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Sesavali  

 

birTvuli geofizika warmoadgens saZiebo geofizikuri meTodebis 

kompleqsis erT-erT axalgazrda dargs. igi SeiZleba pirobiTad or 

nawilad gaiyos: 1) radiometria da 2) qanebis Seswavlis birTvuli 

geofizikuri meTodebi; 

1) radiometria Seiswavlis bunebrivi radiaqtiuli izotopebis 

gamosxivebas. mas ekuTvnis savele-emanaciuri da gama meTodebis, rogorc 

miwis zeda, ise aeroagegmvis modifikaciebi. 

qanebis bunebrivi Cawolis SemTxvevaSi kvlevis radiometriuli meTodebi 

or jgufad SeiZleba gaiyos: 

a) savele radiometriuli meTodebi (radiometriuli agegmva), romelic 

gamoiyeneba qanebis radiaqtiulobis miaxloebiTi SefasebisaTvis da imis 

Sesaswavlad, Tu rogor icvleba radiaqtiuroba marSrutis, profilis an 

mocemuli asagegmi qselis gaswvriv; 

b) radiometriuli mosinjvis meTodebi, romelic gvaZlevs saSualebas 

qanebis bunebrivi Cawolis SemTxvevaSi (WaburRilebSi, SurfebSi, 

gaSiSvlebebze da sxva)  ufro zustad SevafasoT qanebis radiaqtiuroba; 

radiometriul meTodebs safuZvlad udevs madanTa ZiriTadi gamosvlebis 

da madnuri sxeulebis irgvliv arsebuli gabnevis gvirgvinis sxvadasxva 

saZiebo niSnebis aRmoCena da gamovlena. amasTan, sabadoTa umetesi 

raodenobis aRmoCena swored am gabnevis gvirgviniT xdeba xolme. 

mokled mimovixiloT gabnevis gvirgvinebis klasifikacia da 

mniSvnelovani Taviseburebani. 

ansxvaveben dRiur zedapirze arsebul  R i agvirgvinebs da zedapiridan 

garkveul siRrmeze warmoSobil d a x u r u l gvirgvinebs. 

genetikuri niSnebis mixedviT ki  ansxvaveben:  

a) pirvelad (endogenur) gvirgvinebs, romlebic madnuri sxeulis 

warmoSobasTan erTad  warmoiqmneba da 

b) meorad gvirgvinebs, romlebic warmoiSoba  madanTa an pirveladi 

gvirgvinebis rRvevis an gardaqmnis dros geologiuri Wrilebis miwispira 

nawilebSi. 

pirveladi gvirgvinebis elementuri Semadgenloba axloa TviT madanTa 

SemadgenlobasTan. maTi formebi madneul sxeulTa formebismsgavsia, 
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xolo zomebi ki mniSvnelovnad aRemateba Cawolili qanebis zomebs. 

mkveTrad daxril Cawolil qanebze aseTi  gvirgvinebi 100-200 m simaRleze 

vrceldeba, xolo siganeSi ki ramdenime aTeul metramde aRwevs. 

m e o r a d i   g v i r g v i n e b iSeiZleba warmoiSvas radiaqtiuli 

nivTierebebis da Tanamgzavri elementis  gadataniT myar, Txevad an 

gazisebur formebSi. radiaqtiuli nivTierebebis elementTa  Semcvelobis 

mixedviT advilad xdeba meoradi gvirgvinebis klasifikacia. 

m e q a n i k u r i    g v i r g v i n e b i– es aris madnuri sxeulis 

irgvliv ardebuli iseTi are, romelic dafarulia madnuri natexebiT. 

madnuri natexebiSeiZleba warmoiSvas qanTa fizikuri  gamofitvis 

SemTxvevaSi, Tu zedapirzearsebobs mdgradi mineralebis Semcveli 

nivTierebebi. 

uranisaseTi mdgradi mineralebis raodenoba ar aris didi. magram, 

rodesac fizikuri gamofitva ufro intensiuria, vidre qimiuri 

(polarul an maRalmTian raionebSi), meqanikuri gvirgvinebi SeiZleba 

warmoSvas iseTma naklebadmdgradma  uranis mineralebma, rogoricaa 

uraniniti da nasturani. dabolos, uranis meqanikuri gvirgvinebis 

warmoSoba SesaZlebelia iseTi uranSemcveli nivTierebebis meoradi 

dagrovebis xarjze, rogoricaa rkinis hidroJangi, marganeci, Tixovani 

mineralebi an organuli naerTebi. 

w y l i a n i    g v i r g v i n e b i warmoiSoba uranis, radiumis, 

radonis iseT miwisqveSa wylebSi gaxsnis Sedegad, romelic recxavs 

madnur sxeulebs. 

m a r i l o v a n i    g v i r g v i n e b i warmoiSoba wyalSi 

gaxsnili uranis qanebSi daleqviT, anda wylis aorTqlebiT. aseTi tipis 

marilebs meqanikurTan SedarebiT naklebi koncentracia aqvT, magram maTi 

zomebi  gacilebiT didia (Cawolili qanis sazRvridan ramdenime aTeuli 

metri). marilovani gvirgvinebis warmoSobaSi did rols TamaSobs 

zedapiruli gruntis wylebi  da klimaturi pirobebi. 

udabnosa da  naxevarudabnos raionebSi  atmosferuli naleqebi  Cadis 

ra qerqis  garkveul, arc Tu ise did siRrmeebze, ver aRwevs gruntis 

wylebs, isev amodis zedapirze da  orTqldeba.saboloodwyali qanidan 

recxavs urans. wylisaorTqlebis Sedegad urani ileqeba ra zedapirze, 

qmnis Ria marilovan gvirgvins. 
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piriqiT, Tu naleqebi sWarbobs  aorTqlebas, atmosferuli naleqebis 

nawili miwisqveSa dinebebis  saxiT, gadainacvlebs erTi adgilidan 

meoreze da Tan waritacebs daleqil nivTierebas wyalSi gaxsnili 

marilis saxiT. aseT SemTxvevaSi  Ria marilovani gvirgvini  iqneba an 

Zalian susti, anda saerTod  ar SeiniSneba. 

madnuri sxeulebis, anda  meqanikuri da marilovani  gvirgvinebis 

irgvliv daSlis gaziseburi produqtebis gabneva xels uwyobs gazuri 

gvirgvinebis warmoqmnas. 

Tu gvirgvinebi warmoSobilia mcire daSlis periodis mqone  Toronis an 

aqtinionis mier, is aswrebs madnuri qanidan 10-20 sm-ze  gavrcelebas, 

maSin roca, xangrZlivad cocxali radoni vrceldeba 4-5- metrze.iseTi 

stabiluri elementisgabnevis  gvirgvini ki, rogoricaa  heliumi, 

vrceldeba  ramdenime aseul metrze da ufro Sorsac. 

uranis madnis zedapirze gamosavalSi an Ria gvirgvinebSi uranis da 

radiumis maRali Semcveloba mcenareebSic daikvirveba da is 

b i o q i m i u r  g v i r g v i n a d iwodeba. 

dabolos, madnuri sxeulebis da maTi meqanikuri da marilovani 

gvirgvinebis  mier Seqmnili radiaqtiuli gamosxivebis veli miRebulia 

iwodebodes, rogorc r a d i a c i u r i   g v i r g v i n i. 

SesaZloa romelime raionSi arsebobdes droebiTi an mudmivi zedapiruli 

wylis dinebebi. Tu isini recxavs meqanikuri gvirgvinis gavrcelebis 

teritorias, maSin es dinebebi iwodebag a b n e v i s 

m e q a n i k u r    d i n e b e b a d.isini ZiriTadad daqanebul 

reliefebs axasiaTebs da aqvT  wagrZelebuli forma, romelic madnuri 

sxeulidan an  gvirgvinidan qvemoTaa mimarTuli, reliefis gaswvriv da 

aqvT mniSvnelovani sigrZe (ramdenime aseuli metri da zogjer 1-2 km-ic 

ki). 

analogiurad, gaxsnili marilebis gadataniT gruntis wylebis 

mimarTulebiT  warmoiqmneba gawelili m a r i l o v a n i   

d i n e b e b i.maTSi uranis koncentracia ar aris maRali, Tumca 

Tanabaria.swored gabnevis sxvadasxva tipis gvirgvinebis radiaqtiuli 

elementebis  Ziebas eyrdnoba  sxvadasxva savele radiometriuli meTodi: 

meqanikuri  da marilovani – gama agegmva, uranometria; gazur-emanaciuri 

agegmva; wyliani(radiohidrogeologiuri agegmva); bioqimiur-
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radiobioqimiuri agegmva; isic unda avRniSnoT, rom es SeTanadebebi 

pirobiTia, radgan bunebaSi madnur Cawolil qanebs gvirgvinebis 

sxvadasxva tipebi Seesabameba da agegmvis meTodebze erTdroulad 

ramdenime tipis gvirgvini moqmedebs. 

qanebis Seswavlis birTvul-geofizikuri meTodebi eyrdnoba  xelovnuri 

radiaqtiuri izotopebis gamosxivebis  urTierTqmedebas qanebTan da amis 

safuZvelze wyvets geofizikuri Ziebis  ZiriTad amocanas, romelic imaSi 

mdgomareobs, rom aRmovaCinoT da SeviswavloT,radiaqtiuri elementebis 

moWarbebuli  koncentraciis ubnebi, anu faqtobrivad aRmovaCinoT 

radiaqtiuri madnebi.  

birTvul meTodebs ekuTvnis  WaburRilebis kvleva, rogorc gama, ise 

neitronuli  meTodebiT, sxvadasxva amocanebis  gadawyveta aqtivaciuri, 

rentgenospeqtruli, birTvuli rezonansis da a.S. meTodebiT. 

birTvul-fizikuri meTodebi avsebs sxva  meTodebs da xSirad enacvleba 

Znelad Casatarebel  da ZviradRirebul meTodebs,kerZod qimiurs. raRa 

Tqma unda, birTvul meTodebsac gaaCniaT Tavisi nakli da SezRudvebi, 

magram sxvadasxva birTvul-fizikur meTods gaaCnia qvemoT CamoTvlili 

yvela an  zogierTi Tavisebureba, rac mas garkveuli amocanis 

gadawyvetisas aniWebs upirtatesobas: 

a) maRali mgZnobiaroba, romelic zogierT SemTxvevaSi aRwevs 10-8 

procents. 

b) eqspresiuloba – meTodebis umetesobisTvis analizis dro 

ganisazRvreba wuTis erTeulebiT an wuTis pirveli aTeulebiT,rac 

gvaZlevs saSualebas gamoviyenoT es meTodebi swrafadmimdinare 

procesebisas, magaliTad madnis gadamuSavebis an gamdidrebis dros. 

g)maRali sizuste da sxva elementebis SedarebiT mcire gavlena; 

g)analizis Catarebis SesaZlebloba qanebis bunebrivi Cawolis 

SemTxvevaSi (Surfebi, gaSiSvlebebi, WaburRilebi da a.S.). 

d) nivTierebis Sedgenilobis distanciuri  kontrolis  da analizis 

avtomatizaciis SedarebiT advilad Catarebis SesaZlebloba. 

 

 

r a d i a q t i u r o b i s    s a x e e b i 
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bunebrivi radiaqtiurobis movlena frangma mecnierma  a. bekerelma 1896 

wels  aRmoaCina, Semdeg ki am sakiTxebs ikvlevdnen pier da maria 

kiurebi. 

bunebrivi radiaqtiuroba warmoadgens zogierTi elementis atomTa 

birTvebis sxva elementebis birTvebad TavisTavadi gardaqmnis process, 

rasac Tan axlavs α , β da γ  gamosxiveba.     

       bunebriv radiaqtiur elementTa umravlesoba qmnis radiaqtiur 

ojaxebs, sadac yoveli radiaqtiuri elementi warmoiSoba winamdebarisgan 

da Tavis mxriv gardaiqmneba Semdeg elementad. radiaqtiur 

gardaqmnaTaprocesi grZeldeba manam, sanam warmoiqmneba elementis 

mdgradi izotopi. zogierTi bunebrivi radiaqtiuri elementisaTvis (

mSRbK 1528740 ,,  da sxva) daSla Semoifargleba gardaqmnis erTi rgoliT. 

    1934 wels mecnierebma iren da frederik  Jolio-kiurebma aRmoaCines, 

rom aluminis, boris da  marganecis  α  nawilakebis  dasxivebiT 

warmoiSoba fosforis, azotis da kremniumis  radiaqtiuri izotopebi. 

zemoaRweril nivTierebebs bunebrivi radiaqtiuri izotopebi ar gaaCniaT. 

      SemdgomSi, α  nawilakebiT, protonebiT, deitronebiT da 

neitronebiT stabiluri elementebis dasxivebis gziT miRebuli iqna 

yvela qimiuri elementis izotopebi,  dawyebuliwyalbadidan uraniT 

damTavrebuli. amasTan, elementTa umetesobisaTvis miRebulia ramdenime 

radiaqtiuri izotopi. 

aqedan gamomdinare, garda bunebrivi radiaqtiurobisa, arsebobs 

mecnierebis mier miRebuli xelovnuri radiaqtiurobac, romelic 

axasiaTebs birTvuli reaqciebis  Sedegad miRebul izotopebs (kiurebis 

mier  aRmoCenili efeqti). 

arsebobsqanebis radiaqtiuroba, romelicganpirobebulia maT 

SedgenilobSi arsebuli  radiaqtiuri elementebiT, ZiriTadad U238 -is,  

U235 -isa da   Th232 -is radiaqtiuri mwkrivebis wevrebiTa da K40
-iT. sxva 

radiaqtiuri izotopebi ( Rb87 , Nd150 , In115 , La138 , Re187 , mS147 da sxva)  arsebiTad 

ar axdens did gavlenas qanebis radiaqtiurobaze, vinaidan maTi naxevrad 

daSlis periodi sakmaod didia – 10 9 –dan 10 12 –wlamde, xolo 

gamosxivebis energia Zalze susti.  
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radiaqtiuri elementebis koncentraciaqanebSi metad mcirea. magmur 

qanebSi radiaqtiuri elementebi ZiriTadad aqcesoruli mineralebis 

(orTiti, cirkoni, monaciti, apatiti, sfeni da sxv.) SedgenilobaSia, 

gvxvdeba Tavisufali Jangeulebis saxiTac (uraniniti  UO2  da 

ToriantiThO2). niadagSi  Th –is Sefardeba  U-Tan metia, vidre  am 

niadagebis dedaqanebSi, rac am ori elementis migraciis  sxvadasxva 

unarzea damokidebuli.   

Rrma zRvebis axalgazrda naleqebSi aRniSnulia ioniumis ( U238 -is 

radiaqtiuri mwkrivis wevri Th –is izotopi)  momatebuli Semcveloba mis 

wonasworul DSemcvelobasTan SedarebiT, rac gamowveulia uranTan 

SedarebiT ioniumis naklebi xsnadobiT.     

wylis radiaqtiurobaganpirobebulia  wyalSi arsebuli im radiaqtiuri 

elementebiT, romlebic masSi Sedis atmosferodan, agreTve niadagidan da 

qanebidan gamorecxvis Sedegad. 

wyalSi gvxvdeba rogorc bunebrivi radiaqtiuri ( K40 , Rn222 , Ra226 , U238 da 

sxva), ise xelovnuri izotopebi (ZiriTadad Sr90 , Y90 , da Cs137 ). Bbunebrivi 

radiaqtiuri izotopebis  Semcveloba wylebSi metad cvalebadia da 

damokidebulia am ukanasknelTa genezisze. 

 xelovnuri radiaqtiuri izotopebi wylebSi ZiriTadad atmosferodan 

(birTvuli afeTqebebis Sedegad warmoqmnili xelovnuri izotopebi) an 

radioqimiuri sawarmoebis mier dabinZurebuli wylebidanSemodis. 

radoniTa da radiumiT   gamdidrebul bunebriv radiaqtiur wylebs aqvs 

samkurnalo Tviseba (kurortebi:wyaltubo, piatigorski, macesta da sxva). 

 

 

 

radiaqtiuri gardaqmnebis tipebi:α , β  daγ daSla.  

Gganzomilebis ZiriTadi erTeulebi. 

 

radiaqtiuroba ewodeba zogierTi izotopis birTvebis TavisTavad 

daSlis process.  daSlis dros mZime elementis birTvi gardaiqmneba 

ufro martiv da msubuq elementad. TviTon atomi ki gadadis 

energetikulad ufro mdgrad mdgomareobaSi. 
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radiaqtiurobis ZiriTadi arsi mdgomareobs ZiriTadad didi sicocxlis 

xangrZlivobis agznebul (metastabilur) mdgomareobSi myofi atomuri 

birTvis Sedgenilobis TavisTavad cvlilebaSi; birTvebis aseT 

gardaqmnas Tan sdevs elementaruli nawilakebis an sxva birTvebis, 

magaliTad He4
2  birTvebis (α  nawilakebis)  gamosxiveba (nax. 1). 

 

 

 

 

Nnax. 1 

 

 

 

Yyvelacnobili radiaqtiuri gardaqmna mikrosamyarosaTvis 

damaxasiaTebeli fundamenturi urTierTqmedebis Sedegia. Zlieri 

uerTierTqmedebebi (birTvuli Zalebi) iwveven gardaqmnebs, romlebsac Tan 

sdevs birTvuli nawilakebis, mag. α  nawilakebis, protonebis an  birTvis 

gaxleCvis produqtebis gamosxiveba. 

susti urTierTqmedeba vlindeba birTvebis β  daSlisas. 

eleqtromagnituri urTierTqmedeba iwvevs qvantur gadasvlebs  erTi da 
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imave birTvis sxvadasxva mdgomareobas Soris da ganapirobebs γ  

gamosxivebas. es gadasvlebi ar iwvevs birTvebis ASedgenilobis 

cvlilebas da amitom, Tanamedrove klasifikaciiT, radiaqtiur 

gardaqmnebs ar miekuTvneba. 

  radiaqtiurobisgan unda ganvasxvavoT Sedgenili birTvebis gardaqmnebi, 

romlebic miiReba birTvuli reaqciebis dros birTvsamizneebis mier 

maTze  dacemuli birTvuli nawilakis STanTqmis Sedegad. 

radiaqtiurobis yvela cnobili saxe SeiZleba or  jgufad daiyos: 

elementarul (erTsafexurian)  da rTul (orsafexurian)   gardaqmnebad. 

 Ppirvel jgufs miekuTvneba: 1) alfa-daSla (Nnax. 2); 2) beta-daSla (beta-

daSlis yvela varianti, romelsac Tan axlavs  eleqtronis, an 

pozitronis gamosxiveba an orbituli eletronis CaWera) (nax. 3). 

 

 

 

Nnax. 2. 𝛼𝛼daSla 
 
 
 

 

 

Nnax.3. 𝛽𝛽daSla 
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orsafexurian radiaqtiur gardaqmnebs miekuTvneba e.w. dagvianebuli 

nawilakebis: protonebis, neitronebis, α  nawilakebis da dagvianebuli 

spontanuri daSlis procesebi. 

daSlis dros mZime elementebis birTvi gardaiqmneba ufro martiv da 

msubuq elementad. TviTon atomi ki gadadis energetikulad ufro mdgrad 

mdgomareobaSi,e.i. radiaqtiuli daSlis dros gamosxivdeba  α , β da γ  

sxivebi. 

α -sxivebi warmodgens heliumis atomis birTvsN(nax.4).; β  - eleqtronebis 

nakadia;γ  - ki mokletalRiani eleqtromagnituri gamosxivebaN(nax.5); 

 

 

Nnax.4. heliumis atomis birTvi 

 

 

 

 

 

Nnax.5. 𝛾𝛾გამოსხივება 
 

am CamoTvlili gamosxivebidan mxolod  α  da β   gamosxivebis dros 

xdeba izotopis birTvis gardaqmna sxva izotopad.γ gamosxiveba ki Tan 

sdevs daSlis process.  
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α daβ   gamosxivebis dros agznebuli birTvi gadadis energetikulad 

ufro xelsayrel  mdgomareobaSi da gamoasxivebs Warb energias γ  

qvantis saxiT. 

α -  daSlis dros atomis birTvidan  α  nawilaki, anuheliumis atomis 

birTvi amoityorcneba. misi muxti2 erTeulis tolia(Z =2),  xolo masuri 

ricxvi   A=4.heliumis atomis birTvi aseCaiwereba: 4
2 He . 

α -  daSlis magaliTad SeiZleba davasaxeloT element radiumis daSla, 

romelic gardaiqmneba radonad da heliumis atomis birTvad. 

4
2

222
86

226
88 HeRnRa +→→α  

vinaidan axladwarmoqmnil elements akldeba ori muxti, isperiodul 

sistemaSi ori ujrediT marcxnivgadainacvlebs, masuri ricxvi ki  

Semcirdeba 4 erTeuliT. 

 Ees wesi 1913 wels aRmoCenili iyo kaensis da sodis mier da mas 

gadanacvlebis wesi uwodes.igi uSualod gamomdinareobs atomis 

agebulebis Teoriidan. Aam wesis Tanaxmad SesaZlebelia izotopebis 

arseboba. maSasadame, izotopebi iseTi elementebia, romelTac erTi da 

igive adgili ukavia periodul sistemaSi, magram gansxvavebuli aqvT 

atomuri masebi. 

β daSla protonebisa da neitronebis TavisTavadi urTierTgardaqmnaa, 

romelic mimdinareobs  birTvSi.mas Tan sdevs eleqtronebis (e-)an 

pozitronis (e+) da neitrinos ( eν ) an antineitrinos ( eν
~
) STanTqma an 

gamosxiveba. 

eleqtroni da pozitroni daaxloebiT erTnairi masis nawilakebia 

𝑚𝑚=0.9035∙10-27gr, magram aqvT gansxvavebuli niSani.  

−β daSlis magaliTad SeiZleba davasaxeloT  𝐾𝐾-s radiaqtiuri izotopis   

40
19 K -is daSla: 

40
19 K −− +→→ ββ 40

20 Ca  

−β daSlis dros atomis birTvSi xdeba rTuli procesi - neitroni 

gardaiqmneba protonad  da ganTavisuflebuli  gamaneitralebeli 

uaryofiTi muxti, eleqtronis saxiT, amoityorcneba. Aam dros 

protonebis raodenoba matulobs, amitom matulobs rigiTi numeric. 
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masuri ricxvi ki ucvleli rCeba, vinaidan  eleqtronis masa birTvis 

masasTan SedarebiT  usasrulod  mcirea. 

+β daSlis magaliTad SeiZleba davasaxeloT  element Na-s radiaqtiuri 

izotopis   daSla: 

22
11 Na ++ +→→ ββ 22

10 Ne  

am dros atomis birTvSi xdeba rTuli procesi. Aaq protoni neitronad 

gardaiqmneba, pozitroni amoityorcneba birTvidan da birTvis muxti erTi 

erTeuliT klebulobs. 

      mesame tipis daSlaa, rodesac atomis birTvis mier xdeba 

eleqtronis  CaWera romelime Tavisive orbitidan.Aam SemTxvevaSic masa 

da birTvis muxtic iseve icvleba, rogorc β  daSlis dros.  Aam process 

ewodeba eleqtronuli motacebis procesi. aseT SemTxvevaSi atomisnomeri 

mcirdeba erTi erTeuliT, reaqciis energia ki miaqvs an neitrinos da 

zogierT SemTxvevaSi ki γ   gamosxivebas. magaliTad: 

40
19 K γν ++→+ − 40

18Are  

Tuki eleqtronul orbitaze arsebobs Tavisufali adgili da am adgils 

ikavebs sxva eleqtroni, es procesi xasiaTdeba reaqciis produqtiT – 

elementis maxasiaTebeli rentgenuli gamosxivebiT. 

orbitebidanEeleqtronebis mitaceba (CaWera) K, Lda a.S. iwodeba K-CaWerad,   

L - CaWeradda a.S. 

meoTxedaSlaa zogierTi mZime birTvebis ( ThU 232238 , ) TviTneburi gayofa 

or, ufro xSirad, araTanabar nawilad. aseT SemTxvevaSi gayofis 

natexebis garda  gamosxivdeba ori an sami neitroni, xandaxan ki sxva  

nawilakebic. Aaxladwarmoqmnili birTvebi, rogorc wesi, ar aris 

stabiluri da iSleba β  nawilakis gamosxivebis gziT. 

birTvuli geofizikisTvis sainteresoa e.w. dagvianebuli neitronebi, 

zogierTi dayofis produqtebis Tanmxlebi β  daSla, magaliTad: 

                    98%87𝐾𝐾r +𝛽𝛽− +𝜈̅𝜈 

Br87
 

                     2%86𝐾𝐾r +𝛽𝛽− +𝜈̅𝜈+0𝑛𝑛1  
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N   nax.6  

aseTi neitronebis registracia gamoiyeneba qanebSi uranis gansazRvris 

meTodebSi. 

     mexuTe tipis daSla – erTi an ori protonis gamosxiveba,a romlis 

drosac masa da muxti  mcirdeba erTi an ori erTeuliT. aseTi daSla 

SeimCneva iseT xelovnur radiaqtiul izotopebSi, romelTac axasiaTebT 

neitronebis gadsakuTrebuli deficiti. magaliTad: 

pArCa 231
18

33
20 +→  

meeqvse tipis daSla - ori eleqtronis gamosxivebaa anu 2 −β daSla; 

   meSvidetipis daSla aris daSla neitronebis gamosxivebiT. 

   mervetipis daSla izomeruli gadasvlebia. 

xandaxan radiaqtiur daSlebs ganekuTvneba aseve metastabiluri 

(SedarebiT mdgradi, agznebuli) mdgomareobidan ZiriTad mdgomareobaSi 

gadasvla erTian ramdenime γ  qvantis gamosxivebiT. Aam SemTxvevaSi 

birTvuli gardaqmnebi (birTvis muxtis an masis cvlilebis 

TvalsazrisiT) ar xdeba. Mmagram aqtiuri (metastabiluri) birTvebis 

ricxvebis Semcirebis kanoni emTxveva radiaqtiuri daSlis kanons, ris 

gamoc am process izomeruli  gadasvlebi ewodeba. is ganekuTvneba 

radiaqtiurobis gansakuTrebul tips. 

agznebuli birTvi – romelime XA  - elementis  izomeri aRiniSneba ase: 

XAm . izomerebi,rogorc wesi, miiReba birTvebis  agznebiTbirTvuli 

nawilakebis bombardirebis Sedegad, anda xandaxan zogierTi birTvis 

daSlisas, rogorc Sualeduri produqti. 

magaliTad, UX1–is daSlisas garda  )(234 UZPa  izotopisa, warmoiSoba misi  

izotopi )( 2
234 UXPam , romelsac aqvs  naxevardaSlis gansxvavebuli 

periodi. 

rogorc wesi, radiaqtiuri elementebi iSleba  zemoT CamoTvlili 

romelime gziT. amasTan, bevri  maTgani iSleba ara marto romelime 

erTisaxis daSlis mixedviT, aramed ganicdis daSlis ramdenime saxes. 

magaliTad,  Ra226   96%-Si gardaiqmneba Rn222 , gamoasxivebs ra α  nawilaks, 

romlis energia 4.9  mev-ia(Mev). Ddaikvirveba radiumis gadasvla radonSi 

α  -s ori nawilakis gamosxivebiTac, romelTa energiebia 4.7 Mevda   0..2  

Mev. 
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ev (eleqtronvolti) aris energia, romelsac eleqtroni SeiZens velis 

iseT or wertils Soris gadaadgilebisas,  sadac potencialTa sxvaoba 1 

voltis tolia. 

zogierTi radiaqtiuri elementi daSlisas warmoqmnis or an met axal 

elements. magaliTad, K40  atomebis 12% ganicdis K-CaWeras da 

gardaiqmneba argonis Ar40  atomad.Aam process Tan axlavs 1.46  Mev 

energiisγ  qvantis gamosxiveba. K40 elementis danarCeni 88% ki β nawilakis 

gamosxivebiT gadadis Ca40 -is atomebSi. 

xelovnuri radioaqtiuri elementebis daSlas, rogorc wesi, Tan axlavs 

eleqtronebis (an pozitronebis) da γ  sxivebis gamosxiveba. 

 

radiaqtiuri mwkrivebi 

 

radiaqtiuri mwkrivebi, anu radiqtiuri ojaxebi aris genetikurad 

erTmaneTTan dakavSirebuli  izotopebis jgufebi, romlebSic  yoveli 

momdevno wevri warmoqmnilia wina wevrisagan misi α an β  daSlis 

Sedegad. Yyoveli radiaqtiuri mwkrivi iwyeba  yvelaze ufro didi 

naxevardaSlis periodis T1/2mqone sawyisi izotopiT da mTavrdeba 

mdgradi izotopiT.   

Tu birTvi asxivebs  α  nawilakebs, maSin misi muxti (Z) mcirdeba 2-iT, 

xolo masuri ricxvi   (A) 4-iT. β nawilakebis gamosxivebisas Zizrdeba 1-iT, 

xolo masuri ricxvi  (A)ar icvleba. Tu mocemuli izotopis masuri 

ricxvi iyofa unaSTod 4-ze, maSin aseTi masuri ricxvi SeiZleba 

gamovsaxoT zogadi formuliT: 4n (sadac n mTeli ricxvia). im SemTxvevaSi, 

Tu 4-ze gayofisas gvrCeba naSTi 1,2,3, maSin masuri ricxvebis zogadi 

formulebi SeiZleba ase Caiweros: 4n+1, 4n+2, 4n+3. am formulrbis 

Sesabamisad ganasxvaveben 4 radiaqtiur mwkrivs, romelTa sawyisi 

izotopebia: Th232
90 (mwkrivi 4n); Np237

93 (mwkrivi 4n+1); U238
92 (mwkrivi 4n+2) da U235

92

(mwkrivi 4n+3). 

radiaqtiur mwkrivebs, maTi sawyisi izotopebis saxelis mixedviT, 

uwodeben: Toriumis (nax. 7), uranis ( U238
92 ) (nax. 8), aqtinouranis ( U235

92 ) (nax. 

9) da neptuniumis (nax. 10) radiaqtiur mwkrivebs. 
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zogjer ( U238
92 ) mwkrivs uwodeben uran-radiumis mwkrivs. cxadia, rom erTi 

radiaqtiuri izotopi Sedis mxolod erT  garkveul radiaqtiur 

mwkrivSi. bunebaSi arsebobs  Toriumis, aqtinouranis da uran-radiumis 

mwkrivebi (bunebrivi radiaqtiuri mwkrivi). es dakavSirebulia imasTan,  

rom maTi naxevrad daSlis periodi  

Th232
90 (T1/2=1,41 ∗ 1010 w), U235

92  (T1/2=7,13 ∗ 108 w) da U238
92 (T1/2=4,51 ∗ 109 w) dedamiwis 

asakis Tanazomadia. Bbunebrivi radiaqtiuri  mwkrivi mTavrdeba tyviis 

mdgradi izotopebiT: L Pb208
82 , Pb207   da Pb206 . 

neptuniumis Np237 naxevrad daSlis periodia 2,14 ∗ 106 w. amis gamo 

neptuniumi da misi radiaqtiuri mwkrivis wevrebi bunebaSi ar moipoveba.  

yvela isini miRebulia xelovnurad. 

Np237 mwkrivi mTavrdeba Bi209
83  mdgradi izotopiT. yoveli radiaqtiuri 

mwkrivi Seicavs rogorc didi  sicocxlis  mqone, aseve mcire sicocxlis 

mqone izotopebs. 

bunebrivi radiaqtiuri   mwkrivis wevrTa umravlesobas aqvs specifikuri 

saxelwodeba da simbolo. magaliTad, izotops Th230  ewodeba ioniumi 

(simbolo I0) da a.S. es saxelwodebebi  warmoiSva istoriulad izotopis 

cnebis Semotanamde. 

zogierTi izotopi (radiaqtiuri mwkrivis  wevrebi) iSleba ara erTi 

gziT (α  da β  daSla), aramed  oriT. aseTi izotopebis birTvebi erT 

SemTxvevaSi  gamoasxivebsα  -nawilaks, xolo meore SemTxvevaSi - β

nawilaks. M mag.: Ac227
89  aqtinouranis mwkrivSi 1000-dan 988 SemTxvevaSi 

ganicdis α  - daSlas, xolo 12  SemTxvevaSi - β  daSlas. TiToeuli gzis 

mixedviT  daSlis albaToba xandaxan procentis saxiTac Caiwereba. 

A 
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Nnax.7.  Toriumis mwkrivi 
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Nnax. 8. uranis mwkrivi 
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Nnax.9. Aaqtinouranis mwkrivi 
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Nnax.10. Nneptuniumis mwkrivi 

 

 

 

radiaqtiuri foni 

 

bunebrivi da xelovnuri radiaqtivobis done biogenocenozis pirobebSi  

iwodeba radiaqtiur fonad. bunebrivi radiacia qmnis e.w. bunebriv 

radioaqtiur fons, romelSic igulisxmeba kosmosuri, niadagis, wylis,  

haerisa da sxvadasxva nagebobaSi arsebuli  radiaqtiuri elementebis 
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maionizirebeli gamosxiveba, romelic garemodan moqmedebs organizmze. 

masve ekuTvnis organizmis Sinagani dasxiveba bunebrivi warmoSobis iseTi 

radiaqtiuri  nivTierebebis xarjze, rogoricaa kalium – 40, urani da 

Toriumi, agreTve maTi daSlis produqtebi radiumis CaTvliT. 

adamianisTvis es doza weliwadSi saSualod Seadgens 0,12- 0,13 rads. es 

iTvleba usafrTxo dozad.  

unda vifiqroT, rom kacobrioba dasabamidan Seegua bunebriv radiaciul 

fons, magram Cvens droSi ekologiuri saSiSroeba gaizarda  radiaciis 

xelovnuri wyaroebis(atomuri iaraRis gamocdis Semdeg warmoqmnili  

radiaqtiuri naleqebis, samedicino da teqnikuri miznebisaTvis 

gamoyenebuli aparaturis, amaCqareblebis, mnaTciferblatiani saaTebisa 

da sxv.) gaCenasTan dakavSirebiT, ramac bunebaSi arsebuli 

maionizirebeli  gamosxivebis done gazarda. 

sicocxle dedamiwaze Caisaxa da viTardeba radiaciuli fonis pirobebSi. 

amitom SeiZleba vifiqroT, rom radiaciis bunebrivi done ara marto 

spontanuri mutaciebis gamovlenis erT-erTi mizezia,  aramed florisa 

da faunis evoluciis aucilebeli faqtoric. 

 

 

rentgenis sxivebi 

 

1895 wels germanelma mecnierma vilhelm konrad rentgenma aRmoaCina 

gamosxiveba, romelsac𝑋𝑋sxivebi uwoda. esaris eleqtromagnituri 

maionizebeli  gamosxiveba, romelsac ukavia speqtruli are γ  

gamosxivebasa da ultraiisfer gamosxivebas Soris da Seesabameba talRis 

sigrZe 10-4A0-dan  103A0-mde (10-12 sm-idan 10-5-mde) intervalSi. 
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Nnax. 11 

 

rentgenis gamosxivebas, romelTa talRis sigrZe λ 2A0 pirobiTad 

uwodeben xists,rentgenis sxivebis im  gamosxivebas  ki romelTa λ 2
0
A - 

rbils. rentgenma  ara marto aRmoaCina es sxivebi, aramed Seiswavla 

kidec is da Seqmna rentgenis gamosxivebis pirveli wyaroebi – rentgenis  

milakebi. 

rentgenma aRmoaCina, rom xisti rentgenis sxivebi gadis zogierT 

masalasa da adamianis sxeulis rbil qsovilebSi. 

20-iani wlebidan daiwyo rentgenuli speqtrebis gamoyeneba  nivTierebis 

elementuri analizisaTvis,xolo 30-iani wlebidan nivTierebis 

eleqtronuli energetikuli struqturis sakvlevad. 

rentgenis sxivebis yvelaze gavrcelebuli wyaroa rentgenis 

milaki.rentgenis sxivebis wyarod iyeneben agreTve zogierT radiaqtiur 

izotops. izotopuri wyaroebi rentgenis  milakebTan SedarebiT 

ramdenime rigiT ufro susti intensiurobis gamosxivebas iZleva, magram 



 22 

maTi zomebi, masa da Rirebuleba mniSvnelovnad naklebia, vidre 

rentgenis milakebiani danadgarebisa. 

rentgenis sxivebis spetris saxe damokidebulia maTi warmoSobis 

meqanizmze. speqtri SeiZleba  iyos uwyveti (muxruWa) an xazovani 

(maxasiaTebeli). 

kosmosidan mosul rentgenul sxivebs moaqvs informacia kosmosuri 

sxeulebis qimiur Semadgenlobasa da kosmosSi mimdinare fizikuri 

procesebis Sesaxeb. am movlenebs rentgenuli astronomia Seiswavlis. 

rentgenis sxivebis sazomia rentgeni.es aris  rentgenisa da gama-

gamosxivebis eqspoziciuri dozis sistemis gareSe erTeuli, romelic 

ganisazRvreba haerze maTi maionizirebeli gamosxivebis zemoqmedebis 

mixedviT da aRiniSneba R-iT. erTi R arisrentgenis, anu gama-gamosxivebis 

iseTi eqspoziciuri doza,romlis drosac misi Sesabamisi korpuskuluri 

(e.i. eleqtronebis) gamosxiveba 0, 001293 g haerSi (normalur pirobebSi, 

anu 00C da 760 mm  vercxlis wylis  svetis  wnevis dros 1 sm3  haerSi)  

imden ions warmoqmnis, rom maTi jamuri muxti tolia TiToeuli niSnis 

eleqtrobis raodenobis eleqtrostatikuri erTeulisa. erTi rentgenis 

tol dozas Seesabameba 91008.2 ×  wyvili ionis warmoqmna 1 sm3 haerSi an 

121061.1 × wyvilisa 1 gr. haerSi. erTeulTa saerTaSoriso sistemaSi 

eqspoziciuri dozis erTeulia kuloni/kilogramze 

41057976.21 −×=R k/kg 

rodesac  haeris molekulebis ionizaciis saSualo energia 33≈  ev-ia. 1R 

eqvivalenturia 85 erg/gr-is. am sidides uwodes rentgenis fizikuri 

eqvivalenti. 

1 ziverti udris 100 rentgens. 

radiaqtiuri gardaqmnis kanonis Tanaxmad 1 wamSi daSlili radiaqtiuri 

izotopis ricxvi tolia .Nλ  

Tu gaviTvaliswinebT, rom: 

λλ
693.02ln ==T  

maSin izotopis birTvTa is raodenoba, romelic Seesabameba 1 kiuris, 

SeiZleba  ganisazRvros formuliT: 

TN
693.0

107.3107.3 1010 ×
=

×
=

λ
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xolo izotopis is masa (gramebSi), romelic gamoasxivebs am 

radiaqtiurobas, tolia: 

MT
A

NMmn
141086.8 −×==         (1), 

sadacM aris izotopis fardobiTi masa,  A= 2310023.6 × avogadros ricxvia, 

xolo T – izotopis naxevardaSlis periodi. 

elementisfardobiTi atomuri masa unda gavigoT ase: es aris bunebrivi 

izotopuri Sedgenilobis elementis  atomis saSualo masis fardoba C12

nuklidis atomis 
12
1
- Tan. 

(1) formulidan Cans, rom 1 kiuris aqtivobis Sesabamisi radiaqtiuri  

elementis masa naxevardaSlis periodis gazrdasTan erTad izrdeba. 

magaliTad, Tu  poloniumisTvis (T=138 dRe).es masa 0,22 mg da 

radiumisTvis (T=1590  weli) erTi welia, uranisTvis (T= 91049.4 × weli) is 

udris 3 aTaswleuls. 

       praqtikaSi gamoiyeneba kiurisgan warmoebuli erTeulebi: 

milikiuri (10-3 k);  mikrokiuri (10-6 k) da nanokiuri  (10-9 k).1 pikokiuri 

udris 10-12 kiuris. 

zogierT nivTierebebSi  radiaqtiuri elementis koncentraciis erTeulia 

kiuri/kg  an misi warmoebulebi  kiuri/gr  da a.S.  aseve kiuri/m3da misi 

warmoebulebi. 

radonis da sxva gazobrivi radiaqtiuri elementebis koncentracia 

gamoisaxeba Semdeg  erTeulebSi: kiuri/litrze (k/l) da emanebSi.  erTi 

emani tolia 10 -10k/l=10 -7k/m3. 

qanebisγ  aqtivobis Sesafaseblad gamoiyeneba erTeuli - radiumis gram-

eqvivalenti (gr.-eqv.), romelic Seesabameba nebismieri  radiaqtiuri 

nivTierebis iseT raodenobas, romlis γ  gamosxiveba  1 grami radiumis γ  

gamosxivebis  intensivobis eqvivalenturia, Tu radiumi moTavsebulia 0,5 

mm sisqis platinis filtrSi.  

praqtikuli  gamoyenebis TvalsazrisiT es erTeuli friad 

gamosayenebelia, Tumca misi ricxobrivi mniSvnelobebi damokidebulia 

imaze, Tu ramdenad Tavsebadia gasazomi γ  gamosxivebis speqtraluri 

Semadgenloba  etalonis – radiumis γ   gamosxivebis speqtrTan; aseve 

damokidebulia gamzomi aparaturis individualur Taviseburebebze. 
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medicinaSi ziriTadad gamoiyeneba dasxivebis dozis erTeulebi. 

faqtobrivad es gvaZlevs saSualebas raodenobrivad Sefasdes 

radiaqtiuri gamosxivebis moqmedeba dasxivebul garemoze.  

STanTqmuli dozaganisazRvreba, rogorc nebismieri saxis gamosxivebis 

energia, romelic nebismieri nivTierebis erTeulovani masiT STainTqmeba. 

is izomeba jouli/kg an ergi/gramze. aseve gamoiyeneba erTeuli rad-i, 

romelic udris 100 ergi/gr, an 10 -2 jouli/kg. 

erTeulovan droSi STanTqmul dozas ewodeba STanTqmuli dozis 

simZlavre  da izomeba rad/wm an mis warmoebulebSi: rad/sT, mrad/wT da 

a.S. 

mocemuli nivTierebis da gamosxivebis  speqtris STanTqmuli energia 

gamosxivebis  intensivobis (nakadis) proporciulia. iTvaliswineben ra am  

faqts, rentgenis da γ  gamosxivebis intensivobis  dasaxasiaTeblad (3 

megaeleqtronvolti energiiT) xSirad iyeneben STanTqmul dozas an (rac 

fiqsirebuli nivTierebisTvis erTi da igivea) haerSi maionizirebel 

urans. STanTqmis dozis (haerSi γ gamosxivebisaTvis) aseT kerZo 

SemTxvevas  uwodeben gamosxivebis eqspoziciur dozas(an dozas). es 

aris gamosxivebiT warmoSobili, erTi niSnis ionebis jamuri eleqtruli 

muxtis fardoba mSrali haeris im masasTan, romlis mierac is aris 

STanTqmuli. 

erTeul droSi warmoSobili gamosxivebis dozas ewodeba dozis 

simZlavre da gamoisaxeba  rentgeni/sT, anda warmoebul erTeulebSi: 

milirentg/sT, mikrorentgeni/sT. 

birTvul geofizikaSi γ  gamosxivebis  intensivobis SefasebisaTvis, 

gamosxivebis speqtrisagan damoukideblad, farTodD gamoiyeneba dozis 

simZlavris erTeuli mkrentg/sT. amasTan, sruliad Segnebulad ar aqceven 

yuradRebas fizikuri arsis zogierT Seusabamobas dozis simZlavris da 

γ   gamosxivebis  intensivobis gansazRvris arsebs Soris. 

Tu γ  sxivebis paraleluri konebisTvis intensivoba ganisazRvreba im 

energiis raodenobiT, romelic drois erTeulSi gadis nakadis 

mimarTulebis perpendikularul 1 sm2  ganikveTis farTSi,maSin  dozis 

simZlavre xasiaTdeba im energiis raodenobiT, romelic drois erTeulSi 

STainTqmeba haeris moculobiT. 
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rogorc aRiniSna, es sidideebi erTmaneTis proporciulia (daSesabamisad 

SegviZlia visargebloT dozis simZlavris erTeuliT γ  gamosxivebis 

intensivobis gasazomad) mxolod im SemTxvevaSi, Tu  sakvlevi 

gamosxivebis speqtri mkacr TanxvdenaSia im etalonuri wyaros speqtrTan, 

romlis daxmarebiTac moxda aparaturis dagraduireba. Tumca,γ kvantis 

energiis yovel intervalSi (3 megavoltamde) doza daaxloebiT 

intensivobisproporciulia, im SemTxvevaSic ki, rodesacxdeba  

gamosxivebis speqtris odnavi cvlileba. 

NHmagaliTad, Tu visargeblebT im ionTa   

wyvilebis  saSualo ricxvTa eqsperimentuli 

3mrudidamokidebulebiT, romelic warmoiSva γ  

2akliakvantebis haerSi 1 sm manZilis gavliT, γ  

kvantebis energiidan SesaZloa gamoiTvalos, 

0,250rom dozis simZlavre 8105 −×  rent/sT  

0EE𝜈𝜈Seesabameba 2.5megaeleqtronvolts (mgev),  

0,07512e.ienergiis mqone daaxloebiT 20 γ   kvantis 

NhaerSi warmoSobili       gavlas 1 wamSi 1 sm 2 ganivkveTis farTSi 

N HionTa wyvilis          da 0.5 mgev energiis 100 γ  kvantis gavlas, e.i 

 saSualo ricxvis          praqtikulad, erTidaigive jamuri 50 mgev 

damokidebulebaγ          energias. Seesabameba. 

kvantis υE  energiaze.N A   amgvarad, Tu gamoiyeneba gazuri  

ganmuxtvis mTvlelebi msubuqi kaTodebiT, 

gamosxivebis energia proporciuli iqneba dozis simZlavrisa. amasTan is 

ar iqneba damokidebuli γ  kvantebis energiaze misicvlilebis  

diapazonSi 0.05-dan 2..2 mgev-mde. 

sxva  SemTxvevebSi, γ  gamosxivebis intensivobis gazomvis Sedegebi, 

gamosaxulimkrentg/sT-Si,pirobiTia da SesaZloa gamoyenebuli iqnas 

mxolod eraTidaigive tipis  xelsawyoebis maCveneblebis Sesadareblad. 

radiaqtiurobis erTeulia kiuri, rezerfordi da sxva. Tumca,  

ZiriTadad iyeneben kiuris. 

elementebis absoluturi radiaqtiuroba fasdeba 1 wamSi daSlis 

ricxviT (daSla/wm) da kiuris erTeuliT. 
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erTi kiuri nebismieri radiaqtiuri izotopis is raodenobaa, romelSic 1 

wamSi saSualod 10107.3 ×  daSla xdeba. 

       rogorc zemoT avRniSneT, iyeneben radiaqtiurobis sazom erTeuls 

– rezerfordsac.  rezerfordi  radiaqtiur nimuSsa da wyaroSi 

nuklidebis (radiaqtiuri izotopebis) aqtiurobis sistemgareSe 

erTeulia. 

        rezerfordis saerTaSoriso aRniSvnaaRd. rezerfords 

gansazRvraven, rogorc nebismieri nuklidis  aqtivobas, romelic tolia 

mocemuli nuklidis daSlis 106 aqtisa 1 wamSi. 1 rf = 106 bk (bekerels)=

3700
1

 kiuris. 

bekereliradiaqtiurobis erTeulia da 1 wm-Si 1 daSlas udris. 

 

 

radiaqtiuri gardaqmnis ZiriTadi kanonebi. mdgradi da moZravi 

radiaqtiuri wonasworoba. 

 

eqsperimenti gviCvenebs,  rom  radiaqtiuri daSla ise mimdinareobs, rom 

usasrulod mcire  dt drois monakveTSi dN elementis daSlili birTvebis 

raodenoba proporciulia  N –is birTvTa  im raodenobisa, romelic t 

momentisaTvis ar aris daSlili: 

NdtdN λ=− (1) 
sadacλ proporciulobis koeficientia da gviCvenebs drois erTeulSi 

birTvis daSlis albaTobas.mas daSlis mudmivaewodeba.  

Tu movaxdenT (1) gantolebis integrebas da davuSvebT, rom roca t=0,  

N=N0 (N0 aris radiaqtiuli nivTierebis atomTa ricxvi drois sawyis 

momentSi), miviRebT: 

dt
dNN −=λ  

teNN λ−= 0             (2) 

(2) formulas daSlis maCvenebliani kanoni ewodeba. gantoleba gviCvenebs, 

rom radiaqtiuri daSla eqsponencialur kanons emorCileba.niSani “_” 



 27 

gantolebis marjvena  mxares  niSnavs, rom radiaqtiuri nivTierebisN(t)  

raodenoba droSi mcirdeba (nax. 3).  

 

 

Nnax. 3 

 

naxevradlogariTmul koordinatebSi (tda  lnN-s Soris damokidebulebis 

dasanaxad) (2) gantoleba warmoadgens wrfes, romlis kuTxuri 

koeficienti gansazRvravs λ   mudmivas (nax.4): 

 

 

 

 

nax. 4daSlis mrudi naxevradlogariTmul koodinatebSi 

 

ln𝑁𝑁 = 𝑙𝑙𝑙𝑙𝑁𝑁0 − 𝜆𝜆𝜆𝜆  (3) 

λ daSlis mudmiva izomeba wm-1 –Si, weliwadi -1 da a.S. 

(1)gantolebidan aseve Cans, rom Nλ  namravli axasiaTebs radiaqtiuri 

daSlis siCqares da  mas a q t i v o b a  ewodeba: 

N
dt
dN λ=−            (4) 
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viciT ra λ, advili gamosaTvlelia radiaqtiuro birTvis  sicocxlis 

saSualo xangrZlivoba 𝑡𝑡ბირთვ..radgan (1) gantolebis Tanaxmad im atomTa 

jamuri sicocxlis xangrZlivoba, romlis drois t da t+dtkonakveTSic 

daiSala, udris𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡, amitom 

𝑡𝑡ბირთვ..=
1
𝑁𝑁0
∫ 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝜆𝜆 ∫ 𝑡𝑡𝑒𝑒−𝜆𝜆𝜆𝜆𝑑𝑑𝑑𝑑 = 1

𝜆𝜆
∞

0
∞

0   (5) 

 

vinaidan yoveli izotopis daSla axali izotopis warmoqmnasniSnavs, 

daSlis da dagrovebis mrudebs aqvT sarkiseburi anarekli (nax. 7). 

 

 

 

Nnax. 7. 

daSlismudmivasgarda,radiaqtiuridaSlaSeiZlebadavaxasiaToTe.w. 

naxevraddaSlisperiodiT. naxevraddaSlisperiodiesisdroa, 

romlisganmavlobaSiciSlebamocemulatomTaraodenobisnaxevari. 

esdroavRniSnoTT-Ti. maSin: 

 

TeNN λ−= 0
0

2  ; 
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aqedan
Te λ−=

2
1

  (4) 

gavalogariTmoT(4) gantoleba, miviRebT:  Tλ=2ln , aqedan 

λλ
693,02ln

==T   (5) 

e.i. daSlis mudmiva naxevardaSlis periodis ukuproporciulia. 

daSlis maCvenebliani kanoni warmoadgens  statistikur kanons. es imas 

niSnavs, rom igi samarTliania mxolod atomTa didi ricxvisaTvis. Tu 

atomTa raodenoba mcirea, adgili eqneba gadaxras daSlis maCvenebliani  

kanonidan. xandaxan aseT gadaxras adgili aqvs atomTa didi 

raodenobisTvisac. mas radiaqtiur rxevebs an radiaqtiur fluqtuacias  

uwodeben.  

yovel radiaqtriur elements misTvis damaxasiaTebeli λ  daSlis mudmiva 

da TdaSlis naxevarperiodi aqvs. es aris maTTvis damaxasiaTebeli 

sidideebi, maTi maxasiaTeblebi da mkacrad gansazRvruli mniSvnelobebi 

gaaCniaT. sxvadasxva  elementisTvis es sidideebierTmaneTisagan mkveTrad 

gansxvavdeba. 

radgann=t/T, (2) formulis Tanaxmad gveqneba:N=N0·2-t/T. tdrois ganmavlobaSi 

daSlili birTvebis raodenoba toli iqneba: 

 

∆N=N0-N=N0(1-2-t/T) 

           roca  t=0  N=N0 
 t=T n=N0/2 

  t=2T N=N0/2·2=N0/4=N0/22 
t=3T N=N0/23 

- - 
t=n·T N=N0/2n 

Sesabamisad,   daSlis mruds eqneba Semdegi saxe (nax.5): 
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nax.5 

axla ganvixiloT SedarebiT rTuli SemTxveva, romelsac adgili aqvs 

praqtikaSi: 

rodesac ganixileba ara calkeuli erTi romelime  radiaqtiuri 

elementis daSla, aramed misi daSlis radiaqtiuri produqtebi 

(Svilobili elementebi), am Semadgenlobis droSi  cvlilebis kanoni 

SeiZleba moiZebnos Semdegnairad: 

vTqvaT, t=0 momentSi romeliRacAradiaqtiuri nivTierebis N1 atomi sufTa 

saxiTaa mocemuli da misi daSlis mudmivaa
1λ .daSlis Semdeg es 

nivTierebagardaiqmneba meore BnivTierebad, romlis daSlis mudmivaa 2λ

.ukve am axali nivTierebis atomTa raodenoba avRniSnoT N2 –iT; vipovoT, 

Tu rogor Seicvleba droSi B nivTierebisN2 atomTa  ricxvi, Tu 

AnivTiereba iseTi siswrafiT iSleba, rom am ukanasknelis (A-s) 

raodenoba mudmivad SeiZleba CaiTvalos; 

wina SemTxvevidan gamomdinare dt droSi daSlili A-satomTa ricxvi 

tolia dtN11λ .rasakvirvelia, aseTive  sididiT gamoixateba, B-satomTa 

raRac raodenobis daSla, amasTan es ukanaskneli iqneba 
2λ N2 dt,e.i. es 

aris B-nivTierebis daSlili atomebis ricxvi. aqedan vRebulobT, rom 

dtdroSiBnivTierebis dauSlelatomTa raodenoba am ricxvTa sxvaobis  

toli iqneba, amitom dtNdtNdN 22112 λλ −= anda 
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2211
2 NN

dt
dN λλ −= (7) 

Tu gaviTvaliswinebT, rom 

teN
dt

dN
2

1
2 λ−= miviRebT: 

22111
2 NNeN t λλλ −=−

                 (8) 

 (8) gantolebis galogariTmebiT, miviRebT: 

teNNN 2lnln)ln( 12211
λλλ −=−  

avRniSnoT: cN =1ln -Ti, maSin: 

tceNN 2
2211

λλλ −=− (9),   

Tu gaviTvaliswinebT, rom,rodesac𝑡𝑡=0,  maSin 𝑁𝑁2=0   da Sesabamisad: 

cN =11λ ,  am SemTxvevaSi: 

teNNN 2
112211

λλλλ −=− aqedan:  

221111
2 NeNN t λλλ λ =− − anu 

2211 )1( 2 NeN t λλ λ =− − aqedan: 

)1( 2

2

11
2

teNN λ

λ
λ −−=       (10) 

Tu gaviTvaliswinebT aseve, rom 𝐵𝐵-s raodenoba mudmivad matulobs da 

miiswrafvis zRvruli mniSvnelobisken, e.i. ∞=t , maSin 02 =− te λ
 

da  

2

11
2 λ

λ N
N =  

aqedan:   1
11

22 =
N
N

λ
λ

 

ukanaskneli gamosaxuleba axasiaTebs iseT  mdgomareobas, rodesac 

sawyisi radiaqtiuri elementis daSlili atomebis ricxvi tolia 

Tavisive daSlis produqtis daSlili atomebis ricxvis. Svilobili 

nivTierebis danakargi mTlianad kompensirdeba am elementis warmoSobiT 

sawyisi elementidan. am mdgomareobas ewodeba m d g r a d i 

w o n a s w o r o b a . 
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arsebobs iseTi mdgomareobac, romlis drosac sawyisi elementis 

raodenobis da misi daSlis produqtis fardoba  miiswrafvis raRac  

mudmivi mniSvnelobisken. aseT mdgomareobas uwodeben  m o Z r a v  

w o n a s w o r o b a s. 

is gamoisaxeba formuliT: 

12

1

1

2

λλ
λ
−

=
N
N

 

mdgradi wonasworobis klasikur magaliTs warmoadgens wonasworoba 

uransa (𝑇𝑇=4.49 x 109 w.) da radiums Soris (𝑇𝑇= 1540  w.), romelic dgeba didi 

drois (𝑇𝑇 ≈ 16 000 w.) gavlis Semdeg da romelic daikvirveba mxolod Zvel, 

kargad  Senaxul qanebsa da mineralebSi. radiaqtiuri wonasworobis 

SemTxvevaSi 1 gr. urans Seesabameba 3.4∙10-7 gr. radiumi. 

radiaqtiur mwkrivebSi (ojaxebSi) mdgradi radiaqtiuri  wonasworobis 

arsebobas didi mniSvneloba aqvs, radgan mocemuli ojaxis sxva 

elementis gazomvebis  Sedegad SesaZlebeli xdeba qanebSi radiaqtiuri  

elementebis Semadgenlobaze vimsjeloT. 

radiaqtiuri daSlis procesebs statistikuri xasiaTi aqvT, e.i  drois 

erTeulSi daSlili radiaqtiuri elementebis atomTa ricxvi mkacrad 

mudmivi ki  ar aris, aramed irxeva raRac saSualo mniSvnelobis 

maxloblad. 

Tu ganixileba ori nivTierebis daSlis procesi, maSin: 

21

12

21
2

1

111
tt

tt
ttT

+
=+= aqedan 

21

21

2
1 tt

ttT
+

= , 

radgan :
λ

2ln
2

1 =T ,aqedan:  
2ln2ln2ln

1 2121

2
1

λλλλ +
=+=

T
,anu: 

212
1

2ln
λλ +

=T  

erTi da igive izotopis atomTa sicocxlis xangrZlivoba 

sxvadasxvagvaria, amitom SegviZlia vilaparakoT sicocxlis saSualo 

xangrZlivobaze. sicocxlis saSualo xangrZlivoba radiaqtiuri 

izotopisaTvis iseTive maxasiaTebeli sididea, rogorc λ  da 𝑇𝑇. igi 

aRiniSneba τ  asoTi da  gamoiTvleba Semdegi mosazrebis 
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safuZvelze:davuSvaT, rom 𝑡𝑡momentidan 𝑡𝑡 + 𝑑𝑑𝑑𝑑 momentamde daiSala atomTa 

𝑑𝑑𝑑𝑑raodenoba.  

𝑑𝑑𝑑𝑑 raodenoba daiSala 𝑑𝑑𝑑𝑑droSi. es atomebi arsebobdnen mTeli 𝑡𝑡 drois 

ganmavlobaSi. cxadia, rom yvela am atomTa sicocxlis xangrZlivobaTa 

jami toli iqneba 𝑡𝑡𝑡𝑡𝑡𝑡. Tu gvinda miviRoT sicocxlis saSualo 

xangrZlivoba, 𝑡𝑡𝑡𝑡𝑡𝑡 gamosaxuleba unda SevajamoT 0-dan ∞ -mde da gavyoT 

atomTa sawyis 𝑁𝑁0raodenobaze. 

∫
∞

=
00

1 tdN
N

τ ;       𝑑𝑑𝑑𝑑=-λ 𝑁𝑁𝑁𝑁𝑁𝑁=-λ 𝑁𝑁0 e- tλ 𝑑𝑑𝑑𝑑 

dttedtetN
N

tt ∫∫
∞

−
∞

− ==
00

0
0

1 λλ λλτ  

∫ ∫−= vduuvudv aq𝑡𝑡 = 𝑢𝑢; dvdte t =−λ
; 

 

𝑑𝑑𝑑𝑑 = 𝑑𝑑𝑑𝑑; 
tt edtev λλ

λ
−− −== ∫

1
 

λλλλ
λ

λ
λτ λλλλ 1110)1(1

0
00

0
=−=−+=−−−= ∞−

∞
−

∞
−∞− ∫∫ tttt edtedteet ; 

λ
τ 1
= ;    

λ
2ln

=T =ln2τ =0,693 τ ; 

τ =
2ln

T =1,443 𝑇𝑇 

vTqvaT, romelime radiaqtiuri izotopis naxevardaSlis periodi imdenad 

didia, rom 𝑡𝑡droSi atomTa raodenobis Semcireba SeiZleba 

ugulebelvyoT. davuSvaT, rom am droSi daSlis maCvenebliani  kanonis 

Tanaxmad, daiSala 𝑀𝑀 = 𝜆𝜆𝜆𝜆𝜆𝜆atomi. faqtobrivma gazomvam mogvca 

𝑚𝑚  raodenoba. gansxvavebas Nm ±  ewodeba radiaqtiuri fluqtuacia ξ . 

maSin ξ+= mM  fluqtuaciaTa algebruli jami didi drois ganmavlobaSi 

miiswrafvis 0-sken. albaToba imisa, rom daiSalos 𝑚𝑚 atomi da 

dasaSleli darCes mM −  atomi, gamoisaxeba puasonis formuliT: 
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M
m

e
m

MmW −=
!

)(  

es aris radiaqtiuri daSlis albaToba. 

Tu atomTa raodenoba Zalian didia, albaTobas aqvs mkveTrad 

gamoxatuli maqsimumi. albaTobis ganawileba maqsimumis areSi gamoisaxeba 

gausis kanoniT: 

M
mM

e
M

mW 2
)( 2

2
1)(

−−

Π
=  

albaToba imisa, rom izotopma arc erTi nawilaki ar gamoasxivos, nulis 

toli ar aris. igi 2% -is tolia.  es imas niSnavs, rom Tu dakvirvebas 

vawarmoebT 100 wamis ganmavlobaSi, iqneba 2 iseTi wami, roca arc erTi 

nawilaki ar gamosxivdeba. 4-dan 5 nawilakis gamosxivebis albaToba 

maqsimaluria da igi 20 %-s udris. aseve ar aris nulis toli 10 

nawilakis gamosxivebis albaToba, magram 4 an 5  nawilakis gamosxivebis 

albaTobas aqvs mkveTrad gamoxatuli maqsimumi. 

(aris SemTxvevebi, roca literaturaSi gvxvdeba e.w. saSualo sicocxlis 

xangrZlivobis koeficienti, gamosaxuliτ -Ti). 

 

 

uranis, Toriumis da aqtinouranis ojaxebis mwkrivebi, sxva bunebrivi 

radiaqtiuri elementebi. 

 

dReisaTvis cnobilia 50-ze meti bunebrivi radiaqtiuri elementi. maT 

ekuTvnis  radiaqtiur ojaxebSi Semavali mZime elementebi,aseve ufro 

msubuqi radiaqtiuri elementebi, romelTa daSla gardaqmnis mxolod 

erTi rgoliT xasiaTdeba. 

pirvelTa rigebSi Sedis U238  uranis,  aqtinouranis (AcU U235 ), Toriumis 

Th232   da neptuniumis Np237 -is ojaxebis elementebi. 

xoloneptuniumismwkrivis warmomadgenlebi bunebaSi Zalian mcire 

raodenobis  gvxvdeba. Aam ojaxis SedarebiT mcire sicocxlis unariani  

fuZemdebeli elementi Np237  (T=2.25 ∗106w.) xelovnurad iqna miRebuli 

Cqari neitronebiT uranis  bombardirebis Sedegad. 
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nax.1-ze mocemulia uranis, Toriumis da aqtinouranis ojaxebis 

radiaqtiuri  gardaqmnebis sqemebi. Aam ojaxebis daSlas bevri saerTo 

aqvs. 

ojaxebis fuZemdebeli elementebi xasiaTdeba  yvelaze didi masuri 

ricxvebiT da ekuTvnis yvelaze  didi sicocxlis xangrZlivobis mqone 

elementTa rigs. daSlis Sedegad  yvela SemTxvevaSi warmoiSoba sul 

ufro da ufro msubuqi elementebi.yoveli ojaxis gardaqmnis dros  

daSlis pirvel naxevars Tan sdevs upiratesad α  nawilakebis 

gamosxiveba, meore naxevarSi upiratesad β  daSla Warbobs. yoveli 

ojaxis gardaqmnis Sualedur rgolSi Tavs iCens radiaqtiuri gazebi – 

e.w. emanacia,romelic inertul jgufs ganekuTvneba. emanaciebs mosdevs 

mcire sicocxlis xangrZlivobis elementebis jgufebi, romelTa atomebis 

nawilic iSleba α  nawilakebis gamosxivebiT, xolo meore nawili - β  

nawilakebis gamosxivebiT. Ees elementebi  warmoqmnis rigebis 

ganStoebebs – e.w. “Canglebs”. 

raTqma unda, nax. 1-ze naCvenebi sqemebi gamartivebulia; maTSi ar aris 

naCvenebi zogierTi ganStoeba, romelic warmoqmnilia patara reaqciebiT 

uranis rigSi, magaliTad: 

rogorc nax. 1-dan Cans, U238 , U235  da Th232   rigis yvela wevrs or-ori 

saxelwodeba aqvs. magaliTad: Torium – 234 ( Th234 )  iwodeba kidev X1(UX1) 

– uranad, poloniumi – 210 ( Po210 ) radiumad F(RaF) da a.AS. 

uranis, Toriumis da radiumis daSlis produqtebis yoveli axali 

aRmoCenis Semdeg maT axal saxelebs arqmevdnen da Tvlidnen, rom  isini 

axali elementebi iyo, radgan izotopis cneba maSin jer kidev ar 

arsebobda. 

miuxedavad imisa, rom dasaxelebis amgvari ormagi rigis arseboba qmnis 

uxerxulobas, Zveli dasaxelebebi axlac ixmareba, radgan es 

dasaxelebebi miuTiTebs im gansazRvrul ojaxebs, romelTac  es 

izotopebi ekuTvnis. maTi damaxsovreba  martivdeba imiT, rom samive 

ojaxSi A, C’da Findeqsiani  produqtebi poloniumis izotopebs 

warmoadgens, C da F indeqsebiT - bismutis izotopebis indeqsebia 

aRniSnuli, B,D   daG-Ti- rkinis izotopebi, C’’da  E’’-Ti –Taliumis.samive 

ojaxis daSlis saboloo produqtebs warmoadgens tyviis stabiluri 
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izotopebi: Pb206 , Pb207  da Pb208 , romelic aseve SeiZleba aRiniSnos RaG, 

AcD    da   ThD-Ti Sesabamisad. 

samive ojaxSi α gamomsxivebeli SedarebiT Tanabradaa ganawilebuli. maT 

ricxvs ganekuTvneba fuZemdebeli U238 , Th232 da AcU( U235 ) ojaxebisa, yvela 

gaziseburi produqti Rn222 , Th( Rn220 )   da An( Rn219 )-isa, romelic 

ganlagebulia mwkrivTa Sua nawilSi, da bolos, Po210 da misi izotopebis 

ThC’da AcC’ojaxebis radiaqtiuri daSlis saboloo radiaqtiuli 

produqtebi. 

uranisa da Toriumis ojaxebis α jamuri aqtivoba TiTqmis erTnairia. am 

ojaxebis β  gamosxivebis jamuri aqtivobac ar gansxvavdeba 

erTmaneTisagan. 

γ gamosxivebis safuZvels uranis ojaxSi warmoadgens radiumis emanaciis 

daSlis  produqti – radoni (RaB, RaC  da RaC’). Aam ojaxis  Tavisebureba 

aris is, rom  gardaqmnaTa jaWvSi radiumamde ganlagebuli uranis  

daSlis produqtebis wilze modis  sruli γ  gamosxivebis mxolod 2%. 

Aamis gamo, qanebSi  arsebuli uransa da radons Soris  damyarebuli 

radiaqtiuri wonasworobis darRvevis  SemTxvevaSi, romelic iwvevs 

radiumis naklebobas, qanebis γ  aqtivoba mkveTrad mcirdeba da piriqiT, 

radiumiT da radoniT gamdidrebuli qanebi  warmoadgensγ  -aqtivebs im 

SemTxvevaSic ki, Tu  isini ar Seicavs urans. 

Toriumis ojaxSi ZiriTadad γ  gamomsxivebels warmoadgens mezoToriumi 

II(MsTh2)  da radioToriumi (RaTh)  daSlis ThB,  ThC da     ThC’ 

produqtebiT.ojaxis farglebSi es γ  gamomsxivebeli SedarebiT 

erTgvarovnadaa  ganawilebuli. 

ganxilul ojaxebSi ar Sedis garkveuli radiaqtiuri izotopebi. esenia: 

kaliumi ( K40 ), rubidiumi ( Rb87
), indiumi  ( In115

), samariumi( Sm147 ), 

luteciumi( Lu176 ), reniumi  ( Re187 ) da sxva. 

yvela es ganmxoloebuli radiaqtiuri izotopi xasiaTdeba sakmaod didi 

naxevardaSlis periodebiT (T 109 weli).samariumis, volframis da 

bismutis garda, yvela izotopi iSleba K –CaWeris da β  daSlis gziT,  

ris Semdegac gardaiqmnebaaxali elementis  mdgrad izotopad. 

zemoT CamoTvlili radiaqtiuri elementebisagan  umetesi maTgani, 

rogorc wesi, bunebaSi Zalian cotaa. birTvul geofizikaSi yvelaze did 
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interess iwvevs  kaliumis ( K40 ) da rubidiumis ( Rb87
) radiaqtiuri  

izotopebi, romelTa  daSlis mixedviT isazRvreba qanebis asaki.  

 

 

α sxivebi, misi Tvisebebi da urTierTqmedeba garemosTan 

 

α sxivebi warmoadgenen heliumisa atomis  birTvebis nakads 4
2 He . maT 

aqvs ori dadebiTi muxti 𝑍𝑍=2 , masuri ricxvi𝐴𝐴=4 (fardobiT erTeulebSi). 

𝑞𝑞 = 2.48 ∙ 10−10𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 

𝑚𝑚 = 6.644 ∙ 10−24გრ 

α nawilakebis masa daaxloebiT 7400-jer metia eleqtronis masaze, amitom 

eleqtrul garsebSi gavlis dros α  nawilakebi ar ganicdis SesamCnev 

gadaxras gavrcelebis mimarTulebiT. α nawilakebis energia garemoSi 

gavlis dros TandaTan ixarjeba garemos atomis agznebasa da 

ionizaciaze.  

xarjavs ra energias, α nawilakebi TviTon ar iRebs iseT SesamCnev 

impulss, rom gamruddes misi traqtoria. Ggarkveuli  manZilis gavlis 

Semdeg α nawilaki moitacebs 2 eleqtrons da gadaaqcevs 𝐻𝐻𝐻𝐻 –is 

Cveulebriv atomad. α nawilakis ganarbenis sigrZe, anu is manZili, 

romelsac α nawilaki energiis srul dakargvamde gaivlis, damokidebulia 

nivTierebis gvarobaze, kerZod im molekulebis ricxvze, romlebic α

nawilaks gzaze xvdeba. maSasadame, bunebrivia vifiqroT, rom α

nawilakebis ganarbenis sigrZe garemos simkvrivis ukuproporciulia. α

sxivebi warmoadgens radiaqtiuri gamosxivebis yvelaze STanTqmad nawils. 

maT axSobs myari nivTierebis 0,1 mm sisqec ki. haerSiα nawilakebis 

ganarbenis sigrZe normalur pirobebSi (𝑃𝑃=760 mm 𝐻𝐻𝐻𝐻, 𝑡𝑡=150) meryeobs (2,5-8,5) 

sm farglebSi. Ees damokidebulia nawilakis energiaze. 

gamonakliss warmoadgens RaC’ grZeli ganarbenianiα nawilakebi. saerTod 

dadgenilia, rom erTi da igive elementi erTnairi energiis nawilakebs 

gamoasxivebs. RaC’ –s ki aqvs unari gamoasxivos grZeli ganarbenis mqone α

nawilakebi. maTi ganarbeni haerSi daaxloebiT 11,5 sm-ia da aseTi 

nawilakebi mTeli gamosxivebis mxolod 0,01%-s Seadgens. N 
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α nawilakis ganarbenis sigrZesa da radiaqtiuri izotopis daSlis 

mudmivas Soris arsebobs geigerisa da neltonis mier empiriulad 

dadgenili damokidebuleba: 

𝑙𝑙𝑙𝑙𝑙𝑙 = 𝐴𝐴 + 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵  (1) 

sadac𝐴𝐴 universaluri mudmivaa, 𝐵𝐵Bki mudmivaa mocemuli radiaqtiuri 

ojaxisTvis.  𝑅𝑅-iT aRniSnulia ganarbenis sigrZe. α nawilaki energias 

ZiriTadad ionizaciaze xarjavs. sigrZis erTeulze warmoqmnil wyvil 

ionTa ricxvs Mmis siCqaresa da ionizaciis xarisxs uwodeben. Tu mas 𝐾𝐾-

Ti avRniSnavT: 

𝐾𝐾 = 𝐾𝐾0 ∙ 𝑅𝑅
3

2�    (2) 

sadac 𝐾𝐾0-  mudmivia. 

     ganarbenis saSualo sigrZe damokidebulia nawilakis energiaze. 

2/3318,0 ER ∗=    (3) 

nawilakis siCqaresa da ganarbenis sigrZes Soris arsebobs Semdegi 

damokidebuleba: 

 

3/13/1 )( xRaV −=  

aq𝑉𝑉aris siCqare, α  mudmivaa, 𝑥𝑥 aris manZili gamosxivebis wyarodan, sadac 

gazomili iqna siCqare. 

xvedriTi ionizacia α nawilakis moZraobasTan erTad TandaTanobiT 

matulobs da  ganarbenis bolodan 3 mm manZilze aRwevs maqsimums. Ees 

damokidebuleba naxazze bregis mrudiTaa gamoxatuli. 

 SeiZleba miviRoT damokidebuleba ionizaciasa da siCqares Soris. 

avRniSnoT ionizacia 𝐼𝐼-Ti. igi, cxadia, iqneba erTeulovan manZilze 

energiis cvlilebis toli:  
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dx
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sadac 𝐴𝐴=
2

ma ,    I  proporciulia 
V
1
. es damokidebuleba samarTliania 

iseTi α nawilakebisTvis, romelTa energia 1E  mev. 
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gavixsenoT, rom ev (eleqtronvolti) aris energia, romelsac eleqtroni 

SeiZens velis iseT or wertils Soris gadaadgilebisas,  sadac 

potencialTa sxvaoba 1 voltis tolia. 

19
21 106.1)( −×=−= ϕϕqA kuloni∙ვოლტი=1.6∙10-19 j 

sxvadasxva garemoSi sxvadasxvanairia α nawilakis gavrcelebis siCqare da 

ganarbenis sigrZe. 

haerSi ganarbenis sigrZis Sefardebas mocemul garemoSi ganarbenis 

sigrZesTan, garemos damuxruWebis unarianoba ewodeba da aRiniSnebaS-iT.  

R
RS 0=  

𝑅𝑅-sa da𝑅𝑅0-s Soris arsebobs aseTi damokidebuleba: 

ρ
AR

R 0
4103 ⋅⋅

=
−

            (4) 

α  nakadis moZraobis dros, traeqtoriis  sworxazovnebis da dajaxebaTa 

aqtebis didi ricxvis gamo,romelic aucilebelia SenelebisTvis, 

monoenergetikul α  nawilakebs nivTierebaSi TiTqmis erTnairi 𝑅𝑅xazovani 

ganarbeni aqvT. 

       ganarbenis sidideebSi arc Tu didi gabneva ganpirobebulia 

urTierTqmedebis albaTuri xasiaTiT (ionizaciis aqtis ricxvTa rxevebi 

da  dartymebs Soris ganarbenis sigrZis rxevebi). 

bunebrivi radiaqtiuri elementebisaTvis  damaxasiaTebeli α nawilakebis 

xazovani ganarbeni 94  E  mev energiis sazRvrebSi, sawyisi  siCqaris 

kubis proporciulia, e.i. 5.1
0E . amgvarad,  haerisaTvis xazovani ganarbenis 

sidide (sm-Si) tolia: 

𝑅𝑅𝑏𝑏=0.309 5.1
0E  

Sadac 0E gamosaxulia mev-Si. 

garda 𝑅𝑅 xazovani ganarbenisa, SemoaqvT  masuriganarbenis cnebac:  

𝑅𝑅m= δ 𝑅𝑅, romelic  izomeba g/sm2 (anda kg/m2). Ees sidide axasiaTebs  im 

nivTierebis masas, romelic moTavsebulia  iseT cilindrSi, romlis 

simaRle ganarenis 𝑅𝑅sigrZis, xolo fuZe ki  farTis erTeulis tolia. 

iseT myar nivTierebebSi, romelTa fardobiTi atomuri masa 𝑀𝑀–is tolia, 

𝑅𝑅m – is mniSvneloba (miligr/sm2)-Si SeiZleba gamovTvaloT  formuliT: 

𝑅𝑅m=0,56∙ 𝑅𝑅x𝑀𝑀
1/3, 
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sadac𝑅𝑅x sidide gamosaxulia sm-Si. (𝑅𝑅x niSnavs xazovan ganarbens).  

(2) formulisTanaxmad α  nawilakis ganarbeni haerSi ramdenime sm-s 

udris, xolo myar sxeulebSi - 𝑛𝑛×100÷𝑛𝑛×101mgr/sm2, e.i. daaxloebiT 

papirosisqaRaldis sisqis tolia. 

 

 

 

β sxivebi, maTi Tvisebebi da urTierTmoqmedeba garemosTan 

 

β sxivebi, anu β nawilakebi warmoadgenen eleqtronebis, an pozitronebis 

nakads. 

β - an β +-serTi elementaruli muxti aqvs𝑞𝑞 =± 4.8 ∙10-10  𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶, xolo masa ki - 

𝑚𝑚 =9.1 ∙10-28   gr. β nawilakis masa wyalbadis atomis masis 1/1840 nawilia.α

nawilakebTan SedarebiTradiaqtiuri elementebis mier gamosxivebul β  

sxivebs aqvT gacilebiT didi  siCqareebi. zogierTi β  nawilakis siCqare 

sinaTlis  siCqaris 0,998 nawilia(v=0,998 C). aseTi didi  siCqareebis dros 

Tavs iCens nawilakismasis siCqareze  damokidebuleba, romelic 

gamoisaxeba ainStinis Semdegi formuliT: 

2

2
0

1
c
v

mm
−

=  

sadac 𝑚𝑚0 aris eleqtronis uZraobis masa, 𝑣𝑣–misi moZraobis siCqare.  

energia damokidebulia moZraobis siCqareze da  gamoixateba formuliT: 

)1
1

1(

2

2

2 −

−

=

c
v

mcE  

 

unda aRiniSnos, rom yoveli radiaqtiuri izotopi energiebis mixedviT 

gamoasxivebs β  nawilakebis sruls speqtrs, romelSic uwyvetad Sedis 

sxvadasxva energiis β  nawilakebi. unda avRniSnoT, rom yoveli 

radiaqtiuri izotopisaTvis arsebobs energiis  raRac zRvruli, 

maqsimaluri mniSvneloba. am mniSvnelobaze meti energia gamosxivebul β  

nawilakebs ar SeiZleba gaaCndes. aRsaniSnavia, rom β  nawilakebis 
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maqsimaluri raodenobis energia  E=0,9  Emax.-is toli iqneba.grafikulad es 

SeiZleba gamoisaxos ase: 

radiaqtiuri izotopebis daSlis kosnstantas  da gamosxivebul energias 

Soris arsebobs seJentis mier empiriuli gziT miRebuli damokidebuleba: 

EKE=λ , 

sadac 𝐾𝐾 ganisazRvreba cdis saSualebiT. 

β nawilakebis garemosTan urTierTqmedebaZiriTadad mimdinareobs 

eleqtronul garsebTan. β nawilakebma SeiZleba urTierTqmedeba moaxdinos 

agreTve atomebis birTvebTanac, vinaidan  β  nawilakebis masa 

mcirea.eleqtrul garsebSi maTi gavlis  dros adgili aqvs β  

nawilakebis traeqtoriis  gamrudebas; eleqtronebTan, an birTvebTan β  

sxivebis urTierTmoqmedebas axasiaTeben e.w. efeqturi  kveTiT, romelic 

gamoixateba barnebSi:1 barni =10-24 sm2. 

cdiT dadgenilia, rom atomis eleqtronebTan β nawilakebis 

urTierTqmedebis efeqturi kveTa ukuproporciulia nivTierebis 𝑍𝑍-sa, 

xolo  birTvebT an urTierTqmedebis efeqturi kveTa ki -𝑍𝑍2-sa. garemoSi 

gavlis dros β nawilakebi ganicdis rogorc gabnevas, ise 

STanTqmas.STanTqmis  Sedegad sustdeba pirvandeli β sxivebis 

intensivoba, romelsac𝐼𝐼asoTi  avRniSnavT: 

deII µ−= 0  

sadac𝐼𝐼0  aris β sxivebis wyaros mier mocemuli sawyisi intensivoba, 𝑑𝑑- 

mSTanTqmel garemoSi gavlili manZili.𝐼𝐼sxivebis intensivobaa𝑑𝑑  manZilis  

gavlis Semdeg.η -s ewodebaSTanTqmis koeficienti da is garemos 

simkvrivezea damokidebuli.  amitom xSirad iyeneben STanTqmis masur 

koeficients, romelic gamoixateba ase: ρ
µ . STanTqmis masuri 

koeficienti mocemuli β nawilakebisaTvis SeiZleba mudmivad CaiTvalos, 

ufro zustad, ρ
µ  wrfivadaa damokidebuli garemos Z-ze (aqtiur 

nomerze) 

bza +=
ρ
µ
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α nawilakebTan SedarebiT β nawilakebs, mcire masis gamo, ionizaciis 

Zalian susti unari axasiaTebT. maT mier gamowveuli ionizacia 

normalur pirobebSi, haerSi ar aRemateba 50 wyvil ions/sm. amitom, 

ganarbenis sigrZe β nawilakebisTvis, Sesabamisad, gacilebiT metia, vidre  

α nawilakebis. is haerSi meryeobs  6,5-1 300 sm sazRvrebSi. 

nivTierebaSi gavlisas β nawilakis  energiaZiriTadad ixarjeba 

ionizaciasa da atomis agznebaze. amasTan, Cqari eleqtronebisa da 

pozitronebisaTvis damaxasiaTebelia e.w. radiaciuli danakargebi, 

romelic dakavSirevbulia γ  qvantebis gamosxivebasTan (damuxruWebis 

gamosxiveba) birTvis velSi β nawilakebis gamosxivebis dros. 

radiaciuli dankargi𝐸𝐸𝜌𝜌𝑍𝑍-is proporciulia, xolo ionizaciuri 

danakargi𝐸𝐸𝑛𝑛 proporciulia 𝑍𝑍-sa, amitom 𝐸𝐸𝜌𝜌 radiaciuli danakargis 

fardoba𝐸𝐸𝑛𝑛 ionizaciur danakargTan 𝐸𝐸𝑒𝑒𝑍𝑍-is proporciuli gamodis: 

800
ZE

E
E e

n

=ρ  

sadac nawilakis energia 𝐸𝐸𝑒𝑒gamosaxulia  mev-Si  (megaeleqtronvolti). 

aqedan gamomdinare, β nawilakebis energiis im mniSvnelobebisaTvis, 

romelic damaxasiaTebelia bunebrivi radiaqtiuri elementebisaTvis, 

qanebis ZiriTadi Semadgenlobis elementebisaTvis ( 208 ÷=Z )gveqneba: 

10
1


nE

Eρ  

e.i. ZiriTadi mniSvneloba aqvT ionizaciur danakargebs. 

radganacβ nawilakebis muxti naklebia, xolo maTi siCqare (energiis 

toli mniSvnelobebisas) gacilebiT metia α nawilakebis siCqareze 

(amasTan, Tu gaviTvaliswinebT, rom erTeulovan gzaze energiis kuTri 

danakargi daaxloebiT nivTierebaSi eleqtronebis 𝑁𝑁𝑒𝑒koncentraciisda 

nawilakis muxtiskvadratis𝑞𝑞2 proporciulia,magram nawilakis siCqaris 

kvadratis ukuproporciulia): 

- 2

2

V
qN

dx
dE e≅ (1) 

M
ZANe
δ

= ,  

sadac 𝐴𝐴-avogadros ricxvia,𝑀𝑀–fardobiTi atomuri masa,𝑍𝑍-birTvis muxti, 

δ -nivTierebis simkvrive. 
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or nivTierebaSi kuTri energiis danakargis fardoba tolia: 

 

𝜒𝜒 =
�𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
�

1

�𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
�

2

=
𝑍𝑍1

𝑀𝑀1
×
𝑀𝑀2

𝑍𝑍2
×
𝛿𝛿1

𝛿𝛿2
 

msubuqi elementebisaTvis  
𝑍𝑍
𝑀𝑀
≈ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝑜𝑜, 5, amitom  maTTvis 𝜒𝜒 ≈ 𝛿𝛿1

𝛿𝛿2
. 

(1)formulidan gamomdinare β nawilakebisaTvis energiis wrfivi danakargi 

daaxloebiT 102 –jer mcirea, vidre α nawilakebisTvis da dajaxebebs 

Soris ganarbeni ki Sesabamisad metia.  

mcire masis gamo eleqtronebi dajaxebis Tavdapirveli mimarTulebidan 

Zlier gadaixreba da maTi traeqtoria texil wirs warmoadgens. amitom 

swori xazis gaswvriv sruli maqsimaluri ganarbeni (e.w. efeqturi 

ganarbeni)  gacilebiT metia, vidre texilis gaswvrivtraeqtoria. 

monoenergiis mqone eleqtronebis masuri efeqturi ganarbenis sidides 

pouloben formuliT: 

38,1407,0 eE× , roca 8,0≤eE mev 

𝑅𝑅𝑚𝑚 = 0,542 × 𝐸𝐸𝑒𝑒, roca 8,0eE mev 

𝑅𝑅𝑚𝑚sidide aris  nivTierebis is  masuri  sisqe, romelic aucilebelia 

mocemuli energiis mqone  eleqtronebis sruli STanTqmisaTvis. Tumca 

ganarbenis traeqtoriis rTuli xasiaTis gamo, es ganarbeni gacilebiT 

naklebia 𝑅𝑅𝑚𝑚 -ze da nivTierebaSi monoenergetikuli konis SemTxvevaSi 

eleqtronebis nakadi mcirdeba wrfivi kanonis Tanaxmad: 

 

)1()1()( 00
m

m

R
x

R
xx −Φ=−Φ=Φ  , 

sadac δxxm = - fenis masuri sisqea da g/sm2 -Siizomeba. 

 

 

γ sxivebi, maTi Tvisebebi  da urTierTqmedeba garemosTan 
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bunebrivi radiaqtiuri izotopebi, romlebic mwkrivebs ekuTvnis, ganicdis 

mxolod α  da β  daSlas.amasTan, orive daSlis Sedegad atomis birTvebi 

aRigzneba da gamoasxivebs e.w. γ sxivebs. 

agznebuli birTvis gadasvla (radiaqtiuri daSlis produqti) ZiriTad 

mdgomareobaSi SesaZloa moxdes erT an ramdenime etapad. erTi tipis 

sxvadasxva atomebis daSlas, Sesabamisad,  Tan sdevs erTi an ramdenime γ

qvanti, anda isic ki SeiZleba moxdes, rom Tan ar axldes γ    

gamosxiveba. amis Sedegad erTi daSlis dros γ   qvantebis ricxvi 

SeiZleba  mTeli ricxvi ar iyos. 

radgan birTvebis donebrivi speqtrebi diskretulia, amitom diskretulia 

γ   qvantebis  speqtric. 

γ qvantebi warmoadgens  mokle talRebs anu eleqtromagnitur 

gamosxivebas. maTi talRis sifrZea n x 10-11sm. γ   qvantebis 

urTierTmoqmedeba garemosTan gacilebiT ufro rTul xasiaTs atarebs, 

vidre α  da β   sxivebisa. 

γ gamosxiveba ganekuTvneba Zlier gamWol  gamosxivebas. Mmisi sruli 

STanTqmisaTvis praqtikulad saWiroa iseTi qanebi, romelTa sisqe 

ramdenime aTeuli santimetria. miuxedavad imisa, rom γ  

qvantebisurTierTqmedebis gansxvavebuli tipebi arsebobs, aseT 

urTierTqmedebaTa albaTobebi  Zalian mcirea da nivTierebaSi γ  

qvantebis Sesusteba ZiriTadad sami procesis gamo xdeba: fotoefeqtiT, 

komptonis gabneviT da wyvilTa warmoqmniT. 

amitom,γ  qvantebis nivTierebasTan urTierTqmedebisas,γ  qvantebis 

urTierTqmedebis sruli kveTa,  romelTa mikroskopuli da makroskopuli 

mniSvnelobebi γ  qvantebisaTvis Sesabamisad avRniSnoTσ  da µ -Ti, aris 

fotoefeqtis, kompton-efeqtis da wyvilTa warmoqmnis efeqtis jami: 

σ =σ f+σ k+σ wy 

µ = µ f+µ k+ µ wy 

γ qvantebisgabnevis Teoria rentgenis sxivebisaTvis damuSavebuli iyo  

komptonis mier. Ggabneva  birTvebze, an eleqtronebze warmoebs energiisa 

da impulsis Senaxvis kanonebis Tanaxmad. Ggabnevis koeficienti 

damokidebulia rogorc γ  qvantis energiaze, aseve im garemos Tvisebebze, 

romelSiac gabneva warmoebs.γ qvantis  gamosxiveba xasiaTdeba energiiT:  
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νhE =  

sadacν  sixSirea,  h  ki plankis mudmiva. plankis mudmiva tolia: 

h = 6,67• 10-27ergi•wm 

bunebrivi radiaqtiuri izotopebi gamoasxivebsγ  qvantebs, romelTa 

energia (0,2 – 2,62) mev farglebSia. 

umravlesi radiaqtiuri izotopis γ  gamosxivebis energetikuli speqtri 

zolovania. garemosTan urTierTqmedebis dros γ  qvantebi SeiZleba 

ganvixiloT, rogorc drekadi birTvebi, romlebic ganibneva atomebis 

eleqtronebsa da birTvebs Soris. Ggabnevis dros xdeba γ  qvantebis, 

rogorc energiis, ise gavrcelebis mimarTulebis cvlileba. 

gabneuliγ  qvantis energia  'νh  tolia: 

 

)cos1(1
'

0

0

0'

θν
νν
−+

=

cm
h

hh  

0ν qvantis sawyisi sixSirea, ℎ- plankis mudmiva, m0- eleqtronis uZraobis 

masa,𝑐𝑐-sinaTlis siCqarea, θ -kuTxea qvantebis gavrcelebis pirvandel da 

axal mimarTulebas Soris, 'ν  aris gabneuli qvantis 

sixSire. 

gabnevis dros γ  qvantis talRis sigrZec ganicdis cvlilebebs: 

)cos1(0 θλλ −=∆  

sadac 0λ -sawyisi talRis sigrZea, λ∆ -ki talRis sigrZis cvlileba. 

fotoefeqti.am movlenas adgili aqvs mZime nivTierebebSi rbili γ

gamosxivebis gavlis dros. Ffotoefeqtad iwodeba (ufro zustad, 

fotoeleqtronul STanTqmad) iseTi urTierTqmedeba, romlis drosac γ

qvanti STainTqmeba (gaqreba), xolo misi energia γE  gadadis atomis erT-

erT eleqtronze, ris Sedegadac is mowydeba atoms da SeiZens garkveul  

kinetikur energias. eE.i. 

 

γE = E b+ E k 
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sadacE b aris eleqtronis bmis energia atomSi, xolo E k kinetikuri 

energiaa, romelic gadaecema fotoeleqtrons da romelic udris 
2

2mv
. 

rac ufro metia E k, miT metia σ f-is albaToba. amis gamo, jer erTi σ f 

izrdeba nivTierebis Z atomuri nomris gazrdasTan erTad, meorec- 

Zalian didia albaToba  imisa, rom  moxdeba birTvTan axlos mdebare 

𝐾𝐾da𝐿𝐿 orbitebis  eleqtronebTan urTierTqmedeba.  

bunebrivia, fotoefeqti SesaZlebelia mxolod im SemTxvevaSi moxdes, 

rodesac γ qvantis energia metia eleqtronis bmis energiaze. Aamgvarad, 

Tu  

E bL γE  E bK, 

maSin fotoefeqti SesaZlebelia yvela garsze, garda𝐾𝐾garsisa. Tu γE ≥ E

bK , maSin fotoefeqti xdeba𝐾𝐾garszec, ris Sedegadac σ f, rodesac γE ≅ E

bK, izrdeba naxtomiseburad, magaliTad, tyviisTvis, rodesac𝐸𝐸 = 0,087  mev. 

fotoefeqtis albaToba mkveTrad mcirdeba γ qvantis energiis gazrdasTan 

erTad. σ f-is damokidebuleba qvantis energiaze da garemos atomur 

nomerze (roca E bK
2

0cmE  ν
), aRiwereba miaxloebuli formuliT: 

 

σ f=6,651• 10-25
2/7

2
05

4 )(
134

24

γE
cmZ    (5) 

(5)-dan gamomdinare, kveTa Z,σ fatomuri nomeris elementisaTvis (rodesac 

E bK
2

0cmE  γ
),  SesaZloa gamoviTvaloT  formuliT:    

σ f=σ f
Pb 5)(

PbZ
Z

 

sadacσ f
Pb
aris tyviisTvis  kveTa mocemuli energiis SemTxvevaSi. 

Tu 2
0cmE γ , SesaZloa gamoyenebuli iqnas  msgavsi formula, magram 

maCveneblebis sxva mniSvnelobebiT Z/ZPb –s  SemTxvevaSi. Mmakroskopuli 

kveTisTvis analogiur formulas  aqvs Semdegi saxe: 

 

µ f=µ f
Pb 5)(

PbPb

Pb

Z
Z

M
M

δ
δ
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sadacδ da Pbδ - aris sakvlevi nivTierebis da tyviis simkvriveebi 

Sesabamisad, M  da  MPb – gansaxilveli nivTierebis da tyviis 

fardobiTi atomuri masebia.  

fotoefeqtis dros γ qvantebis nakadis intensivobis Semcireba xasiaTdeba  

Sesustebis χ  koeficientiT. Tu cnobilia fotoefeqtis Pbχ koeficienti 

tyviisTvis, advilad SeiZleba  gamovTvaloT es koeficienti nebismieri  

nivTierebisTvisac: 

4)
82

(207
3,11

Z
APb •=

ρχχ  

kompton-efeqtiimaSimdgomareobs, rom γ  qvantebis gabneva xdeba 

eleqtroniT. rogorc  nax. 1-zea naCvenebi, es gabneva gavs ori drekadi  

burTulis dajaxebas, roca maTi masebia 𝑚𝑚𝑐𝑐  da 𝑚𝑚 γ = 2c
Eγ

. drekadi 

dajaxebis kanonebis Tanaxmad, γ  qvantis Eγ energiia gadanawildeba 

gabneul  γ  qvantze da TviT eleqtronze. 

iseT   garemoSi, sadac komptonis efeqti Warbobs (10,05≤  E’γ ≤ 15 mev) 

nivTierebaTa umetesobaSi γ  qvantis energia metia eleqtronebis bmis 

energiaze da amitomac komptonis gabnevaze veraviTar  gavlenas veRar 

axdens eleqtronebis birTvTan  kavSiri. kerZod, σ k –urTierTqmedebis 

kveTa eleqtronebis koncentraciis proporciulia: 

σ k(E)=Zσ e(E)  

sadacσ e –eleqtronze gabnevis kveTaa. 

msubuqi eleqtronebisaTvis (wyalbadis garda)µ k makroskopuli kveTa ar 

aris damokidebuli Z-ze  da nivTierebis simkvrivis proporciulia.  

marTlac,  nivTierebis 1 gr3-Si atomebis ricxvi tolia: 

δ
M
AN =  

da aqedan gamomdinare:  

eeKK
AZ

M
AN δσσδσµ

2
≈+= , 

amitom,msubuqi nivTierebisaTvis (garda wyalbadisa) 5,0/ ≈MZ Kσ   da  Kµ

sidideebi nela mcirdebaγ  qvantis energiis gazrdasTan erTad. 
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is faqti, rom  eσ  ar aris damokidebuli  atomis saxeobaze, saSualebas 

gvaZlevs nebismieri Z atomuri nomris nivTierebisaTvis advilad  

gamovTvaloT Kσ da  Kµ , Tu is cnobilia romelime erTi 

nivTierebisaTvis (magaliTad, aluminisaTvis) : . 

Kσ
Al

Al
K Z

Zσ= ;  Al
K

AlAl

Al
K Z

Z
M

M µ
δ
δµ ••=  

msubuqi nivTierebebisTvis: 

Al
K

Al
K µ

δ
δµ •≈  

gabneuli qvantis energia sawyis energiaze  damokidebulia Semdegnairad: 

)cos1(
1 2

0

'

θ
γ

γ
γ

−
+

=

cm
E

E
E , 

sadacθ aris γ   qvantis  gabnevis kuTxe (nax. 1 b) 5,11−γE mev. 

γ qvantis  energia, romelic ukan ganibneva  '
γE ( 0180=θ ), axloa 

2

2
0cm

-Tan 

damoukideblad imisa, Tu rogoria sawyisi energia, e.i. energiis kargva 

Zalian didia. γE -s mcire mniSvnelobebisaTvis ki piriqiT, eleqtrons 

gadaecema energiis mcire nawili. 

radgan komptonis gabnevis SemTxvevaSi γ   qvantis  mTeli energia ar 

ixarjeba (γ   qvanti ar qreba), amitom energiis nakadis kargvis 

dasaxasiaTeblad  SemoaqvT e.w. namdvili (WeSmariti) STanTqmis kveTa- 

'
Kσ , romelic tolia Kσ  kveTis namravlisa γ   qvantis  im nawilze, 

romelic gadaecema eleqtrons. Aaseve  SemoaqvT namdvili (WeSmariti) 

gabnevis kveTiscneba: 

'''
KKK σσσ −=  

γE -s mcire mniSvnelobebis dros, energiis is nawili, romelic 

eleqtrons gadaecema Sejaxebisas, mcirea da Sesabamisad KK σσ '' ; γE -s 

didi mniSvnelobebisaTvis ki, piriqiT: KK σσ '' , KK σσ ≈'' . 

gabnevis koeficienti σ  praqtikulad  gviCvenebs γ   qvantebis  

intensiurobis Sesustebas  sigrZis erTeulze. 
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Tu cnobilia komptonis Pbσ koeficienti  tyviisTvis, misi sidide 

nebismieri nivTierebisaTvis advilad SeiZleba gamovTvaloT  Semdegi  

formuliT: 

 

82
207

3,11
Z

APb ••=
ρσσ , 

ρ - nivTierebis simkvrivea, 𝐴𝐴 –atomuri masa,𝑍𝑍ki - ricxviTi nomeri. 

wyvilTawarmoqmnis efeqtidaikvirveba γ qvantis im energiisaTvis, 

romelic aWarbebs mSvidi  eleqtronis da pozitronis energiebis jams; 

(2m0c2=1,02 mev), rodesac energia  sakmarisia eleqtron-pozitronis 

wyvilTa warmosaqmnelad.  

imisTvis, rom ZalaSi darCes impulsis  Senaxvis kanoni, es procesi unda 

mimdinareobdes mesame  sxeulis arsebobis SemTxvevaSi, romelsac 

gadaecema γ   qvantis energiis da impulsis nawili. aseTi sxeulis  rols 

TamaSobs ZiriTadad atomis birTvebi. Aamitom  wyvilTa warmoqmnis 

efeqtis σ wyalbaToba  damokidebulia birTvis muxtze: 

𝜎𝜎წყ ≅ Z2;     µ ≅ δ)/( 2 MZ , xolo wyalbadis garda sxva msubuq nivTierebebSi: 

𝜇𝜇წყ δZ≅  

𝜇𝜇წყ–is mniSvneloba nebismieri nivTierebisaTvis gamoiTvleba Semdegi 

formuliT: 

𝜇𝜇წყ– =
Al

Al

Al M
M

Z
Z

δ
δ

•2)( • µ wy
Al  

xolo msubuqi nivTierebebisTvis: 

𝜇𝜇წყ–=
AlAlZ

Z
δ
δ

• • µ wy
Al  

𝜎𝜎წყ და𝜇𝜇წყ–is damokidebuleba γ   qvantis energiaze dasawyisSi 

proporciulia γE -1,02 mev-is, xolo didi γE -sTvis ki axloa logariTmul 

kanonTan. 

wyvilTa warmoqmnis procesi mZime garemoSic ki mxolod maSinaa 

mniSvmelovani, roca γE  2-3 mev. birTvul geofizikaSi energiis aseTi 

mniSvnelobebi gvxvdeba γ   qvantebTan neitronebis radiaciuli 

CaWerisas.bunebrivi radiaqtiurielementis (Cveulebriv γE  3 mev) γ  
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gamosxivebis  Seswavlisas wyvilTa warmoqmnis efeqti SesaZloa 

ugulvebelyoT. 

yovel nivTierebas gaaCnia areebi, sadac  zemoT CamoTvlili romelime 

efeqtidan erT-erTia upiratesi. magaliTad, qanTa warmomqmneli ZiriTadi  

elementebisTvis (Z=6-20) fotoefeqtiupiratesia, roca  

γE  (0,02-0,07) mev, komptonis  gabneva, rodesac (0,02-0,07)  γE  (20-12) mev, 

wyvilTa warmoqmnis efeqti ki, rodesac γE  (12-20)mev. 

im areebSi, sadac komptonis efeqtia  upiratesi, mµ -STanTqmis masuri 

koeficienti  damokidebulia mxolod gamosxivebis energiaze da  

mciredaa damokidebuli TviT nivTierebaze.  

Teoriulma da  eqsperimentulma gamokvlevebma gviCvenes, rom  uran-

radiumis mwkrivis γ  gamosxivebis Sesustebis mµ koeficienti 

praqtikulad  erTidaigivea qanTa  umravlesobisaTvis da 0,03 sm2/gr-is 

tolia. 

e.i. Tu γ  kvantebi garemosTan  urTierTqmedebis dros energias wyvilTa 

warmoqmnaze xarjaven,  warmoiqmneba eleqtron-pozitronis wyvili.  

Tu komptonis gabneva xisti γ  gamosxivebisTvisaa damaxasiTebeli, 

fotoefeqti da wyvilTa warmoqmna ZiriTadad  rbil γ  gamosxivebas 

axasiaTebs. 

wyvilTa warmoqmnis xarjze γ  kvantebis energiis Sesusteba gamoisaxeba 

τ  koeficientiT, Tu cnobilia Pbτ ,τ  SeiZleba gamovsaxoT formuliT: 

 

2)
82

(207
3,11

Z
APb ••=

ρττ  

maSasadame, Sesustebis sruli koeficienti: τχσµ ++= . 

     nakadis intensivobis Sesusteba gamoiTvleba formuliT: 

deII µ−= 0  

A  aq 𝐼𝐼0sawyisi intensivobaa, 𝑑𝑑–garemoSi gavlili  manZili. bunebrivi 

radiaqtiuri izotopebis   gamosxivebisa da msubuqi nivTierebebisaTvis     

χ  da τ  gacilebiT naklebia σ -ze, amitom SeiZleba  CavTvaloT, rom µ

σ≈ . µ =1-is nacvlad xSirad SemoaqvT Sesustebis (STanTqmis)  masuri 

koeficienti 
ρ
µ
 (sadac ρ - garemos simkvrivea). 
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γ kvantebi xasiTdeba SeRwevis didi unariT da iZleva sust ionizacias. 

sakmarisia avRniSnoT, rom bunebrivi radiaqtiuri  izotopebis mier 

gamosxivebuli γ  kvantebi erTsantimetrze iZleva mxolod 1,5 wyvil ions. 

 

neitronebis urTierTqmedeba garemosTan 

 

qanebis elementebis Semadgenlobis analizisas farTo gamoyeneba hpova im 

meTodebma, romlebic emyreba qanTa dasxivebas neitronebiT. radgan 

neitronebs ar gaaCnia muxti, maTze ar moqmedebs eleqtronebis da 

birTvis muxtebi da xasiaTdeba didi ganWolvis unariT. iwvevs ra 

sxvadasxva birTvul reaqciebs, neitronebi saSualebas gvaZlevs 

SeviswavloT qanebis birTvuli da Sesabamiad, qimiuri Semadgenloba. 

imismixedviT,  Tu rogor sakuTar E energias flobs neitronebi,isini 

iyofa: siTbur (E 1 ev),saSualedo (Sualedur) (1 ev  E 0,1 mev)da              

Cqar  (E 0,1 mev)neitronebad. garda amisa, neitronebs,  romelTa energia  

1 ev-dan 1 kev-dea, xSirad  uwodeben rezonansuls, xolo neitronTa 

jgufs,romelTa energia 0,3 – 0,5-dan n• 102ev-mdea-siTburzeda (zesiTbur 

?)neitronebs. 

reaqciebi, romlebSic monawileobs neitronebi,or jgufad iyofa: 

STanTqma da gabneva. es ukanaskneli SeiZleba iyos drekadi da 

aradrekadi.  

drekadi gabnevaori idealurad drekadi 

birTvisdajaxebisanalogiuria:neitronis da  samizne birTvis kinetikur 

energiaTa jami dajaxebamde da dajaxebis Semdeg, erTnairia. 

     drekadi dajaxebisas neitronebis energiis kargva damokidebulia 

birTvis 𝑀𝑀masasa da neitronis  gabnevis kuTxeze. amgvarad, neitronis (𝐸𝐸0) 

energiis mniSvneloba mSvid birTvTan dajaxebamde  da dajaxebis Semdeg 

(𝐸𝐸), dakavSirebulia formuliT: 

2

2

0 )1(
1cos2

+
++

=
M

MMEE ψ
, 

sadacψ  masaTa centris sistemaSi neitronebis gabnevis kuTxea.aqedan, 

pirdapiri  ( πψ = ) dajaxebis SemTxvevaSi,  energiis minimaluri 

mniSvneloba tolia: 

oEE α=min , 
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sadac 

2

1
1








+
−

=
M
Mα  

xolo energiis kargva: 

0min0max )1( EEEE α−=−=∆    (1) 

TeoriaSi xSirad gamoiyeneba  urTierT dajaxebisas energiis  kargvis 

saSualologariTmuli mniSvneloba, e.w. Senelebis parametri: 

α
α

αξ ln
1

1lnln 0 −
+=−= EE               (1’) 

𝑀𝑀 9-sTvis (1’) formula martivdeba: 

3
2

2

+
=

M
ξ  

radganξ  ar aris neitronis energiaze damokidebuli, amitom energiis 

logariTmis saSualo mniSvneloba j urTierTdajaxebis Semdeg, tolia: 

ξjEE j −= 0lnln  

saidanac,𝐸𝐸0energiidan𝐸𝐸energiamde SenelebisTvis aucilebeli 

urTierTSejaxebisas saSualo ricxvitolia: 

E
Ej 0ln1

ξ
=  

(1)  da (1’) formulebidan Cans, rom neitronis energiis maqsimaluri kargva 

misi birTvTan Sejaxebisas xdeba maSin, Tu birTvis masa 𝑀𝑀=1, e.i. 

wyalbadis birTvTan. wyalbadTan pirdapiri dajaxebisas SesaZloa 

energiis mTliani dakargva.aseTive dajaxebisas Sesabamisi sidideebi 

Jangbadisa da kremniumisTvis 11 da 6%-iT (ξ =0,12 da 0,0715).  

wyalbadTan dajaxebisas neitronis energiis  didi raodnobiT kargvisa 

da gabnevis maRali kveTis gamo, wyalbadi warmoadgens neitronebis 

anomalur Semnelebels. 

neitronebis aradrekadi dajaxebisas energia ixarjeba ara marto 

birTvis kinetikuri energiis (ukucemis) Seqmnaze, aramed mis agznebazec, 

e.i.misi Sinagani energiis gazrdaze. 

birTvis agznebis energia SemdgomSi Tavisufldeba γ  qvantebis saxiT.  

aradrekadi gabneva –zRvruli (sasazRvro) reaqciaa. sazRvris 𝐸𝐸saz. 

energia umniSvnelod aWarbebs birTvis pirvel agznebul dones (𝐸𝐸done 1), 
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mcirdeba birTvis 𝑀𝑀 masis gazrdiT (msubuqi birTvebisTvis 𝑛𝑛 ∙103 –dan 

mZime birTvebisaTvis 102 kev-mde). amitom aradrekadi gabneva xdeba 

mxolodCqari neitronebiT da upiratesad mZime birTvebze. aradrekadi 

dajaxebis kveTa nulisgan  gansxvavebuli xdeba, rodesacE  Esaz., xolo 

10-15 mev  energiis SemTxvevaSi aRwevs maqsimalur mniSvnelobas, Seadgens 

ra sxvadasxva elementisTvis 𝑛𝑛 ∙10-1= 𝑛𝑛 ∙106 barns. 

neitronebis DSTanTqmasTan axlavs 𝑝𝑝 protonis, α  nawilakebis, ori-sami 

neitronis an γ  qvantebis gamosxiveba.es xdeba Semdeg reaqciebSi: (𝑛𝑛,𝑝𝑝); (𝑛𝑛, 

α ); (𝑛𝑛, 2𝑛𝑛); (𝑛𝑛, γ ) da a.S. , aseve gayofis  reaqciebSi: (𝑛𝑛,𝑓𝑓). 

am reaqciebidan zogierTi (𝑛𝑛, γ ) reaqcia,  U235 -s gayofa, (𝑛𝑛, p) reaqcia He3 -

ze da sxva izotopebze, aseve reaqcia (𝑛𝑛, α ) B10  da Li10  -izotopebze 

neitronebis nebismieri energiis mniSvnelobebis SeTxvevaSi (magram  

upiratesad mcire mniSvnelobebisTvis). 

STanqmis  sxva reaqciebi, e.i. reaqciebi (𝑛𝑛, 𝑝𝑝) da (𝑛𝑛, α )  elementebis 

umetesobisTvis, reaqcia (n, 2n) sasazRvro reaqciebisa da rogorc wesi, 

xdeba, roca 𝐸𝐸 2-5 mev. Aam reaqciaTa kveTebi ZiriTadad iseTivea,rogorc 

aradrekadi gabnevisas. 

neitronebis STanTqmisas warmoiSoba  izotopebi, romlebicizotopi-

samiznisagan gansxvavdeba. bevri maTgani radiaqtiuria. ganvixilavT ra  am 

xelovnur radiaqtiurobas, SeiZleba ganisazRvros  ama Tu im elementis 

arseboba qanebSi. 

neitronebi, romlebsac gamoasxivebs wyaro da xvdeba qanebSi, SedarebiT 

swrafad (10-4 ÷ 10-5 wm) neldeba drekadi da aradrekadi dajaxebebis 

Sedegad. amitom, neitronebis umetesoba maRali energiis garemoSi 

gaurbis STanTqmas da radgan ukve Zalian mcire (0,025 ev) energia aqvs, 

radiaciuli  (𝑛𝑛, γ )  CaWeris reaqciiT CaiWireba birTvebiT. amis gamo 

warmoiqmnebaγ  qvantebi, xolo boriT da liTiumiT mdidar qanebSi aseve  

warmoiSoba α  nawilakebic.  

qanebSi neitronebis  ganawileba, e.i. wyarodan sxvasxva manZilebze  

neitronebis simkvrive, garda neitronebis sawyisi  energiisa da wyaros 

intensivobisa, ganisazRvreba qanebis  neitronuli TvisebebiT, birTvebis 

masebiT da sxvadasxva procesebis kveTebiT, ZiriTadad energiis 

sxvadasxva mniSvnelobebis SemTxvevaSi. 
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neitronebis ganawilebis dasaxasiaTeblad  SemoaqvT kompleqsuri 

parametrebis SedarebiT arc Tu ise didi raodenoba, romelsac garemos  

neitronuli parametrebi ewodeba. CvenTvis mniSvnelovania  Semdegi 

parametrebi: 

1) garemos Semanelebeli unari, romelic tolia gabnevis  

makroskopuli kveTis (Σ  gabnevis)  namravlisa ξ Senelebis 

parametrze. racufro metia ξ Σ  gabnevis – Semnelebeli unari, miT 

ufro swrafad mimdinareobs  neitronebis Seneleba. 

2)  neitronebis Senelebis sigrZe  

6

2rLy =  

sadac 2r - Cqari neitronebis wyarosa da siTbur energiamde Senelebis 

wertilebs Soris manZilis saSualo mniSvnelobis kvadratia. 

3) sidides 2L=Θ Senelebis–uwodeben neitronis asaks da gamoiTvleba 

formuliT: 

33

2
2

2
0 LL

+Θ+=Θ φ  

sadac 

∫ Θ−
=Θ

0

)()cos1(
)()(

3
1 0

E

ET
E

dE
E

EE
ξ

λλ
φ  

aris e.w. neitronebis asaki fermis mixedviT. 

;)(
1

∑
=

E
λ

;)(
1

∑
=

Ep
pλ )(EΣ da )(EpΣ   Sesabamisad aris E energiis 

SemTxvevaSi Sesabamisad sruli  da gabnevis kveTebi. )( 00 Eλλ = - 

neitronebis pirveli ganarbenis sigrZis saSualo mniSvnelobaa, πλ =

TT EE −)(λ  energiis siTbur garemoSi  garbenis sigrZis saSualo 

mniSvneloba. 

Θcos  - neitronebis gabnevis kosinusis saSualoa koordinatTa 

laboratoriul sistemaSi. 

4) siTburi neitronebis difuziis koeficienti ganisazRvreba gazSi 

molekulebis difuziis koeficientis  analogiurad: 

𝐷𝐷 =
𝜆𝜆გაბნევა𝜈𝜈

3
= 𝜈𝜈

3𝛴𝛴გაბნევა
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D = 
3

vgabnevaλ
= v

Σ3
 

sadacΣ g siTburi neitronebis gabnevis kveTaa, ν  siTburi neitronebis 

moZraobis siCqarea (ν =2 200 m/wm, 200 C temperaturis dros). 

5) siTburi neitronebis sicocxlis saSualo droa garemoSi: 

𝜏𝜏 = 𝐿𝐿
𝜈𝜈
 = 

1
𝜈𝜈∙𝛴𝛴შთანთქმა

 

sadacΣ STanTqma siTburi neitronebis STanTqmis kveTaa,  λ =1/Σ STanTqmaki -

Senelebis wertilidan STanTqmis wertilamde neitronis gza (texilis 

gaswvriv). 

 

6) LsigrZe-difuziis sigrZea (is Senelebis sigrZis analogiuria) 

axasiaTebs saSualo kvadratul manZils, romelsac gadis neitroni 

Senelebis wertilidan STanTqmis wertilamde: 

LsigrZe= τD =
1

�3∙𝛴𝛴გაბნევა∙𝛴𝛴შთანთქმა
 

7) migraciis sigrZe LMaxasiaTebs siTburi neitronebis wyarosa da  

STanTqmis wertilebs Soris  saSualo kvadratul  manZils: 

𝐿𝐿მიგრაციის = �𝐿𝐿შთანთქმა
2 + 𝐿𝐿სიგრძე2  

radiaciuli CaWeris γ -qvantebis da neitronebis migraciis saerTo 

sigrZe 

𝐿𝐿𝑛𝑛𝑛𝑛 = �𝐿𝐿შთანთქმა
2 + 𝐿𝐿სიგრძე2 + 𝐿𝐿𝛾𝛾2  

sadac𝐿𝐿 γ -γ qvantebis gadatanis sigrZea, romelic daaxloebiT 

miRebulia, rom 1 (�3𝜇𝜇ეფექტური)-is tolia. 

 

uranis, radiumis, Toriumis da sxva radiaqtiuri 

elementebis geoqimia 

 

birTvuli geologiisa da geofizikis erT-erT ZiriTad amocanas 

warmoadgens dedamiwis qerqSi radiaqtiuri elementebis ganawilebis 

Seswavla. Aam amocanis gadaWras garkveuli mniSvneloba aqvs ara marto 

dedamiwis geologiur istoriaze radiaqtiurobis gavlenis Teoriuli 
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sakiTxebis gadasaWrelad, aramed saZiebo geologiisTvisac - 

gansakuTrebiT radiaqtiur sabadoTa Zebna-ZiebisTvis. 

dReisaTvis sakmarisad didi faqtobrivi masalaa dagrovili imisTvis, 

rom SesaZlebeli gaxdes  radiaqtiuri elementebis ganawilebis mTeli 

rigi kanonzomierebebis dadgena. Ees ganawilebebi ZiriTadad im fizikur-

qimiuri pirobebiT ganisazRvreba, romelic arsebobda ama Tu im qanis 

Camoyalibebis periodSi(laparakia qanebze, romlebSic arsebobs 

radiaqtiuri elementebi). 

 

 

uranis, radiumis, Toriumis da kaliumis  

fizikur-qimiuri Tvisebebi 

 

dedamiwis qerqSi mimdinare yvela geologiuri procesis dros nebismieri 

radiaqtiuri elementis qceva da Sesabamisad, maTi Tanamedrove 

ganawilebac, ganisazRvreba maTi radiaqtiuri da fizikur-qimiuri 

TvisebebiT. radiaqtiuri Tvisebebis gavlena imiT gamoixateba, rom 

radiaqtiuri elementebis mTeli erTobliobidan  arsebobis geologiuri 

istoria gaaCnia SedarebiT xangrZlivi sicocxlis unarian nivTierebebs: 

urans, Toriums, kaliums, radiums, rubidiums da sxva. Mmcire sicocxlis 

xangrZlivobis elementebi – uranis da Toriumis daSlis produqtebi – 

mudmivad Tan axlavs am ukanasknel (urani, Toriumi) nivTierebebs, magram 

TviTon, radiumis da radiaqtiuri emanaciis garda, Tavisi sicocxlis    

SedarebiT mcire periodSi, SesamCnev gadanawilebas ar ganicdis.   

radiaqtiuri  elementebis fizikur-qimiur Tvisebebs ganekuTvneba iseTi 

cnobili maxasiaTeblebi, rogoricaa fardobiTi atomuri masa, simkvrive, 

mendeleevis periodul sistemaSi rigiTi nomeri, valentoba, qimiuri 

aqtivoba, elementebis SenaerTebis xsnadoba, maTi dnobis temperetura da 

sxva. 

garda zemoT CamoTvlilisa, geoqimiaSi didi mniSvneloba aqvs sxva, 

naklebad cnobil faqtorebsac: ionuri (an atomuri)  radiusis zomebs. 

ionebis polarobis Tvisebas. mineralebis kristaluri mesris  

struqturul Taviseburebebs, am mesris energias da a.S. 
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ionebis zomebi xasiaTdeba ionis efeqturi (ionis𝑟𝑟)  radiusiT. maTi  

dapolareba, romelic imaSi gamoixateba, rom atomis eleqtronuli 

garsebi deformirdeba erTi ionis (atomis)  eleqtruli velis moqmedebiT 

meores eleqtronul garsebze, ganisazRvreba  polarizaciis 

koeficientiT. Aam or maxasiaTebls didi gavlena aqvs izomorfizmze, anu 

atomebis urTierTSenacvlebis unarze kristalur mesrebSi. 

dadgenilia, rom qimiurad analogiur  nivTierebebSi izomorfizmi 

SesaZlebelia mxolod im  SemTxvevaSi, roca erTmaneTis Semcvlel 

nawilakTa zomebi da polarizebis (dapolarebis)  xarisxi SedarebiT 

axloa erTmaneTTan da garkveul zRvars ar aWarbebs. Aaseve dadgenilia, 

rom sxva msgavs pirobebSi didi radiusiani ionebi ufro xSirad  Txevad 

fazaSi rCeba, xolo mcireradiusiani ionebi  ki - myar fazaSi gadadis. 

SemoaqvT kristaluri mesris energiis sididis -𝑈𝑈-s cneba,  romelic 

izomeba im muSaobiT, romelic aucilebelia nivTierebis erTi 

grammolekulis dasaSlelad mis ionebad. Aam energias  miaxloebiT 

iTvlian fersmanis formuliT: 

aU ν(1,256= ЭКк+ kν ЭКa)  

sadac kν da aν  - kaTionebis da anionebis ricxvia molekulaSi,  ЭКк  da  

ЭКa-kaTionebis da anionebis energetikuli koeficientebia. 

kristaluri mesris energiis sidide axasiaTebs elementebis SeerTebis 

simtkices. 1934 wels a.e. fersmanis mier miRebuli es formula  

safuZvlad daedo geoenergetikul Teorias,  romelic Tavis mxriv xsnis 

dedamiwis  qerqis geoqimiur procesebs, maT Soris iseTsac, rogoricaa 

mineralTa warmoSobis Tanmimdevroba da elementebis asociacia. Aam 

TeoriisTanaxmad, magaliTad, mineralebis kristalizaciis Tanmimdevroba, 

Zalian xSirad emTxveva maTi kristaluri mesris energiis Semcirebas. 𝑈𝑈-s 

maRali mniSvnelobis mineralebi, sxva msgavsi pirobebis 

SemTxvevaSi,amoifrqveva gacivebuli magmuri lavebidan da 

hidroTermaluri xsnarebidan ufro adre, vidre mcire  radiusis mesris 

energiis mineralebi. Sesabamisad,  elementebis da mineralebis  asociacia 

daikvirveba ZiriTadad U-s axlo mniSvnelobebis SemTxvevaSi. 

mokled mimovixiloT radiaqtiuri elementebisZiriTadi Tvisebebi. 

uraniwarmoadgens metad mZime bunebriv elements, romlis rigiTi nomeria 

92.  misi izotopebis narevis fardobiTi atomuri masa 238,03-is  tolia, 
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metaluri uranis simkvrivea -18,9 gr/sm3. urans axasiaTebs didi muxtis 

mqone birTvis da eleqtronuli garsebis rTuli agebuleba. bunebriv 

pirobebSi is gvxvdeba oTxvalentovani (𝑈𝑈4+) da eqvsvalentovani (𝑈𝑈6+) 

formebiT. 

oTxvalentovani uranis (𝑈𝑈4+) ionuri radiusi  (𝑟𝑟ionuri=1,05 
0
A ) axloa 

Toriumis ionur radiusTan (𝑟𝑟ionuri=1,10 
0
A ), aseve iSviaT miwa-elementebis 

jgufebTan: (𝑟𝑟ionuri=1,18 ÷0,99
0
A )  da 𝐶𝐶𝐶𝐶2+(𝑟𝑟ionuri=1,06 

0
A ). uranis 

energetikuli koeficienti 6,8 tolia. eqvsvalentovani (𝑈𝑈6+)uranis ionuri 

radiusi tolia 0,79 
0
A . 

uranis ZiriTad  Taviseburebas warmoadgens is, rom mas gaaCnia Zlieri 

qimiuri aqtivobis da Zlieri aRdgeniTi unari, romelic 

gansakuTrebulad iCens Tavs mJave wyal-xsnarebSi. 

bunebriv pirobebSi oTxvalentovani uranis SenaerTebs aqvs Savi, moSavo-

moyavisfro da wiTel-mewamuli feri. 

radiumiuranis daSlis Sealeduri  produqtia. is xasiaTdeba rigiTi 

nomriT 88, fardobiTi atomuri masiT 226,05 da simkvriviT 5 gr/sm3. sufTa 

saxiT is warmoadgens sakmaod rbil, movercxlisfro metals, romelic 

Cveulebriv temperaturaze wyalSi iSleba. radiumis qimiuri Tvisebebi 

axloa bariumis qimiur TvisebebTan.  radiumi xSirad gvxvdeba am 

ukanasknelTan fisis sabadoebSi. is yovelTvis  orvalentovania. 

bunebriv pirobebSi radiumi ZiriTadad gabneul mdgomareobaSi gvxvdeba 

Zalian mcire klarkis (a.p vinogradovis mixedviT 𝑙𝑙 ∙10-1%) gamo. is 

damoukidebel mineralebs, rogorc wesi, ar qmnis. cnobilia mxolod 

arauranuli mineralebis patara jgufi: radiumkalciti 

(Ca,Ra)CO3,radiumfluoriti (Ca,Ra)F2, radiumbariti (Ca,Ra)SO4, gokutoliti  

(Ba,Pb,Ra)SO4 da sxva. 

Toriumi ganekuTvneba mZime elementebis jgufs. misi ricxobrivi nomeria 

90, fardobiTi atomuri masa 232,04, simkvrive – 11,5 gr/sm3 . ionuri 

radiusis (𝑟𝑟ionuri=1,1
0
A ) da energetikuli koeficientis (EK=6,8) mixedviT 

Toriumi oTxvalentovan urans hgavs, Tumca geoqimiuri TvisebebiT is 

bevrad martivia uranTan  SedarebiT: yovelTvis oTxvalentovania da sxva 

ionebTan  erTad gvaZlevs erT ions (ThO)4-. 
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Toriumi bunebriv pirobebSi Jangeulebis  saxiT gvxvdeba: torianiti 

(ThO2UO2 ), toriti (ThSi O4)  da sxva. Toriumis bunebrivi SenaerTebi 

xasiaTdeba  im ZiriTadi TaviseburebebiT, rom isini cudad ixsneba. 

kaliumisfizikur-qimiuri Tvisebebi mkveTrad  gansxvavdeba sxva  

radiaqtiuri elementebis Tvisebebisgan. Uupirvelesad unda avRniSnoT, 

rom kaliumi  bunebaSi didi raodenobiTaa gavrcelebuli.  is miekuTvneba 

tute-metalTa jgufs, aqvs  rigobrivi nomeri 19, fardobiTi atomuri masa 

39,1 da simkvrive 0,86 gr/sm3. qimiuri kalciumi ufro aqtiuria, vidre 

natriumi. Nnatriumisgan gansxvavebiT, yvela cnobil mJavasTan is qmnis 

marilebs, romlebic xsnarebidan gamoyofisas, rogorc wesi, ar Seicavs 

kristalizaciur wylebs. yvelaze metad gavrcelebuli kaliumSemcveli 

mineralebidan, romlebic qanTa  maRal radiaqtiurobas ganapirobeben, 

aRsaniSnavia: silvini (KCl),karnaliti (KCl, MgCl• 6H2O); muskoviti, biotiti 

da sxva. 

 

 

  radiaciul sabadoTa ZiriTadi genetikuri da sawarmoo tipebi 

 

mravalricxovani dakvirvebebis Sedegad  a.p. vinogradovma aRmoCnda, rom 

dedamiwis qerqi Sedgeba 2/3 mJave da 1/3 fuZe da saSualo qanebisagan.  am 

faqtoris gaTvaliswinebiT, radiaqtiuri izotopebis saSualo 

Semcveloba,  anu klarkebi iqneba aseTi: 

𝑈𝑈 – (2-4) ∙ 10-4 % 

𝑅𝑅𝑅𝑅– 1.2 ∙10-10 % 

Th – 1.2∙10-3 % 

uran-radiumisa da Toriumis geoqimiisaTvis  damaxasiaTebelia  maTi 

araTanabari Semcveloba qanebSi, qanis erTsa da igive petrografiul 

saxesxvaobaSi, magram sxvadasxva adgilas, am elementis Semcveloba 

SeiZleba sruliad sxvadasxva iyos. 

dadgenilia, rom erTnairi Sedgenilobis granitebi ar aris erTnairni 

maTSi radiumis sxvadasxva raodenobis Semcvelobis gamo. 

xSirad marTldeba empiriuli wesi, rom vardisferi granitebi ufro 

aqtiuria, vidre nacrisferebi. garda amisa, axalgazrda qanebi ufro 

gamdidrebulia radiaqtiuri nivTierebebiT, vidre gamofituli qanebi. 
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Zalian sainteresoa qanebSi radiaqtiuri elementebis arsebobis formebi: 

1) mTavari forma uranis Semcvelobis aris uranuli minerali. aseTia 

ZiriTadi minerali  u r a n i n i t i 

𝑛𝑛 ∙UO2∙m∙ UO3∙K PbO 

garda amisa, urans Seicavs braneriti, samarspiti, uranoToriti da a.S. 

2) meore forma aris izomorfuli Semcveloba aqscesorul mineralebvSi, 

magaliTad: monacitSi, cirkonSi, piroqlorSi urani izomorfulad 

anacvlebs  cirkoniums, iSviaTad miwa metalebs da zogjer kalciums. 

Tvlian, rom uranis aqscesoruli forma warmoadgens ZiriTad formas.  

3) yvelaze gavrcelebuli forma es aris qanebSi gabneuli urani, 

rodesac urani  atsorbirebul mdgomareobaSia mineralis marcvlebsa da 

kristalebs Soris. 

is, ZiriTadad, uranilis jgufiTaa warmodgeniliUO2 , zogjer aseT 

atsorbirebas adgili aqvs kristalebis defeqtebzec. 

qanebSi uranis saerTo Semcveloba da misi geoqimiuri mdgomareoba 

icvleba adgilis mixedviT. 

Toriumi, uranisa da radiumisagan gansxvavebiT, iSviaTad gvaZlevs 

minarevebs, ar iZleva wyalSi xsnad nivTierebas, amitom misi gadatana da 

dagroveba  hidroTermaluri procesebiT ar xdeba. Toriumis gavrcelebis 

da gadatanis erTaderTi gza aris mxolod meqanikuri. 

miuxedevad imisa, rom 𝑇𝑇ℎ–is klarkuli Semcveloba erTi rigiT maRalia 

uranis Semcvelobaze, misi xiluli sabadoebi TiTqmis ar arsebobs. 

𝑈𝑈1𝑅𝑅𝑅𝑅da𝑇𝑇ℎ–is  Tanafardoba  qanebSi advilad SeiZleba dairRves meoradi 

procesebis Sedegad. amitom SeuZlebelia maTi klasifikacia 

radiaqtiurobis mixedviT. 

cnobilia, rom danaleq qanebi Seadgenen mxolod 5 %-s, amitom  maTSi 

Semavali radiaqtiuri elementebis saerTo raodenoba naklebia magmur 

qanebTan SedarebioT, magram SeiZleba Segvxvdes iseTi danaleqi qani, 

romelic ufro met radiaqtiur nivTierebas Seicavs, vidre magmuri qanebi. 

danaleqi qanebidan ZiriTadia qviSaqvebi, Tixebi da karbonatuli qanebi. 

maTi Sefardeba aseTia -  3 : 5 : 2. 

radiaqtiuri elementebis mixedviTac Tixebi ufro aqtiuria, vidre 

qviSaqvebi da  karbonatuli qanebi. TixebSi uranis Semcveloba aris 10-4 

%, radiumisa ki - 10-10 %. 
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SedarebiT radiaqtiuria zRviuri warmoSobis Savi fiqlebi. 

danaleq qanebSi  ufro xSirad gvxvdeba 𝑈𝑈-is da 𝑅𝑅𝑅𝑅-is Tavmoyra. 

uranisTvis Zalze  damaxasiaTebelia misi arseboba iseT qanebSi, 

romlebic  organuli naerTebiT aris gamdidrebuli.    

magmur qanebSi Toriumis fardoba 𝑈𝑈-Tan, Tu es qanebi erTi tipisaa, 

daaxloebiT erTnairia. aseT mudmivobas danaleq qanebSi ara aqvs 

adgili.𝑇𝑇ℎ–is   fardoba 𝑈𝑈-Tan Zalian icvleba. 

TavianTi radiaqtiuri TvisebebiT metamorful qanebs saSualo adgili 

ukaviaT danaleq da magmur qanebs Soris. 

I. bunebaSi arsebuli radiaqtiuri nivTierebebi, maTi gamoyenebisa da 

geoqimiurad erTmaneTTan kavSiris mixedviT, SeiZleba davyoT oTx 

ZiriTad jgufad:pirveli jgufi aerTianebs 𝑈𝑈-sa da mis izotopebs 
232

92U ; 

235
92U ;

234
92U -s. maTi Tanafardoba bunebaSi aseTia:  

170
1:

140
1:1  

bunebrivi urani garegnulad rkinas hgavs, haerze iJangeba. uranis 

izotopebis  naerTebi advilad ganicdis migracias da xelsayrel 

pirobebSi danaleqad gamoiyofa.  qanidan axlad gamoyofili uranis Jangi 

𝑈𝑈3𝑂𝑂3 warmoadgens stabilur  α  gamomsxivebels.  gamoyofidan erTi wlis 

Semdeg myardeba wonasworoba  uransa da mis β  daSlis mqone momdevno 

izotopebs Soris, amitom igive preparati SeiZleba β  gamomsxivebladac 

gamoviyenoT.  bunebriv mineralebSi 𝑈𝑈yovelTvis imyofeba wonasworobaSi 

misi daSlis momdevno produqtebTan U𝑈𝑈𝑥𝑥1-Tan da 𝑈𝑈𝑈𝑈-Tan. 

II. meore jgufSi erTiandeba 𝑇𝑇ℎda misi izotopebi. mas aqvs 6 izotopi. 

Toriumis mineralebi wyalSi da mJavebSi  cudad ixsneba da maTi 

migraciis erTaderTi saSualeba meqanikuria. amitom 𝑇𝑇ℎiSviaTad iZleva 

xilul sabadoebs. misi saerTo raodenobis sakmaod maRali Semcvelobis 

miuxedavad,𝑇𝑇ℎbunebriv mineralebSi da madnebSi yovelTvis wonasworobaSi 

imyofeba Tavisi daSlis momdevno produqtebTan, vinaidan am 

wonasworobis dasamyareblad mxolod 70 welia saWiro. 

III. mesame jgufi aerTianebs 𝑅𝑅𝑅𝑅da mis izotopebs. 88𝑅𝑅𝑅𝑅
226radiumis naerTebi 

Zalze aqtiuria, advilad  ganicdis migracias bunebriv wylebTan erTad 
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da SedarebiT advilad qmnis Tavmoyris adgilebs. Cnobilia Ra -is 4 

izotopi, romelTa narevsac bunebrivi 𝑅𝑅𝑅𝑅 warmoadgens. 𝑅𝑅𝑅𝑅Zalze 

intensiuriγ  gamomsxivebelia, amitom misi  sabadoebis Zebna Zalze  

xelsayrelia γ  meTodis saSualebiT. 𝑅𝑅𝑅𝑅da misi jgufis elementebi   

𝑈𝑈𝑈𝑈𝑈𝑈–is mwkrivis γ  gamosxivebis TiTqmis 98%-s 

iZleva.  

IV. meoTxe jgufi – radiaqtiuri emanaciebia. radoni, Toroni da aqtinebi 

– es radiaqtiuri gazebi, marTalia, TviTon araviTar praqtikul 

Rirebulebas ar warmoadgens, magram SeiZleba gamoyenebuli iqnas im 

aqtiuri sawyisis saZebnelad, romlis daSlis produqtebsac isini 

waroadgens. 

 

savele emanaciuri meTodi 

savele-emanaciuri meTodi warmoadgens radiometriuli Ziebis erT-erT 

ZiriTad meTods, romelic Seiswavlis atmosferoSi, niadagsa da haerSi 

arsebul wylebSi radiaqtiuri emanaciis ganawilebas. imis mixedviT, Tu 

romeli emanacia Seiswavleba, arCeven 𝑅𝑅𝑅𝑅-is, Toronis daaqtinis 

meTodebs.radiaqtiuri emanaciebi ganuwyvetliv warmoiqmneba  qanebSi 226
88 Ra  

-is, 224
88Th ,  223

88 Al -isagan  maTi daSlis Sedegad. 

 daSlis reaqciebs aqvT aseTi saxe: 

226
88 Ra →α 222

86 Ra + 4
2 He  

224
88Thx → 220

86Th + 4
2 He  

223
88 Alx →α 219

86 An + 4
2 He  

naxevardaSlis periodebiT radioaqtiuri emanaciebi mkveTrad  

gansxvavdeba erTmaneTisagan: 

𝑇𝑇𝑅𝑅𝑅𝑅=3.825 dRe-Rame 

𝑇𝑇𝑇𝑇ℎ  TTh =54,5 wT 

𝑇𝑇𝐴𝐴𝐴𝐴  =3,92 wT    

es garemoeba gansazRvravs kidevac  maT gamoyenebas saZiebo 

meTodebisaTvis.  

radiaqtiuri emanaciebi  emorCileba daSlis iseTive kanons, rogorc sxva 

izotopebi: 
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teNN λ−= 0  

daSlis Sedegad  radiaqtiuri emanaciebi isev myar nivTierebebs iZleva. 

samive emanacia ganicdis α daSlas da daSlis Sedegad iZleva e.w. 

𝐴𝐴 produqtebs anu aqtiur naleqebs. Aamitom emanaciebi TiTqosda 

“aWuWyianebs”  maTTan SexebaSi myof radiaqtiur sagnebs. radiaqtiuri 

emanaciebi Tavisi bunebiT warmoadgens keTilSobil gazebs. Eemanaciebi 

naerTebs ar iZleva.   

arCeven emanaciur  karotaJul meTods da emanaciur agegmvas. emanaciuri 

karotaJis dros  sinjebi aiReba sxvadasxva siRrmeebidan. 

maSasadame, emanaciuri meTodi gulisxmobs niadagSiarsebuli haeris 

sinjis aRebas da misi aqtiurobis gansazRvras, rac Cveulebriv 

saionizacio kameriT warmoebs. radiaqtiuri emanaciebis sazom erTeulad 

miRebulia 1 kiuri. 1 kiuri𝑅𝑅𝑛𝑛saionizacio kameraSi gvaZlevs dens, 

romelic tolia 2,75∙106CGSE-s. haersa da wyalSi emanaciebis sazomad 

ufro xSirad gamoiyeneba 1 emani. 

1 emani = 10-10 kiuri/litrze. zogjer iyeneben erTeuls: 1 maxe=3,64 emani. 

 

radiaqtiuri emanaciebis Tvisebebi 

 

radiaqtiuri emanaciebi, rogorc sxva gazebi, metnaklebad ixsneba wyalSi 

da ganicdis difuzias qanebis forebSi, napralebSi, niadagis haersa da 

kapilarebSi. Ddifuziis koefecienti mkveTradaa damokidebuli gazis 

temperaturasa da im pirobebze, romelSic difuzia mimdinareobs. 

difuziis koeficienti 

𝐷𝐷 = 0,1  sm2/wmrodesac𝑡𝑡=180 

emanaciebis xsnadobis koeficienti α , romelictemperaturaze mkveTrad 

aris damokidebuli, SeiZleba gamovTvaloT gazebisaTvis da ara marto 

emanaciebisaTvis, genrismier dadgenilikanonidan: 

2

2

1

1

V
N

V
N α= , 

sadacN1 aris emanaciis koncentracia haerSi,  V1 – haeris moculobaa,N2–

emanaciis koncentraciaa xsnarSi, V2-wylis moculoba.temperaturis 

zrdasTan erTad α  mcirdeba. 
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rogorc ukve avRniSneT, radiaqtiuri emanaciebi ganuwyvetliv 

warmoiqmneba qanebSi  Ra , Thx , Acx -is α  daSlis Sedegad. isini an 

gadadian haerSi, an rCebian forebSi. Aamitom qanebidan emanaciis gamoyofa 

SeiZleba davaxasiaToT sididiT, romelsac emanirebis koeficienti 

ewodeba. emanaciis koeficienti ewodeba qanis mier 1 wm-Si gamoyofili 

emanaciebis raodenobis Sefardebas emanaciis im srul raodenobasTan, 

romelic am drois ganmavlobaSi qanSi warmoiqmna. Eemanaciebis 

koeficienti gamoisaxeba  procentebSi.  

Qqanebis emanirebis koeficientis sidide damokidebulia ara marto qanSi 

radioelementebis koncentraciaze, aramed TviT qanis mdgomareobazec. 

daSlili, damsxvreuli qanebi emanirebis ufro maRali koeficientiT 

sargebloben, vidre maTi monoqromebi. Uunda aRiniSnos, rom niadagebi, 

ufro maRali emanirebis koeficientiT xasiaTdeba. dadgenilia, rom 

yofil ssrk-Si niadagebis emanirebis koeficienti radonis mimarT 41%-ia, 

xolo Th-is mimarT – 45%. 

qanebi SeiZleba davaxasiaToT emanirebis unarianobiT. emanirebis 

unarianoba ewodeba 1 grami nivTierebidan  gamoyofili emanaciis 

raodenobas im droSi,romelic sakmarisia wonasworobis dasamyareblad. 

 

Eemanaciis difuzia nayarSi 

savele emanaciur meTodebs safuZvlad udevs emanaciis difuziis movlena 

emanirebadi qanis gadamfarav fenSi.Yyvela meTodSi izomeba emanaciis 

koncentracia niadagidan aRebul haeris nimuSsi, sadac is difuziis 

Sedegad moxvda, Tumca es meTodebi erTmaneTisgan gazomvis xerxebiT 

gansxvavdeba. amitom koncentraciis Teoriuli mniSvnelobis  dasadgenad 

aucilebelia SeviswavloT emanaciis difuzia gadamfarav fenSixsnarSi. 

gamoviyenoT difuziis gantoleba da movaxdinoT misi analizi sxvadasxva 

realuri pirobebisaTvis. ganvixiloT umartivesi SemTxveva:  vTqvaT, 

gvaqvs radiaqtiuri feni, romelic gadafarulia araradiaqtiuri feniT. 

fenSi gamoyofili emanacia ganicdis difuzias araaqtiur fenSi. amocanis 

mizania vipovnoT misi koncentracia  emanirebadi fenidan sxvadsaxva 

manZilze. 

ganvixiloT  iseTi kerZo SemTxveva, rodesac  gazis konveqcias adgili  

araaqvs da emanaciis gavrceleba mxolod difuziiT xdeba. SevarCioT 
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koordinatTa sistema ise, rom𝑥𝑥RerZi mivmarToT zeviT. Aaraaqtiur fenSi 

gamovyoT raime  kveTa, romlis sisqe aris 𝑑𝑑𝑑𝑑, xolo ganivkveTis  farTi –

𝑆𝑆.aqtiuri fenidan nebismier 𝑥𝑥manZilze  emanaciis koncentracia 

avRniSnoT 𝑁𝑁-iT, emanaciis  koncentracia aqtiuri fenis sazRvarze 

avRniSnoTN0-iT, difuziis koeficienti 𝐷𝐷-Ti, xolo emanaciis daSlis 

koncentracia λ -Ti. cxadia, gamoyofilabcd  kveTaSi emanaciis sruli 

raodenoba iqneba:NSdx.  vnaxoT, gamoyofil kveTaSi, drois 

ganmavlobaSi,ra mizeziT SeiZleba Seicvalos es raodenoba. davuSvaT, 

rom kveTis erT zedapirSi Sedis  gazis 𝑄𝑄raodenoba, xolo kveTidan 

gamodis 𝑄𝑄 + 𝑑𝑑𝑑𝑑 raodenoba. 𝑑𝑑𝑑𝑑 SeiZleba iyos rogorc dadebiTi, ise 

uaryofiTi. maSin, gazis raodenobis cvlileba kveTaSi drois erTeulSi 

SeiZleba ase Caiweros: 

 

)()()( 11 NSdxdQQQNSdx
dt
d λ−+−=            (1) 

magram, radganac emenacia aris radiaqtiuri,SeiZleba daSlac momxdariyo. 

Ees  gantoleba gadavweroT ase: 

)()( NSdxdQNSdx
dt
d λ−−=            (2) 

Cven viciT, rom masis nakadi 𝑄𝑄aris: 

S
dx
dNDQ −=  

gavawarmooT  𝑥𝑥-iT: 

S
dx

NdD
dx
dQ

2

2

−=  

aqedan 

 

Sdx
dx

NdDdQ 2

2

−=       (3) 

(3) gantoleba SevitanoT (2)-Si, miviRebT: 

)()( 2

2

NSdxSdx
dx

NdDNSdx
dt
d λ−=  

 

N
dx

NdD
dt
dN λ−= 2

2

(4)  
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(4)gantoleba warmoadgens arastacionaluri  difuziis 

 

gantolebas. Tu davuSvebT, rom procesi stacionaluria, aseTSemTxvevaSi 

dx
dN

iqneba 0-is toli da miviRebT: 

02

2

=− N
dx

NdD λ         (5) 

es aris difuziis stacionaluri gantoleba.  

ganvixiloT kerZo SemTxveva. (5) gadavweroT ase: 

02

2

=− N
Ddx

Nd λ
           (6) 

am gantolebis zogadi diferencialuri amoxsna aseTia: 

kxkx eCeCN 21 += −
, 

sadac        

D
k λ

±=           (7) 

(7)warmoadgens stacionaluri difuziis gantolebis amoxsnas, sadac   

𝐶𝐶1da  𝐶𝐶2koeficientebia, romlebic ganisazRvrebian sasazRvropirobebiT. 

ganvixiloT aseTi kerZo SemTxveva: 

1) davuSvaT, rom aqtiuri feni gadafarulia usasrulo  sigrZis (sisqis) 

araaqtiuri feniT, maSin sasaRvro pirobebi Caiwereba Semdegnairad: 𝑥𝑥=0, 

e.i. gamyof zedapirze𝑁𝑁=𝑁𝑁0 ,              𝑥𝑥 = ∞,                   𝑁𝑁 = 0 

rodesac ∞=x  da   𝑁𝑁 = 0,   maSin   𝐶𝐶2 = 0 

rodesac 0=x  da𝑁𝑁=𝑁𝑁0 ,           maSin  𝐶𝐶1 = 𝑁𝑁0  

aseT SemTxvevaSi (7)  amoxsna miiRebs Semdeg saxes: 

 

x
DeNN
λ

−
= 0 (8) 

rogorc (8)-dan Cans, emanaciis koncentracia aqtiuri fenidan 

daSorebasTan erTad eqsponencialuri kanoniT mcirdebada damokidebulia 

difuziis koncentracia. 

2)vTqvaT, aqtiuri feniT gadafarulia raRac  ℎ  sisqis araaqtiuri feni, 

maSin sasazRvro pirobebi Caiwereba Semdegnairad:rodesac 0=x , maSin 
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𝑁𝑁 = 𝑁𝑁0,magram, rodesac hx = , maSin  𝑁𝑁 = 0.  miwispira haeris fenSi 

emanaciis koncentracia gacilebiT naklebia, vidre  niadagis haerSi. 

Cvens amoxsnaSi: 

I piroba gvaZlevs, rom𝐶𝐶1 + 𝐶𝐶2 = 𝑁𝑁0, aqedanC1=𝑁𝑁0 − 𝐶𝐶2 

II pirobidan: 

h
D

h
D eCeC

λλ

210 +=
−

 

h
D

h
D eCeCN

λλ

220 )(0 +−=
−

 

 

h
D

h
D

h
D

ee

eNC
λλ

λ

−

=
−

−

0
2  

h
D

h
D

h
D

ee

eNNC
λλ

λ

−

−=
−

−

0
01  

 

h
D

h
D

h
D

ee

eNC
λλ

λ

−

−=
−

−

01  

𝐶𝐶1-is da 𝐶𝐶2-is miRebuli mniSvnelobebi CavweroT amoxsnaSi: 

 

h
D

h
D

xh
D

xh
D

ee

eeNN
λλ

λλ

−

−
=

−

−−− )()(

0                (∗ )  

gavixsenoT, rom 

Shxee xx

2
−−

           (8) 

 

am gantolebis gaTvaliswinebiT (∗ )-sTvis miviRebT: 

 

h
D

Sh

xh
D

Sh
NN

λ

λ )(
0

−
=              (9) 
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D
ShxNN λ

0−=  

rogorc (9) - dan Cans, koncentraciis cvlileba aseT SemTxvevaSi ufro 

rTul kanonzomierebebs emorCileba, magram λ -s zrdasTan erTad, e.i. 

aqtiuri fenidan daSorebasTan erTad,koncentracia Zalian swrafad 

mcirdeba. 

3)gansakuTrebul interess warmoadgebs iseTi amocanis ganxilva, roca 

difuziasTan erTad gaTvaliswinebulia gazis koncentraciac (anu 

difuziis gadatana nakadTan erTad). maSin Cveni gamosavali gantoleba, 

romelsac aseTi saxe  qonda: 

)()()( NSdxdQQQ
dt

NSdxd λ−+−=   (10) 

𝑑𝑑𝑑𝑑gamosaxuleba,garda difuziisa, unda Seicavdes gazis nakadis 

damaxasiaTebel sididesac. aseT  SemTxvevaSi,𝑄𝑄toli iqneba: 

VNSS
dx
dNDQ +−=  

sadac  𝑉𝑉  gazis nakadis siCqarea. 

gavawarmooT es gantoleba: 

S
dx
dNVS

dx
NdD

dx
dQ

+−= 2

2

 

Sdx
dx
dNVSdx

dx
NdDdQ +−= 2

2

 

CavweroT miRebuli gamosaxuleba me-(10) gantolebaSi, miviRebT: 

 

)()(
2

2

NSdxSdx
dx
dNVSdx

dx
NdD

dt
NSdxd λ−−−=  

N
dx
dNV

dx
NdD

dt
dN λ−−= 2

2

 

miviReT difuziis koncentraciis cvlilebis arastacionaluri 

gantoleba gazis nakadis arsebobis dros. Tu ganvixilavT martiv 

SemTxvevas, rodesac koncentraciis cvlileba droze aRaraa 

damokidebuli, maSin miiReba Semdegi gantoleba: 

02

2

=−− N
Ddx

dN
D
V

dx
Nd λ  
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am diferencialuri gantolebis amoxsnisaTvis SevadginoT maxasiTebeli 

gantoleba, romelsac  eqneba aseTi saxe: 

02 =−−
Q

K
D
VK λ  

DD
V

D
VK λ

−±= 2

2

2,1 42
 

x
DD

V
D
v

x
DD

V
D
v

eCeCN
)

42
(

2

)
42

(

1
2

2

2

2 λλ
+−++

+=     (10’) 

(10’) toloba warmoadgens  difuziis stacionalur gantolebas, sadac 

yvela konkretuli amocanisaTvis 𝐶𝐶1 da 𝐶𝐶2  moiZebneba cal-calke. 

     rogorc wina magaliTSi, aqac ganvixiloT misi kerZo SemTxveva: 

emanirebadi, anu aqtiuri feni gadafarulia usasrulo sisqis araaqtiuri 

nayariT.rodesac 0=x  maSin  𝑁𝑁 = 𝑁𝑁0, sadac𝑁𝑁0 aris  emanaciis  

koncentracia aqtiur fenSi; xolo, roca  ∞=x , maSin  𝑁𝑁 = 0. meore  

pirobis gaTvaliswineba gvaZlevs, rom  𝐶𝐶1 = 0, vinaidan 𝑥𝑥 -is  usasrulod 

zrdasTan  erTad pirveli wevri gaxdeba usasrulod didi. pirveli 

pirobis gamoyeneba ki gvaZlevs, rom 𝐶𝐶2 = 𝑁𝑁0,  maSasadame: 

x
DD

V
D
v

eNN
)

42
(

0
2

2 λ
+−

=              (11) 

(11)  toloba saSualebas gvaZlevs aqtiuri fenidan nebismier x  manZilze 

gamovTvaloT emanaciis koncentracia, Tu cnobilia emanaciis 

koncentracia aqtiur fenSi𝑁𝑁0, difuziis koeficienti 𝐷𝐷, haeris  nakadis 

moZraobis siCqare 𝑉𝑉. 

ganvixiloT meore kerZo SemTxveva, rodesac aqtiuri emanirebadi feni 

gadafarulia sasruli h  sisqis mqone araaqtiuri nayariT. sasazRvro 

pirobebi CaiwerebaSemdegnairad: 

I piroba: roca 0=x , maSin  N=N0 ; 

 

II piroba: roca hx = , maSin  N=0 . 

es ukanaskneli niSnavs imas, rom miwispira  haerSi emanaciis 

koncentracia gacilebiT naklebia, vidre niadagis haerSi. 

I pirobis gaTvaliswineba gvaZlevs, rom: 

N0 =C1+ C2 , aqedan   

C1=N0 - C2 
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Bbunebrivi foni da misi gansazRvris meTodebi 

 

nebismieri xelsawyoTi velze dakvirvebis  Catarebis dros, qanebis  

gamosxivebis garda, Cven  varegistrirebT kosmosur gamosxivebas, 

xelsawyos gaWuWyianebis gamosxivebas da sxva. 

kosmosuri gamosxivebaaris mzidan dedamiwisken ganuwyvetliv wamosuli 

kosmosuri sxivebis efeqti, romelic ZiriTadad Sedgeba protonebis, α

nawilakebis da mZime birTvebisagan da dedamiwis  atmosferoSi SemoWris 

Semdeg birTvul reaqciebs iwvevs, rasac Tan sdevs sxvadasxva 

nawilakebis warmoqmna da amitom saxeSecvlili es sxivebi saxiT aRwevs 

Cvenamde. 

     kosmosuri gamosxivebis intensivoba𝐼𝐼 damokidebulia ganedze. es 

gamosxiveba maRal ganedebSi ufro  intensiuria risi Sedegic polaruli 

naTebaa. 

kosmosuri sxivebis  intensivoba aseve icvleba dedamiwis zedapiridan 

simaRlis mixedviT. simaRlis  zrdasTan erTad 𝐼𝐼 izrdeba.maSasadame, 

danakvirvebi intensivoba SeiZleba warmovidginoT, rogorc  jami:  

𝐼𝐼 = 𝐼𝐼ქან.+КФ+ ОФ + АФ 

sadacKФkosmosurisxivebisintensivobaa, ОФxelsawyosgaWuWyianeba,   

АФkiatmosferosgamosxiveba. 

yveladanarCenkomponentebTanSedarebiTАФarisZalianmcire, 

amitommasxSiradugulvebelyofendafonSigulisxmobenmxolodkosmosurfo

nsdaxelsawyosgaWuWyianebas: 

Ф=КФ+ ОФ 

dedamiwis zedapirze dakvirvebis fons mxolod  es ori sidide 

Seadgens, magram Tu dakvirvebas  vawarmoebT nimuSebze, an kernebze: 

Ф = Iქან.+KФ+ОФ 

Tu vmuSaobT Rrma gamonamuSevrebSi an SaxtebSi, maSin foni iqneba, 

mxolod narCeni gamosxiveba: 

Ф = ОФ 

vinaidan kosmosuri sxivebi dedamiwis SigniT veRar aRweven. 

γ  meTodiT dedamiwis dakvirvebis  dros bunebrivi foni Sedgeba ori 

ZiriTadi nawilisagan:kosmosuri gamosxivebisa da xelsawyos 
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gaWuWyianebisagan (narCeni foni). Ffonis codna aucilebelia velze 

danakvirveb masalebSi Sesworebis SetanisaTvis. Aarsebobs bunebrivi 

fonis gansazRvris rogorc savele, aseve laboratoriuli meTodebi. 

rogorc TviTon fonis ganmartebidan Cans, misi gansazRvrisaTvis 

dakvirvebul intensivobas unda gamoakldes  qanebis, an dedamiwis 

gamosxiveba. Aamas unda  mivaRwioT Semdegi gzebiT: 

1) CavataroT dakvirveba romelime wyalsacavis Tavze, romlis siRrme 

1,5-2 metria; amasTan davuSvaT, rom wyali ar Seicavs gaxsnil 

radiaqtiur izotopebs. wylis aseTi araradiaqtiuri fena savsebiT 

ukeTebs  ekranirebas qanebis gamosxivebas, amitom xelsawyos Cveneba 

aseTi wyalsacavis Tavze mxolod  bunebriv fons gviCvenebs. 

2) CavataroT dakvirveba sxvadasxva simaRleze vertmfreniT an 

TviTmfrinaviT. Tu sxvadasxva simaRleze  dakvirvebul Sedegebs 

rogorc naxazidan Cans, simaRlis zrdasTan erTad 𝐼𝐼intensivoba 

jer mcirdeba,  xolo garkveul simaRleze 600-800 metrze  aRwevs 

minimums, Semdeg ki ℎ −is zrdasTan erTad isev izrdeba. Mmrudis 

aseTi zrda gamowveulia imiT, romℎ −is zrdasTan erTad TandaTan  

vcildebiT dedamiwas da TandaTan mcirdeba  misi gamosxivebis 

Iintensivoba. 600-800 metris zeviT qanebis  gamosxiveba ukve veRar 

aRwevs. xelsawyo amis  Semdeg zomavs kosmosur gamosxivebas da 

gaWuWyianebas. Mmrudi zrdas gviCvenebs imitom, rom simaRlis 

zrdasTan erTad matulobs kosmosuri gamosxivebis intensivoba. 

imisTvis, rom vipovoT dedamiwis zedapirze bunebrivi foni, unda 

gavagrZeloT I-s mrudi RerZis gadakveTamde. miRebuli monakveTi 

ukve iqneba foni dedamiwis zedapirze. 

 

3) mesame meTodia bunebrivi fonis gansazRvris laboratoriuli 

meTodi, anu ekranirebis meTodi. Aam meTodis arsi mdgomareobs 

imaSi, rom tardeba dakvirvebis ori seria mocemuli xelsawyoTi, 

jer uekranod da Semdeg – ekraniT, rodesac xelsawyos mimRebi 

nawili moTavsebulia cnobili STanTqmis unarianobis mqone garsis 

SigniT. aseTi garsi SeiZleba iyos 1,5 – 2 mm sisqis spilenZis garsi.     

avRniSnoT xelsawyos  Cveneba ekranis gareSe dakvirvebis dros   
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Iuek = Iqan.+Фx(1) 

 

xelsawyos mimRebi nawili movaTavsoT ekranis SigniT da xelsawyos 

Cveneba avRniSnoTIek –iT, maSin Seicvleba qanebis gamosxiveba ekranSi 

gavlis Sedegad, xoloФ ki darCeba ucvleli, vinaidan dedamiwis  

zedapirze aRwevs kosmosuri gamosxivebis mxolod  xisti nawili, 

romelic Txel ekranSi gavlis dros  cvlilebebs, praqtikulad, ar 

ganicdis, amitom: 

Iek = Iqan de µ−
.+Фx       (20) 

sadacµ aris ekranis STanTqmis koeficienti,dki-misi sisqe.  Aam ori 

tolobidan vipovnoT qanebis  gamosxiveba:  

I∆ = Iuek- Iek= Iqan.+Фx- Iqan de µ− - Фx= Iqan(1- de µ− ) 

Iqan = de
I
µ−−

∆
1

 

(1) tolobidan 

Ф= Iuek- Iqan= (Iek- Iuek)∙ (1- de µ− )-1/2              (3) 

 

(3)-Si miRebuli yvela sidide ganisazRvreba cdis saSualebiT. 

 
Ggazomvis simaRlis gavlena 

 

velze dakvirvebis dros saWiroa SevarCioT gazomvis  iseTi simaRle, 

sadac qanebis gamosxivebisI  intensivoba  iqneba maqsimaluri. magaliTad, 

vTqvaT, zedapirze  vakvirdebiT romelime sxeulis gamosxivebis I –s. 

vidre  sxivebi dakvirvebis wertilamde mividodnen, isini gadian x1 

manZils qanebSi dar2manZils haerSi. rogorc Cans, dakvirvebis simaRlis 

SemcirebasTan erTad izrdeba qanSi ganvlili is manZili, sadac ufro  

intensiur STanTqmas aqvs adgili, vidre haerSi.  

dakvirvebis simaRlis zrdasTan erTad matulobs  saerTo  manZili, rac 

Tavis mxriv asustebs gamosxivebis intensivobas, amitom arsebobs raRac 

optimaluri simaRle, sadac dakvirvebul intensivobas eqneba maqsimumi. 

Ees grafikulad ase gamoisaxeba. 
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radiaqtiurobis gazomvis meTodebi 

aq Casvi 5.21 rusulidan, oRond SeaRcie adgili- sad unda Caisvas 

saionizacio meTodi.radiaqtiurobis gazomvis saionizacio 

(ionizaciuri) meTodebi warmoadgenen yvelaze Zvel da kargad 

damuSavebul meTodebs. isini eyrdnobian radiaqtiur gamosxivebaTa 

YTvisebas, gamoiwvion garemoSi (garsSi) ionizacia. ionizaciis aseTi 

unariT metnaklebad  xasiaTdeba α , β ,γ  sxivebi.  

radiaqtiuri gamosxivebiT gamowveuli ionizacia  SeiZleba gaizomos, Tu 

SevqmniT  eleqtrul vels am ionizirebul garsSi.  eleqtruli velis 

Sesaqmnelad sakmarisia gvqondes ori eleqtrodi,  romelzedac modebuli 

iqneba Zabva. aseT  eleqtrodebad iyeneben kondensatoris firfitebs, 

romelTa Soris warmoiqmneba eleqtruli veli. cnobilia, rom am 

denissidide damokidebulia rogorc firfitebs Soris Zabvaze, ise im 

mizezebze, romlebmac haeris  ionizacia gamoiwvia. Cvens SemTxvevaSi es 

aris  radiaqtiuri gamosxiveba. Tu erTi da igive radiaqtiuri  

gamomsxiveblis dros TandaTanobiT  gavzrdiT firfitebs Soris 

arsebul Zabvas, deni gaizrdeba da Zabvis garkveuli mniSvnelobisaTvis 

miviRebT najer mdgomareobas. 

najerobis denis sidide ukve aRaraa  damokidebuli potencialTa 

sxvaobaze da amitom igi SeiZleba  gamoviyenoT radiaqtiurobis sazomad. 

aseT principze  aris mowyobili nebismieri saionizacio kamera. 

saionizacio kamera warmoadgens metalis  cilindrul WurWels, romlis 

centrSi  CaSvebulia korpusisgan izolirebuli metalis Rero. Rero da 

korpusi warmoadgenen eleqtrodebs, romelzedac  modebulia Zabva. Tu 

aseTi kameris SigniT moxdeba  gamosxiveba, igi gamoiwvevs haeris 

ionizacias da maSasadame, eleqtrul densac. 

kamera dakavSirebuli unda iyos eleqtruli Ddenis gamzom, 

maRalmgrZnobiare xelsawyosTan. radiaqtiurobis gazomvis dros saqme 

gvaqvs Zalian sust eleqtrul denTan, romelic daaxloebiT 10 -13 amp-is 

tolia. aseTi susti denebis gasazomad Cveulebrivi galvanometric ar 

gamodgeba da saWiroa mZlavri radioteqnikuri gamaZliereblebi. 
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gazomvis eleqtrostatikuri meTodiimaSi mdgomareobs, rom am 

meTodiT radiaqtiurobis gazomvis dros  izomeba ara denis Zala, misi 

meqanikuri moqmedebis mixedviT, aramed is muxti, romelic denis mier 

gadaitaneba. Ggamzom xelsawyod gamoyenebulia  eleqtrometri da xdeba 

potencialTa sxvaobisgazomva eleqtrometris moZrav nawilsa da 

korpusebs Soris, aseTi gazomvis principuli sqema SeiZleba 

warmovidginoT Semdegnairad:  wredSi CarTulia saionizacio kamera. 

saionizacio kamera  SeiZleba gadavrToT eleqtrometrze, romelzedac 

deni  gadaitans muxtis garkveul raodenobas.es muxti miT metia,rac 

ufro didxans grZeldeba es gadatana. 

rogorc viciTDdeni 

dt
dqI = 𝑞𝑞 = 𝐶𝐶𝐶𝐶 

sadac𝐶𝐶 –xelsawyos tevadobaa,  𝑈𝑈–potenciali. 

dt
dCU

dt
dUC

dt
CUd

dt
dqI +===

)(
 

vinaidan cdis procesSi xelsawyos tevadoba ar icvleba, maSin 

dt
dUCI =  

Tu usasrulod mcire drois nacvlad ganvixilavT drois sakmaod did 

monakveTebs, gveqneba:  

t
UCI
∆
∆

= aqedan 

C
tIU ∆

=∆  

rogorc am ukanaskneli formulidan Cans, rac unda mcire iyos namravli  

𝐼𝐼 ∙ ∆𝑡𝑡, is iqneba iseTi sididis, rom potencialTa sxvaoba gaizomeba  

eleqtrometris saSualebiT. 

 

Nnawilakebis da qvantebis mTvlelebi 

 

radiometriuli  aparatura Zalian gamartivda. is mas Semdeg gaxda 

kompaqturi, rac mimRebad gamoyenebuli iqna geigeris mTvlelebi. 

nebismieri mTvlelis mowyobilobisa da muSaobis principi Semdegnairia: 

mTvleli warmoadgens liTonis an minis balons (mils), romelsac 
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Signidan aqvs gamtari fena. milis SigniT gaWimulia Zafi, romelic 

asrulebs anodis rols, milis Siga zedapiri ki warmoadgens kaTods. 

kaTodsa da anods Soris modebulia sakmaod maRali potencialTa 

sxvaoba, romelic mTvlelis SigniT qmnis iseTi  daZabulobis vels, rom 

mas SeuZlia aaCqaros damuxtuli nawilakebi iseT energiamde, romelic 

sakmarisia dartymiTi ionizaciis  mosaxdenad. mTvleli avsebulia 

mravalmolekuliani gaziT, romlis wneva ufro dabalia, vidre 

atmosferuli. 

mTvlelis upiratesoba is aris, rom mas SeuZlia daaregistriros masSi 

moxvedrili nebismieri nawilaki,nawilakis sawyisi saionizacio 

impulsisagan  damoukideblad. Ees miiRweva imis xarjze, rom 

mravaljeradi  gaZliereba xdeba mTvlelis SigniT. 

efeqti Zlierdeba imiTac, rom adgili aqvs kaTodidan fotoeleqtronebis 

amofrqvevas. maSasadame, mTvlelis SigniT moxvedrili nawilakis 

gamosxiveba iwvevs zvavisebur process, romelic myisierad viTardeba da 

xdeba wredis Sekvra anodsa da kaTods Soris, rac aRiniSneba 

saregistracio xelsawyoze.  

Tu mTvlelis SigniT moxvedriliaα  nawilakebi, romlebsac aqvT 

erTmaneTisagan gansxvavebuli energia,  isini gamoiwveven impulsebis 

sxvadasxva raodenobas, romelTa sidide damokidebuli iqneba anodsa da 

kaTods Soris potencialTa sxvaobaze. 

mcire potencialTa sxvaobis drosmTvleli muSaobs,  

rogorcsaionizacio kamera.B areSi adgili aqvs Semofarglul 

proporciul 

gaZlierebas.C-gaZlierebisarea. D-geigeris are. 

Ees imas niSnavs, rom sxvadasxva nawilakis mier gamowveuli efeqti am 

areSi sruliad  erTnairia, Aamitom mTvlelebs amuSaveben iseTi 

potencialTa sxvaobis dros, rodesac miRweulia geigeris are. Mmisi  

SemdgomSi zrda iwvevs ganuwyvetel ganmuxtvas da mTvleli wyobidan 

gamodis. 

geigeris mTvlelebi warmateniT SeiZleba gamoviyenoT γ  qvantebis da β  

nawilakebis  saregistraciod.  

β nawilakebis mTvlelebs aqvT metalisTxeli garsi. mTvlelis gamoyeneba 

α  nawilakebisaTvis mizanSewonili ar aris, vinaidan α  nawilakebs aqvT 
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STanTqmis  didi unari da mTvlelis garsSi isini ver aRweven. 

eqsperimentisTvis zogjer iyeneben Ria tipis mTvlelebs, romlebic 

faqtobrivad warmoadgenen metalur firfitas damis win gaWimuli Zafebis 

sistemas. Ffirfitasa da  Zafebs Soris Seqmnilia potencialTa sxvaoba  

da α  nawilakebi uSualod xvdeba maTSi. cxadia, rom  aseTi mTvleli ar 

gamodgeba savele aparaturaSi da eqsperimentis dros bevr faqtorze 

aris damokidebuli (temperatura, konveqciuri denebi, sinotive  da a. S.). 

radiaqtiurobis gasazomad SeiZleba  gamoviyenoT e.w. myari tipis 

mTvlelebi. iseni, faqtobrivad,  warmoadgenen kristalebs, romlebiTac 

Cndebagamtareblobis unari maTze radiaqtiuri gamosxivebis  moxvedris 

Sedegad. Ees movlena analogiuria  fotogamtarobis movlenis, sadac 

fotogamtarebloba iwyeba  kristalze sinaTlis energiis dacemis 

Sedegad, magram aseTi gamtaroba umravlesi kristalebisTvis miiRweva 

Zalian maRali Zabvis da Zalian dabali temperaturis pirobebSi. 

magaliTad, argentumqloris kristali gamtarobis unars amJRavnebs 2 500 

v/sm Zabvisa da (- 269)0 anu  40K dros. maTi gamoyeneba  radiometriul 

aparaturaSi miRebuli ar aris. 

Aam tipis aparaturaSi  gamoiyeneba myari tipis sxva mTvlelebi, 

romlebic Sedgeba scintilatorisa da luminoforisagan. fosfori 

ewodeba. Eesenia organuli da araorganuli kristalebi, Txevadi da 

gazuri scintilatorebi. maTze radiaqtiuri gamosxivebis moxvedris  

Sedegad iwyeba Zalian susti gamosxiveba. Aam gamosxivebiT miRebuli 

sinaTlis sxivebi SeiZleba  gadaviyvanoT eleqtrul impulsSi da 

gavzomoT, Tu fosforTan erTad gamoviyenebT foto – eleqtronul 

gamamravlebelsФЭУ-s, romlis muSaobis principi aseTia: 

fotoeleqtronuli gamamravlebeli Seicavs anodsa da kaTods. es kaTodi 

warmoadgens foto-kaTods,e.i. damzadebulia iseTi nivTierebisagan, rom 

masze  sinaTlis sxivebis moxvedris Sedegad xdeba  eleqtronebis 

amofrqveva. Ees pirveladi eleqtronebis nakadi Zalian sustia. maTi 

gaZlierebis da gamravlebis mizniT xelsawyos SigniT moTavsebulia 

foto-kaTodi,  gamamravlebeli eleqtrodebi, anu dinodebi da anodi. 

Yyoveli momdevno eleqtrodis potenciali winamdebare eleqtrodis 

potencials ramdenadme aRemateba, rac ganapirobebs maT Soris 

eleqtronebis  aCqarebas. 
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fotonebi, romlebic fosforidan foto-kaTodze xvdebian, am 

ukanasknelidan amoagdeben ramdenime aTeul da aseul eleqtrons. isini, 

aCqardebian ra da fokusirdebian  eleqtruli veliT, axdenen pirveli 

kaTodis  bombardirebas. isini muxruWdebian gamamravlebel  

eleqtrodebze (dinodebze), yoveli aCqarebuli eleqtrodi 

iqedanamoafrqvevs 5-10 meorad  eleqtrons. Mmeordeba ra aseTi 

procesi,yovel momdevno dinodze is xels uwyobs eleqtronebis  

gamravlebas ramdenime milionjer. 

scintilaciuri mTvlelebi birTvul  geofizikaSi gamoiyeneba γ  

qvantebis registraciisTvis, iSviaTad – neitronebisTvis da β  

nawilakebisTvis, ufro iSviaTad ki α  nawilakebisaTvis. mZime damuxtuli 

birTvebi cudad aRweven fosforSi,Aamitom  α  nawilakebisaTvis  ufro 

xSirad gamoiyeneba ionizaciuri kamerebi an torsuli mTvlelebi. 

saqme isaa, rom γ  qvantebis registracia scintilaciur mTvlelebSi 

xdeba meoradi eleqtronebiT da pozitronebiT, romlebic warmoiSobian 

fosforis  mier γ  qvantebis STanTqmis Sedegad. radgan  fosfors 

axasiaTebs kargi optikuri gamWvirvaloba, romelic fosforis 

mniSvnelovani moculobidan uzrunvelyofs sinaTlis Sekrebas ФЭУ-s 

kaTodze, amitom γ  qvantebis registraciisTvis iyeneben didi sisqis  

fosforebs. 

Termoluminescenciuri mTvlelebis (magaliTad, LiF) kristalebs  

aqvs Tviseba ionizaciis moqmedebiT Seqmnan Tavisufali eleqtronebi, 

romelic  grovdeba kristaluri mesris defeqtebis gamo da SesaZlebelia 

didxans iqnes SenarCunebuli. Tu aseT kristals gavacxelebT 

fotogamamravleblis win, is gamoasxivebs sinaTles, romelic adre 

miRebuli dasxivebis  proporciuli iqneba.  

 

radiaqtiurobis integraluri gamzomi radiometrebi 

 

radiometrebi, gamoyenebis da daniSnulebis  mixedviT, iyofian 

laboratoriul (stacionalur), savele  (qveiTad satarebeli), 

saavtomobilo, saaviacio, WaburRilebis (karotaJuli), sabados 

(рудничные)da sxva tipis radiometrebad. 
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       radiometrul xelsawyoebSi, garda mgrZnobiare elementebisa, 

gamoiyeneba gamaZliereblebi, indikatorebi (vizualuri anaTvlebisTvis), 

bunebrivi 𝐼𝐼𝛾𝛾  gamosxivebis, radonis emanaciis, xelovnuri 𝐼𝐼𝛾𝛾𝛾𝛾 , 𝐼𝐼𝑛𝑛𝑛𝑛 , 𝐼𝐼𝑛𝑛𝑛𝑛  

intensiurobis registratorebi (avtomaturi CanawerebisTvis). 

gamosxivebisEenergetikuli speqtris gansasazRvravad xelsawyoebSi 

amontaJeben diskriminatorebsa da amplitudur analizatorebs. maTi 

saSualebiT gamoiyofa is impulsebi, romelic Seesabameba ionizirebuli 

gamosxivebis energias.  Semdeg signalebi xvdeba normalizatorSi, 

romelic qmnis garkveuli amplitudisa da formis impulsebs, raTa 

SesaZlebeli gaxdes maTi gazomva da registracia. 

laboratoriuli radiometrebixasiaTdebian maRali mgrZnobiarobiT da 

stabilurobiT. maTTvis zomebis, masisa da energiis moxmarebis sakiTxebi 

ar aris ZiriTadi ganmsazRvreli da mniSvnelovani faqtori. 

laboratoriuli gama-beta danadgari (ДП-100) gamoiyeneba α daβ

gamosxivebis gasazomad.α gamosxivebis  registracia xdeba torsuli МС-

17 mTvlelebiT, γ  da xisti β  gamosxivebisa ki cilindruli  СТС-5da 

СТС-6 mTvlelebiT. mTvlelebidan miRebuli impulsebi 

ZlierdebagamaZliereblebiT, gadaiTvleba ori dekaduri sqemiT, 

normalizdeba da iTvleba МЭС-54 eleqtromeqanikuri  mTvleliT. 

savele radiometrebi da emanometrebi unda iyos SesaZleblobis 

farglebSi kompaqturi da msubuqi. gansakuTrebuli yuradReba eqceva maT 

saimedoobas. savele radiometrebi ori blokisgan Sedgeba, romlebic 

erTmaneTTan kabeliTaa dakavSirebuli: gadasatani zondisagan. gadamcemis 

bloki γ  da β  gamosxivebis  mricxvelebiT da kvebis bloki) da marTvis 

blokisagan, romelic Seicavs gamaZlierebel-saregistracio sqemebs da 

kvebis wyaros. 

aseTia, magaliTad, radiometriСРП-2 scintilaciurimTvlelebiT, 

romelicsam variantad SeiZleba damzaddes: TviTon  СРП-2  radiometri,  

WaburRilebis  (karotaJuli)  СРП-2Кda Spuruli   specialuri Spuris 

Spuris gadamcemiT, ШГ-25tipis. 

nebismieri saxis xelsawyo konstruqciulad Sedgeba ori nawilisagan – 

gadamcemis da  marTvispultisagan. 

amasTanmarTvispultiyvelavariantisaTviserTnairia. 
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savele emanometrebiЭП-6Пda “radoni” 

saWiroaemanaciuriagegmvisSemTxvevaSiniadagishaerSiemanaciiskoncentracii

sgansasazRvravaddawylissinjebSiradoniskoncentraciisdasadgenad. 

saavtomobilo radiometrebigamoiyeneba profilis an marSrutis 

gaswvriv avtomobilis moZraobisas γ  gamosxivebis Sesaswavlad. radgan 

saavtomibilo radiometrebis xelsawyos ar moeTxoveba mcire masa da 

zomebi qondes, amitom SesaZlebeli xdebaam xelsawyos  

mgrZnobiarobagaizardos didi zomis scintilatorebis, anda gazuri 

ganmuxtvis mricxvelebis didi batareebisxarjze. aRniSnul xelsawyoebSi 

gamoiyeneba uwyveti registraciis diagramebi TviTmweri registratoriT. 

Ddiagramuli qaRaldi sinqronuladaa dakavSirebuli garkveuli siCqariT  

moZrav avtomobilTan, romelic TavisTavad Seesabameba agegmvis 

masStabsac. 

saavtomobilo radiometris РА-69blok-sqema TiTqmis ar gansxvavdeba 

savele radiometris  sqemisagan. xelsawyo Sedgeba sami blokisagan: 

gamosxivebis deteqtoris, marTvis pultisa da TviTCamwerisagan. 

Ggamosxivebis deteqtorad gamoyenebulia paralelurad CarTuli 72 

caliВС-9 tipis Ggeiger-miuleris mTvleli. radiometris mgrZnobiarobaa 

65 impulsi/wm-Si, roca gamosxiveba  1 mkrentg/sT-ia. 

saavtomobilo radiometrebisTvis damaxasiaTebelia  maRali 

mgrZnobiaroba, mcire inertuloba da γ  gamosxivebis intensivobis 

uwyveti Cawera. statistikuri fluqtuaciebi gacilebiT mcire unda iyos, 

vidre sabados anomaliebis mosalodneli fluqtuaciebi. 

am xelsawyoTa maRali mgrZnobiaroba miiRweva didi zomis 

scintilatorebis, anda ramdemine  scintilaciuri mTvlelis 

gaerTianebiTac ki. 

saaviacioda saavtomobilo radiometrebs bevri saerTo aqvT. maTi 

umetesoba Sesrulebulia integraluri an diferencialuri 

speqtrometrebis sqemebis mixedviT da garda saerTo gamosxivebis 

intensivobisa, axdens γ   qvantebis ricxvTa registracias energiis erT, 

an ramdenimeintervalSi. 

aqve xdeba xisti γ  gamosxivebis registraciac,romlis energia garkveul 

zRvrul mniSvnelobaze metia. 
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aseT orarxian radiometrs, romelic gankuTvnilia gamosxivebis saerTo 

da xisti mdgenelebis  registraciisTvis, warmoadgens saaviacio 

radiometri АРС-2 . konstruqciulad xelsawyo Sedgeba 6 blokisagan: 

impulsebis mimRebisagan, simaRlis avtomaturi mimyvaniT (АПВ)aRWurvili 

pultisagan, orarxiani TviTmwerisgan, kvebis blokisgan, МА-

100Мgardamqmnelisa da orientirebis aRniSvnis pultisagan. 

simaRlis avtomaturi  mimyvani (АПВ) emsaxureba γ  gamosxivebis dayvanas 

dedamiwis zedapirze mis mniSvnelobamde. is Sedgeba radiosimaRlismzom 

РВ-2  -is signalebis gamaZliereblisa da impulsebis aplituduri 

modulatorisgan. frenissimaRlis cvlilebasTan erTad  icvleba Zabva 

РВ-2-is gamosavalze, is ki Tavis mxriv cvlis modulatoris SezRudvis 

sazRvars. es ukanaskneli aregulirebs normalizatoris gamosavalze 

impulsebis  amplitudas, e.i. integratoris densa da impulsebis  ricxvs 

Soris proporciulobis koeficients. saboloo  jamSi xdeba Sesworebis 

Setana haerSi γ  gamosxivebis STanTqmaze, es γ  gamosxiveba ki TviTon 

damokidebulia frenis simaRleze. АРС-2 xelsawyos mgrZnobiarobaa  180 

impulsi/wm 1 mikrentgen/sT-ze. 

saaviacio  radiometrebi, rogorc wesi, Sedis  kompleqsuri sadgurebis 

SemadgenlobaSi. Aase magaliTad, kompleqsuri aerogeofizikuri sadguri 

АСГ-46, garda АРС-2-sa, Seicavs aseve magnitometrs АМФ-21. 

WaburRilebis radiometrebSimimRebebsaTavseben hermetul WurWelSi, 

romelic uZlebs saburRi siTxis wnevas.  aseTi radiometrebis Sedgeba 

Semdegi ZiriTadi blokisagan: gamomtani gilzebimimRebTan erTad  

(сдатчиком), kvebis  sqemisgan da gamaZlierebel-mafokusirebeli 

kaskadebisagan, marTvis pultisagan, kvebis blokisagan,  TviTmweris 

maregistrirebeli mowyobilobisagan saxiT. 

uSveben ori saxis radiometrebs: myari sasargeblo namarxebis ZebnisaTvis 

SedarebiT zedapiruli, mcire  diametris WaburRilebisTvis da Rrma 

navTobis da  gazSemcveli WaburRilebisTvis.radganacβ gamosxiveba 

mTlianad STainTqmeba  saburR siTxesa da WaburRilis muxtis gilzis 

mier, radiometrebi aregistrireben mxolod γ  gamosxivebas. sxvadsxva 

WaburRilis radiometrebis mgrZnobiaroba 0,5-dan 10 imp/wm-mdea 1 

mikrentgen/sT-ze. 
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Zalian wvrili WaburRilebis da SpurebisaTvis, garda specialuri 

WaburRilebis radiometrebisa, iyeneben  savele radiometrebis  СРП-

2,СРП-68da sxva savele variantebsac. 

gadasatani savele radiometriПРК-2 gamoiyeneba iseTi WaburRilebis 

gamosakvlevad, romelTa diametri metia 50 mm, xolo siRrme 120 m-ze. is  

Sedgebamiwiszeda marTvis  pultisagan, batariani kvebis blokisa  da 

Zabvis gardamqmnelisagan, TviTmweri registratoris  H-361 –sgan. Aam 

xelsawyosmgrZnobiaroba0,5 impulsi/wm-ia1 mikrentgen/sT-ze. 

 

 

qanebis kvlevis radiometriuli meTodebi 

 

Zebna-Ziebis radiometriuli meTodebi da am meTodebiT qanebis  kvleva 

emyareba am qanTa gamosxivebis gazomvas. es meTodebi warmoadgenen 

ZiriTad nawils Zebna-Ziebis geofizikuri meTodebis kompleqsSi. Eisini 

SeiZleba gaiyos or jgufad: 

1) savele radiometriuli meTodebi (radiometriuli agegmva) 

gamoiyenebaQprofilebis, marSrutis an mocemuli badis gaswvriv 

qanebis radiaqtiurobis miaxloebiTi Sefasebisa da Sesaswavlad; 

2) radiometriuli mosinjvis meTodebi, romlebic gvaZleven 

saSualebas ufro zustad  ganisazRvros  bunebrivi Cawolis 

(WaburRilebSi, SurfebSi, gaSiSvlebebze da a.S.) pirobebSi qanebis 

radiaqtiuroba. 

qveiTi gama-meTodi (пешеходныйгамма-метод). Ees meTodi farTod  

gamoiyeneba imis gamo, rom: is aris portatuli. meTodika ubraloa, 

aparatura maRalmgrZnobiare, agegmva ar aris ZviradRirebuli. aseTi 

agegmva  SeiZleba gamoyenebuli iqnas mTian raionebSi, aviaciis da 

avtomobilebisTvis miuwvdomel adgilebSi, WaobebSi da dawylianebul 

adgilebSi, sadac emanaciuri agegmva ver xerxdeba. 

     Aamocanidan gamomdinare da ZiriTadi dakvirvebis wertilebis  

sixSireze damokidebulebiT, gamoyofen marekognoscirebel, marSrutul 

da farTiT agegmvebs. 

kvlevisfizikuri safuZvlebi: savele radiometriT qveiTi gazomvebis 

SemTxvevaSi qanebis γ (an γβ , ) gamosxivebis intensivobas zomaven im 
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wertilebSi, romlebic mdebareoben winaswar SerCeuli profilis, an 

marSrutis gaswvriv. Ria TaRebis SemTxvevaSi gazomvebi mimdinareobs 

dedamiwis zedapirze: Tu TaRebi 20 metrze met siRrmezea moTavsebuli, 

fxvier qanebSi radiometrebis Casasmelad gamoiyeneba specialuri 

xelsawyoebi. 

Sesabamisad, gama-meTodebis Cawvdomis siRrme arcTu ise didia.yoveli 

elementaruli moculobis γ   gamosxiveba SeiZleba warmovidginoT eqvsi 

konis saxiT, romelic koordinatebis RerZebis paraleluria da aqvT 

intensivoba ,
6
0 dvI

sadac 0I  aris erTeulovani moculobis γ   gamosxivebis 

intensivoba. 

dedamiwis zedapirze dzTxeli, aqtiuri fenis γ   gamosxivebis nakadi, Tu 

es Txeli fenazsiRrmezea moTavsebuli, tolia: 

 

dzeeId hz 210 µµ
γ σ

−−=Φ           (8) 

sadac 1µ da 2µ - γ  qvantebis  efeqturi koeficientebia plastebsa da nayarSi  

Sesabamisad. 

aqedan, mTeli naxevarsivrcidan gamosxivebuli gamosxivebis nakadi: 
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µ
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sadac
1

0
µ
σ

γ
=Φ gamosxivebis nakadia nakadis nulovani simZlavris 

SemTxvevaSi. 

meTodis siRrme gamoiTvleba sxvadasxvagvarad. nayaris maxh simZlavre, 

romelic  gamosxivebis intensivobas 20-jer amcirebs,  

SeiZleba napovni iqnas Semdegnairad: 
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rogorc Cans, ufro saimedoameTodis siRrmed miviRoT nayaris maxh

simZlavre, romlisTvisac plastebidan gamosxivebuli γΦ nakadi 3-jer 

aRemateba gamosxivebis nakadis rxevebi samjer metia 2∆Φ normalur 

ubanze, e.i.  23∆Φ=Φγ aseT SemTxvevaSi 

2

0

3∆Φ
Φ

=
γχ  

 

2

0

22
max 3

ln1ln
∆Φ
Φ

==
γ

µµ
χh           (a) 

siRrmis saboloo gansazRvra damokidebulia  plastis γ   gamosxivebis 

intensivobaze da normaluri fenis  stabilurobaze. 

Tu davuSvebT, rom 

5,12 =∆Φ mkrrent/sT 

1000 =Φγ mkrrent/sT 

(rac daaxloebiT Seesabameba uranis 0,01%), miviRebT: 

22
max

1,322ln
µµ

≈=h (b) 

rogorc vxedavT, siRrmis gansazRvris orive  (a) da (b) meTodebs 

erTidaigive Sedegamde mivyavarT, saSualod 07,02 ≈µ sm-1-ia, gama-meTodis 

siRrme, rogorc wesi, 40-45 sm-ia. Yyvelaze  ukeT am meTodebiT meqanikuri 

da mariliani TaRebis  Zebna-Ziebaa mizanSewonili. 

kvlevis meTodika: rekognoscirebis safuZvelze, romelic win uswrebs 

agegmviT samuSaoebs, zustdeba samuSaos  Catarebis bunebrivi pirobebi: 

nayari qanebis  simZlavre da xasiaTi, maTSi gabneuli TaRebis 

formirebis pirobebi, calkeuli tipebis qanebis radiaqtiurobis 

normaluri mniSvnelobebi. G  

geologiuri monacemebis  mixedviT gamoiyofa SedarebiT perspeqtiuli 

ubnebi, moiniSneba  marSrutebi, romlebic ZiriTadad geologiuri 

struqturebis,  teqtonikuri rRvevebis perpendikularulad gadis da 

amitom akontrolebs gamadnebas. wertilTa siuxve  damokidebulia Ziebis 

masStabsa da geologiuri agebulebis  sirTuleze. Tu radiaqtiuroba 

mkveTrad ar icvleba,Cveulebrivi agebulebis ubnebze, 1:10 000 masStabis 
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SemTxvevaSi, wertilebs Soris manZili 20 metria, xolo ufro 

wvrilmasStabiani agegmvisas ki - 40-50 metri. Tu  ubanze xSiria qanebis 

monacvleoba, maSin es manZilebi  SeiZleba orjer Semcirdes. 

Agegmvisas damkvirvebeli nela moZraobs, marSrutis gaswvriv daaxloebiT 

1-2-km/sT siCqariT, xolo mimRebi uWiravszedapiridan 5-10 sm-ze. winaswar 

moniSnul dasakvirvebel wertilebSi ki mimRebiuSualod dedamiwis 

zedapirze eSveba da  exeba mas. anaTvali Caiwereba  mkrentg/sT, anda 

skalis danayofebSi. 

Tu mocemul marSrutze aRmoCnda γ   gamosxivebis  momatebuli 

mniSvneloba, xdeba garemos ufro zusti  agegmva. amasTan moiniSneba is 

wertilebi, sadac γ   gamosxiveba momatebulia. Aanomaliis zomebis 

dasadgenad gahyavT ZiriTadi profilis damatebiTi profilebi. Semdgomi 

laboratoriuli samuSaoebisaTvis garda aseTi agegmvisa, paralelurad 

xdeba qanebis, wylis nimuSebis, mcenareebis da sxvaTa aReba-Segroveba. 

Sedegebis damuSaveba da interpretacia:am etapSi Sedis: 

a) skalis danayofebSi daregistrirebuli anaTvlebis  gadayvana  

mkrrnt/sT-Si (es xdeba  maetalonirebeli grafikiT an gadamyvani 

cxrilebiT) da  bunebrivi (zedapirze gazomvis SemTxvevaSi) an narCeni 

fonis (SpurebSi gazomvisas) gamokleba. (Spuri wvrili WaburRilia). 

b) radiometriul ruqa, romelic geologiur safuZvelzea  

Sedgenili,xdeba gazomvis Sedegebis monacemebis datana. Aiqve Sedis  

gaSiSvlebebis, qanebis  gamonamuSevrebis da wyliani punqtebis 

radiaqtiurobis datana. 

g) ruqis saxiT gazomvis Sedegebis grafikuli  gamosaxva, gamosxivebis 

intensivobis profilebis da γ   gamosxivebis intensivobis izoxazebis 

ruqebis  Sedgena da a.S. 

d)Sedegebis geologiuri interpretacia: qanebis  sxvadasxva kompleqsSi 

radiaqtiuri elementebis normaluri  ganawilebis Seswavla; erTnairi 

tipis qanebSi  momatebuli aqtivobis gamovlena am ubanze detaluri  

kvlevebis Casatareblad.γ velis lokaluri anomaliebis gamovlena da 

maTi perspeqtiuli Sefaseba. 

anomaliad iTvleba qanebis saSualo radiaqtiur fonTan SedarebiT, 

aqtiurobis iseTi momateba, roca es mniSvneloba normaluri  fonis 
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rxevis  saSualo kvadratul mniSvnelobaze samjer metia. γ velis 

anomalia sam jgufad iyofa: 

a) madnuri anomaliebi, romelic dakavSirebulia  radiaqtiuri 

elementebis madnur TavmoyrasTan, an maT gabnevasTan  TaRebTan. 

b) anomaliebi, dakavSirebuli gabnevis nakadebTan. 

g) aramadnuri anomaliebi, romelic dakavSirebulia qanebis  

normaluri radiaqtiurobis cvlilebasTan, maTi gaSiSvlebis 

xarisxTan da a.S. 

madnuri anomaliebi,Tavis mxriv,iyofian uranis, uran-Toriumis  

daToriumis anomaliebad.γ gamosxivebis intensivobis  mixedviT gamoiyofa 

dabali intensivobis (3 - 4 mkrent/sT), saSualo intensivobis (4 - 8 

mkrent/sT) da intensiuri (8 mkrent/sT-ze meti) anomaliebi. Ggavrcelebis 

mixedviT ki arsebobs lokaluri (0,35 km)-mde da  aralokaluri 

anomaliebi. 

anomaliebis erTmaneTisagan gamoyofa-garCeva TavisTavad advili araris. 

magaliTad, zogierTi magmuri qanis intensivoba SeiZleba 50-60 mkrent/sT-

s miaRwios. maSin, rodesac 2-3 metris simaRlis naSalma qanebma  

SesaZlebelia mTlianad gadafaros  da maRali γ   gamosxivebis 

intensivobis srulo ekranireba moaxdinos. 

anomaliebis Sefasebisas yuradReba eqceva: 

anomaliebis formasa da ganfenilobas -magaliTad, uranis sabadoTada 

misi gabnevis TaRebis anomaliebis zomebi 500-800 metris farglebSia. 

amitom misi ganfenilobis simcire aris is kriteriumi, romliTac fasdeba 

aseTi sabados  perspeqtiuloba. Tumca arc isaa gamoricxuli, rom 

aseTive Sedegi Toriumis lokalurma anomaliam  mogvces. 

anomaliis intensivoba -γ   gamosxivebis intensivobis sakmaod 

maRalimniSvnelobaa, romelic Seesabameba  zedapirul qanSi uranis 

maRal Semcvelobas, daaxloebiT 0,01%-ia, Tumca madnuri anomaliebis 

intensivoba ar aris maRali. 

U
Th

da
K
U

-s Tanafardobebis gaTvaliswineba aucilebeliainterpretaciis 

dros.pirvelis dabali mniSvnelobebi ( 1
U
Th ) da meores maRali 

mniSvnelobebi(
K
U 310− ) anomaliis perspeqtiulobaze migvaniSnebs. Ees 
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xdeba hidroTermalur da zogierT danaleq gamadnebebSi. 5
U
Th

-

isdidimniSvnelobebi, rogorcwesi, 

damaxasiaTebeliaToriumisdaiSviaTmiwa-metalTasabadoTaTvis. 

uranis, ToriumisdakaliumisabsoluturSemadgenloba - 

(speqtralurimonacemebismixedviT).Tu garkveul ubanzeuranisSemcveloba 

2-3 – jermetia, 

vidremomijnaveqanebSi,iszogierTSemTxvevaSiSeiZlebaCaiTvalosperspeqtiu

lad. 

SefasebiTisamuSaoebiiwyebaagegmvisprocesSigamovlenilianomaliebisdeta

lizaciiTdaSemofargvliT. ramdenimewertilSiaxdenenaqtivobis 

(aqtiurisawyisis)  (urani, anToriumi) gansazRvrasemanometris, angama-

speqtrometrissaSualebiT.SeirCevaralaboratoriuliradiometriulianal

izisTvisnimuSebi, aseveSeirCevanimuSebiuranisTanamgzavrielementebis (Mo , 

Cu, CO, Bi, Zn, Pb, Vdasxva)speqtralurianalizisTvis. 

SpurebSi agegmili masalis perspeqtiuloba  damokidebulia imaze, 

kanonzomierad imatebs. Tu ara γ   gamosxivebis anomalia SpurissiRrmis 

zrdasTan  erTad. SpurebSi gazomvebi xels gviwyobs dadgindes uranis 

Semcveloba qanebis sxvadasxva saxeobaSi. 

saaviacio (aero)-gama-meTodiyvelazemetadgamosayenebeliaiseTraionebSi, 

sadacreliefisformaSedarebiTwynariadaklimatiki-mSrali. 

isicundaaRiniSnos, 

rommadnurisxeulebisakmaodgaSiSvlebuliundaiyosdaundaaxasiaTebdespir

veladi, meqanikuridamarilianiTaRebisfarTogavrceleba. 

cudigaSiSvlebebis, xSirityeebis,xSiriatmosferulinaleqebisSemTxvevaSi, 

racxelsuwyobsuranisgabnevas, 

aseveZlierdanawevrebulireliefisSemTxvevaSi,aero-gama-

meTodiaraaefeqturi. 

MEmeTodis fizikuri safuZvlebi: aerogama – 

meTodiTmuSaobisasradiometrizomavsorimdgenelisjams-qanebisγ

gamosxivebasdafons. γ gamosxivebisintensivoba, 

gardaqanebisradiaqtiurobisadamaTzedanaleqissimaRlisa, 

damokidebuliafrenissimaRleze. 

simaRliszrdasTanerTadessididemcirdebaγ
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gamosxivebishaerismierSTanTqmisgamo, 

xoloTuradiaqtiurisxeuliSezRudulizomebisaa, qanebisγ

gamosxivebisintensivobaSeiZlebaSemcirdes, radganissxeulovanikuTxe, 

romliTacTviTmfrinavi “xedavs” amsxeuls, 

mcirdebasimaRliszrdasTanerTad.amfaqtorismoqmedebagansakuTrebiTmniSvn

elovania, rodesacaqtiurisxeuliszomartolia, 

annaklebiafrenishsimaRleze. rodesac hr  , 

sxeulovanikuTxedagamosxivebisintensivobamcirdeba 2)(
h
r

-isproporciulad. 

aseTSemTxvevaSi, ararisgamoricxuli, 

romaviaciiTagegmvisdrosagegmilimniSvnelobebinormalurifonisSesaZlor

xevebismsgavsidatolfasiaRmoCndes. Aamisgamo, 

mcirezomebisanomaluriubnebi (ramdenimeaTeulikvadratulimetri) 

SesaZlebeliaaigegmosmxolod25-50 metrissimaRlidandaisicimSemTxvevaSi, 

TudedamiwiszedapirzegamosxivebisintensivobamaRalia 

(ramdenimeaseulimkrent/sT). 

aero-gamaagegmvisdrosSemoaqvTe.w. “moqmedifarTis” cneba.moqmedifarTi 

(mocemuli hsimaRlisaTvis)  arisiseTiwrisfarTobi, romlisγ

gamosxivebahsimaRleze,miscentrSiiseTisxeulisγ gamosxivebis 90%-

istolia, romlisradiusicusasruloa, 

xoloradiaqtiurielementebiskoncentraciakiiseTive, 

rogorchsimaRlezemyofiwrisa. 

Cveulebriv simaRleze (25-75 m) moqmedi farTobis wrexazis radiusi (3-

4)htolia. Ees imas niSnavs, rom  profilidan  (3-4) h-ze ufro Sors 

daSorebul yvela ubnis jamuri mniSvneloba registrirebul 

mniSvnelobaSi Seadgens mxolod 10%-s (Tanabari koncentraciis  

SemTxvevaSi).  imisTvis, rom ar gamorCeT zomieri  aqtivobis mcire zomis 

anomaluri ubnebi, profilebs Soris  manZilebs (2 - 4) h-is tolad 

iReben. 

meore mdgenelic – fonis γ gamosxiveba – simaRlis zrdasTan erTad 

icvleba, radgan simaRlis zrdasTan erTad icvleba kosmosuri 

gamosxivebis intensivobac. Aamitom, fonis sworad SefasebisaTvis 

(kimpensaciisTvis) aucilebelia frenis simaRlis mxedvelobaSi miReba. 
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kvlevis meTodika.aerogama-agegmva, perspeqtiuli struqturebisa da 

kompleqsebisTvis, mimdinareobs aeromagnitur agegmvasTan erTad. 

saZiebo samuSaoebis Catarebamde,yoveli marSrutebis 10-15 km-ze50-70 metr 

simaRleze xdeba marekognoscirebeli agegmva.es aucilebelia reliefis 

da gaSiSvlebuli qanebis, saerTod γ   da magnituri velebis Sesaswavlad 

da sxvadasxva tipis  qanebis saSualo intensivobis Sesafaseblad, maTi 

damaxasiaTebeli niSnebis dasadgenad, im mizniT, rom haeridan  advilad 

moxdes maTi vizualuri garCeva. Aamis Semdeg, geologiuri da 

topografiuli ruqebis   gaTvaliswinebiT, xdeba  frenis samuSao badis 

dadgena. 

avia-gama-agegmva, ZiriTadad, xdeba wlis im periodSi, roca ar aris 

Tovlis safari, radgan is γ   gamosxivebis ekranirebas axdens. Ffrenis 

minimaluri  simaRle damokidebulia adgilis reliefze. gaSlili  

adgilebisTvis is 25 metria, gorakianisTvis50 metri, xolo mTianisTvis 

ki – 75 metri da meti.  

afrenis win, cxadia, aparatura mohyavT samuSao mdgomareobaSi da mis 

muSaobis unars amowmeben sxvadasxvba simaRleze. Mmxolod amis Semdeg 

adis TviTmfrinavi 700 metr simaRleze  (sadac praqtikulad aRar 

arsebobs γ   gamosxiveba). Aaq xdeba narCeni fonis kompensacia, Cawera, 

xelsawyos sabolood daregulireba da Semowmeba. Aamis Semdeg 

sakontrolo marSrutze axdenen erT, an ramdenime gazomvas samuSao 

simaRleze da mxolod amis Semdeg gahyavT TviTmfrinavi samuSao 

marSrutze. 

aqcevs ra yuradRebas gayvanili kursis sizustes, yovel 10-15 km-ze 

Sturmani aRniSnavs orientirebs, aRwers adgilmdebareobas specialuri –

(кроки)-iTanomalurubnebze, romelsac gamohyofs bortoperatori daam 

ukanasknelis brZanebis Tanaxmad anomaliis centrebSi yrias kargad 

SesamCnev vimpelebs. pilots, mihyavs ra TviTmfrinavi, zustad mihyveba 

mocemul marSruts da icavs simaRlesa da  siCqares.       

anomaliis Semosakontureblad xdeba samuSaoTa detalizacia. am 

mizniTtardeba 2-3 km-iani marSrutebis seriuli agegmva. marSrutebs 

Soris daSoreba 50-100  metria da isini ZiriTadi marSrutebis  

urTierTpararelurni arian, Tumca atareben ZiriTadi marSrutis 

perpendikularul ramdenime profilsac. Aanomaliis centrze SesaZloa γ   
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gamosxivebis gradientis gansazRvra moxdes simaRleze, rac saSualebas 

mogvcems ganvsazRvroT velis intensivoba dedamiwis zedapirze. 

samuSaos damTavrebisas, iseve rogorc dawyebisas, xandaxan ki muSaobis 

periodSic, saWiroebisamebr, xdeba zustad im ciklis Catareba, romelic 

saWiro iyo muSaobis dawyebis win xelsawyoebis gasakontroleblad da  

samuSao viTarebaSi mosayvanad. 

aero-gama-agegmvis  Semdeg xdeba Catarebuli samuSaos Semowmeba 

zedapiruli agegmviT, romelic Tavis mxriv or etapad iyofa - winaswari 

da detaluri Semowmeba. 

saavtomobilo gama-meTodi, romelsac SemoklebiT avto-gama meTods 

uwodeben, igive amocanebs wyvets,rasac zedapiruli qveiTi agegmva, magram 

iyeneben ufro mgrZnobiare aparaturas. am meTods axasiaTebs didi 

warmadoba  da mcire danaxarjebi. aseTi agegmva SeiZleba Catardes 

mxolod iseT adgilebSi, romelTa daxra ar aRemateba 150-s. yvelaze 

xelsayrelia gaSlili, anda gorakiani adgilebi mcire gatyianebiT, 

romelTa daxris kuTxe 5-80-ia. aseT SemTxvevaSi warmatebiT fiqsirdeba  

madnuri sxeulebi da gabnevis TaRebi, romelTa zomebia n• 10 m2. avtogama 

agegmva umetesad tardeba qveiTi gama da emanaciur agegmvasTan erTad. es 

ukanaskneli gamoiyeneba avto-gama meTodisaTvis miuwvdomeli adgilebis 

asagegmad (qveiTi gama-agegmva) da nayariT (наносы) gadafaruli ubnebis 

Sesaswavlad (emanaciuri agegmva). 

avto-gama agegmva iyofa or saxed: 

a) marSrutuli agemva xdeba winaswar Sedgenili marSrutebis sqemis 

mixedviT, gzebis maqsimaluri gamoyenebiT.damoukideblad am meTods 

araviTari mniSvneloba araaqvs, is gamoiyeneba mxolod  

marekognoscirebel variantad farTobuli agegmvis win. 

b) farTobuli gama agegmva mimdinareobs profilebis marTkuTxa badeze, 

profilebs Soris manZili damokidebulia agegmvis masStabze, romelic 

SeiZleba  Seicvalos 1 : 2 000-dan  1 : 25 000-mde. Pprofilebis boloebis 

mibmisTvis gahyavT 1-2 sabaziso magistrali; am magistralebis gavlas 

(profilebis Tavsa da boloebs)  aRniSnaven Camwer bafTebze. Aaseve 

calke Canawerebis, an TviT profilebze CainiSneba zedapiris xasiaTi, 

qanebis ZiriTadi gamosasvlelebi da sxva. 
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γ gamosxivebis anomaliis aRmoCenis SemTxvevaSi intensivobis maqsimumis  

mdebareobis dasadgenad gahyavT mcire marSrutebi sapirispiro 

mimarTulebiT, am dros manqanis siCqare Zalian dabalia (2-5 km/sT). 

amis Semdeg anomalia detalurad Seiswavleba paraleluri marSrutebiT. 

detalizaciis marSrutebi ise SeirCeva, rom isini normalur velSi 200-

300 metrze Sediodnen.  

mas Semdeg, rac velze moiniSneba γ gamosxivebis maqsimumis mdebareoba 

(raime sxeuliT, koliT, an sxva)  da Semdeg aRiniSneba detalizaciis 

marSrutebis sqemaze, agegmva Cveulebrivad im wertilidan gagrZeldeba,  

sadac Sewtvetili  iyo detalizaciuri samuSaoebis gamo. agegmvis 

siCqare 15-20 km/sT-is, xolo detalizaciis dros - ara umetes 5 km/sT-isaa. 

avto-gama agegmvis Sedegebis damuSavebis dros xdeba γ   gamosxivebis 

intensivobis gasaSualoeba da  mkrent/sT-Si gadayvana,  xelsawyos 

inertulobaze Sesworebis Setana, xolo iseT profilebze, romlebic 

gadis xevebSi, gvirabebSi da a.S. – reliefze Sesworebebis Setana. 

amis Semdeg xdeba avto-gama meTodiT  Sesrulebuli samuSaoebis 

Semowmeba sam etapad: 

I etapi – qveiT-gama agegmvasTan erTad anomaluri farTis  geologiuri 

da geomorfo-geologiuri kvleva. Aam etapze xdeba anomaliis kavSiris 

dadgena qanebis  kompleqsTan da geologiur struqturebTan, aseve 

adgenen intensivobis maqsimumis adgilmdebareobas. 

II etapi - ubnis geologiur-radiometriuli gamokvleva geologiuri 

agebulebis sqemis SedgeniT. Aanomaliis  gavrcelebis perpendikularulad 

3-5 emanaciuri profilis gatareba qanebis radiaqtiuri bunebis 

dazustebisTvis. amas aRweven wertilebis 20-30%-isRnda Tn-is  cal-calke 

SemadgenlobisdadgeniT, anomaliis maqsimumis CaTvliT. 10-20  metris  

bijiT daSorebul or-sam profilze axdenen uranis da misi Tanamgzavri 

elementebis  metalometriul Seswavlas.  momatebuli emanaciebisubanze  

gahyavT arxebi da Surfebi, aseve axdenen samTo gamonamuSevrebis mosinjvas 

maTze kvlebis  gatarebiT. 

III etapze xdeba anomaliis detaluri Semowmeba, rogorc geologiur-

geofizikuri, aseve samTo burRviTi  samuSaoebiT. 

 

Eemanaciuri meTodi 
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emanaciuri agegmva eyrdnoba mTis qanebis da niadagSi radiaqtiuri 

emanaciis ganawilebis Seswavlasniadagis haeridan aRebuli sinjebis  

mixedviT. arsebobs Cveulebrivi (zedapiruli) da siRrmuli agegmvebi. 

pirveli sinjebi aiReba 0,8 – 1,0 metris siRrmidan, meore ki 1,5 m-dan 10 

metris siRrmis Surfebidan.  

emanaciuri agegmva, ZiriTadad, gamoiyeneba msxvilmasStabiani Zebna-Ziebis  

dros iseT ubnebze, romlebic 5-8, xandaxan ki 10 metris simZlavris 

nayariTaa gadafaruli. Aam meTodis upiratesobaa SedarebiT did 

siRrmeebze kvlevis SesaZlebloba, xolo misi nakliais, rom misi 

efeqturoba mkveTrad mcirdeba mciregamWolunarian, Zlier 

danestianebul da gayinul gruntebSi. 

meTodis fizikuri safuZvlebi.Eemanaciis (Rn, Tn, An)  atomebis  nawili, 

romlebc warmoiqmnebian radiumis  izotopebis daSlis Sedegad, qanebis 

mineraluri  marcvlebidan xvdebian forovan sivrceSi, romelic 

avsebulia gaziT  da siTxiT. Ddifuziis Sedegad da  aseve miwisqveSa 

wylebis  moZraobis gamo, emanaciebi SeiZleba gadatanili iqnas 

mniSvnelovan manZilebze da qmnian madnuri sxeulebis irgvliv gabnevis 

gazur TaRebs. 

qanebis forebidan gamoyofili emanaciis raodenobis Sefardeba mTel 

gamoyofil emanaciasTan, iwodeba KE- emanaciebis koeficientad. is 

meryeobs procentis nawilebidan (mkvriv,kristaluri mesris qanebSi) 95 -

98%-mde (Zlier daSlil qanebSi). koeficientis aseTi didi cvlileba 

arTulebs emanaciuri agegmvis Sedegebis interpretacias, radganac 

SesaZloa zomieri radiaqtiurobis  mniSvnelovani anomaliebis warmoSoba 

qanebSi, romelTac eqnebaT emanirebis maRali koeficienti. 

kvlevis meTodika.arCeven marekognoscirebel, farTobul da detalur 

emanaciur kvlevebs. 

cudad Seswavlil raionebSi marekognoscirebeli (marSrutuli)  agegmva 

saZiebo samuSaoebis pirvel etapze gamoiyeneba (sxva geofizikur 

meTodebTan kompleqsSi. nayari feniT dafaruli uranis perspeqtiuli 

ubnebis gamosavlenad. profilebs Soris manZili ramdenime kilometria, 

dakvirvebis wertilebs Soris ki 10 - 25 m. 
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  farTobuli agegmva 1 : 25 000 masStabiT (dakvirvebis qseli 200× (50-10) m), 

anda ufro xSiri 1 : 10 000 (dakvirvebis qseli 100× (5-10) m) gamoiyeneba 

axali madnuri velebis da calkeuli sabadoebis saZieblad. 

detaluri agegmva 1 : 5 000 (dakvirvebis qseli 50×50 m), anda 1 : 2 000 

(dakvirvebis qseli 20×2,5 m) gamoiyeneba ukve gamovlenili 

radiometriuli anomaliis gamosakvlevad da madnuri sxeulebis 

SemokonturebisTvis. 

Sedegebis damuSaveba da interpretacia.emanaciuri agegmvis Sedegebi 

gamoixateba profilebis gaswvriv  emanaciis koncentraciis grafikebiT, 

razedac Semdeg daitaneba sqematuri geologiuri safuZveli. detaluri 

samuSaoebis  Sedegad ageben  izoemanebis  ruqebs. Ggarda amisa, igeba 

WaburRilebis Wrilebsa da SpurebSi  Rn-isda Tn–is  ganawilebis 

grafikebi. Aam ruqebsa da grafikebze gamoiyofa  anomaliebi.  

rogorc wesi, anomalurad iTvleba iseTi maCveneblebi, romlebic 

normalur fonze saSualo  kvadratul gadaxraze ori-sami mniSvnelobiT 

metia. 

emanaciuri anomaliebi SeiZleba gamowveuli iyos nayaris qveS arsebuli 

madnuri sxeulebiT, meqanikuri da marilovani TaRebiT, miwisqveSa 

wylebiT, romelic radiumiT da radoniTaa gamdidrebuli. aseve 

normaluri aqtivobis qanebis momatebuli emanirebiT (emanirebis 

anomalia)  da bolos, gazgaumtari fenebis qveS  radonisa da Toronis 

dagrovebiT. interpretaciis amocanas warmoadgens saintereso 

anomaliebis gamoyofa, e.i. madnuris da TaRovanis.  

anomaliis Sefaseba or etapad iyofa: winawari da detaluri. 

winaswari Sefaseba xdeba anomaliis  aRmoCenisTanave. or-sam wertilSi, 

sadac momatebulia emanaciis koncentracia, ganisazRvreba anomaliis 

buneba. Tu  anomalia radoniTaa gamowveuli, xdeba misi detalizacia or-

sam paralelur profilze, romelic ZiriTadi  profilidan 10 - 25 

metriTaa daSorebuli. 

ZiriTad profilad iTvleba is profili, sadac aRmoCnda anomalia. 

detalizaciiT dadgenili anomaliis  ganfeniloba, zomebi da buneba 

gvaZlevs saSualebas daviwunoT araperspeqtiuli  anomaliebi da  

gamovZebnoT meTodikebi Semdeg etapze kvlevebisTvis. 
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meore etapze xdeba im anomaliis detaluri Sefaseba,  romlebic pirvel 

etapze ar damuSavebula. es xdeba kompleqsuri  geologiur--geofizikuri 

kompleqsis  gamoyenebiT,romelSic Sedis anomaluri ubnis geologiuri 

kartireba, zedapiruli d SpurebSi gama-agegmva, nayari 

fenebismetalometriuli gasinjva uranis da misi Tanamgzavri  

elementebis aRmosCenad da bolos, anomaliis gaxsna samTo 

gamonamuSevrebis saxiT. 

radganac emanaciis Semadgenloba niadagis haerSi  damokidebulia 

faqtorTa did raodenobaze da icvleba farTo diapazonSi (madnuri 

anomaliebisTvis 10-dan 10 000 emanamde, xolo fuZe qanebisTvis 1-dan  

aseul emanamde. amasTan uSualod dakavSirebulia radiumTan da ara 

uranTan, amitom emanaciuri agegmvis  interpretacia rTuli amocanaa, rac 

SeiZleba meTodis naklad CaiTvalos. Tumca, agegmvis SedegebTan erTad 

sxva  monacemebis gamoyenebis SemTxvevaSi,amocana xSirad warmatebiT 

wydeba. 

anomaliis Sefasebisas iTvaliswineben Semdeg faqtorebs: 

1) madnuri, an TaRovani anomaliebisTvis emanaciis  koncentracia sando 

niSnad SeiZleba CaiTvalos, Tu misi mniSvneloba metia 1 000 emanze. 

2) anomaliebi, romlebic dakavSirebulia Toris  madanTan, aqvT Toris 

damaxasiaTebeli buneba, xolo  uranis gamadnebas – radonis, anda 

iSviaTad, Sereuli buneba. emanirebis anomaliisTvis 

damaxasiaTebelia aRreuli buneba, xolo aramadnuri  anomaliebis 

sxva tipebisaTvis – radonis, anda aRreuli buneba. 

3) erT-erT informatiul faqtors warmodgens  anomaliis 

koncentraciis cvlileba  Spurebis an wvrili  WaburRilebis 

siRrmis zrdasTan erTad. 

        madnuri sxeulebisTvis damaxasiaTebelia anomaliis  uwyveti 

zrda. amasTan, siRrmis zrdasTan erTad koncentraciis gradienti 

izrdeba (1 da 2 mrudi).Eemanirebis anomaliis koncentracia siRrmis 

zrdasTan erTad mudmivi rCeba.sxva tipis anomaliebisTvis 

damaxasisTebelia  siRrmesTan erTad araregularuli cvlilebebi. 

4) niadagis haerSi emanaciiskoncentraciis  cvlileba amotumbuli  

haeris moculobidan. Ees amotumbulihaeri gansazRvravs gazomvebis    
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seriebs Tanabari raodenobis amotumbvisas.  de-emanireba, e.i. 

aqtivobisswraficvlileba amotumbuli haeris moculobis  

gazrdisas, damaxasiaTebeliaekranirebuli anomaliebisTvis, 

xolo susti deemanireba -marilovani TaRebisTvis. madnuri anomaliebi 

daemanirebis anomaliebi ar ganicdian deemanirebas.  

5) fxvier nayarSi uranisa da misi Tanamgzavrebis  momatebuli 

koncentracia, radiaqtiurobis da uranis  Semcvelobis cvlileba 

siRrmesTan erTad, romelic dgindeba zedapirze, an SpurebSi γ

gamosxivebis gazomviT, an uranometriuli agegmviT, Tanamgzavri 

elementebisaTvis ki – speqtraluri, an qimiuri analiziT. madnur  

anomaliebSi γ gamosxiveba da uranis Semadgenloba siRrmis  zrdasTan 

erTad  kanonzomierad matulobs, meqanikur TaRebSi xdeba  maTi mkveTri 

cvlileba.EemanirebulidaekranirebulianomaliebisTvis damaxasiaTebelia 

γ  veli  da uranis Semcveloba  nayarSi. 

6)  forma da anomaliis farTiTi gavrceleba.TaRovani anomaliebi 

xasiaTdeba farTiTi gavrcelebiT da izometriuli formiT. farTiTi 

gavrceleba axasiaTebs madnur anomaliebsac. am SemTxvevaSi, anomaliis 

forma xSirad madnuri sxeulis  formas emTxveva. 

ekranirebuli anomaliisTvis damaxasiaTebelia lokaluri gavrceleba. 

Eemanirebis anomaliebs sxvadasxva forma gaaCniaT, xSirad wagrZelebuli, 

xazovani, romelic  Seesabameba teqtonikur danawevrebebs da 

dabzarulzonebs. 

uranometriuli meTodiwarmoadgens metalometriuli  agegmvis 

saxesxvaobas. am meTodisTvis aucilebelia fuZe da nayari qanebis  

sakmaod didi raodenobis sinjebis aReba da maTSi uranis Semcvelobis 

gansazRvra. uranis gansazRvra am meTodisTvis  mniSvnelovan 

upiratesobas warmoadgens, amitom am meTods iyeneben im SemTxvevaSi, 

rodesac zemoT ganxiluli  radiometriuli meTodebi Sedegebs veRar 

gvaZlevs. 

arsebobs am meTodebis sxvadasxva saxe: uranometriuli  agegmva gabnevis 

nakadebis mixedviT, TaRovani gabnevis  mixedviT, pirveladi da meoradi 

TaRebis mixedviT fuZe  qanebSi, tyviis meTodida sxva. 

aseve arsebobs radiohidrogeologiuri (hidroqimiuri)meTodi, 

romelic emyareba uranis, radiumis da nawilobriv  radonis gabnevis  
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wylovani   TaRebis gamokvlevebs. Ees  meTodi 300 – 400 metr siRrmezec 

muSaobs, xolo Zlier  danawevrebul reliefze ki 50 – 70 metrze. 

radiobioqimiuri (flurometriuli) meTodi swavlobs  sakvlev 

farTobze arsebul  mcenareTa zolSi radiaqtiuri elementebis 

Semcvelobas. es meTodi SedarebiT ZviradRirebulia, radgan 

ZviradRirebulia analizis gakeTeba. 

 

 

Qqanebis Seswavla birTvul-fizikuri meTodebiT 

 

saZiebo samuSaoebsa da geologiur gamokvlevebSi  bunebrivi nedleulis 

gadamuSavebis dros mTavar rols TamaSobs madnebis, anqanebis 

elementuri Semadgenlobis analizi. yvelaze metad am miznebisTvis  

gamoiyeneba qimiuri da speqtraluri (optikuri)  meTodebi,  Tumca 

srulyofiladver wyvetsamocanas. saWiroa  analizis meTodebis gaiafeba 

da maTi operatiulobis amaRleba.  

marTalia,qimiuri analizi sakmaod  zustia, magram sWirdeba dro da 

Sromatevadia. speqtraluri meTodebi ki yovelTvis ver 

axerxebsaucilebeli sizustis miRwevas. aman gamoiwvia sxva  meTodebis, 

maT Soris, birTvul-geofizikuri (birTvuli) meTodebis Seqmna. cxadia, am 

meTodebsac aqvs  Tavisi nakli da aqvs garkveuli SezRudvebi. 

maTi swori gamoyenebisTvis undavflobdeT  maT fizikur safuZvlebs, 

upiratesobas da  nakls.  sxvadasxva birTvul meTodebs axasiaTebT yvela 

an zogierTi Tvisebebi: 

a) maRali sizuste, romelic xandaxan  10-8%-sac ki aRwevs. 

b) siswrafe, umetesi meTodebis gamoyenebisas saWiroa Zalian mcire 

dro, ramdenime wuTi, maqsimum 1-dan ramdenime aTeulamde. Ees ki  

saSualebas gvaZlevsswrafadmimdinare procesebSi isini gamoviyenoT  

nedleulis  gamdidrebis, an gadamuSavebisas. 

   v) maRali sizuste sxva elementebis SedarebiT naklebi gavlena. 

g) analizis Catarebis SesaZlebloba  qanebis bunebrivi Cawolis  

pirobebSi (SurpebSi, gaSiSvlebebSi, WaburRilebSi da a.S.). 

d) nivTierebis  Semadgenlobis distanciuri kontrolis SesaZlebloba 

   da  analizebis SedarebiTi advili avtomatizacia. 
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moviyvanoT birTvul-fizikuri meTodebis klasifikaciis sqema: 

1) qanebis bunebrivi neitronuli gamosxivebis meTodi emyareba 

imneitronebis registracias, romelic warmoiSoba uranis birTvebis 

spontanurad gayofis  Sedegad bunebrivi radiaqtiuri  elementebis 

xistiγ  gamosxivebis da α -s msubuqi birTvebiT STanTqmisas. 

2) kosmosuri gamosxivebis meTodi emyareba kosmosuri sxivebis 

registracias SaxtebSi, WaburRilebsa da sxvadasxva qanebSi.Aam  

meTodis saSualebiT SesaZloa ganisazRvros qanebis saSualo 

simkvrive xelsawyosa da dedamiwis zedapirs Soris, kerZod, 

aRmoaCinos da Semoakonturos miwisqveSa qanebis gamonamuSevrebs 

zemoT moqceuli momatebuli simkvrivis madnuri sxeulebi.  

calkeul birTvul meTods ar SeuZlia sandod  gansazRvros yvela 

qimiuri elementi, Tumca birTvuli meTodebis erToblioba gvaZlevs 

saSualebas ganisazRvros qanebis Semadgeneli TiTqmis yvela 

elementi. 

avRniSnoT isic, rom meTodebis umetesoba qanebSi gansazRvravs 

uSualod ara qimiuri elementebis  Semadgenlobas zogadad, aramed 

maT romelime erT izotops,Tumca am izotopebis Semadgenloba 

iTvleba Sesabamisi elementis  koncentraciis proporciulad. 

3) neitron-neitronuli meTodi sazRvravs qanebSi elementebis 

koncentracias, romelTac aqvT STanTqmis maRali kveTis siTburi 

an zesiTburi (aq, albaT, “arasiTburi” inda iyos)neitronebi, 

magaliTad:B, Li,Cd, Mn, Cl, Hg, Gd, In, Ag, CO  da sxva. meTodi emyareba 

qanebSi neitronebis  STanTqmis intensivobis zrdas, roca maTi 

Caweris makroskopuli kveTa izrdeba STanTqmis maRali kveTis 

elementebis koncentraciis zrdis Sesabamisad. Ees meTodi  

gamoiyeneba rogorc nimuSebisTvis, aseve qanebis bunebrivi  Cawolis 

SemTxvevaSi (WaburRilebSi, gaSiSvlebebsa da a.S.). 

4) radiaciuli Caweris γ  gamosxivebis registraciis  meTodi, 

romelsac neitronul gama meTodsac uwodeben, fizikuri arsiT 

axloa neitron-neitronul  meTodTan, Tumca  am meTodTan 

SedarebiT, cudad muSaobs mTis qanebis arcTu didi nimuSebis 

SemTxvevaSi. A 
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am nimuSebis Cqari neitronebis dasxivebiT (n,γ )reaqciis 

gamosvlametad mcirea.neitronebis winaswari Senelebisas 

SemnelebelSi  neitronebis STanTqmis xarjze warmoiqmneba  

intensiuri γ  gamosxiveba, rac aferxebs sakvlevi  nimuSidan 

gamosxivebis gamoyofas. Aamitom es meTodi,  ZiriTadad, gamoiyeneba 

qanebis gamosakvlevad maTi  bunebrivi Cawolis pirobebSi da 

kerZod didi nimuSebis  (kilogramis rigis) Sesaswavlad. 

         qanebisSeswavlisas, maTi bunebrivi Cawolis  pirobebSi, 

neitronebis Semneleblebis rols TamaSobs TviT sakvlevi qani, amitom 

radiaciuli Caweris γ  gamosxivebis registraciis  meTodis Cvenebebze 

did gavlenas axdens am qanis neitronebis Senelebis  unari,  e.i. 

wyalbadSemcveloba. 

5) neitronuli aqtivaciis meTodi gamoixateba xelovnuri radiaqtiuri 

nivTierebebisTvis Tavsmoxveuli aqtivobis gamokvlevaSi.es Tavsmoxveuli 

aqtivoba warmoiSoba nimuSis neitronebiT, protonebiT, deitronebiT, α

nawilakebiT da sxv. dasxivebisas. A 

aqtivaciuri analizi aris elementebis didi raodenobis  seleqciuri 

gansazRvris meTodi. Nneitronul aqtivaciur  analizSiganasxvaveben neli 

da Cqari neitronebiT dasxivebis (n, γ )reaqciebs. Cqar neitronebze 

aqtivacia xorcieldeba  reaqciebiT: (n, p); (n, α ); (n, 2n ) da sxva. Ees aris 

“zRvruli”  reaqciebi, romlebic  exeba iseT neitronebs, romelTa 

energia raRac  EzRv. zRvrul energiaze metia. 

qanebSi, rogorc wesi, xdeba ramdenime izotopis aqtivireba. maTi 

identifikaciisTvis iyeneben:  

1) izotopebis gansxvavebas  gamosxivebis energiis, Semadgenlobis da 

naxevardaSlis periodis  mixedviT; 

2) nimuSis qimiurad daSlas, rasac Tan sdevs  garkveuli radiaqtiuri 

izotopis daSla. 

pirveli tipis aqtivaciuri analizis meTods,  sakvlevi nimuSis raime 

qimiuri momzadebis gareSe,  uwodeben fizikurs anda instrumenturs. 

aqtivaciuri analizis meTods, romelic iTvaliswinebs aqtiuri nimuSis 

qimiur damuSavebas, ewodeba radioqimiuridagamoiyeneba ZiriTadad 

elementebis Zalian mcire koncentraciis SemTxvevaSi. 
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aqtivaciuri  analizisaTvis ufro metad xelmisawvdomi,(gansakuTrebiT 

mciresimZlavriani wyaroebis  gamoyenebisas, savele laboratoriebSi) 

aqtivaciis maRali kveTis elementebis.  instrumentaluri analizisaTvis  

xelsayrelia naxevaddaSlis arcTu ise didi  periodebiT (ramdenime 

wuTidan ramdenime dRe-Ramemde). 

6) fotoneitronuli meTodi. 

γ qvantebi, garda nivTierebasTan urTierTqmedebis sami ZiriTaditipisa, 

iwveven kidev ramdenime reaqcias, romelic gamosxivebis SesustebaSi ar 

TamaSobs  mniSvnelovan rols, magram isini sainteresoa maT mier  

meoradi gamosxivebis gamowvevis unariT. am mxriv birTvuli 

geofizikisaTvis mniSvnelovania fotobirTvuli reaqciebi, rogoricaa: 

(γ , n), (γ , p), (γ ,f) da sxva. rig SemTxvevebSi am reaqciTa produqtebi 

radiaqtiurebia da maT Seswavlazea damyarebuli  gama – aqtivaciuri 

analizi, romelsac Semdeg punqtSi ganvixilavT. 

rac Seexeba fotoneitronul (gama-neitronul) meTods, is emyareba 

neitronebis registracias, romelic qanebis xisti γ  gamosxivebiT 

dasxivebisas warmoiSoba fotoneitronuli reaqciiT (γ , n).  yvela 

fotobirTvuli reaqcia “zRvrul”  reaqcias warmoadgens. 

7) rogorc zemoT avRniSneT, fotobirTvuli reaqciis  Sedegad 

xSirad warmoiSoba radiaqtiuri izotopebi iseTi naxevardaSlis 

periodebiT, romelic xelsayrelia analizisaTvis (wm-idan 

ramdenime sT-mde). Tu kvantis energia 20 mev-mdea, ufro 

mosalodnelia fotoneitronuli reaqciebi, xolo msubuqi 

birTvebisaTvis mniSvnelovania (γ , p) reaqciebic. Ggama-aqtivaciuri 

meTodis  gamoyenebisas mTel rig elementebze warmoiSobian ufro  

mcire sicocxlisunariani izotopebi, rac xels uwyobs  analizis 

siswrafes. SeiZleba iTqvas, rom garkveuli  xarvezebis gamo gama-

aqtivaciuri meTodis aparatura  jer kidev iTxovs Semdeg daxvewas. 

8) γ gamomsxiveblis gamosxivebasa da gabnevaze damyarebuli 

meTodebi. 

γ gamomsxiveblis STanTqmis meTodi. 

fotoefeqtis maRali kveTis mqone mZime elementebis  gansazRvisaTvis 

SeiZleba gamoyenebuli iqnas gama-absorbciuli meTodi, romelic 

analogiuria neitronuli absorbciuli meTodisa, romelic emyareba 
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nimuSSi γ kvantebis konis  Sesustebas. Ees meTodi iZlevaqanSi iseTi 

erTi mZime  elementis gansazRvris saSualebas; es qani SeiZleba  

Seicavdes kidev sxva msubuq elementebsac. FfotoSTanTqmis  rolis 

gaZlierebisTvis iyeneben msubuqi γ gamosxivebis wyaroebs. 

mZime elementebis: Pb, W, Hg  da sxv. iyeneben gama –eleqtronul 

(emisiur) meTods, romelic emyareba iseTi eleqtronebis registracias, 

romelic gamosxivdeba γ kvantebis fotoSTanTqmiT gaanalizebuli 

elementis mier. Ffotoeleqtronebis intensivoba matulobs mZime 

elementebis  koncentraciis zrdis Sedegad. iseTi elementebis 

Semcveloba, romelTa atomuri nomeri 2,5-3-jer naklebia, vidre 

gansazRvruli elementisa, praqtikulad analizis Sedegebze ar 

moqmedebs. 

γ gamosxivebis gabnevis meTodi(gama-gama-meTodi).  arsebobs am 

meTodis ori modifikacia: simkvrivuli da seleqciuri. 

simkvrivul gama-gama meTodSi gamoiyeneba SedarebiT didi energiisγ

kvantis wyaroebi, ufro xSirad Co60 , romelic gamoasxivebs 1,17 da 1,33 

mev-is γ kvantebs. γ gamosxivebis indikatori moTavsebulia mZime 

metalisgan (rkina) damzadebul sqel korpusSi, romelic TiTqmis 

mTlianad STanTqavs 0,15-0,2 mev-is  energiis rbil γ kvantebs. amis 

Semdeg, ZiriTadad  registrirdeba 0,2 mev-ze meti energiis γ

gamosxiveba, xolo fotoeleqtronuli STanTqmaar axdens mniSvnelovan 

gavlenas aseTi γ kvantebis intensivobaze da aqedan gamomdinare, qanis 

qimiuri Sedgeniloba. 

seleqciuri gama-gama meTodis SemTxvevaSi iyeneben  rbili γ

gamosxivebis wyaroebs (0,3-0,4 mev-ze naklebi). Aam meTodis maCveneblebi 

damokidebulia rogorc γ kvantebis gabnevaze (Sesabamisad qanis 

simkvriveze), aseve maT STanTqmaze, romelic ZiriTadad gansazRvravs 

mZime elementebis koncentracias: rac ufro metia am ukanasknelTa 

raodenoba qanSi, miT naklebia meTodis  maCveneblebi. Ees meTodi 

gamoiyeneba iseTi qanebis  gamoyofisTvis, romelic mdidaria mZime 

elementebiT (tyvia, vercxliswyali, volframi da a.S.) da aseve am 

ukanasknelTa koncentraciis ricxobrivi mniSvnelobis 

gansazRvrisaTvis. 
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9) rentgeno-radiometriuli meTodi.am meTodis yvelaze metad 

gavrcelebuli modifikaciafluoroscenturi rentgeno-radiometriuli 

analizi, romelic eyrdnoba γ gamosxivebiT agznebuli gamosakvlevi 

elementebis  Seswavlas da agznebuli atomebis damaxasiaTebeli 

rentgenuli gamosxivebis registracias. 

arsebobs meore modifikaciac – absorbciuli rentgeno radiometriuli 

analizi, romelic eyrdnoba  nimuSis STanTqmis unarianobas. rogorc 

cnobilia, eleqtronebis bmis energia mkveTrad mcirdeba, rodesac 

eleqtroni Sida eleqtronuli garsidan gare garsze  gadadis. K-

garsisTvis is erTi rigiT metia, vidre L garsisTvis. fotoSTanTqmis 

albaToba izrdeba  eleqtronis bmis energiis zrdasTan erTad. 

is adgili, romelic gamoTavisufldeba fotoeleqtronis moSorebisas, 

praqtikulad myisve (10-7 – 10-16 wm-Si) ivseba eleqtroniT ufro maRali 

donidan, xolo am ori  garsis energiaTa sxvaoba gadaecema γ kvants 

(fotons). 

arsebobs agreTve γ kvantebisSTanTqmis da gabnevis rezonansuli 

meTodi. aseve sxva meTodebi, romlebic emsaxureba qanebis elementebis 

analizs. 

 

Sromis dacva radiaqtiur nivTierebebTan da gamosxivebis 

wyaroebTan muSaobisas 

 

ionizacia, romelsac iwvevs birTvuli gamosxiveba adamianis organizmSi, 

did gavlenas axdens adamianis janmrTelobaze,xolo didi dozebiT 

gamosxivebis miReba ki sikvdilis mizezic xdeba. 

miRebulia, rom organizmis dasxiveba birTvuli gamosxivebis mixedviT 

gaiyos orad: garegani dasxiveba (romelsac iwvevs adamisnis organizmis 

gareT arsebuli wyaroebi) da Sinagani dasxiveba, romelic  gamowveulia 

adamianis organizmSi moxvedrili radioaqtiuri nivTierebiT. am or 

SemTxvevaSi dacvis zomebi sruliad sxvadasxvaa.  

gamosxviveba mavnebelia, rodesac organizmi mas STanTqavs. Tu 

gamosxiveba  ise Cauvlis  organizms, rom  mis atomebs ar Seexeba da mis 

energias ar dakargavs,  organizmze  ar axdens araviTar gavlenas. e.i 

saSiSi zemoqmedebis xarisxi STanTqmis dozazea damokidebuli. Aamitom 
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sanitaruli normebi adgenen im SesaZlo dasxivebis  zRvars, romelic 

dasaSvebia adamianisTvis.  

cocxal organizmze Tu STanTqmis dozebi erTnairia, iseTi mZime 

nawilakebisaTvis, romelsac didi kuTri ionizacia axasiaTebT, SemoaqvT 

xarisxis  faqtoris (koeficientis) cneba – QF.is gviCvenebs, Tu ramdenad 

metia biologiuri efeqti aseT  SemTxvevaSi, vidre  α   da  β  

gamosxivebisas.praqtikulad sxvadasxva  energiis γ   qvantebis xarisxis 

koeficienti 1-is tolia. STanTqmis dros γ qvantebis ionizacia 

gamowveulia eleqtronebiT da pozitronebiT, aqedan gamomdinare, am 

ukanasknelTaTvisac  QFsidide  erTis tolia. 

simkvrive maRalia (protonebi da α  nawilakebi, roca maTi energia ≤ 10 

mev), QF=10, xolo ukucemis mZime birTvebisTvis kiQF=20-sac ki. Cqari 

neitronebisTvis QF sidide axloa protonebis  koeficientTan (3-dan 10,5-

mde, energiis  mniSvnelobidan gamomdinare), radgan ZiriTad organizacias 

am SemTxvevaSi axorcieleben protonebi – wyalbadis ukucemis  birTvebi, 

romelic yvela atomis 90%-s Seadgens da Sedis biologiur qsovilSi. 

radgan sxvadasxva saxis gamosxivebaze arsebobs  sxvadasxvagvari 

biologiuri efeqturobis faqtori, SemoaqvT rentgenis biologiuri 

eqvivalenti beri. 1 beri aris is STanTqmuli doza, romelic  iwvevs 

iseTsave biologiur efeqtebs, rogorc γ  gamosxivebis 1 rentgeni. 

biologiuri eqvivalenturi doza D’,romelic berebSigamoixateba, tolia 

STanTqmuli D dozis da xarisxis QF koeficientis namravlis: 

D’ =DQF 

wertilovani wyarodan gamosxivebis doza (rentgenebSi)  SeiZleba 

ganisazRvros formuliT: 

22

4,8
R

qt
R

CtK
D == γ  

R – aris wyarodan daSorebis manZili sm-Si;tsaaTebSi gamosaxuli 

dasxivebis dro.C da q – wyaros aqtivoba Sesabamisad mikrokiurebsa 

(mkkiuri)da mg eqv. Ra.K γ -izotopis  simkvrivea, romelic 1 mkkiuri wyaros 

mier 1 sm manZilze Seqmnili simZlavris dozaa,  gamoxatuli rentgen-

saaTebSi. saerTaSoriso radiaciuli dacvis komisiis mier profesionali 

muSakebisTviseqsperimentulad Semowmebuli doza, romelic SeiZleba 

organizmma miiRos birTvuli dasxivebisas, miRebulia 5 beri 1 weliwadSi. 
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es aris maqsimaluri doza, romelic Tanamedrove aparaturebiT 

gamokvlevisas adamianis organizmSi ar iwvevs  cvlilebebs.   

avariuli samuSaoebis Catarebisas daSvebulia 10 beramde dozis miRebac 

ki, oRond im pirobiT, rom es pirovneba garkveuli drois ganmavlobaSi  

ganTavisuflebuli iqneba am tipis samuSaodan. 

im pirebisaTvis, vinc uSualod ar aris dakavSirebuli  radiaqtiur 

nivTierebebTan da gamosxivebis wyaroebTan, dadgenilia zRvrulizomebi: 

0,5 beri/weliwadSi bunebrivi fonis CauTvlelad. neitronebiT  dasxivebis 

SemTxvevaSi  dasaSveb dozas (0,1 beri kviraSi)  qmnis Cqari neitronebis 

nakadi kviraSi 2,6∙106neitroni/sm2, xolo siTburi neitronebisTvis -108 

neitroni/sm2 kviraSi. 

yvelaze did saSiSroebas warmoadgens Sinagani dasxiveba, radganac is 

moqmedebs mTeli im  drois ganmavlobSi, rodesac organizmSi es 

nivTierebaimyofeba. Ggarda amisa, zogierTi nivTiereba grovdeba zog  

iseT”kritikul”  organoSi, romelic gansakuTrebiT  sazianoa 

organizmisTvis. 

profesionali  muSakebisTvis gare dasxivebis SemTxvevaSi,yvelaze metad 

mgrZnobiare organoebisTvis (sasqeso jirkvlebi, sisxlmbadi organoebi) 

mTeli organizmisTvis dasaSvebia 5 beri/weliwadSi, sxva organoebisTvis 

es doza SeiZleba iyos 15 beri (kunTebi, RviZli,Tirkmelebi, filtvebi da 

a.S.), 30 beri (Zvlebi, kani, farisebri jirkvali) da 125 beric ki (xelebi, 

fexis terfebi). 

am normebidan gamomdinare, gamoTvlilia rogori unda iyos  izotopebis 

zRvruli koncentraciebi haersa da wyalSi.  

birTvuli meTodebiT qanebis analizis SemTxvevaSi radiaciuli 

saSiSroeba SemdegSi mdgomareobs:  radiaqtiuri madnis garegnuli 

dasxiveba.garegnuli dasxiveba  neitronebis da γ   gamosxivebis 

wyaroebidan. uranis,  Toriumis da sxva radiaqtiuri nivTierebebis  

emanaciebis organizmSi moxvedra sasunTqi gzebiT, WuWyiani xelebiT an 

dabinZurebuli produqtebiT.   

samuSaos usafrTxoebis mizniT SemuSavebulia  specialuri sanitaruli 

normebi. gamovyoT maTgan  ramdenime mniSvnelovani punqti: 
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1) radiaqtiul nivTierebebTan dagamomsxiveblebTan SeiZleba samuSaod 

daSvebuli iqnan iseTi 18 wels gadacilebuli adamianebi, romelTac 

gavlili aqvT specialuri samedicino gamokvleva da instruqtaJi. 

2) muSa  personalis perioduli samedicino gamokvleva. 

3) gadasatani dozimetrebiT samuSao adgilebze  gamosxivebis donis 

mudmivi kontroli, xolo calkeul  SemTxvevebSi TviT 

TanamSromelTa dasxivebis mudmivi kontroli  individualuri 

dozimetrebiT. 

4) gamosxivebis dozis Semcireba dasaSveb donemde. amisaTvis 

gamosxivebis wyaros gadatana xorcieldeba  konteinerebSi (rogorc 

wesi, tyviisa - γ   gamomsxiveblebisTvis da parafinur-boris - 

neitronebis wyaroebisTvis). 

wyaroTa Senaxva xdeba specialur Sesanax adgilebsa da konteinerebSi, 

xolo muSa personals is miecema xelweriliT. didi simZlavris 

wyaroebs (amaCqareblebi, reaqtorebi da neitronebis gamamravleblebi) 

aqvT specialuri dacva, romelic ganapirobebs gamosxivebis 

aucilebel Semcirebas. Aampulis tipis wyaroebis SemTxvevaSi isini 

ganlagdebian specialur danadgarebSi Sesabamisi dacviT, anda wyarosa 

da mosamsaxure personals Soris ayeneben aucilebeli sisqis 

gadasatan damcavs. 

5) dasxivebis drois Semcireba, Tu samuSao tardeba Ria  wyaroebTan. 

amisaTvis aseTi wyaroebi, rogorc maTi gamotana Sesanaxi 

konteineridan da isev ukan waReba, mniSvnelovani aqtivobis 

aqtivirebuli nimuSebis gadatana  da a.S. xorcieldeba ramdenime 

TanamSromlis  erTmaneTis Secvla-monacvleobiT grZeli 

manipulatorebis  daxmarebiT; 

6) radiaqtiuri nivTierebebis organizmSi moxvedrisgan organizmis 

dacva  respiratorebis saSualebiT, xolo didi aqtivobisas – 

damcveli kamerebiT (boqsebiT) manipulatorebis saSualebiT. 

7) higienuri normebis da wesebis dacva: spectansacmliT muSaoba, 

xelebis dabana samuSaos Semdeg, mowevis da Wamis win; ar 

SeiZlebasaWmlis miReba da moweva Ria preparatebTan  

laboratoriebSi, anda darbazebSi, sadac aris mZlavri wyaroebi da 
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sadac SesaZlebelia garSemo myofi sagnebis, kerZod mtvris, 

aqtivacia. 

8) sanitaruli samsaxuris mier miRebuli dawesebulebis  specialuri 

aRWurva, Tu aq xdeba didi aqtivobis Ria preparatebTan muSaoba. 

9) radiaqtiuri narCenebis Sekreba specialur  konteinerebSi da maTi 

Semdgomi gadatana gansakuTrebul  samarxebSi. 

10) wyaroebis swori Senaxva sevele pirobebsa da  maTi gadatanis 

dros. unda gamoiricxos maTi dakargvis da ucxo pirTa xelSi 

moxvedris SesaZlebloba; Tu gamosxivebis wyaroze da radiaqtiur 

preparatebTan MmuSaobisasSemTxveviT avariamoxda, saswrafod unda  

ecnobos Sesabamis samsaxurebs. 

 

 

 

 

 

 

 birTvuli geoqronologia 

 

geologiuri obieqtebis asakis gansasazRvravad birTvuli 

geoqronologia iyenebs erTi elementis meore elementebad radiaqtiur 

gardaqmnas. radiaqtiuridaSlis siCqare yvela geologiur epoqaSi 

mudmivi rCeboda - is ar aris damokidebuli gare pirobebze (wneva, 

temperatura da a.S.). amis gamo, birTvuli  geoqronologiis Cvenebebi 

SesaZloa sruliad sandod CaiTvalos. 

amJamad geologiuri obieqtebis daTariRebisTvis gamoiyeneba meTodebis 

mTeli rigi. geologiur mecnierebaSibirTvuli (anu izotopuri) 

geoqronologia gadaiqca damoukidebel mimarTulebad. birTvul-

geoqronologiurma kvlevebma da ganzogadoebebma calsaxad  ganapirobes 

dedamiwis asakis welTaRricxvis absoluturi skalis Seqmna.  analizuri 

meTodebis (ZiriTadad mass-speqtrometrebi)  gamoyenebam saSualeba mogvca 

erTi da igive nimuSi gamoyenebuli iqnas sxvadasxva meTodebiT 

gazomvebisTvis. Tu erTi da igive nimuSidamuSavda sxvadasxva meTodiT da 
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erTidaigive Sedegi iqna miRebuli, mxolod amis Semdeg miaweren  nimuSs 

gansazRvrul absolutur asaks. 

cnobilia, rom paleozouri eris kembriuli periodis  dasawyisi 

ganekuTvneba pirvel uxerxemloTa  warmoSobis periods, rac Cvenamde 

daaxloebiT 600 mln wliT adre moxda. ufro Soreuli geologiuri 

istoriis Seswavla mxolod birTvuli geoqronologiis meTodebiT 

xerxdeba. amJamad, dedamiwis yvela materikze aRmoCenilia  2,5 mlr welze 

meti xnis qanSi, xolo yvelaze Zveli  qanebis asaki 4 mlr wels aRwevs. 

cxadia, qanebisaTvis dadgenili maqsimaluri  asaki dedamiwis asakis 

qveda sazRvars uCvenebs. dedamiwis, rogorc planetis asakis zeda 

sazRvris gansasazRvravad swavloben tyviaSemcvlel mineralebSi tyviis  

izotopebis ganawilebas. Tanamedrove SefasebiT, romelic  tyviis 

izotopebis meTodiT aris gansazRvruli, dedamiwis asaki 4,53 – 4, 55 mlr 

welia. 

4 mlr welze meti xnis qani aRmoCeniliamTvarezec. aris safuZveli 

vifiqroT, rom  mTvare dedamiwasTan SedarebiT ramdenime aseuli mln 

wlis Semdeg warmoiSva, magram ara dedamiwidan misi  “mowyvetis”  gziT, 

aramed akreciis Sedegad.meteoritebis izotopuli daTariRebis 

saSualebiT SesaZlebeli  gaxda mzis sistemis asakis dadgena – 4,7 mlr. 

weli. 

erT-erTi yvelaze iSviaTi elementis - reniumis  radiaqtiuri 

gardaqmnebis gamoyenebam Cveni samyaros Semadgeneli qimiuri elementebis 

asakis  Sefasebis saSualeba mogvca: aRmoCnda, rom nuklosinTezis 

procesi daaxloebiT 18 mlr wlis winaT daiwyo. 

arsebobs  daTariRebis sxvadasxva birTvuli meTodi: 

1) uran-tyviiT daTariReba: es meTodi birTvuli-geoqronologiuri 

daTariRebis yvelaze Zvel meTods warmoadgens. 

dedamiwaze tyviis saSualo izotopuri  Semcveloba Semdegi monacemebiT 

xasiaTdeba: Pb204 - 1, 5%; Pb206 - 23, 6%; Pb207 - 22, 6%; Pb208 - 52, 3%.izotopebis 

birTvebis nawili : Pb206  da Pb208  radiobenurebi arian. isini warmoadgenen 

Semdegi radiaqtiuri izotopebis saboloo produqts: U238 , U235  da Th232 . 

am radiaqtiuri izotopebidan TiToeuli, rogorc cnobilia, Tav-TavianT 

radiaqtiur  ojaxebs qmnian, TiToeul ojaxSi ki Tavis mxriv  

mimdinareobs birTvuli gardaqmnebis rTuli Sualeduri seriebi. 
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amasTan: Ph206 -is T1/2=4,53 • 109weli; Pb207 -is  T1/2=7,13 ∙108weli; Th232 -is 

T1/2=13,89 ∙109weli. 

rodesacxdebauranis, Toriumis da tyviis izotopebis Semadgenlobis 

analizi da nimuSis, SesaZloa miRebuli iqnas sami saxis  izotopuri 

fardoba: Pb206 / U238 ; Pb207 / U235 ; 

Pb208 / Th232 . 

Tu gamoviyenebT formulas: 

t= )1ln(1
N
D

+
λ

(1) 

sadacN aris im atomTa raodenoba, romelic t droSi daiSala. amasTan, 

radiaqtiuri daSlisas mSobliuriNizotopi gardaiqmneba DSvilobil 

izotopad.tdrois ganmavlobaSi dagrovili Svilobili D atomebis 

raodenoba gamoiTvleba formuliT: 

 D=N0 –N 

amgvarad, (1) formulis gamoyenebis Semdeg gveqneba absoluturi 

geologiuri asakis sami damoukidebeli Sefaseba. radgan Th-s aqvs 

naxevardaSlis didi periodi, amitom  is gamoirCeva dabali  

mgrZnobiarobiT da mas iSviaTad  iyeneben.  Ee.i. uran-tyviiT daTariRebis 

arsi imaSi  mdgomareobs, rom pirvel rigSi unda ganisazRvros Pb206 / U238  

da Pb207 / U235 -is Tanafardobebi. Tanamedrove meTodebiT am Tanafardobebis 

gansazRvra 2% sizustiTaa SesZlebeli. U238 -is naxevrdaSlis  periodi 

gansazRvrulia 1-%-is sizustiT, xolo U235 -is ki - 2%-iT. 

daTarireba SeiZleba moxdes uranis spontanuri  daSlis trekis 

mixedviTac. Uuranis orive izotopi, U238  da U235 TviTneburad 

(spontanurad) iSleba, ris  Sedegadac birTvi ixliCeba or nawilad da 

gamosxivdeba  ramdenime neitroni. SesaZloa aseT SemTxvevaSi warmoiSvas 

cirkoni da teluri: 

nTeZrU 3324092 ++→  

izotopebis naxevardaSlis periodebi mkveTrad gansxvavdeba 

erTmaneTisagan. U238 -is naxevardaSlis periodiaris 5,9∙1015weli , xolo 

U235 -isa - 1,8∙1017weli. 
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U238 - izotopis wili natexebis warmoqmnaSi imdenad didia, rom U235 -is 

wili SeiZleba ugulvebelvyoT. garda amisa, U235 -is Semcveloba bunebriv 

uranSi gacilebiT naklebia.  

am meTodis didi upiratesoba isicaa, rom ar arsebobs foni.saqme isaa, 

rom ar arsebobs iseTi wyaroebi, romlebic mineralSi tovebs treks 

(ganarbenis kvals), romelic SecdomiT SeiZleba CaiTvalos U238 -

isizotopis spontanurad  daSlis trekad. meTodi SeiZleba gamoviyenoT 

asakis  sakmaod farTo diapazonSi – ramdenime mlr wlidan  ramdenime 

Tvemde. mniSvnelovani yuradRebaa eqceva meTodis sizustis sakiTxs. erT-

erTi aucilebeli piroba, rac sizustesTanaa dakavSirebuli, imaSi 

mdgomareobs, rom  unda iqnas arCeuli trekis optimaluri simkvrive. Ees  

simkvrive unda iyos ara naklebi 1-isa da ara umetesi 104-isa 1 mm2-ze. zeda 

zRvari imiTaa gamowveuli, rom maRali sixSiris SemTxvevaSi trekebi 

erTmaneTze zeddebas axdens,  amis gamo, rom Tvlisas maTi nawili 

SesaZlebelia gamotovebuli iqnas. 

am meTodis upiratesoba imaSi mdgomareobs, rom  mineralebis da 

vulkanuri natexebis Zalian mcire nimuSebic ki  SeiZleba gamodges 

gasazomad. 

radium-stronciumiT daTariRebis meTodi.rubidiums ori bunebrivi 

izotopi gaaCnia: Rb85 da Rb87 .maTganukanaskneli radiaqtiuria. am ori 

izotopis fardobiTi gavrceleba sakmaod didi sizustiT izomeba. 

Rb87 -s axasiaTebs β daSla.misi naxevardaSlis periodi Zalian didia, 

amitom misi zusti gazomvebi gaZnelebulia. damatebiTi siZneleebi 

nimuSis gazomvisas imiT aris  ganpirobebuli, rom amofrqveuli 

eleqtronebis kinetikuri energia Zalian mcirea - is sul 0, 275 mev-is 

tolia. amJamad,  Rb87 -is naxevardaSlis periodad (5,0± 0,2)∙1010welia  

miRebuli. 

geologiuri daTariRebisTvis gamosadegia is faqti, rom SesaZlebelia 

rubidiumis radiaqtiuri gardaqmna stronciumad. stronciums oTxi 

stabiluri izotopi gaaaCnia: Sr84 ; Sr86 ; Sr87  da Sr88 . stronciumis izotopuri 

Sedgeniloba mudmivi ar aris bunebaSi. is damokidebulia rogorc Rb /Sr-

is fardobaze mocemul nimuSSi, aseve im faqtorze, Tu ramden xans 

imyofeboda is rubidiumis gverdiT.rac ufro met xans arsebobs es 
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wyvili Caketil sistemaSi, miT metia masSi  radiogenuri izotopis Sr87 -is  

kuTri wona. rogorc wesi, am ukanasknelis dagrovebaze msjeloben Rb87

/86Sr- is fardobis mixedviT. am fardobas analizis momentSi zomaven mass-

speqtrometrebiT. qimiuri, speqtraluri an sxva analizis  mixedviT 

Rebuloben rubidiumis da stronciumis koncentratebs da  Semdeg 

Tvlianfardobas.      

kalium-argoniT daTariRebis meTodi.bunebriv kaliums gaaCnia  

radiaqtiuri izotopi K40 , romlis saSualo Semcveloba bunebriv narevSi 

0,012 %. Mmisi daSla ori gziT xdeba: −β  daSla (88%) da K-is CaWera (12%). 

K40 νβ ++→ −Ca40  

K40 +
−β ν+→ Ar40  

K40 -is naxevardaSlis periodi 1,4∙109 weliwadia. es sidide axasiaTebs 

kaliumis izotopis raodenobis Semcirebas orive gardaqmnis Sedegad. 

K40 -is gardaqmna Ca40 -ad gamoiyeneba absoluturi asakis gansasazRvravad, 

radgan kaliumis Semcveli mineralebi, rogorc wesi, araradiogenur Ca40 - 

s Seicaven, romlis mixedviTac ar xdeba daTariReba. K40 -is daSlis meore 

gza, eleqtronuli CaWera, iwvevs Ar40 -is izotopis warmoSobas, romelic 

daTariRebis  kaalium-argonis meTodSi gamoiyeneba. 

K40 -is atomebis is raodenoba, romelic gardaiqmneba Ar40 -ad, SeiZleba 

gamoviTvaloT λβ ( β -daSlis albaToba) da eλ -s (eleqtronebis CaWeris 

albaToba) fardobiT. nimuSSi K40 -s Tanamedrove raodenoba ganisazRvreba  

formuliT: 

teKeK )(4040 λβλ +−= ,  

sadac K40 -aris kaliumis raodenoba mineralis warmoqmnis periodSi, t  ki - 

asaki. 

kalium-argonis meTodi uran-tyviis meTodTan  SedarebiT ufro 

universaluria,radgan bunebaSi kaliumSemcveli  mineralebi metadaa 

gavrcelebuli. Kkalium-argonis meTodi SeiZleba gamoyenebuli iqnas 

SedarebiT axalgazrda qanebisTvisac.  

 

 

axalgazrda geologiuri qanebis daTariRebis meTodebi 
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radionaxSirbadis meTodi.atmosferos zeda fenebSi icvleba im 

kosmosuri sxivebis Semadgenloba, romlebic dedamiwas aRweven. 

pirveladi  gamosxivebis nawilakebs (maT Sorisprotonebi ZiriTad rols 

TamaSobs) gaaCniaT  didi energia da SeuZliT gzaze Semxvedri  atomebis  

birTvebis gaxleCa. aseTi gaxleCvis Sedegad warmoSobian birTvebi, 

romelTac Tavis mxriv SeuZliaT birTvuli  reaqciebi gamoiwvios. 

neitronebiT gamowveuli  yvelaze mniSvnelovani reaqciebi aris azotis 

gardaqmna naxSirbadad. CpnN 1414 ),( . izotopi C14  radiaqtiuria, misi 

naxevardSlis periodi  5768-is tolia. gamoasxivebs ra β  sxivebs, C14  

gardaiqmneba stabilur azotad ( N14 ). naklebi albaTobiT neitronebze 

SesaZlebelia sxva reaqciebic, romlebic xels uwyoben aseve 

radionaxSirbadis warmoqmnas:: CHenO 14316 ),( ; CdnN 1415 ),( ; CnC 1415 ),( γ . 

radionaxSirbadi swrafad iJangeba da gardaiqmneba radioaqtiur 

naxSirJang gazad 2
14CO , romelic 10-15 wlis ganmavlobaSi mTlianad 

Seereva naxSirJangis ZiriTad gazsatmosferoSi. naxSirJangis gazis C14

izotopi xvdeba mcenareebSi, aqedan ki cocxal organizmebSi. C14 izotopis 

wonaworuli koncentracia biosferos naxSirJangis moculobiT  

raodenobasTan 1,2∙10-10 %-ia. es Seesabameba  daaxloebiT organuli 

warmoSobis 1gr naxSirJangze daaxloebiT 15 daSlas wuTSi. dedamiwaze 

radiaqtiuri naxSirJangis saerTo wonasworuli raodenoba (atmosferoSi, 

hidrosferosa da biosferoSi) Seadgens daaxloebiT 60 tonas, es ki300 

milioni kiuris  aqtivobiseqvivalenturia. 

rogorc kiSewydeba nivTierebaTa cvla (organizmi iRupeba), 

radionaxSirbadis koncentracia  qsovilebSi iwyebs Semcirebas. C14 -is 

raodenobis Semcvelobis  mixedviT mocemul momentSi SesaZlebelia 

vimsjeloT  da davazustoT momenti, Tu rodis Sewyda naxSirbadis  

cvla atmosferosTan. C14 -s Semcireba nimuSSi misi  atmosferosTan 

gacvlis Sewyvetis Semdeg, gamoiTvleba  formuliT: 

C14
nimuSis= tCλ14

atmosf., 

sadacλ C14  izotopis daSlis mudmivaa. saZiebo dro gamoiTvleba 

formuliT: 
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λ
1

=t ln ( C14
atmosf./ C14

nimuSis) 

C14 izotopis SedarebiT arc Tu didi  naxevardaSlis periodi 

gansazRvravs meTodis zeda sazRvars, romelic Tanamedrove teqnikis 

pirobebSi 50 AaTasi welia, qveda sazRvari ki 1000 weliwadia. 

nimuSebisTvis, Cveulebriv, gamoiyeneba xis narCenebi, torfi, humusi d 

sxva. 

radionaxSirbaduri daTariRebiT SesaZlebeli gaxda 

klimatoqronologiuri sqemis dadgena. Ddamtkicda, rom sxvadasxva 

regionebSi adgili hqonda klimatis radikalur  cvlilebebs. aseve 

dadginda klimaturi cvlilebebis globaluri xasiaTi, magaliTad, 

aRmoCnda, rom33 000 – 30 000 wlebis win dedamiwaze adgili qonda 

gamokveTil acivebas, xolo 16,5 – 15 aTasi wlis win ki – daTbobis 

periodi daiwyo.  

radionaxSirbadis meTods safuZvlad udevs is daSveba, rom C14 -s 

raodenoba garemoSi (haeri, wyali) im momentSi, rodesac Sewyda 

nivTierebaTa cvla obieqtSi, iyo iseTive, rogorc dRes. Ees daSveba ar 

aris mTlad zusti, radgan C14 izotopis Semcveloba atmosferoSi 

icvleba sxvadasxva mizezebis gamo, magaliTad, birTvuli  afeTqebebis 

mizeziT, kosmosuri gamosxivebis  intensivobis cvlilebiT, sawvavis wvis 

Sedegad da a.S. aseT  xelisSemSlel faqtorebs SeuZlia gamoiwvios 

daaxloebiT 10 %-ianicdomileba nimuSis asakis dadgenis dros. 

daTariReba protaqtiniumiT da ioniumiT.protaqtiniumis izotopi 

Pa231  warmoadgens U235 -is ojaxis  Sualedur produqts, xolo izotopi

Th230 (xandaxan mas uwodeben ioniums) - U238 -is ojaxis Sualedur produqts. 

Tu raime mizezis gamo daRrveuli iqneba wonasworoba mSobliur da 

saSualedo izotopebis birTvebis raodenobas Soris, maSin droTa 

ganmavlobaSi  radiaqtiuri birTvebis sistema miiswrafvis wonasworobis  

aRdgenisaken.  

darRveuli wonasworobis magaliTad SeiZleba  gamodges urani, romelic 

gamoyofilia yvela Tavisi  Svilobili produqtisagan. aseT sistemaSi 

Svilobili  izotopebis koncentracia droTa ganmavlobaSi gaizrdeba. 

amasTan, wonasworobis aRdgenis siCqare ganisazRvreba  Svilobili 

birTvebis naxevardaSlis periodiT. piriqiT, Tu sistemaSi arsebobs 
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Svilobili izotopebi, romlebic ar aris  mSobliuri elementebiT 

“gamagrebuli”, maSin  maTi raodenoba droTa ganmavlobaSi mcirdeba, im 

pirobiT, rom isev da isev miiswrafvian  wonasworobisaken. 

ioniumis( Th230 ) naxevardaSlis periodi 752 000 weliwadis tolia, misi 

wonasworoba U238  sawyis izotopTan aRdgeba daaxloebiT 500 aTas 

weliwadSi. Pa281 izotopisaTvis, romlis naxevardaSlis periodi 32,5  

aTasi welia, Tavis mSobliur U235  izotopTan wonasworobis aRdgenis 

periodi 250 aTas wels udris. wonasworobis aRdgenis dro axasiTebs ama 

Tu im izotopis qronologiuri gazomvebis SesaZlo sazRvars. 

Pa281 da Th230  izotopebs Soris wonasworoba irRveva okeanuri naleqebis 

warmoSobis dros. Toriumis da protaqtinebis qimiuri qceva rogorc 

zRvis  wyalSi, aseve naleqebSi, TiTqmis erTnairia, magram  

mniSvnelovnad gansxvavdeba uranis qcevisagan. urani zRvis wyalSi 

kargad ixsneba, xolo Toriumi da protaqtiniumi advilad 

sorbirdebahidroJangebTan,kalciumis karbonatTan da ileqeba naleqebSi. 

Pa231 da Th230 -is izotopebis ganawileba danaleqis  mTeli svetis gaswvriv 

gvaZlevs saSualebas ganisazRvros  danaleqis warmoSobis saSualo 

siCqare. magaliTad, Tu  gazomilia ionur-uranuli fardoba mTeli 

svetis  gaswvriv, maSin is wertili, sadac Sefardeba wonasworobas 

Seesabameba, gansazRvravs danaleqi fenis sidides, romelic Seesabameba  

500 000 wels (wonasworobis aRdgenis dro). Tu svetis sigrZes am droze 

gavyofT, miiReba naleqebis warmoSobis saSualo siCqare. 

Tanamedrove geologiur epoqaSi mimdinare swrafi 

procesebis daTariReba 

aseTi procesebi SeiZleba mcire periodSi – ramdenime weli, an aTeuli 

wlebi. aseT SemTxvevaSi SeiZleba gamoyenebuli iqnas Semdegi 

radiaqtiuri izotopebi: Pb210 da Ra228 . Pb210 warmoadgens Ra228 -is saSualedo 

wevrs da aqvs  naxevardaSlis aseTi periodi: 21,4 weliwadi. Ra228 -s, 

romelic Th230 -ismwkriviswevriada 6,7 wlistolinaxevardaSlisperiodiaqvs. 

Pb210 -is izotopiT ganisazRvra antarqtikis  kontinentis zogierTi ubnis 

Tovlis safaris zrdis  siCqare. U238 -dan Pb210 -

mdedaSlismwkriviSeicavsgazurizotops – radonisizotops Rn222 . 

EesukanaskneliatmosferulinaleqebiswarmoSobisdrosCaiWirebaTovliskri
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stalebiT. Tovlis safarSi aris Pb210 -is izotopis arawonasworuli 

raodenoba – misi koncentracia eqsponencialurad klebulobs svetis 

siRrmis zrdasTan erTad. Pb210 -is  Semcvelobaze ufro advilia, Tu 

gavzomavT misi  Svilobili 0
210Pb -is izotops, romelic Tavis mxriv α  

gamomsxivebels warmoadgens. 0
210Pb -is naxevardaSlis periodi  mxolod 

238 dRea, rac Pb210 -Tan SedarebiT mis did aqtivobas ganapirobebs. 

gazomvebma aCvenes, rom 18 metris  siRrmis sveti 60 wlisaa. amgvarad, 

Tovlis safaris zrdis  saSualo siCqare weliwadSi 30 santimetria. Ra228

gamoyenebuli iyo okeanuri, Zalian axalgazrda danaleqi   fenis asakis 

gamosavlenadac. 

bunebrivi birTvuli reaqtorisSesaxeb arsebobs Zalian saintereso 

hipoTeza. 1972 wels afrikaSi (gaboni) oklos uranis sabadoze aRmoCnda 

U235 -is izotopisSemadgenlobis mniSvnelovani anomalia. pirvelma  

gazomvebmac ki gviCvenes, rom nimuSTa umravlesobaSi am izotopis  

Semadgenloba 0,44 %-mdea daweuli. mogvianebiT napovniiqna iseTi ubnebi, 

sadac U235 -is koncentracia 0, 292% -s Seadgenda, e.i. Cveulebrivze 2,5-jer 

naklebi iyo, Tumca zogierT nimuSSi U235 -is izotopis Semcveloba  odnav 

momatebuli (0,730%)  aRmoCnda. Ooklos sabados asaki, gansazRvruli 

rubidium-stronciumis meTodiT, aRmoCnda 1, 74 • 109 wlis toli. 

danakvirvebi anomalia SeiZleba aixsnas mxolod imiT, Tu davuSvebT, rom 

sabados qanebi raRac periodSi neitronebiT dasxivebas ganicdidnen, 

amasTan am neitronebis saerTo nakadi 1 sm2-ze 1021 –s udrida. Ees 

neitronebi SeiZleba warmoSobiliyo  bunebrivi birTvuli reaqtoris 

gayofis jaWvuri reaqciis Sedegad. anda, sxvagvarad rom vTqvaT, 

warmoiSva hipoTeza imis Sesaxeb, rom arsebobda bunebrivi birTvvuli 

reaqtori. es hipoTeza sruliad bunebrivi Cans. marTlac, U235 -is 

izotopis Semadgenloba 1,7 miliardi wlis win Seadgenda  3%. oklos  

sabados geologiuri maxasiaTeblebi amtkiceben, rom SesaZlebeli iyo 

uranis marilis wyalxsnaris warmoSobac. aseTi gziT warmoSobili 

reaqtori nela moqmedebda, Tumca misi moqmedeba sakmarisad didi  xnis 

ganmavlobaSi grZeldeboda da aman gamoiwvia U235 -is gamowvac.A garda 

amisa, igive sabadoze aRmoCenili iqna neodimis, evropiumis da samariumis  
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anomaliebi. amgvarad, neodimis izotopis  Svidive nairsaxeoba mkveTrad 

gansxvavdeba Cveulebrivisagan. 

am gansxvavebebis gamo SegviZlia vifiqroT, rom neodimis nawili 

SesaZloa warmoSobili iqnas uranis  gayofiT. 

bunebrivi birTvuli reaqtoris arsebobis hipoTezis sasargeblod 

laparakobs mniSvnelovani daskvnebi  imis Sesaxeb, rom arsebobs 

uaryofiTi korelacia U235 -is da sabadoSi uranis saerTo Semcvelobas 

Soris. cxadia, rac metia uranis Semcveloba sabadoSi, miT meti U235 -is 

izotopis wva unda moxdes. 

amgvarad, uranis izotopuri Semcvelobis Seswavla saSualebas gvaZlevs 

sxvadasxva geologiuri procesebis Seswavlisas sakiTxi axleburad 

ganvixiloT da garda amisa, aRmovaCinoT adre ucnobi bunebrivi 

movlenebi. 

 

 

Ddedamiwis asaki da geoqronologia 

 

dedamiwisasakis gansazRvra erT-erTi rTuli, dRemde gadauwyveteli 

amocanaa. uSualod Seswavla SesaZloa mxolod dedamiwis qerqis zeda 

nawilebisa,  amasTan yvelaze Zveli radiaqtiuri mineralebi da  maTi 

Semcveli qanebi, geologiuri  monacemebis Tanaxmad, ar warmoadgenen 

dedamiwis qerqis uZveles nawilebs - isini warmoadgenen ufro Zveli 

warmonaqmnebis  metamorfizmis Sedegs. amitom, asakis mniSvneloba, 

romelic miRebulia xmeleTis yvelaze metad Zveli qanebisaTvis, 

warmoadgens mxolod dedamiwis asakis qveda sazRvars. 

tyviis,  argonis da stronciumis meTodebiT uZvelesi qanebis kvlevebma 

gviCvenes, rom dedamiwis qerqis SedarebiT uZvelesi monakveTebis asaki 

(гнейсовдокембрия)Seadgens 3 500 milion wels (ukrainasa da kolis 

naxevarkunZulze), xolo 3 200 milion wels samxreT afrikaSi.  

amgvarad, dedamiwis asakis qveda sazRvrad SeiZleba CaiTvalos 3 500 

milioni weli. 

dedamiwis asakis zeda sazRvris gansazRvra SesaZlebelia radiaqtiuri 

elementebis asakis mixedviT, e.i.  im radiaqtiuri elementebis arsebobis 

drois mixedviT, romelTa  TavmoyriTac kosmosSi Seiqmna Cveni planeta 
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da, saerTod, mzis  sistema.  

radiaqtiuri elementebis asaki  sami saSualebiT SeiZleba dadgindes: 

birTvuli sinTezis  procesis damTavrebis Semdeg U235 -is da U238 uranis 

izotopebis pirveladi ganawilebis mixedviT. bunebriv  sxeulebSi uranis 

da tyviis ganawilebis mixedviT, Tu gaTvaliswinebuli iqneba tyviis 

izotopuri Semadgenloba  da misi cvlilebebi, bunebriv obieqtebSi 

40Ar/40K –fardobiT yvelaze meti fardobiTi mniSvnelobis mixedviT; 

pirveli meTodis mixedviT dedamiwis asakis gansazRvra xdeba Semdegi 

formuliT: 

0
238

235









U
U = t

t

Ue
Ue

238

235

139
1

•
•

= λ

λ

 

sadac
0

238

235









U
U

-uranis izotopis sawyisi fardobiTi mniSvnelobaa,
139

1
ki –

maTi Tanamedrove mniSvneloba. 

rogorc es e. rezerfordma gaakeTa, Cvenc Tu davuSvebT, rom 







U
U

238

235

=1-

sawyisi mniSvneloba 1-is tolia, maSin elementebis asaki 6 050 milioni 

wlis toli iqneba.Tumca g. ziusem, g. braunma da v.i. baranovma, 

eyrdnobodnen ra mZime elementebis maxasiaTebeli  kent da luw masaTa 

ricxvebis mqone izotopebis  fardobiTi gavrcelebis kanons, dauSves, 

rom fardoba: 









U
U

238

235

1 . 

iRebdnen ra am Tanafardobis sxvadasxva mniSvnelobebs, Rebulobdnen 

elementebis sxvadasxva  asaks: 4 000 ml. w.; 4 900 ml. w.; 5 000 - 6 000 ml. 

w.; 

meore meTodi eyrdnoba im daSvebas, rom  dedamiwis qerqi elementebis 

warmoSobis momentidan Caketil sistemas warmoadgenda. dedamiwis 

warmoSobis momentSi Pb206 da Pb207 tyviis elementebi  ar arsebobda da 

amgvarad, maTi arseboba dedamiwis qerqSi  aixsneba mxolod uranisa da 

aqtinouranis daSliT.   

viciT ra dedamiwis qerqSi tyviisa da uranis Tanamedrove izotopuri  

Sedgeniloba da aqtinouranis  gavrcelebis kanonzomiereba, Pb206 / U238  da 
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Pb207 / U235 fardobebis mixedviT advilad SeiZleba am radiaqtiuri  

elementebis asakis gansazRvra. 

sxvadasxva mecnieris  mier am gziT gamoTvlili asakis mniSvneloba 

meryeobs 4 800 -  8 000 milioni wlebis sazRvrebSi. 5 500± 500 milioni 

weli miiReba im SemTxvevaSi, Tu davuSvebT rom tyviis sawyis 

SemadgenlobaSiarsebobda Pb207 da Pb208 tyviis araradiogenuri warmoSobis 

izotopebic. 5 500 milioni weli miiReba im SemTxvevaSic, Tu asaks 40K/39K-

is izotopebis Tanamedrove fardobas gaviTvaliswinebT. SeiZleba 

davuSvaT, rom es Tanafardoba dasawyisSi iyo iseTi, rogorc dRes  

luteciumis (170Lu/175Lu =0,02669) elementis SemadgenlobaSia, romelic 

miekuTvneba rogorc kaliumsac, rogorc kenti-kenti izotopebis tips. 

 M     elementebis asakis gansazRvrismesame meTodi efuZneba  40Ar-is 

mxolod radiogenuri warmoSobis hipoTezas. radganac dedamiwis 

warmoSobis procesSi argonis nawili SeiZleba dakarguliyo, argonis 

mixedviT gansazRvruli asaki axasiaTebs mxolod  elementebis asakis 

qveda sazRvris savaraudo mniSvnelobas. argonis mixedviT maqsimaluri 

mniSvneloba  miRebuli iyo boranovis mier (4 250 mln. weli), g. 

Salibiris da r. raselis mier (4 770 – 5 300 mln.weli), e. gerlingis mier 

(4 700±  200 mln.weli)-is mier. 

amgvarad, elementebis asaki sxvadasxva  monacemebis mixedviT dedamiwis 

asaki  4 750±  200 – dan 6 000 mln. wlamde meryeobs. aqedan gamomdinare, 

mkvlevarTa umravlesoba Tvlis, rom amJamad elementebis asaki 5 500±  500 

mln.wlis tolia. es asaki araviTar SemTxvevaSi ar axasiaTebs drosa da 

sivrceSisasrulo samyaros asaks, aramed, rogorc g.v. voitkeviCi 

aRniSnavs, uCvenebs im dros, romelic dedamiwis nivTierebebis 

ukanaskneli axalgazrda birTvuli genezisis Semdeg gavida  dedamiwis 

kosmosuri winaistoriis manZilze. 

dedamiwis asakis Semowmebis TvalsazrisiT SesaZloa  gamoyenebuli iqnas 

meteoritebis asakis gansazRvris  monacemebi. miuxedevad imisa, rom 

meteoritebSi radiaqtiuri elementebis Semadgenloba Zalian mcirea da  

Sesabamisad, maTi gansazRvris meTodika mniSvnelovnad gaZnelebulia, 

miRebuli Sedegebi karg TanxvdenaSiada gvaZlevs mniSvnelobas: 4 550±  70 

mln.wels. 
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aqedan gamomdinare, g. voitkoviCis mixedviT dedamiwis,rogorc planetis, 

Seqmnis procesebis Tanmimdevroba da xangrZlivoba aseTia: 

zogierTi elementis Seqmna – 5 500 mln.weli; planetebis formirebis 

dasawyisi – 5 500 – 4 550 mln.weli; dedamiwis formirebis dasasruli da 

planeturi fazebis formireba – 4 550 mln.weli. tyviis uZvelesi 

mineralizacia dedamiwis istoriaSi – 3 500 mln.weli. 

qanebis absoluturi asakis gansazRvris Tanaxmad. miRebulia dedamiwis 

qerqis rxeviTi moZraobis calkeuli ciklebis xangrZlivobis da  

geoqronologiuri Tanmimdevrobis pirveli saoreantacio  monacemebi. 

aseve miRebulia monacemebi materikebis teqtonikuri  ciklebis asakis da 

xangrZlivobis Sesaxeb, sxvadasxva geologiur raionebsada sxvadasxva 

geologiur  periodebSi naleqebis dagrovebis saSualo siCqareTa  

mniSvnelobebi, cxovelTa  da mcenareTa samyaros  calkeuli klasebis 

warmoSobis Sesaxeb monacemebi da a. S. 

is uwyveti radiaqtiuri daSlebi da elementebis  birTvuli gardaqmnebi, 

romelic radiaqtiuri  gamosxivebiT mimdinareobs da bunebaSi 

daikvirveba, iwvevs dedamiwis qerqis qimiuri da izotopuri Sedgenilobis 

cvlilebas. Ddedamiwis ganviTarebis grZeli istoriis gzaze am 

cvlilebebs SeeZloT daerRviaT qimiuri  Sedgeniloba da amiT 

gamoewviaT didi geologiuri cvlilebebi. 

Cveni planetis Semadgenlobidan gaqra is radiaqtiuri izotopebi, 

romelTa naxevardaSlis periodi 106, 108 weli iyo. es elementebi, cxadia, 

dedamiwis  ganviTarebis sawyis stadiaze  Sediodnen mis  

SemadgenlobaSi. am izotopTagan bevri maTgani xelovnuradaris dRes 

miRebuli:244Pu(T=7,7∙107 weli); 247Cm(T≈6,5∙107weli); 146Sm (T=5∙107weli); 

205Pb (T=5∙107weli); 107Pd (T=7∙106weli);236U (T=2,39∙107weli); 

129J (T=1,72∙107weli);135Cs (T=3∙106weli);98Tc(T=2,6∙106weli); 

10Be(T=2,2∙106weli) da sxva.  

Cveni planetis farglebSi arsebuli cvlilebebi SeiZleba iyos 

gamowveuli: 

1) bunebrivi radiaqtiuri elementebis gamosxivebiT. 

2) kosmosuri radiaciiT. 

3) mZime birTvebis gayofis Tanmdevi gamosxivebiT. 
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Bbunebrivi radiaqtiuri elementebis gamosxivebas Soris birTvuli 

reaqciebi SeiZleba gamoiwvios mxolod 𝛾𝛾 gamosxivebam da 𝛼𝛼 nawilakebma, 

romelTa energia metia, vidre elementebis birTvebSi neitronebis da 

protonebis bmis energia.bunebrivi gama-gamosxivebis maqsimaluri energia 

(≈ 3 mev) ar aris sakmarisi maTi Sesabamisi birTvuli reaqciebisTvis. 
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