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saleqcio kursSi ganxilulia teqnikaSi gamoyenebuli Savi da feradi li-

Tonebis, araliTonuri, maT Soris polimeruli sakonstruqcio masalebis age-

buleba, Tvisebebi, gamoyenebis sferoebi da nakeTobis TvisebaTa sasurveli mi-

marTulebiT Secvlis xerxebi da saSualebebi. yuradReba gamaxvilebulia sa-

sursaTo da gadasamuSavebel warmoebaSi gamoyenebuli rogorc liTonuri, ise 

polimeruli masalebisadmi wayenebul sanitarul-higienur moTxovnebze, tara-

sa da safuTav masalebze sasursaTo mrewvelobis sxvadasxva sferoSi. 

saleqcio kursi gankuTvnilia sasursaTo produqtebis warmoebis inJine-

riis bakalavriatis studentebisaTvis. 
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S e s a v a l i 
 

manqanaTa nawilebis, xelsawyoebisa da konstruqciebis, qimiur da sasur-

saTo warmoebaSi gamoyenebuli aparaturis da maTi konstruqciebis dasamzadeb-

lad teqnika sruliad gansxvavebuli Tvisebebis mqone masalebis gamoyenebas 

moiTxovs. zogadi manqanaTmSeneblobisa da xelsawyoTmSeneblobisaTvis umTav-

resia sali da rbili, magnituri da aramagnituri, kargi eleqtrogamtari da 

maRali eleqtruli winaRobis masalebi; zemaRali temperaturisa da wnevis pi-

robebSi mdgradi masalebi saWiroa gazis turbinebis, almasis sinTezis apara-

turisa da teqnikis sxva dargebisTvisac. medicina ki sruliad gansxvavebuli 

Tvisebebis masalebs moiTxovs. garda simtkicisa, isini unda xasiaTdebodes 

mdgradobiT cocxali organizmis qimiuri nivTierebebis zemoqmedebis mimarT 

da SeTavsebadobiT, anu qsovilTan Sezrdis unariT. 

sasursaTo warmoebis teqnologia arsebiTad gansxvavdeba mrewvelobis 

sxva dargebis teqnologiuri procesebisagan. misi umTavresi moTxovnaa apara-

turis kvanZebis, safuTavi Tu nedleulis, naxevarfabrikatisa da mza produq-

tis transportirebisaTvis gankuTvnili mowyobilobis kvanZebis dasamzadeb-

lad iseTi masalebis gamoyeneba, romelic sursaTis uvneblobas da misi Senax-

visa da transportirebis pirobebs uzrunvelyofs. 

praqtikuli miznebisaTvis liTonebis, Senadnobebisa da araliTonuri sa-

konstruqcio masalebis sworad SerCevisaTvis aucilebelia maT mimarT wayene-

buli Tvisebebis uzrunvelyofis gzebisa da xerxebis codna. nakeTobis saeqs-

pluatacio Tvisebebs ki gamoyenebuli masalis Sedgeniloba, agebuleba da da-

muSavebis xerxi gansazRvravs. aqedan gamomdinare, masalaTmcodneobis, rogorc 

gamoyenebiTi mecnierebis erT-erTi umTavresi amocanaa liTonebisa da Senad-

nobebis struqturis Seswavla da damuSavebis sxvadasxva xerxis zemoqmedebiT, 

struqturis transformaciis gziT, TvisebaTa sasurveli kompleqsis uzrun-

velyofa da gamoyenebis sferoebis gansazRvra.  
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T a v i  I 
 

liTonis kristaluri agebuleba 
 

1.1. liTonebis klasifikacia 
 

`liToni aris Ria feris sxeuli, romlis Wedva SeiZleba~ _ werda lo-

monosovi daaxloebiT 200 wlis win. im droisaTvis savsebiT misaRebi es gan-

marteba dRes aRar gvakmayofilebs, radgan lomonosovis dros CamonaTvalSi 

liTonebis mcire raodenoba Sedioda (oqro, vercxli, spilenZi, kala,  TuTia 

da rkina) da maTi mravali Tviseba jer kidev cnobili ar iyo. 

liTonis ZiriTadi garegnuli niSani misi bzinvarebaa, rac ganpirobebu-

lia didi arekvlis unariT. liTonisaTvis damaxasiaTebelia maRali simtkice, 

plastikuroba, eleqtro da Tbogamtaroba.  

liTonebs miekuTvneba elementebis garkveuli jgufi, romelic mendele-

evis perioduli sistemis marcxena nawilSia ganlagebuli. gare eleqtronul 

garsze maT 1-2 eleqtroni gaaCniaT, araliTonebs ki _ 5-6. qimiur reaqciebSi 

liTonebi gascems savalento eleqtronebs da dadebiT ionebad gadaiqceva. 

liTonuri TvisebebiT xasiaTdeba ara marto sufTa liTonebi, magaliTad, 

alumini, spilenZi, rkina da a.S., aramed ufro rTuli nivTierebebic, romelTa 

SedgenilobaSi SeiZleba Sediodes ara marto ramdenime sufTa liToni, aramed 

araliTonuri elementebis mniSvnelovani raodenobac. aseT nivTierebebs li-

Tonur Senadnobebs uwodeben. 

d. mendeleevis perioduli sistema 80-mde liTonuri bunebis elements 

iTvlis, magram mrewvelobisaTvis gadamwyvet rols yvela maTgani ar asrulebs. 

amitom liTonebis klasifikacias, upirveles yovlisa, teqnikisaTvis mniSvne-

lovani Tvisebebidan gamomdinare awarmoeben. 

liTonebi or did jgufad iyofa: Sav da ferad liTonebad. 

Savi liTonebisaTvis damaxasiaTebelia ruxi-nacrisferi Seferiloba, ma-

Rali simkvrive (garda tutemiwaTa liTonebisa), dnobis maRali temperatura 

da SedarebiT maRali sisale. am jgufis tipuri warmomadgenelia rkina. 

feradi liTonebi damaxasiaTebeli SeferilobiT gamoirCeva (mowiTalo, 

yviTeli,  TeTri)  da xasiaTdeba  maRali plastikurobiT, SedarebiT dabali 
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 dnobis temperaturiT da sisaliT. am jgufis tipuri liTonia spilenZi.  

teqnikaSi gamoyenebul Sav liTonebs, Tavis mxriv, yofen: 

_ rkinis jgufis liTonebad, sadac rkinasTan erTad gaerTianebulia ko-

balti, nikeli da TvisebebiT maTTan axlos mdgomi manganumi; 

_ Zneldnobad liTonebad, romelTa dnobis temperatura  aRemateba  rki- 

nis dnobis temperaturas (15390C). maT ricxvs miekuTvneba volframi, reniumi, 

tantali, molibdeni, niobiumi, hafniumi, vanadiumi, qromi da cirkoniumi; 

_ uranis jgufis liTonebad – aqtinoidebad, romlebic upiratesad ato-

muri energetikis SenadnobebSi gamoiyeneba; 

_ iSviaT miwa liTonebad – lanTani, ceriumi, neodiumi, prazeodiumi da 

sxva, romlebic gaerTianebulia saxelwodebiT lanTanoidebi. am jgufs mia-

kuTvneben agreTve TvisebebiT maTTan axlos mdgom itriumsa da skandiums. iS-

viaTi miwa liTonebi gamoiyeneba danamatebad SenadnobebSi; 

_ tute miwaTa liTonebad, romlebic Tavisufali saxiT ar gamoiyeneba 

sagangebo SemTxvevebis garda. 

ferad liTonebSi simkvrivis mixedviT ansxvaveben: 

_ msubuq liTonebs (magniumi, γ=1,7g/sm3; beriliumi, γ=1,8 g/sm3; alumini, 

γ=2,7 g/sm3); 

_ keTilSobil liTonebs, rogoricaa oqro, vercxli da platinis jgu-

fis elementebi. maT ricxvs miakuTvneben agreTve `naxevrad keTilSobil~ li-

Tons – spilenZs. keTilSobili liTonebi koroziisadmi maRali mdgradobiT 

xasiaTdeba; 

_ advildnobad liTonebs – TuTias, kalas, tyvias, dariSxans, bismuts, 

Taliums, vercxliswyals da Semcirebuli liTonuri Tvisebebis mqone elemen-

tebs – galiumsa da germaniums. 

 sisufTavis mixedviT liTonebs pirobiTad yofen teqnikurad sufTa, qi-

miurad sufTa da gansakuTrebuli sisufTavis liTonebad. Tu elementi Ziri-

Tad liTons Seicavs 99,9%-ze naklebi raodenobiT (danarCeni minarevebia), igi 

teqnikurad sufTaa; 99,9-dan 99,99%-mde – qimiurad sufTa, xolo 99,999%-ze ze-

viT – gansakuTrebuli sisufTavis. 
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1.2. liTonis kristaluri agebuleba 
 
 

kristaluri gisosis tipebi liTonebSi. dadgenilia, rom yvela liToni 

Kkristaluri agebulebiT xasiaTdeba. kristalur nivTierebebSi, amorfulisa-

gan gansxvavebiT, atomebi sivrceSi ganlagebulia ara nebismierad, aramed mo-

wesrigebulad, garkveuli kanonzomierebiT. aseTi mowesrigebuli, kanonzomie-

ri ganlagebis Sedegad atomebi warmoqmnis warmosaxviT sivrciT kristalur 

gisoss, romlis kvanZebSi TviTon arian ganTavsebuli. 1.1. suraTze warmodgeni-

lia sivrciTi gisosis erT-erTi kristalografiuli sibrtye.  

    kristaluri gisosi warmoadgens raime swo-

ri geometriuli nakvTis mravaljerad ganmeo-

rebas sivrceSi. gisosis elementarul nawilaks, 

romelic mravaljer meordeba sivrceSi, krista-

luri gisosis elementaruli ujredi ewodeba. 

    liTonebSi yvelaze gavrcelebulia sami sa-

xis kristaluri gisosi: sivrciT dacentrebuli 

kubi (sur. 1..2, a), waxnagdacentrebuli kubi (b) da 

heqsagonuri prizma (g).  

    kristaluri gisosi, garda geometriuli 

formisa, xasiaTdeba parametrebiT, anu periode-

biT. parametri ewodeba atomTa Soris manZils sami sxvadasxva mimarTulebiT. 

igi aRiniSneba ,a b  da c  asoebiT da izomeba angstremebSi (1 Å=10-8 sm) an nano-

metrebSi (1 nm=10-7 sm). 

heqsagonur prizmaSi Tu Siga sami atomi exeba zeda da qveda waxnagebis 

atomebs, parametrebis Sefardeba 𝑐 𝑎⁄ =1,633. aseT gisoss mWidro gisosi ewodeba.  

zogierTi liTonisaTvis damaxasiaTebelia tetragonuri gisosi (sur. 1.3). igi 

imiT gansxvavdeba kuburi gisosisagan, rom c  da a  parametrebi erTmaneTisgan 

gansxvavebulia. c /a  Sefardeba axasiaTebs e.w. tetragonurobis xarisxs. 

kristaluri gisosis simWidroves axasiaTebs mocemuli  atomidan  tol- 

da umokles manZilze daSorebuli atomebis ricxvi, romelsac sakoordinacio 

ricxvi ewodeba.  ubralo  kuburi gisosisaTvis igi tolia 6, sivrciT dacent- 
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rebuli kubisaTvis – 8 xolo waxnagda-

centrebuli kubisa da mWidro heqsagonu-

ri prizmisaTvis – 12. kristaluri giso-

sis Semoklebuli aRniSvnisaTvis sargeb-

loben misi sakoordinacio ricxviT. li-

teraturaSi SemoRebulia qvemoT warmod-

genili erT-erTi sistema:   

  

   ubralo kuburi        k       k 6  

   kuburi sivrciT 
    dacentrebuli       sdk      k 8 

   kuburi waxnag- 
    dacentrebuli       wdk      k 12 

             mWidro heqsago- 
                                  nuri                 hm        h 12 
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atomTa Soris kavSiri liTonebSi. kristalis agebulebasa da mis Tvise-

bebs im Zalebis buneba gansazRvravs, romlebic ionebs, atomebsa Tu moleku-

lebs kristaluri gisosis kvanZebSi akavebs. myar sxeulebSi nawilakebs Soris 

kavSiri eleqtruli xasiaTisaa, magram sxvadasxva kristalSi sxvadasxvagvarad 

mJRavndeba.  

liTonebSi savalento eleqtronebi sustad aris dakavSirebuli birTv-

Tan, amitom isini advilad scildebian sakuTar atoms, Tavisuflad moZraoben 

aRniSnuli saerTo zonis farglebSi atomidan atomze da yoveli maTganisaT-

vis saerTo, koleqtiuri xdebian. aseT Tavisuflad moZrav eleqtronTa er-

Tobliobas eleqtronuli siTxe, an eleqtronuli airi ewodeba. eleqtronebi 

amWidrovebs dadebiT ionebs, romlebic, Tavis mxriv, erTmaneTisgan ganizideba 

garkveul manZilze maTi miaxloebisas. ionebi kanonzomierad lagdebian sivr-

ceSi erTmaneTis mimarT ise, rom mizidvisa da ganzidvis Zalebi gawonaswore-

bulia. atomTa Soris aseT kavSirs liTonurs uwodeben. 

amgvarad, liTonur kristalebSi atomTa Soris kavSirs ganapirobebs 

atom-ionebsa da maT irgvliv sivrceSi advilad moZrav eleqtronul airs So-

ris urTierTqmedebis Zalebi. swored eleqtronuli airis arseboba ganapiro-

bebs liTonisaTvis damaxasiaTebel ZiriTad Tvisebebs. 

Cveulebriv pirobebSi koleqtiuri eleqtronebi qaosurad moZraobs. li-

Tonis boloebze potencialTa sxvaobis modebiT eleqtronebi mimarTulebiT 

moZraobas iwyebs da gamtarSi deni aRiZvreba. 

liTonis temperaturis gazrda iwvevs ionTa rxeviTi moZraobis amplitu-

dis gazrdas, rac dabrkolebas warmoqmnis eleqtronebis moZraobis gzaze da 

liTonis eleqtrogamtaroba mcirdeba. 

kristalur nivTierebebSi siTbogadacema xorcieldeba rogorc savalen-

to eleqtronebiT, ise atomebisa da ionebis rxeviTi moZraobis xarjze. liTo-

nebSi es procesi ZiriTadad savalento eleqtronebiT mimdinareobs da maT 

ukeTesi siTbogamtaroba axasiaTebs.  

liTonTa plastikurobis sakiTxSi gadamwyvet rols kvlav liTonuri 

kavSiri asrulebs. deformaciis Sedegad, marTalia, xdeba ionebis gadaadgile-

ba sivrceSi, magram maTi kavSiri eleqtronul airTan ar irRveva. amis Sedegia 
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is, rom liToni kargi WedadobiT xasiaTdeba. mxolod mniSvnelovani deforma-

ciis Semdeg wydeba atomebi erTmaneTs da liTonis mTlianobac irRveva. 

 
kristaluri aRnagobis defeqtebi. Cvens mier zemoT ganxiluli Kkrista-

lebi garkveulad idealizebulia. kristaluri gisosi warmodgenili iyo, ro-

gorc mravaljeradi ganmeoreba elementaruli ujredisa, sadac yvela geomet-

riuli kvanZi saTanado liTonis atomebiT iyo dakavebuli. realuri krista-

lebi yovelTvis moklebulia aseT absolutur siswores da isini yovelTvis 

damaxinjebulia. 

realur kristalebSi gvxvdeba wertilovani, xazovani da struqturuli 

defeqtebi. 

wertilovan defeqtebs miekuTvneba vakansia, kvanZebsSorisi (dislocire-

buli) atomi da ucxo atomi.  

vakansia warmoadgens Tavisufal adgils kristalur gisosSi (sur. 1.4, a). 

igi warmoiqmneba gisosis kvanZebidan atomis mowyvetiT da misi gadasvliT an 

kristalis zedapirze, an sruli aorTqlebiT. Tu regularuli mdgomareobi-

dan amovardnili atomi daikavebs adgils gisosis kvanZebs Soris, mas kvanZebs-

Sorisi atomi ewodeba (b). 

 

 

 

 

 

 

 

 

 

 

ucxo, anu minarevis atomi, romelic liTonSi sxvadasxva mizeziT SeiZ-

leba moxvdes, adgils ikavebs an kristaluri gisosis kvanZebSi, sadac cvlis 

ZiriTadi liTonis atomebs, an kvanZebs Soris Cainergeba (sur. 1.4 g). ucxo 

atomi yovelTvis arsebobs minarevis saxiT rogorc teqnikurad sufTa, ise sa- 
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kmaod maRali sisufTavis liTonebSi. 

aRniSnuli defeqtebi amaxinjebs kristaluri gisosis swor geometriul 

formas, rac iwvevs liTonis fizikuri da meqanikuri Tvisebebis Secvlas. ker-

Zod, izrdeba eleqtrowinaRobisa da simtkicis maxasiaTeblebi, plastikuroba 

ki mcirdeba. 

xazovan defeqtebs dislokacia miekuTvneba. igi warmoadgens gisosis 

lokalur damaxinjebas, rac gamowveulia kristalSi `zedmeti~ atomuri naxe-

varsibrtyis, e.w. eqstrasibrtyis gaCeniT (sur. 1.5, a). eqstrasibrtyis 1-1 kide 

warmoqmnis e.w. kidura dislokacias. dislokacia sigrZeSi SeiZleba gavrcel-

des gisosis ramdenime aTas parametrze, SeiZleba iyos swori an gaiRunos da 

bolos, daexves da miiRos spiralis forma. am ukanasknels xraxnuli dislo-

kacia ewodeba (b).  

 

kristalSi SeiZleba warmoiqmnas 1.5 a suraTze warmodgenil dislokaci-

isagan gansxvavebuli, Sebrunebuli dislokacia, rodesac zedmeti atomuri na-

xevarsibrtye `Casolili~ aRmoCndeba ara zemodan, aramed qvemodan. pirvel 

maTgans dadebiT, xolo meores _ uaryofiT dislokacias uwodeben. dadebiTi 

dislokacia aRiniSneba simboloTi ⊥, xolo uaryofiTi – Т. erTi da igive niS-

nis dislokaciebi erTmaneTisgan ganizideba, xolo sawinaaRmdego niSnisa – mi-

izideba. 

dislokaciis garSemo aRiZvreba drekadi damaxinjebis zona, amitom Semd- 
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gomi deformaciis zemoqmedebiT dislokacia advilad amoZravdeba – igi dai-

Zvreba neitraluri mdebareobidan, xolo mezobeli sibrtye Sualeduri mdgo-

mareobis gavliT (sur. 1.6, a, b) eqstrasibrtyed gadaiqceva (g). saboloo jamSi 

dislokacia SeiZleba kristalis sazRvris gareTac gamovides, anu ganviTar-

des plastikuri deformacia. moZraobis procesSi, miaxloebisas, sawinaaRmdego 

niSnis dislokaciebi erTmaneTs spobs.  

 liTonis 1 sm3 moculobaSi dislokaciis jamur sigrZes santimetrebSi 

dislokaciis simkvrive ewodeba. misi ganzomilebaa: 

ρ=sm/sm3=sm-2 

erT-erT struqturul defeqts mozaikuri struqtura miekuTvneba. marc-

vali ar warmoadgens monoliTur kristals, romelic Sedgenili iqneba mkac-

rad paraleluri kristalografiuli sibrtyeebisagan. sinamdvileSi elementaru-

li ujredebis mTeli jgufebi erTmaneTis mimarT Semobrunebulia mcire kuT-

xiT (θ=0,3-40). aseTi damaxinjebiT miRebul struq-

turas mozaikurs uwodeben (sur. 1.7), xolo mis 

Semadgenel blokebs – mozaikis blokebs. blokis 

zomebi 10-5-10-3 sm_s Seadgens. blokebis urTierT-

SeuRleba dislokaciebiT xorcieldeba (sur. 1.8).     

xSirad blokebi erTiandebian ufro msxvil 

agregatebad – fragmentebad, romlebic erTmane-

Tis mimarT ramdenime gradusiT (θ=5-100) aris Semob-

runebuli. dabolos, fragmentebi erTiandebian 

marcvalSi. marcvlebi erTmaneTis mimarT ramdenime  
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aTeuli gradusiT aris Semobrune-

buli. 

           1.9 suraTze warmodgenilia 

naxSirbadmcire foladis mikro-

struqtura, romelic Seicavs mar-

cvlebs, fragmentebsa da blokebs. 

marcvlebi yovelTvis ar xa-

siaTdeba aseTi samsafexuriani 

struqturiT. SeiZleba isini Sed-

gebodes fragmentebisagan mozai-

kuri struqturis gareSe an mxo- 

lod mozaikis blokebisagan.  
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T a v i  II 
 
 

sufTa liTonebis kristalizacia 
 

pirveladi kristalizaciis Sedegad Camoyalibebuli struqtura nakeTo-

bis mraval Tvisebas gansazRvravs. am procesSi formirebuli defeqtebi li-

Tonis formis Secvlisa Tu damuSavebis sxvadasxva stadiis gavlis Semdeg Se-

iZleba mza produqciaSi aRmoCndes, rac arTulebs sasurveli Tvisebebis mqone 

liTonis miRebas. aqedan gamomdinare, inJinrisa Tu mecnieris erT-erTi umTav-

resi amocanaa qimiuri SedgenilobiTa da TvisebebiT erTgvarovani, udefeqto 

zodis da sxmulis miReba, rac kristalizaciis procesis marTvis gziT aris 

SesaZlebeli.      

 

2.1. kristalizaciis procesis energetiukuli  

pirobebi da meqanizmi 

 

rogorc cnobilia, nebismieri nivTiereba SeiZleba airad, Txevad an myar 

mdgomareobaSi arsebobdes. sufTa liTonebSi garkveul pirobebSi mimdinare-

obs agregatuli mdgomareobis Secvla: airadi mdgomareoba icvleba TxevadiT, 

Txevadi ki myariT. gardaqmnis temperatura damokidebulia wnevaze, magram mu-

dmivi wnevis pirobebSi igi sruliad gansazRvrulia. 

liTonis gacivebis dros kristalizaciis procesi TviTneburad mimdina-

reobs, rac gamomdinareobs Termodinamikis zogadi kanonebidan, romlis Tanax-

mad, sistema yovelTvis cdilobs daikavos iseTi mdgomareoba, sadac mas mini-

maluri Tavisufali energia eqneba.  

  temperaturis SecvliT Txevadi da myari mdgomareobebis Tavisufali 

energiebi sxvadasxva kanonzomierebiT icvleba da mrudebi garkveul T0  wer-

tilSi ikveTeba (sur. 2.1.). T0 temperatura dnobis (gamyarebis) Teoriul tempe-

raturas warmoadgens. Tumca am wertilSi kristalizacia ar SeiZleba mimdina-

reobdes, radgan Txevadi da myari fazis Tavisufali energiebi tolia: Fs=Fk. 

T0 wertilis marjvniv, e. i. maRal temperaturaze, sistemisaTvis ufro xelsay-

relia Txevadi mdgomareoba, radgan es ukanaskneli naklebi Tavisufali ener- 
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giiT xasiaTdeba, marcxniv ki – kri-

staluri mdgomareoba. amitom, Tu 

gamdnar liTons T0 wertilis qvemoT, 

raRac T1 temperaturamde gadavaci-

ebT, daiwyeba kristalizaciis pro-

cesi, romlis mamoZravebel Zalas 

arsebiTad Txevad da myar mdgomare-

obebs Soris Tavisufali energiebis 

sxvaoba ( ∆ F=F1−F2) warmoadgens (sur. 

2.1). temperaturas, romelzec realu-

rad iwyebaKkristalizaciis proce-

si, kristalizaciis faqtiuri temperatura ewodeba, xolo temperaturaTa sxvao-

bas T0−Tf=n  _ gadacivebis xarisxi. 

      sufTa liTonis gacivebis procesi SeiZleba gamoisaxos mrudiT koordina-

tebSi temperatura _ dro (sur. 2.2). Txevadi fazis gacivebisas sistemis tempe-

ratura jer mdovred mcirdeba (1_2 ubani b mrudze), radgan am dros siTxeSi 

araviTari xarisxobrivi cvlileba ar xdeba. amorful nivTierebebSi, sadac 

gamyareba kristalebis warmoqmnis, anu kristalizaciis gareSe mimdinareobs, 

temperaturis cvlilebis  aseTi  mdovre  xasiaTi  SenarCunebulia  gacivebis  
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mTel intervalSi (sur. 2.2, a). liTonebSi, rogorc ki sistemis temperatura 

kristalizaciis faqtiur temperaturas miaRwevs, mrudze horizontaluri baqa-

ni (2_2′) warmoiqmneba. es imis maCvenebelia, rom kristalizaciis procesi suf-

Ta liTonebSi mudmiv temperaturaze, izoTermulad mimdinareobs, radgan at-

mosferoSi gacemuli siTbo kompensirdeba kristalizaciis faruli siTbos 

gamoyofiT (vertikaluri isrebi diagramaze, b mrudi). Zlieri gadacivebis Sem-

TxvevaSi intensiurad gamoyofili faruli siTbos xarjze temperaturam SeiZ-

leba swrafad aiwios (g) da dnobis wertilsac ki miuaxlovdes. Tu ar moxda 

siTbos atmosferoSi gacema, gamyarebis procesi SeiZleba Sewydes kidec. 

kristalizacia ganixileba, rogorc atomebis gadasvla Txevadi mdgoma-

reobisaTvis damaxasiaTebeli mouwesrigebeli mdgomareobidan mowesrigebul 

mdgomareobaSi. procesi ori Tanmimdevruli elementaruli aqtiT mimdinare-

obs. pirveli mdgomareobs kristalis uwvrilesi nawilakebis, e.w. kristali-

zaciis centrebis CasaxvaSi, xolo meore – am warmonaqmnebidan kristalebis 

zrdaSi.  

Canasaxi mdgrad warmonaqmnad rom gadaiqces, igi garkveul kritikul 

zomamde unda gaizardos Txevadi fazis xarjze, raTa winaaRmdegoba gauwios 

siTxis atomebis damangrevel zemoqmedebas. Canasaxis minimalur zomas, romlis 

gazrda SesaZlebelia, kritikuli zoma (rk) ewodeba, xolo aseT Canasaxs – 

mdgradi. am centrebze xdeba liTonis atomebis daSeneba, anu kristalebis zo-

mebis zrda Txevadi fazidan Canasaxze atomebis kanonzomierad mierTebis gziT. 

aseT process TviTneburi, homogenuri kristalizacia ewodeba. 

am ori elementaruli safexuris gaTvaliswinebiT kristalizaciis pro-

cesi SeiZleba Semdegi sqemis saxiT warmovidginoT: davuSvaT, 2.3 suraTze ga-

mosaxul farTobSi yovel wamSi xuTi kristalizaciis centri Caisaxeba. pir-

veli wamis bolosaTvis Casaxuli centrebidan momdevno wamSi kristalebi gark-

veul zomamde gaizrdeba. erTdroulad kvlav xuTi kristalizaciis centri 

Caisaxeba da a.S. centrebis amgvari CasaxviTa da maTi zrdiT mimdinareobs kris-

talizacia, romelic mocemul SemTxvevaSi meSvide wamSi mTavrdeba. 

realur teqnikur liTonebSi yovelTvis aris sxvadasxva saxis minareve- 

bi, romlebmac mza kristalizaciis centrebis roli SeiZleba iTamaSos.  aseT 
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process heterogenuli kristalizacia ewodeba da realur liTonebSi mas wam-

yvani roli eniWeba. 

kristalizaciis centrTa ricxvi da kristalebis zrdis siCqare damoki-

debulia gadacivebis xarisxze, rac kargad Cans 2.4 suraTze warmodgenili  

grafikidan. rac ufro metia gadacivebis xarisxi, miT  ufro  didia  myar  da  

Txevad fazebs Soris Tavisufali energiebis sxvaoba, amitom miT ufro in-

tensiurad mimdinareobs kristalizaciis procesi da miT ufro wvrilmarcv-

lovani struqtura Camoyalibdeba.  

meore mxriv, gadacivebis xarisxis gazrdiT izrdeba liTonis siblante, 

rac aZnelebs difuzuri procesebis mimdinareobas da, aqedan gamomdinare, kris-

talizaciis centrebis Casaxvasa da maT zrdas. amitom garkveuli gadacivebis 

xarisxidan dawyebuli, kristalizaciis orive parametri klebas iwyebs da mru-

debi daRmaval xasiaTs Rebulobs. Txevadi fazis zeswrafi siCqariT (>106 0C) 

gacivebisas difuzuri procesebis mimdinareoba imdenad Zneldeba, rom mux-

ruWdeba Canasaxis warmoqmnis SesaZlebloba. temperaturis ganuxreli Semci-

rebis gamo ki nivTierebis siblante sul ufro izrdeba, igi myardeba krista-

lizaciis gareSe da amorful mdgomareobaSi gadadis. aseTi struqturis mqone 

masalebma amorfuli liTonis, an liTonuri minis saxelwodeba miiRo. 
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       homogenuri an heterogenuli 

kristalizaciis procesi SeiZleba 

sxvadasxvanairad warimarTos da amis 

mixedviT Sedegic sxvadasxva miiReba. 

Tu kristalis zrda erTi cent-

ridan xdeba,  gamyarebis  Semdeg Si- 

naganad srulyofili kristaluri 

agebulebisa da swori gareTa geo-

metriuli formis warmonaqmni miiRe-

ba, romelsac monokristali ewode-

ba (sur. 2.5, a).  

rodesac kristalizacia erT-

droulad ramdenime centridan mim-

dinareobs, sanam kristali garSemo-

rtymulia siTxiT, igi swor geomet-

riul formas Rebulobs, magram mzardi kristalebis urTierTSexvedrisas xde-

ba maTi Tavisufali zrdis SezRudva, Cndeba maT Soris sazRvari da swori 

forma maxinjdeba. amgvarad miiReba damaxinjebuli zedapiris mqone warmonaqm-

nebi, romelTac marcvlebi ewodeba (sur. 2.5, b). 

umetes SemTxvevaSi kristali sxvadasxva mimarTulebiT sxvadasxva siCqa-

riT izrdeba. aseT SemTxvevaSi Tavdapirvelad warmoiqmneba wagrZelebuli, 

nemsisebri gamonazardi, e.w. kristalis pirveli rigis RerZi. analogiurad, 

pirvelad RerZebze miiReba ganStoebebi, romlebic, Tavis mxriv, sxva ganStoe-

bebis safuZvels warmoadgens. Sedegad Camoyalibdeba datotvili, xismagvari 

formis kristali, romelsac dendriti ewodeba (sur. 2.5, g). Semdeg xdeba den-

dritebs Soris sivrcis Sevseba marcvlamde (d). 

 

2.2. meoreuli gardaqmnebi sufTa liTonebSi 
 

alotropiuli gardaqmnebi. mocemuli elementis atomebma SeiZleba war-

moqmnas nebismieri formis kristaluri gisosi, magram mdgradi aRmoCndeba  is, 

romelsac minimaluri energia gaaCnia. ase magaliTad, myar mdgomareobaSi  li- 
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Tiums, natriums, kaliums, rubidiums, ceziums, molibdens, volframs da kidev 

sxva liTonebs axasiaTebT sivrciT dacentrebuli kuburi kristaluri gisosi; 

alumins, kalciums, spilenZs, vercxls, platinas – waxnagdacentrebuli, xolo 

beriliums, magniums, cirkoniums, hafniums, osmiums – heqsagonuri. 

mraval nivTierebaSi, gansakuTrebiT gardamaval liTonebSi, erT piro-

bebSi Camoyalibebuli kristaluri gisosi gare faqtorebis (temperatura, wne-

va) SecvliT SeiZleba aramdgradi aRmoCndes da igi formas Seicvlis. magali-

Tad, sxvadasxva pirobebSi rkinam SeiZleba warmoqmnas sivrciT dacentrebuli 

an waxnagdacentrebuli kristaluri gisosi; aRmoCenilia kobalti waxnagda-

centrebuli da heqsagonuri gisosebiT. sxvadasxva kristalur formaSi arse-

bobs agreTve kala, manganumi, titani, urani da cirkoniumi. 

erTi da igive liTonis sxvadasxva kristalur formaSi arsebobas po-

limorfizmi (mravalformianoba), anu alotropizmi ewodeba, xolo liTonis 

kristalografiul saxesxvaobebs – polimorfuli, anu alotropiuli modifi-

kaciebi. erTi da imave nivTierebis saxesxvaobani aRiniSneba α, β, γ, δ asoebiT, 

romlebic indeqsebis saxiT elementebis aRmniSvnel qimiur simboloebs  emate- 
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ba. magaliTad, Feα,  Tiβ  da a.S. 

wnevis mcire cvlileba polimorful gardaqmnas ar iwvevs, amitom praq-

tikuli liTonmcodneobisaTvis mniSvnelovans temperaturuli alotropia 

warmoadgens. radgan alotropiuli gardaqmna myar mdgomareobaSi mimdinare-

obs, pirveladi gardaqmnis, kristalizaciisagan gansxvavebiT,  mas meoreuls 

uwodeben. 

amgvarad, alotropiuli gardaqmna imaSi mdgomareobs, rom liTonis ga-

xurebis an gacivebis dros xdeba erTi saxis  kristaluri  gisosis  atomebis 

gadajgufeba meore saxis gisosad. 

alotropiuli gardaqmna sufTa liTonebSi erT garkveul, mudmiv tempe-

raturaze Tburi efeqtiT warimarTeba – gaxurebisas xdeba energiis STanTqma, 

xolo gacivebisas – energiis gamoyofa. amitom sufTa liTonis gacivebis 

mrudze pirveli horizontaluri baqnis qvemoT, romelic Txevadi liTonis 

kristalizacias Seesabameba, kidev imdeni baqani warmoiqmneba, ramdeni alot-

ropiuli saxesxvaobac mas gaaCnia. temperaturas, romelzec alotropiuli 

gardaqmna mimdinareobs, alotropiu-

li gardaqmnis temperaturas uwode-

ben. 

alotropiuli gardaqmna Seq-

cevadia, e.i. Tu gaxurebisas α modi-

fikacia β-Ti icvleba, gacivebisas 

xdeba piruku gardaqmna – β faza 

kvlav α-Si gadadis (sur. 2.6).  

alotropiuli gardaqmna mimdi-

nareobs axali fazis kristaliza-

ciis centrebis CasaxviTa da maTi 

zrdiT. procesi emorCileba igive kanonzomierebebs, romlebic pirveladi kri-

stalizaciis Seswavlis dros ganvixileT, magram vinaidan gardaqmna myar mdgo-

mareobaSi mimdinareobs, difuziis siCqare ramdenime xarisxiT naklebia siTxes- 

Tan SedarebiT. es Tavisebureba gamoxatulebas poulobs imaSi, rom pirvelad 

kristalizaciasTan SedarebiT alotropiuli gardaqmnis mimdinareobisaTvis 
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saWiroa mniSvnelovnad ufro didi gadaciveba, rac praqtikulad aris dadas-

turebuli. 

alotropiuli gardaqmna SeiZleba agreTve aradifuziuri, e.w. martensi-

tuli meqanizmiTac warimarTos. zogierT liTonSi igi orive meqaniziT rea-

lizdeba, rasac ZiriTadad gadacivebis pirobebi gansazRvravs. 

Tu alotropiuli gardaqmnis temperatura imdenad  maRalia,  rom   li-

Tons kargi plastikuroba gaaCnia, maSin procesi SeiZleba mcire gadacivebiT, 

difuzuri meqanizmiT warimarTos. dabal temperaturaze, rodesac atomebis 

gadajgufeba difuziiT TiTqmis SeuZlebeli xdeba, alotropiuli gardaqmna 

martensituli meqanizmiT warimarTeba. aqedan gamomdinare, gardaqmnis aseTi 

meqanizmi realizdeba an maRaltemperaturuli fazis didi gadacivebis piro-

bebSi, an iseT liTonebSi, romlebsac Zalian dabali alotropiuli garda-

qmnis temperatura gaaCnia. magaliTad, alotropiuli gardaqmna kobaltSi, 

(T0=4200C) mxolod martensituli meqanizmiT mimdinareobs. rkinaSi (T0=9110C), 

titanSi (T0=8820C), cirkoniumSi (T0=8620C) da sxva liTonebSi, romlebsac T0-is 

maRali mniSvnelobebi gaaCnia, mcire gadacivebisas – difuzuri, didi gada-

civebis SemTxvevaSi ki – martensituli meqanizmiT. 

martensitisaTvis damaxasiaTebelia gansakuTrebuli mikrostruqtura. 

martensitis kristalebi warmoadgens firfitebs, romlebic ganlagebulia 

urTierTparalelurad an garkveuli kuTxiT (foladebSi 60 an 1200-iT) erT-

maneTis mimarT. mikroxexis sibrtyeSi maT aqvT nemsisebri forma, amitom mar-

tensituli struqturis aRwerisaTvis sruliad misaRebia termini `nemsisebri~. 

martensituli struqturis aseTi orientacia ganpirobebulia imiT, rom nemsebi 

warmoiqmneba sawyisi fazis garkveul kristalografiul sibrtyeebze aseve 

garkveuli mimarTulebiT atomebis kooperaciuli da kanonzomieri gadaadgi-

lebiT (ZvriT) sivrceSi, amasTan, ar xdeba atomebis adgilebis urTierTSenacv- 

leba da maT Soris manZilis mniSvnelovani Secvla. amdenad, martensituli 

gardaqmna damyarebulia Zvris procesze. martensitis yoveli firfita cal-

keul kristals, monokristals warmoadgens. 

 2.7 suraTze warmodgenilia martensituli meqanizmiT γ→α gardaqmnis Se-

degad martensitis nemsebis ramdenime orientirebuli sistema. isini Seesabame- 
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ba sawyisi, maRaltemperaturuli γ fazis 

marcvlebs, romlebidanac martensitis nem-

sebi warmoiqmna. 

 
     rkinis alotropizmi. normaluri wne-

vis pirobebSi rkina or alotropiul saxe-

sxvaobaSi SeiZleba arsebobdes. 9110C-is qve-

moT da 13920C-is zemoT dnobis temperatu-

ramde stabiluria rkinis α modifikacia 

(Feα), romelsac sivrciT dacentrebuli ku-

buri kristaluri gisosi gaaCnia. 911-13920C  

temperaturul intervalSi ki mdgradia 

rkinis γ modifikacia waxnagdacentrebuli kuburi kristaluri gisosiT (sur. 2.8). 

maRaltemperaturul α rkinas xSirad Feδ-Ti aRniSnaven. 

   horizontaluri baqani, romelic 7680C-ze miiReba, ar aris dakavSirebuli 

kristaluri gisosis gadajgufe-

basTan. igi kiuris wertils war-

moadgens. am wertilis zemoT rki-

na aramagnituria, xolo qvemoT – 

feromagnituri. feromagnituri α 

rkinisagan gansxvavebiT, aramagni-

tur α rkinas xSirad Feβ_Ti aR-

niSnaven. 

     gaxurebisas gardaqmnis kri-

tikuli wertilebi AC-Ti aRiniS-

neba (Ac2, Ac3, Ac4), xolo gacivebi-

sas - Ar–iT (Ar2, Ar3, Ar4). 
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T a v i  III 
 

liTonis meqanikuri Tvisebebi 
 

3.1. zogadi mimoxilva 

 
gare Zalebis zemoqmedebiT liToni icvlis formas da zomebs, anu de-

formirdeba. mcire datvirTva iwvevs mxolod drekad deformacias. am SemTxve-

vaSi mniSvnelovani struqturuli cvlilebebi ar mimdinareobs. ZiriTadad 

xdeba atomebis gadaadgileba mcire, atomTSorisze naklebi manZiliT, rac  

kristaluri gisosis damaxinjebas iwvevs. es cvlilebebi kristalSi SenarCu-

nebulia manam, sanam moqmedebs gare Zalebi. Zalis moxsnis Semdeg atomebi ub-

rundeba Tavis pirvandel wonasworul mdgomareobas, gisosis damaxinjeba ixs-

neba da liTonSi aRdgeba sawyisi forma da zomebi. liTonis unars, winaaRmde-

goba gauwios drekad deformacias, sixiste ewodeba. 

moqmedi Zala liTonSi aRZravs Zabvebs. magaliTad, nimuSis gaWimvis Sem-

TxvevaSi aRZruli Zabva σ=
F
P

 mgpa, sadac P aris moqmedi Zala, F – ganivi kve-

Tis farTobi Zalis moqmedebis ubanSi. 

Tu liTonSi aRZruli Zabva gadaaWarbebs drekadobis zRvars, gacilebiT 

ufro rTuli procesi iwyeba – plastikuri deformacia. plastikuri defor-

maciis dros kristalis erTi nawili mTlianad gadaadgildeba (daiZvreba) me-

oris mimarT. Zalis moqmedebis Sewyvetis Semdeg liToni aRar ubrundeba Ta-

vis pirvandel mdgomareobas, anu rCeba deformirebul mdgomareobaSi. moqmedi 

gare Zalebis garkveul sididemde gazrdis Semdeg iwyeba liTonis rRveva. 

sakonstruqcio masalas moeTxoveba ara marto deformaciisadmi, aramed 

rRvevisadmi (ngrevisadmi) gazrdili winaaRmdegobac. winaaRmdegobas defor-

maciisadmi aerTianeben zogad cnebaSi `simtkice~, xolo winaaRmdegobas rRve-

visadmi – cnebaSi `saimedooba~. Tu nakeTobis mTlianobis rRveva xorcieldeba 

ara erTi, aramed mravalgzis datvirTvis aqtis Semdeg, saqme gvaqvs masalis 

xangamZleobasTan. bunebrivia, maRalxarisxovani sakonstruqcio masala erT-

droulad unda xasiaTdebodes rogorc simtkiciT, ise saimedoobiT da xangam-

ZleobiT.  
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liTonis rRveva SeiZleba iyos myife da blanti. myife rRveva didi  siC- 

qariT vrceldeba praqtikulad plastikuri deformaciis mimdinareobis gareSe, 

blanti texili ki vrceldeba dabali siCqariT, magram mniSvnelovani winaswa-

ri plastikuri deformaciis gziT.  

 
3.2. liTonis meqanikuri Tvisebebis maxasiaTeblebi 

 
simtkice da plastikuroba. liTonis meqanikuri Tvisebebis Seswavla xor-

cieldeba specialurad damzadebuli nimuSis gaWimvaze gamocdiT (sur. 3.1, a). ga-

mocdis win ganisazRvreba nimuSis saangariSo sigrZe  0  da sawyisi ganivkve-

Tis farTi 0F . 

gamocdis dros nimuSis datvirTva TandaTanobiT xdeba. gamocdis Sede-

gebi gamoisaxeba mrudiT, romlis xasiaTi plastikuri liTonisaTvis 3.1 b su-

raTzea warmodgenili. gaWimvaze gamocdisas Semdegi ZiriTadi maxasiaTeblebi 

ganisazRvreba:  

       1. proporciulobis zRvari σpr. es aris 

maqsimaluri Zabva diagramis drekadi defor-

maciis OA ubanze, sadac Zabva fardobiTi wa-

grZelebis pirdapirproporciulad icvleba: 

       σpr=Ppr/F0, mgpa; 

2. denadobis zRvari σden. gaWimvis dia-

gramaze mas Seesabameba horizontaluri ubani 

BC. igi aris maqsimaluri Zabva, romlis dro-

sac nimuSi deformacias ganicdis datvirT-

vis gauzrdelad: 

σden=Pden/ F0, mgpa; 

      liTonTa umravlesobisaTvis gaWimvis 

mrudze denadobis zRvari mkafiod ar aris 

gamoxatuli. aseT SemTxvevaSi mimarTaven de-

nadobis pirobiTi zRvris gamoTvlas. es aris 

Zabva, romlis drosac warmoqmnili wagrZe-
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leba  nimuSis sawyisi sigrZis 0,2%-s Seadgens. igi aRiniSneba simboloTi σ0,2. 

3. simtkicis zRvari gaWimvisas σmaqs. igi warmoadgens maqsimalur Zabvas, 

romelsac liToni uZlebs rRvevamde: 

σmaqs=Pmaqs/ F0, mgpa; 

4. fardobiTi wagrZeleba δ. igi aris nimuSis sigrZis namatis Sefardeba 

sawyis sigrZesTan da gamoisaxeba procentobiT: 

δ=( k - 0 )/ 0 = (Δ  / 0 ) x100, %, 

sadac 0  aris nimuSis sawyisi sigrZe, k - saboloo sigrZe, xolo Δ 0 - nimuSis 

sigrZis namati. 

5. fardobiTi Seviwroeba ψ, romelic warmoadgens ganivkveTis farTobis 

maqsimaluri Semcirebis fardobas sawyisi ganivkveTis farTTan: 

ψ=
0

0

F
FF k−

100%, 

sadac F0  aris nimuSis sawyisi ganivkveTis farTi, xolo Fk  - saboloo farTi 

nimuSis maqsimalurad Seviwroebis ubanSi. 

σpr, σden da σmaqs  simtkicis maxasiaTeblebia, xolo  δ da ψ – plastikuro-

bis maCveneblebi. amdenad, plastikuroba aris liTonis unari, gare Zalebis 

zemoqmedebiT Seicvalos forma mTlianobis daurRvevlad. 

 

dartymiTi siblante. liTonis meqanikuri Tvisebebis erT-erTi umniSvne-

lovanesi maxasiaTebelia dartymiTi siblante a n (n _ naseri). igi ganisazRv-

reba specialurad momzadebuli nimuSis gamocdiT dinamikuri, dartymiTi dat-

virTvis pirobebSi (sur. 3.2). dartymiTi siblante gamoiTvleba nimuSis gadate-

xaze daxarjuli muSaobis (A) SefardebiT nimuSis ganivkveTis farTTan (F): 

a n =A/F, mgj/m2 

sapasuxismgeblo detalebis dartymiTi siblante maRali unda iyos. maga-

liTad, saaviacio Zravis lilvisaTvis a n=1-1,1 mgj/m2; iaraRis lulisaTvis 

sakmarisia a n=0,6-0,7 mgj/m2; saartilerio masalebisaTvis, romlebsac maRali 

drekadobis maxasiaTeblebi moeTxoveba, a n=0,4 mgj/m2; detalebisaTvis, romle- 

bic  dinamikuri  datvirTvis pirobebSi muSaobs, dauSvebelia dabali mniSvne- 
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loba ( a n≥0,15 mgj/m2). 

 
sisale. simtkicis maxasiaTeble-

bis Sesafaseblad sargebloben agreT-

ve sisalis gansazRvris meTodiT, ro-

melic ar moiTxovs nakeTobis mTlia-

nobis darRvevas. sisales aRniSnaven H  

simboloTi. 

sisale aris liTonis unari, 

winaaRmdegoba gauwios drekad an plastikur deformacias masSi gareSe, ufro 

sali sxeulis SeWris SemTxvevaSi. sisalis gansazRvris araerTi meTodi 

arsebobs, romelTagan yvelaze gavrcelebulia: 

1. brinelis meTodi (sur. 3.3, a). am xerxiT sisalis gansazRvris dros ga-

mosacdel nimuSSi winaswar SerCeuli P ZaliT iwnexeba D diametris foladis 

nawrTobi burTula. burTulas diametri (D=10; 5; 2,5 mm) SeirCeva gamosacdeli 

masalis sisqis an diametris mixedviT. sisale aRiniSneba simboloebiT HB (B 

gamocdis meTodis aRmniSvneli simboloa) da gamoiTvleba datvirTvis Sefar-

debiT nimuSze miRebuli sferuli anabeWdis zedapiris farTTan: 

HB=
F
P = ( )22

2
dDDD

P
−−π

 x10 mgpa, 

sadac P aris datvirTvis sidide, kg; 

F – anabeWdis zedapiris farTobi, mm2; 

D - burTulas diametri, mm; 

d - anabeWdis diametri, mm. 

sisalis mniSvnelobis aReba SesaZlebelia uSualod saTanado cxrile-

bidan. Tu magaliTad, gazomvis Sedegad miRebulia ricxvi 350, sisalis mniSv-

neloba Semdegnairad Caiwereba: HB 350. 

2. rokvelis meTodi (sur. 3.3, b). rokvelis xerxiT sisalis gamocdis 

dros indentorad gamoiyeneba almasis konusi an foladis nawrTobi burTula. 

almasis konusis wverosTan mdebare kuTxe Seadgens 1200, xolo burTulas dia- 
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metri – 1,588 mm. sisalis mniSvnelobad miRebulia Cawnexis siRrmis (h0) Sebru-

nebuli sidide. anaTvali uSualod xelsawyos skalidan aiReba. xelsawyos 

aqvs sami skala – C, A da B. almasis konusiT gamocdisas, rodesac datvirTva 

Seadgens 150 kg (rokvelis meTodiT sisalis gamocdisas datvirTva yvela Sem-

TxvevaSi standartulia), anaTvali C skalidan aiReba da aRiniSneba simboloe- 

biT HRC (magaliTad,  50 HRC ). analogiurad, rodesac datvirTvis sidide Seadgens 

60 kg, sisale aRiniSneba HRA-Ti.  

burTuliT gamocdisas datvirTvis sididea 100 kg, sisale aiReba BBska-

lidan da Caiwereba simboloebiT HRB.  

3. vikersis meTodi (sur. 3.3, g). am xerxiT sisalis gansazRvrisas gamosac- 

del nimuSSi iwnexeba almasis piramida da izomeba anabeWdis diagonalis si-

grZe d. sisale HV gamoiTvleba formuliT: 

HV=1,854 2d
P , 

sadac P aris datvirTvis sidide, kg; 

d - anabeWdis diagonalis sigrZe, mm. 

datvirTvis sidide umetes SemTxvevaSi SeirCeva eqsperimentulad. sisa-

lis mniSvnelobis aReba SesaZlebelia saTanado cxrilebidanac. 

HB da HRB sisalis gansazRvris meTodebi gamoiyeneba rbili masalebi-

saTvis, HRC – sali liTonebisaTvis, xolo HRA da HV – ZiriTadad Txeli 

furclebisa da fenebisaTvis. 

arsebobs Sesabamisi cxrilebi, romlis saSualebiTac SesaZlebelia  er- 
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Ti meTodiT gazomili sisalis mniSvnelobis gadayvanaYmeoreSi, maT Soris 

brinelis erTeulebSi. 

sisale brinelis erTeulebSi daaxloebiT samjer aRemateba igive masa-

lis simtkicis zRvars gaWimvaze. ase magaliTad, Tu sisalis mniSvnelobaa 

HB300, am masalis simtkice daaxloebiT  1000 mgpa-s Seadgens. aseTi gamoTvla 

saorientacio, miaxloebiTia da miuRebelia myife masalebisaTvis. 

 

3.3. civWedva da rekristalizacia 

 

struqturuli cvlilebebi civad deformaciis dros. rogorc zemoT iyo 

aRniSnuli, plastikuri deformacia xorcieldeba gare Zalebis moqmedebis pi-

robebSi. rogorc gamomdinareobs 3.1. suraTze warmodgenili mrudis xasiaTi-

dan, ukve deformirebuli liTonis Semdgomi deformaciisaTvis saWiroa moqme-

di Zalis sul ufro metad gazrda (mrudis CD ubani aRmavalia). rac ufro me-

tia deformaciis xarisxi, miT ufro Znelia misi Semdgomi deformacia. sxva-

gvarad rom vTqvaT, civad plastikuri deformaciis dros liToni mtkicdeba 

da am movlenas civWedva ewodeba.  

civWedvis efeqti ganpirobebulia deformaciis procesSi kristaluri 

agebulebis defeqtebis (dislokacia, vakansia, kvanZebsSorisi atomi) raodenobis 

zrdiT. erTdroulad marcvalSi mim-

dinareobs blokebis msxvreva da kris-

taluri gisosis damaxinjeba. yovelive 

es mniSvnelovnad aZnelebs dislokaci-

ebis gadaadgilebas, anu izrdeba li-

Tonis simtkice, plastikuroba ki kle-

bulobs. (sur. 3.4).  

aRsaniSnavia, rom liTonis for-

mis cvlileba wneviT damuSavebis dros 

mimdinareobs yoveli marcvlis plas-

tikuri deformaciis  xarjze. Tavda-

pirvelad  nebismierad orienyirebuli 
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marcvlebi maqsimaluri simtkicis RerZebiT Semobrunebas iwyebs da liTonis 

dinebis mimarTulebiT ganlagdeba. SemdgomSi aqamde daaxloebiT tolRerZa 

marcvlebi wagrZelebas iwyebs deformaciis mimarTulebiT da struqtura boW-

kovan agebulebas Rebulobs (sur. 3.5). marcvlebis kanonzomier orientacias 

garedan miyenebuli deformirebadi Zalis mimarT deformaciis teqsturas uwo-

deben. 

 
 

 

 

 

 

 

 

gaxurebis gavlena civnaWedi liTonis struqturasa da Tvisebebze. plas-

tikur deformacias liToni struqturulad arawonasworul mdgomareobaSi 

gadahyavs. liTonSi TavisTavad unda mimdinareobdes procesebi, romlebic mas 

SedarebiT mdgrad mdgomareobaSi daabrunebs. temperaturis gazrda aCqarebs 

procesis mimdinareobas.  

SedarebiT dabal temperaturaze (0,2-0,3 Tdn, sadac Tdn aris liTonis dno-

bis absoluturi temperatura) gardaqmnebi mxolod marcvlebisa da kristalu-

ri gisosis SigniT mimdinareobs. mcirdeba dislokaciis simkvrive, Siga daZabu-

loba da vakansiebis ricxvi, irwymeba mozaikis blokebi da aRdgeba kristalu-

ri gisosis forma (sur. 3.6). am movlenas gamobruneba ewodeba. gamobrunebis Se-

degad liTonis sisale da simtkice 20-30%-iT mcirdeba, xolo plastikuroba – 

matulobs. 

temperaturis Semdgomi aweviT izrdeba atomebis Zvradobis  unari,  rac 

ganapirobebs cvlilebebis mimdinareobas  mikrostruqturaSi.  damaxinjebuli, 

arawonasworuli marcvlis sazRvrebSi Caisaxeba da izrdeba axali, wonaswo-

ruli marcvlebi Zvelis mospobis xarjze. axali, poliedruli wvrilmarcv- 

lovani struqturis warmoqmnas deformirebuli liTonis boWkovani, teqsturi- 

28 
 



 

 

 

 

 

 

 

 

 

 

 

rebuli struqturis nacvlad, pirveladi rekristalizacia (I stadia) ewodeba. 

liTonis rekristalizaciasa da dnobis temperaturas Soris martivi da-

mokidebuleba arsebobs: 

Trekr≈a Tdn, 

sadac Trekr aris rekristalizaciis absoluturi temperatura; 

Tdn – liTonis dnobis absoluturi temperatura. 

a koeficienti, romlis sidide liTonis sisufTavezea damokidebuli. 

sufTa liTonebisaTvis a =0,1-0,2; Cveulebrivi teqnikuri sisufTavis liTone-

bisaTvis a =0,3-0,4. SenadnobebSi rekristalizacia ufro maRal temperaturaze 

mimdinareobs da zogierT SemTxvevaSi igi 0,8 Tdn aRwevs. 

pirveladi rekristalizaciis Sedegad civWedvis movlena mTlianad ixs-

neba. Sesabamisad icvleba liTonis Tvisebebic: sisale da simtkice mcirdeba, 

xolo plastikuroba da siblante matulobs im mniSvnelobamde, romelic li-

Tons civWedvamde hqonda. 

temperaturis Semdgomi gazrda ganapirobebs rekristalizaciis II stadi-

is dawyebas, romelsac Semkreb rekristalizacias uwodeben. misi arsi imaSi 

mdgomareobs, rom mimdinareobs rekristalizebuli marcvlebis gamsxvileba 

SedarebiT wvrili marcvlebis STanTqmis xarjze (sur. 3.6).  

marcvlis zomas rekristalizaciis dros gansazRvravs rogorc rekris-

talizaciis temperatura, ise liTonis winaswari deformaciis xarisxi. tempe-
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raturis zrdasTan erTad marcvlis sidide ganuxrelad izrdeba. rac Seexeba 

winaswari deformaciis xarisxs, aq mdgomareoba gansakuTrebulia. Tu winaswa-

ri deformaciis xarisxi mcirea (3-5%) an aRemateba 10%, marcvlis zrdis saSiS-

roeba rekristalizaciis optimalur temperaturaze ar arsebobs – procesis 

damTavrebis Semdeg yalibdeba sakmaod wvrilmarcvlovani struqtura (sur. 

3.7), rac TvisebaTa karg kompleqss uzrunvelyofs (maRali sisalisa da simt-

kicis maCveneblebis Sexamebas damakmayofilebel plastikurobasa da dartymiT 

siblantesTan).  

Tu winaswari deformaciis xarisxi 5-10%-is zRvrebSi meryeobs, rekris-

talizaciis II stadiaSi mosalodnelia marcvlis zomis intensiuri zrda, rac 

principulad arasasurveli movlenaa, radgan mniSvnelovnad uaresdeba Tvise-

baTa konpleqsi simyifis maxasiaTeblebis gazrdis xarjze.  

 rekristalizaciis movlenas gaaC-

nia didi praqtikuli mniSvnelobac. igi 

warmoadgens saSualebas civnaWedi liTo-

nis plastikurobis aRsadgenad. magali-

Tad, Tu masala gamoWimulia deforma-

ciis zRvrul mniSvnelobamde, magram sa-

surveli ganivi kveTi jer kidev ar aris 

miRweuli da saWiroebs Semdgom defor-

macias, plastikurobis aRsadgenad auci-

lobelia sarekristalizacio mowvis Ca-

tareba. LLLL  

deformaciis xarisxs, romelic rek-

ristalizaciis temperaturis zemoT gaxurebisas marcvlebis intensiuri siCqa-

riT zrdas ganapirobebs, deformaciis kritikuli xarisxi ewodeba. 
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T a v i  IV 
 
 

SenadnobTa agebuleba 

 

Senadnobi ewodeba ori an meti elementis SednobiT miRebul nivTiere-

bas. tradiciulad, Senadnobebs Rebuloben Txevad mdgomareobaSi fuZe li-

TonTan sxvadasxva nivTierebis SednobiT. arsebobs Senadnobebis miRebis sxva 

xerxebic, rogoricaa, magaliTad: komponentebis Secxoba, difuzuri gajereba, 

eleqtrolizi, plazmuri dafrqveva, vakuumSi orTqlis fazidan komponentebis 

kondensacia. am xerxebiT miRebul Senadnobebs fsevdo Senadnobebs uwodeben. 

Tu Senadnobi upiratesad liTonuri elementebisgan aris damzadebuli 

da liTonuri Tvisebebi axasiaTebs, mas liTonur Senadnobs uwodeben. liTo-

nuri Senadnobebis agebuleba ufro rTulia sufTa liTonebTan SedarebiT da 

umTavresad damokidebulia imaze, Tu ra urTierToba myardeba Senadnobis Se-

madgenel komponentebs Soris myar mdgomareobaSi. 

Txevad mdgomareobaSi yvela elementi erTmaneTSi ganusazRvrelad ixs-

neba (gamonakliss warmoadgens zogierTi wyvili, magaliTad, rkina da tyvia, 

rkina da bismuti da a.S). myar mdgomareobaSi warmoiqmneba mikromeqanikuri na-

revi, qimiuri naerTi an myari xsnari. 

 

4.1. mikromeqanikuri narevi 

 

mikromeqanikuri narevi miiReba im SemTxvevaSi, rodesac mdgeneli kom-

ponentebi A da B Txevad mdgomareobaSi ganusazRvrelad ixsneba erTmaneTSi, 

myar mdgomareobaSi ki erTmaneTSi uxsnadia da arc qimiur naerTs warmoqmnian. 

aseT SemTxvevaSi gamyarebis dros calke izrdeba A komponentis marcvlebi da 

calke B komponentisa. Sedegad Camoyalibdeba maTi mikromeqanikuri narevi, 

rac mikroskopSi sakmaod mkveTrad mJRavndeba (sur. 4.1). 

maSasadame, mikromeqanikuri narevi orfaza Senadnobs miekuTvneba. calke A 

da calke B marcvlebis Tvisebebi sufTa A da sufTa B komponentebis iden-

turia. 
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mikromeqanikuri  narevis  Tvisebebi  damokidebulia  rogorc marcvlebis  

formasa da zomebze, ise komponentebis raodenobriv urTierTSefardebaze  da 

ukavia Sualeduri mdgomareoba saufTa A da sufTa B komponentebs Soris. 

 
4.2. qimiuri naerTi 

 
Tu Senadnobis Semadgeneli komponentebi raRac koncentraciaze qimiur 

naerTs warmoqmnis, maSin kristalizaciis procesSi Camoyalibdeba rogorc A, 

ise B komponentebisagan gansxvavebuli, specifikuri kristaluri gisosi, rome-

lic erTdroulad orive elementis atomebs Seicavs. atomebi kristalur gi-

sosSi mowesrigebulad aris ganlagebuli. elementarul ujredze mosuli 

atomebis ricxvis urTierTSefardeba Seesabameba steqiometriul proporcias 

da SeiZleba gamoisaxos martivi qimiuri formuliT AnBm. 

qimiuri naerTi xasiaTdeba dnobis an disociaciis garkveuli, mudmivi 

temperaturiT da Semadgeneli elementebisagan mkveTrad gansxvavebuli, e.w. 

singularuli TvisebebiT. Sedgenilobidan mcireodeni gadaxra iwvevs Tvisebe-

bis naxtomisebr cvlilebas. amgvarad, qimiuri naerTi erTfaza Senadnobs war-

moadgens. misi struqtura Sedgenilia erTgvarovani qimiuri naerTis krista-

lebisagan.  

Tu  qimiuri  naerTi  mxolod liTonur elementebs Soris warmoiqmneba, 

maSin gisosis kvanZebSi dadebiTad damuxtuli ionebi ganlagdeba, romelTa 

Soris kavSiri eleqtronuli airiT xorcieldeba. aseTi kavSiri ar aris xis-

ti, ris gamoc garkveul pirobebSi romelime elementis raodenoba steqiomet-
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riul proporciasTan SedarebiT SeiZleba meti an naklebi aRmoCndes. maSasa-

dame, liTonebisgan warmoqmnili qimiuri naerTi umravles SemTxvevaSi valen-

tobis kanons ar emorCileba. 

 
4.3. myari xsnari erT-erTi komponentis fuZeze 

 
      liTonuri Senadnobebis umravlesoba, romlebic teqnikaSi gamoiyeneba, 

Txevad mdgomareobaSi warmoadgens erTgvarovan xsnars. myar mdgomareobaSi 

gadasvlisas mraval maTganSi xsnadoba SenarCunebulia. aseTi Senadnobis kri-

stalizaciis Sedegad miRebul fazas myari xsnari ewodeba.     

      myari xsnari erTfaza Senadnobia, romlis struqtura erTgvarovani mar-

cvlebisgan aris Sedgenili (sur. 4.2). misi warmoqmnisas Camoyalibdeba erT-er-

Ti Semadgeneli komponentis kristaluri  gisosi, romelSic  adgils  ikavebs  

meore komponentis atomebic. im elements, romlis kristaluri gisosic Senar- 

Cunebulia, gamxsneli ewo-

deba, xolo meores – gaxs-

nili. atomTa ganlageba mya-

ri xsnaris kristalur gi-

sosSi arakanonzomieria, 

atomTa Tanafardoba – cva-

lebadi da damokidebulia 

Senadnobis koncentraciaze. 

amgvarad, myari xsnari war-

moadgens struqturas, romlis komponentebi saerTo kristalur gisoss warmo-

qmnis.  

imisda mixedviT, Tu rogor aris ganlagebuli gaxsnili elementis ato-

mebi gamxsnelis kristalur gisosSi, myari xsnari ZiriTadad orgvaria: Canacv-

lebisa da Canergvis. 

Canacvlebis myari xsnari warmoiqmneba im SemTxvevaSi, rodesac gamxs-

nelis gisosSi zogierTi atomi (Senadnobis koncentraciis Sesabamisad) Secv-

lilia gaxsnili elementis atomebiT (sur. 4.3).  
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Canacvlebis myari xsnari, Tavis mxriv, SeiZleba iyos ganusazRvreli da 

gansazRvruli xsnadobis. ganusazRvreli xsnadobis SemTxvevaSi gamxsnelis 

atomebis nebismieri raodenoba SeiZleba Seicvalos gaxsnili elementis ato-

mebiT. aqedan gamomdinare, B elementis koncentraciis zrdasTan erTad gamxsne-

lis sul ufro meti raodenobis atomebi Seicvleba B komponentis atomebiT, TiT- 

 

 

 

 

 

 

qosda xorcieldeba A  liTonidan  B-Si  mdovre  gadasvla (sur. 4.4).  

ganusazRvreli myari xsnarebis warmoqmnis erT-erTi umTavresi  pirobaa 

komponentebis kristaluri gisosebis msgavseba da atomis zomebs Soris mi-

nimaluri gansxvaveba. Tu es pirobebi ar aris dakmayofilebuli, xdeba krista-

luri gisosis mniSvnelovani damaxinjeba da sistema xsnadobis zRvars aRwevs.  

dadgenilia, rom rkinaSi ganusazRvreli rigis myari xsnarebi warmoiqmneba 

im SemTxvevaSi, rodesac atomis zomebs Soris sxvaoba ar aRemateba 8%, spilen-

Zis SemTxvevaSi – 10-11%, xolo advildnobadi elementebi ganusazRvrelad ix-

sneba erTmaneTSi radiusis zomebs Soris 17%-mde sxvaobis drosac  ki.  umrav- 
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les SemTxvevaSi temperaturis SemcirebiT 

myar xsnarebSi xsnadobis zRvari  mcirdeba. 

Canergvis myari xsnaris warmoqmnis 

dros gaxsnili elementis atomebi Cainergeba 

gamxsnelis kristaluri gisosis Tavisufal 

adgilebSi (sur. 4.5). umravles SemTxvevaSi 

gaxsnili atomi Tavisi zomiT aRemateba im 

sicarielis zomebs, sadac igi unda mo-

Tavsdes. amitom xsnaris kristaluri gisosis 

moculobiTi damaxinjeba yovelTvis gisosis periodis gazrdiskenaa mimarTuli. 

amave mizeziT Canergvis myari xsnari mxolod gansazRvrulia.  

Canergvis myar xsnarebs iZleva, magaliTad, I da II periodebis elemen-

tebi mcire atomuri radiusiT (wyalbadi – 0,46Å, azoti – 0,71Å da naxSirbadi 

– 0,77Å) gardamavali jgufis liTonebTan – rkinasTan, qromTan, nikelTan, 

manganumTan.  

 
4.4. myari xsnari qimiuri naerTis fuZeze 

 
      myari xsnaris warmoqmnisadmi midrekileba gaaCnia ara marto sufTa li-

Tonebs, aramed qimiur naerTebsac. am SemTxvevaSi SenarCunebulia AnBm qimiuri 

naerTis kristaluri gisosi, magram erT-erTi, magaliTad, B komponentis ato-

mebi kristalur gisosSi cvlis A komponentis atomebis garkveul raodenobas. 

SesaZlebelia, agreTve, moxdes mesame, C elementis gaxsna, romlis atomebi qi-

miuri naerTis kristalur gisosSi Secvlis an A, an B komponentis atomebs. 

magaliTad, rkinis boridSi (Fe4B2) SeiZleba gaixsnas qromi da naxSirbadi. 

amasTan, qromi cvlis rkinis atomebs, xolo naxSirbadi – borisas. Sefardeba 

(Fe+Cr)/(B+C)=4/2 SenarCunebulia da igi SeiZleba gamoisaxos qimiuri formu-

liT (Fe,Cr)4(B,C)2. 

qimiuri naerTis fuZeze myari xsnari miiReba im SemTxvevaSic, Tu kris-

taluri gisosis garkveuli kvanZebi ar iqneba srulad dakavebuli Sesabamisi 

liTonis atomebiT. magaliTad, CoAl qimiur naerTSi gamokristalebis Semdeg 
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SeiZleba aRmoCndes aluminis atomebis Warbi raodenoba steqiometriul pro-

porciasTan SedarebiT Co:Al=1:1. aluminis atomebis siWarbe imiT aris ganpi-

robebuli, rom kristaluri gisosis kvanZebi, romlebic kobaltis atomebiT 

unda iyos dakavebuli, ar aris srulad Sevsebuli, ris gamoc gisosSi xvre-

lebi, anu sicarieleebi miiReba. magaliTad, karbidebis gisosSi (TiC, NbC, ZrC 

da VC) nawilobriv Tavisufali rCeba gisosis is kvanZebi, romlebic naxSir-

bads ekuTvnis.  

 arsebobs iseTi naerTebic, romlebic kristaldeba mxolod myari xsna-

ris saxiT. magaliTad, CuAl2 qimiuri  naerTis zuti Sedgeniloba Seesabameba 

54,1%Cu (masis mixedviT). sinamdvileSi es naerTi arsebobs mxolod 53,25-dan 

53,9%-mde spilenZis Semcvelobis SemTxvevaSi, anu rodesac spilenZis atomebis 

nawili Secvlilia aluminis atomebiT. winaaRmdeg SemTxvevaSi CuAl2 naerTis 

kristaluri gisosi ver Camoyalibdeba.  

myari xsnarebi pirobiT aRiniSneba berZnuli asoebiT α, β, γ da a.S., an 

simboloTi A(B), sadac A gamxsnelia, B ki gaxsnili elementi. 

        
4.5. myari xsnaris mowesrigeba 

 
 rogorc zemoT iyo aRniSnuli, Cveulebriv myar xsnarebSi gaxsnili ele-

mentis atomebi gamxsnelis kristalur gisosSi mouwesrigeblad aris ganlage-

buli. zogierTi sistemis myar xsnarebSi, magaliTad, Cu-Au, Fe-Al, Fe-Ni, Fe-Si, Ni-Mn 

SemCneulia, rom maRali temperaturidan gacivebis procesSi, garkveul tem-

peraturaze, mimdinareobs atomTa difuzuri gadaadgileba, ra drosac gamxs-

nelisa da gaxsnili elementebis atomebi kristalur gisosSi garkveul kris-

talografiul sibrtyeebze mowesrigebulad ganlagdeba. am process myari 

xsnaris mowesrigebas uwodeben, xolo myar xsnars atomebis mowesrigebuli 

ganlagebiT kristalur gisosSi – mowesrigebul myar xsnars. temperaturas, 

romelzec mimdinareobs mowesrigebis procesi, kurnakovis wertili ewodeba.  

magaliTis saxiT ganvixiloT spilenZisa da oqros Senadnobi, romelSic 

komponentebi myar mdgomareobaSi ganusazRvreli xsnadobiT xasiaTdeba. neli 

gacivebis pirobebSi mouwesrigeblad ganlagebuli  oqros  atomebi  waxnagda- 
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centrebuli kubis wveroebSi ikavebs adgils, xolo spilenZis atomebi – wax-

nagebis cenrtSi. atomebis urTierTSefardeba Cu:Au=3:1 da faza SeiZleba ga-

moisaxos qimiuri formuliT Cu3Au (sur. 4.6, a). Tu or waxnagsac oqros ato-

mebi daikavebs, maSin spilenZis erT atomze mova oqros erTi atomi da maTi 

urTierTSefardeba daakmayofilebs formulas CuAu (b). 

 

 

mowesrigebis procesSi kristaluri gisosis tipi ucvleli rCeba, magram

icvleba misi periodebi. zogierT SemTxvevaSi xdeba gisosis umniSvnelo dama-

xinjeba. magaliTad, Cu-Au sistemis mouwesrigebel myar xsnars gaaCnia kuburi 

waxnagdacentrebuli kristaluri gisosi, mowesrigebis Sedegad ki igi waxnag-

dacentrebul tetragonur gisosSi gadadis periodebis SefardebiT c/ a =0,935. 

yvela  mowesrigebul myar xsnars ganixilaven, rogorc zestruqturas.  

mowesrigebuli myari xsnari TiTqmis saSualo, gardamaval adgils ika-

vebs myar xsnarsa da qimiur naerTs Soris. msgavsad tipuri myari xsnarisa, mas 

axasiaTebs gamxsnelis kristaluri gisosi, romelSic atomebs, qimiuri naerTis 

analogiurad, sruliad gansazRvruli adgilebi ukavia, maTi Tanafardoba 

mudmivia da SeiZleba gamoisaxos qimiuri formuliT. amasTan, mowesrigebis 

Semdeg mkveTrad icvleba Senadnobis Tvisebebi, rac qimiuri naerTisTvis aris 

damaxasiaTebeli. 
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T a v  i   V 
 

rkina-naxSirbadis Senadnobebi 

 
teqnikaSi yvelaze farTo gamoyeneba rkinisa da naxSirbadis Senadnobeb-

ma – foladma da Tujma hpova. foladi da Tuji, garda rkinisa da naxSirba-

disa, Seicavs mTel rig sxva minarevebsac, romelTagan ZiriTadia Si, Mn, P da S. 

es minarevebi garkveul gavlenas axdens foladebisa da Tujebis Tvisebebze. 

miuxedavad amisa, Teoriulad foladi da Tuji miCneulia orkomponentian rki-

na-naxSirbadis Senadnobebad, xolo damatebiTi elementebis gavlenas calke 

ganixilaven. amdenad, rkina-naxSirbadis SenadnobebSi mimdinare wonasworul 

gardaqmnebs da maT saboloo struqturas rkina-naxSirbadis mdgomareobis di-

agramis mixedviT aRweren. 

 

5.1. rkina-naxSirbadis SenadnobTa sistemis 

mdgomareobis diagrama 

 

ZiriTadi komponentebis daxasiaTeba. rkina-naxSirbadis sawarmoo Senadno-

bebi qimiurad rTul mravalkomponentian sistemebs miekuTvneba, Tumca ZiriTad 

elementebs, romlebic Senadnobebis struqturasa da Tvisebebs gansazRvravs, 

rkina da naxSirbadi warmoadgens.  

rkinis dnobis temperaturaa 15390C, simkvrive - 7,684 g/sm3. xasiaTdeba da-

bali sisaliTa da simtkiciT (HB80, σmaqs=250-300 mgpa) da maRali plastikuro-

biTa da siblantiT (δ=50%, ψ=85%, a nas=3 mgj/m2). 

rkinis alotropizmi zemoT iyo ganxiluli. 

naxSirbadis xsnadobis zRvari arsebiTad aris damokidebuli rkinis 

kristalur formaze. α modifikaciaSi naxSirbadi umniSvnelod ixsneba (0,02%-

mde), xolo γ modifikaciaSi xsnadobis zRvari asjer metia (2,14%-mde).  

naxSirbadisa da sxva elementebis myar xsnarebs γ rkinaSi austenits 

uwodeben, xolo – α rkinaSi ferits. 

naxSirbadis ori modifikaciaa cnobili – grafiti da almasi.  grafiti- 

saTvis damaxasiaTebelia atomebis Sreobrivi ganlageba, romlebic heqsagonur 
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rTul kristalur gisoss warmoqmnis. atomebs Soris manZili mcirea da erTma-

neTTan sami eleqtroniT damyarebulia kovalenturi kavSiri, meoTxe ki ko-

leqtivizirebulia, rac grafits karg eleqtrogamtarobas aniWebs. grafitSi 

Sreebs Soris kavSiri sakmaod sustia da isini advilad gadaadgildeba erTma-

neTis mimarT. amitom grafiti rkina-naxSirbadis SenadnobebSi yvelaze dabal-

mtkice fazas warmoadgens.  

rkina naxSirbadTan iZleva qimiur naerTs – cementits (Fe3C), romelic 

naxSirbads Seicavs 6,67%. rkina-naxSirbadis SenadnobebSi naxSirbadi SeiZleba 

arsebobdes rogorc cementitis, ise Tavisufali, grafitis saxiT. 

   

rkina-naxSirbadis SenadnobTa sistemis mdgomareobis diagramis ganxilva. 

rkina-naxSirbadis Senadnobebis struqturisa da Tvisebebis Taviseburebas is 

garemoeba gansazRvravs, rom naxSirbadi warmoqmnis Canergvis myari xsnarebis 

farTo ares γ rkinasTan, α rkinasTan ki xsnadoba metad SezRudulia.  

rkina-naxSirbadis diagrama (sur. 5.1) moicavs ara mTeli Fe-C sistemis 

Senadnobebs, aramed igi Sewyvetilia iq, sadac rkina naxSirbadTan cementits 

iZleva. 

Senadnobebis kristalizacia iwyeba ABCD xazze da mTavrdeba AHIECF 

xazze. pirvels likvidusis, xolo meores solidusis xazi ewodeba. 

likvidusis BC Stoze siTxidan gamokristaldeba austeniti, xolo CD 

Stoze _ cementiti Fe3C.   

austenitSi naxSirbadis maqsimaluri xsnadobis zRvari Seadgens 2,14% (E 

wertili). Senadnobebs E wertilis marcxniv, foladebi ewodeba, xolo E wer-

tilis marjvniv _ Tujebi. 

TujSi, romelic naxSirbads 4,3%-s Seicavs, kristalizacia mudmiv tempe-

raturaze, 11470C_ze (ECF xazze) mimdinareobs austenitisa da cementitis mik-

romeqanikuri narevis, ledeburitis warmoqmniT:  

LC→γE+Fe3C. 

aseTi Sedgenilobis Tujs evteqtikurs uwodeben. 

evteqtikuri wertilis mixedviT Tujebi sam jgufad iyoba: qveevteqtiku- 
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ri, romelic naxSirbads Seicavs 2,14_dan 4,3%_mde, evteqtikuri naxSirbadis 

SemcvelobiT 4,3% da zeevteqtikuri, romelic naxSirbads 4,3-6,67%_is zRvreb-

Si Seicavs. qveevteqtikur TujSi ledeburitis gamokristalebas win uswrebs 

siTxidan austenitis, xolo zeevteqtikur TujSi _ cementitis gamoyofa, ami-

tom siTxis gamokristalebis Semdeg maTi struqtura Sesabamisad iqneba auste-

niti+ledeburiti da ledeburiti+cementiti.  

austeniti oTaxis temperaturamde mdgradobas ar inarCunebs. foladSi, 

romelic naxSirbads 0,8%_s Seicavs, austenitis daSla mudmiv, 7270C-ze (PSK 

horizontali) mimdinareobs feritisa da cementitis mikromeqanikuri narevis 

warmoqmniT, romelsac perliti ewodeba. gardaqmnas evteqtoidurs uwodeben: 

γS→αP+Fe3C 

evteqtoiduri wertilis (S) mixedviT foladebi sam jgufad iyofa: qveev-

teqtoiduri, romelic naxSirbads Seicavs zRvrebSi 0,02%_dan 0,8%-mde, evteq-

toiduri naxSirbadis SemcvelobiT 0,8% da zeevteqtoiduri, romelic naxSir-
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bads 0,8-2,14%_-is zRvrebSi Seicavs. qveevteqtoidur foladebSi perlitur gar-

daqmnas win uswrebs austenitidan feritis (GS xazi), xolo zeevteqtoidur 

foladebSi _ meoreuli cementitis (Fe3CII, SE xazi) gamoyofa. Sesabamisad, qve-

evteqtoiduri foladis struqtura iqneba feriti+perliti, evteqtoidurisa _ 

perliti, zeevteqtoidurisa _ perliti+Fe3CII.  

Senadnobi, romelic naxSirbads 0,02%_mde Seicavs, teqnikuri rkinis sa-

xelwodebiTaa cnobili. 

 analogiuri gardaqmnebi mimdinareobs Tujebis struqturaSi Semaval 

austenitSic, amitom oTaxis temperaturaze qveevteqtikuri Tujis struqtura 

iqneba perliti+ledeburiti, evteqtikurisa _ ledeburiti (perliti+cementi-

ti), xolo zeevteqtikurisa _ ledeburiti+cementiti. 

 

5.2. naxSirbadiani foladi 
 
 

foladis struqtura da Tvisebebi. rkina-naxSirbadis Senadnobebis mik-

rostruqtura ganisazRvreba sistemis mdgomareobis diagramis mixedviT. Tu 

SenadnobSi naxSirbadis raodenoba ar aRemateba 0,01%, struqturaSi yalibdeba 

sufTa feriti (sur. 5.2, a), xolo Tu icvleba zRvrebSi 0,01-0,02%, mikro-

struqturaSi feritis marcvlis sazRvrebSi e.w. mesameuli cementiti (Fe3CIII) 

gamoiyofa (b). feritis marcvlebi Ria feris poliedrebis saxiT mJRavndeba. 

cementiti Znelad iwamleba da mikroskopSi kriala CanarTebis saxiT moCans.  
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qveevteqtoidur foladis mikrostruqturaSi perliti muqi feris ara-

erTgvarovani CanarTebis saxiT mJRavndeba. struqturaSi feritisa da perlitis 

raodenoba damokidebulia foladSi naxSirbadis Semcvelobaze. rac ufro metia 

foladSi naxSirbadi, miT ufro metia struqturaSi perliti (sur. 5.3).  

 

rodesac naxSirbadis Semcveloba aRwevs 0,8%, struqtura perlituriT 

icvleba (sur. 5.4, a). zeevteqtoiduri foladis struqturaSi ki perlitis 

koloniebis sazRvrebSi yalibdeba meoreuli cementiti ZiriTadad badis sa-

xiT (b).  

foladis Tvisebebs, sxva Tanabar pirobebSi, naxSirbadis Semcveloba 

gansazRvravs. naxSirbadis raodenobis gazrdasTan erTad sisale da simtkice 

izrdeba, xolo plastikuroba da siblante klebulobs.  

mudmivi minarevebi foladSi. foladi rkinisa da naxSirbadis garda, Sei-

cavs siliciums, manganums, fosforsa da gogirds.  es elementebi foladSi 

sxvadasxva gziT xvdeba. magaliTad, dnobis procesSi ganJangvis Sedegad masSi 

siliciumi da manganumi gadadis; madans mohyveba da sakmaod Zneli mosaSorebe-

lia fosfori da gogirdi. 
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     siliciumis raodenoba foladSi 0,15-0,35%-is zRvrebSia. siliciumi ixsneba fe-

ritSi da sagrZnoblad zrdis mis sisales, denadobisa da simtkicis zRvars, mag-

ram amave dros amcirebs plastikurobas. 

manganumis raodenoba icvleba zRvrebSi 0,5-0,8%. manganumic ixsneba feritSi 

da zrdis mis sisalesa da simtkices. garda amisa, naxSirbadTan warmoqmnis kar-

bids, romelic TvisebebiT cementitis analogiuria. amgvarad, zogadad SeiZleba 

iTqvas, rom manganumi zrdis foladis sisalesa da simtkices. 

fosfori da gogirdi foladSi mavne minarevebs miekuTvneba. fosfori rki-

nasTan iZleva fosfids Fe3P.  fosforis gavleniT izrdeba foladis sisale, mag-

ram mkveTrad mcirdeba misi dartymiTiMsiblante da maRla iwevs gamyifebis tem-

peratura. fosforis gavleniT ganviTarebul simyifes civmetexoba ewodeba. fos-

foris Semcveloba foladSi ar unda aRematebodes 0,05%. 

gogirdi rkinaSi ar ixsneba da foladSi rkinis sulfidis, FeS-is saxiT 

gvxvdeba. FeS dnobis dabali temperaturiT xasiaTdeba. garda amisa, igi rkinas-

Tan iZleva evteqtikas (Fe+FeS), romlis dnobis temperaturaa 9850C. foladis gam-

yarebis procesSi evteqtika marcvlis sazRvrebSi gamokristaldeba. aseTi fola-

dis wneviT damuSavebis temperaturamde (800-12000C) gaxurebisas evteqtika iwyebs 

Semodnobas, asustebs marcvlebs Soris kavSirs da foladi myifdeba – warmoiqm-

neba cxeli bzarebi da napralebi. am movlenas wiTelmetexoba ewodeba. gogirdis 

Semcveloba foladSi ar unda aRematebodes 0,04% 

manganumis gansakuTrebiT dadebiTi gavlena imaSi gamoixateba, rom igi  mni- 
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Svnelovnad asustebs gogirdis uaryofiT gavlenas foladis Tvisebebze. 

 

 naxSirbadiani foladis klasifikacia. foladis klasifikacias awarmoeben 

qimiuri Sedgenilobis, struqturisa da daniSnulebis mixedviT. 

     qimiuri Sedgenilobis mixedviT foladebi or did jgufad iyofa – naxSirba- 

dian da legirebul foladebad. naxSirbadiani foladi Seicavs  rkinas,  nax- 

Sirbads da mcire raodenobiT garduval (mudmiv) minarevebs (Si, Mn, P da S). 

     legireba gulisxmobs masalis Sedgenilobis mizandasaxulad Secvlas 

sasurveli struqturisa da Tvisebebis misaRebad masSi sxvadasxva elementis 

damatebis gziT. aqedan gamomdinare, legirebuli foladi, garda zemoTaRniS-

nuli elementebisa, damatebiT Seicavs erT an ramdenime elements, romlebic fo-

lads TvisebaTa did mravalferovnebas aniWebs (uJangaobas, mxurvalmedegobas, 

mxurvalmtkicobas da a.S). aseT folads legirebuls uwodeben, xolo specialu-

rad Seyvanil elementebs – malegirebel elementebs. 

foladis klasifikacia struqturis mixedviT zemoT iyo ganxiluli.  

daniSnulebis mixedviT ansxvaveben sakonstruqcio, saiaraRo da gansakuTre-

buli Tvisebebis mqone foladebs. 

 

sakonstruqcio foladi. xarisxis mixedviT sakonstruqcio naxSirbadiani fo-

ladi orgvaria: Cveulebrivi xarisxis, anu saerTo daniSnulebisa da xarisxovani.  

Cveulebrivi xarisxis sakonstruqcio foladi Seicavs 0,6%-mde naxSirbads. 

metalurgiuli qarxnidan aseTi foladi gamodis wnelebis, lentebis, sxvadasxva 

profilis naglinis (kuTxovana, Sveleri, tesebri, ortesebri da a.S) saxiT.  

dsT-s sivrceSi moqmedi standartebis mixedviT Cveulebrivi xarisxis fo-

ladebi iyofa sam jgufad: A, Б da В. 

A jgufSi gaerTianebulia foladebi, romelTa miwodeba metalurgiuli 

qarxnidan xdeba garantirebuli meqanikuri TvisebebiT. foladis marka aRiniSneba 

asoebiT Ст  (Сталь), romlis Semdeg iwereba cifrebi 0; 1; 2; 3 da a.S. 6-mde. magali-

Tad, Ст0; Ст1; Ст2; Ст3. rac ufro metia cifri, miT ufro maRalia simtkicis maxasi-

aTeblebi, magram plastikuroba mcirdeba. 
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Б jgufSi Sedis foladebi, romelTa miwodeba metalurgiuli qarxnidan 

xdeba garantirebuli qimiuri SedgenilobiT. misi marka igive sistemiT aRiniSneba, 

mxolod win ewereba jgufis kuTvnilebis  aRmniSvneli  aso Б.  magaliTad, БСт3. 

B jgufis foladebs qarxana uSvebs rogorc garantirebuli qimiuri Sedgeni-

lobiT, ise meqanikuri TvisebebiT. markaSi pirvel adgilze iwereba aso В, Semdeg 

Ст da Sesabamisi cifri. magaliTad, ВСт2, ВСт3, ВСт4, BСт5. am jgufis yoveli markis 

foladSi meqanikuri Tvisebebi eTanadeba A jgufis Sesabamisi markis, xolo 

qimiuri Sedgeniloba – Б jgufis Sesabamisi markis folads. 

Cveulebrivi xarisxis naxSirbadiani foladi mravali daniSnulebiT gamoi-

yeneba. es aris SeduRebuli samSeneblo konstruqciebi, xidebi, saxuravi Tunuqi, 

mcired da saSualod datvirTuli manqanaTa nawilebi (kbilana, lilvi, RerZi, sa-

magri  detalebi). 

xarisxovani sakonstruqcio foladi naxSirbads Seicavs 0,85%-mde.  igi  gamo-

irCeva mavne minarevebis (P, S) naklebi SemcvelobiT, amitom ufro maRali Tvisebe-

biT xasiaTdeba da ufro sapasuxismgeblo SemTxvevebSic gamoiyeneba. 

xarisxovani foladis niSandeba xdeba qimiuri Sedgenilobis mixedviT. marka-

Si iwereba orniSna ricxvi, romelic miuTiTebs naxSirbadis saSualo Semcvelo-

bas procentis measedebiT. magaliTad, foladi 05; 08; 10; 15; 20 da a.S.  

xarisxovani foladi arsebiTad aris samanqano foladi. igi mravali daniS-

nulebisaa. naxSirbadmcire foladi 05-dan folad 20-mde farTod gamoiyeneba civi 

StampvisaTvis. maTgan mzaddeba saxuravi Tunuqi, saqvabe furclebi, mcired dat-

virTuli samagri detalebi, SenaduRi da sacementacio nawilebi. 

saSualonaxSirbadiani foladebi (30-50) gamoiyeneba manqanaTa nawilebis, ker-

Zod, mcired da saSualod datvirTuli RerZebis, lilvebis, muxla lilvebis, 

kbilanebis da a.S. dasamzadeblad. 

naxSirbaduxvi foladi 60-65 xasiaTdeba gazrdili simtkiciT da drekadobiT. 

gamoiyeneba ufro mZimed datvirTuli nawilebisa da sxvadasxva saxis zambarebisa 

da resorebis dasamzadeblad.  

xarisxovani sakonstruqcio foladebi gamoiyeneba mxolod Termulad damu-

Savebul mdgomareobaSi. 

samanqane foladebs miekuTvneba agreTve samsxmelo foladi, romlis niSande- 
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ba igive principiT xdeba, magram markis boloSi iwereba aso Л. magaliTad, fola-

di 20Л;  25Л  da a.S. 

ganJangvis xarisxis mixedviT arCeven mSvid, mduRare da naxevrad mSvid fo-

ladebs. mSvidi foladi miiReba sruli ganJangvis Sedegad siliciumiT, manganu-

miT da aluminiT.  

mduRare foladi ganJangulia nawilobriv _ mxolod manganumiT. amitom si-

liciumis raodenoba masSi ar aRemateba 0,07%. es ki mniSvnelovnad zrdis fola-

dis plastikurobas. amitom mduRare foladebs farTod iyeneben civi deformaci-

isaTvis. 

naxevrad mSvidi foladi ganJangulia manganumiTa da aluminiT. Tvisebe-

biT mas Sualeduri adgili uWiravs mSvidsa da mduRare foladebs Soris. 

Tu foladi mSvidia, markis bolos emateba aRniSvna сп (спокойная), naxevrad 

mSvids – пс (полуспокойная),  xolo mduRares – кп (кипящая). magaliTad, БСт2кп,  08кп. 

 

saiaraRo foladi.  saiaraRo folads miekuTvneba naxSirbaduxvi foladebi 

naxSirbadis SemcvelobiT 0,7-1,3%-is zRvrebSi. misi marka aRiniSneba У asoTi. Sem-

deg dgas ricxvi, romelic miuTiTebs naxSirbadis raodenobas procentis meaTe-

debiT. magaliTad, foladi У7  saSualod Seicavs 0,7% naxSirbads,   У8 – 0,8% da a.S. 

Tu markis bolos weria aso A, es foladis maRalxarisxovnebis maCvenebelia 

(0,02%S da 0,03%P). 

naxSirbadiani saiaraRo foladi zogadad Semdegi daniSnulebiT gamoiyeneba: 

У7 – iseTi iaraRebis dasamzadeblad, romlebsac maRal sisalesTan erTad 

mniSvnelovani siblantec moeTxoveba. aseTi iaraRi dartymiTi datvirTvebis piro-

bebSi muSaobs. maT miekuTvneba Rojebi, samWedlo tvifrebi, sazeinklo CaquCebi da 

a.S. У8-У9 – daaxloebiT imave daniSnulebiT gamoiyeneba, mxolod meti sisalis 

moTxovnis SemTxvevaSi (samWedlo saxvretelebi, xerxebi, saWrisebi); У10-У11 – ga-

moiyeneba iseTi iaraRis dasamzadeblad, romlebic mkveTr dartymas ar ganicdis 

(saWrisebi, burRebi, garesaxraxnebi da Sigasaxraxnebi,  frezebi da a.S); У12-У13 – 

imave mWreli iaraRebisaTvis, magram dartymiTi datvirTvebi gamoricxulia. 

saiaraRo foladebi ganmamtkicebeli Termuli damuSavebis gareSe ar gamo-

iyeneba. 
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5.3. Tuji 

 
Tuji foladTan SedarebiT meti raodenobiT Seicavs naxSirbads  da  gar-

duval minarevebs – siliciums (0,5-4,5%), manganums (≤1%), fosforsa (0,6-0,8%) da 

gogirds  (0,08-0,12%).  naxSirbadis  mdgomareobisa da formis mixedviT arCeven 

TeTr, rux, maRali simtkicisa da Wedad Tujebs.  

TeTrma Tujma aseTi dasaxeleba texilis Seferilobis mixedviT miiRo, 

romelic TeTri, mqrqali feriT xasiaTdeba. TeTr TujSi naxSirbadi mTlia-

nad cementitSia dakavebuli, amitom misi dnobisa da gamyarebis procesi da 

struqtura rkina-cementitis mdgomareobis diagramiT aiwereba. radgan TeTri 

Tuji didi raodenibiT Seicavs cementits, igi xasiaTdeba Zalian maRali 

sisaliT. sisale mTlianad damokidebulia naxSirbadis raodenobaze. evteqti-

kuri Tujis sisale 450 HB-s Seadgens. amave dros TeTri Tuji metad myifea 

da WriT Znelad muSavdeba. maRali sisalisa da simyifis gamo manqanaTmSeneb-

lobaSi TeTri Tuji iSviaTad gamoiyeneba                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

rux TujSi naxSirbadi mTlianad an nawilobriv Tavisufali, grafitis sa-

xiT aris gamoyofili. grafiti Tujs texSi rux fers aZlevs. 

ruxi Tujis struqtura ganixileba rogorc liTonuri fuZe, romelSic 

ganlagebulia grafitis CanarTebi. mikroskopuli kvlevisaTvis nimuSis mom-

zadebis dros grafitis CanarTebi ar prialdeba, amitom maTi Seswavla xdeba 

mJaviT amouWmel nimuSebze. am SemTxvevaSi mikroskopSi gaprialebul, kaSkaSa 

areSi moCans muqi feris grafitis CanarTebi.  

Cveulebriv rux TujSi grafitis CanarTebi yovelTvis firfitovania.  

mikroxexis simJaviT damuSavebis Semdeg mJRavndeba liTonuri fuZis struqtu-

ra, grafitis CanarTebi ki ZiriTadad ucvleli rCeba. 

liTonuri fuZis agebulebis mixedviT Tujebi sam jgufad iyofa: feritu-

li, ferito-perlituri da perlituri.  

ruxi ferituli Tujis liTonuri fuZis mikrostruqturas feriti warmo-

adgens. aseTi struqturis mqone TujSi mTeli naxSirbadi, romelsac Senadno-

bi Seicavs, grafitis saxiT aris gamoyofili. Tujs ferituli klasis ruxi 

Tuji ewodeba.  misi struqturaa feriti+grafiti  (sur. 5.5, a), sadac  feritis 
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mravalwaxnaga marcvlebis fonze ganlagebulia grafitis firfitebi.  

rux ferito-perlitur TujSi cementitSi dakavebuli naxSirbadis raode-

noba naklebia 0,8%-ze. misi struqtura Sedgeba feritisa, perlitisa da gra-

fitis CanarTebisagan (sur. 5.5, b). feritisa da perlitis urTierTSefardeba 

damokidebulia cementitSi dakavebuli naxSirbadis raodenobaze. rac ufro 

naklebia bmuli naxSirbadi, miT ufro meti iqneba liTonuri fuZis struqtu-

raSi feriti da piriqiT. aseT rux Tujs ferito-perlituri klasis ruxi Tuji 

ewodeba. 

perlituri ruxi Tujis liTonuri fuZis struqtura perlituria. ro-

gorc cnobilia, perliti Seicavs 0,8% naxSirbads. maSasadame, naxSirbadis aR-

niSnuli raodenoba rux TujSi cementitSia dakavebuli, xolo danarCeni ga-

moyofilia grafitis saxiT. Tujs perlituri klasis ruxi  Tuji ewodeba da 

misi struqturaa perliti+grafiti (sur. 5.5, g).  

Tuji grafitis firfitovani  CanarTebiT SedarebiT dabali meqanikuri 

TvisebebiT xasiaTdeba. sxvadasxva teqnologiuri saSualebiT SesaZlebelia 

ufro xelsayreli formis grafitis CanarTebis miReba. magaliTad, modifici-

rebiT – daklaknili, TeTri Tujis garkveuli reJimiT mowvis Sedegad – fif-

qisebri (budobrivi), xolo magniumiT modificirebiT – momrgvalebuli, anu 
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sferoiduli. Tujs grafitis sferoiduli formis CanarTebiT maRali simtki-

cis Tujs uwodeben, xolo budobrivi CanarTebiT – Wedad Tujs. iseve, rogorc 

rux TujSi, aqac liTonuri  fuZis  struqtura SeiZleba iyos ferituli, fe-

rito-perlituri da perlituri (sur. 5.6. .5.7.). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tujebis niSandeba xdeba meqanikuri Tvisebebis mixedviT. ruxi Tujis mar-

ka aRiniSneba asoebiT СЧ (серый чугун), Semdeg iwereba ricxvi, romelic miuTi-

Tebs simtkicis zRvars gaWimvaze. magaliTad, СЧ10,   СЧ20,  СЧ25. 

maRali simtkicis Tujis markas aRniSnaven asoebiT  ВЧ  (высокопрочный  чу- 
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гун), Semdeg iwereba ori ricxvi, romelTagan pirveli miuTiTebs simtkicis 

zRvars gaWimvaze, xolo meore – fardobiT wagrZelebas. magaliTad,  ВЧ 38-17; 

ВЧ 45-5;  ВЧ 120-2. 

Wedadi Tujis niSandeba iseTive principiT xdeba, rogorc maRali  simtki- 

kicis Tujisa, mxolod markis win iwereba asoebi  КЧ  (ковкий чугун).  magaliTad, 

 КЧ30-6;  КЧ 35-10. 

rogorc aRvniSneT, Tujis struqtura Sedgeba liTonuri fuZisa da gra-

fituli CanarTebisagan. aqedan gamomdinare, misi Tvisebebi damokidebuli iqne-

ba rogorc liTonuri fuZis struqturaze, ise grafituli CanarTebis raodeno-

basa da xasiaTze. 

grafiti foladTan SedarebiT umniSvnelo sisaliTa da simtkiciT xasiaT-

deba. garda amisa, maT liTonur fuZesTan arsebiTad kavSiri ara aqvs, amitom 

grafituli CanarTebi pirveli miaxloebiT SeiZleba ganvixiloT rogorc si-

cariele, bzari, romelic asustebs liTonur fuZes. aqedan gamomdinare, Tuji 

struqturulad SeiZleba ganvixiloT rogorc sicarieleebiTa da bzarebiT 

daqsaqsuli foladi. bunebrivia, rac ufro meti moculoba ukavia sicarieles, 

miT ufro dabali iqneba Tujis meqanikuri Tvisebebi.  

firfitovan CanarTebs bzarebis saxe aqvs, romlis boloebi ZabvaTa kon-

centracias iwvevs. amitom ruxi Tuji xasiaTdeba dabali winaaRmdegobiT gam-

Wimavi da, gansakuTrebiT, dartymiTi datvirTvebis mimarT.  

grafitis momrgvalebuli CanarTebi ar warmoqmnis Zabvebis mkveTr koncen-

tracias, amitom Tuji grafitis momrgvalebuli CanarTebiT (maRali simtkicis 

Tuji) xasiaTdeba mniSvnelovnad maRali simtkiciT gaWimvaze da Runvaze. We-

dad Tujs fifqisebri grafitis CanarTebiT Sualeduri mdgomareoba ukavia 

Cveulebriv rux da maRali simtkicis Tujebs Soris. 

rig SemTxvevebSi grafitis CanarTebi Tujs  mTel  rig  RirsSesaniSnav 

teqnologiur Tvisebebs aniWebs foladTan SedarebiT. kerZod, ruxi Tuji xa-

siaTdeba dabali dnobis temperaturiTa da maRali TxevaddenadobiT. amasTan, 

kristalizacia mudmiv temperaturaze mTavrdeba evteqtikis warmoqmniT. gra-

fitis gamoyofis gamo kristalizaciis procesSi ruxi Tuji farTovdeba. yo-

velive es uzrunvelyofs samsxmelo yalibis karg Sevsebas da rTuli formis 
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nakeTobis CamosxmiT damzadebis SesaZleblobas. garda amisa, Cajdomis sidide 

rux TujSi gacilebiT ufro naklebia TeTr TujTan da foladTan SedarebiT, 

rac amartivebs sxmulis damzadebis teqnologias. 

TujSi grafitis arseboba ganapirobebs monatexi burbuSelis warmoqnas, 

rac aadvilebs Tujis WriT damuSavebas. igi xels uwyobs agreTve vibraciis 

swrafad Caqrobas. 

Tuji kargi antifriqciuli masalaa, radgan grafiti TviTon xasiaTdeba 

poxvis unariT da kargad akavebs sapox nivTierebas. 

yovelive amis gamo Tuji farTod gamoiyeneba mrewvelobaSi manqanaTa 

iseTi nawilebis dasamzadeblad, romlebic eqspluataciis dros gamWimav da 

dartymiT datvirTvebs ar ganicdis. 
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T a v  i   VI 
 

liTonis Termuli damuSaveba 

Termuli damuSaveba aris liTonეbis TvisebaTa sasurveli mimarTulebiT 

Secvlis umniSvnelovanesi saSualeba. Termuli damuSavebis dros icvleba li-

Tonis struqtura da, Sesabamisad, Tvisebebi misi qimiuri Sedgeni-lobis Seu-

cvlelad. 

     Termul damuSavebaze ori ZiriTadi 

faqtori moqmedebs: temperatura da dro. 

amitom nebismieri Termuli damuSavebis 

reJimi SeiZleba gamoisaxos koordinateb-

Si temperatura (t) – dro (τ). 6.1 suraTze 

warmodgenilia Termuli damuSavebis zo-

gadi grafiki.  

Termuli damuSavebis reJims Semdegi 

ZiriTadi parametrebi axasiaTebs: gaxure-

bis temperatura tmaqs. es aris zeda zRvru-

li temperatura, sadamdec nakeToba xur-

deba Termuli damuSavebis dros; gaxurebis temperaturaze nakeTobis dayov-

nebis dro τday.; gaxurebis siCqare vgax. da gacivebis siCqare vgac. Termuli da-

muSavebis grafikiT SeiZleba nebismieri saxis Termuli damuSavebis reJimi ga-

moisaxos. 

Termuli damuSavebis ZiriTadi saxeebia: mowva, wrToba da moSveba.  

6.1. mowva 

 
mowvis procesi orgvaria: pirveli gvaris da meore gvaris. 

pirveli gvaris mowvaSi Sedis sarekristalizacio, sahomogenizacio da 

Zabvebis mosaxsneli mowva.  

rogorc cnobilia, civWedvas liToni struqturulad arawonasworul 

mdgomareobaSi gadahyavs, rac sisalisa da simtkicis maxasiaTeblebis zrdasa 

da plastikurobis Semcirebas iwvevs. civWedvis mosaxsnelad mimarTaven sare-
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kristalizacio mowvas. naxSirbadiani foladis sarekristalizacio mowvis 

temperatura 600_7000C-is zRvrebSia, dayovnebis dro – 1_2 saaTi. am dros civ-

naWedi liTonis damaxinjebuli marcvlebis sazRvrebze Caisaxeba da izrdeba 

axali wonasworuli marcvlebi. 

     Senadnobebis kristalizaciis dros xSirad adgili aqvs qimiur ara-

erTgvarovnebas anu dendritul likvacias (sur. 6.2, a), romelic foladis Tvi-

sebebis anizotropias iwvevs. likvaciis mospoba unda moxdes qimiuri elemen-

tebis difuziis xarjze, amitom procesi maRaltemperaturuli mowvis gziT 

xorcieldeba, romelsac homogenizacias uwodeben. homogenizaciis Semdeg ya-

libdeba wonasworuli, poliedruli struqtura (b).  

    homogenizaciis temperatura foladebisaTvis 1100_12000C Seadgens xolo 

dayovnebis dro _ 10_20 saaTs. gaciveba xdeba Zalian nela, ise rom mTeli pro-

cesi xSirad 80_100 saaTs grZeldeba. 

    homogenizaciis Sedegad li-

Tonis marcvlebi intensiurad 

izrdeba, amitom xSirad auci-

lebeli xdeba misi struqturis 

gamosworeba.  

   nakeTobaTa damzadebis teq-

nologiuri procesi SeiZleba 

iseTi iyos, rom msxvil sxmu-

lebSi, naWedebsa da SenaduR ubnebSi narCeni Siga Termuli Zabvebi warmoiqmnas. 

daZabuloba SeiZleba moixsnas liTonis plastikuri deformaciis xarjze, rac 

nakeTobis dabrecas an dabzarvas gamoiwvevs. am uaryofiTi movlenis asaci-

leblad nakeTobas utareben mowvas Zabvebis mosaxsnelad: nakeTobas axureben 

550_6800C-mde da ayovneben daaxloebiT 2,5 wuTs nakeTobis ganivkveTis yovel 1 

milimetrze. gaciveba nela xdeba. 

meore gvaris mowvis saxeebia: sruli mowva, arasruli mowva da norma-

lizacia.  

foladi  wonasworul mdgomareobaSi ferit-perlituri struqturiT  xa- 
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siaTdeba, romelsac SedarebiT dabali sisale da simtkice aqvs, magram xasi-

aTdeba gazrdili plastikurobiT. foladis nakeTobaTa damzadebis teqnolo-

giuri procesebi ar gamoricxavs SedarebiT aCqarebul gacivebas, ris Sedega-

dac SeiZleba Camoyalibdes gardamavali struqturebi gazrdili sisaliT, rac 

mniSvnelovnad aZnelebs liTonis Semdgom meqanikur damuSavebs. 

arasasurveli struqturis Sesacvlelad aucilebelia liTonis sruli 

gadakristaleba da erTgvarovani austenitis miReba. am mizniT qveevteqtoidur 

folads axureben Ac3 kritikuli wertilis (GS xazi Fe-C  diagramaze) zemoT 

(30_50)0C-iT, ayovneben nakeTobis ganivkveTSi temperaturis gaTanabrebamde da 

Semdeg neli siCqariT aciveben. mowvis Semdeg arasasurveli struqtura wvril-

marcvlovani ferit-perlituri struqturiT icvleba misTvis damaxasiaTebeli 

TvisebebiT. aseTi reJimiT mowvas sruli mowva ewodeba. 

zeevteqtoidur folads ZiriTadad arasruli 

mowva utardeba. am SemTxvevaSi nakeTobas axureben 

Ac1 (PSK horizontali Fe-C diagramaze) temperaturis 

zemoT (740_770C0-mde) da dayovnebis Semdeg nela aci-

veben. mowvis Semdeg cementiti firfitovanis nacvlad 

momrgvalebul formas Rebulobs. aseT struqturas 

marcvlovan perlits uwodeben (sur. 6.3), xolo pro-

cess – sferoidizacias. marcvlovani perilti fir-

fitovanTan SedarebiT naklebi sisaliTa da simtkiciT, magram gazrdili 

plastikurobiTa da siblantiT xasiaTdeba. sferoidizacias gansakuTrebiT xSi-

rad saiaraRo naxSirbadian foladebs utareben. 

     normalizacia arsebiTad sruli mowvis saxesxvaobaa da imaSi mdgomare-

obs, rom Ac3 (Acсm, SE xazi Fe-C diagramaze)+(30_50)0C temperaturamde gaxurebisa 

da dayovnebis Semdeg nakeTobas mSvid haerze aciveben. normalizaciis mizania 

sxmuli, naWedi an natvifri nakeTobis msxvilmarcvlovani struqturis Secvla 

wvrilmarcvlovaniT. 6.4 suraTze warmodgenilia mowvis temperaturuli areebi. 
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6.2. foladis wrToba 

 
wrTobis mizania nakeTobis sisalis, simtkicisa da cveTamedegobis ga-

zrda. am mizniT nakeTobas axureben fazuri gardaqmnebis temperaturis zemoT, 

ayovneben da gadidebuli siCqariT aciveben, ra drosac yalibdeba arawonaswo-

ruli struqtura misTvis damaxasiaTebeli gazrdili sisalisa da simtkicis 

maxasiaTeblebiT.  

rogorc CvenTvis ukve cnobilia, austeniti oTaxis temperaturamde 

mdgradobas ar inarCunebs da gacivebis procesSi perlitur gardaqmnas ganic-

dis. gardaqmnis Sedegad foladSi Camoyalibebuli struqturebis xasiaTsa da 

Tvisebebs gardaqmnis temperatura (gacivebis siCqare) gansazRvravs. radgan aus-

tenitis daSla droSi mimdinareobs, process austenitis izoTermuli gardaqm-

nis diagramasTan kavSirSi ganixila-

ven, romlis sqema 6.5 suraTzea war-

modgenili. 

  𝑎  mrudi aris austenitis garda-

qmnis dawyebis, xolo b mrudi – gar-

daqmnis damTavrebis mrudi. aqedan 

gamomdinare, 𝑎  mrudis marcxniv Se-

narCunebulia gadacivebuli auste-

niti, xolo b mrudis marjvniv 

gvaqvs gardaqmnis produqtebi. aus-
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tenitis daSla am or mruds Soris mimdinareobs. suraTze gacivebis mrudebi _ 

V1<V2<V3<V4<V5. 

neli siCqariT gacivebis SemTxvevaSi (V1 mrudi, sur. 6.5) 𝑎 1  da b1 werti-

lebis Sesabamis temperaturebze (700_6500C) daiwyeba da damTavrdeba austeni-

tis gardaqmna, ris Sedegadac warmoiqmneba feritisa da cementitis uxeSi age-

bulebis mikromeqanikuri narevi, romelsac perliti ewodeba. igi dabali sisa-

liT xasiaTdeba austenitis daSlis sxva produqtebTan SedarebiT. koloniebis 

orfaza agebuleba kargad Cans 6.6 a suraTze warmodgenili mikrostruqturidan.  

ufro maRali siCqariT gacivebisas (V2, V3) mrudebi austenitis daSlis 

diagramis xazebs ufro dabal temperaturebze gadakveTs (𝑎2, b2, ∼650-6000C;  𝑎3, 

b3, ∼600-5000C). Sesabamisad, warmoiqmneba sul ufro wvrilfirfitovani daSlis 

produqtebi – sorbiti da trostiti (sur. 6.6, b, g), romlebic perlitTan Seda-

rebiT  ufro  gazrdili sisaliT xasiaTdeba. perlits, sorbitsa da trostits  

perlituri ojaxis struqturebs uwodeben. 

 

 

Tu foladis gaciveba didi siCqariT mimdinareobs (V5, sur. 6.5), misi mrudi 

izoTermuli diagramis xazebs ar gadakveTs. es imas niSnavs, rom aseTi siC-

qariT gacivebisas austenitis gardaqmna difuzuri meqanizmiT (perlituri oja-

xis struqturebis warmoqmniT) ar xdeba. gadacivebuli austeniti mTlianad 

aRmoCndeba SenarCunebuli MH temperaturamde, romlis qvemoTac igi aradifu-

zuri e.w. martensituli meqnizmiT ganicdis gardaqmnas.  

martensituli meqanizmiT gardaqmnis arsi imaSi mdgomareobs, rom aus-

tenitur mdgomareobamde gaxurebuli foladis didi siCqariT gacivebis Sem-

TxvevaSi (magaliTad, wyalSi), alotropiuli gardaqmna γ→α mimdinareobs, 
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magram radgan difuzuri procesi damuxruWebulia, naxSirbadi ver gamodis α 

rkinis kristaluri gisosidan da iZulebiT rCeba masSi Canergili im raode-

nobiT, ramdensac foladi Seicavs. amgvarad yalibdeba naxSirbadis gadajere-

buli myari xsnari rkinis α modifikaciaSi, romelsac martensiti ewodeba. 

martensiti xasiaTdeba maqsimaluri sisaliT gardaqmnis sxva produqtebTan Se-

darebiT.  

gacivebis minimalur siCqares, romlis drosac ar xdeba austenitis daS-

la perlituri ojaxis struqturebis warmoqmniT da austenitidan martensiti 

miiReba, wrTobis kritikuli siCqare ewodeba. igi mxebia austenitis izoTermu-

li daSlis diagramis 𝑎 mrudTan (Vk, sur. 6.5). 

martensituli struqtura foladebSi ZiriTadad firfitovania. mikroxe-

xis zedapirze martensitis firfitebi ganivi kveTiT gamodis da nemsis forma 

aqvs (sur. 6.7).  amitom, masalaTmcodneobaSi martensituli struqturis dasaxa-

siaTeblad miRebulia terminebi: `msxvilnemsa martensiti~, `wvrilnemsa marten-

siti~. rac ufro wvrilmarcvlovania sawyisi austeniti, miT ufro wvrilnemsaa 

misgan Camoyalibebuli martensiti. 

     dasasrul, Tu austenitis daSla 

izoTermul pirobebSi (mudmiv tempera-

turaze) moxda diagramis muxls qve-

moT, magram martensituli gardaqmnis 

intervalis zemoT (V6 reJimi, sur. 6.5), 

Camoyalibdeba trostitTan SedarebiT 

kidev ufro wvrildispersiuli feri-

tisa da cementitis mikromeqanikuri na-

revi, romelsac beiniti ewodeba. misi 

sisale sagrZnoblad aRemateba perli-

turi ojaxis struqturebis sisales.  

     foladis wrTobisaTvis gaxurebis 

temperatura rkina-naxSirbadis diagramis mixedviT SeirCeva (sur. 6.8) Semdegi 

mosazrebidan gamomdinare: wrTobis  win gaxurebis  mizania  ferit-perlituri  
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(qveevteqtoiduri foladebisaTvis) struqturis gadayvana austenitSi. amisaTvis 

qveevteqtoidur folads axureben Ac3+(30_50)0C temperaturamde, ayovneben winas-

war SerCeuli drois ganmavlobaSi da wyalSi aciveben, rac martensituli 

struqturis Camoyalibebas uzrunvelyofs. erTfaza austenituri mdgomareobidan 

nakeTobis wrTobas sruli wrToba ewodeba.  

           Tu zeevteqtoidur folads wrTobis 

win gavaxurebT mxolod Ac1 temperaturis ze-

moT (30_50)0C-iT, struqturaSi austenitTan 

erTad Semonaxuli aRmoCndeba meoreuli 

cementitic. wyalSi wrTobis Semdeg auste-

niti martensits mogvcems. amdenad, oTaxis 

temperaturaze fiqsirebuli struqtura Sed-

genili iqneba martensitisa da cementitisa-

gan. aseTi reJimiT wrTobas arasruls uwo-

deben. radgan cementitis Tanxleba (misi 

sisalea 800 HB) ara Tu auaresebs foladis Tvisebebs, aramed zrdis mis sisa-

lesa da cveTamedegobas, zeevteqtoidur foladebs yovelTvis arasrul wrTo-

bas utareben. 

 
6.3. moSveba 

moSveba Termuli damuSavebis saboloo saxea da yovelTvis wrTobis Sem-

deg tardeba. nawrTobi nakeTobis saboloo Tvisebebs moSvebis temperatura 

ayalibebs. 

moSvebis dros xdeba nakeTobis gaxureba A1  temperaturis qvemoT (sur. 6.8), 

dayovneba garkveuli drois ganmavlobaSi da gaciveba.  

praqtikulad moSvebis sam saxeobas iyeneben: 

a. dabal moSvebas – gaxureba 150–2000C-mde;  

b. saSualo moSvebas – gaxureba 300–5000C-mde; 

g. maRal moSvebas – gaxureba 500 –7000C-mde. 

dabali moSvebis mizania mxolod narCeni Zabvebis moxsna raime  mniSvnelo- 
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vani struqturuli gardaqmnebis gareSe. sisale TiTqmis ucvleli rCeba, Zabvebi 

ki moixsneba. dabal moSvebas ZiriTadad mWrel da sazom iaraRebs utareben, 

agreTve iseT nakeTobas, sadac aucilebelia maRali sisale, simtkice da cveTa-

medegoba. 

saSualo moSveba ZiriTadad zambarebsa da resorebs utardeba. foladi 

Rebulobs maRal drekad Tvisebebs. moSvebis Semdeg gaciveba SeiZleba wyalSi 

ganxorcieldes. aseT SemTxvevaSi zedapirul SreebSi mkumSavi narCeni Zabvebi 

warmoiqmneba, rac zrdis zambaris daRlilobisadmi gamZleobas. 

maRali moSvebis mizania wrTobiT miRebuli struqturis iseTnairi Secv-

la, rom sisale da simtkice ramdenadme Semcirdes, magram siblante da plas-

tikuroba _ gaizardos. moSvebis temperaturis gazrdasTan erTad sisalisa da 

simtkicis maxasiaTeblebi mcirdeba, xolo plastikuroba da siblante – matu-

lobs. martensitze wrTobas da maRal moSvebas gaumjobeseba ewodeba.  

    moSvebis produqtebi – moSvebis trostiti da moSvebis sorbiti (sur. 6.9) 

erTmaneTisgan gansxvavdeba cementitis dispersiulobiTa da feritis rekris-

talizaciis xarisxiT, rac ZiriTadad foladis meqanikur maxasiaTeblebze 

axdens gavlenas. uSualod austenitis daSlis Sedegad miRebuli firfitovani 

struqturebisagan gansxvavebiT, moSvebis struqturebi marcvlovani agebule-

biT xasiaTdeba (sur. 6.9, b), rac maT did upiratesobas aniWebs Tvisebebis komp-

leqsis TvalsazrisiT – kargad aris Sexamebuli sisale, simtkice da dartymi-

Ti siblantis maCveneblebi. 
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T a v i  VII 

legirebuli foladi 

Cveulebrivi naxSirbadiani foladi Tavisi TvisebebiT srulad ver akma-

yofilebs Tanamedrove teqnikis sul ufro mzard moTxovnebs. amitom farTod 

mimarTaven naxSirbadiani foladis TvisebaTa Secvlas legirebis gziT. 

 

7.1. malegirebeli elementebis gavlena foladis Tvisebebze 
 

foladis Tvisebebis Secvlis xasiaTi da mimarTuleba damokidebulia 

imaze, Tu rogor urTierTobaSia malegirebeli elementi rkinasa da naxSir-

badTan. Tu legirebuli foladebis yvela Rirsebas movuyriT Tavs, Semdeg zo-

gad suraTs miviRebT: 

1. malegirebeli elementebi iwvevs feritis ganmtkicebas, rac iZleva fo-

ladis TvisebaTa gaumjobesebis SesaZleblobas im SemTxvevaSi, roca struqtu-

raSi feriti didi raodenobiT aris warmodgenili; 

2. malegirebeli elementebis gavleniT ufro maRali simtkicis foladis 

miRebaa SesaZlebeli, rac manqanaTa nawilebis wonis Semcirebisa da liTonis 

ekonomiis saSualebas iZleva; 

3. malegirebeli elementebi zrdis austenitis mdgradobas, anu aZnelebs 

mis daSlas, rac saSualebas iZleva wrToba wylis nacvlad zeTSi vawarmooT. 

es mniSvnelovnad amcirebs wrTobis iseT defeqtebs, rogoricaa dabreca an dab-

zarva; 

4. malegirebeli elementebi aferxebs moSvebis dros mimdinare gardaqm-

nebs da amaRlebs am gardaqmnebis temperaturas, anu foladi mdgradi xdeba 

moSvebis mimarT. es legirebuli foladis ufro maRali temperaturis piro-

bebSi gamoyenebis saSualebas iZleva; 

5. umravles SemTxvevaSi, malegirebeli elementebi uzrunvelyofs gansa-

kuTrebiT wvrilmarcvlovani struqturis miRebas. es, sxva Tanabar pirobebSi, 

zrdis dartymiTi siblantis maxasiaTeblebs da dabla swevs myife mdgomareo-

baSi gadasvlis temperaturas; 

6. karbidSemqmneli malegirebeli elementebis TanxlebiT  foladi  iZens 
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maRal sisales, cveTamedegobas da Tbomedegobas, rac legirebul foladebs 

upiratesobas aniWebs mWreli iaraRis dasamzadeblad; 

7. malegirebeli elementebi, romlebic foladis gacivebis procesSi myari 

xsnaridan meoreuli, wvrildispersiuli CanarTebis saxiT gamoiyofa, mni-

Svnelovnad aumjobesebs foladis simtkices da mxurvalsimtkices; 

8. malegirebeli elementebis gavleniT foladi iZens kidev mTel rig 

RirsSesaniSnav Tvisebebs – uJangaobas, eleqtrowinaRobas, magnitur, Tbur, 

drekad da sxva Tvisebebs, rac mas Seucvlels xdis specialuri daniSnulebiT 

gamoyenebisaTvis. 

 
7.2. legirebuli foladis klasifikacia da niSandeba 

 

legirebuli foladis klasifikacias awarmoeben struqturis, qimiuri 

Sedgenilobisa da daniSnulebis mixedviT. 

malegirebeli elementebis Semcvelobis mixedviT arCeven mciredlegire-

bul folads, sadac malegirebeli elementebis jami ar aRemateba 2,5%; saSua-

lodlegirebul folads malegirebeli elementebis SemcvelobiT 2,5-10%-is 

zRvrebSi da uxvad legirebuls, sadac elementebis jamuri Semcveloba aRema-

teba 10%. 

momwvar mdgomareobaSi Camoyalibebuli struqturis mixedviT oTxi kla-

sis folads arCeven: 

1. qveevteqtoidurs struqturiT feriti+perliti; 

2. evteqtoidurs sufTa perlituri struqturiT; 

3. zeevteqtoidurs, romlis struqturaa perliti+karbidi (cementitTan 

erTad foladi Seicavs specialur karbidebsac); 

4. ledeburituls, romlis struqturaa perliti+ledeburiti.  

normalizebul mdgomareobaSi Camoyalibebuli struqturis  mixedviT le- 

girebuli foladi sam klasad iyofa: 

1. perlituri klasis foladebad.  

2. martensituli klasis foladebad. zogierTi malegirebeli elementis 

gavleniT haerze gacivebis siCqare wrTobis kritikul siCqares eTanadeba, rac 

martensituli struqturis miRebas uzrunvelyofs. 
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3. austenituri klasis foladebad. Sesabamisi malegirebeli elementebis 

zegavleniT martensituli gardaqmnis sawyisi temperatura oTaxis temperatu-

raze qvemoT gadaadgildeba, ris gamoc haerze gacivebis Semdeg oTaxis tempe-

raturaze austeniti dauSlelad aRmoCndeba Semonaxuli. 

foladis legirebisaTvis amJamad mendeleevis perioduli sistemis mrava-

li elementi gamoiyeneba, rogoricaa manganumi, qromi, siliciumi, volframi, 

vanadiumi, titani, molibdeni, nikeli, kobalti, bori da sxva. siliciumi da 

manganumi malegirebel elementebs miekuTvneba im SemTxvevaSi, Tu maTi raode-

noba aRemateba Cveulebriv foladSi dasaSveb zRvars. 

foladis legireba erTdroulad erTi an ramdenime elementiT aris Se-

saZlebeli. klasifikacia qimiuri Sedgenilobis mixedviT xdeba gamoyenebuli 

malegirebeli elementebis Sesabamisad. am TvalsazrisiT arCeven: qromian, 

qromnikelian, qrommanganumian, qrommanganumsiliciumian da a.S. foladebs.  

daniSnulebis mixedviT legirebuli foladebi sam jgufad iyofa: 

1. sakonstruqcio (samanqano) foladebad, romlebic gankuTvnilia manqa-

naTa nawilebis da agreTve samSeneblo konstruqciebis dasamzadeblad; 

2. saiaraRo foladebad – mWreli, sazomi da dartymiT-satvifravi iaraRe-

bisaTvis; 

3. specialuri daniSnulebis foladebad, romlebsac axasiaTebs raime 

gansakuTrebuli Tviseba. 

legirebuli foladis niSandeba xdeba naxSirbadis raodenobisa da male-

girebeli elementebis mixedviT.  

moqmedi standartebis Sesabamisad, malegirebeli elementebis aRniSvnisa-

Tvis Semdegi rusuli asoebia SemoRebuli: qromi _ Х, siliciumi _ С, kobalti 

_ К, titani _ Т, nikeli _ Н, molibdeni _ М, volframi _ В, niobiumi - Б, man-

ganumi - Г, spilenZi - Д, vanadiumi - Ф, alumini - Ю, fosfori _ П, azoti _ А 

(iwereba markis SigniT, radgan markis win simbolo A aRniSnavs saavtomate 

folads, xolo markis boloSi _ foladis maRalxarisxovnebas). 

markaSi pirvel adgilze iwereba ricxvi, romelic aRniSnavs naxSirbadis 

raodenobas procentis measedebiT an meaTedebiT. Tu ricxvi markis win ar we-

ria, es ar miuTiTiTebs naxSirbadis ararsebobaze, ubralod, naxSirbadis rao- 
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denoba unda inaxos standartSi. 

naxSirbadis Semcvelobis aRmniSvneli ricxvis Semdeg iwereba malegire-

beli elementis simbolo, xolo Semdeg – ricxvi, romelic miuTiTebs mis Sem-

cvelobas procentobiT. Tu ricxvi ar weria, es imas niSnavs, rom malegire-

beli elementis raodenoba 1-1,5%-is zRvrebSia. magaliTad, foladi 40Х Sei-

cavs 0,8-1,1% qroms, xolo foladi Х13 - saSualod 13% qroms.  30ХГС foladSi 

Sedis 0,32%C, 0,91%Cr, 0,95%Mn, da 0,87%Si. 

legirebuli foladebis niSandebaSi gvxvdeba garkveuli gadaxrebi zemoT-

aRwerili sistemidan. magaliTad, foladi burTula sakisrebisaTvis aRiniSneba 

asoTi Ш (Шарикоподшипниковая) – ШХ6, ШХ9, ШХ15. amasTan, foladebi Seicavs ara 

6, 9 da 15% qroms, aramed saSualod 0,6, 0,9 da 1,5%; Э asoTi aRiniSneba 

eleqtromagnituri daniSnulebis foladi, Е asoTi – gansakuTrebuli mag-

nituri Tvisebebis mqone foladi, P-iT – swrafmWreli foladi. 

 
7.3. sakonstruqcio legirebuli foladi 

mcired legirebuli foladi. naxSirbadmcire da mcired legirebul fo-

lads samSeneblo foladebi miekuTvneba. momxmarebels miewodeba furclebis, 

milebisa da sortuli naglinis saxiT. gamoiyeneba iseT sapasuxismgeblo kon-

struqciebSi, rogoricaa Senobebis ConCxedi, xidebi, anZebi, mZlavri amweebi, sat-

ransporto saSualebani, airisa da navTobis milgayvaniloba. 

zemoTaRniSnuli konstruqciebis damzadeba ZiriTadad SeduRebiT xdeba. 

SeduRebadobis moTxovna ki zRudavs foladSi naxSirbadis raodenobas, rad-

gan rac ufro metia foladSi naxSirbadi, miT ufro cudi SeduRebadobiT xa-

siaTdeba igi. amitom samSeneblo foladSi naxSirbadis raodenoba SezRudu-

lia 0,2-0,25%-mde. naxSirbadis SemcirebiT gamowveuli simtkicis maxasiaTeble-

bis dadablebis kompensacia swored malegirebeli elementebis damatebiT xde-

ba. am jgufis foladebs umetes SemTxvevaSi Termul damuSavebas ar utareben. 

samSeneblo foladebs miekuTvneba: 09Г2, 09Г2Д, 09Г2С, 15Г2СФД da sxva.  

 
samanqano foladi.  samanqano foladi gankuTvnilia manqanaTa nawilebis, 

tenologiuri da sxva mowyobilobisa da kvanZebis dasamzadeblad. foladebi 
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unda uzrunvelyofdes TvisebaTa did mravalferovnebas, ris SesaZleblobasac 

maTi Termuli damuSaveba iZleva. am jgufis foladebs miekuTvneba qromiani, 

manganumiani, qrommanganumiani, qrommolibdeniani da kidev sxva mravali fola-

di. maTgan damzadebuli nakeToba gamoiyeneba rogorc nawrTob da dabalmoS-

vebul, ise nawrTob da maRalmoSvebul mdgomareobaSi. 

nawrTob da dabalmoSvebul mdgomareobaSi folads iyeneben maSin, ro-

desac detals moeTxoveba maRali zedapiruli sisale da cveTamedegoba, xo-

lo nawrTob da maRalmoSvebul mdgomareobaSi _ iseTi detalebis dasamza-

deblad, romlebisTvisac mTavaria saerTo maRali simtkice sakmaod did plas-

tikurobasa da siblantesTan erTad. aseTi Tvisebebi miiRweva 820-8800C-dan 

wrTobiT da 500-5500C-ze moSvebiT (gaumjobeseba). gaumjobesebuli foladisagan 

mzaddeba manqanaTa nawilebis da teqnologiuri mowyobilobebis didi umravle-

soba. es foladebi saSualonaxSirbadiania (0,3-0,5%C), qimiuri Sedgenilobis mi-

xedviT ki – mcired an saSualod legirebuli: 30Х,  40Х,  30ХГСА,  40ХН,  40МФА,  

40ХН2МА.  

 

koroziamedegi foladebi. qimiuri Sedgenilobis mixedviT koroziamedegi 

(uJangavi) foladebi or jgufad iyofa: qromiani da qromnikeliani.  

qromian foladebSi qromis raodenoba unda aRematebodes 12%. aseTi fo- 

ladi mdgradia atmosferoSi, zRvis wyalSi, mraval mJavasa da tuteSi. am jgu-

fis foladebs miekuTvneba 12Х13,  20Х13, 30Х13 da 40Х13 foladebi. pirveli ori 

marka gamoiyeneba nawrTob da maRalmoSvebul,  danarCenebi – nawrTob da da-

balmoSvebul mdgomareobaSi. 

30Х13 foladisagan ZiriTadad amzadeben manqanebisa da teqnologiuri 

mowyobilobis nawilebs, xolo 40Х13 foladisagan – mWrel, sazom da qirur-

giul iaraRs. 

qromnikeliani foladi ufro maRali uJangaobiT xasiaTdeba. am jgufis 

tipuri warmomadgenelia 12Х18Н9T da 17Х18Н9T foladebi. isini gamoiyeneba 

Termuli damuSavebis (wrTobis) Semdeg, ra drosac yalibdeba erTgvarovani 

austenituri struqtura. titanisa da niobiumis damateba mniSvnelovnad aum-

jobesebs qromnikeliani foladis koroziul medegobas. 
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mrewvelobaSi farTo gamoyenebas poulobs agreTve 15Х17АГ14, 15Х20Г9АН4, 

10Х17Н13М2Т da 09Х15Н8Ю Senadnobebi. 

 
mxurvalmedegi da mxurvalmtkice foladebi da Senadnobebi. mxurvalmede-

goba (xenjmedegoba) ewodeba liTonis unars, winaaRmdegoba gauwios Jangvas 

maRal temperaturaze. 

liTonebi Jangbadis mimarT garkveuli naTesaobiT xasiaTdeba, rac maTi 

zedapiris Jangvas ganapirobebs. Tu zedapirze warmoqmnili pirveli Jangeulis 

fena mkvrivi da mdgradia, Jangbadis Semdgomi SeWra liTonis siRrmeSi Znel-

deba. maRal temperaturaze difuzuri procesebi gacilebiT ufro gaadvilebu-

lia. garda amisa, SesaZlebelia Jangeulis furCi daskdes da intensiuri Jangva 

Siga fenebSic ganviTardes. aqedan gamomdinare, mxurvalmedegobis gasazr-

delad cdiloben liTonis zedapirze iseTi mtkice Jangeulis furCis Seqmnas, 

romelic maRal temperaturaze mTlianobas da ZiriTad liTonTan mtkice kav-

Sirs SeinarCunebs. aseTebia Cr2O3, Al2O3, SiO2. aqedan gamomdinare, mxurvalmedegi 

foladebisaTvis ZiriTad malegirebel elementebs qromi, alumini da silici-

umi warmoadgens. maTgan upiratesi mniSvneloba aqvs qroms, radgan alumini da 

siliciumi auaresebs foladis teqnologiur Tvisebebs. 5%Cr ukve uzrunvel-

yofs mxurvalmedegobas 7000C temperaturaze, 7% - 8000C-ze, 15% - 9000C-ze, 20% - 

10000C-ze, xolo 25% - 11000C-ze. siliciumisa (1,5-2,5%) da aluminis (2,5%-mde) dama-

tebiT mxurvalmedegoba izrdeba 12000C-mde, xolo nikelis damatebiT igi 14000C 

aRwevs. 

mxurvalmedeg foladebs miekuTvneba: 12Х17,  12Х18Н9,  10Х23Н18,  10Х45Ю, 

ХН78Т. maTgan mzaddeba saqvabe danadgarebi, milebi, tumboebi, urdulebi da sxva. 

mxurvalmtkicoba ewodeba liTonis unars, SeinarCunos simtkicis maxasia- 

Teblebi maRali temperaturis pirobebSi (5000C da zeviT). mxurvalmtkice fo-

lads, upirveles yovlisa, unda axasiaTebdes mxurvalmedegoba da Semdeg maRa-

li simtkice, rac rTuli legirebiT miiRweva. 

mxurvalmtkice foladebs miekuTvneba perlituri klasis foladebi 16М,  

15М, 12Х1МФ da sxva (saeqspluatacio temperatura ar aRemateba 5800C); martensi- 
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tuli da martensitferituli klasis foladebi 12Х2МФСР,  12Х2МФБ, 15Х11МФ, 

romelTa muSa temperaturaa 6000C da austenituri klasis foladebi, romlebic 

ufro maRali mxurvalmtkicobiT xasiaTdeba. 

mxurvalmtkice Senadnobebis fuZes ZiriTadad nikeli da kobalti warmo-

adgens. nikelis Senadnobebis tipuri warmomadgenelia nimonikebi, magaliTad, 

Н77ТЮ, ХН70МВТЮ. nimoniki ganicdis daZvelebas (wrToba 1050-11500C-dan haerze 

da daZveleba 700-7500C-ze). samuSao temperaturaa 950-10000C. 

kobaltis Senadnobebis warmomadgenelia vitaliumis tipis samsxmelo Se-

nadnobi (0,2%C,  1,5-3,5%Ni,  25-30%Cr,  4,5-6,5%Mo,  2%Fe,  0,3%Mn,  0,6%Si. danarCeni 

kobaltia). misi muSa temperaturaa 900-10000C. 

 
foladebi mWreli iaraRisaTvis. mWrel iaraRs, garda maRali sisalisa, 

moeTxoveba cveTamedegoba da zogierT SemTxvevaSi, am Tvisebebis SenarCuneba ma-

Ral temperaturamde, anu Tbomedegoba.  

sayofacxovrebo teqnikaSi mWreli iaraRebis dasamzadeblad farTod ga-

moiyeneba mcired legirebuli foladebi: 9ХС,  Х,  ХВГ,  ХВ5  da sxva. maTi Tbo-

medegoba ar aRemateba 2200C.  

mWreli iaraRis dasamzadeblad mrewvelobaSi farTodaa gavrcelebuli 

sali liTonkeramikuli masalebi. am mizniT gamoiyeneba maRali sisalisa da 

Termuli mdgradobis sxvadasxva karbidis Secxobili fxvnilebi. 

volframis, titanis an tantalis karbidebisa da SemakavSirebeli liTo-

nisagan (ZiriTadad kobalti) Sedgenil kazms wnexaven saWiro moyvanilobis 

firfitebis saxiT da acxoben 1500-20000C temperaturaze.  

gamoyenebuli karbidebis mixedviT liTonkeramikuli Senadnobebi sami 

tipisaa. pirveli Seicavs mxolod volframis karbids. maT BK tipis Senadno-

bebi ewodebaT (B aRniSnavs volframis karbids, xolo K – kobalts; cifri mi-

uTiTebs kobaltis raodenobas): BK3; BK6; BK10; BK15.  

meore jgufs miekuTvneba volframisa da titanis karbidis (T) Semcveli 

Senadnobebi TK: T5K10; T15K6; T30K4 (danarCeni volframis karbidia). 

mesame jgufSi Sedis Senadnobebi, romlebic Seicavs sami liTonis karbids, 
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maT TTK tipis Senadnobebs miakuTvneben. ricxvi markaSi T asos Semdeg miu-

TiTebs titanisa da tantalis karbidebis raodenobas erTad: TT7K12; TT8K6; 

TT20K9. 

sali liTonkeramikuli Senadnobebis sisale aRwevs 90 HRA, xolo Tbo-

medegoba – 1000-12000C. maTi mniSvnelovani naklia gazrdili simyife. 

sali Senadnobebis firfita raime saSualebiT magrdeba naxSirbadiani fo-

ladis iaraRis tanze. 
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T a v i VIII 

 
feradi liTonebi da Senadnobebi 

 
8.1. alumini da misi Senadnobebi 

 
msubuqi liTonebidan alumins yvelaze meti samrewvelo mniSvneloba aqvs. 

misi warmoebis moculobas meore adgili ukavia rkinis Semdeg. aluminis dama-

xasiaTebel Tvisebas mcire simkvrive (γ=2,7g/sm3) da dabali dnobis temperatura 

(6600C) miekuTvneba. alumini xasiaTdeba dabali simtkiciT (σmaqs.=60 mgpa, HB 25) 

da gazrdili plastikurobiT (δ=40%, ψ=85%). ar gaaCnia alotropiuli modifi-

kaciebi, kargi Tbo da eleqtrogamtari masalaa. 

 alumini da misi Senadnobebi gamoirCeva maRali teqnologiurobiT, kar-

gad deformirdeba, maTgan advilad SeiZleba sakmaod rTuli formis nakeTo-

bebis miReba. 

alumini qimiurad aqtiuri liTonia. miuxedavad amisa, igi haerze da zo-

gierT agresiul garemoSi metad sustad ganicdis korozias. amis mizezia mis 

zedapirze warmoqmnili oqsidis (Al2O3) mkvrivi furCi, romelic liTons Semd-

gomi Jangvisagan icavs. 

pirveladi (teqnikuri) aluminis marka aRiniSneba A asoTi, romlis Semdeg 

iwereba ricxvi. igi miuTiTebs aluminis sisufTaves mZimis Semdeg. magaliTad, 

A995 Seicavs 99,995% alumins. gansakuTrebuli sisufTavis aluminia A999; ma-

Rali sisufTavisa _ A995; A99; A97; A95, xolo teqnikuri sisufTavis – A85; A8; 

A7; . . . A0. teqnikuri aluminisgan amzadeben furclebs, Zelakebs, mavTuls. 

sasurveli Tvisebebis misaRebad awarmoeben aluminis legirebas sxvada-

sxva elementiT. malegirebel danamatebad yvelaze farTod gamoiyeneba spilen-

Zi, magniumi, TuTia da siliciumi.  

naxevarfabrikatebis miRebis xerxis mixedviT asxvaveben aluminis samsx-

melo da deformirebad Senadnobebs. TiToeuli maTgani, Tavis mxriv, or jgu-

fad iyofa: pirveli jgufis Senadnobebi ar eqvemdebareba Termul ganmtkice-

bas, xolo meore jgufis Senadnobebis TvisebaTa Secvla SesaZlebelia wrTo-

biTa da Semdgomi bunebrivi an xelovnuri daZvelebiT. 

68 
 



aluminis Senadnobebis marka aRiniSneba asoebiT, romlebic zogadad miu-

TiTebs Senadnobis tips, Tvisebas, daniSnulebas an mdgomareobas. magaliTad, 

aso Д (deformirebadi) aRniSnavs duraluminis tipis Senadnobebs, B – maRal-

mtkice Senadnobebs, AK _ Wedad Senadnobebs, АЛ – samsxmelo Senadnobebs. 

asoebis Semdeg iwereba Senadnobis pirobiTi nomeri, romelsac araviTari kav-

Siri ara aqvs masalis SedgenilobasTan an TvisebebTan. pirobiT nomers SeiZ-

leba mosdevdes simbolo, romelic miuTiTebs Senadnobis mdgomareobas. maga-

liTad,MM _ rbili, Т _ Termulad damuSavebuli, H – mopirsalebuli, П – 

naxevradmopirsalebuli. 

yvela samrewvelo aluminis Senadnobi SeiZleba daiyos agreTve aluminisa 

da im ZiriTadi malegirebeli elementebis sistemebis mixedviT, romlebic 

Senadnobis Tvisebebs gansazRvravs. magaliTad, Al-Mg,  Al-Cu,  Al-Cu-Mn,  Al-Mg-Si-

Cu da a.S. aseT SemTxvevaSi Senadnobis markas xSirad A asoTi aRniSnaven, ro-

melsac mosdevs ZiriTadi malegirebeli elementis aRmniSvneli simbolo. maga-

liTad, Al-Mn sistemis Senadnobi aRiniSneba simboloebiT АMц, Al-Mg sistemisa 

– АMг da a.S. Semdeg iwereba Senadnobis rigiTi nomeri da, aucileblobis Sem-

TxvevaSi, Senadnobis mdgomareobis aRmniSvneli aso. 

aluminis samsxmelo Senadnobebidan yvelaze gavrcelebulia silumini. igi 

miekuTvneba Al-Si  sistemis Senadnobebis ricxvs.  silumini Seicavs 12_13% silici-

umsums da struqturis mixedviT zeevteqtikur Senadnobs miekuTvneba. aseTi Senad-

nobis struqtura Sedgeba nemsisebri agebulebis uxeSi evteqtikisgan da pirve-

ladi siliciumis CanarTebisagan (sur. 8.1, a). uSualod Casxmis win SenadnobSi 

0,01%-is raodenobiT natriumis an sxva 

modifikatorebis (magaliTad, 2/3NaF+ 

+1/3NaCl-is narevis) damatebiT mkveTrad 

mcirdeba evteqtikuri siliciumis kri-

stalebis zomebi, Sedegad Camoyalib-

deba SedarebiT wvrildispersiuli 

agebulebis produqtebi da misi stru-

qtura Sedgenili iqneba Ria feris 
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pirveladi aluminis kristalebisa da wvrildispersiuli evteqtikisagan (sur. 

8.1, b). aramodificirebuli siluminisaTvis σmaqs=140 mgpa, δ=3%, modificirebis 

Semdeg ki σmaqs=180 mgpa, δ=8%. 

Al-Mg sistemis Senadnobebs miekuTvneba: АMг1, АMг2, АMг3, АMг5 da АMг6. 

magniumis Semcveloba 11_12%-mde umniSvnelod zrdis aluminis simtkices, xo-

lo fardobiTi wagrZeleba sakmaod maRal donezea SenarCunebuli. Senadno-

bebs farTod iyeneben SenaduRi konstruqciebis dasamzadeblad. TvisebaTa ga-

saumjobeseblad damatebiT utareben legirebas manganumiT, qromiT, titaniT 

da vanadiumiT.  

Al-Mg sistemis Senadnobebis dadebiT mxares miekuTvneba damakmayofile-

beli simtkicis, maRali plastikurobis, koroziamedegobisa da SeduRebadobis 

kargi urTierTSexameba. 

deformirebad Senadnobebs, romlebic Termul ganmtkicebas eqvemdebareba, 

miekuTvneba Al-Cu-Mg (duraluminebi), Al-Mg-Si, Al-Zn-Mg, Al-Cu--Mn da ufro 

rTuli sistemis Senadnobebi.  

duraluminisagan damzadebul nakeTobas utareben wrTobas da bunebriv 

daZvelebas. wrTobas awarmoeben 500±50C temperaturidan civ wyalSi Rumlidan 

macivebelSi gadatanis minimaluri drois uzrunvelyofiT. yvela duralumini, 

garda mciredlegirebuli Д18-isa, intensiurad ganicdis ganmtkicebas wrTobis 

Semdeg bunebrivi daZvelebis gziT. 

yvela duralumini xasiaTdeba koroziisadmi gazrdili midrekilebiT  da 

saWiroebs misgan specialur dacvas. mrewvelobaSi yvelaze gavrcelebulia 

dacvis ori xerxi: mitkeca teqnikuri aluminiT da eleqtroqimiuri oqsidireba. 

Al-Cu-Mn deformirebadi Senadnobebi (Д20 da 1201) titanis, cirkoniumisa 

da vanadiumis danamatebiT xasiaTdeba maRali meqanikuri TvisebebiT oTaxis, ga-

zrdil (2500C) da kriogenul (-2500C-mde) temperaturebze. gamoirCeva kargi teq-

nologiurobiT da SeduRebadobiT. orive Senadnobs utardeba wrToba 535±50C-

dan da Semdgomi daZveleba 170_1900C–ze 12_18 saaTis ganmavlobaSi.  
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8.2. spilenZi da misi Senadnobebi 

 

spilenZi Tavisi TvisebebiT axlos dgas vercxlTan da oqrosTan. haerze 

sustad iJangeba, gamoirCeva maRali plastikurobiT, eleqtro da Tbogamtaro-

biT. kristaldeba waxnagdacentrebul kubur kristalur gisosSi. ar axasiaTebs 

alotropiuli saxesxvaobebi. spilenZis dnobis temperaturaa 10830C, simkvrive – 

8,94 g/sm3. 

minarevebi, romlebsac spilenZi Seicavs, amcirebs mis eleqtrogamtarobas. 

am mimarTulebiT gansakuTrebiT Zlierad moqmedebs fosfori, dariSxani, si-

liciumi, rkina, stibiumi da kobalti. 

sisufTavis mixedviT arCeven ramdenime xarisxis spilenZs. spilenZis marka 

M asoTi aRiniSneba, romlis Semdeg, saWiroebis SemTxvevaSi iwereba misi gadad-

nobis xerxis aRmniSvneli aso (МВ _ vakuumSi gadadnobili, МЭ _ eleqtronu-

li sxiviT gadadnobili) da ricxvi. ricxvi markaSi miuTiTebs spilenZis sisuf-

Taves. magaliTad, M00 marka Seicavs aranakleb 99,99% spilenZs; M0 _ 99,95%; M1 

_ 99,90; M2 _ 99,7%; M3 _ 99,5%; M4 _ 99%. yvelaze maRali sisufTaviT gamo-

irCeva spilenZi МВ da МЭ, romlebSic minarevebis jamuri Semcveloba nakle-

bia Sesabamisad 0,01% da 0,005%. zesufTa spilenZi xasiaTdeba dabali simtki-

ciT da maRali plastikurobiT. misi droebiTi winaRoba gaglejaze σmaqs=200mgpa, 

denadobis zRvari σden=40_80mgpa, fardobiTi wagrZeleba δ=35%, fardobiTi Se-

viwroeba ψ=80_95%.  

spilenZis markis aRmniSvnel simboloebs SeiZleba damatebuli hqondes 

rusuli asoebi б an р, rac, Sesabamisad, miuTiTebs, rom spilenZi aris uJangba-

do an ganJanguli. 

deformirebuli spilenZisaTvis damaxasiaTebelia deformaciis teqstura, 

rac iwvevs meqanikuri Tvisebebis anizotropias. Zlierad deformirebul spi-

lenZSi rekristalizacia 200_2500C-ze iwyeba. rekristalizaciis Sedegad ya-

libdeba poliedruli struqtura mowvis oreulebis didi raodenobiT (sur. 8.2). 

simtkicis maxasiaTeblebis Semcireba 1500C-is zemoT iwyeba. sarekristaliza-

cio mowvis optimaluri temperaturaa 500_6000C. 
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sufTa spilenZi da misi mcired le-

girebuli Senadnobebi gamoiყეneba eleqt-

roteqnikaSi da eleqtrotransportze. ma-

Rali Tbogamtarobis gamo, spilenZi gamo-

iyeneba agreTve sxvadasxva Tbogadamcemeb-

sa da kristalizatorSi, rodesac auci-

lebelia siTbos intensiuri gatana dno-

bis zonidan. 

     spilenZis Senadnobebis warmoebisaT-

vis yvelaze gavrcelebul malegirebel 

elementebs TuTia, alumini, kala, silici-

umi, manganumi, beriliumi da nikeli miekuTvneba. TiToeuli maTgani zrdis 

spilenZis simtkicis maxasiaTeblebs. 

     spilenZis Senadnobebs sam ZiriTad jgufad yofen: TiTberad, brinjaod 

da spilenZnikelis Senadnobebad. 

TiTberSi ZiriTad malegirebel elements TuTia warmoadgens. TiTberis 

marka aRiniSneba asoTi Л da cifriT, romelic miuTiTebs SenadnobSi spilen-

Zis Semcvelobas. magaliTad, TiTberi Л80 Seicavs 80% spilenZs da 20% TuTi-

as. aseT Senadnobebs ubralo TiTbers uwodeben. 

Tu Senadnobi legirebulia sxva elementebiTac, mas specialur TiTbers 

miakuTvneben. specialuri TiTberis markis aRniSvnaSi miTiTebulia gamoyenebu-

li  malegirebeli  elementebis aRmniSvneli simboloebi: С _ tyvia, О _ kala, 

Ж _ rkina, А _ alumini, К _ siliciumi, Мц _ manganumi, Н _ nikeli. markis bo-

loSi iwereba ricxvebi, romlebic miuTiTebs spilenZisa da malegirebeli 

elementebis saSualo Semcvelobas (TuTiis gamoklebiT). magaliTad, ЛАЖМц66-

6-3-2 TiTberi 66%Cu, 6%Al, 3%Fe, 2%Mn Seicavs. danarCeni, 23% _ TuTiaa. Tu 

TiTberi gamoiyeneba fasonuri sxmulis warmoebisaTvis, markis boloSi umate-

ben Л asos. magaliTad, ЛАЖ60-1-1Л. 

klasikur brinjaos miekuTvneba spilenZis Senadnobi kalasTan. mogviane-

biT SemuSavebulia spilenZis Senadnobi aluminTan, siliciumTan, beriliumTan  

 

72 
 



da sxva elementebTan, romlebsac aseve brinjaos uwodeben.  

ZiriTadi  malegirebeli  elementebis  mixedviT brinjaos yofen  kalian, 

aluminian, beriliumian da a.S. brinjaoebad. brinjaoSi malegirebeli elemen-

tebis aRniSvnisaTvis damatebiT Semdegi simboloebia SemoRebuli: Ф _ fosfo-

ri, Б _ beriliumi, Х _ qromi. 

brinjaos markireba xdeba Бр asoebiT; Semdeg iwereba malegirebeli ele-

mentebis aRmniSvneli simboloebi da ricxvebi, romlebic maT saSualo pro-

centul Semcvelobas miuTiTebs. magaliTad, БрАЖМц10-3-1,5 brinjao 10%Al, 

3%Fe, 1,5%Mn, Seicavs. danarCeni spilenZia. 

teqnikaSi gamoyenebuli TiTberi struqturis mixedviT or jgufad iyofa: 

erTfaza, e. w. α Senadnobebad da orfaza, α+β Senadnobebad. TiTbris struq-

tura da meqanikuri Tvisebebi TuTiis Semcvelobazea damokidebuli. praq-

tikuli gamoyeneba pova Senadnobebma TuTiis 45%-mde SemcvelobiT.  

α TiTberi sakmaod plastikuri masalaa, gamoirCeva maRali teqnologiuro-

biT da advilad eqvemdebareba civad da cxlad wneviT damuSavebas. 300_7000C 

temperaturul intervalSi, rogorc spilenZSi, SeiniSneba plastikurobis Ca-

vardna. amitom, wneviT damuSavebis dros am temperaturul intervals unda 

moveridoT.  

Л96, Л90, Л85, Л80 erTfaza TiTbers miekuTvneba. maT tompakebi ewodeba. orfaza 

α+β samrewvelo TiTberi specialur Senadnobebs miekuTvneba, xasiaTdeba maRa-

li simtkiciT, magram ufro myifea da maTgan nakeTobaTa damzadeba CamosxmiT 

xdeba. orfaza TiTberebia: ЛА77-2;  ЛО70-1;  ЛС59-1;  ЛМц-58-2;  ЛАЖ60-1-1. 

klasikur brinjaos kaliani brinjao miekuTvneba. kalis maqsimaluri xsna-

dobis zRvari spilenZSi 16% Seadgens. temperaturis SemcirebasTan erTad xsna-

dobis zRvaric mcirdeba. 

sxmul mdgomareobaSi erTfaza (Sn≤6%) brinjaos struqtura Sedgeba ara-

erTgvarovani α myari xsnarisagan, romelic dendrituli agebulebiT xasiaT-

deba. deformaciisa da sarekristalizacio mowvis Semdeg struqtura polied-

rul agebulebaSi gadadis α myari xsnarisaTvis damaxasiaTebeli gaorebuli 

ubnebiT.  
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sasurveli Tvisebebis misaRebad kalian brinjaoSi damatebiT SehyavT sxva- 

dasxva elementi, rogoricaa: nikeli, alumini, TuTia da fosfori. 

arCeven samsxmelo da deformirebad brinjaoebs.  

daniSnulebis mixedviT samsxmelo kaliani brinjao ramdenime jgufad iyo-

fa. pirvelSi gaerTianebulia iseTi standartuli samsxmelo Senadnobebi, rogo-

ricaa: БрОЦСН3-7-5-1, БрОЦС3-12-5, БрОЦС5-5-5. maTgan amzadeben manqanaTa nawilebs. 

meore jgufs miekuTvneba sapasuxismgeblo daniSnulebis samsxmelo arastan-

dartuli brinjao: БрО19, БрОФ 10-1, БрОС16-5 da a.S. isini xasiaTdeba maRali 

antifriqciuli TvisebebiT da kargi cveTamedegobiT. maTgan mzaddeba srialis 

sakisrebi da xaxunis pirobebSi momuSave sxva detalebi. 

mesame jgufis Senadnobebi (БХ1, БХ2, БХ3) gamoirCeva kargi Txevaddenado-

biT, umniSvnelo CajdomiT da kargad avsebs yalibis yvelaze rTul ubnebs. 

isini mxatvruli sxmulebis warmoebaSi gamoiyeneba. 

deformirebad Senadnobebs miekuTvneba: БрОЦ4-3; БрОЦС 4-4-2,5; БрОФ 6,5-0,4 da 

sxva. 

brinjaos Termuli damuSavebis ZiriTadi saxea homogenizacia da Suale-

duri mowva. homogenizacias awarmoeben 700_7500C-ze Semdgomi swrafi gacive-

biT. narCeni Zabvebis mosaxsnelad sakmarisia sxmulis gaxureba 5500C-ze 1 sa-

aTis ganmavlobaSi, xolo Sualeduri mowva civad wneviT damuSavebis dros 

550_7000C-ze tardeba. 

tyviiani brinjao kargi antifriqciuli masalaa. man farTo gamoyeneba  pova  

iseTi mZimeddatvirTuli, sapasuxismgeblo sriala sakisrebis damzadebaSi, rom-

lebic sakmaod maRali xvedriTi wnevisa (2500-3000 mgpa) da gazrdili wriuli 

siCqareebis (8-10 m/wm) pirobebSi muSaobs. aseTebia: sayrdeni da barbaca sa-

kisrebi mZlavr turbinebSi, saaviacio ZravebSi, dizelSi da sxva swrafmaval 

manqanebSi. tyviiani brinjao kargi Tbogamtari masalaa, rac eqspluataciis 

procesSi sakisris temperaturis 300_3200C-mde gazrdis SesaZleblobas iZleva. 

sasakisre Senadnobebs miekuTvneba: БрС30 (sasakisre), БрОС5-25 (sakisari, 

milisi, zeTsamWidroebeli rgolebi), БрОС8-12 (maRali xvedriTi wnevis saki-

sari), БрСН60-2,5 (sakisari, fasonuri sxmuli). 
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T a v i  IX 

araliTonuri masalebi 

manqanaTmSeneblobasa da saxalxo meurneobis mraval dargSi farTod Se-

moiWra araliTonuri masalebi. maT miekuTvneba organuli da araorganuli ma-

salebi: plastikuri masebis sxvadasxva saxeoba, kompoziciuri masalebi arali-

Tonur fuZeze, kauCuki da rezini, webo, sahermetizacio masalebi, laqsaRebavis 

danafarebi, agreTve grafiti, mina da keramika. iseTi Tvisebebi, rogoricaa 

sakmao simtkice, mcire simkvrivesTan Sexamebuli sixiste da elastiuroba,  

Suqgamtaroba, qimiuri mdgradoba, dieleqtrikuli Tvisebebi da teqnologiu-

roba, am jgufis masalebs mrewvelobis mraval dargSi Seucvlels xdis. 

 
9.1. polimerebis klasifikacia 

araliTonuri masalebis fuZes, umTavresad, sinTetikuri polimerebi war-

moadgens. polimerebi aris nivTiereba, romelTa makromolekula Sedgeba erT-

gvarovani struqturis mqone mravali elementaruli rgolisagan (monomerebi-

sagan). maTi molekuluri masa Seadgens 5000-1000000. makromolekulebis aseTi 

didi zomebis SemTxvevaSi nivTierebis Tvisebebs gansazRvravs ara marto aRniS-

nuli molekulebis qimiuri Sedgeniloba, aramed maTi urTierTganlagebis xa-

siaTi da agebulebac.  

polimeris makromolekula warmoadgens jaWvs, romelic calkeuli rgo-

lebisgan aris Sedgenili. jaWvis sigrZe ramdenime aTasjer aRemateba mis ganiv 

kveTs, rac polimeris makromolekulas erT-erT ganmasxvavebel, gansakuTre-

bel Tvisebas _ drekadobas aniWebs. 

polimerebis klasifikacia sxvadasxva niSniT SeiZleba ganxorcieldes. 

Sedgenilobis mixedviT polimerebs yofen organul, elementorganul da ara-

organul polimerebad.  

organuli polimerebi naerTebis farTo jgufs warmoqmnis. Tu aseTi naer-

Tebis ZiriTadi molekularuli jaWvi mxolod naxSirbadis atomebiT aris Ca-

moyalibebuli, maT karbojaWvur polimerebs uwodeben. 

heterojaWvur polimerebSi ZiriTad jaWvSi naxSirbadis garda ganTavsebu- 
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buli sxva elementis atomebi, mniSvnelovnad cvlis polimeris Tvisebebs. maga-

liTad, makromolekulebSi Jangbadis atomi xels uwyobs jaWvis drekadobis 

gazrdas; fosforisa da qloris atomebi zrdis mxurvalmedegobas; gogirdis 

atomebi polimers airgaumtarobas aniWebs, xolo ftoris atomebi _ maRal qi-

miur medegobas.  

organul polimerebs miekuTvneba fisebi da kauCuki. elementorganuli na-

erTebi ZiriTadi jaWvis SedgenilobaSi Seicavs araoganul atomebs (Si, Ti, Al), 

romlebic SeTavsebulia organul radikalebTan (CH3, C6H5, CH2). es radikalebi 

masalas simtkices da elastiurobas aniWebs, xolo araorganuli atomebi _ 

gazrdil mxurvalmedegobas.  

araorganul polimerebs miekuTvneba silikaturi mina, keramika, qarsi, az-

besti. aseTi naerTebis SedgenilobaSi naxSirbadiani ConCxi ar arsebobs. ara-

organuli masalebis fuZes siliciumis, aluminis, magniumis, kalciumis da sxva-

Ta oqsidebi warmoadgens. araorganuli polimerebi gamoirCeva ufro maRali 

simkvriviT da xangrZlivi TbomedegobiT, Tumca mina da keramika gazrdili 

simyifiT xasiaTdeba.   

araorganuls miekuTvneba agreTv grafiti, romelic karbojaWvur poli-

mers warmoadgens. 

teqnikuri miznebisaTvis gamoyenebas poulobs polimerebis rogorc cal-

keuli saxeobebi, ise maTTan Sexamebuli polimerebis sxvadasxva jgufi. aseT 

masalebs kompoziciurs uwodeben. maT ricxvs miekuTvneba, magaliTad, mina-

plasti. 

polimerebis TvisebaTa mravalferovneba ganpirobebulia maTi makromole-

kulebis struqturiT. makromolekulebis formis mixedviT polimerebs yofen 

wiriT (jaWvisebr), ganStoebul, lentur (kibis), sivrciT an badisebr da 

brtyel polimerebad. 

polimeris wiriTi makromolekulebi warmoadgens grZel zigzagisebr an 

spiralad daxveul jaWvs (sur. 9.1, a). jaWvis gaswvriv ganlagebuli maRali 

simtkicis moqnili makromolekulebi susti  molekuluri  kavSirebiT  uzrun- 

velyofs masalis elastiurobas, xolo gaxurebisas _ misi garbilebis, gacive-

bisas ki _ kvlav gamyarebis unars (polieTileni, poliamidi da a.S). 
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ganStoebuli, aseve wiriTi makromolekulebi (b) gamoiCeva ganivi ganStoe-

bebiT, rac xels uSlis maT mWidrod ganlagebas. 

lenturi makromolekula (g) qimiuri kavSirebiT SeerTebuli ori jaWvis-

gan aris Sedgenili. polimerebis ZiriTadi jaWvi ufro maRali sixistiT da 

gazrdili TbomedegobiT xasiaTdeba. polimeri uxsnadia standartul orga-

nul gamxsnelebSi (magaliTad, siliciumorganuli polimerebi).  

sivrciTi an badisebri polimerebi makromolekulebis ganivi mimarTule-

biT urTierTSeerTebis Sedegad warmoiqmneba, uSualod mtkice qimiuri kavSi-

rebis, qimiuri elementebis an radikalebis meSveobiT. Sedegad yalibdeba sxva-

dasxva sixSiris badisebri struqtura (d). badisebr polimerebs miekuTvneba 

agreTve brtyeli polimerebi (e). 

fazuri mdgomareobis mixedviT arCeven amorful da kristalur polime-

rebs. amorfuli polimerebi erTfaza sistemas miekuTvneba da formirebulia 

erT dastad Segrovili jaWvuri molekulebisagan. dastas aqvs mezobel ele-

mentebTan SefardebiT gadaadgilebis unari, radgan igi calke struqturul 

elements warmoadgens. zogierTi amorfuli polimeri SeiZleba jaWvebis glo-

bulebisagan iyos Sedgenili. polimerebis globularuli struqtura dabali 

meqanikuri TvisebebiT xasiaTdeba – mimdinareobs myife rRveva globulebis 

sazRvrebSi. gazrdil temperaturaze globula iSleba wiriT warmonaqmnebad, 

rac aumjobesebs polimeris meqanikuri Tvisebebis kompleqss. 
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kristaluri polimerebi yalibdeba im SemTxvevaSi, Tu maTi makromoleku-

lebi sakmarisad moqnilia da aqvT regularuli struqtura. aseT SemTxvevaSi, 

saTanado pirobebis arsebobisas, SesaZlebeli xdeba fazuri gardaqmnis mimdi-

nareoba dastis SigniT da sivrciTi kristaluri gisosis Camoyalibeba. kris-

talizacia mimdinareobs garkveul temperaturul intervalSi. kristaluri 

struqturebi Termodinamikurad stabiluria. Cveulebriv pirobebSi sruli 

kristalizacia ar mimdinareobs da struqtura orfaza miiReba. kristaluri 

agebuleba polimers maRal sixistes da Tbomedegobas aniWebs. 

ansxvaveben polarul da arapolarul polimerebs. polaroba ganisazRv-

reba polimeris SedgenilobaSi dipolebis arsebobiT (dadebiTi da uaryofiTi 

muxtis centrebis ganawilebis gaSoriSorebiT). arapolaruli polimerebis mak-

romolekulaSi muxti ganawilebulia Tanabrad, dipolis momentebi urTierT-

kompensirebulia, xolo polarulSi makromolekula dipols warmoadgens. 

  arapolaruli polimerebi (naxSirwyalbadis fuZeze) warmoadgens maRal-

xarisxovan, maRali sixSiris dieleqtriks da xasiaTdeba kargi yinvamedegobiT. 

polaroba polimers aniWebs sixistes, Tbomedegobas, magram yinvamedegoba da-

balia. 

gaxurebisadmi mgrZnobiarobis mixedviT polimerebi or jgufad iyofa: 

Termoplastikur da Termoreaqtiul polimerebad. 

Termoplastikuri polimerebi gaxurebisas jer rbildeba, Semdeg ki dneba. 

procesi Seqcevadia _ gacivebisas mimdinareobs sapirispiro procesi da poli-

meri myardeba. gaxureba-gacivebisas raime mniSvnelovani qimiuri an struqtu-

ruli cvlilebebi ar xdeba, amitom SesaZlebelia am polimerebisa da maTgan 

warmoebuli nakeTobis xelaxla gadamuSaveba.   

Termoreaqtiul polimerebs Camoyalibebis pirvel stadiaSi aqvT wiriTi 

struqtura da gaxurebisas rbildeba. Semdeg, qimiuri reaqciebis mimdinareo-

bis Sedegad, agebuleba sivrciT struqturaSi gadadis, myardeba da SemdgomSi 

am mdgomareobas inarCunebs. polimeris  myar  mdgomareobas  Termostabilurs 

 uwodeben. 
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9.2. zogadteqnikuri daniSnulebis Termoplastebi da 

Termoreaqtiuli plastmasebi 

 
Termoplastikuri plastmasebis (Termoplastebis) fuZes wrfivi an gan-

Stoebuli struqturis polimerebi warmoadgens.  

Termoplasti teqnologiuri masalaa. misgan amzadeben detalebs eleqt-

roqimiuri mrewvelobisaTvis, sadebebs, Txel firebs da boWkoebs, moxaxune 

elementebs, damcav danafarebs liTonis zedapirze. 

Termoplasti SeiZleba iyos arapolaruli da polaruli. arapolarul 

Termoplasts miekuTvneba polieTileni, polipropileni, polistiroli da po-

litetraftoreTileni. 

polieTilenis or modifikacias awarmoeben: 

1. maRali wnevisas, romelsac Rebuloben eTilenis gazidan P=50-300 mgpa 

wnevisa da 1800C temperaturul pirobebSi; 

2. dabali wnevisas, rodesac P=1 mgpa. 

polieTileni (_CH2_CH2_)n qimiurad mdgradia da oTaxis temperaturaze 

ar ixsneba arc erT cnobil gamxsnelSi. muSa temperaturuli intervali saSu-

alod Seadgens 100-dan (-170)0C-mde. 

polipropileni (_CH2_CHCH3_)n TvisebebiT polieTilenis analogiuria, mag-

ram xasiaTdeba ufro maRali TbomedegobiT da qimiuri mdgradobiT maRal 

temperaturaze. saeqspluatacio temperaturuli diapazonia 150-dan (-25)0C-mde. 

polistiroli (_CH2_CHC6H5_)n gamWvirvale, minisebri masalaa. ar ixsneba 

mJavebSi, tuteebSi, benzinsa da zeTSi. mdgradia radiaciis mimarT. stirolis 

Tanapolimeri sinTetikur kauCukTan kargad uZlebs dartymiT datvirTvebs.   

politetraftoreTileni (_CF2_CF2_)n, anu ftoroplasti-4 (tefloni) erT-

erTi yvelaze Tbomedegi da qimiurad mdgradi Termoplastia. gaaCnia dabali 

xaxunis koeficienti. igi absoluturad mdgradia metad Zlieri mJavebis, 

tuteebisa da gamxsnelebis mimarT. iSleba mxolod tute  liTonebis  xsnarSi  

da elementaruli ftoris zemoqmedebiT. 

ftoroplastis uaryofiTi mxarea dabali radiaciuli medegoba. Znelia 

agreTve misi gadamuSaveba nakeTobad. 
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polarul Termoplasts miekuTvneba: 

a _ politetraftorqloreTileni (_CF2_CFCl_)n – ftoroplasti-3. igi ga-

moirCeva kristalurobis maRali xarisxiT (∼80%), xasiaTdeba gazrdili simkv-

riviT, sisaliTa da simtkiciT. ftoroplasti-3 ar iwvis, mdgradia atmosfero-

Si, ar atarebs tensa da haers. oTaxis temperaturaze ar ixsneba arc erT gamxs-

nelSi (zogierT maTganSi ibereba). polimeri advilad muSavdeba meqanikurad. 

b _ polivinilqloridi (_CH2_CHCl_)n – wiriTi agebulebis arakristalu-

ri polimeria. ar iwvis, xasiaTdeba maRali qimiuri medegobiT gazrdili kon-

centraciis tuteebis, mJavebis, marilebisa da sawvav-sacxebi masalebis mimarT. 

stabilizatorebis damatebiT misgan Rebuloben polimers – viniplasts, rome-

lic koroziamedeg masalas warmoadgens. igi kargad eqvemdebareba meqanikur 

damuSavebas, duRdeba da webdeba. yinvis winaaRmdeg medegobis gazrdisa da 

plastikurobis amaRlebis mizniT polivinilqloridSi plastifikatorebs uma-

teben, ris Sedegadac miRebul masalas plastikati ewodeba. igi gamoiyeneba 

msubuqi rezervuarebis, SemamWidroebeli Suasadebebis, izolaciis da sxvaTa 

dasamzadeblad. 

g _ polieTilentereftalati _ gamWvirvale, amorful_kristaluri poli-

meria kristalurobis maqsimaluri xarisxiT 49-65%. oTaxis temperaturaze qi-

miurad mdgradia, temperaturis matebisas qimiuri mdgradoba mcirdeba. arahig-

roskopulia, mdgradia sinaTlis, ultraiisferi, rentgenisa da γ gamosxivebis 

mimarT. axasiaTebs maRali dieleqtrikuli maxasiaTeblebi 1800C_mde. 

polieTilentereftalatisagan miiReba firi da boWko (lavsani), romelsac 

maRali simtkicis maxasiaTdeblebi gaaCnia gaWimvisas. xasiaTdeba kargi darty-

miTi siblantiT da cveTamedegobiT. firi advilad eqvemdebareba metalizaci-

asa da SeRebvas. 

poliureTani Seicavs ureTanis jgufs (_NH_COO_). misi sinTezisaTvis 

sxvadasxva qimiuri buneბis naerTi gamoiyeneba. am klasis polimerebi struqtu- 

risa da Tvisebebis mixedviT sakmaod mravalferovania. maTTvis damaxasiaTe-

belia qimiuri mdgradoba ganzavebuli mineraluri da organuli mJavebis, nax-

Sirwylebis, mineraluri da organuli zeTebis, wylisa da damJangvelebis ze-
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moqmedebis mimarT. ixsneba zogierT organul gamxsnelSi. poliureTanis uar-

yofiTi mxarea dabali Termuli mdgradoba (1200C).                              

samganzomilebiani poliureTani gamoiyeneba  elastomerisa  da qafplastis 

misaRebad, boWkos, webos, hermetikis da laqsaRebavebis dasamzadeblad.  

minaplastis dasamzadeblad minis boWkos Rebuloben Txel xvrelSi (fi-

lerSi) ututo, gamdnari minis didi siCqariT gamoWimviT 1200-14000C-ze. Txel mi-

nis boWkos metad maRali simtkicis maxasiaTebeli gaaCnia: 2-3 mkm diametris boW-

kos simtkicis zRvari gaWimvaze 5000-6000 mgpa-s Seadgens. izolirebuli minis 

boWkos diametris gazrdiT misi simtkice klebulobs, Tumca SemakavSirebel 

fisTan erTobliobaSi igi pasuxobs am maxasiaTeblis obtimalur mniSvnelobas. 

amgvarad, minaplastSi kargad aris Sexamebuli mcire simkvrive (∼1,6-1,9 t/m3) ma-

Ral simtkicesa da sixistesTan.  

 
plastikur masas, an ubralod, plastmass, uwodeben masalas, romelic 

damzadebulia romelime polimeris fuZeze. kompoziciis Semadgenloba sxvada-

sxva SeiZleba iyos. magaliTad, ubralo plastmasebs miekuTvneba polimerebi 

danamatebis gareSe, xolo rTuli plastmasebi warmoadgens polimerebis na-

revs sxvadasxva danamatebTan _ SemavseblebTan, stabilizatorebTan, plasti-

fikatorebTan da a.S. Semavsebels umateben 40-70%-is raodenobiT meqanikuri 

Tvisebebis asamaRleblad, rac amcirebs nakeTobis TviTRirebulebas. Semavseb-

lebad gamoiyeneba organuli da araorganuli nivTierebebi – xis fqvili, 

Wvartli, qarsi, talki, SiO2, TiO2, grafiti; bambeulis, azbestis, polimerebis, 

qaRaldisa da sxvadasxva qsovilis boWkoebi; xis Sponis furceli.  

stabilizatorebi, romlebsac sxvadasxva organuli nivTierebebi miekuTv-

neba, SeaqvT ramdenime procentis raodenobiT molekulebis struqturis Senar-

Cunebisa da Tvisebebis stabilizaciisaTvis. 

plastifikatorebs umateben 10-20%_is raodenobiT simyifis Semcirebisa da 

formis miniWebis operaciis gasaumjobeseblad. plastifikatorebad gamoiyeneba 

eTeri, xolo zogjer – polimeri drekadi molekulebiT. 

specialur danamatebs miekuTvneba SemzeTi masalebi, saRebavebi, danamate-

bi statikuri muxtisa da wvadobis Sesamcireblad. 
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gamyarebis procesis dasaCqareblad Termoreaqtiul plastmasebs umateben 

gamamyareblebs ramdenime procentis raodenobiT. am mizniT gamoiyeneba organu-

li zeJangebi, gogirdi da sxva nivTierebebi.  

plastmasebis TvisebaTa Taviseburebaa mcire simkvrive (γ=1-2 t/m3, qaf-

plastmasisa – 0,015-dan 0,8 t/m3), maRali qimiuri medegoba da eleqtrosaizo-

lacio Tvisebebi, dabali siTbogamtaroba da mniSvnelovani Tburi gafarToeba 

(10-30-jer meti Cveulebriv foladebTan SedarebiT). 

 
9.3. plastmasebis meqanikuri Tvisebebi 

 
datvirTvis pirobebSi polimerebis deformacia sami Semdgenis _ drekadi, 

maRalelastiuri da blanti dinebis ubnebis jamiT ganisazRvreba (sur. 9.1). 

deformaciis Semdgenebis urTierTSefardeba cvalebadia da damokidebulia 

rogorc  polimeris  struqturaze, ise  deformaciis  pirobebsa da gamocdis 

temperaturaze. meqanikuri Tvisebebis  mgrZnobiaroba  deformaciis  siCqareze, 

datvirTvis moqmedebis xangrZlivobaze, temperaturasa da struqturaze, Ter-

moplastebis tipur Taviseburebas warmoadgens.   

minisebri Termoplastebi gaWimvisas Zlier wagrZelebas ganicdis. gawy-

vetis Semdeg narCeni deformaciis sidide ramdenime aTeul da aseul pro-

cents Seadgens. aseT deformacias maRalelastiurs uwodeben. igi aris gareSe 

Zalis zemoqmedebiT dagrexili makromolekulebis gaWimvis Sedegi. gaWimvisas 

masala iwyebs dinebas da nimuSSi yeli warmoiqmneba. plastikuri dinebis ubani 

mn (sur. 9.1, a) Seesabameba warmoqmnili Seviwroebis TandaTanobiT gavrcelebas 
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 nimuSis mTel sigrZeze.  

msgavsi suraTi miiReba kristaluri polimerebis gaWimvisas. am SemTxveva- 

Si sawyisi struqtura icvleba axliT, romelSic kristalebs aqvs  Secvlili 

forma da upiratesi, erTnairi orientacia. 

orientirebuli molekuluri struqturis mqone Termoplastebis upira-

tesi orientaciis mimarTulebiT gaWimvisas ar yalibdeba plastikuri dinebis 

ubani (sur. 9.1, b) da nimuSis wagrZeleba ar aRemateba aTobiT procents. daSt-

rixuli ubnebi diagramaze Seesabameba dasaSvebi datvirTvis mniSvnelobebs. 

Termoplastebis meqanikuri Tvisebebis Taviseburebani SemdegSi mdgoma-

reobs: 

1. gaxurebisas simtkice mcirdeba da masala iZens gazrdil siblantes. 

polieTileni, polistiroli da polivinilqloridi 1000C-mde gaxurebisas sim-

tkices imdenad Zlier kargavs, rom maTi gamoyeneba sakonstruqcio masalad 

500C-zec ki SeuZlebelia. 250C-is qvemoT gacivebisas simtkice matulobs, magram 

erTdroulad izrdeba simyife da mgrZnobiaroba CanaWrebis mimarT. 

2. datvirTvis xangrZlivi zemoqmedebis pirobebSi simtkicis maxasiaTeb-

lebi mcirdeba da warmoiqmneba narCeni deformacia, rac iZulebiTi maRale-

lastiuri deformaciis Sedegia. statikuri datvirTvis SemTxvevaSi erTi wlis 

ganmavlobaSi simtkicis zRvari gaWimvaze orjer mcirdeba. 

3. deformaciis siCqaris gazrdiT plastmasis sixiste matulobs, radgan 

maRalplastikuri deformaciis procesebis mimdinareoba CamorCeba da matu-

lobs midrekileba myife rRvevisadmi. 

4. plastmasebi orientirebuli molekuluri struqturiT anizotropiuli 

TvisebebiT xasiaTdeba. Termoplastebis gamoWimva 2-4-jer, simtkicis maxasia-

Teblebs orjer zrdis. simtkice maqsimaluria gaWimuli molekulebis gaswv-

riv, xolo ganivi mimarTulebiT – Semcirebuli. 

kristalur polimerebSi meqanikuri Tvisebebi damokidebulia kristali-

zaciis xarisxze. rac ufro metia igi, miT ufro maRalia sixiste da simtkice. 

zogierT polimerSi kristalizaciis xarisxis gazrda 85%-is zemoT ganapiro-

bebs simyifis ganviTarebas. 

Termoplastis  meqanikuri  Tvisebebi umjobesdeba, Tu Semavseblad 20-30% 

83 
 



minis boWkos gamoviyenebT. aseTi plastmasi gamoirCeva zomebis maRali stabi-

lurobiT datvirTvis zemoqmedebis pirobebSi, izrdeba simtkice, magram uares-

deba winaaRmdegoba dartymiTi datvirTvebisadmi.  

 
9.4. polimerebis daZveleba 

 
plastmasebis Taviseburebas warmoadgens Tvisebebis arastabiluroba daZ-

velebis gamo. daZveleba gulisxmobs polimeruli masalebis umTavresi teqni-

kuri maxasiaTeblebis TavisTavad, Seuqcevad cvlilebas rTuli qimiuri da 

fizikuri procesebis Sedegad, romlebic masalis eqspluataciisa da Senaxvis 

dros mimdinareobs. daZvelebis mizezi SeiZleba iyos sinaTlis, siTbos, Jang-

badis, ozonisa da kidev sxva, maT Soris meqanikuri faqtorebis zemoqmedeba. 

magaliTad, polieTileni 2-3 weliwadSi Zlier iSleba mzisa da ultraiisferi 

sxivebis zemoqmedebiT. daZvelebis process metad aCqarebs masalis mraval-

jeradi deformacia, naklebad zemoqmedebs teni. 

ansxvaveben Tbur, sinaTlis, ozonis da atmosferul daZvelebas.  

daZvelebis arsi mdgomareobs rTuli jaWvuri reaqciis mimdinareobaSi, 

rac ganapirobebs Tavisufali radikalebis (iSviaTad ionebis) warmoqmnas, po-

limeris destruqcias da struqturirebas. Cveulebriv, daZveleba aris atmos-

feruli JangbadiT polimeris Jangvis Sedegi. Tu upiratesad destruqcia mim-

dinareobs, polimeri rbildeba, gamoiyofa aqroladi nivTierebebi (magaliTad, 

naturalur kauCukSi), xolo struqturirebis SemTxvevaSi izrdeba polimeris 

sisale, simyife, da SeiniSneba elastiurobis kargva (magaliTad, butidienis 

kauCukSi, polistirolSi). 

maRal temperaturaze (200_5000C) mimdinareobs organuli polimerebis daS-

la. amasTan, polimerebis pirolizi, rasac Tan sdevs aqroladi nivTierebebis 

aorTqleba, warmoadgens ara zedapirul movlenas, aramed nimuSis mTel mocu-

lobaSi xdeba aorTqlebis unaris mqone molekulebis warmoqmna.  

Termodestruqciisadmi stabilurobiT gamoirCeva iseTi polimerebi,  rom- 

lebsac polimerizaciis maRali Tburi parametrebi gaaCnia (polieTileni, po-

lifenoli) da polimerebi polarobis CamnacvlebliT (ftoroplastebi). 

ozonisadmi mdgradia siliciumorganuli naerTebi, tropikuli atmosfero- 
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sadmi _ polieTileni, politetraftoreTileni, poliamidis boWko; aramdgra- 

dia naturaluri da sinTeTikuri kauCuki, viskoza. 

daZvelebis procesis Sesaneleblad polimerul masalas umateben stabili- 

zatorebs (sxvadasxva organul nivTierebas) da antioqsidantebs (aminebs, feno-

lebs da sxva)      

 
9.5. kauCuki da rezini 

rezini warmoadgens masalas, romelic miiReba kauCukisa da sxvadasxva da-

namatebis specialuri damuSavebiT, vulkanizaciiT. kauCuki warmoadgens rbil, 

elastikur produqts simkvriviT (0,92_0,94 g/sm3).  

ansxvaveben naturalur (bunebriv) da sinTetikur kauCuks. bunebrivi kauCu-

kis fuZes erT_erTi xis wveni warmoadgens, romelic tropikul qveynebSi izr-

deba. am produqtidan miRebul kauCuks aqvs (C5H8)n gamosaxulebasTan miaxloe-

buli formula, sadac n ramdenime aTasi rigis ricxvia. naturaluri kauCukis 

fuZeze warmoebuli rezini maRali simtkiciT da elastiurobiT gamoirCeva, 

magram moklebulia mTel rig saeqspluatacio Tvisebebs, rogoricaa, magali-

Tad, navTobproduqtebis zemoqmedebisadmi mdgradoba. 

sinTetikuri kauCuki mzaddeba sxvadasxva polimerisagan. misi mravali sa-

xeoba arsebobs, maT Soris: 

natriumbutadienis kauCuki, romlis miaxloebuli formulaa (C4H6)n, gamo-

irCeva cveTisadmi maRali winaRobiT; 

izopronis kauCuki (C5H8)n, romelic  simtkiciTa da TbomedegobiT axlos 

dgas naturalurTan, mxolod umniSvnelod Camouvardeba mas elastiurobiT; 

kauCukis da zogierTi organuli nivTierebis erToblivi polimerizaciiT 

Rebuloben produqts, romelsac Tanapolimers uwodeben. aseTebia: 

butadienstirolis kauCuki – es aris butadienis da stirolis Tanapoli-

meri (CH2=CH_C6H5). igi xasiaTdeba maRali meqanikuri TvisebebiT,  mdgradobiT  

cveTis mimarT, xolo zogierTi saxeoba _ yinvagamZleobiTac. 

nitrilbutadienis kauCuki _ warmoadgens butadienis da akrilmJavas  nit- 

rilis (CH2=CH_CN) Tanapolimers. nitrilis kauCuki gamoirCeva gazrdili me-
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qanikuri simtkiciT da benzinis, navTis, zeTis da wylis mimarT gansakuTrebu-

li mdgradobiT. 

Tu butadienSi wyalbadis erTi atomi qloriT Seicvleba, miiReba qromo-

preni (CH2=CH_CCl=CH2). misi polimerizaciiT awarmoeben qromoprenis kauCuks 

_ neoprenis (nailitis). igi xasiaTdeba maRali mdgradobiT zeTis, navTis, ben-

zinis, ozonisa da garemos (mzis, gazrdili temperaturis, haeris Jangbadis) 

zemoqmedebis mimarT. 

butilkauCuki aris butadienis, izoprenis da izobutilenis Tanapolimeri 

[CH2=C(CH3)_CH3]. butilkauCukis erT_erTi ZiriTadi Rirsebaa praqtikulad sru-

li airSeuRwevloba. igi xasiaTdeba agreTve mniSvnelovani simtkiciT da elas-

tiurobiT, romelsac inarCunebs -70_dan +1500C intervalSi, agreTve Jangbadis, 

mJavebis da sxva reagentebis zemoqmedebisadmi maRali winaaRmdegobiT. 

zogierT SemTxvevaSi gamoiyeneba maRalmolekuluri elastiuri masalebi, 

romlebsac kauCukebis jgufs miakuTvneben. am masalebis agebulebas safuZvlad 

udevs atomebis jaWvi, romelSic monawileobs gogirdis an siliciumis atome-

bi. Sesabamisad miiReba tiokolis an polisiloqsanis (silikonis an silicium-

organuli) kauCuki.  

tiokolis kauCuki, romelsac tiokolis fuZeze (C2H4S4) awarmoeben, gamo-

irCeva airSeuRwevlobiT, benzinisa da zeTisadmi medegobiT, kargi hermetuli 

TvisebebiT da maRali adheziiT liTonebis mimarT. 

silikonis kauCukis gansakuTrebuli Tvisebaa kargi dieleqtrikuli maxa-

siaTeblebi, mdgradoba ozonisa da sinaTlis ultraiisferi sxivis zemoqmede-

bis mimarT. igi ar Zveldeba da ar ijirjveba organul gamxsnelebSi, plasti-

kurobas inarCunebs -80_dan +2700C_mde. misi gamoyeneba mizanSewonilia Semam-

Widroveblis, membranis da moqnili SeerTebebis dasamzadeblad.  

poliuretanis kauCuki xasiaTdeba maRali cveTamedegobiT. 

amgvarad, nebismieri rezinis fuZemasalas naturaluri an sinTetikuri 

kauCuki, elastomeri warmoadgens. kauCukis maRal elastiurobas ganapirobebs 

misi wiriTi an sustad datotvili molekulebis zigzagisebri an spiraluri 

konfiguracia da didi moqniloba. Tumca wiriTi agebulebis kauCukis gamoye-

neba SeuZlebelia nakeTobis dasamzadeblad organul siTxeebSi misi xsnado-
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bis gamo. garda amisa, igi xasiaTdeba didi cocvadobis unariT oTaxis da, 

gansakuTrebiT, gazrdili temperaturis pirobebSi. am uaryofiTi Tvisebebis 

asacileblad nedli rezinis (kauCukisa da ingredientebis meqanikuri narevis) 

dawnexiT, wnevis qveS CamosxmiT, gamownexiT an plastikuri deformaciis sxva 

xerxiT formirebul nakeTobas aniWeben nakerian, meCxerbadisebr molekulur 

struqturas. aseT operacias vulkanizacias uwodeben. vulkanizaciis procesSi 

Camoyalibebuli nakerebis raodenobis mixedviT SeiZleba rbili, saSualo sim-

tkicisa da mtkice rezinis miReba. 

rezini mTavar damaxasiaTebel Tvisebas, elastiurobas, kauCukisgan iZens. 

rezins aqvs Zalian didi deformaciis unari. garkveuli Zabvebis zRvrebSi igi 

arsebiTad xasiaTdeba deformaciis sruli SeqcevadobiT, rac uaRresad mcire 

droSi realizirdeba. uaryofiTi temperaturis zemoqmedeba ganapirobebs ma-

Ralelastiuri Tvisebebis Semcirebas an srul kargvas, minisebr mdgomareo-

baSi gadasvlas da sixistis gazrdas ramdenime xarisxiT. deformaciis unars 

rezini (_30. . .+1300C) zRvrebSi inarCunebs. CrdiloeTisaTvis awarmoeben yinva-

gamZle rezins, romelic -650C-ss uZlebs, xolo ufro maRal temperaturaze 

samuSaod amzadeben Tbomedeg rezins, romlis samuSao temperatura 1500C-ss 

aRwevs. 

maRal elestiurobasTan erTad rezins aqvs mTeli rigi sxva RirsSesaniS-

navi Tvisebebic, rogoricaa SedarebiT maRali simtkice gaWimvaze (20-30 mgpa), 

cveTamedegoba, eleqtrosaizolacio Tvisebebi, air da wyalSeuRwevloba, qimi-

uri medegoba da sxva. 

sxvadasxva kauCukze damzadebuli rezinis gajirjvebis xarisxi damokide-

bulia rezinis badurobis xarisxze, siTxis molekulebis aqtivobaze da e.w. 

xsnadobis parametrze, romelic axasiaTebs kauCukisa da gamxsnelis polaru-

lobis urTierTSefardebas.  

rbili, maRalelastiuri rezinis molekulebSi 80%-ze meti gamouyenebeli 

ormagi kavSirebia SenarCunebuli. es SedarebiT aramdgradi kavSirebi Termo-

JangviT, foto da meqanikuri destruqciis kerebs warmoadgens. elastiuri ma-

Ralmolekuluri, meCxerbadisebri struqtura droSi  calkeul  dabalmoleku- 

lur  fragmentebad  iSleba, rac iwvevs rogorc elastiurobis, ise simtkicis 
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Semcirebas da bzarebis warmoqmnas, anu ganapirobebs rezinis daZvelebas. 

najeri kauCukis fuZeze damzadebuli rezini sakmaod mdgradia daZvelebi-

sa da agresiuli garemos mimarT. 

ansxvaveben saerTo daniSnulebisa da specialur rezinebs. 

saerTo daniSnulebis rezinis eqspluatacia SesaZlebelia wylisa da ha-

eris garemoSi, mJavebis, marilisa da tuteebis sust xsnarebSi, agreTve spirtSi, 

acetonSi  da cximovan mJavebSi. muSa temperaturuli intervali Zevs zRvrebSi 

(-60. . .-35)-dan (80. . .130)0C-mde. am jgufis rezinebi, gansakuTrebiT rbili, ara-

mdgradia sinaTliTa da Tburi daZvelebisadmi; ganicdis Zlier gajirjvebas 

(200-600%-iT) cximovan da aromatul gamxsnelebTan (benzini, navTi, benzoli, 

qloroformi, gogirdnaxSirbadi, samanqano zeTi) kontaqtis SemTxvevaSi. 

specialuri rezini ramdenime jgufad iyofa: 

zeTmedegi da benzinmedegi rezinebi _ gamoiyeneba mineralur zeTebTan, 

navTTan da benzinTan kontaqtSi, romlebSic igi 24 saaTSi 60%-iT ganicdis 

gajirjvebas. xasiaTdeba gazrdili mdgradobiT sinaTliT daZvelebisadmi da 

qimiuri medegobiT. uaryofiTi mxarea Semcirebuli elastiuroba da gamyifeba 

(-30. . . -50)0C temperaturul intervalSi. misi Tbomedegoba ar aRemateba 1300C. 

Suqmedegi, ozonmedegi da qimiurad mdgradi jgufis rezinebi ar iSleba 

ramdenime wlis ganmavlobaSi atmosferos zemoqmedebiT. SesaZlebelia agreTve 

maTi eqspluatacia koncentrirebul mJavebTan da gamxsnelebTan kontaqtSi. 

Tbomedegi rezinebi muSaobs _60-dan +250 da _100-dan +3500C temperaturul 

diapazonSi. ar Zveldeba, elastiuria, Tumca ganicdis gajirjvebas gamxsne-

lebSi da zeTebSi, axasiaTebs dabali simtkice, dabali adhezia da cudad mu-

Saobs cveTaze. 

ftorSemcveli kauCukisgan warmoebuli rezinis saeqspluatacio tempera-

turuli diapazonia (_50. . . 300)0C. am jgufis rezinebi metad mdgradia sinaT-

lis, ozonisa da Tburi zemoqmedebiT daZvelebis mimarT, zeTmedegi, benzin-

medegi  da qimiurad mdgradia gaxurebis SemTxvevaSic ki, ar iwvis, xasiaTdeba 

cveTamedegobiT, sakmaod mtkice da elastiuria. 
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9.6. afskwarmomqmneli da laqsaRebavi masalebi. emali  
 
 

afskwarmomqmnels miekuTvneba polimerebis, oligomerebis an araorganuli 

nivTierebebis fuZeze damzadebuli masalebi, romlebic xsnarebSi an nal-

RobebSi gamoiyeneba. zedapirze maTi datanisa da gaSrobis Semdeg warmoiqmne-

ba afski (firi), romelic mtkiced ekvris dasafar zedapirs (fuZeSres).  

afskwarmomqmneli masalis unars, mtkiced SeukavSirdes  dasafar  zeda-

pirs, fasdeba adheziiT, romelsac gansazRvravs afskwarmomqmneli masalisa da 

fuZeSris gamyof zedapirze mimdinare movlenebi. firis sakuTari simtkice da-

mokidebulia koheziaze _ molekulebs Soris urTierTqmedebaze afskwarmomqm-

nelis moculobaSi.  

danafarsa da fuZeSres Soris SeWidulobis xarisxis gasazrdlad metad 

mniSvnelovania dasafari zedapiris gaucximoeba acetoniT an spirtiT, rac ga-

aumjobesebs afskwarmomqmneli masaliT zedapiris dasvelebis unars. SesaZle-

belia agreTve dasafari zedapiris xorklianobis gazrda qimiuri an meqaniku-

ri gziT, rac yovelTvis mizanSewonili ar aris.  

afskwarmomqmneli masalis SedgenilobaSi Sedis afskwarmomqmneli nivTi-

erebebi _ fuZe, romelic ZiriTadad gansazRvravs masalis Tvisebebs; gamxs-

neli, romelic masalas garkveul siblantes aniWebs; plastifikatorebi firSi 

Cajdomis movlenis asacileblad da misi elastiurobis gasazrdelad; gamamya-

rebeli da katalizatori afskwarmomqmnelis gadasayvanad Termostabilur mdgo-

mareobaSi; Semavseblebi firis Cajdomis Sesamcireblad. 

laqsaRebavi warmoadgens masalas afskwarmomqmnelis fuZeze. igi ZiriTa-

dad gamoiyeneba xsnarebis saxiT sxvadasxva danamatebiT, romlis fuZeSreze 

datanis Semdeg mtkice afski warmoiqmneba. laqsaRebavi ZiriTadad koroziisa-

gan dacvis funqcias asrulebs. damcavi danafarebi unda xasiaTdebodes atmos-

feros, qimiuri da Tburi zemoqmedebisadmi mdgradobiT.  

Sedgenilobis mixedviT laqsaRebav masalebSi ZiriTadad gamoyofen: laqs,  

saRebavs da emals. 

laqi aris afskwarmomqmnelis xsnari organul gamxsnelSi. zogjer igi 

Seicavs organul saRebars, romelic afsks gamWvirvalobas unarCunebs. saReba-
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vi aris laqisa da saRebaris narevi, xolo laqs, romelic araorganul pigmen-

tebs Seicavs _ emals uwodeben. pigmentebi arsebiT gavlenas axdens danafaris 

Tvisebebze: aniWebs gaumWvirobas, zrdis meqanikur simtkices, xels uwyobs SeR-

wevadobis Semcirebas; zogierTi maTgani zrdis koroziamedegobas. emali  Sei- 

cavs 100_150% pigmentebs (100% afskwarmomqmnelze gaTvliT). emalis danafars 

lamazi garegnuli ieris misaniWebladac iyeneben. igi ZiriTadad Savi liTone-

bis _ Tujisa da foladisagan damzadebuli qimiuri da sasursaTo mrewvelo-

bis aparaturis zedapirze daaqvT. farTo gamoyenebas poulobs agreTve sama-

civro da airuli aparaturis, WurWlis da sxva warmoebaSi.  

afskwarmomqmnis mixedviT laqsaRebavebi iyofa zeTis, biTumis, eTercelu-

lozis da fisis saRebavebad. farTod gavrcelebul laqsaRebavebis danafa-

rebs miekuTvneba perqlorvinilis, akrilis (Termoplastebidan); fenolofor-

maldehidis, epoqsidis, alkidis, siliciumorganuli, poliamidis da sxva (ga-

mamyarebeli fisebidan).  

 
9.7. sakonstruqcio webo 

 

weboTi SeerTebas gaaCnia mTeli rigi upiratesoba SeerTebis sxva meTo-

debTan SedarebiT: sxvadasxvagvari masalebis SeerTebis unari; mdgradoba at-

mosferos da koroziuli zemoqmedebis mimarT; maRali hermetuloba da simtki-

cis maxasiaTeblebi zomier temperaturaze da vibraciis pirobebSi, gansakuT-

rebiT mcire ganivkveTis liTonis SeerTebebSi; mcirdeba teqnologiuri kvanZis 

wona da warmoebis danaxarjebi, martivdeba agregatis damzadebis teqnologia, 

iqmneba konstruqciis damzadebis axali SesaZleblobebi liTonuri da arali-

Tonuri masalebis urTierTSexamebiT. 

weboTi SeerTebis ZiriTadi uaryofiTi mxarea Tbomedegobis SedarebiT 

mcire xangamZleoba, rac ganpirobebulia afskwarmomqneli masalis organuli 

bunebiT da midrekilebiT daZvelebisadmi. siliciumorganuli da araorganuli 

polimerebis fuZeze damzadebuli webo uzrunvelyofs 10000C-mde eqspluataci-

as, magram maT ar gaaCnia afskis sakmao elastiuroba. 

Tanamedrove webos kompoziciebi sinTetikuri fisebis da kauCukis fuZeze 

maRalxarisxovani SeerTebis SesaZleblobas iZleva TvisebaTa farTo diapa-
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zonSi. igi uzrunvelyofs foladis, keramikis, minis, merqnis da qaRaldis Sewe-

bebas sxvadasxva kombinaciiT.  

sufTa fisis fuzeZe warmoebuli webo gazrdili simyifiT xasiaTdeba. ami-

tom simyifis Sesamcireblad fiss kauCukTan da TermoplatebTan SeTavsebiT 

iyeneben. 

fenoloformldehidis fisis fuZeze damzadebuli webo gamoiyeneba  plast- 

masisa da merqnis Sesawebeblad. fisis polarulobis  gamo webo xasiaTdeba 

kargi adheziiT sxvadasxva masalasTan. Sewebeba SeiZleba ganxorcieldes ro-

gorc Cveulebriv pirobebSi, ise, procesis dasaCqareblad, SeTbobiT. 

farTod gamoiyeneba fenolo-polivinilacetatis kompozicia (igi cnobi-

lia markiT БФ). webos ZiriTadi Semadgenelia fenoloformaldehidis fisis 

xsnari spirtSi. hidroqsilis jgufebis didi raodenoba webos polaruls xdis 

liTonTan da mraval araliTonur masalasTan maRali adheziuri TvisebebiT. 

misi Tbomedegoba 1200C-mdea.  

epoqsiduri fisis fuZeze damzadebuli webo myardeba gamamyarebis saSu-

alebiT civi an cxeli meTodiT, Tanaproduqtis gamoyofis gareSe, rac Sewebe-

bis afskSi Cajdomis movlenis acilebas uwyobs xels. webos polaruloba mis 

karg adheziur Tvisebebs ganapirobebs. 

Tbomedegs miekuTvneba webo siliciumorganuli naerTebis fuZeze. adhe-

ziuri Tvisebebis uzrunvelsayofad xSirad mas sxvadasxva fiss uTavseben. 

 
9.8. airsavse plastmasebi 

 
airsavse plastmasebi warmoadgens polimerul masalebs, romlebic mieku-

Tvneba `myari tani_airi~ tipis dispersiul sistemas. airsavse plastmasebi iyo-

fa qafplastmasebad, romlebic upiratesad Seicavs daxSul forebs an ujre-

debs da foroplastebad, anu Rrublovan masalebad,  romlebSic  Ria  forebi  

upiratesad erTmaneTTan aris SeerTebuli. drekad-elastiuri Tvisebebis mi-

xedviT airsavse plastmasebs pirobiTad yofen xist, naxevradxist da elasti-

ur masalebad.  

airsavse plastmasebis miReba praqtikulad nebismieri Semkvreli polime-

ridan aris SesaZlebeli. did interess imsaxurebs integraluri qafplasti, 
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romelic xasiaTdeba cvalebadi forianobiT masalis sisqis mixedviT. maRal-

foriani Sida fenebi plastmasis umTavres Tvisebebs uzrunvelyofs, xolo 

mkvrivi, zedapiruli fena arsebiTad zrdis masalis simtkices. mniSvnelovania 

agreTve sferoplastis sinTetikuri qafi _ plastiki Rru SemavsebliT, rom-

lebsac, qafplastisagan gansxvavebiT, aqafebis gareSe Rebuloben. am masalebs 

aqvs ujredebis mxolod daxuruli struqtura. Termoplastikuri qafplaste-

bis – qafpolieTilenis, qafpolistirolis  da qafpolivinilqloridis saeqs-

pluatacio temperaturuli diapazonia ±600C. 

qafplastebi gamoiyeneba, rogorc msubuqi sakonstruqcio masala samfe-

novan panelebSi Tbosaizolacio, bgeraTsaizolacio, vibrosaizolacio kabi-

nebSi, konteinerebSi, xelsawyoebis kapsulirebisas da a.S. 
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T a v i  X 

sakonstruqcio masalebi sasursaTo warmoebaSi 

10.1. zogadi mimoxilva 

 
sasursaTo warmoeba miekuTvneba Tanmimdevruli teqnologiuri procese-

bis erTobliobas, romlis mizania mcenareuli an/da cxoveluri warmoSobis 

nedleulis gadamuSavebis gziT sakvebi an farmacevtuli produqciis miReba 

winaswar cnobili Tvisebebisa da Senaxvis vadis uzrunvelyofiT.  

sasursaTo warmoebaSi teqnologiuri procesis Semdegi damaxasiaTebeli 

etapebi SeiZleba gamoiyos: 

1. nedleulis, produqtebis da mowyobilobis garecxva an sanitarul-higie-

nuri damuSaveba; 

2. produqciis dawvrilmaneba, dayofa da dakalibreba; 

3. produqtebis Sereva; 

4. produqtebze Tburi zemoqmedeba; 

5. dafasoeba da SefuTva; 

6. transportireba. 

Tanamedrove sasursaTo warmoebis mravalferovnebam araerTi specifikuri 

teqnologiuri mowyobilobis Seqmnis aucilebloba ganapiroba. dasamuSavebel 

produqtze zemoqmedebis mixedviT sasursaTo warmoebis mowyobiloba SeiZleba 

sam ZiriTad jgufad daiyos: 

• aparatebi produqtebis fizikur-meqanikuri an agregatuli mdgomareobis 

Sesacvlelad fizikur-meqanikuri, biomeqanikuri, an Tburi procesebis zemoqme-

debiT; 

• manqanebi meqanikuri zemoqmedebsaTvis produqtebis formisa da zomebis Se-

cvlis mizniT, sawyisi Tvisebebis SenarCunebis uzrunvelyofiT; 

• satransporto manqanebi nedleulis an SeufuTavi produqtebis transpor-

tirebisaTvis. 

sasursaTo warmoebisaTvis damaxasiaTebel Taviseburebebs miekuTvneba 

produqtis kontaqti aRniSnuli manqanebisa da aparatebis elementebTan, agreTve  
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drois faqtori im SemTxvevaSi, rodesac teqnologiuri procesis xangrZli-

voba mkacrad aris droSi reglamentirebuli. aRniSnul zRvars zemoT produq-

cia SeiZleba wundebuli aRmoCndes. 

amgvarad, sasursaTo warmoebaSi gadasamuSavebeli nedleulis mravalfe-

rovneba da procesebis Tavisebureba qmnis gansakuTrebul teqnologiur gare-

mos, romlis gaTvaliswinebac erT-erT aucilebel da friad sapasuxismgeblo 

pirobas warmoadgens sasursaTo mrewvelobaSi mowyobilobis kvanZebis dasam-

zadeblad sakonstruqcio masalebis sworad SerCevis TvalsazrisiT.  

 
10.2. kvebis produqtebis teqnologiuri garemo 

 
sasursaTo warmoebis teqnologiuri garemo Sedgenilobisa da Tvisebebis 

mixedviT SeiZleba pirobiTad organul da araorganul garemod daiyos. orga-

nul garemos miekuTvneba mcenareuli da cxoveluri warmoSobis organuli 

naxSirbadSemcveli naerTebi, xolo araorganuls – qimiurad aqtiuri araor-

ganuli mJavebis, tuteebis, marilebis da sxvaTa wyalxsnarebi.  

Zlier koroziulad aqtiur ares puris sacxobi warmoebis garemo warmo-

adgens, romelsac qmnis marilwyalxsnarebi, Txevadi safuari da xergili, Wva-

vis comi, xorblis fqvilis comi da zogierTi naxevarfabrikati. 

puris sacxob warmoebaSi safuariani comis da naxevarfabrikatebis duRi-

lis produqtqbs warmoadgens eTilis spiriti, naxSirorJangis airi, sxvadasxva 

organuli, umTavresad rZemJava da ZmarmJavebi, zogierTi aldehidi da rTuli 

eTerebi. mJavianoba SeiZleba icvlebodes zRvrebSi pH=6,0-4,2. 

Saqris warmoebaSi Warxlis gadasamuSavebeli ganyofilebis garemo, ro-

gorc wesi, neitraluri an sustad mJavea (pH=6,0-7,0.  temperatura 14-450C). maT 

miekuTvneba tboris da mdinaris wyali, romelic Seicavs Setivtivebul myar 

nawilakebs (0,005-30 g/l) da gaxsnil marilebs; difuzuri wveni, romelic Sei-

cavs 15%-ian Saqris da uSaqro  wyalxsnarebs. uSaqro wyalxsnarebs miekuTvne-

ba 5%-mde azotovani da araazotovani naerTebi.  

Saqris warmoebis wvenis gamwmendi ganyofilebis garemo Sedgenilobis mi-

xedviT ufro mravalferovania da xasiaTdeba gazrdili tutianobiT (pH=8,0-14,0.  

temperatura 65-96 0C). igi Sedgeba kiris wvenis, defekirebuli da saturirebu-
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li wvenebisagan, romlebic sxvadasxva raodenobiT Seicavs kalciumis hidro-

qsids, kalciumkarbonats, siliciumis oqsids da sxva Sewonil nawilakebs, rom-

lebic sakmaod maRali abraziuli TvisebebiT xasiaTdeba. 

produqtebis ganyofilebis garemo sustad mJavea (pH=8,0-9,0). igi Seicavs 

Saqris did raodenobas (25-65 %). es garemo pirobiTad SeiZleba or jgufad 

daiyos: utfelad (kristalizaciis produqtebi) da afinaciur masebad, rom-

lebic Seicavs 40-70% Saqars, badags da uSaqro minarevebis did raodenobas. 

Rvinis warmoebis teqnologiuri garemo metad agresiulia naxSirbadiani 

foladebis mimarT. Rvinis agresiuloba ganisazRvreba masSi Saqris da spir-

tis SemcvelobiT. agresiulobis xarisxi mniSvnelovan zRvrebSi icvleba Rvi-

nis xarisxze damokidebulebiT. magaliTad, mSrali Rvino ar Seicavs Saqars, 

xolo spiritis raodenoba mxolod 9-14 moculobiT procents (moc.%) Sead-

gens. gamagrebuli Rvino Seicavs 8-10% Saqars da 16-20 moc.% spirts, tkbili 

(sadeserto) Rvino – 8-20% Saqars da 13 moc.%-ze met spirts, xolo naxevrad-

tkbili (sufris) Rvino – 3-7% Saqars da 7-12 moc.% spirts. es ganzogadebuli 

monacemebia, Tumca Rvinis mwarmoebelma firmam SeiZleba sakuTari teqnologi-

uri procesebidan gamomdinare, am monacemebs gverdi auaros. magaliTad, wi-

Tel naxevradtkbil cqriala RvinoSi `badagoni~ Saqris Semcveloba ∼ 25%-s 

Seadgens, alkoholis raodenoba _ 10-12,0%. 

spiritis warmoebis garemo koroziulad aqtiuria, radgan is SeiZleba Sei-

cavdes mSral nivTierebebs, dauduRebel Saqars, organul mJavebs, rTul eTe-

rebs, raxis zeTebs, aldehidebs da a. S. aseT garemos SeiZleba mivakuTvnoT 

maWari (marcvlis, badagis, lerwmis), spirt-rektifikati, daumuSvebeli spirti, 

barda (marcvlis, lerwmis, acetonbuTilis), agreTve arayi da sxvadasxva liqiori. 

sakonditro warmoebis garemos miekuTvneba Saqris da karamelis sirofi 

limonisa da rZemJavas danamatebiT, badagi, xil-kenkrovanis naxarSi, sulfi-

tirebuli piure da gulsarTi, agreTve sakvebi esenciebisa da saRebavebis didi 

raodenoba, romlebic xels uwyobs masalaTa korozias. 

zogierTi  sasursaTo  garemo abraziuli xasiaTisaa. magaliTad, ketCupi, 

tomatis pasta, maionezi, sxvadasxva sousi. abraziuli TvisebebiT  xasiaTdeba,  

agreTve, fxvieri garemos umravlesoba. 
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amgvarad, sasursaTo warmoebis specifikuri pirobebi, rogoricaa korozi-

ulad aqtiuri are, sarecxi da sadezinfeqcio xsnarebi, gazrdili temperatu-

ra, muSa aris didi siCqariT gamodineba, wnevebis mniSvnelovani sxvaoba (var-

dnili) _ gansakuTrebul moTxovnebs uyenebs masalis sworad SerCevis sakiTxs 

teqnologiuri mowyobilobis konstruirebisas.  

 

10.3. teqnologiuri mowyobilobis muSaobis unarianoba  

da saimedooba 

 
sasursaTo warmoebaSi teqnologiuri mowyobilobis saimedoobisadmi gazr-

dili moTxovna imiT aris ganpirobebuli, rom umetes SemTxvevaSi sawarmoo 

ciklSi romelime kvanZis mtyuneba teqnologiuri procesis darRvevas da pro-

duqtis kargvas ganapirobebs. 

rogorc  wesi,  Tanamedrove mowyobilobis moraluri vada ar aRemateba 5  

wels, proeqtirebis procesSi ki eqspluataciis fizikur xangrZlivobas 5-7 

wels iTvaliswineben.  

mowyobilobisa da misi calkeuli detalebis muSaobis unarianobis Ziri-

Tad kriteriumebs miekuTvneba simtkice, sixiste, cveTamedegoba, Tbomedegoba, 

mdgradoba civtexadobisadmi da vibraciebisadmi, koroziamedegoba.  

iseTi teqnologiuri mowyobilobis elementebisaTvis, romlebic uSualo 

kontaqtSia sasursaTo aresTan an sarecx saSualebebTan, gansakuTrebul rols 

swored masalis koroziuli medegoba TamaSobs. magaliTad, sasursaTo warmo-

ebaSi satransporto mowyobiloba gamoiyeneba rogorc nedleulisa da pro-

duqciis transportirebisaTvis teqnologiur mowyobilobebs Soris, ise sxva-

dasxva teqnologiuri operaciis Sesasruleblad. magaliTad, lenturi konve-

ieri ZiriTad daniSnulebasTan erTad gamoyenebas poulobs Casatkec mowyobi-

lobaSi, dozatorebSi, bliTis formirebis manqanebSi da kidev araeTi daniSnu-

lebiT. aseT SemTxvevebSi adgili aqvs nedleulsa (naxevarfabrikatsa) da sat-

ransporto mowyobilobis elementebs Soris uSualo kontaqts garkveuli Za-

lis zemoqmedebis pirobebSi. 

koroziamedegoba gulisxmobs manqanebisa da aparatebis elementebis zeda-

piris unars winaaRmdegoba gauwios sasursaTo aris, produqtebis, sarecxi da 
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sadezinfeqcio xsnarebis zemoqmedebas siTbos, muSa aris gamodinebis siCqaris, 

wnevisa da sxva faqtorebis mniSvnelovani cvalebadobis gaTvaliswinebiT.   

cveTa metad damaxasiaTebeli saxeobaa mowyobilobis muSa organoebisa da 

detalebis zedapiris mwyobridan gamosvlis TvalsazrisiT. cveTa aris deta-

lis zomebis TandaTanobiTi Secvlis procesis Sedegi, romelic mimdinareobs 

xaxunis pirobebSi zedapiruli Zalebis zemoqmedebiT da dakavSirebulia masis 

kargvasTan. cveTis sxvadasxva saxes umeteswilad teqnologiuri mowyobilo-

bis muSa organoebis moxaxune zedapirebi ganicdis: centridanuli tumbos, se-

paratoris da centrifugis torsuli mamWidrovebeli rgolebi; srialis sakis-

rebi; tumbos yvinTa (plunJeri); mamWidroebeli samajuri (manJeti); cilindr-doza-

toris masra; saWreli manqanis da xorcsakepis bzriala da mWreli danebi da a.S.  

Tbomedegoba da civtexadobisadmi mdgradoba gulisxmobs masalis unars  

SeinarCunos muSa parametrebi gazrdil da dabal temperaturebze, agreTve tem-

peraturis cikluri cvalebadobisas.  

rogorc wesi, mowyobilobisa da aparaturis kvanZebis saeqspluatacio ma-

xasiaTeblebis uzrunvelsayofad aucilebel pirobas sakonstruqcio masalisa 

da misi Semdgomi damuSavebis meTodis sworad SerCeva warmoadgens. 

 
10.4. sasursaTo warmoebaSi gamoyenebuli masalebisadmi 

wayenebuli ZiriTadi moTxovnebi 

 
sasursaTo warmoebis teqnologia arsebiTad gansxvavdeba sxva qimiur-

teqnologiuri procesebisgan. mrewvelobis arc erTi sxva sfero warmoebis 

process iseT maRal da mkacr moTxovnebs ar uyenebs, rogorc sasursaTo 

mrewveloba. kvebis produqtebis warmoebis yvela safexurisaTvis, dawyebuli 

nedleulis miRebisa da damuSavebidan mza produqciis transportirebisa da 

maRaziis Taroebze dasawyobebamde, SemuSavebulia normatiuli aqtebi da direq- 

tivebi, romlis Sesrulebac aucilebel pirobas warmoadgens. 

sursaTis warmoebis teqnologiuri procesebis  umTavresi  Taviseburebaa 

sanitarul-higienuri moTxovnebis mkacrad dacva, rac potenciuri momxmareb-

lis janmrTelobasTan aris dakavSirebuli.  
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sasursaTo warmoebis iseTi specifikuri pirobebi, rogoricaa koroziu-

lad aqtiuri garemo, sarecxi da sadezinfeqcio xsnarebis regularuli  gamo- 

yeneba, gazrdili temperatura da wnevis arsebiTi vardnili, im gansakuTrebul 

moTxovnebs gansazRvravs, rac teqnologiuri mowyobilobis konstruqciebSi 

gamoyenebuli masalebis SerCevasTan aris dakavSirebuli. 

sasursaTo warmoebis mowyobiloba, maTi gamoyenebis sferos specifikidan 

gamomdinare, mTel rig teqnologiur moTxovnebs unda akmayofilebdes. kerZod, 

igi unda xasiaTdebodes mdgradobiT qimiuri, fizikuri da temperaturuli ze-

moqmedebis mimarT, amitom mowyobilobisa da misi calkeuli kvanZebis dasamza-

deblad gamoyenebuli unda iyos kvebis mrewvelobisaTvis nebadarTuli sakon-

struqcio masalebi.  

sursaTis warmoebis industriis mowyobilobis komponentebis mimarT waye- 

nebuli moTxovnebi dakavSirebulia iseT faqtorebTan, rogoricaa warmoebis 

higiena da momxmarebelTa usafrTxoeba, baqteriebis aqtiurobis arideba da 

xSiri profilaqtikuri samuSaoebi. kvebis mrewvelobis manqanebis detalebi da 

komponentebi Semdeg pirobebs unda akmayofilebdes: 

• Siga zedapirebi unda iyos gluvi, forebis gareSe da polirebuli; 

• ar unda Seicavdes mavne nivTierebebs, romlebmac SeiZleba produqtSi 

SeaRwios; 

• ar unda warmoadgendes paTogenuri mikroorganizmebis sakveb wyaros; 

• ar gaauaresos mza sakvebi produqtebis organolepturi (gemo, suni, feri 

da sxva) Tvisebebi; 

• uzrunvelyos produqtebis biologiuri Rirebulebebis SenarCuneba; 

• advilad eqvemdebarebodes gegmiur recxvas, wmendas da dezinfeqcias; 

• ar Sevides reaqciaSi sxvadasxa saxis tutesTan da mJavasTan. 

nedleulis, sakvebi produqtebisa da sasursaTo  mowyobilobis  dasamza- 

deblad gankuTvnili sakonstruqcio masalis urTierTqmedebis TvalsazrisiT, 

sami arsebiTi faqtoria gasaTvaliswinebeli:  

1. sakonstruqcio masalis neitraloba dasamuSavebel kvebis produqtebTan 

(gamoricxuli unda iyos sakonstruqcio masalis zemoqmedeba kvebis produq-

tebze); 
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2. sakvebi produqtis neitraloba sakonstruqcio masalis mimarT; 

3. sakonstruqcio masalis muSaobisunarianoba (teqnologiuri procesebis 

Sesrulebis uzrunvelyofa). 

masalebi, romlebic sasursaTo mrewvelobis teqnologiur mowyobilobaSi 

gamoiyeneba, pirobiTad SeiZleba oTx ZiriTad jgufad daiyos: 

• sakonstruqcio masalebi mowyobilobis iseTi detalebis dasamzadeblad, 

romlebsac ara aqvs uSualo kontaqti sakveb nedleulTan an produqtebTan; 

• sakonstruqcio masala mowyobilobis iseTi detalebisaTvis, romlebic 

uSualo kontaqtSia gadasamuSavebel nedleulTan an kvebis produqtebTan;  

• gare damcavi danafarebi iseT detalebze, romlebic kontaqtSia  nedle- 

ulTan, kvebis produqtebTan, sarecx da sadezinfeqcio saSualebebTan; 

• SesafuTi masalebi moxmarebis an transportirebisaTvis. 

masala, romlisganac nebismieri sasursaTo mowyobiloba mzaddeba, uvnebe-

li unda iyos mza produqciisa da momxmareblis janmrTelobisaTvis, Seesaba-

mebodes warmoebis higienis moTxovnebs da daSvebuli iyos kvebis mrewvelobis 

sawarmoebSi gamoyenebisaTvis. 

ansxvaveben masalebis fizikur, qimiur, teqnologiur, meqanikur, tribo-

logiur da sanitarul-higienur moTxovnebs. sasursaTo manqanaTmSeneblobaSi 

gansakuTrebul da garkveul wilad specifikur rols qimiuri da sanitarul-

higienuri moTxovnebi TamaSobs. 

nebismier konstruqciaSi masalebis gamoyenebis umTavresi pirobaa samuSao 

garemosTan maTi SeTavsebadoba. sasursaTo warmoebis teqnologiuri procesebi 

mimdinareobs maRal da dabal temperaturebze, maRali wnevis pirobebSi da va-

kuumSi, muSa aris nakadis gamodinebis didi siCqariT da sasursaTo garemos 

mSvid mdgomareobaSi xangrZlivi dayovnebis pirobebSi, pH garemos farTo dia-

pazonSi cvlilebisa da kidev sxva jer kidev gauTvaliswinebeli faqtorebis 

Tanaarsebobisas, rac sasursaTo garemos agresiulobas ganapirobebs. 

mravali sasursaTo garemo eleqtrolits warmoadgens, amitom korozia 

maTSi eleqtrolitur xasiaTs atarebs. eleqtrolitis qimiuri buneba ganpiro- 

bebulia garemos SedgenilobaSi mJavebisa da mineraluri nivTierebebis arse-

bobiT. swored maTi raodenoba da disociaciis xarisxi gansazRvravs ZiriTa-
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dad sasursaTo garemos agresiulobas. teqnologiuri procesis sxvadasxva 

etapze sasursaTo garemos qimiuri Tvisebebi icvleba, ris Sedegadac maTi ko-

roziuli zemoqmedeba mowyobiloba-danadgarebis zedapirze mcirdeba an izrdeba.  

sasursaTo warmoebis aparatebi eqvemdebareba agresiuli sarecxi da sade-

zinfeqcio xsnarebis (1-2%-iani kaustikuri sodis, 5-10%-ini kalcinirebuli so-

dis, 2%-iani gogirdmJavas, 2%-iani marilmJavas, 3%-iani azotmJavas, 0,2-0,5%-iani 

kaliumis permanganatis da sxva saSualebebis) periodul zemoqmedebas. teqno-

logiur mowyobilobaze yvelaze agresiulad mJava dezinfeqtorebi moqmedebs. 

sadezinfeqcio xsnarebis Semkrebis da milgayvanilobis damzadeba uJangavi fo-

ladisagan yovelTvis ver uzrunvelyofs konstruqciis koriziuli medegobis 

amaRlebas. 

sasursaTo warmoebaSi qimiur korozias damxmare saamqroebis mxolod zo-

gierTi (samacivre-kompresoruli, naxSirorJangis, saqvabis) aparati da komuni-

kacia ganicdis. teqnologiuri saamqroebis mowyobiloba ki ZiriTadad eleqt-

roqimiur korozias eqvemdebareba. garemos agresiulobaze da eleqtroqimiuri 

procesebis mimdinareobaze damokidebulebiT eleqtroqimiuri koroziis Semde-

gi saxeebia gavrcelebuli:  

• atmosferuli (mowyobilobasa da liTonkonstruqciebze nagebobis ga-

reT haeris samrewvelo airiT dabinZurebis SemTxvevaSi); 

 •  niadagisa (miwisqveSa gazgayvanilobis, wyalgayvanilobis, sakanalizacio 

qselis, Tburi trasis, liTonkonstruqciis miwisqveSa nagebobebis daSla); 

• eleqtruli (liTonze moxetiale denis gavlena); 

• mJavuri (azotmJavas, gogirdmJavas da marilmJavas wyalxsnarebi dezin-

feqciis procesSi, rZemJavas zemoqmedeba xergilis SemJavebis SemTxvevaSi da a.S.); 

• marilovani (marilxsnaris tumboebis, milgayvanilobis, gacivebis bata-

reis, saorTqleblis, natrium-kaTionis danadgaris da a.S. daSla); 

• tutiani (tutiani sarecxi da sadezinfeqcio xsnarebi). igi gansakuTrebiT 

Zlier Slis sarecxi manqanebis da samsxmelo saamqroebis saventilacio siste-

mis airgamyvan liTonkonstruqciebs; 

• kontaqturi (ori sxvadasxvagvari liTonis kontaqtis SemTxvevaSi, rom-

lebsac gansxvavebuli eleqtroqimiuri potenciali gaaCnia); 
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• biologiuri (gruntSi ganTavsebuli produqtis mimwodebeli arxebis, 

aparaturis, liTonis da rkinabetonis konstruqciebis daSla). 

qimiuri korozia viTardeba sasursaTo aris organuli mJavebis zemoqmede-

biT cementis qvisa da rkina-betonis Semadgenel nawilakebTan.  

biologiuri korozia warmoadgens mikroorganizmebis sasicocxlo qmede-

bis Sedegs samSeneblo konstruqciebis zedapirze, romelic sasursaTo ariT 

aris dasvelebuli. 

fizikur-qimiuri korozia iwvevs samSeneblo konstruqciebis  daSlas,  ma- 

galiTad, garemosTan Tbomimocvlis pirobebSi, agreTve Txevadi sasursaTo 

produqtebis zemoqmedebiT gayinvis Sedegad. 

teqnologiuri da sasursaTo aris uSualo kontaqti, xangrZlivi da uwy-

veti muSaoba, zogierTi sasursaTo produqtis abraziuli zemoqmedeba, gare-

mos, sarecxi da sadezinfeqcio xsnarebis agresiuli gavlena ganapirobebs swo-

red sasursaTo mrewveobaSi sakonstruqcio masalebis daniSnulebis, SerCevisa 

da Semdgomi damuSavebis aucilebel da gansakuTrebul pirobebs.  

 
10.5. liTonuri sakonstruqcio masalebi  

 
sasursaTo mrewvelobis mowyobilobaSi sakonstruqcio masalebis gamo-

yenebis aucilebel pirobas sanitarul-higienuri da toqsikologiuri kontro-

lis gavla warmoadgens. araxelsayrel pirobebSi zogierTma, magaliTad, poli-

merulma masalam an mis SemadgenlobaSi Semavalma monomerebma, dabalmole-

kulurma naerTebma da sxvadasxva Semadgenelma nawilebma SeiZleba uaryofiTad 

imoqmedos sakvebi produqtebis xarisxze da, aqedan gamomdinare, adamianis jan-

mrTelobaze. janmrTelobaze arasasurveli gavlena SeiZleba gamoixatos ro-

gorc mwvave mowamlviT, romelic ramdenime saaTSi an dReSi gamovlindeba, 

aramed qronikuli mowamlviTac, romelic Tveebis ganmavlobaSi mJRavndeba. 

higienuri da toqsikologiuri Sefasebis TvalsazrisiT masalebi SeiZleba 

Semdeg jgufebad daiyos: 

1.  saxelmwifo sanitaruli zedamxedvelobis organos mier daSvebuli sak- 

veb produqtebTan kontaqtirebisaTvis; 

2.  kontaqtirebisaTvis daSvebuli garkveul sasursaTo produqtebTan; 
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3.  sasursaTo produqtebTan kontaqtirebisaTvis daSvebuli mxolod gansa-

kuTrebul pirobebSi; 

4.  sasursaTo warmoebaSi gamoyenebisaTvis dauSvebeli toqsikurobis an sa-

sursaTo produqtebTan misi Sexebis SemTxvevaSi Sedgenilobis cvlilebis gamo; 

5.  sasursaTo warmoebaSi gamoyenebisaTvis dauSvebeli, Tu ar aris Seswav-

lili misi higienuri da toqsikologiuri Tvisebebi an imyofeba kvlevis sta-

diaSi.  

 
koroziamedegi foladebi. sasursaTo manqanebisa da aparaturis dasamza-

deblad yvelaze gavrcelebul masalas legirebuli koroziamedegi, e.w. uJan-

gavi foladebi warmoadgens. dReisaTvis Seqmnilia uJangavi foladis markebis 

mravalsaxeoba, romlebic rekomendebulia, rogorc sakonstruqcio masalebi 

sasursaTo mrewvelobis mowyobilobis dasamzadeblad. konkretuli markis Ser-

Ceva damokidebulia liTonTan kontaqtSi myofi dasamuSavebeli masalis an qi-

miuri garemos koroziul Tvisebebze.  

masalaTa jgufi, romelic gaerTianebulia terminSi `uJangavi foladebi~, 

zustad ar aris gansazRvruli, Tumca miRebulia, rom masSi iseTi Senadnobe-

bia gaerTianebuli, romelTa ZiriTad komponentebs rkina da aranakleb 12% 

qromi warmoadgens. uJangavi foladebi gamoirCeva maRali simtkiciT, mdgrado-

biT eleqtroqimiuri, qimiuri (atmosferuli, niadagis, tuteebis, mJavebis, mari-

lebis), kristalTSorisi da sxva saxis koroziis mimarT.  qromis Semcvelobis  

gazrda amaRlebs liTonis koroziul medegobas. 

foladSi koroziuli medegoba  iseTi  elementebis  damatebiT  miiRweva,  

romlebic mis zedapirTan mtkiced dakavSirebul, mkvriv damcav Sres warmo-

qmnis da gamoricxavs saeqspluatacio garemos uSualo kontaqts fuZeliTon-

Tan. uJangav foladSi aseTi damcavi Sre mdgradobas inarCunebs meqanikuri an 

qimiuri dazianebis Semdegac, radgan metad swrafad xdeba misi pirvandeli sa-

xis aRdgena. aqedan gamomdinare, liTonis antikoroziulobis xarisxi praqti-

kulad ucvlelad aris SenarCunebuli eqspluataciis mTeli periois ganmav-

lobaSi. 

qromian foladebSi nikelis, titanisa da niobiumis damateba ganapirobebs  
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kristalTSorisi koroziisadmi liTonis midrekilebis acilebas, siliciumis 

damatebiT ki izrdeba foladis mxurvalmtkicoba. 

sasursaTo warmoebaSi iseTi detalebis dasamzadeblad, romlebic Ter-

mul damuSavebas ar ganicdis, sasurvelia naxSirbadmcire (C<0,06%) uJangavi 

foladis gamoyeneba, romelic ar xasiaTdeba interkristaluri koroziisadmi 

midrekilebiT. 

mikrostruqturis mixedviT sasursaTo uJangavi foladebi  sam  ZiriTad 

kategoriad iyofa: austenituri, ferituli da martensituli. 

austenituri  foladebi aramagnitur Senadnobebs miekuTvneba. qromTan 

erTad igi Seicavs nikels, romelic zrdis winaaRmdegobas koroziisadmi. am 

jgufs miekuTvneba uJangavi mxurvalmtkice foladebi nikelis (10-20%) da qro-

mis (17-25%) gazrdili SemcvelobiT. foladebi xasiaTdeba ukeTesi winaaRmdego-

biT Jangvisadmi maRal temperaturaze. austenituri struqturis ZiriTad Rir-

sebas warmoadgens agreTve maRali meqanikuri Tvisebebis kompleqsi. dReisaT-

vis igi yvelaze farTod gamoyenebuli uJangavi foladebis ricxvs miekuTvneba. 

ferituli foladebi xasiaTdeba magnituri TvisebebiT, Seicavs qromis Se-

darebiT mcire raodenobas (13-17%Cr,  0,08%C). ferituli klasis foladebis ko-

roziamedegoba aRemateba martensituli foladebis koroziamedegobas. amasTan 

gasaTvaliswinebelia, rom ferituli struqtura ramdenadme amcirebs fola-

dis meqanikur Tvisebebs da damuSavebis SesaZleblobebs.  

martensituli foladebi aseve xasiaTdeba magnituri TvisebebiT. igi Sei-

cavs 13% qroms da 0,12% naxSirbads. ganmtkicebis efeqti wrTobiTa da moSve-

biT miiRweva. maRali sisalis gamo martensituli foladebisgan upiratesad 

mWrel iaraRebs amzadeben, rogoricaa, magaliTad, samagido xelsawyoebi. fo-

ladebi, romlebic naxSirbads ufro meti raodenobiT Seicavs, ZiriTadad mWre-

li pirebis dasamzadeblad gamoiyeneba. 

sasursaTo uJangavi foladebidan austenituri da ferituli klasis fo-

ladebis gamoyenebis done 95%-s Seadgens. 

uJangavi foladebis upiratesoba sxva sakonstruqcio foladebTan Seda-

rebiT Semdegia: 

teqnologiuroba _ foladebi xasiaTdeba metad maRali  plastikurobiT, 
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amitom maT farTod iyeneben nakeTobis dasamzadeblad Rrma gamoWimvis  meTo- 

diT (samzareulos WurWeli, sxvadasxva daniSnulebis moculobiTi nakeToba). 

uaryofiTi mxarea zogierTi foladis midrekileba interkristaluri korozi-

isadmi, romelsac igi iZens neli siCqariT gacivebis pirobebSi an 500-8500C  

temperaturul  intervalSi  gaxurebisas da SeduRebis Semdeg. liTonis damu-

Savebis Tanamedrove meTodebi uJangavi foladebis Wris, SeduRebis, formis 

Secvlis iseTive SesaZleblobebs iZleva, rogoric  tradiciuli  foladebisa 

da sxva masalebis damuSavebisaTvis aris miRebuli. 

winaaRmdegoba koroziisadmi _ arsebobs uJangavi foladebis iseTi saxe-

ebi, romlebic koroziisadmi winaaRmdegobas amJRavnebs ara marto normalur 

atmosferul probebSi da wylis garemoSi, aramed mraval mJavaSi, tuteSi da 

zogierT qloris wyalxsnarebSi, rasac araerTi sawarmoo pirobebi moiTxovs.   

simtkice _ uJangavi foladebis meqanikuri Tvisebebi nakeTobis sisqisa da 

wonis Semcirebis SesaZleblobas iZleva simtkicis maxasiaTeblebis igive do-

nis SenarCunebiT. amasTan, austenituri klasis foladebi maRal temperatura-

ze ar kargavs simtkices saerTo daniSnulebis sakonstruqcio foladebTan Se-

darebiT. amitom, miuxedavad uJangavi foladebis maRali Rirebulebisa, am upi-

ratesobebis gaTvaliswinebiT SesaZlebelia mniSvnelovani ekonomia gakeTdes 

tradiciuli masalebis gamoyenebasTan SedarebiT. 

higiena _ uJangavi foladebis zedapiri yvelaze higienurad aris aRiare-

buli sasursaTo produqtebis miRebisa da warmoebisaTvis. maTi zedapiris uni-

kaluroba imaSi mdgomareobs, rom igi uforoa, bzarebis gareSe, rac gamoric-

xavs liTonSi WuWyisa da baqteriebis SeRwevas. es Tviseba sxva masalebTan Se-

darebiT uJangav foladebs mniSvnelovan upiratesobas aniWebs mkacri higienu-

ri moTxovnebis dasakmayofileblad saavadmyofoebSi, sazogadoebrivi kvebis 

obieqtebSi, saqonlis sasaklaoze, agromrewvelobis kompleqsis  gadasamuSave-

bel warmoebaSi sakvebi mowyobilobis dasamzadeblad. 

esTetikuri  Sexeduleba _ igi damokidebulia zedapiris  mdgomareobaze. 

naTeli da momsaxurebisaTvis advili zedapiri uzrunvelyofs uJangavi fola-

disgan damzadebuli nakeTobis mimzidvel, Tanamedrove garegnul iersaxes. 

amJamad samzareulos WurWlis dasamzadeblad gamoiyeneba uJangavi foladi 
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sarkiseburi zedapiriT, romelic eleqtropolirebis sxvadasxva xerxiT miiR-

weva. amasTan, damuSavebas eqvemdebareba rogorc mza nakeToba, ise furclebi, 

romlebzec zedapiris xarisxis SesanarCuneblad masze polieTilenis firs 

akraven. kargad SeiZleba uJangavi foladis kombinireba minasTan, qvasTan, xesTan.  

Sedgenilobisa (markebis) da, aqedan  gamomdinare,  Tvisebebis  mravalfe--

rovnebis wyalobiT, uJangavi foladi srulad akmayofilebs mrewvelobis mier 

wayenebuli farTo diapazonis mqone yvela moTxovnas. 

10.1 cxrilSi warmodgenilia msoflio bazris moTxovnis Sesabamisi sa-

sursaTo uJangavi foladebis analogebi, xolo cxrilSi 10.2 _ ZiriTadi mwar-

moebeli qveynebis Sesabamisi standartebi. 

miuxedavad imisa, rom uJangav foladad tradiciulad miCneulia foladi 

qromis 12%-ze meti SemcvelobiT, aqtiuri samuSaoebi mimdinareobs uJangavi ma-

salebis misaRebad qromis dabali (5%-mde) SemcvelobiT, romelSic SenarCune-

buli iqneba koroziamedegoba 15-17% qromis Semcveli foladebis doneze. es me-

tad aqtualuri sakiTxia, radgan uJangavi foladis konstruqciebis ngrevis Zi-

riTad mizezs xSirad eleqtroqimiuri korozia warmoadgens, rac ganpirobebu-

lia SenaduRi nakeris zonebisa da ZiriTadi liTonis araerTgvarovnebiT. Tu  

uJangavi foladisgan damzadebuli konstruqcia xangrZlivi drois ganmavlo-

baSi ganicdis eqspluatacias maRal temperaturaze,  gaTvaliswinebuli unda iyos 

temperaturul-droiTi faqtori, ramac SeiZleba negatiuri gavlena moaxdinos 

simtkicis maxasiaTeblebze. magaliTad, AISI 300 seriis nikelis Semcveli uJanga-

vi foladi (ix. cxr. 10.1) AISI 321 markis foladis gamoklebiT, 450-7500C diapazon-

Si mxolod ramdenime saaTiT eqspluataciis Semdeg SeiZleba metad saSiSi, kris-

talTSorisi koroziuli ngreva ganviTardes. AISI 400 seriis qromiani feritu-

li foladi ki ar ganicdis korozias 10000C-mde gaxurebis SemTxvevaSic ki. gar-

da amisa, qromiani ferituli foladebisgan damzadebuli elementebi, romle-                                              

bic SedarebiT dabali kuTri TboSemcvelobiT xasiaTdeba, ufro swrafad xur-

deba mcire energodanaxarjebiT. es SesaZleblobas iZleva aviciloT inerciuli 

gadaxureba, rac metad aqtualuria farTo rigis sakvebi produqtebis warmoe-

baSi. am seriis foladebi uZlebs maRal pikur temperaturul datvirTvebs 

(9500C-mde) da SeiZleba maTi uwyveti eqspluatacia rogorc minimum, 7000C-mde. 
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                                                        cxrili 10.1. 

sasursaTo uJangavi foladebis ZiriTadi maxasiaTeblebi 

AISI foladis 
marka 

klasi* Tvisebebi  
 

Ggamoyenebis sfero 

 

304 

 

08Х18Н10 

 

a 

advilad duRdeba; mdgradia 
kristalTSorisi koroziis 
mimarT; maRali simtkice da-
bal temperaturaze; eqvemde-
bareba eleqtropolirebas 
 

kvebis, qimiuri, teqstilis, 
navTobis, qaRaldis da far-
macevtuli warmoebis danad-
garebi.  

 

316 

 

03Х17Н14М2 

 

a 

teqnikuri Tvisebebi maRal 
temperaturaze gacilebiT 
ukeTesia analogiur fola-
debTan SedarebiT, romlebic 
ar Seicavs molobdens. 
 

qimiuri mowyobiloba; iara-
Rebi; sakvebis gadasamuSave-
beli mowyobiloba; mocu-
loba namuSavari zeTisaT-
vis. 

 

321 

 

12Х18Н10Т 

 

a 

mdgradia koroziis mimarT; 
SenaduRi da 400-8000C-ze mo-
muSave konstruqciebi.  
 

qimiuri da navTobgadasamu-
Savebeli mrewvelobis mow-
yobiloba.  

 

409 

 

08Х13 

 

f 

zogadi moxmarebis detalebi, 
romlebic SeiZleba adaptire-
buli iyos eqspluataciis 
sxvadasxva pirobebTan. 
 

sayofacxovrebo nakeToba 
(samagido xelsawyoebi, sam-
zareulos WurWeli). 

 

 410 

 

12Х13 

 

m 

maRali dartymiTi siblante; 
kargi koroziamedegoba da 
mxurvalmtkicoba. 

nakeToba, romelic muSaobs 
mcired agreciul garemoSi; 
Rvinisa da spirtis warmo-
ebis, kvebis sferos narCeni 
produqtebis gadamuSavebis 
mowyobiloba. 
 

  

420 

 

20Х13-40Х13 

 

m 

maRali cveTamedegoba; maRa-
li temperaturisa da koro-
ziisadmi mdgradoba. 

sasursaTo mrewvelobis 
sfero (recxva; nedleulis 
higienuri recxva; produq-
tis daxarisxeba; Tburi da-
muSaveba.) 
 

 

430 

 

08Х17 

  

 f 

maRali meqanikuri maxasiaTeb-
lebi, Tbogamtaroba, defor-
maciis unari, koroziamedego-
ba gogirdis Semcvel garemo-
Si. 

Tbomimocvlis sistemebi; sa-
yofacxovrebo nakeToba sak-
vebi produqtebisaTvis, rom-
lis momzadebis procesSi 
aucilebelia gadaxurebis 
acileba. 
 

439 08Х17Т f masala sxvadasxva eqspluata-
ciis pirobebSi masiuri gamo-
yenebisaTvis 

macivari, sarecxi manqana, 
niJara da sxva 

*a_austenituri;  f_ferituli; m_martensituli 
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                                                                      cxrili 10.2. 

  sasursaTo uJangavi foladis mwarmoebeli zogierTi qveynis standarti 

 
AISI (aSS) 

 
GOST (dsT) 

 
EN (evropa) 

 
JIS (iaponia) 

 
DIN (germania) 

 

304 08Х18Н10 1.4301 SUS 304 X5CrNi18-10 

304L 03X18H11 1.4306 SUS 304L X2CrNi19-11 

316  08X17H13M2 1.4401 SUS 316 X5CrNiMo17-12-2 

316L 03X17H14M2 1.4404 SUS 316L X2CrNiMo17-12-2 

316Ti 10X17H13M2T 1.4517 SUS 316 Ti X6CrNiMoTi17-12-2 

321 08X18H10T 1.4541 SUS 321 X6CrNiTi18-10 

410 12X13 1.4006 SUS 410 X12CrN13 

430 12X17            1.4016 SUS 430 X6Cr17 

439 08X17T            1.4510 SUS 430 LX X3CrTi17 

  

10.6. uJangavi foladebi sasursaTo da  

gadamamuSavebel mrewvelobaSi  
 

dReisaTvis uJangavi foladi minasTan da plastmasis zogierT saxeobas-

Tan erTad praqtikulad erTaderT masalas warmoadgens sasursaTo produq-

tebis sawarmoo mowyobilobis, Senaxvisa da transportirebisaTvis saWiro na-

keTobebis  dasamzadeblad.  es dakavSirebulia maRal higienur, esTetikur da 

toqsikologiur moTxovnebTan. 

Cveulebriv, sasursaTo mrewvelobis mowyobilobis dasamzadeblad  gamoi-

yeneba AISI 304 da AISI 316 markis uJangavi foladebi, Tumca  gasaTvaliswinebelia, 

rom AISI 304, 316 da 430 markis foladebi ar Seicavs mastabilizebel elements, 

titans, rac amcirebs maT koroziul medegobas da folads xdis  mgrZnobiared 

meqanikuri, Termuli da qimiuri zemoqmedebis mimarT. maTi gamoyeneba eqsplua-

taciis dros SesaZlebelia sakveb produqtebTan mcire xniT kontaqtis pirobebSi.  

metad iSviaT SemTxvevaSia moTxovna uxvadlegirebuli markis foladebze. 

umTavres faqtors warmoadgens liTonis saukeTeso da gluvi (forebis, uswor-

masworobis da nakawrebis gareSe) zedapiri, magram zogierT SemTxvevaSi auci-
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lebelia eleqtrolituri polirebac. zedapiris simqise (xorklianoba) ar unda 

aRematebodes 0,6 mkm-s.  

maRalxarisxovani WurWlis sarecxi da xorcis sakepi manqanebis Siga ze-

dapirebi aseve uJangavi foladisgan mzaddeba. sasursaTo meurneobaSi mow-

yobilobis gasarecxad xSirad iyeneben sulfanilmJavas an kaustikuri sodis 

cxel xsnarebs. aseT pirobebSi muSaobisaTvis ukeTesia SeirCes agresiuli 

aris mimarT ufro mdgradi uJangavi foladi AISI 316. 

uJangavi foladi _ es aris masala, romelic dakavSirebulia sicocxlis 

maRali donis cnebasTan. misi gamoyenebis moculoba saojaxo aqsesuarebis war-

moebaSi ganuxrelad izrdeba.  

qromiani uJangavi foladebi xasiaTdeba maRali koroziamedegobiT mrava-

li sakvebi produqtis garemoSi. amitom maTi eqspluatacia dasaSvebia kvebis 

produqtebis warmoebis sxvadasxva etapze gamoyenebuli teqnologiuri mowyobi- 

lobisa da kvanZebis dasamzadeblad (recxva an nedleulis higienuri damuSa-

veba, dafasoeba da SefuTva, transportireba da a.S). AISI-400  foladis analo-

gebi mdgradia mduRare sasmel wyalSi, gadaxurebul wylis orTqlSi, mduRa-

re mcenareul da cxovelur cximSi, xorcproduqtebSi, RvinoSi, eTilis spirt-

Si, ludSi, ludis badagSi da a.S. 

unikelo uJangavi foladis gamoyeneba kvebis da produqtebis gadasamuSa-

vebel mrewvelobaSi reglamentirebulia mravali standartiT da normatiuli 

dokumentaciiT. standarti `WurWeli koroziamedegi foladebisagan~ miuTi-

Tebs, rom WurWlis korpusisa da saxuravis dasamzadeblad gamoyenebuli unda 

iyos foladi 08X13, 12X13, 15X25T, 12X17.  

uJangavi foladebis CamonaTvalSi sarecxi mowyobilobis  dasamzadeblad 

rekomendebulia foladebi 08X18T, samzareulos samagido  aqsesuarebisaTvis _  

foladebi 30X13, samzareulos danebis dasamzadeblad _ 40X13. zogierTi fe-

rituli foladi warmatebiT gamoiyeneba austenituri 12X18H10T qromiani fo-

ladis Semcvlelad kvebis mrewvelobis mowyobilobisa da samzareulos WurW-

lis dasamzadeblad. garda amisa, aRniSnuli markis foladebze arsebobs sani-

tarul-epidomologiuri daskvnebi sakveb produqtebTan maTi kontaqtis SesaZ-

leblobis Sesaxeb. 
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nikelis Semcveli uJangavi foladebis Semcvlelad farTod SeiZleba aus- 

tenituri klasis qrommanganumiani foladis gamoyeneba, romelic xasiaTdeba 

ufro maRali simtkiciT qromnikelian foladebTan SedarebiT, daaxloebiT 

Tanabari plastikurobis SenarCunebis pirobebSi. xolo foladi 12X14Г14Н3Т 

warmoadgens 12X18H10T foladis Semcvlels saursaTo mrewvelobisaTvis saWi-

ro nakeTobebis dasamzadeblad. 

AISI 409, 420, 430, 439 markis foladebis gamoyeneba SesaZlebelia ara marto 

nikeliani foladebis Semcvlelad, aramed mTeli rigi specifikuri Tvisebebis 

gamo, xSirad Seucvlelia kvebis mrewvelobis sxvadasxva mowyobilobis dasam-

zadeblad. isini uzrunvelyofs daCqarebul Tbomimocvlas kvebis rezervuare-

bis gamacivebel sistemaSi (sistemebi glikolemis, wylis da sxva gamacivebeli 

saSualebebiT). yuradsaRebia AISI 400 seriis foladebis koroziamedegoba  sak- 

vebis iseT zomier agresiul garemoSi, rogoricaa cxoveluri da mcenareuli 

zeTebi, eTilis spirti, wvenebi, safuari, ludis badagi, yveleuli, kraxmali, 

ZmarmJava gogirdis Semcvel garemoSi (magaliTad, gogirdis Semcveli nivTie-

rebebi Sedis konservantis SedgenilobaSi). ufro popularuli nikelis Semc-

veli foladebi gogirdis Semcvel garemoSi gamoyenebisaTvis ar aris rekomen-

debuli. aqedan gamomdinare, aucilebeli xdeba masalis individualuri testi-

reba koroziul medegobaze, romelic ganisazRvreba temperaturiT, sxva areeb- 

Tan kontaqtiT, datvirTvis sididiT, uSualo kontaqtis xangrZlivobiT teqno-

logiur da sakvebis garemosTan, uwyveti muSaobis xangrZlivobiT, produqtebis 

abraziuli, sarecxi da sadezinfeqcio xsnarebis zemoqmedebiT da sxva specifi-

kuri pirobebiT.  

kvebis produqtebis warmoebaSi araerT  teqnologiur  ciklSi  aqtiurad 

iyeneben uJangavi foladis milebs. milis masala unda akmayofilebles DIN 11850  

standartis moTxovnebs, rac foladis Sedgenilobas da SenaduRi nakeris xa-

risxs gansazRvravs.  

uJangavi foladis milebi srulad pasuxobs sakonstruqcio masalebisadmi 

wayenebul gazrdil higienur da ekologiur moTxovnebs, romlebsac unda akma-

yofilebdes sasursaTo warmoebisa da sazogadoebrivi kvebis sferosaTvis 

mowyobilobis mwarmoeblebi. 
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sasursaTo  warmoebisaTvis  gankuTvnil  milebs  amzadeben  AISI 304 da 

AISI 316L foladebisagan, romlebic xasiaTdeba maRali cveTamedegobiT, koro-

ziamedegobiT milis mTel sigrZeze da SenaduRi SeerTebis ubnebSi, mdgradia 

qimiurad agresiul garemoSi; ekologiurad usafrTxoa da aratoqsikuri; Sesa-

bamisobaSia mZime liTonebis migraciis (xsnadobis) standartebTan muSa areSi; 

simqisis parametrebi SenarCunebulia eqspluataciis sruli vadis ganmavloba-

Si, rac aadvilebs mowyobilobis gasufTavebisa da momsaxurebis operaciebs.  

sasursaTo warmoebaSi uJangavi foladebis gamoyenebis zogierTi sfero 

aseTia: 

rZis produqtebi – austenituri foladebi gamoiyeneba rZis sterilizaci-

isa da macivarSi SenaxvisaTvis, rZis separatorebSi, yvelis warmoebisa da 

sxva damxmare mowyobilobaSi, WurWlis sarecx manqanebSi da rZis gadasazid 

cisternebSi. farTod gamoiyeneba agreTve nayinisa da mSrali rZis warmoebaSi. 

ludis warmoeba _ austenituri foladisgan amzadeben moculobebs ludis 

daduRebisaTvis, Tbomimomcvlelebs, cisternebsa da kasrebs ludis gadasazidad, 

mowyobilobas safuaris warmoebisaTvis. 

xilis konservi da wveni _ xilis da wvenis konservirebisaTvis farTod 

sargebloben gogirdis orJangiT, amitom am sferoSi mowyobilobis dasamzadeb-

lad molibdenis Semcvel uJangav folads iyeneben. 

wvniani da sousi _ es  produqtebi  SeiZleba Seicavdes metad agresiul na-

revs, radgan isini mJave ares warmoadgens da erTdroulad qloridebsac Sei-

cavs. amitom am SemTxvevaSic xSirad saWiro xdeba uJangavi foladis gamoyeneba 

molibdenis danamatebiT. 

sacxobi _ sacxobis mowyobilobisaTvis mTavaria, rom misi  zedapiri  advi- 

lad iwmindebodes. amitom Semrevi mowyobilobisa da muSa magidis dasamzadebel 

masalas austenituri foladebi miesadageba.  

koroziamedeg uJangav foladebs saerTo Tavisebureba gaaCnia – isini sxva-

dasxva raodenobiT Seicavs nikels, molibdens, niobiums, titans da sxva elemen-

tebs. maTi meqanikuri Dda saeqspluatacio Tvisebebi damokidebulia am elemente-

bis Tanafardobaze. imisaTvis, rom foladma warmatebiT da xangrZlivad imu-

Saos, aucilebelia misi markis guldasmiT SerCeva.  
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koroziamedegobis, meqanikuri da fizikuri Tvisebebis, TvisebaTa stabilu-

robis da eqspluataciis temperaturuli diapazonis Sesaxeb cxadi warmodgena, 

agreTve nedleulis damuSavebisa da mowyobilobis eqspluataciis specifikis 

codna, warmoebis ekonomiurobis arsebiT garantias warmoadgens. 

 
10.7. feradi liTonebi da Senadnobebi sasursaTo 

warmoebaSi  

 
rogorc ZiriTadi, ise damxmare mowyobilobis detalebis, meqanizmebisa da 

aparatebis, milgayvanilobisa da sxvadasxva daniSnulebis moculobebis dasamza-

deblad gamoyenebas poulobs agreTve feradi liTonebi da maTi Senadnobebi _ 

alumini, spilenZi, TiTberi da brinjao. Tumca koroziamedegi foladebisgan gan-

sxvavebiT, sasursaTo warmoebaSi ferad liTonebsa da Senadnobebze moqmedebs 

reglamenti, rac yoveli tipis masalisaTvis misi akrZalvisa Tu gamoyenebis Se-

saZleblobebs gansazRvravs. magaliTad, spilenZis gamoyeneba dasaSvebia sakon-

ditro mowyobilobaSi, magram akrZalulia rZis warmoebis teqnologiur mowyo-

bilobaSi. aluminis gamoyeneba dasaSvebia rZis mrewvelobaSi zogadad, magram 

akrZalulia bavSvTa kvebis rZis produqtebis warmoebaSi.  

feradi liTonebi da Senadnobebi unda gadiodes aucilebel Semowmebas da 

nebarTvas iRebdes konkretuli saxis sakvebi produqtebis warmoebis teqnolo- 

giur ciklSi gamosayeneblad. 

`sasursaTo~ alumini. sxvadasxva sakveb produqtze aluminis zemoqmedebis 

Seswavlisas aRmoCnda, rom aluminTan maTi uSualo kontaqtis SemTxvevaSi vita-

minebi daSlas ar ganicdis. kvlevis am Sedegebma biZgi misca aluminis gamoyene-

bas kvebis mrewvelobaSi, kosmetikaSi da sayofacxovrebo qimiaSi. amJamad  alumi- 

nisgan farTod amzadeben sayofacxovrebo WurWels, Saqris gadsamuSavebel, sa-

konditro, zeTis sadRveb da sxva saxis aparaturas. aluminisgan damzadebuli 

nakeToba, rogoricaa xorcsakepi manqana, Cangali, kovzi Tu Wiqa, warmatebiT ga-

moiyeneba rogorc sazogadoebrivi kvebis, ise saojaxo samzareuloSi. aluminis 

kilita sisqiT 0,009 mm saucxoo SesafuTi masalaa, romelic sxvadasxva produq-

tis (Cais, rZis produqtebis, sakonditro nawarmis) realizaciis procesSi an maT 

Sesanaxad gamoiyeneba. aluminis kilitas SemosaxvevSi afasoeben kulinarul 
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cxims, margarins, nayins. Sokolads; tradiciulad aluminis tubebSi fuTaven 

kbilis pastas. advilad moxmarebis mizniT zogierT produqts, magaliTad, mdnar 

yvels, amosaxraxnTavian tubebSi afasoeben. aseTive tubebSi SefuTuli sakvebi 

produqtebiT sargebloben kosmosSi astronavtebi. sul ufro xSirad gamoiye-

neba Txeli furclovani alumini sisqiT 0,2_0,3 mm Tunuqis Semcvlelad konser-

vis qilis warmoebaSi. 

sasursaTo mowyobilobis dasamzadeblad farTod gamoiyeneba aluminis Se-

nadnobebic, Tumca yvela maTganze ar arsebobs Sesabamisi standarti an sxva ma-

regulirebeli dokumentebi. magaliTad, xSirad ismis kiTxva, SesaZlebelia Tu 

ara furclovani aluminis da misi Senadnobebis gamoyeneba  avtomobilis  sabar- 

gulis an sakvebi produqtebis Sesanaxi sawyobis Siga zedapirebis mosapirke-

Teblad, Raris, xonCis an puris sacxobi formis dasamzadeblad. sad da ra Sem-

TxvevaSi SeiZleba aluminis Senadnobebis gamoyeneba, romel alumins SeiZleba 

vuwodoT `sasursaTo~. aseTi termini, marTalia, gamoiyeneba, magram igi ar aris 

asaxuli mareglamentirebel dokumentebSi. 

situacia gansxvavebulia samsxmelo aluminisgan damzadebuli sasursaTo na-

keTobisaTvis. dReisaTvis moqmedi standartis Tanaxmad (ГОСТ 1583-93), sasursaTo 

daniSnulebis mowyobilobis dasamzadeblad SesaZlebelia AK7, AK5M2, AK9 da 

AK12 aluminis Senadnobebis gamoyeneba. kvebis produqtebTan uSualo kontaqtis 

pirobebSi sxva markis aluminis Senadnobebis gamoyenebisaTvis yvela konkretul 

SemTxvevaSi aucilebelia janmrTelobis dacvis organoebis nebarTva. 

sasursaTo daniSnulebisaTvis gankuTvnil aluminis SenadnobSi tyviis Sem- 

cveloba (woniT procentebSi) ar unda aRematebodes 0,15%, dariSxanisa _ 0,015%, 

TuTiisa _ 0,3%, beriliumisa _ 0,0005%. aluminis SoTs, romelic gankuTvnilia 

kvebis produqtebTan kontaqtSi myofi mowyobilobis dasamzadeblad da markire-

ba ar aris feradi saRebaviT Sesrulebuli, markis boloSi miTiTebuli aqvs 

aso `П~. 

amgvarad, sayofacxovrebo WurWlis dasamzadeblad nebadarTulia A7, A6, 

A5, A0  markis aluminis, АД1, АД  markis furclis da lentis gamoyeneba. Tu  

WurWlis Siga zedapiri ifareba, maSin SesaZlebelia misi damzadeba АМц  markis 

aluminis Senadnobebisganac. samagr nawilebs, romlebic kontaqtSia kvebis pro-
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duqtebTan, aseve WurWlis dasamzadeblad gankuTvnili liTonisgan amzadeben. 

armaturisaTvis (saxeluri, rkali da yuri) iyeneben rogorc alumins, ise mis 

Senadnobebs.    

cxrilSi 10.3 mocemulia samagide mowyobilobis dasamzadebld rekomende-

buli zogierTi masalis CamonaTvali. 

 
                                                      cxrili 10.3. 

samagide mowyobilobis dasamzadeblad gankuTvnili masalebi 

 

nakeTobis da detalis dasaxeleba 
 

Mmasalis dasaxeleba da marka 

mTlianliTonuri dana da kombinirebuli 
danis mWreli piri 
 

foladi У8А; У10А 

mTlianliTonuri Cangali da kombinire-
buli Canglis muSa nawili 

foladi 08кп; 45; 
aluminis Senadnobebi: А0; АВМ; АД1М. 
АД1; АВ; AМг2.  АК7; АК5М2; АЛ22; АЛ23. 
 

kovzi aluminis Senadnobebi: А0; АВМ; АД1М. 
АД1; АВ; AМг2;  АК7;  АК5М2; АЛ22; АЛ23. 
 

danis da Canglis kombinirebuli saxe-
lurebi 

04П-01010,  05П-01020  markis polipropile-

ni; Б klasis aminoplasti. 

aluminis Senadnobebi: А0; АВМ; АД1М. 
daxerxili foTlovani jiSis pirveli 
xarisxis xe tenianobiT araumetesi 12% 
(abs.) 
 

kombinirebuli nakeTobis armatura (rgo-
li, sayeluri, moqloni, xufi)  

foladi 20;  aluminis Senadnobi АД1 

 

10.8. polimeruli sakonstruqcio masalebi da danafarebi 

 
kvebis mrewvelobaSi gamoyenebuli polimeruli masalebi unda akmayofi- 

lebdes sanitarul-higienuri moTxovnebis garkveul kompleqss, rac kvebis pro- 

duqtebTan maTi kontaqtiT aris ganpirobebuli. kerZod: 

•  ar unda Secvalos produqtis organolepturi Tvisebebi; 

•  ar unda Seicavdes toqsikur komponentebs, romlebic SeiZleba eqstra-

girdebodes sasursaTo garemos mier an reagirebdes masTan. 
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kvebis mrewvelobaSi polimeruli masalebis gamoyenebis aucilebeli pi-

robaa sanitaruli zedamxedvelobis organos nebarTva, romelic kompleqsuri 

gamocdebis safuZvelze gaicema. gamocdebi iTvaliswinebs organolepturi Tvi- 

sebebis,  agreTve  polimerebsa, kompoziciur masalasa da produqtSi Semavali 

calkeuli ingredientebis sanitarul_qimiuri da toqsikologiuri kvlevebis 

Sefasebas. sanitarul_qimiuri kvleviT ganisazRvreba sakonstruqcio masali-

dan sakveb garemoSi migrirebadi naerTebis koncentracia da Sedgeniloba eqs-

pluataciasTan miaxloebul pirobebSi.  

kvebis produqtebTan kontaqtis xarisxis mixedviT polimerul masalebs 

sam ZiriTad jgufad yofen: 

1. masalebi, romlebic kvebis produqtebTan kontaqtis SezRudvis gareSe 

gamoyeneba; 

2. masalebi, romelTa kontaqti dasaSvebia kvebis zogierT produqtTan 

garkveuli pirobebis dacviT; 

3. masalebi, romelTa kontaqti kvebis produqtebTan dauSvebelia toqsi-

kurobis an produqtebTan Sexebis SemTxvevaSi Sedgenilobis Secvlis gamo. 

sasursaTo  mrewveloba polimeruli masalebis msxvil momxmarebelTa 

ricxvs miekuTvneba. mrewvelobis am sferoSi polimerebis gamoyeneba mniSvne-

lovan teqnikur-ekonomikur efeqts iZleva, Tumca aucilebelia masze dabali 

temperaturis, haeris maRali da cvalebadi tenianobis da gansakuTrebiT pro-

duqtebis Srobis, sterlizaciis da Termuli damuSavebis procesSi maRali 

tempraturis gavlenis gaTvaliswineba sasursaTo warmoebis mraval sferoSi. 

xorblis transportirebisas liTonis Snekebis nacvlad misi muSa zedapi- 

ris poliuretaniT, polikaprolaqtamiT an politetraftoreTileniT (ftoro-

plasti 4) dafaruli Snekis gamoyeneba xaxunis efeqtis Semcirebis gamo mwar-

moeblobas saSualod 25%-iT zrdis da marcvalic naklebad ziandeba.  

Tevzis gadasamuSavebel, sakonservo da rZis warmoebaSi farTod aris 

gavrcelebuli transportioris lenti, romlis rgolebi damzadebulia Seda-

rebiT  msubuqi,  koroziamedegi, maRali simkvrivis poliamidis an polieTile-

nisagan, xolo sakisrebi _ ftoroplasti 4_isa da poliamidisagan. aseTi  sakis-  

rebis sapox masalad SeiZleba wylis gamoyeneba, rac kvebis  produqtebis  ge- 
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movnebis, xarisxisa da kvebiTi Rirebulebebis SenarCunebis SesaZleblobas iZleva. 

ufro agresiul sasusaTo garemosTan kontaqtis SemTxvevaSi perspeqtiu-

lia qimiurad mdgradi TermoplastiT, magaliTad, poliolefiniT, viniplas-

tiT an ftoroplastiT plakirebuli minapalstikis aparaturis gamoyeneba, 

`sasursaTo~ rezinisgan amzadeben rZis pasterizatoris, Rvinis, ludisa 

da sakonservo warmoebis aparatebisa da  manqanebis  Suasadebs,  mamWidrovebel 

garsamoss, transportioris lents, amZrav Rveds; siliciumorganuli da buta-

dien-nitrilis kauCukis fuZeze damzadebuli Tbomedegi rezinisgan _ saSrobi 

agregatebis, ultrapasterizatoris da sxva aparatebis Suasadebs, sadac Txe-

vad sakveb produqtebs asterileben 120-1300C-ze ufro maRal temperaturaze. 

avtomatis kvanZebSi, romlis daniSnulebaa polieTileniT dafaruli qa-

Raldis paketebis damzadeba, rZiT Sevseba da hermetizacia SeduRebiT, amor-

tizatori dayenebulia ftorisSemcveli an siliciumorganuli kauCukis fuZe-

ze damzadebuli, ftoroplasti 4-iT Sevsebuli rezinis mimWeri gorgolaWiT. 

aseTi rezinisgan damzadebuli detalebis eqspluataciis xangrZlivoba 7_8_jer 

aRemateba, magaliTad, butadien-nitrilur kauCuks.  

efeqturia agreTve  naturaluri kauCukisa  da butadien_stirolis kompo- 

ziciisgan damzadebuli maRali sisalisa da cveTamedegobis rezinis gamoye-

neba marcvlis safSvneli danadgaris dekas dasamzadeblad. 

sinTetikuri, magaliTad, polivinilacetaturi dispersiis sinTetikuri we-

bos gamoyeneba naturaluris nacvlad, maRali mwarmoeblobis avtomatebze gaum-

jobesebuli xarisxis qaRaldis taris damzadebis SesaZlebobas iZleva. 

sasursaTo warmoebaSi mniSvnelovani roli ekisreba polimerul antiadhe- 

ziur danafarebs, romlebic liTonur konstruqciebze daaqvT maT zedapirze 

nedleulisa da naxevarfabrikatebis mikvris asacileblad, Tumca mxedvelobaSi 

unda miviRoT, rom teqnologiur garemoze damokidebulebiT, danafaris masa-

la SeiZleba absoluturad an met-naklebad aramdgradi aRmoCndes. magaliTad, 

poliqlorvinili aramdgradia Wvavis safuarian comTan. organul mJavebSi, 

saqarozaSi, sarecx da sxva nivTierebebSi, romelsac sasurTaTo warmoebis 

are Secavs. sasursaTo areebisadmi universaluri mdgradobiT xasiaTdeba 

kompozicia epoqsidis fisis fuZeze. sxvadasxva polimeris damcavi danafaris 
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mdgradoba, romelic ganisazRvreba garegnuli saxis cvlilebiT da midreki-

lebiT gajirjvebisadmi zogierTi sasursaTo warmoebis organuli aris zemoq-

medebiT, sakmaod farTo zRvrebSi icvleba.   

zogierTi laqsaRebavi antiadheziuri TvisebebiT xasiaTdeba, romlebic 

magaliTad, ftoroplastis, polivinilbutiraliT modificirebuli da ftoro-

plasti 4-is fxvniliT Sevsebuli fenolo-formaldehidis an siliciumorganu-

li (epoqsiduri fisiT modificirebuli polimeTilfenilsiloqsanis) laqis 

suspenziis dataniT miiReba. 

garda laqsaRebavebisa, gavrcelebulia agreTve antiadheziuri danafarebi, 

romlebic modificirebuli ftoroplastebis, polivinilbutiralis da maRali 

simkvrivis polieTilenis fxvnilebis dafrqveviT miiReba. zogjer liTonis 

detalebs amoufenen polieTilenis furcels an Txel firs, xolo  transpor-

tioris lents siliciumorganuli, umetes SemTxvevaSi, polieTilhidrosiloq-

sanis siTxiT amuSaveben. 

liTonisagan damzadebuli inventari an mowyobiloba (magaliTad, trans-

portioris lenti, formebi) antiadheziuri danafarebiT, gamoiyeneba agreTve 

puris sacxobebSi comis dasanawevrebel xazze, xorcis farSis transportire-

bisaTvis, pelmenebis gasayinad, kulinaruli nawarmis damzadebis meqanizire-

bul xazze, Tevzis konservis sawarmoebSi da a.S.  

antiadheziuri danafarebi daitaneba bunkeris Sida zedapirze, saidanac 

fxvieri an pastisebri produqtebi dasafasoebel da dasagman avtomatebs mie-

wodeba. es zrdis mowyobilobis muSaobis xangrZlivobas da mwarmoeblobas. 

detalebis gapoxvisa da wmendis operaciebis gamoricxva amcirebs sasursaTo 

cximis (sapoxi saSualebebis) xarjs, zrdis saamqroebis sanitarul mdgomare-

obas da produqciis xarisxs. 

puris sacxob sawarmoebSi marilisa da safuaris xsnarebisaTvis gaTvalis- 

winebuli moculobebis, vertikaluri elevatoris cicxvebisa da wisqvilis 

marcvlis separatoris Rarisa (xonCis) da sxva mowyobilobis koroziisagan 

dacvis mizniT iyeneben fxvnilovan poliolefins, romelsac dasacav zeda-

pirze afrqveven. zedapirs, romelic yvelaze agresiul pirobebSi ganicdis 

eqspluatacias, icaven politraftorqloreTilenis (ftoroplasti-3) da tetra- 
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raftoreTilenis Tanapolimerebis danafarebiT.  

liTonis zedapirTan kargi adheziuri TvisebebiT, meqanikuri simtkiciT da 

qimiuri medegobiT xasiaTdeba antikoroziuli danafari, romelic miiReba epoq-

siduri fisis dataniT. fisSi mineraluri Semavseblebia damatebuli. gamyare-

bisa da tute da mJava reagentebiT garecxvis Semdeg SesaZlebelia mraval sa-

sursaTo garemosTan danafaris kontaqtireba. danafari gamoiyeneba didi mocu-

lobis Rvinis, spirtis, xilis wvenis WurWlis da rZis produqtebis cisternis 

Siga zedapiris dasacavad; puris sacxobi da safuaris warmoebis aparaturis, 

avtomatis dasafasoebeli bunkerebis, Tevzis gadasamuSavebeli manqanis deta-

lebis dasacavad, romlebic zRvis pirobebSi gadis eqspluatacias. 

sasursaTo mowyobilobaze dekoratiul-damcav danafarebs Rebuloben po-

livinilbutiraluri da polieTilenis fxvnilovani saRebavebis dafrqveviT. 

gamoiyeneba agreTve sxvadasxva laqsaRebavi. rogorc wesi, sasursaTo mowyobi-

lobaze ar daaqvT reliefuri danafari, radgan maTi sterilizacia garkveul 

sirTuleebTan aris dakavSirebuli. 

liTonuri danafarebidan kala metad unikaluri da Zvirfasi TvisebebiT 

gamoiCeva. igi aris qimiurad pasiuri liToni da adamianis organizmisadmi sru-

liad usafrTxo. metad inertulia agreTve organuli nivTierebebis mimarT da 

liTonis zedapirze saukeTeso danafars iZleva (mokalva). yovelive aman gana-

piroba kalis gansakuTrebiT farTo gamoyeneba sasursaTo warmoebaSi spilen-

Zis, spilenZis Senadnobebisa da Savi liTonebis zogierTi detalis zedapire-

bis dasafarad.   

emali warmoadgens advildnobad minas, romelsac xSirad sxvadasxva Sefe- 

rilobas aZleven. emalis danafars koroziisagan dacvis an lamazi garegnuli 

ieris misaniWeblad iyeneben. igi ZiriTadad Savi liTonebis zedapirze daaqvT. 

SemuSavebulia emalis mravali Sedgeniloba. emaliT yvelaze xSirad Tujisa 

da foladisagan damzadebuli qimiuri da sasursaTo mrewvelobis aparaturis 

zedapirs farvven. igi farTo gamoyenebas poulobs agreTve samacivro da airu-

li aparaturis, WurWlis da a.S. warmoebaSi. 

iseTi aparaturisa Tu mowyobilobis dasamzadeblad, romlebic gankuTv-

nilia maRali sisufTavis xarisxis produqtebTan kontaqtirebisaTvis da ara-
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sasurvelia liTonis umniSvnelo raodenobis moxvedrac ki (magaliTad, qimiu-

rad sufTa reaqtivebis, farmacevtuli preparatebis da sakvebi produqtebis 

miReba da Senaxva), farTod iyeneben koroziamedeg araliTonur masalebs. am 

TvalsazrisiT Seucvlelia faifuri da mina. 

gasaTvaliswinebelia, rom masalaTa umravlesoba, romlebic soflis me-

urneobaSi, qimiur da sasursaTo warmoebSi gamoiyeneba, warmoadgens koloidur 

kapilarulforovan sxeuls, romlebic warmoebis teqnologiur procesSi 

sveldeba, xurdeba da civdeba. aseT procesebSi SeiniSneba ara marto siTbos 

gadacema dasamuSavebel masalaSi, aramed ar aris gamoricxuli erTdrouli 

masis gadatanac, anu erTi komponentis SeWra meoreSi _ difuzis ganviTareba. 

 
10.9. tara da safuTavi masalebi 

 
saursaTo warmoebaSi dRiTidRe izrdeba moTxovna rogorc erTSriani, ise  

mravalSriani da kombinirebuli polimeruli safuTavi masalebisadmi. aRniS-

nuli masalebi sakveb produqts ara marto icavs naadrevi gafuWebisagan, ara-

med xels uwyobs maT swraf realizaciasac. safuTavi masalebis sworad Ser-

CevisaTvis sasursaTo sferoSi dasaqmebulma mwarmoeblebma zedmiwevniT unda 

icodnen ara marto safuTavi masalebis, aramed im sasursaTo produqtebis 

Tvisebebic, romlis SesafuTadac aris esa Tu is masala gaTvaliswinebuli. 

mniSvnelovania, agreTve, sakveb produqtsa da safuTavs Soris SesaZlo urTi-

erTqmedebis efeqtis gaTvaliswinebac. SeiZleba iTqvas, rom dRevandeli sasur-

saTo warmoebis umTavresi devizia `yovel produqts_sakuTari safuTavi~. am 

principis praqtikaSi ganxorcielebisaTvis iseTi faqtorebis gaTvaliswinebaa 

aucilebeli, romlebic uzrunvelyofs SesafuTi masaliT produqtebis dacvas 

da misi Senaxvis xangrZlivobas dasawyobebis, tranportirebis da saojaxo pi-

robebSi. am faqtorebs, upirveles yovlisa miekuTvneba: 

• sakvebi produqtis Sedgeniloba, tipi da Tvisebebi; 

• safuTavis konstruqcia da fuTaSi arsebuli garemo; 

• safuTavi masalis fizikur_meqanikuri maxasiaTeblebi, SeRwevadoba da 

sanitarul_higienuri Tvisebebi, ramac unda uzrunvelyos sakvebi produqtis 

usafrTxoeba. 
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garda amisa, safuTavi masala unda uzrunvelyofdes masze Strixkodis da 

beWdis datanis SesaZleblobas informaciulobisa da SefuTvis mimzidvelobis 

asamaRleblad. 

im safuTavi masalebis sanitarul_higienuri moTxovnebi, romlebic uSua-

lo SexebaSia sakveb produqtebTan, metad mkacria. aseTi masalebi unda iyos 

qimiurad inertuli _ ar unda gamoyofdes mavne nivTierebebs dasaSveb zRvarze 

zeviT da ar cvlides produqtis organoleptur Tvisebebs; ar xasiaTdebodes 

kancerogenuri, mutagenuri da alergiuli TvisebebiT; ar Seicavdes toqsikur 

ingredientebs. 

amJamad gamoCnda masalebis axali saxeoba, e.w. `aqtiuri~ safuTavi, rom-

lis SedgenilobaSic SesaZlebelia organizmisaTvis sasargeblo nivTierebis, 

magaliTad, vitaminebis Seyvana; daicvas produqti mikrobiologiuri zemoqme-

debisagan; Seqmnas optimaluri gazis garemo safuTavSi; uzrunvelyos pro-

duqtis Termuli damuSavebis da safuTavis sakvebad gamoyenebis SesaZleblo-

bac ki SefuTul produqtTan erTad. safuTavi masalebisadmi wayenebuli aseTi 

moTxovnebis da SefuTvis Tanamedrove teqnologiebi ganapirobebs axali, eqsk-

luziuri safuTavi masalebis Seqmnis aucileblobas. 

 
polimeruli da kombinirebuli safuTavi masalebis ZiriTadi saxeebi. 

safuTav masalad yvelaze farTo gamoyenebas poulobs poliolefini, poli-

propileni, dabali simkvrivis, maRali simkvrivis da wiriTi polieTileni. yve-

laze popularuls polipropileni warmoadgens, romlisganac amzadeben afs-

kebs, mravalSrian polimerul (romelic mxolod polimeris fenebisgan Sed-

geba) da kombinirebul (romelic sxvadasxvagari masalis fenebisgan aris Sed-

genili) masalebs, agreTve wvril samomxmareblo da msxvil satransporto ta-

ras. polieTileni umTavresad gamoiyeneba gamWimavi, Seklebis da haerbuStova-

ni afskebis dasamzadeblad. 

zemoT warmodgenili poliolefinis masalebi miekuTvneba nawilobriv 

kristalizebur polimerebs. amorfuli polimerebidan safuTavis dasamzadeb-

lad yvelaze xSirad polistiroli da polivinilqloridi gamoiyeneba. qlo-

risSemcveli polimerebidan am nizniT gamoiyeneba agreTve polivinilidenqlo- 
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ridi Tanapolimeris saxiT – vinilidenqloridi (85-87% molekuluri masiT) 

mcire raodenobiT (13-15%) vinilqloridTan, romlisganac awarmoeben afskur 

masalas savaWro dasaxelebiT `sarani~ (Saran, daregistrirebuliaDDow Cemikal Co 

kompaniis mier).  

sul ufro izrdeba samomxmareblo bazarze rogorc amorfuli, ise kris-

taluri agebulebis polieTilentereftalatis gamoyenebis sfero. misi Tvise-

baTa unikaluri kompleqsi, rac aucilebelia sakvebi produqtebis safuTavi 

masalebisaTvis, mdgomareobs maRal meqanikur da barierul TvisebebSi, cximme-

degobaSi, ekologiur usafrTxoebaSi, sakmaris gamWvilvalobaSi. Tanapolime-

rebidan aRsaniSnavia eTilenis da vinilacetatis, eTilenisa da vinilis spir-

tis Tanapolimerebi. 

masalaTa warmoebis Tanamedrove teqnologiebma SesaZlebeli gaxada masa-

las mieniWos sruliad axali funqcia da Tvisebebi. magaliTad, TviTgacxele-

badi da TviTgacivebadi qilebi, TviTSladi afskis safuTavi, romelic kom-

postSi an nagavsayrelze haeris Jangbadisa da mzis sinaTlis zemoqmedebiT da-

balmolekulur produqtebad – wylad da naxSirJangis airad gardaiqmneba.  

gansakuTrebul yuradRebas imsaxurebs specialuri baqteriologiuri da 

antimikrobuli Tvisebebis mqone `aqtiuri~ safuTavi, romelic antiseptikur 

gavlenas axdens uSualod produqtze, umTavresad xorcis produqtebze da 

yveleulze. 

sakvebi produqtebis mravalferovneba – rZis produqtebi, yveleuli, cxi- 

mebi, xorci da xorcproduqtebi, Tevzi da misi produqtebi, purfunTuieuli 

da sakonditro nawarmi, fxvieri produqtebi, xil-bostneuli, wvenebi, alkoho-

luri sasmelebi da a.S. specifikur moTxovnebs uyenebs safuTav masalebs. ami-

tom safuTavisa da produqtis SefuTvis xerxis SerCeva moiTxovs ara marto sa-

mecniero-teqnikur codnas, aramed xelovnebis elementebsac. mxolod amis Sem-

deg iqmneba safuTavi masalis warmoebisa Tu SefuTvis obtimaluri variantis 

mizandasaxulad SerCevis SesaZlebloba sakvebi produqtis saxeobis, misi damu-

Savebis pirobebis, Senaxvisa da transportirebis pirobebis Sesabamisad. 
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polimeruli masalebis gamoyeneba kvebis mrewvelobaSi. zogadad SeiZleba 

iTqvas, rom sasursaTo warmoebaSi sakvebi produqtebis SesafuTad gamoiyeneba 

rogorc erTSriani, ise mravalSriani afski, sxvadasxva polimeruli kompozi-

ciiT gaJRenTili kombinirebuli masalebi, polimeriT dafaruli aluminis an 

qaRaldis afski (kilita), naxevradxisti an xisti tara (boTli, flakoni, Wiqa, 

tuba). aseT taras amzadeben vakuumuri da pnevmoformirebis meTodiT, wnevis 

qveS CamosxmiT da SeberviTi eqstruziiT. aRniSnuli tara ZiriTadad gamoiye-

neba Txevadi da pastisebri produqtebis maRalmwarmoeblur xazebze dafasoe-

bisaTvis, sadac erT nakadSi xdeba taris damzadeba, misi Sevseba produqtiT, 

hermetizacia da sasaqonlo niSnis datana.  

gansakuTrebuli safuTavi, romelmac produqts unda SeunarCunos teniano-

bis saWiro done da mikroorganizmebis moqmedeba, aris polimeruli danafare-

bi, romlebic miiReba parafinis, polieTilenis da poliizobutilenis Semcve-

li nalRobisagan; polivinilis spirtis da spirtSi ganzavebuli polivinil-

butiralis wyalxsnarebidan; polivinilacetatis da vinilidenqloridisa da 

vinilqloridis Tanapolimeris wylis dispersiidan da sxva.  

safuTavi masalebisadmi moTxovna ganisazRvreba produqtis saxeobis mi-

xedviT, misi damuSavebis, Senaxvisa da transportirebis pirobebiT. magaliTad, 

safuTavis hermetulobis dacvisa da dartymiTi datviTvebisadmi mdgradobis 

uzrunvelsayofad aucilebelia iseTi masalis gamoyeneba, romelic xasiaTdeba 

sakmao meqanikuri simtkiciT da elastiurobiT; higroskopuli produqtebis Se-

safuTad gamoiyeneba tengaumtari, xolo vakuumSi an inertuli airis atmosfe-

roSi SesafuTad – airgaumtari masala.  

zogierT SemTxvevaSi, magaliTad, biologiurad aqtiuri produqtebis  Se- 

safuTad, seleqciurad airgamtari masalebi gamoiyeneba. xSirad safuTavi ma-

sala ar unda atarebdes nivTierebis an cximis suns, unda iyos yinvagamZle da 

mdgradi daZvelebis mimarT, uzrunvelyofdes rogorc safuTavis, ise sakvebi 

produqtis usafrTxod Senaxvas sxvadasxva pirobebSi.  

safuTavi masala, romelic dasafasoebel avtmatebze gamoiyeneba, advilad 

unda duRdebodes, xolo produqtiT Sevsebis Semdeg misma sixistis donem 

unda uzrunvelyos formis SenarCuneba. mravali firovani masala unda xa-
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siaTdebodes Seklebis unariT, raTa mWidrod Semoekras rTuli konfiguraci-

is produqts da SesaZlebeli iyos masze beWdis dasma. 

metad mkacri moTxovnebi waeyeneba xorcis sxvadasxva saxeobis, maTi na-

xevarfabrikatebis, rZisa da rZis produqtebis, aseve Tevzisa da Tevzis pro-

duqtebis safuTav masalebs. 

axali xorci malfuWebadi produqtia, radgan igi warmoadgens idealur 

garemos mikroorganizmebisa da sokos gamravlebisaTvis. mikrobuli procese-

bis mimdinareobisaTvis saukeTeso ares warmoadgens agreTve bmuli wylis mni-

Svnelovani raodenoba, romelsac axali xorci Seicavs da Senaxvis procesSi 

`xorcis wvenis~ (wylisa da sisxlis narevis) saxiT gamoiyofa. amis gamo xor-

ci metad mgrZnobiarea garemos faqtorebis _ wnevis, haeris tenianobis da tem-

peraturis mimarT. aRniSnuli faqtorebi erTobliobaSi uaryofiT gavlenas 

axdens xorcis gemoze, ferze da siaxleze. amaSi gadamwyvet rols TamaSobs 

xorcis zedapirze mikrobebis sawyisi raodenoba, romelic saqonlis dakvlis 

Semdeg yovel 20 wuTSi ormagdeba. procesis mimdinareoba neldeba 1-20C-ze an 

specialur safuTavSi saTanado garemos SeqmniT. ZiriTadi sainformacio kri-

teriumi safuTavi masalis SesarCevad aris wyalbadis mniSvnelobisa (pH) da 

wylis aqtivobis maCvenebeli Aw, romlebic Sesabamisad unda Tavsdebodes 

zRvrebSi 6,0 da 0,99. am mniSvnelobebis zeviT xelsayreli garemo iqmneba mik-

robebis zrdisaTvis da xorcis moxmarebam SeiZleba kvebiTi mowamlva gamoiw-

vios. garemos faqtorebi arsebiT gavlenas axdens kunTis pigmentzec, rac 

xorcs garkveul Seferilobas aZlevs. igi warmoadgens mioglobinis cilas, 

romelic haeris Jangbadis zemoqmedebiT, Jangvis xangrZlivobaze damokidebu-

lebiT, SeZleba sam urTierTgardamaval formaSi arsebobdes: mewamul-wiTeli 

feris mioglobulinSi, Ria-wiTeli feris oqsimioglobulinSi da yavisfer 

metmioglobulinSi. axali xorcis normalur Seferilobad Ria wiTeli iTv-

leba, dauSvebel Seferilobad – yavisferi, romelic xorcis uxarisxobaze 

miuTiTebs.  

garkveuli drois ganmavlobaSi xorcis siaxlis SesanarCuneblad safuTa-

vi masala unda xasiaTdebodes haeris Jangbadis gaRwevadobis unariT atmosfe-

rul pirobebSi Senaxvisas da SeuRwevlobiT vakuumSi SefuTvisas. am pirobebs 
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akmayofilebs polieTilenis afski, naklebi xarisxiT _ celofani. vakuumuri 

SefuTvisaTvis gamoiyeneba `saranis~ tipis vinilidenqloridis da vinilqlo-

ridis Tanapolimeri, Seklebis unaris mqone `eTilenisa da vinilacetatis Ta-

napolimeri_`sarani~_dasxivebuli eTilenisa da vinilacetatis Tanapolimeri~ 

Sedgenilobis Tanaeqstruziuli afski, nailoni (ПА66), `surlinis~ tipis iono-

meri (Surlyn, daregistrirebulia DuPont kompaniis mier. eTilenis Tanapolimere-

bi maRali fizikur_meqanikuri maxasiaTeblebiT, dabali dnobis temperaturiT, 

SeduRebis farTo temperaturuli intervaliT, SesaniSnavi gamWvirvalobiT da 

moqnilobiT). 

gacivebuli xorcis SesafuTad, romlis dacvac aucilebelia ferisa (rac 

ganpirobebulia mioglobinis daSliT uJangbadobis pirobebSi) da sxva orga-

nolepturi Tvisebebis Secvlisagan, agreTve baqteriebis zemoqmedebisagan, yve-

laze gamosadegia celofani garedan dafaruli laqiT. am mizniT gamoiyeneba 

agreTve aralaqirebuli celofani, polivinilqroridis afski, vinilidenqlo-

ridisa da vinilqloridis (`sarani~), polieTilenis, polistirolis, kauCukis 

hidroqloridis Tanapolimerebi. xorcis Senaxvis vada polimerul safuTavSi 

2-3 dReRamea 00C-is da 1,5 dReRame 60C-is temperaturul pirobebSi.  

damarilebul xorcs, romelic xangrZlivi SenaxvisTvis aris gaTvaliswi-

nebuli, afasoeben da fuTaven maRali mwarmoeblobis avtomatebze vakuumSi an 

inertuli airis atmosferoSi. safuTav masalad, romelmac produqti unda da-

icvas Jangbadis an tenis SeRwevisagan da sinaTlis zemoqmedebisagan, gamoiye-

neba mravalSriani firi celofani_polieTileni, polieTilen-tereftalati_ 

_polieTileni, poliamidi-polieTileni, `sarani~_polivinilqloridi_sarani da 

celofani_folga_polieTileni. xmarebaSia agreTve polikarbonatis, poliu-

retanis an polivinilis spirti SeduRebad (Cveulebriv, polieTilenis) fir-

Tan SexamebiT. xorci, romelsac gavlili aqvs Tburi damuSaveba (winaswari 

damarilebis Semdeg), ifuTeba igive firebSi, rogorSic damarilebuli xorci.  

xorcis konservebisTvis, romlebic sterilizacias gadis, gansakuTrebiT 

gamosadegia kombinirebuli masala – polieTilentereftalati_folga_polie-

Tileni, agreTve sxva kombinirebuli masalebi folgis SuafenebiT.  

Zexveulis da sosisis garsis misaRebad upiratesad celofani gamoiyeneba. 
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daSvebulia agreTve viskoziT gaJRenTili, grZelboWkovani, izotropuli qa-

Raldis, `saranis~ tipis da polivinilspirtis firis gamoyeneba. 

moxarSuli da Sebolvili Zexveulis, loris, kulinariuli xorcis cal-

keuli ulufebis saxiT warmoebuli produqciis xarisxis SesanarCuneblad, 

upirveles yovlisa, aucilebelia Jangbadis zemoqmedebisagan maTi dacva. aseTi 

dacva warmatebiT xorcieldeba sustadSeRwevadi ori an samfeniani, sxvadasxva 

qimiuri bunebis polimerebis afskisgan damzadebuli paketis vakuumirebiT. am 

mizniT rekomendebulia poliamidis, polieTeris, polivinilidenqloridis, po-

lieTilenis sxvadasxva SexamebiT gamoyeneba. iSviaTad sargebloben aluminis 

kilitas fuZeze damzadebuli laminatiT an metalizirebuli firiT. 

Zexveulis nawarmis da kulinariuli xorcis dafasoeba umetes SemTxveva-

Si xorcieldeba mTlianziduli, Seklebis unaris mqone afskisagan. Sekleba 

xorcieldeba cxel wyalSi. aseTi safuTavis masalad SeiZleba plastificire-

buli polivinilqloridis, poliamidi_`saranis~, poliamidi_polieTilenis ga-

moyeneba. wilobrivi ulufis SesafuTad sargebloben `sarani~_`eTileni_vinil-

acetatis Tanapolimeri (Sida fena)~ paketebiT. 

sosisis garsacmis dasamzadeblad iyeneben gamWvirvale safuTavs lamina-

tis saxiT _ poliamidi-polieTileni, agreTve celofanis an poliamidis erT-

Srian afsks, romelzedac daaqvT wyalSi uxsnadi araorganuli dispersia, 

magaliTad, moxarSuli Zexvis, sosisis, agreTve yvelis dasacavad.   

farTo gamoyenebas poulobs ZexveulisTvis gankuTvnili garsi sasaqonlo 

markiT `amitan~, romelic poliamidis fuZezea damzadebuli (kompania `atlan-

tis_pak~, q. donis_rostovi). garsi Zexveuli nawarmis ulufebad SefuTvis  da 

sasaqonlo saxis gaumjobesebis SesaZleblobas iZleva, zrdis produqtis Se-

naxvis vadas da xasiaTdeba kargi adsorbciuli TvisebebiT, rac metad mniSv-

nelovania poligrafiuli damuSavebisaTvis. 

cnobilia, rom poliamidis afskis ZiriTadi dadebiTi mxarea maRali bari-

eruli Tvisebebi, anu dabali SeRwevadoba, Tumca SezRudulia Zexveulis an 

sosisis garsad misi gamoyenebis SesaZlebloba aucilebeli organolepturi 

maxasiaTeblebis SenarCunebiT. am uaryofiTi mxaris gamosasworeblad SemuSa-

vebulia principulad axali teqnologia, romelic poliamidebis morfolo-
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giis iseTnairad  Secvlis SesaZleblobas iZleva, rom misgan warmoebuli gar-

si airebis, orTqlis da wylis mimarT seleqciuri SeRwevadobis unars Rebu-

lobs. aRniSnuli jgufidan yvelaze cnobilia garsi `amitan pro~ (gamoiyeneba 

yvela saxis moxarSuli Zexveulisa da loris SesafuTad), `amismok~ (naxevrad-

Sebolvili da moxarSul-Sebolvili Zexveulis SesafuTad) da `amiluqs~ (ga-

moiyeneba tradiciuli meTodiT sosisis da sardelis dasamzadeblad). 

ukanasknel wlebSi farTo gamoyeneba pova Termuli Seklebis unaris mqo-

ne Zexveulis mravalSrianma garsma dasaxelebiT `betan~. igi xasiaTdeba maRa-

li simtkiciTa da barieruli TvisebebiT, uZlebs maRal wnevas Zexveulis far-

Sis misxurebisas, zrdis Zexveulis Senaxvis xangrZlivobas da produqciis sa-

saqonlo saxes.  

TiTqmis yvela saxis poliamidis afskis narCenebi ufro ekologiuria po-

livinilidenqloridis afskebTan SedarebiT, radgan praqtikulad garemos  ara- 

viTar zians ar ayenebs. igi gadayris Semdeg ramdenime TveSi iSleba. 

axladSebolvili Zexveulis, yveleulis da sxva zogierTi produqciis 

dacvis efeqtur xerxs warmoadgens baqtericiduri danafarebis Seqmna higienu-

rad usafrTxo lateqsis fuZeze (organuli polimerebis wyliani dispersia), 

romelic antimikrobul danamatebs Seicavs. aseT danamatebad evropaSi gamoye-

nebulia preparati `dalvocidi~, romlis fuZes antibiotiki pimaricini warmo-

adgens, xolo dsT-s qveynebSi _ dehidracetonis mJava (ДГК) da misi wyalSi 

xsnadi marilebi. lateqsis danafarebi, romlebic aRniSnul danamatebs Sei-

cavs da uSualod sakvebi produqtis zedapirze formirdeba, xasiaTdeba mniSv- 

nelovani upiratesobiT sxva safuTav saSualebebTan SedarebiT. umTavresia pro-

duqtis xarisxis amaRleba da ekologiuri usafrTxoeba. 

sakvebi safuTavebis sferoSi SedarebiT axal miRwevad SeiZleba CaiTva-

los Zexveulis garsi antimikrobuli TvisebebiT. igi Seicavs specialur dana-

metebs: gazis da tenis STanmTqmelebs, sxvadasxva antimikrobebs, fermentebs 

da aromatizatorebs, rac aumjobesebs produqtis sasaqonlo saxes da mniSvne-

lovnad (2_3_jer) zrdis Senaxvis xangrZlivobas. 

perspeqtiul mimarTulebad iTvleba iseTi `aqtiuri~ garsis Seqmna, rom-

lis gamoyenebac sakvebad aris SesaZlebebli. aseTi danafarebis fuZes buneb-
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rivi polimerebi _ polisaqaridebi warmoadgens. bunebrivi polimerebis afski 

maRali sorbciuli TvisebebiT xasiaTdeba da adamianis organixmSi moxvedri-

sas adsorbirebs da gamoaqvs liTonis ionebi, radionuklidebi da sxva mavne 

nivTierebebi. 

amerikelma bioteqnologebma SeimuSaves xilisa da bostneulis safuTavi 

masala, romelic sakvebSi SeiZleba gamoviyenoT. igi warmoadgens kiborCxalas 

(hitozani) javSanis da kvercxis cilis proteinis (lizocini) Txevad narevs, 

sadac SeiZleba adamianis organizmisTvis aucilebeli  nivTierebebis  Seyvana.  

Semadgenloba siTxis saxiT daaqvT, umetes SemTxvevaSi, mrgvali formis pro-

duqtze, sadac garkveuli drois Semdeg myardeba. danafari xasiaTdeba mniSv-

nelovnad ufro maRali damcavi, maT Soris baqtericiduri Tvisebebis komp-

leqsiT maRali simkvrivis polieTilenTan SedarebiT.  

gayinuli qaTmisaTvis yvelaze kompaqtur da mosaxerxebel safuTav masa-

las `saranis~ tipis, Seklebis, agreTve hiroqloridkauCukis da polieTilenis 

firebi miekuTvneba. tenis STanTqmis mizniT zogjer frinvels SefuTvamde 

qaflistirolis an qafpolivinilqloridis xonCaze aTavseben. 

naturaluri yvelis SesafuTd, romlis dacvac aucilebelia baqteriebi-

sagan, tenisagan da Jangbadis SeRwevisagan, orive mxridan tenmedegdanafariani, 

umetes SemTxvevaSi, `saranis~ tipis an hidroqloridkauCukisgan damzadebuli 

celofani gamoiyeneba. aseTi SefuTviT yvelis Senaxva SesaZlebelia 3 dRe-Ra-

mis ganmavlobaSi. ufro xangrZlivi SenaxvisaTvis (5_8 dReRame) SefuTvas mra-

valSriani firiT awarmoeben – celofani_sarani_polieTileni (gamosadegia va- 

kuumSi  SesafuTad);  polieTilentereftalati_sarani_polieTileni;  poliami- 

di_sarani_polieTileni an polipropileni_polieTileni_sarani_polieTileni. 

mdnar yvels (igi ufro mdgradia naturalurTan SedarebiT, radgan damza-

debis procesSi xdeba misi pasterizacia) fuTaven folgaSi, romelic dafaru-

lia vinilqloridisa da vinilacetatis Tanapolimeris fuZeze damzadebuli 

laqiT; kombinirebul masalaSi qaRaldi_folga_polieTileni; polivinilqlo-

ridis an `saranis~ tipis firSi. yveli SeiZleba dafasovdes agreTve cviliT da-

farul celofanSi, romlis SemadgenlobaSic Sedis cerezini da dabalmoleku-

luri polieTileni. aseT SemTxvevaSi mdnar yvels asxamen paketebSi da utare-
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ben hermetizacias SeduRebiT. farTod aris gavrcelebuli mdnari yvelis dafa-

soeba xist taraSic, magaliTad, dartymisadmi gamZle polistirolis WiqaSi. 

garda xorcisa, xSirad moixmareba da erT-erTi malfuWebadi produqtia 

Tevzeuli, romlis Senaxvis vada ufro naklebia xorcTan SedarebiT. es aixsneba 

TevzSi Semcveli advilad Jangvadi cximiT da gare zemoqmedebisadmi metad 

mgrZnobiare, aramdgradi mioziniT (fibriluri cila, kunTebis SemkumSavi boWkos 

erT-erTi ZiriTadi komponenti – miofibrili. igi Seadgens kunTebis cilis saer-

To raodenobis 40-60%). yovelive amis gamo safuTavi masala da fuTaSi Seqmnili 

garemo saimedod unda icavdes produqts ciliTa da cximiT gafuWebisgan, atmos-

feruli haeriT daJangvis, mikroorganizmebis zemoqmedebisa da tenis kargvisgan, 

rac xels uwyobs misi xarisxis gauaresebas da gafuWebas. Tevzeulis xarisxis 

SedarebiT xangrZlivi drois ganmaxlobaSi SenarCunebas uzrunvelyofs dabali 

temperatura, zogjer -300C_mde. gayinuli Tevzis Sesanaxad gamoiyeneba sxvadasxva 

polimeruli afski an danafarebi. am mimarTulebiT karg Sedegs iZleva polivi-

nilis spirtis fuZeze damzadebuli danafarebi, romlebic siTxis saxiT advi-

lad daitaneba Tevzis zedapirze da Semdgom iyineba xangrZlivi Senaxvis mizniT. 

es meTodi gansakuTrebiT karg Sedegs iZleva Zvirfasi, zuTxisebri jiSis Tevze-

ulis dasamuSaveblad. 

kulinaruli Tevzis nawarmis SefuTvas awarmoeben kombinirebuli masalebiT 

`saranis~, polipropilenis da polivinilqloridis gamoyenebiT, romlebic cxim-

gamZle masalebs miekuTvneba. mcire samomxmareblo produqtis SefuTvisaTvis 

`polieTileni_poliamidi~ garsis gamoyeneba Semdgomi vakuumirebiT misi airgaum-

tarobis gamo saSualebas iZleva SeizRudos mikrobiologiuri dabinZurebis Se-

saZlebloba transportirebisa da Senaxvisas, agreTve acilebuli iqnas aseTi 

produqciis cilovani da cximiT gafuWebis procesi.   

nedl, axal Tevzs fuTaven badeSi an polieTilenis paketSi. siTxis STan-

Tqmis mizniT, zogjer paketSi qafpolistirols afenen. gayinuli Tevzis Sesa-

fuTad iyeneben agreTve celofans, polieTilens an muyaos yuTs, romelic 

Signidan dafarulia polieTilenis an vinilidenqloridisa da vinilqlori-

dis TanapolimeriT. 

SedarebiT rTulia safuTavis SerCeva Sebolvili TevzisaTvis.  am  SemTx- 
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vevaSi ZiriTadi moTxovnaa cximovani nawilis dacva haeris Jangbadisagan, 

rasac uzrunvelyofs vakuumuri SefuTva Seklebis, mcireSeRwevadobis da cxim-

gamZle afskiT polivinilidenqloridis da misi Tanapolimerebis fuZeze. sa-

fuTavma unda uzrunvelyos agreTve produqtis sunis SenarCuneba, misi dacva 

baqteriebisagan da ucxo sunis SeRwevisagan. amitom Sebolvili Tevzis vaku-

umSi SesafuTad  gamoiyeneba agreTve mravaSriani firi, rogoricaa celofa-

ni_polieTileni, polieTilentereftalati_celofani_polieTileni, poliamid-

12-is firi. es ukanaskneli Tevzis gaTbobis SesaZlebobas iZleva safuTidan 

misi amoRebis gareSe. 

damarilebuli TevzisaTvis xSirad iyeneben xis kasrs an yuTs, romelic 

amogebulia SeduRebiT hermetizirebuli polieTilenis an plastificirebuli 

polivinilqloridiT. marilxsnarSi Tevzs afasoeben dabali simkvrivis poli-

eTilenis qilaSi da utareben hermetizacias igive polimeris saxuraviT. 

gansakuTrebiT Zvirfasi xarisxis Tevzis, Savi da wiTeli xizilalis sa-

fuTavs, romlebic yvelaze xSirad momxmarebels ulufebis saxiT miewodeba, 

unda gaaCndes ara marto maRali barieruli Tvisebebi, aramed samomxmareblo 

xarisxic, kerZod, gansakuTrebuli dizaini. aseTi produqciis xangrZlivi Sena-

xvisaTvis gamoiyeneba SedarebiT Zviri, gamWvirvale garsi: polieTilenteref-

talati_Tanapolimeri `binilidenqloridi-binilqloridi~, poliamidi_Tanapo-

limeri `binilidenqloridi-binilqloridi~, polieTilentereftalati_poliami-

di da sxva. 

higroskopuli sakonditro nawarmi (karameli, irisi) ifuTeba wyalgaumtar,  

umTavresad polipropilenis firebSi, agreTve kombinirebul masalaSi – poli-

eTileni_folga. celofanis gamoyeneba am SemTxvevaSi imiT aris SezRuduli, 

rom higroskopul produqtTan Sexebisas igi myifdeba. zogierTi masalis fi-

ris gamoyeneba gaZnelebulia maRalmwarmoeblur avtomatebze SefuTvisas, rac 

gamowveulia eleqtrostatikuri muxtis warmoqmniT.  

naklebad higroskopuli sakonditro nawarmi (magaliTad, Jeles kamfeti, 

marmeladi) SeiZleba SeifuTos aralaqirebuli celofanis an celulozis ace-

tatis orTqlgamtar firebSi. xangrZlivi SenaxvisaTvis praqtikulad arahig-

roskopuli Sokoladis nawarmis SesafuTad sargebloben kombinirebuli masa-
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lebiT polieTilentereftalati_folga_polieTileni. aseTi safuTavi xels 

uSlis daobebas da cximisa da Saqris migracias Sokoladis nawarmis zedapir-

ze maRali temperaturis pirobebSi. 

purfunSeuls daobebis asacileblad da higienis pirobebis dacvis mizniT 

upiratesad polieTilenis an polipropilenis firSi fuTaven. aucileblobis 

SemTxvevaSi safuTavs utareben hermetizacias specialur avtomatebze plast-

masis an liTonis momWeriT.  

gansakuTrebul yuradRebas imsaxurebs poliamid-12 firis gamoyeneba gayi-

nuli comis Sesanaxad an puris gamosacxobad. aseTnairad SefuTuli puris 

Senaxva sterilizaciis Semdeg 7 Tvemdea SesaZlebeli.  

axali bostneulis da xilis SesafuTad did mniSvnelobas Rebulobs se-

leqciuri airgamtari masalebi (magaliTad, romelSic upiratesad SeaRwevs CO2, 

xolo naklebi intensivobiT _ O2). es uzrunvelyofs aRniSnuli produqtebis 

xangrZliv Senaxvas. am mizniT yvelaze gamosadegia siliciumorganuli kauCu-

kis, agreTve hidroqloridkauCukis firi. garda amisa, SesaZlebelia polieTi-

lenis (maT Soris perforirebuli), polivinilqloridis plastificirebuli 

da celulozis acetatis firebis gamoyeneba. 

rZes, rZis produqtebs da wvenebs afasoeben qaRaldSi, romelic Signidan  

dafarulia polieTileniT, xolo garedan – parafiniT. Txevadi produqtebisa-

Tvis, romlebic sterilizacias eqvemdebareba, aseve gamoiyeneba qaRaldi, ro-

melic polipropileniT aris dafaruli da kombinirebuli masala – qaRaldi_ 

_folga_polipropileni. naxevarfabrikatebisa da koncentratebis SesafuTad, 

Cveulebriv, gamoiyeneba kombinirebuli masalebi folgis Sualeduri feniT. 

magaliTad, polieTilentereftalati_folga_polieTileni, qaRaldi_folga_ 

_polieTileni. iyeneben agreTve erTfenian, magaliTad, polivinilspirtis an 

polieTilenis firebs, mravalSrian firebs `sarani~_celofani_`sarani~, ag-

reTve qaRalds wylis dispersiidan datanili danafariT vinili_denqloridis 

da vinilqloridis Tanapolimeris fuZeze. zogjer, magaliTad, yavis SefuT-

visas, gamoiyeneba muyaos yuTi, romelic `saranis~ tipis firiT aris amogebuli. 

polimeruli safuTavi saimedod icavs  koncentratebs da naxevarfabrika- 

tebs tenis SeRwevisagan, danamcecebisa da damZaRebisagan. zogierT SemTxvevaSi 
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 sakveb koncentratebSi Senaxvis dros maTi stabilurobis gasazrdelad Se-

aqvT mikrokafsulirebuli cximi da sxva surnelovani nivTierebebi. 

plastmasis maRali meqanikuri simtkice manqanaTmSeneblobaSi liTonis 

nacvlad misi gamoyenebis SesaZleblobas iZleva, rac manqanaTa nawilebis wo-

nis mniSvnelovan Semcirebas ganapirobebs. garda amisa, ekonomias uwevs defi-

cituri feradi liTonebis xarjs. gansakuTrebuli maRali simtkice, rac fola-

dis simtkices utoldeba, gaaCnia e.w. minaplastebs, romlis fuZes danawevre-

buli, umetes SemTxvevaSi epoqsidis, polieTeris an sxva fisiT SekavSirebuli 

minis boWko warmoadgens. igi praqtikulad aris armirebuli plastmasi, ro-

melmac manqanaTmSeneblobaSi metad farTo gamoyeneba pova. plastmasisgan dam-

zadebul nakeTobas ar esaWiroeba raime damatebiTi meqanikuri damuSaveba da 

ar ganicdis korozias, amitom, garda manqanaTmSeneblobisa, mas farTod iye-

neben sxvadasxva aparatebis, tumboebis, milebis, onkanebis da a.S. dasamzadeb-

lad, qimiur da sasursaTo warmoebaSi _ taris da safuTavi masalebis sawar-

moeblad, medicinaSi – qirurgiuli Zafebis, kbilisa da Zvlis proTezis, ins-

trumentebisa da xelsawyoebis dasamzadeblad.   
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	sasursaTo mrewvelobis mowyobilobaSi sakonstruqcio masalebis gamoyenebis aucilebel pirobas sanitarul-higienuri da toqsikologiuri kontrolis gavla warmoadgens. araxelsayrel pirobebSi zogierTma, magaliTad, polimerulma masalam an mis Semadgenloba...
	higienuri da toqsikologiuri Sefasebis TvalsazrisiT masalebi SeiZleba
	Semdeg jgufebad daiyos:
	1.  saxelmwifo sanitaruli zedamxedvelobis organos mier daSvebuli sak-
	veb produqtebTan kontaqtirebisaTvis;
	2.  kontaqtirebisaTvis daSvebuli garkveul sasursaTo produqtebTan;
	3.  sasursaTo produqtebTan kontaqtirebisaTvis daSvebuli mxolod gansakuTrebul pirobebSi;
	4.  sasursaTo warmoebaSi gamoyenebisaTvis dauSvebeli toqsikurobis an sasursaTo produqtebTan misi Sexebis SemTxvevaSi Sedgenilobis cvlilebis gamo;
	5.  sasursaTo warmoebaSi gamoyenebisaTvis dauSvebeli, Tu ar aris Seswavlili misi higienuri da toqsikologiuri Tvisebebi an imyofeba kvlevis stadiaSi.

