
samecniero-teqnikuri da sawarmoo ilustrirebuli,

registrirebuli, referirebadi Jurnali

k e r a m i k a

saqarTvelo s  keramikosTa  asociaciis  Jurnali

ISSN 1512-0325

CERAMICS

JOURNAL OF THE GEORGIAN CERAMISTS’ ASSOCIATION

Vol. 20.  1(39).2018

da mowinave
teqnologiebi

AND ADVANCED
TECHNOLOGIES



saredaqcio kolegia:  
 

i. berZeniSvili, m. bibilaSvili, g. gafrindaSvili (mT. red. moadgile), l. gvasalia,  
a. grigoliSvili, el. elizbaraSvili, d. erisTavi, l. Tofuria, r. TurmaniZe,  
m. kekeliZe, z. kovziriZe (mT. redaqtori), n. kuciava, m. maisuraZe, r. mamalaZe (mT. red. 
moad.), n. margiani, z. mestviriSvili, g. mumlaZe, m. mujiri, n. mWedliSvili, n. niJaraZe 
(pasuxismgebeli mdivani), d. nozaZe, m. oqrosaSvili, a. saruxaniSvili (mT. red. moad.), 
g. tabataZe, r. qacarava, e. SafaqiZe, j. Sengelia, r. xuroZe, T. WeiSvili, d. jinWaraZe 

 
EDITORIAL   BOARD: 

 

I. Berdzenishvili, M. Bibilashvili, T. Cheishvili, E. Elizbarashvili, D. Eristavi, G. Gaprindashvili (vice-
editor-in-chief), A. Grigolishvili, L. Gvasalia, D. Jincharadze, R. Katsarava, M. Kekelidze,  R. Khurodze, 
Z. Kovziridze (editor-in-chief), N. Kuciava, M. Maisuradze, R. Mamaladze (vice-editor-in-chief),  
N. Margiani, N. Mchedlishvili, Z. Mestvirishvili, G. Mumladze, M. Mujiri, N. Nizharadze (executive 
secretary), D. Nozadze, M. Okrosashvili,A. Sarukhanishvili (vice-editor-in-chief), E. Shapakidze,  
J. Shengelia, G. Tabatadze, L. Topuria, R. Turmanidze 
 

 

РЕДАКЦИОННАЯ КОЛЛЕГИЯ: 
 

И. Бердзенишвили, М. Бибилашвили, Г. Гаприндашвили (заместитель главного редактора),  
Л. Гвасалиа, А. Григолишвили, Д. Джинчарадзе, Р. Кацарава, М. Кекелидзе, З. Ковзиридзе 
(главный редактор), Н. Куциава, М. Маисурадзе, Р. Мамаладзе (заместитель главного редактора),  
Н. Маргиани, З. Мествиришвили, М. Муджири, Г. Мумладзе, Н. Мчедлишвили, Н. Нижарадзе 
(ответственный секретарь), Д. Нозадзе, М. Окросашвили, А. Саруханишвили (заместитель главного 
редактора), Г. Табатадзе, Л. Топуриа, Р. Турманидзе, Е. Шапакидзе, Дж. Шенгелия, Р. Хуродзе,  
Т. Чеишвили, Э. Элизбарашвили, Д. Эристави 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http:// www.ceramics.gtu.ge 
 

JurnalSi `keramika~ 

gamoqveynebuli statiebis 

ZiriTadi Tematika  
 

yvela saxis minis,  

keramikis, keramikuli da 

polimeruli kompozitebis,  

zegamtari masalebis,  

Wiquris da minanqris,  

sxmuli qvis,  

mineraluri bambis,  

mWida masalebis, cementis da sxva 

araorganuli,  

Zneldnobadi,  

axali da tradiciuli masalis 

sferoSi  

Catarebuli samecniero kvlevebi,  

maTi miRebis teqnika da 

teqnologia, nanoteqnologia da 

nanoqimia   

polimeruli biomasalebi 

bioinJineria 

organul nivTierebaTa 

teqnologia 

metalurgia 

masalaTmcodneoba 

kompoziciuri masalebi da 

danafarebi 

araorganuli da organuli 

sinTezi 

nanomasalebisa da kompozitebis 

miRebis eleqtroqimiuri 

teqnologiebi 

Termodinamika, kinetika da 

katalizi 

JurnalSi agreTve  

SesaZlebelia ganTavsdes  

statiebi Semdeg sakiTxebze: 
 

axali teqnika, mowyobiloba 
sawarmoTa da warmoebis teqniku-

ri gadaiaraReba.  

sanedleulo bazis ganviTa-
reba, nedleulis racionaluri 

gamoyeneba, maT Soris adgilob-

rivi warmoebis narCenebis.  

resurs- da energodamzogveli 
teqnologiebi. garemos dacva.  

sawarmoTa sameurneo moRvawe-
oba sabazro pirobebSi, ekonomi-

ka, marketingi.  

saqarxno gamocdileba.  

informacia, reklama. 

gamoyenebis sferoebi 

 

energetika 

mSenebloba 

saxalxo moxmarebis sagnebi  

qimia da qimiuri teqnologia 

masalaTmcodneoba 

metalurgia 

eleqtronika da eleqtroteqnika 

medicina  

optika  

sxva sferoebi 

garemos dacva 
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reziume: mizani. samuSaos mizans warmo-
adgenda farmacevtuli preparatebis binaru-
li da ternaruli narevebis speqtruli ana-
lizi, komponentebis winaswari dacilebis ga-
reSe, analizis Sedegebis damuSaveba qemomet-
rikuli algoriTmebis meSveobiT, analizis 
Sedegebze narevis komponentTa SuqSTanTqmis 
SesaZlo zegavlenis Seswavla. 

daigegma konkretuli amocanebis gadaWra: 
- komponentTa mravlobiTi wrfivi regre-

siis meTodiT, sasurveli sizustiT, gan-
sazRvris SesaZleblobis prognozireba bina-
rul da ternarul narevebiSi. 

- erTdroulad gansasazRvri komponente-
bis ricxvis, maTi raodenobrivi Tanafar-
dobisa da gareSe komponentebis zegavlenis 
Seswavla analizis sizusteze, 

- mravalkomponentiani farmacevtuli pre-
paratebis speqtrometriuli eqspres-analizis 
meTodikis SemuSaveba ganxorcielebul kvle-
viT samuSaoebze dayrdnobiT. 

meTodi. rTuli Sedgenilobis preparate-
bis analizisTvis SesaZloa multitalRuri 
speqtrofotometriis gamoyeneba. analizis 
monacemTa damuSavebis algoriTmad SeirCa 
mravlobiTi wrfivi regresiis meTodi. 

Sedegebi. ganxorcielebuli kvlevebis 
msvlelobisas Teoriuli gziT iyo damt-
kicebuli da eqsperimentebis safuZvelze 
dadasturebuli, rom mravlobiTi wrfivi 
regresiis meTodi SeiZleba iyos gamoyene-
buli ara mxolod klasikuri, aditiuri 
narevebis analizSi, aramed araaditiurobis 
Sedegad gamowveuli cdomilebebis arsebobis 
SemTxvevbSic ki. 

m.w.r-2 meTodiT standartuli amonar-
Cevebis formireba saSualebas iZleva mwr-1 
Tan SedarebiT gaizardos analizis sizuste, 
rogorc aditiur aseve araaditiur or da 
sam komponentian narevebSi cdomilebiT ara-
umetes 5%-isa. Catardes iseTi analitebis 
analizi, sadac sakvlev nivTierebaTa Tana-
fardoba didia. SesaZlebelia narevTa ana-
lizi, speqtruli diapazonebis damatebiTi 
optimizaciis gareSe. 

SesaZlebelia ganisazRvros analiti, 
gareSe nivTierebebis Tanaobisas, romlebic 
imave diapazonSi STanTqaven. SemuSavda bina-
ruli da ternaruli narevebis winaswari 
dacilebis gareSe, analizis meTodika mul-
titalRuri speqtruli analizis gamoye-
nebiT, romelic iTvaliswinebs analizis Se-
degebis mwr. meTodiT damuSavebas. aRsaniS-
navia, rom am meTodikis gamoyenebiT konk-
retuli preparatis sinjis analizi da 
monacemebis damuSaveba daikavebs 1-10 wuTs, 
im pirobiT, Tu am preparatisaTvis ukve 
arsebobs erTjeradad Catarebuli winamo-
samzadebeli samuSaoebis Sedegad miRebuli 
monacemTa baza, rac umniSvnelovanesia erTi 
tipis nimuSebis masiuri analizis dros. 
pirvelad aris gamoyvanili formulebi adi-
tiurobisagan dasaSvebi gadaxrebis saan-
gariSod, agreTve formulebi, romlebic 
akavSirebs aditiurobisagan gadaxrebis sidi-
deebsa da analizis absolutur da fardo-
biT cdomilebebs. ganisazRvra modelirebu-
li xsnarebis aucilebeli da sakmarisi rao-
denoba STanTqmis regresiuli koeficien-
tebis dasadgenad. Sedarda kvlevis sizuste 
da xangrZlivoba sxvadasxva meTodis gamoye-
nebis SemTxvevaSi, kerZod, SevadareT firor-
dtis meTodi, mravlobiTi wrfivi regresiis 
meTodi da mravlobiTi wrfivi regresia2 
meTodi. m.w.r.2.-is gamoyenebam, saSualeba mog-
vca migveRo ufro kargi Sedegi araaditiuri 
narevebis kvlevisas, agreTve xsnarebisTvis, 
romlebic garSe naerTebs Seicaven, radgan 
xelis SemSleli faqtorebi identurad iCens 
Tavs standartul xsnarebze. 

daskvna. m.w.r.2-is gamoyenebam gansasazR-
vri komponentebis cdomileba imdenad Seam-
cira, rom SemcvelobaTa Tanafardoba 20:1 
SemTxvevaSic ki, komponentebis koncentra-
ciebi SeiZleba ganvsazRvroT 5%-mde cdomi-
lebiT. 

modeluri narevebis komponentebis Semcve-

lobis nominaluri Sedgenilobidan ±30% va-
rirebis SemTxvevaSi maTi gansazRvrisas far-
dobiTi cdomileba ar aRemateba 1-5%. es 
adasturebs realuri obieqtebis binaruli 
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da ternaruli sistemebis, kerZod farmacev-
tuli preparatebis analizis dros, winaswa-
ri dacilebis gareSe, optimalurad SerCeu-
li tas anakrebebis gamoyenebiTa da eqspe-
rimentis monacemTa mwr. meTodis meSveobiT 
damuSavebisas utyuari Sedegebis miRebis 
SesaZleblobas.  

 
sakvanZo sityvebi: organul naerTTa na-

revi; koncentracia; dacilebis gareSe; mrav-
lobiTi wrfivi regresiis meTodi  

 
 
1. Sesavali 
speqtruli analizis meTodebi farTod 

gamoiyeneba praqtikaSi da axasiaTebs didi 
sizuste da mgrZnobiaroba. organul naerTTa 
speqtrofotometrias didi adgili uWiravs 
organul naerTTa mravalkomponentiani nare-
vebis analizSi. narevTa analizSi mizanSe-
wonilia multitalRuri speqtrometriis 
gamoyeneba.  

am meTodebis nakli aris analizis 
Sedegebis sakmaod didi masivebis damuSave-
bis sirTule, magram dReisTvis es nakli 
gadalaxulia Tanamedrove gamoTvliTi teq-
nikis gamoyenebiT da monacemTa masivebis 
qemometrikuli algoriTmebiT damuSavebiT. 
am SemTxvevaSi, analizis Sedegebis masividan 
sasargeblo informaciis gamosayofad, xor-
cieldeba sawyisi monacemebisa da maT Soris 
arsebul korelaciaTa warmosaxva axali la-
tenturi cvladebis meeSveobiT. 

amdagvari damuSaveba SesaZleblobas gvaZ-
levs movipovoT sasargeblo informacia vi-
zualizaciisa da interpretaciisTvis ufro 
martivi, kompaqturi saxiT. amisTvis gamo-
iyeneba mravlobiTi wrfivi regresia, am me-
Todma gamoyeneba hpova agreTve farmacev-
tuli preparatebis analizSi, rac gacile-
biT xelsayrelia erTi tipis nimuSebis masi-
uri analizis dros. dacilebis gareSe ram-
denime analitis erTdrouli gansazRvris 
eqspres meTodebiT dainteresdebian rogorc 
saqarxno laboratoriebi, aseve makontrole-
beli organoebi, radganac importirebuli 
produqciis raodenoba mudam izrdeba da 
xSiria SemTxvevebi, roca maTi gacxadebuli 
Sedgeniloba realurs ar emTxveva.  

 

 

2. ZiriTadi nawili 
saqarTvelos bazarze arsebul farmako-

peebs, kontrolis instruqciebSi moyvanil 
meTodebs, romlebic realurad gamoiyeneba 

analizisTvis, xSirad axasiaTebT dabali 
sizuste da mgrZnobiaroba, xangrZlivoba, ma-
Rali Sromatevadoba. es meTodebi, narevis 
analizis dros, rogorc wesi, gulisxmobs 
calkeuli komponentebis winaswar dacilebas 
da Semdgom, erTi meores Semdeg, qimiuri 
reaqciebis meSveobiT gansazRvras. amitom, sa-
survelia iseTi meTodikebis danergva, ro-
melTa meSveobiTac analizi ganxorcieldeba 
narevis komponentebis winaswari dacilebis 
gareSe. rTuli Sedgenilobis preparatebis 
analizisTvis SesaZloa multitalRuri speq-
trofotometriis gamoyeneba. analizis mona-
cemTa damuSavebis algoriTmad SeirCa mrav-
lobiTi wrfivi regresiis klasikuri meTodi 
da mravlobiTi wrfivi regresia-2.  

mwr-1 klasikuri meTodi gulisxmobs STan-
Tqmis moluri (an kuTri) koeficientebis 
mniSvnelobebis winaswar dadgenas. Tu sakv-
levi sistema aditiuria (anu sistemaSi Sema-
vali calkeuli komponentebis optikur sim-
kvriveTa jami narevis optikuri simkvrivis 
tolia), xolo komponentebis koncentraciebi 
– erTi rigis sidideebia, binaruli da ter-
naruli narevebis analizi Cveulebriv iZ-
leva sakmaod zust Sedegebs. araaditiuro-
bis SemTxvevaSi unda Sefasdes araaditiu-
robis xarisxi. gamosadegia kvleva talRis 

sigrZeebze, sadac ∆ܦ < 3 ∙ -aditiurobidan gadaxraa, S standar ܦ∆ . ܵ
tuli cdomilebaa.  

mwr1–is klasikur variantSi zomaven STan-

Tqmis kuTr koeficientebs (ε) m·n cali erT-

komponentiani standartuli xsnarisTvis (m - 

saanalizo komponentTa ricxvia, xolo n – 
talRaTa analizuri sigrZeebis (tas) rao-
denoba). cxadia, rom es arTulebs meTodis 

gamoyenebas, gansakuTrebiT roca m da n rao-
denoba sakmaod didia. 

mwr2 meTodis SemTxvevaSi kvlevaSi viye-
nebT modelirebul xsnarebs da maTi saSu-
alebiT vadgenT regresiuli STanTqmis koe-
ficientebs.  

modelirebul xsnarebSi optimalur kon-
centraciebs vadgenT formuliT: 

 

෡ܭ∑ =  .	ଵି(்ܥ C) ଶImߜ
-cdomilebaTa veqtoris fardobiTi dis		ଶߜ 

persiaa. 
I m- m cali wevrisgan Semdgari erTeu-

lovani matricaa, rac standartul xsnarebs 
gulisxmobs. 

STanTqmis regresiul koeficientebs vad-
genT formuliT: 
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K=D ்ܥ (C ்ܥ)ିଵ . 
D - optikuri simkvrivis matricaa, 
K aris regresiuli koeficientebis mat-

rica, 

C - aris modelirebuli xsnarebis koncen-
traciebis matrica. 

 regresiuli koeficientebis saSualebiT 
dgindeba sakvlev nivTierebaTa koncentra-
ciebi uSualod sakvlev xsnarSi. ܥ = ൣሾܭሿ் ∗ ሾܭሿ൧ିଵ ∗ ሾܭሿ் ∗  ,ܦ
sadac C dasadgeni koncentraciebis erTeu-

lovani matricaa,  C൥ܥଵܥଶܥଷ൩ 
K - regresiuli koeficientebis matrica, 

D - optikuri simkvriveebis erTeulovani 
matricaa.  

 
 

3. daskvna 
mravlobiTi wrfivi regresiis gamoyene-

biT SesaZlebelia, winaswari dacilebis ga-
reSe, dadgindes organul naerTTa narevSi 
komponentTa koncentraciebi araumetes 5% 

cdomilebiT. aRniSnuli sizuste miiRwava 
maSinac ki, rodesac komponentTa Tanafar-
doba didia.  
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UDC 543.42 
MATHEMATICAL AND STATISTICAL PROCESSING OF PHARMACEUTICAL DRUG  
ANALYSIS RESULTS  
N. Amashukeli, D. Jincharadze, M. Makhviladze  
 

Resume: Gool. The aim of the work was spectral analysis of binary and ternary mixtures of pharmaceutical 
preparations, without preliminary removal of components, processing the results of analysis through chemometric 
algorithms, study the possible effect of light absorption of mixture components on the results of analysis.  

Solving of specific tasks was planned:  
- By the method of multiple linear regression of components,forecasting the possibility of determination in binary 

and ternary mixtures, with desired precision. 
- Study the number of simultaneously defined components, their quantitative ratio and the effect of extra 

components on the accuracy of the analysis.  
- Development of spectrometric express analysis techniques of multi-component pharmaceutical medicines based 

on the carried out research works.  
Method. For the analysis of complex composition medicines it is possible to use multi-wave spectrophotometry. A 

method of multiple linear regression was selected as algorithm of data processing analysis.  
Results. During the carried out research it was theoretically proven and confirmed on the basis of experiments, 

that the method of multiple linear regression can be used not only in the analysis of classical, additive mixtures, but 
also in case of errors caused by nonadditivity.  

The formation of standard selectors by method of multiple linear regression 2 allows to increase the accuracy of 
analysis compared with the method of multiple linear regression 1, in the additive as well as in the nonadditive two 
and three component mixtures with not exceeding 5 % of the margin of error. To carry out the analysis of such 
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analytes, where correlation of research material is large. The analysis of mixture is possible without additional 
optimization of spectral ranges.  

It is possible to define analytes, in the absence of extra substances that absorb in the same range. The method of 
analysis using the multi-wave spectral analysis without preliminaryremoval of binary and ternary mixtures has been 
developed, which provides processing the results of analysis by multi linear regression method. It is noteworthy that 
by using this method the sampleFirordt analysis of specific medicine and processing the data will take 1-10 minutes, 
provided that this product already has the database of a single preparatory works, which is crucial for the massive 
analysis of one type of sample. Formulas are calculated for the first time, also the formulas that combine the 
dimensions of deviation from additivity and absolute and relative margins of the errors. The required and sufficient 
number of modeled solutions has been defined in order to determine regressive coefficient of absorption. The 
accuracy and duration of the research have been compared, in case of using different methods, in particular we 
compared Firordt method, multi linear regression method and multi linear regression 2 method. Using of multi linear 
regression 2, allowed us the get better result in research of nonadditive mixtures, also for solutions, that contain extra 
compounds, because hindering factors identically occur on standard solutions.  

Conclusion. Using multi linear regression method 2, decreased the margin of the error of the defined components, 
so that even when the ration of the contents is 20:1, the concentrations of components can be defined up to 5% of 
the error. In case of ± 30% variation from the nominal composition of components of the model mixtures, the relative 
margins does not exceed 1-5% during their definition. This confirms getting accurate results by means of using binary 
and ternary systems of real objects, in particular during the analysis of pharmaceutical medicines, without preliminary 
removal, using the optimally selected wal remains and multi linear regression method of experiment data. 

 
Key words: A mixture of organic compounds; concentration; without removal; multi linear regression met-

hod; wal. 
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reziume: mizani. nagavsayrelidan Camdi-
nare wylis gawmenda mZime metalebisgan. 
sorbentad gamoyenebuli iyo standartuli 
silikageli da bunebrivi ceoliTi (klino-
ptiloliti). 

meTodi. wyalSi mZime metalebis Semcve-
lobis raodenobrivi gansazRvra, xorciel-
deboda atomur-absorbciuli speqtrofoto-
metrze. 

Sedegebi. maRal temperaturaze gamomwva-
ri ceoliTis sorbentad gamoyenebis Semdeg 
wyalSi metalebis raodenoba Semcirda 50%-
iT. 

daskvna. eqsperimentebis Sedegebidan Cans, 
rom maRal temperaturaze gamomwvari ceo-
liTis gamoyenebisas, SesaZlebelia miRweu-
li iqnas gauvneblobis maRali xarisxi.  

 
sakvanZo sityvebi: sorbenti; silikageli; 

ceoliTi (klinoptiloliti); atomur-absor-
bciuli speqtrofotometri.  

 
 
1. Sesavali 
garemos dabinZureba, aris is realuri 

faqtori, romelic mniSvnelovan zegav-
lenas axdens adamianis jamrTelobaze. sa-
qarTveloSi, iseve rogorc msoflios mra-
val regionSi, metad mwvaved dgas ekolo-
giuri problemebi, maT Soris aRsaniSnavia 
atmosferosa da wylis resursebis dabin-
Zureba, samrewvelo da sayofacxovrebo 
narCenebiT [1]. 

sayofacxovrebo narCenebis nagavsayre-
lebze, ZiriTad damabinZurebel wyaros war-
moadgens wyali, romelic poligonis SigniT 
warmoiqmneba da warmoadgens rTul, maRal 
mineralizebul xsnarebs sxvadasxva damabin-
ZureblebiT, romelTa Soris gansakuTrebiT 
gamosayofia mZime metalebi. isini garemodan 
xvdebian niadagSi, zedapirul da miwisqveSa 
wylebSi da mniSvnelovnad abinZureben mas 
[2-3]. 

nagavsayrelebze wyali xvdeba atmosferu-
li naleqebis saxiT. maTSi akumulirdeba 

mTeli speqtri im mavne nivTierebebisa, 
romlebsac Seicavs dauxarisxebeli narCe-
nebi. nagavsayrelebidan dabinZurebuli way-
li Caedineba mdinareebSi da axdens, rogorc 
maT, aseve mTeli garemos dabinZurebas. 

imis gamo, rom nagavsayrelze Camdinare 
wylebis gauvneblebas ver axdenen, mZime 
metalebis didi nawili xvdeba garemoSi. 
mcenareebis, cxovelebis da adamianebis or-
ganizmSi isini iwveven mkveTrad gamoxatul 
mutagenur, embriotoqsikur da kancerogenul 
efeqtebs [4]. 

nagavsayrelidan Camdinare wyalSi mZime 
metalTa raodenoba 6g/sm3 meti simkvriviT 40-
s aRemateba. gansakuTrebiT prioritetul 
damabinZureblebad miiCneva vercxliswyali, 
tyvia, kadmiumi, dariSxani, spilenZi, vana-
diumi, kala, TuTia, stibiumi, molibdeni, 
kobalti, nikeli da sxva. mZime metalebiT 
garemos dabinZurebis saSiSroeba ganpirobe-
bulia imiT, rom isini organuli damabin-
Zureblebisgan gansxvavebiT ar iSlebian, 
aramed gadadian erTi formidan meoreSi, 
kerZod, Sedian marilebis, oqsidebis, meta-
lorganuli naerTebis, xelatebis da sxvaTa 
SemadgenlobaSi. 

Camdinare wylebis mZime metalebis ione-
bisgan arasruli gawmendisas, isini xvdebian 
ra wyalsatevebSi da miwisqveSa horizon-
tebSi, uaryofiTad moqmedeben arsebul mik-
roorganizmebsa da mcenareebze, akumulir-
debian maTSi. 

iseTi elementebi, rogoricaa vercxlis-
wyali da kadmiumi, adamianebisTvis mniSvne-
lovan safrTxes warmoadgens dabali kon-
centraciebis drosac ki. qromi, tyvia, spi-
lenZi da TuTia toqsikuria magram naklebad 
saSiSia, vidre vercxliswyali da kadmiumi.  

 
 

2. ZiriTadi nawili 
q. Tbilisis zogierT nagavsayrelidan 

Camdinare wylis monitoringi da gawmenda 
ukve ramdenime welia xorcieldeba. kvle-
vebma aCvena, rom wyali iwmindeba, magram ga-
sufTaveba mimdinareobs ukuosmosis apara-
tiT, romelSic gamoiyeneba sakmaod Zvirad-
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Rirebuli filtrebi, Sesabamisad, es yvela-
feri garkveul xarjebTan aris dakavSi-
rebuli. miTumetes rom damabinZureblebs 
xSirad gamoyavs gamwmendi mowyobiloba 
mwyobridan, ris gamoc yovelTvis ver xdeba 
nagavsayrelidan Camdinare wylis gauvneb-
leba. amitom es procesebi Semdgom Seswav-
las da daxvewas moiTxovs. 

Cven mier Seswavlili iyo nagavsayre-
lidan Camdinare wylebis gawmenda mZime 
metalebisgan sorbciuli meTodiT. gamoyene-
buli iyo silikageli da bunebrivi sor-
benti _ ceoliTi (klinoptiloliti). eqspe-
rimentebi tardeboda laboratoriul piro-
bebSi. minis milSi (diametriT 5sm), Tavsde-
boda sxvadasxva fraqciis sorbenti, garkve-

uli moculobiT (5 sm simaRleze), gasaw-
mendi wyali miewodeboda zemodan. gatare-
buli wylis raodenobis mixedviT isaz-
Rvreboda, wylis moculobiTi siCqare (saaT 
-1) da kontaqtirebis dro (wm). wyalSi mZime 
metalebis Semcvelobis raodenobrivi gan-
sazRvra, xorcieldeboda atomur-absorb-
ciul speqtrometrze. eqsperimentuli para-
metrebis optimizacias vaxdendiT imis mi-
xedviT, Tu romeli elementis raodenobrivi 
gansazRvra xdeboda. kvlevis obieqti iyo, 
rogorc uSualod nagavsayrelidan Camdi-
nare, aseve modeluri xsnarebi. gamwmendad 
silikagelis gamoyenebis SemTxvevaSi miRe-
buli Sedegebi mocemulia 1 cxrilSi. 

 
cxrili 1 

sorbentis gawmendis efeqtianoba 
 

 
Pb–is SemTxvevaSi, saukeTeso Sedegi miR-

weul iqna 3600 wm-is kontaqtirebis dros, am 
SemTxvevaSi TiTqmis sruliad moxda wylis 
gauvnebleba Pb-is ionebisgan. Mn-is da Cu-is 
SemTxvevaSi kontaqtirebis didi drois Se-
degad, moxda sorbentis gajereba, ris 

gamoc miRebuli Sedegi, aradamakmayofile-
beli aRmoCnda. rac Seexeba Cr-s, sruli 
gauvnebleba ver moxerxda, magram miRebul 
iqna gawmendis 50%-iani Sedegi. 

rogorc kvlevebma gviCvena, mocemul 
pirobebSi miRebuli iqna damakmayofilebeli 

მძიმე მეტალები  საწყისი კონცენტრაცია 
( მგ/ლ ) 

საბოლოო 
კონცენტრაცია  

(მგ/ლ ) 

გაწმენდის 
ხარისხი 

( % ) 

კონტაქტირების დრო 600 წმ 

(ტყვია) Pb  0,0177 0,0075 58 

(სპილენძი) Cu  0,179 0,119 34 

(ქრომი) Cr  0,4316 0,2512 42 

(მანგანუმი) Mn  0,897 0,7199 20 

კონტაქტირების დრო 1200 წმ 

(ტყვია) Pb 0,0177 0,0143 19 

(სპილენძი) Cu 0,179 0,106 41 

(ქრომი)Cr 0,4316 0,283 35 

 (მანგანუმი) Mn 0,897 0,7802 13 

კონტაქტირების დრო 3600 წმ 

(ტყვია) Pb 0,0177 0 100 

(სპილენძი) Cu 0,179 0,169 6 

(ქრომი) Cr 0,4316 0,295 32 

(მანგანუმი) Mn 0,897 0,7905 12 
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Sedegebi, magram sasurvelia maTi gaumjo-
beseba, risTvisac saWiroa sxvadasxva sor-
bentebis da parametrebis SerCeva. am mizniT 
Catarebuli iqna kvlevebi. sorbentad gamo-
yenebuli iyo bunebrivi ceoliTi (klinof-
tiloliti).  

ceoliTebi bunebaSi warmoiqmneba sxvada-
sxvanairi geoqimiuri procesebis ganviTa-
rebisas, romelic ZiriTadad temperaturisa 
da wnevis dabali parametrebiT xasiaTdeba. 
ceoliTebi warmoadgenen kristalur wylian 
aluminsilikatebs. es aris rTuli SenaerTi 
rogorc qimiuri, aseve struqturuli Tval-
sazrisiT. yvela ceoliTis maxasiaTebel 
Semadgenel nawils warmoadgens wyali da 
amitomac sxva aluminsilikatebisagan gan-
sxvavebiT isini warmoadgenen hidratirebul 

aluminsilikatebs. mineralogiaSi “ceoli-
Turs” uwodeben im wyals, romelic SeiZ-
leba movaSoroT kristals maRali tempera-
turisa da wnevis zemoqmedebiT, ceoliTis 
struqturis daSlis gareSe da romelic 
aseve SeiZleba STainTqas ceoliTis mier 
sawyisi pirobebis aRdgeniT. 

samuSaosaTvis gamoyenebuli iyo ceoli-
Tis granulebis ori fraqcia (0.25 mm, 1.5 mm) 
TiToeuli maTgani gamomSrali iyo 1200C-sa 
da gamomwvari: 3000C, 6000C, 7000C-ze. sabo-
lood miviReT 6 sxvadasxva safiltri 
masala.  

eqsperimentebis Sedegebi warmodgenilia 
cxrilSi 2. 

 
cxrili 2 

SemuSavebuli sorbentis gawmendis xarisxi 

 
მძიმე მეტალები გაწმენდამდე 

კონცენტრაცია (მგ/ლ) 
გაწმენდის შემდეგ 

კონცენტრაცია(მგ/ლ) 
გაწმენდის 
ხარისხი (%) 

ცეოლითის ფრაქცია 0,25მმ, გამომწვარი 3000 C-ზე 

(კადმიუმი) Cd 0,08 0,08 0 

ცეოლითის ფრაქცია 1,5მმ, გამომწვარი 3000 C-ზე 

(კადმიუმი) Cd 0,08 0,081 0 

ცეოლითის ფრაქცია 0,25მმ, გამომწვარი 6000 C-ზე 

(კადმიუმი) Cd 0,08 0,0418 48 

ცეოლითის ფრაქცია 1,5მმ გამომწვარი 6000 C-ზე 

(კადმიუმი) Cd 0,08 0,0438 45 

ცეოლითის ფრაქცია ზომით 0,25მმ გამომწვარი 700°C-ზე 

(ტყვია) Pb 0.0262 0.0183 30.15 

(სპილენძი) Cu                          0.1055 0.0607 42.46 

(მანგანუმი) Mn 0.1247 0.029 76.74 

ცეოლითის ფრაქცია ზომით 1,5მმ გამომწვარი 700°C-ზე 

(ტყვია) Pb 0.0262 0.0214 18.32 

(სპილენძი) Cu 0.1055 0.091 13.74 

(მანგანუმი) Mn 0.1247 0.1112 10.83 
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3. daskvna 
maRal temperaturaze gamomwvari ceoli-

Tis sorbentad gamoyenebis Semdeg wyalSi 

Cd da Cu raodenoba Semcirda 50%-iT. 

Mn-is SemTxvevaSi miviReT ufro kargi 

Sedegi. Mn–is ionebis raodenoba Semcirda 
≈76%-iT. 

mZime metalebis sruli mocilebisTvis, 
saWiroa Catardes Semdgomi kvlevebi: Sevis-
wavloT sxvadasxva temperaturaze gamomwva-
ri ceoliTis gamoyeneba sorbentad, kontaq-
tirebis dro da ceoliTis fraqciebis zo-
mebi. es dagvexmareba optimaluri pirobebis 
SerCevaSi.  
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RESEARCH OF TREATMENT OF LANDFILL SEWAGE WATER BY SORBTION METHOD  
L. Gvasalia, T. Chlargidze  
 

Resume: Gool. main purpose of the research. Cleanup of landfill sewage water from heavy metals, as sorbentwas 
used silica gel and natural zeolite(Clinoptilolite). 

Method. Atomic Absorption Spectrophotometer was used for quantitative determination of heavy metals in 
water.  

Result. Heavy Metals concentration in water decreased of 50% with using as sorbent zeolite which was burnt out 
in height temperature.  

Conclusion. The researches shows that height quality of harmlessness achieved with using zeolite which was burnt 
out in height temperature. 

 
Key words: Sorbent; Silica gel; Zeolite (Clinoptilolite); Atomic Absorption Spectrophotometer. 
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reziume: mizani. keramikul masalaTa da 
kompozitebis eqspluataciis pirobebSi xSir 
SemTxvevebSi viTardeba ara marto maRali 
meqanikuri daZabulobebi, aramed Termuli 
datvirTvebi da airTermuli dartymebi. maga-
liTad eleqtrogadamcem xazebze, wylisa da 
airturbinebis amuSavebisa da muSaobis pro-
cesSi didi datvirTvebi modis turbinebis 
diskebze da frTebze. aRniSnuli datvir-
Tvebi gadaizrdeba daSlis daZabulobis 
energiaSi, rodesac nakeTobaTa simtkice nak-
lebia datvirTvebze. yvela masalaSi aris 
mikrobzarebi da SesaZlebelia arsebobdes, 
teqnologiuri darRvevebis Sedegad warmo-
Sobili bzarebi, romelTa wveroebze kriti-
kuli datvirTvebis dros viTardeba maqsi-
maluri daZabulobebi, viTardeba maRali 
energiebi da xdeba bzaris wverodan mowy-
veta, rac iwvevs nakeTobis daSlas. gamom-
dinare aseTi eqstremaluri samuSao piro-
bebidan sainteresoa im energiebis gaTvla, 
romelTa gamoc xdeba masalaTa katastrofa.  

meTodi. masalTa industriaSi muSaobis 
pirobebidan gamomdinare, Seswavlil iqna 
maTi saeqsploatacio Tvisebebi Tanamedrove 
kvlevis meTodebis gamoyenebiT. keramikul 
masalaTa mikro- da makrostruqturuli, 
mikro- da makromeqanikuri maxasiaTeblebis 
Seswavlisa da ganzogadebis safuZvelze 
SerCeuli iqna formulis parametrebi.  

Sedegebi. formula moicavs nakeTobaze 
miyenebuli meqanikuri da Termuli datvir-
Tvebis Sedegad gamowveuli energiebis 
ganviTarebisa da maTi masalaSi arsebul 
bzarebze zemoqmedebis meqanizmebis analizs. 
arsebul bzarebze am datvirTvebis Sedegad 
warmoqmnili energiebis da TviT nakeTobaSi 
ganviTarebuli energiebis gavrcelebis meqa-
nizmebis amoqmedebis Sedegebs, rasac masala 
mihyavs katastrofamde.  

daskvna. bzaris ganviTarebis meqanizmis 
safuZvelze dadgenilia universaluri kavSi-
ri nakeTobis mTlian daSlis daZabulobis 
energias, nakeTobis masas da bzaris ganviTa-
rebis siCqares Soris kritikuli daZabulo-
bebis pirobebSi. SemoTavazebulia daSlis 
daZabulobis energiis formula.  

 

sakvanZo sityvebi: daSlis daZabulobis 
energia; bzaris ganviTarebis siCqare; meqa-
nikuri datvirTva; Termuli datvirTva; kri-
tikuli daZabuloba. 

 
 
1. Sesavali 
masalaTa simtkiceSi moiazreba garegani 

da Sinagani daZabulobebis mimarT maqsima-
luri gamZleoba. kristalur meserSi atom-
Ta Soris manZilebi da atomTa Soris urTi-
erTqmedebis Zalebi mniSvnelovnad gansazR-
vraven masalaTa Teoriul simtkices. alumi-
nis oqsidis daSlis simtkice Runvaze atom-
Ta Soris kavSiris siZlieris mixedviT, 
daaxloebiT 50 000 mpa-is tolia, maSin, 
roca simtkicis umetesi teqnikuri variante-
bi gviCvenebs 300-350 mpa-s, xolo gansa-
kuTrebulad maRali simtkicis masalebi 
1000 mpa-s [1]. aseTi didi diskrepanci Teo-
riulsa da praqtikuls Soris gamowveulia 
imiT, rom keramikuli masalebi gansakuTre-
bul mgrZnobelobas iCenen inhomogenuro-
bebisa da defeqtebis mimarT struqturaSi, 
rogorebicaa magaliTad: CanarTebi, forebi, 
makro- da mikrobzarebi. unda aRiniSnos, 
rom maRali teqnologiebis drosac ki ase-
Ti saxis struqturuli darRvevebis Tavidan 
acileba urTules amocanas warmoadgens. 
masalaTa morfologiuri kvlevisas mniSvne-
lovani roli ekuTvnis kristalur fazas, 
romelic struqturis yvelaze gamaZlie-
rebel mdgenels warmoadgens. kristaluri 
fazis gadanawileba matricaSi da misi 
zomebi, mniSvnelovnad moqmedebs meqanikur 
Tvisebebze. 5 mkm-ze naklebi wvrildisper-
siuli zomebi da maTi Tanabari ganawileba, 
zrdis keramikis nebismieri saxeobis meqa-
nikas, xolo maTi didi zomebi, rogoricaa 
20-40 mkm da meti da araTanabari ganawileba 
masalis masaSi, amcirebs ara marto meqani-
kur, aramed sxva saeqsploatacio Tvisebeb-
sac, rogorebicaa medegoba Termuli da 
airTermuli dartymebis mimarT, eleqtro- 
da magnituri Tvisebebi, xanmedegoba da eqs-
pluatacia rTuli daZabulobebis pirobeb-
Si, mag. eleqtrogadamcem xazebze, daSlis 
daZabulobis zRvruli mniSvnelobebis Sem-
cireba da a.S. [2-4]. miniseburi faza kris-



 

talur fazasTan SedarebiT
matricis sust mdgenels, mag
Tanabrad aris gadanawilebul
da forebi, maSin is gamodis, 
kavSirebeli da SemamWidebel
saTvis. ra Tqma unda mcire o
seburi faza am SemTxvevaSi Se
biT rols iTamaSebs, mag. myar
xobis dros, rodesac misi 
wili 12 %-ze naklebia. 

foriani faza aseve kompl

lenas axdens keramikis sxvada

ze. didi mniSvneloba aqvs f

maT moculobiT wils, for

daxuruli da mrgvali formis

naxevrad gamWoli.  

rac ufro wvrildispersi

matricaSi da Tanabrad aris 

masala miT Zlieria, xanmedegi

Termuli, airTermuli dartym

daZabulobebis da dartymebis 

bi mniSvnelovnad moqmedebs na

pleqsur Tvisebebze, maTi m

forma, mcire, 5 mkm-ze nakle

Tanabari ganawileba, zrdis k

gobas gare datvirTvebis mim

Ria forianoba wyalSTanTq

nulis tolia, maSin daxur

moculobiTi wili matricaS

meryeobs 0.5-9 moc. %-s Soris

TvaliT uxilav mikrobzareb

mixedviT isini nebismier Term

vebul masalaSia [5, 6]. meqanik

vis pirobebSi, mag. wylis t

airturbinebis, mfrinav apara

to amuSavebis procesSi, d

intensivobebi maqsimaluria. a

iCens daZabulobebis intensiv

wverosTan da kritikul SemT

bzaris, gansakuTrebiT didi z

ganviTareba mowyvetis gziT 

dros SeiZleba ganviTardes 2

riT da gamoiwvios myisieri k

SemTxvevaSi mniSvnelovan ro

daZabulobis intensivobis kr

ficienti-Kic, romelic dakavSi

kadi energiis ganTavisufleb

intensivobasTan an daSlis 

Gic. moculobiTi daZabulobe

obaSi K2ic=E Gic (1-µ2), sada

koeficientia. daZabulobis 

koeficienti (dik) aris sid

gansazRvravs normalur daZ

12 

T warmoadgens 
gram Tu masSi 
li kristalebi 
rogorc Sema-

li am fazebi-
odenobis mini-
edarebiT dade-
r fazaTa Sec-

moculobiTi 

leqsur zegav-

asxva Tvisebeb-

forebis zomas, 

rmas, aris es 

s, gamWoli Tu 

iulia forebi 

ganawilebuli, 

i da mdgradia 

mis, meqanikuri 

mimarT. fore-

akeTobaTa kom-

omrgvalebuli 

ebi zomebi da 

keramikis mede-

marT. rodesac 

qmis mixedviT 

uli forebis 

Si ZiriTadad 

s. rac Seexeba 

bs, grifitsis 

mulad damuSa-

kuri datvirT-

turbinebis an 

tebSi sastar-

daZabulobebis 

am dros Tavs 

vobebi bzaris 

TxvevaSi xdeba 

zomis bzarebis 

[7]. bzari am 

2000 m/wm siCqa-

katastrofa. am 

ols TamaSobs 

ritikuli koe-

irebulia dre-

bis kritikul 

siblantesTan 

ebis mdgomare-

ac µ-puasonis 
intensivobis 

ide, romelic 

abulobas  y 

wertilSi, romelic mde

lebiT r bzaris wvero

adgilobriv daZabulob

sxeuli bzariT, datvir

wonasworobis zRvrul 

lis drosac bzari an 

obas, an SeuZlia adgil

muli datvirTvis mcir

SemTxvevaSi daZabulobi

ficienti iqneba zRvr

masalisaTvis mocemuli

bebSi. drekad sxeulSi

perpendikularulia bza

dik-i asimptotur miaxl

ba K=lim√2πr y gamosax

aris sidide, romelic 

blant daSlas [7]. masal

sakuTrebiT meqanikuri 

mniSvnelovnad ganisazR

rebis saxeobebis da 

urTierTganlagebis mixe
 
 

2. ZiriTadi nawili 
atomTa Soris urTi

gavleniT warmoiqmneba 

turebi atomTa Soris

gebuli dacilebebiT. w

reobaSi or mezobel a

vis da mizidulobis Z

tolia (sur. 1). 
 

 

sur. 1. myar sxeul

damokidebulebiT or me

arsebuli rezultirebul

+, ganzidva -, wonaswor

 

ebareobs mcire daci-

odan da gamoxatavs 

ebs bzarTan axlos. 

rTvis dros aRwevs 

mdgomareobas, rom-

ukve iwyebs moZra-

lidan daiZras, moce-

re matebis dros. am 

is intensivobis koe-

ruli-kritikuli am 

i datvirTvis piro-

i bzariT, Tu RerZi 

aris mimarTulebisa, 

loebaSi ganisazRvre-

xulebiT, sadac Kic 
axasiaTebs masalis 

laTa Tvisebebi, gan-

datvirTvebis dros 

Rvreba atomTa kavSi-

maTi myar sxeulSi 

edviT [8].  

ierTqmedebis ZalTa 

kristaluri struq-

s mkacrad mowesri-

wonasworul mdgoma-

toms Soris ganzid-

Zalebis jami nulis 

 

lSi a manZilze 

zobel atoms Soris 

i F Zala (miziduloba 

ruli dacileba ao) 



 

atomebis gadaadgileba 
mdgomareobidan SesaZlebelia 
Zalebis zemoqmedebis Sedegad
maturad gviCvenebs or atoms 

F Zalebis jams, rogorc maTi 

a dacilebis funqcias. wonas
mareobaSi atomebi miiReben 

siaTebel ao urTierTdacileba
gadaadgilebis SemTxvevaSi, a
dulobis - Sesabamisad ganzid
bis ukuqmedebis gavlena. im
roca gadaadgileba mcirea, ma
buleba am ukuqmedebis Zalebi
Soris manZilisa xazobrivia
moxsnis Semdeg wonasworuli
aRdgeba, deformacia reversi
aRdgenadia, relaqsirebadia. a
nare masalaTa umetesi saxeo
zRvrebamde xazobrivad elasti

TvalsaCino fenomenia daZab
metebis ganxilvisaTvis for
forma firfitaSi (sur. 2) da 
gadanawilebis ganxilva fo

elifsis ganzomilebebi ganisaz
mTavari RerZebiT. simrudis r

sis kidura S punqtSi aRwevs 
las daZabuloba ϭS modebuli

TulebiT  a aRwevs maqsimums: 

 S /  a =1+2 (a / ρ ) ½

 
sur. 2. modelur firfi
elifsuri foras garS

daZabulobebis  S gada
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wonasworuli 
mxolod gare 

d. sur. 1, sqe-
Soris moqmedi 

erTmaneTisagan 

sworul mdgo-
maTTvis maxa-

as. ∆a manZiliT 
RiZvreba mizi-
dulobis Zale-
m SemTxvevaSi, 
aSin damokide-
isa da atomTa 
a. datvirTvis 
i mdgomareoba 
ibeluria, anu 
aqedan gamomdi-
bebi garkveul 
ikurebia [9]. 
bulobis gada-
ras elifsuri 
daZabulobebis 

oras garSemo. 

zRvreba b da a 
radiusi elif-

ρ=b2/a. am adgi-
i Zalis mimar-

½ .                          1 
 

 

itaSi  
Semo  

meteba 

aRniSnuli tolobis
foras SemTxvevaSi daZ
bisas miviRebT faqtors 
meti iqneba rac ufro 
radiusi elifsis kideS
lobis SemTxvevaSi el

bzari simrudis radiusi
am SemTxvevaSi iqneba 
aseTi maTematikuri S
SeuZlebelia moxdes, v
simrudis radiusi, sul 
manZilebis tolia. sin
bzaris wverosTan eqst
daZabulobebi warmoiSo
simtkicesTan miaxloebu

 
daZabulobis i

faqto

bzarebis SemTxvevaSi 
bzaris wverosTan Zali

sidide (a/ρ)1/2 sakmaod 
rom 1 tolobaSi Sesak
niSvnelo gaxdes. amgva
wnevis gadameteba daax
ulia bzaris Semcvel m

gare wnevisa  a (dawne
agreTve fesvisa bzari
ZiriTad kanons mivyavar

tensivobis koeficienti
de, rogorc daZabulo
wveros ubanze. 

Ki= . 
 

sur. 3. daZabulob

bzaris wv

ubanS

 

s mixedviT, wriuli 
Zabulobis gadamete-
3. daZabulobebi miT 
mkveTria simrudis 

Si. zRvruli daZabu-
lifsSi warmoiqmneba 

iT ρ=0. daZabulobebi 
usazRvrod didi. 

emTxveva realobaSi 
vinaidan minimaluri 
mcire atomTa Soris 

namdvileSi uSulod 
tremalurad maRali 
oba, rac Teoriul 
lia [10]. 

ntensivobis  
ori 

simrudis radiusi ρ 
an mcirea da amitom 

maRali iqneba. ise, 
rebi 1 SeiZleba um-
rad, bzaris wverze 
xloebiT proporci-
masalaze miyenebuli 

exvis Sori veli) da 

is sigrZidan a. am 
rT daZabulobis in-

is Ki gansazRvrebam-
obis sazomi bzaris 

√ a.Υ .                              2 

 
is ganviTareba  

veros  

Si 



 

geometriuli faqtoriT Y 

bulia bzaris Semcveli nakeT

riuli zomebi da masSi daZabu

wileba. igi gamoiTvleba ricx

daxmarebiT sxvadasxva saxis

mixedviT da mocemulia stand

lebSi. daZabulobis intensivo

indeqsi gviCvenebs bzaris 

reJims, sadac masalis daSlis

sarisko ubanSi datvirTvis md

aRiniSneba modusi 1-iT. amis 

datvirTva bzaris gverdebz

modusi II-iT, xolo grex

datvirTva-modusiT III. II da 

gansakuTrebul SemTxvevebSi 

kavSirebuli masalebi an dam

nikuri mniSvneloba. monoliT

gamoyenebisas praqtikulad ga

lod modusi 1 [11]. 

daZabulobis ganawileba bz

axlos, mocemulia polarul

tebiT (sur 3), sadac r aris m
wverodan, xolo ɸ-iT aRiniSne

 

bzaris gavrceleba kri

datvirTvis pirobeb

bzarebi nela iwyeben zrda

rodesac daZabulobis intensiv

kritikul mniSvnelobas iZens,

bzaris gamZleoba datvirTvis

misi winaaRmdegobis energia m

datvirTvis yoveli minimalu

gadaizrdeba daSlis energiaS

aseTi procesi iwvevs bzaris 

Si. am fenomens uwodeben bzar

tikul wina periods [11]. am p

risaTvis ganixileba bzaris z

rogorc daZabulobis intensiv

Ki funqcia. mravali saxis mas

ase, rogorc es naCvenebia tipu

(sur. 4). zRvruli mniSvnelob

(threshold - zRvruli) bzaris z

registrirebuli. datvirTvi

pirvel rigSi SeimCneva bzari

siCqare (upiratesad 10-12 m/wm

ubanSi daZabulobis intensivo

zrdasTan erTad izrdeba 

kanonzomierebis farglebSi [10

V=AKI
n =A* ( KI/KIC 

parametrebi A (Sesabamisad 
kidebulia masalaze, tempe

garemo mediaze. Sesabamisad b
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gaTvaliswine-

Tobis geomet-

ulobebis gana-

xviTi meTodis 

s datvirTvis 

dartul cxri-

obis faqtoris 

datvirTvis 

saTvis yvelaze 

dgomareobaa da 

sapirispirod 

ze aRiniSneba 

xvis Sedegad 

III modusebs 

aqvT (mag.: Se-

mfaravebi) teq-

Turi masalis 

amoiyeneba mxo-

zaris wverTan 

li koordina-

anZili bzaris 

eba kuTxe. 

tikuli  

bSi 

as mas Semdeg, 

vobis faqtori 

, anu rodesac 

s procesSi da 

inimaluria da 

uri zrdac ki 

Si. datvirTvis 

matebas zomeb-

ris zrdis kri-

procesis aRwe-

zrdis siCqare, 

obis faqtoris 

salebs mosdis 

ur v-Ki mrudze 
bis dros Kith 
zrda ar aris 

is gazrdiT, 

s zrdis neli 

m), romelic I 

obis faqtoris 

Tanafardobis 

].  

)                          3 
A*) da n damo-
raturasa da 

bzaris gavrce-

lebis siCqarisaTvis I 

wineba garemo mediis d

rosTan da modebuli d

didi nawilisTvis eqspo

Ti masalebisaTvis misa

desac bzaris gavrcel

matulobs. bzaris siCqa

rom daZabulobis int

mateba bzaris aCqareba

da difuzia, rogorc 

Rvreli procesi (Zalia

ruWdeba. 

 

 

 
sur. 4. bzaris gavrc

tipuri grafiki daZabul

faqtorTan damokideb

viTardeba bzaris zrd

mdgomareoba (v-K-mrudi

daZabulobis intensivobis

- bzaris zrdi

 

rodesac daZabulob

tori bzaris winaaRmd

(ubani III), viTardeba d

energia, mimdinareobs 

zrda mowyvetis gziT 

kulad zRvruli siCqari

dros viTardeba bzaris

re, daaxloebiT 2000 m/w

rodesac daZabuloba m

magaliTad gadacemis x

nikuri nakeTobebisaTvis

da bzari nela izrdeba,

sivobis faqtori yovelT

ubanSi, gaiTvalis-

difuzia bzaris wve-

aZabuloba. keramikis 

onenta n˃15. zogier-
aRebia ubani II, ro-

lebis siCqare aRar 

are imdenad maRalia, 

ensivobis faqtoris 

ze veRar moqmedebs, 

aCqarebis ganmsaz-

an neli xdeba) mux-

 

celebis siCqaris  

lobis intensivobis 

bulebiT, rodesac  

dis winakritikuli 

i). horizontalze -

s faqtori. vertikalze 

is siCqare 

bis intensivobis faq-

degobas gadalaxavs 

daZabulobis daSlis 

bzaris uswrafesi 

da procesi praqti-

is tolia. swored am 

s gavrcelebis siCqa-

wm. (sur. 4 ubani III). 

mudmivad modebulia, 

xazebze eleqtroteq-

s an muSa procesebSi 

, daZabulobis inten-

Tvis iqneba matebaSi. 
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am SemTxvevaSi bzaris zrda masalis sicoc-

xlis periodSi yovelTvis permanentulia. 

rodesac gvian stadiaze miiRweva ubani II, 

maSin sicocxlis xangrZlivoba SedarebiT 

mcirdeba, rac teqnikurad sicocxlis xang-

rZlivobis relevanturi SefasebisaTvis 

mniSvnelobas kargavs. 

 

Termuli da airTermuli dartymebis  

mimarT medegobis kriterialuri Sefaseba 

masalaSi daZabulobebis ganviTarebis 

procesSi 

masalebSi, romlebic muSaoben gardama-

val temperaturul velebSi da maRali meqa-

nikuri datvirTvebis qveS, damaxasiaTebelia 

Termuli daZabulobebisa da deformaciebis 

aRZvra im pirobebSi, roca maTi meqanikuri, 

fizikuri da qimiuri Tvisebebi mniSvnelov-

nad ar icvleba. problema rTuldeba imiT, 

rom rogorc wesi, Termuli daZabulobebis 

garda moqmedebs meqanikuri daZabulobebi 

gare datvirTvebisagan, rac masalaSi maRa-

li energiebis ganviTarebas iwvevs. am SemT-

xvevaSi ganviTarebuli energiebi mniSvne-

lovnad moqmedebs bzarebze da iq sadac 

matricis SedarebiT susti ubania da arse-

bobs bzarebi, xdeba maTi ganviTareba 

mowyvetis gziT. am SemTxvevaSi masalis 

katastrofuli daSla gardauvalia [12] 

Termuli daZabulobebi upiratesad warmoi-

Soba: sxeulis araTavisufali Tburi gafar-

Tovebis dros, temperaturis Tanabari gana-

wilebisas polikristalur sxeulSi anizo-

tropuli kristalebiT, an izotropul 

sxeulSi, romelic datvirTvebamde damagre-

buli iyo SemzRudavi ZalebiT, sxeulSi 

temperaturuli gradientebis dros, sxeu-

lis temperaturis cikluri cvlilebiT, 

rodesac is meqanikurad myarad aris damag-

rebuli, erTjeradi arastandartuli Termu-

li gaxurebiT [13-16]. xangrZlivi muSaobis 

pirobebSi mimdinareobs Termuli daZabu-

lobebis TiTqmis sruli relaqsacia, amitom 

temperaturis TandaTanobiTi cvlilebis 

pirobebSi, daSlis saSiSroeba ganisazRv-

reba ZiriTadad meqanikuri datvirTvebiT. 

cikluri Termuli daZabulobebi (Termuli 

daRla da temperaturis mkveTri cvlileba - 

Termuli dartyma) upiratesad gansazRvravs 

da masalebis daSlis ZiriTadi mizezebi an 

faqtorebia. amdenad, mkacr pirobebSi gamoc-

da, ganapirobebs nakeTobaTa eqspluataciis 

SedarebiT farTo sferos. aucilebelia 

gaTvaliswinebul iqnes Sinagani daZabulo-

bebi maTi lokalurobis mixedviT [17]. 1. 

nulovani rigis daZabuloba warmoiqmneba 

urTierTdakavSirebul sxeulTa sistemaSi, 

erTmaneTze araTanabari Termuli zemoqme-

debis an sxvadasxva xazobrivi tempera-

turuli gafarToebis koeficientebis gamo. 

2. pirveli rigis (mikroskopuli) daZabu-

lobebi, romlebic wonaswordeba sxeulis 

zomebis sferoebSi, gamowveulia temperatu-

ruli velebis araerTgvarovnebiT an sxeu-

lebis TvisebebiT. 

3. meore rigis (mikroskopuli) daZabulo-

bebi, SesaZlebelia warmoiqmnas pirveli 

rigis daZabulobebis ararsebobis SemTxve-

vaSi da damoukidebeli mniSvnelobebi aqvT. 

4 mesame rigis dazianebebs (submikros-

kopuli), ar SeiZleba ewodos daZabulobebi, 

vinaidan umciresi zonebis sferoebSi - gani-

sazRvreba daZabuloba - kargavs azrs. aR-

niSnuli dazianebebi vlindeba atomTa So-

ris manZilebSi da maTi Seswavla rTulia. 

bzarebis gamovlena calkeul marcvlebSi 

an maT sazRvrebze da Semdeg masalis 

mTlianad daSla, gamowveulia dazianebebis 

dagrovebiT, romlebic warmoiqmneba Termo-

struqturuli daZabulobebis zegavleniT 

didi temperaturuli zemoqmedebis raode-

nobis ciklebis Sedegad, an maRali meqa-

nikuri Zabvebis gamo (sur. 5).  
miRebuli sialonis masalis dinamikuri 

mikrosisale da drekadobis moduli gani-

sazRvra Tanamedrove O ISO-14577 saerTaSo-

riso standartis moTxovnebis Sesabamis 

dinamikur ultra mikrosisalis testerze, 

rome DUH-211S, romelic myari sxeulebis 

zedapirebis meqanikuri maxasiaTeblebis (mik-

rosisale, drekadobis moduli) dasadgenad 

gamoiyeneba. Sedegebi warmodgenilia cxril-

Si 1 [18, 19]. 
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a 
 

 
 

b 
 

 
 
c 
 

sur. 5. cxlad dawnexili (16200C) sialonis -Si-Al-O-N kompozitis  
morfologiuri suraTi. mikromeqanikuri anabeWdi aRebulia  

siliciumis karbidis marcvalSi 
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cxrili 1 
sialonuri -Si-Al-O-N kompozitis teqnikuri maxasiaTeblebi 

<<Test condition-SiAlon-200 >> 
 

Test mode Load-unload  

Sample name SiAlon-zv Sample No. #1 
Test force 200.000[gf] Minimum force 0.200[gf] 

Loading speed 1.0(7.1448[gf/sec]) Hold time at load 5[sec] 
Hold time at unload 3[sec] Test count 21 

Parameter name Temp Parameter 20 
Comment 21.06.17-SiAlon-zv-200;DHV5-3   

Poisson's ratio 0.190   
Cf-Ap,As Correction ON Indenter type Vickers 

Read times 2 Objective lens 50 
Indenter elastic             1.140e+006[N/mm2]                       Indenter poisson's ratio0.070 

 
 

<< Test result >> 
 

SEQ Fmax hmax hp hr DHV-1 DHV-2 Eit Length HV Data name 

 [gf] [um] [um] [um]   [N/mm2] [um]   

1 200.710 4.7107 1.9264 3.1017 442.157 2643.803 7.211e+004 15.792 1492.537 SiAlon-200(2) 
2 200.786 4.2612 1.6795 2.7414 540.546 3479.868 8.707e+004 14.621 1741.886 SiAlon-200(4) 
3 200.800 4.9636 1.7638 3.3296 398.419 3155.263 6.588e+004 16.959 1294.659 SiAlon-200(5) 
4 200.674 4.5307 1.7788 3.0421 477.884 3100.234 8.083e+004 15.644 1520.484 SiAlon-200(6) 
5 200.675 4.3294 2.1587 2.9575 523.381 2105.199 9.024e+004 15.498 1549.415 SiAlon-200(7) 
6 200.662 3.5295 1.5855 2.1773 787.444 3902.198 1.254e+005 16.595 1351.275 SiAlon-200(8) 
7 200.661 3.6147 1.8441 2.4494 750.723 2884.448 1.349e+005 17.179 1260.907 SiAlon-200(9) 
8 200.738 3.0333 1.1085 1.7530 1066.516 7985.353 1.660e+005 12.866 2248.651 SiAlon-200(10)
9 200.959 2.8595 1.0929 1.5884 1201.396 8224.728 1.857e+005 12.134 2531.125 SiAlon-200(11)

10 200.866 3.0653 1.3375 2.0446 1045.024 5488.768 1.924e+005 ----- ----- SiAlon-200(12)
11 200.737 3.1154 1.3372 2.0317 1011.028 5488.160 1.790e+005 ----- ----- SiAlon-200(13)
12 200.960 2.5787 1.1425 1.5447 1477.302 7525.888 2.536e+005 12.135 2530.738 SiAlon-200(14)
13 200.923 2.7215 1.1113 1.5055 1326.134 7952.513 2.077e+005 11.989 2592.358 SiAlon-200(16)
14 200.501 2.8549 1.0966 1.5509 1202.544 8150.998 1.824e+005 12.135 2524.953 SiAlon-200(17)
15 200.497 3.4966 1.3136 2.2145 801.640 5679.626 1.320e+005 ----- ----- SiAlon-200(18)
16 200.702 2.9626 1.1801 1.6771 1117.798 7044.719 1.729e+005 12.428 2409.746 SiAlon-200(19)
17 200.589 3.4541 1.4444 2.0858 821.888 4700.234 1.288e+005 14.474 1775.634 SiAlon-200(20)
18 201.195 3.0666 1.0307 1.5932 1045.886 9257.288 1.515e+005 11.698 2726.384 SiAlon-200(21)

Average 200.757 3.5082 1.4407 2.1882 890.984 5487.183 1.449e+005 14.143 1970.050  

Std. 
Dev. 

0.174 0.738 0.346 0.611 324.195 2330.548 52250.109 2.028 548.126  

CV 0.087 21.043 23.994 27.907 36.386 42.473 36.057 14.341 27.823  

 
 



 

sur. 6. sialonuri komp
a) indentoris masal

datvir

morfologiuri suraTis mix
nuri kompozitis fazuri Sed
sialoni-62.6; siliciumis karb
minis Jangi-6.2; foriani faza-
miRebulia pirvel etapze me
da azotirebis procesebiT 145
kompoziti gadaifqva teflon
da cxlad daiwnexa 16200C-ze. 

cxrilSi 1, mocemuli gvaq

kompozitis 16200C-ze cxlad 
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a 
 

 
b 
 

pozitis mikromeqanikuri maxasiaTeblebi 2N d
laSi CaRrmavebis damokidebuleba droze, b) in
rTvis damokidebuleba anabeWdis siRrmeze 

 
xedviT sialo-
genilobaa (%): 
bidi-28.0; alu-
-3.2. kompoziti 
etaloTermuli 
500C-ze. Semdeg 
nis wisqvilSi 

qvs sialonuri 

dawnexil ni-

muSze Catarebuli testi

aRebulia SiC marcvalS
moxda ramodenimejer, 
lia cxrilSi, sadac sa

HV: 19,70gpa. dinamikuri
drekadobis moduli E-14

ცxrilSi 1 mocemuli

struqturaSi Semcveli 
tirebis Sedegebi. inden

marcvlebze 2 ნ datvirTv

 

 

atvirTvisas  
dentoris  

is Sedegebi, anabeWdi 

Si, anabeWdis aReba 
Sedegebi ki mocemu-
aSualo simagre aris 
i sisale DH-8.9 GPa, 
45 MPa. 
ia kompozitის mikro-

SiC marcvlebis tes-
ntireba xdeboda SiC 
visas.  
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siliciumis karbidis marcvlebze aRebu-
li anabeWdis sazRvrebi mkveTria (sur. 5 a), 
b), c)) bzari, romelic warmoiSoba marc-
valze indentoris datvirTvis Sedegad, ar 
vrceldeba marcvlis sazRvris iqiT. mat-
rica, misi maRali meqanikuri Tvisebebis da 
energiis disipaciis gamo, axSobs bzaris 
gavrcelebas da kompozitis simtkice inar-
Cunebs Tavis mniSvnelobas. aseTi didi zo-
mis marcvlebi erTeulia da masalis meqa-
nikur Tvisebebze msjeloba maTi mixedviT, 
ar unda iyos relevanturi, vinaidan maTi 
dipersiulobis xarisxis gazrda ar warmo-
adgens problemas, xolo kvlevisaTvis, sain-
tereso suraTs iZleva. gansakuTrebiT sain-
teresoa sur. 5 b. am SemTxvevaSi bzari 
anabeWdis marjvena mxares imdenad Zlierad 
da maRali energiiT viTardeba, rom is 
vrceldeba matricamde, ejaxeba Zlier mat-
ricas, brundeba ukan, diagonalurad gada-
seravs marcvals da marcvlis meore mxares 
Seejaxeba isev matricas, magram mas ver 
arRvevs. unda aRiniSnos, rom bzari inar-
Cunebs maRal energias da viTardeba dia-
gonalurad SiC marcvlis meore mxares, 
kargavs ra energias veRar aRwevs matricam-
de. qveda wibodan gavrcelebuli bzari 
aRwevs matricamde, magram energiis disipa-
cia marcvalSi da matricis daZabulobis 
intensivobis kritikuli koeficienti-Kic, 
imdenad maRalia, rom bzari matricasTan 
qreba. sur. 5 a) da c)-ze naTlad Cans bzaris 
ganviTarebis mimarTulebebi. rogorc cno-
bilia Kic-s am SemTxvevaSic, masalis bzar-
medegobis sakiTxSi didi mniSvneloba aqvs, 
vinaidan bzari mowyvetis Semdeg viTardeba 
2000 m/wm siCqariT da am dros masalis mede-
goba ganisazRvreba ara marto bzaris mat-
ricaze dartymiTi siCqariT, aramed masalis 
Kic mniSvnelobiT. 

dinamikuri mikrosisale (DH) ganisazRv-
reba testirebis procesSi indentorze mo-
debuli datvirTvis sididisa da misi 
masalaSi SeRwevis siRrmiT, romlis mniS-
vneloba iangariSeba formuliT: DH=axF/h2; 
sadac, a mudmivi sididea da damokidebulia 
indentoris formaze, igi vikersis indento-
risTvis tolia: a=3,8584. meTodis upira-
tesoba Cveulebriv statikuri, anu anabeWdis 
wrfivi zomebis (diagonali) gazomvebTan 
SedarebiT, mdgomareobs imaSi, rom is Sei-
cavs rogorc plastikur, ise drekad mdge-
nelebs. gazomvebis Sedegebi ar aris damo-
kidebuli anabeWdis zomebze, datvirTvebsa 
da drekadi aRdgenis araerTgvarovnebaze. 

dinamikuri sisale ganisazRvra datvirT-
va-gantvirTvis reJimSi manam, sanam moxdeba 

drekadi relaqsacia. TiToeul konkretul 
datvirTvaze Svidi anaTvalis aRebiT, ori 
ukiduresi mniSvnelobis ugulvebelyofiT 
da darCenili xuTi sididis gasaSualebiT. 
mikrosisalis Sesabamisi mniSvneloba gani-
sazRvreboda avtomaturad. dayovnebis dro 
datvirTvis maqsimumze Seadgenda 5 wm-s, 
gantvirTvis bolos 3 wm-s (sur. 5). 

indentireba moxda nimuSis matricaSi, 

romelic Sedgeba β-sialonisagan. gamocdis 
Sedegad misi saSualo dinamikuri sisale 
Seadgens DHV=8,9 GPa -s, rac sakmaod maRali 
maCvenebelia. 

datvirTva-gantvirTvis damokidebulebis 
grafikidan (sur. 6), ganisazRvreba elasti-
kurobis modulis sidide sixistis 
S=(dF/dh)h-hmax-is dadgeniT. is warmoadgens 
datvirTva-gantvirTvis grafikis mxebs gant-
virTvis sawyis wertilSi. xelsawyo gansaz-
Rvravs sakvlevi masalis elastikurobis 
moduls, romlis saSualo sididec Cveni 
nimuSis SemTxvevaSi tolia E=145GPa (cxr. 1). 
anabeWdebis suraTebi srul TanxvedraSia 
sur. 6-ze miRebul grafikul monacemebTan. 
TiToeuli anabeWdis siRrme gansxvavebulia 
erTmaneTisagan da icvleba 2.5-dan 5µM-de. 
rogorc Cans 2N datvirTva am masalisaTvis 
odnav metia optimalurze. es dadasturda 
sur. 5-dan. almasis piramidiT siliciumis 
karbidis marcvalSi imdenad maRali energia 
gadaeca, rom bzarma ramodenimejer gadak-
veTa marcvali mTel siganeze, vinaidan 
bzarma miiRo didi energia da mowyveta 
ganxorcielda bzaris wverodan daZabu-
lobis kritikul intensiobaze meti ener-
giiT. igive dasturdeba testis Zalis gamo-
yenebisas (200 gr. daaxloebiT=2N-s) anabeW-
dis siRrmis aRebis dros (sur. 6 b)). am 
SemTxvevaSic anabeWdis siRrmeebi 18-ve tes-
tisaTvis gansxvavebulia da icvleba 2.5-dan 
5 µM-mde. 

Termostruqturuli daZabulobebi tempe-
raturuli velebis cvlilebis procesSi, 
sakmarisia gamowveuli iqnes: heterogenuli 
sistemis mxolod erTi fazis Termuli ga-
farToebis anizotropiiTac, masalaTa ara-
kuburi kristaluri meseris gafarToebis 
anizotropiiT, heterogenul sistemaSi mezo-
beli fazebis Termuli xazobrivi gafarTo-
ebis koeficientis sxvaobiT, fazuri gardaq-
mnebiT, rasac Tan sdevs fazebis xvedriTi 
moculobiTi cvlileba. Termuli dartyme-
bis mimarT medegobis raodenobrivi Sefa-
sebis meTodebi ZiriTadad iTvaliswinebs 
pirveli rigis Termodrekadi daZabulobebis 
mimarT winaaRmdegobebis gansazRvras, rom-
lebic warmoiqmnebian drekad sxeulebSi da 
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romlebSic ar aris plastikuri defor-
maciebi da fazuri gardaqmnebi [20]. Tu daZa-
bulobebi masalis simtkiceze naklebia, 
maSin sxeuli mdgradi iqneba Termodar-
tymebis mimarT [12] da aseTi sxeulebis 
medegoba Termodartymebis mimarT SeiZleba 
Sefasdes simtkicis zRvris fardobiT maqsi-
malur Termul daZabulobasTan. 

R=δa/a΄Ε ,                                 4 
sadac R - Termodartymebis mimarT medego-
bis faqtoria, δ - masalis meqanikuri simt-
kice Runvaze, a - xazobrivi gafarToebis 

Termuli koeficienti, Ε - iungis moduli, a΄ 
- λ/yC - masalis temperaturagamtaroba, λ - 
Tbogamtaroba, y - simkvrive, C - xvedriTi 
Tbotevadoba. 

formula ar iTvaliswinebs nimuSis for-
mis, zomis da Termodartymebis mimarT mede-
gobis damokidebulebas. realuri Sefasebi-
saTvis aucilebelia gaTvaliswinebul iqnes 
sxeulis zomebis gavlena. 

R=δ/(Εaβ(T k –To))                        5 
sadac Tk da To - sxeulis saboloo da 

sawyisi temperaturaa, β=rmh/λ da β=δh/2λ - 
sferosa da usasrulo firfitisaTvis, h - 
Tbogadacemis koeficienti sxeulis zeda-
pirsa da garemos Soris. kingeris azriT, 
masalis fizikuri Tvisebebi ar icvleba 
temperaturis cvlilebiT ΔTdaSlis inter-
valSi da rekomendacias aZlevs Termo-
dartymebis mimarT faqtoris Semdeg gansaz-
Rvrebas 

R´=2δdaSlis(1-μ)/Ea=ΔTdaSlis/B,             6 
sadac B faqtori damokidebulia sxeulis 
geometriaze, δdaSlis - masalis meqanikuri 
simtkice gaWimvaze da μ - puasonis koefi-
cientia. 

kingeri, biesemi da sxvebi [21,22,23] reko-
mendcias iZlevian, rom Tburi datvirTvis 
sxvadasxva pirobebSi, masalaTa medegobis 
Sefasebisas Termodartymebis mimarT, auci-

lebelia gamoyenebul iqnes sxvadasxva kri-
teriumebi. Termodartymebis dros, Tbogada-
cemis pirobebis Seswavlisas wyliT gaci-
ebis procesSi SemoTavazebulia kriteriumi 

R=δRun.(1-μ)/3Ea .                         7 
rodesac relaqsaciis periodebi mniSvne-

lovnad aWarbebs nakeTobis savaraudo 
samsaxuris periods, mniSvnelovani ralaq-
saciebi Termuli daZabulobebisa ar mimdi-
nareobs da masalaTa SerCeva efuZneba maT 
drekad Tvisebebs, anu kriteriumebs [12]. 

R΄=δ(1-μ)/Ea;     R"=R'λ ;        R'"=E/δ²(1-μ), 
sadac R΄ - kriteriumia, romelic gansaz-
Rvravs Termodartymebis procesSi masalis 
winaaRmdegobas bzarebis Casaxvis mimarT, R" 
- kriteriumi, romelic afasebs masalis 
unars winaaRmdegoba gauwios Termul dat-
virTvebs, Tbocvlis koeficientis mcire 
mniSvnelobebis dros, R'" - kriteriumi, 
romelic gansazRvravs masalis winaaRmde-
gobas ukve warmoqmnili bzarebis gavrce-
lebis mimarT. 

warmodgenil monacemebze dayrdnobiT, 
SeiZleba davaskvnaT, rom maRali meqanikuri 
simtkice da Tbogamtaroba, dabal drekad 
TvisebebTan da Termul gafarToebasTan 
erTad uzrunvelyofs masalis maRal wina-
Robas bzarebis warmoqmnis mimarT da aseT 
keramikebs SeuZliaT imuSaon maRal tempera-
turul gradientebSi da maRal tempera-
turebze. 

Cven mier sinTezirebuli eleqtroteqni-
kuri nawarmisaTvis gamoviyeneT xarkortis 
cikluri datvirTvis meTodi. cikluri ga-
xureba iwyeboda 1400C-dan dayovnebiT bolo 
temperaturaze 20 wuTi da Semdeg 170C-ian 
wylis abazanaSi vaCerebiT 10 wT. cikli 
meordeboda yoveli 20 wT-is Semdeg. file-
bis zomebi iyo 50x50x8 mm. Sedegebi moyva-
nilia cxrilSi 2.  

 

 
cxrili 2 

bariumis Semcveli keramikis Termuli Sokebis winaaRmdeg medegoba 

 Resistance to thermal shocks of barium containing ceramics 
Index of 

materials,   
and burn 

temperature,  
T 0C 

Open 
porosity,   

% 

True  
porosity, 

% 

Compactness 
ρ g/sm3 

σ, 
MPa. 

A, 10-6 
0C-1 

20-900 
E, GPa. μ R' τ 

R" 
BT/μ 

R'" 
10-4 

M2/kg 

B1 1410 0 14.2 2.99 66.4 4.1 71.32 0.283 163 210.3 225.6
B1 1450 0 7.8 3.03 78.7 4.1 74.59 0.212 161 164.3 220.0
B1 1500 0.1 9.8 2.96 59.3 4.1 72.20 0.280 144 185.8 285.2
B3 1410 0.0 - 2.60 78τ.6 4.1 69.35 0.233 220 420.2 172.9
B3 1450 0.0 - 2.52 56.0 4.1 79.22 0.258 128 244.4 340.0

  



 

cxrilis analizi gviCvenebs
da geopolimerebis bazaze s
bariumis Semcveli eleqtrok
lebas gvaZlevs davaskvnaT, r
keramika B1, celzianis fazi
lobiT, dadgenil reJimSi sxv
raturaze gamomwvari, nulova
anobiT, SedarebiT mdgradia d
vidre B3. B1-s aqvs Termomdg
li maCvenebeli - 4800. rog
dakavSirebulia dabal Tgxk-z
robebs nakeTobis maRal medeg
dartymebis mimarT da Sesaba
lobebis ganviTarebis mimarT
am masalaSi bariumis da al
katebi Seadgens sul ramdenim
uaryofiTi gavlena Termodart
medegobaze, umniSvneloa. Ter
mebis mimarT medegobis ramde
mniSvneloba B3 keramikisaTvi
unda iyos misi mravalfaziano
- BaO.Al2O3.2SiO2, muliti-3Al2O3

- Al2O3 da miniseburi faza, r
vidre B1-Si. aRniSnuli fazeb
gafarToebis koeficientebi u
fiT gavlenas axdens masa
medegobaze (cxr. 2). masali
misi anizotropuloba, homoge
kuTrebiT ganapirobeben Ter
mniSvnelobas. masalaTa Te
mimarT medegobisaTvis mniSvne
riumia konsolidirebul nake
vani Ria forianobis dros da
bis arseboba an ararseboba. 
gamoiwvion Termuli „atkeCve
gaxurebad zedapirze. daxuru
14000C-ze, SedarebiT metia vi
15000C-ze (cxr. 2), rac aisaxeb
R'. naklebi Termomedegoba B-3
B-1-Tan, iribad adasturebs 
warmoqmnas sxvadasxva fazebi
[20]. keramikaSi B-1, romeli
monofazuria 14000C-dan, 15000

forianoba nulis tolia, dre
li da puasonis koeficienti
icvleba (cxr. 2). 15000C-ze ga
lis meqanika Runvaze da Tbog
denadme mcirdeba, rac aisaxeb
umze, romelic ganmsazRvreli
fasebisaTvis, misi eqspluatac
roca bzarebis warmoqmna dau
gorc Cans, daxuruli for
mateba gavlenas axdens am p
masalis mocemuli Tvisebebi
stabiluroba saSualebas gv
roT misi gamoyeneba iseT pir
iseTi bzarebis gaCena, romle
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s, rom baritis 
sinTezirebuli 
eramika saSua-
rom celzianis 
s 93% Semcve-
vadasxva tempe-
ani Ria fori-
da stabiluria, 
gradobis maRa-
gorc Cans es 
ze, rac ganapi-
gobas Termuli 
amisad daZabu-
T mdgradobas. 
luminis sili-
me %-s da maTi 
tymebis mimarT 
rmuli darty-
enadme dabali 
s, gamowveuli 

obiT: celziani 
.2SiO2, korundi 
romelic metia 
bis sxvadasxva 
udavod uaryo-
alis Termul 
s struqtura, 
enuroba, gansa-
rmomdgradobis 
rmodartymebis 
elovani krite-
TobaSi nulo-
xuruli fore-
maT SeuZliaT 
ebi“ masalaSi 
li forianoba 
dre 14500C da 
a kriteriumze 
3-sa SedarebiT 
mikrobzarebis 
is sazRvrebze 
ic ZiriTadad 
0C-mde da Ria 
ekadobis modu-
i umniSvnelod 
amomwvari masa-
gamtaroba ram-
ba R1 kriteri-
ia masalis Se-
ciis pirobebSi, 
uSvebelia. ro-
rebis zomebis 
rocesebze. B1 
is SedarebiTi 
vaZlevs vifiq-
robebSi, roca 
ebic ar arRve-

ven obieqtis mTlianob
mis gamoyenebas [12]. aq
Sesafaseblad misaRebia 
mniSvneloba sxvadasxva 
rebiT B3-Tan stabilu
mizezi, Cveni azriT, a
lifazurobaa. zogadad, 
mniSvnelobebi orive m
nebs imaze, rom Ter
dros isini agroveben n
Tic ganpirobebulia ma
xarisxi. aucilebelia a
mikis TvisebaTa anali
vinaidan daSla mimdina
erTi meqanizmis gamo, ar
liad gansxvavebuli mo
dasxva pirobebSi. mdgo
imiTac, rom erTi da i
sxvadasxvagvarad, daZab
datvirTvis siCqareze, 
riaze, garemo pirobebs
damokidebulebiT. romel
norireba migviyvans mn
mamde. sur. 7-ze mocemu
lis mrudebi sxvadasxva 

 

 

sur. 7. myife da pla
1. myife daSla; 2. pl

gamocda grexvaze; 3. igiv
4. nominaluri simt

 
rogorc zemoTqmuli

keramikuli masalebisa 
Tvisebebze msjelobisa
lobis sakiTxebis integ
amocanas warmoadgens 
rTuli procesebis Tanx
saWirod CavTvaleT war
daZabulobis iseTi maxa
Tavis TavSi moicavda y
Tvisebas, romelTac adg
des nakeTobis kritikul
cesSi da daSla garda
iyos nakeTobis garedan 
Sedegad, nakeTobis Sign

as, ar uSlis xels 
q masalis xarisxis 
kriteriumi, romlis 
temperaturaze Seda-

uria (cxr. 2). amis 
am ukanasknelis po-
kriteriumis maRali 

masalisaTvis mianiS-
rmuli datvirTvebis 
nakleb energias, ri-
aTi daSlis naklebi 
aRiniSnos, rom kera-
izi metad rTulia, 
reobs ara romelime 
ramed ramdenime sru-
ovlenebis gamo sxva-
omareoba rTuldeba 
igive masala iSleba 
bulobebis sidideze, 
nimuSebis winaisto-

sa da temperaturaze 
lime am faqtoris ig-
niSvnelovan Secdo-
ulia masalaTa daS-
datvirTvebis dros. 

 
 

astikuri daSla  
lastikuri daSla,  
ve gamocda gaWimvaze;  
kice gaglejaze 

idan gamomdinareobs, 
 da kompozitebis 
as, daSlis daZabu-
grireba metad rTul 
masalaSi mimdinare 

xvedris gamo, amitom 
rmogvedgina daSlis 
asiaTebeli romelic 
yvela im pirobas da 
gili SeiZleba hqon-
li datvirTvis pro-
auvalia. es SeiZleba 
energiis xarjisa da 
niT energiis dagro-
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vebis SemTxvevebSi, rogorc Termostruq-
turuli cvlilebebis, aseve garegani meqa-
nikuri Zabvebis ganviTarebis gamo. Cven mier 
warmodgenili daSlis daZabulobis energiis 
formula Semdegia: 

Etd=m .ac.p , 
sadac Etd-energy of tension of decomposition; m-mass; 
a-speed of crack propagation. 

daSlis daZabulobis energia1 Etd udris 
m masis da bzaris gavrcelebis siCqaris ac.p 
namravls. 

Cven SemTxvevaSi nimuSi eleqtroteq-
nikuri masalisagan, damzadebul iqna Reros 
formis Semdegi zomebiT: l=110 mm; sigane b-20 
mm; simaRle a=10 mm. 14500C-ze aseTi zomebis 
Reros gamomwvari masa Seadgenda 45.5 gr. 
nakeToba srulad konsolidirebulia nulo-
vani Ria forianobiT. Tu miviRebT, rom 
daSlis procesSi bzaris ganviTarebis siC-
qare daZabulobis intensivobis faqtorze 
(kritikuli mdgomareobisagan) damokidebu-
lebiT v-k mrudze imyofeba mesame ubanze 
(sur. 4 ), sadac misi zrda xdeba wverodan 
mowyvetis gziT da siCqare Seadgens 2000 
m/wm-s, Cveni formulis mixedviT daSlis 
daZabulobis energiis xarji iqneba: 

Etd = 45.5x2000=91 kj. 
amdenad, Tu davadgenT universalur kav-

Sirs nakeTobis mTlian energiasa da mis 
masas Soris, miviRebT Cven mier SemoTavaze-
bul daSlis daZabulobis energiis for-
mulas.  

 

 
3. daskvna 
Cven mier SemoTavazebul formulaSi aRi-

wereba nakeTobaze garegani meqanikuri daZa-
bulobebisa da Termuli da airTermuli 
Sokebis Sedegad ganviTarebuli energiebis 
zemoqmedebis procesualuri gardaqmnebi Si-
da energiebad, romlebic moqmedeben masala-
Si arsebul defeqtebze da es pirvel rigSi 
muSaobs bzaris ganviTarebaze, vinaidan mis 
wveroze kritikuli daZabulobis ganviTa-
rebisas adgili aqvs bzaris mowyvetas wve-
rodan. rogorc cnobilia maqsimaluri Zab-
vebi energiebis dagrovebisas viTardeba bza-

                                                           
1 energia (berZnulidan energeia-moqmedeba). materiis 
moZraobis sxvadasxva formis saerTo sazomi, ro-
melic ganixileba fizikaSi. moZraobis xarisxob-
rivad sxvadasxva formebis raodenobrivi daxasi-
aTebisaTvis da maTTvis Sesabamisi urTierTqme-
debebisaTvis, SemoaqvT energiis sxvadasxva saxeo-
bebi: meqanikuri, Sinagani, gravitaciuli, eleqtro-
magnituri, birTvuli da sxv. erTeulTa saerTaSo-
riso sistemaSi-CИ energia gamoisaxeba joulebSi. 
 

ris wveroze da xdeba misi mowyveta. dadge-
nilia korelaciuri kavSiri nakeTobaze ga-
regani daZabulobebis energiebis gardaqmnisa 
masalis Sida energiebad, rac ganapirobebs 
nakeTobaSi arsebuli defeqtebis ganviTa-
rebas kritikulze maRali energiebis dros, 
rodesac daZabulobis intensivobis faqtori 
bzaris winaaRmdegobas gadalaxavs da viTar-
deba daSlis daZabulobis energia. amdenad, 
dadgenilia universaluri kavSiri nakeTo-
baSi ganviTarebul mTlian energiasa da 
nakeTobis masas Soris, daSlis daZabulobis 
garegan energiasTan damokidebulebiT.  
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UDC 621.9.02 
FAILURE STRESS ENERGY FORMULA  
Z. Kovziridze  
 

Resume: Goal. In the process of exploitation of ceramic materials and ceramic composites often we encounter 
not only high mechanical stresses but also thermal loads and air-thermal shocks. Thus for example on power 
transmission lines, in the process of starting and operation of water and air turbines, high power loads come on 
turbine discs and wings. These loads are transformed into failure/rupture stress energy, when strength of work-pieces 
is less than loads. Micro-cracks are in all materials and there can also be cracks created as a result of technological 
failures, on the ends of which at critical loads, maximum stresses use to develop, high energies are developed and 
plucked from the crack top, resulting in destruction of objects. Considering such extreme operation conditions 
computation of energies which contribute to materials catastrophe seems rather interesting.  

Method. Taking into consideration terms of exploitation of materials in industry, we studied their exploitation 
properties by modern research methods. The formula parameters were selected on the basis of study and 
generalization of micro- and macro-structural, micro- and macro-mechanical characteristics of ceramic materials. 

Results. The formula covers the process of creation of energies as a result of mechanical and thermal loads 
affecting the work-piece and analyses of mechanisms of impact of these energies on the cracks existing in the 
material; results of energies affecting the existing cracks as a result of such loads and results of starting of mechanisms 
of spreading of energies developed inside the work piece, which lead material to the catastrophe.  

Conclusion. On the basis of crack development mechanism the universal relationship of total energy of the work-
piece and its mass was established, considering crack developing speed under critical stress conditions. Failure stress 
energy formula has been offered. 

 
Key words:  crack development speed; failure/destruction stress; mechanical and thermal loads; energy; mass. 
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reziume: mizani. empiriuli formulis 
Sedgena, romelic kavSirs amyarebs kerami-
kuli masalebisa da kompozi¬tebisaTvis 
mniSvnelovan matricul parametrebsa da 
masalis Termogradi¬entis mimarT medegobis 
koeficients Soris. 1 

meTodi. xarkortis meTodiTa da wyliT 
gaciveba duRilis reJimSi, wylis amoSro-
bamde.  

Sedegebi. dadgenil iqna, rom nakeTobebi 
amJRavnebs maqsimalur Termul mdgradobas 
da saeqsploatacio Tvisebebis SenarCunebas, 
rodesac saerTo daxuruli forianoba mat-
ricaSi˜2-8%-is farglebSi, xolo forebis 
zomebi meryeobs 1-6 mkm farglebSi. Aamave 
dros isini met-naklebad sferosebri for-
misaa da matricaSi Tanabrad ganawilebuli.  

daskvna. ganisazRvra Termogradientuli 
efeqtis formula nakeTobis rTuli formi-
saTvis, rodesac nakeTobaSi ramdenimejer 
xdeba zedapirebis gadakveTa sxvadasxva sim-
rudis radiusiani kuTxiT.  

 
sakvanZo sityvebi: Termogradientuli 

efeqti; matrica; simrudis radiusi; tempera-
turuli veli; parametrebi; Termuli daZabu-
loba; Termuli gafarToeba.  

 
 
1. Sesavali 
cnobilia, rom keramikul matricaze 

kompoziciur nakeTobaTa medegoba Termuli 
da airTermuli agresiis da Sesabamisad 
Termogradientis mimarT, mniSvnelovnad 
aris damokidebuli ara marto gradientis 
sidideze, im meqanikur Zabvebze, romelTa 
warmoqmna ZiriTadad ganpirobebulia masa-
laSi arsebuli fazebiT, TermodamuSavebis 
reJimiTa da sinTezis dros masalaSi mim-
dinare fizikur-qimiuri procesebiT, aramed, 
sxva faqtorebTan erTad, formazec [1-4].  

Tu gaviTvaliswinebT im faqts, rom, Tavis 
mxriv, lokaluri meqanikuri Zabvebis ganawi-
lebis xasiaTi myar sxeulebSi arsebiTad 

                                                            
1 ibeWdeba xelmeored 

damokidebulia sxeulis formaze, maSin, cxa-
dia, formis ugulebelyofa konkretuli 
nakeTobis medegobis dadgenisas Termogra-
dientis mimarT did uzustobasTan iqneboda 
dakavSirebuli. rodesac laparakia nakeTo-
bis formaze, pirvel rigSi unda warmovid-
ginoT sxvadasxva simrudis radiusiani mrud-
wiruli zedapiris mqone sxeulebi, rac Ziri-
Tadad dizainTanaa dakavSirebuli kompozi-
turi nakeTobebi. xSirad xasiaTdeba sakmaod 
rTuli profilis reliefiT, romlis cal-
keul ubnebSi xSirad vxvdebiT metad mcire 
radiusis simrudis zedapirebs. swored aseTi 
reliefis mqone nakeTobebisTvis damaxasia-
Tebelia SedarebiT maRali Sinagani meqa-
nikuri daWimulobebi, anu statikuri meqani-
kuri Zabvebi [5-7]. rodesac keramikuli nake-
Toba eqceva maRali Termogradientebis vel-
Si, es ukanaskneli efeqturad moqmedebs nake-
Tobis im ubanze, romelSic sWarbobs meqa-
nikuri Zabvebi, rac gamoixateba mikroefeq-
turobis, kerZod, mikrobzarebis makrobza-
rebad gadazrdaSi da nakeTobis saboloo 
destruqciaSi [1, 2, 8-11]. mtkicebas ar saWiro-
ebs is faqti, rom realur pirobebSi Tboga-
dacema bolo faqtoria da sazRvarze siT-
bur gamosxivebasa da nakeTobas Soris tempe-
raturuli gradienti bevrad metia, TviT 
nakeTobaSi aRZrul gradientTan SedarebiT, 
miuxedavad nakeTobis zomisa.  

 

 
2. ZiriTadi nawili 
dRemde arsebul teqnikur literaturaSi, 

ramdenadac CvenTvis cnobilia, srulad ar 
aris gaSuqebuli formis zegavlena nakeTo-
bebis Termogradientis mimarT medegobaze. 
cnobil veibulis formulaSi ar aris gaT-
valiswinebuli keramikuli nakeTobis cal-
keuli rTuli formebi da maTi zegavlena 
nakeTobis ara Tu Termogradientze, aramed 
saerTod mis Termomedegobaze. aseve ar aris 
nakeTobis forma gaTvaliswinebuli bios 
kriteriumSic, romelic axasiaTebs tempera-
turuli gradientis sidides nakeTobis ze-
dapirsa da mis Siga sferos Soris.  
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furies [7] formula gvaZlevs mxolod 
gansaxilveli wertilis koordinatebs. kin-
geri [8] arastacionaluri reJimisaTvis, ro-
desac nakeTobis zedapiris temperatura myi-

sierad icvleba T1–dan T2–mde, xolo sxe-
ulis saSualo temperatura TiTqmis ucvle-
li rCeba (e.i. saqme gvaqvs Termul dart-
ymasTan) da amave dros Tbogadacema miisw-
rafvis usasrulobisken, Tavis gamoTvlebSi 
iyenebs e.w. formis faqtors, Tumca am 
parametris fizikuri Sinaarsi misi inter-
pretaciiT bolomde axsnili ar aris. for-
mis faqtori kingeris xSirad Semoaqvs 
Termomedegobis formulaSi. umetes SemTxve-
vaSi es sferos, cilindris, usasrulod 
brtyeli firfitis, anu martivi formebisaT-
visaa. aucileblobad miviCnieT Termogra-
dientuli efeqtis formulis gansazRvra 
SedarebiT rTuli formisaTvis, anu rodesac 
nakeTobaSi ramdenimejer xdeba zedapirebis 
gadakveTa sxvadasxva simrudis radiusiani 
kuTxiT. am kuTxis sidides nakeTobis mede-
gobis gansazRvrisas Termuli agresiis 
winaaRmdeg gadamwyveti mniSvneloba aqvs. 
Tumca gavimeorebT, rom masalis struqtu-
ras, Sedgenilobas, teqsturas da kompleqsSi 
kidev mraval faqtors, mniSvnelovani gav-
lena aqvs Termul medegobaze. gasaTvaliswi-
nebelia, isic, rom sirTules warmoadgens 
Termomdgradobis meTodikis da misi Sefa-
sebis Sesabamisi parametris SerCeva [12]. 
arasakmarisad migvaCnia Termomdgradobis 
gansazRvra [13] mxolod meqanikuri simtkiciT 

gaWimvaze, E-elastiurobis modulisa da 

temperatura gamtareblobis - a-s mniSvnelo-
biT. literaturaSi [14-19] mocemulia for-
mulebi, romlebic gamoiyeneba nakeTobis 
Termomedegobis Sesafaseblad. savaraudoa, 
rom damokidebulebaSi meqanikur simtkices, 
forianobasa da Termul medegobas Soris, 
unda gaviTvaliswinoT raodenobrivi Sefa-
seba am parametrebisa. simtkicis [6] zRvari 
Runvaze faifuris masalisa, rodesac xdeba 

misi daSla, daaxloebiT udris 56 Мпа [20]. 
Tu gaviTvaliswinebT budvortis monacemebs 
[21], forebis optimaluri moculobiTi rao-
denoba matricaSi ar unda aRematebodes 10%, 
ris Semdegac meqanika mkveTrad uaresdeba. 
amave dros helga goliS-scibovi [22] gvTa-

vazobs forebis optimalur zomebs ˜ 5mkm. 
kingeri [8] gvaZlevs forianobis umniSvnelo 
damokidebulebas Termuli medegobis faq-
torze. strelovis [23] azriT, swrafad 
gaxurebis dros, forianoba bzarebis Casax-

vis procesze mniSvnelovnad ar moqmedebs. 
praqtikidan [3] cnobilia, rom forianobis 
gazrda xSir SemTxvevaSi zrdis Termul 
mdgradobas.Mmagram vinaidan am dros meqani-
kuri Tvisebebi mcirdeba, rTulia optima-
luri forianobis dadgena.  

Cvens mier Catarebuli eqsperimentebis 
safuZvelze, xarkortis meTodiTa da wyliT 
gaciveba duRilis reJimSi, dadgenil iqna, 
rom nakeTobebi amJRavnebs maqsimalur 
Termul mdgradobas, rodesac saerTo 

daxuruli forianoba matricaSi˜2-8%-is 
farglebSi, xolo forebis zomebi meryeobs 
1-6 mkm farglebSi. amave dros isini met-
naklebad sferosebri formisaa da matricaSi 
Tanabrad ganawilebuli [24], anu masala 
konsolidirebulia.  

Cven SevecadeT garkveuli ganmarteba 
Segvetana aRniSnul problemaSi da mTeli 
rigi eqsperimentuli monacemebis gaTvalis-
winebiT SevadgineT empiriuli formula, 
romelic kavSirs amyarebs keramikuli masa-
lebisa da kompozitebisaTvis mniSvnelovan 
matricul parametrebsa da masalis Termo-
gradientis mimarT medegobis koeficients 
Soris. temperaturul velSi moTavsebul 
nakeTobaSi warmoqmnili temperaturuli gra-
dienti unda xasiaTdebodes efeqtiT. tempe-
raturul pirvelad velze moTavsebul nake-
TobaSi, mis Zirze warmoqmnili Termuli 
meoreuli veli perpendikularulia pirvela-
di velisa. warmoiqmneba pirveladi gradi-
enti. amave dros, nakeTobebis simaRleSi 
warmoqmnili temperaturuli veli, parale-
luria pirveladisa, xolo perpendikula-
rulia meoreulisa. madenad, miviReT tempe-
raturuli meoreuli sxvaoba meoreuli 
gradientiT. orive gradientis veqtoruli 
mimarTuleba erT mxares aris. Termogra-
dientuli efeqti ganpirobebuli unda iyos 
siTburi gamosxivebis traeqtoriis simrudiT 
temperaturul velSi da xasiaTdebodes koe-
ficientiT, romelic gviCvenebs nakeTobis 
xanmedegobas Termogradientis pirobebSi da 
garemoSi temperaturis gaTanabrebis siCqa-
res. misi ganzomilebaa wm/m. 

 

K= rσR(1 - μ) / a*dT/dy. d1/2 Eat. 
 

σR aris meqanika Runvaze, mpa; at – tempe-

raturagamtaroba; r - nakeTobis simrudis 
radiusi nakeTobis arCeuli zedapiris ele-

mentisTvis; E - iungis moduli. a – wiriTi 

gafarToebis koeficienti, dT/dy – Termuli 
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gradienti arCeuli y ReZis mimarT, romlis 

gaswvrivac adgili aqvs Termogradients, μ - 
puasonis koeficienti; d1/2 - nakeTobis ked-
lis sisqis naxevari. aucilebelia zogierTi 
empiriuli daSveba, mag; rom nakeToba gaxu-
rebis mxridan unda iyos brtyeli, xolo 
nebismieri ori sibrtyis mierTebis kuTxe 
unda ganisazRvros simrudis radiusiT, ro-
melic tolia an metia  

 

r ≥ 0,3 sm. 
 

aseTi nakeTobis ori sibrtyis mierTebis 
adgili gamoiTvleba dizainis mixedviT em-
piriulad 300-iani maqsimaluri kuTxiT. rac 
Seexeba Termul gafarToebas da Termul 
daZabulobas, mxedvelobaSi miiReba, rom 
nakeTobis gafarToeba Tavisufalia, anu me-
qanikurad SeuzRudavia, xolo daZabuloba 
SeiZleba warmoiqmnas temperaturis ara mar-
to myisieri, aramed TandaTanobiTi cvlile-
biT, vinaidan erT da imave Termuli gra-
dientis dros da sxvadasxva simrudis radi-
usis SemTxvevaSi nakeTobaSi sxvadasxva si-
didis daZabuloba warmoiqmneba.  

 
 

3. daskvna 
formula saSualebas iZleva vipovoT ric-

xviTi mniSvneloba, romelic Seesabama moce-
muli nakeTobis Termogradientis mimarT me-
degobis koeficients. es ukanaskneli gaan-
gariSebulia praqtikaSi gamoyenebuli Ziri-
Tadi keramikuli masalebis (kompoziciebis) 
im maxasiaTeblebis ricxviTi mniSvnelobebis 
gaTvaliswinebiT, romlebic figurireben 
formulaSi. 

keramikuli nakeTobebis damproeqteblebs 
saSualeba eZlevaT monacemebi gamoiyenon, 
upirveles yovlisa, dasaSvebi Termogradi-
entis SerCevis TvalsazrisiT, Tu cnobili 
iqneba Termomedegobis koeficientis zRvru-
li mniSvneloba mocemuli masalisaTvis.  
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UDC 621.9.02 
FORMULA OF THERMOGRADIENT EFFECT  
Z. Kovziridze  
 

Resume: Goal. Development of empiric formula, that will establish relationship between major matrix 
parameters of ceramic materials and composites and the coefficient of resistance of material to thermogradient of the 
material.  

Method. Harcort method and water cooling in boiling regime, till evaporation of water.  
Results. It was proved that work-pieces show maximum thermal resistance and preservation of exploitation 

properties when total closed porosity in the matrix is within the range 2-8% and pore sizes range 1-6 mcm and porea 
are mostly of spherical form and are homogeneously spread in matrix.  

Conclusion. Thermogradient effect formula was developed for complex form work-pieces, when surfaces are 
intersected several times by various curvature radius angles. 

 
Key words:  thermogradient effect; matrix; radius of curvature; temperature field; parameters; thermal tension; 

thermal dilatation. 
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reziume: mizani. masalaTa kvlevaSi da 
maTi industriaSi ara marto gamoyenebis, 
aramed xangrZlivi periodiT muSaobisaTvis 
mniSvnelovani roli eniWeba konsolidire-
buli sxeulis makromeqanikuri Tvisebebis 
damokidebulebas foriani fazis Semcvelo-
baze, zomebze, gadanawilebaze matricaSi da 
formis faqtorze. keramikisa da keramikuli 
kompoziciebis eqstremalur pirobebSi muSa-
obis dros aRniSnul Tvisebebs udidesi 
roli eniWebaT xanmedegobis da xangamZle-
obis TvalsazrisiT, vinaidan nebismieri 
masala eqstremalur pirobebSi muSaobisas 
ganicdis daberebas. Cveni samuSaos mizania 
SemuSavdes keramikisa da keramikuli kompo-
ziciebis makromeqanikuri Tvisebebis, masa-
laTa struqturaSi yvelaze susti mdgene-
lis, foriani fazisagan damokidebulebis 
formula, rac Teoretikosebs da praqtiko-
sebs saSualebas miscems sworad SearCion da 
ganaviTaron teqnologiebi da teqnologiuri 
procesebi.  

meTodi. keramikisa da keramikuli kompo-
ziciebis mikro- da makrostruqturuli, 
mikro- da makromeqanikuri maxasiaTeblebis, 
foriani fazis morfologiis Seswavlisa da 
analizis safuZvelze ganisazRvra da Seiqmna 
formulis parametrebi.  

Sedegebi. formula moicavs makromeqa-
nikur Tvisebebs, anu rodesac nakeToba 
mTlianad iSleba: meqanikas Runvaze sami da 
oTxwertiliani datvirTviT, meqanikas kumSva-
ze, wyvetaze, dartymiT siblanteze. morfo-
logiuri maxasiaTeblebidan: foriani fazis 
Semcvelobas matricaSi da maT gadanawile-
bas, zomebs, foras formis faqtors. aRniS-
nuli Tvisebebis korelaciur damokidebu-
lebas struqturis sxva mdgenelebisagan, 
rogorebicaa: kristaluri da miniseburi 
fazebi. mocemulia sruliad axali- forebis 
gadanawilebis faqtoris gansazRvreba.  

daskvna. Seqmnili formula aris krebsiTi 
xasiaTis da misi gamoyeneba mkvlevarebs da 
praqtikosebs saSualebas miscems sworad 
dagegmon da zustad Seasrulon warmoebis 
teqnologiuri procesebis yvela pozicia.  

 
sakvanZo sityvebi: foriani faza; foriani 

fazis matricaSi gadanawilebis faqtori; 

makromeqanika; foras formis faqtori; fo-
rebis zomebi; forebis Semcveloba matri-
caSi.  

 
 
1. Sesavali 
keramikul masalaTa struqturul-meqani-

kuri kvlevisas mniSvnelovani roli eniWeba 
foriani fazis Semcvelobas, forebis zomebs, 
formebs, maTi formis faqtors1, daxurulia, 
gamWolia Tu naxevrad gamWoli (sur. 1) da 
maT gadanawilebas matricaSi. mtkicebas ar 
saWiroebs is faqti, rom fora masalaTa 
struqturaSi yvelaze susti mdgenelia, 
iqneba is Ria Tu daxuruli. Cven ganvixilavT 
daxurul forovan fazas, anu, rodesac 
masala aris Semcxvari, konsolidirebuli da 
avlens Tavis saukeTeso saeqsploatacio 
Tvisebebs. foriani faza mkveTrad amcirebs 
masalaTa meqanikur Tvisebebs, gansakuTrebiT 
im SemTxvevebSi, rodesac misi moculobiTi 
Semcveloba sxvadasxva teqnologiuri mize-
zebis gamo maRalia, anu aRemateba 8-9 pro-
cents budvortis monacemebiT [1] da xasiaT-
deba didi, 5-7 mkm-ze meti zomebiT. forebis 
matricaSi mcire Semcveloba, ara umetes 1-3 
procentisa, maTi mcire zomebi, romlebic 
meryeobs 0.1-dan 5 mikronamde, Tanabari gada-
nawileba matricaSi, mrgvali sferoseburi 
forma, uzrunvelyofs masalis ara marto 
maRal meqanikur Tvisebebs, aramed sxva sau-
keTeso saeqsploatacio Tvisebebsac, rogore-
bicaa: mxurvalsimtkice, mxurvalmedegoba, 
saeqsploatacio xanmedegoba, medegoba Ter-
muli da airTermuli dartymebis mimarT [2], 
eleqtro Tvisebebi - mag. mikrosqemebSi maTi 
gamoyenebisas, medegoba xaxunis pirobebSi, 
Wris pirobebSi, dartymiT meqanikur da 
rTuli saeqsploatacio datvirTvebisa da 
daZabulobebis pirobebSi, mag. eleqtroga-
damcem xazebze [3-5] da sxva. zemoTqmulidan 
gamomdinare mniSvnelovani unda iyos forian 
fazebze damokidebuli makromeqanikuri Tvi-
sebebis formulis gansazRvra. 

                                                           
1 formis faqtorSi moiazreba udidesi maxasiaTe-
beli zomis fardoba umciresTan, rac konkre-
tul SemTxvevaSi  mocemuli fazis,  misi erTeu-
lebis  da forebis erTobliobis  daxasiaTebis 
saSualebas gvaZlevs. 



 

rodesac Ria forianoba 
mixedviT nulis tolia an m
ebuli 0.5%-ze naklebia, maS
forebis moculobiTi wili ma
Tadad 0.1-dan 9 moculobiT pr
meryeobs [1]. sur 1-ze mocemu
saxeobebi [6]. 

 

 
sur. 1. forebis 

sqematuri warmodge
 

 
2. ZiriTadi nawili 
Cven mier gaangariSebuli f

damokidebuli meqanikuri Tvis
tikuri formula aseTia: 

/
. . ..

Pm p
Fp Pd Pvol P

 

sadac P aris datvirTva, MPa; Fp
mis faqtori; Pd - matricaSi f
wilebis faqtori. aRniSnuli s
Rvreba 1-is tolad, misi mniSv
seba damokidebulia mkvlevarz
morfologiuri suraTidan. im
Tu rogor aris forebi mas
wilebuli da ra zomisaa. faq
SesaZlebelia icvlebodes 1-da
de. Tu forebi Tanabrad ar
gadanawilebuli da daaxloebi
saa, faqtori ganisazRvreba 1-i
tori ganisazRvreba 0.9-iT im S
forebis gadanawileba araTan
iT, Tu forebis koalescenc
dawyebuli; Pvol. - foriani fazi

                                                           
2 koalescencia, forebis zrda 
rasac Tan axlavs maTi jamuri z
reba saerTo moculobis ucvlel
rebis koalescenciis procesi Se
bis bolo stadiebze da ganisaz
forebis zomebis zrdiT, mcire 
vakansiuri xsnadobis Sedegad. 
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wyalSTanTqmis 
asTan miaxlo-
Sin daxuruli 
atricaSi Ziri-
rocents Soris 
ulia forebis 

 

ena 

orian fazebze 
sebebis maTema-

,
Pm

 

p - foras for-
orebis gadana-
sidide ganisaz-
vnelobis Sefa-
ze gamomdinare 
isda mixedviT, 
salaSi gadana-
qtoris sidide 
an 0.8 meaTedam-
ris matricaSi 
iT erTi zomi-
is tolad. faq-
SemTxvevaSi Tu 
abaria, da 0.8-

ciis2 procesia 
is moculobiTi 

myar sxeulSi, 
zedapiris Semci-
lobis dros. fo-
einiSneba Secxo-
zRvreba msxvili 
zomis forebis 

wili matricaSi; Pm - fo
(sur 2 a da b). 

           

 
a)  
 

 
b) 

                                                       
sur. 2. celzianis el

daxuruli foriani faz
suraTi. a) 14100C-ze ga

temperaturuli interva
b) 15000C-ze gamomw
temperaturuli int
zRvarze. mimdinar

koalescencii
 
sur. 2-ze mocemulia 

temaSi - BaO-Al2O3-SiO2 
Secxobis temperaturul
vari nimuSebi. orive Sem
noba wyalSTanTqmis mix
14700C aris am keramikis
bis temperatura, anu r
aris industriaSi eqspl

15000C-s pirobebSi, ke
tervalis zeda zRvarze
lis tolia, magram mat
forebis koalescencia, 
lad Cans. aSkaraa, r
meqanikuri simtkice ik
masalisaTvis Seadgens 6
nika Runvaze aris 79M
forebis gadanawilebis 

orebis saSualo zoma 

 

          

 

              
leqtrokeramikis  
zis morfologiuri 
amomwvari Secxobis 
alis qveda zRvarze,  
wvari Secxobis  
tervalis zeda  
reobs forebis  
s procesi 

samkomponentian sis-
celzianis keramikis 

l intervalSi gamomw-
mTxvevaSi Ria foria-
edviT nulis tolia. 
s optimaluri Secxo-
odesac masala mzad 

loataciisaTvis.  
eramika Secxobis in-
ea, wyalSTanTqma nu-
tricaSi mimdinareobs 
rac b) suraTze naT-
rom am SemTxvevaSi 
klebs da mocemuli 
66MPa. 14100C-ze meqa-
MPA. am SemTxvevaSi 
faqtori aiReba 0.8. 



 

79x0.8=63.2. sxvaoba 66-sa da 63.2
cdomileba-4.24 %. sxva mraval
naangariSevi forebis masalaS
bis faqtori, Tavsdeba am cdo
glebSi [7-8]. formulis dana
rebi iangariSeba struqturul

sur. 3. eleqtrokeramik
a) 14100C-ze gamo

 
sur.3-ze asaxulia masala

dasawyis da saboloo stadia
forebis warmoqmnisa da ma
gadanawilebis procesi. Secx
stadiaze 14100C-s dros (sur. 
ganawilebis mrudi 1, gviCveneb
Seicavs saerTo forianobidan
zomiT 5 mkm-ze naklebs, xolo 
(mrudi 2) gviCvenebs saerTo 
95% forebs zomiT 14 mk
Secxobis bolo stadiaze 150

30 

2-s Soris aris 
l SemTxvevebSi 
Si gadanawile-
omilebis far-
rCeni paramet-

li kvlevis Se-

degad miRebuli optiku
mikroskopiuli suraTebi

sur. 3. a) da b)-ze mo
forianobis xazobrivi 
eleqtroteqnikuri keram
lobisaTvis, romelic g
15000C temperaturebze (s

 

 
a 
 

b 
 

kuli masalis daxuruli forianobis xazobri
omwvari, b) 15000C-ze gamomwvari. 1. forebis six

2. forianobis jamuri sixSire 

aTa Secxobis 
aze daxuruli 
Ti matricaSi 
obis dasawyis 
3 a) forebis 

bs, rom masala 
n 75% forebs 
jamuri mrudi 
forianobidan 

km-ze naklebs. 
000C-ze, masala 

Seicavs forebis 70%-s
zomiT (mrudi 1) da 90%-
mkm-ze naklebs. mxol
forebisa Sesabamisad S
saboloo stadiebze, zom
vidre optimaluri, rac 
keramikuli masalebisaT
niSnuli forebis saSual
ze. makenzim da Sutler
muSavebis dros masala
risaTvis gamoiyvanes to

uri da eleqtronul-
idan.  
ocemulia daxuruli 
analizis Sedegebi 

mikis imave Semadgen-
gamomwvaria 14100C da 
sur. 2). 

 

 

ivi analizi.  
xSire.  

s 4 mkm-ze naklebi 
-de forebs zomiT 12 

lod 5% da 10%-s 
ecxobis dasawyis da 
mebi ufro meti aqvT, 
miRebulia saerTod 

Tvis, anu 5 mkm. aR-
lo zoma metia 9 mkm-
vorTma Termuli da-
aTa Cajdomis siCqa-
oloba [9]. zedapiru-
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li daWimulobis gavlena tolia 2y/r wnevisa, 
romelic arsebobs yvela foras SigniT, 
xolo im SemTxvevaSi, Tu masala araSe-
kumSvadia, tolia hidrostatikuri wnevisa 
+2y/r, romelic modebulia masaze. ௗఘௗ௧		 = 	 ଶ		ଷ			 	ቀସగଷ ቁ 1 3ൗ 		݊ 1 2		⁄ ఊ௡ 		ሺ1 − ሻ	ߩ 2 3	⁄ ߩ 1 3⁄ 		, 
sadac p - aris fardobiTi simkvrive (mo-
culobiTi wonis fardoba xvedriT wonas-

Tan), n - forebis ricxvi realuri masalis er-
Teul moculobaSi. amocana mdgomareobs ima-
Si, rom foriani blanti masalis Tvisebebsa 
da mkvrivi masalis Tvisebebs Soris damyar-
des kavSiri. forebis raodenoba damokide-
bulia maT zomebsa da fardobiT simkvriveze 

                                  
4 13 ,
3

n r 




forebis moculoba

myari masalis moculoba
 ݊ 1 3	⁄ = 	 ቀଵି	ఘఘ ቁ	1 3⁄ ቀ ଷସగቁ 1 3⁄ 	 ଵఊ	 . 

tolobebis gaerTianeba gvaZlevs 

ௗఘௗ௧		 = 	 ଷ	ఊ			ଶ	௥଴௡			 ሺ1 −  , ሻߩ
sadac ro - nawilakebis sawyisi radiusia. 

0.6 fardobiTi simkvrivis miRwevisas, swra-
fad warmoiqmneba sferuli formis forebi. 
sruli gamkvrivebis SemTxvevisaTvis mivi-
RebT: 

01,5
.sek

rt
y


 

zemoT moyvanili damokidebulebebi warma-
tebiT SeiZleba iqnes gamoyenebuli procesis 
aRwerisaTvis Txiadi fazis monawileobiT. 
helga goliS-scibovma [10] gamoikvlia foria-
nobis gavlena faifuris meqanikur simtki-
ceze da miiRo ra forebis saSualo opti-
malur zomad 5 mkm, daadgina, rom masalis 
simtkice damokidebulia ara marto foria-
nobaze, aramed maT zomasa da formaze. Seda-
rebiTi analizisaTvis mogvyavs magar fai-
furSi forebis morfologiuri suraTi 4. 

 

 
 

sur. 4 forebis struqtura  
14200C-ze X95 gamomwvar magar faifurSi 

 
sur. 4-dan naTlad Cans, rom masala kargad 

Semcxvaria, anu konsolidirebulia da igi 
SeiZleba CaiSvas industriaSi gamoyenebi-
saTvis. aqve unda aRiniSnos, rom idealurad 
konsolidirebuli masalis miReba urTules 
teqnologiur process da iSviaTobas warmo-
adgens. morfologiuri suraTidan Cans, rom 
forebi mrgvali formisaa, magram araTanabari 
zomis da diametrSi gansxvaveba sakmaod 
didia. rogorc Cans, romeliRac teqnolo-
giur poziciaze im 26 operaciidan romelic 
saWiroa aseTi masalis misaRebad, moxda 
teqnologiuri darRveva, romlisganac dazR-
veuli arc erTi teqnologia ar aris. sava-
raudod es dayalibebis da Termuli damuSa-
vebis process exeba. am SemTxvevaSi forebis 
matricaSi gadanawilebis faqtori Sefasdeba 
0.9-iT. forebis erTnairad mrgvali forma 

mTlianad matricaSi, uzrunvelyofs faifu-
ris maRal meqanikur Tvisebebs. gamoumwvari 
nakeToba Sedgeba calkeuli marcvlebisagan, 
romlebic gancalkevebulia forebiT. sawyisi 
nedleulebis saxeobisa da warmoebis meTodo-
logiisagan damokidebulebiT forebis 
raodenoba Seadgens 25-60 moculobiT %-s. 
masalaTa teqnikuri Tvisebebis gasaumjobe-
seblad aucilebelia mniSvnelovnad Semcir-
des forebis Semcveloba matricaSi. budvor-
tma [1] gamoikvlia sinTezis Teoria foriano-
basTan mimarTebaSi da maTematikurad gaiTva-
la zedapiruli energiis gavlena cilind-
ruli forebis sistemaze. man aCvena, rom 
yovel sinTezirebul masaSi saerTo foria-
noba Seadgens daaxloebiT 9%-s. forianobis 
gavlena meqanikur Tvisebebze aRwerilia 
samuSaoSi [11]. stabenovma da henikem gamoik-
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vlies aluminis Jangis Semcveli faifuri, 
misi struqturis aRnagobisa da meqanikuri 
Tvisebebis, gamowvis da saboloo tempera-
turaze dayovnebis droze damokidebulebiT. 

maT aRmoaCines struqturaSi forebis 
gadanawilebis mudmivi, uwyveti cvlileba da 
simtkicisa da elastikurobis damokidebu-
leba forianobaze [12]. 

forebis sidide da gadanawileba matri-
caSi, sistematurad icvleba. gamowvis dros, 
atmosfero RumelSi gavlenas axdens wylis 
orTqlis parcialuri wnevis cvlilebis meS-
veobiT forebSi airebis Semcvelobaze [13-14]. 
nawilakebis formis da warmoebis teqno-
logiis gavlena forebis warmoqmnaze sinTe-
zis procesSi, mocemulia samuSaoSi [15]. 
oelma [16] gamoikvlia sinTezis procesi 
forebis struqturaze damokidebulebiT da 

aCvena, rom forebis radiusis umniSvnelo 
cvlileba iwvevs sinTezis procesis vardnas 
da sinTezis maqsimalur temperaturaze ga-
dasvlisas, xdeba struqturis nawilobrivi 
afueba. rac dasturdeba Cveni masalis SemT-
xvevaSi 15000C-ze (sur. 2 b). forebma masalaSi 
SeiZleba Seicvalos forma da gardaiqmnan 
mogrZo formis forebad. amasTan ar aris 
aucilebeli, rom Seicvalos maTi saerTo 
zoma. upiratesad Termuli damuSavebis pro-
cesSi icvleba, rogorc foras forma, aseve 
zoma. am process adasturebs Cven mier war-
modgenili keramika 15000C-ze. 1 cxrilSi 
mocemulia forianobis cvlilebis dinamika 
temperaturaze damokidebulebiT. analizi 
Catarda Zeis-Wang-is xelsawyoze. 

 
cxrili 1 

celzianis eleqtrokeramikis matriculi Tvisebebi 
 

ტემპერატურა 0C,  ˃	მაჩვენებელი˅ 
 

1380 
 

1410 
 

1440 
 

1470 
 

1500 
 

1550 
ფორების საშუალო ზომა, d-

მკმ 
 

7.6 
 

8.0 
 

7.8 
 

5.1 
 

12.8 
 

26.4 
საშუალო მანძილი ფორებს 
შორის მატრიცაში l-მკმ 

 
43.6 

 
48.5 

 
92.2 

 
80.0 

 
98.0 

 
380.0 

ფორების შემცველობა, V % 16.0 14.0 8.8 8.3 9.8 12.8 
 
 

1 cxrilSi mocemulia Cven mier warmod-
genili eleqtrokeramikuli celzianis masa-
lis forovani struqturis monacemebi. 
cxrilidan aSkarad Cans forebis zomebis 
cvlilebis dinamika temperaturaze damoki-
debulebiT. 14700C aris gamowvis is tempe-
ratura, rodesac masala Seicavs forebs 
minimaluri zomebiT - 5.1 mkm, Sesabamisad, 
manZili forebs Soris matricaSi aris 
optimaluri - 80 mkm da forebis procen-
tuli Semcveloba minimaluri-8.3. swored es 
temperatura SeiZleba CaiTvalos am Semad-
genlobis celzianis eleqtrokeramikis in-
dustriaSi gamoyenebis temperaturad. Sevi-
tanoT es monacemebi Cven mier warmodgenil 
maTematikur formulaSi. miviRebT: 

79/
. . .. 1.5x0.9x8.3x5.1

Pm p
Fp Pd Pvol Pm

   = 

= 57.15 MPa . 
amdenad, am konkretuli masalisaTvis mak-

romeqnikuri maxasiaTeblis damokidebuleba 

foriani fazisagan Seadgens 57.15 MPa.  
 
 

3. daskvna 
Cven mier mocemul formulaSi, romelic 

gviCvenebs, Tu ramdenad damokidebulia masa-
laTa makromeqanikuri, anu maTi mTlianad 

daSlis maxasiaTeblebi forebis zomaze, 
formaze, gadanawilebasa da Semcvelobaze 
matricaSi, foras formis faqtorze, gaTva-
liswinebulia konsolidirebuli masalis 
struqturuli mdgenelebis yvelaze susti 
fazis gavlena TvisebaTa im erTobliobaze, 
romlebic mniSvnelovnad gansazRvraven nake-
TobaTa industriaSi muSaobis unarianobas 
da xangrZlivobas. Termuli damuSavebis pro-
cesSi mniSvnelovania forebis warmoqmnis 
dinamika, maTi gadanawileba matricaSi da 
formis Camoyalibeba, rac naCvenebia Cven 
kvlevaSi im fizikur-qimiuri procesebis 
gaTvaliswinebiT, romlebic mimdinareobs 
Termuli agresiis dros. aq umniSvnelova-
nesia forebis matricaSi gadanawilebis 
faqtori, rac siaxlea da Cveni informaciiT, 
jer arcerT kvlevaSi ar gamoyenebula. Cveni 
formula srul pasuxs iZleva keramikuli 
nakeTobebis foriani fazis morfologiasa 
da makromeqanikur TvisebaTa Soris korela-
ciaze da misi gamoyeneba SesaZlebelia kera-
mikisa da keramikuli kompozitebis yvela 
saxeobisaTvis, romlebic gamoiyeneba mowina-
ve teqnologiebSi, teqnikis mraval dargSi, 
sayofacxovrebo pirobebSi.  
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UDC 621.9.02 
MACRO-MECHANICAL PROPERTIES - POROUS PHASE DEPENDENCE FORMULA  
Z. Kovziridze  
 

Resume: Goal. In the researches of materials science and materials industry the significant role with the view of 
their usage as well as long terms operation is attributed to the relation of macro-mechanical properties of 
consolidated bodies and porous phase composition, its dimensions, redistribution in the matrix and form factor. These 
properties play extremely great role with the view of tolerance and durability for exploitation of ceramic materials and 
ceramic composites in extreme conditions, since any material in the process of operation in extreme conditions 
undergoes ageing. The goal of our work is to develop a formula for dependence of macromechanical properties of 
ceramics and ceramic composites on porous phase, the weakest component in the material structure. This formula 
will enable theorists and practitioners to select and develop technologies and technological processes correctly.  

Method. On the basis of studies and analysis of micro- and macro-mechanical characteristics of ceramics and 
ceramic composites and morphology of porous phase the formula was developed and its parameters were 
determined.  

Results. The formula includes macromechanical properties, that is, when the work piece is destructed completely: 
mechanics at bending at three and four point loading, mechanics at compaction, at rupture, shock viscosity; 
morphological characteristics such as: porous phase composition in matrix and their rearrangement, dimensions, pore 
form factor; correlative dependence of the above listed properties on other components of the structure such as: 
crystalline and glassy phases. Absolutely new definition of pore rearrangement factor has been offered.  

Conclusion. Formula that was developed by us is of cumulative character and its application will enable 
researchers and practitioners to plan correctly and fulfill accurately all positions of industrial technologic processes. 

 
Key words:  porous phase; factor of porous phase rearrangement in matrix; macromechanics; pore form factor; 

pore dimensions; pore composition in matrix. 
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reziume: mizani: naSromSi mocemulia 
Cveulebrivi kaklis da Txilis nayofebidan, 
gogris da nesvis Teslebidan zeTis moci-
lebis Semdeg miRebuli masis Sroba, gamom-
Srali nedleulidan rTuli fxvnilis miRe-
bis da Serevis teqnologiuri sqema – mSra-
li, specializebuli produqtebis (nakre-
bebis) - samkurnalo-profilaqtikuri,  vita-
minur-aminomJavuri kompleqsebis miRebis 
mizniT. 

samkurnalwamlo mcenareul nakrebebs 
farTo gamoyeneba aqvs, rac maTi dadebiTi 
TvisebebiTaa ganpirobebuli: 1. moqmedi 
nivTiereba mcenareul nedleulSi natiur 
mdgomareobaSia SenarCunebuli; 2. martivia 
momzadebis teqnologia. 3. xelmisawvdomia. 

nakrebebis uaryofiT mxared SeiZleba 
CaiTvalos is, rom ar wamoadgens dasru-
lebul samkurnalwamlo formas. 

meTodi: 1. nedleulis SrobisTvis Sevar-
CieT optimaluri meTodi, gogris da nesvis 
nayofebisTvis Srobis temperatura ar 
aRemateboda 40ºC da tenianoba 10%; kakali 
da Txili gamovaSreT maSrob karadaSi,  
temperatura ara umetes 60ºC. 2. ganvsaz-
RvreT eqstraqtuli nivTierebebis koncent-
racia eqstraqtis aorTqlebis da mudmiv 
wonamde gamoSrobis meTodiT; kaklis da 
Txilis nayofebidan, gogris da nesvis Tes-
lebidan zeTis mocilebis Semdeg miRebuli 
masis (koptoni - CenCo, darCenili zeTovani 
mcenareebis Teslidan zeTis gamoxdis Sem-
deg) Sroba movaxdineT maSrob karadaSi 
35°C-ze da movaxdineT TiToeuli nimuSis 
homogenizacia calcalke. 

Sedegebi: moviZieT da rig SemTxvevebSi 
movaxdineT biologiurad aqtiuri nivTiere-
bebis raodenobrivi gansazRvris meTodebis 
modificireba;  davadgineT arCeul mcenare-
ebSi biologiurad aqtiuri nivTierebebis 
Semcvelobis normebi saqarTvelos regione-
bis mixedviT; dadginda, rom masalis homo-
genizacia wyalxsnarebSi ukeT mimdinareobs, 
amasTan, unda moveridoT pH-is eqstremalur 

mniSvnelobebs, osmosur wnevasa da maRal 
temperaturas. 

daskvna: Cven mier SerCeuli mcenareuli 
nedleulidan: samkurnalo-profilaqtikuri 
saSualeba movamzadeT, rogorc dozirebu-
li ise aradozirebuli nakrebebis saxiT. 
Srobis temperatura ar unda aRematebodes 
60ºC. mTliani nakrebis gaSrobis dros, 
komponentebis denaturaciis Tavidan asaci-
leblad mkacrad vakontrolebdiT am tem-
peraturul Sualeds. 

 
sakvanZo sityvebi: homogenizacia; mcena-

reTkrebuli; Txili, kakali; nesvi; gogra; 
siname; nacrianoba.  

 
 
1. Sesavali 
mcenareebSi yovelTvis gvxvdeba biolo-

giurad aqtiuri nivTierebebis kompleqsi, 
magram Terapiuli da profilaqtikuri ze-
moqmedebis unari aqvs erTs an ramdenime 
maTgans, aseT nivTierebebs uwodeben moqmed 
nivTierebebs da iyeneben samkurnalo prepa-
ratebis warmoebaSi. 

mcenareebSi agreTve gvxvdeba e.w. Tanm-
xlebi nivTierebebi - es pirveladi da 
meoreuli sinTezis produqtebis (menToli, 
papaverini, tanini) pirobiTi saxelia. zogi 
Tanmxlebi nivTiereba dadebiTad moqmedebs 
adamianis da cxovelis organizmze, radgan 
isini avseben ZiriTadi moqmedi nivTierebis 
zemoqmedebis efeqts. magaliTad: vitaminebi, 
mineraluri nivTierebebi, flavanoidebi - 
aZliereben moqmedi nivTierebebis Sewovis 
unars, aumjobeseben maT dadebiT zemoq-
medebas organizmze, an piriqiT - asusteben 
Zliermoqmedi nivTierebebis mavne zemoqme-
debas.  

sasargeblo Tanmxlebi nivTierebebis gar-
da, mcenareebSi aris mavne nivTierebebic, 
romlebic aucileblad unda movaciloT, sa-
nam mcenares gamoviyenebT garkveuli mizniT. 

kaklis da Txilis nayofebis, gogris da 
nesvis Teslebis  bioqimiuri Sedgeniloba 
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moicavs sakvebi da fitoqimiuri naerTebis 
rTul kompleqss, romelTa Semadgenlobac 
saSualebas gvaZlevs ganvixiloT isini ro-
gorc nedleulis wyaro, farTo asorti-
mentis produqciis warmoebisaTvis. esenia 
sakvebi, farmacevtuli, kosmetikuri da teq-
nikuri daniSnulebis zeTebi, saRebavebi, 
sxvadasxva funqcionaluri daniSnulebis 
biologiurad aqtiuri danamatebi, sakvebi 
cilebi, tanini, fitini da sxva.  

 

 
2. ZiriTadi nawili 
winaswar gansazRvruli daniSnulebis 

mqone (matonizebeli, gamaaqtiurebeli, zomi-
erad mastimulirebeli samkurnalo-profi-
laqtikuri), mravalkomponentiani mcenareT-
krebulis misaRebad;   

SevarCieT nedleuli: 
1. Cveulebrivi kaklis (kakali, nigvzis xe 

(laT. Juglans regia)) xis nayofi. 
2. Txilis (Corylus) nayofi. 
3. gogris (laT. Cucurbita) Tesli. 
4. nesvis (Cucumis melo) Tesli. 
rogorc wesi, Teslebs Seiswavlian 

mSral mdgomareobaSi, SeuiaraRebeli Tva-
liT an lupis  (10X) saSualebiT. 

Teslebi Sedgeba Teslis kanis, endosper-
mis (zogierT mcenaris Tesli uendospermoa) 
da Canasaxisagan. diagnozuri mniSvneloba 
aqvs Teslis formas, zomebs (sigrZe, sisqe 
an sigane), zedapiris xasiaTs, fers, suns da 
gemos; Canasaxis formas, zomebsa da gan-
lagebas, Wipis an Teslis nakeris arsebobas 
da formas da a.S. 

Teslebis zomebi ganvsazRvreT saxazaviT. 
sferosebri Teslebi mrgval nasvretebian 
sacerSi gavceriT. feri ganvsazRvreT dRis 
sinaTleze, suni -  damsxvrevis da gasresis 
Semdeg, gemo gavusinjeT mSrali nedleulis 
naWrebs da maT naxarSs. 

namdvilobis dasadgenad. SerCeuli ned-
leulidan gavamzadeT ganivi anaTlebi. yu-
radReba mivaqcieT Teslis saerTo aRnago-
bas, Teslis kanis xasiaTs da agebulebas, 
samarago - sakvebi qsovilis endospermis 
sidides da formas. Canasaxis - lebnebis, 
formasa da agebulebas. 

kaklis da Txilis nayofebi, gogris da 
nesvis Teslebi SeviswavleT mSral mdgoma-
reobaSi SeuiaraRebeli TvaliT da lupiT. 

SerCeuli nedleulisTvis diagnozuri 
mniSvneloba aqvs Teslis kanis Sris, gansa-
kuTrebiT meqanikuri da pigmenturi Sris 
agebulebas. Teslis kanis Sreebi fxvnilis 
mikropreparatSi ganTavsebulia beltebad, 
rac Seesabameba kanis zedapiris mikros-
kopul suraTs, zogjer gvxvdeba gaqvavebu-

li ujredebi (mcire jgufebad da cal-
calke). xSirad fxvnilSi gvxvdeba Teslis 
kanis ori an sami Sris SeerTeba, rac ag-
reTve damaxasiaTebel niSans warmoadgens. 
diagnozuri mniSvneloba aqvs endospermisa 
da Canasaxis ujredebis Semcvelobas (cxi-
movani zeTi, lorwo, kristaluri CanarTebi 
da sxva.). 

gogra - arsebobs gogris sami saxeoba: 
msxvilnayofiani, kanmagari da muskatis ji-
Sis. Cven gamoviyeneT samive saxeobis gogris 
Tesli. SevarCieT gogris Teslebi 1. ime-
reTSi, kerZod vanSi aRebuli magarkaniani 
anu xokera gogra, romelic dasavleT sa-
qarTveloSi cnobilia sxvadasxva saxel-
wodebiT: „xokera kvaxi“ imereTi, „xapera“ 
guria, „xopeSia“ samegrelo, „saRore kvaxi“ 
raWa, „kvaxnes“  svaneTi. 2. muskaturi gogra, 
kaxeTSi aRebuli, romelsac saqarTveloSi 
sxvadasxva saxelwodebiT icnoben: „Tafla 
gogra“, „xurjina gogra“, „borCalouri 
gogra“.  

Cven mier kaxeTSi aRebuli yvela jiSis 
gogris Tesli brtyeli da  didi zomisaa, 
TeTri feris, sustad gamosaxuli arSiiT,  
1000 msxvili Teslis masa 292 gr–ia. Tesl-
bude Zalian didia da nayofi msubuqi, rbi-
lobi 1,5–2 sm. sisqisaa. muskaturi jiSis 
gogris Teslebi aris ufro mcire zomis da 
Txelkaniani moyviTalo feris, nayofi msu-
buqia. kangaclili Teslebi mwvane feris 
aris. 

nesvi aRebuli gvqonda kaxeTidan. isini 
brtyelia, yviTeli, moTeTro elferiT. xo-
lo zogierTi Teslis forma gagrZelebul-
ovaluria, feri – yviTeli. 

Txili aRebuli gvqonda guriis (berZnu-
la), raWis (tyis Txili), da samtrediis 
regionSi (vanis TeTri).  nayofebis saSualo  
zoma: 19X17X15mm, saSualo masa 2,0-2,1 grami, 
gulis gamosavlianoba: 52-53%. 

kakali (nigozi) aRebuli gvqonda: guriis 
regionidan - gulisebri zibolda da guli-
sebri kakali, aWaridan baTumura, da samt-
rediidan -  Cveulebrivi kakali. 

kaklis didi zomis nayofi kaklisebri 
kurkianaa, xorcovani, mwvane, momwifebisas _ 
moyavisfro. naoWiani egzokarpiumiT (wengo) 
da gaxevebuli endokarpiumiT (naWuWi). Tes-
li (nigozi) erTia, danaoWebuli, 2 lebniT 
da moTeTro-moyviTalo kaniT.  

 
nedleulis Sroba 

 
gogris da nesvis Teslebi sakvebad var-

gisi da sasargebloa. Sroba CavatareT Sem-
degnairad: gavrecxeT, Semdeg movaTavseT 
mzian adgilas ramdenime dRiT. nawili ga-
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movaSreT saSrobSi. aucilebelia tempera-
turis 40ºC da tenianobis 10% kontroli. 
gamomSrali nedleulidan SevarCieT  TeTri 
da moyviTalo feris ulaqo, saRi Teslebi. 

kaklis da Txilis gautexav nayofebs 
vinaxavdiT jvalos (juTis) parkebSi, xolo 
garCeuli nayofebi gamovaSreT maSrob 
karadaSi da Semdeg movaTavseT hermetulad 
daxurul konteinerebSi, damZaRebis da xa-
risxis gauaresebis acilebis mizniT. 

Tavdapirvelad nedleuls movacileT ze-
Tovani nivTierebebi da gamomSrali kopto-
nisTvis ganvsazRvreT ricxviTi maCveneble-
bi. kaklis da Txilis nayofebis, gogris da 
nesvis Teslebis zeTgaclil koptonSic gan-
vsazRvreT ricxviTi maCveneblebi:  

1. tenianoba, 2. saerTo nacris da 10% 
qlorwyalbadmJavas xsnarSi uxsnadi nacris 
Semcveloba; monacemebi motanilia cxrilSi. 

 
sinamisa da nacrianobis monacemebi kaklis da Txilis nayofebSi,  

nesvis da gogris TeslebSi 
 

N ნიმუშის დასახელება სინამე % საერთო ნაცარი 
% 

HCl-ში უხსნადი 
ნაცარი % 

1 ნესვის თესლი (კახეთის 
რეგიონი) 

10,3 3 1,12 

2 გოგრის თესლი (კახეთის 
რეგიონი) 

11,8 4,2 1,07 

3 თხილის ნაყოფი (გურიის 
და სამტრედიის რეგიონი) 

11,0 2,5 2,17 

4 კაკალის ნაყოფი (გურიის და 
სამტრედიის რეგიონი) 

9,3 3 1,46 

 
eqsperimentis Sedegad miRebuli monace-

mebi TanxvedraSia literaturulTan. 
 ganvsazRvreT eqstraqtuli nivTierebe-

bis koncentracia  eqstraqtis aorTqlebis 
da mudmiv wonamde gamoSrobis meTodiT: 

meTodis principi mdgomareobs masalis 
erTjerad eqstraqciasa da SemdegSi eqst-
raqtis aorTqleba-gamoSrobaSi mudmiv wo-
namde garkveul temperaturul pirobebSi  

eqstraqtul nivTierebaTa Semcvelobas 
procentebSi vangariSobdiT Semdegi formu-
liT: 

m × 10 × 100 
X = --------------------------------- , 

M 
sadac - m – sxvaoba masalian da cariel 

biuqss Soris; M – mSrali nivTierebis 
raodenoba saanalizod aRebul sinjSi. 

orive meTodiT gansazRvruli eqstraq-
tuli nivTierebebis raodenoba identuria. 

Cven mier Catarebuli kvlevis Sedegebi 
mocemulia cxrilSi. 

 
№ ნედლეული გამოწვლილული 24 

საათის განმავლობაში 
ცივი წყლით % 

გამოწვლილული ½ 
საათის 

განმავლობაში 
ცხელი წყლით % 

ცხელი წყლით 
გამოწვლილული 

ორი საათის 
განმავლობაში % 

1 ნესვის თესლი 33 47,7 51,2 

2 კაკლის ნაყოფი 29 49 53,5 

3 თხილის 
გარჩეული ნაყოფი, 

30 45 55 

4 გოგრის თესლი 35 49 58 
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miRebis xerxebis mixedviT arsebobs - 
Sinagani, garegani, mosawevi (sainhalacio) 
nakrebebi. 

Cven mier SerCeuli mcenareuli nedleu-
lidan:  samkurnalo-profilaqtikuri saSua-
leba movamzadeT, rogorc dozirebuli ise 
aradozirebuli nakrebebis saxiT.  

 
mcenareTkrebulis (nakrebebis)  

momzadeba 
 

nakrebebis miRebis mizniT, mcenareuli 
nedleulidan Tavdapirvelad miviReT fxvni-
lebi.  

mcenareuli nedleulidan fxvnilebis mi-
Rebis procesi Semdegi stadiebisgan Sedgeba. 
1. sawyisi nedleulis dawvrilmaneba. 2. 
fxvnilebis dayofa nawilakebis zomebis 
mixedviT. 3. calkeuli komponentebis Sereva. 
4. dafasoeba da SefuTva. 

mcenareuli nakrebebis miRebis teqnolo-
giuri procesi Semdegi stadiebisgan Sedgeba: 
dawvrilmaneba, gacra, Sereva, SefuTva. 

dawvrilmaneba: nakrebSi Semaval mcenare-
ul nedleuls moqmedi nivTierebebis ukeTe-
sad gamowvlilvis mizniT. Cven mier SerCe-
uli mcenareuli nedleuli davawvrilmaneT 
cal-calke saxeobis da struqturis Sesaba-
misad. rogorc cnobilia, nayofebs da Tes-
lebs awvrilmaneben xeliT an Sesabamis wis-
qvilebSi. Cven davaqucmaceT faifuris ro-
dinze da difundirSi (miqseri). rac Seexeba 
daqucmacebis xarisxs, TiToeuli mcenaris-
Tvis gaviTvaliswineT nakrebis daniSnuleba. 
mag: gamonacemebis da naxarSebis misaRebad 
gamoyenebuli nakrebebis nawilakebis zomebi 
nayofebis da TeslebisTvis ar unda aRema-
tebodes 0,5mm-s.  

gacra: dawvrilmanebis Semdeg nakrebebi 
unda gasufTavdes, rasac aRweven sacerSi 
gacriT. sacris zoma ar unda iyos 0,2mm-ze 
meti. 

Sereva: nakrebis Semadgeneli nawilakebis 
Sereva xdeba mbrunav korpusian SemrevebSi. 
radgan Cven nakrebSi Sedis eTerzeTebic da 
marilebic, (zeTis mocilebis Semdeg) winas-
war eTerzeTs vxsnidiT eTanolSi da mari-
lebs wyalSi. miRebuli xsnariT vaxdendiT 
zogjer calkeuli komponentis Sesvelebas, 
ufro xSirad vasvelebdiT mTlian narevs, 
ris Semdegac narevs gulmodgined vurevdiT 
da vaSrobdiT maSrob karadaSi 400C - 600C-ze. 

Srobis temperatura ar unda aRematebo-
des 600C. mTliani nakrebis gaSrobis dros, 
komponentebis denaturaciis Tavidan asaci-
leblad mkacrad vakontrolebdiT am tempe-
raturul Sualeds. xolo spirtiani xsnare-
bis gamoyenebis SemTxvevaSi nakrebs vaSrob-

diT oTaxis temperaturaze xSiri morevis 
reJimiT. gamoSrobis Semdeg mTavaria miRe-
buli nakrebis masa utoldebodes nakrebSi 
Semavali mcenareuli nedleulis da sxva 
ingredientebis jamur masas. 

martivia iseTi fxvnilebis Sereva, romel-
Sic ingredientebi Tanabari raodenobiTaa, 
nawilakebis zomebi erTnairia da axlos 
arian simkvriveebiT. Cven SemTxvevaSi mizan-
Sewonilad miviCnieT yvela komponentis 
(awonvis da dafasoebis Semdeg) CatvirTva 
SemrevSi da moreva erTgvarovani masis 
miRebamde. 

mSrali, specializebuli produqtebis - 
samkurnalo-profilaqtikuri, vitaminur-ami-
nomJavuri kompleqsebis miRebis dros, gaviT-
valiswineT rig makro- da mikroelementebs 
Soris arsebuli fiziologiuri antagonizmi 
da calkeul elementebs Soris, dadebiTi 
urTierTqmedebis SemTxvevebic (sinergizmi). 

marTalia calkeuli mikro da makroe-
lementebi axdenen erTmaneTze zegavlenas da 
SeuZliaT Seanelon sxva mikro da makroe-
lementebis Sewovis procesi, magram es xdeba 
mxolod im SemTxvevaSi Tu organizmSi maTi 
siWarbea, miReba xdeba xangrZlivi drois 
manZilze an miReba xdeba arasaWiroebisamebr 
da darRveulia organizmSi mikro da makro-
elementebs Soris arsebuli Cveuli balansi.  

 
 
3. daskvna 
1. ganvsazRvreT SerCeuli nedleulis  

1. garegani niSnebi, 2. dawvrilmanebis xaris-
xi, 3. mikroskopia, 4. ricxviTi maCveneblebi,  
5. siname, 6. nacrianoba. monacemebi Tanxved-
raSia literaturulTan. 

2.  moviZieT da rig SemTxvevebSi movax-
dineT biologiurad aqtiuri nivTierebebis 
raodenobrivad gansazRvris meTodebis mo-
dificireba;  

3.  davadgineT arCeul mcenareebSi bio-
logiurad aqtiuri nivTierebebis Semcve-
lobis normebi saqarTvelos regionebis 
mixedviT;  

4.  dadginda, rom masalis homogenizacia 
wyalxsnarebSi ukeT mimdinareobs, amasTan, 
unda moveridoT pH-is eqstremalur mniSvn-
elobebs, osmosur wnevasa da maRal tem-
peraturas. 

5.  dadginda, rom mcenareTkrebulis 
Srobis temperatura ar unda aRematebodes 
60ºC-s.  

6. sawyisi nedleulis dawvrilmanebis 
stadiaze viTvaliswinebdiT nedleulis fi-
zikur-qimiur Tvisebebs. sawyisi da saboloo 
produqtebis zomebs da rac mTavaria dasaw-
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vrilmanebeli nedleulis saerTo rao-
denobas. 

7. SerCeuli nedleulidan rTuli fxvni-
lebis miRebisas TiToeul mcenareul ned-
leuls cal-calke vawvrilmanebdiT, vaS-
robdiT da vcridiT. 

8.  Cven mier SerCeuli mcenareuli ned-
leulidan: samkurnalo-profilaqtikuri sa-
Sualeba movamzadeT, rogorc dozirebuli 
ise aradozirebuli nakrebebis saxiT.  
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PREPARATION OF PLANT COLLECTION (SELECTIONS) FROM THE MASS GOT AFTER REMOVAL OF 
THE OIL FROM WALNUT AND HAZELNUT FRUITS AND PUMP AND MELON SEEDS  
G. Pataridze, N. Gelovani, M. Maisuradze  
 

Resume: Gool: The work gives drying of mass got after removal of oil from common walnut and hazelnut fruits, 
pump and melon seeds, the technological scheme of getting and mixing complex powder from dried raw material-in 
order to get dry, specialized products (selections) – treatment and prophylactic, vitamin-amino acid complexes. 

Medicinal plant selections are widely used due to their positive properties: 1. The active ingredient is maintained 
in raw material in native condition; 2. The technology of preparation is easy. 3. Is available. 

The disadvantage of the selections can be the fact that it does not have finished treating medicine form;  
Method: 1. For drying raw material, we chose optimal method, drying temperature for pump and melon fruits did 

not exceed 40ºC and humidity 10%; we dried walnut and hazelnut in a vacuum dryer in the temperature no more than 
60ºC. 2. We determined the concentration of extractive substance by the method of extract evaporation and drying to 
constant weight; we dried the mass (marc-pod, skins, from remaining seeds of oily plants after removal of oil) got by 
removal of oil form walnut and hazelnut fruits, pump and melon seeds in a vacuum dryer at 35°C and made 
homogenization of each sample separately.  

Results: We found out and in some cases modified the methods of determining quantities of biologically active 
substances; set the norms of content of biologically active substances in selected plants according to regions of 
Georgia; It was established that homogenization of material is better happened in aqueous solution, herewith we 
should avoid extreme importance of pH, osmotic pressure and high temperature.  

From the plant raw material chosen by us, we prepared a prophylactic remedy, in the form of dosed as well as in 
the form of non-dose selections. 

Conclusion: The technology of selections prepared by us consists of the following stages: granulation, sifting, 
mixing, packing. Drying temperature of selection cannot exceed 60 ° C. During the drying of the whole selection, in 
order to avoid denaturation of components we strictly controlled this temperature interval. 

 
Key words:  Homogenization; collection of plants; Walnuts; Hazelnut; Melon; Pumpkin; moisture content; ash 

content. 
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