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   saxelmZRvaneloSi  gadmocemulia samedicino praqtikaSi gamoyenebuli 

masalebis klsifikacia, maTi fiziko-meqanikuri da teqnologiuri Tvisebebi, 

urTierTqmedeba adamianis organizmTan, medegoba agresiuli garemos mimarT. 

G ganxilulia konkretuli elementaruli  nivTierebebis da maTi 

Senadnobebis samedicino mizniT gamoyenebis magaliTebi. aRwerilia 

samedicino masalaTmcodneobis ganviTarebis tendenciebi da perspeqtivebi. 

   saxelmZRvanelo gankuTvnilia “samedicino  fizikisa da garemos 

radiaciuli usafrTxoebis” specialobis studentebisaTvis. is garkveul 

sargeblobas moutans samedicino masalaTmcodneobis sakiTxebiT 

dainteresebul pirebs 

 

 

 

 

recenzentebi: teqnikis mecnierebaTa doqtori, 
                profesori qeTevan kotetiSvili 
                 
                fizika-maTematikis mecnirebaTa kandidati, 
                asocirebuli profesori nodar gafiSvili 
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      medicina warmoadgens fizikis erT-erT yvelaze  

      rTul da umaRles gamovlenas 

                                       m.v.lomonosovi 
 

Sesavali 

   samedicino  fizika da masTan dakavSirebuli samecniero kvlevis 

mimarTulebebi amJamad samarTlianad  iTvlebian perspeqtiul  

mimarTulebebad sabunebismetyvelo mecnierebebis, pirvel rigSi  fizikis 

dargSi, vinaidan warmoadgenen maTi ganviTarebis da danergvis kanonzomier 

da bunebriv  Sedegs praqtikul  medicinaSi. 

   samedicino  fizika esaa organizmis kvlevisTvis  fizikuri 

saSualebebisa da  fiziko-maTematikuri meTodebis kompleqsis  gamoyeneba 

romlis saboloo mizania diagnostikisa da mkurnalobis axali meTodebis 

damuSaveba. Uukve dRes medicinaSi farTo gamoyenebas  poulobs mravali 

fizikuri meTodi da mowyobiloba, romlebic warmoadgenen qirurgiis, 

Terapiis da arainvaziuri diagnostikis  mravali meTodikis safuZvels. 

magaliTad, ultrabgeriTi diagnostikuri introskopiis (udi) gaCena 

SesaZlebeli gaxda Tanamedrove akustikis miRwevebis safuZvelze arawrfivi  

da  ultrabgeriTi  dopleruli tomografiis CaTvliT. samedicino 

praqtikaSi Cveulebrivi  movlena  gaxda samedicino mowyobilobebis 

sterilizaciisaTvis eleqtronebisa da protonebis amaCqareblebis 

gamoyeneba. Ddamuxtuli  nawilakebis  sinqrotronuli gamosxiveba 

gamoiyeneba maRali xarisxis rentgenuli transmisiuli  tomografiisaTvis, 

romelic  warmatebiT  avsebs rentgenul kompiuterul tomografiasa da 

Cveulebriv  transmisiul  rentgenografias. samedicino  radiaciul  

fizikaSi  radionuklidebis, radiodiagnostikuri gama-kamerebis da 

radioTerapiis sxvadasxva aparatebis, maT  Soris “kiberdanebis”, gamoyeneba  

SesaZlebeli  gaxda radiaciuli fizikis miRwevebis safuZvelze. Aam 

CamonaTvals SeiZleba daematos erTfotonuri  da pozitronuli emisiuri  

tomografia, birTvuli magneto-rezonansuli tomografia, maRalsixSiruli 

eleqtroencefelografia, lazerebi, gamosxivebis sxvadasxva wyaroebi da 

mravali sxva. 

   Tanamedrove medicinis ama Tu im mimarTulebiT warmatebiT  

ganviTarebisTvis aucilebelia mTeli rigi  fundamenturi  sakiTxebis 

damuSaveba. samedicino fizikis fundamenturi problemas  pirvel rigSi 

warmoadgens adamianis sxvadasxva organosa da sistemebis fiziko-
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maTematikuri  modelebis Seqmna, adamianSi velebisa da procesebis kvleva 

paTologiisa   da   normaluri     mdgomareobis   pirobebSi,   adamianis  

organizmze fizikuri gamosxivebis zegavlenis Seswavla. Aam konteqstSi 

SeiZleba gavixsenoT is faqti, rom dnm-is ormagi spiraluri struqtura 

aRmoCenil iqna swored fizikosebis mier, iseTi fundamenturi fizikuri 

meTodiT rogoricaa rentgenostruqturuli analizi, romelmac Tavis 

droze safuZveli Cauyara fizikur kristalografias da mravali aseTi 

magaliTis moyvana SeiZleba. 

   samedicino fizikasTan mWidro kavSirSia samedicino masalaTmcodneoba, 

romelic Tavis mxriv warmoadgens Tanamedrove    masalaTmcodneobis erT-

erT intensiurad ganviTarebad    mimarTulebas. 

   masalaTmcodneoba – mecnierebis interdisciplinaruli  dargia, 

romelic swavlobs zogierTi faqtorisagan damokidebulebiT masalebis 

Tvisebebis cvlilebas rogorc  myar,  aseve Txevad  mdgomareobaSi. 

Sesaswavl  Tvisebebs warmoadgens nivTierebis  struqtura, eleqtronuli, 

Termuli, qimiuri, magnituri, optikuri Tvisebebi. masalaTmcodneoba iyenebs 

mTel rig  meTodebs, romlebic masalebis struqturis Seswavlis 

SesaZleblobas iZleva. 

    medicina  codnisa  da praqtikis  sxva  dargebisagan  gansxvavebiT, 

yvelaze  metad iyenebs imas, rac Seqmnilia Tanamedrove mecnierebisa  da 

warmoebis  mier.  meores  mxriv,  swored  medicina,  adamianebis  

sicocxlisa  da janmrTelobis problemebis  gadawyvetis  mizniT 

ganuwyvtliv svams amocanebs mecnierebisa da teqnikis  winaSe. Ees  

gansakuTrebiT exeba adamianis calkeul organoebze zemoqmedebis  

saSualebebs, am organoebis funqciebis droebiTi an xangrZlivi Canacvlebis 

mizniT. Aam  SemTxvevaSi umniSvnelovanesia ukve arsebuli  masalebis  

gamoyeneba da axali  masalebis  Seqmna. rac  ufro Rrmad iWreba  medicina 

adamianis organizmis  Seswavlis saqmeSi, Seimecnebs maTi funqcionirebis 

kanonebs  ujredovan da genetikur doneebze, miT ufro izrdeba  moTxovnebi 

axali masalebis Seqmnis mimarTulebiT, romlebic Tavsebadia maTTan da ar 

axdens  mavne  zemoqmedebas. Tanamedrove  medicinaSi gamoiyenebian masalebi, 

romlebic  Seqmnilia metalurgiuli, qimiuri, navTobisa da gazis 

warmoebaSi,  bioqimiuri, biofizikuri  da genuri inJineriis  meTodebiT. 

esaa liTonebi da Senadnobebi, plastmasebi da polimerebi, Txevadi  

kristalebi, kompoziciuri  da sxva masalebi. 

    samedicino masalaTmcodneoba warmoadgens masalaTmcodneobis im nawils, 

romelic swavlobas medicinaSi gamoyenebul  masalebs, garda im masalebisa 

da komponentebisa, romlebic gamoiyeneba farmaciaSi. samedicino 

masalTamcodneobis Seswavlis sagania iseTi masalebi, romlebic 

gamoiyenebian  samedicino xelsawyoebis, protezebis, inplantantebis  da  

sxva   dasamzadeblad.    medicinaSi    gamoyenebuli masalebis farTo da 
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mniSvnelovani klasia e.w. biomasalebi, romelTa daniSnulebaa maTi 

gamoyeneba biosamedicino miznebisTvis. maT axasiaTebT cocxal organizmTan 

biologiuri Tavsebadoba, funqcionaluri Tvisebebis stabiluroba, 

sterilizaciis SesaZlebloba Termuli, qimiuri da radiaciuli meTodebiT, 

isini aseve gamoiyenebian qsovilSiga protezirebisTvis. 

   samedicino  teqnikis  xarisxis, saimedoobis da  ekonomiurobis 

gasazrdelad, masalatevadobis Sesamcireblad muSavdeba maRalefeqturi 

meTodebi, romelTa  mizania masalebis simtkicis, koroziamedegobis, siTbo 

da sicive medegobis  gazrda; amasTan erTad  farTovdeba axali 

polimeruli da  kompoziciuri masalebis warmoeba, romlebsac winaswar 

dasaxuli Tvisebebi  gaaCniaT.  

   mocemuli saxelmZRvanelos  mizania mkiTxvels  miawodos informacia 

Tanamedrove medicinaSi gamoyenebul masalebze. cnobilia, rom adamianis 

janmrTelobis da calkeuli organoebis  funqciis   aRdgena istoriulad  

dakavSirebulia bunebrivi  masalebis  gamoyenebasTan.  sazogadoebis  

ganviTarebasTan  erTad,  medicinaSi  daiwyo  gamoyeneba  masalebma, 

romlebic Seiqmna warmoebis sxvadasxva dargebis ganviTarebasTan erTad.  

SemdgomSi medicina gaxda damkveTi warmoebis im dargebis  mimarT, 

romlebic dakavebulia samedicino  masalaTmcodneobiT. adamianis  

janmrTelobisa da misi  calkeuli organoebis funqcionirebisaTvis saWiro  

liTonebidan sxvadasxva araorganuli, organuli da kompoziciuri 

masalebisaken – aseTia maTi gamoyenebis  istoria  medicinaSi. swored  am 

istoriul apeqtSia warmodgenil  masala mocemul saxelmZRvaneloSi. 
 

 

1.medicinaSi  gamoyenebuli  masalebis klasifikacia 

 
  medicinaSi gamoiyeneba sxvadasxva Semadgenlobisa da Tvisebebis masalebi, 

rac pirvel rigSi damokidebulia  maT daniSnulebasa da  organizmTan 

urTierTqmedebis xasiaTze. 

   mokled ganvixiloT medicinaSi gamoyenebuli masalebis gamoyenebis 

zogierTi saxe. 

   qirurgiuli nakerebis Sesaqmneli Zafebi.  jer kidev Cvens  

welTaRricxvamde 2000 wlis win, Cinur traqtatSi aRwerilia  nakeri, 

romelic  Seqmnilia  mcenareuli  warmoSobis masalisagan. Zveli 

egviptelebis mier am mizniT 4000 wlis win  gamoyenebuli  iyo selis  

Zafebi. miuxedavad amisa meoce saukunemde am daniSnulebiT  axali 

masalebis aTviseba praqtikulad ar  momxdara. 

   ketgutis   Zafebi,   romlebic     dRemde    gamoiyeneba,  Seiqmna    1840  

wels luiji portas  mier da qromirebiT gaumjobesebuli iqna inglisSi 

Jozef  luijis mier. es iyo pirveli gawovadi sanakero masala. qirurgiaSi 
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farTod gamoyenebuli, gavrcelebis mxriv meore  sanakero masalaa,  

abreSumi. pirvelad is gamoiyena qirurgma koxerma. Mmeoce saukuneSi 

Catarebulma detalurma analizma aCvena, rom ketgkuts da abreSums gaaCnia 

mTeli rigi nakli: maRali reaqtogenuroba, alergiuli  moqmedeba, gawovis 

araprognozirebadi vada. Yyovelive aman gamoiwvia maTi Secvlis 

aucilebloba. Mmeoce saukunis 40 – 60 -ian wlebSi gaCnda  mravali  

samuSao, romlebic eZRvneboda am mimarTulebiT axali masalebis  Ziebas. am 

gzaze gvxdeba mravali egzotikuri masala: cxenis Zua, Tagvis, katis, 

kengurus, CrdiloeTis irmis da a.S. ZarRvebi. sanakero  masalad 

gamoiyeneboda  saTevzao Zuac. Mmiuxedavad amisa am  masalebis nakli 

(miRebis sirTule, reaqtioloba, inficirebis  SesaZlebloba, meqanikuri  

Tvisebebi) xels uSlida  maT  gamoyenebas qirurgiul praqtikaSi. 

     1924  wels germaniaSi hermanma  da hesma pirvelad  miiRes polivinilis 

spiriti, romelic iTvleba pirvel sanakero  masalad. 1927 wels amerikaSi  

korotesma  gaimeora aRmoCena da miRebul masalas  neiloni daarqva. 30-ian 

wlebSi  Seiqmna kidev ori axali sinTetikuri  masala – kaproni 

(poliamidi) da  lavsani (polieTeri). Uukve 30-40-ian wlebSi daiwyo am 

masalebis aqtiuri gamoyeneba qirurgiaSi. 1956 wels gamoCnda  principulad 

axali  masala – polipropileni. 70-ian wlebSi Seiqmna masala, romelic  

mniSvnelovnad aRemateba Tavisi inertulobiT yvela adre  cnobil masalas 

– politetraftoreTileni. 1958 wels msoflio  bazarze gamoCnda 

sinTeturi gawovadi masala  deksoni poliglikolidis  fuZeze – 

glikolmJavas polimeri. 1972 wels Seiqmna axali  sanakero  masala 

glikolis Tanapolimerisa  da rZis  mJavas safuZvelze, TanafardobiT 9:1 

(poliglaktini). Aaxal  masalas daerqva vikrili. garkveuli  drois  Semdeg   

misi Tvisebebi gaumjobesebul iqna specialuri polimeruli danafariT, 

romelmac mnivnelovnad  gaaumjobesa Zafis gayra organizmis qsovilSi. 

Semdeg  wlebSi  SemuSavebul iqna iseTi masalebi rogorebicaa: monokrili, 

polisorbi, maksoni. maT gaaCniaT  mTeli rigi mniSvnelovani upiratesobebi. 

axali masalebis  Zieba am mimarTulebiT  amJamadac intensiurad  

mimdinareobs. 

   samedicino qirurgiul praqtikaSi gamoiyeneba iseTi xelsawyoebi 

rogorebicaa: samedicino dana, skalpeli, respiratori,samedicino kovzebi, 

samedicino maryuJebi, makratlebi, Zvlis mkvnetara, samedicino xerxebi, 

mosaWeri mowyobilobebi, pincetebi, sarkeebi, samedicino niCabi, retraqtori, 

Spateli, samedicino zondebi da sxva. 

   samedcino danebi mzaddeba uJangavi foladisagan, romelTa piric 

ifareba nikelis an qromis feniT. skalpelic mzaddeba uJangavi 

foladisagan. erTjerad skalpelebs ar moeTxovebaT maRali 

koroziamedegoba da amitom maT amzadeben nawrTobi qromovani foladisagan, 

maravaljeradi skalpelebis masala maTgan gansxvavdeba mxolod qromis 
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maRali SemcvelobiT an sxva ufro rTuli legirebiT. oftalmologiuri 

skalpelebis  mWrel pirs amzadeben leikosafironisagan, an keramikisagan - 

stelitebisagan sqeli almasis danafariT.  ukanasknel xanebSi Seiqmna  

skalpeli, romlis mWreli piris sisqe sul raRac 0.2 - 0.3 mkm-is tolia, is 

uZlebs Zlier meqanikur datvirTvas, mravaljer sterilizacias, naklebad 

travmatulia, gaaCnia didi resursi (60-mde operacia mkvriv qsovilze da 

xarisxis garantia alesvisas (10-mde alesva). 

   respiratori mzaddeba foladisagan qromis danafariT. 

   samedicino kovzebs amzadeben nawrTobi foladisagan, wiTeli 

spilenZisagan. 

   samedicino maryuJis masalas warmoadgens spilenZi an TiTberi. 

   samedicino makratlebi mzaddeba naxSirbadovani an uJangavi 

foladisagan.  

   Zvlis mkvnetaris dasamzadebeli  masalaa mxolod uJangavi foladi. 

   samedicino xerxi mzaddeba naxSirbadovani foladisagan. 

  Dsatexis masalaa  instrumentuli foladi an uJangavi foladi. 

  Kstomatologiur instrumentebs amzadeben iseTi foladebisa da 

Senadnobebisagan, romlebic xasiaTdebian maRali sisaliT da 

cveTamedegobiT. Aam mizniT gamoiyeneba volframis maRali sisalis 

instrumentuli foladi, aseve foladebi karbidisa da volframis fuZeze. 

   mWreli nawilebis armirebisaTvis gamoiyeneba myari Senadnobebi 

volframis karbidis fuZeze. mWrel nawilebze aseve daitaneba cveTamedegi 

danafarebi karbidisagan, nitridisagan, rkinis boridisagan, qromisagan, 

nikelisagan da a.S. aramWrel fuZed gamoiyeneba foladi an titani. 

naxSirbadovani foladebisagan damzadebuli instrumentebi koroziisagan 

dacvis mizniT ifareba qromiT, nikeliT da a.S.  

   ZiriTadi  moTxovnebi, romlebic waeyeneba momWerebs esaa maRali 

winaaRmdegoba – mcire plastikuri deformaciebis mimarT, maRali 

cveTamedegoba, dabali cikluri DdaRliloba. momWerebis dasamzadeblad 

iyeneben martensitul-ferituli klasis foladebs, austenitur foladebs 

an foladebs volframis karbidis fuZeze an aravolframul Senadnobebs. 

momWerebi aseve mzaddeba uJangavi foladisa da titanisagan. 

   pincetebi mzaddeba uJangavi foladisagan.  

   mazondirebeli da  gamSleli  instrumentebis dasamzadebel masalas ar 

moeTxoveba raRac axali specialuri moTxovnebi, erTaderTi moTxovnaa 

koroziamedegoba da amitomac mzaddebian koroziamedegi, naklebad 

deficituri, iafi foladisagan, romelTac mocemuli konstruqciisaTvis 

kargi teqnologiuri Tvisebebi aqvT. aseTia martensituli foladi, TiTberi 

qromis da nikelis danafariT. Aaseve gamoiyeneba  qromnikeliani foladi, 

titanferituli foladi. 
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   sarkis, samedicino niCbis, refraqtoris, Spatelis masalad gamoiyeneba 

uJangavi foladi  

   samedicino zondebis dasamzadebeli masalaa liToni, rezina, polimeri, 

TiTberi  nikelis danafariT, uJangavi foladi qromnikelis danafariT. 

E elastiuri kaTeteri mzaddeba ftoroplastisagan an sxva polimeruli 

masalisagan. 

   Tavbudis dasamzadebeli masalaa uJangavi foladi, TiTberi, neizilberi 

da sxva. Ootolaringologiuri Tavbude  mzaddeba  rezinisagan, 

plastmasisagan. 

   sxvadasxva mikroinstrumentebis dasamzadebeli masalebia uJangavi 

foladi. maT daniSnulebis miuxedavad waeyenebaT uwvrilesi samuSao 

ubnebis miRebis SesaZlebloba. amasTan es foladi unda iyos maRali 

sisalis, koroziamedegi. Ees miiRweva dispersiulad gamyarebadi uJangavi 

foladis gamoyenebiT, romelTa maRali sisale miiRweva 5000C-ze. 

   brWyviala samedicino instrumentebis mqrqaliT Secvlis aucilebloba 

gamowveulia  sinaTlis aTinaTis SemcirebiT. BbrWyviala instrumenti  

iwvevs eqimebis daRlas xangrZlivi operaciebis dros. brWyviala 

instrumentebis gamqrqaleba xdeba meqanikuri, qimiuri, eleqtroqimiuri 

gziT. erT-erTi gzaa specialuri galvanuri danafarebis datana, magaliTad 

valiur-nikelis. 

E eqsploataciis procesSi samedicino instrumentebi ganicdian cocxali 

organizmis zedapirulad aqtiuri nivTierebebis  zemoqmedebas, esaa cximebi, 

organuli mJavebi, marilebi, magaliTad qloridebi, romlebic koroziis 

aqtivatorebs warmoadgenen. Ggarda amisa baqteriociduli (sanitaruli) 

damuSavebisas – instrumentebi kontaqtSi Sedian garemosTan, romelic 

gamoyenebuli iyo wina baqteriociduli damuSavebis, sterilizaciisa  da 

dezinfeqciis dros da romelTa  umravlesoba agresiulia im liTonebis da 

maTi Senadnobebis mimarT romlebic gamoiyenebian instrumentebis 

dasamzadeblad. aseTi zemoqmedebebi  iwveven  instrumentis  korozias,  

cveTas   da  mwyobridan   gamosvlas. Aamdenad samedicino instrumentebi 

unda iyvnen koroziamedegi, unda uZlebdnen  temperaturis cvlilebas, 

haeris tens, transportirebas, unda iyvnen mdgradi dezinfeqciisadmi, 

winasterilizaciuri gawmendisa da sterilizaciisadmi. Aaqedan gamomdinare 

mnivnelovania im masalebis Tvisebebis codna romlebic gamoiyenebian 

instrumentebis dasamzadeblad. 

   ukanasknel  xanebSi Zalian farTo  gamoyeneba hpova stentirebis 

operaciam (koronaluri  angioplastika), romelic naCvenebia  

sisxlZarRvebis  Seviwroebisas. Mmocemuli procedura SeiZleba 

gamoyenebul iqnas gulis iSemiuri daavadebis, stenokardiis, ariTmiebis, 

hipertoniis da miokardis  infarqtis asacileblad. stentireba Cveulebriv  
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gamoiyeneba koronaluri (uSualod gulis mkvebavi) sisxlZarRvebis 

gasafarToeblad. 

   TviTon cneba “stenti” aerTianebs  mowyobilobebs, romelTa 

daniSnulebaa    cocxali    qsovilebis     meqanikuri  Sekaveba    da misi 

Tavdapirveli daniSnuleba iyo kbilis protezebis damagreba. Aam  

gamogonebis avtoria Carlz  stenti, vis saxelsac atarebs es mowyobiloba. 

sisxlZarRvebis Riobis SesanarCuneblad konstruirebul iqna aJuruli, 

milismagvari  konstruqciebi, diametriT 2.5 - 4.5 mm,   romlebic Caidgmeba 

sislZarRvSi  kompaqturi saxiT, farTovdeba masSi ganTavsebuli 

haerbaloniT dazianebuli arteriis donemde, qmnis karkass Riobis 

SesanarCuneblad da SemosazRvravs dazianebuli arteriis  nawils.   

 
 

 

Nnax.1. stentirebis procesis sqema 

 

   TviTon cneba “stenti” aerTianebs  mowyobilobebs, romelTa 

daniSnulebaa    cocxali    qsovilebis     meqanikuri  Sekaveba    da 

specialuri galvanuri danafarebis datana magaliTad valiur-nikelis. 

stentis dasamzadeblad  ZiriTadad  gamoiyeneba uJangavi  foladi, 

tantalis Senadnobebi da nitinoli. amJamad inergeba iseTi masalebi 

rogorebicaa oqro,  geparini, naxSirbadi (naxSirbadovani  nanokompozituri  

firovani  danafari), siliciumis  karbidi, titanis nitridis Jangi, 

fosforilxolini pasiuri danafarebiT. agreTve gamoiyeneba aqtiuri 

danafarebi: antiTrombuli, antianTebiTi, antiproliferatuli.  
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   Zalian  farTo  gamoyeneba aqvT masalebs stomatologiaSi. Aarsebobs 

termini “stomatologiuri  masalaTmcodneoba”, is warmoadgens  samedicino 

masalaTmcodneobis  nawils, romelic mimarTulia stomatologiur  

praqtikasTan kavSirSi myofi  axali  masalebis Seqmnisa da arsebulis 

srulyofisaken, maTi  teqnologiuri  da  klinikuri  Tvisebebis  

Seswavlisaken. 

   stomatologiuri masalebi SeiZleba daiyos or nawilad: ZiriTadi da 

klinikuri.  

   ZiriTad masalebs  miekuTvnebian is masalebi, romelTa fuZezec mzaddeba  

protezebi da plombebi. samecniero literaturaSi  gamoiyeneba termini 

“konstruqciuli”  masalebi,  romelic sinonimia “ZiriTadis”. ufro 

misaRebia termini “ZiriTadi”, rogorc ufro martivi da  gasagebi. 

    ZiriTad masalebs  miekuTvnebian: 

  1)  liTonebi da Senadnobebi; 

  2) keramika (keramikuli faifuri da  sitalebi); 

  3) polimerebi (bazisuri,  mosapirkeTebeli, plastikuri, swrafad      

gamyarebadi  plastmasebi); 

  4) kompozociuri  masalebi; 

  5) saplombi masalebi. 

   Ddamxmare masalebi ewodebaT  masalebs, romlebic  gamoiyenebian 

protezirebis  teqnologiis  sxvadasxva  stadiaze. Ees masalebia: 

  1) saanabeWdo; 

  2) modelirebis; 

  3) sayalibo; 

  4) abraziuli; 

  5) mapolirebeli; 

  6) saizolacio; 

  7) adviladdnobdi; 

  8) flusebi; 

  9) maTaTrebeli. 

   Kklinikuri  masalebi ewodebaT masalebs, romlebic  gamoiyenebian 

eqimebis  mier klinikuri stomatologiuri miRebisas. Ees masalebia: 

1) saanabeWdo; 

2) cvili da cvilis kompozitebi. 

   aseTi klasifikacia pirobiTia, Tundac imitom, rom klinikuri masalebis 

didi nawili Seqmnilia xelovnurad. masSi  Sedian rogorc damxmare  aseve 

ZiriTadi (saplombi)    masalebi. amasTan erTad, iseTi masalebi, rogoricaa 

polimerebi, samodelo cvilebi, liTonebi, keramikebi, arsebiTad 

warmoadgenen klinikur masalebs, vinaidan maTTan muSaobs orTopedi 

stomatologi  klinikaSi da isini gankuTvnilia piris RruSi didxans 

yofnisaTvis.  
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 stomatologiur masalebs waeyenebaT mravalferovani moTxovnebi.  

   samedicino praqtikaSi didi  gamoyeneba aqvT travmatologiur  

implantatebs (firfitebi, xraxnebi, Reroebi). isini mzaddebian  

nanostruqturuli, teqnikurad sufTa titanisagan, bioaqtiuri 

hidroqsifosfaturi  danafarebiT. teqnikurma  da  klinikurma  gamocdebma 

aCvenes, rom aseTi  qirurgiuli implantantebi xasiaTdebian iseTi 

Tvisebebis optimaluri SerwymiT rogorebicaa: sakmarisi simtkice da 

elastiuroba, maRali koroziuli  medegoba, organizmisaTvis mavne 

minarevebis ar arseboba (magaliTad vanadiumi da alumini). 

nanostruqturuli  titanis  gamoyeneba saSualebas iZleva Semcirdes 

firfitebis, profilis da xraxnebis Tavakebis zomebi, ise rom srulad 

SenarCundes maTi biomeqanikuri sixiste, rac Tavis  mxriv aumjobesebs 

operaciis Semdgomi  reabilitaciis process. 

   samedicino masalebi farTod gamoiyeneba endoprotezirebaSi (berZnuli 

sityva “endo” – Sida). Eendoprotezirebis arsi mdgomareobs saxsris areSi 

specialuri protezebis CanergvaSi, romlebic idealurad  imeoreben 

Sewevrebuli zedapirebis formas. 

   amJamad  endoprotezis  mravali saxeobaa cnobili. maT gaCniaT 

eqsploataciis didi  dro, rogorc wesi isini TiTqmis 100% ukugebiT 

muSaoben 15 - 20 wlis ganmavlobaSi. Semdgomi eqsploataciisas (25 wlamde) 

maTi saeqsploatacio Tvisebebi mxolod, uniSvnelod 5 - 10% - iT mcirdeba. 

  Eendoprotezebi    mzaddeba   masalebisagan,  romlebic    biologiurad 

Tavsebadia adamianis organizmTan. rogorc wesi esenia specialuri 

samedicino Senadnobebi, keramika da polimeruli masalebi (polieTileni). 

amJamad cveTamedegobis TvalsazrisiT yvelaze saukeTesoa endoprotezi, 

xaxunis kvanZiT liToni+liToni da keramika+keramika. 

   radiaqtiuli masalebi medicinaSi.  radiaciuli  masalebi medicinaSi 

gamoiyeneba ori  mimarTulebiT: diagnostikis mizniT da samkurnalod. 

janmrTelobis dacvis maRali standarti da adamianis sicocxlis  

gaxangrZliveba warmoudgenelia radiaqtiuri nivTierebebis gareSe. amJamad 

radiaqtiul nivTierebebs didi  gamoyeneba aqvT mTel msoflioSi. 

magaliTad aSS-Si  hospitalizirebuli 30  milioni adamianidan yoveli 

mesamis diagnostikisaTvis an samkurnalod gamoiyeneba radiaqtuli 

nuklidebi. nuklidi  atomebis saxeobaa, romlebic  xasiaTdebian garkveuli  

masuri ricxviT, atomuri  nomriT da birTis  energetikuli  mdgomareobiT. 

nuklidebs  gaaCniaT dakvirvebisaTvis saWiro sicocxlis  xangrZlivoba.           

nuklidebi ori saxisaa:  stabiluri  da radiaqtiuri. stabiluri nuklidebi  

ar ganicdian spontanur radiaqtiur gardaqmnebs, xolo radiaqtiuri 

nuklidebi radiaqtiuri gardaqmnebiT gadadian sxva nuklidebSi. 
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   zogierTi radiaqtiuli nivTiereba, magaliTad radiumi, moipoveba  

bunebaSi, xolo zogierTi miiReba xelovnuri gziT, magaliTad  kobalti 60. 

diagnostikuri  procedurebisaTvis   radiaqtiuri    nivTierebis     mcire 

 

 

nax.2. endoproTezi da misi detalebi 

    

raodenoba  SehyavT organizmSi ineqciiT, ingalaciiT an peroraluri gziT. 

radiaqtiuli  samedicino    preparati    grovdeba  sadiagnostiko  ubanSi  

da gamoasxivebs  fotonebs, romlebic  SeiZleba aRmoCenil iqnan 

mowyobilobiT, romelsac gama kamera ewodeba. Ees  ukanaskneli qmnis  

gamosaxulebas, romelic iZleva informacias organos funqcionirebis, misi 

Semadgenlobis da a.S. Sesaxeb, romlebsac Semdgom eqimebi iyeneben 

mkurnalobis  mizniT. birTvuli medicinis gamoyenebis ori  magaliTia 

teqnecium 99-is gamoyeneba Zvlis, gulis da sxva organos daavadebis 

diagnostikisaTvis da radiaqtiuri iodis gamoyeneba farisebri  jirkvlis 

diagnostikisaTvis.   

      masalaTmcodneoba, kerZod samedicino masalaTmcodneoba,   Seiswavlis  

sxvadasxva saxis masalebs, romelTa  gamoyenebis areali gansxvavebulia. 

arsebobs aseTi masalebis  klasifikaciis  sxvadasxva varianti.  magaliTad 

klasifikaciis erT-erTi variantia klasifikacia atomebs  Soris kavSirebis  

tipiT. Kklasfikaciis sxva varianti efuZvneba atomur struqturasa da 

qimiur Semadgenlobas.  Aaxali samedicino masalebis  klasifikacia ufro  

farToa da erT-erTi variantia  aseTia: 
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1) biomasalebi; 

2) naxSirbadi; 

3) keramika; 

4) kompoziciuri masalebi; 

5) minebi; 

6) liTonebi; 

7) nanomasalebi; 

8) polimerebi; 

9) naxevargamtarebi; 

10) Txeli  fenebi; 

11) Zneldnobadi masalebi; 

12)  funqcionaluri  masalebi 

13) radiaqtiuli  masalebi 

 

2.samedicino masalebis urTierTqmedeba adamianis 

organizmTan 
     

    medicinaSi  gamoyenebul  masalebs garda saWiro Tvisebebisa, gaaCniaT 

e.w. gverdiTi movlenebi da arcerTi maTgani am TvalsazrisiT idealuri ar 

aris. Aamdenad klinikuri masalaTmcodneoba swavlobs masalebis 

urTierTqmedebas adamianis organizmTan (avadmyofi, eqimi). Mmokled SevexoT    

am    sakiTxs    kbilis  protezirebis  magaliTze.Aadamianis  

organizmisa da  protezirebisas gamoyenebuli  masalebis klinikuri 

gamovlena damokidebulia mraval faqtorze: adamianis somatur da fsiqikur 

mdgomareobaze, asakze, sqesze, kbilis rigis dazianebis sidideze da a.S. 

   gamoyofen masalis adamianis organizmze zemoqmedebis ramdenime aspeqts: 

a) meqanikuri; 

b) toqsikuri; 

g) alergiuli; 

d) Termomaizolirebeli. 

M  a) masalis  meqanikuri  moqmedeba damokidebulia  masalis  saxeobasa  da 

ufro metad kontaqtis farTobze  adamianis  organizmis qsovilsa  da 

masalas Soris. 

M meqanikuri zemoqmedebis gamovlena  sxvadasxvanairia – lokaluri 

gawiTlebidan dawyebuli rbili qsovilebis SeSupebiT damTavrebuli.  

SeiZleba daimzirebodes  kataraluri  anTebis  wyaroebi,  eroziebi da 

hiperplastikuri gazrda. Aamrigad  gaRizianebis  meqanikuri  faqtori  

mWidro  etiologiur  kavSirSia sxvadasxva  stomatitTan. 



14 
 

   masalis  meqanikuri zemoqmedeba  icvleba  masalis  moqmedebis  vadis,  

fiziko-meqanikuri variabelobisagan  damokidebulebiT. magaliTad  

polimerebisaTvis  piris RruSi  damaxasiaTebelia daberva, anu  wrfiv-

moculobiTi  cvlilebebi. Aamrgad, magaliTad rac ufro met xans imyofeba 

polimeruli masala  adamianis  organizmSi miT  metia  misi  meqanikuri  

gavlena. 

   masalis meqanikuri zemoqmedeba  organizmis  qsovilze damokidebulia  

masalis fiziko-meqanikur  Tvisebebze. Aase  magaliTad mdgradoba cveTaze,  

sxvadasxva masalisaTvis sxvadasxva: is gacilebiT metia vTqvaT  

faifurisaTvis, vidre  polimerebisaTvis. 

   b)masalis  toqsikuri zemoqmedeba  damokidebulia  mis Semadgenlobaze 

da Tvisebebze (fizikuri, teqnikuri, toqsikologiuri da sxva). magaliTad  

polimerebis  SemadgenlobaSi  Semavali Semavseblebi,  plastikatorebi, 

stabilizatorebi, saRebavebi,  rogorc  cal-calke ise erTad  SeiZleba 

toqsikurebi  iyvnen.  Makriluri  plastmasis  ZiriTadi  toqsikogenuri 

faqtoria  monomeri. 

   polimeruli masalebis daSla iwvevs  maTi meqanikuri Tvisebebis 

gauaresebas  da mas gaaCnia  zogadi saxelwodeba – polimeris dabereba. 

polimerebisa da  maT  bazaze Seqmnili  kompoziciebis  daZvelebis  

process  safuZvlad udevs  sxvadasxva  fiziko-meqanikuri  procesebi, 

romlebic  dakavSirebulia    makromolekuluri   jaWvebis gawyvetasa  da  

ufro  dabalmolekuluri  produqtebis  warmoqmnasTan. Aam procesebs 

malis destruqcia  ewodeba  da  misi  mizezia  biologiuri garemos  

zemoqmedeba, meqanikuri daZabulobebi,  temperaturebis  mniSvnelovani  

sxvaoba da sxva.  

   samedicino  masalaTmcodneobaSi  damuSavebulia mTeli  rigi  meTodebi,  

romlebic  saSualebas  iZleva saWiro mimarTulebiT  Seicvalos ara  

marto fiziko-meqanikuri, qimiuri  aramed masalis  toqsikologiuri 

Tvisebebic. 

   polimerebs  garda  adgilobrivi  da  toqsikuri zemoqmedebisa SeiZleba  

gaaCndeT zogadi zemoqmedebac, magaliTad saWmlis  momnelebel organoebze. 

   polimerulma masalebma  SeiZleba  gamoiwvion disbaqteriozi, ramac 

siTbomaizolirebel TvisebebTan erTad  SeiZleba  gamoiwvios sxva 

masalebis toqsikurobac. Mmasalis (magaliTad  protezis)  

Termomaizolirebeli  moqmedeba  damokidebulia protezis  bazisis  

struqturul  da wrfiv-moculobiT  Tvisebebze. amasTan lorwovani garsis 

aeraciis darRvevis  garda  icvleba  Termoreceptoruli aRqma. 

   g) პlastmasis  Termomaizolirebeli  moqmedeba  provocirebas uwevs  

adamianis alergiul  reaqcias. 

   miRebulia alergentad  CaiTvalos cilis bunebis nivTiereba, romelic  

iwvevs alergiul reaqcias. nivTierebas, romelis Canergvac adamianis 
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organizmSi  iwvevs alergias – alergeni ewodeba, xolo Tu masala   

imunur reaqcias  aviTarebs  - antigeni.  Aalergiuli reaqcia SeiZleba  

gamoiwvios aramarto antigenuri  bunebis  masalam, aramed im masalamac, 

romelsac es Tvisebebi ar gaCnia. 

   alergia  berZnuli sityvaa (berZnuli  allos – sxva da  ergon – moqmedeba) – 

esaa organizmis  mgrZnobiarobis  an reaqtiulobis cvlileba masze  

mikrobebis,  ucxo bunebis  transofmirebuli cilebis  zemoqmedebaze. 

   aseT  masalebs  ekuTvnis  mravali  mikromolekuluri  SenaerTi, 

magaliTad samedicino preparatebi,  martivi  qimiuri nivTierebebi (qromi,  

nikeli da sxva), aseve  ufro rTuli aracilovani Semadgenlobis  

produqtebi  (monomerebi). AmaT ewodebaT  heptenebi. organizmSi  

moxvedrisas isini, rogorc wesi, ar rTaven imunur  meqanizmebs, aramed  

antigenebi xdebian adamianis organizmis qsovilis cilebTan SeerTebis  

Semdeg. amasTan  warmoiqmnebian e.w. koniugirebuli (anu  kompleqsuri)  

antigenebi, romlebic  organizmis  sensibilizacias  iwveven. 

   sensibilizacia esaa  organizmis  mgrZnobiarobis  gazrda  ekzogenuri 

an endogenuri  warmoSobis  bunebis  antigenebis mimaT. 

   organizmSi am  haptgenebis  (alergenebis)   meoradi   moxvedrisas isini  

xSirad  urTdebian  warmoqmnil  antisxeulebs da/an  sensibilizirebul  

limfocitebs, ukve damoukideblad  winaswar  cilebTan  mierTebis gareSe.  

zogjer  antigenis rols  asrulebs ara  mTlianad  qimiuri  naerTi, 

aramed  misi  mxolod  nawilis jgufebi. 

   erTnairi  jgufebi  SeiZleba  imyofebodnen  sxvadasxva  qimiuri  

naerTis  SemadgenlobaSi. Aamitom erTi qimiuri nivTierebis  mimarT  

sensibilizaciisas  SesaZlebelia  gamovlindes  alergia  sxva qimiuri  

dajgufebis  mimarT, Tu  maT analogiuri dajgufeba  gaaCniaT. 

   xSirad  reaqcia  ZiriTad  masalebze  avadmyofebSi (da SesaZlebelia 

eqimebSic)  mimdinareobdes  idiosinkraziis  tipiT. 

   idiosinkrazia (berZnuli ideos – Taviseburi, araCveulebrivi da synkrasis – 

wanacleba) -  organizmis  momatebuli  mgrZnobiaroba garkveuli  

nivTierebis  mimarT (sakvebi  produqtebi,  medikamentebi da sxva). 

   amJamad orTopediuli  mkurnalobisaTvis  gamoiyeneba liTonebis 

sxvadasxva  SenaerTebi, romelTa  SemadgenlobaSi  Sedis qromi,  rkina, 

nikeli, titani,  manganumi, kobalti, cinki,  vercxli, oqro,  beriliumi da 

daaxloebiT kidev ocamde  liToni. amasTan liTonis organizmze  

zemoqmedebis  xarisxi mraval  faqtorzea  damokidebuli, romelTa  Soris 

umniSvnelovanesia teqnologia da teqnologiuri disciplina. 

  Aase magaliTad  liTonis xangrZlivi  da Zlieri gaxureba iwvevs  

struqturuli marcvlebis sazRvrebis gaswvriv oqsidebis warmoqmnas; 

maformirebeli  masis araswori  SerCeva iwvevs  sxmulis gaWuWyianebas  

gogirdiT da a.S. minareuli  atomebis (nikeli, qromi, rkina, spilenZi, 
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manganumi) arseboba savsebiT  SesaZlebelia  mravali  avadmyofobis  mizezi  

gaxdes. 

   organizmSi uJangavi  foladis  protezma SeiZleba  gamoiwvios 

galvanuri  denebi, romlebic uSualod zemoqmedeben ujredebze, cvlian ra  

maT  membranul  potencials, ionur  cvlas da a.S. 

   liTonuri   CanarTebis potenciali  SeiZleba didi iyos da Seqmnas 70 ma  

toli deni, ramac  SeiZleba arasasiamovno  SegrZnebebi  gamoiwvios.. 

   qromis ionebi advilad aRweven adamianis organizmSi, magaliTad 

dauzianebeli kanidanac ki, rac SeiZleba garkveuli avadmyofobis mizezic 

gaxdes. 

   medicinaSi  gamoyenebul qrom-nikelis  SenaerTebs   gaaCniaT saeWvo  

inertuloba. Bberiliumi, romelic Cveulebriv gamoiyeneba rogorc am  

SenaerTebis samsxmelo  Tvisebebis  gasaumjobesebeli danamati, iTvleba  

potenciur  kancerogenul danamatad  da warmoadgens  potenciur 

saSiSroebas laborantebisaTvis, romlebmac  SesaZlebelia CaisunTqon   

beriliumisa da misi SenaerTebis  orTqli, Tu  daculi ar iqneba  

Sesabamisi pirobebi. 

   nikelma  SeiZleba gamoiwvios alergiuli  reaqcia maRali  

mgrZnobiarobis  adamianebSi. is iZleva gacilebiT met alergiul  

danamatebs vidre yvela saxis liToni erTad  aRebuli.  mTeli  rigi  

mkvlevarebis azriT mTeli mosaxlebis 4.5 % gaaCnia nikelis mimarT  

mgrZnobiaroba, amasTan reaqciis albaToba qalebSi 10-jer metia  vidre  

mamakacebSi. 
 

 

3. medicinaSi  gamoyenebuli  liTonebisa da Senadnobebis 

fizikuri, qimiuri, meqanikuri da teqnologiuri 

Tvisebebi 

 
  romelime  masalis praqtikuli mizniT gamoyenebis win saWiroa vicodeT 

misi Tvisebebi. liTonebi da maTi Senadnobebi xasiaTdebian fizikuri, 

qimiuri, meqanikuri da teqnologiuri TvisebebiT.  

   masalis fizikuri Tvisebebia: feri, simkvrive, dnobis temperatura, 

dnobis siTbo, siTburi gafarToeba, siTbogamtaroba, eleqtrogamtaroba, 

magnituri Tvisebebi da sxva. 

  Qqimiur Tvisebebs miekuTvneba: masalis unari winaaRmdegoba gauwios 

sxvadasxva garemos qimiur da eleqtroqimiur zemoqmedebas normalur da 

maRal temperaturebze, reaqciaSi Sevides sxva masalebTan. 

  liTonebisa da Senadnobebis meqanikuri Tvisebebi ewodeba im Tvisebebis 

erTobliobas, romlebic axasiaTeben maT unars winaaRmdegoba gauwion 

gareSe datvirTvebs. 
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  Mmasalebis teqnologiuri Tvisebebi axasiaTeben maT unars daemorCilon 

civ da cxel damuSavebas.  

   liTonebi warmoadgenen nivTierebebs, romlebic Cveulebriv pirobebSi 

xasiaTdebian maRali eleqtro- da siTbogamtarobiT, WedadobiT, “liTonuri 

brWyvialiT”, sinaTlisadmi gaumWvirvalobiT da sxva TvisebebiT, romlebic 

ganpirobebulia maT kristalur meserSi didi raodenobis gamtareblobis 

moZravi eleqtronebis arsebobiT. 

   praqtikaSi liTonebi pirobiTad or nawilad iyofian: Savi liTonebi 

(rkina da maTi Senadnobebi)  da feradi liTonebi ( spilenZi, TuTia, kala 

da sxva danarCeni).  

   liTonebis Tvisebebi aixsneba maTi agebulebiT, kerZod: 

1) atomebis eleqtronebis ganlagebiT da maTi moZraobis TaviseburebiT; 

2) atomebis, ionebis da molekulebis ganlagebiT sirceSi; 

3) kristaluri mesris zomebiT, formiT da xasiaTiT. 

 Aatomuri agebulebis Tavisebureba gansazRvravs liTonebis 

urTierTqmedebis xasiaTs, unars warmoqmnas  sxvadasxva SenaerTebi, 

romlebSic Sedis ramdenime liToni, liToni araliTonTan da sxva. 

   sxvadasxva temperaturaze, zogierT qimiur elements gaaCnia ori da meti 

mdgradi kristaluri meseri. erTi da imave liTonis sxvadasxva 

temperaturaze, sxvadasxva formaSi (modifikaciaSi) arsebobas, 

polimorfizmi an alotropia ewodeba, xolo erTi agebulebidan meoreSi 

gadasvlas – polimorfuli (alotropiuli) gadasvla. Ppolimorfuli 

gadasvlis Sedegad miRebul alotropiul formebs Ceulebriv aRniSnaven 

berZnuli anbanis asoebiT 𝛼, 𝛽, 𝛾, 𝛿. aseT polimorful liTonebs ekuTvnis 

kobalti (𝐶𝑜),  kala (𝑆𝑛), TuTia (𝑍𝑛),  manganumi (𝑀𝑛), rkina (𝐹𝑒) da sxva. 

liTonebs, romlebsac mxolod kristaluri mesris erTi tipi gaaCniaT 

izomorfuli ewodebaT, maT ekuTvniT alumini (𝐴𝑙), spilenZi (𝐶𝑢),  nikeli 

(𝑁𝑖),  qromi (𝐶𝑟), voframi (𝑊) da sxva. 

   liTonuri Senadnobebi esaa makroskopuli erTgvarovani sistemebi, 

romlebic Sedgebian ori da meti liTonisagan, damaxasiaTebeli liTonuri 

TvisebebiT. farTo gagebiT Senadnobebi ewodeba nebismier erTgvarovan 

sistemebs, romlebic miiRebian liTonebis, araliTonebis, oqsidebis, 

organuli nivTierebebis SednobiT. 

  Qqimiur elementebs, romlisganac Sedgebian Senadnobebi komponentebi 

ewodebaT. Senadnobis erTgvarovan nawils, romelic SemosazRvrulia 

gamyofi zedapiriT, faza ewodeba. Ggamyofi sazRvris gadakveTisas 

Semadgenloba an struqtura SeiZleba mkveTrad Seicvalos. 

   Eelementebis (komponentebis) raodenobisagan damokidebulebiT arCeven 

or- , sam-  da mravalkomponentian Senadnobebs. 

   sufTa liToni es aris sistema erTi komponentisagan. Tu alotropiul 

gardaqmnas adgili ara aqvs, aseTi sistema SeiZleba Sedgebodes:  
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1) erTi fazisagan (airadi); 

2) ori fazisagan (airi siTxe an airi, myari sxeuli); 

3) sami fazisagan (airi, siTxe, myari sxeuli. 

   TiToeuli am fazaTagani erTkomponentiania. 

   sistemebi SeiZleba iyvnen homogenuri da heterogenuri.  sistema 

homogenuria Tu is fizikurad erTgvarovania, miuxedavad misi qimiuri 

erTgarovnebisa.  magaliTad, qimiuri komponentebis (azoti, Jangbadi da sxva) 

narevi, romlebic qmnian  haers, homogenuri erTfaza sistemaa. sistemebi, 

romlebic Sedgebian erTze  meti fazisagan, warmoadgenen  heterogenul 

sistemebs. 

   imisaTvis, rom sistema qimiurad mTlianad iqnas aRwerili, saWiroa  

vicodeT fazebis ricxvi, maTi fardobiTi raodenoba da TiToeuli maTganis 

Semadgenloba. Ffazis Semadgenlobis qveS igulisxmeba yvela  komponentis 

fardobiTi Semcveloba, romlisganac is Sedgeba. sityva Semcveloba   

(zogjer ixmareba  – koncentracia)   ixmareba  erTmaneTSi xsnadi  

elementebis  komponentebis  mimarT, xolo Semadgenloba  fazis mimarT. 

   rogorc cnobilia, qimiuri elementebi  atomis saxeebia, romlebsac 

gaaCniaT atombirTvis erTnairi muxti.  erTgvarovani atomebi erTmaneTTan 

SeerTebisas qmnian  martiv nivTierebebs. xolo sxvadasxvagvarma atomebma 

SeiZleba Seqmnan : 

1) myari xsnarebi; 

2) martivi nivTierebebis meqanikuri narevi; 

3) qimiuri naerTi. 

   rodesac erTi elementis atomebi Sedian meore elementis  kristalur  

meserSi, maSin amboben, rom miiReba myari xsnari. Mmyar xsnarSi 

komponentebis atomebs Soris Tanafardoba SeiZleba farTo farglebSi 

icvlebodes. Aarsebobs myari xsnarebis sami struqturuli tipi: 

1) Canacvlebis myari xsnari; 

2) Canergvis myari xsnari; 

3) gamoklebis myari xsnari. 

  Canacvlebis myar xsnarSi meore komponentis atomebi Caenacvlebian 

ZiriTadi (gamxsneli) atomebis adgilebs kristaluri mesris kvanZebSi. 

amasTan Canacvleba xdeba qaosurad yovelgvari wesrigis gareSe.  

   Canergvis myari xsnaris SemTxvevaSi meore komponentis atomebi 

Tavsdebian pirveli  komponentis atomebs Soris sivrceSi  

   gamoklebis myari xsnarebi (xsnarebi defeqturi mesriT) warmoiqmnebian  

mxolod qimiuri naerTebis fuZeze. aseT myar xsnarebSi  eleqtrofizikuri 

Tvisebebi erTmaneTisagan mkveTrad ar unda gansxvavdebodes (e.i. orive unda 

iyos  eleqtrodadebiTi an eleqtrouaryofiTi). cxadia am pirobis 

Sesasruleblad elementebi unda imyofebodnen perioduli sistemis erT 

qvejgufSi an mezobel  jgufebSi. 
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M miuxedavad maTi tipisa, myar xsnarebs gaaCniaT atomuri xasiaTi. Ees imas 

niSnavs, rom maT kristalur  meserSi SeiZleba aRmoCenil iqnas mxolod 

atomebi magram ara molekulebi.  

   myari xsnaris warmoqmnis niSania gamxsneli komponentis  kristaluri 

mesris tipis SenarCuneba. myari xsnarebis warmoqmnisas kristaluri meseri 

yovelTvis maxinjdeba da mesris periodi an izrdeba an mcirdeba. Tanac 

Canergvis myari xsnaris warmoqmnisas gamxsneli  komponentis mesris 

periodi yovelTvis izrdeba. 

   rodesac komponentebis atomebi myar mdgomareobaSi erTmaneTSi ar 

ixsnebian (ar warmoqmnian myar xsnars) da aseve ar Sedian erTmaneTTan 

qimiur reaqciaSi da ar qmnian qimiur naerTs, maSin warmoiqmneba meqanikuri 

narevi da Senadnobi Sedgeba komponentebis kristalebisagan. 

     rodesac elementebis eleqtroqimiur Tvisebebs Soris  gansxvaveba didia, 

warmoiqmneba qimiuri naerTi. Qqimiur naerTSi komponentebis raodenobis 

fardoba yovelTvis mcire martivi ricxvebis fardobis Sesabamisia - 

𝑨𝒏𝑩𝒎Qsadac M𝒏 da 𝒎 martivi ricxvebia.  qimiuri naerTis Tvisebebi 

mkveTrad gansxvavdeba misi Semadgeneli  elementebis Tvisebebisagan, maSin 

rodesac myari xsnaris  warmoqmnisas Tvisebebi  mdovred  icvleba   meore 

komponentis  raodenobis zrdasTan erTad da is axlosaa an erTi an meore 

komponentis TvisebasTan. 

  Nnebismieri  Senadnobis Seswavla iwyeba Sesabamisi sistemis mdgomareobis 

diagramis agebiT da analiziT. is saSualebas gvaZlevs SeviswavloT  

fazebi da Senadnobebis struqturuli Semadgenlebi. imisaTvis, rom 

grafikulad aRweron  raime sistemis  fazuri mdgomareoba, sargebloben  

fazuri wonasworobis diagramebiT, romlebsac mdgomareobis diagramebsac 

uwodeben. sistemis fazuri  mdgomareobis aRweris qveS gulisxmoben  imis 

dadgenas Tu romeli fazebi  (qimiuri naerTi, myari xsnari, meqanikuri 

narevi) arsebobs sistemaSi da ra farglebSi. Mmdgomareobis diagramebiT 

grafikulad aRweren wonasworobaSi myof fazebs cvladi sidideebis 

(Semadgenloba, temperatura, wneva) sxvadasxva mniSnelobisaTvis. Ees sami 

sidide erTmaneTisagan sruliad damoukidebelia, amitom orkomponentiani 

sistemis diagrama aisaxeba zedapiriT sivrceSi. imisaTvis, rom diagrama  

gamosaxul iqnas  ufro mosaxerxeblad (sibrtyeze), romelime am sidides 

CaTvlian mudmivad da ageben temperatura – Semadgenloba, wneva –

Semadgenloba an temperatura - wneva diagramebs. Uumravles SemTxvevaSi 

wneva (Zalian maRali wnevebis garda) praqtikulad gavlenas ar axdens 

fazur wonasworobaze Txevad da myar mdgomareobaSi da amitom ZiriTadad 

ageben temperatura - Semadgenlobis diagramebs. 

   mokled SevexoT mdgomareobis diagramebis tipebs. 

1) sruli xsnadoba myar da Txevad mdgomareobaSi. aseT SemTxvevas 

adgili aqvs Canacvlebis myari xsnaris warmoqmnis dros (nax.3). 
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D diagramaze horizontalurad gadazomilia komponentebis procentuli 

Semcveloba. AA  wertili Seesabamebna 𝑨 - komponentis 100 % - ian 

Semcvelobas, 𝑩 wertili – 𝑩 komponentis 100 % - ian Semcvelobas. 

vertikalur RerZze gadazomilia temperaturebi. zeda wiris zemo nawilSi 

arsebobs mxolod Txevadi faza da mas likvidusis wiri ewodeba. qveda  

wiris qvemoT ki arsebobs mxolod myari faza da mas solidusis wiri 

ewodeba. solidusisa da likvidusis wirebs Soris arsebobs myari da 

Txevadi fazebis narevi. 

 

 

    

 

 

 

  

 

 

 

    

 

 nax.3. Mmyari xsnaris uwyveti rigis Sesabamisi mdgomareobis diagrama 

 

   Canacvlebis an Canergvis myar xsnarebSi SesaZlebelia adgili hqondes 

kristaluri mesris damaxijebas (nax.4). 

 

nax.4. Kkristaluri  mesris damaxinjeba Canacvlebisa da Canergvis 

myari xsnaris warmoqmnis dros 
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 nax.5.    Mmowesrigebuli myari xsnarebis kristaluri mesrebi 

  

 
 

nax. 6. Mmyar xsnarebSi atomebis ganlagebis sqemebi: a) sufTa elementi 𝑨; b)  

𝑩  elementis Canacvlebis myari xsnari  𝑨  elementSi; g) qimiuri naerTi 𝑨𝑩; 

d) 𝑨𝑪 qimiuri naerTis Canacvlebis myari xsnari 𝑨𝑩 qimiur naerTSi; e) 𝑫 

elementis Canergvis myari xsnari 𝑨 elementSi; v) gamoklebis myari xsnari 

𝑨𝑩  qimiuri naerTis bazazebis myari xsnari 

 -А; -В; -С; -D.  
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2) evteqtikis warmoqmna (sruli xsnadoba Txevad mdgomareobaSi da myar 

mdgomareobaSi xsnadobis ar arseboba). Eevteqtika warmoadgens 

erTdroulad dakristalebuli komponentebis Tanabar narevs. temperturas, 

romlis drosac erTdroulad dneba an kristaldeba orive komponenti, 

evteqtikis wertili ewodeba (𝑬 wertili). 

 

Nnax.7. Eevteqtikuri mdgomareobis diagrama 

 

nax.8. evteqtikis mikrostruqturis sqema 
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   Senadnobebis Seswavlis erT-erTi meTodia mikrofotografiis gadaReba. 

qvemoT moyvanilia eveqtikis, evtaqikamdeli da evteqtikis Semdgomi 

Semadgelobis 𝑷𝒃 − 𝑺𝒃  sistemis mikrofotografiebi. 

 

 

Nnax.9. Evteqtikamdeli Senadnobis mikrofotografia (𝟗𝟒 % 𝑷𝒃 −  % 𝑺𝒃) 

 

nax. 10. Eevteqtikis mikrofotografia (𝟖𝟕 % 𝑷𝒃 − 𝟏𝟑 % 𝑺𝒃) 



24 
 

 

 

Nnax.11. Eevteqtikis Semdgomi Senadnobis mikrofotografia (𝟕𝟎 % 𝑷𝒃 −

𝟑𝟎 % 𝑺𝒃) 

3)Qqimiuri naerTebis warmoqmna 

 

nax. 12. Qmdgomareobis diagrama qimiuri naerTiT da evteqtikiT 
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Q 𝐴𝑥𝐵𝑦  Semadgenlobis qimiuri naerTis warmoqmnas mdgomareobis diagramaze 

Seesabameba 𝑀 wertili. 

   SevexoT liTonebisa da maTi Senadnobebis Tvisebebs.    

   feri liTonebisagan feriT mkveTrad gansxvadeba mxolod spilenZi 

(movardisfro-wiTeli) da oqro (yviTeli). vercxls gaaCnia damaxasiaTebeli 

TeTri feri; alumins, magniums, platinas, kalas, kadmiums, vercxliswyals – 

molurjo-TeTri  feri; rkinas, tyvias, dariSxans – moruxo feri. Zlier 

dafxvnil mdgomareobaSi yvela metals aqvs ruxi, yavisferi an Savi feri.  

   liToni  kargad atarebs eleqtrul  dens, vinaidan TiToeuli atomis 

gare eleqtronebi Tavisuflad gadaadgildebian  mTels liTonSi. 

zedapirTan axlos myof eleqtronebze moqmedebs sinaTlis talRis 

eleqtruli veli da isini iwyeben rxevas imave sixSiriT ra sixSirec 

gaaCnia sinaTles.   Eeleqtronebis aseTi merxevi fena energias arTmevs 

sinaTlis talRas, amitom is sustdeba da eleqtronebis Semdegi Sre irxeva 

ufro naklebi sixSiriT, manam sanam  liTonis zedapiridan  garkveul 

siRrmeze sinaTlis  velis  rxeva  da Sesabamisi  eleqtronebis rxeva  ar 

miileva. amitom  liTonis Zalian Txeli fenac ar atarebs sinaTles. zemoT 

naTqvami exeba mxolod vercxlis tipis liTonebs, romlebic aireklaven 

dRis sinaTles ise, rom ar icvleba areklili sinaTlis feri. ra SeiZleba 

iTqvas  spilenZisa da oqros Sesaxeb, romlebsac  dRis sinaTleze, rogorc 

es zemoT aRvniSneT gaaCniaT wiTeli an yviTeli feri. pasuxi 

dakavSirebulia  am liTonebis zonur struqturaze. Ffermi-gazis (rasac 

ekuTvnis liTonebis eleqtronuli gazi liTonebSi) sruli gadagvarebisas 

(T=0 K) yvela dabali energetikuli zona dakavebulia (gamtareblobis zona) 

raRac garkveul maqsimalur donemde  romelsac  fermis done ewodeba, 

ufro maRali energiis doneebi ki Tavisufalia. zonuri struqturis es 

nawili, analogiuria vercxlis zonuri struqturis da is gansazRvravs 

sinaTlisadmi liTonis qcevas. magram am dros Cndeba, kidev erTi Txeli 

zona, romlis energiac naklebia  fermis energiaze da romelic 

daSorebulia fermis energiisagan raRac akrZaluli  zoniT. Aam zonaSi 

yoveli daqvantuli  mdgomareoba dakavebulia eleqtronebiT, amasTan 

eleqtronebis raodenoba sakmaod didia, TiTqmis aTjer meti vidre 

gamtareblobis zonaSi. Ffotonebi, romelTa energiac tolia an meti 

energiaze, romelic saWiroa akrZaluli zonis gadasalaxavad SeiZleba 

STanTqmul iqnas eleqtronebiT  axal zonaSi.  amis  Sedegad eleqtronebi 

gadadian fermis energiis zemoT arsebul energetikul doneebze. Aamis 

Sedegad areklili sxivi kargavs yvela aseT fotons  da is gansxvavebuli 

iqneba sinaTlisagan romelic ecema liTonis zedapirs. fotonebis 

kritikuli energia spilenZisaTvis Seesabameba yviTel fers da  oqrosTvis 

mwvanes.  aqedan gamomdinareobs, rom spilenZi  STanTqavs  TeTri feris 

sinaTlis  yvela fers dawyebuli yviTlidan damTavrebuli iisferiT da 



26 
 

areklavs wiTel fers, ase, rom spilenZs gaaCnia wiTeli feri. analogiuri 

msjelobiT mivxdebiT Tu ratom aqvs oqros yviTeli feri. 

   simkvrive. simkvrive warmoadgens masalis erTeuli moculobis masas. 

magaliTad 1 sm3 sxeulis moculobis masas gamosaxuls gramebSian 1 m3 

sxeulis moculobis masas gamosaxuls kilogramebSi. 

   simkvrive  gamoiTvleba formuliT: 

𝜌 =
𝑚

𝑉
 

sadac  𝑚 - sxeulis masaa, 𝑉 - moculoba.  

   zogierTi liTonis (alumini, magniumi) gamoklebiT romelTa simkvrivec  

naklebia 3 g/sm3 - ze liTonebis  umravlesobis simkvrive sakmaod maRalia. 

   liTonebs  Soris  yvelaze maRali simkvrive gaaCnia osmiums (22.59 g/sm3).   

maRali  simkvrivis   wyalobiT  platina  (21.4  g/sm3) da oqro (19.32 g/sm3) 

TviTnabadi saxiT advilad miiReba  gamorecxvis gziT qanebidan, romlebic  

Seicaven qviSas, Tixas da a.S. 

   dnobis  temperatura. Ees is temperaturaa, romelzedac gaxurebisas 

liToni  gadadis Txevad  mdgomareobaSi. Uunda  gaviTvaliswinoT, rom 

liTonSi axali Semadgeneli nawilebis Serevisas dnobis temperatura  

SeiZleba mniSvnelovnad  Seicvalos. magaliTad platina, romlis dnobis  

temperaturaa 17720C  damJangav, naTel, arambolav alSi advilad uZlebs 

alis temperaturas. Mmbolav aRmdgen alSi (arasruli wva), miuxedavad  

alis ufro dabali  temperaturisa, platinis  tigeli  Sedis ra reaqciaSi 

daumwvar naxSirbadTan, qmnis adviladdnobad, msxvrevad masas da  dneba. 

sufTa rkina naxSirbadTan  qmnis SedarebiT adviladdnobad Tujs, 11300C 

toli dnobis temperaturiT.  SeiZleba ukuSedegic dafiqsirdes, magaliTad, 

68.5 % nikelisa da 31.5% aluminis Sednobisas  warmoiqmneba qimiuri  naerTi  

AlNi  dnobis temperaturiT, romelic daaxloebiT 16200C tolia, amitom im 

liTonebis Sednobisas, romlebic qimiur  naerTs qmnian saWiroa 

visargebloT mdgomareobis diagramiT, romelic saSualebas iZleva 

davadginoT, Tu rogor icvleba dnobis temperatura Semadgenlobisagan 

damokidebulebiT.    

   dnoba es aris sxeulis gadasvla kristaluri  myari  mdgomareobidan 

Txevad  mdgomareobaSi.  normaluri wnevis pirobebSi  yvelaze  maRali 

dnobis temperatura liTonebs Soris gaaCnia volframs -  34220C, 

elementarul nivTierebebs Soris naxSirbads, sxvadasxva monacemebiT 3500 – 

45000C, xolo zogadad nivTierebebs Soris tantal-hafniumis karbids 

𝑇𝑎4𝐻𝑓𝐶5- 42160C 

       vnaxoT  Tu ratom cdilobs, raRac temperaturaze myari sxeuli 

gawyvitos kavSirebis  nawili atomebs Soris da gadavides Txevad 

mdgomareobaSi. Termodinamikidan cnobilia, rom fiqsirebul temperaturaze 

sxeuli cdilobs daikavos iseTi mdgomareoba, romlis Tavisufali energiac 
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𝐹 = 𝐸 − 𝑇𝑆 minimaluria. Ddabal temperaturaze meore Sesakrebi 

(temperaturisa da entropiis namravli)  araarsebiTia da Sedegad yvelaferi 

daiyvaneba Cveulebrivi  energiis  minimizaciaze. minimaluri Tavisufali 

energia gaaCnia myar sxeuls.   temperaturis  momatebisas, meore Sesakrebi 

ufro da ufro mniSvelovani xdeba da raRac temperaturaze  ufro  

xelsayrelia    raRac  kavSirebis   gawyveta.  amasTan Cveulebrivi energia 

𝐸 ramdenadme izrdeba, magram erTdroulad izrdeba entropiac, rasac 

mivyevarT saboloo jamSi Tavisufali energiis Semcirebisaken.  

   dinamikaSi dnoba Semdegnairad xdeba. temperaturis gazrdisas izrdeba 

sxeulis molekulebis siTburi  rxevebis amplituda da dro, Cndeba  mesris 

defeqtebi. TiToeul aseT defeqts sWirdeba garkveuli energia, vinaidan is 

dakavSirebulia atomebs Soris kavSirebis gawyvetasTan. Ddefeqtebis 

warmoqmnisa da dagrovebis stadias dnobis winare procesi ewodeba. Ggarda 

amisa am stadiaze, rogorc wesi, sxeulis zedapirze warmoiqmneba kvazi-

Txevadi fena. raRac tempetaturaze  defeqtebis koncentracia imdenad didi 

xdeba rom, nimuSSi ikargeba orientaciuli wesrigi. 

   dnobis faruli siTbo. Mmyari sxeulis  gasadnobad saWiroa sxeulis 

gaTboba ara marto dnobis  temperaturamde,  aramed aucilebelia  mas 

miewodos siTbo, romelic  ixarjeba  kristaluri  mesris dasarRvevad. 

manam sanam sxeuli  mTlianad ar gadava Txevad  mdgomareobaSi, misi 

temperatura ar  gaizrdeba siTburi wyaros temperaturaze zemoT.  siTbos 

wyaros energiis gazrdam SeiZleba gazardos   dnobis siCqare, magram 

dnobis  mTeli procesis  ganmavlobaSi sxeulis temperatura ar  

gaizrdeba. 

   dnobis faruli siTbo es  aris siTbo, romelic  miewodeba erTeuli 

masis mqone dnobis temperaturamde miyvanil sxeuls dnobis damTavrebamde 

imave temperaturisas. 

   siTbogamtaroba. Eesaa  Sinagani energiis gadatanis  procesi sxeulis 

metad gaxurebuli nawilidan naklebad gaxurebuli nawilisaken, romelic  

xorcieldeba sxeulis Semadgeneli  nawilakebis (atomebi,  molekulebi, 

eleqtronebis da a.S.) qaoturi  moZraobiT. aseTi  siTbocvla  SeiZleba 

moxdes nebismier  sxeulSi, romelSic  temperaturebi  ganawilebulia 

araTanabrad, magram siTbos gadatanis  meqanizmi damokidebuli iqneba 

nivTierebis agregatul mdgomareobaze. siTbos gadatanis procesi  

damyarebulia imaze, rom atomebisa da molekulebis kinetikuri energia, 

romelic  gansazRvravs sxeulis temperaturas, sxva sxeuls gadaecema maTi 

urTierTqmedebiT anu adgili aqvs energiis gadasvlas metad  gaxurebuli 

nawilidan  naklebad  gaxurebulisaken.  

   masalis  siTbogamtaroba ricxobrivad tolia siTbos im raodenobis, 

romelic gadis masalis farTis erTeulSi, 1 wamSi, rodesac sxeulis 

nawilebs Soris temperaturaTa sxvaoba 1 erTeulis tolia.   
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   wonasworul pirobebSi, siTbogamtarobiT  gadacemuli energiis nakadi  

pirdapirproporciulia temperaturis gradientis 

 

𝑞 = −𝜘𝑔𝑟𝑎𝑑(𝑇1 − 𝑇2) 
 

sadac 𝑞  - warmoadgens siTburi nakadis simkvrivis veqtors anu energiis 

raodenobas, romelic  gadis  farTis  erTeulSi am  farTis  marTobuli  

mimarTulebiT, 𝜘 - aris siTgamtarobis  koeficienti (zogjer mas 

siTbogamtarobasac uwodeben), 𝑇1 − sxeulis metad gaxurebuli nawilis 

temperaturaa, xolo 𝑇1 - naklebad gaxurebulis. Mmarjvena nawilSi minus 

niSani imis maCvenebelia, rom siTburi nakadi mimarTulia 𝑔𝑟𝑎𝑑(𝑇1 − 𝑇2) 

veqtoris sawinaaRmdegod. Mmoyvanil formulas ewodebas furies 

siTbogamtarobis kanoni. integraluri formiT es kanoni asec  Caiwereba (Tu 

siTburi nakadi stacionarulia da is mimarTulia paralelepipedis erTi 

waxnagidan meorisaken): 

𝑃 = −𝜘
𝑆(𝑇1 − 𝑇2)

𝑙
 

sadac 𝑃 – siTburi simZlavris sruli nakadia, S -  paralelepipedis  

ganivkveTis farTi,  𝑇1 − 𝑇2 - temperaturaTa sxvaoba, 𝑙 - paralelepipedis 

sigrZe, anu mis waxnagebs  Soris manZili. 

   siTbogamtarobis koeficientis ganzomilebaa vt/(m ∙ K). liTonebi 

xasiaTdebian maRali siTbogamtarobiT. 

   kuTri siTbotevadoba. kuTri siTbotevadoba ewodeba siTbos raodenobas, 

romelic saWiroa erTeuli masis mqone sxeulis temperaturis 10C–iT 

gasazrdelad  da aRiniSneba C  asoTi. siTbotevadoba icvleba temperaturis 

cvlilebisas. 

   kuTri eleqtrowinaRoba.  eleqtrowinaRoba esaa fizikuri sidide, 

romelic axasiaTebs  gamtaris Tvisebas winaaRmdegoba  gauwios eleqtruli 

denis gavlas. Oomis kanonis Tanaxmad gamtarSi gamavali denis sidide 

pirdapirproporciulia mis boloebze Zabvisa da ukuproporciulia 

winaRobisa, saidanac samarTliania formula 

𝑅 =
𝑈

𝐼
 

sadac 𝑅 gamtaris winaRobaa, 𝑈 - Zabva gamtaris boloebze, 𝐼 - denis Zala. 

SevniSnoT, rom cvladi denisaTvis winaRoba aRiwereba cnebiT impedansi. 

   erTeulTa saerTaSoriso sistemaSi winaRobis erTeulia 1 omi. 

   winaRobis Sebrunebul sidides eleqtrogamtaroba ewodeba da 

saerTaSoriso sistemaSi misi erTeulia simensi 1 sim = 1 omi-1. 

   liTonebi xasiaTdebian maRali eleqtrogamtarobiT, rac dakavSirebulia 

imasTan, rom isini didi raodenobiT Seicaven muxtis gadamtanebs – 

gamtareblobis eleqtronebs, romlebic warmoqmnilia atomebis savalento 
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eleqtronebiT, romlebic ar ekuTvnian atomebs. eleqtruli deni liTonebSi 

warmoiqmneba gareSe eleqtruli veliT, romelic iwvevs eleqtronebis 

mimaTul moZraobas. Aam velis gavleniT moZravi eleqtronebi gaibnevian 

liTonis minarevebze,  mesris defeqtebze da  perioduli  struqturis  

darRvevebze,  rac  gamowveulia    ionebis siTburi rxevebiT. Aam dros 

eleqtronebi  kargaven impulss da maTi moZraobis energia gadadis 

kristaluri mesris Sinagan energiaSi, rac iwvevs im gamtaris  gaxurebas, 

romelSic gadis eleqtruli deni.  

  wrfiv izotropul  nivTierebaSi gaCenili eleqtruli denis simkvrive 

pirdapirproporciulia  eleqtruli velis. 

  

𝐽 = 𝜎𝐸   
 

sadac 𝐽  aris denis simkvrivis veqtori, 𝜎 - eleqtrogamtaroba (winaRobis 

Sebrunebuli sidide), 𝐸  - eleqtruli velis daZabulobis veqtori. 

     zogadad, rom vTqvaT, zemoT moyvanili wrfivi damokidebuleba, 

samarTliania mxolod miaxloebiT, da es miaxloeba  kargia mxolod 𝐸   

mcire  mniSvnelobisaTvis.  

   masalis eleqtrowinaRobis maxasiaTebel sidides warmoadgens aseve 

kuTri eleqtrowinaRoba an kuTri winaRoba. Ees aris iseTi gamtaris 

winaRoba, romlis sigrZe  da ganivkveTis farTobi 1 erTeulis      tolia  

( magaliTad sigrZea 1 m da ganivkveTis farTi 1 m2). saerTaSoriso sistemaSi 

kuTri winaRobis erTeulia omi ∙ m. teqnikaSi ufro mosaxerexebelia kuTri 

winaRobis erTeulad aviRoT iseTi gamtaris winaRoba, romlis sigrZea 1 m, 

xolo ganivkveTis farTobi 1 mm2.  1 omi ∙ m = 1∙ 106 omi ∙ mm2/m. teqnikaSi 

kuTri winaRobis arsi SemdegSia: es aris iseTi gamtaris winaRoba, romlis 

sigrZea 1 m, xolo ganivkveTis farTi 1 mm2. 

   kuTri winaRoba  gamoiTvleba formuliT: 

𝜌 = 𝑅
𝑙

𝑆
 

sadac 𝜌 – kuTri winaRobaa, 𝑙 - gamtaris sigrZe, 𝑆 - ganivkveTis farTi. 

   zogjer Mmasalas SeiZleba hqondes  Txeli firis saxe. Aam SemTxvevaSi  

firis sisqe gacilebiT naklebia mis sigrZesa da siganeze. Txeli firebis  

kuTri winaRoba xasiaTdeba “kuTri winaRobiT kvadratze” da ase Caiwereba 

𝑅□, am dros kuTri winaRoba damokidebuli ar aris nimuSis wrfiv zomebze, 

Tu mas marTkuTxedis forma aqvs. is damokidebulia sigrZis Sefardebaze 

siganesTan: 𝑙 𝑎 ,  sadac 𝑙 - sigrZea, 𝑎 - sigane.  

𝑅□ = 𝑅 𝑙 𝑎  
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sadac 𝑅 gazomili winaRobaa. Tu nimuSs marTkuTxedis forma ara aqvs maSin 

kuTri winaRobis gasazomad iyeneben van-der paus meTods. 

  Mmagnituri Tvisebebi. magnituri Tvisebebis mixedviT masalebi sami 

saxisaa: feromagnetikebi, paramagnetikebi da diamagnetikebi.  
   feromagnetikebi es iseTi  masalebia, romlebSic garkveuli kritikuli 

temperaturis qvemoT (kiuris temperatura) myardeba magnituri momentebis an 

koleqtivizirebuli eleqtronebis Sori feromagnituri wesrigi (liTonebSi). sxva 

sityvebiT, rom vTqvaT, feromagnetiki es iseTi masalaa, romelic damagnitebulia 

kiuris temperaturis qvemoT   gareSe magnituri velis ar arsebobis drosac ki. 

feromagnitur liTonebs  miekuTvnebian mxolod: rkina, nikeli da kobalti da 

iSviaTmiwa   elementebi:    𝐺𝑑,   𝑇𝑏,   𝐷𝑦,   𝐸𝑟G da    zogierTi    maTi    Senadnobebi. 

 

  

 

Nnax.13.Mmagnituri momentebis mowesrigebaFferomagnetikebSi  

garkveul temperaturamde gaxurebisas es liTonebi kargaven magnitur 

Tvisebebs. rkinis zogierTi Senadnobebi oTaxis temperaturazec ki ar arian 

feromagniturebi. Yyvela sxva liTonebi iyofian or nawilad: 

paramagniturad da diamagniturad. paramagnituri liTonebi miizidebian 

magnitiT, xolo diamagniturebi ganizidebian.  

    Pparamagnetikebi iseTi masalebia, romlebic magnitdebian  gareSe magnitur 

velSi gare magnituri velis mimarTulebiT da gaaCniaT dadebiTi  

magnituri amTvisebloba. termini “paramagnetizmi”  Semotanilia  1845  wels  

maikl  faradeis  mier, romelmac feromagnituris garda sxva masalebi 

dahyo or nawilad: paramagniturad da diamagniturad. 
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Nnax.14.Pparamagnetikebi magnituri velis gareSe 

 

 

Nnax.15.Pparamagnetikebi sust magnitur velSi 

 

http://upload.wikimedia.org/wikipedia/commons/4/48/Paramagnetic_probe_without_magnetic_field.svg
http://commons.wikimedia.org/wiki/File:Paramagnetic_probe_with_weak_magnetic_field.svg?uselang=ru
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Nnax.16.Pparamagnetikebi Zlier magnitur velSi 

 

P paramagnetikebis atomebs (molekulebs an ionebs) gaaCniaT  sakuTari 

magnituri momentebi, romlebic gareSe Zalebis moqmedebiT ikaveben 

orientirebul mdgomareobas da amiT qmnian jamur vels, romelic aRemateba 

gareSe modebuls. Ggare magnituri velis ar arsebobisas  paramagnetiki 

aramagnituria, vinaidan siTburi moZraobis gamo atomebis sakuTari 

momentebi  orientirebulia absoluturad  mouwesrigeblad. 

  paramagnituri liTonebia alumini, platina da mravali sxva liToni. 

fero- da antiferomagnituri nivTierebebi Sesabamisad kiuris da neelis 

temperaturis zemoT xdebian paramagniturebi. 

   diamagnetikebi. Ees iseTi masalebia, romlebic magnitdebian gareSe 

magnituri velis sawinaaRmdegod. gareSe magnituri velis ar arsebobisas 

diamagnetikebi aramagnituria. gareSe magnituri velis  modebisas 

diamagnetikis yoveli atomi iZens magnitur moments, romelic gareSe velis 

sawinaaRmdegod aris mimarTuli. 

   1778 wels jon bergmani iyo pirveli  adamiani, romelmac SeniSna, rom 

bismuti da stibiumi  ganizidebian magnituri  veliT. amasTan termini 

“diamagnetizmi”, rogorc zemoT SevniSneT,  pirvelad SemoRebul iqna 

mogvianebiT 1845 wels, maikl faradeis mier. 

D diamagnituri liTonebia siliciumi, bismuti, cinki, spilenZi, oqro, 

vercxli da mravali sxva organuli da araorganuli nivTiereba. 

sainteresoa, rom adamiani magnitur velSi diamagnitis msgavsad iqceva. 

M masalebi xasiaTdebian magnituri amTviseblobiT, romelic axasiaTebs 

kavSirs masalis damagnitebasa da am masalaSi magnitur  vels Soris. 

magnituri amTvisebloba  aRiniSneba 𝜘  asoTi da samarTliania formula 

 

𝛞= 𝑀 𝐻  

http://upload.wikimedia.org/wikipedia/commons/b/b4/Paramagnetic_probe_with_strong_magnetic_field.svg
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sadac M𝑀 masalis damagnitebaa, xolo – 𝐻 gareSe magnituri velis 

daZabuloba. 𝛞  uganzomilebo sididea. Mmagnituri amTvisebloba 

diamagnituri masalebisaTvis uaryofiTia-isini magnitdebian gareSe velis 

sawinaaRmdego mimarTulebiT, xolo paramagnituli da feromagnituri  

masalebisaTvis – dadebiTi – magnitdebian gareSe velis  mimarTulebiT. 

   difuzia. Ddifuzia ewodeba erTi nivTierebis meoreSi TavisTavad Serevis 

process. Ddifuzias adgili aqvs airad, Txevad da myar mdgomareobaSi.  

   rkinis moTuTieba warmoadgens difuziis magaliTs Txevadi 

mdgomareobidan myarSi. 

   airadi fazidan myarSi difuziis kargi magaliTia foladis  nitrireba.  

am dros RumelSi, romelSic moTavsebulia foladis nakeToba SehyavT 

amiaki, Rumels axureben daaxloebiT 500 - 6000C-mde, am dros amiaki iSleba 

azotad da wyalbadad da amiaki difundirebs foladSi. Aam ukanasknelis 

zedapiruli fenebis sisale  ki mniSnelovnad izrdeba. farTod gamoiyeneba 

e.w. “alotirebis”, aluminis Seyvanis procesi foladis an Tujis 

nakeTobebSi. Aam dros  9000C-ze aluminis atomebi difundireben foladis 

zedapirSi da zrdian mis koroziul mdgradobas. 

   wrfivi gafarToebis Termuli koeficienti.  Ees aris sidide, romelic 

gviCvenebs sxeulis  10C -iT gaxurebisas sigrZis namatis Sefardebas 00C-ze 

sawyis sigrZesTan SedarebiT. vinaidan es koeficienti Zalian mcirea, 

cxrilebSi misi sidide moyvanilia 10−6 koeficientiT. wrfivi gafarToebis  

Termuli koeficienti mudmivia temperaturis mcire cvlilebisas, Zlieri 

gaxurebisas ki is SeiZleba mniSvnelovnad icvlebodes. Aarseboben iseTi 

Senadnobebi, romelTa wrfivi  gafarToebis Termuli koeficienti Zalian 

mcirea, magaliTad Senadnobi “invari” (36%F𝑁𝑖 da 64%N𝐹𝑒), romlis siTburi 

gafarToebis koeficienti   -10-dan +9000C  SualedSi daaxloebiT 0-is 

tolia, magram 10000C  temperaturaze zemoT is swrafad izrdeba. 

A Mmraval gamdnar liTonSi SeimCneva airebis gaxsna da miT ufro metad 

rac metia temperatura.   amasTan liTonSi gaxsnilma Jangbadma SeiZleba  

Seqmnas naerTi, romelic amcirebs liTonis simtkices. 

   liTonis da SenadnobebisGgacivebisa da kristalizaciisas STanTqmuli 

airebi gamoiyofian da moculobis SigniT qmnian niJarebs da sxva 

defeqtebs, romlebic aseve amcireben sisalesa da simtkices. 

   Mmasalis  meqanikuri  Tviseba mdgomareobs mis unarSi winaaRmdegoba 

gauwios gareSe meqanikur  zemoqmedebas. Aam Tvisebebs miekuTvneba: sisale, 

drekadoba, simtkice, dartymiTi siblante,  

   sisale.  sisale aris masalis Tviseba winaaRmdegoba gauwios masSi myari 

nivTebis Cawnexvas. Aarsebobs sisalis dadgenis sxvadasxva xerxi: brinelis, 

rokvelis, vikersis. 

  brinelis xerxiT sisalis dasadgenad masalaSi raRac PZaliT Cawnexaven 

nawrTobi foladisagan damzadebul D diametris sferos. datvirTvis  
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moxsnis Semdeg namzadis  zedapirze rCeba sferuli segmentis formis 

anabeWdi. rac metia sisale miT naklebia anabeWdis zoma. 

   rokvelis meTodis gamoyenebisas masalaSi Caiwnexeba an sferos an 

konusis formis nimuSi. sferos formis nimuSs iyeneben dabali da saSualo 

sisalis  liTonebis sisalis dasadgenad, xolo konusis formis nimuSs 

maRali sisalis masalis  gasazomad. sisale ganisazRvreba nakeTobaSi 

Cawnexvis siRrmiT. 

   vikersis meTodSi Casawnexi nimuSi piramidis formisaa da rokvelis 

meTodis  analogiurad  sisale    izomeba  Cawnexvis  Zalis  SefardebiT  

Cawnexvis zedapiris farTobTan. vikersis meTodis dadebiT  mxares 

warmoadgens misi gamoyenebis SesaZlebloba Zalian maRali sisalis, Zalian 

Txeli fenebis da zedapiruli fenebis (magaliTad cementirebuli, 

gaunaxSirbadebuli da sxva) fenebis sisalis gazomvis SesaZleblobaSi. 

    gareSe Zalebis xasiaTisagan damokidebulebiT arCeven sisales 

dagrZelebaze, kumSvaze, Runvaze, grexaze da a.S. pirobiT Zabvas, romelic 

maqsimalur datvirTvas Seesabameba da  romelic win uswrebs rRvevas, 

zRvruli sisale ewodeba. 

   dartymiTi siblante, ganisazRvreba im muSaobiT, romelic saWiroa 

nimuSis dasarRvevad dartymiTi mRunavi datvirTviT. 

   drekadoba. Ddrekadoba warmoadgens liTonis Tvisebas aRidginos sawyisi 

forma da zomebi im gareSe Zalebis moxsnis Semdeg, romlebmac gamoiwvevs 

sxeulis deformacia. 

   Tu liTonis Reroze movdebT, raRac Zalas, romelic dasaSveb 

mniSvnelobas ar aRemateba, is gamoiwvevs mis dagrZelebas. Tu am Zalas 

movxsniT is aRidgens Tavis pirvandel formasa da zomebs. Tu datvirTva 

zRvrul mniSvnelobas aRemateba, datvirTvis moxsnis Semdeg liTonis 

nakeTobis formisa da zomebis aRdgena ar moxdeba. aseT deformacias 

plastikuri deformacia ewodeba. 

   Sekleba ewodeba sxeulis wrfivi zomebisa da moculobis Semcirebas 

misi gamyarebisas, gacivebisas, Senaxvisas. Sekleba 𝐾, xasiaTdeba nawarmis 

moculobis fardobiTi cvlilebiT procentebSi 

 

𝐾 =
𝑉 − 𝑉0

𝑉0
∙ 100 % 

 

sadac 𝑉0- sxeulis sawyisi moculobaa, 𝑉 - saboloo moculoba. 

   gaJRenTva Seklebis sawinaaRmdego movlenaa da gamowveulia namzadis 

mier tenis STanTqmiT rac iwvevs moculobis zrdas. 
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4. liTonebisa da Senadnobebis medegoba agresiuli 

mediebis mimarT 
 

   agresiul  garemoSi liTonebi da Senadnobebi ganicdian korozias. 

korozia  niSnavs  liTonis daSlas garemomcvel garemosTan  qimiuri an 

fiziko-qimiuri  urTierTqmedebis Sedegad. zogadad es aris nebismieri  

masalis daSla, iqneba es liToni, keramika, polimeri Tu sxva. Kkoroziis  

mizezs  warmoadgens masalis Termodinamikuri aramdgradoba im 

nivTierebebis  zemoqmedebis  mimarT, romlebic maTTan kontaqtSi 

imyofebian. 

   yoveldRiur cxovrebaSi  rkinis SenadnobebisaTvis  yvelaze xSirad 

iyeneben termins “daJangva”. Uufro naklebadaa cnobili polimerebis  

korozia. maT mimarT gamoiyeneba termini “dabereba” da is analogiuria 

termin “daJangvis”. Kkoroziis siCqare, ise rogorc nebismieri qimiuri 

reaqciis, damokidebulia  temperaturaze. temperaturis gazrda 1000𝐶-iT  

iwvevs  koroziis siCqaris  gazrdas ramdenime rigiT. 

   koroziis  ZiriTadi  klasifikacia eyrdnoba misi  mimdinareobis 

meqanizs. arCeven ori saxis  korozias: 

 1) qimiuri  korozia; 

 2) eleqtroqimiuri korozia. 

   qimiuri korozia esaa  liTonis zedapiris urTierTqmedeba koroziulad 

aqtiur garemosTan, romelsac ar axlavs  eleqtroqimiuri procesebis 

gaCena fazaTa sazRvarze. urTierTqmedebis  am SemTxvevaSi  liTonis 

daJangva da  mJangavi komponentis aRdgena xdeba erT aqtSi: 

 

4𝐹𝑒+302 → 2Fe203 

 

   eleqtroqimiuri korozia  liTonebis rRvevis yvelaze gavrcelebuli 

saxea, is mimdinareobs liTonis zedapirze eleqtruli denis gavleniT. am 

dros  adgili aqvs Jangva-aRdgenis reaqcias. daJangva ewodeba eleqtronebis 

gacemas atomis, molekulis an ionis mier mag. Zn − 2e = Zn2+. aRdgena 

warmoadgens eleqtronis mierTebas atomis, molekulis an ionis mier mag. 

Cl2 + 2e = Cl−. Sesabamisad damJangveli ewodeba neitralur atoms, molekulas  

an ions, romelic miierTebs eleqtronebs – meore SemTxvevaSi Cl2, aRmdgeni 

ewodeba neitralur atoms molekulas an ions, romelic gascems 

eleqtronebs – pirvel SemTxvevaSi Zn. Jangva aRdgenis-reaqcia erTiani, 

urTierTdakavSirebuli  procesia, romelic yovelTvis erTdroulad  

mimdinareobs. rodesac erTi  nivTiereba iJangeba, meore aucileblad 
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aRdgeba da piriqiT. Mmag. Zn + Cl2 = ZnCl2. Aaq cinki iJangeba Zn2+ - mde, xolo 

Cl2 aRdgeba 2Cl− - mde. qimiaSi Jangva–aRdgenis reaqciebi erT-erTi yvelaze 

gavrcelebuli reaqciebia, magaliTad maTze damyarebulia  martivi  

(liTonuri da araliTonuri)   nivTierebis miReba: 

CuO + H2 → Cu + H2 
 

   Ggalvanur elementebSi (eleqtruli denis qimiuri wyaroebi) 

eleqtromamoZravebeli  Zalis gaCena dakavSirebulia  Jangvis reaqciis 

mimdinareobasTan. Eeleqtrolizis dros anodze adgili aqvs eleqtroqimiur 

daJangvas, xolo kaTodze – aRdgenas.  

   kaTodisa da anodis  warmoqmnas iwvevs liTonebis araerTgvarovneba 

(minarevebi da CanarTebi), narCeni deformaciis mqone ubnebi, liTonis 

nakeTobis damcavi fenebis araerTgvarovneba. xSirad liTonis korozias 

iwvevs ara erTi aramed ramdenime faqtori. rodesac liToni iwyebs  

korodirebas  is gadaiqceva mravaleleqtrodian galvanur elementad. 

magaliTad ganvixiloT Tu ra xdeba rodesac spilenZi kontaqtirebs 

rkinasTan - eleqtrolitis aresTan (eleqtroliti ewodeba nivTierebas, 

romlis nadnobi an xsnari atarebs eleqtrul dens misi ionebad 

disociaciis Sedegad, TviTon nivTiereba eleqtrul dens ar atarebs. 

eleqtrolizi ki warmoadgens eleqtrolitis xsnarSi denis gavlisas 

Semadgeneli ionebis eleqtrodebze gamoyofis movlenas). aseTi sistema 

warmoadgens  galvanur elements, sadac rkina – anodia (+), spilenZi ki - 

kaTodi (-). rkina gadascems eleqtronebs spilenZs da gadadis xsnarSi 

ionebis saxiT. wyalbadis ionebi moZraoben spilenZisaken da ganimuxtebian 

masze. kaTodi ufro da ufro uaryofiTi xdeba  da bolos da bolos misi 

potenciali gautoldeba anodis potencials da korozia neldeba. 

   am Temaze SeiZleba  Semdegi cdis Catareba. aviRoT sami Wiqa sufris 

marilis xsnariT, 3 cali lursmani, cinkis naWeri da spilenZis mavTuli 

izolaciis gareSe. Ppirveli lursmani CavuSvaT xsnarian WiqaSi. Mmeore 

lursmans  mivabaT spilenZis mavTuli, mesames – mivamagroT cinkis naWeri. 

Semdeg  TiToeuli lursmani CavuSvaT Tavis WiqaSi da davtovoT 2-3 dRis 

ganmavlobaSi. Aam drois gavlis Semdeg samive lursmanze SevamCnevT 

koroziis (Jangis)   kvals. Yyvelaze cud mdgomareobaSi iqneba is lursmani, 

romelzec mibmuli iyo spilenZis mavTuli, yvelaze naklebi korozia 

SeimCneva im lursmaze, romelzedac mibmulia cinkis naWeri. riT aixsneba 

es? saqme imaSia, rom yvela liTons gaaCnia eleqtronebis gacemis sxvadasxva 

unari. maTi am unaris Sesadareblad gavecnoT liTonebis Zabvis rigs: Li < K 

< Rb < Cs < Ba < Ca < Na < Mg < Al < Mn < Cr < Zn < Fe < Cd < Co < Ni < Sn < Pb < H2 < Cu < 

Ag < Hg < Pt < Au. is liTonebi, romlebic am rigSi imyofebian ufro marcxniv 

(magaliTad cinki ufro marcxnivaa vidre rkina) ufro advilad gascemen 

eleqtronebs vidre marjvniv mdgomi liTonebi (magaliTad spilenZi ufro 
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marjvnivaa vidre rkina). Aamdenad, rodesac rogorc ki orive liToni 

moxvdeba  eleqtrolitSi (denis gamtaria marilis xsnari), maSinaTve 

warmoiqmneba galvanuri wyvili. ufro aqtiuri liToni (marcxniv mdgomi) 

daimuxteba dadebiTad, am dros is swrafad iJangeba, nakleb aqtiuri – 

uaryofiTad. swored es moxda Cvens WiqebSi: rkina ufro marcxniv dgas 

vidre spilenZi, amitom is daimuxteba dadebiTad da Sesabamisad  swrafad 

iJangeba. cinkian WiqaSi cinki ufro aqtiuria, vidre rkina. Aamitom vidre 

mTeli cinki ar daiJangeba, rkina ar daiSleba. 

  Eeleqtroqimiuri korozia ufro intensiurad mimdinareobs Tu kaTodi 

Seicavs  iseT liTonis CanarTebs, romlebic nakleb aqtiuria vidre is, 

romelic korozias ganicdis. magaliTad, Tu korodirebs foladi (foladi 

– rkinisa da naxSirbadis Senadnobia, romelSic nawilobriv warmoiqmneba 

rkinis karbidi FeC) aseTi ubnebis rols TamaSobs  swored rkinis karbidi. 

   liTonebisa da Senadnobebis mdgradobaze did gavlenas axdens fazur-

struqturuli gardaqmnebi, romlebsac adgili aqvs masalebis Termuli 

damuSavebis (gaxureba-gaciveba) dros. Aamis magaliTia uJangavi foladis 

gaxureba 600-6500C –mde da misi neli gaciveba haerze, rac praqtikulad 

xorcieldeba kidec SeduRebisas. Termuli damuSavebis aseTi reJimis dros 

Cndeba fazur-struqturuli gardaqmnebi, romlebic marcvlebis sazRvarze 

iwveven qromis karbidis gamoyofas. Ees ukanaskneli asustebs kavSirs 

marcvlebs Soris, amcirebs foladSi koroziamedegi  malegirebeli 

elementis – qromis Semcvelobas da Sesabamisad adgili aqvs 

kristalTSoris korozias anu korozias marcvlebs Soris sazRvarze. 

   liTonis zedapiris mdgomareoba didad ganapirobebs mTlianad masalis  

koroziul medegobas: zedapiris araerTgvarovneba koroziis erT-erTi  

mizezia; priala polirebuli zedapiri koroziis mimarT gacilebiT ufro 

mdgradia, vidre uxeSad damuSavebuli, gaSlifuli zedapiri; liTonis 

zedapirze Jangeulis fenis arseboba, xels uSlis koroziis process. 

   daJanguli an adsorbirebuli (adsorbcia – erTi nivTierebis 

koncentraciis gazrda meoris zedapirze) Sre SeiZleba iyos mTliani an 

wyvetili; Zalian Txeli (TvaliT uxilavi – ramdenime angstremi sisqis), an 

sqeli (40Å - dan 5 000 Å -mde). Aase magaliTad TviTdaJangvis dros cinkis 

zedapirze warmiqmneba 5 - 6 Å sisqis Jangis fena, spilenZis zedapirze -  15 - 

20 Å,  aluminisaze – 100 - 150 Å. 

   haeris Jangadi da atmosferuli airebi maRal temperaturebze qimiurad 

moqmedeben liTonebTan da iwveven korozias. zogierTi airi imdenad 

specifikuria, rom korozias, romelic maT garemoSi xdeba, saxelwodebac ki 

aqvT: wyalbaduri, karbonaluri, gogirdwyalbaduri da sxva. koroziis 

siCqareze  did gavlenas axdens minarevebis Semcveloba airebSi. normalur 

temperaturebzec ki liTonebis koroziis siCqare Cveulebriv atmosferoSic 

ki sxvadasxvaa. 
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  Kwylis orTqlis Semcveloba  mniSvnelovnad aCqarebs koroziis siCqares. 

ase magaliTad maxSirorJangis Semcveli haeris pirobebSi  mniSvnelovnad 

izrdeba aramarto liTonebis, aramed uJangavi foladebis koroziis siCqare. 

dadgenilia, rom uJangavi foladi 6500C –mde gaxurebisas haerze korozias 

ar ganicdis, maSin rodesac naxSirorJangis Semvel  atmosferoSi koroziis 

siCqare Seadgens 0.051 g/(m2∙sT). 

   liTonis daJangvisas atmosferoSi mis zedapirze warmoiqmneba Jangeulis 

fena – xenji. Aairadi koroziisas misi sisqe izrdeba an axali 

warmonaqmnebis      an         Zvelis gazrdis    xarjze. Nnax.17-zeE 

naCvenebia rkinis Jangeulebis     warmoqmnis   procesi  haerze gaxurebisas 

 
 

nax. 17. Hhaerze rkinis gaxurebisas xenjis warmoqmnis sqema 

                   𝐹𝑒2𝑂3 (≤1000C); 𝐹𝑒3𝑂4 (400 - 5750C); FeO (≥5750C) 

 

    

 𝐹𝑒2𝑂3 da 𝐹𝑒3𝑂4 gaaCnia rTuli agebulebis kristaluri meseri: 𝐹𝑒2𝑂3 - 

romboedruli, 𝐹𝑒3𝑂4 - rTuli kuburi meseri. 𝐹𝑒𝑂, romelic warmoiqmneba 

575
0
C – ze zemoT, gaaCnia martivi waxnagcentrirebuli kuburi meseri, 

romelic Seicavs  vakansiebs  da eleqtronul defeqtebs, romlebic 

amartiveben Jangbadis SeRwevas  kristalSi. aseTi agebulebis Jangi ver 

axdens liTonis izolirebas Jangbadis zemoqmedebisagan, aralegirebuli 

foladis  mxurvalmedegoba SemosazRvrulia 575 − 6000𝐶. 

   rkina advilad ganicdis korozias wylis tenian atmosferoSi. Am dros 

adgili aqvs reaqcias: 

 

4𝐹𝑒 + 6𝐻2𝑂 + 3𝑂2 → 4𝐹𝑒(𝑂𝐻)3 
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rkinis  hidratirebuli  oqsidi 𝐹𝑒(𝑂𝐻)3 aris  is rasac rkinis Jangs eZaxian 

(nax.18). 

 
 

Nnax.18. rkinis daJanguli detalebi 

 

  Kkoroziis process xSirad  xels uwyobs xaxuni (e.w. fretingi) da  mas 

adgili aqvs erTmaneTTan mWidrod  dasmul zedapirebze, romlebic ciklur, 

SedarebiT mcire amplitudur datvirTvas ganicdian. Aam dros pirvel 

stadiaze  adgili aqvs mikrobzarebis gaCenas, Semdeg  maT ganviTarebas da 

cveTis laqebisa da balTebis warmoqmnas. xaxunis koroziis sawinaaRmdegod 

sakmaod efeqturia specialuri danafarebis datana moxaxune zedapirebze. 

mecnier ulingis azriT, koroziis meqanizmi am dros araa eleqtroqimiuri. 

am procesis intensivoba izrdeba datvirTvis gazrdisa da srialis dros, 

magram tenian garemoSi intensivoba naklebia, vidre mSral  haerze da 

magaliTad sxva airis, iseTis rogorica azoti, atmosferoSi TiTqmis ar 

mimdinareobs. 

   agresiul garemoSi, magaliTad gogirdmJavaSi, koroziis xasiaTi 

icvleba, procesi eleqtroqimiuri xdeba. Ggaremos koroziuli aqtivobis 

garda (mJavebi) am SemTxvevaSi did rols TamaSobs mJavas SemzeTavi unari. 

cdiT dadgenilia, rom gogirdmJavas koncentraciis gazrdisas koroziis 

siCqare garkveul SemTxvevebSi mcirdeba.   

   koroziis siCqareze garkveul da zog SemTxvevaSi arsebiT gavlenas 

axdens eleqtruli veli. Mmudmivi eleqtruli velis pirobebSi liTonebSi 

Cndeba e.w. moxetiale  denebi, romlebic aCqareben koroziis process. 

http://commons.wikimedia.org/wiki/File:Shukhov_Tower_photo_by_Maxim_Fedorov_(3).JPG?uselang=ru
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   polimeruli masalebis korozia. Ppolimeri warmoadgens araorganul an 

organul, amorful an kristalur nivTierebas, romelic Sedgeba grZeli, 

makromolekulebad qimiuri an koordinaciuli kavSirebiT dakavSirebuli 

“monomeruli  jaWvebisagan”. polimeri warmoadgens maRalmolekulur  

SenaerTs: polimerSi  monomeruli jaWvebis raodenoba (polimerizaciis 

xarisxi) sakmaod maRali unda iyos. mraval SemTxvevaSi jaWvebis raodenoba 

SeiZleba CaiTvalos sakmaod  didad, Tu axali molekulis mierTeba (morigi 

monomeruli rgolis damateba) polimeris molekulis Tvisebebs ar cvlis.  

   rogorc wesi  polimerul molekulaTa masebi ramdenime aTasidan 

ramdenime milionis farglebSi meryeobs. 

  polimeris agebulebaSi SeiZleba gamoiyos monozomis rgoli – 

gameorebadi fragmenti, romelic Seicavs ramdenime atoms.  polimerebi 

Sedgebian didi raodenobis gameorebadi  jgufebisagan (rgolebi), romlebic 

erTnairi agebulebisaa, magaliTad polivinilqloridi  (−𝐶𝐻2 − 𝐶𝐻𝐶𝑙−)𝑛 , 

naturaluri kauCuki da sxva. Nnax.19. naCvenebia polipropilenis agebuleba. 

 

 
 

nax. 19. Ppolipropilenis agebuleba 

 

   polimerebs farTo gamoyeneba aqvT  medicinaSi. 

   polimeruli masalebis  koroziamedegoba  damokidebulia aramarto  

[polimerebis saxeobaze, aramed erTi da imave Semadgenlobis polimeris 

xarisxze, markaze da a.S. 

http://commons.wikimedia.org/wiki/File:Syndiotactic_polypropene.png?uselang=ru
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   agresiuli garemos zemoqmedeba  polimerze daiyvaneba sam ZiriTad 

procesze, romlebic SeiZleba mimdinareobdnen erTdroulad da sxvadasxva 

kombinaciiT: difuzia, gaJRenTva, qimiuri reaqcia. 

   polimerebis korozia  xorcieldeba heterogenul sistemaSi; difuziis 

Sedegad  agresiuli garemo SeaRwevs  masalaSi, gaJRenTavs mas an qimiurad  

urTierTqmedebs masTan. xSirad es ori procesi erTdroulad mimdinareobs. 

Sesabamisad polimerebis mdgradoba xasiaTdeba maTSi agresiuli garemos 

SeRwevadobis siCqariT. Kkoroziis  intensivobis ganmsazRvreli faqtorebia: 

reagentis (garemo) difuziis siCqare polimeris zedapirisaken, polimeris 

mier reagentis sorbcia qimiuri gardaqmnebiT, sorbirebul garemosa da  

polimers Soris, reaqciis produqtebis difuziiT polomeris SigniT da 

sxva. 

  Ppolimerul  masalaSi  garemos difuziis da sorbciis bunebaze  

moqmedebs Semdegi faqtorebi: 

1) difundirebadi nivTierebis molekulebisa da polimeris molekulebs 

Soris urTierTqmedi Zalebis buneba (fizikuri an qimiuri). fizikuri 

sorbcia xasiaTdeba polimeris gaJRenTviT, qemosorbcia – gaxsniT an 

qimiuri reaqciiT polimersa da garemos Soris; 

2) temperaturiT; 

3) polimeris struqturiT, misi molekulebis  formiT, kristalurobis 

xarisxiT; 

4) agresiuli garemos bunebiT, misi orTqlis aqtivobiT, duRilis 

temperaturiT, molekuluri woniT da moluri moculobiT da a.S. 

   difundirebadi masalis molekuluri wonis, moculobis da molekulis 

zomis zrdasTan erTad difuzia, SeRwevadoba da xsnadoba mcirdeba. 

K koroziis Sedegad icvleba polimeruli masalis fiziko-meqanikuri 

Tvisebebi. gaJRenTva iwvevs mis darbilebas, simtkicis Semcirebas da 

masalis TandaTanobiT rRvevas. Qqimiuri reaqciebi iwveven destruqcias 

(polimeruli molekulebis daSla da miRebuli pruduqtebis gamoyofa). sxva 

komponentebis arsebobisas, magaliTad plastifiqatorebis, garemosTan 

qimiuri reaqciis gamo, es ukanasknelni gamoiyofian (gamoirecxebian) 

masalidan; am dros mcirdeba masalis plastikuroba da masala ibzareba 

Semdeg ki irRveva. 

  Nnax. 20-ze naCvenebia plastmasis simtkicis damokidebuleba  

temperaturaze. 

   polimerebze damJangavebis moqmedebisas adgili aqvs kavSirebis gawyvetas 

an axali qimiuri kavSirebis Seqmnas rac iwvevs elastiurobis  dakargvas  

(magaliTad rezinis), Aam dros erTdroulad SeiZleba adgili hqondes 

sisalis da simtkicis gazrdas da Sinagani Zabvebis gaCenas, romlebic 

ganapirobeben masalis simyifis zrdas da sabolood masalis rRvevas. 

sxvadasxva minarevis Seyvana mniSvnelovnad cvlis am maCveneblebs. 
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nax. 20. Pplastmasis simtkicis damokidebuleba temperaturaze 

1 – polieTileni (maRali wnevis); 2 - polieTileni (dabali wnevis); 

3 – viniplasti; 4 – ftoroplasti; 5 – prolamidi; 6 – pentaplasti;  

7 – polikarbonati; 8 - fenoplasti 

 

  mokled SevexoT zogierTi konkretuli liTonis koroziasTan 

dakavSirebul sakiTxebs. 

  xenjis, rogorc damcavi fenis funqciis Semsruleblis,  aucilebeli 

pirobaa  misi mTlianoba, romelic damokidebulia liTonis zedapirze  

warmoqmnili molekuluri moculobis Sefardebaze im liTonis 

moculobasTan, romelic daixarja am Jangeulis warmoqmnaze. Ffena mxolod 

maSinaa uwyveti, rodesac es fardoba 1-ze metia 

 

𝑉ხენჯი 𝑉ლითონი > 1 

𝑉ხენჯი - xenjis fenis molekuluri moculobaa, 𝑉ლითონის - liTonis is 

moculobaa, romelic daixarja xenjis warmoqmnisas. 

   liTonebis umravlesobisaTvis es moculoba 1-ze metia, magaliTad 𝐹𝑒2𝑂3 

warmoqmnisas is tolia 2.14; nikelisaTvis (𝑁𝑖𝑂) - 1.52 da a.S. da mxolod 

magniumisaTvis (𝑀𝑔𝑂) Seadgens 0.79. 
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   airad korozias haerze ganicdis aramarto rkina, aramed sxva liTonebic 

Tumca – naklebad. magaliTad, 9000𝐶 - ze rkinis masis danakargi Jangbadis 

atmosferoSi 24 saaTis ganmavlobaSi Seadgens 12.4 g/m2, spilenZis – 4.4 g/m2, 

nikelis – 0.28 g/m2. 

   gogirdovani airebi (𝑆𝑂2, 𝐻2𝑆) Zalian agresiulia rogorc foladis ise 

feradi liTonebis mimarT. Tu foladis korozias adgili aqvs  tenian 

garemoSi  mJavis warmoqmnis gamo, iseTi liTonebi, rogorebicaa spilenZi, 

nikeli isini iSlebian tenis gareSec. Yyvelaze naklebad es airebi 

moqmedeben qromze, amitom qromiani foladebis gamoyeneba ukeTesia vidre 

qromnikeliani foladebisa. 

   gogirdwyalbadi liTonebTan qmnis sulfidebs, romlis fenasac ar 

gaaCnia damcavi Tvisebebi da kidev ufro metic, es fena zogjer stimulsac 

ki aZlevs korozias. 

   qlori da da qlorwyalbadi yvelaze agresiuli airebia, gansakuTrebiT 

tenian atmosferoSi. mSral airebSi liTonebis umravlesoba nikelis 

gamoklebiT, korozias iwyeben 200 − 3000𝐶 -ze. amasTan koroziis 

intensivobis mixedviT isini ganlagebulia  aseTi mimdevrobiT: alumini, 

Tuji, naxSirbadovani foladi, spilenZi, tyvia. airadi koroziisas 

warmoqmnili Sesabamisi liTonebis qloridebi, maTi orTqlis maRali wnevis 

gamo, iSlebian da xels uwyoben damcavi Tvisebebis mqone fenebis warmoqmna. 

   nikelis qloridis (𝑁𝑖𝐶𝑙2) aqroladoba, sxva liTonebis qloridebTan  

SedarebiT gacilebiT naklebia da xSirad aixsneba nikelis mdgradobiT 

qlorSi an qlorwyalbadSi (𝐻𝐶𝑙). 

   titani mSral qlorSi aldeba. 

   maRal temperaturebze ftori kidev ufro agresiulia vidre qlori. Mam 

atmosferoSi yvelaze mdgradia nikeli, romlis zedapirzec warmoiqmneba 

ftoris damcavi fena (𝑁𝑖𝐹2). 

   SedarebiT ufro maRal temperaturebze da wnevebze naxSirorJangi  

urTierTqmedebs liTonebTan, aqroladi nivTierebebis – karbonilebis 

warmoqmniT: 

𝑀𝑒 + 𝑛𝐶𝑂 → 𝑀𝑒(𝐶0)𝑛 
    

karboniluri korozia gansakuTrebiT damaxasiaTebelia rkinisaTvis 

(foladi). 100 − 1200𝐶 - ze zemoT warmoiqmneba rkinis pentakarbonili. 

  Nnikelis korozia naxSirJangSi mimdinareobs nikelis tetrakarbonilis 

warmoqmniT (𝑁𝑖(𝐶𝑂)4), romelic advilad aqroldeba. 

   legirebuli qromiani da qromnikeliani foladebi naklebad ganicdian 

korozias, xolo 23 % 𝐶𝑟 da 20 % 𝑁𝑖 Semcvelobis foladebi saerTod ar 

eqvemdebarebian mas. naxSirorJangi yvelaze nakleb agresiulia, magram misi 

arseboba  haerSi daJangvis process aCqarebs, is gansakuTrebiT agresiulia 

rkinisa da aralegirebuli foladebisaTvis. 
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   wyalbadi. wyalbadis zemoqmedeba liTonebze maRal temperaturebze da 

wnevebze Zalian saSiSia. wyalbadovani korozia iwvevs simyifes, simtkicis 

Semcirebas, plastikurobis gauaresebas, foladis, spilenZis da misi 

Senadnobis daSlas. wyalbadovani korozia gamowveulia wyalbadis 

specifikuri bunebiT (minimaluri zomebi, simsubuqe, adsorbciisa da 

difuziis unari, xsnadoba liTonSi). pirvel etapze adgili aqvs liTonis 

zedapirze adsorbcias (erTi liTonis koncentraciis gazrda meoris 

zedapirTan), xolo meore etapze qemosorbcias (myari sxeulis zedapiris 

mier nivTierebis STanTqma qimiuri naerTis warmoqmniT). am ukanasknels 

adgili aqvs  ufro maRal temperaturebze masalaSi wyalbadis gaxsnisas. 

orive es procesi iwvevs wyalbadovani simyifisa da masalis plastikurobis 

mkveTr Semcirebas. 

   wyalbadovan korozias iwvevs Semdegi meqanizmebi:  

   1) wyalbadis molekula SeaRwevs ra liTonSi grovdeba kristaluri 

mesris defeqtebSi an marcvlis sazRvrebze da Sesabamisad am adgilebze 

warmoiqmneba Zalian maRali wnevebi (ramdenime aTasi atmosfero), rac iwvevs 

liTonis dabzarvas da nakeTobis daSlas; 

   2) wyalbadis gaxsnisas foladSi, nacvlad naxSiris xsnaris gaCenisa 

rkinaSi 𝐹𝑒(𝐶), adgili aqvs wyalbadis myari xsnaris gaCenas masSi 𝐹𝑒(𝐻). amis 

gamo  es ukanaskneli naklebad mtkicea da ufro myife. Aam movlenis Tavidan 

asacileblad liTons axureben vakuumSi. Aam dros wyalbadi gamoiyofa 

liTonidan da aRdgeba misi sawyisi Tvisebebi; 

   3) gaxsnili wyalbadi reaqciaSi Sedis foladis yvela mtkice fazasTan 

𝐹𝑒3𝐶 da warmoiqmneba airadi naxSirwyalbadi – meTani 𝐶𝐻4 

 

𝐹𝑒3𝐶 + 2𝐻2 → 𝐶𝐻4 
 

   meTanis molekulis zomebi gacilebiT metia wyalbadis molekulis 

zomebze, amitom isini ver gamodian masalidan da grovdebian marcvlebis 

sazRvarze ris gamoc warmoiqmneba maRali wneva, rac iwvevs kristalSi 

bzarebis gaCenas. 

   wyalbadis zemoqmedebis am saxes ewodeba gaunaxSirbadoba. Pprocesi 

iwyeba masalis zedapiridan da vrceldeba mis siRrmeSi, rac amcirebs 

cveTamedegobas, sisales, daRlilobis zRvars,. gaunaxSirbadobas awvevs 

aramarto wyalbadi, aramed wylis orTqli, naxSirorJangi da TviT haeric 

ki, Tumca gacilebiT naklebad. 

1) liTonSi gaxsnili wyalbadi aRadgens masSi arsebul Jangeulebs 

 

𝐹𝑒𝑂 + 𝐻2 → 𝐹𝑒 + 𝐻2𝑂 ↑  (orTqli) 
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amasTan liTonis marcvlebis sazRvrebze warmoiqmneba wylis orTqli, 

romelic asustebs marcvlebs Soris kavSirs da qmnis Siga wnevebs,  es ki 

zrdis mis simyifes da warmoqmnis bzarebs. Ees movlena damaxasiaTebelia  

foladisa sxva liTonebisTvisac, kerZod spilenZisaTvis. Tu spilenZi 

Seicavs 0.01 % -ze met Jangbads Jangeulis saxiT, maSin 4000𝐶 - ze zemoT  

wyalbadi difundirebs spilenZSi da aRadgens mas 𝐶𝑢2𝑂 - mde. warmoqmnili 

wylis orTqli ganTavsdeba marcvlebis sazRvarze da spilenZi myife xdeba 

– adgili aqvs e.w. “wyalbadur avadmyofobas”. Mmisi Tavidan acilebis 

mizniT rekomendebulia spilenZis ganJangva magaliTad fosforiT. 

  wyalbadis zemoqmedeba ferad liTonebze sxvadasxvanairia da 

damokidebulia  maT unarze STanTqas wyalbadi. zogierTi liTonisaTvis, 

magaliTad titani, cirkoniumi, vanadiumi wyalbadis STanTqmis procesi 

egzoTermulia (siTbo gamoiyofa) da temperaturis gazrdiT wyalbadis 

xsnadoba  mcirdeba. sxva liTonebisaTvis nikeli, rkina, spilenZi – piriqiT 

wyalbadis STanTqma endoTermuli procesia (siTbo STainTqmeba) da 

temperaturis gazrdiT wyalbadis xsnadoba maTSi mkveTrad izrdeba. 

   liTonuri wyalbadis simyife, dakavSirebulia qimiuri naerTebis - 

hidridebis warmoqmnasTan, romlebic metad myife fazebia da amcireben 

masalis plastikurobas. 

   meqanikuri Zabvebis gavlena  koroziaze. Aagresiul garemoSi korozias 

xels uwyobs mudmivi gamWimavi Zabvebi (rogorc Sinagani, aseve garegani), 

narCeni Zabvebi liTonis meqanikuri an qimiuri damuSavebis Semdeg, 

niSancvladi datvirTvebi. isini iwveven liTonis dabzarvas da koroziul 

daRlas. 

   liToni, romelic srulebiT koroziamedegia ama Tu im agresiul 

garemoSi, savsebiT SesaZlebelia dairRves aseT  garemoSi meqanikuri Zabvis 

zemoqmedebisas. 

  Ggaremos siCqaris gavlena. Ggaremos moZraobis siCqare  mniSvnelovan 

gavlenas axdens Jangbadis miwodebaze, mis xsnadobaze, da difuziaze. nax.21. 

-ze moyvanilia neitraluri garemos (mtknari wyali) gavlena koroziaze. 

naxazidan kargad Cans, rom korozia pirvel etapze izrdeba; garemos 

moZraobis raRac siCqareze, miwodebuli Jangbadi xels uwyobs zedapiris 

pasivacias da koroziis siCqare minimumamde mcirdeba. siCqaris Semdgomi 

zrdisas pasiuri firi irRveva (gadairecxeba) da koroziis siCqarec 

izrdeba.  

   temperaturisa da wnevis gavlena koroziaze. temperaturis gazrdiT 

difuziuri procesebi intensiuri xdeba, rac zrdis koroziis intensivobas 

da siCqares. amasTan temperaturis gazrdiT Jangbadis xsnadoba mcirdeba, 

amitom koroziis siCqare temperaturis gazrdiT  uwyvetad ar izrdeba, 

aramed gaCnia garkveuli maqsimumi. 
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   wneva aseve zrdis liTonebis korozias, vinaidan am dros procesSi 

monawile airebis, pirvel rigSi Jangbadis koncentracia izrdeba, ramac 

SeiZleba gazardos liTonSi meqanikuri Zabvebi. rogorc wesi temperaturisa 

da wnevis  erTdrouli zrda koroziis process aCqarebs. 

 
nax.21. Kkoroziis siCqaris damokidebuleba mtknari 

 wylis siCqareze 

 

   

 polimerul masalebs Sesabamis temperaturul intervalSi gansakuTrebiT 

moeTxovebasT fiziko-meqanikuri Tvisebebis stabiluroba. es Tvisebebi 

ZiriTadad ganisazRvreba polimeris SemadgenlobiT. 

   zogierTi polimeri Seicavs sinaTlis da siTbos  gavleniT Slad 

kavSirebs. Aam SemTxvevaSi moyvanili faqtorebis gavleniT polimeri 

“berdeba” da misi simtkicis xarisxi droTa ganmavlobaSi uaresdeba. 

   damJangavi destruqcia gansakuTrebiT damaxasiaTebelia iseTi 

polimerisaTvis rogoricaa, magaliTad bunebrivi kauCukis vulkanzati 

(rezina). azotisa da naxSirorJangis atmosferoSi am polimeris simtkice 

TiTqmis ar icvleba, maSin rodesac Jangbadis gavleniT is swrafad da 

mkveTrad mcirdeba (nax. 22) 

 
 

nax.22. kauCukis vulkanizatis daZveleba Jangbadis, azotis da 

nazSirorJangis atmosferoSi  
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5. liTonebisa da Senadnobebis teqnologiuri Tvisebebi 

  liTonebisa da Senadnobebisagan nakeTobis damzadebisas didi 

mniSvneloba aqvs maT teqnologiur Tvisebebs, vinaidan amaze mniSvnelovnad 

aris damokidebuli miRebuli namzadis eqsploataciuri Tvisebebi. 

   teqnologiuri Tvisebebs   miekuTvneba: Txevaddenadoba, likvacia, 

plastikuroba, Wedadoba, Sekleba, cveTamedegoba, koroziamedegoba, 

damuSavebadoba, SeduRebadoba, Secxobadoba.  

   Txevadenadoba.  warmoadgens gamdnari liTonis Tvisebas, Seavsos 

yalibis forma da zustad gaimeoros misi zomebi. Fformis kargi Sevsebis 

garda, kargi Txevaddenadoba aumjobesebs namzadis simkvrives vinaidan am 

dros kargad ganidevneba namzadSi gaxsnili airebi da araliTonuri 

CanarTebi. Ggarda Txevaddenadobisa arCeven TxevadZvradobas da is 

warmoadgens gamdnari masalis Tvisebas Seavsos formis reliefis nazi 

zedapiri. Txevaddenadoba mraval faqtorzea damokidebuli. Ees faqtorebia:  

masalis buneba, qimiuri Semadgeloba, dnobis temperatura da a.S.  

   likvacia  esaa  myari  Senadnobis qimiuri Semadgenlobis 

araerTgvarovneba Senadnobis zodis ganivkveTSi.  magaliTad cnobilia, rom 

Tujs gaaCnia kargi Txevaddenadoba da  likvaciisaken mcire midrekileba, 

rasac ver vityviT foladze. Ffolads axasiaTebs TujTan SedarebiT 

naklebi Txevaddenadoba da meti midrekileba likvaciisaken. 

  plastikuroba, liTonis erT-erTi ZiriTadi Tvisebaa da mdgomareobs 

datvirTvis qveS myofi masalis TvisebaSi ise deformirdes, rom ar 

dairRves da datovos narCeni deformacia (romelic SenarCundeba 

datvirTvis moxsnis Semdeg). Pplastikuroba zogjer xasiaTdeba nimuSis 

wagrZelebiT misi gaWimvisas. 

   gaWimvis Semdeg nimuSis sigrZis nazrdis Sefardebas mis sawyis 

sigrZesTan gamosaxuls procentebSi,  fardobiTi wagrZeleba ewodeba. 

fardobiTi wagrZeleba ganisazRvreba nimuSis gawyvetis Semdeg da 

miuTiTebs liTonis Tvisebaze, wagrZeldes gamWimavi Zalis moqmedebiT. 

   Wedadoba esaa liTonis Tviseba daemorCilos wneviT damuSavebas (Wedva, 

glinva, wnexva da a.S.), Seicvalos da SeinarCunos miRebuli forma ise, rom 

ar dairRves wnevis modebis an dartymebis gamo. Wedadoba damokidebulia  

plastikurobaze, gaxurebis xarisxze, madeformirebel Zalaze, minarevebis 

Semcvelobaze da a.S. liTonebi da Senadnobebi Wedadia rogorc civ ise 

gaxurebul mdgomareobaSi. 

   liTonis Sekleba ewodeba gamdnari liTonis  moculobis Semcirebas 

gacivebisa da gamyarebis dros. wrfivi zomebis Sesabamis  Semcirebas  

gamosaxuls procentebSi, wrfivi Sekleba ewodeba. sxvadasxva liTons 

sxvadasxva Sekleba axasiaTebs.  foladebisaTvis, dawyebuli 
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naxSirbadovanidan da damTavrebuli legirebuliT, Sekleba 0.8 – 2.5 % 

tolia. amrigad ician  ra Seklebis zoma, Camosasxmel formas amzadeben 

meti zomisas, ise, rom Camosxmis Semdeg miiRon namzadis saWiro zomebi. 

   cveTamedegoba. Eesaa liTonis Tviseba winaaRmdegoba gauwios cveTas - 

 zedapiris rRvevas xaxunis gavleniT. 

K  koroziamedegoba axasiaTebs liTons winaaRmdegoba gauwios mis qimiur 

an  eleqtroqimiur  darRvevas qimiurad aqtiur garemoSi an maRal 

temperaturebze. 

   damuSavebadoba WriT liTonis Tvisebaa damuSavdes mWreli 

insrtumentebis  gamoyenebiT. samedicino daniSnulebis masalebi kargad 

unda emorCilebodnen polirebasa da gaSlifvas. aseT masalebs magaliTad 

miekuTvnebian uJangavi foladebi. 

   SeduRebadoba wamoadgens liTonis Tvisebas warmoqmnas iseTi SenaduRi, 

romelsac ar gaaCnia bzarebi rogorc SeduRebis adgilebSi aseve mimdebare 

zonaSi. amasTan didi mniSvneloba aqvs SeduRebis meTodis sworad SerCevas. 

magaliTi duralumini kargadD duRdeba wertilovani SeduRebiT, magram 

cudad - airadiT. Tuji kargad duRdeba airadi SeduRebiT erTdrouli 

SeTbobiT, magram cudad – rkaluri SeduRebiT. Uukanasknel xanebSi sul 

ufro farTod gamoiyeneba lazeruli SeduReba. Ffoladebis SeduRebisas 

yuradReba unda mieqces im garemoebas, rom rac metia maTSi naxSirbadis 

Semcveloba miT ufro gaZnelebulia SeduReba. 

   Secxobadoba – esaa metalokeramikis warmoqmnis unari da gamoiyeneba 

gansakuTrebuli sisalis namzadebis Sesaqmnelad. Secxobis procesi 

mdgomareobs specialur formaSi Sesabamisi fxvnilis dawnexvasa da Semdeg 

maRal temperaturaze  gaxurebaSi. 

 

6. uJangavi foladi, maTi saxeebi, fiziko-meqanikuri Tvisebebi, 

gamoyeneba medicinaSi 

 
    foladi ewodeba rkinis Senadnobs naxSirbadTan, romelSic naxSirbadis 

Semcveloba meryeobs 0.01 – da 2 % - mde. uJangavi foladi warmoadgens 

rTulad legirebul folads, romelic mdgradia koroziis mimarT 

atmosferoze da agresiul garemoSi da Tavis SemadgelobaSi Seicavs 

aranakleb 12 % qromisa. Aamrigad qromi warmoadgens uJangavi foladis 

ZiriTad KKkomponents, ganapirobebs mis koroziul mdgradobas. 

     foladis koroziamedegoba miiRweva masSi iseTi elementebis SeyvaniT, 

romlebic mis zedapirze qmnian mkvriv, fuZesTan maRali adgeziis mqone 

Jangeulebis araxsnad danafarebs, romlebic zrdian mis eleqtroqimiur 

potencials mocemul garemoSi. 

   foladis koroziamdgradobaze gavlenas axdens zedapiris mdgomareoba. 

Tu zedapiri polirebulia da ar gaaCnia wertilovani defeqtebi, romlebic  
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warmoadgenen koroziuli procesebis koncentratorebs, aseTi masalis 

koroziamedegoba  maRalia.    uJangavi    foladebisaTvis  arsebobs cneba, 

 

Nnax.25. uJangavi foladi 

kristalSoris korozia. Ees iseTi movlenaa roca korozia gamowveulia 

liTonis marcvlebis araTanabari struqturiT, romlis drosac gaxurebisas 

marcvlis sazRvarze aqtiurad warmoiqmneba qromis karbidi (𝑪𝒓𝟐𝑪𝟔). am dros 

marcvlis ZiriTadi struqtura Raribdeba qromiT 12 % - ze qvemoT. 

gansakuTrebiT aseTi movlenisadmi midrekileba aqvs wrTobad uJangav 

foladebs, romlebsac gaaCniaT naxSirbadis gazrdili  da qromis 

minimaluri 13 % - iani Semcveloba.  

   gavixsenoT, rom wrToba ewodeba Termuli damuSavebis saxes, romelic 

mdgomarebs masalis gaxurebaSi kritikul temperaturaze zemoT 

(kristaluri mesris tipis Secvlis temperatura, an temperatura, 

romelzedac  marticaSi ixsneba dabal temperaturaze arsebuli fazebi) 

Semdgomi swrafi gacivebiT. Aansxvaveben gamowvas polimorfuli gardaqmniT, 

foladebisaTvis da wrTobas plomorfuli gardaqmnis gareSe. es 

ukanaskneli damaxasiaTebelia feradi liTonebis umravlesobisaTvis. 

   foladis wrTobadoba pirdapir aris damokidebuli naxSirbadis 

procentul Semcvelobaze, rac metia naxSirbadis Semcveloba foladSi, miT 

meti simtkicis miRwevaa SesaZlebeli, plastikurobis sazianod. Tu simtkice 

http://images.yandex.ru/yandsearch?text=%D0%BD%D0%B5%D1%80%D0%B6%D0%B0%D0%B2%D0%B5%D1%8E%D1%89%D0%B0%D1%8F %D1%81%D1%82%D0%B0%D0%BB%D1%8C %D1%84%D0%BE%D1%82%D0%BE&img_url=http://nkozlov.ru/upload/images_s/0811/0811031325240_s.gif&pos=1&rpt=simage&lr=10277&noreask=1
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da wrTobisadmi unari ar warmoadgens ZiriTad moTxovnas uJangavi 

foladisadmi, maSin cdiloben naxSirbadis Semcveloba minimaluri gaxadon, 

rac saSualebas iZleva Semcirdes  kristalTSorisi koroziis albaToba. 

aseTi kristalTSorisi koroziis  Semcirebis gzaa foladis 

SemadgenlobaSi titanisa da niobiumis Seyvana. am dros qromis karbidebis 

nacvlad miiReba 𝑻𝒊𝑪 da 𝑵𝒃𝑪 tipis karbidebi, xolo qromi rCeba myar 

xsnarSi, inarCunebs ra Tavis antikoroziul Tvisebebs. gadidebuli 

antikoroziuli Tvisebebis misaniWeblad folads damatebiT alegireben 

molibdeniT.  

   TavianTi  struqturis  mixedviT  uJangavi  foladebi    iyofian   sam 

nawilad: 

1) martensituli uJangavi  foladebi; 

2) ferituli uJangavi foladebi; 

3) austenituri uJangavi foladebi. 

   aseve arseboben saSualedo klasebic: austenitur-ferituli da sxva. 

   pirvel or klass  gaaCnia  damagnitebis unari, mesame aramagnituria. 

   amrigad martivad, mudmivi magnitiT SeiZleba davadginoT Tu romel 

klass ekuTvnis uJangavi foladi, magram arafris Tqma ar SegviZlia  maT 

xarisxze.  

    martensiti -  nawrTobi foladis ZiriTadi struqturuli Semadgeneli; 

warmoadgens naxSirbadis mowesrigebul gajerebul myar xsnars 𝜶- rkinaSi, 

koncentraciis iseTive mniSvnelobiT rogoric esaa sawyis austenitSi. 

 

Nnax. 26. martensitis mikrostruqtura 

    

http://upload.wikimedia.org/wikipedia/commons/0/0c/Martensit.jpg
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   martensitis warmoqmnis fizikuri meqanizmi principialurad gansxvavdeba 

sxva procesebisagan, romlebsac adgili aqvs gaxurebisa da gacivebisas. es 

procesebi difuziuri xasiaTisaa, anu atomebi  gadaadgildebian dabali 

siCqariT, magaliTad austenitis dabali siCqariT gacivebisas warmoiqmnebian 

feritisa da cementitis kristalebis Canasaxebi, maT difuziiT uerTdebian 

damatebiTi atomebi da bolos mTeli moculoba iRebs  perlitur 

struqturas an ferito-perlitur struqturas. 

   martensituri gardaqmna aradifuziuria (wanacvlebiTi  gardaqmna), 

atomebi gadaadgildebian wanacvlebiTi meqanizmiT didi siCqariT. 
gavrcelebis siCqare Seadgens ramdenime metrs wamSi. Mmartensits gaaCnia 

tetragonaluri kristaluri meseri (marTkuTxa paralelepipedi, romlis 

wveroebSic ganTavsebulia rkinis atomebi, xolo moculobis centrSi – 

naxSirbadi). struqtura arawonasworulia,  Sinagani Zabvebi didia, rac 

mniSvnelovnad ganapirobebs martensituli struqturis maRal sisales  da 

simtkices. Mmartensituli struqturis gaxurebisas adgili aqvs naxSirbadis 

atomebis difuziur  gadanawilebas. 

   feriti warmoadgens 𝜶-𝑭𝒆-Si naxSirbadis Canergvis myar xsnars da gaaCnia 

moculobacentrirebuli kuburi meseri, an naxSirbadis Canergvis myar 

xsnars 𝜸-𝑭𝒆- Si (𝜸- feriti) waxnagcentrirebuli  kuburi  mesriT. Termuli 

damuSavebis procesSi 𝟕𝟐𝟑𝟎𝑪 - mde feriti gadadis maRal temperaturul 

fazaSi – austenitSi. Fferituli foladebi maRal temperaturebze 

xasiaTdebian maRali meqanikuri simtkiciT da aseve maRali koroziuli  

medegobiT sxvadasxva qimiuri zemoqmedebis mimarT. 

  austeniti  warmoadgens rkinisa da misi Senadnobebis maRaltemperaturul 

waxnagcentrirebul modifikacias. naxSirbadovan foladebSi austeniti esaa 

Canergvis myari xsnari, romelSic naxSirbadis atomebi  𝜸 rkinis 

elementarul ujredSi Sedian Termuli damuSavebisas. austenistur 

struqturas aseve ganapirobebs manganumi. 

   Nnikeli da manganumi aseve garkveul gavlenas axdenen  uJangavi 

foladebis meqanikur Tvisebebze. Ffoladebi, romlebic Seicaven 17 – 18 % 

qroms da 8 – 10 % nikels  xasiaTdebian maRali plastikurobiT. ukanasknel 

xanebSi nikelis  maRali Rirebulebis gamo daiwyes misi Semcireba 4 - 5 % - 

mde, da mis nacvlad iyeneben iaf manganums ( 8 – 10 %). Tvisebebis 

stabilizaciisaTvis  umateben spilenZs (1.5 – 2 %). aseTi foladebis naklia 

gaWimvisas nabzarebis gaCenisken midrekileba.  

   naxSirbadovani Senadnobebis – foladebisa  da Tujebis struqturul 

Semadgenel  nawils warmoadgens perliti. Pperliti feritisa da 

cementitis evteqdoiduri narevia. cementiti Tavis mxriv rkinis karbidia 

𝐹𝑒3𝐶, romelSic  naxSirbadis koncentracia masis mixedviT 6.67 % - 

maqsimaluria rkinanaxSirbadovani  SenadnobebisaTvis. cementiti 

metastabiluri fazaa; stabiluri fazis – grafitis warmoqmna mraval 
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SemTxvevaSi  gaZnelebulia. cementits gaaCnia orTorombuli kristaluri 

meseri, Zalian mtkicea da myife, sustad magnituria 2100𝐶 - mde. 

   nax.27 – xe naCvenebia  perlitis, martensitis da cementitis  

mikrofotografiuli gamosaxuleba. 

   naCvenebia, rom lazeris sxivis gavleniT SeiZleba miRebul iqna rkinis 

iseTi Senadnobebi, romlebic Seicaven malegirebeli elementis gacilebiT 

met raodenobas vidre es daiSveba mdgomareobis diagramiT. 

  ase magaliTad rkina – volframis SenadnobSi, oTaxis temperaturaze, 

mdgomareobis diagramis mixedviT, legirebuli feritebi unda Seicavdnen  

0.1 % volframs, xolo 18000𝐶-ze 13 %-s. lazeruli impulsebis moqmedebis 

Semdeg feriti oTaxis temperaturaze Seicavs 15 % volframs, xolo 

dartymiTi   talRis  moqmedebis  Semdeg  100 %  anu warmoiqmneba  uwyveti  

myari xsnari, iseve rogorc Txevadi xsnarebi spirtisa da wylis arevisas. 

   uJangavi foladi markireba standartizirebulia. msoflioSi moqmedebs 

ramdenime standarti. Aamerikuli AISI, iaponuri JIS, evropuli EN, germanuli 

DIN, rusuli  ГОСТ. 

    uJangavi foladi Seucvleli masalaa mravali samedicino instrumentis da 

mowyobilobis dasamzadeblad. Tanamedrove diagnostikis meTodebis 

ganviTareba da inovaciuri teqnologiebis ganviTareba sul ufro 

afarToebs uJangavi foladis gamoyenebas. 

   medicinaSi gamoyenebul uJangav foladebs unda gaaCndeT Zalian maRali 

sisale, isini  ar  unda ar ifxaWndebodnen,  vinaidan  nafxaWnSi   SeiZleba 

 

 
 

 

nax. 27. mikrofotografiuli gamosaxuleba (gakeTebulia optikuri 

mikroskopiT a) perliti, b) martensiti, g) cementitis nawilakebis 

ganawileba feritSi 
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dagrovdes WuWyi, romelic SemdgomSi aucileblad moxvdeba pacientis 

organizmSi operaciisas. 

   dReisaTvis arCeven aseTi foladis ramdenime saxeobas. 

molibdenqromovani foladi (marka AISI)  Cveulebriv gamoiyeneba ara marto 

maRali xarisxis instrumentebis, aramed samedicino WurWlebis 

dasamzadebladac. Aam foladebis fuZeze damzadebuli samedicino 

mowyobilobebi Zalian mtkicea. Ggarda amisa sterilizaciis dros isini 

SeiZleba gaxurdnen maRal temperaturamde. AaseTi foladis fuZeze 

damzadebuli xelsawyoebis naklia  maRali Rirebuleba, vinaidan maT 

SemadgenlobaSi Sedis maRali Rirebulebis liToni molibdeni. 

   qromnikeliani uJangavi foladi (marka AISI 304)  xasiaTdeba maRali 

mdgradobiT daJangvisadmi mJava–tute areSi. 

   yvelaze xSirad samedicino instrumentebs amzadeben qromovani ferituli 

foladisagan (marka AISI 430, 439, 441). miuxedavad  maRali simtkicisa, am 

markis foladebi kargad muSavdebian meqanikurad, gansxvavebiT pirveli ori 

markisagan.  Aam folads axasiaTebs maRali koroziuli mdgradoba da 

mikronabzarebis gaCenis Zalian dabali albaToba. 

   uJangavi foladis samedicino instrumentebis  dasamzadeblad farTo 

gamoyenebis erT-erTi mizezia namzadis zedapiris  maRali xarisxiT 

damuSavebis SesaZlebloba, rasac adasturebs qvemoT moyvanili suraTebi. 

 

 

 

 

Nnax.28. polirebuli uJangavi poladi 
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Nnax. 29. gaSlifuli uJangavi foladi 

 

Nnax.30. qaoturad gaSlifuli uJangavi foladi 

   amJamad qirurgiuli instrumentis warmoeba Zalian srulyofilia. 

Samedicino   instrumentebi Seadgenen samedicino teqnikis  nomeklaturis 

60 % da iyofian or ZiriTad jgufad: zogad qirurgiuli da  specialuri. 

instrumentebi pirobiTad dayofilia Sedeg jgufebad: 

   mWreli – samedicino instrumentebi, romelTa samuSao nawili moicavs 

erT an ramdenime mWrel pirs, rbili qsovilebisa da Zvlovani qsovilebis 

dasamuSaveblad, aseve medicinaSi gamoyenebuli masalebis dasamuSaveblad. 
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   mCxvletavi – instrumentebi basri boloTi, romlebic gankuTvnilia 

organizmis qsovilSi diagnostikis an samkurnalo mizniT Sesayvanad, magram 

araa gankuTvnili organizmSi milebis, drenaJis, Zafis Sesayvanad. 

   momWeri – samedicino  xelsawyoebi, romlebic Sedgebia ori nawilisagan, 

romelTa Semxvedri moZraoba xorcieldeba saxsrovani SeerTebiT. 

   gamafarToebeli – samedicino instrumentebi, romlebic gamioyeneba 

Wrilobis, Rrus da ase Semdeg gasafarToeblad. 

 mazondirebeli – samedicino instrumentebi milis saxiT, liTonisagan an 

polimerisagan, adamianis organizmSi bunebrivi siRruveebis gamokvlevebisa 

da kaTeterizaciisaTvis.  

   skalpeli – erTpiriani  samedicino instrumenti rbili qsovilebis 

saWrelad. skalpelis samuSao nawili 2-3 –jer naklebia  saxelurze.. 

samuSao nawilis mixedviT skalpeli sxvadasxva saxisaa: basrboloiani, 

muclis Rrus, radiusiani, namglismagvari. 

   samedicino makratlebi – mzadddeba naxSirbadovani da uJangavi 

foladebisagan. 

   samedicino xerxi gamoiyeneba  Zvlovan qsovilTan samuSaod, 

daboloebebis rezekciis an amputaciisaTvis  da a.S. 

   uJangavi foladebisagan mzaddeba momWerebi, samedicino kauWebi. 

      garda qirurgiuli instrumentebisa uJangavi foladisagan mzaddeba 

sxvadasxva aparati, magaliTad motexilobebisa da orTopediuli 

avadmyofobebis samkurnalod, aseve  samedicino da laboratoriuli aveji, 

samedicino santeqnika da sxva. 

 

 

 
      

 
 

 

Nnax.31 (a). samedicino  instrumentebi (1) 
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Nnax.31(b).   samedicino instrumentებi (2) 

 

 

  

 

nax.32. kompresiul-distraqciuli aparati uJangavi foladisagan  
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nax.33. uJangavi foladisagan damzadebuli samedicino mowyobilobebi 

(uJangavi foladis marka  AAISI 304) 

 

7. vercxlisa da paladiumis Senadnobebi. Ffiziko-meqanikuri 

Tvisebebi. gamoyeneba medicinaSi 
 

    vercxli farTod gamoiyeneba sxvadasxva samedicino mowyobilobebisa da 

maTi detalebis dasamzadeblad, protezebis Sesaqmnelad. vercxlisgan 

amzadeben samedicino Spricebis nemsebs. amJamad vercxlis SenaerTebi, sxva 

keTilSobil liTonebTan kombinaciaSi, gamoiyenebian specialuri nemsebis 

dasamzadeblad sxivuri TerapiisaTvis. 

   cnobili faqtia, rom Tu wyali inaxeba vercxlis WurWelSi an 

vercxlTan kontaqtSi, vercxlis umciresi ionebi - 𝑨𝒈+ gadadian wyalSi da 

klaven baqteriebs da mikroorganizmebs. aseTi wyali didxans ar fuWdeba. 

   vercxli warmoadgens perioduli sistemis  mexuTe jgufis elements 

atomuri nomriT 47. aRiniSneba simboloTi A𝑨𝒈. vercxli Wedadi, plastikuri 

liTonia moTeTro-vercxlisferi SeferilobiT. Kkristaluri meseria 

waxnagcentrirebuli kubi, mesris mudmivaTi 𝒂 = 𝟒. 𝟎𝟖𝟔Å.Ddnobis temperaturaa 

𝟗𝟔𝟎𝟎𝑪, simkvrive Seadgens – 10.5 g/sm2. oTaxis temperaturaze - 𝟐𝟎𝟎𝑪 vercxls 

gaaCnia yvela liTonze dabali kuTri eleqtrowinaRoba 𝟏. 𝟓𝟗 ∙  𝟏𝟎−𝟖 omi ∙ m. 

   vercxli rogorc keTilSobili liToni, xasiaTdeba dabali reaqciuli 

TvisebebiT, is ar ixsneba marilmJavasa da ganzavebul gogirdmJavaSi, magram 
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advilad ixsneba azotmJavaSi, cxel koncentrirebul marilmJavaSi 

Tavisufali Jangbadis arsebobisas: 

 

𝑨𝒈 + 𝟐𝑯𝑵𝟎𝟑 → 𝑨𝒈𝑵𝑶𝟑 + 𝑵𝑶𝟐 ↑ +𝑯𝟐𝑶 

vercxli ixsneba  rkinis qloridSi:  

𝑨𝒈 + 𝑭𝒆𝑪𝒍𝟑 → 𝑨𝒈𝑪𝒍 + 𝑭𝒆𝑪𝒍𝟐 

vercxli aseve advilad ixsneba vercxliswyalSi da warmoqmnis amalgamas  

(vercxlisa da vercxliswylis Txevadi xsnari). vercxli ar iJangeba 

JangbadiT maRal temperaturebzec ki, magram Txeli firebis saxiT SeiZleba 

daiJangos Jangbadis plazmiT an ozoniT ultraiisferi sxivebiT 

dasxivebisas. tenian atmosferoSi orvalentiani gogirdis arsebobisas 

(gogirdwyalbadi, tisulfati, rezina) warmoiqmneba vercxlis sulfidis 

Zalian mqrqali fena rac iwvevs vercxlis nakeTobis siSaves: 

𝑨𝒈 + 𝟐𝑯𝟐𝑺 + 𝑶𝟐 → 𝟐𝑨𝒈𝟐𝑺 + 𝟐𝑯𝟐𝑶 

 Jangbadis ar arsebobisas 

𝟐𝑨𝒈 + 𝟐𝑯𝟐𝑺 → 𝑨𝒈𝟐𝑺 + 𝑯𝟐 ↑ 

  

 

Nnax. 23. vercxli 

   paladiumi warmoadgens platinis qvejgufis yvelaze msubuq liTons, 

amasTan is maT Soris yvelaze adviladdnobadia. paladiumis dnobis 

http://images.yandex.ru/yandsearch?img_url=forexlady.ru/wp-content/uploads/2011/09/vidy-dragocennyh-metallov1.jpg&iorient=&icolor=&site=&text=%D1%81%D0%B5%D1%80%D0%B5%D0%B1%D1%80%D0%BE %D0%BC%D0%B5%D1%82%D0%B0%D0%BB%D0%BB %D1%84%D0%BE%D1%82%D0%BE&wp=&pos=0&isize=&type=&recent=&rpt=simage&itype=&nojs=1
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temperaturaa 𝟏𝟓𝟓𝟒𝟎𝑪, duRilis temperatura ki Seadgens - 𝟐𝟒𝟗𝟎𝟎𝑪. dnobis  

kuTri siTboa – 37.8 kal/g, kuTri siTbotevadoba - 𝟐𝟎𝟎𝑪 – ze – 0.0586 

kal/(sm ∙ grad), kuTri winaaRmdegoba 𝟐𝟓𝟎𝑪 - ze - 9.96 ∙ 𝟏𝟎−𝟗 omi ∙ m; 

siTbogamtaroba – 0.161 kal/(sm ∙ wm ∙ grad), sisale brinelis mixedviT 

Seadgens – 52 kgZala/mm2. 

   paladiums Tu gavaxurebT  advilad iWedeba da emorCileba SeduRebas, 

aseve kargad muSavdeba meqanikurad, kargad polirdeba da ar emorCileba 

korozias. Mpaladiumi ar mqrqaldeba haerze, xolo rbili meqanikuri 

zemoqmedebisas mis zedapirze ar warmoiqmneba nabzarebi da nafxaWnebi.   

   paladiumi ar reagirebs wyalTan, ganzavebul mJaveebTan, tuteebTan, 

amiakis xsnarTan, magram reagirebs koncentrirebul marilmJavasa da 

azotmJavasTan, gogirdTan, halogenTan. magaliTad: 

𝑷𝒅 + 𝟐𝑯𝑪𝒍 + 𝑪𝒍𝟐 → 𝑯𝟐[𝑷𝒅𝑪𝒍𝟒] 

   Ppaladiums  umateben   oqros samsxmelo  Tvisebebis gasaumjobeseblad.  

fiziko-qimiuri   TvisebebiT paladiumis Senadnobebi msgavsia oqros 

Senadnobebis, magram xasiaTdebian naklebi koroziamedegobiT.  

paladiumisaTvis nikelis, kobaltis, rodiumis  an ruTeniumis damateba 

aumjobesebs mis meqanikur Tvisebebs, amaRlebs sisales. Oonkologiuri 

daavadebebis mkurnalobisas gamoiyeneba platina, romelic Zalian 

toqsikuri elementia. MamJamad moiZebna platinis paladiumiT Secvlis 

SesaZlebloba, rac aiafebs mkurnalobas da garda amisa paladiumi 

gacilebiT nakleb toqsikuria platinasTan SedarebiT. 

 

 

Nnax.24. paladiumi 
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K 

8. kobaltisa da qromis Senadnobebi. Ffiziko-qimiuri.  

Ggamoyeneba medicinaSi 
 

   kobalti warmoadgens perioduli sistemis meoTxe periodis merve jgufis 

elements, atomuri nomriT 27. aRiniSneba simboloTi Co.  kobalti 

movercxlisfro-moTeTro, odnav moyviTalo metalia, movardisfro an 

molurjo SeferilobiT. Aarsebobs misi ori modofikacia 𝛼 − 𝐶𝑜 

heqsagonaluri mWidro wyobis mesriT da 𝛽 − 𝐶𝑜  kuburi 

waxnagcentrirebuli mesriT. 𝛼 → 𝛽 gadasvlis temperatura Seadgens 4270𝐶. 

kobalts gaaCnia mxolod erTi stabiluri izotopi 𝐶𝑜59 . cnobilia misi 

kidev 22 radiaqtiuri izotopi.  haerze kobalti iJangeba 3000𝐶 - ze maRal 

temperaturebze.  

    gaxurebisas kobalti urTierTqmedebs ftorTan da warmoiqmneba 𝐶𝑜𝐹3. 

kobaltisa da gogirdis Secxobisas miiReba kobaltis sulfidi 𝐶𝑜𝑆. 

naxSirbadTan kobalti  qmnis karbidebs 𝐶𝑜3𝐶 da 𝐶𝑜2𝐶,  fosforTan – 

𝐶𝑜𝑃,  𝐶𝑜2𝑃, 𝐶𝑜3𝑃. kobalti reagirebs sxva araliTonebTanac, magaliTad 

azotTan da miiReba 𝐶𝑜3𝑁, 𝐶𝑜2𝑁. 

   liTonur kobalts SeuZlia didi raodenobiT STanTqas wyalbadi ise, 

rom ar Seqmnas masTan SenaerTebi. 

  Kkobalti, rogorc malegirebeli danamati gamoiyeneba foladis 

mxurvalmedegobis da meqanikuri Tvisebebis  gasazrdelad. gansakuTrebiT 

mniSvnelovania magnituri kobalturi Senadnobebi  (maT Soris 

magnitorbili da magnitosali). mudmivi magnitebis dasamzadeblad 

gamoiyeneba  Senadnobebi, romelTa Semadgenlobaa 52 % kobalti da 5 – 14 % 

qromi an vanadiumi. 

   kobalti  aucilebeli  elementia  adamianis   organizmis   normaluri 

funqcionirebisaTvis. saSualo wonis   (70 kg) adamianis organizmi Seicavs 

14 mg kobalts. dRiuri norma Seadgens 0.007 – 0.017 mg. 

   atomur reaqtorSi kobaltis stabiluri izitopi kobalt – 59 

neitronebiT dasxivebisas  gadadis 𝐶𝑜60   izotopSi. am radiaqtiur 

nivTierebas gaaCnia  Zalian intensiuri gama gamosxiveba. misi naxevardaSlis 

periodi  Seadgens daaxloebiT 5.2 wels.  radiaqtiuri               

kobalti gamoiyeneba medicinaSi simsivnis samkurnalod da samedicino 

kvlevebisaTvis. 
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N 

nax.35.kobalti 

   

 

  qromi elementTa perioduli sistemis meoTxe periodis meeqvse  jgufis 

elementia. Mmisi atomuri nomeria 24, aRiniSneba simboloTi 𝐶𝑟. is myari, 

mocisfro TeTri feris liTonia. 

 

 
 

Nnax.36. qromi 

http://commons.wikimedia.org/wiki/File:Kobalt_electrolytic_and_1cm3_cube.jpg?uselang=ru
http://commons.wikimedia.org/wiki/File:Chromium_crystals_and_1cm3_cube.jpg?uselang=ru
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  qroms gaaCnia moculobacentrirebuli  kuburi meseri, mesris  mudmivaTi 

𝑎 = 2.885 Å. 390𝐶-ze  gadadis paramagnituri mdgomareobidan 

antiferomagnitur mdgomareobaSi. 

  Mmoosis skaliT misi sisalea 5.  

   qromi haerze  mdgradia  pasivaciis gamo da amitom ar urTierTqmedebs 

gogrdmJavasa da azotmJavasTan. 20000𝐶 - ze iwvis qromis oqsidis 

warmoqmniT - 𝐶𝑟2𝑂3. 

   qromi legirebuli, da maT Soris uJangavi, foladebis mniSvnelovani 

Semadgeneli elementia. 

   qromi biogenuri elementia da mudmivad Sedis mcenareebisa da 

cxovelebis qsovilebis SemadgenlobaSi. qimiurad nakleb aqtiuria. 

    

 

9. nikelisa da qromis Senadnobebi. Ffiziko-qimiuri 

Tvisebebi.gamoyeneba medicinaSi 

  

   nikels gaaCnia waxnagcentrirebuli kuburi meseri  periodiT 𝒂 =

𝟑. 𝟓𝟑𝟐𝟖 Å.. nikeli feromagnetikia kiuris wertiliT 𝟑𝟓𝟖𝟎𝑪. kuTri winaRoba 

Seadgens 6.84 ∙ 10-4 omi ∙ m. wrfivi siTburi gafarToebis  koeficienti 

𝜶 = 𝟏𝟑. 𝟓 ∙  𝟏𝟎−𝟔 𝑲−𝟏  𝟎𝟎𝑪 – ze, moculobiTi siTburi gafarToebis 

koeficienti Seadgens 𝜷 = 𝟑𝟖 − 𝟑𝟗 ∙  𝟏𝟎−𝟔 𝑲−𝟏  

 

 

Nnax.37.Nnikeli 

http://chemistry-chemists.com/N6_2011/U7/Nickel_2.jpg
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N nikeli medicinaSi gamoiyeneba breket-sistemebis (titanis nikelidi) 

damzadebisas da protezirebisas. 

 

Nnax.38. breket-sistemebi 

   breketi es aris ortodenturi aparaturis saxeoba, romelic gamoiyeneba 

kbilebis sisworis misaRwevad. is warmoadgens  konstruqciulad yvelaze 

Tanamedrove da fiziologiur konstruqcias. Bbreketi miekuTvneba 

orTodenturi  aparats, romelic saSualebas iZleva kbilebi gadaanacvlon 

nebismieri mimarTulebiT; marcxniv – marjvniv, win-ukan, zemoT-qvemoT e.i 

nebismier sibrtyeSi. zemoqmedebis Zala kbilebze mcirdeba kbilebis 

gasworebis mixedviT, rac saSualebas iZleva ar gveSinodes modebuli 

Zalebis SesaZlo uaryofiTi gavlenis. Bbreketis ZiriTadi elementia –  

samagri romelic  kbilze fiqsirdeba. meore umniSvnelovanesi elementia 

TaRis magvari rkali. swored is awarmoebs dawolas samagrze, TandaTan 

asworebs ra kbilebis rigs.  

   ukanasknel xanebSi farTo gamoyeneba aqvs Senadnobebs kobaltis, qromis 

da nikelis fuZeze. es gamowveulia im upiratesobiT, romelic gamowveulia 

orTopediuli mkurnalobisas iseTi konstruqciebis gamoyenebiT, romlebic  

saSualebas iZlevian warmoebul iqnas   SerCeviTi dawola kbilebze, 

kbilebis jgufze da a.S. protezebs unda axasiaTebdes maRali moculobiTi 

da wrfivi sizusteebi. maRali sizustis sxmulis Seqmna ki SesaZlebelia 

mxolod im liTonuri Senadnobebisagan, romlebsac gaaCniaT kargi 

meqanikuri Tvisebebi da minimaluri Sekleba. am mizniT SeiZleba oqrosa da 

platinis Senadnobis gamoyeneba, magram maT gaaCniaT dabali meqanikuri 

simtkice, didi simkvrive maRal fasTan erTad. kobaltis qromisa da nikelis 

fuZeze Seqmnili Senadnobebi ki xasiaTdebian maRali simtkiciT iZlevan 

Zalian zust sxmulebs.  erT-erTi aseTi masala Secavs 67 % kobalts, 26 % 

nikels, 0.5 % molibdens da amdenive manganums. Senadnobis fuZea kobalti, 

romelsac rogorc zemoT SevniSneT, gaaCnia maRali meqanikuri Tvisebebi. 

qromi emateba simtkicis da antikoroziuli Tvisebebis gasazrdelad. 

molibdeni Senadnobs aZlevs wvrimarcvlovan struqturas, rac zrdis 

Senadnobis simtkices. Nnikeli zrdis siblantes. Mmanganumi mcire 

raodenobiT aumjobesebs samsxmelo Tvisebebs, aZlierebs Txevaddenadobas. 

manganumi aseve amcirebs dnobis temperaturas, xels uwyobs airebis da 

http://images.yandex.ru/yandsearch?text=%D0%B1%D1%80%D0%B5%D0%BA%D0%B5%D1%82 %D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0&img_url=http://xfd.xanga.com/e0ea11150503250883249/b34157942.jpg&pos=0&rpt=simage&lr=10277&noreask=1
http://images.yandex.ru/yandsearch?text=%D0%B1%D1%80%D0%B5%D0%BA%D0%B5%D1%82 %D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0&noreask=1&img_url=http://labazanov.ru/files/141069-1-f.jpg&pos=1&rpt=simage&lr=10277
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gogirdovani SenaerTebis mocilebas. aRniSnulis msgvas Senadnobebs 

ewodeba vitaliumi, vizili, tikoniumi da sxva. 

  Nnikelis maRali xarisxis gamo amJamad sul ufro farTod gamoiyeneba 

Senadnobebi nikelisa da qromis fuZeze. Nnikel-qromiani Senadnobebi 

iZlevian Zalian zust sxmulebs, arian mdgradebi koroziis mimarT, maT 

zedapirze warmoiqmneba oqsidis fena, romelic xels uwyobs maTze kbilis 

protezis damzadebisas faifuris masis  mikrobadobas. 

 

10. titanis Senadnobebi. Ffiziko-qimiuri Tvisebebi.  

gamoyeneba medicinaSi 
  

   titani  perioduli sistemis meoTxe periodis meoTxe jgufis elementia, 

aRiniSneba simboloTi 𝑻𝒊, atomuri nomriT 22. Mmartivi nivTiereba – msubuqi 

vecxlisfer-TeTri Seferilobisaa. Aarsebobas misi ori modifikacia: 𝜶 − 𝑻𝒊 

heqsagonaluri mWidro wyobis mesriT, da 𝜷 − 𝑻𝒊 kuburi 

moculobacentrirebuli wyobiT. 𝜶 ↔ 𝜷 polimorfuli gadasvlis 

temperaturaa 𝟖𝟖𝟑𝟎𝑪, dnobis temperatura - 𝟏𝟔𝟔𝟎𝟎 ∓ 𝟐𝟎𝟎𝑪. duRilis 

temperatura 𝟑𝟐𝟔𝟎𝟎𝑪. simkvrive  𝜶 − 𝑻𝒊 da 𝜷 − 𝑻𝒊 Sesabamisad 4.505 (𝟐𝟎𝟎𝑪) da 

4.32 (𝟗𝟎𝟎𝟎𝑪) g/sm3. kuTri eleqtrowinaRoba Seadgens 0.42 mkomi ∙ m 𝟐𝟎𝟎𝑪-ze. 

 

Nnax.39. titani 

   oTaxis temperaturaze titani ifareba damcavi feniT – 𝑇𝑖02, ris gamoc 

koroziamedgoba umravles garemoSi (garda tute) maRalia. titanis fxvnils 

axasiaTebs aaleba  4000𝐶 temperaturaze. titanis burbuSela cecxlsaSiSia.  

http://commons.wikimedia.org/wiki/File:Ti,22.jpg?uselang=ru
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   titani mdgradia mravali ganzavebuli  mJaveebisa da tuteebis mimarT 

(garda 𝐻𝐹,  𝐻3𝑃𝑂4 da koncentrirebuli 𝐻2𝑆04). Aadvilad moqmedebs sust 

mJaveebTan  kompleqs warmomqmnelebTan erTad, magaliTad mlRob mJavasTan -

𝐻𝐹  urTierTqmedebs kompleqsuri anionis [𝑇𝑖𝐹6]2- warmoqmnis wyalobiT. 

   haerze gaxurebisas 12000𝐶 - mde titani warmoqmnis cvladi 

Semadgenlobis oqsidur fazas 𝑇𝑖𝑂𝑥 . 

   azotTan (𝑁2) 4000𝐶 - ze zemoT titani warmoqmnis nitrids 𝑇𝑖𝐶𝑥  (𝑥 = 0.58 −

1.00). naxSirbadTan urTerTqmedebisas titani warmoqmnis karbids 𝑇𝑖𝐶𝑥  (𝑥 =

0.49 − 1.00). gaxurebisas titani STanTqavs wyalbads da da qmnis cvladi 

Semadgenlobis naerTs 𝑇𝑖𝐻𝑥  𝑥 = 1.3 − 2). Ggaxurebisas es hidridebi  iSlebian 

𝐻2 - is gamoyofiT. titani mraval liTonTan qmnis Senadnobebs. 

   samedicino teqnikis konstruqtorebsa da sxvadsxva specialobis eqimebs 

izidavT  masalebi, romlebic inertulia  cocxali organizmis mimarT da 

axasiaTebT gansakuTrebuli meqanikuri Tvisebebi, antikoroziuli simtkice, 

dabali Rirebuleba da xelmisawvdomoba. titanis aseTi Tvisebebi mis 

mimarT gazrdil interess iwvevs. cnobilia, rom koroziuli mdradobis 

mixedviT samedicino garemoSi titani ar CamorCeba platinas; is mdgradia 

mJaveebisa da tuteebis xsnarebSi. titanis koroziis siCqare zRvis wyalSi 

(Tavisi qimiuri TvisebebiT Zalian hgavs limfas) – 0.00002 mm/weliwadSi an 

0.02 mm 1 000 weliwadSi. titani da misi Senadnobebi mdgradni arian 

wyalbadis zeJangis mimarT, benzinis, fenolis, formaldehidis mimarT. 

aduRebiT mravalgzis sterilizaciisa da avtoklavSi damuSavebis dros 

qloraminis 3 % xsnarSi mravalTviani gaCerebis, 96 gradusiani eTilis 

spirtSi, sulemis xsnarSi, samqloreTilenSi gaCerebisas titanis 

Senadnobebze koroziis araviTari kvali ar SeimCneva. titanis Senadnobis 

wertilovani korozia SeimCneva mxolod 10 % -iani iodis spirtis xsnarSi 

ramdenime dRe-Ramis gaCerebis Semdeg. 

   titani da misi Senadnobebi  xasiaTdebian maRali mdgradobiT 

niSancvladi datvirTvebis dros, rac Zalian mniSvnelovania ZvlisSida 

fiqsatorebis damzadebisas, Siga da gare protezebisaTvis, romlebic 

rogorc cnobilia mudmivad eqvemdebarebian cvlad datvirTvebs. 

  titani plastikuri masalaa; kargad emorCileba meqanikur damuSavebas; 

Wras, xvretas, frezirebas, gaSlifvas. Mmisgan sxvadasxva detalebis 

damzadeba ufro Zneli araa vidre uJangavi foladisagan. titani 

aramagnituri masalaa. dabalia misi eleqtrogamtarobac rac Zalian 

mniSvnelovania, radgan amis gamo SesaZlebelia im avadmyofebis 

fizioTerapiuli mkurnaloba, romelTa organizmSi imyofeba titanis 

konstruqciebi. Yyvelaferi es SesaZlebels xdis titanis gamoyenebas 

medicinaSi. 
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   Zalian guldasmiTma gamokvlevebma aCvenes, rom titani yvelze inertuli 

masalaa biologiuri garemos mimarT. titanis Senadnobebisagan damzadebuli 

konstruqciebi kargad egueba adamianis organizms, maT kargad Semoezrdeba 

Zvlisa da kunTis qsovili. liToni praqtikulad ar korodirebs adamianis 

organos agresiul garemosTan, xolo qsovilis struqtura, romelic gars 

ertymis titanis konstruqcias Zalian didi xnis ganmavlobaSi ar ganicdis 

cvlilebas. Tavisi qimiuri indiferentulobiT titani aRemateba ara marto 

uJangav folads aramed, ukanasknel xanebSi iseT farTod gavrcelebul 

masalac rogoricaa “vitaliumi” – Senadnobi kobaltis  fuZeze. 

sagulisxmoa, rom teqnikurad sufTa titani Seicavs gacilebiT nakleb 

minarevebs, vidre sxva medicinaSi gamoyenebuli liTonebi.   

   kvlevebma aCvenes, rom titanis Senadnobebi SeiZleba farTod iqnas 

gamoyenebuli iq sadac saWiroa samedicino instrumentebis  maRali 

koroziamedegoba magram araa  saWiro maRali sisale. titanis arcTu 

maRali sisale, mWreli Tvisebebis ar qona jer-jerobiT xels uSlis 

titanis Senadnobebis  qirurgiul instrumentebad gamoyenebas.  

   Zvlebis motexilobis mkurnalobis erT-erTi yvelaze gavrcelebuli 

meTodi amJamad aris osteosintezi. maTTvis gamoyenebuli Reroebi 

uzrunvelyofen Zvlebis namsxvrevebis srul uZraobas da xels uwyoben 

motexilobis konsolidacias. Mmagram SemdgomSi mraval avadmyofs ewyeba 

garTulebebi, rac gamowveulia uJangavi foladis uaryofiTi TvisebebiT, 

romelic gamoiyeneba am konstruqciebisaTvis. aseve uJangavi foladis  

struqturuli da qimiuri araerTgvarovnebebiT, romlebic zogjer arRveven 

fiqsatoris mTlianobas. Kkoroziis produqtebi azianeben Zvlovan qsovils; 

SeimCneva aseve ionizacia da eleqtrogamtaroba; rkinis ionebi aqtiurad 

Sedian reaqciaSi organizmis marilebTan, rac iwvevs reaqtiul anTebas da 

tkivilebs. Aamdenad uJangavi foladi, Tundac umaRlesi xarisxis ar 

warmoadgens unaklo masalas osteosintezisaTvis.  
    Zvlis fiqsatorebis damzadeba titanisagan, saSualebas iZleva Tavidan 

iqnas acilebuli es garTulebebi Erac Zalian mniSvnelovania, rodesac 

osteosintezi mzaddeba xanSiSesuli adamianebisaTvis, vinaidan axali 

masalis gamoyeneba saSualebas iZleva Tavidan iqnas acilebuli fiqsaturis 

mocilebis qirurgiuli  operacia. 

      titani momgebianad gansxvavdeba, sxva misi konkurenti liTonebisagan, ara 

marto biologiuri inertulobiT aramed meqanikuri TvisebebiTac. 

magaliTad imisaTvis, rom gaWimvisadmi simtkice iseTive hqondes, rogoric 

aqvs 10 mm titanis Reros, uJangavi foladis Rero diametric toli unda 

iyos    14 mm-s. titani iseTi konstruqciuli masalaa, romelic simtkicis  

gazrdis saSualebas iZleva ise, rom namzadis zomebi SenarCundes, Aan 

simtkicis dakargvis  gareSe miRebul iqnas 40% –iani mogeba wonaSi, xolo 

moculoba mniSvnelovnad Semcirdes. Yyvelaferi es titans xdis saukeTeso 
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masalad Siga protezebisaTvis. titanis gamoyeneba gansakuTrebiT efeqturia 

ferdis artoplastikisaTvis. 

   stomatolgiaSi, kbilis plastmasiani protezebis dasamzadeblad 

kosmetikuri efeqtis misaRwevad, gamoiyeneba TeTri kristaluri masala 

titanis orJangi. Mmagram kbilis protezirebisas farTod gamoiyeneba ara 

marto titanis orJangi aramed konstruqciuli titanic – msubuqi, sali, 

biologiurad inertuli da kargad damuSavebadi liToni  

N 

11. titanis nitridi, rogorc axali Taobis samedicino masala. 

Ggamoyenebis perspeqtiva medicinaSi 

 

   samecniero literaturaSi arsebuli monacemebiT, amJamad  msoflios 

ganviTarebul qveynebSi yovelwliurad sxvadasxva operaciebSi gamoiyeneba 

2.5 milionze meti liTonis konstruqcia, romelTa Canergvac xdeba 

organizmSi. Mmagram maTi damagreba cocxal organizmSi xorcieldeba 

sxvdasxva firfitebiT, momWerebiT da sxva detalebiT. rac ueWvelad, iwvevs 

organizmSi SedarebiT didi moculobis ucxo sxeulis Canergvas. es 

elementebi Trgunaven da zogjer travmasac ayeneben garemomcvel 

qsovilebsac, uaryofiT  gavlenas axdenen maTze. isini yovelTvis ar 

iZlevian sasurvel efeqts. liTonuri implantantis gamoyenebis erT-erTi 

pirobaa SeTavsebadoba  garemomcvel qsovilebTan da organizmis siTxesTan. 

mas Semdeg rac Seqmnil iqna Senadnobebi e.w. maxsovrobis efeqtiT 

SesaZlebeli gaxda damzogavi implantantebis Seqmna. maT unari aqvT Seqmnan 

sididiT  mudmivi Zabva  da SeinarCun is didi xnis ganmavlobaSi. Zvlis 

rbili qsovilis fiziko-qimiuri  Tvisebebis Seswavlisas dadgenil iqna, 

rom adamianis organizmis qsovilebsac gaaCniaT maxsovrobis efeqti. 

damuSavebul iqna formis maxsovrobis mqone Senadnobebi, ramac 

SesaZlebeli gaxada sruliad axali funqcionaluri Tvisebebis mqone 

implantantebis Seqmna, romlebic ar irRvevian mravalgzis meqanikuri 

zemoqmedebisas, avlenen elastikur Tvisebebs da axdenen Zalovan 

zemoqmedebas didi xnis ganmavlobaSi. Eam masalebs iyeneben medicinis 

sxvadasxva dargSi: travmatologiaSi, zogad qirurgiaSi,  stomatologiaSi,  

urologiaSi,  sisxlZarRvTa A qirurgiaSi da a.S.  

   mavTuls 4500𝐶 - ze SeiZleba mivceT saWiro forma (magaliTad zambaris), 

gavacivoT is 100𝐶 - mde da gavasworoT. mavTulis organizmSi Seyvanis 

Semdeg is  aRidgens sawyis formas, Seasrulebs ra qirurgis mier micemul 

funqcias. implantantis gaTbobisas ara 100𝐶 - ze aramed 360𝐶 -ze da zemoT, 

is madempfirebeli Zalis moxsnisTanave maSinaTve aRidgens Tavis formas, 
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damatebiTi gaxurebis gareSe. Aam gziT SesaZlebelia Zvlebis natexebis 

Sekvra. Aaseve damuSavebulia formis maxsovrobis mqone implantantebi 

xerxemlis deformaciis gasasworeblad. isini damyarebulia formis 

maxsovrobis mqone implantantis SesaZleblobaze, mudmivi Zaluri moqmedeba 

awarmoos xerxemalze mkurnalobis mTeli periodis ganmavlobaSi. 

medicinaSi erT-erTi mimarTuleba, sadac gamoiyeneba formis maxsovrobis 

mqone masalebi, aris sisxlZarRvebis rentgenoqirurgia. Ooperacia tardeba 

adilobrivi narkoziT tradiciuli skalpelis gareSe, mil-kaTeterebis 

gamoyenebiT, romlebic sisxlZarRvSi Seiyvaneba maTSi wvrili naxvretis 

meSveobiT. kaTeteris moZraoba da manipulaciebi kontroldeba rentgenul-

satelevizio mowyobilobiT. Aamitom meTods ewodeba rentgenovaskularuli 

qirurgia(“endo”–SigniT,“vaskuliare”-sisxlZarRvi).  

   cnobili faqtia, rom sisxlZarRRvebis Siga kedlebidan wanazardebis, 

balTebisa da Trombebis mocilebisa da maTi gafarToebis Semdeg 

SesaZlebelia, rom garkveuli drois Semdeg sisxlZarRvi isev daviwrovdes 

da aucilebeli xdeba misi Signidan gamagreba. aseTi gamagrebis idea aRebul 

iqna teqnikuri mecnierebebidan, kerZod gvirabis mSeneblobidan, rodesac 

Siga kedlebis gamagreba xdeba rkinabetonis karkasiT. aseTi karkasis 

Sesaqmnelad saWiroa organizmTan biologiurad Tavsebadi, plastikuri da 

antikoroziuli ^Tvisebebis mqone masala.  aseTi Senadnobi aRmoCnda 

nitinoli, romelsac formis maxsovroba gaaCnia. Kkarkasis yvelaze misaRebi 

forma aRmoCnda spirali.  zemoT naxsenebi teqnologiiT mavTuli ixveva 

spiralad, romlis diametri milimetris ramdenime meaTediT aRemateba 

sisxlZarRvis diametrs. spirals aciveben da asworeben. Semdeg mavTuli  

SehyavT kaTeteriT sisxlZarRvis dazianebul adgilamde, romlis 

mdebareobasac adgenen eleqtronografiT. proTezis saWiro adgilze 

ganTavsebis Semdeg kaTeters moacileben. mavTuls  axureben sisxlis  

temperaturamde am dros mavTuli daixveva spiralad da elastiurad 

afarToebs sisxlZarRvis kedels.  aseTi sisxlZarRvis Siga proTezis 

dayeneba xdeba mTeli sicocxlis xangrZlivobiT. dadgenilia, rom proTezis 

dayenebidan garkveuli drois Semdeg masze waizrdeba Txeli (daaxloebiT 

0.03 mm) axali (granulirebeli) qsovili. jer-jerobiT am meTodis gamoyeneba 

SezRudulia: operaciuli Careva xdeba im SemTxvevaSi rodesac dazianebuli 

ubnis sigrZe ar aRemateba 20 sm-s da ar aris darRveuli sisxlis gadineba 

daxSulobis adgilTan. cxadia maxsovrobis mqone Senadnobis 

SesaZleblobebi aq aRweriliT ar Semoifargleba.  

   titanis nitridi - titanis qimiuri naerTi azotTan, warmoadgens 

Canergvis fazas homogenurobis maRali SualediT, romelic Seadgens 

azotis  14.8 – dan 22.6 mas% - mde, rac SeiZleba ase Caiweros 𝑇𝑖𝑁0.60-dan 

𝑇𝑖𝑁1.0- mde. titanis  nitridi  moyviTalo-ruxi feris fxvnilia,  romelsac 
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kompaqtur  mdgomareobaSi oqrosferi Seferiloba gadahkravs da gaaCnia 

𝑁𝑎𝐶𝑙 tipis kuburi waxnagcentrirebuli meseri, mesris mudmivaTi 𝑎 = 4.235Å. 

 

 

 

 

 

 
 

Nnax.40. titanis nitridi 

 

 

Nnax.41. titanis nitridis kristaluri meseri 

http://upload.wikimedia.org/wikipedia/commons/3/3f/Titanium_nitride_TiN.jpg
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kuTri winaRoba tolia 40 mkm ∙ sm. siTburi gafarToebis wrfivi 

koeficienti Seadgens 𝟗. 𝟑𝟓 ∙  𝟏𝟎−𝟔  1/K (25-𝟏𝟏𝟎𝟎𝟎𝑪). mikrosisale 2050 kg/mm2. 

drekadobis moduli Seadgens 25 6000 kg/mm2. 

   titanis nitridi mdgradia daJangvis mimarT haerze 𝟕𝟎𝟎 − 𝟖𝟎𝟎𝟎𝑪 -mde, amave 

temperaturebze iwvis Jangbadis atmosferoSi 

 

𝟐𝑻𝒊𝑵 + 𝟐𝑶𝟐 → 𝟐𝑻𝒊𝑶𝟐 + 𝑵𝟐 
 

wyalbadis an azotis atmosferoSi gaxurebisas 𝟏𝟐𝟎𝟎𝟎𝑪 – mde. 

  titanis nitridi inertuli nasalaa. titanis nitridi inertulia 𝑪𝑶 

mimarT, magram nela reagirebs 𝑪𝑶𝟐-Tan, reaqciiT: 

𝟐𝑻𝒊𝑵 + 𝟒𝑪𝑶𝟐 → 𝟐𝑻𝒊𝑶𝟐 + 𝟒𝑪𝑶 + 𝑵𝟐 

reagirebs aseve ftorTan  

𝟐𝑻𝒊𝑵 + 𝟒𝑭𝟐 → 𝟐𝑻𝒊𝑭𝟒 + 𝑵𝟐 

Q qlori ar reagirebs titanis nitridTan 𝟐𝟕𝟎𝟎𝑪 - mde, magram reagirebs 

masTan temperaturebze 𝟑𝟎𝟎𝟎𝑪 - dan 𝟒𝟎𝟎𝟎𝑪 - mde: 

𝟐𝑻𝒊𝑵 + 𝟒𝑪𝒍𝟐 → 𝟐𝑻𝒊𝑪𝒍𝟒+𝑵𝟐 

  oTaxis temperaturaze titanis nitridi gogirdmJavasTan, marilmJavasTan, 

fosformJavasTan, qlormJavasTan, aseve marilJavasa da gogirdmJavas 

narevTan ar urTerTqmedebs.  

12. zogadi cnobebi polimerebze. maTi Tvisebebi. 

samedicino polimeruli  masalebi. maTi gamoyenebis sferoebi 

medicinaSi 

 

   polimeruli masalebi farTod gamoiyeneba medicinaSi. Ppolimerisgan 

mzaddeba xelovnuri saxsrebi, sisxlZarRvebi da sxva, romlebic mTlianad 

cvlian organizmis qsovils. maTi damzadeba yvela xSirad  xdeba 

polimerebis – plastmasebis bazaze.  Ggaxurebisas maT SeiZleba mieniWos 

sxvadasxva forma, rac saSualebas iZleva damzaddes mravaferovani nawarmi. 

rogorc wesi, plastmasa mravali masalis naerTia, polimeri mxolod erT-

erTi maTgania, magram umTavresi. isini danarCen komponentebs kraven erT 

mTlian nawarmad, romelic metnaklebad erTgvarovania, amitom mas 

Semkvrelsac uwodeben. Tavdapirvelad plastmasebs iRebdnen bunebrivi 

polimerebis – celulozis, kauCukis da sxva fuZeze. SemdegSi Semkvrelebad 
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daiwyes sinTezuri polimerebis – fenolformaldehiduri fisebis, 

poliakrilitebis, polieTerebis da sxva gamoyeneba. Yyvela plastmasisaTvis 

damaxasiaTebelia, rom nawarmis formirebisas maTi polimerSemkvreli FfuZe 

blanti dinebis mdgomareobaSia, xolo eqploataciisas – minismagvar an 

kristalurSi.  plastmasebis adamianis organizmSi Seyvanisas, 

morfologiuri cvlilebebis gamo,  xSirad adgili aqvs aseptikur anTebas 

(anTeba infeqciis gareSe). FkeTilsaimedod iTvleba is SemTxveva, rodesac 

warmoiqmneba SemaerTebeli qsovili, romelic  mudmiv ganaxlebas ganicdis, 

gansakuTrebiT maSin rodesac aseTi qsovili warmoiqmneba rogorc gareT 

ise SigniT (Sardsadinaris aRdgena, naRvelsadinarebis aRdgena da sxva). 

magram am process yovelTvis ara aqvs   adgili aqvs da xSirad SeimCneva 

Canergili  polimeris SeuTavsebloba. aseTi Sedegi albaTuria, rodesac 

polimeri biologiurad SeuTavsebelia organizmTan da man SeiZleba 

gamoiwvios avTvisebiani warmonaqmnis gaCenac. Qqimiuri gamaRizianeblbi 

SeiZleba iyvnen fizikurad aqtiuri nivTierebebi, romlebic warmoiqmnebian 

dazianebuli ujredebis an qsovilebis mier, aseve nivTierebebi, romlebic 

gamoiyofian polimeruli SenaerTebis mier da romlebic damokidebulia 

mocemuli polimeris qimiur da fizikur Tvisebebze. 

     Tanamedrove medicinaSi plastmasurma polimereba farTo gamoyeneba 

hpoves – rekonstruqciul-aRdgeniT qirurgiaSi, travmatologiaSi, 

orTopediaSi, stomatologiaSi, oftalmologiaSi da a.S. 

  Mmokled SevexoT samedicino praqtikaSi gamoyenebul sinTetikur 

polimerebs: siliciumorganul naerTebs, silikonebs, polisiloqsanebs. 

isini gamoiyenebian konturuli plstikisaTvis (rbili qsovilebis, 

xelovnuri organoebis detalebis Secvla). zogjer am masalebs 

kompaundebsac uwodeben (polimeruli masalebis rTuli naerTebi); 

poliakrilatebi, polihidrooqsileTili metalkrilati, gamoiyeneba 

karatoprotezirebisaTvis, Siga sisxlZarRvovani okluziisaTvis, rbili 

qsovilebis konturuli plastikisaTvis. poliamidi 12 – gamoiyeneba 

protezul-orTopediuli nakeTobebisaTvis, qirurgiul Zafebad. 

polikapromidi (kaproni) – qirurgiuli Zafebi, protezul-orTopediuli 

nakeTobebi; polipropileni – Zafebi, gulis xelovnuri sarqvelebis 

detalebi, sisxlZarRvovani proTezebi; polieTileni (maRali wnevis) – 

karatoprotezirebis nakeTobebi, aparatis “xelovnuri Tirkmeli”, “guli-

filtvebi” detalebi. poliolefinebi, ftorirebuli lolefinebi 

(ftoroplasti 4) – Zafebi, sisxlZarRvevebis protezebi da gulis 

sarqvelebi; poliuretani – xelovnuri gulis kamerebi, Siga 

sisxlZarRvovani balonebi; poligalantini – Zafebi, Sesaxvevi masala, 

saproTezo-orTopediuli nakeTobebi; poliglikolidi - Zafebi, Sesaxvevi 

masala, saproTezo-orTopediuli nakeTobebi; polieTilen-ftolati 

(lavsani) – badeebi, Zafebi, sisxlZarRvebis protezebi. 
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   medicinaSi gamoyenebul polimerebs waeyenebaT Semdegi moTxovnebi: 

  1) fiziologiuri uvnebloba; 

  2) aratoqsikuroba; 

  3) arakancerogenoba; 

  4) araalergiuloba; 

  5) garemomcveli qsovilebis minimaluri gaRizianeba; 

  6) fiziko-qimiuri da meqanikuri Tvisebebis mudmivoba; 

  7) maRali simtkice da muSaobis unarianoba umniSvnelo daRliT; 

  8) rekonstrirebuli qsovilis an organos xangrZlivi funqcionaluri 

vargisianoba. 

   polimeruli masalebis gamoyenebas medicinaSi gaCnia garkveuli 

Taviseburebebi. organizmSi myofi polimeruli masala SeiZleba gaixsnas 

organizmis qsovilSi molaruli masis Seucvlelad an SeiZleba moxdes misi 

biodestruqcia, Semdegi ZiriTadi meqanizmebiT; 

  1) hidrolizi, romelsac Tan sdevs makromolekuluri fragmentebis da 

monomeruli produqtebis warmoqmna; 

  2) fermentebis gavleniT katalizuri hidrolizi; 

  3) fagocitaruli daSla (gare sxeulze organizmis ujredovani reaqcia). 

   realur pirobebSi biodestruqciis siCqare  ganpirobebulia moyvanili 

faqtorebis  jamuri qmedebiT.  polimeruli masalebis biologiuri 

aqtivoba damokidebulia biodestruqciis Sedegad miRebul produqtebze da 

aseve polimerebSi narCeni monomerebis da danamatebis arsebobaze 

(plastifikatorebi, stabilizatorebi, mRebavebi, Semavseblebi, 

emulgatorebi, iniciatorebi da sxva). 

   didi mnoiSvneloba aqvs samedicino daniSnulebis polimeruli masalebis 

fuZeze samedicino daniSnulebis nawarmis warmoebisas temperaturuli 

reJimebis dacvas, rac reglamentirebulia Sesabamisi teqnikuri 

dokumentaciT. 

   calke unda gamoiyos polimerebi, romleblic gamoiyenebian samedicino 

teqnikis warmoebisaTvis. aseTi nawarmebia samedicino instrumentebi, 

avadmyofis movlisaTvis saWiro nivTebi, specialuri WurWlebi, wamlis 

SesafuTi masalebi da a.S., romlebsac gaCniaT mTeli rigi upiratesobebi 

analogiur liTonis da minis nakeTobebTan SedarebiT. qvemoT moyvanilia 

zogierTi aseTi polimeruli masalis gamoyeneba. maRali simkvrivis 

polieTileni - samedicino xelsawyoebis da instrumentebis detalebi, 

sterilizatorebis futliarebi, pipetebi; dabali simkvrivis polieTileni – 

Spric-tiubikebi, balonebi gamaglobulinisTvis, SemaerTebeli milebi; 

poliamidebi – Zabrebi, saTvalis CarCoebi, milebi da sxva.; polikarbinati, 

ftoroplasti 4 – zondebi, kaTeterebi, laboratoriuli WurWeli da sxva; 

polistiroli – erTjeradi Spricebi, futliarebi, wamlis SesafuTi masala 

da sxva. 
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   polimerebi pirvel rigSi gamoirCevian maRalekonomiurobiT da rig 

SemTxvevebSi gazrdili mdgradobiT sxvadsxva garemos zemoqmedebisadmi. 

   polimerebi, romlebic gamoiyenebian aRdgeniT qirurgiaSi gakuTvnilia 

organizmis dazianebuli an dakarguli nawilebis droebiTi an mudmivi 

aRdgenisaTvis. 

   bioasimilirebadi polimerebi, gamoiyenebian organos droebiTi 

funqcionirebisaTvis qsovilebis regeneraciis periodSi. Aam masalebs unari 

aqvT gaixsnan an destruqcia ganicadon Txevadi garemos gavleniT ise, rom 

ar Seqmnan toqsikuri poduqtebi, romelTa asimilasiasac da Semdeg 

gamoyofas moaxdens organizmi.  Bbioasimilirebadi  polimerebis Txevad 

produqtad gardaqmnis siCqare, unda Seesabamebodes organizmis mier 

qsovilis regeneraciis siCqares da Seadgendes ramdenime kviridan ramdenime 

Tvemde, Zvlovani qsovilis protezirebis dros. Bbioinertuli masalebi 

gankuTvnilia organoebisa da qsovilebis xangrZlivi funqcionirebisaTvis. 

maT unda gaaCndeT maRali mdgradoba organizmis garemos zemoqmedebaze, ar 

unda icvlidnen Tavdapirvel maxasiaTeblebs mravaljeradi 

deformaciebisas, unda uSvebdnen  siTbur, radiaciul da qimiur 

sterilizaciur damuSavebas. 

  QqvemoT moyvanilia zogierTi aseTi polimeris gamoyenebis areebi.  

polikarbonati – gulis stimulatorebis korpusi da detalebi. 

ftoroplasti-4 – sisxlZarRvebis protezebi, gulis sarqvelebi; 

siliciumorganuli kauCuki – Siga protezirebis nawarmi, xelovnuri 

organoebis detalebi; cianakrilaturi webo – qirurgiuli operaciebis 

dros qsovilebis unakero SeerTeba. 

   polimerebis gamoyeneba qirurgiaSi, upirveles yovlisa dakavSirebulia 

gulisa da sisxlZarRvebis protezirebasTan am mizniT gamoiyeneba Semdegi 

masalebi: sisxlZarRvebis protezirebisas – ftorirebuli poliolefinebis 

boWkoebi (ftorofloni), polipropileni, polieTeruli boWkoebi (lavsani). 

gulis sarqvelebis protezirebisaTvis – siliciumorganuli (sikonuri) 

kauCuki, ftorlonis boWkoebi. zogadQqirurgiuli moTxovnebis garda am 

masalebs waeyenebaT damatebiTi pirobebi: isini ar unda iwvevdnen hemolizs 

(sisxlis daSla); ar unda iwvevdnen Trombebis gaCenas. magaliTad lavsani, 

politetraftoreTileni, polieTileni, poliuretani ar iwveven Trombebis 

gaCenas, zogierTi ki aneleben kidevac mis warmoqmnas (siliciumorganuli 

kauCuki, polivinilpirorolidoni da sxva). Trombis warmoqmnis siCqareze 

did gavlenas axdens polimeris zedapiris mdgomareoba. Aarsebobs 

monacemebi imis Taobaze, rom Trombis gaCenis intensivobaze did gavlenas 

axdens masalis zedapiris eleqtropotenciali da dasvelebadoba. 

dadgenilia, rom antiTrombuli Tvisebis gaCenas xels uwyobs 

implantirebadi masalis zedapirze koloiduri naxSiris datana, gepariniT, 

eTilenimimiT da sxva damuSaveba. 
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F13. faifuris da faifuris masis komponentebis daxasiaTeba, maTi 

fiziko-meqanikuri Tvisebebi,  

gamoyeneba medicinaSi 

 
F   

faifursa  da faifuris masas Zalian farTo gamoyeneba aqvs medicinaSi, 

gansakuTrebiT  stomatologiaSi. 

   faifuri warmoadgens keramikis saxes, romelic  miiReba faifuris masis 

ZiriTadi komponentebis – kaolinis, kvarcis da mindvris Spatis mowviT. 

faifuri aragauRwevadia wylisa da airisaTvis. Mfaifuris  Txeli fena 

sinaTlis gamtaria.  

   keramika aris namzadi araorganuli masalebisagan, magaliTad Tixisagan 

da maTi narevisagan mineralur minarevebTan erTad, romelic damzadebulia 

maRali temperaturis zemoqmedebiT da Semdeg gacivebiT. viwro gagebiT 

keramika  aris Tixa, romelmac gaiara mowva.  

   faifuris Tviseba damokidebulia mraval faqtorze, romelTagan mTavaria 

– qimiuri Semcveloba, maTi daqucmacebis xarisxi (dispersiuloba), mowvis 

temperatura.  

   faifurSi Semavali kaolini TamaSobs, mTavar Semkvrel, rols romelic 

kravs kvarcis-Semavseblis nawilakebs. Oorive es masala qmnis faifuris myar 

fuZes, romlis cakeuli nawilakebi mowvis dros cementirdeba mesame 

elemetiT - mindvris SpatiT.   

   kaolini TeTris feris Tixaa, romelic Sedgeba, mineral kaolinitisagan. 

warmoiqmneba zogierTi mTis qanebis daSlisas, romlebic Spatebs Seicaven. 

kaolinis ZiriTadi (99%) nawilia alumosilikati-kaoliniti   (𝐴𝑙2𝑂3 ∙ 2𝑆𝑖𝑂2 ∙

2𝐻2𝑂). kaolinis Semcveloba faifurSi icvleba 3 –dan 65 mas% - mde. Tanac 

rac metia misi raodenoba faifuris masaSi, miT metia mowvis  temperatura.  

K kaolinis dnobis temperaturaa 18000𝐶. kaolini gavlenas axdens faifuris  

sisalesa da Termul mdgradobaze. 

  kvarci  erT-erTi  yvelaze  garcelebuli mineralia dedamiwis wiaRSi. 

qimiuri formulaa - 𝑆𝑖𝑂2 (siliciumis dioqsidi). 
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Knax.42. kaolini 

 

K   

   sufTa kvarci uferoa an gaaCnia TeTri feri Siga bzarebis da 

kristaluri defeqtebis gamo. ixsneba mlRob mJavasa da tuteebis xsnarebSi. 

dnobis temperatura Seadgens 1713 − 17280𝐶 (maRali siblantis gamo dnobis 

temperaturis dadgena Znelia da amdenad arsebobs sxvadasxva monacemebi). 

kvarci dieleqtriki da piezoleleqtrikia. kvarci keramikul nawarms 

aniWebs sisales, simtkices, qimiur mdgradobas. Kkvarci amcirebs namzadis 

simyifes da Seklebas. sisale moosis skalis mixedviT 7- is tolia. gamowvis 

procesSi  kvarci aumjobesebs mindvris Spatis siblantes. 870 − 14700𝐶 - ze 

kvarcis moculoba izrdeba 15.7 %-iT, ris gamoc mcirdeba faifuris masis 

Sekleba. 

http://commons.wikimedia.org/wiki/File:KaolinUSGOV.jpg?uselang=ru
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Nnax.43. kvarci 

 

    mindvris Spatebi  farTod gavrcelebuli silikatebis klasis 

mineralebia. Mmindvris Spatebis umravlesoba warmoadgens izomorfuli 

rigis 𝐾 𝐴𝐿𝑆𝑖3𝑂8 − 𝑁𝑎 𝐴𝐿𝑆𝑖3𝑂8  − 𝐶𝑎 𝐴𝑙2𝑆𝑖2𝑂8  myar xsnarebs, romlis bolo 

wevrebia Sesabamisad – ortoklazi, albiti, anortiti. (ortoklazi -  𝐾𝐴𝑙𝑆𝑖3𝑂, 

albiti 𝑁𝑎2𝑂 − 11,67 %; 𝐴𝑙2𝑂3 −  19.35 %; 𝑆𝑖𝑂2  68.44 %;  𝐶𝑎𝐴𝑙2𝑆𝑖2𝑂8 ,   sadac 𝐶𝑎𝑂- 20.1 %; 

𝐴𝑙2𝑂3- 19.35 %; 𝑆𝑖𝑂2- 43.2 %). Yyvela Spati kargad iwamleba mlRobi mJaviT. 

mindvris Spatis dnobis temperaturaa 1180 − 12000𝐶 . maRal temperaturebze 

mindvris Spati xels uwyobs minismagvari fazis Camoyalibebas, romelSic 

ixsnebian sxva komponentebi (kaolini,kvarci). minismagvari fazebi 

plastikurobas aniWeben faifuris masas mowvis dros da erTmaneTTan 

akavSireben Semadgenel nawilakebs. Mmindvris Spatis Semcveloba faifuris 

masaSi Seadgens 60-70 %.  

http://commons.wikimedia.org/wiki/File:Quartz_Br%C3%A9sil.jpg?uselang=ru
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Nnax.44. Mmindvris Spati 

 

Onax.45. ortoklazi 

http://images.yandex.ru/yandsearch?text=%D0%BF%D0%BE%D0%BB%D0%B5%D0%B2%D0%BE%D0%B9 %D1%88%D0%BF%D0%B0%D1%82 %D0%B2%D0%B8%D0%BA%D0%B8%D0%BF%D0%B5%D0%B4%D0%B8%D1%8F&noreask=1&img_url=http://upload.wikimedia.org/wikipedia/commons/thumb/6/6c/FeldsparsGranite.JPG/180px-FeldsparsGranite.JPG&pos=17&rpt=simage&lr=10277&nojs=1
http://commons.wikimedia.org/wiki/File:Mineral_Ortosa_GDFL052.jpg?uselang=ru
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Nnax.46. albiti 

 

 

Nnax. 47. anortiti 

http://photo.starnet.ru/Thematic_Wallpapers/Chetyre_stihii/Zemlia_i_planety/Mineraly_i_porody2/images/albite.jpg
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F faifurs didi gamoyeneba aqvs stomatologiaSi. stomatologiuri faifuri 

Tavisi fizikuri TvisebebiT axlosaa minasTan, maTi struqtura 

izotropiulia. faifuri gadacivebuli siTxeebia da maT maRali siblantis 

gamo gacivebisas SeuZliaT SeinarCunon minismagvari izotropiuli 

mdgomareoba, SesamCnevi gadacivebis gareSe. 

   sitali gamoiyeneba stomatologiaSi wina kbilebis gvirgvinad. isini 

warmoadgenen minakeramikul masalebs, romlebic miiReba minebis 

moculobiTi kristalizaciiT da Sedgebian minismagvar fazaSi Tanabrad  

ganawilebuli erTi an ramdenime kristaluri fazisagan. sitalebs gaaCniaT 

dabali simkvrive (isini aluminze msubuqia), maRali meqanikuri simtkice, 

gansakuTrebiT SekumSvaze, sisaliT, mxurvalmedegobiT, Termuli 

mdgradobiT, qimiuri mdgradobiT da sxva dadebiTi TvisebebiT. sitalebis 

sisale moosis skalis mixedviT Seadgens 6.5 – 7 erTeuls, Runvaze 

simtkicis zRvari 250 mgpa-mdea, xolo siTbomedegoba aRwevs 10000𝐶. 

  arsebobs sitalebis gansakuTrebuli klasi, romelsac biositalebi 

ewodebaT. maT axasiaTebT biologiuri SeTavsebadoba organizmis 

qsovilebTan da gamoiyenebian kbilis protezebis dasamzadeblad. 

biositalebi miiReba 𝐶𝑎𝑂 − 𝑀𝑔𝑂 − 𝑆𝑖𝑂2 − 𝑃2𝑂5 sistemis minis fuZeze 

(apatitur-volastonituri Semadgenlobebi). 

 

 

Nnax. 48. Kkbilis protezi sitalis fuZeze 
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14.Mmetalokeramika, rogorc samedicino masala. Ffiziko-qimiuri 

Tvisebebi 
M   

   meoce saukunis 80-iani wlebidan stomatologiaSi didi gamoyeneba hpova 

metalokeramikam.  is warmoadgens ori masalis teqnologiur gaerTianebas – 

liTonuri Senadnobisa da stomatologoiuri faifuris an sitals -  

romelSic pirvlei aris karkasuli fuZe, xolo faifuri an sitali 

warmoadgens mosapirkeTebel masas. Metalokeramikis sxva dasaxelebaa 

kermeti, keramiko-liTonurimasalebi, Secxobili antifriqciuli masalebi. 

isini gamoirCevian maRali simtkiciT, maRali cveTamedegobiT, 

mxurvalmedegobiT, antikoroziuli TvisebebiT. metalokeramikuli masalebis 

liTonuri faza SeiZleba Seicavdes 𝐶𝑟, 𝑁𝑖, 𝐴𝑙, 𝐹𝑒, 𝐶𝑜, 𝑇𝑖, 𝑍𝑟 da maT Senadnobebs. 

keramikul fazebs miekuTvneba oqsidebi (𝐴𝑙2𝑂3, 𝐶𝑟2𝑂3, 𝑆𝑖𝑂, 𝑆𝑖𝑂2, 𝑍𝑟𝑂2), karbidebi 

(𝐶𝑟3𝐶2,𝑆𝑖𝐶, 𝑇𝑖𝐶),  boridebi (𝐶𝑟2𝐵2, 𝑇𝑖𝐵2, 𝑍𝑟𝐵2), silicidebi (𝑀𝑜𝑆𝑖),  nitridebi 

(𝑇𝑖𝑁) da naxSirbadi (almasi, grafiti). metalokeramikeSi keramikuli 

Semadgeneli misi tipisagan damokidebulebiT farTo farglebSi icvleba 15-

85 moc%. metalokeramikas gaaCnia maRali esTetikuri  da optimaluri 

toqsikologiuri Tvisebebi. metalokeramikuli kbilis gvirgvinebi 

warmoadgenen liTonis gvirgvins keramikuli mopirkeTebiT. kombinirebuli 

proTezis esTetikur Tvisebebs ganapirobebs swored keramikis mopirkeTeba. 

is warmoadgens  bunebrivi an xelovnuri masalis  danafars da romelic 

gamoirCeva eqsploataciuri da dekoratiuli TvisebebiT. 

   stomatologiaSi protezebis mopirkeTeba ramdenime mizans emsaxureba – 

kbilis protezebis karkasis SeniRbva da izolacia da rac mTavaria 

bunebrivi kbilis myari qsovilis imitacia. 

  Mmetalokeramikis ZiriTadi upiratesoba stomatologiaSi 

esTetikurobasTan erTad aris simsubuqe da biologiuri Tavsebadoba 

adamianis organizmTan. Kkeramikuli kbilebi mtkicea, saimedo da rac 

mTavaria ar iwveven alergias an SeuTavseblobas, garda amisa maTi didi 

upiratesobaa higienuroba da gamZleoba mikroorganizmebis mimarT.      

ukanasknel xanebSi farTo gamoyeneba hpoves metalokeramikulma kbilis 

proTezebma cirkoniumis dioqsidiis fuzeZe.  rac SesaZleblobas qmnis 

pirveladi feri SeirCes  aramarto keramikuli danafaris doneze aramed 

karkasis donezec,  rac  Egamoiricxavs liTonis fonis gavlenas ferze. 

   yvelaze xSirad metalokeramikis cneba dakavSirebulia fxvnilur 

metalurgiasTan. Aam dros  metalokeramikas Rebuloben fxvnilebis 

(liTonisa da keramikis)  dawnexviT da Semdgom SecxobiT. Txelfirovan 

metalokeramikas Rebuloben liTonis an Senadnobis Termuli aorTqlebiT  

da Semdgomi kondensaciiT fuZeSreze    
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nax.49.  metalokeramikis kbilis proTezebi 

15. mina da misi ^Tvisebebi. gamoyeneba medicinaSi 

M  minas farTo gamoyeba aqvs  medicinaSi gamWvirvalobis,  qimiuri da 

Termuli Tvisebebis gamo. Mmisgan mzaddeba ampulebi, saafTiaqo da 

laboratoriuli WurWeli, saTvalis linzebi, samedicino aparaturisa da 

mowyobilobebis detalebi, avadmyofis movlis sagnebi.  Mminas gaaCnia 

Zalian kargi higienuri Tvisebebi, radgan is advilad iwmindeba, irecxeba, 

sterildeba, kargi damcavia mtvrisa da mikrobebisagan. 

   mina   adamianis   mier  gamoyenebuli  erT-erTi uZvelesi da farTod 

gavrcelebuli masalaa. Mmiuxedavad amisa mas gaaCnia Tviseba, romelic 

arTulebs mis gamoyenebas. Eesaa  minis  simyife – mina advilad msxvrevadia. 

A axali teqnikuri saSualebebi, romlebisTvisac saWiroa boWkovani 

kabelebi, keramikuli gularebi da uaxlesi optikuri eleqtronuli  

kvanZebi, moiTxoven masalebs, romlebic advilad ar ibzarebian. 

   mina - myari, amorfuli, myife masalaa, gamWvirvale, mdgradi qimiuri da 

Termuli zemoqmedebis mimarT.  

   minis Tviseba ganisazRvreba Semadgeneli komponentebis  mdgomareobiT da 

damzadebis teqnologiiT.  

http://images.yandex.ru/yandsearch?stype=image&lr=10277&noreask=1&text=%D0%BC%D0%B5%D1%82%D0%B0%D0%BB%D0%BB%D0%BE%D0%BA%D0%B5%D1%80%D0%B0%D0%BC%D0%B8%D0%BA%D0%B0
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   minis  ZiriTadi  Semadgeneli nawilia siliciumis orJangi (𝑆𝑖𝑂2) 70 – 75 

%. romelic miiReba kvarcis qviSisagan. Mmeore komponentia kalciumis Jangi 

(𝐶𝑎𝑂), romelic mas aniWebs qimiur mdgradobas da aZlierebs brWyvials. 

minis Semdegi Semadgenelia tute liTonebis natriumis an kaliumis 

oqsidebi (𝑁𝑎𝑂2 an 𝐾𝑎𝑂2), romlebic aucilebelia maTi gamodnobisa da 

gamoyvanisaTvis. minaSi isini Sedian SenaerTebis 𝑁𝑎2𝐶𝑂3 (soda) an 𝐾2𝐶𝑂3 

(potaSis) saxiT, romlebic maRal temperaturaze iSlebian Jangeulebad. 

      arCeven araorganul da organul  minas. araorganuli mina gamomuSavdeba 

siliciumis orJangis fuZeze da mas ewodeba silikaturi mina. Tavis mxriv 

silikaturi minebi iyofa oqsidur minad da minaboWkod. 

   1).oqsiduri minebi Semdegi saxisaa: fosfaturi, aluminiani, boratuli, 

alumo-fosfaturi da a.S. minis SemadgenlobaSi cinkis Jangis, cirkoniumis, 

titanis da sxva elementebis Seyvana zrdis maT qimiur  da Termul 

mdgradobas. tyviis Jangi aumjobesebs minis optikur maxasiaTeblebs. 

Semadgeneli komponentebisagan damokidebulebiT mina SeiZleba iyos 

gamWvirvale, gaumWvirvale, feradi an ufero, infrawiTeli, ultraiisferi 

da maionizebeli gamosxivebis  sxivebis gamtari an gaumtari; 

  2).minaboWko – qimiuri, araorganuli boWko, gamoiyeneba medicinaSi, 

eleqtroteqnikur warmoebaSi, aviamSeneblobaSi, qimiur warmoebaSi da a.S. 

       

O  

 

Nnax.50. endoskopi 

 

 
N 

nax. 51. Mminis zogierTi samedicino mowyobiloba 

http://commons.wikimedia.org/wiki/File:Flexibles_Endoskop.jpg?uselang=ru
http://www.ru.all.biz/izdeliya-medicinskogo-naznacheniya-g897103
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Nnax. 52. wamlis Sesanaxi WurWeli minisagan 

 

   medicinaSi minaboWko gamoiyeneba sarkeebSi, prizmebSi, linzebSi, 

sinaTlis gamtarebSi. boWkovani sinaTlis gamtarebi gamoiyeneba 

endoskopiaSi organizmis siRruveebis mkafio gamosaxulebis misaRebad, aseve 

urologiaSi, onkologiaSi. sinaTlis gamtarebis gamoyeneba saSualebas 

iZleva rTuli operaciebis dros ganaTdes is adgilebi romelTa ganaTebac 

Cveulebrivi meTodebiT SeuZlebelia. boWkovani sinaTlis gamtarebi 

eleqtrousafrTxoni arian da a.S. 

   organuli  mina warmoadgens optikurad  gamWvirvale, myar  masalas 

organuli polimerebis fuZeze. es mina xasiaTdeba gadidebuli 

gamWvirvalobiT, dabali woniT, mdgradobiT dartymisadmi, ar iZleva saSiS 

namsxvrevebs. 

   optikurma masalebma arsebiTi gavlena  moaxdines praqtikuli medicinis 

ganviTarebaSi. magaliTad optikuri  mikroskopis gamoyenebam qirurgiaSi, 

oftalmologiaSi, otoralingologiaSi gamoiwvia axali SesaZleblobebis 

gaCena Tvalis mikroqirurgiaSi, endoskopiur qirurgiaSi da medicinis sxva 

dargebSi 

 

16. samedicino masalaTmcodneobis ganviTarebis tendenciebi da 

 perspeqtivebi 

 

 
   mesame aTaswleulis damaxasiaTebeli niSania adamianis sicocxlis 

xangrZlivobisa da xarisxis gazrda. Aam miznis misaRwevad didi 

mniSvneloba aqvs aqvs medicinaSi gamoyenebuli axali masalebis - 

biomasalebis damuSavebas. AamJamad biomasalebis ganviTarebaSi Zalian didi 

Tanxebi – weliwadSi ramdenime miliardi dolari ideba. Bbiomasalebi 

ewodebaT masalebs, romlebic mudmiv kontaqtSi imyofebian organizmis 

qsovilebTan. amasTan isini iyofian bioinertul, bioaqtiur da biodaSlad 

nawilebad.   

http://commons.wikimedia.org/wiki/File:Ampoule_pharmaceutique.JPG?uselang=ru
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   bioinertuli masalebi ieTi masalebia, romlebic ar iZlevian imunur 

reaqciebs, ar iwveven anTebiT procesebs da Tavsebadni arian organizmTan  

da inarCuneben TavianT struqturas 

   bioaqtiur masalebs miekuTvnebian is masalebi, romlebic asruleben 

biologiur funqciebs, imitacias uweven bunebriv qsovilebs,  

. biodaSladi masalebi TandaTan ixsnebian sxeulSi da icvlebian 

naturaluri qsovilebiT. 

   bioinertuli masalebis magaliTebad xSirad mohyavT liTonebi, 

(magaliTad titani) an keramika (magaliTad cirkoniumis orJangi), xolo 

bioaqtiuri masalebis magaliTebad – polimeruli masalebi, romelTagan 

pirveli albaT iyo polimeTilmetakrilati, bominebi da zogierTi keramika 

- hidroqsiapatiti, samkalciumiani fosfati da sxva). polimeruli masalebi 

aseve warmoadgenen biodegradirebadi masalebis warmomadgenlebs, magram 

bolo xanebSi mkvlevarTa yuradReba miipyro, sxva, adamianis organizmSi 

xsnadma, implantantebma, kerZod magniumis Senadnobebma. 

   Mmoyvanil klasifikaciaSi yvelaze naklebad ganmartebuli terminia 

“bioaqtiuri masalebi”. samecniero literaturaSi am masalebis qveS 

igulisxmeba masalebi, romlebic mimarTul (dadebiT) gavlenas axdenen 

garemomcvel qsovilebze da xels uwyoben aqtiur SeTavsebas maTSi da 

implantantis funqcionirebis gaumjobesebas. Aase magaliTad, forovani 

titanis implantanti SeiZleba bioinertul masalad CavTvaloT, magram igive 

masala gaJRenTili samkurnalo mcenareebiT – bioaqtiuri masalaa.  

   samecniro publikaciebis analizi aCvenebs, rom publikaciaTa raodenoba, 

romlebic exebian bioaqtiur da biodaSlad masalebs, gacilebiT aRemateba 

bioinertuli masalebisadmi miZRvnili publikaciebis raodenobas. 

   bolo wlebSi aqtiurad mimdinaroebs hidroqsiapatitis da kalciumis 

fosfatis fuZeze Seqmnili masalebis da  aseve sxvadasxva kompoziciuri 

masalebis kvleva. 

   didi yuradReba eqceva bioTavsebad polimerul danafarebs. maRali 

tempebiT viTardeba hidroqsiapatitis da trikalciumatis fosfatis  

danafarebis miRebis meTodika sxvadasxva masalebze, ZiriTadad liTonebze, 

miRebuli danafarebis Tvisebebis Seswavla da maTi qceva qsovilebSi. 

gansakuTrebiT bevri naSromi exeba  danafarebs titanis nitridisa da 

keramikisagan (𝑍𝑟𝑂2, 𝑇𝑖𝑂2), kompozitebis danafarebs da danafarebs almasisa 

da grafitisagan. sul  bolo dros gamoCnda naSromebi, romlebic exeba 

nanostruqturul da nanokompozitur biomedicinur masalebs.    

      axali masalebis gamoyenebis socialurad mniSvnelovani  dargia medicina, 

romelic moiTxovs axal masalebs samedicino instrumentebisaTvis, 

mowyobilobebisa da protezirebisaTvis. gansakuTrebuli moTxovnebi 

waeyenebaT masalebs endoprotezebisaTvis. es pirvel rigSi aris 

bioTavsebadoba (bioinertuloba, biaqtivoba), fiziko-maqanikuri Tvisebebis 
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maRali done, Tvisebebis stabiluroba, eqsploataciis xangrZlivoba 

adamianis organizmSi. 

  Aam TvalsazrisiT erT-erTi perspeqtiuli masalebia bioinertuli 

naxSirbadovani masalebi, romlebic 2 – 2.5 – jer amcireben operaciis 

Semdgomi  reabilitaciis periods da gamoricxaven ganmeorebiT operaciebs. 

   amJamad mimdinareobs samuSaoebi gulis sarqvelis mesame Taobis 

Sesaqmnelad naxSirsitalisagan, romlis meqanikuri Tvisebebi 

uzrunvelyofen mis muSaobas 80 wlis ganmavlobaSi. 

   perspeqtiulia masalebi hidroqsiapatitis fuZeze, romlebsac axasiaTebT 

absoluturi SeTavsebadoba adamianis organizmTan da garda amisa maTi 

gamoyeneba qirurgiaSi, stomatologiaSi  da   travmatologiaSi gamoiwvevs 

situaciis principialur cvlilebas.  

A  am samuSaoebis pionerebia arian iaponeli, amerikeli, frangi, italieli, 

ingliseli, portugalieli da sxva qveynebis mecnierebi. mTels msoflioSi 

mimdinareobs samuSaoebi hidroqsiapatitebis kapsulebis gamoyenebis saqmeSi 

wamlebis miznobrivi miwodebisaTvis cocxali organizmis saWiro adgilze. 

     specialistebi Tvlian, rom uaxloesi 10 – 20 wlis ganmavlobaSi  

nanoteqnologiebi did rols Seasruleben samedicino masalebis Seqmnis 

saqmeSi. iTvleba, rom am drois ganmavlobaSi Seiqmneba nanomasalebi 

“Wkviani” implantatebisaTvis (xelovnur sisxlZarRvebi, xelovnuri kani da 

a.S.) da xelovnuri organoebisaTvis, eleqtronuli mowyobilobebis 

interfeisebisaTvis, romelTa Canergvac xdeba adamianis organizmSi. 

   Mmokled SevexoT nanoteqnologiebTan dakavSirebul zogierT cnebebs. 

    nanotoqnologiebis qveS igulisxmeba gamoyenebiTi mecnierebisa teqnikis 

dargi, romelsac saqme aqvs 100 nanometrze (1 nm = 10-9 m)  naklebi zomis 

obieqtebTan. aseTi masStabebisas masalasTan mimarTebis tradiciuli 

meTodebi gamousadegaria, xolo makroskopiuli meTodebi, romelTa 

ugulebelyofac SesaZlebelia Cveulebrivi masStabebisas, piriqiT 

mniSvnelovani xdebian. aseT zomebTan muSaobisas Tavs iCenen qvanturi 

efeqtebi da molekulaTa Soris urTierTqmedebebi.  

   Tanamedrove medicinis da mecnierebisa da teqnikis sxva dargebis 

ganviTareba mimdinareobs gamoyenebuli obieqtebis zomebis mudmivi 

Semcirebis gziT.  

   meoce saukunis bolos mecnierebma gaarkvies rom nanozomis nawilakebs 

gaaCniaT savsebiT gansxvavebuli Tvisebebi, vidre imave masalis didi zomis 

nawilakebs. aRmoCenil iqna, rom guldasmiT gawmendil nawilakebs gaaCniaT 

garkveul struqturebSi TviTorganizebis unari, romlebsac aseve 

unikaluri Tvisebebi aqvT. qvemoT  ganvixiloT zogierTi aseTi 

nanonawilakebi da nanostruqturebi. 

   Ffulerenebi. Mmravali weli iTvleboda, rom naxSirbads SeuZlia Seqmnas 

mxolod ori kristaluri modifikacia – grafiti da almasi. Mmesame 



86 
 

modifikacia - karbini – aRmoCenil iqna, meoce saukunis 60-ian wlebSi. 

karbini wrfivi  kristalia, romlis naxSirbadis atomebi SekavSirebulia 

ormagi an morigeobiTi erTmagi an sammagi kavSirebiT. 70-ian wlebSi 

gamoiTqva mosazreba, rom maTi wyaroa naxSirbadis makromolekula 𝐶60 , 

romelsac wakveTili ikosaedris forma gaaCnia (nax.53) 

 

 

 

 
N 

nax.53. Ffulereni 𝐶60 (naxSirbadis atomebs Soris manZili 0.14 nm) 

 

   amJamad fulerenis qveS igulisxmeba naxSirbadis molekuluri 

klasterebi, naxSirbadis atomebis, wyvili 20-ze meti raodenobiT, romlebic 

erTmaneTTan qmnian sam kavSirs (nax.54). 

   1990 wels fulerenis makroskopuli kristalebis teqnologiis 

damuSavebis  Semdeg maTSi aRmoCenil iqmna mravali araCveulebrivi movlena. 

kristaluri da Txelfirovani obieqtebi warmoadgenen naxevargamtarebs da 

sinaTlis dasxivebisas gaaCniaT fotogamtarebloba, rac perspeqtiuls xdis 

maT gamoyenebas  nanoeleqtronikaSi. 𝐶60 -is tute liTonebiT legirebul 

kristalebs gaaCniaT liTonuri Tvisebebi da  19 − 55 𝐾 temperaturaze 

gadadian zegamtar mdgomareobaSi. Aarsebobs mosazreba, rom fulerenebSi, 

romlis atomebis raodenona aRemateba samocdaaTs, SeiZleba zegamtar 

mdgomareobaSi gadasvlis temperatura ufro maRalic (100 𝐾)  iyos. 
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nax.54. Ffulerenis  molekulebi 

    

    

        fuleritebi. 𝐶60 molekulebma SeiZleba Seqmnan waxnagcentrirebuli 

kuburi meseri Zalian susti  molekulaTSoris kavSirebiT. Aam kristalSi 

arseboben oqtaedruli da tetraedruli sicarieleebi, romlebSic SeiZleba 

ganTavsdenen gareSe atomebi. Aase magaliTad, oqtaedruli sicarieleebi 

Sevsebulia tute liTonebis ionebiT, oTaxis temperaturaze dabal 

temperaturebze, iqmneba masala, romelsac polimeruli Tvisebebi gaaCnia.  

        nanonawilakebi da nanomilebi. naxSirbadis atomebisagan SeiZleba aseve 

warmoiqmnas sxva struqturebic, iseve, rogorc grafitis SemTxvevaSi 

eqvskuTxovani rgolebisagan. aseTi struqturebi SigniT carielia da 

gaaCniaT Caketili zedapiri. Nnanowalakebi fulerenebis msgavsia, magram maT 

zomiT mniSvnelonad aRemateba. isini SeiZleba ramdenime Srisgan 

Sedgebodnen da qmnidnen “xaxvismagvar” struqturebs anu onionebs 

(inglisuri sityvisgan onion – xaxvi). Nnanomilebi warmoadgenen  grafitis 

badeebs, romlebic milis formisaa da SeiZleba daxveuli  iyvnen  ormxriv  

an calmxriv daxurulad, an SeiZleba iyvnen erTfeniani an mravalfeniani 

(nax.55). 
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Nnax.55. cali mxridan daxuruli naxSirbadis nanomili 

 

   naxSirbadis nanomilebi Zalian mtkicea da drekadi. Ggarda amisa Ria 

nanomilebi kapilarebis msgavsad iqcevian, Seiwoven ra im  masalebis 

xsnarebsa da Senadnobebs, romelTa atomebis diametri naklebia milis Siga 

diametrze. Aam gziT SeiZleba Seiqmnas iseTi nanomavTulebi,  romelTa 

Tvisebebic kapilaris SigniT SeiZleba mniSvnelovnad gansxvavdebodes 

masalis Tvisebebisagan YTavisufal mdgomareobaSi, vinaidan naxSirbadis 

kedlebTan urTierTqmedeba cvlis mis fizikur Tvisebebs. 

   endofulerenebi. Ffulerenis SigiT SeiZleba ganTavsdes  arafulerenis 

erTi an ramdenime atomi (nax.56). 

 

 
Nnax. 56. Eendoedraluri kompleqsi 

 

    aseT kompozitur molekulur struqturebs endofulerenebi an 

endoedraluri  kompleqsebi ewodebaT. Aarsebobs mosazreba, rom aseTi 

fulerenebis SigniT radiaqtiuri elementis Canergva SesaZlebels gaxdis 

Seiqmnas antisimsivnuri maRalefeqturi preparatebi. 

   ra gamoyeneba SeiZleba hqondes nanomasalebs medicinaSi? naxSirbadi 

warmoadgens ZiriTad elements cocxal organizmSi, amitom misi gamoyeneba 

biosamedicino miznebisaTvis ar gamoiwvevs uaryofiT  movlenebs. 

naxSirbadovani nanomasalebis urTierTqmedeba organizmis qsovilTan da 

sisxlTan, liTonebisagan gansxvavebiT  ar gamoiwvevs, organizmSi aqtiuri 

ionebis  SeRwevas da aseve imunuri sistemis  mavne gverdiT movlenebis  

gaCenas. 
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   adamianis organizmis SigniT myofi endoprotezebi, romelTa 

daniSnulebaa dazianebuli an dakarguli organoebis Secvla, uwyvet 

kontaqtSi imyofebian Siga aresTan da ganicdian korozias. 

protezirebisaTvis gamoyenebuli liTonebis (uJangavi foladi, titani) da 

metalokeramika ganicdian korozias, Tumca koroziis siCqare dabalia, 

magram miuxedavad amisa koroziis produqtebi saSiSia, vinaidan SeiZleba 

gamoiwvion paTogenuri imunuri procesebi. Aamitom endoprotezebis  

dafarva fuleren-liTonis firebiT Zalian perspeqtiulia. 

   samedicino mizniT SeiZleba warmatebiT iqnas gamoyenebuli 

nanorobotebi. isini warmoadgenen ra nanozomis marTvad obieqtebs, 

SeuZliaT SeaRwion sisxlZarRvebis Zalian wvril kapilarebSi da gawmindon 

aTerosklerozuli BbalTebi, daarRvion Trombebi da  aRadginon sisxlis 

normaluri mimoqceva, amrigad gaaxalgazrdavon organizmi da daicvan 

adamiani infarqtisa da insultisagan. aseT mowyobilobebs SeuZliaT 

daSalon da gamoitanon qvebi Tirkmlebidan. ufro metic maT unari aqvT 

wamali miitanon organizmis Znelad misaRwev adgilebSi,  aseve SeuZliaT 

aacdinon adamians mravali avadmyofoba. nanolazerebiT aRWurvil 

nanorobotebs, SeeZlebaT Caataron usisxlo operacia Tavis tvinis 

sisxlZarRvebze, gulis sarqvelebze da sxva sasicocxlo organoebze. Aar 

SeiZleba ar AaRiniSnos, rom ganviTarebul qveynebSi 2003 wlidan dawyebuli 

investiciebis raodenoba nanoteqnologiebSi yovelwliurad izrdeba 20 – 30 

% - iT. 
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