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რეზიუმე 

atomuri energiis praqtikulma gamoyenebam warmoSva 
radiaciulad medegi metalebis damuSavebis problema birTvuli 
reaqtorebis axali da ukiduresad rTuli aRWurvilobisaTvis. am 
problemis warmoqmnamde ainteresebdaT iseTi Cveulebrivi 
sakiTxebi, rogoricaa: meqanikuri da fizikuri Tvisebebis 
gaumjobeseba, metalebis gamoyeneba maRali temperaturisas, 
koroziuli medegobis amaRlebis Seswavla airovan da Txevad 
garemoSi, namzadis qcevis winaswarmetyvelebis SesaZlebloba maTi 
struqturis cvlilebis safuZvelze. atomuri teqnikis 
ganviTarebasTan erTad am problemebs daemata maRali energiebis 
nawilakebis dasxivebis gavlena metalebis yofaqcevaze. 

dasxivebis moqmedeba masalaze ar iyo Seswavlili 
sakmarisad pirveli birTvuli reaqtoris gaSvebamde. iTvleboda, 
rom dasxivebis moqmedeba saziano iyo Sesaswavli metalebisaTvis 
da miiRes kidevac termini radiaciuli dazianebis saxelwodebiT. 
mravali cdebis Sedegad dadginda, rom dasxivebis dozis 
intensiobis mixedviT xdeba masalis Tvisebebis cvlileba. 
aRmoCnda, rom zogierTi masalis denadobis zRvari izrdeba 10-
jer da metad. rac Seexeba drekadobis maxasiaTeblebs, maTi 
cvlileba ufro umniSvneloa. 

naSromSi ganxilulia: 
1. dasxivebis Sedegad namzadTa fizikuri da meqanikuri 

Tvisebebis cvlilebebis zogadi kanoni da gaanalizebulia am 
sakiTxebisadmi miZRvnili literaturis mimoxilva. is Tviseba, 
rom dasxivebis Sedegad izrdeba denadobis zRvari da rom es 
procesi mdgradia, SeiZleba gamoyenebuli iqnes mtkice da amave 
dros msubuqi namzadis Sesaqmnelad. es gansakuTrebiT 
gamosayenebelia maSin, roca sxvadasxva mosazrebebis gamo namzadis 
geometriuli maxasiaTeblebi da datvirTvis saxe SezRudulia. 
amis gamo bunebrivia aseTi konstruqciebi winaswar movaTavsoT 
neitronuli  dasxivebis qveS da dasxivebis dozad aviRoT 
neitronebis is ricxvi, romelic mocemuli masalis maqsimalur 
simtkices uzrunvelyofs. mravali cdebis Sedegad dadgenilia 
cxrilebi, romlebic amyareben kavSirs dasxivebis dozasa da 
denadobis zRvars Soris. 

2. warmodgenilia wriuli (rgoluri) firfitisa da damreci 
konusuri garsis gaangariSebis dawvrilebiTi analizi. dasxivebis 
dros, datvirTvis intensivobis sidide da firfitis sisqe 
iseTnairad aris SerCeuli, rom adgili hqondes firfitis 
optimalur daproeqtebas. igive iTqmis brunviTi konusuri garsis 
SemTxvevaSi. maTematikuri TvalsazrisiT sakiTxi daiyvaneba 
cvlad-koeficientebian diferencialur gantolebaTa sistemis 
integrebaze. 

3. mocemulia liTonis firfitebisa da garsebis optimalurad 
dagegmarebis sakiTxi. aseTi viTarebis dros saWiroa gamoinaxos 
principulad gansxvavebuli gzebi namzadTa toli winaRobis 



misaRwevad. erT-erTi maTgani SeiZleba mdgomareobdes liTonis 
garsis radioaqtiur dasxivebaSi winaswar SerCeuli araTanabari 
dozebis mixedviT. 

dasxivebis procesSi SeZenili meqanikuri Tvisebebis 
stabiluri xasiaTis gamo mizanSewonilia namzads mieniWos iseTi 
`optimaluri~ araerTgvarovneba, romelic uzrunvelyofs maTi 
toli winaRobis unars. Sesabamisad, Txelkedliani konstruqciis 
optimaluri dagegmareba mdgomareobs dasxivebis dozebis 
saTanado kanonis SerCevaSi. 

wminda maTematikuri TvalsazrisiT dasmuli amocanis 
Seswavla moiTxovs kerZowarmoebuliani diferencialuri 
gantolebebis iseTi arawrfivi sistemis amoxsnas, romelic 
wonasworobis gantolebebis garda, moicavs agreTve empiriuli 
xasiaTis or damokidebulebas 

)(1 NfE =  

da 

                              )(2 Nfs =σ  

sadac N-iT aRniSnulia neitronuli dasxivebis doza. 
miRebuli sistemis integrebis mizniT xelsayrelia mivmarToT 

mimdevrobiTi miaxloebis xerxs, romelic emyareba fizikuri 
xasiaTis mosazrebebs. 

ramdenadac drekadi maxasiaTeblebis cvlileba dasxivebis 
Sedegad SedarebiT umniSvneloa, amdenad drekadobis moduli 
SegviZlia mudmivad miviCnioT pirveli miaxloebis dros. maSin 
diferencialur gantolebaTa sistema saSualebas gvaZlevs 
ganvsazRvroT Zalvebi da momentebi. napovni Zalvebisa da 
momentebis mixedviT, Sesabamisad, ganisazRvreba dasxivebis dozis 
cvlilebis `optimaluri~ kanoni da is gavlena, rasac dasxiveba 
axdens garsis masalis drekadobis modulze. principuli 
TvalsazrisiT Tu mivudgebiT, meore miaxloeba moiTxovs iseTive 
proceduris Sesrulebas, rasac pirveli, im gansxvavebiT mxolod, 
rom iungis moduli amjerad ukve cvladi sididea da ara mudmivi. 
e.i. xdeba wrfivi amocanis amoxsna drekadi araerTgvarovani 
garsisaTvis. rogorc konkretuli sainJinro magaliTebis 
ganxilva gvarwmunebs, procesi swrafad krebadia da praqtikulad 
amoiwureba ori-sami miaxloebis SesrulebiT. 

gadmocemulia foladisagan damzadebuli brtyeli Rerovani 
konstruqciebis eqsperimentaluri gamokvleva radiaqtiuri 
dasxivebis dros. nimuSebis gamocda tardeboda saqarTvelos 
teqnikur universitetSi. aRwerilia stendis aRWurvilobis da 
mowyobilobebis sqemebi. gamokvleulia SemoTavazebuli kvanZebis 
muSaoba sacdel konstruqciebSi radiaqtiuri dasxivebis dros. 
eqsperimentulma gamokvlevebma aCvena, rom gamocdis procesSi 
gazomili CaRunvebis sidide da xasiaTi datvirTvis saangariSo 
sididemde zrdisas kvanZebis gadaadgilebis datvirTvis 
proporciulia, rac saSualebas iZleva Sefasebuliyo kvanZuri 
SeerTebis muSaoba konstruqciis SemadgenlobaSi.  
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naSromis mecnierul da praqtikul Rirebulebas 
warmoadgens: 
1. radiaciuli dasxivebis procesSi masalebis Tvisebebis 

maxasiaTeblebisa da dasxivebis dozebs Soris urTierTkavSiris 
dadgena, rac mniSvnelovania metalebis Tvisebebis diagnostikasa 
da prognozirebis sakiTxisaTvis. 

2. konstruqciebis gaangariSebis maTematikur meTods, rac 
mniSvnelovania reaqtorebis sakonstruqcio masalebis 
saimedobis problemisaTvis. 

3. maRali energiebis nawilakebiT dasxivebuli foladisagan 
damzadebuli konstruqciuli kvanZebis da mTlianad wamwis 
simtkicisa da deformaciis kvlevis Sedegebi.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Summary 
 
 
Application of nuclear energy in reactors evoked a problem of creating 

radiation resistant metals for highly sophisticated equipment. Before that scientists 
were mostly engaged in simple study of metal properties for improving its physical 
and mechanical features, possibilities of application at high temperature, corrosion 
resistance, durability forecast based on its structural changes and others. In addition to 
these problems, development of nuclear technologies required special research of 
radiation impact on the behavior of metals by high energy particles. 

This problem hadn’t been sufficiently studied before the installation of the first 
nuclear reactor. Besides, radiation was considered to have negative effect on metals. 
Later, multiple tests proved that radiation seldom resulted in visual damage, though 
various intensities caused changes in the properties of metals. Namely, the extension 
limit became ten times as high as before. As for the flexibility features, changes in this 
case were negligible. 

The present research includes the following; 
1. Analyses of the basic laws of radiation impact and the literature dedicated to it. 

The fact, that the increase in extension limit is a constant feature, can be used for 
creating highly durable lightweight metals. This is especially convenient when the 
geometrical parameters and the type of loading are restricted due to certain 
conditions. Obviously, these types of structures can be previously exposed to 
neutron radiation of required intensity to provide maximum durability of the 
metal. Numerous tests revealed relationship between the radiation doze and 
extension limit and provided data to compile interdependence charts of these 
values. 

2.  Detailed analysis of a round plate and a conical surface calculation. When 
exposed to radiation, the values of loading intensity and plate thickness are 
selected to meet the designed requirements. The same is characteristic to a rotating 
conical surface. The mathematical approach to this problem results in the integrity 
of non-constant differential equation systems.  

3. The ways for optimal designing of metal plates and their surfaces. In this case it is 
important to find different ways to achieve equal resistance. One of them can be 
the radiation of metal surfaces by previously selected doses of different intensity. 

Due to the stable character of mechanical properties acquired during the 
exposure to radiation, it seems reasonable to give to the structure the optimal variety 
that will provide their equal resistance. Relatively, the optimal design of thin wall 
structures envisages the selection of proper equation of radiation dosage. 

From the mathematical viewpoint, the study of this problem requires solution 
of non linear. 

Differential equations which besides the balance equation comprises two 
empiric formulas: 

)(1 NfE =  
and 
                         )(2 Nfs =σ  
where N indicates neutron radiation dosage.                                   

In order to integrate the acquired system, it is reasonable to use the method of 
consecutive approach. 
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As far as the fluctuation of flexibility properties is negligible, the flexibility 
module can be considered as constant during the first approach. In this case the 
differential equation system enables us to determine resistance forces and moments. 
Consequently, the resistance force and moments which had been determined can be 
used to create an “optimal” law of radiation dosage change and envisage the impact of 
radiation on the surface of material. The second approach, based on the same 
principle, requires procedures similar to the first approach, but the Young module in 
the case is a variable value. As the survey of definite engineering examples has 
proved, the procedure is fast integrated and can be carried out in two or three 
approaches. 
4. Research of steel structures with flat surfaces exposed to radiation, including the 

behavior of joints. Samples were tested at Georgian Technical University. The 
thesis provides charts and schemes of the used equipment. Research of the value 
and nature of bending, measured during the test have revealed that increase in the 
loading is proportional of joint movement. This enables us to estimate the 
behavior of joints inside the structures.       

The practical value of the thesis is possibility to produce durable, light and 
reliable structures by the application of neutron radiation. 

The results of the study have revealed as follows: 
1. Interrelation between the metal properties and radiation dosage, which is very 

important to determine further application of the structures. 
2. Mathematical method for structural design to provide high security of nuclear 

reactors. 
3. Data on durability and deformation of steel joints of different structures exposed to 

the radiation of high energy particles. 
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madliereba 

 
did madlobas vuxdi fiz.-maT. m. doqtors zurab CaCxians. 

aseve samSeneblo meqanikisa da seismomedegobis kaTedris t.m.d. 

revaz cxvedaZes, aw gardacvlil konstruqciebis dazianebis 

teqnikuri diagnostikis kaTedris profesors t.m.d., jemal 

baxtaZes da amave kaTedris profesors malxaz wiqariSvils, 

romelTa uSualo mxardaWeriT da TanadgomiT Sesrulda 

eqsperimentuli samuSaoebi. 



Sesavali 

atomuri teqnikis ganviTarebasTan erTad imata maRali 

energiebis nawilakebis dasxivebis gavlenam masalebis Tvisebebze. 

dadgenilia, rom masalis Tvisebebis ZiriTadi cvlilebebi xdeba 

kristalur meserSi, atomebis normaluri mdgomareobidan 

wanacvlebis Sedegad. liTonebis Tvisebebis cvlilebis 

xelSemwyobi meqanizmebis mokle mimoxilva naTlad gviCvenebs, 

rom pirveli reaqtorebis konstruirebisaTvis saWiroa 

liTonebis struqturaze dasxivebis gavlenis codna. amis Sedegad 

bolo periodSi SesaZlebeli iyo am sakiTxisadmi miZRvnili 

movlenebis mniSvnelovani raodenoba. gadmocemulia, rom feriti 

swrafad kargavs plastikurobas. dasxivebis moqmedebis Sedegad, 

xolo karbiduli gamonaTvlebis maRalnaxSirbadovan foladSi 

es procesi SedarebiT mdored mimdinareobs. naxSirbadovan da 

daballegirebul foladze dasxivebis gavlenis Sedarebis kidev 

erTi mniSvnelovani kriteriumia masalis plastikuri 

mdgomareobidan myifeSi gadasvlis temperaturis cvlileba. 

dausxivebeli saqvabe foladisaTvis es temperatura 0°C-ze qvemoT 

mdebareobs. nimuSebis umravlesobis Wrilisadmi mgrZnobiaroba 

izrdeba swrafi neitronebad dasxivebis Sedegad. dasxivebis 

moqmedebis Sedegad da dasxivebiswina Termuli damuSavebis 

gavlenaze arsebobs sakmaod SezRuduli monacemebi daRlilobisa 

da cocvadobis Tvisebebis cvlilebis Sesaxeb. 

bolomde rom gaverkvioT dasxivebis moqmedebis fazuri 

gardaqmnebis procesebs, saWiroa jer kidev bevri samuSaos 

Catareba. Tu dasxiveba moqmedebs metastabilur Senadnobebze, 

romlebic daZvelebisas ufro mtkicdeba, maSin igi aseve axdens 

gavlenas axali fazebis SeqmniT gamowveul ganmtkicebaze. 

saboloo Tvisebebma SeiZleba asaxos matricis ganmtkicebis 

gavlena, romelic damokidebulia dasxivebis temperaturaze an 

daZvelebaze damoukidebeli pirobebis gavlena.    

konstruqciul  masalaze  dasxivebis gavlenis monacemebis  
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mimoxilvis da Sefasebis Semdeg naTeli gaxda, rom dasxivebis 

Sedegad xdeba maTi Tvisebebis bevri mkveTrad gamoxatuli 

cvlileba. Tvisebebis am cvlilebas kavSiri aqvs liTonebis 

konstruqciul maxasiaTeblebTan. konstruqciuli liTonebis da 

Senadnobebis Tvisebebis cvlilebis xarisxze gavlenas axdens 

cvladebi: kristaluri struqtura, marcvlis sidide, qimiuri 

Sedgeniloba, dnobis temperatura, agreTve damzadebis teqnologia 

da Termuli damuSaveba. garda amisa, konstruqciuli masalis 

Tvisebebze gavlenas axdens reaqtorSi dasxivebis pirobebi: 

neitronebis nakadis simkvrive, integraluri nakadis sidide, 

dasxivebis temperatura, daZabuli mdgomareoba da nimuSis 

momcveli garemo. 

gadmocemulia maRali energiebis nawilakebis dasxivebis 

gavlena nakeTobaTa simtkiceze da mdgradobaze. myari sxeulebi 

radiaqtiuri dasxivebis Sedegad icvlian rogorc fizikur, aseve 

meqanikur Tvisebebs, is Tviseba, rom dasxivebis Sedegad izrdeba 

denadobis zRvari da rom es procesi sakmaod mdgradia, SeiZleba 

gamoyenebul iqnas mtkice da amave dros msubuqi konstruqciebs 

Sesaqmnelad. aseve radiaqtiuli dasxivebis Sedegad damreci 

konusuri garsis gaangariSebisas drekadobis modeli icvleba. 

mocemulia liTonis firfitebisa da garsebis optimaluri 

daproeqteba uwyveti araerTgvarovani masalis gamoyenebiT. 

teqnikis mraval dargSi da gansakuTrebiT reaqtorebis 

mSeneblobaSi gvxvdeba iseTi SemTxvevebi, rodesac zogierTi 

konstruqciuli mosazrebis gamo SezRudulia konstruqciis 

geometriuli maxasiaTeblebi da datvirTvis saxeobebi. 

aseT SemTxvevebSi SesaZlebelia gamoyenebuli iqnes iseTi 

masalebisgan Sedgenili konstruqcia, romelsac gaaCnia uwyvetad 

cvladi drekadobis maxasiaTebeli. 

zemoT aRniSnulidan gamomdinare namzadTa saimedobis 

gazrdis mizniT neitronuli dasxivebis gavlena, rogorc 

liTonebis, aseve sivrciTi konstruqciebis, kerZod garsebisa da 

firfitebis gaangariSebis mdgomareobis gamokvlevis problema 
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sakmaod rTulia, aqtualuria da moiTxovs gaangariSebis 

gansakuTrebuli meTodebis SemuSavebas. 

naSromis mizans warmoadgens birTvuli reaqciebis 

konstruqciebisaTvis saWiro liTonebis struqturaze dasxivebis 

gavlenis Seswavla; dasxivebis moqmedebis Sedegad daRlilobisa 

da cocvadobis Tvisebebis cvlilebas Soris kavSiris dadgena; 

damreci konusuri garsis gaangariSebas radiaqtiuli dasxivebis 

gziT; konstruqciuli kvanZebze da wamweze maRali energiebis 

nawilakebis dasxivebisas daZabul-deformirebuli mdgomareobis 

gamokvleva eqsperimentuli gziT. 

ganxilulia diferencialuri gantolebebis Sedgenis 

zogadi meTodebi, misi gamartivebis xerxebi, kerZo SemTxvevebSi, 

arawrfivi deformaciis pirobebSi wyvetilparametrebiani garsebisa 

da firfitebis gaangariSeba dasxivebis dros. 

naSromis praqtikuli Rirebuleba mdgomareobs damuSavebuli 

meTodebisa da programebis gamoyenebis SesaZleblobebisa 

kosmosmSeneblobaSi, aviamSeneblobaSi da radioeleqtronikaSi. 

Sedegebis utyuaroba ganpirobebulia imiT, rom gadamwyveti 

gantolebebis formirebisas gamoiyeneba sayovelTaod miRebuli 

hipoTezebi da daSvebebi, romelTa koreqtuloba damtkicebulia; 

utyuaroba mtkicdeba avtoris mier miRebuli Teoriuli da 

eqsperimentuli Sedegebis damakmayofilebeli TandamTxveviT.   
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1. ლიტერატურის მიმოხილვა 

          1.1. dasxivebis gavlena eleqtronuli sqemebis 

masalasa da elementebze 
 

1.1.1. sakonstruqcio metalebi  

 
atomuri energiis praqtikulma gamoyenebam gamoiwvia 

masalebis problema birTvuli reaqtorebis axali da ukiduresad 

rTuli aRWurvilobisTvis. am problemis warmoqmnamde liTonis 

sivrciTi konstruqciebis specialistebs ainteresebdaT iseTi 

Cveulebrivi sakiTxebi, rogoricaa: meqanikuri da fizikuri 

Tvisebebis gaumjobeseba, masalis gamoyeneba maRali temperaturisas, 

koroziuli medegobis gazrdis xerxebis Seswavla airovan da 

Txevad garemoSi, masalis qcevis winaswarmetyvelebis SesaZlebloba 

maTi struqturis codnis safuZvelze. atomuri teqnikis 

ganviTarebasTan erTad am problemebs daemata maRali energiebis 

nawilakebis dasxivebis gavlena masalebis Tvisebebze. 

dasxivebis moqmedeba masalaze seriozulad ar iyo 

Seswavlili pirveli birTvuli reaqtoris gaSvebamde. dasxivebis 

moqmedebis pirveli SemCneuli Sedegebi saziano iyo Sesaswavli 

masalebisTvis, risTvisac miiRes radiaciuli dazianebis 

saxelwodeba. samwuxarod es termini miRebulia da gamoiyeneba 

bevr SemTxvevaSi, Tumca dasxiveba xSirad ar iwvevs masalis 

aSkara dazianebas. es defeqtebi SeiZleba iyos maRali energiis 

da garkveuli masis nebismieri nawilakis nivTierebaSi gavlis 

Sedegi, magram, Cven umetesad saqme gvaqvs neitronebTan. 

energiebis farTo intervalis gamo neitronebi iyofa sam klasad: 

siTburi (an neli), romlebsac aqvs daaxloebiT 0,025 ev energia; 

swrafi, romelTa energia aRemateba 1 mev-s da zesiTburi, romlis 

energiaASualedur monakveTSia. 

dadgenilia, rom masalis Tvisebebis ZiriTadi  cvlilebebi 

xdeba kristalur meserSi, atomebis normaluri mdgomareobidan 

wanacvlebis Sedegad. eqsperimentulad damtkicebulia, rom atomebis 
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aseTi wanacvlebisTvis saWiroa 25ev-ze meti energia [1]. maSasadame, 

atomis wanacvlebis gamo siTburi neitronebi Tvisebebis 

cvlilebaSi naklebad monawileobs. liTonebze nebismieri 

nawilakis saerTo zemoqmedeba, ra Tqma unda, damokidebulia mis 

srul energiaze. rac metia nawilakis energia, miT meti 

struqturuli cvlilebis gamowveva SeuZlia mas meoreuli 

efeqtebis xarjze. 

1-el naxazze sqematuradaa naCvenebi gamosxivebis moqmedebis 

xuTi SesaZlo meqanizmi. vakansiebi Cndeba, rogorc neitronis 

atomTa pirveladi Sejaxebis Sedegi. es neitroni agrZelebs 

atomebTan Sejaxebas manam, sanam ar daxarjavs mTel energias. 

meoreuli efeqti aris neitronis mier atomisTvis energiis 

gadacemis Sedegi. es atomi ejaxeba sxva atomebs, amoagdebs maT 

kristalur meserSi dakavebuli adgilebidan da maT gadascems 

energias. sabolood, amogdebuli atomi kargavs mTel energias da 

rCeba kristaluri mesris Sualedur mdgomareobaSi. amrigad, 

neitronis da mesris atomis Sejaxebisas warmoiqmneba ori tipis 

wertilovani defeqti _ vakansiebi da wanacvlebuli atomebi, 

ganlagebuli kvanZebs Soris. dinsma da vinarlma [2] gamoiTvales 

vakansiis wyvilebis raodenoba: wanacvlebuli atomi spilenZSi, 

warmoqmnili erTi swrafi neitronis SejaxebiT atomTan da 

amogdebuli atomebis sxva atomebTan Semdgomi Sejaxebebis 

Sedegad, romelic aRmoCnda 1000-is toli. aseTi raodenobis 

wanacvlebisas nimuSis atomebis daaxloebiT 40% wanacvlebuli 

iqneboda Tavisi poziciebidan oTxi Tvis ganmavlobaSi 1⋅1013 

neitron/sm2⋅wm swrafi neitronebis nakadiT dasxivebis Semdeg. 

neitronuli dabombvis meoreuli efeqti Termuli pikebiT 

gamowveuli struqturis cvlilebaa. iTvleba, rom zogierT 

SemTxvevaSi amogdebuli atomis energia ASeiZleba mcire 

moculobaSi gaibnes siTburi impulsis saxiT, ris Sedegadac 

SeiZleba ganviTardes Zalian maRali temperatura drois mokle 

monakveTSi [3, 4, 5, 1]. moculoba, romelzec moqmedebs aseTi siTburi 
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impulsi, SeiZleba Seicavdes vakansiebs, wanacvlebul atomebs, 

orientaciadakargul areebs da dislokaciebs. 

 

nax. 1. radiaciuli zemoqmedebis xuTi meqanizmi. gadakveTebi 
     koordinatul badeze miuTiTebs atomebis wonasworul  

mdgomareobas [14]: 

1 _ minarevi atomi; 2 – Termuli piki anu wanacvlebis piki;  
3 – wanacvlebuli atomi; 4 – vakansia; 5 – Zlieri ionizacia;  
6 – mesameuli amogdebuli atomis gza; 7 – meoreuli  
amogdebuli atomis gza; 8 – pirveladi amogdebuli atomis  
gza; 9 – neitronis gza 
 

gayofis procesebisas warmoiqmneba sxvadasxva gareSe 

atomebi (natexebi), romelTa moqmedeba aseve xels uwyobs 

Tvisebebis cvlilebas. zogierT masalaSi aseTi efeqti SeiZleba 

miviRoT ZiriTadi masalis atomebis sxva elementis atomebad 

gadaqcevis Sedegad. es exeba magaliTad, tantals, romelic 

siTburi neitronebis zemoqmedebiT volframad gadaiqceva. mexuTe 

meqanizmi, romelmac SeiZleba xeli Seuwyos Tvisebebis 

cvlilebas calkeul monakveTebSi intensiuri ionizaciis Sedegad, 

gamowveulia Termuli pikebis maRali temperaturis moqmedebiT. 

liTonebis Tvisebebis cvlilebis xelSemwyobi meqanizmebis 

mokle mimoxilva naTlad gviCvenebs, rom birTvuli reaqtorebis 

konstruirebisTvis saWiroa liTonebis struqturaze dasxivebis 
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gavlenis codna. amis Sedegad bolo periodSi Sesrulebuli iyo 

am sakiTxisadmi miZRvnili gamovlenebis mniSvnelovani raodenoba. 

 

1.1.2. foladi da Senadnobebi rkinis safuZvelze 
 

masalebis am klass or jgufad yofen: naxSirbadovani, 

daballegirebuli da uJangavi foladi. masalaTa aRniSuli 

jgufebis Tvisebebi mocemulia maTi CamoTvlis TanamimdevrobiT, 

sadac SesaZlebelia, gakeTebulia maTi Tvisebebis cvlilebaze 

neitronuli dasxivebis gavlenis korelirebis da ganzogadebis 

mcdeloba. naSromSi ganxiluli damaxasiaTebeli masalebis 

qimiuri Sedgeniloba moyvanilia 1-l cxrilSi. zogierT 

SemTxvevaSi (qimiuri analizis monacemebis ar arsebobisas) 

miTiTebulia nominaluri samarko Sedgeniloba. 

           

1.1.3. dabalnaxSirbadiani da daballegirebuli foladi 

 
zogierTi naxSirbadovani da daballegirebuli foladis 

simtkicis maCveneblebi dasxivebul da dausxivebel 

mdgomareobaSi mocemulia me-2-e cxrilSi. es aris erT-erTi, 

romelic Seadgina porterma [6] foladze dasxivebis  moqmedebis  

mixedviT.  mocemul nawilSi moviyvanoT Sedegebi, romelic exeba 

folads da bevr SemTxvevaSi aRebulia misi SesaniSnavi 

naSromidan. 

2-e da 3-e naxazebze naCvenebia denadobis da simtkicis 

zRvaris gazrda swrafi neitronebis nakadis mixedviT. es 

monacemebi gviCvenebs, rom integraluri nakadisas 5⋅1018 

neitron/sm2 vlindeba Tvisebebis SesamCnevi cvlileba. Tvisebebis 

cvlilebis siCqare 5⋅1018-1⋅102 neitroni/sm2 intervalSi sakmaod 

didia, magram zogierTi Sedegi miuTiTebs, rom es siCqare 

ramdenadme mcirdeba 2⋅1021 neitroni/sm2 integraluri nakadis 

Semdeg. posteris dakvirvebis mixedviT foladis Sedgeniloba  da 

simtkice  dasxivebamde,  rogorc  Cans,  gavlenas  ar axdens misi 
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integraluri nakadi (E>1 mev), neitroni/sm2 

kg
/m
m2
 

      nax. 2. neitronuli dasxivebis gavlena naxSirbadovani da  
      daballegirebuli foladis denadobis zRvarze.  

      dasxivebis temperatura 100°C-ze naklebia [6]. 
 

simtkicis Tvisebebze dasxivebis Semdeg. posterma gamoyo 

ramdenime eqsperimentuli wertili, romelic me-2-e naxazze 

warmoadgens ramdenime dasxivebul folads. am foladebs 

dasxivebamde hqonda denadobis zRvari 28.1-dan 105.5 kg/mm2-mde. 

rogorc me-2-e naxazidan Cans, rom am foladebis denadobis 

zRvari dasxivebis Semdeg daaxloebiT erTnairi sididiT 

icvleba. 

porteris mixedviT, simtkicis zRvaris gadideba naCvenebia 

me-3-e naxazze. dasxivebis moqmedebiT simtkicis zRvari arc Tu 

didad icvleba, rogorc denadobis zRvari, magram naxSirbadovani 

da daballegirebuli foladis SemTxvevaSi simtkicis zRvaris 

momateba TiTqmis utoldeba denadobis zRvaris matebas. 

naxSirbadovani da daballegirebuli foladisTvis fardobiTi 

wagrZelebis procentuli cvlileba naCvenebia 2-e cxrilSi. igi 

farTo sazRvrebSi meryeobs  6-dan 80%-mde. 

 vilsonis da bergrenis monacemebi [7] 106 foladis 

radiaciuli Tvisebebis Sesaxeb miuTiTebs, rom wvrilmarcvlovani 
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integraluri nakadi (E>1 mev), neitroni/sm2 integraluri nakadi (E>1 mev), neitroni/sm2 

nax. 3. neitronuli dasxivebis gavlena naxSirbadovani da  nax. 3. neitronuli dasxivebis gavlena naxSirbadovani da  
     daballegirebuli foladis simtkicis zRvarze.       daballegirebuli foladis simtkicis zRvarze.  

  dasxivebis temperatura 100°-ze naklebia [66].   dasxivebis temperatura 100°-ze naklebia [66]. 

  

foladi ufro naklebad aRiqvams dasxivebas, vidre 

msxvilmarcvlovani. analogiuri Sedegebi miiRes wvrilmarcvlovani 

foladisTvis CerCmenma da sxvebma, romlebmac dasxivebamde 

daaqucmaces marcvlebi gaxleCil nimuSebSi, 200 da 500 

marcvlamdea 1 mm3-Si. dausxivebel nimuSebs kargi plastikuroba 

hqondaT. 1.5⋅1019 neitroni/sm2 integraluri nakadiT dasxivebis 

Semdeg msxvilmarcvlovani nimuSebi myifeYgaxda. 

foladi ufro naklebad aRiqvams dasxivebas, vidre 

msxvilmarcvlovani. analogiuri Sedegebi miiRes wvrilmarcvlovani 

foladisTvis CerCmenma da sxvebma, romlebmac dasxivebamde 

daaqucmaces marcvlebi gaxleCil nimuSebSi, 200 da 500 

marcvlamdea 1 mm3-Si. dausxivebel nimuSebs kargi plastikuroba 

hqondaT. 1.5⋅1019 neitroni/sm2 integraluri nakadiT dasxivebis 

Semdeg msxvilmarcvlovani nimuSebi myifeYgaxda. 

wvrilmarcvlovan nimuSebs hqonda garkveuli plastikuroba 

swrafi neitronebis 9⋅1017 neitron/sm2 integraluri nakadiT 

dasxivebis Semdeg. 

wvrilmarcvlovan nimuSebs hqonda garkveuli plastikuroba 

swrafi neitronebis 9⋅1017 neitron/sm2 integraluri nakadiT 

dasxivebis Semdeg. 

naxSirbadis Semcvelobis gavlena Seiswavles ok-rijiis 

nacionalur laboratoriaSi [8]. mcirenaxSirbadovan folads 

naklebad Tanabari plastikuroba hqonda, vidre maRalnaxSirba- 

dovans 1,7⋅1019 neitron/sm2 integraluri nakadiT dasxivebis 

Semdeg. gamoiTqva varaudi, rom feriti swrafad kargavs

naxSirbadis Semcvelobis gavlena Seiswavles ok-rijiis 

nacionalur laboratoriaSi [8]. mcirenaxSirbadovan folads 

naklebad Tanabari plastikuroba hqonda, vidre maRalnaxSirba- 

dovans 1,7⋅1019 neitron/sm2 integraluri nakadiT dasxivebis 

Semdeg. gamoiTqva varaudi, rom feriti swrafad kargavs
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cxrili 1  
foladis qimiuri Sedgeniloba, wona %* [62] 

foladi C Mn Si Cr Ni P S Mo sxva elementebi 

301 <0,15 2,00 1,00 16-18 6-8 0,045 0,030 −  
302 <0,15 2,00 1,00 17-19 8-10 0,045 0,030 _  
302B <0,15 2,00 2-3 17-19 8-10 0,045 0,030 _  
304L <0,03 2,00 1,00 18-20 8-12 0,045 0,030 _  
304 <0,08 2,00 1,00 18-20 8-12 0,045 0,030 _  
305 <0,12 2,00 1,00 17-19 10-13 0,045 0,030 _  
309 <0,20 2,00 1,00 22-24 12-15 0,045 0,030 _  
316 <0,08 2,00 1,00 16-18 10-14 0,045 0,030 2-3  
321 <0,08 2,00 1,00 17-18 9-12 0,045 0,030 _ Ti > 5C 
347 <0,08 2,00 1,00 17-19 9-13 0,045 0,030 _ Nb ≥10C 
410 <0,12 0,50 0,35 12,25 0,40 _ _ 0,30  
431 0,20 1,00 1,00 15,00 1,25 _ _ _  
440C 0,95 1,00 1,00 16,00 _ _ _ 0,75  
A106 <0,24 0,72 0,20 _ _ 0,018 0,023 _  
A212B 0,07 0,70 0,45 0,09 0,14 0,012 0,024 0,48  
A203D 0,13 0,60 0,22 _ 3,40 0,022 0,032 _  
A302B 0,10 1,37 0,41 0,09 0,72 0,010 0,017 0,49  
A353 0,09 0,71 0,11 0,23 8,83 0,015 0,015 0,04  
HY-65 0,12 0,48 0,21 _ 2,16 0,013 0,032 0,39 Cu – 0,7; V – 0,11 
HY-80 0,18  0,25 1,34 2,38 _ _ _ _             _ 
T-1 0,16 0,93 0,26 0,50 0,87 0,014 0,023 0,45 Cu – 0,33; V – 0,06; B – 0,0031 
A.O. Smith-1146 0,23 1,16 0,29 _ 0,51 _ _ 0,006 Al – 0,05; Sn – 0,003 
Smithweld-91 0,05 1,18 0,24 0,06 3,54 _ _ 0,62 V – 0,18; Al – 0,005; Sn – 0,008 
USS “W” 0,12 _ _ 17,00 7,0 _ _ _ Ti – 1,0 
E 9016 0,11 1,70 0,30 _ _ _ _ 0,40      _ 
E 10016 0,07 0,78 0,32 _ 1,68 _ _ 0,32 V – 0,15 
Fe – Al  _ _ _ _ _ _ _ _ Al – 7,5 
DB-2 _ _ _ 5,00 _ _ _ _ Ti – 0,5; Nb – 1,20; Al – 7,0  
DB-2 gaumjobes. 0,032 _ _ 4,68 _ _ _ 2,12 Pb – 1,2; Al – 7,73; Zr – 1,34 
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cxrili 2 
neitronuli dasxivebis gavlena naxSirbadovani da legirebuli  

foladis simtkicis Tvisebebze* 

dasxivebis 
pirobebi 

denadobis zRvari 
kg/mm2 

simtkicis zRvari 
kg/mm2 

fardobiTi wagrZeleba, % 

foladi 
t
em
pe
r
at

u
r
a,
 

°C
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a,
 %

 

A106 
wertilovani 

 
60 
<93 
299 
304 
360 
404 
304 
416 

 
1,0 
10 
0,5 
2,0 
2,0 
2,0 
8,0 
8,0 

 
40,5 
33,3 
40,5 
28,1 
28,1 
28,1 
28,1 
28,1 

 
51,0 
67,9 
43,9 
57,0 
38,7 
33,7 
55,5 
33,0 

 
+10,5 
+34,6 
+3,4 
+28,9 
+10,6 
+5,6 
+27,4 
+4,9 

 
53,1 
74,7 
54,9 
71,7 
61,2 
57,7 
74,5 
55,5 

 
55,1 
71,7 
54,9 
71,7 
61,2 
57,7 
74,5 
55,5 

 
+2,0 
+20,0 
+1,9 
+18,3 
+7,8 
+4,3 
+21,2 
+2,1 

 
  18,8** 
34,0 

  18,8** 
  18,0** 
18,0 
18,0 
18,0 
18,0 

 
23,2** 
11,5 

20,2** 
8,0** 
11,0** 
12,0** 
6,0** 
11,0** 

 
+23,4 
_66,2 
+7,5 
_55,5 
_39,0 
_33,3 
_66,7 
_39,0 

msxvilmarcvlovani 
 

60 
<93 
299 
304 
360 
404 
304 
416 

1,0 
10 
0,5 
2,0 
2,0 
2,0 
7,0 
7,0 

35,4 
33,4 
35,4 
32,3 
32,3 
32,3 
32,3 
32,3 

50,3 
81,6 
37,9 
65,4 
47,1 
30,2 
61,2 
45,0 

+14,9 
+48,2 
+2,5 
+33,1 
+14,8 
_2,1 
+28,9 
+12,7 

59,8 
58,4 
59,8 
56,2 
56,2 
56,2 
56,2 
56,2 

62,9 
85,1 
60,8 
80,8 
68,9 
59,1 
72,4 
66,1 

+3,1 
+26,7 
+1,0 
+24,6 
+12,7 
+2,9 
+16,2 
+9,9 

20,2** 
29,0 
20,2** 
14,0** 
14,0 
14,0 
14,0 
14,0 

16,0** 
6,5 

17,7** 
8,0** 
9,0** 
14,0** 
3,0** 
11,0** 

_20,8 
_77,6 
_12,4 
_42,8 
_35,7 
0 

_78,5 
_21,4 
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cxrili 2-is gagrZeleba 
 

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

A201  <93 
<93 
<93 
<93 

218-268 
274-371 

0,76 
1,5 
2,2 
4,0 
1,0 
2,5 

33,4 
33,4 
33,4 
33,4 
33,4 
33,4 

53,8 
54,5 
62,2 
66,3 
42,0 
37,7 

+20,4 
+21,1 
+28,8 
+32,9 
+8,6 
+4,3 

52,7 
52,7 
52,7 
52,7 
52,7 
52,7 

57,8 
58,2 
65,2 
68,9 
59,2 
58,1 

+5,1 
+5,5 
+12,5 
+16,2 
+6,5 
+5,4 

31,0 
31,0 
31,0 
31,0 
31,0 
31,0 

17,0 
15,0 
14,0 
9,5 
16,3 
21,0 

_45 
_51,6 
_58,4 
_69,5 
_47,5 
_32,2 

A201A 93-204 14 28,4 87,7 +59,3 47,0 87,2 +49,4 49,4 10,3 _79,2 

A201B 316 4,0 30,2 32,7 +2,5 51,1 53,4 +2,3 41,0 29,0 _29,3 
A212B <93 

<93 
299 
<93 
<93 
293 
360 
404 
371 
416 

1,0 
10 
1,0 
1,7 
10 
2,0 
2,0 
2,0 
6,0 
6,0 

35,2 
35,2 
35,2 
29,0 
29,0 
28,1 
28,1 
28,1 
28,1 
28,1 

46,0 
65,9 
40,0 
64,6 
76,3 
53,4 
42,9 
39,4 
57,7 
41,5 

+10,8 
+30,7 
+4,8 
+35,6 
+47,3 
+25,3 
+14,8 
+11,3 
+29,6 
+13,4 

53,0 
53,0 
53,0 
53,0 
53,0 
52,7 
52,7 
52,7 
52,7 
52,7 

56,8 
68,3 
59,0 
68,9 
81,3 
71,7 
63,3 
59,1 
73,8 
57,0 

+3,8 
+15,3 
+6,0 
+15,9 
+28,3 
+19,- 
+10,6 
+6,4 
+21,1 
+4,3 

22,0 
22,0 
22,0 
36,0 
36,0 

25,00** 
25,00** 
25,00** 
25,00** 
25,00** 

18,0 
5,0 
12,0 
11,6 
7,0 
9,0** 
12,0** 
14,0** 
6,0** 
13,0** 

_18,2 
_77,3 
_45,4 
_67,7 
_80,5 
_64,0 
_52,0 
_44,0 
_76,0 
_48,0 

sufTa rkina 
 

<94 
80 

3,6 
12 

11,8 
13,4 

28,9 
33,2 

+17,1 
+19,8 

24,3 
34,5 

28,6 
34,5 

+4,3 
+10,0 

59,5 
56,7 

29,5 
34,4 

_50,4 
_39,3 

dabalmarganeciani 
foladi 
wonis 0,21% C, Ti 

 
<93 
<93 

 
17 
10 

 
40,1 
40,1 

 
61,6 
60,3 

 
+21,5 
+20,2 

 
54,8 
54,8 

 
63,3 
71,1 

 
+8,5 
+16,3 

 
28,2 
28,2 

 
14,0 
13,6 

 
_50,3 
_51,7 

0,07 wonis % C, Al, Cu, 
Ti 

<93 
<93 

1,7 
10 

19,4 
19,4 

58,1 
68,6 

+38,7 
+49,2 

39,0 
39,0 

58,1 
69,3 

+19,1 
+30,3 

45,0 
45,0 

9,5 
8,5 

_79,0 
_81,2 
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cxrili 2-is gagrZeleba 
 

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

0,05% wonis C, Al, Cu, Zr <93 
<93 

1,7 
10 

32,1 
32,1 

58,3 
69,2 

+26,2 
+37,1 

35,9 
35,9 

56,6 
68,9 

+20,7 
+33,0 

35,0 
35,0 

10,5 
7,5 

_70,0 
_78,6 

foladi 
1,25% wonis Cr  
0,5% wonis  Mo 

385 
427 
788 
871 
927 

1,2 
2,4 
2,4 
3,0 
3,0 

30,4 
30,4 
30,4 
30,4 
30,4 

50,1 
40,1 
43,6 
35,8 
30,1 

+19,7 
+9,7 
+13,2 
+5,4 
_0,3 

57,7 
57,7 
57,7 
57,7 
57,7 

71,1 
66,2 
59,8 
60,7 
45,6 

+13,4 
+8,5 
+2,1 
+3,0 
_12,1 

34,6 
34,6 
34,6 
34,6 
34,6 

20,3 
21,9 
26,6 
31,3 
34,6 

_41,2 
_36,6 
_23,0 
_9,5 
+8,3 

 

*ramdeni nimuSis gamocdisas miTiTebulia saSualo Sedegi 
** miTiTebulia Tanabari wagrZeleba 
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plastikurobas dasxivebis moqmedebis Sedegad, xolo karbiduli 

gamonayofebis maRalnaxSirbadovan foladSi ukeT ewinaaRmdegeba 

dasxivebiT gamowveul plastikurobis dakargvas. 

satonma, li lizurma [9] aCvenes, rom naxSirbadovani 

foladis dasxivebis Sedegad mniSvnelovnad matulobs misi 

simtkice, Tanac mTlianad gamomwvar masalaSi ufro metad, vidre 

winaswar gamowrTobil foladSi. rogorc mosalodneli iyo 

dasxiveba momatebuli temperaturisas ar iZleva aseTive efeqts. 

masalis simagris radiaciuli gazrda aris Tvisebrivi miTiTeba 

dasxivebis moqmedebaze; simagris matebis Tvisebrivi Tanafardobebi, 

iseve rogorc denadobisa da simtkicis zRvaris, arasakmarisad 

aris Seswavlili, raTa SesaZlebeli iyos maTi upirobo 

gamoyeneba. 

naxSirbadovan da daballegirebul foladze dasxivebis 

gavlenis Sedarebis kidev erTi mniSvnelovani kriteriumia _ 

masalis plastikuri mdgomareobidan myifeSi gadasvlis 

temperatura. dausxivebeli saqvabe foladisTvis es temperatura 

0°C-ze qvemoT mdebareobs. bevrma eqsperimentatorma gamoikvlia 

sxvadasxva pirobebSi dasxivebuli sxvadasxva geometriis Wriliani 

nimuSi. nimuSebis umravlesobas Wrilisadmi mgrZnobiaroba 

ezrdeboda swrafi neitronebiT dasxivebis Sedegad. 

3-e da 4-e cxrilebSi moyvanilia monacemebi dasxivebuli 

naxSirbadovani da daballegirebuli foladis dartymiTi 

siblantis Sesaxeb. cxrilidan Cans, rom masalis plastikuri 

mdgomareobidan myifeSi gadasvlis temperatura dasxivebis 

Sedegad matulobs. am matebam SeiZleba 260°C-s miaRwios. yvela 

warmodgenili monacemis SesabamisobaSi moyvana sakmaod Znelia, 

nimuSebis geometriis da dasxivebis pirobebis gansxvavebis gamo. 

magram, xautornma da stilma [10] gamoaqveyna, rom miRweuli 

dartymiT siblantis mniSvnelobebis kargi Tanxvedra ramdenime 

foladisaTvis miRebuli iyo saurnale da Sarpis nimuSebze V-

ebri WriliT (nax. 4). am cdebiT ilustrirebulia is faqti, rom 

mravali radiaciuli darRveva, Tu dartymiT aisaxeba siblantis 
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cvlilebaze, SeiZleba SevamciroT an movspoT maRaltemperaturuli 

gamowvis saSualebiT (cxr. 3). 

posterma scada kavSiri daedgina gadasvlis temperaturis 

momatebasa da neitronebiT dasxivebas Soris. Sedegebis 

optimaluri mrudi da gadaxris farglebi plastikurobis 

dakargvasTan erTad moyvanilia me-5- naxazze, rasac mowmobs am 

masalis gadasvlis temperaturis momateba, nimuSis gardatexisas 

daxarjuli energia, romelic mcirdeba neitronebis integraluri 

nakadis mixedviT. daxarjuli energiis maqsimumis Semcireba, 

porteris mixedviT moyvanilia me-6-e naxazze. me-5-e naxazze sami 

eqsperimentuli wertili miRebulia 1⋅1021 neitroni/sm2-ze meti 

integraluri nakadisas, romelic miuTiTebs gajerebis donis 

miRwevaze gadasvlis temperaturis cvlilebas. rogorc Cans, 

temperaturis Semdgomi mniSvnelovani mateba integraluri 

nakadis matebasTan erTad mosalodneli aRar aris. kotrelma 

aCvena [4], rom empiriuli damokidebuleba: 

 ,55 3
1

Φ=BT   

sadac Φ=1018-ia neitroni/sm2-ia, sakmaod kargad akmayofilebs 

eqsperimentul Sedegebs. xarisma [11] axlaxan aCvena, rom am 

gamosaxulebaSi mudmivs SeiZleba hqondes mniSvneloba 23-dan 57-

mde. 

dasxivebis moqmedebis Sedegad da dasxivebiswina Termuli 

damuSavebis gavlenaze arsebobs sakmaod SezRuduli monacemebi 

daRlilobasa da cocvadobis Tvisebebis cvlilebis Sesaxeb.  

lizers [12] mohyavs monacemebi A212 foladze neitronebis 

dasxivebis (1⋅1019 neitroni/sm2) gavlenis Sesaxeb. igi afiqsirebs, 

rom Wriliani nimuSebis daRlilobis zRvari izrdeba, xolo 

gauWrelis klebulobs. rogorc Cans, daZabulobis koncentracia 

Wrilze, naklebad efeqturia dasxivebis Semdeg da  Wriliani 

nimuSebis daRlilobis mrudi uaxlovdeba gauWreli nimuSebis 

daRlilobis mruds. 3-e da 4-e cxrilebSi aseve moyvanilia 

SeduRebuli nimuSebis dartymiTi maxasiaTeblebi. 
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 nax. 4. V-sebri Wriliani Sarpis da saurnale nimuSebis  
 mkveTri gamocdis Sedegebis Sedareba zogierTi 
 masalisTvis,  dasxivebuli Semdeg temperaturaze 

 

Sedegebis Sedareba gviCvenebs, rom xSir SemTxvevaSi 

nadnobi liTonis da nakeris maxlobeli zonis dartymiTi 

maxasiaTeblebi aRemateba ZiriTadi liTonis maxasiaTeblebs 

dasxivebamde. dasxivebis Semdeg SeduRebis nakeris liTonis 

dartymiTi maxasiaTeblebi aseve aRemateba ZiriTadi liTonis an 

nakeris maxlobeli zonis liTonis dartymiT maxasiaTeblebs. 

vatsonma [13] aCvena, rom daballegirebuli foladis 1.25 

won.% Cr-0,5 won.% Mo, dasxivebam 385-649°C temperaturul 

intervalSi, 3⋅1010 neitroni/sm2 (E>1 mev) integraluri nakadiT, 

SeiZleba mkveTri gavlena moaxdinos simtkicis Tvisebebze oTaxis 

temperaturisas. simtkicis yvelaze maRali mniSvneloba aqvs 

dasxivebis temperaturisas 285°C-ze, Semdeg mcirdeba da erTnairi 

rCeba, sanam miRweuli ar iqneba 871°C-ze maRali temperatura. 

dasxivebis temperaturisas 927°C-ze simtkicis Tvisebebi 

gauaresdeba, vidre dausxivebeli masalis Tvisebebi. 



 
 

cxrili 3 
neitronuli dasxivebis gavlena ferituli foladis dartymiT maxasiaTeblebze 

dasxivebis pirobebi 

plastikuri 
mdomareobidan myifeSi 
gadasvlis temperatura, 

°C 

nimuSis daSla, 
daxarjuli 

maqsimaluri energia 

foladi 
tempe-
ratura 

°C 

integraluri 
nakadi 

(E>1.0ev)×1018 
neitroni/sm2 

nimuSi V-sebri WriliT 

s
ak
o
nt

r
o
l
o
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x
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eb
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1 2 3 4 5 6 7 8 9 10 
A106 
wvrilmarcvlovani 

 
<93 
<93 
299 

 
5,0 
130 
5,0 

 
a=5.08 mm kvadratuli 
kveTis, konsoluri 
igive 

 
_46 
_46 
_46 

 
_9 
_74 
_30 

 
+37 
+120 
+16 

 
11,5 
11,5 
11,5 

 
11,5 
11,5 
8,1 

 
0 
0 

_30 
msxvilmarcvlovani 
 

<93 
<93 
299 

5,0 
50 
5,0 

igive 
~-~ 
~-~ 

+10 
+10 
+10 

+146 
+16 
_1 

+136 
+6 
+6 

11,5 
11,5 
11,5 

11,5 
11,5 
6,6 

0 
0 

_43 
A212B <93 

<93 
<93 
79 
<93 
79 

10 
100 
5,0 
20 
40 
170 

igive 
~-~ 
~-~ 
~-~ 
~-~ 
~-~ 

_7 
_7 
_7 
_7 
_7 
_7 

+52 
+8 
+110 
+124 
+138 
+124 

+59 
+15 
+117 
+131 
+145 
+172 

9,2 
9,2 
8,6 
8,4 
8,6 
8,4 

9,2 
5,8 
8,2 
5,4 
4,9 
3,7 

0 
_38 
_7 
_36 
_43 
_56 

Termuli zemoqmede-
bis zona SeduRebi-
sas 

93 76 ~-~ 
 

_48 +124 +172 13,6 5,8 _58 

 

32 

 
 

32 

 



 
 

cxrili 3-is gagrZeleba 

1 2 3 4 5 6 7 8 9 10 
A212B cxladnaglini 79 

79 
302 
79 
79 
132 
166 

1,0 
5,0 
5,0 
7,0 
12 
56 
100 

standartuli Sarpi 
~-~ 
~-~ 
~-~ 
~-~ 
~-~ 
~-~ 

_65 
_65 
_65 
_65 
_65 
_65 
_54 

_35 
_4 
_40 
+38 
+74 
+168 
+168 

+30 
+61 
+25 
+103 
+139 
+233 
+233 

_ 
_ 
_ 
4,0 
4,0 
4,0 
4,0 

_ 
_ 
_ 
2,9 
2,5 
1,8 
1,8 

_ 
_ 
_ 
_29 
_34 
_54 
_54 

normalizebuli 79 
79 
302 
79 
79 
132 
166 

1,0 
5,0 
5,0 
7,0 
12 
56 
100 

standartuli Sarpi 
~-~ 
~-~ 
~-~ 
~-~ 
~-~ 
~-~ 

_54 
_54 
_54 
_54 
_54 
_54 
_54 

_29 
+13 
+35 
+27 
_93 
+154 
+154 

+25 
+67 
+89 
+81 
+147 
+208 
+208 

_ 
_ 
_ 
4,4 
4,4 
4,4 
4,4 

_ 
_ 
_ 
3,5 
2,9 
2,0 
2,0 

_ 
_ 
_ 
_21 
_34 
_45 
_35 

A212B (SeduRebis 
nakeris liToni) 

288 5,0 standartuli Sarpi 
 

_62 _21 +41 11,5 9,8 _15 

A302 B  <93 
<93 
260 
269 
371 
79 
79 

24 
36 
0,73 
0,43 
0,43 
5,0 
200 

d=4.76 mm konsoluri 
standartuli Sarpi 
~-~ 
~-~ 
~-~ 
~-~ 
~-~ 

_75 
_75 
+10 
+18 
+17 
_ 
_ 

+25 
+40 
+33 
+8 
+10 
_ 
_ 

+100 
+115 
+23 
_10 
_7 
+83 
+195 

10,8 
10,8 
9,5 
6,5 
8,1 
_ 
_ 

6,3 
6,0 
7,6 
6,0 
6,9 
_ 
_ 

_42 
_45 
_20 
_7 
_16 
_ 
_ 

A302 B (SeduRebis 
nakeris liToni) 

288 5,0 d=4.76 mm konsoluri 
standartuli Sarpi 

_57 _18 +39 10,9 8,6 _21 

E9016 (SeduRebis 
nakeris liToni) 

260 0,63 
d=4.76 mm konsoluri 
standartuli Sarpi 

_35 _13 +22 10,7 9,2 _14 
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cxrili 3-is gagrZeleba 

1 2 3 4 5 6 7 8 9 10 

A353 <93 
 

<93 
<93 
<93 
<93 
<93 

5,0 
 
20 
40 
70 
12 
44 

a=5.08 mm kvadratuli 
kveTis, konsoluri 
~-~ 

~-~ 

~-~ 

~-~ 

~-~ 

_208 
 

_208 
_208 
_208 
_191 
_191 

_178 
 

_84 
_84 
_68 
_130 
_112 

+30 
 

+124 
+124 
+140 
+61 
+79 

5,2 
 

5,2 
5,2 
5,2 
14,4 
14,4 

4,3 
 

3,5 
2,9 
2,4 
9,7 
7,8 

_18 
 

_31 
_45 
_53 
_33 
_46 

HY-65 <93 
<93 

18 
34 

d=4.76 mm. konsoluri _86 
_86 

+44 
+111 

+130 
+197 

10,8 
10,8 

6,8 
6,3 

_37 
_41 

E10016 (SeduRebis 
nakeris liToni) 

260 0,68 Sarpis standarti 
 

+14 +33 +19 8,3 7,4 _11 

HY-80 79 
282-293 

100 
200-1200 

a=5.08 mm kvadratuli 
kveTis, konsoluri 

_84 
_84 

+82 

_57÷ 
÷(_32) 

+155 

+27÷ 
÷(+52) 

13,0 
13,0 

6,5 
11,3 

_50 
_13 

 <93 
<93 

25 
48 

d=4.76 mm konsoluri 
 

_153 
_153 

_33 
_33 

+120 
+120 

9,9 
9,9 

5,8 
6,7 

_42 
_32 

T1 
 

<38 
<93 
 

<93 
302 
<93 
<93 

1300 
5,0 
 
70 
5,0 
23 
33 

d=5.08 mm konsoluri 
a=5.08 mm kvadratuli  
kveTis, konsoluri 
igive 
~-~ 
d=4.76 mm konsoluri 
igive 

_140 
_151 
 

_151 
_151 
_137 
_137 

+75 
_40 
 

_82 
_7 
+20 
+20 

+179 
+111 
 

+217 
+69 
+130 
+157 

7,7 
5,5 
 

5,5 
5,5 
9,9 
9,9 

2,5 
4,6 
 

2,65 
5,5 
6,0 
6,0 

_67 
_17 
 

_52 
0 

_40 
_40 

Termuli 
zemoqmedebis zona 

<38 
~52 

1300 
5,4 

d=5.08 mm konsoluri  
Sarpis standarti 

_76 
_18 

+104 
+25 

+180 
+43 

71 
_ 

2,5 
_ 

_65 
_ 

dabalnaxSirbadovani 
foladiT 

~85 
~74 

5,4 
5,4 

igive 
~-~ 

_17 
_18 

+28 
+29 

+46 
+47 

_ 
_ 

_ 
_ 

_ 
_ 
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1 2 3 4 5 6 7 8 9 10 

 ~85 5,0 kvadratuli Sarpi 
a=7 mm grZivi orienta-
cia. kvadratuli Sarpi 

_48 0 +48 _ _ _ 

 ~85 5,0 kvadratuli Sarpi; 
a=7 mm ganivi orienta-
cia 

_27 +17 +44 _ _ _ 

foladi 410 ~88 13 a=5.08 mm kvadratuli 
kveTis, konsoluri 

+52 +57 +5 9,7 9,0 _7 

 ~88 
~88 

160 
87 

igive 

~-~ 

+52 
+38 

+85 
+60 

+33 
+22 

9,7 
9,0 

8,3 
7,6 

_14 
_15 

qromnikelis eqspe-
rimentuli kvleva: 
maRali da komerciu-
li sisufTavis 

 
 
93 
93 

 
 
17 
17 

 
 
d=4.76 mm konsoluri 
igive 

 
 

_153 
_140 

 
 

_70 
_40 

 
 

+83 
+100 

 
 

14,5 
+11,5 

 
 

10,4 
7,1 

 
 

_28 
_38 
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cxrili 4 
neitronuli dasxivebis gavlena momatebuli temperaturisas ferituli foladis  

dartymiT maxasiaTeblebze 

dasxivebis pirobebi 
plastikuri mdgomareobidan 

myife mdgomareobaSi 

gadasvlis temperatura, °C 

foladi 
tempera-
tura 

°C 

integralu-
ri nakadi 

(E>1  
mev ×1018 

neitroni/sm2 

reaqto-
ri 

nimuSis tipi 

sakon- 
trolo 

dasxive- 
buli 

cvli- 
leba 

1 2 3 4 5 6 7 8 

A201  
(5 sm sigrZis  
firfita) 

302 
 

302 
302 

~3 
 

~3 
~3 

BGR 
 
“ 
“ 

Sarpi V-ebri WriliT  
 
igive 
dartymiTi, milisebri 

_15 
 
_1 
_35 

+8 
 

+27 
_12 

+23 
 

+28 
+23 

 <03 ~3 LITR Sarpi V-ebri WriliT _12 +27 +39 
 <93 ~3 “ igive +2 +46 +44 

A212B 
(16 sm sigrZis 
firfita) 

<93 
<93 
302 
302 
302 

~3 
~3 
~3 
~3 
~3 

“ 
“ 

BGR 
“ 
“ 

~-~ 
~-~ 
~-~ 
~-~ 
dartymiTi, milisebri 

_4 
+6 
_4 
+4 
_23 

+46 
+53 
+24 
+41 
+10 

+50 
+47 
+28 
+37 
+33 

A212B  
(16,5 sm sigrZis  
firfita) 
 

302 
 

302 
302 

~3 
 

~3 
~3 

BGR 
 
“ 
“ 

Sarpi V-ebri WriliT 
 
igive 
dartymiTi, milisebri 

+2 
 

+35 
_18 

+46 
 

+77 
+32 

+44 
 

+42 
+50 
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    cxrili 4-is gagrZeleba 
1 2 3 4 5 6 7 8 

A212B  
(16,5 sm sigrZis 
SeduRebuli 
firfita)  

302 
 

302 
302 

~5 
 

~5 
~5 

BGR 
 
“ 
“ 

Sarpi V-ebri WriliT 
 
igive 
dartymiTi, milisebri 

_40 
 

_18 
_35 

_12 
 

+8 
_7 

+28 
 

+26 
+28 

 302 
 

302 
302 

~5 
 

~5 
~5 

LITR 
 
“ 
“ 

Sarpi V-ebri WriliT 
 

igive 
dartymiTi, milisebri 

_40 
 

_21 
_35 

_23 
 

_7 
_12 

+17 
 

+14 
+23 

 93 ~3 “ Sarpi V-ebri WriliT _37 _12 +23 
 93 ~3 “ igive _18 +13 +31 
 93 ~6 “ igive _35 +41 +76 

 93 ~6 “ igive _18 +41 +59 

 93 ~6 “ dartymiTi, milisebri _35 +32 +67 

A212B  
(26.5 sm sigrZis 
firfita) 

93 
 
93 

~3 
 

~3 

“ 
 
“ 

Sarpi V-ebri WriliT 
 
igive 

+2 
 

+36 

+52 
 

+64 

+50 
 

+28 

A212B 
(16.5 sm sigrZis  
SeduRebuli 
firfita) 

93 
93 
93 
177 
177 

~10 
~10 
~10 
~10 
~10 

MTR 
“ 
“ 
“ 
“ 

igive 
igive 
igive 
igive 
dartymiTi, milisebri 

_40 
_18 
_35 
_40 
_18 

+85 
+82 
+82 
+35 
+43 

+125 
+100 
+117 
+75 
+61 

A302B  
(10 sm sigrZis 
firfita) 

302 
302 
302 

~3 
~3 
~3 

BGR 
“ 
“ 

Sarpi V-ebri WriliT 
igive 
dartymiTi, milisebri 

_1 
+32 
_1 

+4 
+43 
+4 

+5 
+11 
+5 

A302B  
(10 sm sigrZis Sedu-
Rebuli firfita) 

302 
302 
302 

~5 
~5 
~5 

“ 
“ 
“ 

Sarpi V-ebri WriliT 
igive 
dartymiTi, milisebri 

_43 
_18 
_18 

+2 
+32 
+10 

+45 
+50 
+28 
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1 2 3 4 5 6 7 8 
A302B  
(10 sm sigrZis  
firfita) 

302 
302 
302 

~5 
~5 
~5 

LITR 
“ 
“ 

Sarpi V-ebri WriliT 
igive 
dartymiTi, milisebri 

_46 
_18 
_18 

+10 
+38 
+21 

+56 
+56 
+39 

A302B  
(14 sm sigrZis  
SeduRebuli 
firfita) 

<93 
 

<93 
<93 

~3 
 

~3 
~3 

“ 
 
“ 
“ 

Sarpi V-ebri WriliT 
 
igive 
dartymiTi, milisebri 

_43 
 
_1 
_23 

+2 
 

+46 
+27 

+45 
 

+47 
+50 

A302B  
(20 sm sigrZis  
firfita) 

<93 
 

316 
316 

~3 
 

~10 
~10 

“ 
 

MTR 
“ 

Sarpi V-ebri WriliT 
 
igive 
dartymiTi, milisebri 

_1 
 

_12 
+4 

+27 
 

+10 
+32 

+28 
 

+22 
+28 

 316 
260 
269 

~10 
~10 
~10 

“ 
“ 
“ 

Sarpi V-ebri WriliT. 
igive 
igive 

+32 
+32 
_23 

+63 
+93 
+54 

+31 
+61 
+77 

 260 ~10 “ iseTi simaRle, rogoricaa dausxivebeli nimuSi 

32 

cxrili 4-is gagrZeleba 

 

• gamowva 150 sT, 343°C dasxivebis Semdeg imave reaqtorSi. 
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   nax. 5. neitronuli dasxivebis gavlena naxSirbadovani da 
           daballegirebuli Wriliani nimuSebis dartymiT  

           siblanteze, dasxivebuli 260°C-ze, dabal  
           temperaturaze [6]: 
      o – Semcirebuli konsoluri dartymiTi nimuSebi; 

 Δ – Sarpis dartymiTi nimuSebi V-ebri WriliT; 

      � – igive neli gaRunvisTvis (● da▲ wertilebi statis- 
      tikisTvis ar gamoiyeneba) — - saSualo mniSvneloba; 
      _ _ _ 75% gadaxra (95% saimedooba) 

  

ricini [14] did mniSvnelobas aniWebs dasxivebisas 

neitronebis speqtris codnas. igi Tvlis, rom radiaciuli 

dazianebebis mniSvnelovani nawili gamowveulia 1 gev-ze naklebi 

energiis neitronebiT. 

 
1.1.4. uJangavi foladi 

 
dasxivebis gavlena uJangavi foladis simtkicis Tvisebebis 

cvlilebaze Cans 5-e cxrilis monacemebidan. naxSirbadovan da 

daballegirebul foladSi adgili aqvs denadobis zRvaris did 

cvlilebebs. simtkicis da plastikurobis zRvaris cvlileba 

 
 
 

39



 
 

dasxivebis Sedegad mniSvnelovnad naklebia, vidre naxSirbadovan 

foladSi. xSir SemTxvevaSi aRiniSneba plastikurobis Semcireba 

 
 
   nax. 6. neitronuli dasxivebis gavlena naxSirbadovani da 
          daballegirebuli foladis Wriliani nimuSebis  
          dartymiT siblanteze gadatexisas. dasxivebis  

          temperatura 260°C-ze dabali [6]: 
      o – Semcirebuli konsoluri dartymiTi nimuSebi; 

      Δ – Sarpis dartymiTi nimuSebi V-ebri WriliT; 

      � –Sarpis nimuSebi V-ebri WriliT igive neli  
          gaRunvisTvis  
 

50%-ze naklebad, 1⋅1021 neitroni/sm2 integraluri nakadiT 

dasxivebis Semdeg. zogierTi Sedegi [15] miuTiTebs, rom 5⋅1021 

neitroni/sm2 integraluri nakadiT dasxivebis Semdeg 347 tipis 

uJangavi foladis denadobis zRvari oTaxis temperaturaze 

utoldeba denadobis zRvaris sidides mcire nakadebisTvis, rac 

miuTiTebs gajerebis miRwevaze am maxasiaTeblis cvlilebas. aseT 

gajerebas anu plastikurobis dacemis siCqaris Semcirebas, aqvs 

adgili am foladisTvis. 

am Sedegebidan vaskvniT, rom 347 tipis uJangavi foladi 

SeiZleba gamoviyenoT reaqtoris teqnikaSi drois gacilebiT 

didi periodis ganmavlobaSi, vidre adre iyo mosalodneli. 
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zogierTi Sedegi imaze miuTiTebs, rom adgili aqvs dasxivebuli 

nimuSebis fardobiTi datymiTi siblantis Semcirebas. arsebobs 

agreTve monacemebi, rom dasxivebuli uJangavi foladi myife 

daSlas ganicdis Txevadi azotis temperaturaze. dausxivebel 

SemTxvevaSi es foladi ar gadadis myife mdgomareobaSi 104°C 

temperaturamde. 

dasxivebis moqmedeba 301 da 310 tipis uJangav foladze 

Seiswavla vatsonma [13]. gamokvleva Catarda gluv Wrilian da 

SeduRebul nimuSebze, romelTa deformaciis xarisxi Seadgenda 

60 da 75%-s, Sesabamisad 301 da 310 tipis foladisTvis. nimuSebs 

asxivebs (E>0.33 mev) 2⋅1017 neitron/sm2-mde swrafi neitronebis 

integraluri nakadiY217°C temperaturaze. dasxivebis Semdgomi 

gamocda tardeboda imave temperaturaze. yvelaze Zlieri 

gardaqmna ganicada gamosacdeli foladis simtkicis zRvarma. 301 

tipis foladisTvis simtkicis zRvaris Semcirebam Seadgina 27%, 

310 tipisTvis – 10%. 

lizuri aRniSnavs [16], rom 347 uJangavi foladis dasxivebam 

da radiaciis Semdgomma gamowvam SeiZleba saziano Sedegebi 

gamoiwvios. varaudoben, rom mastabilizebeli elementi niobiumi 

karbidis formisaa, romelic dasxivebis moqmedebiT iSleba, 

xolo Semdgomi gamowvisas formirdeba marcvlebis sazRvrebze 

masaluri karbidebis saxiT. am karbidebis arsebobam SeiZleba 

xeli Seuwyos 347 tipis foladis gamyifebas. karbidis aseTi 

warmoqmna marcvlebis sazRvarze xdeba 304 tipis uJangav 

foladSic, rogorc dasxivebis Sedegi grafitTan kontaqtSi [17]. 

neitronuli dasxivebis gavlena austenituri foladebis 

denadobis simtkicis zRvarze naCvenebia 7-e da 8-e naxazebze. 8-e 

nax-ze mocemulia, rom austenituri uJangavi foladebis 

denadobis zRvaris cvlilebas, rogorc Cans, aqvs gajereba 

SedarebiT mcire integraluri nakadiT (daaxloebiT 1⋅1019 

neitron/sm2) dasxivebis Semdeg. nakadis gadidebasTan erTad xdeba 

simtkicis zRvaris gacileba (ix. nax. 7). 
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  nax. 7 neitronuli dasxivebis gavlena austenituri uJangavi  
         foladebis gawyveta winaaRmdegobaze [6]. ricxvebi  
         wertilTan aRniSnavs foladis markas  
         ▲_SeduRebuli nimuSi feritis maRali SemcvelobiT;  

     Δ _ SeduRebuli nimuSi feritis dabali SemcvelobiT;  
     ○_347 tipis foladi civaddeformirebuli). swori xazi  

         gviCvenebs damokidebulebas morfi da heinis mixedviT  

         [10], Wriliani gamwyveti nimuSebi, dasxivebuli 257°C-ze. 
 

 
    nax.  8 neitronuli dasxivebis gavlena austenituri  
           uJangavi foladebis denadobis zRvarze.  

            ▲_SeduRebuli nimuSi feritis maRali SemcvelobiT;  

      Δ _ SeduRebuli nimuSi feritis dabali SemcvelobiT;  
      ○_347 tipis foladi civaddeformirebuli). swori xazi  

         gviCvenebs damokidebulebas morfi da heinis mixedviT  
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         [10], Wriliani gamwyveti nimuSebi, dasxivebuli 257°C-ze



 
 

cxrili 5 
neitronuli dasxivebis gavlena foladis meqanikur Tvisebebze 

dasxivebis 
pirobebi 

denadobis zRvari, 
km/mm2 

simtkicis zRvari, 
km/mm2  

saerTo wagrZeleba 
keeTis 

Semcireba, % 
simagre 

foladi 
foladis 
damuSaveba 

*5 

t
em
pe
r
at

u
r
a 
°C

 

in
t
eg

r
al

u
r
i 

na
ka
d
i 

×1
01

9  
ne
it

r
o
ni

/s
m2
 

g
am
o
c
d
is

 t
em
pe
r
at

u
r
a 
°C

 

s
ak
o
nt

r
o
l
o
 n

im
u
S
i 

d
as

x
iv
eb

u
l
i 
ni

mu
S
i 

c
vl

il
eb

a 

s
ak
o
nt

r
o
l
o
 n

im
u
S
i 

d
as

x
iv
eb

u
l
i 
ni

mu
S
i 

c
vl

il
eb

a 

s
ak
o
nt

r
o
l
o
 n

im
u
S
i 

d
as

x
iv
eb

u
l
i 
ni

mu
S
i 

c
vl

il
eb

a 

s
ak
o
nt

r
o
l
o
 n

im
u
S
i 

d
as

x
iv
eb

u
l
i 
ni

mu
S
i 

c
vl

il
eb

a 

s
ak
o
nt

r
o
l
o
 n

im
u
S
i 

d
as

x
iv
eb

u
l
i 
ni

mu
S
i 

c
vl

il
eb

a 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
301 _ 80 0,39 20 27,0 61,2 +34,2 69,4 79,6 +10.2 56,0 50,0 _10,7 83,0 81,0 _2,0 80RB 94 RB +14 
 civi defor-

macia gamow-
va anodireba 

_249 0,002 -253 210,1 199,8 _10,3 280 199,8 _80,2 13 8 _38,5 _ _ _ _ _ _ 

302 _ 80 0,3 20 23,8 59,1 +35,3 67,0 78,2 +11,2 _ _ _ _ _ _ _ _ _ 

302B _ 80 0,3 20 23,6 56,3 +32,7 75,8 87,9 +12,1 _ _ _ _ _ _ _ _ _ 
304  _ 49 0,2 20 50,7 88,8 +38,1 75,6 89,2 +13,6 46,0 32,0 _30,4 68,0 61,0 _7,0 97RB _ _ 
 gamowva 49 1,30 20 54,3 90,9 +36,6 75,6 91,4 +15,8 46,0 31,0 _32,6 68,0 66,0 _2,0 98 RB 24 RC _ 
 ~ 49 5,14 20 54,3 91,1 +36,8 75,6 92,2 +16,6 46,0 32,0 _30,4 68,0 61,0 _7,0 98 RB 24 RC _ 
 _ 49 11,8 20 54,3 91,7 +37,4 75,6 91,7 +16,1 46,0 33,0 _28,2 68,0 61,0 _7,0 98 RB 25 RC _ 
 _ 49 28,7 20 54,3 90,7 +36,4 75,6 91,0 +15,4 46,0 31,0 _32,6 68,0 65,0 _3,0 97 RB 25 RC _ 
 _ 49 57,2* 20 54,3 72,4 +18,1 75,6 79,9 +4,3 46,0 50,0 +8,7 68,0 68,0 0 97 RB 24 RC _ 
 gamowva 

338°C, 5 sT 
49 57,2 20 54,3 72,9 +18,6 75,6 80,3 +4,7 46,0 54,0 +17,4 68,0 68,0 0 91RB 27 RC _ 

 igive, 22 sT 49 57,2 20 54,3 70,4 +16,1 75,6 78,5 +2,9 46,0 50,0 +8,7 68,0 68,0 0 91 RB 26 RC _ 
 _ 240 0,1* 20 30,9 32,3 +1,4 64,7 66,1 +1,4 71,0 50,0 _29,5 _ _ _ _ _ _ 
 _ 200-

260 
0,02 20 _ _ _ 65,0 65,0 0 70,8 58,5 _16,8 _ _ _ _ _ _ 

 anodirebuli 260-

370 
2,94 20 28,8 33,2 +4,4 60,2 58,5 _1,7 73,0 61,7 _15,3 81,0 53,6 _27,4 _ _ _ 
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cxrili 5-is gagrZeleba 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

 anodirebuli 260-

370 
3,24 20 28,8 31,6 +2,8 60,2 60,5 +0,3 73,0 66,0 _9,6 81,0 63,0 _18,0 _ _ _ 

305 _ 80 0,39 20 22,6 50,2 +27,6 68,9 72,8 +3,9 _ _ _ _ _ _ _ _ _ 
309 _ 240 0,1* 20 26,7 30,2 +3,5 66,8 69,6 +2,8 54,0 51,0 _5,5 _ _ _ _ _ _ 
 _ 38-

260 
0,025 20 _ _ _ 66,8 69.6 +2,8 54,0 51,0  _5,5 _ _ _ _ _ _  

316 gamowva 49 0,12 20 47,2 71,1 +23,9 64,3 74,0 +9,7 60,0 44,0 _26,6 76 68 _8 92 RB 59 RA _ 
 _ 49 0,99 20 47,2 73,7 +26,5 64,3 76,1 +11,8 60,0 44,0 _26,6 76 68 _8 _ 60 RA _ 
 _ 49 0,562 20 47,2 76,6 +28,4 64,3 75,5 +11,2 60,0 42,0 _30,0 76 68 _8 _ 59 RA _ 
 _ 49 12,8 20 47,2 75,3 +28,1 64,3 77,6 +13,3 60,0 42,0 _30,0 76 67 _9 _ 19 RC _ 
 _ 240 0,1 20 24,6 26,0 +1,4 63,3 62,6 _0,7 70,0 67,0 _24,2 _ _ _ _ _ _ 
 _ 200-

260 
0,025 20 _ _ _ 63,3 62,6 _0,7 70,0 66,5 _23,5 _ _ _ _ _ _ 

 _ 21,27 5,1 20 _ _ _ 55,9 106 +50,1 _ _ _ _ _ _ _ _ _ 
 _ 40 5,1 20 _ _ _ 55,5 105 +49,5 _ _ _ _ _ _ _ _ _ 
321 _ 80 7,8 20 21,9 63,7 +41,8 59,6 74,4 +14,8 _ _ _ _ _ _ _ _ _ 
347 _ 80 3,9 20 26,0 67,8 +41,8 68,6 80,7 +12,1 49,0 25,0 _49,0 71,0 62,0 _9,0 81 RB 99 RB +18 
 _ 90 1,2 20 34,3 69,5 +35,2 68,5 79,5 +11,0 53,4 34,1 _36,5 77,1 73,4 _3,7 _ _ _ 
 civi defor-

macia 58 % 
                  

 _ 38 2,4 20 46,6 68,9 +22,3 71,5 76,6 +5,1 57,0 51,6 _9,5 74,5 78,5 +4,0 _ _ _ 
 _ 38 7,2 20 46,6 68,4 +21,8 71,5 77,1 +5,6 57,0 50,6 _11,2 74,5 77,8 +3,3 _ _ _ 
 _ 38 26 20 46,6 70,8 +24,2 71,5 74,5 +3,0 57,0 44,0 _23,0 74,5 65,0 _9,5 _ _ _ 
 _ 38 37 20 46,6 75,2 +28,6 71,5 81,1 +9,6 57,0 32,0 _26,2 74,5 74,0 _0,5 _ _ _ 
 _ 49 5,17 20 47,2 81,2 +34,6 67,5 82,0 +14,5 56 36 _35,8 68 64 _4 93 RB 21 RC _ 
 _ 49 7,96 20 47,2 82,0 +34,8 67,5 82,3 +14,8 56 35 _37,5 68 65 _3 93 RB 20 RC _ 
 _ 49 47,4 20 47,2 81,5 +34,3 67,5 81,8 +14,3 56 36 _35,8 68 62 _6 93 RB 25 RC _ 
 gamowva 338°C 

4 sT 
49 47,4 20 47,2 75,2 +28,0 67,5 82,2 +14,7 57 34 _40,4 68 63 _5 93 RB 29 RC _ 

 _ 240 0,1* 20 26,0 29,5 +3,5 69,6 72,4 +2,8 56,0 54 _3,6 _ _ _ _ _ _ 
 _ 200-

260 
0,025 20 _ _ _ 69,6 72,4 +2,8 56,0 52,3 _6,6 _ _ _ _ _ _ 

 _ 257 0,03 20 _ _ _ 91,2 97,0 +5,8 _ _ _ _ _ _ _ _ _ 
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cxrili 5-is gagrZeleba 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

 _ 257 0,3 20 _ _ _ 91,2 109,0 +17,8 _ _ _ _ _ _ _ _ _ 
 _ 257 4,3 20 _ _ _ 91,2 123,0 +31,8 _ _ _ _ _ _ _ _ _ 
 civi defor-

macia 
257 0,029 20 _ _ _ 164,9 193,3 +28,4 _ _ _ _ _ _ _ _ _ 

 igive 257 1,2 20 _ _ _ 164,9 189,9 +24,9 _ _ _ _ _ _ _ _ _ 
 _ 288 2,6 20 27,2 51,7 +24,5 65,1 73,5 +8,4 64,2 45,3 _39,4 75,6 73,8 _1.8 _ _ _ 
304 
(1 won. % 
B10 dama 
tebiT) 

_ 
_ 
_ 
_ 

_ 

_ 

_ 

_ 

2,0 

4,4* 

7,8* 

3,0* 

20 

20 

20 

20 

65,7 

_ 

_ 

_ 

105,1 

_ 

_ 

_ 

+39,4 

_ 

_ 

_ 

85,8 

85,8 

85,8 

85,8 

107,6 

96,3 

41,7 

17,1 

+21,8 

+10,5 

_44.1 

_68,7 

15,6 

15,6 

_ 

_ 

3,4 

1,6 

_ 

_ 

_78,3 

_90,0 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 
304 (0,5  _ _ 0,54 20 20,7 69,5 +48,8 57,3 85.4 +28,1 29,6 2,4 _92,0 _ _ _ _ _ _ 
won. % gamowva  _ 1,6 316 16,4 58,1 +41,7 43,4 65,0 +21,5 19,8 0,5 _97,5 _ _ _ _ _ _ 

B10 dama- 
tebiT) 

dasxivebis 

Semdeg 399°C, 
2,4 sT 

_ 1,6 316 16,5 48,9 +32,4 43,7 54,1 +10,4 21,0 0,25 _99,0 _ _ _ _ _ _ 

304 (0,85  gamowva _ 1,9 20 23,1 78,6 +55,5 59,8 86,3 +26,5 21,1 0,3 _99,0 _ _ _ _ _ _ 
won. % ~ _ 1,9 316 16,7 _ _ 46,2 63,9 +17,7 10,3 0,1 _99,0 _ _ _ _ _ _ 

B10 dama-
tebiT) 

gamowva 
dasxivebis 

Semdeg 399°C, 
2,4 sT 

_ 1,6 316 19,1 _ _ 48,6 62,2 +13,6 9,6 0,1 _99,0 _ _ _ _ _ _ 

410 _ 
_ 
_ 
_ 

82 

82 

82 

82 

0,11 

1,0 

2,9 

3,3 

20 

20 

20 

20 

103,8 

103,8 

103,8 

103,8 

120,3 

128,5 

132,8 

133,1 

+16,5 

+24,7 

+29,0 

+29,3 

124,4 

124,4 

124,4 

124,4 

136,5 

141,3 

143,9 

143,7 

+12,1 

+16,9 

+19,5 

+19,3 

20,0 

20,0 

20,0 

20,0 

17,0 

15,0 

14,0 

14,0 

_15,0 

_25,0 

_30,0 

_30,0 

66,0 

66,0 

66,0 

66,0 

64,0 

64,0 

58,0 

57,0 

_2,0 

_2,0 

_8,0 

_8,9 

34 RC 
34 RC 
34 RC 
34 RC 

_ 

_ 

34 RC 
35 RC 

_ 

_ 

0 

+1 
 zedapiris 

azotireba 
_ 0,5 20 31,6 42,9 +11,3 48,5 50,6 +2,1 _ _ _ _ _ _ _ _ _ 

 _ 260-

370 
3,2 20 53,6 60,6 +7,0 62,5 72,3 +9,8 27,0 25,6 _5,2 72,8 45,3 _27,5 _ _ _ 

431 _ 88 0,49 20 40,6 81,8 +41,2 53,8 81,8 +28,0 36 14 _61,0 71,0 63,0 _8,0 _ _ _ 
 _ 88 0,78 20 40,6 76,3 +35,7 53,8 76,3 +22,5 36 14 _61,0 71,0 60,0 _11,0 _ _ _ 
 _ 88 4,7 20 40,6 79,3 +38,7 53,8 79,3 +25,5 _ _ _ _ _ _ _ _ _ 

440C gamowrToba _ 0,5 20 130,1 142,7 +12,6 144,1 158,7 +24,6 _ _ - _ _ _ _ _ _ 

 

45 

 

 
 
 

44 



 
 

 
 
 

45 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
 _ 24 5,1 20 _ _ _ 79,4 94,2 +14,8 _ _ _ _ _ _ _ _ _ 

DB2 gamowva 

927°C, 1 sT 
49 1,4 20 49,9 78,5 +28,6 70,7 83,0 +12,3 22,1 10,9 _50,5 _ _ _ 58,7RA 63,0RA +4,3 

 igive 49 1,4** 20 48,9 49,9 +1,0 70,1 64,5 _5,6 22,8 5,5 _76,0 _ _ _ 58,6RA 59,2 RA +4,3 
 ~ 49 1,4*** 20 49,6 47,6 _2,0 64,9 60,4 _4,5 23,2 1,9 _92,0 _ _ _ 61,5RA 62,9 RA +0,6 
 ~ 49 2,0 20 49,9 74,0 +24,1 70,7 78,9 +8,2 22,1 17,2 _23,1 _ _ _ 58,7RA 62,1 RA +1,4 
 ~ 49 2,0** 20 48,9 48,8 _0,1 70,1 59,4 _10,7 22,8 4,7 _79,0 _ _ _ 58,6RA 59,2 RA +3,4 
 ~ 49 2,0*** 20 49,6 55,5 +5,9 64,9 71,9 +7,0 23,2 5,5 _76,4 _ _ _ 61,5RA 63,1 RA +0,6 
 ~ 49 2,8 20 49,9 67,4 +17,5 70,7 77,6 +6,9 22,1 14,1 _36,2 _ _ _ 58,7RA 62,0 RA +1,6 
 ~ 49 2,8** 20 48,9 42,3 _6,6 70,1 65,7 _4,4 22,8 8,7 _62,0 _ _ _ 58,6RA 59,6 RA +3,3 
 ~ 49 2,8*** 20 49,6 51,0 +1,4 64,9 68,1 +3,2 23,2 5,5 _76,0 _ _ _ 61,5RA 61,9 RA +1,0 

DB2 
gaumjo- 

gamowva 

982°C, 1 sT 

49 1,9 20 54,0 75,9 +21,9 71,9 83,3 +11,4 15,3 16,0 +4,5 _ _ _ 59,5RA 63,1 RA +3,6 

besebu-
li 

igive 49 1,9*4 20 55,5 51.5 _4,0 73,3 78,2 +4,9 14,3 17,2 +20,2 _ _ _ 59,8RA 61,2 RA +1,4 

 ~-~ 49 1,9** 20 52,7 55,2 +2,5 71,2 72,6 +1,4 17,9 19,2 +7,3 _ _ _ 60,4RA 60,7 RA +0,3 

cxrili 5-is gagrZeleba 

 

*5 foladis damuSavebis maxasiaTeblebi arasrulia; tire aRniSnavs, rogorc Cans, austenizaciis Cveulebriv  

* miTiTebuli mxolod siTburi neitronebis nakadi 

 
 

 

** gamowva dasxivebis Semdeg, 871°C, 3 sT 

*** gamowva dasxivebis Semdeg, 1000°C, 3 sT 

*4 gamowva dasxivebis Semdeg, 427°C, 3 sT 

   mdgomareobas 
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bors umateben marTvis da dacvis sistemaSi gamoyenebul 

sxvadasxva masalebs. dasxivebis gavlenis gamosakvlevad aRebuli 

iyo 304 tipis foladi, romelic Seicavda 0,5-dan 10 won.%-mde B10-s. 

am SemTxvevaSi adgili aqvs ormag efeqts: matricis masalis 

dazianeba swrafi neitronebiT, liTiumis da heliumis warmoqmna 

B10 reaqciis Sedegad. aseTi tipis masalaze dasxivebis moqmedebis 

Sesaxeb werda Safnuti [18] da finistoni [19]. am naSromebis 

Tanaxmad, denadobis zRvari SesamCnevad izrdeba, xolo 

wagrZeleba mkveTrad mcirdeba. 304 tipis foladis plastikuroba 

klebulobs boris damatebisas, dasxivebis gareSec, magram 2⋅1021  

neitroni/sm2 integraluri nakadiT dasxivebis Semdeg, saerTo 

wagrZeleba, gaWimvaze gamocdisas daaxloebiT 0,1% Seadgina. 

simpoziumze imsjeles, dasxivebis gavlenasa da zogierTi 

konstruqciuli masalis koroziul Tvisebebze, romelic Sedga 

inglisSi. 

la kiu da karlovis mimoxilva [11] Seicavs monacemebs 260 

da 316°C-ze dasxivebis gavlenis Sesaxeb koroziis siCqareze 

wyalSi, sami markis austenituri foladis, naxSirbadiani 

foladis, inkonel X da cirkaloi-2-Tvis. am masalebze moxda 

dasxiveba integraluri nakadiT, daaxloebiT 1,1⋅1021 neitroni/sm. 

gamokvlevis Sedegebi moyvanilia 9-e nax-ze.  

cdebi, romlebic exeba atomebis difuzuri moZraobiT 

gansazRvruli masalis Tvisebas, arc ise bevria Catarebuli. 

ZiriTadad moicavs rekristalizacias, marcvlebis zrdas da 

fazuri gadasvlebis Seswavlas. adreuli publikaciebi, 

romlebic exeboda dasxivebisas marcvlebis zrdas spilenZSi, 

nikelsa da cirkoniumSi, gamoqveynebul iqna s.t. konobeevskis 

mier da sxv. [20]. rkina, romelic iseve iyo dasxivebuli, rogorc 

es liTonebi, ar gamoavlina aseTi zrda. amerikuli foladebis 

4130, 420 da 431 ekvivalenturi zogierTi foladi daasxiva o. 

voroninma, v. dimitrievma da S. ibragimovma, daaxloebiT 500-600°C 

temperaturaze [21]. mak-kartenis da trozos naSromSi [22] 
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gamoikvlies T-1 foladis mikrostruqtura (cxr. 1), romelSic 

aRniSnulia mniSvnelovani gansxvaveba dasxivebul da 

dausxivebel nimuSebs Soris. struqturaSi myofi karbidebi, 

ganicdis daSlis an gaxsnis process da erTdroulad gamoiyofa 

wvrili nawilakebis saxiT. 

 

nax. 9. masalis korozia (1–reaqtoris gareT, 2–reaqtorSi) 

316°C wyalSi (pH=8.9-9.5). integraluri nakadi 

1.1⋅1021 neitroni/sm2-mde [73]. 
 a – cirkaloi-1; b – uJangavi foladi 364; g – nikonel X; 
d – uJangavi foladi 174 pH; e – uJangavi foladi 410; 

v _ naxSirbadovani foladi A-212 

 

bolomde rom gaverkveT dasxivebis moqmedebis fazuri 

gardaqmnebis procesebs, saWiroa jer kidev bevri samuSaos 

Catareba. Tu dasxiveba moqmedebs metastabilur Senadnobebze, 

romlebic daZvelebisas ufro mtkicdeba, maSin igi aseve axdens 

gavlenas axali fazebis SeqmniT gamowveul ganmtkicebaze. 

saboloo Tvisebebma SeiZleba asaxos matricis ganmtkicebis 

gavlena, romelic damokidebulia dasxivebis temperaturaze an 

daZvelebaze damoukidebeli pirobebis gavlena. uJangavi foladis 

 
 
 

48



 
 

austenitis Seswavla daiwyo reinoldsma da sxvebma [23], 

romlebic nimuSebSi qmnidnen sxvadasxva xarisxis deformaciebs, 

raTa mieRoT deformaciisas warmoqmnili feritis sxvadasxva 

raodenoba. dasxivebis Semdeg SemCneuli iyo feritis raodenobis 

mciredi momateba (0.05%). SesaZloa es momateba iyo feritis 

fazis ukve arsebuli marcvlebis zrdis Sedegi. 
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2. შედეგები და მათი განსჯა 

2.1 feradi liTonebi da Senadnobebi 
 

ganxilulia dasxivebis moqmedebis gamokvlevis Sedegebi. 

kerZod liTonebisa da Senadnobebis is jgufi, romelic 

Cveulebriv ferad liTonebs miekuTvneba. aq Sedis is Senadnobebi, 

romlebSic rkina ar aris ZiriTadi Semadgeneli. unda aRiniSnos, 

rom am nawilSi moyvanili Sedegebi miRebulia mxolod im swrafi 

neitronebiT dasxivebisas, romlis  energia xSir SemTxvevaSi 1 

mev-ze metia. feradi liTonebis Senadnobebis SerCeva reaqtorSi 

gamosayeneblad damyarebulia Tvisebebis saWiro kombinaciaze. 

magaliTad, xSirad aucilebelia maRali simtkice da kargi 

koroziamedegoba maRali temperaturisas. garda amisa, arCeul 

masalas unda hqondes neitronebis STanTqmis SedarebiT dabali 

ganivkveTi. neitronebis ekonomias didi mniSvneloba aqvs, radgan 

reaqtoris efeqturoba klebulobs Tu gamoyenebuli iqneba 

masalebi, romlebsac bevri neitronis STanTqma SeuZlia. 

ZiriTadi yuradReba eTmoba nikels, cirkoniums, spilenZs, 

beriliums, alumins, magniums, molibdens, niobiums, tantals da 

volframs. am liTonebis monacemebi da maTi Senadnobebis 

meqanikur Tvisebebze dasxivebis gavlena moyvanilia 6-e-13-e 

cxrilebSi. 

cirkoniums da mis Senadnobebs asxiveben sxvadasxva 

pirobebSi (ix. cxr. 6) 3⋅1018-dan 4⋅1020-mde neitroni/sm2 

integraluri nakadiT. cdebis ZiriTadi nawili Catarda oTaxis 

temperaturaze an 100°C-ze, zog SemTxvevaSi _ 380°C-ze. cxrilidan 

gamomdinareobs, rom neitronebiT dasxiveba iwvevs masalis 

simtkicis zRvaris, denadobis zRvaris da simagris mosalodnel 

momatebas. plastikuroba am dros klebulobs. aseve SeiZleba 

SevniSnoT, rom winaswar damoqlonebuli masalis Tvisebebi ar 

ganicdis iseT did cvlilebebs, rogorc gamomwvar 

mdgomareobaSi dasxivebuli masalis Tvisebebi. 

 
 
 

50



 
 

kemperis da kelis monacemebiT [24], civad deformirebuli 

aralegirebuli cirkoniumis simtkicisa da denadobis zRvari 

(deformaciis xarisxi 20%-ze meti) 2,5⋅1020 neitroni/sm2 

integraluri nakadiT dasxivebisas ramdenadme gaizarda. amave 

avtorebma aRmoaCines, rom Tvisebebi SeiZleba aRdges miaxloebiT 

sawyis sidideebamde 250°C-ze gamowviT 200 sT-is ganmavlobaSi. 

Tumca, unda aRiniSnos, rom Tvisebebis sruli aRdgena ar xdeba. 

gamosxivebis gavlenas Zlier deformirebul cirkoniumze 

Seiswavlida meikini da minteri [25]. dasxiveba mimdinareobda 100°C 

temperaturaze, daaxloebiT 5⋅1019 neitroni/sm2 nakadamde. oTaxisa 

da gazrdil temperaturaze Catarebuli cdebiT dadginda 

simtkicisa da denadobis zRvaris umniSvnelo momateba, agreTve 

plastikurobis Zalze mcire cvlileba dasxivebis Semdeg. 

am naSromebidan SeiZleba gavakeToT daskvna, rom 

radiaciuli dazianebebis gavlena masalis civad deformaciis 

gavlenis Tanazomadia. is faqti, rom dasxivebis zemoqmedebiT 

civad deformirebuli masalis denadobisa da simtkicis zRvari 

ar matulobs, miuTiTebs, rom liTonis an Senadnobis 

struqturis Semdgomi cvlileba tradiaciis xarjze ar iwvevs am 

Tvisebebis Zlier cvlilebas. 

n.v. pravdiukma da sxvebma [26] Seiswavles cirkoniumis da 

tantal-cirkoniumis Senadnobis simtkicis maxasiaTeblebi 4⋅1019 

da 1⋅1020 neitroni/sm2 integraluri nakadiT dasxivebis Semdeg. 80 

da 300°C-ze avtorebi gvacnobeben, rom radiaciis Semdgomi 

gamowva 300°C-ze arasakmarisad efeqturia radiaciuli dazianebebis 

mosaxsnelad. cdis Sedegebidan gamomdinare, SeiZleba gavakeToT 

daskvna dasxiveba maRali temperaturisas ar iwvevs Tvisebebis 

iseT seriozul cvlilebebs, rogorc dasxiveba oTaxis 

temperaturaze. 

cxadia, es aris dasxivebis dros mimdinare gamowvis Sedegi. 

yvela gamokvleuli SenadnobisTvis plastikurobis Semcireba 

aRiniSna daaxloebiT 50%-iT. 
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birTvul reaqtorebSi cirkoniumis gamoyeneba ramdenadme 

SezRudulia, maRali temperaturisas misi dabali simtkicis da 

reaqtoris pirobebSi susti koroziamedegobis gamo, magram 

siTburi neitronebis STanTqmis dabali kveTi mas uaRresad 

sasurvel masalad gadaaqcevs. SemuSavebuli iyo cirkoniumis 

bevri Senadnobi gazrdili simtkiciT, maRali temperaturisas da 

maRali koroziamedegobiT, amave dros sxva aucilebeli Tvisebebis 

SenarCunebiT. kerZod, SemuSavebulia cirkoniumis Senadnobebis 

seria, romelic Seicavs mcire raodenobiT kalas, nikels, rkinas 

da qroms – esenia cirkaloi – 2, cirkaloi _ 3 da cirkaloi – 4. 

am sami Senadnobidan yvelaze meti popularobiT 

sargeblobs cirkaloi – 2. Seswavlili iyo misi mdgradoba 

radiaciuli zemoqmedebis mimarT. xoukma da tomsma Seiswavla [27] 

swrafi neitronebiT dasxivebis gavlena gamomwvar cirkaloi – 2-

ze 13.1% civi deformaciiT da daSvebuli 25.5% civi deformaciiT. 

Senadnobs asxiveben 220 da 380°C-ze, Sesabamisad 3,6⋅1019 da 2.7⋅1020 

neitroni/sm2 swrafi neitronebis integraluri nakadiT. radiaciis 

Semdgomi gamocda Catarda oTaxis temperaturaze da 280°C-ze. 

akvirdebodnen simtkicis Tvisebebis damaxasiaTebel cvlilebebs: 

denadobis zRvaris momatebas, simtkicis zRvaris ramdenadme 

nakleb momatebas, plastikurobis Semcirebas. maRali temperaturisas 

dasxivebuli masalisTvis Tvisebebi dasxivebis Semdeg uaxlovdeboda 

imave masalis Tvisebebs, gamomwvars dasxivebis Semdeg igive 

temperaturaze igive xangrZlivobiT, ra drois ganmavlobaSic 

mimdinareobda maTi dasxiveba. ukve aRiniSna, rom simtkicis 

Tvisebebis cvlilebaze gavlenas axdenda sawyisi deformacia. 

gamomwvar masalaSi aRiniSneboda meti cvlilebebi, vidre civad 

deformirebulSi. 

nebismier SemTxvevaSi maRali temperaturisas dasxiveba, 

masalis winaswari momzadebis miuxedavad, iwvevs simtkicisa da 

denadobis zRvaris gazrdas da Sesabamisad plastikurobis 

klebas. gamonaklisia igive masala, dasxivebuli 380°C-ze da 

gamocdili oTaxis temperaturaze. am SemTxvevaSi masalebma, 
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romlebmac dasxivebis win miiRo 13 da 25% civi deformireba, 

dasxivebis Semdeg aCvena denadobis da simtkicis zRvaris 

Semcireba da plastikurobis Zalze mcire cvlileba. es Sedegebi 

imaze miuTiTebs, rom winaswar civi damuSavebis gavlena mcirdeba 

Tu dasxiveba maRali temperaturisas moxdeba (ix. cxr. 6). 

gamowvis temperaturis da drois gavlena dasxivebul 

cirkaloi – 2 -ze Seiswavla xoum [28] (cxr. 8). man aCvena, rom 

50°C-ze 9⋅1019 neitroni/sm2 integraluri nakadiT dasxivebis 

Semdeg, Sedegebis nawilobrivi likvidaciisaTvis saWiro iyo 140 

wT. am drois ganmavlobaSi Ziridad aRdga cirkaloi – 2-is 

plastikuroba, magram jer kidev mniSvnelovnad momatebuli 

rCeboda denadobis da simtkicis zRvaris mniSvneloba. rogorc 

me-7 cxrilidan Cans, 280°C-ze imave donemde dasxivebuli 

citkaloi-2-Tvis saWiro iyo mxolod 60 wT. denadobis da 

simtkicis zRvaris imave doneze aRsadgenad, romelzec 

aRdgeboda 140 wT-is ganmavlobaSi 50°C-ze dasxivebul masalaSi. 

cirkaloi – 2-is erTsaaTiani radiaciis Semdgomi gamowva, 

romelic dasxivebuli iyo 50°C-ze 9⋅1019 neitroni/sm2 integraluri 

nakadiT, Catarda 150-400°C temperaturul intervalSi (cxr. 8). 8-e 

cxrilidan Cans, rom erTi saaTis ganmavlobaSi 335°C-ze gamowva 

sakmarisi iyo, raTa dawyebuliyo Tvisebebis aRdgena. erTi saaTi 

400°C-ze sakmarisia dasxivebis gavlenis imdenad Sesamcireblad, 

rom masalis Tvisebebi dasxivebis da gamowvis Semdeg axlos iyos 

dausxivebeli masalis TvisebebTan. xouvma [29] aseve gvacnoba, rom 

cirkaloi – 2-is 220 da 280°C-ze dasxivebam mniSvnelovani gavlena 

ver moaxdina dartymis winaaRmdegobaze. 

cirkoniumis meore Senadnobi, romelmac farTo gamoyeneba 

hpova, aris cirkaloi – 3. es Senadnobi cirkaloi – 2-is msgavsia, 

magram nakleb kalas Seicavs. gamoqveynebuli monacemebis mixedviT 

maqsimaluri integraluri nakadi, romlis moqmedebisas gamoikvlies 

es Senadnobi, 3⋅1020 neitroni/sm2-ia. dasxivebis Semdgomi simtkicis  

Tvisebebi  gamoikvlia  mexanma  [30]. dasxivebis Semdeg cirkaloi – 2 



 
 

cxrili 6 
neitronuli dasxivebis gavlena cirkoniumis da misi Senadnobebis meqanikur Tvisebebze 
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a 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21  22 23 
cirko-
niumi 

gamowva 
70 24 20 24,3 39,4 +15,1 45,1 50,0 +4,9 33 22 _33,3 _ _ _ _ _ _ 50RC 68 RC +18 

 civi de- 
formacia 
20% 

70 24 20 50,1 59,6 +9,5 54,8 62,2 +7,4 14 14 0 _ _ _ _ _ _ 60 RC 71 RC +12 

 civi de- 
formacia 
50% 

70 24 20 58,9 66,4 +7,5 61,0 67,3 +6,3 11 7 _36,4 _ _ _ _ _ _ 65 RC 75 RC +10 

 civi de- 
formacia 

100 5,0 20 75,2 74,5 _0,7 86,8 87,4 +0,6 3,5 4,2 +20,0 _ _ _ _ _ _ _ _ _ 

 gamowva 
~ 
~ 
~ 

80 

300 

80 

80 

0,3 

0,4 

4,0 

10 

20 

20 

20 

20 

16,0 

15,0 

16,0 

16,0 

22,0 

22,0 

26,0 

34,1 

+6,0 

_7,0 

+10,0 

+18,1 

30,0 

26,0 

26,5 

26,5 

33,0 

23,1 

32,0 

36,1 

+3,0 

+2,1 

+5,5 

+9,6 

35,0 

34,0 

34,0 

34,0 

26,0 

25,0 

20,0 

15,0 

_31,4 

_26.4 

_41,0 

_56,0 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 
cirka-
loi _ 2 

gamowva 
50 140 20 31,0 49,2 +18,2 48,1 56,2 +8,1 23 15 _35,0 _ _ _ _ _ _ _ _ _ 

 civi de- 
formacia 
50% 

50 14 20 56,0 73,5 +17,5 69,1 80,5 +11,4 19,5 9,2 _53,0 _ _ _ _ _ _ _ _ _ 

 gamowva 220 3,6 20 36,0 46,1 +10,1 55,2 59,8 +4,6 23,5 19,5 _17,0 14 7 _50 _ _ _ 87,7RB 89,5 RB +3,1 
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cxrili 6-is gagrZeleba 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
 gamowva 280 27 20 36,0 55,8 +19,8 55,2 64,2 +9,0 23,5 12,7 _45,0 _ _ _ _ _ _ _ _ _ 
 gamowva 

280°C~128 
dRe 

_ 0 20 34,7 _ _ 53,4 _ _ 19,6 _ _ 12 _ _ _ _ _ _ _ _ 

 civi de- 
formacia 
13.1% 

220 3,6 20 61,9 63,6 +1,7 65,3 68,0 +2,7 14,0 10,2 _25,0 3 2 _33 _ _ _ 90,1 RB 93,2RB +3,1 

 igive 280 27 20 61,9 71,7 +9,8 65,3 73,2 +7,9 14,0 9,3 _33,5 3 4 _66 _ _ _ 90,1RB 95,4 RB +5,3 
 civi de- 

formacia 
13,1% gamo-

wva 280°C  
~128 dRe 

_ 0 20 52,4 _ _ 59,3 _ _ 12,3 _ _ 4 _ _ _ _ _ _ _ _ 

 daSveba 

425°C,15 wT 
civi de- 
formacia 
25% 

220 3,6 20 54,2 61,9 +7,7 65,0 69,6 +4,6 15,5 11,6 _25,0 6 3 _50 _ _ _ 91,2 RB 94,2RB +3,0 

 igive 280 27 20 54,2 69,9 +15,7 65,0 74,3 +9,3 13,5 9,4 _39,0 6 3 _50 _ _ _ 91,2RB 95,3RB +4,1 
 daSveba 

425°C,15 wT 
civi de- 
formacia 
25% gamo-

wva 280°C  
~128 dRe 

_ 0 20 53,4 _ _ 63,3 _ _ 13,0 _ _ - _ _ _ _ _ _ _ _ 

 gamowva 280 27 280 15,4 30,4 +15,0 30,4 32,4 +2,0 28,8 14,4 _50,0 14 2 _85 _ _ _ _ _ _ 
 gamowva 

~128 dRe 
280 0 280 17,0 _ _ 27,1 _ _ 21,0 _ _ 11 _ _ _ _ _ _ _ _ 

 civi de- 
formacia 
13.1%  

280 27 280 33,6 42,9 +9,3 34,3 43,7 +9,4 13,0 9,0 _30,6 1 0,5 _50 _ _ _ _ _ _ 
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cxrili 6-is gagrZeleba 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
 civi de- 

formacia 
13.1% gamo-

wva 280°C  
~128 dRe 

_ 0 250 31,6 _ _ 32,9 _ _ 13,3 _ _ 1 _ _ _ _ _ _ _ _ 

 daSveba 

425°C,15 wT, 
civi de- 
formacia 
25.5% 

280 27 280 33,7 43,4 +9,7 37,3 43,7 +6,4 12,5 9,0 _28,0 3 1 _66 _ _ _ _ _ _ 

cirka-
loi-2 

daSveba 

425°C,15 wT 
civi defo-
rmacia 
25.5%gamo-

wva 280°C  
~128 dRe 

_ 0 280 33,8 _ _ 36,7 _ _ 12,7 _ _ 4 _ _ _ _ _ _ _ _ 

 gamowva 50 9,1 20 36,0 50,6 +14,6 55,2 61,3 +6,1 24,0 13 _46,0 14 4 _11 _ _ _ _ _ _ 
 gamowva 380 9,5 20 36,0 39,2 +3,2 55,2 53,7 _1,5 24,0 18 _25,0 14 9 _35 _ _ _ _ _ - 
 gamowva 

380°C _ 0 20 35,5 _ _ 51,3 _ _ 19 _ _ _ _ _ _ _ _ _ _ _ 

 civi defo-
rmacia 
13.1%, 

380 9,5 20 61,9 47,4 _14,5 65,2 58,1 _7,1 14 16 +14,3 3 6 +100 _ _ _ _ _ _ 

 civi defo-
rmacia 
13.1%, 
gamowva 

280°C~128 
dRe 

380 0 20 43,9 _ _ 54,6 _ _ 15 _ _ _ _ _ _ _ _ _ _ _ 
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cxrili 6-is gagrZeleba 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
 daSveba, 

425°C, 15wT 
civi de- 
formacia 
25.5% 

380 9,5 20 54,2 47,7 6,5 65,0 59,3 _5,7 16 15 _6,2 6 5 _16,5 _ _ _ _ _ _ 

 daSveba, 
civi de- 
formacia 
25.5%, ga- 

mowva 380°C 
~128 dRe 

_ 0 20 46,2 _ _ 57,5 _ _ 11 _ _ 7 _ _ _ _ _ _ _ _ 

cirka-
loi _ 3 

gamowva 
(grZivi 
nimuSi) 

46 12 20 28,1 49,0 +20,9 43,6 51,5 +7,9 28,9 20,2 _30,0 17,2 3,6 _ 41,3 50,6 +9,3 _ _ _ 

 gamowva 
(ganivi 
nimuSi) 

46 12 20 34,9 55,1 +20,2 41,7 55,1 +13,4 30,6 16,5 _46,0 11,3 0 _100 42,0 52,0 10,0 _ _ _ 

 gamowva 
(grZivi 
nimuSi) 

46 18 20 28,1 47,3 +19,2 43,6 49,9 +6,3 28,9 13,3 _54,0 17,0 4,2 _76 41,3 43,3 +2,0 _ _ _ 

 gamowva 
(ganivi 
nimuSi) 

46 18 20 34,9 57,6 22,7 41,7 57,6 +15,9 30,6 6,9 _72,5 11,3 0 _100 42,0 56,6 +12,6 _ _ _ 

 gamowva 
(grZivi 
nimuSi) 

46 33 20 28,1 49,7 +21,6 43,6 52,9 9,3 28,9 12,0 _56,5 17,2 4,2 _76 41,3 41,3 0 _ _ _ 

 gamowva 
(ganivi 
nimuSi) 

46 33 20 34,9 54,8 +19,9 41,7 54,8 +13,1 30,6 7,6 _75,0 11,3 0 _100 42,0 51,3 +9,3 _ _ _ 

 gamowva 
(grZivi 
nimuSi) 
 

46 34 20 28,1 48,7 +20,6 43,6 54,3 +10,7 28,9 17,5 _39,5 17,2 4,1 _76 41,3 42,0 +0,7 _ _ _ 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
 gamowva 

(ganivi 
nimuSi) 

46 34 20 34,9 57,3 +22,4 41,7 57,3 +15,6 30,6 6,0 _80,0 11,3 0 _100 42,0 42,0 0 _ _ _ 

cirkoni- gamowva  80 3,5 20 21,1 46,1 +25,0 32,1 47,1 +15,0 34 14 +59 _ _ _ _ _ _ _ _ _ 
umi 0,5 gamowva 80 11 20 21,1 49,2 +28,1 32,1 51,1 +19,0 34 11 _68 _ _ _ _ _ _ _ _ _ 

won.% Ta gamowva 300 0,4 20 28,1 44,2 +16,1 38,0 49,2 +11,2 35 18 _48 _ _ _ _ _ _ _ _ _ 
damate-
biT 

 
                     

 

cxrili 6-is gagrZeleba 
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cxrili 7 
gamowvis drois gavlena dasxivebuli cirkaloi-2-is  

simtkicis Tvisebebze 

dasxivebis pirobebi 
fardobiTi 

wagrZeleba % 
tempera-
tura, 

°C 

integraluri 

nakadi ×1019 
neitroni/sm2 

gamowvis 

dro 325°C 
wT 

denadobis 
zRvari 
km/mm2 

simtkicis 
zRvari 
km/mm2 

Tana-
bari 

sruli 

50 9,1 0 
5 
10 
20 
40 
60 
140 

50,6 
48,6 
47,1 
43,9 
42,2 
41,1 
39,3 

61,3 
60,5 
59,3 
59,1 
58,6 
55,1 
57,0 

4 
5 
6 
7 
7 
7 
12 

13 
14 
23 
16 
22 
16 
24 

280 7,7 0 
5 
10 
20 
40 
60 
140 

46,8 
46,1 
45,3 
44,6 
43,9 
43,2 
41,5 

60,5 
59,8 
59,1 
60,0 
58,6 
58,0 
56,2 

5 
5 
6 
8 
9 
10 
12 

16 
15 
19 
20 
18 
24 
23 

 
cxrili 8 

gamowvis temperaturis gavlena cirkaloi-2-is simtkicis  
Tvisebebze 

fardobiTi wagrZeleba % erTsaaTiani 
gamowvis 

temperatura   

denadobis 
zRvari 
kg/mm2 

simtkicis 
zRvari kg/mm2 Tanabari sruli 

gamowvisas 
150 
250 
280 
300 
312 
325 
337 
350 
375 
400 

50,6 
50,6 
49,9 
48,2 
44,6 
43,2 
41,5 
36,9 
35,0 
34,8 
33,7 

61,3 
61,2 
59,4 
59,8 
57,5 
58,4 
55,2 
52,4 
49,0 
52,0 
50,6 

4 
4 
4 
5 
6 
7 
7 
10 
10 
11 
12 

13 
13 
13 
14 
20 
16 
16 
18 
18 
19 
22 

gamowvisas 
290 
300 
313 
325 
332 
337 
350 
375 
400 

46,8 
46,4 
45,7 
44,3 
43,2 
41,5 
40,1 
37,5 
36,9 
36,6 

60,5 
60,3 
58,4 
58,4 
58,0 
55,9 
56,0 
55,6 
54,8 
54,8 

5 
6 
7 
5 
10 
11 
11 
13 
11 
14 

16 
17 
17 
16 
24 
21 
20 
24 
23 
26 

SeniSvna: 9,1⋅1019 neitroni/sm2 integraluri nakadiT dasxiveba 50°C 
temperaturaze. 
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da cirkaloi – 3-is Tvisebebis Sedareba gviCvenebs, rom 

aRiniSneba denadobisa da simtkicis zRvaris msgavsi momateba, 

aseve plastikurobis Semcireba. am seriis ufro axali Senadnobi 

– cirkaloi – 4, romelsac dasxivebul mdgomareobaSi aqvs 

ukeTesi koroziamedegoba, gamokvleuli ar iyo. 

birTvul reaqtorebSi cirkoniumis Senadnobebis farTo 

gamoyenebisas kargad aris cnobili mxolod maTi xanmokle 

meqanikuri Tvisebebi dasxivebis moqmedebisas. SedarebiT axlaxan 

aRiniSna cocvadobis maxasiaTeblebze dasxivebis moqmedebis 

codnis mniSvneloba. cirkoniumis Senadnobebis cocvadobaze 

dasxivebis gavlenis gamokvlevis zogierTi Sedegi moyvanili aqvs 

fariss [31]. misi monacemebiT masalis (sufTa cirkoniumis garda) 

cocvadobis siCqare neitronebiT dasxivebisas ramdenadme matulobs. 

vestihauze gvatyobinebs, rom 3⋅1012 neitroni/(sm2⋅qm) swrafi 

neitronebis nakadiT dasxivebuli sufTa cirkoniumis cocvadobis 

siCqare Zlier mcirdeba 280°C temperaturaze. 

Cokim [29] aseTive gamokvleva Caatara cirkaloi _ 2-is 

SenadnobisTvis da aRmoaCina Sebrunebuli movlena. cocvadobis 

siCqare imatebs 200-400°C temperaturul intervalSi, 10.5-14.1 kg/mm2 

datvirTvisTvis. 

jozefis [32] cdebi relaqsaciis procesebis Seswavlaze 

miuTiTebs cocvadobis siCqaris gazrdis SesaZleblobaze civad 

deformirebuli da gamomwvari cirkaloi – 2-is dasxivebas. igi 

gvatyobinebs, rom 300°C-ze reaqtorSi relaqsacias ganicdis 

daZabulobis ufro meti nawili, vidre imave temperaturaze 

reaqtoris gareT myof nimuSSi. 

 

2.1.1. nikeli da Senadnobebi nikelis safuZvelze [31] 

  
nikeli da nikelis Senadnobebi SesaZlo konstruqciuli 

masalaa reaqtorebisTvis. reaqtorebis axal konstruqciebTan da 

maRal samuSao parametrebTan dakavSirebuli mzardi moTxovnebi 

iwvevs maRali temperaturisas sakmaod Tbomedegi da sxvadasxva 
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garemoSi koroziamedegi masalebis Seqmnas. SenadnobTa am jgufSi 

Sedis inkonel X, inkoneli, inkonel-702, xasteloi, xasteloi _ 

B. moyvanilia monacemebi maTi Tvisebebis cvlilebis Sesaxeb 1⋅1019-

7.5⋅1020 neitron/sm2 da zog SemTxvevaSi 2⋅1021 neitroni/sm2-mde 

integraluri nakadiT dasxivebis moqmedebisTvis. es masalebi 

unda gamoviyenoT maRali temperaturis pirobebSi, Tumca, bevri 

eqsperimenti Catarda dasxivebis Sedegad Tvisebebis cvlilebis 

gansazRvrisTvis dabali temperaturis pirobebSi (gamocdebi 

oTaxis temperaturaze). aris zogierTi monacemi maRali 

temperaturisTvisac, magram ara aucileblad iseTisTvis, romlis 

drosac, rogorc mosalodnelia, es masalebi imuSavebs. 

sufTa nikels naklebad iyeneben rogorc reaqtoris 

konstruqciul masalas, magram farTod gamoiyeneba radiaciuli 

dazianebebis meqanizmis gamosakvlevad. Tvisebebis radiaciul 

cvlilebebs Seiswavlian sxvadasxva meTodebis gamoyenebiT: 

eleqtronuli mikroskopiiT, meqanikuri gamocdebiT, simtkicis 

SeswavliT, optikuri mikroskopiiT.  

meikini da minteri radiaciuli ganmtkicebis gavlenas 

Seiswavlidnen [34] sufTa nikelis mavTulze. dasxiveba xdeboda 

100°C-ze 9.5-1017-1⋅1020 neitroni/sm2 farglebis integraluri 

nakadiT. radiaciis Semdgomi gamokvleva xdeboda meqanikuri 

gamokvlevebidan, romelSic Sefasebuli iyo simtkicis zRvari, 

denadobis zRvari da plastikuroba (wagrZelebis mimarT). iyo 

mcdeloba daeyoT da SeefasebinaT mesris damaxinjebis da 

dislokaciebis blokirebis gavlena ganmtkicebaze dasxivebis 

Sedegad. maT aRmoaCines, rom sufTa nikelis mesris ganmtkiceba 

neitronebis sruli integraluri nakadis sidideze damokidebuli 

iyo Semdegnairad: 

,)1( 2
1

Φ−−= B
i eAσ  

sadac 1σ  aris mesris damaxinjebis daZabuloba; A da B _ 

konstantebi; Φ _ integraluri nakadi, neitroni/sm2. 
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aRmoCenili iyo, rom neitronebis 8⋅1017 rigis mcire 

integraluri nakadi iwvevs denadobis zRvaris SesamCnev momatebas 

da fardobiTi wagrZelebis Semcirebas. magram simtkicis zRvaris 

cvlileba sakmaod mcire iyo. 5⋅1019 neitroni/sm2 integraluri 

nakadiT dasxivebis Semdeg aRiniSneboda simtkicis zRvaris 

garkveuli mateba, amave dros denadobis zRvari 100%-ze metad 

imatebda. 

nikelis folgis gamokvleva Caatara vilsdireTma [35], 1⋅1019  

neitroni/sm2 integraluri nakadiT dasxivebis Semdeg. radiaciuli 

defeqtebi Seswavlili iyo eleqtronuli mikroskopis saSualebiT, 

transmisiuli meTodikis gamoyenebiT. dasxivebuli folgis 

Seswavlam maRali gadidebisas (X20000-65000) aCvena, rom denadobis 

zRvari imatebs ara vakansiebis warmoqmnis an maTi Sekrebis Sedegad, 

aramed maryuJebsa da kvanZebze (safexurebze) dislokaciebis 

damagrebis gamo, romlebic vakansiebze warmoiqmneboda. igi 

akvirdeboda, rom, rogorc ki dacureba iwyeboda, zogierTi 

sibrtyis gaswvriv, vakansiebis umravlesoba gamoidevnebodaKam 

sibrtyeebs Soris Sualedebidan da deformacia gacilebiT 

advilad xdeboda. 

nikelis Senadnobebs SesaniSnavi simtkicisa da cocvadobis 

Tvisebebi 650-980°C temperaturul intervalSi perspeqtiulad 

xdis maT gamoyenebas. magram, imisaTvis, rom davamtkicoT maTi 

vargisianoba reaqtoris masalebad gamoyenebisTvis, saWiroa 

gamovikvlioT aRniSnul Tvisebebze swrafi neitronebiT dasxivebis 

gavlena. 

maRali temperaturebisas nikelsa da nikonel X-ze 

dasxivebis gavlenis gamokvlevisas Catarebuli iyo samuSaoTa 

SezRuduli raodenoba, ara im temperaturebze, romelic SeiZleba 

mosalodneli iyos reaqtoris pirobebSi. magram, cdebi mainc 

garkveul warmodgenas iZleva maRali temperaturisas dasxivebis 

gavlenaze. 

mexani  [36]  gvacnobebs,  rom   304°C-ze  1⋅1019   neitroni/sm2  

 
 

62



 
 

 
 

63

integraluri nakadiT dasxivebuli stelitis da nikonel-X-is 

zambarebis Tvisebebi ar gauaresda. kapma [37] gamoikvlia 

dasxivebis gavlena nikonelisa da nikonel X-is meqanikur 

Tvisebebze. man gamoikvlia sam mdgomareobaSi dasxivebuli 

nikoneli: myari xsnari, gamomwvari da civadgamoWimuli 

(daaxloebiT deformaciis 35%). am masalebis 50, 250 da 300°C-ze 

asxivebdnen swrafi neitronebis integraluri nakadiY3,1⋅1019-1.3⋅1020 

neitroni/sm2 intervalSi. gamosxivebis dros daZvelebis procesis 

gamokvleva Caatares nikonel X-ze, romelic daZvelebuli 

Senadnobia. am dros aRmoCnda, rom dasxivebis Sedegad denadobis 

zRvaris cvlileba iseTivea, rogorc sxva masalebisTvis da 100%-s 

aRwevs. magram darwmumebuli ara varT, rom cdebisas daZvelebis 

procesi bolomde midioda. naCvenebia, rom civad deformirebul 

masalas dasxivebis Sedegad aqvs Tvisebebis naklebi cvlileba, 

vidre mTlianad gamomwvar masalas. gasaburma da ronzikma [13], 

barcma [38] da vatanabem [39] aseve aRniSnes nikonel X-is Tvisebebis 

cvlileba daZvelebis mdgomareobaSi. maTi Sedegebi arasakmarisad 

kargad emTxveva dasxivebis win masalis gansxvavebuli sawyisi 

damuSavebis Sedegs (cxr. 9). 

bergenma [40] gvacnoba dasxivebuli nikonelis miRebis 

cocvadobaze gamokvlevis Sedegebi. dasxivebisas datvirTvis qveS 

myofi milebis daSlis dro orjer naklebia dausxivebelTan 

SedarebiT. varaudobdnen, rom radgan nikoneli Seicavs bors, 

simtkicis Semcireba ganpirobebulia borisgan heliumis 

warmoqmniT. marcvlebis sazRvrebze dagrovilma heliumis airma 

SeiZleba Seamciros nikonelis cocvadobisadmi winaRoba. heliumi 

warmoiqmneba B10 Li7-ad gardaqmnisas, grovdeba kristalur meserSi 

da difundirebs marcvlis sazRvrisken, riTac mniSvnelovnad 

amcirebs plastikurobas da amcirebs Senadnobis daSlamde dros. 

 

 



 
 

                                                                                            cxrili 9 
neitronuli dasxivebis gavlena nikelis da mis safuZvelze Senadnobebis 

 meqanikur Tvisebebze 

dasxivebis 
pirobebi 

denadobis zRvari, 
km/mm2 

simtkicis zRvari, 
km/mm2  

saerTo 
wagrZeleba 

keeTis Sem-
cireba, % 

simagre 

masala 
masalis 

damuSaveba 

t
em
pe
r
at

u
r
a 
°C
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u
l
i 

ni
mu

S
i 

c
vl

il
eb

a 

s
ak
o
nt

r
o
l
o
 

ni
mu

S
i 

d
as

x
iv
eb

u
l
i 

ni
mu

S
i 

c
vl

il
eb

a 

s
ak
o
nt

r
o
l
o
 

ni
mu

S
i 

d
as

x
iv
eb

u
l
i 

ni
mu

S
i 

c
vl

il
eb

a 

s
ak
o
nt

r
o
l
o
 

ni
mu

S
i 

d
as

x
iv
eb

u
l
i 

ni
mu

S
i 

c
vl

il
eb

a 

s
ak
o
nt

r
o
l
o
 

ni
mu

S
i 

d
as

x
iv
eb

u
l
i 

ni
mu

S
i 

c
vl

il
eb

a 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

nikeli A gamoWedva 

116 

1,0 

(siT-

buri) 

21 _ _ _ 45,7 48,5 +2,8 45 34 _24,2 _ _ _ 64BHN 137BHN +73 

sufTa 
nikeli 

gamowva 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 

99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

99 

0,095 

0,095 

0,095 

0,5 

0,5 

0,5 

0,88 

0,88 

0,88 

4,9 

4,9 

4,9 

6,1 

6,1 

6,1 

7,5 

7,5 

200 

20 

_190 

200 

20 

_190 

200 

20 

_190 

200 

20 

_190 

200 

20 

_190 

200 

20 

14,8 

17,6 

19,7 

14,8 

17,6 

19,7 

14,8 

17,6 

19,7 

14,8 

17,6 

19,7 

14,8 

17,6 

19,7 

14,8 

17,6 

19,0 

21,0 

24,6 

21,8 

26,0 

35,2 

25,3 

29,5 

42,2 

33,7 

38,7 

57,0 

36,6 

42,9 

63,3 

32,3 

44,3 

+4,2 

+3,4 

+4,9 

+7,0 

+8,4 

+15,5 

+10,5 

+11.9 

+22.5 

+18,9 

+21,1 

+37,3 

+21,8 

+25,3 

+43,6 

+17,5 

+26,7 

38,7 

42,2 

67,5 

38,7 

42,2 

67,5 

38,7 

42,2 

67,5 

38,7 

42,2 

67,5 

38,7 
42,2 

66,8 

38,7 

42,2 

38,7 

42,2 

65,4 

38,7 

42,9 

68,2 

39,4 

42,2 

69,6 

39,4 

45,7 

71,0 

42,2 

49,9 

77,3 

41,5 

49,2 

0 

0 

_2,1 

0 

+0,7 

+0,7 

+0,7 

0 

+0,1 

+0,7 

+3,5 

+3,5 

+3,5 

+7,7 

+10,5 

+2,8 

+7,0 

35 

38,0 

49,0 

35 

38 

49 

35 

38 

49 

35 

38 

49 

35 

38 

49 

35 

38 

27,5 

34,0 

39,0 

24,0 

35,0 

36,0 

26,0 

28,0 

31,0 

18,0 

22,0 

25,0 

18,0 

18,0 

21,0 

12,0 

21 

21,0 

_10.5 

_20,4 

_25,6 

_7,9 

_26,5 

_25,6 

_26,3 

_36,7 

_48,5 

_42,0 

_49,0 

_48,5 

_52,5 

_57,0 

_64,0 

_44,6 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 
_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 
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cxrili 9-is gagrZeleba 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

 ~ 
~ 
~ 
~ 

99 
99 
99 
99 

7,5 

10,7 

10,7 

10,7 

_190 
200 
20 
_190 

19,7 
14,8 
17,6 
19,7 

67,5 
41,5 
49.2 
73,8 

+47,8 
+26,7 
+31,6 
+54,1 

67,5 
38,7 
42,2 
67,2 

78,0 
45,7 
52,7 
85,1 

+10,5 
+7,0 
10,5 
+17,6 

49 
35 
38 
49 

21 
10 
18 
19 

_57,0 
_71,5 
_52,6 
_61,0 

_ 
_ 
_ 
_ 

_ 
_ 
_ 
_ 

_ 
_ 
_ 
_ 

_ 
_ 
_ 
_ 

_ 
_ 
_ 
_ 

_ 
_ 
_ 
_ 

moneli, ni-
muSebi 
WriliT 

~ 
~ 

282 
282 

4,0  

(siT-

buri) 

4,0 

(siT-

buri) 

21 
 
 
21 

_ 
 
 
_ 

_ 
 
 
_ 

_ 
 
 
_ 

90,7 
 
 

60,7 

93,5 
 
 

64,0 

+2,8 
 
 

+3,5 

2 
 
 
32 

1 
 
 
29 

_50,0 
 
 

_9,4 

_ 
 
 
_ 

_ 
 
 
_ 

_ 
 
 
_ 

_ 
 
 

157BHN 

_ 
 
 

180BHN 

_ 
 
 
_ 

 ~ 20-
60 

5,0 21 _ _ _ 59,8 67,5 +7,7 33 10 _70,0 _ _ _ _ _ _ 

moneli K, 
nimuSebi 
WriliT 

~ 282 4,0 
(siT-

buri) 

21 _ _ _ _ _ _ 1 2 +100.0 _ _ _ _ _ _ 

 ~ 282 4,0 
(siT-

buri) 

21 _ _ _ _ _ _ 10 19 +90,0 _ _ _ _ _ _ 

 ~ 21 4,0 
(Cqari) 

21 _ _ _ _ _ _ 1 2 +100,0 _ _ _ _ _ _ 

 ~ 21 ~ 21 _ _ _ _ _ _ 11 3 _71,2 _ _ _ _ _ _ 
 ~ 49 29 _ 72,5 114,7 +42,2 119,0 116,0 _3,6 _ _ _ _ _ _ 27RC 28 RC +1 
 ~ 49 4,9 21 93,1 117,8 +24,7 114,9 118,6 +3,7 22 12 _45,5 46 42 _# 29 RC 20 RC +1 
 ~ 77 7,6 21 93,1 117,1 24,0 114,9 117,7 +2,8 22 11 _50,0 45 43 _2 28 RC 26 RC _2 
nikoneli, 
nimuSebi 
WriliT 

naWedi 228 4,0 
(siT-

buri) 

21 _ _ _ 105.5 112,5 +7,0 1 2 +100,0 _ _ _ _ _ _ 

 gamomwvari 228 4,0 
(siT-

buri) 

21 _ _ _ 75.2 79,6 +4,0 30 29 _3,3 _ _ _ _ _ _ 

 ~ 20-
60 

4,0 
(Cqari) 

21 _ _ _ 106,2 120,9 +14,7 2 _ _ _ _ _ _ _ _ 

 ~ 20-
60 

4,0 
(Cqari) 

21 _ _ _ 64,5 81,6 +7,1 31 29 _6,5 _ _ _ _ _ _ 
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cxrili 9-is gagrZeleba 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

 ~ 49 13 21 97,2 119,9 +22,7 100,0 119,9 +19,9 12 9 _25,0 6 4 _2 98 RB _ _ 
 ~ 59 13 21 97,2 119,9 +22,1 100,0 119,9 +18,9 12 9 _25,0 6 4 _2 98 RB 104 RB +6 
   (E>500)                 
 ~ 300 7,5 21 25,5 38,5 +13,0 63,6 70,0 +6,4 53 59 +11,3 42 47 +5 56 RB 76 RB +20 
   (E>500)                 
 ~ 300 7,5 21 25,5 35,6 +10,1 63,6 69,3 +5,7 53 54 +1,9 42 45 +3 56 RB 75 RB +19 
   (E>500)                 
 ~ 300 7,5 21 25,5 37,8 _12,3 63,6 70,0 +6,4 53 53 0 42 43 +1 56 RB _ _ 
   (E>500)                 
inkonel- ~ 49 5,0 21 29,9 71,1 +41,2 66,7 79,5 +12,8 67 50 _19,4 68 63 _5 82 RB 96 RB +14 
7  02                    
 ~ 

~ 
~ 
~ 

49 
49 
_ 
_ 

18 
25 
 

140 

21 
21 
21 
21 

29,9 
29,9 
63,6 
63,6 

84,6 
90,6 
_ 

120,6 

+54,7 
+60,7 
_ 

+57,0 

66,7 
66,7 
102,2 
102,2 

85,4 
91,4 
120,6 
139,2 

+18,7 
+24,7 
+18,7 
+19,4 

67 
67 
44 
44 

44 
36 
13 
14 

_34,2 
_46,2 
_70,3 
_68,0 

68 
68 
53 
53 

64 
63 
53 
53 

_4 
_5 
0 
0 

82 RB 
82 RB 
94 RB 
99 RB 

100 RB 
101 RB 
27 RB  
99 RB 

+18 
+19 
_ 
_ 

inkonel X, 
nimuSebi 
WriliT 

!~ 
 
 

228 4,0 

(siT-

buri) 
21 _ _ _ 122,3 139,2 +16,9 2 1 _50,0 _ _ _ _ _ _ 

 ~ 228 4,0 

(siT-

buri) 
21 _ _ _ 90,0 104,8 +14,8 36 35 _2,8 _ _ _ _ _ _ 

inkonel X, 
nimuSebi 
WriliT 

gamowva 
 

~ 

20-
60 
20-
60 

4,0 

(Cqari) 

4,0 

(Cqari) 

 
21 
 
21 

 
_ 
 
_ 

 
_ 
 
_ 

 
_ 
 
_ 

 
122,3 

 
88,6 

 
142,7 
 

93,2 

 
+20,4 

 
+4,6 

 
2 
 
37 

 
_ 
 
23 

 
_ 
 

_37,8 

 
_ 
 
_ 

 
_ 
 
_ 

 
_ 
 
_ 

 
_ 
 
_ 

 
_ 
 
_ 

 
_ 
 
_ 

 daZveleba 49 0,8 21 84,6 108,6 +24,0 129,6 121,3 _8,3 23 18 _21,7 29 32 +3 32 RC 34 RC +2 
 ~ 

~ 
~ 
~ 
~ 

49 
_ 
_ 
_ 
_ 

16 
17,8 
58,6 
220 
347 

21 
21 
21 
21 
21 

84,6 
114,8 
114,8 
114,8 
114,8 

120,1 
136,8 
144,5 
141,4 
136,9 

+35,5 
+22,0 
+29,7 
+26,6 
+22,1 

128,9 
143,0 
143,0 
143,0 
243,0 

122,3 
137,4 
144,5 
141,5 
138,6 

_6,6 
_5,6 
+1,5 
_1,5 
_4,4 

23 
22 
22 
22 
22 

13 
12 
11 
11 
12 

_43,5 
_45,4 
_50,0 
_50,0 
_45,4 

29 
41 
41 
41 
41 

41 
47 
44 
44 
39 

+12 
+6 
+3 
+3 
_2 

32 RC 
37 RC 
37 RC 
39 RC  
37RC 

34 RC 
36 RC 
36 RC 
34 RC 
39 RC 

+2 
_1 
_1 
_5 
_2 

 ormagi 
daZveleba 

49 29  84,6 120,6 +36,0 129,6 121,1 _8,5 23 12 _48,0 _ _ _ 32 RC 34 RC +2 
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cxrili 9-is gagrZeleba 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

nimuSebi 
WriliT 

gamowva 

1149°C,2sT 
gacieba 
haerze 

50 13 21 37,3 73,5 +36,2 77,3 85,3 +8,0 56 37 _34,0 52 31 -21 78 RB 94,5 RB +16,5 

 igive 
~ 

~ 

~ 

~ 

~ 

_ 
_ 
_ 
250 
250 
300 

13 
13 
13 
3,1 
3,1 
7,5 

21 
21 
21 
21 
21 
21 

37,3 
37,3 
37,3 
37.3 
37,3 
37,3 

75,2 
76,3 
71,7 
53,5 
54,2 
53,5 

+37,9 
+39,0 
+34,4 
+16,2 
+16,9 
+16,2 

77,3 
77,3 
77,3 
77,3 
77,3 
77,3 

86,1 
86,1 
83,3 
82.2 
80,4 
82,8 

+8,8 
+8,8 
+6,0 
+4,9 
+3,1 
+5,5 

56 
56 
56 
56 
56 
56 

34 
36 
32 
54 
44 
50 

_39,2 
_35,6 
_43,0 
_3,6 
_21,4 
_10,7 

52 
52 
52 
52 
52 
52 

29 
31 
28 
49 
41 
46 

_23 
_21 
_24 
_23 
_11 
_6 

78 RB 
78 RB 
78 RB 
78 RB 
78 RB 
78 RB 

91,5 RB 
93,0 RB 

_ 
87,5 RB 
86 RB 
_ 

+13,5 
+15 
_ 

+9,5 
+8 
_ 

 ~ 300 7,5 21 37,5 50,0 +12,7 77,3 81,1 +3,8 56 47 _16,0 52 43 _9 78 RB 86,5 RB +8,5 
 gamowva 

1093°C45wT 
gacieba 
haerze 

10 12 21 28,3 53,0 +24,7 69,0 73,1 +4,1 63 52 _17,5 55 44 _11 70 RB _ _ 

 igive 
~ 
~ 
~ 
~ 

10 
250 
250 
300 
300 

13 
13,1 
3,0 
7,5 
7,5 

21 
21 
21 
21 
21 

28,3 
28,3 
28,3 
28,3 
28,3 

65,7 
46,5 
45,5 
42,0 
42,0 

+37,4 
+18,4 
+17,2 
+13,7 
+13,7 

69,0 
69,0 
69,3 
69,0 
69,0 

82,5 
77,6 
77,3 
78,7 
78,7 

+13,5 
+8,6 
+8,0 
+9,7 
+9,7 

63 
67 
63 
63 
63 

46 
63 
65 
79 
69 

_27,0 
_6,1 
+3,2 
+11,1 
+9,5 

55 
55 
55 
55 
55 

37 
53 
56 
62 
58 

_18 
_2 
+1 
+6 
+3 

70 RB 
70 RB 
70 RB 
70RB 
70 RB 

89,5 RB 
78 RB 
82 RB 
74,5 RB 
78 RB 

+19,5 
+8 
+12 
+4,5 
+8 

nimuSebi 
WriliT 

civi gamo-
Wimva 35% 

50 13 21 85,7 105,0 +19,3 97,0 107,0 +10,0 33 21 _36,2 23 14 _9 98 RB _ _ 

 igive 
~ 
~ 

50 
250 
250 

13 
3,1 
3,1 

21 
21 
21 

85,7 
85,7 
85,7 

105,9 
82,2 
82,9 

+20,2 
_3,5 
_2,8 

97,0 
97,0 
97,0 

107,7 
103,2 
103,2 

+10,7 
+6,2 
+6,2 

33 
33 
33 

22 
32 
33 

_33,2 
_3,0 
0 

23 
23 
23 

14 
26 
25 

_9 
+3 
+2 

98 RB 
90 RB 
90 RB 

104 RB 
100 RB 
102 RB 

+6 
+10 
+12 

qasteloi 
C 

Camosxma 
 

_ 4,0 
(Cqa-
ri) 

21 _ _ _ 56,2 75,2 +19,0 _ _ _ _ _ _ _ _ _ 

 gamoWedva 
 

282 1,0 
(siT-
buri) 

21 _ _ _ 97,7 99,5 +1,8 53 42 _20,8 _ _ _ _ _ _ 
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cxrili 9-is gagrZeleba 
 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

 gamoWedva 282 4,0 
(siT-
buri) 

21 _ _ _ 139,2 134,3 _4,9 2 1 _50,0 _ _ _ _ _ _ 

 ~ 282 4,0 
(siT-
buri) 

21 _ _ _ 98,4 96,3 _2,1 20 36 +80,0 _ _ _ _ _ _ 

 ~ 20-
60 

4,0 
(Cqa-
ri) 

21 _ _ _ 97,0 99,5 +2,5 20 22 +10,0 _ _ _ _ _ _ 

 ~ 20-
60 

4,0 
(Cqa-
ri) 

21 _ _ _ 139,2 154,6 +15,4 2 _ _ _ _ _ _ _ _ 

qasteloi 
X 

gamowva 
 

49 5,0 21 34,8 70,5 +35,7 79,1 90,9 +11,8 52 50 _3,8 52 62 +10 97RB 96RB _1 

 ~ 49 18 21 34,8 73,1 +38,3 79,1 91,9 +12,8 52 43 _17,3 52 64 +12 87RB 99RB +12 
 ~ 49 25 21 34,8 74,7 +39,9 79,1 92,1 +13,0 52 42 _19,2 52 59 +7 87RB 100RB +13 
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2.1.2. spilenZi 

 

spilenZs farTod iyeneben dasxivebis meqanizmis Sesaswavlad, 

magram rogorc teqnikuri masala, igi SezRudulad gamoiyeneba 

reaqtorebSi. spilenZze radiaciis gavlena dafuZnebulia 

meqanikuri Tvisebebis, Siga xaxunis, eleqtrowinaRobis da 

magnituri Tvisebebis cvlilebis eqsperimentul gamokvlevaze. 

dasxivebuli polikristaluri spilenZis meqanikuri Tvisebebi 

gansazRvra meikinma da minterma [34]. meqanikuri Tvisebebis 

temperaturul damokidebulebas Seiswavlidnen 9,5⋅1017-1.07⋅1020 

neitroni/sm2 integraluri nakadiT dasxivebul nimuSebze. 

aRniSnulia denadobisa da simtkicis zRvaris gadideba, maTi 

mniSvneloba dasxivebamde da dasxivebis Semdeg, moyvanilia 10-e 

cxrilSi. radiaciuli ganmtkicebis meqanizmi Seiswavla 

grinfildma da uilsfordma [41] 1⋅1018  neitroni/sm2 integraluri 

nakadiT dasxivebul spilenZis monokristalze. am dros 

wanacvlebis kritikuli daZabuloba 0,2-dan 1.6 km/sm2-mde gaizarda. 

eleqtronuli mikroskopiT gamokvlevis Semdeg gakeTda daskvna, 

rom dasxivebis Semdeg denadobis maRali zRvari aixsneba 

dislokaciebze kvanZebis (safexurebis) warmoqmnis intensivobiT, 

xolo ganmtkicebisas deformaciis dabali done – dacurebis 

Tavisufali sibrtyeebis blokirebiT. 

Siga xaxunis Seswavla, Catarebuli spilenZis monokristalze 

[42, 43, 44-45] neitronebiT an eleqtronebiT dasxivebis Semdeg 

naTlad gviCvenebs, rom dasxiveba iwvevs masalis ganmtkicebas. 

Siga xaxunis Semcireba, rogorc varaudoben, dasxivebis moqmedebiT 

dislokaciebis gamagrebis Sedegia. barnesi [46] Tvlis, rom 

radgan Siga xaxunis Semcireba erTnairia neitronebiT an γ-

dasxivebiT dasxivebisas da agreTve gamowrTobis Semdegac, 

amitom ganmsazRvreli faqtoria vakansiebi. 

eleqtronul-mikroskopuli gamokvleva saSuqze, romelic 

Caatares silkoqsisna da xirSma [47] gviCvenebs, rom 35°C-ze 6.7⋅1017   
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cxrili 10 

dasxivebuli da dausxivebeli spilenZis meqanikuri  
Tvisebebi 

integraluri 
nakadi, 

neitroni/sm2 

gamocdis 

temperatura, °C 

denadobis 
zRvari, kg/mm2 

 

simtkicis 
zRvari, kg/mm2 

0 _195 5,6 34,5 

9,5⋅1017 _195 7,0 34,9 

5,0⋅1018 _195 11,3 37,3 

8,8⋅1018 _195 _ 35,9 

4,0⋅1019 _195 23,9 38,0 

6,8⋅1019 _195 27,4 40,8 

7,5⋅1019 _195 29,5 42,2 

1,07⋅1020 _195 33,0 43,9 
0 20 4,9 22,5 

9,5⋅1017 20 5,6 22,5 

5,0⋅1018 20 8,4 22,5 

8,8⋅1018 20 12,0 22,5 

4,0⋅1019 20 16,2 23,9 

6,8⋅1019 20 18,3 26,0 

7,5⋅1019 20 19,7 26,7 

1,07⋅1020 20 21,8 27,4 
0 200 4,2 15,5 

9,5⋅1017 200 5,6 16,2 

5,0⋅1018 200 6,3 16,2 

8,8⋅1018 200 _ _ 

4,0⋅1019 200 12,7 19,0 

6,8⋅1019 200 13,4 _ 

7,5⋅1019 200 14,1 _ 

1,07⋅1020 200 16,2 21,1 

 

neitroni/sm2 integraluri nakadiT dasxivebuli spilenZi Seicavs 

3⋅1015 defeqts 1 sm3, daaxloebiT 75  zomis mcire deformirebuli 

areebis saxiT. integraluri nakadis gazrdisas 5.6⋅1018 da 14.0⋅1020 

neitroni/sm2-mde am defeqtebidan bevri Cans, rogorc 

dislokaciuri maryuJebi. 

0
A

koltmanma da sxvebma [48] gazoma spilenZis narCeni kuTri 

eleqtrowinaRoba 4⋅1017 neitroni/sm2 integraluri nakadiT 

dasxivebis Semdeg da aRmoaCina, rom dazianebis xarisxi iyo 1⋅10-26 

om⋅sm/(neitroni/sm2), rac aris platinaze, vercxlsa da bismutze 

naklebi sidide. napovnia, rom 4°K temperaturaze dazianebis 
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xarisxi civadnaglini spilenZisTvis naklebia, vidre gamomwvari 

spilenZisTvis. 

korbetma da volkerma [49] daadgines, rom Txevadi wyalbadis 

temperaturaze dasxivebuli spilenZis Tvisebebis aRdgena oTx 

stadiad mimdinareobs, iwyeba 14°K-ze da mTavrdeba 350°K-ze. am 

stadiebis arseboba vlindeba eleqtrowinaRobis Seswavlisas. 

 
2.1.3. beriliumi 

 
elzi [50] gvacnobebs, rom gamomwvari beriliumi, dasxivebuli 

swrafi neitronebis 1⋅1021 neitroni/sm2 integraluri nakadiT, 

avlens simkvrivis 0,8 da 20%-iT Semcirebas erTi saaTis 

ganmavlobaSi 600°C da 995°C-ze gamowvisas. bolo nimuSSi 

aRmoCenilia gazis warmoqmna 1 sm3 beriliumze 23 sm3-is odenobiT. 

gazobrivi heliumis warmoqmna xdeba beriliumis birTvze swrafi 

neitrinebis reaqciis Sedegad (n, α). gazobrivi heliumis an sxva 

gazis atomebis Canergvam kristalur meserSi SeiZleba gamoiwvios 

masalis SeSupeba. 

liTonebSi gazis buStulebis Casaxvis da zrdis meqanizmi 

bolomde ar aris gamokvleuli, Tumca, mis asaxsnelad mravali 

Teoria iyo SemoTavazebuli. yvelaze xSirad SeSupebas xsnian 

dislokaciebze buStulebis CasaxviT da maTi Semdgomi zrdiT, 

difuzuri meqanizmis saSualebiT. beriliumidan damzadebuli da 

zogierT reaqtorSi gamoyenebuli neitronebis amreklebi, 

klaibornis Tanaxmad [51], moiTxovs gamocvlas yovel eqvs TveSi. 

SesaZloa, rom SeSupeba SeiZleba SezRudos beriliumis 

gamoyenebam Semneleblis an siTbos gamomyofi elementebis garsis 

masalis saxiT. elizs da evanss [52] heliumis mcire raodenoba 

SehyavT beriliumSi α nawilakebiT bombardirebis gziT da am 

nimuSebs 740°C temperaturamde asxiveben. mcire SeSupeba iyo 

aRniSnuli 605°C-ze dasxivebul nimuSebSi; Zlieri _ 740°C 

dasxivebis dros. magram SeSupeba ar xdeboda 600°C-ze da ufro 

dabal temperaturaze dasxivebisas. 
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reaqtoris MTR amreklebis beriliumis blokis mdgomareobis 

Seswavla 70°C-ze dasxivebisas swrafi neitronebis 7,6⋅1021 

neitroni/sm2 integraluri nakadiT [53] Semdegze miuTiTebs: 

1) mniSvnelovani gamyifeba dasxivebis moqmedebiTYmesris 

radiaciuli dazianebis Sedegad;  

2) swrafi neitronebiT dasxivebis Sedegad warmoqmnili 

heliumi liTonSi gaxsnili rCeba radiaciis Semdgomi gamowviT 

500°C-ze naklebi temperaturisas; 

3) heliumi xsnaridan gamosvlisken miiswrafis 500°C-ze 

maRal temperaturaze da qmnis buStulebs, rac iwvevs liTonis 

moculobis momatebas, romelic zogjer SeiZleba 30%-s 

aWarbebdes;  

4) marcvlebis sazRvrebze buStulebis arseboba iwvevs 

beriliumis gamyifebas da igi gazebis gamtari xdeba. 

alumini farTod gamoiyeneba wyliT gaciebad reaqtorSi 

garsebis masalis da gamaciebeli agentis traqtis masalis saxiT, 

neitronebis  STanTqmis SedarebiT mcire kveTis da wyalSi kargi 

koroziamedegobiTaa ganpirobebuli. reaqtoris pirobebSi dabali 

temperaturebisas, oTaxis temperaturaze neitronebis dabali 

integraluri nakadebiT dasxiveba ar iwvevs msubuqi liTonebisa 

da Senadnobebis Tvisebebis cvlilebas. 11-e cxrilSi moyvanilia 

monacemebi aluminisa da magniumis Senadnobebis meqanikuri 

Tvisebebis cvlilebis Sesaxeb. SeiZleba SevniSnoT, rom es 

cvlilebebi, foladis cvlilebebTan SedarebiT didi ar aris. 

 

2.1.4. Znelad dnobadi liTonebi 
 

molibdens, niobiums, tantals, volframs da maT Senadnobebs 

aqvs maRali simtkice maRali temperaturebisas da es Tviseba 

perspeqtiuls xdis maT gamoyenebas maRali samuSao temperaturebis 

mqone reaqtorebSi. monacemebi am masalebis Sesaxeb Zalze 

gafantulia, magram maTze dayrdnobiT SeiZleba SevafasoT 

ganxiluli masalis Tvisebebis radiaciuli cvlilebebis xarisxi. 
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sufTa komerciuli molibdenis meqanikuri Tvisebebi oTaxis 

temperaturaze moyvanilia bruSis da sxvaTa [54] SromaSi. 90°C-ze 

3⋅1020 neitroni/sm2 integraluri nakadiT dasxivebis Semdeg 

molibdenis denadobisa da simtkicis zRvari 35.2 kg/mm2-iT 

gaizarda, xolo fardobiTi wagrZeleba 40-dan 0%-mde Semcirda. 

greim [55], adamma da martinma [56] aRniSna, rom molibdenis 

kristaluri mesris parametri dasxivebis moqmedebis Sedegad 

gaizarda. dasxivebis Semdeg gamowvis Sedegad mesris parametri 

nawilobriv aRdga. 

16°C-ze 1⋅102 neitroni/sm2 integraluri nakadiT dasxivebuli 

niobiumis meqanikuri Tvisebebi 42.9-dan 54.1 kg/mm2-mde gaizarda, 

magram es mateba arc ise didia, rogorc mravali sxva 

liTonebisTvis. radiaciuli ganmtkicebis aRdgena gamowvisas, 

rogorc Cans, iwyeba 350°C-ze, xolo 600°C-ze mTlianad sruldeba 

1 sT-is ganmavlobaSi. 

monacemebi niobiumis fardobiTi wagrZelebis Semcirebis 

Sesaxeb mocemulia 12-e cxrilSi. 

tantalis Tvisebebi dasxivebis zemoqmedebiT icvleba 

atomebis wanacvlebis xarjze da birTvuli reaqciis Sedegad 

volframad gadaqcevis xarjze. Catarda gamocda dasxivebuli 

furclovani tantalis gaWimvaze, Runvasa da simtkicis gazomvaze [57].  

dasxivebis doza daaxloebiT Seesabameba im dozas, romelic 

saWiroa tantalSi 1.5-3.0 won. % volframis warmosaqmnelad, 

Sesabamisi birTvuli reaqciis Sedegad. tantalis denadobisa da 

simtkicis zRvari sagrZnoblad izrdeboda dasxivebis Sedegad. es 

Sedegebi miuTiTebs, rom simtkicis matebis ZiriTadi nawili 

SeiZleba mivaweroT swrafi neitronebiT gamowveuli darRvevebis 

gavlenas, xolo tantalis aRniSnuli raodenobis volframad 

gadaqcevis wvlili SedarebiT mcirea. 13-e cxrilSi moyvanilia 

tantalis simtkicis maxasiaTeblebi dasxivebamde da dasxivebis 

Semdeg. 



cxrili 11 
neitronuli dasxivebis gavlena aluminis da magniumis Senadnobebis  

meqanikur Tvisebebze 

dasxivebis 
pirobebi 

denadobis zRvari 
kg/mm2 

simtkicis zRvari 
kg/mm2 

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

aluminis Senadnobebi            

1100 _ 2,4 13,0 16,3 +3,3 14,3 19,0 +4,7 22,3 25,3 +13 

1100 _ 7,2 13,0 16,6 +3,6 14,3 20,5 +6,2 22,3 20,2 _9,4 

1100 _ 2,6 13,0 18,6 +5,6 14,3 21,4 +7,1 22,3 23,0 +3.1 

356 _ 2,4 16,9 29,8 +12,9 22,8 31,1 +8,3 2,7 0,4 _85,0 

356 _ 7,2 16,9 35,9 +19,0 22,8 38,0 +15,2 2,7 0,9 _59,0 

356 _ 2,6 16,9 25,3 +8,4 22,8 31,6 +8,8 2,7 1,5 _44,4 

356 49 0,204 18,3 20,5 +2,2 23,3 25,8 +2,5 4 6 +50,0 

356 49 1,22 18,3 23,6 +5,3 23,3 29,5 +6,2 4 6 +50,0 

356 49 5,59 18,3 29,9 +11,6 23,3 31,7 +8,4 4 6 +50,0 

356 49 9,84 18,3 36,6 +18,3 23,3 38,3 +15,0 4 3 _25,0 

1100-0 65 1,0 4,7 12,0 +7.3 9,6 18,3 +8,5 38,2 21,2 _44,5 

1100-1114 65 1,0 11,7 16,9 +5,2 12,2 18,3 +6,1 6,0 5,4 _8,3 

5052-0 65 1,0 10,3 23,1 +12,8 20,5 26,3 +5,8 34,0 30,6 _10,3 
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1 2 3 4 5 6 7 8 9 10 11 12 

5052-1134 65 1,0 20,7 25,7 +5,0 25,3 31,4 +6,1 11,2 14,0 +25,0 

6061-0 65 1,0 6,7 18,0 +11,3 12,7 26,2 +13,5 28,8 22,4 _22,0 

6061 49 5,17 28,1 30,7 +2,6 33.2 35,3 +2,1 21 22 +4,7 

6061 49 11,7 28,1 30,1 +2,0 33,2 36,5 +3,3 21 22 +4,7 

6061-T6 65 1,0 27,1 31,3 +4,2 31,6 35,6 +4,0 17,5 16,2 _7,4 

5154 65 1,0 33,6 35,7 +2,1 38,5 40,6 +2,1 8,8 12,5 +42,0 

magniumis Senadnobebi            

2024 49 0,204 31,9 34,2 +2,3 50,3 50 _0,3 26 25 _3,8 

2024 49 1,22 31,9 33,9 +2,0 50,3 52,2 +1,9 26 26 0 

2024 49 5,59 31,9 39,4 +7,5 50,3 55,6 +5,3 26 25 _3,8 

2024 49 9,84 31,9 46,5 +14,6 50,3 59,7 +9,4 26 24 _7,7 

A12 
50 

1,0 
(siTburi)

11,3 12,5 +1,2 15,0 15,8 +0,8 5,8 5,3 _8,6 

Mg-08Al 
50 

1,0 
(siTburi)

11,7 11,0 _0,7 15,8 15,2 _0,6 6,2 5,8 _6,5 

AM-503S 
50 

1,0 
(siTburi)

17,0 17,7 +0,7 22,1 20,3 _1,8 3,8 2,0 _47,7 

AM-503ZA 
50 

1,0 
(siTburi)

12,7 12,7 +0,4 18,4 13,7 _4,7 6,0 0,8 _96,5 

ZWI 
50 

1,0 
(siTburi)

16,9 16,3 _0,6 22,5 21,9 _0,6 17,4 17,4 +22,5 

cxrili 11-is gagrZeleba 

 

     msubuqi liTonebi – alumini da magniumi 
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cxrili 12 

neitronuli dasxivebis gavlena bioniumis simtkicis 

Tvisebebze, 20°C   

nimuSi 
denadobis 

zRvari, kg/mm2 
simtkicis 

zRvari, kg/mm2 
fardobiTi 

wagrZeleba, % 
sakontrolo 46,0 48,2 21,5 
 40,5 49,0 19,8 
 44,5 52,0 19.0 
 43,0 50,8 21,4 
 44,5 51,9 21,5 
dasxivebuli 54,5 59,4 8,0 
 52,1 52,3 6,4 
 52,3 54,1 6,5 
dasxivebuli da gamom- 60,0 65,2 6,8 

wvari 200°C-ze 1 sT-is 60,0 65,1 7,7 

ganmavlobaSi 64,1 64,5 5,2 

 

cxrili 13 

neitronuli dasxivebis gavlena tantalis da Ta-W 
Senadnobis meqanikur Tvisebebze [31] 

nimuSis 
daxasiaTeba 

siTburi 
neitronebis 
integraluri 

nakadi, ×1020 
neitroni/sm2 

simtkicis 
zRvari 
kg/mm2 

denadobis 
zRvari 
kg/mm2 

fardobiTi 
wagrZeleba 

% 

sigrZe 
BHN 

dausxivebeli 
tantali 

_ 29,5 21,1 40 105 

dausxivebeli 
Ta-1.5 won.% W 

_ 31,6 21,8 39 151 

dausxivebeli 
Ta-1.5 won.% W 

_ 36,9 27,1 35 170 

dasxivebuli 
tantali 

7,8 48,9 46,2 16 274 

 15,7 60,7 57,2 7 309 

 
 

2.1.5. fizikuri Tvisebebi 

 

naSromis winamdebare nawilSi ganxilulia dasxivebis 

Sedegad liTonebisa da Senadnobebis Tvisebebis cvlilebis 

meqanizmi. meqanikuri Tvisebebis mniSvnelovani cvlilebebis 

garda, adgili hqonda (marTalia naklebi xarisxiT) liTonebis 

zogierTi fizikuri Tvisebis cvlilebasac. mocemul paragrafSi 
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ganxilulia radiaciis moqmedeba eleqtrowinaRobaze, Termuli 

gafarToebis koeficientze, difuziis koeficientsa da 

simkvriveze. 

 

2.1.5.1. kuTri eleqtrowinaRoba 
 

atomebis wanacvleba swrafi neitronebiT dasxivebis 

Sedegad iwvevs mesris damaxinjebas. damaxinjebis Sedegad adgili 

aqvs mouwesrigeblobas, gansakuTrebiT Tu dasxivebis temperatura 

ufro dabalia ganxiluli liTonis damaxinjebis gamowvisTvis 

saWiro temperaturasTan SedarebiT. kuTr eleqtrogamtarobaze 

dasxivebis moqmedebis gamokvlevis mizniT, bevri cda Catarda. 14-e 

cxrilSi moyvanilia yvelaze saintereso monacemebi sufTa 

liTonebisa da zogierTi SenadnobisTvis. 

30-dan 200°C-mde dasxivebis temperaturebisas, SedarebiT 

mcire narCeni cvlilebebi SeiniSneba liTonebis umravlesobaSi, 

garda Zneladdnobadi liTonebisa (magaliTad, volframi da 

molibdeni). spilenZi, nikeli da 347 tipis uJangavi foladi 

kuTri eleqtrowinaRobis wrfiv matebas avlens neitronebis 

integraluri nakadis matebasTan erTad, Tanac procentuli 

TvalsazrisiT es mateba ukuproporciul damokidebulebaSia 

sawyis eleqtrowinaRobasTan. moculobiTcentrirebuli, kuburi 

da heqsagonuri, mWidrod SeerTebuli mesris mqone liTonebisTvis 

es sidideebi ufro maRalia, vidre waxnagcentrirebuli kuburi 

mesris mqone liTonebisTvis [1]. dasxivebis Semdeg, maRal 

temperaturaze gamowvam SeiZleba gamoiwvios kuTri eleqtro-

winaRobis nawilobrivi aRdgena. radiaciuli damaxinjebis nawili 

gamowvis Semdegac rCeba, amitom eleqtrowinaRobis sawyisi 

sididis miRweva ver xerxdeba. 

kuTri eleqtrowinaRoba SeiZleba sasargeblo maCvenebeli 

iyos radiaciuli cvlilebebis meqanizmis safuZvlebis Seswavlisas, 

struqturis cvlilebisadmi maRali mgrZnobiarobisa da SedarebiTi 

simartivis gamo, riTac SeiZleba maTi gakontroleba rogorc 
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dasxivebuli, aseve dausxivebeli masalisaTvis. igi SeiZleba 

gaizomos uSualod reaqtorSi, minimumi raodenobis xelmisawvdomi 

aparaturis gamoyenebiT. 

cxrili 14 

neitronuli dasxivebis gavlena liTonebis kuTr  
eleqtrowinaRobaze 

metali 
dasxivebis 

temperatura, 

°C 

integraluri 
nakadi,*  

×1⋅1019  
neitroni/sm2 

kuTri 
eleqtro-
gamtarobis 
cvlileba, %

volframi 30 1 (t) (T) +10 
molibdeni 30 1 (t) (T) +7 
platina 30 0,5 (t) +1 
spilenZi _150 1,1 (?) +20 
alumini _150 1,1 (?) +33 
uJangavi foladi 304,309, 
316, 347 

240 1 (t) 0 

nikeli A 240 1 (t) umciresi 

xasteloi C 240 1 (t) +6 
uJangavi foladi 304, 308, 
347 

280  4 (δ) +5 

tantali _ 5 (δ) 0 

`tantungi~ a _ 5 (δ) 0 
volframi _ 5 (δ) +40 
gamomwvari spilenZi ** 90 20-70 (t) +8,0 
gamomwvari nikeli 90 20-70 (t) +3,2 
titani (Ti-75A) gamomwvari 90 20-70 (t) +7,2 
gamomwvari cirkoniumi** 90 20-70 (t) +5,8 
gamomwvari rkina** 90 20-70 (t) +7,8 
gamomwvari molibdeni 90 20-70 (t) +21,9 
foladi 347 gamomwvari 90 20-70 (t) +1,9 
foladi 347, deformaciis 
xarisxi 58% 

90 20-70 (t) +1,5 

 

*(δ) – swrafi neitronebi, (T) – siTburi neitronebi, (?) – neitronebis energia 
daudgenelia, ** _ maRali sisufTavis masala 

 
Tu davuSvebT, rom mTlianobaSi masalis radiaciuli 

damaxinjebebi umetesad damokidebulia wertilovani defeqtebis 

dagrovebaze, maSin kuTri eleqtrowinaRobis gazomvam SeiZleba 

uzrunvelyos monacemebi, romlebic exeba maT warmoqmnas 

gamosxivebis zemoqmedebis qveS, agreTve Semdgomi gadaadgilebis 

da ukve arsebul defeqtebTan urTierTqmedebis Sesaxeb. 

aRmoCenili iyo, rom saWiroa dasxivebis sul ufro da 

ufro dabali temperaturebi, raTa moZraobis unari daukargoT 
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warmoqmnil defeqtebs. idealur SemTxvevaSi saWiroa ganvsazRvroT 

temperatura, romlis drosac yvela defeqti gayinulia. 

Secvlili Tvisebebis nawili gamoiwveba da gaqreba mocemul 

temperaturaze dasxivebis procesSi. dasxivebis temperaturaze 

gamowvis gavlenis Sedegad maRali sisufTavis aluminisa da 

magniumis dasxiveba oTaxis temperaturaze iwvevs Tvisebebis 

Zalze mcire, narCen cvlilebebs. 

koltmanma da sxvebma [48] aCvena, rom 4°K temperaturaze 

dasxivebul spilenZSi ukve 7°K-ze SeiniSneba nawilobrivi 

gamowvis movlena. sxvadasxva liTonis kuTri eleqtrowinaRobis 

cvlilebis SedarebiTi Seswavlis Casatareblad dasxiveba unda 

moxdes iseT temperaturebze, rodesac adgili ara aqvs gamowvis 

movlenas. oTaxis temperaturaze dasxivebis Sedegad dnobis 

maRali temperaturis liTonebs aqvs eleqtrowinaRobis ufro 

didi cvlileba. aRniSnulia 80°C-ze dasxivebuli molibdenis, 

titanis, cirkoniumis da rkinis eleqtrowinaRobis didi mateba 

[54]. defeqtebis moZraoba Zlieraa damokidebuli liTonis dnobis 

temperaturaze. kinCinis da timsonis [58] cdebi molibdenisa da 

volframis swrafi neitronebiT 78°K temperaturaze dasxivebisas, 

miuTiTebs molibdenis da nawilobriv volframis gamowvis 

mniSvnelovan efeqtze, Sesabamisad 90 da 120°K-ze. Tvlian, rom 

gamowvis movlenas molibdenSi SeiZleba adgili hqondes 20-90°K 

temperaturul intervalSi. rogorc Cans, yvelaze Zneladdnobad 

liTonebSic ki xdeba defeqtebis gamowva yvela temperaturaze 

dasxivebisas, uaRresad dabali temperaturebis garda. 

rogorc adre aRiniSna, meqanikuri da fizikuri Tvisebebis 

cvlileba dakavSirebulia mesris radiaciul dazianebasa da 

defeqtebis Semdgom gadaadgilebasTan. qvemoT mokled aris 

ganxiluli liTonSi atomebis wanacvlebis ricxvis eqsperimentuli 

gansazRvris SesaZlebloba. 

amasTan, liTonis eleqtrowinaRoba da dasxivebis Sedegad 

misi cvlileba mniSvnelovan rols asrulebs. Tu cdebi 
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Catardeba sakmaod dabal temperaturaze, raTa Tavidan aviciloT 

defeqtebis gamowva, SeiZleba vivaraudoT, rom eleqtrowinaRobis 

momateba liTonSi Setanili defeqtebis raodenobis proporciuli 

iqneba. saWiroa defeqtebis saerTo koncentracia SevinarCunoT 

sakmaod dabal doneze, raTa Tavidan aviciloT sxvadasxva 

defeqtebis urTierTgavlena, rasac TviTon SeuZlia gamoiwvios 

eleqtrowinaRobis momateba. spilenZis, vercxlisa da oqros [58] 

10°K-ze 12 mev energiis neitronebiT dasxivebam aCvena, rom 

eleqtrowinaRobis cvlileba TiTqmis wrfivadaa damokidebuli im 

nawilakebis raodenobaze, romlebic masalas bombaven. wrfivi 

kanonidan gadaxra, rogorc Cans dakavSirebulia gamowvis 

movlenasTan. aseTi cdebi Caatares blevitma da sxvebma [60] didi 

raodenobis masalaze, romelic dasxivebuli iyo reaqtorSi 17°K 

temperaturaze. am ori naSromis Sedegebi moyvanilia me-15-e 

cxrilSi. kuTri eleqtrowinaRobis cvlilebis interpretacia 

martivi iqneboda, cnobili rom yofiliyo am cvlilebebisa da 

defeqtebis koncentraciis damakavSirebeli proporciulobis 

koeficienti. aseT defeqtebze gamtarobis eleqtronebis gabnevis 

ganivkveTis ucnobi mniSvneloba arTulebs zust gamoTvlebs da 

sxvadasxva defeqtis Sesabamisi sidideebi sakmaod sadavoa. 

cxrili 15 

sxvadasxva masalis kuTri eleqtrowinaRobis fardobiTi  

momateba neitronebis nakadiT dasxivebis Sedegad, 7⋅1019  
neitroni/sm2, 10°K 

 
spilenZi 3,10⋅10_11 TuTia 2,021⋅10_10 
vercxli 3,35⋅10_11 rkina 2,157⋅10_10 
oqro 3,78⋅10_11 molibdeni 1,279⋅10_9 
tyvia 2,89⋅10_10 volframi 1,184⋅10_9 
alumini 7,869⋅10_11 bismuti 2,22⋅10_1 
nikeli 8,35⋅10_11 stibiumi 1,011⋅10_2 
platina 6,51⋅10_11 α-TiTberi 3,55⋅10_11 
beriliumi 1,106⋅10_9 Cu3Al mowesrigebuli 2,33⋅10_10 
magniumi 2,58⋅10_10 Cu3Al mouwesrigebeli 3,17⋅10_10 
cirkoniumi 0,853⋅10_9   

kobalti 1,69⋅10_10   
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blevitma [61] aCvena, rom yvela Seswavlil liTons da 

Senadnobs hqonda kuTri eleqtrowinaRobis wrfivi mateba swrafi 

neitronebis 8⋅1017  neitroni/sm2-mde integraluri nakadis sididis 

mixedviT. spilenZis eleqtrowinaRobis matebis xarisxze gavlenas 

ar axdenda minarevebis Semcvelobaze struqtura da damzadebis 

teqnologia. Tumca arsebobs garkveuli cvlilebebi, romlebic 

SeimCneva dasxivebis Semdeg. am cvlilebebis Sesabamisi 

wanacvlebuli atomebis raodenoba miaxloebiT ganisazRvreba. 

wertilovani defeqtebis, vakansiebis da wanacvlebuli 

atomebis moZraoba gamovlinda Tvisebebis cvlilebis Sedegad, 

maRali temperaturisas  Catarebuli gamowvis Semdeg. moZraobis 

xasiaTi damokidebulia defeqtis saxeobaze. xantigtonma da 

zeitcma [62] gansazRvres aqtivaciis energia spilenZSi 

nawacvlebuli atomebisa da vakansiebis moZraobisTvis, rac toli 

iyo Sesabamisad 0.07-0.27 da 0.9-1.0. me-16-e cxrilSi moyvanilia 

defeqtebis  warmoqmnis  da  gadaadgilebis  aqtivaciis energiis  

cxrili 16 

defeqtebis warmoqmnisa (Ewar.) da gadaadilebis (Eg) 
aqtivaciis energiis mniSvnelobebi. spilenZis, oqros da 
platinis TviTdifuziis aqtivaciis energia, ev [41, 42] 

liToni defeqtebi Ewar. Eg Ed 

spilenZi wanacvlebuli 
atomi  

5,1-6,1 0,07-0,27 _ 

 vakansia 1,0-1,2 0,9-1,0 _ 
 gaorkecebuli  

vakansia 
1,5 0,3-0,4 _ 

 _ _ _ 2,05 
oqro vakansia 0,6 _ _ 
 vakansia (savaraudo) 1,02 0,66  
 igive 0,7 0,5 _ 
 _ _ _ 1,71 
platina vakansia (savaraudo) 1,2 1,1 _ 

 

mniSvnelobebi. moZrav defeqtebs SeuZlia erTmaneTTan da 

struqturis sxva naklovanebebTan urTierTqmedeba. am 

urTierTqmedebebis Sedegad SeiZleba moxdes Tvisebebis Secvla. 

urTierTqmedebis magaliTi SeiZleba wanacvlebuli iyos atomebis 

da vakansiebis TavmoyrasTan, Tanac wanacvlebul atomebs da 
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vakansiebs SeuZliaT urTierTanihilireba. agreTve SesaZlebelia 

vakansiebis mier minarevi atomebis CaWera, wertilovani defeqtebis 

urTierTqmedeba dislokaciebTan, am ukanasknelTa Camagreba 

defeqtebis migracis marcvlis zedapirisa da sazRvrebisken, 

sadac STainTqmeba. 

 

2.1.5.2. Termuli gafarToebis koeficienti 

 
cdiseuli monacemebi radiaciis gavlenis Sesaxeb Termuli 

gafarToebis koeficientze sakmaod SezRudulia. cnobilia, rom 

civi deformacia gavlenas axdens Termuli gafarToebis 

koeficientze, xolo radiaciuli zemoqmedeba efeqtis mixedviT 

hgavs civ deformacias. dasxivebis Sedegad SeiZleba mosalodneli 

iyos Termuli gafarToebis cvlileba. 

vestons [33] mohyavs Termuli gafarToebis gazomvis 

Sedegebi reaqtorebis zogierTi konstruqciuli masalisaTvis erTi 

Tvis ganmavlobaSi, dasxivebis Semdeg. gamoikvlies alumini, 

aluminis Senadnobebi, nikeli da uJangavi foladebi. yvela 

masalam, nikelis da UuJangavi foladis garda dasxivebis Sedegad 

gamoavlina sigrZis da Termuli gafarToebis mcire cvlileba. 

Tumca, es Sedegebi ar aris saboloo, iTvleba, rom sanam masalas 

reaqtorSi gamoiyeneben, saWiroa gamovikvlioT xangrZlivi 

gamosxivebis moqmedeba mis Tvisebebze. 

konstruqciul masalaze dasxivebis gavlenis monacemebis 

mimoxilvis da Sefasebis Semdeg naTeli gaxda, rom dasxivebis 

Sedegad xdeba maTi Tvisebebis bevri mkveTrad gamoxatuli 

cvlileba. Tvisebebis am cvlilebas kavSiri aqvs liTonebis 

konstruqciul maxasiaTeblebTan. konstruqciuli liTonebis da 

Senadnobebis Tvisebebis cvlilebis xarisxze gavlenas axdens 

cvladebi: kristaluri struqtura, marcvlis sidide, qimiuri 

Sedgeniloba, dnobis temperatura, agreTve damzadebis teqnologia 

da Termuli damuSaveba. garda amisa, konstruqciuli masalis 

Tvisebebze gavlenas axdens reaqtorSi dasxivebis pirobebi: 

 
 

82



 
 

neitronebis nakadis simkvrive, integraluri nakadis sidide, 

dasxivebis temperatura, daZabuli mdgomareoba da nimuSis 

momcveli garemo. 

bolo 15 wlis ganmavlobaSi dagrovda mravali monacemi, 

romelic exeba sxvadasxva Tvisebebis radiaciul Tvisebas, magram 

axali Sedegebis moTxovnilebam Sors Camoitova dRes arsebuli 

codnis done. magaliTad, iyeneben reaqtorebSi konstruqciul 

masalebs, romlebSic erTi kviris ganmavlobaSi mosalodnelia 

dasxivebis iseTi dozebis dagroveba, rogoric masalaTmcodneobis 

sacdel reaqtorebSi SeiZleba miRebul iqnes sami wlis 

ganmavlobaSi. am problemis gadaWris mizniT SemoTavazebulia, 

rom TiToeul asageb reaqtorSi gasaTvaliswinebelia nimuSebis 

Cadgmis SesaZlebloba, radiaciis gavlenis Seswavlis mizniT. 

aseTi reaqtoris gaSvebis momentidan yovelTvis iqneba sakmarisi 

raodenobis nimuSebi masalebze dasxivebis gavlenis erTdrouli 

Seswavlis mizniT. garkveuli doziT dasxivebis Semdeg, nimuSebis 

nawili reaqtoridan unda amoviRoT da Sesabamisi gamokvlevis 

Semdeg gakeTdeba daskvna, usafrTxoa Tu ara reaqtoris Semdgomi 

eqspluatacia. muSaobis aseTma meTodma Tavidan unda agvacilos 

avariuli situaciebi. 

 

2.1.6. maRali energiebis nawilakebis dasxivebis gavlena 
nakeTobaTa simtkice-mdgradobaze 

 

rogorc cnobilia birTvuli reaqtorebis ZiriTad 

konstruqciul nawils warmoadgenen liTonis wriuli firfitebi 

da konusuri garsebi. maTi simtkicis maragis dadgena reaqtoris 

muSaobis procesSi erTerT aqtualur problemadaa da miCneuli.  

myari sxeulebi radioaqtiuri dasxivebis Sedegad icvlian 

rogorc fizikur, aseve meqanikur Tvisebebs [20, 21]. aRmoCnda, rom 

dasxivebis Sedegad zogierTi masalis denadobis zRvari izrdeba 

10-jer da metjer. rac Seexeba masalis drekad maxasiaTeblebs, 

maTi cvlileba ufro umniSvneloa (10%-mde). 
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is Tviseba, rom dasxivebis Sedegad izrdeba denadobis 

zRvari da rom es procesi sakmaod mdgradia, SeiZleba 

gamoyenebul iqnes mtkice da amave dros msubuqi konstruqciebis 

Sesaqmnelad. 

wriul firfitebs gamoyeneba aqvs aseve teqnikaSi. Zalian 

xSirad, sxvadasxva mosazrebis gamo maTi geometriuli 

maxasiaTeblebi da datvirTvis saxe winaswar SezRudulia. 

bunebrivia, aseTi firfitebi winaswar movaTavsoT neitronuli 

dasxivebis qveS. dasxivebis dozad miRebulia neitronebis ricxvi, 

romelic gadis sxeulis 1 sm2 zedapirSi, mTeli gamocdis 

procesSi da izomeba nVt erTeulebSi, sadac n neitronebis 

ricxvia 1 sm3 nakadSi, V _ nakadis saSualo siCqare, xolo t - 

dasxivebis drois intensivoba neitronebis nakadiT. 

cdebis Sedegad Sedgenilia cxrilebi, romlebic 

damakavSirebelia dasxivebis dozasa da denadobis zRvars Soris. 

Tu gaviTvaliswinebT, rom neitronuli dasxivebis Sedegad 

mcired, magram mainc icvleba iungis moduli, maSin wriuli 

rgoluri firfita, romelic ganicdis RerZsimetriuli qz = λq(r), 

ganawilebuli datvirTvisa da Sida (z = a) konturis gaswvriv 

moqmedi ganivi Qa Zalebis moqmedebas, gaangariSdeba Semdegi 

diferencialuri gantolebebis daxmarebiT  [65]: 

∫
−

−
−

=⎟
⎠
⎞

⎜
⎝
⎛ −−⎟

⎠
⎞

⎜
⎝
⎛ ++

r

aN
a

N

NN drrq
rhE

vQ
r
a

hE
v

dr
Ed

r
v

rdr
d

dr
Ed

rdr
d )()1(12)1(12ln1ln1

3

2

3

2

2

2 λϕϕϕ
.  (1) 

sadac ϕ firfitis kveTis mobrunebis kuTxea. 

(1) diferencialuri gantolebis amoxsnis gamartivebis 

mizniT SemoviRoT uganzomilebo sidideebi Semdegi saxiT: 

x
a
r
= , y

E
EN = , ,)1(12

3

22

A
Eh

Qav a =
−

−  P
Eh

av
=

−
3

32 )1(6 λ
       (2) 

sadac E dasxivebamde masalis iungis modulia, xolo EN - 

dasxivebis Sedegad miRebuli iungis moduli (EN  Cven SegviZlia 

aviRoT dasxivebis dozis wrfivi kanonis saxiT). 

(2)-is gaTvaliswinebiT (1) miiRebs Semdeg saxes: 
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∫−=⎟
⎠
⎞

⎜
⎝
⎛ −−⎟

⎠
⎞

⎜
⎝
⎛ ++ ,)(2ln1ln1

22

2

xdxaxq
xy
P

xy
A

dx
yd

x
v

xdx
d

dx
yd

xdx
d ϕϕϕ

  (3) 

davuSvaT, rom ,
2

17548
2
458)(

3

3

2

21
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛+⎟

⎠
⎞

⎜
⎝
⎛+⎟

⎠
⎞

⎜
⎝
⎛+−=

a
ra

a
ra

a
rarq  

maSin ⎥⎦
⎤

⎢⎣
⎡ +++−= 3

3
1

21 2
17548

2
458)( xaxaxaarq  da maSasadame 

gantoleba miiRebs Semdeg saxes: 

Pxaxaxax
yxy

A
dx

yd
x
v

xdx
d

dx
yd

xdx
d )3524158(1ln1ln1 4

3
3

2
2

12

2

++++=⎟
⎠
⎞

⎜
⎝
⎛ −−⎟

⎠
⎞

⎜
⎝
⎛ ++ ϕϕϕ

  (4) 

 sakiTxis Seswavla daviwyoT mTliani firfitis SeswavliT. 

Tavdapirvelad ugulvebelvyoT drekadobis modulis cvlileba. 

am SemTxvevaSi gantoleba (4) miiRebs Semdeg saxes (A=0, y=1): 

Pxaxaxax
xdx

d
xdx

d )3524158(11 4
3

3
2

2
122

2

+++=−+ ϕϕϕ
.         (5) 

 gantoleba (5)-is amoxsnas aqvs Semdegi saxe: 

   ϕ (x)= c1x+(x3+x4+a2x5+a3x6)P      (6) 

 warmoebulisaTvis ki gveqneba: 

  ϕ (x) = c1+( 3x2+4a1x3+5a2x4+6a3x5)P.     (7) 

rac Seexeba momentebs romlebic gamoiTvlebian formulebiT 

⎟
⎠
⎞

⎜
⎝
⎛ −
∂
∂

−= ϕϕ
r
v

r
DM r , 

⎟
⎠
⎞

⎜
⎝
⎛ −

∂
∂

−= ϕϕ
θ rr

vDM 1
 

maTTvis miviRebT: 

 [ ]5
3

4
2

2
1

2
1

2

)6()5()4()3()1(
2

xaxaxaxcaM r νννννλ
+++++++++= , 

 [ ]5
3

4
2

3
1

2
1

2

)16()15()14()13()1(
2

xaxaxaxcaM +++++++++= νννννλ
θ . 

sadac c1 saintegro mudmivia da ganisazRreba saTanado 

sasazRvro pirobidan. 

im SemTxvevaSi, roca firfita Tavisufladaa dayrdnobili 

gveqneba: 

(1+ν )c1= _[(3+ν )+a1(4+ν )+a2(5+ν )+a3(6+ν )] 
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maSasadame 

 [ ])1)(6()1)(5()1)(4()1)(3(
2

5
3

4
2

3
1

2
2

−++−++−++−+= xaxaxaxaMr ννννλ
, 

[ −+−+++++++= )3()16()15()14()13(
2

5
3

4
2

3
1

2
2

νννννλ
θ xaxaxaxaM     

          ])6()5()4( 321 ννν +−+−+− aaa .                           (8) 

SevadginoT plastikurobis piroba 

22
22

6 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=+−

h
MMMM s

rr
σ

θθ : 

x 
2

/
2λaM r−  

2
/

2λ
θ

aM−  

0 3,3+4,3a1+5,3a2+6,3a3 3,3+4,3a1+5,3a2+6,3a3 
0,2 3,168+4,2656a1+5,29152a2+6,29798a3 3,224+4,2824a1+5,296a2+6,2991a3 
0,4 2,772+4,0248a1+5,16432a2+6,23549a3 2,996+4,1592a1+5,236a2+6,27133a3 
0,6 2,112+3,3712a1+4,61312a2+5,81011a3 2,616+3,8248a1+4,976a2+6,08227a3 
0,8 1,188+2,0984a1+3,12912a2+4,23562a3 2,084+3,1736a1+4,276a2+5,3825a3 
1,0 0 1,4+2,1a1+2,8a2+3,5a3 
 

roca x = 0,  ,
62

)3,63,53,43,3(
22

321
haaaa sσλ

=+++  

roca x = 1,  
62

)5,38,21,24,1(
22

321
haaaa sσλ

=+++ , 

⎪
⎪
⎩
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⎧

=+++

=+++

λ
σ

λ
σ

2

2
2

321

2

2
2

321

5,104,83,62,4

9,189,159,129,9

a
haaa

a
haaa

 

gantoleba (3)-is amoxsnis mizniT SemoviRoT axali cvladi: 

,1ln1
2
1exp Z

xy
dx

dx
yd

x
Z =

⎭
⎬
⎫

⎩
⎨
⎧

⎟
⎠
⎞

⎜
⎝
⎛ +−⋅= ∫ϕ  

maSin miviRebT: 

Z'' _ F1(x)Z=AF2(x)+PF3                           (9) 
 
sadac: 

            ,25,05,05,075,0)(
2
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dx
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daviyvanoT (9) gantoleba Sesabamis integralur gantolebaze: 
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⎢
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x
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 Z''(x)=Z1(x)A+Z2(x)P+Z3(x)Z(1)+Z4(x)Z(1), 

sadac: 
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Ey α== , maSin gveqneba (v = 0,3): 
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Tavdapirvelad vigulisxmoT, rom EN = E, rac imis tolfasia, 

rom y = 1 da N = 0, maSin gveqneba: 
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 SevadginoT momentebis gamosaxulebebi: 
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vinaidan Cvens SemTxvevaSi y = 1, amitom gveqneba: 
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 gaSlili saxiT miviRebT: 
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⎤
⎟
⎠
⎞

⎜
⎝
⎛ −

−
−  

       
⎩
⎨
⎧

⎢
⎣

⎡
−⎥⎦

⎤−−+⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
++⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−−= A

x
xxZ

x
xZ

x
xaW 2

2

2

2

2

2

4
1)1(ln

4
)1('

2
1

4
)1(

4
3

8
 

                ,
8
1)1ln2(

832 2

24

CP
x

xxx
+

⎭
⎬
⎫

⎥
⎦

⎤
⎢
⎣

⎡
+−−−  

       −⎟
⎠
⎞

⎜
⎝
⎛ +−+⎟

⎠
⎞

⎜
⎝
⎛ −+⎟

⎠
⎞

⎜
⎝
⎛ += A

x
xxxZ

x
xZ

x
xx

4
1

4
ln

2
)1('

2
1

2
)1(

4
3

4
)(ϕ  

      ,
8
1ln

28

3

P
x

xxx
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−−−  

,
2

1
2

11
2

1 22 λλλ a
x

xA
P

a
xx

xaQ
x

Q ar
−

+−=
−

+=  

,
2

]135,0)1('300,0)1(850,0[)0,1(
2

P
aPZZM λ

θ −+=  

,
2

]217,0166,0)1('495,0)1(558,0[)5,1(
2

P
aPAZZM λ

θ −++=  

,
P2

a]P537,0A319,0)1('Z563,0)1(Z456,0[)0,2(M
2λ

−++=θ  

,
2

]859,0449,0)1('594,0)1(409,0[)5,2(
2

P
aPAZZM λ

θ −++=  

,
2

]399,1558,0)1('611,0)1(383,0[)0,3(
2

P
aPAZZM λ

θ −++=  

,
2

]073,2653,0)1('621,0)1(368,0[)5,3(
2

P
aPAZZM λ

θ −++=  

,
2

]878,2737,0)1('628,0)1(357,0[)0,4(
2

P
aPAZZM λ

θ −++=  
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,
2

]812,3811,0)1('633,0)1(351,0[)5,4(
2

P
aPAZZM λ

θ −++=  

,
P2

a]P873,4A878,0)1('Z636,0)1(Z346,0[)0,5(M
2λ

−++=θ  

P
aZZM r 2

)]1(')1(200,0[)0,1(
2λ

+−= , 

P
aPAZZM r 2

]204,0360,0)1('805,0)1(092,0[)5,1(
2λ

−++= , 

P
aPAZZM r 2

]722,0581,0)1('737,0)1(194,0[)0,2(
2λ

−++= , 

,
2

]496,1743,0)1('706,0)1(241,0[)5,2(
2

P
aPAZZM r
λ

−++=  

,
2

]506,2870,0)1('689,0)1(272,0[)0,3(
2

P
aPAZZM r
λ

−++=  

,
2

]746,3975,0)1('679,0)1(282,0[)5,3(
2

P
aPAZZM r
λ

−++=  

,
2

]204,5065,1)1('672,0)1(293,0[)0,4(
2

P
aPAZZM r
λ

−++=  

,
2

]879,6145,1)1('667,0)1(299,0[)5,4(
2

P
aPAZZM r
λ

−++=  

,
2

]769,8214,1)1('664,0)1(304,0[)0,5(
2

P
aPAZZM r
λ

−++=  

  W(1,0) = 6,25Z(1) _ 7,5Z'(1) + 5A + 2,8125P + C, 

  W(5,0) = _30,95Z(1) _ 62,3Z'(1) _ 37,9875A + 49,7563P + C, 

  ϕ (1,0) = Z(1), 

  ϕ (5,0) = 1,4Z(1) + 2,4Z'(1) + 2,8253A _ 11,5765P, 

  ,
2

)0,1( A
P

aQr
λ

−=  .24)0,5( ⎟
⎠
⎞

⎜
⎝
⎛ −=

P
AQr λ  
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Camagrebis saxe 
piroba Siga 
konturze 

piroba Siga 
konturze 

parametrebis 
mniSvnelobebi 

 W=0 Qr=0 C = _94,0175P 



 
 

Mr=0 Mr=0 Z(1) = 46,6277P 
Z'(1) = _9,3255P 
A = 24P 

 W=0 
φ=0 

Qr=0 
Mr=0 

C = _353,514P 
Z'(1) = _30,762P 

 W=0 
Mr=0 

W=0 
Mr=0 

Z(1) = 8,0618P 
A = 10,1239P 
Z'(1) = _1,6124P 

 
W=0 
Mr=0 

W=0 
φ=0 

Z'(1) = _2,1038P 
Z(1) = _7,0192P 
A = 8,9557P 

 
W=0 
φ=0 

W=0 
φ=0 

Z(1) = 0 
Z'(1) = _7,0812P 
A = 10,1196P 

 
W=0 
φ=0 

W=0 
Mr=0 

Z(1)=0 
Z'(1)= _8,4231P 
A =11,8303P 

 
Qr=0 
Mr=0 

W=0 
Mr=0 

Z(1)=20,0755P 
Z'(1)=4,0151P 
A=0 

 
Qr=0 
Mr=0 

W=0 
φ=0 

Z(1)=6,1577P 
Z'(1)=1,2315P 
A=0 

 
 

 

x 
4

/
2λaMr  4

/
2λ

θ
aM

 

22

4
/ ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛ λaMr

 
4

/1)(
24λ

θ
aMMr− (Mθ/a2λ)2 

222

24 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ λσ has  
σ2 

km/mm2

N/ 

1017 

1,0 0 -21,283 0 0 (21,283)2 (21,283)2 42,566  

1,5 -1,680 -13,433 2,822 -22,567 180,445 160,700 25,354  

2,0 -1,348 -9,696 1,817 -13,070 94,012 82,759 18,197 678 

2,5 -0,742 -7,346 0,551 -5,451 53,964 49,064 14,008 204 

3,0 -0,367 -5,781 0,135 -2,122 33,420 31,433 11,214 80 

3,5 -0,123 -4,675 0,015 -0,575 21,856 21,296 9,270 62 

4,0 -0,097 -3,846 0,009 -0,373 14,792 14,428 7,596 48 

4,5 -0,036 -3,308 0,001 -0,119 10,943 10,825 6,850 35 

5,0 0 -2,932 0 0 (2,932)2 (2,932)2 5,864 16 
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x Mr/a2λ Mθ/a2λ (Mr/a2λ)2 -(Mr,Mθ)1/a4λ2 (Mθ/a2λ)2 

22

24 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ λσ has

 

σ2 

km/mm2 

N/ 

1017 

1,0 0 9,066 0 0 (9,066)2 (9,066)2 18,132 678 

1,5 2,437 6,486 5,939 -15,806 42,068 32,201 11,350 81 

2,0 3,066 5,438 9,400 -16,673 29,572 22,299 9,444 64 

2,5 3,088 4,868 9,536 -15,032 23,697 18,201 8,532 46 

3,0 2,860 4,371 8,179 -12,501 19,106 14, 784 7,690 44 

3,5 2,320 3,904 5,382 -9,057 15,241 11,566 6,802 38 

4,0 1,688 3,405 2,489 -5,748 11,594 8,695 5,898 18 

4,5 0,901 2,887 0,812 -2,601 8,335 6,546 5,118 4 

5,0 0 2,313 0 0 (2,313)2 (2,313)2 4,626 0 

 

 SevadginoT denadobis gamosaxuleba: 

22
22

6 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=+−

hMMMM s
rr

σ
θθ , ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
6

22 λσ has km/sm2=
6

2λσ hs km/sm2. 

 vigulisxmoT, rom 
12

2λh =1. 

 davuSvaT, rom iungis moduli dasxivebis Sedegad icvleba 

daaxloebiT 10%-iT, e.i. adgili aqvs tolobas: 

 EN = 1,1E, rac igivea: eαN = 1,1. 

 SevarCioT α dasxiveba maqsimaluri dozis mixedviT: 

αN = ln1,1, 20
20 1014,0

10678,0
0956,01,1ln −⋅=
⋅

==
N

α . 

 SevadginoT F1(x), F2(x) da F3(x) koeficientebis mniSvnelobaTa 

cxrili. am mizniT warmovadginoT N, rogorc x-is funqcia 

Semdegi saxiT: 

N=K0+K1x+K2x2+K3x3+K4x4, 

sadac K0, K1, K2, K3, K4 ganisazRvreba Semdegi pirobebidan: 

 roca x = 1, maSin N = 678·1017; 

  x = 2, maSin N = 64·1017; 

 

  x = 3, maSin N = 44·1017; 

  x = 4, maSin N = 18·1017; 
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  x = 5, maSin N = 0. 

⎪
⎪
⎪

⎩

⎪
⎪
⎪

⎨

⎧

=++++
⋅=++++

⋅=++++

⋅=++++

⋅=++++

.0625125255
101825664164

1044812793

106416842

10678

43210

17
43210

17
43210

17
43210

17
43210

KKKKK
KKKKK

KKKKK

KKKKK

KKKKK

 

 amoxsnis Sedegad miviRebT Semdeg mniSvnelobebs: 

K0=3,100010·1020, K1=-3,88434·1020, K2=1,79251·1020, K3=-0,35585·1020,  

K4=0,02558·1020. 

N/1020=(3,10010-3,88434·x+1,79251·x2-0,35585·x3+0,02558·x4), 

N=(3,10010-3,88434·x+1,79251·x2-0,35585·x3+0,02558·x4)·1020, 

dx
dN =(-3,88434+3,58502·x-1,06755·x2+0,10232·x3+0,02558·x4)·1020, 

2

2

dx
Nd =(3,58502-2,13510·x+0,30696·x2)·1020. 

 

x N Δ Δ2 Δ3 Δ4 Δ5 Δ6 Δ7 

1,0 678 -597       

1,5 81 -17 580 -581     

2,0 64 -18 -1 17 598 -635   

2,5 46 -2 16 -20 -37 -47 588  

3,0 44 -6 -4 -10 10 20 67 -521 

3,5 38 -20 -14 20 30 -46 -66 -133 

4,0 18 -14 6 4 -16    

4,5 4 -4 10      

5,0 0        

 

,...
6
1

5
1

4
1

3
1

2
11' 6

0
5
0

4
0

3
0

2
000 ⎥⎦

⎤
⎢⎣
⎡ +Δ−Δ+Δ−Δ+Δ−Δ=

h
y  

....
180

137
6
5

12
111

6
0

5
0

4
0

3
0

2
02

''
0 ⎥

⎦

⎤
⎢
⎣

⎡
−

Δ
+Δ−Δ+Δ−Δ=

h
y  

 SevadginoTYF1(x), F2(x) da F3(x) funqciebis mniSvnelobaTa 

cxrili danayofis TiToeuli wertilisaTvis: 

 
 

93



 
 

,25,025,02,075,0)( 2

22

21 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+⎟

⎠
⎞

⎜
⎝
⎛+⎟

⎠
⎞

⎜
⎝
⎛+=

dx
Nd

dx
dN

dx
dN

xx
xF ααα  

,1)( 2
2

N
e

x
xF

α
−

=  .1)( 2
2

3

N
e

x
xxF

α
−−

−=  

 

x 1-x2 1-x3 1-x4 1-x5 

0 1 1 1 1 

0,2 0,96 0,992 0,9984 0,99968 

0,4 0,84 0,936 0,9744 0,98976 

0,6 0,64 0,784 0,8704 0,92224 

0,8 0,36 0,488 0,5904 0,67232 

1,0 0 0 0 0 

 

 

x 1,9x2 2,2a1x3 2,5a2x4 2,8a3x5 

0 0 0 0 0 

0,2 0,076 0,0176 0,00400 0,00090 

0,4 0,304 0,1408 0,06400 0,02867 

0,6 0,684 0,4752 0,32400 0,21773 

0,8 1,216 1,1264 1,02400 0,9175 

1,0 1,9 2,2a1 2,5a2 2,8a3 

 3,3 4,3a1 5,3a2 6,3a3 

x x2 x3 x4 x5 

0 0,00 0 0 0 

0,2 0,04 0,008 0,0016 0,00032 

0,4 0,16 0,064 0,0256 0,01024 

0,6 0,36 0,216 0,1296 0,07776 

0,8 0,64 0,512 0,4096 0,32768 

1 1 1 1 1 

 

,)1()1(
2

)3(
8)1(

2
2
21

2

2
0

2

⎥
⎦

⎤
⎢
⎣

⎡
−++−+−

−
= ννν

ν x
CCPx

b
EhHM r  
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,)1()1(
2

)13(
8)1(

2
2
21

2

2
0

2

⎥
⎦

⎤
⎢
⎣

⎡
−−+−+−

−
= ννν

νθ x
CCPx

b
EhHM  

ν = 0,3, C1 = -0,79327P, C 2 = -0,14732P, 

,10312,051563,041250,019780,2
2

2
2

⎥⎦
⎤

⎢⎣
⎡ −+−=

x
x

b
PEhHM o

r  

.10312,051563,023750,019780,2
2

2
2

⎥⎦
⎤

⎢⎣
⎡ −+−=

x
x

b
PEhHM o

θ  

x x2 1/x2 0,41250x2 0,23750x2 0,10312/x2 Mr/K Mθ/K 

0,5 0,25 4,0 0,10312 0,05937 0,41248 0 0,86874 

0,6 0,36 2,77778 0,14850 0,08550 0,28644 0,08069 0,71657 

0,7 0,49 2,04082 0,20212 0,11637 0,21045 0,10306 0,60971 

0,8 0,64 1,56250 0,26400 0,15200 0,16112 0,10051 0,52475 

0,9 0,81 1,23457 0,33412 0,19237 0,12731 0,05420 0,45057 

1,0 1,0 1,0 0,41250 0,23700 0,10312 0 0,38175 

 

(3,3+4,3a1+5,3a2+6,3a3) ,
62

22 h
P

a sσλ
=  

(1,4+2,1a1+2,8a2+3,5a3) ,
62

22 h
P

a sσλ
=  

1,9+2,2a1+2,5a2+2,8a3=0, 2P= 3

32 )1(12
Eh

a λν− , 

2
6
h
M

r =σ , 
6)1(12

2

3

32

2 h

Eh
a

a sσ
λν

λ
=

−
, sa

Eh σ
ν

=
− )1(12 2 , 

(3,3+4,3a1+5,3a2+6,3a3)a2λ=
3

2hsσ , 

(9,9+12,9a1+15,9a2+18,9a3) sh
a σλ =2

2 , 

(4,2+6,3a1+8,4a2+10,5a3) s2
2

h
a

σ=λ , 

⎩
⎨
⎧

−=+
−=+

2,44,83,6
9,99,159,12

21

21

aaa
aaa

   ,
667,0159,0333,1
767,0077,0232,1

21

21

⎩
⎨
⎧

−=+
−=+

aaa
aaa

0,1a2=0,082a+0,1, 
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a1=-0,93a-2, a2=0,82a+1. 

y=8-65,9x+87,4x2, 

y=8-66x+87x2. 

a4(1+ν)2-a2r2(2-2ν-4ν2)+r4(9+7ν2-4ν)= ,
qh

332
2

2
s
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ σ
 

maSin: 

,332)1( 2
4

qh
a sσν =+  .

332
)1( 22 qha

s
νσ +

=  

roca r = a 

a4(1+2ν+ν2-2+2ν+4ν2+9+7ν2-4ν)= ,332
2

2 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
qh

sσ  

a4(8+12ν2)= 2
332

qh
sσ , 

2a2 ,33232 2
2

qh
sσν+  .322

332
2

22

νσ +=
qha

s  

roca r = 1/2a 

,332
4
1

16
7

16
95,05,021

2

2
2224

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=⎟

⎠
⎞

⎜
⎝
⎛ −++++−++

qh
a sσνννννν  

x2φ''(x)+xφ'(x)-φ(x)=(x3+a1x4+a2x5+a3x6)P, 

,
3524158

3)( 6352412
1 xaxaxaxxCx ++++=ϕ  

,
35
6

24
5

15
4

8
3)(' 5342312

1 xaxaxaxCx ++++=ϕ  

,
2)1(12

2

2

3
0

⎥⎦
⎤

⎢⎣
⎡ +=⎥⎦

⎤
⎢⎣
⎡ +

−
= ϕνϕλϕνϕ

ν xdx
d

P
a

xdx
dEhM r  

,)6(
35

)5(
24

)4(
15

)3(
8
1)1(

2
5342312

1

2

⎥⎦
⎤

⎢⎣
⎡ +++++++++= xaxaxaxC

P
aM r νννννλ  

.)16(
35

)15(
24

)14(
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)13(
8
1)1(

2
5342312

1
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⎥⎦
⎤

⎢⎣
⎡ +++++++++= xaxaxaxC

P
aM νννννλ

θ  
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2.1.7. damreci konusuri garsis gaangariSeba 
radioaqtiuri dasxivebis gziT 

 

 vgulisxmobT, rom radioaqtiuri dasxivebis Sedegad 

drekadobis moduli icvleba formuliT: 
βα +

= 0e
e

N EeE . 

 wonasworobis gantolebas aqvs Semdegi saxe [31]: 

 =⎟
⎠
⎞

⎜
⎝
⎛ −−⎟

⎠
⎞

⎜
⎝
⎛ −+ )(ln1)(ln1)( 22 e

N
e

N
e eN

de
Ed

ee
eN

de
d

de
Ed

e
eN

de
d ν

 

   ,ln2
de
dqeeq

de
Ed

ee
hctgE e

e
NN −⎥⎦
⎤

⎢⎣
⎡ +

+
−−=

νϕα
 

=⎟
⎠
⎞

⎜
⎝
⎛ −−⎟

⎠
⎞

⎜
⎝
⎛ ++ ϕνϕϕ

de
Ed

eede
d

de
Ed

ede
d NN ln1ln1

22

2

 

    [ ].)()1(12)()1(12
3

2

3

2

∫ +−
−

+
−

= cedeqctgq
ehE

eN
ehE
ctg

ze
N

e
N

αναν
.         (12) 

(12) diferencialuri gantolebis integrirebis gamartivebis 

mizniT vigulisxmoT, rom garsze moqmedebs q0, qe da qz=q0 

intensivobis aerodinamikuri datvirTva. garda amisa, SemoviRoT 

Semdegi aRniSvnebi: 

x
e
e
=

0

, y
E

EN = , Ψ=
α

θ

ctgEhe
eN

0

, ρν β =
− −e
Eh

qe
3

0
3
0

2 )1(6
, ,)1(12

22
0

2
0

2

Ae
tgh

e
=

− −β

α
ν

 

Sesabamisad gveqneba: 

  ,ln1ln1
22

2

ϕν
x
y

dx
yd

xxdx
d

dx
yd

xdx
d

−=Ψ⎟
⎠
⎞

⎜
⎝
⎛ −−

Ψ
⎟
⎠
⎞

⎜
⎝
⎛ −+

Ψ
 

.21ln1ln1
2
0

2
22

2

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−−Ψ=⎟

⎠
⎞

⎜
⎝
⎛ −−⎟

⎠
⎞

⎜
⎝
⎛ −+ −− eq

cx
e
P

xye
A

dx
yd

xxdx
d

dx
yd

xdx
d

z
ββϕνϕϕ

       (13) 

 mTliani garsis SemTxvevaSi, Tu gaviTvaliswinebT, rom 

y=eαx+β miviRebT: 

,111 7
22

2

ϕανα αxe
xxxdx

d
xdx

d
−=Ψ⎟

⎠
⎞

⎜
⎝
⎛ −−

Ψ
⎟
⎠
⎞

⎜
⎝
⎛ −+

Ψ
 

.11
22

2

Pxee
x
A

xxdx
d

xdx
d xx ααϕανϕαϕ −− −Ψ=⎟

⎠
⎞

⎜
⎝
⎛ −−⎟

⎠
⎞

⎜
⎝
⎛ ++    (14) 

rac igivea: 
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x2Ψ''(x)+(x-αx2)Ψ'(x)-(1-ανx)Ψ(x)=-xeαxφ, 

x2φ''(x)+(x+αx2)φ'(x)-(1-ανx)φ(x)=Axe-αxΨ-x3e-αxP. 

amovxsnaT gantolebaTa sistema (14) mimdevrobiTi miaxloebis 

meTodiT. pirvel miaxloebaSi davuSvaT, rom Ψ=0, maSin gveqneba: 

x2φ''(x)+(x+αx2)φ'(x)-(1-ανx)φ(x)=-x3e-αxP, 

romlis amoxsnas aqvs Semdegi saxe: 

.
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∞
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n Pexxx
nn
nxa  

 ukanasknelis gaTvaliswinebiT (14)-is pirveli gantoleba 

miiRebs Semdeg saxes: 

x2Ψ''(x)+(x-αx2)Ψ'(x)-(1-ανx)Ψ(x)= 

,
)3()2(

3
)!2(!
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2
32

1

2
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−⎥
⎦
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 x2Ψ''(x)+(x-αx2)Ψ'(x)-(1-ανx)Ψ(x)= 

.
)3()2(

3
)!2(!
)!()1(

2
32

0

1
0 νανα

να α

−⎥
⎦

⎤
⎢
⎣

⎡
−

+−⎥
⎦

⎤
⎢
⎣

⎡
+
+

−−= +
∞

=

+∑ Pxxex
nn
na xn

n

n

n   (15) 

 am gantolebis Sesabamisi erTgvarovani gantolebis zogadi 

amoxsna iqneba: ⎥
⎦

⎤
⎢
⎣

⎡
+
−

+=Ψ +
∞

=
∑ 1

1
01 )!2(!

)!( n

n

n

x
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nxb να

. rac Seexeba araerT-

gvarovani gantolebis kerZo amoxsnis momentis sakiTxs, zogadad 

is aseTnairad ganisazRvreba: 

 vTqvaT mocemulia gantoleba: 
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∞
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⎜
⎝

⎛
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 imisaTvis, rom es toloba dakmayofildes, saWiroa, rom 

ρ=m. 

 Cven SemTxvevaSi m=ρ=2, β=γ=α da, maSasadame, gveqneba: 
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movZebnoT (15) gantolebis meore, kerZo amonaxsni, romelic 
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⎤
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⎡
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+
Pxx  wevriT aris gamowveuli. 

 Ψ3(x)=K0+K1x+K2x2+K3x3, 

 Ψ'3(x)=K1x+2K2x+3K3x2,  Ψ''3(x)=2K2+6K3x, 

 2K2x2+6K3x3+K1x+2K2x2+3K3x3-αK1x2-2αK2x3-2αK3x4- 
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 -K0-K1x-K2x2-K3x3-ανK0x+ανK1x2+ανK2x3+ανK3x4= 

 =-K0+ανK0x+(3K2-αK1+ανK1)x2+(6K3-2αK2-K3+ανK2)x3-(2αK3-ανK3)x4, 

                                           K0=0, K3=0 
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 maSasadame, saboloo (15) gantolebis amoxsnas eqneba 

Semdegi saxe: 
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 SevitanoT (16) gamosaxuleba (14)-is meoreSi: 
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 movZebnoT (17) gantolebis amoxsna Semdegi saxiT: 

φ=φfir+Ab0φ1+Aa0φ2+φ3, 

sadac φ1, φ2 da φ3 Semdegi gantolebebis kerZo amonaxsnebia. 
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 gantoleba (18)-is kerZo amoxsna iqneba: 
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vipovoT φ2(x) kerZo amonaxsni: 
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A
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4·6·a4= −b3,   a4= ;
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 nulovan miaxloebad davuSvaT, rom EN=E: maSin gantolebaTa 

sistema (14) mogvcems: 

x2U''(x)+xU'(x)-U(x)=-xV(x) 

x2V''(x)+xV'(x)-V(x)=AxU(x)-x3P,                   (21) 

romlis amoxsna SeiZleba warmovadginoT Semdegi saxiT: 
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(22)-is gaTvaliswinebiT gantoleba (19) miiRebs Semdeg saxes: 
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 veZeboT (23)-is amoxsna Semdegi jamis saxiT: 

φ=φfir+φ1(x)+φ2(x)+φ3(x), 

sadac TiToeuli Sesakrebi Semdegi gantolebebis kerZo 
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sadac Cn garkveuli koeficientebia (maTi cudi gamosaxulebis 

gamo ar vwerT). 

,
)3)(2()1(

3)()1()()()( 2

2
3

23
2

3
2

ννανα
ϕανϕαϕ

α

−−⎥
⎦

⎤
⎢
⎣

⎡
−

+=−−++
− xPexxxxxxxxx  

.
)3)(2()1(

6)( 22
2

3 ννανα
ϕ

α

−−⎥
⎦

⎤
⎢
⎣

⎡
−

+−=
− xPexxx  

maSasadame, (23) gantolebis amoxsnas eqneba Semdegi saxe.  
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mobrunebis kuTxis mixedviT Cven SegviZlian advilad 

ganvsazRvroT rogorc Zalovani faqtorebi, aseve gadaadgilebebi. 

 

2.1.8. mTliani wriuli firfita 

  

wonasworobis gantolebaa: 

∫−=⎟
⎠
⎞

⎜
⎝
⎛ −−⎟

⎠
⎞

⎜
⎝
⎛ ++

r

rdrrq
rDdr

Dd
rrdr

d
dr

Dd
rdr

d

0
22

2

,)(1ln1ln1 λϕνϕϕ
 

                    q(r)=λq(r)=const.  (q(r)≡1), 

                    ,
)1(12 2

3

ν−
=

hED N  
βα +

= a
r

N EeE , 

           ,
)1(12 002

3

yDeDeEhD a
r

a
r

==
−

=
++ βαβα

ν
 

           .
2

ln1ln1
22

2

D
r

dr
Dd

rrdr
d

dr
Dd

rdr
d λϕνϕϕ

=⎟
⎠
⎞

⎜
⎝
⎛ −−⎟

⎠
⎞

⎜
⎝
⎛ ++  

SemoviRoT aRniSvnebi: 

,x
a
r
=  ,)1(6

3

32

Pe
Eh

ay
E

EN =
−

+= −βλν
 

.ln1ln1
22

2

Pxe
dx

yd
xxdx

d
dx

yd
xdr

d xαϕνϕϕ −−=⎟
⎠
⎞

⎜
⎝
⎛ −−⎟

⎠
⎞

⎜
⎝
⎛ ++  

 vinaidan y=eαx+β (lny=αx+β), amitom gveqneba: 

.11
22

2

Pxe
xxdx

d
xdr

d xαϕανϕαϕ −−=⎟
⎠
⎞

⎜
⎝
⎛ −−⎟

⎠
⎞

⎜
⎝
⎛ ++  

 amoxsnas aqvs Semdegi saxe: 

,
)3()2(

3
)!2(!
)!()1()( 2

1

1
0

x

n

n
n

n ePxxx
nn
nxax α

νανα
ναϕ −

∞

=

+

−⎥
⎦

⎤
⎢
⎣

⎡
−

++⎥
⎦

⎤
⎢
⎣

⎡
+
+

−+= ∑  

 
 
104



 
 

=
−⎥

⎦

⎤
⎢
⎣

⎡
−

−−
−

++⎥
⎦

⎤
⎢
⎣

⎡
+

+
+

−+= −
∞

=
∑ x

n

n
n

n ePxxxxn
nn
nax α

ναν
α

να
ναϕ

)3()2(
3

)2(
32)1(

)!2(!
)!()1(1)(' 2

1
0  

.
)3()2(

3
2

21)1(
)!2(!
)!()1(1 2

1
0

x

n

n
n

n ePxxxn
nn
na α

ναναν
νανα −

∞

= −⎥
⎦

⎤
⎢
⎣

⎡
−

+
−
−

+−+⎥
⎦

⎤
⎢
⎣

⎡
+

+
+

−+= ∑  

momentebisaTvis gveqneba: 

⎥⎦
⎤

⎢⎣
⎡ += ϕνϕλ α

xdx
de

P
aM x

r 2

2

; 

;1
2

2

⎥⎦
⎤

⎢⎣
⎡ += ϕϕνλ α

θ xdx
de

P
aM x  

⎩
⎨
⎧

−⎥
⎦

⎤
⎢
⎣

⎡
+

+
+

−++= ∑
∞

=

x

n

n
n

n
r exn

nn
naa

P
aM ανανλ

1
00

2

)1(
)!2(!
)!()1()1(

2
 

  ;
)3)(2(

)1(
3

2
2

⎭
⎬
⎫

−−
−

+
−

−
ννα

ν
ν

PxP
 

 
⎩
⎨
⎧

−⎥
⎦

⎤
⎢
⎣

⎡
++

+
+

−++= ∑
∞

=

x

n

n
n

n exn
nn
naa

P
aM α

θ νννανλ
1

00

2

)1(
)!2(!
)!()1()1(

2
 

,
)3)(2(

)1(3
)3)(2(

)1(2
3 2

2
2

⎭
⎬
⎫

−−
+

+
−−

−
+

−
−

ννα
ν

ννα
ν

ν
ν Px

v
PxP

 

 anda gaSlili saxiT: 

[ ];)(...)(
2

2
210

5
5

4
4

3
3

2
210

2

PxxexAxAxAxAxAA
P

aM x
r βββλ α ++−++++++=  

[ ],)(...)(
2

2
210

5
5

4
4

3
3

2
210

2

PxDxDDexCxCxCxCxCC
P

aM x ++−++++++= α
θ

λ
 

sadac 

 A0=(1+ν)a0=1,3a0, 
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 C4=0,000000214a0, 
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 13036,4
)3)(2(
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ν
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P

aM r 2

2λ
= [(1,3+0,09568x+0,00379x2+0,000104x3+0,00002x4)a0eαx+ 

 +(92,19544-2,06518x −0,37037x2)P]; 

 
P

aM
2

2λ
θ = [(1,3+0,06656x+0,00152x2+0,00002x3+0,000002x4)a0eαx+ 

 +(92,19544-4,13036x-0,11111x2)P]. 

 ganvsazRvroT a0. 

 roca x =1, Mr = 0 

 gveqneba: 1,27083a0= −89,75989P, 

         a0= −70,63092P. 

 maSasadame: 

  
2

2λaM r = [92,19544−2,06518x−0,37037x2) − (91,82020+6,75797x+0,26769x2+ 
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 +0,00734x3)eαx]; 

  
2

2λ
θ

aM = [92,19544−3,13036x −0,11111x2) − (91,82020+4,70119x+0,10736x2+ 

 +0,00141x3)eαx]. 

 

x x2 αx eαx 6,75797x 0,26769x2 ( )∑  

0 0 0 1 0 0 -91,8200 

0,1 0,01 -0,0096 0,99106 0,65797 0,00267 -92,48084

0,2 0,04 -0,0192 0,9802 1,35159 0,01071 -93,18250

0,3 0,09 -0,0288 0,97103 2,02739 0,02409 -93,87168

0,4 0,16 -0,0384 0,9625 2,70319 0,04283 -94,56622

0,5 0,25 -0,0480 0,95313 3,37898 0,06692 -95,26610

0,6 0,36 -0,0576 0,9439 4,05478 0,09637 -95,97135

0,7 0,49 -0,0672 0,9352 4,73058 0,13117 -96,68195

0,8 0,64 -0,0768 0,9263 5,40638 0,17132 -97,39790

0,9 0,81 -0,0864 0,91823 6,08217 0,21682 -98,11910

 

 

 

x -2,06518x -0,37037x2 I ( )∑  II ( )∑ αxe Mr/
2

a 2λ  Mr, mudm.

0 -0 -0 92,19544 -91,8200 0,37544 0,4125 

0,1 -0,20652 -0,00370 91,98522 -91,65370 0,33152 0,4084 

0,2 -0,41304 -0,01481 91,76759 -91,33748 0,32011 0,3960 

0,3 -0,61955 -0,03333 91,54256 -91,15222 0,30034 0,3754 

0,4 -0,82607 -0,05926 91,31011 -91,01997 0,29014 0,3465 

0,5 -1,03259 -0,09259 91,07026 -90,80098 0,26928 0,3094 

0,6 -1,23911 -0,13333 90,82300 -90,58928 0,23372 0,2640 

0,7 -1,44563 -0,18148 90,56833 -90,41793 0,15040 0,2104 

0,8 -1,65214 -0,23704 90,30626 -90,22065 0,08561 0,1485 

0,9 -1,85866 -0,29999 90,09598 -90,07342 0,02256 0,0784 

1,0 -2,06518 -0,37037 89,75989 -89,7598 0 0 
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x -4,13036x -0,11111x2 ∑ I  4,70119x 0,10736x2 ∑ αxIIe  Mθ 
Mθ 

mudm. 

0 -0 0 92,19544 0 0 91,82020 0,37524 0,4125 

0,2 -0,82607 -0,00444 91,36493 0,94024 0,00429 90,92801 0,33692 0,40300 

0,4 -1,65214 -0,01778 90,52552 1,88048 0,01718 90,20344 0,32208 0,3745 

0,6 -2,47822 -0,0400 89,67722 2,82071 0,03865 89,36804 0,30918 0,3270 

0,8 -3,30429 -0,07111 88,82004 3,76095 0,08696 88,61737 0,20267 0,2605 

1,0 -4,13036 -0,11111 87,95397 4,70119 0,10736 87,78335 0,17062 0,1750 

 

 

x 2
rM  -MrMθ 

2Mθ  
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s
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⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ λσ  
12

ha 22

s
λ

σ  
σs, 

kg/mm2 
N/1017 

0 0,14095 -0,14095 0,14095 0,14095 0,37544 20,782 270 

0,2 0,18499 -0,18792 0,19090 0,18797 0,33356 9,45 91 

0,4 0,08418 -0,09345 0,10373 0,09446 0,30734 8,83 55 

0,6 0,05462 -0,07226 0,09559 0,07795 0,27919 8,02 48 

0,8 0,00733 -0,01735 0,04107 0,03105 0,17651 5,06 8 

1,0 0 -0 (0,17062)2 (0,17062)2 0,17062 4,9 0 
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 EN=Eeαx+β, 

 roca x=0, EN=1,1E, 1,1E=Eeβ, 

  1,1=eβ, β=0,096, β=ln1,1=0,096. 

 roca x=1, EN=E, 

  1=eα+β, α+β=0, α=-β=-0,096, 

  EN=Eeαx+β. 

 roca x=0, EN=0,9E, 

  0,9=eβ, β=-0,105. 

 roca x=1, EN=E, 

  1=eα+β, α+β=0, α=-β=0,105 

  β=ln1,1=ln11-ln10. 

 

 

2.2. liTonis firifitebisa da garsebis optimaluri    
  daproeqteba uwyveti araerTgvarovani masalis  

gamoyenebiT 
 

 teqnikis mraval dargSi da gansakuTrebiT reaqtorebis 

mSeneblobaSi gvxvdeba iseTi SemTxvevebi, rodesac zogierTi 

konstruqciuli mosazrebis gamo SezRudulia konstruqciis 

geometriuli maxasiaTeblebi da datvirTvis saxeobebi. 

 aseT SemTxvevebSi SesaZlebelia gamoyenebuli iqnes iseTi 

masalebisgan Sedgenili konstruqcia, romelsac gaaCnia uwyvetad 
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cvladi drekadobis maxasiaTebeli. Cven SemTxvevaSi es 

SesaZlebeli iqneba maSin, Tu navTobs movaTavsebT neitronebiT 

dasxivebis qveS. 

 

nax. 10. damreci garsi cvladi sixistiT (arasimetriuli disko) 

 

 ganxilulia cvladi sixistis arasimetriuli disko (nax. 

10), romelic SemosazRvrulia zevidan zedapiriT hn = h(r), qvevidan 

sibrtyiT h = 0, xolo gverdebidan cilindruli zedapiriT r = a 

da r = b (a<b). 

 mocemuli garsebis gaangariSebebi saWiroebs Semdegi 

gantolebaTa sistemis integrirebas [63, 64]: 

,)(ln
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d
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sadac ∫+=
r

a
ar drrq

r
Q

r
aQ )(λ

;   
)1(12 2

3

n

n
n

hED
ν−

=  

ϕ _ filis cilindruli kveTis mobrunebis kuTxea; En da νn _ 

iungis modulis da puasonis koeficientebis mniSvnelobebia; Tr _ 

radialuri Zabva, Qr _ ganivi Zala, Dn _ dasxivebis Sedegad 

miRebuli cvladis sixiste, Qa _ warmoadgens gadamWreli Zalis 

sidides, romelic moqmedebs Siga konturis gaswvriv, romelic 

aseve SeiZleba iyos ucnobi reaqciis Zala, xolo rac Seexeba q(r), 

igi warmoadgens `erTeulovan~ datvirTvas, romlis gazrda λ-jer 

iwvevs plastikur deformacias, ξ _ Sua zedapiris aplikata. 
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 amocanis amoxsnis gamartivebisaTvis SemoviRoT axali 

cvladebi 

  V
xyx

1
=ϕ ;   U

xyxEah
rTr 1

0

= ; 

  
a
rx = ;    

0D
Dy n= .    (25) 

(25)-is gaTvaliswinebiT (24) miiRebs Semdeg saxes: 

⎪
⎪
⎩
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.)()(
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43212
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VxFUxF
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UxFxFPxFAVxF
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Vd
nn

       (26) 

(26) diferencialur gantolebaTa sistemas SevcvliT eqvivalenturi 

volteris tipis integraluri gantolebiT. am mizniT visargeblebT 

S. miqelaZis mier ganzogadebuli teiloris formuliT [3]. 

+−+= )1(')1()1()( VxVxV  
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U
m dttUtxRx )('')()()()( νη . 

(26)-is Setanis Sedegad miviRebT: 
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sadac SemoRebulia Semdegi aRniSvnebi: 
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dx
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ydx
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xyx
xF nν . 

 -iT aRniSnulia V(x), U(x), V'(x) da U'(x)-is naxtomebi 

wyvetis saTanado wertilebSi (x=lm, x=ln), xolo V(1), V'(1), U(1) da 

U'(1) ucnobi sidideebia, romlebic ganisazRvreba sasazRvro 

pirobebiT. 

)()()()( ,,, U
n

V
n

U
m

V
m RRηη

 radialuri da wriuli momentebi da normaluri Zalebi 

axali cvladebis daxmarebiT warmogvidgeba Semdegi saxiT: 
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2
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⎣
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⎠
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⎝

⎛
−−=θ  

rac Seexeba CaRunvas, is ganisazRvreba formuliT: 

∫ +−= ,)(1 CdxxV
xyy

aW  

sadac C saintegro mudmivaa, romelic ganisazRvreba sasazRvro 

pirobebis daxmarebiT. 

 integralur gantolebaTa sistemis amoxsna warmoebs 

ricxviTi meTodiT, m. miqelaZis mier damuSavebuli rekurentuli 

formulis daxmarebiT [66]. 
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 naxtomTa sidideebi ganisazRvrebian sruliad 

gansazRvruli faqtorTa sidideebis uwyvetobis pirobebidan. 

 Cven ganxiluli gvaqvs is kerZo SemTxveva, roca sixiste Dn 

icvleba uwyvetad wrfivi ⎥⎦
⎤

⎢⎣
⎡ −−= )9(

8
5

0 zDDn  kanonis saxiT, aseT 

SemTxvevaSi naxtomTa sidideebi  nulis tolni 

arian, xolo D0 ki warmoadgens garkveul fiqsirebul sidides, 

romelic ganisazRvreba plastikurobis pirobidan. 

)()()()( ,,, U
n

V
m

U
n

V
m RRηη

 vixilavT wriul (rgolur) firfitas, romelic ganicdis 

Tanabrad ganawilebuli qr=λq(ax) datvirTvisa da Siga konturis 

gaswvriv moqmed gadamWreli Zalebis qmedebas. vigulisxmoT, rom 

firfitis Semadgeneli masalis sixiste Dn uwyvetad icvleba 

mTel saintegro 1≤x≤5 SualedSi kanoniT 

D=D0(-5/8(x-9)) (y=-5/8(x-9) 

 davuSvaT a = 10sm, b = 50sm, v = 0,3, h = 5sm, α = -0,15, q(ax) = 1. rac 

Seexeba λ da D0 parametrebs, isini jerjerobiT CavTvaloT 

ucnobebad. 

 imis gamo, rom firfitis sixiste uwyvetad icvleba, 

naxtomis sidideebi ηm da Rn nulis tolia. amoxsnaSi Seva mxolod 

pirveli oTxi Sesakrebi. ricxviTi realizaciis mizniT davyoT 

1≤x≤5 Sualedi 9 tol nawilad ise, rom δ=0,5 biji da SevadginoT 

dayofis TiToeuli xk-uri wertilisaTvis amoxsnaSi monawile 

funqciebis mniSvnelobebi 

 

xk xk F1(xk) F2(xk) F3(xk) 
0 1,0 0,686719 1,0 0 
1 1,5 0,293333 0,899492 -1,124366 
2 2,0 0,159949 0,863919 -2,591757 
3 2,5 0,100829 0,863565 -4,533718 
4 3,0 0,070832 0,888883 -7,111111 
5 3,5 0,054849 0,937685 -10,548959 
6 4,0 0,046875 1,011929 -15,178929 
7 4,5 0,044444 1,117403 -21,510014 
8 5,0 0,047875 1,264912 -30,357881 
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 Tu gamoviyenebT m. miqelaZis rekurentul formulebs, 

miviRebT: 

⎥⎦
⎤

⎢⎣
⎡ ++−+−++= − )(...)()2()()1()(
2

)()()( 112111011
2

21 kkkk xZxZkxZkxZkxFxFxZ δ  

⎥⎦
⎤

⎢⎣
⎡ ++−+−++= − )(...)()2()()1()(
2

)()()( 122212021
2

32 kkkk xZxZkxZkxZkxFxFxZ δ  

⎥⎦
⎤

⎢⎣
⎡ ++−+−++= − )(...)()2()()1()(
2

)()()( 132313031
2

13 kkkk xZxZkxZkxZkxFxFxZ δ  

⎥⎦
⎤

⎢⎣
⎡ ++−+−++−= − )(...)()2()()1()(
2

)()()1()( 144441
2

14 kkkkkkk xZxZkxZkxZkxFxFxxZ δ  

⎥⎦
⎤

⎢⎣
⎡ ++−+−++−= − )(...)()2()()1()(
2

)()()1()( 152515051
2

15 kkkk xZxZkxZkxZkxFxFxxZ δ  

⎥⎦
⎤

⎢⎣
⎡ ++−+−++−= − )(...)()2()()1()(
2

)()(ln)()( 162616061
2
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 sabolood radialuri da rgoluri momentebisaTvis 

miviRebT: 

Mr(1,0)=(0,499+12V'(1)-0,006246V(1))a2λ/P 

Mr(1,5)=(0,181006A+0,104106P+0,119535V(1)+0,396292V'(1))a2λ/P 

Mr(2,0)=(0,291639A-0,364210P+0,150146V(1)+0,356518V'(1))a2λ/P 

Mr(2,5)=(0,368844A-0,747329P+0,153365V(1)+0,332728V'(1))a2λ/P 

Mr(3,0)=(0,427064A-1,246873P+0,153989V(1)+0,314415V'(1))a2λ/P 

Mr(3,5)=(0,472406A-1,854459P+0,147693V(1)+0,29827V'(1))a2λ/P 

Mr(4,0)=(0,50818A-2,565375P+0,139675V(1)+0,283069V'(1))a2λ/P 

Mr(4,5)=(0,53643A-3,375499P+0,130706V(1)+2,268264V'(1))a2λ/P 

Mr(5,0)=(0,558493A-4,281828P+0,121215V(1)+0,253600V'(1))a2λ/P 

Mθ(1,0)=(0,150016V'(1)+0,453173V(1))a2λ/P 

Mθ(1,5)=(0,082445A-0,031253P+0,280028V(1)+0,231139V'(1))a2λ/P 

Mθ(2,0)=(0,151309A-0,145846P+0,209724V(1)+0,243538V'(1))a2λ/P 

Mθ(2,5)=(0,201639A-0,327326P+0,170212V(1)+0,235985V'(1))a2λ/P 
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Mθ(3,0)=(0,237133A-0,563480P+0,143209V(1)+0,221275V'(1))a2λ/P 

Mθ(3,5)=(0,26091A-0,844541P+0,122407V(1)+0,203755V'(1))a2λ/P 

Mθ(4,0)=(0,275365A-1,161892P+0,105185V(1)+0,185263V'(1))a2λ/P 

Mθ(4,5)=(0,282305A-1,50703P+0,090306V(1)+0,16684V'(1))a2λ/P 

Mθ(5,0)=(0,283149A-1,872508P+0,077146V(1)+0,148516V'(1))a2λ/P 

 roca filis gare konturi Tavisufalia da Siga konturi ki 

Tavisufladaa dayrdnobili sasazRvro pirobebs, eqneba saxe: 

x=1, Mr=0, Qθ=0 

x=5, Mr=0, W=0 

 Sesabamis algebrul gantolebaTa sistemis amoxsniT 

miviRebT: 

A=0, V(1)=1,59526+P, V'(1)=0,01993525P 

c=5796,2532P P=6(1-ν2)a3λ/Eh0
3 

 maSasadame, momentebis gamosaxuleba Seicavs ucnob 

parametrs λ da D0, romlebic ganisazRvrebian plastikurobis 

pirobebidan: 

Mr
2-MrMθ+Mθ

2=Ms
2               (30) 

 
nax. 11. dasxivebis funqciis grafiki 

 

 ganxilulia wriuli rgoluri firfita, romelic ganicdis 

neitronuli (radiaqtiuri) dasxivebis qmedebas. am SemTxvevaSi (22) 

gantoleba miiRebs saxes 
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 momentebisaTvis gveqneba: 
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ganvixiloT is kerZo SemTxveva, roca 

a=1 sm, b=50 sm, ν=0,3, q(ax)=const=1. 

Tu vigulisxmebT, rom firfita gare konturiT 

saxsruladaa dayrdnobili, Siga konturiT ki Tavisufali. 

sasazRvro pirobebs am SemTxvevaSi aqvT saxe: 

roca x=1, Mr=0, Qr=0, 

roca x=b/a=5, Mr=0, W=0. am pirobebis gaTvaliswinebiT 

miviRebT: 

;
2

6353,92228,9ln65,04125,0
2

2
2 λa

x
xxM r

⎭
⎬
⎫

⎩
⎨
⎧ −+−−=  

;
2

2853,92228,9ln65,02375,0
2

2
2 λ

θ
a

x
xxM

⎭
⎬
⎫

⎩
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⎧ −−−−=  

davyoT filis sigrZe ramdenime tol nawilad da 

gamovTvaloT danayofis TiToeuli wertilisTvis momentebis 
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mniSvnelobani da SevadginoT agreTve 

22
22

6 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=+−

hMMMM s
rr

σ
θθ  

gamosaxulebis mniSvnelobaTa cxrili. 

cxrili 17 

filis sigrZis danayofis wertilis momentebis mniSvnelobebi 

x 
2

/
2λ

θ
aM  

2
/

2λaM r  
222

12 ⎥
⎦

⎤
⎢
⎣

⎡ λασ hs σs km/mm2 N/1017 

1,0 18,2706 0 (18,2706)2 13,2706 67,8 
1,5 12,974 4,874 (11,350)2 11,350 8,1 
2,0 11,0915 6,1031 (9,444)2 9,444 6,4 
2,5 9,746 6,176 (8,532)2 8,532 4,6 
3,0 8,8866 5,6122 (7,690)2 7,630 4,4 
3,5 7,814 4,638 (6,802)2 6,802 3,8 
4,0 6,96279 3,3599 (5,898)2 5,898 1,8 
4,5 5,765 1,805 (5,118)2 5,118 0,4 
5,0 4,7628 0 (4,7628)2 4,7628 0 

 

 SevarCioT datvirTvis intensivoba a an firfitis sisqe h 

iseTnairad, rom minimalurad daZabul x=5 wertilSi warmoiSvas 

plastikuri deformacia. am SemTxvevaSi Zabvis intensivoba 

σs=4,76km/mm2, amis gamo vgulisxmobT, rom firfitis sisqe h da 

firfitaze mosuli datvirTva iseTnairad unda iyos SerCeuli, 

rom adgili hqondes tolobas 1
12

2

=
λh

. cxrilSi 17 mocemuli σs 

mniSvnelobebis mixedviT da nax. 11-is daxmarebiT advilad 

ganvsazRvravT dasxivebis N dozas. dasxivebis dozis 

mniSvnelobebi moyvanili cxrilis bolo svetSi. 
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2.3. foladis milebisgan damzadebuli brtyeli 
  Rerovani konstruqciebis eqsperimentuli 

gamokvleva 

2.3.1. foladis milovani elementebis kvanZuri 
     SeerTebebis eqsperimentuli gamokvlevis 

meTodika 
 

Txelkedliani milebisgan damzadebuli foladis gadaxurvebis 

mzidi konstruqciebis sxvadasxva tipis kvanZebSi moqmedi 

muSaobis Taviseburebebis gamovlenis mizniT, friad arsebiT 

mniSvnelobas iZens gamokvlevis eqsperimentuli mimarTuleba, 

romelic saSualebas iZleva SevafasoT gamoTvlis miaxloebiTi 

meTodis sizustis xarisxi, gamovavlinoT kvanZebSi daZabulobisa 

da deformaciis ganawilebis WeSmariti xasiaTi. magram, Reros 

kvanZebi erTmaneTTan uSualo mierTebiT sakmaod kargad aris 

gamokvleuli geometriuli da sxva maxasiaTeblebis sxvadasxva 

TanafardobebisTvis, milis tipis foladis kvanZebis SemuSavebasa 

da gamokvlevas dRemde ar eTmoboda saWiro yuradReba. amitom 

kvanZis SemoTavazebuli konstruqciis efeqturobis 

gansazRvrisTvis saWiroa CavataroT misi konstruqciuli 

Taviseburebebis yovelmxrivi analizi ara marto Teoriuli, 

aramed eqsperimentuli gamokvlevebis safuZvelzec, rac 

saSualebas mogvcems gavaSuqoT Semdegi sakiTxebi: 

1. sartyelis milis daZabuli mdgomareobis gamokvleva 

dasxivebis procesSi masze datvirTuli bmuli elementebis 

moqmedebisas, SeerTebis kvanZebis faqtobrivi simtkicis da 

deformatiulobis dadgenis mizniT. 

2. kvanZis daZabul mdgomareobaze bmul elementebSi 

gaWimvisa da kumSvis grZivi Zalebis sxvadasxva sididis da 

Tanafardobis gavlenis gamokvleva dasxivebis dros. 

aRniSnuli amocanebis gadasawyvetad gamoyenebuli iyo T da 

K-sebri foladisgan damzadebuli kvanZebi. 

kvanZebis nimuSebi damzadebuli iyo laboratoriul 

pirobebSi naturuli zomebiT da warmoadgenda sartyelis 
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milebisa da Semomavali elementebis SeerTebis fragmentebs. 

milebis daWra xeliT xdeboda meqanikurad  winaswari moniSvnis 

mixedviT, rac gamoricxavda sawyisi daZabulobebis gaCenas. 

iribanasa da sartyelis SeerTebis adgilebi daWris Semdeg 

muSavdeboda zumfaris qargoliT, SeerTebis adgilebSi 

elementebis ufro zusti morgebisTvis.  amis Sedegad, RreCoebis 

sidide SeerTebis adgilebSi ar aRemateboda 2-3 mm-s. SeerTeba 

xdeboda Т11-ГВС9 markis maRali simtkicis minaqsovilis 

daxveviT, epoqsidis weboTi Semdgomi gamonoliTebiT SeerTebis 

adgilebSi SeerTebis xazis mimarTulebiT da 45°-iani kuTxiT ori 

mimarTulebiT. kvanZebis sqemebi, maTi zomebi, kveTa da masala 

moyvanilia me-18 cxrilSi. kvanZebis sigrZe iseTnairadaa 

SerCeuli, rom gamoiricxos grZivi Runva. gamocdebma aCvena, rom 

T da K-sebri kvanZebi (sartyeli sayrdeniT) yvelaze 

deformatiulia, mTeli wamweebis kvanZebs Soris isini imyofebian 

muSaobis yvelaze wamgebian pirobebSi, amitom aseTi tipis 

kvanZebis muSaobis gamokvleva Zalze sainteresoa mTlianad 

konstruqciis simtkicis Sefasebis TvalsazrisiT. K-sebri 

kvanZebis (sartyeli iribanaTi) mqone nimuSebis seria aris 

wamweebis ZiriTadi kvanZebis fragmentebi. Sedegebis advilad 

SedarebisTvis yvela kvanZi agebulia erTnairi principiT – 

uwyveti sartyeli da masTan 45°-iT mierTebuli iribana. 

nimuSebis gamocda tardeboda saqarTvelos teqnikuri 

universitetis # 122-e kaTedris meqanikur laboratoriaSi 

universaluri moqmedebis hidravlikur wnexebze `K~ seriis kvanZebi 

gamoicada specialur mowyobilobaSi, romelic saSualebas 

iZleoda Segveqmna kvanZis sibrtyeSi RerZuli datvirTva da 

momenti sartyelis milSi. magaliTad, `T~ seriis kvanZebi 

gamoicada sayrdenze vertikaluri datvirTvis moqmedebisas (nax. 

12). am datvirTvisas ganisazRvra adgilobrivi deformaciisa da 

daZabulobis ganawilebis zona kvanZis sartyelSi Tavmoyrili im 

normaluri Zalebis moqmedebis qveS, romlebic gadaecemoda 

iribanidan   sartyelze;  igive  sqema  iyo  gamoyenebuli moqmedi  
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nax. 12. `T~ seriis kvanZis gamocda  
a – nimuSi Т-3, b – nimuSi Т - 1 



cxrili 18 

T, P da K-sebri kvanZebis geometriuli maxasiaTeblebi da maTi daSlis 
maxasiaTeblebi 

sartyelis 
mili 

sayrdeni 
milebi 

dsaS L 
nimuSis 
dasaxe-
leba 

kvanZis sqema 
D, mm H, mm q, mm H, mm D, mm H, mm 

mziduna-
rianoba 

Pgaxl. 
daSlis xasiaTi 

T – 1 60 7,0 60 5,5 1 0,76 200 

T – 2 75 5,5 60 5,5 0,8 1 380 

T – 3 
 

60 5,5 37 5,0 0,62 0,9 136 

sayrdenis SeWyleta sart-
yelis amoburcvis  
msaxvelis gaswvriv. 
 maqsimaluri daZabulo-
bis wertilebi gver-
debsa da qusls Soris. 

P – 1 75 6,0 60 5,5 0,8 0,92 129 

P – 2 75 5,5 60 5,5 0,8 1 131 

P – 3 
 

75 7,0 60 5,5 0,8 0,78 120 

 sayrdenis SeWyletam  
sartyelis calmxrivi  
amoburcviT gverdiTi 
msaxvelis gaswvriv  
(quslis rgolze) gamoi-
wvia sartyelis milis 
kedlis adgilobrivi 
mdgradobis dakargva, 
adgilobrivi datvirT-
vis modebis zonaSi. 

K – 1 75 9,0 60 6,5 0,8 0,72 480 

K – 2 

 

75 9,0 60 5,5 0,8 0,61 435 

SekumSuli iribanas  
SeWyleta minaqsovilis  
TiTqmis erTdrouli  
ganSrevebiT, daWimuli 
iribanas wverSi 
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datvirTvis WeSmariti sididis Sesamowmeblad da yvela xelsawyos 

tarirebisTvis. `P~ seriis kvanZebi gamoicada datvirTvis 

moqmedebisas horizontaluri mimarTulebiT sayrdebis torsis 

gaswvriv (nax. 13); aseTi saxis datvirTvas adgili aqvs arairibul 

wamweebSi, sadac kvanZze moqmedebs gaerTianebuli mxebi Zalebi da 

momentebi. `T~ da `P~-sebri kvanZebis deformaciuli mdgomareobis 

eqsperimentuli gamokvleva Sesrulda Svid  nimuSze.  `K~-sebri  

kvanZebis gamocda Catarda brtyel Caketil rombisebr nimuSebze, 

romlebSic erTdroulad tardeboda ori erTnairi kvanZis 

gamocda (nax. 14); amasTan, adgilobrivi datvirTva gadaecemoda 

kvanZze gamnawilebeli Sveleris saSualebiT. sul gamoicada 

oTxi nimuSi. 

 

nax. 13. «Р» seriis kvanZis gamocda  

 
stendis, aRWurvilobis, xelsawyoebis da mowyobilobebis 

ganlagebis sqemebi naCvenebia me-15 da me-16 naxazebze. 

kvanZis maxasiaTebel wertilebSi fibriduli deformaciebis 

gansazRvrisTvis gamoiyeneboda tenzorezistori 2HКБ-20-200. 

tenzorezistorebis (gadamwodis) dawebeba kvanZis zedapirze 

xdeboda  БФ-2.   gadamwodebi   TiToeul  kvanZze   `rozetebad~  

122 
 



 
 

 

nax. 14. «К» seriis kvanZis gamocda 

 

ewebeboda 2-3 calad. gadamwodebi orientirebuli iyo kvanZis 

msaxvelis paralelurad (x RerZi) da mis perpendikularulad (y 

RerZi). seriis calkeul kvanZebze gadamwodebis ganlagebis 

sqemebi umniSvnelod gansxvavdeboda erTmaneTisgan. RerZuli 

Zalebisa da momentebis gansazRvrisTvis kvanZis zonis gareT 

Reros or kveTSi gadamwodebiT  izomeboda deformaciebi kidura 

fibrebSi. kvanZis simetriis gaTvaliswinebiT, gadamwodebi 

ganlagebuli iyo mxolod mis naxevarze; sawinaaRmdego mxares 

ganlagebuli iyo mxolod sakontrolo gadamwodebi, romelTa 

Cvenebebi sakmaod kargad emTxveoda samuSao gadamwodebis 

maCveneblebs. sul, TiToeul kvanZze gamoiyeneboda 60-95 

gadamwodi 30-40 wertilSi. garda amisa, yovel kvanZze damagrebuli 

iyo 1-5  damatebiTi  gadamwodi  gamocdis periodSi xelsawyoebis  

muSaobis gasakontroleblad. anaTvlebis aReba xdeboda 

avtomaturi tenzometruli xidis ЦТМ-3 da ЦТМ-5 saSualebiT. 

gamocdebi tardeboda Semdegi TanmimdevrobiT: datvirTva 

izrdeboda etapobrivad 100 kg-iT (`T~ da `P~-sebri kvanZebisTvis)  
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WanWiki d= 22mm

Sveleri 

kuTxovana 

fanjara kuTxovana miliani garsacmi 

nax. 15. T, P da K seriis kvanZebis gamosacdeli stendis, 
        aRWurvilobisa da xelsawyoebis sqema 
 

da 200 kg-iT (`K~-sebr kvanZebisTvis) da im sididemde, romlis 

drosac damokidebuleba datvirTvisa da deformacias Soris 

kargavda wrfiv xasiaTs, Semdeg ki xdeboda etapobrivi gantvirTva. 

TiToeul etapze xdeboda anaTvlebis aReba yvela sakontrolo-

gamzomi gadamwodidan. Semdeg, datvirTva meordeboda. anaTvlebis 
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       nax. 16. tenzogadamwodebis ganlagebis sqema T, P da K  
                    seriis kvanZebze 
 

aReba xdeboda datvirTvis modebidan 7-10 wuTis Semdeg, anu maSin 

rodesac deformaciis mateba droTa ganmavlobaSi praqtikulad 

Cerdeboda. TiToeuli kvanZi daitvirTeba da ganitvirTeba sam-

samjer ganmeorebiT da maSasadame, saimedo Sedegebis misaRebad. 

Sedegad, TiToeuli sqemisaTvis miiReboda 15-25 aRebuli anaTvali 

yvela   gadamwodidan.  aqve  saWiroa  aRiniSnos,  rom  kvanZebis 
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gamocdisas drekad stadiaSi RerZuli normaluri Zalva 

datvirTvis yvela sqemisTvis ver aRemateboda 0,4-0,5_Pjer, ramac 

saSualeba mogvca dagvetovebina maragi masalis drekadi 

muSaobisTvis im monakveTebze, sadac gaCnda damatebiTi daZabuloba 

Reros gadaRunvis da garsSi kiduli efeqtis Sedegad. dasxivebis 

Sedegad drekad stadiaSi gamocdis Semdeg, kvanZebi daSlamde iyo 

miyvanili. 

 T, P da K seriis kvanZebis gamocdisas (nax. 12), (nax. 13) da 

(nax. 14) miRebuli srulad gansazRvruliyo sxvadasxva faqtoris 

gavlena deformaciisa da daZabulobis ganawilebaSi foladis 

milebisgan damzadebul kvanZebSi. 

 

2.3.2. wamweebze statikuri datvirTvis moqmedebis 
  eqsperimentuli gamokvlevis meTodika 

 
eqsperimentuli gamokvlevis mizania brtyeli Rerovani 

konstruqciis saangariSo sqemis dazusteba, foladis milebis 

gamoyenebiT, radiaciuli dasxivebis dros kvanZebis SemoTavazebuli 

konstruqciuli damuSavebiT. 

amisTvis saWiroa: 

− ganisazRvros daZabulobis ganawilebis xasiaTi wamwis ReroebSi; 

− ganisazRvros kvanZebis simtkicis gavlena foladis milebisgan 

damzadebuli Reroebis daZabul-deformaciul mdgomareobaze; 

− gamovikvlioT SemoTavazebuli kvanZebis muSaoba sacdel 

konstruqciebSi radiaqciuli dasxivebis dros; 

− ganisazRvros wamweebis sacdeli konstruqciebis simtkice da 

deformaciuloba. 

gamosacdel obieqtebad aRebuli iyo ori samkuTxa wamwe 

samkuTxa gisosebiT (6 m sigrZiT), zeda sartyelis panelebiT 1.1 m 

da zeda sartyelis daxriT 1:3, rac Seesabameba samrewvelo 

nagebobaTa gadaxurvebSi farTod gamoyenebul tipobriv wamweebs. 

orive wamwe damzadebulia Txelkedliani foladis milebisgan 37 

mm diametriT da kedlis sisqiT 5-7 mm. milis masalaa – minaboWko 
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ТУ 53-7-36/-3 markis, ПИ-609-21M foladis markis epoqsiduri webos 

safuZvelze. milebi damzadebulia daxvevis meTodiT specialur 

mowyobilobaze. monacemebi gamoyenebuli milebis meqanikuri 

Tvisebebis Sesaxeb miRebulia standartuli nimuSebis gamocdiT 

kumSvasa da daWimvaze. ГОСТ-is mixedviT (Ec = 1.37⋅104  mpa; 

Ep=1.29⋅104  mpa; 78=c
πσ  mpa; 73=p

nσ  mpa) (nax. 17), (nax. 18) wamweebSi 

awyobili iyo horizontalur mdgomareobaSi specialurad 

damzadebuli stelaJze. wamwis yvelaze damaxasiaTebeli kvanZebi 

naCvenebia 19-e naxazze. kvanZebi monoliTuria, gisosis Reroebis 

uSualo mierTebiT uwyvet sartyelTan, Semavali Siga milakebiT, 

romlebsac wamwis yvela kvanZSi erTnairi zomebi aqvs: diametri 

60 mm, kedlis sisqe 8 mm, RreCo milaksa da ZiriTad mils Soris 

Sevsebulia epoqsiduri weboTi, gamamyarebliT. wamwe gaTvlili 

iyo pirobiT datvirTvaze 17.5 H. Sesaswavlad SerCeuli wamwis 

variantebSi SeerTebuli Reroebis diametrebis, diametrebisa da 

kedlis sisqis Sefardeba tolia d/D = 1, D/δ = 9.4. 

wamwebis daproeqtebis msvlelobisas Catarda Teoriuli 

gamokvlevebi, rac miznad isaxavda sxvadasxva saangariSo sqemebis 

gavlenis dadgenas RerZuli wamweebis datvirTvaze da ganisazRvros  

gisosebis racionaluri sqema. daZabuloba ganisazRvreboda 

saxsrovan-RerZuli sistemis varaudiT da kvanZebis sixistis 

gaTvaliswinebiT radiaqtiuli dasxivebis procesSi. 

wamwebis Semdgomma statistikurma gamocdebma saSualeba 

mogvca dagvedgina Sesabamisoba RerZebis daZabul-deformirebul 

mdgomareobasa da mTeli konstruqciis deformirebul mdgomareobas  

Soris Teoriuli gamoTvlebis saSualebiT. garda amisa, man 

saSualeba mogvca Segvefasebina kvanZuri SeerTebebis muSaoba 

konstruqciis SemadgenlobaSi. 

konstruqciis muSaobis eqsperimentuli gamokvleva 

dakavSirebulia fibruli deformaciebis gazomvasTan da maTi 

mixedviT, konstruqciis ReroebTan. 
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nax. 17. gamoyenebuli masalis (milebis) meqanikuri maxasiaTeblebis 
        gamokvlevis stendi gaWimvaze  

 

 

nax. 18. gamoyenebuli masalis (milebis) meqanikuri maxasiaTeblebis 
        gamokvlevis stendi gaWimvaze  
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fibruli deformaciebi terzorgadamwodebiT 20 mm baziT 

ganisazRvreba; tenzorezistorebis Cvenebebis kontrolisTvis 

zogierT wertilSi gamoyenebuli iyo aistovis tenzometrebi TA-3. 

yvela gamoyenebuli tenzorgadamwodi winaswar tarirebuli iyo. 

deformaciebi gadamwodis damagrebis adgilebSi damatebiT iyo 

gansazRvruli aistovis tenzometrebis saSualebiT. gadamwodebi 

damagrebuli iyo kvanZis zonaSi da sakvanZo zonis gareT, Reros 

diametris 3-3,5 sididis manZilze. momentebis da RerZuli Zalebis 

gansazRvrisTvis TiToeul kveTze dawebebuli iyo oTxi 

gadamwodi. tenzogadamwodebis ZiriTadi raodenoba dawebebuli 

iyo simetriis gaTvaliswinebiT wamwis erT-erTi naxevris 

kvanZebSi (nax. 19, a). amrigad, gadamwodebis raodenoba Semcirda 

200-mde, romelTa Cvenebebi registrirdeboda avtomaturi cifruli 

tenzometruli xidis ЦТМ-3 da ЦТМ-5 saSualebiT. wamwis gamocda 

Catarda saqarTvelos teqnikuri universitetis xisa da 

plastmasis konstruqciebis kaTedris laboratoriaSi, vertikalur 

mdgomareobaSi wyvilebad. gamosacdeli danadgaris sqema 

naCvenebia 20-e naxazze.    

wamwis 1 mdgradoba vertikalur sibrtyeSi uzrunvelyofili  

iyo mimmarTveli liTonis sayrdenebis saSualebiT 2, romlebic 

xistad iyo damagrebuli Zalur zolze 3. wamwis saerTo 

mdgradoba uzrunvelyofili iyo horizontaluri milebis 

kavSirebis saSualebiT 4, romlebic Sedgeboda zeda 5 da qveda 4 

sartyelis kvanZebSi ganlagebuli gambjeniT (diagonaluri 

elementebisgan) da uzrunvelyofda proeqtiT gaTvaliswinebul 

ganrTvas zeda SekumSuli sartyelisTvis konstruqciis Rrudan, 

kvanZebis vertikaluri gadaadgilebis Tavisuflebis SenarCunebiT. 

datvirTva gadaecemoda im berketebis 6 saSualebiT, 

romlebic gadascemen datvirTvas wamwis Sesabamis kvanZebze 

mkacrad sartyelis RerZis gaswvriv gamaTanabrebuli solisebri 

sadebebis saSualebiT (zewriT) 7, romelzec damagrebuli iyo 

berketebi, romlebic Tavis mxriv Camagrebuli iyo Zalur iatakSi 

ankeruli sayrdenebiT 8. 
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wamwis kvanZebis vertikaluri gadaadgilebis gasazomad 

dayenebulia CaRunvis gamzomebi 9, wamwis saxsrulad – moZravi 

sayrdenis 10, vertikaluri da horizontaluri gadaadgileba 

ganisazRvreboda saaTis tipis indikatorebiT 11. gamocdis miznebis  

Sesabamisad, Sesrulda rigi datvirTvebi: mogorva, datvirTva 

normatiuli datvirTva da gantvirTva, saangariSo datvirTva da 

gantvirTva, specialuri datvirTva saangariSo daZabulobis 

Sesaqmnelad gisosis zogierT elementSi da saangariSo 

datvirTvada gantvirTva xdeboda safexurebrivad (etapobrivad) 

17,5H-iT. gamocda Catarda Svid safexurze; datvirTvis yoveli 

safexuris modebis Semdeg, gamzomi xelsawyoebis maCveneblebi 

aiTvleboda stabilizaciisas, romelic damyardeboda 5-7 wT. 

Semdeg datvirTvis dabali doneebisTvis da 8-10 wT-is Semdeg, 

maRali doneebisTvis. pirvel oTx etapze wamwebi itvirTeboda 

normalur datvirTvande 65,5H da ganitvirTeboda pirobiT nulamde. 

meSvide etapze wamwe daSlamde mihyavdaT. oTxjeradma datvirTvam 

normatiul datvirTvamde Semdgomi gantvirTviT, saSualeba 

mogvca migveRo ufro sruli da zusti monacemebi wamwis muSaobis 

Sesaxeb drekad stadiaSi. sacdeli danadgaris SemadgenlobaSi 

Sevida: moZravi da uZravi sayrdenebi; wamwis pirobiTi datvirTvis 

sistema, wamwis horizontalur mdgomareobaSi Casamagrebeli 

konstruqciebi. datvirTvis sistema Sedgeboda 10 berketisgan, 

romlebic gadascemen datvirTvas wamwis TiToeul kvanZze. 

datvirTva xorcieldeboda wamwis yvela kvanZze Tanabrad. 

gamocdebi Catarda t = 20±5°C temperaturaze da haeris 

fardobiT tenianobaze 55±5%. 

 
   2.3.3. maRali energiebis nawilakebiT dasxivebis  

    gavlena wamwis mTeli konstruqciis simtkicesa  
da deformirebaze  

 
gamocdis miRebuli meTodikis Sesabamisad gadamwodis 

maCveneblebis mixedviT ganisazRvra datvirTva da daZabuloba 

Reroebsa da maTi SeerTebis adgilebSi wamwis xanmokle 

 
 
132



 
 

datvirTvebisas. am monacemebis analizma da agreTve wamwis 

deformaciis monacemebma (Cazneqa, miRebuli Cazneqmzomebis 

saSualebiT) gviCvena Semdegi: 

_ 21-e nax-ze naCvenebia wamwis ReroebSi daZabulobis kvanZis 

datvirTvaze damokidebulebis grafiki. grafikebze uwyveti xaziT 

aRniSnulia Teoriuli daZabuloba, StrixiT ki eqsperimentuli 

mniSvnelobebi. grafikebidan Cans, rom eqsperimentuli 

mniSvnelobebi wamwis konturis ReroebSi sakmaod kargad emTxveva 

Teoriul Sedegebs. wamwis iribana (Reroebi 2-8; 8-3 da 9-8) 

aRmoCnda mniSvnelovnad dautvirTavi (40-45%). daZabuloba (1-2; 2-3 

da 1-8) ReroebSi saangariSo datvirTvamde kargad Seesabameboda 

Teoriuls, datvirTvis matebisas eqsperimentulma daZabulobam 

Teoriuls gadaaWarba 35%-iT. 

_ 22-e naxazze naCvenebia daZabulobis ganawileba wamwis 

Reros sigrZeze. eqsperimentuli mniSvnelobebi mTlianobaSi 

kargad emTxveva Teoriuls, yvelaze zustad daZabulobebi 

daemTxva wamwis sartyelebSi. daZabulobebis yvelaze didi 

gansxvaveba aRiniSna daWimul iribanaSi. kvanZTan SeerTebis 

zonaSi. `9~ kvanZi (nax. 22, a) daproeqtebuli  iyo minaboWkoebis 

daarmaturebiT da mikalsa da Semomaval elements Soris 

RreCoebSi epoqsiduri weboTi CasxmiT, ramac mniSvnelovnad 

gazarda kvanZis sixiste da Reroebis momentebi. Teoriuli da 

eqsperimentuli daZabulobebis yvelaze ukeTes damTxvevas 

adgili hqonda (2-3 da 1-8) sartyelebisTvis, gansxvaveba 12%-s 

grafikebidan Cans, rom (nax. 22, b) daZabulobis xasiaTi Reroebis 

kveTebSi araTanabaria. sakvanZo daZabulobebis sidideebis 

Sesadareblad arCeulia adgilebi kvanZebSi Reroebis geometriuli 

RerZebis maxloblad, milakis diametris 2.5-3 tol manZilze. 

rogorc Teoriulma da eqsperimentulma gamokvlevebma aCvena am 

kveTebSi moqmedebs maqsimaluri mRunavi momentebi, rac Sesabamisad 

iwvevs yvelaze maRal kvanZur daZabulobas. 

wamwis gamocdisas gaizoma kvanZebis gadaadgilebis 

sidideebi.   23-e   naxazze   moyvanilia  wamwis  zeda  da  qveda 
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nax. 21 a. wamwis SekumSuli Reroebis daZabulobis kvanZis 
          datvirTvaze damokidebulebis grafiki 

       ⎯  Teoriuli daZabuloba 

       − − eqsperimentuli daZabuloba 

 
nax. 21 b. wamwis daWimuli Reroebis daZabulobis kvanZis 
          datvirTvaze damokidebulebis grafiki 

       ⎯  Teoriuli daZabuloba 

             − − eqsperimentuli daZabuloba 
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 zeda sartylis 

 

 

 

 

 

 

 

 

 

 

 

 

qveda sartylis  

nax. 23. wamwis datvirTvis da Cazneqis sqema 

                   ⎯  eqsperimentuli mniSvnelobebi 

                         − − Teoriuli mniSvnelobebi 
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sartyelebis vertikaluri Cazneqilobis sididis cvlilebis 

diagrama, miRebuli sayrdenis dawevis gaTvaliswinebiT. diagramidan  

Cans, rom datvirTvis damokidebuleba Cazneqaze wrfivia 

normaluri datvirTvis gaormagebamde (nax. 24), Semdeg Cazneqis 

mniSvnelobebis zrda ufro intensiuri xdeba. Cazneqis 

eqsperimentuli sidideebi saangariSo datvirTvebamde (85H) 

Teoriulze naklebia 6-8%-iT, saangariSo datvirTvis Semdeg, 

eqsperimentuli Cazneqa Teoriulze ramdenadme metad aRmoCnda – 

3-5%-iT. unda aRiniSnos Cazneqis epiurebis gadatexa (nax. 23), rac 

mowmobs konstruqciis arazust damzadebas, romlis drosac zeda 

sartyelis kidur kvanZebSi unda warmoiqmnas mniSvnelovani 

momentebi maTi sixistis gamo; ris Sedegadac gamocdis dros 

aRniSnuli iyo wamwis zeda sartyelis gamrudeba kvanZebs Soris. 

deformaciis aseTi suraTi SeiZleba avxsnaT imiT, rom sanam 

gamosacdeli konstruqcia muSaobs drekad stadiaSi, kvanZebis 

sixistis gamo wamwe warmoadgens CarCosebr sistemas idealur 

wamweze naklebi CazneqiT; plastikur stadiaSi gadasvlis Semdeg, 

ufro mkafiod vlindeba kvanZebis saxsrulobis efeqti. 

gamocdebis procesSi gazomili Cazneqebis sididisa da 

xasiaTis analizisas SeiZleba davaskvnaT, rom datvirTvis 

saangariSo sididemde zrdisas kvanZebis Cazneqa datvirTvis 

proporciulia. narCeni deformaciebi datvirTvis moxsnis Semdeg 

praqtikulad ar aris. es mowmobs konstruqciis drekad muSaobas 

saangariSo datvirTvebis intervalSi. deformaciis zrdis 

dinamikas SeiZleba davakvirdeT wamwis qveda sartyelis kvanZebis 

Cazneqis diagramebis  saSualebiT  (nax. 23);  iqve  aris moyvanili 

saangariSo datvirTvisgan qveda sartyelis Cazneqis xazi, im 

Teoriul xazTan SedarebiT, romelic miRebuli iyo sqemis 

sixistis gamoTvlisas. 

_ wamwis ReroebSi RerZuli daZabulobis eqsperimentul 

sidideebs, TeoriulTan SedarebiT, aqvs gadaxrebi sartyelebSi 

16%-mde, gisosebis ReroebSi ki – 35%-mde. cxrilebSi moyvanilia 

wamwis gamoTvlis Sedegebi  xisti  sqemis mixedviT  (cxr. 20)  da  
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kvanZi  
 
 
 
 kvanZi 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
nax. 24. gamosacdeli wamweebis kvanZebis vertikalur 

gadaadgilebis damokidebuleba datvirTvaze 
 

saxsruli sqemis mixedviT (cxr. 19). Sedegebis analizisas [59]-is 

mixedviT Catarda Semdegi sidideebis Sedareba: momentebi sakvanZo 

zonebSi, RerZuli datvirTvebi, daZabuloba RerZuli datvirTvisa 

da gadaRunvisgan, kvanZis sixistis koeficienti λ.  

a
v maxσ
= .                               (33) 
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aq maxσ  maqsimaluri daZabuloba ReroSi; 

   σ _ daZabuloba imave ReroSi, gansazRvruli saxsruli sqemiT. 

Catarda daZabulobebis Sedareba sakvanZo zonebSi mdebare 

kveTebisTvis (σsaS) (cxr. 20). cxrilebSi Sedarebulia gamoTvlebis  

Teoriuli mniSvnelobebi eqsperimentuli gamokvlevis SedegebTan. 

pirvel variantSi iTvleboda, rom wamwis Reroebi erTmaneTTan 

SeerTebulia idealuri saxsrebis saSualebiT. am dros maqsimaluri 

sakvanZo daZabulobebis gansxvavebebi Semdeg mniSvnelobebis 

aRwevs: SekumSul sartyelSi 10%-mde, daWimulSi – 7%-mde, xolo 

gisosebis elementebSi 8%-mde, sayrdenebSi – 31%-mde. meore 

variantSi, im varaudiT, rom Reroebs boloebSi aqvs xisti 

Camagreba, gansxvaveba zeda sartyelis ReroebSi aRwevs 6%-s, 

qveda sartyelis ReroebisTvis Seadgens 7%-s, gisosebis 

ReroebisTvis – 3%-s, sayrdenebSi ki 24%-mdea. eqsperimentuli 

daZabulobebi kvanZebis zonis kveTebSi kargad Seesabameba 

gamoTvlebis xisti sqemis mixedviT. 

daZabulobis ganawileba gisosebis Reroebis sigrZeze da 

perimetrze aCvenebs, rom daZabulobis gadacema iribanidan 

sartyelze xorcieldeba kveTis nawiliT SeerTebis xazis 0.45-0.63 

sigrZeze; amrigad, damatebiTi daZabuloba kvanZebis sixistis gamo 

atarebs adgilobriv xasiaTs. sartyelis milis diametris 0,9-1,6 

manZilze igi klebulobs Tavisi mniSvnelobis 8-11%-mde, xolo 

gaTvaliswinebulze meti datvirTvisas SeimCneva damatebiTi 

daZabulobis Semcirebis tendencia, romlis drosac daZabuli 

mdgomareoba TiTqmis Seesabameba wamwis elementebSi daZabulobis 

Tanabar ganawilebas, gansakuTrebiT iribanebSi. 

eqsperimentuli da saangariSo daZabulobebis Sedareba, rac 

iTvaliswinebs normalur datvirTvas da gadaRunvis momentebs 

zeda sartyelis elementebis saSualo kveTisTvis aCvenebs, rom 

sxvaoba am daZabulobebs Soris aRwevs 24%-s da meryeobs 3-dan 

24%-mde. eqsperimentuli da gamoTvliTi monacemebis aseTi kargi 

Tanxvedra wamwis yvelaze datvirTuli da yvelaze pasuxsagebi 

elementebisTvis mowmobs imas, rom gamoTvlebi kvanZebis sixistis



cxrili 19 

RerZuli Zalva da daZabuloba wamwis ReroebSi datvirTvis etapebis 
mixedviT kvanZebis sixistis gauTvaliswineblad (Teoriuli faqtobriv kveTebSi) 

datvirTva H kvanZze 

Reroebis 
nomrebi 

3,5 7,0 10,5 14 17,5 21,0 24,5 28,0 

1_2 
N 
σ 

26,1 
4,01 

52,0 
8,03 

78,1 
12,04 

106 
16,06 

132,1 
20,07 

157 
24,1 

163 
28,11 

213 
32,4 

2_3 
N 
σ 

24,0 
3,64 

48,0 
7,27 

72,0 
10,91 

97,0 
14,7 

121,0 
18,2 

146,0 
22,1 

170 
25,5 

1,95 
29,6 z

ed
a 

s
ar

t
ye
l
i 

3_4 
N 
σ 

18 
2,75 

36 
5,5 

54 
8,25 

72 
10,9 

90 
13,8 

108 
16,4 

126 
19,3 

144 
21,8 

1_8 
N 
σ 

25 
3,8 

50 
7,6 

75 
11,4 

100 
15,2 

125 
19,0 

250 
22,7 

175 
26,6 

201 
30,5 

qv
.s
ar

t
-

ye
l
i 

8_9 
N 
σ 

21 
3,2 

42 
6,4 

63 
9,6 

84 
12,7 

105 
16,0 

126 
19,1 

147 
22,3 

168 
25,4 

2_8 
N 
σ 

2,5 
0,4 

5,0 
0,8 

7,5 
1,2 

11 
1,7 

13,5 
2,0 

17 
2,6 

19,5 
3,0 

22 
3,3 

8_3 
N 
σ 

3,0 
0,45 

6,0 
0,9 

9,0 
1,35 

12,0 
1,82 

15,0 
2,25 

18,0 
2,73 

21,0 
3,15 

24,0 
3,64 

ir
ib

an
a 

3_3 
N 
σ 

5,5 
0,85 

11,0 
1,7 

16,5 
2,55 

22,0 
3,4 

27,5 
4,25 

33,0 
5,0 

38,5 
5,95 

44,0 
6,7 

d
g
ar

i 

4_9 
N 
σ 

7,5 
1,14 

15,0 
2,27 

22,5 
3,41 

31,0 
4,7 

38,5 
5,7 

47,0 
7,1 

54,5 
7,95 

63,0 
0,8 
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cxrili 20 

saxsruli 
sqema 

xisti sqema eqsperimenti sixistis koeficienti 
Reroebis 
nomrebi 

][HN  σ[МПа] cpσ ′′′  

Teoriuli da eqsperimentuli datvirTva da daZabuloba wamwis ReroebSi 

maxσ ′′′  gσ ′′′  N cpσ ′′′  maxσ ′′′  gσ ′′′  N 
σ

σ эк
cp

 
σ

σ эк
max  

cp

эк

σ
σ

′′′
max  

σ
σ max′′′  

max

max

σ
σ
′′′

эк
 

1-2 
2-1 

_106 16,1 24,8 18,1 3,3 _93 13,9 
19,2 
21,1 

2,1 
4,0 

_91,5 0,86 
1,19 
1,31 

0,94 1,124 
1,06 
1,16 

2-3 
3-2 

_97 14,7 14,1 15,58 1,2 _91 13,2  
17,4 
15,72 

2,7 
1,02 

_87 0,89 
1,18 
1,07 

0,94 1,06 
1,12 
1,01 z

ed
a 

s
ar

t
ye
l
i 

3-4 
4-3 

_72 10,9 10,6 11,3 0,7 _69 9,5 
12,15 
11,48 

1,25 
0,58 

_63 0,87 
1,11 
1,05 

0,89 1,04 1,075 

1-8 
8-1 

100 15,2 13,7 16,13 0,9 87 14,6 
16,9 
17,5 

1,7 
2,3 

85 1,09 
1,11 
1,15 

1,06 1,01 
1,02 
1,06 

qv
.s
ar

t
-y
el

i 

8-9 
9-8 

84 12,7 12,4 13,1 0,7 82 11,4 
13,92 
13,87 

1,22 
1,17 

75,1 0,9 
1,096 
1,092 

0,92 1,03 
1,063 
1,059 

8-3 
3-8 

12 1,82 1,95 2,16 0,45 19,5 1,98 
2,15 
1,95 

0,33 
0,07 

9,0 1,09 
1,18 
1,07 

1,01 1,15 
0,99 
0,91 

ir
ib

an
a 

3-9 
9-3 

_22 3,34 2,9 3,5 0,6 _19 3,14 
3,88 
3,42 

0,34 
0,03 

_19,3 0,94 
1,1 
1,02 

0,93 1,05 
1,05 
0,98 

d
g
ar

i 

4-9 
9-4 

31 4,71 4,3 4,56 0,26 28 3,26 
3,3 
3,21 

1,41 
1,5 

0,22 0,69 
0,7 
0,68 

0,76 0,97 
0,72 
0,7 
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gaTvaliswinebiT sakmaod zustad asaxavs mocemuli konstruqciis 

realur daZabul mdgomareobas. 

wamwis mzidunarianobis amowurva gamovlinda imaSi, rom 

misi gamocdisas axlo datvirTvaze jer Zlierad amoizniqeba 

zeda sartylis kedeli (Reroebi 1-2 da 2-3) sayrden kvanZTan, 

kvanZidan 3-4 diametriT daSorebul kveTebSi. rogorc Cans, es 

moxda SeerTebuli elementebis cudi centrirebis gamo sayrden 

kvanZTan da araTanabari RreCoebis gaCenis gamo sartyelis milis 

gareT kedelis da milakis Siga daboloebas Soris. zeda 

sartyelis sayrdeni Reros datvirTvis da daZabvis Semdeg (Rero 

1-2) wamweebi gamoscades mzidunarianobis amowurvamde mdebareobis   

adgilobrivi dakargvis Sedegad, dakargvas adgili hqonda zeda 

sartyelSi gamoTvlilze 1.34-jer met datvirTvaze. amasTan 

SeiniSneboda Cazneqebis mateba, sartyelis milis SesamCnevi ganivi 

deformaciebi zeda sartyelis TiTqmis yvela ReroSi zeda 

sartyelis kedlis mdgradobis adgilobrivi kargvis gamo. 

maSasadame, SeiZleba vamtkiciT, rom zeda sartyelisTvis 

zRvruli datvirTva (normaluri Zala da momenti) 1.2-jer metia 

gamoTvlilTan SedarebiT. sxva elementebisTvis, rogorc amas 

aCvenebs gamosakvlevi konstruqciis daZabuli mdgomareobis 

analizi, zRvruli datvirTva 1.46-jer aRemateba gamoTvlils. 

 

2.3.4. neitronebiT dasxivebuli kvanZebis simtkicisa 
    da deformirebis eqsperimentuli gamokvlevis       

Sedegebis analizi 

 
milisebri kvanZebis nimuSebis eqsperimentuli gamokvlevis 

miRebuli meTodikis Sesabamisad muSaobis drekad stadiaSi, 

sadac ZiriTadi yuradReba eTmoboda sartyelis foladis 

milebSi daZabulobis Runvad xasiaTs, agreTve gamokvleuli iyo 

daZabulobis xasiaTi mimdebare elementebSic RerZuli mWimavi da 

mkumSavi datvirTvis gamo. 

tenzorezistorebis Cvenebebis mixedviT, gamoTvlili iyo 

daZabuloba, romlis drosac datvirTva kvanZze Seadgenda (0.5-
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0.8)Pr. rozetis SemadgenlobaSi Semavali gadamwodebis maCveneblebis 

damuSaveba xdeboda specialuri programiT, romelic Sedgenili 

iyo enaze – paskali kasios tipis mikrokalkulatorze. nimuSebis 

yvelaze damaxasiaTebeli kveTebisTvis gamoTvlili iyo milis 

zedapirze dafiqsirebuli daZabulobebi. 25-31 naxazebze 

moyvanilia gamocdis Sedegebi T, P da K seriis kvanZebis yvela 

niSnulisTvis. TiToeul naxazze mocemulia epiurebi: 

a) daZabulobis ganawileba sartyelis msaxvelis gaswvriv 

vertikalur sibrtyeSi σx; 

b) daZabulobis ganawileba kveTaSi ZiriTadi rgolis sibrtyeSi 

;  it
y
−σ

g) daZabulobis ganawileba sayrdenis Sualeduri msaxvelis 

gaswvriv σy. 

daZabulobis moyvanili epiurebi gviCvenebs daZabulobis 

ganawilebis mniSvnelovan araTanabrobas ara marto kvanZis 

msaxvelis gaswvriv (σ1), aramed wriuli mimarTulebiTac (σy). 

daZabulobis yvelaze maRali mniSvnelobebi aRiniSneboda pirvel 

da mesame segmentebSi, sadac igi aRwevda mniSvnelovan sidideebs 

27.6-50.2 mpa-mde (0,5 Pr). 

daZabulobis yvelaze maRali koncentracia aRiniSna `T~ 

seriis nimuSebis gamocdisas (cxr. 18) mcire TanafardobebiT da 

adgili hqonda sartyelis milze SeerTebis xazis gaswvriv, 

romelic lokalizdeboda pirvel rigSi bortis wertilebSi da 

agreTve quslis wertilebSi da SemaerTebeli minaqsovilis 

gadakveTaze iribanas Sualedur msaxvelze. 25-e da 26-e naxazebze 

moyvanilia T seriis nimuSebis gamocdis Sedegebi. mxolod `P~ 

seriis nimuSSi aRiniSna mniSvnelovani koncentracia  sartyelis 

gverdiTa msaxvelze (nax. 27). amasTan, bortebSi sWarbobs 

rgoluri daZabulobebi σmax, quslebSi ki – ganivi. 

sartyelis milis daZabuli mdgomareoba xanmokle 

datvirTvisas upiratesad atarebs Runvad xasiaTs, romelic 

SenarCunebulia (1.5-2) manZilze ZiriTadi rgolidan (D). momenturi 
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nax. 25. T-2 kvanZis gamokvlevis Sedegebi 

⎯ eqsperimentuli gamokvleva; _ _ Teoriuli gamokvleva 
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 a) 

σx(mpa) 

 b) 
g)

 

 

nax. 26. T-3 kvanZis gamokvlevis Sedegebi 
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daZabulobebis wili jamuridan Seadgens 70%-ze mets bortis 

zonaSi, 80%-ze mets gverdiTi msaxvelis ZiriTadi rgolis 

gadakveTaze mcire d/D-Tvis da 60%-ze mets – didi d/D-Tvis; ganivi 

daZabulobebisTvis – Sesabamisad, 5%-s quslis zonaSi. daZabulobis  

yvelaze maRali gradienti iyo bortis zonaSi, aqve hqonda 

adgili yvelaze did momentebs (rgolurs). ganivi daZabuloba 

quslSi Seadgens bortis daZabulobis 15-25%-s. 

msgavsi suraTi gvaqvs `P~ seriis kvanZebis gamokvlevisas 

(nax. 27-29). am naxazebze naCvenebia daZabulobis epiurebi kvanZis 

sartyelsa da mimdebare ReroSi mRunavi momentis moqmedebis 

winaaRmdegobis zonaSi. epiurebidan Cans, rom ori cilindruli 

zedapiris SeerTebis zonaSi daZabuloba araTanabrad aris 

ganawilebuli da matulobs sayrdenebis mierTebis zonaSi. 

momentis daZabulobis ganawilebis zona vrceldeba sartyelis 

milis diametris 2.0-2.5 sididis manZilze. daZabulobis araTanabar  

ganawilebas adgili aqvs agreTve wriuli mimarTulebiTac, sadac 

maqsimaluri daZabulobebis zona vrceldeba diametris naxevarze. 

magram daZabulobebis ganxilvisas sartyelis damaxasiaTebel 

kveTebSi da am kveTebisadmi perpendikularuli mimarTulebebiT 

aRmoCnda, rom bortis zonebSi, sadac yvelaze didi daZabulobaa, 

ganivi daZabuloba SeiZleba calkeul SemTxvevebSi Seadgendes 

rgoluri  daZabulobis 25-50%, agreTve quslis zonaSi rgoluri 

daZabulobebi SeiZleba aRematebodes kidec ganivs.  

`K~ seriis kvanZebis gamocdis Sedegebi moyvanilia 39-e-31-e 

naxazebze, sadac am nimuSebze ZiriTadad Seiswavleboda sartyelis 

datvirTvis gavlena sakvanZo zonis daZabul mdgomareobaze. 

datvirTvis miRebuli sqemis pirobebSi (nax. 15) daZabulobis 

mateba aRiniSneboda adgilobrivi datvirTvis modebis zonaSi da 

daWimuli iribanas mierTebis zonaSi. 

sartyelis daZabuli mdgomareoba ZiriTadad Runvadia, 

Tumca K-sebr kvanZebSi ganivi Semdgenebis daZabuloba SesamCnevad 

ufro did rols asrulebs, T-sebr kvanZebSi. yvelaze SesamCnevi 

xdeba ganivi daZabulobebi  xerxemlis  msaxvelis  gaswvriv, rac 
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b) g) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

nax. 27. P-1 seriis kvanZis gamokvlevis Sedegebi 

⎯ eqsperimentuli gamokvleva; _ _ _ Teoriuli gamokvleva 
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a) 

b) g) 
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0,5Pr 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 28. P-2 seriis kvanZis gamokvlevis Sedegebi 

       ⎯ eqsperimentuli gamokvleva; _ _ _ Teoriuli gamokvleva 
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nax. 29. P-3 seriis gamokvlevis Sedegebi 
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aRemateba rgolurs (biortebSi) 30-50%-iT. kvanZis vertikalur 

sibrtyeSi daZabulobis matebasTan erTad, aseve aRiniSneboda 

daZabulobis momateba kvanZis centrisaken da horizontalur 

sibrtyeSi (nax. 31), magram membranuli faqtoris roli bunebrivia, 

izrdeboda. damatebiTi daZabulobebis donis meryeoba nominaluri 

damatebis mimarT, rogorc Cans, dakavSirebulia konstruqciis 

saerTo statikur ganuzRvrelobasTan, im kvanZis sixistis 

momentebis arsebobasTan, romlis sidide, Tavis mxriv, 

dakavSirebulia sartyelis ganiv deformaciebTan. aRvniSnavT, 

rom damatebiTi ganivi datvirTvis arsebobam sartyelSi, gavlena 

ar moaxdina mis daZabulobaze. 

dadgenilia, rom K-sebri kvanZis datvirTvisas miRebuli 

sqemis mixedviT, anu sartyelis ganivi SekumSviT da kuTxovanas 

daxris saSualo kuTxeebisas (45°), agreTve d/D parametris 

saSualo mniSvnelobebisas kvanZis rRveva, rogorc wesi, xdeba 

SekumSuli kuTxovanas TandaTanobiT SeWyletis gamo sartyelSi 

da sartyelis kedlis deformirebis gamo. aman SeiZleba 

gamoiwvios sartyelis kedlis adgilobrivi mdgradobis dakargva 

didi deformaciebis arsebobisas (gaWimva) daWimuli iribanas 

qvemoT, rogorc es moxda K-2 nimuSebis SemTxvevaSi (cxr. 18). 

aRvniSnoT, rom yvela nimuSis gamocdisas datvirTvis 

meoTxe da mexuTe etapebis Sesabamisi daZabulobisas, adgili 

hqonda daZabulobis matebis arawrfiv xasiaTs sakvanZi zonis 

fibrebSi da adgilobrivi (sakvanZo) datvirTvis modebis zonaSi. 

es arawrfivi xasiaTi vlindeba an sakvanZo daZabulobis modebis 

an sayrdenTan mierTebis zonaSi. 

amave datvirTvebisas tenzogadamwodebis saSualebiT 

anaTvalis ganmeorebiTi aRebisas SemCneuli iyo `denadoba~ anu 

deformaciis mateba datvirTvis matebis gareSe. zRvruli 

mdgomareobis momentisTvis adgili hqonda anaTvlebs Soris 

sxvaobis mniSvnelovan matebas daaxloebiT orjer datvirTvis 

imave safexurisTvis, wina safexurTan SedarebiT; amasTan 

datvirTva Seadgenda damSlelis 70-80%-s yvela nimuSisaTvis. 
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milisebri kvanZis garsi – sartyelis daZabuli mdgomareobis  

monacemebis (romlebic miRebulia Teoriuli amocanis amoxsniT) 

cdiseul monacemebTan Sedarebisas SeiZleba SemovifargloT 

milis zedapirze daZabulobis eqsperimentulad dafiqsirebuli 

monacemebis SedarebiT Teoriuli meTodiT gamoTvlil sididesTan. 

gamoTvlili monacemebis Sedareba cdis SedegebTan, kvanZis 

naturuli gamocdis monacemebis mixedviT (nax. 25-31) saSualebas 

gvaZlevs vilaparakoT sakmaod karg damTxvevaze Sesadarebel 

epiurebs Soris. gansxvaveba nawilobriv damokidebulia nimuSebis 

formis sawyis naklovanebebze (kedlis araTanabari sisqe, 

iribanas arazusti centrireba, kiduli efeqtebis arseboba 

kontaqtis xazze, gadamwodebis damagrebis adgilebis gawmendis 

dabali xarisxi) garkveul gavlenas axdens eqsperimentis 

meToduri naklovanebebi. ZiriTadi mizezia garsze moqmedi 

datvirTvis ganawilebis kanonis arasruli Sesabamisoba Teoriul 

monacemebTan da garsis usasrulo sigrZis Seusabamoba Cvens 

saangariSo sqemaSi miRebul SezRudul sigrZesTan. 

swored, aseTi saxis arazustobis Sedegad iqmneba 

gansxvaveba Teoriuli da eqsperimentuli monacemebis mixedviT 

agebul epiurebs Soris T da P seriis kvanZebisaTvis; rgoluri 

normaluri daZabulobebis Teoriuli mniSvnelobebi 15-27%-iT 

metia eqsperimentulTan SedarebiT. 

yvelaze maRali eqstremumis wertilebSi samive 

eqsperimentuli Sedegebis monacemebi gviCvenebs, rom Teoriuli 

Sedegebi ZiriTadad ramdenadme ufro maRalia, vidre 

eqsperimentuli. 

 

2.3.5. dasxivebis dros brtyeli Rerovani konstruqciebis 
SemadgenlobaSi kvanZis muSaobis Taviseburebebi  

 

SemuSavebuli wamweebis da kvanZebis zemoT moyvanili 

Teoriuli da eqsperimentuli gamokvlevis Sedegebi atarebda 

kompleqsur xasiaTs da moicavda wamwis daZabuli da 
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deformirebuli mdgomareobis gamokvlevas datvirTvis qveS. amiT 

saSualeba mogvca Segvefasebina SemoTavazebuli konstruqciis 

kvanZis muSaoba da aRgveniSna is Taviseburebebi, rac ganasxvavebs 

kvanZis qcevas konstruqciis SemadgenlobaSi. eqsperimentuli 

gamokvlevebis am etapis mTavari Sedegebis ricxvs miekuTvneba 

Semdegi: 

− naturuli konstruqciis datvirTvisas vlindeba damatebiTi 

daZabulobebi, ganpirobebuli kvanZebis sixistis arsebobiT. 

momentebi xist kvanZebSi damokidebulia kvanZSi Semavali 

Reroebis grZivi drekadobebis Tanafardobaze. rogorc wesi, 

igi matulobs d/D Tanafardobis matebisas. am daZabulobebis 

done kvanZis zonaSi SeiZleba Seadgendes nominaluris 20%-s. 

− sartyeluri Zalebi, gazomili naturuli konstruqciis 

gamocdisas, icvleba kvanZis datvirTvis proporciulad. am 

faqtoris rolis gamoyofa mTliani milebiani konstruqciis 

gamocdisas SeiZleba mxolod mTeli wamwis SemadgenlobaSi 

kvanZis SesaZlo rRvevis Tvisebrivi analizisas. amitom 

sartyelSi ganivi daZabulobis gavlenis Seswavla kvanZis 

daZabul mdgomareobaze ganxorcielda calkeul kvanZebze, 

rogorc es gakeTda mocemul naSromSi K-seriis kvanZebis 

gamocdisas. 

− fasonuriT da WanWikebiT awyobili kvanZebiani milebis 

konstruqciis rRveva iwyeba misi erT-erTi kvanZis 

mzidunarianobis amowurviT, magram Cven mier ganxilul 

SemTxvevaSi wamwis mzidunarianobis amowurva moxda zeda 

sartyelis kedlis adgilobrivi mdgradobis dakargvis Sedegad, 

amave dros kvanZebis umravlesobam SeinarCuna saWiro simtkice. 

magram, milebiani wamwis mzidunarianoba pirvel rogSi 

ganisazRvreba kvanZuri SeerTebis simtkiciT. amasTan, rogorc 

gviCvena SemuSavebuli wamweebis konstruqciis eqsperimentulma 

gamokvlevebma, daSlis momentSi kvanZebis mzidunarianoba 30-

40%-iT naklebia gamoTvlilTan SedarebiT.     
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3. დასკვნა 

1. gaanalizebulia birTvuli reaqtorebis konstruirebisaTvis 

saWiro liTonebis struqturaze dasxivebis gavlenis 

Taviseburebebi; 

2. Seswavlilia maRali energiebis nawilakebis dasxivebis 

gavlena nakeTobaTa simtkiceze da mdgradobaze; 

3. gamovlenilia neitronuli dasxivebis moqmedebis Sedegad 

daRlilobasa da cocvadobis Tvisebebis cvlilebebs Soris 

kavSiri; 

4. Sedgenilia foladis SenadnobebisaTvis grafikebi, romlebic 

axasiaTeben denadobis zRvarsa da dasxivebis dozas Soris 

kavSirs; 

5. damuSavebulia dasxivebis Sedegad konstruqciebis optimalurad 

dagegmarebis gaangariSebebis meTodi; 

6. miRebulia diferencialuri gantolebebis Sedgenis zogadi 

meTodebi, misi gamartivebis xerxebi kerZo SemTxvevebSi. 

arawrfivi deformaciis pirobebSi wyvetilparametrebiani 

garsebisa da firfitebis gaangariSebisaTvis dasxivebis dros. 

7. Catarebuli eqsperimentis safuZvelze radiaqtiuri dasxivebis 

dros gamokvleulia kvanZebis daZabul mdgomareobaze bmul 

elementebSi gaWimvasa da kumSvis grZivi Zalebis sxvadasxva 

sididis da Tanafardobis gavlena; 

8. miRebulia wamwis mTeli konstruqciis maRali energiebis 

nawilakebis dasxivebis gavlena simtkicisa da deformirebis 

eqsperimenturi gamokvlevisas. 

9. miRebuli analizuri da eqsperimentuli Sedegebi mniSvnelovania 

reaqtorebis konstruqciebisa da misi Semadgeneli kvanZebis 

damuSavebis problemisTvis. 
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