  xelsawyoa. is  warmoadgens  

informaciuli kavSiris mqone sinaTlis mgrZnobiare gardamqmnelisa da 
cifruli  blokis erTianobas. sakmaod mniSvnelovani CaSavebis simkvrivis 
mqone  rentgenis suraTis moTavsebisas sinaTlis wyarosa da sinaTlis  
mgrZnobiare gardamqmnels Soris am ukanasknelze imoqmedebs sinaTlis  
sxivebis garkveuli raodenoba romelic cifruli blokiT aRiqmeba da 
gamonaTdeba indikatorze  optikuri simkvrivis Sesabamisi (maRali)  
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mniSvneloba, romelic damokidebulia gamosakvlevi rentgenis suraTis 
gamWvirvalobaze. 

xelsawyos kalibreba. optikuri simkvrivis sazomi  xelsawyos  kalibreba 
xorcieldeba brtyeli fotomasalis optikuri simkvrivis,  etalonuri 
mniSvnelobebis nakrebis saSualebiT. densitometris swori eqspluataciis 
pirobebSi SesaZlebelia gazomvis Catareba   0,02 klasis  sizustiT. 
densitometrebisa  da simkvrivis optikuri nakrebis  damowmeba xorcieldeba  
weliwadSi erTxel mainc. 

rentgenis suraTis specializebuli densitometruli kvlevisas 
(arasimkveTris, gamomsxiveblis fokusuri manZilis  gazomva) iyeneben 
skanirebis mikrodensitometrs.  skanirebis traeqtoriaze gazomviT maT 
SeuZliaT suraTis mocemuli ubnis avtomaturi skanireba da CaSavebis 
simkvrivis Sesabamisi  grafikuli gamosaxulebis Seqmna. 

artfaqtebi (laT. artefactum _ xelovnurad Seqmnili)  aris cru, 
sakontrolo obieqtTan   informaciuli  kavSiris armqone,  radiografiul 
suraTebze aRmoCenili elementebi  zolebis, Crdilebis, xazebis da sxvaTa  
saxiT. maTi warmoSoba SesaZlebelia saregistracio saSualebebis  firebis, 
ekranebis,  araswori damzadebis, Senaxvis, mopyrobis da damuSavebis Sedegi 
iyos.  mravali tipis artefaqtebi SeiZleba realur defeqtSi agverios, amitom 
mniSvnelovania operators SeeZlos  am cru elementebis  identificireba da 
kontrolis Sedegebis dokumentirebisas  maTi arsebobis aRniSvna. 
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5. kapilaruli defeqtoskopia. 
ZiriTadi cnobebi 

 
kontrolis kapilaruli meTodebi damyarebulia indikatoruli siTxis 

(penetrantebis)  kapilarul SeRwevaze  sakontrolo  obieqtis masalis 
zedapirul da gamWol aramTlianobaSi, indikatoruli kvalis   vizualuri da 
gardamqmneliT registraciisaTvis. 

kapilaruli kontroli gankuTvnilia sakontrolo obieqtis zedapiruli da 
gamWoli,   SeuiaraRebeli TvalisaTvis  SeumCneveli an  odnav SesamCnevi  
dfeqtebis kontrolis, maTi adgilmdebareobis gansazRvris, gavrcelebis 
(bzaris tipis defeqti) da zedapirze maTi orientaciis aRmoCenisaTvis. am saxis 
kontroli saSualebas iZleva  movaxdinoT, nebismieri zomisa da formis, 
feradi da Savi liTonisa da Senadnobebisagan, plastmasis, SuSis, keramikis, 
aseve sxva myari araferomagnituri masalebisagan  damzadebuli nakeTobebis , 
diagnostika. 

kapilarul meTodebs iyeneben feromagnituri masalis nakeTobebis 
sadiagnostikoT, Tu maTi magnituri Tvisebebi, forma  defeqtebis saxe da 
adgilmdebareoba ar iZleva saSualebas miRweul iqnas Sesabamisi mgrZnobiaroba 
magnituri fxvnilis meTodis gamoyenebiT an  am meTodis gamoyeneba dauSvebelia 
obieqtis eqspluataciis pirobebidan gamomdinare.  

kapilars, romelic obieqtis zedapirze mxolod erTi mxridan gamodis  
zedapiruli aramTlianoba, ewodeba xolo romelic zedapiris mopirdapire 
gverdebs aerTebs  gamWoli. Tu zedapiruli da gamWoli aramTlianobebi 
defeqtebia maSin dasaSvebia terminebis ”zedapiruli defeqtisa” da ”gamWoli 
defeqtis” gamoyeneba. 

sakontrolo obieqtis aramTlianobis adgilas panetratiT  Seqmnil 
msgavsi formis  gamosaxulebas  indikatoruli suraTi (kvali)  ewodeba. bzaris 
tipis erTeulovani aramTlianobisaTvis dasaSvebia termin  ”indikatoruli 
kvalis”  gamoyeneba. 

aramTlianobis siRrme _sakontrolo obieqtis zedapiridan siRrmisken 
mimarTuli aramTlianobis zomaa. aramTlianobis sigrZe_sakontrolo obieqtis 
zedapirze aramTlianobis grZivi zomaa. aramTlianobis  Riobi  - sakontrolo 
obieqtis zedapirze gamomavali aramTlianobis ganivi  zomaa. 

Rru kapilaruli kontrolisas, masalis  mTlianobis darRvevis 
gamovlinebis aucilebel pirobad, romelTac gaaCniaT  gamosasvleli zedapirze 
mniSvnelovnad meti  gavrcelebis siRrme vidre Riobis sigane, ucxo 
nivTierebebiT maTi danagvianebis SesaZleblobis SedarebiTi simcirea. 

aramTlianobebisaTvis ganasxvaveben sigrZis, siRrmis da Riobis sam 
kategorias _ maqsimalurs,  minimalurs  da saSualos.  Tu ar arsebobs 
aucilebloba winaswar ganisazRvros, romel  zomazea  saubari, maSin 
gaugebrobis Tavidan asacileblad  iyeneben termins ”upiratesi zoma”. forebis   
momrgvalebuli  formis mqone aramTlianobebisaTvis obieqtis zedapirze Riobi 
aramTlianobis diametris tolia. 

ararRvevadi kapilaruli kontrolis yvela meTodi sakontrolo obieqtTan  
SemRwevi penetrantebis  urTierTmoqmedebis xasiaTis mixedviT ganixileba  
rogorc  molekuluri. 

kapilaruli meTodebi iyofa ZiriTad  da kombinirebul meTodebad. 
kontrolis  ZiriTadi kapilaruli meTodebi  SemRwevi nivTierebaze 

damokidebulebis mixedviT arsebobs Semdegi saxis: 
1. SemRwevi xsnaris meTodi aris kapilaruli ararRvevadi kontrolis  

SiTxiTi meTodi, sadac SemRwev nivTierebad indikatoruli siTxe gamoiyeneba. 
2. filtvradi suspenziis meTodi aris kapilaruli ararRvevadi  SiTxiTi 

kontrolis  meTodi, sadac SemRwevi nivTiereba indikatoruli suspenziaa, 
romelic indikatorul suraTs qmnis gafiltruli nawilakebis  dispersiuli 
fazisagan.  
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kapilaruli meTodebi gamovlinebis meTodebis mixedviT iyofa Semdeg 
saxeobebad: 

• luminescenciuri, damyarebulia kontrolis obieqtis fonze 
grZeltalRovani ultraiisferi  gamosxivebis zonaSi luminescencirebuli 
xiluli indikatoruli suraTis kontrastis registraciaze; 

• feradi,  damyarebulia  feradi kontrastis registraciaze indikatoruli 
suraTis xilul gamosxivebaSi sakontrolo obieqtis fonze; 

• luminescentur _ feradi,  damyarebulia feradi  kontrastuli  an  
luminescenciuri indikatoruli suraTis gamosxivebis xilul an 
grZeltalRovani  ultraiisferi  gamosxivebis, sakontrolo obieqtis 
zedapiris  fonze,  registraciaze; 

• sikaSkaSis, damyarebulia, sakontrolo obieqtis fonze xiluli 
gamosxivebis aqromatuli (araqromatuli) kontrastis registraciaze. 

kapilaruli kontrolis kombinirebuli meTodebi  aerTianeben kontrolis  
sxvadasxva fizikuri arsis  or an met meTods, romelTagan erTi aucileblad 
siTxiTi meTodia, es meTodebi fizikuri velis (gamosxivebis) xasiaTis  da 
sakontrolo obieqtze  maTi zemoqmedebis Taviseburebebis mixedviT arsebobs 
xuTi saxis. 

kapilarul_eleqtrostatikuri meTodebi damyarebulia araeleqtrogamtari  
sakontrolo obieqtis  zedapirze an gamWoli aramTlianobis  zonebSi,   
iogenuri penetrantiT Sevsebuli,  damuxtuli eleqtruli nawilakebis 
Tavmoyris indikatoruli suraTis aRmoCenaze. 

kapilarul_eleqtroinduqciuri meTodi damyarebulia  araeleqtrogamtari  
sakontrolo obieqtis  zedapirze an gamWoli aramTlianobis  zonebSi 
eleqtrogamtari indikatoruli penetrantis aRmoCenaze eleqtroinduqciuri 
meTodiT. 

kapilarul_magniturfxvniluri  meTodi damyarebulia damagnitebuli 
obieqtis kontrolisas penetrantiT an magnituri fxvniliT Seqmnili  
kompleqsuri indikatoruli suraTis aRmoCenaze. 

siTxiTi kapilarul_radiaciuli meTodi  damyarebulia maionizebeli 
penetrantis gamosxivebis  registraciaze  araeleqtrogamtari  sakontrolo 
obieqtis  zedapirze an gamWoli aramTlianobis  zonebSi.  

 kapilarul – radiaciuli  STanTqmis meTodi _ maionizebeli gamosxivebis 
STanTqmaze  sakontrolo obieqtis  zedapirze an gamWoli aramTlianobis  

zonebSi. 

 

 

 
5.1. defeqtoskopiuri masalebi 

 
defeqtoskopiur masalebs  iyeneben kapilaruli kontrolisas sakontrolo 

obieqtis zedapiris aramTlianobis Sesaxeb pirveladi monacemebis miRebis 
mizniT  gaJRenTis, neitralizaciis an zedapiridan zedmeti SemRwevi 
nivTierebis  gamodevnis da misi narCenis aRmosaCenad.  

defeqtoskopiur masalebs irCeven sakontrolo obieqtisadmi wayenebuli 
moTxovnebis, misi mdgomareobisa da kontrolis pirobebis  mixedviT. masalebis 
dakompleqteben miznobrivi nakrebebad, TiToeulSi Sedis nawilobriv an 
mTlianad urTierTganpirobebuli defeqtoskopiuri masalebi, romelTa 
CamonaTvali mocemulia qvemoT. 

defeqtoskopiuri masalebis nakrebi Sedgeba urTirTdamokidebuli 
miznobrivad SeTanxmebuli defeqtoskopiuri masalebisagan, esenia indikatoruli 
penetranti, gasamJRavnebeli, gamasufTavebeli  da Camqrobi.   

indikatoruli penetranti  И  (penetranti) aris kapilaruli 
defeqtoskopiuri masala, romelsac gaaCnia obieqtis aramTlianobaSi SeRwevisa 
da misi indicirebis  unari. 
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penetrantisagan gamasufTavebeli М aris kapilaruli defeqtoskopiuri 
masala, organul gamxsnelTan an   wyalTan erTad sakontrolo obieqtis 
zedapiridan indikatoruli penetrantis damoukideblad mosacileblad. 

penetrantis damacxrobeli  Г aris kapilaruli defeqtoskopiuri masala,  
sakontrolo obieqtis zedapiridan Sesabamisi  indikatoruli penetrantis  
luminescenturi feris narCenebis mosacileblad. 

penetrantis samJRavni П aris kapilaruli samJRavni defeqtoskopiuri 
masala, romelic gamoiyeneba sakontrolo obieqtis zedapiris aramTlianobis 
kapilaruli RreCodan indikatoruli penetrantis amosaRebad mkveTri 
indikatoruli suraTis da misTvis kontrastuli fonis Seqmnis mizniT. 

qvemoT mocemulia kapilaruli defeqtoskopiis meTodebis gamoyenebiT, 
zedapiruli defeqtebis gamovlenis specializebuli Semadgelobebis   
daniSnulebebis jgufuri aRniSvnebi:  (aRniSvnebi mocemulia http://lnktd-

opz.narod.ru/vd.htmlhttp://lnktd-opz.narod.ru/pribor.html  mixedviT).  
• И1_feradi penetranti, romelsac aqvs damaxasiaTebeli feris toni 

xiluli sinaTliT dakvirvebisas; 
• И2_grZeltalRovani ultraiisferi gamosxivebis gavleniT  sinaTlis 

gamosxivebis  luminescenciuri  penetranti. 
• И3_luminescenciuri - feradi  penetranti, romelsac aqvs 

damaxasiaTebeli feradi toni xilul gamosxivebaze dakvirvebisas da 
luminescenciuri naTeba grZeltalRovani ultraiisferi gamosxivebisas. 

• И4_qimiurad aqtiuri pinetranti, romlis daniSnulebaa aramTlianobis 
Sesaxeb informaciis mowodeba specifikuri indikatoruli cvladi ferebis, 
luminescencirebis  an reaqciis produqtis Seqmnis SesaZleblobis garemos 
Seqmna Sesabamis samJRavnebTan  urTierTmoqmedebisas. 

• И5_aqromatuli penetranti, romlic xiluli gamosxivebis zemoqmedebisas 
iZleva Sav an ruxi feris  Cvenebas.   

• И6_sxva penetrantebi; 
• М1_organuli sawmendeli; 
• М2_wyliani sawmendeli; 
• М3– sxva sawmendelebi; 
• Г – penetrantis damacxrobeli; 
• П1_sorbciuli (STamnTqmeli)  fxvnilovani samJRavni,  romelic 

warmoadgens mSral, upiratesad TeTri feris wvrildispersiul sorbents 
(STamnTqmels), penetrantis STanTqmis SesaZleblobiT;  

• П2 _sorbciuli suspenziuri samJRavni romelic warmoadgens TeTri feris 
aqrolad  gamxsnelSi, wyalSi an adviladSrobad narevebSi  dispergirebul 
sorbents,  peretrantis STanTqmis SesaZleblobiT; 

• П3 – SesaRebi  difuziuri  samJRavni (laqi), romlic Sedgeba pigmentiani 
an ufero  swrafadSrobadi SiTxiTi gamxsnelebisagan. 

• П4 – penetrantis STamnTqmeli, difuziuri  samJRavni firi, romelic 
warmoadgens Txel samJRavnebel  webvadi feniT  dafarul TeTri feris an 
ufero sadeb firs. 

• П5_sxva samJRavnebi.  
indikatorul penetrantTan urTierT moqmedebis xasiaTis  mixedviT 

sawmendelebi da damacxroblebi gare zemoqmedebisas iyofian gamxsnelebad, 
TviTemulgirebadebad  da emulgirebadebad. indikatorul penetrantebs  
ganasxvaveben fizikuri mdgomareobisa  da sinaTlis ferTa niSnebis   mixedviT.  

fizikuri Tvisebebis mixedviT penetranti  SeiZleba iyos: magnituri , 
eleqtrogamtaruli, maionizebeli, kombinirebuli. 

magnituri penetranti suspenziaa, romlis myari fazis nawilakebs 
feromagnituri Tvisebebi aqvT, xolo SiTxiTi Semavsebeli warmoadgens 
luminoforis, saRebavis an sxva indikatoris  molekulur an koloidur 
dispersias,  

http://lnktd-opz.narod.ru/vd.htmlhttp:/lnktd-opz.narod.ru/pribor.html
http://lnktd-opz.narod.ru/vd.htmlhttp:/lnktd-opz.narod.ru/pribor.html
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eleqtrogamtar penitrants aqvs normirebuli eleqtruli gamtaroba. 
maionizebeli penitranti warmoSobs maionizebel  gamosxivebas, CamxSobi 

penitranti ki STanTqavs. 
kombinirebul penitrants axasiaTebs ori an meti indikatoruli penitratis 

Tvisebebi. 
teqnologiuri niSnebis mixedviT penitrantebi SeiZleba Semdgnairad 

dajgufdes: 
organuli Camosarecxi penitranti sakontrolo obieqtis zedapiridan 

Camoirecxeba uwylo antikoroziuli Sedgenilobis gamxsnelebiT, zeTebiT da 
maTi SenarevebiT. wyliT Camosarecxi penitranti  wyliT an wylis Semcveli 
SenaerTebiT Camoirecxeba. 

Semdgom emulgirebadi penitrati wyalSi  qmnis  emulsias, romelic 
asfufTavebs sakontrolo obieqtis zedapirs, misi winaswari urTierTqmedebisas 
penitratis sawmendelTan. 

uzrunvelyofis penitrantis Tavisebureba misi luminescenciis an feris 
gaqrobaa specialurad SerCeuli damacxrobeliT. 

samJRavnebi iyofa mdgomareobisa da indikatorul penitrantTan 
urTierTmoqmedebis xasiTis  mixedviT.  

qimiurad pasiuri samJRavni indikatoruli penitrantis koloristul 
(ferad) Tvisebebs ar cvlis,  xolo aqtiuri samJRavnis daniSnulebaa 
indikatorul penitratTan qimiuri urTierTmoqmedebiT feris cvlisa da 
luminescirebis, an reaqciis produqtebis Seqmnis SesaZleblobis mqone   
specifikuri indikatoruli suraTiT (kvaliT)  sakontrolo obieqtis zedapiris 
aramTlianobis inducireba. 

magnituri samJRavni, Cveulebriv, sorbciuli an difuziuri, Seicavs 
feromagnitur fxvnils, romelic gamoavlens damagnitebuli sakontrolo 
obieqtis  aramTlianobebs  indikatoruli penitrantidan magnituri fxvnilis 

amoRebiTa da magnitur velSi misi dafeniT. 

 

 
5.2. kapilaruli kontrolis Catarebis organizacia 

 
ZiriTadi operaciebi. 
ararRvevadi kapilaruli kontrolis ZiriTadi operaciebi iyofa Semdeg 

etapebad: 
• obieqtis momzadeba kontrolisaTvis; 
• sakontrolo obieqtis damuSaveba defeqtoskopiuri masaliT; 
• defeqtebis gamovlena; 
• defeqtebis aRmoCena da kontrolis Sedegebis gaSifvra; 
• sakontrolo  obieqtis saboloo gawmenda. 
kontrolis operaciis reJimebs (xangrZlivoba, temperatura, wneva)  adgenen 

gamoyenebuli defeqtoskopiuri nakrebis,  kontrolis obieqtis Taviseburebebis 
da saZiebeli  defeqtebis tipebis, aseve gamoyenebuli aparaturis kontrolis 
pirobebis mixedviT. 

obieqtis momzadeba kontrolisaTvis gulisxmobs  sakontrolo zedapiris 
gasufTavebas wina kontrolidan darCenili laq_saRebavis fenis,  sarecxi 
xsnarebis da defeqtoskopiuri masalebis mocilebas, aseve sakontolo obieqtis 
Srobas.  

sakontrolo obieqtis zedapirs winaswar asufTaveben meqanikuri wesiT; 
qviSis Wavlis, safantis,  kurkis  namsxvrevis da sxva gamwmendi masalebis 
gamoyenebiT an WriT, maT Soris zedapiris xexviT damuSavebas, polirebis da 
jagrisiT  moxexviT 

sakontrolo obieqtis saboloo gawmendisaTvis iyeneben gasufTavebis 
Semdeg xerxebs: 

• organuli gamxsnelis orTqliT; 
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• sakontrolo obieqtze  moqmedi gamxsnelis gawmendas wylisa da 
organuli gamxsnelebis mosacileblad,  maT  Soris  Wavluri recxviT, 
CaZirviT,  gaJRenTviT; 

• narCenebisa da dabinZurebis mocileba qimiuri reagentebis wyalxsnarebis 
saSualebiT, sakontrolo obieqtis dauzianeblad; 

• eleqtroqimiuri gawmenda narCenebisa da dabinZurebis mosacileblad 
qimiuri reagentebis wyalxsnarebiTa da eleqtruli denis erTdrouli 
moqmedebiT; 

• ultrabgeriTi gawmenda organuli gamxsnelebiT, wyliT an qimiuri 
naerTebis wyalxsnarebiT ultrabgeris zemoqmedebisas ultrabgeriTi 
kapilaruli  efeqtiT.   ultrabgeriTi kapilaruli  efeqti aris siTxis  
simaRlis donisa  da nawilakebis moZraobis siCqaris anomaluri zrda 
ultrabgeris moqmedebis kapilarul  sivrceSi; 

• anodur_ultrabgeriTi gawmenda qimiuri reagentebis wyalxsnarebiT 
ultrabgerisa da eleqtruli denis erTdrouli moqmedebisas; 

• Tburi gawmenda temperaturaze, romelic ar iwvevs sakontrolo obieqtis 
masalis dauSvebel cvlilebebs; 

• sorbciuli gawmenda sorbentisa  da organuli gamxsnelebis  narevis 
saSualebiT, gamSral da gawmendil zedapirze wasmiT. 

gawmendis aucilebel meTodebs, maT SeTanxmebas  sakontrolo obieqtis 
zedapiris sisufTavis moTxovnebTan gansazRvraven kontrolis teqnikur 
dokumentaciaSi.  kontrolis mgrZnobiarobis maRali klasis SemTxvevaSi 
upiratesoba eZleva ara meqanikur,  aramed gasufTavebis qimiur meodebs, maT 
Soris obieqtze   ultrabgeriT da eleqtruli denis efeqtiT zemoqmedebas.  am 
meTodebis efeqturoba ganpirobebulia gamwmendi saSualebebis Sedgenilobis, 
gawmendis reJimebis,  maTi urTierTSeTanxmebisa da  Tanmimdevrobis gansazRvris 
(Srobis CaTvliT), optimaluri arCeviT. milsadeni sistemis kedlebSi, 
balonebSi, agregatebSi da  analogiur Rru  sivrcian Sinagani wnevis mqone,  
airiT an siTxiT savse obieqtebSi   gamWoli  defeqtebis Ziebisas  Sinagan 
sicarieles winaswar aTavisufleben  SigTavsisagan, xolo   wnevas 
atmosferuls  utoleben. 

defeqtoskopiuri masaliT damuSavebis etapi gulisxmobs defeqtis 
Rrmulebis indikatoruli penetrantiT dafarvas, misi Warbi raodenobis 
mocilebas  da gamamJRavnebliT dafarvas.  

indikatoruli penetrantiT dafarvisaTvis gamoiyeneba Semdegi meTodebi: 
• kapilaruli -  indikatoruli  penetrantiT aramTlianobis  Rruebis 

Sevseba, sakontrolo zedapiris dasvelebiT,  CaZirviT,  WavliT,  SekumSuli 
haeris, an inertuli airis gafrqveviT; 

• indikatoruli  penetrantiT  aramTlianobis  Rruebis vakuumuri  Sevseba  
maTze  atmosferulze naklebi  wneviT  zemoqmedebisas; 

• indikatoruli penetrantiT aramTlianobis  Rruebis kompresoruli 
Sevseba  maTze  atmosferulze  meti  wneviT  zemoqmedebisas; 

• indikatoruli  penetrantiT  aramTlianobis  Rruebis  ultrabgeriTi 
Sevseba, ultrabgeriTi kapilaruli efeqtis gamoyenebiT; 

• indikatoruli  penetrantiT  aramTlianobis  Rruebis   deformaciuli 
Sevseba  sakontrolo   obieqtze drekadi, bgeriTi sixSiris, talRebis 
zemoqmedebisas;   

gamWoli aramTlianobis gamovlenisaTvis dasaSvebia penetrantiT daifaros 
sakontrolo zedapiris mopirdapire zedapiri. 

sakontrolo obieqtisa da indikatoruli penetrantis  temperatura, aseve 
defeqtebis dafarvis xangrZlivoba mocemulia defeqtoskopiuri masalisa da 
kontrolis obieqtis  teqnikur  dokumentaciaSi.  

Warbi raodenobis   indikatorul penetrants sakontrolo obieqtis 
zedapiridan moaclian an daacxroben   erT - erTi aq moyvanili meTodiT:   
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• aucilebel SemTxvevaSi sawmendi Sedgenilobis an gamxsnelis daxmarebiT  
xelsawmendiT gasufTavebiT; 

• wylis nakadiT CamorecxviT, specialuri samwmendi Sedgenilobis an maTi 
narevis saSualebiT; CaZirviT,  WavliT an gafrqveviT; 

• qviSis, safantis, kurkis namsxvrevis, naxerxis an sxva fxvieri abraziuli  
masalis haeriT dabervis saSualebiT; 

• penetrantze luminescenciuri an feris damacxroblis  zemoqmedebiT. 
qvemoT moyvanili meTodebiT axdenen samJRavnis sakontrolo zedapirze 

datanas: 
• haeriT,  uhaerod  an  inertuli airis nakadis meTodiT samJRavnis 

gafrqveva; 
• eleqtrosafrqveveliT  eleqtrul velSi haeris nakadiT an  meqanikurad; 
• fxvnilis msgavsi gamamJRavneblisagan  sahaero Rrubelis SeqmniT kameraSi     

moTavsebuli  sakontrolo obieqtisaTvis; 
• sakontrolo obieqtis Txevad samJRavnSi  CaZirviT; 
• SiTxiTi samJRavnis dasxurebiT; 
• samJRavnis eleqtruli dafeniT  masSi sakontrolo obieqtis  CaZirviT 

eleqtruli denis erTdrouli moqmedebisas;  
• sakontrolo obieqtis fxvnilis msgavsi samJRavnis mofrqveviT, gapudvriT 

an  moyriT; 
• mwebare zedapiriT sakontrolo obieqtze mikruli samJRavniani  lenturi 

firis  gaxurebiT. 
TviTgamJRavnebadi, filtvradi da sxva msgavsi indikatoruli  

penetrantebis gamoyenebisas sakontrolo obieqtis zedapirze samJRavni ar 
daitaneba. 

defeqtis kvalis gamJRavneba warmoadgens defeqtis arsebobis adgilebSi 
naxatis warmoSobis process, risTvisac indikatoruli kvalis gamJRavnebis erT 
- erT meTods iyeneben: 

• sakontrolo obieqtis dayovneba haerze indikatoruli suraTis 
gamoCenamde; 

• obieqtis gacxelebis temperaturisa da dayovnebis drois normireba 
normaluri atmosferuli wnevis pirobebSi; 

• sakontrolo obieqtis zedapirze vakuumis normirebuli mniSvnelobis 
Seqmna da dayovneba; 

• vibraciis saSualebiT obieqtze drekaddeformaciuli zemoqmedeba, 
cikluri an ganmeorebadi  statikuri datvirTviT.  

defeqtebis aRmoCena indikatorul kvalze dakvirvebisa da registraciis  
meTodebis SerwymiT an maTi damoukidebeli gamoyenebiT  miiRweva. 

 
indikatoruli kvalis aRmoCenis meTodebi: 
• vizualuri aRmoCena, maT Soris aramTlianobis aRmomCeni operatoris 

optikuri da fotografiuli saSualebebis, luminescenciuri, feradi,  
luminescenciur - feradi da sikaSkaSis meTodebis  gamoyenebiT; 

• fotoeleqtruli aRmoCena da gardaqmna indikaciis sxvadasxva   
luminescenciur, ferad,  luminescenciur - ferad da sikaSkaSis meTodebiT,  
aseve registraciis  iribi saSualebebis gamoyenebiT aramTlianobis   xilul  
indikatorul  kvalSi. 

• satelevizio  aRmoCena, gardaqmna analogur an diskretul formad  
indikaciis sxvadasxva   luminescenciur, ferad,  luminescenciur - ferad da 
sikaSkaSis meTodebiT, aramTlianobis   xiluli  indikatoruli  kvalis  
Sesabamisi warmodgeniT ekranze, displeize an  magnitur firze.  

• iribi xerxebiT signalis instrumentuli aRmoCena   TvalisaTvis uxilavi 
aramTlianobis indikatoruli kvalis an aramTlianobis Siga sivrcidan 
indikatoruli penetrantis signaliT;  



58 
 

• sakontrolo obieqtebis saboloo gawmendas axorcieleben samJRavneblis  
erTi an ramdenime teqnologiuri  operaciiT, aucileblobis SemTxvevaSi  aseve 
iqcevian indikatoruli penetrantis  narCenebis mosacileblad; 

• aucileblobis SemTxvevaSi wyliT an  organuli gamxsnelebiT gaJRenTili 
rbili xelsawmendebis gamoyenebiT. 

• sakontrolo obieqtidan wyliT an  organuli gamxsnelebis aucilebeli 
danamatebis   da  damxmare  saSualebebis gamoyenebiT maT Soris jagrisebis, 
flanelis, sarecxi Rrublebis  gamoyenebiT gasufTaveba;  

• obieqtis ultrabgeriTi damuSaveba wyliT an organuli gamxsnelebiT  
aucilebeli danamatebis gamoyenebiT; 

• obieqtis anodur eleqtroqimiuri damuSaveba qimiuri reagentebis 
xsnarebiT eleqtruli denis erTdrouli zemoqmedebisas; 

• samJRavniT dafaruli obieqtis fxvieri abraziuli masalis mag. qviSiT, 
fxvieri masalis namsxvrevebiani   haeris   an  hidroWavlis  nareviT gawmenda; 

• sakontrolo obieqtis gaxurebiT samJRavnis gamowva; 
• sakontrolo zedapiridan samJRavniani  webovani firis  lentis aZroba 

aramTlianobis indikatoruli kvalis  suraTiT; 
obieqtebi, romlebmac gaiares kapilaruli kontroli antikoroziul, 

dacvas eqvemdebarebian. 
 
 

5.3. kontrolis Sedegebis mgrZnobiaroba da Sefaseba. 
 
kapilaruli ararRvevadi kontrolis mgrZnobiaroba ewodeba kapilaruli 

kontrolis xarisxs, romelic xasiaTdeba kontrolis saSualebebis  
zRurbluri, klasiT da diferenciuli mgrZnobiarobiT  cal-calke  an maTi 
gonivruli  SeTanxmebiT. 

kapilaruli ararRvevadi kontrolis mgrZnobiarobis  zRurbli  aris 
gansazRvruli sigrZis  erTeulovani, mocemuli geometriuli an optikuri 
parametrebis mqone, bzaris tipis  kvalis aramTlianobis gamovlena mocemuli 
albaTobiT. mgrZnobiarobis zeda zRvars Seesabameba gamovlenis umciresi  
gabneva (ganSla), xolo qvedas_udidesi. 

indikatoruli  suraTis geometriuli parametri aris indikatoruli 
kvalis siganis saSualo mniSvnelobis  fardoba gamovlenili aramTlianobis 
gaSlasTan. 

indikatoruli  suraTis optikuri  parametri aris indikatoruli kvalis 
sikaSkaSis calkeuli mniSvnelobis fardoba fonis sikaSkaSis saSualo 
mniSvnelobasTan. 

zedapiris foni aris defeqtoskopiuri masalebiT damuSavebuli  
sakontrolo  obieqtis zedapiris udefeqto  zonaa. 

kapilaruli ararRvevadi kontrolis saSualebis  diferenciuli 
mgrZnobiaroba _ indikatoruli kvalis optikuri an geometriuli parametris 
cvlilebis  fardobaa  misi  aramTlianobis   gamomwvev  sigrZisa da siRrmis 
cvlilebasTan   erTeulovani tipis   bzaris   gaSlasTan.  

kapilaruli ararRvevadi kontrolis mgrZnobiarobis klasi _ 
gansazRvruli sigrZis erTeulovani bzaris  upiratesi gaSlis mniSvnelobis 
diapazonia  kvalis  geometriuli  da optikuri  parametrebis gamovlenis 
mocemuli albaTobiT.  

kontrolis mgrZnobiarobis klass gansazRvraven   gamovlenili defeqtebis 
minimaluri zomebis mixedviT.  aucileblobis SemTxvevaSi  miRwevad 
mgrZnobiarobas gansazRvraven naturalur obieqtebze an xelovnur nimuSebze 
bunebrivi an imitirebuli defeqtebiT, romlis zomebsac metalografiuli an  
analizis sxva meTodebiT azusteben. 
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^6. speqtruli   analizi 
 

Tanamedrove mecniereba da teqnika warmoudgenelia  nivTierebaTa qimiuri 
Sedgenilobis codnis gareSe, rac  adamianis  Semoqmedebis obieqtia.  bunebaSi 
arsebuli mineralebi, sxva  bunebrivi nivTierebebi Tu xelovnurad  miRebuli  
axali nivTierebebi Tu masalebi, upirvelesad xasiaTdeba qimuri Sedgenilobis 
mixedviT. saxalxo meurneobis sxvadasxva dargSi teqnologiuri procesis 
sworad warmarTvisaTvis  aucilebelia sawyisi nedleulis, Sualeduri da mza 
produqciis zusti  qimiuri Sedgenilobis codna. 

teqnikisa da teqnologiebis  ganviTarebis tempebi axal axal moTxovnebs 
uyenebs  nivTierebis analizis meTodebs. jer kodev sul mcire xnis win 

SesaZlebeli iyo SevguebodiT  nivTierebaSi minarevebis   10-2 – 10-3 %   arsebobas.  
XX  saukunis  meore naxevridan atomuri masalebis gamoCenam da misi warmoebis  
swrafma zrdam, maT Soris  mtkice, temperaturamedegi da sxva specialuri 
daniSnulebis foladebisa da sxva Senadnobebis Seqmnis aucileblobam moiTxova 

analizuri meTodebis  sizustis gazrda            _mde, radgan dadginda, 
rom minarevebis aseTi mcire koncentraciiT arsebobac ki,   arsebiTad cvlis 
masalis Tvisebebs  da zogierTi teqnologiuri procesis mimdinareobas. bolo 
dros ganviTarebuli naxevargamtaruli masalebis warmoebam, mikro da nano 
teqnologiebis  sawarmoo  masStabebis  ganviTarebis arnaxulma tempebma 
masalis sisufTaves da Sesabamisad analizuri meTodebis mgrZnobiarobas kidev  
ufro maRali moTxovna wauyena, axla ukve sisufTavis sizustis moTxovna 
ganisazRvreba 10-7 – 10-9 %-iT.  marTalia  masalis sisufTavisadmi  aseTi 
zemaRali   moTxovna calkeul SemTxvevebSia savaldebulo,  magram analizis 
sizustisadmi moTxovna aucilebeli gaxda mecnierebisa da teqnikis TiTqmis 
yvela sferoSi. 

aRsaniSnavia, rom  teqnologiuri procesebisaTvis polimeruli masalebis 
narevis dasaSvebi koncentraciis done  sawyis nivTierebaSi  - monomerebSi 
sakmaod maRali iyo, xSirad  procentis meaTedi da procentis mTeli nawilic . 
bolo dros  Catarebuli kvlevebiT dadginda, rom mravali mza polimeris 
xarisxi mkveTrad icvleba maTi sisufTavis mixedviT. amitom dResdReobiT 
sawyis   gaujerebel naerTebsa  da zogierT  monomers amowmeben minarevebis 
arsebobaze, romlis Semcveloba 10-2 – 10-4 %-s ar unda aWarbebdes.  geologiaSi 
sul ufro xSirad iyeneben  sabados  dazvervis hidroqimiur meTodebs. misi 
warmatebiT gamoyenebisaTvis aucilebelia ganisazRvros bunebriv wyalSi 
liTons marilebis koncentracia 10-4 -10-5  % (gr/l)-iT da ufro naklebiTac.  

analizis sizustis, mgrZnobiarobisa da misi Catarebis siswrafisadmi, 
bolo dros, airrdili moTxovnebi, rac axali teqnologiuri procesebis 
danergviTaa gamowveuli, analizuri meTodebisagan moiTxovs maRal 
mwarmoeblurobas da calkeuli operaciebisa Tu  mTeli analizis  procesis  
Catarebis avtomatizaciis SesaZleblobas.  mecnierebisa da teqnikis dRevandeli 
moTxovnis dones qimiuri analizis meTodebi yovelTvis ver pasuxobs. amitom 
praqtikaSi sul ufro xSirad iyeneben qimiuri Sedgenilobis gansazRvris 
fizikur - qimiur da fizikur meTodebs, romelTac gaaCniaT mTeli rigi 
dadebiTi maxasiaTebli.  am meTodTa Soris erT -erTi mTavari adgili  uWiravs 
speqtrul analizs.  

speqtruli analizis  maRali garCevadobis gamo SesaZlebelia erTi da 
imave  principuli sqemiT, erT da imave xelsawyoebiT  CavataroT sxvadasxva 
nivTierebis analizi, amasTan yovel calkeul SemTxvevaSi SevarCioT 
xelSemwyobi pirobebi maqsimaluri siCqaris, mgrZnobiarobisa da sizustis 
misaRebad.  amitom,  sxvadasxva obieqtis analizisaTvis saWiro analizuri,  
meTodebis simravlis miuxedavad,  yvela dafuZnebulia erTi saerTo principuli 
sqemis gamoyenebaze. 

speqtruli analizis Catarebis sqema.  speqtruli analizis Catarebas 
safuZvlad udevs saanalizo nivTierebis mier gamosxivebuli an STanTqmuli 
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sinaTlis agebulebis Seswavla, amitom speqtruli analizis meTodebi iyofa or 
emisiur  (emisia - gamoSveba) da  absorbciul (absorbcia - STanTqma) meTodebad. 

Tavdapirvelad ganvixiloT emisiuri speqtruli analizis principuli sqema 
(nax 21.a). 

 
sur.21. speqtruli analizis principuli sqema: 

a - emisiuri; b - absorbciuli; 
1 - sinaTlis wyaro; 2 - gamanaTebeli kondensori (sinaTlis 

gamaZlierebeli); 3 -Rrmuli saanalizo  nimuSisaTvis;  4 - speqtruli analizis 
aparati; 5 - speqtris registracia; 6-speqtruli xazebis an zolebis  tilRis 
sigrZis gansazRvra; 7 -nimusis  xarisxobrivi analizi cxrilebisa da atlasebis 
saSualebiT;  8 - xazebis an zolebis intensivobis gansazRvra; 9 - nimuSis 
raodenobrivi analizi  dasagraduirebeli grafikis saSualebiT. 

imisaTvis, rom sakvlevi nivTiereba asxivebdes sinaTles, aucilebelia mas 
gadavceT damatebiTi energia.  am SemTxvevaSi misi atomebi  da molekulebi 
gadadian aRgznebul mdgomareobaSi.  sawyis mdgomareobaSi dabrunebisas isini 
gascemen Warb energias  sinaTlis saxiT.  myari sxeulebisa da siTxeebis  
sinaTlis xasiaTi naklebadaa damokidebuli qimiur Sedgenilobaze, amitom maTi 
gamoyeneba analizisaTvis SeuZlebelia. gansxvavebuli maxasiaTeblebi gaaCnia 
airebis gamosxivebas, isini saanalizo nimuSis SedgenilobiTaa ganpirobebuli. 
amitom emisiuri analizasaTvis nivTierebis aRZvris win saWiroa misi 
aorTqleba. 

emisiuri sqemis gamoyenebisas aorTqleba da aRgzneba xorcieldeba  
sinaTlis wyaroSi,  romelSic moTavsebulia saanalizo nimuSi.  sinaTlis 
wyarod gamoiyeneba maRaltemperaturuli ali an airebSi sxvadasxva saxis 
eleqtruli ganmuxtva: rkaluri, naperwkluri da sxva. saWiro parametrebis 
mqone eleqtruli ganmuxtvis miRebas emsaxureba generatori. 

sinaTlis wyaroSi ramdenime aTasi  da aTeuliaTasi  gradusi  
temperatura  iwvevs nimuSis Semadgeneli   umetesi nivTierebebis molekulebis 
daSlas atomebad. amitom emisiuri meTodebi ZiriTadad gamoiyeneba atomuri 
analizisaTvis da  mxolod zogierT SemTxvevaSi molekuluri analizis 
Casatareblad.  

sinaTlis wyaros gamosxivebis speqtri nimuSis SedgenilobaSi Semavali 
yvela elementis atomebis gamosxivebis  jamia. analizis Casatareblad 
auculebelia TiToeuli elementis gamosxiveba. amis ganxorcieleba 
SesaZlebelia optikuri xelsawyos_speqtruli aparatis gamoyenebiT, romelSic 
sxvadasxva talRis sigrZis sinaTlis sxivebi erTmaneTisagan gamoiyofa. 
sinaTlis talRis sigrZis mixedviT dalagebul gamosxivebas, sinaTlis speqtri 
ewodeba.   

speqtruli aparatebi isea mowyobili, rom xelsawyoSi Semavali TiToeuli 
talRis sigrZis   sinaTlis  rxeva, qmnis erT xazs. ramdeni gansxvavebuli 
talRac monawileobda sinaTlis wyaros gamosxivebaSi, imdeni xazi miiReba 
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speqtrul aparatSi. yoveli zoli Seqmnilia axlos ganlagebuli xazebis mier. 
(sur.22.) 

 
sur.22. speqtris tipebi 

a. xazovani;  b. zolovani (Cans zolis Semadgeneli calkeuli 
xazebi);  g. mTliani 

speqtrul aparatSi speqtrad daSlili sinaTlis sxivze SesaZlebelia 
rogorc vizualuri dakvirveba ise misi fotografireba da registracia. 
Sesabamisad daniSnulebis mixedviT gamoyofen speqtrul aparatebs 
speqtroskopebs da stiloskopebs_ vizualuri dakvirvebisaTvis, speqtrografebs 
_ speqtris fotografirebisaTvis, monoqromatorebs _ speqtridan erTi tlRis 
sigrZis sinaTlis sxivis mdgenelebis gamoyofisaTvis SemdgomSi  misi 
eleqtronuli wesiT dafiqsirebis SesaZleblobiT.  

xarisxobrivi analizis Catarebisas aucilebelia ganisazRvros saanalizo 
nimuSis romel elements Seesabameba speqtris esa Tu is xazi, risTvisac 
gansazRvraven mis talRis sigrZes da specialuri cxrilebis saSualebiT 
adgenen sakvlevi nimuSis saxes. 

absorbciuli speqtruli analizis Catarebisas nivTierebis speqtri Sedgeba 
im sigrZis talRebisgan, romlis intensivoba Semcirda masSi sinaTlis sxivis 
gavlisas garkveuli sigrZis  sinaTlis talRebis STanTqmis gamo. 

 
sur.23. STanTqmis speqtris gamosaxuleba: 

a- fotografiuli; b – grafikuli. 
I - sinaTlis wyaros STanTqmis speqtri;    II - imave gamosxivebis speqtri 

saanalizo nimuSis gavlis Semdeg. 
 
STanTqmis speqtri speqtruli aparatebis_speqtrofotometrebis 

saSualebiT miiReba,  mis SedgenilobaSi Sedis mTliani sinaTlis wyaro, 
monoqromatori da saregistracio xelsawyo.  

danarCen SemTxvevaSi absorbciuli da emisiuri analizis Catarebis sqemebi 
erTmaneTs emTxveva. 

amgvarad, speqtruli analizi gamosxivebisa da STanTqmis speqtrebis 
mixedviT Seicavs Semdeg etapebs: 
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saanalizo nimuSis speqtris miReba; 
speqtruli xazebis an zolebis talRis sigrZis gansazRvra xorcieldeba 

miRebuli speqtris SedarebiT  cxrilebis an atlasis saSualebiT mocemul 
monacemebTan, riTac adgenen romeli elementian naerTia saanalizo nimuSi e.i. 
gansazRvraven nimuSis xarisxobriv Sedgenilobas. 

Semdeg etapze calkeuli elementebisa da naerTebis  speqtruli xazebis an 
zolebis intensivobis gazomviT, ganisazRvreba maTi koncentracia saanalizo 
nimuSSi etalonuri  nimuSebis mixedviT  winaswar agebuli dasagraduirebeli 
grafikebis saSualebiT, e.i. ganisazRvreba nimuSis raodenobrivi Sedgeniloba.  

speqtruli analizis mTeli procesi Sedgeba, ramdenime  etapisagan. isini 
SeiZleba SeviswavloT TanmimdevrobiT, erTmaneTisagan damoukideblad, xolo 
Semdeg ganisazRvros maT Soris urTierTkavSiri. 

 
 

6.1. speqtruli analizis ZiriTadi maxasiaTeblebi                                                   
da misi gamoyenebis sfero 

speqtruli analizis saSualebiT, rogorc vnaxeT,  SesaZlebelia dadgindes 
nivTierebis rogorc atomuri (elementebi),  aseve  molekuluri Sedgeniloba. 
speqtruli analizi saSualebas iZleva ganisazRvros saanalizo nimuSis  
calkeuli komponentebis koncentraciis Tvisebrivi da raodenobrivi 
maCveneblebi. 

qimiuri SedgenilobiT erTmaneTTan axlos mdgomi   nivTierebebi, romlTa 
gansxvaveba Znelia an saerTod SeuZlebeli  qimiuri analiziT, advilad 
SeiZleba ganvasxvavoT speqtruli analiziT.  

amJamad atomuri speqtruli analizis Tvisebrivi da raodenobrivi    
meTodebi, romlTac farTo praqtikuli  gamoyeneba aqvT, mniSvnelovnad ukeTaa 
damuSavebuli, vidre molekuluri. atomuri speqtruli analizi gamoiyeneba 
sxvadasxva gansxvavebuli obieqtebis analizisaTvis. misi gamoyenebis sfero 
Zalian farToa: Savi metalurgia, manqanaTmSenebloba, geologia, qimia, 
biologia, astrofizika da mecnierebisa da teqnikis  sxva  mravali dargi. 

aRsaniSnavia,  rom  ukanasknel periodSi mkveTrad  gaizarda molekuluri 
speqtruli analizis  moculoba da praqtikuli gamoyenebis sfero, rac 
upirveles yovlisa dakavSirebulia am meTodisaTvis  aucilebel speqtrul - 
analizuri aparaturis gamoSvebasTan. molekulur - speqtruli analizis 
meTodis gamoyenebis sfero ZiriTadad moicavs    organul nivTierebebs,  Tumca 
misi gamoyeneba aseTive warmatebiT SeiZleba araorganuli nivTierebebis 
speqtruli analizis Casatarebladac iseT sferoebSi rogoricaa 
navTobgadasamuSavebeli, qimiuri da qimiur _farmacevtuli warmoebebi. 

speqtruli analizis mgrZnobiaroba, rogorc wesi, Zalian maRalia. 
speqtruli meTodebiT  aRmosaCeni da gasazomi nivTierebis  minimaluri   
koncentracia, meryeobs farTo diapazonSi, igi  damokidebulia saanalizo 
nimuSis Tvisebebsa da  Sedgenilobaze. analizis pirdapiri meTodiT,SedarebiT 
advilad miiRweva liTonebis umetesobisa da mravali sxva elementis 10-3–10-4 % 
mgrZnobiaroba,  xolo zogierTi nivTierebisaTvis 10-5 – 10-6 %. mxolod 
gansakuTrebiT araxelsayreli pirobebis  arsebobisas mgrZnobiaroba SeiZleba 
Semcirdes 10-1 – 10-2 %-mde.  nimuSis  winaswari gasufTaveba minarevebisagan  
saSualebas iZleva mkveTrad gaizardos  (xSirad aTasjer) analizis 
mgrZnobiaroba. 

atomuri speqtruli analizis maRali mgrZnobiarobis gamo  igi xSirad 
gamoiyeneba sufTa da gansakuTrebiT sufTa liTonebis, geoqimiasa  da 
niadagmcodneobaSi  sxvadasxva elementis maT Soris  iSviaTi elementebis, 
atomuri  da naxevargamtarul masalebis  mikrokoncentraciis gansazRvrisaTvis. 

sxvadasxva nivTierebis  molekuluri speqtruli analizis  mgrZnobiaroba 
icvleba kidev ufro farTo zRvrebSi. xSir SemTxvevaSi sakmaod Znelia  
amocnoba nivTierebis romelis Semcveloba saanalizo  nimuSSi  Seadgens 
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procents an procentis meaTed nawilebs , magram zogierT SemTxvevebSi 
molekuluri speqtruli analizis mgrZnobiaroba  10-7_10-8 %-s aRwevs. 

atomuri speqtruli analizis sizuste  ZiriTadad  damokidebulia  
saanalizo obieqtis  Sedgenilobisa da  struqturaze. struqturisa da 
Sedgenilobis mixedviT axlos mdgomi nimuSebisaTvis SeiZleba advilad iqnes 
miRweuli  analizis maRali sizuste. gansasazRvrav sididesTan mimarTebaSi 
cdomileba  ar gadaaWarbebs ±1-3%-s. amitom liTonebisa da SenadnobebisaTvis 
seriuli speqtruli analizi sakmaod  zustia. metalurgiasa da 
manqanaTmSeneblobaSi  speqtruli analizi gaxda ZiriTadi analizuri meTodi.   

mniSvnelovnad naklebia im nivTierebis analizis sizuste, romlis 
Sedgeniloba da struqtura   mkveTrad  icvleba nimuSidan  nimuSamde,  magram 
am mimarTulebiT  bolo dros mdgomareoba SesamCnevad gaumjobesda. 
SesaZlebeli gaxda raodenobrivi speqtruli analizis Catareba   madnis,  
mineralebis, wiaRiseulis, Slakebis da msgavsi obieqtebisaTvis.     Tumca 
amocana bolomde jer kidev ar aris gadaWrili, araliTonuri nimuSebis 
raodenobrivi analizi amJamad farTod gamoiyeneba  mrewvelobis mraval 
dargSi: metalurgiaSi, geologiaSi, cecxlgamZle masalebis, SuSisa da sxva 
saxis produqciis warmoebaSi. 

atomur speqtrul analizSi nivTierebis Sedgenilobis gansazRvris 
fardobiTi cdomileba naklebadaa damokidebuli  koncentraciaze. is TiTqmis 
mudmivi rCeba mcire minarevebis  Tu  maTi  maRali koncentraciis dros nimuSis 
ZiriTadi komponentebis gansazRvrisas. qimiuri analizis meTodebis sizuste 
mkveTrad mcirdeba minarevebis gansazRvrisas. amitom dabali koncentraciis 
dros atomuri speqtruli analizi bevrad zustia qimiur  analizTan SedarebiT. 
gansasazRvravi nivTierebis saSualo koncentraciis dros  (0,1—1%)   orive 
meTodis sizuste daaxloebiT Tanabaria, magram maRali koncentraciis 
pirobebSi  qimiuri analizis sizuste, rogorc wesi, ufro maRalia. 
molekuluri speqtruli analizi ufro maRali sizustis Sedegebs iZleva, vidre 
atomuri da sizustiT ar Camouvardeba qimiur analizs maRali koncentraciis 
dros.   

 speqtruli analizis siCqare  sagrZnoblad aWarbebs sxva meTodebiT 
Catarebuli analizis siCqares, radgan speqtruli analizis Catarebisas ar aris 
aucilebeli nimuSis winaswari dayofa komponentebad. amas garda TviT analizi 
Zalian swrafad sruldeba, magaliTad speqtruli analizis Tanamedrove 
meTodebis gamoyenebiT  rTul nimuSSi ramdenime  Semadgeneli  komponentis  
raodenobriv gansazRvras sul ramdenime wuTi sWirdeba nimuSis laboratoriaSi 
mitanidan sruli rezultatis miRebamde. analizis xangrZlivoba, ra Tqma unda, 
izrdeba, rodesac saWiroa  sizustisa da mgrZnobiarobis  gazrda am dros 
aucilebelia nimuSis winaswari damuSaveba. 

speqtruli analizis Catarebis mniSvnelovan siswrafesTan pirdapir 
kavSirSia  misi warmadoba, rac metad mniSvnelovania masobrivi analizis 
operaciebis Catarebisas.  maRali warmadobis  reaqtivebisa da sxva masalebis  
mcire xarjis gamo  erTi analizis Rirebuleba gacilebiT naklebia vidre 
tradiciuli meTodebiT Catarebuli analizisa, miuxedavad mniSvnelovani 
sawyisi kapitaldabandebisa rasac moiTxovs speqtruli analizisaTvis saWiro 
aRWurvilobis SeZena. ufro metic, rogorc wesi, rac metia winaswari 
danaxarjebi da rTulia nimuSis  winaswari momzadebis meTodika, miT ufro 
swrafi da iafia  masobrivi analizis Catarebis Rirebuleba. 

Tavisi arsiT speqtruli analizi aparaturuli meTodia. Tanamedrove 
aparaturis gamoyenebisas speqtroskopistis Carevis saWiroeba sakmaod iSviaTia.   
dadgenilia, rom es darCenili operaciebi SesaZlebelia iyos avtomatizebuli, 
rac saSualebas gvaZlevs mivuaxlovdeT nivTierebis qimiuri  Sedgenilobis 
gansazRvris sruli  avtomatizaciis  dones. 
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speqtruli analizis meTodi  universaluria. misi saSualebiT  
SesaZlebelia amovicnoT sxvadasxva myari, SiTxiTi da airisebri saanalizo  
obieqtis Semadgeneli praqtikulad nebismieri elementi da naerTi. 

speqtrul analizs axasiaTebs maRali garCevadoba, rac niSnavs, rom rTuli 
nimuSis praqtikulad yoveli nivTiereba SeiZleba iqnes gansazRvruli misi 
dayofis gareSe. 
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7. meqanikuri gamocdebi 
 

masalis meqanikur Tvisebebs uwodeben mis unars winaaRmdegoba gauwios 
deformacias (formisa da zomebis Secvla) da  gare datvirTvis zemoqmedebiT 
gamowveul  ngrevas. aseT Tvisebebs ganekuTvneba simtkice, plastikuroba, 
simagre, siblante (dartymiTi), daRliloba, denadoba. 

deformacias,  romelic datvirTvis moxsnis Semdeg qreba  (masala ibrunebs  
pirvandel formas, mdgomareobas), uwodeben drekad deformacias.  deformacias, 
romlic datvirTvis moxsnis Semdeg SenarCundeba, narCen  deformacias 
uwodeben. 

nimuSze  an  nakeTobaze  Zalis zemoqmedebis xasiaTze damokodebulebiT  
ganasxvaveben kumSvis, Wimvis, Runvis gadaadgilebis (Wris), da grexis 
deformaciebs  sur.24. 

 
sur.24. deformaciis saxeebi datvirTvis Zalis moqmedebis mimarTulebis 

mixedviT:   a. kumSvis; b. Wimvis; g. Runvis; d.  gadaadgilebis (Wris); e. grexvis. 
 
masalis meqanikuri Tvisebebis gansazRvris mizniT specialur nimuSs an mza 

nakeTobas gamocdebs utareben mocemuli masalisa da nakeTobis mimarT 
standartebisa da sxva  normatiul - teqnikuri  dokumentaciis moTxovnebis 
mixedviT.  nimuSs SeiZleba Cautardes  statikuri gamocda, rodesac nimuSze 
moqmedebs mudmivi an mdovred cvladi datvirTva,  dinamikuri_rodesac nimuSze 
moqmedebs droSi swrafad cvladi datvirTva (dartyma, vibracia), da  
ganmeorebiT-cvladi (daRliTi)_rodesac datvirTva nimuSze mravalgzis icvleba 
rogorc sididiT, ise mimarTulebiT.  meqanikuri zemoqmedebis Sefaseba xdeba 
daZabulobis ricxviTi mniSvnelobebiT. 

daZabuloba aris Sinagani Zalebis zoma, romelic nimuSSi aRiZvreba gare 
zemoqmedebiT (Zala, datvirTva).   datvirTvis Sefaseba  xorcieldeba 
daZabulobis mixedviT, romelic deformirebuli sxeulis zomebze ar aris 
damokidebuli. 
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daZabulobas, romelic nimuSis RerZis gaswriv moqmedebs, normaluri 

ewodeba da aRiniSneba σ-Ti. normaluri daZabulobis erTeulia paskali (Pa), 
romelic  nimuSis ReZis gaswvriv miqmedi erTi niutoni (N) Zalis (P) 
zemoqmedebaa erT kvadratul metr  farTobze (S): 

σ = P/S. 
normaluri daZabulobebi moqmedi daatvirTvebis mimarTulebis mixedviT 

arsebobs kumSvis (sur.24.a) an Wimvis (sur.24.b).  
daZabulobas  romlic abscisTa RerZis marTobulad moqmedebs  ewodeba 

mxebi  daZabuloba da aRiniSneba τ-Ti. misi zemoqmedebiT  warmoiSoba  Wris 
deformacia (sur.24.d). 

daZabulobebs, romlTa  dadgena xorcieldeba  specialur  manqanebze    
meqanikuri nimuSebis  gamocdis Sedegebis mixedviT, iyeneben manqanaTa nawilebis 
simtkicis gaangariSebisas.  

detalze moqmedi  Zala da  datvirTva maTSi warmoSobs daZabulobebs, 
romlebic, Tavis mxriv, iwveven detalis deformacias. magaliTad, saavtomobilo 
amwis bagiri  tvirTis awevisas ganicdis Wimvis daZabulobis  zemoqmedebas, rac 
Wimvis deformaciis warmoSobis mizezia.  kumSvis daZabulobis zemoqmedebiT 
kumSvis deformacias ganicdis  Carxis  dgarebi da fundamentebi, sayrdeni 
kolonebi da traqtorebisa da tankebis muxluxa sagoravebi. tvirTis awevisas  
saavtomobilo an koSkura amwis isarSi aRiZvreba Runvis daZabuloba (sur.24.g), 
romelic iwvevs isaris deformacias.  Runvis daZabulobas ganicdis sayrdeni 
konstruqcia, romelzedac ganlagebulia tvirTi, magaliTad relsebi, 
romelzedac dgas  matareblis Sedgeniloba an koSkura da xidura amwe.  

Wris daZabuloba moqmedebs (sur.24.d) da Sesabamisad Wris deformaciaze 
muSaoben moqlonuri  SeerTebebi. 

grexis daZabuloba iwvevs  grexis deformacias (sur.24.e) magaliTad 
WanWikze qanCis moWerisas.  

simtkice aris masalis unari, dazianebis gareSe miiRos, Sinagani 
daZabulobisa da deformaciis gamomwvevi,  sxvadasxva saxis datvirTvebi. gare 
zemoqmedebis Zalebis moqmedebis xasiaTis mixedviT ganasxvaveben simtkices 
gaWimvis,  SekumSvis, Runvis, grexvis siblantis  da daRlis mimarT. 

gaWimvis mimarT simtkicis gansazRvra - masalis meqanikuri gamocdis 
yvelaze mniSvnelovani da gavrcelebuli saxis  gamocdaa. masalis gamocda 
Wimvaze tardeba saerTaSoriso standartebTan harmonizebuli normatiuli 
dokumentaciis ГОСТ 12004-81, ГОСТ 1497-73 mixedviT, romelTa mixedviTac 
gansazRvruli formisa da zomis nimuSebs gamoscdian specialur gamWimav 
(gamwyvet) manqanaze. D diametris standartuli nimuSs  (sur.25) TavakebiT 
amagreben D manqanis momWerebSi da mudmivi siCqariT iwyeben mis datvirTvas. 
zrdadi datvirTvis Sedegad nimuSi iWimeba manam, sanam wyvetis wertilis    

diametri Semcirdeba d0 sididemde. 

  
sur.25. nimuSis gamocda gaWimvis mimarT   
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gamocdis mimdinareobisas avtomaturad xdeba gaWimvis diagramis 
registracia (sur.26),  romelic warmoadgens nimuSis sigrZis Δl cvlilebas 
masze modebuli datvirTvis  mixedviT. 

 
sur.26. mcirenaxSirbadovani foladis gaWimvis diagrama 

 
diagramaze gaWimvis р, с, s, b wertilebis  gansazRvra simtkicis yvelaze 

mniSvnelovan maxasiaTeblebs asaxavs esenia: proporciulobis zRvari, 
drekadobis, denadobis, simtkicis  pirobiTi   zRvrebi. 

proporciulobis zRvari σp (р wertili diagramaze) aris  daZabulobis 
udidesi  mniSvneloba, romelic aRiZvreba  pp datvirTvis zemoqmedebiT, 
deformaciis am  mniSvnelobamde  datvirTvis pirdapirproporciulad izrdeba. 
amasTan  nimuSSi aRiZvreba mxolod drekadi deformaciebi. datvirTvis Semdgomi 
zrdisas nimuSis deformacia  gadava  narCeni deformaciis zonaSi. 

drekadobis pirobiTi zRvari   σ0,05  (diagramaze c wertili) aris 
daZabuloba, romelic aRiZvreba p0,05  datvirTvis zemoqmedebiT, rodesac 
gamosacdeli nimuSi iRebs sawyisi sigrZis 0,05% narCen  wagrZelebas. 
praqtikulad drekadobis zRvari Zalian axlosaa proporciulobis zRvarTan. 

denadobis pirobiTi zRvari σT - (diagramaze s wertili) aris PT datvirTviT   

aRZruli, rodesac  narCeni wagrZeleba  miaRwevs mocemul mniSvnelobas, 
Cveulebriv, 0,2%, zogjer 0,1 – 0,3%-sa da mets. aRniSnulis gaTvaliswinebiT  
denadobis pirobiTi zRvari aris  σ_0,1,σ_0,2,σ_0,3 da a.S.  Sesabamisad,   
denadobis pirobiTi zRvari  gansxvavdeba   drekadobis pirobiTi  zRvrisagan  
mxolod  narCeni wagrZelebis mocemuli mniSvnelobiT. denadobis pirobiTi 
zRvari Seesabameba daZabulobas, rodesac xdeba liTonis plastikur 
deformaciaze  ufro sruli gadasvla. 

simtkicis pirobiTi zRvari  σb  - (diagramaze b wertili) _ pirobiTad aris 
udidesi Zala da  aRiZvreba  pb datvirTvis zemoqmedebiT,  rodesac  
xorcieldeba  nimuSis Tanabari deformacia mTel sigrZeze.  s wertilis Semdeg  
gaWimvis  diagramis  sb  monakveTze  datvirTvis Semdgomi zrdisas  nimuSSi 
viTardeba intensiuri plastikuri deformacia, romelic grZeldeba b   
wertilamde Tanabrad mTel sigrZeze.  b   wertilSi, mcire monakveTze,  iwyeba 
nimuSis ganivi kveTis mkveTri Semcireba e.w. yelis warmoqmniT.  

simtkicis zRvari gamoiTvleba formuliT 
σb=pb⁄S0. 

sadac: σb  - masalis simtkicis zRvaria  Pa (paskali),    pb – datvirTva b  
wertilSi,  N(niutoni) ;   S0 - nimuSis ganivi kveTis farTobi  gamocdamde, m

2. 
simtkicis maxasiaTeblebs iyeneben manqanis nawilebis simtkicis 

gamoTvlisas. proporciulobis, drekadobis da denadobis zRvrebis  
mniSvnelobebis praqtikuli gamoyeneba daiyvaneba  daZabulobis ricxviTi 
mniSvnlobebis  dadgenamde.  zemoqmedebis Zalebis zRvruli mniSvnelobaze 
naklebi sididis daZabulobis  moqmedebis  Sedegad SesaZlebelia  manqanis   
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detalebi muSaobdnen  narCeni deformaciis σb warmoqmnis gareSe    an dsaSvebi 
deformaciis farglebSi  σ0,05,σ0,2 da sva. 

plastikuroba aris masalis Tviseba  gare Zalis zemoqmedebiT,  
ganadgurebis gareSe, Seicvalos    forma da zomebi da SeinarCunos narCeni 
plastikuri  deformacia am Zalis   zemoqmedebis moxsnis Semdeg. gamosacdeli 
obieqtis plastikur Tvisebebs ganisazRvreba gaWimvis mimarT gamocdis dros.  
datvirTvis zemoqmedebiT nimuSi wagrZeldeba, amasTan  misii ganivi kveTi 
Sesabamisad mcirdeba. gamocdisas rac ufro metad wagrZeldeba nimuSi, miT 
ufro plastikuria masala.  masalis plastikurobis maxasiaTebeli  maCvenebelia  
nimuSis fardobiTi wagrZeleba da Seviwroeba. 

fardobiTi wagrZelebas  uwodeben nimuSis gawyvetisas, misi  sigrZis 
nazrdis fardobas,  sawyis mdgomareobasTan.  fardobiTi δs wagrZeleba  

gamoisaxeba procentebiT da gamoiTvleba formuliT: 

δ [(     )   ]      , 
sadac: l0 aris nimuSis sigrZe gamocdamde, [m];    l1 - nimuSis sigrZea gawyvetis 
Semdeg,  [m];  (sur.2). 

fardobiT Seviwroebas uwodeben gawyvetis Semdeg   nimuSis ganivi kveTis 
farTobis Semcirebis  fardobas nimuSis gamocdamde  ganivi kveTis farTobTan.  
fardobiTi Seviwroeba   ψ -s   gamosaxaven procentTi da gamoiTvlian 
formuliT: 

  [(     )   ⁄ ]       
sadac: S0  aris gamocdamde nimuSis ganivi kveTis farTobia, m

2
;   S1  – 

gawyvetis Semdeg nimuSis ganivi kveTis farTobia, m
2
. 

simagre (sisale) aris masalis Tviseba winaaRmdegoba  gauwios plastikur 
deformacias an zedapirul fenaSi  myife msxvrevas adgilobrivi Zalovani 
datvirTvebisas.  sisale,  Cveulebriv, fasdeba ufro maRali sisalis mqone 
masalis indiktoris  dawolis mimarT, liTonis zedapiris  mier  
winaaRmdegobis gawevis unariT.  sisalis gazomva SesaZlebelia uSualod 
detalis zedapirze misi dazianebis gareSe. liTonebisa da Senadnobebis 
sisalis gazomvas iyeneben, rogorc maTi meqanikuri Tvisebebis  Sefasebis 
meTods.  

masalis sisalis mixedviT msjeloben misi sxva Tvisebebis Sesaxeb. 
magaliTad, mravali SenadnobisaTvis, rac maRalia sisale, miT metia gaWimvis 
simtkice, maRalia cveTamedegoba; rogorc wesi, dabali sisalis  Senadnobebis 
WriT damuSaveba advilia. 

praqtikaSi sisalis gazomva ori xerxiT xorcieldeba. Tu gamosakvlevi 
obieqtis sisale naklebia, vidre nawrTobi foladisa, maSin sisales zomaven 
brinelis meTodis mixedviT (sur.27. a), Tu  gamosakvlevi obieqtis sisale metia 
nawrTobi foladis sisaleze, maSin sisales zomaven rokvelis meTodiT 
(sur.27.b). garkveuli P ZaliT burTulaze an bunikze daWerisas nimuSze 
miRebuli Rrmulis mixedviT msjeloben nimuSis sisalis Sesaxeb. 

            
 

ნახ.27. sisalis gazomvis sqema  
a. brinelis b. rokvelis mixedviT 

dartymiTi siblante masalis maxasiaTebelia, romelic afasebs misi 
winaaRmdegobis unars myife (xisti) dazianebis mimarT. dartymiTi datvirTvebis 

a) 
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dros, masalaSi  aRZruli daZabuloba, myisierad moqmedebs, amitom misi 
gansazRvra sakmaod Znelia. dartymiT siblantes gansazRvraven masalis 
dasamsxvrevad,  dasazianeblad  Sesrulebuli  muSaobis mixedviT. nimuSis 
dartymiT siblanteze  gamosacdeli  mowyobilobis qema naCvenebia 28-e suraTze. 

dartymiT siblanteze gamosacdeli manqanis mravali nawili da 
konstruqcia  muSaobisas ganicdis, meqanikuri xasiaTis, sakmaod maRali donis 
dartymiT datvirTvas, romelTa  zemoqmedeba  maTze myisierad aisaxeba. 
dartymiT datvirTvas  ganicdian   Stampis tipis instrumentebi, zogierTi saxis 
kbilanuri gadacemebi da sxv. 

  
sur.28. nimuSis dartymiT siblanteze gamosacdeli  qanqaruli kopiris 

sqema: 1 - nimuSi; 2 - qanqara;  3 - sayrdenebi 
dartymiTi datvirTvisas masalis meqanikuri Tvisebebi SeiZleba 

radikalurad gansxvavdebodes  masalis statikuri datvirTvis SemTxvevis  
analogiuri Tvisebrivi maCveneblebisagan.  manqanisa da konstruqciis  
detalebis muSaobis  xangamZleobis gaangariSeba  dartymiTi datvirTvebis 
dros  xorcieldeba dartymiTi siblantis monacemebis gaTvaliswinebiT. 

daRliloba aris masalis meqanikuri da fizikuri Tvisebebis Secvla masze  
droSi cvladi cikliT  moqmedi daZabulobisa da deformaciis  Sedegad.  aseTi 
datvirTvebis zemoqmedebisas muSa meqanizmsa da detalebSi warmoiqmneba da 
viTardeba bzarebi,  romelTac maT srul  dazianebamde mivyavarT.  msgavsi 
dazianeba imiTaa saSiSi, rom  is SeiZleba gamoiwvios iseTi datvirTvebis 
moqmedebisam, romelTa mniSvneloba gacilebiT naklebia simtkicisa da 
denadobis datvirTvis dasaSveb zRvarze.   

amtanoba aris masalis Tviseba winaaRmdegoba gauwios daRlilobas.  
daRlilobis winaRoba  xasiaTdeba amtanobis zRvriT, anu  udidesi 
daZabulobiT, romelsac SeuZlia gauZlos masalam dazianebis gareSe.  

daRlilobaze gamocdis  mizani (ГОСТ 2860-65) aris  masalis  (nimuSis) 
SesaZleblobis  ciklurad, cvladi datvirTvis zemoqmedebisas, dazianebis 
gareSe muSaobis unaris raodenobrivi Sefaseba.  daZabulobis cikli aris 
cvladi daZabulobis  mniSvnelobebis erToblioba cvlilebis erTi periodis 
ganmavlobaSi. gamocdebisas  datvirTvis ciklebis mocemuli raodenobas 
gamocdis baza   ewodeba. Cveulebriv, gamocdis baza Seadgens datvirTvis 105  
cikls. Tu masalam dazianebis gareSe gauZlo ciklebis  sabazo gamocdas 
dazianebis gareSe, maSin  mosalodnelia rom  is saWiro winaaRmdegobas gauwevs  
daRlas  da am masalisagan damzadebuli detali imuSavebs saimedod.  
muSaobisas ciklurad cvladi datvirTvebs ganicdis Sigawvis Zravas muxla 
lilvi, RerZebi, barbacebi  da sxva. 

denadoba aris masalis Tviseba ganicados neli da uwyveti plastikuri 
deformacia mudmivmoqmedi  datvirTvis  an daZabulobisas.    

nakeTobebs, romlebic muSaoben maRal temperaturaze,  gaaCniaT naklebi 
simtkice, vidre normalur temperaturaze momuSave  nakeTobebs. eqspluataciisas 
masala da nakeToba  garkveul pirobebSi,  magaliTad,  mudmivmoqmedi 
datvirTvisas, SesaZlebelia   progresulad  deformirdebodes garkveuli  
drois ganmavlobaSi. 
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8. metalografia 
 

metalografia aris liTonebis Sesaxeb mecnierebis erT - erTi Semadgeneli 
nawili igi Seiswavlis  qimiuri Sedgenilobisa da sxvadasxva saxis damuSavebis  
gavlenas lTonis struqturaze. 

agebulebis mixedviT myari nivTiereba arsebobs amorfuli da kristaluri. 
amorfuli  ewodeba myar nivTierebas, romlis atomebi sivrceSi ganlagebulia 
qaosurad. aseTi nivTierebebia mina, plastmasi, fisi da sxva. kristaluri  
ewodeba myar nivTierebas, romlis atomebi (ionebi) sivrceSi ganlagebulia 
mkacri periodulad ganmeorebadi wesiT da qmnian  mesers. aseT nivTierebebs 
ganekuTvneba liTonebi, marilebi da sxv. kristaluri meseri Sedgeba liTonis 
atomebisagan Seqmnili  mravali erTgvarovani  ujredisagan.  liTonis atomebi 
Sedgeba dadebTad damuxtuli birTvisa da uaryofiTad damuxtuli nawilakebis 
- eleqtronebisagan. eleqtronebi moZraoben birTvis garSemo sxvadasxva 
manZilze da qmnian eleqtronul garss. myar an Txevad mdgomareobaSi myofi 
liTonis atomis gare (savalento)  eleqtronebi, birTvis mier  sustad 
miizideba da SeuZliaT  ”Tavisuflad”  gadavidnen erTi atomidan  meoreze.  
amrigad liTonebSi gare eleqtronebi erTiandebian (koleqtivizirdebian)  da 
qmnian e.w.   ”eleqtronul airs”.  

liTonebis atomur-kristaluri agebulebiT  aixsneba maTi fizikur_ 
qimiuri da meqanikyri Tvisebebi: maRali eleqtro da siTbogamtaroba, liTonuri 
brwyinvaleba, plastikuroba da sxva.  

yvela liToni polikristaluri  nivTierebaa e.i.  Sedgeba mravali (10_1– 
10_6 mm) araswori formis kristalisagan. maT kristalitebi  an marcvlebi 
ewodeba (sur.8.1.). liTonis marcvlebs sivrceSi sxvadasxvagvari orientacia 
gaaCniaT.  

mrewvelobaSi sufTa liToni SezRuduli raodenobiT gamoiyeneba 
specialuri mizniT. yvelaze metad  gamoiyeneba  sxvadasxvagvari Senadnobebi, 
romelebic ufro maRali donis  meqanikuri TvisebebiT gamoirCevian.   

  
sur.29. naxSirbadovani foladis struqtura (gadidebulia 100 jer) 
                                                                    
yvelaze xSirad Senadnobi ori an ramdenime liTonis an liTonisa da 

araliTonis   Senadnobia. qimiuri elementebs, romlebic Senadnobs warmoqmnian  
komponentebi ewodebaT. 

Senadnobi Sedgeba erTi an ramdenime fazisagan. faza _Senadnobis nawilia, 
romelsac gaaCnia erTgvarovani Sedgeniloba da agregatuli mdgomareoba da 
gamoyofilia danarCeni nawilebisagan gamyofi  zedapiriT. ase magaliTad, sufTa 
myari liToni erTfaziani sistemaa,  xolo nawilobriv gamyarebuli liToni 
orfaziani, kristalebi_ myari fazaa, xolo nadnobi - Txevadi. Senadnobis erT - 
erTi mniSvnelovani maxasiaTebeli misi struqturaa.  liTonis struqtura 
gulisxmobs sxvadasxva fazis urTierTganlagebas, maTi  Semadgeneli 
kristalebis  formasa da zomebs. 
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liTonis struqturis Seswavla specialurad momzadebul brtyel da gluv 
zedapirebze e.w. “mixexil” zedapirebze mimdinareobs. liTonis gaprialeba  
SeiZleba meqanikurad fxvieri abraziuli da eleqtruli  (specialur  reaqtivSi 
gaxsniT eleqtruli denis moqmedebisas) meTodebiT.  

liTonis struqturis gamovlenis sxvadasxva meTodidan yvelaze xSirad  
iyeneben misi zedapiris qimiur damuSavebas (amoWmas). am meTodis gamoyenebisas 
mixexil  zedapirs amuSaveben specialuri reagentis saSualebiT, romelic 
kvlevis  miznis mixedviT  gamoaavlens marcvlebis sazRvrebs, sxvadasxva fazas, 
araliTonur CanarTebs, zedapirul marilebs, forebs, bzarebsa da liTonis 
agebulebis sxva detalebs. 

praqtikuli miznebisaTvis, Cveulebriv, axorcieleben moxexili zedapiris 
makro, da mikrostruqturis kvlevas. 

makrostruqtura aris SeuiaraRebeli an mcire (30-40 jeradi) gadidebisas 
TvalisaTvis xiluli  liTonis an Senadnobis agebuleba (sur.30.). 
mikrostruqturis analizi saSualebas gvaZlevs liTonSi aRmovaCinoT msxvili 
araliTonuri CanarTebi, forebi, niJarebi, bzarebi, gamovavlinoT boWkoebis 
mimarTuleba liTonis wneviT damuSavebis Semdeg, aseve SeduRebis defeqtebi 
(SeuduRebeli adgilebi, airis buStukebi da sxva.) 

  
 
sur.30. SeduRebiT SeerTebis makromixexili zedapiri  (naturaluri zoma) 
 
mikrostruqtura aris mikroskopis saSualebiT, TvalisaTvis xiluli  

liTonis an Senadnobis agebuleba (sur.31, sur.32.).   mikrostruqturis analizi 
saSualebas gvaZlevs  gavarCioT liTonis marcvlebis sidide da mdebareoba, 
mcire liTonuri CanarTebisa da liTonis sxvadasxva fazis  zomebi da  
raodenoba, gavakontroloT nakeTobis zedapiris fenis struqturis mgomareoba,  
gamovavlinoT mikrodefeqtebi (mcire bzarebi, niJarebi da sxva), aseve 
kristaluri agebulebis  zogierTi defeqti (dislokacia da grovebi). 
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sur.31. aluminis struqtura (X100) 

 
sur.32. ruxi Tujis struqtura (X100) 

 
mravalricxovani kvleviT dadgenilia, rom liTonis nakeTobaTa Tvisebebis 

gansazRvris erT_erTi ZiriTadi faqtori  liTonis struqturaa.  liTonis, 
namzadis da nakeTobis mikro da makro analizi  saSualebas gvaZlevs droulad 
gamovavlinoT liTonis defeqtebi, romelTac   SeuZliaT Seamciron  nakeTobis  
muSaobis saeqspluatacio Tvisebebi da saimedooba.  amitom struqturis 
kontroli nakeTobis damzadebis nebismier etapze xorcieldeba, gamodnobidan 
dawyebuli  mza produqciis Termul damuSavebamde. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



73 
 

9. zogadi cnobebi akustikuri emisiis Sesaxeb  
 

konstruqciis masalis xarisxi misi Seuferxebeli muSaobiT ganisazRvreba. 
am TvalsazrisiT  Seferxeba niSnavs ganadgurebas, SezRudul dazianebas, 
hermetulobis darRvevas an mniSvnelovani deformaciebis dagrovebas.  masalis 
xarisxis  umniSvnelovanesi  maxasiaTebelia  deformacasa da ganadgurebisaTvis 
winaaRmdegobis gawevis unari. pirvel rigSi maT ganekuTvneba  iseTi 
maxasiaTeblebi rogoricaa, denadobis zRvari, droebiTi winaaRmdegoba, 
wyvetisadmi WeSmariti winaaRmdegoba, pirobiTi wagrZeleba gawyvetis Semdeg. 

amasTan,   eqspluataciis dros masalis qcevasa da aRniSnul meqanikur 
maxasiaTeblebs Soris kvSiris arsebobis gamovlineba gamoangariSebis gziT  
SesaZlebelia  mxolod pirveladi da isic uxeSi miaxloebiT. es faqti Semdegi 
mosazrebiT aixsneba. meqanikur maxasiaTeblebs pirobiTi saxe gaaCniaT da  
ganisazRvrebian pirobiT garemoebebSi, romlebic geometriulad ar 
Seesabamebian  gamosacdel obieqtebs, datvirTvis kanonebs, daZabuloba -  
deformaciebis  mdgomareobas,  gare zemoqmedebisa da drois  faqtorebis 
raodenobasa da datvirTvis kanonebs. muSa detalebis, kvanZebis, agregatebis 
struqturisa da qimiuri Sedgenilobis  bunebriv rxevebs, aseve maT cvlilebebs 
eqsplutaciis procesSi, mivyavarT nimuSebis arCeviTi damangreveli gamocdebis 
Catarebisas  meqanikuri maxasiaTeblebis gazomvis Sedegebis eqstrapolaciis 
gamo, maTi maRali sizustiT  Catarebis  SeuZleblobamde. dasasrul, gare 
zemoqmedebis faqtorebis SemTxveviTi xasiaTi ar  iZleva  masalisa da 
konstruqciis qcevis zusti aRweris SesaZleblobas maSinac ki, rodesac 
zustadaa cnobili masalis meqanikui maxasiaTeblebi. 

aRniSnuli sirTuleebis gadalaxvis SesaZlo gza SeiZleba iyos: 
• masalis iseTi maxasiaTeblebis  SerCeva, romlebic ufro axlos iqneba im 

fizikur_qimiur procesebTan, romlebic gansazRvraven konstruqciis masalis 
winaaRmdegobisa da  deformaciis unars    ngreviTi dazianebis mimarT; 

• ararRvevadi meTodebisa da am maxasiaTebelTa gazomvisa da analizis 
saSualebebis damuSaveba; 

• eqspluataciis procesSi konstruqciis mdgomareobis cvlilebisa da 
winasaavario situaciis damaxasiaTebeli  uwyveti moqmedebis meTvalyure 
meTodebisa da saSualebebis damuSaveba. 

am problemebis gadawyveta saSualebas gvaZlevs: 
•  gaizardos  masalis  (konstruqciebis) saeqspluatacio  qcevis  

aprioruli Sefasebebis sandooba;  
• davadginoT samrewvelo produqciis miRebis mecnierulad damtkicebuli 

normebi; 
•  saWiroebis SemTxvevaSi organizacia gavukeToT masalisa da 

konstruqciis  muSa egzemplarebis  meqanikuri maxasiaTeblebis  asprocentian 
kontrols;  

• mniSvnelovnad  SevamciroT   an sarTod aRmovfxvraT gauTvaliswinebeli 
Seferxebis SemTxvevebi;  

• davadginoT profilaqtikuri  remontis  optimaluri vadebi. 
am problemebis gadasawyvetad  SesaZlebelia gamoyenebul iqnas drekadi 

akustikuri talRebi, romlebic masalis deformaciisa da misi struqturis 
mkveTri cvlilebebisas aRiZvreba. akustikuri talRebis aRZvris procesi 
cnobilia akustikuri emisiis  saxeliT (ae), xolo akustikuri emisiis Sesaxeb 
informaciis matarebeli   cvladi  stoqastikuri  fizikuri sididis signali _ 
akustikuri emisiis signalis saxeliTaa cnobili. masalis struqturis 
lokalur gadawyobasTan dakavSirebuli  akustikuri  emisiis  signalis 
parametrebi  srul koleraciaSi arian masalebis mTlianobis rRvevis 
defeqtebis ganviTarebis kinetikis parametrebTan . deformaciuli signalebis 
warmoSobis erT - erTi wyaro dislokaciis moZraobis procesebi, romelTa  
akustikuri emisiis signalebi kolerirebulia plastikuri deformaciis  
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diskretul meqanizmTan  da simtkicis diagramaze naxtomisebr cvlilebebTan. 
deformaciuli signalebis gamoyenebiT SesaZlebelia masalebSi fazuri 
gardaqmnebis dafiqsireba  sakmaod maRali   saimedoobiT. deformaciuli 
signalebis registracia  bzarebis warmoSobisa da ganviTarebis kvlevis erT - 
erTi meTodia.  

masalis deformaciasTan dakavSirebuli akustikuri talRebis kvlevis 
fizikuri meTodebi  gviCveneben,  rom am  meTodis safuZvelze SesaZlebelia 
Seiqmnas  masalis mdgomareobis aRweris ararRvevadi  diagnostikuri 
kontrolis efeqturi meTodebi saSiSroebis aRZvrisa da Seferxebis momentis 
siaxlovis gansazRvrisaTvis.  aRniSnuli  meTodebis gamoyenebiT  ukve  
Seqmnilia konkretuli tipis aparatura da sadiagnostiko meTodebi masalaTa 
konstruqciebis diagnostikaTvis.  Tanamdrove pirobebSi mimdinareobs 
mniSvnelovani samuSaoebi akustikuri emisiis gamosayeneblad 
manqanaTmSeneblobis sferoSi sadiagnostiko  ararRvevadi meTodebis 
danergvisaTvis, romelTac farTo gamoyeneba hpoves maRali  wnevis milsadenis 
da sacavebis, SeduRebuli da webovani SeerTebebis masalaTa daRliT 
gamowveuli bzarebisa da struqturuli cvlilebebis aRmoCenaSi. 

miRebuli Sedegebi gviCvenebs, rom akustikuri emisiis meTodis gamoyenebiT 
SesaZlebelia gaizomos  masalisa da konstruqciis daZabulobiT gamowveuli  
deformaciis  done, aRmovaCinoT ganviTarebadi defeqtebi da ganvsazRvroT maTi 
koordinatebi, SevafasoT maTi saSiSroebis xarisxi agreTve gadavWraT 
konstruqciebisa da nagebobebis mdgomareobis Sefasebis sxva amocanebi. 
praqtikul samuSaoebSi samwuxarod es meTodebi jer kidev  ver gamoiyeneba 
saTanadod, rac meTodis siaxliT, Teoriisa da praqtikis  gadauWreli 
sakiTxebis arsebobiT da farTo momxmareblisaTvis gankuTvnili 
sistematizebuli informaciis naklebobiT SeiZleba aixsnas. 

 
 
 

9.1. akustikuri emisiis fizikuri arsi 
 

masalasa da konstruqciaze sxvadasxva saxis zemoqmedebam (meqanikuri, 
siTburi) SeiZleba maT lokalur  struqturul cvlilebebamde migviyvanos, rac 
akustikuri emisiis wyaros warmoadgens. ganvixiloT am movlenis warmoSobis 
zogierTi meqanizmi. 

kristalebis deformaciis erT - erTi  formaa  gaormageba, romlis arsi  
kristaluri mesris kvanZebis erTi nawilis  simetriuli Semobrunebaa misi 
meore nawilis  mimarT. mesris axal mdgomareobaSi gadasvla naxtomiseburad 
mimdinareobs didi (bgerasTan miaxloebuli) siCqariT,  rac deformaciis 
drekadi talRebis gamomwvevi mizezia. drekadi talRebis wamoSobis mizezad 
gvevlineba aseve dislokaciis naxtomiseburi Secvla srialis xazebis gaswvriv 
marcvlebis sazRvrebis mimarTulebiT. marcvlebis sazRvrebze SesaZlebelia 
sakmaod mniSvnelovani, dislokaciebis arseboba, romlebic mikro bzarebis 
warmoSobis wyaroa. gamocdileba da gamoTvlebi gviCvenebs, rom  bzaris 
warmoSobis sawyisi mdgomareobisaTvis sakmarisia 300 dislokaciis 
gadaadgileba da Serwyma. kristalis deformaciis gamomwvevi Zalis  da aseTi 
mikrobzaris yelSi daZabulobis  koncentraciis zrda misi diskretuli zrdis 
mizezi xdeba, rasac Tan sdevs talRuri gamosxiveba. 

myar mdgomareobaSi myof  masalaze, meqanikuri da siTburi moqmedebiT 
masSi SeiZleba ganviTardes fazuri gardaqmnebi. martensituli tipis 
gardaqmnebi warmoadgens  atomebis koleqtiuri gadaadgilebis  Zvrebs, rac,  
rogorc wesi, formis cvlilebiT  mimdinareobs. am procesTan erTad SeimCneva 
gardaqmnili struqturis zemoqmedeba garemoze, rac masalaSi meqanikuri 
talRebis warmoSobis mizezia. masalis plastikuri deformaciac aseve 
naxtomiseburad mimdinareobs, rac Cveulebriv diagramebzedac SesamCnevia, 
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romelic nimuSis rRveviTi gamocdisas aparaturis saSualebiT iwereba. am 
movlenis Seswavla gviCvenebs, rom zogierTi masalisaTvis  naxtomebis zvavs 
mivyavarT  absoluturi deformaciis moklevadiani nazrdis  gaCenasTan drois 
mcire SualedSi. am movlenis meqanizmi dislokaciurobis TvalsazrisiT 
Semdegnairad aixsneba. masalis plastikuri deformaciisas dislokaciebis 
moZraobisas xdeba adgilobrivi SeCerebebi sxvadasxva winaaRmdegobasTan.  
dislokaciebis mier am winaaRmdegobebis TviTnebur an  inicirebul gadalaxvas 
mivyavarT  swraf adgilobriv ZvrebTan, rac Cveulebriv iZleva deformaciul 
naxtoms. sabolood xdeba deformaciisa da daZabulobis dinamikuri 
gadanawileba, rac masalaSi aRZravs meqanikur talRebs. 

aq  CamoTvlili meqanizmebi Zireulad ver avsebs yvela im movlenas, 
romelic dakavSirebulia myar sxeulebSi deformaciisas  daZabulobis 
talRebis gaCenasTan, magram maT yvelas axasiaTebs saerTo niSnebi, rac 
saSualebas gvaZlevs CamovayaliboT akustikuri emisiis cneba:  

akustikuri emisia aris masalebSi aRZvris  Sinagani daZabulobis  
talRebiT gamowveuli,  Semadgeneli struqturis lokaluri dinamikuri  
gamosxivebis gavrcelebis procesi, romelsac kristaluri mesris 
cvlilebisaken an mikro da makrodefeqtebis warmoSobamde mivyavarT. sxeulis 
zedapiris miRwevisas es talRebi iwvevs zedapiris wertilebis wanacvlebas, rac 
SesaZlebelia Sesabamisi aparaturis saSualebiT dafiqsirdes. 

emisiis  gamomwvev  impulsebzea  damokidebuli  aRniSnuli wanacvlebis 
maqsimaluri amplituduri da  sixSiruli speqtris mniSvneloba.  radgan 
mikrobzarebis moZraobiT warmoSobili wanacvlebis amplitudebi mniSvnelovnad 
unda aWarbebdnen  calkeuli dislokaciebis  moZraobas.  miuxedavad amisa, 
droSi SemTxveviTi xasiaTiT cvladi, gansaxilveli calkeuli realizaciebis 
rTuli saxisa  da  masalebis deformaciis cvlilebisa sakmaod farTo 
diapazonSi, funqciis  SedarebiT sustad  cvlilebis fonze, unda arsebobdes 
sakmaod didi amplitudis calkeuli impulsebi.  

sabolood akustikuri emisiis signalebi SeiZleba daiyos or ZiriTad 
saxeobad: 

• uwyveti emisia  _ SedarebiT dabali amplitudis rxevebi farTo 

sixSiruli speqtriT, romlis zeda zRvari aRwevs 30MHz, axasiaTebs 
dislokaciaTa didi jgufebis gadaadgilebas da migviTiTebs  mikrodefeqtebis 
dagrovebis zonebis  formirebaze. 

• diskretuli tipis emisia _ damreci frontisa da mniSvnelovnad didi 
amplitudebis rTuli formis mokle  impulsebis Tanmimdevrobaa. aseTi tipis 
emisiis SemTxvevaSi energiis umetesi raodenoba Tavmoyrilia speqtris 
dabalsixSirul nawilSi. igi  dakavSirebulia mikrodefeqtebisa da 
mikrobzarebis ganviTarebasTan da  maT urTierTSerwymasTan rac  
magistraluri bzaris warmoSobas ganapirobebs. 

orive tipis emisia SeiZleba  arsebobdes, rogorc erTdroulad, ise 
SeiZleba iyvnen erTmaneTis mimarT droSi daZruli. 

Tanamedrove aparaturas SeuZlia damoukideblad miiRos da daamuSaos 
orive tipis signali, rac saSualebas iZleva masalis deformaciis procesidan 
gamoiyos  momenteebi, romlebic momavalSi dakavSirebuli iqneba  saSiSi 
zonebis formirebasa  da maTSi rRvevis procesebis  ganviTarebasTan. 
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sur.33. akustikuri emisiis tipuri  signali 

 
gaWimvis Zalis zemoqmedebis, akustikuri signalis jamuri oscilograma, 

romelic  aRZrulia  09Г2С  markis foladis nimuSis gamocdisas masalis 
struqturis rRvevis garkveuli momentisaTvis naCvenebia 33-e suraTze.  
oscilogramaze Cans, rom  akustikuri emisiis signalis rogorc amplituda, 
aseve  sixSire  drois Sesabamisi momentisaTvis  asaxavs deformaciisa da 
rRvevis rTul procesebs. 
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10. Termografia 

 
temperatura, rogorc Sinagani energiis raodenobrivi maCvenebeli,  

fizikuri samyaros obieqtebisa da procesebis universaluri maxasiaTebelia, 
rac samyaroSi mudmivad mimdinare procesebis  energiis generacias, gardaqmnas, 
gadacemas, dagrovebas da gamoyenebas gulisxmobs sxvadasxva formiT. 

temperaturuli procesebis analizi  (Tburi veli, siTbos gadacemა, kargvა da 
sxva) saSualebas gvaZlevs miviRoT mniSvnelovani informacia obieqtis 
mdgomareobisa da bunebaSi mimdinare procesebis Sesaxeb (energetika, 
mSenebloba, mrewveloba, medicina da sxva). 

 

  
sur.34.Tbogeneratoris Termografuli suraTi. 

 

 
sur.35. eleqtrogamanawilebeli karadis Termografuli suraTi. 

 
nebismieri sxeuli, romlis temperatura gansxvavdeba absoluturi 

nulisagan, infrawiTeli (Tburi)  gamosxivebis wyaroa. romelic  jer kidev 1800 
wels uiliam gerSelma aRmoaCina. uSualo kavSiris arsebobam sxeulis siTburi 
gamosxivebis intensivobasa  da mis temperaturas Soris, romelic  
dasabuTebulia stefan - bolcmanis, plankisa da vinis kanonebiT saSualeba 
mogvca mogvexdina temperaturis distanciuri gazomva (kontroli) siTburi 
gamosxivebis registraciis gziT. teqnikis am sferom Termografiis  
(Termomcodneobis) saxelwodeba miiRo. 

dRes gavrcelebuli da miRebuli terminolgiiT Termografia gulisxmobs 
fizikur obieqtebSi siTburi energiis (temperaturis) sivrculi da droiTi  
ganawilebis  analizis  meTods, siTburi gamosaxulebis  (Termograma)  agebis  
gziT. 

 gasuli saukunis 60-ian wlebSi pirvelad gamoCnda Sveduri firmis AGEMA 

Infrared Systems  mier warmoebuli  Termovizorebi. pirvel rigSi Termografiuli 
kontroli da gamokvlvebi gamoyenebuli iyo eleqtroteqnikaSi, 
radioeleqtronikaSi,  raketmSeneblobaSi. 

Termografiis ganviTarebasTan erTad amave wlebSi safuZveli Caeyara 
siTburi kontrolis mimarTulebas, romelic Semdgom  ararRveviTi kontrolis  
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erT - erTi standartizebuli  meTodi gaxda. Termografiisa da siTburi  
kontrolis  urTierTkavSiri ganpirobebulia  Termovizorebis, rogorc 
saregistracio  xelsawyoebis, upiratesi  gamoyenebiT.  ganasxvaveben siTburi 
kontrolis  pasiur da aqtiur meTodebs,  Tu pasiuri meTodis SemTxvevaSi 
saregistracio - sakontrolo aparatura Termovizorebis gamoyenebiT 
Semoifargleba aqtiuri Termokontrolis meTodis gamoyenebisas 
Termovizorebis garda gamoyenebuliia sxvadasxva saxis damxmare aparatura. 

Termografias, rogorc siTburi kontrolis pasiur saSualebas, msoflios 
mraval qveyanaSi  siTbur diagnostikasac uwodeben.   

Termografiis meTodebis gamoyenebaze dafuZnebulma  aqtiuri Termo 
kontrolis  meTodma jer-jerobiT  ver pova gamoyenebis farTo  sfero, magram 
didi formatis,  swrafqmedi, siTburi gamosaxulebis kompiuteruli damuSavebis 
SesaZleblobis  mqone matriculi Termovizorebis gamoCenam  SesaZlebeli 
gaxada am mimarTulebis aqtiuri ganviTareba.  

aqtiuri Termokontrolis  meTodisadmi interess  misi universaluroba, 
maRali warmadoba  da momsaxurebis usafrTxoeba iwvevs (gansxvavebiT 
redgenuli da radiaciuli meTodebisagan). aqtiuri Termokontrolis  meTodis 
gamoyeneba udavo upiratesobas iZleva bevri iseTi amocanis gadaWris dros,  
rogoricaa: ganSrevebis defeqtebis, haeris CanarTebis, Seuwebebeli, miurCilavi, 
SeuduRebeli adgilebis  aRmoCena  sxvadasxva  saxis masalaSi:  kompoziciur  
nakeTobebSi, mravalSrian struqturebSi, armirebul, Sewebebul da SeduRebul 
konstruqciebSi, Tbosaizolacio garsebSi da a.S. 

dRevandel piobebSi Termografiuli diagnostika da siTburi kontroli 
gamoyenebiTi kvlevis maRalteqnologiur sferos warmoadgens, romelic 
aerTianebs miRwevebs aramxolod aparaturis Seqmnis TvalsazrisiT, aramed 
siTbogadacemis, kompiuteruli da informaciuli teqnologiebis 
TvalsazrisiTac.  

aqtiuri Termokontrolis   Tvisebrivad  axali etapia  iseTi  
mimarTulebebis ganviTareba rogoricaa Termuli defeqtometria da 
Termografia. gansxvavebiT defeqtoskopiisagan, romlis mTavari amocana 
defeqtis gamovlenaa,  defeqtometriis mizania eqsperimentuli monacemebis 
mixedviT defeqtis parametrebis gansazRvra Sebrunebuli amocanis algoriTmis 
gadawyvetilebis gamoyenebiT. 

siTburi Termografia mimarTulebaa koordinatebis mixedviT ganawilebuli  
misi siTbur fizikuri maxasiaTeblebis mixedviT  obieqtis Sinagani struqturis 
sivrculi suraTis miReba. 

saerTaSoriso masStabiT Seqmnilia TermografistTa sazogadoebebi, 
romlebic evropaSi gaerTianebulia saerToevropul  organizaciad  EUROTHERM.  
ara damarRveveli kontrolis amerikuli organizacia    (ASNT) 1991 wlidan 
awarmoebs operatorebis sertificirebas II da   III donis saerTaSoriso 
sertifikatebiT. 

ucxouri gamocdileba gviCvenebs, rom marTalia Termovizorebis 
Rirebuleba sakmaod maRalia (60000$) magram misi, amosyidvis vada sul raRac 0,5 

– 1 welia. mas iyeneben iseTi aRiarebuli kompaniebi როგორიცაა: Ford, General 
Electric, Volvo, Martin Lockheed Marietta, Boeing, Sharp, SONY, NASA, British Airways, Airbus 
Industry, Union Carbid 

dRevandeli mdgomareobiT saqarTvelo  am mimarTulebiT arasaxarbielo 
mdgomareobaSia, radgan diagnostikis am meTodze samrewvelo industriis 
simciris gamo TiTqmis ar arsebobs moTxovna. imeds gamovTqvam, rom msoflios 
ganviTarebul qveynebTan  Semdgomi  ekonomikuri, savaWro da samrewvelo  
integracia dadebiTi Sedegis momtani iqneba am mimarTulebis 
ganviTarebisTvisac.   
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