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uak 621.01

winamdebare wignSi mocemulia manqana-meqanizmebisa da

meqanikuri mowyobilobis eqspluataciis saimedoobis sakiTxebi.

ganxilulia saimedoobis ZiriTadi maCveneblebis cvlilebaTa

kanonzomierebani, prognozirebis sakiTxebi da marTvis ZiriTadi

mimarTulebani maTi daproeqtebisa da eqspluataciis stadiebze.

gansakuTrebuli yuradReba aqvs daTmobili meqanikuri

mowyobilobis saimedoobis fizikur safuZvlebs.

wignSi mocemulia triboteqnikis Teoriuli safuZvlebi da

misi Tanmedrove problemebi, tribologiuri sistemebis sainJinro

gaangariSebebis meTodebi da maTTvis saWiro masalebi, manqanaTa

detalebis zRvrul amtanobaze (daRlilobaze) gaangariSebis

sainJinro meTodika da masTan dakavSirebuli sacnobaro masala.

gankuTvnilia rogorc saxelmZRvanelo bakalavriatisa da

magistraturis yvela meqanikuri specialobis studentebisaTvis. igi

SeiZleba gamoyenebul iqnes, aseve sawarmoTa inJiner-teqnikuri

muSakebis, konstruqtorebisa da doqtorantebisaTvis.
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winasityvaoba

saimedoobis Teoria mravalwaxnaga mecnieruli disciplinaa,

romelic Seiswavlis teqnikuri obieqtebis efeqturi muSaobis

safuZvlebs. amasTan dakavSirebiT, maTematikuri aparatis gamoyenebiT

igi ganixilavs konstruqciul, teqnologiur, fizikur-qimiur da

organizaciul sakiTxebs. saimedoobis Teoria meqanikuri manqana-

meqanizmebisa da mowyobilobis daproeqtebisa da eqspluataciis

erT-erT ZiriTad mecnierul safuZvels warmoadgens.

rogorc saswavlo disciplina, saimedoobis Teoria kadrebis

kompleqsuri momzadebis Semadgeneli nawilia da bunebrivia, inJiner-

meqanikosebis saswavlo gegmaSi mas zogad disciplinebs Soris

kuTvnili adgili uWiravs.

winamdebare naSromSi ganixileba meqanikuri mowyobilobis

saimedoobis fizikur safuZvlebs Soris umTavresi sakiTxebi _

masalebis daRliloba da triboteqnika, amasTan, ukanaskneli

srulad Seesabameba saqarTvelos teqnikur universitetSi

triboteqnikis bakalavriatisa da magistraturis saswavlo

programas meqanikosebisaTvis. safiqrebelia, rom uaxloes periodSi

triboteqnikis, rogorc saswavlo disciplinis, Seswavla daiwyeba

agreTve qveynis sxva umaRles teqnikur saswavleblebSi (msoflio

praqtikis Sesabamisad mosalodnelia specialist tribologebis

gamoSvebis dawyebac).
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meqanikuri mowyobilobis saimedoobis rogorc zogadi

(saimedoobis da albaTobis Teoria), ise SedarebiT konkretuli

sakiTxebi (fizikuri safuZvlebis saxiT _ triboteqnika,

daRliloba, korozia) momavali inJiner-meqanikosebis mier

dRevandlamde mxolod nawilobriv, calkeul nawilebad

Seiswavleboda sxvadasxva saswavlo disciplinebSi (maTematikaSi,

manqanebisa da meqanizmebis TeoriaSi, manqanaTa nawilebSi, masalaTa

gamZleobaSi da a. S.). moyvnili saxelmZRvanelo ganmeorebiT cdaa,

warmogvedgina igi mocemuli saxiT, roca saimedobis Teoriis

kanonzomierebebTan da maCveneblebTan erTad dawvrilebiT ganixileba

triboteqnikis Tanamedrove problemebi da daRlilobis ZiriTadi

sakiTxebi praqtikuli rekomendaciebiT. wigni karg samsaxurs

gauwevs, rogorc momaval bakalavrebs da magistrantebs, aseve

warmoebis muSakebsa da mecnierebs.

winamdebare naSromi faqtiurad meored gamoicema. mas win

uswrebda stu-s 1998 wlis gamocema `samSeneblo manqanebis

saimedoobis safuZvlebi~, romlis ZiriTadi Sinaarsi, midgoma da

daniSnuleba didad ar gansxvavdeba mocemuli naSromisagan. Tumca

ukanasknelSi damatebulia sami Tavi da Setanilia rigi

koreqtivebisa.

saxelmZRvanelo dawerilia sakuTari gamkvlevebisa da

sxvadasxva avtorebis mier miRebuli Sedegebis ganzogadebis

safuZvelze.
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pirvel TavSi CamoTvlilia saimedoobis maCveneblebis

terminebi da ganmartebani, saimedoobis Tvisebebi, amocanebi,

ganxilulia saimedoobis kvlevis meTodebi.

meore Tavi Seicavs saimedoobis Teoriis ZiriTad debulebebs,

ganixilavs saimedoobis maCveneblebs araaRdgenadi  da aRdgenadi

obieqtebisaTvis _ mtyunebisa da umtyunebo muSaobis albaTobas,

mtyunebaTa simkvrivesa da intensiurobas,  ricxviT maxasiaTeblebsa

da maT statistikur Sefasebas; Seiswavlis SemTxveviT sidideTa

ganawilebis kanonebs: eqsponencialurs, normalurs, logariTmul

normalurs, veibulis kanonebs, saimedoobis Sefasebis kriteriumebs,

meqanikuri mowyobilobis saimedoobaze  gamocdis gegma-programebs,

moyvanilia saimedoobis ricxviTi Sefasebis magaliTi.

mesame TavSi Camoyalibebulia meqanikuri mowyobilobis

saimedoobis fizikuri safuZvlebi da kriteriumebi.

meoTxe Tavi eZRvneba tribologiis da triboteqnikis zogad

sakiTxebs; aq mocemulia triboteqnikis ganviTarebis sawyisebi da

ZiriTadi mimarTulebani, triboteqnikis ZiriTadi cnebebi da

ganmartebani.

mexuTe TavSi mocemulia triboteqnikis Teoriis safuZvlebi,

zedapiruli fenis meqanikuri Tvisebebi da struqtura, molekuluri

da meqanikuri urTierTqmedebani tribologiur procesSi, zedapiris

meqanikuri Tvisebebis Sefasebis _ `dadebiTi gradientis wesis~

arsi.

meeqvse TavSi aRwerilia SemzeTi masalebis daniSnuleba da

Tvisebebi, maTi saxeebi da klasifikacia.
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meSvide Tavi eZRvneba tribologiuri procesebis

klasifikacias, Txevad SezeTvas da misi hidrodinamikuri Teoriis

safuZvlebis Seswavlas. gansazRvrulia zeTis wneviTi fenis zidvis

unari da xaxunis parametrebi Txevadi SezeTvis pirobebSi;

mocemulia tribosistemis Tburi gaangariSebis meTodika; motanilia

gaangariSebis ricxviTi magaliTi.

merve Tavi Seiswavlis SezeTvis sxvadasxva saxis sistemebsa

da meTodebs; mocemulia maTi gansxvavebuli konstruqciuli

gadawyvetilebebi.

mecxre TavSi fundamenturadaa ganxiluli tribosistemebis da

kerZod, srialis sakisrebis gaangariSebis meTodika sasazRvro da

mSrali xaxunis dros; CamoTvlilia da dasabuTebuli

tribosistemebis muSaobis unaris kriteriumebi; mocemul TavSi

gansakuTrebuli adgili eTmoba plastmasovan 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

tribosistemis Tburi gaangariSebis meTodebi; mocemulia

rekomendaciebi srialis sakisrebis konstruqciuli parametrebis

Sesaxeb; mocemulia srialis sakisrebis pirobiTi gaangariSebis

meTodika. motanilia srialis sakisrebis gaangariSebis ricxviTi

magaliTi mSrali da sasazRvro xaxunis dros.
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meaTe TavSi aRwerilia srialis sakisrebis konstruqciebi

polimeruli sadebebiT. mocemulia didgabaritiani srialis sakisris

principulad axali konstruqciuli gadawyveta moduluri

elementebiT.

meTerTmete TavSi mocemulia tribologiur sistemebSi

gamoyenebuli masalebis: feradi Senadnobebis, antifriqciuli Tujis,

polimerebis da sxva masalebis Tvisebebi da gamoyenebis sferoebi.

meTormete TavSi ganixileba konstruqciuli masalebis

daRlilobis sakiTxebi; CamoTvlilia manqanaTa nawilebis amtanobaze

moqmedi faqtorebi da ciklur datvirTvaTa saxeebi; daxasiaTebulia

daRlilobis maxasiaTeblebis specifikuri Taviseburebani da

warmodgenilia maTi damokidebulebis xasiaTi masalis meqanikur

maCveneblebze; darTuli aqvs sacnobaro masalebi; mocemulia

amtanobaze dasaSvebi Zabvis gansazRvris meTodika.
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Sesavali

Tanamedrove samrewvelo industriis erT-erT mTavar

Taviseburebad miCneulia teqnologiuri procesebis erTmaneTTan

mWidro dakavSireba, romelTa Sesrulebac aseve

urTierTdakavSirebuli manqanebiT, kompleqsebiT aris SesaZlebeli.

amasTan, wliTiwlobiT izrdeba calkeuli samuSaoebis meqanizaciis

kuTri wili da manqanaTa sirTulis done. bunebrivia, aseT

pirobebSi gadamwyveti mniSvneloba eniWeba manqanaTa xarisxobriv

maCveneblebs, romelTa Soris saimedoobis maCveneblebi

funqcionirebis, ekonomiurobis da usafrTxoebis maCveneblebTan

erTad umniSvnelovanesia manqanis xarisxobrivi Sefasebis dros.

manqanaTa arasakmarisi saimedoobaa aqveiTebs maTi gamoyenebis

efeqturobas muSaobis procesSi, rac ganpirobebulia

mwarmoeblurobis SemcirebiT aRdgenaze droiTi danakargebis

mizeziT, xolo calkeuli detalebis da kvanZebis zedmeti

saimedooba aseve ar iZleva dadebiT efeqts, vinaidan, igi marTalia

adidebs mTlianad manqanis an kompleqsis mwarmoeblurobas, magram

amasTan zrdis mis TviTRirebulebas masalis gadaxarjvis an

damatebiTi teqnologiuri operaciebis CatarebisaTvis saWiro

danaxarjebiT.

aRniSnulis gamo saimedoobis optimaluri donis SerCeva

manqanaTa Seqmnis procesis metad aqtualuri amocanaa. amasTan, post

sabWoTa kavSiris ekonomikur sivrceSi damzadebuli manqanebi am

kriteriumiT ver pasuxoben msoflio standartebs.
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saimedoobis ekonomikurad da teqnikurad mizanSewonili donis

miRweva da manqanaTa saimedoobis donis marTva SesaZlebelia

miRweul iqnes sakiTxebisadmi Sejerebuli midgomiT, Tanamedrove

progresuli meTodebis gamoyenebiT: saimedoobis Teoriis sakiTxebze

dayrdnobiT, mtyunebaTa albaTobis maCvenebelTa gaanalizebiT,

nakeTobaTa daproeqtebis, damzadebisa da eqspluataciis procesSi

arsebuli yvela SesaZlo  parametris gaTvaliswinebiT,

sakiTxebisadmi sistemuri midgomiT da a.S.

saimedoobis maCveneblebis optimaluri donis dadgena

mniSvnelovanwiladaa ganpirobebuli manqanebis mtyunebebis fizikuri

safuZvlebiT. meqnikuri mowyobilobebis mtyunebaTa absoluturi

umravlesobis mizezebad miiCneven detalebis cveTas da daRlilobas.

swored am faqtorebze keTdeba aqcenti meqanikuri mowyobilobebis

saimedoobis sakiTxebis Seswavlis dros, roca pirvel SemTxvevaSi

Seiswavleba triboteqnikis, xolo meore SemTxvevaSi _ masalaTa

daRlilobis safuZvlebi.

aRniSnulma sakiTxebma saTanado gamoxatuleba pova

SemoTavazebul naSromSi.
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I Tavi

meqanikuri mowyobilobis saimedooba

1.1. manqanaTa saimedooba da Tanamedrove teqnika

saimedoobis Teoriis ZiriTadi debulebebi warmoadgens

meqanikuri manqanebisa da mowyobilobebis  da saerTod, meqanikuri

sistemebis Seqmnisa da gamoyenebis erT-erT ZiriTad mecnierul

safuZvels.

saimedoobis Teoriis zogadi meTodebis ganxilvis safuZvelze

Sesabamisi disciplina Seiswavlis meqanikuri sistemebis saimedoobis

principul sakiTxebs daproeqtebis, damzadebis da eqspluataciis

procesSi da maT ganixilavs mTlianobaSi.

principul sakiTxTa rigs ganekuTvneba saimedoobis

maCveneblebis nomenklaturis SerCeva da maCvenebelTa normirebis

amocanebi. manqanaTa saimedoobis kursSi dawvrilebiT Seiswavleba

manqanaTa nawilebis resursis prognozirebis sakiTxebi cveTisa da

daRlilobis kriteriumebis mixedviT. sakmao yuradReba eTmoba

obieqtis damzadebisa da eqspluataciis procesebSi saimedoobis

maCvenebelTa donis SenarCunebas, roca gaTvaliswinebulia misi

rogorc damzadebis teqnologia, ise teqnikuri momsaxurebis,

diagnostikis, remontis, transportirebisa da Senaxvis sakiTxebi.

Seiswavleba obieqtis saimedoobaze gamocdis meTodebi da

programebi, ganixileba meqanikuri sistemebis saimedoobis marTvis

da saimedoobis maCvenebelTa nakeTobis ekonomikur efeqtianobaze

gavlenis sakiTxebi.
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meqanikuri sistemebis saimedoobis Seswavla efuZneba

maTematikuri statistikis, albaTobis Teoriis, masalaTa

gamZleobis, manqanebisa da meqanizmebis Teoriis, manqanaTa nawilebis,

liTonmcodneobis, polimerebis meqanikis da sxva disciplinebis

calkeuli nawilebis codnas.

manqanaTa nawilebis saimedoobis zogierTi sakiTxi

garkveulwilad ganixileba specialuri disciplinebis kursSi,

magaliTad, manqanaTa nawilebis, masalaTa gamZleobis Seswavlis

dros. mocemuli kursi ki obieqtis saimedoobas ganixilavs ufro

farTod, kompleqsSi _ sxvadasxva faqtorebTan

urTierTdamokidebulebaSi, sistemurad.

ganvixiloT saimedoobis roli, rogorc obiqtis Tviseba.

rogorc cnobilia, teqnikuri progresis Tanamedrove etapze

sawarmoo teqnologiuri procesebi umravles SemTxvevaSi

organulad arian erTmaneTTan dakavSirebuli. amasTan, meqanizaciis

done ganuxrelad izrdeba, rac upirobod moiTxovs manqanebis da

mowyobilobis xarisxis maCveneblebis Sesabamis gazrdas. ukanaskneli,

bunebrivia, uSualod moqmedebs warmoebis efeqturobaze. manqanaTa

xarisxis maCveneblebs sxva mraval TvisebasTan erTad miekuTvneba:

funqciuri daniSnulebis maCvenebeli, ekonomiuroba, usafrTxoeba,

saimedooba, teqnologiuroba, ergonomikuloba, esTetika,

standartizacia, unifikacia.

didia manqanebis saimedoobis roli warmoebis efeqtianobasa

da intensifikaciaze.
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meqanikuri sistemebis saimedooba didad aris damokidebuli

momijnave uwyebebis teqnologiur doneze. amave dros SesaZlebelia

saimedoobis maCvenebelTa marTva manqanis daproeqtebis, damzadebisa

da eqspluataciis procesebSi.

manqanaTa saimedoobis maCvenebelTa dabali done amcirebs

mwarmoeblurobas, adidebs danaxarjebs eqspluataciaze da

kapitalur dabandebebs, amitom didi yuradReba eqceva meqanikuri

sistemebis ekonomikurad mizanSewonil saimedoobis maCvenebels. ase

magaliTad, post sabWoTa kavSiris ekonomikur sivrceSi

warmoebulma samSeneblo da miwasaTxreli manqanebis

konstruqciulma analizma dagvanaxva, rom maTi saimedooba 20-30%-

iT naklebia ekonomikurad mizanSewonil da obieqturad aRiarebul

maCveneblebze. meores mxriv, imis gamo, rom liToni

araracionalurad aris gamoyenebuli, anu sxvadasxvaa elementebis

saimedoobis doneebi, elementebis liTontevadoba* xSirad 15-20%-

iT metia optimalurze.

saimedoobis ekonomikurad mizanSewonili donis miRweva

meqanikuri sistemebisaTvis SeiZleba gaangariSebebis axali

progresuli meTodebis gamoyenebiT, romlebic dafuZnebulia

saimedoobis Teoriis zogad da gamoyenebiT sakiTxebze. amasTan

saWiroa gaTvaliswinebuli iqnes meqanikuri sistemebis saimedoobaze

moqmedi mravali parametri _ datvirTvis reJimi, klimaturi

pirobebi, masalebis da gruntebis specifika, dazianebaTa dagrovebis

* liTontevadobad iwodeba maCvenebeli, romelic warmoadgens nakeTobis masis

fardobas mis mTavar parametrTan.
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xasiaTi, mtyunebaTa meqanizmi da mravali sxva (maT Soris

subieqturi), romelTagan TiToeuli warmoadgens rTul teqnikur

sistemas.

1.2. saimedoobis terminebi da maTi ganmartebani

saimedoobis Teoria mecnierebis sxva mimarTulebebis msgavsad

terminebis Camoyalibebis, ZiriTadi cnebebis ganmartebisa da maT

Soris arsebuli kavSirebis aRweridan iRebs saTaves. saimedoobis

sferos aRniSnul sakiTxebze yofil sabWoTa kavSirSi 1988 wlamde

vrceldeboda saxelmwifo standarti ГОСТ 27.002-83*, romelSic

miTiTebuli iyo agreTve eqvivalenturi standartizebuli terminebi,

inglisur da frangul enebze (dRes ruseTis federaciis

teritoriaze moqmedebs Sesabamisi dasaxelebis standarti ГОСТ

27.002-89).

qvemoT moyvanilia saimedoobis terminebis ganmartebani

zemoTmoxseniebuli standartebis mixedviT. maTi saswavlo-

saxelmZRvanelo dokumentis statusiT gamoyeneba dResac dasaSvebia,

vinaidan orive maTgani saerTaSoriso standartis ISO–s mixedviT

aris SemuSavebuli.

* aRniSnuli saxelmwifo standarti dRes aRar moqmedebs, magram yofili

sabWoTa kavSiris respublikebis samrewvelo meurneobebSi igi miCneulia, rogorc

saxelmZRvanelo dokumenti.
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zogadi cnebebi

1. saimedooba _ obieqtis Tviseba, SeinarCunos drois dadgenil

zRvrebSi yvela is parametri, romlebic uzrunvelyofen saWiro

funqciebis Sesrulebas mocemuli reJimis, gamoyenebis, teqnikuri

momsaxurebis, remontis, Senaxvisa da transportirebis pirobebSi.

SeniSvna. saimedooba rTuli Tvisebaa, romelic obieqtis

daniSnulebisa da misi gamoyenebis mixedviT warmoadgens Semdeg

TvisebaTa erTobliobas: umtyunebloba, xangamZleoba, remontTvargi-

soba da Senaxvis unari.

2. umtyunebloba _ obieqtis Tviseba, uwyvetad SeinarCunos

muSaobis unari garkveuli drois an  garkveuli namuSevris

ganmavlobaSi.

3. xangamZleoba _ obieqtis Tviseba, SeinarCunos muSaobis

unari zRvruli mdgomareobis dadgomamde dadgenili teqnikuri

momsaxurebisa da remontis sistemis pirobebSi.

4. remontTvargisoba _ obieqtis moxerxebuloba mtyunebaTa da

dazianebaTa Tavidan acilebis, maTi warmoSobis mizezebis

warmoCenisa da muSaobis unaris aRsadgenad dadgenili teqnikuri

momsaxurebisa da remontis Catarebis gziT.

5. Senaxvis unari _ obieqtis Tviseba, SeinarCunos

umtyuneblobis, xangamZleobisa da remontTvargisobis maCvenebelTa

mniSvnelobebi Senaxvisa da transportirebis Semdeg.

6. gamarTuli mdgomareoba _ obieqtis mdgomareoba, romlis

drosac igi srulad pasuxobs normatiul-teqnikur da (an)

sakonstruqtoro dokumentacias.
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7. gaumarTavi mdgomareoba _ obieqtis mdgomareoba, romlis

drosac igi ar akmayofilebs Tundac erT normatiul-teqnikur da

(an) sakonstruqtoro dokumentaciis moTxovnebs.

8. muSaobis unari _ obieqtis mdgomareoba, romlis drosac

yvela parametri, romlebic axasiaTeben mocemuli funqciebis

Sesrulebis unars, Seesabameba normatiul-teqnikur da (an)

sakonstruqtoro dokumentaciis moTxovnebs.

9. muSaobis uunaroba _ obieqtis mdgomareoba, romlis

drosac masze dakisrebuli funqciebis SesrulebisTvis aucilebeli

parametrebidan, Tundac erTi ar Seesabameba normatiul-teqnikur da

(an) sakonstruqtoro dokumentaciis moTxovnebs.

10. zRvruli mdgomareoba _ obieqtis mdgomareoba, romlis

drosac misi Semdgomi gamoyeneba daniSnulebiT aRar SeiZleba, an

aramizanSewonilia, radganac misi aRdgena gamarTul an muSa

mdgomareobamde SeuZlebeli da mizanSeuwonelia.

11. zRvruli mdgomareobis kriteriumebi _ obieqtis zRvruli

mdgomareobis niSani an niSanTa erToblioba, romlebic dadgenilia

normatiul-teqnikuri da (an) sakonstruqtoro dokumentaciiT.

12. defeqti gansazRvrulia saerTaSoriso da erovnuli

standartebiT.

13. dazianeba _ xdomiloba, romelic gamoixateba obieqtis

gamarTuli mdgomareobis darRvevaSi ise, rom SenarCunebulia misi

muSaobis unari.

14. mtyuneba _ xdomiloba, romelic gamoisaxeba obieqtis

muSaobis unaris mdgomareobis darRvevaSi.
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15. mtyunebaTa kriteriumebi _ obieqtis muSaobis uunarobis

niSani an niSanTa erToblioba, romlebic dadgenilia normatiul -

teqnikuri da (an) sakonstruqtoro dokumentaciiT.

16. teqnikuri momsaxureba gansazRvrulia saerTaSoriso da

erovnuli standartebiT.

17. muSaobis unaris mdgomareobis aRdgena.

18. remonti gansazRvrulia saerTaSoriso da erovnuli

standartebiT.

19. mosamsaxurebeli obieqti _ romlisTvisac teqnikuri

momsaxurebis Catareba gaTvaliswinebulia normatiul-teqnikuri da

(an) sakonstruqtoro dokumentaciiT.

20. aramosamsaxurebeli obieqti _ romlisTvisac teqnikuri

momsaxurebis Catareba gaTvaliswinebuli ar aris normatiul -

teqnikuri da (an) sakonstruqtoro dokumentaciiT.

21. aRdgenadi obieqti _ obieqti,  romlisTvisac gansaxilvel

situaciaSi muSaobis unaris mdgomareobis aRdgena

gaTvaliswinebulia normatiul-teqnikuri da (an) sakonstruqtoro

dokumentaciiT.

22. araaRdgenadi obieqti _ romlisTvisac gansaxilvel

situaciaSi muSaobis unaris aRdgena ar aris gaTvaliswinebuli

normatiul-teqnikuri da (an) sakonstruqtoro dokumentaciiT.

23. saremonto obieqti _ romlisTvisac remontebis Catareba

gaTvaliswinebulia normatiul-teqnikuri da (an) sakonstruqtoro

dokumentaciiT.
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24. arasaremonto obieqti _ romlisTvisac remontebis

Catareba normatiul-teqnikuri da (an) sakonstruqtoro

dokumentaciiT gaTvaliswinebuli ar aris.

25. saimedoobis maCvenebeli _ obieqtis saimedoobis erTi an

ramdenime Tvisebis raodenobrivi daxasiaTeba.

26. saimedoobis erTeulovani maCvenebeli _ saimedoobis

maCvenebeli, romelic axasiaTebs obieqtis saimedoobis erT-erT

Tvisebas.

27. saimedoobis kompleqsuri maCvenebeli _ axasiaTebs

obieqtis saimedoobis ramdenime Tvisebas.

28. namuSevari obieqtis muSaobis xangrZlivoba an misi

moculobaa.

29. namuSevari mtyunebamde _ obieqtis namuSevari misi

eqspluataciaSi Sesvlidan pirvel mtyunebamde.

30. mtyunebaTaSorisi namuSevari _ obieqtis namuSevari misi

muSaobis unaris aRdgenidan Semdgom mtyunebamde.

31. teqnikuri resursi _ obieqtis namuSevari misi

eqspluataciaSi Sesvlidan an garkveuli saxis remontis Catarebis

Semdeg misi ganaxlebidan zRvrul mdgomareobaSi gadasvlamde.

32. samsaxuris vada _ kalendaruli xangrZlivoba obieqtis

eqspluataciaSi Sesvlidan an romelime saxis remontis

damTavrebidan zRvrul mdgomareobamde.

33. Senaxvis vada _ obieqtis Senaxvis an transportirebis

kalendaruli xangrZlivoba, romlis Semdegac SenarCunebulia,
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umtyunebloba, xangamZleobis da remontTvargisobis maCveneblebi

dadgenil zRvrebSi.

34. muSaobis unaris aRdgenis dro aris obieqtis muSaobis

unaris aRdgenis xangrZlivoba.

umtyuneblobis maCveneblebi

35. umtyunebod muSaobis albaToba _ albaToba imisa, rom

obieqtis mocemuli namuSevris zRvrebSi mtyuneba ar warmoiSoba.

36. saSualo namuSevri mtyunebamde _ obieqtis namuSevris

maTematikuri lodini pirvel mtyunebamde.

37. gama-procentuli namuSevri mtyunebamde _ namuSevri dro

procentulad gamosaxuli albaTobiT, romlis ganmavlobaSic

obieqtis mtyunebas adgili ara aqvs.

38. saSualo namuSevri erT mtyunebaze _ aRdgenadi obieqtis

namuSevri drois fardoba am droSi mtyunebaTa ricxvis maTematikur

lodinTan.

39. mtyunebaTa intensiuroba _ araaRdgenadi obieqtis

mtyunebaTa warmoSobis pirobiTi simkvrivis albaToba gansaxilveli

momentisaTvis im pirobiT, rom am momentamde mtyunebas adgili ar

hqonia.

40. mtyunebaTa nakadis parametri _ aRdgenadi obieqtis

nebismier mcire namuSevr droSi mtyunebaTa saSualo ricxvis

Sefardeba am drosTan.

xangamZleobis maCveneblebi

41. saSualo resursi _ resursis maTematikuri lodini.
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42. gama-procentuli resursi _ namuSevri dro, gamosaxuli

procentebSi mocemuli  albaTobiT, romlis ganmavlobaSic obieqti

ar aRwevs zRvrul mniSvnelobas.

43. daniSnuli resursi _ obieqtis jamuri namuSevri, romlis

miRwevisas misi daniSnulebisamebr gamoyeneba unda Sewydes.

44. samsaxuris saSualo vada _ samsaxuris vadis maTematikuri

lodini.

45. samsaxuri gama-procentuli vada _ kalendaruli

xangrZlivoba, gamosaxuli procentebSi mocemuli  albaTobiT,

obieqtis eqspluataciis dawyebidan zRvrul mdgomareobamde.

46. daniSnuli samsaxuris vada _ obieqtis eqspluataciis

kalendaruli xangrZlivoba, romlis miRwevisas misi gamoyeneba

daniSnuli mizniT unda Sewydes.

remontTvargisobis maCveneblebi

47. muSaobis unaris aRdgenis albaToba _ albaToba imisa, rom

obieqtis muSaobis unaris aRdgenis dro ar gadaaWarbebs mocemuls.

48. muSaobis unaris aRdgenis saSualo dro _ muSaobis

unaris aRdgenis drois maTematikuri lodini.

Senaxvis unaris maCveneblebi

49. Senaxvis unaris saSualo vada _ Senaxvis unaris vadis

maTematikuri lodini.

50. Senaxvis unaris gama-procentuli vada _ obieqtis mier

miRweuli Senaxvis unaris vada, gamosaxuli procentebSi mocemuli

 albaTobiT.
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saimedoobis kompleqsuri maCveneblebi

51. mzadyofnis koeficienti _ albaToba imisa, rom obieqti

aRmoCndeba muSa mdgomareobaSi drois nebismier momentSi, garda

dagegmili periodebisa, romlis ganmavlobaSic obieqtis gamoyeneba

daniSnulebis mixedviT ar aris gaTvaliswinebuli.

52. operatiuli mzadyofnis koeficienti _ albaToba imisa,

rom obieqti aRmoCndeba muSa mdgomareobaSi drois nebismier

momentSi, garda dagegmili periodebisa, romlis ganmavlobaSic

obieqtis gamoyeneba daniSnulebis mixedviT gaTvaliswinebuli ar

aris da am momentidan dawyebuli imuSavebs umtyunebod drois

garkveul intervalSi.

53. teqnikuri gamoyenebis koeficienti _ obieqtis

eqspluataciis raRac periodSi muSa mdgomareobaSi yofnis drois

intervalis maTematikuri lodinis Sefardeba eqspluataciis imave

periodSi obieqtis muSa mdgomareobaSi moyvanis, teqnikur

momsaxurebaze mocdenebis da remontze daxarjuli drois

intervalTa maTematikuri lodinTa jamTan.

54. gegmiuri gamoyenebis koeficienti _ eqspluataciis

periodis wili, romlis ganmavlobaSic obieqti ar unda

imyofebodes gegmiur teqnikur momsaxurebaze an remontze.

55. efeqturobis SenarCunebis koeficienti _ eqspluataciis

garkveuli periodis ganmavlobaSi efeqturobis maCveneblis

mniSvnelobis fardoba am maCveneblis nominalur mniSvnelobasTan,

romelic gamoTvlilia im pirobidan, rom igive saeqspluatacio

periodSi obieqtis mtyunebebs adgili ar hqonia.
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1.3. manqanaTa potenciuri Tvisebebi

nebismieri meqanikuri manqana-mowyobilobebis muSaoba

mimdinareobs mravalricxovani, amasTan, xSirad erTmaneTisagan didad

gansxvavebuli gareSe faqtorebis fonze. gareSe faqtorebisa da

manqanaTa potenciur SesaZleblobaTa, TvisebaTa urTierTmoqmedebis

Sedegad yalibdeba manqanaTa muSaobis xarisxobrivi Tvisebebi,

kerZod, ekonomiurobis, usafrTxoebis, saimedoobis da sxva saxis

maCveneblebi.

zemoT naTqvami SeiZleba gamoisaxos informaciuli modeliT,

romelic agebulia principiT `Sesvla-gamosvla~ (nax.1.1). amasTan,

gareSe faqtorebi, Semavali cvladebi _ x1(t), x2(t), . . . , xn(t) SeiZleba

gamosaxuli iqnen gareSe faqtorebis veqtor-funqciiT:

X = [x1(t), x2(t), . . . , xn(t)],

nax. 1.1. manqanis informaciuli modeli
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xolo manqanis potenciuri Tvisebebi, gamomavali cvladebi, y1(t),

y2(t), . . . , yn(t) SeiZleba warmodgenili iqnas, rogorc manqanis

muSaobis maxasiaTeblebis veqtor-funqcia:

Y = [y1(t), y2(t), . . . , yn(t)].

sxva sityvebiT, Y veqtori gviCvenebs, Tu rogor muSaobs

manqana eqspluataciis im realur pirobebSi, romelic gamoisaxeba

gareSe faqtorebiT _ x1(t), x2(t), . . . , xn(t).

X da Y veqtorebis Semdgenebs aqvT statistikuri buneba,

amasTan, X veqtoris Semdgenebi warmoadgenen manqanaze momqmed

SemTxveviT funqciebs droSi, xolo Y veqtoris Semdgenebi _

manqanis potenciuri Tvisebebis cvlilebebs da isinic aseve

SemTxveviTi funqciebia.

manqanis potenciur Tvisebad iwodeba manqanis is obieqturi

Tavisebureba, romelic warmoCndeba manqanis Seqmnisa da

eqspluataciis procesSi, rac imis maCvenebelia, rom manqanis

potenciuri Tvisebebi gamovlindeba manqanaze gareSe faqtorebis an

sxva obieqtis zemoqmedebis Sedegad.

TiToeul manqanas aqvs mravali maxasiaTebeli Tviseba,

romlebic Seadgenen ierarqiul erTobliobas (nax. 1.2). yvelaze

ganzogadebuli da kompleqsuri Tviseba ganixileba, rogorc

umaRlesi nulovani. aseT Tvisebas sainJinro praqtikaSi manqanis

xarisxs uwodeben.

manqanis xarisxis Semdgenebi _ funqcionirebis, ekonomiurobis

da usafrTxoebis Tvisebebi, romlebic naklebad ganzogadebuli da

ufro martivebi arian, miekuTvnebian manqanis potenciur TvisebaTa
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Semdgom dones _ I-s, xolo saimedooba da sargeblianoba _ II-s,

umtyunebloba, xangamZleoba, remontTvargisoba da Senaxvis unari _

III-s da a.S. yvelaze dabali donis Tvisebebic teqnikis ganviTarebis

sxva etapze SeiZleba daiSalos ufro martiv, e.i. ufro dabali

donis Tvisebebad.

1.4. mtyunebaTa klasifikacia

mtyuneba, saxelmwifo standartis Sesabamisad, obieqtis is

mdgomareobaa, roca igi mTlianad an nawilobriv kargavs muSaobis

unars da ver asrulebs Tavis funqciebs im parametrebiT, romlebic

gaTvaliswinebulia teqnikuri dokumentaciiT _ standartebiT,

teqnikuri pirobebiT.

meqanikuri sistemebisaTvis mtyunebaTa yvela saxe SeiZleba

daiyos or ZiriTad jgufad (nax. 1.3):

1) mtyunebani, romlebic gamowveulia elementebis rRvevis

Sedegad;

2) mtyunebani, gamowveuli elementebis funqcionirebis

xarisxis daqveiTebis Sedegad.
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manqanis xarisxi

ekonomiuroba

saimedoobasargeblianoba

funqcionireba

Senaxvis unarianoba

usafrTxoeba

remontTvargisobaxangamZleobaumtyunebloba

urTierTSem-

cvleloba
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advilmox-
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fiz. meq.

maxasiaT. stab.

iluroba

muSa procese-

bis stabilu-

roba

medegoba

rRvevisad-

mi

TvisebaTa
doneebi

nulovani
done

I done

II done

III done

IV done

n_uri
done

nax. 1.2. manqanaTa ierarqiul TvisebaTa klasifikacia
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pirvel jgufs ganekuTvnebian obieqtis mtyunebani, romlebic

gamowveulia elementebis gatexviT, narCeni deformaciebiT, cveTiT,

bzarebiT, gaxvretiT, SeuRlebuli elementebis CaWedviT,

geometriulobis darRveviT, eleqtrosadenebis gawyvetiT da mokled

SerTviT, sqemis elementebis gadnobiT da a.S.

meore jgufs ganekuTvnebian obieqtis mtyunebani, romlebic

gamowveulia sxvadasxvagvari regulirebis moSliT, muSa organoebis

funqciebis daqveiTebiT, hidrosistemis gabidvniT, milgayvanilobidan

wveTviT, gaWuWyianebis gamo eleqtromowyobilo-bis kontaqtebis

dasustebiT, vibraciis an dinamikuri datvirTvebis gamo, samagri

elementebis moSvebiT da a.S.

mtyunebis is saxe, roca manqanas ucbad ecvleba erTi an

ramdenime parametri, miCneulia ucabed mtyunebad. magaliTad,

plastikuri deformacia, myife msxvreva, mdgradobis dakargva,

CaWedva, milgayvanilobis gawyveta an gaWedva, damcveli sarqvelis

mtyuneba, konstruqciuli da teqnologiuri defeqtebi,

eqspluataciuri pirobebis mkveTri gauareseba da a. S.

Tu obieqtis eqspluatacia xasiaTdeba misi erTi an ramdenime

parametris TandaTanobiT SecvliT _ mtyunebas TandaTanobiTi

ewodeba. aseT mtyunebaTa magaliTebia: elementebis rRveva, romelic

gamowveulia cveTiT, daRlilobiT, koroziiT, daberebiT

(polimeruli masalebisaTvis). miCneulia, rom zogierTi am

mtyunebis Tavidan acileba SeuZlebelia, SesaZlebelia mxolod maTi

Seyovneba an Semcireba. meqanikur manqanebSi mtyunebaTa umravlesoba

(80%) modis cveTaze. bunebrivia aRniSnulis gamo am faqtors

udidesi yuradReba eqceva.
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mtyuneba
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TandaTanobiTi mtyuneba, romelic gamowveulia meqanikuri

cveTiT, uSualo damokidebulebaSia iseT faqtorebTan, rogorebicaa

moxaxune wyvilebis sisale da antifriqciuli Tvisebebi, wneva,

fardobiTi siCqare, SemzeTi masalebis arseboba da Tvisebebi. am

saxis mtyunebaTa Tavidan acileba Cveulebriv pirobebSi TiTqmis

SeuZlebelia.

mtyuneba, romelic gamowveulia elementebis daRlilobiT,

aris konstruqciuli da teqnologiuri Seusabamobani

saangariSosTan. aseTi mtyunebis, igi ucabedi iqneba Tu

TandaTanobiTi, Tavidan acileba SeiZleba.

mtyunebani SesaZlebelia erTmaneTze iyvnen damokidebuli an

damoukidebeli.

mtyunebani maTi warmoqmnis mizezis niSniT aris

konstruqciuli, sawarmoo da eqspluataciuri, warmoqmnis saxis

mixedviT _ mTliani an parametruli. ukanaskneli gulisxmobs

mxolod erTi parametris Secvlas.

obieqtebisaTvis optimalurad iTvleba is, rom yvela

elementisaTvis miRweul iqnes mtyunebaTa erTdrouli dadgoma

samsaxuris vadis an misi jeradi drois gasvlis Semdeg.

zemoT aRniSnulis miRweva SesaZlebelia pasiuri da aqtiuri

gzebiT.

pasiuri gza iTvaliswinebs meTods, roca elementis

saproeqto xangamZleobas uaxloeben erTmaneTs eqsperimentulad

mravali da xangrZlivi dakvirvebebis Sedegad. es gza saimedoa,

magram xangrZlivi procesia da amdenad araekonomiuri.
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aqtiuri gza iTvaliswinebs elementis xangamZleobis

gansazRvras gaangariSebebis safuZvelze. es ukanaskneli xasiaTdeba

naklebi sizustiT.

optimalurad miiCneva aqtiuri da pasiuri gzebis kompleqsi.

1.5. saimedoobis Tvisebebi da maCveneblebi

manqanebisa da mowyobilobebis umTavresi Tviseba _ xarisxi

TvisebaTa erTobliobaa, romelic uzrunvelyofs obieqtis*

gamoyenebis SesaZlebelobas. aseve kompleqsuri Tviseba _

saimedooba, romlis Semadgeneli qveTvisebebia: umtyunebloba,

xangamZleoba, remontTvargisoba da Senaxvis unari (nax. 1.4).

TiToeul am TvisebaTagans konkretuli obieqtisa da

saeqspluatacio Taviseburebebis gaTvaliswinebiT sxvadasxva

fardobiTi mniSvneloba eniWeba, ase, magaliTad, araardgenadi

oboeqtebisaTvis, sadac ar aris gaTvaliswinebuli teqnikuri

momsaxureba da remonti, saimedoobis ZiriTad Tvisebad miiCneva

umtyunebloba da xangamZleoba, xolo Tu gaTvaliswinebulia

obieqtis remonti teqnikuri momsaxurebiT, maSin remontTvargisoba

erT-erTi ZiriTadi Tvisebaa, zog SemTxvevaSi garkveuli roli

eniWeba Senaxvis unarsac. magaliTad samSeneblo manqanebisaTvis es

Tviseba naklebad mniSvnelovania, xolo liTonsaWreli CarxebisaTvis

_ ufro mniSvnelovani.

 obieqtad miCneulia manqana-mowyobiloba an maTi nawilebi an raime

miznobrivi daniSnulebis sagani, romlis saimedoobac ganixileba
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saimedoobis

maCveneblebi

erTeulovani kompleqsuri
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mzadyofnis

koeficienti

operatiuli mzadyofnis

koeficienti

teqnikuri gamoyenebis
koeficienti

gegmiuri gamoyenebis

koeficienti

efeqtianobis Senar-

Cunebis koeficienti

umtyuno muSaobis

albaToba
gama-procentuli

resursi

saSualo namuSevari

mtyunebamde

saSualo resursi

mtyunebis

intensiuroba

daniSnuli resursi

mtyunebis nakadis

parametri

gama-procentuli

muSaobis vada

erT mtyunebaze

mosuli namuSevari
saSualo muSaobis

vada

gama-procentuli

namuSevari mtyunebamde
daniSnuli muSaobis

vada

nax. 1.4. saimedoobiis maCvenebelTa pirobiTi sqema
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umtyunebloba, ganmartebis Tanaxmad, axasiaTebs ra muSaobis

unars garkveul periodSi mtyunebamde, vrceldeba damzadebis

Semdgom yvela etapze, maT Soris misi Senaxvisa da

transportirebis periodebze. Tumca, ZiriTadad, igi mainc obieqtis

muSaobis reJimisaTvis ganixileba.

umtyuneblobis maCveneblebs miekuTvnebian: umtyunebo muSaobis

albaToba P(t), saSualo namuSevari mtyunebamde _ t , gama-

procentuli namuSevari mtyunebamde, mtyunebaTa intensiuroba _

(t), mtyunebaTa nakadis parametri _ ω(t), erT mtyunebaze mosuli

namuSevari _ T0.

xangamZleoba aseve axasiaTebs muSaobis unars, magram am

SemTxvevaSi igi ganixileba zRvrul mdgomareobamde, e.i. roca

obieqtis Semdgomi eqspluatacia dauSvebelia usafrTxoebis,

ekonomiurobis, efeqtianobis da uvneblobis moTxovnebis gamo.

xangamZleobis maCveneblis mixedviT SesaZlebelia agreTve

vimsjeloT obieqtis mdgomareobaze, roca mas ar miuRwevia zRvrul

mdgomareobamde, magram mizanSewonilia misi Camowera an aRdgena.

amrigad, xangamZleobis maCveneblebia: saSualo resursi, gama-

procentuli resursi, daniSnuli resursi, saSualo muSaobis vada,

gama-procentuli muSaobis vada, daniSnuli muSaobis vada.

remontTvargisoba warmoadgens teqnologiur TvisebaTa

erTobliobas teqnikuri momsaxurebisa da saremonto samuSaoebis

xelSemwyobi procesisaTvis.

remontTvargisoba ganisazRvreba iseTi umartivesi TvisebebiT,

rogorebicaa: misadgomoba, kontrolvargisoba, advilmoxsnadoba,
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urTierTSecvladoba, agregatuloba, unificireba, standartizacia,

SezeTvis wertilTa simravle da a.S.

remontTvargisobis maCveneblebs miekuTvnebian: aRdgenis

albaToba mocemul droSi da aRdgenis saSualo dro.

Senaxvis unari xasiaTdeba obieqtis unariT, ar Seicvalos

Tvisebebi _ umtyunebloba, xangamZleoba da remontTvargisoba

Senaxvisa da transportirebis zemoqmedebis Sedegad. Senaxvis unari

warmogvidgeba ori Semadgeneli nawilis saxiT. pirveli vlindeba

Senaxvis periodSi, xolo meore _ Senaxvisa da transportirebis

Semdeg obieqtis eqspluataciis periodSi. viciT ra, rom obieqtis

xangrZlivi Senaxva da transportireba bevr SemTxvevaSi uaryofiTad

moqmedebs mis saerTo teqnikur mdgomareobaze, ganasxvaveben

obieqtis unars, SeinarCunos sawyisi Tvisebebi, rogorc Senaxvisa da

transportirebis, aseve Semdgom eqspluataciis pirobebSi.

bunebrivia, meti mniSvneloba eniWeba meore Semdgens.

Senaxvis unaris vada, zemoT xsenebuli standartiT

gaTvaliswinebuli ganmartebis safuZvelze, SeiZleba ase

davaxasiaToT: Senaxvis unaris vada obieqtis Senaxvisa da

transportirebis iseTi xangrZlivobaa, roca misi saimedoobis

Tvisebebis _ umtyuneblobis, xangamZleobis da remontTvargisobis

cvlilebebi, romlebic Senaxvisa da transportirebis faqtorebiT

arian ganpirobebulni, dasaSveb zRvrebSia. amasTan saWiroa

ganvasxvavoT Senaxvis unari obieqtis eqspluataciaSi gaSvebamde da

eqspluataciis periodSi. meore SemTxvevaSi Senaxvis unaris vada

samsaxuris vadis Semadgeneli nawilia.
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Senaxvis unaris maCveneblebs miekuTvnebian: gama-procentuli

Senaxvis unaris vada da Senaxvis unaris saSualo vada.

yvela zemoT xsenebuli saimedoobis maCvenebeli ganekuTvneba

erTeulovan maCveneblebs.

saimedoobis kompleqsuri maCveneblebi, erTeulovanisagan

gansxvavebiT, romelic obieqtis mxolod erT Tvisebas axasiaTebs,

ricxobrivad afasebs obieqtis or an met Tvisebas.

saimedoobis kompleqsur maCvenebelTa ricxvs ganekuTvneba

mzadyofnis koeficienti, romelic efuZneba saimedoobis or

Tvisebas: obieqtis umtyuneblobas da remontTvargisobas da

romelic SeiZleba gansazRvruli iqnes Semdegi TanafardobiT:

a
mz TT

TK
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0 , (1.1)

sadac T0 erT mtyunebaze mosuli namuSevaria; Ta _ aRdgenis

saSualo dro.

rogorc avRniSneT, mzadyofnis koeficienti aris albaToba

imisa, rom nebismieri momentisaTvis obieqti mzad iqneba

muSaobisaTvis.

operatiuli mzadyofnis koeficienti azrobrivad igivea, rac

mzadyofnis koeficienti, magram ukanasknelisgan gansxvavebiT igi

iTvaliswinebs nebismieri momentidan obieqtis muSaobas kidev

mocemuli periodis manZilze.

teqnikuri gamoyenebis koeficienti warmoadgens ra obieqtis

eqspluataciis raRac intervalSi obieqtis muSa mdgomareobaSi

yofnis drois fardobas mTlian drosTan (Seadgens _ muSa

mdgomareobaSi dros, plus gacdenebi remontze da profilaktikaze),

SeiZleba analizurad ase gamvsaxoT:
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1 , (1.2)

sadac t1 muSa mdgomareobaSi yofnis droa eqspluataciis raRac

intervalSi; tr _ remontze daxarjuli dro imave intervalSi; tmoms

_ teqnikur momsaxurebaze daxarjuli dro imave intervalisaTvis.

gegmiani gamoyenebisa da efeqtianobis SenarCunebis

koeficientebi ($ 1.2) aseve ganekuTvnebian saimedoobis kompleqsur

maCveneblebs. ukanasknelis gansazRvra efuZneba manqanaTa da rTuli

sistemebis efeqtianobis ganmartebas, romelic mniSvnelovanwilad

saimedoobiT aris ganpirobebuli. igi damaxasiaTebelia mTeli rigi

manqanebisaTvis da SeiZleba gansazRvruli iqnes rogorc fardoba

pirvel kapitalur remontamde Sesrulebuli samuSaos  moculobisa

mTlian danaxarjebTan (damzadebis, plus eqspluataciis xarjebi)

Camoweramde.

efeqtianobis kavSiri saimedoobasTan TvalsaCinoa, radganac

Sesrulebuli samuSaos moculoba uSualodaa dakavSirebuli

saimedoobis iseT maCveneblebTan, rogorebicaa: saSualo resursi,

saSualo namuSevari, teqnikuri gamoyenebis koeficienti da sxv.

1.6. obieqtis teqnikuri mdgomareobis maCveneblebi

manqanebis teqnikuri mdgomareoba zemoT moyvanili saimedoobis

maCveneblebis garda xasiaTdeba kidev zogadi da kompleqsuri

terminebiT.

standartebSi mocemuli terminebi `gamrTuli mdgomareoba~,

`aragamrTuli mdgomareoba~, `muSa mdgomareoba~ da `zRvruli
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mdgomareoba~ ZirTadad gansazRvraven manqanis teqnikur

mdgomareobas, amasTan TiToeuli maTgani SeiZleba daxasiaTdes im

parametrebis sididiT, romlebic aRweren obieqtis mdgomareobas

xarisxobrivi niSnebiT. aseTi parametrebis da niSnebis

nomenklatura, agreTve maTi dasaSvebi mniSvnelobebi ganisazRvreba

normatiul-teqnikuri da konstruqiuli dokumentaciiT.

obieqtis erTi mdgomareobidan meoreSi gadasvla SesaZlebelia

misi dazianebis an mtyunebis Sedegad. obieqtis mdgomareobaTa

Secvlisa da xdomilebaTa zogadi sqema mocemulia naxazze 1.5.

nax. 1.5. ZiriTad mdgomareobaTa da xdomilebaTa sqema:

1 _ dazianeba; 2 _ mtyuneba; 3 _ obieqtis gadasvla zRvrul

mdgomareobaSi (usafrTxoebis moTxovnaTa darRvevis, efeqtianobis

Semcirebis, moraluri daZvelebis an sxva mizezebis gamo);

4 _ aRdgena; 5 _ remonti

gamarTuli
mdgomareoba

muSa
mdgomareoba

zRvruli

mdgomareoba

C

C

2 13

23 4

5

aramaramuSa

(arazRvruli)

mdgomareoba
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parametrebs, romlebic axasiaTeben obieqtis teqnikuri

mdgomareobas, kerZod, muSaobis unars, saWiro funqciebis

Sesrulebis moTxovnebs, miekuTvnebian: manqanis kinematikuri da

dinamikuri parametrebi, mwarmoebluroba, tvirTamweoba, siCqare,

simZlavre, mabruni momenti da a.S. droTa ganmavlobaSi _ Senaxvis,

transportirebis Tu eqspluataciis periodSi xdeba ra am

parametrebis garkveuli cvlilebebi, raRac momentisaTvis

SesaZlebelia maTi dasaSveb zRvrebze gadacileba. es ki iwvevs

manqanis muSaobis uunarobas. obieqtis saimedooba ricxobrivad

fasdeba saimedoobis maCveneblebiT, romlebic SeirCeva da

ganisazRvreba obieqtis konstruqiuli Taviseburebebis,

pasuxismgeblobis, eqspluataciis reJimis da pirobebis

gaTvaliswinebiT. kerZod, saimedoobis maCveneblebis gansazRvris

dros aucileblad unda iyos gaTvaliswinebuli teqnikuri

momsaxurebis, Senaxvisa da transportirebis pirobebi.

1.7. saimedoobis maCveneblebis SerCeva

meqanikuri sistemebis saimedoobis maCveneblebis

nomenklaturisa da ricxobrivi SefasebisaTvis sargebloben im

kriteriumebiT, romlebic yvelaze ufro srulad warmoaCenen

obieqtis saimedoobis ZiriTad Tvisebebs da maxasiaTeblebs manqanis

muSaobis procesSi.

Sesabamisi saxelmwifo standartebi da saxelmZRvanelo

dokumentebi Seicavs saimedoobis maCveneblebis metad farTo

nomenklaturas. magram meqanikuri manqanebisaTvis maTi saimedoobis

donis Sefasebis dros yvela maCvenebels ara aqvs erTnairi
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mniSvneloba. amitom am jgufis manqanebisaTvis arsebobs praqtikaSi

yvelaze ufro saWiro maCveneblebis rekomendebuli nomenklatura:

saSualo resursi (saaTebSi an namuSevris romelime

ganzomilebaSi);

gama-procentuli resursi (saaTebSi an namuSevris romelime

ganzomilebaSi);

samsaxuris vada (saaTebSi);

mzadyofnis koeficienti;

operatiuli mzadyofnis koeficienti;

erT mtyunebaze mosuli namuSevari aRdgenadi obieqtebis

SemTxvevaSi (saaTebSi an namuSevris romelime ganzomilebaSi).

manqanaTa elementebis saimedoobis maCvenebelTa

prognozirebisaTvis saWiroa informaciuli monacemebi obieqtis

muSaobis unarze. amasTan, es monacemebi gvWirdeba obieqtis Seqmnisa

da funqcionirebis yvela stadiaze _ konstruirebis, damzadebis,

gamocdis da eqspluataciis procesSi.

manqanebisa da mowyobilobebis konstruirebis procesSi

informaciebi umniSvnelovanesia. amasTan obieqtis winaswar dasaxuli

saimedoobis maCveneblebis miRwevas ganapirobebs gaangariSebebis

sizuste da gamoyenebuli meTodebis marTebuloba.

amrigad, axali obieqtis daproeqtebis dros mxolod

analizuri damokidebulebebis saSualebiT SeiZleba saimedoobis

maCveneblebis gansazRvra da kavSiris damyareba saimedoobis

maCveneblebsa da iseT parametrebs Soris, romlebic obieqturad

axasiaTeben manqanis konstruqcias, damzadebis teqnologias da

eqspluataciis pirobebs. amisTvis ki saWiroa analogiur obieqtebze
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arsebuli eqsperimentuli monacemebis ganzogadebis safuZvelze

empiriuli gziT miRebuli kanonzomierebaTa codna. savsebiT

bunebrivia, rom aseTi gziT aRebuli saimedoobis maCveneblebi

xSirad gansxvavdebian realurisagan. sainJinro praqtikaSi

ukanasknelni winaswar dasaxulTan SedarebiT ufro mcirea,  rac

ZiriTadad gamowveulia konstruqciuli daTmobiT, masalebis

SecvliT, momsaxurebis dabali doniT, eqspluataciis ufro mkacri

pirobebiTa da reJimiT, rasac xSirad adgili aqvs praqtikaSi.

aRniSnuli xarvezebis nawilobriv gamosworeba SesaZlebelia

jer teqnikuri proeqtis etapze damzadebuli nimuSis maketis da

sacdeli nimuSis damzadebis stadiebze, roca SesaZlebeli xdeba

maTi forsirebuli gamocdebi.

Tumca am SemTxvevaSic miRebuli Sedegebi ver uzrunvelyofs

saWiro sizustes, rac aixsneba imiT, rom sacdeli nimuSi da,

miTumetes, moqmedi nimuSis maketi teqnikuri proeqtis doneze ar

Seesabameba dagegmil seriul produqcias. forsirebuli gamocdebis

Sedegebic aseve ar Seesabameba realur, sawarmoo eqspluataciis

pirobebs.

mxolod manqanaTa saimedoobis maCveneblebis statistikuri

informacia, romelic miiReba obieqtis sacdeli partiis nimuSebis

realur sawarmoo pirobebSi gamocdis Sedegad, iZleva saWiro

Sedegebs.

amrigad, manqana-mowyobilbebis saimedoobis maCveneblebis

dadgenisaTvis saeqspluatacio pirobebSi sarwmunodaa miCneuli is

statistikuri Sedegebi, romlebic miiReba informaciis Sekrebisa da
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damuSavebis meTodikis Sesabamisad, obieqtis realur sawarmoo

pirobebSi gamocdebis dros.

1.8. saimedoobis amocanebi da kvlevis maTematikuri meTodebi

saimedoobis Teoria Seiswavlis zogad meTodebs da wesebs,

riTac unda vxemZRvanelobdeT obieqtis konstruirebis, damzadebis,

transportirebis, Senaxvis da eqspluataciis dros, raTa miRweul

iqnes maqsimaluri efeqti qveynis ekonomikaSi misi gamoyenebis dros.

saimedoobis Teoria warmoadgens ra kompleqsur mecnierebas,

igi efuZneba sxvadasxva dargis mravali sakiTxisa da movlenis

Seswavlas, romelTa Sorisaa meqanikuri, fizikuri da qimiuri

procesebi. amasTan, TiToeuli procesi xasiaTdeba argumentTa

simravliT. meqanikuri sistemebisaTvis saimedoobis Teoriis

teqnikur-mecnieruli amocanebi SeiZleba dayofil iqnes Semdeg

ZiriTad jgufebad:

mtyunebaTa bunebis, arsis Seswavla manqanaTa nawilebSi;

saimedoobis maCveneblebis gansazRvra-prognozireba obieqtis

konstruirebis procesSi;

saimedoobis maCveneblTa donis uzrunvelyofa obieqtis

damzadebis, eqspluataciis da Senaxvis procesSi;

saimedoobis maCveneblTa donis SenarCuneba obieqtis

eqspluataciis procesSi.

mtyunebaTa arsis Seswavla meqanikur sistemebSi cveTis,

koroziis da daRlilobis Sedegad, rTuli problemaa. igi efuZneba

fundamentur disciplinebs, xSirad molekuluri struqturebis

Seswavlas. bunebrivia, amis gamo, parametrebi, romlebic saWiroa
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maTematikuri modelis asagebad, xasiaTdebian simravliT da

mravalferovnebiT.

saimedoobis maCveneblTa prognozireba metad mniSvnelovani

momentia obieqtis konstruirebis procesSi da igi gulisxmobs

konstruqtoruli dokumentaciis xarisxian damuSavebas saimedoobis

donis Sesabamisad, kerZod, masalebis, sqemebis, reJimebis da sxva

parametrebis SerCevas.

mniSvnelovani sakiTxia saimedoobis maCveneblTa donis

uzrunvelyofa obieqtis seriuli warmoebis procesSi da igi

iTvaliswinebs wesebis iseTi sistemis SemuSavebas, romelic

ganapirobebs saimedoobis normirebul maCveneblebs nakeTobis

mocemul qarxanaSi, mocemuli teqnologiiT da meTodiT damzadebis,

transportirebis da Senaxvis dros.

dabolos, saimedoobis maCveneblTa donis SenarCuneba

eqspluataciis procesSi gulisxmobs manqanis saimedoobis

Tvisebebze sawarmoo pirobebisa da da muSaobis teqnologiuri

procesebidan gadaxris gavlenas, rac aseve mraval faqtorzea

damokidebuli (magaliTad, garemo pirobebze, muSaobis reJimze,

dasamuSavebeli produqtis Tvisebebze da a.S.)

amrigad, meqanikuri sistemebis mocemuli jgufebis winaSe

mdgomi amocanebi xasiaTdeba ra mravali da mravalferovani

parametrebiT, ganapirobebs nakeTobis umtyuneblobis Tu

xangamZleobis maCveneblobis did gafantulobas, ase magaliTad,

maSinac ki, roca meqanikuri sistemis nakeToba damzadebulia

daaxloebiT erTnair pirobebSi, statistikuri monacemebi umtyunebo

muSaobis xangamZleobaze adasturebs maT mniSvnelobebs Soris did
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sxvaobas da Sesabamisad konkretuli obieqtisaTvis moklebuli varT

SesaZleblobas, zustad viwinaswarmetyveloT misi samsaxuris vada.

magram, roca saqme gvaqvs nakeTobaTa simravlesTan, partiasTan,

SesaZlebeli xdeba iseTi kanonzomierebebis gamoyvana, romlebic

gansazRvraven, obieqtTa ra nawils SeuZlia drois mocemul

periodSi muSaoba. aseTi sakiTxebis gadawyveta warmoadgens

maTematikuri statistikis amocanas.

imis gamo, rom meqanikuri sistemebisa da misi elementebis

saimedoobis maCveneblebs SemTxveviTi xasiaTi aqvT, saimedoobis

Teoriis ZiriTad saangariSo aparatad gamoiyeneba maTematikuri

statistikisa da albaTobis Teoriis debulebebi da Teoremebi.

maTematikur statistikasa da albaTobis Teorias sxvadasxva

tipuri amocanebi aqvT gadasawyveti.

maTematikuri statistikis amocanaa kerZo, konkretuli

monacemebis safuZvelze gakeTdes zogadi daskvna, gamoyvanili iqnes

kanonzomiereba.

albaTobis Teoriis amocana ki mdgomareobs imaSi, rom zogadi

kanonzomierebidan garkveuli riskiT viwinaswarmetyveloT kerZo,

konkretuli Sedegi.

1..19. manqanaTa saimedooba da sistemuri analizis safuZvlebi

manqanaTa saimedooba, kerZod, umtyunebloba da xangamZleoba

warmoadgens kompleqsur problemas, risi gadawyvetisTvisac saWiroa

gatardes konstruqciuli, teqnologiuri da organizaciuli

RonisZiebani manqanaTa konstruirebis, warmoebis da eqspluataciis

stadiebze. amasTan, manqanaTa konstruirebis stadiaze saimedoobis
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maCveneblebis uzrunvelyofa ganpirobebulia konstruqciuli

gadawyvetilebebiT, SezeTvis saxis, masalebisa da SemzeTi

saSualebebi SerCeviT, damcveli dafarvis gaTvaliswinebis da kidev

mravali faqtoriT.

damzadebis stadiaze manqanaTa saimedoobis maCveneblebze

agreTve gavlenas axdens detalebis damuSavebis meTodebi

(meqanikuri, qimiuri, Termoqimiuri da a.S.), mimuSavebis reJimebi,

manqanaTa parkis teqnikuri done da mdgomareoba, damzadebis

sawarmoo pirobebi da sxv.

manqanaTa eqspluataciis stadiaze saimedoobis maCveneblebma

SeiZleba ganicados cvlilebebi teqnikuri momsaxurebis da

remontis, momsaxure personalis kvalifikaciis, garemo pirobebis

da sxva faqtorebis zemoqmedebis Sedegadac.

amrigad, zemoT naTqvamidan dasturdeba, rom saimedoobis

maCveneblebi damokidebulia mraval faqtorze. saimedoobaze yvela

maTganis ufro sruli SefasebisaTvis mizanSewonilia sakiTxisadmi

sistemuri midgoma. ukanaskneli SesaZlebelia im SemTxvevaSi, Tu

saamkrebo erTeuli, manqana Tu manqanaTa parki ganixileba rogorc

meqanikuri sistema.

zogadad yvela sistemis ZiriTad Tvisebad miiCneven:

organizebulobas;

marTvis SesaZleblobas;

fardobiTobas.

mokled davaxasiaToT TiToeuli TvisebaTagani.

organizebuloba gulisxmobs sistemis raRac gansazRvrul

struqturas, sistemaSi Semavali elementebis mowesrigebulobas.
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marTvis SesaZlebloba aris sistemis unari, Seicvalos Tavisi

maCveneblebi garkveuli faqtorebis zemoqmedebis Sedegad.

fardobiToba (ierarqiuloba) obieqtis iseTi Tvisebaa,

rodesac nebismieri sistema warmoadgens ufro msxvili sistemis

qvesistemas. ase, magaliTad, sistemis TvisebaTa ierarqiulobas

gamoxatavs is garemoeba, rom Carxi SeiZleba ganxiluli iqnes

rogorc sistema, Tu igi ganixileba rogorc saimedoobis obieqti

da rogorc qvesistema _ Tu ganixileba mTeli liTongadamamuSave-

beli saamqros saimedoobis romelime kompleqsuri maCvenebeli.

sistemis fardobiTobis Tvisebidan gamomdinareobs Semdegi

kanonebi:

1. sxvadasxva donis meqanikuri sistemebi miekuTvnebian

sirTuleTa doneebis sxvadasxva klass.

2. Teoriuli da empiriuli kanonzomierebani, romlebic

miRebulia dabali donisaTvis, marTebulia imave sistemis nebismieri

ufro maRali sirTulis donisaTvis.

3. rac ufro maRalia sistemis sirTulis done, miT ufro

metia ucnobi elementebis raodenoba da Sesabamisad,

ganusazRvrelobis xarisxi.

meqanikuri sistemis ierarqiuli struqtura

obieqtis

saxe
detali SeuRleba

saamkrebo

erTeuli
manqana

manqanaTa

parki

sirTulis

done
I II III IV V

vinaidan sirTulis donis matebasTan erTad izrdeba cvladi

faqtorebis raodenoba, sirTulis IV da V doneebisaTvis ufro
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mizanSewonili xdeba albaTobisa da maTematikuri statistikis

meTodebis gamoyeneba.

amrigad, meqanikuri sistemebis sistemuri analizis

safuZvelze SeiZleba davaskvnaT, rom manqanaTa saimedoobis

racionaluri maCveneblebis miRweva SesaZlebelia iseT kompleqsur

RonisZiebaTa safuZvelze, romelic moicavs meqanikur, fizikur,

qimiur, statistikur da sxva saxis kvlevis meTodebs obieqtis

konstruirebis, warmoebis da eqspluataciis stadiebze.
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II Tavi

saimedoobiis Teoriis Zireuli debulebebi

2.1. albaTobis Teoriis ZiriTadi cneba da ganmarteba

saimedoobis zogadi Teoriis kvleva da misi Semdgomi

ganviTareba dRevandel pirobebSi SeuZlebelia albaTobis Teoriis

da maTematikuri statistikis rigi Teoremebisa da debulebebis

gamoyenebis gareSe. meqanikur manqana-mowyobilobebSi maTi gamoyeneba

ganpirobebulia imiT, rom manqanTa am jgufisaTvis mtyunebaTa arsisa

da bunebis zusti Seswavla SeuZlebelia. Sesabamisad, SeuZlebelia

maTi zusti winaswarmetyveleba. zemoT aRniSnuli ki imiT aris

gamowveuli, rom meqanikuri manqana-mowyobilobebis mtyunebaTa

ZiriTadi meqanizmebi da kriteriumebi (cveTa, daRliloba, korozia,

dabereba) TviT warmoadgenen rTul meqanikur-fizikur-qimiur

procesebs. amitom dRes dasaSvebadaa miCneuli da mosalodnelia,

romelime meqanikurma mowyobilobam misi eqspluataciis nebismier

momentSi mtyuneba ganicados. Sesabamisad, gaZnelebulia

prognozireba imisa, rom igi aucileblad moxdeba mocemul

periodSi, vinaidan procesi SemTxveviTi xasiaTisaa.

albaTobis Teoriis da maTematikuri statistikis kvlevis

arsebuli meTodebi saSualebas gvaZlevs raodenobrivad

gavaanalizoT SemTxveviTi movlenebi. SemTxveviTi movlenebi,

procesebi da zogadad sidideebi mravaljeradi ganmeorebisas

garkveuli sizustiT emorCilebian kanonzomierebebs, kanonebs. maTi

gamovlena da Seswavla saimedoobis zogadi Teoriis sagans Seadgens.
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moviyvanoT albaTobis Teoriis zogierTi cnebis ganmarteba da

Tvisebebi.

xdomiloba yovelgvari faqtia, romelic cdis Sedegad

SeiZleba ganxorcieldes (an ar ganxorcieldes).

xdomilobis obieqtur SesaZleblobaTa ricxviT zomas

xdomilobis albaToba warmoadgens. albaTobis Teoriis

xdomilobisaTvis SemoRebulia simbolika:

nebismieri A xdomilobis albaToba aRvniSnoT P1(A) simboloTi.

U xdomiloba, romelic cdis Sedegad aucileblad unda

ganxorcieldes, iwodeba aucilebel xdomilobad. aucilebeli

xdomilobis albaToba  erTis tolia:

P1(U) = 1.

V xdomiloba, romlis ganxorcieleba cdis Sedegad sruliad

gamoricxulia, SeuZlebel xdomilobad iwodeba. SeuZlebeli

xdomilobis albaToba  nulis tolia:

P1(V) = 0.

nebismieri A xdomilobis albaToba nulsa da erTs Soris aris

moTavsebuli:

0 ≤ P1(A) ≤ 1.

saimedoobis maCveneblebs umravles SemTxvevaSi SemTxveviTi

xasiaTi aqvT. sidides, romlis mniSvneloba yovel calkeul cdaSi

SemTxveviT icvleba, SemTxveviTi, anu stoqastikuri sidide ewodeba.

aq da SemdgomSic SemoviRoT misTvis moqmedi saerTaSoriso

standartebis Sesabamisi aRniSvna _ t0 (mtyunebis dro).
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SemTxveviTi sididisaTvis ZiriTadi maxasiaTebelia is, rom ar

SeiZleba zustad ganisazRvros, ra mniSvnelobas miiRebs igi am Tu

im konkretul pirobebSi. SemTxveviTi sididis sruli amomwuravi

maxasiaTebelia misi ganawilebis kanoni, funqcia. SemTxveviTi sidide

mocemulad iTvleba, Tu:

a) gansazRvrulia SemTxveviTi sididis SesaZlo

mniSvnelobaTa simravle;

b) dadgenilia am simravlis nebismier ubanze SemTxveviTi

sididis moxvedris albaTobis gansazRvris xerxi, anu

moxvedris albaToba.

zemoT aRniSnul albaTobaTa gamoTvla SesaZlebelia mxolod

SemTxveviTi sididis ganawilebis funqciis saSualebiT.

2.2 araaRdgenadi elementis  saimedoobis maCveneblebi

am paragrafSi ganixileba elementis  saimedoobis maCveneblebi

pirvel mtyunebamde.

elementad miCneulia sistemis is nawili an nakeToba,

romlisTvisac ganixileba saimedoobis maCveneblebi Semadgeneli

nawilebis gauTvaliswineblad. elementi araaRdgenadia, Tu igi

gamoiyeneba pirvel mtyunebamde.

SemTxveviTi sididis ganawilebis kanonis erT-erT formas

warmoadgens elementis mtyunebis ganawilebis funqcia t dromde _

F(t). xSirad mas ganawilebis, integraluri  funqciis an integralur

kanonsac uwodeben. simbolurad SemTxveviTi sididis ganawilebis

funqcia ase gamoisaxeba:
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F(t)  P1 (t0 < t), (2.1)

sadac P1 xdomiloba t0 < t albaTobis maxasiaTebeli

koeficientia; t _ argumentis konkretuli mniSvneloba.

azrobrivad (2.1) SeiZleba ase ganvmartoT: SemTxveviTi

sididis ganawilebis funqcia ewodeba iseT F(t) funqcias, romelic

iZleva t0 < t xdomilobis albaTobas.

ganmartebis mizniT ganvixiloT aseTi modeli. davuSvaT, t=0

momentSi elementi iwyebs muSaobas, xolo romeliRac t0 momentSi

ganicdis mtyunebas. drois monakveTs (0, t0) uwodeben umtyunebo

muSaobis dros, romelic SeiZleba iyos rogorc kalendaruli, ise

namuSevari `sufTa~ dro. vgulisxmobT, rom t0 SemTxveviTi sididea

da ar aris cnobili, konkretulad rodis ra mniSvnelobas miiRebs.

misi maqsimalurad SesaZlebeli, sruli daxasiaTeba SeiZleba moxdes

SemTxveviTi sididis ganawilebis funqciiT, romelic uzrunvelyofs

imas, rom t0 SeiZleba iyos esa Tu is sidide, magram rCeba mocemul

t–ze naklebi.

amrigad, elementis mtyunebis ganawilebis kanonis Camoyalibeba

ganxiluli modelisa da (2.1) gamosaxulebis Sesabamisad

Semdegnairad aris SesaZlebeli: F(t) funqcia elementis mtyunebis

albaTobaa t dromde, anu albaToba imisa, rom mtyunebis dro

SeiZleba iyos nebismieri, magram mudam mocemul t droze naklebi.

saimedoobis TeoriaSi t0 SemTxveviTi sididis yvelaze srul

daxasiaTebas F(t) ganawilebis funqcia iZleva (nax. 2.1).
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moviyvanoT F(t) ganawilebis funqciis zogierTi Tviseba:

1. F(t) funqcia araklebadia, e.i. roca t1 > t2 maSin

F(t2)  F(t1).

2. nebismieri t –sTvis ganawilebis F(t) funqcia akmayofilebs

utolobas

0 ≤ F(t) ≤ 1.

3. F(+ ) = 1.

4. F(- ) = 0 (nax. 2.1, a) an F(0) = 0 (nax. 2.1, b).

saimedoobis dasaxasiaTeblad mtyunebis ganawilebis F(t)

funqciasTan erTad xSirad iyeneben meore maxasiaTebels _ P(t)*,

romelic aseve SemTxveviTi sididis funqciaa da F(t)-s msgavsad

simbolurad ase gamoisaxeba:

P(t)  P1 (t0 > t), (2.2)

sadac P1 xdomiloba t0 > t albaTobis maxasiaTebeli

koeficientia.

* germanul da rig sxva qveynebSi literaturaSi umtyuneblobis funqcia

aRiniSneba simboloTi _R(t) [38]

FF(t)

Ft0

a

b

1,0

nax. 2.1. mtyunebis albaTobis (integraluri) funqcia
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P(t) funqcia axasiaTebs elementis umtyunebo muSaobis

albaTobas mocemul (0, t) drois periodSi, e.i. (2.2) Tanaxmad,

mtyunebis t0 dro misi yvela mniSvnelobisaTvis ufro metia, vidre

mocemuli t dro, anu P(t) funqcia iZleva t0 > t xdomilobis

albaTobas.

P(t) funqcias saimedoobis funqciasac uwodeben da igi F(t)

funqciis sapirispiroa, rac imas niSnavs, rom raRac t momentisaTvis

P(t) + F(t) = 1,                 (2.3)

saidanac

P(t) = 1 _ F(t). (2.4)

P(t) funqciis erT-erTi maxasiaTebeli grafiki mocemulia

naxazze 2.2, saidanac Cans, rom igi monotonurad mcirdeba, amasTan,

P(0)=1 da P(t)=0, roca t, gansxvavebiT F(t)-gan, romelic

monotonurad izrdeba. amasTan, F(0) =0 da F(t) =1, roca t.

t0 mtyunebaTa SemTxveviTi sididis da saerTod SemTxveviTi

ganawilebis simkvrivis dasaxasiaTeblad mocemul wertilSi iyeneben

FP(t)

Ft

1,0

F0
nax. 2.2. umtyuneblobis albaTobis (saimedoobis) funqcia



50

ganawilebis diferencialur funqcias, romelic warmoadgens zemoT

moyvanili integraluri funqciis _ F(t) warmoebuls. amis

aucilebel  pirobas ki warmoadgens is, rom SemTxveviTi sididis

ganawilebis F(t) funqcia iyos uwyveti da diferencirebadi am

sididis mniSvnelobaTa areSi.

Tu F(t) funqcias gavawarmoebT da aRvniSnavT mas f(t)-Ti, maSin

dt
tdFtf )(

)(  .                 (2.5)

miRebuli funqcia axasiaTebs simkvrives, romliTac

SemTxveviTi sididis mniSvnelobebi nawildebian mocemul monakveTze.

am funqcias SemTxveviTi sididis albaTobaTa ganawilebis simkvrive

ewodeba. f(t) funqciisaTvis miRebulia agreTve ganawilebis

diferencialuri funqciisa da ganawilebis diferencialuri kanonis

saxelwodebebi.

meqanikuri manqana-mowyobilobebis saimedoobis sakiTxebis

ganxilvis dros am funqcias Cven vuwodebT mtyunebaTa ganawilebis

simkvrives.

mrudi, romelic gamosaxavs SemTxveviTi sididis ganawilebis

simkvrives, ganawilebis simkvrivis mrudi ewodeba (nax.2.3).

nax. 2.3. SemTxveviTi sididis ganawilebis mtyunebis simkvrivis funqcia

F
F2

F
F1

F(t)

tb0 t1 t2
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ganawilebis simkvrive, iseve rogorc TviT SemTxveviTi

sididis ganawilebis funqcia, ganawilebis kanonis erT-erTi forma

da maxasiaTebelia. SemTxveviTi sididis (mtyunebaTa) ganawilebis

simkvrivis mixedviT mtyunebis funqcia SeiZleba ase gamovsaxoT:

   



t

dttftF , (2.6)

imisaTvis, rom gamoiTvalos SemTxveviTi sididis (mtyunebis)

albaToba mocemul zRvrebSi, magaliTad _-dan t1-mde, saWiroa

gamoiTvalos integrali

   



1t

dttftF , (2.7)

rac geometriulad t1 sazRvris marcxniv mdebare vertikalurad

daStrixuli F1 figuris farTobia.

Tu saWiroa, magaliTad, romelime t2 SemTxveviTi sididis

mniSvnelobis romelime (,b) sazRvrebSi moxvedris albaTobis

dadgena, unda gamoiTvalos integrali

   
b

a
dttftF , (2.8)

romelic geometriulad 450-iT daStrixuli F2 figuris farTobia.

SemTxveviTi sididis albaTobaTa ganawilebis simkvrive

xasiaTdeba Semdegi TvisebebiT:

a) ganawilebis simkvris f(t) funqcia arauaryofiTia:

f(t)  0. (2.9)

ukanaskneli ganpirobebulia imiT, rom F(t) integraluri

funqcia araklebadia.



52

b) ganawilebis simkvris f(t) integrali usasrulo zRvrebSi

erTis tolia:

   




 1dttftF . (2.10)

am TvisebaTa geometriuli inetpretacia SemdegSi mdgomareobs:

1) ganawilebis mTeli mrudi abscisaTa RerZis zemoT

mdebareobs;

2) SemTxveviTi sididis ganawilebis mrudiT SemosazRvruli

figuris farTobi erTis tolia.

mtyunebis intensivoba (safrTxe) ewodeba drois iseT λ(t)

funqcias, romelic ganisazRvreba Semdegi TanafardobiT:

   
 tP
tPtλ  , (2.11)

sadac P’(t) umtyunebo muSaobis (saimedoobis) funqciis

warmoebulia.

funqcias zogjer mtyunebis albaTobis pirobiT simkvrivesac

uwodeben da misi fizikuri arsi SeiZleba ase Camoyalibdes [32]: λ(t)

aris albaToba imisa, rom raRac t drois ganmavlobaSi dauzianeblad

momuSave elementi mtyunebas ganicdis drois momdevno periodSi.

(2.11)-is safuZvelze SeiZleba gamoyvanili iqnes saintereso

damokidebuleba elementis umtyunebo muSaobis albaTobasa da

mtyunebis intensiurobas Soris:

 
   


dtt

t

etP 0 . (2.12)

* (2.12) miiReba Tu (2.11) gadavwerT aseTi saxiT:    
  ,tPdt
tdPtλ  Semdeg    

 tP
tdPdttλ- 

orive mxaris integrirebiT -(t)dt=ℓnP(t), saidanac miiReba (2.12).
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praqtikuli monacemebis ganzogadebis safuZvelze meqanikuri

sistemebis, kerZod, meqanikuri manqana-mowyobilobebis mtyunebaTa

intensiurobis λ(t) funqciis grafikebisaTvis damaxasiaTebelia 2.4

nax-ze gamosaxuli mrudi. masze mkveTrad gamoirCeva elementis

muSaobis 3 ubani.

nax. 2.4. realuri meqanikuri mowyobilobis mtyunebaTa intensiurobis

(safrTxis) funqciis grafiki: a _ cnobili; b _ SemoTavazebuli

pirvel ubanze elementis muSaobis sawyis periodSi

ordinatis, λ(t) funqciis mniSvnelobebi sakmaod didia. aRniSnuli

fizikurad ganpirobebulia imiT, rom swored muSaobis dawyebis

periodSi vlindeba is qarxnuli, faruli defeqtebi, romlebic

praqtikaSi met-naklebad manqanaTmSeneblobis yvela produqcias

SeiZleba hqondes. amasTan, aranakleb mniSvnelovania is viTareba, rom

elementis muSaobis sawyis periods Tan sdevs urTierTSeuRlebuli

elementebis mimuSavebis procesi. ukanaskneli, gansakuTrebiT

liTonuri elementebis SemTxvevaSi, mimdinareobs muSaobis reJimis

maRali parametrebiT. kerZod, matulobs kvanZis temperatura, rac

uaryofiTad moqmedebs rig eqspluataciis procesebze. magaliTad,

SemzeTi masalis Tvisebebis Secvlis gamo uaresdeba SezeTvis

IIIIII

t

λ(t)
ab
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pirobebi, intensiuri xdeba cveTa, mcirdeba fizikur-meqanikuri

Tvisebebi da a.S. am ubans pirobiTad SeiZleba sawyisi, mimuSavebis

periodi vuwodoT.

meore ubani Seesabameba manqanaTa kvanZebisa da elementebis

muSaobis periods, rodesac funqcionireba xasiaTdeba damyarebuli

eqspluataciuri parametrebiT. am dros mtyunebis intensiurobis

maCvenebelic mudmivobiT xasiaTdeba. ukanasknelis Sefaseba, raRa

Tqma unda, SedarebiTi xasiaTisaa. am ubans pirobiTad SeiZleba

manqanis aqtiuri muSaobis periodi vuwodoT.

mesame, ukanaskneli ubani Seesabameba muSaobis periods,

romelic xasiaTdeba elementis daZvelebiT, gacveTiT, daRlilobiT,

masalebis fizikur-qimiuri destruqciiT. muSaobis es peroidi

SeiZleba ‘siberis~ periodad iwodebodes.

nax. 2.4-ze gamosaxuli cnobili mrudi (a) germanul

literaturaSi iwodeba `abazanis~ mrudad misi konturuli

msgavsebis gamo. imave naxazze gamosaxuli mrudi (b), romelic Cvens

mier iqna miRebuli da romelic efuZneba SemTxveviT sidideTa

ganawilebis eqsponencialur kanons kvadratuli maCvenebliT

(maxasiaTebeli mrudebi mocemulia qvemoT) ufro zustad Seesabameba

realur viTarebebs.

2.3. umtyunebo muSaobis da mtyunebis albaTobis

eqsperimentuli gansazRvra

umtyunebo muSaobis albaTobis eqsperimentuli gansazRvris

amocana mdgomareobs imaSi, rom vipovoT N(t) funqcia, romelic
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ganisazRvreba t droisaTvis umtyunebod momuSave elementebis

raodenobiT.

N(t) funqciis povna Semdegnairad aris SesaZlebeli:

gamosacdelad iReben N raodenobis elementebs da iwyeben gamocdis

process. bunebrivia, dasawyisisaTvis, roca t=0, N(t)=N(0)=N.

TiToeuli mtyunebis Semdeg, roca umtyunebod momuSave elementebis

raodenoba N(t) erTi erTeuliT mcirdeba, afiqsireben Sesabamis t

moments. aseTi gziT N(t) funqciis grafikuli gamosaxva (nax.2.5)

mizanSewonilia elementebis mcire raodenobis dros.

umtyunebo muSaobis albaToba t momentisaTvis, romelic

gansazRvruli iqneba eqsperimentuli gziT, SeiZleba ase

warmovidginoT:

 
N

tN
tP )(


. (2.13)

1.0

 tP


t
0

nax. 2.5. umtyuneblobis (saimedoobis) histograma

elementTa mcire raodenobis SemTxvevaSi
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(2.13) warmoadgens umtyunebo muSaobis albaTobis

(saimedoobis)_ P(t) funqciis statistikur Sefasebas da zogjer mas

saimedoobis empiriul funqciasac uwodeben.

roca N, maSin
   tP
N

tN
tP )(


. (2.14)

elementebis didi raodenobis dros grafikis ageba umjobesia

sxva gziT. kerZod, dakvirvebis mTeli dro iyofa Tanabar

intervalebad da TiToeul periodSi aRiricxeba umtyunebod

momuSave elementebis raodenoba (nax.2.6).

grafikebis agebis gza SeirCeva konkretuli pirobebis

mixedviT.

analogiurad aigeba mtyunebis albaTobis histograma (nax.2.7),

rodesac eqsperimentuli gziT gansazRvruli mtyunebis albaToba t

1,0

0  1 2  3 4  5 6 7 8 9 t

 tP


nax. 2.6. umtyuneblobis (saimedoobis) histograma elementTa
didi raodenobis SemTxvevaSi
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momentisaTvis elementebis didi raodenobis dros ase SeiZleba

Caiweros

  N

n
tF

i

k
k

 1
, (2.15)

sadac realizaciaTa 


i

k
kn

1
saerTo ricxvia k=1...i intervalSi

2.4. mtyunebis intensiurobis (safrTxis)

eqsperimentuli gansazRvra

(t) funqciis eqsperimentuli gansazRvrisaTvis dakvirvebas

awarmoeben N raodenobis elementebze. dakvirvebis mTeli periodi

iyofa raime ∆t erTnairi sigrZis intervalebad.

Tu gamoviyenebT zemoT moyvanil damokidebulebas

   
 tP

tPtλ


 da davuSvebT, rom ∆t sakmaod mcirea, xolo N

elementebis raodenoba sakmaod didi, (t) SeiZleba ase Caiweros:

t

1,0

 tF
̂

0

nax. 2.7. mtyunebis albaTobis histograma elementTa

didi raodenobis SemTxvevaSi
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  ttP

ttPtPtλ



 , (2.16)

sadac
   

  ttP
ttPtP


 P(t) funqciis warmoebulia da aris P′(t).

uaryofiTi niSani ganpirobebulia P(t)klebadobiT.

Tu gaviTvaliswinebT, rom    
N

tNtP  , sadac N(t)

umtyunebod momuSave elementebis ricxvia t momentisaTvis, (2.16)

SeiZleba ase Caiweros:

 
   

    ttN
n

t
t

N
tN

N
ttNtN


 






, (2.17)

sadac n mtyunebaTa raodenobaa t-dan t+∆t momentamde.

erTsaaTiani intervalisaTvis (2.17) SeiZleba ase Caiweros

   tN
nt  . (2.18)

(2.17)-is mixedviT (t)–s statistikuri Sefaseba SeiZleba ase

gamovsaxoT:

 
tnN

ntλ̂
t

k
k

i


















1

1

, (2.19)

sadac ni realizaciaTa saerTo ricxvia i-ur intervalSi; 




1

1

t

k
kn _

realizaciaTa saerTo ricxvi k=1...(i-1) intervalSi, anu

realizaciaTa ricxvi i-ur intervalamde.

(2.19)-is safuZvelze agebul histogramas aseve axasiaTebs sami

met-naklebad gamokveTili ubani (nax.2.8).
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2.5. umtyunebo muSaobis (saimedoobis)

ricxobrivi maxasiaTeblebi

saimedoobis P(t) funqcia elementis muSaobis sruli

maxasiaTebelia, magram praqtikaSi misi gamoyeneba garkveulad

gaZnelebulia. es garemoeba ganpirobebulia imiT, rom saimedoobis

P(t) funqciis zusti gansazRvrisaTvis saWiroa eqsperimentebis,

gamocdebis didi moculobiT Catareba. amasTan miRebuli Sedegebi

drois im monakveTisaTvis aris marTebuli, romel diapazonSic

mimdinareobda gamocdebi, e.i. im droSi, romelSic P(t) funqciis saxe

dadginda.

amis gamo sainJinro praqtikaSi ufro xSirad mimarTaven

elementis saimedoobis ricxobriv maxasiaTeblebs, romelTa Sorisac

umniSvnelovanesia umtyunebo muSaobis saSualo dro.

t

(t)

∆t
I II III

nax. 2.8. mtyunebaTa intensiurobis histograma
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elementis umtyunebo muSaobis saSualo dro t ewodeba to

SemTxveviTi sididis maTematikur M[to] lodins, romelic Tavis

mxriv SemTxveviTi sididis saSualo Sewonadebuli mniSvnelobaa:

   




 dttfttMt 0 . (2.20)

maTematikuri gardaqmnebis Semdeg umtyunebo muSaobis dro

SeiZleba Caiweros ase:

 



0

dttPt . (2.21)

movaxdinoT (2.21)-is geometriuli interpretacia: umtyunebo

muSaobis saSualo dro ricxobrivad im farTobis tolia, romelic

koordinatTa RerZebiTa da P (t) mrudiT aris SemosazRvruli.

2.6. saimedoobis ricxobrivi maxasiaTeblebis

eqsperimentuli gansazRvra

umtyunebo muSaobis saSualo dro (SemTxveviTi sididis

maTematikuri lodini) SeiZleba vipovoT gamocdebis Sedegebis

mixedviTac.

umtyunebo muSaobis saSualo drois eqsperimentuli

gansazRvrisaTvis, e. i. misi maTematikuri lodinis SefasebisaTvis,

iyeneben SemTxveviTi sididis ariTmetikul mniSvnelobas _ t
̂
.

praqtikaSi misi gansazRvrisaTvis iReben N erTnair elements da

awarmoeben gamocdebs erTnair pirobebSi, roca mtyunebaTa saerTo
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ricxvi aRwevs n. amasTan, yoveli elementis muSaobis xangrZlivoba

Sesabamisad  tolia t1, t2, t3, . . . , tn, maSin

n

t

n
tttt

n

it

i

n

 t21


anu, . (2.22)

moyvanili gamosaxuleba umtyunebo muSaobis saSualo drois

statistikuri Sefasebaa da bunebrivia, roca N   da n  ,

.tt 


unda aRiniSnos, rom (2.22) praqtikuli gamoyeneba naklebadaa

SesaZlebeli, radganac sizustisaTvis saWiro elementebis didi

raodenobiT aRebis SemTxvevaSi garTulebulia TiToeuli elementis

muSaobis xangrZlivobis fiqsireba da Semdgom misi damuSaveba.

am mizezis gamo, elementebis didi raodenobiT aRebis

SemTxvevaSi ufro mizanSewonilia gamocdebis mTeli periodis S

raodenobis intervalebad dayofa da TiToeuli intervalisaTvis

mtyunebaTa raodenobis n1, n2, . . . , ni gansazRvra. Sesabamisi

intervalis saSualo dro avRniSnoT t1, t2, . . . ,  ti maSin

n
in

m
S

i
nn

it
t,n

ntntntt 


t2211 
anu , (2.23)

sadac
n
in

mtyunebaTa albaTobaa i-ur intervalSi; S _ intervalebis

raodenoba; tim_ mtyunebaTa diapazonis saSualo dro.

aqac, roca N   da n  , .tt 


SemTxveviTi sididis gabnevis xarisxi maTematikuri lodinis

mimarT xasiaTdeba ganawilebis parametrebiT, romelsac dispersia

ewodeba.
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 dttfttD 2
1 , (2.24)

sadac f(t) ganawilebis simkvrivis funqciaa.

imis gamo, rom dispersiis ganzomileba SemTxveviTi sididis

ganzomilebis kvadratia, igi praqtikaSi naklebad mosaxerxebelia.

mizanSewonilia operireba parametriT, romelsac saSualo

kvadratuli gadaxra ewodeba da igive ganzomileba gaaCnia, rac

SemTxveviT sidides. saSualo kvadratul gadaxras aRniSnaven -Ti

da ase ganisazRvreba

D . (2.25)

Semdegi parametri, romliTac xasiaTdeba SemTxveviTi sididis

ganawileba, aris gabnevis xarisxis Sefasebis uganzomilebo

maxasiaTebeli _ variaciis koeficienti V, igi warmoadgens saSualo

kvadratuli gadaxris fardobas saSualo ariTmetikulis

mniSvnelobasTan:

t
V  . (2.26)

variaciis koeficienti, iseve rogorc dispersia, axasiaTebs

SemTxveviTi sididis gabnevis xarisxs da rac metia variaciis

koeficienti, miT metia SemTxveviTi sidideTa gabneva.

CamoTvlili parametrebi kargad axasiaTebs SemTxveviTi

sididis mniSvnelobaTa ganawilebas da gamoiyeneba maTi ganawilebis

kanonis dadgenisaTvis.
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2.7. saimedoobis maCveneblebis statistikuri Sefaseba

meqanikuri manqana-mowyobilobebis da elementebis gamocdebis

Sedegebi, romlebic SeiZleba iyos umtyunebo muSaobis

xangrZlivoba, elementebis sxvadasxva resursebi da sxv.,

warmoadgenen ra SemTxveviTi sidideTa mniSvnelobebs, ufro xSirad

ar Seadgenen mowesrigebul cifrTa rigs. amitom saimedoobis

maCvenebelTa statistikuri Sefasebis procesis pirvel etapze

aucilebelia SemTxveviT sidideTa mniSvnelobebis dalageba,

mowesrigeba. kerZod, cifrebi unda ganvalagoT aRmatebiTi wesiT.

sidideTa aseT ganlagebas variaciuli rigi ewodeba:

t1 ≤ t2 ≤ t3  . . . tn. (2.27)

roca SemTxveviT sidideTa eqsperimentuli Sedegebis anarCevis

raodenoba aRemateba 30-s, variaciuli rigi saWiroa dajgufdes

garkveuli raodenobis intervalebad. praqtikaSi maTi ricxvi aiReba

7-12 zRvrebSi, Tumca intervalTa ricxvis gansazRvra SesaZlebelia

agreTve starjersis formuliT:

S = 1 + 3,3ℓgn, (2.28)

sadac S intervalebis ricxvia; n _ realizaciaTa saerTo ricxvi.

miRebul sidides amrgvaleben mTel ricxvamde.

intervalebis SerCevisas mxedvelobaSi miiReba monacemebis

konkretuli maCveneblebi.

intervalTa didi ricxvi, SemTxveviT sidideTa eqsperimentuli

monacemebis mcire raodenobis SemTxvevaSi, cud Sedegebs iZleva,

radgan SeiZleba moxdes ise, rom zogierT intervalSi ar aRmoCndes

eqsperimentuli wertilebi. aseTi mdgomareoba iseve amaxinjebs

ganawilebis kanonis saerTo suraTs, rogorc intervalTa mcire
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raodenoba.  am SemTxvevaSi ar aris gamokveTili maxasiaTebeli

wertilebi.

intervalebis ricxvis dadgenis Semdeg SesaZlebeli xdeba

intervalis gansazRvra

S
tt

t minmax ,                   (2.29)

sadac ∆t intervalia; tmax,, tmin _ Sesabamisad eqsperimentuli

maqsimaluri da minimaluri maCveneblebi.

Semdgom TiToeul wertilSi ganisazRvreba realizaciaTa

ricxvi, romelic modis erT intervalze.

SemTxveviTi sididis ganawilebis erT-erT maCveneblad

miCneulia misi sixSire, romelic warmoadgens intervalSi

realizaciis da realizaciaTa saerTo ricxvebis fardobas:

n
nm i

i  , (2.30)

sadac mi SemTxveviTi sididis ganawilebis sixSirea; ni _

realizaciaTa ricxvi i-ur intervalSi; n _ realizaciaTa saerTo

ricxvi,





S

i
inn

1
.                      (2.31)

cdis Sedegebis damuSavebisas ganawilebis funqciis

dadgenasTan erTad xSirad mosaxerxebelia egreT wodebuli

histogramis _ svetisebri diagramis gamoyeneba, roca TiToeuli

svetis farTobi SemTxveviTi sididis proporciulia sixSiris am

intervalSi. naTqvami mTlianad exeba mi sixSiris ganisazRvris
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processac, roca mi SeiZleba warmodgenili iqnes intervalebiT,

safexurebiani funqciis saxiT.

Semdgom intervalebSi ganawilebul realizaciaTa ricxvs

warmoadgenen cxrilis saxiT, romelsac SeiZleba hqondes qvemoT

moyvanili saxe.

intervalis

#

intervalis

sazRvrebi

intervalis

Sua wertili

realizaciis

ricxvi

intervalSi

realizaciaTa

sixSire

intervalSi

amis Semdeg SesaZlebelia gamoTvlil iqnes anarCeviT

miRebuli empiriuli funqciis dajgufebisa da gabnevis yvela

empiriuli maxasiaTebeli.

t0 SemTxveviTi sididis ZiriTadi ricxviTi maCveneblis

statistikuri maxasiaTebeli t
̂
ganisazRvreba (2.22) an (2.23)

formuliT.

SemTxveviTi sididis statistikuri dispersia ganisazRvreba

Semdegi TanafardobiT

 
1

1

2








n

tt
D

n

i
i



, (2.32)

sadac ti elementis mtyunebis droa,

 
1

1

2








n

ntt
D

S

i
iim



. (2.33)

empiriuli dispersia Sesabamisi aRniSvnebis SemTxvevaSi ase

gamoisaxeba
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2

1




n

i
i ttn

iD


. (2.34)

Sesabamisi formuliT ganisazRvreba agreTve parametrebi , V.

zemoT aRniSnuli t
ˆ
, , D, V parametrebi statistikurad kargad

axasiaTebs SemTxveviTi sididis ganawilebis mniSvnelobebs da

gamoiyeneba ganawilebis kanonis dadgenisaTvis.

SemTxveviTi sidideebis saSualo kvadratuli gadaxra

SeiZleba gamoTvlili iqnes rogorc zemoT moyvanili

damokidebulebis analogiiT D , aseve gamosaxulebiT

2

2

1 tn

nt i
S

i
im 






 . (2.35)

saimedoobis saboloo amocanas warmoadgens miRebul

mniSvnelobaTa gaanalizeba da kanonzomierebaTa gamoyvana. kerZod,

dakvirvebaTa mniSvnelobebis safuZvelze unda SevafasoT SemTxveviTi

xdomilobis albaToba; cdebiT miRebuli SemTxveviTi sididis

mniSvnelobebiT gamoviyvanoT SemTxveviT sidideTa ganawilebis

funqcia; davadginoT, SedarebiT zustad SemTxveviTi sididis

parametrebi, SemTxveviTi sididis an zogadad SemTxveviTi procesis

maxasiaTeblebi.

zemoT moyvanili sakiTxebi pirvelxarisxovan mniSvnelobas

iZens zogadad saimedoobis TeoriaSi da amdenad albaTobis Teoriisa

da maTematikuri statistikis kvlevis sagans warmoadgenen.

saimedoobis Teoriis Semdgomi etapis amocanas warmoadgens is,

rom dakvirvebaTa gaanalizebis safuZvelze wamoyenebul iqnes
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hipoTeza cdebisDSedegad miRebuli Sedegebis ganawilebis Sesaxeb,

xolo Semdgom Semowmdes misi marTebuloba. aRniSnul sakiTxs

hipoTezaTa statistikuri Semowmebis Teoria Seiswavlis.

moviyvanoT maTematikuri statistikidan zogierTi cnebis

ganmarteba.

pirobaTa garkveuli kompleqsis ganxorcielebas cda ewodeba.

SemTxveviTi sididis mniSvneloba, romelic cdis Sedegad aris

miRebuli, aris misi realizacia. t0 SemTxveviTi sidideze

Catarebuli n dakvirvebaTa t1, t2, . . . ,  tn Sedegi am SemTxveviTi

sididis statistikuri kvlevis amosavali wertilia da mas anarCevi

ewodeba. amasTan, SemdgomisaTvis vigulisxmoT, rom cdebi

mimdinareobs erTnair pirobebSi da t0 SemTxveviTi sidide romeliRac

F(t) kanoniT aris ganawilebuli. anarCeviT dadgenil ganawilebis

funqcias ganawilebis empiriuli funqcia ewodeba.

2.8. saimedoobis maCveneblebis ganawilebis zogierTi kanoni

dakvirvebebisa da eqsperimentebis saSualebiT SesaZlebelia

gamovlenil iqnes saimedoobis maCvenebelTa SemTxveviTi sididis

mniSvnelobebi, dadgindes saWiro parametrebi. miRebulis safuZvelze

saWiro xdeba maT ganawilebis kanonze hipoTezis gamoTqma.

saimedoobis TeoriaSi miRebul manqanaTa elementebis

saimedoobis maCveneblebis SemTxveviTi sidideebis ganawilebisaTvis

yvelaze xSirad gamoiyeneba eqsponencialuri, normaluri,

logariTmul-normaluri, veibulis da eqsponencialuri kvadratuli



68

maCvenebliT kanonebi (cxr.2.1), Tumca SeiZleba dasaxelebul iqnes

sxva kanonebic.

ganvixiloT mokled TiToeuli.

eqsponencialuri kanoni. umtyunebo muSaobis t0 drois

ganawilebis eqsponencialuri kanoni kargad gamoxatavs meqanikuri

manqana-mowyobilobebis muSaobis procesis drois im monakveTs, roca

elementma gaiara sawyisi, mimuSavebis periodi. amitom

eqsponencialuri kanoni warmatebiT gamoiyeneba elementTa muSaobis

analizisaTvis, romlebmac ukve gaiares aRniSnuli periodi.

SemTxveviTi sididis eqsponencialuri kanoniT ganawilebis

SemTxvevaSi elementis saimedoobis maCvenebelTa erT-erTi ZiriTadi

maxasiaTebelia TviT saimedoobis (umtyuneblobis) funqcia (nax.2.8):

P(t) = e-t, (2.36)

sadac  funqciis parametria.

mtyunebis albaTobis funqcia (nax. 2.9)

F(t) =1- e-t . (2.37)

FP(t)

Ft

1,0

F0

nax. 2.9. saimedoobis funqcia SemTxveviT sidideTa

eqsponencialuri ganawilebis dros
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mtyunebis ganawilebis simkvrive (nax.2.10) integraluri

funqciis warmoebulia:

f(t) = F′(t) = (1-e-t)′ =  . e-t. (2.38)

eqsponencialuri kanonis umTavresi Tvisebaa mtyunebaTa

intensiurobis mudmivoba, rac ase kargad esadageba elementis

Ft
F0

f(t)



F(t)

1,0

0

nax. 2.10. mtyunebis funqcia SemTxveviT sidideTa

eqsponencialuri ganawilebis dros

nax. 2.11. simkvrivis funqcia SemTxveviT sidideTa

eqsponencialuri ganawilebis dros

t
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damyarebuli muSaobis periods, meore ubans (nax. 2.7, 2.11).

marTlac,

   
 

 
  const

e
e

tP
tf

tP
tPtλ

t

t





 
(2.39)

saSualod umtyunebod muSaobis t0 drois maTematikuri lodini

SemTxveviTi sididis ganawilebis eqsponencialuri kanonis dros ase

gamoisaxeba:

        λeλeλeλdtedttPtMt λλλttλ 1111 0
0

0 0
0  

 
  (2.40)

saSualo kvadratuli gadaxra  parametriT ase SeiZleba

gamoisaxos [5]:

    202
0 tMtMσ  (2.41)

da, radganac Sesabamisi gansazRvruli integralis nawilobiTi

integrirebis xerxiT amoxsnis safuZvelze

    ,λdteλtdttfttM λt
2

0 0

222
0

12  
 

 (2.42)

amitom

 (t)

0
t

nax. 2.12. mtyunebaTa intensiuroba SemTxveviT sidideTa

eqsponencialuri ganawilebis dros
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  λλλσ 1112
2

2  . (2.43)

is garemoeba, rom ganawilebis eqsponencialuri kanonisaTvis

umtyunebo muSaobis saSualo drois maTematikuri lodini misi

saSualo kvadratuli gadaxris tolia  t , gamoiyeneba imisaTvis,

rom Semowmdes hipotenuza umtyunebo muSaobis t0 drois ganawilebis

eqsponencialuri kanonis Sesaxeb.

normaluri (hausis) kanoni. ganawilebis normaluri kanoni

gamoiyeneba maSin, rodesac uecari mtyunebebi realizaciaTa  saerTo

ricxvis umniSvnelo nawils Seadgens, rodesac SemTxveviT sidideTa

ganawilebaze moqmedebs mravali erTnairi mniSvnelobis faqtori.

normaluri ganawilebis kanoniT kargad gamoisaxeba meqanikuri

manqana-mowyobilobebis cveTadi elementebis saimedoobis

maCveneblebi.

t0 drois normaluri ganawilebis dros elementis saimedoobis

ZiriTadi maxasiaTeblebia:

saimedoobis funqcia (nax. 2.14)

   

  ,
2
1

22
1

22
11

2

2

2

2








 










 














 
















ttdtttexp

dtttexptP

t

t

- (2.44)

sadac (Z) laplasis normirebuli funqciaa da tolia

  dteZ
z t

 



0

2
2

2
1 ;                  (2.45)

t da  amjerad kanonis parametrebia.
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mtyunebis albaToba _ ganawilebis funqcia (nax. 2.15) toli

iqneba

    




  σ

ttΦtPtF 2
11 . (2.46)

mtyunebis ganawilebis simkvrive

   









 


 2

2

22
1

σ
ttexp

σπ
tf . (2.47)

dabolos, mtyunebaTa intensiuroba

 

 






 










 






σ
tt

σ
ttexp

σ
t

2
1

2

2
1

2

2

. (2.48)

2.13, 2.14 naxazebze moyvanilia mtyunebaTa simkvrivis

normirebuli ganawilebis mrudebi sxvadasxva saSualo kvadratuli

gadaxrebiT da maTematikuri lodiniT. 2.13 naxazidan kargad Cans,

rom -s SemcirebiT mtyunebaTa simkvrivis normirebuli ganawilebis

f(t)

t

1

2

3

nax. 2.13. dispersiis gavlena SemTxveviT sidideTa

ganawilebis simkvrivis mrudis formaze
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mrudi iweleba ordinatis gaswvriv ise, rom mrudiT

SemosazRvruli farTobi ucvleli rCeba, amasTan, normirebuli

ganawilebis simkvrivis mrudi simetriulia. misi ganStoebebi, roca

t    , asimptoturad uaxlovdeba abscisaTa RerZs da nuli xdeba,

xolo maqsimums aRwevs tt  wertilSi,

 
σ

tf



2
1 . (2.49)

vinaidan umtyunebo muSaobis (mtyunebis) t0 dro dadebiTi

sididea, ganawilebis normirebuli kanonis gamoyeneba saimedoobis

maCveneblebis aRwerisaTvis SesaZlebelia mxolod Semdegi

pirobisaTvis

t ,                      (2.50)

rodesac miaxloebiT sruldeba saimedoobis sawyisi,

`klasikuri~ pirobebi: P(0)1, F(0)0.

F(t), P(t) da (t) maCveneblebis grafikebi SemTxveviTi sididis

ganawilebis normaluri kanonis SemTxvevisaTvis mocemulia naxazebze

_ 2.15, 2.16, 2.17

f(t)

1t 2t 3t t
nax. 2.14. SemTxveviT sidideTa ganawilebis simkvrivis

mrudebi t -s sxvadasxva mniSvnelobisaTvis
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Tu ar sruldeba piroba t , saimedoobis ZiriTadi

maxasiaTeblebis miReba normaluri ganawilebis dros SeiZleba

`dayvanili~ simkvrivis saSualebiT [32].

f(t)

t t

t

(t)

nax. 2.16. simkvrivis funqcia SemTxveviT

sidideTa normaluri kanoniT

ganawilebis dros

P(t)

F(t) F(t)

nax. 2.15. mtyunebisa da saimedoobis

funqciebi SemTxveviT sidideTa normaluri

kanoniT ganawilebis dros

t
t

nax. 2.17. mtyunebaTa intensiuroba SemTxveviT sidideTa
normaluri kanoniT ganawilebis dros
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ganawilebis normaluri (hausis) kanoni albaTobis Teoriisa

da maTematikuri statistikis rig sakiTxebSi udides rols

TamaSobs.

logariTmuli normaluri kanoni. logariTmul normalur

kanonad miRebulia ganawilebis iseTi wesi, roca t0 SemTxveviTi

sididis logariTmebi emorCileba ganawilebis normalur kanons.

aseT SemTxvevaSi ganawilebis normaluri kanonis gamosaxulebaSi

SemTxveviTi sididis SesaZlo mniSvnelobis (argumentis) magivrad

unda Caisvas misi logariTmebi. saTanado gaanalizebis Sedegad

dadgenilia, rom, Tu logariTmis ganawileba Seesabameba normalur

kanons, maSin saimedoobis maCveneblebi emorCileba logariTmul

normalur kanons.

U SemTxveviTi sididis simkvrive normaluri kanonis

Sesabamisad

    











 2u

2

u 2σ
UM-UexpUf

2
1 , (2.51)

sadac ;; Uetlge
lgt

U == e _ naturaluri logariTmis fuZe; U _ U

SemTxveviTi sididis saSualo kvadratuli gadaxra; M(U) _ U

SemTxveviTi sididis maTematikuri lodini (saSualo ariTmetikuli);

U da M(U) _ logariTmuli normaluri kanonis parametrebi.

SemTxveviTi sididis ganawilebis simkvrive imis

gaTvaliswinebiT, rom t = eU, SeiZleba Semdegnairad gamovsaxoT:

          
t
Uf

dt
dUUfdt

dU
dU

UtdF
dt

tdFtf  . (2.52)

(2.49)-is CasmiT ukanasknelSi miviRebT
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 2

2

2
exp

2 u.

UM-lgt
t

lgetf
U

, (2.53)

sadac t > 0. roca t ≤ 0, maSin f(t) = 0.

Sesabamisad ganisazRvreba saimedoobis danarCeni

maxasiaTeblebi, roca SemTxveviTi sididis ganawilebis wesi

logariTmuli normaluri kanonia. magaliTad, mtyunebis F(t)

funqciis sawyisi da saboloo saxe ase gamoisaxeba:

      


























 uuu

t

0

UMtlgdtt
UMtlglgetF 2

11
2

exp
2 2

2
, (2.54)

sadac (Z) laplasis normirebuli funqciaa, mocemulia sacnobaro

literaturaSi [41] da tolia

   dZZexpZ
Z

22
1 2

0




  , (2.55)

sadac
 

u

UMtlgZ

 .

elementebis P(t) saimedoobis funqcia ki ganisazRvreba Semdegi

gamosaxulebidan:

   











u

tMtlgtP 2
1 , (2.56)

xolo mtyunebis safrTxe

 
 
 Z

Zexp

t
elgt

u 







2
1

2
2

2

. (2.57)
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saimedoobis ZiriTadi maxasiaTeblebis grafikebi, roca

ganawilebis wesi logariTmuli normaluri kanonia, mocemulia 2.18,

2.19, 2.20. amasTan, saimedoobis sawyisi pirobebi dakmayofilebulia:

P(0)=1, F(0)=0, ganawilebis simkvrivis mrudi asimetriulia,

simkvrivis maqsimumi maTematikuri lodinis mimarT marcxnivaa

gadaxrili.

veibulis kanoni. ganawilebis veibulis kanoni kargad aRwers

meqanikuri manqana-mowyobilobebis elementebis muSaobis saimedoobis

maCveneblebis bolo, `siberis~ periodad wodebul mesame ubans.

ganawilebis veibulis kanonis SemTxvevaSi elementis

saimedoobis maxasiaTebelTa erT-erTi ZiriTadi maCvenebeli

saimedoobis funqciaa (nax. 2.20):

P(t), F(t)
1,0

F(t)P(t)

t
nax. 2.18. mtyunebisa da saimedoobis

funqciebi SemTxveviT sidideTa

logariTmuli normaluri

kanoniT ganawilebis dros

f(t)=F’(t)

1

2<1
3<2

t
nax. 2.19. simkvrivis funqciebi SemTxveviT

sidideTa logariTmuli normaluri

kanoniT ganawilebis dros da

sxvadasxva -s SemTxvevaSi
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( ) ( )ba
texptP -= , (2.58)

sadac , b veibulis kanonis parametrebia. kerZod, b ganawilebis

formis, xolo  masStabis koeficientebia.

mtyunebis albaToba, ganawilebis funqcia (nax. 2.21)

( ) ( )ba
texptF --1= . (2.59)

mtyunebis ganawilebis simkvrive (nax. 2.22)

     bb

bb
b

a
texpa

tb
a
texpttf 




 

1
1.

a
b -
b . (2.60)

t

(t)

b>1

b<1

b=1

F(t)

t

nax. 2.20. mtyunebaTa intensiuroba

SemTxveviT sidideTa logariTmuli
normaluri kanoniT ganawilebis dros

t

P(t)

1,0
b>1

b=1

b<1

0

nax. 2.22. mtyunebaTa funqciebi

SemTxveviT sidideTa veibulis kanoniT

ganawilebis dros sxvadasxva

koeficientebis SemTxvevaSi

nax. 2.21. mtyunebaTa funqciebi

SemTxveviT sidideTa veibulis kanoniT

ganawilebis dros sxvadasxva

koeficientebis SemTxvevaSi

f(t)

b=1,5

t

b=3

b=0,5

b=1

nax. 2.23. simkvrivis funqciebi SemTxveviT

sidideTa veibulis kanoniT ganawilebis

dros sxvadasxva koeficientebis
SemTxvevaSi
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f(t)-s mrudi veibulis kanonis mixedviT arasimetriulia.

mtyunebaTa intensiuroba (nax. 2.23)

   
 

 
  b

b

a
tb

tP
tf

tP
tPt 1
 . (2.61)

umtyuneblobis `klasikuri~ sawyisi pirobebi

P(0)=1, F(0)=0

veibulis ganawilebisaTvis marTebulia da sruldeba.

b parametri damokidebulia mxolod SemTxveviTi sididis

variaciis koeficientze da ganisazRvreba gaangariSebiT, cxrilebiT

an grafikul-analizuri meTodiT [32].

b parametrs didi mniSvneloba eniWeba mtyunebis simkvrivis

gansazRvris procesSi. imis mixedviT, Tu ra mniSvnelobisaa

koeficienti, mtyunebis simkvrivis mrudi icvlis formas sakmaod

farTo diapazonSi. roca b=1, veibulis kanoni gardaisaxeba

eqsponencialurSi (nax.2.22), xolo roca b=2,5...3,5 (Seesabameba

variaciis koeficients 0,3...0,4), Zlier uaxlovdeba normaluri

ganawilebis kanons.

t

(t)

b<1

b>1b=1
a
1

nax. 2.24. mtyunebaTa intensiuroba SemTxveviT sidideTa veibulis
kanoniT ganawilebis dros sxvadasxva koeficientebis SemTxvevaSi



80

umtyunebod muSaobis saSualo dro, t0 drois maTematikuri

lodini

    dta
texpta

bdttfttMt b
bb

b 




 



00
0 . (2.62)

Tu miviRebT aRniSvnas

,a
tx b
b

 (2.63)

saidanac

,axt b 
1

(2.64)

xolo

dxxxb
adt b 1

1
 , (2.65)

(2.62) gamosaxuleba SeiZleba ase gadavweroT:

 

 11
0

1
0

1
1

0








 











badxex

dxxxb
a

a
axexpaxa

btMt

xb

b
b

bb
b

, (2.66)

sadac   dxexb
xb 



 
0

1
11 gama-funqciaa, igi tabulirebulia da

mocemulia sacnobaro literaturaSi [11].

SemTxveviTi sididis saSualo kvadratuli gadaxris

gansazRvrisaTvis saWiro meore rigis sawyisi momenti iqneba

   

.exp

exp

0

1

0

2

0

22
0

dt
a
ttt

a
b

dt
a
tt

a
btdttfttM

b

b
b

b

b
b

b





























(2.67)
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imave aRniSvnebis gamoyenebiT

 

,12

exp

2

0

2

1

0

2
0

2

11







 










 












b
adxexa

dxxx
b
a

a
axaxax

a
btM

x

b

b
b

b

b

bb

(2.68)

sadac   dxexb
xb 



 
0

2
12 gama-funqciaa, isic tabulirebulia da

mocemulia sacnobaro literaturaSi [11].

maSin SemTxveviTi sididis saSualo kvadratuli gadaxris

gansazRvrisaTvis

      

.1112

1112

22

2222
0

2
00

2















 






 







 






 

bb
a

b
a

b
atMtMtD

(2.69)

veibulis ganawilebis  da b parametrebis gansazRvris erT-

erTi meTodi Semdegia: Tu N raodenobis elementze dakvirvebaTa

safuZvelze umtyunebod muSaobis t0 drois realizaciebia t1, t2, ..., tn,

xolo realizacaTa saerTo ricxvi _ n, maSin t0 SemTxveviTi sididis

maTematikuri lodini da statistikuri dispersia Sesabamisad iqneba:

n
t...ttt n

 21
; (2.70)

     
1

22
2

2
12


 n

tt...tttt n , (2.71)

maSin variaciis koeficienti
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tV  . (2.72)

meores mxriv, Cvens mier gamoTvlili t da  saSualebiT

SegviZlia CavweroT (2.39, 2.66)

   
 11

1112 2






b

bbV . (2.73)

or ukanasknels Tu gavutolebT erTmaneTs, miviRebT

   
 11

1112 2






b

bb
t . (2.74)

am gamosaxulebaSi ucnobia mxolod b parametri, risi

gansazRvrac aRar warmoadgens raime siZneles. ra Tqma unda, xelT

unda gvqondes gama-funqciis tabulirebuli cxrilebi. amis Semdeg

aseve advilia  parametris gamoTvla, Tundac (2.66) gamoyenebiT.

eqsponencialuri funqcia kvadratuli maCvenebliT ( )2= t-ey  .

rogorc adre avRniSneT, eqsponencialuri kanoni y=e-t funqciis

saxiT saimedoobis TeoriaSi SeiZleba gamoyenebuli iqnes mxolod

meqanikuri sistemebisaTvis, romlebmac ukve gaiares mimuSavebis

periodi da daudgaT eqspluataciis damyarebuli etapi. magram

martivi analizis safuZvelzec naTelia, rom eqsponencialuri

kanoni P(t)=e-t saxiT, romelic iTvaliswinebs mtyunebis

intensiurobis mudmivobas, ar SeiZleba srulyofilad axasiaTebdes

im meqanikuri sistemebis saimedoobis maCveneblebs, sadac adgili

aqvs tribologiur procesebs da daRlilobis movlenebs. vinaidan

es ukanasknelni ganasaxiereben mudmiv, TandaTanobiT daSlis

process, bunebrivia, adgili unda hqondes saeqspluatacio
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parametrebis gauaresebas da maSasadame, mtyunebis intensiurobis

gazrdas. magram P(t) = e-t-is Sesabamisi (t) amas ar iTvaliswinebs da

igi mudmivia (nax.2.28,a).

rac Seexeba Cvens mier ganxilul SemTxveviT sidideTa

ganawilebis veibulis kanons (roca b>2), igi kargad aRwers im

meqanikuri sistemebis saimedo eqspluataciis pirobebs, roca adgili

aqvs elementebis intensiuri daSlis process, gansakuTrebiT im

periods, roca elementebis daSlis procesi metad intensiurad,

katastrofulad mimdinareobs (nax.2.28,b). magram amasTan, rogorc

ukve avRniSneT, igi saWiroebs SedarebiT rTuli maTematikuri

aparatis gamoyenebas, rac mouxerxebels xdis mis sainJinro

praqtikaSi gamoyenebis SesaZleblobas.

gamoTqmuli mosazrebebis gamo meqanikuri sistemis

damyarebuli reJimisaTvis saWiro gaxda moZebniliyo saimedoobis

maCveneblebis efeqturad gamomsaxveli kanoni gamoyenebis

konkretuli zRvrebiT, romelic uzrunvelyofda saimedoobis

amocanebis sainJinro meTodebiT gadawyvetis saSualebas.

analizuri da eqsperimentuli kvlevis safuZvelze aseT

damokidebulebad miCneuli Cvens mier iqna eqsponencialuri funqcia

kvadratuli maCvenebliT.

gansxvavebuli suraTi
2t-eλ  funqciis gamoyenebis dros

gansakuTrebiT TvalsaCinoa mtyunebaTa intensiurobis maCveneblis

ganxilvis dros, ase, magaliTad, eqsponencialuri kanonis P(t) = e-t

saxiT gamoyenebis dros, igi mudmivi sididea da  parametriT

izomeba; veibulis kanonis SemTxvevaSi, roca b>2, saxezea mtyunebis
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intensiurobis   hiperboluri  tipis  mrudi, xolo gamosakvlevi

P(t) = 2t-e  funqcia ganapirobebs (t)–s wrfiv xasiaTs.

ganvixiloT elementis saimedoobis ZiriTadi maCveneblebi,

roca mtyuneblobis maCveneblis funqcia (nax.2.25)

P(t)= 2t-e  . (2.75)

Sesabamisad (nax. 2.26)

F(t) = 1_ 2t-e  . (2.76)

mtyunebis ganawilebis simkvrive (nax. 2.26)

f(t) =F’(t)=2t 2t-e  , (2.77)

xolo mtyunebaTa intensiuroba (nax.2.27, g)

   
 

 
  t

e
te

tP
tf

tP
tPt

t

t 


 22
2

2

. (2.78)

nax. 2.25. umtyuneblobis funqciebi SemTxveviT sidideTa

eqsponencialuri ganawilebis dros:

a _ Seesabameba P(t)=exp(-t) funqcias;
b _ Seesabameba P(t)=exp(-t2)

0

0,5

t

P(t)

1,0

a

b
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0

1,0

F(t)

0,5

a

b

t

0
t

a

b

λ

t
nax. 2.27. mtyunebis simkvrivis funqciebi SemTxveviT sidideTa

eqsponencialuri ganawilebis dros:

a _ Seesabameba P(t)=exp(-t) funqcias;

b _ Seesabameba P(t)=exp(-t2) funqcias

f(t)

nax. 2.26. mtyunebis funqciebi SemTxveviT sidideTa

eqsponencialuri ganawilebis dros:

a _ Seesabameba P(t)=exp(-t) funqcias;

b _ Seesabameba P(t)=exp(-t2) funqcias
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umtyunebod muSaobis saSualo dro Cvens mier gamoTvlili

iqna iseTi tipis integralebis amoxsniT, rogorebicaa 
2te  dt da

t2 2te  dt. Sedegad miviReT





 




22
1

0

2dtet t . (2.79)

e.i. elementis muSaobis saSualo drois maTematikuri lodini

2
 sididiT gansxvavdeba P(t) = e-t kanonis SemTxvevisagan.

saSualo kvadratuli gadaxris gansazRvrisaTvis saWiro

meore rigis sawyisi momenti gamoiTvleba Sesabamisi gansazRvruli

integralis amoxsnis safuZvelze:

b

g

a

t0

(t)

nax. 2.28. mtyunebaTa intensiurobis funqciebi SemTxveviT

sidideTa eqsponencialuri ganawilebis dros:

a _ Seesabameba P(t)=exp(-t) funqcias;

b _ Seesabameba P(t)=exp  bat funqcias, roca b>2;

g _ Seesabameba P(t)=exp(-t2) funqcias
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11

2
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22
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22

0

2
2

2

2

0

32

0

2

0

22
0

tt

tt

etet

dtetdttetdttfttM λ
. (2.80)

maSin

    λλλtMtM  4
2
1

4
12

02
0 . (2.81)

analogiuri viTarebaa dispersiis gansazRvris dros:


 4

42D . (2.82)

Catarebuli kvlevis safuZvelze SemTxveviT sidideTa P(t)= 2te 

kanoniT ganawilebas sainJinro praqtikaSi aqvs udavo upiratesoba _

kargad axasiaTebs saimedoobis maCveneblebs meqanikuri sistemebis

eqspluataciis Sua periodSi, gamoirCeva gamoyenebuli maTematikuri

aparatis simartiviT.

saimedoobis maCveneblebis eqsponencialuri funqciiT

(kvadratuli maCvenebliT _ P(t)= 2te  ). gamosaxvis umTavresi

maxasiaTebeli niSnebia:

mtyunebis intensiurobis maCvenebeli gamoisaxeba (t) = 2t

wrfivi funqciiT;

mtyunebaTa simkvrivis maCvenebels normaluri kanonis msgavsad

axasiaTebs eqstremumi, magram misgan gansxvavebiT asimetriulia;

elementis umtyunebo muSaobis saSualo dro 2


sididiT

gansxvavdeba P(t)=e-t kanonis SemTxvevisagan;

dabolos, mizanSewonilia meqanikuri sistemebis

specifikurobaTa gamo gagrZeldes axal kanonzomierebaTa Zieba

sxvadasxva obieqtTa jgufebisa da eqspluataciis sxvadasxva

periodebis mimarT diferencirebuli midgomis gziT.
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cxrilSi 2.1  eqsponencialuri kanonis parametria; t da  _

gamosaxulebebSi normaluri kanonis parametrebi; M(U) da u _

logariTmuli normaluri kanonis parametrebi;  da b _ veibulis

kanonis parametrebi; (Z)_ laplasis normirebuli funqcia;  12 b

da  11  b _ gama-funqciebi.



89

ganawilebis

kanonis

dasaxeleba

umtyunebloba

P(t)
mtyuneba

F(t)
mtyunebis

simkvrive f(t)

mtyunebis

intensiuroba

(t)

mtyunebis

maTemat.

lodini

M[t0}

saSualo

kvadratuli

gadaxra 

dispersia D

eqsponencialuri e-t 1_e-t  . e-t  
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2
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eqsponencialuri

kvadratuli

maCvenebliT

2te  1-
2te  2

2te  2t



2 
4

2
1





4

4

cxrili 2.1
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2.9. hipoTeza SemTxveviT sidideTa ganawilebis

kanonze da misi Semowmeba

gamosakvlevi detalebis statistikuri da Teoriuli

gaangariSebebis Sedegebis, agreTve mtyunebaTa fizikuri arsis,

bunebis gaTvaliswinebiT gamoiTqmeba hipoTeza mtyunebaTa

ganawilebis kanonze.

eqsperimentis an dakvirvebis Sedegebis SeTanxmebulobas

gamoTqmul hipoTezasTan amowmeben Tanxmobis kriteriumis meSveobiT.

Tanxmobis kriteriumad miiCneva im pirobaTa erToblioba, romlebic

adastureben gamoTqmuli hipoTezis samarTlianobas.

SemTxveviTi sididis ganawilebis kanonze gamoTqmuli

hipoTezis samarTlianobis SemowmebisaTvis arsebobs ramdenime

kriteriumi, romelTa gamoyenebis mizanSewoniloba ganisazRvreba

dasamuSavebeli sawyisi monacemebis masStabebiT da damuSavebis

meTodebiT.

meqanikuri mowyobilobis saimedoobis maCvenebelTa ganawilebis

kanonis SemowmebisaTvis mizanSewonilia da Sesabamisad, farTod

gamoiyeneba pirsonis kriteriumi. gansakuTrebiT efeqturia misi

gamoyeneba, roca dakvirvebaTa raodenoba aRemateba 30-s.

dakvirvebaTa Sedegebis romelime kanonisadmi mikuTvnebis

samarTlianobis SemowmebisaTvis variaciuli rigis empiriuli

mniSvnelobebi rogorc zemoT iyo aRniSnuli, iyofa raRac S

Tanabari sididis intervalebad. TiToeul intervalSi realizaciaTa

(mtyunebaTa) ricxvi aRiniSneba ni-iT, miRebuli saangariSo,

empiriuli mtyunebaTa ricxvi Seedareba Sesabamis mtyunebaTa
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ricxvis Teoriul mniSvnelobebs T
in , romelic gaiangariSeba

ganawilebis kanonze gamoTqmuli hipoTezis safuZvelze.

dabolos, empiriul mniSvnelobaTa erTobliobis mikuTvneba

romelime kanonisadmi mowmdeba kriteriumiT 2:

 



S

i i

ii

n
nn

1

2
2

T

T

, (2.83)

sadac T
in aris i-ur intervalSi moxvedrili realizaciaTa

Teoriuli ricxvi, romelic ganisazRvreba Sesabamisi funqciis

meSveobiT, sadac argumentad miiReba mtyunebis intensivobis

Teoriuli mniSvneloba. Sesabamisad

    ttNtλn iii  1T ,                (2.84)

sadac (t) mtyunebis intensivobis Teoriuli mniSvnelobaa i-ur

SualedSi; N(ti-1) _umtyunebod momuSave elementebis raodenobaa i-uri

Sualedis dadgomamde; t _ intervalis sigrZe.

miRebuli 2 mniSvnelobas vadarebT am kriteriumis 2(r)-is

kritikul mniSvnelobas. 2(r) SeirCeva cxrilidan 2.3 r = S-1 (sadac

S intervalebis ricxvia) mniSvnelobisa da  pasuxismgeblobis

donis mixedviT.

hipoTeza savaraudo ganawilebis kanonis Sesaxeb iTvleba

marTebulad Tu 2 < 2(r), rac imis mauwyebelia, rom

eqsperimentuli monacemebi ar ewinaaRmdegebian ganawilebis kanons 

pasuxismgeblobis donis dros Sesabamisi sarwmuno albaTobiT, Tu

2  2(r) hipoTezas uaryofen.
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2 mniSvneloba  da r-is mixedviT
0,99 0,98 0,95 0,90 0,80 0,70 0,50 0,30 0,20 0,10 0,05 0,02 0,01 0,001

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

0.00
0.020
0.115
0.297
0.554
0.872
1.239
1.646
2.09
2.55
3.05
3.57
4.11
4.66
5.23
5.81
6.41
7.02
7.63
8.26
8.90
9.54
10.20
10.86
11.52
12.20
12.68
13.56
14.26
14.95

0.001
0.040
0.185
0.429
0.752
1.134
1.564
2.03
3.53
3.06
3.61
4.18
4.76
5.37
5.98
6.61
7.26
7.91
8.57
9.24
9.93
10.60
11.29
11.99
12.70
13.41
14.10
14.85
15.57
16.31

0.004
0.103
0.352
0.711
1.145
1.635
2.17
2.73
3.32
3.94
4.58
5.23
5.89
6.57
7.26
7.96
8.67
9.39
10.11
10.85
11.59
12.34
13.09
13.85
14.61
15.38
16.15
16.93
17.71
18.49

0.016
0.211
0.584
1.064
1.610
2.20
2.83
3.49
4.17
4.86
5.58
6.30
7.04
7.79
8.55
9.31
10.08
10.86
11.65
12.44
13.24
14.04
14.85
15.66
16.47
17.29
18.11
18.94
19.77
20.6

0.064
0.446
1.005
1.649
2.34
3.07
3.82
4.59
5.38
6.18
6.99
7.81
8.33
9.47
10.31
11.15
12.00
12.86
13.72
14.58
15.44
16.31
17.19
18.06
18.94
19.82
20.7
21.6
22.5
23.4

0.148
0.713
1.424
2.20
3.00
3.83
4.67
5.53
6.89
7.27
8.15
9.03
9.93
10.82
11.72
12.62
13.53
14.44
15.35
16.27
17.18
18.10
19.02
19.94
20.9
21.8
22.7
23.6
24.6
25.5

0.455
0.713
1.386
2.37
3.36
4.35
5.35
6.36
7.34
8.34
9.34
10.34
11.34
12.34
13.34
14.34
15.34
16.34
17.34
18.34
19.34
20.3
21.3
22.3
23.3
24.3
25.3
26.3
27.3
29.3

1.074
2.41
3.66
4.88
6.06
7.23
8.38
9.52
10.66
11.78
12.90
14.01
15.12
16.22
17.32
18.42
19.52
20.6
21.7
22.8
23.9
24.9
26.0
27.1
28.2
29.2
30.3
31.4
32.5
33.5

1.642
3.22
4.64
5.99
7.29
8.56
9.80
11.03
12.24
13.44
14.63
15.81
16.98
18.15
19.31
20.5
21.6
22.8
23.9
25.0
26.2
27.3
28.4
29.6
30.7
31.8
32.9
34.0
35.1
36.2

2.71
4.60
6.25
7.78
9.24
10.64
12.02
13.36
14.68
15.99
17.28
18.55
19.81
21.10
22.3
23.5
24.8
26.0
27.2
28.4
29.6
30.8
32.0
33.2
34.4
35.6
36.7
37.9
39.1
40.3

3.84
5.99
7.82
9.49
11.07
12.59
14.07
15.51
16.92
18.31
19.68
21.00
22.4
23.7
25.0
26.3
27.6
28.9
30.1
31.4
32.7
33.9
35.2
36.4
37.7
38.9
40.1
41.3
42.6
43.8

5.41
7.82
9.84
11.67
13.39
15.03
16.62
18.17
19.68
21.2
22.6
24.1
25.5
26.9
28.3
29.6
31.0
32.3
33.7
35.0
36.3
37.7
39.0
40.3
41.7
42.9
44.1
45.4
46.7
48.0

6.64
9.21
11.34
13.28
15.09
16.81
18.48
20.1
21.7
23.2
24.7
26.2
27.7
29.1
30.6
32.0
33.4
34.8
36.2
37.6
38.9
40.3
41.6
43.0
44.3
45.6
47.0
48.3
49.6
50.9

10.83
13.82
16.27
18.46
20.5
22.5
24.3
26.1
27.9
29.6
31.3
32.9
34.6
36.1
37.7
39.3
40.8
42.3
43.8
45.3
46.8
48.3
49.7
51.2
52.6
54.1
55.5
56.9
58.3
59.7

r
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2.10. aRdgenadi elementebis saimedooba

wina TavebSi moyvanili saimedoobis sakiTxebSi elementis

muSaobis procesi ganixileboda mis pirvel mtyunebamde, e.i. roca

elementi an zogadad obieqti araaRdgenadi iyo. ganvixiloT is

mdgomareoba roca elementis aRdgena gaTvaliswinebulia

konstruqtoruli dokumentaciiT da Sesabamisad xdeba misi

ganaxleba, romelic SeiZleba sxvadasxva saxiT ganxorcieldes _

Seicvalos axliT an garemontdes ise, rom aRdgenili iqnes

obieqtis sawyisi Tvisebebi. Sesabamisad obieqti aRdgenadia, Tu

mtyunebis Semdeg aucilebel saremonto RonisZiebaTa Catarebis

Sedegad mas SeuZlia ganaaxlos muSaoba.

zogierT SemTxvevaSi, roca termini `aRdgena~ namuSevari

obieqtis axliT Secvlasac gulisxmobs, mravali principulad

araaRdgenadi obieqti SeiZleba ganxilul iqnes rogorc aRdgenadi.

aRdgenadi obieqtis muSaobis maTematikur modelad SeiZleba

aRdgenis procesi miviCnioT. TviT aRdgenis procesi warmoadgens

mtyunebebis da Sesabamisi aRdgenebis SemTxveviT sidideTa

mimdevrobas, rac Tavis mxriv Seadgens xdomilobaTa nakads.

ganvixiloT araaRdgenadi obieqtis muSaobis erT-erTi modeli.

vTqvaT elementi muSaobas iwyebs drois t=0 momentisaTvis da raRac

SemTxveviTi drois _ 10t Semdeg ganicdis mtyunebas. Semdeg xdeba

elementis aRdgena (amasTan pirobiTad vgulisxmobT, rom aRdgenaze

dro ar ixarjeba), igi isev muSaobs da 20t drois ganmavlobaSi isev

gamodis wyobidan da ase meordeba ganusazRvrelad.

vigulisxmoT, rom F(t) SemTxveviTi sidideebis 10t , 20t , 30t ,..., nt0

_ ganawilebis kanonia da simbolurad SeiZleba ase CavweroT:
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F(t) ≡ P( nt0 < t), (2.85)

F(t) funqcia iZleva nt0 < t xdomilobis albaTobas, sadac nt0

elementis umtyunebo muSaobis nebismieri n-uri monakveTis

SemTxveviTi sididea, xolo t _ mocemuli dro.

garda amisa, mtyunebis SemTxveviTi sidide SeiZleba

daxasiaTdes mtyunebaTa ganawilebis simkvriviT _ f(t), erT

mtyunebaze saSualo namuSevriT _ T0 da dispersiiT.

mtyunebis, anu rac igivea, aRdgenis periodebi (nax.2.29) t1= 10t ;

t2 = 10t + 20t ; t3 = 10t + 20t + 30t ; ... tn = 10t + 20t + ... + nt0 ;

warmoadgens SemTxveviT nakads, romelsac mtyunebaTa nakads (an

aRdgenis process) uwodeben.

mtyunebaTa aRdgenis parametri erT mtyunebaze namuSevarTan,

mtyunebamde saSualo namuSevarTan da umtyunebo muSaobis

albaTobasTan erTad warmoadgens aRdgenadi elementis saimedoobis

ZiriTad maCveneblebs.

mtyunebaTa nakadis umniSvnelovanesi maCvenebelia Ω(t)

`wamyvani~ funqcia, romelic mtyunebaTa saSualo r(t) ricxvis tolia

t drois ganmavlobaSi.

meores mxriv cnobilia [5]

   tFt
n

n





1
, (2.86)

sadac Fn(t) t1, t2,...,tn mtyunebaTa momentebis ganawilebis kanonia.

10t 20t 30t

tn+1tnt1 t2 t30

10 nt

nax. 2.29. aRdgenadi obieqtis muSaobis modeli
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xSirad Ω(t) funqciis TvisebaTa SeswavlisaTvis sargebloben

aseTi damokidebulebiTac [5]:

        
t

tFtttFt
0

0 . (2.87)

statistikuri Sefasebis dros `wamyvani~ funqcia erTi

elementisaTvis SeiZleba ase ganisazRvros:

    trMt  , (2.88)

sadac M maTematikuri lodinis simboloa; r(t) _ mtyunebaTa

saSualo ricxvi t drois ganmavlobaSi.

igive mtyunebaTa nakadis statistikuri Sefaseba N raodenobis

elementebisaTvis

 
 

N

tr
t

N

it
i

 , (2.89)

sadac ri(t) i-uri raodenobis elementebis mtyunebaTa ricxvia

(N raodenobidan) t drois ganmavlobaSi.

`wamyvani~ funqciis erT-erTi maxasiaTebeli grafiki

gamosaxulia nax.2.29-ze, funqciis zrdadoba ganpirobebulia

obieqtis eqspluataciis saerTo pirobebis gauaresebiT.

`wamyvani~ funqciis meSveobiT SeiZleba ganisazRvros

mtyunebaTa saSualo ricxvi namuSevris nebismier t1, t2 intervalSi:

     12212 ttt,tr  ,                 (2.90)
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xolo namuSevari erTi elementis mtyunebaze t1, t2 intervalSi

SeiZleba ganisazRvros damokidebulebidan

 
   12

12
0 tt

ttT


 . (2.91)

es ukanaskneli gamoiyeneba rogorc Teoriuli, ise

statistikuri SefasebisaTvis.

aRdgenadi elementis saimedoobis meore umTavres maCvenebels

warmoadgens mtyunebis nakadis intensiuroba

   tt  .                     (2.92)

meores mxriv, Ω(t) mniSvnelobaTa gaTvaliswinebiT

   tft
n

n





1
,                     (2.93)

sadac    tFtf nn  .

dabolos, ω(t)-s statistikuri Sefaseba ase gamoiyureba:

Ω

0
t

nax. 2.30. mtyunebaTa nakadis (`wamyvani~) funqcia
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tN

trttr
t

N

i
i

N

i
i







 11

(2.94) Ω(t) da ω(t) funqciebis mniSvnelobebi t0n sidideebis

ganawilebis ori kanonisaTvis mocemulia cxrilSi 2.3.

mtyunebaTa nakadis TvisebaTagan saWiroa aRiniSnos Semdegi:

mtyunebaTa ricxvi drois erTeulSi muSaobis xangrZlivi periodis

manZilze uaxlovdeba elementis erT mtyunebaze namuSevris

Sebrunebul sidides, e.i.

 
0

1
Tt

tlim



 . (2.95)

cxrili 2.3

erT mtyunebaze

namuSevris

ganawilebis  kanoni

`wamyvani~ funqcia

 t

mtyunebaTa nakadis

intensiuroba ω(t)

eqsponencialuri t 

normaluri 















1

1
n n

tn  














1
2

2

22
1

n n
nttexp

n

amasTan, muSaobis xangrZlivi periodisaTvis SeiZleba

visargebloT miaxloebiTi formuliT:

  2
1

2 2
0

2

0


TT
tt .               (2.96)

elementis muSaobis garkveuli periodis gasvlis Semdeg, roca

f(t)0, mtyunebis (aRdgenis) procesi damyarebul xasiaTs iZens da

misi lokaluri maCveneblebi aRar arian damokidebuli droze,
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0

1
Ttlim

t



. (2.97)

rac Seexeba umtyunebo muSaobis ZiriTad maCvenebels, romelic

warmoadgens umtyunebod muSaobis albaTobas, imis albaTobas, rom

mocemuli namuSevris intervalSi elementi ar ganicdis mtyunebas,

misi statistikuri Sefaseba SeiZleba movaxdinoT Semdegi

gamosaxulebiT:

   
 

 
 010 N
tn

N
tNtP  , (2.98)

sadac N(t) im elementebis raodenobaa, romlebic t droisaTvis

umtyunebo muSaobas ganagrZoben; N(0) _ elementebis saerTo ricxvi

drois sawyis momentSi; n(t) _ im elementebis raodenoba, romlebmac

t droisaTvis mtyuneba ganicades.

2.11. sistemis saimedoobis Sefaseba

meqanikuri manqana-mowyobilobebis saimedoobis maCvenebelTa

nomenklaturis SerCevisa da SefasebisaTvis gamoyenebuli unda iqnes

kriteriumebi an kriteriumebis sistema, romelic ZiriTadad asaxavs

manqanis TvisebaTa kompleqss maTi funqcionirebis procesSi.

saxelmwifo standarti ГОСТ 27.002-89 [14], romelic

moxseniebuli iqna wignis dasawyisSi, Seicavs saimedoobis mraval

maCvenebels. manqanaTa sxvadasxva jgufebisaTvis saimedoobis yvela

maCvenebels erTnairi mniSvneloba ar eniWeba. arsebuli

rekomendaciebis safuZvelze umravlesi meqanikuri manqanebisaTvis

prioriteti eZleva da Sesabamisad sakonstruqtoro dokumentaciaSi

asaxvas poulobs Semdegi:
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gama-procentuli resursi saaTebSi an namuSevris sxva

erTeulebSi;

saSualo resursi saaTebSi an namuSevris erTeulebSi;

samsaxuris vada wlobiT;

mzadyofnis koeficienti;

teqnikuri gamoyenebis koeficienti;

operatiuli mzadyofnis koeficienti.

saimedoobis maCveneblebis normebis gansazRvra, rogorc wesi,

xdeba pirvel kapitalur remontamde, da Tu igi ar aris

gaTvaliswinebuli, maSin _ mTeli samsaxuris vadis bolomde an

Camoweramde.

kapitaluri remontis Semdeg mniSvnelovnad icvleba

meqanikuri manqanis teqnikuri mdgomareoba, Sesabamisad irRveva

saimedoobis maCveneblebis cvalebadobis kanonzomierebanic. amitom

kapitaluri remontis Semdeg saimedoobis maCveneblebs iseve

ixilaven, rogorc axali nakeTobis Seqmnis dros.

meqanikuri manqanebis saimedoobis maCvenebelTa SefasebisaTvis

pirvelxarisxovani mniSvneloba eniWeba informacias obieqtis da

misi elementebis Tvisebebze. informacia saimedoobis maCveneblebze

saWiroa mopovebul iqnes manqana-mowyobilobebis Seqmnisa da

eqspluataciis yvela etapze.

manqanebisa da mowyobilobebis daproeqtebis procesSi, roca

iqmneba axali produqcia, saimedoobis maCveneblebis prognozireba

SesaZlebelia analizuri gaangariSebis meTodiT. aseTi saxis

gaangariSebebis safuZvelze SeirCeva  saimedoobis maCveneblebi da

myardeba maTi kavSiri konstruqciul, teqnologiur da
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eqspluataciur parametrebTan. yovelive es SesaZlebelia zemoT

xsenebul cnebebTan dakavSirebuli movlenebis kanonzomierebaTa

SeswavliT.

Zalian xSirad manqana-mowyobilobebis damzadebis Semdeg

cnobili xdeba, rom misi saimedoobis maCveneblebi ar Seesabameba

saproeqtos (ufro dabalia).

manqana-mowyobilobis pirveli sacdeli nimuSis forsirebuli

gamocdebi azustebs saimedoobis maCveneblebs, Tumca miRebuli

Sedegebi mainc gansxvavdeba seriuli wesiT damzadebuli obieqtis

saimedoobis maCveneblebisagan, rac ganpirobebulia sacdeli da

seriuli obieqtebis damzadebis teqnologiebs Soris gansxvavebiT

(am faqtoris ugulebelyofa umravles SemTxvevaSi ararealuria),

agreTve forsirebuli saxis gamocdebis arasrulyofilebiT.

mxolod saeqspluatacio gamocdebi sawarmoo pirobebSi, isic

garkveuli xangrZlivobiT, iZleva saSualebas, Seikribos saWiro

donis informacia mocemuli tip-zomis obieqtis saimedoobis

maCvenebleblebze. amasTan gaTvaliswinebuli unda iqnes saimedoobis

maCveneblebis urTierTkavSiri muSaobis reJimTan da eqspluataciur

pirobebTan.

aseT viTarebaSi Sekrebili masalebi da informacia Semdgomi

gadamuSavebis Semdeg gvaZlevs damajerebel Sedegebs mocemuli tip-

zomis obieqtis saimedoobis Sesaxeb.

manqana-mowyobilobis daproeqtebis procesSi xdeba obieqtis

elementebis saimedoobis maCveneblebis prognozireba, dadgena da

dasabuTeba imgvarad, rom uzrunvelyofili iyos misi (obieqtis)

saimedoobis saerTo done minimaluri danaxarjebiT.
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obieqtis Semadgeneli elementebis saimedoobis maCvenebelTa

dadgenisaTvis saWiroa Semdegi saxis sawyisi monacemebi:

mTeli obieqtis saimedoobis normatiuli maCvenebeli;

obieqtis salimito fasi;

elementis muSaobis tipuri pirobebi da reJimebi;

hipoTeza parametrebis ganawilebis kanonze;

obieqtis da elementebis konstruqciuli sqemebi.

obieqtis saimedoobis Sefasebis aucilebeli pirobaa misi

Semadgeneli elementebis saimedoobis urTierTkavSiris bunebis

dadgena, risTvisac, Tavis mxriv, aucilebelia obieqtis rogorc

sistemis pirobiTad dayofa-danawevreba elementebad. amisaTvis ki

saWiroa vxelmZRvanelobdeT Semdegi mosazrebebiT:

1. obieqti unda daiyos iseTi saxis elementebad, rom erTis

mtyuneba ar iwvevdes meoris saimedoobis Secvlas, e.i. roca erTis

mtyuneba damoukidebelia meorisgan. aseTi pirobiTi danawevreba

saSualebas iZleva gamoyenebuli iqnes SedarebiT martivi Teoriuli

aparati.

2. obieqti SeZlebisamebr daiyos iseT elementebad, romelTa

garemonteba SesaZlebelia urTierTdamoukideblad. aseTi pirobiTi

danawevreba srulad Seesabameba agregatul-kvanZur dayofas,

romelic farTod gamoiyeneba saremonto samuSaoebis dros.

dasaSvebia obieqtis pirobiTi dayofis sxva principebic,

magaliTad funqciuri daniSnulebis niSniT.

meqanikuri manqanebis eqspluataciis gamocdilebis safuZvelze

mizanSewonilia maTi dayofa qvesistemebad, qvesistemebisa _
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agregatebad, agregatebisa _ kvanZebad, kvanZebisa _ saamkrebo

erTeulebad da detalebad.

magaliTad, samSeneblo manqanebSi qvesistemebad miiCneva:

Zaluri danadgari transmisiiT, savali sistema, muSa mowyobilobis

kompleqsi, marTvis eleqtro-, hidro-, pnevmosistemebi, misabmeli an

Camosakidi kompleqsi.

naxazze 2.31 mocemulia tipuri Zaluri danadgaris

principuli sqema. danadgari danawevrebulia Semdegi saxis

agregatebad: Zrava 1, siCqaris kolofi 2, wina xidi 3, ukana xidi 4,

muSa organos amZravi 5.

agregatad miCneulia manqana-mowyobilobis nawili, romelic

Seadgens erTian konstruqciul kompleqss da bazirebulia saerTo

korpusul sadgarze. agregats aqvs damoukidebeli dasrulebuli

muSa funqcia, magaliTad, romelime tipis Zrava, siCqaris kolofi

da a.S.

kvanZad miCneulia urTierTSeuRlebuli ramdenime detali,

romelTac aqvT ramdenime SeuRlebis zedapiri, magaliTad gorvis da

srialis sakisrebi, sayrdeni da damWeri gorgolaWebi, damWimi

meqanizmi, quro da a.S.
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saimedoobis maCveneblebis gaangariSebisaTvis ZiriTadad

iyeneben Semdeg meTodebs:

obieqtis saimedoobis Sefaseba aprioruli (laTinuri

sityvidan apriori _ warsuli) informaciis safuZvelze;

masiuri momsaxurebis Teoriis meTodi;

obieqtis teqnikuri mdgomareobis SemTxveviT Secvlis procesi

statistikuri modelirebis (monte-karlos) meTodi.

obieqtis saimedoobis aprioruli informaciis

safuZvelze Sefasebis meTodi

meTodi dafuZnebulia albaTobis Teoriis albaTobaTa Sekrebis

da gamravlebis Teoremebis gamoyenebaze. meTodiT farTod

sargebloben saimedoobis iseTi maCveneblis Sefasebis dros,

rogoricaa umtyunebo muSaobis albaToba. am maCveneblis gansazRvris

dros aucilebelia gaTvaliswinebuli iqnes obieqtis rogorc

TandaTanobiT mtyunebis procesebi (cveTa, daRliloba, `dabereba~),

4 5 2 1 3

nax. 2.31. samSeneblo manqanis tipuri Zaluri danadgaris

principuli sqema
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ise ucabed mtyunebaTa movlenebi, romelTa warmoqmnis wyarod

miCneulia: konstruqciuli uzustoba, damzadebis teqnologiuri

xarvezi, eqspluataciis wesebis darRveva da a.S.

Tu vigulisxmebT, rom mtyunebaTa TiToeuli zemoT aRniSnuli

saxe damoukidebeli xdomilobaa, maSin albaTobaTa gadamravlebis

Teoremis safuZvelze umtyunebod muSaobis albaTobis formula

(saimedoobis funqcia) TiToeuli elementisaTvis SeiZleba ase iqnes

warmodgenili:

P (t) = P′ (t) . P′′(t) (2.99)

sadac P′(t) umtyunebod muSaobis albaTobaa TandaTanobiT mtyunebis

procesis dros; P′′(t) _ umtyunebod muSaobis albaToba ucabedi

mtyunebebis dros.

meTodis moTxovnaTa Sesabamisad obieqti-sistema

warmogvidgeba, rogorc urTierTdamoukidebel elementTa

erToblioba. muSaobis procesi ganixileba obieqtis pirvel

mtyunebamde. im SemTxvevaSi, roca erTi elementis mtyuneba iwvevs

mTeli sistemis mtyunebas, pirobiTad elementebs erTmaneTTan

mimdevrobiT aerTeben (nax.2.32), xolo formula, romelic

gamosaxavs sistemis umtyunebo muSaobis albaTobas elementebis

mimdevrobiTi SeerTebis dros, winaswar gansazRvruli, mocemuli

namuSevris periodSi, Semdegnairad gamoisaxeba:

P (t) = P1(t) .P2(t) . ... .Pn(t) =  tPt
n

t 1
 , (2.100)

sadac Pi(t) i-uri elementis umtyunebod muSaobis albaTobaa.
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aRsaniSnavia is garemoebac, rom Tu elementis mtyunebis

ganawileba emorCileba eqsponencialur kanons, sistemis ganawilebis

kanonic emorCileba eqsponencialurs, amasTan, parametri tolia





n

i
in...

1
21  , (2.101)

sadac i i-uri elementis mtyunebis intensiuroba.

bunebrivia, erT mtyunebaze mTeli sistemis saSualo

namuSevari gamoiTvleba ase:

λt 1saS . (2.102)

sistemis mtyunebis albaToba T namuSevaris periodSi

daaxloebiT ase ganisazRvreba (Sedegi miT ufro zustia, rac ufro

axlosaa P(t) t-Tan, anu F(t)«1):

         



n

i
n tFitF...tFtFtF

1
21 , (2.103)

sadac Fi(t) i-uri elementis mtyunebis albaTobaa.

ganvixiloT iseTi sistemis saimedoobis maCveneblebi, rodesac

igi wyobidan gamodis mxolod im SemTxvevaSi, roca mtyunebas

ganicdis masSi Semavali yvela elementi. am pirobebSi elementebs

pirobiTad paralelurad aerTeben (nax. 2.33), xolo sistemis

mtyunebis albaToba mniSvnelovanwilad mcirdeba TiToeuli

P1(t) P2(t) P3(t)

nax. 2.32. obieqtis elementebis mimdevrobiT SeerTebis

saimedoobis modeli
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elementis mtyunebis albaTobasTan SedarebiT da gamoiTvleba,

rogorc Semadgeneli elementebis Sesabamisi maCveneblebis namravli:

         tFtF...tFtFtF i
n

i
n

1
21


 . (2.104)

nax. 2.33. obieqtis elementebis paralelurad

SeerTebis modeli

Sesabamisad sistemis umtyunebod muSaobis albaToba ase

gamoiTvleba:

      tPtFtP i
n

i
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1
. (2.105)

ganxilul sqemas realur manqana-mowyobilobebSi Seesabameba

sarezervo elementebis CarTva, roca erTis mtyunebis dros meore

elementi Tavis Tavze iRebs pirvelis funqciebs da sistema isev

ganagrZobs muSaobas.

manqana-mowyobilobis meqanikur sistemebSi TiTqmis yvelgan

gamoiyeneba sqemebi, romlebic mimdevrobiT SeerTebas Seesabamebian,

P1(t)

P2(t)

P3(t)

P4(t)
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rac ZiriTadad ganpirobebulia ekonomikuri mosazrebebiT da

moTxovnebiT manqanis kompaqturobaze.

sqemebs, egreT wodebuli paraleluri CarTviT, iyeneben

eleqtrul, hidravlikur da pnevmatikur sistemebSi.

rig manqanebsa da mowyobilobebSi, sadac yvela zemoT

aRniSnuli sistemaa gamoyenebuli, SeiZleba efeqturad iqnes

gamoyenebuli sqemebi Sereuli SeerTebebiT. naxazze 2.34

gamosaxulia erT-erTi tipiuri saimedoobis struqturuli sqemis

varianti Sereuli SeerTebiT.

dRes, tipiuri, araspecifikuri manqana-mowyobilobis

daproeqtebis etapze, saimedoobis maCveneblebis gaangariSebis dros

farTod iyeneben struqturul sqemebs, romlebic mocemulia [25]-Si.

nax. 2.34. obieqtis saimedoobis struqturuli sqemis varianti

Sereuli SeerTebiT

magaliTi. ganisazRvros manqanis umtyunebod muSaobis

albaToba t = 3000 sT ganmavlobaSi struqturuli sqemiT, romelic

mocemulia naxazze 2.34.

struqturul sqemebSi pirobiTad SemoRebulia Semdegi

aRniSvnebi:

2

3

8

9

10

5

4″

7

4′ 6

1



108

elementisaTvis 1 umtyuneblobis albaToba 3000 sT-is Semdeg

aprioruli informaciis safuZvelze Seadgens 0,91, e.i. P1=0,91;

elementisaTvis 2 _ P2 = 0,035;

elementisaTvis 3 _ P3 = 0,24;

elementisaTvis 4 _ P4 = P′4
. P′′4 = 0,32;

elementisaTvis 5 _ P5 = 0,75;

elementisaTvis 6 _ P6 = 0,18;

elementisaTvis 7 _ P7 = 0,44;

elementisaTvis 8 _ P8 = 0,20;

elementisaTvis 9 _ P9 = 0,035;

elementisaTvis 10 _ P10 = 0,26.

mTeli sistemis umtyunebod muSaobis albaToba sqemis

gaTvaliswinebiT

P(t) = P1[1-(1 - P7)(1 - P′4
. P′′4)] . [1-(1 - P5)(1 - P6)] . [1-(1 - P2)(1 - P3)(1-

-P8)(1- - P9)(1 - P10)] =0,91[1-(1-0,44)(1-0,32)].[1-(1-0,75)(1-0,18)].[1-(1-

0,035)(1-0,24)(1-0,20)(1-0,035)(1-0,26)]=0,25.

masiuri momsaxurebis Teoriis meTodi. meTodi dafuZnebulia

masiuri momsaxurebis Teoriaze [17], [12] da gamoiyeneba aRdgenadi

elementebisaTvis. saimedoobis maCveneblebis gansazRvra aRniSnuli

meTodiT xdeba Semdegi TanmimdevrobiT:

sistema danawevrdeba iseT Semadgenel nawilebad, romelTa

saimedoobis maCveneblebi aprioruladaa cnobili;

ganisazRvreba sistemis yvela SesaZlebeli teqnikuri

mdgomareba (muSa, aramuSa da gardamavali);
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gamoisaxeba sistemis SesaZlo cvlilebebis sqema;

ganisazRvreba TiToeul mdgomarebaSi sistemis yofnis

albaToba;

Sedgeba diferencialuri gantolebebi, romlebic aRweren

sistemis mdgomarebis cvlilebaTa albaTobas momsaxurebis pirobebis

mixedviT;

xdeba miRebuli diferencialuri sistemis integrireba

romelime cnobili meTodiT, ris Sedegadac miiReba saimedoobis

maCveneblebis gansazRvris formula.

aRniSnuli meTodi gamoiyeneba saimedoobis maCveneblebis

gansazRvrisaTvis manqanebisa da damoukideblad funqcionirebadi

elementebis daproeqtebis stadiaze.

statistikuri modelirebis (monte-karlos) meTodi. iseve

rogorc zemoT aRniSnuli meTodi, es meTodic dafuZnebulia

sistemis funqcionirebis procesis maTematikur gamosaxvaze [12], [17].

manqana-mowyobilobis elementebis saimedoobis maCveneblebis

gansazRvras, sistemis teqnikuri mdgomareobis cvlilebebis

diferencialuri gantolebebis sistemis analizis saSualebiT,

safuZvlad udevs eqsperimentuli da Teoriuli kvlevis Sedegebi.

statistikuri modelirebis (monte-karlos meTodi) arsi isaa,

rom saimedoobis maCveneblebis Sefaseba warmoebs maTematikuri

modelis mravaljeradi gamocdis Sedegad. amis garda, statistikuri

modelirebis meTodi saSualebas iZleva ganisazRvros saimedoobis

maCveneblebi manqanis struqturuli agebulebisa da saremonto

ciklTan urTierTdamokidebulebaSi, Sesabamisad moxdes manqana-
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mowyobilobis teqnikuri momsaxurebisa da remontis procesebis

optimizacia.

statistikuri modelirebis meTodis ZiriTadi maxasiaTebeli

Tviseba mdgomareobs egm-is efeqturad gamoyenebis SesaZleblobaSi,

kerZod, meTodis gamoyenebis SemTxvevaSi SesaZlebelia saimedoobis

maCveneblebis gansazRvra imis miuxedavad, Tu SemTxveviTi sidide

ganawilebis romeli kanonis saxiTaa mocemuli.

saimedoobis maCveneblebis Sefaseba xdeba Semdegi

TanmimdevrobiT:

awarmoeben Teoriul da eqsperimentul kvlevas Sesafasebeli

elementis eqspluataciis procesSi;

eqsperimentuli kvlevis Sedegebis safuZvelze warmoebs

eqspluataciis procesis maTematikuri aRwera;

dgindeba analizuri damokidebulebani sistemis saimedoobis

maCveneblebsa da teqnikuri mdgomareobis parametrebs Soris;

ganisazRvreba manqana-mowyobilobis saimedoobis maCveneblebi

elementis teqnikuri mdgomareobis parametrebis cvlilebis

Sesabamisad.

saimedoobis Sefaseba meTodebiT, romlebic damyarebulia

sistemis elementis teqnikuri mdgomareobis cvlilebis da procesis

kvlevis Sedegebze, efeqturad gamoiyeneba axali konstruqciuli

gadawyvetebis dros.
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2.12. meqanikuri mowyobilobis da misi

elementebis gamocdebi saimedoobaze

gamocdis mizani. meqanikuri manqana-mowyobilobisSeqmnis

procesSi (igulisxmeba konstruirebisa da damzadebis stadiebi)

saWiro xdeba saimedoobis maCveneblebis Sefaseba nakeTobisa da misi

elementebis nimuSebis sxvadasxva saxis gamocdis safuZvelze.

saimedoobaze gamocdebSi igulisxmeba gamocdis obieqtis

saimedoobis TvisebaTa xarisxobrivi da raodenobrivi Sefaseba

eqsperimentulad, romelic warmogvidgeba rogorc Sedegi

saeqspluatacio garemos zemoqmedebisa obieqtze misi

funqcionirebisa Tu modelirebis dros. obieqtis gamocdebis

sistemas Seadgens gamocdebis saSualebebi teqnikur-materialuri

bazisa da Semsruleblebis CaTvliT, romlebic moqmedeben

gamocdebisaTvis damtkicebuli programebiTa da wesebiT.

gamocdis mizani mdgomareobs konstruirebis an damzadebis

defeqtebis aRmoCenaSi (defeqtebad iwodeba konstruirebisa Tu

damzadebis procesis arasrulyofileba, rac amcirebs obieqtis

efeqturobas).

defeqtebis aRmoCenis saWiroeba moiTxovs sxvadasxvagvar

garemoSi saeqspluatacio pirobebis Seqmnas. swored es garemoeba

ganapirobebs sxvadasxvagvari gamocdis aucileblobas, romlebic

uzrunvelyofen gamocdebis saerTo programis efeqturobas.

saimedoobaze gamocdebs ganasxvaveben sxvadasxva niSnis

mixedviT.
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gamocdebis saxeebi. saimedoobaze (da saerTodac) gamocdebi

daniSnulebis mixedviT SeiZleba iyos: SefasebiTi, sakontrolo da

gansazRvriTi.

SefasebiTi gamocdebi tardeba nakeTobis konstruirebis

stadiaze nakeTobis an misi elementebis saimedoobis maCveneblebis

winaswari SefasebisaTvis. asrulebs mas Semsrulebeli _

damproeqtebeli organizacia.

sakontrolo gamocdebi tardeba manqana-mowyobilobisa da misi

Semadgeneli elementebis xarisxisa da saimedoobis maCveneblebis

kontrolisaTvis. aseTi saxis gamocdebs awarmoebs qarxana-

damamzadebeli damproeqtebeli organizaciis uSualo monawileobiT.

sakontrolo gamocda SeiZleba iyos: winaswari, misaRebi, tipuri,

perioduli.

naxazebze 2.35, 2.36 sqematurad mocemulia sxvadasxvagvari

saxis gamocda nakeTobis Seqmnisa da warmoebis sxvadasxva stadiebze

maTi daniSnulebisa da konkretuli funqciuri rolis mixedviT.

winaswari gamocdebi tardeba, raTa Semowmdes manqanis

sacdeli nimuSis an misi Semadgeneli elementebis sakontrolo

maCveneblebis, maT Soris saimedoobis Sesabamisoba teqnikur

davalebasa da konstruqtorul dokumentaciasTan. winaswari

gamocdebis daskvnis oqmis safuZvelze qarxana-damamzadebel da

Semsrulebel-damproeqtebeli organizacia Rebuloben gadawyvetile-

bas _ nakeToba wardgenili iqnas misaReb gamicdebze.

misaRebi gamocdebi manqana-mowyobilobis daniSnulebisa da

mniSvnelobis mixedviT SeiZleba iyos: sauwyebo, uwyebaTSorisi da
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saxelmwifo. samuSaos xelmZRvanelobs Sesabamisad sauwyebo,

uwyebaTSorisi da saxelmwifo komisiebi.

misaRebi gamocdebis mizania nakeTobis sacdeli nimuSis

xarisxisa da kerZod, saimedoobis yovelmxrivi Sefaseba, nakeTobis

yvela maCveneblebis Sesabamisoba teqnikur davalebasTan, saxelmwifo

standartebTan da teqnikur dokumentaciasTan. misaRebi komisia

Sesabamisi aqtisa da oqmis safuZvelze iZleva nebarTvas, daiwyos

nakeTobis warmoeba an nakeToba gadaeces Sesabamis organizacias

eqspluataciaSi CasaSvebad.

tipur gamocdebs atareben sacdeli partiis nimuSebze mas

Semdeg, rac nakeToba koreqtirebuli iqneba misaRebi gamocdebis

Sedegebis mixedviT. amasTan unda moxdes saimedoobis maCveneblebis

Semowmeba da sxva RonisZiebaTa efeqturobis Sefaseba, roca

gamocdis obieqtebi _ sacdeli partiis nimuSebi damzadebulia

sawarmoo teqnologiuri mowyobilobebis gamoyenebis meSveobiT.

periodul gamocdebs awarmoeben seriuli (masiuri) nakeTobis

nimuSebze maTi maCveneblebis teqnikur dokumentaciasTan

Sesabamisobis SemowmebisaTvis.

gansazRvriTi gamocdebi tardeba saimedoobis maCveneblebisa

da nakeTobis xarisxis sxva maCveneblebis saWiro sizustiT

gansazRvris mizniT mTliani sakonstruqtoro dokumentaciis,

sacdeli partiis da produqciis seriis gamoSvebaTa stadiebze.

gansazRvriTi gamocdebi SeiZleba iyos Semdegi daniSnulebis:

sakvlevi, sazRvruli, damyvani da saatestacio.
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saimedoobis TvalsazrisiT meqanikuri manqana-

mowyobilobisaTvis da misi elementebisaTvis umniSvnelovanesia

xangamZleobis maCveneblis gansazRvrisaTvis resursuli gamocdebi.

gamocdebis Catarebis wesebi da pirobebi, perioduloba,

xangrZlivoba, nimuSebis saWiro ricxvi gansazRvruli unda iyos

standartebiT, teqnikuri pirobebiT da gamocdebis Sesabamisi

programebiT.

xangrZlivobis mixedviT ganasxvaveben normalur, daCqarebul

da fizikuri modelirebiT gamocdebs.

normaluri gamocdebi uzrunvelyofs saWiro informaciis

miRebas mocemuli sizustiT igive vadebSi, rogoric SesaZlebeli

iyo migveRo manqanis Cveulebriv saeqspluatacio reJimSi muSaobisas.

amasTan, meTodi xasiaTdeba rigi naklovanebebiT: eqsperimentis

siZviriT, SromatevadobiTa da xangrZlivobiT, gamocdebis mowyobis

organizaciuli sirTuliT, manqanaTa erToblivi gamocdis dros

identuri pirobebis dacvis siZneliT.

daCqarebuli gamocdebis meTodi uzrunvelyofs saWiro

informaciis miRebas Semcirebul vadebSi, saeqspluatacio reJimebTan

SedarebiT. eqsperimentis vadebis Semcireba SesaZlebelia gamocdis

reJimebis forsirebiT, kerZod, parametrebis _ siCqaris, datvirTvis,

temperaturis, sinestis, agresiuli garemos koncentraciis

gadaangariSebiT. aRniSnuli iwvevs iseTi procesebis intensifika-

cias, rogorebicaa: cveTa, daRliloba, korozia. isini Tavis mxriv

iwveven dazianebebs da mtyunebebs SemWidroebul vadebSi, e. i.
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teqnikuri
davaleba

eskizuri
proeqti

teqnikuri
proeqti

konstruqto-

ruli doku-

mentacia

sacdeli
partia seria

periodulitipiurigansazRvriTimisaRebiwinaswariSefasebiTi

gansazRvriTi

gansazRvriTi

SefasebiTi

nax. 2.35. nakeTobis Seqmnis procesis ZiriTadi etapebisa da Sesabamisi gamocdebis modeli
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moTxovnebi
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sn-is xangrZlivi

eqspluataciuri

gamocdebi

sn-is muSaobis

reJimis

tenzometrireba

sn-is elementebis

resursuli

gamocdebi

sn-is winaswari da misaRebi gamocdebis programebiT

nax. 2.36. nakeTobis Seqmnis da warmoebis procesis ZiriTadi etapebi da Sesabamisi gamocdebis modeli
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SesaZlebeli xdeba eqsperimentis mimdinareobis (manqanis gamocdebis)

intensifikacia.

daCqarebuli gamocdebi warmoebs an laboratoriul pirobebSi

an poligonze. amis gamo mis ZiriTad naklad miCneulia sawarmoo

pirobebis sruli Sesabamisobis ganxorcielebis SeuZlebloba.

Sedegad miRebuli informacia xasiaTdeba naklebi sizustiT.

miuxedavad amisa, aRniSnuli meTodi farTod gamoiyeneba sainJinro

praqtikaSi _ gansakuTrebiT SefasebiTi gamocdebis dros.

fizikuri modelirebis meTodiT gamocdebi dafuZnebulia

msgavsebis Teoriaze da ukanasknel xans igi farTod ikidebs fexs

mecnierebaSi, kerZod, manqanis da misi elementebis saimedoobis

maCveneblebis kvlevis dros. meTodi emyareba im procesebis

fizikuri arsis Semecnebas, romlebic mimdinareobs manqanis

eqspluataciis dros. fizikuri modelirebis meTodi kargad

uzrunvelyofs eqsperimentis Sesabamisobas saeqspluatacio

reJimebTan maTi safuZvliani dasabuTebis wyalobiT. maTodis

gamoyenebis Sedegad SesaZlebeli xdeba eqsperimentis xangrZlivobis

mniSvnelovnad Semcireba, amasTan, mcirdeba eqsperimentis

TviTRirebuleba.

saboloo Sedegis mixedviT gamocdebi SeiZleba iyos mrRvevi

da aramrRvevi. obieqtis mrRvev gamocdad miCneulia iseTi saxis

gamocda, roca igi uvargisia Semdgomi eqspluataciisaTvis, xolo

aramrRvevi gamocdis Sedegad obieqtis eqspluatacia kvlav

SesaZlebelia. meqnikuri manqana-mowyobilobebisa da maTi elementebis

sakontrolo gamocdebi warmoadgens aramrRvev gamocdebs, xolo
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gansazRvriTi gamocdebi SesaZlebelia iyos rogorc mrRvevi, ise

aramrRvevi.

zogierTi sakontrolo da gansazRvriTi gamocdis

organizebisaTvis sainJinro praqtikis dRevandel etapze meqanikuri

manqana-mowyobilobis jgufis gamocdebisaTvis farTod iyeneben

erTjeradi arCevis meTods. am meTodis arsi isaa, rom xdeba ama Tu

im maCvenebelTa Sefaseba raRac garkveuli kontigentis

obieqtebisaTvis. gamocdebisaTvis SerCeuli obieqtebis ricxvi da

gamocdebis xangrZlivoba winaswar gaiangariSeba da igi ZiriTadad

damokidebulia nakeTobaTa saerTo ricxvze da dasadgeni

maCvenebelis xasiaTze, magaliTad, pasuxismgeblobaze eqsperimentis

Catarebis sirTuleze da a.S.

erTjeradi arCevis meTodis gamoyeneba praqtikaSi

mosaxerxebelia da misiT xSirad sargebloben saimedoobis

maCveneblebis Sefasebis dros.

manqana-mowyobilobis gamocdebis procesi zogadad Sedgeba

Semdegi tipuri etapebisagan:

gamocdebis mizani da amocana;

obieqtis eqspluataciaSi muSaobis reJimebis Seswavla, kvleva;

obieqtis teqnikuri mdgomareobis Secvlis procesis

Teoriuli kvleva;

gamosacdeli eqsperimentuli stendis SemuSaveba da damzadeba;

eqsperimentis dagegmva, gamocdebis programebis SemuSaveba da

damtkiceba;

eqsperimentebis Catareba;

miRebuli Sedegebis statistikuri damuSaveba;
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miRebuli Sedegebis gaanalizeba da daskvnebis gamotana;

gamocdebis gegma-programebi. yvela teqnikuri obieqtis

saimedoobaze gamocdisaTvis nakeTobis saxisa da dasmuli amocanis

Sesabamisad xelmZRvaneloben qvemoT moyvanili aRniSvnebiTa da

programebiT [14].

1. obieqtis saimedoobaze gamocdis gegma-programis [NUT]*_

arsi mdgomareobs SemdegSi:

gamocdebs erTdroulad eqvemdebareba N raodenobis obieqti.

wyobidan gamosuli obieqtebi araaRdgenadia da mtyunebis Semdeg ar

xdeba maTi Secvla. gamocdebi wydeba gansazRvruli T drois

gasvlis (garkveuli namuSevaris) Semdeg TiToeul umtyunebod

momuSave obieqtze.

2. obieqtis saimedoobaze gamocdis gegma-programa _ [NUr]:

gamocdebs erTdroulad eqvemdebareba N raodenobis obieqti.

wyobidan gamosuli obieqtebi araaRdgenadia da mtyunebis Semdeg ar

xdeba maTi Secvla. gamocdebi wydeba. mas Semdeg, roca wyobidan

gamosuli obieqtebis raodenobam miaRwia r ricxvs (roca r=N, maSin

miiReba programa [NUN] ).

3. obieqtis saimedoobaze gamocdis gegma-programa _ [NU(r,T)]:

gamocdebs erTdroulad eqvemdebareba N raodenobis obieqti.

wyobidan gamosuli obieqtebi araaRdgenadia da mtyunebis Semdeg ar

xdeba maTi Secvla. gamocdebi wydeba mas Semdeg, rac wyobidan

* asoebiT U, R, M aRniSnulia gamocdebis gegma-programebSi obieqtis aRdgenis Tu

araaRdgenis xarisxi da xasiaTi. kerZod:

U _ pirobebi, roca obieqti mtyunebis Semdeg araaRdgenadia da ar xdeba misi

Secvla;

R _ pirobebi, roca obieqti araaRdgenadia, magram SeiZleba Secvla mtyunebis

Semdeg;

M  _ obieqti mtyunebis Semdeg aRdgenadia.M
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gamosuli obieqtebis raodenobam miaRwia r ricxvs an T drois

gasvlis (namuSevaris Sesrulebis) Semdeg, imis mixedviT, Tu romeli

piroba Sesruldeba ufro adre.

4. obieqtis saimedoobaze gamocdis gegma-programa _ [NRT]*:

gamocdebs erTdroulad eqvemdebareba N raodenobis obieqti.

gaTvaliswinebulia wyobidan gamosuli obieqtebis Secvla axliT.

gamocdebi wydeba mas Semdeg, rac TiToeulma im N raodenobis

obieqtebidan mocemul poziciaze gaiara T gamocdebis vada

(Seasrula namuSevari).

5. obieqtis saimedoobaze gamocdis gegma-programa _ [NRr]:

gamocdebs erTdroulad eqvemdebareba N raodenobis obieqti.

gaTvaliswinebulia wyobidan gamosuli obieqtebis Secvla axliT.

gamocdebi wydeba mas Semdeg, rac wyobidan gamosuli obieqtebis

jamurma raodenobam yvela poziciaze miaRwia r ricxvs.

6. obieqtis saimedoobaze gamocdis gegma-programa _ [NR(r,T)]:

gamocdebs erTdroulad eqvemdebareba N raodenobis obieqti.

gaTvaliswinebulia wyobidan gamosuli obieqtebis Secvla axliT.

gamocdebi wydeba mas Semdeg, rac wyobidan gamosuli obieqtebis

jamurma raodenobam yvela poziciaze miaRwia r ricxvs an mas Semdeg,

rac TiToeulma im N raodenobis obieqtebidan mocemul poziciaze

gaiara T gamocdebis vada (Seasrula namuSevari), imis mixedviT, Tu

romeli piroba Seasrula ufro adre.

7. obieqtis saimedoobaze gamocdis gegma-programa _ [NMT]:

* am SemTxvevisaTvis TiToeuls im N raodenobis obieqtidan aqvs Tavisi

gansazRvruli pozicia (stendi, gamosacdeli poligoni da a.S.) da gamocdebis

xangrZlivobis, T anaTvlebis aReba xdeba im poziciebis mimarT, imis miuxedavad, Tu

obieqtebis ra raodenobis Secvla moxda ukanasknelze.
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gamocdebs erTdroulad eqvemdebareba N raodenobis obieqti.

gaTvaliswinebulia TiToeuli mtyunebis Semdeg obieqtis aRdgena.

TiToeuli obieqtis gamocda grZeldeba T gamocdebis vadis

damTavrebamde (namuSevaris Sesrulebamde).

8. obieqtis saimedoobaze gamocdis gegma-programa _ [NMTΣ]:

gamocdebs erTdroulad eqvemdebareba N raodenobis obieqti.

gaTvaliswinebulia TiToeuli mtyunebis Semdeg obieqtis aRdgena.

gamocdebi wydeba mas Semdeg, roca amoiwureba yvela obieqtis TΣ

jamuri gamocdebis vada (Sesruldeba namuSevari).

9. obieqtis saimedoobaze gamocdis gegma-programa _ [NMr]:

gamocdebs erTdroulad eqvemdebareba N raodenobis obieqti.

gaTvaliswinebulia TiToeuli mtyunebis Semdeg obieqtis aRdgena.

gamocdebi wydeba mas Semdeg, roca yvela obieqtze mtyunebaTa

jamuri raodenoba miaRwevs r ricxvs.

10. obieqtis saimedoobaze gamocdis gegma-programis_[NM(rTΣ)]:

gamocdebs erTdroulad eqvemdebareba N raodenobis obieqti.

gaTvaliswinebulia TiToeuli mtyunebis Semdeg obieqtis aRdgena.

gamocdebi wydeba mas Semdeg, roca yvela obieqtze mtyunebaTa

jamuri raodenoba miaRwevs r ricxvs an mas Semdeg, rac amoiwureba

yvela obieqtis TΣ jamuri gamocdebis vada (Sesruldeba namuSevari),

imis mixedviT, romeli piroba Sesruldeba ufro adre.

11. obieqtis saimedoobaze gamocdis gegma-programa _

[NU(r1,n1), (r2,n2), ... (r k-1,n k-1), r k]:

gamocdebs erTdroulad eqvemdebareba N raodenobis obieqti.

wyobidan gamosuli obieqtebi araaRdgenadia da mtyunebis Semdeg ar

xdeba maTi Secvla. r raodenobis mtyunebis Semdeg gamocdebidan
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xsnian n1 raodenobis umtyunebod momuSave obieqtebs, r2 raodenobis

mtyunebis Semdeg gamocdebidan xsnian n2 raodenobis umtyunebod

momuSave obieqtebs da a.S. gamocdebs wyveten rk raodenobis

mtyunebis Semdeg.

12. obieqtis saimedoobaze gamocdis gegma-programa  _

[NU(T1,n1), (T2,n2), ... (T k-1,n k-1), T k]:

gamocdebs erTdroulad eqvemdebareba N raodenobis obieqti.

wyobidan gamosuli obieqtebi araaRdgenadia da mtyunebis Semdeg ar

xdeba maTi Secvla. T1 drois gasvlis (namuSevaris Sesrulebis)

Semdeg gamocdebidan ixsneba n1 raodenobis umtyunebod momuSave

obieqtebi (roca n1 naklebia umtyunebod momuSave obieqtebis

raodenobaze, winaaRmdeg SemTxvevaSi gamocdebi unda Sewydes) _ da

a.S. gamocdebs wyveten Tk drois amowurvis (namuSevaris Sesrulebis)

Semdeg.

13. obieqtis saimedoobaze gamocdis gegma-programa  _  [NUz]:

gamocdebs erTdroulad eqvemdebareba N raodenobis obieqti.

wyobidan gamosuli obieqtebi araaRdgenadia da mtyunebis Semdeg ar

xdeba maTi Secvla. TiToeuli obieqti gamoicdeba z1 namuSevaris

ganmavlobaSi, zi=min (ti,i), aq i = 1,2, ..., N; ti i-uri obieqtis

namuSevaria mtyunebamde; i _ umtyunebod i-uri obieqtis namuSevari

gamocdebis Sewyvetamde.

saimedoobis maCveneblebis gansazRvris meTodika. ganvixiloT

igi erT-erTi tipuri gegma-programis _ [NRT]-s magaliTze

(aRdgenadi obieqtebis gamocdebi gansazRvruli xangrZlivobiT).

gamocdebis aseTi gegma-programisaTvis sawyis monacemebad

iTvleba:
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 _ mimwodeblis riski _ sidide, romelic axasiaTebs vargisi

nakeTobis dawunebis albaTobas;

 _ damkveTis riski _ sidide, romelic axasiaTebs uvargisi

nakeTobis miRebis albaTobas;

T0 _ erT mtyunebaze namuSevris misaRebi mniSvneloba;

T1 _ erT mtyunebaze namuSevris aramisaRebi mniSvneloba;

 da  mniSvnelobebs irCeven nakeTobis sapasuxismgeblo

donis, funqcionirebis specifikisa da gansakuTrebulobis, warmoebis

interesebisa da SesaZleblobebis, damkveTis moTxovnebis mixedviT.

mimwodeblis da damkveTis riskis mniSvnelobaTa mixedviT

SeirCeva gamocdebis Catarebis xangrZlivobis vada T. igi bunebrivia,

naklebi unda iyos T1-ze da miTumetes T0-ze. amasTan, nakeTobis

erTi da igive saimedoobis maCveneblebis dros rac ufro mcire

iqneba  da , miT ufro meti moculobis gamocdebis Catareba

iqneba saWiro.

aRwerili gamocdis arsi isaa, rom mocemuli raRac T

droisaTvis vipovoT mtyunebaTa is ricxvi, romelic Seesabameba

nakeTobis saimedoobisadmi wayenebul moTxovnebs.

namuSevris sidideze mniSvnelovnad aris damokidebuli

gamocdebis xangrZlivoba _ rac ufro axlosaa T0 misaRebi

namuSevris mniSvneloba mocemul T1 minimumTan, miT ufro meti unda

iyos gamocdebis xangrZlivoba. amrigad, eqsperimentis

TviTRirebulebis SemcirebisaTvis, eqsperimentis xangrZlivobis

xarjze, saWiroa T0 sidide mniSvnelovnad aRematebodes T1 sidides

(amasTan, vargisi nakeTobis dawunebis ricxvi ar aris damokidebuli

T0-is SerCevaze da damokidebulia mxolod mimwodeblis riskis -s



124

SerCevaze). albaToba imisa, rom vargisi nakeToba dawunebuli iqneba,

miT ufro gadideba, rac ufro meti iqneba T0 T1-ze.

obieqtis saimedoobaze gamocdis gegma-programebiT [NRT],

[NRr] sargeblobis dros gamocdebs Sesabamisad wyveten winaswar

SerCeuli T drois gasvlis Semdeg an mas Semdeg, rac moxda

mtyuneba bolo obieqtisa winaswargansazRvrul mtyunebaTa zRvruli

ricxvidan imr , xolo ukanaskneli ganisazRvreba Semdgom moyvanili

meTodiT konkretuli pirobebis gaTvaliswinebiT da upirveles

yovlisa, nakeTobaTa saerTo ricxvis mixedviT.

zemoT moyvanili gamocdebis gegma-programebis Tanmimdevrobis

wesi Semdegia:

1. T0 da T1 erT mtyunebaze namuSevrebis donis mixedviT,

romelTa mniSvnelobebic mocemulia sakonstruqtoro

dokumentaciaSi, ganisazRvreba
1

0

T
T fardoba;

2. cxrilebis meSveobiT [2]  miRebuli  da  mniSvnelobebis

fardobisaTvis
1

0

T
T pouloben uaxloes imr da

0T
T (cxr.2.4) sadac

TΣ=ΣT1 (jamuri namuSevris droa obieqtebis ucnobi, i-uri

raodenobisaTvis);

3. ganisazRvreba gamocdebis pirobebis dakmayofilebisaTvis

saWiro gamosacdel nakeTobaTa ricxvi:
00 T

T:T
TN  ;

4.keTdeba saboloo daskvna gamocdebis Sesaxeb.
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cxrili 2.4

mtyunebaTa

zRvruli

ricxvi imr

T0 / T1, roca =0,30  sxvadasxva

mniSvnelobebisaTvis
0T

T

0,05 0,10 0,20 0,30

2

4

6

8

10

12

4,33

2,81

2,32

2,08

1,93

1,82

3,55

2,42

2,05

1,86

1,75

2,66

2,73

1,99

1,75

1,62

1,54

1,,48

2,22

1,72

1,55

1,46

1,40

1,36

1,1

2,76

4,52

6,31

8,13

9,97

ganvixiloT tipuri magaliTi [12] literaturuli wyaros

mixedviT.

magaliTi. gamocdebisaTvis saWiro sawyisi monacemebia:

T0 = 2000 sT; T = 500 sT; T1= 1000 sT; =30; =0,20.

vipovoT gamocdebisaTvis saWiro nakeTobaTa optimaluri

raodenoba.

gamocdebis dagegmva saWiroebs Semdegi TanmimdevrobiT

moqmedebebs:

1. ganvsazRvroT fardoba

21000
2000

1

0 T
T .

2. Sesabamisi cxriliT (2.3),  da  mixedviT vpoulobT

ricxvis 2 uaxloes cifrs _ 1,99.

3. cifris 1,99 mixedviT mtyunebaTa zRvruli ricxvi imr da

Tanafardoba
0T

T Sesabamisad iqneba: 7624
0

,T
T,r im  

 .
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4. ganisazRvreba dagegmili eqsperimentis mTavari argumenti _

gamocdebis pirobebis dakmayofilebisaTvis saWiro gamosacdeli

nakeTobebis ricxvi zemoT moyvanili damokidebulebidan

06112000
500762 ,:,N  ,

aviRoT 12  nakeToba.

5. amrigad eqsperimentis T=500sT ganmavlobaSi Tu 12

gamosacdeli nakeTobidan mtyunebas ganicdis ara umetes 3

nakeTobisa, miiReba gadawyvetileba nakeTobaTa mTeli partiis

miRebisa, xolo im SemTxvevaSi Tu mtyunebaTa raodenoba 500 sT

ganmavlobaSi miaRwevs 4 erTeuls, nakeTobis partia dawunebuli

iqneba.
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III Tavi

manqana-mowyobilobebis saimedoobis

fizikuri safuZvlebi da kriteriumebi

meqanikuri manqana-mowyobilobis muSaobis periodSi mkveTrad

gamoixateba rigi eqspluataciis Tanxvedrili procesebi, romlebic

iwveven nakeTobis masalaSi meqanikur, fizikur da qimiur

cvlilebebs. aRniSnuli cvlilebebi, procesebi gansxvavdebian ra

TavianTi bunebiT, arsiT da mimdinareobis xasiaTiT, sxvadasxva

intensiurobiT moqmedeben nakeTobis muSaobis unarze. procesebs,

romlebic iwveven manqana-mowyobilobis mtyunebaTa movlenebs,

miekuTvneba manqana-mowyobilobisa da misi elementebis cveTa xaxunis

Sedegad; daRliloba mravaljeradi datvirTvis Sedegad; korozia;

`dabebreba~ (daZveleba).

Sesabamisad, am procesebisadmi medegoba miCneulia am jgufis

manqanaTa saimedoobis kriteriumad.

sayovelTao aRiarebiT meqanikuri manqana-mowyobilobis

mtyunebaTa ZiriTad mizezebs miekuTvneba: elementebis cveTa xaxunis

Sedegad da rigi nakeTobebis daRliloba. amasTan, statistikuri

monacemebiT dadgenilia, rom manqanebis mtyunebaTa 80%-mde modis

cveTis faqtorze. aRniSnulis gamo manqanis teqnikuri mdgomareobis

gamokvlevis dros, rogorc wesi, gansakuTrebuli yuradReba eqceva

manqanebSi xaxunisa da cveTis procesebs.

aseve didi yuradReba daeTmoba am sakiTxs mocemul naSromSic.
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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

IV T a v i

tribologia da triboteqnika

4.1. 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.
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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.

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
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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

Ff = f Fn, (4.1)

sadac Ff aris xaxunis Zala; Fn _ 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
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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, 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

A0 damokidebuli ar aris normaluri mimarTulebis datvirTvaze,

xolo meore KFn damokidebulia ukanasknelze:

Ff =A0 + K Ff , (4.2)

sadac A0 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.

* SeWidulobis koeficienti aris ori sxeulis uZraobis udidesi
xaxunis Zalis fardoba im erTmaneTze miWeris ZalasTan, romelic moxaxune
zedapirebis normaluri mimarTulebisaa.
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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 warmoiqmneba zeTis dinamikuri wneva,

romelmac SeiZleba friad dadebiTi roli iTamaSos xaxunis

procesSi.

reinoldsma daasabuTa, rom b. taueris cdebis safuZvelze

SemCneuli movlena aris hidrodinamikuri xasiaTis 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
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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.



134

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 meurneobis winsvlis erT-

erTi yvelaze aqtualuri amocana. aRniSnulis Sedegad 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 qveynis ekonomikaSi. 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, post

sabWoTa kavSiris ekonomikur sivrceSi RonisZiebaTa nusxa ver
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gascda ramdenime formaluri saxis sazogadoebisa da literaturis

gamoCenas tribologia-triboteqnikaSi.

savalalo mdgomareobaa jerjerobiT Cvens qveyanaSic, 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 mas xSirad uwodeben, triboteqnika, maSin,

rodesac amerikis SeerTebuli Statebis, germaniis, didi britaneTis

universitetebi dRes farTo profiliT amzadeben specialistebs

tribologiaSi.

4.2. ZiriTadi cnebebi da ganmartebani

moviyvanoT tribologiaSi (triboteqnikaSi) gamoyenebuli

ZiriTadi cnebebi ganmartebiT, romelTa umravlesobac didi xania

aris cnobili  da klasikur xasiaTs atarebs. triboteqnikis rigi

terminebi klasificirebulia da standartizebuli saerTaSoriso

standartebiT.

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
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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.
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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 4.1 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:

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).
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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. 4.1.  gorvis xaxunis warmodgenis sqema

Tvisobrivad aseTi xasiaTis xaxunia manqanaTa mTel rig

kvanZebSi. magaliTad, burTulebian da gorgolaWebian sakisrebSi,

kbilanebSi, SeuRlebebSi – borbali-liandagi.

Fn

R
Fg

Fmam

Fg A B

F′n

e
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4.1 nax-ze warmodgenili sqemis mixedviT, wonasworobis

pirobidan gamomdinare,

Fg = Fmam , (4.3)

sadac Fg gorvis xaxunis Zalaa; Fmam _ mamoZravebeli Zala.

maSin mamoZravebeli momenti toli iqneba

M = Fmam
. R = Fg

. R, (4.4)

sadac R sagoravis radiusia.

mocemul pirobebSi mamoZravebeli momentis gawonasworeba

xdeba gorvis xaxunis ZaliT

Fg = fg. Fn , (4.5)

sadac fg gorvis xaxunis koeficientia; Fn _ normaluri Zala.

anu

Fmam
. R = fg. Fn. (4.6)

saidanac gorvis xaxunis koeficienti SeiZleba gamoisaxos rogorc

mamoZravebeli momentis (M) fardoba normalur ZalasTan (Fn ) da

nn

RR
F

F
F

F
F
Mf

n







gmam
g

, (4.7)

saidanac

R
nFfF 


g

g . (4.8)

meores mxriv, normaluri reaqcia F′n gadanacvlebulia Fn RerZidan

raRac e manZiliT. Sesabamisad reaqciuli momenti M′ = F′n . e.

bunebrivia, rom roca M′= M da F′n= Fn, (fizikurad advili

asaxsnelia)

Fn
. e = Fg

. R . (4.9)

xolo
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n

R
F

Fe 


g , (4.10)

saidanac

R
FeF ng . (4.11)

(4.8)-is gaTvaliswinebiT

e = fg. (4.12)

praqtikuli gaangariSebebisaTvis (4.8) ase gadavweroT

Fg = f0 . Fn , (4.13)

sadac R
ff g0 gorvis xaxunis dayvanili winaaRmdegobaa da tipiuri

urikebisaTvis

D
fdf

R
frff gg 2

0





 , (4.14)

sadac d, r Sesabamisad satacis diametri da radiusia; f _ srialis

xaxunis koeficienti satacis kvanZSi; D _ gorvis borblis diametri.

gorvis xaxunis koeficients aqvs xazovani ganzomileba,

geometriulad warmoadgens kontaqtis zonaSi Fn RerZidan

gadanacvlebuli normaluri reaqciis eqscentrisitets _ e-s da

ricxobrivad udris fg-s. gorvis xaxunis koeficientis sidide

damokidebulia detalis masalis drekad Tvisebebze. kerZod, im

SemTxvevaSi, roca 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,
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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 sxeulebis

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.
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4.3. 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.

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;
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- 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:
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- moxaxune muSa zedapiruli fenebis TvisebaTa safuZvliani

Seswavla;

- `SerCeviTi gadatanis” efeqtis gamoyenebis sferoebis

gafarToeba;

- 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 qveynis 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,
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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

reJimis da datvirTvis xangrZlivobis gaTvaliswinebiT. kontaqturi

amocanebi gadawyvetili unda iqnas sivrceSi.

praqtikaSi xaxunis da cveTis sainJinro gaangariSebebs unda

moeTxovebodes didi sizuste da saimedooba. igi unda aRematebodes

Cveulebrivi manqanaTa rigiTi detalebisadmi moTxovnebs, sadac maTi

maragi simtkiceze aiReba 2...3 zRvrebSi. Sedegad unda SemuSavdes

saimedo konkretuli sainJinro saangariSo meTodebi, romlebic

uzrunvelyofen tribologiuri sistemis samsaxuris vadis

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
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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 Canasaxis fazaSia da igi saswrafod gadasawyveti

amocanaa.

dabolos, saWiroa momavali da Cveni qveynis meurneobis

moqmedi specialistebisaTvis cnobad iqnas miRebuli, rom
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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.

amasTan, tribologiur sistemad miCneulia detali an

detalebis erToblioba, romelic gamoyofilia garemodan fizikurad

an warmosaxviT, 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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V Tavi

triboteqnikis Teoriis safuZvlebi

5.1. 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.

saerTaSoriso standartebis 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.

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 5.1).
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nax. 5.1. foladis gaCarxuli zedapiris profilograma iohansonis filasTan

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

realuri zedapirebis moTelili Sverebi talRur borcvebze

qmnian konturul farTobebs, romlebic, Tavis mxriv, warmoadgenen

Sverebis kontaqtebis erTobliobas. eqsperimentulad es movlena

a)

b)

g)

d)
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mkafiod warmoCndeba zedapirebis SeuRlebis `saRebavis” meTodiT

Sefasebis dros, roca sakontaqto adgilebs laqiT gamoarCeven

xolme (nax.5.2, 5.3).

nax. 5.2. zedapirebis dakontaqtebis sqema

A ci A ri

nax. 5.3. sakontaqto farTobis grafikuli modeli

l

Fn

ℓ
ℓ
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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

, (5.1)

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

, (5.2)
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sadac n faqtiuri kontaqtebis ricxvia; Ari _ 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

102...104-s. am daskvnas iyeneben manqanaTa nawilebis simtkiceze,

cveTaze da saimedoobaze gaangariSebis dros. magaliTad, roca p

wnevas gansazRvraven, rogorc Fn normaluri Zalis fardobas

kontaqtis nominalur A farTobTan, p=Fn/A, igi SeiZleba

faqtiurze  100-jer an 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

, (5.3)

sadac Pr faqtobrivi wnevaa.

rogorc aRvniSneT, faqtobrivi dakontaqtebis farTobi

damokidebulia zedapiris simqisis parametrebze, SeuRlebul

zedapirebze modebuli normaluri Zalis sididesa da zedapiris

masalis gvarobaze. saTanadod, dakontaqtebis farTobis
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2

1

Fn

Ar

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 Fn Zalaze (nax. 5.4). Fn-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. 5.4. moxaxune zedapirebis faqtobrivi sakontaqto farTobis Ar
damokidebuleba normalur Fn datvirTvaze [9]:

1 _ HB1 sisalis dros; 2 _HB2 sisalis dros. HB2 < HB1
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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.
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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.

5.2. 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
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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 warmoiqmneba

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

siRrmeze _ gamWimi narCeni Zabvebi. narCeni Zabvebis warmoSobas

xels uwyobs 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 warmoqmnis 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.
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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:

,)(5,0 12 Ett   (5.4)

sadac t1 da t2 Sesabamisad, zedapiruli fenis sawyisi da

maqsimaluri temperaturaa; α _ masalis xazobrivi gafarToebis

temperaturuli koeficienti; E _ 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,
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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

5.5 nax-ze.

nax. 5.5. fenaTa araerTgvarovnebis gadanawileba

fenebis siRrmis mixedviT

1

2

3

4
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nax. 5.5-ze 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 _ deformirebuli 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.
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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 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
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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
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SerCevaze, ris Sesabamisadac, optimaluri arCevani zog SemTxvevaSi

SesaZleblobas iZleva, ramdenimejer gavadidoT detalis muSaobis

resursi.

5.3. 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 ukve aRvniSneT, or sxeuls

Soris xaxuni warmoiqmneba, 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
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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

Rα0,32...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;

b) meqanikurs, romelic ganpirobebulia im muSaobiT, romelic

xmardeba sxeulis garkveuli moculobis deformacias erTi sxeulis

Sveris meoreSi CaRrmavebis dros.
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i. kragelskis Teoriis Tanaxmad, winaaRmdegobis orive

faqtori erTad Seadgens xaxunis Zalis winaaRmdegobas.

5.4. molekuluri urTierTqmedeba tribologiur procesSi

molekuluri urTierTqmedeba sxeulebs Soris samecniero-

teqnikur literaturaSi xaxunis Sesaxeb umetesad adheziur

Semdgenad iwodeba. Sesabamisad, xaxunis Zalis am SemdgenisaTvis

SemoviRoT aRniSvna – Fa .

pirvelad tribologiuri procesis molekuluri Teoria

warmoadgina ingliselma fizikosma i. dezargiulem (1704 w.).

Semdgom es mimarTuleba ganaviTares aseve ingliselma mecnierebma –

u. hardim (1919w.), 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 Fa 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
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mkm manZilze van-der-vaalsis Zalebis* mniSvneloba praqtikulad

utoldeba nuls.

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,

* 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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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

105pa-s miaRwios.

arsebuli mwyobri Teoriis miuxedavad, xaxunis Zalis

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.

5.5. 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 Fk-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
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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
, (5.5)

sadac m Sverebis raodenobaa sakontaqto zedapirze; Fki _ 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.
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Aadheziuri da koheziuri Zalebis TvalsaCino ilustracia

mocemulia 5.6 nax-ze.

nax. 5.6. 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.

1

2

3
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amrigad, realuri gare xaxuni bunebaSi adheziuri da

koheziuri Zalebis moqmedebis Sedegia da igi SeiZleba warmodgenil

iqnes, rogorc adheziuri Fa da koheziuri Fk Semdgenebis jami:

Ff = Fa + Fk, (5.6)

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;

- 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.



171

5.6. 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. 5.7a), 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,
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rom ar moxdes detalis siRrmiseuli rRveva, e. i. detalis

intensiuri cveTa.

Tu detalis moxaxune zeda fenas aqvs ufro maRali

simtkicis maCvenebeli vidre ZiriTad masas (nax. 5.7b), gradienti

uaryofiTia 





 0dz

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
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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.

am mimarTulebiT saintereso dakvirveba aqvs d. garkunovs,

romelmac daafiqsira, rom Tevzebs, frinvelebs, Tagvebs, Txunelebs

umciresi winaaRmdegoba aqvT Sesabamis garemoSi maTi moZraobisas.

FnFn

V V σbσb

Z
Z

nax. 5.7. masalis meqanikuri maxasiaTeblebis gradientis gansazRvris wesi:

a – dadebiTi gradienti; b _ uaryofiTi gradienti.

a)

a

b)

a
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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.
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VI Tavi

tribologiuri  procesi SemzeTi masalebiT

6.1. 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  urTierT-

moZraobis  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 
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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. 6.1, 6.2, 6.3). Tu  < 2
 , maSin

SemzeTi siTxe asvelebs moxaxune zedapirs da Tu  > 2
 , siTxe

zedapirs ar asvelebs.

a)                         b)

N nax. 6.1. siTxis meniskis  sxvadasxva formebi vertikalur zedapirze:

a _ Sezneqili meniski;  b _ amoburculi  meniski;

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

σsg, σcg, σsc– A molekulaze moqmedi daWimulobis Zalebi [21]

nax. 6.2. myari sxeulis  dasvelebis  kuTxis  sxvadasxva

mniSvneloba horizontalur zedapirze:

1 _ siTxe;  2 _ myari sxeuli

бcg

1 2




1

2

σsg

θ

I

II

III

A

σcg

I
σsg

II

θ

III

σsc

A

σsc

σcg
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nax. 6.3. maRali dasvelebis  Tvisebis mqone myari sxeulis

dasvelebis    parametri:

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

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

I

II III

θ



178

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.

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



179

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

,, ”. praqtikaSi xSirad sargebloben 100-jer nakleb erTeuls -

santipuazs (1 santipuazi=10-3pa.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 1m2/wm (1stoqsi=10-4m2/wm).

praqtikaSi kinematikuri  siblantis  erTeulad xSirad iyeneben

100-jer nakleb sidides _ santistoqss (1santistoqsi=10-6m2/wm).

diamikuri siblantis gadaangariSeba kinematikuris

gaTvaliswinebiT  praqtikulad SeiZleba Semdegi damokidebulebiT:

 =  .  , (6.1)

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
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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 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;
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 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.

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
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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.  Axolo, 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;



183

 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.

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
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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.

6.2. SemzeTi masalebis saxeebi da klasifikacia

fizikuri mdgomareobis mixedviT ganasxvaveben: airovan,

Txevad, plastikur (konsistentiur) 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 post ssrk-s

ekonomikur sivrceSi SeiZleba daiyos Semdeg ZiriTad jgufebad:

 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;
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 saZravo, sxvadasxva daniSnulebis (saavtomobilo,

satraqtoro, saaviacio da sxv.) manqanebis Sigawvis

ZravebisaTvis.

6.1 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 1000C

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
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CvenSi SemuSavda mineraluri industriuli da satransmisio zeTebis

indeqsaciis axali sistemebi.

cxrili 6.1

saerTo manqanaTmSeneblobaSi gamoyenebuli ZiriTadi

zeTebi da maxasiaTeblebi

zeTis marka

kinematikuri

siblante

50 0C-ze,
santistoqsi

zeTis marka

siblante

kinematikuri

500C-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

igive

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
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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;

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

(mm2/wm-Si*) t=400C temperaturaze da aqvs Semdegi safexurebi:  2;

3; 5;  7; 10; 15; 22; 32; 46; 68; 100; 150; 220; 320; 460; 680;

1000; 1500.

* praqtikaSi  gamoiyeneba kinematikuri siblantis ganzomilebad. igi SI
sistemaSi kinematikuri siblantis erTeulis _ m2/wm-is 106 nawils Seadgens. amasTan,

1 mm2/wm ricxobrivad 1 santistoqsis tolia.
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indeqsaciis aRniSnuli 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.

Sesabamisad, saklasifikacio jgufebi post ssrk-s

ekonomikur sivrceSi 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.

aq arabuli cifrebi (nomrebi), iseve rogorc satransmisio

zeTebis (TM) SemTxvevaSi iTvaliswineben maT Sedgenilobasa da

gamoyenebis sferos. Sesabamisad yvelaze ufro efeqturad da

mravalfunqciurad unda miCneuli iqnes GL-5. bunebrivia, siblante

Sesabamisi klasebiT ganisazRvreba

zeTis kinematikuri siblantis klasi am SemTxvevaSic

warmoadgens saSualo siblantes (mm2/wm-Si), magram aqvs
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industriulisagan gansxvavebuli safexurebi, kerZod: 6; 9; 12; 18;

34; 43.

cxrili 6.2

post ssrk-s ekonomikur sivrceSi miRebuli satransmisio zeTebis

klasifikacia

siblantis

klasi

zeTis  jgufebi  saeqspluatacio  TvisebebiT gamoyenebis

temperaturuli

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

6

9

12

18

34

43

-

-

-

TM-1-18

TM-1-34

TM-1-43

-

TM-2-9

TM-2-12

TM-2-18

TM-2-34

TM-2-43

TM-3-6

TM-3-9

TM-3-12

TM-3-18

TM-3-34

TM-3-43

TM-4-6

TM-4-9

TM-4-12

TM-4-18

TM-4-34

TM-4-43

TM-5-6

TM-5-9

TM-5-12

TM-5-18

TM-5-34

TM-5-43

-65..+15

-60..+25

-50..+30

-35..+35

-20..+45

-5..+55

saerTaSoriso praqtikaSi saZrave da satransmisio zeTebis

SAE-s (avtoinJinerTa sazogadoeba) klasifikacia siblantis

mixedviT mocemulia cxrilebSi. aseve dadgenilia siblantis

mixedviT saZrave zeTebis gamoyenebis optimaluri temperaturuli

diapazonebi (cxrili 6.3). amasTan zeTebis identificireba

siblantis mixedviT Semdegnairad gamoixateba: ,,W”-s win mdgomi

pirveli ricxvi miuTiTebs zeTis muSaobis unarianobas dabal

temperaturebze, meore ricxvi ,,W”-s Semdeg (an calke mdgomi

ricxvi ,,W”-s gareSe) miuTiTebs zeTis siblantis optimalur

mniSvnelobas maRal temperaturaze. Sesabamisad ,,A” ubanze

miTiTebuli zeTebi gankuTvnilia viwro diapazonSi

eqspluataciisaTvis, xolo ,,C” ubanze miTiTebebi _ farTo

diapazonisaTvis, anu yvelaze universaluri pirobebisaTvis.
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cxrili 6.3

SAE-s klasifikaciis Sesabamisad siblantis mixedviT saZrave

zeTebis gamoyenebis temperaturuli diapazoni

aSS-sa da evropaSi moqmedebs saZrave zeTebis Sefasebisa da

klasificirebis Semdegi sistemebi: API (Amerikan Petroleum Institute);

ACEA (Association des Constructeurs Europeens d΄Automobiles).

API sistemaSi saeqspluatacio Tvisebebis mixedviT saZravo

zeTebis jgufebia:

a) benzinze momuSave ZravebisaTvis _

SA, SB, SC, SD, SE, SF, SG, SH, SL, SM.

b) dizelze momuSave ZravebisaTvis _

CA, CB, CC, CD-II, CE, CF, CF-2, CF-4, CG-4, CH-4.

TiToeuli jgufis gamoyenebis sfero cal-calke mocemulia

specialur literaturaSi. igive API sistemaSi aseve saeqspluatacio
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Tvisebebis mixedviT satransmisio zeTebis ukve zemoT aRniSnuli

jgufebia:

GL-1, GL-2, GL-3, GL-4, GL-5.

ACEA normaTa axali sistemaa da igi moqmedebs 1996 wlidan.

zeTis xarisxi aq ganisazRvreba sami safexuriT: 1, 2, 3. amasTan

xarisxobrivi Tvisebebi ase aris warmodgenili:

1 _ specialuri moTxovnilebebisaTvis;

2 _ saSualo standartuli moTxovnilebebisaTvis;

3 _ umaRlesi donis moTxovnilebebisaTvis.

zeTebi ACEA sistemaSi maTi daniSnulebis mixedviT ase

aRiniSneba:

benzinis ZravebisaTvis _ A1, A2, A3;

msubuqi avtomobilis dizelis ZravebisaTvis _ BB1, B2, B3;

satvirTo avtomobilis dizelis ZravebisaTvis _ E1, E2, E3.

Sesabamisad zeTebis identificirebis magaliTebia: A1-96; A2-

96; B1-96, E1-96 da a.S.

saturbine zeTebi kinematikuri siblantiT 20...60

santistoqsi 500C 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.
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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.

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
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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 200-3000C-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

milimetris  meaTedebiT. magaliTad,  Tu  penetraciis  ricxvia
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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  10-200C-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
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plastikuri SemzeTi masalebi mkveTrad gansxvavdeba Txevadi

zeTebisagan).

rekomendebulia, rom Pplastikuri SemzeTi masalebi

gamoyenebuli iqnas 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;

 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.
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plastikuri SemzeTi masalebidan yvelaze ufro

gavrcelebuli jgufia solidolebi. maTi gamoyenebis racionaluri

zRvaria 60-800C.  solidolebis erT-erTi umTavresi upiratesoba

maTi tenmedegobaa. konstalinebi miekuTvneba Zneldnobad SemzeT

masalebs da gamoiyeneba kvanZebSi, sadac temperatura 100-1500C-mdea,

zog SemTxvevaSi ki 2000C-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 (1000C-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 aRniSnuli saxeebi da ZiriTadi

maCveneblebi standartizebuli iyo da mocemulia yofili ssrk-s

saxelmwifo standartSi _ ГОСТ 23.002-78.
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6.3. 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, airdinamikurs, airstatikurs,

elastikur-hidrodinamikurs, sasazRvros da Sereuls, xolo SemzeTi

masalis fizikuri mdgomareobis mixedviT _ airuls, Txevads da

myari masalebiT SezeTvas.

Aairuli SezeTva iseTi saxis SezeTvaa, roca moxaxune

zedapirebis  ganmxoloeba xorcieldeba iseTi SemzeTi masaliT,

romelic airuls 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
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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:

21
0

ZZ RR
hh  , (6.2)

sadac h aris zeTis fenis minimaluri sisqe; Rz1, Rz2 _ Sesabamisad,

pirveli da meore  moxaxune  zedapirebis  centraluri RerZis

mimarT uswormasworobaTa saSualo gadaxra.

Txevadi SezeTvis ganxorcielebas, romelic praqtikaSi

Txevadi xaxunis procesad iwodeba, Seesabameba 5 ho ≥100 piroba

(xaxunisa da SezeTvis  saxeTa klasifikacia ho-is mixedviT

mocemulia 6.4 naxazze, xolo 6.5-ze mocemulia moxaxune

zedapirebis  kontaqtirebis modelebi).

nax. 6.4.  SezeTvis  saxeTa  klasifikacia ho kriteriumis mixedviT:

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

IV _ elastikur-hidrodinamikuri Txevadi

IV
5< h0  100

III

II

1< h0  10

h0  5

I h0  1
0 1 5 10 100 h0
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nax. 6.5. 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 aris moxaxune zedapirebis

urTierTgadaadgileba. wneva  zeTis   fenaSi warmoiqmneba  gareSe

danadgaris  meSveobiT.

Aairdinamikuri da airstatikuri SezeTvebi Cveulebriv

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.

1

2

Fn1 Fn2

3

1

4

2

a) b) g)
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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 ho 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 ho 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 sasazRvro 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
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xaxuni iwodeba Sereulad.  amasTan, ho kriteriumi Sereuli

SezeTvisaTvis  unda akmayofilebdes pirobas ho5.

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


= , (6.3)

sadac Ff aris xaxunis Zala, n;  _ SemzeTi masalis  dinamikuri

siblante, pa/wm; S _ moxaxune zedapirebis nominaluri farTobi, m2;

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
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realur pirobebSi ganapirobebs xaxunis saxes - sasazRvros, Txevads

Tu Sereuls.

ricxobrivad kvanZis muSaobis reJims kargad axasiaTebs

fardoba
nF
V

, sadac Fn aris normaluri datvirTva sayrden

xaxunis kvanZze.

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.6.6).

diagramidan Cans, rom xaxunis koeficientis maqsimaluri

mniSvneloba Seesabameba
nF
V

parametris nulovan mniSvnelobas,

rac, Tavis mxriv, Seesabameba nulovan fardobiT srials anu

uZraobis xaxuns.

nax. 6.6.  xaxunis koeficientisa da xaxunis kvanZis  muSaobis

reJimisa da SemzeTi masalis maxasiaTeblis damokidebuleba

III

fmin

0

III

V /Fn

f
fn
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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. 6.6), 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 muSaobs 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.

6.6). 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
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moxaxune zedapirebis borcvebis simaRles. SezeTvis aseT pirobebSi

xaxunis  xasiaTi mTlianad ganpirobebulia  Txevadi SemzeTi

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. 6.6).  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.
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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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VII Tavi

Txevadi SezeTva da misi hidrodinamikuri Teoria

7.1. hidrodinamikuri SezeTvis (xaxunis) safuZvlebi

zemoT aRniSnuli iyo, rom tribologiuri sistemis

efeqturi mniSvneloba mniSvnelovan-wiladaa 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
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TavisTavad warmoqmnas.  ukanasknelis ganxorcielebis meqanizmi ase

SeiZleba iqnes warmodgenili:

erT SemTxvevaSi sayrdeni detalebi warmodgenilia, rogorc

brtyeli zedapirebi (nax. 7.1). 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,

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.
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nax. 7.1. brtyel zedapirebs Soris arsebuli zeTis fenaSi wnevis

ganawileba maTi fardobiTi moZraobis dros

meore SemTxvevaSi sayrden detalebad warmodgenilia

cilindruli zedapirebi (nax. 7.1). sakisarSi radialuri datvirTvis

gamo mbrunavi lilvi 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

dx

h m

y

dy

x

V
h

pdy

dx

Ftdx
(p+dp)dy

(Ft+dFt)dx
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F
r

ω

ℓ

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 7.2 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. 7.2. hidrodinamikuri wnevis epiurebi srialis sakisarSi:

a - radialuri mimarTulebiT; b - grZivi mimarTulebiT

ω

ℓ
F
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7.2. 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.

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. 7.3, 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.
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nax. 7.3. srialis sakisris saangariSo sqema:

a - saerTo sqema; b – satacis eqscentrisitetis konstruqciuli parametrebis

saangariSo sqema

C
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hidrodinamikuri fenis saboloo wertilad miiCneva romelime

D wertili, romelic lilvis brunvis mimarTulebiT C minimaluri

RreCos wertilis Semdeg mdebareobs (nax. 7.3). 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 p=0 da 0d
dp D wertilSi. amasTan, D da B

wertilebi daaxloebiT simetriulad arian ganlagebuli C

wertilidan (C wertilSi zeTis fenis sisqe minimaluria – h = hmin)

da e. i. DC=CB.

7.3.  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 solis gaswvriv _
dx
dp  aRiwereba

gantolebiT, romelmac reonoldsis saxelwodeba miiRo.
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reinoldsis gantolebis misaRebad zeTis fenaSi ganvixiloT

SemzeTi masalis elementaruli nawili xazobrivi zomebiT dx×dy×1

(nax 7.1), 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
dF x

t
V , (7.1)

sadac Ft aris blanti Zvris Zala; Vx _ fardobiTi siCqare x

mimarTulebiT;  - zeTis dinamikuri siblante.

elementaruli nawilis wonasworobis pirobidan

(dagegmilebiT x RerZze) dp . dy=dFt
. dx, aqedan

dy
dF

dx
dp t . (7.2)

(7.1)-isa da (7.2)-is gaTvaliswinebiT

dx
dp

dy
d x 


1

2
2V .                      (7.3)

zeTis gamdinarebis siCqare miiReba (7.3) gamosaxulebis

ormagi integrirebiT da Semdegi sasazRvro pirobebis CasmiT. uZrav

zedapirze y=0, Vx=0 xolo moZrav zedapirze y=h, Vx=V  (sadac h

RreCos sididea x koordinatis Sesabamis nebismier kveTaSi). maSin

dx
dp)hy(y

h
yVx  2V .         (7.4)
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erTi erTeulis siganis da h simaRlis RreCoSi 1 wm-Si

gaedineba zeTi Semdegi moculobiT:

dx
dp.hhVdyVq

h
xx 122

3

0
  .  (7.5)

zeTis nakadis uwyvetobis pirobidan  SesaZlebelia

erTmaneTs gavutoloT zeTis qx moculobebi, romlebic gaedinebian

erT wamSi h da hm. aq hm  RreCos sididea iseTi kveTisaTvis, sadac

wnevis sidide fenaSi maqsimaluria e.i. sadac p=pmax da 0dx
dp

sididis RreCoebSi

2122
3 Vh

dx
dp.hhq mx  

V .            (7.6)

aqedan, elementaruli gardaqmnebiT,

36 h
hhVdx

dp m  .               (7.7)

(7.7) gantoleba miRebuli iqna reinoldsis mier da igi mis saxels

atarebs.

zemoT moyvanili damokidebulebis (7.1), (7.4) 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

hdy
dF

hY
t 2


VVx              (7.8)

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

detalebisagan Sedgeba.
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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 Pφ mimarTuleba

Tanxvedria zedapiris normalis anu satacis radiusis.

Tu Pφ wnevas davSliT P′φ horizontalur da P′′φ

vertikalur Semdgenebad, aRmoCndeba, rom ukanasknelebs ZaluZT

gareSe  radialuri Fz  datvirTvis gawonasworeba. xolo rac

Seexeba horizontalur Semdgenebs, isini iwveven satacis sakisarsSi

horizontalur gadaadgilebas (nax. 7.3).

sabolood SemzeTi masalis wneviTi zemoqmedebis Sedegad

lilvisa da sakisris Rerebis SemaerTebeli xazi gareSe Zalis

moqmedebis mimarTulebidan gadaixreba raRac φα 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*:

* qvemoT moyvanili daSvebebi, aseve igulisxmeboda reinoldsis gantolebis

gamoyvanisas Sesabamisi pirobebis dacvis SemTxvevaSi.
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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 _ ∆=D_d, sadac Dsakisris sadebis diametria;

Dd _ lilvis satacis diametria;  radialuri RreCo _ 2
 ,

fardobiTi RreCo _ rd
   , sadac r satacis radiusia;

absoluturi eqscentrisiteti _ e = δ _ hmin; sadac hmin zeTis

sisqis minimaluri sisqea; fardobiTi eqscentrisiteti (axasiaTebs

satacis mdebareobas sakisarSi) _  e .

e da   mniSvnelobaTa gaTvaliswinebiT zeTis fenis

minimaluri mniSvneloba

hmin= δ_e= δ (1_  )      (7.9)

     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
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brunTa sixSiris, saSualo radialuri datvirTvebisa da

tribologiuri sistemis zeTiT sakmao raodenobiT uzrunvelyofis

dros.

centrebis SemaerTebeli RerZidan raime  kuTxeze zeTis

fenis sisqis gansazRvrisaTvis ganvixiloT naxazi 7.3.

imis gaTvaliswinebiT, rom ob=ecos(1800-φ) da

eqscentrisiteti e mcire sididea,

  hr)cos(ehaoobD  1802 ,        (7.10)

sadac r satacis radiusia, φ - centraluri kuTxe.

Sesabamisi CasmebiTa da gardaqmnebis Semdeg miviRebT, rom

  χcos1δcoseh  -        (7.11)

xolo zeTis fenis sisqe RreCos im kveTisaTvis, roca maxpp da

0 

 00 χcos1δh  . (7.12)

cilindruli formis sakisrebisaTvis reinoldsis gantoleba

mizanSewonilia polarul koordinatebSi iqnes ganxiluli.

gantoleba (7.7) gadavweroT Semdegi gamosaxulebebis

gaTvaliswinebiT: rddx ; hh ; r.V  . Aaq  satacis kuTxuri

siCqarea.












 d)cos(

)cos(cosd)cos(
)cos()cos(dp 3

0
232 161

116




  . (7.13)

wneva raime  kuTxeze ganisazRvreba (7.13) integrirebiT 1

kuTxidan  kuTxemde, e.i. sasazRvro pirobebisaTvis (1, )
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 ddpP  




11

3
0

2 cos1
coscos

. (7.14)

p wnevis vertikaluri Semdgeni iqneba (nax. 7.3)

   )cos()(180cos    aa ppp  . (7.15)

 maSin elementaruli siganis (   centraluri kuTxiT) farTobis

zidvis unari

,ldplrpFr    2  (7.16)

sadac d da l  sakisris Sesabamisad diametri da sigrZea.
vertikaluri Semdgenebis Sejameba hidrodinamikuri wnevis

moqmedebis  (1, 2) zRvrebSi da Sesabamisi mniSvnelobebis Casma

gantolebebSi (7. 15) da (7. 16) mogvcems hidrodinamikuri zeTis

zidvis unars:

       

)17.7(

cos
cos1
coscos3cos

2

02

0
2

1

1

2

2

2

1

dS

ddddPldF aar





































  

sadac

     











ddyS a 



   cos
cos1
coscos3

2

1

2

1

0
0 , (7.18)

0S aris satacis sakisarSi mdebareobis  uganzomilebo  funqcia

mocemuli sasazRvro pirobebisaTvis da iwodeba sakisris

datvirTvis koeficientad. 0S -s samecniero da sainJinro
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praqtikaSi  zomerfeldis  ricxvs  uwodeben (zog qveyanaSi

humbelis ricxvsac).

meores mxriv, zomerfeldis ricxvi (7.17)-is  gaTvaliswinebiT

SeiZleba ase iqnes warmodgenili:


 2

0
pS  ,      (7.19)

sadac p_ wnevaa, romelic ganisazRvreba, rogorc normaluri

rF Zalasa da sakisris diametraluri  kveTis farTobis _ ld

fardoba. amasTan, Tu zomerfeldis ricxvi _ S0<1-ze,  rigi

mkvlevrebis rekomendaciiT xaxunis koeficienti
rF
Vlf 

 ,  xolo

Tu S0>1,  maSin 2
1






 

rF
lVf 

.

rF
lV 
  parametri  warmoadgens Txevadi SezeTvis  dros

xaxunis kompleqsur   maxasiaTebels da, rogorc  ukve aRvniSneT,

gersi-Stribekis diagramaze gamoiyeneba argumentad.

yvela zemoT moyvanil  formulaSi da Semdgom parametrSi

igulisxmeba SI  sistemis erTeulebSi:  -pa.wm; p -pa; rF -n; l,d -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. 7.2,  b).  dRes am amocanis
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gadwyvetisaTvis  ganixileba sivrciTi amocana saboloo

sxvaobaTa meTodisa da egm-s gamoyenebiT.

Txevadi SezeTvis dros sakisris datvirTvis  koeficientis

(zomerfeldis   ricxvis)  mniSvneloba χ eqscentrisitetisa da d
l

fardobis Sesabamisad mocemulia 7.1 cxrilSi.

datvirTvis koeficientis  gansazRvra  SedarebiT naklebi

sizustiT SesaZlebelia agreTve gamartivebuli empiriuli

damokidebulebiT:

mmS  10 , (7.20)

sadac 660,m , roca 80,d
l  ; 750,m , roca 90,d

l  ; 85,0m ,

roca 01,d
l  ; 01,m , roca 21,d

l  ; 11,m , roca 51,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 Fr. 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
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sakisris sadebis  zedapirebis  simqisis uswormasworobebis

(mikroborcvebis) simaRleTa jamze  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

 21 zRRSh zmin  ,        (7.21)

sadac S maragis koeficientia da ≥2.  mcire siCqareebis  pirobebSi,

roca fardobiTi siCqare V≤0,5 m/wm, iReben maragis koeficientis

mcire mniSvnelobebs.

Tu moxaxune zedapirebi mzaddeba wminda CarxviT an

SigCarxviT,  simqisis parametri iReba Rz6,3...Rz1,6 (simqisis 7...8

klasi); xexvis dros - Rz3,2...Rz0,4 (simqisis 8...10 klasi);

gakrialebis dros - Rz0,8...Rz0,05  (simqisis 10...13 klasi).

fardobiTi  RreCo sakisris  kvanZebSi iReba zRvrebSi

005000030 ,..., .        (7.22)

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]:
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25031080 ,V,   , (7.23)

sadac V satacis wriuli siCqarea, m/wm.

sawyis temperaturul pirobebisaTvis konstruqciulad irCeven ψ-

is gadidebul mniSvnelobebs.

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

 212   at .       (7.24)

sadac ∆′ RreCos  mniSvnelobis  cvlilebaaa  temperaturuli

sxvaobiT gamowveuli; α _ sakisris sadebis  an  antifriqciuli

fenis sisqe; α1 _ sadebis xazobrivi  gafarToebis temperaturuli

koeficienti; α2 _ lilvis xazobrivi gafarToebis temperaturuli

koeficienti.

zemoT moyvanili gamosaxulebebis analizisa da saerTod

sakisrebis muSaobis mecnieruli kvlevis safuZvelze dadgenilia,

rom zeTis fenis zidvis unari Fz 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
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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 S0  koeficienti, xolo misi meSveobiT 7.1 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 xdeba iseTi ZiriTadi
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eqspluataciuri parametrebis gansazRvra, rogoricaa xaxunis

momenti, temperatura muSa zonaSi da a. S.

7.4. 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  ,           (7.25)

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

farTobi saangariSo kveTisaTvis (A = dl);

dy
dV _ siCqaris gradienti zeTis fenis sisqis mimarTulebiT:
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r

δ  ω

v








 r

rV
dy
dV .

(7.26)

maSin A da dy
dV  mniSvnelobaTa gaTvaliswinebiT xaxunis Zala

tF d

l . (7.27)

Sesabamisad, xaxunis koeficienti

f =
pF

F

r

t 


 .     (7.28)

nax. 7.4. 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
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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 = 

 550,p  ,               (7.29)

sadac  =  512
d koeficientia, romelic SemohyavT mokle sakisrebis

SemTxvevaSi e.i. roca 1d
l , xolo Tu 1d

l , maSin 1 .

praqtikuli gaangariSebisTvis  rekomendirebuli xaxunis

koeficientis saangariSo formula SeiZleba aseTi saxiT iqnes

warmodgenili [19]:

,d.,p
nd.,f    55 105510363        (7.30)

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:
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,Tf Cldd.FT 22
2 


(7.31)

sadac T xaxunis Zalis momentia, n.m; CT _ brunvis  winaaRmdegobis

koeficienti da gamoiTvleba Semdegi empiriuli damokidebulebiT:

20
2

14380
1




  _
_

T S,C  .              (7.32)

CT koeficientis mniSvnelobebi d
l -sa da χ-is mixedviT mocemulia

teqnikur literaturaSi  cxrilebis saxiTac.

praqtikuli gaangariSebisaTvis  ganzomilebaTa teqnikur

sistemaSi (sadac  santipuazebSia, d da l -sm-Sia) xaxunis momentis

formula ase gamoiyureba:

TClnd.,T  
2

1010355 
. (7.33)

Sesabamisad dasazustebulia xaxunis koeficienti

p
C

F.d
Tf T

r 
 2  .               (7.34)

imis gaTvaliswinebiT, rom 
 2

0
pS  ,

0S
Cf T .   (7.35)

7.5. 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.
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klasikuri temperaturuli gaangariSebis msgavsad,

meTodi efuZneba Tburi balansis gantolebas, sadac, erTis mxriv,

gamoyofili siTbos nakadi sakisarSi

 TrFfVF rf  , (7.36)

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 , (7.37)

sadac 1  SemzeTi masalis mier xaxunis zonidan arinebuli siTbos

nakadia da igi tolia

),( 121 ttCQ          (7.38)

sadac Q SemzeTi masalis raodenobaa, romelic gaedineba sakisris

RreCoSi, m3/wm;  – SemzeTi masalis simkvrive, iReba zRvrebSi
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870...890kg/m3; C _ zeTis xvedriTi siTbotevadoba, iReba

zRvrebSi _ (1,7...2,1) 10
3 ;

kelvinikg.

jouli t2,t1 _ Semavali da

gamomavali SemzeTi masalis temperaturebi, 0C.

t2-s dadgenis dros gaTvaliswinebuli unda iqnes is garemoeba, rom

igi gansxvavdeba xaxunis zonaSi zeTis temperaturisagan (t2).

amasTan, ukanaskneli ar unda aRematebodes 60...750C. 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 –



230

SemzeTi masalis xarjis uganzomilebo, sruli koeficienti

ganisazRvreba aproqsimirebuli (miaxloebuli) formuliT

,dl
Qq 2

2


        (7.39)

sadac Q  SemzeTi masalis gadinebis xarjia, l/wm;

danarCeni wevrebis ganzomileba igivea, rac zemoT iyo ganmartebuli,

dm-Si. maSin SemzeTi masalis xarji ganisazRvreba damokidebulebiT

qdl,Q 250  , (7.40)

SemzeTi masalis xarjis uganzomilebo, sruli koeficienti

SeiZleba warmodgenil iqnes, rogorc sami ganzomilebis jami

321 qqqq  , (7.41)

sadac 1q SemzeTi masalis datvirTuli zonis torsuli

zedapirebidan gandinebis koeficientia. 1q -is mniSvnelobebi

konstruqciuli parametrebis mixedviT dadgenilia m. korovCinskis

mier da mocemulia 7.2 cxrilSi (praqtikuli gaangariSebis dros

Tu aRmoCnda, rom qq 1 , es imas niSnavs, rom araxelsayreli

pirobebia hidrodinamikuri SezeTvisaTvis da mdgomareobis

gamosasworeblad saWiroa an χ-is, an d
l  fardobis, anda orive

parametris Semcireba); 2q _ SemzeTi masalis dautvirTavi zonidan

gandinebis koeficienti, igi gamoiTvleba formuliT:

  p
p

l
dSq e2

02  ,       (7.42)

sadac ep SemzeTi masalis wnevaa, romelic miewodeba SemzeT

arxs tumbodan, mpa; p  _ saSualo xvedriTi wneva, mpa;
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 uganzomilebo koeficienti, romlis mniSvnelobebi

mocemulia cxrilebSi (cxrili 7.3).

3q  aris SemzeTi arxebis zomebisa da maTi ganlagebis koeficienti.

ori daxuruli arxis Cveulebrivi ganlagebis dros (nax. 7.5)

p
p

a
l

d
b

l
dSq 2

2

03 2





 






 , (7.43)

sadac  koeficientia da χ-is mixedviT aiReba cxrilebidan

(cxrili 7.3).

a  dab  zomebi mocemulia 8.5 nax-ze da SeirCeva satacis

diametris mixedviT, m:

l.,a 10 ,                      (7.44)

 d,...,b 250200 . (7.45)

cxrili 7.1.

d
α

b

α

ℓ
nax. 7.5. SemzeTi arxebis ganlagebis sqema
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datvirTvis koeficienti (zomerfeldis ricxvi) S0



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 0,99d
l

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 2,83 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
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cxrili 7.2.

SemzeTi masalis da datvirTuli zonis torsuli zedapiridan

gadinebis koeficienti q1



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 (180
0
-iani)

0,4

0,5

0,6

0,7

0,8

0,9

1,0

1,1

1,2

1,3

1,5

0,114

0,109

0,105

0,100

0,095

0,090

0,085

0,081

0,076

0,072

0,065

0,141

0,135

0,129

0,122

0,115

0,107

0,102

0,096

0,091

0,086

0,076

0,174

0,166

0,156

0,147

0,138

0,129

0,121

0,113

0,106

0,100

0,088

0,206

0,194

0,182

0,169

0,158

0,146

0,136

0,127

0,118

0,111

0,098

0,220

0,206

0,192

0,178

0,165

0,153

0,141

0,131

0,122

0,114

0,101

0,232

0,217

0,200

0,185

0,170

0,157

0,145

0,139

0,124

0,117

0,101

0,240

0,222

0,203

0,186

0,172

0,156

0,143

0,132

0,122

0,114

0,099

0,247

0,224

0,203

0,185

0,168

0,153

0,138

0,128

0,119

0,110

0,095

0,242

0,218

0,196

0,176

0,158

0,143

0,130

0,119

0,110

0,102

0,088

0,235

0,206

0,184

0,163

0,146

0,131

0,119

0,109

0,100

0,092

0,080

0,223

0,194

0,170

0,150

0,133

0,119

0,108

0,098

0,090

0,081

0,072

0,207

0,178

0,153

0,134

0,118

0,106

0,096

0,087

0,080

0,074

0,064

0,174

0,145

0,123

0,107

0,099

0,084

0,075

0,068

0,063

0,058

0,050

0,135

0,110

0,093

0,089

0,070

0,062

0,056

0,050

0,046

0,043

0,037
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cxrili 7.2. gagrZeleba


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

120
0
-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 0,0890,096 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 0,0900,093 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 0,0740,069 0,062 0,057 0,050 0,036 0,022

1,0 0,048 0,058 0,063 0,066 0,0680,069 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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cxrili 7.3

  da   koeficientebis mniSvnelobebi

sabolood  (7.36), (7,37) da (7.38) formulebis

gaTvaliswinebiT ganisazRvreba gamomavali SemzeTi masalis

temperatura




QC
tCQ

t 1
2


 ,      (7.46)

   koeficienti sakisris Semoxvevis

kuTxis mixedviT


360

0
180

0
120

0

 koeficienti

sakisarSi  ori

grZivi arxis

SemTxvevaSi

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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xolo temperatura xaxunis zonaSi dgindeba imis

gaTvaliswinebiT, rom igi 0...300C-iT aRemateba gamomavali SemzeTi

masalis temperaturas, roca ukanaskneli Sesabamisad icvleba

20...450C-mde zRvrebSi, e.i.

C)...(tt 3002m .          (7.47)

im SemTxvevaSi, roca sakisrisaTvis SerCeulia t2, SemzeTi

masalis xarji (7.37) da (7.38) formulebis gaTvaliswinebiT

ganisazRvreba Semdegi damokidebulebidan,  m3/wm:

 12 ttC
Q







.                   (7.48)

magaliTi [19]: Sefasdes srialis sakisris muSaobis unari da

xaxunis parametrebi, roca mocemulia:

kn,wTm,m, -1 60600180150  rF,n,l,d lilvis satacs aqvs

zedapiruli wrToba, sadebi ЦAM 10-5 Senadnobia da satacis

zedapiruli simqisis maxasiaTebels warmoadgens:

mkm.-sadebisxolomkm, 23616180 21 ,...,R,...,R zz 

lilvis brunvaTa kuTxuri siCqare

1-wm86230
600143

30 ,.,n  .

fardobiTi srialis wriuli siCqare

V m/wm7242
150862

2 ,,,d 
.

saSualo xvedriTi wneva

61022120150
60000  ,,,dl

Fp r pa=2,2 mpa.
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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, (7.23)

gamosaxulebiT

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

Sesabamisad, diametruli RreCo

108115000120  ,,,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

ν=20mm 62 1020 wm/ m
2
/wm.  Sesabamisad, dinamikuri siblante

 ν= 20 018089010 6 ,  pa.wm.

maSin sakisris datvirTvis koeficienti (zomerfeldis ricxvi)

8328620180
001201022 262

,,,
,,pS 



 .

7.1 cxrilidan vpoulobT fardobiT eqscentrisitets,

roca 21,d
l   da 832,S  - 750, .

zeTis fenis minimaluri sisqe

    0225075012
1801 ,,,hmin   mm=22,5 mkm.

usafrTxoebis koeficienti zeTis fenis sisqis mixedviT
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2742361
522

21






 ,,,

,
RR

hS
zz

min .

xaxunis momenti satacze (7.31) gamosaxulebis mixedviT

103652
180150

00120
8620180

2
22  ,,,

,
,,CldT T


n.m,

sadac

36575018327504380
7501

14314380
1

2
2

2
2

,,,,,
,

,S,CT 





 



 .

xaxunis Zala

133150
1022  ,d

TFf n,

xaxunis koeficienti

0022060000
133 ,F

Ff
r

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, (7.48) 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 C10 -is tolia.
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maSin (7.39) damokidebulebidan sakisris zeTis xarjis

sruli koeficienti

246015018086200120
1063722

2
6

2 ,,,,,
,

ld
Qq 






.

7.2 cxrilidan, roca 750, , 21,d
l  , gvaqvs 2070,q .

2q  da 3q  koeficientebisaTvis 7.3 cxrilidan amoviweroT

2400,  da 1320, , maSin

    p
p,p

p
,
,,,p

p
l
dSq eee 470180

150832240
22

2   ,

xolo

,415,02
018,0
18,0

15,0
03,0

18,0
15,083,2132,02

22

3 p
p

p
p

p
p

a
l

d
b

l
dSq eee 
























 






 

sadac SemzeTi  arxis zomebi

0301502020 ,,,d,b   m,

01801801010 ,,,l,a   m.

(7.41)-is safuZvelze

0,246=0,207+  41504710 ,,p
pe   ,

0440,p
pe  .

SemzeT sistemaSi saWiro wneva iqneba

09702204400440 ,,,p,pe  mpa.
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VIII Tavi

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.

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 aTeulobiT 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.

Gganasxvaveben SezeTvis individualur da centralur

sistemebs (nax. 8.1, 8.2). sistema individualuria, Tu igi emsaxureba
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udawneo
wneviT (xelis

dguSiani tumboTi)

individualuri SezeTva

uwyveti

(cirkulaciuri)

gaSxefebiT

SemzeTi borblebiT

qeCis baliSebiT

TviT SezeTviT

SemzeTi sagoravebiT

gamdinare

wveTovani sazeTuriT

(regulirebadi da

araregulirebadi)

patruqianisazeTu-

riT

nemsisebrisazeTu-

riT

perioduli
gamdinare

SemzeTi sarqveliT

udawneo(xelis an

jgufuri sazeTuriT)

naxvretis saSualebiT

saxuraviani naxvretis

saSualebiT

mbrunav saketiani

naxvretis saSualebiT

SemzeTi naxvretis

saSualebiT

wneviT

(cirkulaciuri)

kbilana, dguSiani,

frTiani tumboebiT

SekumSuli haeriT

nax.8.1. SezeTvis individualuri sistemebi [21]
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nax. 8.2. SezeTvis centraluri sistemebi[21]

centraluri SezeTva

wneviT

kbilana, dguSiani,
frTiani tumboebiT

SekumSuli haeriT

wneviT

jgufuri SezeTvis

sarqvlebSi  meqanikuri

sazeTuris gamoyenebiT

zeTis gamanawilebliani

xelis sazeTuriT

mravalwertiliani

xelis sazeTuriT

avtomaturi, periodulad

moqmedi xelis sazeTuriT

cirkulaciuri

gaSxefebiT

SefrqveviT

udawneo

uwyveti

cirkulaciuri

wveTovani
sazeTuriT

dinebis individu-

aluri regulire-

bis gareSe

gamdinare

dinebis individu-

aluri regulire-

biT

udawneo

periodulad moqmedi
sazeTurebiT

zeTis dinebis regu-
lirebis gareSe

zeTis dinebis
regulirebiT

perioduli
gamdinare
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erT tribologiur sistemas da centraluria, Tu emsaxureba

erTdroulad ramdenime tribologiur sistemas.

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.

8.1. 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 8.3 nax-ze).
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1) 2) 3) 4) 5)

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

nax. 8.3. 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

4
1

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 8.4 nax-ze.

nax. 8.4. 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
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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. 8.5), sadac

erT  SemTxvevaSi  gamoyenebulia  patruqis  kapilaruli

Tvisebebi,  xolo meore  SemTxvevaSi   tribologiuri   sistemis

SezRuduli   SezeTva   miRweulia 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

nax. 8.5.  sazeTurebi: patruqiani (a), nemsisebri (b),  wveTovani (g)

a)

b) g)
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manqanaSi specialurad mowyobili nakveTurebidan  da romlebic

mudmiv  kontaqtSia mbrunav moxaxune zedapirTan (nax. 8.6). amasTan,

kontaqti umetesad xorcieldeba masalaTa   sakuTari drekadobis

xarjze.

nax. 8.6.  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.

8.7). 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
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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.8.8).

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 15m/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 Siga sivrce ivseba zeTis RrubliT.

Sedegad uzrunvelyofilia mTeli kvanZis erTgvarovani SezeTva.

nax. 8.7. SemzeTi rgolis  moqmedebis sqema [21]:

1 _ rgoli; 2 _ lilvi;  3 _ zeTi

3 2 1



249

nax. 8.8. centraluri SezeTva zeTis gaSxefiT

(muxla lilvis niCbis meSveobiT)

TviTSezeTva. Mmocemuli konstruqcia (nax. 8.9) 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.
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Fr

0

nax. 8.9. 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.

8.10). sistema moiTxovs kontrols da saWiroebis SemTxvevaSi

Sevsebas. aRwerili konstruqcia SeiZleba  gamoyenebul   iqnes

centraluri  SezeTvis  pirobebSic.
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nax. 8.10.  sakisris  TviTSezeTvis  sqema hidrodinamikuri

SezeTvis  pirobebSi

SezeTva sagoraviT xSirad gamoiyeneba safrezavi da sarandavi

magidebis mimmarTvelebis  dasazeTad (nax.8.11). sagoravi erTi mxriv

CaZirulia  zeTSi, xolo meore mxriv kontaqtSia moxaxune

zedapirTan, ris Sedegadac sagoravs zeTi gadaaqvs am ukanasknelze.

nax. 8.11. sarandavi Carxebis mimmarTvelebis SezeTvis

sqema  sagoravebis  meSveobiT [35]
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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.

8.2.  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 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.



253

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.
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centralizebuli  SezeTvis  didi sistemebisaTvis, rogorc

wesi, iyeneben specialur baks, saidanac zeTi miewodeba

tribologiur sistemebs da Semkreb WurWels, sadac Camoedineba

namuSevari zeTi. amasTan, sistemas akompleqteben 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 8.12 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.

zeTis  Rrublis miRebis erT-erTi meTodia agreTve maRali

wnevis qveS ( 10 mpa)  myofi zeTis  masis  atmosferoSi

gafrqveva  haeris nakadis gareSe, romelic aseve uzrunvelyofs
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zeTis  umcires  nawilakebad daSlas, dispersias (laTinuri

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

nax. 8.12.  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

8.3.  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.

1 2 4 6

5

7
3
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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  yovelTvis gamoiyeneba SezeTvis
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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  (2500C)

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.
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amasTan, erTi mocemuli jgufis manqana-mowyobilobis

xaxunis kvanZebis SezeTvis sistemebi SeiZleba xasiaTdebodnen rigi

TaviseburebebiT.

magaliTad: samSeneblo, sagzao da amwe-satranaporto manqana-

mowyobilobebis tribosistemebisaTvis damaxasiaTebelia rom:

_ sazeTi masalebis fizikur-qimiuri maxasiaTeblebi

pasuxobdnen saWiro moTxovnebs farTo temperaturul diapazonSi _

(40...1200C).

_ SemzeTi sistema da sazeTi masalebi uzrunvelyofdnen

normalur  funqcionirebas intensiur  abraziul  garemoSi

muSaobis dros.

_ SemzeTi sistemis normaluri funqcionireba

uzrunvelyofili iyos savele muSaobis pirobebSi.
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IX Tavi

srialis sakisrebis gaangariSebis meTodika

sasazRvro da mSrali xaxunis dros

9.1. 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 aRmoCndeba

xolme  sadebebSi daRlilobis  Sedegad gaCenili bzarebi, masalis

moTelvis  kerebi da Sesabamisi bunebis masalebisaTvis

civdenadobis  movlenebi.
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srialis sakisrebis sadebebis simtkicis Sefasebis  dros

amocana daiyvaneba simtkicis ZiriTad gantolebaze:

pmaxH  , (9.1)

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  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 sakisris konstruqciuli gadawyveta. dasaSvebi kontaqturi

Zabvebis  gansazRvris dros  gaTvaliswinebuli unda iyos

konstruqciuli, teqnologiuri da saeqspluatacio xasiaTis

mravali faqtori.

srialis sakisrebis kontaqtur  simtkiceze gaangariSebis

meTodi mdgomareobs SemdegSi: winaswar, konstruqciuli

parametrebis (RreCo, sakisris sigrZe) Zalis moqmedebis droisa da

temperaturis faqtoris gaTvaliswinebiT muSa zonaSi ganisazRvreba

maqsimaluri kontaqturi  Zabva. Semdeg konkretuli  pirobebisaTvis
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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 , (9.2)
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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.

9.2. 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
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deformaciiTa da cveTis faqtoriT, ar gadaaWarbos konstruqciuli

mosazrebebiT gansazRvrul zRvars.

kontaqtur simtkiceze sakisris zidvis unaris gansazRvra

saWiroa vawarmooT sakisris konstruqciuli gadawyvetis 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.

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.
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9.3. 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  (nax.9.1). amasTan, kontaqturi Zabvebi sakontaqto zonaSi ar

aris Tanabrad ganawilebuli _ maqsimaluri maxH mniSvnelovanwilad

aRemateba saSualos _ m .

* qvemoT moyvanili zidvis unaris gansazRvris meTodika plastmasovani

sakisrebisaTvis SemuSavebulia avtoris mier saqarTvelos teqnikur universitetSi

[29], [34], [35], [36], [37].
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nax. 9.1. srialis sakisris saangariSo sqema
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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. 9.2)[30].

nax. 9.2.  kuTxisa da E
Fr parametris urTierTdamokidebuleba

erTnairmoduliani SeuRlebuli detalebisaTvis (liTonuri

sakisrebisaTvis):

1 _ mrudi hercis TeoriiT; 2 _ mrudi qvemoT moyvanili  TeoriiT

erTnairi drekadobis modulis mqone detalebis SeuRlebis

SemTxvevaSi (liTonuri sakisrebi) kontaqturi Zabvebis

gansazRvrisaTvis gamoiyeneba drekadobis Teoriis Sesabamisi
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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],[34].

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.9.3);

_,,Seqceuli wyvilis” saxiT, roca plastmasis sadebi

dawnexilia lilvze da SeuRlebulia  liTonuri korpusis

naxvretTan (nax.9.4).
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nax. 9.3. srialis sakisari ,,pirdapiri wyvilis” saxiT

nax. 9.4. srialis sakisari ,,Seqceuli wyvilis” saxiT
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Sesabamisad, sainJinro praqtikaSi gamoyenebuli plastmasovani

sakisrebisaTvis maqsimaluri kontaqturi Zabvebis gansazRvris

mizniT ganxiluli iqna drekadobis Teoriis  Semdegi kontaqturi

amocanebi:

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 [24]





 






 

 sintglncosFU rr 212 , (9.3)

sadac rF aris radialuri Zala sigrZis erTeulze,








21
;

  




2

211  ;
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E _ masalis drekadobis moduli;  _ sxeulis puasonis

koeficienti;  _ mimdinare sakontaqto kuTxe sxeulebis

kumSvis dros;  ,  _drekadobis mudmivebi.

xolo sakontaqto zonaSi mdebare nebismieri wertilis

gadaadgileba mimarTulebiT `centridan~ (cilindruli Wrilis

formis sxeulisaTvis)  gamoiTvleba [24] gamosaxulebiT:











 


 sin

2
lncos2 tgFU rr . (9.4)

aRniSnuli damokidebulebebis  gamoyenebiT gamoiyvaneba

kontaqturi Zabvebis sakontaqto zonaSi ganawilebis ori

integraluri gantoleba [29], [31]. amasTan, gantolebis  saboloo

saxe ,,pirdapiri wyvilisaTvis"
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sadac 00  ; 21 r,r Sesabamisad, lilvisa da sakisris

radiusebia;  p _ normaluri wneva;  _ mimdinare sakontaqto

kuTxe kumSvis dros:  _ integraciis  mimdinare kuTxe; 0 _
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sakontaqto kuTxis naxevari; a _ sxeulebis  urTierTdaaxloebis

sidide maTi kumSvis dros.

9.4. kontaqturi amocanebis integraluri gantolebis

amoxsnis meTodi

(9.5) da (9.6) 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 (9.5), (9.6) gantolebebis amoxsnisaTvis,

i.Staermanis msgavsad, Cvens mier 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
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agebiT da  Semdgom naxtomebis momrgvalebiT  miiReba mrudi,

romelic miaxloebiT gamosaxavs zemoT moyvanili integraluri

gantolebis amoxsnas.

naxazebze  (9.5 _ 9.8) moyvanilia am gziT amoxsnili (9.5)

da (9.6) integraluri  gantolebebis  amoxsnis  Sedegebi. kerZod,

9.5 da 9.6 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 9.6 da 9.8 naxazebze

mocemulia mrudebi, romlebic gamosaxaven b uganzomilebo

koeficientisa  da 0 kuTxis urTierTdamokidebulebas ,,Seqceuli

wyvilisaTvis”.
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nax. 9.8. b _ uganzomilebo koeficientis da 0 kuTxis

urTierTdamokidebuleba sxvadasxvamoduliani SeuRlebuli ,,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 9.2

da 9.9 naxazebze gamosaxuli grafikebis meSveobiT.
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b
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1

nax. 9.9. b _ uganzomilebo koeficientis da 0 kuTxis

urTierTdamokidebuleba erTnairmoduliani SeuRlebuli

detalebisaTvis

9.5. 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
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_ drekadobis saangariSo namdvili moduli, romelic polimeruli

masalis SemTxvevaSi ganisazRvreba temperaturis, drois da

konstruqciuli gadawyvetis faqtorebis gaTvaliswinebiT.

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

gansazRvrisaTvis vsargeblobT gamosaxulebiT:

,KKKEE pdrt  0 (9.7)

sadac 0E aris polimeruli masalis myisieri drekadobis moduli

normaluri temperaturis  C20 dros da mocemulia sacnobaro

literaturaSi, pa (n/m2), an mpa; tK _ temperaturuli koeficienti,

romelic iTvaliswinebs polimeruli masalis drekadobis modulis

damokidebulebas temperaturaze da Termoplastikuri

masalebisaTvis

20



dn

mdn
t t

ttK , (9.8)

sadac dnt polimeruli masalis dnobis  temperaturaa, C ; mt _

sakisris saangariSo muSa temperatura, C .

drK _ drois koeficienti, romelic iTvaliswinebs

drekadobis modulis damokidebulebas datvirTvis moqmedebis

xangrZlivobaze, e. i. iTvaliswinebs civi denadobis movlenas da

gamoiTvleba formuliT

  m

B
tK


dr , (9.9)

sadac t _ datvirTvis moqmedebis xangrZlivobaa, sT; m,B _

mudmivebi da mocemulia rogorc grafikebis, ise cxrilebis saxiT.

Temoplastikuri poliami-debisaTvis Sesabamisad iReba 4 . 10
-4
, 0,047;
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polieTilenisaTvis _ 0,04, 1 . 10
-4; fToroplast-4-isaTvis _

410330620 ,,, ; 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.9.10). amasTan, upiratesoba miniWebuli

aqvs moculobiTi principis safuZvelze miRebul gamosaxulebas*:

21
1


pK , (9.10)

sadac  sadebis puasonis koeficientia.

Zalian mokle  3020 ,....d
l  da sqelkedliani sadebebis mqone

sakisrebisaTvis  5040 ,...,d 


pE sadebis gansasazRvrad

rekomendebulia gamosaxuleba*

21
1


pK . (9.11)

pK -s gansazRvra SesaZlebelia agreTve qvemoT moyvanil  naxazebze

naCvenebi Sesabamisi grafikebis meSveobiT (nax. 9.10, 9.11).

*dadgenilia avtoris mier specialuri kvlevis safuZvelze stu-s

samSeneblo manqanebisa da meqanikuri mowyobilobis kaTedraze asoc. prof. z.

qaSiaSvilTan erTad [36].
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nax. 9.10 ,,pirobiTi” drekadobis modulis makoreqtirebeli

pK koeficientis damokidebuleba puasonis  koeficientze

(deformacia SezRudulia or sibrtyeSi)
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E
Fr parametris mixedviT ganisazRvreba 0 sakontaqto

kuTxis naxevari (nax. 9.2, 9.5, 9.6), xolo 0 kuTxe sididis

mixedviT _ maqsimaluri kontaqturi Zabvis uganzomilebo b

koeficienti (nax. 9.7, 9.8, 9.9).

dabolos, maqsimaluri kontaqturi Zabva (mpa) SeuRlebaSi

ganisazRvreba gamosaxulebiT

r
EbmaxH  . (9.12)

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
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nax. 9.11 ,,pirobiTi” drekadobis  modulis makoreqtirebeli pK _

koeficientis  damokidebuleba puasonis  koeficientze

(deformacia SezRudulia erT sibrtyeSi)
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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.

9.6. 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.

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
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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 geometriuli mdgomareoba,

romelic miiCneva zRvrulad. Semdgom ganisazRvreba Zabva, romelic
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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  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.
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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 , (9.13)

sadac E aris namdvili drekadobis moduli (9.7), 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:

240 p mpa _ poliamid 6-isTvis, roca fardobiTi deformacia 2%-

is tolia;

0p 36 mpa _ poliamid 6-isTvis, roca fardobiTi deformacia

3%-is tolia;

400 p mpa _ poliamid 66-isTvis, roca fardobiTi deformacia 2%-

is tolia;
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600 p mpa _ poliamid 66-isTvis, roca fardobiTi deformacia 3%-

is tolia;

56
0
p mpa _ poliacetalebisaTvis, roca fardobiTi deformacia

2%-is tolia;

800 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  , (9.14)

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;
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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.

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.

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.
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cxrili 9.1

zogierTi antifriqciuli polimeruli masalis calkeuli

meqanikuri maxasiaTeblebi

#
masalis

dasaxeleba
si
mt

ki
c
is
 
z
R
va
r
i

ku
mS
va
z
e,
 
mp
a

d
r
ek
ad
o
bi
s

mo
d
u
l
i,

E 0
, 
mp
a

pu
as
o
ni
s

ko
ef
ic
ie
nt

i

d
no
bi
s

t
em
pe
r
at

u
r
a

x
az
o
br

vi

ga
f
ar
T
o
eb
is

t
em
p.
 
ko

ef
., 
10

-

5
er

T
 
ke
l
vi
nz
e

T
bo

ga
mt

ar
o
bi
s

ko
ef
.,

vt
/m
.k
el

vi
ni

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

(poliformaldehidi) 130 3600 0,35...0,4 170...180 8 0,29

cxrili 9.2

zogierTi antifriqciuli masalis foladTan xaxunis saorientacio

koeficientebi

#
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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9.7. 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 C -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
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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.

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.
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damyarebuli reJimis dros sakisris kvanZis Tburi

wonasworobis pirobas aqvs Semdegi saxe [1]:

ls  , (9.15)

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  , (9.16)

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:

1. lilvis RerZidan Tanabrad daSorebul sakisris yvela

wertilSi temperatura erTnairia.
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2. temperatura  sadebis muSa zonaSi mudmivia da siTbo

sakisarSi vrceldeba mxolod radialuri mimarTulebiT.

3. Tbogadacema garemoze sakisris korpusidan vrceldeba

cilindris mTel perimetrze.

ukanaskneli daSveba savsebiT misaRebia plastmasovani

Txelsadebebiani sakisrebisaTvis (Tbogamtarobis koeficienti

plastmasebisaTvis 400-600-jer naklebia brinjaosa), magram did

marags iZleva liTonursadebebiani sakisrebisaTvis.

sakisris mier muSa zonidan arinebuli siTbos raodenoba

erTeul droSi SeiZleba ganisazRvros damokidebulebiT (vt)

 ttlK  mss , (9.17)

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

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]:
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k

k

s DD
D

d
D

d
d

K 



1ln

2
11

2
ln12ln1

2
11

1

, (9.18)

sadac  _ sakontaqto kuTxea, rad.; 1 _ sadebis Tbogamtarobis

koeficienti (cxr. 9.1, 9.4),
kelvinim

vt


; d _ lilvis diametri, m.;

 _ plastmasis sadebis sisqe, m.;  _ Wiqis  da korpusis

Tbogamtarobis koeficienti (cxrili 9.4) _
kelvinim

vt
2 

; D _

liTonis  Wiqis  gare  diametri, m.; kD _ sakisris  korpusis

diametri, m.; 

(Semoqrevis gareSe =12...14)
kelvinim

vt
2 

;

Semoqrevis SemTxvevaSi SeiZleba ganisazRvros

damokidebulebiT

V17 , (9.19)

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:

 ttc  ll , (9.20)

sadac 21 ccc  lilvis TiToeuli mxaris Tbogadacemis jamuri

koeficientia da damokidebulia lilvis geometriul parametrebze,
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kelvini

vt
; 1c da 2c koeficientebis mniSvnelobebi mocemulia 9.3

cxrilSi;

cxrili 9.3

lilvis  Tbogadacemis koeficientebi

l
il

vi
s 
t
ip
i

lilvis

konstruqcia,

Tbogacemis

pirobebi

Tbogadacemis jamuri

koeficientis

gansazRvrisaTvis saWiro

gamosaxulebani,

kelvinim

vt



Tbogadacemis jamuri

koeficientis

gansazRvrisaTvis saWiro

sidideebi

I usasrulo sigrZis

lilvi.

Tbogacema gverdiTi

zedapiridan

312 dcI 

1 _ moZravi an uZravi

lilvis gverdiTi zedapiris

Tbogacemis koeficienti;

 _ lilvis Tbogamtarobis

koeficienti;

d _ lilvis diametri;

dm 
 12 ; mB 

 2

4
2df 

2 _ lilvis torsuli

zedapiris Tbogacemis

koeficienti

II sasruli L sigrZis

lilvi.

Tbogacema gverdiTi

torsuli zedapiridan    
   mLBchmLch

mLBchmLsh
mfIIc






III Zalian mcire sigrZis

lilvi ( 0L ).

Tbogacema mxolod

torsuli zedapiridan

4
22 dcIII 

t _ garemos temperatura, kelvini ( K ); lt _ lilvis  zedapiris

temperatura, kelvini ( K ), da roca sakisari uZravia da lilvi

brunavs, SeiZleba davuSvaT, rom

lt = st ,

(9.21) (9.15) gamosaxulebaSi (9.16), (9.17), (9.20) da (9.21)
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gamosaxulebebis CasmiT da Sesabamisi elementaruli maTematikuri

gardaqmnebis Semdeg muSa zonaSi temperatura

 






clK

clKtrFf
t r

s

s
m


(9.22)

(9.20) gamosaxulebaSi Sesabamisi wevrebi dasaSvebia C -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:

     ttmCttlKcTT pp  s , (9.23)

sadac T aris T droSi  gamoyofil siTbos raodenoba, jouli;

   TttlKcT p  s droSi garemoze gadacemuli siTbo, jouli;

 ttmC 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
4,1868

gradkg

kkal ;

m _ gacxelebuli detalebis masa, ganisazRvreba formuliT, kg,

321 mmmm  , (9.24)

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
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iTvaliswinebs temperaturaTa sxvaobas xaxunis zonaSi da detalis

periferiaze:


 250

250
,
,

, (9.25)

sadac p manZilia xaxunis zonidan detalis yvelaze ufro

daSorebul wertilamde, m.

(9.23)-dan sakisris kvanZis pt temperaturamde gacxelebis

dro ganisazRvreba gamosaxulebiT

 
  



ttlKc
ttmCT

p

p



s

, (9.26)

xolo Tu aucilebelia ganisazRvros sakisris muSa temperatura

raRac T droSi, maSin balansis gantolebaSi miiReba, rom pt = mt da

  mClKcT
Tt 


s

m + to. (9.27)

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 - t ) da Tbodagacemis 

koeficientisa, e.i.

 Att  m , (9.28)

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
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0A25 121 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

 H,lHA 501  , (9.29)

A2 lilvis Tbogacemis  pirobiTi farTobia (m2) da lilvis

TiToeuli mxarisaTvis iReba (5....8) d2.  mniSvnelobebi mcire aiReba,

roca lilvis diametri <100-ze, xolo didi _ roca diametri

>100-ze.

cxrili 9.4

Tbogamtarobis mniSvnelobebi 20  da 100 C temperaturis dros
#

poz. masala
Tbogamtaroba  , vt/m. kelvini

roca t=200C roca t=1000C
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
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(9.28) gamosaxulebaSi danarCeni parametrebi igivea, rac zemoT

moyvanil gamosaxulebaSi iyo gamoyenebuli.

miaxloebiTi angariSebisaTvis saSualod miiCneven, rom

Tbogadacema lilvis meSveobiT, sakisris Tbogadacemis 50%-s

Seadgens.

(9.28) gamosaxulebidan ganisazRvreba temperatura xaxunis

zonaSi

tAt 
g . (9.30)

bunebrivia, yvela SemTxvevaSi unda Sesruldes piroba

ptt m .

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]:
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teHH   , (9.31)

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 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
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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.

9.8. 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
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racionalur konstruirebaze. optimaluri konstruqciuli

parametrebis SerCeva mniSvnelovnad aumjobesebs tribologiuri

sistemis saeqspluatacio parametrebsa da saimedoobis maCveneblebs.

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.
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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, (9.32)

xolo poliacetalis (poliformaldehidis) sadebebisaTvis

d=(0,03 . . . 0,04) D, (9.33)

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 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;
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 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 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 –
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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.

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, (9.34)

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 gadawyveta. 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
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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.

moyvanili teqnologiuri da konstruqtoruli mosazrebidan

gamomdinare, plastmasis sadebis kedlis sisqis saorientacio

gansazRvrisaTvis SeiZleba visargebloT Semdegi gamosaxulebiT:

=0,2+ d,10 , (9.35)

sadac d aris moxaxune zedapiris nominaluri diametri, mm;

miRebuli sidide sakisris daproeqtebis dros SeiZleba

koreqtirebuli iqnes  15% -iT.
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sakisris sigrZe, rogorc es Cveulebriv aris miRebuli,

izRudeba nominaluri diametris mixedviT da optimalurad

miCneulia ,d
l 1 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);
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 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 mimarTulebiT gafarToebis SesaZleblobas

iTvaliswinebs diametruli RreCo).

9.9. 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 gadawyvetebisa 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
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mimarTulebiT sakisris sadebze da romlis muSa farTobi pirobiTad

sakisris diametruli kveTaa, e. i.

pr pdl
Fp  , (9.36)

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 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.

srialis sakisris pirobiTi gaangariSeba dasaSveb wnevasa da

srialis siCqaris namravlze SeiZleba Semdegnairad iqnas gamosaxuli

 ppVpV  , (9.37)
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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   3525...pV p  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
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SezeTvis gareSe, anda araregularuli, an SezRuduli SezeTvis

pirobebSi. aseT pirobebSi ki, rogorc cnobilia, metad efeqturia

didi cveTamedegobis mqone plastmasovani srialis 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. 9.12-ze grafikuli saxiT aris warmodgenili saqarTvelos

teqnikur universitetSi Sesrulebuli gamokvlevebis Sedegad

miRebuli pV namravlis zRvruli mniSvnelobebi sxvadasxva

polimeruli masalebisaTvis.
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nax. 9.12. 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;

sadebis masala                  _ poliamid 66;

puasonis koeficienti =0,37;

SezeTva _ SezRuduli, mineraluri zeTiT;

muSaobis reJimi _ uwyveti;

b

a

12
3 2 13
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korpusis gare diametri Dk=150 mm.

sakisris konstruqciuli gadawyveta – “ pirdapiri wyvili”.

pirvel rigSi vadgenT sakisris konstruqciul parametrebs.

(9.35) gamosaxulebis Sesabamisad, sadebis kedlis sisqe

δ=0,2+ 55255102010 ,,,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 (9.34) gamosaxulebidan

=0,01d=0,1 55055 , mm.

konstruqciuli mosazrebebis gaTvaliswinebiT miviRoT

radialuri RreCos mniSvneloba =0,25 mm. SevarCioT sakisris

sigrZis mniSvneloba 55l mm.

vipovoT saangariSo, `pirobiTi” drekadobis moduli

Ct 85m temperaturisa (SerCeulia saorientaciod da saWiroebis

SemTxvevaSi sruldeba gadaangariSeba) da 4 sT (Seesabameba erTi

cvlis xangrZlivobis naxevars) datvirTvis xangrZlivobisaTvis

(9.7) gamosaxulebiT

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

sadac Kt temperaturuli koeficientia da, (9.8) gamosaxulebis

Tanaxmad,
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Kt = ;,t
tt 67020219

85219
20 




dn

mdn

tdn – poliamid 66-is dnobis temperaturaa (cxrili 9.1) _ 219
 C;

Kdr _ drois koeficientia da (9.9) gamosaxulebis Tanaxmad

Kdr=     650104
4 0470

4 ,B
t ,m










;

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

makoreqtirebeli koeficienti, (9.10) gamosaxulebis Tanaxmad

85337021
1

21
1 ,,K p .

E0 myisieri drekadobis modulia 20
 C temperaturaze, poliamidi

66-isaTvis E0=1200 mpa (cxrili 9.1).

radialuri datvirTva sakisris erT metr sigrZeze

Fr= 9090090550
50000
,l

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

parametri

18100002502012
0910 ,,

,
E
Fr  .

sakontaqto kuTxis naxevari - 0=230 (nax.9.5), xolo uganzomilebo

koeficienti - 60,b (nax.9.7)

maqsimaluri kontaqturi Zabva

Hmax= 9810
02750

000250201260 ,
,

,,
r

Eb  mpa.

dasaSvebi kontaqturi Zabva

p= 9312808060909509802406543210 ,.,,,,,,KKKKKKp   mpa,
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sadac po= 2400202012 ,,E p  mpa, aq p dasaSvebi fardobiTi

deformaciaa 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

9312,pmaxH  mpa.

vawarmooT miaxloebiTi temperaturuli gaangariSeba (9.30)

gamartivebuli damokidebulebiT

8020075013
657

0 
 ,

,tAtm 0C,

sadac  sakisarSi gamoyofili siTboa,

6570275010030
1435000040 ,,,,rfFr  vt,

sadac f xaxunis koeficientia wyvilisaTvis foladi-poliamidi 66.

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

9.2).

Tbogadacemis pirobiTi jamuri koeficienti  saSualo

pirobebSi aviRoT 13 vt/m2 kelvini;

t _ garemos temperatura – 20 0C;

A=A 21 A ,
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sadac A1 sakisris korpusis Tbogadacemis farTobi aviRoT

06005500550201 ,,,A  m2; A2 lilvis Tbogadacemis pirobiTi

farTobi A2 = 5d2 = 5 01500550 2 ,,  m2; .,,,A 07500150060 

e.i. daculia piroba

Ctt p 085m .

amrigad, sakisris muSaobis unaris orive kriteriumi

Sesrulebulia, rac gansazRvravs sakisris eqspluataciis

SesaZleblobas.
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X Tavi

srialis sakisrebis  konstruqciebi

10.1. 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 gadawveta 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.

10.1). amgvar sakisars  kvanZSi temperaturis momatebis dros aqvs

gafarToebis SesaZlebloba, riTac gamoiricxeba lilvis gaWeqva,

magram aseTma sakisrebma mainc ver pova gamoyenebis  farTo are,
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vinaidan zidvis unaris zrda mcirea, xolo kvanZi mTlianobaSi

naklebad konsrtuqciulia.

nax. 10.1. grZivWriliani srialis sakisris polimeruli sadebi

cnobilia Txelkedla sakisris konstruqcia (nax.10.2),

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,
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dinamikuri datvirTvebisas iqmneba sadebis garsakravidan aglejis

saSiSroeba.

nax. 10.2. Txelkedla srialis sakisari

aseTive nairsaxeobas miekuTvneba drekadi sakisari

,,kleifleqsi”, romelic kargad ,,arbilebs”lilvis gadaxrebs, rac

ganpirobebulia imiT, rom polimeruli sadebi Casmulia rezinis

garsakrSi (nax.10.3.), 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.
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nax. 10.3. drekadi sakisari  ,,kleifleqsi”

konsruqcia (nax.10.4.) gamoirCeva simartiviT. masSi sadebis

fiqsacia xorcieldeba gaWrili milisis torsuli zedapiris

mibrjeniT korpusis sasogmane Sverze. amasTan, sadebis pirvandeli

Wrilis  l sigane naklebi unda iyos sasogmane Sveris  l siganeze.

amitom sadebi korpusis kedlebs miebjineba WeqiT. Weqis sidide

ganisazRvreba ll sxvaobiT.

nax. 10.4. 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.  00250 , (10.1)

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
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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 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 gadawyvetebis

gamoyenebis dros. roca aseTi sakisrebisaTvis diametruli RreCos

minimalur mniSvnelobad miiRweva diametris  mxolod  0,3...0,5%.



321

10.2. 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
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mizanSewonilia gamoyenebul iqnes wyali, 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 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

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

saxelze gacemulia  patenti GE P2001 #2502B.
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(nax.10.5.),  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.

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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nax. 10.5. didgabaritiani srialis sakisari

1 _ sakisris korpusi; 2 _ liTonis naxevarrgoli;

3 _ moduluri elementi
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XI  Tavi

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 masala, 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.
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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;

 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.
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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, politetrafToreTileni, 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.

11.1 feradi antifriqciuli Senadnobebi

brinjao. arsebobs brinjaos sasakisre mTeli gama.

maTgan yvelaze gavrcelebuli saxea universaluri Tvisebebis mqone

kaliani brinjao. kerZod, farTod aris cnobili kalafosforiani

brinjao БрO10Ф1 (gamoiyeneba, roca   15 pVp mpa.m/wm). kaliani
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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 - БрЦ30

(gamoiyeneba, roca   30Vp 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 - БрO4Ц4C17 da БрO4Ц7C5 (gamoiyeneba, roca 15 p)Vp(

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.
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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 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 (750kvt)

eleqtroZravebisaTvis, orTqlis turbinebisaTvis, roca

  3525...Vp p  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 105...)Vp( p  mpa. m/wm (babitebi kalisa da

tyviis SemcvelobiT _ Б16, Б6).

vagonebis buqsebi, saglini dganebi da liTonmWreli Carxebis

srialis sakisrebi, roca 6 p)Vp( mpa. m/wm-ze (ukalo babitebi _

БK2, БK).
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TuTiiani Senadnobebi. sakmaod xSirad gamoiyeneba

manqana-meqanizmebSi 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 БрЦ30 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 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
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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.

112. 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: ЧС1, АЧС2, АЧС3, АЧС4, АЧС5, АЧС5, АЧС6.



332

11.3. 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:
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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.

11.4. 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,



334

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;

 maRali xazobrivi gafarToebis temperaturuli

koeficientiT;

 liTonebTan SedarebiT metad dabali Tbogamtarobis

koeficientiT;

 higroskopulobiT;

 detalis damzadebis procesSi Cajdomis xarisxis

arastabilurobiT;

 naklebi datvirTvis unariT.
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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 qveynis ekonomikaSi 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 B) da blokur poliamid 12-s (dekloni). isini
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nakeTobad gadamuSavdebian mxolod meqanikuri damuSavebis gziT, rac

detalebis mcire raodenobiT  saWiroebis  dros da

msxvilgabaritiani nakeTobis  damzadebisaTvis friad  moxerxebuli

meTodia (nakeTobis damzadeba  teqnologiuri mowyobilobis

gareSe);

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
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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  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.
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poliamidur  sadebebiani sakisrebisaTvis  SezRuduli

SezeTvis pirobebSi ( Vp ) parametris zRvruli mniSvnelobaa

  080,Vp p  mpa.m/wm.

poliacetalebi (poliformaldehidebi) moTeTro-

moyviTalo feris Termoplastikuri antifriqciuli polimerebia.

sabWoTa kavSiris ekonomikur sivrceSi ZiriTadad cnobili iyo

poliacetalis ori marka: СФD da СTD, romlebic saeqspluatacio

TvisebebiT cotaTi 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. 11.1).

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 10,Vp p .

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
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a) b)

poliamid 6; poliacetali; kompozicia

nax. 11.1. fardobiTi cveTis diagrama TermoplastebisaTvis ( 90,V  m/wm):

a) xaxuni SezeTvis gareSe;  b) perioduli SezeTvis dros  Ct 40m

,,plastmasebis oqrosac” uwodeben. garda amisa,  fToroplasti 4

(politetrafToreTilenis yvelaze gavrcelebuli markaa) gamoirCeva

didi muSa temperaturuli  diapazoniT_200...+300 C .

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

0,3

1,0

0,34
0,4

1,0

0,6

0,3

ATM-2
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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

(poliolefinebs _ 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 (p .V)p parametri SeiZleba

10-jer gaizardos.

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.
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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 (p .V)p = 0,08mpa.m/w.

11.5. 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

xvedriTi wneva xis masalebisaTvis pp=10mpa, xolo dasaSvebi

srialis siCqare V=1m/wm.

merqanSereuli plastikatebi gamoiyeneba hidroturbinebis,

wylis cenrtaluri moqmedebis tumboebis,  mglinavi dganebis
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srialis sakisrebis sadebebad. amzadeben sxvadasxva tipis

merqanSereul plastikebs, romelTa Soris  gansxvaveba  boWkoebis

erTmaneTis mimarT orientirebaSia.

p .V parametris maqsimaluri mniSvneloba  wyliT SezeTvis

pirobebSi (p .V)p = 35mpa.m/w. 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 C

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.
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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 C ). 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 Pp=1,5mpa. grafitovani sakisrebis zidvis

unaris gazrdisaTvis  sainJinro 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
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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.

grafiti erT-erTi saukeTeso misarTia yvela sasakisre

masalisaTvis. grafitis damatebiT plastmasebis Tbogamtaroba

SeiZleba  gaizardos 1,0 vt/m.K-mde.
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sufTa grafitovani srialis  sakisrebis sadebebi mzaddeba

grafitis fxvnilisagan dawnexis meTodiT.

11.6. 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 C ) 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 11.1

maxasiaTeblebi esteran-21 vilan-9 tesan-2

simkvrive,  ,  kg/m3

maqsimaluri muSa temperatura, C
zRvruli Zabva kumSvaze, b , mpa

sisale (HB)
xaxunis koeficienti

dartymiTi siblante, k/jouli/m2

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.

cxrili 11.2

tipuri sasakisre masalebis zogierTi maCvenebeli

#
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/m3 1140 1410 1500 2100 1390 8500 _

2 xazobrovi  gafar-

Toebis  temperatu-

ruli koeficienti,

α x 10-5erT kelvinze

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

3 drekadobis moduli

kumSvaze 610E ,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 siblante,

kjouli/m3
160 75-130 _ _ 14-16 _ _

8 puasonis koeficien-

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

9 xazobrivi zomebis

max-uri Secvla

tenis STanTqmiT,

mkm/mm

25 0 0 0 12 0 0
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XII Tavi

manqanaTa masalebis daRliloba

detalze moqmedi mravaljeradi cvladi datvirTva iwvevs

konstruqciuli masalebis fizikur-meqanikuri Tvisebebis

TandaTanobiT Secvlas, Siga umcires dazianebaTa dagrovebas. droTa

ganmavlobaSi detali aseTi cvlilebebis gamo aRwevs zRvrul

mdgomareobamde, romelic SeiZleba dasruldes misi sruli rRveviT

an TvalsaCino zomis bzaris gaCeniT. dazianebis aRweril process

daRliloba ewodeba. amasTan, Sesabamisi Zabvis sidide yovelTvis

naklebia masalis simtkicis zRvarze. manqanaTa elementebs Soris,

romlebic ganicdian mravaljerad cvlad datvirTvebs da romelTa

gaangariSebac xdeba daRlilobis zRvrul mdgomareobaze, SeiZleba

davasaxeloT: kbilanebi, torsebi, zambarebi, muxla lilvebi.

masalis Tviseba, winaaRmdegoba gauwios rRvevas, aitanos

mravaljeradi cvladi datvirTva aris misi amtanobis unari

(amtanoba), xolo misi Sesabamisi zRvruli mdgomareoba _ amtanobis

unaris, anu daRlilobis zRvari.

12.1. detali amtanobis unarze moqmedi faqtorebi

amtanobis unaris zRvris dadgenis dros mxedvelobaSi unda

miviRoT is garemoeba, rom detalebSi Siga da gare Zabvebi da

Sesabamisi defeqtebi warmoiqmneba ara marto meqanikuri

datvirTvebis gamo _ maTi warmoiqmnis mizezi SeiZleba iyos:

1. detalis damzadebis procesSi narCeni daZabulobis kerebi,

romlebic warmoiqmneba zedapiris damuSavebis dros aRmocenebuli
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temperaturuli cvlilebebiT da romelmac Tavis mxriv SeiZleba

gamoiwvios detalis garkveul ubnebze mniSvnelovani sididis

Zabvebi. aseTi saxis daZabuloba miCneulia I gvaris Zabvad. imave

mizeziT warmoqmnili mikroZabvebi, romlebic lokalizebuli arian

erT an ramdenime kristaluri marcvlis farglebSi, miiCneva II

gvaris Zabvad, dabolos, submikroskopuli (sub_ laTinuri sityva

_qveS) daZabuloba, romelic vrceldeba mxolod kristaluri

mesris elementebs Soris _ III gvaris Zabvad.

narCeni Zabvebis an narCeni deformaciebis konkretuli

mizezebi SeiZleba iyos Camosxmis, SeduRebis, Wedvis da ufro

naklebad meqanikuri damuSavebis _ Rarvis, Carxvis, xexvis da

randvis teqnologiuri operaciebi.

detalebis xangamZleobaze yvelaze metad (uaryofiTad)

moqmedebs I gvaris narCeni Zabvebi, Tumca maTi ganawilebis wesi

masalis sisqis da gvarobis mixedviT SeiZleba sxvadasxva iyos.

teqnologiuri operaciebis Sesrulebis dros uSualod detalis

zedapirze SeiZleba warmoiSvas da Sesabamisad ganvasxvaoT mkumSavi

da gamWimi narCeni Zabvebi. gansakuTrebiT saxifaToa da metad

uaryofiTad moqmedebs amtanobis unarze gamWimi narCeni Zabvebi,

romlebic mniSvnelovnad amcirebs ara marto amtanobis unars,

aramed cveTamedegobasac.

nax. 12.1-ze mocemulia narCeni Zabvebis ganawilebis epiurebi,

romlebic damaxasiaTebelia meqanikuri wesiT damuSavebuli

detalebisaTvis.
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narCeni Zabvebi SeiZleba dagrovdes detalis SedarebiT Rrma

zedapirul fenebSic, magaliTad, difuzuri gamowvis dros, roca

detals galvanuri danafari aqvs, xolo Sesabamis liTons foladSi

difundirebis kargi unari. gamyof sazRvarze _ `danafari-

safuZveli~ warmoiSoba ZiriTadi liTonisagan gansxvavebuli

Tvisebebis mqone difuzuri fena. Sedegad fenis sazRvarze

warmoiSoba narCeni mkumSavi Zabvebi.

Tu folads, romlis zedapiri Seicavs naxSirbads umciresi

raodenobiT, qimiur-Termulad davamuSavebT, gamWimi narCeni Zabvebi

warmoiSoba fenaTa sazRvarze _ `difuzuri fena-safuZveli~.

masalis relaqsaciuri movlenebi misi damuSavebis yvela

SemTxvevisaTvis garkveulwilad cvlis narCeni Zabvebis suraTs

ukeTesobisaken, Semcirebisaken.

detalSi narCeni Zabvebis gansakuTrebuloba aixsneba

damuSavebis teqnologiis, maT Soris qimiur-Termuli gansxvavebuli

Zalovani da temperaturuli parametrebis zemoqmedebiT, kerZod,

narCeni Zabvebis sidideebi damokidebulia detalis geometriul

SekumSva gaWimva+σ +σ-σ-σ

hh

nax. 12.1 zedapirze narCeni deformaciebis ganawilebis epiurebi
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zomebze, maT Tanafardobaze, damuSavebis teqnologiur reJimze da

TviT masalis fizikur-meqanikur maCveneblebze.

2. konkretuli daniSnulebis manqanis detalebSi,

gansakuTrebiT maTi mkveTri gadasvlis adgilebSi, SeiniSneba

cnobili movlena _ detalis formis Sesabamisi narCeni Siga Zabvebis

koncentracia. narCeni Zabvebis koncentratoris roli manqana-

mowyobilobebis detalebSi SeiZleba Seasrulos: zedapirebis

mkveTrma, texilma gadasvlebma, naxvretebma, Wrilebma, Sesqelebebma,

Rarebma, zedapirebis makro- da mikrousworobebma. Zabvebis

koncentraciis gamo amtanobis unaris zRvari SeiZleba 3-jerac ki

Semcirdes.

3. manqanaTa detalebSi adgilobrivi, narCeni Zabvebi SeiZleba

maTi eqspluataciis procesSic warmoiqmnes, igi gansakuTrebiT

TvalsaCinoa maTi fizikuri urTierTkontaqtis SemTxvevaSi. aseTi

saxis Zabvebma SeiZleba rogorc dadebiTi, ise uaryofiTi roli

Seasrulos. erT SemTxvevaSi maT SeuZliaT moxsnan arsebuli

daZabulobebi, meore SemTxvevaSi _ warmoqmnan ZabvaTa axali kerebi.

umetesad Siga adgilobrivi narCeni Zabva warmoadgens masalis

rRvevis centrs da amcirebs masalis amtanobis unaris zRvars.

manqanaTa nawilebis gaangariSebis procesSi, romelic sruldeba

specialuri meTodikebis safuZvelze, narCen daZabulobas saTanado

yuradReba eTmoba. bunebrivia, igi Sesabamisad unda aisaxos

saimedoobis maCveneblebis Sefasebis drosac.
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12.2. ciklur datvirTvaTa saxeebi

nax. 12.2-ze mocemulia cvladi cikluri datvirTvebis tipuri

grafikebi, romelTa ZiriTadi maxasiaTeblebia:

cikluri datvirTviT aRZruli Zabvis amplituda _ σ;

ciklis maqsimaluri Zabva _ σmax;

ciklis minimaluri Zabva _ σmin;

ciklis saSualo (mudmivmoqmedi) Zabva _ σm;

ciklis Zabvis asimetriis koeficienti _ r;

a

|σm| > σ

b

|σm| < σ

d

|σm| = 0
g

|σm| = 0

σ m
σ m

ax
σ m

in

σ m
ax

σ 
σ m

in

σ m

e

|σm| > σ

v

t

t

0

0

σ

σ

nax. 12.2. ciklur datvirTvaTa saxeebi:

a, b, d, e, v _ asimetriuli datvirTva; g _ simetriuli datvirTva
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Sesabamisad es maCveneblebi ganisazRvreba formulebiT:

2
minmax 

 ; 2
minmax

m
  ;

σmax = σm + σ; σmin = σm -σ;

max

minr 
 .               (12.2)

datvirTvebis gvarobis mixedviT arsebobs Semdegi tipis

Zabvebi: simetriuli, roca maqsimaluri da minimaluri Zabvebi

sididiT tolia da urTierTsapirispiroa niSniT (nax. 12.2, g);

asimetriuli, roca maqsimaluri da minimaluri Zabvebi sididiT

gansxvavdebian (nax. 12.2, a, e, v) da pulsirebuli, roca erT-erTi

eqstremaluri Zabva nulis tolia (nax. 12.2, b, d.).

12.3. daRlilobis maxasiaTeblebi

daRlilobis amtanobis unaris zRvars daRlilobis mrudis

daRmaval ubanze aRniSnaven σ-1lim da σ0lim-iT, rac Sesabamisad

niSancvladi da mudmivniSniani Zabvebis aRniSvnaa.

amtanobis unaris ZiriTad maxasiaTeblad sayovelTaod

miCneulia daRlilobis mrudi, romlis parametrebi eqsperimentulad

ganisazRvreba, Sesabamis wirs veleris mruds uwodeben. igi aigeba

rogorc σ-1 lim _ N koordinatebSi (nax. 12.3), ise σ-1 lim _ lgN

koordinatebSi (naxevrad logariTmuli _ nax. 12.4) da lg σ-1 lim _

lgN koordinatebSi (logariTmuli _ nax. 12.5).

daRlilobis mrudis ZiriTad maxasiaTeblebs miekuTvneba:

datvirTvaTa ciklebis bazuri ricxvis Sesabamisi amtanobis unaris

(12.1)
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zRvari _ σ-1 lim, daRlilobis mrudis daxris kuTxe  (parametri

K=tg _ nax. 12.4), roca mrudi naxevrad logariTmul

koordinatebSia agebuli, an kuTxe  (parametri m=atg _ nax.

12.5), roca mrudi logariTmul koordinatebSia da sabazo ciklTa

ricxvia Nb (ukanaskneli axlosaa daRlilobis mrudis gardatexis

wertilTan N0-Tan, magram masze metia).

σ-1 lim

lgN
F0

σ-1 limb

lgN0 lgNb
nax. 12.4. daRlilobis mrudi koordinatebSi σ-1 lim _ lgN

(

σ-1 lim

FN
F0

•

•
•

•
σ-1 limb

FN0 FNb
nax. 12.3. daRlilobis mrudi koordinatebSi σ-1 lim _ N
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daRlilobis mrudis parametrebze, bunebrivia, gavlenas axdens

mravali faqtori: ZabvaTa koncentratorebi, muSa temperatura,

detalis zomebi, forma da gadasvlebi, zedapiris mdgomareoba,

masalis mikrostruqtura da mravali sxva.

daRlilobis mrudis daxris kuTxe  damokidebulia masalis

Tvisebebze. naxevrad logariTmul koordinatebSi daRlilobis

mrudis parametrs _ K=tg, drekadobis modulis analogiurad,

pirobiTad daRlilobis moduli ewodeba.

daRlilobis mrudis marcxena daRmavali ubani kargad

gamoisaxeba gantolebiT, romelic warmodgenilia logariTmul

koordinatebSi gamosaxuli mrudis parametriT _ m-iT:

constCNN blimim
i   01 ,             (12.3)

sadac σi da Ni Sesabamisad daZabulobisa da ciklTa ricxvebis

mimdinare mniSvnelobebia; C _ mudmivi sidide, naxSirbadiani

foladebisagan damzadebuli detalebisaTvis C = 12...20,

legirebulebisaTvis _ C = 20...35; m _ daRlilobis mrudis

kuTxuri koeficienti logariTmul koordinatebSi, icvleba

lgσ-1 lim

lgN
F0

lgσ-1 limb

lgN0 lgNb

nax. 12.5. daRlilobis mrudi koordinatebSi lgσ-1 lim _ lgN

 (
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zRvrebSi 3...20 (ufro xSirad m = 6...9 [7]); N0 _ ciklebis ricxvi,

romelic Seesabameba daRlilobis mrudis gardatexis wertils da

konstruqciuli masalebisagan damzadebuli nimuSebisaTvis

N0=2,1.104... 2,5.104. moyvanili cifrebi efuZneba rigi avtorebis

mravalricxovani realuri pirobebis Sesabamis eqsperimentebs [7] da

ar emTxveva im avtorTa mier miRebul Sedegebs [18], [20], romlebic

Tvlidnen, rom N0-s Seesabameba 107cikli. amasTan, saWiroa

ganvasxvavoT daRlilobis mrudis gardatexis gasaSualoebuli N0

wertili, romelic eqsperimentulad ganisazRvreba, sabazo,

maqsimaluri datvirTvis ciklTa Nb ricxvisagan, romelic

pirobiTad SeirCeva detalebis daRlilobaze gaangariSebebis dros.

ukanaskneli didad ar gansxvavdeba, magram aRemateba pirvels; σ-1 limb

_ maqsimaluri, zRvruli Zabvis mniSvneloba ciklebis bazuri

ricxvis dros.

amasTan unda avRniSnoT, rom maRalnaxSirbadiani

foladebisaTvis Nb mniSvnelovnad  aRemateba zemoT aRniSnul

Nb(N0)-is sidideebs da roca masalis sisale aRemateba HRC56-s igi

12.107-is tolia. diferencirebulad misi gansazRvra sisalis ufro

naklebi mniSvnelobebisaTvis SeiZleba gamosaxulebiT [16]:

4230 ,
HBb HN  ,                   (12.4)

sadac HHB masalis sisalea brinelebSi.

imis gamo, rom daRlilobis mrudis ageba (nax.12.6)

eqsperimentuli gziT sakmaod rTuli da Sromatevadia, saWiro

monacemebis misaRebad xSirad sargebloben dagrovili

eqsperimentuli monacemebiT, romlebic empiriuli gamosaxulebebiT
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aris mocemuli. magaliTad, manqanaTa erTi jgufisaTvis,

transmisiebisaTvis SeiZleba gamoyenebuli iqnes gamosaxulebani [6]:

 043035 1
1 ,m

b

blim  
 

 ;              (12.5)

 
2
143

1
rm mr


 ;                 (12.6)

lgC=4,71 + 1,61 mr ;               (12.7)

sadac m-1 da mr Sesabamisad daRlilobis mrudis koeficientebia

simetriuli da asimetriuli datvirTvebis dros; σb _ detalis

simtkicis zRvari; r _ asimetriis koeficienti.

C-s gansazRvris Semdeg daRlilobis mrudis gantolebis

meSveobiT, roca ukve cnobilia mr da σ-1limb (ganisazRvreba

cxrilidan an empiriuli damokidebulebidan _ mocemulia qvemoT),

advilad pouloben lgN0 (Sesabamisad N0 –s), xolo mrudis daRmavali

nawilis asagebad unda davuSvaT erT-erTi parametri σi an Ni da

vipovoT meore maTgani (12.3)-is meSveobiT.

σ-1 lim

FN

F0
•

•

•

I

N
nax. 12.6. daRlilobis mrudis agebis meTodis sqemaN

II

III

I

II

III
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daRlilobis mrudis meSveobiT SesaZlebelia ganvsazRvroT

ciklis maqsimaluri daZabuloba _ amtanobis zRvari, romelic ar

iwvevs nimuSis an detalis rRvevas misi mravaljeradi datvirTvis

Sedegad. konstruqciuli masalebis, Savi liTonebis SemTxvevaSi

xSirad sakmarisia vipovoT am daZabulobis mniSvneloba sabazo

ciklebis raodenobisaTvis. Nb datvirTvis (ZabvaTa) ciklebis

raodenobas uwodeben ra ciklebis bazur ricxvs, igulisxmeba, rom,

Tu nimuSi ar ganicdis rRvevas datvirTvis bazuri ricxvis

miRwevisas, igi ar gamova wyobidan gamocdebis Semdgomi

gagrZelebisas.

Tu detalis saWiro xangamZleoba SezRudulia datvirTvaTa

ciklebis ricxviT, magaliTad, Ni, N2-iT, romlebic bazur ricxvze

naklebia, saWiroa visargebloT mrudiT, romelic warmoadgens

nimuSis amtanobis zRvrul mdgomareobas. amtanobis unaris mrudi

Seesabameba im udides daZabulobis mniSvnelobas, romelsac uZlebs

nimuSi misi N1-jer, N2-jer datvirTvis dros, roca daZabuloba

Sesabamisad σ’-1lim da σ’’-1lim -ia. amasTan, Tu N1 > N2 , maSin σ’’-1lim > σ’-1lim .

amtanobis unaris zRvari mniSvnelovnad aris damokidebuli

agreTve droSi ZabvaTa cvlilebebis da ciklis asimetriis xasiaTze,

agreTve daZabuli mdgomareobis saxeze.

muSaobis pirobebis mixedviT amtanobis unaris zRvris

sidideze didad moqmedebs rigi gareSe faqtorebi, romelTa

zemoqmedebebis intensiurobis kanonzomierebebis Seswavla amtanobis

unaris faqtiuri zRvris dadgenis procesis mniSvnelovan

praqtikul da Teoriul amocanas warmoadgens. am kanonzomierebebis

Seswavlas SeuZlia Tavidan agvacilos didi masStabis Secdomebi
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daRlilobis mrudis agebis dros _ ganisazRvros manqanaTa

nawilebis saimedoobisa da simtkicis maCveneblebi.

saqme isaa, rom eqsperimentebis Sedegad miRebuli monacemebi

marTebulia mxolod aRebuli konkretuli pirobebisaTvis da

aRebuli konkretuli nimuSisaTvis. am monacemebis ganzogadeba sxva

manqanaTa nawilebze mxolod maSin iqneba SesaZlebeli, Tu

Seswavlili iqneba TiToeuli faqtoris moqmedebis xasiaTi da

masStabebi. am faqtorTagan umniSvnelovanesTa ricxvs ganekuTnebian:

masStabis faqtori, romelic gamowveulia detalis

absoluturi zomebiT;

zedapiris ganmtkiceba plastikuri deformaciebiT;

zedapiris mdgomareoba (simqise, koroziuloba);

zedapiris dafarva;

garemo pirobebi da sxv.

unda aRiniSnos, rom zogi maTgani dadebiTad moqmedebs

amtanobis unaris zRvarze, ase, magaliTad, zedapirebis plastikuri

deformaciis gziT ganmtkiceba da specialuri masalebiT dafarva

amaRlebs detalis amtanobis unaris zRvars.

sainJinro praqtikaSi manqanaTa nawilebis gaangariSebis dros

es faqtorebi ganisazRvreba specialuri makoreqtirebeli

koeficientebiT.

winaswari, miaxloebiTi gaangariSebebis dros aRZruli Zabva

realuri pirobebisaTvis saWiroa koreqtirebuli iqnes qvemoT

moyvanili Tanafardobis Sesabamisad [3]; [20]:

,k (12.8)
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sadac  koreqtirebuli muSa Zabvaa; σ _ muSa Zabva; k _ koreqciis

koeficienti da ganisazRvreba formuliT

11   z

kKk , (12.9)

sadac Kk daZabulobis koncentraciis efeqturobis koeficientia da

damokidebulia detalis formaze (yvelaze metad), masalis

gvarobaze, datvirTvis saxeze da aiReba zRvrebSi 1,05...3 (mcire

mniSvnelobebi Seesabameba detalis martiv formas _ cxr. 11 [7]);

z _ ganivkveTis zomebis gavlenis koeficienti, damokidebulia

agreTve datvirTvis saxeze da  masalis xarisxze, aiReba 0,95...0,5

farglebSi (mcire mniSvneloba Seesabameba detalis did zomebs _

cxr. 13 [7]);  _ zedapiris damuSavebis xarisxis koeficienti,

damokidebulia masalis damuSavebis meTodze da xarisxze da

Cveulebriv aiReba 1...0,3 farglebSi (mcire mniSvneloba Seesabameba

uxeS zedapirebs da maRal temperaturas  damuSavebis procesSi _

cxr. 14 [7]).

Kk, z,  koeficientis konkretuli mniSvnelobebi mocemulia

specialur literaturaSi.

makoreqtirebeli koeficientebis Sesaxeb dawvrilebiTi

cnobebi maTi diferencirebiT mocemulia literaturul wyaroebSi

[7], [16]. amasTan, vinaidan maTi gavlena amtanobis unaris zRvarze

gaTvaliswinebulia qvemoT dasaSvebi Zabvis ganisazRvris procesSi,

 -is ganisazRvris dros igi SeiZleba mxedvelobaSi ar iqnes

miRebuli (aRniSnuli ar exeba mxolod Kk koeficients).

amasTan, unda aRiniSnos, rom sxvadasxva nimuSebze da

sxvadasxva pirobebSi Catarebuli gamocdebi masalebis daRlilobaze
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gansxvavebul Sedegebs iZleva. ase, magaliTad, mocemul naSromSi

qvemoT mocemuli daRlilobis parametrebi, arcTu didad, magram

mainc gansxvavdebian 10 [7]-is danarTSi moyvanili mniSvnelobebi-

sagan, romlebic miRebuli arian gluv nimuSebze gamocdebis

Cveulebriv pirobebSi Catarebis dros.

12.4. daRlilobis parametrebis da masalis meqanikuri

maCveneblebis urTierTdamokidebuleba

sainJinro praqtikaSi foladis nimuSis amtanobis unaris

zRvrebis miaxloebiTi mniSvnelobebi σ-1limb da σ0limb gansazRvrisaTvis

sargebloben rogorc empiriuli damokidebulebiT, romelic amyarebs

kavSirs cxrilur-statikur da daRlilobis maCveneblebs Soris, ise

eqsperimentuli monacemebiT.

σ-1limb-is gansazRvrisaTvis saWiro empiriuli damokidebulebi

masalis meqanikuri maCveneblebis mixedviT sxvadasxva avtorebis

monacemebiT mocemulia cxrilebSi 12.11, 12.12, xolo σ0limb

mniSvnelobis eqsperimentuli monacemebi _ cxrilebSi 12.1,

12.3....12.11.

imis gamo, cxrilebSi moyvanili monacemebi miRebulia

sxvadasxva eqsperimentul garemoSi, zog SemTxvevaSi maT Soris

SeiniSneba gansxvavebebi. miuxedavad amisa, zogadad maTi gamoyeneba

samecniero da sainJinro praqtikaSi misaRebia da moxerxebuli.

12.3, 12.4 cxrilebSi daRlilobis saSualo σ-1limb da K=tg

maxasiaTeblebTan erTad mocemulia naxSirbadovani foladebis

meqanikuri Tvisebebi, xolo cxrilebSi 12.5, 12.6, 12.7 _ igive

maCveneblebi legirebuli foladebisaTvis, am cxrilebSi CarTuli
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daRlilobis maxasiaTeblebi σ-1limb da K=tg warmoadgenen yvelaze

mosalodnel, saSualo mniSvnelobebs da zogierTi realuri

pirobebisaTvis SeiZleba saangariSodac iqnes miCneuli.

cxrili 12.1

amtanobis unaris zRvris statistikur-meqanikuri

maxasiaTeblebis urTierTdamokidebuleba [3]

foladis marka

simtkicis zRvari

gaWimvaze σb, mpa,

aranaklebi

amtanobis unaris

zRvari Runvaze

σ-1limb, mpa,

aranaklebi

Cm 3, cxlad glinuli 370 165

Cm 5, cxlad glinuli 490 215

15, cxlad glinuli 370 170

15 dacementebuli, nawrTobi, moSvebuli 440 _

45, nawrTobi, moSvebuli, HB 241...285 835 330

65Г, nawrTobi, moSvebuli, HRC 42...48 1470 490

40X gaumjobesebuli HB 228...280 735 330

40X, nawrTobi, moSvebuli, HB 240...280 980 396

40X, nawrTobi, moSvebuli, HRC 45...50 1470 540

30XГCA, nawrTobi, moSvebuli, HRC 30...35 1080 500
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cxrili 12.2

amtanobis unaris zRvrebi sxvadasxva literaturul wyaroebSi

damokidebuleba avtori damokidebuleba avtori

a. amtanobis unaris zRvrisa da statikur-meqanikuri

maxasiaTeblebis urTierTdamokidebuleba

σ-1limb mniSvneloba σb simtkicis zRvris mixedviT, mpa

2,29σb+79

(naxSirbadovani

foladebi)

0,35σb+53

(legirebuli

foladebi)

0,35σb+122

0,45σb+76

0,43σb

0,47σb

(0,45-0,55)σb

0,495σb

0,50σb

0,468σb-2,6

(roca σb>1100 mpa)

grebeniki,

gordienko,

capko

igive

Jukovi

igive

podzolovi

SapoSnikovi

timoSuki

korberi

hempeli

dobrovolski

grebeniki

0,47σb-25

(sax. standartis

monacemebiT)

0,52σb-48

(roca σb>1100)

0,46σb+4

0,47σb

(saSualo

ariTmetikuli)

0,32σb (gaWimvaze)

0,36σb (gaWimvaze)

0,249σb+2,5

(Zvraze)

0,22σb (grexaze)

0,287σb (grexaze)

0,288σb (grexaze)

grebeniki

igive

igive

igive

SapoSnikovi

podzolovi

buxi

SapoSnikovi

korberi

hempeli

heivudi
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gagrZeleba

damokidebuleba avtori damokidebuleba avtori

σ-1limb mniSvneloba σT denadobis zRvris mixedviT, mpa

0,45σT+122

0,24σT+275

0,56σT

0,452σT+94

0,493σT+79

Jukovi

igive

morozovi

buxi

grebeniki

0,45σT+95
(naxSirbadovani

foladebi)

0,13σT+279

(legirebuli

foladebi)

0,43σT+105

0,616σT+145

(grexaze)

grebeniki,

gordienko,

capko

igive

heivudi

buxi

σ-1limb mniSvneloba δ fardobiTi wagrZelebis mixedviT, mpa

-5,0 δ+446

-8,8 δ+502

-4,4 δ+345
(naxSirbadovani

foladebi)

Jukovi

grebeniki

grebeniki,

gordienko,

capko

-3,8 δ+403
(legirebuli

foladebi)

grebeniki,

gordienko,

capko

σ-1limb mniSvneloba HB sisalis mixedviT, mpa

0,18HB

0,13HB+46

dobrovolski

grebeniki

0,096HB+73
(legirebuli

foladebi)

0,059HB+189
(legirebuli

foladebi)

grebeniki,

gordienko,

capko

igive
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gagrZeleba

* masalis rRvevis namdvili winaRoba

damokidebuleba avtori damokidebuleba avtori

σ-1limb mniSvneloba ramdenime maxasiaTeblis mixedviT, mpa

0,138(σb+σT)+205

0,22(σb+σT)+54

0,285(σb+σT)

0,25(σb+σT)+50

0,48σb+0,27σT-

-2,1δ-18

Jukovi

igive

SapoSnikovi

gudremoni

Skolniki

0,877σT-0,096Sk*-
-2,9δ+133

0,2(σb+σT+10φ)

0,175(σb+σT-10δ+
+1000)

0,25(1+13,5ψ)σb

Skolniki

iungeri

lekvisi

markoveci

b. amtanobis unaris zRvrebis Tanafardoba sxvadasxva

saxis deformaciebisaTvis

gaWimva-RunviT

0,70σ-1limb

(0,70-0,76)σ-1limb

(0,70-0,8)σ-1limb

dobrovolski

Sevandini

ponomariovi

(0,7-0,9)σ-1limb

0,75σ-1limb

0,80σ-1limb

0,85σ-1limb

timoSuki

trapezini

markoveci

fridmani

grexa-RunviT

0,50σ-1limb

(0,50-0,65)σ-1limb

0,55σ-1limb

maqsimaluri

Zvris Zabvebis

Teoria

timoSuki

fridmani

trapezini

0,56σ-1limb

0,575σ-1limb

0,58σ-1limb

gafi

SapoSnikovi

ludviki

kudriavcevi

odingi, merani

korberi
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gagrZeleba

damokidebuleba avtori damokidebuleba avtori

(0,55-0,60)σ-1limb

(plastikuri

foladebi)

(0,59-0,69)σ-1limb

(naWedifoladebi)

glikmani

foresti

(0,8-1,0)σ-1limb

(myife masalebi)

(0,79-1,01)σ-1limb

(Tuji)

glikmani

foresti

g. statikuri maxasiaTeblebis Tanafardoba

simtkicis zRvari σb

σb= 1,35σT+113

σb= 1,23σT+160

(naxSirbadovani

foladebi)

σb= 0,74σT+388

(legirebuli

foladebi)

σb= 0,98σT+80

σb= 0,815σT+230

(legirebuli

foladebi)

σb=0,36HB

σb=46HB-220
(naxSirbadovani

foladebi)

grebeniki

grebeniki,

gordienko,

capko

igive

tretiakovi

tretiakovi

igive

σb=0,331HB+47

σb=0,35σT-14

(naxSirbadovani

foladebi)

σb= 0,32σT+75

(legirebuli

foladebi)

σb=-18,7δ+1072

σb=-8,8δ+775
(naxSirbadovani

foladebi)

σb=-22,2δ+1270
(legirebuli

foladebi)

σb=0,35HB
(legirebuli

foladebi)

σb=0,35HB

grebeniki

grebeniki,

gordienko,

capko

igive

grebeniki

grebeniki,

gordienko,

capko

grebeniki,

gordienko,

capko

tretiakovi

heivudi

denadobis zRvari σT

σT=0,60σb podzolovi σT=0,206HB+9 grebeniki
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gagrZeleba

SeniSvna: ZiriTadi monacemebi mocemulia Runvis ZabvebisaTvis

damokidebuleba avtori damokidebuleba avtori

σT=(0,50-0,67)σb

σT=0,22HB-26
(naxSirbadovani

foladebi)

σT=0,41HB-375
(legirebuli

foladebi)

σT=0,458HB-260
(naxSirbadovani

foladebi)

odingi

grebeniki,

gordienko,

capko

igive

tretiakovi

σT=-9,3δ+598

σT=-4,8δ+439
(naxSirbadovani

foladebi)

σT=-32 δ+1248
(legirebuli

foladebi)

σT=0,545HB-480
(legirebuli

foladebi)

igive

grebeniki,

gordienko,

capko

igive

tretiakovi
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cxrili 12.3

naxSirbadovani, xarisxovani, konstruqciuli cxlad glinuli da

naWedi foladebis (sax. standartiT ГОСТ 1050-88)

meqanikuri Tvisebebi da daRlilobis maxasiaTeblebi

foladis

marka
meqanikuri Tvisebebi saSualo mniSvneloba

σT , mpa σb, mpa δ, % ψ, % σ-1limb K=tg
σT

mixedviT

σb

mixedviT

σT
mixedviT

σb

mixedviT

0,8

10

15

20

25

30

35

40

45

50

55

60

65

70

60Г

65 Г

70 Г

200

210

230

250

280

300

320

340

360

380

390

410

420

430

420

440

460

330

340

380

420

460

500

540

580

610

640

660

690

710

730

710

750

800

33

31

27

25

23

21

20

19

16

14

13

12

10

9

11

9

8

60

65

55

55

50

50

45

45

40

40

35

35

30

30

35

-

-

480

190

200

210

220

230

240

250

260

270

270

280

280

290

280

290

310

170

180

190

200

210

220

240

250

260

270

270

280

280

290

280

300

310

38

40

43

47

52

55

58

62

65

69

70

74

75

77

75

79

82

47

47

48

50

51

53

55

56

58

59

60

60

61

62

61

63

65

SeniSvna: 1. foladis meqanikuri Tvisebebi gansazRvrulia normali-

zebuli namzadisagan damzadebuli nimuSebis gaWimvaze gamocdis dros.

2. meqanikuri Tvisebebis normebi mocemulia foladis

nimuSebisaTvis, romelTa diametri an sisqe ar aRemateba 80mm. Tu

diametri an sisqe aRema-teba 80mm, dasaSvebia mokle nimuSis (sigrZiT

5mm) fardobiTi wargZelebis (δ) 2%-iT Semcireba, xolo fardobiTi

Seviwroebis _ (ψ)5%-iT.
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cxrili 12.4

Cveulebrivi xarisxis A jgufis foladis (sax. standartiT ГОСТ 380-94)

meqanikuri Tvisebebi da daRlilobis maxasiaTeblebi

foladis

marka

meqanikuri Tvisebebi saSualo mniSvneloba

σb, mpa
σT, mpa sisqiT, mm σ-1limb K=tg

< 20 20-40 40-100 > 100 σb
mixedviT

σT

mixedviT
σb

mixedviT
σT

mixedviTaranaklebi

1 2 3 4 5 6 7 8 9 10

Ст 0

Ст 1 кп

Ст 2 кп

Ст 3 кп

Ст 3  пс,
Ст 3 сп

 310

310-400

320-420

320-420

340-440

370-470

380-490

-

-

-

220

230

240

250

-

-

-

210

220

230

240

-

-

-

200

210

220

230

-

-

-

190

200

200

210

 170

170-190

170-200

180-200

180-210

190-220

190-220

-

-

-

180-190

180-190

180-200

190-210

 45

45-49

46-40

47-50

47-51

48-52

48-53

-

-

-

37-42

38-43

38-45

40-47

Ст 1  пс,
Ст 1 сп

Ст 2 пс,
Ст 2 сп
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gagrZeleba

1 2 3 4 5 6 7 8 9 10

Ст 3 Г пс

Ст 4 кп

Ст 5 Г пс

Ст 6  пс

Ст 6 сп

380-500

410-520

420-540

500-640

460-600

 600

 600

250

260

270

290

290

320

320

240

250

260

280

280

310

310

230

240

250

270

270

300

300

210

230

240

260

260

300

300

190-230

200-230

200-240

230-270

220-250

 250

 250

190-210

200-210

200-220

210-230

210-230

230-240

230-240

48-53

50-54

50-55

53-59

52-57

 57

 57

40-47

43-49

45-50

49-54

49-54

55-59

55-59

Ст 4  пс,
Ст 4 сп
Ст 5  пс,
Ст 5 сп
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cxrili 12.5

Termulad damuSavebuli legirebuli konstruqciuli foladis

(sax. standartiT ГОСТ 4543) meqanikuri Tvisebebi

da daRlilobis maxasiaTeblebi

foladis

marka
meqanikuri Tvisebebi saSualo mniSvneloba

σT ,
mpa

σb, mpa δ, % ψ, % σ-1limb K=tg

aranaklebi σT
mixedviT

σb

mixedviT

σT
mixedviT

σb

mixedviT

1 2 3 4 5 6 7 8 9

15X,15 X A

20 X

30 X

35 X

40X

45X

50X

15 Г

20 Г

25 Г

30 Г

35 Г

40 Г

45 Г

50 Г

18ГX

20 ГXP

33CX

15XM

20XM

30XM

35XM

38XM

500

650

700

750

800

850

900

250

280

300

320

340

360

380

400

750

800

700

280

600

750

850

900

700

800

900

930

1000

1050

1100

420

460

500

550

570

600

630

660

900

1000

900

450

800

950

950

1000

12

11

12

11

10

9

9

26

24

22

20

18

17

15

13

10

9

13

21

12

11

12

11

45

40

45

45

45

45

40

55

50

50

45

45

45

40

40

40

50

50

55

50

45

45

45

330

360

370

380

380

390

400

200

220

230

240

250

260

270

280

400

380

370

220

360

380

390

400

300

330

370

380

400

420

440

200

210

230

250

250

260

270

280

370

400

370

210

330

380

380

400

79

92

97

101

106

110

115

56

59

61

63

65

66

68

70

101

106

97

59

88

101

110

115

76

86

96

99

106

110

115

49

53

56

61

63

66

69

72

96

106

96

52

86

101

101

106
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SeniSvna: 1. standarti vrceldeba cxlad glinul da naWed

foladebze, diametriT an sisqiT 250 mm-mde, dakalibrebul da

vercxla foladebze, romlebic gamoiyeneba Termulad damuSavebul

mdgomareobaSi.

2. Termuli damuSavebis reJimebi foladis sxvadasxva

markebisaTvis mocemulia sax. standartSi ГОСТ 4543.

3. cxrilSi Setanilia foladebi, romelTa simtkicis zRvari

1100 mpa-ze.
4. legirebuli elementebis asoiTi standartuli aRniSvnebi:

B _ volframi; Г_ manganumi; M _ molibdeni; H _ nikeli; C _

siliciumi; T _ titani; Ф _ vanadiumi; X _ qromi; Ю_ alumini; aso

A-Ti aRniSnulia xarisxovani da maRalxarisxovani foladebi.

1 2 3 4 5 6 7 8 9
40XMФА

15XФ

40XФА

20XН

40XН

45XН

50XН

20XНЗА

30XНЗА

20XГСА

30XГСА

15XГНТА

20XН2М

30XНМА

38XНМА

38XНЗМА

38XМЮА

950

550

750

600

800

850

900

750

800

650

850

750

700

800

950

1000

850

1050

750

990

800

1000

1050

1100

950

1000

800

1100

950

900

1000

1100

1100

1000

13

13

10

14

11

10

9

12

10

12

10

11

11

10

12

12

14

50

50

50

50

45

45

40

55

50

45

45

55

50

45

50

50

50

410

350

380

360

380

390

400

380

380

360

390

380

370

390

410

410

410

420

320

370

330

400

420

450

380

400

330

440

380

370

400

440

440

400

120

83

101

88

106

110

115

101

106

92

110

101

97

106

120

124

110

110

81

96

86

106

110

115

101

106

86

115

101

96

106

115

115

106
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cxrili 12.6

sortirebuli, koroziuli da mxurvalmedegi foladebis

(sax. standarti ГОСТ 5632) meqanikuri Tvisebebi

da daRlilobis maxasiaTeblebi

SeniSvna: 1. Termuli damuSavebis saxeebi: 0 _ mowva; 3_wrToba

da moSveba. Termuli damuSavebis reJimebi mocemulia sax.

standartiT ГОСТ 5949.

2. meqanikuri Tvisebebi mocemulia 600 mm-mde diametris an

sisqis foladebisaTvis.

foladis

marka

T
er
mu
l
i 
d
am
u
-

S
av
eb
is
 
sa
x
e

meqanikuri Tvisebebi saSualo mniSvneloba, mpa

σT ,
mpa

σb,
mpa

δ, % ψ, % σ-1limb, mpa K=tg

aranaklebi σb

mixedviT

σT
mixedviT

σb

mixedviT

σT
mixedviT

15X5

40X9C2

40X10C2M

20X13

14X17H2

15X6CЮ

12X13

12X17
09X17H7Ю1

12X18H9

36X18H25C2

0

0

3

3

3

0

3

0

3

3

3

400

750

950

660

1100

450

600

400

850

300

650

170

500

750

450

850

250

420

250

750

200

350

24

15

10

16

10

20

20

20

12

45

25

50

35

35

55

30

40

60

50

40

55

40

190

320

380

280

440

210

260

190

350

230

280

170

330

380

300

390

210

290

210

380

180

250

47

81

101

72

115

52

66

47

91

56

70

49

79

101

75

110

56

72

56

101

52

65
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cxrili 12.7

konstruqciuli legirebuli (Termuli damuSavebiT) foladis

meqanikuri Tvisebebi da daRlilobis maxasiaTeblebi

foladis

marka
meqanikuri Tvisebebi saSualo mniSvneloba, mpa

σT , mpa σb, mpa δ, % ψ, % σ-1limb K=tg

aranaklebi σT
mixedviT

σb

mixedviT

σT
mixedviT

σb

mixedviT

normalizacia da moSveba
20XMЛ

20 ГCЛ

30 ГCЛ

35XMЛ

35ГЛ

40ГЛ

30X ГCЛ

250

300

350

400

300

350

350

450

550

600

600

550

650

600

18

18

14

12

12

12

14

30

30

25

20

20

30

25

210

230

250

280

230

250

250

210

250

260

260

250

280

260

56

61

65

70

61

65

65

52

61

66

66

61

70

66

wrToba da moSveba

27 ГЛ

35 ГЛ

30 ГCЛ

450

350

400

650

600

650

10

14

14

20

30

30

300

250

280

280

260

280

74

65

70

70

66

70
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cxrili 12.8

Termulad damuSavebuli foladebis meqanikuri maxasiaTeblebi

foladis

marka

Termuli

damuSaveba

saSualo mniSvneloba, mpa

σb, mpa σT, mpa

amtanobis unaris zRvari

σ-1limb, mpa
yvelaze mosalodneliσ

(saSualo)

σ-1limb, mpa
K=tg

gaWimvaze gaRunvaze grexaze σb

mixedviT

σT
mixedviT

σb

mixedviT

σT
mixedviT

σ-1limb

mixedviT

1 2 3 4 5 6 7 8 9 10 11 12

15, Cт 2

20, Cт 3

30, Cт 4

35, Cт 5

40

H

Ц1-B59

H

Ц1-B59

H

H

B35

H

У

O

H

≥370

450-550

≥410

500-600

480-600

≥520

≥1000

570

≥700

520-630

≥600

220

250

250

300

280

310

650

320

400

300

340

150

190

150

140

170

180

300

180

240

180

220

170

210

180

180

200

220

380

230

300

230

260

115

140

110

110

120

150

250

140

180

150

180

≥190

210-240

≥200

225-255

220-255

≥230

≥370

245

280

230-260

≥255

195

210

210

230

220

235

390

240

275

230

250

≥48

51-55

≥49

53-57

52-57

≥54

≥73

≥56

≥61

54-58

≥57

51

47

47

55

52

57

95

59

72

55

62

51

54

51

51

53

55

72

57

64

56

59
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gagrZeleba

1 2 3 4 5 6 7 8 9 10 11 12

45, Cт 6

50

60Г

20X

40X

45X

30XГCA

35XГC

У

M35

B48

H

У

H

H

У

O

У

M39

O

У

У

У

M50

O

≥750

≥900

≥1200

≥640

700-800

≥700

460-600

≥700

≥530

≥800

1100-1300

650-750

≥1050

1100

≥1200

≥1700

650-750

450

650

950

350

530

380

300

500

≥500

650

900

600

850

850

≥1000

≥1500

≥550

260

330

460

220

270

250

180

220

220

300

410

240

320

380

400

600

220

300

410

580

280

340

320

210

300

280

260

490

300

430

480

480

700

320

220

240

380

160

200

190

140

190

180

240

350

190

260

280

260

370

180

≥300

≥340

≥565

≥256

280-310

≥300

210-260

300

240

330

440-510

280-310

≥420

440

470

≥580

380-310

290

380

525

250

335

370

230

330

330

370

400

360

390

390

410

580

350

≥63

≥73

≥81

59

61-65

≥64

53-66

76

60

86

115-135

70-81

≥110

115

≥125

≥174

70-81

80

95

119

64

94

68

61

79

79

92

115

88

110

110

≥124

≥169

≥87

67

75

92

62

68

76

46

69

74

83

116

69

100

113

113

168

73
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gagrZeleba

1 2 3 4 5 6 7 8 9 10 11 12

40XH

30XHЗA

40XHMA

40XCA

ЩX15

15Л

25Л

45Л

55Л

40XГЛ

У

M42

У

У

У

O

H

H

H

H

У

≥900

≥1200

1100

1000

1250

600-730

400

450

550

600

910

≥750

≥1000

900

850

1050

380

200

240

320

350

550

300

360

390

400

320

240

130

150

185

210

250

420

540

490

500

400

340

160

185

235

260

360

240

300

290

270

240

190

90

105

130

145

200

≥370

470

440

400

490

260-130

190

210

260

280

370

380

410

400

390

420

270

185

205

240

250

350

≥96

≥125

115

105

130

66-79

49

51

55

57

81

≥101

≥124

115

110

128

68

38

45

59

63

83

98

128

115

118

94

78

49

52

57

60

83

SeniSvna: Termuli damuSavebisaTvis SemoRebulia Semdegi saxis aRniSvnebi: O _ mowva; H_ normalizacia;

У _ gaumjobeseba; B 35 _ wrToba wyalSi moSvebiT sisaleze 30-40 HRC; M 48 _ igive zeTSi sisaleze 46-59

HRC; Ц1-B 59 _ cementacia 1 mm siRrmeze, wrToba wyalSi da moSvebiT sisaleze 56-62 HRC.
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cxrili 12.9

denadobisa da amtanobis unaris zRvrebi foladebisaTvis

sxvadasxva deformaciebis dros [7]

foladis

marka

denadobis zRvari, mpa amtanobis unaris zRvari, mpa

gaWimvaze Runvaze grexaze gaWimvaze Runvaze grexaze Wraze

10

15

20

25

30

35

40

45

40Г

40X

36XH4A

1X13

30XH2M

180

200

220

240

260

280

300

320

300

365

510

440

526

290

320

350

380

410

435

465

495

330

680

760

_

_

125

135

150

165

185

195

210

225

240

240

380

_

_

140

145

150

160

165

175

185

215

220

250

340

170

246

160

170

180

190

200

215

230

250

230

280

350

220

270

80

85

100

110

120

130

140

160

170

225

280

190

175

70

75

85

90

100

110

120

140

160

205

270

160

160
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cxrili 12.10

simtkicis da amtanobis unaris zRvrebi foladebisaTvis

sxvadasxva deformaciebis dros [7]

foladis

marka
σb, mpa

amtanobis unaris zRvari σ-1limb, mpa

gaWimvaze Runvaze grexaze

naxSirbadovani foladebi deformaciis Semdeg

10

15

20

25

30

35

40

45

50

370

400

450

490

540

585

570

675

715

135

140

140

160

190

195

185

230

245

190

195

195

220

235

260

230

295

310

100

107

115

110

115

155

_

182

_

legirebuli foladebi wrTobisa da moSvebis Semdeg

40XH

12XHЗA

18XHBA

25XHBA

37XHЗA

20XHЗA

30XMA

30XГCA

30XH2

40XФA

40CX

900

950

1150

1100

1040

700

850

1150

730

980

1030

290

295

380

335

435

300

380

535

240

440

530

400

430

565

500

475

345

375

520

270

_

_

240

_

_

_

315

235

230

245

175

270

270
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σ-1limb da K=tg mniSvnelobebi, romlebic mocemulia cxrilebSi

12.3...12.10, SeiZleba miRebuli iqnes σb da σT meSveobiT Semdegi

damokidebulebebidan:

naxSirbadovani foladebisaTvis _

σ-1limb = 0,29 σb + 79; (12.10)

σ-1limb = 0,45 σT + 95; (12.11)

KK = 0,04 σb + 33; (12.12)

KK = 0,17 σT + 4. (12.13)

legirebuli foladebisaTvis _

σ-1limb = 0,35 σb + 53; (12.14)

σ-1limb = 0,49 σb + 79, roca σT < 500 mpa; (12.15)

σ-1limb = 0,13 σb + 280, roca σT > 500 mpa; (12.16)

KK = 0,098 σb + 7; (12.17)

KK = 0,09 σT + 34. (12.18)

miuxedavad masalebis _ foladebis meqanikur maCveneblebs

Soris didi gansxvavebisa, daRlilobis maxasiaTeblebi _ σ-1limb da

K=tg, romlebic gansazRvruli arian zemoT moyvanili

damokidebulebiT σb da σT mixedviT, erTmaneTTan sakmaod

miaxloebulia da SeiZleba maTi sainJinro praqtikaSi gamoyeneba.

winaswari da saorientacio gaangariSebebis dros dasaSvebia

cxrilSi 12.11 moyvanili gamartivebuli damokidebulebebiT

sargebloba.

rekomendebulia agreTve σ0limb=(1,4...1,6)σ-1limb [7]

damokidebulebiT sargebloba.
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cxrili 12.11

amtanobis unaris zRvris damokidebuleba masalis

meqanikur maCveneblebze saorientacio gaangariSebis dros [3]

deformaciis saxe
simetriuli,

niSancvladi cikli

pulsirebuli

mudmivniSniani cikli

Runva a) foladi σ-1limb = 0,43σb σ0limb = 0,6σb

b) Tuji σ-1limb = 0,45σb _

gaWimva-kumSva σ-1limb = 0,36σb σ0limb = 0,5σb

grexa τ -1limb = 0,22σb τ0limb = 0,3σb

yofili ssrk-s saxelmwifo standarti ГОСТ 21354-87*

kbilebis kontaqtur Zabvebze amtanobis unaris zRvris _ σHlimb

sisalis meqanikuri maCveneblebis meSveobiT gansazRvrisaTvis

gvTavazobs Semdeg damokidebulebebs (cxr. 12.12).

cxrili 12.12

amtanobis unaris zRvris damokidebuleba

sisalis meqanikur maCveneblebze

kbilebis Termuli

qimiuri damuSavebis

meTodebi

kbilebis zedapirebis

saSualo sisale
foladebi

σHlimb -is gansaz-

Rvris formulebi,

mpa

mowva, normalizacia

an gaumjobeseba

HB 350-ze naklebi

naxSirbadovani

da legirebuli

σHlimb=2HHB+70

moculobiTi

wrToba

HRC 38-50 σHlimb=18HHRC+150

zedapiruli wrToba HRC 40-50 σHlimb=17HHRC+200
cementacia da

nitrocementacia

HRC 56-ze

meti legirebuli
σHlimb=23HHRC

daazoteba HV 550-750 σHlimb=1050
SeniSvna: urTierTTanafardoba sisaleebs Soris, romlebic

gamosaxulia HRC (rokvelis), HB (brinelis) da HV (vikersis)

erTeulebSi, mocemulia grafikebze (nax.12.7, 12.8).

* Seesabameba Tanamedrove ISO-ssaerTaSoriso normebsa da standartebs
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12.8 cxrilSi masalis ZiriTad meqanikur maCveneblebTan _ σb

da σT erTad mocemulia daRlilobaze amtanobis unaris zRvris

cxriluri maCveneblebi gaWimvaze, Runvaze da grexaze, rogorc

naxSirbadovani, ise legirebuli foladebisaTvis. masalis meqanikuri

maxasiaTeblebisa da zemoT moyvanili damokidebulebebis

(12.10...12.18) meSveobiT miRebuli daRlilobis saangariSo

maxasiaTeblebis _ σ-1limb da K=tgα mosalodneli, saSualo

mniSvnelobebi Runvis Zabvaze aseve moyvanilia cxrilSi 12.10.

daRlilobis maxasiaTeblebis _ σ-1limb da K=tgα cxriluri

monacemebisa da saangariSos (Sesabamisi maCveneblebi Runvis Zabvebze)

SeTanxmebulobis gaanalizeba gviCvenebs maT damakmayofilebel

urTierTsiaxloves, rogorc naxSirbadovani, ise legirebuli

foladebisaTvis.

12.9 da 12.10 cxrilebSi mocemulia daRlilobis

maxasiaTeblebi sxvadasxva saxis ZabvebisaTvis.

rogorc aRvniSneT, daRlilobis mrudis gardatexis wertils

(N0), gamocdebis normaluri pirobebisaTvis da tradiciuli

konstruqciuli masalebis _ foladebis gamoyenebis dros,

Seesabameba 2,1.106...2,5.10-6 diapazoni. Tumca umciresi kvadratebis

meTodiT miRebuli yvelaze mosalodneli Sedegi 2,1.106 ciklia [7].

cxrilebSi moyvanili σ-1limb, K da N0 sidideebiT

foladebisaTvis SesaZlebelia daRlilobis mrudis ageba. saWiroa

xasgasmiT iTqvas, rom aseTi gziT miRebuli Sedegebi daRlilobis

maxasiaTeblebis yvelaze mosalodneli saSualo maCveneblebia da igi

gansxvavdeba sainJinro praqtikaSi miRebuli saangariSo

sidideebisagan, romlebic iTvaliswineben garkveul marags.
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nax. 12.7. sisaleTa urTierTTanafardobis grafiki HB da HRC

erTeulebSi

teqnikur literaturaSi cnobilia agreTve detalebis

daRlilobaze gaangariSebisaTvis saangariSo Zabvebis

damokidebulebebi amplitudur, saSualo, maqsimalur da minimalur

Zabvebze:

ma   2
0

2 ;                (12.19)

mmaxmax   22 ;              (12.20)

mminmmin    32222 ,            (12.21)

HHRC

65

60

55

50

45

40

35

30

25

200 300                 400               500                600 HHB
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nax. 12.8. sisaleTa urTierTTanafardobis grafiki HB da HV

erTeulebSi

sadac σa,, σm, σmax, σmin Sesabamisad amplituduri, saSualo,

maqsimaluri da minimaluri Zabvebia.

saWiroa kidev erTxel aRiniSnos is garemoeba, rom cvladi

datvirTvebis moqmedebis Sedegad aq moyvanili monacemebi masalebis

250 300 350 400 450 500 550 600 650 HHB

HHV

900

850

800

750

700

650

600

550

500

450

400

350

300

250

200
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simtkiceze, Seesabameba garkveuli zomis standartuli nimuSebis

gamocdebis Sedegebs, amitom da kidev mravali sxva faqtorebis gamo

manqanaTa detalebis amtanobis unaris SefasebisaTvis arsebuli

grafikul-eqsperimentuli monacemebi saWiroebs koreqtirebas zemoT

aRniSnuli koeficientebis meSveobiT. garda amisa, saWiroa

aRiniSnos, rom daRlilobis mrudebis miRebis dros nimuSebis

monacemebis gabneva sakmaod didi sididisaa. igi ufro metia maRali

simtkicis mqone masalebisaTvis. saerTod, gabnevis mizezebad

SeiZleba CaiTvalos: gamocdebis Catarebis identurobis miRwevis

SeuZlebloba, damzadebis teqnologiuri faqtorebi da mravali sxva.

zemoT moyvanili mizezebis gamo, detalebis amtanobis unarze

SedarebiT zusti Sedegebis miRebisaTvis mizanSewonilia gamocdebis

Catareba naturalur nakeTobaze, eqspluataciurTan maqsimalurad

miaxloebul pirobebSi.

daRlilobis mrudis agebis procesSi saWiro SemTxveviTi

sidideebis fiqsirebisaTvis, daZabulobaTa sxvadasxva doneebisaTvis,

aucilebelia eqsperimentebis sakmaod didi raodenobiT Catareba. Tu

ZabvaTa romelime I _ I donisaTvis datvirTvebis ciklTa ricxvze

N1, N2, N3,...Nn wyobidan gamovida n nimuSi, maSin mrRvevi ciklTa

ricxvi imave donisaTvis iqneba

n

N
N

n

i
i

I


 1 (12.22)

miRebuli  Sedegi daitaneba asagebi daRlilobis grafikis

(nax.12.6) I _ I ZabvaTa doneze.
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analogiurad ganisazRvreba mrRvevi ciklTa ricxvi sxva

doneebisaTvisac.

gabnevas, romelic axasiaTebs mrRvev Ni ciklTa ricxvs,

magaliTad, saSualo IN -is mimarT, vpoulobT Cveulebrivi

standartuli saSualo kvadratuli gadaxriT:

 
n

NN
n

i
Ii

IN





 1

2

 (12.23)

Tu ZabvaTa I _ I doneze ciklTa ricxvis _ NI gabneva

xasiaTdeba ganawilebis normaluri kanoniT, maSin ganawilebis igive

kanoni vrceldeba mrRvevi Zabvebis ciklTa ricxvis sxva doneebzec.

12.5. detalis amtanobis unaris dasaSvebi Zabva

manqanaTa detalis muSaobis unaris mTavar pirobas

warmoadgens datvirTvebis Sedegad gaCenili da dasaSvebi Zabvebis

Sesabamisoba. orive maTganis sworad Sefaseba gansazRvravs

konstruirebis da maSasadame, manqanis xarisxs.

bunebrivia, dasaSvebi Zabvis dausabuTeblad didi mniSvnelobis

aRebas, namzadis ekonomiurobisa da eqspluataciuri maCveneblebis

gauaresebamde mivyavarT, xolo Semcirebuli mniSvnelobis aRebas

nakeTobis mcire simtkicis mizeziT _ konstruqciis

arasaimedoobamde.

dasaSvebi Zabvebis SerCevis umartives  da moZvelebul meTods

warmoadgens e.w. cxriluri meTodi. igi gamoiyeneboda

manqanaTmSeneblobis ganviTarebis adreul etapebze, roca

konstruqciuli masalebis nomenklatura friad SezRuduli iyo da
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amdenad, manqanaTmSeneblobis yvela uwyebisaTvis arsebuli masalebis

dasaSvebi ZabvebisaTvis erTiani cxrilebis gamoyeneba gamarTlebuli

gaxldaT. am meTodis erTaderT upiratesobas warmoadgens misi

simartive. meTodi nawilobriv da garkveuli aspeqtiT dResac

gamoiyeneba, kerZod, im calkeuli uwyebebisaTvis, romlebisTvisac

arsebobs specializebuli normebi da rekomendaciebi simtkicis

maragis gansazRvrisaTvis, da im SemTxvevebisaTvis, roca ukanasknels

aqvs gansakuTrebuli mniSvneloba. ase, magaliTad, amwe-

satransporto manqana-mowyobilobisaTvis saWiro specialuri

detalebisa da meqanizmebis (bagirebi, kavebi, tvirTdamWeri

saSualebebi, muxruWebi, da a.S.) konstruirebis dros, roca maTi

simtkicis maragi ganisazRvreba saxelmwifo samTo-teqnikuri

zedamxedvelobis  mier reglamentirebuli normebiT, dasaSvebi

Zabvebis dadgenisaTvis zogjer iyeneben cxrilur meTods.

umetes SemTxvevaSi manqanaTmSeneblobis konstruqtori ar

aris SezRuduli aseTi normebiT da igi Tavisi SexedulebiT

(ukidures SemTxvevaSi rekomendaciebis safuZvelze) irCevs

simtkicis maragis saWiro sidides. ukanaskneli, rogorc wesi,

mniSvnelovnad naklebia, vidre reglamentirebuli sidideebi.

konstruirebis procesisadmi aseT midgomas dRes Seesabameba

dasaSvebi Zabvebis SerCevis farTod miRebuli meTodi _ analizuri

gansazRvris meTodi. manqanaTa nawilebis gaangariSebis da muSaobis

unaris Sefasebis kriteriums daRlilobaze warmoadgens cnobili

piroba

σ σp, (8.24)
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sadac σ mocemuli datvirTvisagan aRZruli maqsimaluri saangariSo

Zabvaa; σp _ dasaSvebi Zabva da cikluri mravaljeradi datvirTvebis

SemTxvevaSi ganisazRvreba formuliT:

S
Klim

p
 ,                  (8.25)

aq S usafrTxoebis koeficientia, romelic iTvaliswinebs masalis

arasaimedoobas, arastabilurobas da detalis pasuxismgeblobis

moments, yofili ssrk-s saxelmwifo standartebis mixedviT

kbilanebis kontaqtur Zabvebze amtanobis unaris zRvris

gaangariSebis dros igi aiReba 1,1...1,2 farglebSi da mxolod

sapasuxismgeblo detalebisaTvis SeiZleba gaizardos 1,25...1,35-mde.

igive standartis mixedviT kbilanebis, oRond Runvis Zabvebze

amtanobis unaris zRvris gaangariSebis dros Sesabamisi koeficienti

ganisazRvreba, rogorc S'F da S''F koeficientebis namravli,

romelTaganac S'F koeficienti iTvaliswinebs masalis

arastabilurobas da mocemuli kbilanuri gadacemis

pasuxismgeblobas. S'F koeficienti Termuli, Termul-qimiuri

damuSavebis da detalis rRvevis albaTobis (romelic aiReba _ 0,99

da meti) mixedviT mocemulia cxrilebSi [16]. mTlianad koeficienti

S'F aiReba zRvrebSi 1,75...2,2.

S''F koeficienti iTvaliswinebs kbilanis damzadebis meTods.

naWedi da natifi namzadebisaTvis S''F=1;

glinuli namzadisaTvis S''F=1,15;

sxmuli namzadisaTvis S''F=1,3.

S''F-is amave monacemebiT SeiZleba visargebloT sxva saxis

deformaciebis drosac.
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σlim amtanobis unaris zRvari datvirTvebis raRac ciklTa

ricxvisaTvis SeiZleba ganisazRvros Semdegi formuliT:

σlim = σlimb
. KL , (12.26)

sadac σlimb amtanobis unaris zRvaria detalis datvirTvebis bazuri

ciklTa ricxvis dros. Sesabamisad amtanobis unaris zRvari

niSancvladi datvirTvebis dros _ σ-limb da amtanobis unaris

zRvari pulsirebuli datvirTvebis dros _ σ0limb SeiZleba

SerCeuli iqnes wina paragrafSi moyvanili erT-erTi meTodiT.

amasTan, kontaqtur Zabvebze amtanobis unaris zRvri mizanSewonilia

ganisazRvros masalis sisalis maxasiaTeblis mixedviT, e.i. iseve,

rogorc amas saxelmwifo standarti ГОСТ 21354-87 iTvaliswinebs

kbilanebis amtanobis unarze gaangariSebis dros.

KL xangamZleobis koeficientia da ganisazRvreba formuliT

m b
L N

NK  ,                  (12.27)

sadac m maCvenebelia da umetes SemTxvevaSi 6-is tolia. m=9, roca

kbilanebis Runvis Zabvaze amtanobis unaris zRvris gansazRvris

dros kbilis sxvadasxva zedapirebis erTmaneTSi gadasvlis adgilebi

ar aris gaxexili da misi sisale ar aRemateba HB 350-s;

Nb _ ZabvaTa cikluri cvlilebebis sabazo ricxvi da

konstruqciuli masalebisagan damzadebuli nimuSebisaTvis aiReba

Nb= 107. kbilanebis kontaqtur Zabvaze amtanobis unaris zRvris

gaangariSebis dros Nb-s iReben zRvrebSi (10...120)106 da masalis

sisalis mixedviT ganisazRvreba gamosaxulebiT (12.4) an grafikiT

(nax.12.9).
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kbilanebis Runvis Zabvaze amtanobis unaris zRvris

gaangariSebis dros zemoT aRniSnuli standartis Sesabamisad iReben

Nb=4 . 106.

N _ ZabvaTa mocemuli cikluri cvlilebebis ricxvi.

zusti gaangariSebebis dros saWiroa visargebloT specialur

literaturaSi arsebuli masalebiT. aseTad SeiZleba SerCeuli iqnes

wyaro [7].

kontaqtur Zabvebze amtanobis unaris zRvris gaangariSebis

dros Tu N > Nb da datvirTva mudmivi sididisaa, KL =0,9...1,0,

xolo cvalebadi sididis datvirTvis dros KL =1,0. Tu N < Nb,

(12.27)formulis Sesabamisad KL >1, magram aiReba ara umetes 2,6-is.

KL =1...2,6 _ zedapirebis Cveulebrivi mdgomareobisaTvis da

KL =1...1,8 _ zedapirebis ganmtkicebis SemTxvevaSi.

nax.12.9. datvirTvaTa ciklebis sabazo ricxvis gansazRvris

grafiki masalis sisalis mixedviT

100 200 300 400 500 600 700 HHB

100

90
80
70
60

50
45
40
35

30

25

20

15

10

Nb, mln. cik.
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Runvis Zabvaze amtanobis unaris zRvris gaangariSebis dros,

Tu N > Nb, KL yvela SemTxvevaSi aiReba 1,0-is toli da Tu N < Nb,

(12.27) formulis Sesabamisad KL >1, magram aiReba ara umetes 2-sa.

e.i. KL =1...2, roca m=6 da KL =1...1,6, roca m =9. (12.27)

formulis nacvlad praqtikaSi mosaxerxebelia grafikiT (12.10)

sargebloba.

nax. 12.10. koeficientis gansazRvris grafiki

kbilanuri gadacemis gaangariSebis dros, kerZod, Runvis

Zabvaze amtanobis zRvris _ σFlim gansazRvrisas saWiro xdeba kidev

iseTi specifikuri teqnologiuri da eqspluataciuri parametrebis

gaTvaliswineba, rogorebicaa: kbilis sxvadasxva zedapirebis

erTmaneTSi gadasvlis adgilebis ganmtkicebisa da xexvis,

2,4

2,2

2,0

1,8

1,6

1,4

1,2

1,0

0,9

KL

0,005 0,01    0,02 0,03  0,05  0,080,1      0,2  0,3   0,40,5 0,8 1   1,5  2    3  4  5     8 10 12,6

bN
N

punqtiri – mxolod mudmivi sididis

pulsirebuli datvirTvisaTvis
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datvirTvis ormxrivi modebis da sxva faqtorebi. maT Sesabamisi

saxelmwifo standartebis gaangariSebis meTodika iTvaliswinebs.

K koeficientia, romelic SeiZleba Semdegnairad iqnes

warmodgenili:

K = K1
. K2

. K3
. K4

. K5, (12.28)

sadac K1 koeficientia, romelic iTvaliswinebs detalis zedapiris

simqises:

K1=1 me-7 klasis (Ra 1,25...0,63) da ufro maRali simqisis

zedapirebisaTvis;

K1=0,95 me-6 klasis (Ra 2,5...1,25) simqisis zedapirebisaTvis;

K1=0,9 me-5 da me-4 klasebisaTvis (Rz 40...10);

K2 _ koeficienti, romelic iTvaliswinebs saangariSo sqemebis

Seusabamobas, gaangariSebis sizuste aiReba zRvrebSi 0,6...1,0.

K3 _ koeficienti, romelic iTvaliswinebs detalis

gabaritul zomebs;

K3=1 _ mcire  da saSualo zomis detalebisaTvis;

K3=0,96...1,0 _ 500...700 mm-ze ufro didi zomis

detalebisaTvis.

kbilanebisaTvis K3-is mniSvnelobebi mocemulia Sesabamis

saxelmwifo standartSi;

K4 _ koeficienti, romelic iTvaliswinebs datvirTvebis

dinamikur maCveneblebs. kbilanebisaTvis es wriuli siCqarea da igi

damokidebulia masalis sisalezec.

K4=1, roca V=5 m/wm;

K4=1,0...1,16, roca V=5...24 m/wm.
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K5 _ koeficienti, romelic iTvaliswinebs zeTis gavlenas da

Tu mas ar axasiaTebs gansakuTrebuli qimiuri agresiuloba, aiReba

K5=1.

K1 , K2 , K3, K4 da K5 koeficientebis  SerCeva SesaZlebelia

agreTve [7] literaturuli wyaros danarTebSi (П10...П18) mocemuli

masalebiT, saxelmwifo standartis ГОСТ 21354-87-is rekomendaci-

ebiT da sxva masalebiT.

saWiroa imis xazgasma, rom zemoT aRniSnuli koeficientebi

gaTvaliswinebuli unda iqnes mxolod im SemTxvevaSi, Tu

faqtorebi, romlebsac isini asaxaven, mxedvelobaSi ar aris

miRebuli σFlim-is gansazRvris dros.

magaliTi. SevamowmoT samagri WanWikis M16 (foladi 45)

daRlilobaze muSaobis unari, Tu igi ganicdis niSancvlad

simetriul gaWimva-kumSvis deformaciebs. amasTan, aRZruli Zala _

Fα=14000 n, datvirTvaTa ciklebis ricxvi _ N=106.

muSa datvirTvisagan aRZruli Zabva

499413143
1400044

22 ,,,d
Fa 







S
 mpa (n/mm2),

sadac dS aris M16 WanWikis Siga diametri da udris 13,4 mm.

muSa Zabva koreqciis koeficientis gaTvaliswinebiT

214951499 ,,,K  mpa,

sadac K koreqciis koeficienti miviRoT Kk koncetraciis

koeficientis tolad, K = Kk = 1,5.

dasaSvebi Zabva (12.25) gamosaxulebis Sesabamisad

420831
72023761 ,,

,,
S

Klim
p   mpa,
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sadac (12.26)-is Sesabamisad

σ-1lim= σ-1limb
. KL = 255,9 . 1,47 =376,2 mpa,

sadac σ-1limb analizurad ganisazRvreba 12.2 cxrilidan,

σ-1limb = 0,29 σb + 79 = 0,29 . 610 + 79 =255,9 mpa,

sadac σb=610 mpa foladi 45-Tvis (cxr. 123).

KL _ xangamZleobis koeficienti (12.27) gamosaxulebis mixedviT

47110
106

6
76 ,N

NK b
L  .

S _ usafrTxoebis koeficienti, aviRoT 1,3 toli;

koeficienti

K = K1
. K2

. K3
. K4 K5 = 0,9 . 0,8 . 1,0 . 1,0 . 1,0 = 0,72

sadac K1=0,9 _ me-4 klasis simqisis zedapirebisaTvis (Rz 20);

K2=0,8 _ saSualo sizustiT gaangariSebisaTvis;

K3=1,0 _ saSualo zomis detalebisaTvis;

K4=1,0 _ dinamikuri datvirTvebis gareSe pirobebisaTvis;

K5=1,0 _ roca ar arsebobs zeTis faqtori.

amrigad, daculia detalis muSaobis unaris piroba

4208,p  mpa.
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