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I. gravitacia: arsi, warmoqmnis meqanizmi, 
urTierTqmedebaTa kanonzomierebani

_ Cemi xangrZlivi cxovrebis manZilze  
me davrwmundi. rom Cven Sors vimyofebiT  
bunebaSi mimdinare procesebis gagebidan 

_ vidre ar arsebobs erTiani  
velis Teoria, ar arsebobs fizika.

a. ainStaini 

kvlevis sagani da mizani
 

samyaro oria: aranivTieri _ uxilavi, usasrulo da 
nivTieri _ xiluli, sasrulo. yovelive arsebuli, garda 
ideisa, warmomdgaria substanciebisgan. substancia oria: 
mimzidveli da inertuli. 

Zvel da uaxles warmodgenebs Soris naprali Rrmaa, 
magram ramdenadac Rrmaa _ imdenadve viwroa, vinaidan 
Tanamedrove fizikis Teoria saTanado simaRleze dgas. 

fardobiTobis Teoriam drois gamocdas `ver gauZlo~ 
da es gasuli saukunis 30-ian wlebSi dainaxa misma avtorma. 
magram a. ainStainma marTebuloba am mignebisa ver daas-
abuTa. es kanonieri movlenaa: is, rac epoqalurma aucile-
blobam ganapiroba mxolod epoqis mier iqneba Zleuli... 

`erTiani velis Teoria~ _ (evT), romelsac vTava-
zob mkiTxvels, panaceaa: gravitacia male daubrundeba 
fizikas; fardobiTobis Teoria darCeba fizikis saxelo-
van istorias, xolo kacobrioba gravitacias gamoiyenebs 
sameurneo daniSnulebiT. 

nacvlad arsebuli mosazrebebisa, kvanturi meqanikis 
kvlevis sagani sruliad samyaro, ̀ msoflio eTeri~ aRmoC-
nda. `msoflio eTeris~ arseboba obieqturi realobaa.

atomsa da bunebaSi SemTxveviTi araferi xdeba. Se sa mecnebel 
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realobas da codnis sagans alternativa ar gaaCnia. 
WeSmariti fizika axali movlenaa: sinaTlis seriozu-

li Seswavla kacobriobam fardobiTobis TeoriiT daiwyo. 
m.plankis mier energiis diskretuli, ulufebis saxiT ga-
dacemis aRmoCena (1901) SemTxveviT ar daemTxva fardobi-
Tobis specialuri Teoriis (`fsT~) gamoqveynebas (1905). 

sinaTles odiTgan icnobs kacobrioba, magram fo-
toni kvanturi meqanikis aRmoCenaa. Tumca niutoni ki 
asaxelebda sinaTlis korpuskulas. 

f. grimaldis, r. hukis, q. hiugensis mosazrebebiT si-
naTle talRaa, romelic `msoflio eTerSi~ iseve vrcel-
deba, rogorc bgera _ haerSi. kamaTma sinaTle talRaa, 
Tu korpuskula msoflios mecnierebi or jgufad gayo... 
am da sxva sferoSi gamovlenili siZneleebis daZlevis 
aucileblobam fizikis Teoria miiyvana hipoTeturi 
fardobiTobis Teoriis Seqmnamde: ainStainma sinaTlis 
ormagi buneba (dualizmi _ talRac da korpuskulac...) 
dauSva, magram `msoflio eTeris~ arseboba gamoricxa, 
vinaidan `praqtikulad ar daikvirveba~: 

is, rac ar Cans samyaros mecnierul suraTSi ain-
Stainma bunebis obieturi suraTidanac amoiRo. es gan-
sakuTrebiT Seexo gravitacias, radgan misi urTierTq-
medeba fotonTan, atomTan, mcire masis nawilakebTan `ar 
daikvirveba~. amave mizeziT man `daukvirvebadi~ mizidu-
loba gaaigiva aCqarebasTan da a. S. 

atomis da kosmosis epoqa mcire asakisani arian, xolo 
miRwevebi, romlis flagmanad kvlavac fardobiTobis 
Teoria iTvleba, TvalismomWrelia da Tavbrudamxvevi. 

eleqtronis, fotonebis, mcire masis nawi lakebis 
aRmoCenam kvlevis procesi gaarTules: gaukvalavi gze-
biT mavalTa winaSe Tavi iCina e. w. `ganuzRvrelobaTa 
Tanafardobis kanonma~, romelic maTematikurad aseTi 
formuliTaa aRwerili:

     h
     Dx . Dpx ≥ 
    2
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am formulis interpretacia aseTia: atomSi eleqtro-
nis koordinatis da impulsis erTdroulad gazomva 
SeuZlebelia!.. amitomac _ SeuZlebelia atomis da sam-
yaros sruli mecnieruli suraTis Seqmna. `es garemoe-
ba dRes mtkiced dadgenil faqts warmoadgens, said-
anac friad mniSvnelovani fizikuri da filosofiuri 
daskvnebi gamomdinareoben~! (s. avaliani, bunebis mec-
nierebis filosofia, gam. ganaTleba, Tbilisi 1974. 
gv. 51).“ am daskvnis Sedegia Tanamedrove agnosticiz-
mi, misgan momdinare nihilizmiT!.. ganuzRvrelobaTa 
Tanafardobis kanonis uaryofiTi gavlena kacobriobaze, 
mis msoflmxedvelobaze, ganuzomlad didia, xolo dava 
am TemasTan dakavSirebiT miCneulia uazrobad. 

axla, roca `erTiani velis Teoria~ _ (evT) Seqmnilia 
_ Tavs uflebas vaZlev ganvacxado, rom `evT~ saxura-
vad moergo codnis im didebul taZars, romelic kaco-
briobam Seqmna da warmoadgens Teorias, romliTac sam-
yaro Seimecneba korpuskulas gadmosaxedidan, rac mniS-
vnelovnad avsebs da srulyofs kvantur meqanikas, misi 
Seswavlis sagnad sruliad samyaros aqcevs. 

kvlevam uCvena, rom atomSi STanTqma-gamosxivebis 
procesSi eleqtronis orbitidan orbitaze gadanacvleb-
is moduli funqcionalur damokidebulebaSia tempera-
turasTan kanonzomierebiT 

2RT = π.10-4 

aq R Tavisufali eleqtronis orbitaa atomSi. rogorc 
vxedavT Tavisufali eleqtronis orbitaluri gadanacv-
lebis wertlTa koordinatebi mkveTradaa fiqsirebuli 
π mudmiviT (π = S/2R, sadac S wrexazis sigrZea). amdenad, 
atomSi eleqtronis realur koordinatebs alternativa 
ar gaaCniaT. amitom gamoTvlili erTxel, is aRniSnuli 
atomisTvis gamosaye neblad vargisia yovelTvis. 

ualternativoa atomis dinamikuri parametrebic. ase, 
rom SeiZleba Seiqmnas cxrilebi mudmivi sargeblobisT-
vis. `ganuzRvrelobaTa Tanafardobis kanoni~ kvanturi 
meqanikis Teoriis Camoyalibeba-ganviTarebis gzaze er-
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TerTi rTuli etapia, romelic male gadaecema fizikis 
saxelovan istorias. 

fizikis Tanamedrove Teoria jer kidev ver axerx-
ebs atomSi eleqtronis impulsis gamoTvlas... gazomi-
li gamoTvlils ar emTxveva. es groteskuli momenti 
problemad arc ganixileba, vinaidan atomi moCvenebiT 
(`kvazi~) nawilakad aris miCneuli. TiTqos atomSi adgili 
aqvs SemTxveviT movlenebs, determinizmis nawilobrivi 
SezRudvis angariSze. 

fizikis Teoriis problemebis kvleva miznad am da 
mravali sxva mizezis gamo davisaxe: mivxvdi rom fizikis 
Teoriis kvlevis saqmeSi arafizikosis Careva aucilebe-
lia, raTa kvlevis procesidan droulad gamoiricxos 
fardobiTobis Teoriis zogierTi `mcdari~ debulebis 
gavlena. am gavlenam kvanturi meqanika CasaxvisTanave 
`aacdina~ ganviTarebis swor gzas. 

fardobiTobis Teoriis Seqmna, aucileblobam, mec-
nieruli ganviTarebis kanonzomierma procesma ganapi-
roba, magram es imas ar niSnavda, rom misi debulebeb-
is gamoyeneba panacea iyo. amas yvelaze adre ainStaini 
mixvda, magram misi Zalisxmeva gagebuli ver iqna, xolo 
amasobaSi fardobiTobis Teoria ̀ marad uWknobi~ Teoriis 
statusiTac iqna Semkobili, rac ainStainis mxridan mx-
ardaWerili ar iyo. 

ainStainma Tumca ki ganacxada, gravitacia sinaTlis 
sxivze ar moqmedebso, rac fardobiTobis Teoriis er-
TerT fundamenturi mniSvnelobis debulebas warmoad-
gens, magram, sapirispirod amisa 1919 wlis cnobili cda 
mainc Caatara, romelmac, winaaRmdeg arsebuli (hipo 
Teturi) warmodgenisa, daadastura sapirispiro _ is, 
rom gravitacia sinaTlis sxivze zemoqmedebs, mis gzas 
amrudebs iseve, rogoc ciuri sxeulebis gzas. es cda au-
qmebs fardobiTobis Teoriis fundamentalur debule-
bas, romlis ZaliTac gravitacia uzogades movlenaTa 
siidan iqna amoRebuli. 

ainStainma, winaaRmdeg f/Teoriis debulebebisa, ko-
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lafsis radiusis hipoTeturi formulac mogvca. magram 
ainStainiseuli interpretaciiT formula

R = 2.GM / C2  

bunebaSi ar arsebobs. es formula fardobiTobis Teoris 
imave fuZemdeblur debulebas gamoricxavs, romlis 
mixedviT gravitacia fotonze TiTqos ar moqmedebs. 

magram man rogorc mkvlevarma dauSva misive 
Semotanili debulebis gamomricxavi debuleba. ris gamoc 
bunebaSi ar arsebul giganturi masis Camqral varskv-
lavebs e. w. `Sav xvrelebs~ dResac uSedegod eZeben.

fardobiTobis Teoria ainStainisTvis iyo hipoTeza, 
romelic kanonierad Seicavda Sesamowmebel, dasazustebel 
debulebebs. maTze dakvirvebas unda gamoericxa mcda ri... 

garkveuli daskvnebis Semdeg ainStaini, rogorc cno-
bilia, fardobiTobis Teoriis winaaRmdeg `gamZafrebiT 
da gmiruli SemarTebiT ibrZoda~ (r. openhaimeri). amis 
safuZvels, mas aZlevda kvanturi meqanikis egidiT ga-
keTebuli zogierTi absurduli daskvna. 

es da msgavsi analizebi maiZulebdnen Sevdgomodi kv-
leviT saqmianobas. kvlevam sistemuri xasiaTi 1976 wli-
dan miiRo. 

da ai 1996 wels gancxadebiT mivmarTe mecnierebaTa 
akademias. magram es, ukve sxva Temaa. 

ciur sxeulTa da nawilakTa gravitaciuli  
urTierTqmedebis zogadi kanoni 

Tanamedrove ciuri meqanika dafuZnebuli aris i. ke-
pleris sam kanonze; ̀ niutonis fizikis~ da fardobiTobis 
Teoriis kanonebze. maT srulyofilebasTan dakavSirebiT 
vicodi, rom ciuri sistemebis wonasworobis problema, 
msoflio mizidulobis arsi, i. niutons amouxsneli dar-
Ca: man, ki miagno mizidulobis kanonzomierebas, maTema-
tikuri formulac mogvca, magram mizidulobis arss, 
meqanizms ver Cawvda: `Что такое тяготение? даже сам нъютон, 
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пpоявив достаточную осторожность, не питался ответит на этот 
вопрос~ _ n. nikolski.

niutons zogierT kiTxvaze mecnierulad dasabuTe- zogierT kiTxvaze mecnierulad dasabuTe-zogierT kiTxvaze mecnierulad dasabuTe- kiTxvaze mecnierulad dasabuTe-kiTxvaze mecnierulad dasabuTe- mecnierulad dasabuTe-mecnierulad dasabuTe- dasabuTe-dasabuTe-
buli pasuxi ar gaaCnda. ar gaaCndaT pasuxi XX saukunis 
dasawyisSic, _ ar gagvaCnia dResac!.. 

msoflio mizidulibis problema erTerTia im prob-
lemaTa Soris, romelTac fardobiTobis Teoriis Seqmna 
ganapirobes. 

ciuri meqanikis Seswavlis procesSi Cemi yuradReba 
kepleris mesame kanonma miipyro.

R1
3      R2

3

___ = ___ = da a.S. = Const               (a ) 
T1

2      T2
 2

davinteresdi am formulis marjvena mxares dasmuli 
sityviT _ `Const~. Const-as moduls _ 0,343.1025 gaaCnia gan-
zomileba sm3/wm2, rac, faqtiurad mxolod sivrce-drois 
kontonuumis elementebs Seicavs (sm3 da mw2). am momentma 
axleburad miipyro Cemi yuradReba, kvlevisTvis axali en-
ergiiT amanTo. magram Semdgomi nabijebisTvis xelCasaWi-
di veraferi momca. sivrcec da droc verafris mTqmelni 
Seiqmnen, vidre ar mivmarTe, CemTvis miviwyebuls im xanad 
(a) formulis deduqciur saxes: Tu (a) _ Si T1,2. nacvlad 
CavsvamT sidides T1,2 = 2πR1,2

 miviRebT:

R1V1
2 = R2V2

2 = da a.S. = Const                  (b)

sadac R nebismieri planetis daSorebaa mzidan, xolo 
V _ orbitaluri siCqare. 

cnobilia, rom mzis sistemaSi cxra planetaa, romelTa 
orbitis radiusebis da orbitaluri siCqareebis kvadra-
tis namravli erT (b) formulaSi erTiandebian. magram am 
formulaSi Sedis ucnobi parametric _ const 

ar movelodi, Tu Const-as moduli (a)-s mixedviT sxva 
iqneboda _ 3,43.1024 sm3/wm2 xolo (b)-s mixedviT sxva _ 
13,279.1025 sm3/wm2. 

imisTvis, raTa gamerkvia `Const”as fizikuri Sinaarsi, 
damedgina misi ricxviTi mniSvneloba damWirda R = f (t),  
R = f (V) grafikebis ageba. 
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dadginda, rom saqme mqonda kvadratuli     
  A

Y = ___   (g)
  X

n

saxis damokidebulebasTan, sadac n = 2, Y = R _ nebismieri 
planetis orbitis radiusia, X = V _ nebismieri planetis 
orbitaluri siCqarea.,

Sesabamisad, miviRe formula

RV2 = A    (d)

magram (d) formula didad ar gansxvavdeba (b) da  
(g)-sgan, vinaidan A-s moduli ucnobia. 

(d) formula `A~-s modulis dasadgenad iRbliani 
gamodga: RV2 namravli nebismieri planetisTvis 13,279.1025 

sm3/wm2 aRmoCnda: es cifri maRali sizustiT daemTxva 
niutonis msoflio mizidulobis formulis mricxvelSi 
ganTavsebul GM namravls. fizikuri ganzomileba am nam-
ravlisa sm3/wm2-ia _ igivea, rac (a)-s SemTxvevaSi. amdenad, 
mivageni kepleris formulis srulyofis gzas _ miviRe 
formula 

RV2 = A = GM   (1)

am Sedegis marTebulobaSi damarwmuna niutonis msof-
lio mizidulobis formulam: 

F = CMm / R2

am formulis mricxvelSi figurirebs `GM~, sadac G 
= 6,673.10-8 sm2/g.wm2. M ki, mzis masaa. amdenad (GM)-is igi-
veoba `Const~-Tan Seuvalad miviCnie. 

es faqti dRemde ar aris gacnobierebuli, _ verav-
is SeumCnevia, xolo, Tu ki SeumCnevia _ fizikur mniS-
vnelobas, rom ver Cawvdomia _ faqtia. 

Tu ase ar aris _ ram SeuSala xeli kepleris formu-
laSi mzis sistemisTvis Const-as Secvlas GM-iT, axali 
realobis Sesabamis kvlevas da swavlebas. cxadia xeli 
SeuSala epoqam: XIX-XX-ss-Ta mijnaze dRis wesrigSi 
gardauvali aucileblobiT idga fardobiTobis Teoriis 



- 12 -

Semosvla fizikaSi: jer pasuxi unda gascemoda sxva, epo-
qaluri donis, SekiTxvebs, romelTac ganapirobes es 
aucilebloba.

`avangardistuli epoqa~ fizikis TeoriaSi xasiaTdeba 
`niutonis fizikis~ reviziiT. romelsac mkvlevarTa az-
riT unda mohyoloda bunebis WeSmariti mecnieruli su-
raTis Seqmna. amitom mecnierebi dakavebulni iyvnen ara 
keplerisa da niutonis fizikis srulyofiT, aramed maTi 
metafizikurobis dasabuTebiT. 

axlad fexadgmulma kvanturma meqanikam eleqtronis 
da atomis Seswavla daiwyo fardobiTobis Teoriis gad-
mosaxedidan. magram am kanonzomier enTuziazms mohyva 
`ganuzRvrelobaTa Tanafardobis kanoni~. aRmoCnda, rom 
eqsperiments, romelsac WeSmaritebis kriteriumis sta-
tusi aqvs miniWebuli, Zala ar Seswevs atomSi erTdrou-
lad daadginos eleqtronis adgili (koordinata) da im-
pulsis moduli. 

am faqts mohyva n. boris cnobili `damatebaTobis 
Teoria”: atomi moCvenebiT (kvazi) nawilakad gamocxadda. 

am daskvnebs, romliTac gasuli saukunis II-III aTwleul-
Si gamovida kvanturi meqanika a. ainStainma mxari ar dau-
Wira. metic _ CaTvala, rom es Sedegebi fardobiTobis 
Teoriis hipoTeturobaze metyvelebda. man faqtiurad 
uaryo fardobiTobis Teoria. samwuxarod ainStainma 
fardobiTobis Teoriis hipoTeturoba ver daasabuTa! 

mecnieruli ganviTarebis gza, marTalia adamianis 
tvinis funqciaze gadis, magram samyaros warmoqmnis da 
ganviTarebis ideas araferi aqvs saerTo adamianianis 
SemoqmedebiTi genis funqciasTan. sicocxle da adamiani 
samyaros SemadgenelTa Soris yvelaze gvian warmoiqmnen.
ganviTareba moZraobaa, magram _ biologiuri... isic min-
imaluri 6,62.10-27 erg.wm impulsis momentiT mimdinare-
obs. 

is, rac mecnierebis ganviTarebis gzaze xdeba _ 
unda momxdariyo!.. dapirispirebulTa erTianobis kano-
ni Seuvalia. yvelafers Tavisi epoqa aqvs. SemecnebiTi 
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genis srulyofa memkvidroebiTobaze gadis. tvinis ganvi-
Tarebac memkvidreobiTi procesia. atomisa da samyaros 
Semecnebasac Tavisi epoqa aqvs _ isic samyaros ganviTare-
bis mamoZravebeli uzenaesi ideis suliT sazrdoobs. 

amdenad, (1)-is saxiT, Cems xelT aRmoCnda ciuri 
meqanikis axali formula. aq `GM~-i sxvadasxva varskv-
lavT sistemaSi sxvadasxvaa. amitom formula (1) bunebis 
zogadi kanonia. 

`fardobiTobis specialur TeoriiaSi~ aRiarebulia 
rom gravitacia fotonTan urTierTqmedebaSi araqmedi-
Tunariania. Tumca, rogorc vTqviT, 1919 wels mzis dab-
nelebis dros Catarebulma cdam sapirispiro uCvena. 

amis gacxadeba gansakuTrebiT saintereso iyo ain-
StainisTvis. aman, Semdgomi periodis daskvnebTan erTad, 
ganapiroba misi mtkice uaryofiTi pozicia fardobiTo-
bis Teoriisadmi. 

magram imxanad fardobiTobis Teoriis hipoTetur-
oba ainStainis mier ver iqna dasabuTebuli. fotoni, rom 
advilad tovebs mzis da varskvlavTa sistemebs da vr-
celdeba usasrulod Sors manZilze aris is garemoeba, 
romelic ainStains mudmivad uSlida xels WeSmaritebis 
dadgenaSi. 

sinaTlis gavrcelebis meqanizms kacobrioba dResac 
ar icnobs. arc is icis, rom aseTi problema fizikis 
TeoriaSi arsebobs.

gravitaciuli ricxvi `A~

gaverkveT A-s fizikuri SinaarsSi: misi fizikuri gan-
zomileba:

         sm3              sm3

  A = GM = ____ . g = ___
       g. wm

2 wm2

vinaidan A gravitaciul mudmivasTan aris dakavSire-
buli, vuwodoT mas velis gravitaciuli ricxvi (sinamd-
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vileSi is gravitaciuli velis daZabulobaa). 
(1)-dan gamomdinare aRmoCnda, rom bunebaSi arsebobs 

ori saxis gravitaciuli veli:

A = RV2       (1-1)                   A = GM        (1-2), 

Tu kargad davakvirdeviT davinaxavT, rom formula 
1-1 moZravi ciuri sxeulis (planetis) gravitaciuli ve-
lis ricxvia, xolo formula 1-2 mimzidveli, centraluri 
ciuri sxeulis gravitaciuli velis ricxvi.

rac Seexeba (1) formulas _ RV2 = A = GM saxiT is 
mravali funqciis matarebelia. 

niutonis msoflio mizidulobis formula uzuste-
sia, magram arseboben bunebis movlenebi, romelTac ka-
cobrioba jer kidev ar icnobs. aRmoCnda, rom niuto-
nis msoflio mizidulobis kanonis codna ar kmara, ciur 
sistemaTa wonasworobis mizezis da pirobis gasacno-
biereblad. 

gravitaciuli muxti `Q~

magram RV2 = A = GM formulaSi ar Cans gravitaciul 
urTierTqmedebaSi myofi orbitaluri sxeulis masa. 
SeviyvanoT is am formulaSi miviRebT: 

   RmV2 = Am = GMm   (2)

es axali formulaa, romlis marjvena mxares gan-
Tavsebulia msoflio mizidulobis formulis mricxvel-
Si ganTesili gamosaxuleba `GMm~, xolo marcxena mxares 
_ planetis kinetikuri energiis (mV2) da mzemde manZilis 
(R) namravli (mV2R centris mimarT energiis momentia). 

davSaloT (2) Semadgenlebad. miviRebT:

RmV2 = Q            (2-1)                   GMm = Q         (2-2)

gaverkveT maT fizikuri SinaarsSi. amisTvis davweroT 
maTi ganzomilebebi: 
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g.sm3

____
wm2

es ki muxtis ganzomilebaa, magram ara eleqtromagni-
turis, aramed gravitaciulis. 

gravitaciuli muxtis arseboba obieqturi realoba 
aRmoCnda. Cven, Turme, masTan niutonis msoflio mizidu-
lobis formulaSic mudmivad gvqonia Sexeba, magram ar 
vicodiT.

aRmoCnda, rom gravitaciuli muxtic ori saxisaa: _ 
orbitaluri, moZravi ciuri sxeulis (planetis) Q = RmV2 
da mimzidveli, `uZravi~, centraluri sxeulis _ mzis, 
(varskvlavis). Q = GMm. 

niutonis msoflio mizidulobis formulis  
axleburi interpretacia

ganvixiloT msoflio mizidulobis formula miRebu-
li Sedegis WrilSi. amisTvis CavsvaT (z) formulaSi A-s 
da danarCen SemadgenelTa ganzomilebebi:

 
           GMm    sm3. g .g
     F= _____ = _________ = = g.sm/wm2

          R
2
      g. sm

2 wm2
 

amdenad, aRmoCnda, rom mzesa da planetebs Soris 
gravitaciuli mizidulobis Zala gravitaciuli muxtis, 
maT Soris manZilis kvadratTan Sefardebis tolia. 

adre mizidulobis Zalis formula amgvari interpre-
taciiT arasdros wakiTxula. mas dResac ar vkiTxulo-
biT marTebulad. 

Tanamedrove SemecnebiTi done, romelzedac Cven 
dRes vimyofebiT SesaSuri simaRlisaa, Tu mas eleqtro-
magnitizmis gadmosaxedidan SevxedavT. magram, Tu mas 
SevxedavT gravitaciis gadmosaxedidan _ savalaloa _ 
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Rrmadaa Cafluli gulubryvilo arqaizmis ufskrulSi. 
magram orbitaluri wonasworobis fenomenis sirTule 
aRniSnul garemoebas gamarTlebas aZlevs, mkiTxveli amas 
ixilavs da darwmundeba. 

ideis Zlevamosileba da aucilebelis gardauvaloba.

gravitaciuli movlenis saidumlo adre iqneboda 
daZleuli, da gravitaciac adre iqneboda Cayenebuli 
adamianis samsaxurSi, magram am saqmes win eleqtromag-
nitizmi gadaeRoba Tavisi momxibvleli bunebiT, avtoni-
miurobiT, praqtikulobiT. eleqtro-magnitizmma mog-
vaCvena, rom is warmodgens bunebis ZiriTad movlenas, 
rom, TiTqos, sinaTlis sxivi, STanTqma-gamosxivebis mov-
lenebi eleqtro-magnitizmis funqciis gamovlinebaa. aman 
ki (ara SemTxveviT) eleqtro-magnitizmis srulyofilad 
SeswavlisaTvis saWiro garemos Seqmnas Seuwyo xeli. 

adamiani muxtis arsebas da cnebas eleqtro-mag-
nitizmTan SexebaSi eziara, magram TviT eleqtronis 
da el-magnituri muxtis, rogorc movlenis, cnebebi 
jerkidev ver gaacnobiera. eleqtroni fizikosTaTvis 
jerkidev rCeba ganuyofel nawilakad, romelSic muxti 
eleqtro-magnitur `saswaulebs~ axdens. 

muxtis WeSmariti arsi Tanamedrove fizikisT-
vis SeniRbulia. amis gamo kvanturi meqanika, romelic 
Tavdapirvelad swori gziT viTardeboda mas Semdeg, 
rac fardobiTobis Teoriis debulebebs miendo, `mc-
dari gziT~ wavida. aseTi iyo uzenaesi neba: _ Cven jer 
eleqtro-magnitizmi unda Segveswavla srulyofilad... 

dRes, `evT~-s gadmosaxedidan, gairkveva, rom Ta-
namedrove eleqtronikis gareSe gravitaciis kanonebis 
sameurneo daniSnulebiT gamoyenebaze fiqri zedmetia 
_ganuxorcielebadia. gravitacia bevrad ufro funda-
menturia, energetikul SesaZleblobaTa Seudareblad 
meti potencialiT, romlis floba WeSmarit codnas 
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da codnis gamoyenebis maRal kulturas iTxovs. Cven 
dRes imdeni viciT, rom Sesabamisi SemecnebiTi naxto-
misTvis, ukve, mzad varT. amis dasturia `erTiani velis 
Teoriis~ ukve arseboba. Tu ara uzenaesis neba is ver 
Seiqmneboda. 

SeeZlo, Tu ara niutons scodnoda raime gravitaciuli 
muxtis Sesaxeb? niutons, romelic eleqtro-magnitizms 
da muxtis cnebas saerTod ar icnobda, gana SeeZlo msof-
lio mizidulobis kanonic aRmoeCina da gravitaciuli 
muxtic? cxadia ara... gravitaciuli muxtis migneba kaci-
briobam dRemde ver SeZlo: yoveli mecnieruli migneba 
memkvidreobiTia, arsebuli codna, romliTac vamayobT 
warsulidanaa miRebuli da avtoritetiT sargeblobs. 
xolo is, rac am momentSi xdeba, am mimarTebiT, umravle-
sobas axirebulTa gataceba hgonia.

raki niutonis msoflio mizidulobis formula 
raodenobrivi TvalsazrisiT TiTqos ki iZleva `zust 
Sedegebs~ is darCa da xmarebaSia dResac. ganzomileba ki 
dRemde, uyuradRebod iqna datovebuli. 

XIX-XX saukuneTa mijnaze gravitaciis zogad kanon-
zomierebaTa siidan amoReba epoqaluri aucileblobiT 
mzaddeboda. Tu ara es aucilebloba, romelTanac kvle-
vis realurma gzam mogviyvana, gana Seiqmnebodnen dRes 
arsebuli unikaluri da urTulesi eleqtroenergiis 
momxmarebeli danadgarebi, romlebic mTeli XX sauku-
nis manZilze iqmnebodnen? Tqmulis STambeWdav magaliTs 
warmoadgens evropis gaerTianebuli ZaliT agebuli amaC-
qarebeli, `didi kolaideri~...

XX saukune iyo eleqtromagnitizmis srulyofile-
bamde ganviTarebis da gravitaciis rolis droebiT 
dakninebis kanonieri epoqa: _ hipoTeturi fardobiTo-
bis Teoriis fizikis TeoriaSi SemoyvaniT mecnieruli 
ganviTarebis procesi daCqarda eleqtro-magnitizmis 
sasargeblod. amiT piroba momzadda ufro fundamenta-
luri SemecnebiTi naxtomisaTvis, dilemad qceuli, yofi-
Ti problemebis dasaZlevad, rac sinamdvileSi mxolod 
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gravitaciis kanonzomierebaTa sameurneo daniSnulebiT 
gamoyenebis pirobebSia SesaZlebeli.

gza martividan rTulisaken

amdenad, Tanamedrove ciur meqanikaSi arsebuli xarve-
zebis daZlevis kvalad Cven mivageniT bunebaSi gravit-
aciuli ricxvisa da muxtis arsebobas. formulebi (1) da 
(2), erTis SexedviT, TiTqos, velebs Soris funqcionalur 
urTieTobas asaxaven, magram, Tu kargad CavukvirdebiT 
davinaxavT, rom maTi urTierTqmedeba ufro rTuli xa-
siaTisaa, vinaidan gantolebas RV2 = GM ori alternativa 
aRmoaCnda: RV2 > GM; da RV2 < GM., amdenad, saqme mogveca 
gantolebaTa sistemasTan:     

1 .RV2 = GM roca adgili `aqvs~ orbitalur wonas-
worobas.

2.  RV2 > GM roca adgili aqvs ganzidvas

3.  RV2 < GM roca adgili aqvs Tavisufal vardnas. 

igive mdgomareobaa muxtebis Sejerebis SemTxvevaSi, 
magram, vinaidan (2)_is saxiT gvaqvs maTematikurad aram-
dgradi forma (m ikveceba) mis calke Caweras azri ara 
aqvs. 

(davixsomoT, am sistemis saboloo saxemde Cven mivalT 
TandaTan). 

davakvirdeT: gantolebaTa es sistema Sedgenili aris 
im ciuri sxeulebisTvis, romlebic kosmosSi V siCqariT 
gadaadgildebian. V siCqariT ki samyaroSi gadaadgildeba 
yvela ciuri sxeuli garda fotonisa. 

formulaTa es sistema, misi saboloo saxiT, romelT-
anac TandaTan mivalT, Setanili unda iqnas fizikis 
saxelmZRvaneloebSi, rogorc ciur sxeulTa da nawilakTa 
gravitaciuli urTierTqmedebis da moZraobis uzogades 
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kanonzomierebaTa sistema. 
rac Seexeba kepleris mesame kanons, is unda iswav-

lebodes an dasrulebuli saxiT, rogorc ZiriTadi, an 
_ Zveli saxiT, rogorc istoriuli faqti mecnieruli 
ganviTarebis gzaze,.. 

dRes (1) formulas kosmonavtikaSi iyeneben samTave 
variantSi, magram yvelgan da yovelTvis fizikosebi maT 
deduqciis Sedegad miiCneven da ara bunebis uzogades 
kanonzomierebebad. 

Tanamedrove kosmonavtikisTvis formulaTa es 
sistema Sedgenilia ara Teoriuli analizis Sedegad, 
aramed iribi gziT _ empiriulad, amitom arsebuli for-
mula, romelsac kosmonavtika iyenebs SemecnebiTi xasi-
aTis xarvezebs maRali doziT Seicavs. 

es aris mizezi imisa, rom kosmosuri aparatebis sta-
bilur orbitaze gayvana dRemde ver moxerxda. 

gravitaciulis urTieTqmedebis  
principulad mniSvnelovani saidumlo, 

davweroT gravitaciuli ricxvis formula saxiT: 

A = RV2 = GM

misi fizikuri gamzomilebaa 

sm3/wm2 

GM-Si `M~ SeiZleba iyos galaqtikis, mzis, varskvlav-
is, planetis, sxva ciuri sxeulis masa. amitom is SesaZloa 
nebismierad didi iyos. miuxedavad amisa mis fizikur gan-
zomilebaSi _ sm3/wm2 _ masis erTeuli ar figurirebs... es 
imas niSnavs, rom obieqti, romelic SesaZloa iyos nebi-
smieri varskvlavTa, an galaqtikaTa simravle, `G~-sTan 
urTierTqmedebaSi gadadis uwonadobis mdgomareobaSi, _ 
iqceva fotonad!..

magram es garemoeba SesaZloa logikuri iyos _ sakiTxi 
mxolod orbitaze, uwonadobaSi myof moZrav sxeuls, 
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rom exebodes. magram alogikuri xdeba, roca exeba ciuri 
sistemis centralur, `uZrav~ sxeuls: gana mze (varskv-
lavi) fotonia? 

analizma uCvena, rom saqme gvaqvs gravitaciuli ve-
lis principulad mniSvnelovan saidumlosTan, imasTan, 
rom G ~ M urTierTqmedebis dros msoflio mizidulo-
bis movlenaSi mze (varskvlavi), sistemis centraluri 
sxe uli uSualod ki ar iRebs monawileobas, aramed misi 
eqvivalenti saerTo masis mqone fotonebis didi odenoba 
_ nawilakebi, romlebic sicarieleSi sinaTlis siCqariT 
gadaadgildebian. 

igive mdgomareobaa moZravi obieqtis SemTxvevaSic!.. 
anu gravitaciuli urTierTqmedeba fotonebis urT-
ierTqmedebaa. 

magram es fotonebi ra meqanizmiT arian dakavSireb-
ulni mzesTan, varskvlavTan _ mimzidvel sxeulebTan? 

kvlevam uCvena, rom aRniSnuli fotonebi imyofebi-
an atomTa wiaRSi, xolo atomi Cveulebrivi sagnebis da 
ciuri sxeulebis erTaderTi samSeneblo masalaa. 

Tu es asea _ unda davaskvnaT, rom samyaro Seqmnili 
aris fotonebisgan. es, rom asea amaSi zemoT zedmiwevniT 
kargad davrwmundebiT.

gravitaciuli muxtis umciresi (jeradis) moduli 

gravitaciuli urTierTqmedeba, rom fotonebis urT-
ierTqmedeba yofila da es, rom gamokvlevam uCvena Cven 
ukve vTqviT. axla gaverkveT gravitaciuli urTierTq-
medebis meqanizmSi. 

imis gamo, rom GM namravlSi `M~ fotonebis saerTo 
masaa, xolo fotonebi sinaTlis siCqariT moZraoben, _ (2) 
formulaSi V-s nacvlad CavweroT C. miviRebT:

   RmC2 = Q = GMm   (3)

maSin, rogorc zemod davweroT:
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 RmC2 = Q           (3-1)           GMm = Q              (3-2) 

(3-1) da (3-2) formulebSi ̀ m~ fotonis masaa. raki asea, 
Cven saSualeba gveZleva gamovTvaloT fotonis gravit-
aciuli muxtis umciresi jeradis moduli _ Q

min
. magram  

amisTvis saWiroa vicodeT fotonis masa. misi gamoTvla 
SesaZlebelia lanJevenis cnobili formuliT: E = mC2 . 
Cvens SemTxvevaSi

…e = mC2= 6,62.10-27. 

aq 6,62.10-27 ergi fotonis ulufa energiaa, C _ sinaTlis 
siCqare. maSin fotonis masa

m = 6,62.10-27 / C2= 7,35.10-48 g.

es cifrebi CavsvaT (3-1)-Si da (3-2)-Si _ miviRebT:

      Q = RmC2 = GMm = 19,86.10-17 g.sm3/wm2     (3) 

es aris fizikis TeoriaSi dRemde ucnobi gravitaci-
uli muxti. misi qmediTunariani umciresi moduli. 

kvlevam uCvena, rom formulebi (1) da(3 ) aris is for-
mulebi, romelTac ciuri sistemebis wonasworobisTvis 
saWiri pirobis Semecnebamde mivyavarT. 

mudmiva 19,86.10-17 kvantur meqanikis Teoriis fuZem-
debelTa mier Tavis droze, vidre is damoukideblad vi-
Tardeboda, iqna mignebuli:

e = 2.π.h C/ l = 19,86.10-17 / l

(ixileT i. v. savelevi zogadi fizikizis kursi 
III t. 1971 w. rus. gamocema gv. 282. formula 57.1). ma-
gram arc ki Tqmula sityva `gravitaciuli muxti~ ise 
iqna Canacvlebuli cifriT 12390 ev.sm (iqvea formula 
#57.2). 

    19,86.10-17

 ganayofSi __________ = 12,390.10-5

    1,608.10
-12

     ergi. sm2

  1,608.10-12 = __________  
    ev. wm2
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is cifria, romelsac gravitaciuli muxtis ganzomileba 
gadahyavs eleqtronvoltebSi.

es moxda kvanturi meqanikis ganviTarebis gariJraJze. 
aseTi Sedegis mizezi is gaxldaT, rom ukve dasabuTebuli 
iyo el_magnituri sxivis da sinaTlis siCqareTa toloba 
(1856 w. veberi); gamoqveynebuli iyo (1863w. .maqsveli) si-
naTlis eleqtromagnituri Teoria, traqtati `materiasa 
da moZraobis Sesaxeb~ (1873 w.); axali gamoqveynebuli iyo 
fardobiTobis specialuri Teoria (1905 w. ainStaini). 
fizikosebi am siaxleTa (gansakuTrebiT ainStainis fardo-
biTobis specialuri Teoriis) gaazreba_analiziT iyvnen 
dakavebulni. fizika uaxlovdeboda sinaTlis eleqtro-
magnitur movlenad gamocxadebis mijnas... da ar rCebodaT 
dro (anu ar dgeboda aucilebloba) mozRvavebul axal in-
formaciaTa gverdis avliT maTi gaazrebisTvis. 

mecnieruli ganviTareba bunebis movlenaa da ara mec-
nierTa axireba. mas ganagebs uzenaesi. imis saCveneblad, 
rom codnis dagroveba memkvidreobiTi procesia moviy-
van erT konkretul magaliTs: raki dadginda energiis da 
sinaTlis, diskretuli gavrcelebis principis arsebo-
ba., eqsperimentatorebma, cxadia, mimarTes cdebs, raTa 
miegnoT `korpuskula~ _ fotoni. 

erTi aseTi cda, romelic `butes cdis~ saxelwodeb-
iTaa cnobili, moyvanili aris i. v. savelevis `zogadi 
fizikis kursSi~ (ix. 282 gv.). es cda mcdaria, magram sas-
wavlo dawesebulebebSi dRemde aswavlian. 

Cven vcxovrobT samyaros im nawilSi, sadac fotonis 
ulufa energiis moduli E ~ 6,617.10-27 ergia. (6,62.10-27)
Sesabamisad, impulsis momenti h = 6.617.10-27 g.sm2.wm

fotons imis gamo, rom misi siCqare da masa zRvrulia 
ar ZaluZs erT wamSi 3.1010 sm manZilze gadaitanos ulu-
faze meti energia. magram, Tu didi energia gvWirdeba _ 
rogorRac moqmedebaSi unda iqnas moyvanili fotonebis n 
simravle. aseT SemTxvevaSi zrdian gamosxivebis sixSires 
da procesSi monawile atomebis ricxvs. 

butes cdaSi erT fotonad miCneuli aris, fotoni, 
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romelsac gaaCnia talRis sigrZe 

l = 0,555.10-4 sm.. 

anu fotonebis simravle
        C

n = In1 e = ____ = 5,405.1015 
l

amdenad butes cdaSi saqme gvaqvs 5,405.10.15 erTeul 
fotonTan, romlis energia

E = h.n = 3,578.10-12 ergs. 

cdaSi nimuSis dayumbareba mimdinareobs rentgenis 
sxiviT, amitom adgili aqvs fotoefeqts _ eleqtronebis 
amofrqvevas. kvali, romelic firze Cans eleqtronisaa 
da ara fotonis. (fotoefeqts imxanad kvanturi meqsnika 
ar icnobda).

ai epoqa, roca cdis damyenebels (am SemTxvevaSi 
butes) jer kidev ar hqonda gacnobierebuli fotonis 
raoba. ar SeeZlo erTmaneTisgan mkacrad gaemijna fo-
toni, eleqtroni da energia.

magram mas amis uflebas aZlevda fardobiTobis 
Teoria: lanJevenis formulas E = mC2 fardobiTobis 
Teoriam arabunebrivi datvirTva misca _ masa ganixi-
la energiis funqciad: am, maTematikis TvalsazrisiT 
sruliad umtkivneulo manipulacias bunebis Semecnebis 
sferoSi paradoqsi mohyva. paradoqsma, romelic bunebaSi 
ar arsebobs, Cvens gonebaSi mtkiced daiWira adgili. da 
uWiravs dResac.

lanJevenis formulaSi E = mC2 aris n odenobis fo-
tonebis saerTo energia. fotonebi pirveladia, arsebo-
ben TavisTavad... energia ki ar aris pirveladi. is mo-
qmedebaSi myofi fotonebis saerTo masis funqciaa. ar 
SeiZleba bunebaSi arsebobdes raime, energia da masa fo-
tonebis simravlis gareSe.

m = E / C2

ar aris bunebis kanoni _ sufTa maTemetikaa, romel-
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ic zust Sedegs gvaZlevs maTematikis TvalsazrisiT, 
raodenobrivi analizisTvis, rac saWiroa da aucile-
beli. magram buneba maTematika ar aris: bunebaSi 1+1=1 
niSnavs gaerTianebas (a) formulaSi `m~ aris fotonebis 
simravlis saerTo masa, magram es masa butis cdaSi war-
moCenilia, TiTqos, raRac fardobiTi _ Semadgenelis 
gareSe. 

risame masa garda m1 nawilakisa, romelic warmoad-
gens ganuyofel korpuskulas (elementarul fotons) 
bunebaSi ar arsebobs Semadgeneli m1 fotonebis simrav-
lis gareSe. 

aq movlenebs gavuswreb _ winaswar vityvi, rom 
Cveulebrivi fotoni masiT 7,35.10-48 g. romelic 
fizikaSi stabilur nawilakadaa gamocxadebuli, Tavis 
SemadgenlobaSi Seicavs 1,05.1045 erT. Semadgenels _ m1 
nawilaks (amas yvelafers Cven zemod vnaxavT)

fizikosebi sinaTlis gavrcelebis formas da meqanizms 
dRemde ar icnoben. es Znelad dasajerebeli faqtia. 
am xarvezSi aprioris adgili fardobiTobis Teorias 
uWiravs, magram `butes cdis~ wilic Zevs. 

im etapze veravin SeamCnia am cdis Sedegis mcdaroba. 
amis danaxva mxolod drois prizmaSia gaxda SesaZlebeli. 
axla vxedavT, magram sakiTxis saTanadod dayenebaa Zneli, 
vinaidan isterikul winaaRmdegobas waawydeba.

ai kidev erTi magaliTi: a. ainStainma uaryo, ra mi-
sive Seqmnili fardobiTobis Teoria _ sicocxlis II nax-
evari mTlianad moaxmara `erTiani velis~ moZiebas, ma-
gram ver miagno. ase moxda imis gamo, rom umaRlesi donis 
intuiciis mqone, raindi mkvlevari, TiTqmis mTeli oTxi 
aTeuli wlis ganmavlobaSi ver ganTavisuflda imis ze-
gavlenisgan, rac xels uSlida, ramac gravitacia fizikis 
gareT daatovebina!..

Tanamedrove fizikosebi amas, ukve TiTqmis mixvdnen da 
cdiloben ̀ gravitacia Seitanon Zalebis erTiani Teoriis 
CarCoSi, aagon mizidulobis Teoriis ganzogadeba _ `su-
pergravitacia~, magram am Teoriis SemoTavazebuli vari-
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antebi jerjerobiT realobidan Sorsaa.~ (g. miakiSevi, b. 
buxovcevi fizika, skolis saxelmZRvanelo XI klaselTa 
Tvis, 1991 w. gv. 338)

ai mizezi, romelic ganapirobebs im garemoebas, rom 
dRes fizikis Teoriis problemebis gadaWra SesaZlebelia 
mxolod da mxolod `diletantis~ CareviT. 

arafizikosebis fizikaSi damkvidrebis faqtebi 
fizikis istoriaSi mravladaa: q. hiugensma (1626-95), ro-
melic iurisprudenciis doqtori iyo Seqmna optikis is 
Teoria, romelsac dRes vaswavliT skolebSi; qanqaras 
Teoria da Tanamedrove saaTis meqanizmi... is ar cde-
boda, roca aRiarebda `msoflio eTeris~ arsebobas da 
sinaTlis talRur bunebas. 

r. maieri, romelmac energiis mudmivobis kanons mi-
agno, iyo medikosi.

J. frenelma, romelic gzebisa da xidebis mSenebeli 
inJineri iyo, axsna sinaTlis interfereciis da difraqci-
is movlenebi. aRmoaCina sinaTlis polarizaciis movlena, 
axsna polarizaciis sibrtyis brunva. 

m. faradei, romelmac eleqtromagmituri induqcia 
da misi kanonebi aRmoaCina, iyo TviTnaswavli.

n. koperniki, romelmac `heliosistemis~ arseboba 
daasabuTa arc fizikosi iyo da arc astronomi.

fotoni - orbitaluri nawilaki

amdenad, aRmoCnda, rom fotonis mamoZravebel arse-
bas warmoadgens gravitaciuli muxti Q =19,86.10-17 g.sm3/
wm2. sinaTle am muxtis zemoqmedebiT gamosxivdeba da vr-
celdeba usasrulod Sor manZilze. (3) formulidan gam-
oviyvanoT fotonis sinaTlis wyarodan daSorebis for-
mula muxtis mixedviT:

R = Q / mC2 = 19,86.10-17 / 6,62.10-27 = 3.1010sm 
gravitaciuli ricxvis mixedviT: 

  R = A / C2 = 3.1010 sm. 
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am formulebis marjvena mxares moqceuli sidideebi 
warmoadgenen bunebis mudmivebs. raki asea _ fotonisTvis 
bunebis mudmivas unda warmoadgendes erT wamSi ganvli-
li manZilic. es imaze metyvelebs, rom fotoni gamosx-
ivebidan erT wamSi gadis iseT orbitaze, sadac is wonas-
worobaSi modis gravitaciul velTan, anu iqceva orbit-
alur, ciur sxeulad (`planetad~ fotonis masiT!) 

gamovTvaloT gravitaciuli ricxvi im velisa, 
romelTanac fotoni orbitalur wonasworobaSi modis. 

GM= Q / m = 27,1030 sm3/wm2

gravitaciuli velis am ricxvs ki Seesabameba ciuri 
sxeuli masiT:

M = 27.1030 / 6,673.10-8 = 4,046.1038g.

rac mzis masaze metia TiTqmis milionjer. es aris 
mizezi imisa, rom fotoni mzes da varskvlavebs advilad 
tovebs.

magram aseTi masis mqone varskvlavi bunebaSi ar arse-
bobs. (rom arsebobdes _ is (3) kanonzomierebis safuZvelze 
miizidavda sinaTlis wyarodan gamosul yvela fotons). 

axla ganvixilod erTi metad yuradsaRebi da mrav-
lismetyveli magaliTi: vTqvaT sinaTlis wyaro aris 
Cveulebrivi sanTeli. am sanTlidan gamosuli pirvelive 
fotoni erT wamSi aRmoCndeba orbitaze radiusiT 3.1010 
sm da gadava orbitalur moZraobaze. is aq darCeba san-
Telis Caqrobis Semdegac... 

magram sanTlis masa gana 4.046.1038 gramia? (4.1032 tona). 
cxadia ara. aqedan daskvna: Zala, romelic fotons gad-
aadgilebas aiZulebs kosmosSia da ara sinaTlis wyaroSi. 

amasTan, sanTeli SesaZloa nebismier adgilas avan-
ToT. e. i. kosmosSi nebismier adgilze sinaTlis wyaro-
dan 3.1010 sm manZilze gamosxivebidan erTi wamis gasvlis 
Semdeg gaCndeba ciuri sistema, romlis `planeta~ #1 
fotonia masiT 7,35.10-48 g.

sad unda imyofebodnen am dros  #2, 3, 4, 5, da a. 
S. fotonebi, romlebic #1 fotons mohyvebian kvalad n 
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sixSiriT? 
erTad erTi SesaZlebeli adgili maT gansaTavseblad 

aris kosmosi. imisTvis, raTa gaverkveT imaSi, Tu ra mou-
vaT aRniSnul fotonebs kosmosSi ganvixiloT ori Tema: 
sinaTlis gavrcelebis da sinTezis. magram sanam maT 
ganxilvas SevudgebodeT aucilebelia ukve miRebuli 
Sedegebis dajameba.

bunebis mudmivebi
  
fotonis kosmosTan urTierTqmedebis ganxilvam Cven 

dagvanaxa, rom gravitaciuli uerTierTqmedeba marTlac 
fotonebs Soris urTierTqmedebaa. magram am mimarTebiT 
jer kidev Zalian bevri ram aris saTqmeli. is, rac saTqme-
lia garkveulia, magram mkiTxelis saamisod momzadeba 
aucilebelia.

Cven, ukve, vnaxeT rom gamosxivebidan erT wamSi fo-
toni #1 orbitazea radiusiT 3.1010 sm. da orbitalur 
wonasworobaSi imyofeba gravitaciul velTan, ricxviTY 
27.1030 sm3/wm2. 

magram #2, 3, da a. S. fotonebic xom imave kanonzo-
mierebiT gadaadgildebian. Tu isinic orbitaluri wo-
nasworobis mdgomageobaSi gadavlen sinaTle usasrulod 
Sors manZilze xom ver gavrceldeba?!

amdenad Cven aRmovCndiT situaciaSi, roca iZulebu-
li vxdebiT kargad gavaanalizoT zemoT miRebuli for-
mulebi. maT Soris:

   RmC2 = Q = 19.86.10-17  (3-1) 

   GMm = Q = 19,86.10-17   (3-2)

(3-1) formulaSi mudmivi sidideebia C da Q maSin m 
usaTuod unda iyos cvalebadi, vinaidan, R icvleba at-
omis zomidan usasrulobamde. am daskvnis safuZvelze 
vwerT:
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   Rm = 22.10-38    (4)

miviReT formula, romelic gvaswavlis, rom gravitaciul 
velSi orbitaze radiusiT R SesaZlebelia wonasworobaSi mo-
vides mxolod erTi fotoni konkretuli masiT.

firmulaSi (3-2) mudmiv sidides warmoadgens Q da G 
parametrebi amitom gvaqvs: 

      19,86.10-17

   GM =  __________   (5)
            m

es formula gvaswavlis, rom yovel gravitaciul 
vels Seesabameba mxolod erTi konkretuli masis foto-
ni, romelTanac is modis gravitaciul wonasworobaSi.

imave formulidan gvaqvs:

        mM = 3.10-9           (6)

yovel ciur sxeuls gravitaciul velSi Seesabameba 
erTi konkretuli masis fotoni, romelTanac is orbita-
lur wonasworobaSi modis.

amdenad Cvens xelT aris gravitaciul urTierTq-
medebaTa kanonzomierebis formulebi.

maTi meSveobiT SesaZlebeli aRmoCnda bunebis dRemde 
ucnobi mravali movlenis migneba. maT Cven mimdevrobiT 
ganvixilavT.

sinaTlis gavrcelebis meqanizmi.

ganvixiloT sxivis #1 fotoni, romelic gamoasxiva, 
vTqvaT, wyalbadis atomma. rogorc ukve cnobilia fo-
toni gamosxivebidan erT wamSi aRmoCndeba orbitaze ra-
diusiT 3.1010 sm. (4)-is mixedviT is gravitaciul velSi 
gadis orbitalur wonasworobaze. 

gamosxivebis momentSi fotonis sferos radiusi R iqne-
ba ~ 10-8 ÷ 10-6 sm-is farglebSi sferos zedapiris mcire 
farTobiT. erTi wamis Semdeg fotoni aRmoCndeba orbi-
taze radiusiT 3.1010 sm zedapiris farTobiT 113.1020 sm2, 
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romelzedac Tanabrad gadanawildeba fotonis masa 7.35.10-

48 gm. erT sm2-ze modis 6,5.107-70 g. (es aris 0,88.1022 fotoni 
sm2-ze). vTqvaT erTi wamis Semdeg orbitaze movida sxivis 
#2 fotoni. is udaod ganiTeseba maszed, `gaanaTebs~ mas 
da kanonzomierebiT (4), rogorc miuRebeli am orbitisTvis 
umal C siCqariT ganerideba _ airekleba misgan. 

rogorc zemod vTqviT fotoni ganTesilia ra sf-
eros zedapirze 113.1020 sm2, ukve daqucmacebulia 
Semadgenlebad... is, rom absoluturad stabiluri iyos 
_ esoden did zedapirze ver gadanawildeboda. 

vTqvaT fotonis stabiluri Semadgenelis masa aris 
m1 maSin n simravlis fotoni (4) kanonzomierebis safuZ-
velze sferuli frontiT da C siCqariT gadainacvlebs 
orbitamde radiusiT

R1 = 22.10-38 / m1

(4)-is mixedviT usasrulod mcire masas Seesabameba usas-
rulod didi manZili. aseTia fotonis, rac igivea, sinaT-
lis gavrcelebis meqanizmi bunebaSi.

sakmarisia ganvsazRvroT m1 nawilakis masa _ (4) for-
muliT Cven ganvsazRvravT im orbitis radiuss sadamde-
dac sinaTle vrceldeba.

sinaTlis gavrcelebis am bunebriv process 
Tanamedrove fizika ar icnobs.

sinTezis bunebrivi (civi) meqanizmi

imis gamo, rom m1 da R1 modulebi jerjerobiT ucno-
bia, droebiT maTi funqcia davakisroT orbitas 3.1010 da 
fotons masiT 7,35.10-48g. vTqvaT es fotoni absolutur-
ad stabiluria. aseT SemTxvevaSi (4) formulis mixedviT 
miviRebT sinTezis process, romelic orbitidan 3.1010 sm. 
mimarTuli iqneba centrisken. anu sinaTlis wyarosken. 
sinTezis meqanizmi ki aseTia: 

aRmoCndeba, Tu ara am orbitaze #1 korpuskula is 
gadava orbitalur moZraobaze da iq darCeba manam, sanam 



- 30 -

am orbitaze ar ganTavsdeba #2 fotoni. magram erT or-
bitaze (4)-is mixedviT 2 fotonis ganTavseba dauSvebelia. 
amitom fotoni gaormagebuli masiT 2.m1 gadava orbitaze 
radiusiT 

R2 = 22.10-38 / 2m1 = R1 / 2 

am aqtis Semdeg #3 fotoni daiWers ganTavisufle-
bul R1 orbitas da darCeba iq manam, sanam R2 orbitis 
sferoze romelime wertilSi ar moxvdeba fotoni #4, 
rasac kvlav mohyveba orbitaluri masis gaormageba da 
Semdgom _ R2 orbitaze gadasvla. 

magram R2 orbitaze ukve aris gaormagebuli masis 
fotoni, amitom momdevno gaormagebuli masis fotonTan 
misi SeerTeba gamoiwvevs axalad Sedgenili gaoTxmage-
buli masis mqone fotonis R3 orbitaze gadasvlas kanon-
zomierebiT

 R3 = 22.10-38 / 2.2.m1 = R1 / 4 

da a. S. Tu kargad CavukvirdebiT davinaxavT, rom 
saqme mogveca sinTezis dRemde ucnob bunebriv proces-
Tan. es procesi civia, mimdinadeobs sicarieleSi.

gravitoni, energetikuli done energiis wyvetili 
gavrcelebis mizezi da meqanizmi

sinTezis meqanizmi da kanonzomiereba ukve mignebu-
lia, analizi ukve dawyebulia. amjerad Cveni mizania sin-
Tezis jaWvis struqturuli Sedgenilobis, dinamikis, 
sxva fizikuri da geometriuli parametrebi dadgena.

bunebrivi sinTezis procesi udaod uSoresi R1 or-
bitidan daiwyeboda. e.i. am orbitidan daiwyeboda ciuri 
sistemebis Seqmnac. am sistemebs TvaliT uxilavi arse-
boba mudmivad aqvT. isini imis gamo, rom fotonebi si-
carieleSi (erTgvarovan gravitaciul velSi) mxolod 
sferuli frontiT vrceldebian, warmoadgenen sferuli 
formis ciur sxeulebs, romelTagan yoveli momdevno 
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ciuri sxeuli ganTavsebulia winamorbedSi! 
warmovidginoT sinTezis procesis es grZeli jaWvi 

rgolebis n odenobiT. am jaWvSi yoveli momdevro rgo-
lis masa aris 

    m = 2nm1 g.   (7)

da gaaCnia 2nm1C2 = mc2 energia. sinTezis jaWvis am 
rgols Tamamad SeiZleba ewodos energetikuli done. am-
denad, gairkva, rom stabiluri energetikuli doneebi 
arseboben ara marto atomSi, aramed sruliad kosmosSi. 

Tu kargad CavukvirdebiT mivxvdebiT, rom energeti-
kuli done Cven vuwodeT gravitaciuli velebis zeda-
pirze, da ara mis SigniT, ganTavsebuli m1 fotonebis 
simravles. isini am zedapirze sinaTlis siCqariT moZ-
raoben aseve gadaadgildebian periferiidan centrisken.. 
maT amave dros Tamamad SeiZleba ewodoT `gravitoni~. 
amdenad gravitonebis arseboba obieqturi realoba aR-
moCnda. maTi odenoba bunebaSi zustadaa gansazRvruli, 
rameTu emTxveva sinTezis jaWvSi Semavali rgolebis, en-
ergetikuli doneebis ricxvs _ 371. 

Tu kidev ukeT CavukvirdebiT SegviZlia vTqvaT, rom 
bunebaSi energiis wyvetili (diskretuli) gavrcelebis 
mizezis da meqanizmis saidumlos ukve vflobT: 

energiis gavrcelebis diskretuli buneba (4)-ma kanon-
zomierebam ganapiroba. 

axla Cveni mizania ganvsazRvroT m1 nawilakis masa da, 
rogorc ityvian, xolme _ yvelaferi dalagdeba... formu-
laSi (7) 

   2n = N = m / m1    ( 8)

maSin

   n = /    (9)

Cven, mivageniT nawilakis bunebrivi sinTezis meqanizmis 
formulas (9), sadac n sinTezis jaWvis nebismieri rgo-
lis rigiTi nomeria. 
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amdenad, gamomdinare zemoT naxsenebi mignebebidan 
kvanturi meqanika ara marto atomis _ sruliad samyaros 
meqanika aRmoCnda. 

m1 korpuskulas masis gansazRvra
  
zemoT Cven daviwyeT sinTezis jaWvis monakveTis 

gamokvleva 3.1010 sm radiusis orbitidan fotonis masiT 
7,35.10-48 g. 

sinTezis process udaod unda gaevlo am orbitaze. 
aseve orbitaze R0, romlis radiusi aris 1,31.10-13 sm. 
(fizikis saxelmZRvaneloebSi 1,4.10-13 sm.)... es neitronis 
birTvis radiusis zomaa.

Cven vvaraudobT, rom Tavdapirvelad Seiqmna neiro-
toni masiT 1,682.10-24 g. (fizikaSi icnoben neitrons masiT 
1,6748.10-24 g. magram masis defeqtis gaTvaliswineba saval-
debulo aRmoCnda). vvaraudobT, rom qimiuri element-
ebis da nivTieri samyaros warmoqmna mohyva neitronebis 
saTanado simravlis radioaqtiur daSlas. 

amiT Cven saSualeba gveZleva sinTezis jaWvis, 
CvenTvis xelmisawvdom monakveTze, formuliT R0 m

1 C2 = 
19,86.10-17, ganvsazRvroT neitronis gravitaciuli ricx-
vis moduli, es ricxvia:

R0 C
2
 = 19,86.19-17 / m1 = 11,8.107 sm3/wm2        (10)

aq m1 ~ 1,682.10-24 g-ia e. w. `masis defeqtis~ damate-
biT. xolo

R0 = 22.10
-38 / 1,682.10-24 = 1,308.10-13 sm.

formulebis (3-1), @(3-2), #3, 4, 5, 6 mixedviT aRniSnu-
li masis (1,682.10-24g.) fotoni sinTezis jaWvSi imyofeba 
sferul zedapirze, radiusiT 1,31.10-13 sm da moiqceva si-
naTlis siCqariT. 

Zala, romelic gravitons am konkretul orbitaze 
akavebs niutonis formulis mixedviT 
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f = GMm/R2 = 11,22.10-32 x 1,6724.10-24/(1,31.10-13)2=10,9.10-30 
dini, rac, erTis SexedviT ukiduresad mcirea. 

sxva mdgomareobaa moZravi, orbitaluri sxeulis 
gravitaciuli velis mixedviT: 

R0 C
2m / R0

2 =1,682.10-24.9.1020/1,31.10-13 =11,5.109 dini

es Zala orbitaze 1,31.10-13 sm saxezea da ganapirobebs 
gravitonis stabilurobas. magram es stabiluroba kos-
mosis potencialis Sedegia da ara Sinagani meqanizmis. 

neitronSi _ Sesabamisad nuklonSic, stabilurobisT-
vis saWiroa adgili hqondes tolobas: 

RC2 = GM 

aq ki neitronis, rogorc orbitaluri nawilakis 
gravitaciuli ricxvi RC2 = 11,8.107 sm3/wm2, mimzidveli 
sxeulis gravitaciul ricxvze (GM = 11,2.10-32) metia 
1,05.1039jer. anu adgili aqvs utolobas

RC2 >>> GM  da RmC2 >>> GMm 

aseTia, erTi SexedviT, gravitaciuli wonasworobis 
suraTi atomSi, ris gamoc miaCniaT, rom masSi gravi-
taciul urTierTqmedebas adgili ara aqvs _ rom is 
Canacvlebulia bunebis dRemde ucnobi movleniT (ix. m. 
mirianaSvili, zogadi fizikis kursi. 1966 w-is gam. gv 22). 
magram Sigaatomuri mdgomareobis amgvari gageba sinamd-
viles ar Sesabameba!.. (am Temas Cven mogvianebiT ganvixi-
lavT da miviyvanT bolomde). 

axla mTeli yuradReba gadavitanoT gravitaciul 
ricxvze RC2 = 11,8.107 sm3/wm2-ze aq C gravitonis orbita-
luri siCqarea. gravitoni upirveles yovlisa, aris fo-
toni, rac imaze metyvelebs, rom gravitaciuli ricxvi 
11,8.107 sm3/wm2 aris gravitonis gravitaciuli ricxvi. 

neitrons sinTezis jaWvSi _ saerTod atoms birTvis 
gareT, Tu is aRgznebuli ar aris garemos zegavleniT, 
arc energia gaaCnia da, arc fotoni. amitom sakuTari 
gravitaciuli ricxvi RC2 ar unda gaaCndes, magram, imis 
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gamo, rom atomebi garemosTan mudmivad imyofebian urT-
ierTqmedebaSi RC2 gravitaciuli ricxvi garedan SeZenili 
Tvisebis saxiT mudmivad gaaCniaT. 

Tu kargad davukvirdebiT mivxvdebiT, rom RC2, gansx-
vavebiT GM-isgan aris axloqmedebis veli.

is moqmedebs mxolod iq, sadac nawilakia. amitom nuk-
lonze (birTvze) atomSi garemos zemoqmedeba, Cveulebriv 
pirobebSi nulis tolia: is daculi aris Tavisufali 
eleqtroniT. Tavisufali eleqtronis funqciaTagan er-
TerTi swored es aris, rasac zemoT ganvixilavT.

birTvi garemos zemoqmedebidan yovelTvis aris dac-
uli ara marto Tavisufali _ bmaSi myofi eleqtronebi-
Tac, Tu ara am tipis dacva _ Sinagani stabiluroba ver 
ikmarebda birTvis mdgradobis SesanarCuneblad, mar-
Tlac: imisTvis, raTa wyalbadis atomSi eleqtronma miaR-
wios birTvamde (1,31.10-13sm orbitamde) saWiroa tempera 
tura T = 1,57.10-4 / 1,31.10-13 = 1,2.109 0k. es ki miliardi 
gradusia.

garda amisa atoms gaaCnia gravitaciuli veli 
GM, romelic mimzidveli binebisaa da warmoadgens 
Soriqmedebis vels. misi gavrcelebis areali usasruloa. 
magram gravitaciuli ricxvi am velisa mxolod 11,2.10-32 
sm3/wm2ia, rac axlo qmedebis velis gravitaciul ricxvze 
naklebia 1,05.1039jer.

amdenad, rogorc vxedavT garemos wili atomis sta-
bilurobis SenarCunebaSi ZiriTadia.

axla gaviTvaliswinoT erTi metad mniSvnelovani re-
aloba. _ is, rom nebismieri atomis birTvi Sedgeba nuk-
lonebisgan. Cveni galaqtikis yvela varskvlavi da var-
skvlavT sistemis Semadgenilni arian nuklonebi, maTSia 
ganTavsebuli galaqtikis ZiriTadi masa. 

Cveni galaqtikis masa 4.1044 gramia Sedgenili aris 

N = 4.1044 / 1,682.10-24 = 2,39.1068

nuklonisgan. 
rogorc vnaxeT erTi neitronis orbitalur gawonas-

worebas sWirdeba gravitaciuli veli ricxviT: 11,8.107 
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sm3/wm2. maSin 2,39.1068 neitronis gawonasworebas dasWird-
eba gravitaciuli veli ricxviT: 

2,39.1068 x 11.8.107 = 28,2.1075 sm3/wm2. 

am gravitaciul vels formuliT (6) Seesabameba ciuri 
sxeuli, anu _ fotonebis simravle saerTo masiT: 

M = GM / G = 28.2.1075 / 6,673.10-8 = 4,226.1083 gr. 

xolo am ciur xseuls (5) da (6) formulebis mixedviT 
Seesabameba m1 nawilaki masiT:

m1 = 3.10-9 / 4,226.1083 = 7.10-93 g

amdenad, Cven pirvelad fizikis istoriaSi mivageniT 
bunebis umcires nawilaks _ m1 fotons (korpuskulas). 
misi masa 7.10-93 gm. aRmoCnda. es aris bunebis umciresi 
nawilaki (niutonis korpuskula). mas Seesabameba udidesi 
orbita, radiusiT:

  R1 = 22.10-38 / m1 = 3,143.1055 sm.

amdenad, mignebulia bunebis umciresi jeradi nawila-
ki. misi masa 7.10-93 gramia. 

fotonebis is erToblioba saerTo masiT 4,23.2083 g. 
romelebic, rogorRac (Cven mas ganvixilavT) warmoSobs 
gravitaciul vels da orbitalur wonasworobaSi mohyavs 
m1 (7.10-93 g) masis mqone fotoni, ganTavsebulni arian im 
sferos SigniT, romlis radiusi aris 3,14.1055 sm. 

es fotonebi moZraoben ra sinaTlis siCqariT #3,4,5,6 
kaninzomierebaTa zusti dacviT _ xan radianulad xanac 
wriuli (elifsuri) orbitiT, gadaadgildebian sinTezis 
jaWvis rgolidan _ rgolze. anu energetikuli doni-
dan _ doneze, periferiidan galaqtikis centrisken mi-
marTulebiT, m1 fotonebisgan Sedgenili mn masiT. 

aRniSnuli gravitaciuli veli erT m1 fotonze moq-
medebs mimzidveli ZaliT: 

f = GMm1/R2 = 20.10-128 dini.
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m1 nawilakis radiusis gansazRvra

m1 nawilakis radiusis gansazRvra advilia: 
mas unda gaaCndes mimzidveli gravitaciuli veli, 

romlis ricxvi

 GM = 7.10-93 x 6,673.10-8 = 46,7.10-101  (11)

maSin m1 nawilakis moqcevis anu kolafsia radiusi 

  r = Gm1 / C2 = 5,2.10-121 sm.   (12)
xolo moculoba am sferos SigniT moqceuli sivr-

cisa aris
   w= 4,19.R3 = 5,9.10-361 sm3   (13)

m1 nawilaki orbitaze radiusiT r =5,2.10-121 sm unda 
moiqceodes sinaTlis siCqariT. amitom masze unda moq-
medebdes centriskenuli Zala

  f = m1V2 / r = 12,1.1048 dini.   (14)

magram Cven valdebuli varT gaviTvaliswinoT is ga-
remoeba, rom m1 nawilaki inertuli masaa, misi mizidulo-
ba nulis tolia. xolo vakuumis SemTxvevaSi masaa nulis 
toli, miziduluba ki soliduria 12,1.1048 dini. amitom 
elementaruli 5,9.10-361 sm3 moculobis vakuumi sivrce 
TviTon miiswrafis nawilakisken, romelic sinaTlis siC-
qariT gadaadgildeba. vakuumis da nawilakis erTianoba 
organulia, maTi erTmaneTisgan daSoreba SeuZlebelia. 
Tu gaviTvaliswinebT qmedeba-ukuqmedebis kanonis arse-
bobas da meqanizms _ mivxvdebiT, rom gravitaciul velSi 
GM = 46,7.10-101 sm3/wm2 orbitaze r =5,2.10-121 m1 nawilaki ki 
ar moZraobs orbitaluri C siCqariT, aramed moZraobs 
vakuumi _ sivrce moculobiT 5,9.10-361 sm3, romelic or-
ganuladaa mibmuli mas maliT 12,1.1048 dini. aseTia  ori 
substanciisgan Sedgenili realuri nawilakis struq-
turuli da dinamikuri suraTi _ vakuumisa da materiis 
tandemi, romelsac me vuwodeb `kerias~. gvaxsovdes, rom 
keriaSi m1 nawilakis radiusi 5,2.10-121 sm-ze naklebia ram-
denime milionjer. misi zusti zomis codnas raime prin-
cipuli mniSvneloba arc gaaCnia.
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keria - `demokrites atomi”

ganvayenoT keriisgan moculoba formuliT

Gm1 = XW = 46,7.10-101 

miviRebT: 

X = Gm1 / w ;
46,7-101 / 5,9.10-361 = 7,91.10260 

   X = 7,91.10260 1/wm2   (15)

simkvrive ρ = 11,8.10267

aq X m1 nawilakis kolafsirebuli sivrcis cen-
triskenuli aCqarebaa. sivrce sferuli formisaa, rom-
lis centrSi ganTavsebulia erTad erTi m1 stabiluri 
nawilaki. 

amdenad, Cven CavwvdiT nawilakis saidumlos: mas 
gaaCnia struqtura, ori SemadgeneliT _ m1 nawilaki masiT  
7.10-93 g. da carieli sivrce moculobiT ~ 6.10-361 sm3. ar 
arsebobs bunebaSi Zala, romelic aRniSnul nawilaks daS-
lis or Semadgenlad _ or substanciad. 

aRniSnul nawilaks me vuwodeb `demokrites atoms~ 
xolo am tipis yvela warmonaqmns (Cven maT mivagnebT) vu-
wodeb `kerias~ (sityva keria asocirdeba ojaxTan fuZ-
esTan)... 

msoflio eTeri, struqtura da dinamika

amdenad, Cven ukve vicnobT elementarul nawilaks _ 
`demokrites atoms~. misi simkvrive aRmoCnda warmoud-
genlad maRali 11,8.10267 g/sm3. 

msoflio eTeri warmoadgens ara cariel sivrces, 
aramed demokrites atomebis ganfenilobas. davakvirdeT 
erTeuli masis gravitaciul ricxvs: 6,673.10-8 misi 
ganzomileba sm3/g.wm2 mianiSnebs, rom realur samyaroSi 
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yoveli erTi sm3 moculoba ganicdis materiis deficits 
6,673.10-8 g-is odenobiT. energetikulad es aris  
60.10-12 erg.wm. es ki impulsis momentia, romelic plankis 
mudmivaze h=6,62.10-27 erg.wm metia 9,06.1015-jer.

kargad davakvirdeT maTematikur gamosaxulebas

10- ∞ <<< 6,673.10-8 <<< 10+ ∞

rogorc vxedavT realuri gravitaciuli mudmiva `G~ 
ganTavsebulia or ukiduresobas Soris: 

1. 10- ∞ _ roca materiis deficiti ar arsebobs _ 
sivrce Sevsebulia. aseT SemTxvevaSi sinTezi SeuZlebelia 
sicarielis ar arsebobis gamo. 

2. 10+ ∞, roca deficiti maqsimaluria. es imas niSnavs, 
rom sicariele absoluturia, magram ar arsebobs 
Semavsebeli _ materia.

realur msoflio eTerSi G = 6,673.10-8 mocemulia am 
or ukiduresobas Soris saSualosTan maxloblobaSi 

    10- ∞ + 10+ ∞

  ______________ = 6,673.10-8 sm3/g wm2

   
2-

anu msoflio eTerSi sicarielec da materiac mocemuli 
aris TiTqmis Tanabari xarisxiT, magram aucileblad 
ise, rom materiis deficiti 6,673.10-8 g yovel erT sm3-Si 
saxezea mudmivad.

ai mizezi imisa, rom atomis da samyaros sinTezi 
mudmivad mimdinareobs.

es migneba SeuZlebelia gaxdes sakamaTo vinaidan Cven 
vdgavarT realobis winaSe. G-s mudmivoba mravaljeraa 
Semowmebuli da dadasturebuli. moZraobis, raodenobis 
da energiis mudmivobis kanoni Seuvali faqtia.

kosmosuri sferuli sivrce, romlis moculoba 
1,3.10167 sm3-ia, radiusi R1 ~ 3,14.1055 sm. warmoadgens im 
`kritikul sivrces~, romelSic samyaros SenebisaTvis 
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saWiro potenciali da samSeneblo masala _ demokrites 
atomis saxiT _ ikrustirebulia sakmao odenobiT. ma-
gram masSi Tavmoyrilia keriebis is odenoba, romelic 
aucilebelia erTi galaqtikis sinTezisaTvis. Cven am 
kosmosuri sivrcis ZiriTad parametrebs ukve vicnobT, 
magram araferi viciT misi struqturuli Sedgenilobis 
Sesaxeb. 

aRniSnul moculobaSi, ganTavsebuli unda iyos 

N = 4,22.1083/7.10-93 = 6.10175 

erTeuli `demokrites atomi~. saSualo simkvrive am 
moculobisa 

ρ = 4,23.1083 / 1,3.10167 = 3,25.10-84 g/sm3 

mTeli am moculobidan erT demokrites atomze (ke-
riaze) modis moculoba: 

w =1,3.10167 / 6.10175 = 2,1.10-9 sm3 

simkvrive am erTeuli moculobisa

ρ = 7.1093 / 2,1.109 = 3,33.10-84 g/ sm3

keriebis ganawileba am kosmosur sivrceSi SeuZlebelia 
araTanabari iyos. aq nawilakebis ganawilebas udaod unda 
ganapirobebdes meti albaTobis kanoni da isic, rom 
1,3.10167 sm3 moculobaSi (daakvirdiT) demokrites atom-
ebis (fotonebis) saerTo masidan ganivTebuli aris mx-
olod 10-39 %.

amitom yovel 2,1.10-9 sm3 moculoobas, vakuums TiTo 
keria udaod hyavs CaWerili samudamod, ise, rom maTi 
erTmaneTisgan ganSoreba SeuZlebelic aris. 

es Sewyvileba meoradia da ganpirobebulia ara imiT, 
rom keriebs gaaCniaT mizidulobis unari, aramed imiT, 
rom mTeli kosmosis vakuumi eZebs Semavsebels. amitom 
es, meoradi Sewyvilebac amave dros fundamenturia. am 
meorad Sewyvilebas moZraobaSi mohyavs mTeli kosmosi. 

amdenad m1 nawilaki ormagadaa SefuTuli vakuumSi 
ise, rom amjerad demokrites atomi da carieli sivrce 
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moculobiT 2,1.10-9 sm3 gaxdnen urTierTis organuli 
nawili. 

fizika, kacobrioba dRemde ar icnobs bunebis am fun-
damentalur movlenebs: nawilakis da carieli sivrcis am 
mravaljerad gaerTianebas: 

   r11 = ∛(2,1.10-9) = 0,8.10-3 sm.  (16)

aq r11  meoradi keriis radiusia. 
meoradi keriebi bunebrivi sinTezis jaWvSi gadadi-

an ra orbitidan orbitaze _ moculobaSi ikleben. Tu 
gaviTvaliswinevT imas, rom wyalbadis atomis birTvis 
moculoba 11,5.10-39 sm3-ia, xolo am moculobaSi ganTavse-
buli aris 

N = m / m1 = 1,67.10-24 / 7.10-93 = 2,39.1068 keria.

Cndeba kiTxva: ixarjeba, Tu ara raime energia keriis 
esoden STambeWdavad SekumSvaze? cxadia ara, vinaidan 
vakuumis mimzidveli potencialis veqtori isedac aris 
mimarTuli centrisken. 

Tanamedrove warmodgenebiT msoflio eTeri ar arse-
bobs. magram, axla, mivageniT ra m1 nawilaks da kerias Cven 
SegviZlia dabejiTebiT ganvacxadoT, rom msoflio eTeri 
realobaa, misi ugulebelyofa, upirveles yovlisa cod-
nis deficitze mianiSnebs, xolo uaryofa SeuZlebelia 
da dauSvebelic. 

saiT aris mimarTuli am moZravi ojaxebis (keriebis) 
gadaadgilebis erTiani veqtori? sanam ar arsebobdnen 
varskvlavebi, cxadia, es veqtori mimarTuli iyo sferos 
radiusiT 3,14.1055 centrisken. aqeTken iyo (da aris) mi-
marTuli sinTezis jaWvis xazi. magram, amjerad, roca 
saxezea xiluli _ varskvlavTa samyaro sinTezis mTeli 
potenciali gadanawilebulia maTze _ maT Semadgenel 
yvela atomze. amitom galaqtikis yvela varskvlavze sin-
Tezis procesi garkveuli masStabiT mudmivad mimdinare-
obs. 

Tavisufali keriis radiusi sakmaod didia (r = 0,8.10-3 

sm), is atomze didia aTjer. amitom kosmossa da varskv-
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lavebSi keriebi atomebs gadaevlebian zemodan rogorc 
zRvis talRa. es talRa sruliad carielia, vinaidan keri-
is sferos zedapirze ganTavsebuli aris mxolod erTi 
m1 nawilaki. meoradi keriis sicariele ise gansWolavs 
atoms, rom m1 nawilaki arc ki exeba mas. miT umetes ar 
exeba birTvs. 

galaqtikaTa da metagalaqtikaTa warmoqmna 

sivrceSi, romlis radiusi 3,14.1055 sm-ia, xolo sf-
eros moculoba 1,3.10167 sm3 ganTavsebuli aris 6.10175 er-
Teuli keria. es parametrebi warmosdgnen samyaros fun-
damentalur mudmivebs. samyaros sinTezi mimdinareobs 
mxolod am sivrceSi. am kritikul sivrceSi erTdrou-
lad ori galaqtikis sinTezi bunebiT dauSvebelia da 
SeuZlebelicaa. iseve rogorc dauSvebelia ori erTnairi 
nawilakis erT orbitaze darCena. 

magram erTdroulad ramdenime galaqtikis mSen-
ebloba mainc mimdinareobs sxvadasxva fazaSi. fazaTa 
Soris potencialuri distancia udaod bunebis mud-
mivaa. es mudmiva Cveni interesis sferoSi jerjerobiT 
ar Sedis.

masinTezebel sivrces, moculobiT 1,3.10167 sm3, 
galaqtikebi TandaTan iWeren da avseben, magram mas (am 
sivrces) araferi akldeba, vinaidan Sevsebis kvalad 
matulobs radiusi R1 ise, rom Semomqmedi sivrcis moc-
uloba mudmivi rCeba. galaqtikebi am sivrceSi warmoad-
genen gravitaciul wonasworobaSi myof orbitalur 
nawilakebs. amitom sinTezis procesi bunebaSi erTxel 
da samudamod dadgenili intensivobiT mimdinareobs... 
dasabami usasruloa...

metagalaqtikis sferos radiusi 3,14.1055 sm-ia. roca 
aRniSnuli sfero Seivseba _ metagalaqtika Caiketeba, 
rogorc Caiketnen calkeuli galaqtikebi, mzis, varskv-
lavTa da planetaTa sistemebi, atomebi. (amis Sesaxeb 
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saubari gveqneba qvemoTac). metagalaqtikaSi ganTavsebu-
lia daaxloebiT 1039 galaqtika. 

metagalaqtikebi da galaqtikebi stabilurobas in-
arCunebs im kanonzomierebiT (#1,2,3, 4,5,6,7), rogori-
Tac inarCuneben mas ciuri sxeulebi, atomi, eleqtro-
ni, nukloni, neitroni. metagalaqtika samyaros mdgradi 
nivTieri warmonaqmnebia. 

`paradoqsebi~ 

Cven zemod vnaxeT, rom sinTezis jaWvSi orbitaze 
1,31.10-13 sm. neitronis mimzidveli sxeulis masa mcirea 
(1.682.10-24g.) Sesabamisad, mcirea gravitaciuli ricxvi GM: 

GM = 11,2.10-32 <<< 11,8.107

aseve mcirea orbitaluri (moZravi) sxeulis muxtic:

RmC2 = 18,7.10-56 <<< 19,86.10-17 

iqve mivediT im daskvnamde, rom atomis birTvis ga-
reTa nawili Riaa, mis parametrebs da mdgradobas gana-
pirobebs atomze garemos zemoqmedeba: atomis sferul 
zedapirze mimdinareobs dinamikuri procesi, rac sabo-
loo jamSi is aris, rasac energiis STanTqma-gamosxiveba 
ewodeba da vlindeba siTbos gacvlasa da temperaturis 
mudmiv cvlilebaSi.

am urTierTqdmedebaSi mudmivad aqvs adgili zRvrul 
mdgomareobas, roca xan garemos potencialia meti, xanac 
piriqiT _ atomis potenciali. am dros atomi sakuTar 
energias ki ar asxivebs, aramed _ im energiis nawils, 
romelic man adre STanTqa. 

rac Seexeba birTvs _ is gawonasworebulia Sinaganad, 
magram ra warmoSobisaa wonasworobis es meqanizmi 
Tanamedrove fizikisTvis sruliad ucnobia. 

imis gamo, rom orbitaze radiusiT 1,31.10-13 sm. atomis 
birTvis stabiluroba Teoriulad ar dasabuTda Cven vi-
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tovebT uflebas ganvacxadoT, rom neitronis bunebrivi 
sinTezi aRniSnul orbitaze `Ro~ ar dasrulebula. is 
gagrZelda manam, sanam nuklonis Sinaganad gawonasworeba 
gravitaciiT ar ganxorcielda. amas ki adgili hqonda iq, 
sadac Sesrulda gravitaciuli wonasworobis poroba: 

   RC2 = GM = 11,2.10-32    (17)

gamosaxulebidan GM = 11,8.107 gamovTvaloT mimzid-
veli sxeulis masa M, romelic unda iyos ganTavsebuli 
birTvSi, raTa atomSi wonasworobis piroba damkvidrdes. 

davweroT formula (3-1) m-is mimarT aseTi saxiT:

       m = RC2 / G,   (18)

aq RC2 = 11,8.107 sm3/wm2. G = 6,673.10-8 wm2/g.wm2

maSin 

m = 1,77.1015 g. 

mivaqcioT yuradReba imas, rom 1,77.1015 g. orbitaluri 
nawilakis masaa da ara mimzidveli centraluri sxeulis. 
anu aq yvelaferi masasTan mimarTebiT SebrunebiTaa: mimz-
idveli M sxeuli aq arc arsebobs, xolo orbitaluri sx-
eulis masa m = 1,77.1015 g-ia... saocrad didia. 

gamovTvaloT sinTezis jaWvis im rgolis radiusi, 
romelzedac ganTavsebulia aRniSnuli nawilaki: 

R = 22.10-38 / m 

aq m = 1.77.1015 g. maSin

R = 1,24.10-52 sm.

rogorc vxedavT orbitis radiusi warmoudgenlad 
mcirea, orbitaluri masa ki am zomisTvis warmoudgen-
lad didi..

gamxleCi energia, romelic am mcire radiusis orbit-
aze moqmedebs gawonasworebuli aris sinTezis potenci-
aliT _ kosmosiT. 
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axla (2-1) formula davweroT saxiT:

m = GM / G. aq GM = 11.2.10-32 sm3/wm2 

maSin m = 1,6784.10-24 g.

es aris neitronis masa masis defeqtis gaTval-
iswinebiT, anu mimzidveli centraluri sxeulis masa nei-
rtonSi (atomSi). magram aseTi uZravi nawilaki realurad, 
rom ar figurirebs orbitaze da arc centrSi?! 

davakvirdeT: Cven axla vixilavT sinTezis procesis im 
moments, roca orbitaze materiis kolosaluri odenobaa 
dagrovili. kolosaluri gamxleCi energiiT, romelic 
gawonasworebuli aris garedan, kosmosiT. magram ra aris 
saWiro imisTvis, rom is Sinaganad gawonaswordes? 

diax aseTi ram SesaZlebelia, magram mxolod iq, sa-
dac centrisken mimarTuli sinTezis procesi Seicvlis 
mimarTulebas. anu iq, sadac moxdeba e.w. kataklizmi. 
aseTi, ram udaoa imis gamo, rom procesis centrisken 
mimarTulebiT usasrulod gagrZeleba SeuZlebelia. 

stabiluri nawilakis warmoqmnis meqanizmi

samyaroSi paradoqsebi arseboben, magram, mxolod 
adamianis gonebis farglebSi. maTgan ganTavisufleba 
SesaZlebeli aRmoCnda. arsebobs e.w. Zenonis cnobili par-
adoqsi: rac ricxvis, manZilis, wonis da a.S. orze gayofaSi 
mdgomareobs. maTematikurad dayofas dasasruli ara aqvs 
da, amitom, Tu sakiTxi konkretuli manZilis gavlas exeba 
maTematikis mixedviT `cxenma kus ver unda daewios!...~ 

realobaSi sinTezTan dakavSirebuli gravitone-
bis orbitaTa orze gayofa orbitebze 1,34.10-55 sm da  
6,75.10-56 sm. gasrulda: anu orbitaze 1,34.10-55 sm jer gan-
Tavsda nawilaki masiT 1,64.1018 g. Semdgom gaormagebulma 
3,28.1018 g-mma. gadainacvla orbitaze radiusiT 6,75.10-56 sm.

magram es gadasvla praqtikulad SeuZlebeli aRmoC-
nda: aq gravitaciulma velma gravitoni ganizida, rac mTa-



- 45 -

varia am orbitaze, pirvelad sinTezis mTel gzaze, war-
moiqmna gravitaciuli veliT Sinaganad gawonasworebuli, 
stabiluri nawilaki romelic akmayofilebs pirobas

RC2 = Gm

marTlac: orbitaze 6,75.10-56 eleqtronis masa gaorma-
gebulia. amitom aq gravitaciuli ricxvi: 

GM = 6,673.10-8 x 2 x 9,11.10-28 = 12,1.10-35

orbitaluri wonasworobisaTvis saWiroa aRsruldes 
piroba: RC2 = GM. es ki SesaZlebelia orbitaze:

R = 12,1.10-35 / 9.1020 = 1,34.10-55 sm. 

am orbitisTvis ZalaSia kanonzomierebebi:

  RC2 = 1,34.10-55 . 9.1020 = 12,06.-35  (19)

 Gm = 6.673.10-8 x 18,22.10-28 = 12,1.10-35  (20)

aseT SemTxvevaSi saxeze aris gravitaciuli wonas-
worobis aRsrulebuli (19) da (20) piroba.

RC2 = Gm

12,06.10-35= 12,1.10-35

Tu kargad davukvirdebiT davinaxavT, rom stabiluri 
nawilaki 1,34.10-55 sm. radiusis mqone orbitaze warmoiqm-
na masis gaormagebisTanave.

stabiluri pozitronul-eleqtronuli wyvilebis 
warmoqmnis mizezi da meqanizmi

sinTezis procesma, romelic Sors, kosmosSi, orbiti-
dan radiusiT 3.14.1055 sm daiwyo. pirveli struqturuli 
metamorfoza sinTezis jaWvis #218-e rgolze (1,21.10-10 
sm) ganicada: 

sinaTlis sxivebi, rogorc cnobilia, erTmaneTs sa-
pirispiro mimarTulebiTac Tavisuflad gansWolaven. 
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magram roca sinaTlis sxivebis saerTo energia 1,02 mev-
ze metia (164.10-8 ergi), warmoiqmnebian pozitronul _ 
eleqtronuli wyvilebi. sinTezis jaWvSi isini stabi-
lurni arian, magram ara Sinagani Zalis, aramed kosmosis 
Warbi potencialis zemoqmedebiT. 

magram Cndeba kiTxva: ratom mainca da mainc eleqtro-
nis masas daukavSirda pozitronul-eleqtronuli wyvi-
lebis fenomeni, maTi warmoqmnis bunebrivi procesi. 

saqme imaSia, rom, swored eleqtronis masasTan dakav-
Sirebul orbitaze (1,34.10-55 sm) ganicada sinTezis jaWvma 
zemoT ganxiluli meore metamorfoza. 

gavixsenoT e.w. komptonis efeqti. (ix. savelevis zo-
gadi fizikis kursi gv. 285). cda uCvenebs, rom maRali 
energiis (rentgenis sxivi) fotonebiT nivTierebis gayum-
barebis dros anarekl sxivSi yovelTvis figurirebs sta-
biluri talRa sigrZiT 2,42.10-10 sm. 

orbita2,42.10-10 sm. eleqtronis orbitaa, rogorc sin-
Tezis jaWvSi, ise stabilur atomSi. Cven zemoT vnaxeT, 
rom, swored eleqtronis orbita aRmoCnda is `citadeli~, 
romelic sinTezis jaWvisTvis gadaulaxav zRuded iqca!.. 

rogorc ukve viciT mikro da makro sistemaTa Soris 
gamyofi Sris mudmiva aris ganyenebuli ricxvi 1845. aR-
moCnda, rom am ricxvs bunebaSi magiuri Zala (mniSvneloba) 
gaaCnia. es misi Tviseba dakavSirebuli aris eleqtronTan, 
mis orbitasTan 1,31410-55 sm da 6,75.10-56 sm.: Tu orbitidan 
6,75.10-56 sm daviwyebT aTvlas bijiT _ 6,75.10-56 x 1,845.103 = 
12,45.10-53 x 1.845.103 = 22,98.10-50 x ... ... ... x 1.31.10-13 x 1,845.103 
= 2,42.10-10 x 1,845.103 = 4,465.10-7 x 1,845.103 = 8,24.104 x ... ... ... x 
0,88.10-4 x 1,845.103 = 1,6246.107 x 1,845.103 = 3.1010 sm. 

moviRebT magiur orbitaTa mTel gamas, romelic 
iwyeba 6,75.10-56 sm orbitidan da mTavrdeba fotonis or-
bitaze 3.1010 sm... am jaWvSi figurirebs wyalbadis atomis 
birTvis radiusic, aseve eleqtronis atomsSiga radiuse-
bi, (2,42.10-10sm da 0,447.10-6 sm).

eWvsgareSea, rom magiur orbitaTa arseboba buneba-
sa da atomSi dakavSirebuli aris eleqtronis im orbi-
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tasTan, romelzedac warmoiqmna Sinaganad gawonaswore-
buli eleqtroni.

es orbitebi warmoadgenen erTgvar dempfers (wy-
algamyofs) romelTa marjvniv da marcxniv stabilu-
rad lagdebian Tvisebrivad radikalurad gansxvavebuli 
ciuri warmonaqmnebi. maT Soris yvelaze fundamenta-
luri, ZiriTadi, aris orbita radiusiT 6,75.10-65 sm. misi 
rigiTi nomeri sinTezis jaWvSi 371-ia. 

TiToeul `p_e~ amjerad, ukve stabilur wyvils am 
orbitaze uWiravs moculoba: w=1,12.10-209sm3., radiusi r = 
1,386.10-70 sm. simkvrive 

ρ = 1,6.10182 g/sm3 

amdenad, 6,75.10-56 sm da 1,310-55 sm Soris orbiti-
dan gamosxiveba daiwyes fotonebma masiT 3,26.1018g. is 
Sedgeboda 1,78.1046 stabiluri pozitronul-eleqtronu-
li wyvilebisgan. romlebic sinaTlis siCqariT da sferu-
li frontiT gamoeSurnen periferiisken. mTeli 3,26.1018 
g. masis periferisken gadaadgileba ganapiroba gravit-
aciulma ganmzidavma Zalam, muxtma. am moments daemTxva 
is garemoeba, rom 18,22.18-28 g. masis mqone stabiluri 
nawilakis adgili sinTezis jaWvSi aris orbitaze radi-
usiT 1,21.10-10 sm. fotonebis simravle 1,78.1046 erTeulis 
odenobiT gamoemarTa, swored am orbitisken. 

Cven TvalnaTliv vxedavT, nawilakis gravitaciuli 
stabilurobis dRemde ucnob faqts. 

nuklonebis warmoqmnis meqanizmi 

magram gza orbitidan radiusiT 6.75.1010-55 sm. per-
iferiisken iseTive diskretuli aRmoCnda rogorc sin-
Tezis centrisken mimarTuli procesi: pozitronul-
eqtronul wyvilebi saerTo masiT 3,26.1018 g. Semadgeneli 
nawilakis masiT 18,22.10-28 g. orbitisaken radiusiT 
1,21.10-10 sm. sinaTlis siCqariT gamoemarTnen. sinaTle, 
marTalia wyvetili ulufebiT gamosxivdeba da vrcel-
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deba, magram es imas ki ar niSnavs, rom korpuskula gavr-
celebis sworze romelime wertils gauvlels tovebdes. 
diskretuloba niSnavs ara monakveTebis gamotovebas, 
aramed imas, rom korpuskula, kanonzomierebiT 

DR = Q / mn (V
2 + Cn

2) 

gadadis orbitalur moZraobaze da iq rCeba manam, sanam 
impulsis axali ulufa ar gadaiyvans momdevno orbitaze. 

fotonebis am grandiozuli nakadis pirveli gadasvla 
orbitalur gadaadgilebaze ganxorcirlda orbitaze

R = 6,75.10-56 x 1845 = 1,24.10-52 sm.

sakmao muxtis miRebis Semdeg, male am orbitidan 
gamosxiveba daiwyes fotonebma masiT 1,77.1015 g. sixSiriT 
`n~. sferuli frontiT gamomavali sxivi amjerad Seicavda 

N = 1,77.1015 / 1,682.10-24 = 1,05.1039

satabilur fotons TiToeulis masiT 1,682.10-24 g. es fo-
tonebi sferuli frontiT gamovidnen orbitidan 1,24.10-

52 sm da sinaTlis siCqariT gaeSurnen orbitisken radi-
usiT 1,31.10-13sm. sadac calcalke TiToeulisTvis aris 
adgili, magram erTad mxolod erTisTvis... 

neitronis warmoqmna

orbitaze 1,31.10-13 sm, fotonebi (3) da (4) kanonzo-
mierebis farglebSi erTimeoris miyolebiT unda ga-
dasuliyvnen orbitalur gadaadgilebaze unda daw-
yebuliyo sinTezi. magram, aseTi ram ar momxdara da 
verc moxdeboda, vinaidan Tavi iCina axalma garemoe-
bam: raki fotonebis masa didi iyo maT 1,31.10-13 sm  
radiusis orbita inerciis ZaliT gadalaxes. amiT isini 
sinTezis jaWvis gareT anu `zemoT agdebuli qvis mdgo-
mareobaSi~ aRmoCndnen. siCqarec male dakarges da aR-
moCndnen gravitaciuli velis ricxviT 11,2.10-32 sm3/wm2 

gavlenis sferoSi. 
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neitronis buneba CvenTvis cnobilia fizikidan: is 
Tavisufal mdgomareobaSi arsebobas inarCunebs 15¸20 
wuTis ganmavlobaSi. Semdgom iSleba radioaqtiurad, ris 
Sedegadac warmoiqmneba ufro stabiluri protoni, ori 
eleqtroni da e. w. antineitrono. 

kosmosur sivrceSi aRwerili gziT SemoWrilma nuk-
lonebma warmoqmnes kosmosur mtveri. mtveris warmoqmna 
mimdinareobda maRali intensivobiT. amasTan paralelu-
rad yoveli nawilaki 1,31.10-13 sm. orbitis gadmokveTisTa-
nave vakuumis lukmad iqceoda _ warmoiqmneboda III rigis 
keria _ neitroni, romlis struqturaSi mxolod ori 
Semadgenelia: nukloni da sivrce vakuumiT. _ neitronu-
li mtveri mizidulobis unaris mqone keriebis dasaxle-
bas warmoadgenda nuklonis masiT. mtveris moculoba 
swrafad izrdeboda. 

ra fizikuri parametrebiT imyofeba am mtverSi 
TiToeuli neitroni? amis gansazRvra did sirTules ar 
warmoadgens.

GM = RV2 = 11,2.10-32 

aq R = 1,31.10-13 sm. maSin V2 = GM / R 

V2 = 11.2.10-32 / 1,31.10-13 = 8,55.10-19

   V = 9,23.10-10 sm/wm   (21)

amdenad, saqme mogveca nivTier nawilakTan, _ dabal 
_ (V) siCqaresTan. 

nuklonis siCqare birTvSi mcirea, magram geometri-
uli zomebis simciris gamo nuklonebis brunvaTa ricxvi 
sakmaod didia:

n = V / 2πR = 9,23.10-10 / 8,23.1013 =1,1215.103 

   n = 1121,5 br/wm.   (22)

n = 67290 br/wT.

magram neitronis parametrebis dadgena amiT ar 
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damTavrebula. aq, Cven ukeT unda CamovyalibdeT, neitro-
nis struqturis da dinamikis sakiTxebSi. 

neitronisTvis davweroT gamosaxuleba 

GM = WX = 11,2.10-32. 

ganvayenoT neitronidan sivrce W = 4,19.R3 = 11,5.10-39 
sm3. maSin

 M
      X = G  ---------    (23) 

 W

aq 

X = 11,2.10-32 / 11,5.10-39 = 0,974.106 1/wm2. 

es aris centriskenuli aCqareba, romelsac neitronSi 
inkrustirebuli vakuumi aniWebs orbitalur nawilaks 
(nuklons); simkvrive am nawilakisa

ρ = M / W = 1,6724.10-24 / 9,74.10-39 = 1,71.1014 g/sm3

es neitronis simkvrivea, rac axlosaa fizikidan 
cnobilTan. nuklonis simkvrive ki 21.10130 g/sm3ia, rac 
neitronis simkvriveze metia 12.10116jer.

gravitaciuli muxtis mixedviT neitronis (birTvis) 
Sinagani dinamika aseTia:

 RmC2 = GMm = 1106.10-64 = 1107.10-64   (24)

sadac

RmC2 = 6,76.10-56 x 18,22.10-28 x 9.1020 = 1106.10-64

GMm = 6,673.10-8 x 18,22.10-28. 9,11.10-28 = 1106,8.10-64 

amdenad miviReT RC2 = GM= 11,06-62 , rac birTvSi gravi-
taciuli wonasworobis arsebobaze metyvelebs.

amdenad, birTvis gravitaciuli mdgradoba obieq-
turi realoba aRmoCnda.
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rogor warmoiqmna atomis mravalnukloniani birTvi
  
rogorc cnobilia Tavisufali neitroni, warmoqmnidan 

15¸20 wuTSi radioaqtiurad iSlebian or eleqtronad, 
neitrinod da protonad. 

amjerad Cven gvainteresebs ra unda momxdariyo, 
sanam maTi daSla daiwyeboda. neitronebi, rom keriebs 
warmoadgenen _ faqtia. manZilze 1,31.10-13 sm. isini erT-
maneTs izidavdnen ZaliT:

  F = GMm/R2 = 10,9.10-36 dini   (25)

es didi Zalaa. mzisa da dedamiwis or nuklons Soris 
mizidulobis ZalasTan (8,31.10-83 dini) SedarebiT. maT 
Soris gansxvaveba 

10,9.10-36 / 8,31.10-83 = 1,3.1047 jeradia. 

aseT SemTxvevaSi kosmosuri mtveris Semadgenlebi 
usaTuod warmoqmnidnen did gaerTianebebs.

am gziT neitronuli mtverisgan warmoiqmnen mraval-
nukloniani birTvebi. 

am dros keriebi, udaod, erTiandebodnen wylis wve-
Tis msgavsad, magram nuklonebi am wveTSi inarCunebdnen 
meorad kerias da nuklonebad rCebian. 

birTvis saerTo radiusi

   R = 1,31.1013 ∛ N   (26) 

sadac N nuklonebis ricxvia birTvSi
magram aucilebladaa gasaTvaliswinebeli erTi faq-

tori _ is, rom nuklonebi birTvSi ar arian Tavisufalni, 
_ TiToeul maTganze moqmedebs gaerTianebuli birTvis 
gravitacia, rasac erTnairi koreqtivi Seaqvs nebismieri 
birTvis keriebis ganlagebaSi. amitom yoveli nukloni 
garda im moZraobisa, rac gaaCnda Tavidan (orbitaluri 
siCqare, orbitis radiusi), iZens axal, sistemis (birTvis) 
moTxovnis Sesabamis spin-moZraobas. 



- 52 -

atomis warmoqmna

atomi, rogorc vTqviT, udaod warmoiqmna neitron-
isgan. Tavisufali neitronebi warmoqmnidan 15¸20 wuTis 
Semdeg iSlebian radiaqtiurad. arsebobs radioaqtiuri 
daSlis sxvadasxva forma. maT Soris _ spontanuri.

neitronebis didi gundebi, cxadia iSlebodnen spon-
tanurad, feTqdebodnen (gavixsenoT e. w. `jaWvuri reaq-
cia~ birTvul danadgarebSi). naSali radioaqtiuri namsx-
vrevebi, Tavis mxriv erTiandebodnen fizikurad da qimi-
urad da kvlavac iSlebodnen spontanurad. 

es iyo xangrZlivi, mravaljeradi procesi, romel-
mac moicva miliardobiT wlebi da mimdnareobda ciur 
sistemaTa SeqmnasTan erTad.

samyaros (am SemTxevaSi) Cveni galaqtikis formirebas, 
im saxiT rogorc dRes vxedavT miliardobiT wlebi das-
Wirdeboda. Cven am Temas kidev mivubrundebiT.

Tavisufali eleqtronis adgili atomSi

rogorc viciT neitronis daSlis Sedegad birTvidan 
gamoityorcneba ori eleqtroni. Tavisufali eleqtroni 
warmoadgens nawilaks, romelmac orbitaze 1,31.10-13 sm 
dakarga mewyvile nawili masiT 9,11.10-28 g. da samudamod 
darCa mewyvilis aqtiur maZebrad. amitom eleqtromagni-
turi muxti garemoSi gravitaciuli muxtisgan gansxvave-
buli efeqtiT iCens Tavs, am efeqts Cven eleqtromag-
nitizms vuwodebT. 

eleqtromagnitizmis kanonzomierebebs kacobrioba 
srulyofilad XIX s-is bolos da XX saukuneSi eziara. 
manamde, aTasobiT wlebis ganmavlobaSi, mis arsebobas 
zogierTi `qvis~ magnituri bunebiT amCnevdnen... magram 
kacobriobam dRemde ar icis ra aris el-magnitizmi. ver 
garkveula muxtis arsSi, Tumca wiladi muxtis arsebas 
miagno, bunebis es sasikeTo movlena kargad Seiswavla da 
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XX s-dan farTodac iyenebs... 
birTvidan, radioaqtiuri daSlis Sedegad, gamoty-

orcnili eleqtronebi sinaTlis siCqariT moZraoben, ma-
gram _ mxolod orbitamde 2,42.10-10 sm.

es zoma atomis farglebSia, gazomvas cdiT eqvemde-
bareba. magram cdis gafetiSeba (Tumca cdis mniSvnelo-
bis gaufasureba dauSvebelia) da WeSmaritebis absolu-
tur (!!!) kriteriumad gacxadeba Tanamedrove etapze, 
ukve, Secdomaa. 

neitronis daSliT birTvidan gamotyorcnili 
eleqtronebi orbitamde 2,42.10-10 sm. warmoadgenen fo-
tonebs, magram am orbitisken gzaze Tavisufali aRmoCn-
da mxolod erTi eleqtroni _ is, romelic pirvelad gam-
oityorcna birTvidan. meore eleqtroni darCa proton-
Tan (Tu ratom da rogor amas Tavis droze aRvwerT). 

Tavisufali eleqtroni orbitamde 2,42.10-10 sm sinaT-
lis siCqariT movida. magram `didi~ masis mqonem inerci-
is Zalis gavleniT (meti albaTobis principiT), datova 
aRniSnuli orbita. aseT pirobebSi isic ̀ zemoT agdebuli 
qvis~ mdgomareobaSi aRmoCnda. misi siCqare swrafad dae-
ca. 

am gziT nawilakma eleqtronma SeZenili gravitaciu-
li veli RC2 = 11,8.107 sm3/wm2 gankarga da aRmoCnda atomis 
birTvis gravitaciuli velis GM = 11,2.10-32 sm3/wm2 gav-
lenis qveS anu gaxda atomis organuli nawili funqciiT, 
romelsac zemoT ganvixilavT.. 

bunebaSi SeuZlebelia raime, sadme, gravitaciuli ve-
lis gareT darCes... eleqtroni, faqtiurad, miitaca si-
carielem _ Seiqmna eleqtron-keria radiusiT 2,42,10-10 sm.  
nawilaki eleqtroni atomSi gadavida orbitalur (`spin~) 
moZraobaze, siCqariT:

V2 = GM/R = 11,2.10-32 / 2,42.10-10  = 4,63.10-22 

V = 2,152,10-11 sm/wm.

es mcire siCqarea. 
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w = 0,84 br/wT.

orbitis 2,42.10-10 sm. erT Semovlas eleqtroni atomSi 
andomebs 70,4 wm-s.

am eleqtronis funqcias atomSi, warmoadgens urT-
ierTqmedeba garemosTan... amitom STanTqma-gamosxivebis 
procesSi nawilaki, romelsac eleqtroni ewodeba (mas 
mxolod pozitronis mimarT gaaCnia eleqtromagnituri 
muxti) monawileobs rogorc Cveulebrivi, rogorc mx-
olod gravitaciuli bunebis mqone nawilaki. 

STanTqma-gamosxivebis procesi gravitaciuli mov-
lenaa. zogad SemTxvevaSi sxivi STanTqma-gamosxivebis 
procesSi arsad ar amJRavnebs eleqtromagnitur bune-
bas. magram, Tu sinaTlis wyaros eleqtromagnitizmis 
kanonzomierebebiT momuSave mowyobileba warmoadgens, 
_ es saukeTeso pirobas qmnis sinaTlis sxivze datani-
li iqnas `xati~ _ informacia, romelsac sinaTle nebis-
mier manZilze gadaitans da gadascems specialur, aseve 
eleqtromagnituri kanonzomierebebiT momuSave mimRebs. 

sinaTles araferi aqvs saerTo eleqtromagnitizmTan 
iseve, rogorc bgeras _ haerTan. erTic da meorec in-
formaciis (SeSfoTebaTa) gadamtania. 

bmuli eleqtronis adgili da funqcia atomSi.  
protonis waroqmna

protonTan eleqtromagnitur (e,w. bmul) kavSirSi 
meore eleqtroni, imis gamo rCeba, rom is birTvidan 
pirvelisgan CamorCeniT gamoityorcna pirvelis momdev-
no orbitidan. 

ori eleqtronis gamotyorcnam, cxadia gamoiwvia ori 
mewyvile pozitronis ganTavisufleba. maTi erToblivi 
dadebiTi muxtis gavlenis qveS, swored, meore eleqtro-
ni aRmoCnda. xolo or pozitrons birTvidan gamosvlis 
unari ar aRmoaCnda. isini birTvis gravitaciul velSi 
ganTavsdnen orbitaze:
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R = 10,7510-20 / 18.22.10-28 . 9.1020 = 0,6555.10-13 sm

erTi eleqtroni eleqtromagnitur (kulonur) bmaSi 
aRmoCnda or pozitronTan. eleqtronze pozitronebis 
zemoqmedeba warmoqmnis momzidvel Zalas, magram bmul 
eleqtronebze atomSi gravitaciuli Zalac moqmedebs. 
gamovTvaloT ra toldmedi Zala moqmedebs eleqtronze 
atomSi. 

jer gavigoT sad unda imyofebodes bmuli eleqtro-
ni: gravitaciul velSi is unda imyofebodes orbitaze: 

R=Q / mC2=10,75.10-20 / 9,11,10-28.9.1020 = 1,31.10-12sm. 

sadac misi orbitaluri siCqare mxolod gravitaciul 
velSi 11,2.10-32 sm3/wm2-Si aris 

V2 = 11.2.10-32 / 1.31.10-12 = 8,55.10-20 sm/wm.

V = 2,92.10-10 sm/wm

kulonis Zalis mixedviT am orbitaze eleqtronis en-
ergia aris

E = Q / l = 23,06.10-20 / 1,31.10-12 = 17,6.10-8 ergi

xolo orbitaluri siCqare mxolod kulonuri mux-
tidan aris

V2 = E/m = 17,6.10-8 / 9,11.10-28 = 1,94.1020

V = 1,39.1010 sm/wm

rogorc vxedavT kulonuri Zalis zemoqmedebiT bmu-
li eleqtronis siCqare sinaTlis siCqaresTan maxlob-
lobaSia. amas emateba gravitaciuli siCqaris veqtori _ 
2,92.10-10 sm/wm., rac mxedvelobaSi TiTqos arc aris mis-
aRebi. magram sxva garemoebas qmnis ori gravitaciuli 
velis moqmedeba. 

gamovTvaloT Zala, romliTac wyalbadis birTvi 
ganizidavs bmul eleqrtons: eleqtronis orbitaluri 
siCqare V= 1,39.1010 sm/wmia. energia, romelic mas akavebs 
orbiraze 
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E = 17,6.108 ergia.

birTvis gravitaciuli muxti 18,7.10-56 gsm3/wm2 -ia.
eleqtronis daSoreba birTvidan 1,13.10-12 sm-ia. maSin 

gravitaciuli mizidulobis Zala

F = Q /R2 = 18,7.10-56/(1,31.10-13)2 = 10,9.10-30 dini

kulonuri mizidulobis Zala:

F = E / R = 17,6.10-8/2,8175,31.10-13 = 6,24.105 dini

amdenad kulonuri Zalis miziduloba i = 5,7.1035jer 
metia gravitaciul Zalaze. amitom birTvi swored am ~ 
6,24.105 dini ZaliT ganizidavs bmul eleqtrons.

amdenad, aRmoCnda, rom bmuli eleqtroni wyalbadis 
atomSi 1,31.10-13 sm orbitaze, swored, gravitaciis gan-
mzidavi Zalis gamo ar imyofeba, aramed, rogorc klasi-
kuri fizikidan viciT imyofeba orbitasTan 2,8175.10-13 
sm-Tan maxloblobaSi. cecxlgamZle nivTierebaSi es max-
lobloba didia, xolo advilad aalebadSi _ mcire. bmu-
li eleqtronebi moZraoben ra sicarieleSi didi orbita-
luri siCqariT, energiasac maRals atareben. wvis pro-
cesSi nivTierebidan swored es energia gamoiyofa. 

zemod moyvanilma ZalTa gamoTvlam naTlad warmoaCi-
na raoden Zneli iyo da ratom ver SeZles pirvelmkvala-
vma fizikosebma atomSi gravitaciis primatis migneba.

6,245 dini kulonuri Zala, Tumca STambeWdavad did-
ia gravitaciulze, is WeSmaritad arafers warmoadgens 
im ZalasTan, romelic saWiroa da aucilebelia birT-
vis stabilurobisTvis. gamovTvaloT am Zalis moduli.  
 F = 11,2.10-32. 1,682.10-24 / (1,24.10-52)2 = 12,2.1048 dini. 

aseTi didia Zala, romelic ganapirobebs nuklonis, 
anu birTvis mdgradobas. es Zala gravitaciulia. gravit-
aciuli movlenaa eleqtromagnitizmic, magram mkveTrad 
specifiuri, SesaniSnavi bunebiT. 

eleqtromagnitizmi lokaluri, amasTan gansakuTreb-
uli movlenaa nivTierebaSi. swored kulonis Zalis dam-
saxurebaa eleqtroni, rom ar ecema birTvs da gaaCnia 
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SesaniSnavi qimiuri Tvisebebi. 
eleqtromagnituri potenciali mxolod erTi _ bmuli 

eleqtronis orbitalur gawonasworebaSi monawileobs. 
amitom atomSi imdeni bmuli eleqtronia ramdenic pro-
tonia. 

protoni. struqtura da adgili birTvSi

protonis struqturas da agebulebas faqtiurad Cven 
ukve vicnobT, magram mignebulis gadameoreba axali re-
aliebis konstantaciis mizniT saWirod mimaCnia.

protoni nuklonia imis gamo, rom misi masa axlosaa 
neitronis masasTan. mTeli es masa, romelic protons 
neitronTan amsgavsebs ganTavsebulia orbitaze radius-
iT 1,31.10-13 sm. 

protonSi orad ori pozitronia, saerTo masiT 
18,22.10-28 g, romelic eleqtronTan mimarTebaSi or 
dadebiT eleqtromagnitur muxts atarebs. 

danarCeni masa, rogorc zemod vTqviT, SefuTulia 
moculobaSi, romlis radiusi 1,24.10-52 sm-ia. am mocu-
lobaSi ganTavsebuli aris 919 _ 2 pizronul-eleqtronu-
li wyvili. TiToeuli maTgani Sedgeba 2,6.1065 demokrites 
atomisgan.

sul nuklonSi 

N = 2,6.1065 x. 9,17.102 = 1,668.1069 

demokrites atomia.
protonSi iseve, rogorc neitronSi centraluri 

mimzidveli sxeuli ar arsebobs. protoni birTvis cen-
tridan Sors imyofeba nuklonTan mezoblobaSi orbitaze 
radiusiT:

R = Q / E = 0.655.10-13 sm.

aq Q = 10,75.10-20 g.sm3/wm2
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E = 16,4.10-7 ergi

eleqtromagnitizmi axloqmedebis movlenaa.

neitronuli mtvrisgan nivTierebis  
da samyaros warmoqmna 

neitronuli mtveri miliardobiT wlebis ganmav-
lobaSi iqmneboda n sixSiriT. iqmneboda galaqtikis cen-
traluri, sferuli formis warmonaqmnis saxiT.

radioaqtiuri daSlis Sedegad ganTavisuflebuli 
energia Tavadapirvelad advilad Sordeboda epicen-
trs. am gziT, naklebi kataklizmebis pirobebSi iqmneboda 
sferuli formis ciuri warmonaqmni _ sxeuli, romlis 
zoma da masa permanentulad izrdeboda. TandaTan am cen-
traluri warmonaqmnis masa da sferos radiusi zRvrul 
parametrebs gautolda: ciuri warmonaqmnis masam miaRwia 
e. w. `Savi xvrelis~ masas 4.046.1038 g. man SeZlo meti da 
meti fotonebis damuxruWeba. 

am momentidan centraluri sxeulis masa da geome-
triuli zoma ufro intensiurad izrdeboda. bolos, misi 
masa Cveni galaqtikis masis toli, _ 4.1044 g. gaxda. _ ra-
diusi

R = 4.1044 x 6,673.10-8 /9.1020 = 2,96.1016 sm. 

fotonis gamoyvana am gravitaciuli ricxvis mqone 
ciuri sxeulidan, ukve arafers da araviTar Zalas ar 
SeeZlo. Seiqmna garemoeba, roca fotonebs periferii-
saken gavrceleba aRar SeeZloT. es iyo Zlieri katak-
lizmebisa da spontanuri metamorfozebisTvis mzade-
bis SedarebiT mokle xangrZlivobis epoqa. warmonaqmnis 
wiaRSi neitronis radiaqtiuri daSla permanentulad 
mimdinareobda. Sinagani daZabuloba ki matulobda da 
swrafad uaxlovdeboda zRvrul dones. bolos moxda is, 
rom Sinaganma daZabulobam sinTezis gziT warmoqmnili 
kosmosuri sxeuli, romelic udaod Txier, an plazmur 
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mdgomareobaSi iyo _ 3.1016 sm. radiusis mqone Savi `bur-
Ti~ Sinagani energiiT 36.1064 ergi _ afeTqda da mkacrad 
radianulad mimarTuli, mzardi siCqariT, sferuli 
frontiT simetriis centris SenarCunebiT gafarToeba 
daiwyo periferiisken. es namsxvrevebi _ momavali var-
skvlavebi, planetebi, kometebi, meteoritebi, da a. S. 
Tavdapirvelad, didxans da didi siCqariT, farTovde-
bodnen sferuli frontiT, vinaidan gadaadgildebodnen 
sicarieleSi. Tavdapirvelad isini gravitaciul ukuq-
medebas centrisken mimarTuli ZaliT arc ganicdidnen. 
vinaidan centriskenuli Zalis wyaro TviTon iSleboda 
da mis adgils `carieli~ sivrce iWerda. 

magram es sicariele warmoadgenda keriebs. keriebis 
simravle ki qmnida centralur gravitaciul vels perma-
nentulad mzardi gravitaciuli ricxviT. es imas niSnavda, 
rom centriskenuli mizidulobis Zala TandaTan izrdebo-
da da amuxruWebda frontul gadaadgilebas. gravitaciul 
ZalTa Soris Tavdapirvelad ufro qmediTi mizidulobis 
is gravitaciuli Zala aRmoCnda, romelic gaaCndaT TviT 
ciur sxeulebs. didma `wveTebma~ patarebi miizides. amas 
mohyva ciur sxeulTa radianuli gadaadgilebidan tangen-
cialur (ganiv) gadaadgilebaze gadasvla!..

qaosuri mdgomareoba caSi milionibiT wlebi gagr-
Zelda. mcire zomis sxeulebi ufro adre cviodnen, did-
Si. erTi c/sxeulis velidan meoreSi gadadiodnen meo-
redan _ mesameSi, vidre ar STainTqmebodnen kidev ufro 
didis mier. an, vidre ar gadavidodnen planetarul moZ-
raobaze. 

am xnis manZilze qimiurma elementebma SeiZines sta-
biluroba. rasac TandaTan ciur sxeulebze mimdinare 
fizikuri _ qimiuri da radioaqtiuri daSlis procesebis 
Sewyveta-damTavreba mohyva. 

qimiuri elementebis stabilurobam ciuri stabi-
luroba gamoiwvia. Cvenma galaqtikam TandaTan miiRo is 
saxe, romelsac Cven dRes vumzerT. 
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ciur sxeulTa gravitacia
 
adre, roca vambobdiT _ gravitacia _ warmosaxvaSi 

Cndeboda varskvlavTa da sxva ciur sxeulTa xati. magram 
mzesa da planetebs Soris urTierTqneebaze Cven gagvaCnia 
sruliad gulubryvilo warmodgena. 

gvegona bunebaSi isini warmoadgendnen gravitaciis 
wyaros. sinamdvileSi, rogorc aRmoCnda, gravitacia su-
lac ar yofila materiis Tviseba. keriis SemadgenlobaSi, 
ra Tqma unda, aris m1 nawilaki, an masa neitronis modu-
liT. magram es, Turme ar niSnavs imas, rom keriis moTx-
ovnileba amiT dakmayofilebulia. keriis `SimSili~, moTx-
ovnileba Semavsebelze amouwuravia, vinaidan misi Sevseba 
SesaZlebelia mxolod galaqtikis centrSi orbitaze ra-
diusiT 6,75.10-56 sm... axla Cven ukve viciT ciur sxeulTa 
mizidulobis unars ratom vakavSirebT materiasTan. is 
masTan marTlac aris dakavSirebuli es kavSiri Seuvalia, 
magram, Tu, am etapze materiisgan mizidulobis unars gan-
vayenebT amas mxolod im mizniT, rom gaverkveT demokrites 
atomis struqturaSi da WeSmaritebis safuZvelSi.

wyalbadis atomis birTvSi vakuumiT gamowveuli cen-
triskenuli aCqareba 

X= GM =11,89.106 1/wm2 
gravitaciuli ricxvi ki tolia 11,2.10-32 sm3/wm2. 

galaqtika da misi yvela Semadgeneli agebulia atomebi-
sgan. atomi, cifrebi 11,89.106 da 11,2.10-32 warmoadgenen 
bunebis mudmivebs. mzeze 

N = 1,99.1033 / 1,682.10-24 = 1,19.1057

erTeuli odenobis atomia. Sesabamisad mzis gravit-
aciuli ricxvi

GM = 11.1710-32 x 1,19.1057 = 13,292.1025 sm3/wm2

aq 11,17.10-32 aris atomis realuri (ara Teoriuli) 
gravitaciuli ricxvi.

miRebuli Sedegi maRali sizustiT emTxveva realuri 
mzis gravitaciuli ricxvis moduls, gamoTvlils for-



- 61 -

muliT.

A = GM = 6,673.108 x 1,99.1033 = 13,279.1025 sm3/wm2

amdenad mzis, _ nebismieri sxeulis, mizidulobis 
Zala damokidebuli aris mzesa da am sxeulebze atomebSi 
ganTavsebuli carieli sivrcis moculobaze. erT atom-
Si carieli sivrcis moculoba, rogorc zemod vnaxeT _ 
11.5.10-39 sm3-ia mzeze 1,19.1057 erTeuli atomia. sivrcis 
saerTo moculoba: 

W =11,5.10-39 x 1,19.1057 = 13,7.1018 sm3 

erTi atomis vakuumis centriskenuli aCqareba

X = 11,2.10-32/11,5.10-39=0,974.107

gavamravloT es cifri mzeze carieli sivrcis mocu-
lobaze.

miviRebT.

WX == 13,7.1018 .0,974.107 = 13,3.1025 

rac emTxveva realurs. 
amdenad, vfiqrob, gravitaciis fenomeni, sakmaod kar-

gad aRibeWda Cvens gonebaSi.

samyaros SemadgenelTa struqtura, da dinanika 
fizikur parametrebSi

keria - `demokrites atomi~ 
1. gravitaciuli ricxvi RC2 = GM =46,7.10-101 sm3/wm2

2. m1 korpuskulaTa ricxvi N = 1
3. kolafsis radiusi R = 5,2.10-121

4. keriis moculoba w = 5,9.10-361

5. centrisken. aCqareba 8.10260 1/wm2 

6. simkvrive ρ = 1,2.10268 g.sm3

II eleqtroni da pozitroni
keriebis odenoba 1. N=1,3.1068 erT.
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gravitaciuli ricxvi 2. GM = 60,8.10-36 sm3/wm2

kolafsis radiusi 3. R = 6,75.10-56 sm
keriis moculoba 4. w = 1,2.10-168 sm3

centriskenuli aCqareba X = 4,7.105. 130 1/wm2

simkvrive 6. ρ = 1,9.10143 g/wm3

III pozitronul-eleqtronuli wyvili
keriebis ricxvi1.  N = 2,6.1068 erT.
Gm 2. = 1,2.10-34 sm3/wm2

kolafsis radiusi 3. R = 13,510-56 sm
keriis moculoba 4. w = 10,3.10-165 sm3

centriskernuli aCqareva X = 6.105. 130 1/wm2

simkvrive 6. ρ = 310144 g/sm3

IV nukloni
keriebis ricxvi1.  N = 11.17.1069 erT.
gravitaciuli ricxvi 2. GM = 11.2.10-32 sm3/wm2

orbitis radiusi3.  R = 1,247.10-52sm
keriis moculoba 4. w = 8,1.10-156 sm3

centriskenuli mizid5. . X = 1,4.10124 1/wm2

simkvrive6.  ρ == 2,1.10131 g/sm3

V neitroni
keriebis ricxvi1.  N = 11,17.1069erT
gravitaciuli ricxvi2.  GM = 11,2.10-32 sm3/wm2

birTvis radiusi3.  R = 1,4.10-13 sm.
moculoba4.  W = 11,5.10-39 sm3

centriskenuli aCqareba 5. X = 0,97.106 1/wm
ρ6.  = 1,45014 g/wsm3

VI mzis sistema
Nkeriebis ricxvi1. N = 2,87.10125 erT
gravitaciuli ricxvi2.  Gm = 13,3.1025 sm3/wm2

birTvis radiusi3.  R = 1,47.105 sm
birTvis moculoba4.  w = 13.1.1018 sm3

centriskenuli miziduloba5.  X = 1.107 1/wm2
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simkvrive6.  ρ = 1,51.1014g/sm3

galaqtika
keriebis ricxvi1.  N = 5,7.10136

gravitaciuli ricxvi2.  GM = 26,7.1036 sm3/wm2

birTvis radiusi3.  R = 2,96.1016sm
birTvis moculoba4.  w = 1050 sm3

centriskenuli aCqareba5. .X =2,2.1011 1/wm2

simkvrive6.  ρ = 3,7.106 g/sm3

SeniSvna: am monacemebSi R kolafsis radiusia. amitom 
simkvrivec Sesabamisi moculobis mimarTaa miRebuli. 
mzis realuri radiusi 6,95.1010 sm-ia

amitom realuri simkvrive 

ρ = 1,99.1033 / 1,4.1033 = 1,42.100 = 1,42 g/sm3

aqedan SeiZleba gakeTdes sagulisxmo daskvna: mze da 
varskvlavebi msoflio eTerTan gravitaciuli urTierTq-
medebis gamo gafarToebulni arian daaxl. 1,0210.15jer. 
es aris sayovelTao movlena, vinaidan samyaro erTiania. 
xolo nivTieri samyaro cxelia. Cven vcxovrobT cxel 
samyaroSi.

mzis, varskvlavTa naTebis wyaro. 
`Savi laqebi~  

iq sadac arsebobs nivTiereba _ ar arsebobs erTg-
varovani gravitaciuli veli. yvela ciur sxeuls gaaCnia 
sakuTari gravitaciuli veli, romelTa zemoqmedeba ga-
remoze usasrulod Sors vrceldeba. 

magram, garda amisa, arsebobs gravitaciuli veli 
msoflio eTeris, romelic Seuvalia. msoflio eTeri 
gravitaciuli veliT da sinTezis jaWviT zRvis tal-
RasaviT gadaevleba Tavs ciur sxeulebs da zemoqmedebs 
yvela atomze. atomsa da garemos Soris urTierTqmedebi-
saTvis damaxasiaTebeli kanonzomierebebiT. 
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roca ar arsebobdnen ciuri sxeulebi (dasabamis epo-
qaSi) sinTezis jaWvis daqucmaceba ar xdeboda. amjerad 
sinTezis jaWvis veli gadanawilebulia yvela varskv-
lavebze, maT atomebze. msoflio eTeri moicavs sruliad 
samyaros, romelic usasruloa. is ganWolavs yvela ciur 
sxeuls da yvelgan tovebs kvals imis mixedviT, Tu sad 
aris ganTavsebuli esa, Tu is ciuri sxeuli galaqtikis 
centrTan mimarTebiT. 

aqamde mzis (varskvlavTa) energiis wyarod fizikose-
bi (kacobrioba, zogadad) miiCnevda mzeze mimdinare ama, 
Tu im movlenas. magaliTad _ fenaTa Soris wnevas, qimi-
uri reaqcias da a. S. 

Tanamedrove warmodgenaTa mixedviT mze energias da 
materias mudmivad hkargavs da arsaidan iRebs, vinaidan 
sicarieleSi imyofeba da moZraobs. magram, Tu tempera-
tura da materia mainc ar akldeba, mxolod imitom, rom 
didi da amouwuravia. es mcdari, sruliad gulubryvilo 
warmodgenaa samyaros Sesaxeb. magram kanonieria, ramdena-
dac ganpirobebulia fizikis Tanamedrove TeoriiT.

Tanamedrove TvalsazrisiT mzis energiis wyaros 
TermobirTvuli reaqcia warmoadgens. 

ganvixiloT amasTan dakavSirebuli erTi sakiTxi: imis-
aTvis, raTa eleqtronma wyalbadis atomis birTvamde miaR-
wios atomis dabombvis gziT aucilebelia temperatura:

T = 1,57.10-4 / R = 1,57.10-4 / 1.4.10-13 = 1.12.109 0k

es miliardi gradusi temperaturaa maSin, roca mzeze 
temperatura mxolod da mxolod 16 _ 17 milioni gra-
dusia. 

Cvens mier zemoT ganxiluli sinTezis jaWvis garda, 
qimiuri elementebis sinTezis sxva bunebrivi gza ar ar-
sebobs da arc mzeze SeiZleba hqondes adgili. birTvis 
sinTezs arabunebrivi (xelovnuri) gziT kolosaluri en-
ergia sWirdeba. is ki minimaluri  6,62.10-27 ergi energiiT 
mimdinareobs.

gaugebaria mzis, varskvlavTa energiis wyarod ratom 
ar unda miviCnevdeT mzesa da planetebs Soris arsebul 
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dinamikuri (gravitaciuli) urTierTqmedebis dadas-
turebul faqts. ciuri sxeulebis urTierTqmedeba gana 
ukvalod rCeba? ratomaa daviwyebuli qmedeba-ukuqmedeb-
is kanoni? am urTierTqmedebaze xom ixarjeba energia?!

rogorc CemTvisaa cnobili, qmedeba_ukuqmedebasa 
da energias Soris damokidebulebis sakiTxis gaSuqeba 
Tanamedrove Teoriuli meqanikisTvis problemas ar war-
moadgens. 

kvlevam uCvena, rom mzes gaaCnia energiis sami wyaro: 
I. romelic mzes aiZulebs imoZraos galaqtikis cen-

tris irgvliv. es mzis orbitaluri energiaa. misi modulia 
E = 11,5.1047 ergi. mzeze aris 1,19.1057 nukloni. TiToeul 
nuklonze modis energia E = 11,5.10-10 ergi. amdenad mzis 
SemadgenelTa saSualo temperatura

T = 11,5.10-10 / 6,85.10-16 = 1,68.106 ok

amdenad, mzis temperatura saSualod 17 milionamde 
gradusia. 

sinTezis procesi. II. 
Cveni galaqtika energetikulad nawilobrivad Ria 

sistemaa. es, rom asea realobidan Cans `Savi laqebis~ 
warmoqmna-daSlaze dakvirvebiT. 

mzeze mimdinare sinTezis procesi dakvirvebadia: 
mas astronomebi mzis `TerTmetwlian cikls~ uwodeben. 
Tumca mis fizikur SinaarsSi da movlenis arssa da miz-
ezSi dRemde ar arian garkveulni. 

TerTmetwlian ciklSi 5,5 wlis ganmavlobaSi mzis 
zedapirze e. w. `Savi laqebis~ ricxvi da farTobi perma-
nentulad izrdeba, xolo meore 5,5 wlis ganmavlibaSi _ 
mcirdeba da, xSir SemTxvevaSi, qreba. es asea sxva varskv-
lavebzec da warmoadgens mzesa da varskvlavebze mimdin-
are sinTezis procesis Sedegs.  

varskvlavebze da sxva ciur sxeulebze mimdinare 
sinTezis procesi dasabamiseulis gagrZelebaa. amjerad 
galaqtikaTa atomebis mier akumulirebul energiasa da 
msoflio eTeris potencials Soris damkvidrebulia 
bunebrivi balansi. es balansi bunebis mudmivaa da gaaCnia 



- 66 -

ryevis diapazoni. 
aq naTlad Cans, rom 5,5 wlis ganmavlobaSi kosmo-

sis potenciali sWarbobs, meore 5,5 wlis ganmavlobaSi _ 
varskvlavTa potenciali. 

amdenad galaqtikebi kosmosis organul nawilebs 
warmoadgenen. isini, cocxloben, SeisunTqaven da am-
oisunTqaven kosmosidan momdinare energias. 

mzeze sinTezis procesi mudmivi da uwyvetia. am pro-
cesis Sedegad ciur sxeulebze Tavs iyris sinTezirebu-
li aramdgradi materia, romelic warmoiqmneba sinTezis 
arasruli ciklis gamo. es materia gawonasworebulia 
mxolod garedan kosmosis energiiT, ar gaaCnia birTvi 
da mimzidveli buneba. roca kosmosi potencials sak-
maod gaxarjavs, procesi ki ar wydeba, aramed icvlis mi-
marTulebas. mze (varskvlavebi, nebismieri ciuri sxeuli) 
gankargavs SeZenil energias. mzes sakuTari energia ar 
gaaCnia, garda kinetikuri energiisa, romelic man xsen-
ebuli afeTqebis Sedegad miiRo.

III. garda amisa mzeze orbitidan radiusiT 
R = 19,86.10-17 / 1,49.10-42 x 9.1020 = 1,476.105 sm iwyeba 

sinTezis procesi. es procesi mimdinareobs impulsis mo-
mentiT  

h = mC2.t = 1,49.10-42. x 9.1020 = 13,41.10-22 ergi.wm.

amdenad, orbitaze 1,476.105 sm. iwyeba sinTezis 
mZlavri procesi. am procesis wyalobiT mzeze grovdeba 
didi enegria Sinaganad gauwonasworebeli warmonaqmnebis 
saxiT. 

ase, rom mze, varskvlavebi masebs kargaven (gamoasx-
iveben), magram maT ukanve ibruneben msoflio eTeridan.

axla, davakvirdeT mzis kolafsis radiusis da mzeze 
atomebis ricxvis ganayofs. 

  R = 1,47.105 / 1,19.1057 = 1,24.10-52

aq 1,47.105 sm. mzis kolafsis radiusia 
1,24.10-52 sm nuklonis kolafsis radiusia.
1,19.1057 _ mzeze nuklonebis ricxvi
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es Sedegi iTxovs kargad dakvirvebas. is mravlis me-
tyvelia da mianiSnebs imaze, rom kvlevis procesi, rom-
liTac am Sedegamde movediT zustia da ualternativo... 

es ganayofi imas uCvenebs, rom mzis Semadgeneli nuk-
lonebis mTeli odenoba, rom CavamwkrivoT mogvcems xazs 
_ monakveTs sigrZiT 1,47 km. maSin, roca mzis radiusi 
695000 km-ia... (D =1 391 000 km.) 

anu mzeze ganTesil nuklonebs Tu CavamwkrivebT is 
ganTavsdeba xazze, romlis sigrZe 2,94 km-ia _ mzis ko-
lafsis diametris tolia.

am suraTis ganzogadebas metad sagulisxmo SedegTan 
mivyavarT: vTqvaT mocemuli gvaqvs materia masiT 1,0 gr. 
misi gravitaciuli ricxvi

6,673.10-8 . 1 = 6,673.10-8 

sm3/wm2ia, xolo kolafsis radiusi 

R = Gm/C2 = 7,414444. 10-12 sm

am radiusze ganTavsebadi nuklonebis ricxvi

n = 7,4144.10-29/1,24.10-52 = 5,979.1023

erTeuls. es ki avogadros ricxvia. es Sedegi Catarebuli 
kvlevis maRal sizusteze metyvelebs. 

im SemTxvevaSi Tu mze ar iqneba aRgznebuli kos-
mosidan misi radiusi iqneba 1,47.km. realobaSi mzis ra-
diusi aris 695000 km. radiusis esoden didi namati mzeze 
(atomebSi) dagrovebuli energiis Sedegia. mze gavarva-
rebulia 17 milion gradusamde. temperaturis gamo mzis 
radiusi gazrdilia 4,7.105 jer. aseTive mdgomareobaa 
yvela varskvlavTan mimarTebaSi. 

Cven vcxovrobT cxel samyaroSi. mze Sedgeba 2,84.10126 
demokrites atomisgan. maTi saerTo moculoba 

W = 5,9.10-361 x 2,84.10126 = 4,8.10-235 sm3

es Zalian mcire moculobaa. amdenad 1 sm3 keriidan 
SesaZlebelia 2.10234 mzis sistemis an 3.10223 galaqtikis ageba.

daskvna: SeiZleba Tamamad iTqvas, rom mze, galaqtika, 
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maT Soris sivrce absoluturad carieli sxeulebia. maS ri-
Tia mze savse? _ sicarieliT! aseT gamoTqmas am SemTxvevaSi 
aqvs Sinaarsi, vinaidan saubaria vakuumze, romelsac gaaCnia 
mkacrad gansazRvruli fizikuri parametrebi.

mzeze da varskvlavebze stabiluri nawilakebi ar 
warmoiqmnebian iq saamiso potenciali ar arsebobs.

atomebis mier energiis STanTqma-gamosxivebis meqa-
nizms mzeze _ saerTod, bunebaSi dawvrilebiT gavecno-
biT qvemod.

urTierTqmedebani mzesa da planetebs Soris

gamikvlevam uCvena, rom mzesa da plnetebs Soris urT-
ierToba gansakuTrebulia. misi aRwera mxolod niutonis 
msoflio mizidulobis formuliT obieqtur relobs ar 
asaxvs. am xarvezis gamosworeba SesaZlebeli aRmoCnda.

planetebi moZraoben wresTan daaxloeul elifsur 
orbitaze. aq gansakuTrebiT yuradsaRebia is faqti, rom 
maTi orbitaluri gadaadgileba mkacrad stabiluria. im-
denad stabiluri, rom masze gvaqvs dafuZvnebuli drois 
etaloni.

planetebi mzis irgvliv moiqcevian stabilur orbit-
aze da stabiluri siCqariT kanonzomierebis farglebSi:

   RV2 = GM      (27)

gamovTvaloT dedamiwis mzesTan urTierTqmedebis da 
wonasworuli mdgomareobis geometriuli da fizikuri 
parametrebi.

mzis masa 1,99.1033 g-ia, xolo gravitaciuli ricxvi

GM = 13,279.1025 sm3 /wm2

periheliumis radiusi 1,471.1013 sm-ia. afeliumisa _ 
1,521.1013 sm. aqedan 

    2a = (1,471 + 1.521).1013 / 2 = 1,496.1013 sm.  (28)

dedamiwis siCqare periheliumSi
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   V2 = GM / R = 8,876.1012   (29)

V = 2,98.106 sm/wm

afeliumSi 

   V2 = 8,73.1012 sm/wm    (30)

V = 2,955.106 sm/wm

orbitauri saSualo siCqare 

V
saS.

 = 2,96.106 sm/wm

mzis erT Semovlas dedmiwa andomebs dros

  t = 2nR / V = 3,17.107 wm.   (31)

 dedamiwam amave droSi unda gaiaros 4R manZili, raTa 
moqceva stabiluri iyos. 4R manZili dedamiwam unda gan-
vlos Vn suCqariT. Sesabamisad dedamiwaze moqedebs im-
pulsis momenti, romelic mas radianuli mimarTulebiT 
gadaadglebas aiZulebs. xolo impulsis momentis modu-
li aris:

   mV = mV2 / Vn   (32)

sadac Vn = 4R / t ;      (33) 

aq    t = 2pR / Vn    (34)

(34) CavsvaT (33)-Si miviRebT miviRebT:

   Vn = 2V/p    (35)

(35) CavsvaT (32)-Si, miviRebT

mV = mV2p / 2V 

   mn = 1,5708.m   (36)

amdenad saqme gvaqvs dRemde ucnob movlenasTan, 
romelsac adgili aqvs mzesa da planetebs Soris urT-
ierTqnedebis realur suraTSi.

Tu (36) Sedegs gaviTvalisdinebT iZulebuli gavxdeb-
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iT msoflio `mizidulobis~ formula CavweroT saxiT:

GMm _ Rmn(V
2 + Vn

2) 
  D  F = ------------------------------------------  (37)

R2

aq R, mn, V mudmivad cvalebadi sidideebia periheliu-
midan afeliumamde farglebSi da piriqiT.

Zalis es formula zustad asaxavs obieqtur real-
obas. is deduqciiT iRebs ufro martiv saxes, magram 
am etapze SemecnebiTi TvalsazrisiT jobs am (37) saxiT 
gavecnoT. xolo sabolood upriania da moxerxebulia 
Caiweros (38) saxiT

GMm 
          D  F = _   ------------   (38)

R2

aq Sveuli xazebi `absolutis~ niSania.
`_~ mianiSnebs, rom Zala ganmzidavia. 
gamomdinare 37-dan gravitaciuli urTierTqmedebaTa 

sistema sabolood unda daiweros saxiT:

1. RV2 > GM _ orbitaluri wonasworoba

2. RV2 >> GM _ orbitaluri wonasworoba wagrZele-
buli elifsiT

3. RV2 >>> GM _ orbitaluri wonasworoba kometis 
elifsiT

4. RV2 = GM _ Seyovnebuli vardna

5. RV2 < GM _ Tavisufali vardna

mravalnukloniani atomis gravitaciuli veli
 

am sagnis Seswavlas erTiani velis TeoriisTvis `sa-
sicicxlo~ mniSvneloba aqvs. raTa ar CaviketoT mxolod 
erTnukliniani atomis sferoSi. 
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imisTvis raTa erTnukloniani birTvidan mravalnuk-
lonianze gadavideT mTavaria yvela atomisTvis gamoy-
vanili iqnas ori saxis gravitaciuli velis formula 
da parametrebi. wyalbadis atomis moZravi, orbitaluri 
nawilakis gravitaciuli ricxvi

RC2 = 11,8.107 sm3/wm2

mravalnukloniani atomis igive gravitaciuli ricxvi 
udaod iangariSeba formuliT: 

   RC2 = 1,31.10-13. ∛N  C2  (39) 

aq N Tavisufali eleqtronebis ricxvia atomSi. at-
omSi imdeni Tavisufali eleqtronia ramdenic nuklonia 
birTvSi.

C sinaTlis siCqarea. 
pirobiTi centraluri mimzidveli sxeulis gravit-

aciuli ricxvi (mimzidveli centraluri sxeuli atomSi, 
rogorc aRmoCnda, ar arsebobs). 

GM = 11,2.10-32.N 

sadac N nuklonebis ricxvia atomis birTvSi.
muxtis formula rom gamoviyvanoT unda gaviTval-

iswinoT is garemoeba, rom mravalnukloniani atomze 
garemo zemoqmedebs iseve, rogorc wyalbadis atomze, 
magram gravitaciuli ricxvebis modulebi mainc aris 
gansxvavebuli imis gamo, rom atomi SeZenil gravitacias 
iyenebs ise, TiTqos sakuTari iyos. amis gamo birTvSi 
nuklonebis ricxvi da birTvis radiusi aucilebladaa 
gasaTvaliswinebeli. es RonisZieba udaod vrceldeba at-
omis muxtzec. 

samwuxarod am mimarTebiT kvleva ar Camitarebia. me-
tis Tqma am etapze ar SemiZlia. 
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II. urTierTqmedeba atomsa da garemos Soris
(STanTqma-gamosxivebis meqanizmi)

Tavisufali eleqtoni gravitaciul velSi

atomsa da garemos Soris mimdinare urTierTqmedeba, 
gravitaciulia, amasTan, roca garemos potenciali me-
tia, faqtiurad saqme gvaqvs sinTezTan. roca piriqiTaa 
_ gamosxivebasTan.

garda amisa arsebobs dacemuli sxivis arekvlis 
mZlavri mudmivad moqmedi movlena, rac optikis kanon-
zomierebebiT mimdinareobs. amjerad Cven ufro siRrm-
iseuli movlena _ STanTqma-gamosxiveba gvainteresebs. 

atomi absoluturad Savi sxeulia, Tu is aRznebuli 
ar aris. araaRznebul atomSi Tavisufali eleqtroni, 
rogorc ukve viciT, ganTavsebuli aris orbitaze radi-
usiT 

   R = A / V2 = 2,42.10-10 sm  (1)

sadac A = 11,17.10-32 sm3/wm2 erTnukloniani (wyalbadis) 
atomis mimzidveli gravitaciuli ricxvia. V Tavisufali 
eleqtronis orbitalurili siCqarea (2,15.10-11 sm/wm) 
araagznebul atomSi. araagznebuli atomis temperatura 
gamoiTvleba formuliT:

T = mV2 / k = 42.10-50 / 6,85.10-16 = 2,86.10-23 0k 

araagznebuli atomis temperatura absoluturi nuli 
ar aris imis gamo, rom masSi arsebobs eleqtroni, romel-
sac gaaCnia sakuTari energia mV2 = 42.10-50 ergi. nivTier 
samyaroSi minimaluri temperatura 2,86.10-23 0k-a

rac Seexeba bmul eleqtrons, is moZraobs sinaTles-
Tan maxlobeli siCqariT. misi orbitaluri energia 8,2.10-7 
ergia. miuxedavad amisa araagznebuli atomis temperatura 
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minimaluria, vinaidan bmuli eleqtronebi sicarieleSi moZ-
raoben, anu muSaobas ar asruleben, garda im SemTxvevisa, 
roca mimdinareobs qimiuri reaqcia an wvis procesi.

atomze garemos zemoqmedeba oTxi saxisaa:

gravitaciuli, 

meqanikuri, 

qimiuri, 

eleqtromagnituri. 

es ukanaskneli SezRudulia... 
yvela es urTierTqmedeba, saboloo jamSi gravitaci-

ulia, vinaidan ukavSirdeba energiis (sinaTlis) STanTqma-
gamosxivebis process. 

miuxedavad imisa, rom atomi Sinagani energiis (en-
tropiis) matarebelia, warmoadgens civ sxeuls. 

raki atomi absoluturad Savis xeulia _ absolutur-
ad Savia mze da varskvlavebi, sxva sxeulebi, Tu isini 
aRznebulni ar arian. magram imis gamo, rom atomi Riaa, 
garemosTan misi kontaqti uSualoa, is mudmivad aris 
aRznebuli da `siSavec~ abstraqciaSi rCeba.

atomis birTvSi Senaxuli (ganivTebuli) energia 
(wyalbadis atomSi 15,14.10-4 ergi). ganTavsebuli aris 
eleqtron-pozitronul wyvilebSi, romelTa ricxvi wy-
albadis atomSi 919 _ 2 = 917 erTeulia. pozitronule-
leqtronuli wyvilebi ganTavsebulni arian nulkonebSi, 
romelTa radiusi 1,24.10-52 sm-ia da samudamod arian mow-
yvetilni garemos, rac nuklonis gravitaciuli mdgra-
dobiT (daxurulobiT) aris garantirebuli. 

garemos zemoqmedebaze atomi Tavisufali eleqtron-
iT reagirebs. eleqtroni gravitaciul procesSi 
monawileobs rogorc neitraluri nawilaki. is mxolod 
kerZo SemTxvevebSi pozitronTan (da eleqtronTan) av-
lens eleqtromagnitur bunebas. qimiur reaqciaSi atomi 
mxolod bmuli eleqtroniT monawileobs. eleqtroen-
ergiis gadacemasa da optikur movlenebSi monawileoben 
mxolod Tavisufali eleqtronebi. 
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Tavisufali eleqtroni erTdroulad or gravit-
aciul procesSi monawileobs, _ ori gravitaciuli veliT 
axlo qmedebis _ 11,8.107 da Sori qmedebis 11,17.10-32 sm3/wm2. 
aqedan pirveli SeZenili gravitaciuli velia (sinaTlis 
sxivisgan SeZenili), meore _ sakuTaria. 

ganvsazRvroT atomis parametrebi, roca tempera-
tura erTi gradusia kelvinis skaliT. amis gasarkvevad 
Tanamedrove fizikas gaaCnia formula:

          mV2 = kT    (2)

m _ 9,,11.10-28 g. stabiluri eleqtronis masaa. 
V _ orbitaluri siCqare sm/wm.
k _ bolcmanis mudmiva _ 6,85.10-16 ergi/0K (dazuste-

buli)
T tamperaturaa 0k
wyalbadis atomSi Tavisufali eleqtronis orbita-

luri siCqare, roca atomis temperatura erTi 0K-ia kel-
vinis skaliT: 

V2 = kT / m = 6,85.10-16 / 9.11.10-28 = 0,7264.1012 

V = 0,866.106 sm/wm. (866 km/wm.)

formuliT 

         GM = RV2    (3)

ganvsazRvroT orbita, romelzedac Tavisufali eleq-
troni aRmoCndeba erTi gradusi temperaturis dros. 

R =A / V2 =11,8.107/0,752.1012 =1,5708.10-4sm. (4)

aq 1,5708 = π / 2-s. 
e. i. 10k temperaturis dros wyalbadis atomi imyofe-

ba iseT agregatul mdgomareobaSi, roca is organuladaa 
`mibmuli~ bunebis geometrias (udaod asea sxva atomebic).

`GM~ gravitaciuli velis daZabulobaa. aRmoCnda, 
rom misi zemoqmedebiT garemo ekvliduri geometri-
is zogadi formidan gadadis kerZo formaSi, romelic 
wrewiris da sferos fenomenebTanaa dakavSiebuli. es re-
aloba mSvenivrad mianiSnebs imas, rom atomSi SemTxveviT 
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movlenebs SeuZlebelia gaaCndeT arseboba!.. aseve mianiS-
nebs imasac, rom kvlevis Cemeuli gza uSecdomoa.

axla, davakvirdeT erT sayuradRebo garemoebas: 
erTi ulufa energia (6,62.10-27 ergi), 1 0k temperaturac 
ki sakmarisi gaxda imisTvis, raTa realuri garemo ekvli-
duridan gadasuliyo sferulSi _ eleqtroni 6,5.106 jer 
ufro axlos mdgariyo birTvTan, vidre es aris `nulTan 
maxlobeli~ temperaturis dros. 

aRznebuli atomis energia SeiZleba gamoTvlili iqnes 
formulebiT

   E = mV2 = KT = hn   (5)

muxti formulebiT:

                                  Qe = RmeV
2 = RKT = Rhn    (6)

sadac 

       Q = RmV2 = 11,8.107. 9,11.10-28 = 10,75.10-20  (7)

(7) eleqtronis gravitaciuli muxtia wyalbadis at-
omSi.

n _ gamosxivebis sixSire _ 1/wm.
V _ eleqtronis orbitaluri siCqare.
h = 6,617.1027 ergi. wm. (g.sm2/wm) impulsis momentia _ 

(plankis mudmiva). 
eleqtronis gravitaciuli muxti Q(10,75.10-20) atom-

isTvis iseTive mudmivaa, rogoricaa gravitaciuri muxti 
Q (19,86.10-17gsm/wm2) sinaTlisTvis, im gansxvavebiT, rom 
pirveli meoreze naklebia 1845  jer. 

garemo da atomi mTel samyaroSi ganuwyvetliv urT-
ierTqmedeben, Tavisufali eleqtronis adgili (orbita) 
atomSi yovelTvis damokidebuli aris garemos poten-
cialze. misi modulia. 

  R = Q / mV2 = 10,75.10-20 / mV2   (8)

amdenad, atomi warmoadgens mdgrad nawilaks, romel-
Sic Tavisufali eleqtronebi gawonasworebulni arian 
garemos potencialiT. 
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Tavisufal eleqtronze, amave dros, zemoqmedebs 
birTvis gravitaciuli veli. amiT ganpirobebulia is, 
rom Tavisufali stabiluri eleqtroni birTvs 1,57.10-4 
sm-ze metad, rom ver Sordeba. 

axla gamovikvlioT formula  Q = R.n.h  (9)
is mravlis metyveli aRmoCnda: aq namravls R.n gaaCnia 

siCqaris ganzomileba. e. i. saqme gvaqvs atomisSiga, dRemde 
ucnob gadaadgilebasTan. 

SemoviRoT aRniSvna 
    R n= Cn   (10)
(Cn aRniSvna aRebulia kvlevis procesSi momwifebuli 

mosazrebiT). (9) da (10)is mixedviT 

   Cn = Q / h = 1,6246.107   (11)

aq Q = 10,75.10-20 g.sm3/wm2,               h ==6,62.10-27 ergi.wm. 

maSin

      (1 0,75.10-20 / 6,617.10-27 = 1,6246.107 sm/wm )   (12)

davakvirdeT (6)-Si Semaval formulebs RmV2 = Q da 
RKT = Q. siCqare Cn ar figurirebs, xolo formlaSi (9) _ 
Rhn = Q -Si figurirebs impulsis h momentTan erTad!.. 

Cndeba kiTxva: raSi mdgomareobs `n~-is da `R~-is fun-
qcia atomSi? am funqcias Tanamedrove fizika ar icnobs. 
Cven am Temas ganvixilavT cota mogvianebiT. axla ki yura-
dReba davuTmoT Temas mikro da makro samyaroTa Sesaxeb. 

mikro da makro samyaroTa Sorisi gamyofi Sre

atomi da misi Semadgenelni arian mikro nawilake-
bi. isini xasiaTdebian specifiurobiT, magram, rogorc 
gamokvlevam uCvena, maTSi mimdinare procesebi ZiriTad 
kanonzomierebasTan mimarTebiT arafriT gansxvavdeba im-
isgan, rac makro da usasrulod did sferoebSi xdeba. es, 
rom asea Cven amaSi davrwmundiT da zemoT kidev ufro 
davrwmundebiT.
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aq unda vuCvenoT metad sagulisxmo momentebi, rom-
lebic iZlevian mikro da makro samyaroTaSoris arsebul 
gansxvavebaTa geometriul da fizikur daxasiaTebas. 

eleqtronis orbitis radiusTan `R~ mWidro kav-
SirSi aRmoCnda nivTierebis mier gamosxivebuli sinaT-
lis talRis sigrZesTan _ l-sTan: marTlac, SevafasoT 
Sefardeba:
   lT     0,2897 
   -----  = ---------------  = 1845   (13)
   RT   1,57.10-4

es imaze metyvelebs, rom sinaTlis talRis sigrZe 
makro samyaroSi warmoadgens mikro samyaroSi eleqtro-
nis radiusis namravls cifrze 1845,... 

SemdgomSi aRmoCnda, rom am kanonzomierebas emor-
Cilebian sxva parametrebic. sabolood miviReT suraTi:
    Q        C       Mb   -----  = ------ = ------ =1845  (14)
    Qn       Cn          Me

sadac Q fotonis muxtia sinTezis jaWvSi. Qe _ 
eleqtronis muxtia atomis gravitaciul velSi (11,8.107 
sm3/wm2). C sinaTlis siCqarea. Cn eleqtronis normaluri 
siCqarea wyawlbadis atomSi (1,6246.107 sm/wm). Mb, Me birT-
vis da eleqtronis stabiluri masebia.

amdenad mikro da makro samyaroTa Sorisi Sris arse-
boba realobaa. am Sris sisqis gamoTvla advilia _ sak-
marisia eleqtronis orbitaluri radiusi gavamravloT 
aRniSnul cifrze (1845...) da mas gamovakloT R.

vTqvaT temperatura erTi gradusia kelvinis skaliT. 
am dros,  (4) formulis mixedviT eleqtronis orbitis 
moduli 1,57.10-4 sm-ia. maSin makro samyaros Seesabameba 
talRis sigrZe 

lT = 1,57.10-4 x 1,845.103 = 2897 sm. ok

miviReT mravlis metyveli Sedegi: fizikis kursidan 
kargad cnobili cifri _ 2897. es cifri `vinis gadanacv-
lebis~ formulaSi figurirebs. esoden zusti Tanxvedra 
Catarebuli kvlevis Seuvalobaze metyvelebs. es mudmiva 
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uCvenebs, rom yvela qimiuri elementi erTnair tempera-
turaze erTnairi talRis sigrZiT asxivebs.

l = 2897 / T sm. 0k 

davakvirdeT: _ Cven temperatura davuSviT erTi 
gradusis toli. am dros l = 2,897.103 sm. aRmoCnda, rom 
makro da mikro samyaroTa Sorisi Sris sisqe 1845-jer 
gaizarda.

amdenad, wyalbadis speqtris wiTeli xazis mimarT ga-
zomili talRis sigrZe 0,65628.10-4 sm. makro da mikro 
samyaroTa gamyofi Sre yofila. es Sre mTlianad uWiravs 
speqtris wiTel xazs. 

magram gaviTvaliswinoT erTi garemoeba, is, rom 
sakiTxi exeba fotonebs, maT STanTqma gamosxivebas, Cven 
ki vsaubrobT eleqtronis adgilze atomSi. es imas niS-
navs, rom eleqtronis masa funqcionalur damokidebule-
baSia fotonTan da adgilTan atomSi. 

raodenobrivis TvisobrivSi gadasvlis meqanizmi.

eleqtronuli Rrubeli

formula Q = RmV2 davweroT saxiT: 

  Q = Rm nVCn = 10,75.10
-20   (14) 

am saxiT STanTqma-gamosxivebis formula fizikis is-
torias ar axsovs. es is saxea, romelic afiqsirebs im-
pulsis momentis 

   h = RmnV    (15)

moqmedebas atomSi.
raki arsebobs (15) kanonzomiereba, formula (14) 

iRebs saxes:

   Q = h.Cn = 10,75.10
-20   (16)

aq h = 6,62.10-27 ergi.wm impulsis momentntia, is, Tumca 
ki aris warmoCenili mudmivad _ STanTqma-gamosxivebis 



- 79 -

konkretul procesSi warmoadgens cvalebad sidides. 
misi moduli icvleba 0-dan 6,62.1027 erg. w-mde farg-
lebSi. icvleba manam, sanam orbtaluri eleqtroni ne-
bismier fiqsirebul orbitze ar daagrovebs imden masas 
(demokrites atoms), ramdenic konkretul potenciur 
situaciaSi aucilebelia Semdeg oebitaze gadasasvle-
lad. 

es aqti mTavrdeba imiT, rom impulsis momenti 
Sedgeba da eleqtroni gazrdili masiT (diax, masiT~!.. 
da ara gazrdili orbitaluri siCqariT, rogorc 
dRemde gvegona), gaadainacvlebs Semdgom orbitaze. am 
orbitas konkretuli nivTierebisTvis alternativa ar 
gaaCnia. 

aRniSnuli damatebiTi masa (ulufa energia 6,617.10-27  
ergi), zedmeti aRmoCndeba, xolme, am orbitisTvis, rac 
eleqtrons (iseve rogorc gravitons sinTezis civ pro-
cesSi), gadaiyvans momdevno orbitaze birTvisken mi-
marTulebiT, ……faqtiuad es aris sinTezis procesi, ma-
gram, amjerad, nivTierebaSi, sadac orbitidan orbitaze 
gadasvla 2 fuZiT ki ar mimdinareobs, aramed, impulsis 
momentiT, romlis moduli cnobili h =6,62.10-27 ergi.  
w-mia. 

am dros eleqtroni orbitaze gadainacvlebs manZil-
iT

       DR = Q / En   (17)

sadac 

   En = mn (V
2 + Cn2)   (18)

aseTia raodenobrivis TvisobrivSi gadasvlis meqaniz-
mi atomSi. is asaxvas poulobs impulsis modulis for-
mulaSi saxiT: 

       h i = RmnV    (19)

sadac mn stabiluri eleqtronis masa ki ar aris, 
aramed eleqtronis orbitaze dagrovili fotonebis 
(demokrites atomebis) saerTo masaa. 
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es aqti saboloo jamSi niSnavs keriaTa garkveuli 
simravlis dagrovebas eleqtronis orbitaze. atomSi 
eleqtronis orbitaze am saxiT Sedgenil eleqtrons 
vuwodoT `eleqtronuli Rrubeli~. saboloo jamSi 
eleqtronuli Rrubeli `demokrites atomebis~ simrav-
lea atomSi birTvis gareT.

STanTqma-gamosxivebis procesi wyalbadis atomSi

atomSi eleqtronuli Rrubelis orbitalur gadasv-
laTa radiusebis dadgena SesaZlebelia temperaturasTan 
damokidebulebaSi: formuliT

RT = 1,57.10-4 

aseve energiisgan damokidebulebaSi:

           RE = Q     (20) 

ganvsazRvroT im orbitis radiusi romelzedac 
eleqtroni ganTavsdeba roca atomis aRznebis energia 
minimaluria.

R = Q / E = 10,75.10-20 / 6,617.10-27 = 1,6246.107 sm. 

amdenad, aRmoCnda, rom atomSi, romelic minimaluri 
energiiTaa aRznebuli eleqtroni birTvisgan 1,6246.107 

sm. (162 km)-Taa daSorebuli. 
nuTu aseTia realoba? nuTu eleqtroni marTla ase-

Ti did manZiliT Sordeba atoms?
(4)-is ixedviT eleqtroni 1,57.10-4 sm-ze metad ver 

unda daSordes birTvs!..
imisTvis, raTa gaverkveT am garemoebis arsSi for-

muliT RV2 = GM ganvsazRvroT eleqtronuli Rrubelis 
orbitaluri siCqare:

V =√11,8.107 / R = 2,694.100

aq R = 1,6246.107 sm.
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eleqtronuli Rrubelis masa (15) (19) formulebiT 
1,6246.107 sm aorbitaze aris

mn = h / R.V = 1,51.10-34 g.

rogorc vxedavT uSores 1,6246.107 sm orbitaze sta-
biluri eleqtroni ki ar imyofeba, aramed imyofeba mx-
olod mcire _ 1,51.10-34 g. masis eleqtronuli Rrubeli. 

aq auciebelia yuradReba gavamaxviloT or sakiTxze: 
1. Tu eleqtronuli Rrubeli mxolod keriebisgan 

aris Sedgenili, keriebi ki sinaTlis siCqariT gadaadg-
ildebian sicarieleSi, ras mivaweroT Sedegi, romlis 
mixedviTac eleqtronis siCqare orbitaze 1,6247.107 
esoden mcirea _ 2,696.100 sm/wm. 

pasuxi: eleqtroni ulufa energiis STanTqmis dros 
orbitidan orbitaze gadadis diskretuli princip-
iT (naxtomebiT). es aris nawilakis erTi wonasworuli 
sistemidan meoreze gadasvla. iseve rogorc sinTezis 
civ procesSia. is, rac wina orbitidan gadmoecema mom-
devnos entripiaa, C siCqariT moZravi keriebis simrav-
lea, romelic V orbitaluri spin-siCqariT moZravi Sris 
saxiT `SefuTuli~ gadaecema momdevno orbitas. 

es procesi marTlac rTuli aRsaTqmelia. am konk-
retul momentSi, orbitaze radiusiT 1,6246.107sm. SreSi 
spin-siCqariT 2,69.100 sm/wm-i _ ̀ SefuTulia~ masa 1,51.10-34 

g, magram es masa amave dros moZraobs sinaTlis siCqariT. 
SreTa odenoba orbitaze imdenia, ramdenic orbitalur 
gadasvlaTa odenoba. yovel gadasvlaze siCqare ikribeba 
kanonzomierebiT: 

V2=Vn
2 + Cn

2

sadac Vn orbritaluri siCqarea konkretul orbit-
aze; Cn ki radianuli gadaadgilebis siCqare; V _ is siC-
qarea romelic el-Rrubels aqvs momdevno orbitaze.

2. rac Seexeba eleqtronuli Rrubelis masas is ma-
Sin izrdeba, roca orbitis radiusi R da siCqaris mod-
uli V stabiluria, fiqsirebulia. konkretul orbitaze 
siCqares alterntiva ar gaaCnia. ualternativoa masac. 
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is cvalebadia, magram mkacrad am orbitisTvis dasaSveb 
farglebSi. 

am gziT, im SemTxvevSi, Tu potenciali sakmao iqne-
ba eleqtronuli Rrubeli udaod aRmoCneba orbitaze 
1,31.1013 sm. es ki wyalbadis atomis birTvis radiusia. am 
orbitze eleqtronuli Rrubelis orbitaluri siCqare

V2 = 11,8.107 / R = 9.1020

V = 3.1010 sm/wm.= C

eleqtronuli Rrubelis masa ki aris

mn = h / RV = 1,682.10-24 g. es ki nuklonis masaa.

amdenad, dasturdeba, rom konkretul orbitaze im-
pulsis dafiqsireba cdiT prqtikuladaa SeuZlebeli, 
vinaidan is mudmiv cvalebadobaSia. ipulsis momentis 
gazomvas ki xels araferi uSlis, vinaidan inpulsis mo-
menti mxolod maSin avlens arsebobas, roca Sedgeba. 
eleqtronis orbitis radiusi da siCqare atomSi didi 
xnis mnZilzea fiqsirebuli. `evT~-s meTodiT maTi modu-
lis dadgena maRali sizustiTaa SesaZlebeli, risi saSu-
alebac Tanmedrove fizikas ar gaCnia. 

Cven qvemoT kidev ukeT davasabuTebT, rom `evT~-s 
atomTan mimarTebaSi problemebi ar aqvs. 

erTi ulufa energiiT aRznebul atomSi eleqtroni 
R = 1,6246.107 sm. radiusis orbitaze aRmoCnda. es atomis 
zomaa? pasuxi: SevxedoT namravls 

1845 . R = 3.1010 sm

aq R eleqtronuli Rrubelis radiusia atomSi, xolo 
cifri 1845 makro da mikro samyaroTa Sorisi gamyofi 
Sre. 

amdenad R = 162,5 km radiusis sfero atomis kuTv-
nilebaa. xolo 3,1010 _ 1,6246.107 sm. mikro da makro sam-
yaroTa gamyofi Srea. 

gamodis, rom Cven vcxovrobT mikro samyaroSi. es 
asecaa, magram absolutur nul gradus temperaturaze _ 
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2,86.10-23 0k-iT. roca temperatura, vTqvaT 300 0k-iT 30 0C 
atomis radiusi 0,4470.10-6 sm-ia.

vTqvaT atomi aRznebulia meore ulufa energiiT. E 
= 2.e ergi. maSin eleqtroni atomSi gadainacvlebs orbi-
taze 

       R2 = Q / 2.e                (21) 

aq Q = 10,75.10-20 g.sm2/wm2

e = 13,4 ergs

gamoviyvanoT formula zogadi sargeblobisTvis: (21) 
formulaSi Q da e mudmivi sidideebia. maTi ganayofi gva-
Zlevs cifrs 

10,75.10-20 / 6,62.10-27 = 1,6246.107 sm.
CavsvaT es ganayofi (21)-Si miviRebT axal formulas:

1,6246.107

   R = ------------------     (22)
2n e

sadac 1,6246.107 sm-Sia,  e = 6,62.10-27 ergebSia.
n = 0, 1, 2, 3, 4, 5, 6, 7, da a. S. 
formula (22), faqtiurad, sinTezis formulaa nivTi-

er samyariSi. magram gvaxsovdes, rom nivTiereba am gziT 
ar warmoqmnila da verc warmoiqmneboda, vinaidan dakav-
Sirebulia didi energiis xarjvasTan. bunebaSi ki nebismi-
erad yvela procesi, maT Soris biologiuric, memdinare-
obs minimaluri energiiT da impulsis momentiT 6,617.10-27 
ergi da 6,617,10-27 erg.wm. amas adasturebs is garemoeba, 
rom am gziT erTi nuklonis sinTezis gansaxorciele-
blad, rogirc zemoT vnaxeT saWiroa temperatura: 1.2.109 
0k es ki miliardobiT gradusia.

eleqtronuli Rrubeli R1 (1,6246.107sm) orbitaze 
Sedgeba 2,157.1064 kerisgan. es odenoba masis mixedviT 
ar warmoadgens erT pozitron-eleqtronul wyvil-
sac ki. magram orbitaze 1,31.1013 sm maTi odenoba aris 
2,4.1068 erTeuli. swored es 2,4.1068 erTeuli pozitron-
eleqtronuli wyvili warmoqmnis wyalbadis atomis birT-
vs. isini gravitaciuli veliT arian gaerTianebulni ~ 
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919 jgufad (aqedan ori iSleba imTaviTve). 
jgufebis es simravle, romelic sinTezis civi proce-

sis Sedegad warmoiqmna, Tavis mxriv ganTavsebulni aris 
nuklonSi radiusiT 1,24.10-52sm. da moZraoben sinaTlis 
siCqariT. 

amdenad, Cvens winaSe gadaiSala atomis suraTi: is 
pozitronul-eleqtronuli wyvilebi, romlebic 1,31.10-

13 sm. orbitis miRmaa stabiluria da ganekuTvnebian 
stabilur birTvs. p/e wyvilebi, romlebic moqceulia 
am orbitis gareT wyalbadis atomSi Cveulebriv aRweven 
orbitamde 0,49364.10-8 sm (ionizaciis temperaturamde ~ 
31800 0k), romlis miRmieri procesi bunebaSi mxolod 
gansakuTrebul pirobebSi mimdinareobs (mzeze, var-
skvlavebze daaxl. 17÷20 milioni gradusis pirobebSi 
da cdebSi) amis gamo qimiuri elementebis sinTezi (22) 
kanonzomierebiT bunebaSi arsad ar mimdinareobs. 

am suraTidan kargad Cans atomsa da birTvs gareT 
arsebuli kosmosuri sivrcis erTianoba, Tavisufali 
eleqtroni am zonaSi `Cafiqrebuli~ aris ise, rom garan-
tirebuli aris qimiuri da sxva TvisebaTa satabiluroba. 

amdenad Cven mivageniT sinaTlis STanTqma-gamosxivebis 
WeSmarit meqanizms nivTierebaSic, romelic ucxoa 
fizikis Tanamedrove TeoriisTvis. 

eleqtronis radianuli gadaadgilebis modulis 
gamoTvla xiluli speqtris diapazonSi. 

vTqvaT wyalbadis atomze garemo zemoqmedebs maRali 
potencialiT ise, rom atomma daiwyo xiluli speqtris 
wiTeli zolis gamosxiveba. am zols makro samyaroSi 
Seesabameba talRa sigrZiT: l = 0,65628.10-4 sm. xolo 
mikro samyaroSi eleqtronuli Rrubelis orbitis ra-
diusi. 

 l /1,845.103 = R = 0,3557.10-7 sm.
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Tu garemos potenciali maRalia eleqtroni maRali 
sixSiriT gadainacvlebs orbitidan orbitaze. am dros 
matulobs atomis temperatura da masa.

es ar aris masis fardobiTi mateba. (masis fardobiTi 
mateba bunebaSi ar arsebobs). sxeulebis masis cvaleba-
doba niSnavs materiis (keriebis) erTi sxeulidan meore-
Si gadasvlas gravitaciis kanonzomierebaTa farglebSi, 
rasac Sedegad axlavs atomis temperaturis mateba an 
kleba, da orbitalur gadaadgilebaze gadasvla gravit-
aciuli winaRobis gamo. 

rogor gamovTvaloT eleqtronuli Rrubelis orbit-
is radiusi Cven ukve viciT. axla Cveni amocanaa STanTqma-
gamosxivebis mignenuli procesis detaluri Seswavla. am 
mizniT atomi ganvixiloT-sinaTlis xilul dipazonSi. 

kvlevam uCvena, rom (22) formulis gamoyeneba maRali 
temperaturis diapazonSi Zneldeba. umjobesia gamoyen-
ebuli iqnas formula 

R = Q / mV2

aq m stabiluri eleqtronis masaa 9,11.10-20g.  
Q = 10,75.10-20 aseve formulebi (17), (18), (19)

DR = Q / 2n En 

En = mn (V
2 + Cn

2)

gamovTvaloT eleqtronuli Rrubelis orbitidan 
(0,3556.10-7 sm) Semdgom otbitebze (R

2
) gadasvlis param-

etrebi. 
amisTvis orbitaze R = 0.3557.10-7 sm (mas makro sam-

yaroSi Seesabameba t. s. l = 0,65628.10-4 sm. formuliT RV2 
=GM gamovTvaloT eleqtronis siCqare

V2 = A / R = 33,174.1014

V = 5,74.107 sm/wm

formuliT (19) gamovTvaloT eleqtronuli Rrubelis 
masa amave orbitaze

mn = h/ RV = 32,3.10-28 g.
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es aris eleqtronuli Rrubelis masa R1 orbitaze is 
Seicavs 4,617.1064 kerias. 1,77.100 pozitron-eleqtronul 
wyvils. maTi saerTo masa stabiluri eleqtronis masaze 
metia ~ 3,54jer.

formulebiT (17), (18) ganvsazRvroT eleqtronuli 
Rrubelis birTvisken radianuli wanacvlebis moduli

DR = Q / 2n mn (V
2 + Cn

2) = 0,92643.10-8 sm.

am orbitaze, rogorc kvlevam gviCvena n = 0, maSin 

R2 = (R1 _ DR1).10-7
 = 0,2631.10-7 sm

R2 = 0,263110
-7 sm. 

gamovTvaloT R3 orbitis moduli. amisTvis unda gan-
vsazRvroT V da DR parametrebi R2 orbitaze.

 V2
 
= A / R2 = 44,85.1014;   V= 6,67.107 sm/wm.

gamovTvaloT eleqtronuli Rrubelis masa

mn = h / RV = 37,723.10-28 g.

maSin eleqtronis orbitaluri wanacvleba

DR = Q / 2nmn (V
2 +Cn

2) = 0,006003-8

am orbitaze aucilebelia koeficientis n = 1 gamoy-
eneba maSin 

DR = 0,00600.10-8 / 2 = 0,00301610-8 sm

R3 = (R2 _ DR2).10-7 = 0,23294.10-7

orbita R
4
is modulis dasadgenad davadginoT 

eleqtronuli Rrubelis parametrebi orbitaze R
3
. aq

V2 = A / R = 50,65.1014    V= 7,12.107

maSin mn = h / R.V = 39,91.10 R-28 g.
eleqtronis elementaruli gadanacvleba

DR = Q / 2n .mn(V
2 + Cn

2) = 0,050545.10-7/2n

aq n = 2. maSin  DR = 0,012636.10-7 sm 
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R
4
 = (0,23294 _ 0,012635).10-7 = 0,22030510-7 sm.

R4 = 0,220305.10
-7 sm

gamovTvaloT R
5
 orbitaze gadanacvlebis parametrebi: 

V2 = A / R = 53,56.1014      V= 7,3.107 sm/wm.

mn = h / RV = 41,16.10-28

En = mn (V
2 +Cn

2) = 23,00.10-12 ergi

DR = Q / 2nEn = 0,0005809.10
-7

aq n = 3

R
5
 = (0,220305 _ 0,0001936).10-7 = 0,22011.10-7 sm.

es Sedegebi TanxvedraSia zalmeris formuliT gamoT-
vlilTan.

argumentebi

rogorc vxedavT atomSi eleqtronis koordinatis da 
impulsis zusti aRricxva ar warmoadgens sirTules. ma-
gram, albaT, Cndeba kanonieri kiTxva. riTi varT darwmu-
nebulebi aRniSnuli kvlevis marTebulobaSi. 

saamisod bevri sabuTia. ganvixiloT isini: gamovricx-
oT formulidan 

h = RmnV 

V mis nacvlad CavsvaT V2  = GM / R 
miviRebT axal formulas:

   Rmn
2 = 0,371.10-60 sm.gm2  (23)

aseve _ Tu (23)-Si CavsvamT gamosaxulebas

R = GM / V2

miviRebT:

   mn = 5,605.10
-34 V   (24)
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anu

          mn
2 / V2  = 3,141592.10-69   (25)

aq 3,141592 wrexazis sigrZis Sefardebaa radiusTan. 
kvlevam uCvena, rom (25) bunebis mudmivaa. is metyvelebs 
imaze, rom ciuri sistemaTa orbitaluri wonasworoba 
miRweulia mxolod maSin, roca dakmayofilebulia pi-
roba: 

   mn
2 / 10-69 V2 = 3,141592  (26)

(23) da (24) (25) (26) formulebs didi SemecnebiTi mniS-
vneloba gaaCniaT: 

(23) formula davweroT R-is mimarT: 

R = 0,371.10-60 / mn
2

SevadaroT is balmeris formulas:

             a2.b2 
      __________ = l
      (a2 _ b2) h

aq h ridbergis mudmivaa (1,09737309.105 sm).
TqvaT l speqtris wiTeli zolis Sesabamisi talRis 

sigrZea. es imas niSnavs, rom Termebi 

a = 2, b = 3. l = 0,65628.10-4 sm. xolo

       a2 b2             0,371.10-60 . h . 1845
   _______ = 7,2 =  ___________________
   (b

2  -  a2)         mn
2

aq mn
2 = 10,43.10-54

(23) formulis Tanxvedra balmeris seriebTan maRa-
li xarisxiTaa. magram asea speqtris xiluli xazebis mx-
olod im monakveTze, sadac balmeris formula iZleva 
realuri suraTis asls. balmeris formula, roca `b ~ 
didia STanTqma-gamosxivebis suraTs amaxinjebs, fiziko-
sebs es damaxinjeba bunebriv movlenad miaCniaT. damaxin-
jebul suraTs marTlac aqvs seriebis saxe. sinamdvileSi 
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atomSi araviTari seriebi ar arseboben.
axla davakvirdeT erT metad mniSvnelovan garemoe-

bas. davweroT impulsis formula eleqtronisTvis.

    mV2

   mnV = _____    (28)
    Cn

aq m = 9,11.10-28 g. stabiluri eleqtronis masaa. Sefar-
deba

mV2/Cn = 5,605.10-35. V2 

maSin
   mn = 5,605.10-35  V   (29)

SevadaroT (24)-s. es Sedegi mianiSnebs eleqtronis ma-
sis gansakuTrebulobaze bunebaSi. imas, rom swored is 
aris organulada dakavSirebuli geometriasTan da niv-
Tierebis struqturasTan:

mn
2/V2 = 3,1416.10-69

CavweroT saxiT:

    m2

             _____ =  3,1416  (30)
            10-69V2

miviRreT formula, romelSic naTlad Cans realur 
samyaroSi struqturulad da dinamikurad rogor arian 
dakavSirebulni urTierT ̀ demokrites atomebi~ da gravi-
taciuli veli. es kavSiri ganapirobebs samyaros sferul 
formas da am formis stabilurobas.

formula (30) SevamowmoT magaliTze:
(26) formulaSi CavsvaT cifrebi: mn

2 = (1,681.10-24)20 = 
2,82576-48 g2. da V2 = C2 = 9.102. sm2/wm2

aq pirveli nuklonis masaa ayvanili kvadratSi. meore 
sinaTlis siCqaris kvadratia. maTi Casma (26) formulaSi 
gvaZlevs cifrs:
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mn
2 /10-69 V2 = 2,28576.10-48 / 9.1020.10-69 = 3,1416

anu

m / V = 1,681.10-24 / 3.1010 = 5,605.10-35 = 10-35 √3,1416

es aris sanimuSo Sedegi; romlis uaryofa gamor-
icxulia absoluturad. am kvlevis Sedegebis (principis) 
utyuaroba Seuvali faqtia. 

eleqtronuli Rrubrlis radianuli gadaadgilebis 
modulis gamoTvla wyalbadis atomSi sxva formulebi-
Tacaa SesaZlebeli. magaliTad formulidan (17, 18), Tu 
gamovricxavT mns miviRebT:
    RVCn   DR = ___________    (31)
             2

n (V2 + Cn
2)

Tu cnobilia temperatura maSin radianuli gadaadg-
ilebis moduli
        2897
   DR = _______________   (32)
              2

n √T(T +352)

`msoflio eTeri~ aRmoCnda is fiziko-maTematikuri man-
qana margi qmedebis koeficientiT 1+, romelSic yvelafer-
ia mocemuli imisTvis, raTa aranivTieri _ uxilavi samyaro, 
gardaiqmnas stabilur nivTierad, iqces xilulad. 

smyaros, sicocxlis, moazrovne arsebis gaCena, romel-
ic amave dros aRWurvilia SemecnebiTi geniT, mianiSnebs 
imaze, rom, ideas, romelmac am Sinaarsis Semoqmedebas 
daudo saTave, udaod aqvs sanukvari mizani _ miaRwios 
imas, rasac qvia TviTSemecneba da amaRleba srulyo-
filebamde. rogorc vnaxeT, am miznis spontanurad miRw-
eva SeuZlebelia! 

am SemoqmedebiT gzaze, adamiani aris is arseba, 
romelic ukve gacnobierebuli sisruliT aRiqvams gare-
mos, swavlobs mas, miiswrafis srulyofisaken. 

TviTmyofadma ideam Sva macocxlebeli garemo da mas-
Si sakuTari Tavi da axla eswrafvis srulyos sakuTari 
xorcieli arseba. ZalaSia Sesuli formula: `gavCdiT 
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imitom, radgan viyaviT~ e. i. viyaviT ideaSi suliT, ux-
orcod. 

zemod moyvanili maTematikuri analizi naTel yofs, 
rom daeWveba kvlevis Sedegebis marTebulobaSi uniadagoa.

axla, roca kvleva damTavrebulia kargi oqneboda mis 
srulyofaze muSaoba, magram, saamiso dro me ar gamaCnia; 
samwuxarod ukve erTnaxevari aTeuli welia kvlevis 
Sedegebis sazogadoebamde mitanas vcdilob, magram es 
saqme usaxsrobis gamo ufro rTuli aRmoCnda, vidre 
kvle vis procesi iyo. 

bolcmanis mudmivas Sesworeba

Sesworebis aucilebloba male gamoCnda, rogorc ki 
saqme fotonTan, energiasTan da maTTan dakavSirebul aq-
siomebTan momeca.

rogorc mravalgzis Semowmebam dagvanaxa energis 
ulufas 6,62.10-27 da talRis sigrZis namravli (3.1010 sm) 
namravli gvaZlevs fotonis umcires jerad muxts.:

 mC2 x l = 6,62.10-27 x 3.1010 = 19,86.10-17

roca l = 3,1010 vinis gadanacvlebis formulis mixed-
viT   

T = 0,2897 / 3.1010 = 0.0965.10-10 0k. maSin bolcmanis mixed-
viT temperatura unda iyos

T = 6,62.10-27 / 1.38.10-16 = 4,797.10-11

nacvlad 0,0965.10-10-sa. 
maTi ganayofi aris 4,86.100

gavamrvloT es cifri 1,38.10-16 -ze
miviRebT bolcmanis mudmivas WeSmarit moduls.

4,86.100 x 1,38 .10-16 = 6,85.10-16 

mxolod bolcmanis ricxvis cdomilebis Sesworeba 
gvaZlevs tolobas:
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RkT = 19,86.10-17 g.sm3/wm2

rac srul TanxvedraSia fotonis muxtTan. es imaze 
metyvelebs, rom Cems mier Catarebuli kvlevis Sedegebi 
maRali sizustiT emTxveva obieqtr realobas, ris gamoc 
warmoadgens realuri samyaros amsaxvel zust mecnierul 
suraTs. 

zauri (xuSuti) Rlonti
1974 _ 2010 ww 
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