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რეზიუმე 

 
samuSaos mizani iyo Senadnebis Seqmna titanis fuZeze formis 

maxsovrobis, zedrekadobis da dempfirebis unaris maqsimaluri 
gamovleniT. samuSao mdgomareobda Senadnebis komponentur da 
koncentraciul SerCevaSi da maT Termomeqanikur  damuSavebaSi. 

gamokvleva atarebda eqsperimentul kompleqsur xasiaTs 
rentgenostruqturuli, diferencialuri Termuli, dilatomet–
ruli, eleqtrowinaRobis temperaturaze damokidebulebis, 
kalorimetriis, Sinagani xaxunis meTodebis gamoyenebiT. 
iTvaliswinebda deformaciis da meqanikuri Zabvis mniSvnelobebis 
gazomvas Senadnebis grexviT da gaWimviT deformaciis  
SemTxvevaSi. ganixileboda formis aRdgenis xarisxi, zedrekadi 
deformaciis sidide, Sebrunebuli martensituli gardaqmnis 
dros warmoqmnili reaqtiuli Zabvebi da Senadnebis dempfirebis 
unari. 

safuZvlad aRebuli iqna titanis Senadnebi  β-fazis 
mastabilizirebel elementebTan (Ta, Nb, Mo, V, Zr).  koncentracia  
ganisazRvreboda β-fazis kritikuli metastabiluri mdgomare–
obis maxloblad. 

samuSaos SesrulebisaTvis Seqmnili da gamokvleuli iyo 
Senadnebi Semdegi SemadgenlobiT: Ti-Ta, Ti-Nb, Ti-Ta-Zr, Ti-Nb-Zr, Ti-
Ta-Mo, Ti-Ta-V, Ti-Nb-Mo, Ti-Nb-V, Ti-Nb-Mo-V,Ti-Ta-Mo-V, Ti-Ta-Nb-Zr, Ti-
Nb-Mo-V-Zr, Ti-Ta-Mo-V-Zr malegirebeli elementebis farTo 
koncentraciuli SemcvelobiT. 

Senadnebi miRebuli iyo eleqtronul-sxivuri dnobis 
meTodiT. elementebis ganawilebis Tanabroba miiRweoda 4-5 
jeradi gadadnobiT. zodebis cxeli glinviT miiReboda 3-5 mm. 
sisqis firfitebi. 

sawyisi fazuri  mikrostruqtura iqmneboda homogenizaciis 

Semdeg 900 ÷ 1000 0C temperaturidan wyalSi wrTobiT. 
komponenturi Semadgenlobis da koncentraciis mixedviT 

fazurma rentgenostruqturulma analizma daafiqsira sami 

mikrostruqturis tipi: α ′′ orTorombuli, α ′′  da mcire  β- 

austeniti da Sereuli α ′′ +β struqtura. mikrostruqtura 
mniSvnelovan gavlenas axdenda Senadnebis deformaciis procesze. 

formis maxsovrobis efeqti uzrunvelyofili iyo 

Termodrekadi martensituli β↔ α ′′ gardaqmniT. irCeoda Senadnebi 
praqtikulad sruli (aranakleb 90%) formis aRdgeniT 
maqsimalurad SesaZlebeli deformaciis dros. 

Senadnebs unda gamoemJRavnebinaT zedrekadoba mniSvnelovani 
deformaciis dros. 

Seswavlili iqna Sebrunebuli α ′′ → β gardaqmnis dros 
generirebuli Zabvebis mniSvnelobebi. 

ZiriTadi kvlevebi Catarda nimuSebze, romlebic ganicdidnen 
deformacias grexviT. Seiqmna danadgarebi, romlebic saSualebas 
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gvaZlevdnen gazomili yofiliyo deformaciis ZiriTadi 
maxasiaTeblebi, deformaciis Zabva da temperatura. 

danadgarebSi nimuSis gaxureba xdeboda denis gatarebiT. 
gaxurebis siCqare icvleboda farTo diapazonSi. grexvis 
deformacia xorcieldeboda sxvadasxva sqemiT da Td 
temperaturamde miRwevis meTodiT. Senadnebis umetesobisaTvis 
gaxurebis siCqaris SerCeviT SeiZleba srulad gamovavlinoT 

formis aRdgenis unari η. misi sidide gamoiTvleboda 
deformaciis temperaturaze damokidebulebis mrudebis 

meSveobiT. kriteriumad miRebuli iyo ε0(90) deformaciis 

mniSvneloba, romlis drosac η= 90%. 
gaWimviT Senadnebis gamocdam gamoavlina formis 

maxsovrobis Sebrunebuli efeqti Senadnebis umetesobisaTvis. 
deformirebuli nimuSis gaxureba iwvevda jer formis aRdgenas, 
Semdgom spontanur deformacias. is realizdeba teqsturis da α ′′  
da β fazebis difuziuri daSliT. 

SenadnebSi Catarebuli iqna formis   aRdgenisFTermocik-
lireba ori meTodiT:  datvirTvis mudmivi moqmedebisas da 
sawyisi deformaciis Semdeg Tavisufal mdgomareobaSi 
TermociklirebiT. 

praqtikulad sruli aRdgena myardeba sul cota xuTi 
ciklis Semdgom. ciklebis raodenobis zrda amcirebs 
deformaciis amplitudas. es efeqti ufro Zlierad vlindeba 
datvirTvis gareSe ciklirebis dros. `amplitudis” mileva 
dakavSirebulia Termuli zemoqmedebiT gamowveul difuziur 
procesebTan, rac amcirebs aRdgenis procesebze pasuxismgebel 
fazis wils. 

amplitudas SeiZleba Cautardes `reanimacia” Taviseburi 

wrTobiT – xanmokle gaxurebiT 800÷8500C- mde da swrafi 
gacivebiT haerze. 

aRdgenis Tvisebebze mniSvnelovan gavlenas axdenda 
nimuSebis zedapiris daJangva Termuli zemoqmedebis dros. 
zedapiruli Jangis fena mkveTrad auaresebda formis maxsovrobis 
efeqts, xolo Jangbadis mniSvnelovan siRrmeze SeRwevisas da 
nimuSebis mcire zomebis dros iwvevda maT msxvrevas. 

ganmtkiceba dakavSirebuli iyo Seuqcevadi α′dispersiuli 
nawilakebis gamoyofasTan. formis maxsovrobis gamovlenaSi 
monawileobs mxolod nimuSis dauJangavi Sua nawili. Jangeuli 
garsis didi simtkicis gamo deformacia miniSnebul sididemde 
xorcieldeba gacilebiT didi datvirTvis zemoqmedebiT, vidre 
sufTa zedapiris nimuSebSi. es fena aseve winaaRmdegobas uwevs 
generirebul Zabvas. 

Senadnebis zedrekaduli qceva Seiswavleboda oTaxis 
temperaturaze maTi nimuSebis grexviTi deformaciis dros. 
naCvenebi iyo, rom sruli zedrekadoba xorcieldeboda Senadnis 
nimuSis ramodenime datvirTva – gantvirTvis ciklis Semdgom. 

zedrekadoba miiRweva elementebis gaxsnis gamo ganmtkicebiT 

an dispersiuli CanarTebis warmoqmniT, rogorsac qmnis  



vi 
 

Canergili Jangbadi. zedapiridan nimuSis  SigniT Jangbadis 

SeRweva adidebda simtkices da aumjobesebda εz.d.. erTnairi 

sawyisi deformaciis dros σz.d. metia zedapiruli Jangis mqone 
SenadnisaTvis. 

im reaqtiuli Zabvebis gazomvis mizani, romlebic 
warmoiqmneba Sebrunebuli martensituli gardaqmnis dros 
dakavSirebulia maT gamoyenebasTan formis maxsovrobis 
efeqtebze damyarebul xelsawyoebSi. 

sxvadasxva xarisxis winaswari deformaciis ε0 Semdeg nimuSi 
xurdeboda. tenzometriT izomeboda gaxurebis procesSi 

warmoqmnili Zabvis temperaturaze damokidebuleba. ε0 zrdasTan 

erTad σr. aRwevda maqsimums da Semdgom mcirdeboda. gamocdebis 
seriidan gamoiyofoda mocemuli SenadnisaTvis maqsimaluri σr.

max. 
praqtikulad yvela SenadnSi σr.

max miiRweoda 8÷10% winaswari 

deformaciis dros. σr.-is temperaturuli damokidebulebis forma 

miuTiTebs maqsimumis miRwevis Semdgom σr. relaqsaciaze 800÷8500C 
-mde Senadnis gaxurebisas. 

Senadnebis Termuli gamocdis dros komponentebis 
difuziuri gadanawilebis tendenciam gamoxatuleba hpova meore 
formis maxsovrobis efeqtis gamovlenaSi. 

meore efeqtis realizacia SeiZleba gamogvewvia garkveul 
temperaturaze izoTermuli dayovnebiT tvirTis qveS an 
mravaljeradi ciklirebiT. orive SemTxvevaSi adgili hqonda 
erTi da igive difuziur daSlas. izoTermuli dayovnebis drozea 

damokidebuli sawyisi α ′′ an β fazis wili, romelmac ganicada  
`difuziuri daSla”. didi xniT dayovnebis SemTxvevaSi pirveli 
efeqtis pasuxismgebeli faza ar narCundeba. gaxurebisas 
vlindeba mxolod formis aRdgenis meore efeqti. praqtikulad 
igive xdeba T>Af temperaturamde datvirTvis qveS ciklirebis 
dros. grovdeboda fazis moculoba, romelic pasuxs agebda  

meore efeqtze. ciklirebis Semdgom 800÷8500C-mde gaxurebis dros  
realizirdeboda  formis maxsovrobis meore efeqti. 
praqtikulad yvela SenadnobisaTvis meore efeqtis As aWarbebda 
4000C . 

SenadnebSi izomeboda Sinagani xaxunis temperaturuli 
damokidebuleba. cdebma aCvena, rom rxevebis milevis efeqti 
dakavSirebuli iyo martensituli gardaqmnis dros energiis 
STanTqmasTan. gazomvebi tardeboda grexviTi rxevebis dros 
herciani rxevebis diapazonSi da akustikur speqtrometrze 
kilohercian diapazonSi. gazomvebi tardeboda oTaxis 

temperaturidan 400÷4500C-mde, radgan ufro maRali 
temperaturebis dros foni mkveTrad izrdeboda. 

wyalbadis gavlena formis maxsovrobis efeqtis mqone 
Senadnis Tvisebebze intensiurad Seiswavleba. wyalbadi amcirebs 
Sinagani xaxunis fons, magram mkveTrad adidebs disipacias 
martensituli gardaqmnis temperaturul intervalSi. 

wyalbadis Seyvana arsebiT gavlenas axdenda fazebis 
stabilurobaze, mcirdeboda martensituli gardaqmnis 
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temperatura da diferencialuri Termuli analizis mrudebze ar 
aRiniSneboda (T>4000C) maRaltemperaturuli siTburi efeqtebi. 

Tu SenadnSi Sebrunebuli α ′′ → β  gardaqmna mimdinareobda 

375÷4250C intervalSi, wyalbadi am intervals amcirebda 125÷2000C-
mde, umjobesdeboda formis aRdgenis efeqti. 

gravimetriulma gazomvebma gviCvena, rom wyalbadis 
desorbcia haerSi da heliumSi umniSvneloa 5000C-mde gaxurebisas. 

gardaqmnis temperaturis Semcireba oTaxis temperaturamde, 
formis aRdgenis mniSvnelovani sidide am Senadnebs gamosadegs 
xdis praqtikuli gamoyenebisaTvis, magaliTad medicinaSi. 
 kvlevis dros miRebuli Sedegebi saSualebas gvaZlevs 
gavakeToT Semdegi daskvnebi: 

1. formis maxsovrobis efeqti da zedrekadoba gamokvleuli 
iqna Semdegi sistemis SenadnebSi: Ti-Ta, Ti-Nb, Ti-TA-Mo, Ti-Ta-V, Ti-
Nb-Mo, Ti-Nb-V, Ti-Ta-Mo-V, Ti-Nb-Mo-V, Ti-Ta-Zr, Ti-Nb-Zr, Ti-Ta-Mo-V-Zr 
Ti-Nb-Mo-V-Zr  grexvis da gaWimvis deformaciis meTodiT. 

2. naCvenebi iyo, rom SenadnebSi Ti-Nb(X=25,9%, 29,8%, 33,1%), Ti-
XTa (X=43,2%, 50,1%, 59,8%) Ti-47 Ta-3 Zr, Ti-44Ta-6Zr, Ti-50Ta-3Zr, Ti-33Nb-
7Zr, Ti-26Nb-4Ta-7Zr 6÷9% deformacia (elementebis koncentraciis 
mixedviT) aRdgeba 90%-iT. ufro  mcire deformaciebis dros 
aRdgena praqtikulad srulia. formis maxsovroba SeiZleba 
mivakuTvnoT `maRaltemperaturian” intervals. As Af  intervali 

mocemuli SenadnebisTvis 250÷4500C farglebSia. gamonaklisia 
Senadnebi Ti-50Ta-6Zr, Ti-33Nb-7Zr, Ti-26Nb-4Ta-7Zr  romelTaTvisac es 

intervali 20÷2000C-ia. 
3. Senadnebis zedrekadoba Seiswavleboda oTaxis 

temperaturaze. ganixileboda Senadnebis  praqtikuli gamoyeneba 
biomedicinaSi. praqtikulad yvela SenadnisTvis zedrekadulad 

aRdgenili deformacia iyo aranakleb 3÷3,6%. SenadnebSi Ti-33Nb-
7Zr,  Ti-25,9Nb, Ti-43,2Ta zedrekaduli deformaciis xarisxi iyo 
Sesabamisad 4,3, 4,5 da 4,6%, rac axloa 5%-Tan da es monacemebi 
dReisaTvis miCneulia Zalian kargad. 

4. Sebrunebuli martensituli gardaqmnis dros 

generirebuli Zabvebis gazomvam gviCvena, rom maT aqvT 270÷450mpa 
mniSvneloba Senadnis komponenturi da koncentraciuli 

Semadgenlobidan gamomdinare. maqsimaluri (400÷450mpa) 
mniSvneloba generirdeba Ti-50Ta-3Zr, Ti-25,9 Nb, Ti-50,1 Ta SenadnebSi. 

5. martensituli gardaqmnebis dempfirebis unari SenadnebSi 
fasdeboda Sinagani xaxunis temperaturaze damokidebulebis 
gazomviT. grexviTi rxevebi hercul diapazonSi da rxevebi 
kiloherculSi gviCvenebdnen maRali dempifirebis Tvisebas 

SenadnebSi: Ti-33Nb-7Zr (Ψ=31,5%), Ti-59,8Ta (Ψ=23%) da Ti-50,1Ta-6Zr 
Ψ=(23%). Ψ=15÷20% axasiaTebda Senadnebs Ti-33,1 Nb, Ti-50,1Ta, Ti-
29,8Nb, Ti-43,2Ta, Ti-26Nb-4Ta-7Z. 

6. praqtikulad yvela SenadnisTvis naCvenebia ori  
maxsovrobis efeqtis ganxorcielebis SesaZlebloba. pirobiTad 
`dabaltemperaturulis” da `maRaltemperaturulis”. winaswari 
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Termomeqanikuri damuSavebis mixedviT SesaZlebelia: mxolod 
`dabaltemperaturuli” efeqtis, TanmimdevrobiT orive an 
mxolod `maRaltemperaturuli” efeqtis ganxorcieleba. aseTi 
SesaZlebloba dakavSirebulia, fazebis metastabilurobis 
cvlilebasTan difuziuri procesebis gamo, Sesabamisad 
martensituli gardaqmnis temperaturis cvlilebasTan.  

sustad legirebul mravalkomponentian SenadnebSi 
komponentebis difuziur gadanawilebas mivyavarT cnobil 
maxsovrobis Sebrunebul efeqtTan – gaxurebis procesSi formis 
aRdgenis Semdeg spontanur deformaciamde. efeqtis 
makrogamovlinebas xels uwyobs ciklireba datvirTvis qveS an 
Senadnis dayovneba izoTermul temperaturaze mudmivi  
datvirTvis qveS. 
7. naCvenebi iqna zedapiruli oqsiduri fenis gavlena 
(warmoqmnili TermodamuSavebis dros) formis maxsovrobis 
efeqtze da zedrekadobaze. miRebuli Sedegi dRis wesrigSi 
ayenebs SenadnSi formis maxsovrobis da zedrekadobis efeqtebze 
Jangbadis gavlenis Seswavlis aucileblobas.  
8. Catarebuli iqna cdebi SenadnebSi wyalbadis Seyvanis Taobaze 
(0,43%-mde) gamokvleuli iqna Senadnebi Ti-Ta-Mo-V, TiI-Nb-Mo-V, Ti-
50,1Ta, Ti-50Ta-6Zr.  wyalbadi amcirebda martensituli gardaqmnis 
temperaturas, astabilizirebda austenits, `aqrobda” `maRal-
temperaturuli” gardaqmnis gamovlenis SesaZleblobas. Ti-Ta-Mo-
V Senadnis SemTxevvaSi 0,43 won.% wyalbadi adidebda  

dempfirebis unars Ψ=43%-mde. formis maxsovrobis efeqtis 
gamovlenis temperaturis  Semcireba da efeqtis stabilizacia 
aucilebels xdis Semdgomi kvlevebis Catarebas titanis 
SenadnebSi mimdinare fazur gardaqmnaze wyalbadis gavlenis 
dasadgenad. 
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S U M M A R Y 

 The aim of presented work lied in creation of alloys based on the titanium and 
maximally revealing the abilities of shape-retention, super elasticity and damping. The 
works being carried out, consisted in componential and concentration selection of 
alloys as well, as in their thermo-mechanical elaboration. 
 Proceeded investigations were of experimental, complex manner, including 
utilization of roentgen-structural, differential, thermal, dilatometer methods as well, as 
the methods of temperature dependence of electro-conductor and of internal friction. 
Investigations also implied the measurements of the deformation and the mechanical 
stress in case of bending and tension deformations of alloys. The degree of shape 
renewal, the value of super elastic deformation, reaction forces, appearing at inverse, 
martensite transformation and damping ability of alloys were considered.     
 As a basic, the alloys of titanium with β-phase stabilizing elements (Ta, Nb, 
Mo, V, Zr) were taken. The concentration was determined nearby the critical, 
metastable condition of β-phase. 
 For works elaboration alloys of the following composition were created and 
investigated: (Ti-Ta, Ti-Nb, Ti-Ta-Zr, Ti-Nb-Zr, Ti-Ta-Mo, Ti-Ta-V, Ti-Nb-Mo, Ti-
Nb-V, Ti-Nb-Mo-V, Ti-Ta-Mo-V, Ti-Ta-Nb-Zr, Ti-Nb-Mo-V-Zr, Ti-Ta-Mo-V-Zr) 
with the wide concentration consistence of the doping elements. 
 The alloys were received by electron-ray melting method. The uniform 
distribution of the elements was reached by 4-5 times re-melting. In the way of 
flatting of hot ingots the plates of 3-5 mm of thickness were obtained. 
 Initial phase microstructure was created by tempering in water from 900 ÷ 
1000 0C temperature after the homogenization. 
 According to the componential consistence and the concentration the phase 
roentgen-structural analysis had fixed the microstructure of three types: α” ortho-
rhombic, α” and small β-austenite and mixed α” + β structure. The microstructure 
sufficiently influenced on alloys deformation process. 
 Thermo-elastic, martensite, β ↔ α” transformation supplied shape-retention 
effect. Alloys of nearly complete (not less, than 90%) shape renewal were selected at 
maximally possible deformation. Alloys should manifest the super elasticity at 
sufficient deformation. The values of generated stresses were studied at inverse α” → 
β transformation. 
 The basic investigations were carried out at the samples, experiencing the 
bending deformation. Devices, making possible to measure the main deformation 
characteristics, deformation stress and temperature, were created. 
 Samples were heated in the devices by the current conduction. Heating speed 
changed within wide range. The bending deformation was carried out by different 
schemes using the method of reaching Tm temperature. Selection of heating speed for 
most samples makes possible to reveal completely their shape-retention ability η. Its 
value was calculated from the curves of temperature dependence of deformation. As 
the criteria ε0

(90) value of deformation was taken, when η = 90%. 
 The tension tests of alloys revealed the inverse effect of shape-retention for 
most alloys. Heating of the deformed sample firstly tended to renewal of the shape, 
and then to the spontaneous deformation. It is realized by diffusive decomposition of 
the texture and of α” and β phases. 
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 The thermo-circularity of shape renewal of alloys was carried out by two 
methods: at permanent action of the loading and by thermo-circling in free condition 
after the initial deformation. 
 Practically complete renewal is stated just after five circles. Increment in the 
number of circles decreases the amplitude of deformation. This effect reveals more 
sharply at the loading-free circling. Decrement in the “amplitude” is related to the 
diffusive processes, induced by the thermal action. It decreases the share of the phase 
responsible for the renewal processes. 
 It is possible to carry out the “reanimation” of the amplitude by the original 
tempering – brief heating up to 800÷8500C temperature and then fast cooling in the 
air. 
 Corrosion of samples surfaces at the thermal action sufficiently influenced on 
the renewal properties. The surface layer of the rust sharply worsen the effect of 
shape-retention, while at deep penetration of the oxygen into the samples and at small 
size of the samples caused their destruction. 
 The reinforcement was related to irreversible allocation of dispersive particles 
α”. Only non-corrosion central part of the sample participated in reveal of shape-
retention. Due to the great durability of the corrosion envelope, the deformation up to 
the signed value was carried out under the action of much more loading, than in the 
samples with clear surface. This layer resists to the generated stress as well. 
 Super elastic behavior of alloys was studied at the room temperature at ben-
ding deformation of their samples. It was shown that complete super elasticity was 
carried out after several loading-unloading circles of alloys samples. 
 The super elasticity is reached due to creation of the reinforcement or the 
dispersive impurities, concerning to opening of the elements, such as is done by 
implanted oxygen. Penetration of the oxygen from the sample surface inside it 
increased the durability and improved εs.e.. At the same initial deformation σs.e. is more 
for the alloys having the surface rust. 
 The reason of measurement of the reactive stresses, appearing at inverse, 
martensite transformation, is related to their utilization in devices, based on shape-
retention effects. 
 After initial deformation ε0 of different kind the sample was heated. Depen-
dence of the stress, appearing in the process of heating, on the temperature was mea-
sured by the tensometer. At the increment in ε0 σr reached the maximum and then 
decreased. For given alloy the maximal σr

max was marked out from the test series. 
Practically in all alloys σr

max was reached at 8 ÷ 10% preliminary deformation. The 
form of temperature dependence of σr

 points to the relaxation of σr
 at heating of the 

alloy up to 800÷8500C that takes place after it reaches the maximum. 
 At the thermal testing of alloy the tendency of diffusive redistribution of the 
components manifests itself in reveal of shape-retention effect of the second form. 
 Realization of the second effect we could induce by isothermal delay of the 
samples under the loading at certain temperature or by repeated circling. In both case 
the same diffusive decomposition takes place. The share of initial α” or β phase 
depends on the time of isothermal delay, experiencing the “diffusive decomposition”. 
In case of long time delay the phase responsible for the first effect is not remained. 
Only the second effect of shape renewal is revealed at heating. Practically the same 
takes place at the circling under the loading up to T>Af temperature. There was 
accumulated the volume of the phase, responsible for the second effect. After the 
circling at heating up to 800÷8500C the second effect of shape-retention was realized. 
Practically for all alloys As of the second effect exceeded 4000C. 
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 The temperature dependence of the internal friction was measured in alloys. 
Experiments showed, that the effect of damping oscillations was related to the 
absorption of the energy at martensite transformations. Measurements were carried 
out at bending oscillations in the range of Hertz oscillations and on acoustic 
spectrometer in kilo-Hertz range. Measurements were carried out from the room 
temperature up to 400÷4500C, as to at the higher temperature the background sharply 
increased. 
 The influence of oxygen on the properties of the alloy possessing the effect of 
shape-retention was intensively studied. Oxygen decreases the background of the 
internal friction, but sharply increases the dissipation in the temperature range of 
martensite transformation. 
 Impure of oxygen definitely influenced on phase stability, decreased the 
temperature of martensite transformation and no high temperature heat effects (T > 
4000C) were signed at the curves of differential, thermal analysis. 
 If inverse α” → β transformation was proceeded in 375÷4250C range, 
hydrogen decreased this range up to 125÷2000C thus, improving the effect of shape 
renewal. 
 Gravimetric measurements show the insufficient desorption of hydrogen in the 
air and helium at heating up to 5000C. 
 Remaining the sufficient value of shape renewal at decrement of transfor-
mation temperature up to the room temperature in given alloys makes them suitable 
for practical application, particularly, in medicine. 
 
 The results received during the investigations make possible to draw the 
following conclusions: 

1. The effect of shape-retention and the super elasticity was investigated in alloys 
systems: Ti-Ta, Ti-Nb, Ti-Ta-Zr, Ti-Nb-Zr, Ti-Ta-Mo, Ti-Ta-V, Ti-Nb-Mo, 
Ti-Nb-V, Ti-Nb-Mo-V, Ti-Ta-Mo-V, Ti-Ta-Nb-Zr, Ti-Nb-Mo-V-Zr, Ti-Ta-
Mo-V-Zr, by the method of bending and tension deformation. 

2. It was shown that in alloys Ti-Nb (X = 25,9%, 29,8%, 33,1%), Ti-XTa (X = 
43,2%, 50,1%, 59,8%) Ti-47 Ta-3Zr, Ti-44Ta-6Zr, Ti-50Ta-3Zr, Ti-33Nb-7Zr, 
Ti-26Nb-4 Ta-7Zr 6÷9% deformation (according to the concentration of 
elements) restores up to 90%. At smaller deformations, the restoration is 
practically complete. The shape-retention should be considered for “high tem-
perature” range. As, Af for given alloys are in 250÷4500C range. Exclusion are 
Ti-50Ta-6Zr, Ti-33Nb-7Zr, Ti-26Nb-4Ta-7Zr alloys, for which this range is 
20÷2000C. 

3. Super elasticity of alloys at the room temperature was studied. The practical 
application of alloys, particularly, in biomedicine, was considered. Practically 
for all alloys super elastically restored deformation was not less, than 3÷3.6%, 
while in Ti-33Nb-7Zr, Ti-25.9Nb, Ti-43.2Ta alloys the degree of super elastic 
deformation was 4.3, 4.5 and 4.6%, that is close to 5% and, thus, these data are 
settled as very good for today. 

4. The measurements of the stresses, generated at the inverse, martensite trans-
formation, show their value of 270÷450 mpa on the assumption of the com-
ponential and concentration consistence. The maximal (400÷450 mpa) value is 
generated in Ti-50Ta-3Zr, Ti-25.9Nb, Ti-50.1Ta. 

5. The damping ability of martensite transformations in alloys was estimated by 
measurement of the temperature dependence of internal friction. The bending 
oscillations in Hertz range and the oscillations in the kilo-Hertz one show high 
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damping properties in Ti-33Nb-7Zr (Ψ = 31.5%), Ti-59.8Ta (Ψ = 23%) and 
Ti-50.1Ta-8Zr (Ψ = 23%) alloys. Ψ = 15÷20% characterized Ti-33.1Nb, Ti-
50Ta, Ti-29.8Nb, Ti-43.2Ta, Ti-26Nb-4Ta-7Z alloys. 

6. Practically for all alloys the possibility of realization of two retention effects 
was shown, conditionally, “low temperature” and “high temperature”. Accor-
ding to preliminary thermo-mechanical elaboration, it is possible to carry out: 
only “low temperature” effect, both in series or only “high temperature” effect. 
Such possibility is related to the change in metastability of the phases, caused 
by diffusive processes, with the change in the temperature of martensite 
transformation, respectively. In multi-component alloys of light doping diffu-
sive redistribution of components arrive one to well known effect of inverse 
retention – in heating process after the shape renewal to the spontaneous 
deformation. The circling under the loading or the delay of alloy at isothermal 
temperature under the permanent loading supports the macro-reveal of the 
effect. 

7. The influence of the surface, oxide layer (appearing at thermo-elaboration) as 
on the shape-retention effect, as on the super elasticity, was shown. Received 
result sets in the daily routine the necessity of study of oxygen influence on the 
shape-retention effect and on the super elasticity of alloys. 

8. Experiments concerning the impure of hydrogen into alloys (up to 0.43%) 
were carried out. Ti-Ta-Mo-V, Ti-Nb-Mo-V, Ti-50Ta, Ti-50Ta-6Zr alloys 
were investigated. Hydrogen decreased the temperature of martensite transfor-
mation, tended the austenite to stability, “resisted” to the possibility of reveal 
of “high temperature” transformation. In case of Ti-Ta-Mo-V hydrogen of 0.43 
weigh % increased the damping ability up to Ψ = 43%. Decrement in the 
temperature of the shape-retention effect as well, as stability of the effect 
points to the necessity of further investigations for determination the influence 
of hydrogen. 

 
 
 
 
 
 
 

 

 

 



xiii 
 

შინაარსიშინაარსიშინაარსიშინაარსი    

Sesavali................................................................................................................................................24 

1. literaturis 1. literaturis 1. literaturis 1. literaturis mmmmimoxilvaimoxilvaimoxilvaimoxilva.............................................................................................................................................................................................................2.................................................................2.................................................................2.................................................................26666    

Tavi Tavi Tavi Tavi 2. amocanis dasma da kvlevis meTod2. amocanis dasma da kvlevis meTod2. amocanis dasma da kvlevis meTod2. amocanis dasma da kvlevis meTodebiebiebiebi............................................................................................................................................................................................................................55550000    

2.1 amocanis dasma2.1 amocanis dasma2.1 amocanis dasma2.1 amocanis dasma...............................................................................................................................................................................................................................................................................................................................................5.......................................................5.......................................................5.......................................................50000    

2.2. Senadnebis miReba da wina2.2. Senadnebis miReba da wina2.2. Senadnebis miReba da wina2.2. Senadnebis miReba da winaswari  Terswari  Terswari  Terswari  Termmmmoooommmmeqeqeqeqanikuri anikuri anikuri anikuri     

damuSaveba.damuSaveba.damuSaveba.damuSaveba.............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................52525252    

2.3.    kalorimetriuli da diferencialuri Termulikalorimetriuli da diferencialuri Termulikalorimetriuli da diferencialuri Termulikalorimetriuli da diferencialuri Termuli    analizisanalizisanalizisanalizis    
meTodi..........................................................................................meTodi..........................................................................................meTodi..........................................................................................meTodi......................................................................................................................................................................................................................................................................................................................................................55555555    

2.4.    eleqtrowinaRobis tempeleqtrowinaRobis tempeleqtrowinaRobis tempeleqtrowinaRobis temperaturaze damokidebulebis eraturaze damokidebulebis eraturaze damokidebulebis eraturaze damokidebulebis 
gansazRvris gansazRvris gansazRvris gansazRvris meTodi.......meTodi.......meTodi.......meTodi...............................................................................................................................................................................................................................................................................................................................................................................................................................................................56565656 

2.5.    nimuSebis deformacia gasaWim danadgarzenimuSebis deformacia gasaWim danadgarzenimuSebis deformacia gasaWim danadgarzenimuSebis deformacia gasaWim danadgarze    

    da dilatometriada dilatometriada dilatometriada dilatometria....................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................57575757 

2.6.    nimuSebis grexviTi deformaciiTnimuSebis grexviTi deformaciiTnimuSebis grexviTi deformaciiTnimuSebis grexviTi deformaciiT    gamocda da zedrekadobis gamocda da zedrekadobis gamocda da zedrekadobis gamocda da zedrekadobis 
SeswavlaSeswavlaSeswavlaSeswavla........................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................    58585858 

2.7.    Sinagani xaxunis gazomvis meTodebiSinagani xaxunis gazomvis meTodebiSinagani xaxunis gazomvis meTodebiSinagani xaxunis gazomvis meTodebi............................................................................................................................................................................................................................................................................61616161    

Tavi Tavi Tavi Tavi 3. kvlevis Sedegebi da maTi 3. kvlevis Sedegebi da maTi 3. kvlevis Sedegebi da maTi 3. kvlevis Sedegebi da maTi ggggansjaansjaansjaansja................................................................................................................................................................................................................................................................65656565    

3.1. 3.1. 3.1. 3.1. Ti-Ta da da da da Ti-Nb     sistemis binaruli da mravalkomponentiani sistemis binaruli da mravalkomponentiani sistemis binaruli da mravalkomponentiani sistemis binaruli da mravalkomponentiani 
Senadnebis Seswavla..........................................................................................................Senadnebis Seswavla..........................................................................................................Senadnebis Seswavla..........................................................................................................Senadnebis Seswavla......................................................................................................................................................65656565    

3.3.3.3.2222. . . . ori temperaturiT gayofili formis maxori temperaturiT gayofili formis maxori temperaturiT gayofili formis maxori temperaturiT gayofili formis maxsovrobis efeqtisovrobis efeqtisovrobis efeqtisovrobis efeqti............................141141141141    

3.3.3.3.3333. Sinagani xaxuni da drekadobis moduli. Sinagani xaxuni da drekadobis moduli. Sinagani xaxuni da drekadobis moduli. Sinagani xaxuni da drekadobis moduli............................................................................................................................................................................................................................151151151151    

3.3.3.3.4444. wyalbadis gavlena Senadnis Termomeqanikur Tvisebebze. wyalbadis gavlena Senadnis Termomeqanikur Tvisebebze. wyalbadis gavlena Senadnis Termomeqanikur Tvisebebze. wyalbadis gavlena Senadnis Termomeqanikur Tvisebebze................................................155155155155    

4. daskvna4. daskvna4. daskvna4. daskvna....................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................158158158158    

literatliteratliteratliteraturis uris uris uris nusxanusxanusxanusxa....................................................................................................................................................................................................................................................................................................................................................................................................................................................................................161161161161    



xiv 
 

                                                          cxrilebis nusxacxrilebis nusxacxrilebis nusxacxrilebis nusxa    

 

cxrili1. qimiuri Semadgenlobis gavlena fazur mdgomareobaze 
da Кβ*-s mniSvnelobaze.....................................................................................................................33 
 

cxrili2. wrTobis temperaturis gavlena samrewvelo Senadnebis 
fazur Semadgenlobaze................................................................................................................35 

 
cxrili3. wyalbadis koncentraciis gavlena fazur 
Semadgenlobaze, Kβ-s mniSvnelobaze da drekadobis modulze. 
..............................................................................................................................................................................36 

 
cxrili 4. B2-fazis damokidebuleba deformaciis saxeze da 
mimarTulebaze. ..................................................................................................................................45 
 
cxrili 5. wrTobis reJimis gavlena deformaciis aRdgenaze da 
aRdgenis xarisxze rgolismagvar nimuSebSi.......................................................47 
 
cxrili 6. Senadnebis komponenturi Semadgenloba (won%). .................53 
 
cxrili 7. fazuri Semadgenlobis damokidebuleba komponentur 
Semadgenlobaze da komponentebis koncentraciaze.....................................65 
 
cxrili 8. fazuri Semadgenlobis, drekadobis modulis da 
martensituli gardaqmnis temperaturis damokidebuleba binarul 
SenadnebSi malegirebeli elementebis koncentraciaze........................74 
 
cxrili 9. formis maxsovrobis efeqtis ZiriTadi  parametrebi 

SenadnebSi.ε (90) deformaciis sidide, romlis drosac aRdgena aris 

90%. εdr-drekadi aRdgenis deformacia, max
rσ -reaqtiuli  Zabva, Ψ - 

dempfirebis xarisxi martensituli gardaqmnis dros, As, A f 
Sebrunebuli martensituli gardaqmnis dawyeba-damTavrebis 
temperaturebi ...................................................................................................................................106 
 
cxrili 10. Senadnis komponenturi Semadgenlobis gavlena 
deformaciis temperaturul intervalze, deformaciis Zabvebze 
da aRdgenis xarisxze.................................................................................................................132 

 
cxrili 11. gaWimvis dros deformaciis da formis aRdgenis 
xarisxis damokidebuleba deformaciis temperaturaze 
............................................................................................................................................................................133 



xv 
 

naxazebis nusxanaxazebis nusxanaxazebis nusxanaxazebis nusxa    

naxazi 1. Ti-Mo, Ti-V, Ti-Nb, Ti-Ta SenadnebSi martensituli 
gardaqmnis temperaturis Ms, normaluri drekadobis modulis E 
da ε1, ε2, ε3 mniSvnelobebis koncentraciaze damokidebuleba 
..............................................................................................................................................................................31 

naxazi  2 titanis binarul SenadnebSi Kβ-s damokidebuleba Mo, V, 
Nb, Ta koncentraciaze  ..............................................................................................................32 

naxazi 3. α-(1,3,5,7) da β(2,4,6,8,9)-fazebSi Al(1,2), V(3,4), Mo(5,6), Cr(7,8), 
Fe(9) Semcvelobis cvlilebis wrTobis temperaturaze 

damokidebuleba. (10_β-fazis pirobiTi stabilurobis koeficien-

tis Kβ –s mrudia). .............................................................................................................................33 

naxazi 4. formis maxsovrobis efeqtis ganxorcielebis procesSi 

sawyisi deformaciis ε0 (wyalbadis koncentraciiT 0.2 % da 0.3%) 
aRdgenis damokidebuleba gaxurebis siCqareze 0.3 K/wm (1) da 
10K/wm (2) (deformaciis temperatura 200C). .........................................................37 

naxazi 5. wrTobis temperaturis gavlena Sinagan xaxunze SenadnSi 
BT- 23. .........................................................................................................................38 

naxazi 6. BT- 23 SenadnSi Ms temperaturis damokidebuleba neli 
gaxurebis dros 0.5 saaTi izoTermuli dayovnebis temperaturaze 
(a) da wrTobisaTvis 10 K/wm (b) da 100 K/wm (c) siCqariT gaxurebis 
dros. (1,2,3,4,5-gacivebis siCqarea Sesabamisad 400, 100, 50, 20, 10, 
K/wm).................................................................................................................................................................40 

naxazi 7. Senadni Ti-50,lTa. sxvadasxva temperaturaze gadaRebuli 
rentgenuli difraqtogramebis fragmentebi da diferencialuri 
Termuli analizis mrudebi.   .........................................................................................68  

naxazi 8. Senadni Ti-29.8Nb.  martensituli α ′′  ( 3/b,aα ′′ )-fazis da 

β(a,b)-fazebis kristaluri mesris parametrebis temperaturuli 
damokidebuleba...................................................................................................................................69  

naxazi9. α ′′↔β  martensituli gardaqmnis  mTavari defor-

maciebis (ε1 da ε2)-temperaturuli damokidebuleba........................................71 

naxazi10. Senadni Ti-43,2Ta.  martensituli α ′′ –fazis kristaluri 

mesris parametrebis (aα ′′ 3/b )  temperaturuli damokidebuleba. 
..............................................................................................................................................................................72 

naxazi 11. Senadni Ti- 29,8 Nb.  martensituli α ′′ –fazis mesris 
parametrebis temperaturuli damokidebuleba.................................................72 



xvi 
 

naxazi12. Senadni Ti-50.1Ta. diferencialuri Termuli analizis 
mrudebi miRebuli gaxurebis sxvadasxva droisaTvis (1-160wT, 2-
80wT, 3-40 wT).  ....................................................................................................................................76 

naxazi13. Ti-50.1Ta Senadni. diferencialuri Termuli analizis 
mrudebi gaxureba-gacivebis sami ciklisTvis. ................................................77 

naxazi14. Senadni Ti-59.8Ta diferencialuri Termuli analizis 
Termociklirebis mrudebi.  ................................................................................................78 

naxazi15. Senadni Ti-33.1Nb. diferencialuri Termuli analizis 
Termociklirebis mrudebi.......................................................................................................79 

naxazi16. Senadni Ti-36Nb. diferencialuri Termuli analizis 
Termociklirebis mrudebi.    ..........................................................................................80 

naxazi17. Senadni Ti-50.1Ta. “maRaltemperaturuli” martensituli 
gardaqmnis Termociklirebis sademonstracio diferencialuri 
Termuli analizis mrudebi. ...............................................................................................80 

naxazi 18.Senadni Ti-50.1Ta. eleqtrowinaRobis temperaturuli 
damokidebuleba Termociklirebis dros. ............................................................82 

naxazi19. Senadnis Ti-25.9Nb. eleqtrowinaRobis temperaturuli 
damokidebuleba Termociklirebis dros................................................................83 

naxazi 20. Senadni Ti-50.1Ta(a) da Ti-29.8Nb(b). eleqtrowinaRobis 
damokidebuleba temperaturaze, grexvis meTodiT formis 
aRdgenis ciklireba Catarebul SenadnSi. ...........................................................84 

naxazi21. formis aRdgenis xarisxis damokidebuleba dagrovil 

deformaciaze ε0 (A) da temperaturaze (B). ...........................................................86 

naxazi 22. temperaturaze SenadnebisaTvis (a)Ti-48.5 won% Ta, (b) Ti-
29.8 won% Nb, (c) Ti-58.8 won% Ta, (d). Ti-34.5 won% Nb. ..............................86 

naxazi23. aRdgenili (gaxurebis dros) da Sebrunebuli (gacivebis 
dros) formacvlilebis temperaturuli damokidebulebis 
mrudebi SenadnebisaTvis. Ti-29.8 won% Nb (a) (Td=2500C) da Ti-
50.1won% Ta (b) (Td=2500C) winaswari deformaciis sxvadasxva 

xarisxiT (a) ε0=4,4%, (b) ε0=4,1%. ...........................................................................................82 

naxazi 24. Ti-7.8Ta-8.1Mo (a) da Ti-5,1Ta-4,9Mo-4,9V (b)nawrTobi 
Senadnebis dilatogramebi.......................................................................................................89 

naxazi 25. iungis modulis (rezonansuli sixSiris kvadratis 
erTeulebSi) temperaturuli damokidebuleba SenadnebisTvis: Ti-
7.5Nb-7.4 Mo (a), Ti-5.1. Ta-4,9 Mo-4,9V, Ti-7.8 Ta-8.1 Mo (c). ............................89 



xvii 
 

naxazi 26. Senadni Ti-5.1Ta-4.9Mo-4.9V.A.2000C-ze deformirebuli 

Senadnis dilatograma dagrovili deformaciiT ε0~3%. B. RunviT 
deformirebuli Senadnis nimuSis sawyis mdgomareobaSi (a) da 
7000C-mde swrafi gaxurebis Semdeg (nimuSis firfitis sisqe 0.3mm) 
(b).......................................................................................................................................................................90  

naxazi 27. deformaciis ori tipi A. datvirTva Td-ze (ab). gaciveba 
gare Zabvis moqmedebis dros (bc). gantvirTva (cd). formis aRmdgeni 
gaxureba Tvisufal mdgomareobaSi (de). B. datvirTva Td-ze (ab). 
gaciveba mudmivi gare  datvirTvis qveS (bc). gantvirTva (cd).  
gaxureba  Tavisufal mdgomareobaSi (de) .............................................................93 

naxazi 28. Senadni Ti-29,8Nb.   formis maxsovrobis efeqtis 
gamovlenis ciklis grexvis kuTxis temperaturuli 
damokidebulebis damaxasiaTebeli diagrama (deformacia 

gacivebis dros mudmivi Zabvis σd moqmedebisas). .........................................95 

naxazi29. Senadni Ti-33,1Nb. grexvis kuTxis (a)  da formis aRdgenis 
(b)  temperaturuli damokidebuleba. .......................................................................96 

naxazi 30. Senadni Ti-50,lNb.(a)-I  da II  sqemis deformaciis 
suraTebis zeddeba. (b) grexvis kuTxis da formis aRdgenis 
xarisxis temperaturuli  damokidebuleba. 1-formis aRdgenis 
xarisxi. 2-dagrovili deformacia. 3-aRdgenili deformacia.  .......97 

naxazi 31. Senadni Ti-29,8Nb.(a)-I  da II  sqemiT deformaciis 
suraTebis zeddeba (b)-grexvis kuTxis da formis aRdgenis 
xarisxis temperaturuli damokidebuleba. 1-formis aRdgenis 
xarisxi; 2-dagrovili deformacia; 3-aRdgenili deformacia 
..............................................................................................................................................................................98 

naxazi 32. Senadni Ti-31,1Nb.(a)-I da II sqemiT deformaciis 
suraTebis zeddeba. (b)-grexvis kuTxis da formis aRdgenis 
xarisxis temperaturuli damokidebuleba. 1-formis aRdgenis 
xarisxi, 2-dagrovili deformacia, 3-aRdgenili deformacia. ........99 

naxazi 33. Senadni Ti-25,6Nb.  1-formis aRdgenis xarisxi, 2-
dagrovili deformacia, 3-aRdgenili deformaciis temperaturuli 
damokidebuleba.  ...........................................................................................................................100 

naxazi 34. Senadni Ti-29,8Nb. formis maxsovrobis efeqtis dros 
grexvis kuTxis temperaturuli damokidebuleba. 21-cikli  gare 
datvirTvis moqmedebisas. 22-24 datvirTva `qvemodan”, 25-datvirTva 
`zemodan~. ...............................................................................................................................................103 

naxazi 35. Senadni Ti- 29,8Nb. formis maxsovrobis efeqtis 
sxvadasxva reJimiT ganxorcielebis dros grexvis kuTxis 



xviii 
 

temperaturuli damokidebuleba. a-neli gaxureba (3-4wT) Td=4000C 
(`qvemodan”) b-swrafi gaxureba (2-5wm) Td=4000C (`qvemodan”).  
...........................................................................................................................................................................104 

naxazi 36. formis aRdgenis  xarisxis sawyis deformaciaze 
damokidebulebis mrudebi.A -  gaciveba mudmivi datvirTvis qveS. B 
-  gaciveba boloebdamagrebuli nimuSis SemTxvevaSi (a)Ti-59,8 Ta, 
(b)Ti-50 Ta, (c)Ti-43,2 Ta.....................................................................................................................105 

naxazi 37. formis aRdgenis xarisxis sawyis  deformaciaze 
damokidebulebis mrudebi.A -  gaciveba mudmivi datvirTvis qveS. B 
-  gaciveba boloebdamagrebuli nimuSis SemTxvevaSi. (a)Ti-25.9Nb, 
(b)Ti-29.8Nb, (c)Ti-33,1Nb. .............................................................................................................105 

 naxazi 38. Senadni BT-16. ori Termuli ciklis dilatometriuli 
mrudebi (wrTobis Semdeg Senadns aqvs sawyisi fazuri 

Semadgenloba α ′′ + β). ..................................................................................................................107 

naxazi 39. Senadni BT-16. dilatometriuli mrudebi (wrTobis 

Semdeg Senadns aqvs fazuri struqtura α+α ′′ +βM). ....................................108 

naxazi 40.Senadni Ti-44Ta-6Zr. dilatograma axdens maxsovrobis 
pirveli efeqtis demonstrirebas. Senadnis sawyisi deformacia 
3,3%. deformaciis temperatura 200C. ........................................................108 

naxazi 41. Senadni Ti-44Ta-6Zr. dilatograma axdens maxsovrobis 
meore efeqtis demonstracias. Senadnis sawyisi deformacia 3,7%. 
deformaciis temperatura 4500C.  ................................................................109 

naxazi 42. Senadni Ti-50,1Ta. Senadnis ciklirebis tipiuri sqema 
mudmivi  datvirTvis qveS. xuTi cikli..................................................................109 

naxazi 43. Senadni Ti-50,1Ta. formis maxsovrobis efeqtis ZiriTadi 
parametrebis ciklebis raodenobaze damokidebulebis mrudebi. 
ciklireba mudmivi gare datvirTvis moqmedebis dros. 
.........................................................................................................................................................................111 

naxazi 44. Senadni Ti-29,8Nb. grexvis kuTxis da formis aRdgenis 
xarisxis temperaturuli damokidebuleba datvirTvis mudmivi 
moqmedebis dros. ...............................................................................................111 

naxazi 45. Senadni 50Ti-47Ta-3Zr. formis maxsovrobis efeqtis 
ZiriTadi parametrebis ciklebis raodenobaze damokidebuleba 
mudmivi  datvirTvis moqmedebis dros. .............................................................. 112 



xix 
 

 naxazi 46. Senadni Ti-44Ta-6Zr. formis maxsovrobis efeqtis 
ciklebis raodenobaze damokidebulebis mrudebi mudmivi 
datvirTvis moqmedebis dros. ......................................................................112 

naxazi 47. Senadni 47Ti-50Ta-3Zr. formis maxsovrobis efeqtis 
ZiriTadi parametrebis ciklebis raodenobaze damokidebulebis 
mrudebi mudmivi datvirTvis moqmedebis dros. .................................113 

naxazi 48. Senadni 44Ti-50Ta-6Zr. formis maxsovrobis efeqtis 
ZiriTadi parametrebis ciklebis raodenobaze damokidebulebis 
mrudebi mudmivi  datvirTvis dros. 800-8500C gaxureba xdeboda 
32-e da me-40 ciklebis Semdeg. .........................................................................................113 

naxazi 49. Senadni Ti-50,1Ta.  ciklirebis dros grexvis kuTxis 
temperaturuli damokidebuleba gare meqanikuri zemoqmedebis 
ararsebobis (1-5cikli) da mudmivi gare meqanikuri zemoqmedebis 
dros (17-20 cikli). ......................................................................................................................115 

naxazi 50. Senadni Ti-29Nb. grexvis kuTxis damokidebuleba 
ciklebis raodenobaze uwyvetad moqmedi datvirTvis SemTxvevaSi. 
1-dagrovili deformacia, 2-aRdgenili deformacia. ................................116 

naxazi 51. Senadni Ti-29,8Nb, grexvis kuTxis temperaturuli 
damokidebuleba. ciklireba mudmivi  datvirTvis qveS. .......................116 

naxazi 52. Senadni Ti-29,8Nb. sxvadasxva reJimiT ganxorcielebuli 
formis maxsovrobis efeqtis dros grexvis kuTxis 
temperaturuli damokidebuleba....................................................................................118 

naxazi 53. Senadni Ti-29,8Nb. grexvis kuTxis temperaturuli 
damokidebuleba. formis maxsovrobis efeqtis ciklireba 
meqanikuri zemoqmedebis gareSe (1-10-swrafi gaxureba, 1-6 neli 
gaxureba).  .............................................................................................................................................121 

naxazi 54. Senadni Ti-29,8Nb. Runvis kuTxis temperaturuli 
damokidebuleba. .............................................................................................................................122 

naxazi 55. Senadni Ti-29,8Nb. Runvis kuTxis temperaturuli 
damokidebuleba. ciklireba mudmivad momqmedi datvirTvis qveS. 
...........................................................................................................................................................................122 

naxazi 56. Senadni Ti-50,1Ta. grexvis kuTxis da formis aRdgenis 
xarisxis temperaturuli damokidebuleba. 1-formis aRdgenis 
xarisxi, 2-dagrovili deformacia, 3-aRdgenili deformacia.  
...........................................................................................................................................................................124 

naxazi 57. Senadni Ti-50,1Ta. grexvis kuTxis da formis aRdgenis 
xarisxis deformaciis xarisxze damokidebuleba. 1-formis 



xx 
 

aRdgenis xarisxi. 2-dagrovili deformacia, 3-aRdgenili 
deformacia. .........................................................................................................................................124 

naxazi 58. Senadni Ti-50,1Ta. grexvis kuTxis ciklebis raodenobaze 
damokidebuleba.1-formis aRdgenis xarisxi. 2-dagrovili 
deformacia, 3-aRdgenili deformacia. ..................................................................125 

naxazi 59. Senadni Ti-50,1Ta. grexvis kuTxis temperaturuli 
damokidebuleba formis maxsovrobis efeqtis ciklirebis dros. 
...........................................................................................................................................................................126 

naxazi 60. Senadni Ti-50,1Ta. Runvis kuTxis da formis aRdgenis 
xarisxis (1) damokidebuleba deformaciis gamomwvev Zabvaze. 2-
dagrovili deformacia. 3-aRdgenili deformacia. 
............................................................................................................................................................................128 

naxazi 61. Senadni Ti-50,1Ta. grexvis kuTxis da formis aRdgenis (1) 
damokidebuleba deformaciis gamomwvev ZabvasTan. 2-dagrovili 
deformacia. 3-aRdgenili deformacia. ...................................................................129 

naxazi 62. Senadni Ti-43,2Ta. grexvis kuTxis (1) da formis aRdgenis 
temperaturuli damokidebuleba. 2-aRdgenili deformacia. 3-
formis aRdgenis xarisxi. .....................................................................................................131 

naxazi 63. Senadni BT-16. dilatometruli mrudi. sawyis 

mdgomareobaSi Senadns hqonda α+βM Semadgenloba. ..................................134 

naxazi 64. Senadni BT-16. SenadnSi formis maxsovrobis efeqtis 
Seqcevadobis amsaxveli dilatometruli mrudebi. 1-deformacia 
200C  dros. 2-deformacia 2000C  dros. ....................................................................134 

naxazi 65. Zabva-deformaciis tipiuri mrudebi SenadnebisTvis 
oTaxis temperaturaze. zedrekadoba naCvenebia #4 ciklze. ...........136 

naxazi 66. Zabva-deformaciis mrudebi SenadnebisTvis: (a) Ti-59,8Ta; 
(b) Ti-33,1Nb. (1)nimuSis dayovneba mimdinareobda 10000C-ze 60 wuTis 
ganmavlobaSi. wrToba wyalSi. (2) nimuSi amoWrilia 10000C-ze 60 
wuTis ganmavlobaSi dayovnebuli firfitis Suagulidan.  wrToba 
wyalSi. ..................................................................................................................................................137 

naxazi 67. Senadni Ti-50.1Ta generirebuli reaqtiuli Zabvebis 
mrudebi winaswari  deformaciis gansxvavebuli xarisxis 
dros..............................................................................................................................................................139  

naxazi 68. boloebdamagrebuli nimuSebis gaxurebis Zabva-
temperaturis damokidebulebis mrudebi 8%-iani winaswari 
deformaciis dros (1) Ti-43,2Ta, (2) Ti-50.1Ta, (3) Ti-59,8 Ta. .................139 



xxi 
 

naxazi 69. boloebdamagrebuli nimuSebis gaxurebis Zabva-
temperaturis damokidebulebis mrudebi 8%-iani winaswari 
deformaciis dros (1) Ti-33,Nb, (2) Ti-29,8 Nb, (3) Ti-25,9Nb.  .................140 

naxazi 70. reaqtiuli Zabvis temeraturaze damokidebuleba 
Senadnis winaswari deformaciis sxvadasxva xarisxis dros.........140 

naxazi 71. Senadni Ti-50Ta-6Zr. deformacia-temperaturis 
damokidebulebis  mrudi. deformacia A meTodiT (nax.1.) 
daikvirveba mxolod pirveli aRdgenis efeqti. 3750C-mde gaxurebis 
dro 5 wm. gaciveba tvirTiT 20-30 wm.  .....................................................142 

naxazi 72. Senadni Ti-50Ta-6Zr. deformacia-temperaturis 
damokidebulebis mrudi. izoTermuli dayovneba 5 wuTi 4500C 
mrudi. izoTermuli dayovneba 5 wuTi 4500C ze. daikvirveba 
pirveli da meore aRdgena.  ........................................................................................... 142 

naxazi 73. Senadni Ti-50Ta-6 Zr. deformacia-temperaturis 
damokidebulebis mrudi. izoTermuli dayovneba 20 wuTi 4500C-ze. 
gantvirTva da gaxureba 4500C-dan 7500C-mde daikvirveba mxolod 
meore aRdgena ...................................................................................................................................143 

naxazi 74. Senadni Ti-50Ta-6Zr. deformacia-temperaturis 
damokidebulebis mrudebi. izoTermuli dayovneba 4500C-ze 15wT. 
tvirTis qveS. (a) – gaciveba mudmivi datvirTis qveS. (b) – gaciveba 
gantvirTul mdgomareobaSi. daikvirveba mxolod meore aRdgena. 
............................................................................................................................................................................143 

naxazi 75. Senadni Ti-50,1Ta. mudmivi datvirTvis qveS 
Termociklirebis fragmenti (22-29 ciklebi). 29-e ciklis Semdeg – 
gaxureba 8000C-mde. daikvirveba deformaciis aRdgenis orive 
efeqti. .......................................................................................................................................................144 

naxazi 76. Senadni BT-22(Ti-Al-Mo-V-Cr ). izoTermuli dayovneba 3000C 
15 wuTi datvirTul mdgomareobaSi. gaciveba tvirTis qveS. 
gantvirTva. gaxureba Tavisufal mdgomareobaSi.........................................145 

naxazi 77. Senadni BT-22(Ti-Al-Mo-V-Cr ). izoTermuli dayovneba 
mudmivi datvirTvis qveS 4000C-ze. 15wuTis ganmavlobaSi. gaciveba 
datvirTvis qveS. gantvirTva. gaxureba 8000C-mde. ........................................145 

naxazi 78. Senadni Ti-Ta-Mo-V. nimuSebis spontanuri deformacia 
formis aRdgenis Semdeg (datvirTvis moqmedebis gareSe): a) 
izoTermuli dayvneba 5250C b) uwyveti gaxurebiT 8000C –mde. 
...........................................................................................................................................................................146 

naxazi 79. Ti-50Ta-3Zr Senadnis gaxureba-gacivebis ciklis 
kalorimetruli mrudebi. pirveli cikli............................................................147 



xxii 
 

naxazi 80. Ti-50Ta-3Zr Senadnis gaxureba-gacivebis ciklis 
kalorimetruli mrudebi. meore cikli. ..............................................................148 

naxazi 81. pirveli (“dabaltemperaturiani”) endoefeqtis 
demonstraciis kalorimetruli mrudi. ..............................................................149 

naxazi 82. iungis modulis (rezonansuli sixSiris kvadratis 
erTeulebSi) temperaturuli damokidebuleba SenadnebisTvis: Ti-
29,8 won%Nb(a)  da Ti-33,1won%Nb(b). ............................................................152 

naxazi 83. iungis modulis (rezonansuli sixSiris kvadratis 
erTeulebSi) temperaturuli damokidebuleba SenadnebisTvis: Ti-
50,1won%Ta  da Ti-59,8won%Ta.    .....................................................................152 

naxazi 84. Senadni Ti-29,8Nb. Sinagani xaxuni (Q-1), rogorc 
nimuSebis rxevis dros gaxureba-gacivebis temperaturis funqcia. 
............................................................................................................................................................................154 

naxazi 85. Ti-Ta-Mo-V Senadnis diferencialuri Termuli analizis 
mrudebi.a) adsorbirebuli wyalbadis gareSe da b) 0,28 won% H-iT. 
............................................................................................................................................................................156 

naxazi 86. Ti-Ta-Mo-V+0,43won%H Senadnis wonis cvlilebis 
gravimetruli mrudebi haerze da heliumSi gaxurebisas. .................156 

 



xxiii 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
didi madloba  minda gadavuxado fizikis departamentis 
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Semiwyo sadisertacio naSromis Sesrulebis dros. 
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                              S e s a v a l i 

    

titanisa da misi Senadnobebis gamoyenebis praqtikuli 

mniSvneloba eWvgareSea da damyarebulia maT maRal xvedriT 

simtkiceze, koroziul mdgradobaze mraval agresiul areSi, 

gamoirCeva kargi teqnologiurobiT, rac upiratesobas aniWebs 

maT gamoyenebas manqanaTmSeneblobis mraval sferoSi 

aviakosmosur teqnikaSi, samedicino da qimiur 

xelsawyoTmSeneblobaSi. 

titanSi ori alotropiuli modifikaciis arseboba, 

dabaltemperaturuli heqsagonaluris (α) da maRalteperaturuli 

moculobacentrirebulis (β), warmoadgens Termulad damuSave-

buli Senadnebis Seqmnis safuZvels. Cvens droSi am sakiTxebis 

Seswavlas gansakuTrebuli yuradReba eqceva.  

Termuli damuSavebis praqtikuli reJimebis SemuSavebas 

upirveles yovlisa safuZvlad  udevs miRwevebi mdgomareobebis 

diagramis agebaSi da fazuri gardaqmnebis SeswavlaSi. 

titanis Senadnebis metastabiluri mdgomareobis Sesaxeb 

samuSaoebis didi raodenobis miuxedavad, pasuxgaucemeli rCeba 

rigi sakiTxebisa, romlebic Seexeba, rogorc zogierT 

metastabiluri fazis struqturas, ise maTi warmoqmnis meqanizms. 

kargad aris cnobili titanis zogierTi Senadnis 

aradrekadi qceva. es unikaluri Tvisebebi dakavSirebulia 

Seqcevad α ′′→β  martensitul gardaqmnasTan. dadgenilia 

reaqtiuli Zabvebis generirebis temperaturuli intervali 

formis maxsovrobis efeqtis ganxorcielebis dros, 

zedrekadobis da demfpirebis unari kritikulad mgrZnobiare 

iseTi faqtorebis mimarT, rogoric aris: fazuri Semadgenloba 

α′′ _ martensitis da βM _ fazis legirebis xarisxi, deformaciuli 

martensitis orientaciis xarisxi, Termuli damuSaveba da sxva. 

titanis Senadnebi formis maxsovrobis efeqtiT 

warmoadgenen alternativas farTod gavrcelebuli `nitinolis~ 
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(Ti-Ni ) mimarT, romlis gamoyenebac medicinaSi SezRudulia 

toqsikurobiT nikelis (50%) maRali Semcvelobis gamo, titanis 

axal Senadnebs eniWebaT upiratesoba uJangav foladebTan 

SedarebiT, romlebic farTod gamoiyeneba medicinaSi da ar 

axasiaTebT formis maxsovrobis efeqti da zedrekaduli 

Tvisebebi. 
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Tavi 1. literTavi 1. literTavi 1. literTavi 1. literaturis mimoxilvaaturis mimoxilvaaturis mimoxilvaaturis mimoxilva    

    

rigi Senadnebis aradrekadi qceva, romelic vlindeba formis 

maxsovrobis efeqtiT, zedrekadobiT da dempfirebis TvisebiT, 

gasuli saukunis meore naxevridan aris mravalricxovani 

kvlevebis obieqti. am efeqtebis praqtikuli gamoyenebis 

TvalsazrisiT yuradRebis centrSi aRmoCndnen Senadnebi titanis 

da spilenZis fuZeze. ZiriTadi interesi mimarTuli iyo formis 

maxsovrobis efeqtze, xolo ZiriTadi obieqti iyo titanis 

nikelidi. 

gamovlenis TvalsazrisiT formis maxsovrobis efeqti dayves 

erTjerad, Seqcevad da Sebrunebulad. ukanasknelis monacemebi 

SezRudulia Senadnebis mcire raodenobiT. is naCvenebi iyo 70-ian 

wlebSi Ti-10V-2Fe-Al[1] Senadnze da 80-ian wlebSi sawarmoo 

konstruqciul Senadnze BT-16 [2]. efeqtis arseboba BT-16 

dadasturebuli iyo [3] naSromSi. Sebrunebuli efeqti 

mdgomareobs imaSi, rom Tu Senadns, romelmac ganicada 

deformaciuli α ′′→β gardaqmna, gavaxurebT uwyvetad, jer xdeba 

sawyisi formis aRdgena, romelic Semdeg uwyvetad gadaizrdeba 

sawyisi deformaciis aRdgenaSi. 

dReisaTvis kargad aris cnobili, rom formis maxsovrobis 

efeqts da zedrekadobas safuZvlad udevs martensituli 

gardaqmnis gansakuTrebuli saxe _ Termodrekadi martensituli 

gardaqmna [4]. aseTi gardaqmnis mTliani energia dkavSirebulia 

mxolod Termul da drekad faqtorebTan. gardaqmnisas 

Tavisufali Termuli energia mcirdeba, xolo drekadi 

gamowveuli martensitis kristalebis zrdiT izrdeba. raRac 

temperaturis dros maTma jamma SeiZleba miaRwios minimums. 

martensitis kristalebis zrda wydeba. wonasworoba aramdgradia. 

temperaturis cvlilebiT an gareSe Zalebis zemoqmedebiT 

procesi SeiZleba ganaxldes, gamoiwvios martensitis 

kristalebis Semdgomi zrda, an Sebrunebuli martensituli 

gardaqmna. aseTi gardaqmnis temperaturuli histerezisi Zalian 
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viwroa – aTeuli gradusis rigis. temperaturuli martensituli 

gadaqmnis Seqcevadoba SenadnebSi ganpirobebulia sawyisi da 

martensituli fazebis kristaluri mesrebis koherentulobis 

maRali xarisxiT, maTi moculobiTi Seusabamobis simciriT. es 

ukanaskneli erTi rigiT mcirea vidre Cveulebrivi martensituli 

gardaqmnis dros. didxans iTvleboda, rom martensituli 

gardaqmnis srul Seqcevadobas maqsimalurad akmayofilebs 

fazebis kristaluri mesrebis mowesrigebuleba. magaliTad 

titanis nikelidis SemTxvevaSi. 

Tumca 70-ian wlebSi damtkicebuli iqna formis maxsovrobis 

efeqtis SesaZlebloba SenadnebSi mouwesrigebeli struqturiT 

[5]. invariantuli mesris SemTxvevaSi deformacia mimdinareobs 

oreulebis warmoqmnis meqanizmiT α ′′↔β  Seqcevadi martensituli 

gardaqmnis dros [6-10]. 

aseTi tipis formis maxsovrobis efeqti axasiaTebs 

magaliTad titanis Senadnobebs β-izomorful elementebTan (V, 

Mo,Nb,Ta) [1,11-18]. 

deformaciuli α ′′↔β gardaqnisas sibrtyebi da mimarTulebebi 

orive fazaSi narCundeba. deformacia axloa sufTa Zvris 

deformaciasTan. Zabva-deformaciis damokidebulebis mrudze 

deformaciuli martensituli gardaqmnis formacvlilebis 

meqanizms Seesabameba `martensituli~ denadobis baqani. σ0.2 

mniSvneloba gviCvenebs martensituli gardaqmnis sastarto Zabvis 

sidides~  β-fazaSi, romelic maT gars ertymis, plastikur 

deformacias. ar arsebobs Seuqcevadi srialic.  

T<M f temperaturaze (M f_martensituli gardaqmnis 

damTavrebis temperatura) Senadnebi Seicaven mxolod 

martensitul α ′′ -orToTrombul fazas. Senadnebis deformacias 

aseT temperaturaze mivyavarT erTi oreuli domenis mier meoris 

STanTqmamde maT Soris gamyofi sazRvris gadanacvlebis gamo [4]. 

arCevani, romel domenebs Soris moxdeba gardaqmna, 
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damokidebulia oreulebis warmoqmnis romeli sistema aris 

momqmedi deformaciis mocemuli mimarTulebis dros. 

procesi SeiZleba gagrZeldes oreuli `monodomenis~ 

formirebamde. Tu deformacia Sewydeba am momentamde, maSin 

oreuli domenebis raodenoba aRmoCndeba bevri. Senadnis 

gaxurebisas T>Af (Af ukumartensituli gardaqmnis damTavrebis 

temperatura) xdeba Sebrunebuli aRdgena. β-faza oreulovan 

struqturas ar inarCunebs. maRali Zabvebis dros oreulebis 

warmoqmna icvleba Seuqcevadi srialiT. am dros mcirdeba 

formis aRdgenis xarisxi. misi sidide damokidebulia SenadnSi 

SenarCunebuli oreulovani `monodomenebis~ raodenobaze. 

T>Mf dros Senadni Seicavs kubur moculobacentrirebul β-

fazas. deformacia am SemTxvevaSi iwvevs deformaciul 
//

β dα↔  

martensitul gardaqmnas. aTermulma 
//α -martensitma, romelic iyo 

SenadnSi sawyis nawrTob mdgomareobaSi, SeiZleba Seicvalos 

orientacia. formacvlileba, gamowveuli deformaciuli 

martensituli gardaqmniT narCundeba Zabvis moxsnis Semdeg. 

gaxureba iwvevs Sebrunebul martensitul gardaqmnas,  rasac 

mivyavarT formis aRdgenamde. 

T>Af dros β-faza stabiluria. Tumca deformaciis garkveuli 

xarisxis dros misma kristalurma meserma SeiZleba imgvarad 

ganicados cvlileba, rogorc //β α↔  fazuri gardaqmnisas. 

warmoqnili martensiti narCundeba mxolod gareSe Zabvis 

moxsnamde. gare Zabvis moxsnas mivyavarT β-fazis stabiluri 

mesris srul aRdgenamde. realizdeba zedrekadobis movlena. 

Zabva-deformaciis damokidebulebis mrudze 
//

β dα↔ (
//

dα -

deformaciis martensiti) gardaqmna aseve gamoxatulia 

fsevdodenadobis baqniT. 

kristalografiuli Sesabamisoba //β α↔  martensituli 

gardaqmnis dros kargad aRiwereba biurgersis TanafardobiT 
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[19,20]. mesris mTavari deformaciis sidideebi ganisazRvreba 

damokidebulebiT:  

          1
a

a
1 −=ε

β

   1
a2

b
2 −=ε

β

  1
a2

c
3 −=ε

β

             [1.1.] 

aq a,b,c aris martensitis mesris parametrebi, βa -ki β-fazis 

parametri. 

mTavari deformaciebis sidide damokidebulia malegirebeli 

elementis koncentraciaze, kerZod SenadnSi β-stabilizatorze. 

α→β  polimorfuli gardaqmnisas Ti-Si es sidideebi maqsimaluria 

da ε1=-10%, ε2=10% da ε3=0.9%. 

malegirebeli elementis koncentraciis gazrda SenadnSi 

amcirebs mTavari deformaciebis sidides. isini xdebian nulis 

toli iseT koncentraciaze, romlis zemoTac β-faza xdeba 

mTlianad stabiluri oTaxis temperaturaze. 

naxazze 1. naCvenebia α ′′→β  martensituli gardaqmnis  (Ms) 

temperaturis  [21,22], normaluri drekadobis modulis (E) da 

mTavari deformaciis mniSvnelobebis koncentraciuli 

damokidebuleba 10000C-dan nawrTobi Ti-V, Ti-Nb, Ti-Ta  

SenadnebisTvis. fazuri analizis Sedegebi [15,21,28] saSualebas 

gvaZlevs davaskvnaT, rom α′′  da β+α′′  areebis arsebobis sazRvari 

Seesabameba drekadobis modulis (E) maqsimalur mniSvnelobebs 

(nax1.). aSkaraa, rom am koncentraciuli sazRvris Sesabamisi β-

faza Zalian arastabiluria α ′′→β  martensituli gardaqmnis 

mimarT. igi Seicavs minimalur (sxva Senadnebis koncentraciasTan 

SedarebiT) malegirebeli elementis raodenobas, romlis 

zemoTac wrToba saSualebas gvaZlevs davafiqsiroT β-faza. 

amavdroulad misgan warmoqmnili martensituli faza 

maqsimalurad gadajerebulia igive temperaturaze wonasworuli 

α-fazis koncentraciasTan SedarebiT. 

α′′ da β-fazebis zRvruli arastabilurobis kriteriumebi 

mocemulia [19,21,23] naSromebSi. [21] naSromSi α′′ -fazis zRvruli 
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aramdgradoba Ti-Nb da Ti-Ta SenadnebSi dgindeboda (Ms) 

temperaturis koncentraciaze damokidebulebiT. α′′ martensitis 

aramdgradobis koeficienti           

                        
α ′′

α=
C

C
K                           [1.2] 

aRmoCnda 4.5÷5.5 farglebSi. aq  Cα aris Ms mocemul 

temperaturaze α-fazis wonasworuli koncentracia, xolo α ′′C  

aris α ′′ -martensitis analogiuri koncentracia igive 

temperaturaze.  

β-fazis zRvruli arastabilurobis Sefaseba gamoCnda 

naSromebSi [19,20]. arastabilurobis  koeficienti 

                           
β

β
β zRvC

C
K =                      [1.3] 

aq Cβ-mocemul SenadnSi malegirebeli elmentis 

koncentraciaa mocemul SenadnSi, zRv
βC -koncentracia zRvrulad 

aramdgrad β-fazaSi. aSkaraa, rom Senadnis zRvrulad 

aramdgradobis SemTxvevaSi Kβ=1 

aSkaraa agreTve is, rom stabilurobis cneba asaxavs 

realuri Senadnis gasaSualebur mdgomareobas, Tumca efeqturia 

malegirebeli elementis im koncentraciis SerCevisaTvis, 

romelic uzrunvelyofs formis maxsovrobis efeqtis maqsimalur 

gamovlenas. 

mravalricxovani eqsperimentuli monacemebis analizis 

safuZvelze moyvanilia komponentis koncentraciis 

mniSvnelobebi, romelic iwvevs β–fazis stabilurobis 

cvlilebas �Kβ=0.11% sididiT. Mo, V, Nb, Ta-Tvis es aris 1.03won%, 

1,62won%, 3.3won% da 57won% Sesabamisad. am monacemebiT 

gamoTvlili koncentraciuli damokidebuleba Kβ SenadnebisTvis 

naCvenebia nax. 2-ze.  

eqsperimentma aseve aCvena, rom praqtikul mniSvnelobas 

inarCuneben Senadnebi, romlebisTvisac Kβ aris ~(0,9÷1) intervalis 

farlebSi. am monacemebis SedarebiT nax.2.-dan SeiZleba gavakeToT  
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nax. 1. Ti-Mo, Ti-V, Ti-Nb, Ti-Ta SenadnebSi martensituli gardaqmnis 

temperaturis Ms, normaluri drekadobis modulis E da ε1, ε2, ε3 
mniSvnelobebis koncentraciaze damokidebuleba 
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daskvna, rom formis maxsovrobis efeqtis gamovlenisaTvis 

yvelaze xelsayreli malegirebeli elementebis koncentraciis 

mxriv aris Ti-Ta da Ti-Nb Senadnebi. es Ti-Ta SenadnisaTvis aris 

~(45÷60) won% Ta, xolo Ti-Nb SenadnisTvis ~(27÷35) won% Nb.  

gacilebiT viwroa es intervali Ti-Mo da Ti-V SenadnebSi. 

cxrilSi 1. moyvanilia Kβ-s mniSvneloba, simtkicis zRvari (σb), 

denadobis zRvris mniSvneloba (σT), sidide (σb-σT) da Sinagani 

xaxunis mniSvneloba Ti-3A-V sistemis SenadnebisaTvis [16]. 

7 9 11 13 15 17 19

10 12 14 16 18 20 22 24

25 27 29 31 33 35 37 39

44 46 48 50 52 54 56 58

Ti-Mo Ti-V Ti-Nb

Ti-Ta

Mo

V

Nb

Ta

0.8

0.9

1.0

1.1

1.2

Kß

 

nax. 2 titanis binarul SenadnebSi Kβ-s damokidebuleba Mo, V, Nb, 
Ta koncentraciaze 

 
samrewvelo Senadnebis SemTxvevaSi samarko Semadgenlobam 

SeiZleba ver uzrunvelyos formis maxsovrobis efeqtis 

gamovlenisaTvis aucilebeli β-fazis zRvruli arastabiluroba. 

Senadnebi gankuTvilia sxva miznebisaTvis.  
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β-fazisTvis saWiro metastabilurobis Sesaqmnelad [16,19,20,24] 

avtorebi iyenebdnen (α+β) aridan wrTobis meTods. mocemul 

temperaturaze gaxurebuli Senadnebi yovnebodnen im drois 

ganmavlobaSi, romelic saWiro iyo wonasworuli (α+β)-

struqturis misaRebad, homogenizacia iwvevda α da β-fazebs Soris 

komponentebis gadanawilebas. icvleboda aseve am fazebis 

raodenoba da am dros formirebadi β-fazis mdgradoba. 

TvalsaCinod es warmodgenili iyo SedegebiT naSromSi [25]. 

SenadnSi BT-23, romlebic moyvanilia nax. 3-ze. monacemebi 

miRebuli iyo mikrospeqtraluri rentgenuli analiziT da 

maRaltemperaturuli rentgenografiiT. wrTobis temperaturis 

zrdasTan erTad α-fazaSi legirebis xarisxi β-stabilizatoriT 

rCeba praqtikulad ucvleli, xolo β-fazaSi misi koncentracia 

mcirdeba (nax.3 (2,4,6,8,9)). es xdeba komponentebis difuziuri 

gadanawilebis gamo da mimdinareobs β-fazis raodenobis zrdiT 

t>5500C-ze. 

cxrili 1. 

Senadnis qimiuri 
Semadgenloba 

won% 
Кβ

* fazuri 
Semadgenloba 

σт 
МРа 

σв 
МРа 

σв - σт 
МРа 

Q-

1·105 

 
Ti – 3Al – 10V 
Ti – 3Al – 12V 

 
0,68 
0,8 

 
α

 1 

α
11 

 
850 
720 

 
900 
1120 

 
50 
400 

 
5,5 
65 

Ti – 3Al – 14V 
Ti – 3Al – 15V 

0,95 
1,02 

α
11 +  (βΜ) 
α

11 +  βΜ 
320 
310 

830 
850 

510 
540 

78 
120 

Ti – 3Al – 16V 

Ti – 3Al – 18V 
Ti – 3Al – 20V 

 

1,088 

1,22 
1,36 

βΜ 

βΜ 
βΜ 
 

230 

460 
650 

705 

600 
690 

475 

140 
40 

27 

3,5 
0,6 

 

 qimiuri Semadgenlobis gavlena fazur mdgomareobaze da Кβ
*-s 

mniSvnelobaze.  
 
anu, Tu movaxdenT Senadnobis nimuSebis sxvadasxva 

dayovnebis temperaturidan wrTobas SeiZleba miviRoT “axali” 

Senadnobebis mTeli speqtri β-fazis sxvadasxva stabilurobiT. 
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es meTodika vargisia im SenadnobebisaTvis, romelSic 

wrTobiT fiqsirdeba (α+β) struqtura (BT-16, BT-23 da a.S.) 

cxrilSi 2 moyvanilia BT16, BT 22 da  BT23 Senadnobebis aseTi 

Termuli damuSavebis Sedegebi. 

 

 

4
10

1

6

8
2
3
9

5
7

400       550        700        850 t Co

12

9

6

 3

3.0

1.5

0

 

 

nax.3. α-(1,3,5,7) da β(2,4,6,8,9)-fazebSi Al(1,2), V(3,4), Mo(5,6), Cr(7,8), Fe(9) 
Semcvelobis cvlilebis wrTobis temperaturaze damokidebuleba. (10_β-

fazis pirobiTi stabilurobis koeficien-tis Kβ –s mrudia). 
 

gardamavali Senadnebis BT22 (Kβ=0.9÷1.2) da Ti-3Al-10V-2Fe 

(Kβ=1.01) SemTxvevaSi zRvruli aramdgradobisaTvis aucilebeli 

mdgomareoba SeiZleba miviRoT β-aridan wrTobiT da 

malegirebeli elementebis koncentraciis SerCeviT. 

titanis samrewvelo Senadnebi aradrekadi qcevis  

gamovlinebis gasaumjobeseblad avtorebma gamoiyenes kidev erTi 

saSualeba_Senadnis legireba wyalbadiT. wrToba am SemTxvevaSi  

afiqsirebda struqturas α ′′ -martenisitiT da (an)  βM-faziT. 

wrTobisas   martensitul gardaqmnaze Tavisi zemoqmedebis 

xasiaTiT wyalbadi emsgavseba β-izomorful stabilizatorebs. 
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[2[2[2[26666]]]]. titanis Senadnebis wyalbadis mimarT maRali absorbciuli 

Tvisebebis gamo SeiZleba Senadnis moculobaSi misi Seyvanis 

gakontroleba. 

                     cxrili 2  

wrTobis 
temperatura 

760 780 800 820 840 860 880 900 

 
 
BT-23 
 
[18] 
 

fazuri 
Semadgenl
oba 

β-fazis 
raodenoba
% 

 

α+β 
 

α+β 
 

α+β 
 
α+βm 

 
α+βm 

 
α+α ′′ +βm 

 

α+α ′′  
 
α ′′  

α ′′ -fazis 
raodenoba
% 

38 48 54 58 67 48 0 0 

BT-22 
 [31] 

fazuri 
Semadegnl
oba 

α+β α+β α+β α+β α+β α+β α+β  β 

  
 
BT-16 
  [29] 

fazuri 
Semadgenl
oba 

α+β α+α ′′ +βm α+α ′′ +βm   α+α ′′ +βm  α+α ′′  

β-fazis 
raodenoba
% 

69  73   27  0 

α ′′ -fazis 
raodenoba 

0  7   63   

 
wrTobis temperaturis gavlena samrewvelo Senadnebis fazur 
Semadgenlobaze. 
 

Sesabamisi gacivebis siCqariT wyalbadma SeiZleba 

Seamsubuqos )( α ′′→β  martensituli gardaqmna iseT SenadnebSic 

ki, romlebSic misi ar yofnis dros SesaZlebelia mxolod 

)( α′→β  martensituli gardaqmna. 

amasTan erTad invariantuli mesris deformaciis 

dislokaciuri meqanizmi deformaciuli martensituli gardaqmnis 

dros icvleba oreulebis warmoqniT. wyalbadi aseT moqmedebs 

axdens mxolod SenadnebSi, romlebSic aris β-stabilizatoris 
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garkveuli raodenoba am mxriv wyalbadis Seyvana warmoadgens 

damatebiT legirebas. wyalbadis koncentraciis gazrda β-fazaSi 

amcirebs Senadnis normalur drekadobis moduls da amsubuqebs 

martensitis Casanasaxebis Camoyalibebis process β-fazis 

meqanikuri mdgradobis dakargvis gamo. rac BT-23 Senadnis 

SemTxvevaSi TvalsaCinod  aris warmodgenili cxrilSi 3. 

                            cxrili 3 

    BT- 23 wyalbadis won. % Semcveloba    

0.03 0.1 0.15 0.2 0.3 0.4 0.6 

fazuri 

Semadgenloba 

α ′′  α ′′     α ′′ +βm α ′′ +βm    α ′′ +βm    βm    βm    

Kβ 0.8 0.91 0.96 1.02 1.13 1.24 1.4 

σσσσ0.20.20.20.2    

MPa 

480 430 410 420 320 340 490 

        

wyalbadis koncentraciis gavlena fazur Semadgenlobaze, Kβ-s 
mniSvnelobaze da drekadobis modulze 

 
   SesamCnevad icvleba martensituli gardaqmnis mTavari 

deformaciebis mniSvnelobebi. es cvlilebebi analogiuria ε1, ε2, da 

ε3  koncentraciuli damokidebulebisa moyvanili nax. 1-ze. β-is 

fazis stabilizacia amcirebs maT mniSvnelobebs, adidebs α ′′ -

fazis mesris rombuli ganrTxmis xarisxs. 

garda β-mastabilizebeli moqmedebisa wyalbads SeuZlia 

bolomde CaaxSos ω-fazis warmoqmna, gaadidos (α+βM) 

mdgomareobis are. 

cxrlidan 3. aSkarad Cans, rom wyalbadis Semcvelobis 

zrdasTan erTad SenadnSi izrdeba β-fazis meqanikuri mdgradoba 

(σ0.2 mniSvneloba), Tumca, Tu gare Zabvebi gamoiwveven 

mniSvnelovan plastikur deformacias, maSin SesaZlebelia 

normaluri temperaturis pirobebSic ki α ′′→β gardaqmna. 

wrTobiT dafiqsirebuli βM -faza wyalbadis SemcvelobiT 0.3÷0.6 
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won.% arastabiluria Zabvis mimarT, xolo wyalbadis didi 

koncentraciis dros deformaciis mimarT. 

 ise, rogorc titanis Cveulebriv β-stabilizatorian 

SenadnebSi, formis maxsovrobis efeqtis procesSi aRdgenili 

deformaciis sidide (σaR) wyalbadian SenadnebSic  

damokidebulia  ara marto wyalbadis koncentraciaze, aramed 

gaxurebis siCqarezec (nax. 4). 

 

A f

AM

AH

AS

f
S

2

1

2

1

400

200

0

3

1

2

t 
C

O

ε b
 %

εo %0 2 4 6   

nax. 4. formis maxsovrobis efeqtis ganxorcielebis procesSi sawyisi 

deformaciis ε0 (wyalbadis koncentraciiT 0.2 % da 0.3%) aRdgenis 
damokidebuleba gaxurebis siCqareze 0.3 K/wm (1) da 10K/wm (2) 
(deformaciis temperatura 200C). 
 

 igive avtorebi ikvlevdnen wyalbadis gavlenas β-titanis 

SenadnSi Ti-Nb (10÷45 won.% Nb) deformaciis meqanizmze [26-32]. 

Termodrekadi α ′′→βΜ  martensituli gardaqmnis SesaZlebloba β-

izomorful stabilizatorian titanis SenadnSi aris maTi 

dempfirebis unaris safuZveli [27]. Sinagani xaxunis (Q-1) sididis 

eqsperimentuli monacemebis safuZvelze SeiZleba davaskvnaT, rom 

dempfirebis yvelaze didi unari gaaCniaT Senadnebs, romlebSic 

wrTobis Semdeg erTdroulad aris βM    da    α ′′ -fazebi (ix. cxrili 1 

da 2). am fazebis erTdrouli arseboba gviCvenebs martensituli 

gardaqmnis dausruleblobaze. aseTi pirobis dros  vibraciis 
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deformaciam SeiZleba gamoiwvios am Seqcevadi gardaqmnis 

gagrZelebis deformaciuli stimulireba. am procesis meqanizmi 

dakavSirebulia fazaTa Soris koherentuli α ′′β /  sazRvris did 

ZvradobasTan. dempfireba maqsimaluria, roca SenadnSi β da 

α ′′ fazebi arseboben Tanabari raodenobiT.  

dempfirebis Tviseba narCundeba SenadnSi im SemTxvevaSic, 

roca maT gaaCniaT )( α ′′+α  struqtura. oRond Q-1 sidide am 

SemTxvevaSi 1.5-2 jer mcirea, vidre Termodrekadi deformaciuli 

)( α ′′→β  martensituli gardaqmnis dros. (nax. 5)  

  

180

120

 60

810 840 870 900 t Co

+ + "+ "+

 
Nnax. 5. wrTobis temperaturis gavlena Sinagan xaxunze SenadnSi BT- 23. 
 

dempfireba  stabilur β-fazian SenadnSi  praqtikulad ar 

daikvirveba. α ′′ -martensitis SedarebiT maRali dempfirebis unari 

dakavSirebulia oreulebis sazRvrebis moZraobisas martensitis 

mikro da substruqturaSi energiis gabnevasTan. analogiuri 

daskvnebi SeiZleba gavakeToT Ti-Al-V  Senadnis SemTxvevaSic. (ix. 

cxrili 1).  

Q-1 sidide α ′′+β struqturis titanis SenadnebSi axloa 

titanis nikelidis Sinagani xaxunis sididesTan da aWarbebs 

iseTi klasikuri masalebis mniSvnelobebs, rogoricaa ruxi Tuji 

maRali dempfirebis unariT. [33]. 
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Tu titanis nikelidisTvis Q-1 sidide 10-2÷10-3 rigisaa, BT- 22И, 

Ti-3Al-15V  da BT- 23  SenadnebSi mas aqvs mniSvneloba 100÷120-is 

farglebSi [34]. Tu gavagrZlebT am Sedarebas titanis Ta, Nb, V, Mo-

Tan SenadnebSi, SeiZleba gavakeToT daskvna, rom koncentraciis  

did intervalSi mniSvnelovani dempfirebis Tvisebebi gaaCniaT 

Senadnebs sistemiT Ti (~50÷67) won. % Ta. SenadnebisaTvis Ti-Nb, Ti-V 

da Ti-Mo es intervali SedarebiT pataraa (30÷40) won.% Nb, (13÷23) 

won%V da (10÷17) won.% Mo.  

 yvela ganxilul SemTxvevebSi Senadnebis sasurveli sawyisi 

mdgomareoba miiRweoda wrTobis meTodiT. titanis Senadnebis 

dabali siTbogamtarobis gamo da nimuSebis mniSvnelovani sisqis 

dros wrTobis siCqareze SeiZleba damokidebuli iyos im 

procesebis xasiaTi, romlebic ayalibeben fazur struqturas. Ees 

damokidebuleba TvalsaCinod Cans BT-23 Senadnis fazur 

Semadgenlobaze gaxurebis temperaturis da gacivebis siCqaris 

gavlenis magaliTze.  

0.1 K/wm.-dan 600 K/wm.-mde gacivebis siCqaris cvlilebiT 

naCvenebi iqna fazuri gardaqmnis sami tipis SesaZlebloba. 

 0.06 K/wm-ze naklebi siCqariT gacivebisas β-fazis gardaqmna 

mimdinareobs difuzuri meqanizmiT, romelsac mivyavarT 

wonasworul (α+β)-struqturamde. 30-dan 600 K/wm-mde gacivebis 

siCqarisas β-faza gardaiqmneba α ′′ -martensitSi aradifuziuri 

meqanizmiT, romelic axdens )( Mβ+α ′′  struqturis formirebas. 

intervalSi 0.06 K/wm-dan 30 K/wm-mde maRaltemperaturuli fazis 

daSla xdeba meqanizmiT, romelic axdens sawyisi β-fazis 

malegirebeli elementebis difuziur gadanawilebas. 

gaRaribebuli mikromoculobebi gadadian ufro stabilur 

dabaltemperaturul fazebSi. gamdidrebuli moculobebi rCebian 

narCeni βM-fazis  saxiT. izoTermuli α-faza ar axdens 

mniSvnelovan gavlenas fazuri gardaqmnebis xasiaTze, Tumca β-

fazis legirebis xarisxis gazrdas gaxurebis temperaturis 

daklebasTan erTad (nax.6a) mivyavarT gacivebis siCqaris 
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intervalis cvlilebasTan, romelSic realizdeba esa Tu is 

gardaqmnis meqanizmi. rogorc minimaluri siCqare aradifuziuri 

gardaqmnis uzrunvelyofis aridan, ise maqsimaluri siCqare, 

romlis qvemoTac formirdeba wonasworuli  struqtura, 

mcirdeba wrTobisaTvis aucilebeli temperaturis SemcirebiT. 

 [35]-Si Termuli damuSavebis dros Senadnis struqturis 

Camoyalibeba  ganixileboda, rogorc wrTobis temperaturamde 

gaxurebis siCqaris gavlenis, aseve TviTon wrTobis siCqaris 

mimarTebaSi. Ms damokidebuleba (wrTobis siCqare 200÷400K/wm) 

wrTobis temperaturamde gaxurebis siCqareze moyvanilia nax. 6-

ze. Tu β-faza arahomogenuria, maSin dabali siCqariT gaxurebisas 

xdeba komponentebis gadanawileba da Ms sidide ganisazRvreba 

homogenuri fazis mTeli moculobiT.  
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Nnax. 6. BT- 23 SenadnSi Ms temperaturis damokidebuleba neli 

gaxurebis dros 0.5 saaTi izoTermuli dayovnebis temperaturaze (a) da 
wrTobisaTvis 10 K/wm (b) da 100 K/wm (c) siCqariT gaxurebis dros. 
(1,2,3,4,5-gacivebis siCqarea Sesabamisad 400, 100, 50, 20, 10, K/wm). 

 

swrafi gaxurebisas arahomogenuroba narCundeba da Ms 

mniSvneloba damokidebuli iqneba β-fazis yvelaze gaRaribebul 

nawilebze.  

rogorc Cans (nax.6 b,c) arahomogenuri β-fazisaTvis Ms-is 

cvlileba miT ufro arsebiTia, rac metia gaxurebis siCqare. 
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Ms-is mudmivi sidide (nax.6 a), raRac kritikul siCqareze  

ufros swrafi gacivebisas niSnavs, rom martensituli gardaqmna 

am pirobebSi midis difuziuri procesebis monawileobis gareSe. 

(Ms ÷M f)  intervali am SemTxvevaSi sakmaod viwroa. es adasturebs 

β-fazis erTgvarovnebas  gardaqmnis dawyebis momentSi. aseTi 

martensituli gardaqmnis dros Camoyalibebuli α ′′ -faza aseve 

erTgvarovania da Seicavs malegirebeli elementebis igive 

raodenobas, rasac β-faza [36]. Kkritikul siCqareze dabali 

siCqariT gacivebisas β-myari xsnari fenebad iyofa, martnsituli 

gardaqmna iwyeba β-fazis ufro gaRaribebul moculobaSi. 

aseTma gayofam SeiZleba migviyvanos β-fazis imdenad 

gamdidrebul da stabilur calkeul areebTan, rom wrTobis 

Sedegad is narCundeba da amcirebs α ′′ fazis wils nawrTob 

SenadnSi.  

wrTobis siCqare gavlenas axdens kidev erTi SesaZlebeli 

gardaqmnis realizaciaze, ω-fazis Camoyalibebaze. misi warmoqmna 

kontroldeba difuziiT da amitom damokidebulia 

maRaltemperaturiani β-aris gacivebis pirobebze [37]. is 

warmoiqmneba, rogorc Sualeduri metastabiluri mdgomareoba, 

mxolod sakmaod maRali koncentraciiT β-stabilizatori 

elementebis Semcvelobis dros. 

radgan ω da α-fazebis arsebobis areebi titanis umetes 

SenadnebSi nawilobriv emTxvevian erTmaneTs, wrTobis patara 

siCqareebs (magaliTad masiuri nimuSebis wrTobisas) mivyavarT ω-

fazis warmoqmnamde [37]. ω-fazis warmoqmnis acileba zogierT 

SenadnSi xdeboda  swrafi wrTobiT (Ti-Nb Senadnebi Nb-is 26 

won.% SemcvelobiT) [38,39]. 

Aarsebobs ω-fazis CaxSobis erTi gza_aluminiT legireba, 

Tumca formis maxsovrobis efeqtis gauaresebis Tavidan acilebis 

mizniT, aluminis Semcveloba unda iyos minimaluri ω-fazis 

Camoyalibebis aRsakveTad. 
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sainteresoa [40] naSromis monacemebi zemaRali siCqariT 

nawrTobi  Ti-4%Mo, Ti-5%Mo Senadnebis struqturuli 

mdgomareobis Taviseburebebze, romlebsac gaaCniaT momatebuli 

mikrosisale. gaglinviT an gaWimviT gamowveul plastikur 

deformacias mivyavarT mikrosimtkicis Semcirebamde. foladebSi 

es efeqti aixsneba arastabiluri mowesrigebuli fazis 

damsxvreviT.  

 Aavtorebi  Tvlian, rom gamosakvlev SenadnebSi aseT fazas 

warmoadgenda ω-faza. Aamis garda isini xsnian α ′′ da  ω -fazebis 

erTdroul arsebobas imiT, rom ω→β  da α ′′→β  gardaqmnis 

temperaturebi erTmaneTs emTxveva. winaaRmdeg SemTxvevaSi 

warmoqmnadi α ′′ -faza Cveulebriv STanTqavs ω-fazas. titanis 

SenadnebSi β-izoTermul elementebTan aTermiuli ω-fazis 

warmoqmna dadasturebulia naSromebSi [41, 42, 43, 44]. 

Fformis maxsovrobis efeqtis Tanamedrove warmodgena 

gulisxmobs ara marto martensituli gardaqmnisadmi zRvrulad 

aramdgradi Senadnis Seqmnas, aseve am efeqtis Sedegad sawyisi 

dagrovili deformaciis (ε0) maqsimalurad aRdgenis SerCevas. misi 

maqsimaluri mniSvneloba unda Seesabamebodes deformaciul 

Termodrekadi martensituli gardaqmnis damTavrebas. 

igulisxmeba, rom am martensitul gardaqmnasTan dakavSirebuli 

fsevdoplastikuri denadoba Zabva-deformaciis mrudze xdeba 

mxolod Zvris meqanizmiT, gamoricxavs ra srialis Seuqcevad 

process. realurad am procesSi SeiZleba sawyis stadiaSic ki 

CairTos srialis meqanizmi. aman SeiZleba mniSvnelovnad 

Seamciros formis aRdgenis sidide (η%). 

deformaciis mrudebis xasiaTi (Zabva-deformaciis 

damokidebuleba) asaxavs Senadnis α ′′→β  deformaciuli 

gardaqmnisadmi aramdgradobis xarisxs [41]. avtorebis 

gansazRvrebiT martensituli gardaqmna SeiZleba davyoT “ZabviT 

gamowveul” da “deformaciiT gamowveul” tipebad. Ppirvel 

SemTxvevaSi Zabvis dros, romelic aWarbebs drekadobis zRvars, 



43 
 

swrafad warmoiqmneba deformaciis martensiti. aseTi 

martensituli gardaqmnisaTvis sastarto Zabva naklebia vidre 

“deformaciiT gamowveuli” martensitisa. “deformaciiT 

gamowveuli” martensiti iwyebs warmoqmnas ufro maRali Zabvebis 

arsebobisas β-fazis mesris garkveuli winaswari deformaciis 

dros. orive  SemTxvevaSi gaWimvis diagramis xazovan monakveTze 

rentgenografiuli analizi afiqsrebs orfazian (α+β) 

struqturas. gansxvaveba aixsneba β-fazis stabilurobis xarisxiT. 

`deformaciiT gamowveuli~ martensiti warmoiqmeba ufro 

legirebul, e.i. ufro stabilur β-fazaSi. winaswari deformacia 

saWiroa, rom masSi Seiqmas martensituli fazis Canasaxebi. 

formis maxsovrobis efeqtis gamomJRavnebaSi did rols 

TamSobs α′′→β deformaciuli martensituli gardaqmnis dros 

Senadnis  deformaciuli teqstura. misi xelsayreli orientaciis 

SemTxvevaSi damTavrebuli martensituli gardaqmna Seexeba 

teqsturirebul sawyisi β -fazis did moculobas. teqsturis 

SesaZlebeli tipebis xasiaTi kargad aris cnobili [42]. idealur 

SemTxvevaSi kuburi moculobacentrirebuli β -fazis gaWimva da 

SekumSva qmnis teqsturas <110> mavrTulis RerZis gaswvriv. 

gaglinvas mivyavarT {001}<110> orientaciamde firfitis 

sibrtyeSi. teqsturaSi orientaciebis gansxvaveba mcirdeba 

idealur orientaciasTan SedarebiT deformaciis xarisxis 

zrdasTan erTad. jvaredin gaglinvas mivyavarT gaglinvis 

teqsturis gaumjobesebasTan ({001}<110>). daikvirveba sxva modebic 

{211}<110> da {110}<100>. aqsialuri teqstura iqmneba mavrTulis 

civi kalibrebiT.  

xelsayreli orientaciis arseboba SenadnSi sawyis 

mdgomareobaSi adidebs dagrovili (ε 0) deformaciis 

mniSvnelobas Semdgomi izoTermuli deformaciis dros. es xdeba, 

rogorc deformaciis martensitis ( dα ′′ ) Casaxvis da 

orientirebuli zrdis xarjze, aseve SenadnSi arsebuli 

aTermiuli martensitis orientaciis cvlilebis xarjzec (mag. 
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[43] naSromis monacemebi Ti-Nb  SenadnSi). orientaciuli Sedegebi 

gamodis pirvel planze gardamavali klasis ufro legirebul 

SenadnSi BT-22. SenadnSi malegirebeli elementebis raodenoba 

iseTia, rom nawrTob mdgomareobaSi β -faza Zalian axloa 

martensituli gardaqmnis zRvrul aramdgradobasTan ( 1K ≈β ). es 

saSualebas gvaZlevs CavataroT wrToba erTfaziani β -aris 

temperaturebidan. aseTi didi mniSvnelobis temperaturas 

SeuZlia arsebiTi gavlena moaxdinos teqsturaze da es garkveul 

moTxovnebs ayenebs mis SerCevisas. martensituli klasis 

SenadnebisTvis BT-16, BT-23  wrToba xdeba ( β+α ) aris 

temperaturidan da martensituli gardaqmnisadmi zRvrulad 

arastabiluri mdgomareobis miReba iTxovs wrTobis 

temperaturis praqtikulad `preceziul kontrols~. 

orientaciuli efeqtebi avtomaturad aris damokidebuli aseTi 

temperaturis arCevaze. aSkaraa, rom es exeba binaruli da 

mravalkomponentiani Senadnis SemTxvevasac, rodesac kritikuli 

Semadgenloba miiReba malegirebuli elementebis Sesabamisi 

koncentraciis SerCeviT. 

radgan formis maxsovrobis efeqtis praqtikuli gamoyeneba 

SeiZleba dakavSirebuli iyos deformaciebis sxvadasxva saxesTan 

– gaWimva, kumSva, Runva, grexva. unda gaviTvaliswinoT 

deformaciis yvela saxis specifika da yvelaze xelsayreli 

teqsturis xasiaTi (magaliTad aqsialuri grexvis dros [44]. 

Tu gaviTvaliswinebT deformaciis sxvadasxva meqanizmebis 

konkurencias SedarebiT mcire Zabvebis dros, maSin mocemul 

moculobaSi an β -fazis mikromoculobaSi deformaciis 

ganxorcielebis ZiriTadi faqtori unda iyos misi kristaluri 

mesris orietacia modebuli Zabvebis mimarTulebasTan. 

TvalsaCinod es SeiZleba vaCvenoT titanis nikelidis 

meserSi martensituli gardaqmnis kristalografiulad Seqcevadi 

deformaciis mniSvnelobebis magaliTze, cxrilSi 4 [45].  
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cxrili 4 

Senadni 
deformaciis  

saxe 

B2-fazis kristalografiuli mimarTulebiT 
deformaciis sidide  

[U V W] da gasaSualebuli 

polikristalisaTvis ( saSε ) 

 
gaWimva  [010] [011] [111] [121] [013] [123] %cpε  

kumSva [100] [110] [111] [211] [310] [321]  

Ti-50%Ni 
gaWimva +1,9 +8,6 +9,7 +9,6 +5,8 +10,5 +7,0 

kumSva -5,2 -5,4 -4,2 -5,9 -6,6 -5,9 -5,0 

Ti-50%Ni 
gaWimva +2,3 +8,5 +8,6 +8,9 +5,9 +9,9 +6,9 

kumSva -5,3 -4,9 -3,8 -5,5 -6,4 -5,5 -5,0 

 
B2-fazis damokidebuleba deformaciis saxeze da mimarTulebaze. 
 
aseTi deformaciebis angariSiT miRebuli mniSvnelobebi 

gaTvaliswinebuli unda iyos mocemuli formacvlilebebis 

konkretuli amocanis gadaWrisas. aSkaraa, rom aRdgenili 

deformaciis aRε  realuri sidide gansxvavdeba gamoTvlebiT 

miRebuli mniSvnelobisgan. Runvis da grexvis SemTxvevaSi maT 

ematebaT nimuSebis moculobaSi deformaciis mniSvnelobebis 

kanonzomieri araTanabari ganawileba. 

BT-22И  da Ti-10V-2Fe-3Al  SenadnebSi grexvis deformacia 

Seswavlili iyo naSromSi [46]. β-fazis arsebobis temperaturuli 

aridan wrTobis Sedegad fiqsirdeboda ( β+α" ) struqtura. BT-22И  

SenadnisTvis, dayovnebis temperaturiT wrTobisaTvis 8600C, 

Tavisufal mdgomareobaSi aRdgenili deformaciis maqsimaluri 

sidide %6,3=oε . wrTobis temperaturis gazrdiT ( aRε ) 

mniSvneloba mcirdeba. avtorebi amas ukavSireben SenadnSi 

homogenizaciis procesis dros marcvlebis zomis zrdas. 

analogiuri kanonzomiereba axasiTebs Senadnsac Ti-10V-2Fe-3Al,  

Tumca ( aRε ) sidide mcirdeba~1,6%-mde.  

miTiTebuli Senadnebi aseve gamokvleuli iyo naSromSi [34]. 

deformacis kritikuli mniSvneloba, romlis Semdegac 

martensituli meqanizmiT gamowveuli deformaciebis 
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dagrovebasTan erTad irTveboda Seuqcevadi meqanizmi – sriali, 

naklebi iyo 1%-ze. daskvna gakeTebuli iyo deformaciis 

damokidebulebis mrudebis safuZvelze Zabva-deformaciis 

damokidebulebis mrudis safuZvelze. deformaciuli 

martensituli gardaqmnis mrudze denadobis baqnis ar arseboba 

miuTiTebda gardaqmnis sastarto Zabvebis maRal mniSvnelobebze 

da maT siaxloveze srialis sastarto mniSvnelobebTan: (450÷500). 

106 pa da (650÷500)X106 pa Sesabamisad. ( aRε )-s maqsimaluri sidide 

miiRweoda oε ~ 3% dros. 

calke unda ganvixiloT samuSao [47,48] Sedegebi. qimiuri 

Semadgenlobis gavlenaze dakvirvebis da analizis, kumSviT 

deformaciis xarisxze, formis aRdgenis Tvisebebze gaxurebis 

siCqaris gavlenis safuZvelze Ti-Nb, Ti-V, Ti-Al-V, Ti-Al-Cr  

Senadnebidan SeirCa optimaluri titanis bazuri Senadni Ti-10Al-

12V-1Cr. Senadns aqvs formis maxsovrobis efeqtis maRali 

maxasiaTeblebi. vanadiumis raodenobis zrda da aluminis 

damatebiTi Seyvana axSobs ω -fazis warmoqmnas da adidebs 

srialis sastarto Zabvas (fuZisa da malegirebeli elementebis 

atomuri araTanabrobis zrdis xarjze). mniSvneloba 12 won%V  da 

1won%Cr arCeuli iqna deformacia – koncentraciis damokidebu-

lebis maqsimumidan gamomdinare ( aRε )=3,8%. saSualo 

kristalografiuli deformaciis dros maqsimaluri mniSvneloba 

gacilebiT metia - 5%. es damokidebulia imaze, rom yvelaze 

xelsayreli legirebis pirobebSic ki, ver xerxdeba mxolod 

deformaciuli martensituli gardaqnis meqanizmis realizeba 

srialis gareSe. 

qromis meti raodenoba adidebs martensituli gardaqmnis 

temperaturas da mivyavarT α′′ martensitis oreulebiT warmoqmnis 

meqanizmis dislokaciuriT Secvlamde. amis garda (Ms)  

mniSvnelobis gazrda adidebs β-fazis difuzuri  daSlis 

albaTobas. aluminis Semcveloba Semoifargleba 10%, radgan misi 

koncentraciis Semdgomi zrda iwvevs mowesrigebuli  fazis 
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warmoqmnas, xolo 5%-ze naklebi Al-iT SeuZlebelia ω  fazis 

gaCenis da Senadnis simyifis Tavidan acileba.  

[48]-Si moyvanili monacemebidan yuradRebis imsaxurebs Sn-is 

roli Ti-Nb-Sn  SenadnSi. Tu Nb Semcvelobis  gazrda 1% amcirebs 

Ms  temperaturas (~500C), aseTive raodenobiT Sn  cvlileba Ms  

amcirebs (~1000C). 

amis garda  Sn  Zalian amcirebs drekadobis modulis 

sidides. Sn-is Semcvelobis zrda 10-dan 15 a.m% iwvevs drekadobis 

modulis Semcirebas ~1125X106pa-mde, xolo 40a.m.%Sn  dros 

moduli ufro pataraa ~500X106pa [49]. 

kidev erTi samuSao [50] imsaxurebs yuradRebas. formis 

maxsovrobis efeqtis gamokvleva SenadnSi BT-23 mimdinareobda 

rgolismagvari nimuSebis deformaciiT. formis aRdgenis xarisxs 

sazRvravdnen deformaciis dros da aRdgenis Semdeg Sida 

diametrebis sxvaobiT.  

wrTobiT uzrunvelyofili iyo Senadnebis mdgomareobis 

mTeli speqtri. dakvirvebis Sedegebi moyvanilia  cxrilSi 5. 

cxrili 5. 

wrTobis 
reJimi 

fazuri 
Semadgenl

oba 
%srε  

%0ε  

narCeni 

%aRε  

aRdg. 

formis 
aRdgeni

s 
xarisxi 

%η  

formis 
aRdgenis 
temperat

ura C0
 

7800C 
dayovneba 
1 saaTi 
wrToba 
wyalSi 

α+β 

4,37 1,8 0,62 34,3  

5,34 2,56 1,62 63,3 300 

6,32 3,28 1,41 43  

8800C 
dayovneba 
1 saaTi 
wrToba 
wyalSi 

α + α11+ βM 

3,42 2,95 1,83 89  

4,37 2,5 2,5 100 400 

5,83 3,95 2,8 71  

9000C 
dayovneba 
1 saaTi 
wrToba 
wyalSi  

α+ α11 

3,42 2,05 2,05 100  

4,37 2,99 2,52 84 450 

5,9 3,92 2,91 74  

 
wrTobis reJimis gavlena deformaciis aRdgenaze da aRdgenis xarisxze 
rgolismagvar nimuSebSi. 
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aSkaraa, rom formis aRdgenis xarisxi  SeiZleba iyos 

sakmaod maRali, rogorc ( β+α′′ ), ise α′′ -struqturaSi 

deformaciis dros. aRsaniSnavia, rom dagrovili deformaciis 

mniSvneloba ( 0ε ) orive tipis struqturaSi praqtikulad 

erTnairia.  

reaqtiuli Zabvebi (σr) da formis aRdgenis kuTri muSaoba 

(ar) (gare ukuqmedebis pirobebSi) damokidebulia, rogorc 

cnobilia, fazur Semadgenlobaze da struqturaze. 

magaliTad SenadnebSi BT-16  da BT-23 maTi maqsimaluri 

mniSvnelobebi miiRweva, im temperaturebidan wrTobisas, 

romlebic uzrunvelyofen martensituli gardaqmnisadmi Senadnis 

zRvrulad aramdgrad mdgomareobas. aluminis maRali Semcveloba 

BT-23-Si zrdis β-fazis denadobis zRvars. es Tavidan gvacilebs 

Zabvebis plastikur relaqsacias formis aRdgenis dros da 

mivyavarT (σr) da (ar) –is zrdamde. 

ganxorcielda titanis mouwesrigebel fazebian SenadnebSi 

formis maxsovrobis efeqtis, zedrekadobis da dempfirebis 

unaris literaturis mimoxilvis Sedgena. ganxiluli iyo, 

rogorc titanis Senadnebi β-izomorful elementebTan (Mo, V, Nb, 

Ta) binaruli da mravalkomponentiani SemadgenlobiT, aseve 

komerciuli Senadnebi formis maxsovrobis efeqtiT BT-16, BT-22, 

BT-23, Ti-Al-V, Ti-V-Fe-Al.  mimoxilva Seicavs formis maxsovrobis 

efeqtis, zedrekadobis da dempfirebis Tvisebebis, meqanizmis da 

am efeqtebis sidideze momqmedi faqtorebis analizs. ganxilulia 

malegirebeli elementebis koncentraciis gavlena martensituli 

gardaqmnis mTavari deformaciebis sidideze Senadnebis 

martensituli gardaqmnisadmi zRvruli aramdgardobis 

warmodgenis safuZvelze. xarisxobrivad aris Sefasebuli im 

deformaciebis zRvruli mniSvnelobebi, romlebic warmoiqmneba 

mxolod deformaciuli martensituli gardaqmnebis dros da 

formis aRdgenis efeqtis ganxorcielebisas  eqvemdebareba srul 

aRdgenas. gansakuTrebuli yuradReba mieqca zRvruli 
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aramdgradobis warmodgenas, romelic mTavar rols TamaSobs 

SenadnSi malegirebeli elementis tipis da koncentraciis 

gansazRvraSi. swored aseT Senadnebs SeuZliaT maqsimalurad 

gamoamJRavnon formis maxsovrobis efeqti, zedrekadobis da 

dempfirebis Tvisebebi. mimoxilvaSi aris monacemebi deformaciis 

xarisxis, teqsturis da Termuli zemoqmedebis siCqaris 

gavlenaze formis aRdgenis Tvisebebze. zemoaRniSnul titanis 

SenadnebSi naCvenebia titanis nikelidTan mimarTebaSi maTi 

konkurentunarianoba. 

mimoxilva Seicavs eqsperimentuli monacemebis Sefasebas 

Senadnebis zedrekadi qcevis da dempfirebis Tvisebebis Sesaxeb. 

moyvanilia mosazrebebi, romlis mixedviTac dakvirvebis 

sawyis obieqtebad amorCeulia sistemebi Ti-Nb  da Ti-Ta  da maT 

safuZvelze mravalkomponentiani Senadnebi legirebuli Mo da V-

iT. literaturul mimoxilvaSi Sejerebulia periodul 

samecniero gamocemebSi, konferenciebis SromebSi da 

eqsperimentuli samuSaoebSi miRebuli Sedegebi 70-iani wlebidan 

dRemde. 
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Tavi 2. amocanis dasma da kvlevis meTodikaTavi 2. amocanis dasma da kvlevis meTodikaTavi 2. amocanis dasma da kvlevis meTodikaTavi 2. amocanis dasma da kvlevis meTodika    

    

2.1 amocanis dasma2.1 amocanis dasma2.1 amocanis dasma2.1 amocanis dasma    

    

literaturuli monacemebis mixedviT SeiZleba davaskvnaT, 

rom titanis β-izomorful elementebTan SenadnebSi  fazur 

gardaqmnebs  aqvT rTuli xasiaTi, rac aixsneba metastabiluri 

fazebis mravalferovnebiT da mocemuli pirobebis dros maTi 

mdgradobiT. Ti-Ta da Ti-Nb. sistemis binaruli Senadnebi 

imsaxureben gansakuTrebul yuradRebas, β-izomorful 

elementebTan titanis sxva SenadnebTan SedarebiT, Termuli 

zemoqmedebis mimarT maTi mdgradobis gamo, rac Tavis mxriv 

gamowveulia difuzuri procesebis mimdinareobis mcire siCqariT. 

amis garda   Ti -Nb da Ti-Ta sistemis SenadnebSi SesaZlebelia 

gadajerebuli myari xsnarebis miReba α′′  martensitis fuZeze. es 

saSualebas gvaZlevs SeviswavloT martensituli gardaqmnis 

mimdinareobis stabiluroba Termuli da deformaciuli 

zemoqmedebis dros, radgan gadajerebis zrdasTan erTad izrdeba 

mocemuli temperaturis dros martensitul gardaqmnis 

albaTobac. 

Ti-Ta da Ti -Nb fuZeze β-izomorfuli elementebiT Seqmnili 

Senadnebis SemTxvevaSi aucilebulia, rom β-fazis arsebobisaTvis 

dakmayofilebuli iyos metastabilurobis piroba Kβ≈1. es 

miiRweoda )( β+α ′′  aridan nimuSebis wrTobiT. am nimuSebSi garda 

imisa, rom xdeboda martensituli gardaqmna aseve xdeboda α′′ da  

β-fazebs Soris malegirebeli elementebis difuzuri 

gadanawileba, rac iwvevda am fazebis mdgradobis da maTi 

raodenobis cvlilebas. es naTlad aisaxa mocemul SenadnebSi 

“dabaltemperaturuli” martensituli da “maRaltemperaturuli” 

gardaqmnebis procesze. es niSnavs, rom aRniSnuli sistemebSi 

martensituli gardaqmna savsebiT realuria da SeiZleba iyos 

SenadnebSi formis maxsovrobis da zedrekadobis maCvenebeli. 
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mocemuli samuSaos mizani aris Ti-Ta da Ti -Nb binarul da Ta, 

Nb, M 00o, V, Zr-iT legirebul SenadnebSi, sxvadasxva 

metastabilurobis xarisxiT, fazuri gardaqmnebis Seswavla da 

deformaciis, rogorc formis maxsovrobis da zedrekadobis 

efeqtebis, gamovlenis ZriTadi faqtoris moqmedebis Seswavla. 

dasaxuli miznis misaRwevad mocemul samuSaoSi unda 

gadawydes Semdegi amocanebi: gamokvleuli iqnes β-aridan 

nawrTobi Ti-Ta da Ti -Nb binaruli da Ta, Nb, M000, V, Zr-iT 

legirebuli Senadnebis fazuri Semadgenloba, ganisazRvros 

pirdapiri ( MsM f ) da Sebrunebuli (AsAf) martensituli gardaqmnis 

kritikuli temperaturebi. gamokvleuli unda iyos Senadnebis 

qceva oTaxis temperaturidan 800-8500 C-mde uwyveti gaxurebisas 

da gacivebisas. dadgenili iqnes Senadnebis fizikuri da 

meqanikuri Tvisebebi aRniSnul temperaturul diapazonSi. 

rentgenografiuli analizis da Sinagani xaxunis gazomvis 

meTodiT Seswavlili iqnes maTi anomaluri cvlileba, 

dakavSirebuli martensituli fazis kritikul mdgomareobasTan 

Sebrunebuli gardaqmnis dros.  

gamosakvlevia sxvadasxva temperaturebze deformaciis 

sxvadasxva xarisxis da meTodis gavlena fazur aRnagobaze da 

fazur gardaqmnebze Ti-Ta da Ti -Nb binarul da maT fuZeze 

Seqmnil β-izomorfuli elementebiT legirebul SenadnebSi. aseve 

gamosakvlevia Senadnebis Termuli mdgradoba sxvadasxva 

Termomeqanikuri damuSavebis dros. 

gamokvleuli unda iqnes Senadnobis meqanikuri Tvisebebi 

(aRniSnul temperaturul intervalSi), ganpirobebuli 

deformaciuli martensituli gardaqmnis mimdinareobiT. 

dadgindes deformaciis roli β↔α ′′  da ‘maRaltemperaturuli” 

gardaqmnis formirebaSi. dadgindes mocemul SenadnebSi am 

gardaqmnebis roli formis maxsovrobis da zedrekadobis 

efeqtebis formirebaSi. dadgindes am Tvisebebis formirebis 

kanonzomierebebi. 
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ganisazRvros zedrekadobis gamovlinebis koncentraciuli, 

temperaturuli da deformaciuli intervali. ganisazRvros 

zedrekadi deformaciis sididis gaumjobesebis gzebi. 

ganisazRvros sxvadasxva sawyisi struqturuli 

Semadgenlobis SenadnebSi Termomeqanikuri damuSavebis gavlena, 

zedrekadobis da formis maxsovrobis efeqtis formirebaze. 

ganisazRvros β↔α ′′  Sebrunebuli gardaqmnis dros 

generirebuli reaqtiuli Zabvis mniSvneloba. 

Senadnebi unda Sefasdnen maqsimaluri deformaciis 

aRdgeniT formis maxsovrobis efeqtis da zedrekaduli qcevis 

dros. 

Seswavlili unda iqnes wyalbadis gavlena Senadnebis 

Termomeqanikur Tvisebebze da martensituli gardaqmnis 

temperaturaze. 

 

2222.2. Senadnebis miReba .2. Senadnebis miReba .2. Senadnebis miReba .2. Senadnebis miReba     da winaswari da winaswari da winaswari da winaswari         

TerTerTerTermmmmomeqomeqomeqomeqaaaanikuri damuSavebanikuri damuSavebanikuri damuSavebanikuri damuSaveba        

    

Senadnebi miRebul iqna ori meTodiT: 

_ eleqtronul sxivuri dnobiT. 

_ argonis atmosferoSi uxarjavi volframis eleqtrodiT 

rkaluri dnobiT. 

Ti-Ta  Senadnebi (kazmSi) Ta-is SemcvelobiT 28,33,48,53,57,60 

won% da Ti-Nb Senadnebi (kazmSi) Nb-is SemcvelobiT 15,20,30,33,40 

won% miRebuli iyo pirveli meTodiT. Cvens xelT arsebuli 

eleqtronul-sxivuri dnobis danadgaris teqnikuri SezRudvebis 

gamo calkeuli Senadnis masa ar aRemateboda 50 gr. dnoba 

mimdinareobda 10_4 mm. vercx.wy. sv. vakuumis pirobebSi. Senadnis 

maqsimaluri erTgvarovnebis misaRwevad xdeboda zodebis 4-5 

jeradi gadadnoba da Semdeg homogenuri gamowva 10000C-ze 50 

saaTis ganmavlobaSi. zodebi iWedeboda da cxeli glinvis 

meTodiT 9000C temperaturaze mzaddeboda 3÷5mm sisqis firfitebi. 
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zRvrulad aramdgradi da masTan axlos myofi 

mdgomareobiT, Senadnebi, gamoTvlili malegirebeli elementebis 

koncentraciiT, mzaddeboda uxarjavi volframis eleqtrodiT 

rkaluri dnobiT argonis areSi. dakvirvebis Sedegebi, miRebuli 

pirveli meTodiT gamomdnari partiis SenadnebSi, 

gaTvaliswinebuli iyo meore meTodiT miRebuli Senadnebis 

Semadgenlobis da koncentraciis koreqtirebisas. 

samuSaos Sesasruleblad Seqmnili da gamokvleuli iyo 

Semdegi sistemis Senadnebi : Ti-Ta; Ti-Nb, Ti-Ta-Zr, Ti-Nb-Zr, Ti-Ta-Mo, 

Ti-Ta-V, Ti-Nb-Mo, Ti-Nb-V, Ti-Nb-Mo-V, Ti-Ta-Mo-V, Ti-Ta-Mo-V-Zr, Ti-Nb-

Mo-V-Zr. elementebis procentuli Semadgenloba (won%) moyvanilia 

cxrilSi 6. 

 

cxrili 6 

komponentebis Semcveloba won% 
Ti Nb Ta Mo V Zr O N H 
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ni
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- 44,08 - - 5,96 

0,
11
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26,08 4,0 - - 6,95 

 
Senadnebis komponenturi Semadgenloba (won%). 
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TiToeuli Senadnis masa iyo 0.5kg. malegirebeli 

elementebis koncentraciuli Semcveloba sam da oTx 

komponentian SenadnSi irCeoda malegirebeli elementebis 

proporciiT 1:1  da iseTi raodenobiT, romelic uzrunvelyofda 

β-fazis stabilurobis pirobiTi koeficientis mniSvnelobas Kβ=1 

qimiuri Semadgenlobis gasaSualeba xdeboda zodebis  4-

jeradi gadadnobiT Semdegi teqnologiiT: Senadnis dnobisaTvis 

saWiro sawyisi komponentebi iglineboda 1,5-1,6 mm sisqeze da 

eqvemdebareboda qimiur mowamvlas. kazmis awonili masala 

eqvemdebareboda ormag gadadnobas zodis gadatrialebiT. Semdeg 

etapze zodi civi deformaciiT imsxvreoda da orjer xdeboda 

misi gadadnoba. cxeli glinvis  meTodiT 900-9500C zodebs 

sabolood aZlevdnen firfitebis formas sisqiT 3 da 5 mm, 

siganiT 25 mm da sigrZiT 250 mm. 

qimiuri analizis, plazmuri speqtrometris (malegirebeli 

komponentebis gansazRvrisaTvis) da LECO gazuri analizatoris 

monacemebis mixedviT Senadnebis qimiuri Semadgenloba moyvanilia 

cxr. 6  

Semdgomi Termomeqanikuri gamocdebisaTvis da Senadnebis 

fizikuri Tvisebebis gamosakvlevad Senadnebi iWreboda brtyel-

paralelur nimuSebad zomiT 5X10X100 mm da 3X10X100mm. Wra 

mimdinareobda eleqtroeroziul danadgarze, rac gamoricxavda 

meqanikuri Zabvebis warmoqmnas nimuSebSi. Semdgom xdeboda 

gaSlifva abraziuli diskiT wyliT gacivebis qveS.  

gaSlifvis dros Setanili defeqtebis gamo nimuSebs 

utardeboda homogenizacia 800-9000C–ze 0,5-1saaTis ganmavlobaSi. 

rentgenostruqturuli gamokvlevisaTvis  nimuSebis zedapiruli 

fena iwamleboda titanis SenadnobebisaTvis standartuli 

xsnariT: erTi wili HF-is 40% xsnari da sami wili HNO3  

(simkvriviT 1,4 g/sm3).  

Senadnebis gamzadebuli nimuSebi Termul damuSvebas 

ganicdidnen sxvadasxva temperaturaze wrTobiT iseTi fazuri 
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Semadgenlobis misaRebad, rodesac yvelaze srulad mimdinareobs 

deformaciuli martensituli gardaqmna. 

 

2.3.    kalorimetriulikalorimetriulikalorimetriulikalorimetriuli    dadadada    diferencialuri diferencialuri diferencialuri diferencialuri     

Termuli analizis Termuli analizis Termuli analizis Termuli analizis meTodimeTodimeTodimeTodi    

    

gamosakvlevi Senadnebis nawrTobi nimuSebis sawyisi fazuri 

Semadgenlobis gansazRvraSi did rols TamaSobs nimuSSi fazuri 

gardaqmnebis analizi gaxureba-gacivebis procesSi. nimuSSi 

gardaqmnis mimdinareobas Tan axlavs Sinagani energiis zrda an 

Semcireba, rac gamoxatulebas poulobs nimuSis temperaturis 

cvlilebaSi. kvlevis dros gamoiyeneboda saqarTvelos 

mecnierebaTa akademiis fizikis institutSi arsebuli franguli 

warmoebis kalorimetriuli danadgari TGDS-111 temperaturis 

gazomvis sizustiT 1%. danadgari uzrunvelyofda gaxurebis 

temperaturis da gaxurebis siCqaris cvlilebas farTo 

intervalSi. 

nimuSSi gardaqmnis mimdinareobis suraTis warmosaCenad 

gamokvleva warmoebda diferencialuri Termuli analizis 

danadgarze. 

temperaturis gamzomi Termowyvili uSualod iyo 

SeerTebuli TviTmweris momWerebTan, romlis mgrZnobiaroba 

saSualebas gvaZlevda dagvefiqsirebina temperaturis intervali 

oTaxis temperaturidan 8000C temperaturamde. 

diferencialurad SeerTebuli Termowyvilebis wredSi 

induqciuri kavSiriT CarTuli iyo droiTi impulsebis 

generatori, romlebic grafikze iZleoda impulsebis Sesabamis 

wertilebs, rac saSualebas gvaZlevda gangvesazRvra nimuSis 

gaxurebis siCqare gaxurebis nebismier monakveTSi. cda 

mimdinareobda Semdegi TanamimdevrobiT: mas Semdeg, rac 

Termowyvilebi Tavsdeboda keramikis RerebSi, xdeboda maTi 

Semowmeba titanis erTnairi etalonuri nimuSebiT. gaxureba-

gacivebis ciklis Semdeg erT-erTi nimuSis adgilze Tavsdeboda 
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gamosakvlevi Senadnis nimuSi da winaswar dasaxuli siCqariT 

xdeboda garkveul temperaturamde gaxureba. gaxurebis Sedegad 

temperaturis cvlilebis siCqare da nimuSSi momxdari fazuri 

gardaqmnis mimdinareoba aisaxeboda grafikze. 

rac Seexeba gacivebis process, is SeiZleba momxdariyo, 

rogorc regulatoris meSveobiT, ise gamorTuli an moxsnili 

Rumelis SemTxvevaSi. 

diferencialuri Termuli analiziT miRebuli Sedegebi 

srul TanxmobaSia eleqtrowinaRobis temperaturul 

damokidebulebasTan da kalorimetriuli meTodiT gansazRvrul 

kuTri siTbotevadobis cvlilebasTan.  

 

2.4.    eleqtrowinaRobis temperaturaze damokidebulebis eleqtrowinaRobis temperaturaze damokidebulebis eleqtrowinaRobis temperaturaze damokidebulebis eleqtrowinaRobis temperaturaze damokidebulebis 

gansazRvris gansazRvris gansazRvris gansazRvris meTodimeTodimeTodimeTodi    

    

Termomeqanikurad damuSavebuli Senadnobis gaxureba-

gacivebis procesSi fazuri Semadgenlobis cvlilebis 

procesebis TvalsaCinod warmosadgenad kalorimetriis da  

diferencialuri Termuli analizis meTodTan erTad gamoiyeneba 

nimuSis eleqtrowinaRobis temperaturaze damokidebulebis 

Seswavlis meTodebi. 

winaRobis gazomva xorcieldeboda Semdegi meTodiT. mudmivi 

stabilizirebuli denis wyarodan deni nimuSs miewodeboda 

spilenZis eleqtrodebiT. 

 eleqtrodebi nimuSze magrdeboda wertilovani SeduRebiT, 

rac gamoricxavda cdis procesSi kontaqtis darRvevas. 

Termowyvili moTavsebuli iyo uSualod nimuSis gverdiT. 

Zabvis mosaxsneli eleqtrodebis wredSi induqciurad 

CarTuli iyo droiTi impulsebis generatori, romlis impulsebi 

gviCvenebda gaxurebis siCqares gazomvis Sedegad miRebul 

grafikze. 

imis gamo, rom nimuSze damagrebul eleqtrodebs Soris ar 

iyo mudmivi daSoreba da nimuSis kuTri winaRoba damokidebuli 
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iyo nimuSis qimiur Semadgenlobaze. amitom yoveli cdis dros 

izomeboda nimuSSi gamavali deni da nimuSze momxdari Zabvis 

vardnis meSveobiT izomeboda nimuSis sawyisi winaRoba 

formuliT:   
I

U
R =                      [2.4.1.] 

da Semdgom TviTmweriT miRebuli grafikis meSveobiT 

xdeboda misi raodenobrivi cvlilebis analizi. 

 

2.5.    nimuSebis deformacia gasaWim danadgarzenimuSebis deformacia gasaWim danadgarzenimuSebis deformacia gasaWim danadgarzenimuSebis deformacia gasaWim danadgarze    

    da dilatometriada dilatometriada dilatometriada dilatometria    

 

formis maxsovrobis efeqtis kvlevis dros didi mniSvneloba 

eniWeba gaWimvis Sedegad miRebuli deformaciis sididis 

gansazRvras da narCeni deformaciis aRdgenis xarisxs. aqedan 

gamomdinare xdeboda Termomeqanikurad damuSavebuli nimuSebis 

deformacia gaWimviT da Semdgom maTi formis aRdgenis 

temperaturuli damokidebulebis Seswavla dilatometris 

saSualebiT. 

Termomeqanikurad damuSavebul nimuSebs eZleodaT 

standartuli forma safrezero da eleqtronaperwklur Carxze 

damuSavebiT. gamoyenebuli iyo ori formis nimuSi. erTs hqonda 

hantelisebri forma, boloebSi gamWimavi danadgaris samagrebis 

gasayreli xvrelebiT. meore SemTxvevaSi nimuSs hqonda Reris 

forma, romelic danadgarSi magrdeboda specialuri 

maRaltemperaturiani damWerebis saSualebiT. orive SemTxvevaSi 

nimuSis muSa nawilis kveTi iyo 3X3 milimetri. 

deformaciis win nimuSs 8÷9mm daSorebiT ukeTdeboda 

xazovani Wdeebi, romelTa Soris zusti manZili izomeboda 

optikuri mikrometriT. SemdgomSi nimuSi magrdeboda gamWimavi 

danadgaris INSTRON-1115 damWerebSi. 

dilatometruli gamokvleva gulisxmobs temperaturis 

cvlilebaze masalis xazovani zomis damokidebulebis Seswavlas. 

imis gamo, rom nimuSebis zomebi ar aRemateboda 8÷9mm-s 
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dilatometris gamzomi nawili unda yofiliyo Zalian 

mgrZnobiare, rasac ver akmayofilebda meqanikuri da induqciuri 

dilatometrebis parametrebi, ris gamoc deformirebuli 

nimuSebis formacvlilebis Seswavla moxda diferencialuri 

tevaduri dilatometriT, romelic uzrunvelyofda temperaturis 

gazomvas 5%-is sizustiT da deformirebuli nimuSis formis 

aRdgenis registracias 2%-is sizustiT. 

gazomva tardeba Semdegi TanmimdevrobiT: 8÷9mm zomis 3X3mm 

kveTis nimuSi Tavsdeba kvarcis milSi, kvarcis Reris qveS. 

mikrometruli xraxnis meSveobiT gamzomi sistema mogvyavs 

wonasworul mdgomareobaSi. Semdgom kvarcis mils garedan 

vamagrebT uJangavi foladis cilindrs da vaxdenT 

eleqtroRumelis CarTvas, Zabvis regulatoriT, romelic axdens 

gaxurebis siCqaris da temperaturis regulirebas. Termowyvili 

Tavsdeba kvarcis milSi uSualod nimuSis gverdiT. 

saWiro temperaturis miRwevis Semdeg iTiSeba regulatori 

da ixsneba eleqtroRumeli. gamomdinare kvlevis miznebidan 

SesaZlebelia ciklirebis Catareba miTiTebul temperaturaze. 

 

2.6.    nimuSebis grexviTi deformaciiTnimuSebis grexviTi deformaciiTnimuSebis grexviTi deformaciiTnimuSebis grexviTi deformaciiT 

gamocda da zedrekadobis Seswavlagamocda da zedrekadobis Seswavlagamocda da zedrekadobis Seswavlagamocda da zedrekadobis Seswavla 

 

rentgenografiuli da diferencialuri Termuli analizis 

Catarebis Semdgom aRmoCnda, rom gaxurebis dabali siCqare, 

maRal temperaturaze didi xniT dayovneba, damRupvelad 

moqmedebs formis maxsovrobis efeqtis mimdinareobaze.  

yovelive amis gaTvaliswinebiT saWiro gaxda iseTi kvlevebis 

Catareba, romelic uzrunvelyofda Senadnis nimuSis gaxurebis 

did siCqares da amave dros dagrovili deformaciis da 

aRdgenili deformaciis momentalur registracias. 

grexviTi deformaciis danadgari warmoadgens masiur 

sadgars, romelzec burTulsakisrebis meSveobiT TanaRerZulad 

damagrebulia ori mbrunavi doli. TiToeul dolSi dolisgan 
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izolirebulad damagrebulia cangiani damWeri, romlebTanac 

mierTebulia eleqtrosadenebi, romlebic meqanikur 

winaaRmdegobas ar uweven dolebis brunvas. mbrunav dolebs 

gaaCniaT uZravad dafiqsirebis meqanizmi. erT-erT dols aqvs 3600-

iani mobrunebis kuTxis ganmsazRvreli Skala, romelic 

dakavSirebulia sruli brunvis mqone eleqtrowinaRobasTan, 

romelic uzrunvelyofs brunvis kuTxis gardaqmnas ZabvaSi, 

romlis registracia xdeba TviTmweris meSveobiT.  

nimuSi danadgarSi magrdeboda cangebis saSualebiT. 

wertilovani SeduRebiT uSualod nimuSze xdeboda 

Termowyvilis damagreba. Termowyvilidan moxsnili Zabva 

registrirdeboda cifruli voltmetriT da gadaecemoda 

TviTmwers, romelic axdenda nimuSis temperaturis momentalur 

registracias. 

nimuSis maRali kuTri winaRoba saSualebas gvaZlevda misi 

gaxureba mogvexdina uSualod eleqtruli denis saSualebiT, 

romelic miiReboda Zabvis regulirebis xelsawyosTan 

mierTebuli damadablebeli tarnsformatoris meSveobiT. 

Zabvis regulatori saSualebas gvaZlevda mogvexdina 

gaxurebis siCqaris regulireba erTeuli 0C/wamidan aseul 

0C/wamamde. 

3600-iani Skalis dolTan dakavSirebuli iyo nimuSis 

deformaciis meqanizmi. uSualod dolze arsebul RarSi 

daxveuli iyo ramdenime xvia uWimadi da rbili Zafis, romlis 

meore boloc mimagrebuli iyo sakidze, romelsac xdeboda 

tvirTebis damagreba. tvirTis moZraoba xdeboda specialuri 

liftis meSveobiT. dolis mobrunebis kuTxe fiqsirdeboda kvebis 

wyaroSi CarTuli winaRobiT, romlidanac wamosuli signali 

fiqsirdeboda TviTmwerze. kvebis wyaros Zabva, winaRobis sidide 

da TviTmweris mgrZnobiaroba ise iyo SerCeuli, rom mobrunebis 

kuTxe 100-iT Seesabameboda TviTmweris 1mV mniSvnelobas. 

grexviTi deformaciis danadgari saSualebas gvaZlevda 

Cagvetarebina nimuSebisTvis Semdegi saxis gamocdebi: grexviTi 
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deformacia dasaxuli sqemis mixedviT, aseve specialuri damWeris 

gamoyenebiT mogvexdina nimuSis deformacia RunviT. 

garkveuli samuSaoebis Catarebis Semdeg danadgars SeeZlo 

aseve moexdina deformaciis Semdgom gaxurebis dros 

warmoqmnili reaqtiuli Zabvebis registracia. tenzometruli 

gadamwodis signali gadaecemoda gamaZlierebels, romlidanac 

miRebuli signali registrirdeboda TviTmweriT. 

deformaciis danadgari saSualebas iZleoda gamosakvlevi 

Senadnis nimuSi (zomiT 1,2X1,2X5mm) denis meSveobiT gagvexurebina 

Td temperaturamde. arCeuli tvirTis liftiT qveviT CamoweviT 

xdeboda nimuSis datvirTva da denis gamorTva. gacivebis da 

deformaciis Semdgom xdeboda nimuSis xelaxali gaxureba 

(tvirTiT an tvirTis gareSe) da Termociklireba. analogiuri 

sqemiT mimdinareobda Runvis deformaciaze nimuSis gamocda. 

reaqtiuli Zabvis gasazomad nimuSi deformirdeboda 

aRniSnuli meTodiT. Semdeg xdeboda meore dolis 

ganTavisufleba tenzometris damagreba sadgarze da tvirTiT 

gamowveuli Zabvis dafiqsireba. Semdgom  tvirTi liftis 

meSveobiT iweoda zeviT. fiqsirdeboda ganTavisuflebuli doli 

da xdeboda nimuSis gaxureba. tenzometridan wamosuli 

gaZlierebuli signali da temperatura fiqsirdeboda 

TviTmweriT. 

 Senadnebis nimuSebis zedrekaduli qcevis Sesaswavlad 

grexviTi deformaciis xelsawyoze magrdeboda reversuli Zravi 

reduqtoriT. gazomva tardeboda Semdgomi meTodiT: nimuSis 

cangebSi Camagrebis Semdeg xdeboda mbrunavi dolebis 

ganTavisufleba, tenzometriT xdeboda nimuSze momqmedi Zalis 

dafiqsireba TviTmweris meSveobiT. Semdeg tvirTi ixsneboda da 

xdeboda datvirTvis meqanizmis gadarTva reduqtorze. 

reduqtoris meSveobiT xdeboda nimuSis TandaTanobiTi 

datvirTva, ris Sedegadac nimuSi ganicdida grexviT 

deformacias, romelic cvladi rezistoris meSveobiT 

gadaecemoda TviTmweris momWerebs.  
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saWiro deformaciis miRwevis Semdeg xdeboda Zravis 

reversul reJimze CarTva da nimuSis gantvirTva. zedrekaduli 

reJimis misaRwevad nimuSebis umetesobas esaWiroeboda ramodenime 

ciklis Catareba. 

datvirTva-gantvirTvis ciklis Catareba SesaZlebeli iyo, 

rogorc oTaxis temperaturaze, aseve eleqtrodeniT an RumeliT 

gaxurebuli nimuSis SemTxvevaSi. 

 

2.7.    Sinagani xaxunis gazomvis meTodebiSinagani xaxunis gazomvis meTodebiSinagani xaxunis gazomvis meTodebiSinagani xaxunis gazomvis meTodebi    

 

aradrekadi movlenebis kvlevis meTodebi SeiZleba daiyos 

ramodenime jgufad maTi gamoyenebis mixedviT. am meTodebis 

gamoyenebis sixSiruli intervali iwyeba 10_5 hc-dan da mTavrdeba 

100mhc-iT. atomebis migraciasTan dakavSirebuli relaqsaciebi 

Seiswavleba daaxloebiT 1khc-dan da ufro dabal sixSireebze. 

aseTi sixSireebis dros relaqsaciis pikebi daikvirveba 

xelsayrel temperaturul intervalSi. maRalsixSiruli 

meTodebi (>1mhc) gamoiyeneba dislokaciebis, fononebis da 

eleqtonebis dinamikis Sesaswavlad, romlebsac axasiaTebT mcire 

droiTi relaqsaciebi. 

rezonansuli meTodebi iyofa or jgufad: qanqaris da 

rezonansuli Reris meTodad. grexviTi qanqaris meTodSi nimuSs 

emateba didi gare inercia sistemisTvis erTi efeqturi 

Tavisuflebis xarisxis miniWebis mizniT da SedarebiT dabali 

(Cveulebriv <100hc) sakuTari sixSiris misaRebad. nimuSebi 

mzaddeboda wvrili mavrTulis an zolebis saxiT. 

rezonansuli Reris meTodis SemTxvevaSi ZiriTadi 

sixSireebi da ufro maRali harmonikebi, romlebzedac aRigzneba 

nimuSi, mdebareobs 1÷100khc sazRvrebSi. Cveulebriv nimuSebs aqvT 

marTkuTxa kveTis Zelis saxe. damagreba xorcieldeba imgvarad, 

rom uzrunvelyofili iyos energiis minimaluri danakargi. am 

SemTxvevaSi nimuSi aris erTtalRiani vibratori, Tumca xSirad 
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iyeneben nimuSebs, damagrebuls erTi boloTi, romlebSic 

aRiZvreba meoTxedtalRiani rxeviTi moda. aseT meTods gaaCnia 

rigi upiratesoba, imdenad, ramdenadac nimuSebi SeiZleba 

damzaddes miniaturuli firfitebis saxiT, mosaxerxebeli 

danadgarSi Casamagreblad, ufro advilad xdeba gaxureba  

gamaxurebelTan kargi kontaqtis da temperaturuli gradientis 

ar arsebobis gamo.  

mocemuli samuSaos Sesrulebisas gamoyenebuli iqna rxevebis 

agznebis da deteqtirebis eleqtrostatikuri meTodi, romlis 

drosac gamoiyeneba tevaduri kavSiri nimuSsa da eleqtrods 

Soris, romelic ganTavsebulia nimuSis zedapiris maxloblad. 

Sinagani xaxunis gazomvis maRalsixSiruli meTodiSinagani xaxunis gazomvis maRalsixSiruli meTodiSinagani xaxunis gazomvis maRalsixSiruli meTodiSinagani xaxunis gazomvis maRalsixSiruli meTodi....    Sinagani 

xaxunis gasazomad gamoyenebuli iqna danadgari, romlis 

moqmedebis principi emyareba RunviTi rxevebis aRZvras marTkuTxa 

firfitis formis nimuSSi eleqtrostatikuri meTodiT.  

eleqtronulgadamTvleli sixSirmzomiT xdeboda mimRebis 

gamomavali signalis sixSiris zusti gazomva, romelic emTxveva 

nimuSis rxevis sixSires. sixSiris gazomvis  sizuste aRwevs10-4%, 

nimuSis ωr sixSire 

                                                  ωr~MM(ωr)=[ Ι′ (ωr)]-1                              [2.7.1.] 

formulis Tanaxmad (M dinamiuri moduli) gvaZlevs 

drekadobis modulis fardobiTi cvlilebis mrudis agebis 

saSualebas. oscilografis saSualebiT xdeba mimRebidan 

gamomavali signalis da xmauris donis dakvirveba. milevis 

dekrementis gasazomad δ gamoiyeneba diferencialuri 

amplituduri diskriminatori mierTebuli gamaZlierebelTan, misi 

konstruqcia iseTia, rom mis gamosasvlelze Zabvis impulsebi 

(romlebic emTxveva nimuSis sixSires) formirdeba mxolod im 

SemTxvevaSi, rodesac mimRebis gamomavali signalis amplituda 

mdebareobs fiqsirebul zRvrul A1-dan A2-mde mniSvnelobebis 

intervalSi. ukukavSiris wredis gawyvetas mivyavarT nimuSis 



63 
 

rxevebis milevamde, romelTa ricxvs A1-dan A2-mde amplitudebs 

Soris afiqsirebs impulsebis mTvleli. 

zogad SemTxvevaSi Sinagani xaxuni gamoiTvleba formuliT 

                                                     Q-1= )A/Aln(
1

1nn +π
=

π
δ

                        [2.7.2.] 

sadac nA  da 1nA +  ori erTmaneTis momdevno rxevis 

amplitudaa Tavisuflad milevad vibratorSi. savaraudo 

amplitudadamoukidebeli rxevis milevis SemTxvevaSi SeiZleba 

davweroT  

                                                    Q-1 )A/Aln(
N
1

21π
=                                 [2.7.3.] 

sadac N – nimuSis rxevaTa ricxvia  A1 dan A2-mde amplitudis 

Semcirebis dros. Cveni gazomvebis dros diskriminatoris 

sazRvrebi dgeboda ise, rom sruldeboda piroba A1 /A2=2, amitom 

Sinagani xaxuni Q-1 gamoiTvleboda formuliT:  

                                       Q-1 
N

221.0

N

2ln
=

π
=                                         [2.7.4.] 

Sinagani xaxunis am meTodiT registraciis dros cdomileba 

iyo ~2% Q-1>10-3÷10-5 intervalSi da ~5% Q-1>10-3. es 

ganpirobebulia gare akustikuri xmauriT da aseve “sazRvrebis” 

regulirebis sizustiT diskriminatoris CarTvisas. 

rig SemTxvevebSi mosaxerxebelia Sinagani xaxunis gazomvis 

meTodi Semdegi Tanafardobis gamoyenebiT. 

                                       Q-1=Φ= 2
0

0

mX
f

rω
=                                        [2.7.5.] 

sadac f0 aris rxevis gamomwvevi Zalis amplituda, X0-nimuSis 

rxevis amplituda, ωr rezonansuli sixSire, m-nimuSis masa. 

eleqtrodis mxridan momqmedi Zala nimuSze, proporciulia 

eleqtrodze Zabvis kvadratis, xolo Zabva iqmneba mudmivi 

mapolarizebeli U0, mowodebuli calke stabilizirebuli kvebis 

wyarodan da sinusoidaluri U~sin trω  Zabvidan, mowodebuli 

gamaZliereblis mier. amitom  



64 
 

                                                     f0∝  (U0+ U~sin trω )2                                     [2.7.6.] 

aqedan  Zalis amplitudisaTvis Cans, rom  

                                                       f0∝  U0 U~                                                           [2.7.7.] 

amitom                     Q-1∝
X

U0     U~ =KU~                                         [2.7.8.] 

sadac К-mudmivi koeficientia. Sesabamisad U0-is da X0-is. 

mudmivobis dros Sinagani xaxuni Q-1 proporciulia aRmgznebi 

Zabvis amplitudis. amgvarad nimuSis rxevis amplitudis 

mudmivobis SenarCunebiT, Sinagani xaxuni Q-1 SeiZleba gaizomos 

cvladi Zabvis voltmetriT. 

dabalsixSiriani grexviTi qanqariT SinaganidabalsixSiriani grexviTi qanqariT SinaganidabalsixSiriani grexviTi qanqariT SinaganidabalsixSiriani grexviTi qanqariT Sinagani    xaxunis xaxunis xaxunis xaxunis 

gazomvis meTodi.gazomvis meTodi.gazomvis meTodi.gazomvis meTodi. dabalsixSiriani grexviTi qanqariT Sinagani 

xaxunis gasazomi danadgarSi nimuSi zomiT 20mmX2mmX0,3mm erTi 

boloTi magrdeboda Stativze moTavsebul damWerSi, mas qvemodan 

eWireboda canga tvirTiani ReriT da sarkiT. 

magnituri koWiT xdeboda qanqaris rxeviT moZraobaSi 

moyvana. am dros qanqaraze damagrebul sarkeSi areklili 

lazeris sxivi qanqarisgan mocilebul ekranze axdenda rkalis 

Semoweras. rkalis sibrtyeSi ganlagebuli iyo ori fotomimRebi, 

romelTagan erTi axdenda rxevebis raodenobis dafiqsirebas, 

xolo meore fotomimRebi iwvevda mTvleli sistemis sawyis 

mdgomareobaSi dabrunebas. amplitudis naxevrad milevis 

Sesabamisi rxevaTa ricxvi aisaxeboda sixSirmzomis Skalaze. 

regulatoris meSveobiT xdeboda Rumelis temperaturis 

safexurebrivi cvlileba da TiToeul safexurze xdeboda 

Sinagani xaxunis gazomva formuliT [2.7.4.]. 

gazomili Sinagani xaxunis da Sesabamisi temperaturis 

mniSvnelobiT igeba Q-1 -temperaturis damokidebulebis grafiki. 
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Tavi 3Tavi 3Tavi 3Tavi 3....    kvlevis Sedegebi da maTi gansjakvlevis Sedegebi da maTi gansjakvlevis Sedegebi da maTi gansjakvlevis Sedegebi da maTi gansja    

 

3.13.13.13.1. . . . Ti-Ta da da da da Ti-Nb    sistemis binaruli dasistemis binaruli dasistemis binaruli dasistemis binaruli da    

    mravalkomponentiani Senadnebis Seswavla.mravalkomponentiani Senadnebis Seswavla.mravalkomponentiani Senadnebis Seswavla.mravalkomponentiani Senadnebis Seswavla.    

    

sawyisi mdgomareobis fazuri rentgenostruqturuli 

analizi tardeboda rentgenul difraqtometrze ДРОН-УМ Cu–is 

anodiani milakiT Kα gamosxivebiT. 

sawyisi fazuri mikrostruqtura iqmneboda 900-12000C 

temperaturaze 0,5 saaTis dayovnebis Semdeg wyalSi wrTobiT. am 

sawyis mdgomareobas viTvaliswinebdiT Senadnebis Semdgomi 

damuSavebis dros temperaturis da dayovnebis xangrZlivobis 

SesarCevad. 

rentgenografiulma fazurma analizma aCvena, rom 

komponenturi Semadgenlobis da koncentraciis gaTvaliswinebiT 

fiqsirdeboda mikrostruqturebis sami tipi: 

α ′′ -orTorombuli metastabiluri martensiti, α ′′ daβ-

austentinis mcire raodenoba da Sereuli  β+α ′′ -struqtura. 

mikrostruqtura mniSvnelovan gavlenas axdenda Senadnebis 

deformaciis procesze. Sedegebi moyvanilia cxrilSi 7. 

cxrili 7 

Ti-25,9Nb Ti-29,8Nb Ti-33Nb Ti-43,2Ta 
α′′+(β) α′′+β α′′+β α′′+((β)) 
Ti-50,1Ta Ti-59,8Ta Ti-47 Ta-3Zr Ti-44Ta-6Zr 
α′′+(β) α′′+β α′′+β α′′+β 
Ti-50Ta-3Zr Ti-50Ta-6Zr Ti-Ta-Mo-V Ti-Nb-Mo-V 
α′′+β α′′+β α′′+β+(ω) α′′+β+(ω) 
Ti-Ta-Mo Ti-Ta-V Ti-Nb-Mo Ti-Nb-V 
α′′+β β+ω α′′+β β+ω 
Ti-Nb-Zr Ti-Nb-Ta-Zr Ti-Ta-Mo-V-2Zr Ti-Ta-Mo-V-4Zr 
α′′+β α′′+β β+ω β+ω 
Ti-Nb-Mo-V-2Zr Ti-Nb-Mo-V-4Zr   
β+ω β+ω   

 

fazuri Semadgenlobis damokidebuleba komponentur Semadgenlobaze 
da komponentebis koncentraciaze. 
 

formis maxsovrobis efeqtis parametrebis SedarebiTma 

stabilurobam, romelic dadginda Catarebuli kvlevebis dros, 
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Senadnebis unarma aRedginaT Tvisebebi maRal temperaturamde 

xanmokle gaxurebiT, gamoiwvia maRaltemperaturuli 

rentgenografiuli fazuri analizis Catarebis aucilebloba. 

yvela im rentgenuli difraqciuli maqsimumebis (pikebis) 

kompleqtis gadaRebis dro, romlebsac unda daexasiaTebinaT 

fazis kristaluri meseri, Seadgenda daaxloebiT 60 wuTs. am 

drois ganmavlobaSi, Tu `gadasaRebi” faza arastabiluria, maRal 

temperaturaze mas SeuZlia ganicados gardaqmna da gadaRebisas 

bolo pikebi SeiZleba aRmoCndes fazis axali mdgomareobis an 

sulac sxva fazis gardaqmnis produqti. aseTi struqturis 

gaSifvra Zalian aris gaZnelebuli.  

gadaRebis temperatura SeirCeoda Senadnis diferencialuri 

Termuli analizis monacemebis mixedviT.  

erTi temperaturidan meorisaken gadasvla xorcieldeboda 

an oTaxis temperaturamde  gacivebiT, an uSualod Sualeduri 

gacivebis gareSe. am SemTxvevaSi gadaRebis eqspoziciis saerTo 

dro yvela arCeuli temperaturisaTvis Seadgenda 6÷10 saaTs. 

aSkaraa, rom Senadnis aseTi mravalsaaTiani dayovneba maRal 

temperaturaze arsebiT gavlenas axdenda martensituli 

gardaqmnis dasrulebaze. 

gadaRebis aseTi Tanamimdevrobis dros fazuri gardaqmnebis 

SesaZlebloba izrdeboda. gardaqmnebis mTeli dinamikis 

dafiqsirebis SeuZleblobis miuxedavad, fazuri gardaqmnebis 

zogadi suraTi rCeboda sarwmuno. 

aseTi midgomis aucilebloba imdenad iyo mniSvnelovani, 

ramdenadac formis maxsovrobis efeqtis gamocdisas grexvaze da 

Runvaze nimuSis temperaturis cvlilebis dro ganisazRvreboda 

ramodenime wuTiT da zog SemTxvevaSi wamebiTac ki. 

mniSvnelovani siCqariT mimdinareobda agreTve diferencialuri 

Termuli analizi 500C wuTSi. 

grexvis deformaciis temperaturamde nimuSis gaxurebis dro 

Seadgenda 5-10 wm. 
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rentgenografiuli kvlevebis Tavdapirveli mizani iyo im 

fazuri gardaqmnebis identifikacia, romlebsac diferencialuri 

Termuli analizis mrudebze Seesabameboda ori endoTermuli da 

erTi egzoTermuli efeqti. am efeqtebis sidideebi SeTanxmebulad 

icvlebodnen diferencialuri Termuli analizis dros 

temperaturis ciklirebiT. 

Catarebulma analizma daadgina SenadnebSi fazuri 

gardaqmnebis xasiaTi da Tanmimdevroba. SedarebiT rTuli 

xasiaTi hqonda gardaqmnebs kritikuli Semadgenlobis SenadnebSi 

(Kβ=1): Ti- 50,l Ta  da Ti – 29.8Nb. 

maRaltemperaturuli rentgenografiuli gadaRebis  

monacemebma cxadad aCvena, rom `dabaltemperaturuli~ efeqti 

dakavSirebulia β→α′′  gardaqmnasTan. temperaturis gazrda (Af-ze 

maRla) iwvevda rentgenuli difraqciuli pikebis ganrTxmas. is 

narCundeboda nimuSis gaciebis Semdeg oTaxis temperaturamde da 

ganmeorebiTi gadaRebisas. Ti- 50,l Ta  Senadnis  SemTxvevaSi pikebis 

siganis gazrda narCundeboda igive temperaturaze ganmeorebiTi 

gadaRebisas. pikebis siganis gadidebis garda daikvirveboda maTi 

asimetriulobac. es gansakuTrebiT TvalSisacemi iyo  β-fazis 

pikebis SemTxvevaSi. aseTi efeqti miuTiTebda fazebis 

mdgomareobebSi cvlilebaze. difraqcia ar gamoyofda or β-fazas, 

romlebic SeiZleba warmoqmniliyvnen koncentraciuli 

ganSrevebis Sedegad. Tumca difraqtogramaze xdeboda 

martensituli fazis pikebis raodenobis zrda.  

gaSifvram gviCvena, rom isini momdinareobdnen α′′ -fazidan 

malegirebeli elementebis sxvadasxva koncentraciiT. Semdgomma 

dakvirvebebma daadastura Semdegi sqema. β-fazis ganSrevebas β1 

(gamdidrebuli malegirebeli elementebiT) da β2 (gaRaribebuli 

malegirebeli elementebiT) –fazebad, mivyavarT iqamde, rom 

maRal temperaturaze arastabiluri β2 faza gardaiqmneba axal 

martensitul fazad //
2α . zustad am fazis rentgenuli maqsimumebi 
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adideben  difraqciuli maqsimumebis saerTo ricxvs. amgvarad  

cikli gaxureba – gaciveba qmnis β1,  β2+ //
2α  struqturas. 

 

460 CO

390 CO

540 CO

34 35 36 37 38 39 40 2 , θ grad.

540 CO

460 CO

390 CO

20 CO

  
nax. 7 Senadni Ti-50,lTa. sxvadasxva temperaturaze gadaRebuli 

rentgenuli difraqtogramebis fragmentebi da diferencialuri 
Termuli analizis mrudebi.    

 

gaxureba //
2α -s gardaqmnis igive koncentraciis β1-fazaSi. 

malegirebeli elementebiT gamdidrebuli warmoqmnili β1-faza 

stabiluri iyo mRal temperaturaze, radgan Ms mniSvneloba 

mcirdeba Ta da Nb  Semcvelobis gazrdis SenadnSi. misi daSla ω-

fazis warmoqmniT SeiZleba ar moxdes temperaturis didi 

siCqariT cvlilebis gamo. es gansakuTrebiT exeba Ti-Ta  sistemis 

Senadnebs. ω- fazis  mcire raodenoba daikvirveboda Ti- 50,lTa 

Senadnis 4000C-ze 18-20saaTis dayovnebis Semdeg. 

rentgenografiuli monacemebi miuTiTebs imaze, rom 

diferencialuri Termuli analizis meore  endoTermuli 

maqsimumis  aris Sesabamisi temperaturis zeviT xdeba morigi  
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100 200 300 400 500 t, CO

2.78

2.86  

2.94
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3.10  
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3.29  

3.30  

3.31

 

nax. 8 Senadni Ti-29.8Nb.  martensituli α ′′  ( 3/b,aα ′′ )-fazis da 

β(a,b)-fazebis kristaluri mesris parametrebis temperaturuli 
damokidebuleba. 

 

ganSreveba βgaR-fazaSi. Senadnis gaciveba iwvevs pirdapir 

martensitul gardaqmnas βgaR α ′′→  diferencialuri Termuli 

analizis  mrudze es Seesabameba egzoTermul maqsimums. amgvarad 

cikli sruldeba SenadnSi βgam.+αgaR. fazuri struqturis 

CamoyalibebiT. diferencialuri Termuli analizis 
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mravaljeradi ciklireba imeorebs, anviTarebs am gardaqmnebis 

Tanmimdevrobas. amas mivyavarT β-fazis mniSvnelovan 

gamdidrebamde da gaRaribebadi α′′ fazis α′ -fazaSi permanentuli 

gardaqmnis SesaZleblobamde (nax.7). kristaluri mesris 

parametrebis etapobrivi cvlileba α′′  da β-fazebis magaliTze 

(erTi fazis gaRaribeba da meoris gamdidreba) demonstrirebulia  

nax. 8-ze. naxazze 9 naCvenebia martensituri gardaqmnis mTavari 

deformaciebis (ε1 da ε2)-is temperaturaze damokidebuleba. 

naxazze 8 aSkaraa mesris parametrebis Zlieri 

damokidebuleba temperaturisagan. As temperaturamde gaxurebis 

da gacivebis dros xdeba mesris parametrebis sruli aRdgena. 

erTdroulad (SenadnebSi T-50,lTa da Ti-29,8Nb) gardaqmnis mTavari 

deformaciis sidideebi Seuqcevadad mcirdeba. 

α′′ –fazis parametrebis analogiuri cvlileba 

(dakavSirebuli  fazis gaRaribebasTan) SenadnebSi Ti-43,2Ta da Ti- 

29,8Nb  naCvenebia nax. 10 da 11-ze. 

am naxazebze moyvanili Sedegebi miuTiTeben fazebis  daSlis 

procesis sxvadasxva intensivobaze. magaliTad SenadnSi Ti- 43,2 Ta    

martensituli  gardaqmnis temperaturis maRali mniSvnelobiT α′ 

da βgamd. fazis warmoqmna mTavrdeba 6500C-ze ramdenime saaTiani 

dayovnebiT. SenadnSi Ti- 29,8Nb 300 0C-ze mRal temperaturaze es 

procesi ufro naklebadaa gamoxatuli.  400 0C gaxurebisas es 

procesebi gaZlierebis nacvlad ufro neldeba. 

rentgenografiulad am temperaturaze daikvirveba ω-fazis mcire 

raodenoba (is ar Cans maRali temperaturebidan 4000C-mde 

gacivebisas). am fazis gaCena da gaqroba aisaxeba α ′′ –fazis mesris 

bα ′′
 parametris  araordinarul cvlilebaSi. is xdeba jer erTi 

imis gamo, rom ω-fazis arseboba praqtikulad xels uSlis 

α ′′→β martensitul gardaqmnas da xels uwyobs β-fazis 

stabilizacias. 

es orive procesi SeuZlebels xdis dabaltemperaturul 

formis maxsovrobis efeqtis ganxorcielebas. 
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nax. 9. α ′′↔β  martensituli gardaqmnis  mTavari deformaciebis (ε1 

da ε2)-temperaturuli damokidebuleba.  
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nax. 10. Senadni Ti-43,2Ta.  martensituli α ′′ –fazis kristaluri mesris 

parametrebis (aα ′′ 3/b )  temperaturuli damokidebuleba.. 
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nax. 11. Senadni Ti- 29,8 Nb.  martensituli α ′′ –fazis mesris 

parametrebis temperaturuli damokidebuleba. 
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titanis SenadnebSi Termodrekadi α ′′↔β  gardaqmnis 

arseboba dadasturebulia diferencialuri Termuli analizis 

da eleqtrowinaRobis temperaturaze damokidebulebis mrudebiT.  

10000C-dan nawrTob SenadnebSi Termodrekadi α ′′↔β pirdapiri da 

Sebrunebuli martensituli gadaqmnis dawyebis da damTavrebis 

temperaturebis dasadgenad Catarebuli iqna diferencialuri 

Termuli analizis da eleqtrowinaRobis temperaturaze 

damokidebulebis kvlevis seria. diferencialuri Termuli 

analizis dros etalonad gamoyenebuli iqna sufTa titani. aseTi 

kvlevebis Sedegebi titanis Nb da Ta binaruli da 

mravalkomponentiani SenadnebisTvis moyvanilia cxrilebSi 8 da 

9. isini miuTiTeben SenadnebSi struqturuli cvlilebis rTul 

xasiaTze. am cvlilebebs SeuZliaT mniSvnelovani gavlena 

iqonion Senadnebis aradrekad Tvisebebze. gardaqmnebis ZiriTadi 

kanonzomierebebi daikvirveba yvela gamokvleuli binaruli 

SenadnisTvis cxrilSi8. 

cxrilSi naTlad Cans nawrTob SenadnebSi gaxureba-gacivebis 

dros mimdinare procesebis kanonzomierebi. efeqtebis 

maqsimaluri gamomJRavnebisTvis Termomeqanikuri damuSavebis 

eqsperimentuli SerCevisas, aseTi gardaqmnebis detaluri 

gaSifvris gareSec, es mrudebi SeiZleba gamoyenebuli iqnas 

Senadnebis struqturis indikatorebad. 

cxrilSi 8 moyvanilia rentgenografiuli analizis meTodiT 

dadgenili fazuri Semadgenlobis malegirebeli elementis 

koncentraciaze damokidebuleba. aSkaraa, rom koncentraciis 

zrdasTan erTad mcirdeba martensituli gardaqmnis temperatura 

da `dabaltemperaturul~ endoTermuli efeqtis gverdiT Cndeba 

meore `maRaltemperaturuli~ endoefeqti. aseve gacivebis mrudze 

izrdeba egzoTermuli efeqtis sidide. 

aseve mkveTrad gamoxatulia gardaqmnis mimdinareoba 

binaruli SenadnebisTvis eleqtrowinaRobis temperaturuli 

damokidebulebis mrudze. 
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cxrili 8 

 
# malegirebeli 

elementebis 
koncentracia 

won% 

fazuri 
Semadgen
loba 

drekadobis 
moduli 

martensituli gardaqmnis 
temperaturuli 
intervali (t0C) 

Ta Nb Ms-M f As-A f 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

28,5 
33,5 
43,5 
48,5 
50,1 
53,0 
56,7 
58,8 
59,8 
─ 
─ 
─ 
─ 
─ 
─ 
─ 
─ 

 

─ 
─ 
─ 
─ 
─ 
─ 
─ 
─ 
─ 

25,9 
29,8 
33,1 
34,5 
36,5 
38,7 
40,2 
41,5 

 

α ′′  
α ′′  
 α ′′  

α ′′  
α ′′ +(β) 
α ′′ +(β) 
α ′′ + β 
α ′′ + β 
α ′′ + β 

α ′′  
α ′′  

α ′′ + (β) 
α ′′ + β 
α ′′ + β 
α ′′ + β 
α ′′ + β 

( α ′′ )+ β 
 

6,05 
7,52 
8,87 
8,83 
8,92 
8,89 
8,73 
8,55 
8,52 
9,24 
9,87 
7,83 
7,12 
6,63 
6,18 
5,94 
5,85 

700-665 
635-595 
480-440 
420-375 
390-345 
340-300 
270-230 
230-190 
200-160 
375-345 
285-255 
205-170 
190-160 
145-110 
90-60 
40-5 

0-(-20) 

685-725 
620-665 
465-520 
395-455 
375-425 
325-380 
250-315 
210-270 
180-245 
365-395 
280-320 
190-250 
185-225 
140-185 
75-125 
30-90 
15-50 

 
fazuri Semadgenlobis, drekadobis modulis da martensituli 

gardaqmnis temperaturis damokidebuleba binarul SenadnebSi 
malegirebeli elementebis koncentraciaze. 

 

koncentraciis zrda iwvevs winaRobis mrudze winaRobis 

koeficientis niSnis mkveTr cvlilebas. 

rac Seexeba mravalkomponentian Senadnebs, maT qcevaSic  

Cans garkveuli kanonzomiereba, Tumca efeqtis simciris gamo 

Zneli maTi sistematizacia. 

nax.12 moyvanilia diferencialuri Termuli analizis 

Sedegebi Ti-50.1Ta SenadnisTvis. β-fazis arsebobis temperaturul 

aridan nawrTob Senadns oTaxis temperaturaze hqonda α ′′  

martensitis struqtura. diferencialuri Termuli analizis 

dros 6100C-mde gaxurebas pirvel ciklSi Wirdeboda dro 160wT. 

(nax. 12.1), Semdeg 80 wuTi (nax 12.2) da bolos 40 wuTi (nax 12.3), 

pirvel SemTxvevaSi nimuSiani kameris gaciveba mimdinareobda 

RumelTan erTad, rac adidebda Senadnis maRal temperaturaze 
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yofnis dros. danarCen SemTxvevebSi xdeboda Rumelis mocileba 

da haerze gaciveba. 

aSkaraa, rom Senadnis Semadgnlobaze yvelaze did gavlenas 

axdenda 300-4000C intervalSi nimuSis yofnis dro. gaxurebis 

siCqaris zrdas mivyavdiT endoTermuli efeqtis gaCenamde (nax.13). 

meore endoTermuli da egzoTermuli efeqtebi narCundebodnen 

gaxurebis siCqarisgan damoukideblad. Senadnis mdgomareoba 

kidev ufro mniSvnelovnad icvleboda gaxureba-gacivebis 

proceduris ciklirebis dros, Tu gaxurebis xangrZlivoba iyo 

10-15 wuTis rigis. nax. 13 dan aSkaraa, rom didi gaxurebis 

siCqaris mqone pirveli ciklis dros meore endoTermuli efeqti 

SeiZleba ar gamovlindes. 

ciklebis raodenobis zrdas mivyavdiT meore endoTermuli 

efeqtis intensivobis zrdamde, amavdroulad pirveli efeqtis 

Semcirebamde. amgvarad SenadnSi fazuri gardaqmnebis procesi 

xorcieldeba ori erTmaneTTan dakavSirebuli cikliT 

(Sebrunebuli – pirdapiri-Sebrunebuli Termomartensituli 

gardaqmna). maTi gancalkeveba SeiZleba ganxorcieldes nawrTobi 

Senadnis gaxurebis dros temperaturis zRvris dawesebiT. 

malegirebeli elementebis zogierTi koncentraciis dros 

pirdapiri martensituli gardaqmnis efeqtebi 

`maRaltemperaturiani~ da `dabaltemperaturiani~ ciklebi 

daikvireba cal-calke, sxva SemTxvevebSi isini gadaifarebian (mag. 

SenadnisTvis Ti-50.1Ta) naxazebze 14, 15 da 16 es naCvenebia Ti-59,8 

Ta, Ti-33.1Nb da Ti-36Nb Senadnebis magaliTze. meore 

`maRaltemperatuli~ martensituli gardaqmnis ciklirebis 

SesaZlebloba moyvanilia nax.17-ze. maRal temperaturaze 

xangrZlivma dayovnebam an mravaljeradma ciklirebam, SeiZleba 

migviyvanos kristaluri fazebis mdgomareobis cvlilebamde, 

romelmac SeiZleba cudaT imoqmedos `dabaltemperaturul~ 

formis maxsovrobis efeqtze. amis Tavidan acileba SeiZleba 

struqturis `reanimaciiT~, Senadnis 10-15 wuTiani da ufro mcire 
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xangrZlivobis (magaliTad 10-15 wamiani) gaxurebiT wonasworuli 

β/ β +α sazRvris temperaturaze an ufro maRla - 750÷8000C-mde. 

imis gamo, rom diferencialuri Termuli analizisTvis 

aseTi gaxurebis siCqare miuRweveli iyo, `aRdgenis Tvisebebis~ 

efeqti Seiswavleboda eleqtrowinaRobis temperaturaze 

damokidebulebiT. Sesabamisi Sedegebi naCvenebia SenadnebisaTvis 

Ti-50.1 Ta (nax. 18) da Ti-25.9Nb (nax. 19). 
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nax. 12. Senadni Ti-50.1Ta. diferencialuri Termuli analizis mrudebi 
miRebuli gaxurebis sxvadasxva droisaTvis (1-160wT; 2-80wT, 3-40 wT). 
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nax.13. Ti-50.1Ta Senadni. diferencialuri Termuli analizis mrudebi 
gaxureba-gacivebis sami ciklisTvis. 
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temperatura 0C 

 
 
nax 14. Senadni Ti-59.8Ta. diferencialuri Termuli analizis 

Termociklirebis mrudebi. 
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nax.15. Senadni Ti-33.1Nb. diferencialuri Termuli analizis 
Termociklirebis mrudebi. 
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nax. 16. Senadni Ti-36Nb. diferencialuri Termuli analizis 
Termociklirebis mrudebi. 
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nax. 17. Senadni Ti-50.1Ta. “maRaltemperaturuli” martensituli 

gardaqmnis Termociklirebis sademonstracio diferencialuri 
Termuli analizis mrudebi. 
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suraTebze eleqtrowinaRobis temperaturuli koeficientis 

cvlileba gamowveulia: AB-Sebrunebuli β→α ′′  martensituli 

gardaqmniT. CD-SemTxvevaSi ganixileba Senadnebis nimuSebis 

magaliTebi, romlebmac ganicades mravaljeradi Termociklireba 

formis maxsovrobis efeqtis kvlevis dros. 

sruliad TvalsaCinoa gaxurebis reanimaciuli roli zemoT 

miTiTebul temperaturamde (nax.18), gaxurebis dro Seesameba 10-15 

wuTs. 

igive efeqti, oRond drois intervaliT 10-15 wami, 

daikvirveba formis maxsovrobis efeqtis kvlevisas grexvis da 

Runvis meTodiT. gaxurebis aseTi siCqare miiRweoda nimuSebis 

gaxurebiT maTSi eleqtrodenis gatarebis xarjze. 

unda aRiniSnos erTi detali: formis maxsovrobis efeqti 

ganpirobebulia Sebrunebuli martensituli gardaqmniT (efeqti 

AB). Tumca misi mravaljeradi ganmeoreba damokidebulia agreTve 

`maRaltemperaturul~ gardaqmnaze. nax20-ze (a,b) moyvanilia Ti-

50.1Ta da Ti-29.8Nb Senadnebis nimuSebis eleqtrowinaRobis 

temperaturuli damokidebuleba, romlebmac aqamde ganicades 

mravaljeradi grexvis deformaciis ciklireba. am 

damokidebulebis gasazomad nimuSi iyo winaswar deformirebuli. 

formis aRdgena xdeboda gaxurebis procesSi eleqtrowinaRobis 

gazomvasTan erTad. temperaturuli damokidebuleba naCvenebia 

SenadnebisTvis Ti-50.1Ta (nax. 20a) da Ti-29.8Nb (nax. 20,b). formis 

aRdgena Seesabameba eleqtrowinaRobis temperaturul cvlilebas 

_AAB. CD efeqti gamoxatulia Zalian sustad. xelmeore gaxureba 

gviCvenebs AB srul gaqrobas, xolo SenadnSi Ti-29.8Nb ar aris CD, 

imis miuxedavad, rom pirveli gaxurebis dros temperatura iyo 

maRali, struqturis reanimacia xdeba mesame an meoTxe gaxureba-

gacivebis ciklis Semdgom. 
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nax. 18.Senadni Ti-50.1Ta. eleqtrowinaRobis temperaturuli 
damokidebuleba Termociklirebis dros. 
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nax. 19. Senadnis Ti-25.9 Nb eleqtrowinaRobis temperaturuli 
damokidebuleba Termociklirebis dros. 
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nax. 20. Senadni Ti-50.1Ta(a)da Ti-29.8Nb(b). eleqtrowinaRobis 

damokidebuleba temperaturaze, grexvis meTodiT formis aRdgenis 
ciklireba Catarebul SenadnSi. 

    

dilatometriuli gamokvlevebis dros gansakuTrebuli 

yuradReba daeTmo binarul Senadnebs Ti-Ta da Ti-Nb )( β+α ′′ fazuri 

struqturiT. aseve gamokvleuli iqna mravalkomponentiani 

Senadnebis Tvisebebi. nimuSebis deformacia mimdinareobda 

gamWimav manqanaze `INSTRON-1115~ 1-dan 12%-mde deformaciis 

intervalSi. 

gamosakvlevi Senadnis nimuSebis wrToba xdeboda β-myari 

xsnaris arsebobis temperaturuli aridan. Senadnebis struqtura 

nawrTob da deformirebul mdgomareobaSi kontroldeboda 

rentgenografiuli analiziT. dilatometruli gazomvebis 

monacemebis mixedviT agebuli formis aRdgenis xarisxis (η%) 

dagrovil sawyis deformaciaze (ε0) damokidebuleba moyvanilia 

nax. 21A 

monacemebi miRebulia SenadnebisTvis Ti-48.5Ta, Ti-59.8Ta, Ti-34,5 

Nb da Ti-38.7 Nb (nax. 21A). SenadnebisTvis, Teoriuli maqsimaluri 
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aramdgradobis koeficientiT (Kβ~1), Ti-50.1Ta da Ti-29.8Nb (η%)-s 

mniSvneloba naCvenebia deformaciis temperaturaze damokidebu-

lebiT (nax. 21B). raime specialuri damuSavebis gareSe η-s 

maqsimalur mniSvnelobas afiqsirebdnen Senadnebi Ti-34.5Nb 

(η=90%), Ti-48.5%Ta (η=80%) da Ti-59.8% Ta (η=75%). Sesabamisi 

deformaciis ε0 mniSvneloba daaxloebiT 2.5%-ia. formis aRdgenis 

SedarebiT mcire xarisxs ε0~3.3% deformaciis dros avlens 

Senadni Ti-38.7Nb. 

am Senadnebis deformacia mimdinareobda oTaxis 

temperaturaze da zogierTisTvis oTaxis T<As temperaturaze. 

SenadnebisTvis Ti-50.1Ta da Ti-29.8Nb-Tvis η-s damokidebuleba 

deformaciis temperaturaze naCvenebia nax. 21B-ze. TviTon 

gaWimvis deformacia Seadgenda ~3%. aSkaraa, rom temperaturis 

momateba mniSvnelovnad zrdis η-s mniSvnelobas. deformaciis 

temperaturis zrda mniSvnelovnad amcirebs )( α ′′→β martensituli 

gardaqmnis sastarto Zabvebs. Zabva-deformaciis damokidebulebis 

mrudebze am mniSvnelobas Seesabameba denadobis pirobiTi 

zRvari, maSin rodesac aseTi denadobis dros formacvlileba 

dakavSirebulia deformaciuli martensituli gardaqmnis 

mimdinareobasTan. nax.22-ze moyvanilia denadobis pirobiTi 

zRvris (σd) temperaturaze damokidebuleba.  

(σd) mniSvnelobebi miRebuli iqna nimuSebis izoTermuli 

gaWimvis (σ−ε) mrudebidan. sidide (σd) aRwevs minimums, rodesac 

deformacia xdeba martensituli gardaqmnis temperaturis axlos. 

Ti-48.5Ta da Ti-29.8Nb Senadnebis SemTxvevaSi (nax.22.a,b), romlebsac 

gaaCniaT nawrTob mdgomareobaSi α′′ martensitis struqtura, (σd) 

minimumi Seesabameba As temperaturebs. (σd) minimums Ti-58.8Nb da Ti-

34.5Nb (nax. 22c,d) SenadnebisTvis adgili aqvs, rodesac 

deformaciis temperatura Ms-is tolia. As anMMs-ze maRali 

temperaturebis dros deformirebad Senadnebs gaaCniaT 
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nax.21. formis aRdgenis xarisxis damokidebuleba dagrovil 

deformaciaze ε0 (A) da temperaturaze (B) 
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nax. 22. denadobis pirobiTi zRvris damokidebuleba deformaciis 

temperaturaze SenadnebisaTvis (a)Ti-48.5 won% Ta,(b). Ti-29.8 won% Nb,(c) Ti-
58.8 won% Ta,(d). Ti-34.5 won%Nb. 
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stabilizirebuli β-faza. amis gamo (σd) mniSvnelobebi izrdeba. 

SenadnebisTvis  Ti-Ta da Ti-Nb zRvrulad aramdgradi fazuri 

mdgomareobis Sesabamisi malegirebeli elementebis 

koncentraciiT, formis aRdgenis process aqvs TiTqmis 

`feTqebadi~ xasiaTi (nax.23). gansakuTrebiT mkveTrad es 

gamoxatulia SenadnSi Ti-50.1Ta. oTaxis temperaturidan ~4000C-mde 

gaxurebisas sakmaod `mdored~ mimdinare formacvlilebis Semdeg 

formis mkveTri aRdgena sruldeba 200C zomis intervalSi. 

SenadnSi Ti-29.8Nb (nax. 23a) `mdored~ aRdgenis procesi sruldeba 

ufro dabal temperaturaze. 

gaWimvis dros formis aRdgenis xarisxi mcirea-sawyisi 

dagrovili deformacia aris ε0=4.4% da ε0=4.1%, Sesabamisad Ti-29.8 

Nb da Ti-50,1Ta SenadnebisTvis. 

dilatometrulma gazomvebma mravalkomponentian SenadnebSi 

gamoavlina gaxurebis dros mimdinare gardaqmnebis kompleqsuri 

xasiaTi, nax. 24-ze warmodgenilia Ti-Ta-Mo da Ti-Ta-Mo-V Senadnebis 

tipiuri dilatogramebi. Senadnebi nawrTobi iyo orsaTaiani 

dayovnebis Semdeg 10000C-dan Ti-Ta-Mo Senadnis SemTxvevaSi 

nimuSebis zomis Semcireba 430-5200C temperaturul intervalSi 

srul SesabamisobaSia )( β→α′′ martensituli gardaqmnis 

warmodgenasTan. amas adasturebs f2-is temperaturaze 

damokidebulebis mrudebze Sesabamisi minimumebi (nax. 25c). 

rentgenografiuli fazuri analizis mixedviT am Senadns 

wrTobis Semdeg gaaCnda )( β+α′′ fazuri Semadgenloba.  

Ti-Ta-Mo-V Senadnis (nax. 24.b) dilatogramaze ar iyo mkveTrad 

gamoxatuli minimumi 340-3800C temperaturul intervalSi, Ti-Ta-Mo 

Senadnis analogiur SemTxvevaSi (nax 24a). amis nacvlad 

intervalSi 370-4100C xdeba mkveTri dagrZeleba, romlis Semdgom 

nimuSis zoma ar icvleba ~ 5000C-mde gaxurebisas. Semdgomi 

SekumSva dakavSirebulia “maRaltemperaturul” gardaqmnasTan. 

Senadnis nimuSis ~ (410-5000C) intervalSi zomis cvlilebis arqona 
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nax. 23. aRdgenili (gaxurebis dros) da Sebrunebuli (gacivebis 
dros) formacvlilebis temperaturuli damokidebulebis mrudebi 
SenadnebisaTvis. Ti-29.8 won% Nb (a) (Td=2500C) da Ti-50.1won% Ta (b) 
(Td=2500C) winaswari deformaciis sxvadasxva xarisxiT (a) ε0=4,4%, (b) 
ε0=4,1%. 

 
miuTiTebs siTburi gafarToebis sawinaaRmdego struqturul 

cvlilebaze. nax. 25-b-ze, aseTi gardaqmnis temperaturuli 

intervali mJRavndeba f2–is temperaturuli damokidebulebis 

mrudis daxrilobis zrdiT. es procesi naklebi simkveTriT aris 

gamoxatuli eleqtrowinaRobis temperaturaze damokidebulebis 

da diferencialuri Termuli analizis mrudebze Ti-Ta-Mo-V 

SenadnisaTvis. 

mravalkomponentiani Senadnebis qcevis zogierTi 

Tavisebureba warmodgenilia Ti-Ta-Mo-V sistemis magaliTze (nax. 

24 da 26). gaxurebas eqvemdebarebodnen Senadnebi, rogorc sawyis 

nawrTob, ise oTaxidan ÷2500C-s temperaturul intervalSi 

deformirebul (ε0~4%) mdgomareobaSi. yvela SemTxvevaSi 

gaxurebas mivyavdiT nimuSebis zomebis Semcirebamde 

temperaturul intervalebSi~(300÷3500C) da~(460÷6000C). ufro 

maRal temperaturebze deformirebuli nimuSebis damokleba 
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a

b

 
 
nax. 24. Ti-7.8Ta-8.1Mo (a) da Ti-5,1Ta-4,9 Mo-4,9V (b)nawrTobi Senadnebis 

dilatogramebi. 

 

 

 
nax. 25. iungis modulis (rezonansuli sixSiris kvadratis 

erTeulebSi) temperaturuli damokidebuleba SenadnebisTvis: Ti-7.5Nb-
7.4 Mo (a), Ti-5.1. Ta-4,9 Mo-4,9V, Ti-7.8 Ta-8.1 Mo (c). 
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nax. 26. Senadni Ti-5.1Ta-4.9Mo-4.9V. A.2000C-ze deformirebuli 

Senadnis dilatograma dagrovili deformaciiT ε0~3%. B. RunviT 
deformirebuli Senadnis nimuSis sawyis mdgomareobaSi (a) da 7000C-mde 
swrafi gaxurebis Semdeg (nimuSis firfitis sisqe 0.3mm) (b).  

 
 

ramdenjerme metia, SesaZlebelia `maRaltemperaturuli~ formis 

maxsovrobis efeqtis gamoc. formis maxsovrobis efeqtze Ti-Ta-Mo-

V SenadnSi miuTiTebs agreTve misi gamocda Runvaze (nax. 26B). 

deformirebuli nimuSis forma warmodgenilia figuriT (a). 7000C-

mde gaxurebul RumelSi Setanis Sedegad swrafi gaxurebis gamo 

xdeboda formis nawilobrivi aRdgena (b). 

 Senadnebis grexviTi deformaciiT kvlevisaTvis 

gamoiyeneboda kvadratuli kveTis nimuSi (1,2X1,2)mm, sigrZiT 50mm. 

nimuSebi mzaddeboda Senadnebis gaglinuri firfitebidan 

eleqtroeroziul Carxze Wris meTodiT. 

firfitebis  Termuli damuSaveba xdeboda vakuumSi 900-10000C 

temperaturaze 1 saaTis ganmavlobaSi. grexvis danadgarze 

nimuSis temperatura da grexvis kuTxe fiqsirdeboda 

avtomaturad. gaxureba mimdinareobda eleqtrodenis gatarebiT 

nimuSSi. gaxurebis siCqare icvleboda wamSi erTeuli gradusidan 
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aseul gradusamde oTaxis temperaturidan÷8000C temperaturul 

intervalSi. gaciveba ZiriTadad xdeboda eleqtroenergiis 

miwodebis SewyvetiT, haerze gacivebiT. 

grexviTi gamocdis danadgaris konstruqcia uzrunvelyofda: 

nimuSis bolos myarad dafiqsirebas, erT-erT damWerze 

sxvadasxva mabrunebeli momentis modebas, Zabvis gazomvas, 

berketis moqmedebis principiT, nimuSis erT-erT damWerTan 

moTavsebul tenzometrul gadamwodze, Zabvis da temperaturis 

gazomvas eleqtruli signalebis saxiT, TviTmwerze 

registraciiT. deformaciis gamomwvevi Zabva σd gamoiTvleboda 

moqmedi Zalis momentiT. Zabvis modeba da moxsna xorcieldeboda 

liftis  meSveobiT. σd mniSvneloba icvleboda 40-dan 250mpa-mde 

formis aRdgenis xarisxi η gamoiTvleboda deformaciis 

temperaturaze damokidebulebis mrudebis (nax.27) mixedviT 

formuliT: 

                                                    η
0ε

ε
= aR

X100%                                       [3.1.1.] 

 sadac ε0 aris winaswari (narCeni) deformacia, xolo εaR 

Senadnis gaxurebis Sedegad aRdgenili deformacia. 

grexvis deformacia gamoiTvleboda formuliT:  

                                                     ε= r
l

ϕ
                                                   [3.1.2.] 

sadac φ grexvis kuTxea, r nimuSis kveTis radiusia, l  nimuSis 

muSa nawilis sigrZea. deformaciisa da formis aRdgenis 

temperaturuli reJimis SerCeva xdeboda SenadnebSi fazuri 

gardaqmnebis kompleqsuri kvlevebis safuZvelze. maxasiaTebeli 

sidideebi da gardaqmnis tipi dadgenili iqna nimuSis 

diferencialuri Termuli analizis, kuTri siTbotevadobis da 

eleqtrowinaRobis temperaturaze damokidebulebis saSualebiT. 

Senadnebis damuSavebis Termomeqanikur reJimTan maqimalurad 

miaxloebis mizniT gazomvebi tardeboda Termociklirebis 

meTodiT. xdeboda agreTve nimuSis gaxurebis siCqaris  varirebac. 
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gansakuTrebiT perspeqtiulebi praqtikuli TvalTaxedviT 

aRmoCndnen titanis tantalTan Senadnebi 43-dan 60won%Ta 

koncentraciis intervalSi, agreTve Senadnebi niobiumTan 26won%-

dan 34won% Nb koncentraciis intervalSi. Senadnebi xasiaTdebian 

pirdapiri da Sebrunebuli martensituli α ′′↔β  gardaqmnis 

SedarebiT maRali temperaturebiT. aseTi Senadnebis struqtura 

am koncentraciiT warmoadgens orTorombul α ′′  martensits 

(`gadajerebuls~ α–fazis mimarT),  anda  ZiriTad α ′′ -fazas da 

metastabilur β-fazas mcire raodenobiT. amaSi unda aisaxos 

fazebis arastabiluroba da mTavari deformaciebis (ε1, ε2,  ε3 ) 

mniSvnelovani sidide. 

nimuSebis grexviTi deformaciis gamocda tardeboda, 

rogorc calkeuli ciklebiT - `deformacia – formis aRdgena”, 

aseve maTi cikluri gameorebiT. formis aRdgena xorcieldeboda,  

rogorc  Tavisufali, aseve mudmivad moqmedi gare Zabvis 

zemoqmedebis qveS. 

gamoiyeneboda nimuSebis deformaciis sami sqema. 

grexvis deformacia I sqemiT grexvis deformacia I sqemiT grexvis deformacia I sqemiT grexvis deformacia I sqemiT (σd=const, Td icvleboda) raRac 

(Td) temperaturamde gaxurebul nimuSze moqmedebda deformaciis 

gamomwvevi zRvruli sididis (σd) Zabva. Zabvis modebis Semdeg 

nimuSSi gamavali eleqtrodeni iTiSeboda. deformacia xdeboda 

Senadnis bunebrivi gacivebis procesSi oTaxis temperaturamde σd 

Zabvis mudmivi moqmedebisas. 

aseTi deformaciis gansakuTrebuloba gamoixateba zRvruli 

gare Zalis  moqmedebaSi. es  Zala qmnis mudmivi sididis 

deformaciis (σd) Zabvas. nax. 28-ze warmodgenilia formis 

maxsovrobis efeqtis gamomJRavnebis damaxasiaTebeli deformaciis  

(grexvis kuTxe φ) temperaturaze damokidebulebis mrudi. OA 

aRwers nimuSis deformaciis temperaturamde (Td) `zevidan” 

gaxurebas. AM - Seesabameba grexvas (σd) moqmedebiT. 
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nax. 27. deformaciis ori tipi A. datvirTva Td-ze (ab). gaciveba 
gare Zabvis moqmedebis dros (bc). gantvirTva (cd). formis aRmdgeni 
gaxureba Tvisufal mdgomareobaSi (de). B. datvirTva Td-ze (ab). gaciveba 
mudmivi gare  datvirTvis qveS (bc). gantvirTva (cd).  gaxureba  
Tavisufal mdgomareobaSi (de). 
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am deformaciaSi  Sedis drekadi komponenti, romlis naxva 

SeiZleba σd  moxsnis SemTxvevaSi. drekadi deformaciis sididea 

MN. 

 Semdgomi datvirTva aRadgens mis mniSvnelobas. 

plastikurobis saboloo wili, ganmeorebiTi datvirTvis dros 

aris (AB-MN ). datvirTvis dros xdeboda eleqtruli denis 

gamorTva. BC  aRwers bunebriv gacivebas (σd) mudmivi moqmedebis 

qveS. DC aris deformaciis gamomwvevi Zabvis moxsnis Semdeg 

drekadi deformaciis relaqsacia oTaxis temperaturaze. 

amgvarad A da D wertilebis doneebs Soris sxvaoba Seesabameba 

sawyis deformacias, xolo D da E wertilebis doneebs Soris _ 

aRdgenil formas. deformaciis aRdgenis xarisxi gamoiTvleboda 

(ED/AD) SefardebiT. 

deformirebuli nimuSis formis aRdgenisaTvis gaxureba 

xdeboda ~ 10 wamis ganmavlobaSi. nax. 28 miRebulia SenadnisTvis 

Ti – 29,8 Nb.  narCeni deformaciis ε0~ 7,3 %  dros formis  aRdgenis 

xarisxi  η~ 96 %-ia. 

grexvis deformacia II sqemiTgrexvis deformacia II sqemiTgrexvis deformacia II sqemiTgrexvis deformacia II sqemiT    (Td= const)  deformaciiT 

gamowveuli garkveuli sididis σd ZabviT mTavrdeboda ucvleli 

temperaturis (Td) pirobebSi. amis Semdeg Zabva ixsneboda da 

gaciveba oTaxis temperaturamde mimdinareobda gare Zalebis 

moqmedebis gareSe. 

arCeul (Td) temperaturamde miRweva xdeboda ori gziT: 

oTaxis temperaturidan Td- mde  gaxureba `qvevidan~  da ufro 

maRali temperaturidan (magaliTad 700-800 0C) gacivebiT Td-mde, 

gaxureba `zevidan”. 

praqtikulad yvela SemTxvevaSi cdebma aCvenes, rom 

gaxurebis siCqare `qvevidan” unda iyos maRali ~10wami, radgan Ti-

Nb  sistemis SenadnSi es Tavidan gvacilebs ω-fazis warmoqmnas, 

rac katastroful gavlenas axdens formis maxsovrobis efeqtze. 

cdebi tardeboda im TanmimdevrobiT, romlis sqemac 

mocemulia nax. 29.  
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nax. 28. Senadni Ti-29,8Nb.   formis maxsovrobis efeqtis gamovlenis 
ciklis grexvis kuTxis temperaturuli damokidebulebis 
damaxasiaTebeli diagrama (deformacia gacivebis dros mudmivi Zabvis 

σd moqmedebisas). 
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nax. 29. Senadni Ti- 33,1 Nb. grexvis kuTxis (a) da formis aRdgenis 
(b)  temperaturuli damokidebuleba. 

 

nax. 29(a) MN  mrudi aris nimuSis deformaciis Canaweri (Td) 

temperaturidan gacivebisas oTaxis temperaturamde (σd) Zabvis 

ganuwyveteli moqmedebis dros. Semdeg etapze xdeboda winawar 

nagulisxmebi deformaciis temperaturebis arCeva (T=const).  

magaliTad MN mrudze 1,2,3....8 wertilebis Sesabamisi temperatura.  

nebismier am temperaturamde gaxureba xdeboda `zevidan”. 

garkveuli zRvruli mniSvnelobis σd Zabvis zemoqmedebiT 

xdeboda deformacia. mas Seesabameba monakveTi BC.  amis Semdeg  

datvirTva ixsneboda. nimuSis gaciveba (DE) mimdinareobda 

Tavisufal mdgomareobaSi. oTaxis temperaturis miRwevis Semdeg 

xdeboda gaxureba, romelic uzrunvelyofda formis aRdgenas 

(EF). nax. 29(a)-dan aSkaraa, rom sawyisi deformacia Seesabameba 

kuTxeebis sxvaobas B da E doneebs Soris 
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nax. 30. Senadni Ti- 50,l Nb (a) –I  da II  sqemis deformaciis suraTebis 

zeddeba. (b) grexvis kuTxis da formis aRdgenis xarisxis 
temperaturuli  damokidebuleba. 1-formis aRdgenis xarisxi. 2- 
dagrovili deformacia. 3-aRdgenili deformacia.  
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nax. 31. Senadni Ti-29,8Nb.(a)-I  da II  sqemiT deformaciis suraTebis 

zeddeba (b)-grexvis kuTxis da formis aRdgenis xarisxis 
temperaturuli damokidebuleba. 1-formis aRdgenis xarisxi; 2-
dagrovili deformacia; 3-aRdgenili deformacia. 
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nax. 32. Senadni Ti-31,1Nb.(a)-I da II sqemiT deformaciis suraTebis 

zeddeba. (b)-grexvis kuTxis da formis aRdgenis xarisxis 
temperaturuli damokidebuleba. 1-formis aRdgenis xarisxi, 2-
dagrovili deformacia, 3-aRdgenili deformacia. 
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nax. 33. Senadni Ti-25,6Nb.  1-formis aRdgenis xarisxi, 2-dagrovili 
deformacia, 3-aRdgenili deformaciis temperaturuli damokidebuleba. 

 
 

analogiuri  gazomva tardeboda yvela arCeul temperaturaze. 

formis aRdgenis  xarisxi gamoiTvleboda 

BE  da EF  doneebis SefardebiT.  η-s mniSvnelobebi naCvenebia 

naxazze 29(b). yvela SemTxvevaSi η-s temperaturaze 

damokidebuleba xasiaTdeba maqsimumis arsebobiT. es saSualebas 

gvaZlevs avirCioT iseTi T=const,   romlis drosac deformacia da 

formis  aRdgenis xarisxi iqneba yvelaze didi. aucilebelia 

aRiniSnos, rom (σd) erTnairi mniSvnelobis dros I sqemis 

mixedviT dagrovili deformacia yovelTvis metia II sqemiT 
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miRebul mniSvnelobebze. es xdeba imitom, rom deformaciis 

dagroveba pirvel SemTxvevaSi grZeldeba (σd)-dan gacivebis 

mTeli periodis  ganmavlobaSi. amis garda I sqemaSi ar aris 

aucilebeli deformaciis xelsayreli (Td) temperaturis zusti 

SerCeva. modebuli Zabva avtomaturad gadis martensituli 

gardaqmnisaTvis xelsayrel temperaturul intervals. 

aseTi tipis konkretuli damokidebulebebi  titani - 25,9 %, 

29,8% da 31,1%Nb  SenadnebisTvis moyvanilia naxazebze 30,31,32 

aSkaraa dagrovili deformaciis da formis aRdgenis xarisxis 

damokidebuleba moqmedi Zabvis sididesTan. es  gamoxatulia 

nax.33-ze. 

mesame meTodimesame meTodimesame meTodimesame meTodi.... Td  temperaturis  miRwevis Semdeg nimuSi 

itvirTeboda deformaciis  dagegmil sididemde. nimuSis boloebi 

myarad  fiqsirdeboda damWerebSi. xdeboda Senadnis nimuSis 

gaciveba oTaxis temperaturamde, nimuSis gaTavisufleba da 

Semdgomi gaxureba (nax.27B). 

Td temperaturis miRweva SeiZleboda oTaxis temperaturidan 

(`qvevidan”) gaxurebiT da 800-8500C-dan gaxurebis Semdeg 

gacivebisas (`zevidan”). 

Tumca fazebSi elementebis koncentraciis intensiuri 

difuziuri cvlilebisas an wvrildispersiuli ω-fazis 

gamoyofisas, formis maxsovrobis efeqti mkveTrad uaresdeboda. 

erT-erTi magaliTi moyvanilia nax. 34-ze. 

mrudi (1) – datvirTvis pirveli cikli -  aRdgena mudmivad 

moqmedi datvirTvis qveS, gaciveba da Semdgomi gaxureba. (2) 

ciklis dros  datvirTva – aRdgena xdeboda (1) ciklis 

dasrulebisTanave deformaciis pirveli meTodiT. Tumca aRmdgeni  

gaxurebis Semdeg nimuSi civdeboda. mesame da meoTxe cikli 

iwyeboda Td-mde gaxurebisas `qvevidan”. formis maxsovrobis 

efeqtis gauareseba aSkaraa. Semdgomi gaxureba  800-8500C- mde da 

Td-miRweva `zevidan” gacivebiT mexuTe ciklSi aRadgens 

maxsovrobis efeqts. 
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bunebrivia, rom `maxsovrobis” gauaresebis xarisxi 

damokidebuli iyo Td-mde gaxurebis siCqareze (nax.35). Senadnebis 

umetesobisaTvis gaxurebis siCqaris SerCeviT SesaZlebeli iyo 

aRmdgeni unaris sruli gamovlena. arsebuli warmodgenebis 

mixedviT α′′ martensitiani struqturis Senadnebis deformacias 

mivyavarT sxvadasxva orientaciis mikrodomenebis 

urTierTSTanTqmamde da deformaciis orientaciis makrodomenis 

formirebamde. swored es uzrunvelyofs makroaRdgenas  

Sebrunebuli β→α′′  gardaqmnis dros. aSkaraa, rom grexviTi 

deformaciis dros aRdgenis Tavisebureba SeiZleba 

dakavSirebuli iyos deformaciis radialurad ganawilebis 

xarisxTan. 

Ti-Ta da Ti–Nb  sistemis  SenadnebisTvis η da ε0 

damokidebuleba moyvanilia naxazebze 36 da 37. mcire  

deformaciebis SemTxvevaSi η axloa 100%-Tan  da mcirdeba ε0 

zrdasTan erTad. aseTi Semcirebis pirobiT kriteriumad 

miRebuli iyo mniSvneloba ε(90), romlis drosac η mcirdeba 90% -

mde.  ε (90) SenadnebisTvis moyvanilia cxrilSi 9. 

sidide ε (90)=7-9%  dakvirveboda SenadnebSi Ti- 29,8Nb, Ti- 50,lTa  

, Ti- 59,8Ta , Ti- 26NbTa-7Zr, Ti-33 Nb-7Zr, 44Ti-50Ta-6Zr, 50Ti-47Ta-37r, 50Ti-

44Ta-6 Zr. 

Senadnis gaWimviT gamocdam gamoavlina kanonzomieri formis  

maxsovrobis Sebrunebuli efeqti umravles SenadnSi. winaswar 

deformirebuli nimuSebis uwyveti gaxureba iwvevs aramarto 

formis aRdgenas, aramed uSualod mis Semdgom spontanur 

deformacias. sxvadasxva sistemis SenadnebisaTvis es efeqti 

warmodgenilia nax. 38,39,40,41. is realizirdeba β  daα ′′ –fazis da 

teqsturis  difuziuri daSlis mizeziT. 

naxazze 38. formis aRdgenisTanave xdeba nimuSis gaciveba 

oTaxis temperaturamde, xolo Semdgomi gaxureba iwvevs 

Sebrunebuli `maxsovrobis” efeqts. 
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nax.34 Senadni Ti-29,8Nb. formis maxsovrobis efeqtis dros grexvis 

kuTxis temperaturuli damokidebuleba. 21-cikli gare datvirTvis 
moqmedebisas. 22-24 datvirTva `qvemodan”, 25-datvirTva `zemodan~. 
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nax. 35. Senadni Ti- 29,8Nb. formis maxsovrobis efeqtis sxvadasxva 
reJimiT ganxorcielebis dros grexvis kuTxis temperaturuli 
damokidebuleba. a-neli gaxureba (3-4wT) Td=4000C (`qvemodan”) b-swrafi 
gaxureba (2-5wm) Td=4000C (`qvemodan”).  
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nax.36. formis aRdgenis  xarisxis sawyis 

deformaciaze damokidebulebis mrudebi. 
A -  gaciveba mudmivi datvirTvis qveS. 
B -  gaciveba boloebdamagrebuli nimuSis SemTxvevaSi. 
(a)Ti-59,8 Ta, (b)Ti-50 Ta, (c)Ti-43,2 Ta. 
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nax. 37. formis aRdgenis xarisxis sawyis  

deformaciaze damokidebulebis mrudebi. 
A-gaciveba mudmivi datvirTvis qveS. B-gaciveba 

boloebdamagrebuli nimuSis SemTxvevaSi. (a)Ti-25.9Nb, (b)Ti-
29.8Nb, (c)Ti-33,1Nb. 
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cxrili 9 

N Senadni 90ε  SEε  max
rσ  ψ As, Af 

1 2 3 4 5 6 
1 Ti -25,9 Nb 6,5 4,5 435 10 350-390 

2 Ti - 29,8 Nb 7,0 2,5 280 20 240-250 

3 Ti – 33,1 Nb 3,0 3,1 370 17 220-260 

4 Ti – 43,2 Ta 4,5 4,6 325 20 480-530 

5 Ti – 50,1 Ta 8,5 3,6 450 16 380-420 

6 Ti – 59,8 Ta 4,0 3,2 350 23 250-270 

7 Ti – 46,92 Ta - 3,02 Zr 7,5 3,5 320 - 320-380 

8 Ti – 44,08 Ta – 5,96 Zr 9,0 3,8 326 - 350-400 

9 Ti – 50,05 Ta – 5,85 Zr 6,0 3,3 345 23 150-230 

10 Ti – 49,85 Ta – 2,96 Zr 7,0 3,5 400 - 320-380 

11 Ti – 33 Nb – 7 Zr 7,0 4,3 - 31 20-80 

12 Ti – 7,5 Nb – 7,4  Mo 2,0 3,4 - - 320-380 

13 Ti – 9,9 Nb – 10,1 V 2,5 2,6 - - 230-330 

14 Ti – 8,8 Ta – 9,05V 2,0 2,5 - - 390-440- 

15 Ti – 7,8 Ta – 8,1 Mo 5,0 2,3 - 2 360-410 

16 Ti – 5,0 Nb – 4,9 Mo – 4,8 V  5,5 3,0 270 - 300-360 

17 Ti – 5,1 Ta – 4,9 Mo – 4,9 V 5,0 3,4 290 - 330-390 

18 Ti - 5,23 Ta -5,03 Mo - 4,95 V- 2,08 Zr - 2,8 - - 300-400 

19 Ti - 5,16 Ta - 4,92 Mo - 4,87 V- 4,11 
Zr 

- 3,6 - - 250-330 

20 Ti - 4,92 Nb - 4,83 Mo - 4,76 V- 1,93 
Zr 

- 3,3 - - 260-330 

21 Ti - 5,07 Nb - 4,96 Mo - 4,98 V- 3,95 
Zr 

- 3,6 - - 220-330 

22 Ti - 26,08 Nb - 4,0 Ta - 6,95 Zr 7,0 3,6 - 20 120-150 

 
 
 

formis maxsovrobis efeqtis ZiriTadi  parametrebi SenadnebSi. ε (90) 

deformaciis sidide, romlis drosac aRdgena aris 90%. εdr-drekadi 

aRdgenis deformacia, max
rσ -reaqtiuli Zabva, Ψ - dempfirebis xarisxi 

martensituli gardaqmnis dros, As, Af Sebrunebuli martensituli 
gardaqmnis dawyeba-damTavrebis temperaturebi. 
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nax. 38. Senadni BT-16. ori Termuli ciklis dilatometriuli 
mrudebi (wrTobis Semdeg Senadns aqvs sawyisi fazuri Semadgenloba 

α ′′ + β) 
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nax. 39. Senadni BT-16.  dilatometriuli mrudebi (wrTobis Semdeg 

Senadns aqvs fazuri struqtura α+α ′′ +βM ) 
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nax.40. Senadni Ti-44Ta-6Zr. dilatograma axdens maxsovrobis 
pirveli efeqtis demonstrirebas. Senadnis sawyisi deformacia 3,3%. 
deformaciis temperatura 200C. 
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nax. 41 Senadni Ti-44Ta-6Zr.  dilatograma axdens maxsovrobis meore 
efeqtis demonstracias. Senadnis sawyisi deformacia 3,7%. deformaciis 
temperatura 4500C. 
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nax. 42 Senadni Ti-50,1Ta. Senadnis ciklirebis tipiuri sqema 
mudmivi datvirTvis qveS. xuTi cikli. 
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SenadnebSi Ti-50Ta, Ti-29,8Nb da sistemaSi Ti-Ta-Zr  Catarebuli 

iyo formis aRdgenis efeqtis kvleva TermociklirebiT. 

Termociklireba mimdinareobda ori meTodiT: gaxureba-

gacivebiT mudmivad moqmedi datvirTvis qveS da Tavisufal 

mdgomareobaSi sawyisi deformaciis Semdeg. 

praqtikulad sruli aRdgena myardeboda, sul cota, xuTi 

gaxureba-gacivebis ciklis Semdeg (nax. 42).  

ε0, εaR da η-s gamoTvlili mniSvnelobebis temperaturaze 

damokidebuleba yoveli ciklis Semdeg warmodgenilia naxazebze 

43,44,45,46,47,48. 

aSkaraa, rom praqtikulad ucvleli da 100%-Tan axlos 

myofi η-Tvis ciklebis raodenobis zrda amcirebs ε0 da εaR 

mniSvnelobebs mudmivad moqmedi datvirTvis drosac ki. 

deformaciis `amplitudis” Semcireba ufro Zlierad aris 

gamoxatuli SenadnebSi Ti-Nb. 

es efeqti ufro mkveTrad vlindeba datvirTvis gareSe 

ciklirebis dros. SedarebisaTvis ix. naxazi 49. 

deformaciis `amplitudis” Caqroba dakavSirebulia igive 

difuziur procesebTan, romlebic stimulirdeba Termuli 

zemoqmedebiT. mcirdeba formis aRdgenaze pasuxismgebeli fazis 

wili. 

deformaciis `amplitudis” reanimacia SesaZlebelia  nimuSis 

Taviseburi wrTobiT – gaxurebiT mcire  droiT 800-8500C-mde da 

Semdgomi gacivebiT haerze.  efeqti warmodgenilia nax. 50-ze Ti-

29,8Nb ciklirebis SemTxvevisTvis. amplitudis Semcireba am 

SemTxvevaSi gansakuTrebiT TvalsaCinoa. 800-8500C-mde gaxureba 

xdeboda 32 da 40 ciklis Semdeg. 

nax. 51-ze analogiuri reanimacia deformacia – Zabvis 

koordinatebSi naCvenebia 25-e ciklisaTvis. rogorc ukve  

naTqvami iyo, komponentebis gadanawilebasTan dakavSirebuli 

efeqtebis gamovlena mniSvnelovnad aris damokidebuli gaxurebis 

da gacivebis siCqareze. 
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nax. 43. Senadni Ti-50,1 Ta. formis maxsovrobis efeqtis ZiriTadi 
parametrebis ciklebis raodenobaze damokidebulebis mrudebi. 
ciklireba mudmivi gare datvirTvis moqmedebis dros.  
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nax. 44. Senadni Ti-29,8 Nb. grexvis kuTxis da formis aRdgenis 

xarisxis temperaturuli damokidebuleba datvirTvis mudmivi 
moqmedebis dros.  
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nax. 45. Senadni 50Ti-47Ta-3Zr. formis maxsovrobis efeqtis ZiriTadi 

parametrebis ciklebis raodenobaze damokidebuleba mudmivi  
datvirTvis moqmedebis dros. 
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nax. 46. Senadni Ti-44Ta-6Zr. formis maxsovrobis efeqtis 
ciklebis raodenobaze damokidebulebis mrudebi mudmivi 
datvirTvis moqmedebis dros. 
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nax. 47. formis Senadni 47Ti-50Ta-3Zr. formis maxsovrobis efeqtis 

ZiriTadi parametrebis ciklebis raodenobaze damokidebulebis 
mrudebi mudmivi datvirTvis moqmedebis dros. 
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nax. 48. Senadni 44Ti-50Ta-6Zr. formis maxsovrobis efeqtis ZiriTadi 
parametrebis ciklebis raodenobaze damokidebulebis mrudebi mudmivi  
datvirTvis dros. 800-8500C gaxureba xdeboda 32-e da me-40 ciklebis 
Semdeg. 



114 
 

cdebis dros aseve dadgenili iyo rom aRdgenis 

maxasiaTeblebze mniSvnelovan gavlenas axdens Termuli 

zemoqmedebis dros nimuSebis zedapiris daJangva. gansakuTrebiT 

Zlieria es gavlena SenadnebisaTvis: Ti-59,8Ta, Ti-33Nb, Ti-50Ta-6Zr, Ti-

33Nb-7Zr, Ti-26Nb-4Ta-7Zr. SenadnebSi Ti-33Nb-7Zr, Ti-26Nb-4Ta-7Zr, Ti-

50Ta-6Zr. oqsiduri fenis ararsebobis dros deformaciis aRdgenis 

efeqti (Sebrunebuli martensituli gardaqmna) mimdinareobs 20-

1400C  temperaturul intervalSi. 5-6% deformacia praqtikulad 

srulad aRdgeba. 

zedapiruli oqsiduri fena mkveTrad adidebda simtkices. 

auaresebda formis maxsovrobis efeqts, xolo Jangbadis 

mniSvnelovan sisqeSi SeRwevisas da nimuSebis mcire kveTis dros  

iwvevda maT msxvrevas. 

α(α′ ) fazis dispersiuli nawilakebis gamoyofasTan 

dakavSirebulia ganmtkiceba. maxsovrobis efeqtis 

ganxorcielebaSi monawileobas iRebs mxolod nimuSis dauJangavi 

Suaguli. oqsiduri garsis didi simtkicis gamo mocemul 

mniSvnelobamde deformacia mimdinareobda gacilebiT didi gare 

Zabvis zemoqmedebiT, vidre es xdeboda sufTa zedapiris mqone 

nimuSebSi. es fena xels uSlis agreTve formis aRdgenasac, uwevs 

ra seriozuli winaaRmdegobas aRdgenis dros warmoqmnil Zabvas. 

ase magaliTad Ti-59,8Ta  da Ti-33Nb SenadnebSi sufTa zedapiris 

mqone nimuSebSi ε (90) iyo 6,5% da 8,5% Sesabamisad. daJangva 

SesamCnevad amcirebda am mniSvnelobebs da xandaxan sruliad 

aqrobda fenis sisqidan gamomdinare. α(α′ ) martensits, maRali 

denadobis Zabvis gamo, SeuZlia winaaRmdegoba deformaciis dros 

srialis process. amis garda α′ -fazaSi dagrovili drekadi 

deformaciis energia β↔ α′′  pirdapiri gardaqmnis dros amcirebs 

Sebrunebuli gardaqmnis mamoZravebel Zalas, riTac xels uwyobs 

srul aRdgenas. qvemoT moyvanilia ramdenime Senadnis grexviTi 

deformaciiT miRebuli Sedegebis analizi. 
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nax. 49. Senadni Ti-50,1Ta.  ciklirebis dros grexvis kuTxis 
temperaturuli damokidebuleba gare meqanikuri zemoqmedebis 
ararsebobis (1-5cikli) da mudmivi gare meqanikuri zemoqmedebis dros 
(17-20 cikli). 
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nax. 50. Senadni Ti-29Nb. grexvis kuTxis damokidebuleba ciklebis 
raodenobaze uwyvetad moqmedi datvirTvis SemTxvevaSi. 1-dagrovili 
deformacia,  2-aRdgenili deformacia. 
 

 2
5

  
5

0

  
7

5

1
0

0

1
2

5

1
5

0

1
7

5

2
0

0

2
2

5

2
5

0

2
7

5

3
0

0

3
2

5

3
5

0

3
7

5

4
0

0

4
2

5

O

10
О

g
r
e
x
v
i
s
 

k
u
T
x
e
, 
g
r
a
d
.

 temperatura СО  
 
nax.51. Senadni Ti-29,8Nb. grexvis kuTxis temperaturuli 

damokidebuleba. ciklireba mudmivi  datvirTvis qveS. 



117 
 

Senadni Senadni Senadni Senadni Ti-29,8Nb. gaxurebis siCqaris da Td miRwevis 

`mimarTulebis” gavlena naCvenebia nax. 34 da nax. 35. 

neli (3-4 wuTi) gaxureba Td=4000C temperaturamde `qvemodan” 

qmnis ω - fazas. mkveTrad mcirdeba Senadnis deformirebis unari, 

mcirdeba narCeni deformaciis mniSvnelobac, Tumca misi aRdgenis 

xarisxi η=87%  (nax. 35). 

situacia kardinalurad icvleba Senadnis swrafi (20-30 wm) 

gaxurebiT 750-8000C-mde da gacivebiT (Td)-mde (nax. 35). igive Zabva 

(σd=125mpa) qmnis deformacias ε=5,5%, xolo formis aRdgenis 

xarisxi izrdeba η=96%-mde. 

ω-fazis warmoqmna dadasturebuli iyo maRaltemperaturuli 

rentgenografiiT. 

ω-fazis gavlena formis maxsovrobis efeqtze SeiZleba 

Tavidan aviciloT proceduriT, romelic naCvenebia naxazze 52. 

pirveli ciklis (01 A1  C1 D1 E1) dros gaxureba `zevidan” 

gamoricxavs ω-fazis warmoqmnas. meore cikli (E1  02 A2  C2  D2  E2  )  

mimdinareobda uSualod formis aRdgenis Semdeg, oTaxis 

temperaturamde gacivebis gareSe. E102 wanacvleba Catarebulia 

specialurad grexvis kuTxis koordinatTa RerZis mimarTulebiT. 

orive  SemTxvevaSi formis aRdgenis xarisxi, am cvlilebis 

mrudebis formidan gamomdinare unda iyos erTnairi. Tumca, 

pirvelma datvirTvam gamoiwvia narCeni deformacia ε0~11%, 

romelSic mniSvnelovan adgils ikavebda plastikuri denadobis  

komponenti, xolo ganmeorebiTi deformaciis dros narCeni 

deformacia ε0=6,8% da plastikuri denadobis komponenti 

gacilebiT mcirea. amis gamo η-s mniSvneloba Sesabamisad aris 

55% da 92%. 

aucilebelia yuradReba mieqces imas, rom Zabvis qveS 

gacivebis dros Senadni gadis temperaturul intervals, romlis 

drosac SeiZleba warmoiqmnas ω-faza. Tumca, savsebiT bunebrivad 

SeiZleba CaiTvalos, rom σd qmnis mesris deformacias, romelic  
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nax. 52. Senadni Ti-29,8Nb. sxvadasxva reJimiT ganxorcielebuli 
formis maxsovrobis efeqtis dros grexvis kuTxis temperaturuli 
damokidebuleba. 

 

xels uwyobs "α→β  gardaqmnas, rac ewinaaRmdegeba ω-fazis 

warmoqmnas. mniSvnelovani plastikuri denadoba (nax.52–A1B1) 

pirveli datvirTvis momentSi daikvirveboda sxva SenadnebSic. is 

miT metia, rac ufro maRalia (Td) da modebuli Zabva. es 

Seuqcevadi deformacia nimuSs aZlevda xraxnis magvar formas, 

Tumca Semdgomi ciklebis dros is gavlenas ar axdenda formis 

maxsovrobis efeqtis gamovlenis xarisxze. 

is faqti, rom ω-fazis warmoqmna gaZnelebulia Zabvis qveS 

deformaciis dros, daikvirveba Senadnebis nimuSebis 
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Termociklirebisas σd-s uwyveti moqmedebis dros (formis 

aRdgenis procesis CaTvliT). 

naxazebze 44,50,51-ze moyvanilia aseTi gamocdebis Sedegebi. 

nax. 44 axdens Senadnis mravaljeradi ciklirebiT “varjiSis” 

demonstracias mudmivi datvirTvis qveS. me-6-e ciklamde, formis 

aRdgenis xarisxi izrdeba ∼60-dan ∼90%-mde. es sidide SemdgomSi 

aRwevs 100% da narCundeba praqtikulad ucvlelad N=24 ciklis 

Semdegac. arsebiTia agreTve is, rom ciklireba amcirebs 

deformaciis sidides. formis aRdgenis dro TiToeuli 

ciklisTvis aris araumetes 20 wamisa. naCvenebi iyo, rom 

SesaZlebelia Senadnis Tvisebebis reabilitacia. ase magaliTad, 

nax. 51-ze naCvenebia nimuSebis sami Sualeduri gaxurebis (750-

8000C-mde) Sedegebi. gaxureba xorcieldeboda yoveli merve 

ciklis Semdgom (24, 32, 40 cikli). 26, 34, 42 ciklebis Sesabamisi 

deformaciis mniSvnelobebi gadiodnen 8÷10 ciklis doneze. erT-

erTi aseTi reabilitaciis dinamika TvalsaCinod aris 

warmodgenili nax. 51-iT. nimuSis deformirebis unaris (ciklebis 

raodenobis mixedviT) ufro swrafi Semcireba (nax.51)-ze 

dakavSirebulia Td-mde gaxurebis did drosTan. aSkaraa, rom es 

xels uwyobs ω-fazis warmoqmnas. 

nax. 34-ze naCvenebia, rom datvirTvis uwyveti moqmedebis 

dros ciklireba xels uSlis ω-fazis warmoqmnas, Tu sruliad 

ar axSobs, mniSvnelovnad amcirebs mis warmoqmnas. 21-e cikli 

aris mudmivad momqmedi datvirTvis qveS Catarebuli bolo 

cikli. 22-e cikli aris Tavisufali datvirTvisgan da 

parametrebiT ar gansxvavdeba 21-gan, Tumca formis aRdgenis 

xarisxi ramdenadme mcirdeba. 

neli gaxureba “qvevidan” (3 wuTi), iseve rogorc erTeuli 

gamocdis dros iwvevda formis maxsovrobis efeqtis gauaresebas 

(ix. nax. 34, cikli 23 da 24), romelic praqtikulad aRdgeboda 

maRal temperaturamde xanmokle gaxurebis dros (nax. 34, cikli 

25). η-s mniSvneloba ar ecemoda 90%-ze dabla. 
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mniSvnelovania, rom formis aRdgenis aseTi maRali 

mniSvneloba (sawyisi narCeni deformaciis sididis garkveuli 

Semcirebis drosac ki) aris deformaciis gamo warmoqmnili 

kristaluri struqturis gavlenis Sedegi. 

nax. 53-ze naCvenebia gare zemoqmedebisgan Tavisufali formis 

cvlilebis (grexvis kuTxis) suraTi nimuSebSi maTi gaxureba-

gacivebis procesSi. Tavdapirvelad ciklireba mimdinareobda 

σd=125mpa Zabvis uwyveti zemoqmedebis dros. pirveli 10 cikli 

nax.53-ze Tavisufalia yovelgvari gare zemoqmedebisgan. 

amplitudis mileva mniSvnelovania. me-10 ciklis Semdeg σd 

moqmedeba axldeba, xolo Semdgomi 6 cikli kvlav mimdinareobs 

mxolod Termoaqtiuri martensituli gardaqmnis xarjze. pirveli 

10 ciklis dros gaxurebis xangrZlivoba iyo 10wm, Semdgomi 6 

ciklis dros – 90wm. gaciveba mimdinareobda Tavisuflad da 

ikavebda 40wm.  

ciklirebis dros amplitudis CaqrobaSi ω-fazis rolis 

gamoricxva SeuZlebelia. N=12 ciklis dros grexvis kuTxe 

mcirdeba 350-dan 250-mde 10wamiani gaxurebis dros da N=6  ciklis 

dros grexvis kuTxe mcirdeba 350-dan 150-mde 90wamiani gaxurebis 

dros. ukanasknel eqvs ciklSi mileva mniSvnelovania. 

Ti-29,8Nb nimuSebis gamocdam Runvaze gviCvena, rom miRebuli 

Sedegebi mTlianad identuria grexvis Sedegad miRebuli 

monacemebis, rac naTlad Cans nax.54 da 55-ze.  

am meTodis mixedviT σd=159mpa Zabvis da ε0=4% dagrovili 

deformaciis dros formis aRdgenis xarisxi iyo aranakleb 95% 

(nax.54).  

mudmivi datvirTvis qveS Termociklirebas aseve mivyavarT 

formis aRdgenis xarisxis stabilizaciamde. σd=200mpa 

zemoqmedebis da 20wami “aRmdgeni” gaxurebis xangrZlivobis dros. 

formis aRdgenis xarisxi 7 ciklis ganmavlobaSi izrdeba ≈76%-

dan 95%-mde. me-7-e ciklis dros deformacia iyo ≈5,5%. 
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nax.53. Senadni Ti-29,8Nb. grexvis kuTxis temperaturuli 

damokidebuleba. formis maxsovrobis efeqtis ciklireba meqanikuri 
zemoqmedebis gareSe (1-10-swrafi gaxureba, 1-6 neli gaxureba). 
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nax.54. Senadni Ti-29,8Nb. Runvis kuTxis temperaturuli 
damokidebuleba.  
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nax.55. Senadni Ti-29,8Nb. Runvis kuTxis temperaturuli 

damokidebuleba. ciklireba mudmivad momqmedi datvirTvis 
qveS  
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Senadni Senadni Senadni Senadni Ti-50,1Ta. mdgomareobis kritikulobis xarisxis 

mixedviT α ′′↔β  Termodrekadi martensituli gardaqmnis dros 

Senadnis Kβ axlos unda iyos Ti-29,8Nb. sakmaod dawvrilebiTi 

aRwera Senadnebis nimuSebis gamocdis meTodikis, romelic 

mocemuli iyo zemoT da maTi Sedegebis interpretacia, 

saSualebas gvaZlevs moviyvanoT Ti-50.1Ta da sxva Senadnebis 

monacemebi. 

Ti-50.1Ta Senadnis deformacia mimdinareobda, rogorc I, ise II 

sqemiT. Ti-29,8Nb Senadnis msgavsad am SenadnSi dadgenilia 

deformaciis Semdeg formis aRdgenis maRali xarisxi. 

nax. 56-ze naCvenebia narCeni deformaciis, aRdgenili 

deformaciis da formis aRdgenis xarisxis temperaturaze 

damokidebuleba. gacivebisas nimuSSi deformaciis gamomwvevi 

Zabva σd=165mpa. deformacia mimdinareobda T=const pirobebSi. amis 

gamo misi absoluturi mniSvneloba mcirea. deformaciis dro 

yvela SemTxvevaSi iyo erTnairi ∼20wami. nimuSis datvirTva 

iwyeboda maRali temperaturidan (5450C), amis gamo (wertili M 

nax.56). pirveli deformaciis dros plastikuri deformaciis 

wili didia da mcirea formis aRdgena (wertili N). formis 

aRdgenis xarisxi 12÷15% rigisaa. Semdgomi ciklebi axdens 

efeqtis stabilizacias da formis aRdgenis xarisxi praqtikulad 

80%-is farglebSia. 

formis maxsovrobis efeqtis parametrebze (σd) Zabvis 

gavlenis magaliTi moyvanilia nax.57-ze. (σd) sidide izrdeboda 

deformaciis dasaxul mniSvnelobamde. formis aRdgena 

praqtikulad maRalia, Tundac 6%-ze meti dagrovili 

deformaciis pirobebSi. 

deformacia xorcieldeboda Td=3450C temperaturaze. 

temperaturis arCeva aSkaraa Senadnis “deformirebis” unaridan 

gamomdinare sxvadasxva temperaturaze (nax. 56). formis aRdgena 

yvela SemTxvevebSi xdeboda gare Zalis moqmedebis gareSe. 
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nax. 56. Senadni Ti-50,1Ta. grexvis kuTxis da formis aRdgenis 
xarisxis temperaturuli damokidebuleba. 1-formis aRdgenis xarisxi, 2-
dagrovili deformacia, 3-aRdgenili deformacia.  

 
 
 
nax.57.. Senadni Ti-50,1Ta. grexvis kuTxis da formis aRdgenis 

xarisxis deformaciis xarisxze damokidebuleba. 1-formis aRdgenis 
xarisxi. 2-dagrovili deformacia, 3-aRdgenili deformacia. 
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rentgenografiuli analiziT ω-fazis warmoqmnis dadgena ver 

moxerxda. es aisaxa datvirTvis qveS Senadnis Ti-50,1Ta nimuSebis 

Termociklirebis Sedegebze. kerZod formis maxsovrobis efeqtis 

parametrebis grafikul cvlilebaze (nax.43). rac xarisxobrivad 

warmoadgens Ti-29,8Nb SemTxvevis srul analogs (nax. 50), Tumca 

Ti-50,1Ta procesis stabilizacia xdeba ufro adre. 

 

 

 

 

 

 

 

nax.58. Senadni Ti-50,1Ta. grexvis kuTxis ciklebis raodenobaze 
damokidebuleba. 

1 - formis aRdgenis xarisxi. 
2 – dagrovili deformacia, 3 – aRdgenili deformacia. 
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nax. 59. Senadni Ti-50,1Ta. grexvis kuTxis temperaturuli 
damokidebuleba formis maxsovrobis efeqtis ciklirebis dros. 

 

 

 

g
r
ex
vi
s
 k
u
T
x
e 
, 
g
r
ad

. 



127 
 

formis aRdgenis xarisxi narCundeba igive doneze, oRond 

dagrovili deformaciis ufro maRali mniSvnelobebis dros. Tu 

20 ciklisTvis Senadni Ti-29,8Nb-Si ε=2.3%, Senadnis Ti-50.1Ta 

SemTxvevaSi ε=3,4%. 

nax.58 aRwers proceduras, romelic moyvanili iyo nax.51-ze. 

datvirTvis qveS (σd=165mpa) me-6 ciklis Semdeg deformirebuli 

nimuSi aRidgenda formas (datvirTvis gareSe) eleqtrowinaRobis 

temperaturaze damokidebulebis gazomvasTan erTad. amis Semdeg 

Termociklireba grZeldeboda. nax. 50 Sedarebam nax.58-Tan 

gviCvena tantaliani Senadnis maRali stabiluroba. deformacia 

da formis aRdgenis xarisxi aRwevda stabilur mniSvnelobas 

ukve 8 ciklis Semdeg. 

nax.59-ze warmodgenilia nimuSebis gamocdis erT-erTi suraTi 

I sqemis mixedviT. pirveli ciklis dros (ABCD) aRdgena 

mimdinareobs datvirTvis moqmedebis gareSe. σd=125mpa Zabvis dros 

dagrovili deformaciis sidide ε=4,5%, xolo formis aRdgenis 

xarisxi η=90%. amis Semdgom Catarebuli iyo mravaljeradi 

ciklireba 125mpa mudmivad momqmedi Zabvis qveS. naxazidan Cans, 

rom formis sruli aRdgena iwyeboda 5-6 ciklis Semdgom. 

ciklirebis dros deformaciis sidide (∼4,5%) praqtikulad ar 

icvleboda. bunebrivi iyo isic, rom 22 ciklze (romelic 

Catarebuli iyo datvirTvis gareSe) ε da η mniSvnelobebi ar 

icvleboda. 

orientirebuli kristaluri struqturis formireba 

daikvirveboda Senadn Ti-50,1Ta nimuSebSic. is aseve iqmneboda 

datvirTvis qveS TermociklirebiT. aseT nimuSebs unari hqondaT 

gamoemJRavnebinaT formis maxsovrobis efeqti iZulebiTi 

deformaciis gareSec – mxolod Termodrekadi martensituli 

gardaqmnis xarjze gaxureba-gacivebis procesSi (nax.49). 

20 ciklis CaTvliT, ciklireba mimdinareobda σd=125mpa 

moqmedebis qveS. formis aRdgenisTvis gaxurebis dro iyo 20 wamis  
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nax.60. Senadni Ti-50,1Ta. Runvis kuTxis da formis aRdgenis 

xarisxis (1) damokidebuleba deformaciis gamomwvev Zabvaze. 
2 – dagrovili deformacia. 3 – aRdgenili deformacia 
 

rigis.  am  ciklirebis  periodSi  aRdgenadi  deformacia 

praqtikulad Semcirda 4,2%-dan 3,6%-mde. amis Semdeg Catarebuli 

Tavisufali ciklireba SeiZleba gagrZeldes sakmaod didxans. 35 

ciklis Semdegac aRdgenili deformacia iyo aranakleb 1,9%. 

Ti-50,1Ta Senadnis nimuSebis gamocdam Runvaze, rogorc Ti-

29,8Nb SemTxvevaSi, ar gviCvena praqtikuli gansxvaveba 

monacemebisgan, romlebic miRebuli iyo grexvis deformaciiT. 

Runvis kuTxis da formis aRdgenis xarisxis damokidebuleba 

deformaciis Zabvaze naCvenebia nax60. 

Senadni Senadni Senadni Senadni Ti-59,8Ta. Td=345÷3700C mniSvneloba I sqemiT grexviTi 

gamocdisTvis dadgenili iqna diferencialuri Termuli 

analizis da eleqtrowinaRobis temperaturaze damokidebulebis 

monacemebis mixedviT (Ms, Ms, As da Af). formis aRdgena 

mimdinareobda datvirTvis gareSe. 11-15 cikli σd=205mpa 

datvirTvis moqmedebis qveS uzrunvelyofda dagrovil 

deformacias 3,8-4,0% farglebSi, aRdgenili deformaciis 

aranakleb 84-90% mniSvnelobis dros. 
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nax.61. Senadni Ti-50,1Ta. grexvis kuTxis da formis aRdgenis (1) 
damokidebuleba deformaciis gamomwvev ZabvasTan. 2-dagrovili 
deformacia, 3-aRdgenili deformacia. 

 

σd sididis gavlena (igive temperaturuli reJimis dros) 

naCvenebia nax.61-ze. rogorc adre iyo naCvenebi, pirveli 

datvirTvis dros Td temperaturaze mniSvnelovani sididis 

σd=250mpa Zabva iwvevda deformaciis SedarebiT did plastikurი 

mdgenelis warmoqmnas (nax.61 wertili P). es Seesabameba 6%-ze met 

deformacias. formis aRdgenam am deformaciis dros Seadgina 

∼80%. (ix. nax.61 wertili Q). ganmeorebiTma datvirTvam igive σd 

da deformaciis temperaturisTvis SesamCnevad Secvala suraTi. 

deformacia Semcirda (plastikuri mdgenelis xarjze) ε∼4,8%-mde 
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(wertili N nax.61), xolo formis aRdgenis xarisxi gaizarda 95-

97%-mde (wertili M nax.61). 

Senadni Senadni Senadni Senadni Ti-43,22Ta. grexvis deformacia mimdinareobda I sqemis 

mixedviT. Td=460÷4850C deformaciis temperaturაs da σd=85mpa Zabva 

saSualebas gvaZlevda nimuSSi Seqmniliyo 4% deformacia, xolo 

formis aRdgenis xarisxi η iyo 90-94% rigis. formis aRdgena 

mimdinareobda gare Zabvis moqmedebis gareSe. Termociklireba 

mimdinareobda danarCeni Senadnebis ciklirebis analogiurad. 10 

ciklis ganmavlobaSi σდ=85mpa moqmedebis ganmavlobaSi 

dagrovili deformaciis sidide 3,1÷3,4% praqtikulad ar 

icvleboda. formis aRdgenis xarisxi rCeboda 85÷87% toli. σd 

gazrdas 125mpa-mde mivyavarT deformaciis gazrdamde ∼6÷7%-mde 

formis aRdgenis xarisxis praqtikuli cvlilebis gareSe 

(85÷86%). Td>580
0C temperaturebze deformacia iwvevda datvirTvis 

procesSi Zlier plastikur dinebas. deformacia izrdeboda 

∼9,5%-mde, xolo formis aRdgenis xarisxi mxolod 43% iyo. es 

kidev erTxel miuTiTebs imaze, rom As da Af temperaturebis 

maRali mniSvnelobis gamo saWiroa sifrTxile Td da σd 

SerCevisas gamosakvlev SenadnebSi. 

nax. 62-ze moyvanilia Ti-43,2Ta-is grexvis deformaciis II 

sqemiT gamocdis Sedegebi. zemoT ganxilul SenadnebTan 

SedarebiT aRmoCnda, rom saerTo kanonzomierebidan araviTari 

gadaxra ar gaaCnia. Runvaze Senadnis nimuSebis gamocdam aseve 

gviCvena grexvis meTodTan sruli analogia. 6% dagrovili 

deformaciis dros formis aRdgenis xarisxi iyo aranakleb 80%-

is. 

mravalkomponentiani Senadnebismravalkomponentiani Senadnebismravalkomponentiani Senadnebismravalkomponentiani Senadnebis grexviTi gamocdis ZiriTadi 

monacemebi moyvanilia cxrilSi 10. formis aRdgenis xarisxis 

SedarebiT mcire mniSvnelobebi, dakavSirebulia ω-fazis 

warmoqmnasTan. 

misi warmoqmnis CasaxSobad zogierTi Senadnis Secvlil 

SemadgenlobaSi Seyvanili iqna cirkoniumis garkveuli raodenoba 
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nax.62. Senadni Ti-43,2Ta. grexvis kuTxis (1) da formis aRdgenis 

temperaturuli damokidebuleba. 2-aRdgenili deformacia. 3-formis 
aRdgenis xarisxi. 

 
formis maxsovrobis efeqti ganixileboda gaWimvis deformaciis 

mixedviTac. Tumca am SemTxvevaSi iqmneboda mTeli rigi 

siZneleebisa. isini dakavSirebuli iyo gaxurebis da gacivebis 

siCqaris uzrunvelyofasTan da garkveuli siTburi reJimis 

SenarCunebasTan. Cvens xelT arsebul gamWimav manqanaSi (INSTRON-

1115) ar iyo gaTvaliswinebuli nimuSis eleqtruli deniT 

gaxureba. RumeliT gaxurebas ki ramdenime aTeuli wuTi 

sWirdeboda deformaciis temperaturis misaRwevad. es 

gansakuTrebiT mniSvnelovani aRmoCnda formis maxsovrobis 

efeqtis parametrebze (gamowveuli grexvis deformaciiT) 

gaxurebis siCqaris gavlenis monacemebis gaTvaliswinebiT 
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cxrili 10 

 
SenadniSenadniSenadniSenadni    

deformaciisdeformaciisdeformaciisdeformaciis    
temperaturuli temperaturuli temperaturuli temperaturuli 

ininininttttervaliervaliervaliervali    
∆To C 

formis aRdgeniformis aRdgeniformis aRdgeniformis aRdgenis s s s 
temperaturulitemperaturulitemperaturulitemperaturuli    
intervaliintervaliintervaliintervali ∆To C 

deformaciisdeformaciisdeformaciisdeformaciis    
    ZabvaZabvaZabvaZabva    
σ MPa 

deformaciisdeformaciisdeformaciisdeformaciis    
xarisxixarisxixarisxixarisxi    
ε % 

formis formis formis formis 
aRdgenis aRdgenis aRdgenis aRdgenis 
xarisxi, xarisxi, xarisxi, xarisxi,     
η % 

 
Ti - 7,5 Nb - 

7,4 Mo 
 

 
460 – 345 

 
270 - 330 

 
250 

 
4,5 

 
50 

 
Ti - 9,9 Nb -

10,1 V 
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240 - 290 

 
280 

 
4,0 

 
60 

 
Ti - 8,8 Ta - 

9,0 V 

 
485 - 390 

 
390 - 440 

 
205 

 
5,0 

 
60 
 

 
Ti - 7,8 Ta - 

8,1 Mo 
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370 - 440 

 
165 

 
5,5 

 
70 
 

 
Ti – 5 Ta - 4,9 

Mo - 4,8 V 
 

 
370 - 330 

 
270 - 320 

 
165 

 
2,0 

 
70 

 
Ti - 5,1 Ta - 

4,9 Mo - 4,9 V 

 
460 - 390 

 
400 - 460 

 
165 

 
4,0 

 
80 

  
Senadnis komponenturi Semadgenlobis gavlena deformaciis 

temperaturul intervalze, deformaciis Zabvebze da aRdgenis 
xarisxze. 

 
kvlevis Sedegebi moyvanilia cxrilSi 11. gamoiyeneboda brtyeli 

nimuSebisTvis standartuli forma. samuSao nawilis sigrZe iyo 

50mm kveTiT 3X3mm. 

Senadni Senadni Senadni Senadni Ti-Al-Mo-V(BT-16) mocemuli Senadnis SemTxvevaSi 

garkveul interess SeiZleba warmoadgendes deformaciis 

aRdgenis Sebrunebuli efeqti deformirebuli obieqtis 

gaxurebis procesSi. 

nax. 63-ze moyvanilia temperaturis zrdis procesSi nimuSis 

xazovani zomis cvlilebis Canaweri (dilatometruli mrudi). 

winaswari deformacia xdeboda oTaxis temperaturaze. nimuSs 

hqonda fazuri Semadgenloba α+βM (βM zRvrulad arastabiluri 

fazaa "α→β  Termodrekadi martensituli gardaqmnis dros). 

120÷2100C-ze formis aRdgenis efeqtis ganxorcielebis Semdeg, 

4000C-mde gaxurebas mivyavdiT deformaciis aRdgenamde 

(Sebrunebuli efeqti). 
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cxrili 11 

 
SenSenSenSenaaaadebidebidebidebi    

 
deformaciideformaciideformaciideformaciissss    
temperaturatemperaturatemperaturatemperatura    

Т
о
С 

    
deformacideformacideformacideformaciisisisis    

xarisxixarisxixarisxixarisxi ε % 
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aRdgenisaRdgenisaRdgenisaRdgenis    

xarxarxarxarisxiisxiisxiisxi  η % 
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Ti - 43,2 Ta 
 

400 
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4,6 
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4,2 

 
24 
19 
17 

 
180 – 460 
180 – 400 
180 – 460 

 
gaWimvis dros deformaciis da formis aRdgenis xarisxis 

damokidebuleba deformaciis temperaturaze. 
 

aseTi efeqtis ganxorcielebis SesaZlebloba ar 

gamoiricxeboda mas Semdeg, rac 2000C-ze gaxurebuli nimuSi 

civdeboda (nax.38) oTaxis temperaturamde da Semdeg xurdeboda 

xelaxla. garda amisa SenadnSi α+β+α″ struqturiT (warmoqmnili 

8000C-ze 1-saaTiani dayovnebis Semdeg wrTobis Sedegad) 

“aRdgenili” deformacia zomiT SeiZleba meti yofiliyo sawyis 

deformaciaze.  

nax.39. nimuSis deformacia xdeboda 1600C-ze. gaciveba 

mimdinareobda Zabvis uwyveti moqmedebis qveS, radgan gamWimavi. 
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nax. 63. Senadni BT-16. dilatometruli mrudi. sawyis 

mdgomareobaSi Senadns hqonda α+βM Semadgenloba. 
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nax. 64. Senadni BT-16. SenadnSi formis maxsovrobis efeqtis 

Seqcevadobis amsaxveli dilatometruli mrudebi. 1-deformacia 200C  
dros. 2-deformacia 2000C  dros. 
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manqanis cangebis dafiqsirebuli mdgomareoba ucvlels tovebda 

deformacias nax. 64-ze naCvenebia Seqcevadi efeqtis arseboba. 

erTnairi sawyisi deformaciis (4%) dros. nimuSebSi, rogorc 

oTaxis, ise Td=250
0C temperaturebze daikvirveba Seqcevadi 

formis aRdgenis efeqti. 

zedrekadoba Ti-Ta da Ti-Nb fuZeze binarul da 

mravalkomponentian SenadnebSi Seswavlili iyo Semdegi 

meTodikiT. Senadnebis nimuSebi mudmiv temperaturaze 

deformirdebodnen grexviTi deformaciis danadgarSi mudmivi 

siCqariT plastikuri deformaciis garkveul sididemde. 

sxvadasxva SenadnisTvis gansxvavebul ε0 sididis miRwevisas gare 

datvirTva ixsneboda temperaturis cvlilebis gareSe da 

xdeboda sawyisi zomebis aRdgenis xarisxis Sefaseba. 

kvlevebma saSualeba mogvca gamogvevlina Senadnebis 

zedrekaduli qcevis meqanizmi. 

β an β+α ′′  struqturis Senadnebis SemTxvevaSi deformacias 

mivyavdiT fazis α ′′ -fazis warmoqmnamde. Tu grexva xdeboda 

temperaturebze, rodesac gare Zabvis ararsebobis dros 

martensituli faza xasiaTdeboda zRvruli aramdgradobiT, 

deformaciis moxsnas mivyavdiT Sebrunebul β→α ′′  nawilobriv 

gardaqmnamde da zedrekadobis gaCenamde. 

zedrekadi dabrunebis damokidebulebas nimuSebis srul 

deformaciaze aqvs erTnairi xasiaTi orive sistemis mTeli rigi 

SenadnebisTvis. 

deformaciis temperaturis Semcirebas As qvemoT mivyavarT im 

Zabvebis ufro maRal mniSvnelobamde, romlebsac SeuZliaT 

gamoiwvion α ′′→β gardaqmna martensituli α″-faza aris 

gacilebiT stabiluri. β-fazis Termul “darbilebas” β - fazis 

arsebobis areSi temperaturis gazrdisas mivyavarT plastikuri 

deformaciis ganxorcielebis Semsubuqebamde, romelsac yvela 

SenadnSi ar aris aucilebeli Tan sdevdes α″ fazis warmoqmna, 

ris gamoc deformaciis nawili rCeba narCeni deformaciis saxiT, 
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ar aRdgeba da amcirebs zedrekadobas. ganmeorebiTi deformaciis 

Catareba iwvevda β-fazis deformaciul ganmtkicebas, rac iwvevda 

denadobis Zabvis gazrdas da narCeni deformaciis wilis 

Semcirebas. amis gamo xdeboda zedrekadi deformaciis wilis 

zrda. 

es kargad gamoCnda deformaciis mravaljeradi ganmeorebis 

dros (ciklirebiT) im SenadnebSi, romlebisTvisac martensituli 

gardaqmnis temperatura axloa oTaxis temperaturasTan, rac 

gansakuTrebiT mniSvnelovania CvenTvis, radgan Senadnebis 

zedrekaduli qcevis gamokvleva ZiriTadad xdeboda oTaxis 

temperaturaze Senadnebis grexviTi deformaciis meSveobiT. 
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nax. 65. Zabva-deformaciis tipiuri mrudebi SenadnebisTvis oTaxis 
temperaturaze. zedrekadoba naCvenebia #4 ciklze. 
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nax. 66. Zabva-deformaciis mrudebi SenadnebisTvis: (a) Ti-59,8Ta; (b) Ti-

33,1Nb.  
(1) nimuSis dayovneba mimdinareobda 10000C-ze 60 wuTis 

ganmavlobaSi. wrToba wyalSi. 
(2) nimuSi amoWrilia 10000C-ze 60wuTis ganmavlobaSi dayovnebuli 

firfitis Suagulidan. wrToba wyalSi. 
 

Zabva izomeboda tenzometris saSualebiT. Zabva-deformaciis 

damokidebulebis Cawera xdeboda nimuSis datvirTva-gantvirTvis 

procesSi. 

naCvenebi iyo, rom sruli zedrekadoba viTardeboda 

SenadnebSi datvirTva-gantvirTvis ramodenime ciklis Semdgom. 

aseTi ciklirebis sqema moyvanilia nax. 65-ze. 

Senadnebis mier εzd deformaciis zedrekaduli aRdgenis 

saerTo suraTi mocemulia cxrilSi 3. 
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rogorc cxrilidan Cans, Senadnebis umetesobisTvis εzd aqvs 

sidide 3-3,8%. Zalian karg zedrekadobis unars 4,3÷4,6% avlenen 

Senadnebi Ti-25,9 Nb, Ti-43,2 Ta da Ti-33Nb-7Zr.  

amJamad arsebuli monacemebis mixedviT didi zedrekadoba 

aris srialis xaxunis Zabvebis didi mniSvnelobebis da 

garkveuli tipis teqsturis Camoyalibebis Sedegi. 

es miiRweva an elementebis gaxsnis Sedegad ganmtkicebiT, an 

dispersiuli CanarTebis warmoqmniT, magaliTad iseTis, 

rogorsac qmnis Canergili Jangbadi. aseTi mdgomareoba 

garkveuli saxiT gamovlinda mocemul gamokvlevebSi, nimuSebis 

zedapiris daJangvis SemTxvevaSi. Jangbadis SeRweva nimuSis 

zedapiridan mis Sida SreebSi adidebda simtkices da 

erTdroulad aumjobesebda εzd. es kargad Cans nax.66-ze. 

erTnairi xarisxis sawyisi deformaciis dros εzd metia 

nimuSisTvis zedapiruli oqsiduri feniT da ufro didi 

simtkiciT. 

imdenad, ramdenadac momatebuli simtkice niSnavs 

elastikurobis erTdroul gauaresebas, praqtikuli 

gamoyenebisTvis saWiroa maT Soris garkveuli balansis 

damyareba. 

im reaqtiuli Zabvebis gazomvis interesi, romelic 

generirdeba Sebrunebuli martensituli gardaqmnis dros, 

gamowveulia imiT, rom isini SeiZleba gamoyenebuli iqnas, 

rogorc mamoZravebeli Zala formis maxsovrobis efeqtis 

safuZvelze Seqmnil xelsawyoSi. 

σr-is gazomva mimdinareobda Senadnebis grexviTi  

deformaciis SemTxvevaSi. 

winaswari deformaciis Semdgom, orive mxridan Camagrebuli 

nimuSebi xurdeboda. tenzometriT izomeboda gaxurebis procesSi 

warmoqmnili Zabvebis temperaturaze damokidebuleba. gaxureba 

xdeboda oTaxis temperaturidan 800-8500C-mde.  

erTi da igive SenadnebisTvis nimuSebis gaxureba xdeboda 
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nax. 67. Senadni Ti-50.1Ta generirebuli reaqtiuli Zabvebis mrudebi 

winaswari  deformaciis gansxvavebuli xarisxis dros.  
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nax. 68. boloebdamagrebuli nimuSebis gaxurebis Zabva-

temperaturis damokidebulebis mrudebi 8%-iani winaswari deformaciis 
dros (1) Ti-43,2Ta, (2) Ti-50.1Ta, (3) Ti-59,8 Ta. 
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nax. 69. boloebdamagrebuli nimuSebis gaxurebis Zabva-

temperaturis damokidebulebis mrudebi 8%-iani winaswari deformaciis 
dros (1) Ti-33,Nb, (2) Ti-29,8 Nb, (3) Ti-25,9Nb.  
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nax. 70. reaqtiuli Zabvis temeraturaze damokidebuleba Senadnis 

winaswari deformaciis sxvadasxva xarisxis dros. 
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sxvadasxva winaswari deformaciis ( 0ε ) dros. 0ε zrdasTan erTad 

σr-is mniSvneloba yoveli gaxurebisas izrdeboda aRwevda 

maqsimums da Semdeg mcirdeboda. aseTi Tanmimdevruli gaxurebis 

tipiuri suraTi Ti-50,1Ta SenadnisaTvis moyvanilia nax. 67-ze 

gazomvebis seriebidan airCeoda is, romlis drosac aRwevda 

maqsimalur mniSvnelobas. 

nax. 68. moyvanilia aseTi gamoyofili saxis nimuSebis 

gaxurebis mrudebi da miTiTebulia 
max

rσ mniSvneloba Ti-Ta  

sistemis SenadnebisTvis.  

Ti-Nb, Ti-Ta-Mo-V da Ti-Nb-Mo-V Senadnebis gaxurebis 

analogiuri mrudebi moyvanilia nax. 69 da 70. 

praqtikulad yvela SenadnSi 
max

rσ miiRweoda nimuSebis 8-10%-

mde deformaciis SemTxvevaSi. 

max
rσ Sesabamisi mniSvnelobaSi sxvadasxva SenadnisaTvis 

mocemulia cxrilSi 9. 

nax.67,68,69,70 mocemuli σr-is temperaturaze damokidebulebis 

mrudebi miuTiTeben σr-is relaqsaciaze maqsimumis miRwevis 

Semdeg mTeli gaxurebis intervalSi 800-8500C-mde. 

 

3.3.3.3.2222. . . . ori temperaturiT gayofili ori temperaturiT gayofili ori temperaturiT gayofili ori temperaturiT gayofili     

formis maxsovrobis efeqtiformis maxsovrobis efeqtiformis maxsovrobis efeqtiformis maxsovrobis efeqti    

    

Senadnebis Termomeqanikuri gamocdis procesSi komponentebis 

difuziuri gadanawilebis tendenciam gamoxatva hpova formis 

maxsovrobis meore efeqtis gamovlenaSi. 

maRaltemperaturuli formis maxsovrobis efeqtis 

realizacia SeiZleba gamoviwvioT nimuSis izoTermuli 

dayovnebiT Zabvis qveS garkveul temperaturaze an mravaljeradi 

TermociklirebiT (ciklirebadi temperaturis diapazonSi 

dayovnebiT). 

orive SemTxvevaSi adgili aqvs erTi da igive saxis 

difuziur “daSlas”. 



142 
 

 
 

100 200 500300 400 600 700

t e m p e r a t u r a , 0 C

g
r
ex
vi
s
 

k
u
T
x
e, 

g
r
ad
.

 

 
nax. 71.Senadni Ti-50Ta-6Zr.  
deformacia-temperaturis damokidebulebis  mrudi. deformacia A 

meTodiT (nax.1.) daikvirveba mxolod pirveli aRdgenis efeqti. 3750C-mde 
gaxurebis dro 5 wm. gaciveba tvirTiT 20-30 wm.  
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nax.72. Senadni Ti-50Ta-6Zr. 
deformacia-temperaturis damokidebulebis mrudi. izoTermuli 

dayovneba 5wuTi 4500C mrudi. izoTermuli dayovneba 5 wuTi 4500C ze. 
daikvirveba pirveli da meore aRdgena.  
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nax. 73. Senadni Ti-50Ta-6Zr. deformacia-temperaturis 
damokidebulebis mrudi. izoTermuli dayovneba 20 wuTi 4500C-ze. 
gantvirTva da gaxureba 4500C-dan 7500C-mde daikvirveba mxolod meore 
aRdgena.  
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nax.74. Senadni Ti-50Ta-6Zr. 
deformacia-temperaturis damokidebulebis mrudebi. izoTermuli 

dayovneba 4500C-ze 15wT. tvirTis qveS.(a) – gaciveba mudmivi datvirTis 
qveS. (b) – gaciveba gantvirTul mdgomareobaSi. daikvirveba mxolod 
meore aRdgena.  
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nax. 75. Senadni Ti-50,1Ta. 
mudmivi datvirTvis qveS Termociklirebis fragmenti (22-29 

ciklebi). 29-e ciklis Semdeg – gaxureba 8000C-mde. 
daikvirveba deformaciis aRdgenis orive efeqti. 
 

nax.71-ze moyvanilia Ti-50Ta-6Zr Senadnis pirveli efeqtis 

amsaxveli suraTi. deformacia mimdinareobda mudmivi datvirTvis 

qveS gacivebis pirobebSi oTaxis temperaturamde. 

Senadnis datvirTvis da izoTermuli dayovnebisas Td 

deformaciis temperaturaze pirveli efeqtis gverdiT Cndeba 

meorec (nax. 72). 

meore efeqti xorcieldeba maSinac, rodesac uSualod 

izoTermuli dayovnebis da Zabvis moxsnis Semdeg, xdeba nimuSis 

gaxureba maRal temperaturamde. (nax. 73). 

izoTermuli dayovnebis drozea damokidebuli sawyisi α″  an 

β-fazis raodenoba, romelmac ganicada “difuziuri daSla”. 

xangrZlivi dayovnebisas faza, romelic pasuxismgebelia pirvel 

efeqtze ar narCundeba. gaxurebis dros vlindeba mxolod 

formis aRdgenis meore efeqti (nax. 74a). praqtikulad igive 

situacias aqvs adgili im SemTxvevaSic, roca gaciveba xdeboda 

Senadnis gantvirTvis dros (nax. 74b). 
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gaxurebiT ciklirebis dros temperaturamde, romelic odnav 

meti iyo Af-ze, difuziuri gadanawilebis procesi ar wydeboda. 

grovdeboda meore efeqtis ganxorcielebaze pasuxismgebeli faza. 

ciklirebis Sewyvetis da Af-is zemoT gaxurebisas 800-850
0C-mde 

xorcieldeboda formis maxsovrobis meore efeqti (nax. 75). 
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nax. 76. Senadni BT-22(Ti-Al-Mo-V-Cr ).  
izoTermuli dayovneba 3000C-ze 15wuTi datvirTul mdgomareobaSi. 

gaciveba tvirTis qveS. gantvirTva. gaxureba Tavisufal mdgomareobaSi. 
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nax. 77. Senadni BT-22(Ti-Al-Mo-V-Cr ). 
 izoTermuli dayovneba mudmivi datvirTvis qveS 4000C-ze. 15wuTis 

ganmavlobaSi. gaciveba datvirTvis qveS. gantvirTva. gaxureba 8000C-mde. 
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nax. 78. Senadni Ti-Ta-Mo-V. 
nimuSebis spontanuri deformacia formis aRdgenis Semdeg 

(datvirTvis moqmedebis gareSe): a) izoTermuli dayovneba 5250C b) 
uwyveti gaxurebiT 8000C-mde. 

 

yvelaze mkveTrad difuziuri ganSrevebas SeiZleba 

davakvirdeT sawarmoo mravalkomponentian SenadnSi BT-22(Ti-Al-

Mo-V-Cr-Fe). Senadnis wrToba 9000C saSualebas gvaZlevs 

davafiqsiroT β-austeniti. meore formis maxsovrobis efeqtis 

demonstracia naCvenebia naxazebze  76 da 77-ze. 

nax. 78a-ze naCvenebia, rom formis aRdgenis Semdeg (pirveli 

efeqti) izoTermulma dayovnebam gare datvirTvis ar arsebobis 

dros SeiZleba Seqmnas spontanuri deformacia. es deformacia 

aRdgeba gaxurebis gagrZelebis SemTxvevaSi (8000C-mde).  

spontanuri deformacia xdeboda izoTermuli dayovnebis 

gareSec Senadnis gaxurebis gagrZelebis dros. 
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nax. 79 Ti-50-Ta-3Zr Senadnis gaxureba-gacivebis ciklis kalorimetruli mrudebi. pirveli cikli. 
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nax. 80.T i-50-Ta-3Zr Senadnis gaxureba-gacivebis ciklis kalorimetruli mrudebi. meore cikli. 
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temperatura 0C 
nax. 81. pirveli (“dabaltemperaturuli”) endoefeqtis demonstraciis kalorimetruli mrudi. 

 



150 
 

 efeqti daikvirveboda mravalkomponentian SenadnebSi 

(sistema Ti-Ta-Mo-V da BT-22). 

nax. 12,79,80,81. axdenen diferencialuri Termuli analizis da 

maskanirebeli kalorimetris Sedegebis demonstrirebas, romelic 

miRebulia gaxureba-gacivebis ciklebiT Ti-50,1Ta, Ti-33,1Nb da Ti-

50Ta-3Zr SenadnebisTvis. 

martensitis warmoqmnas Tan sdevda energiis gamoyofa 

(egzoefeqti), xolo Sebrunebuli gardaqmnisas austenitis 

formirebasTan dakavSirebuli iyo energiis STanTqma 

(endoefeqti). naxazebze (garda 81) endopikebi mimarTulia qveviT. 

diferencialuri Termuli analizis mrudebze kargad Cans, 

rom pirveli endoefeqtis Semcirebas Tan sdevs meore efeqtis 

gazrda. naCvenebia, rom Tu pirveli gardaqmna aris meore gvaris 

gardaqmna As<Ms, maSin meore efeqtisTvis As>Ms aris pirveli 

gvaris gardaqmna. arsebiTia, rom 30K/wT gaxurebis siCqaris dros 

(nax. 79,80) 7000C-mde gaxurebis xangrZlivoba aRwevs 20-22wuTs. 

es dro Tanazomadia im izoTermuli dayovnebis droisa, 

romelic warmodgenilia nax. 72,73,74-ze is sakmarisia pirveli 

efeqtis “gaqrobisTvis”. Tu pirvel efeqtze pasuxismgebeli faza 

aramdgradia, meore narCundeba didxans. 

erTi da igive nimuSze formis aRdgenis gamocdebis seriis 

Catarebis SesaZlebloba pirveli martensituli gardaqmnis dros 

dakavSirebulia imasTan, rom gaxureba-gacivebis erTi ciklis 

Sesabamisi dro Zalian mcirea. ciklisTvis is Seadgenda 20-30 

wams (aqedan gaxurebaze – 5 wamamde). amis garda pirdapiri 

gardaqmna iyo deformaciuli martensituli gardaqmna da 

ganpirobebuli iyo gareTa Zalebis moqmedebiT. am Zalebis 

moqmedebis gareSe Termociklirebis dros aRdgenili 

deformaciis amplituda Tavisufal mdgomareobaSi (nax. 49) 

ganuxrelad mcirdeboda. praqtikulad yvela SenadnisTvis meore 

efeqtis As aWarbebda 400
0C. 
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3333....3333. Sinagani xaxuni da drekadobis moduli. Sinagani xaxuni da drekadobis moduli. Sinagani xaxuni da drekadobis moduli. Sinagani xaxuni da drekadobis moduli    

    

gamokvleuli iqna kompetenturi Semadgenlobis da 

temperaturis gavlena Senadnebis drekad modulebze. 

gansazRvruli iqna pirdapiri da Sebrunebuli Termodrekadi 

( "α↔β ) martensituli gardaqmnebis dawyebis da damTavrebis 

temperaturebi (cxrili 8). gamokvleuli iqna deformaciis 

xarisxis gavlena deformaciuli gardaqmnis dasrulebaze. 

Senadnebis drekadobis modulis gazomva mimdinareobda 

preceziul akustikur speqtrometrze, romelic muSaobda 

rezonansuli modis meSveobiT RunviTi rxevebis TviTaRgznebis 

reJimSi. nimuSebs gaaCndaT firfitis saxe sisqiT 0,4 mm da 

sigrZiT 10 mm. maTSi warmoiqmneboda meoTxedi talRis sigrZis 

RunviTi rxevis moda. vibratoris rxevaTa sixSire am 

geometriisTvis mdebareobda kilohercul diapazonSi. sixSiris  

drekadobis modulTan kavSiri gamoixateboda Semdegi saxiT: 

                           
ρ

α= E
l
h

.f 2                          [3.3.1] 

sadac α =0,1618 ganzomilebis gareSe sididea meoTxed 

talRiani vibratorisaTvis, h nimuSis sisqea, l – misi sigrZe, E – 

iungis moduli, ρ–Senadnis simkvrivea. rxevis sixSire izomeba 

eleqtruli sixSirmzomiT fardobiTi sizustiT 10-6. Sinagani 

xaxuni ganisazRvreba vibratoris amplitudur-sixSiruli 

maxasiaTeblebis mixedviT. 

                              
rw
ww

Q 121 −=−                      [3.3.2.] 

sadac w1 da w2 – sixSireebia, romlis drosac amplituda 

2 -jer naklebia wr rezonansuli sixSiris amplitudaze. 

gamosakvlev SenadnebSi drekadobis modulis malegirebeli 

elementis koncentraciaze damokidebulebis gazomvis Sedegebi 

moyvanilia cxrilSi 9. agreTve warmodgenilia rentgenografiuli 

analizis meTodiT miRebuli fazuri Semadgenloba. cxrilidan   
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7.0

 

 

 

nax. 82. iungis modulis (rezonansuli sixSiris kvadratis 
erTeulebSi) temperaturuli damokidebuleba 
SenadnebisTvis: Ti-29,8 won%Nb(a)  da Ti-33,1won%Nb(b). 
 

 

 

 

 
nax. 83. iungis modulis (rezonansuli sixSiris kvadratis 
erTeulebSi) temperaturuli damokidebuleba 
SenadnebisTvis: Ti-50,1won%Ta  da Ti-59,8won%Ta. 
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gamomdinareobs, rom malegirebeli elementis koncentraciis 

zrdasTan erTad drekadobis modulis mniSvnelobas aqvs 

maqsimumi. Ti-Ta  sistemis SenadnebisaTvis modulis maqsimaluri 

mniSvneloba 8,92.1010 pa Seesabameba 50,1 won%Ta-s. Ti-Nb sistemis 

SenadnebSi modulis maqsimaluri mniSvneloba 9.87Ò1010pa 

Seesabameba 29.8% Nb-s. orive SemTxvevaSi  Senadnebi xasiaTdebian 

zRvruli aramdgradobiT da koeficientiT 1K ≈β . malegirebeli 

elementis aRniSnuli koncentraciis qveviT (10000C nawrTob) 

Senadns gaaCnia "α martensitis struqtura, xolo meti 

koncentraciis dros wrToba afiqsirebs ( β+α" ) struqturas. 

binaruli da mravalkomponentiani Senadnebis 

damaxasiaTebeli rezonansuli sixSiris kvadratis 

mniSvnelobebis temperaturuli damokidebuleba naCvenebia 

nax.425,82,83. mrudze mkveTri minimumi Seesabameba Sebrunebul 

( β↔α" ) martensituli gardaqmnis temperaturas. 

nax. 25-dan Cans, rom SenadnebSi Ti-Nb-Mo  da  Ti-Ta-Mo  

temperaturis zrdasTan erTad xdeba f2-is sididis Semcirebis 

`siCqaris~ cvlileba. gansakuTrebiT es gamoxatulia Senadn Ti-

7,5Nb-7,4Mo  SemTxvevaSi. intervalSi ~(100÷2000C) f2-is cvlileba 

mcirdeba. t>2400C dros f2-is Semcireba xdeba iseTive `siCqariT~, 

rogorc mrudis pirvel monakveTze. SenadnisTvis Ti-7,8Ta-8,1Mo 

aseTi ”siCqaris” cvlileba Seesabameba ufro maRal T>3400C 

temperaturebs. aRsaniSnavia rom f2-is minimaluri mniSvnelobis 

Sesabamisi temperatura praqtikulad erTnairia ∼4300C. f2-is 

mniSvnelobebis minimumi Ti-Nb-Mo  Senadnis SemTxvevaSi ufro 

mkveTrad aris gamoxatuli. Ti-Nb-Mo (nax. 25a) Senadnis 

SemTxvevaSi daikvirveba ori minimumi. es niSnavs, rom adgili aqvs 

or fazur garadaqmnas. es SesaZlebelia SenadnSi ori tipis 

martensitis arsebobiT, gansxvavebuli da amave dros 

malegirebeli elementis maxlobeli gajerebis xarisxiT. aseTi 

fazebis warmoqmna (tantalis SenadnebTan SedarebiT) niobiumis 
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SenadnebSi SesaZlebelia am ukanasknelis didi difuziuri 

Zvradobis gamo. 

Ti-Ta-Mo-V Senadnis SemTxvevaSi f2-is temperaturaze 

damokidebulebas aqvs gansxvavebuli xasiaTi. f2-is Semcirebis 

siCqare temperaturis zrdasTan erTad mkveTrad izrdeba t~3800C  

miRwevisas da Semdgomi gaxurebis SemTxvevaSi rCeba mudmivi. 

f2-is temperaturaze damokidebulebis aRniSnuli 

Taviseburebebi gviCveneben Senadnebis struqturuli cvlilebis 

rTul xasiaTze. am cvlilebebs SeuZliaT arsebiTad imoqmedon 

Senadnebis aradrekad qcevaze. aseTi gardaqmnebis arsebobas 

amtkiceben diferencialuri da eleqtrowinaRobis temperaturaze 

damokidebulebis monacemebi. 

Q X 1 0- 1 2 f  2
r, (H z)

4 ,0

3 ,0

2 ,0

1 ,0

1 0 0

t e m p e r a t u r a , 0 C

20 0 30 0 40 0 50 0 60 0

Q ~ 2 0 %

3 1 ,0

2 9 ,0

2 7 ,0

3 3 ,0

3 5 ,0

 

nax. 84. Senadni Ti-29,8Nb. Sinagani xaxuni (Q-1), rogorc nimuSebis 
rxevis dros gaxureba-gacivebis temperaturis funqcia.  
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SenadnebSi izomeboda Sinagani xaxunis temperaturuli 

damokidebuleba. gazomvebma aCvena, rom rxevebis milevis efeqti 

dakavSirebuli iyo martensituli gardaqmnis dros energiis 

STanTqmasTan. kargad aris cnobili Senadnebis “darbilebis~ 

movlena, anu martensituli gardaqmnis zRurblze magaliTad 

SenadnebisTvis Ti-Ta da Ti-Ni-Cu iungis modulis Semcireba. 

Sinagani xaxunis tipiuri magaliTia naCvenebi Ti-29,8Nb  

SemTxvevaSi nax. 84-ze. gazomvebi tardeboda grexviTi rxevis 

qanqaraze. (1-4hc) sixSiris diapazonSi da kilohercian diapazonSi 

akustikur speqtrometrze. 

sidide %100Q2 1 ⋅⋅π=ψ −  axasiaTebs milevis xarisxs. ψ -is 

mniSvneloba SenadnebSi martensituli gardaqmnis dros 

mocemulia cxrilSi 9. 

gazomvebi SezRuduli iyo temperaturuli diapazoniT 

oTaxis temperaturidan 400÷4500C-mde, radgan ufro maRali 

temperaturebis dros xdeboda fonis mkveTri zrda. 

gansakuTrebiT gamoirCeva Senadni Ti-33Nb-7Zr. zedapiruli 

oqsiduri fenis arqonis dros Sinagani xaxunis piki ψ =31,5% 

daikvirveba 40-1000C intervalSi. oqsiduri fena ψ  amcirebda 

15,4%-mde da piks anacvlebda 100-3800C temperaturul areSi. 

 

3.3.3.3.4444. wyalbadis gavlena. wyalbadis gavlena. wyalbadis gavlena. wyalbadis gavlena    SenadnisSenadnisSenadnisSenadnis        

Termomeqanikur TvisebebzeTermomeqanikur TvisebebzeTermomeqanikur TvisebebzeTermomeqanikur Tvisebebze    

 

amJamad mimdinareobs intensiuri kvleva formis maxsovrobis 

efeqtis mqone SenadnebSi wyalbadis gavlenis Taobaze. 

dadgenilia, rom wyalbadi amcirebs Sinagani xaxunis fons, 

magram katastrofulad adidebs disipacias martensituli 

gardaqmnis temperaturul intervalSi. wyalbads SeuZlia 

Senadnebis simyifis gazrda. martensituli gardaqmnis kritikuli 

Zabvebi izrdeba SenadnebSi wyalbadis raodenobis gazrdiT. 

naCvenebi iyo rom Ti-Ni-Cu-Si da Cu-Zn-Al-Si SenadnebSi wyalbadi 
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ar axdens gavlenas gardaqmnis temperaturebze TiTqmis 12at% 

koncentraciamde. wyalbadi ar gamoiyofa Senadnidan T<420K. 

dadgenilia agreTve mowesrigebis efeqti. samuSaos Sesrulebis 

dros Catarebuli iyo calkeuli cdebi SenadnebSi wyalbadis 

Seyvanis mizniT. cdebi tardeboda saqarTvelos mecnierebaTa 

akademiis fizikis institutSi arsebul liTonebis hidrirebis 

danadgarze. 

 

100 200 500300 400 600 700

) T

a

b

t e m p e r a t u r a , 0 C  

nax. 85. Ti-Ta-Mo-V Senadnis diferencialuri Termuli analizis 
mrudebi. a) adsorbirebuli wyalbadis gareSe da b) 0,28 won% H-iT. 
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nax. 86. Ti-Ta-Mo-V+0,43won%H Senadnis wonis cvlilebis 
gravimetruli mrudebi haerze da heliumSi gaxurebisas. 
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liTonebSi Seyvanili wyalbadis raodenobis kontroli 

xorcieldeboda maRali mgrZnobelobis manometris saSualebiT 

aiaradi formis wyalbadis wnevis cvlilebis gazomviT. 

anomalurad maRali STanTqma (ψ =43%) naCvenebi iyo Sinagani 

xaxunis gazomvisas SenadnSi Ti-Ta- Mo-V+0,43%H. STanTqma 

mimdinareobda iZulebiTi rxevis dros sixSiriT 1,3khc. amave 

SenadnisTvis 3hc sixSiris dros sidide ψ =12,8%. 

wyalbadis Seyvana mniSvnelovan gavlenas axdenda fazebis 

stabilurobaze. iklebda martensituli gardaqmnis temperatura, 

da diferencialuri Termuli analizis mrudebze ar 

aRiniSneboda maRaltemperaturuli (T>4000C) siTburi efeqtebi 

(nax. 85). isini ar vlindebodnen aseve mravaljeradi gaxureba-

gacivebis ciklebis Semdgom (gaxureba 30K/wT gaciveba 

bunebrivad). 

Termul efeqtebTan erTad qreboda maRaltemperaturuli 

formis maxsovrobis efeqtic. Tu SenadnebSi wyalbadis gareSe 

Sebrunebuli gardaqmna β→α ′′  xdeboda intervalSi 375-4250C, 

wyalbadis arsebobis SemTxvevaSi SenadnSi es intervali iklebda 

125-2000C-mde. umjobesdeboda formis aRdgenis efeqti, ase 

magaliTad 4,9-5,2% deformaciis dros uwyalbado SenadnSi 

aRdgenis xarisxi iyo 75% da SenadnSi wyalbadis Seyvanis Semdeg 

gaizarda 95%-mde. 

gravimetrulma gazomvebma gviCvena rom wyalbadis desorbcia 

haerze da heliumis garemoSi umniSvneloa 5000C-mde gaxurebisas 

(nax. 86). 

 aseTma eqsperimentebma gviCvenes, rom mizanSewonilia 

Zalisxmeva mivmarToT wyalbadis gavlenis gamokvlevaze. 

gardaqmnis temperaturis Semcirebam oTaxis temperaturamde, 

formis aRdgenis mniSvnelovanma sididem SeiZleba Senadnebi 

gaxados praqtikuli gamoyenebisTvis vargisi, magaliTad 

medicinaSi. 
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4. 4. 4. 4. d a s k v n ad a s k v n ad a s k v n ad a s k v n a    

    

Segrovili da gaanalizebuli iqna literaturuli 

monacemebi formis maxsovrobis efeqtis, zedrekadobis da 

dempfirebis Tvisebebis Sesaxeb SenadnebSi titanis safuZvelze. 

yuradReba gansakuTrebiT gamaxvilebuli iyo  aradrekadi 

Tvisebebis gaumjobesebis faqtorebze. Aanalizis safuZvelze 

dazustebul iqna dakvirvebisaTvis mniSvnelovani Senadnobebis 

Semadgenloba. 

miRebuli iyo binaruli da mravalkomponentiani Senadnebi 

Ti-Ta da Ti-Nb sistemaSi malegirebeli elementebis sxvadasxva 

koncentraciiT. SemuSavebul iqna Termomeqanikuri damuSavebis 

teqnologia, saWiro fazuri Semadgenlobis misaRwevad. 

Catarebuli iqna Senadnebis rentgenografiuli, kalorimetruli 

gamokvleva, maTi diferencialuri Termuli analizi, gamokvleul 

iqna eleqtrowinaRobis temperaturuli damokidebuleba. 

gansazRvruli iqna Senadnebis drekad modulze komponenturi 

Semadgenlobis da temperaturis gavlena. Seswavlili iqna 

formis maxsovrobis efeqtis gamovlenaze da mis Seqcevadobaze 

temperaturis da gaWimvis da grexvis deformaciebis gavlena. 

naCvenebi iyo Ti-Ta da Ti-Nb sistemis  SenadnebSi formis 

maxsovrobis efeqtis mimdinareobaSi gansxvaveba. Catarda 

miRebuli Sedegebis analizi, ris safuZvelzec erTmniSvnelovnad 

gamoikveTa gaxurebis da gacivebis siCqaris gavlena formis 

maxsovrobis efeqtis gamovlenis xarisxze. gansakuTrebuli 

mniSvneloba mieniWa drois faqtors. mraval SemTxvevaSi 

nimuSebis gaxurebis siCqare meqanikur datvirTvasTan erTad 

TamaSobda gadamwyvet rols formis maxsovrobis efeqtebis 

(`dabaltemperaturulis~ da `maRaltemperaturulis~) 

ganxorcielebaSi.  

es aisaxa Senadnebis deformaciis meTodikaSi martensituli 

gardaqmnebis realizaciisTvis.  
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am amocanebis gadasawyvetad gamoyenebuli iyo Termo-

meqanikuri kvlevis meTodebi: diferencialuri Termuli analizi, 

Senadnebis eleqtrowinaRobis temperaturuli damokidebulebis 

gansazRvra, grexviTi deformaciis ZiriTadi parametrebis 

temperaturuli damokidebulebis Seswavla. 

kvlevis dros miRebuli Sedegebi saSualebas gvaZlevs 

gavakeToT Semdegi daskvnebi: 

1. formis maxsovrobis efeqti da zedrekadoba gamokvleuli 

iqna Semdegi sistemis SenadnebSi: Ti-Ta, Ti-Nb, Ti-TA-Mo, Ti-Ta-V, Ti-

Nb-Mo, Ti-Nb-V, Ti-Ta-Mo-V, Ti-Nb-Mo-V, Ti-Ta-Zr, Ti-Nb-Zr, Ti-Ta-Mo-V-Zr 

Ti-Nb-Mo-V-Zr  grexvis da gaWimvis deformaciis meTodiT. 

2. naCvenebi iyo, rom SenadnebSi Ti-Nb(X=25,9%, 29,8%, 33,1%), Ti-

XTa (X=43,2%, 50,1%, 59,8%) Ti-47 Ta-3 Zr, Ti-44Ta-6Zr, Ti-50Ta-3Zr, Ti-33Nb-

7Zr, Ti-26Nb-4Ta-7Zr 6÷9% deformacia (elementebis koncentraciis 

mixedviT) aRdgeba 90%-iT. ufro  mcire deformaciebis dros 

aRdgena praqtikulad srulia. formis maxsovroba SeiZleba 

mivakuTvnoT `maRaltemperaturian” intervals. As Af  intervali 

mocemuli SenadnebisTvis 250÷4500C farglebSia. gamonaklisia 

Senadnebi Ti-50Ta-6Zr, Ti-33Nb-7Zr, Ti-26Nb-4Ta-7Zr  romelTaTvisac es 

intervali 20÷2000C-ia. 

3. Senadnebis zedrekadoba Seiswavleboda oTaxis 

temperaturaze. ganixileboda Senadnebis  praqtikuli gamoyeneba 

biomedicinaSi. praqtikulad yvela SenadnisTvis zedrekadulad 

aRdgenili deformacia iyo aranakleb 3÷3,6%. SenadnebSi Ti-33Nb-

7Zr,  Ti-25,9Nb, Ti-43,2Ta zedrekaduli deformaciis xarisxi iyo 

Sesabamisad 4,3, 4,5 da 4,6%, rac axloa 5%-Tan da es monacemebi 

dReisaTvis miCneulia Zalian kargad. 

4. Sebrunebuli martensituli gardaqmnis dros 

generirebuli Zabvebis gazomvam gviCvena, rom maT aqvT 270÷450mpa 

mniSvneloba Senadnis komponenturi da koncentraciuli 

Semadgenlobidan gamomdinare. maqsimaluri (400÷450mpa) 

mniSvneloba generirdeba Ti-50Ta-3Zr, Ti-25,9 Nb, Ti-50,1 Ta SenadnebSi. 
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5. martensituli gardaqmnebis dempfirebis unari SenadnebSi 

fasdeboda Sinagani xaxunis temperaturaze damokidebulebis 

gazomviT. grexviTi rxevebi hercul diapazonSi da rxevebi 

kiloherculSi gviCvenebdnen maRali dempifirebis Tvisebas 

SenadnebSi: Ti-33Nb-7Zr (Ψ=31,5%), Ti-59,8Ta (Ψ=23%) da Ti-50,1Ta-6Zr 

Ψ=(23%). Ψ=15÷20% axasiaTebda Senadnebs Ti-33,1 Nb, Ti-50,1Ta, Ti-

29,8Nb, Ti-43,2Ta, Ti-26Nb-4Ta-7Z. 

6. praqtikulad yvela SenadnisTvis naCvenebia ori  

maxsovrobis efeqtis ganxorcielebis SesaZlebloba. pirobiTad 

`dabaltemperaturulis” da `maRaltemperaturulis”. winaswari 

Termomeqanikuri damuSavebis mixedviT SesaZlebelia: mxolod 

`dabaltemperaturuli” efeqtis, TanmimdevrobiT orive an 

mxolod `maRaltemperaturuli” efeqtis ganxorcieleba. aseTi 

SesaZlebloba dakavSirebulia, fazebis metastabilurobis 

cvlilebasTan difuziuri procesebis gamo, Sesabamisad 

martensituli gardaqmnis temperaturis cvlilebasTan.  

sustad legirebul mravalkomponentian SenadnebSi 

komponentebis difuziur gadanawilebas mivyavarT cnobil 

maxsovrobis Sebrunebul efeqtTan – gaxurebis procesSi formis 

aRdgenis Semdeg spontanur deformaciamde. efeqtis 

makrogamovlinebas xels uwyobs ciklireba datvirTvis qveS an 

Senadnis dayovneba izoTermul temperaturaze mudmivi  

datvirTvis qveS. 

7.  naCvenebi iqna zedapiruli oqsiduri fenis gavlena 

(warmoqmnili TermodamuSavebis dros) formis maxsovrobis 

efeqtze da zedrekadobaze. miRebuli Sedegi dRis wesrigSi 

ayenebs SenadnSi formis maxsovrobis da zedrekadobis efeqtebze 

Jangbadis gavlenis Seswavlis aucileblobas.  

8. Catarebuli iqna cdebi SenadnebSi wyalbadis Seyvanis 

Taobaze (0,43%-mde) gamokvleuli iqna Senadnebi Ti-Ta-Mo-V, TiI-Nb-

Mo-V, Ti-50,1Ta, Ti-50Ta-6Zr.  wyalbadi amcirebda martensituli 

gardaqmnis temperaturas, astabilizirebda austenits, `aqrobda” 

`maRal-temperaturuli” gardaqmnis gamovlenis SesaZleblobas. 
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Ti-Ta-Mo-V Senadnis SemTxevvaSi 0,43 won.% wyalbadi adidebda  

dempfirebis unars Ψ=43%-mde. formis maxsovrobis efeqtis 

gamovlenis temperaturis  Semcireba da efeqtis stabilizacia 

aucilebels xdis Semdgomi kvlevebis Catarebas titanis 

SenadnebSi mimdinare fazur gardaqmnaze wyalbadis gavlenis 

dasadgenad. 
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