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reziume 
 

      axali tribologiuri daniSnulebis, gansakuTrebiT 
uazbesto friqciuli kompoziciuri masalebis Seqmna dResac 
aqtualur amocanas warmoadgens. samwuxarod, azbesti, rogorc 
saqarTveloSi, ise dsT qveynebSi, axlac avtomobilebis 
samuxruWe masalebis ZiriTadi komponentia (40 mas.%-ze meti). 
miuxedavad imisa, rom warmoebis mier dRemde gamoSvebuli 
uazbesto samuxruWe xundebi akmayofileben ZiriTad teqnikur 
moTxovnebs, maT umravlesobas mainc gaaCniaT garkveuli 
naklovanebebi, romlebsac miekuTvnebian: wripini dabal 
siCqareebze damuxruWebisas, xmauri maRali siCqariT moZraobisas, 
damuxruWebis efeqturobis Semcireba samuxruWe sistemis 350°C-is 
zeviT gacxelebisas, xaxunis koeficientis maRali maCvenebelis 
arastabiluroba mSralidan svel xaxunze gadasvlis momentSi 
da samuxruWe diskos cveTis maRali intensivoba. 
      erT-erT SesaZlebel gzas arsebuli samuxruWe zesadebebis 
am naklovanebebis aRmofxvrisaTvis warmoadgens samuxruWe 
zesadebebis iseTi forovani masalis Seqmna, romelsac fizikur-
meqanikuri da tribologiuri Tvisebebis moTxovnebis doneze 
gaaCndes maRali dempfirebis unari bgeris rxeviT diapazonSi an 
srulad aridebdes TviT bgeriTi xmauris warmoqmnas xaxunisas.  
     naSromSi gaanalizebuli da naCvenebia tribologiuri 
daniSnulebis forovani kompoziciuri masalebis wamyvani roli 
maTi saeqspluatacio Tvisebebis gaumjobesebis saqmeSi, sadac 
masalis forianoba miRweulia upiratesad teqnologiuri 
xerxebis gamoyenebiT da naklebad Seswavlilia bunebrivi 
forianobis mqone ingredientebis gavlena amave Tvisebebze.    
         naSromSi naCvenebia adgilobrivi nedleulis bazaze axali 
Taobis friqciuli nanoforovani kompoziciuri masalebis 
SemuSavebis SesaZlebloba, maTi miRebis teqnologiuri 
parametrebis gansazRvra, tribologiuri Tvisebebis optimizacia 
da SemuSavebuli masalebis cveTis TaviseburebaTa struqturuli 
aspeqtebis kvleva rastruli eleqtronuli mikroskopiis (rem) da 
oJe-speqtroskopiis (oes) meTodebis gamoyenebiT.  

sadisertacio samuSaoSi SemuSavebulia polimeruli 
friqciuli masalebi forovani Semvsebis – diatomitis 
gamoyenebiT rezoluri fenolformaldehiduri fisis bazaze, 
romelic Termomedegobis gazrdis mizniT modificirebulia 
silaniT, xolo masalebis kompoziciebi rkinis fosfatiT, 
teqnikuri naxSirbadiT da adgilobrivi warmoebis uwyveti 
bazaltis boWkoTi. SemuSavebul friqciul masalebSi sawyisi 
komponentebis raodenoba ar aRemateboda eqvss.  
      gamokvleul iqna am masalebis fizikur-meqanikuri da 
tribologiuri Tvisebebi ori sxvadasxva meTodis gamoyenebiT: a) 
xaxunis manqana ИМ-58-ze masalaTa friqciuli siTbomedegobis 
gansazRvris meTodiT, sadac moxaxune wyvilebis xaxunis 
zedapirebis gadafarvis koeficienti K 1-is tolia da b) 
modificirebul Rero-diskur xelsawyoze SemuSavebuli 
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masalebis tribo-wyvilis xaxunisas cveTis nawilakebis zomis, 
formis da elementuri Sedgenilobis fiqsirebiT, sadac 
gadafarvis koeficienti K miiswrafvis 0-isaken.  
     naSromSi Seswavlil iqna gamoyenebuli modifikatorebis 
gavlena SemuSavebuli forovani friqciuli masalebis fizikur-
meqanikur Tvisebebze. gamovlinda, rom yvela modifikatori 
aumjobesebs masalaTa simtkices kumSvaze, gansakuTrebiT es 
miiRweva erTdroulad silaniT da teqnikuri naxSirbadiT 
modificirebul masalaze, romlis simtkice gaizarda 40%-iT. 
dafiqsirda modificirebuli masalebis kuTri wonebis zrda, da 
gamoirkva, rom maTi wyalSTanTqma ar aRemateba 0,35%-s da 
akmayofilebs standartiT wayenebul moTxovnebs. 
    SemuSavebuli  friqciuli masalebis tribologiuri 
Tvisebebis Seswavlam 2 sxvadasxva meTodis gamoyenebiT aCvena:                        
1) xaxunis manqana ИМ-58-ze xaxunis koeficientis stabiluri 
mniSvnelobebi (0,3-0,45) rogorc mSrali, ise sveli xaxunis 
pirobebSi, friqciuli samuSao parametrebis (xaxunis 
koeficientis da cveTamedegobis) stabiluroba maRal 

temperaturebze 500-600˚C CaTvliT, Tujis kontrsxeulis 
cveTamedegobis gazrda 3-4-jer, masalaTa uxmauro muSaoba 
wripinis gareSe. amasTanave dadasturda friqciuli masalis 
kompoziciaSi mcire raodenobis (5-6) ingredientis Semcvelobis 
sakmarisoba,  2) modificirebul Rero-diskur xelsawyoze: 
SemuSavebuli  friqciuli masalebis, gansakuTrebiT teqnikuri 
naxSirbadiT da teqnikuri naxSirbadiTa da bazaltis boWkoTi 
modificirebuli ori nanoforovani kompozitis upiratesoba, 
romlebic qmnian garemoSi 3-dan 7-jer naklebi raodenobis 
cveTis nawilakebs, vidre Sesabamisad evropuli mcire-metaluri 
(LM) samuxruWe masala da uazbesto organuli samuxruWe  (NAO)  

masala aSS-dan. aseve naCvenebi iyo nanoforovani kompoziciuri 
masalebisgan damzadebuli Reroebis xaxunisas kontrsxeulis – 
ruxi Tujis diskos cveTis Semcireba daaxloebiT 4-6-jer LM da 

NAO masalebisgan damzadebul ReroebTan moxaxune diskoebTan 
SedarebiT.  
      naSromSi kompleqsurad Seswavlil iqna rem da oes 
meTodebis saSualebiT SemuSavebuli friqciuli masalebis 
Tujis  diskosTan xaxunis wyvilSi warmoqmnili zedapirebis 
struqturuli gardaqmnebisa da elementTa ganawileba, cveTis 
produqtebi da cveTis meqanizmi, rogorc SemuSavebuli, aseve LM 

da NAO masalebisaTvis.  
      rem da oes meTodebiT nanoforovani kompoziciebisgan 
damzadebuli samuxruWe zesadebsa da samuxruWe diskos Soris 
tribowyvilis sasazRvro movlenebis gamokvlevam gamoavlina e.w. 
“mesame fazis” ganmsazRvreli roli, romelic formirdeba 
nanofxvniluri Sewebebuli “firis” saxiT, rogorc “Txevadi” 
(denadi) komponenta friqciuli masalisa da diskos moxaxune 
zedapirebs Soris.  
      naSromSi mocemulia moxaxune tribo-wyvilis samfaza 
modelis safuZvelze nanoforovani kompoziciisagan  
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damzadebuli samuxruWe zesadebebis moqmedebis, cveTis 
meqanizmisa da maTi tribologiuri efeqturobis axsna.  
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Resume 
 

      The problem of development of composite materials with new tribological 

functions, particularly non-asbestos ones continues to be actual. Unfortunately, 

asbestos in Georgia as well as in CIS countries is the main component of car friction 

material (more than 40 %). In spite the fact that non-asbestos brake pads fabricated by 

industry are in correspondence with the main technical demands, the most of them 

possess definite flaws which are as follows: the squeaking at low velocities while 

breaking, noise during a high speed move, decrease of braking effectiveness at 

heating of breaking system above to 350
O
C, instability of high values of friction 

factor in the moment of transition from wet to dry friction and a high intensity of 

brake disk wear. 

      One of possibilities to avoid the existing flaws of braking linings is the creation of 

such porous materials which would be on the level of requirements to physical-

mechanical and tribological properties, have the large damping capacity in the range 

of sound waves or be completely soundless during friction. 

      In this work it was analyzed and shown the leading role of porous composites for 

tribological means and their role in the improvement of the exploitation properties for 

which the porosity of materials are reached mainly using technological methods and 

it is less known the influence on these properties of ingredients possessing the natural 

porosity. 

      In the work it is shown the possibility of the development of a new generation of 

nano-porous friction materials on the basis of local raw materials, along with the 

determination of technological parameters for their production and optimization of 

tribological properties, as well as the investigation of structural aspects of wear 

peculiarities of elaborated materials using the scanning electron microscopy (SEM) 

and Auger electron spectroscopy (AES) methods. 

      In the dissertation work the polymer friction materials were developed on the 

basis of the phenol-formaldehyde resin using the porous diatomite filler modified by 

silane with the aim to improve the thermal stability, while the composition was 

modified by iron phosphate, technical carbon and basalt fibre of local production. In 

the developed friction materials the number of starting components was not more 

than six. 

      The physical-mechanical and tribological properties of these materials were 

studied using two different methods, as follows: a) on the IM-58 friction machine by 

the method of materials friction thermal stability study of the friction pair with 

overlapping factor K of the order of unit and b) on the modified pin-on-disc machine 

with the overlapping factor K aiming to zero, it was fixed the size, shape and 

elemental composition of particles during the wear process of tested tribo-pairs.      

      It was studied in the work the influence of applied modifier on the physical-

mechanical properties of developed friction materials. It was established that the 

modifier improves the firmness of materials on pressing and it is better achieved by 

simultaneous modification of material with silane and technical carbon, when 

firmness was increased by 40 %. The increase of specific weight of modified 

materials was fixed and it was found out that their water absorption capacity didn’t 

exceed 0,35% and comply with standard requirements. 

      The study of tribological properties of developed friction materials using two 

different methods showed: 

1) on friction machine IM-58: the stable value of friction factor (0,23-0,45) both in 

dry and wet friction conditions, the friction working parameters (friction factor and 
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wear stability) stability up to 500-600
O
C temperatures, the wear stability increase of 

gray cast-iron disk in 3-4 times, the soundless operation of materials without 

squeaking, herewith it was proved that small amount (5-6) ingredients are enough. 

2) on modified pin-on-disk machine: the elaborated friction materials advantage, 

particularly the advantage of two nano-porous composites modified by technical 

carbon and technical carbon with basalt fibre, which generate from 3 to 7 times less 

amount of airborne wear particles than, correspondingly, Europian low-metallic (LM) 

pad material and non-asbestos organic (NAO) material from USA. It was also shown 

that the nano-porous composites base materials cause the wear gray iron-cast disc 

while friction about 4 and 6 times less in comparison with the LM and NAO 

composition pins respectively. 

      By the methods of SEM and AES study of interface phenomena between non-

porous composition base brake lining materials and brake disk surface worked in the 

tribo-pair, there was determined the advantageous role of so-called “the third phase” 

which forms in the form of sticking “film” of the nano-powder as a flowing 

component between the disc and lining friction surface. 

      On the basis of the triple phase model of the tribo-pair there is given the 

explanation to the mechanism of the action of nano-porous composition base brake 

lining materials and its tribological efficiency. 
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gaweuli SromisaTvis did madlobas vuxdi Cems 

xelmZRvanels profesor baton elguja quTelias. man yvelaferi 

gaakeTa imisaTvis, rom mizandasaxulad davuflebodi samuSaos 

Teoriul da praqtikul sakiTxebs, amasTanave ameTvisebina 

kvlevis Tanamedrove meTodebi. 

madlobas vuxdi saTanado gaweuli daxmarebisaTvis 

profesor ulf olafsons Rero-diskur xelsawyoze Catarebuli 

samuSaoebisaTvis da profesor omar mukbanians siloqsanuri 

apretebiT fenolformaldehiduri fisis modificirebis 

sakiTxebSi.  
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S e s a v a l i 

tribomasalaTmcodneobis erT-erT ZiriTad amocanas 

warmoadgens iseTi masalebis SerCeva da Seqmna, romlebic 

floben optimalur maxasiaTeblebs mocemuli xaxunis 

kvanZebisaTvis saWiro resursis uzrunvelsayofad. amasTanave 

aucilebeli saeqsploatacio Tvisebebis miRwevisas saWiroa 

gaTvaliswinebul iqnas sabazro pirobebidan gamomdinare 

ekonomikuri mosazrebebi. amitom tribomasalaTmcodneobas bevr 

SemTxvevaSi uwevs gadawyvitos kompromisuli amocanebi, 

romlebic Seesabamebian saeqsploatacio Tvisebebis donis 

mizanSewonil Sejerebas masalis TviTRirebulebasTan.  

amasTan dakavSirebiT saWiroa, rom xaxunis kvanZebis 

masalebi SemuSavdes misawvdomi iafi komponentebisagan da iseTi 

teqnologiis gamoyenebiT, romelic ar Txoulobs 

arastandartul danadgarebs, maRal vakuums, kriogenul 

temperaturebs da ZviradRirebuli RonisZiebebis gatarebas.  

xaxunis kvanZebis yvela masala SeiZleba daiyos or jgufad: 

antifriqciuli da friqciuli. antifriqciuli masalebi 

gamoiyenebian moZravi SeerTebebis Seqmnisas dabali xaxuniT da 

maRali cveTamedegobiT: gorvis da srialis sakisrebSi, saxsrul 

SenaerTebSi, cociebis mimmarTvelebSi, eqscentrikul da 

mrudxara meqanizmebSi da a.S.  

friqciuli masalebi gamoiyenebian muxruWebSi, friqciul 

gadacemebSi da quroebSi. maT unda gaaCndeT ara marto maRali 

da stabiluri xaxunis koeficienti, aramed maRali 

cveTamedegobac da simtkicec. isini unda gamoirCeodnen 

temperaturuli cvalebadobisadmi, abrazivisa da agresiuli 

garemosadmi mdgradobiT. kerZod, muxruWebisa da gadabmulobis 

quroebis masalebi unda uzrunvelyofdnen sistemis mdore 

amoqmedebas avtofriqciuli rxevebis gareSe, romelic wripinis 

saxiT gamovlindeba damuxruWebisas, an wabuqsavebiT da 

uzrunvelyofdnen gamosadegobis maRal vadas. satransporto 

saSualebebis  mTeli kinetikuri energia muxruWebSi 
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damuxruWebisas ganibneva siTbod. amitom damuxruWebis momentSi 

moxaxune zedapirebis temperatura, magaliTad TviTmfrinavis 

muxruWSi aRwevs 1200°C-s, mis samuxruWe zesadebis moculobaSi 

ki 600°C-s. avtomobilebis muxruWebSi da gadabmulobis quroebSi 

es temperaturebi Sesabamisad SeiZleba aRwevdnen 400°C da 200°C. 

Tumca Tanamedrove avtomobilebis moZraobis siCqareebis gazrda 

maTi Zravebis simZlavreebis gazrdis Sesabamisad, moiTxovs 

muxruWebis muSa temperaturebis gazrdas 600°C-mde. 

sazRvargareT aRiarebulia, rom garemos gaWuWyianebis erT-

erT ZiriTad wyaros warmoadgenda avtomobilisa da sxva 

satransporto saSualebebis friqciuli kvanZebi, romelTa 

muxruWebisa da gadabmulobebis quroebis zesadebebis 

friqciuli masalebis SemadgenlobaSi ZiriTadi komponenti iyo 

azbesti – kancerogenuli Tvisebebis mqone nivTiereba. 

azbofriqciuli masalebis cveTis Sedegad gamoyofili mtveri, 

romelic Seicavs azbestis boWkos TiTqmis uxilav nawilakebs, 

ganibneva haerSi da adamianis organizmSi moxvedrisas SesaZloa, 

gamoiwvios kancerogenuli zemoqmedeba. es garemoeba kidev ufro 

amZimebda didi qalaqebisa da saerTod garemos ekologiur 

situacias, rasac qmnis avtomobilebis mier gamoyofili mavne 

airebi.  

msoflios yvela wamyvani firmebi, rogorebicaa “berali”, 

“teqstari” (germania). “minteqs doni”, “ferodo” (inglisi), 

“reiteqsi”, “reimarki” (aSS), “valeo” (safrangeTi) da sxvebi 

avtomobilebis dasakompleqteblad dReisaTvis Tavisi 

produqciis 100%-s uSveben azbestis gareSe. maT azbestis 

Semcvlelebad gamoiyenes sxvadasxva saxis xelovnuri da 

bunebrivi boWkoebi - minis, foladis, naxSirbadisa da bazaltis 

boWko, aramiduli (kevlaris tipis) da celulozas boWko da 

sxva.  

saWiroa aRiniSnos, rom azbestis Secvlis problemis 

gadasawyvetad sazRvargareTis firmebs dasWirdaT 10-15 weli da 
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sakmao materialuri danaxarjebi. magaliTad firma “reimarkma” 

uazbesto friqciul nakeTobaTa Seqmnis mizniT daxarja 30 

milion dolarze meti.  

      axali uazbesto friqciuli (samuxruWe) kompoziciuri 

masalebis Seqmna dResac aqtualur amocanad iTvleba. 

samwuxarod, azbesti, rogorc saqarTveloSi, ise dsT qveynebSi, 

axlac ki meqanikuri satransporto saSualebebis (avtomobilebis) 

samuxruWe masalebis ZiriTadi komponentia (50 mas.%-ze meti). 

miuxedavad imisa, rom warmoebis mier dRemde gamoSvebuli 

uazbesto samuxruWe xundebi akmayofileben ZiriTad teqnikur 

moTxovnebs (maRali xaxunis koeficienti, stabiluri samuxruWe 

reJimi, maRal temperaturebze, ~350°C, xaxunis kvanZis 

muSaunarianobis SenarCuneba), maT umravlesobas mainc gaaCniaT 

garkveuli naklovanebebi, romlebsac miekuTvnebian: wripini 

dabal siCqareebze damuxruWebisas, xmauri maRali siCqariT 

moZraobisas, damuxruWebis efeqturobis Semcireba samuxruWe 

sistemis 350°C-is zeviT gacxelebisas, xaxunis koeficientis 

maRali maCvenebelis arastabiluroba (vardna) mSralidan svel 

xaxunze gadasvlis momentSi da samuxruWe diskos cveTis maRali 

intensivoba; amasTanave avtomobilis borblebze samuxruWe 

kvanZis nacveTis moSavo feris  produqtebis warmoqmna, romelic 

araesTetikuria da romlis Tavidan acileba sxva zemoT 

xsenebul naklovanebebTan erTad, Tanamedrove moTxovnebiT aseve 

sasurvelia.  

      warmoebis (msoflios sxvadasxva firmebis) mier 

gamoSvebuli samuxruWe zesadebebis friqciuli masalebi 

warmoadgenen maravalkomponentian kompoziciebs (7-dan 15-mde da 

meti komponentis). es kompoziciebi mzaddeba standartuli 

fxvnilovani teqnologiiT, romelic  iTvaliswinebs 

komponentebis SerCeuli TanafardobiT Serevis gziT homogenuri 

kazmis momzadebas, miRebuli kazmis porciis moTavsebas 

presformaSi liTonis sadebTan erTad, wnevis zemoqmedebiT 

cxel kompaqtirebas da Semdgom TermodamuSavebas.  
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      amJamad seriulad gamoSvebuli samuxruWe xundebis 

warmoebaSi arsebuli teqnologia kargad aris aTvisebuli. 

gaumjobesebuli triboteqnikuri maxasiaTeblebis da dabali 

TviTRirebulebis mqone axali produqciis danergvisas 

mwarmoeblebi cdiloben ar Secvalon es tradiciuli 

teqnologia, xolo am produqciis aucilebeli maxasiaTeblebis  

realizacia ganaxorcielon Tvisebebis modificirebiT da Sixtas 

sawyisi masalebis komponentebis raodenobis Semcirebis gziT.  

      cnobilia, rom kompoziciebis Semdgenebis tipisa da 

raodenobis, maTi nawilakebis formisa da zomebis optimaluri 

SerCeviT SesaZlebelia mniSvnelovnad gaizardos xaxunis kvanZis 

cveTamedegoba, xaxunis kvanZis daniSnulebisda mixedviT farTo 

diapazonSi vcvaloT xaxunis koeficienti, amasTanave kontroli 

gavuwioT miRebuli friqciuli kompoziciuri nakeTobebis 

Tbofizikur, meqanikur da sxva Tvisebebs. unda aRiniSnos, rom 

umravles, seriulad gamoSvebul samuxruWe xundebs axasiaTebT 

sxvadasxva xarisxis zemoTaRniSnuli naklovanebebi da 

azbestSemcvel samuxruWe xundebTan SedarebiT isini ufro 

ZviradRirebulia.  

      zemoTqmulidan gamomdinare, agreTve imis gamo, rom 

azbestSemcveli samuxruWe xundebis warmoeba garemos dacviTi 

organoebis mier akrZalulia, samuxruWe zesadebebis 

warmoebisaTvis axali uazbesto iafi kompoziciuri masalebis 

Seqmnis gzebis Zieba dResac warmoadgens aqtualur samecniero-

teqnikur amocanas. 

      Cvenis azriT erT-erT SesaZlebel gzas arsebuli 

samuxruWe zesadebebis iseTi naklovanebebis aRmofxvrisaTvis, 

rogoricaa wripini, xaxunis koeficientis arastabiluroba 

mSralidan svel xaxunze gadasvlisas da damuxruWebis 

efeqturobis Semcireba maRal temperaturebze, warmoadgens 

samuxruWe zesadebebis iseTi forovani masalis Seqmna, romelsac 

fizikur-meqanikuri da tribologiuri Tvisebebis moTxovnebis 

doneze gaaCndes maRali dempfirebis unari bgeris rxeviT 
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diapazonSi an srulad aridebdes TviT bgeriTi xmauris 

warmoqmnas xaxunisas.    

       mocemuli samuSaos ZiriTad mizans Seadgens samuxruWe 

xundis zesadebis kompoziciaSi nanoforovani ingredientis 

Seyvanis zegavlenis Seswavla misi xaxunisa da cveTis 

maxasiaTeblebze, SemdgomSi Sixtis axali iafi kompoziciis 

SemuSavebis mizniT misgan samuxruWe zesadebebis dasamzadeblad 

samuxruWe xundebis warmoebis tradiciuli teqnologiis 

gamartivebuli sqemis gamoyenebiT.  

       sadoqtoro naSromSi naCvenebia adgilobrivi nedleulis 

bazaze axali Taobis friqciuli nanoforovani kompoziciuri 

masalebis SemuSavebis SesaZlebloba, maTi miRebis teqnologiuri 

parametrebis gansazRvra, tribologiuri Tvisebebis optimizacia 

da SemuSavebuli masalebis cveTis TaviseburebaTa struqturuli 

aspeqtebis kvleva rastruli eleqtronuli mikroskopiis da oJe-

speqtroskopiis meTodebis gamoyenebiT. 

     samuSaos mizans praqtikul nawilSi Seadgenda axali  

polimeruli friqciuli masalebis miReba Semdegi 

gaumjobesebuli parametrebiT:  

1. xaxunis koeficientis stabiluri (0,3-0,45) mniSvnelobiT, 

rogorc mSrali, ise sveli xaxunis pirobebSi. 

2. friqciuli samuSao parametrebis stabilurobiT 500-600°C-

mde.  

3. samuxruWe xundebis zesadebebis wripinis gareSe uxmauro 

muSaobiT. 

4. samuxruWe diskos cveTamedegobis gazrdiT 2-3-jer.  

5. friqciuli masalis kompoziciaSi mcire raodenobis (5-6) 

ingredientebis SemcvelobiT. 

6. sxva arsebul uazbesto produqciasTan SedarebiT 20-45%-

iT dabali TviTRirebulebiT.  
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1. literaturuli mimoxilva  

1.1 Tanamedrove warmodgenebi xaxunis Zalebis warmoqmnis 

makroskopiuli da mikroskopiuli meqanizmebis Sesaxeb 

 

      Tanamedrove manqanebis da meqanizmebis xangamZleobis 

gazrda dResac aqtualur problemas warmoadgens da is mWidrod 

aris dakavSirebuli maTi cveTamedegobis gazrdasTan. rac ufro 

sapasuxismgebloa manqana an meqanizmi, miT ufro rTul 

pirobebSi uxdeba muSaoba danadgarebis xaxunis kvanZebs da 

aqedan gamomdinare saukeTeso tribologiuri Tvisebebis mqone 

unda iyos xaxunis masalebis SerCeuli wyvili da Tavidanve 

fundamentalurad unda iyos gaanalizebuli da Seswavlili 

xaxunis dros mimdinare procesebi.  

      idealuria praqtikuli amocana, rodesac xaxunis kvanZSi 

moxaxune wyvilebis zedapirebze ar fiqsirdeba makroskopiuli 

dazianebebi da amave dros cveTa aris minimaluri. am rTuli 

amocanis gadawyvetas ramdenime aseuli weli moandomes 

praqtikos-mkvlevarebma da dResac grZeldeba aseTi muSaoba, 

radgan sul ufro da ufro izrdeba wayenebuli moTxovnebi 

xaxunis masalebisadmi.  

      datvirTvisas da xaxunisas masalaSi xdeba zedapiruli 

muSa fenis mniSvnelovani cvlilebebi drekad-plastikuri 

deformaciisa da siTbos Sedegad, romelic viTardeba meqanikuri 

energiebis siTburSi gadasvlisas da sxva struqturul 

gardaqmnebTan dakavSirebuli procesebis mimdinareobisas. muSa 

zedapirul SreSi miRebuli gardaqmnebi SeiZleba daiyos, 

rogorc makroskopiuli da mikroskopiuli, sxvanaiarad, rogorc 

d.muri aRniSnavs /1/ or sxeuls Soris aRZruli xaxunis Zalis 

meqanizmi, romlebic asruleben erTmaneTis mimarT tangencialur 

moZraobas, SesaZlebelia ganxilul iqnas makroskopiul an 

mikroskopiul doneze mkvlevaris interesebidan da amocanebidan 

gamomdinare. makroskopiulebs miekuTvneba iseTebi, romelTa 

drosac icvleba urTierTmomqmedi xaxunis zedapirebis 
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mikrogeometria da reliefi, rodesac warmoiqmneba korZebi, 

amoifxvneba mcire da didi nawilakebi, xaxunis zedapirze 

viTardeba masalis met-naklebad Tanabari cveTa, romelic iwvevs 

Txeli zedapiruli fenis TandaTanobiT mocilebas. 

mikroskopiuls miekuTvneba struqturis da subtruqturis 

cvlilebebi. amas, Tavis mxriv, mivyavarT masalis 

muSaunarianobis darRvevasTan, romelic gamiznulia xaxunis 

kvanZis dasamzadeblad /2/.  

      naSromSi /1/ aRniSnulia, rom mikroskopuli anu 

molekuluri meqanzmi, SegviZlia ganvixiloT, rogorc 

mizezobrivi, radganac xaxunis wyvilis zedapirebis molekuluri 

urTierTqmedeba detalurad ganxilulia mravali 

eqsperimentaluri pirobebisaTvis xaxunis WeSmariti mizezis 

dadgenis mizniT. meores mxriv, makroskopiuli meqanizmi xSirad 

ganixileba, rogorc rezultati, romelic dafuZnebulia xaxunis 

movlenis SedarebiT uxeS modelirebasTan. pirveli midgoma Tu 

ufro sainteresoa fizikosisaTvis, meore midgoma ufro 

inJineris interesebis sferoSi eqceva. Tumca aqve aRiniSneba /1/, 

rom orive meqanizmi unda ganxilul iqnas erTdroulad da 

sadac SesaZlebelia maT unda Seavson erTmaneTi.   

      movlenaTa masStaburobis garda, makroskopiuli midgomis 

Zireul gansxvavebas mikroskopiulisagan warmoadgens gansxvaveba 

kontinuumsa da realur pirobebs Soris. xaxunis zedapiris 

midamoSi zedapiris TiToeuli molekula ikavebs moculobas, 

romelTa maxasiaTebeli diametric atomebis zomebze didia da 

flobs ra Tbur energias, ganuwyvetliv irxeva da brunavs. 

molekulebis urTierTcvla, romlis drosac erT-erTi 

zedapiridan xdeba daWera da amave dros molekulis gacema 

momijnave zedapiridan, warmoadgens im realobas, rodesac 

xaxuni iZens adheziuri xaxunis xasiaTs. saerTo daskvna aris is, 

rom xaxunis procesis mikroskopiul gagebas aqvs fasdaudebeli 

mniSvneloba makroskopiuli modelis samarTlianobis dadgenis 

mizniT.  
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      aqve unda aRiniSnos, rom dReisaTvis struqturis 

Tanamedrove sakvlevi aparatura, rogorebicaa rastruli 

eleqtronuli mikroskopi, oJe-speqtrometri, eleqtronografi, 

talRa dispersiuli speqtometri da sxva iZleva saSualebas 

vawarmooT mikronul, submikronul da nanometrul doneebze 

xaxunis zedapirebis Seswavla maTi cveTis meqanizmebis axali 

aspeqtebis gamovlenis mizniT.  

  

1.2. friqciuli masalebis cveTis meqanizmebi da maTi 

kvlevis meTodebi 

      1.2.1 cveTis saxeebi 

      moxaxune masalebis gacveTili zedapiris formireba xdeba 

masalis sxvadasxva intensivobisa da saxis elementaruli 

rRvevis aqtebisa da meqanikuri da fizikur-qimiuri Tvisebebis 

Sejamebis Sedegad gareSe faqtorebis zemoqmedebiT (garemo, 

temperatura, wneva, xaxunis saxeoba, zedapirebis fardobiTi 

gadaadgilebis siCqare da sxva). xaxunis procesSi movlenaTa 

erToblioba gansazRvravs cveTis saxes da mis intensivobas. 

xaxunis wyvilis detalebis sawyisi masalebis mravalferovnebisa 

da maTi msaxurobis pirobebis Sedegad cveTis saxeebi 

mniSvnelovnad sxvadasxvanairia. amasTanave, Tu gamovtovebT 

erTeul calkeul SemTxvevaSi aramniSvnelovan SemTxvevebs, 

SesaZlebelia detalebis cveTa daviyvanoT saxeebis mcire 

ricxvamde e.i. movaxdinoT maTi klasifikacia, rac aucilebelia 

cveTis sawinaaRmdego Sesabamisi brZolis meTodebis 

SemuSavebisas /3/.  

      cveTis saxe SesaZlebelia pirveli miaxlovebiT dadgindes 

xaxunis zedapiris garegani saxiT. sruli msjelobisTvis saWiro 

iqneba Txeli zedapiruli fenebis struqturis, Sedgenilobis, 

fizikuri da meqanikuri Tvisebebis analizi.  

      manqanaTa muSa organoebis da detalebis muSa zedapirebis 

rRvevebi, romlebic gamomdinareobs xaxunis procesisgan 
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SesaZlebelia movaxdinoT maTi klasificireba saxeebiT, 

romlebic CamoTvlilia qvemoT /3,4/: 

 a) adheziuri cveTa  

 b) daRliTi cveTa  

 g) abraziuli cveTa  

 d) plastikuri deformaciiT gamowveuli cveTa  

 e) wyalbaduri cveTa  

 v) JangviTi cveTa  

 z) dispergirebiT gamowveuli cveTa  

 T) koroziuli, kavitaciuri eroziuli cveTa  

 i) freting-korozia  

 k) gamofxvniT gamowveuli cveTa   

 l)anaglejiT da CaWeqviT gamowveuli cveTa  

 m) zedapirze napralebis warmoqmniT gamowveuli cveTa 

 n) SerCeviTi gadatana da sxva. 

      aqve unda aRiniSnos, xaxunis da cveTis problemebze 

momuSave mecnierebi Tavis droze aqveynebdnen maT mier 

SemuSavebul cveTis klasifikaciebs. am mecnierebis ricxvs 

miekuTvnebian m.xruSCovi, b.kostecki, i.kragelski, i.lankasteri, 

d.teibori, g.flaiSeri, d.muri, n.su da sxva. magaliTad, 

i.kragelski cveTas aklasificirebs friqciuli kavSiris 

rRvevebis saxeebis mixedviT, romelic aRiZvreba ori sxeulis 

zedapirze normaluri da tangencialuri Zalebis moqmedebisas 

da romelic qreba am Zalebis moxsnis Semdeg: 1) masalis drekadi 

miWyletva 2) plastikuri miWyletva 3) Canergili masalis mikro 

Wra 4) afskebis Sekvra, romlebic faraven myari sxeulis 

zedapirebs da maTi rRveva 5) zedapirebis Sekvra, romelTac Tan 

axlavT masalis siRrmiTi amogleja. aRniSnuli friqciuli 

kavSiris darRvevis saxeebi damokidebulia, rogorc 

kontaqtirebis geometriaze, aseve masalis Tvisebebze /4/. 

i.lankasteri da sxva mecnierebi iyenebdnen terminebs “Zlieri 

cveTa” da “Tanabari cveTa”. aseTi klasifikacia gamoiyeneba 

mSrali xaxunisTvis. lankasteri Tvlis, rom gadasvlebi Zlieri 
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cveTidan Tanabar cveTamde an piriqiT, xdeba srialis pirobebis 

cvlilebebiT, rodesac kontaqtirebisas axali zedapiris 

warmoqmnis siCqares da zedapiris calkeuli frangmentebis 

gadasvlas awonasworebs afskebis warmoqmnis siCqare liTonsa da 

garemos Soris /5/.  

      metad sainteresoa daRliTi cveTis Teoria, romelic 

pirvelad wamoayena l.bartenevma da v.lavrentievma 

elastomerebis xaxunis Seswavlisas /6/, Semdeg ganaviTares sxva 

mecnierebma. daRliT cveTas akuTvneben iseT SemTxvevebs, 

rodesac xaxunis kvanZebis muSaobisas ar fiqsirdeba anomaluri 

dazianebebi (anaglejebi, Sekvrebi, mikroWrebi, zedapiris mowva 

da a.S.), xaxuni mimdinareobs normalur pirobebSi, SeiZleba iyos 

SezeTvac, magram miuxedavad amisa yvela SemTxvevaSi xaxunis 

Sedegad zedapiruli fenis masala “iRleba” da iwvevs cveTis 

nawilakebis saxiT mocilebas.  

      daRliTi cveTis erTgvari ganviTarebaa n.sus mier 

wamoyenebuli cveTis Teoria aSrevebis (Sreebad aclis)  

saSualebiT, romelic emyareba mravaljeradi datvirTvisa da 

gafuWebulobebis akumulirebis principebs zedapiris qveda 

SreSi. n.sum es Teoria ganaviTara liTon-liTonis wyvilis 

xaxunis Seswavlisas, Tumca miuTiTa misi gamoyenebis 

SesaZleblobaze yvela myari sxeulis mimarT, maT Soris 

polimeruli kompoziciuri masalebis mimarTac, sadac maTi 

cveTa SeiZleba iyos zedapirze zedapirisqveSa napralebis 

zrdisa da zedapirze gamosvlis rezultati /7/. aqve unda 

aRiniSnos am mosazrebas ar iziareben naSromis /8/ avtorebi, 

romlebic Tvlian rom polimeruli kompoziciuri masalebis 

cveTis nawilakebis warmoqmna xaxunisas mimdinareobs sxva 

meqanizmiT. isini Tvlian, rom am sferoSi Semdgomi samuSaoebi 

dakavSirebuli unda iyos xaxunisas mimdinare mikrostruqturul 

cvlilebebTan, polimerebSi maTi friqciul datvirTvisas 

zedapirul da zedapirqveSa napralebis zrdis kinetikasTan, 
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cveTis intensivobis kavSiris dazustebasTan daRliTi 

napralebis zrdis siCqaresTan da sxva.  

      adheziuri cveTa warmoiqmneba adheziuri urTierTqmedebis 

Sedegad, romelsac iwvevs atomur-molekuluri bunebis Zalebis 

qmedeba. liTonebisaTvis es Zalebia – liTonuri kavSirebi, 

keramikisTvis – valenturi kavSirebis Zalebi, polimerebisaTvis 

– eleqtrostatikuri Zalebi, van-der-vaalsis Zalebi da 

wyalbaduri kavSirebi. xaxunisas ganviTarebul temperaturebs 

SeuZliaT gamoiwvion, rogorc damasustebeli, aseve 

ganmamtkicebeli moqmedeba kontaqturi difuziis gaZlierebidan 

gamomdinare. adheziis moqmedebis Sedegad xdeba SedarebiT rbili 

an “susti” ubnebis amogleja, ufro magari masalisagan. adhezia 

SesaZlebelia aRiZras ara marto SemzeTi masalebis 

ararsebobisas, aramed im zedapirebs Sorisac, romlebic 

dafarulia adsorbirebuli da qimiuri bunebis afskebiT da 

siTxeebiT, Tu lokalur pirobebs mivyavarT damcavi afskis 

dazianebasTan. amave dros adheziuri cveTis koeficientebi 

SesaZlebelia gansxvavdebodes ramdenime rigiT, rodesac am 

masalebis xaxunis koeficientebi SeiZleba iyos erTmaneTTan 

Zalian axlos /9/.       

      JangviTi cveTa dakavSirebulia moxaxune zedapirebis 

zedapiruli fenebis JangviTi procesebis aqtivaciasTan 

plastikuri deformaciis, maRali temperaturisa, cikluri 

datvirTvebis moqmedebis da garemomcvel garemoSi Jangbadis 

arsebobis Sedegad. JangviTi cveTis dros pirvelad, rodesac 

Jangeulebis afskebi Zalian Txeli da elastiurebia, isini 

TamaSoben dadebiT rols da icaven zedapirebs dazianebebisagan. 

gazrdisas, isini sqeldebian, myife xdebian da datvirTvisas 

iSlebian. Semdeg warmoiqmnebian axali afskebi da isev icaven 

cveTisgan ZiriTad masalas. amrigad, JangviTi cveTa- es aris 

procesi, romlis drosac iSleba ara cveTadi detalis masala, 

aramed misi meoradi struqturebi – oqsidebi, romlebic 

warmoiqmnebian xaxunis procesis dros.  
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      dasasruls, SeiZleba iTqvas, rom sufTa saxiT arcerTi 

zemod CamoTvlili da ganxiluli cveTis meqanizmi praqtikulad 

ar gvxvdeba, ufro metad gamovlindeba cveTis wamyvani meqanizmi 

da misi Tanmxlebi formebi, romlebic damokidebulia xaxunis 

kvanZis muSaobis pirobebze.    

      SeiZleba davaskvnaT, rom cveTis idialuri da sruli 

Teoria ar arsebobs da yoveli konkretuli masalis, 

gansakuTrebiT polimeruli kompoziciuri masalebis xaxunis 

Seswavlisas saWiroa zedapiruli fenebis fizikur-qimiuri 

procesebis da am fenebis Tvisebebis detaluri gamokvlevebi, 

gamomdinare iqidan, rom realur xaxunis kvanZebSi SeuRlebuli 

sxeulebis Txeli zedapiruli Sreebis Tvisebebi icvleba drois 

ganmavlobaSi da Zireulad gansxvavdebian Tvisebebisagan 

siRrmiseul SreebSi, gansakuTrebiT polimerul masalebSi.  

 

1.2.2. friqciuli gadatanis movlena 

 

      friqciuli gadatanis movlena masalebis xaxunisas 

gamovlenil da axsnil iqna gasuli saukunis 60-ian wlebSi. 

manamde i.kragelskim formulireba gaukeTa “mesame sxeulis” 

saerTo gagebas, romelic formirdeboda moxaxune sxeulebs 

Soris da romelTac drekadblanti Tvisebebi axasiaTebdaT /4/.  

ruleim da teiborma axsnes teflonisa da polieTilenis 

friqciuli da cveTis Tvisebebis anomalia, romelic 

gamoirCeoda masalis gadatanis maRali unarianobiT, 

TviTSezeTviT da maTi molekuluri profilis sigluviT /9/. 

polimeruli masalebis xaxunisas masis gadatana Seiswavla 

bevrma mecnierma, maT Soris avtorebma /5,10/. am gamokvlevebma 

aCvenes, rom gadatanis afskis warmoqmna gadamwyvet rols 

asrulebs liTonuri da metwilad liTonpolimeruli masalebis 

xaxunis da cveTis procesebisas, xolo gadatanili afskebis 

Tvisebebi ganapirobeben tribomasalebis saeqspluatacio 

maxasiaTeblebs. xaxunis kvanZebis normaluri funqcionirebisa-
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Tvis saWiroa friqciuli gadatanis procesis mimdinareobis 

dinamikis da gadatanis afskebis meqanizmis gamokvleva raTa, 

axali masalebis SemuSavebisas mecnierulad dasabuTebulad 

imarTos maTi Tvisebebi, rac migviyvans xaxunis kvanZis 

detalebis cveTamedegobis gazrdamde.  

 A  arsebobs friqciuli gadatanis movlenis saangariSo 

modelebi da raodenobrivi Sefasebis damokidebulebebi. yvela 

maTgans aq Cven ar ganvixilavT, moviyvanT adheziur-meqanikuri 

modelis magaliTs, romelic gamoikvlies karma da bahadurma /11/. 

maT erT-erTma pirvelebma aCvenes Txeli polimeruli afskebis 

warmoqmna liTonis indentoris srialisas polimerul zedapirze. 

polimeris gadatana liTonis zedapirze axsnilia Zlieri 

adheziuri urTierTqmedebiT dakontaqtebuli sxeulebis 

zedapirul Sreebs Soris. datvirTvis moqmedebis Sedegad xdeba  

polimeruli fenis Wra da masalis gadatana, ris Sedegadac 

liTonis zedapirze warmoiqmneba srialis mimarTulebiT 

orientirebuli afski. amave mecnierebma warmoadgines adheziur-

energetikuli modeli da gansazRvres polimeruli masalebis 

cveTis nawilakebis sisqe. 

      aqve unda avRniSnoT, rom cveTis meqanizmebis, 

gansakuTrebiT friqciuli gadatanis Tanamedrove gamokvlevebis 

Catareba SeuZlebelia axali meTodebisa da danadgarebis 

gamoyenebis gareSe. magaliTad, didi praqtikuli gamoyeneba aqvs 

rastruli eleqtronul mikroskops (rem), romelic informacias 

iZleva moxaxune zedapiris reliefze da struqturaze da 

rentgenospeqtraluri mikroanalizis (rsma) meTods, romlis 

saSualebiT emateba cnobebi zedapirul fenaSi elementebis 

ganawilebaze. xSirad xdeba am meTodebTan oJe-eleqtronuli 

speqtroskopiis (oes) da rastruli oJe-mikroskopiis (rom) 

meTodebis kombinireba.  

      friqciuli gadatanis afskebis warmoqmnis meqanizmi 

damokidebulia, rogorc moxaxune wyvilis masalis tipze 

(simagris, qimiuri aqtivobis, Semvsebebis arsebobiT), aseve 
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zedapiris mdgomareobaze (simqiseze, meqanikuri damuSavebis 

saxeze, mimuSavebaze da sxva).  

      polimeruli masalebis friqciuli da cveTis Tvisebebi 

aseve ganisazRvreba gadatanili afskis sisqiT, romelic icvleba 

temperaturasTan damokidebulebiT. temperatura xels uwyobs 

cveTis nawilakebis autoheziis gazrdas da monoliTuri afskis 

miRebas. is amave dros SeiZleba iyos Semvsebebis zemoqmedebis 

efeqturobis amaRlebis katalizatori autoheziis gaZlierebaze. 

praqtikulad yvela polimerul kompoziciur masalas SeuZlia 

warmoqmnas xaxunis zedapirze friqciuli gadatanis ama Tu im 

bunebis afski, romelic flobs SemzeTi afskis yvela Tvisebas. 

amave dros am masalebis afskis warmoqmnis kinetika TiTqmis 

erTnairia. mimuSavebis pirvel etapze zedapirebi dafarulia 

adsorbirebuli afskebiT, Tanabari cveTis periodSi formirdeba 

gadatanis polimeruli afski myar mdgomareobaSi, Semdeg gadneba 

da intensiuri cveTisas xdeba misi eqstrudireba (gamosvla) 

xaxunis zonidan /12/.  

      friqciuli gadatanis afskebis Tvisebebis gamoyeneba 

SesaZleblobas iZleva vmarToT rogorc antifriqciuli, aseve 

friqciuli daniSnulebis xaxunis wyvilebis maCveneblebi. 

friqciuli polimeruli masalebi (mag: samuxruWe xundebSi), 

rogorc wesi muSaoben maRali temperaturebis pirobebSi, 

romlebic warmoiqmnebian stacionaluri da ganmeorebad – mcire 

droSi momqmedi (damuxruWebis) xaxunis pirobebSi. datvirTvis, 

siCqaris da drois gazrdiT (faqtiurad temperaturis gazrdiT) 

liTonuri kontrsxeulis zedapirze friqciuli gadatanis 

afskis sisqe izrdeba. dabali cveTis intensivobis miRwevis 

mizniT saWiroa gadatanil iqnas  SeZlebisdagvarad sqeli (5 mkm-

de) monoliTuri da koherentuli afski. intensiuri cveTa iwyeba 

mxolod friqciuli gadatanis afskis rRvevis Semdeg, rogorc es 

xdeba antifriqciuli kompoziciebis SemTxvevaSi /13/. 

   A  amrigad, friqciuli gadatana warmoadgens kompoziciuri 

masalebis cveTis meqanizmis mniSvnelovan aspeqts, xolo 
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friqciuli gadatanis meqanizmis TaviseburebaTa codna qmnis 

axali masalebis SemuSavebis samecniero bazas da mSrali 

xaxunis kvanZebis mizanmimarTul konstruirebas.  

 

1.2.3. gacveTa  

      gacveTa unda CaiTvalos cveTis erT-erT saxeobad. qarTul 

terminologiaSi cveTas da gacveTas erTi gageba aqvs, magram Tu 

ganvixilavT ucxour terminologias, mag. inglisurs mas 

Seesabameba termini – abrasive wear, scuffin da rusuls - истирание /14/. 

d.muri ase gansazRvravs /1/: gacveTa liTonebTan gamoyenebiT 

ganisazRvreba, rogorc eroziuli cveTis forma, romelic 

gamowveulia zedapirSi mravalricxovani wvrili nawilakebis 

Canergvis moqmedebiT. am kuTxiT safant-Wavluri da qviSaWavluri 

damuSaveba SesaZlebelia ganvixiloT, rogorc gacveTis 

zRvruli SemTxveva. Sejaxebis meqanizmi am dros SeiZleba iyos 

nakleb Zlieri imasTan SedarebiT, rac iwvevs adgilobrivi 

dafSvnis tipis dazianebebs da am dros abraziuli cveTa iqneba 

SedarebiT Tanabari da uwyveti.  

   A  arsebobs liTonebis gacveTis (abraziuli cveTis) 

ramdenime sxvadasxva  meqanizmi, rogorebicaa amotexa, xexva da 

eroziuli cveTa, romelic damokidebulia cveTis produqtebis 

zomebisagan. gacveTisadmi mdgradoba ganisazRvreba masalis 

unariT gauwios winaaRmdegoba aradrekad deformacias. mag. 

xexvis dros ori cveTadi zedapiri exaxuneba erTmaneTs 

marcvlovan areSi da ekrobian iseTi ZaliT, romelsac SeuZlia 

daamsxvrios zedapirebs Soris moxvedrili mineraluri 

nawilakebi an sxva abraziuli masala. abrazivis damsxvreuli 

marcvlebs gaaCniaT basri nawiburebi da unari dakawros maRali 

sisalis foladi. dazianeba xdeba nakawrebisagan, adgilobrivi 

plastikuri gadinebisgan da mikronapralebisagan. xexvisas 

cveTis siCqareebi mcirea, magram cveTis siCqare kilogramebSi 

gamoxatuli erT tona gacveTad masalaze Zalzed maRalia, 
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radgan am procesSi monawileoben didi farTobis mqone 

zedapirebi. 

 

 1.2.4 cveTis produqtebi 

      cveTis sxvadasxva meqanizmebis ganxilvisas aRiniSna, rom 

cveTa metwilad ganisazRvreba ramdenime meqanizmiT, romlebic 

moqmedeben cal-calke an erTad, da es gansakuTrebiT SeiZleba 

exebodes liTonebs. d.muri /1/ aRniSnavs, rom liTonebis cveTa 

warmoadgens rTul movlenas da damokidebulia iseTi 

faqtorebisagan, rogoricaa ganmtkiceba da daucveli liTonis 

daJangva, liTonis gadatana da misi Semadgenlobis fazuri 

cvlilebebi da sxva. cveTis dros aucileblad warmoiqmneba 

cveTis produqtebi da maT xasiaTs, raodenobas, marcvlebis 

zomas, Sedgenilobas da sxva Tvisebas bevrad ganapirobebs 

cveTis xasiaTi da meqanizmi. magaliTad, ganixilavs ra muri 

Seuwyvetel (uwyvet) cveTas, aRniSnavs, rom am tipis cveTis 

ZiriTadi Tavisebureba aris is, rom masala scildeba wvrili 

nawilakebis saxiT, romlebic Semdeg zeTis saSualebiT Sordeba 

da ar iwvevs zedapiris SesamCnev dazianebas. datvirTvis gazrdam 

SeiZleba gamoiwvios Zlier cveTaze gadasvla, ris Sedegad 

ziandeba zedapiri da cveTis produqtebma SesaZloa miiRos 

liTonuri qerclis saxe.  

      sxva saxes iRebs cveTis produqtebi anaglejis procesis 

ganviTarebisas. anagleji gansazRvravs iseT meqanizms, romlis 

ganmasxvavebel Taviseburebas warmoadgens zedapirebis 

laviseburi siRrmiseuli rRveva. amis gamomwvevi mizezi SeiZleba 

iyos maRali temperatura didi datvirTvebisa da siCqaris dros. 

am dros xdeba liTonis gadatana didi diskretuli nawilakebis 

saxiT. aseTi saxis dazianeba damaxasiaTebelia hipoiduri 

kbilanuri gadacemebisaTvis.  

      aqedan gamomdinare, SeiZleba iTqvas, rom cveTis 

produqtebis warmoqmna warmoadgens liTonebis cveTis meqanizmis 
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ganuyofel nawils, miuxedavad imisa am produqtebs aqvT 

calkeuli “marcvlebis” Tu wvrili fxvnilis saxe.   

      calke ganxilvis sakiTxia sad midis warmoqmnis Semdeg 

cveTis produqtebi. Tu xaxunis kvanZebi izeTeba, metwilad isini 

zeTs gamoaqvs da TandaTanobiT zeTi binZurdeba. mSrali 

xaxunisas grovdeba xaxunis kvanZis siaxloves an ganibneva 

atmosferul haerSi. gansakuTrebiT es xdeba transportis 

moZraobisas da cnobilia, rom avtomobilebis muxruWebi 

warmoadgenen atmosferos damabinZurebel erT-erT wyaros, imis 

gamo rom maTi zesadebebi Seicavdnen (40 mas.%-mde) qrizolit-

azbestis boWkoebs – kancerogenuli Tvisebebis mqone nivTierebas. 

azbestis garda polimeruli friqciuli masalebi Seicaven 

Semkvrel fisebs, liTonur da keramikul Semvsebebs da maTi 

cveTis produqtebi rTuli Semadgenlobisaa, magram adamianis 

janmrTelobisaTvis yvelaze saSiSs mainc azbestis boWkoebi 

warmoadgens.  

      naSromis /15/ avtorebma Seiswavles muxruWebis 

azbestSemcveli zesadebebis cveTa da cveTis produqtebi 

specialur stendze, sadac muxruWi moTavsebuli iyo garsacmSi, 

sadac gamoricxuli iyo atmosferuli haeris SeRweva, Tumca 

masSi haeri cirkulirdeboda da specialur filtrebze xdeboda 

cveTis produqtebis daWera da fiqsireba, cveTis produqtebis 

nawili jdeboda muxruWis detalebze. cveTis produqtebis 

analizma aCvena, rom azbestis boWkoebis Semcveloba haeris mier 

waRebul cveTis produqtebSi Seadgina 0,02% maTi 2,38 mg. wonisas 

1 km garbenaze gaangariSebiT. boWkoebis saSualo sigrZe 0,6 mkm-

is toli iyo. naSromSi /15/ aseve naCvenebi iyo, rom aSS-s 

atmosferul haerSi gasuli saukunis 80-ian wlebSi marto 

avtomobilebis muxruWebis cveTis Sedegad 6 t-ze meti azbesti 

ganibnevoda da ekologiurad mZime suraTs qmnida.  

      aseve sainteresoa Seswavlil iqnas uazbesto friqciuli 

masalebis cveTis produqtebi, radganac isini bevri informaciis 
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Semcvel produqtebs warmoadgenen, sainteresoa maTi zomebi, 

Semadgenloba, maTi gavlena ekologiur siatuaciaze da sxva.  

       Svedma mecnierma u.olofsonma da sxva /16,17/ SeimuSaves 

metad originaluri Rero-diskuri xelsawyo, romelic 

saSualebas iZleva diskoze sacdeli friqciuli masalis Reros 

saxiT kontaqtisas da xaxunisas warmoqmnili cveTis nawilakebi 

gasufTavebuli haeris saSualebiT daxuruli kameridan 

waritacos, dagrovdes filtrebze da Semdeg gaizomos maTi 

zomebi, forma da elementuri Semadgenloba skanirebadi 

eleqtronuli mikroskopiis da energodispersiuli 

rentgenosxivuri mikroanalizis meTodebiT. savele cdebis dros 

Zneli gasarCevia muxruWis cveTis nawilakebi da transportis 

mier gamofrqveuli aerozolebi. Rero-diskuri xelsawyos 

saSualebiT laboratoriuli cdebis Catarebam saSualeba misca 

mecnierebs sacdeli nimuSis cveTis nawilakebiT garemomcveli 

haeris dabinZurebis xarisxis gakontrolebisa.  

 

1.3 samuxruWe friqciuli masalebis tipebi da maTi damzadebis 

teqnologiebi. 

      teqnikis swrafi ganviTareba moiTxovs Seiqmnas da 

ganuwyvetliv daixvewos masalebi, romlebic SeZleben sxavdasxva 

moTxovnilebebis sruliad dakmayofilebas. aseT masalebs 

warmoadgenen friqciuli masalebic, romelTa daniSnulebaa iseT 

kvanZebSi muSaoba, romlebic gadascemen an gafantaven kinetikur 

energiebs. 

      friqciuli kompozitebis masalebis mTeli jgufi iyofa or 

ZiriTad qvejgufad: 

1. masalebi, momuSave muxruWebSi, romlebic 

mimarTuli arian xaxunis xarjze Seqmnan xelovnuri 

moZraobis winaaRmdegoba. maT miekuTvneba samuxruWe 

xundebi,zesadebebi da samuxruWe lentebi. 
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2. masalebi momuSave gadabmulobis qurebSi, 

romlebic mimarTuli arian manqanis erTi nawilidan 

moZraobis gadacemisaTvis meoreze xaxunis xarjze. maT 

miekuTvneba gadabmulobisa da seqtoris zesadebebi.  

aseTi masalebis efeqturi muSaoba ganisazRvreba xaxunis 

koeficientis mniSvnelobiT, misi stabilurobiT masalis 

sxvadasxva reJimSi muSaobisas da maTi cveTamedegobiT. 

miRebulia, rom friqciul masalebs miekuTvneba is 

masalebi, romelTa xaxunis koeficienti kontrsxeulTan wyvilSi 

mSrali xaxunis dros aRemateba 0,2-s. 

muSaobis reJimze damokidebulebiT miRebulia, rom 

friqciuli masalebi, daiyos 5 jgufad: - Zalian msubuq reJimze 

momuSave masalebi – maqsimaluri temperatura – 100°C; - msubuqi - 

250°C; - saSualo – 600°C; - mZime – 1000°C; umZimesi - 1000°C-ze 

zeviT /18/.  

Tanamedrove friqciul masalebs waeyeneba moTxovnaTa 

Semdegi kompleqsi: 

- unda uzunvelyofdnen xaxunis koeficientis 

aucilebel sidides da stabilurobas; 

- kargad unda mimuSavdnen kontrsxeulTan, ar 

unda moxdes maTi urTierT “moWideba” dasaSveb doneze 

maRla; 

- unda iyvnen koroziamedegi da arawvadi; 

- unda uZlebdnen maRal Sinagan daZabulobas; 

- unda flobdnen sakmaris meqanikur simtkices; 

- unda iyvnen cveTamedegi masalebi; 

- unda gaCndeT Sesabamisi Tbofizikuri Tvisebebi; 

- masalebis muSaobis xangrZlivi vada. 

- ar wripinebdnen damuxruWebisas da usafrTxo 

cveTis produqtebi.   
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rogorc wesi, xaxunis koeficientze friqciul wyvilebs 

gaaCniaT rogorc qveda, aseve zeda zRvruli mniSvnelobebi 

(ufro xSirad unda iyos daculi piroba 0,2÷0,5). saangariSo 

saSualo xaxunis koeficienti saavtomobilo muxruWebSi da 

gadabmulobebSi miRebulia 0,3-is tolad. 

friqciuli masalebi unda iyvnen teqnologiurad advili 

misaRebi, unda gaaCndeT dabali TviTRirebuleba da unda 

mzaddebodnen aradeficituri da iafi nedleulidan. 

Tanamedrove teqnikaSi gamoiyeneba friqciuli masalebis 

sxvadasxva tipebi: 

- organuli (korpo, tyavi, xe da sxva), 

- liTonuri (Tuji da zogierTi markis foladi), 

- liTonurkeramikuli (rkinisa da spilenZis 
fuZeze) 

- uazbesto polimerul kompoziciuri masalebi. 

yvelaze farTo gavrceleba da gamoyeneba dRemde hpoves 

polimerulma friqciulma masalebma, romlebic warmoadgenen 

mravalkomponentian kompoziciebs, romlebic ar Seicaven azbests 

da Seicaven polimerul Semkvrels, fxvnilisebr araorganuli 

da organuli bunebis sxva Semvsebebs. polimerul Semkvrelad 

gamoiyenebian kauCukebi da fisebi, zogjer maTi kombinaciebi. 

yvelaze metad gamoiyeneba butadienuri, butadien-nitriluri, 

stiroluri da sxva sinTezuri kauCukebi. farTod ixmareba 

fenolformaldehiduri da anilinoformaldehiduri fisebi, maTi 

modifikaciebi da sxva.  

kauCukis bazaze miRebul friqciul masalebs gaCniaT 

muSaobis unari SedarebiT dabal temperaturaze (200-300°C). ufro 

maRal temperaturaze maT gaCniaT arasakmarisi Tbomedegoba da 

Sesabamisad gadidebuli cveTa. Termoreaqtiuli fisebi aniWeben 

friqciul masalebs SedarebiT maRal Tbomedegobas. 

friqciul polimeruli kompozitebSi wvrildispersiuli 

komponentebi (rogoricaa bariti, rkinis surinji, TiTberi, 
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spilenZi, grafiti da sxva) SehyavT imitom, rom masalam miiRos 

iseTi fizikur-meqanikuri Tvisebebi, romlebic saboloo jamSi 

gansazRvraven masalis triboteqnikur Tvisebebs.  

damzadebis meTodis mixedviT aseTi saxis masalebi 

ganirCevian: 

1. samuxruWe mowyobilobebisaTvis –dayalibeba-

dawnexva (xundebi da zesadebebi). 

2. gadabmulobis quroebisaTvis (rgolebi) –

dayalibeba-dawnexva, maRaltemperaturuli qsovilebis 

bazaze miReba, -spiralurad da elifsurad daxveuli 

zesadebebis damzadeba. 

dawnexviT friqciul masalebs da nakeTobebs Rebuloben 

presformebSi specialurad momzadebuli kompoziciebidan. am 

meTodma, amJamad, yvelaze ufro farTo gavrceleba hpova 

friqciuli masalebis warmoebaSi. aRniSnuli meTodis Rirsebas 

warmoadgens sxvadasxva tipis Semkvrelebisa da Semvsebebis 

ganusazRvreli raodenobiT praqtikuli gamoyeneba friqciuli 

masalebis recepturis daxvewisaTvis. 

 

1.3.1. uazbesto friqciuli polimeruli masalebis teqnologia 

pirvelad uazbesto friqciuli polimeruli masalebi 30-

ian wlebSi iqna gamoyenebuli avtomobilebis friqciul 

zesadebebSi. maTgan aRsaniSnavia sxvadasxva saxis teqstolitebi, 

sxvadasxva pres-kompoziciebi, romlebic Seicavdnen bambis 

qsovilebs da sxva. am mizniT ixmareboda aseve xe, tyavi, Tuji da 

sxva masalebi. Semdeg farTo gamoyeneba hpova azbestSemcvelma 

friqciulma masalebma, romlebic dominirebdnen 60-70 weli. 

amJamad metwil qveyanaSi isini akrZalulia, Tumca zogierT 

qveyanaSi dResac ixmareba (ZiriTadad dabali TviTRirebulebis 

gamo).  

uazbesto friqciulma polimerulma masalebma farTo 

ganviTareba da gamoyeneba hpoves mxolod oTxmociani wlebis 
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dasawyisidan. am saqmis ganviTarebis didi periodi aixsneba 

sxvadasxva mizezebiT: kvlevis sirTuliT, azbestis farTod 

gamoyenebiT, misi Semcvleli nedleulis koniunqturiT, 

garemomcveli garemos dacvis RonisZiebaTa gaZlierebiT da sxva. 

friqciul masalebSi azbestis gamoyeneba aikrZala msoflios 

yvela ganviTarebul qveyanaSi. im qveynebSi ki, sadac jerjerobiT 

aseTi akrZalva ar aris, misgan damzadebul nakeTobebze asvamen 

damRas “A” (saSiSia azbesti!) aseTi qveyanaa ruseTi, sadac ar 

aris oficialurad akrZaluli azbestis gamoyeneba. 

miuxedavad imisa, rom azbestis Semcvlelebze gadasvla 

sazRvargareT mimdinareobda Cqari tempiT, es sakmaod rTul 

process warmoadgenda. arcerT boWkos ar SeuZlia Tvisobrivad 

mTlianad Secvalos azbestis boWko. garda amisa, ar arsebobs 

iseTi Semcvleli, romelic flobs iseTsave maxasiaTeblebs, 

rogorsac azbestiani masalebi. gansxvavebulia bevr SemTxvevaSi 

warmoebis teqnologiuri procesebic, rac Txoulobs sul axal 

masalebs. 

      ganvixiloT azbestis unikaluri Tvisebebi, ris gamoc is 

didi xnis ganmavlobaSi warmoadgenda friqciuli masalebis erT-

erT ZiriTad da Seucvlel komponents da romlis uSualod 

100%-iT Semcvleli nivTiereba dRemde ar aris moZebnili da 

Seqmnili.  

azbestis elementaruli boWkoebi warmoadgenen 

submikronul milakebs, romelTa gare diametric 32 nm-ia da Sida 

2,6 nm, e.i. boWkos ganivi mimarTulebiT gaaCnia zomebi, romelic 

damaxasiaTebelia koloidur dispersiuli masalebisaTvis. 

elementaruli boWkoebi Calagebulia wnulebis (narTis) saxiT 

ramdenime aTeulidan aseul mikronis diametriT da wnulSi 

boWkoebi kavdeba molekulaTaSoriso mizidulobis ZalebiT.  

boWkoebis saSualo sigrZe 1÷3 mm-ia. qimiuri bunebiT azbesti 

warmoadgens magniumis wylian silikats. mas axasiaTebs gaWimvaze 

didi simtkice (3 gpa-mde), rac bevrad aRemateba foladis 

simtkices. boWkoebis Rruebi naxevrad an mTlianad gavsebulia 
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wyliT, romelic Sida zedapirze warmoqmnis praqtikulad 

monomolekularul Sres, romelic iseT Tvisebas ar avlens, 

rogorc Cveulebrivi teni, da romlis moSoreba SeiZleba 

mxolod 425°C zeviT gaxurebisas. am nivTierebis kristaluri 

meseris saxeoba dRemde ar aris zustad dadgenili. azbesti 

flobs maRali xaxunis koeficients (0,8-mde), romelic mcired 

icvleba temperaturisagan damokidebulebiT. misi boWkoebis 

simtkice mxolod 20%-iT mcirdeba 400°C-ze gacxelebisas. 

mxolod 800°C temperaturaze xdeba boWkos struqturis rRveva. 

azbesti kargad “sveldeba” Semkvreli fisebisa da kauCukebisagan 

da kargad “STanTqaven” maT gaxsnil an gamlRval mdgomareobaSi. 

mas gaaCnia moqniloba, maRali winaRoba Wraze da zedapiris 

didi farTi. miuxedavad yovelive zeviT moyvanili Tvisebebisa, 

aqve unda avRniSnoT, rom xelovnurad miRebul minisa da 

bazaltis tipis boWkoebs ar gaaCniaT azbestis iseTi Tviseba, 

rogoricaa liTonuri kontrsxeulis zedapiris gawmenda 

(gasufTaveba) da amave dros cveTis produqtebis STanTqma da 

Sekvra. 

azbestis Semcvlelebis Zebnisas aSS-Si gamoyenebul iqna 

bamba, minis, naxSiris, keramikuli da aramiduli biWkoebi, 

minerali volastoniti, foladis boWko, Tixa, qarsi da sxva 

mravali xelovnuri masalebi. Sedegad, mxolod 50-ze cota meti 

masala iqna miCneuli azbestis potenciur Semcvlelebad 

gansxvavebuli fasebiTa da gavrcelebiT /19/. 

unda aRiniSnos, rom sazRvargareT dReisaTvis Seqmnili 

bevri uazbesto nakeToba flobs ufro maRal teqnikur 

maxasiaTeblebs, vidre azbestiani. maT gaCniaT didi xangamZleoba 

da pirveladi maxasiaTeblebis stabiluroba.amerikuli firma 

“saabis” mier Seqmnili axali samuxruWe zesadebebis 

xangamZleoba samjer metia Cveulebrivze, isini Seucvlelad 

muSaoben avtomobilis garbenis 80 aTas kilometrze. am 

masalebSi gamoyenebuli nivTierebebis saerTo ricxvi aRwevs 300-



38 

 

s. es SesaZleblobas iZleva damzaddes zesadebebi sxvadasxva 

TvisebebiT, romlebic SeirCeva konkretuli samuxruWe 

sistemisaTvis wnevasa da temperaturasTan SesabamisobaSi.    

firma “opelis” avtomobilebze uazbesto friqciuli 

masalebi, romlebic Seicaven aramidul boWkoebs “kevlars”, 

gamoyenebulia 1984 wlidan. aramidul boWkos amzadebs firma “du 

ponti”. dabalma simkvrivem, maRalma simtkicem da maRali 

temperaturis zemoqmedebisadmi mdgardobam gaxada es boWko 

azbestis boWkos erT-erT ZiriTad Semcvlelad friqciul 

masalebSi. misi kargi damuSavebadoba da erTgvarovani Serevis 

SesaZlebloba sxva kompozitebTan ZiriTad faqtorebad 

gvevlinebian am masalebis damzadebisas. amasTanave unda 

aRiniSnos, rom “kevlaris” aramiduli boWko friqciul 

masalebSi gamoiyeneba sxvadasxva saxiT: mZime reJimSi momuSave 

gadabmulobis quros zesadebebisaTvis - didi sigrZis boWkoebi; 

daWrili dagrexili boWkoebi - barabnuli samuxruWe 

meqanizmebisa da gadabmulobis quros zesadebebSi; Zalian mokle 

sigrZis boWkoebi - pulpa, romelic Seicavs gansazRvruli 

raodenobiT wvril mtvrisebr nawilakebs. gamoirkva, rom pulpis 

moculobiTi 2-3% cvlis 20-30% azbests samuxruWe meqanizmebis 

zesadebebSi /20/. 

sazRvargareTuli patentebisa da samuSaoebis analizis 

Sedegad irkveva, rom mkvlevarTa daskvnebi, Tu romeli azbestis 

Semcvleli nivTierebaa saukeTeso, metwilad erTmaneTs ar 

emTxveva. zogierTi mkvlevari bazaltis boWkos aZlevs 

upiratesobas, zogierTi ki liTonis boWkos, aramidul boWkos 

da a.S. 

polonelma mecnierebma ianeckim da sxvebma /21/ gamoikvlies 

uazbesto friqciuli masalebi, sadac azbestis Semcvelebad 

gamoyenebuli iyo naxSirbadis boWko, poliakronitrilis 

danaxSirebuli boWko, minaboWko, bazaltis boWko. avtorebma 

miiRes saintereso Sedegebi, am masalebs xaxunis koeficientis 15-

20%-iT naklebi mniSvneloba aqvT (bazaltis garda), magram es 
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anazRaurebulia misi didi stabilurobiT. amasTanave, avtorebi 

aRniSnaven, rom yvelaze ufro Sesaferis azbestis Semcvlelad 

SeiZleba CaiTvalos foladis boWko, romelic kompoziciaSi 

Seyvanamde damuSavebulia specialuri modifikatoriT da is 

yvelaze ufro iafi boWkoa sxva azbestSemcvel masalebs Soris. 

am samuSaoSi yvela masalisaTvis Semkvrel polimerul fisad 

gamoyenebuli iyo fenolformaldehiduri fisi. 

a.poRosianma da sxvebma /22,23/ gamoscades Stapeluri 

bazaltisa da minis boWkos fuZeze miRebuli uazbesto 

polimeruli kompoziciebi (bazaltis Stapeluri boWko 

warmoebuli iyo somxeTis sabados mineraluri nedleulidan). 

maT Seiswavles boWkoebis Termogravimetriuli Tvisebebi da 

aCvenes, rom bazaltis boWkoebis intesiuri daSla (destruqcia) 

iwyeba 750°C temperaturaze, rac 150°C-iT metia azbestis boWkos 

Termiulad daSlis temperaturaze xaxunis procesSi. es 

daamtkica triboteqnikuri maxasiaTeblebis Seswavlam maRal 

temperaturebze. amave dros TiTqmis orjer Semcirda friqciuli 

zesadebis cveTa da erTnaxevarjer gaizarda xaxunis 

koeficienti; samuSaoSi naCvenebia, rom friqciul masalebSi 

azbestis Semcvlelad bazaltis boWkos gamoyeneba iZleva 

friqciuli kvanZebis xangamZleobisa da muSaunarianobis gazrdis 

SesaZleblobas. amasTanave unda aRiniSnos, rom aseTi teqnikuri 

efeqti miiRweva bazaltis Stapelur boWkosTan erTad sxva saxis 

boWkoebis SeyvaniT, rogoricaa minaboWko da naxSirbadis boWko 

da iseTi nivTierebis damatebiT, rogoricaa tufi, rkinis Jangi, 

grafiti da sxva /23/. 

     metad sainteresoa amerikuli patenti /23/, sadac 

arastabiluri amorfuli mina, gamoiyeneba rogorc 

kombinirebuli friqciul-mamodificirebeli da maarmirebeli 

komponenti. minas aqvs tendencia siTburi zemoqmedebis Sedegad 

swrafad gamokristaldes boWkosebr formaSi. xaxunis siTbos 

moqmedebiT amorfuli boWkos nawili TanamimdevrobiT 

dakristaldeba gadnobis da zedapiris damarilianebis gareSe. 
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dakristalizebuli nawili gamoeyofa zedapirs ise, rom ar 

amcirebs xaxunis koeficients, xolo boWkos amorfuli nawili 

ganagrZobs maarmirebeli funqciis Sesrulebas. am minebis 

Tavisebureba aris is, rom iZleva SesaZleblobas misi 

nadnobidan boWkosebri formiT miRebas. aseTebia silikaturi, 

titanuri, fosfaturi da boratuli minebi da aseve maTi narevebi. 

Sesabamisi amorCeviT SesaZlebelia kristalizaciis realizacia 

temperaturebis saWiro diapazonSi, romelic ganisazRvreba 

damuxruWebis energiiT. kompozitebis Semkvrel fisad gamoiyenes 

fenolformaldehiduri da fenolfurfuroluri fisebi, sadac 

boWkoebi aiReboda 70 mas.%-mde.  

 sxvadasxva firmebis mier SemuSavebuli samuxruWe xundebi, 

zesadebebi, lentebi gamoiyeneba avtomobilebSi, rkinigzis 

transportSi, sawarmoo agregatebSi da sxva. uazbesto 

friqciuli kompoziciebi, rogorc avRniSneT warmoadgenen 

mravalkomponentian sistemebs, romlebic Seicaven boWkovan 

masalebs, Semvsebebs, liTonur komponentebs, sxvadasxva 

danamatebs da Semkvrelebs. Tanamedrove friqciuli masalebis 

misaRebi kompoziciebi Zalian mravalgvarovania. umetes 

SemTxvevebSi isini Seicaven 15-20-mde komponents. rogorc wesi 

recepturis zusti Sedgeniloba warmoadgens firmis mier dacul 

sawarmoo saidumlos.  

 

cxrili #1. 

friqciuli kompoziciebis ingredientebis zogadi SesaZlo 

Sedgenilobebi.  

 

Mm a s a l a Semadgenloba 
mas.% 

1. boWkoebi: a) araorganuli (bazaltis, minis, 
keramikuli da sxva.). b) organuli (naxSirbadis, 
aramiduli, celulozis da sxva.) g) liTonuri.  

 
0-60 

2. Semvsebebi: a) araorganuli (liTonis oqsidebi, 
bariti, Spati da sxva.). b) organuli (grafiti, 
teqnikuri naxSirbadi da sxva). 

 
5-30 
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3. liTonebi _ spilenZis, TiTberis, rkinis, Tujis 
da sxva fxvnilebi.   

5-70 

4. modifikatorebi, plastifikatorebi, zeTebi, 
damarbileblebi.  

0-5 

5. Semkvrelebi – fenoluri fisebi (fxvnilebi, 
xsnarebi), kauCukebi (butadien-stiroluri, 
qloroprenuli da sxva.) 

 
5-35 

  

 

1.4 forovani friqciuli masalebis Sesaxeb warmodgenebis 

ganviTareba 

      forovani friqciuli masalebis Sesaxeb warmoadgenebis 

ganxilvamde saWiroa im informaciis analizi, rac arsebobs 

saerTod forovan masalebze, forianobaze, maT zomebze, maT 

rolze xaxunisas da a.S. aseTi informacia mowodebulia 

monografiebSi /25-28/. gamoirkva, rom xaxunis kvanZebis detalebSi 

forovani struqturis Seqmnis idea dapatentebul iqna 1870 wels 

safrangeTSi, farTo gavrceleba ki hpova XX saukunis 50-ian 

wlebSi. a.moSkovma /25/ gaanaliza, ra im wlebis fxvnilovani 

metalurgiis miRwevebi forovani masalebis SeqmnaSi, gaakeTa 

Semdegi daskvnebi: erT-erTi faqtori, romelic moqmedebs 

forovani liTonkeramikuli masalebis Tvisebebze, aris misi 

forianoba. masalis forebi warmoqmnian SeerTebul kapilarul 

arxebs. forianoba SesaZloa Seicvalos Tavisi fardobiTi 

sididiT da xasiaTdeba aseve forebis sididiT da sisxoTi. 

forebis fardobiTi forianoba da sisxo mTlianad 

damokidebulia forovani masalis miRebis teqnologiur 

procesze. umetes SemTxvevebSi masalebis forebis sisxo 

damokidebulia sawyisi fxvnilebis granulimetriul 

Sedgenilobaze. fardobiTi forianoba damokidebulia 

fxvnilebis SemWidrovebis (gamkvrivebis) xarisxze briketebis 

damzadebis procesSi. forebis zeTiT Sevseba ganapirobebs maT 

ZiriTad Taviseburebas – TviTSezeTvas. saerTod iTvleba, rom 

forovani zedapiri antifriqciulia, Tu mas SeuZlia Seiwovos 

sazeTi da Semdeg gamoyos is friqciuli datvirTvisas /29/. es 
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mosazreba vrceldeba, rogorc teqnikur, aseve bunebriv 

masalebze (liTonkeramika, Zvlovani saxsrebi, danafarebi da 

sxva). cnobilia, rom forebi asruleben ra sazeTis rezervuaris 

rols, erTroulad warmoadgenen xaxunis dros warmoqmnili 

struqturis gansxvavebuli mikrodefeqtebis Senakadebs. isini 

akaveben cveTis produqtebs da qmnian bariers mikronapralebis 

ganviTarebis gzaze. udovicki /28/ aRwers, ra cveTis produqtebis 

dakavebas forebSi agregatuli nawilakebis saxiT, aRniSnavs rom 

amas mivyavarT xaxunis xasiaTis xarisxobriv cvlilebasTan. am 

dros SesaZlebelia, rom srialis xaxuni gadavides gorvis 

xaxunSi, Tu ki forebis ubeebSi Sekavebul iqneba sferosebri 

nawilakebi, rac miuTiTebs gamovlenili movlenis sinergiul 

xasiaTze. amasTanave aRmoCnda, rom forovani masalis friqciul 

kontaqtze wnevis gazrdisas is iZens axal Tvisebas: izrdeba 

friqciuli kontaqtis calkeuli ubnebis drekadoba, riTac 

iqmneba gaZromis (gacurebis) pirobebi, romlis dros anomalurad 

mcirdeba xaxunis koeficienti da cveTis intensivoba. igive 

avtorma i.kragelskisTan erTad /29/ ganaviTares azri, rom Tu 

masalebis xaxunisas dominirebs daRliTi cveTis meqanizmi, maSin 

am dros ganviTarebuli rRvevis procesebi xasiaTdebian 

sxvadasxva etapebis ierarqiuli TanamimdevrobiT, rogorebicaa 

masalaSi defeqtebis, mikroforebis, mikrobzarebis da a.S. 

warmoqmna da ganviTareba. aseTi struqturuli elementebis rangi 

izrdeba etapidan etapamde da saboloo mdgomareobamde, 

romelic warmoadgens masalis cveTisas xaxunis axali zedapiris 

warmoqmnis da cveTis produqtebs. avtorebis azriT sawyisi 

forovani masalis rangi ufro maRalia, vidre araforovanis e.i. 

struqturuli gardaqmnebis SesaZleblobebi (etapebis ricxviT) 

rRvevamde, pirveli ufro axlos aris saboloo mdgomareobamde, 

vidre meore.  

      zemoTmoyvanili mosazrebebi da analizi adasturebs 

forovani masalebis upiratesobebs xaxunisas, rogorc sazeTis 

gamoyenebisas, aseve mis gareSe.  
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      rogorc zemoT avRniSneT  sxvadasxva firmebis mier 

SemuSavebuli friqciuli masalebis ingredientebis raodenoba 

15-20 aRwevs an cdiloben sxvadasxva teqnologiuri meTodebiT 

azbestis “msgavsi” struqturis Seqmnas, mag. sxvadasxva zomis 

forebis saxiT da sxva. rom gamovyoT forebis roli friqciuli 

masalebis xaxunisas, saintereso iqneba moviyvanoT aseTi 

magaliTi. cnobilia, rom azbestSemcveli friqciuli masalebis 

samuSao temperatura ar aRemateboda 400°C-s, maTi Semkvrelis, 

ZiriTadad fenoluri fisebis, am temperaturaze intensiuri 

destruqciis gamo, rac iwvevs xaxunis koeficientis swraf 

dacemas, rac aseve miuRebeli iyo. amave dros gasuli saukunis 

60-ian wlebSi Seqmnilma samgzavro reaqtiulma TviTmfrinavebma 

moiTxoves friqciuli masalebis gacilebiT maRali muSa 

temperaturebi - 1000°C-mde, Tundac drois mcire monakveTSi. es 

problema mecnierebis mier gadawyvetil iqna friqciuli masalis 

“retinaqsis”, mag. marka ФК-16Л /30/ SeqmniT, romelic 1000°C 

temperaturaze flobda maRal xaxunis koeficients (0,3) da 3-4-

jer ufro maRali cveTamedegobiT gamoirCeoda aseT maRal 

temperaturaze Cveulebriv azbestSemcvel masalebisagan. am 

masalas gaaCnda Tviseba liTonuri kontrsxeulis zedapiris 

damatebiTi xexvis da igi maRal temperaturebze ar Cxapnida da 

ar kravda mas, warmoqmnida Zalzed nakleb Termiul napralebs, 

vidre sxva masalebi. gamoirkva, rom am efeqts mecnierebma 

miaRwies Zalzed dabal temperaturaze (70°C) lRobadi 

nivTierebis – kanifolis SeyvaniT “retinaqsis” kompoziciaSi, 

romelic damuxruWebisas masalis zedapirze iwvoda da qmnida 

fiWur, forovan struqturas, sadac Semdgom maRal 

temperaturebze “Seizileboda” cveTis dakoqsili produqtebi, 

romlebic Semdgomi damuxruWebisas icavda fenolur Semkvrels 

destruqciisagan da ablaciur efeqts qmnida. ra Tqma unda amiT 

azbests uqmnida eqspluataciis ukeTes pirobebs maRal 

temperaturebze. es aris SedarebiT martivi axsna im efeqtisa, 
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rasac iwvevda kanifolis Seyvana friqciuli masalis 

kompoziciaSi, magram aq mTavaria is, rom Semdgom wlebSi da 

amJamadac mecnierebs ar SeuwyvetiaT muSaoba forianobis, 

forebis rolis Seswavlaze xaxunisas da risi dadasturebacaa 

moyvanili saTanado patentebi. magaliTad, cnobilia Valeo-s 

firmis franguli patenti /31/, sadac muxruWebisa da 

gadabmulobis quroebis friqciuli masalebi Seicaven 

polimerul matricas, boWkovan maarmirebel komponentebs da 

Semvsebebs da maTi Tvisebebis gaumjobesebis mizniT 

SemuSavebulia masalis struqturaSi forebis (wvrili 

kapilarebis) miRebis teqnologia, romelTa zomebi – 1-20 mkm-ia.  

    iaponur patentSi /32/ aRwerilia uazbesto friqciuli 

masala muxruWebis zesadebebisaTvis, sadac 5-30 mas.% Seyvanilia 

nivTierebebi, romlebic 200-350°C temperaturaze TermodamuSave-

bisas 10 saaTis ganmavlobaSi Termiulad iSlebian da masalaSi 

warmoqmnian forebs, romlebic mas icaven rRvevisagan maRali 

datvirTvebis zemoqmedebisas.  

    inglisur patentSi /33/ SemoTavazebulia uazbesto 

kompoziciuri boWkovani masala, sadac boWkos saxiT 

gamoyenebulia aramiduli, celulozas, keramikuli da bazaltis 

boWkoebi da sxvadasxva saxis xaxunisa da cveTis 

modifikatorebi (Semvsebebi) da maRali forianobis 

uzrunvelmyofeli misi miRebis xerxi. am dros masalis simkvrive 

72%-ze naklebia Teoriulisgan gansxvavebiT da Cveulebriv 65%-

ia. komponentebis Serevis Semdeg iwnexeba masala am simkvriviT 

da Semdeg xdeba Semkvrelis gamyarebis ciklis damTavreba iseT 

pirobebSi, sadac gamoricxulia masalis simkvrivis Secvla.  

      aseve saintereso patentebia forovan friqciul masalebze, 

romlebic SemuSavda ruseTis federaciaSi 1998-2001 wlebSi /34-37/. 

rusul patentSi /34/, naCvenebia Seqmnili friqciuli nakeToba, 

romelic Seicavs polimerul matricas, boWkovan maarmirebel 

komponentebs da Semvsebebs, romelic Sesrulebulia 

mikroforovani struqturiT urTierTdakavSirebuli 
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sicarieleebiT, romelsac qmnis Zafebi da amasTanave nakeToba 

damatebiT Seicavs nawilakebs, romlebsac aqvT kapilarul-

forovani struqtura da romelTa kapilaruli forebi 

urTierTkavSirSia nakeTobis mikroforovan sicarieleebTan.   

     mikrosicarieleebis da kapilarul-forovani nawilakebis 

urTierTkavSiri erTdroulad uzrunvelyofs xaxunisas daSlis 

produqtebis da wylis TandaTanobiT TiTqmis mTlian 

desorbcias nakeTobidan friqciuli kontaqtebis Sualedebs 

Soris. amis Sedegad xdeba nakeTobis friqciuli Tvisebebis 

aRdgena, e.i. izrdeba misi friqciuli maxasiaTeblebis 

stabiluroba.  

      patenti /35/ exeba friqciul nakeTobas, sadac SemkvrelTan, 

maarmirebel boWkovan komponentebTan da SemvsebebTan erTad 

gamoyenebulia navTobidan miRebuli koqsis nawilakebi, 

karbonizaciis an organzomilebian mowesrigebis stadiaSi myofi, 

romelTac gaaCniaT forovani struqtura. es patenti 

gamorCeulia, imiT, rom TiTqmis erTaderTia im patentebs Soris, 

sadac gamoyenebulia forovani struqturis mqone danamati, 

Tumca xelovnurad Seqmnilis, romelic warmoadgens dispersiul 

sistemas dispersiuli da kristalebis da forebis saxiT. Tavisi 

struqturuli agebulebis xarjze gamoyenebuli koqsis 

nawilakebi qmnian xaxunis zedapirze heterogenul sistemas da 

zrdian Zvrisadmi da deformaciisadmi winaaRmdegobas, ris 

safuZvelze umjobesdeba friqciuli nakeTobis triboteqnikuri 

maxasiaTeblebi da mcirdeba liTonuri kontrsxeulis cveTa.  

      patentSi /36/ SemuSavebulia friqciuli nakeToba, romelic 

Seicavs friqciul polimerul kompozits, romelsac gaaCnia 

mikroforovani struqtura urTierTdakavSirebuli 

mikrosicarieleebiT da romelic damatebiT Seicavs dispersiul 

nawilakebs, romlebic warmodgenilia iseTi nivTierebebisagan, 

romelsac wyalTan urTierTqmedebisas SeuZlia gajirjveba da 

iseT nawilakebad daSla, romelTa zomebi Tanazomadia 

mikroforebis zomebTan. aseT nivTierebas warmoadgens 
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bentonituri Tixis fxvnili. gajirjvebis Sedegad warmoqmnili 

da daSlili bentonitis nawilakebi friqciuli nakeTobis 

nestian pirobebSi eqspluataciisas uzrunvelyofen forebis 

gadaketvas, rogorc maTi moculobis gazrdiT gajirjvebisas, 

aseve forebis ganikveTebis CaketviT mcire zomis warmoqmnili 

nawilakebiT. amis Sedegad mcirdeba damuxruWebis efeqturobis 

vardnis xarisxi da Sesabamisad izrdeba nakeTobis 

saeqsplatacio maxasiaTeblebi.  

      wina patentis /36/ TiTqmis analogiuria patenti /37/, sadac 

iseT dispersiul masalad, romlis nawilakebs wyalTan 

urTierTobisas warmoqmnas struqturebi, romlebic zrdian 

dispersiuli nawilakebis moculobas, gamoyenebulia liTonebi, 

cementi, TabaSiri da sxva. mag. gamoyenebulia rkinis iseTi 

Senadnobi, romelic swrafad iJangeba wyalSi, ris Sedegad 

miiRweva iseTive efeqti (forebis Caketvis), rogorc wina 

patentSi da saeqsploatacio Tvisebebis gaumjobeseba.  

      forovani friqciuli masalebis SemuSavebis patentebis 

ganxilvam aCvena, rom ZiriTadad teqnologiuri xerxebis 

gamoyenebiT Seqmnili forianoba aumjobesebs polimeruli 

friqciuli masalebis saeqsploatacio maxasiaTeblebs, romlebic 

muSaoben maRali datvirTvebisa, Tu nestian pirobebSi.  

      SeniSvnis saxiT gvinda gamovTqvaT Cveni mosazreba imis 

Taobaze, rom rusul patentSi /34/ kapilarul-forovani 

struqturis mqone Semvsebad dasaxelebulia baritis 

koncentrati da TeTri muri – boris nitridi, rasac SeiZleba ar 

daveTanxmoT. cnobilia, rom baritis koncentrati warmoadgens 

TiTqmis yvela polimeruli friqciuli masalis (kompozitis) 

aucilebel komponents, romelic ewinaaRmdegeba masalis 

gacveTas (is warmoadgens inertul Semvsebs, romelic Seicavs 80-

98 mas.% uwylo bariumis sulfats) da xels uwyobs xaxunis 

koeficientis stabilizacias. is mZime Semvsebad (4,5 gr/sm3) 

iTvleba da mas ar gaaCnia forovani struqtura /38/, Tumca 

SesaZlebelia koncentratis SedgenilobaSi dolomitis, 
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kalciumis karbonatis, kvarcis da hematitis garkveuli 

raodenobiT Semcveloba erTgvarad ganapirobebdes forianobis 

SesaZlo arsebobas, Tumca amis damadasturebeli raime cnoba 

CvenTvis ucnobia. aseve SeiZleba iTqvas boris nitridzec. 

cnobilia, rom Tavisi struqturuli aRnagobiT is miekuTvneba 

myar SemzeTebs, rogorebicaa grafiti, molibdenis disulfidi 

da sxva da is uzrunvelyofs xaxunis koeficientis rogorc 

regulirebis saSualebas, aseve mis stabilizacias e.i. igi 

miekuTvneba xaxunis modifikatorebis jgufs.    

      miuxedavad imisa, rom warmoebis mier gamoSvebuli 

uazbesto samuxruWe xundebi akmayofileben ZiriTad teqnikur 

moTxovnebs (maRali xaxunis koeficienti, stabiluri samuxruWe 

reJimi, maRal temperaturebze ~350°C xaxunis kvanZis 

muSaunarianobis SenarCuneba), maT umravlesobas mainc gaaCniaT 

garkveuli naklovanebebi, romlebsac miekuTvnebian: wripini 

dabal siCqareebze damuxruWebisas, xmauri maRali siCqariT 

moZraobisas, damuxruWebis efeqturobis Semcireba samuxruWe 

sistemis 350°C-is zeviT gacxelebisas, xaxunis koeficientis 

maRali maCvenebelis arastabiluroba (vardna) mSralidan svel 

xaxunze gadasvlis momentSi da samuxruWe diskos cveTis maRali 

intensivoba; 

     cnobilia, rom kompoziciebis Semdgenebis tipisa da 

raodenobis, maTi nawilakebis formisa da zomebis optimaluri 

SerCeviT SesaZlebelia mniSvnelovnad kontroli gavuwioT 

miRebuli friqciuli kompoziciuri nakeTobebis Tbofizikur, 

meqanikur da sxva Tvisebebs. 

     unda aRiniSnos, rom umetesoba, seriulad gamoSvebul 

samuxruWe xundebs axasiaTebT sxvadasxva xarisxis 

zemoTaRniSnuli naklovanebebi da azbestSemcvel samuxruWe 

xundebTan SedarebiT isini ufro ZviradRirebulia. 

zemoTqmulidan gamomdinare, agreTve imis gamo, rom 

azbestSemcveli samuxruWe xundebis warmoeba garemos dacviTi 

organoebis mier akrZalulia, samuxruWe zesadebebis 
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warmoebisaTvis axali uazbesto kompoziciuri masalebis Seqmnis 

gzebis Zieba dResac warmoadgens aqtualur samecniero-teqnikur 

amocanas /39/. 

     Cvenis azriT erT-erT SesaZlebel gzas arsebuli samuxruWe 

zesadebebis zemoT aRniSnul naklovanebebis aRmofxvrisaTvis, 

warmoadgens iseTi nanoforovani masalis Seqmna, romelsac 

eqneba gaumjobesebuli tribologiuri Tvisebebi xaxunis maRali 

temperaturis (~600˚C) pirobebSi.  

1.5 axali Taobis samuxruWe xundebis zesadebi masalebis 

ganviTarebis Tanamedrove tendenciebi. 

      samuxruWe xundebis zesadebi masalebis ganxilvisas 

avRniSneT, rom rodesac saubaria azbestis Secvlaze am 

masalebSi, TiTqmis SeuZlebelia iseTi uSualo Semcvlelis 

moZebna friqciuli masalebis kompoziciebSi Sesayvanad, romelic 

uzrunvelyofda maT maRal tribologiur Tvisebebs da 

minimumamde iqneboda dayvanili zemod aRniSnuli naklovanebebi. 

Tumca naklovanebebi gaaCnda azbestSemcvel friqciul 

masalebsac da maSinac xdeboda am masalebis Tvisebebis 

gaumjobeseba sxvadasxva gzebiT. erT-erT magaliTze retinaqsis 

saxiT Cven ukve visaubreT, sadac am masalis 

temperaturamedegoba da muSaunarianoba ganapiroba zedapirze 

fiWisebri forovani struqturis warmoqmnam xaxunisas, ramac 

uzrunvelyo am masalis saeqsploatacio Tvisebebi 1000°C-mde. 

Tumca drois mcire monakveTSi (reaqtiuli TviTmfrinavebis 

damuxruWebisas). rogorc viciT muSaoba azbestis Secvlaze 

kompozitebSi dawyebul iqna gasuli saukunis 70-80-ian wlebSi da 

rogorc avRniSneT literaturul mimoxilvaSi, gamoicada 

azbestis bevri Semcveli masala, maT Soris boWkovani 

struqturis mqone, rogorebicaa aramiduli (kevlaris), 

naxSirbadovani, minis da bazaltis, foladis, celulozas boWko 

da sxva. migvaCnia, rom am boWkoebis gamoyenebam uzrunvelyo 

friqciuli masalis armireba da gamtkiceba, bevrad gazarda 

masalebis winaaRmdegoba cveTisadmi da Tu mivudgebiT 
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forianobis principiT, unda avRniSnoT, rom am boWkoebis 

diskretulobam da araTanabrad ganawilebam masalis mTel 

moculobaSi, garkveul wilad, magram arasakmarisad, uzrunvelyo 

es masalebi forianobiT, rac aumjobesebs maT saeqsploatacio 

Tvisebebs. Tu gamovyofT am boWkoebidan yvelaze saukeTeso 

boWkos da am periodisaTvis axali Taobis friqciuli 

masalebisaTvis saukeTeso Tvisebebis miniWebas, Cvenis azriT es 

iyo aramiduli, e.w. kevlaris boWko, romlis 5 mas.%-is Seyvana 

ukve iwvevda kompozitebis tribologiuri Tvisebebis mkveTr 

gaumjobesebas da romelmac Secvala 40 mas.% azbestis boWko. 

gamoyenebuli kevlaris boWkos diametri masalebSi meryeobda 10-

20 mkm-is farglebSi. friqciul masalebSi kevlaris uwyveti 

meTodiT miRebul boWkoebs iyeneben diskretuli boWkos (3-5mm) an 

pulpis saxiT. misi temperaturuli mdgradoba 450-500°C, rac im 

periodisTvis sakmarisi iyo diskur muxruWebSi zesadebad 

gamoyenebisaTvis. aseve friqciul masalebSi aramidulma 

boWkoebma nawilobriv warmatebulad SeiTavsa sxva saxis 

boWkoebic, mag. minis da bazaltis boWko da sxva. aseve unda 

aRiniSnos, rom aramidul boWkoebs axasiaTebT Tburi 

gafarToebis uaryofiTi koeficienti, romelic izrdeba 

temperaturis zrdisas. kevlaris boWko amave dros Znelad iwvis 

da erT-erT umtkices boWkod iTvleba msoflioSi polieTilenis  

boWkos “denimas” Semdeg. man saukeTeso meqanikuri Tvisebebi 

mianiWa friqciul masalebs. moTxovnilebisdamixedviT misi 

Semcveloba kompozitebSi 5 mas.%-dan SeiZleba gaizardos 15-20 

mas.%-mde da metjerac. naSromSi /40/ aRniSnulia, rom firma Du 

Pont–is mier warmoebuli kevlaris boWkos gamoyenebam friqciul 

masalebSi gansazRvra Semdegi upiratesobani: cveTamedegoba 3-

jer metia, vidre azbestiani friqciuli masalebis SemTxvevaSi, 

uzrunvelyofen stabilur xaxunis koeficients maRal 

temperaturebze, karg muSaunarianobas dabal temperaturebze, 

amcireben xmauris dones da vibraciebs, samuxruWe siTxis karg 

Tboizolacias da rogorc avRniSneT, did simtkices. miuxedavad 
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boWkos siZvirisa, SeiZleba CaiTvalos, rom aRniSnul wlebSi 

aramiduli boWkoebis gamoyenebam  friqciul masalebSi Seqmnes 

axali Taoba da dReisaTvis am saxis friqciuli masalebis 

Tvisebebi bevrad gaumjobesebulia Semkvreli fisebis 

modificirebis, Semvsebebis apretirebis, dispersiulobis 

xarisxis gazrdiT da sxva saxiT. bevri wamyvani firma 

rogorebicaa Mintex-Don da Ferodo (didi britaneTi), Tex-star (germania) 

da sxva warmatebiT awarmoeben aramiduli boWkos Semcvel 

friqciul masalebs.    

axali Taobis friqciul masalebad dReisaTvis SeiZleba 

CaiTvalos aseve naxSirbad-naxSirbadovani kompoziciuri 

masalebi, romelTa miReba TiTqosda rTuli teqnologiis rangs 

miekuTvneba, magram maTi gamoyenebis sferoebi farTovdeba da 

kosmosur aparatebSi gamoyenebis Semdeg, SesaZlebeli gaxda maTi 

gamoyeneba sarkinigzo da saavtomobilo transportSic. Am 

masalebis muSaobis diapazoni 1000°C-mdea, 400-600°C-is pirobebSi 

axasiaTebT stabiluri xaxunis koeficienti 0,5-0,6 farglebSi da 

maRali cveTamedegoba /41/. aseTi masalebis miRebis saintereso 

patentia /42/, romelTa avtorebi amerikis SeerTebuli Statebis 

mecnierebia da maT mier naCvenebia naxSirbad-naxSirbadovani 

kompoziciuri masalis miRebis axali xerxi, romelic mzaddeba 

Ria forebis mqone naxSirbadovani qafplastur danamzadisagan, 

romelic SemdgomSi ganicdis gamkvrivebas. am naxSirbadovan 

danamzadSi imitirebulia naxSirbadovani boWkos struqtura, 

romelsac gamkvrivebamde wneviT Seereva sqelfisa, ris Semdeg am 

narevvs utardeba karbonizacia da grafitireba. patentis 

teqnikuri Sedegia – damuxruWebis Zalian maRali efeqturoba 

xaxunis dinamikuri koeficientis gazrdis xarjze da amasTanave 

fizikur-meqanikuri, friqciuli Tvisebebis, kerZod masalis 

cveTamedegobis SenarCuneba.     

 

 

 



51 

 

 

2.Sedegebi da maTi gansja. 
2.1. amocanis dasma, kvlevisaTvis kompoziciebis SemuSaveba da 

maTi testirebis meTodebis SerCeva 

 

      aRniSnul samuSaos literaturuli mimoxilvis gacnobis 

Semdgom naTeli xdeba, rom uazbesto friqciuli masalebis 

SemuSavebis procesSi kompoziciaSi azbestSemcvlel 

ingredientebad gamoyenebuli nivTierebebi: sxvadasxva saxis 

boWkoebi, xaxunis modifikatorebi, danamatebi, plastifikatorebi, 

liTonuri oqsidebi da sxva bevrad aumjobeseben maT 

tribologiur Tvisebebs. magram aRmoCnda, rom wamyvani firmebis 

mier gamoSvebul friqciul xundebsac ki axasiaTebT garkveuli 

naklovanebebi da SezRudvebi temperaturuli reJimis mxriv 

(~400°C-mde). am naklovanebebis aRmofxvris erT-erT gzas 

warmoadgens garkveuli saxis forianobis Seqmna friqciul 

masalebSi, romlebic SemdgomSi uzrunvelyofs am masalebis 

saeqsploatacio Tvisebebis gaumjobesebas. aqve unda aRiniSnos, 

rom samuSaoSi ganxiluli patentebi ZiriTadad aRweren 

masalaTa forianobas, romelic yalibdeba maT moculobaSi 

sxvadasxva teqnologiuri xerxis gamoyenebiT, e.i. maTi Seqmna 

xdeba xelovnurad. magaliTad, aramiduli boWkos Seyvana 

diskretuli saxiT armirebis garda ganapirobebs garkveuli 

forianobis Camoyalibebas, romelsac qmnian Zafebi 

urTierTdakavSirebuli sicarieleebis xarjze. naxSirbadovani 

boWkos gamoyenebam kidev ufro warmoaCina forianobis dadebiTi 

roli, radgan teqnologiuri forianobis CamoyalibebasTan 

erTad TviT es boWko struqturulad forovani agebulebisaa, 

Tumca isic xelovnurad Seqmnili sqelfisas grafitizaciisas. 

gamoCnda, rom friqciuli masalebis SemuSavebisas naklebad 

eqceoda yuradReba bunebrivi forianobis mqone masalebis 

gamoyenebis sakiTxebs da Tan es mecnierulad ar iyo Seswavlili. 

CvenTvis cnobili iyo mxolod didi britaneTis erTi patenti /43/, 

romelic exeboda uazbesto friqciuli masalis SemuSavebas, 
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sadac celulozis pulpasa da bambis ZenZTan erTad 

gamoyenebuli iyo bunebrivi forebis matarebeli Semvsebi – 

diatomiti. am masalis simkvrive iyo 400 kg/m3 e.i. iyo Zalian 

msubuqi da misi gamoyeneba xdeboda iseT xaxunis kvanZebSi, sadac 

SesaZlebeli iyo muSa zedapirebze sazeTis an sxva siTxeebis 

moxvedra. es metad forovani friqciuli masala samive Semvsebis 

xarjze, albaT uzrunvelyofda sazeTis Sesrutvas forebSi, 

raTa ar momxdariyo damuxruWebis efeqturobis Semcireba, 

magaliTad, traqtorebis samuxruWe sistemebSi. am bunebrivi 

forebis mqone nivTierebis - diatomitis friqciul kvanZebSi 

gamoyenebis, misi struqturuli aRnagobis, mis mier xaxunis 

zedapirze mimdinare procesebSi monawileobis da xaxunis 

meqanizmis Seswavlis saqmeSi didi roli miuZRvis profesor 

elguja quTelias /44,45/. miuxedavad amisa, saWiro iyo 

diatomitis bazaze SemuSavebuli friqciuli masalis 

temperaturuli diapazonis gazrda Semkvreli fisis 

modificirebis, sxvadasxva friqciuli modifikatorebis Seyvanis 

gziT, rac aseve moiTxovda moxaxune zedapirebis xaxunisa da 

cveTis TaviseburebaTa gamovlenis Seswavlis gagrZelebas 

mikroskopiul doneze, Tanamedrove struqturuli kvlevis 

aparaturis gamoyenebiT, rogorebicaa rastruli eleqtronuli 

mikroskopi, oJe speqtrometri da sxva. saWiro iyo sabolood 

gamovlenil da dadgenil yofiliyo cveTis is meqanizmi, 

romelic uzrunvelyofda SemuSavebuli friqciuli forovani 

masalis gaumjobesebul tribologiur Tvisebebs xaxunis maRal 

temperaturul pirobebSi.     

 

2.1.1 fizikur-meqanikuri gamocdebisa da struqturuli 

 kvlevebisaTvis nimuSebis momzadebis procedurebi 

2.1.1.1 sacdeli nimuSebis damzadebis teqnologia 

kompozociuri masalebis miRebis erT-erT ZiriTad meTods 

warmoadgens cxlad dawnexvis meTodi, romelic qarxana-
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sawarmoebSi xorcieldeba swrafmaval hidravlikur wnexebze 

individualuri amZraviTa da avtomatizirebeli marTviT. 

cxlad dawnexva, romelsac uwodeben pirdapir dawnexvas 

(zogjer kompresiuls) mdgomareobs imaSi, rom masalis 

kompoziciis fxvnili an tableti itvirTeba presformaSi da 

axorcieleben dawnexvas wnevisa da siTbos zegavleniT. 

samuSaoSi polimeruli kompoziciuri masalebis dawnexvis 

procesi xorcieldeboda e.w. `saskolo~ hidravlikur wnexze 

(nax.1), romelic warmoadgens mcire zomis xelsawyos da mas 

SeuZlia 4 tona dawola ganaviTaros. misi aRweriloba Semdegia: 

did cilindrSi (1) moZraobs dguSi filiT (2), romelic mWidrod 

aris dakavSirebuli cilindrTan SemamWidrovebeli tyavis 

samajuriT (3). dguSis filaze idgmeba presforma (4) 

gamacxelebeli RumeliT. dguSis Tavze or svetad damagrebulia 

zeda uZravi fila (5). presformis puansonis miwoliT uZrav 

filaze saxeluris moZraobiT viTardeba wneva presformaSi 

moTavsebul masalaze. 

                  

             

        

          

         

         

 

 

 

 

 

nax.1 hidravlikuri wnexi persformiT  

dawnexvebi hidravlikur wnexze sruldeba Semdegi 

TanamimdevrobiT: 

1. kompoziciuri fxvnilis (narevis) an tebletebis CatvirTva 

presformaSi. 

2. presformis moTavseba wnexis moZravi dguSis filaze. 
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3. presformis gacxeleba saWiro temperaturamde 

4. nimuSis dawnexva (wnevis qveS gaCereba, gaciveba, nimuSis 

amoReba) 

5. nimuSis Senaxva eqsikatorSi. 

polimeruli friqciuli kompoziciuri masalebis 

gamoyenebisaTvis friqciul kvanZebSi aucilebelia informacia 

maT simtkiceze. simtkicis zRvris gansazRvra gaWimvasa da 

kumSvaze miekuTvneba statikuri gamocdebis jgufs da maTi 

saSualebiT advilad SegviZlia davadginoT, rogori saxis 

deformacia viTardeba masalebis gamocdisas da ra saxis 

rRvevasTan gvaqvs saqme-myifesTan Tu plastikurTan. 

 

2.1.1.2 simtkicis zRvris gansazRvra kumSvaze  

      simtkicis zRvris gansazRvra kumSvaze xorcieldeba 

gamWimav manqanaze (marka 2054P5), romelic warmodgenilia nax. 2-

ze da romelic Sedgeba TviT gamWimav manqanisa (1) da marTvis 

pultisagan (2) marTvis pultis konstruqcia Sedgeba Semdegi 

mTavari blokebisagan, rogoricaa diagramis Camwevi bloki (3), 

marTvis bloki (4), datvirTvis indikaciis bloki (5), 

gardamqmneli bloki (6) da aqtiuri satacis gadaadgilebis 

indikaciis bloki (7). gamWimav manqanas gaaCnia Zalis gamzomi (9), 

romelic warmoadgens Zalis gadamwods da romelic 

dakavSirebulia blokTan (6) marTvis pultze. manqanas ori 

traversa aqvs: uZravi (1) da moZravi (12), romlebzec magrdeba 

zeda da qveda satacebi (11).  

 universaluri gamWimavi manqana saSualebas iZleva 

vcvaloT gaWimvis siCqare farTo diapazonSi. 
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nax. 2. universaluri gamWimavi manqana 2054P5 

 

kumSvaze simtkicis zRvaris gansazRvra tardeba am gamWimav 

manqanaze damxmare mowyobilobis (nax.2.3) saSualebiT, romelic 

magrdeba gamWimavi manqanis traversebs Soris da moZravi 

traversis gadaadgilebisas mowyobilobis paraleluri 

filebidan zeda fila (1) uaxlovdeba qveda filas (2), romelzec 

idgmeba gamosacdeli nimuSebis mrgvali sadgari (3) nimuSiT (4), 

romelic warmoadgens cilindruli formis Zelaks zomiT 15 mm-

is diametriT da romelTa simaRle 1,5-2-jer metia diametrze. 

nimuSis kumSvaze gamocdisas SeirCeva wnevis ganviTarebis 

garkveuli siCqare, romelic regulirdeba manqanis marTvis 

blokiT. gamocdis dasasrulad iTvleba is momenti, rodesac 

datvirTvis Semdgomi gadidebisas Zalis gamzom cifrul 
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tabloze registrirdeba Zalis Semcireba da nimuSis rRvevisas 

meore tabloze fiqsirdeba udidesi datvirTva. 

kumSvaze simtkicis zRvari gamoiTvleba formuliT: 

S

P
kum.  

sadac P _ aris damangreveli Zala kgZ-Si, 

 S _ nimuSis ganivi kveTis farTi sm2-Si. 

kumSvaze simtkicis zRvris gansazRvrisaTvis icdeba ara 

nakleb 3 nimuSi da aiReba miRebuli Sedegebis saSualo 

ariTmetikuli. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 3. 

damxmare mowyobloba nimuSebis kumSvaze simtkicis zRvaris 

gasazomad. 
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nax. 4 
xaxunis manqana ИМ-58. 

2.1.2 friqciuli masalebis xaxunis koeficientis, cveTis sididis, 

ganviTarebuli temperaturisa da cveTis produqtebis kvlevis 

meTodika. 

polimeruli friqciuli kompoziciuri masalebis 

energetikuli danadgarebis xaxunis kvanZebSi warmatebiT 

gamoyenebis mizniT aucilebelia meqanikur TvisebebTan erTad 

maTi triboteqnikuri maxasiaTeblebis _ xaxunis koeficientis da 

cveTamedegobis codna.  

friqciuli kompoziciuri masalebis xaxunis koeficientis 

da cveTis gansazRvra tardeboda xaxunis manqana ИМ-58-ze, 

romelic amave dros warmoadgens mcire inerciul stends (nax.4). 

am manqanaze masalebi gamoicdeboda friqciul Tbomedegobaze 

(standartuli ГОСТ 23.210.80 `nakeTobaTa cveTamedegobis 

uzrunvelyofa~). manqanis moZrav vegoze (1) damagrebulia 

aramoZravi Tavi nimuSis Casadebad da damontaJebulia nimuSze 

wnevis ganmaxorcielebeli mowyobiloba (2). aramoZrav vegoSi 

gadis RerZi, romelzec damagrebulia mbrunavi Tavi (3), romlis 
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budeSi jdeba friqciuli kompoziciuri masalis nimuSi. manqanis 

amZravs warmoadgens mudmivi denis eleqtroZrava (4), romelic 

saSualebas iZleva mdored vcvaloT manqanis brunvaTa ricxvi. 

xaxunis momentis saregistracio kvanZi (5) moTavsebulia 

aramoZravi vegos gverdiT da warmoadgens mRunav kamertons 

tenzogadamwodiT. 

nimuSis Camagrebis sqema mocemulia nax.5-ze.  

gamosacdeli nimuSebi warmoadgens mokle zomis milisas, 

romlis gare diametria 28 mm-ia, Sida diametri 20 mm, xolo 

sigrZe 15-20 mm. uZravi nimuSi (kontrsxeuli) igive zomis Tujis 

milisaa da mzaddeba im markis liTonisagan, romelic Seesabameba 

sakvlevi xaxunis kvanZs. 

orive nimuSi exaxuneba erTmaneTs torsulad (SubiT), 

amitom urTierTgadafarvis koeficienti miRebulia erTis tolad. 

gamocdis dawyebis win nimuSebi miemuSaveba erTmaneTs 

SerCeul datvirTvaze da yvelaze dabal siCqareze manamdis, 

sanam ar Sewydeba xaxunis mTeli zedapiris orive moxaxune 

wyvilis cveTa da temperaturis mateba, romlis gazomva xdeba 

uZravi nimuSis (kontrsxeulis) moculobaSi xaxunis zedapiridan 

1 mm-is daSorebiT Termowyvilis saSualebiT. am dros ar unda 

icvlebodes aseve xaxunis koeficienti. 

xaxunze da cveTaze gamocdebis Catareba zemoT aRniSnuli 

standartis mixedviT gulisxmobs masalebis unars, SeinarCunon 

xaxunis koeficientisa da cveTis intensivobis maCveneblebi 

ucvlelad temperaturebis farTo diapazonSi. 

xaxunis koeficienti ganisazRvreba formuliT: 

SP

F

N

F
f


  

sadac F _ xaxunis Zalaa kg-Si, 

N _ radialuri (saerTo) datvirTvaa kg-Si. 

,SPN   

sadac P _ xvedriTi datvirTvaa nimuSze, kg/sm2. 

S _ xaxunis zedapiris farTobi, sm2. 
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xaxunis Zala gamoiTvleba formuliT: 
r

M
F   sadac 

M _ xaxunis momentia, kg. sm, romlis mniSvnelobebi 

ganisazRvreba xaxunis manqanis tarirebiT da Sesabamisi grafikis 

agebiT. 

r _ mxaris radiusia gamzomi xelsawyos karmertonidan 

xaxunis zedapiris centramde. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
nax.5. xaxunze gamosacdeli nimuSis da kontrsxeulis Casajdomi 
budeebi. 1_  nimuSis Casajdomi budeebi, 2 _ nimuSis TviTdayenebis 
saxsris kvanZi, 3 _ nimuSis Casadebi Tavi. 4 _ moZravi nimuSi, 5 _ 
uZravi nimuSi (kontr-sxeuli), 6 _ nimuSebis Casayenebeli wkiri 
(Stifti). 

 

 

gamocdebi tardeba manqanis siCqaris zrdiT calkeul 

safexurze 0,125-dan 7,5 m/wm-mde. yovel safexurze gamocdis 
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xangrZlivoba Seadgens 1 saaTs dabal siCqareebze, naxevar saaTs 

saSualoze da 15 wuTs maRal siCqareebze. drois garkveul 

periodebSi Caiwereba xaxunis momentisa da temperaturis 

mniSvnelobebi. aRniSnuli siCqareebis miRebis mizniT xaxunis 

manqanis lilvis siCqare izrdeba Semdegi TanmimdevrobiT: 100, 200, 

500, 700, 1000, 1500, 2000, 3000 br/wT. mSrali xaxunisas siCqaris 

zrdasTan erTad izrdeba xaxunis zonaSi temperatura da man 

SeiZleba 6000C-s gadaaWarbos. xaxunis momentis gazomvis 

Sedegebis gamoyenebiT iangariSeba xaxunis koeficienti da 

temperaturis monacemebis gaTvaliswinebiT aigeba xaxunis 

koeficientis damokidebulebis grafikebi temperaturisagan. 

cveTamedegobis gansazRvris mizniT gamoiyeneba ori programa _ 

Semcirebuli da sruli. Semcirebuli programiT nimuSebis sisqes an 

wonas zomaven cdis dawyebamde da Semdeg cdis damTavrebis Semdeg, 

rodesac miRweuli iqneba saWiro temperatura (mag. 4000C). siCqaris 

erTi safexuridan meoreze gadadian manqanis gaCerebis gareSe. 

masalebis cveTamedegobis Sefaseba xdeba cveTis intensivobiT, 

romelic warmoadgens cveTis (nimuSebis sisqis da wonis Semcireba) 

Sefardebas xaxunis muSaobasTan gamocdis mTeli drois manZilze. 

gamocdebis Semcirebuli programiT sazRvraven saSualo 

intensivobas gamocdis mTel temperaturul intervalSi. 

gamocdebis sruli programis Sesabamisad nimuSebis sisqe an 

wona izomeba siCqaris safexuris dawyebis da damTavrebis Semdeg 

(manqanas aCereben da nimuSebs aciveben gazomvebis Casatareblad). 

amrigad, gamocdebis sruli programis mixedviT SesaZloa 

ganisazRvros cveTis intensivobis damokidebuleba temperaturisagan. 

gamocdebis Sedegebis mixedviT jer gamoiTvleba xazobrivi 

cveTa (mikronebSi) formuliT: 

S

QQ
h









ds
 

sadac Qs da Qd _ nimuSis wonaa miligramebSi garkveul 

safexurebze cdis dawyebisas da cdis dasrulebis Semdeg. 

 _ masalis xvedriTi wona, mg/sm3, 
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S _ nimuSis xaxunis zedapiris farTobi (nimuSis zomebis 

mixedviT S=3 sm2). 

cveTis saSualo intensivoba I garkveul siCqareze 

gamoiTvleba formuliT: 

N4,75

h
I


  

N _ moZravi nimuSis garkveul safexurze brunvaTa 

Sejamebuli raodenobaa. 

aseve aigeba mTeli cdis manZilze miRebuli cveTis 

intensivobis mniSvnelobebis temperaturaze damokidebulebis 

grafikebi. 

      cveTis produqtebis Seswavlis da aseve tribologiuri 

parametrebis gansazRvris mizniT gamoyenebul iqna Rero-diskuri 

xelsawyo, romelic warmodgenilia nax.6-ze. xelsawyo muSaobs 

Cveulebriv reJimSi, rodesac mudmivi normaluri modebuli 

Zalis sidide 100 nm-dea da mudmivi mbrunavi siCqaris sidide ki 

3000 b/w (55km/sT). datvirTvis sakani gamoiyeneba zesadebze 

moqmedi tangensuri Zalis gasazomad. nominaluri kontaqturi 

wneva- 0.4 mpa, rac tipiuria mcire damuxruWebisaTvis, rac 

amcirebs manqanis siCqares da ar aCerebs mas. xaxunis 

koeficienti gamoiTvleba gazomili tangencialuri Zalis 

sididis gayofiT modebuli normaluri Zalis sidideze. nimuSebi 

kontaqtSi iyo ruxi Tujis diskosTan 30 wuTis ganmavlobaSi 

(Sesabamisi srialis manZili 13.5km), yoveli masalis kombinacia 

mowmdeba 2-jer (diskos diametri Seadgens 63mm da sisqiT 6mm-s). 
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nax. 6. modificirebuli Rero-diskuri xelsawyos sqema. AA: oTaxis 

temperatura; B: ventilatori; C: dinebis gamzomi sistema; D: filtri; E: 

drekadi mili; F: sufTa haeris mimwodi; G: daxuruli sakani; H: Rero-

diskuri xelsawyo; I: zesadebis nimuSi; J: haeris gamomSvebi, gazomvis 

wertilebi; L: sakuTari wona; M: diskis nimuSi; N: haeri saknis SigniT. 

      am cdebSi daxuruli kamera gamoiyeneba testis nimuSebis 

garSemo haeris sisufTavis kontrolisTvis. ventilatori (B) 

oTaxis haers (A) momarTavs kameraSi (G) nakadis gasazomi 

sistemis (C) da filtris (D) gavliT haeris SemSvebis RiobSi (F). 

haeri kameraSi (N) kargad aireva Rero-diskuri xelsawyos (H) 

rTuli Sida moculobis da haeris cvlis maRali siCqaris gamo. 

haers kameraSi gadaaqvs warmoqmnili nawilakebi haeris 

gamomSvebisken (J), sadac ganlagebulia nawilakebis gazomvis 

sacdeli wertilebi. ventilatoris siCqarea 7.7 m3/saaTSi. H13 

klasis filtri (D) uzrunvelyofs nawilakebisgan Tavisufali 

haeris Sevsebas. 

     ZiriTad gamoyenebul xelsawyos, romliTac cveTis 

nawilakebi izomeba, warmoadgens pirveli GRIMM xelsawyo 

optikuri nawilakebis mTvleli (Grimm Aerosol Technik, Ainring, 

Germany), romliTac izomeba nawilakebi zomiT 0.25-32 mkm, 31 zomis 
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interevalSi. meore xelsawyoa P-Trak kondensirebuli atomebis 

mTvleli (TSI, Shoreview, NM,USA), romlTac izomeba 0.02-1 mkm 

sididis nawilakebis haerSi koncentraciis raodenoba. mesame 

xelsawyoa Dust Trak aerozolis monitori (TSI, Shoreview, NM, USA), 

romelic aRricxavs 0.1-10 mkm sididis nawilakebis masur 

koncentracias mg/m3-Si.  

      eqsperimentis dros tumbos saSualebiT cveTis nawilakebi 

haeridan filtrebze grovdeba. daaxloebiT 6 dm3 haeri 

Caitumbeba Nuclepore polikarbonatis filtrebSi, romelTa 

forebis sididea 0.4 mkm (Whatman, Maidstone, UK). Segrovebuli 

nawilakebis analizi xdeba rastruli eleqtronuli mikroskopis 

da energodispersiuli rentgeno-sxivuri speqtroskopiis  

gamoyenebiT. 

2.1.3 kompoziciuri friqciuli masalebis sawyisi komponentebis 

da tribowyvilSi namuSevari zedapirebis rem kvlevis meTodika 

      struqturuli gamokvlevebi tardeboda rastruli 

eleqtronuli mikroskopis DSM-960 (firma “OPTON”, germania) da 

oJe-eleqtronuli speqtometriis (oes) LAS-2000 (firma “RIBER”, 

safrangeTi) saSualebiT. orive es meTodi saSualebas iZleva 

Seswavlil da gamovlenil iqnas moxaxune zedapirebis Zalian 

Txel fenebSi mimdinare procesebi mikronul, submikronul da 

nanometrul doneebze. am mizniT xaxunze testirebis Semdeg 

moxaxune wyvilidan (rogorc friqciuli masalisgan, aseve 

kontrsxeulidan) xdeboda garkveuli zomis (2-3mm sisqis) 

firfitebis amoWra, maTi Senaxva eqsikatorSi da Semdgomi 

kvlevisaTvis moTavseba polieTilenis paketebSi.  

      rastruli igive maskanirebeli eleqtronuli mikroskopis  

(rem) martivi sqema aseTia: am mikroskopSi eleqtronebis wvrili 

sxivi (konis diametri 10 nm) Semourbens sakvlev nimuSs  

(askanirebs) horizontalur mwkvrivze, wertilidan wertilze da 

sinqronulad gadascems signals kineskopze. eleqtronebis 

wyaros warmoadgens volframi, romlidanac gaxurebisas 
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Termoeleqtronuli emisiis Sedegad gamoifrqveva eleqtronebi, 

eleqtronebis gavlisas (zemoqmedebisas) nimuSze mimdinare 

procesebi registrirdeba specialuri deteqtorebis saSualebiT 

da gardaqmnili saxiT gamohyavT ekranze, rogorc Sesaswavli 

nimuSis gadidebuli suraTi.  

      am SemTxvevaSi gadideba niSnavs ekranze gamosaxulebis 

sididis Sefardebas im ares sididesTan, romelsac Semourbens 

kona nimuSze. imis gamo, rom eleqtronis talRis sigrZe, 

ramdenime rigiT naklebia fotonisaze, Tanamedrove mem-ze 

muSaobisas aucilebelia vakuumi, radganac mikroskopis kameraSi 

raime gazis arsebobisas SesaZlebelia misi atomebis ionizacia 

da miRebuli Sedegebis didi cdomileba.  

     rem meTodi efeqturad gamoiyeneba iseT SemTxvevebSi, 

rodesac aucilebelia gairkves sakvlevi masalebis friqciuli 

gadatanis fizikuri meqanizmi an davakvirdeT gadatanili 

nawilakebis da cveTis produqtebis morfologias. nax.2.8-ze 

warmodgenilia rastruli eleqtronuli mikroskopis muSaobis 

sqema.   

  

2.1.4. friqciuli masala–kontrsxeuli tribowyvilSi namuSevari 

zedapirebisa da zedapirqveSa fenebis oJe-speqtruli kvlevebis 

meTodika 

      sakvlevi masalebis moxaxune zedapirebis analizis  

meTodebs Soris gansakuTrebuli adgili uWiravs oJe-

eleqtronuli speqtrometrias (oes). efeqti, razedac aris 

dafuZnebuli oes aRmoCenili iyo frangi fizikosis pier oJes 

mier 1925 wels da mas Semdeg masalaTa zedapirebis kvlevis erT-

erT ZiriTad iaraRs warmoadgens. misi unikaluroba mdgomareobs 

imaSi, rom perioduli sistemis yoveli elementisaTvis (garda 

wyalbadisa) arsebobs maxasiaTebeli oJe-energiebis mTeli rigi. 

Tanac ar arsebobs elementi, romelsac eqneba atomuri bmis 

erTnairi energia sxva elementis mimarT. es xels uwyobs oJe-

energiebis daxmarebiT movaxdinoT elementebis identifikacia ama 
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Tu im masalaSi. oes upiratesobas ganapirobebs aseve analizis 

Zalian mcire siRrmeebSi Catarebas, rac testirebis am 

saSualebas aniWebs Zalian did mniSvnelobas zedapirebis 

kvlevisas da Seucvlels xdis mas masalis zedapiris 0.5-1.0 nm-is 

siRrmidan informaciis misaRebad. aranakleb mniSvnelovania 

raodenobrivi oJe-analizis Catareba, romlis mizans warmoadgens 

mravalkomponentiani obieqtis, rogoricaa Cvens SemTxvevaSi 

friqciuli masalis zesadebi, SemadgenlobaSi Semavali 

sxvadasxva elementis atomTa koncentraciebis dadgena. cnobilia, 

rom elementTa oJe-signalebis intensivobebi da koncentracia 

urTierTdamokidebuli sidideebia.   

      friqciuli gadatanis procesebis kvlevisas oJe-

speqtroskopiis meTodi iZleva idealur Sedegs, radganac misi 

daxmarebiT SegviZlia movaxdinoT zedapirze nebismieri 

elementis identificireba 0,1 wamze nakleb droSi /46/. zedapiris 

oJe-analizi metad efeqturia ori gansxvavebuli cveTamedegi 

masalebis xaxunisas, rodesac gadatanis afskebi Zalian Txelia.  
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nax.7 rastruli eleqtronuli mikroskopis muSaobis sqema. 
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2.2 nanoforovani kompoziciebis damzadebis teqnologia 

2.2.1 sawyisi komponentebis kvleva da Semkvreli fisis 

modificireba Termomedegobis gazrdis mizniT  

      polimeruli friqciuli kompoziciebis damzadebis 

teqnologia iTvaliswinebs sawyisi komponentebis dafqvas, 

Srobas, Serevas, dawnexva-kompaqtirebas da sxva saxis 

gadamuSavebis im operaciebis gamoyenebas, romlebic aniWeben 

friqciul nakeTobas moTxovnad fizikur-meqanikur da 

saeqsploatacio Tvisebebs. sawyis komponentebad aiReba iseTi 

nivTierebebi, romlebic avlenen ra saWiro friqciul Tvisebebs, 

aseve warmoadgenen iaf Semvsebebs. aseTebia bariti, rkinis 

surinji, sxvadasxva liTonebis Jangeulebi, liTonuri fxvnilebi 

da maTi naqlibebi, grafiti, teqnikuri naxSirbadi da sxva.  

      friqciul masalebSi erT-erT ZiriTad ingredients 

warmoadgens bariti- mZime Spati, bunebrivi minerali, romelic 

Seicavs 80-98%-s uwylo bariumis sulfats – BaSO4.  igi 

warmodgenilia  TiTqmis yvela samuxruCe xundebis mwarmoebeli 

firmis kompoziciis recepturaSi sxvadasxva procentuli 

raodenobiT, rogorc cveTamedegi Semvsebi da xaxunis 

modifikatori. bariti minarevis saxiT SeiZleba Seicavdes kvarcs 

- SiO2, kalcits - CaCO3, dolomits - CaCO3∙MgCO3 da hematits - 

Fe2O3. baritis koncentrati warmoadgens TeTri feris fxvnils 

(dafqvis Semdeg) 5-6 mkm zomis nawilakebiT da nayari simkvriviT 

2500-2650 kg./m3. Termiuli Tvisebebidan aRiniSneba is, rom 750˚C-

ze saerTo masis danakargebi ar aRemateba 3-3,5%-s, xolo 1000˚C-

mde gacxelebisas masis cvlileba praqtikulad ar xdeba. rac 

ufro dispersiulia bariti, miT metia misi adhezia polimerTan. 

baritis Seyvana friqciul masalebSi iwvevs maTi anaglejisadmi 

mdgradobis gazrdas, amaRlebs da astabilizirebs xaxunis 

koeficients da amaRlebs maT cveTamedegobas. bariumis 

sulfatis Semcvelobis cvlileba koncentratSi 83-92%-is 

farglebSi ver axdens gavlenas masalis friqciul Tvisebebze, 

xolo 80%-ze naklebi Semcveloba arasasurvelia, romlis dros 
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SO2–is % raodenoba SesaZloa 4,5%-s aRwevdes. ar aris aseve 

sasurveli, rom koncentratis tenianoba 1%-ze meti iyos, radgan 

es iwvevs friqciuli masalis fizikur-meqanikuri da 

tribologiuri Tvisebebis gauaresebas, amitom baritis Sroba 

unda movaxdinoT 100-120˚C-ze 4-6 saaTis ganmavlobaSi, raTa teni 

movaSoroT.  

      samuSaoSi sawyis komponentad gamoyenebul iqna 

adgilobrivi warmoebis bariti Cordis sabadodan (raWa, onis 

raioni), romelic cnobilia bariumis sulfatis didi raodenobis 

SemcvelobiT- 85-95%. saqarTveloSi didia baritis maragebi, igi 

20 milion tonas aRemateba.  

      nanoforovani friqciuli masalis miRebis mizniT 

samuSaoSi gamoyenebul iqna saqarTvelos nedleulis 

warmomadgeneli – qisaTibis (axalcixe) diatomiti amorfuli 

kaJmiwis – SiO2-is 96%-is SemcvelobiT.  

      diatomiti TeTri an Ria moyviTalo feris mikroskopiuli 

sididis diatomebisa da wyalmcenareebis narCenebisagan 

warmoqmnili danaleqi qanebis mineralia /47/. diatomitis garsebi, 

romlebic ori ganapobismagvari naxevrisgan Sedgeba (berZnulad 

– diatome gapobas niSavs), Seicavs amorful kaJmiwas da qmnis 

rbil, msubuq da forebian TeTri feris qans – diatomits. misi 

moculobiTi masa mSral mdgomareobaSi icvleba 800-900 kg/m3-is 

farglebSi, forianoba 85%-ia da wyalSTanTqma 150-%-s aRwevs. 1 

sm3 diatomiti Seicavs 10 ml calamde diatomitis ConCxs. 

bunebriv mdgomareobaSi diatomitis tenianoba 75%-s aRwevs. misi 

gamoSroba kompoziciaSi Seyvanamde tardeba 100-120˚C-ze.  

      diatomitis ZiriTadi qanmaSeni mineralia, rogorc 

avRniSneT, kaJmiwa SiO2∙nH2O hidratuli wyliT, romlis 

procentuli raodenoba 3-8% farglebSia da romlis mocileba 

SesaZlebelia mxolod 500˚C-ze gacxelebiT, 600-700˚C-ze iwvis 

masSi Semavali organuli minarevebi, magram ise, rom misi 

moculobiTi masa ucvleli rCeba. ucxoeTis diatomitis 
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sabadoebis SemadgenlobaSi amorfuli kaJmiwis Semcveloba 70-

94% farglebSia da qarTuli qisaTibis diatomiti am maCvenebliT 

bevrad sjobnis maT da igi erT-erTi saukeTesoa msoflioSi da 

sayovelTaod cnobilia.  

 

 

nax.8.  qisaTibis sabadodan (axalcixe) aRebuli diatomitis nimuSis 

Semadgeneli nawilakebis rem gamosaxuleba: a) Ethmodicus gazellae - tipis 

nawilakebi, b) Gyrosigma attenuatum – tipis nawilaki; 

 

      nax.8-is a da b gamosaxulebebze moyvanilia Cvens mier 

sawyis masalad aRebuli TeTri diatomitis fxvnilis 

Semadgeneli nawilakebis mem gamosaxulebebi. statistikurma 

dakvirvebam aCvena, rom diatomitis sawyisi nedleuli Sedgeba 

85÷90% nax.8 a-ze naCvenebi radialuri agebulebis unaWdevo 

sagdulebiani tipis (Ethmodicus gazellae) kaJovani javSnebisagan, 

romelTa diametris zomebi meryeobs 4 mkm-dan 10 mkm–mde; 

javSnebi warmoadgenen Txel (sisqiT 100÷200 nm) diskoebs, 

romlebic Tavis mxriv TiToeuli Seicavs ramodenime aseulamde 

gamWol, wriuli kveTis cilindrul forebs diametrebiT 100÷500 

nm, radialurad zusti geometriuli ganlagebiT. garda 

aRniSnuli tipis javSnebisa, nedleuli Seicavda gansxvavebuli 

tipis diatomitis nawilakebs jamuri raodenobiT araumetes 

10÷12%-isa, romlebic agreTve nanoforovani aRnagobisa iyo (nax.8 

b).  
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      friqciuli masalebis siTbogamtareblobis gazrdis mizniT, 

rac uzrunvelyofs xaxunis zedapirze ganviTarebuli 

temperaturis Semcirebas friqciuli masalebis kompoziciaSi 

SehyavT sxvadasxva liTonis fxvnilebi, rogorebicaa spilenZis 

tyviis, rkinis da sxva. zogjer SehyavT TiTberis an brinjaos 

naqlibi, zogjer TiTberis an spilenZis daqucmacebuli mavTuli, 

romelTa diametri 0,15-0,2 mm-ia. am jgufis friqciul Semvsebebs 

moeTxovebaT, rom ar Seicavdnen ucxo minarevebs da zeTovan 

nivTierebebs.  

      samuSaoSi Cvens mier gamoyenebul iqna spilenZis fxvnili, 

romlis marcvlebis zoma 4-6 mkm-ia, spilenZis fxvnilis Sroba 

xdeboda 95-100˚C-ze, es aucilebelia, raTa aorTqlebul iqnas 

adsorbirebuli sineste marcvlebis zedapiridan.  

      samuSaoSi erT-erT komponents da xaxunis modifikators 

warmoadgenda teqnikuri naxSirbadi, cnobilia teqnikuri 

naxSirbadis gamoyeneba friqciul masalebSi, rogorc 

xmaurCamxSobi, maRaltemperaturuli da xaxunis koeficientis 

damwevi Semvsebi /48/. miRebis meTodiT ganasxvaveben teqnikuri 

naxSirbadis sxadasxva tips, rogoricaa Termiuli, acetilenuri, 

Rumlis, lampis da arxis /49/. isini erTmaneTisagan 

gansxvavdebian nawilakebis zomiT da kuTri zedapirebiT. maTi 

nawilakebis diametri 10-180 nm-is farglebSia.  mag. TM-30 markis 

Rumlis  teqnikuri naxSirbadis nawilakebis diametris zoma 23 

nm, magram igive Rumlis Corax L markis nawilakebis – 100 nm. 

aRmoCnda, rom Rumlis teqnikur naxSirbads axasiaTebs 

wvrilforianoba, sadac forebis zoma 2 nm-is farglebSia, roca 

acetilenuri teqnikuri naxSirbadi praqtikulad forebs ar 

Seicavs, Tumca igi iseTive maRalstruqturuli nivTierebaa, 

rogorc Rumlis teqnikuri naxSirbadi. es maRalstruqturuloba 

ganapirobebs imas, rom teqnikur naxSirbads gaaCnia unari 

warmoqmnas meoradi struqturebi, agregatebi - Tanamedrove 

terminologiiT -  klasterebi, romlebsac SeuZliaT polimeris 

mTel moculobaSi araTanabrad gadanawildnen da uzrunvelyon 



71 

 

igive raodenobis grafitis nawilakebze ukeTesi 

eleqtrogamtarebloba romelTac es Tviseba ar gaaCniaT e.i. ar 

gaaCniaT erTmaneTze mibmuli klasterebis warmoqmnis unari.  

      Cvens mier kvlevis obieqtad aRebul iqna Rumeluri ПМ-15 

markis (ruseTi) teqnikuri naxSirbadi, romlis saerTo kuTri 

zedapiri Seadgenda 150 m2/g-s, mikroforebis fardobiTi 

zedapiris 36%-iT, kuTri eleqtrowinaRobiT 5∙10-3 omi.m da 

nawilakebis 30 nm-is zomiT.  

      samuSaoSi xaxunis koeficientis efeqtur modifikatorad 

gamoyenebul iqna aseve korundis – Al2O3-is fxvnili, romelTa 

marcvlebis zoma 0,5-1 mkm-is toli iyo.  

      xaxunis erT-erT modifikatorad gamoyenebul iqna 

bazaltis uwyveti boWko, romlis warmoeba arsebobs q.rusTavSi. 

bazaltis boWko cnobilia, rogorc polimeruli kompozitebis 

erT-erTi saukeTeso Semvsebi da maarmirebeli ingredienti /50/. 

magram igi aseve aris azbestis Semcvleli polimerul friqciul 

kompozitebSi /23,37,51/.  

      samuSaoSi gamoyenebul iqna q.marneulis adgilmdebareobis 

bazaltisagan warmoebuli bazaltis uwyveti boWko, romlis 

diametri 15-17 mkm-is farglebSia da friqciuli masalis 

kompoziciaSi gamoiyeneba diskretulad daWrili boWkos saxiT, 

romelTa sigrZe 5-7 mm-ia. unda aRiniSnos, rom marneulis 

bazalti saqarTvelos sxva adgilmdebareobis bazaltebidan 

gamoirCeva ara mxolod rkinis oqsidebis naklebi raodenobiT, 

aramed Semadgeneli komponentebis optimaluri TanafardobiTa 

da mineralogiuri da qimiuri Semadgenlobis stabilurobiT /52/. 

marneulis bazaltis boWkos axasiaTebs maRali fizikur-

meqanikuri Tvisebebi, misi meqanikuri simtkice wyvetaze 210 mpa-ia, 

igi gamoirCeva maRali tutemedegobiT da TermomedegobiT - 

700˚C-ze, rodesac sxva, mag. bolnisis an aspinZis raionebis 

bazaltebisgan miRebuli uwyveti boWkos Termomedegoba 570˚C-s 

ar aRemateba /53/.    
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     samuSaoSi kompoziciebis Termomedegobis gazrdis mizniT 

gamoyenebul iqna rkinis fosfatis fxvnili, romelic emateboda 

Sixtas mcire raodenobiT (1-3 mas.%). saerTod, cnobilia 

fosfatebis da fosforis Semcveli danamatebis gavlena 

friqciuli masalebis fizikur-meqanikur da tribologiur 

Tvisebebze. magaliTad, germanul patentSi /63/ aRwerilia 

friqciuli kompoziciuri masalis misarTi, romelic Seicavs 

titanisa da TuTiis sulfidebs da amave dros Mg, Ca, B, Al, Cu an 

Fe-is fosfatebs (ra Tqma unda yvelas erTad ara). es misarTi 

aumjobesebs friqciuli masalis tribologiur Tvisebebs da 

cveTamedegobas. patentSi xazgasmulia, rom liTonebis 

sulfidebi warmoadgenen cveTis sawinaaRmdego komponentebs, 

xolo gamoyenebuli fosfatebi aumjobeseben masalis 

Termomedegobas.  

      saqarTveloSi rkinis fosfatis fxvnils awarmoebs Sps 

“gareji”. is aris moyviTalo – moTeTro feris fxvnili, romlis 

kuTri wona 1560 kg/m3-ia, Termomedegoba gamyarebis Semdeg 1200˚C-

s aRemateba.  

      samuSaoSi SemuSavebuli friqciuli masalebis Semkvrel 

fisad SerCeul iqna rezoluri fenolformaldehiduri fisi, 

rogorc erT-erTi yvelaze warmoebadi, iafi da amave dros sxva 

fisebTan SedarebiT maRaltemperaturuli nivTiereba.  

      fenolformaldehiduri fisebi gamoirCevian kargi 

eleqtrosaizolacio TvisebebiT, qimiuri mdgradobiT da 

meqanikuri simtkiciT /54/.  

      gamyarebuli fenolformaldehiduri fisebi (fff) floben 

Tvisebas gauwion winaaRmdegoba maRali temperaturebis 

zemoqmedebas: 200-250˚C-sas ramdenime dRes, 250-500˚C-ze ramdenime 

saaTs, 1000-1500˚C-ze ramdenime wams. maTi rRveva (daSla) 300˚C-is 

Semdeg iwyeba. swored am Tvisebebma ganapirobes fff-s farTo 

gamoyeneba friqciuli masalebis warmoebaSi. Zalian xSirad fff-

sTan erTad Semkvrelad ixmareba kauCukebi, romlebic marTalia 
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amaRleben masalis xaxunis koeficients, magram mcirdeba maTi 

temperaturamedegoba.  

 fenoluri fisebis TviTaalebis temperatura 450-550˚C, 

afeTqebis temperature 150-250˚C. fisebi unda inaxebodes ara 

umetes 25˚C-isa. maTi Senaxvis vada 3-5 Tvea, amis Semdeg unda 

xdebodes misi Semowmeba saTanado standartis Sesabamisad.  

      fenoluri fisebis polikondesaciis Sedegad miRebuli 

didi simsxos moyviTalo feris namsxvrevebis dafqva xdeba 

sxvadasxva saxis wisqvilebSi, zogjer ki dafqva da Sereva 

mimdinareobs erTdroulad mag. rotoruli tipis SemrevSi. 

fenoluri fxvnilebi gamoyofen mtvers, romlis zRvruli 

dasaSvebi koncentracia 6 mg/m3-ia. mtvris aalebis temperatura 

410˚C, xolo TviTaalebis temperatura 520˚C. 

      fff axasiaTebs kargi SeTavsebadoba sxvadasxva saxis 

rogorc araorganuli, aseve organuli saxis SemvsebTan, 

gamoirCevian teqnologiurobiT da siiafiT. 

      samuSaoSi gamoyenebuli rezoluri fff-isgan miiReba 

masalebi maRali siTbomedegobiT, simagriT da simtkiciT. 

rezoluri fisi Termoreaqtiulia. igi warmoadgens xazobrivi da 

gantotvili oligomerebis narevs molekuluri woniT 400-dan 

1000-mde. misi saerTo formulaa: 

H[-C6H2(OH)CH2_]m [-C6H3(OH)CH2-]nOH

CH2OH

_

 

     gacxelebisas rezoli gadadis jer rezitolSi da Semdeg 

rezitSi, romelic warmoadgens gamyarebul aralRobad da 

araxsnad produqts.   

      fenoluri fisebis msoflio warmoebis wliuri zrda 4-5%-

ia maTi mravalmxrivi gamoyenebis gamo. amave dros xdeba am 

fisebis Tvisebebis gaumjobeseba maTi modificirebis sxvadasxva 

meTodebisa da xerxebis gamoyenebiT /54-60/, rac iwvevs maT bazaze 

SemuSavebuli masalebis saeqspluatacio Tvisebebis amaRlebas.  
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      Termiul Tvisebebs bevrad aumjobesebs fenolur fisebSi 

gardamavali liTonebis Jangeulebis, amorfuli boris da 

siliciumis Seyvana /55/. aRmoCnda, rom pirolizis dros 

warmoiqmneba am liTonebis sakmao raodenobis karbidebi, 

romlebic maRla sweven fenoplastebis Termomedegobas. am 

Tvisebas bevrad aumjobeseben aseve borSemcveli antipirenebi da 

sxvadasxva liTonis bazaze miRebuli fosfatebi. samuSaos 

avtorma /57/ rezolur fenolforaldehidur fisTan SeaTavsa 

siliciumorganuli oligomeri K-9 da SeimuSava pres-

nivTierebebi, romelTac bevrad gauumjobesdaT Termiuli da 

dieleqtrikuli Tvisebebi. magram yvelaze efeqturi aRmoCnda 

silanuri apretebis damateba fenolur fisebis bazaze 

SemuSavebul kompozitebSi /55/, romelTa procentuli raodenoba 

ar aRemateba 5%-s.  

      silanuri apretebi warmoadgenen siliciumis monomerul 

SenaerTs, romelTac gaaCniaT unikaluri unari qimiurad 

daakavSiros polimeruli SemakavSirebeli araorganul 

nivTierebebs, rogorebicaa mina, mineraluri Semvsebebi, liTonebi 

da maTi Jangeulebi /56/. maTi Seyvana iwvevs yvela saxis 

polimeruli kompozitebis fizikur-meqanikuri Tvisebebis 

gaumjobesebas. silani, romelic metwilad siTxis saxiT 

arsebobs, gamoiyeneba an Semvsebis uSualod damuSavebiT, an 

pirdapir SehyavT polimerSi (integraluri narevis meTodi). am 

SemTxvevaSi is migracias ganicdis Semvsebis zedapirTan 

Cveulebrivi Serevis da eqsploataciis dros. silanur apretebs 

gaaCniaT reaqciis unaris mqone jgufebi, romlebic uerTdebian 

minis an sxva Semvsebis zedapirs, amasTanave organuli 

funqcionaluri jgufebi, romlebic warmoqmnian qimiur kavSirebs 

polimerTan. 

Tavisufali silanuri jgufebi arseboben an aseTi saxiT 

     
R-Si-OH

_
_  

  an 
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_
_

R-Si-OM
  

saxiT, sadac M=Na,K e.i. wyalbadi Canacvlebulia 

tutemetaliT /59/. Semvsebis zedapirze Zalian bevri silanoluri 

jgufebis arsebobisas warmoiqmneba erTgvarovani hidrofoburi 

afski, romelic ar sveldeba wyliT. sawyis mdgomareobaSi 

SesaZloa maapriterebeli agenti ar Seicavdes silanolur 

jgufebs. maT magivrad xSirad apretis SemadgenlobaSi SehyavT 

jgufebi, romlebic advilad hidrolizdeba wyliT, romelic 

adsorbirebulia minis zedapirze. maT miekuTvneba qlorsilanuri 

jgufebi, magaliTad, viniltriqlorsilanSi  

CH2=CH-SiCl3  

an ubralod silanuri, magaliTad, polimerul apretSi 

 

- O-Si -

C2H5

H

_
_

n
, romelic warmoadgens 

polieTilhidrosiloqsanur siTxes. am nivTierebebis 

hidrolizis dros warmoiqmneba silanoluri warmoebulebi, 

romlebic Semdgom xels uwyoben Semvsebis molekulebTan 

mierTebas.  

      apretebi efeqturebi arian maSin, Tu maT polimerTan 

mtkice kavSirTan erTad gaaCniaT erTgvari moZraobis unari 

Semvsebis zedapirze /59/. swored es Zvradoba aniWebs polimerul 

kompoziciur masalebs Tvisebas gauZlon sakmaris daZabulobebs, 

romlebic aRiZvreba masalis temperaturuli cvlilebisa da 

meqanikuri zemoqmedebis dros, maT Soris xaxunis drosac. 

bolos SeiZleba iTqvas, rom siliciumorganuri apretebi, igive 

silanebi warmoadgenen saukeTeso apretebs polieTerebis, 

epoqsiduri da fenolformaldehiduri fisebisaTvis.  

      naSromis avtoris da sxvaTa mier /60/ naCvenebi iqna maT 

mier sinTezirebuli TienilSemcveli siliciumorganuli 

naerTebis, rogoricaa  ,  – dihidroqsilmeTilTienilsiloqsani  
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da oligotetroli, gavlena grafitiT Sevsebuli fenolform-

aldehiduri kompoziciuri masalis Tvisebebze. gamoirkva, rom am 

modifikatorebis (apretebis) 2 mas.%-iT Seyvanam gaaumjobesa 

miRebuli kompozitebis fizikur-meqanikuri da tribologiuri 

Tvisebebi. maTi simtkice kumSvaze gaizarda 27%-iT, xaxunis 

koeficienti 0,2-dan Semcirda 0,1-mde, cveTamedegoba gaizarda 5-

jer, xolo Tujis kontrsxeulze 1,88 m/wm siCqaris 

ganviTarebisas moxaxune zedapirebis temperatura ar 

aRemateboda 110˚C, rodesac aramodificirebuli kompozitis 

SemTxvevaSi igi 200˚C–s Seadgenda 0,2 xaxunis koeficientis 

dros.  

       naSromis avtorma prof. o.mukbanianTan erTad /61/ 

Seviswavle tetraeToqsisilanis warmoebis narCenis, rogorc 

maapretirebeli danamatis gavlena fenolformaldehiduri fisis 

da saqarTvelos bunebrivi nedleulis – klinoptilolitis 

bazaze miRebuli kompoziciuri masalis fizikur-meqanikur da 

tribologiur Tvisebebze. aqac aRmoCnda, rom am tipis silanuri 

apretis 3-5 mas.%-iT Seyvana mkveTrad aumjobesebs kompozitis 

tribologiur Tvisebebs klinoptilolit-grafitis binaruli 

Semvsebis gamoyenebisas. am dros xaxunis koeficienti 1,88 m/wm-Si 

siCqarisas Semcirda 3-jer, cveTamedegoba gaizarda 6-jer da am 

siCqareze ganviTarebuli temperatura Semcirda 40˚C-iT.  

       saintereso samuSaoebi Cavatare novolaquri 

fenolformaldehiduri fisis modificirebis mizniT /62/ epoqsi 

jgufebis Semcveli polifenilsilsesqvioqsanebiT (rTuli 

Semadgenlobis silanebiT), romlis dros warmoiqmneba fisis 

blok-Tanapolimeri. dadginda, rom am silanis oligomeris 

molekulis sigrZis gazrda iwvevs miRebuli masalis 

Termostabilurobis mkveTr gazrdas. es metad mniSvnelovani 

Sedegia, radgan friqciuli masalebis samrewvelo warmoebisas, 

xSirad rezoluri fisis magivrad Semkvrelad iyeneben 

novolaqur fiss, im gansxvavebiT, rom mis gasamyareblad 

damatebiT ixmareba urotropini.     
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     samuSaoSi friqciuli kompoziciuri masalis Semkvreli 

rezoluri fenolformaldehiduri fisis mamodificirebel 

apretad gamoyenebul iqna rusuli warmoebis 

oligodieTilsiloqsanebis warmomadgeneli ПЭС-5 markis 

(polieTilsiloqsani-5), romelic warmoadgens sxvadasxva 

siloqsanuri oligomerebis narevidan sinTezirebul siTxes, 

rogorebicaa: 

(C2H5)2Si(OC2H5)2 ,  (C2H5)2SiCl2  

 da sxva. am siTxis saSualo molekuluri masa nM  SeiZleba 1300-

2000-is toli iyos /63/. misi absoluturi simkvrive 990-1020 kg/m3-s 

farglebSia, kinematikuri siblante V-200-500 mm2/wm, xolo 

gamyarebis temperatura – minus 96˚C. es siTxe kargad ixsneba 

organul gamxsnelebSi da kargad SeTavsebadia mineralur 

zeTebTan, amitom igi farTod gamoiyeneba zeTebis da sazeTebis 

fuZed. misi rTuli Semadgenloba, romelic warmoadgens 

sxvadasxva polimerizaciis da gansxvavebuli agebulebis 

molekulebis narevs – sufTa xazobrividan gantotvebulebamde 

da cikloxazobrivamde, ganapirobebs mis specifikur kompleqsur 

fizikur Tvisebebs. mas axasiaTebs kargi dieleqtrikuli 

Tvisebebi, romelic ar aris damokidebuli eleqtruli denis 

sixSireze. gamoirkva, rom saerTod oligoorganosiloqsanebis 

damateba navTobur zeTebze xaxunisas iwvevs maT daSlas or 

zedapirul fenad: pirveli aris Zalian magari, romelic Seicavs 

Si–s, xolo meore – oqsidebis rbili fena, romelic asrulebs 

sazeTis funqcias. SesaZlebelia aseve sxva Semadgenlobis 

qimiuri SenaerTis warmoqmna, romelic amcirebs xaxuns. ПЭС-5, 

rogorc oligoorganosiloqsanebis erT-erTi saukeTeso 

warmomadgeneli gamoiyeneba, rogorc apreti – adheziis 

promotori da rogorc Termomedegobis amwevi modifikatori 

fenoluri fisebis bazaze SemuSavebuli polimeruli 

kompoziciuri masalebis SemTxvevaSi /64/.  
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      axali friqciuli masalebis SemuSavebisas toluolSi 

gaxsnili siloqsanuri siTxe 1-3 mas.%-is raodenobiT mSral 

masaze gaTvliT emateboda uSualod fenolformaldehiduri 

fisis fxvnils an kompoziciis romelime mineralur fxvnils, mag. 

barits da xdeboda misi Semdgomi gaSroba gamxsnelis 

aorTqlebis mizniT, fisis SemTxvevaSi 70˚C temperaturaze, 

xolo mineraluri Semvsebis SemTxvevaSi 90-100˚C temperaturaze.   

 

2.2.2 friqciuli kompozitebis kompaqtirebis (damzadebis) 

teqnologia 

      polimeruli kompoziciuri produqciis damzadeba, romel 

sferoSic ar unda gamoiyenebodes is, moicavs damzadebis 

erTidaigive ZiriTad proceduras: kazmis momzadebas, formirebas 

da wneviT (civad an cxel) kompaqtirebas. amasTan saboloo 

produqtis masalis Tvisebebi mniSvnelovnadaa damokidebuli 

fxvnilovani teqnologiuri procesis pirvelive etapisagan – 

kazmis momzadebisagan, romelic Tavis mxriv moicavs 

kompoziciaSi Semavali komponentebis daqucmacebas, dafqvas, 

homogenizacias da Serevas /66/. cxadia agreTve, rom saboloo 

produqtis – friqciuli kompoziciuri masalisagan miRebuli 

namzadis Rirebuleba, misi sasurveli saeqsploatacio 

parametrebis uzrunvelyofis pirobebSi, ganisazRvreba namzadis 

masalis Semadgeneli komponentebis nedleulis 

xelmisawvdomobiT, siiafiT, misi masalad gardaqmnis 

teqnologiis simartiviT da agreTve kazmidan masalis misaRebad 

saWiro teqnologiuri procesebis energotevadobiT, 

xangrZlivobiTa da TviT teqnologiisa da misi 

ganxorcielebebis sirTulis doniT. amitom, axali 

komponentebisa da maTi proporciebis Sedgena, romelic 

teqnologiuri procesis Semdgom etapze uzrunvelyofs 

kompoziciuri kazmis kompaqtirebis Sedegad miRebuli 

friqciuli masalis fizikur-meqanikuri da tribologiuri 

Tvisebebis gaumjobesebas, teqnologiis gamartivebas, gaiafebas 
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da ekologiur usafrTxoebas, amitom es  aris da yovelTvis 

iqneba mniSvnelovani teqnikuri amocana.  

      samuSaoSi SemuSavebuli friqciuli masalebis 

komponentebis ganxilvisas aRiniSna, rom am masalebisaTvis 

ZiriTad nedleuls warmoadgenen saqarTvelos mineraluri 

nedleulis warmomadgenlebi – bariti da forovani diatomiti, 

maTi erToblivi procentuli raodenoba kazmSi SesaZlebelia 65-

70 mas.% aRwevdes, xolo danarCen komponentebs warmoadgens 

spilenZis, teqnikuri naxSirbadis fxvnilebi da Semkvreli fff, 

romelic Semosatani iqneba saqarTveloSi mezobeli qveynebidan 

(azerbaijani, ukraina, TurqeTi, irani). yvela es qveyana awarmoebs 

fenolur fisebs, ruseTis CaTvliT, saidanac SesaZloa 

gaZnelebul iqnes maTi Semotana. rogorc cnobilia fenoluri 

fisebi maRalmwarmoebluri polimerebis rangs miekuTvnebian, 

maTi msoflio warmoeba yovelwliurad 4-5%-iT izrdeba. 

warmoadgenen iaf produqts, magram msoflio ekonomikuri 

krizisis pirobebSi, SesaZloa gaZvirebul iqnes, radgan igi 

ZiriTadad navTobisagan miiReba. garkveuli periodi 

fenolforaldehiduri fisis warmoeba aTvisebuli iyo 

q.rusTavis sawarmoo gaerTianeba “azotSi” kaprolaqtamis 

warmoebis narCenebis bazaze. uwyveti bazaltis boWkos sawarmo 

muSaobs q.rusTavSi, sadac xdeba misi diskretizacia specialur 

damWrel aparatze, miRebuli Zafis sigrZe 15-20 mm-ia. am sigrZis 

regulireba (sigrZeSi Semcireba) SesaZlebelia vibraciuli an 

planetaruli tipis wisqvilebis gamoyenebiT, romlebic 

erTdroulad warmoadgenen kompoziciebis ingredientebis 

rogorc damfqvav, aseve Semrev mowyobilobebs da maTi 

upiratesoba sxva tipis SemrevebTan (mag. burTulovan 

wisqvilebTan) aris: Serevis mcire dro, homogenurobis miRwevis 

maRali done, dabali xmaurianoba da energetikuli mcire 

danaxarjebi.    

      saqarTveloSi maRali xarisxis barits awarmoebs firma 

“morioni kkm”, xolo diatomitis warmoeba Sewyda gasuli 
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saukunis bolos (diatomitis dafqvili produqti miiReboda 

q.TbilisTan axlos mdebare sawarmoSi). aqve unda aRiniSnos, rom 

diatomitis warmoeba ar Semwydara somxeTSi, romelic dRemde 

awarmoebs da Tavisi produqcia gaaqvs msoflios 21 qveyanaSi. 

samuSaoSi friqciuli masalebis SemuSavebisas, rogorc aRiniSna 

gamoviyeneT qarTuli warmoebis qisaTibis diatomiti, Tumca 

SesaZlebelia friqciuli sadebebis qarxnuli wesiT gamoSvebis 

SemTxvevaSi, qarTuli nedleulis droebiT Semcvlelad 

gamoyenebul iqnas somxuri diatomiti, magram masSi SiO2–is 

naklebi Semcvelobaa.  

 

 

 

nax.9. diatomitis fxvnilis dafqvili nawilakebis rem gamosaxuleba: a) 

sabados bunebriv nimuSSi dafqvamde b) planetarul wisqvilSi 

dafqvili da gacrili fxvnilis nimuSSi. 

       

 

  nax.9-ze mocemulia daufqveli da planetarul wisqvilSi 

dafqvili diatomitis fxvnilis nawilakebis rem gamosaxulebebi. 

planetarul wisqvilSi diatomitis nedleulis daqucmacebuli 

natexebis (~5mm) dafqvisas ramdenime wuTis ganmavlobaSi xdeboda 

diatomitis javSnis diskosebri nawilakebis (nax.9.a.) dafSvna da 

dafqvili masalis gacriT vRebulobdiT ultradispersiul 

fxvnils, Semdgars firfitisebri, perimetrze dakbiluli 
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nawilakebisagan, zomebis dispersiiT 0,2-5 mkm. amasTan, rac 

yvelaze mniSvnelovania, fxvnilSi yoveli nawilaki Seicavda 

saSualod erTidan aTeulamde gamWol nanoforas diametrebiT 

100-500 nm (nax.9b). cxadia aseTi morfologiisa da zomebis mqone 

nawilakebisagan Semdgari ultradispersiuli fxvnilis ZiriTad 

ingredientad Seyvanam Cvens mier SemuSavebuli kazmis 

kompoziciaSi, am ukanasknels SesZina moculobis mWidrod 

Sevsebisa da advilad gamkvrivebis Tviseba, amitom aseTi 

kazmisagan maRali wnevis zemoqmedebiT cxlad kompaqtirebis 

arsebuli meTodiT damzadebuli samuxruWe xundis zesadebi 

masala xasiaTdeba mTels moculobaSi nanoforebis 

statistikurad Tanabari ganawilebiT teqnologiuri 

makroforebis praqtikulad ar arsebobisas.  

      friqciuli masalebis kompaqtirebis Semdgom etaps 

nedleulis momzadebis (Sroba-dafqvis) da dozireba-Serevis 

Semdeg warmoadgens dawnexva, Semdeg SesaZlebelia es procesi 

damTavrdes Termiuli da bolos meqanikuri damuSavebiT.  

      samuSaoSi, rogorc avRniSneT laboratoriul pirobebSi 

masalebis kompaqtireba mimdinareobda cxlad dawnexvis meTodiT 

50-80 mpa wneviT da 170-190˚C temperaturaze dayovnebiT da 

Semdgomi gacivebiT oTaxis temperaturamde, romelsac 

ganapirobebda laboratoriuli pirobebisaTvis gamoyenebuli 

pres-formebis konstruqciebi. saqarxno pirobebSi kompaqtireba 

mimdinareobs naxevradavtomatur an mTlianad avtomatur 

hidravlikur wnexebze, sadac teqnologiuri parametrebis igive 

pirobebSi miRebuli namzadis gaciveba ar xdeba mravalbudian 

presformaSi da cxlad wnexvisas garkveuli drois Semdeg 

(umetes wilad namzadis 1mm-is simaRlis mimarT 1 wuTis 

dayovnebiT) xdeba friqciuli sadebis (xundis) cxlad amoReba 

pres-formidan specialuri amomgdebis saSualebiT.  

      miRebuli xundebis damatebiTi TermodamuSaveba xdeba 

mxolod im SemTxvevaSi, Tu saWiroa meqanikuri daZabulobebis 

moxsna an siTbomedegobis gazrda. Tumca friqciuli xundebis 
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bevri mwarmoebeli firmebisaTvis xundebis TermodamuSaveba 

miRebulia, rogorc wamyvani teqnologiuri procesi. am 

SemTxvevaSi  sadebebi jer iwnexeba civad, Semdeg mcire drois 

periodSi iwnexeba cxlad (15-20 wuTis magivrad aiReba 2-3 wT.), 

amis Semdeg tardeba ukve aucilebeli teqnologiuri operacia – 

xundebis Termiuli damuSaveba 170-200˚C-is farglebSi 

specialur saventilacio sistemebiT aRWurvil RumelebSi 

avtomatizirebuli CatvirTva-gadmotvirTviT. Tu ganvixilavT am 

process, SegviZlia avxsnaT, rom masalis 2-3 wuTiT dawnexva 

sakmarisia mxolod imisTvis, rom Semkvrelma fisma ganicados 

struqturuli sivrciTi gakerva im donemde, rom man masala 

“daiWiros” gaformebul mdgomareobaSi, xolo Semdgom 

TermodamuSavebisas daasrulos gamyarebis is mTliani procesi, 

romelsac igi asrulebda cxlad dawnexvis pirobebSi, magram 

gamyarebisaTvis saWiro optimalur droSi. am meTodis 

upiratesoba mdgomareobs xundebis mwarmoeblurobis gazrdaSi 

da maT gaiafebaSi, Tumca cnobilia, rom miRebuli xundebis 

fizikur-meqanikuri Tvisebebi odnav gauaresebulia pirvel 

meTodTan SedarebiT. samuSaoSi friqciuli masalebis 

SemuSavebisas gamoyenebuli iqna pirveli meTodi.  

      laboratoriul pirobebSi miRebuli nimuSebisaTvis 

meqanikur damuSavebas – zedapirebis xexvas nulovan zumfaraze 

ganicdida yvela nimuSi maTi Semdgomi fizikur-meqanikuri da 

tribologiuri Tvisebebis testirebisaTvis. amiT vaRwevdiT 

gamosacdeli nimuSebis zedapirebis paralelurobas, rac 

aucilebeli piroba iyo, rogorc Zelakebis kumSvaze 

gamocdebisaTvis, aseve milisebisaTvis moxaxune kontrsxeulis 

zedapirisaTvis kontaqtirebisa da mixexvis pirobebis 

gaumjobesebis mizniT. saqarxno pirobebSi samuxruWe xundebis 

meqanikuri damuSavebisaTvis gamoiyeneba yvela is Cveulebrivi 

danadgari, romlebic ixmareba fenoplastebis gadamuSavebis 

dros. es iTvaliswinebs nawiburebis da nazolebis moxsnas, 

sadebis gadaxexvas da sxva /67/.    
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2.3 xaxunis koeficientis modifikatorebis gavlena 

SemuSavebuli masalebis fizikur-meqanikur da 

tribologiur Tvisebebze 

     SemuSavebuli friqciuli masalebis kazmis optimizebuli 

kompoziciebis eqsperimentulad dadgenis Semdeg, samuxruWe 

xundebis warmoebis miRebuli teqnologiuri ciklis gamoyenebiT 

damzadda nanoforovani kompoziciebis sacdeli nimuSebi 

laboratoriuli sastendo fizikur-meqanikuri da tribologiuri 

testirebisaTvis xaxunis manqana ИМ-58-ze 0,7 mpa datvirTvisas.  

      Cvens mier SemuSavebuli friqciuli masalebis fizikur-

meqanikuri da tribologiuri Tvisebebi mocemulia cxrilSi 2.  

cxrili #2. 

SemuSavebuli friqciuli masalebis fizikur-meqanikuri da 

tribologiuri Tvisebebi.  
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cxrili #2-dan Cans, rom yvela modificirebuli friqciuli 

masalis simtkice kumSvisas maRalia aramodificirebul masalaze. 

simtkicisa da tribologiuri TvisebebiT gamorCeulia silaniT 

da teqnikuri naxSirbadiT modificirebuli masala. misi  

simtkice kumSvaze 185 mpa-s tolia, mSrali xaxunisas misi 

temperaturuli muSa diapazoni gazrdilia 600°C-mde da am 

eqstremalur pirobebSi da misi cveTis intensivoba ar aRemateba 

2,5-10-9, romelic Cvens mier axsnil iqna naxSirbadis 

nanonawilakebis mier perkolaciuri siTbogamtari arxebis 

warmoqmniT, romelTa arseboba dadebiTad moqmedebs mSrali 

xaxunisas. teqnikuri naxSirbadis Seyvanam odnav daswia qveviT 

misi xaxunis koeficienti, magram stabiluria kvlevis mTel 

diapazonSi (0.33-0.37). aseTive efeqturobiT gamoirCeva mxolod 

silaniT modificirebuli kompozitic: 600°C temperaturaze misi 

xaxunis koeficienti aseve izrdeba 0,47 mniSvnelobamde, magram 

misi cveTamedegoba am eqstremalur pirobebSi 2,5-jer naklebia. 

rac Seexeba aramodificirebul da rkinis fosfatiT 

modificirebul masalebs, isini damakmayofileblad muSaoben 

350°C-mde, 380°C-ze maTi xaxunis koeficienti mkveTrad ecema (ix. 

nax.11.), gansakuTrebiT aramodificirebulis da am temperaturaze 

cveTis intensivoba yvelaze maRalia. maT ar gaaCniaT unari 

realizeba gaukeTon tribologiur Tvisebebs 400˚C-s zemoT. aq 

SeiZleba iTqvas, is rom 380°C temperaturaze yvela masalis, 

aramodificirebuli da modificirebulis cveTamedegoba 

SesabamisobaSia standartiT moTxovnilebebTan, rasac Cvenis 

azriT ganapirobebs diatomitis Semcveloba da misi nanoforebis 

arsebobiT ganpirobebuli cveTis meqanizmi, romelic aRwerilia 

e.quTelias xelmZRvanelobiT Catarebul samuSaoebSi /44,45,68,69/.  

     nanoforovani friqciuli kompoziciebis xaxunisa da cveTis 

meqanizmis arsi Semdegia:  
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1. xaxunis pirvel stadiaze xdeba Tujis kontrsxeulis 

zedapiris polireba Tavisufali submikronuli nawilakebis 

saSualebiT.  

2. paralelurad friqciuli masalis zedapirze formirdeba 

cveTis produqtis _ nanonawilakebisagan Semdgari 

ramdenimemikroniani fxvnilis Sua Sris fena afskis saxiT, 

romelsac Tavis mxriv zedapirze submikronuli forebis 

TviTmowesrigebis niSnebi gaaCnia.  

3.  nanofxvnilis Sua Sris “afskis” formirebis gavlena 

cveTis meqanizmis xasiaTze Semdegia:   

  a) xdeba ZiriTadi masalisagan ganuwyvetlivi Sevseba 

xaxunisas, rogorc nimuSis zedapirze, aseve liTonuri 

kontrsxeulis zedapirze “dagruntvis” saxiT am zedapiris 

simqiseebze.  

  b) xdeba zedapirebis sakontaqto farTebis mkveTri zrda 

da amis Sedegad kuTri wnevis Semcireba, romlis dros 

maRal doneze SenarCunebulia Zvris winaaRmdegobis Zalebi 

“denad” fxvnilSi nanonawilakebs Soris Sinagani xaxunis 

gamo, ris gamoc mkveTrad mcirdeba liTonuri 

kontrsxeulis cveTa.  

rac Seexeba modifikatorebs, am SemTxvevaSi silani 

(polieTilensilani-5) zrdis Semkvreli fisis Termomedegobas, 

rac SemdgomSi xaxunisas dadebiTad aisaxeba ukeTesi friqciuli 

afskis warmoqmniT da bevrad aumjobesebs aRniSnul samuSaoebSi 

aRwerili cveTis meqanizmis realizacias. rac Seexeba teqnikur 

naxSirbads, am maRaldispersuli amorfuli nivTierebis 

nawilakebis 120 nm zomis saxiT Seyvana Cvenis azriT warmoqmnis 

siTbogamtar “siTbogamwov” perkolaciur arxebs kompozitis 

mTel moculobaSi da es arxebi diatomitis nanoforebTan da 

nanofxvnilis Sua SresTan erTad uzrunvelyofen samuxruWe 

sistemis efeqtur muSaobas 600°C temperaturamde da xaxunis 

koeficientis stabilurobas.  
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perkolaciuri arxebis arsebobas bevrad ganapirobebs, is 

rom sayovelTaod cnobilia teqnikuri naxSirbadis gamorCeuli 

adsorbciis unari da mis nanonawilakebs axasiaTebs warmoqmnas 

jaWvuri struqtura, romelsac midrekileba aqvs badisebri 

struqturis warmoqmnisaken da igi cnobilia teqnikuri 

naxSirbadis “struqturulobis” saxeliT. Tanamedrove midgomiT 

naxSirbads aniWeben unars Seqmnas klasterebi, romlebic Semdeg 

monawileoben perkolaciuri arxebis CamoyalibebaSi. unda 

aRiniSnos, rom aseTi unari ar gaaCnia teqnikuri naxSirbadis 

msgavs nivTierebas - grafits.  

      bazaltis boWkos Seyvana modificirebul kompozitebSi 

zrdis xaxunis koeficients, maTi cveTamedegoba 2-3-jer mcirdeba 

maRal temperaturebze, magram igi mainc maRalia da 

akmayofilebs standartul moTxovnebs. diskretuli boWkos 

SeyvaniT Cven SegviZlia vareguliroT xaxunis koeficienti 

moTxovnilebisda mixedviT da mosalodnelia, rom igi 

gaaumjobesebs teqnologiur parametrebs kompozitis 

gadamuSavebisas friqciuli zesadebis masiurad warmoebis dros. 

rac Seexeba pirvel sam kompozits, isini gamoirCevian 

estetiurobiT (moTeTro-moyviTalo feris arian), 

aramodificirebuli kompoziti yvelaze msubuqia. SemuSavebuli 

masalebi ar wripineben. tribologiuri testirebis dros 

vaxdendiT sacdeli nimuSebis wyliT dasvelebas, romlis dros 

SeiniSneboda maTi xaxunis koeficientis umniSvnelo vardna da 

xdeboda misi swrafad aRdgena.  

  Cvens mier miRebul Sedegebs kargad xsnis xaxunis 

zedapirebis rastruli eleqtromikroskopiuli suraTebis 

analizi. gadaRebuli gvaqvs maRal temperaturebze (450-600°C) 

namuSevari friqciuli masalebis da Tujis kontrsxeulis 

zedapirebis rastruli mikroskopiuli suraTebi (rem 

gamosaxulebebi).  
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 (a) 

 (b) 

nax. 10. nanoforovani zesadebis 600˚C-mde namuSevari zedapirebis 

rem gamosaxulebebi:  

       a – silaniT modificirebuli; 

       b - silaniT da teqnikuri naxSirbadiT modificirebuli 

 

 

      naxazze 10-ze warmodgenilia a) silaniT modificirebuli 

da b) silaniT da teqnikuri naxSibadiT modificirebuli 



88 

 

friqciuli masalis (zesadebis) 600°C-mde namuSevari zedapirebis 

rem gamosaxulebebi. am suraTebidan Cans, rom miuxedavad orive 

masalis zedapirebis damakmayofilebeli reliefisa, silaniT 

modificirebuli masalis zedapirze fiqsirdeba am masalis 

zedapirze warmoqmnili Tburi mikronapralebi, rac teqnikuri 

naxSirbadiT modificirebuli masalis zedapirze ar daimzireba, 

rasac albaT bevrad ganapirobebs perkolaciuri arxebis 

arseboba /70/.   

 

nax. 11. xaxunis koeficientis temperaturaze damokidebuleba; 

       1 _ aramodificirebuli masala. 

       2 _ rkinis fosfatiT modificirebuli masala. 

 

 

nax.11-ze warmodgenilia aramodificirebuli da rkinis 

fosfatiT modificirebuli nanoforovani friqciuli masalebis 

xaxunis koeficientebis damokidebuleba temperaturaze. 
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naxazidan naTlad Cans, rom zemoTaRniSnuli friqciuli 

masalebis muSa temperaturuli diapazoni 400˚C-mdea. rkinis 

fosfatiT modificirebam gamoiwvia masalis xaxunis 

koeficientis gazrda sawyis temperaturebze, magram Semdgom 

xaxunis koeficienti isev daeca, TiTqmis gauTanabrda 

aramodificirebul kompozits. SeiZleba gamovTqvaT varaudi, rom 

rkinis fosfatma ver gamoamJRavna silanis msgavsi efeqti 

polimeruli Semkvrelis mimarT. Tumca SesaZloa, rom mis mier 

gazrdiliyo polimeris cecxlmedegoba, rac fosfatebis mTavari 

Tvisebaa.  

    

nax. 12. xaxunis koeficientis damokidebuleba temperaturaze: 

       1 - aramodificirebuli masala. 

       2 - silaniTa da teqnikuri naxSirbadiT modificirebuli masala. 

 

   nax.12-ze warmodgenilia aramodificirebuli da silaniTa 

da teqnikuri naxSirbadiT modificirebuli friqciuli 

masalebis xaxunis koeficientebis damokidebuleba 
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temperaturaze. naxazidan Cans, rom aramodificirebul 

masalasTan SedarebiT modificirebuli masalis muSa diapazoni 

gazrdilia 600˚C-mde. rac dadasturebaa Cvens mier moyvanili 

cveTis meqanizmis silikonis mamodificirebeli rolis da 

perkolaciuri arxebis kompleqsuri moqmedebis gamovlenis.  

    

nax.13. xaxunis koeficientis damokidebuleba temperaturaze 

       1 - silaniT modificirebuli masala. 

       2 - silaniT da teqnikuri naxSirbadiT    

       modificirebuli masala. 

 

     nax.13-ze naCvenebia silaniTa (1) da silaniTa da teqnikuri 

naxSirbadiT (2) modificirebuli friqciuli masalebis xaxunis 

koeficientebis damokidebuleba temperaturaze. am naxazidan Cans, 

rom silaniT modificirebul kompozits axasiaTebs maRali 

xaxunis koeficienti, romlis vardna aRiniSneba iseve im 

temperaturul diapazonSi (380˚C), rogoric es axasiaTebda 
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aramodificirebul masalas, Tumca am SemTxvevaSi xaxunis 

koeficienti 0,3-is qveviT ar Camodis.  am temperaturidan 580˚C-

mde xdeba am masalis xaxunis koeficientis mkveTri gazrda, rac 

Cveni azriT aixsneba silikonis dadebiTi rolis da Al2O3-is 

arsebobiT kompiziciaSi teqnikuri naxSirbadis nacvlad. 

cnobilia, rom korundis marcvlebi friqciuli masalebis 

xaxunisas avlenen abraziul Tvisebebs da gamodian am 

SemTxvevaSi modifikatoris rolSi xaxunis koeficientis 

gazrdis mizniT /71/.  

     cxril #3-Si warmodgenilia Cvens mier ganxiluli 

friqciul masalebTan kontrsxeulis (Tuji ZHMX markis) cveTis 

intensivoba. 

cxrili #3 

kontrsxeulis cveTis intensivoba. 

 

 

 

      rac Seexeba kontrsxeulis cveTamedegobas, sadac Cvens 

mier aRebuli iyo ZHMX markis Tuji, igi erTi-ori rigiT maRalia 

friqciuli masalebis cveTamedegobaze. kontrsxeuli yvelaze 

  
f
r
iq
c
iu

l
i 

ma
s
al

is
 r

ao
b
a 

 

kontrsxeulis cveTis 
intensivoba, J*10-10 

 
2000C 

 
3800C 

 
6000C 

1.aramodif. masala 
 
2. modific. rkinis 
fosfatiT 
 
3. modific. silaniT 
 
4. modific. silaniT + 
teqn. naxSirbadiT 
 
5. modific. (4) + bazaltis 
boWkoTi 

1.60 
 

1.00 
 
 

0.80 
 

0.30 
 
 

0.39 

0 
 

1.0 
 
 

1.0 
 

0.25 
 
 

0.21 

_ 
 
_ 
 
 

0.6 
 
0 
 
 

0.39 



92 

 

metad cvdeba 2000C temperaturaze aramodificirebul masalasTan 

muSaobisas da  maTi minimaluri cveTa aRiniSneba silaniTa da 

teqnikuri naxSirbadiT modificirebuli masalis moxaxune 

zedapirTan. rac aixsneba am masalis dabali xaxunis 

koeficientiT da Cvens mier ganxiluli cveTis meqanizmis 

yvelaze ukeTesi realizaciiT. cxrilidan aseve Cans 6000C-mde 

momuSave bazaltis boWkoTi modificirebuli masalis 

zedapirTan moxaxune Tujis cveTis intensivoba 0,3-0,39·10-10 

farglebSia. e.i. igi odnav metad cvdeba, vidre teqnikuri 

naxSirbadiT modificirebuli masalis kontrsxeuli, rac 

aixsneba bazaltis boWkos arsebobiT kompozitSi. 3800C-ze 

aramodificirebul masalasTan Tuji ar cvdeba xaxunis 

koeficientis vardnis gamo. Tumca igi yvelaze metad cvdeba 

200˚C-ze radganac am diapazonSi masTan momuSave masalas 

axasiaTebs maRali xaxunis koeficienti.  

 

2.4 nanoforovani friqciuli masalebis Rero-diskur xelsawyoze 

testireba da or xaxunis meTodze dayrdnobiT tribo-wyvilebis 

cveTis Taviseburebani 

      samuSaoSi Catarebul iqna saTanado kvlevebi 

modificirebul Rero-diskur xelsawyoze, sadac Cvens mier 

SemuSavebul friqciul masalebTan erTad gamoicada erTi LM 

masala, romelic evropis bazarzea gavrcelebuli da meore NAO 

masala aSS bazridan. skanirebadi eleqtromikroskopiis (rem) da 

energo-dispersiuli rentgeno-sxivuri speqtroskopiis (eds) 

saSualebiT Seswavlil iqna haerSi gafrqveuli, sxvadasxva 

zesadebi masalisagan warmoqmnili da filtrebze dagrovili 

nawilakebis zoma, forma da elementuri Sedgeniloba.  

      Cvens mier SerCeuli nimuSebi, rogorebicaa silaniT 

modificirebuli _ I, silaniTa da teqnikuri naxSirbadiT 

modificirebuli – II, silaniT, teqnikuri naxSirbadiT da 

bazaltis boWkoTi modificirebuli _ III masalebi ucxour 

masalebTan erTad (LM, NAO) kontaqtSi iyo ruxi Tujis 



93 

 

diskosTan 30 wuTis ganmavlobaSi, sadac yoveli masalis 

kombinacia mowmdeboda 2-jer.  

      gamoicdeboda 63 mm diametris da 66 mm sisqis diskos 

formis rotoruli nimuSebi 10 mm diametris da 13-17 mm simaRlis 

Reroebis formis xundebis nimuSebis gamoyenebiT. gamosacdeli 

nimuSebi damzadebuli iyo samuxruWe xundebisagan da samgzavro 

avtomobilebis rotorebisagan. gamocdili iyo erTi mcire-

metaluri (LM) samuxruWe masala evropuli sabWosgan da erTi 

araazbesturi organuli samuxruWe masala (NAO) aSS-dan. garda 

amisa, gamocdili iyo sami axali kompoziciuri masalis 

safuZvelze Seqmnili samuxruWe xundebi, romlebic Seicaven sam 

gansxvavebul xaxunis modifikatorsG(zeviT avRniSneT rogorc I, 

II da III). samuxruWe xundebis yvela masala gamocdili iyo ruxi 

Tujis diskoebTan erTad. gamocda Catarda Rero-diskur 

manqanaze horizontalur mbrunav diskoTi  ruxi Tujisgan da 

balastiT datvirTuli ReroTi Cvens SromaSi detalurad 

aRwerili meTodis mixedviT /72/. xaxunis koeficienti 

gamoTvlili iyo gazomili tangencialuri Zalis gayofiT 

modebul normalur Zalaze. masalebis TiToeuli kombinacia 

orjer gamoicdeboda. 

      moxaxune wyvilebis nimuSebis zedapirebis morfologia 

gamoicdeboda skanirebadi eleqtronuli mikroskopis 

saSualebiT  DSM-960 (Karl Zeiss, Germany). zedapiruli fenebis 

Semadgenloba ganisazRvreboda oJe LAS -2000 speqtrometriT 

(Riber, France). atomuri siRrmuli ganawilebis fena-fena analizi 

xorcieldeboda 2 kiloeleqtronvoltamde energiis mqone 

argonis aCqarebuli ionebis sxiviT, gafrqveviT gamosakvlevi 

nimuSebis Rero-disko zedapirebisgan. ionuri denis SerCeuli 

simkvrive uzrunvelyofda fenebis  mocilebis  5 Å/wT siCqares.  

       nax.14-ze mocemulia nawilakebis saSualo koncentraciis 

sidideebi bolo 10 wuTis ganmavlobaSi (mimuSavebis Semdeg), 

romlebic gazomilia GRIMM, DustTrak da PTrak xelsawyoebiT. 

naxazidan Cans, rom samive xelsawyoTi gazomili cveTis 



94 

 

nawilakebis saSualo koncentraciis sidideebi ZiriTadad 

SesabamisobaSia erTmaneTTan da yvelaze dabali koncentraciebi 

axasiaTebs isev Cvens II da III nimuSebs, isini yvelaze naklebad 

icviTebian. es Sedegebi Seesabameba Cvens mier miRebul Sedegebs 

pirveli testirebisas xaxunis manqana ИМ-58 da SeiZleba 

davaskvnaT, rom modificirebul Rero-diskur xelsawyoze 

Catarebuli testuri gamocdebi adasturebs pirveli 

testirebisas miRebul Sedegebs.  

 

nax. 14. GRIMM (CGRIMM), P-Trak (CP-Trak), DustTrak (CDust-Trak) xelsawyoebiT 

gazomili cveTis nawilakebis saSualo koncentraciebi mimuSavebis 

Semdeg. muqi feris sveti: pirveli testi; Ria feris sveti: meore testi. 

      TiToeuli gamokvleuli saxunde masala, gamocdili ruxi 

Tujis diskoebTan erTad kombinaciaSi, xasiaTdeba Semdegi 

parametrebiT: haerSi moxaxune zedapirebis nawilakebis saSualo 

koncentracia (CdustTrak),  miRebuli DustTrak xelsawyos saSualebiT,  
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diskos masuri danakargi (mdisc),  xaxunis saSualo koeficienti () 

da Reros saSualo temperatura (Tpin), rogorc naCvenebia nax.5.2-ze. 

erTnair eqsperimentul pirobebSi miRebuli es monacemebi 

saSualebas gvaZlevda Segvedarebina da Segvefasebina axali 

nanoforovani kompoziciebisgan damzadebuli samuxruWe xundebis 

tribologiuri efeqturoba (anu I, II da III) Cveulebriv samuxruWe 

zesadebTan SedarebiT (LM da NAO). 

Sedarebisas aRmoCnda pirveli SesaniSnavi gansxvaveba, rom  

nanoforovani kompoziciebisgan (II da III) damzadebuli Reroebi 

generireben gacilebiT mcire raodenobis haeris nawilakebs 

xaxunisas, vidre Cveulebrivi masalebi, saxeldobr, ~ 3- jer da ~ 

7-jer naklebi sidide LM da NAO-Tan SedarebiT, Sesabamisad. 

saWiroa aRvniSnoT, rom Cvens SromaSi /72/ aRniSnuli 

masalebisaTvis haeris mtvris nawilakebis saSualo 

koncentracia izomeboda erTdroulad sami sxvadasxva 

mowyobilobiT: nawilakebis optikuri mTvlelis GIMM 1.109–is 

gamoyenebiT, kondensaciis centrebis mTvleliT P-Trak da 

aerozolis monitoriT DustTrak. ukanaskneli xelsawyos 

saSualebiT miRebuli gazomvis Sedegebi mocemulia nax.15-ze, 

romelzedac warmoadgenili Sedegebi zogadad SesabamisobaSia 

ori sxva xelsawyos saSualebiT gazomil SedegebTan haeris 

nawilakebis generirebuli koncentraciebisTvis maTi zomebis 

farTo diapazonSi (0.02-32 mkm). 

xaxunis Sedegad haeris nawilakebis koncentraciis  

cvlilebis zemodaRniSnuli Sedegebi karg korelaciaSia diskos 

cveTis parametrebis mniSvnelobebTan, romlebic warmodgenilia 

nax. 15-ze, rogorc diskos masis danakargebis monacemebi mdisc-is 

saxiT da gazomili TiToeuli sakvlevi kompoziciis ReroebTan 

xaxunis Semdeg.  
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nax. 15. haerSi cveTis Sedegad gaCenili nawilakebis saSualo 

koncentracia gazomili DustTrak (CdustTrak) mowyobilobiT, diskos masis 

danakargi (mdisc), xaxunis saSualo koeficienti da Reros saSualo 

temperatura (Tpin) muSaobis Semdeg. Savi sveti: pirveli gamocda, TeTri 

sveti: meore gamocda. 

 

     am monacemebis Sedarebasac calsaxad mivyavarT daskvnamde, 

rom igive ori nanoforovani kompoziciisgan (II da III) 

damzadebuli Reroebi iwveven diskos mniSvnelovnad nakleb 

cveTas xaxunisas, vidre konvenciuri masalebisagan (LM da NAO) 

damzadebuli Reroebi. kerZod II da III kompoziciis ReroebTan 

xaxunisas diskos cveTa Sesabamisad daaxloebiT 4-jer da 

daaxloebiT 6-jer naklebia, vidre LM da NAO kompoziciebTan 

xaxunisas. rac Seexeba nanoforovan I kompozicias, masSi 

gansxvavebiT II da III kompoziciebisagan, xaxunis koeficientis 

maqsimaluri mniSvnelobis misaRwevad damatebiT Seyvanil iqna 

Cvens mier korundis fxvnilis garkveuli raodenoba, ramac misi 
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diskosTan xaxunisas cveTis procesSi kawvriTi meqanizmis wilis 

gazrda gamoiwvia sresvis meqanizmiT cveTis fonze da 

Sesabamisad misi tribologiuri parametrebi miuaxlovda 

upiratesad kawvris meqanizmiT momuSave friqciul masalebs LM 

da NAO-s, Tumca garkveuli doziT SeinarCuna is dadebiTi 

Tvisebebi, rac gaaCniaT II da III nanoforovan kompozitebs.  

      gamokvleuli masalebisaTvis nax.15-ze moyvanili oTxive 

parametris pirveli da meore gazomvbiT miRebul monacemebs 

Soris cvlilebebis tendenciebi da sidideebi miuTiTeben cveTis 

procesebis gansxvavebul meqanizmebze xaxunisas upiratesad 

kawvra-xexvis meqanizmiT momuSave masalebsa da upiratesad 

sresvis meqanizmiT momuSave masalebs (II da III kompozicia) Soris, 

rogorc Cans ganpirobebulia meoradi efeqtebiT, romelic 

kavSirSia mesame Sualeduri fazis formirebasTan, cveTis 

produqtebis saxiT, romelic gamyofia Reroebisa da diskos 

moxaxune zedapirebis. egreTwodebuli “mesame fazis” SesaZlo 

mniSvnelovan rolze nanoforovani kompoziciuri friqciuli 

masalebis tribologiur Tvisebebze Cvens mier pirvelad iqna 

miTiTebuli naSromSi /68,69/.  

       

2.4.1. cveTis produqtebis kvleva  

      samuSaoSi gamokvleul iqna tribowyvilSi namuSevari 

zedapirebis morfologia da elementaruli Sedgeniloba rem da 

oes meTodebiT.  

       radgan cveTis produqtebis Seswavlas vawarmoebdiT ori 

gansxvavebuli tribologiuri testirebis meTodiT xaxunis 

manqana ИМ-58-ze milisebis torsuli xaxunisas da Rero-diskur 

xelsawyoze friqciuli Reroebis xaxunis saSualebiT, SevecadeT 

miRebuli kvleviTi Sedegebis urTierTSedarebiT ufro naTlad 

warmogveCina da agvexsna nimuSebis cveTis meqanizmi da maTi 

namuSevari zedapirebis morfologia.  

       naxazebi 16 – 20 gviCvenebs LM, NAO, I, II da III nimuSebis 

gamocdebis dros filtrebze dagrovili nawilakebis ultra-
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mcire, mcire da didi fraqciebis SerCeviT suraTebs. yvela 

Seswavlili filtrze dagrovili nawilaki Seicavs rkinas, qroms, 

kalas, cinks da spilenZs. nanoforovani nawilakebis umravleoba 

(mag. I, II, III) Seicavs rkinas, spilenZs, siliciums, alumins da 

bariums. NAO nawilakebi Seicavs iseT elementebs, rogoricaa 

rkina, qromi, titani, bariumi, cirkoniumi, cinki da spilenZi. 

zogi wminda nawilaki ganicdis koagulacias da qmnis uxeS 

nawilakebs (nax, 17A da 20A), zogi warmoadgens koStebs (nax. 16 A 

da D) da zogi TiTqmis sferuli formisaa (nax. 16 B da 19B).  

 

 

 

nax. 16 LM testis dros Segrovebuli haerSi gafantuli cveTis 

nawilakebis rem suraTi (20.000x gadideba). A-C: wminda nawilakebi, 

romlebic Seicavs elementebs Cr da Cu. D: uxeSi nawilakebi, romlebic 

Seicavs elementebs Fe, Mn, Cu, Sn, Al. E: cveTis zewminda nawilakebi. 
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nax. 17.  NAO testis dros Segrovebuli haerSi gafantuli cveTis 

nawilakebis rem suraTi (20.000x gadideba). A-C: uxeSi nawilakebi, 

romlebic Seicavs elementebs Fe, Ti, Cu, Ba, Zn. 

 

 

nax. 18.  I testis dros Segrovebuli haerSi gafantuli cveTis 

nawilakebis rem suraTi (6300x gadideba). A-D: wminda da uxeSi 

nawilakebi, romlebic Seicavs elementebs Fe, Cu, Ba, Si, Al. 
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nax. 19. II testis dros Segrovebuli haerSi gafantuli cveTis 

nawilakebis rem suraTi (49.000x gadideba). A: wminda nawilakebi, 

romlebic Seicavs elementebs Ba da Cu. B: zewminda nawilakebi. 

 

 

nax. 20. III testis dros Segrovebuli haerSi gafantuli cveTis 

nawilakebis rem suraTi (4450x gadideba). A-C: wminda da uxeSi 

nawilakebi, romlebic Seicavs elementebs Fe, Cu, Ba, Si, Al. 
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          kompozitze damyarebuli ori nanoforovani masala haerSi 

warmoqmnis gacilebiT nakleb cveTis nawilakebs, vidre 

Cveulebrivi masalebi. haerSi aRmoCnda cveTis ultrawvrili, 

wvrili da msxvili  nawilakebi, romlebic Seicaven iseT 

metalebs rogoricaa, rkina, titani, manganumi da spilenZi. yvela 

Seswavlil masalas axasiaTebs bimodaluri raodenoba 

ganawilebis pikebiT miaxloebiT 350 da 550 nm diametris 

nawilakebisaTvis.  

 

2.4.2. forovani masalis cveTis mikroskopiuli meqanizmis 

Taviseburebani 

nax. 21. a, b gviCvenebs III kompoziciisgan damzadebuli 

samuxruWe xundis nimuSis zedapiris damaxasiaTebel 

morfologias samuxruWe diskoze xaxunis Semdeg 370o
C 

temperaturamde. cxadia, rom adgili aqvs samuxruWe zesadebis 

zedapirze xaxunis procesis ganmavlobaSi xaxunis produqtebis 

formirebis process fxvnilis superdiskretuli marcvlebis 

saxiT da maTi formireba xorcieldeba “blanti” xaxunis 

Sedegad. damzerili Sereuli mikro-geometriuli zedapiruli 

profili samuxruWe diskos zesadebze (nax. 21. b, d) warmoadgens 

misi nanofxvnilebiT “dagruntvis” Sedegs, romelic xaxunis 

produqts warmoadgens. nanofxvnilis naxsenebi fena – mesame 

Sualeduri fazis saxiT, romelic or moxaxune zedapirs hyofs – 

xasiaTdeba denadobis unariT, romelic msgavsia Zalian didi 

siblantis (hipoTeTuri) siTxisa (pastisa) zesadebis zedapirze. 

marTlac nax. 21. d-ze moyvanili gadidebuli SEM gamosaxuleba 

Wiis msgavsi grafituli CanarTebis zedapiruli gamosavalTa 

polirebis demonstrirebas axdens, romelic xorcieldeba 

zemodaRniSnuli nanofxvnilis wyalobiT. garda amisa, rogorc 

es aSkarad Cans nax. 21. d-dan nanofxvnilebis “firi” sxivdeba rem 

eleqtronuli sxivebiT, romelic aCqardeba 20 KeV energiamde da 

amis saSualebiT SeiZleba davinaxoT grafituli CanarTebis 
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konturebi, amitom, denadi “firis” sisqe naklebia 1000 Å–ze, 

maSasadame molekulaTaSorisi urTierTqmedebis ZalebiT 

dakavSirebuli nanonawilakebis zomebs am firebSiAaqvT ufro 

naklebi mniSvneloba, vidre namdvili nano zomebis SemTxvevaSi. 

 

 

nax. 21. zedapirebis rem gamosaxulebebi tribo-wyvilis 370o
C 

temperaturamde muSaobis Semdeg; a, b – samuxruWe zesadebi (III 

kompozicia) da g, d – ruxi Tujis samuxruWe disko. 

 

cxadia, rom damzerili fenis xaxunis produqtis 

Semadgenloba (mesame Sualeduri faza) unda Sedgebodes 

nanonawilakebis narevisgan, romelTa komponentebi Sedgeba 

samuxruWe diskosa da samuxruWe zesadebisgan. mocemuli narevi 

formirdeba daqucmacebuli da gasresili nawilakebis meqanikuri 

Serevis Sedegad  da difuziis saSualebiT wneviT gamowveuli 

xaxunis procesis dros. 

      nax. 22. a-v mocemulia diferencialuri eleqtronuli oJe 

speqtrebis seria, romlebic deteqtirebulia 20-1020 eV 

energetikul intervalSi friqciuli wyvilis zedapirisaTvis, 
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romlebic gancalkevebulni arian erTmaneTisagan 370o
C 

temperaturamde muSaobis Semdeg. nax. 22. a da d warmoadgenen oJe 

speqtrebs, romlebic miRebulia zesadebis da samuxruWe diskos 

zedapiridan, Sesabamisad, argonis ionebiT bombardirebis 

dawyebamde da isini Seicaven garedan absorbirebul zedapirul 

fenas. absorbirebuli fena Sedgeba elementebisagan, romlebic 

Seicaven  atmosferul haers (ZiriTadad, naxSirbads da Jangbads), 

rogorc wesi, is yovelTvis arsebobs nebismieri myari sxeulis 

zedapirze, aRwevs ra atmosferodan oJe speqtrometris kameraSi, 

sadac vakuumis done Seadgens 1,33  10-9 paskalis rigis sidides. 

aseTi fenis sisqe, rogorc wesi, ar aWarbebs ~ 30 Å-s da amitom 

argonis ionebiT bombardirebis win arsebobs STanTqmuli 

wyalbadis da Jangbadis intensiuri pikebi orive zedapiris 

speqtrebze KL2,3L2,3 oJe gadasvlebisaTvis da SedarebiT susti 

oJe pikebi L3VV tripletis rkinis atomebis gadasvlebisaTvis.  

gogirdis da spilenZis Zalian susti pikebi da agreTve 

siliciumis da aluminis oJe pikebi agreTve gaCndnen aseve SiO2 da 

Al2O3 Semcveli kompozitebidan (Sesabamisi susti pikebi 

aRniSnulia isrebiT nax.22 a da d-ze). 

zesadebis da samuxruWe diskos zedapirebisaTvis 

identificirebuli oJe speqtrebi gamosakvlevi nimuSebisgan 

adsorbirebuli fenis moSorebis Semdeg (~ 50 Å sisqiT) 

naCvenebia nax. 22 b da e-ze, Sesabamisad. oJe pikis intensivobis 

SemcirebasTan erTad, rac damaxasiaTebelia adsorbirebuli 

naxSirisTvis, warmoiqmnebian gaZlierebuli pikebi yvela 

elementebisaTvis, romlebic Sedian tribo-fenaSi. oJe- 

speqtrebis monacemebis mixedviT isini Seicaven SiO2 da Al2O3, 

BaSO4, Cu, Fe da grafitizirebuli naxSirbadis nanonawilakebs, 

romlebic warmoadgenen friqciuli wyvilis ZiriTadi 

komponentebis zesadebisa da Tujis samuxruWe diskos cveTis da 

xexvis produqtebs. mocemul siRrmeSi tribologiuri produqtis 

Semadgenloba orive zedapirisTvis  praqtikulad erTnairia, da 
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cxadia, rom absorbirebuli fenis moSorebis Semdeg miRebuli 

oJe speqtrebi (nax 22. b da e) faqtiurad warmoadgenen calkeuli 

fenebis cveTadi nawilebis zedapiris Semadgenlobas. 

zedapiridan moSorebuli fenis sisqis gazrdasTan erTad xdeba 

kompoziciuri friqciuli fenis TiToeuli zedapiris 

cvlilebebi, romlebic mocemulia nax. 22 e da v –ze gamosaxul 

oJe speqtrebSi. ~ 200 Å siRrmeSi gare zedapiridan zesadebis 

mimarTulebiT mcirdeba grafitis nanonawilakebis raodenoba, 

amave dros zedapiridan diskos siRrmis mimarTulebiT 

moZraobisas tribo-fenis imave siRrmeSi spilenZis 

nanonawilakebis raodenoba mcirdeba (spilenZisaTvis oJe 

gadasvlebis pikebi praqtikulad erwymeba fons, ix. nax.22 v). 

 

 

nax. 22. diferencialuri eleqtronuli oJe speqtrebi, miRebuli 

friqciuli wyvilis zedapirebisagan, romlebic naCvenebi iyo nax. 21-ze: 
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a, b, g– zesadebis zedapirebidan miRebuli speqtrebi da d, e, v – 

samuxruWe diskos zedapiridan miRebuli speqtrebi; orive SemTxvevaSi 

speqtrebi deteqtirebulia argonis ionebiT daqucmacebis Semdeg 

Semdegnairi sisqis fenebisTvis: a, d – 0 Å; v, e – 50 Å; g da v – 200 Å. 

cxadia, rom tribologiuri nanofxvnilis dispersiis 

gazrdasTan erTad myari SiO2,  Al2O3 da BaSO4 nanonawilakebis 

Semcvel Sualedur fenaSi, rbili masalis nawilakebi (Cu, Fe)  

Sualedur fenas ufro denadad xdian da zrdian cveTas (xaxuns) 

nanonawilakebs Soris da sabolood izrdeba fenis “siblante” 

da fardobiTi srialisadmi winaRoba (xaxunis koeficienti 

SenarCunebulia sakmarisad maRal doneze), da amavdroulad 

mcirdeba tribo-produqtis gaSxefvis unari. 

     uTuod sxva araforovani kompoziciuri masalebis (LM da 

NAO) xaxunisas diskoze warmoiqmnebian cveTis produqtebi, 

magram isini ar warmoadgenen superwvrili xexvisa da gacveTis 

produqtebs Sekruldispersiuli nanofxvnilis saxiT (rogorc 

amas adgili aqvs II da III nanoforovani kompozitebis 

SemTxvevaSi), aramed met SemTxvevaSi warmoadgens mikronuli 

zomis Tavisufal dispersiul sistemas, rogorc kawvris da 

SedarebiT uxeSi xexvis produqti TavianTi Tavisufali 

abraziuli nawilakebiT cveTis produqtebSi. zemodTqmuli 

TvalsaCinod demonstrirebulia nax.23-ze moyvanili NAO-disko 

da kompozicia II-disko tribowyvilebis xaxunis zedapirebis 

morfologiis rem gamosaxulebiT. Cans, rom NAO-disko 

tribowyvilis SemTxvevaSi xaxunisas cveTis mTavar meqanizms 

warmoadgens kawvra (nax.23a) da triboproduqti warmodgenilia 

mikrofxvnilis saxiT (nax.23b), romelsac ar SeuZlia 

“dagruntos” (“SefiTxnos”) nakawrebi diskos zedapirze. 

nanoforovani kompozicia II-disko tribowyvilis xaxunis 

SemTxvevaSi ki, cveTa mimdinareobs submikronuli xexvisa da 

gacveTis meqanizmiT, rodesac orive tribowyvilis zedapirze 

formirdeba “damgruntavi” nanofxvnili da mis fenebSi 

eleqtronebis Zlieri STanTqmis gamo Sesabamis rem 
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gamosaxulebebze Savi kontrasti warmoiqmneba (nax.23.g,d). 

amasTanave unda aRiniSnos, rom es “”mesame” faza, romelic 

formirdeba Sewepebuli  afskis saxiT nanoforovani kompoziciis 

Rerosa da diskos tribowyvilis orive zedapirze, rogorc 

nakaduri komponenta, xels uwyobs siTbos ufro efeqtur 

arinebas xaxunisas. Tan, xaxunis erTnair pirobebSi, rodesac 

NAO-s Reros temperatura aRwevs 215°C-s, II kompoziciis Rero 

cxeldeba mxolod 125°C-mde. (naxeT nax.15).   

 

 

 

nax. 23. zedapirebis rem gamosaxulebebi tribo-wyvilis  muSaobis 

Semdeg; a) – NAO kompoziciisgan damzadebuli Rero da b) – NAO 

RerosTan erTad namuSevari disko g) nanoforovani II kompoziciuri 

Rero da d) II kompoziciis RerosTan erTad namuSevari disko. 
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nax. 24. friqciuli zedapiris rem gamosaxulebebi samuxruWe 

nanoforovani zesadebis (III kompozicia) 600o
C temperaturamde muSaobis 

Semdeg tribo-wyvilSi rux TujTan erTad. 

 

      nax.24-ze warmodgenilia samuxruWe xundis nanoforovani 

zesadebis masalis (kompozicia III) 600°C-mde namuSevari 

zedapirebis rem gamosaxulebebi sxvadasxva gadidebiT, am 

naxazidan Cans, rom tribowyvilis gancalkavebis zedapirze 

mesame fazis SuaSreSi maRal temperaturebze warmoiqmneba 

Txeli qerqi myarfazuri reaqciis Sedegad Secxobil 

nanonawilakebisagan, didi sigrZis mikronapralebiT. amis gamo, 

cxadia, rom warmoqmnil qerqs gaaCnia ufro didi simkvrive, 

vidre mesame fazas (Sesabamisad simtkicec), riTac warmoiqmneba 

meqanikuri simtkicis uaryofiTi sxvaoba, romelic arRvevs gare 

xaxunis pirobebs da rogorc Sedegi mas moyveba mocemuli 

tribowyvilis tribologiuri parametrebis mkveTri gauareseba 

naCvenebi temperaturebis gadametebisas. zemod aRniSnuli 

mtkicdeba monacemebiT, romelic miRebulia oJe speqtrebis 

saSualebiT, romlebic Cawerilia sxvadasxva siRrmisaTvis 

sakontaqto zedapiridan zesadebi masalis moculobis 

mimarTulebis siRrmeSi. ase, nax.25aª oJe-eleqtronebis 

diferencialuri speqtrebis seria, romelic miRebulia nax.24-ze 

gamosaxuli zesadebis zedapiridan, TvalsaCinod aCvenebs 

zesadebidan gogirdis atomebis (an BaSO4–is klasterebis) da 
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spilenZis atomebis seleqciur difuzias mesame fazis SuaSreSi 

sakontaqto zedapiris mxares da diskodan rkinis atomebis (an 

klasterebis) da naxSirbadis zesadebis mxares. amasTanave, oJe-

speqtrebze, romlebic Cawerilia adsorbirebuli fenis 

mocilebis Semdeg (nax.25. b da g), gamomJRavnda siliciumis (Si), 

aluminis (Al)  da bariumis (Ba) oJe pikebis dabalenergetikuli 

(energiis 20÷80 eV diapazonSi) intensivobis mkveTri gadideba, 

rac warmoadgens simkvrivis amaRlebis (momatebis) da 

gaanalizebul mesame fazis zedapirul fenaSi metad 

srulyofili kristaluri mdgomareobis formirebis Sedegs 

temperaturis 600°C-mde momatebisas (Seadare aseve oJe speqtrebi 

nax.22.a-s).   

 

nax. 25. diferencialuri eleqtronuli oJe speqtrebi, miRebuli 

zesadebis zedapirebisagan, romlebic gamosaxuli iyo nax.24-ze. orive 
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SemTxvevaSi speqtrebi deteqtirebulia argonis ionebiT daqucmacebis 

Semdeg da Semdegnairi sisqis fenebisaTvis: a – 0 Å;  b – 50 Å; g – 200 Å. 

      urTierTqmedebis yvelaze ufro realur suraTs, romlebic 

aRiZvrebian datvirTvis Sedegad kontaqtSi myofi samuxruWe 

diskosa da samuxruWe nanoforovani zesadebis fardobiTi 

tangencialuri moZraobisas, SesaZlebelia warmodgenil iyos 

tribowyvilis samzaziani modelis daxmarebiT. nax.26-ze 

naCvenebia tribowyvilis xaxunis zedapiris ganivkveTis sqematuri 

Canaxati samfaziani modelis mixedviT, sadac 1- samuxruWe diskoa, 

rogorc xisti mqise (xorkliani) sxeuli, romelic 

modelirebulia ri radiusis mqone calkeuli sferuli 

segmentebis nakrebis saxiT, 2- nanoforovani kompoziciis 

samuxruWe zesadebi da 3- Sekruldisersiuli 

nanonawilakebisagan Semdgari Sualeduri Sewepebuli “firis” 

fena (mesame faza, rogorc tribowyvilSi arsebuli nakaduri 

komponenta). cveTis produqtebisagan Semdgari nanofxvnilis 

SuaSre Zalian swrafad warmoiqmneba aRniSnuli tipis moxaxune 

wyvilis kvanZis muSaobis dawyebis Semdeg da SemdgomSi 

damuxruWebis procesis ganmeorebadi ciklebisas permanentulad 

Tan axlavs (Tanaarsebobs) process, romlis ganmavlobaSi 

ganuwyvetliv xdeba ZiriTadad zesadebis komponentebis 

daqucmacebisa da gacveTis Sedegad warmoqmnili koloiduri 

nanonawilakebiT TviT zesadebis zedapirisa da kontrsxeulis 

simqiseebis “dagruntva”. sakontaqto sxeulebis zedapirze (disko- 

I faza da zesadebi- II faza) izrdeba nanofxvnilis (III faza) 

xaxuni nanofxvnilis dispersiulobis zrdasTan erTad, ris 

Sedegad garkveul etapze nawilakebs Soris xaxunis Zalebis 

gadalaxvisas xdeba “gaZroma”.  

     ukve III fazis SuaSreebis Soris TviTSecxobili gacveTili 

zedapirebis progresirebadi modifikaciis TanxlebiT. am 

SemTxvevaSi tribourTierTqmedebis elementaruli meqanizmi 

ganisazRvreba III fazis nivTierebis mdgomareobis doniT, 

romelic aRiwereba, rogorc erTiani garemo hidrodinamikis, 
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Tbogamtarobis da drekadobis maxasiaTeblebiT, da amasTanave 

romelic avlens Txelafskur mdgomareobaSi Zalian blanti 

siTxis qimiur (molekulur) Tvisebebs, romelic uzrunvelyofs 

modificirebuli zedapirebis fizikur “nanosimqises” da III 

faziT “gayofil” myari sxeulebis fluqtuirebadi kontaqtebis 

energotevadobas. amasTanave, ar SeiZleba gamoiricxos III fazis 

“siblantis” damokidebuleba wnevisagan (sakontaqto zedapirebis 

datvirTvisagan). am fenis maRal siblantes mivyavarT moxaxune 

sxeulebis fardobiTi Zvris mniSvnelovan ZalebTan da xaxunis 

koeficientis maRali maCveneblebis SenarCunebasTan. amasTanave 

amave fenis daxmarebiT energia ganibneva Sida xaxunis meqanizmis 

xarjze, rogorc SekavSirebul dispersiuli nanofxvnilovani 

sistemis, romelic mTlianad uzrunvelyofs tribowyvilis 

maqsimalur mademfirebel unars.  

 

 

nax. 26.  samuxruWe diskos da samuxruWe zesadebis wyvilis samfaziani 

modelis ganivi Wrilis sqematuri naxazi: 

1 – samuxruWe disko; 2 – samuxruWe zesadebi; 

3 – bmuli dispersiuli nanonawilakebis Sualeduri fena (mesame faza). 
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 SemoTavazebuli samfaziani modelidan gamomdinare, 

romelic iTvaliswinebs nakadur komponents mesame fazis saxiT, 

gare xaxunis orfaziani modelis Sida xaxunSi gadasvlis 

cnobili piroba xisti mqise sxeulis srialisas plastikurad 

deformirebad masalaze /1,4/, gansaxilvel Cvens SemTxvevaSi 

SesaZloa CaviweroT ase:  

              )
2

1(
2

1* *

Sir

h




 , sadac  

*h - mesame fazis efeqturi sisqea, romelic praqtikulad emTxveva 

Canergvis siRrmes,  

ir  -  sferuli segmentebis saSualo radiusi, romelic 

modelirebas ukeTebs xisti sxeulis (diskos) simqises, romelic 

isazRvreba rogorc 
2

minmax

ii
i

rr
r


 ,  

  * - molekuluri Zalebis SeWidulobis kavSirebis 

gawyvetisadmi winaaRmdegoba mesame fazaSi nanonawilakebs Soris  

 S - mesame fazis deformirebadi masalis “gadinebis” zRvari 

agregaciuli fluizidaciis mdgomareobaSi.  

      imis gamo, rom *h sidide, Cvens ganxilul SemTxvevaSi, ar 

aris damokidebuli datvirTvaze da is aramniSvnelovnad 

mcirdeba ir - is Semcirebisas imis gamo, rom cveTis produqtebis 

nanofxvnilovani fena nivelirebas ukeTebs xaxunis zedapiris 

mikrogeometriul profils, gare xaxunis Sida xaxunSi 

gadasvlis Cawerili piroba yovelTvis iqneba daculi aRniSnuli 

mesame fazis arsebobisas. amasTanave, TviTon mesame fazis 

arseboba fluidizirebuli nanofxvnilidan Sewepebuli “firis” 

SuaSris saxiT bunebrivia uzrunvelyofs meqanikuri simtkicis 

dadebiTi gradientis wesis dacvis pirobas, rogorc TviT gare 

xaxunis ganxorcielebis piroba. mdgomareoba SenarCundeba 

manamde, sanam tribowyvilSi gazrdili temperaturebis miRwevisas 

ar moxdeba nanonawilakebis Secxoba mesame fazis xaxunis 

zedapirul fenaze, romelsac mivyavarT meqanikuri simtkicis 
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uaryofiT sxvaobasTan da Sesabamisad gare xaxunis pirobebis 

darRvevasTan.  

      Nnanofxvnilidan SuaSris saxiT mesame fazis swrafi 

formireba, umetes SemTxvevaSi, rogorc tribowyvilis orive 

zedapiris cveTis da “dagruntvis” produqti, mniSvnelovnad 

zrdis moxaxune sxeulebis sakontaqto faqtiur zedapirs da 

amiT xels uwyobs lokaluri Zabvebis relaqsacias da mesame 

fazis TviT SuaSres ki, gamomdinare misi aRnagobisa da 

Tvisebebis Taviseburebebidan, SeuZlia mikrobzarebis warmoqmnis 

gareSe aRiqvas mxebi Zabvebi da amasTanave ar ganicados daRla, 

rasac sabolood tribosistemis muSaoba mihyavs minimaluri 

cveTis reJimamde Termiuli TviTgantvirTvis reodinamikasTan.  

      konvenciuri masalebis monawileobiT tribowyvilis 

muSaobis SemTxvevaSi, roca xaxunis mTavar meqanizms 

warmoadgens kawvra da xvna, adgili aqvs mixexvis sxva 

traeqtorias, romlis drosac realizdeba tribowyvilis cveTis 

ufro maRali intensivoba da siTbowarmoqmna.   

samuSaos am TavSi ganxiluli masalebi warmoadgens 

SedarebiTi analizis Sedegs haerSi xaxunis (cveTadobis) 

nawilakebis saSualo koncentraciebisaTvis eqsperimentulad 

gansazRvruli mniSvnelobebisaTvis, diskos masis 

danakargebisaTvis, xaxunis saSualo koeficientisaTvis da Reros 

temperaturisaTvis, romlebic gazomili iyo Rero-diskos 

modelirebis meTodiT sami axali Taobis nanoforovani 

kompoziciuri masalebis safuZvelze da ori Cveulebrivi 

konvenciuri samuxruWe zesadebi masalebisaTvis. naCvenebia, rom 

axali nanoforovani kompoziciisgan damzadebuli zesadeb 

masalebs gaaCniaT  SedarebiT ufro maRali tribologiuri 

efeqturoba vidre konvenciuri masalebisagan (evropidan da aSS-

dan) damzadebul samuxruWe zesadeb masalebs.  

aRniSnuli kvlevis gansakuTrebiT mniSvnelovani Sedegebia: 
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ori nanoforovani kompoziciis (II da III) masalebi qmnian 3-

dan 7-jer naklebi raodenobis cveTis nawilakebs haerSi, vidre 

Sesabamisad LM da NAO masalebi. 

II da III nanoforovani kompoziciebis masalebisgan 

damzadebuli Reroebi iwveven xaxunisas diskos cveTas 

daaxloebiT 4-jer da 6-jer naklebad, vidre Sesabamisad LM da 

NAO kompoziciebisgan damzadebuli Reroebi. 

xaxunis igive pirobebSi nanoforovani kompoziciebisgan 

damzadebuli Reroebi xurdebian 25-40%-iT nakleb 

temperaturamde, vidre Cveulebrivi kompoziciebisgan 

damzadebuli Reroebi. 

rem da oes meTodebiT gamokvleuli iyo tribo-wyvilis 

sasazRvro movlenebi forovani kompoziciebisgan damzadebul  

samuxruWe zesadebsa da samuxruWe diskos Soris, gansazRvruli 

iyo e.w. “mesame fazis” upiratesi roli, romelic formirdeba 

nanofxvniluri Sewebebuli “firis” saxiT, rogorc Txevadi 

(denadi) komponenta diskos da zesadebis moxaxune zedapirebs 

Soris. 

      tribo-wyvilis samfaza modelis safuZvelze mocemulia 

nanoforovani kompoziciisgan damzadebuli samuxruWe 

zesadebebis moqmedebis meqanizmisa da maTi tribologiuri 

efeqturobis axsna /73/. aseve miRebuli Sedegebi moxsenebul 

iqneba saerTaSoriso kongresze gamoyenebiT fizikaSi q.antaliaSi 

(TurqeTi)  APMAS2011 /74/.   

       avtomobilebis realuri eqspluataciis pirobebSi 

samuxruWe xundebis esTetiurma (TeTri) sacdeli nimuSebis 

gamocdebma aCvenes, rom 25 aTasi kilometris qalaqis pirobebSi 

gavlis Semdeg maTi zesadebis cveTis xarisxi Seesabameboda 

analogiur pirobebSi namuSevari ITT industriuli kompaniis 

(italia) seriuli xundis friqciuli zesadebi masalis GALFER 

3261 FF cveTis xarisxs, maSin rodesac samuxruWe diskos cveTis 

sidide iyo orjer naklebi ITT-is xundTan namuSevar diskos 

cveTis sididesTan SedarebiT. 
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      mZime pirobebSi, gadaxurebisas, masalis muSaunarianobis 

Semowmebis mizniT samuxruWe xundebs, damzadebuls 

zemoTaRniSnuli forovani kompozitis zesadebisagan, CautardaT 

testireba 20-jeradi seriebiT damuxruWebisas 130 km/sT 

siCqaridan saboloo gaCerebamde ~ 6,5 m/wm2 SenelebiT. gaqaneba-

damuxruWebis yoveli ciklis xangrZlivoba Seadgenda 

daaxloebiT 50 wams. am pirobebSi izomeboda realuri Seneleba, 

muxruWis saterfulze Zalva da xundebis temperatura. 

laboratoriul pirobebSi damzadebuli xundebis sacdeli 

nimuSebis aseTi gamocdebis Sedegebi mocemulia nax.27-ze. am 

naxazidan Cans, rom 400°C-mde damuxruWebis efeqturobis 

Semcireba ar aRiniSneba. testirebis Semdeg samuxruWe diskos da 

samuxruWe zesadebebis wyvilis zedapirebis kvlevam aCvena, rom 

friqciul zesadebebs ar gaaCndaT daSlis (rRvevis) kvali, 

xolo samuxruWe diskos cveTa atarebda Tanabar xasiaTs xaxunis 

sarkiseburad gluvi zedapiris SenarCunebiT anaglejis gaCenis 

gareSe.   

 

nax.27. nanoforovani zesadebebiani samuxruWe xundebis sacdeli 

nimuSis damuxruWebis efeqturoba gadaxurebisas 

      silaniT modificirebuli esTetiurad TeTri feris 

samuxruWe xundis zesadebis friqciuli masalis kompozicia 

dapatentebul iqna saqarTveloSi /75/.   

Zala 

damuxruWeba 
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d a s k v n e b i 
 

1. SemuSavebulia polimeruli friqciuli masalebi forovani 

Semvsebis – diatomitis gamoyenebiT rezoluri 

fenolformaldehiduri fisis bazaze, romelic Termomedegobis 

gazrdis mizniT modificirebuli iyo silaniT, xolo masalebis 

kompoziciebi rkinis fosfatiT, teqnikuri naxSirbadiT, 

bazaltis boWkoTi. SemuSavebul masalebSi sawyisi komponentebis 

raodenoba ar aRemateboda eqvss.  

2. gamokvleul iqna SemuSavebuli friqciuli masalebis 

fizikur-meqanikuri da tribologiuri Tvisebebi ori sxvadasxva 

meTodis gamoyenebiT: a) xaxunis manqana ИМ-58-ze masalaTa 

friqciuli siTbomedegobis gansazRvris meTodiT, sadac 

moxaxune wyvilebis xaxunis zedapirebis gadafarvis koeficienti 

K 1-is tolia da b) modificirebul Rero-diskur xelsawyoze 

SemuSavebuli masalebis tribo-wyvilis xaxunisas cveTis 

nawilakebis zomis, formis da elementuri Sedgenilobis 

fiqsirebiT, sadac gadafarvis koeficienti K miiswrafvis 0-

isaken.  

3.  Seswavlil iqna silikonuri siTxiT, rkinis fosfatiT, 

teqnikuri naxSirbadiT da qarTuli warmoebis uwyveti bazaltis 

boWkos gavlena SemuSavebuli forovani friqciuli masalebis 

fizikur-meqanikur Tvisebebze. gamovlinda, rom yvela 

modifikatori aumjobesebs masalaTa simtkices kumSvaze, 

gansakuTrebiT es miiRweva erTdroulad silaniT da teqnikuri 

naxSirbadiT modificirebul masalaze, romlis simtkice 

gaizarda 40%-iT. aRiniSneba yvela modificirebuli friqciuli 

masalebis kuTri wonebis zrda, xolo maTi wyalSTanTqma 

akmayofilebs standartul moTxovnebs da ar aRemateba 0,35%-s. 

4. SemuSavebuli friqciuli masalebis tribologiuri 

Tvisebebis Seswavlam 2 sxvadasxva meTodis gamoyenebiT aCvena:  

 1) xaxunis manqana ИМ-58-ze: 
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a) xaxunis koeficientis stabiluri mniSvnelobebi (0,3-

0,45) rogorc mSrali, ise sveli xaxunis pirobebSi. 

b) friqciuli samuSao parametrebis (xaxunis 

koeficientis da cveTamedegobis) stabiluroba maRal 

temperaturebze 500-600˚C CaTvliT.  

g) Tujis kontrsxeulis cveTamedegobis gazrda 3-4-jer. 

d) wripinis gareSe uxmauro muSaoba. 

e) friqciuli masalis kompoziciaSi mcire raodenobis (5-6) 

ingredientis Semcvelobis sakmarisoba da produqtis siiafe.  

2) modificirebul Rero-diskur xelsawyoze: 

a) SemuSavebuli  friqciuli masalebis, gansakuTrebiT 

teqnikuri naxSirbadiT (II) da teqnikuri naxSirbadiTa da 

bazaltis boWkoTi (III) modificirebuli ori nanoforovani 

kompozitis upiratesoba, romlebic qmnian garemoSi 3-dan 7-jer 

naklebi raodenobis cveTis nawilakebs, vidre Sesabamisad 

evropuli mcire-metaluri (LM) samuxruWe masala da uazbesto 

organuli samuxruWe  (NAO)  masala aSS-dan.   

b) II da III nanoforovani kompoziciuri masalebisgan 

damzadebuli Reroebis xaxunisas kontrsxeulis –Tujis diskos 

cveTis Semcireba daaxloebiT 4-6-jer, vidre Sesabamisad LM da 

NAO masalebisgan damzadebuli Reroebi.  

5.     kompleqsurad Seswavlil iqna rastruli eleqtronuli da 

oJe-eleqtronuli speqtroskopiis meTodebis saSualebiT 

SemuSavebuli friqciuli masalebis Tujis  (kontrsxeulis) 

diskosTan xaxunis wyvilSi warmoqmnili zedapirebis 

struqturuli gardaqmnebisa da elementTa ganawileba, cveTis 

produqtebi da cveTis meqanizmi, rogorc SemuSavebuli, aseve LM 

da NAO masalebisaTvis.  

6.  rem da oes meTodebiT nanoforovani kompoziciebisgan 

damzadebuli samuxruWe zesadebsa da samuxruWe diskos Soris 

tribowyvilis sasazRvro movlenebis gamokvlevam gamoavlina e.w. 

“mesame fazis” ganmsazRvreli roli, romelic formirdeba 

nanofxvniluri Sewebebuli “firis” saxiT, rogorc “Txevadi” 
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(denadi) komponenta friqciuli masalisa da diskos moxaxune 

zedapirebs Soris.  

7. naSromSi mocemulia tribo-wyvilis samzafiani modelis 

safuZvelze nanoforovani kompoziciisagan  damzadebuli 

samuxruWe zasadebebis moqmedebis, cveTis meqanizmisa da maTi 

tribologiuri efeqturobis axsna.  
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