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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.



8

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,
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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

Fn
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



24

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
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tribologiur sistemaze abraziul zemoqmedebas da JangviTi procesebis

intensivobas.

Mmeqanikuri sistemebis xaxunis kvanZebis nawilebis zedapiruli sisalis

gadidebis mravali meTodi arsebobs. maTi didi umravlesoba dResac farTod

gamoiyeneboda samanqanaTmSeneblo praqtikaSi. mag.: zedapiruli wrToba,

cementacia, azotizacia, cianizacia, qromireba, sali Senadnobebis Txeli fenis

daduReba da sxv. CamoTvlili meTodebi tradiciulia  da mniSvnelovnad zrdis

tribologiuri sistemis xangamZleobas. magaliTad, cilindrebis

eleqtrolituri qromirebis Semdeg Sigawvis Zravas wyvilis `cilindri_dguSis”

rgolis cveTamedegoba Tujis cilindrebTan SedarebiT 4...5-jer izrdeba [4].

ukanasknel dros, romelsac axasiaTebs tribologiur sistemebSi

datvirTvebis gazrda da manqanaTa nawilebisadmi axali moTxovnebis wayeneba,

adre aRiarebuli mimarTuleba (zedapirebis sisalis gazrda) aRar amarTlebs.

kerZod, didi sisalis SemTxvevaSi gardauvali gadacerebebis gamo xSirad

mniSvnelovnad mcirdeba  faqtiuri sakontaqto farTobi, rac, bunebrivia, friad

uaryofiTi movlenaa moZravi SeuRlebebisaTvis.

aRniSnuli mizezebis gamo saWiro gaxda axali magistraluri gzebis Zieba.

3.2. SerCeviTi gadatanis arsi

Cveni saukunis 50-ian wlebSi mkvlevarTa mier SeniSnul iqna, rom

manqanaTa nawilebis tribologiur procesSi erT-erTi moxaxune liTonis Txeli

fena gadaitaneboda meoreze. es movlena gansakuTrebiT TvalsaCino iyo foladi-

brinjaos moxaxune wyvilebisaTvis spirt-glicerinis narevis SezeTvis pirobebSi.

liTonis afski, romelic warmoiqmneboda rogorc erT, ise meore zedapirze,

warmoadgenda spilenZis Txel danafars, sisqiT 1...2 mkm (mogvianebiT

tribologiur sistemebSi liTonis aseTi gadatana dadasturda teqnikuri

saSualebebiT).

d. garkunovis mier damtkicda, rom zemoT aRniSnuli pirobebisaTvis

spilenZis foladze gadatanis faqtobrivi movlena didad, xSirad 10-jer

amcirebs xaxunis Zalas da, Sesabamisad, cveTis intesivobas. analogiuri movlena

SeiniSna agreTve xaxunis foladi-brinjaos wyvilis ЦИАТИМ– 201-iT SezeTvisa
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da foladi-foladis wyvilis zeTisa da freonis nareviT SezeTvis dros

(sayofacxovrebo macivris kompresoris xaxunis kvanZi).

rbili liTonis erTi sxeulidan kontrsxeulze gadatanis movlena

mkvlevrebisaTvis imTaviTve udavo faqti gaxda. problemurad mxolod gadatanis

meqanizmis modelis SemuSaveba gamoiyureboda. Tumca am periodisaTvis savsebiT

naTeli iyo is garemoeba, rom rbili liTonisagan warmoqmnili afski moxaxune

zedapirebze warmoqmnis dadebiT gradients, romelic, rogorc zemoT iyo

aRniSnuli, aucilebeli pirobaa tribologiuri procesis optimalurad

warmarTvisaTvis.

d. garkunovis da i. kragelskis gamokvlevebi am sferoSi, 1966 w. sabWoTa

kavSiris aRmoCenebisa da gamogonebis saxelmwifo komitetis mier iqna

aRiarebuli, rogorc mecnieruli aRmoCena. Aam movlenis ZiriTadi arsi isaa,

rom foladi-brinjaos moxaxune wyvilis zedapirebze spilenZis afski

warmoiqmneba brinjaos anoduri gaxsnis Sedegad. aRniSnuli Seesabameba im

viTarebas, roca brinjaos an TiTbris malegirebeli elementebi _ kala, TuTia,

alumini, rkina gadadian SemzeT masalebSi, xdeba moxaxune zedapiris spilenZiT

gamdidreba. tribologiur sistemebSi ZiriTad masalad gamoyenebuli Senadnobi

– brinjao, zedapiris gamdidrebis gamo spilenZiT rom daifareba, aRar ixsneba

SemzeT masalaSi da myardeba SerCeviTi gadatanis reJimi. sayofacxovrebo

macivris kompresoris xaxunis kvanZebSi (nax.3.1) warmoqmnili spilenZis afskis

warmoSobis teqnologiuri procesi ki ramdenadme gansxvavebulia

xsenebulisagan. aq foladi-foladi moxaxune wyvilis zedapirze spilenZis afskis

warmoSoba ganpirobebulia kompresoris gamacivebeli sistemis zeTi-freonis

narevSi spilenZis milakebis zedapiruli fenebis gaxsniT. am saxiT spilenZis

ionebi Sedian tribologiuri sistemis sakontaqto zonaSi da warmoqmnian

spilenZis afsks. swored es movlena udevs safuZvlad macivris kompresorebis

zexangamZleobas, romelic kvanZis umtyunebo muSaobis aTwleulebiT

ganisazRvreba.
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nax. 3.1. sayofacxovrebo macivris kompresoris SezeTvis sqema

(xaxunis zonebis spilenZiT danafari naCvenebia isrebiT):

1 _ muxla lilvi; 2 _ muxla lilvis sakisari; 3 _ barbaca; 4 _ dguSi;

5 _ cilindri; 6 _ spilenZis milakebis klaknila

kondensatorisaorTqlebeli

droseli filtri

kompresori

6

5

4

maRali wnevis freonis orTqli

dabali wnevis freonis orTqli

Txevadi freoni

zeTi

1

2

3
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am SesaniSnavi aRmoCenis formirebaSi garkveuli roli iTamaSa bunebis

fenomenis sworma gaanalizebamac. avtorebis mier SesaZlebeli gaxda iseTi

saintereso analogebis moZebna bunebaSi, roca xaxunis umciresi mniSvnelobebi

dafiqsirebulia ara sali da gluvi zedapirebisaTvis, rogoric es adre iyo

miCneuli mecnierebaSi, aramed rbili zedapirebisaTvis _ Tevzebis, frinvelebis

da Tagvebis magaliTze.

dawvrilebiT ganvixiloT SerCeviTi gadatanis meqanizmi sayofacxovrebo

macivris magaliTze. macivris kompresori, rogorc ukve naxsenebi iyo, mZime

eqspluataciis pirobebSi (didia CarTvaTa raodenoba drois erTeulSi)

umtyunebod muSaobs aTeuli wlebis manZilze. amasTan, praqtikulad ar xdeba

cveTa. tribologiuri sistemis detalebi damzadebulia foladisagan;

gamacivebeli saSualeba - 50% freoni plus 50% zeTi (narevs SemzeTi funqciac

aqvs). muSaobis procesSi  tribologiuri  sistemis  zedapirebze – muxla  lilvis

Zireul da barbacas yelebze warmoiqmneba 1...2 mkm sisqis spilenZis afski. afski,

rogorc ukve aRvniSneT, formirdeba spilenZis ionebiT, romlebic, Tavis mxriv,

warmoiqmneba spilenZis gamacivebeli milebis umniSvnelo, zedapiruli koroziis

Sedegad. spilenZis ionebi sakontaqto zonaSi gadaitaneba gamacivebeli freon-

zeTis nareviT.

gamacivebeli narevis aqtivoba spilenZis milakebis mimarT izrdeba

sakontaqto zonaSi kompresoris muSaobis dros warmoqmnili susti mJavas

moqmedebis gamo. mJavas warmoqmnis wyaroa zeTis daJangvis procesi, romelic

tribologiuri sistemebis mudmivad Tanamdevi procesia.

procesis Semdgom etapze, mas Semdeg, rac moxaxune zedapirebze ukve

warmoiqmneba spilenZis garkveuli sisqis afskebi, mniSvnelovnad icvleba

tribologiuri procesis parametrebi: mcirdeba xaxunis Zala, sakontaqto zonaSi

warmoqmnili temperatura da faqtobrivi kontaqturi wneva, ris Sedegadac

wydeba spilenZis afskis warmoqmnis xelSemwyobi procesi - zeTis daJangva da

milakebis zedapirebze spilenZis gaxsna. aRniSnul pirobebSi ar xdeba spilenZis

afskis dazianeba da igi icavs moxaxune zedapirebs cveTisagan, rac mniSvnelovnad

amcirebs xaxunis Zalas da zrdis kvanZis xangamZleobas.

amrigad, zemoxsenebul kompresoris tribologiur sistemebSi jaWvi

urTierTgamomwvev movlenebisa, romlebic mimdinareobs moxaxune zedapirebze,

ase SeiZleba iqnas warmodgenili:



44

sawyisi periodi: kompresoris gamacivebeli narevis aqtivoba spilenZis

milakebis mimarT izrdeba; tribologiuri sistemis SezeTvis dros SemzeTi

masala iJangeba; warmoqmnili susti mJavebi xsnian spilenZis milakebis

zedapirul fenebs da SemzeT sistemas amarageben spilenZis ionebiT.

gardamavali periodi: SemzeT sistemaSi cirkulireben spilenZis ionebi;

spilenZis ionebi efinebian mxolod sakontaqto zonebs, romlebic anodur ubnebs

warmoadgenen; moxaxune zedapirze iqmneba spilenZis afskebi.

damyarebuli periodi: moxaxune zedapirze warmoiqmneba spilenZis afskebi,

foladi-foladi moxaxune wyvili icvleba spilenZi-spilenZi wyviliT; mcirdeba

gamacivebeli narevis daJangvis intensivoba; wydeba spilenZis milakebis gaxsnis

procesi.

spilenZis afskis SemTxveviTi darRvevis dros procesi Tavidan iwyeba da

xdeba dazianebis `SekeTeba”.

xaxunis damyarebul reJimSi  spilenZis afskebi, Cveulebriv, aRar irRveva.

spilenZis nawilakebs SeuZliaT erTi zedapiridan meoreze gadasvla. cveTis

produqtebi ki RreCoebSi eleqtruli ZalebiT aris Sekavebuli.

ganxiluli magaliTis Sesabamisad d. garkunovis mier gakeTda daskvna, rom

tribologiuri procesi garkveul pirobebSi SeiZleba gaxdes evoluciuri da

rom igi SeiZleba ar iyos mrRvevi procesi da piriqiT, man SeiZleba Seqmnas

moxaxune zadapiris damcavi fena spilenZis afskis saxiT.

amrigad, dRes dadasturebulia, rom xaxunma SeiZleba ara marto moarRvios

zedapiruli fena, aramed Sesaferisi pirobebis SemTxvevaSi moaxdinos am fenis

formireba.

tribologiuri procesis amgvari Sefaseba sul cota xnis winaT mecnierebaSi

axali, revoluciuri sityva iyo.
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3.3. servovituli afskis warmoqmnis meqanizmis SemTxvevebi

tribologiur procesSi zemoT aRwerili gziT warmoqmnil damcav afsks

samecniero-teqnikur literaturaSi ewodeba `servovituli” (laTinuri sityvidan

servo-witte – sicocxlis gadarCena).

zog SemTxvevaSi servovituli afskis warmoqmnis procesi moxaxune

zedapirebis, SemzeTi masalebis da xaxunis sxva parametrebis mixedviT SeiZleba

sxvadasxvagvar pirobebSi moxdes. ganvixiloT zogierTi maTgani.

1. servovituli afskis formireba sainJinro praqtikaSi yvelaze

xelmisawvdomia brinjao-foladis xaxunis wyvilisaTvis, roca misi SezeTva xdeba

gliceriniT, rac advilad uzrunvelyofs SerCeviTi gadatanis reJims  naxsenebi

wyvilisaTvis. am pirobebSi servovituli afskis gamomwvevi movlenaTa jaWvi

Semdegia:

sawyisi periodi: moxaxune brinjaos zedapiri ixsneba glicerinSi. amasTan,

sakontaqto zonaSi glicerini moqmedebs, rogorc susti mJava, ris Sedegadac

malegirebeli elementebi _ kala, alumini da sxva gadadian SemzeT masalaSi da

xdeba brinjaos zedapiris spilenZis atomebiT gamdidreba, xolo moxaxune

zedapirebis deformacia iwvevs malegirebeli elementebis atomebis axali

difuziuri nakadis warmoqmnas sakontaqto zonaSi, romelic aseve gadadis SemzeT

masalaSi. amgvarad, brinjaos zedapiruli fena, romelic xaxunis procesSi

ganicdis deformirebas, TandaTanobiT Tavisufldeba malegirebeli

elementebisagan da ZiriTadad spilenZad gadaiqceva. amasTan, masSi warmoiqmneba

didi raodenobiT vakansiebi, romlebic warmoqmnian forebs glicerinis

molekulebiT.

gardamavali periodi: glicerini moxaxune zedapiris spilenZis Txel fenas

aTavisuflebs Jangeulebis afskebisagan (glicerini aris spilenZis Jangisa da

qveJangis aRmdgeni). Jangeulebis afskebisagan Tavisufali moxaxune spilenZis

fena metad aqtiuria da radganac aqvs Tavisufali kavSirebi, mas SeuZlia

foladis zedapirebTan kargi SeWidulobis uzrunvelyofa. Sedegad foladis

zedapiri TandaTanobiT ifareba spilenZis Txeli feniT. vinaidan am dros

brinjaos zedapirze spilenZis Txeli fena ufro Txeldeba, xdeba brinjaos fenis

Semdgomi gardaqmna spilenZad. es procesi grZeldeba manam, sanam orive

zedapirze ar warmoiqmneba daaxloebiT erTnairi sisqis fena.
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damyarebuli periodi: orive, rogorc brinjaos, aseve foladis zedapiri

dafarulia spilenZis sisqis 1...2 mkm afskiT. brinjaos gaxsnis procesi wydeba,

vinaidan glicerinis molekulebi ukve veRar aRadgenen liTons zedapirul

fenebSi, ris Sedegadac SerCeviTi gadatanis procesi gadadis damyarebul

reJimSi.

amrigad, procesi mokled ase SeiZleba warmovsaxoT: radgan glicerini

kargi aRmdgenia, aTavisuflebs liTons Jangeulebisagan da uzrunvelyofs

spilenZisa da foladis saimedo SeWidebas. Sedegad foladis zedapiri ifareba

spilenZis afskiT da moxaxune wyvili brinjao-foladi gadaiqceva wyvilad

spilenZi-spilenZi.

2. servovituli afski SeiZleba warmoiqmnas xaxunis kvanZSi iseTi SemzeTi

masalebis gamoyenebis dros, romlebsac liTonmimtkeci (liTonis dafarvis)

Tvisebebi aqvT da Seicaven brinjaos, spilenZis, kalas, vercxlis da sxva

liTonuri masalebis mcire nawilakebs. magaliTad, moxaxune wyvili _ foladi-

foladi ЦИАМИТ -201-ze spilenZis, brinjaos, TiTbris an tyviis damatebiT

SezeTvis dros gamoyenebuli liTonebis fxvnilis Txeli afskiT ifareba. xaxunis

procesSi liTonuri fxvnilebi ixsneba SemzeT masalaSi da Jangeulebis

afskebidan ganTavisuflebis Semdeg mWidrod ukavSirdeba  foladis zedapirs,

riTac warmoqmnis servovitul afsks. aseTi gziT warmoqmnili afski forovania,

xolo forebi Seicaven SemzeT masalas. Sedegad mkveTrad umjobesdeba xaxunis

parametrebi – mcirdeba xaxunis koeficienti, foladis zedapiri praqtikulad ar

cvdeba.

Tu SemzeTi masala xasiaTdeba kargi aRmdgeni TvisebebiT, SerCeviTi

gadatanis realizebisaTvis sakontaqto zonaSi SeiZleba agreTve spilenZis

qveJangis an Jangis Setana.

3. servovituli afski SeiZleba formirebul iqnes maSinac, Tu erT-erT

moxaxune sxeulad gamoyenebulia spilenZis qveJangiT Sevsebuli fToroplast-4

(politetrafToreTileni) glicerinis SezeTvis pirobebSi. servovituli afski

warmoiqmneba spilenZis qveJangis aRdgeniT, romelic glicerinis xelSewyobiT

xdeba. Sedegad foladis zedapiri spilenZis feniT ifareba.

arsebobs xaxunis procesSi servovituli afskis warmoqmnis sxva pirobebic.
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3.4. SerCeviTi gadatanis fizikuri safuZvlebi

gavarkvioT da SeviswavloT SerCeviTi gadatanis is faqtorebi, romlebic

uzrunvelyofen esoden did efeqts – tribologiur sistemaSi umcires xaxunis

Zalas da praqtikulad cveTis gareSe process.

1. SezeTvis gareSe, an sasazRvro SezeTvis pirobebSi Cveulebrivi

tribologiuri procesis dros kontaqti vrceldeba mcire farTobze da, rogorc

ukve aRvniSneT, igi Seadgens nominaluri farTobis mxolod 0,01...0,0001 nawils.

Sesabamisad, didia lokaluri kontaqturi Zabvebis mniSvnelobebi. ukanaskneli

iwvevs plastikur da sxva saxis did deformaciebs. yovelive es ki winapirobaa

tribologiuri sistemis intensiuri cveTisa.

zemoT naTqvami sqematurad ilustrirebulia 3.2a nax-ze, saidanac

TvalnaTliv Cans, rom Cveulebrivi xaxuni wertilovani SexebiT xorcieldeba.

SerCeviTi gadatanis dros ki kontaqti xdeba plastikurad deformirebuli

spilenZis fenebis urTierTSexebis meSveobiT (nax. 3.2b), e.i ramdenime aTeuljer

ufro did farTobze, rac niSnavs imas, rom deformacia bevrad ufro mcirea da

umravles SemTxvevaSi mdebareobs drekadobis zRvrebSi.

a)                                                 b)

nax. 3.2. moxaxune detalebis kontaqtis sqema sasazRvro

SezeTvisa (a) da SerCeviTi gadatanis (b) dros

rogorc zemoT iyo aRniSnuli, servovituli afskis sisqe 1...2 mkm-ia, rac

daaxloebiT Seesabameba manqanaTSeneblobaSi gamoyenebuli detalebis simqisis

parametrebs, ris gamoc SerCeviTi gadatanisas xaxunis kontaqti xorcieldeba

brtyel, SedarebiT did zedapirebze.
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2. sasazRvro SezeTvisa da saerTod, SezeTvis gareSe moxaxune zedapirebi

xaxunis procesSi ifarebian Jangis afskiT (nax. 3.3), romelic, rogorc cnobilia,

icavs liTonur zedapirebs erTmaneTTan SeWidebisagan. magram imis gamo, rom

afski metad myifea, muSaobis garkveuli periodis Semdeg deformaciebis Sedegad

irRveva misi mTlianoba. afskis rRvevis procesi aris winaaRmdegobis raRac

mniSvneloba da igi garkveulwilad gansazRvravs xaxunis Zalas mocemul kvanZSi.

a) b)

nax. 3.3. warmonaqmnebi moxaxune detalebis sakontaqto zedapirze

sasazRvro  SezeTvisa (a) da SerCeviTi gadatanis (b) dros:

1 _ foladi; 2 _ brinjao; 3 _ naJangi afski;  4 _ servovituli afski

tribologiuri procesebisaTvis damaxasiaTebeli maRali temperaturuli

mniSvnelobebi iwveven afskis sisqis gadidebas, rac, Tavis mxriv, zrdis

winaaRmdegobis sidides anu xaxunis Zalas.

SerCeviTi gadatanis reJimSi moxaxune zedapirebi daculia daJangvisagan

dadebiTad damuxtuli adsorbirebuli zedapirulaqtiuri nivTierebebis sqeli

feniT, romelic warmoiqmneba garemo pirobebisa da SemzeTi saSualebebis

xaxunis procesSi monawileobis Sedegad da romlebic icaven servovitul afsks

Jangbadisagan. Sedegad xeli ewyoba hemosorbciul procesebs, rac, Tavis mxriv,

damcavi saSualebaa civnaWedobis warmoqmnis sawinaaRmdegod da, Sesabamisad,

icavs zedapirs intensiuri cveTisagan  (hemosorbcia iseTi procesia, rodesac

myari sxeulis zedapirze koncentrirdeba raime nivTiereba  gazis an siTxis

saxiT da, gansxvavebiT adsorbciisagan, warmoiqmneba qimiuri SenaerTi).

aRniSnulis gamo, Tu Cveulebrivi xaxunis dros moxaxune zedapirebze

warmoqmneba civnaWedobis kerebi, romlebic xaxunis procesSi iwveven  zedapiris

2

3
4

1
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rRvevas, servovitul afskze civnaWedobis kerebi ar warmoiqmneba da Sesabamisad

SesaZlebelia misi mravaljeradi deformireba zedapiris rRvevis gareSe.

3. SerCeviTi gadatanis procesis realizaciisaTvis aucilebelia SemzeT

garemoSi zedapirulaqtiuri nivTierebebis arseboba, romelsac umravles

SemTxvevaSi SemzeTi saSualebebi Seicaven, winaaRmdeg SemTxvevaSi maTi misarTis

saxiT gaTvaliswineba rTuli ar aris. zedapirulaqtiuri nivTierebebi Tavisi

fizikur-qimiuri zemoqmedebiT iwveven liTonis, am SemTxvevaSi, spilenZis

zedapiruli fenis plastificirebas (denadobasa da elastikurobis maCveneblebis

zrdas), Sesabamisad, xaxunis Zalis Semcirebas moxaxune zedapirebs Soris.

samecniero praqtikaSi es movlena pirvelad p. rebinderma SeniSna, amitom

samecniero literaturaSi, saTanadod, `rebinderis efeqti” ewoda. am efeqtis

arsi aseTia: saWiroa moxaxune zedapirebze dadebiTi gradientis uzrunvelyofa

zedapiruli fenis simtkicis Semcirebisa da gafxvierebis gziT, romelic, Tavis

mxriv, ganpirobebulia zedapirulaqtiuri komponentebis moqmedebis Sedegad

gamowveuli adsorbciiT.

Cveulebrivi xaxunis dros naJangi afskis arsebobis gamo zedapirulaqtiuri

nivTiereba veRar aRwevs liTonis zedapiramde da mcirdeba rebinderis efeqti,

e.i.  izrdeba plastikuri deformaciebis masStabebi (siRrme) da masTan erTad

cveTis intensivoba (nax. 3.4a).

a)                                                   b)

nax. 3.4. deformaciebis ganawilebis sqema sakontaqto adgilebSi

sasazRvro SezeTvisa (a) da SerCeviTi gadatanis (b) dros:

1 _ foladi; 2 _ brinjao; 3 _ naJangi afski; 4 _ servovituli afski;

5 _ plastikuri deformaciis zona

2
3
4

1
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SerCeviTi gadatanis SemTxvevaSi, imis gamo, rom ar arsebobs naJangis

afski, rebinderis efeqti realizebulia mTeli Tavisi SesaZleblobiT da

deformirdeba mxolod servovituli afski. Sedegad mniSvnelovnad mcirdeba

xaxunis winaaRmdegoba da cveTa (nax. 3. 4b)

4. Cveulebrivi xaxunis dros sasazRvro SezeTvis pirobebSi cveTis

produqti ZiriTadad Jangeulebia, romelTac eleqtruli muxti ara aqvT. cveTis

produqtebis umciresi nawilakebi Tavisuflad gadaadgildebian sakontaqto

zonaSi moxaxune zedapirebs Soris da zemoqmedeben zedapirebze, rogorc

abraziuli elementebi. amis gamo praqtikaSi tribologiuri sistemebis muSaobis

xelsayreli garemoebis Seqmnis erT-erTi pirobaa xaxunis zonidan da Semdeg

SemzeTi sistemidan maTi gatana (nax. 3.5).

a) b)

nax. 3.5. cveTis produqtebis moZraobis sqema sakontaqto zonaSi

sasazRvro SezeTvisa (a) da SerCeviTi gadatanis (b) dros:

1 _ foladi; 2 _ brinjao; 3 _ naJangi afski; 4 _ servovituli afski

SerCeviTi gadatanis dros servovituli afskis arsebobis pirobebSi

cveTis produqtia spilenZis nawilakebi, romelTa zedapirebi  didi aqtiurobis

gamo swrafad adsorbirdeba zedapirulaqtiuri nivTierebebis meSveobiT. imis

gamo, rom aseTi nawilakebi (maT micelebs uwodeben) eleqtrulad damuxtulia,

zogi Tavs iyris RreCoebSi (nax. 3.5 b), xolo zogi erTi zedapiridan meoreze

gadadis. amasTan, spilenZis nawilakebis  SeWideba ZiriTadad liTonTan

warmoqmnis servovitul afsks.

5. cveTis gamomwvevi cnobili faqtorebidan Tavisi xvedriTi wiliT erT-

erTi mTavaria wyalbadovani cveTa (es movlena aRmoCenis doneze daamuSava d.

2

3

4

1
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garkunovma o. poliakovTan erTad). xaxunis kvanZebis zonaSi wyalbadis

warmoSobis wyaroa sawvavis SemzeTi saSualebebis, SemzeT-gamacivebeli

siTxeebis, wylis orTqlis daSlis procesi. wyalbadis warmoSobis mizezi

SeiZleba iyos agreTve polimeruli masalebis destruqciis movlena.

amasTan, wyalbadi advilad aRwevs liTonis siRrmeSi da warmoqmnis

bzarebis kerebs (nax. 3.6). ukanaskneli iwvevs detalis zedapiruli fenis

intensiur cveTas. wyalbadovani cveTis procesi Tan sdevs koroziul-meqanikur

da abraziul cveTas.

wyalbadovani cveTis procesi jerjerobiT ar aris srulad Seswavlili

da mraval problemur sakiTxs Seicavs. dReisaTvis dacvis efeqtur saSualebad

mxolod SerCeviTi gadatana SeiZleba CaiTvalos. ukanaskneli ganpirobebulia

Semdegi garemoebebiT: servovituli spilenZis afski  amcirebs xvedriT realur

datvirTvebs, rac xels uSlis wyalbadis warmoqmnis pirobebs. amas garda,

spilenZis afski aris sakmaod kargi damcavi saSualeba wyalbadis moxaxune

sxeulSi SeRwevisagan.

zemoT CamoTvlili faqtorebis sia sruli ar aris da SesaZlebelia

mecnierebisa da teqnikis ganviTarebis Semdgom etapebze  gaizardos.

nax. 3.6. wyalbadis moZraobis sqema sakontaqto zonaSi sasazRvro

SezeTvis dros (a) da SerCeviTi gadatanis (b) dros:

1 _ foladi; 2 _ brinjao; 3 _ naJangi afski; 4 _ wyalbadis ionebis

Segrovebis adgilebi; 5 _ servovituli afski

2

3

4

5

1

a) b)
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3.5. anomaliuri mcire xaxunis efeqti

me-20 saukunis 60-iani wlebis bolos rusi mecnierebis _ a.silinisa da

e.duxovskis mier aRmoCenil iqna zemcire xaxunis movlenis efeqti, romlis arsi

ase SeiZleba Camoyalibdes:

polieTilenisa da polipropilenis (klasikur antifriqciul masalad arc

erTi ar iTvleba) xaxunis koeficienti vakuumis pirobebSi maTze heliumis

atomebis nakadiT zemoqmedebis Sedegad SesaZlebelia ori rigiT Semcirdes. mag.,

Tu nominalur pirobebSi maTi xaxunis koeficienti icvleba  0,10...0,13 zRvrebSi,

atomuri nakadis (simkvriviT 103 atomi erT sm2-ze da energiiT 2

kiloeleqtronvolti) zemoqmedebis Sedegad xaxunis koeficienti mcirdeba 0,0015-

mde. aseTi Sedegebi miRebul iqna Semdegi saeqspluatacio parametrebis

pirobebSi: srialis siCqare – 0,2 m/wm; wneva _ 20...60 kpa, garemos gaiSviaTeba

665.10-6....665.10-4pa. gamosxivebis SewyvetisTanave xaxunis zemcire efeqtis movlena

qreba.

aRniSnuli movlena jer yvela masalisaTvis ar aris Seswavlili, magram

cnobilia, rom igi fToroplast 4-sa da polistirolze ar SeiniSneba.

anomaliuri zemcire xaxuni da, Sesabamisad, mcire cveTa optikur-fizikur

gazomvaTa sakavSiro samecniero-sakvlevi institutis gamokvlevebis safuZvelze

imiT aixsna, rom moxaxune detalis zedapiris Txeli fena dasxivebis Sedegad

ganicdis struqturul mowesrigebas, orientacias. ukanasknelisaTvis ki

damaxasiaTebelia mcire zedapiruli energia, romelic, Tavis mxriv,

uzrunvelyofs  xaxunis Zalebis minimizacis. amasTan, zedapiris aseTi

mdgomareoba mdgradia tribologiuri procesebisaTvis damaxasiaTebel maRal

temperaturazec.

aRwerili efeqti dasxivebis gareSe SeiniSneba iseTi struqturuli

agebulebis nivTierebebze, romlebsac fenovani kristaluri struqtura aqvT (mag.,

molibdeni). am SemTxvevaSi zedapiruli fenis mowesrigeba - tribologiuri

procesis struqturuli orientacia vakuumSi mimdinareobis dros xorcieldeba

siTburi energiis xarjze, magram aCqarebuli nawilakebiT moxaxune zedapiris

dabombva process mainc ufro intensiurs xdis.

aRwerili movlenis safuZvelze efeqtis avtorebma SeZles SeeqmnaT axali

TviTzeTvadi masala, romelic warmatebiT muSaobs Cveulebriv da mZime
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pirobebSi, kerZod, vakuumis pirobebSi. dabal da maRal temperaturaze masala

inarCunebs Sromis unars da uzrunvelyofs zemcire xaxunis koeficients. igi

gamocdili iqna sxvadasxva dargis realur sawarmoo pirobebSi.

gamosxivebis wyaro SesaZlebelia portatuli xelsawyos saxiT damzaddes.

amasTan, mcirea energiis xarji gamosxivebaze.

zemoaRwerilis safuZvelze efeqti momavalSi perspeqtiul movlenad

warmogvidgeba.
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Tavi 4. tribologiuri  procesi SemzeTi masalebiT

4.1. SemzeTi masalis daniSnuleba da Tvisebebi

SemzeTi masalis  daniSnulebaa tribologiur sistemaSi Seamciros xaxunis

Zalebi da cveTis intensivoba. Ggarda amisa, SemzeTi masalis gamoyeneba xels

uwyobs temperaturisa da dawnevis mniSvnelobaTa gaTanabrebas xaxunis zonebSi,

siTbos arinebas maqsimaluri  temperaturis zonidan, dartymiTi datvirTvebis

da rxevebis Semcirebas, koroziisagan masalebis dacvas, cveTamedegi

Jangeulebisa da servovituli afskebis warmoqmnas da a. S.

yovelive  es  miiRweva imis meSveobiT, rom SemzeTi masala erTmaneTisagan

acalkevebs  moxaxune zedapirebs da, Sesabamisad, amcirebs urTierTadheziur da

meqanikur zemoqmedebas.

SemzeTi masalebis damaxasiaTebel Tvisebad iTvleba masalis struqturul

elementebs (fenebs, molekulebs, atomebs, ionebs) Soris susti

urTierTmiziduloba. Uukanaskneli ganapirobebs imas, rom struqturuli

elementebis fardobiT gadaadgilebaze ixarjeba energiis mcire nawili, rac,

Tavis mxriv, xsnis mcire winaaRmdegobis efeqts xaxunis procesSi. sxva

sityvebiT, xaxunis mcire winaaRmdegoba moxaxune zedapirebis

urTierTmoZraobis dros ZiriTadad aixsneba SemzeTi masalis Siga xaxunis

mcire mniSvnelobiT.

SemzeTi masalis aucilebeli Tvisebaa, rom mas hqondes moxaxune

zedapiris SezeTvis unari. amisaTvis igi unda asvelebdes mas. Kkargi dasvelebis

unari optimaluri SezeTvis ZiriTadi pirobaa. ganvixiloT am movlenis

zogierTi parametri: kuTxe  iwodeba dasvelebis kuTxed da igi gansazRvravs

SemzeTi siTxis myari sxeulis dasvelebis xarisxs. Ddasvelebis kuTxe  ,

romelic zogjer sasazRvrodac iwodeba, aris kuTxe dasvelebul zedapirsa da

siTxis meniskis myar sxeulTan Sexebis wertilSi gavlebul mxebs Soris (nax.

4.1,  4.2, 4.3). Tu 
2

 , maSin SemzeTi siTxe asvelebs moxaxune zedapirs da Tu 

2

 , siTxe zedapirs ar asvelebs.
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N

a) b)

nax. 4.1. siTxis meniskis sxvadasxva formebi vertikalur zedapirze:

a _ Sezneqili meniski; b _ amoburculi  meniski;

I – myari sxeuli;  II _ haeri (gazi); III _ siTxe

nax. 4.2. myari sxeulis  dasvelebis  kuTxis  sxvadasxva

mniSvneloba horizontalur zedapirze:

1 _ siTxe;  2 _ myari sxeuli

nax. 4.3. maRali dasvelebis  Tvisebis mqone myari sxeulis

dasvelebis parametri:

I _ myari sxeuli; II _ haeri (gazi); III _ siTxe

I

II

III

θ

бsc

бcg

бsgбsg

II

I

θ

A

IIIбcg

1 2




1

2

I

II III
θ



56

Tu dasvelebis kuTxe  = 0, xdeba SemzeTi siTxis mier zedapiris

absoluturi dasveleba da roca  =  , gvaqvs  absoluturi ardasveleba.

D dasvelebis (sasazRvros) kuTxis  sidide siTxis  wveTisaTvis, romelic

mdebareobs myar sxeulze, ganpirobebulia Semdegi Zalebis  wonasworobis

pirobebidan:

 siTxis molekulebs Soris  arsebuli koheziuri Zalebi;

 myari sxeulis  nawilakebsa (ionebis, molekulebis, atomebis) da siTxis

molekulebs Soris  mizidulobis Zalebi;

 mizidulobis Zalebi siTxis  im molekulebs Soris, romlebic uSualod

ar exebian myar sxeuls, magram daSorebulia misi zedapiridan

araumetes molekuluri mizidulobis  manZilisa;

 gravitaciuli  Zalebi.

moqmedi Zalebis gaanalizebis  safuZvelze SeiZleba davaskvnaT, rom

koheziuri Zalebi uzrunvelyofen dasvelebis  kuTxis  zrdas, xolo sxva

danarCeni Zalebi ki amcireben dasvelebis kuTxes. amasTan, wonasworobis

pirobidan SesaZlebelia  dasvelebis  kuTxis  gansazRvra analizurad.

siTxeebis Siga xaxunis winaaRmdegobis ZiriTad ganmsazRvrel faqtorad

iTvleba siTxis siblante. zeTebis siblante anu siTxeebis Siga xaxunis

winaaRmdegoba SeiZleba ganimartos, rogorc zeTis erTi fenis meoris mimarT

Zvrisadmi winaaRmdegobis  Tviseba anu winaaRmdegoba im Zalebisadmi, romlebic

iwveven siTxis moZraobas. amasTan, erTis mxriv didi siblante aZnelebs xaxunis

zonidan zeTis  gamodevnas  da, Sesabamisad, uzrunvelyofilia xaxunis procesSi

moxaxune zedapirebs Soris zeTis arseboba. Mmeores mxriv, didi siblante

mometebuli winaaRmdegobaa didi  Siga   xaxunis  gamo.  Aamitom zeTis SerCeva

optimaluri  siblantiT tribologiuri sistemis  konstruirebis dros

sapasuxismgeblo amocanaa.

ganasxvaveben   siblantis or maxasiaTebels: dinamikurs da kinematikurs.

dinamikuri siblantis maxasiaTebeli gamoiyeneba SezeTvis

hidrodinamikuri gaangariSebis dros. Ddinamikuri siblantis erTeulad

miRebulia Zala, romelic saWiroa romelime zedapiridan erTeuli manZiliT

daSorebuli erTeulovani farTobis mqone zedapiris erTeulovani siCqariT

gadaadgilebisaTvis.
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ukanasknel periodamde farTod gamoyenebul fizikur erTeulTa sistemaSi

Tu Zalis erTeulad miviCnevT 1 dins, siCqaris erTeulad – 1 sm/wm-s da farTobs

_ 1 sm2-s, maSin dinamikuri siblantis erTeulia 1 puazi. SI sistemaSi dinamikuri

siblantis maCveneblad  miRebulia pa.wm    (1puazi= 10 1 pa. wm) da aRiniSneba asoTi

,, ”. praqtikaSi xSirad sargebloben 100-jer nakleb erTeuls - santipuazs (1

santipuazi=10 3 pa.wm).

zeTebis warmoebis dros mosaxerxebelia isargeblon siblantis

kinematikuri maCvenebliT, romelic aRiniSneba  -Ti da ganisazRvreba drois im

monakveTiT, romelic saWiroa mocemuli raodenobis  zeTis gadinebisaTvis

kapilarul milSi sakuTari simZimis  Zalis meSveobiT. amitom  masalis

kinematikuri siblante damokidebulia mis simkvriveze da warmoadgens

dinamikuri siblantis  fardobas simkvrivesTan. kinematikuri siblantis

erTeulad fizikur erTeulTa sistemaSi miCneuli iyo 1sm/wm anu 1 stoqsi. SI

sistemaSi Sesabamisi erTeulia 1 m2/wm (1stoqsi=10 4 m2/wm). praqtikaSi kinematikuri

siblantis  erTeulad xSirad iyeneben 100-jer nakleb sidides _ santistoqss

(1santistoqsi=10 6 m2/wm).

kinematikuri siblantis gadaangariSebebisaTvis  dinamikuris gaTvalis-

winebiT praqtikulad SeiZleba visargebloT Semdegi damokidebulebiT:

 =  . , (4.1)

sadac  aris zeTis simkvrive g/sm3 an kg/l mocemul temperaturaze (SI sistemaSi _

kg/m3);  _ dinamikuri siblante, santipuazi (SI sistemaSi _ pa.wm);  _ kinematikuri

siblante, santistoqsi (SI sistemaSi _ m2/wm).

zeTis siblantis maCveneblebi  Sesabamis  cnobarebSi mocemulia 50 an 100

0C-ze.

navTobisagan miRebuli Txevadi SemzeTi masalebi  naklebad  Seicaven didi

siblantis mqone zeTovan fraqciebs. Aam naklis  aRmosafxvrelad SemzeT

masalaSi SehyavT Txevadi polimerebi didi fardobiTi molekuluri masiT.

Ppolimerebis  didi da grZeli molekulebi aZneleben zeTis mcire molekulebis

erTmaneTSi gadarevas da, e. i. zrdian siblantes. Sesabamisad, rac ufro didia

polimerebis koncentracia  SemzeTi masalis masaSi, miT ufro didia zeTis

siblante. amasTan, unda aRiniSnos, rom SemzeTi masalis siblantis gazrda am

gziT ar aris unaklo. saqme isaa, rom zeTebSi arsebuli polimerebis
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molekulebi ganicdian degradirebas destruqciiT. Ppolimerebis destruqcia  ki,

Tavis mxriv, iwvevs siblantis  Semcirebas, rac zeTis uvargisad miCnevis mizezi

xdeba.

zeTi, rogorc aRvniSneT, xaxunis koeficientis  SemcirebasTan erTad muSa

zonidan waritacebs xaxunis Sedegad gaCenil siTbos. magram, imis gamo, rom

zeTebis siTbotevadoba mcirea (igi daaxloebiT 4-jer naklebia wylisaze),

saWiro xdeba igi xaxunis  zonaSi didi raodenobiT SevitanoT.

gansxvavebul suraTs iZleva SemzeTi masalebi tribologiur sistemebSi

polimeruli masalebis  gamoyenebisas. xaxunis kvanZebSi polimeruli masalebis

gamoyenebis specifikuri suraTi safuZvels aZlevs zog avtors, dasvas sakiTxi

aRniSnul viTarebaSi zeTebis gamoyenebis  mizanSeuwonlobis Sesaxeb. aseTi

mosazreba efuZneba Semdeg faqtorebs:

 Cveulebriv, imis gamo, rom polimerul zedapirebs mcire zedapiruli

energia aqvT da gaZnelebulia zeTis sasazRvro afskis warmoSoba,

manqanaTmSeneblobis  praqtikaSi gamoyenebuli zeTebi cudad asveleben

polimerul masalebs;

 SemzeTi masalebi zog SemTxvevaSi iwveven moxaxune polimeruli

zedapirebis plastifikacias, e. i. meqanikuri Tvisebebis gauaresebas.

aRniSnuli movlenebi marTlac xdeba iq, sadac polimeruli masalebia

gamoyenebuli tribosistemis Txevadi masalebiT SezeTvis dros. zogadad ki

xaxunis kvanZebis eqspluataciis dros, roca gamoyenebulia

manqanaTmSeneblobaSi miRebuli polimeruli masalebi, SemzeTi masalebi mainc

dadebiT rols TamaSoben. Mmsjeloba marTebulia  mxolod imis Taobaze, Tu

ramdenad ufro efeqturia mocemul viTarebaSi mocemuli zeTebis gamoyeneba.

ukanaskneli dasturdeba mravalmxrivi eqsperimentiT.

Txevadi SemzeTi masalebi xasiaTdebian ori friad yuradsaRebi TvisebiT:

tribologiuri sistemebis eqspluataciis procesSi zeTebi ,,berdebian”

(Zveldebian) da  realur pirobebSi minarevebiT nagviandebian.

pirveli ganpirobebulia tribologiuri sistemebisaTvis damaxasiaTebeli

Tburi da haeris Jangbadis  zemoqmedebiT;

meore _ garemo pirobebSi arsebuli da cveTis produqtebis nawilakebis

zeTSi SereviT.
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aRniSnuli garemoebebis moqmedebis Sedegad Jangva, gareSe minarevebi da

Termoqimiuri cvlilebebi  xaxunis procesSi iwveven zeTebis qimiuri

Sedgenilobis Secvlas, rac, Tavis mxriv, iwvevs misi Tvisebebis Secvlas.

Jangvis procesSi xdeba haerSi arsebuli Jangbadis SeerTeba zeTis

yvelaze naklebad medeg komponentebTan da warmoiqmneba mJavas produqtebi.

iZens ra mJavur Tvisebebs,  zeTi iwvevs tribologiuri sistemis liTonuri

detalebis korozias. Ggarda amisa,  Jangvis process SeiZleba hqondes

dehidrirebis Tviseba (hidrireba anu hidrogenizacia _ laTinuri sityvidan

hidrogenium _ wyalbadi, romelic aRniSnavs process, rodesac mimdinareobs

wyalbadis  SeerTeba SemzeTi masalis Semadgenel qimiur elementebTan an

SenaerTebTan. Aamavdroulad, ukureaqcias, rodesac warmoebs wyalbadis

moxleCa qimiuri SenaerTebidan, ewodeba dehidrireba anu dehidrogenizacia. Aam

dros Jangbadi naxSirwyalbadovan molekulebs  arTmevs  wyalbadis atomebs da

masTan warmoqmnis wyals, xolo zeTis dehidrirebuli molekulebi Riad

darCenili Tavisufali kavSirebis gamo iZenen erTmaneTTan gaerTianebis

midrekilebas da warmoiqmnian SenaerTebis didi molekuluri masiT. aseTi gziT

SenaerTebis warmoqmna miCneulia fisebis warmoqmnis tipur reaqciad, romelTac,

bunebrivia,  ar gaaCniaT zeTis sawyisi Tvisebebi da tribologiur procesSi

uaryofiT rols TamaSoben. Ffisebs aqvT Savi feri da maTi koncentraciis

gazrda, ra Tqma unda, iwvevs zeTis gamuqebas, ris gamoc aRniSnul movlenas

iyeneben zeTis  daZvelebis Sefasebis  erT-erT  kriteriumad.

gareSe minarevebi SemzeT masalaSi  sxvadasxva saxisaa da sxvadasxvaa

maTi warmoqmnis wyaroc. gareSe minarevebi SemzeT masalaSi Semdegi saxiT

gvxvdeba:

 garemo haeris mtveri;

 xaxunis kvanZis cveTis produqtebi (liTonuri abrazivi);

 zeTis moculobebisa da milgayvanilobis koroziis produqtebi;

 arasruli wvis Sedegad darCenili produqtebi (saTbobi, wyali).

Termoqimiuri procesebi amcireben zeTSi msubuqi fraqciebis

raodenobas, iwveven zeTis molekulebis  Tbur daSlas  da intensiurs xdian

dehidrirebas, e. i.  naxSirwyalbadiani naerTebisagan fiswarmoqmnas, rac, Tavis

mxriv, iwvevs molekuluri wonis gazrdas, maSasadame, siblantisa da simkvrivis

gazrdas.
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xaxunis procesSi zeTebis daZvelebis produqtebi  urTierTqmedeben da

warmoqmnian rTul   naerTebs, romlebic  iwveven zeTis e. w.  gaWuWyianebas.

amasTan, myari mineraluri nawilakebi gadaiqcevian im  centrebad, romlebzec

adsorbirdeba Jangvis procesis fisovani produqtebi. Uukanaskneli  winapirobaa

zeTSi Slamis  warmoqmnisa, Ee. i. daZvelebis Sedegad icvleba  momuSave zeTis

qimiuri da fizikuri Sedgeniloba. Aaxali zeTis  damateba amcirebs   momuSave

zeTis  daZvelebis intensivobas, rac  imiTaa  ganpirobebuli, rom zeTSi mcirdeba

daZvelebis  produqtebis  koncentracia. realur pirobebSi manqanaSi

mimdinareobs zeTis mudmivad ganaxlebis procesi, romelic zeTis filtraciaSi

gamoixateba da romlis daniSnulebaa zeTidan daZvelebis produqtebis mocileba.

garda amisa, xdeba zeTis perioduli ganaxleba SezeTvis sistemaSi axali zeTis

damatebis gziT.

Aamgvarad, manqanebis  SemzeT sistemaSi zeTis daZvelebasTan erTad xdeba

misi ganaxlebac.  Mes procesi mudmivia manqanis eqspluataciis dros  da amitom

zeTis muSaobis xangrZlivobis  vada ganisazRvreba am ori faqtoris

ganmsazRvrel sidideTa TanafardobiT.

zogadad, zeTis daZveleba mniSvnelovanwiladaa damokidebuli

eqspluataciis drois xangrZlivobaze, qimiuri procesis, magaliTad, koroziis,

polimerizaciis,   daJangvis inhibitorebis (laTinuri sityvidan inhibeo _ viWer)

arsebobaze da, aseve, liTonebis katalizatorul Tvisebebze.

4.2. SemzeTi masalebis saxeebi da klasifikacia

fizikuri mdgomareobis mixedviT ganasxvaveben: airovan, Txevad, plastikur

(konsistenciur) da myar SemzeT masalebs.

ZiriTadi saxis SemzeTi masalebisaTvis, Txevadi zeTebisaTvis

damaxasiaTebelia is garemoeba, rom isini dadebiT temperaturaze imyofebian

Txevad mdgomareobaSi.

Txevadi zeTebi maTi daniSnulebis mixedviT SeiZleba daiyos Semdeg

ZiriTad jgufebad:
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 saerTo daniSnulebis industriuli zeTebi, romlebic gamoiyeneba

umravlesi samrewvelo mowyobilobis (Carxebis da a.S.) dasazeTad da

hidroamZravis muSa siTxed (zeTebi indeqsiT _ И );

 avtomobilebis, traqtorebis, Tbomavlebis, sagzao da sasoflo-

sameurneo manqanebis satransmisio elementebis dasazeTad _ satransmisio

zeTebi (indeqsiT _ TM);

 turbinebis, eleqtrogeneratorebis da sxva manqanebisaTvis saWiro

saturbine zeTebi;

 saZravo, sxvadasxva daniSnulebis (saavtomobilo,  satraqtoro,

saaviacio da sxv.) manqanebis Sigawvis ZravebisaTvis.

4.1 cxrilSi mocemulia saerTo manqanaTmSeneblobaSi ZiriTadad

gamoyenebuli zeTebi da maxasiaTeblebi. cxrilSi moyvanili msubuqi

industriuli zeTebi, romelTa kinematikuri siblante ar aRemateba 10

santistoqss 50 0C temperaturaze, gamoiyeneba maRali siCqaris mqone

meqanizmebisaTvis. magaliTad, velositi gamoiyeneba iseTi meqanizmebisaTvis,

romelTa brunvis sixSire aRemateba 8000 br/wT, xolo vazelinis zeTi-

meqanizmebisaTvis brunTa sixSiriT 5000....8000 br/wT da separatoruli zeTi _

meqanizmebisaTvis _ 5000 br/wT-mde.

saSualo industriuli zeTebi xasiaTdebian 10....60 santistoqsi kinematikuri

siblantiT. industriuli zeTebi 12, 20 da separatoruli T gamoiyeneba

swrafmavali meqanizmebisaTvis, xolo industriuli zeTebi  30, 45 da 50 saSualo

manqanaTmSeneblobis ZiriTadi SemzeTi masalaa.

mZime industriuli zeTebis  kinematikuri siblante 100 o C temperaturaze 10-

30 santistoqsia. isini farTod  gamoiyenebian mZimed datvirTul  kbilanur da

Wiakbilanur gadacemebSi. sacilindre zeTebi aseve farTod gamoiyeneba

cilindrebisa da orTqlis  manqanebis  sxvadasxva kvanZebis  SesazeTad.

cxrilebSi moyvanili zeTebis dasaxelebebiT  wlebis manZilze

sargeblobdnen da garkveulwilad dResac sargebloben yofili sabWoTa

kavSiris teritoriaze. Mmagram, ukanasknel wlebSi CvenSi SemuSavda mineraluri

industriuli da satransmisio zeTebis indeqsaciis axali sistemebi.
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cxrili 4.1

saerTo manqanaTmSeneblobaSi gamoyenebuli ZiriTadi

zeTebi da maxasiaTeblebi

zeTis marka

kinematikuri

siblante

50 0C-ze,

santistoqsi

zeTis marka

siblante

kinematikuri

50 0C-ze,

santistoqsi

msubuqi industriuli saturbine

1 maRalsiCqariani

meqanizmebisaTvis

(velositi)

4,5-5,1

1

2

3

4

saturbine 20

saturbine 30

saturbine 46

saturbine 57

20-23

28-32

44-48

55-59

2 maRalsiCqariani meqani-

zmebisaTvis (vazelinis)
5,1 -8,5

mZime

industriuli

siblante

100 0C-ze

3 separatoruli Л 6,1-10,0 1 sacilindre 11 9-13

2

3

sacilindre 24

wnexebisaTvis

20-28

10

saSualo industriuli saavtotraqtoro

1 industriuli 12 10-14

2 separatoruli T 14-17 1 AK-10 10

3 industriuli 20 17-23 2 AK-15 15

4 industriuli30 27-33

5 industriuli 45 38-52 saaviacio

6 industriuli 50 42-58

1 MC-20 20

meqanikur mowyobilobebSi umTavresad gamoyenebuli mineraluri

industriuli zeTebi aRiniSneba asoTi  ,,И” xolo indeqsaciis sqema Semdegi

saxisaa:

И - II - III - IV .

sadac sqemaSi meore adgilzea zeTis daniSnulebis aRmniSvneli aso:

Л _ Seesabameba zeTebs msubuqad datvirTuli sakisrebisaTvis;
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Г _ zeTebs hidrosistemebisaTvis;

Н _ zeTebs mimmarTvelebisaTvis;

T _ zeTebs mZimed datvirTuli kvanZebisaTvis (kbilanuri gadacemebisaTvis).

sqemis mesame adgili iTvaliswinebs saeqspluatacio Tvisebebisa da

Sedgenilobis damaxasiaTebel aRniSvnebs:

A _ Seesabameba zeTebs misarTis gareSe;

В _ zeTebs  daJangvisa da koroziis sawinaaRmdego misarTebiT;

С _ zeTebs cveTis sawinaaRmdego misarTebiT;

D _ zeTebs amoglejvis sawinaaRmdego misarTebiT;

E _ zeTebs  naxtomswinaaRmdego misarTebiT.

meoTxe adgilze  iwereba zeTis kinematikuri siblantis klasi, romelic

warmoadgens saSualo siblantis maCvenebels (mm 2 /wm-Si*) t=40 o C temperaturaze

da aqvs Semdegi safexurebi:  2; 3;  5;  7; 10; 15; 22; 32; 46; 68; 100; 150; 220; 320; 460; 680;

1000; 1500.

indeqsaciis  axali sistemebis gaTvaliswinebiT industriuli 12-is

Sesabamisi zeTis markaa И-Л-A22; industriuli 20-is – И-Г-A32; industriuli 30-is

_ И-Г-A46; industriuli 45 da 50-is – И-Г-A68.

satransmisio zeTebis indeqsacia Seicavs:  asoiT aRniSvnas (TM), jgufis

nomers da siblantis klasebs.

satransmisio  zeTebis jgufis  nomeri iTvaliswinebs Sedgenlobisa da

gamoyenebis  sferos, kerZod:

1 _ Seesabameba zeTebs misarTis gareSe;

2 _ zeTebs cveTis sawinaaRmdego misarTebiT;

3, 4 _ zeTebs saSualo da maRali intensivobis amoglejis sawinaaRmdego

misarTebiT;

5 _ zeTebs maRali intensivobis amoglejis sawinaaRmdego da

mravalfunqciuri misarTebiT.

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

* praqtikaSi  gamoiyeneba kinematikuri siblantis ganzomilebad. igi SI

sistemaSi kinematikuri siblantis erTeulis _ m 2 /wm-is 10 6 nawils Seadgens.

amasTan, 1 mm 2 /wm ricxobrivad 1 santistoqsis tolia.
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Sesabamisad, saklasifikacio jgufebi yofil sabWoTa kavSirSi gamoSvebuli

zeTebisaTvis aris: TM -1, TM – 2, TM – 3, TM – 4 da TM – 5. xolo, aSS – saTvis

Sesabamisi jgufebia – GL – 1, GL – 2, GL – 3, GL – 4 da GL – 5.

zeTis kinematikuri siblantis klasi am SemTxvevaSic warmoadgens saSualo

siblantes (mm 2 /wm-Si), magram aqvs gansxvavebuli safexurebi, kerZod: 6; 9; 12; 18; 34;

43.

cxrili 4.2

yofil sabWoTa kavSirSi miRebuli satransporto zeTebis klasifikacia

saturbine zeTebi kinematikuri siblantiT 20...60 santistoqsi 50 o C

temperaturaze, gamoiyeneba orTqlisa da hidravlikuri turbinebis, eleqtruli

generatorebis da sxva iseTi manqanebisaTvis, sadac saWiroa xangrZlivi muSaoba

zeTis Seucvlelad. saturbine zeTebi xasiaTdebian maRali medegobiT

daJangvisadmi, dabali sawyisi mJavianobiT, meqanikuri minarevebis umniSvnelo

sididiT.

Txevadi zeTebis gansakuTrebul, specifikur jgufs Seadgens Zravas zeTebi,

romelTa ricxvs miekuTvneba saaviacio, saavtomobilo (avtolebi) da sadizelo.

Aam zeTebs  waredgineba damatebiTi moTxovnebi, romlebic dakavSirebulia

Zravebis muSa cilindrebis muSaobis specifikur pirobebTan da garemo pirobebis

farTo temperaturul diapazonTan (TviTmfrinavebi,  avtomobilebi)

SemzeTi masalebi maTi miRebis  da Seqmnis safuZvlis mixedviT SeiZleba

iyos mineraluri, navTobis, sinTetikuri, mcenareuli da cxoveluri warmoSobis.

siblantis

klasi

zeTis  jgufebi  saeqspluatacio  TvisebebiT
gamoyenebis

temperaturuli

diapazoni 0C
TM-1 TM-2 TM-3 TM-4 TM-5

6 - - TM-3-6 TM-4-6 TM-5-6 -65..+15

9 - TM-2-9 TM-3-9 TM-4-9 TM-5-9 -60..+25

12 - TM-2-12 TM-3-12 TM-4-12 TM-5-12 -50..+30

18 TM-1-18 TM-2-18 TM-3-18 TM-4-18 TM-5-18 -35..+35

34 TM-1-34 TM-2-34 TM-3-34 TM-4-34 TM-5-34 -20..+45

43 TM-1-43 TM-2-43 TM-3-43 TM-4-43 TM-5-43 -5..+55
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mineraluri zeTebis misaRebad gamoiyeneba iseTi bunebrivi mineralebi,

rogoricaa: qvanaxSiri, torfi, fiqlebi. maTgan mineraluri SemzeTi masalebis

miRebis ZiriTadi gzaa mineraluri produqtebis damuSaveba. mineraluri zeTebis

erT-erT  ZiriTad nedleulad gamoiyeneba navTobi, romlisganac zeTis miReba

ramdenime meTodiTaa SesaZlebeli.

navTobis Txevadi SemzeTi masalebi warmoadgenen bunebrivi navTobis

nedleulisagan gawmendis wesiT miRebul zeTebs, xolo  sinTetikuri  SemzeTi

masalebi organuli  naerTebis  sinTezis produqtia. M

mcenareuli da cxoveluri zeTebi miiReba,  Sesabamisad, mcenareuli da

cxoveluri produqtebis gadamuSavebis  Sedegad. praqtikaSi am jgufis zeTebis

gansazRvruli masStabebiT gamoyeneba ganpirobebulia mxolod maTi maRali

TviTRirebulebiT  da  araviTar  SemTxvevaSi _ xarisxobrivi TvisebebiT.

plastikuri (kosistenturi)  SemzeTi masalebi warmoadgenen Sesqelebul

sacxismagvar produqtebs, romlebic mzaddeba Txevad zeTebze _ mineralur

navTobsa Tu sinTetikur SemzeT masalebSi sxvadasxva saxisa da daniSnulebis

Semsqeleblis SetaniT. warmoqmnis  ra struqturul ConCxs, Semsqelebeli SemzeT

masalas aniWebs  myari sxeulis Tvisebas mcire simtkicis zRvriT (araumetes 0,005

mpa). temperaturis momatebisas 200-300 o C-ze  plastikuri masala gadadis Txevad

mdgomareobaSi.

Txevadi  komponenti, romelic mTeli SemzeTi masis 75...90%-ia, umetesad

aris navTobis  zeTi, sadac Semsqeleblad gamoiyeneba kalciumiani da

natriumiani sapnebi; agreTve naxSirwyalbadebi (parafini, cerezini). plastikuri

kalciumiani SemzeTi masalebi iwodeba solidolebad, xolo natriumiani _

konstalinebad.

Pplastikuri SemzeTi  masalebisaTvis  umTavresi maxasiaTeblebia:

1) penetracia (inglisuri sityvidan penetrate _ SeRweva) aris plastikuri

SemzeTi masalebis Sesqelebis  (sirbilis) maCvenebeli da igi ganisazRvreba

xelsawyoTi, romelsac penetrometri ewodeba. Mmisi moqmedebis principi

liTonuri masalebis simqisis sazomi xelsawyos analogiuria, ukanasknelis

moqmedebis  principi aseTia: specialuri konusi Tavisi simZimis ZaliT 5 wm-is

ganmavlobaSi garkveuli siRrmiT efloba SemzeT masalaSi. Kkonusis Caflobis

siRrmis mixedviT fasdeba SemzeTi masalis  konsistenturoba. Sefaseba xdeba

penetraciis  ricxviT, romelic aris konusis produqtSi CaRrmaveba gamosaxuli
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milimetris  meaTedebiT. magaliTad,  Tu  penetraciis  ricxvia 200, es imas

niSnavs, rom konusi 5 wm-is ganmavlobaSi 20 mm-iT CaRrmavdeba SemzeT masalaSi.

2) wveTas temperatura pirveli wveTis dacemis Sesabamisi  temperatura da

ganisazRvreba ubelodes  xelsawyos  meSveobiT. Uukanaskneli  Seicavs

Termometrs  liTonur hilzSi,  romlis boloSic Casmulia  minis fiala 3 mm-iani

naxvretiT.  wveTas temperatura gansazRvravs  SemzeTi masalis muSaobis unaris

temperaturul zRvars. miRebulia, muSaobis unaris zRvrad  miCneul iqnes wveTas

temperaturaze  10-20 o C-iT naklebi temperaturuli done.

3) tenmedegoba e. i. sawyisi maxasiaTeblebis SenarCuneba wyalTan

kontaqtis SemTxvevaSi (plastikuri SemzeTi masalebis umravlesoba xasiaTdebian

tenmedegobis  maRali maCvenebliT, gamonaklisia mxolod konstalinebi).

plastikur SemzeT masalebs axasiaTebT dadebiTi  Tvisebebis mTeli

kompleqsi. ZiriTadad antifriqciul TvisebebTan erTad plastikuri SemzeTi

masalebi xasiaTdebian kargi mamWidroebeli TvisebebiT - maTi meSveobiT xdeba

xaxunis kvanZSi RreCoebis  amovseba, maT aqvT vertikalur kedelze Tavis

Sekavebis unari, maSinac ki, roca fenis  sisqe sakmaod didia;  advilad efarebian

da iwmindebian zedapirebidan. Aam Tvisebis  gamo friad  moxerxebulia maTi

gamoyeneba manqanaTa xangrZlivi konservaciisaTvis.  Pplastikuri  SemzeTi

masalebis  siblante mcired aris damokidebuli  maTi gaTboba-gaxurebis

temperaturaze. Ffriad mniSvnelovan  Tvisebad iTvleba is, rom srialis

winaaRmdegoba mcired aris damokidebuli srialis siCqareze (am TvisebiT

plastikuri SemzeTi masalebi mkveTrad gansxvavdeba Txevadi  zeTebisagan).

rekomendebulia, rom Pplastikuri SemzeTi masalebi gamoyenebuli iyos iq,

sadac xaxunis procesSi didi raodenobiT siTbo ar gamoiyofa da sadac misi

gatana xaxunis zonidan ar aris gaTvaliswinebuli SemzeTi masalebis meSveobiT.

aseT kvanZebs  miekuTvneba  nelmavali srialis sakisrebi, gorvis sakisrebi da

sxva msgavsi kvanZebi.

Aamrigad, plastikuri SemzeTi masalebi,  xasiaTdebian ra kargi

antifriqciuli, sakonservacio Tu sahermetizacio TvisebebiT, daniSnulebis

mixedviT  SeiZleba  gamoyenebul iqnes:

 Ria tribologiur sistemebSi;

 Znelad sahermetizacio xaxunis kvanZebSi;
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 tribologiur sistemebSi, sadac gansakuTrebuli moTxovnebia saimedo

hermetizaciisadmi (magaliTad, saqsov dazgebSi _ qsovilis  gafuWebis

Tavidan acilebisaTvis, mSral friqciul gadacemebSi,   roca gadacemaSi

xaxunis koeficientis  Semcireba dauSvebelia da a. S.);

 Znelad misadgom tribologiur sistemebSi, sadac gaTvaliswinebulia misi

xangrZlivi muSaoba zeTis Secvlis gareSe (erTjeradi SezeTvis

kvanZebi);

 meqanizmebSi, romlebic muSaoben farTo temperaturul da saeqspluataco

reJimebSi;

 meqanizmebsa da kvanZebSi, sadac saWiroa detalebis xangrZlivi

konservacia.

plastikuri SemzeTi masalebidan yvelaze ufro gavrcelebuli jgufia

solidolebi. maTi gamoyenebis racionaluri zRvaria 60-80 o C. solidolebis

erT-erTi umTavresi upiratesoba maTi tenmedegobaa. konstalinebi miekuTvneba

Zneldnobad SemzeT masalebs da gamoiyeneba kvanZebSi, sadac temperatura 100-

150 o C-mdea, zog SemTxvevaSi ki 200 o C-mde. Nnaklia _ konstalinebi wyalSi

ixsnebian, ris gamoc dauSvebelia maTi wyalTan kontaqti.

zemoT moyvanili SemzeTi masalebis TvisebaTa  kompleqss Seicaven

natrium-kaliumiani SemzeTebi, romlebic xasiaTdebian solidolebze ufro

maRali temperaturuli medegobiT (100 o C-mde da ufro meti) da, imave dros,

sakmao tenmedegobiT.

saerTo daniSnulebis SemzeTi masalebis garda arsebobs specialuri

daniSnulebis  zeTebi: saglinavi dganebis,  teqstilis manqanebis, rkinigzis

manqana-mowyobilobebis, damcavi,  dabali da maRaltemperaturuli da sxv.

saerTo daniSnulebis manqanebSi ZiriTadad navTobisagan miRebuli

SemzeTi masalebi gamoiyeneba. Tumca bolo periodSi ufro da ufro meti

gavrceleba moipova xelovnuri gziT Seqmnilma Txevadma sinTetikurma zeTebma.

arsebobs axali myari SemzeTi masalebis farTod gavrcelebis sakmao

perspeqtiva.

SemzeTi  masalebis saxeebi da ZiriTadi maCveneblebi standartizebulia da

mocemulia yofili ssrk-s saxelmwifo standartSi _ ГОСТ 23.002-78.
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4.3. SezeTvis saxeebi

tribosistemis SeuRlebuli detalebis  muSaobis reJimi, SemzeTi masalebis

Tvisebebi da saeqspluatacio pirobebi ganapirobeben moxaxune zedapirebis

urTierTqmedebis  xasiaTs xaxunis procesSi. moxaxune zedapirebis  ganmxoloebis

parametrebis mixedviT ganasxvaveben SezeTvis Semdeg saxeebs: hidrodinamikurs,

hidrostatikurs, gazurdinamikurs, gazurstatikurs, elastikur-hidrodinamikurs,

sasazRvros da Sereuls, xolo SemzeTi masalis fizikuri mdgomareobis mixedviT

_ gazurs, Txevads da myari masalebiT SezeTvas.

Aairuli SezeTva iseTi saxis SezeTvaa, roca moxaxune zedapirebis

ganmxoloeba xorcieldeba iseTi SemzeTi masaliT, romelic airis

mdgomareobaSia. aseTi saxis SezeTva meqanikur manqanebSi iSviaTad gamoiyeneba.

Txevadi SezeTvis dros moxaxune zedapirebis ganmxoloeba xdeba Txevadi

SemzeTi masalebiT. aseTi saxis  SezeTvis ganxorcieleba  ekonomikurad friad

gamarTlebulia da praqtikaSi cdiloben mis farTod gamoyenebas. Txevadi

SezeTva sakmaod xSirad gamoiyeneba manqanaTa umravlesobis tribosistemebSi.

myari masalebiT  SezeTvis dros moxaxune zedapirebis  ganmxoloeba xdeba

myari SemzeTi masalebis meSveobiTac. dRes aseTi saxis SezeTva

samanqanaTmSeneblo praqtikaSi sakmaod perspeqtiulad aris miCneuli.

hidrodinamikuri SezeTva Txevadi  SezeTvis  erT-erTi saxea da igi

ganpirobebulia Txevadi SemzeTi masalis dawneviT mdgomareobaSi yofniT,

romelic warmoiqmneba moxaxune zedapirebis urTierTgadaadgilebis  Sedegad.

amasTan,  warmoqmnili zeTis fenis sisqe da parametrebi gansazRvraven SezeTvisa

da xaxunis  saxes (Txevadi,  hidrodinamikuri  SezeTvis  Seqmnisa da

konstruirebis safuZvlebi ganixileba qvemoT). SemzeTi masalis  fenis

fardobiTi sisqe (ho) xaxunis saxeTa klasificirebis umTavresi kriteriumia da

zogadad ase gamoisaxeba:

oh =
21 aa RR

h


, (4.2)

sadac 0h aris zeTis fenis sisqe; Ra1, Ra2 _ Sesabamisad, pirveli da meore

moxaxune  zedapirebis  centraluri RerZis  mimarT uswormasworobaTa saSualo

gadaxra.
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Txevadi SezeTvis ganxorcielebas, romelic praqtikaSi Txevadi xaxunis

procesad iwodeba, Seesabameba  5  0h 100 piroba  (xaxunisa da SezeTvis  saxeTa

klasifikacia 0h -is mixedviT mocemulia  4.4 naxazze, xolo 4.5-ze mocemulia

moxaxune zedapirebis  kontaqtirebis modelebi).

nax.  4.4.  SezeTvis  saxeTa  klasifikacia 0h kriteriumis mixedviT:

I _ sasazRvro; II _ Sereuli; III _ Txevadi;

IV _ elastikur-hidrodinamikuri Txevadi

nax. 4.5. SemzeTi fenis modelebi Txevadi SezeTvis dros:

a _ gamartivebuli;   b _ zeTis fenis Txevadi SezeTvis  dros;  g _

zeTis fena elastikur-hidrodinamikuri SezeTvis dros;  1 _ damcavi

anu sasazRvro fena;  2 _ SemzeTi masala;  3 _ drekadi sxeuli;  4 _

myari sxeuli;
1nF _ mcire sididis normaluri datvirTva;

2nF _ didi

normaluri datvirTva

hidrostatikuri SezeTva aseve Txevadi SezeTvaa, romlis drosac

hidrodinamikurisgan gansxvavebiT,  sadac zeTis  wnevis  warmoqmnis  wyaro ar

IV
5< h0  100

III

II

1< h0  10

h0  5

I h0  1
0   1            5                10 100    h0

1

2

Fn1 Fn2
3
1
4

2

a) b) g)
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aris moxaxune zedapirebis  urTierTgadaadgileba. wneva  zeTis   fenaSi

warmoiqmneba  gareSe danadgaris  meSveobiT.

Aairdinamikuri da airstatikuri SezeTvebi Cveni  qveynis  pirobebSi

meqanikur manqanebSi iSviaTad gamoiyeneba. Aamis gamo aRniSnuli SezeTvis

saxeebi mocemul naSromSi ar ganixileba.

Eplastikur-hidrodinamikuri SezeTvis  Teoreuli safuZvlebi

klasikuri hidrodinamikuri Teoriisagan gansxvavebiT iTvaliswinebs moxaxune

zedapirebis  drekad deformaciebs.  igi gansakuTrebiT angariSgasawevia, roca

Txevadi xaxuni xorcieldeba didi datvirTvebisa da mrude zedapirebis

(magaliTad, cilindrulebis) SemTxvevaSi.

TviT SemzeTi masalis fena aseTi SezeTvis dros elastikur-

hidrodinamikuria  da  igi warmoiqmneba sakontaqto zonaSi didi  wnevebis

Sedegad, rac, Tavis mxriv, iwvevs zeTis  siblantis  mniSvnelovnad   gadidebas.

aseTi saxis SezeTvis dros 0h kriteriumi icvleba zRvrebSi 1...10.

sasazRvro SezeTva iseTi saxis SezeTvaa, roca kvanZSi xaxunis Zala da,

Sesabamisad, cveTa ganpirobebulia moxaxune detalebis  da SemzeTi saSualebebis

zedapiruli  aqtivobis   Tvisebebis  erTobliobiT. aRniSnulis gamo zeTis

siblante, romelic siTxis  moculobiTi  Tvisebaa, praqtikulad ar  moqmedebs

sasazRvro xaxunis winaaRmdegobaze. erT-erT ZiriTadi triboteqnikuri Tvisebaa

zeTis fenis sisqis mcire sidide sasazRvro xaxunis SemTxvevaSi moxaxune

zedapirebis  simqisis  parametrebTan SedarebiT.

Amis gamo kriteriumi h 0 sasazRvro SezeTvis  da, Sesabamisad, sasazRvro

xaxunis  pirobebisaTvis  erTze naklebi unda iyos.

Sereuli SezeTva damaxasiaTebelia  umravlesi tribologiuri

sistemebisaTvis.  Aam dros  tribologiur sistemaSi erTdroulad aris

ganxorcielebuli rogorc sasazRvro, ise Txevadi SezeTva e. i.  kvanZSi

nawilobriv sazRvruli xaxunia,  nawilobriv Txevadi,  anu muSa  procesSi  ver

xerxdeba moxaxune  zedapirebis  mTliani ganmxoloeba. aseT  SemTxvevaSi

calkeuli borcvebis  urTierTkontaqtis gamo izrdeba zeTis fenis zidvis unari.

am kompleqsur TvisebaTa gamo aseTi SezeTva da, Sesabamisad, xaxuni iwodeba

Sereulad.  amasTan, 0h kriteriumi Sereuli  SezeTvisaTvis  unda

akmayofilebdes pirobas 50 h .
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realuri tribologiuri sistemebisaTvis  damaxasiaTebelia, rom muSaobis

reJimis ZiriTadi parametrebis  (siCqaris, radialuri wnevis, temperaturis)

TandaTanobiT SecvlasTan dakavSirebiT xdeba erTi saxis  SezeTvis meoreSi

aseve TandaTanobiT gadasvla. amasTan, kvanZis  optimaluri muSaobis  erT-erT

ZiriTad faqtorad rCeba  SemzeTi masalis umTavresi Tviseba – siblante.

Mmasalis es  Tviseba warmoCindeba misi formis  cvlilebis dros  da igi

zogadad axasiaTebs  SemzeTi  masalis  Siga xaxuns.

Txevadi SezeTvis  pirobebSi xaxunis Zalis gamoTvlisaTvis gamoiyeneba

gamosaxuleba

h
SV

F f


= , (4.3)

sadac Ff aris xaxunis Zala, n;  _ SemzeTi masalis  dinamikuri siblante, pa/wm;

S _ moxaxune zedapirebis nominaluri farTobi, m 2 ; V _ moxaxune zedapirebis

fardobiTi gadaadgilebis  siCqare, m/wm; h _ SemzeTi masalis  fenis sisqe, m.

tribologiuri sistemis SezeTvisas xaxunis saxe ganisazRvreba rogorc

SemzeTi saSualebebis  raodenobiTa da TvisebebiT (siblantiT), ise kvanZis

muSaobis reJimiT da konstruqciuli parametrebiT _ moxaxune zedapirebis

fardobiTi siCqariT, datvirTviT,  SeuRlebuli detalebis  RreCos sididiT,

geometriuli zomebiT. CamoTvlili parametrebis Tanafardoba realur

pirobebSi ganapirobebs xaxunis saxes - sasazRvros, Txevads Tu Sereuls.

ricxobrivad kvanZis muSaobis reJims kargad axasiaTebs  fardoba
nF
V

,

sadac nF aris normaluri datvirTva an wneva sayrden xaxunis kvanZSi.

sainJinro   praqtikaSi tribologiuri sistemis  erT-erT ZiriTad

maxasiaTeblad misi Txevadi SezeTvis dros   miCneulia gersi-Stribekis

diagrama.   Uukanaskneli   warmoadgens   xaxunis  koeficientis
nF
V

parametrebTan damokidebulebas (nax. 4.6).  diagramidan Cans, rom xaxunis

koeficientis maqsimaluri mniSvneloba Seesabameba
nF
V

parametris nulovan

mniSvnelobas,  rac, Tavis mxriv, Seesabameba nulovan fardobiT srials anu

uZraobis xaxuns.
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nax. 4.6.  xaxunis koeficientisa da xaxunis kvanZis  muSaobis reJimisa da

SemzeTi masalis maxasiaTeblis damokidebuleba

Mmcire fardobiTi siCqaris reJimSi, e.i.  rodesac xaxunis koeficientis

mniSvneloba maqsimaluria, moxaxune zedapirze adsorbirdeba sakmaod mdgradi

SemzeTi masalis umciresi sisqis fena.  xaxunis kvanZis SezeTvis aseT pirobebs

Seesabameba  sasazRvro SezeTva (nax. 4.6.), rodesac xaxunis koeficienti liTonuri

masalebisaTvis  icvleba  zRvrebSi 0,1.... 0,15.  xaxunis koeficientis  SedarebiT

didi mniSvnelobebi sasazRvro xaxunis pirobebSi ganpirobebulia    moxaxune

zedapirebis   borcvebis     meqanikuri urTierTqmedebebiT.

aseT reJimebSi muSaoben umravlesi meqanikuri mowyobilobis srialis

sakisrebi da kbilanis  kbilebis calkeuli elementebi.

fardobiTi srialis siCqaris  ufro  maRali mniSvnelobisaTvis   xdeba

SemzeTi masalis  fenis  sisqis gazrda, ris Sedegad   mcirdeba   moxaxune

zedapirebis  borcvebis  meqanikuri urTierTqmedeba.  amasTan, vinaidan

Semcirebulia  xaxunis  Zalis  adheziuri mdgeneli,  orive faqtoris erToblivi

moqmedeba iwvevs  xaxunis koeficientis mniSvnelovnad  Semcirebas.   Seqmnili

pirobebi   Seesabameba  Sereuli SezeTvis  (xaxunis) saxes  da   gersi-Stribekis

diagramaze gamoisaxeba II zoniT (nax. 4.6). am saxis Sereuli SezeTvis saxe aseve

damaxasiaTebelia mravali  manqanis  srialis sayrdenisa da kbilanuri

gadacemebisaTvis.

imave reJimebisa da parametrebis  dros, roca Semdgom  vzrdiT

fardobiTi srialis  mniSvnelobas, xdeba SemzeTi  masalis feniT moxaxune

zedapirebis erTmaneTisagan mTliani ganmxoloeba. Bbunebrivia, am dros fenis

sisqe unda  aRematebodes  moxaxune zedapirebis borcvebis simaRles. SezeTvis

aseT pirobebSi xaxunis  xasiaTi mTlianad ganpirobebulia  Txevadi SemzeTi

IIIIIIIf

fmin

0

A

V /Fn

fn
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masalis  moculobiTi TvisebebiT,  rac imas niSnavs, rom moxaxune zedapirebis

urTierTgadaadgilebis winaaRmdegoba damokidebulia SemzeTi masalis

calkeuli  fenebis   urTierTgadaadgilebis winaaRmdegobaze. gersi-Stribekis

diagramaze  aseTi saxis SezeTvas Seesabameba III zona  (nax. 4.6).  U aseTi SezeTvis

pirobebSi xaxunis koeficientis umciresi mniSvneloba miiReba SemzeTi masalis

umciresi siblantis SemTxvevaSi.  amasTan, unda gvaxsovdes, rom Txevadi SezeTvis

(xaxunis) uzrunvelyofisaTvis konkretuli  parametrebis SemTxvevaSi SemzeT

masalas saWiroa hqondes garkveuli siblante. III zonaSi temperaturis momateba

iwvevs  ra  siblantis  Semcirebas,  amcirebs xaxunis koeficients.  Mmagram

Semcireba grZeldeba   garkveul periodamde.  temperaturis Semdgomma gadidebam

SesaZlebelia Txevadi xaxunis   saxe  (III zona) gadiyvanos  Sereuli SezeTvaze (I

zona), rac iwvevs xaxunis koeficientis  ara  Semcirebas, aramed mis

mniSvnelovnad gadidebas.

zogadad,  Txevadi SezeTvis saxe miCneulia mdgrad  reJimad. temperaturis

gazrda sakontaqto zonis farglebSi iwvevs siblantis  Semcirebas, xolo igi _

xaxunis koeficientis  Semcirebas,  rac, Tavis mxriv, iwvevs temperaturis  isev

Semcirebas da, maSasadame, reJimis isev aRdgenas.

rac Seexeba SezeTvis Sereul da sasazRvro saxeebs, isini aramdgrad

reJimebadaa miCneuli. Aam SemTxvevaSi temperaturis  gazrda amcirebs ra

siblantes, iwvevs
nF
V

parametris Semcirebas. Uukanasknelis gamo kidev ufro

izrdeba xaxunis koeficienti   da, maSasadame, temperaturac da iwyeba axali

aRmavali cikli, romelsac mivyavarT muSaobis aramdgrad reJimebamde.

Aamrigad, Txevadi SezeTva ganpirobebulia  SemzeTi masalis Siga xaxuniT

da amiT uzrunvelyofilia xaxunis koeficientis umciresi mniSvnelobebi -

0,005...0,05.   aseTi  saxis  SezeTvis ganxorcieleba Sesabamisi parametrebis dacvis

SemTxvevaSi mravali saxis manqanaSia SesaZlebeli. Bbunebrivia, manqana-

mowyobilobis saimedoobisa da xangamZleobis  maCvenebelTa   amaRlebis gzaze

tribologiur  sistemebSi Txevadi SezeTvis ganxorcieleba umniSvnelovanesi

amocanaa. Txevadi SezeTvis _ hidrodinamikuris, hidrostatikuris Tu elastikur-

hidrodinamikuris danergva manqanebSi  mniSvnelovnad amcirebs  energetikul

danakargebs xaxunis Zalis daZlevaze  da aumjobesebs sapasuxismgeblo detalebis

muSaobis pirobebs.
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Tavi 5. Txevadi SezeTva da misi hidrodinamikuri Teoria

5.1. hidrodinamikuri SezeTvis (xaxunis) safuZvlebi

zemoT aRniSnuli iyo, rom tribologiuri sistemis efeqturi mniSvneloba

mniSvnelovanwiladaa damokidebuli Txevadi SemzeTi masalis racionalur

gamoyenebaze. sayrden kvanZebSi intensiuri cveTis da didi energetikuli

danakargebis Tavidan acilebisaTvis saWiroa sakisris satacisa da sadebis

zedapirebi ganmxoloebulni iqnen erTmaneTisagan SemzeTi masalis garkveuli

sisqis feniT. magram imisaTvis, rom moxaxune zedapirebs Soris arsebobdes

erTiani zeTis fena, igi unda imyofebodes wnevis qveS. maSasadame, imisaTvis, rom

datvirTuli detalebis RreCoSi warmoiSvas da SenarCundes garkveuli

siblantis mqone Txevadi zeTis fena, saWiroa - RreCoSi miwodebul iqnes zeTi

iseTi wneviT, romelic uzrunvelyofs moxaxune zedapirebis ganmxloebas, an

Seiqmnas iseTi konstruqciul-saeqspluatacio viTareba, romelic Tavad

warmoqmnis zeTis zidvisunars fenas, e. i. wnevas zeTis fenaSi.

pirveli mimarTuleba, romelic iTvaliswinebs moxaxune zedapirebs Soris

arsebul RreCoSi zeTis wneviT miwodebas, saWiroebs rTul danadgarebs –

tumboebsa da saTanado milsadenebis gamoyenebas, rac praqtikaSi xSirad

konstruqciulad da ekonomikurad gaumarTlebelia.

meore mimarTuleba, romelic umravles SemTxvevaSi ufro misaRebia,

iTvaliswinebs zeTis wneviTi hidrodinamikuri fenis TavisTavad warmoqmnas.

ukanasknelis ganxorcielebis meqanizmi ase SeiZleba iqnes warmodgenili:

erT SemTxvevaSi sayrdeni detalebi warmodgenilia, rogorc brtyeli

zedapirebi (nax. 5.1). amasTan, gakeTebulia Semdegi daSvebebi:

 zedapirebis sigrZe (xazovani zoma naxazis perpendikularul sibrtyeSi)

usasrulod didia;

 erTi zedapiri gadaadgildeba v siCqariT wrfivad, xolo meore

ramdenadme daxrilia pirvelis mimarT da uZravia.

pirveli zedapiris naxazze naCvenebi mimarTulebiT moZraobisas SemzeTi

masalis nakadi Sedis solis formis RreCoSi farTo mxridan da gamoedineba

viwro mxridan. vinaidan Txevadi SemzeTi masala, zeTi praqtikulad ukumSvelia,

nakadis uwyvetobis pirobidan aucilebelia aseT RreCoSi warmoiSvas Siga wneva,
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romelic hidrodinamikuri iqneba. igi myari sxeulis msgavsad ecdeba “gaxliCos”,

gaswios erTmaneTis mimarT zedapirebi. Sedegad erT-erTi zedapiri, romelic

konstruqciulad amis potenciur SesaZleblobas atarebs, acurdeba zeTis fenaze

da moxdeba zedapirebis sruli ganmxloeba _ Sesruldeba piroba Txevadi,

hidrodinamikuri SezeTvisa da, Sesabamisad, hidrodinamikuri xaxunis

ganxorcielebisa.

Aamrigad, ganxilul SemTxvevaSi zedapiris amomgdebi Zala ZiriTadad

ganpirobebulia misi fardobiTi siCqariT.

nax. 5.1. brtyel zedapirebs Soris arsebuli zeTis fenaSi wnevis

ganawileba maTi fardobiTi moZraobis dros

meore SemTxvevaSi sayrden detalebad warmodgenilia cilindruli

zedapirebi (nax. 5.2). sakisarSi radialuri datvirTvis gamo mbrunavi lilvi

(Ft+ d Ft)dx

(p+ d p)dy pdy dy

Ftdx
dx

h m

h
V

x

P m
ax
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Fr

ω

ℓ

sakisris RerZis mimarT ikavebs eqscentriul mdgomareobas. lilvi brunvis dros

Tan waritacebs garkveuli raodenobis zeTs da Seitans solis formis RreCoSi,

romelic iqmneba lilvsa da sadebs Soris. am dros sataci moqmedebs, rogorc

tumbo, romelic ganuwyvetliv tumbavs zeTs kvanZSi arsebul RreCoSi. RreCo ki

lilvis mbrunvis mimarTulebiT TandaTan viwrovdeba, ris gamoc zeTis solSi

warmoiqmneba mniSvnelovani sididis hidrodinamikuri wneva, rac uzrunvelyofs

zidvisunariani zeTis fenis Seqmnas, romlis wnevis ganawilebis tipuri epiurebi

radialuri da grZivi mimarTulebiT mocemulia 5.2 nax-ze. rogorc naxazidan Cans,

wnevis ganawileba arc erTi mimarTulebiT ar aris Tanabari da misi kanonebis

codna mniSvnelovani saqmea rogorc Teoriul, ise praqtikul saqmianobaSi.

sakisris grZivi mimarTulebiT wnevis epiura icvleba paraboluri tipis mrudiT,

romlis nulovani wertilebi sakisris torsul zedapirebze modis, xolo

maqsimaluri – sakisris Sua adgilze. mrudis aseTi xasiaTi ganpirobebulia

torsuli zedapiridan zeTis gandinebiT.

nax. 5.2. hidrodinamikuri wnevis epiurebi srialis sakisarSi:

a - radialuri mimarTulebiT; b - grZivi mimarTulebiT
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5.2. geometriuli parametrebi

sakisarSi lilvis uZravi mdebareobis dros sataci devs sadebze. lilvis

brunvis SemTxvevaSi radialuri datvirTvis gareSe igi TiTqmis centralur

mdebareobas iWers, xolo datvirTvis SemTxvevaSi wneviTi zeTis fenis gavlena,

romlis jamuri zemoqmedeba garkveul kuTxes Seadgens Zalis moqmedebis

mimarTulebasTan, iwvevs lilvis satacis gverdiT gadaadgilebas. mcire

radialuri datvirTvis dros gverdiTi gadaadgileba Zalis moqmedebis

mimarTulebiT gadaadgilebasTan SedarebiT didi sididea da piriqiT, didi

datvirTvebis SemTxvevaSi – mcire.

nax. 5.3. srialis sakisris saangariSo sqema:

a - saerTo sqema; b – satacis eqscentrisitetis konstruqciuli

parametrebis saangariSo sqema

Fr
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Txevadi SezeTvis SemTxvevaSi SemzeTi masalis fenis gavrcelebis zonebi

sayrden kvanZSi, romelic cilindruli detalebisagan Sedgeba, ase

warmoidgineba: zeTis hidrodinamikuri fenis gavrcelebis zonebi bevrad aris

damokidebuli kvanZSi miwodebuli zeTis raodenobaze, SemzeTi masalis

miwodebis adgilze, SemzeTi arxebis arsebobasa da mdebareobaze. zogad, tipur

SemTxvevaSi hidrodinamikuri fenis sawyis wertilad miiCneven adgils, sadac

radialuri RreCo didi sididisaa da igi axloa horizontalur RerZTan (nax. 5.3,

wertili A). Tu sayrdeni kvanZi Seicavs SezeTvis arxs, hidrodinamikuri SezeTvis

fena saTaves am arxidan iRebs.

wnevis udidesi mniSvneloba zeTis fenaSi mdebareobs romelime B wertilSi,

romelic moTavsebulia datvirTvisa da centrebis SemaerTebel xazebs Soris.

hidrodinamikuri fenis saboloo wertilad miiCneva romelime D wertili,

romelic lilvis brunvis mimarTulebiT C minimaluri RreCos wertilis Semdeg

mdebareobs (nax. 5.3). magram, amasTan, mravalricxovani eqsperimentebiT

damtkicebulia, rom zeTis fena, minimaluri RreCos wertilidan dawyebuli,

wyvetas ganicdis. es ki rig avtorebs aZlevs safuZvels daaskvnan, rom zeTis fena

C wertilSi Tavdeba.

SezeTvis hidrodinamikur TeoriaSi ufro zust mosazrebad miCneulia, rom

0=p da o
d
dp




D wertilSi. amasTan, D da B wertilebi daaxloebiT

simetriulad arian ganlagebuli C wertilidan (C wertilSi zeTis fenis sisqe

minimaluria – h = h min ) da e. i. DC=CB.

5.3. zeTis fenis zidvis unari

zeTis fenis zidvis unaris gansazRvra hidrodinamikuri Teoriis

umniSvnelovanesi amocanaa. pirvel rigSi ganvixiloT es amocana zeTis brtyeli

nakadis magaliTze, roca zeTis torsuli gandineba mxedvelobaSi ar miiReba.

aRniSnuli magaliTi brtyeli zedapirebis saxiT, roca erT-erTi maTgani

daxrilia meoris mimarT, kargad eTanadeba tipuri konstruqciis sakisarSi

warmoSobil SemzeTi masalis `sols”. am SemTxvevaSi zeTis fenis epiuris sawyisi

da saboloo wertilebi, bunebrivia, nulis toli iqneba, xolo wnevis cvlileba
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solis gaswvriv -
dx
dp

aRiwereba gantolebiT, romelmac reonoldsis

saxelwodeba miiRo.

reinoldsis gantolebis misaRebad zeTis fenaSi ganvixiloT SemzeTi

masalis elementaruli nawili xazobrivi zomebiT dx 1 dy (nax 5.1), sadac x

moZraobis mimarTulebad miiCneva, xolo y _ SemzeTi fenis sisqis mimarTulebad.

imis gamo, rom lilvis sakisarSi brunvis dros xdeba zeTis fenebis

urTierTgadaadgileba satacis brunvis mimarTulebiT, sakisris solis formis

RreCoSi zeTis blanti Tvisebebis gamo warmoiSobian Zvris Zalebi, romlebic

laminaruli dinebis dros ganisazRvreba niutonis kanoniT. blanti Zvris Zala

erTeul farTobze ganisazRvreba gamosaxulebiT

dy
d

F x
t

V
= , (5.1)

sadac tF aris blanti Zvris Zala; xV- fardobiTi siCqare x mimarTulebiT;  -

zeTis dinamikuri siblante.

elementaruli nawilis wonasworobis pirobidan (dagegmilebiT x RerZze)

dxdFdydp t ..  , aqedan

dy
dF

dx
dp t . (5.2)

(5.1)-isa da (5.2)-is gaTvaliswinebiT

dx
dp

dy
d x 1

=
V
2

2


. (5.3)

zeTis gamdinarebis siCqare miiReba (5.3) gamosaxulebis ormagi

integrirebiT da Semdegi sasazRvro pirobebis CasmiT. uZrav zedapirze

,0V,0  xy xolo moZrav zedapirze V=,= xVhy (sadac hRreCos sididea

x koordinatis Sesabamis nebismier kveTaSi). maSin

dx
dphyy

h
yVx )(

2
V 


. (5.4)

erTi erTeulis siganis da h simaRlis RreCoSi 1 wm-Si gaedineba zeTi

Semdegi moculobiT:

dx
dphhVdyVq

h

xx .
122

3

0 
  . (5.5)
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zeTis nakadis uwyvetobis pirobidan  SesaZlebelia erTmaneTs gavutoloT

zeTis xq moculobebi, romlebic gaedinebian erT wamSi h da mh . aq mh RreCos

sididea iseTi kveTisaTvis, sadac wnevis sidide fenaSi maqsimaluria e.i. sadac

maxpp  da 0
dx
dp

sididis RreCoebSi

2
.

122
V 3 Vh

dx
dphhq m

x 


. (5.6)

aqedan, elementaruli gardaqmnebiT,

36
h
hhV

dx
dp m

  . (5.7)

(5.7) gantoleba miRebuli iqna reinoldsis mier da igi mis saxels atarebs.

zemoT moyvanili damokidebulebis (5.1), (5.4) safuZvelze, kerZod, roca

gansazRvrulia zeTis gandinebis siCqare romelime x koordinatisaTvis,

niutonis kanoniT da elementaruli gardaqmnebiT SegviZlia ganvsazRvroT

erTeulovan zedapirze blanti Zvris Zala, xolo misi meSveobiT – xaxunis

procesis ZiriTadi parametrebi:

dx
dph

hhdy
dF

Y
t 2

VVx



  (5.8)

axla ganvixiloT ZiriTadi varianti, e.i. roca kvanZi cilindruli

detalebisagan Sedgeba.

rogorc ukve aRvniSneT, wneva zeTis fenaSi uzrunvelyofs zeTis nakadis

siCqaris gazrdas da satacis acurebas sakisris sadebidan, riTac izrdeba zeTis

gandinebis ganivkveTi. am faqtorebisa da radialuri datvirTvebis erToblivi

zemoqmedebis Sedegad  myardeba sxeulis (satacis) wonasworobis mdgomareoba,

roca wnevis ganawileba zeTis fenaSi uzrunvelyofs zeTis gadinebas RreCoSi

imave moculobiT drois erTeulSi, rogorc Semodinebas lilvis meSveobiT

RreCos ganier nawilSi. amasTan satacze moqmedi nebismieri hidrodinamikuri

wnevis p mimarTuleba Tanxvedria zedapiris normalis anu satacis radiusis.

Tu p wnevas davSliT p horizontalur da p  vertikalur Semdgenebad,

aRmoCndeba, rom ukanasknelebs ZaluZT gareSe  radialuri zF datvirTvis

gawonasworeba. xolo rac Seexeba horizontalur Semdgenebs, isini iwveven

satacis sakisarsSi horizontalur gadaadgilebas (nax. 5.3).
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sabolood SemzeTi masalis wneviTi zemoqmedebis Sedegad lilvisa da

sakisris Rerebis SemaerTebeli xazi gareSe Zalis moqmedebis mimarTulebidan

gadaixreba raRac a kuTxiT.

bunebrivia, SemzeTi masalis wnevis ganawilebis epiurebis xasiaTi

cilindruli da brtyeli zedapirebis SemTxvevaSi  erTmaneTisagan

gansxvavebulia, rac zedapirebis sxvadasxvaobiT aris ganpirobebuli.

sakisris Txevadi SezeTvis pirobebSi zidvis unaris, anu zeTis fenis zidvis

unaris gansazRvrisaTvis SemoviRoT Semdegi daSvebebi*:

a) zeTis nakadi hidrodinamikuri Zalebis warmoSobis zonebSi moZraobs

laminarulad;

b) zeTis nawilakebis SeWidebis Zalebi satacTan da sakisris sadebTan iseTi

sididisaa, rom zedapiris uSualo mosazRvre zeTis nawilakebis siCqare

zedapirebis mimarT nulis tolia;

g) zeTis masisaTvis, romliTac Sevsebulia RreCo, mxedvelobaSi ar miiReba zeTis

fenis nawilakTa simZimis, inerciis da kapilaruli Zalebi;

d) gareSe datvirTvis qveS  myofi zeTi ar ikumSeba.

ganxilvis procesisaTvis SemoviRoT Semdegi saxis aRniSvnebi: diametruli

RreCo _ dD  , sadac DD sakisris sadebis diametria; D d _ lilvis satacis

diametria;  radialuri RreCo _
2


 , fardobiTi RreCo _
d


= =
r


, sadac r

satacis radiusia;

absoluturi eqscentrisiteti _ min-= he  ; sadac minh zeTis sisqis

minimaluri sisqea; fardobiTi eqscentrisiteti (axasiaTebs satacis mdebareobas

sakisarSi) _



e

= .

e da  mniSvnelobaTa gaTvaliswinebiT zeTis fenis minimaluri

mniSvneloba

( )χ-1δeh =-=min  (5.9)

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

* qvemoT moyvanili daSvebebi, aseve, igulisxmeboda reinoldsis

gantolebis gamoyvanisas Sesabamisi pirobebis dacvis SemTxvevaSi.
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tipuri sakisris geometriuli gaangariSebani Txevadi SezeTvis pirobebSi

garkveul sirTulesTanaa dakavSirebuli, magram yovelive sakmaod martivdeba,

Tu dauSvebT, rom satacis eqscentrisiteti sakisris mimarT mcire sididea

SeuRlebis RreCosTan SedarebiT. aseTi daSveba savsebiT misaRebia satacis

saSualo da swrafi brunTa sixSiris, saSualo radialuri datvirTvebisa da

tribologiuri sistemis zeTiT sakmao raodenobiT uzrunvelyofis dros.

centrebis SemaerTebeli RerZidan raime  kuTxeze zeTis fenis sisqis

gansazRvrisaTvis ganvixiloT naxazi 5.3.

imis gaTvaliswinebiT, rom  180cos(eob ) da eqscentrisiteti e mcire

sididea,

  hrehaoobD
 )180cos(

2
 , (5.10)

sadac r satacis radiusia,  - centraluri kuTxe.

Sesabamisi CasmebiTa da gardaqmnebis Semdeg miviRebT, rom

( ) χcos1δeh +=cos-= (5.11)

xolo zeTis fenis sisqe RreCos im kveTisaTvis, roca maxpp  da 0  

( )00 += χcos1δh . (5.12)

cilindruli formis sakisrebisaTvis reinoldsis gantoleba

mizanSewonilia polarul koordinatebSi iqnes ganxiluli. gantoleba (5.7)

gadavweroT Semdegi gamosaxulebebis gaTvaliswinebiT: rddx  ; hh  ; rV .=  .

Aaq  satacis kuTxuri siCqarea.












 dddp 3

0
232 )cos1(

)cos(cos
6

)cos1(
)cos1()cos1(

6








  . (5.13)

wneva raime  kuTxeze ganisazRvreba (5.13) integrirebiT  1 kuTxidan 

kuTxemde, e.i. sasazRvro pirobebisaTvis ( 1 , )






 









ddpp  




11

3
0

2 )cos1(
)cos(cos

. (5.14)

p wnevis vertikaluri Semdgeni iqneba (nax. 5.3)

   )cos()(180cos    aa ppp  . (5.15)

maSin elementaruli siganis (  centraluri kuTxiT) farTobis zidvisunari
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,
2

  
ldplrpFr (5.16)

sadac d da l sakisris Sesabamisad diametri da sigrZea.

vertikaluri Semdgenebis Sejameba hidrodinamikuri wnevis moqmedebis  (1 ,

 2 ) zRvrebSi da Sesabamisi mniSvnelobebis Casma gantolebebSi (5. 15) da (5. 16)

mogvcems hidrodinamikuri zeTis zidvis unars:

       

,

cos
2 2

1
cos1
coscos32

1

cos
2

02

2
1

ldS

d
y
dddPldF aar































   

(5.17)

sadac

     








d

dyx
S a 




   cos

cos1
coscos

3
2

1

2

1

0
0 ,            (5.18)

0S aris satacis sakisarSi mdebareobis  uganzomilebo  funqcia mocemuli

sasazRvro pirobebisaTvis da iwodeba sakisris   datvirTvis koeficientad. 0S -s

samecniero da sainJinro praqtikaSi  zomerfeldis  ricxvs  uwodeben (zog

qveyanaSi  humbelis ricxvsac).

meores mxriv, zomerfeldis ricxvi (5.17)-is  gaTvaliswinebiT SeiZleba ase

iqnes warmodgenili:


 2

0 =
p

S , (5.19)

sadac p _ wnevaa, romelic ganisazRvreba, rogorc normaluri rF Zalasa da

sakisris diametraluri  kveTis farTobis _ ld  fardoba. amasTan, Tu

zomerfeldis ricxvi _ 10 S -ze,  rigi mkvlevrebis rekomendaciiT xaxunis

koeficienti
rF
Vlf 




,  xolo Tu 10 S ,  maSin
2
1








 


rF
lVf 

.

rF
lV 

parametri  warmoadgens Txevadi SezeTvis  dros xaxunis

kompleqsur   maxasiaTebels da, rogorc  ukve aRvniSneT,  gersi-Stribekis

diagramaze gamoiyeneba argumentad.
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yvela zemoT moyvanil  formulaSi da Semdgom parametrSi igulisxmeba SI

sistemis erTeulebSi:  -pa.wm; p -pa; rF -n; ld , -m;  -wm 1 .

realuri sakisrebisaTvis zeTis fenis zidvis unari (radialuri

tvirTamweoba) gansazRvruli unda iqnes torsuli mxridan zeTis  gadinebis

gaTvaliswinebiT, rac adre xorcieldeboda eqsperimentulad miRebuli wnevis

sakisris sigrZeze ganawilebis  kanonis  safuZvelze. aseTi gziT miRebuli mrudi

kargad eTanadeba parabolas  (nax. 5.2,  b).  dRes am amocanis  gadwyvetisaTvis

ganixileba sivrciTi amocana saboloo  sxvaobaTa meTodisa da egm-s

gamoyenebiT.

Txevadi SezeTvis dros sakisris datvirTvis  koeficientis (zomerfeldis

ricxvis)  mniSvneloba  eqscentrisitetisa da
d
l

fardobis Sesabamisad

mocemulia   5.1 cxrilSi.

datvirTvis koeficientis  gansazRvra  SedarebiT naklebi sizustiT

SesaZlebelia agreTve gamartivebuli empiriuli damokidebulebiT:

mmS 



10 , (5.20)

sadac 66,0m , roca 8,0
d
l

; 75,0m , roca 9,0
d
l

; 85,0m ,  roca 0,1
d
l

;

0,1m , roca 2,1
d
l

; 1,1m , roca 5,1
d
l

.

Sualeduri sidideebis povna SesaZlebelia interpolaciiT.

aRsaniSnavia is garemoeba, rom
d
l

fardobis ufro mcire mniSvnelobaze

formula naklebad zust Sedegs iZleva.

hidrodinamikuri Teoriis damokidebulebebis analizisa da

eqsperimentuli kvlevebis safuZvelze SesaZlebelia zogierTi saerTo daskvnis

gakeTeba.

erTis mxriv, rac ufro mcirea minh , miT  ufro  didia zeTis fenis  zidvis

unari rF . meoris mxriv, minh -is mniSvneloba  unda  uzrunvelyofdes  im

garemoebas,  rom  SeuRlebuli  zedapirebis   borcvebi  ar exebodnen  erTmaneTs

maTi  urTierTgadaadgilebis dros.  sxva  sityvebiT, zeTis fenis sisqe misi

umciresi ganivkveTis  adgilze unda iyos satacisa da  sakisris sadebis

zedapirebis  simqisis uswormasworobebis  (mikroborcvebis) simaRleTa jamze
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 
21 zRRz  meti.  aRniSnuli garemoeba uzrunvelyofs moxaxune zedapirebis

eqspluatacias praqtikuli cveTis gareSe. am pirobis  SesrulebisaTvis  realur

pirobebSi saWiro xdeba  detalebis   sizustisa da kvanZSi drekadi

deformaciebis  (lilvis  Runvaze)  gaTvaliswineba maragis koeficientis

meSveobiT. maSin

 
21min zRRSh z  , (5.21)

sadac S maragis koeficientia da 2 .  mcire siCqareebis  pirobebSi, roca

fardobiTi siCqare 5,0V m/wm, iReben maragis koeficientis  mcire

mniSvnelobebs.

Tu moxaxune zedapirebi mzaddeba wminda CarxviT an SigCarxviT,  simqisis

parametri iReba 6,1...3,6 zz RR (simqisis 7...8 klasi); xexvis dros -

4,0...2,3 zz RR (simqisis 8...10 klasi); gakrialebis dros - 05,0...8,0 zz RR (simqisis 10...13

klasi).

fardobiTi  RreCo sakisris  kvanZebSi iReba zRvrebSi

005,0...0003,0 . (5.22)

RreCos didi mniSvnelobebi Seesabameba did fardobiT siCqareebs, mcire

radialur  datvirTvebs, grZel sakisrebs da didi drekadobis modulis mqone

sakisris  sadebebis gamoyenebas (polimeruli sadebebis gamoyenebis SemTxvevaSi

sargebloben specialuri rekomendaciebiT da gaWeqvis Tavidan acilebis mizniT

iReben RreCos ufro did mniSvnelobebs).

cnobilia agreTve muSa temperaturuli reJimis pirobebSi fardobiTi

RreCos  gansazRvris  sarekomendacio gamosaxuleba  19 :

25,03108,0 V  , (5.23)

sadac V satacis wriuli siCqarea, m/wm.

regulirebad sakisrebSi konstruqciulad aRweven imas, rom RreCos

sidideebi gansxvavdebian civ da damyarebul reJimebSi.

sakisris kvanZis RreCos temperaturuli cvlilebebi, romlebic

gamowveulia rogorc lilvisa da sakisris  sadebis  xazobrivi gafarToebis

temperaturul koeficientebs Soris gansxvavebiT, ise kvanZis konstruqciuli

TaviseburebebiT (gare da Siga detalis absolutur gafarToebebs Soris

sxvaobiT. RreCos  sididis cvlileba gamowveuli pirveli maTganiT SeiZleba

iqnas gamosaxuli
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 212   at . (5.24)

sadac RreCos  mniSvnelobis  cvlilebaaa  temperaturuli sxvaobiT

gamowveuli; a _ sakisris sadebis  an  antifriqciuli fenis sisqe; 1 _ sadebis

xazobrivi  gafarToebis temperaturuli koeficienti; 2 _ lilvis  xazobrivi

gafarToebis  temperaturuli koeficienti.

zemoT moyvanili gamosaxulebebis analizisa da saerTod sakisrebis

muSaobis mecnieruli kvlevis safuZvelze dadgenilia, rom zeTis fenis zidvis

unari zF izrdeba zeTis siblantisa da wriuli siCqaris gazrdasTan erTad da

mcirdeba sakisris RreCos gazrdis dros. e.i. SeiZleba gakeTdes mniSvnelovani

daskvna - SeiZleba ise gavzardoT sakisris radialuri datvirTvis unari, rom ar

gavadidoT misi konstruqciuli zomebi da ar gamoviyenoT ufro Zvirfasi

masalebi moxaxune detalebis dasamzadeblad. kerZod, gamoviyenoT meti

siblantis mqone Txevadi zeTebi da SevarCioT naklebi sididis RreCoebi. magram

meores mxriv, es RonisZiebani iwveven sxva uaryofiT movlenebs. magaliTad, meti

siblantis mqone zeTis gamoyeneba zrdis xaxunis koeficients xaxunis kvanZSi, e.i.-

xaxunis moments da, maSasadame, sxva uaryofiT movlenebTan erTad iwvevs

temperaturuli reJimis gauaresebas da saWiro reJimis SenarCunebisaTvis

aucilebeli xdeba xelovnuri gacivebis gamoyeneba.

amrigad, xelovnuri gacivebis gareSe siblantis gazrda  da RreCos

Semcireba misaRebia mxolod garkveul zRvrebSi. am zRvris miRma gvaqvs

ukuefeqti, rac ganpirobebulia temperaturuli reJimis  gauaresebiT, romelic

iwvevs sakisris muSa zonebSi zeTis siblantis da, Sesabamisad, zeTis fenis zidvis

unaris Semcirebas.

srialis sakisris gaangariSeba Txevadi SezeTvis pirobebSi zogjer

daiyvaneba mocemul eqspluataciur pirobebSi maqsimaluri RreCos gansazRvraze.

sxva SemTxvevaSi sakisris RreCosa da zeTis siblantis SerCevis Semdeg

gaangariSeba SemowmebiT xasiaTs atarebs. kerZod, sakisris RreCosa da zeTis

siblantis dadgenis Semdeg ganisazRvreba 0S koeficienti, xolo misi meSveobiT

5.1 cxrilidan fardobiTi eqscentrisiteti  . Semdgom analizurad advilad

gamoiTvleba  zeTis minimaluri fenis sisqe, romelic unda akmayofilebdes

pirobas – moxaxune zedapirebis mikroborcvebi xaxunis procesSi erTmaneTs ar

unda exebodnen. zemoxsenebuli parametrebis gansazRvris Semdeg SesaZlebeli
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xdeba iseTi ZiriTadi eqspluataciuri parametrebis gansazRvra, rogoricaa

xaxunis momenti, temperatura muSa zonaSi da a. S.

5.4. xaxunis parametrebi

rogorc ukve aRniSnuli iyo, xaxunis koeficienti, Sesabamisad, xaxunis Zala

da momenti srulyofili Txevadi SezeTvis procesSi mTlianad ganpirobebulia

siTxis blanti xaxuniT, e.i. xaxunis iseTi procesiT, roca igi zeTis fenebis

urTierTgadaadgilebis winaaRmdegobaa.

ganvsazRvroT triboteqnikis es ZiriTadi parametrebi Txevadi SezeTvis

dros. simartivisaTvis jer ganvixiloT amocana, roca satacis eqscentrisiteti

sakisarSi mcirea da, maSasadame, RreCo sakisris mTel ganivkveTSi SeiZleba

mudmivad CaiTvalos. aseTi mdgomareoba Seesabameba  sakisris eqpluataciis im

pirobebs, roca sakisari muSaobs maRali wriuli siCqareebiT da mcire

radialuri datvirTvebiT. amasTan, igulisxmeba, rom sakisris RreCo mTlianad

savsea zeTiT.

A farTobze mosuli zeTis fenis Zvris Zala (xaxunis Zala)  ganisazRvreba

niutonis kanoniT

dy
dVAFF tf  , (5.25)

sadac Ft _ Zvris Zalaa; Ff _ xaxunis Zala; A _ zeTis fenis farTobi saangariSo

kveTisaTvis (A = dl);

dy
dV

_ siCqaris gradienti zeTis fenis sisqis mimarTulebiT:











V
rV

dy
dV

. (5.26)

maSin A da
dy
dV

mniSvnelobaTa gaTvaliswinebiT xaxunis Zala

tF d

l . (5.27)

Sesabamisad, xaxunis koeficienti

f =
pF

F

r

t 



= . (5.28)
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r

δ
ω

v

nax. 5.4. zeTis fenebis gadaadgilebis siCqareTa sqema sakisarSi

saSualo sididis datvirTvis pirobebSi moyvanili gamosaxulebiT

gansazRvruli parametrebi – xaxunis Zala da koeficienti Semcirebuli sididisaa

da ver akmayofilebs sizustis moTxovnebs. es aixsneba imiT, rom aRniSnul

pirobebSi siCqaris gradienti datvirTuli da dautvirTavi zonebisaTvis

mniSvnelovnad gansxvavdeba erTmaneTisagan. kerZod, radialuri datvirTvis

iseT pirobebSi, roca eqscentrisiteti ar SeiZleba miCneuli iqnes nulis tolad,

e.i. roca RreCo mcirdeba datvirTul zonaSi da warmoiSoba hidrodinamikuri

wneva. ukanaskneli mniSvnelovnad cvlis siCqaris gradientis suraTs. amitom

saWiro xdeba xaxunis koeficientis koreqtireba, romalic daaxloebiT mainc

gaiTvaliswinebs realur pirobebs. MmaSin empiriuli formula ganzomilebaTa

teqnikur sistemaSi (kgZ, m, wm) iRebs saxes [19]:

f = 

 55,0

p
, (5.29)

sadac  =
5
1

2






 d

koeficientia, romelic SemohyavT mokle sakisrebis SemTxvevaSi

e.i. roca 1
d
l

, xolo Tu 1
d
l

, maSin 1 .

praqtikuli gaangariSebisTvis  rekomendirebuli xaxunis koeficientis

saangariSo formula SeiZleba aseTi saxiT iqnes warmodgenili [19]:
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,10.5,510.36,3 55 
dp

ndf 



  (5.30)

sadac d da l parametrebis ganzomileba mocemulia sm-Si;  _ mkm-Si;  _

santipuazebSi.

roca winaswar dadgenilia hidrodinamikuri wnevis ganawilebis kanoni,

xaxunis momentis gansazRvris dazustebuli formula miiReba satacis zedapirze

zeTis Zvris elementaruli Zalebis integrirebiT:

,

2

22
. Tf ClddFT 




(5.31)

sadac T xaxunis Zalis momentia, n.m; C T _ brunvis winaaRmdegobis koeficienti da

gamoiTvleba Semdegi empiriuli damokidebulebiT:

2_
02_

1438,0+
1

= 


 SCT .                              (5.32)

TC koeficientis mniSvnelobebi
d
l

-sa da  -is mixedviT mocemulia teqnikur

literaturaSi  cxrilebis saxiTac.

praqtikuli gaangariSebisaTvis  ganzomilebaTa teqnikur sistemaSi (sadac

 santipuazebSia, d da l _ sm-Sia) xaxunis momentis formula ase gamoiyureba:

TC
lndT


 

2
1010.35,5 

. (5.33)

Sesabamisad dasazustebulia xaxunis koeficienti

p
C

Fd
Tf T

r 



.
2

. (5.34)

imis gaTvaliswinebiT, rom

 2

0
pS  ,

0S
Cf T

 . (5.35)
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5.5. Tburi gaangariSebis safuZvlebi wneviT SezeTvis dros

tribosistemis wneviTi SezeTvis dros Tburi gaangariSebis amocana muSa

temperaturis gansazRvrasTan erTad gulisxmobs zeTis im moculobis dadgenas,

romelic gaedineba kvanZSi, raTa SenarCunebul iqnes dasaSvebi temperatura

xaxunis zonaSi.

klasikuri temperaturuli gaangariSebis msgavsad, meTodi efuZneba Tburi

balansis gantolebas, sadac, erTis mxriv, gamoyofili siTbos nakadi sakisarSi

 TrFfVF rf  , (5.36)

xolo meores mxriv, xaxunis zonidan arinebuli (gatanili) siTbos raodenoba

nawildeba or Semdgenze:

 siTbos nakadi, romelsac gadascems sakisari da lilvi,

 siTbos nakadi, romelic gadaitaneba SemzeTi masalis mier.

wneviT SezeTvis pirobebSi tribologiuri sistemebisaTvis pirveli Semdgeni

umniSvneloa da umravles SemTxvevaSi mxedvelobaSi ar miiReba, amitom mocemul

paragrafSi igi ar ganixileba. Sesabamisad, srialis sakisrebis wneviTi

SezeTvisas Tburi gaangariSebis umravles SemTxvevebSi sakmarisadaa miCneuli

mxolod meore Semdgenis gaTvaliswineba (SemTxveva, roca gaTvaliswinebulia

siTbos gadacema sakisrisa da lilvis meSveobiT ganixileba qvemoT srialis

sakisrebis sasazRvro da mSrali xaxunis pirobebSi muSaobis gaangariSebis

dros). e.i. Tburi wonasworobis piroba damyarebuli reJimis dros srialis

sakisrebisaTvis ase gamoiyureba:

1 , (5.37)

sadac 1 SemzeTi masalis mier xaxunis zonidan arinebuli siTbos nakadia da igi

tolia

),(. 121 ttQc   (5.38)

sadac Q SemzeTi masalis raodenobaa, romelic gaedineba sakisris RreCoSi,

m /3 wm;  – SemzeTi masalis simkvrive, iReba zRvrebSi 870...890kg/m 3 ; c _ zeTis
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xvedriTi siTbotevadoba, iReba zRvrebSi _ (1,7...2,1) 10 3 ;
kelvinikg.

jouli
12 , tt _

Semavali da gamomavali SemzeTi masalis temperaturebi, C .

2t -s dadgenis dros gaTvaliswinebuli unda iqnes is garemoeba, rom igi

gansxvavdeba xaxunis zonaSi zeTis temperaturisagan ( 2t ). amasTan, ukanaskneli ar

unda aRematebodes 60...75 C . winaaRmdeg SemTxvevaSi xdeba SemzeTi saSualebebis

maCveneblebis mkveTri gauareseba, rac, Tavis mxriv, auaresebs xaxunis

parametrebs, es ki zrdis temperaturas da aRmavali cikli kvlav meordeba

kvanZis mwyobridan gamosvlamde.

siTbos im raodenobis dadgenisaTvis, romelic airineba tribologiuri

sistemidan, saWiroa ganisazRvros SemzeTi masalis raodenoba, romelic

gaedineba datvirTuli, moZraobaSi myofi srialis sakisris torsuli

zedapiridan. am amocanis gadawyvetisaTvis arsebobs araerTi empiriuli

formula, magram yvela maTgani mouxerxebeli da SedarebiT rTulia, ris gamoc

sainJinro gaangariSebisas naklebad gamoiyeneba.

am amocanis Teoriuli gadawyveta emyareba blanti siTxis

samganzomolebiani nakadis torsuli gadinebis hidrodinamikur gantolebebs.

amocanis gamartiveba – sivrculis dayvana brtyel amocanamde ar xerxdeba im

mizeziT, rom sakisris usasrulo sigrZis SemTxvevaSi siTxis gadineba RerZuli

mimarTulebiT unda Sewydes, rac miuRebelia CvenTvis. aRniSnulis gamo

samganzomilebiani amocanis gadawyvetisaTvis sargebloben miaxloebiTi

meTodebiT – SemzeTi masalis xarjis uganzomilebo, sruli koeficienti

ganisazRvreba aproqsimirebuli (miaxloebuli) formuliT

,2
2dl

Qq


 (5.39)

sadac Q SemzeTi masalis gadinebis xarjia, l/wm;

danarCeni wevrebis ganzomileba igivea, rac zemoT iyo ganmartebuli, dm-Si.

maSin SemzeTi masalis xarji ganisazRvreba damokidebulebiT

qdlQ 25,0  , (5.40)
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SemzeTi masalis xarjis uganzomilebo, sruli koeficienti SeiZleba

warmodgenil iqnes, rogorc sami ganzomilebis jami

321 qqqq  , (5.41)

sadac 1q SemzeTi masalis datvirTuli zonis torsuli zedapirebidan gandinebis

koeficientia. 1q -is mniSvnelobebi konstruqciuli parametrebis mixedviT

dadgenilia m. korovCinskis mier da mocemulia 5.2 cxrilSi (praqtikuli

gaangariSebis dros Tu aRmoCnda, rom qq 1 , es imas niSnavs, rom araxelsayreli

pirobebia hidrodinamikuri SezeTvisaTvis da mdgomareobis gamosasworeblad

saWiroa an  -is, an
d
l

fardobis, anda orive parametris Semcireba); 2q _ SemzeTi

masalis dautvirTavi zonidan gandinebis koeficienti, igi gamoiTvleba

formuliT:

p
p

l
dSq e

2

02 





  , (5.42)

sadac ep SemzeTi masalis wnevaa, romelic miewodeba SemzeT arxs tumbodan,

mpa; p _ saSualo xvedriTi wneva, mpa;  uganzomilebo koeficienti, romlis

mniSvnelobebi mocemulia cxrilebSi (cxrili 5.3).

3q aris SemzeTi arxebis zomebisa da maTi ganlagebis koeficienti. ori

daxuruli arxis Cveulebrivi ganlagebis dros (nax. 5.5)

p
p

a
l

d
b

l
dSq 2

2

03 2





 






 (5.43)

sadac  koeficientia da  -is mixedviT aiReba cxrilebidan (cxrili 5.3).

a dab zomebi mocemulia 8.5 nax-ze da SeirCeva satacis diametris mixedviT,

m:

la .1,0 , (5.44)

  db 25,0...20,0 . (5.45)
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nax. 5.5. SemzeTi arxebis ganlagebis sqema

cxrili 5.1.

datvirTvis koeficienti (zomerfeldis ricxvi) S0

d
l



0,3 0,4 0,5 0,6 0,65 0, 7 0,75 0,8 0,85 0.9 0,925 0,95 0,975 0,99

datvirTvis koeficienti S0
0,3 0,05 0,08 0,13 0,20 0,26 0,38 0,48 0,70 1,22 2,07 3,35 5,73 15,15 50,52

0,4 0,09 0,41 0,22 0,34 0,43 0,57 0,78 1,08 1,78 3,20 5,06 8,39 21,00 65,26

0,5 0,13 0,21 0,32 0,49 0,62 0,82 1,10 1,57 2,43 4,26 6,62 10,7 25,62 75,86

0,6 0,18 0,28 0,43 0,66 0,82 1,07 1,42 2,00 3,04 5,21 7,96 12,6 29,17 83,21

0,7 0,23 0,36 0,54 0,82 1,01 1,31 1,72 2,40 3,58 6,03 9,07 14,1 31,88 88,90

0,8 0,29 0,44 0,65 0,97 1,20 1,54 1,95 2,75 4,05 6,72 9,99 15,4 33,99 92,89

0,9 0,34 0,52 0,75 1,12 1,37 1,74 2,26 3,07 4,46 7,29 10,8 16,4 35,66 96,35

1,0 0,39 0,59 0,85 1,25 1,53 1,93 2,47 3,37 4,81 7,77 11,4 17,2 37,00 98,95

1,1 0,44 0,66 0,95 1,38 1,67 2,10 2,66 3,58 5,11 8,19 11,9 17,9 38,12 101,90

1,2 0,49 0,72 1,03 1,49 1,80 2,25 2,84 3,79 5,36 8,53 12,4 18,4 39,04 102,90

1,3 0,53 0,78 1,11 1,59 1,91 2,38 2,99 3,97 5,59 8,83 12,7 18,9 39,81 104,42

1,5 0,61 0,89 1,25 1,76 2,10 2,60 3,24 4,27 5,95 9,30 13,34 19,7 41,07 106,84

2 0,76 1,09 1,48 2,07 2,45 2,98 3,67 4,78 6,55 10,09 14,34 20,97 43,11 110,79

d
α

b

α

ℓ
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cxrili 5.2.

SemzeTi masalis da datvirTuli zonis torsuli zedapiridan

gadinebis koeficienti

d
l 

0,3 0,4 0,5 0,6 0,65 0,70 0, 75 0,80 0, 85 0.90 0,925 0,95 0,975 0,99

koncentruli sakisari

0,4 0,115 0,162 0,209 0,258 0,.282 0,306 0,334 0,348 0,366 0,378 0,380 0,376 0,365 0,314

0,5 0,113 0,158 0,203 0,249 0,271 0,292 0,318 0,330 0,343 0,351 0,348 0,340 0,317 0,268

0,6 0,110 0,152 0,196 0,238 0,259 0,278 0,302 0,310 0,320 0,323 0,318 0,306 0,280 0,230

0,7 0,107 0,148 0,189 0,228 0,247 0,264 0,283 0,291 0,297 0,297 0,289 0,275 0,248 0,200

0,8 0,104 0,144 0,181 0,217 0,234 0,249 0,267 0,272 0,275 0,273 0,263 0,248 0,222 0,177

0,9 0,100 0,138 0,174 0,206 0,222 0,235 0,250 0,254 0,255 0,250 0,240 0,225 0,199 0,158

1,0 0,097 0,133 0,166 0,196 0,209 0,221 0,235 0,236 0,237 0,230 0,220 0,205 0,181 0,142

1,1 0,094 0,128 0,158 0,186 0,198 0,208 0,220 0,221 0,220 0,212 0,203 0,188 0,165 0,129

1,2 0,090 0,122 0,150 0,176 0,181 0,196 0,207 0,206 0,205 0,197 0,187 0,174 0,151 0,119

1,3 0,087 0,117 0,143 0,167 0,176 0,185 0,194 0,193 0,191 0,183 0,174 0,160 0,140 0,110

1,5 0,080 0,108 0,130 0,150 0,158 0,164 0,172 0,171 0,168 0,160 0,152 0,140 0,122 0,095

naxevari sakisari (1800-iani)

0,4 0,114 0,141 0,174 0,206 0,220 0,232 0,240 0,247 0,242 0,235 0,223 0,207 0,174 0,135
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cxrili 5.2. gagrZeleba

cxrili 5.3

d
l 

0,3 0,4 0,5 0,6 0,265 0,70 0,75 0,80 0,85 0,90 0,925 0,95 0,975 0,99

0,5 0,109 0,135 0,166 0,194 0,206 0,217 0,222 0,224 0,218 0,206 0,194 0,178 0,145 0,110

0,6 0,105 0,129 0,156 0,182 0,192 0,200 0,203 0,203 0,196 0,184 0,170 0,153 0,123 0,093

0,7 0,100 0,122 0,147 0,169 0,178 0,185 0,186 0,185 0,176 0,163 0,150 0,134 0,107 0,089

0,8 0,095 0,115 0,138 0,158 0,165 0,170 0,172 0,168 0,158 0,146 0,133 0,118 0,099 0,070

0,9 0,090 0,107 0,129 0,146 0,153 0,157 0,156 0,153 0,143 0,131 0,119 0,106 0,084 0,062

1,0 0,085 0,102 0,121 0,136 0,141 0,145 0,143 0,138 0,130 0,119 0,108 0,096 0,075 0,056

1,1 0,081 0,096 0,113 0,127 0,131 0,139 0,132 0,128 0,119 0,109 0,098 0,087 0,068 0,050

1,2 0,076 0,091 0,106 0,118 0,122 0,124 0,122 0,119 0,110 0,100 0,090 0,080 0,063 0,046

1,3 0,072 0,086 0,100 0,111 0,114 0,117 0,114 0,110 0,102 0,092 0,081 0,074 0,058 0,043

1,5 0,065 0,076 0,088 0,098 0,101 0,101 0,099 0,095 0,088 0,080 0,072 0,064 0,050 0,037

1200-iani sakisari

0,4 0,078 0,094 0.106 0,115 0,122 0,127 0,131 0,132 0,129 0,122 0,115 0,104 0,079 0,049

0,5 0,072 0,087 0,098 0,106 0,111 0,115 0,117 0,117 0,113 0,105 0,098 0,087 0,064 0,039

0,6 0,067 0,080 0,089 0,096 0,100 0,103 0,104 0,103 0,098 0,090 0,084 0,074 0,054 0,033

0,7 0,062 0,074 0,082 0,087 0,090 0,093 0,093 0,092 0,086 0,079 0,073 0,064 0,046 0,028

0,8 0,057 0,068 0,075 0,079 0,082 0,084 0,084 0,082 0,077 0,070 0,064 0,056 0,041 0,025

0,9 0,053 0,062 0,069 0,072 0,074 0,076 0,075 0,074 0,069 0,062 0,057 0,050 0,036 0,022

1,0 0,048 0,058 0,063 0,066 0,068 0,069 0,069 0,067 0,063 0,057 0,052 0,045 0,032 0,020

1,1 0,045 0,053 0,058 0,061 0,062 0,063 0,063 0,061 0,057 0,052 0,047 0,041 0,030 0,018

1,2 0,042 0,050 0,054 0,056 0,058 0,058 0,058 0,056 0,052 0,047 0,043 0,038 0,027 0,016

1,3 0,039 0,046 0,050 0,052 0,053 0,054 0,054 0,052 0,048 0,043 0,040 0,035 0,025 0,015

1,5 0,034 0,040 0,044 0,046 0,046 0,047 0,047 0,044 0,042 0,038 0,034 0,030 0,022 0,013
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 da  koeficientebis mniSvnelobebi

sabolood  (5.36), (5,37) da (5.38) formulebis gaTvaliswinebiT ganisazRvreba

gamomavali SemzeTi masalis temperatura




Qc
tcQ+

=t 1
2 , (5.46)

xolo temperatura xaxunis zonaSi dgindeba imis gaTvaliswinebiT, rom igi 0...30  C-iT

aRemateba gamomavali SemzeTi masalis temperaturas, roca ukanaskneli Sesabamisad

icvleba 20 . . . 45 C -mde zRvrebSi, e.i.

Ctt )30...0(2 m . (5.47)



 koeficienti sakisris Semoxvevis

kuTxis mixedviT

 koeficienti

sakisarSi  ori

grZivi arxis

SemTxvevaSi
3600 1800 1200

0,3 0,132 0,194 0,246 0,097

0,4 0,153 0,227 0,285 0,107

0,5 0,175 0,273 0,329 0,116

0,6 0,200 0,323 0,380 0,125

0,65 0,213 0,352 0,408 0,129

0,70 0,226 0,384 0,437 0,131

0,75 0,240 0,417 0,468 0,132

0,80 0,256 0,454 0,501 0,132

0,85 0.273 0,489 0,536 0,128

0,90 0,289 0,535 0,573 0,121

0,925 0,299 0,563 0,592 0,113

0,95 0,308 0,582 0,612 0,108

0,075 0,318 0,609 0,632 0,097

0,99 0,323 0,625 0,645 0,090
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im SemTxvevaSi, roca sakisrisaTvis SerCeulia 2t , SemzeTi masalis xarji (5.37)

da (5.38) formulebis gaTvaliswinebiT ganisazRvreba Semdegi damokidebulebidan,

m /3 wm:

 12 ttc
Q







.                               (5.48)

magaliTi [19]: Sefasdes srialis sakisris muSaobis unari da xaxunis parametrebi,

roca mocemulia: kn,wTm,m, -1 60,60018,015,0  rFnld lilvis satacs aqvs

zedapiruli wrToba, sadebi ЦAM 10-5 Senadnobia da satacis zedapiruli simqisis

maxasiaTebels warmoadgens: mkm.-sadebisxolomkm, 2,3...6,16,1...8,0 21  zz RR

lilvis brunvaTa kuTxuri siCqare

1-wm8,62
30

600.14,3
30


n .

fardobiTi srialis wriuli siCqare

V m/wm72,4
2

15,08,62
2





d

.

saSualo xvedriTi wneva

6102,2
12,015,0

60000





dl
F

p r pa=2,2 mpa.

pV parametris mniSvneloba

pV=2,2 .106 . 4,72 = 10,3 mpa. m/wm.

miRebuli p-sa da pV-s mniSvnelobebi SevufardoT dasaSveb sidideebs. aRebuli

masalebisa da pirobebisaTvis isini dasaSvebia.

SevarCioT srialis sakisris fardobiTi RreCo zemoT moyvanili erT-erTi

damokidebulebidan. magaliTad, (5.23) gamosaxulebiT

ψ = 0,8 . 103 . V0,25 = 0,8 . 103 . 4,720,25  0,0012.

Sesabamisad, diametruli RreCo
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108,115,00012,0  d -4 m (180 mkm).

winaswar davuSvaT sakisris muSa temperatura 50 C (zustdeba temperaturuli

gaangariSebis Semdeg) da SevarCioT zeTi – industriuli И-Г-A-32 kinematikuri

siblantiT =20mm 62 1020/ wm m 2 /wm.  Sesabamisad, dinamikuri siblante

 =20 018,089010 6   pa.wm.

maSin sakisris datvirTvis koeficienti (zomerfeldis ricxvi)

83,2
8,62018,0

0012,0102,2 262







pS  .

5.1 cxrilidan vpoulobT fardobiT eqscentrisitets, roca 2,1
d
l

da

83,2S - 75,0 .

zeTis fenis minimaluri sisqe

    0225,075,01
2
18,01min  h mm=22,5 mkm.

usafrTxoebis koeficienti zeTis fenis sisqis mixedviT

27,4
2,36,1

5,22

21

min 






zz RR

hS .

xaxunis momenti satacze (5.31) gamosaxulebis mixedviT

1036,5
2

18,015,0
0012,0

8,62018,0
2

22







 TC
ldT




n.m,

sadac

36,575,0183,275,0438,0
75,01

14,31438,0
1

2

2

2

2






 




SCT .

xaxunis Zala
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133
15,0
1022





d
TF f n,

xaxunis koeficienti

0022,0
60000
133


r

f

F
F

f .

axla ganvsazRvroT SezeTvis sistemaSi zeTis xarjisa da wnevis sidide.

amisaTvis vipovoT srialis sakisarSi gamoyofili siTbos nakadi

Ф = Ff V = 133 . 4,72 = 628vt.

SemzeTi masalis xarji, (5.48) gamosaxulebis Sesabamisad,

 
4

3
12

10376,0
10880109,1

628 








ttc
Q


m 3 /wm=0,0376 l/wm,

sadac c aris zeTis xvedriTi siTbotevadoba, aviRoT 1,9
kelvinikg

jouli310 ;  zeTis

simkvrive, aviRoT 880 kg/m 3 ; 12 tt  _ temperaturaTa sxvaoba, davuSvaT, rom C10 -is

tolia.

maSin (5.39) damokidebulebidan sakisris zeTis xarjis  sruli koeficienti

246,0
15,018,08,620012,0

106,3722
2

6

2 







ld
Qq


.

5.2 cxrilidan, roca 75,0 , 2,1
d
l

, gvaqvs 207,0q .

2q da 3q koeficientebisaTvis 5.3 cxrilidan amoviweroT 240,0 da 132,0 ,

maSin

p
p

p
p

p
p

l
dSq eee 47,0

18,0
15,083,224,0

22

2 














  ,

xolo

,415,02
018,0
18,0

15,0
03,0

18,0
15,083,224,02

22

3 p
p

p
p

p
p

a
l

d
b

l
dSq eee 
























 






 

sadac SemzeTi  arxis zomebi
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03,015,02,02,0  db m,

018,018,01,01,0  la m.

(5.41)-is safuZvelze

0,246=0,207+  415,0471,0 
p
pe ,

044,0
p
pe .

SemzeT sistemaSi saWiro wneva iqneba

097,02,2044,0044,0  ppe mpa.
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Tavi 6.  SezeTvis  sistemebi da meTodebi

SezeTvis sistemis  funqciaa Sesabamisi teqnikur-materialuri saSualebebis

meSveobiT SemzeTi masalis  miwodebis uzrunvelyofa uSualod  xaxunis  zonaSi.

amasTan, igi Sedgeba: SemzeTi masalis  daniSnulebis  adgilze mimwodebeli

mowyobilobisagan, SemzeTi masalis  rezervuarisagan, SemzeTi masalis xaxunis

zolidan gamomyvani  mowyobilobisagan,  samacivro sistemebisagan,  SemzeTi

masalis  gamwmendi danadgarisagan, SemzeTi masalebis sawnevis nakadis

regulirebisa da sistemebis sxva sazom-sakontrolo da marTvis xelsawyos

saSualebebisagan.

K konkretuli pirobebis gaTvaliswinebiT: imis mixedviT, Tu rogor

tribologiur  sistemasTan gvaqvs  saqme, SezeTvis  ra  meTodebi,  ra SemzeTi

masalebi da ra raodenobiT gamoiyeneba, SesaZlebelia SemzeTi sistemis  rig

elementebze uaris Tqma. Sesabamisad, SemzeTi  sistemebi SeiZleba ganxorcieldes

rogorc umartivesi materialuri SesaZleblobiT, ise  rTuli centraluri

sistemebiT, romlebic uzrunvelyofen aseulobiT xaxunis  kvanZebis  erTdroul

SezeTvas da SemzeTi masalis tonobiT gamoyenebas.

Tanamedrove manqanaTmSeneblobaSi, rogorc ukve aRniSnuli iyo, SemzeT

masalad ZiriTadad iyeneben mineralur da navTobis gadamuSavebis Sedegad

miRebul zeTebs. Ggamoiyeneba agreTve xelovnuri, sinTetikuri zeTebi. Aaris

SemTxvevebi, roca SemzeT masalad iyeneben sxvadasxva  muSa  siTxeebs da wyals.

G ganasxvaveben SezeTvis individualur da centralur sistemebs (nax. 6.1, 6.2).

sistema individualuria, Tu igi emsaxureba erT tribologiur sistemas da

centraluria, Tu emsaxureba  erTdroulad ramdenime tribologiur sistemas.
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individualuri SezeTva

uwyveti
perioduli
gamdinare

wneviT
(cirkulaciuri)

udawneo udawneo (xelis an
jgufuri sazeTuriT)

wneviT (xelis
dguSiani tumboTi)

SemzeTi sarqvliT
naxvretis saSualebiT

saxuraviani naxvretis
saSualebiT

kbilana, dguSiani,
frTiani tumboebiT

SekumSuli haeriT

cirkulaciuri

gaSxefebiT

gamdinare

wveTovani sazeTu-
riT (regulireba-
di da arareguli-
rebadi)SemzeTi borblebiT

patruqiani sazeTu-
riT

nemsisebri sazeTu-
riT

qeCis baliSebiT

TviT SezeTviT

SemzeTi sagoravebiT

mbrunav saketiani naxv-
retis saSualebiT

SemzeTi naxvretis
saSualebiT

nax. 6.1. SezeTvis individualuri sistemebi  21
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nax. 6.2. SezeTvis centraluri sistemebi  21

centraluri SezeTva

uwyveti
cirkulaciuri

perioduli
gamdinare

wneviT udawneo wneviTudawneo

periodulad moqmedi
sazeTurebiT

zeTis dinebis regu-
lirebis gareSe

jgufuri SezeTvis sa-
rqvlebSi meqanikuri
sazeTuris gamoyenebiT

zeTis gamanawilebli-
ani xelis sazeTuriT

mravalwertiliani
xelis sazeTuriT

avtomaturi, perio-
dulad moqmedi xelis
sazeTuriT

kbilana, dguSiani,
frTiani tumboebiT

SekumSuli haeriT

cirkulaciuri

gaSxefebiT

gamdinare

wveTovani
sazeTuriT

SefrqveviT
dinebis individu-
aluri regulire-
biT

dinebis individu-
aluri regulire-
bis gareSe

zeTis dinebis regu-
lirebiT
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1) 2) 3) 4) 5)

6) 7) 8) 9) 10) 11)

SezeTvis periodulobis mixedviT ganasxvaveben ganuwyveteli

(cirkularuli moqmedebis, wneviT da udawneod) da perioduli (aseve wneviT

da udawneo) moqmedebis tribologiur sistemebs. arsebobs da sainJinro

praqtikaSi sakmaod farTodaa gamoyenebuli agreTve erTjeradi SezeTvis

meTodi (kvanZi izeTeba mxolod erTxel eqspluataciis dasawyisSi. Aar

SeiZleba  am meTodis  gaigiveba SeuzeTav xaxunTan, romelic SeiZleba iyos

mSrali).

SemzeTi masala xaxunis zonaSi SeiZleba  miwodebul iqnes udawneo da

wneviTi SemzeTi sistemebis saSualebiT.

ganvixiloT SezeTvis ZiriTadi meTodebi.

6.1. individualuri  SezeTva

perioduli udawneo   SezeTva SezeTvis umartivesi  meTodia. Yyvelaze

xSirad igi  xorcieldeba  xeliT da jer   kidev sakmaod  farTod aris

gamoyenebuli manqanebSi. meTodis ZiriTadi arsi aseTia: xaxunis  kvanZis

specialur naxvretebSi  xeliT an  dguSiani,  anda membranuli sazeTuriT

SehyavT SemzeTi masala (naxvretebisa da maTi sarqvlebis  konstruqciuli

saxeebi mocemulia 6.3 nax-ze).

nax. 6.3. sazeTi naxvretebi da sarqvlebi

1,2,3 _ sazeTi naxvretebi, (2 _ Camosacmeli saxuraviT, 3 _ Caxraxnili  bunikiT);

4,5 _ Casawnexi sarqvlebi; 6-11 _ Casaxraxni sarqvlebi da sazeTurebi
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a) b)

6

5

3

2

41

1

2

3

perioduli  wneviT SezeTva.  am saxis  SezeTva xorcieldeba  xelis

sazeTurebis meSveobiT specialur naxvretebSi zeTis wneviT SeyvaniT. es

meTodi zemoT aRniSnulisagan gansxvavebiT  uzrunvelyofs xaxunis zonebis

ufro meti farTobis  dafarvas zeTiT, Sesabamisad, xaxunis procesis ufro

xelsayrel  pirobebSi warmarTvas.

xelis  sazeTurebis  konstruqciebi mocemulia  6.4 nax-ze.

nax. 6.4. xelis sazeTurebi

wnex-sazeTuri:  1 _ dguSi;  2 _ korpusi; 3 _ saxeluri;

wneviT periodulad momuSave: 1 _ knopi; 2 _ plunJeri; 3 _ avzi;

4 _ naxvreti zeTis Casasxmelad;  5 _ badisebri filtri;

6 _ burTuliani sarqveli

gamdinare udawneo SezeTva. aseTi meodiT sargeblobis  dros iyeneben

SesazeTi kvanZis da zeTis  rezervuaris  doneTa sxvaobas.  aRniSnuli meTodis

gansxvavebul jgufs Seadgens iseTi konstruqciuli gadawyvetilebebi,

romlebSic gamoyenebulia patruqiani   wveTovani  da nemsisebri  sazeTurebi

(nax. 6.5), sadac erT SemTxvevaSi gamoyenebulia patruqis kapilaruli

Tvisebebi,  xolo meore SemTxvevaSi tribologiuri sistemis  SezRuduli

SezeTva miRweulia
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nax. 6.5.  sazeTurebi: patruqiani (a), nemsisebri (b),  wveTovani (g)

sazeTuris mcire ganivkveTiT, romlis sidide SesaZlebelia  regulirebadi

iyos. SezeTvis  aseT sistemebSi zeTis miwodebas zogjer tivtivebiT

aregulireben, da bolos, am saxis SezeTvis  sistemis   calke jgufia e.w.

,,baliSebi” _ qeCis, maudis, Salis masalebisagan,  romlebic ikvebeba manqanaSi

specialurad mowyobili nakveTurebidan  da romlebic mudmiv  kontaqtSia

mbrunav moxaxune zedapirTan (nax. 6.6). amasTan, kontaqti umetesad xorcieldeba

masalaTa   sakuTari drekadobis xarjze.

a)

b) g)
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nax. 6.6.  specialuri  ,,baliSiT” aRWurvili srialis sakisari

uwyveti  cirkulaciuri  udawneo  SezeTva. ganasxvaveben am meTodiT

SezeTvis  or saxes. pirveli xorcieldeba  Sualeduri sxeulis meSveobiT,

meore _ uSualod  moxaxune,  dasazeTi  detalis  meSveobiT.  SezeTvis

pirveli saxe SeiZleba ganxorcieldes mxolod horizontaluri srialis

sakisrebisaTvis  lilvze nebismieri ganivkveTis rgolis CamocmiT an

damagrebiT (nax. 6.7). mcire sixSiriT mbrunavi lilvebis SemTxvevaSi rgolis

magivrad iyeneben  mcirebijian jaWvebs. yvela SemTxvevaSi  mbrunavi rgolis

qveda nawili CaZirulia zeTSi. brunvis Sedegad Txevadi  zeTi ganedineba

lilvze da bolos ubrundeba zeTis rezervuars. aseTi meTodiT, roca

gamoyenebulia lilvze Tavisuflad Camocmuli rgoli, SesaZlebelia  lilvis

efeqturi SezeTva lilvis wriuli siCqaris  farTo diapazonisaTvis  0,5...32

m/wm.

aseTi meTodiT SezeTvis erTi saxe, rogorc aRvniSneT, xorcieldeba

lilvTan erTad mbrunavi detalis meSveobiT da is umravles SemTxvevaSi

gamoiyeneba reduqtorebSi kbilanebis da Sigawvis ZravebSi muxla lilvis

kvanZis SesazeTad (nax.6.8). kbilanuri gadacemis SezeTvis procesis

gansaxorcieleblad kbilanuri wyvilidan erT-erTi maTgani, ufro xSirad

kbilaTvali, nawilobriv (mcire  nawiliT) CaZirulia zeTSi. kbilanis brunvis

Sedegad zeTi gadadis meore kbilanaze  da zeTavs mas. imave daniSnulebiT

zogjer iyeneben uqmi svlis,   parazitul  kbilanebsac. aseTi wesiT  SezeTvis

ganxorcieleba rekomendebulia kbilanebis 15 m/wm wriul siCqaremde. ufro

maRali siCqareebis  dros misi gamoyeneba ar aris mizanSewonili  didi

energetikuli danakargebis gamo.

zemoT aRweril yvela SemTxvevaSi daxSul WurWelSi  (reduqtorSi,

karterSi) moZravi detalis meSveobiT xdeba zeTis  intensiuri gaSxefeba da
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Siga sivrce ivseba zeTis RrubliT. Sedegad uzrunvelyofilia mTeli kvanZis

erTgvarovani SezeTva.

nax. 6.7. SemzeTi rgolis  moqmedebis sqema [21]:

1 _ rgoli; 2 _ lilvi;  3 _ zeTi

nax. 6.8. centraluri SezeTva zeTis gaSxefiT

(muxla lilvis niCbis meSveobiT)

TviTSezeTva. Mmocemuli konstruqcia (nax. 6.9) gamoiyeneba srialis

sakisrebis satacebis  SesazeTad, rodesac RreCos sidide ar aRemateba 10 mkm-s,

xolo wriuli siCqare aranakleb 3 m/wm-ia. aRniSnul  pirobebSi Sesabamis

zonebSi warmoiqmneba gauxSoeba, ris Sedegadac   rezervuaridan Seiwoveba

zeTi.  principuli gadawyveta aseTi meTodiT sakisrebis SezeTvisas mocemulia

naxazze. amasTan, aRwerili konstruqciuli gadawyveta gamosadegia mxolod

gansazRvruli  siblantis zeTebis gamoyenebis dros – didi siblantis mqone

zeTebis SemTxvevaSi  igi ar funqcionirebs.

3 2 1
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0
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15300

nax.  6.9. TviTSezeTvis  sqema [37]

stu-s samSeneblo manqanebisa da meqanikuri mowyobilobis kaTedraze

SemuSavebulia tribologiuri sistemebis individualuri TviTSezeTvis  axali

meTodi hidrodinamikuri SezeTvis  pirobebSi. ukanasknelis arsi aseTia:

hidrodinamikuri wnevebis zonaSi (dabali wnvebis adgilebSi) sakisars

ukeTdeba erTi an ramdenime mcire diametris naxvreti, romlebic praqtikulad

ar moqmedeben  zeTis fenis zidvis unarze. am gziT zeTis gansazRvruli

raodenoba miewodeba SemzeT sistemas, romelic  Seicavs rezervuars –

gamacivebels _ saleqs. Semdeg sistemaSi arsebuli wnevis xarjze zeTi isev

ubrundeba xaxunis kvanZs  arasakontaqto  zonaSi (nax. 6.10). aRwerili

konstruqcia SeiZleba  gamoyenebul   iqnes  centraluri  SezeTvis

pirobebSic.

nax. 6.10.  sakisris  TviTSezeTvis  sqema hidrodinamikuri SezeTvis  pirobebSi

SezeTva sagoraviT xSirad gamoiyeneba safrezavi da sarandavi

magidebis mimmarTvelebis  dasazeTad (nax.6.11). sagoravi erTi mxriv CaZirulia
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zeTSi, xolo meore mxriv kontaqtSia moxaxune zedapirTan, ris Sedegadac

sagoravs zeTi gadaaqvs am ukanasknelze.

nax. 6.11. sarandavi Carxebis mimmarTvelebis SezeTvis

sqema  sagoravebis  meSveobiT  35

uwyveti wneviT SezeTva.  mocemuli meTodis  SemTxvevaSi zeTi xaxunis

zonas miewodeba wneviT mcire simZlavrisa da mwarmoeblurobis kbilanuri,

dguSiani an frTiani tumbos meSveobiT. amasTan,   SesazeTi  zonebis

raodenoba SezRudulia _ mcirea. SesazeTi obieqtis lokalurobis  gamo

SezeTvis  sistemas ar akompleqteben  gamacivebeli da gamwmendi

saSualebebiT.

6.2.  centraluri SezeTva

SezeTvis centraluri meTodisaTvis   damaxasiaTebelia is garemoeba,

rom zeTi erTi adgilidan miewodeba xaxunis  kvanZebis mniSvnelovan

raodenobas. Sesabamisad, centralizebulia zeTis   gawmendis, gacivebis,

kontrolis, Secvlis da sxva  procesebi.

SezeTvis centraluri meTodis gamoyenebis  dros ZiriTadad  meordeba

SezeTvis   individualuri konstruqciuli gadawyvetilebebi.  centraluri
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meTodi gamoirCeva da, amasTan, gansxvavdeba individualurisagan mxolod

SesazeTi   obieqtebis simravliT.

udawneo  SezeTvis dros, iseve rogorc individualuri udawneo

SezeTvisas, zeTis miwodeba  xdeba gravitaciuli Zalebis meSveobiT da,

bunebrivia, SezeTvis  sistemis yvela mowyobiloba   xaxunis  kvanZis (SezeTvis

zonis)  zemoT unda mdebareobdes. yvela centralizebuli SezeTvis sistemis

aucilebeli detalia  zeTis saerTo rezervuari _ avzi, romelic

dakavSirebulia TiToeul  tribologiur sistemasTan.  sistemis avzi xeliT

ivseba.

Tu udawneo  centralizebuli  SezeTva periodulia, SeiZleba

gamoyenebul iqnes pnevmaturi principi. pnevmaturi sazeTuris amZravad

iyeneben pnevmocilindrs.

perioduli wneviT SezeTvis  dros iyeneben  rogorc manqanur, ise xelis

tumboebs. amasTan, manqanuri tumboebis amZravebis CarTva perioduli CarTvis

saWiroebis SemTxvevaSi xdeba eleqtromagnituri da programuli marTvis

saSualebebiT. Cveulebrivad, aseTi SezeTvaTa  sistemebis aucilebeli da

sapasuxismgeblo detalia zeTis gamanawileblebi.

uwyveti wneviT SezeTva  manqana-mowyobilobis sapasuxismgeblo kvanZebis

SezeTvis erT-erTi yvelaze masStaburi, farTod gamoyenebadi  da seriozuli

meTodia.  aseTi meTodi SeiZleba gamoyenebuli  iyos  SesazeTi wertilebis

nebismieri raodenobisaTvis. didi raodenobis SesazeTi wertilebis

SemTxvevaSi iyeneben  SemzeT wnexebs _ lubrikatorebs. igi Sedgeba  Semwovi,

damwnexi, manawilebeli da sakomunikacio  detalebisagan. am mowyobilobis

meSveobiT SesaZlebelia  zeTis miwodeba did manZilze maRali wneviT aTeul

wertilebSi. amZravis roli TviT  ZiriTad SesazeT manqanas ekisreba.

lubrikatoris  moZraoba saTaves iRebs  ZiriTadi manqanis lilvidan

specialuri  gadacemis meSveobiT, romelic SeiZleba iyos  Rveduri,  jaWvuri

an kbilanuri (lubrikatori  SeiZleba aRWurvili iyos sakuTari amZraviTac).

amasTan,  lubrikatorebi  zogjer xelis  amZraviTac aris aRWurvili.  am

ukanaskneliT sargebloben ZiriTadi manqanis gaSvebis procesSi.

centralizebuli  SezeTvis  didi sistemebisaTvis, rogorc wesi, iyeneben

specialur baks, saidanac zeTi miewodeba tribologiur sistemebs da Semkreb

WurWels, sadac Camoedineba namuSevari zeTi. amasTan, sistemas akompleqteben
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zeTis  gamwmendi centrifugebiT, macivrebiT, sazom-sakontrolo xelsawyoebiT

(manometrebiT, xarjmzomebiT, TermometrebiT da a. S.), marTvis saSualebebiT.

centraluri SezeTva SeiZleba ganxorcieldes zeTis Rrublis Semqmneli

specialuri mowyobilobiT.  teqnikaSi  Rrublis Seqmnis  klasikuri meTodia

garkveul  wnevas  (0,2...0,6 mpa-mde) miRweuli haeris nakadis  gamoyeneba.

mowyobiloba,  romelic Seasrulebs zemoxsenebul funqcias,  xSirad

gamfrqvevad iwodeba da misi umartivesi konstruqcia mocemulia 6.12 nax-ze.

misi moqmedebis arsi  mdgomareobs SemdegSi: haeris garkveuli siCqaris  mqone

nakadi milSi  warmoSobs  gaiSviaTebas. Sedegad xdeba zeTis amowova bakidan,

romelsac haeris nakadi Tan waritacebs. igi daejaxeba amrekl fars.

ukanasknelidan  msxvili wveTebi ukan brundeba bakSi, xolo mcire nawilakebi

haerTan erTad gars Semouvlian fars, qmnian zeTis   Rrubels da

milgayvanilobiT miewodebian SesazeT   wertilebs. aseTi meTodiT Seqmnili

zeTis nawilakebis  zomebia ramdenime mikrometri,  xolo miwodebis  siCqare _

2 m/wm.  miznis miRwevis Semdeg haeris atmosferoSi gaSvebamde xdeba Hhaeris

gawmenda zeTis darCenili wveTebisagan.

nax. 6.12.  SezeTva zeTis  RrubliT:

1 _ SekumSuli  haeri;  2 _ saqSeni; 3 _ zeTis Semwovi mili; 4 _ amrekli

fari; 5 _ zeTis wvTebi, romlebic Caedineba amreklidan  avzSi; 6 _

dispersirebuli zeTi (zeTis Rrubeli); 7 _ zeTis avzi

zeTis  Rrublis miRebis erT-erTi meTodia agreTve maRali wnevis qveS

( 10 mpa)  myofi zeTis  masis  atmosferoSi  gafrqveva  haeris nakadis gareSe,

romelic aseve uzrunvelyofs zeTis  umcires  nawilakebad daSlas, dispersias

(laTinuri sityvidan dispersio _ gafantuli), e. i. Rrublis  Seqmnas.

1 2 4 6

5

7
3



113

6.3.  specifikuri manqana-mowyobilobis SezeTvis sistemebi

Sigawvis Zravebis SezeTvis sistemebi.  Sigawvis Zravebis SesazeTad

SeiZleba gamoyenebul iqnes SezeTvis Semdegi sistemebi: gaSxefiT SezeTva,

cirkulaciur-iZulebiTi, SezeTva  e. w. zeTis  ,,mSrali karteriT” da SezeTva

saTbobTan erTad nareviT.

SezeTvis  gaSxefis sistema efuZneba zemoT  ukve moxsenebuls da aRar

gavimeorebT SezeTvis  aRweris process.  aRvniSnavT mxolod, rom aseTi

sistema uzrunvelyofs sakisrebis,  mrudmxara-barbaca meqanizmis,  mcocis,

cilindris SezeTvas da namuSevari zeTis isev karterSi dabrunebas.

cirkulaciur-iZulebiTi sistemis gamoyenebis dros zeTi Seiwoveba

mrudmxaras  sivrcidan da miiyvaneba Zravas yvela saWiro wertilSi (amasTan,

zeTis wneva  aiReba  0,4 mpa). Semdeg zeTi Camoedineba karterSi,  saidanac isev

miewodeba sistemas. aseTi sistemiT SezeTvis dros zeTi miewodeba mTavar da

mcocis sakisrebs,  dguSis kvanZs, dguSis tabiks da ganawilebis sistemas.

SezeTvis sistema ,,mSrali karteriT” Tavisi moqmedebis principiT friad

axlos dgas cirkulaciur-iZulebiTTan. gansxvaveba mdgomareobs mxolod

imaSi, rom zeTis  miwodeba SesazeT wertilebze ar xdeba uSualod karteridan,

igi tumboTi miewodeba kvanZebs agregatis gareT  mowyobili specialuri

bakidan.  Tumca namuSevari zeTi aqac karterSi Caedineba da aqedan sxva

tumboTi miewodeba specialur baks.

SezeTva saTbobTan erTad iTvaliswinebs kvanZis iseT konstruqciul

gadawyvetas, roca manqana-agregati ar aRiWurveba SezeTvis specialuri

sistemiT. aseT SemTxvevaSi zeTs umateben saTbobs,  mag., benzins,  proporciiT

1:25 an 1:50  da igi karbiuratoris  meSveobiT SehyavT ortaqtian ZravaSi. aseTi

SezeTvis  sistemis saeTo principi SemdegSi mdgomareobs:  wvis aris

gafarToebis  dros benzini nawilobriv orTqldeba.  Sedegad cilindris

kedlebze da masTan SeuRlebul detalebze xdeba zeTis  umciresi nawilakebis

kondensireba da amiT xaxunis zonebis SezeTva.

haeris kompresorebis SezeTva. patara haeris  kompresorebi  SeizeTeba

wveTovani sazeTurebiT, ufro xSirad ki gaSxefiT,  romelic, Tavis mxriv,

warmoSobs  zeTis Rrubels. didi kompresorebis  SesazeTad TiTqmis
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yovelTvis gamoiyeneba SezeTvis  centralizebuli sistema mravaldguSiani

lubrikatorebiT. amasTan, cilindrebi SeizeTeba gafrqveviT Semwovi sarqvlis

gziT.  xaxunis   kvanZis ,,cilindri-dguSis”  SezeTvis  pirobebis

gasaumjobeseblad  zogjer gamoiyeneba dguSis  specialuri rgolebi,

romlebic damzadebulia TviTSemzeTi masalis _ eleqtrografitisagan  da

uzrunvelyofs xaxunis  kvanZis normalur muSaobas sakmaod maRali

tamperaturis  (250 o S) pirobebSi da gamoricxavs  am temperaturaze

warmoqmnili narevebis  TviTafeTqebis  saSiSroebas.

samacivro kompresorebis SezeTva.  samacivro kompresorebis SezeTvis

meTodebi ar xasiaTdeba  raime principuli originalobiT. gamoiyeneba

SezeTvis  rogorc centralizebuli, ise individualuri meTodebi: zeTis

gafrqveva, TviTSemzeTi rgolebi. specifikuria mxolod saproblemo

sakiTxebi: a) arsebobs zeTis gamacivebel  agentSi gaxsnis potenciuri

SesaZlebloba;  b) SemzeTi masala  dabal temperaturaze icvlis Tavis erT-erT

ZiriTad maCvenebels (siblantes).

sxvadasxva daniSnulebis  manqana-mowyobilobis  tribosistemebis

SesazeTad  gamoyenebuli meTodebi ar gamoirCeva principuli siaxleebiT.

Yyvela sxvadasxva moqmedebis principisa da daniSnulebis  jgufis manqanebSi

farTod gamoiyeneba individualuri da centraluri  SezeTvis sqemebi,

romlebic xorcieldeba rogorc uwyveti, perioduli, cirkulaciuri, udawneo,

wneviT,  Txevadi, konsistenciuri da myari SezeTviT.

amasTan, erTi mocemuli jgufis manqana-mowyobilobis xaxunis kvanZebis

SezeTvis sistemebi SeiZleba xasiaTdebodnen rigi  TaviseburebebiT.

magaliTad: samSeneblo, sagzao da amwe-satranaporto manqana-

mowyobilobebis tribosistemebisaTvis damaxasiaTebelia:

1. sazeTi masalebis fizikur-qimiuri maxasiaTeblebi  unda pasuxobdnen

saWiro moTxovnebs farTo temperaturul diapazonSi _ (40...120 o C).

2. SemzeTi sistema da sazeTi masalebi unda uzrunvelyofdnen  normalur

funqcionirebas intensiur  abraziul  garemoSi muSaobis dros.

3. SemzeTi sistemis normaluri funqcionireba  uzrunvelyofili unda

iyos savele muSaobis pirobebSi.
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Tavi 7. srialis sakisrebis gaangariSebis meTodika

sasazRvro da mSrali xaxunis dros

7.1. srialis sakisrebis muSaobis unaris kriteriumebi

srialis sakisrebis  muSaobis unari mniSvnelovanwilad  aris

ganpirobebuli xvedriTi wneviT p, srialis siCqariT V da e. w.  xaxunis pirobiTi

simZlavriT pv. magram, rogorc ukve aRniSnuli iyo, srialis sakisrebis muSaobis

unaris gansazRvra moxseniebuli parametrebis  mixedviT mxolod  zogadad

afasebs sakisrebis  muSaobis reJims. am meTodiT sakisrebis gaangariSebas

zogjer mivyavarT mniSvnelovani masStabis SecdomebTan. amasTan, ar mogvepoveba

saimedo rekomendaciebi p, V da pV sidideebze.

srialis sakisrebis sadebebi umravles SemTxvevaSi lilvis masalasTan

SedarebiT dabali meqanikuri maxasiaTeblebiT xasiaTdebian, amitom sakisris

saimedoobis uzrunvelyofisaTvis  konstruqcia gaangariSebuli  unda iqnes

kontaqtur simtkiceze. praqtikam  daadastura srialis  sakisrebis muSaobis

unaris amgvari Sefasebis  marTebuloba.  srialis sakisrebis  sadebebis

mwyobridan gamosvlis  mizezi (gansakuTrebiT dabali srialis  siCqarisa da

perioduli muSaobis  pirobebSi) xSirad aRmoCnda xolme  sadebebSi

daRlilobis  Sedegad gaCenili bzarebi, masalis moTelvis  kerebi da Sesabamisi

bunebis masalebisaTvis  civdenadobis  movlenebi.

srialis sakisrebis sadebebis simtkicis Sefasebis  dros  amocana

daiyvaneba simtkicis ZiriTad gantolebaze:

pH  max , (7.1)

sadac maxH maqsimaluri kontaqturi Zabvaa SeuRlebis  muSa zonaSi mocemuli

datvirTvis pirobebSi; p _ sadebis masalisaTvis  dasaSvebi kontaqturi Zabva

datvirTvis mocemuli pirobebisaTvis.

srialis sakisrebis sadebebis  simtkiceze gaangariSebis dros  igulisxmeba,

rom sadebebis masalebi, maT Soris  antifriqciuli polimerebic, gansaxilvel

datvirTvaTa  diapazonSi emorCilebian drekadobis Teoriis  kanonebs. kvleviT

dadasturebulia, rom rodesac fardobiTi  deformaciebi ar aRemateba 1,5-2,0%-s

(praqtikaSi aseTi daSveba misaRebia), igi ar iwvevs mniSvnelovani sididis



116

Secdomebs. magram polimeruli  sadebebis  gamoyenebis  SemTxvevaSi drekadobis

modulis  gansazRvris  dros gaTvaliswinebuli unda iqnes misi  cvlilebebi

tribologiur procesSi droisa da temperaturis  mixedviT. saangariSo

drekadobis  modulze  moqmedi mniSvnelovani faqtoria agreTve konstruqciuli

gadawyvetileba. dasaSvebi kontaqturi Zabvebis  gansazRvris dros

gaTvaliswinebuli unda iyos konstruqciuli, teqnologiuri da saeqspluatacio

xasiaTis mravali faqtori.

srialis sakisrebis kontaqtur  simtkiceze gaangariSebis  meTodi

mdgomareobs aseTia: winaswar, konstruqciuli parametrebis _ RreCo, sakisris

sigrZe, Zalis moqmedebis dro da temperaturis faqtori _ gaTvaliswinebiT muSa

zonaSi ganisazRvreba maqsimaluri kontaqturi  Zabva. Semdeg konkretuli

pirobebisaTvis  dgindeba dasaSvebi kontaqturi Zabva da xdeba sakisris muSaobis

unaris  Sefaseba.

im SemTxvevaSi, roca  kvanZis funqcionireba limitirebulia satacisa da

sakisris RerZebis urTierTgadaadgilebis  fardobiTi an absoluturi

deformaciebiT, kvanZis muSaobis ganmsazRvrelia kontaqturi Zabvis is

mniSvneloba, romelic ganapirobebs dasaSveb deformacias.

mraval SemTxvevaSi srialis sakisrebis muSaobis unaris  ZiriTad

maCveneblad gvevlineba misi Tburi reJimi. muSaobis araxelsayreli

temperaturuli reJimi praqtikaSi SeiZleba gaxdes mizezi iseTi arasasurveli

movlenebisa, rogoricaa  sadebis plastikuri deformireba, intensiuri cveTa,

SeWidebisa da CaWedvis faqtebi, rac damaxasiaTebelia srialis sakisrebisaTvis

da romelsac ZaluZs kvanZis wyobilebidan gamoyvana misi xanmokle gadaxurebis

drosac ki.

aRniSnulis gamo sakisris gaangariSeba kontaqtur simtkiceze da amiT misi

zidvis unaris gansazRvra srulad ver axasiaTebs srialis  sakisris muSaobis

unars. temperaturuli reJimis  Sefasebis gareSe uzustoa TviT kontaqtur

simtkiceze gaangariSebac.

srialis sakisris muSaobis unaris sruli SefasebisaTvis saWiroa

ganisazRvros sakisris temperaturuli daZabulobac, romelic damokidebulia

sakisris muSa zonaSi maqsimaluri muSa temperaturis mniSvnelobaze.

sakisris muSaobis unari unda akmayofilebdes pirobas

ptt m , (7.2)
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sadac mt temperaturaa muSa zonaSi; pt _ sadebis masalisaTvis an xaxunis

kvanZisaTvis dasaSvebi temperatura, romelic ar unda aRematebodes 80...85 0C-s.

rig SemTxvevebSi tribosistemis muSaobis unaris mniSvnelovan

maxasiaTeblad miiCneva misi cveTamedegoba. es maxasiaTebeli gansakuTrebul

mniSvnelobas iZens mSrali xaxunis dros, roca konstruqciuli mosazrebebiT

dasaSvebi RreCos sidide mcirea. magram cveTamedegobis  raodenobrivi Sefaseba

tribosistemebSi  did sirTuleebTanaa dakavSirebuli amocanaSi mravali

parametris arsebobis gamo, amitom umravles  SemTxvevaSi kmayofildebian

tribosistemis cveTamedegobis zogadi SefasebiT.

amrigad, srialis sakisrebis  muSaobis  unaris ZiriTad kriteriumebad

mizanSewonilia miCneul iqnes:

_ sakisris zidvis unari, romelic limitirebulia dasaSvebi kontaqturi

ZabvebiT;

_ sakisris temperaturuli daZabuloba, romelic ar unda aRematebodes

sadebis masalis an tribologiuri sistemisaTvis dasaSveb muSa temperaturas.

7.2. sakisrebis zidvis unari

srialis sakisrebis zidvis unarSi igulisxmeba sakisris medegoba, Tavis

Tavze miiRos radialuri mimarTulebis datvirTva ise, rom sadebma mocemuli

drois perodSi ar ganicados  plastikuri deformacia, an satacis  sakisris

RerZebis urTierTgadaadgilebis sididem, romelic gamowveulia drekadi

deformaciiTa da cveTis faqtoriT, ar gadaaWarbos konstruqciuli

mosazrebebiT gansazRvrul zRvars.

kontaqtur simtkiceze sakisris zidvis unaris gansazRvra saWiroa

vawarmooT sakisris konstruqciuli gadawyvetilebis Sesabamisi

damokidebulebebiT. kerZod, roca moxaxune  wyvilis _ lilvi-sakisris

masalebis drekadobis modulebis mniSvnelobebi erTi rigisaa (zogi

liTonursadebebiani sakisari),  gaangariSebebi warmoebs erTi saxis grafo-

analizuri damokidebulebebiT, xolo roca tribologiur sistemaSi

gamoyenebulia didad gansxvavebuli  drekadobis modulis mqone masalebi (mag.,

plastmasovani sakisrebi) _ meore saxis damokidebulebebiT.
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orive SemTxvevaSi gaangariSebebis Sedegad ganisazRvreba sakisrebisaTvis

iseTi mniSvnelovani parametrebi, rogoricaa sakontaqto kuTxe da maqsimaluri

kontaqturi Zabva kvanZSi.

sakisris pirveli SemTxvevis Sesabamisi konstruqciuli gadawyvetisaTvis

kvanZSi aRZruli kontaqturi Zabva umetesad ar aris srialis muSaobis

malimitirebeli parametri. Tumca saerTo Sefasebis dros igi mainc iwvevs

garkveul interess. magaliTad, zogjer zidvis unaris gaangariSebis procesSi

konstruqciuli  TvalsazrisiT saWiro xdeba sakontaqto kuTxis gansazRvra.

meore SemTxvevisaTvis, roca moxaxune wyvilis drekadobis modulebi

Zlier gansxvavdebian erTmaneTisagan, magaliTad, iseTi sakisrebisaTvis, sadac

gamoyenebulia antifriqciuli plastmasovani sadebebi,  zidvis unaris

gaangariSeba kontaqtur simtkiceze aucilebelia.

7.3. srialis sakisris zidvis unaris gansazRvris gantolebebi*

TvalsaCino geometriuli analizis safuZvelze cxadia, rom sakisarze

moqmedi datvirTva vrceldeba ara sakisris diametrul kveTaze, rogorc es

igulisxmeba saSualo xvedriTi wnevis gansazRvris  dros, da romelsac umtesad

iyeneben konstruqtorebi srialis sakisrebis gaangariSebis dros, aramed

mxolod im zedapirze, romelic SemosazRvrulia SeuRlebis sakontaqto kuTxiT _

2 o (nax.7.1). amasTan, kontaqturi Zabvebi sakontaqto zonaSi ar aris Tanabrad

ganawilebuli _ maqsimaluri maxH mniSvnelovanwilad aRemateba saSualos _ m .

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

* qvemoT moyvanili zidvis unaris gansazRvris meTodika plastmasovani

sakisrebisaTvis SemuSavebulia avtorebis mier saqarTvelos teqnikur

universitetSi [29], [31], [32], [33], [36].



119

Fr

20

б H
m
ax

б m

δ

0     0,2   0,4   0,6   0,8 1 1,2    1,4  1,6   1, 2 Eε
Fr


0

900

800

700

600

500

400

300

200

100

1

2

nax. 7.1. srialis sakisris saangariSo sqema

maqsimaluri kontaqturi Zabvebis  gansazRvra hercis TeoriiT liTonur

sakisrebSic ki did cdomilebebs  iZleva sakontaqto farTobis  didi

mniSvnelobis gamo, rac, Tavis mxriv, ganpirobebulia srialis sakisrebis

SeuRlebuli detalebis radiusebs Soris  mcire sxvaobiT (nax. 7..2)[30].

nax.7.2. o kuTxisa da
E

Fr parametris urTierTdamoki-

debuleba erTnairmoduliani SeuRlebuli detalebisaTvis
(liTonuri sakisrebisaTvis):

1 _ mrudi hercis TeoriiT; 2 _ mrudi qvemoT moyvanili  TeoriiT
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erTnairi drekadobis modulis mqone detalebis SeuRlebis  SemTxvevaSi

(liTonuri sakisrebi) kontaqturi Zabvebis gansazRvrisaTvis gamoiyeneba

drekadobis Teoriis Sesabamisi kontaqturi amocanebis amoxsnis Sedegebi [30]

(kontaqturi Zabvebis gansazRvris meTodika ix. qvemoT).

plastmasovan srialis  sakisrebSi  maqsimaluri kontaqturi Zabvebis

gansazRvris mizniT ganixileba kontaqturi amocana im ori sxeulis kumSvis

Sesaxeb, roca erTs aqvs wriuli cilindris,  xolo meores _ wriuli cilindris

Wrilis forma. amasTan, erT-erTi meoris mimarT absoluturad xistad aris

miCneuli [29],[31]. aq xsenebul naSromebSi  drekadobis Teoriis  kontaqturi

amocana efuZneba Semdeg daSvebebs:

1. sakisris antifriqciuli  polimeruli masalis sadebi warmoadgens

idealur drekad sxeuls.

2. xaxunis   kvanZis  SeuRlebaSi ,,polimeri-foladi”, foladis detali

miCneulia  absoluturad xist sxeulad.

3. xaxunis kvanZi ganixileba statikur mdgomareobaSi.

4. SeuRlebuli detalebis radiusebi mcired gansxvavebuli sidideebia.

TiToeuli daSvebis mizanSewoniloba da marTebuloba  praqtikuli

gaangariSebebisaTvis  advilad SeiZleba dasabuTdes.

garda amisa, aucilebelia aRiniSnos, rom plastmasovani srialis sakisrebi

sainJinro praqtikaSi realizdeba ori gziT:

_,,pirdapiri wyvilis” saxiT, roca plastmasebis sadebi Cawnexilia sakisris

liTonur korpusSi da SeuRlebulia foladis lilvTan (nax.7.3);

_,,Seqceuli wyvilis” saxiT, roca plastmasis sadebi dawnexilia lilvze da

SeuRlebulia  liTonuri korpusis naxvretTan (nax. 7.4).
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1. ori sxeulis kumSva, romelTaganac erTi, mag., cilindruli formis

sxeuli, miCneulia absoluturad xistad, xolo meore _ cilindris Wrilis

formis mqone sxeuli _ drekadad (,,pirdapiri wyvili”).

2. ori sxeulis kumSva, romelTagan erTi cilindruli  Wrilis formis

sxeuli miCneulia absoluturad xistad, xolo meore  cilindruli formis mqone

sxeuli _ drekadad (,,Seqceuli wyvili”).

im gantolebis  gamosayvanad,  romelic gamosaxavs lilvisa da sakisris

kontaqtis  zonaSi Zabvebis  ganawilebis  kanons, sargebloben Seyursuli

radialuri wnevis  moqmedebis Sedegad aRZruli radialuri Zabvebisa  da misi

moqmedebis Sedegad gamowveuli  radialuri  deformaciebis damokidebulebebiT.

kerZod, sakontaqto zonaSi mdebare nebismieri  wertilis  gadaadgileba,

romelic gamowveulia centrisken mimarTulebis  (cilindruli formis

sxeulisaTvis)  normaluri ZalebiT, gamoiTvleba  gamosaxulebiT [25]





















 


 sin

2
lncos12 tgFU rr , (7.3)

sadac rF aris radialuri Zala sigrZis erTeulze,








21
;

  




2

211 
;

 _ masalis drekadobis moduli;  _ sxeulis puasonis koeficienti;  _

mimdinare sakontaqto kuTxe sxeulebis  kumSvis dros.

xolo sakontaqto zonaSi mdebare nebismieri wertilis gadaadgileba

mimarTulebiT `centridan~ (cilindruli Wrilis formis sxeulisaTvis)

gamoiTvleba [25] gamosaxulebiT:









 


 sin

2
lncos2 tgFU rr . (7.4)

aRniSnuli damokidebulebebis  gamoyenebiT gamoiyvaneba kontaqturi

Zabvebis sakontaqto zonaSi ganawilebis ori integraluri gantoleba [29], [31].

amasTan, gantolebis  saboloo saxe ,,pirdapiri wyvilisaTvis"
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

 
 (7.5)

sadac 00   ;   xolo ,,Seqceuli wyvilisaTvis”
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sadac 00   ; 21 , rr Sesabamisad, lilvisa da sakisris radiusebia;   p _

normaluri wneva;  _ mimdinare sakontaqto kuTxe kumSvis dros:  _

integraciis  mimdinare kuTxe; 0 _ sakontaqto kuTxis naxevari; a _ sxeulebis

urTierTdaaxloebis  sidide maTi kumSvis dros.

7.4. kontaqturi amocanebis integraluri gantolebis amoxsnis meTodi

(7.5) da (7.6) tipis integraluri gantolebis amoxsna analizuri gziT

ganaxorciela cnobilma qarTvelma maTematikosma i. vekuam. magram imis gamo,

rom amoxsnis procesSi saWiroa iseTi gansazRvruli integralebis amoxsna,

romlebic ar gamoisaxebian elementaruli funqciebiT, praqtikuli

gaangariSebebisaTvis ufro moxerxebuli aRmoCnda integraluri gantolebebis

amoxsnis miaxloebiTi meTodebi.

moyvanili (7.5), (7.6) gantolebebis amoxsnisaTvis, i. Staermanis msgavsad,

gamoyenebuli iqna sasrul sxvaobaTa meTodi. am meTodis  arsi isaa, rom saZebni

funqcia warmoidgineba ara rogorc uwyveti,  aramed wyvetili, safexurebrivi

cvladi. amisaTvis saZebni funqciis intervali iyofa n nawilad da igulisxmeba,

rom TiToeul qveintervalSi funqcia inarCunebs  mudmiv mniSvnelobas.

sabolood integraluri gantolebis amoxsna dayvanilia saZebni funqciis n

mniSvnelobis gagebaze, e.i. funqciis im mniSvnelobebis gagebaze, roca isini

akmayofileben integralur gantolebas.

amrigad, moyvanili meTodis  Tanaxmad amocana  daiyvaneba n ucnobian n

xazobriv gantolebaTa sistemis amoxsnamde. sistemis amoxsniT saZebni funqcia

miiReba safexurebis  saxiT, roca funqciis cvlileba xdeba naxtomebiT. aseTi

funqciis grafikis agebiT da  Semdgom naxtomebis momrgvalebiT  miiReba mrudi,

romelic miaxloebiT gamosaxavs zemoT moyvanili integraluri gantolebis

amoxsnas.
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naxazebze  (7.5 _ 7.8) moyvanilia am gziT amoxsnili (7.5) da (7.6) integraluri

gantolebebis  amoxsnis  Sedegebi. kerZod, 7.5 da 7.6 naxazebze mocemulia mrudebi,

romlebic gamosaxaven kompleqsuri parametris _
E

Fr damokidebulebas

sakontaqto kuTxesTan  puasonis  koeficientebis saxvdasxva mniSvnelobebis   da

plastmasovani sakisris ori SesaZlo konstruqciuli variantidan ,,pirdapiri

wyvilisaTvis”. xolo 7.6 da 7.8 naxazebze mocemulia mrudebi, romlebic

gamosaxaven b uganzomilebo koeficientisa  da 0 kuTxis

urTierTdamokidebulebas ,,Seqceuli wyvilisaTvis”.
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wyvilisaTvis” sxvadasxva puasonis koeficientebisaTvis
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E
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,,Seqceuli wyvilisaTvis” sxvadasxva puasonis koeficientebisaTvis

mocemuli grafikebis  meSveobiT martivad, raime teqnikuri siZnelis

gareSe ganisazRvreba maqsimaluri kontaqturi Zabva SeuRlebaSi  sakisari -

lilvi, sadac gamoyenebulia polimeruli masalis  sadebi an sadebi iseTi

masalebisagan, romlis drekadobis modulis  mniSvneloba bevrad mcirea

foladis drekadobis modulTan SedarebiT.

srialis sakisrebSi, sadac SeuRlebuli zedapirebi damzadebulia

daaxloebiT erTnairi modulis mqone masalebisagan, sakontaqto kuTxisa da

maqsimaluri kontaqturi  Zabvis gansazRvra platmasovani sakisris  analogiurad

SesaZlebelia vawarmooT 7.2 da 7.9 naxazebze gamosaxuli grafikebis meSveobiT.
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0         10           20          30           40          50           60 0

B
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1

nax. 7.9. b _ uganzomilebo koeficientis da 0 kuTxis

urTierTdamokidebuleba erTnairmoduliani SeuRlebuli

detalebisaTvis

7.5. srialis  sakisarSi maqsimaluri kontaqturi Zabvebis gansazRvris  meTodika

zemoT naxsenebi grafikebis  meSveobiT TiToeul konkretul SemTxvevaSi

SesaZlebelia martivad   da operatiulad  vipovoT maqsimaluri kontaqturi

Zabva srialis sakisarSi misi  nebismieri konstruqciuli gadawyvetis dros.

amisaTvis konkretuli amocanis SemTxvevaSi unda ganisazRvros parametri
E

Fr ,

sadac rF aris sakisris radialuri datvirTva sigrZis erTeulze da

ganisazRvreba sakisarze mosuli radialuri Zalis  SefardebiT  sakisris

sigrZesTan, n/m;  _ radialuri RreCo sakisris kvanZSi; 212 ;rrr  _ sakisris

radiusi, m; 1r _ lilvis  radiusi, m; E _ drekadobis saangariSo namdvili

moduli, romelic polimeruli masalis SemTxvevaSi ganisazRvreba temperaturis,

drois da konstruqciuli gadawyvetilebis faqtorebis gaTvaliswinebiT.

Sesabamisad, saangariSo e. w. ,,pirobiTi” drekadobis modulis gansazRvrisaTvis

vsargeblobT gamosaxulebiT:

,0 pdrt KKKEE  (7.7)

sadac 0E aris polimeruli masalis myisieri drekadobis moduli normaluri

temperaturis  Co20 dros da mocemulia sacnobaro literaturaSi, pa (n/m 2 ), an
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mpa; tK _ temperaturuli koeficienti, romelic iTvaliswinebs polimeruli

masalis drekadobis modulis damokidebulebas temperaturaze da

Termoplastikuri  masalebisaTvis

20




dn

mdn

t t
tt

K , (7.8)

sadac dnt polimeruli masalis dnobis  temperaturaa, Co ; mt _ sakisris

saangariSo muSa temperatura, Co ; drK _ drois koeficienti, romelic

iTvaliswinebs drekadobis modulis damokidebulebas datvirTvis moqmedebis

xangrZlivobaze, e. i.  iTvaliswinebs civi denadobis movlenas da  gamoiTvleba

formuliT

m

B
tK









dr , (7.9)

sadac t _ datvirTvis moqmedebis xangrZlivobaa, sT; mB, _ mudmivebi da

mocemulia rogorc grafikebis, ise cxrilebis saxiT. Temoplastikuri poliami-

debisaTvis Sesabamisad iReba 4 . 10-4, 0,047; polieTilenisaTvis _ 0,04, 1 . 10-4;

fToroplast-4-isaTvis _ 4103,3,062,0  ; viniplastisaTvis _ 0,07,  2 410 .

pK ,,pirobiTi” drekadobis modulis makoreqtirebeli koeficientia. igi

Cveulebrivi, tipuri konstruqciis polimeruli sadebiani srialis

sakisrebisaTvis ganisazRvreba Teoriuli debulebidan erT-erTiT (nax.7.10).

amasTan, upiratesoba miniWebuli aqvs moculobiTi principis safuZvelze miRebul

gamosaxulebas*:

21
1


pK , (7.10)

sadac  sadebis puasonis koeficientia.

Zalian mokle 





  3,0...2.0

d
l

da sqelkedliani sadebebis mqone sakisrebisaTvis







  5,0...4,0

d


pE sadebis gansasazRvrad rekomendebulia gamosaxuleba*

21
1


pK . (7.11)

pK -s gansazRvra SesaZlebelia agreTve qvemoT moyvanil  naxazebze

naCvenebi Sesabamisi grafikebis meSveobiT (nax. 7.10, 7.11).
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nax. 7.10 ,,pirobiTi” drekadobis modulis makoreqtirebeli pK

koeficientis damokidebuleba puasonis  koeficientze (deformacia

SezRudulia or sibrtyeSi)

0
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0.5
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Kp



nax. 7.11 ,,pirobiTi” drekadobis  modulis makoreqtirebeli pK _

koeficientis  damokidebuleba puasonis  koeficientze (deformacia

SezRudulia erT sibrtyeSi)

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

*dadgenili specialuri kvlevis safuZvelze stu-s samSeneblo manqanebisa

da meqanikuri mowyobilobis kaTedraze avtorebis mier z. qaSiaSvilTan erTad

[36].
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b_mrudi miRebuli moculobiTi
deformaciis principiT



130

E
Fr parametris mixedviT ganisazRvreba 0 sakontaqto kuTxis naxevari

(nax.7.2,  7.5, 7.6), xolo 0 kuTxe sididis mixedviT _ maqsimaluri kontaqturi

Zabvis uganzomilebo b koeficienti (nax. 7.7, 7.8, 7.9).

dabolos, maqsimaluri kontaqturi Zabva (mpa) SeuRlebaSi ganisazRvreba

gamosaxulebiT

r
EbH
 

max . (7.12)

Teoriuli, kerZod, zemoxsenebuli grafikul-analizuri masalis da

mravalricxovani eqsperimentuli gamokvlevis safuZvelze dadgenil iqna, rom

,,Seqceuli wyvilebis” gamoyenebis dros sxvadasxva radialur datvirTvebze

sakontaqto kuTxe 20...30%-iT metia ,,pirdapiri wyvilis” gamoyenebasTan

SedarebiT, rac calkeul SemTxvevaSi iwvevs kontaqturi Zabvis 20%-mde

Semcirebas da, Sesabamisad, xaxunis kvanZebis xangamZleobisa da cveTamedegobis

mniSvnelovnad gazrdas.

maqsimaluri kontaqturi Zabvebis gasazRvris analizi aRniSnuli meTodikis

safuZvelze TvalsaCinod adasturebs srialis sakisrebSi ,,Seqceuli wyvilis”

gamoyenebis upiratesobebs.

7.6. dasaSvebi Zabvebis SerCevis meTodika (plastmasovani sadebebisaTvis)

rogorc ukve  aRvniSneT, srialis sakisrebis gaangariSeba dasaSveb

kontaqtur Zabvebze liTonuri sadebebis  gamoyenebis dros naklebad aqtualuri

sakiTxia da umravles SemTxvevaSi igi ar aris sakisris muSaobis unaris

malimitirebeli. amasTan, dasaSvebi  Zabvebis SerCevis meTodika liTonebisaTvis

SedarebiT kargad aris  damuSavebuli da warmodgenili teqnikur literaturaSi.

Sesabamisad, maTi SerCeva ar aris dakavSirebuli raime sirTulesTan. aRniSnuli

mizezebis gamo dasaSvebi Zabvebis SerCeva liTonuri sadebebisaTvis mocemul

naSromSi ar ganixileba.

gansxvavebul yuradRebas iTxovs plastmasovani srialis  sakisrebis

gaangariSebis dros  dasaSvebi Zabvebis  SerCevis sakiTxi.
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plastmasovani  srialis  sakisrebis saproeqto gaangariSebis dros

dasaSvebi Zabvebis SerCevis SedarebiTi sirTule ganpirobebulia plastmasebis,

rogorc konstruqciuli masalebis specifikurobiT, maTi daZabul mdgomareobaSi

moqcevis xasiaTiT, zidvis unaris temperaturaze aSkarad gamoxatuli

damokidebulebiT,  datvirTvis  Sedegad Zalovani detalebis formisa da zomebis

cvlilebebiT, datvirTvis moqmedebis drois mniSvnelovani gavleniT sakisris

muSaobis unarze da a.S.

plastmasovani srialis sakisrebisaTvis damaxasiaTebelia is, rom

plastmasis sadebis geometriuli formis Secvlam datvirTvis Sedegad SeiZleba

migviyvanos iseT cvlilebebTan, romlebic gadaaWarbeben detalis zRvrul

dasaSveb mdgomareobas, romelic, Tavis mxriv, gansazRvrulia kvanZis funqciur-

konstruqciuli moTxovnebiT.

amis gamo plastmasis  sadebebi (xSirad sxva datvirTuli plastmasis

detalebic) mizanSewonilia gaangariSebul iqnes konstruqciul-geometriul

gansazRvrulobaze, romelic ganapirobebs mis efeqtur funqcionirebas.

sxva sityvebiT, srialis sakisrebis plastmasis sadebebis gaangariSeba

kontaqtur Zabvebze mizanSewonilia gulisxmobdes ara calke aRebuli

maqsimaluri mrRvevi kontaqturi  Zabvis gansazRvras, aramed im kontaqturi

Zabvis gansazRvras, romelic iwvevs  maqsimalur dasaSveb deformacias.

magaliTad, Tanamedrove meqanikuri sistemebis srialis sakisrebis

normaluri funqcionireba mniSvnelovanwilad aris damokidebuli lilvisa da

sakisris RerZebis urTierTgadanacvlebasa da sakisris sadebis geometriul

ucvlelobaze eqspluataciis procesSi.

Aamgvarad, dasaSvebi Zabvebis  SerCevis meTodika plastmasovani srialis

sakisrebisaTvis  efuZneba im garemoebas, rom dgindeba  plastmasis sadebis is

mdgomareoba, romelic miiCneva zRvrulad. Semdgom ganisazRvreba Zabva, romelic

Seesabameba am mdgomareobas da igi iwodeba sawyis dasaSveb Zabvad. Ddabolos,

sawyisi dasaSvebi Zabva dazustebuli unda iqnes makoreqtirebeli

koeficientebiT, romlebic iTvaliswineben konstruqciul, teqnologiur,

saeqspluatacio da sxva faqtorebis gavlenas polimeruli masalebis meqanikur

maxasiaTeblebze.

plastmasis sadebis zRvruli mdgomareoba ganisazRvreba konstruqtoris

mier saerTo konstruqciuli mosazrebebis safuZvelze deformaciaTa zRvrebis
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moniSvniT, romelic amasTanave ZiriTadad unda Seesabamebodes detalis drekad

deformaciaTa diapazins.

magaliTad, kbilanuri gadacemebis SemTxvevaSi srialis sakisris RreCosa

da SeuRlebuli detalebis jamuri deformacia unda Tavsdebodes im daSvebaTa

velSi, romelic uzrunvelyofs normalur kbilanur modebas eqspluataciis

procesSi.

Teoriuli da eqsperimentuli kvlevebi adastureben, rom antifriqciuli

Termoplastebis simtkicis zRvars Seesabameba detalis zomebis 6...8%-iT

deformireba. meores mxriv, cnobilia, rom imave masalebisagan damzadebuli

srialis sakisrebis sadebebi damakmayofileblad funqcionireben im SemTxvevaSi,

roca datvirTvis Sedegad fardobiTi deformacia ar aRemateba 2%-s (rac

Seesabameba narCeni deformaciis ara umtes 0,3%-s), mxolod iSviaT SemTxvevaSi

SeiZleba fardobiTi deformacia gaizardos 3%-mde.

aRniSnuli Sualedi meqanikuri sistemebis plastmasovani srialis

sakisrebisaTvis miiCneva e. w.  zRvrul  mdgomareobad, xolo meores mxriv,

sakmao sizustis daSvebiT ganixileba, rogorc sufTa drekadi deformaciebis

diapazoni.

ukanaskneli  daSvebis  safuZvelze deformaciisa da Zabvis

damokidebulebis  integraluri gantoleba blant-drekadi masalebisaTvis

(volteris  I  gvaris gantoleba) gadaiqceva Cveulebriv hukis kanonad,   romelic

samarTliania mxolod idealurad drekadi sxeulebisaTvis.

zemoaRniSnulis safuZvelze plastmasovani srialis sakisrebisaTvis

dasaSvebi fardobiTi deformaciis p saSualebiT hukis kanonis safuZvelze

SesaZlebelia vipovoT sawyisi dasaSvebi Zabva

pp E  
0

, (7.13)

sadac E aris namdvili drekadobis moduli (7.7), mpa;
0p _ sawyisi dasaSvebi

Zabva drekadi masalebisaTvis, mpa; p _ dasaSvebi fardobiTi deformacia.

zog SemTxvevaSi
0p -is gansazRvrisaTvis mosaxerxebelia visargebloT

Teoriuli da eqsperimentuli kvlevebis safuZvelze miRebuli cifrobrivi

monacemebiT. qvemoT moyvanilia saorientacio  monacemebi praqtikaSi yvelaze

xSirad gamoyenebuli zogierTi masalisaTvis:

24
0
p mpa _ poliamid 6-isTvis, roca fardobiTi deformacia 2%-is tolia;
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0p 36 mpa _ poliamid 6-isTvis, roca fardobiTi deformacia  3%-is tolia;

40
0
p mpa _ poliamid 66-isTvis, roca fardobiTi deformacia 2%-is tolia;

60
0
p mpa _ poliamid 66-isTvis, roca fardobiTi deformacia 3%-is tolia;

56
0
p mpa _ poliacetalebisaTvis, roca fardobiTi deformacia 2%-is tolia;

80
0
p mpa _ poliacetalebisaTvis, roca fardobiTi deformacia 3%-is tolia.

polimeruli masalebis meqanikuri maCveneblebis saboloo SefasebisaTvis,

rogorc ukve aRvniSneT, aucilebelia konstruqtoruli, teqnologiuri,

saeqspluatacio da sxva faqtorebis gaTvaliswineba. Sesabamisad, dasaSvebi

kontaqturi Zabva plastmasis sadebebisaTvis iqneba:

6543210
KKKKKKpp   , (7.14)

sadac 1K teqnologiuri koeficientia, romelic iTvaliswinebs sadebis

damzadebis teqnologiur meTods da aiReba zRvrebSi:

0,95...1,0 _ detalebisaTvis, romlebic damzadebulia avtomatur-saCamosxmo

manqanebis gamoyenebiT;

0,80...0,9 _ detalebisaTvis, romlebic damzadebulia Spric-wnexebis gamoyenebiT;

0,70...0,80 _ detalebisaTvis, romlebic damzadebulia avtoklavebis gamoyenebiT.

2K aris tenSemcvelobis koeficienti, romelic iTvaliswinebs

antifriqciuli polimeruli masalebis meqanikuri maCveneblebis Semcirebas tenis

Semcvelobis gamo da iReba zRvrebSi:

0,95...0,98 _ poliamid 6-is sadebebisaTvis;

0,98...1,0 _ poliamid 66-is sadebebisaTvis;

1,0 _ poliacetalis sadebebisaTvis.

3K aris koncentraciis koeficienti, romelic iTvaliswinebs Camosxmul

detalSi koncentraciis kerebs da iReba zRvrebSi:

0,45...0,8 _ rTuli konfiguraciis sadebebisaTvis (igulisxmeba detalSi

araerTnairi ganivkveTebi, arxebi, Wrilebi, naxvretebi da sxv.);

0,85...0,95 _ milisas formis martivi formis sadebebisaTvis.

4K aris daRlilobiTi simtkicis koeficienti, romelic iTvaliswinebs

cvladi (cikluri) datvirTvebis mravaljerad moqmedebas da iReba zRvrebSi _

0,5...0,7.  aracikliuri datvirTvebis SemTxvevaSi _ 0,9...1,0.
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5K aris Weqis koeficienti, romelic iTvaliswinebs Weqis gavlenas sadebis

daZabul mdgomareobaze da iReba zRvrebSi 0,6...1,0.

6K aris gaangariSebis sizustisa da maragis koeficienti da iReba zRvrebSi

0,5...1,0.

zogierTi antifriqciuli polimeruli masalis calkeuli

meqanikuri maxasiaTeblebi

cxrili 7.1

#
masalis

dasaxeleba

simtkicis
zRvari

kumSvaze,
mpa

drekadobis
moduli,
E0, mpa

puasonis
koeficienti

dnobis
tempe-

ratura

xazobrvi
gafarToebis

temp. koef., 10-5

erT kelvinze

Tbogamtarobis
koef.,

vt/m.kelvini

1 poliamid 6 90 1100 0,4 215 8...11 0,29

2 poliamid 66 90 1200 0,4 219...220 8...11 0,29
3 fToroplast 4 12 470...850 0,45 327 8...25 0,25
4 poliacetali

(poliformal-
dehidi)

130 3600 0,35...0,4 170...180 8 0,29

zidvis unaris damokidebuleba temperaturaze da datvirTvis

xangrZlivobaze ar gaiTvaliswineba makoreqtirebeli koeficientebiT.

aRniSnuli faqtorebi gaTvaliswinebulia drekadobis modulis namdvili

mniSvnelobis gansazRvris dros, romelic, Tavis mxriv, ganapirobebs sawyisi

dasaSvebi Zabvis sidides.

zogierTi antifriqciuli masalis foladTan xaxunis saorientacio koeficientebi

cxrili 7.2

# masalis dasaxeleba
SezeTvis
gareSe

konsistenciuri
SezeTva

SezRuduli
SezeTva

(wveTovani)

wyliT
SezeTva

1 poliamid 6 0,06_0,2 0,03_0,13 0,03_0,05 0,04_0,1
2 poliamid 66 0,06_0,2 0,03_0,13 0,03_0,05 0,04_0,1
3 fToroplast 4 0,04_0,06 0,04_0,09 0,02 0,02
4 poliacetali

(poliformaldehidi)
0,09_0,12 0,03_0,1 0,01_0,04 0,09

SeniSvna: 1. koeficientebis Sefaseba Sesrulebulia sxvadasxva literaturuli da

eqsperimentuli monacemebisa da avtoris eqsperimentuli kvlevebis

safuZvelze.

2.  monacemebi saWiroebs Semdgom diferenciacias da dazustebebs.
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7.7. tribosistemebis Tburi gaangariSebis safuZvlebi

siTbos intensiuri gamoyofa tribologiuri procesisaTvis erT-erTi

mTavari damaxasiaTebeli da ueWveli Tanmxlebi movlenaa. amasTan, warmoqmnili

siTbos wyarod miCneulia moxaxune zedapirebis mikroborcvebis moWrisa da

plastikuri deformaciebis (moTelvis) movlenebi, rac, Tavis mxriv, iwvevs

detalis masalis kristaluri mesris Secvlas da romelic lokalurad

temperaturis momatebaSi vlindeba. rigi eqsperimentuli gamokvlevebis

safuZvelze miCneulia, rom moxaxune zedapirebis faqtiuri sakontaqto

wertilebSi Cndeba temperaturuli pikebi, romelTa absoluturi mniSvneloba

900_1000 Co -s aRwevs.

tribologiuri procesis dros warmoqmnili siTbos nakadi moemarTeba

sxeulis siRrmeSi da gadaecema garemos. amasTan, gamoyofili siTbo ganStovdeba

ramdenime nakadad _ TviT moxaxune sxeulebSi, haerSi da SemzeT masalaSi.

zogadad moxaxune sxeulebis saSualo temperaturas  gansazRvravs maTi

Tbofizikuri Tvisebebi, zedapirebis profilis parametrebi (isini mniSvnelovan

rols asrulebs Tbogacvlis procesSi), tribosistemis muSaobis reJimi da

sxeulebis garemosTan Tbogacvlis saerTo pirobebi. Mmoxaxune sxeulis saSualo

temperatura ki didad moqmedebs xaxunis koeficientze, cveTis xasiaTsa da,

Sesabamisad, tribologiuri sistemis xangamZleobaze. am faqtoris mimarT

gansakuTrebiT mgrZnobiarea tribosistemebi, sadac gamoyenebulia plastmasovani

sadebebi. aRniSnulis gamo tribosistemis muSaobis unaris ZiriTad kriteriumad

xSirad miiCneven mis Tbur reJims.

tribosistemebis  temperaturul gaangariSebas safuZvlad edeba energiis

SenarCunebis kanoni, romlis arsi  ganxiluli pirobebisaTvis aseTia: xaxunis

Sedegad gamoyofili siTbo xmardeba manqanis Sesabamisi detalebisa da garemo

sferos gaTbobas.

Tbur procesebSi, rac mimdinareobs tribosistemebSi, arCeven or ZiriTad

stadias:

1. aradamyarebul reJims, romelic xasiaTdeba tribosistemis temperaturis

cvlilebiT droSi. aseTi reJimia kvanZis gaSvebisa da gaCerebis  an manqanis

xanmokle muSaobis  dros.
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2. damyarebuli reJimi, romelic xasiaTdeba temperaturis mudmivobiT

droSi.

temperaturuli reJimis regulireba konstruqciulad SesaZlebelia

tribosistemebSi saSualo wnevisa da lilvis brunTa sixSiris SecvliT, garda

amisa, tribosistemebis Tburi pirobebis cvlilebiT.

ganvixiloT zogadad tribosistemebis  Tburi procesebi srialis sakisris

magaliTze.

aradamyarebuli reJimis dros siTbos nawili ixarjeba manqanis detalebis

(sakisari, lilvi, korpusi) gaxurebaze, nawili ki imave detalebis meSveobiT

gadaecema garemos.

sainJinro praqtikaSi temperaturuli gaangariSebis amocanas warmoadgens

gaxurebis temperaturis gansazRvra sakisris muSa zonaSi.

damyarebuli reJimis dros sakisris kvanZis Tburi wonasworobis pirobas

aqvs Semdegi saxe [1]:

ls  , (7.15)

sadac  sakisarSi drois erTeulSi gamoyofili siTbos raodenobaa (anu siTbos

nakadi, Tburi simZlavre); s _ sakisris mier drois erTeulSi muSa zonidan

arinebuli siTbos raodenoba; l _ lilvis mier drois erTeulSi muSa zonidan

arinebuli siTbos raodenoba.

sakisarSi gamoyofili siTbo drois erTeulSi SeiZleba ganisazRvros

Semdegi damokidebulebiT, vt (1,163vt = 1kkal/sT):

rFf r   , (7.16)

sadac f xaxunis koeficientia; rF _ radialuri datvirTva sakisarze, n;  _

lilvis kuTxuri siCqare, rad/wm; r _ sakisris radiusi, m.

sakisrisa da lilvis mier muSa zonidan arinebuli siTbos raodenobis

ganszRvrisaTvis gamoyvanili formulebi efuZnebian  furies kanons da saWiro

sizustis Sedegebs iZlevian, Tu sruldeba Semdegi pirobebi:

 sxeulebi izotropulia;

 sxeulis gaswvriv temperatura umniSvnelod icvleba.

aRniSnuli pirobebis Sesabamisad saangariSo formulebis

gamartivebisaTvis SemoRebulia Semdegi daSvebebi:
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1. lilvis RerZidan Tanabrad daSorebul sakisris yvela wertilSi

temperatura erTnairia;

2. temperatura  sadebis muSa zonaSi mudmivia da siTbo sakisarSi

vrceldeba mxolod radialuri mimarTulebiT.

ukanaskneli daSveba savsebiT misaRebia plastmasovani Txelsadebebiani

sakisrebisaTvis (Tbogamtarobis koeficienti plastmasebisaTvis 400-600-jer

naklebia brinjaoze), magram did marags iZleva liTonursadebebiani

sakisrebisaTvis.

sakisris mier muSa zonidan arinebuli siTbos raodenoba erTeul droSi

SeiZleba ganisazRvros damokidebulebiT (vt)

 ottlK  mss , (7.17)

sadac mt temperaturaa sakisris muSa zonaSi, kelvini ( K ); ot _ garemos

temperatura, kelvini ( K ); l _ sakisris  sigrZe, m; sK _ sakisris Tbogadacemis

jamuri koeficienti, romelic damokidebulia sakisris konstruqciul

gadawyvetaze, geometriul parametrebze, masalebis Tbogamtarobisa da

Tbogadacemis koeficientebze (ar unda agverios  erTmaneTSi Tbogadacemisa da

Tbogacemis koeficientebi, romlebsac gansxvavebuli fizikuri Sinaarsi da

ganzomilebebi aqvT).

sK koeficienti axasiaTebs sakisris unars, gaataros da gadasces siTbo.

misi Sebrunebuli sidide 3 feniani tipuri sakisris SemTxvevaSi, roca

antifriqciuli sadebi Cawnexilia foladis WiqaSi, xolo igi _ Tavis mxriv,

manqanis korpusSi, iqneba
vt

kelvinim 
[1]:






























k

k

s DD
D

d
D

d
d

K 



1ln

2
11

2
ln12ln1

2
11

1

, (7.18)

sadac o _ sakontaqto kuTxea, grad.; 1 _ sadebis Tbogamtarobis koeficienti

(cxr. 7.1, 7.4),
kelvinim

vt


; d _ lilvis diametri, m.;  _ plastmasis sadebis sisqe, m.;

 _ Wiqis da korpusis Tbogamtarobis koeficienti (cxrili 7.4)
kelvinim

vt


;

D _ liTonis Wiqis gare diametri, m.; kD _ sakisris korpusis diametri, m.;
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_ sakisris zedapiris Tbogacemis koeficienti (Semoqrevis gareSe =12...14)

kelvinim

vt
2 

;

Semoqrevis SemTxvevaSi SeiZleba ganisazRvros  damokidebulebiT

V17 , (7.19)

sadac V Semoqrevis  siCqarea, romelic damokidebulia lilvisa da masze

dasmuli detalebis brunvaTa sixSireze  (gamosaxulebaSi V-s minimaluri sididea

1m/wm), m/wm.

lilvis mier muSa zonidan arinebuli siTbos raodenoba erTeul droSi

SeiZleba ase ganisazRvros, vt:

 ottcc  l , (7.20)

sadac 21 ccc  lilvis TiToeuli mxaris Tbogadacemis jamuri koeficientia da

damokidebulia lilvis geometriul parametrebze,
kelvini

vt
; 1c da 2c

koeficientebis mniSvnelobebi mocemulia 7.3 cxrilSi;

cxrili 7.3

lilvis  Tbogadacemis koeficientebi

l
il

vi
s 

t
ip

i

lilvis konstruqcia,
Tbogacemis pirobebi

Tbogadacemis jamuri
koeficientis gan-

sazRvrisaTvis saWiro
gamosaxulebani,

kelvini

vt

Tbogadacemis jamuri
koeficientis

gansazRvrisaTvis
saWiro sidideebi

I usasrulo sigrZis
lilvi.
Tbogacema gverdiTi
zedapiridan

3
12

dcI  

1 _ moZravi an uZravi

lilvis gverdiTi ze-
dapiris Tbogacemis
koeficienti;

 _ lilvis Tbogamta-
robis koeficienti;

d _ lilvis diametri;

d
m





12 ;

m
B




 2

4

2df 



2 _ lilvis torsuli

zedapiris Tbogacemis
koeficienti

II sasruli L sigrZis
lilvi.
Tbogacema gverdiTi
torsuli zedapiridan

   
   mLBchmLch

mLBchmLsh
mfcII






 

III Zalian mcire sigrZis

lilvi ( 0L ).
Tbogacema mxolod
torsuli zedapiridan 4

2
2 dcIII





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ot _ garemos temperatura, kelvini ( K ); lt _ lilvis  zedapiris temperatura,

kelvini ( K ), da roca sakisari uZravia da lilvi brunavs, SeiZleba davuSvaT,

rom

lt = st ,

(7.21) (7.15) gamosaxulebaSi (7.16), (7.17), (7.20) da (7.21) gamosaxulebebis CasmiT da

Sesabamisi elementaruli maTematikuri gardaqmnebis Semdeg muSa zonaSi

temperatura

 






ClK

ClKtrFft r

s

s
m

o
(7.22)

(7.20) gamosaxulebaSi Sesabamisi wevrebi dasaSvebia Co -Si.

sakisris kvanZis perioduli muSaobis SemTxvevaSi saWiro xdeba

ganisazRvros drois is T monakveTi, roca temperatura aRwevs pt dasaSveb

zRvars.

am SemTxvevisaTvis Tburi balansis gantolebas eqneba aseTi saxe:

    oo ttmCttlKcTT pp  s , (7.23)

sadac T aris T droSi  gamoyofil siTbos raodenoba, jouli;

   TttlKcT p  s droSi garemoze gadacemuli siTbo, jouli;  ottmC p 

_kvanZis detalebis gaTbobaze daxarjuli siTbo, jouli; C _ masalis xvedriTi

Tbotevadoba,
kelvinikg

jouli


(spilenZi, TiTberi – C = 0,4; rkina – C = 0,46; alumini

– C = 0,88), sadac ganzomilebaa












 kelvinikg

joulik

gradkg

kkal
1868,4 ;

m _ gacxelebuli detalebis masa, ganisazRvreba formuliT, kg,

321 mmmm   , (7.24)

sadac 1m 3-4 diametris sigrZis lilvis masaa, kg; 2m _ sakisris masa, kg; 3m _

sakisarTan uSualo siaxloves myofi da masTan erTad gacxelebuli detalebis

masa, kg; koeficienti, romelic iTvaliswinebs temperaturaTa sxvaobas xaxunis

zonaSi da detalis periferiaze:




25,0
25,0




 , (7.25)
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sadac  manZilia xaxunis zonidan detalis yvelaze ufro daSorebul

wertilamde, m.

(7.23)-dan sakisris kvanZis pt temperaturamde gacxelebis dro

ganisazRvreba gamosaxulebiT

 
  



ttlKc
ttmC

T
p

p






s

, (7.26)

xolo Tu aucilebelia ganisazRvros sakisris muSa temperatura raRac T droSi,

maSin balansis gantolebaSi miiReba, rom pt = mt da

  mClKcT
Tt





s

m + to. (7.27)

miaxloebiTi saorientacoi gaangariSebisaTvis SeiZleba visargebloT

gamartivebuli damokidebulebebiT, roca igulisxmeba, rom sakisris korpusisa

da lilvis meSveobiT xaxunis zonidan arinebuli siTbo proporciulia raRac

pirobiTi A farTobis, temperaturaTa  sxvaobis – ( mt - ot ) da Tbodagacemis 

koeficientisa, e.i.

 Att o m , (7.28)

sadac  gamoyofili an xaxunis kvanZidan gatanili siTboa, vt; 21 AAA  _

xaxunis kvanZis Tbogacemis pirobiTi farTobi, m2; 1A _ sakisris korpusis

Tbogacemis pirobiTi farTobi (m2) damokidebulia sakisris konstruqciaze da

zomebze. saSualod iReba 0A25 1
2

1 2  AAan  dA dl , sadac ld da , Sesabamisad,

aris sakisris diametri (m) da sigrZe (m).

zogjer 1A -s irCeven zRvrebSi (12...40) dl .

tipuri srialis sakisrebisaTvis korpusis Tbigadacemis farTobi SeiZleba

ganisazRvros sakisris mTliani H simaRlisa da RerZis mimarTulebiT l sigrZis

mixedviT

 HlHA 5,01   , (7.29)

2A lilvis Tbogacemis  pirobiTi farTobia (m 2 ) da lilvis TiToeuli

mxarisaTvis iReba (5....8) 2d .  mniSvnelobebi mcire aiReba, roca lilvis diametri

<100-ze, xolo didi _ roca diamtri >100-ze.




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cxrili 7.4

Tbogamtarobis mniSvnelobebi 20  da 100 Co temperaturis dros

#

poz.
masala

Tbogamtaroba vt/m. kelvini

roca t=20 Co roca t=100 Co

1 teqnikuri alumini 202 206

2 aluminis Senadnobebi:

8%-iani magniumiT

20%-iani siliciumiT

105

160

123

169

3 duralumini 165 181

4 kaliani babiti (didi mniSvneloba

Seesabameba kalis mcire Semcvelobas) 58...70 47...58

5 babiti (tyviis) 35...47 29...41

6 kaliani brinjao 58...81 52...76

7 aluminiani brinjao 81...94 70...81

8 TiTberi 60 108 120

9 saSualo naxSirbadiani foladi 52...58 47...52

10 ruxi Tuji 56...64 50...58

11 dawnexili grafiti 105...116 99...110

12 teqstoliti 0,23...0,35

13 poliamidi 0,25

(7.28) gamosaxulebaSi danarCeni parametrebi igivea, rac zemoT

moyvanil gamosaxulebaSi iyo gamoyenebuli.

miaxloebiTi angariSebisaTvis saSualod miiCneven, rom Tbogadacema

lilvis meSveobiT, sakisris Tbogadacemis 50%-s Seadgens.

(7.28) gamosaxulebidan ganisazRvreba temperatura xaxunis zonaSi

tA
t 





g . (7.30)

bunebrivia, yvela SemTxvevaSi unda Sesruldes piroba

ptt m .
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amasTan, yvela miRebul analizur gamosaxulebaSi miCneulia, rom

Tbotevadoba, Tbogadacema da Tbogamtaroba ar aris damokidebuli

temperaturaze.

meqanikuri sistemebis meqanikur maCveneblebze da saerTo mdgomareobaze

mniSvnelovanwilad  moqmedebs is garemoeba, rom moxaxune zedapirze

temperaturis gazrda iwvevs xaxunis Zalis molekuluri (adheziuri) da

meqanikuri (koheziuri) Semdgenebis Secvlas. cvlilebebis masStabebi didad aris

damokidebuli moxaxune detalebis masalebis gvarobaze.

liTonuri zedapirebisaTvis xaxunis Zalis meqanikuri Semdgenebi

temperaturis momatebiT masalis sisalis Sesabamisi Secvlis Sedegad icvleba

(araliTonuri, magaliTad, polimeruli masalebisaTvis es momenti kidev ufro

gamokveTilia). liTonuri masalebis sisalis damokidebuleba temperaturaze

ganisazRvreba eqsponencialuri damokidebulebiT [23]:

teHH  
 ,

sadac H0 masalis sisalea sawyis temperaturaze;  _ maCvenebliani

damokidebulebis temperaturuli koeficienti; t zedapirebis  temperaturuli

nazrdi.

zemoT moyvanili damokidebuleba gviCvenebs, Tu rogori xarisxiT xdeba

temperaturis momatebis Sedegad moxaxune zedapirebis sisalis Semcireba.

amasTan, ufro rbili masalebisaTvis igi kidev ufro intensiuria.

aRniSnulis gamo tribologiur procesSi temperaturis zrda iwvevs erTi

sxeulis meoreSi met CaRrmavebas, rac, Tavis mxriv, ganapirobebs xaxunis Zalis

meqanikuri Semdgenebis gazrdas. rac Seexeba xaxunis Zalis molekulur Semdgens,

igi temperaturis Secvlis Sedegad sxvadasxvagvarad icvleba tribolgiuri

sistemis konstruqciis da masalis gvarobis mixedviT.

liTonuri masalebisagan damzadebuli xaxunis kvanZis detalebisaTvis

tribologiuri procesis normalur pirobebad iTvleba temperaturuli zRvari

tm  (0,2 . . . 0,3) tdn , sadac tdn masalis dnobis temperaturaa. amasTan,

temperaturul diapazonSi (0. . . 0,2).tdn xdeba xaxunis Zalis molekuluri Semdgenis

Sesabamisad Semcireba, rac ganpirobebulia zedapirze swrafi daJangvis gamo

Txeli afskebis warmoSobiT. xolo temperaturis Semdgomi gadideba iwvevs

kontaqtSi myofi borcvebis erTmanTTan intensiur SeWidulebas (maRali
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temperaturis gamo Jangis Txeli afski am movlenas xels veRar uSlis da izrdeba

xaxunis Zalis molekuluri Semdgeni).

gansxvavebuli suraTia, rodesac moxaxune zedapirTagan erT-erTi mainc

polimeruli masalisganaa damzadebuli. aseTi konstruqciuli

gadawyvetilebisaTvis xaxunis Zalis meqanikuri da molekuluri Semdgenebis

temperaturaze damokidebulebis meqanizmisa da xvedriTi wilis odenobis

gansazRvris sakiTxi Tanamedrove mecnierebisaTvis jerjerobiT damajereblad

ar aris SemuSavebuli, magram udavoa is faqti, rom kvanZis muSa zonaSi

temperaturis gazrdiT (gansakuTrebiT, Termoplastikuri masalebisaTvis)

mniSvnelovnad izrdeba xaxunis Zalebi. amasTan, kvanZis muSa temperaturul

diapazonSi ar gvxvdeba kritikuli wertilebi.

zogadad yvela SemTxvevisaTvis xaxunis Zalis temperaturaze

damokidebulebis mrudze SeiZleba gamoiyos xelsayreli temperaturuli

reJimebis zonebi. am zonebis gansazRvra da kvanZis konstruqciuli gadawyveta

temperaturuli reJimis TvalsazrisiT aris tribologiuri sistemis kvlevis

umniSvnelovanesi etapi axali manqana-mowyobilobis konstruirebis procesSi.

7.8. srialis sakisrebis konstruqciuli parametrebi

konstuqciuli parametrebis dadgena srialis sakisrebis gaangariSebis

ganuyofeli nawilia. liTonuri sadebebis gamoyenebis SemTxvevaSi aRniSnuli

sakiTxi SedarebiT martivad wydeba da igi kargad aris gaSuqebuli teqnikur

literaturasa da Sesabamis disciplinebSi. bevrad met yuradRebas moiTxovs

konstruqciuli parametrebis dadgena plastmasovani sadebebis gamoyenebis

SemTxvevaSi.

plastmasovani srialis sakisrebis saimedooba da xangamZleoba

mniSvnelovanwilad aris damokidebuli maT racionalur konstruirebaze.

optimaluri konstruqciuli parametrebis SerCeva mniSvnelovnad aumjobesebs

tribologiuri sistemis saeqspluatacio parametrebsa da saimedoobis

maCveneblebs.
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qvemoT moyvanili konstruqtoruli parametrebis SerCevisaTvis

rekomendebuli Tanafardobebi specialuri gamokvlevebis safuZvelze

ganzogadebulia literaturul wyaroebSi  [1], [28].

rogorc cnobilia, plastmasovani srialis sakisari umravles SemTxvevaSi

aris plastmasis sadebi, romelic Cawnexilia foladis WiqaSi, xolo Tavis mxriv,

igi Cadgmulia specialur an manqanis korpusSi (“pirdapiri wyvili”), anda

foladis lilvze dawnexili plastmasis milisa, romelic SeuRlebulia

romelime korpusTan (“Seqceuli wyvili”).

saangariSo Cawnexis (dawnexis) Weqis sididem unda uzrunvelyos sadebebis

umoZrao Casma sakisris mTeli samsaxuris vadis ganmavlobaSi.

amocanis arsi isaa, rom sakisris xangrZlivi eqpluataciisa da perioduli

gacxelebis dros civi denadobisa da Zabvebis relaqsaciis movlenebis gamo Weqi

kvanZSi sustdeba an qreba. Sedegad milisa brundeba Sesabamisi detalis mimarT

da wydeba sakisris funqcionireba. magram Tu winaswari Weqis xarisxi aRemateba

raRac mniSvnelobas, Weqi e. i. milisas daZabuli mdgomareoba praqtikulad

SeiZleba mudmivad iqnas SenarCunebuli. amasTan, sadebis daZabuli mdgomareoba

dadebiTad moqmedebs cveTamedegobaze da amcirebs civi denadobis movlenebs.

zemoT aRniSnulidan gamomdinare, mizanSewonilia SeuRlebaSi

gaTvaliswinebul iqnes Weqis maqsimaluri mniSvneloba ise, rom aRZruli Zabva

ar aWarbebdes denadobis zRvris dones.

eqsperimentuli gamokvlevebis safuZvelze poliamiduri sadebebisaTvis

Weqis mniSvneloba rekomendebulia zRvrebSi

d=(0,035. . .0,045) D, (7.32)

xolo poliacetalis (poliformaldehidis) sadebebisaTvis

d=(0,03 . . . 0,04) D, (7.33)

sadac d Weqis absoluturi sididea, mm; D – liTonuri Wiqis an lilvis

diametri, mm.

Weqis optimaluri mniSvnelobebis SerCeva zemoT moyvanili

damokidebulebebis safuZvelze dakavSirebulia garkveul sirTuleebTan da,

rogorc gamocdileba gviCvenebs, yovel calkeul SemTxvevaSi

konstruqtorisagan konkretul gadawyvetilebas moiTxovs. saqme isaa, rom

SesaZlebelia iseTi araxelsayreli viTarebebis damTxveva, roca umoZrao Casma

an ver miiRweva (Weqis mcire mniSvnelobebi) an plastmasovani sadebebi ver
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uZleben Cawnexis an dawnexis Sedegad aRZrul kontaqtur Zabvebs (Weqis didi

mniSvnelobebi).

aRniSnulis gamo Weqis sididis SerCevis dros unda vixelmZRvaneloT

Semdegi mosazrebiT:

 kvanZis saimedoobis da xangamZleobis gadidebis mizniT Weqis sididis

mniSvneloba SesaZleblobis zRvrebSi unda iyos maqsimaluri;

 grZeli da sqelkedliani sadebebisaTvis aiReba Weqis mcire mniSvnelobebi,

xolo mokle da Txelkedliani sadebebisaTvis _ Weqis didi mniSvnelobebi;

 Semvsebiani (grafiti, talki, molibdenis disulfidi) plastmasisagan

damzadebuli sadebebisaTvis saWiroa Weqis sidide Semcirdes;

 dabal muSa temperaturaze iReben Weqis xarisxis mcire mniSvnelobebs, xolo

maRalze _ dids;

 “Seqceuli wyvilisaTvis” iReben Weqis Semcirebul mniSvnelobebs.

rekomendaciebiT dadgenili Weqis mniSvnelobebi Znelad uTavsdeba

saxalxo meurneobaSi miRebul standartul Casmebs. amitom xaxunis kvanZis

konstruqtorul dokumentaciaSi araa rekomendebuli moiniSnos SeuRlebis

nominaluri zoma.

plastmasovani srialis sakisris muSaobis unarze mniSvnelovan gavlenas

axdens xaxunis kvanZis RreCos sidide.

polimeruli masalebi, xasiaTdebian ra didi xazobrivi gafarToebis

temperaturuli da nestSemcvelobis koeficientebiT, muSaobis procesSi

farTovdebian. Sesabamisad, xaxunis kvanZSi arsebuli RreCo SeiZleba gaqres da

sakisari  “gaiWedos”. aRniSnulis Tavidan acilebisaTvis kvanZSi saWiroa

gaTvaliswinebul iqnes gafarToebis sakompensacio sidide (liTonursadebebian

sakisrebSi SesaZlebelia am sididis ugulebelyofa).

RreCos sididis SerCevis dros unda vxelmZRvanelobdeT saerTo

teqnikuri mosazrebebiT. amasTan, mxedvelobaSi unda iqnes miRebuli muSaobis

konstruqciuli da eqspluataciuri pirobebi – SezeTvis saxe, gacivebis

saSualebebi, datvirTvis reJimi, moxaxune zedapirebis mdgomareoba da a. S.

RreCos gadidebuli mniSvnelobebi uaryofiTad moqmedebs manqanis saerTo

konstruqciul SeTanwyobaze. amas garda, RreCos gadideba iwvevs moxaxune

zedapirebze kontaqturi Zabvebis gazrdas, rac Tavis mxriv, ganapirobebs xaxunis

kvanZis intensiur cveTas.
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aRniSnulis gamo RreCos optimaluri sididis SerCeva tribologiuri

sistemis daproeqtebis dros metad sapasuxismgeblo saqmea.

mravali eqsperimentisa da Teoriuli kvlevis safuZvelze plastmasovani

srialis sakisrebis diametruli RreCos SerCevisaTvis rekomendebulia Semdegi

Tanafardoba:

=(0,004 . . . 0,015)d.

sadac d lilvis diametria, mm.

imis gamo, RreCos sidide udides gavlenas axdens xaxunis kvanZis muSaobis

unarze, saWiroa didi sifrTxiliT iqnes SerCeuli RreCos optimaluri

mniSvneloba. amasTan, gaTvaliswinebuli unda iqnes srialis sakisris muSaobis

konkretuli pirobebi da konstruqciuli gadawyvetileba. magaliTad,

Txelkedliani sadebebisaTvis rekomendebulia SeirCes RreCos mcire

mniSvnelobebi, xolo sqelkedlianebisaTvis – didi. mosalodneli mZime

temperaturulreJimiani sakisrebisaTvis saWiroa SeirCes RreCos didi

mniSvnelobebi, msubuqisaTvis – mcire.

imasTan dakavSirebiT, rom RreCos gazrda iwvevs kontaqturi Zabvebis

gazrdas kvanZSi, RreCos SerCevis Semdeg aucilebelia SemowmebiTi gaangariSeba

maqsimalur kontaqtur Zabvebze zemoT moyvanili meTodiT da saWiroebis

SemTxvevaSi xdeba misi koreqtireba.

amas garda, specialur literaturaSi mocemulia rekomendaciebi

analizuri gamosaxulebebis saxiT, romelTa meSveobiTac SesaZlebelia sadebis

Tavisufali zedapiris (Siga an gare diametris) zomaTa cvlilebebis gansazRvra

sadebis Cawnexvis (dawnexvis) Sedegad.

polimeruli masalebis mcire Tbogamtarobisa da didi xazobrivi

gafarToebis temperaturuli koeficientis gamo plastmasis sadebebi

mizanSewonilia damzaddes Txelkedliani. gansakuTrebuli aRniSvnis Rirsia is

garemoeba, rom sqelkedliani plastmasis sadebebi TxelkedlianTan SedarebiT

xasiaTdebian masalis daqveiTebuli fizikur-meqanikuri maCveneblebiT (es

ukanaskneli polimeruli masalebis gadamuSavebis specifikiT aris

ganpirobebuli). garda amisa, sqelkedliani plastmasis sadebebisaTvis

damaxasiaTebelia xazobrivi zomebis naklebi stabiluroba Camosxmis

procesisaTvis damaxasiaTebeli “Cajdomis” didi xarisxis gamo.
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moyvanili teqnologiuri da konstruqtoruli mosazrebidan gamomdinare,

plastmasis sadebis kedlis sisqis saorientacio gansazRvrisaTvis SeiZleba

visargebloT Semdegi gamosaxulebiT:

=0,2+ d1,0 , (7.35)

sadac d aris moxaxune zedapiris nominaluri diametri, mm;

miRebuli sidide sakisris daproeqtebis dros SeiZleba koreqtirebuli

iqnes  15% -iT.

sakisris sigrZe, rogorc es Cveulebriv aris miRebuli, izRudeba

nominaluri diametris mixedviT da optimalurad miCneulia ,1
d
l

aq l sakisris

sigrZea, xolo d - nominaluri diametri.

drekadsafuZvliani srialis sakisrebisaTvis aRniSnuli fardoba SeiZleba

gazrdili iqnes 1,5...1,8 zRvrebamde, xolo arazusti awyobisas da lilvis didi

deformaciis pirobebSi ar unda aRematebodes 0,8-s.

zemoT moyvanil konstruqtorul parametrebTan erTad plastmasovani

srialis sakisrebis daproeqtebis dros saWiroa gaTvaliswinebul iqnes:

 SeuRlebaSi gamoyenebuli liTonuri detalebis zedapiris simqisis

racionalur mniSvnelobad simqisis me-7. . . me-8 klasebi, xolo plastmasis

detalisaTvis (Tu igi meqanikurad muSavdeba ) – me-6 klasi.

 liTonuri detalisaTvis zedapiruli sisalis racionalur sidided araumetes

HRC 50. . . 55;

 plastmasis sadebebis SeZlebisdagvari  Tanabarkedlianoba (adgilobrivi

Sesustebebi an Sesqelebebi mniSvnelovnad aqveiTeben mis Sromis unars);

 detalebis WeqiT Casmis dros liTonuri detalis zedapiris simqisis

optimalur mniSvnelobad simqisis me-6 klasi (meti simqisis zedapirebi iwveven

Cawnexvis Zalis gazrdas da masTan dakavSirebul uaryofiT movlenebs, xolo

naklebi – UuZravi Casmis saimedoobis Semcirebas);

 meqanikuri Cawnexvis win erT-erT SeuRlebul zedapirze 300-iani nazoli;

 Cawnexili (dawnexili) sadebis meqanikuri damuSaveba moxdes ara uadres 6. . . 8

sT-isa wnexvis procesidan (zomebis stabilizaciis mizniT);

 plastmasis sadebiani tribologiuri sistemebis konstruirebis dros

plastmasis sadebis gafarToebis SesaZlebloba grZivi mimarTulebiT (ganivi
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mimarTulebiT gafarToebis SesaZleblobas iTvaliswinebs diametruli

RreCo).

7.9. srialis sakisrebis pirobiTi gaangariSebis meTodika

pirobiTi gaangariSebis meTodika mizanSewonilia gamoviyenoT srialis

sakisrebis winaswari, saorientacio gaangariSebis dros. igi efuZneba manqanaTa

triboteqnikuri sistemebis eqspluataciis gamocdilebas, eqsperimentul Sedegebs.

kerZod, sargebloben analogiuri konstruqciuli gadawyvetilebisa da

datvirTvis parametrebis SemTxvevaSi miRebuli eqspluataciuri monacemebiT.

aRniSnuli meTodisaTvis damaxasiaTebelia saangariSo meTodikis maqsimaluri

simartive.

ganasxvaveben srialis sakisrebis pirobiTi gaangariSebis or ZiriTad

saxes:

 angariSi dasaSveb wnevaze;

 angariSi dasaSvebi wnevisa da srialis siCqaris namravlze.

srialis sakisrebis gaangariSeba dasaSveb wnevaze gamoisaxeba im wnevis

limitirebiT, roliTac sataci zemoqmedebs radialuri mimarTulebiT sakisris

sadebze da romlis muSa farTobi pirobiTad sakisris diametruli kveTaa, e. i.

p
r p

dl
Fp  , (7.36)

sadac p radialuri wnevis sididea sakisarSi; Fr _ radialuri datvirTva satacze;

d, l – Sesabamisad, sakisris diametri da sigrZe; pp _ dasaSvebi wneva srialis

sakisrisaTvis.

stacionaruli  manqanebis umravlesobisaTvis konkretuli pirobebis –

ZiriTadi da SemzeTi masalebis da konstruqciuli parametrebis mixedviT

gabaritebisadmi gansakuTrebuli moTxovnebis ar arsebobis SemTxvevaSi pp

iReba 1... 4 mpa-is zRvrebSi.

Sigawvis Zravebis ZiriTadi da barbacas sakisrebisaTvis pp = 4...20 mpa.

xolo, saglinavi dganebis, wnexebisa da samWedlo manqanebisaTvis – pp=10...30 mpa.

aseTi meTodika ZiriTadad SemowmebiTi xasiaTisaa, vinaidan satacis

diametri ganisazRvreba lilvis konstruqciuli gaangariSebis dros. Tumca
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lavirebis saSualebas iZleva sakisris sigrZe, romelic uzrunvelyofs wnevis

cvlilebas.

wnevis realuri mniSvnelobis gansazRvra SesaZlebelia mxolod

drekadobis Teoriis Sesabamisi kontaqturi amocanis (daaxloebiT erTnairi

radiusis mqone cilindrebis Siga kontaqturi kumSva) amoxsnis gziT [29], [30], [31],

[31], [36].

srialis sakisris pirobiTi gaangariSeba dasaSveb wnevasa da srialis

siCqaris namravlze SeiZleba Semdegnairad iqnas gamosaxuli

 ppVpV  , (7.38)

sadac V srialis siCqarea;  ppV _ wnevisa da srialis siCqaris namravlis

dasaSvebi sidide.

srialis sakisaris pV parametri mniSvnelovanwilad axasiaTebs kvanZis

radialur datvirTvis unars, Tbur reJims da cveTas. amitom xSirad gamoiyeneba

winaswari, saorientacio gaangarisebis dros.

stacionaruli manqanebis umravlesobisaTvis konkretuli pirobebis

mixedviT parametri  ppV aiReba zRvrebSi 2...10 mpa m/wm; tribologiuri

sistemebis intensiuri gacivebis pirobebSi pV parametris mniSvneloba SeiZleba

gacilebiT meti iyos:

avtomobilis Zravebis sakisrebSi   35...25ppV mpa m/wm. praqtikaSi

parametri  ppV zogjer mocemulia grafikulad, mrudis saxiT, romelic

SeiZleba ganxilul iqnes rogorc hiperbola.

rogorc ukve aRvniSneT, p da  ppV sididebi icvlebian farTo zRvrebSi da

mniSvnelovanwilad arian damokidebulni rig konstruqciul da eqspluataciur

faqtorebze: datvirTvis xarisxze, SezeTvis da gacivebis pirobebze da

saSualebebze, masalebze, detalebis damzadebis teqnologiaze, muSaobis

xangrZlivobaze, CarTvebis raodenobaze, garemo pirobebze da a. S.

zemoT CamoTvlilis gamo moyvanil meTods ar gaaCnia pretenzia sizusteze

da Txevadi SezeTvis SemTxvevaSi mxolod saorientacio xasiaTs atarebs.

gansxvavebul Rirebulebas iZens aRniSnuli meTodika im tribologiuri

sistemebisaTvis, romlis eqspluatacia xdeba an SezeTvis gareSe, anda

araregularuli, an SezRuduli SezeTvis pirobebSi. aseT pirobebSi ki, rogorc

cnobilia, metad efeqturia didi cveTamedegobis mqone plastmasovani srialis
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sakisrebis gamoyeneba. magram am tipis sakisrebisaTvis sarwmuno rekomendaciebi

pp da (pV)p parametrebis Sesaxeb naklebad mogvepoveba teqnikur literaturaSi.

amitom aqac unda Catardes sakisris dazustebuli gaangariSeba kontaqturi

Zabvisa da muSa temperaturis gansazRvris zemoT aRwerili wesiT.

nax. 7.12-ze grafikuli saxiT aris warmodgenili saqarTvelos teqnikur

universitetSi Sesrulebuli gamokvlevebis Sedegad miRebuli pV namravlis

zRvruli mniSvnelobebi sxvadasxva polimeruli masalebisaTvis.

nax. 7.12. kuTri wnevis da fardobiTi srialis siCqaris zRvruli mniSvnelobebis

urTierTdamokidebulebis  grafiki plastmasovani srialis sakisrebisaTvis:

1 _ poliacetalis (poliformaldehidis) sadebiT; 2 _ poliamidi 66-is

sadebiT; 3 _poliamidi 6-is sadebiT;

a _ araregularuli SezeTvis pirobebi; b _ wveTovani SezeTvis pirobebi

magaliTi: SevafasoT polimerulsadebiani srialis sakisris muSaobis

unari “pirobiTi” drekadobis modulis gamoyenebiT eqspluataciis Semdeg

pirobebSi:

radialuri datvirTva sakisarze Fr0=5000 n;

lilvis brunvaTa sixSire n=100wm-1;

lilvis diametri d=55mm;

b

a

12
3 2 13

0      0,5    1,0   1,5   2,0   2,5   3,0    3,5    4,0   4,5   5,0   5,5   6,0   6,5   P,mpa

0,8 7.12

0,7

0,6

0,5

0,4

0,3

0,2

0,1

V,m/wm
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sadebis masala _ poliamid 66;

puasonis koeficienti =0,37;

SezeTva _ SezRuduli, mineraluri zeTiT;

muSaobis reJimi _ uwyveti;

korpusis gare diametri Dk=150 mm.

sakisris konstruqciuli gadawyvetileba – “ pirdapiri wyvili”.

pirvel rigSi vadgenT sakisris konstruqciul parametrebs. (7.35)

gamosaxulebis Sesabamisad, sadebis kedlis sisqe

d=0,2+ 55,2551,02,01,0 d mm.

imis gamo, rom savaraudoa sakisris mZime temperaturuli reJimi,

SevarCioT sadebis kedlis sisqis Semcirebuli mniSvneloba d=2,5 mm.

SevarCioT sakisris diametruli RreCos saorientacio mniSvneloba (7.34)

gamosaxulebidan

=0,01d=0,1 55,055  mm.

konstruqciuli mosazrebebis gaTvaliswinebiT miviRoT radialuri

RreCos mniSvneloba =0,25 mm. SevarCioT sakisris sigrZis mniSvneloba 55l mm.

vipovoT saangariSo, `pirobiTi” drekadobis moduli Ct 85m

temperaturisa (SerCeulia saorientaciod da saWiroebis SemTxvevaSi sruldeba

gadaangariSeba) da 4 sT (Seesabameba erTi cvlis xangrZlivobis naxevars)

datvirTvis xangrZlivobisaTvis (7.7) gamosaxulebiT

E=E0 201285,365,067,01200  pdrt KKK mpa,

sadac Kt temperaturuli koeficientia da, (7.8) gamosaxulebis Tanaxmad,

Kt = ;67,0
20219
85219

20










dn

mdn

t
tt

tdn – poliamid 66-is dnobis temperaturaa (cxrili 7.1) _ 219  C;

Kdr _ drois koeficientia da, (7.9) gamosaxulebis Tanaxmad,

Kdr= 65,0
104
4 047,0

4 





















m

B
t

;

Kp _ saangariSo, e.w. `pirobiTi” drekadobis modulis makoreqtirebeli

koeficienti, (7.10) gamosaxulebis Tanaxmad

85,3
37,021

1
21

1








pK .
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E0 myisieri drekadobis modulia 20  C temperaturaze, poliamidi 66-isaTvis

E0=1200 mpa (cxrili 7.1).

radialuri datvirTva sakisris erT metr sigrZeze

Fr= 909009
055,0

50000 
l

Fr n/m=0,091    mn/m;

parametri

181,0
00025,02012

091,0





E
Fr .

sakontaqto kuTxis naxevari - 0=23  (nax. 7.5), xolo uganzomilebo koeficienti -

6,0b (nax.7.7)

maqsimaluri kontaqturi Zabva

Hmax= 98,10
0275,0

00025,020126,0 



r

Eb 
mpa.

dasaSvebi kontaqturi Zabva

p= 93,128.08,06,09,095,098,02,406543210   KKKKKKp mpa,

sadac po= 2,4002,02012  pE  mpa, aq p dasaSvebi fardobiTi deformacia da

konstruqciuli mosazrebebiT miviReT p = 0,02 (2,0%);

K1 aris teqnologiuri koeficienti – 0,98;

K2 _ tenSemcvelobis koeficienti – 0,95;

K3 _ koncentraciis koeficienti – 0,9;

K4 _ daRlilobiTi simtkicis koeficienti – 0,6;

K5 _ Weqis koeficienti - 0,8;

K6 – angariSis sizustisa da maragis koeficienti – 0,8.

Sesrulebulia piroba

93,12max  pH  mpa.

vawarmooT miaxloebiTi temperaturuli gaangariSeba (7.30) gamartivebuli

damokidebulebiT

8020
075,013
6,57

0 





 t
A

t
m

0C,

sadac  sakisarSi gamoyofili siTboa,

6,570275,0100
30
14,3500004,0  rfFr vt,
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sadac f xaxunis koeficienti wyvilisaTvis foladi-poliamidi 66-ia. SezRuduli

Txevadi zeTiT SezeTvis pirobebSi aviRoT f = 0,04 (cxr. 7.2).

Tbogadacemis pirobiTi jamuri koeficienti  saSualo pirobebSi aviRoT

13 vt/m2 kelvini;

t _ garemos temperatura – 20 0C;

A=A 21 A ,

sadac A1 sakisris korpusis Tbogadacemis farTobi aviRoT

06,0055,0055,0201 A m2; A2 lilvis Tbogadacemis pirobiTi farTobi

A2 = 5d2 = 5 015,0055,0 2  m2; .075,0015,006,0 A

e.i. daculia piroba

Ctt p
085m .

amrigad, sakisris muSaobis unaris orive kriteriumi Sesrulebulia, rac

gansazRvravs sakisris eqspluataciis SesaZleblobas.
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Tavi 8. srialis sakisrebis  konstruqciebi

8.1. srialis sakisrebis tradiciuli konstruqciebi

polimeruli sadebiT

srialis sakisrebis tipuri konstruqciebi liTonuri antifriqciuli

sadebebiT normalizebuli da umravles SemTxvevaSi  standartizebuli iyo

yofili sabWoTa kavSiris ekonomikur sivrceSi. Sesabamisad, maTi konstruqciebis

da konstruqciuli parametrebis  SerCeva  konkretuli pirobebisaTvis  ar

xdeboda. magram,  gansxvavebuli situacia isaxeba plastmasovani srialis

sakisrebis gamoyenebis rig SemTxvevebSi,  sadac tribologiuri sistemebis

saimedo da efeqturi funqcionireba didad aris  damokidebuli plastmasovani

srialis sakisris konstruqciis da konstruqciuli parametrebis optimalur

SerCevaze. amitom, roca yvela Cveulebrivi, tipuri konstuqciuli gadawvetileba

romelime konkretuli SemTxvevisaTvis miuRebelia, saWiro xdeba SevirCioT

iseTi konstruqcia, romelic xelsayrelia da akmayofilebs mocemul

saeqspluatacio pirobebs.

magaliTad, rig SemTxvevebSi sqelkedla sadebis zidvis unaris gazrdis

mizniT sakisris sadebs aqvs grZivi Wrili (nax. 8.1). amgvar sakisars  kvanZSi

temperaturis momatebis dros aqvs gafarToebis SesaZlebloba, riTac

gamoiricxeba lilvis gaWeqva, magram aseTma sakisrebma mainc ver pova

gamoyenebis  farTo are, vinaidan zidvis unaris zrda mcirea, xolo kvanZi

mTlianobaSi naklebad konsrtuqciulia.
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nax. 8.1. grZivWriliani srialis sakisris polimeruli sadebi

cnobilia Txelkedla sakisris konstruqcia (nax.8.2), romelic Sedgeba

garsakrisagan, romelSic Cadgmulia Txelkedla sadebi sakompesacio WrilebiT.

zomaTa cvlilebis SemTxvevaSi (gaxurebis an sxva faqtorebis  zemoqmedebis

Sedegad) sadebi iwyebs gadaadgilebas, srials garsakris Siga zedapirze, ris

Sedegadac ucvleli rCeba misi Siga diametri. aRniSnuli tipis sakisars aqvs

naxvreti da rgolisebri Rarebi SemzeTi masalis misawodeblad. liTonuri

garsakris sisqea 1,6 mm, xolo polimeruli sadebis sisqe - 0,8 mm. aseTi sakisris

uaryofiTi mxarea sadebis arasaimedo CaWideba garsakravTan. Sesabamisad,

dinamikuri datvirTvebisas iqmneba sadebis garsakravidan aglejis saSiSroeba.

nax. 8.2. Txelkedla srialis sakisari
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aseTive nairsaxeobas miekuTvneba drekadi sakisari ,,kleifleqsi”, romelic

kargad ,,arbilebs”lilvis gadaxrebs, rac ganpirobebulia imiT, rom

polimeruli sadebi Casmulia rezinis garsakrSi (nax.8.3.), amasTan, sadebis

Camagreba  garsakrSi xdeba sxvadasxva xexrxebiT. Tu sadebi Camoisxmeba uSualod

garsakrSi, polimeris liTonTan Camagreba xorcieldeba adheziis meTodiT.

magram kvanZis gaxurebisas xdeba Zabvebis Sesusteba da sadebi kargavs

CaWidulobis Zalas. SedarebiT saimedo Camagrebad aris miCneuli garsakris Siga

zedapirze xraxnis moWra an Rarebis  amoReba.

nax. 8.3. drekadi sakisari  ,,kleifleqsi”

konsruqcia (nax.8.4.) gamoirCeva simartiviT. masSi sadebis fiqsacia

xorcieldeba gaWrili milisis torsuli zedapiris mibrjeniT korpusis

sasogmane Sverze. amasTan, sadebis pirvandeli Wrilis  ol sigane naklebi unda

iyos sasogmane Sveris  l siganeze. amitom sadebi korpusis kedlebs miebjineba

WeqiT. Weqis sidide ganisazRvreba oll  sxvaobiT.

nax. 8.4. srialis sakisari sasogmane SveriT
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aseTi konstruqciis upiratesobaa dinamikuri datvirTvebis SemTxvevaSi

maRali zidvis unari da sadebis damzadebis SesaZlebloba brtyeli

plastmasovani zolurebisagan. uaryofiTi mxarea sakisris Siga diametris

araswori geometria, liTonis garsakris damzadebis sirTule sasogmane  Raris

gamo. yvela zemoT naxsenebi srialis sakisrebis konstruqciisaTvis

damaxasiaTebelia naklebi sainJinro  pragmatizmi, ris gamoc mniSvnelovnad aris

SezRuduli maTi sainJinro gamoyenebis are.

manqanaTmSeneblobaSi xSirad iyeneben liTonis sakisrebs, romelTa Siga

zedapirebi mopirkeTebulia polimeris  Txeli (0,05...0,5)mm feniT  amasTan,

Sesrulebis  teqnologiur  procesad  gamoiyeneba fxvnilovani gafrqveva.

polimeruli fenis patara sisqis gamo aseTi sakisrebi kargad atareben siTbos,

rac mniSvnelovnad amcirebs polimeruli masalis denadobasa da misi zomebis

arastabilurobas, zrdis maT zidvis unars. magram, dinamikuri datvirTvebisas da

SezRuduli SezeTvis pirobebSi sakisris polimeruli fena ver uzrunvelyofs

saWiro CaWidulobis Zalebs masTan SeuRlebul datalTan.

polimeruli fenis sisqe aseTi SemTxvevisaTvis ganisazRvreba empiriuli

formuliT

fdp  0025.0 ,

sadac  polimeris fenis sisqea, romlis dasaSvebi minimaluri mniSvneloba

min =0,2 mm.; f _ xaxunis koeficienti; p _ kuTri dawneva; d _ lilvis diametri.

rogorc cnobilia, polimeruli masalebs axasiaTebT TbogafarToebis

maRali koeficienti. muSaobis procesSi polimeruli sadebi gaxurebis gamo

mniSvnelovnad  farTovdeba, vinaidan igi Cawnexilia liTonur korpusSi da,

maSasadame, gare diametri naklebad izrdeba. Sesabamisad, polimeris gafarToeba

iwvevs sakisris Siga diametris Semcirebas,  ris Sedegadac sakisarsa da lilvs

Soris RreCo SeiZleba mTlianad gaqres da sakisari gaiWeqos. amitom

polimerul sakisrebSi RreCos sidide mniSvnelivnad meti unda iyos

liTonurTan SedarebiT. magram gasaTvaliswinebelia, rom didi RreCos

SerCevisas xdeba lilvsa da sakisars Soris sakontaqto farTobis Semcireba,

rac, Tavis mxriv, friad arasasurveli  movlenaa. igi zrdis kuTr dawnevas, es

ukanaskneli ki iwvevs sakisris intensiur cveTasa da gadaxurebas.

dRevandel  pirobebSi aqtualur sakiTxad aris miCneuli sakisrebSi

feradi da Zvirad Rirebuli liTonebis gamoricxva da maTi Secvla polimeruli
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masalebiT. aRniSnuli gansakuTrebiT did ekonomikur efeqts  iZleva

didgabaritian srialis sakisrebSi.

aseT sakisrebSi minimaluri RreCos miRweva, rac gansakuTrebuli

mniSvnelobis amocanaa msxvil  energetikul danadgarebSi, kerZod, hidro- da

TboturbinebSi, SeuZlebeli xdeba   tradiciuli da zemoT moyvanili

konstruqciuli gadawyvetilebebis  gamoyenebis dros. roca aseTi

sakisrebisaTvis diametruli RreCos minimalur mniSvnelobad miiRweva

diametris  mxolod  0,3...0,5%.

8.2. didgabaritiani srialis sakisrebi moduluri elementebiT

msxvili  energetikuli   danadgarebis,  maT Soris, hidroturbinebis,

sayrdeni kvanZebis  mniSvnelovani damaxasiaTebeli niSan-Tvisebaa misi didi

gabaritebi. am tipis sayrdeni kvanZebis, iseve rogorc bevri sxva tradiciuli

tribologiuri sistemebis, normaluri funqcionireba didad aris

ganpirobebuli antifriqciuli sadebebis xangamZleobiT,  cveTamedegobiT da

deformaciis maqsimaluri  dasaSvebi sididiT.

tribologiuri sistemebis, gansakuTrebiT, didgabaritiani, mag.,

hidroturbinebis  srialis sakisrebis warmatebiT gamoyenebis  mniSvnelovani

faqtoria sadebebis  masalis TviTRirebuleba  da teqnologiur  damuSavebaze

gaweuli danaxarjebis moculoba. aRniSnul  kvanZebSi sakisris sadebebs

tradiciulad amzadeben babitisagan, romelic amJamad Zvirad Rirebul  da

deficitur masalad iTvleba. garda amisa, tradiciuli babituri  sakisris

damuSaveba, kerZod, SigCarxva didgabaritiani srialis  sakisris damzadebisas

garkveul  sirTuleebTan aris dakavSirebuli.  amasTan, aRniSnuli Senadnobis

sadebebi sakmaod mgrZnobiarea awyobis  uzustobebze, gansakuTrebiT, Txeli

antifriqciuli fenis   SemTxvevaSi, ris  Sedegadac muSaobis  dros xdeba

kontaqturi datvirTvebis  mkveTri zrda, rac, Tavis mxriv, muSaobis  procesSi

iwvevs cveTis intensiurobas.

hidroenergetikuli  danadgarebis  mSeneblobis  praqtikaSi xSirad

iyeneben rezinis  rgolisebr  sakisars,  romlis  ZiriTadi  dadebiTi

Tvisebebia: SemzeT masalad SeiZleba da mizanSewonilia gamoyenebul iqnes wyali,
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aqvs mcire TviTRirebuleba.  uaryofiTi mxarea mcire  sididis cveTamedegoba,

radialuri mimarTulebiT daformirebis  mniSvnelovani sidide da sirTuleebi

didi gabaritis rezinis rgolisebri sadebis  damzadebis  procesSi. kerZod,

vulkanizaciis dros aucilebelia  gaTvaliswinebul iqnes namati, romelic unda

damuSavdes SigCarxviT karuselur Carxze saWiro zomis misaRebad SeuRlebuli

lilvis zomis  Sesabamisad. swored es fena, romelic xasiaTdeba  sakisris

eqspluataciis pirobebisaTvis rigi saukeTeso TvisebebiT - simtkiciTa da

cveTamedegobiT da igi  SeZenilia antifriqciuli   sadebis mier vulkanizaciis

procesSi.  amasTan, eqspluataciis procesSi rezinis  didi drekadobis  gamo

didia sadebis deformacia, rac iwvevs lilvis cemis mniSvnelobis matebas, xolo

ukanaskneli, bunebrivia, uaryofiTad moqmedebs xaxunis kvanZisa da  mTeli

mowyobilobis sxva elementebis xangamZleobaze.

stu-Si SemuSavebuli iqna didgabaritiani axali sayrdeni kvanZis axali

konstruqciuli gadawyveta*, sadac srialis sakisris mzidi liTonuri

naxevarrgoli xisti detalia, xolo  muSa zedapiri _ antifriqciuli

masalisagan damzadebul modulur elementTa simravle. amasTan,  maTi torsuli

nawili warmoadgens xaxunis  muSa zedapirs da, Sesabamisad, lilvTan kontaqtSi

imyofeba mxolod  moduluri elementebi. SemoTavazebuli tribologiuri

sitemis xaxunis kvanZi Sedgeba sakisris liTonis korpusisagan - 1  (nax.8.5.),

romelSic  Casmulia ori liTonis naxevarrgoli - 2. Tavis mxriv,

naxevarrgolebi daxvretilia radialurad, romlebSic Cawnexilia

antifriqciuli masalisagan damzadebuli elementebi - 3.

muSa elementis  torsuli zedapiri liTonuri naxevarrgolis Siga

cilindruli zedapiris mimarT amoweulia 0,15...0,3 mm-iT, xolo  elementis

orTogonaluri gadawyvetis dros  elementis muSa  zedapiris  centris  awevis

done naxevarrgolis Siga cilindruli zedapiridan ganisazRvreba

konstruqciulad geometriuli parametrebis, kerZod, Siga diametrisa  da

antifriqciuli elementis diametris zomis mixedviT.

* nacionaluri centris ,,saqpatentis “ mier m. SilakaZis da z. qaSiaSvilis

saxelze gacemulia  patenti GE P2001 #2502B.
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nax. 8.5. didgabaritiani sarialis sakisari

1 _ sakisris korpusi; 2 _ liTonis naxevarrgoli; 3 _ moduluri elementi

SemoTavazebuli konstruqcia SeiZleba or variantad iqnes Sesrulebuli:

a) sakisris muSa zedapiri gaCarxulia da aqvs cilindruli profilis saxe;

b) sakisris muSa zedapiri ar iCarxeba, igi aris moduluri elementebis

torsul zedapirTa simravle.

aRwerili tipis  sakisrebis gamoyenebis  SemTxvevaSi  masSi  sakompesacio

areTa gaTvaliswinebiT SesaZlebelia diametruli RreCos umciresi

mniSvnelobis miRweva-0,02...0,03%-is farglebSi.
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Tavi 9.  masalebi tribologiuri sistemebisaTvis

umravles SemTxvevaSi tribosistemebSi moxaxune zedapirTagan erT-erTi

detali lilvis an RerZis saxelwodebiT, mzaddeba naxSirbadiani foladisagan

(iSviaTad _ Tujisagan). vinaidan tribologiuri sistemebis konstruirebis

procesSi lilvis (RerZis) masalis fizikur-meqanikuri Tvisebebi ukve

gansazRvrulia misi simtkicisa da deformirebis pirobidan, konstruqtoris

SesaZleblobebi ZiriTadad sakisris sadebis SerCeviT Semoifargleba.

miuxedavad Cvens xels arsebuli eqsperimentuli monacemebis simravlisa,

aRniSnuli sakiTxis optimaluri gadawyveta  saWiroebs am sferoSi

konstruqtoris garkveul, specialur sainJinro da mecnierul momzadebas.

amasTan, bunebrivia, konstruqciuli gaangariSebani mWidrod aris dakavSirebuli

sadebis masalis fizikur-meqanikur maCveneblebTan. ZiriTadi moTxovnebi,

romelebsac unda akmayofilebdes sasakisre, moyvanilia qvemoT.

upirvelesi moTxovna, rasac unda akmayofilebdes sasakisre masala da rac

uzrunvelyofs saimedoobis maRal maCvenebels, misi antifriqciuli Tvisebebia.

Tavis mxriv, masalis antifriqciuli Tvisebebi gulisxmobs:

 umcires xaxunis koeficients kontrsxeulTan;

 maRal cveTamedegobas;

 kontrsxeulis minimaluri cveTis uzrunvelyofas.

amas garda, sasakisre masalebi unda akmayofilebdes Semdeg moTxovnebs:

sasakisre masalebis meqanikurma maCvenebelma (dasaSvebi kontaqturi Zabva,

fardobiTi deformacia) unda uzrunvelyos detalis funqcionireba datvirTvis

moqmedebis procesSi;

 dasaSvebi temperatura unda iyos aranakleb 80...85 C -isa;

 sadebis moxaxune zedapiris muSa diametris Semcirebam temperaturisa

da garemos sinestis zemoqmedebis Sedegad ver unda imoqmedos

sakisrebis muSaobis unarze maSinac ki, roca xaxunis kvanZis asawyobi

diametruli RreCo ar aRemateba 0,1...0,2 mm-s;

 hqondes SemzeTi masalebiT kargad dasvelebis unari;

 xasiaTdebodes koroziamedegobiT;

 hqondes dabali drekadobis moduli;
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 masalis zedapiruli struqtura unda uzrunvelyofdes `dadebiT

gradients”,

 unda hqondes kargi mimuSavebis da `xazovani” wnevebis gadanawilebis

unari, romelic praqtikaSi warmoiqmneba gadacerebis Sedegad

deformaciebisa da uzustobis mizeziT;

 tribilogiur sistemaSi SemTxveviTi da cveTis produqtebis

moxvedra mkveTrad ar unda cvlides muSaobis unaris maCveneblebs;

 hqondes kargi teqnologiuri Tvisebebi _ unda muSavdebodes

progresuli meTodebiT – wneviTi CamosxmiT, dawnexviT,

dayalibebiT, kargad muSavdebodes meqanikurad da a. S.

 ar iyos deficituri da maRali Rirebulebis.

zemoT moyvanili moTxovnebis Sesruleba uzrunvelyofs, upirvelesad,

tribologiuri sistemis da Semdeg mTeli manqanis TviTRirebulebis Semcirebas.

garda amisa, isini ganapirobeben manqanis saimedoobis, kerZod, xangamZleobis,

umtyunobis, saremontod vargisobis da Senaxvis unars maCveneblebis amaRlebas.

sasakisre antifriqciuli masalebi, anu masalebi, romelebic akmayofileben

zemoT moyvanil moTxovnebs, SeiZleba daiyos Semdeg jgufebad:

1. feradi antifriqciuli Senadnobebi – brinjao, babiti, TuTiani da

alumianiani Senadnobebi.

2. antifriqciuli Tuji.

3. liTonkeramikuli (fxvnilovani) masalebi.

4. sinTetikuri plastmasebi (polimerebi) – poliamidebi, poliacetalebi,

poli-tetrafToreTileni, polikarbonati.

5. sxva araliTonuri masalebi – xe, merqanSreuli plastikebi, rezini,

grafiti.

6. axali TviTzeTvadi, antifriqciuli, Tbomedgi, polimeruli

kompoziciebi.

sasakisre masalebis nomenklatura yovelwliurad mdidrdeba axal-axali

masalebiT.
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9.1 feradi antifriqciuli Senadnobebi

brinjao. arsebobs brinjaos sasakisre mTeli gama. maTgan yvelaze

gavrcelebuli saxea universaluri Tvisebebis mqone kaliani brinjao. kerZod,

farTod aris cnobili kalafosforiani brinjao Бр0101Ф1 (gamoiyeneba, roca

  15 pVp mpa.m/wm). kaliani brinjaos naklad CaiTvleba is, rom Seicavs kalas

mniSvnelovani raodenobiT, rac zrdis mis TviTRirebulebas. amasTan, kaliani

brinjao meqanikuri maCveneblebiT Camouvardeba brinjaos zogierT saxes,

magaliTad, tyviiansa da aluminians.

didi niSancvladi da dinamikuri datvirTvebis SemTxvevaSi, kerZod,

Sigawvis Zravis, dguSiani kompresorebis, tumboebis srialis sakisrebisaTvis

iyeneben tyviian brinjaos - БрC30 (gamoiyeneba, roca   30Vp mpa. m/wm) . am saxis

brinjaos upiratesobaa dartymiTi siblantis maRali maCvenebeli. naklad

iTvleba is, rom zogierTi daJanguli zeTi iwvevs mis korozias. agreTve tyviiani

brinjaos sadebi met moTxovnebs uyenebs satacis zedapirul sisales _

aucilebels xdis satacis wrTobas. winaaRmdeg SemTxvevaSi intensiurad cvdeba

lilvis sataci. tyviis Semcvelobis gazrda (SesaZlebelia 35 %-mde) amcirebs

cveTas.

farTodaa cnobili da agreTve gamoiyeneba kalaTuTiatyviiani brinjaoebi

- Бр04C4C17 da Бр04C7C5 (gamoiyeneba, roca 15)(  pVp mpa.m/wm).

babiti Seiqmna gasuli saukunis 40-ian wlebSi amerikeli gamomgoneblis i.

babitis mier. babitebi maRalxarisxovani Senadnobebia, romlebic SeiZleba Zlier

gansxvavdebodnen erTmaneTisagan Tavisi fizikur-meqanikuri TvisebebiT da

qimiuri SemadgenlobiT. magram yvela maTgans aerTebs is Tviseba, rom maTi

safuZveli, Semvsebia rbili masalebi – tyvia an kala. xolo mkvriv, CanarT

marcvlebad iyeneben stibiums, tute liTonebs, spilenZs da sxva masalebs. Sedegad

rbili safuZveli uzrunvelyofs karg mimuSavebis unars, xolo mkvrivi -

cveTamedegobas.

babitebi xasiaTdebian ufro maRali antifriqciuli TvisebebiT, vidre sxva

antifriqciuli Senadnobebi, magram aqvT dabali meqanikuri simtkice, vidre Tujs,

spilenZs. babitebi gamoiyena sadebebis muSa zedapirebis Txeli feniT
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dafarvisaTvis, raTa Tavidan iqnes acilebuli gansakuTrebiT manqanis gaSvebis

da gaCerebebis dros kvanZis, kontrsxeulis intensiuri cveTa da amoglejvebi.

babitovani zedapirebi, gansakuTrebiT, kalis didi SemcvelobiT iwveven

satacis mxolod mcire cveTas da naklebad mgrZnobiareni arian ukanasknelis

zedapiruli sisalis da simqisis mimarT.

aRniSnuli Tvisebebis gamo babitebis gamoyenebis sferoebia:

didi normaluri datvirTvisa da maRali siCqaris srialis sakisrebi

Sigawvis da didi simZlavris (750 kvt) eleqtroZravebisaTvis, orTqlis

turbinebisaTvis, roca   35...25 pVp mpa. m/wm (babitebi kalis didi SemcvelobiT -

Б83, Б89, БH).

aseve didi datvirTvis kompresorebis, centridanuli tumboebis,

eleqtroZravebis, reduqtorebis, jalambrebis, burTulebiani wisqvilebis da

mdovre datvirTvebis mqone manqanebis srialis sakisrebi, roca 10...5)(  pVp mpa.

m/wm (babitebi kalisa da tyviis SemcvelobiT _ Б16, Б6).

vagonebis buqsebi, saglini dganebi da liTonmWreli Carxebis srialis

sakisrebi, roca 6)(  pVp mpa. m/wm-ze (ukalo babitebi _ БK2, БK).

TuTiiani Senadnobebi. sakmaod xSirad gamoiyeneba saxalxo meurneobaSi

TuTia- alumin-spilenZis Senadnobebi ЦAM10-5 (10% alumini, 5% spilenZi,

danarCeni TuTia) da ЦAM10-1,5, romlebic xasiaTdebian sakmaod maRali

antifriqciuli TvisebebiT. Tavisi ekonomikur-teqnologiuri Tvisebebis gamo

maT Б 16 tipis babitebisa da brinjaos magivrad iyeneben.

uaryofiTi mxarea – cudi mimuSavebis unari, dabali dasaSvebi muSa

temperatura (80  C), SedarebiT maRali xazobrivi gafarToebis temperaturuli

koeficienti.

aluminiani Senadnobebi. cnobilia Senadnobi ACM (3,5...4,5% stibiumi,

0,3...0,7% spilenZi, danarCeni alumini). gamoiyeneba БрC30 Semcvlelad traqtoris

ZravebSi. mgrZnobiarea zeTis gaWuWyianebisadmi, aqvs maRali xazobrivi

gafarToebis temperaturuli koeficienti.

sxvebTan erTad perspeqtiul antifriqciul masaladaa miCneuli aluminian-

kaliani Senadnobebi, romlebic xasiaTdebian kargi antifriqciuli TvisebebiT.

cnobilia am jgufis Senadnobebis tipebi: A09-1 (9%-kala, 1%- spilenZi, danarCeni

alumini), A09-2, A020-1. maT warmatebiT iyeneben mZime traqtorebis, Tbomavlebis
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da gemebis Sigawvis Zravebis srialis sakisrebSi, amasTan, aqvT unari SezRuduli

SezeTvis pirobebSi kontrsxeulze warmoqmnan damcavi, servovituli afski

kalisagan, rac, Tavis mxriv, dadebiTi gradientis winapirobaa.

TiTberi warmoadgens spilenZisa da TuTiis bazaze sxva malegirebeli

elementebis damatebiT Seqmnil Senadnobs. TiTbers zogjer iyeneben brinjaos

Semcvlelad, magram antifriqciuli TvisebebiT da simtkiciT mniSvnelovnad

Camouvardeba mas. amitom igi kaliani brinjaos magivrad SeiZleba gamoviyenoT

mcire da saSualo srialis siCqareebis dros, roca   10 pVp mpa. m/wm, magaliTad,

transportiorebze, rolgangebze, konveierebze, msxvrevarebze, amweebze.

9.2. antifriqciuli Tuji

antifriqciuli Tuji gamoiyeneba saSualod datvirTuli (dartymebis

gareSe) nela mavali srialis sakisrebisaTvis. antifriqciuli Tujis sadebiani

srialis sakisrebis xangamZleobis uzrunvelyofisaTvis aucilebelia zogierTi

specialuri teqnikuri RonisZiebis gatareba, romelTa Soris SeiZleba gamoiyos:

 teqnikur-konstruqciuli RonisZiebani, romlebic TiTqmis mTlianad

gamoricxaven gadacerebas;

 RreCos gadideba brinjaos sadebebis gamoyenebasTan SedarebiT

15...30%-iT saSualo temperaturuli reJimis dros;

 Tanmimdevruli mimuSaveba xangrZlivi periodis manZilze;

 xarisxovani SemzeTi masalis ganuwyveteli miwodeba;

 moxaxune wyvili unda SeirCes imgvarad, rom lilvis satacis

sisalis maCvenebeli meti unda iyos sakisris sadebze 20...40 HB-Ti.

antifriqciuli Tujis umTavresi dadebiTi Tvisebaa misi mcire

TviTRirebuleba.

srialis sakisrebSi gamoiyeneba Semdegi markis antifriqciuli Tujebi:

АЧС1, АЧС2, АЧС3, АЧС4, АЧС5, АЧС5, АЧС6.
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9.3. liTonkeramikuli (fxvnilovani) masalebi

liTonkeramikuli masalebis safuZveli umravles SemTxvevaSi aris rkinis

an spilenZis fxvnili. srialis sakisrebis sadebebs da milisebs amzadeben an

sufTa liTonis fxvnilisagan, an fxvnilisa da misarTisagan (kala, grafiti da

sxv.). amasTan, teqnologia xorcieldeba Semdegi parametrebiT: dawnexvis

xvedriTi wneva p=700mpa, Secxobis temperatura 850-1100 .C aseTi teqnologiiT

damzadebuli detalebis forianoba sawyisi fxvnilis danamcecebis da

teqnologiuri parametrebis mixedviT icvleba zRvrebSi 15...35%. bunebrivia,

detalis forianobis momatebiT mcirdeba meqanikuri simtkice. Sesabamisad

gaTvaliswinebuli unda iqnes is, rom iq, sadac aris dartymiTi datvirTvebi,

forianoba ar unda aRematebodes 20%. amasTan, araa mizanSewonili aseTi

detalebis meqanikuri gziT gaCarxva forebis amoqolvis saSiSroebis gamo,

dasaSvebia mxolod dakalibreba. Semdgom etapze xdeba mza detalebis

konsistenturi  Tu Txevadi SemzeTi masalebiT gaJRinTva (xSirad srialis

sakisars akompleqteben sazeTi patruqiT). milisas korpusSi WeqiT aTavseben, rac

iwvevs Siga diametris Weqis 0,6...0,9 nawiliT Semcirebas.

liTonkeramikuli milisebri  an sadebebi gamoiyeneba transportiorebis,

tumboebis, rolgangebis, soflis meurneobis da sxva manqanebis iseT srialis

sakisrebSi, sadac SemzeTi masalis miwodeba gaZnelebulia.

brinjaografitovani sakisrebisaTvis (9...10% - kala, 1...4% - grafiti,

danarCeni spilenZi), roca forianoba 20...25%-ia, dasaSvebi wneva sxvadasxva

srialis siCqareebisaTvis Semdegia:

V, m/wm . . . 0,1  0,5  1,0  2  3  4,

p, mpa . . .   15   6     5  4  3  1,

xolo imave forianobis rkinagrafitovani (1...3% grafiti, danarCeni rkina)

sakisrebisaTvis:

V, m/wm . . . 0,1  0,5  1,0   2   3   4,

p, mpa . . .   20  7   6,5  5,5 3,5 0,8.
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9.4. sinTetikuri plastmasebi (polimerebi)

sinTetikuri plastmasebidan tribologiur sistemebSi yvelaze farTodaa

gavrcelebuli Termoplastebi, maT Soris, sxvadasxva markis poliamidebi,

poliacetalebi, polikarbonatebi da sxva masalebi. maTTvis zogadad

damaxasiaTebelia iseT TvisebaTa erToblioba, rogoricaa:

 mcire simkvrivesTan erTad maRali meqanikuri simtkice;

 kargi antifriqciuli Tvisebebi;

 SezRuduli SezeTvis pirobebSi medegoba amoglejvebisaTvis;

 gamxsnelebisadmi da agresiuli agentebisaTvis maRali qimiuri

medegoba;

 wylis SemzeT masalad gamoyenebis SesaZlebloba;

 kargi dempfirebis unari da maRali simtkice datvirTvebisadmi;

 maRali elastiurobis maCvenebeli;

 abraziul garemoSi muSaobis kargi unari.

mniSvnelovan upiratesobad iTvleba is garemoebac, rom didi umravlesoba

antifriqciuli sinTetikuri plastmasebisa, maT Soris, ZiriTadi jgufi -

Termoplastebi gadamuSavdebian nakeTobad konstruqciuli masalebisaTvis

yvelaze progresuli teqnologiuri meTodebiT: wneviTi CamosxmiT, eqstruziiT,

centridanuli CamosxmiT. garda amisa, isini kargad muSavdebian meqanikurad,

umravlesoba kargad duRdeba da webdeba.

srialis sakisrebi an zogadad tribologiuri sistemebi antifriqciuli

polimeruli sadebebiT gansakuTrebiT efeqturad gamoiyenebian SezeTvis gareSe

da SezRuduli SezeTvis pirobebSi. amitom moxaxune zadapirebis damzadeba zemoT

aRniSnuli masalebisagan  gansakuTrebiT mizanSewonilia iq, sadac SezeTva

dauSvebelia ama Tu im normebiT (kvebisa da msubuqi mrewvelobis danadgarebis

tribosistemebi) da roca SezeTva gaZnelebulia an garemo abraziulia

(samSeneblo da sagzao manqanebi).

liTonebisa da misi Senadnobebisagan gansxvavebiT, antifriqciuli

Termoplastebi da sxva polimeruli masalebi xasiaTdebian specifikuri

maCveneblebiT, romlebic rig SemTxvevaSi fasdeba rogorc uaryofiTi Tvisebebi:

 dabali drekadobis moduliT;
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 maRali xazobrivi gafarToebis temperaturuli koeficientiT;

 liTonebTan SedarebiT metad dabali Tbogamtarobis  koeficientiT;

 higroskopulobiT;

 detalis damzadebis procesSi Cajdomis xarisxis arastabilurobiT;

 naklebi datvirTvis unariT.

saerTo, yovelmxrivi analizis safuZvelze antifriqciuli sinTetikuri

plastmasebi  xasiaTdebian  rogorc srulfasovani da perspeqtiuli sasakisre

masalebi. Sesabamisad, plastmasebi sul axal-axal poziciebs ikaveben

manqanaTmSeneblobaSi - maTi farTo gamoyeneba saxalxo meurneobaSi xels

uwyobs manqana-danadgarebis teqnikuri srulyofisa da  ekonomiurobis

amaRlebas, rogorc damzadebis, ise eqspluataciis procesSi.

plastmasis sasakisre masalebis  sabazo polimerebia: poliamidebi,

poliacetalebi, politetrafToreTileni, polikarbonatebi. Sesabamisad, maT

bazaze Seqmnili mravali sasakisre masala, kompozicia farTod gamoiyeneba

manqanaTmSeneblobaSi.

poliamidebi gamoSvebuli  nomenklaturisa da moculobis  mixedviT

dReisaTvis  yvelaze gavrcelebuli antifriqciuli Termoplastikuri masalebia.

poliamidebis umniSvnelovanesi dadebiTi Tvisebebia mcire xaxunis

koeficienti da maRali cveTamedegoba.  gansakuTrebiT xelSesaxebia es

upiratesoba liTonur SenadnobebTan SedarebiT mSrali xaxunis dros, roca

isini zogjer 10-jer aWarbeben brinjaos cveTamedegobas. tribologiur

sistemaSi SemzeTi masalis SetaniT es upiratesoba mcirdeba, Tumca poliamidebi

SezeTvis pirobebSic inarCuneben upiratesobas am maCveneblis mixedviT.

yofili sabWoTa kavSiris ekonomiur sivrceSi yvelaze gavrcelebuli

poliamidebia: poliamid 6 (samomxmareblo markebi _ ПA6-210; ПA6-211 )  da

poliamid 66 (ПA66).

gansxvavebuli gavrcelebis sferoebi aqvT blokur poliamid 6-s

(kaprolon V) da blokur poliamid 12-s (dekloni). isini nakeTobad

gadamuSavdebian mxolod meqanikuri damuSavebis gziT, rac detalebis mcire

raodenobiT  saWiroebis  dros da msxvilgabaritiani nakeTobis

damzadebisaTvis friad  moxerxebuli meTodia (nakeTobis damzadeba

teqnologiuri mowyobilobis  gareSe);
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poliamidebis  zemoaRniSnuli tipebisaTvis  damaxasiaTebelia tenis

STanTqmis  maRali maCvenebeli, rasac, rogorc cnobilia, Tan  sdevs xazobrivi

zomebis Secvla. ukanaskneli gansakuTrebiT saSiSi movlenaa moxaxune

SeuRlebuli zedapirebisaTvis, roca SesaZlebelia  sagarantio RreCos gaqroba.

ukanaskneli kvanZis muSaobis unaris dakargvas iwvevs.

rac Seexeba poliamidebs 11, 12, 6.10, isini naklebad mgrZnobiareni arian

nestisadmi, rac maT did upiratesobas aZlevs  zemoxsenebuli jgufis mimarT.

magram poliamidebis  es jgufi ramdenimejer ufro Zviria, vidre poliamid 6,

amasTan, damzadebisaTvis   saWiroebs deficitur nedleuls.

poliamidebi, iseve rogorc sxva antifriqciuli Termoplastebi, advilad

eguebian abraziul garemos. amasTan, saWiroa aRiniSnos,  rom maT Soris

saukeTeso maCvenebliT am sakiTxSi xasiaTdeba poliamid 6.

poliamidebi bevrad naklebad cveTaven lilvis satacs, vidre feradi

Senadnobebi.  gamonaklisi mxolod is  poliamidebia, romelTac misarTad minis

boWkoebi aqvT gamoyenebuli.

plastmasovani srialis  sakisrebis naadrevad mwyobridan gamosvlis

mizezi umravles SemTxvevaSi xaxunis  zonaSi temperaturis gadaWarbebaa.

Sedegad moxaxune  zedapiri erT SemTxvevaSi naxSirdeba  (Termoreaqtiuli

masala), xolo meore SemTxvevaSi dneba  (Temoplastikuri masala). orive

SemTxvevaSi muSa  mdgomareobas inarCunebs meore moxaxune zedapiri _

kontrsxeuli (lilvis sataci), rac, bunebrivia, amartivebs  kvanZis  garemontebis

sakiTxs. es momenti plastmasovani sakisrebis mniSvnelovani  upiratesobaa

liTonurTan SedarebiT.

polimeruli masalebis specifikuri mxare da masTan erTad naklia is, rom

temperaturis  momateba auaresebs rogorc meqanikur maCveneblebs, ise xaxunis

koeficientsa da xvedriT cveTamedegobas.

am mizezis gamo sasakisre polimeruli masalebis maCveneblebis

gaumjobesebis gzaze moniSnulia sami mTavari mimarTuleba:

pirveli _ xaxunis koeficientis Semcireba;

meore _ Tbogamtarobis koeficientis  gadideba;

mesame _ simtkicis meqanikuri maCveneblebis gadideba.

srialis  sakisrebis  plastmasovani sadebebis  ama Tu im saeqspluatacio

Tvisebebis  gaumjobesebisaTvis  sabazo nedleuls  umateben sxvadasxva saxis
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misarTebs. magaliTad, ZiriTadi antifriqciuli maCveneblebis  (cveTamedegobis,

xaxunis koeficientis) amaRlebisaTvis  gamoiyeneba grafiti, molibdenis

disulfidi, talki; simtkicis  maCveneblebisaTvis - minis  boWko; xolo

Tbogamtarobis gadidebisaTvis - liTonuri fxvnilebi, minis da naxSiris

boWkoebi.

poliamidebis  gadamuSaveba  nakeTobad xdeba yvelaze progresuli

meTodebiT: wneviTi CamosxmiT,  eqstruziiT, gafrqveviT  da centridanuli

CamosxmiT.

poliamidur  sadebebiani sakisrebisaTvis  SezRuduli SezeTvis pirobebSi

( Vp  ) parametris zRvruli mniSvnelobaa   08,0 pVp mpa.m/wm.

poliacetalebi (poliformaldehidebi) moTeTro-moyviTalo feris

Termoplastikuri antifriqciuli polimerebia. sabWoTa kavSiris ekonomikur

sivrceSi ZiriTadad cnobili iyo poliacetalis ori marka: DC da CTD ,

romlebic saeqspluatacio TvisebebiT cota gansxvavdebian erTmaneTisagan.

poliacetalebi iTvlebian erT-erT saukeTeso antifriqciul masalebad.

gamoirCevian zomebis stabilurobiT, naklebad aqvT gamoxatuli civdenadobis

movlena, aqvT maRali simtkicis maCveneblebi, maT Soris, kontaqtur Zabvebze. da

bolos, gamoirCevian SedarebiT maRali cveTamedegobiT da dabali xaxunis

koeficientiT (nax. 9.1).

a) b)

poliamid 6; poliacetali; kompozicia ATM-2

nax. 9.1. fardobiTi cveTis diagrama TermoplastebisaTvis ( 9,0V m/wm):

a) xaxuni SezeTvis gareSe;  b) perioduli SezeTvis dros  Ct o40m

0,34

1,0

0, 4 0,3
0,6

1,0
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naklovani mxarea poliacetalebis cudad muSaoba abraziul garemoSi

poliamidebTan SedarebiT.

poliacetalebi detalebad gadamuSavdebian  wneviT CamosxmiT da

eqstruziiT (gadamuSavebis  procesi poliamidebTan SedarebiT garkveuli

sirTuliT  xasiaTdeba).

poliacetalebis sadebebisaTvis SezRuduli SezeTvis pirobebSi parametri

  m/wmmpa  1,0pVp .

politetrafToreTileni (fToroplasti 4). am saxelis matarebeli

sinTetikuri polimeri sufTa saxiT xasiaTdeba yvelaze dabali xaxunis

koeficienti (0,04...0,06) da uaRresad maRali qimiuri medegobiT gamxsnelebisadmi,

ris gamoc mas ,,plastmasebis oqrosac” uwodeben. garda amisa,  fToroplasti 4

(politetrafToreTilenis yvelaze gavrcelebuli markaa) gamoirCeva  didi muSa

temperaturuli  diapazoniT_200...+300 Co .

fToroplastebisaTvis  damaxasiaTebelia civdenadobis  mavne movlena,

amasTan, yvelaze gamokveTilad. am naklis aRmofxvra praqtikaSi warmatebiT

wydeba sabazo masalaze  misarTebis damatebiT.  sainJinro praqtikiT

damtkicebulia, rom fToroplastebze sxvadasxva misarTebis  damatebiT sadebis

xangamZleoba SeiZleba 3-4-jer gaizardos. misarTebis gvarobis  da xvedriTi

wilis mixedviT icvleba fToroplastebis rogorc fizikur-meqanikuri,

Termodeformaciuli, Tbofizikuri, ise teqnologiuri Tvisebebic. liTonuri

misarTebidan  praqtikaSi  iyeneben spilenZis,  brinjaos, rkinis, kalis, tyviis

fxvnilebs, agreTve iseT araorganul naerTebs,  rogoricaa mina, liTonebis

marilebi da oqsidebi, koqsi da sxv. fToroplastebis misarTebad farTod

iyeneben antifriqciul misarTebs _ grafits, talks, molibdenis disulfids.

iyeneben agreTve sxvadasxva saxis boWkoebs, antifriqciul (poliamidebs) da

Cveulebriv polimerebs (pololefinebs _ polieTilenebs).

fToroplast 4-is gadamuSaveba  warmoebs Secxobis meTodiT. ukanaskneli

gamoricxavs  rTuli konfiguraciis  detalebis  damzadebas aRniSnuli meTodiT

da rTuli konfiguraciis detalebis damzadeba  SesaZlebelia  mxolod

meqanikuri damuSavebis  gziT (meqanikurad igi kargad muSavdeba).

sufTa fToroplast 4-isaTvis (p .V) parametri ar aRemateba 0,03 mpa.m/wm-s.

misarTebis damatebiT  pVp  parametri SeiZleba 10-jer gaizardos.
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fToroplast  4-is sadebebis datvirTvis unaris mkveTri gazrda

SesaZlebelia  agreTve iseTi konstruqciuli gadawyvetilebis  gamoyenebiT,

romelic gamoricxavs masis civad gadinebis SesaZleblobas e.i.  e.w. ,,saketiani”

konstruqciis gamoyenebiT.

cnobilia, agreTve fToroplast 4-is gamoyeneba iseTi saxiT, roca

dawnexili da Semdeg Secxobili fxvnilovani brinjaos sadebi ,,iJRinTeba”

fToroplast 4-iT. Sedegad aRmoifxvreba fToroplast 4-is naklovani mxare

(civi denadoba) da gamoiyeneba saukeTeso Tvisebebi (dabali xaxunis koeficienti,

qimiuri  medegoba). magram aseTi teqnologiiT sadebis damzadeba dakavSirebulia

garkveul teqnologiur sirTuleebTan da amitom praqtikaSi farTod ar

gamoiyeneba.

polikarbonati (difloni) gamWvirvale moyavisfro  feris

konstruqciuli,  antifriqciuli Termoplastia. axasiaTebs  maRali meqanikuri

maCveneblebi, poliamidebTan SedarebiT aqvT naklebi tenis STanTqmis unari,

xasiaTdeba qimiuri medegobiT zeTebis, benzinis susti  mJavebis mimarT, magram

ixsneba tuteebSi.

polikarbonati gadamuSavdeba  wneviTi CamosxmiT,  eqstruziiT da

dawnexiT.

polikarbonatis sadebisaTvis parametri   m/wmmpa  08,0pVp

9.5. sxva araliTonuri masalebi

xe. srialis sakisrebis sadebebis xis masalisagan damzadebisaTvis SeiZleba

gamoyenebul iqnes iseTi jiSebi, rogoricaa: bza, rcxila, wifeli da sxv. bolo

periodSi  meti gavrceleba pova plastificirebulma xis masalebma (lignofoli).

plastificirebis arsi mdgomareobs xis Zelakebis polimeruli fisebiT

gaJRenTvaSi.

tribologiur sistemebSi xis  masalebis  gamoyenebis  ZiriTadi sferoa

mcire siCqareebis sakisrebi. gansakuTrebiT efeqturia maTi gamoyeneba

reversuli moZraobis dros, roca  ar aris  hidrodinamikuri SezeTvis

ganxorcielebis  pirobebi. xis sadebebiani sakisrebis specifikuroba gamoixateba

wylis SemzeT saSualebad efeqturad gamoyenebis  SesaZleblobaSi. dasaSvebi
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xvedriTi wneva xis masalebisaTvis 10pp mpa, xolo dasaSvebi srialis siCqare

1V m/wm.

merqanSereuli plastikatebi gamoiyeneba hidroturbinebis, wylis

cenrtaluri moqmedebis tumboebis,  mglinavi dganebi srialis sakisrebis

sadebebad. amzadeben sxvadasxva tipis merqanSereul plastikebs, romelTa Soris

gansxvaveba  boWkoebis  erTmaneTis mimarT orientirebaSia.

Vp  parametris maqsimaluri mniSvneloba  wyliT SezeTvis pirobebSi

  m/wmmpa  35pVp . mineraluri zeTebiT SezeTvis dros  datvirTvis unari

ramdenimejer ufro naklebia vidre wyliT SezeTvis dros.

rezini gamoiyeneba   hidroturbinebis, wylis  tumboebis, turboburRebis

im srialis sakisrebis  sadebebis pirnakeTobad, romelTa SezeTva xorcieldeba

wylis meSveobiT. aseTi sadebebis ZiriTadi specifikuri niSania maTi naklebad

mgrZnobiaroba lilvis rxevebisadmi (asruleben madempferebel funqciebs) da

gadacerebisadmi. kargad eguebian gaWuWyianebul wyals.

morezinebuli sadebebi swrafad kargaven muSaobis unars SemzeT-

gamacivebeli saSualebis  (wylis) miwodebis xanmokle Sewyvetis drosac.

eqspluataciis aRniSnul pirobebSi xdeba rezinis lilvze Sewebeba. morezinebuli

sadebebi friad mgrZnobiareni arian temperaturis mimarTac - 65-70 Co

temperaturaze mkveTrad ecema sakisris datvirTvisunarianoba. maqsimaluri

xvedriTi datvirTvis unaria 2...6 mpa.

sainJinro praqtikaSi cnobilia rezinis Semcvleli polimeruli masala -

vulkolani, romelsac daaxloebiT iseTive fizikur-meqanikuri Tvisebebi aqvs,

rogorc mkvriv rezins.

grafiti yvelaze efeqtianad  gamoiyeneba qimiuri mrewvelobis

sawarmoebSi, iq, sadac  did moTxovnilebebia Tbomedegobis da qimiuri

medegobisadmi.

grafitis sadebebi fizikur-meqanikuri Tvisebebis  Seucvlelad  muSaoben

farTo temperaturul diapazonSi (100...600 Co ). isini inertulni arian mJava da

tute garemoSi, aqvT dabali xaxunis koeficienti (0,15).

grafitis sadebis ZiriTadi nakli mis simyifesa da mcire meqanikur

simtkiceSia. dasaSvebi  xvedriTi  dawneva grafitis sadebian sakisrebisaTvis

5,1pp mpa. grafitovani sakisrebis zidvis unaris gazrdisaTvis  sainJinro
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praqtikaSi miRebulia sadebis forebis antifriqciuli liTonebiTa da

SenadnobebiT (tyvia,  babiti da sxv.) gaJRenTva. aseTi kompoziciebiT damzadebuli

sadebebi gamoiyeneba mcire radialuri datvirTvis,  magram swrafmaval

tribologiur sistemebSi. mag., saxexi danadgarebis SpindelebSi, sadac umciresi

RreCos SemTxvevaSi haeriT SezeTvaa gaTvaliswinebuli.

grafitisa da plastmasebis sxvadasxva kompoziciebiT miiReba rigi

SesaniSnavi antifriqciuli Tvisebebis mqone sasakisre masalebi. mag., grafitisa

da fenol-formaldehiduri fisis SerwymiT miRebulia  Termoreaqtiuli masala

_ grafitirebuli teqstoliti _ ATM-1. igi gamoiyeneba Senakrebi srialis

sakisrebis  sadebebis  da zogierTi saxis muSta da kbilanuri SezeTvis

SemTxvevaSi.

iseve, rogorc yvela Termoreaqtiuli masalisaTvis, ATM-1-is naklia

detalebis  damzadebis naklebi teqnologiuroba. swored am mizezis gamoa

Termoreaqtiuli  masalebis gamoyeneba praqtikaSi SezRuduli. Tumca iq, sadac

arsebobs gazrdili   moTxovnebi Termuli medegobis, zomebis  stabilurobisa da

sixistisadmi, grafitirebuli teqstolitebi wamyvan poziciebsac ki inarCuneben.

isini gamoiyeneba qimiur da metalurgiul manqanaTmSeneblobaSi, agreTve,

rkinigzisa da  wylis  transportze.

q. gomelis liTonpolimeruli sistemebis institutSi Seqmnilia

TviTzeTvadi maRaltemperaturuli Tbomedegi  teqstoliti, romelic mzaddeba

grafitizebuli, mospilenZebuli qsovilisa da Tbomedegi  furanis fisisagan

zedapirulad aqtiur nivTierebaTa damatebiT. am masalisagan damzadebuli

srialis sakisrebis sadebebis  eqspluataciis  procesSi SeiniSneba lilvis

satacze spilenZis  nawilakebis  SerCeviTi gadatanis efeqtis friad keTili

gavlena.

grafiti erT-erTi ZiriTadi komponentia  iseTi sakmaod farTod cnobili

Termoplastikuri masalebisaTvis, rogoricaa ATM-2 (meoradi poliamidi 6 +

grafiti + Termoantraciti)  da ATM-2A (meoradi poliamidi 66 + grafiti +

Termoantraciti).

grafitis meoxebiT am masalebis  Tbogamtaroba (0,80vt/m.K) daaxloebiT 2,7-

jer metia sabazo polimeris Sesabamis maCvenebelTan SedarebiT (0,29 vt/m.K).

ATM-2 da ATM-2A warmatebiT gamoiyeneba safeiqro da liTonsaWreli

Carxebis tribologiur sistemebSi.
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grafiti erT-erTi saukeTeso misarTia yvela sasakisre masalisaTvis.

grafitis damatebiT plastmasebis Tbogamtaroba SeiZleba  gaizardos 1,0 vt/m.K-

mde.

sufTa grafitovani srialis  sakisrebis sadebebi mzaddeba grafitis

fxvnilisagan dawnexis meTodiT.

9.6. TviTzeTvadi antifriqciuli Tbomedegi polimeruli kompoziciebi

zemoT ganxiluli ZiriTadi antifriqciuli polimeruli masalebi

xasiaTdebian dabali dasaSvebi muSa temperaturiT (gamonaklisia mxolod

politetrafToreTileni _ fToroplast 4). amasTan, xanmokle temperaturuli

gadatvirTva plastmasovani srialis sakisrebisaTvis katastrofulia.

gansaxilveli  tipis  antifriqciuli masalebis  jgufs es nakli ar axasiaTebs.

ukanasknel aTwleulebSi Seqmnili es antifriqciuli polimeruli  kompoziciebi

poliakrilatebis  safuZvelze xasiaTdebian maRali TbomedegobiT (200...300 Co )

da dabali xaxunis koeficientiT (0,05...0,12). Seqmnilia axali tipis masalebis

mTeli gama, romelTa Soris  cnobilia: esteran-1, esteran-2,  esteran-21,  esteran-

29,  esteran-33,  esteran-35, esteran-51, tesan-2,  tesan-6,  tesan-30,  vilan-9,

vilan-20,  poliar-2  da  a. S.

moviyvanoT am jgufis masalebis zogierTi monacemi:

cxrili 9.1

maxasiaTeblebi esteran-21 vilan-9 tesan-2

simkvrive,  ,  kg/m 3

maqsimaluri muSa temperatura, Co

zRvruli Zabva kumSvaze, b , mpa

sisale (HB)

xaxunis koeficienti

dartymiTi siblante, k/jouli/m 2

3100

200

80

230

0,08

3,0

2800

300

175

250

0,08

1,5

3000

250

80

210

_

7,0
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zemoT moyvanili masalebis  gamoyenebis sferoa mSrali  xaxunis  kvanZebi

da tribologiuri sistemebi maRali vakuumis pirobebSi. isini gadamuSvdebian

wneviTi CamosxmiT da dawnexviT.

tipuri sasakisre masalebis zogierTi maCvenebeli

cxrili 9.2

#
parametrebis

dasaxeleba

polimeruli masala

br
in

j
ao

Бр
05

Ц
6С

5

ba
bi

t
i

Б8
3

polia-
mid 6
ПA6-210

poliace-
tali

СФД

poliace-
tali
СФД-АД

fToro-
plasti 4

polia-
mid 6,
grafiti
ATM-2

1 simkvrive,   kg/m 3 1140 1410 1500 2100 1390 8500 _

2 xazobrovi  gafa-
rToebis  tempe-
raturuli koefi-
cienti, α x 10-5erT
kelvinze

11,0 11,0 12,0 17,0 5,0 1,8 2,3

3 drekadobis  mo-
duli kumSvaze

610E , mpa

0,0011 0,0036 0,0032 0,0004 0,007 0,09 0,048

4 Tbogamtaroba,
vt/ m K 0,29 0,29 0,29 0,25 0,80 105 44

5 simtkicis zRvari
kumSvaze, mpa

90 135 70 20-30 110 _ _

6 sisale HB 100-120 180-250 110 20 210-230 500 _

7 dartymiTi sibla-

nte, kjouli/m 3 160 75-130 _ _ 14-16 _ _

8 puasonis  koefi-
cienti

0,4 0,35 0,4 0,45 0,4 _ _

9 xazobrivi zome-
bis max-uri Sec-
vla nestis STan-
TqmiT,     mkm/mm

25 0 0 0 12 0 0
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