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w i n a s i t y v a o b a

triboteqnika mecnieruli disciplinaa, romelic uzrunvelyofs teqnikuri

obieqtis, kerZod, sxvadasxva daniSnulebis manqana-mowyobilobis saimedoobas da

mis efeqtur muSaobas. igi Seiswavlis da ganixilavs tribologiur procesebTan

dakavSirebul fizikur-qimiur, meqanikur, teqnologiur da konstruqciul

sakiTxebs. triboteqnika da misi ufro farTo gageba – tribologia meqanikuri

mowyobilobis daproeqtebisa da eqspluataciis erT-erTi ZiriTadi mecnieruli

safuZvelia. Sesabamisad, triboteqnika, rogorc disciplina, aris sainJinro

kadrebis kompleqsuri momzadebis mniSvnelovani Semadgeneli nawili da,

bunebrivia, rom mas yvela wamyvani teqnikuri saswavleblis inJiner-

meqanikosebis momzadebis saswavlo gegmaSi kuTvnili adgili uWiravs

zogadsainJinro disciplinebs Soris.

naSromi ganixilavs meqanikuri mowyobilobis saimedoobis fizikur

safuZvlebs Soris umTavress – triboteqnikas. amasTan, ukanaskneli srulad

Seesatyviseba saqarTvelos teqnikur universitetSi triboteqnikis saswavlo

programas inJiner-meqanikosebisaTvis. safiqrebelia, rom uaxloes periodSi

triboteqnikis, rogorc saswavlo disciplinis, Seswavla daiwyeba agreTve

qveynis sxva umaRles teqnikur saswavleblebSi (msoflio praqtikis Sesabamisad,

mosalodnelia specialisti tribologebis gamoSvebis dawyebac).

msoflioSi dRes ar aris sakamaTo tribologia-triboteqnikis sakiTxebze

yuradRebis koncentraciis maRali efeqturoba saxalxo meurneobaSi. bolo or

aTeul weliwadSi yvelgan uzarmazari nabijebi iqna gadadgmuli. ganviTarebuli

qveynebis umaRles, saSulo da sxvadasxva tipis saswavleblebSi farTo masStabiT

daiwyo tribologiis (triboteqnikis) Seswavla. dasabami mieca specialistebis

gamoSvebas tribologiaSi. am, erTis mxriv, uZveles da, meores mxriv, axal

samecniero mimarTulebas 60-ian wlebSi pirveli da udidesi impulsi misces

inglisis samecniero wreebis warmomadgenlebma. samwuxarod, saqarTveloSi am

mimarTulebiT dRemde cota ram aris gakeTebuli. sakiTxTa mravalrgoliani

jaWvi CvenTvis TiTqos arc ki arsebobs, Sedegi ki udidesi materialuri

danakargebia.

yovelive ganpirobebulia Cveni sainJinro personalis dabali

kvalifikaciiT am sferoSi. triboteqnikis sakiTxebi ar Seiswavleboda da qveynis

meqanikosi konsruqtorebi ver flobdnen xaxunis kvanZebis gaangariSeba-
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konstruirebis specifikur xelovnebas. maRali kvalifikaciis

konstruqtorebisTvisac ki problemuria xaxunis kvanZebSi kontaqturi Zabvebis

gansazRvris sakiTxi eqsperimentuli kvlevis gareSe; sakmaod rTulia daadginon

optimaluri konstruqciuli parametrebi, cveTis intensivoba, optimaluri

SemzeTi saSualebebi da meTodebi, daasabuTon gamoyenebuli masalebi.

sainJinro-teqnikuri personalis Sesabamisi Teoriuli da praqtikuli

Cvevebis deficitis aRmofxvris problemam CvenSi dasaxa umniSvnelovanesi

amocana - umokles vadaSi farTod danergiliyo qveynis umaRles saswavleblebSi

tribologia-triboteqnikis Seswavla, uzrunvelyofiliyo igi Sesabamisi

saxelmZRvaneloebiT.

meqanikuri mowyobilobis saimedoobis iseTi konkretuli sakiTxi,

rogoricaa triboteqnika, momavali inJiner-meqanikosebis mier mxolod

nawilobriv, calkeul nawilebad Seiswavleboda sxvadasxva saswavlo

disciplinebSi (manqanebisa da meqanizmebis TeoriaSi, manqanaTa nawilebSi,

masalaTa gamZleobaSi da a. S.). es naSromi pirveli cdaa, warmogvedgina igi

mocemuli saxiT (ara marto qarTul enaze), sadac dawvrilebiT ganixileba

triboteqnikis Tanamedrove problemebi da praqtikuli rekomendaciebi. wigni

karg samsaxurs gauwevs rogorc momaval inJinrebsa da aspirantebs, aseve

warmoebis muSakebsa da mecnierebs.

naSromi dawerilia avtorTa sakuTari gamokvlevebisa da sxvadasxva

avtorebis mier miRebuli Sedegebis ganzogadebis safuZvelze.

pirveli Tavi eZRvneba tribologiisa da triboteqnikis zogad amocanebs;

mocemulia triboteqnikis ganviTarebis sawyisebi da ZiriTadi mimarTulebani,

triboteqnikis ZiriTadi cnebebi da ganmartebani.

meore TavSi mocemulia triboteqnikis Teoriis safuZvlebi, zedapiruli

fenis meqanikuri Tvisebebi da struqtura, molekuluri da meqanikuri

urTierTqmedebani tribologiur procesSi, zedapiruli meqanikuri Tvisebebis

Sefasebis “dadebiTi gradientis wesis” arsi.

mesame Tavi Seiswavlis da ganixilavs SerCeviTi gadatanis efeqts

tribologiur procesSi; SerCeviTi gadatanis arsis axsnasTan erTad gaxsnilia

servovituli afskis warmoqmnis meqanizmis SemTxvevebi da misi fizikuri

safuZvlebi; ganxilulia anomaliuri mcire xaxunis efeqti.
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meoTxe TavSi tribologiuri procesebi kvalificirebulia SemzeTi

masalebis mixedviT, daxasiaTebulia SemzeTi saSualebebi daniSnulebisa da

Tvisebebis mixedviT.

mexuTe Tavi eZRvneba Txevad SezeTvas da misi hidrodinamikuri Teoriis

safuZvlebis Seswavlas, gansasazRvria zeTis wneviTi fenis zidvis unari da

xaxunis parametrebi Txevadi SezeTvis pirobebSi; mocemulia tribosistemis

Tburi gaangariSebis meTodika; motanilia gaangariSebis ricxviTi magaliTi.

meeqvse Tavi Seiswavlis SezeTvis sxvadasxva saxis sistemebsa da meTodebs;

mocemulia maTi gansxvavebuli konstruqciuli gadawyvetebi.

meSvide TavSi fundamenturadaa ganxiluli tribosistemebisa da, kerZod,

srialis sakisrebis gaangariSebis meTodika sasazRvro da mSrali xaxunis dros;

CamoTvlili da dasabuTebulia tribosistemebis muSaobis unaris kriteriumebi;

mocemul TavSi gansakuTrebuli adgili eTmoba plastmasis srialis sakisrebs;

moyvanilia kontaqturi amocanis dasmis safuZvelze miRebuli srialis sakisrebis

zidvis unaris gansazRvris gantolebebi da maTi amoxsnis meTodi; warmodgenilia

srialis sakisrebSi maqsimaluri kontaqturi  Zabvebis    gansazRvrisaTvis

saWiro   grafikul-analizuri damokidebulebebi da sainJinro gaangariSebis

meTodika, sacnobaro masalebi dasaSvebi Zabvebis SerCevisaTvis;

SemoTavazebulia tribosistemebis Tburi gaangariSebis meTodebi; mocemulia

rekomendaciebi srialis sakisrebis konstruqciuli parametrebis Sesaxeb;

mocemulia srialis sakisrebis pirobiTi gaangariSebis meTodika da motanilia

srialis sakisrebis gaangariSebis ricxviTi magaliTi mSrali da sasazRvro

xaxunis dros.

merve TavSi aRwerilia srialis sakisrebis konstruqciebi polimeruli

sadebebiT. mocemulia didgabaritiani srialis sakisris principulad axali

konstruqciuli gadawyveta moduluri elementebiT.

mecxre Tavi moicavs tribologiuri sistemebisaTvis saWiro sasakisre

masalebs; iZleva maT daxasiaTebas da sxvadasxva sferoSi gamoyenebis

rekomendaciebs.

avtorebi didad madlobelni darCebian yvela kritikuli SeniSvnisa da

winadadebisaTvis, romelsac daimsaxurebs es naSromi – triboteqnikis qarTuli

saxelmZRvanelos pirveli gamocema.

SeniSvnebis gamogzavna SeiZleba misamarTze: 380094, Tbilisi, gamsaxurdias

q.  k. 19, b. 58.
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xaxuni bunebis saocari

fenomenia! kacobriobas man aCuqa

siTbo da cecxli, SesaZlebloba

mcire droSi gaaCeros Cqarosnuli

matarebeli da avtomobili, asi

aTasjer daaCqaros qimiuri

reaqcia, firze Caweros adamianis

xma, mousminos violinos...

prof. d. garkunovi

S e s a v a l i

adamianma uxsovar droSive iswavla xaxunis damorCilebis da damarcxebis

mravali gza. magram xaxunis buneba dReisaTvis erT-erT idumal procesad rCeba

da sirTuleebi, romlebic masTanaa dakavSirebuli, kvlavac inJinerTa winaSe

mdgomi urTulesi problemaa.

kacobriobis progresis xangrZlivi gzis pirvelive safexurze adamianma

aRmoaCina, rom myar saganTa gadaadgileba raime zedapirze yovelTvis ganicdis

gareSe Zalebis winaaRmdegobas. Sesabamisad, imTaviTve cxadi gaxda, rom sxeulTa

urTierTgadaadgilebisaTvis garkveuli energia unda daxarjuliyo. am

winaaRmdegobis buneba ki adamianisaTvis ucnobi iyo. Semdgom cnobili gaxda, rom

myari sxeulebis raime zedapirze moZraobis winaaRmdegobis buneba xaxunia,

romelic siTbod gardaiqmneba. zogadad es SeiZleba ase iqnes ganmartebuli:

xaxuni erTmaneTis mimarT moZravi sxeulebis urTierTqmedebaa, romelic

energiis disipaciiT xasiaTdeba.

xaxuni ufro xSirad mavne movlenaa, romlis gadasalaxad kacobrioba

xarjavda, xarjavs da momavalSic daxarjavs energiis uzarmazar resursebs.

vinaidan es energia mTlianad gardaiqmneba siTbod, igi axurebs manqana-

meqanizmebis nawilebsa da kvanZebs. ukanasknels, bunebrivia, xSirad mivyavarT

manqana-mowyobilobis dazianebamde, mtyunebamde. aseve, xaxunis mudmivad

Tanamdevi procesia manqanaTa nawilebis cveTa, rac, Tavis mxriv, meqanikuri

mowyobilobis dazianebaTa umTavresi mizezia.

amasTan, rogorc ukve aRvniSneT, didia xaxunis sasargeblo rolic. xaxunis

gareSe warmoudgenelia kacobriobis yoveldRiuri cxovreba.
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sxvadasxva qveynis mecnierTa gamokvlevebis safuZvelze dadgenilia, rom

manqanaTa 70-80%-is mwyobridan gamosvla gamowveulia xaxunis kvanZebis cveTis

gamo. Sesabamisad, TiToeuli qveynis masStabiT manqanaTa remontsa da

reabilitaciaze yovelwliurad ixarjeba uzarmazari Tanxebi da materialuri

resursebi.

aRniSnuli mizezebis gamo xaxunze daxarjuli energiis Semcireba

Tanamedrove mecnierebisa da teqnikis umniSvnelovanesi problemaa. amasTan,

triboteqnikis Seswavlisa da konkretul problemaTa ricxvs miekuTvneba iseTi

sakiTxebi, rogoricaa: gare xaxunis procesis arsi da Taviseburebani; xaxunis

Tanamedrove Teoriebi; xaxunis koeficientis gansazRvris da Semcirebis gzebi;

axali progresuli antifriqciuli da SemzeTi masalebis Seqmna; sayrdeni

kvanZebis daproeqtebis safuZvlebi da axali konstruqciebi.
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T a v i 1.  tribologia da triboteqnika

1.1. ganviTarebis sawyisebi

Tanamedrove teqnikis Sesabamisi manqanebis da mowyobilobis, saimedooba-

xangrZlivobis maCveneblebi ZiriTadad damokidebulia maTi tribologiuri

sistemebis (xaxunis kvanZebis) principuli, konstruqciul-eqspluataciuri

parametrebis, cveTisa da SezeTvis pirobebis, moxaxune wyvilebis masalebis

SerCevis optimizaciaze. moyvanil sakiTxebs farTo masStabiT Seiswavlis

tribologia da triboteqnika.

tribologia axali mecnieruli disciplinaa xaxunisa da cveTis procesebis

Sesaxeb. saxelwodeba Sedgenilia berZnuli sityvebisagan tribos – xaxuni da logos –

sityva.

tribologia meqanikur procesebTan erTad Seiswavlis xaxunTan

dakavSirebul eleqtrul, magnitur, siTbur, qimiur da, aseve, biologiur

procesebs.

tribologiis kvlevis ZiriTad obieqtebs miekuTvneba xaxunis, cveTis da

SezeTvis procesebi.

triboteqnika - tribologiis erT-erTi sferoa, romlis winaSec dgas

konkretuli amocanebi, dakavSirebuli manqanaTa saimedooba-xangamZleobis

uzrunvelyofis dagegmvis procesTan.

meores mxriv, tribologia Seiswavlis gare da Siga xaxunis procesebs,

Sesabamisad, myari da Txevadi masalebisaTvis, xolo triboteqnika aris

mecniereba tribologiis praqtikuli gamoyenebis Sesaxeb, xaxunis kvanZebis -

tribologiuri sistemebis konstruirebis, damzadebisa da eqspluataciis Sesaxeb.

tribologiis, rogorc mecnierebis dargis mizania im principebis,

meTodebisa da teqnikuri saSualebebis SemuSaveba, romlebic uzrunvelyofen

manqana-mowyobilobis saimedooba-xangamZleobis normatiul maCveneblebs.

tribologia,  rogorc  damoukidebeli  mecniereba, Camoyalibda wina

saukunis 50-60-ian wlebSi. bolo aTwleulSi Sesrulebuli samuSaoebis mixedviT

tribologiis Teoriul safuZvlad miCneulia iseTi mecnieruli dargebi,

rogoricaa: fizika (maszea dafuZnebuli Tanamedrove xaxunis Teoria), qimia,

maTematika, liTon- da masalaTmcodneoba, reologia  da Termodinamika.
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amasTan erTad, tribologia Zveli mecnieruli mimarTulebacaa.

tribologiis zog kanonebs adamiani uxsovari droidan icnobda da iyenebda.

magaliTad, xaxunis Sedegad gaCenil siTbos iyenebda cecxlis miRebisaTvis,

xaxunis procesebs mZime tvirTebisa da sagnebis gasrialebis gziT

transportirebisaTvis. aseT SemTxvevaSi wevis Zalas warmoadgendnen adamianebi

da cxovelebi. amasTan, sagnis gadatanisaTvis saWiro Zala Seadgenda sagnis

simZimis Zalis 30%-ze nakleb sidides. xaxunis movlenebis praqtikuli

gamoyenebis magaliTebis garda Seiqmna mecnieruli, Teoriuli Sromebic.

XV saukunis meore naxevarSi leonardo da vinCis mecnierulma naazrevma

myari sxeulebis xaxunis sakiTxebze gamoxatuleba pova im droisaTvis sakmaod

maRali donis mecnierul naSromSi, romelSic mravali marTebuli gaangariSeba

da mtkicebaa moyvanili, sadac erT-erTi umniSvnelovanesi iyo mtkiceba srialis

xaxunis winaaRmdegobisa da moxaxune zedapirebze mosuli normaluri datvirTvis

proporciulobis cneba, riTac faqtiurad dasturdeba, rom  leonardo da

vinCis mier jer kidev XV saukuneSi aRmoCenili kanoni, romlis mixedviTac

xaxunis Zala pirdapirproporciulia moxaxune zedapirebisadmi normalurad

mimarTuli Zalisa. es damokidebuleba dResac farTod gamoiyeneba

jF nF , (1.1)

sadac jF aris xaxunis Zala; nF _ normaluri Zala;  _ xaxunis koeficienti.

leonardo da vinCi xaxunis koeficientis mniSvnelobas masalebis saxis

ganurCevlad miiCnevda 0,25-is tol sidided.

Semdgom periodSi leonardo da vinCis naSromi daviwyebas mieca da axali

interesi gamoiwvia mxolod ori saukunis Semdeg.

XVII saukunis bolos isaak niutonma Seiswavla Siga xaxunis movlenebi

Txevadi SezeTvis dros da Camoayaliba kanoni, romelic amyarebs kavSirs

Txevadi SezeTvis Siga xaxunis winaaRmdegobasa da am winaaRmdegobis

daZlevisaTvis saWiro Zalas Soris. laminirebuli dinebis am kanoniT dResac

sargebloben.

1699 wels g. amontonma franguli samefo akademiis yovelwliur JurnalSi

gamoaqveyna originaluri Sromebi xaxunis Teoriis Sesaxeb. man xelaxla

aRmoaCina leonardo da vinCis karga xnis winaT miviwyebuli kanoni imis Sesaxeb,



10

rom xaxunis Zala ar aris damokidebuli moxaxune zedapiris farTobze, xolo

koeficienti mudmivia da ricxobrivad udris 0,3-s.

orive es kanoni garkveuli pirobebisaTvis dResac farTod gamoiyeneba da

sakmaod zust Sedegebsac iZleva.

XVIII saukunis meore naxevarSi S. kulonma Seiswavla adheziis sakiTxebi

xaxunis procesSi da g. amontonis sapirispirod daaskvna, rom sakontaqto

zedapiris gazrda iwvevs xaxunis winaaRmdegobis gazrdas. amasTan, 1778 wels igi

pirveli gvTavazobs xaxunis Zalis formulas ori wevris saxiT, romelTaganac

pirveli 0A damokidebuli ar aris normaluri mimarTulebis datvirTvaze,

xolo meore hFK damokidebulia ukanasknelze:

hj KFAF  0 , (1.2)

sadac 0A SeWidulobis maxasiaTebelia da igi iseve, rogorc xaxunis Zala, aris

tangencialuri winaaRmdegoba da, misgan gansxvavebiT, ar aris damokidebuli

normaluri mimarTulebis datvirTvaze; * K SeWidulobis koeficientia, romelic

damokidebulia mxolod moxaxune zedapirebis Tvisebebze.

samwuxarod, es kanonic miviwyebuli iqna da sainJinro praqtikaSi XX

saukunemde gamoiyeneboda mxolod leonardo da vinCi _ amontonis kanoni

(romelic zogjer aramarTebulad dResac kulonis kanonad iwodeba

sainJinro praqtikaSi). Tavad S. kulonma XVIII saukunis bolos gamoaqveyna

cnobili Sroma `ubralo manqanebis Teoria”, sadac efeqturad iyo

ilustrirebuli avtoris warmodgena kontaqtis Sedegad reliefuri zedapirebis

SeWidulobis winaaRmdegobaze. am mecnieruli gaazrebis safuZvelze S. kulonma

gaakeTa daskvna xaxunis procesSi energiis gafantvis Sesaxeb.

XIX saukunis more naxevarSi b. tauerma SemTxveviT aRmoaCina, rom

garkveul pirobebSi, garkveuli konstruqciul-eqspluataciuri parametrebis

dros zeTis fenebis fardobiTi gadaadgilebis Sedegad aRmocendeba zeTis

dinamikuri wneva, romelmac SeiZleba friad dadebiTi roli iTamaSos xaxunis

procesSi.

---------------------

* SeWidulobis koeficienti aris ori sxeulis uZraobis udidesi xaxunis

Zalis fardoba im erTmaneTze miWeris ZalasTan, romelic moxaxune zedapirebis

normaluri mimarTulebisaa.
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reinoldsma daasabuTa, rom b. taueris cdebis safuZvelze SemCneuli

movlena aris hidrodinamikuri xasiaTisa da mniSvnelovnadaaDdamokidebuli

zeTis siblanteze. manve 1886 wels daamuSava SezeTvis hidrodinamikuri Teoria.

n. petrovma daaxloebiT imave periodSi reinoldsisgan damoukideblad

Camoayaliba hidrodinamikis sakiTxebi naSromSi - `xaxuni manqanebSi da SemzeTi

siTxis gavlena masze”.

XX saukunis dasawyisisaTvis teqnikis sferoSi mcenareuli da cxoveluri

zeTebi TandaTanobiT gamodevnil iqna mineraluri zeTebiT, romelic

emyareboda navTobgadamamuSavebeli mrewvelobis Semdgom aRmavlobas da, rac

mTavaria, gansazRvruli SezeTvis dros SemzeTi fenis SenarCunebis

sxvadasxvagvar SesaZleblobebs. 1936 w. u. hardim (`rCeuli Sromebi”) Seiswavla

es sakiTxi da gansazRvruli SezeTvis Teoriis safuZvlebTan erTad Camoayaliba

sasazRvro fenis struqturis koncefcia. sasazRvro xaxunis da myari sxeulebis

xaxunis problemebs Seiswavlida agreTve f. boudeni.

xaxunis da cveTis procesebis kvleva ufro maRal safexurze aiyvanes

sabWoTa periodis mecnierebma: p. rebinderma, v. kuznecovma, i, kragelskim, d.

garkunovma, m. xruSCovma,  a. belim, a. WiWinaZem. gansakuTrebiT unda aRiniSnos i.

kragelskis roli, romlis fundamenturma Sromebma xaxunis TeoriaSi msoflio

aRiareba moipova da romelic `kragelskis TeoriiTaa” cnobili da Targmnilia

msoflios mraval enaze.

farTo interesi gamoiwvia xaxunis TeoriaSi d. garkunovis originalurma

Sromebma, romlebic sabWoTa kavSiris Sesabamisi komitetis mier

registrirebuli iqna, rogorc aRmoCenebi. da mainc, uaxloes periodSi xaxunis

dargSi erT-erTi yvelaze TvalsaCino roli iTamaSes ingliselma mkvlevrebma.

maTi mecadineobiT msoflio mecnieruli progresis axlandel procesSi

sxvagvarad gamoiyo da Sefasda tribologiis (triboteqnikis) sakiTxebi.

TviT terminic `tribologia” pirvelad gamoyenebuli iqna ingliseli

eqspertebis mier, rodesac maT didi britaneTis parlaments warudgines

moxsenebiTi  baraTi qveyanaSi SezeTvis problemebis Sesaxeb.

friad mniSvnelovan wamowyebaTa avtorad warmogvidgina Tavi didi

britaneTis ganaTlebisa da mecnierebis ministrma lordma f. boudenma, rodesac

man 1964 wels aucileblad miiCnia gamoekvliaT da gaeanalizebinaT manqanaTa

SezeTvis pirobebi da masTan damokidebuli sakiTxebi, rogorc qveynis saxalxo

meurneobis winsvlis erT-erTi yvelaze aqtualuri amocana. aRniSnulis Sedegad
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prof.  n. p. jostis xelmZRvanelobiT Seiqmna specialistebis samuSao jgufi,

romelmac Seajama Sesrulebuli samuSaos Sedegebi da 1966 wels gamoaqveyna igi.

gamoqveynebuli angariSis safuZvelze dasaxuli RonisZiebaTa forma da Sinaarsi

pirvelad istoriaSi jerovnad afasebda manqanaTa SezeTvis rols saxalxo

meurneobaSi. magaliTad, am jgufis daskvniT didi britaneTis sazeTi meurneobis

gaumjobesebam SesaZlebeli gaxada qveyanas daezoga naxevari miliardi funti

sterlingi. Aam angariSSi gamovlenili iqna faqtorebi, romelTa Sorisac

umniSvnelovanesad miiCneoda rogorc momsaxure personalis, aseve

damproeqteblebis codnis dabali Teoriuli da praqtikuli done triboteqnikis

sferoSi, tribologiis specialistTa deficiti.

amasTan dakavSirebiT samuSao jgufi winadadebas iZleoda dawyebuliyo

tribologiis safuZvliani Seswavla yvela doneze, risTvisac unda Seqmniliyo

specialuri daniSnulebis institutebi, unda Secvliliyo teqnikisa da inJiner-

mzeTavebis statusi, momatebuliyo xelfasi, SemoRebuliyo ufro maRali

sakvalifikacio jgufebi da profesiuli wodeba _ tribologi. Aamavdroulad,

yofil sabWoTa kavSirSi RonisZiebaTa nusxa ver gascda ramdenime formaluri

saxis sazogadoebisa da literaturis umniSvnelo masStabiT gamoCenas

tribologia-triboteqnikaSi.

kidev ufro savalalo mdgomareobaa Cvens qveyanaSi, sadac SezeTvis

globaluri da aqtualuri sakiTxebi mravali dargisaTvis Zalian xSirad

yvelaze dabali kvalifikaciis muSis primitiul saqmianobadaa warmodgenili.

dRevandlamde respublikis umaRlesi da saSualo ganaTlebis saswavleblebidan

mxolod  stu-s zogierT specialobaze,  isic SezRuduli moculobiT Seiswavleba

disciplina tribologia an, rogorc uwodeben, triboteqnika, maSin, rodesac

amerikis SeerTebuli Statebis, germaniis, didi britaneTis universitetebi dRes

farTo profiliT amzadeben specialistebs tribologiaSi.

1.2. ZiriTadi cnebebi da ganmartebani

moviyvanoT tribologiaSi (triboteqnikaSi) gamoyenebuli ZiriTadi

cnebebi ganmartebiT, romelTa umravlesobac didi xania aris cnobili da

klasikur xasiaTs atarebs. triboteqnikis rigi terminebi, romelTa saerTo
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ricxvia 97, yofili sabWoTa kavSiris ekonomiur sivrceSi  klasificirebuli da

standartizebuli iyo saxelmwifo standartiT.

garegan xaxunad, ufro xSirad - xaxunad pirobiTad iwodeba meqanikuri

winaaRmdegobis movlena, romelic warmoiSoba ori sxeulis erTmaneTze miWerisa

da Sexebis sibrtyeSi zedapirebis tangencialuri mimarTulebiT fardobiTi

gadaadgilebis dros da romelsac Tan axlavs energiis disipacia (gafantva).

winaaRmdegobis am Zalas xaxunis Zalas uwodeben da igi aRiniSnebaFFf-iT,

romelic mimarTulia sxeulis gadaadgilebis sawinaaRmdegod.

aseve arsebobs xaxunis ufro zogadi ganmarteba – xaxuni aris movlenaTa

kompleqsi ori urTierTgadaadgilebadi sxeulis zedapirebis kontaqtis zonaSi,

ris Sedegadac am zonaSi warmoiSoba kontaqturi Zalebi [21].

moxaxune sxeulebs Soris FfardobiTi moZraobis  arsebobis an

ararsebobis mixedviT ganasxvaveben uZraobis da moZraobis xaxuns;  sxeulebis

urTierTfardobiTi moZraobis  xasiaTis mixedviT - srialisa da gorvis xaxuns.

uZraobis xaxuni xSirad statikur xaxunadac iwodeba da igi ori sxeulis

xaxunia erTmaneTis mimarT mikrogadadgilebis momentSi, moZraobis dawyebamde.

moZraobis (kinetikuri) xaxuni im ori sxeulis xaxunia, romlebic

erTmaneTis mimarT moZraoben.

srialis xaxuni  iseTi moZraobis xaxunia, rodesac sxeulebis Sexebis

wertilSi maTi moZraobis siCqare sxvadasxvaa sididiT da mimarTulebiT, an

marto sididiT, an marto mimarTulebiT:

gorvis xaxuni – moZraobis xaxunia iseTi myari sxeulebisaTvis, rodesac

maTi siCqareebi Teoriuli Sexebis wertilSi erTnairia sididiT da

mimarTulebiT.

xaxunis ZiriTad ricxobriv maCveneblad miCneulia xaxunis Zala da xaxunis

koeficienti.

xaxunis koeficienti warmoadgens ori moxaxune sxeulis moZraobis Sedegad

warmoqmnili xaxunis Zalisa da erTmaneTze miWeris normaluri Zalis fardobas.

Sesabamisad, srialis xaxunis Zala dResac warmatebiT SeiZleba gamoisaxos

CvenTvis ukve nacnobi 1.1 damokidebulebiT (Ff = f Fn).

triboteqnikis klasikuri kanonebis Camoyalibeba SeuzeTavi srialis

xaxunis pirobebSi SesaZlebeli iyo da faqtiurad Camoyalibda kidec jer kidev

XV saukuneSi leonardo da vinCis Sromebis safuZvelze Semdegi saxiT:
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1. xaxunis Zala proporciulia moxaxune zedapirebze mosuli normaluri

datvirTvisa.

2. xaxunis koeficienti ar aris damokidebuli moxaxune zedapirebis

nominalur sakontaqto farTobze.

3. uZraobis xaxunis koeficienti aRemateba moZraobis xaxunis koeficients.

4. xaxunis koeficienti ar aris srialis siCqareze damokidebuli.

mravalmxrivma kvlevam Tanamedrove pirobebSi gaaanaliza klasikuri

kanonebis sasazRvro pirobebi da gamoitana daskvna, rom I, II da III kanonebi

samarTliania umravles sainJinro-samanqanaTmSeneblo praqtikaSi arsebuli

pirobebisaTvis, garda im SemTxvevebisa, roca Zalian didi datvirTvebis dros

faqtiuri sakontaqto farTobi nominalurs uaxlovdeba. IV kanoni xSirad ar

iZleva zust Sedegebs blant-drekadi masalebisaTvis (polimerebi, elastomerebi

da zogierTi feradi liToni).

axla CamovayaliboT gorvis xaxunis fizikuri arsi. igi SemdegSi

gamoixateba:

deformirebadi cilindrisa da sibrtyis urTerTzemoqmedebis Sedegad

warmoqmnili sakontaqto ubnis sasazRvro wertilebia A da B. cilindruli

sxeuli am ubanze ikumSeba, xolo sibrtye imave ubanze iWimeba. es imas niSnavs, rom

sibrtyeze cilindris Tanabari siCqariT gadagorebis dros mis A da B wertilebs

aqvT erTmaneTTan miaxloebis tendencia, xolo sibrtyis Sesabamis A da B

wertilebs – erTmaneTTan daSorebis. am pirobebs mivyavarT im garemoebasTan,

rom gvaqvs cilindrisa da sibrtyis zedapirebis fardobiT gadaadgileba,

sriali.

nax. 1.1. gorvis xaxunis warmodgenis sqema

R

B

Fn

Fg

Fg

A

e

Fn
Fmam
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Tvisobrivad aseTi xasiaTis xaxunia manqanaTa mTel rig kvanZebSi.

magaliTad, burTulebian da gorgolaWebian sakisrebSi, kbilanebSi, SeuRlebebSi

– borbali-liandagi.

1.1 nax-ze warmodgenili sqemis mixedviT, wonasworobis pirobidan

gamomdinare,

gF = mamF , (1.3)

sadac gF gorvis xaxunis Zalaa; mamF _ mamoZravebeli Zala.

maSin mamoZravebeli momenti toli iqneba

M = mamF . R, (1.4)

sadac R sagoravis radiusia.

mocemul pirobebSi mamoZravebeli momentis gawonasworeba xdeba gorvis

xaxunis ZaliT

Fg = fg. Fn (1.5)

Sesabamisad, gorvis xaxunis koeficienti SeiZleba gamoisaxos rogorc

mamoZravebeli momentis (M) fardoba normalur ZalasTan (Fn )

gf =
nn

RR
F

F
F

F
F
M

n







gmam , (1.6)

saidanac

R
nFfF 


g

g . (1.7)

meores mxriv, normaluri reaqcia nF RerZidan gadanacvlebulia raRac e

manZiliT, ris Sesabamisadac reaqciuli momenti M = Fn .e. bunebrivia, rom roca

M = M da Fn = Fn

Fn .e = gF . R (1.8)

da

n

R
F

Fe 


g
. (1.9)

(1.7)-is gaTvaliswinebiT

e =  g .

gorvis xaxunis koeficients aqvs xazovani ganzomileba, geometriulad

warmoadgens SekumSvis zonis nawilis naxevarqordas da ricxobrivad udris e-s.

gorvis xaxunis koeficientis sidide damokidebulia detalis masalis drekad
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Tvisebebze. kerZod, im SemTxvevaSi, masalas aqvs maRali meqanikuri Tvisebebi,

mcirea qordis sidide, Sesabamisad, mcirea gorvis xaxunis koeficienti da Zala.

SemzeTi masalis gamoyenebis mixedviT ganasxvaveben SeuzeTav da SezeTviT

xaxuns. xaxuni SezeTvis gareSe iwodeba da ganixileba, rogorc mSrali xaxuni.

xaxuni SemzeTi masalis gamoyenebis raodenobis mixedviT SeiZleba

ganixilebodes rogorc sasazRvro xaxuni (roca moxaxune zedapirebi zeTis

SezRuduli raodenobis Txeli feniTaa dafaruli), an rogorc Txevadi xaxuni

(roca moxaxune zedapirebs Soris arsebobs zeTis garkveuli sisqis fena). yvela

sxva zemoT ganxiluli tribologiuri procesi sxeulis urTierTmoqmedebis gare

xaxunis variantebia. amavdroulad Siga xaxunis yvelaze ufro TvalsaCino

magaliTia tribologiuri sistema Txevadi SezeTviT. aseTi saxis xaxuni

hidrodinamikuri SezeTvis pirobebi iTvaliswinebs SeuRlebuli detalebis

gancalkevebas da, saTanadod, maT uSualo kontaqtSi aryofnas. amitom Sesabamis

pirobebSi xaxuni warmoadgens zeTis fenebs Soris winaaRmdegobas maTi

erTmaneTis mimarT gadaadgilebis dros da, bunebrivia, xaxunis koeficienti

mniSvnelovnadaa damokidebuli zeTis siblanteze.

myar sxeulebSi xaxuni sxeulis SigniT SesaZlebelia gare xaxunTan erTad.

amasTan, igi xasiaTdeba siTbos gamoyofiT da ganpirobebulia sxeulisadmi gare

meqanikuri energiis miniWebiT. sainJinro praqtikaSi myar sxeulebSi Siga xaxunis

aramravalricxovani magaliTebidan erT-erTia is, rom liTonebis da zogi sxva

masalis WriT damuSavebis dros zedapirebis qveS, detalis siRrmeSi SeiniSneba

masalis gadaxureba da Sesabamisi struqturuli cvlilebi.

1.3. ganviTarebis ZiriTadi mimarTulebani

triboteqnikis, rogorc mecnieruli dargis arsis sruli axsna

mniSvnelovanwiladaa ganpirobebuli rig erTmaneTisagan gansxvavebuli

mecnierebis mravalmxrivi SeswavliT. fizika, maTematika, qimia, eleqtrooba,

liTon- da masalaTmcodneoba – es is mecnieruli dargebia, romlebic, Tavis

mxriv, warmoadgenen damoukidebeli kvlevis obieqtebs, calkeul aqtualur

problemaTa kompleqsebs triboteqnikis safuZvlebis Seswavlis fonze.

qvemoT mogvyavs triboteqnikis, rogorc mecnieruli dargis, ZiriTadi

Semadgeneli nawilebi da ganviTarebis mimarTulebani.
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1. myari sxeulebis kontaqtebis fizikur-qimiuri meqanika maTi

urTierTsrialis da gorvis dros.

2. mSrali, sasazRvro da Txevadi xaxunis kvleva da mis safuZvelze

gaangariSebis sainJinro meTodebis Seqmna aRniSnuli xaxunis saxeebis

SefasebisaTvis.

3. cveTis kvleva da manqanaTa nawilebis cveTaze gaangariSebis meTodebis

Seqmna.

4. xaxunisa da cveTis siTburi dinamika.

5. xaxunisa da cveTis sistemuri analizi da modelireba.

amasTan, saWiroa xazi gaesvas triboteqnikis mTavar mecnierul amocanebs,

umniSvnelovanes problemur sakiTxTa rigs, romelTa Sorisaa:

- `ucveTi” tribologiuri sistemebis (xaxunis kvanZebis) Seqmna;

- axali progresuli cveTamedegi antifriqciuli da friqciuli masalebis

Seqmna;

- manqanaTa nawilebis dacva wyalbadovani cveTisagan;

- araabraziuli safiniSo operaciebis SemuSaveba;

- principulad axali, avtomatizebuli SezeTvis sistemis Seqmna;

- specialistebis momzadeba triboteqnikaSi.

triboteqnikis praqtikulad aqtualur sainJinro sakiTxebs ganekuTvneba:

- tribologiuri sistemebis saimedoobis, kerZod, xangamZleobis

maCveneblebis gazrda da prognozireba;

- tribologiuri sistemebis muSaobis unaris gazrda did temperaturul

diapazonSi;

- tribologiur sistemebze mosuli xvedriTi datvirTvebis gazrda,

konstruqciuli parametrebis optimizacia;

- tribologiur sistemaSi dasaSvebi fardobiTi srialis siCqaris gazrda;

- minimaluri xaxunis winaaRmdegobis uzrunvelyofa sakisrebis

SemTxvevaSi da maqsimalurisa – muxruWebis SemTxvevaSi;

yvela zemoT xsenebuli mTavari mecnieruli amocanis gadawyveta

iTvaliswinebs fundamenturi, Teoriuli safuZvlebisa da rTuli eqsperimentuli

mowyobilobisa da gaangariSebaTa meTodikebis damuSavebas. am kompleqsuri

Teoriuli da eqsperimentuli kvlevebis obieqtebad igulisxmeba:

- moxaxune muSa zedapiruli fenebis TvisebaTa safuZvliani Seswavla;

- `SerCeviTi gadatanis” efeqtis gamoyenebis sferoebis gafarToeba;
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- sazeTi masalebis TvisebaTa maCveneblebis regulireba da maTi

potenciuri SesaZleblobebis radikaluri Secvla axali misarTebis

gamoyenebis meSveobiT:

- mcire siblantis Txevadi SemzeTi masalebi;

- airovani nivTierebebis gamoyeneba SemzeT masalad;

- myari da fxvnilovani  SemzeTi masalebi;

- axali antifriqciuli da friqciuli masalebi sxvadasxva garemoSi

eqspluataciis dros.

aRniSnulis Sedegad  triboteqnikaSi mecnierul-teqnikuri progresis

Semdgom etapad miiCneva manqana-mowyobilobis xaxunisa da cveTis procesebis

marTva eqspluataciis sxvadasxva pirobebSi.

zemoT moyvanil RonisZiebaTa realizacia saxalxo meurneobaSi

mecnierebisa da inJinrebisagan moiTxovs tribologiuri sistemis konstruirebis

axali principebis danergvas. saWiro xdeba TiTqmis yvela dargis

manqanaTmSeneblobaSi uari vTqvaT tribologiuri sistemebis gaangariSebis

tradiciul meTodebze, rodesac xaxunis Zalebisa da momentebis gansazRvrisas

igulisxmeba xaxunis koeficientisa da cveTis intensivobis mudmivi mniSvnelobebi;

gaangariSebisas, rogorc wesi, gaTvaliswinebuli unda iqnes xaxunis koeficientis

da cveTis intensivobis damokidebuleba  kvanZis muSaobis reJimis iseT

parametrebTan, rogoricaa: srialis siCqare, radialuri datvirTva,

dakontaqtebis geometria, garemo pirobebis gavlena, Tbogadacemis pirobebi,

konstruqciuli parametrebi, muSa temperatura, narCeni deformaciebi da sxva

faqtorebi.

saangariSo meTodebi unda iZleodnen SesaZleblobas, sakontaqto zonebSi

gaangariSebul iqnes sakontaqto daZabulobis maqsimaluri mniSvnelobebi

(aRniSnul sakiTxebs meti yuradReba unda mieqces xaxunis kvanZebSi araliTonuri

sadebebis gamoyenebis dros). yovelive unda Sesruldes dinamikuri da

temperaturuli reJimebis gaTvaliswinebiT. kontaqturi amocanebi gadawyvetili

unda iqnas sivrceSi.

praqtikaSi xaxunis da cveTis sainJinro gaangariSebebs unda

moeTxovebodes didi sizuste da saimedooba. igi unda aRematebodes Cveulebrivi

manqanaTa detalebisadmi moTxovnebs, sadac maTi maragi simtkiceze aiReba 2...3

zRvrebSi. Sedegad unda SemuSavdes saimedo konkretuli sainJinro saangariSo

meTodebi, romlebic uzrunvelyofen tribologiuri sistemis samsaxuris vadis
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gansazRvras saWiro sizustiT mSrali da sasazRvro xaxunis dros, agreTve,

SemuSavdes Tanamedrove teqnikur miRwevaTa gamoyenebiT hidrodinamikuri,

elastikur-dinamikuri  da airovani SezeTvis pirobebSi mZimed datvirTuli

srialis da gorvis sakisrebis,  kbilanuri gadacemis, saxsrebis, cilindr-

dguSovani wyvilebis, mimarTulebis da sxva xaxunis kvanZebis  gaangariSebis

meTodebi.

gansakuTrebuli mniSvneloba unda mieqces tribologiur procesebs

kvanZebSi, sadac sadeb masalad gamoyenebulia polimeruli masalebi da

kompoziciebi maT safuZvelze; tribologiuri sistemebis gamocdebis im

daCqarebuli meTodebis SemuSavebas, romlebic dafuZnebulia mecnierebis

Tanamedrove miRwevaTa doneze procesebis maTematikuri, fizikuri, analoguri

modelirebiT.

triboteqnikis Semdgomi ganviTarebis  procesSi gansakuTrebuli roli

eniWeba samecniero da sainJinro-teqnikuri kadrebis momzadebas. triboteqnikis

safuZvlebis  codna dRes aucilebeli piroba xdeba yvela profilis inJiner-

meqanikosis momzadebisaTvis, vinaidan mxolod igi aZlevs inJiners saSualebas,

rom:

- sworad  gaiangariSos moZravi SeerTebebi, SearCios kvanZis

konstruqciuli parametrebi da SezeTvis sistema, daniSnos kvanZisaTvis muSaobis

optimaluri reJimi, gansazRvros saimedoobis ZiriTadi maCveneblebi  da sxva

amgvari sakiTxebi manqanis konstruirebis procesSi;

- SearCios efeqturi teqnologiuri procesebi manqanebis damzadebis

procesSi;

- uzrunvelyos, areguliros an aRadginos ekonomikurad gamarTlebuli

muSa procesebi Sesasrulebeli samuSaos da Seqmnili pirobebis

mixedviT manqanaTa funqcionireba-eqspluataciis dros.

samwuxarod, am mimarTulebiT Cvens qveyanaSi samuSaoebi faqtiurad jer

ar  dawyebula da igi saswrafod gadasawyveti amocanaa.

dabolos, saWiroa momavali da moqmedi saxalxo meurneobis

specialistebisaTvis cnobad iqnas miRebuli, rom dReisaTvis jer kidev farTod

cnobili terminebis _ `xaxunis kvanZis” da `xaxunis procesis” nacvlad uaxlesi

samecniero-teqnikuri literatura iwyebs axali, SedarebiT ufro Rrma cnebebis,

Sesabamisad, `tribologiuri sistemis” da `tribologiuri procesis” xmarebas.
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amasTan, tribologiur sistemad miCneulia detali an detalebis

erToblioba, romelic gamoyofilia garemodan fizikurad an warmosaxviT [21],

xolo tribologiur procesad – tribologiuri sistemis Semadgeneli detalebis

TvisebaTa Secvlis Tanmimdevroba droSi.

mocemul etapze dasaSvebad migvaCnia rogorc Zveli, ise axali

gansazRvrebiT sargebloba.
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Tavi 2. triboteqnikis Teoriis safuZvlebi

2.1. ZiriTadi Teoriuli cnebebi da parametrebi

tribologiuri procesis sruli SefasebisaTvis erT-erTi mniSvnelovani

momentia is, rom raodenobrivad da Tvisobrivad sworad iqnes Sefasebuli

normaluri ZalebiT gamowveuli dawneva moxaxune zedapirebze, risTvisac

aucilebelia SeuRlebuli detalebis sakontaqto farTobis gansazRvra.

ori erTmaneTze dadebuli brtyeli myari sxeulis realuri zedapirebi,

garda lokaluri simqisisa, xasiaTdebian talRurobiTac, romlebic

Tavdapirvelad sam wertilSi exebian erTmaneTs.

saxelmwifo standarti ГОСТ 2789-73-isa da ekonomikuri urTierTdaxmarebis sabWos

qveynebis standarti СТ СЭВ 638-77-is Sesabamisad simqised igulisxmeba is uswormasworobani,

romelTa biji ar aRemateba 800 mkm-s, simaRle 0,03-dan 400 mkm-mdea, xolo talRurobad  miiCneva

is uswormasworoba, roca bijis fardoba simaRlesTan 40.

nax. 2.1. foladis gaCarxuli zedapiris profilograma iohansonis filasTan

Sexebis Semdeg. konturuli wneva, mpa: a-0; b-50; g-200; d-350 [10]

a)

b)

g)

d)
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datvirTvis TandaTanobiTi modebis Semdeg SeuRlebuli zedapirebi

erTmaneTs uaxlovdebian da kontaqtSi Sedian ufro meti calkeuli borcvebiT,

ris Sedegadac diddeba Sverebis moTelili farTobi. gasagebi mizezebis gamo

talRis is nawili, romelic Seesabameba dadablebul adgilebs, ganicdis drekadi

saxis, xolo Sverebi _ plastikur deformaciebs. drekad deformaciebs ganicdis

sxeulis is nawilebi, sadac Zabva ar aRemateba masalis denadobis zRvars (nax 2.1).

realuri zedapirebis moTelili Sverebi talRur borcvebze qmnian konturul

farTobebs, romlebic, Tavis mxriv, warmoadgenen Sverebis kontaqtebis

erTobliobas. eqsperimentulad es movlena mkafiod warmoCndeba zedapirebis

SeuRlebis `saRebavis” meTodiT Sefasebis dros, roca sakontaqto adgilebs

laqiT gamoarCeven xolme (nax.2.2, 2.3).

nax. 2.2. zedapirebis dakontaqtebis sqema

nax. 2.3. sakontaqto farTobis grafikuli modeli

Fn

Aci

L
L

Ari

A ci A ri
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zemoT aRniSnulis Tanaxmad, ganasxvaveben Semdegi saxis sakontaqto

farTobebs:

1. nominaluri sakontaqto farTobi llA  , sadac l muSa zedapiris

gabarituli zomaa, gamoiTvleba talRurobis gauTvaliswineblad, rogorc

geometriuli farTobi.

2. konturuli Sexebis farTobi cA , romelic warmoiqmneba sxeulebis

moculobiTi moTelviT da romelic ganpirobebulia realuri zedapirebis

talRurobiT.  amasTan, Sexebis faqtiuri  wertilebi ganlagebulia konturul

farTobze. Tavis mxriv, konturuli farTobi damokidebulia rogorc zedapiris

profilis geometriul parametrebze, aseve datvirTvis sidideze.

Sexebis konturuli farTobi mTeli sxeulisaTvis gamoiTvleba Semdegi

tolobiT:





m

i
cic AA

1

, (2.1)

sadac m konturuli farTobebis ricxvia; ciA _ calkeuli i _ uri konturis

farTobi.

3. sxeulis Sexebis faqtiuri (fizikuri) saerTo farTobi rA warmoadgens

sxeulis mcire faqtobrivi kontaqtebis farTobTa jams. Sexebis faqtobrivi

farTobi damokidebulia simqisis geometriul parametrebze.

sxeulebis Sexebis faqtobrivi jamuri farTobi





n

i
rir AA

1

, (2.2)

sadac n faqtiuri kontaqtebis ricxvia; riA _ calkeuli i -uri faqtobrivi

Sexebis farTobi.

faqtobrivi kontaqtis adgilebi, romlebic warmoiqmnebian

mikroborcvebis deformaciis dros, Zalian mcire sididisaa da maTi xazobrivi

zomebi ar aRemateba 3...50 mkm-s. amitom nominaluri farTobis fardoba

faqtobrivTan sakmaod didi sididea da Seadgens 10 42 10... -s. am daskvnas iyeneben

manqanaTa nawilebis simtkiceze, cveTaze da saimedoobaze gaangariSebis dros.

magaliTad, roca p wnevas gansazRvraven, rogorc nF normaluri Zalis fardobas

kontaqtis nominalur A farTobTan, A
Fp n= , igi SeiZleba faqtiurze  100-jer an
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2

1

Fn

Ar

10 000-jer naklebi aRmoCndes, xolo faqtobrivi, Tavis mxriv, SeiZleba meti iyos

dasaSveb Zabvaze. aRniSnulis gamo faqtobrivi kontaqtis farTobis gansazRvra

friad mniSvnelovani amocanaa.

faqtobriv wnevad miCneulia sakontaqto zedapirebisadmi normalurad

mimarTuli datvirTvis Sefardeba Sexebis faqtobriv farTobTan




 n

i
ri

n

r

n
r

A

F
A
Fp

1

, (2.3)

sadac rp faqtobrivi wnevaa.

rogorc aRvniSneT, faqtobrivi dakontaqtebis farTobi damokidebulia

zedapiris simqisis parametrebze, SeuRlebul zedapirebze modebuli normaluri

Zalis sididesa da zedapiris masalis gvarobaze. saTanadod, dakontaqtebis

farTobis prognozireba SesaZlebelia moxaxune zedapirebis profilis

meSveobiT maTi simaRleTa donis Sesabamisad.

Sexebis konturuli da faqtobrivi farTobebi da maTi fardobebi kidev

ufro metad arian damokidebulni  zedapirebisadmi normalurad moqmed nF

Zalaze (nax. 2.4). nF -is garkveul zRvramde gazrdiT mniSvnelovnad izrdeba

kontaqtis farTobi. es aixsneba imiT, rom datvirTvis gamo  mikroborcvebis

Sverebi zog SemTxvevaSi, roca Zabvis sidide aRemateba denadobis zRvars,

ganicdian  araukuqcevad deformaciebs. amasTan, borcvebis Sverebis Sexebis

faqtobrivi wneva plastikuri kontaqtis dros Tavisi mniSvnelobiT Seesabameba

masalis simtkicis zRvars, xolo drekadobis zRvrebSi kontaqtis dros –

mniSvnelovnad ufro mcirea ukanasknelze.

nax. 2.4. moxaxune zedapirebis faqtobrivi sakontaqto farTobis rA

damokidebuleba normalur nF datvirTvaze [9]:

1 _ 1HB sisalis dros; 2 _ 2HB sisalis dros. 12 HBHB 
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aRsaniSnavia is garemoebac, rom Sexebis faqtobrivi farTobisa da

normaluri mimarTulebis datvirTvis damokidebuleba gansxvavebulia

xazobrivisagan.

Sexebis faqtobrivi farTobi, garda zemoT CamoTvlili faqtorebisa,

damokidebulia moxaxune SeuRlebuli zedapirebis masalebis meqanikur

Tvisebebze _ denadobis zRvarze, sisalesa da drekadobis modulze. amasTan, rac

ufro maRalia masalis meqanikuri maxasiaTeblebi, miT ufro naklebia

kontaqtirebis faqtobrivi farTobi. sxeulebis kontaqtis faqtiuri farTobi da

maTi urTierTqmedebis xasiaTi damokidebulia agreTve moxaxune zedapirebis

sisaleTa mniSvnelobebis farTobze.

ganasxvaveben dakontaqtebis Semdeg pirobebs:

- moxaxune SeuRlebuli zedapirebis sisaleebis mniSvnelobebi erTi

rigisaa;

- moxaxune SeuRlebuli erTi zedapirTaganis sisale bevrad naklebia

meoreze.

pirvel SemTxvevaSi normaluri mimarTulebis datvirTvis Sedegad xdeba

zedapirebis TandaTanobiTi daaxloeba, romelsac Tan sdevs axal-axali

sakontaqto zomebis warmoqmna. moxaxune masalebis sisaleebis erTmaneTisagan

gansxvavebisas sxeulebis daaxloeba xdeba SedarebiT rbili masalis

mikroborcvebis Sverebis moTelviT da meore ufro sali zedapiris Sverebis

pirvelSi CaRrmavebiT.

meore SemTxvevaSi, roca erTi zedapiris sisale bevrad naklebia masTan

kontaqtSi myof zedapirTan SedarebiT, meoris mokroborcvebi mTlianad

eflobian pirvelis zedapirSi. dakontaqtebis aseTi sqema damaxasiaTebelia iseTi

SeuRlebisaTvis, roca erTi sxeuli damzadebulia araliTonuri masalisagan,

mag., polimerisagan da roca misi drekadobis moduli 200-jer da ufro metad

naklebia kontrsxeulis drekadobis modulze.

moxaxune zedapirebis faqtobrivi da konturuli farTobebis gasazomad

sainJinro praqtikaSi ramdenime efeqturi meTodi da teqnikuri saSualebebia

SemuSavebuli, romelTa Soris aRsaniSnavia xelsawyoebi, romelTa moqmedebis

principi efuZneba kontaqtis adgilis eleqtruli gamtarobis fiqsirebas,

nivTierebaTa erTi zedapiridan meoreze gadatanas, radiaqtiul izotopebs da

optikur-fizikur meTodebs.
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2.2. zedapiruli fenis meqanikuri Tvisebebi da struqtura

manqanaTa nawilebis damzadebis procesSi zedapirebis damuSaveba teqnikis

ganviTarebis Tanamedrove donezec ki warmoqmnis mTel rig problemur

sakiTxebs – damzadebis meTodis mixedviT xSirad mniSvnelovnad icvleba

zedapiruli fenis mikrostruqtura da fizikur-meqanikuri maCveneblebi.

manqanaTa nawilebis zedapirebis meqanikuri damuSaveba iwvevs zedapiruli

fenis plastikur deformacias da teqnologiuri parametrebis Sesabamisad mis

met-nakleb gamtkicebas. zedapiruli fenis gamtkiceba, Tavis mxriv,

ganpirobebulia masalis meqanikuri maCveneblebis (simtkicisa da denadobis

zRvrebis) gazrdiT da plastikurobis maCveneblebis SemcirebiT. umravles

SemTxvevaSi es movlena manqanaTa nawilebis eqspluataciis procesSi uaryofiT

rols TamaSobs. zedapiruli fenis ganmtkiceba iwvevs masalis struqturul

anomaliebs, struqturul marcvlebSi narCeni Zabvebis warmoSobas da maT

araTanabar ganawilebas. yovelive es ki – liTonuri masalis struqturul

aramdgrad mdgomareobas, romelsac damzadebis procesis damTavrebis Semdeg

normalur mdgomareobaSi dabrunebis tendencia aqvs. am process `dasvenebis”

process uwodeben da misi efeqturoba damokidebulia dasvenebis xangrZlivobaze

da temperaturul reJimze (efeqturoba izrdeba temperaturis momatebiT).

zedapirebis meqanikuri damuSavebis dros zedapiruli fenis fizikur

Tvisebebze did gavlenas axdens temperaturuli reJimi, romelic ganpirobebulia

detalis garemosTan Tbogacvlis procesis parametrebiT. damzadebis procesSi

warmoSobili siTbos xarjze xdeba detalis gauTvaliswinebeli zedapiruli

wrToba.

manqanaTa nawilebis meqanikuri meTodiT damzadebis dros zedapiruli

fenis mdgomareobaze did gavlenas axdens is garemoeba, rom masSi meqanikuri da

Termuli zemoqmedebis Sedegad aRmocendeba  narCeni Zabvebi.

manqanaTa nawilebSi narCeni Zabvis warmoSobis meqanizmi Semdegnairad

SeiZleba iyos warmodgenili: meqanikuri damuSavebis procesSi detalis

plastikurad deformirebuli  (SekumSuli) zeda fenebi cdiloben qveda ucvleli

fenebis deformirebas (gaWimvas), romlebic, Tavis mxriv, ewinaaRmdegebian

plastikuri deformaciebis gavrcelebas, ris Sedegadac zedapirul fenebSi

umetes SemTxvevaSi formirdeba kumSvis, xolo gulaSi, zedapiridan 50.....200 mkm

siRrmeze _ gamWimi narCeni Zabvebi. narCeni Zabvebis warmoSobas  xels uwyobs
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agreTve procesi, romelic dakavSirebulia liTonis burbuSelas aclasTan.

instrumentis meSveobiT burbuSelas aclis dros xdeba zedapiruli fenebis Wris

mimarTulebiT gaWimva, rac, Tavis mxriv, zeda fenebSi amcirebs kumSvis narCen

deformaciebs, xolo gularSi zrdis gaWimvis narCen deformaciebs.

narCeni Zabvebis warmoSobis mniSvnelovani wyaroa temperaturuli

cvlilebebi, romlis meqanizmi aseTia: zedapiruli fenis ama Tu im mizeziT da

xarisxiT gaxurebis dros misi moculoba izrdeba. qveda fenebi da gulari,

romlebmac ar ganicades temperaturuli zemoqmedeba, winaaRmdegobas uweven

zedapiruli fenebis gafarToebas, xolo gacivebis procesSi, roca zedapiruli

fenis moculoba mcirdeba, detalis gulari, bunebrivia, xels uSlis masalis

kumSvas. temperaturuli gradientis moxsnis Semdeg zedapirul fenebSi rCeba

gaWimvis, xolo detalis gulSi _ kumSvis narCeni Zabvebi.

amrigad, liTonuri manqanaTa nawilebis meqanikuri damuSavebis dros

plastikuri deformaciebi zedapirul fenebSi iwveven kumSvis, xolo masalis

Wris Sedegad aRmocenebuli Tburi efeqtebi _ gamWim narCen Zabvebs. Aaq narCeni

Zabvebis jamuri niSani damokidebulia faqtoris upiratesobaze.

Aimavdroulad, konstruqciul masalebSi masalis plastikurobis

maCvenebeli mdgomareobas mTlianad ver aTanabrebs, igi mxolod arbilebs

narCeni deformaciebis gavlenas.

manqanaTa nawilebis muSaobis unaris amgvari Sefasebis dros

mizanSewonilia visargebloT rekomendaciebiT, romelic iTvaliswinebs, rom

temperaturis mixedviT arCeven liTonuri sxeulebis or…mdgomareobas _

drekads da plastikurs (drekadisagan gansxvavebiT, plastikur mdgomareobaSi

realurad Zabvebi ar grovdeba).

naxSirbadovani foladebisaTvis kritikul temperaturad, roca isini

plastikur mdgobareobaSi gadadian, miCneulia 450 0C, xolo legirebuli

foladebisaTvis _ 550 0C.

aRsaniSnavia agreTve is, rom zedapiruli fenis saSualo temperatura

xexvis dros 300 – 400 0C-ia, xolo ukiduresi zedapiruli fenisaTvis – 800 – 850

0C. amave rigisaa zedapiruli fenis temperaturuli reJimi Cqarosnuli Carxvis

drosac.

zedapiruli fenebisaTvis Tburi procesebiT aRZruli da narCeni

daZabulobebiT ganpirobebuli Siga Zabva SeiZleba ase gamoiTvalos:
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,)(5,0 12 Ett  

sadac 1t da 2t Sesabamisad, zedapiruli fenis sawyisi da maqsimaluri

temperaturaa;  _ masalis xazobrivi gafarToebis temperaturuli koeficienti;

 _ masalis drekadobis modeli maqsimaluri temperaturis dros.

manqanaTa nawilebisa da, saerTod, zedapiruli fenebis erT-erTi

Tavisebureba is gaxlavT, rom garemo pirobebTan urTierTqmedebis Sedegad

icvleba maTi fizikur-qimiuri Tvisebebi, kerZod, liTonis zedapirze

warmoiqmneba Jangeulebis Txeli afski, romelic SesamCnevad moqmedebs

tribologiur procesze da mis parametrebze.

zogadad ki, manqanaTa nawilebis zedapirebis xarisxi damokidebulia

masalis mikrostruqturaze, zedapirebis mikro- da makrogeometriaze,

talRurobasa da narCeni deformaciebis xarisxze. meores mxriv, zedapirebis

xarisxi damokidebulia masalis gvarobaze, misi damuSavebis meTodze,

gamoyenebuli instrumentis parametrebze, damuSavebis reJimze, SezeTvis da

gamacivebeli saSualebebis saxeebsa da intensivobaze. liTonuri detalebis

zedapiruli fenebi, romlebic miRebulia xexvis safiniSo operaciiT,

gamoirCevian araerTgvarovnebiT. fenaTa araerTgvarovnebis gadanawileba

fenebis siRrmis mixedviT mocemulia 2.5 nax-ze.

naxazze 1 aris sasazRvro fena, sadac adsorbirebulia sineste, gazebi,

SemzeT-gamacivebeli siTxeebi, romelTa mocilebac SesaZlebelia mxolod

vakuumSi, isic gacxelebis Sedegad. am fenis sisqea 0,0002...0,0008 mkm; 2 _ deformir-

1

2

3

4

5

nax. 2.5. fenaTa araerTgvarovnebis gadanawileba fenebis siRrmis mixedviT
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ebuli fena, romelic formirdeba Zlier daqucmacebuli nawilakebiT da

damaxinjebuli kristaluri mesriT. am fenaSi xexvis Sedegad warmoqmnili

maRali temperatura iwvevs naxSirbadis gamowvas, rasac mosdevs fenisaTvis

damaxasiaTebeli Jangeulebis, nitridebis, sahaero buStebis, napralebis gaCena.

am fenis sisqe icvleba 0,0002...0,008 mkm zRvrebSi. 3 – fena warmodgenilia Zlier

deformirebuli struqturuli marcvlebiT, romelic gamowveulia saxexi wris

dawneviT da xexvis tangencialuri ZalebiT. am fenisaTvis damaxasiaTebeli

specifikaa is, rom maRali temperaturis moqmedebiT masSi warmoiqmneba

struqturulad Tavisufali cementiti da fenis sisqe Seadgens 0,8...5 mkm. 4 _ fena

warmoadgens sawyis struqturas, romelic Seesabameba sxeulis ZiriTadi masis

struqturul agebulebas.

zogadad zedapiruli fenis Sesaxeb SesaZlebelia iTqvas Semdegi: Tu

mxedvelobaSi ar miviRebT adsorbirebul zedapirs, zedapiruli fena, romelic

miiReba instrumentis zemoqmedebis meSveobiT, Sedgeba ori ZiriTadi nawilisagan:

1) gareTa metad Txeli fena sakmaod damaxinjebuli kristaluri mesriT, rac

darRveuli struqturuli marcvlebia, da 2) gamokverili fena, romelsac

gamokveTili kristaluri struqtura aqvs.

zedapiruli fenis ganmtkiceba SeiZleba Sefasdes mikrosisalis (sawyisTan

SedarebiT) cvalebadobis Sesabamisad. cnobilia, rom mikrosisalis maCvenebeli

mcirdeba detalis zedapiridan daSorebis Sesabamisad, amasTan, dacemis xarisxi

gansakuTrebiT mkveTria meore fenaSi, romelic xasiaTdeba damaxinjebuli

kristaluri mesriT, xolo gamokverviT zedapirebis ganmtkicebis efeqti

naklebad SesamCnevia mtkice da myife masalebisaTvis, da piriqiT, efeqturia

naklebad mtkice da blanti,  mcirenaxSirbadiani masalebis SemTxvevaSi.

detalebis damzadebis teqnologiuri procesebis gavlena zedapirul

fenebze zogadad SeiZleba sakmaod did siRrmeze gavrceldes. magaliTad,

gaCarxvis dros zemoT naxsenebi faqtorebis gavleniT zedapiruli fena SeiZleba

icvlebodes 0,25...2,0 mm zRvrebSi, xolo xexvis dros – 2...25 mkm da 0,2 mkm-mde _

polirebis dros.

zedapirul fenebSi ama Tu im faqtoris mavne gavlenis ZiriTad maCveneblad

(ra Tqma unda, struqturul cvlilebebTan erTad) miCneulia damzadebis

procesis damTavrebis Semdeg daZabuli mdgomareobis SenarCuneba.

eqsperimentuli kvlevebiT dadasturebulia, rom narCeni Zabvebis sididem

liTonur detalebSi SeiZleba Seadginos 500...1000 mpa. amasTan, isini SeiZleba
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iyos rogorc gamWimi, ise mkumSavi xasiaTis. e.i. narCeni Zabvebis sidide

SesaZlebelia aRematebodes masalis zRvrul simtkices, rac, Tavis mxriv, imas

niSnavs, rom detalma SeiZleba datvirTvis gareSe ganicados rRveva, dakargos

Tavisi funqciuri daniSnuleba _ gatydes, gaibzaros, Seicvalos geometriuli

forma da a. S.

rigi avtorebis mier dafiqsirebulia metad saintereso momentebic.

magaliTad, roca teqnologiuri reJimebis raodenobrivi cvlilebebi iwveven

Tvisobrivs – gamWimi Zabva icvleba mkumSaviT.

prof. a. susloparovis eqsperimentuli gamokvlevis dros detalis

(foladi 45) damuSaveba xdeboda wminda gaCarxviT sali Senadnobiani saWrisiT

gacivebis gareSe; xolo grZivi miwodeba Seadgenda  0,1 mm-s. eqsperimentis Sedegi

aseTi aRmoCnda: 100m/wm Wris siCqaris dros narCeni Zabva zedapirul fenaSi iyo

gamWimi da Seadgenda 70 mpa-s, 200 m/wT Wris siCqaris dros – 0-s, xolo 400 m/wT

Wris siCqaris dros narCeni Zabva iyo ukve mkumSavi _ 166 mpa.

mikroskopuli araerTgvarovneba  met-naklebad damaxasiaTebelia yvela

myari sxeulisaTvis, xolo liTonebSi araerTgvarovneba ganpirobebulia

liTonTa kristalebis garkveuli anizotropiulobiT. meqanikuri wesiT

damuSavebuli liTonuri detalebisaTvis araerTgvarovneba kidev ufro metadaa

gamokveTili, rogorc qimiuri aqtivobis, ise fizikur-meqanikuri Tvisebebis

Taviseburebebis mxriv da yvela maTgani ZiriTadad damokidebulia damzadebis

procesis teqnologiur parametrebze.

amrigad, manqanaTa nawilebis saimedoobis maCveneblebi, kerZod,

xangamZleoba, didad aris damokidebuli detalis damuSavebis teqnologiur

reJimze (Wris siCqaris, miwodebis sididis, temperaturuli reJimis, instrumentis

geometriis da a.S.) da meTodebis (meqanikuri, lazeruli, qimiur-Termuli da a.S.)

swor SerCevaze, ris Sesabamisadac, optimaluri arCevani zog SemTxvevaSi

SesaZleblobas iZleva, ramdenimejer gavadidoT detalis muSaobis resursi.

2.3. xaxunis Teoriebi da muSa zedapirebis kontaqtebi

mecnieruli warmodgena xaxunis bunebaze kacobriobis ganviTarebis

istoriaSi icvleboda imis mixedviT, Tu ra warmodgena hqondaT da rogori iyo

mecnierebis codnis done myari sxeulebis bunebaze im periodisaTvis. rogorc
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ukve aRvniSneT, or sxeuls Soris xaxuni warmoiSoba, roca isini erTmaneTis

mimarT gadaadgildebian (kinetikuri xaxuni) an maTi urTierTgadaadgilebis

mcdelobisas (uZraobis, statikuri xaxuni). amasTan, xaxunis movlena

ganpirobebulia myari sxeulebis zedapirebis urTierTqmedebiT (gare xaxuni) an

TviT sxeulSi struqturuli elementebis erTmaneTis mimarT gadaadgilebiT

(Siga xaxuni). ukanaskneli SeiZleba xdebodes rogorc Txevad da airovan

nivTierebebSi, ise myar sxeulebSi.

bolo aTwleulebis mecnierulma gamokvlevebma daamtkices, rom

tribologiur procesSi meqanikuris paralelurad arsebobs eleqtruli,

magnituri, Tburi da sxva movlenebi. am movlenaTa kompleqsi kontaqtis zonaSi

warmoSobs sxeulTa urTierTgadaadgilebis winaaRmdegobas, romlis tolqmedi

pirobiTad miCneulia xaxunis Zalad.

triboteqnikis ganviTarebis adreul etapze (XVII-XVIII ss.) xaxunis bunebis

axsnas cdilobdnen meqanikuri TeoriiT, romelsac pirobiTad `geometriulsac”

uwodeben. am Teoriis Tanaxmad xaxunis arsis axsna xdeboda mxolod

geometriuli mosazrebebiT, kerZod, mikroborcvebis gadalaxvis

winaaRmdegobiT, rac Seesabameboda myari sxeulebis meqanikis ganviTarebis im

periods, roca myari sxeulebi absoluturad xistad iyo miCneuli. aRniSnulis

Sesabamisad, xaxunis koeficienti miiReboda erTeulovani mikroborcvis daxris

kuTxis tangensis tolad (parani, eileri).Aamavdroulad, efuZneboda ra

tribologiuri procesis arsze pirvandel warmodgenebs, meqanikuri Teoria ver

xsnida rig movlenebs. magaliTad, am Teoriis Tanaxmad, yovelgvar logikas

ewinaaRmdegeba cveTis intensivobis gazrda Zlier mcire simqisis zedapirebis

SemTxvevaSi, rac ase martivad dasturdeboda eqsperimentebiT (roca simqisis

parametrebi aR 0,32...0,04 mkm, mikroborcvze asvlis winaaRmdegoba praqtikulad

ar arsebobs, vinaidan kuTxe borcvis ZirTan gatarebuli profilis da

horizonts Soris 1...2  -ze naklebia).

tribologiur procesis Tanamedrove warmodgenas safuZvlad udevs

sabWoTa mecnier i. kragelskis Teoria (1939 w.), romelic iwodeba molekulur-

meqanikurad da romelic efuZneba fardobiT gadanacvlebis dros sxeulTa

urTierTqmedebis or saxes:

a) molekulurs, romelic ganpirobebulia or sxeuls Soris atomur-

molekuluri    urTierTqmedebiT;
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b) meqanikurs, romelic ganpirobebulia im muSaobiT, romelic xmardeba

sxeulis garkveuli moculobis deformacias erTi sxeulis Sveris meoreSi

CaRrmavebis dros.

i. kragelskis Teoriis Tanaxmad, winaaRmdegobis orive faqtori erTad

Seadgens xaxunis Zalis winaaRmdegobas.

2.4. molekuluri urTierTqmedeba tribologiur procesSi

molekuluri urTierTqmedeba sxeulebs Soris samecniero-teqnikur

literaturaSi xaxunis Sesaxeb umetesad adheziur Semdgenad iwodeba. Sesabamisad,

xaxunis Zalis am SemdgenisaTvis SemoviRoT aRniSvna - aF .

pirvelad tribologiuri procesis molekuluri Teoria warmoadgina

ingliselma fizikosma i. dezargiulem (1704 w.). Semdgom es mimarTuleba

ganaviTares aseve ingliselma mecnierebma – u. hardim (1919 w.), g. tomilinsonma

(1929 w.) da sabWoTa mecnierma b. deriaginma (1934 w.). aqve SeiZleba vaxsenoT

cnobili ingliseli mecnieris _ f. boudenis Sromebi, sadac myar sxeulebs Soris

SeduRebis kavSirebis safuZvlad igulisxmeba molekuluri urTierTqmedeba.

rogorc adre aRvniSneT, ori myari sxeulis molekuluri

urTierTqmedebis Sedegad warmoqmnil winaaRmdegobas maTi fardobiTi srialis

dros aF adheziur Semdgens ganapirobebs moxaxune zedapirebis SeWiduleba da

maTi adheziuri Tvisebebi. ukanaskneli, Tavis mxriv, Sedegia im ZalTa velis

moqmedebisa, romelic warmoiqmneba im molekulebis  (atomebis, ionebis) muxtiT,

romlebic Seadgenen sakontaqto zedapiris zeda fenas. am velis moqmedeba

eqsponenciuri kanonis mixedviT mcirdeba zedapiridan manZilis gazrdis

Sesabamisad da zedapiruli fenidan 0,001-0,002 mkm manZilze van-der-vaalsis

Zalebis* mniSvneloba praqtikulad utoldeba nuls.

----------------------------

* van-der-vaalsis Zalebi molekulebis specifikuri urTierTqmedebaa. Mmisi meSveobiT

SesaZlebeli xdeba didi makromolekulis Seqmna da igi molekulaTSoris Zalad iwodeba. amis

gamo aRniSnuli Zalebi mkveTradaa gamoxatuli myar nivTierebebSi da naklebad – airovansa da

TxevadSi, e.i. naklebad iq, sadac molekulebs Soris manZili didia. van-der-vaalsis Zalebi

molekulebis eleqtruli velebis urTierTqmedebaa eleqtronebis erTmaneTSi gadasvlis gareSe.
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dRes aRiarebuli xaxunis Teoriis mixedviT miCneulia, rom adheziuri

Semdgeni van-der-vaalsis ZalebiTaa ganpirobebuli. naTqvami dasturdeba imiT,

rom tribologiur procesSi sxeulis rRvevis produqtebi aris molekulebi an

molekulebis jgufi didi makromolekulebis saxiT, xolo sxeulis nawilebs

Soris gadanacvleba-deformaciaTa masStabebi molekuluria. amitom xaxunis

procesis Seswavlis dros Siga molekuluri, atomuri kavSirebi ar ganixileba.

gamonaklisia wyalbadovani (protonuli) kavSirebi, romlebic erTdroulad

Sigamolekuluri da molekulaTSorisi kavSirebia. aseve damtkicebulia, rom van-

der-vaalsis Zalebi maqsimalur sidides aRweven, roca maRalia sxeulebis

zedapirebis damuSavebis xarisxi, kerZod, maRalia simqisis maCveneblebi,

zedapirebi sufTaa qimiurad da fizikurad da, amasTan, manZili sakontaqto

zedapirebis elementebs Soris ar aRemateba (3-5) 10 4 mkm-s. dawneva, romelic

warmoiqmneba atomur-molekuluri mizidulobis Sedegad urTierTkontaqtSi

myof zedapirebs Soris, bunebrivia, damokidebulia masalebis gvarobasa da

zedapirebis mdgomareobaze  (mag., profilis parametrebze), Jangis afskis

arsebobaze, adsorbciis xarisxze da a. S. gamokvlevebis Sedegad dadgenilia, rom

foladis zedapirisaTvis, rodesac manZili maT Soris 0,005-0,01 mkm-ia, sxeulTa

adheziis Sedegad warmoqmnilma wnevam SeiZleba 10 5 pa-s miaRwios.

arsebuli mwyobri Teoriis miuxedavad, xaxunis Zalas adheziuri Semdgenis

gansazRvra Tanamedrove mecnierebis donezec praqtikulad SeuZlebelia

adheziuri kavSirebis rTuli bunebisa da mravali cvladi faqtorebis gamo,

romlebic saboloo jamSi ganapirobeben elementebis urTierTqmedebis process.

aRniSnulis gamo xaxunis koeficientis adheziur Semdgens umeteswilad

gansazRvraven empiriuli damokidebulebidan, rodesac ZiriTad argumentad

miCneulia kontaqtSi myofi sxeulebis erTmaneTze  miWeris, normaluri wnevis

saSualo mniSvneloba.
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2.5. meqanikuri urTierTqmedeba tribologiur procesSi

xaxunis Zalis meore Semdgeni, romelic asaxavs sxeulTa meqanikur

urTierTqmedebas sxeulTa fardobiTi srialis dros, roca erTis Sveri

kontaqtSi aris meoresTan da iwvevs mis morRvevas an deformacias, Tanamedrove

literaturaSi moixsenieba, rogorc koheziuri Semdgeni da aRiniSneba kF -Ti.

imis gamo, rom zemoxsenebul meqanikuri urTierTqmedebiT Sverebis

moWrasTan erTad xdeba maTi drekadi da plastikuri deformaciebi, sxeulTa

urTierTgadaadgilebis winaaRmdegobis am Semdgens madeformirebelsac

uwodeben. xaxunis dargSi pirveli Teoria am Sexedulebis gaTvaliswinebiT

warmoadgina (1801 w.) ingliselma fizikosma d. leslim, romelic Tvlida, rom

xaxuni ganpirobebulia deformaciis talRiT,  romelic  win  miuZRvis  meore

sxeulSi  CaRrmavebul  pirveli sxeulis Svers. 1921 wels germanelma mecnierma

l. humbelma ki Camoayaliba Teoria, romelic xaxunis Zalis winaaRmdegobad

miiCnevda erTi sxeulis SveriT meoris masalis gamodevnis faqts. Tavis droze

masalis plastikuri gamodevnis es Teoria sakmaod damajereblad

gamoiyureboda, magram sabolood mainc ver gauZlo eqsperimentuli Semowmebis

rig sirTuleebs da saWiro aRiareba ver moipova. xaxunis Zalis koheziuri

Semdgeni SeiZleba ase warmovidginoT:





m

i
iFF

1
kk ,

sadac m Sverebis raodenobaa sakontaqto zedapirze; iFk _ xaxunis Zalis

koheziuri Semdgeni i-uri SverisaTvis.

koheziuri Zalebi Tavisi arsiT mcired gansxvavdebian adheziuri

Zalebisagan. metic, isini erTi bunebisani arian da emyarebian atomur-

molekulur urTierTqmedebas. gansxvaveba mxolod maTi moqmedebis sferoebia.

koheziuri Zalebi adheziurisagan gansxvavebiT, romlebic sxeulis zedapirzea

modebuli, moqmedeben sxeulis SigniT da winaaRmdegobas uweven yoveli saxis

deformaciebs. e.i. Tu Zalebi moqmedeben sxeulis zedapirze, isini iwveven

adheziur movlenebs da Tu sxeulis SigniT moqmedeben, koheziurs. yoveli

zemoqmedeba sxeulze, romelic iwvevs misgan misi elementebis aglejas, koheziuri

Zalebis winaaRmdegobis Sedegia. Aadheziuri da koheziuri Zalebis TvalsaCino

ilustracia mocemulia 2.6 nax-ze.
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nax. 2.6. adheziuri da koheziuri Zalebis moqmedebis pirobiTi sqema:

1 – adheziuri Zalebi; 2 – sxeulis elementebi; 3 – koheziuri Zalebi

adheziuri da koheziuri Zalebis naTlad warmodgenisaTvis gavakeToT

Semdegi saxis daSvebebi Sesabamisi SefasebebiT:

1) ori erTmaneTis mimarT moZravi sxeulis muSa zedapirebi absoluturad

gluvia, rac Seesabameba winaaRmdegobis Zalebis adheziur xasiaTs;

2) or erTmaneTis mimarT moZrav sxeuls aqvs realuri, mqise zedapirebi –

maSin winaaRmdegobis Zalebs aqvs rogorc adheziuri, aseve koheziuri

xasiaTi.

amrigad, realuri gare xaxuni bunebaSi adheziuri da koheziuri Zalebis

moqmedebis Sedegia da igi SeiZleba warmodgenil iqnes, rogorc adheziuri Fa da

koheziuri Fk Semdgenebis jami:

ka FFF f  ,

sadac Ff jamuri gare xaxunis Zalaa.

xaxunis Teoriis ganviTarebis dRevandel etapze saproblemo sakiTxia

xaxunis Zalis Semdgenebis Tanafardobis dadgena. saqme imaSia, rom xaxunis

procesSi SeiZleba gamoyofil iqnes sxeulTa urTierTqmedebis Semdegi saxeebi:

- masalaTa drekadi deformacia;

- masalaTa plastikuri deformacia;

- moxaxune zedapirebSi SeWrili Sverebis Wra;

1

2

3
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- Jangis afskebis SeWiduloba da maTi rRveva;

- zedapirebis molekuluri SeWiduloba, romelsac Tan sdevs siRrmiTi

amoglejebi.

urTierTqmedebis zemoT moyvanili saxeebis mniSvnelobis raodenobrivi

maCveneblebi ganapirobeben Fa da Fk Semdgenebis Tanafardobas tribologiur

procesSi, rac, Tavis mxriv, gansazRvravs zedapirebis daSlis xasiaTsa da

intensivobas,  Sesabamisad, manqanaTa nawilebis saimedoobas da, kerZod,

xangamZleobas.

2.6. masalis meqanikuri Tvisebebis Sefaseba dadebiTi gradientis wesiT

rogorc ukve aRvniSneT, tribologiuri sistemis konstruirebis dros

mniSvnelovani momentia moxaxune wyvilebisaTvis masalebisa da maTi zedapirebis

damuSavebis meTodis SerCeva. orive faqtori erTad mniSvnelovanwilad

gansazRvravs moxaxune zedapiruli fenis saerTo mdgomareobas. aRniSnulis gamo

Tanamedrove sainJinro da mecnierul praqtikaSi tribologiuri sistemebis

Sromisunarianobis erT-erT yvelaze efeqtur kriteriumad SeiZleba iqnes

miCneuli `gradientis wesis” gamoyeneba.

gradientis wesi iTvaliswinebs ganisazRvros masalis meqanikuri

maCveneblis cvlilebis suraTi _ gradienti zedapiris normalis mimarTulebiT

(TvalsaCinoebisaTvis meqanikur maCvenebels zogjer gamosaxaven veqtoris

saxiT). Tu masalis meqanikuri maCvenebeli, mag., simtkicis zRvari b izrdeba

zedapiris siRrmis mimarTulebiT, gradienti dadebiTia 0
dz

d b (nax. 2.7a), sadac

b masalis meqanikuri maCvenebelia,  xolo z _ mimdinare koordinati zedapiris

normalis mimarTulebiT, maSin moxaxune wyvilis xaxunis procesisaTvis

Seqmnilia mizanSewonili, optimaluri pirobebi. zemoxsenebuli miiRweva imiT,

rom tribologiur procesSi deformaciis zona ar vrceldeba did siRrmeze da

deformirdeba mxolod zedapiruli Txeli fena, rac mniSvnelovani pirobaa

imisa, rom ar moxdes detalis siRrmiseuli rRveva, e. i. detalis intensiuri

cveTa.
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Tu detalis moxaxune zeda fenas aqvs ufro maRali simtkicis maCvenebeli

vidre ZiriTad masas (nax. 2.7b), gradienti uaryofiTia ( 0<
dz

d b
) da moxaxune

wyvilisaTvis Seqmnilia yvela wina piroba intesiuri cveTisaTvis. es ki

gamowveuli iqneba detalis zedapiruli rRveviT moxaxune fenebis erTmaneTTan

SeWidulobisa da siRrmiseuli fenebis naklebi simtkicis gamo. procesis fizikuri

arsi mdgomareobs imaSi, rom moxaxune zedapiridan xdeba masalis patara

gundebis siRrmiseuli amoglejebi, rac, Tavis mxriv, friad uaryofiT movlenad

iTvleba.

zemoT naTqvamis gaTvaliswinebiT SeiZleba damatebiT davaskvnaT, rom

tribologiur procesSi mniSvnelovani faqtoria is, rom sxeulebis adheziuri

kavSirebis simtkice unda gansxvavdebodes siRrmiseuli fenebis simtkicisagan.

amasTan, WeSmariti gare xaxunis procesis damyarebisaTvis saWiroa, rom

siRrmiseuli fenebis simtkice meti iyos adheziuri kavSirebis simtkiceze

(dadebiTi gradienti), aRniSnul SemTxvevaSi deformaciebi vrceldeba mxolod

Txel zedapirul fenebSi da cveTa naklebad intensiuria. Tu adheziuri

kavSirebis simtkice metia siRrmiseuli fenebis simtkiceze (uaryofiTi gradienti),

deformaciebi moculobiTia da, Sesabamisad, cveTa intensiuri iqneba. e. i.

tribologiuri procesis xelsayrelad warmarTvisaTvis unda xorcieldebodes

dadebiTi gradientis wesi. amasTan, saWiroa gaviTvaliswinoT is, rom rogorc ki

irRveva dadebiTi gradientis wesi, gare xaxunis procesTan erTad iwyeba Siga

xaxuni, da rom am movlenas didad uwyobs xels kontaqtis zonaSi warmoSobili

maRali temperatura. ukanaskneli ganpirobebulia imiT, rom temperaturis

momateba Zlier moqmedebs zedapiris damcveli afskebis sicocxlis unarze.

sakuTari da sxva mkvlevrebis dakvirvebaTa safuZvelze Cvens mier

gakeTebuli iqna daskvnebi imis Sesaxeb, rom tribologiuri sistemebis muSaobis

radikaluri gaumjobeseba dadebiTi gradientis ganxorcielebis gziT

SesaZlebeli iqneba Tu moxerxdeba:

1) iseTi `qercliani” moxaxune zedapiris (erT-erTis) formireba,

romlisTvisac niSandoblivia rbili, danawevrebuli, deformirebadi sasazRvro

fenebi;

2) 1-l punqtSi aRweril zedapirze danawevrebul fenebSi Txevadi an

airovani produqtebis Seyvana.
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am mimarTulebiT saintereso dakvirveba aqvs d. garkunovs, romelmac

daafiqsira, rom Tevzebs, frinvelebs, Tagvebs, Txunelebs umciresi winaaRmdegoba

aqvT Sesabamis garemoSi maTi moZraobisas.

nax. 2.7. masalis meqanikuri maxasiaTeblebis gradientis gansazRvris wesi:

a – dadebiTi gradienti; b _ uaryofiTi gradienti.

Sesabamisad unda vifiqroT, rom aRniSnuli movlena SeiZleba aixsnas

swored maTi sxeulis zedapirebis `qerclianobiT” da danawevrebul moxaxune

fenebs Soris Txevadi an airovani `baliSebis” arsebobiT.

bunebis zemoT naxseneb analogebze dakvirvebebis da rekomendaciebis

Teoriuli dasabuTeba jerjerobiT problemurad gamoiyureba da gadawyvetas

moiTxovs.

dRes ki sainJinro praqtikaSi dadebiTi gradientis ganxorcielebis

miRweva SeiZleba iseTi konkretuli, konstruqciuli gadawyvetilebebiT,

rogoricaa:

- sakontaqto zonaSi iseTi SemzeTi masalebis gamoyeneba, romlebic

amcireben zedapiruli fenebis simtkices fenis adsorbirebis safuZvelze

(rebinderis efeqti) an qimiuri zemoqmedebis Sedegad;

- mcire simtkicis mqone Txeli liTonuri an sxva masalebis gamoyeneba

zedapirebis dafarvis mizniT;

zogadi daskvniT tribologiuri sistemebis efeqturi muSaoba

mniSvnelovanwilad aris ganpirobebuli SerCeviTi gadatanis

ganxorcielebisaTvis saWiro winapirobebis SeqmniT. erT-erT aseTad SeiZleba

miviCnioT tribologiur sistemebSi gamoyenebuli masalebis zedapiruli fenebis

siRrmiTi mimarTulebiT dadebiTi gradientis miRebis piroba.

FnFn

V V σbσb

Z
Z
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Tavi 3.   SerCeviTi gadatana tribologiur procesSi

3.1. triboteqnikis ganviTarebis axali amocana

moxaxune zedapirebis rRveva maTi urTierTxaxunis dros uSualod

ukavSirdeba sakontaqto zonebSi mimdinare ukve aRniSnul fizikur-qimiur

procesebs. am procesebis intensivoba didad aris damokidebuli xaxunis

movlenis iseT argumentebze, rogoricaa: muSa zedapirze warmoqmnili wneva,

zedapirebis fardobiTi srialis siCqare, temperatura sakontaqto zonaSi,

garemo da SezeTvis pirobebi da saSualebebi, xaxunis kvanZis konstruqciuli

parametrebi, gamoyenebuli masalebi, moxaxune zedapirebis mdgradoba da sxv.

aRniSnuli argumentebis kompleqsuri gavlena tribologiur procesebze,

romlebic faqtiurad gansazRvraven cveTis xarisxs, praqtikaSi Semdegi saxiT

vlindeba:

 plastikuri deformaciebi, romlebic iwveven moxaxune zedapirebis

civWedvas da mikroborcvebis rRvevas:

 JangviTi procesebi, romlebic warmoqmnian Jangeulebis afskebs

(marTalia, isini dadebiTi gradientis winapirobas warmoadgenen, magram

imis gamo, rom naklebad mtkiceni arian, advilad irRvevian);

 erTi moxaxune zedapirTaganis Sverebis meoreSi CaRrmaveba maTi

fardobiTi srialis dros ukanasknelSi iwvevs Rrmulebis gaCenas da

sabolood, procesis mravaljeradi gameorebis dros, zedapiris rRvevas;

 adheziuri SeWiduloba, romelic iwvevs erTi masalis meoreze SeWidebas,

rac, Tavis mxriv, ganapirobebs masalis patara gundebis amoglejas;

 moxaxune zedapirze wyalbadis koncentraciis gazrda, rac tribologiuri

sistemis muSaobis pirobebis mixedviT mkveTrad zrdis cveTis

intensivobas.

bolo dromde xaxunis Zalebis da, Sesabamisad, cveTis Semcirebis ZiriTad

da TiTqmis erTaderT mimarTulebad rCeboda moxaxune sxeulebis zedapirebis

sisalis gadideba. aRniSnuli ganpirobebulia imiT, rom zedapiruli sisalis

gadideba amcirebs sxeulTa mikro- da makroborcvebis urTierTCaRrmavebas, e.i.

amcirebs plastikuri deformaciebis mniSvnelobas da, maSasadame,

madeformirebel, koheziur mdgenels. garda amisa, xsenebuli faqtori amcirebs


