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saxiT. amasTan, tipiuri amocanebi gadmocemulia maTi 
amoxsnebiT, nawili amocanebisa ki Setanilia damoukide
blad samuSaod. 
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winasityvaoba

gasuli saukunis me2 naxevarSi evropisa da amerikis 
wamyvan universitetebSi SemoRebul iqna axali saswavlo 
disciplina, romlis ZiriTad mizans warmoadgenda axal
beda (damwyebi) studentebis Seyvanas fizikis Tanamedrove 
miRwevebis kursSi. termini `Tanamedrove fizika~ _ Mod-
ern Physics _ gaCnda Tanamedrove epoqis fizikis aRsaniS
navad _ es gaxlavT fardobiTobis Teoria da kvanturi 
meqanika, romlebmac gansazRvres da ganapirobes udidesi 
progresi rogorc mecnierebasa da teqnikaSi, aseve kul
turasa da azrovnebaSi. 

me19 saukunis bolos da me20 saukuneSi fizikis manam
de arnaxulma miRwevebma mecnierebis es dargi gadaaqcies 
yvela sabunebismetyvelo mecnierebebis erTaderT main
tegrirebel safuZvlad. 

saqarTvelos damoukideblobis pirvelsave dReeb
Si Seiqmna imis aucilebloba, rom gamomuSavebuliyo da 
ganxorcielebuliyo saqarTveloSi umaRlesi ganaTlebis 
gzebi, raki Zala dakarga sabWoTa periodis instruqcieb
ma da swavlebis meTodebma. saWiro gaxda axali strate
giis SemuSaveba. es saSviliSvilo saqme iTava ivane javax
iSvilis saxelobis Tbilisis saxelmwifo universitetma, 
rogorc avtonomiurma dawesebulebam. 1994 wels univer
sitetis didma samecniero sabWom miiRo mniSvnelovani 
dokumenti _ `saqarTveloSi sauniversiteto ganaTlebis 
koncepcia~. am dokumentis Seqmnis idea pirvelad wamovi
da da ganxorcielda fizikis fakultetze. rogorc Sem
dgomma movlenebma aCvenes, es iyo uaRresad drouli da 
wingadadgmuli nabiji. moxda ara marto gadasvla or
safexurian (bakalavriati da magistratura) swavlebaze, 



_ 6 _

aramed daixvewa saswavlo programebi, dauaxlovda ra 
evropis da aSS mowinave universitetebis programebs da 
silabusebs. Sedegmac ar daayovna. fizikis fakultetze 
momzadebuli kusdamTavrebulebi advilad ebmebodnen 
sazRvargareTis universitetebis samecniero saqmianoba
Si da mniSvnelovan warmatebebsac aRwevdnen. 

swored am reformis dros SemoRebul iqna axali dis
ciplina _ `Sesavali fizikaSi~, romelic iyo sazRvar
gareTuli Modern kursebis analogi da miznad isaxavda 
pirvel kursze Semosuli studentebisaTvis fizikis Ta
namedrove miRwevebis gacnobas. 

wamowyebulma eqsperimentma aSkarad gaamarTla da, 
savsebiT bunebrivia, rom gaCnda saWiroeba saTanado 
saxelmZRvaneloebis Seqmnisa. 

winamdebare wigni swored am mizans emsaxureba. misi 
pirveli tomi eZRvneba fardobiTobis specialuri da 
zogadi Teoriebis sawyisebis gadmocemas rac SeiZleba 
martivad, saTanado maTematikuri aparatis minimaluri 
gamoyenebiT. 

wignis meore tomi mieZRvneba meore fundaments _ kvan
tur meqanikas. imedi maqvs, rom isic male ixilavs dRis 
sinaTles. 
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winasityvaoba pirveli tomisaTvis

100 welze meti gavida albert ainStainis mier fardo
biTobis Teoriis Camoyalibebidan. am xnis manZilze far
dobiTobis Teoriam mtkiced daimkvidra adgili fizika
sa da, sazogadod, msoflmxedvelobaSi. mTeli gasuli 
saukune aRiniSna fardobiTobis Teoriis arnaxuli miRw
evebiT, gansakuTrebiT, elementarul nawilakTa fizikis 
sferoSi, sadac saqme gvaqvs sinaTlis siCqaris Sesadari 
siCqareebiT moZraobasTan da aSkarad mJRavndeba far
dobiTobis Teoriis efeqtebi. me20 saukunis dasasruls 
mniSvnelovnad gafarTovda interesi ainStainis Teori
is mimarT astrofizikis miRwevebTan dakavSirebiT. erT
maneTs gadaejaWva mikrosamyaros da kosmosis amocanebi, 
romlebic dRes Rrma urTierTkavSirSi ganixileba. 

dadga dro, rodesac fardobiTobis Teoriis ZiriTad 
koncefciebs unda icnobdes metnaklebad ganaTlebuli 
Tanamedrove adamiani. dRes, internetis epoqaSi gac
ilebiT gaadvilda informaciis mopoveba codnis nebi
smier sferoSi. miuxedavad amisa, wignebs ar daukargavT 
Tavisi mniSvneloba. unda aRiniSnos, rom qarTul enaze 
fardobiTobis Teorias miZRvnili aqvs ramdenime wigni. 
maT Soris davasaxelebdiT akad. maTe mirianaSvilis pop
ularul wigns `fardobiTobis Teoria~, romelic orjer 
gamoica (1972, 2008), agreTve prof. guram WilaSvilis 
damxmare saxelmZRvanelos `relativisturi meqanika~(T
su, 1997). samwuxarod, dRes es wignebi bibliografiul 
iSviaTobas warmoadgens. garda amisa, fizikis ganviTare
bis kvaldakval zogierTi konceptualuri sakiTxi dRes 
gansxvavebulad gaiazreba. amitom aucileblad migvaCnia 
maTi asaxva Tanamedrove saxelmZRvaneloebSi. 
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winamdebare wigni aris avtoris mcdeloba ramdenad
me Seavsos qarTul enaze studentebisTvis saxelmZR
vaneloebis arsebuli danaklisi. wigni gaTvlilia mkiTx
velTa farTo wrisaTvis. wigniT sargebloba SeuZliaT 
sabunebismetyvelo specialobebis studentebs da maT 
profesorebs, gansakuTrebiT fizikisa da maTematikis 
specialobis studentebs, romelTa saswavlo programeb
Si gaTvaliswinebulia Tanamedrove fizikis swavleba zo
gadi kursis doneze. wigni daainteresebs agreTve skolis 
maswavleblebs, ufrosi klasebis moswavleebs, romlebic 
ganizraxaven Tanamedrove mecnierebis safuZvlebis Ses
wavlas. 

bunebrivia, wigni ver iqneba Tavisufali naklovane
bebisgan. avtori siamovnebiT miiRebs yvela saqmian SeniS
vnas da gaiTvaliswinebs praqtikaSi. 

avtori, profesori anzor xelaSvili, 
fiz. -maT. mecnierebaTa doqtori, profesori, 

 saqarTvelos mecnierebaTa erovnuli akademiis  
wevr-korespondenti 

recenzenti da redaqtori,  
profesori T. nadareiSvili 
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Sesavali

me20 saukune aRiniSna udidesi aRmavlobiT inteleqtu
alur sferoSi. gansakuTrebiT swrafi tempebiT ganviTar
da fizika _ am saukunesac xom fizikis saukuned moixsenie
ben. am saukuneSi Seiqmna ori didi moZRvreba, romlebmac 
Zirfesvianad Secvales arsebuli warmodgenebi sivrcis, 
droisa da materiis fundamentur Tvisebebze. pirveli 
gaxlavT ainStainis fardobiTobis Teoria _jer special
uri (1905), xolo Semdeg _ zogadi (1916). amave periodSi 
warmoiqmna kvanturi meqanika, Tvisebrivad radikalurad 
gansxvavebuli moZRvreba atomur da subatomur movlen
ebze. mis Seqmnasac isev a. ainStainis saxels ukavSireben. 
saukunis Sua wlebidan dawyebuli am ori moZRvrebis sin
Tezma gamoiwvia velebis kvanturi Teoriis warmoSoba da 
ganviTareba. velis kvanturi Teoria safuZvlad udevs 
elementarul nawilakTa fizikas, romelsac dRes maRali 
energiebis fizikasac uwodeben da misi dRevandeli Teo
ria, e. w. standartuli modeli, damyarebulia lokaluri 
simetriebis spontanuri darRvevis meqanizmebze, damakmay
ofileblad aRwers dReisaTvis yvela dakvirvebul mov
lenas da aris misi Semdgomi gafarToebis Ziebis procesSi. 

am mokle informaciidan gamomdinare naTeli unda 
iyos imis gaazreba, rom yvelafris saTaveSi dgas swored 
ainStainis fardobiTobis specialuri Teoria, saxeldo
br, relativisturi meqanika. adrindel periodSi am Teo
riis Seswavla universitetis kursebSi iwyeboda zogadi 
fizikis garkveuli Tavebis (meqanika, eleqtrodinamika, 
optika da a. S.) gavlis Semdeg. paralelurad maRldeboda 
studentebis maTematikuri momzadebis donec. bolo pe
riodSi specialistebi Tanxmdebian, rom ar aris aucile
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beli Tanamedrove Teoriis swavlebis gadatana ase dagvi
anebiT. yovel SemTxvevaSi, fardobiTobis specialuri 
Teoriis sawyisebis Seswavla skolis asakSic SeiZleba. 
miTumetes, rom a. ainStainma specialuri Teoria Seqmna 
sakmaod axalgazrda asakSi. 

   

albert ainStaini 1905 wels albert ainStaini sicocxlis 

bolo wlebSi

winamdebare leqciebis kursi avtoris mier aprobire
buli iyo sxvadasxva wlebSi fizikis fakultetis stu
dentebisaTvis, rogorc fakultaturi kursi, swavlebis 
pirvelsave wels. amJamad avtori Tvlis, rom am kurss 
advilad daZleven rogorc fizikis, aseve maTematikis da 
sxva sabunebismetyvelo specialobebis studentebi. kur
si isea agebuli, rom moiTxovs mxolod elementaruli 
maTematikis codnas da analizis zogierT Cvevebs (war
moebuli, diferenciali, elementaruli integralebi). 

kidev erT Taviseburabas mivaqcevT mkiTxvelis yur
adRebas. wignSi uxvadaa mocemuli praqtikuli masala _ 
amocanebi, eqsperimentebis aRwera. amocanebis didi nawi
li amoxsnebiTaa Tanxlebuli, xolo nawili gankuTvnilia 
damoukidebel samuSaod. 
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fardobiToba klasikur fizikaSi

mokled ganvixiloT samyaros suraTi klasikur fizikaSi. 
me19 saukunis bolos da me20 saukunis dasawyisSi 

Cveni codna samyaros Sesaxeb Camoyalibda warmodgena
Ta mwyobri sistemis saxiT, romelmac miiRo klasikuri 
fizikis saxelwodeba. am warmodgenebs safuZvlad edo 
ori mecnieruli hipoTeza, romlebic xsnidnen da winas
warmetyvelebdnen dakvirvebadi faqtebis kolosalur 
raodenobas da iTvlebodnen xelSeuxeblad. 

pirveli maTgani iyo atomisturi hipoTeza, romlis 
mixedviTac bunebaSi yvela nivTiereba unda Sedgebodes 
umciresi nawilakebisagan _ atomebis da molekulebisgan. 

meore iyo warmodgena eTeris Sesaxeb, e. i. gansakuTre
buli drekadi substanciisa, romelic avsebs garemos 
atomebs Soris mTel sivrces da romlis mixedviT xdeba 
urTierTqmedeba atomebs Soris. 

atomisturi hipoTeza saTaves iRebs Soreuli war
sulidan. is wamoayenes berZenma naturfilosofosebma _ 
demokritem (me4 sauk. Cvens welTaRricxvamde), epikurem 
(me3 sauk. C. w. mde) da romaelma swavlulma lukrecius 
karam (pirveli sauk. C. w.mde). am ukanasknelis fundamen
turi wigni `saganTa bunebisaTvis~ laTinuridan naTarg
mia qarTul enaze profesor panteleimon beraZis mier 
(ix. sax. gamomcemloba `sabWoTa saqarTvelo~, Tbilisi, 
1958). isini emyarebodnen umartives fizikur dakvirve
bebs _ siTxeebis aorTqleba, siTxeebis da gazebis urT
ierTdifuzia, sxeulTa siTburi gafarToeba da sxv. 

me18 saukuneSi m. v. lomonosovma (17111765) pirvelma 
mkafiod ganasxvava atomebi molekulebisgan da ganavi
Tara warmodgena siTboze, rogorc nivTierebis umciresi 
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nawilakebis qaotur moZraobaze. me19 saukunis dasawy
isSi qimikosebis mier eqsperimentulad dagrovili masa
lis safuZvelze SesaZlebeli gaxda atomebis da moleku
lebis fardobiTi masebis gansazRvra da Semoyvanil iqna 
gramatomisa da grammolekulis fundamenturi cnebebi 
(avogadro, 17761856). 

siTbos meqanikuri bunebis Sesaxeb Sexedulebis ganvi
Tarebam me19 saukunis Sua wlebisTvis migviyvana gazebis 
kinetikuri Teoriis, Semdeg ki, statistikuri fizikis 
Seqmnamde (maqsveli, bolcmani, gibsi). me19 saukunis meo
re naxevarSi Seswavlil iqna realuri gazebis Tvisebebis 
gadaxra idealurisagan (van dervaalsis gantolebis Ses
worebebi), agreTve molekulebis dajaxebis problemebi 
(siTbogamtaroba, difuzia, siblante), pirvelad Sefasda 
molekulebis da atomebis zomebi (1 Å = 1 angstremi=108 

sm). 
da bolos, 1920 saukuneTa mijnaze sxvadasxva saxis 

fluqtuaciebis eqsperimentuli SeswavliT sabolood 
dadginda nivTierebis atomisturi hipoTeza. smolux
ovskim da ainStainma Seqmnes brounis moZraobis Teoria. 

releim (18421919) Seqmna cis feris Teoria, xolo pe
renma siTxeSi motivtive brounis nawilakebis ganawilebis 
SeswavliT daadgina avogadros ricxvis sidide, romelic 
daemTxva am ricxvis qimiuri meTodebiT gansazRvruls,  
N~6 . 1023 1/mol. 

unda aRiniSnos, rom me20 saukunis fizikam udavod 
daamtkica atomebis da molekulebis realuri arseboba. 
ase, rom atomisturi hipoTeza me20 saukunis dasawy
isisTvis wminda gonebaWvretiTi koncefciidan gadaiqca 
mecnierulad dadgenil faqtad. 

meore hipoTeza, romelic safuZvlad udevs klasikur 
fizikas _ eTeris hipoTeza _ warmoiSva agreTve sakma
od adre, magram fizikaSi ganmtkicda me19 saukunis da
sawyisSi, rodesac gaimarjva sinaTlis talRur bunebaze 
Sexedulebam (iungi 1822, freneli 1827). sinamdvileSi, 
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eTeris arsebobis Sesaxeb warmodgena sinaTlis talRuri 
bunebis TvalsazrisiT gamoiyureboda rogorc bunebrivi 
da aucilebeli. 

zustad ise, rogorc bgera warmoadgens haeris naw
ilakebis talRur moZraobas, sinaTlec ganixileboda, 
rogorc drekadi garemos _ eTeris talRuri moZraoba. 

interferenciuli da difraqciuli movlenebis Seswav
liT dadginda sinaTlis talRebis sigrZe _ atomis zomeb
ze aTasjer naklebi (4600 Å _ ukiduresi iisferidan 7600 
Å _ ukidures wiTlamde xilul speqtrSi). 

maqsvelma aCvena, rom sinaTlis talRebi arian ele
qtromagnituri talRebis kerZo SemTxveva, ris Semdegac 
naTeli gaxda, rom eTeri unda ganvixiloT rogorc ara 
marto garemo, romelSic vrceldeba sinaTle, aramed 
rogorc eleqtromagnituri talRebis matarebeli. ele
qtrodinamikis da eleqtromagnituri optikis warmoud
genelma warmatebebma TiTqosda savsebiT daadastures 
es debuleba. sinaTlis gavrcelebis siCqaris gazomveb
ma daadastures misi Tanxvedra e. w. eleqtrodinamikur 
mudmivasTan (romelic aris eleqtruli muxtis CGSM  
da CGSE  erTeulebis Sefardeba) _ gamovida 

103 10c = ⋅  
sm/wm. 

maqsvelis winaswarmetyveleba sinaTlis wnevis arse
bobis Sesaxeb dadasturda lebedevis (1912) klasikuri 
cdebiT. eleqtromagnituri talRebi eqsperimentulad 
miiRo h. hercma (1895), xolo Semdgom radiogadacemebSi 
iqna gamoyenebuli da a. S. yovelive aman gaaZliera rwmena 
maqsvelis gantolebebis sisworeSi da eTeris arsebobis 
ideaSi. 

me19 saukunis bolos atomistikis ganviTarebam ga
moiwvia atomuri fizikis da eTeris warmodgenebis daax
loveba. aRmoCnda kaToduri sxivebi. naTeli gaxda, rom 
nivTierebis atomebi ar arian ganuyofadi nawilakebi, 
aramed warmoadgenen dadebiTi da uaryofiTi muxtebis 
rTul sistemebs. amis safuZvelze j. lorencma (18531928) 
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aago nivTierebis eleqtronuli Teoria, romlis mixed
viTac atomebis mier sinaTlis gamosxiveba warmoadgens 
atomebSi Semavali eleqtronebis rxevebis Sedegs: atomis 
SigniT myofi eleqtronebi asruleben rxevebs, merxevi 
eleqtroni ki maqsvelis eleqtrodinamikis Tanaxmad maT 
garSemo eTerSi qmnis eleqtromagnitur talRebs. 

amrigad, me19 saukunis bolosTvis Cveni garemomcve
li samyaros mwyobri suraTi TiTqosda saimedod iyo 
dasabuTebuli eqsperimentulad da gamoiyureboda ase:

arsebobs usasrulod ganfenili, mTeli sivrcis Semav
sebeli drekadi eTeri, romelSic moTavsebulia eleq
truli muxtebisgan Sedgenili atomebis rTuli siste
mebi. am muxtebis rxevebi iwveven eTeris deformaciebs, 
romlebic vrceldeba drekadi talRebis saxiT da gana
pirobeben atomebs Soris eleqtromagnitur urTierTq
medebas. 

Tumca samyaros am mwyobr suraTSi iyo Ria probleme
bic, xarvezebi. atomistikis mxareSi warmoiqmneboda sir
Tuleebi atomebis mdgradobis asaxsnelad. kerZod, ver 
xsnidnen atomebis speqtrebs. 

arc eTeris fizikaSi iyo yvelaferi gluvad. eTer
is Sesaxeb warmodgena waawyda seriozul sirTuleebs _ 
cdebi adasturebdnen, rom eleqtromagnituri talRebi 
arian ganivi (mag. , sinaTlis polarizacia). radgan ganivi 
talRebi vrceldebian mxolod garemoSi, romelic ewi
naaRmdegeba wanacvlebis deformaciebs, amitom eTeri 
unda yofiliyo myari drekadi garemo. maSin ki, gauge
baria planetebi Tavis moZraobis gzaze ratom ar xvdebi
an raime winaaRmdegobas. amitom eTers unda mivaweroT 
mcire simkvrive mnniSvnelovan drekadobasTan erTad. 
garda amisa, mxolod xelovnuri argumentebis moSveli
eba iyo saWiro imis gasarkvevad, Tu ganiv talRebTan er
Tad ratom ar warmoiSveboda grZivi talRebi. 

ase, rom eTeris meqanikuri modeli Sexvda gadaulaxav 
winaaRmdegobebs. garda amisa, ver moxerxda eqsperimen
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tze eTeris mimarT sxeulTa moZraobis dakvirveba. aq 
miiReboda erTmaneTis sawinaaRmdego Sedegebi. am wi
naaRmdegobaTa daZlevis mizniT gadaixeda mTeli rigi 
fundamenturi warmodgenebisa, ramac saboloo jamSi 
me20 saukuneSi migviyvana Tanamedroveobis ori udide
si fizikuri Teoriis Seqmnamde _ kvanturi meqanikis da 
fardobiTobis Teoriisa. 

me20 saukuneSi Cven viyaviT samyaros fizikuri sura
Tis ori mTavari revoluciis privilegirebuli mowmeni. 
pirvelma Secvala Cveni warmodgenebi sivrcesa da droze, 
gaaerTiana ra es ori erT koncefciad, rasac axla Cven vu
wodebT drosivrces. drosivrce gamrudebulia da Tavs 
iCens iseT mistikur movlenaSi, rogoricaa gravitacia. 

meore revoluciam mTlianad Secvala Cveni warmodgena 
imis Sesaxeb, Tu rogor gvesmis materiisa da gamosxivebis 
buneba: nawilakebi iqcevian rogorc talRebi, xolo tal
Rebi _ rogorc nawilakebi. aq Cveni normaluri aRwera 
xdeba arsebiTad ganuzRvrelobis sagani da individual
uri obieqtebi Tavis Tavs amJRavneben sxvadasxva adgilas 
erTsa da imave dros. daviwyeT gamoyeneba terminebisa 
`fardobiTi~ (pirveli revoluciisTvis) da `kvanturi~ 
Teoria (meore revoluciis saxelad). axla orive maTgani 
dadasturebulia iseTi sizustiT, rac uprecedentoa 
mecnierebis istoriaSi. 

iTvleba, rom manamde kacobriobis inteleqtualur 
istoriaSi adgili hqonda mxolod sam revolucias:

pirveli maTganisaTvis unda davubrundeT Zveli saber
ZneTis epoqas, rodesac Semovida evkliduri geometriis 
cneba da daiwyo Seswavla myari sxeulebisa da statikuri 
konfiguraciebisa. es iyo dasawyisi maTematikuri warmod
genebis kritikuli rolisa bunebis SemecnebisaTvis. 

meore revoluciad unda CaiTvalos ukve me17 saukune, 
rodesac galileim da niutonma gvaswavles, rom sxeulTa 
sistemis moZraobis dasaxasiaTeblad maT Semadgenel naw
ilakTa Soris urTierTqmedebis Zalebi unda SemovitanoT. 
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mesame revolucia mogvca me19 saukunem, roca fa
radeim da maqsvelma aCvenes, rom marto nawilakebi ar 
aris sakmarisi, da rom unda ganvixiloT uwyveti garemoc 
(velebi), romlebic avseben sivrces da rom maTi real
uroba imdenadve aucilebelia, rogorc nawilakebisa. es 
velebi erTiandebian calke aRebul substanciad _ ele
qtromagnitur velad da rom sinaTle aris misi rxevebis 
(oscilaciebis) gavrceleba. Tu me20 saukunes da im or 
revolucias davubrundebiT, aRmovaCenT (da swored es 
aris uCveulo da SesaniSnavi), rom am orives wamomwyebi 
aris erTaderTi fizikosi _ albert ainStaini, romelsac 
aRmoaCnda bunebis ganWvretis eqstraordinalurad Rrma 
Secnobis unari. man daudo yovelive amas safuZveli erTsa 
da imave 1905 wels. amasTan manve mogvca fundamentalurad 
axleburi gageba kidev or sxva sferoSi 1) Tavis sado
qtoro disertaciaSi molekulebis zomebis gansazRvris 
Sesaxeb, romlis safuZvelze perenma cdebiT gansazRvra 
molekulebis zoma (rogorc zemoT ukve iyo naxsenebi) da 
2) brounis moZraobis miseuli xedva da analizi. 

a. ainStainis es 5 Sroma Semdegia: 

1.  A New determination of Molecular Dimensions (PhD)

2.  On the Motion of small Particles Susppended in liquids at 
Rest Required by Molecular Kinetic Theory of Heat. 

3.  On Electrodynamis of Moving Bodies. 

4.  Does the Inertia of a Body Depend on its Energy Content? 

5.  On the Heuristic Point of View Concerning The Production 
and Transformation of Light. 

am SromebSi: 1) exeba molekulebis zomebis gansaz
Rvras, 2) eZRvneba brounis moZraobas, 3) safuZvels 
uyris fardobiTobi specialur Teorias (Semotanilia 
drois fardobiToba), 4) exeba misi cnobili formulis 

2/m E c= gamoyvanas, 5) statias ainStainma TviTon uwoda 
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revoluciuri, masSi igi garkveuli SinaarsiT daubrun
da Zvel (niutoniseul) warmodgenas sinaTleze, rogorc 
nawilakebis (fotonebis) nakadze. 

ainStainis zemoxsenebulma orma naSromma 3) da 4) sa
Tave daudo sivrcisa da drois Tanamedrove suraTs, ra
mac ganapiroba Seqmniliyo jer fardobiTobis special
uri (kerZo) Teoria da Semdeg _ fardobiTobis zogadi 
Teoria. 

niSandoblivia, rom am TiTqmnis erTdroulad gamo
qveynebul statiebs, romelmac moicva 3 ZiriTadi sfe
ro: fotoefeqti, brounis moZraoba da fardobiTobis 
specialuri Teoria, hyavT erTaderTi avtori. es sami 
didi Teoria daibada TiTqmis erTdroulad erTi adami-
anis TavSi, roca a. ainStaini sul axalgazrda, 26 wlisa 
iyo. fotoefeqtis Teoriis SeqmnisTvis (rac gagebulia, 
rogorc kvanturi meqanikis Seqmna, ainStains 1921 wels 
mieniWa nobelis premia). 2005 wels gaeros da iuneskos 
egidiT aRiniSna ainStainis sakvirveli (zebunebrivi) 
weli: Einstein’s Annus mirabelis≡Miraculos Year. es RirsSesan
iSnavi TariRi saqarTveloSic didi pativiT aRiniSna. iv. 
javaxiSvilis saxelobis Tbilisis saxelmwifo universi
tetSi da quTaisis a. wereTlis saxelobis universitetSi 
Catarda samecniero konferenciebi saqarTvelos cnobil 
fizikosTa monawileobiT. RonisZiebaTa mTavari organi
zatori iyo mecnierebis istoriis saqarTvelos sazoga
doeba, mecnierebaTa akademiis fizikis instituti da iv. 
javaxiSvilis saxelobis Tbilisis saxelmwifo univer
sitetis fizikis fakulteti. am konferenciis masalebi 
gamoica krebulis saxiT `da iyo dRe fizikisa~ (Tb. 2005, 
gamomc. `inteleqti~). Catarda agreTve studentTa kon
ferenciebi. 

winamdebare kursSi pirvel rigSi adgils davuTmobT 
fardobiTobis kerZo (anu specialuri) Teoriis koncef
ciebis analizs. 
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fardobiTobis specialuri Teoriis 
agebis gzebi

fardobiTobis Teoriis agebis uamravi gza arsebobs. 
rogorc wesi, keTdeba xolme vrceli analizi sinaTlis 
siCqaris Taviseburebebis gadmosacemad, misi gavrcelebis 
garemos (e. w. eTeris) uarsayofad. magram rogori gzac 
ar unda avirCioT, ver avuvliT gverds fardobiTo
bis Teoriis postulatiur xasiaTs. amitom am kurs
Si virCevT umartives gzas _ ainStainis postulatebiT 
vakuumSi sinaTlis siCqaris mudmivobis Sesaxeb da iner
ciis principis gavrcobiT mTel fizikaze. Tumca sis
rulisaTvis zogierTi principuli eqsperimentebi mainc 
ar gvaqvs gverdavlili. sakiTxebi gadmocemulia sakmaod 
gamWvirvaled da amis Semdeg iwyeba aqedan gamomdinare 
mniSvnelovani Sedegebis analizi. migvaCnia, da amas aCven
ebs mravalwliani pedagogiuri gamocdileba, rom, aseTi 
meTodika advilad aRwevs mizans _ studentebi, erTi mx
riv iCenen cxovel interess da, meore mxriv, sakmaod ad
vilad euflebian fardobiTobis Teoriis filosofias. 

winamdebare saxelmZRvaneloSi fardobiTobis spe
cialuri Teoria pirobiTad or Tavad aris warmodgeni
li: relativisturi kinematika da relativisturi din
amika. Teoriuli sakiTxebi uxvad aris ilustrirebuli 
fizikuri magaliTebiT da amocanebiT. 

wignze muSaobis dros avtori ZiriTadad eyrdnoboda 
Semdeg literaturas:
1.  maTe mirianaSvili. `fardobiTobis Teoria~, gamomc. 

`nekeri~, Tb. 2009. 
2.  guram WilaSvili, `relativisturi meqanika~, Tsu ga

momc. Tb. 1997. 
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Tavi I.  
fardobiTobis specialuri  

Teoriis kinematika

1. galileis gardaqmnebi

aTvlis inerciuli sistemebis Tanabaruflebianoba 
saSualebas gvaZlevs TiToeul konkretul SemTxvevaSi 
avirCioT koordinatTa sistema, romelic yvelaze mosax
erxebeli aRmoCndeba dasmuli fizikuri amocanis gada
sawyvetad. gavadevnoT Tvali, Tu rogor xdeba saWiro 
sistemis arCeva jer klasikur fizikaSi, xolo Semdeg ga
davideT fardobiTobis Teoriaze. 

pirvel rigSi aucilebelia davadginoT, rom arCeuli 
sistema aris inerciuli. amis Semdeg unda amovarCioT 
maT Soris yvelaze mosaxerxebeli Semdegi gardaqmnebis 
gamoyenebiT:

a) drois saTavis arCeva,
b) koordinatebis saTavis arCeva,
c) koordinatebis RerZebis orientaciis arCeva,
d) gadasvla koordinatTa sistemaSi, romelic ga

dataniT moZraobas asrulebs arCeuli sistemis mimarT 
raime mudmivi siCqariT. 

erTi sistemidan meoreze gadasvlisas nawilakis koor
dinatebi, misi siCqaris komponentebi da sxva sidideebi 
icvlebian. amitom warmoiqmneba amocana erTi sistemidan 
meoreze gadasvlis Sesaxeb, anu erT sistemaSi mocemuli 
sidideebis meore sistemaSi imave sidideebiT gamoxatvis 
Sesaxeb. moyvanili CamonaTvalidan pirvel samis SemTx
vevaSi aseTi gardaqmnebis saxe cnobilia. 
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•	 drois aTvlis saTavis wanacvleba 0t  Sualedze da 
koordinatTa saTavis wanacvleba 0r  veqtorze iwvevs 
t  drois da r  radiusveqtoris Semdegnair gardaqmnas 

0 0,t t t′ ′= + r = r + r
aq Strixebi aweria saTanado sidideebs axal sistemaSi. 

es gardaqmnebi cnobilia, rogorc drois da sivrcis 
erTgvarovnebis gamoxatuleba. 

•	 koordinatTa RerZebis mobrunebisas, magaliTad, ϕ  
kuTxeze xy  sibrtyeSi Tavdapirveli koordinate
bi gamoixatebian axali koordinatebiT Semdegi for
mulebis mixedviT (ix. naxazi 1):

cos sin ; sin cosx x y y x yϕ ϕ ϕ ϕ′ ′ ′ ′= − = + (1)

naxazi 1. koordinatebis gamoxatva mobrunebul sistemaSi

gardaqmnis am formulis gamoyvana sakmaod martivia. 
sakmarisia zeda naxazze saTavidan gavataroT damxmare 
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diagonali hipotenuzis saxiT da gamovsaxoT koordi
natebi miRebuli marTkuTxa samkuTxedebidan: 

( ) ( )
cos , sin
cos , sin

x r y r
x r y r

α α
α ϕ α ϕ

′ ′= =

= + = +

sadac α aris diagonalis mier x′RerZTan Sedgenili 
kuTxe. am ukanaskneli striqonidan miiReba 

[ ] ( ) ( )cos cos sin sin cos cos sin sinx r r rα ϕ α ϕ α ϕ α ϕ= − = −

anu, pirveli striqonis gaTvaliswinebiT gvaqvs

cos sinx x yϕ ϕ′ ′= −
zustad aseve, 

[ ] ( ) ( )sin cos cos sin sin cos cos siny r r rα ϕ α ϕ α ϕ α ϕ= + = +

anu, cos siny y xϕ ϕ′ ′= +  
sistemis brunvis mimarT invariantuloba cnobilia, 

rogorc sivrcis erTgvarovnebis gamoxatuleba. 
rCeba kidev erTi mniSvnelovani gardaqmna _ gadasvla 

moZrav koordinatTa sistemaze, anu gadasvla erTi iner
ciuli sistemidan meoreze. 

is ufro rTulia da saWiroebs garkveul daSvebebs 
drosa da sivrces Soris kavSirebis Sesaxeb. es daSvebebi, 
cxadia, unda emyarebodes cdiseul faqtebs. amis mixed
viT vRebulobT ganxvavebul fizikur Teoriebs. 

upirveles yovlisa unda aRiniSnos, rom am gardaqmnebs 
aqvT gansakuTrebiT martivi forma, roca amosavali 
sistema (romelsac pirobiTad vuwodoT K sistema), sa
koordinato RerZebiT , ,x y z  da droiT t , CavTvaloT uZ
ravad Cvens (damkvirveblis) mimarT, xolo axali sistema 
K ′koordinatebiT , ,x y z′ ′ ′  da droiT t′  moZraobdes V  
siCqariT x RerZis gaswvriv Tanabrad (ix. naxazi 2). yvela 
sxva gadasvla moZrav sistemaze daiyvaneba zemoaRniSnu
li gardaqmnebis raime kombinaciaze. 
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naxazi 2. uZravi da moZravi sistemebi

cdebidan gamomdinareobs, rom ( )2/V c  sizustiT, sa
dac c  _ sinaTlis siCqarea, saaTebis msvleloba ar icv
leba moZrav sistemaze gadasvlisas. yvela sxeulisaTvis, 
romelTa zomebi sagrZnoblad aRemateba atomur zomebs, 
rogorc wesi, ( )2/V c

 
<<

 
1� . dedamiwaze uZravi saaTi iseve 

midis, rogorc saaTebi mfrinav TviTmfrinavSi an Tana
mgzavrze. CavataroT Sefaseba: dedamiwis xelovnuri Ta
namgzavris siCqare (erTerTi yvelaze meti siCqare didi 
zomis sxeulebisaTvis) daaxloebiT aris 38 10× m/wm (amas 
uwodeben pirvel kosmosur siCqares). aqedan gamomdin
areobs, rom Tanamgzavrze moTavsebuli saaTis svlis 
cvlileba Seadgens daaxloebiT 3 8 2 10(8 10 / 3 10 ) 7 10−⋅ ⋅ ≈ ⋅
s, rac Zalian mcirea. 

magram, mikrosamyaroSi elementaruli nawilakebi Sei
Zleba moZraobdnen didi (sinaTlesTan Sesadari) siC
qareebiT. sxvadasxva Tanamedrove teqnikuri saSuale
bebiT (mag., amaCqareblebiT) nawilakTa aCqareba xerxdeba 
TiTqmis sinaTlis siCqaremde. 

ararelativisturi siCqareebisaTvis SegviZlia davey
rdnoT cdas da vamtkicoT, rom K  da K ′  sistemebSi dro 
erTnairad mimdinareobs. rac sxvaTaSoris niSnavs, rom 
Tu saaTebi am sistemebSi iyo sinqronizebuli im momen
tSi, roca am sistemebis RerZebi erTmaneTs uTavsdeboda, 
SemdgomSic saaTebis Cveneba erTnairi iqneba. 

amrigad: (klasikur fizikaSi) drois msvlelobas aqvs 
absoluturi xasiaTi yvela inerciul sistemebSi, rom-
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lebic erTmaneTis mimarT moZraoben ararelativisturi 
siCqareebiT, anu 

t t′= (2)

  
axla gavarkvioT K  da K ′  sistemebis sivrculi koor

dinatebis damakavSirebeli gardaqmnebis saxe, mas Semdeg, 
rac saaTebi orive sistemaSi iTvleba sinqronizebulad. 

vTqvaT, t  momentSi K  sistemis saaTis mixedviT moxda 
raime movlena wertilSi koordinatebiT , ,x y z . magaliT
ad, am wertilSi davafiqsireT romeliRac nawilaki (ix. 
naxazi 2). K ′sistemasTan dakavSirebuli damkvirvebeli 
daafiqsirebs imave movlenas Tavisi saaTiT t t′ =  momen
tSi. am movlenis Strixiani koordinatebi dakavSirebuli 
iqneba Zvel koordinatebTan Semdegnairad: ;y y z z′ ′= = , 
xolo x′ koordinata naklebi iqneba x ze im manZilis sidi
diT, romelic gaiara K ′sistemis O′  saTavem K  sistemis 
O  saTavis mimarT. es gza tolia sididisa Vt  (naxazi 2). 

amrigad, K  da K ′  sistemebis koordinatebs Soris 
warmoiSveba Tanafardobani

, , ,t t x x Vt y y z z′ ′ ′ ′= = − = = (3)

  
am Tanafardobebs uwodeben galileis gardaqmnebs. 

•	 galileis gardaqmnebi gamoxataven drosa da sivrceze 
ararelativistur warmodgenebs. fizikuri kanonebis in-
variantobas (ucvlelobas) galileis gardaqmnebis mimarT 
uwodeben galileis fardobiTobis princips anu galil-
eis invariantulobis moTxovnas. is vrceldeba mxolod 
ararelativistur (maT Soris, kvantur) moZraobebze. 

drois msvlelobis absoluturobasTan erTad galileis 
gardaqmnebis mniSvnelovan Tvisebebs miekuTvneba Semdegi: 
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a) galileis gardaqmnebi ar cvlian manZils or wer
tils Soris. es Tviseba im cdiseul faqts gamoxatavs, 
rom ararelativistur areSi sxeulTa zomebi ar aris 
damokidebuli moZraobaze. 

marTlac, vTqvaT K  sistemaSi erTsa da imave momentSi 
dafiqsirda ori SemTxveva wertilebSi koordinatebiT 

1 1 1, ,x y z  da 2 2 2, ,x y z . drois svlis absoluturi xasiaTis 
gamo es ori SemTxveva moxdeba erTdroulad K ′sistemis 
damkvirveblis TvalsazrisiTac t t′ =  momentSi. amave 
dros K ′sistemis mimarT wertilTa koordinatebi, rom
lebSic es ori SemTxveva moxda, galileis (3) gardaqmnebis 
Tanaxmad toli iqneba: 

1 1 1 1 1 1, ,x x V t y y z z′ ′ ′= − = =
 

da 2 2 2 2 2 2, ,x x V t y y z z′ ′ ′= − = =

K  sistemis mimarT manZili am wertilebs Soris tolia 

( ) ( ) ( )2 2 2
12 2 1 2 1 2 1l x x y y z z= − + − + −

K ′sistemaSi gazomili manZili ki iqneba

( ) ( ) ( )

( ) ( ) ( )

2 2 2
12 2 1 2 1 2 1

2 2 2
2 1 2 1 2 1 12

l x x y y z z

x V t x V t y y z z l

′ ′ ′ ′ ′ ′ ′= − + − + − =

= − − + + − + − =

amrigad, or wertils Soris manZili ar icvleba. 

b) Tu erT sistemaSi moZraobis siCqare aris υ , xolo 
meoreSi ′υ , maSin 

   
′= +Vυ υ ,    (4)

Tu ki aTvlis meore sistema moZraobs pirvelis mimarT 
V siCqariT. 

amaSi mdgomareobs siCqareebis Sekrebis klasikuri 
kanoni. misi gamoyeneba SeiZleba mxolod ararelativis
turi moZraobebisTvis da am areSi Semowmebulia uamrav 
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faqtebze dayrdnobiT. 
siCqareTa Sekrebis am kanonis Tanmimdevruli gamoyva

na eyrdnoba galileis gardaqmnebs. 
davuSvaT, rom vakvirdebiT nawilakis gadaadgilebas 

x mimarTulebiT. es niSnavs, rom nawilakis siCqaris mar
to erTi, saxeldobr, x mdgeneli icvleba. vTqvaT, K  
sistemaSi nawilakis mdebareoba aRiwereba ( )x t  koordi
natiT, xolo K ′sistemaSi ( )x t′ ′  koordinatiT. amitom 
nawilakis siCqaris x  mdgenels movZebniT koordinatis 
gawarmoebiT: 

( )
x

dx t
dt

υ =  _ K  sistemaSi

da 
( )

x

dx t
dt

υ
′

′ =
′

 _ K ′sistemaSi

galileis gardaqmnas Tu gamoviyenebT, davwerT

( ) ( ) ( ) ( )
x x

dx t dx t dx td x t V t V V V
dt dt dt dt

υ υ
′ ′ ′ ′

′ ′ ′= = + = + = + = +   ′

am formulis gamoyvanisas visargebleT imiT, rom 
orive sistemaSi dro erTnairad mimdinareobs da rom 
mudmivis warmoebuli nulis tolia, / 0dV dt = . 

g) yvela sxeuli sxvadasxva inerciuli sistemebis 
mimarT moZraobs erTnairi aCqarebiT. 

am Tvisebas advilad davadgenT, Tu gavixsenebT, rom 
aCqarebis gamosaTvlelad unda gavawarmooT siCqare, da 
raki V  mudmivia, gvaqvs 

d d d
dt dt dt
υ υ υ′ ′
= =

′
              (5)

istoriulad swored siCqareTa Sekrebis kanoni gax
da is qvakuTxedi, romelmac gansazRvra sivrceze da 
droze arsebuli warmodgenebis gadaxedva. galileis 
gardaqmnebis SezRuduli xasiaTi pirvel rigSi gamomdin
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areobs sinaTlis siCqaris damoukideblobidan vakuumSi 
sistemis Tu wyaros moZraobaze, rac dadasturda zusti 
cdebiT me19 saukunis bolos. 

galileis gardaqmnebi (gansakuTrebiT siCqareTa 
Sekreba) xSirad gamoiyeneba kinematikur amocanebSi. 
sailustraciod, Cvenc ganvixiloT erTi aseTi amocana:

amocana 1. 
ori menave micuravs mdinareSi naxazze naCvenebi kur
siT. orive maTgani damdgar wyalSi navs amoZravebs u
siCqariT. mdinare miedineba υ  siCqariT. pirveli me
nave miemgzavreba A dan B sken da ukan. meore ki 
A dan C sken da ukan. orive manZili erTnairia da 
udris L s. maTi traeqtoriebi aRniSnulia (b) naxazze 
veqtorebiT. romeli menave ufro adre dabrundeba A
wertilSi? (cxadia, unda gaviTvaliswinoT, rom u υ> . wi
naaRmdeg SemTxvevaSi meore navi ukan ver dabrundeba). 

naxazi 3. navis moZraoba mdinareSi da siCqareTa konfiguracia
amoxsna: unda gvaxsovdes, rom u υ> . 
cxadia, unda gamoiTvalos orives dabrunebis dro da 
Sedardes erTmaneTs. siCqareTa klasikuri Sekrebis we
sis Tanaxmad pirveli menavis siCqare napiris mimarT aris 
(b) naxazis mixedviT 2 2

1 uυ υ= − . (naxazze u aRniSnulia 
c asoTi) amitom mgzavrobis dro misTvis iqneba 

1/22

1 22 2 2 2 2 2

2 2 1 .A B B A
L L L Lt t t

u uu u u
υ

υ υ υ

−

→ →

 
= + = + = = − 

− − −  
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meore navi dinebis gaswvriv moZraobs u υ+ siCqariT, 
xolo ukan brundeba u υ− siCqariT. amitom mgzavrobis 
dro misTvis iqneba 

12

2 2 2 2

2 2 1A C C A
L L Lu Lt t t

u u u u u
υ

υ υ υ

−

→ →

 
= + = + = = − + − −  

am or gamosaxulebas advilad SevadarebT, Tu gavix
senebT, rom erTze naklebi ricxvi met xarisxSi ayvanisas 
ufro nakleb ricxvs iZleva, pasuxi ki Seicavs mamravlad 
uaryofiT xarisxebs. amitom 2 1t t> , e. i. gaimarjvebs pir
veli menave. 

amocanebi damoukidebel samuSaod:

2.  siCqaris gardaqmnis klasikur kanonze dayrdnobiT 
aCveneT, rom samarTliania mtkiceba: erT sistemaSi 
usasrulod didi siCqare aseTived darCeba aTvlis 
meore sistemaSi, anu usasrulod didi siCqare aris 
invarianti galileis gardaqmnebis mimarT. 

3.  K  aTvlis inerciuli sistemis mimarT erTmaneTis 
Sesaxvedrad moZraobs ori nawilaki 1υ  da 2υ  siCqa
reebiT. pirdapiri gamoTvliT darwmundiT, rom am 
sistemaSi maTi daaxloebis siCqare aris toli nebi
smieri maTganis siCqarisa meore nawilakTan dakav
Sirebul sistemaSi. 

4.  daamtkiceT ori nawilakis fardobiTi siCqaris in
variantuloba, 

galileis gardaqmnebis SezRuduli xasiaTi

1905 wels a. ainStainma uari Tqva yovelgvar mcde
lobaze aexsnaT Tu ratom aris sinaTlis siCqare erTi 
da igive yvela inerciul sistemaSi da gamoTqva metad 
gabeduli mosazreba imis Sesaxeb, rom sinaTlis siCqa
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ris mudmivoba SeiZleba yofiliyo bunebis fundamenturi 
Tviseba, rac unda vaRiaroT rogorc cdiseuli faqti. 

•	 sinaTlis siCqaris mudmivobis moTxovna yvela iner-
ciul sistemaSi cnobilia rogorc ainStainis postu-
lati. es postulati Sedis bunebis yvelaze fundamen-
turi kanonebis ricxvSi. misi samarTlianoba dRemde 
utyuar faqtad iTvleba. 

ainStainis postulatma moiTxova arsebuli warmod
genebis Zireuli gadaxedva. am postulatTan SeTanxmebu
li warmodgenebi drois, sivrcisa da moZraobis Sesaxeb 
Seadgens ainStainis fardobiTobis specialuri Teoriis 
Sinaarss. 

pirvel rigSi SevniSnoT, rom galileis fardobiTobis 
principi winaaRmdegobaSi modis eleqtrodinamikur mov
lenebTan da SemoisazRvreba mxolod ararelativisturi 
meqanikis problemebiT. 

klasikuri meqanikis fardobiTobis principi, galil
eis gardaqmnebis da drois da sivrcis absoluturobis 
CaTvliT, aRwers Cveulebriv meqanikur movlenebs, magram 
ganicdis kraxs eleqtrodinamikuri movlenebis aRweri
sas. es situacia SegviZlia ganvmartoT Semdegi magali
TiT (ix. naxazi 4). 

naxazi 4. damuxtuli Rero moZrav sistemaSi
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grZeli Tanabrad damuxtuli gamtari Zevs x Re
rZis paralelurad aTvlis K  sistemaSi da uZravia am 
sistemis mimarT. gamtaridan raime r  manZilze imyofe
ba uZravi dadebiTi muxti q . cxadia, rom gamtari am 
muxtze moqmedebs ganzidvis ZaliT EF . igive konfig
uracia ganvixiloT K ′ sistemaSi, romelic moZraobs 
K  sistemis mimarT. K ′ sistemaSi myof damkvirvebels 
moeCveneba, rom muxti da gamtari moZraoben marcxniv. 
radgan grZeli gamtari damuxtulia erTgvarovnad, K ′
damkvirvebeli aRmoaCens, rom moZravi gamtari, anu mas
Tan erTad moZravi muxtebi, warmoadgens mudmiv dens, 
romelic garda zemoT naTqvami eleqtruli Zalisa, q  
muxtze imoqmedebs magnituri ZaliT MF  _ es Zalebi 
naCvenebia naxazze 4. amis Sedegad moZrav sistemaSi my
ofi damkvirvebeli daaskvnis, rom q muxtze moqmedi 
Zala naklebia, vidre is iyo gansazRvruli K  siste
maSi. es ki dauSvebelia, radgan metyvelebs meqanikis da 
eleqtrodinamikis kanonebis principul gansxvavebaze, 
romlebic erTnairi unda yofiliyo yvela inerciul 
sistemaSi. 

ainStainis postulatebi

gamomdinare am da kidev sxva faqtebidan, a. ainStain
ma Camoayaliba axali Teoria _ fardobiTobis special-
uri Teoria, romelic aRwers bunebaSi mimdinare yvela 
fizikur movlenas gravitaciis garda. SemdgomSi manve 
Seqmna gravitaciis Teoriac, sadac ukve arainerciuli 
sistemebic ganixileba. am Teorias uwodes fardobiTo-
bis zogadi Teoria. mis elementebsac gadmovcemT wignis 
bolos. axla ki martivi logikuri cdebis safuZvelze 
avagoT specialuri Teoriis Senoba. 

rogorc ukve aRvniSneT, fardobiTobis specialur 
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Teorias safuZvlad udevs ainStainis ori postulati*:

1.  yvela fizikuri (da ara marto meqanikuri) movlena 
erTnairad mimdinareobs aTvlis inerciul sistemeb-
Si. _ esaa fardobiTobis principi. 

2.  sinaTlis siCqare vakuumSi aris universaluri si-
dide _ is damoukidebelia wyaros an damkvirveblis 
moZraobis siCqareze. _esaa sinaTlis siCqaris mud-
mivobis principi. 

Tu fardobiTobis anu inerciis principi ramdenad
me misaRebi debulebaa, da filosofiuri TvalsazrisiT 
yovelmxriv gamarTlebulia vaRiaroT inerciuli siste
mebis ekvivalenturoba yvela fizikuri movlenisaTvis 
(da ara mxolod meqanikuri moZraobisTvis), meore prin
cipi _ sinaTlis siCqaris mudmivoba Zireulad ewinaaRm
degeba `Cveulebriv~ warmodgenebs. amitom misi Semotana 
moiTxovda swavlulisagan gansakuTrebul gambedaobas. is 
xom exeboda fizikis safuZvlebs da gamoiwvevda Zireul 
gardaqmnebs, rac moxda kidec sinamdvileSi. SemdgomSi am 
debulebam gauZlo mravalricxovan eqsperimentebs, rac 
misi mTavari dasabuTebaa. am principidan gamomdinare Se
degebis Semowmeba mimdinareobs yoveldRiurad maRali en
ergiebis Tanamedrove fizikaSi elementaruli nawilakebis 
amaCqareblebze Catarebul eqsperimentebSi. miuxedavad 
amisa, Tavisi absoluturi saxiT es debuleba aris postu
lati, e. i. daSveba, romelic gamodis pirdapiri eqsperi
mentuli Semowmebis sferodan, rac ZiriTadad dakavSire
bulia eqsperimentuli Semowmebis sasrulo sizustesTan. 

amrigad, ainStainis postulatebze dayrdnobiT vagebT 
fizikur Teorias _ viwyebT yvelaze ucnauri postulatiT 
_ sinaTlis siCqaris mudmivobis Sesaxeb. 

* SevniSnoT, rom fardobiTobis specialuri Teoriis agebisas a. ain
Stainma ucvlelad gadmoitana yvela inerciul sistemaSi sivrcis 
evkliduroba, erTgvarovneba da izotropuloba, agreTve drois 
erTgvarovneba. 
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erTdroulobis fardobiToba
warmovidginoT 2l  sigrZis vagoni. romelic moZraobs 

isriT naCvenebi mimarTulebiT V  siCqariT. 

naxazi 5. erTdroulobis dakvirveba moZrav vagonSi

vagonis zustad Sua wertilSi imyofeba damkvirvebe
li. vagonis wina da ukana kedlebze erTdroulad inTe
ba naTurebi. matarebelSi myofi damkvirvebeli masTan 
sinaTlis mosvlas daafiqsirebs drois erTsa da imave 
momentSi, anu Tu marcxnidan damkvirveblamde sinaTlis 
misvlis droa 1t∆ , xolo marjvnidan saTanado drois 
Sualedia 2t∆ , vityviT, rom orive naTura ainTo erT
droulad, Tu 1 2t t∆ = ∆ . ras aRricxavs amave movlenis 
Sesaxeb gareT myofi meisre? misTvis vagoni moZraobs da 
amitom marcxnidan wamosuli sinaTle met manZils gadis, 
vidre marjvnidan wamosuli vagonSi myofi damkvirveblis 
mimarT, radganac damkvirvebeli vagonTan erTad gaurbis 
marcxnidan wamosul sinaTles da moZraobs marjvnidan 
wamosuli sinaTlis Semxvedrad. anu Tu 1t′∆  aris dro, 
romelSic marcxnidan wamosulma sxivma miaRwia vagonSi 
myof damkvirvebels, xolo 2t′∆  ki _ dro, romelSic mar
jvnidan wamosuli sxivi moxvda vagonSi myofi damkvirve
blis TvalSi. sinaTlis siCqaris damoukideblobis gamo 
wyaros moZraobaze meisre ase gamoTvlis zemoxsenebul 
drois intervalebs:

1 2
1 2;l V t l V tt t

c c
′ ′+ ∆ − ∆′ ′∆ = ∆ = , 
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saidanac vpoulobT, rom 

1 2;l lt t
c V c V

′ ′∆ = ∆ =
− +

rogorc vxedavT, es Sualedebi gansxvavdeba erT
maneTisgan, 1 2t t′ ′∆ ≠ ∆ . 

sxva sityvebiT rom vTqvaT, erT sistemaSi erTdrouli ori 
movlena aRar aris erTdrouli meore inerciul sistemaSi. 

cxadia, rom am gansxvavebis mizezi aris swored sinaT
lis siCqaris mudmivoba. sxva signalisaTvis, magaliTad, 
bgerisaTvis, romlis gavrcelebis siCqare ar aris uni
versaluri, igive gantolebebi aseT saxes miiRebdnen 
(bunebrivia aqac gamoviyenoT siCqareTa Sekrebis klasi
kuri kanoni. Sc aRniSnavs bgeris siCqares): 

1 2
1 2,

S S

l V t l V t
t t

c V c V
′ ′+ ∆ − ∆′ ′∆ = ∆ =

+ −

aqedan advilad miviRebT, rom 
1 2

S

lt t
c

′ ′∆ = = ∆
, anu orive 

sistemaSi movlenebi erTdroulad moxdeboda. cxadia, 
siCqareTa Sekrebis klasikur kanons rom hqonoda adgi
li, aseve iqneboda sinaTlis SemTxvevaSic,

amrigad, movlenaTa erTdroulobis damoukideblobas 
sistemis moZraobaze adgili aRar aqvs specialur TeoriaSi. 

eTeris mimarT dedamiwis moZraobis dasakvirveblad daax
loebiT aseTi cdis Sesaxeb miuTiTa maqsvelma 1878 wels. 

naxazi 6. erTdroulobis fardobiTobis demonstrireba
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warmovidginoT kvlav 2l  sigrZis vagoni. romelic moZ
raobs isriT naCvenebi mimarTulebiT V  siCqariT. vagonis 
SuagulSi inTeba naTura S da sinaTlis sxivebi anaTeben 
vagonis kedlebs. naTelia, rom sinaTle dagvianebiT mi
aRwevs wina kedels, vidre ukanas, radgan wina kedeli 
`gaurbis~ sinaTlis sxivebs, ukana ki ̀ eweva~ mas. Tu eTerSi 
sinaTlis siCqarea c , maSin wina kedlis mimarT is iqne
bac V− ,xolo ukanas mimarT c V+ . amitom vagonis am ke
dlebTan sinaTlis sxivi unda mivides drois sxvadasxva 
momentebSi. erTi sxivis dagvianeba meoris mimarT iqneba

2 2

1 1 2lVt
c V c V c V

∆ = + =
− + −

Tu gaviTvaliswinebT, rom V << c, miviRebT

2

2lVt
c

∆ ≈ , saidanac 
2

2
c tV

l
∆

=

amrigad, Tu gvecodineboda vagonis sigrZe, sinaTlis 
siCqare da gavzomavdiT dagvianebis dros, t∆ , davadgen
diT ara marto TviT vagonis moZraobas eTeris mimarT, 
aramed vipovidiT kidec am moZraobis siCqares. magram 
sididiT dadamiwis orbitaluri siCqarisaTvis, 30υ = km/
wm, drois Sualedi gamodis Zalian mcire, daaxloebiT  
10_11wm. Tumca aseTi mcire drois intervalebsac Segvi
Zlia davakvirdeT optikuri meTodebiT. qvemoT ganvixi
lavT am cdis gaumjobesebul variants, maikelsonmor
lis cdas da davrwmundebiT rom dedamiwis moZraobas 
eTeris mimarT adgili ar aqvs. 

1881 wlisaTvis eqsperimentuli teqnika ise ganviTar
da, rom maqsvelis ideis ganxorcieleba SesaZlebeli gax
da. qvemo naxazze moyvanilia sqema cdisa, romelic 1887 
wels gaimeores maikelsonma da morlim (es cda adre, 
1981 wels Caatara maikelsonma, xolo Semdeg gaaumjobesa 
morlisTan erTad): 
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sodiumis wyarodan wamosuli yviTeli sinaTle iyofa 
or konad naxevrad gamWvirvale A  brtyelparaleluri 
firfitiT, romelSic orive kona aris erT fazaSi. konebi 
gadian urTierTmarTobi gzebiT 1 da 2 da aireklebian ra 

1M  da 2M  sarkeebidan, brundebian A  sarkeSi, saidanac 
miemarTebian O WogrSi damkvirveblisaken. me2 sarkis 
gzaze dgas e. w. kompensatori _ imave sisqis firfita, 
rogoricaa A  (1 sxivi firfitaSi gadis erTxel, 2 sxivi 
ki samjer, amitom saWiro xdeba maTi fazebis sxvaobis 
dakompensireba _ orive sxivs gavlili unda hqondes erT
nairi optikuri manZilebi). WogrSi akvirdebian Sekrebi
li sxivebis interferencias, rac damokidebuli unda 
iyos calkeul sxivebSi talRebis ricxvze. es ukanaskne
li ki damokidebulia (1) TiToeuli gzis sigrZeze da (2) 
instrumentis mimarT sinaTlis siCqareze TiToeuli gzis 
gaswvriv. 

vTqvaT, erTi, mag. , (2) sxivis mimarTuleba aris para
leluri, xolo meoris, (1) _ perpendikularuli dedami
wis moZraobis mimarT. da davuSvaT, rom uZrav eTerSi 
sinaTlis gavrcelebis siCqare aris c . maSin mTeli da
nadgaris mimarT sinaTlis siCqare iqneboda veqtoruli 
jami c si da −υ  (−υ aris `eTeris qaris~ siCqare, rome
lic dauberavs danadgars dedamiwis υ siCqariT moZrao
bis gamo). 

(2) sxivisTvis es siCqareebi mimarTulia urTierTsaw
inaaRmdegod, anu jamuri siCqareebia c υ−  ( 2M isken 
moZraobisas), da c υ+  ( 2M dan arekvlilisTvis). amitom 
aqeTiqiT moZraobas es sxivi moandomebs dros 

2 2 2
2 1

1 /
L L Lt

c c c cυ υ υ
= + = ⋅

− + −
SedarebiT rTuli gamosaTvlelia (1)sxivis moZraobis 

dro, radgan misi gza perpendikularulia dedamiwis moZ
raobis mimarTulebisa. dedamiwis moZraobis gamo eTer
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is siCqaris mimarT is iqneba garkveulad daxrili. sxivis 
siCqare iqneba

 
2 2c υ− (ix. qvemo naxazi) 

naxazi 7. maikelsonis interferometri

da amitom mis gzaze daxarjuli droa 

1 2 2 2

2

2 2 1

1

L Lt
cc

c
υ υ

= = ⋅
− −

 

am sxivebis mier daxarjuli droTa sxvaoba ki iqneba 
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1 2 22

22

2 1 1

11

Lt t t
c

cc
υυ

 
 
 ∆ = − = −
 −− 
 

maikelsonis danadgari damontaJebuli iyo masiur fi
laze da Cadgmuli iyo vercxliswyalSi, raTa SeZlebo
daT misi mdovred Semobruneba 900iT. amis Sedegad sx
ivebi adgilebs icvlian da maT mier daxarjul droTa 
sxvaoba moicema isev zeda formuliT, oRond Sebrunebu
li niSniT

2 2 2 2

2 1 2 1
1 / 1 /

L Lt
c c c cυ υ

′∆ = ⋅ − ⋅
− −

amrigad, Semobrunebisas Seicvleba svlaTa sxvaoba tδ

2 22 2

4 1 1
1 /1 /

Lt t t
c cc

δ
υυ

 
′= ∆ − ∆ = − −− 

ramac unda gamoiwvios interferenciuli suraTis wa
nacvleba. 

Tu gaviTvaliswinebT, rom 30υ ≈ km/wm da amitom, 
2 2 8/ ~ 10cυ − , xolo SemovisazRvrebiT ase

 

( ) 1/22 2 2 211 / 1 / ...
2

c cυ υ
−

− ≈ + +
miviRebT Sefasebas 

2

2
2Lt
c c

υδ ≈ ⋅

maikelsonisa da morlis cdaSi mravaljeradi arekv
lebis Sedegad efeqturi manZili dayvanil iqna ramdenime 
metramde. Tu avirCevT, magaliTad, 2 ~ 10L m, miviRebT

10~ 3 10tδ −⋅ wm. aqedan 
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69 10~c tδ
λ λ

−⋅

rac speqtris saSualo nawilisTvis ( )5~ 5 10λ −⋅ sm, 
iZleva 

~ 0.2c tδ
λ

amrigad, mosalodneli iyo, rom danadgaris Semo
brunebisas 90 gradusze moxdeboda interferenciuli 
suraTis wanacvleba iseTi manZiliT, rom gavzomavdiT 
interferenciuli suraTis siganes meaTedi wilebiT. 

magram, maikelsonisa da morlis pirvelma eqsperiment
ma da sul ufro meti sizustiT araerTjer gameorebul
ma eqsperimentebma saerTod ver aRmoaCines interferen
ciuli suraTis raime doneze wanacvleba. ukanasnel xans 
lazeruli sxivis gamoyenebiT Catarebulma cdebma, sadac 
mxaris sigrZe sagrZnoblad iyo gazrdili, agreTve ver 
aRmoaCines suraTis wanacvleba, rac niSnavs, rom `eTeris 
qari~ ar arsebobs. 

maikelsonis cdis uaryofiTi Sedegis asaxsnelad Se
moTavazebuli iyo mTeli rigi hipoTezebisa, magram yve
la maTgani winaaRmdegobis Semcveli aRmoCnda. 

amitom am etapze davaneboT Tavi eTeris hipotezis 
sirTuleebs da miviRoT sinaTlis siCqaris mudmivobis 
ainStainiseuli postulati da SeviswavloT misgan gamom
dinare axali Sedegebi. 

ganvixiloT meore magaliTi _ sinaTlis siCqaris gan-
sazRvra moZrav matarebelSi. 

vTqvaT, Tanabrad moZravi sistema aris matarebeli. 
davuSvaT, rom roca bolo vagoni gausworda telegrafis 
boZs, am vagonidan gaigzavna sinaTlis signali memanqani
saken (ix. naxazi 8); 
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naxazi 8. sinaTlis siCqaris gansazRvra moZrav matarebelSi

t′∆ drois Semdeg memanqane iRebs am signals. misTvis 
matareblis sigrZe iyos l′∆ . maSin memanqane gamoTvlis 
sinaTlis siCqares ase /c l t′ ′= ∆ ∆ . davuSvaT, rom amave 
process Tvals adevnebs garedan meisre. sinaTlis siCqa
re rom gansazRvros, manac sinaTlis mier gavlili manZi
li unda gayos misvlis droze. meisris mier fiqsirebu
li drois Sualedi aRvniSnoT t∆ iT. xolo gavlili gza 
iqneba l∆ is da im manZilis jami, romliTac t∆  

droSi win 
gaiwia vagonma telegrafis boZidan. amrigad, sinaTlis 
siCqarisaTvis meisre miiRebs gamosaxulebas 

l V t l V
t t

∆ + ∆ ∆
= +

∆ ∆
. 

ainStainis imave postulatis Tanaxmad meisrem unda 
miiRos igive siCqare, anu 

l lc V
t t
′∆ ∆

= = +
′∆ ∆

. 

es ki SeuTavsebelia `bunebriv~ moTxovnebTan 

;l l t t′ ′∆ = ∆ ∆ = ∆ . unda CavTvaloT, rom an ,l l′∆ < ∆ anu 
meisris azriT matarebeli `Semoklda~ da, an unda davuS
vaT, rom moZrav sistemaSi dro ufro nela mimdinareobs , 
vidre uZravSi an erTic xdeba da meorec. sxva sityvebiT 
rom vTqvaT, ainStainis postulati gvaiZulebs SevcvaloT 
Cveni fundamenturi warmodgenebi sivrcisa da drois Ses
axeb. jer yuradReba mivaqcioT sivrcul Tanafardobebs. 
vnaxoT, icvleba Tu ara sivrculi zomebi?
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ganivi zomebis ucvleloba

davadginoT axla, rom moZraobisadmi ganivi mimar-
TulebiT sxeulis zomebi ar icvleba, Tanxvdeba uZravi sx-
eulis saTanado zomebs. 

pirvel rigSi SevniSnoT, rom Tu icvleba ganivi mimar
TulebiT sxeulis zomebi, cvlileba erTnairi unda iyos 
siCqaris marTobulad yvela mimarTulebiT. amitom uZ
ravi wriuli rgoli, im sistemaze gadasvlisas, romelic 
moZraobs rgolis sibrtyis perpendikularuli mimar
TulebiT, principSi SeiZleba mxolod ikumSebodes an 
farTovdebodes wriuli formis SenarCunebiT. 

ganvixiloT axla ori erTnairi wriuli rgoli, gan
lagebuli RerZulad (ix. naxazi 9). vTqvaT, pirveli rgo
li uZravia, xolo meore moZraobs misken RerZis gaswvriv. 

naxazi 9. ganivi zomebis ucvleloba moZraobisas

Tu moZravi rgolis zoma Semcirda uZravTan Sedare
biT, maSin meore rgoli gaZvreba pirvelSi. magram, meore 
rgolis uZraobis sistemaSi pirveli rgoli imoZravebs 
meorisken da is unda gaZvres meoreSi. fardobiTobis 
principis Tanaxmad erTi rgolis yofnis faqti meoris 
SigniT ar SeiZleba damokidebuli iyos aTvlis sistemis 
arCevaze. warmoqmnili winaaRmdegoba aicileba erTader
Ti gziT _ rgolebis ganivi zoma ar SeiZleba icvlebodes 
imis mixedviT moZraobs rgoli Tu ara. amrigad, vaskvniT, 
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rom moZraobis ganivi mimarTulebiT sxeulis zomebi ar 
icvleba. 

moZravi da uZravi saaTebis Cvenebebis Sedareba

vaCvenoT axla, rom moZravi saaTi midis ufro nela, 
vidre uZravi. 

amisaTvis ganvixiloT ori inerciuli sistema K (uZra
vi) da K ′ (moZravi). am ukanasknelSi movaTavsoT special
uri konstruqciis saaTi. is Sedgeba am sistemis mimarT 
uZravi sinaTlis wyarosa da ori paraleluri sarkisagan, 
romelTa ganlageba naCvenebia naxazze 10. 

mcire droiT CairTveba sinaTle da Seiyvaneba sarkeebs 
Soris mdebare sivrceSi. amis Semdeg sinaTle imoZravebs 
zemoT da qvemoT, airekleba ra rigrigobiT zeda da qve
da sarkeebidan. miiReba perioduli procesi, sadac merx
evi saqanis rols asrulebs sinaTlis sxivi. 

naxazi 10. drois gazomva sinaTlis saaTiT

ganvixiloT erTerTi naxevarperiodi, roca sinaT
le moZraobs zemodan qvemoT. vTqvaT, K ′damkvirveblis 
TvalsazrisiT zemo sarkidan qvedamde sinaTlis sxivma 
moandoma t′∆  dro, maSin sinaTlis mier gavlili manZi
li iqneba c t′∆ , romelic aris ganivi manZili sistemis 
moZraobis mimarT. amitom uZravi sistemis damkvirveb
lis TvalsazrisiT sarkeebs Soris manZili igive iqneba, 
c t′∆ . magram K ′damkvirveblisgan gansxvavebiT uZravi K  
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damkvirvebeli sinaTlis moZraobas daxrilad dainaxavs, 
radgan qveda sarke win waiwevs, sanam sinaTlis sxivi miaR
wevs mas (ix. naxazi 11). 

naxazi 11. sinaTlis sxivis mier gavlili manZilebis gamoTvlisaTvis

davuSvaT, rom uZravma K  damkvirvebelma daafiqsira 

t∆  dro (ra Tqma unda, Tavisi sistemis saaTiT). amitom 
sinaTle misi TvalsazrisiT gaivlis c t∆  manZils, xolo 

K ′sistemaSi qveda sarke wainacvlebs manZiliT V t∆ . 
piTagoras Teoremis gamoyenebiT miviRebT kavSirs

 
( ) ( ) ( )2 2 2c t V t c t′∆ + ∆ = ∆ . 

cxadia, aseTive Tanafardoba miiReba meore naxevarpe
riodisaTvisac, roca sinaTle qvemodan zemoTken miedi
neba. miRebuli Tanafardobidan vpoulobT kavSirs drois 
Sualedebs Soris aTvlis or sistemaSi 

2

1 Vt t t
c

 ′∆ = ∆ − < ∆ 
 

 (5)

•	 am efeqts uwodeben lorencis Semoklebas drois 
SualedebisTvis da gveubneba, rom drois mimdin-
areoba ar aris absoluturi, aramed damokidebulia 
moZraobaze. 

gasarkvevi dagvrCa kidev erTi sakiTxi _ ra emarTeba 
sxeulis sigrZes moZraobis mimarTulebiT. 
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sxeulis sigrZis cvlileba moZraobis 
mimarTulebiT

ganvixiloT kvlav ori inerciuli sistema K (uZravi) 
da K ′ (moZravi). oRond axla K ′sistemaSi movaTavsoT x′
RerZis mimarTulebiT orientirebuli Rero (ix. naxazi 11). 

naxazi 12. Reros gaswvrivi zomis gansazRvra

davuSvaT, rom K ′sistemaSi Rero uZravia da misi sig
rZe aris l . misi gazomva ase CavataroT: Reros marcxena 
boloze movaTavsoT sinaTlis wyaro, romelic gzavnis 
paralelur sxivebs marjvena bolosken, sadac movaT
avsoT agreTve sinaTlis mimRebi (aRmricxveli) xelsawyo. 
marjvena boloSi moTavsebuli iyos sarke. gavgzavnoT 
sinaTlis signali da davafiqsiroT K ′  sistemis saa
TiT dro t′∆ , romelSic sinaTle gaivlis gzas marcxena 
bolodan marjvenamde da dabrundeba ukan (anu aqeTiqiT 
svlis dro). sxivis dabrunebas aRricxavs sinaTlis mimRe
bi (nax. 12). maSin Reros sigrZisTvis K ′sistemaSi gveqneba 

( )
2

c t
l

′∆
=

l  aris Reros sigrZe sistemaSi, sadac is uZravia. 

ganvixiloT axla es procedura K sistemis damkvirve
blis TvalsazrisiT. davuSvaT, rom misTvis marcxnidan 
marjvniv misvlas sxivma moandoma 1t∆  dro, ukan dab



_ 47 _

runebas ki 2t∆ . amitomac sruli drois intervali iqne
ba 1 2t t t∆ = ∆ + ∆  (es aiTvleba K sistemis saaTiT). cxadia, 
rom aqeT da iqiT moZraobis dro K sistemaSi ar iqneba 
erTnairi. radgan pirvel etapze sxivi eweva misgan moZra
vi Reros marjvena bolos, meore etapze ki is moZraobs 
marcxena bolos Semxvedrad (ix. naxazi 12 a). 

naxazi 12 a. gansxvaveba aqeT-iqiT sinaTlis mier  
gavlil manZilebSi K damkvirveblisTvis

gansxvaveba gavlil manZilebSi aris 1V t∆  da 2V t∆ , sa
Tanadod. e. i. 

1 1 2 2;c t l V t c t l V t′ ′∆ = + ∆ ∆ = − ∆

aq l′ aris Reros sigrZe K  sistemis mimarT. gamoyenebu
lia sinaTlis siCqaris damoukidebloba moZraobaze. Tu 
aqedan vipoviT drois Sualedebs da ganvsazRvravT srul 
dros, gveqneba 

1 2 2

2

2

1

lt t t
Vc
c

′
∆ = ∆ + ∆ =

 
− 

 

,

anu
2

21
2

Vc tl
c

 ∆′ = − 
 

. 

gamoviyenoT axla zemoT miRebuli kavSiri drois in
tervalebs Soris, rac gvaZlevs 

2

21
2

Vc tl
c

′∆′ = − , 

saidanac sabolood gvaqvs 
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2

21 Vl l
c

′ = −
                   

(6)

•	 amrigad, miviReT kidev erTi efeqti: sigrZis lor-
enciseuli Semcireba moZraobis gaswvrivi mimar-
TulebiT, rac asabuTebs, rom sivrculi Tanafardo-
bebi damokidebulia sxeulis moZraobaze. 

Sexeduleba sigrZis da drois Sekvecis Sesaxeb pirve
lad gamoTqves fitcjeraldma da lorencma eTeris hipo
Tezis gadasarCenad. magram maTi mosazrebebi iyo metadre 
xelovnuri da dausabuTebeli. amis miuxedavad moZraobis 
gaswvriv sigrZis Sekvecas SerCa istoriulad miniWebuli 
saxeli _ lorencis Semokleba, an lorencfitcjerald
is Semokleba. 

aucilebelia aRiniSnos, rom fardobiTobis TeoriaSi 
lorencis Semokleba warmoadgens sivrcisa da drois say
ovelTao Tvisebebis gamomJRavnebas. 

es daskvna gamomdinareobs fardobiTobis principidan. 
marTlac, ganvixiloT erTmaneTis mimarT uZravi ori saa
Ti. erTi maTgani iyos sinaTlis saaTi, rogorc zemoT 
ganxilul magaliTSi, xolo meore _ Cveulebrivi, sayo
facxovrebo. vTqvaT maTi uZraobis sistemaSi isini erT
nairad midian. axla davuSvaT, rom Cveulebrivi saaTis 
svla ar aris damokidebuli moZraobaze. maSin im siste
maSi, romelic moZraobs am uZravi sistemis mimarT, Cveu
lebrivi da sinaTlis saaTi sxvadasxvanairad ivlis. es ki 
ewinaaRmdegeba fardobiTobis princips. 

miRebuli formulebi asabuTeben im faqts, rom c ze 
meti siCqariT moZraoba ar SeiZleba, radgan relativis
turi fesvis qveS miiReba uaryofiTi ricxvi. (momavalSi 
am problemas kidev xSirad davubrundebiT), xolo neli 
siCqareebiT moZraobis dros fesvebi umniSvnelod gansx
vavdebian 1sgan, kerZod, ( )2 2/V c rigis wevrebiT. Tu misi 
gazomva SeuZlebelia Tqvens xelT arsebuli aparaturiT, 



_ 49 _

lorencis Semokleba ar daikvirveba. amaSi mdgomareobs 
ufro zogadi xasiaTis relativisturi warmodgenebis 
dasabuTeba, romelic ararelativizms Seicavs, rogorc 
Tavis zRvrul SemTxvevas. 

SeniSvna _ fundamenturi signalis gavrcelebis Sesax-
eb: vTqvaT, fundamenturi signali (sinaTle) K sistemaSi 
vrceldeba erTi O wertilidan meorisken A da arekvlis 
Semdeg brundeba ukan. signalis siCqare rom gavzomoT 
Odan Asken, unda gvqondes ori sinqronizebuli saaTi 
TiToeul wertilSi. magram sinqronizacia, sazogadod, 
gulisxmobs ukve cnobili siCqaris signalis gamoyenebas. 
amrigad, Cndeba mankieri wre, rac amtkicebs, rom fun
damenturi signalis siCqaris gansazRvra erTi mimar
TulebiT SeuZlebelia. 

Tu signalis moZraobisτ  dros erTi mimarTulebiT 
ganvsazRvravT marto erTi saaTiT, mag., O, eqsperimen
tulad vipoviT saSualo siCqares 2 /OA cτ =  _ sig nalis 
saSualo siCqares iqiTaqeT gzaze. sivrcis izotropi
is Tvisebidan gamomdinareobs fundamenturi signalis 
iqiTaqeT siCqareebis toloba. es daSveba eqsperimentu
lad pirdapiri gziT ver sabuTdeba (sivrcis izotropiis 
dasamtkiceblad unda darwmunebuli viyoT fundamentu
ri signalis izotropiulobaSi. magram amisaTvis unda vi
codeT pirveli). relativistur fizikaSi (fardobiTobis 
Teoriaze dayrdnobiT, fundamentur signals ( )c inv= < ∞  
eZleva pirdapiri eqsperimentuli dadastureba. aRmoCn
da, rom eleqtromagnituri talRa (kerZod, sinaTle) 
vakuumSi vrceldeba yvela aTvlis inerciuli sistemebi
sTvis invariantuli siCqariT. amrigad, praqtikaSi ele
qtromagnituri talRa vakuumSi vrceldeba invariantu
li siCqariT da swored eleqtromagnetizmi axorcielebs 
fundamentur siCqares 

83 10c = ⋅  m/wm. 
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amocanebi sivrcisa da drois Semoklebis 
efeqtebis gamoyenebaze:

amocana 1. gansazRvreT Cvengan daSorebadi kosmosuri 
obieqtis siCqare, Tuki or Tanmimdevrulad gagzavnili 
sinaTlis signalis drois intervalis Sefardeba ukan 
dabrunebul impulsebs Soris drois intervalTan, aris 
0. 5is toli. 

amoxsna: kosmosuri obieqti uZravi rom yofiliyo, 
orive signali movidoda drois imave intervaliT, 0τ . ma
gram obieqtis moZraobis gamo υ  siCqariT pirveli signa
li arekvlis momentis Semdeg damatebiT daxarjavs dros 

12 / cυτ . (aq 1υτ  aris manZili, romelzec gadaadgildeba 
amreklavi (kosmosuri) obieqti, sanam mas daeweva meore 
impulsi (ix. naxazi):

amitom   ( )1 0 /c cτ τ υ= −

xolo drois intervali, romliTac mova ukan orive 
impulsi, tolia

 
0 12 / cτ τ υτ= +

sabolood, ( ) ( )0 1 / 1 , / cτ τ β β β υ= + − =

raki 0
1/ 0.5
3

cτ τ υ= ⇒ =

kosmosuri obieqti rom Sordebodes, miviRebdiT

 ( ) ( )0 1 / 1τ τ β β= − +
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amocana 2. 
aTvlis K  sistemaSi A da B punqtebidan, romelTa So

ris manZilia 0l , starts erTdroulad iRebs ori xomal
di erTmaneTis Semxvedrad υ  da 2υ  siCqareebiT. gansaz
RvreT xomaldebis saaTebis Cvenebani maTi Sexvedrisas. 

amoxsna: TiToeuli xomaldis moZraobis dro Sexve
dramde ganisazRvreba Tanafardobidan 0 2 3l υτ υτ υτ= + =
, saidanac 0 / 3lτ υ= . amrigad saaTebis Cveneba pirvel da 
meore xomaldze iqneba, saTanadod:

2
0

01 21
3
l

c
υτ

υ
= −  da 

2
0

02 01 0221 4
3
l

c
υτ τ τ

υ
= − >

amocanebi damoukideblad samuSaod:

1.  0l  sakuTari sigrZis (ix. ganmarteba qvemoT) matareblis 
lokomotivze CairTo proJeqtori. vin pirveli dainaxavs 
mas: mgzavri bolo vagonSi Tu rkinigzis liandagze md
gomi damkvirvebeli? matareblis siCqareaυ . proJeqtori 
ainTo maSin, roca orive damkvirvebeli gautolda erT
maneTs (matarebelTan dakavSirebul sistemaSi) 

2.  sistemis raime punqtidan erTdroulad ( )0t =  iRebs 
starts ori xomaldi erTnairi modulis υ  siCqariT 
urTierTsawinaaRmdego mimarTulebiT. am punqtSi 
saaTis CvenebiT t∆  drois Semdeg meore xomaldze 
xdeba sinaTlis anTeba. drois ra momentSi dainaxavs 
mas kosmonavti pirvel xomaldze Tavisi saaTiT? 

3.  erTerTi tyupis cali gafrinda eqspediciaSi qa
lwulis TanavarskvlavedSi. adgilze misvlis Sem
deg is daeloda Tavis Zmas, romelmac starti imave 
kosmosuri sadguridan aiRo garkveuli drois 
Sualedis Semdeg imave tipis xomaldze. Sexvedri
sas iqnebian Tu ara isini tolebi? (CaTvaleT, rom 
kosmosuri sadguri da qalwulis Tanavarsvlavedi 
erTmaneTis mimarT uZravia)
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4.   erTnairi 0.99cυ =  siCqaris ori nawilaki moZraobs 
erTi wrfis gaswvriv da xvdeba samizneSi 

810−
 wamis 

intervaliT (samiznis sistemaSi). ipoveT maT Soris 
manZili maTTan dakavSirebul sistemaSi. 

sakuTari dro da sakuTari sigrZe
 

•	 uZravi saaTiT, anu moZrav wertilTan dakavSire
buli saaTiT gansazRvrul dros uwodeben sakuTar dros. 
aseve sakuTar sigrZes uwodeben sxeulis zomas, gansaz
Rvruls mis uZraobis sistemaSi. Semoklebis efeqtebis 
gamo sakuTari drois msvleloba umciresia, xolo saku
Tari sigrZe _ maqsimaluria. 

sxvadasxva sistemebSi drois xangrZlivobaTa Soris ka
vSiri mocemuli gvqonda gantolebiT 

2 21 /t t cυ′∆ = ∆ −

es formula SegviZlia gadavweroT diferencialebi
Tac

2 21 /d dt cτ υ= −  (7)

aq dτ  aris moZravi wertilis sakuTari drois difer
enciali, xolo dt  _ im inerciuli sistemis drois dif
erenciali, romelSic gansaxilav wertils aqvs siCqare 
υ . SevniSnoT, rom dτ  aris moZrav wertilTan dakav-
Sirebul sistemaSi erTidaimave saaTis CvenebaTa sxvao-
ba, xolo dt - aris CvenebaTa sxvaoba uZrav koordinatTa 
sistemis sxvadasxva maxlobel wertilebSi moTavsebuli 
saaTebis CvenebaTa sxvaoba. qvemoT davadgenT, rom saku
Tari dro aris invariantuli, is ukavSirdeba invarian
tul intervals. 

drois relativisturi Semcireba ara Tu daikvirveba 
cdebze, aramed gamoiyeneba nawilakTa amaCqareblebis te
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qnikaSi arastabiluri nawilakebis misaRebad da maTze da
kvirvebis sawarmoeblad. aviRoT, magaliTad, pimezonebi. 
am nawilakebis sicocxlis xangrZlivoba Zalze mcirea, 

810τ −≈ wm. aseT drois intervalSi nawilaki gaivlida 
araumetes 3cτ = m manZils, . magram τ aris sakuTari dro, 
aRricxuli nawilakTan erTad moZravi saaTiT. amitom, 
Tu es nawilakebi ibadebian sinaTlis siCqaris maxlobeli 
siCqariT, vTqvaT, 0.995c (aseTi siCqareebis miReba Tana
medrove amaCqareblebze ar warmoadgens problemas), ma
Sin laboratoriul sistemaSi nawilakis sicocxlis xan

grZlivoba aRmoCndeba daaxloebiT 
7

2

2

10
1 V

c

τ −≈

−
wm. am 

drois ganmavlobaSi nawilaki moaswrebs gaiaros TiTqmis 
30 m. es manZili ukve sakmarisia saWiro nawilakebis sepa
raciisa da saTanado aparaturaSi Sesayvanad. 

lorencis gardaqmnebi 

•	 axla davadginoT lorencis gardaqmnebi (anu, erTi 
inerciuli sistemidan meoreze gadasvlis for
mulebi specialur TeoriaSi) 

gamoyvana CavataroT K (uZravi) da K ′ (moZravi) siste
mebis kerZo ganlagebis SemTxvevaSi, rasac adrec viyeneb
diT. davuSvaT, rom K ′sistemis damkvirvebeli t′  momen
tSi afiqsirebs raime movlenas wertilSi koordinatebiT 

, ,x y z′ ′ ′  da imave movlenas K  
sistemis damkvirvebeli xe

davs wertilSi koordinatebiT , ,x y z  drois t  momentSi. 
ganvixiloT x′ koordinata. is ganisazRvreba msxvili 
monakveTis sigrZiT (ix. naxazi 13). 
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naxazi 13. lorencis gardaqmnebis gamoyvana

raki es monakveTi K ′sistemis moZraobis mimarTuleb
iTaa orientirebuli, amitom K  

sistemis TvalsazrisiT 
misi sigrZe Semcirebulia da udris 

2 21 /x V c′ − . amasTan 
drois t  momentisaTvis misi marcxena bolo ganTavsebuli 
iqneba V t

 
manZilze K  

sistemis saTavidan. es situacia 
mocemulia me13 naxazis marjvena nawilSi. aqedan gamom
dinareobs, rom ( )21 /x x V c V t′= − + , e. i. 

2

21

x V tx
V
c

−′ =

−
.              (8)

danarCeni koordinatebi ganisazRvreba moZraobis per
pendikularuli monakveTebiT. amitom TiToeuli mon
akveTis sigrZe orive sistemaSi erTnairi iqneba: 

,y y z z′ ′= =               (9)

miRebuli Tanafardobebi gansazRvraven sivrculi 
koordinatebis gardaqmnis wess erTi inerciuli sistemi
dan meoreze gadasvlisas. dagvrCa ganisazRvros drois 
gardaqmnis kanonic. 
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2. 8 lorencis gardaqmna droisaTvis

am mizniT ganvixiloT Sebrunebuli gadasvla K ′
sistemidan K sistemaze. es gardaqmna formalurad 
ganimarteba Strixiani da uStrixo koordinatebis urT
ierTSecvliT da gardaqmnis siCqaris arekvliT, V V→−
. kerZod, (8)dan gamomdinareobs Semdegi tolobis sis
wore

2

21

x V tx
V
c

′ ′+
=

−

aqedan t′ s gamovsaxavT x  da x′ iT. Tavis mxriv x′
gamoixateba x  da t iT (ix. zemoT). martivi algebruli 
gamoTvlebiT miviRebT 

2

2 2

/
1 /

t xV ct
V c

−′ =
−

napovni Tanafardobebis gaerTianebiT vRebulobT ga
dasvlis Semdeg wesebs:

2

21

x V tx
V
c

−′ =

−
, 

,y y z z′ ′= =
 

2

2 2

/
1 /

t xV ct
V c

−′ =
−

 

(10)

am formulebs uwodeben lorencis gardaqmnebs. isini 
arsebiTad gansxvavdebian ararelativisturi galileis 

gardaqmnebisgan, xolo zRvarSi 
2

1V
c

 
 
 

� <<1 gadadian gali
leis gardaqmnebSi. 

unda aRiniSnos, rom lorencis gardaqmnebis gamoyvanis 
bevri gansxvavebuli midgoma arsebobs. Cven daveyrdeniT 
uSualod ainStainis postulatebidan gamomdinare Sede
gebs da maTi kombinirebuli ganxilviT miviReT saZiebeli 
gardaqmnis formulebi. 
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lorencis gardaqmnebi asaxaven sivrceze da droze 
relativistur warmodgenebs, romelsac safuZvlad ude
vs ainStainis postulatebi. 

•	 lorencis gardaqmnebis mimarT fizikis kanonebis 
invariantulobis moTxovnas uwodeben ainStainis 
fardobiTobis princips. es principi ufro zogadia 
galileis fardobiTobis principTan SedarebiT, ma
gram am ukanasknelisgan arsebiTad gansxvavdeba mx
olod relativisturi moZraobebisTvis da am areSi 
xarixobrivad axal Sedegebs gvaZlevs. 

radgan relativisturi kinematikis Tanafardobeb
Si yovelTvis gvxvdeba siCqaris Semcveli erTidaigive 
faqtorebi, mosaxerxebelia maTTvis SemoviRoT Semokle
buli aRniSvnebi. kerZod: 

V
c

β = , 2 2

2

1 1
11 V

c

γ
β

= =
−−

        (11)

aqve SevniSnoT, rom 1,γ =  roca 0V =  da γ = ∞ ,  
roca V c= . xolo lorencis gardaqmnebi ase gadaiwere
ba

 
( ) ( ), , , /x x ct y y z z t t x cγ β γ β′ ′ ′ ′= − = = = − (12)

  

intervali, minkovskis sivrce

rogorc cnobilia,klasikur meqanikaSi galileis gar
daqmnebis dros ar icvleba sxeulis sigrZe da movlenebs 
Soris drois intervali. es invariantebi asruleben mniS
vnelovan rols. 

magram, arc erTi maTgani ar aris invarianti lorencis 



_ 57 _

gardaqmnebis mimarT. Turme arsebobs koordinatebze da 
droze damokidebuli gamosaxuleba, romelic ar icvleba 
lorencis gardaqmnebis dros. mas uwodeben intervals 
or movlenas Soris. 

relativistur meqanikaSi intervalis cneba asrulebs 
erTerT fundamentur rols. igi erTmaneTTan akav
Sirebs or fizikur movlenas, romlebic xdeba sivrceSi 
da droSi. 

Tu arCeulia aTvlis ori sistema, K  da K ′ , romlebic 
gamoxataven erTsa da imave sivrcedros, maTi koordi
natebi dakavSirebulia erTmaneTTan ise, rom intervali 

12s , ganmartebuli or gancalkevebuli movlenisaTvis, 
rogorc 

( ) ( ) ( ) ( )2 2 2 22 2
12 1 2 1 2 1 2 1 2s c t t x x y y z z= − − − − − − −       (13)

ar icvleba K  dan K ′ ze gadasvlisas, e. i. 

( ) ( ) ( ) ( )2 2 2 22 2 2
12 1 2 1 2 1 2 1 2 12s c t t x x y y z z s′ ′ ′ ′ ′ ′ ′ ′ ′= − − − − − − − =

lorencis gardaqmnis gamoyenebiT advilad davrwmun
debiT, rom aseTnairad ganmartebuli sidide marTlac ar 
icvleba erTi sistemidan meoreze gadasvlisas. or mov
lenas Soris intervali an ubralod intervali asedac 
Caiwereba

( )22 2 2
12 1 2 12s c t t l= − − (14)

sadac

( ) ( ) ( )2 2 22
12 1 2 1 2 1 2l x x y y z z= − + − + − aris samgan

zomilebiani manZilis kvadrati. 

advilad davrwmundebiT uSualo CasmiT, rom loren
cis gardaqmnebisas intervali ucvleli rCeba. 
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amocana: daamtkiceT intervalis invariatuloba

Tu movlenebis wertilebi mdebareoben erTmaneTisgan 
usasrulod mcire sidideebze, maSin gveqneba invarianto
ba diferencialebis kvadratebis intervalisa

     
2 2 2 2 2 2 .ds c dt dx dy dz inv= − − − =             (15 )

relativistur meqanikaSi intervali iseTive rols 
asrulebs, rasac samganzomilebian sivrceSi manZili or 
wertils Soris. manZili or wertils Soris ar icvleba 
galileis gardaqmnebisas, rogorc zemoT iyo aRniSnuli. 
intervali ki inaxeba lorencis gardaqmnebisas. gareg
nulad intervali waagavs Cveulebriv manZils _ orive 
aris koordinatebis kvadratuli forma. Tumca interva
lis gamosaxulebaSi gvaqvs wevrebi uaryofiTi niSniTac, 
da garda amisa, is Seicavs drois momentebsac. es arc 
aris gasakviri, radgan lorencis gardaqmnebi erTmaneT
Si `ureven~ sivrces da dros. dro da sivrce specialur 
TeoriaSi erTmaneTs `gadaejaWva~. am mizeziT Semotani
li iyo sivrculi koordinatebis da drois momentebis 
oTxganzomilebiani simravlis warmodgena. mas uwodeben 
4ganzomilebian sivrce-dros an minkovskis sivrces im 
maTematikosis sapativiscemad, romelmac pirvelma Semoi
tana es cneba. am sivrceSi dro warmoadgens damatebiT 
ganzomilebas, romelic Cveulebrivi sivrculi gan
zomilebebis toluflebiania, xolo manZili or wertils 
Soris minkovskis sivrceSi warmoidgineba intervaliT. 

minkovskis sivrceSi wertilis koordinatebi aRiniSne
ba ase ( ), , ,ct x y z . (sxva aRniSvnebis Sesaxeb qvemoT gveqne
ba saubari). is gamoxatavs movlenas, romelic moxda 
sivrcul wertilSi koordinatebiT , ,x y z  da drois mo
mentSi t . mas xSirad msoflio wertils uwodeben, xolo 
aseT wertilTa erTobliobas _ msoflio wirs. 

amrigad, fardobiTobis specialurma Teoriam Semoi
tana axali fizikuri realoba _ sivrce-dro anu dro-
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sivrce. dro da sivrcis Tvisebebi ar SeiZleba ganxilul 
iqnas erTmaneTisgan da, rogorc Semdgom davinaxavT, ma
teriis moZraobisgan mowyvetiT. 

3. lorencis gardaqmnebidan gamomdinare 
Sedegebi

ganvixiloT zogierTi Sedegi, romelic pirvel rigSi 
gamomdinareobs lorencis gardaqmnebidan. aq faqtiurad 
vimeorebT ukve cnobil Sedegebs, oRond lorencis gar
daqmnebze dayrdnobiT, maT Soris, amocanebis saxiT. 

drois intervalebis gardaqmna

vTqvaT, laboratoriul sistemaSi S  drois at  momen
tSi dafiqsirda movlena ax  wertilSi, xolo meore mov
lena bt  momentSi da bx wertilSi. 

rogori iqneba drois intervali am or movlenas Soris 
V siCqariT moZrav S′sistemaSi?

amoxsna: Tu gamoviyenebT lorencis gardaqmnebs, mi
viRebT 

2 2
b a

b a b a
Vx Vxt t t t
c c

γ γ   ′ ′− = − − −   
   

anu        ( ) ( )2b a b a b a
Vt t t t x x

c
γγ′ ′− = − − −

vxedavT, rom drois intervali S′ Si damokidebulia 
ara marto S Si Sesabamis drois intervalze, aramed 
saaTebs Soris sivrcul manZilzec. cxadia, es Sedegi ar 
aris moulodneli, radgan, Tumca saaTebi sinqronizebu
lia erTmaneTTan S sistemaSi, isini, sazogadod aRar 
iqnebian sinqronizebuli sxvadasxva inerciul sistemaSi. 

a) Tu ori movlena xdeba erTsadaimave wertilSi S Si, 
e. i. a bx x= , maSin ( )b at t− , drois intervals, gazomils 
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movlenebis wertilSi moTavsebuli saaTebiT, ewodeba 
drois sakuTari intervali, SevniSnoT, rom radgan 1γ >
aTvlis yvela moZravi sistemebisTvis, drois sakuTari 
intervali aris minimaluri am movlenebs Soris gazomili 
intervalebidan. 

b) Turme moiZebneba iseTi inerciuli sistema, ro
melSic zemoT moyvanili movlenebi iyos erTdrouli. 
marTlac, ori movlena erTdroulia raRac S′′ sistemaSi, 
anu iq

 0b at t′′ ′′− = , Tuki Sesruldeba piroba

 
( ) ( )2b a b at t x x

c
γυγ − = −

anu, roca 

b a

b a

t t c
c x x
υβ

 −
= =  − 

SevniSnoT, rom ( ) /b ax x c−  aris dro, romelic sWir
deba sinaTles bx wertilidan ax  wertilSi misasvlelad; 
amitom S′′ SegviZlia CavTvaloT sistemad, romlis siCqa
re S is mimarT aris c s is fraqcia, romliTac moicema 
drois intervalis ganayofi am movlenebs Soris sinaTlis 
gasavlelad. SevniSnoT agreTve, rom ( ) ( )b a b ac t t x x− > −  

niSnavs, 1β > , anu gvaqvs arafizikuri situacia. 

erTdroulobis fardobiToba

erTdroulobis cnebas azri aqvs mxolod aTvlis 
sistemis miTiTebis Semdeg. marTlac, davuSvaT, rom ze
moT ganxiluli erTerTi sistemis mimarT, magaliTad, 

K , erTsa da imave dros 1 2t t t= =  moxda ori movlena wer
tilebSi koordinatebiT ( )1 1 1, ,x y z  da ( )2 2 2, ,x y z , Sesabam
isad. gamoviyenoT lorencis gardaqmnebi da gadavideT 

K ′sistemaSi. maSin pirveli movlena K ′sistemis saaTiT 
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moxdeba drois momentSi (aq da Semdgom, Tu sawinaaRm
dego ar iqneba naTqvami, sistemis siCqares gavukeTebT 
nulovan indeqss, 0V V⇒ ), 

2 2
1 1 0 1 0

1 2 2 2 2
0 0

/ /
1 / 1 /

t x V c t x V ct
V c V c

− −′ = =
− −

, 

xolo meore _ momentSi 

2 2
2 2 0 2 0

2 2 2 2 2
0 0

/ /
1 / 1 /

t x V c t x V ct
V c V c

− −′ = =
− −

am formulebidan gamomdinareobs, rom 

( ) 2
2 1 0

2 1 2 2
0

/
0

1 /

x x V c
t t

V c

−
′ ′− = ≠

−
 Tuki 1 2x x≠ .     (16)

e. i. K ′sistemis mimarT movlenebi sxvadasxva momentSi 
moxdeba. anu, erT inerciul sistemaSi erTdrouli mov
lenebi aRar arian erTdrouli sxva inerciul sistemaSi. 
es winadadeba ilustrirebulia qvemoT moyvanil naxazze 
(ix. naxazi 14)

  

a)                                                                           b)
naxazi 14. koordinatTa uZrav sistemaSi sxvadasxva wertilebSi 
ganlagebuli saaTebi, sadac erTdroulad moxda raime movlene-
bi, gviCveneben movlenis moxdenis erTsa da imave moments. moZrav 
sistemaSi moTavsebuli Sesabamisi saaTebi movlenis moxdenis 
momentSi gviCveneben sxvadasxva dros, anu aq movlenebi ar arian 
erTdrouli. naxazze gamosaxulia a)dro moZravi S ′  sistemis sx-
vadasxva wertilebSi, romlebic Seesabamebian uZravi S  sistemis 

0t = moments. b) SemTxveva, roca saaTebi sinqronizebulia S ′
sistemaSi
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mizezobrioba
bunebrivad daismis kiTxva: raki dro fardobiTia, xom 

ar dairRveva movlenaTa Tanmimdevroba sxva inerciul 
sistemaze gadasvlisas? miRebuli (16) formulidan Cans, 
rom Tu 2 1x x> , moZrav sistemaSi gvaqvs utoloba 2 1t t′ ′>
. xolo Tu ganvixilavdiT sawinaaRmdego mxares moZrav 
sistemas, 0 0V V→− , miviRebdiT 2 1t t′ ′< . amrigad erTid
aigive movlenebis Tanmimdevroba sxvadasxva sistemeb
Si sxvadasxvaa. xom ar SeiZleba moxdes ise, rom dair
Rves kavSiri mizezsa da Sedegs Soris anu Sedegma droSi 
gauswros am Sedegis gamomwvev mizezs? naTelia, rom es 
dauSvebelia. gavarkvioT, ra SemTxvevaSi ar eqneba adg
ili mizez_Sedegobrivi kavSiris darRvevas. amisaTvis 
ganvixiloT ori movlena uZrav sistemaSi. davuSvaT, rom 

1x  wertilSi 1t  momentSi momxdari movlena gaxda 2 1x x>  
wertilSi 2 1t t> momentSi momxdari movlenis mizezi. er
Tidan meore wertilSi unda gadaeces `gavlena~, gavlenis 
signalis gadatanis siCqare iyos υ . siCqaris ganmartebis 
Tanaxmad

υ
gav 

2 1

2 1

x x
t t

υ−
= =

−
moZrav sistemaSi es movlenebi moxdeboda raime wer

ilebSi 1x′  da 2x′  romelime drois momentebSi 1t′  da 2t′ . 
lorencis gardaqmnis formulis Tanaxmad gvaqvs

( )0
2 1 2 12

2 1 2 2
01 /

Vt t x x
ct t
V c

− − −
′ ′− =

−
Tu aq gavlenis siCqaridan gansazRvrul koordinatTa 

sxvaobas CavsvamT, miiReba

( ) ( ) 00
2 1 22 1 2 12

2 1 2 2 2 2
0 0

1

1 / 1 /

VV t tt t t t cct t
V c V c

υ
υ

 − −− − −  
 ′ ′− = =

− −
 (17)

es formula gveubneba, rom mizezobrioba ar dairRve
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va, Tu 
0

21 0V
c
υ

− > , maSin droTa sxvaobas tolobis orive 
mxares erTnairi niSani eqneba. es ki moxdeba maSin (anu ar 
dairRveva mizezSedegobrivi kavSiri), roca Sesruldeba 
utoloba 

υ
gav

 
0

c c
V

< ,               (18)

da radgan lorencis gardaqmnebi uSveben imis Sesa
Zleblobas, rom υ

gav
is sidide iyos ragind axlo sinaT

lis siCqaresTan, oRond ar aRematebodes mas, da amis 
garda, 0V c< yovelTvis, aqedan gamomdinareobs, rom 
gavlenis gadacemis siCqare ar SeiZleba aRematebodes 
sinaTlis siCqares. ase, rom mizezSedegobrivi kavSirebi 
ar dairRveva da maT aqvT absoluturi xasiaTi. ar arse
bobs koordinatTa sistema, romelSic mizezi da Sedegi 
Seicvlidnen adgilebs. 

fardobiTobis Teoria ar amtkicebs mizezobriobis prin
cips. is gamodis iqidan, rom es principi samarTliania da 
unda Sesruldes yvela koordinatTa sistemaSi. aqedan ga
momdinareobs SezRudva im siCqareebze, romlebiTac SeiZle
ba gadaicemodes fizikuri signali anu urTierTqmedeba. 

sivrculi manZilebis Semcireba lorencis 
gardaqmnebisas

sivrculi manZilebis Semcireba mJRavndeba lorencis 
Semoklebis gamo. es Tavidanve naTeli unda iyos. magram 
formalurad SegviZlia SevamowmoT, Tu sigrZeebs Cavw
erT orive koordinatTa sistemaSi

( ) ( ) ( )

( ) ( ) ( )

2 2 2
12 1 2 1 2 1 2

2 2 2
12 1 2 1 2 1 2

l x x y y z z

l x x y y z z

= − + − + −

′ ′ ′ ′ ′ ′ ′= − + − + −
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sadac Strixiani da uStrixo koordinatebi dakavSire
bulia erTmaneTTan lorencis gardaqmnebiT. Tu maT 
aq gamoviyenebT, advilad davadgenT sigrZis SekumSvis 
efeqts. amave dros, unda gvaxsovdes, rom sigrZis gan
sazRvrisas mocemul sistemaSi Reros boloebis koor
dinatebi unda davafiqsiroT erTdroulad, magaliT
ad, K sistemaSi, 1 2t t= . maSin, cxadia, aRmoCndeba, rom 

12 12l l′≠ saxeldobr, 
2

0
12 12 21 Vl l

c
′ = −

e. i. moZraobis gaswvriv ganlagebuli moZravi Reros 
sigrZe naklebia uZravi Reros sigrZesTan SedarebiT. 
cxadia, rom K ′ sistemis TvalsazrisiT, romelsac Tu 
miviRebT uZravad, gamova igive formula, rogorc es ga
momdinareobs fardobiTobis principidan. 

SevafasoT Semoklebis sidide: Cveulebrivad saqme 
gvaqvs sxeulTa moZraobis mcire siCqareebTan, sinaTlis 
siCqaresTan SedarebiT, / 1V c � <<1. amitom pirvel rigSi 
SegviZlia davweroT

 2

2
11
2

Vl l
c

 
′ ≈ − 

 
amitom fardobiTi Semokleba tolia sididisa 

2

22
l l l V

l l c
′∆ −

= = −

rom aviRoT wamSi aTeuli kilometris rigis siCqare, 
2 2 8/ 10V c −≈ , fardobiTi Semokleba 

810−
ze naklebia, 

amitom Znelia misi SeniSvna. samagierod, didi (sinaTlis 
siCqaris Sesadari) siCqareebis SemTxvevaSi Semoklebac 
Zalian didi gamova. 

ra SeiZleba iTqvas moZravi sxeulebis Semoklebis re
alurobis Sesaxeb? amisaTvis moviyvanoT moZravi sxeulis 
sigrZis gansazRvris erTerTi gza. ganvixiloT Semdegi 
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fizikuri situacia: vTqvaT, gvaqvs sami uZravi sinaTlis 
wyaro, , ,A B C , romlebic ganlagebulia erT sworze 
erTmaneTisgan tol a  manZilebze (ix. naxazi 15). wyaroebs 
SeuZlia erTdroulad gamoasxivon sinaTlis impulsi am 
wrfis perpendikularulad. es impulsebi registrirdeba 
fotofiriT D . sinaTlis wyaroebsa da fotofirs So
ris AC  wrfis paralelurad SegviZlia gadavaadgiloT 
raime sxeuli (saxazavi). roca saxazavi xvdeba wyarosa da 
fotofirs Soris am dros wamosuli sinaTlis sxivi ver 
miaRwevs fotofirs da masze ar aRmoCndeba kvali. gan
vixiloT ramdenime konfiguracia: 

naxazi 15. moZravi sxeulis sigrZis Semoklebis dakvirveba

1.  uZravi saxazavis sigrZe iyos aseTi, 2 ( )L a L a< > .  
maSin saxazavis da fotofiris urTierTmdebareobis 
mixedviT saxazavi SeiZleba Camoefaros erTerT wy
aros , ,A B C  an or maTgans ,A B  an ,B C . kerZod, 
SeuZlia Camoefaros B s, xolo ,A C darCebian dau
faravi. Tu samive wyaros erTdroulad avanTebT sax
azavis sxvadasva ganlagebisas, fotofirze SeiZleba 
aRmoCndes laqebis Semdegi kombinaciebi: a) samive laqa 
(roca saxazavi gareTaa); b) nebismieri ori laqa (roca 
saxazavi faravs mxolod erT wyaros); 3) erTi laqa A  
an C ,roca sxva ori wyaro gadaketilia. 

2.  aviRoT axla ufro grZeli saxazavi, roca 2L a> . misi 
sxvadasxva ganlagebis dros miiReba Semdegi kombina
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ciebi laqebisa: a) yvela sami laqa(roca saxazavi AC
s gareTaa); b) ori laqa ,A B dan an ,B C dan (roca 
saxazavi efareba saTanado kidura wyaros. amave dros 
SeuZlebelia B  iyos Caketili, xolo A  da C  Ria. g) 
erTi laqa A dan an erTi laqa C dan, da ar gvqondes 
B s kvali; d) erTi laqa A dan an erTi laqa C dan, 
roca sxva ori wyaro gadaketilia; e) fotofirze arc 
erTi laqa ar aris (saxazavi faravs samive wyaros). 

3.  am saxazavs 2L a>  vamoZravebT AC s paralelurad 
iseTi V  siCqariT, rom 2 21 / 2L V c a− <  da vawar
mooT ganaTeba da maTi fotografireba. Sedegad mi
viRebT yvela SesaZlo kombinaciebs laqebisa, rac 
damaxasiaTebeli iyo pirveli SemTxvevisaTvis ufro 
mokle saxazavis dros. kerZod, vipoviT firs, romel
zec aris ori laqa A  da C  da ar aris B s laqa, rac 
SeuZlebeli iyo meore SemTxvevaSi. garda amisa arc 
erT fotografiaze ar gveqneba laqis gareSe SemTxve
va. es niSnavs, rom gvaqvs pirveli SemTxveva moZravi 
saxazavis sigrZe naklebia 2a ze . amrigad, vrwmundeb
iT, rom sigrZis Semcirebis faqti realuri Sinaarsis 
matarebelia. 

Tu am movlenas ganvixilavT moZravi saxazavis siste
maSi, mogviwevs sigrZis SemcirebasTan erTad gaviTvalis
winoT erTdroulobis fardobiToba. 

cxadia, rom unda Seicvalos agreTve moZravi sxeulis 
formac. saxeldobr, adgili aqvs sxeulis ̀ Sebrtyelebas~ 
moZraobis mimarTulebiT, Seicvleba misi moculobac. 

intervalebis klasifikacia

ganmartebidan Cans, rom intervalis gamosaxuleba ar 
aris niSangansazRvruli. is SeiZleba iyos rogorc dadeb
iTi, ise uaryofiTi an nuli. amis mixedviT intervalebs 



_ 67 _

mieniWeba TavTavisi dasaxeleba. cxadia, rom invariantu
lobis gamo intervalis sidide ar SeiZleba Seicvalos 
erTi inerciuli sistemidan meoreSi gadasvlis dros. 
Tu intervalis ganmartebaSi erTerT msoflio wertils 
koordinatTa saTaveSi aviRebT, anu Tu 1 1 1 10t x y z= = = =
, xolo meore wertils _ nebismierad, ( ), , ,ct x y z , maSin 
intervalis gamosaxuleba miiRebs saxes 

2 2 2 2s c t= − r              (19)
sadac r  aris saTavidan mocemul wertilSi gavlebuli 
radiusveqtori. intervalis es formula Seesabameba 
SemTxvevas, roca erTi movlena xdeba saTaveSi sawyis mo
mentSi, xolo meore _ t  momentSi, sivrcis , ,x y z  wertil
Si. cxadia, rom 2 2l=r aris sivrculi manZilis kvadrati. 
intervali SeiZleba iyos dadebiTi, uaryofiTi an nuli. 
intervalebis klasifikacia aseTia:

Tu 
2 0s > , intervals uwodeben drois-magvars;

Tu 
2 0s < , `________________~ sivrcis-magvars;

Tu 
2 0s = , `________________~ nulovans an sinaTlis- 

magvars. 
es klasifikacia aris absoluturi da ar aris damok

idebuli sistemis arCevaze. Tumca calkeuli SemTxvevebi 
zRudaven sistemis arCevis SesaZleblobebs. 

magaliTad, Tu intervali droismagvaria, 2 0s > , ma
Sin mxolod iseT sistemebSi SegveZleba movlenis Seswav
la, romlebSic es utoloba ar dairRveva. aq sainteresoa 
SemTxveva, roca axali sistemis TvalsazrisiT miiRe
bodes 0l = , anu SegviZlia ise avirCioT aTvlis sistema, 
rom misi TvalsazrisiT ori movlena xdebodes erTsa da 
imave sivrcul wertilSi, oRond, cxadia, sxvadasxva mo
mentSi erTmaneTis mimdevrobiT. am SemTxvevaSi ver mov
ZebniT sistemas, romelSic es ori movlena moxdebodes 
drois erTsa da imave momentSi da sxvadasxva wertilSi, 
radgan intervali gaxdeboda uaryofiTi. 
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Tu intervali sivrcismagvaria, 2 0s < , maSin ise 
SegviZlia avirCioT aTvlis sistema, rom orive movlena 
xdebodes erTsa da imave momentSi am sistemis Tvalsaz
risiT, oRond sxvadasxva wertilebSi. 

nulovani intervalis SemTxvevaSi ki ori movlena 
SegviZlia erTmaneTTan davakavSiroT mxolod iseTi sig
naliT, romelic vrceldeba sinaTlis siCqariT, radgan 
am dros 2 0s = dan gveqneboda, 2 2 lct l ct= → = . 

amocana: vipovoT koordinatTa sistema, romelSic sivr
cismagvari intervaliT gayofili movlenebi xdebodes 
erTdroulad sxvadasxva wertilebSi, xolo droismag
vari intervaliT gayofili _ erTsadaimave sivrcul wer
tilSi. 

amoxsna: Tu movlenebi xdeba wertilSi 1 0x = , roca  

1 0t = , da wertilSi 2x  roca 2t t=  da maT Soris in
tervali sivrcismagvaria ( 2 0s < ), maSin sistemaSi, sad
ac movlenebi erTdroulia, sivrculi manZili maT Soris 
aris 2

2x s′ = − . am sistemis siCqares movZebniT lor
encis gardaqmnidan. CavTvaloT, rom sawyis momentSi am 
sistemebis saTaveebi erTmaneTs emTxveoda ( )1 10, 0x t′ ′= =
. meore movlenisTvis SegviZlia davweroT 

2
2 2

2 2 2

/0
1 /

t x ct
c

υ
υ

−′ = =
−

, saidanac 
2

2 2/t c xυ =

Tuki intervali iqneboda droismagvari, 
2 2 2 2

2( 0)s c t x= − > , maSin sistemaSi, romelSic es movlen
ebi moxdeboda mimdevrobiT erTsadaimave sivrcul wer
tilSi, drois intervali maT Soris iqneboda

 
2

2t s′ = ,  
xolo koordinatas vipoviT Tanafardobidan 

2 2
2 2 2

0
1 /
x tx

c
υ

υ
−′ = =

−
, saidanac 2 2/x tυ =

amrigad, vipoveT saZiebeli sistemebis siCqareebi. 
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intervalis kavSiri sakuTar drosTan

davadginoT axla intervalis kavSiri sakuTar drosTan. 
gavixsenoT, rom dro, romelic izomeba moZrav wertilT
an dakavSirebuli saaTiT, aris sakuTari dro. drois in
tervalebs Soris kavSiris formulaSi (16) Tu gadavalT 
usasrulod mcire sidideebze, CavwerT ase:

2 21d dt cτ υ= − ,          (20)

sadac dτ  aris moZravi nawilakis sakuTari drois dif
erenciali, dt  _ drois diferenciali im inerciuli 
sistemisa, romelSic gansaxilav wertils mocemul momen
tSi aqvs υ  siCqare. SevniSnoT, rom dτ  aris erTidaigive 
moZravi saaTis Cvenebebis cvlileba, xolo dt  _ mezo
bel sivrcul wertilebSi moTavsebuli sxvadasxva saaTis 
CvenebaTa sxvaoba uZrav koordinatTa sistemaSi. naTelia, 
rom intervalis diferencialis kvadratis formula (16) 
SeiZleba ase gardavqmnaT:

2

2
11 dds cdt
c dt
 = −  
 

r
             (21)

Sedareba wina formulasTan gvaZlevs

/d ds cτ =             (22)

aqedan Cans, rom sakuTari dro aris lorencgar
daqmnebis invarianti. es bunebrivia ganmartebidanve, 
radgan sakuTari dro ganisazRvreba moZrav wertilT
an dakavSirebuli saaTiT da sulac ar aqvs mniSvnelo
ba, koordinatTa romel sistemaSi vixilavT am Cvenebas _ 
ganxilva yovelTvis exeba sistemis mimarT uZrav saaTs. 
intervali, rogorc invariantuli sidide, erTi da igivea 
yvela aTvlis sistemis mimarT. amitom yvela SemTxvevaSi 
SeiZleba vTqvaT, rom sakuTari drois Sualedis gamo
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saTvlelad intervali unda gaiyos c ze. xolo Tu sru
li drois gamoTvla gvinda, cxadia, gveqneba 

2

21ds dt
c c

υτ = = −∫ ∫  (23)

adre saubari gvqonda movlenaTa Soris mizezSedego
briv kavSirze. gavarkvieT, rom es kavSiri ar irRveva, Tu 
erTi wertilidan (mizezi) meoreSi (Sedegi) informacia 
gadaecema sinaTleze naklebi siCqariT. 

gavarkvioT axla sakiTxi _ SeiZleba Tu ara, movZebnoT 
aTvlis iseTi sistema, romelSic mizezi da Sedegi moxdes 
erTdroulad? Cvens mier miRebuli formulidan 

( )0
2 1 2 12

2 1 2 2
01 /

Vt t x x
ct t
V c

− − −
′ ′− =

−

Cans, rom gansaxilav SemTxvevaSi unda gvqondes 

2 1 0t t′ ′− = , anu 

( )0
2 1 2 12 0Vt t x x

c
− − − =

e. i. Tu aTvlis sistemis siCqare aris 

( )2
2 1

0
2 1

c t t
V

x x
−

=
−

magram raki gansaxilavi movlenebisTvis gvaqvs, 
( )2 1 2 1x x c t t− > − ,amitom zeda formulis marjvena mxares 

mdgomi gamosaxuleba naklebi gamodis sinaTlis siCqareze 

( )2
2 1

0
2 1

c t t
V c

x x
−

= <
−

radgan aTvlis sistemisTvis dasaSvebia nebismieri 
sinaTleze naklebi siCqareebi,, aqedan gamomdinare
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obs, rom erTsa da imave momentSi orive movlenis mox
dena principulad ar aris gamoricxuli. ufro metic, 
aTvlis sistemis siCqaris odnav gazrdiT zemoT moy
vanilTan SedarebiT, SegviZlia droTa sxvaobis niSanic 
ki SevcvaloT. fizikurad es imas niSnavs, rom mizezsa 
da Sedegs Soris mimdevrobas adgilebi SevucvaloT. am
ave dros unda gaviazroT, rom ramdenadac uCveulod ar 
mogveCvenos, amaSi araferia gansakuTrebuli da ar ewi
naaRmdegeba fardobiTobis Teoriis logikas. 

marTlac, radgan laparakia movlenebze, romlebic 
ar arian dakavSirebuli mizezSedegobrivad, maTi mim
devrobis rigis Secvla ar ewinaaRmdegeba mizezobriobis 
kanons. gavixsenoT, rom sistemaSi, sadac ori movlenis 
drois momentebi emTxveva erTmaneTs, intervalis kva
drati daiyvaneba or wertils Soris manZilis kvadratze, 

( ) ( ) ( )2 2 22 2
2 1 2 1 2 1s x x y y z z l= − − − − − − = −       (24)

aseT intervals davarqviT sivrcismagvari. ase, rom 
movlenebi, romlebic ar SeiZleba davakavSiroT mizezSe
degobrivi kavSiriT, gayofilia sivrcismagvari inter
valiT da aseTi wyvilisTvis yovelTvis SegviZlia mov
ZebnoT iseTi aTvlis sistema, romelSic orive movlena 
moxdeba erTdroulad. 

movlenebis grafikuli gamosaxva

intervalis fizikuri mniSvnelobis garkvevisaTvis da 
misi zemoT moyvanili klasifikaciis dasabuTebisaTvis 
xelsayrelia movlenebis grafikuli gamosaxva, radgan is 
naTel warmodgenas mogvcems movlenebis mimdinareobaze 
da sivrcisa da drois xasiaTze fardobiTobis Teoria
Si. jer ganvixiloT mxolod erTi sivrculi koordinata, 
kerZod x  da dro t  . gavavloT sibrtyeze ori urTierT
marTobi RerZi da gadavzomoT maTze x  koordinata da 

ct  namravli. 
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naxazi 16. movlenis grafikuli gamosaxva

sibrtyis yoveli wertili gamosaxavs raime movlenis 
moxdenis adgils da drois moments. magaliTad, O wer
tili gamosaxavs movlenas, romelic moxda koordinatTa 
saTaveSi ( )0x =  da sawyis momentSi ( )0t = . OX  RerZis 
wertilebi gamosaxavs movlenebs, romlebic sawyis momen
tSi moxda, magram sxvadasxva adgilas. OX RerZi awmyos 
RerZia. OX RerZis zemoT mdebare wertilebi gamosaxaven 
sawyisi momentis Semdeg, anu momavalSi ( )0t >  momxdar 
movlenebs, xolo OX RerZis qvemoT mdebare wertilebi _ 
warsulSi ( )0t < momxdar movlenebs. Oct RerZi gamosaxavs 
movlenebs, romlebic erT wertilSi, saxeldobr, koor
dinatTa saTaveSi moxda, magram sxvadasxva dros. is aris 
koordinatTa saTavis drois RerZi. 

rogor gamoisaxeba am sibrtyeze nawilakis moZraoba? 
jer ganvixiloT uZravi nawilakis SemTxveva. vTqvaT 0t =  
momentSi saTavidan x  manZilze imyofeba materialuri naw
ilaki. es movlena gamosaxuli iqneba OX RerZze mdebare A  

wertiliT, romlis koordinatia x . Tu drois ganmavlobaSi 
nawilaki arc warsulSi icvlida da arc momavalSi Seicvlis 
mdebareobas, misi warsuli da momavali movlenebi ( x  man
Zilze yofna warsulSi da momavalSi) gamosaxuli iqneba A  
wertilze gamavali da drois RerZis paraleluri wrfiT. 
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msoflio wirebi, sinaTlis konusi

ganvixiloT axla OX  
RerZze uZravad mdebare Rero, 

romlis sigrZe aris l . sawyis momentSi misi boloebis mde
bareobani gamosaxuli iyos B  da C  wertilebiT, TviT 
Rero ki BC monakveTiT. Tu Rero uZravia, misi yvela war
suli da momavali mdebareoba gamosaxuli iqneba drois 
RerZis paraleluri da BC l=  siganis zoliT (nax. 16). 

Tu nawilaki moZraobs, misi daSoreba saTavidan cvale
badi iqneba da amitom, saTanado movlenebi aRar iqneba 
gamosaxuli drois RerZis paraleluri wrfiT. 

naxazi 17. msoflio wirebi

Tu, magaliTad, nawilaki moZraobs A  wertilidan mar
jvniv mudmivi siCqariT, misi mdebareobis cvlileba droSi 
gamosaxuli iqneba A  wertilze gamavali daxrili wrfiT. 
Tu siCqare cvalebadia, sazogadod, miviRebT mrud wirs 
(naxazi 17). wirs OXct  sibrtyeze, romelic gamosaxavs 
nawilakis mdebareobis cvlilebas droSi, ewodeba msof-
lio (samyarouli) wiri. misi saxe da mdebareoba RerZebis 
mimarT damokidebulia moZraobis xasiaTze. Tu msoflio 
wiri wrfea, saTanado nawilakis moZraoba Tanabari da 
wrfivi iqneba, vinaidan koordinati drois wrfivi funq
cia iqneba. msoflio wiris ct RerZisadmi daxris kuTxis 
tangensi gamosaxavs nawilakis siCqaris Sefardebas sinaT
lis siCqaresTan, tg

c
υα = . kerZo SemTxvevaSi, roca nawilaki 
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uZravia, misi msoflio wiri iqneba Oct  RerZis paralelu
ri wrfe. vinaidan fardobiTobis Teoriis Tanaxmad naw
ilakis siCqare ar SeiZleba aRematos sinaTlis siCqares  
( cυ ≤ ), arc erTi msoflio wrfis daxra Oct RerZisadmi ar 
SeiZleba aRematebodes 450. . cxadia, rom 450iT daxrili 
msoflio wiri gamosaxavs sinaTlis gavrcelebas ( cυ = ). 

Tu nawilakis moZraoba ar aris Tanabari, maSin misi 
siCqare aRebul momentSi gamosaxuli iqneba msoflio 
wirisadmi saTanado wertilSi gavlebuli mxebis Oct Re
rZisadmi daxris kuTxis tangensiT (naxazi 17) da es kuTxe 
araviTar SemTxvevaSi ar SeiZleba aRematos 450s. 

Cven rom erTi sivrculi RerZis magier ori sivrculi 
RerZi (OX  da )OY gagvexila, brtyeli suraTis magier 
miviRebdiT sivrcul suraTs (naxazi 18). sinaTlis x ct=  
da x ct= −  wrfeebis nacvlad miviRebdiT sinaTlis konuss

2 2 2 2 0x y c t+ − =                 (25)

romlis zedapiri gamosaxavs sinaTlis gavrcelebas sx
vadasxva mimarTulebiT. 

naxazi 18. sinaTlis konusi
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OXY sibrtyis zeviT mdebare konusis zedapiris wer
tilebi gamosaxavs im wertilebis mdebareobas da drois 
moments, romelsac miaRwevs O wertilidan 0t =  momen
tSi gamosuli sinaTlis sxivi. qveda konusis zedapiris 
wertilebi gamosaxavs iseTi wertilebis mdebareobas da 
moments, romelTaganac gamosuli sinaTlis sxivebi 0t =
momentSi aRwevs 0x = wertils. 

ganvixiloT axla ori movlenis damakavSirebeli in
tervalis sakiTxi. erTerT movlenad aviRoT O movlena 

( 0, 0)x t= = . jer ganvixiloT sinaTlis konusze mdebare 
movlenebi (msjelobas vawarmoebT sami sivrculi RerZis 
SemTxvevisaTvis, xolo naxazad avirCevT OXct  sibrtyes). 
vinaidan sinaTlis konusis wertilebisaTvis Sesrulebu
lia piroba

( )2 2 2 2 2 0c t x y z− + + = ,              (26)

cxadia, rom intervali am wertilebs Soris nulis to
lia _ intervali sinaTlismagvaria, 

2 0s = . or movlenas 
Soris intervalis nulTan toloba imis maCvenebelia, rom 
es ori movlena SeiZleba davakavSiroT sinaTlis sxiviT. 

ganvixiloT movlenebi, romlebic moTavsebulia sinaT
lis konusis SigniT, magaliTad, A  movlena (naxazi 18). 
cxadia, rom mas eTanadeba ufro meti (gviani) dro, vidre 
sinaTlis konusze mdebare saTanado movlenas ( a  movle
na) da amitom misTvis 2 2c t meti iqneba, vidre ( )2 2 2x y z+ + :

( )2 2 2 2 2 2 0s c t x y z= − + + > . 

maSasadame, intervali ZiriTad movlenasa da sinaTlis 
konusis SigniT mdebare movlenebs Soris dadebiTia (in
tervali droismagvaria). sinaTlis konusis zeda da qve
da nawilebSi moxvedrili movlenebi droismagvar inter
vals qmnian. konusis wvero movlenebs hyofs warsulad 
da momavlad. es dayofa absoluturia. 

advilad davrwmundebiT, rom intervali ZiriTad mov
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lenasa da sinaTlis konusis gareT mdebare movlenebs 
Soris uaryofiTi iqneba da aris sivrcismagvari. 

gavarkvioT axla, Tu rogori iqneba movlenebis grafi
kuli warmodgena sxva inerciuli sistemis Tvalsazris
iT, romelic moZraobs ZiriTadi sistemis mimarT υ  
siCqariT da amitom, dakavSirebulia masTan lorencis 
gardaqmnebiT. pirvel rigSi saWiroa gairkves, Tu rogor 
unda gatardes am sistemis TvalsazrisiT sivrciTi da 
droiTi RerZi. aTvlis am sistemaSi 1OX  RerZi imiT xas
iaTdeba, rom misi yvela wertilisaTvis dro 1 0t = . lor
encis gardaqmnebis formulebis Tanaxmad, es niSnavs, rom 
es RerZi gadis Semdeg wertilebze 

0,x t x t ct
c
υυ υ− = → = =              (27)

es ki aris im wrfis gantoleba, romelic gadis O  wer
tilze da daxrilia Oct  RerZis mimarT kuTxiT, romlis 
tangensi aris 

c
υ  (ix. naxazi 19)

naxazi 19. masStabebis grafikuli gamosaxva  
(Strixis nacvlad gamoyenebulia indeqsi `1~. 

analogiurad, drois axali RerZi, Oct′  warmoadgens 
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O  wertilze gamaval wrfes, romelic daxrilia Oct  Re
rZis mimarT iseTive kuTxiT, vinaidan misi wertilebi ak
mayofileben pirobas 

20, 0x t x
c
υ′ = − =

cxadia, rom intervalis kvadrati ZiriTad movlenas 
da sxva nebismier movlenas Soris koordinatiT x  da 
droiT t , Semdegnairad gamoisaxeba:

2 2 2 2s c t x= −
intervalis invariantobis gamo, am or movlenas Soris 

intervalis kvadrati gamosaxuli iqneba axali koordi
natebiT Semdegnairad:

2 2 2 2 2 2 .c t x c t x inv′ ′− = − =  

avarCioT invariantis ricxviT mniSvnelobad jer 
SemTxveva, roca is udris +1s. im wertilebis geometri
uli adgili, romelTaTvis invarianti erTis tolia aris 
hiperbola, romlis ori Sto (dadebiTi da uaryofiTi 
drois saTanado) mdebareobs sinaTlis konusis momaval 
da warsul nawilebSi. ganvixiloT zeda Sto: cxadia, igi 
kveTs orive sistemis RerZebs wertilebSi, romlebic nax
azze aRniSnulia A  da 1A iT. vinaidan am RerZebs eT
anadebaT koordinatebis nulovani mniSvnelobebi, zeda 
pirobebidan miiReba, romOA  da 1OA  monakveTebi erTis 
tolia. masasadame, es monakveTebi erTeulad unda mivi
RoT saTanado RerZebze. sruliad analogiurad, sivr
culi koordinatis, e. i. sigrZis erTeulad unda avi
RoT OB  da 1OB  monakveTebi, romlebsac hiperbola 

2 2 2 2 2 2 1c t x c t x′ ′− = − = −  mohkveTs OX  da 1OX  RerZebs. 
vxedavT, rom uStrixo da Strixian sistemebSi sigrZisa 

da drois erTeulebi erTnairi zomis monakveTebiT ar 
gamoisaxeba, rac arTulebs sxeulTa sigrZeebisa da mov
lenaTa xangrZlivobebis Sedarebas sxvadasxva inerciul 
sistemebSi. miuxedavad amisa, geometriuli warmodgenac 
aranakleb naTel suraTs iZleva, vidre lorencis gar
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daqmnebiT sargebloba. amis sailustraciod ganvixiloT 
fsevdoevkliduri geometriis zogierTi Taviseburebani 
minkovskis sibrtyeze ( )0 1,x x . moviyvanoT odnav gansx
vavebuli, magram imave Sinaarsis damxmare naxazi 

naxazi 20. masStabebis Sedareba minkovskis sibrtyeze

monakveTebiT ,Oa Ob am sibrtyeze gamosaxulia droi
Ti 0x ct=  da sivrciTi 1x  RerZebis erTeulovani masS
tabebi. zeda mrudi aris hiperbolis kalTa, romelic 
aRiwereba gantolebiT 

2 2
0 1 1x x− = + , 

xolo qveda mrudi, gantolebiT 
2 2
0 1 1x x− = −  

amrigad, koordinatTa saTavis da a  wertilidan ga
mosul hiperbolaze mdebare yvela wertili gayofilia 
droismagvari intervaliT. zustad aseve, b  wertilidan 
gamosul hiperbolaze mdebare yvela wertili gancalkev
ebulia koordinatTa saTavidan sivrcismagvari inter
valiT. 1x  RerZis paraleluri wyvetili wrfe, romelic 
gamodis a  wertilidan, gamoxatavs wertilebs, koordi
natiT 0 1x =  da a. S. 

amave naxazzea gamosaxuli Strixis Semcvelis wirebi, 
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,Oa Ob′ ′ , koordinatebiT 0 11, 1x x′ ′= = . es wrfeebi ga
moxataven K ′sistemis koordinatTa bades. 

naxazidan Cans, rom K  sistemidan K ′  sistemaze ga
dasvla Seesabameba sworkuTxovani dekartis sistemi
dan mrudwirul koordinatTa sistemaze gadasvlas 
minkovskis sibrtyeze. es Cans agreTve uSualod loren
cis gardaqmnebidanac. 

marTlac, gadavweroT lorencis gardaqmnebi Semdegi 
saxiT:

0 1 1 0
0 12 2

,
1 1

x x x xx xβ β

β β

− −′ ′= =
− −

      (28) 

sadac gamoyenebulia minkovskis sibrtyis aRniSvnebi

1 2 3, , , ; /ox ct x x x y x z cβ υ= = = = =       (29)

am aRniSvnebSi lorencis moyvanili gardaqmnebi Segvi
Zlia ase CavweroT

1 1 0

0 1 0

x x ch x sh
x x sh x ch

θ θ
θ θ

′ = −
′ = − +

         (30)

sadac 2 2

1 ,
1 1

ch sh βθ θ
β β

= =
− −

, 
2 2 1ch shθ θ− = . (31)

am gardaqmnebisas droismagvari veqtorebi, anu 
veqtorebi, romlebic Zevs OO′ wrfis zemoT, koordinat
Ta nebismier inerciul sistemaSi darCebian droismagvar
ni, radgan maTi boloebi Zevs hiperbolaze, da amrigad, 
sivrcismagvari veqtorebic darCebian sivrcismagvarad. 

Tu am gardaqmnebs SevadarebT evklidur mobrunebebs 
sibrtyeze (ix. nax. 1), advilad mivxvdebiT, rom lorencis 
gardaqmnebis mimarT invariantuli intervali (vixilavT 
mxolod ( ),ct x sibrtyes)

2 2 2 2s c t x= −
SegviZlia gavxadoT niSangansazRvruli, Tu gamovi

yenebT Casmas
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u ict=                  (32)
maSin intervalis zeda gamosaxuleba miiRebs saxes 

( )2 2u x− +              (33)
(cxadia, saTanadod Seicvleba intervalebis klasifik

aciac, magram amas sruliadac ar aqvs arsebiTi mniSvne
loba, da daiyvaneba saxelwodebaTa urTierTcvlilebaze)

da am kvadratebis jamis Semnaxvel gardaqmnas eqneba 
CvenTvis cnobili saxe

cos sin
cos sin

x x u
u u x

ϕ ϕ
ϕ ϕ

′ = +
′ = −

           (34)

aq Semavali sidideebis dasakavSireblad SevniSnoT, 
rom axali aTvlis sistemis saTave ( )0x′ =  unda moZraob
des Zveli sistemis mimarT υ  siCqariT, e. i. roca 0x′ = , 
unda gvqondes

 
x t u

ic
υυ= =

amis gaTvaliswineba gardaqmnis pirvel formulaSi 
gvaZlevs tg i

c
υϕ = v/c. cnobili trigonometriuli for

mulebis gamoyenebiT 

2 2

1cos ; sin
1 1

tg
tg tg

ϕϕ ϕ
ϕ ϕ

= =
+ +

vRebulobT

2 2

2 2

1 /cos ; sin
1 1

ci

c c

υϕ ϕ
υ υ

= =

− −

anu, moyvanili gardaqmnebi miiReben saxes 

2 2

2 2

;
1 1

x i u u i x
c cx u

c c

υ υ

υ υ

+ −
′ ′= =

− −
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da Tu axla davubrundebiT u s nacvlad t  cvlads, 
/t u ic= , sabolood miviRebT

2

2 2

2 2

;
1 1

t xx t cx t

c c

υ
υ
υ υ

−−′ ′= =

− −

,      (35)

lorencis gardaqmnebs sibrtyeze. sruli sivrcisaTvis 
amas unda davumatoT ganivi koordinatebis ucvleloba. 

siCqareTa Sekrebis (gardaqmnis) formulebi 
fardobiTobis specialur TeoriaSi. 

am formulebis misaRebad daveyrdnoT lorencis gar
daqmnebs. ganvixiloT CvenTvis ukve kargad cnobili ori 
sistema K  da K ′ . davweroT lorencis gardaqmnis for
mulebi ori movlenisaTvis, romlebis xdeba or sxvadasx
va msoflio wertilSi 1 1 1 1( , , , )ct x y z  da 2 2 2 2( , , , )ct x y z :

0
1 12

1 0 1
1 1 1 1 1 12 2 2 2

0 0

0
2 22

2 0 2
2 2 2 2 2 22 2 2 2

0 0

, , ,
1 / 1 /

, , ,
1 / 1 /

Vt x x V tct x y y z z
V c V c
Vt x x V tct x y y z z

V c V c

− −′ ′ ′ ′= = = =
− −

− −′ ′ ′ ′= = = =
− −

Tu sxvaobebs ganvixilavT, vwerT:

2 1 2 1 2 1 2 1, , ,t t t x x x y y y z z z′ ′ ′ ′ ′ ′ ′ ′ ′ ′ ′ ′∆ = − ∆ = − ∆ = − ∆ = −
aseTive aRniSvnebs SemovitanT koordinatebis sxvao

bebisaTvis uStrixo sistemaSi. maSin advilad davadgenT, 
rom sxvaobebisTvisac lorencis gardaqmnebs igive saxe 
eqneba 
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0
2

0
2 2 2 2

0 0

, , ,
1 / 1 /

Vt x x V tct x y y z z
V c V c

∆ − ∆ ∆ − ∆′ ′ ′ ′∆ = ∆ = ∆ = ∆ ∆ = ∆
− −  (36)

Tu ganvixilavT Sefardebebs, miviRebT

0
0

0 0
2 21

x Vx V tx t
V V xt t x
c c t

∆
−′ ∆ − ∆∆ ∆= =
∆′∆ ∆ − ∆ −
∆

, 

2 2
2 2 0

0

0 0
2 2

1 /1 /

1

y V cy V cy y t
V V xt t t x
c c t

∆
−∆ −′∆ ∆ ∆= = =
∆′ ′∆ ∆ ∆ − ∆ −
∆

; 

2 2
2 2 0

0

0 0
2 2

1 /1 /

1

z V cz V cz z t
V V xt t t x
c c t

∆
−∆ −′∆ ∆ ∆= = =

∆′ ′∆ ∆ ∆ − ∆ −
∆

 

axla gadavideT zRvarze, roca drois intervali miis
wrafis nulisken. rogorc viciT, am zRvars warmoebuli 
ewodeba da siCqaris tolia, 

0
lim xt

x
t

υ
∆ →

∆
=

∆
, da a. S. 

amitom sabolood vRebulobT siCqareTa gardaqmnis 
formulebs

2 2 2 2
0 00

0 0 0
2 2 2

1 / 1 /
, ,

1 1 1

y zx
x y z

x x x

V c V cV
V V V
c c c

υ υυυ υ υυ υ υ
− −−′ ′ ′= = =

− − − (37)

  miviReT siCqareTa Sekrebis saZiebeli formulebi far
dobiTobis specialur TeoriaSi. Sebrunebuli gardaqmne
bi miiReba, rogorc Cveulebrivad, Tu Strixian sidideebs 
SevcliT uStrixoTi da sistemis siCqares avreklavT, 
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2 2 2 2
0 00

2 2 2

1 / 1 /
, ,

1 1 1

y zx
x y z

x x x

V c V cV
V V V
c c c

υ υυυ υ υυ υ υ
′ ′− −′ +

= = =′ ′ ′
+ + +

   

(38)

miRebuli formulebidan gamomdinareobs, rom sinaT
lis siCqare universaluria, da rom siCqareTa SekrebiT 
arasdros miiReba sinaTleze meti siCqare. 

magaliTad, vTqvaT, 0,y z x cυ υ υ′ ′ ′= = = . maSin miRebuli 
formulebidan gveqneba 

( )( ) 121 / , 0x y zc V cV c cυ υ υ
−

= + + = = =

ra Tqma unda, es Sedegi savsebiT bunebrivia da mosa
lodneli iyo, radgan TviT es formulebi, saboloo jam
Si, gamoyvanili iyo sinaTlis siCqaris mudmivobis moTx
ovniT. 

vTqvaT, sinaTlis ori sxivi erTmaneTis Semxvedrad 
moZraobs, anu 0,x c V cυ′ = = − , maSinac gamomdinareobs, 
rom x cυ = . amis miRebisas mogviwevs ganuzRvrelobis 
gaxsna. 

SevniSnoT, rom roca orive Sesakrebi siCqare naklebia 
sinaTlis siCqareze, maSin ainStainis formulebis mixed
viT jamuri siCqarec c ze naklebi gamodis. 

marTlac, vTqvaT 
( ) ( )1 , 1 , 0 , 1u c cα υ β α β= − = − − < <

maSin klasikuri Sekrebis Teorema mogvcemda Sedegad 
( )2u u cυ α β′ = − = − −  da Tu 1α β+ < , maSin gamodis, 

rom u c′ >
am dros ainStainis wesi gvaZlevs

 

2
2

u c cα β
α β αβ
− −′ = <

− − + .  
unda aRiniSnos, rom lorencis gardaqmnebis mimarT in
variantulia marto sinaTlis siCqaris absoluturi 
mniSvneloba da ara misi mimarTuleba. mimarTulebis 
cvlileba cxadad Cans gardaqmnis formulebidan. rac 
Seexeba sinaTlis siCqaris moduls, advilad davad
genT, rom Tu K ′  sistemaSi sinaTlis siCqarea c , anu Tu 
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2 2 2 2 2
x y z cυ υ υ υ′ = + + = , maSin K  sistemaSic sinaTlis siC

qares movZebniT gardaqmnis formulebis gamoyenebiT da 
davrwmundebiT, rom aqac

2 2 2 2 2
x y z cυ υ υ υ= + + =

maSasadame, rogorc mosalodneli iyo, sinaTlis siC
qaris sidide invariantuli rCeba lorencis gardaqmnebis 
dros, anu aTvlis erTi inerciuli sistemidan meoreze ga
dasvlis dros. gavixiloT Semdegi sasargeblo magaliTi: 

naxazi 21. aberaciis movlena

υ  siCqariT moZravi matareblis fanjris minaze verti
kalurad ecema wvimis wveTebi

maSin OX mimarTulebiT υ  siCqariT moZrav matare
belTan dakavSirebul sistemaSi wveTebis siCqaris pro
eqciebi iqneba:

2 2; 1 / ; 0.x y zu u u c uυ υ′ ′ ′= − = − − =

amrigad, vertikalTan wveTebi vagonis minaze Seqmnian 
kuTxes,

2 21 /
x

y

utg
u u c

υα
υ

′
= =

′ −
           (39)

SevniSnoT, rom klasikur meqanikaSi miiReboda 

, , 0x y zu u u uυ′ ′ ′= − = − = ,



_ 85 _

xolo kuTxisTvis /tg uα υ=  anu 2 2/ cυ  rigis wevrebiT 
gansxvavebuli Sedegi. 

Tu axla wvimis wveTebis nacvlad gadavalT amocanaze 
moZrav sistemaSi sinaTlis sxivebis mimarTulebis Sesax
eb, wina formulidan u c=  Casmis Sedegad sinaTlis sx
ivebis gadaxris kuTxisaTvis miviRebT

2 2

/
1 /

ctg
c

υα
υ

=
−

niutonis meqanikaSi es gadava gamosaxulebaSi, tg
c
υα ≈ . 

es formulebi iZlevian varskvlavTa sinaTlis ab
eraciis movlenis Teorias. 

aseve martivad da Tanmimdevrulad aixsneba sinaTlis 
gavrcelebasTan dakavSirebuli sxva cdebi, rogoricaa, fizos 
cda, maikelsonmorlis cda da sazogadod, moZravi garemos 
optikis yvela eqsperimenti, romlebsac dainteresebuli 
mkiTxveli naxavs saTanado saxelmZRvaneloebSi. amave cdebis 
axsnisas ainStainis wesiT praqtikulad gamoiricxeba sinaT
lis gadamtani raime garemos, kerZod, eTeris saWiroeba. 

gavarCioT axla ramdenime amocana siCqareTa Sekrebis 
Temaze:

amocana :
vTqvaT, gvaqvs mravalsafexuriani eskalatori, romlis 

safexurebi erTmaneTis mimarT moZraoben υ  siCqariT. anu, Tu 
pirveli safexuris siCqarea υ , maSin meore safexuris siCqre 
pirvelis mimarT aris υ , mesamisa meoris mimarT agreTve aris 
υ  da a. S. davuSvaT, rom adamiani adis aseT eskalatorze. gan
vsazRvroT adamianis siCqare me n  safexurze. 

amoxsna: pirvel safexurze adamianis siCqarea 1υ υ= ,  

meoreze 2 2 2

2

2 2 ,
11 c

c

υ υ υυ β
υ β

= = =
++

. SemoviRoT 

aRniSvna ( )1,2,...,i
i i n

c
υβ = =
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maSin SegviZlia davweroT 

( )
( ) ( )1

(1 ) 1
1 1

β β
β β

β β
+ − −

= =
+ + −

 
( ) ( )
( ) ( )

2 2

2 2 22

1 12
1 1 1

β βββ
β β β

+ − −
= =

+ + + −
 

( ) ( )
( ) ( )

3 32

3 2 3 3

2

2
1 11

2 1 11
1

β β β βββ
β β β
β

+
+ − −+= =
+ + −+

+

 da a. S. 
( )

( ) ( )
(1 ) 1
1 1

nn

n n n

β β
β

β β

+ − −
=

+ + −

maSasadame, saZiebeli siCqare iqneba ( ) ( )
( ) ( )
1 1
1 1

n n

n n nc
β β

υ
β β

+ − −
=

+ + −
 

roca 0β → , miviRebT klasikuri meqanikis Sedegs, 
1n nυ υ= ,romelic SeiZleba gaxdes ragind didi, roca 

n →∞ . sinamdvileSi miRebuli formula n →∞ isTvis 
gvaZlevs cυ∞ =

siCqareTa Sekrebis wesis demonstrirebisTvis sxva mag
aliTebSi, ganvixiloT Semdegi amocana:

vTqvaT, kosmosuri sxivebis protonebis ori nakadi 
uaxlovdeba dedamiwas urTierTsawinaaRmdego mimar
Tulebidan (ix. naxazi 22). dedamiwis mimarT maTi siCqa
reebi iyos 1 0.6cυ =  da 2 0.8cυ = − . rogoria dedamiwis 
siCqare TiToeuli protonis mimarT da TiToeuli pro
tonis siCqare meoris mimarT? 

naxazi 22. nawilakebi dedamiwis sxvadasxva mxridan
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nawilakebi da dedamiwa ganvixiloT rogorc inerciuli 
sistemebi , ,S S S′ ′′ maTi erTmaneTis paraleluri saTana
do x  RerZebiT. naCvenebi ganlagebisas 1 1 0.6x cυ υ= =  
da 2 2 0.8x cυ υ= = − . 

me2 protonis siCqaris sapovnelad pirveli protonis 
mimarT unda gamoviyenoT siCqareTa Sekrebis (38) for
mula, e. i. meoris siCqare S′sistemaSi.  misi siCqare S
sistemaSi iyo 2 0.8x cυ = − .  am sistemaSi S′sistemas S
sistemis mimarT aqvs fardobiTi siCqare 1 0.6cυ = . maSin 
gantoleba gvaZlevs:

( )2 2
0.8 0.6 1.4 0.95

1 0.6 0.8 / 1.48x
c c c c

c c c
υ − − −′ = = = −

− −
anu, pirveli protoni xedavs mis mimarT 0. 95c  siC

qariT moZrav meore protons. cxadia, rom S′′ sistemis 
damkvirvebelma unda miiRos amasTan Tavsebadi (SeTanxme
buli) Sedegi. gamoTvliT advilad vaCvenebT, rom 

( )
( )1 2

0.6 0.8 1.4 0.95
1 0.6 0.8 / 1.48x

c c c c
c c c

υ
− −

′′ = = =
− −

 

erTdroulobis ideis demonstrirebis da siCqareTa 
Sekrebis kanonis gamoyenebis mizniT ganvixiloT Semdegi 
amocana, romelic gamoiyureba rogorc paradoqsi: 

amocana: AB  Rero orientirebulia K ′ sistemis X ′  Re
rZis paralelurad da υ′  siCqariT moZraobs am sistemis 

y′ RerZis gaswvriv. Tavis mxriv K ′sistema moZraobs K  
sistemis mimarT V  siCqariT (ix. naxazi 23). ipoveT kuTxe 
Rerosa da X  RerZs Soris K sistemaSi. 

amoxsna: umjobesia yuradReba mivaqcioT erTdroulo
bis fardobiTobas. K ′ sistemaSi Rero paraleluria X ′
RerZisa niSnavs, rom A  da B  wertilebis y  mdgenele
bi drois erTsadaimave momentSi erTmaneTis tolia. rac 
aRar moxdeba K sistemaSi. 
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Tu K sistemaSi Reros siCqaris y  mdgenels aRvniS
navT yυ iT,maSin gveqneba Tanafardoba (ix. siCqareTa 
Sekrebis wesi (38)). 

2
2

21 1y y
V
c

υ υ β υ′ ′= − = −  

raRac At  da Bt  momentebisTvis A  da B  wertilebis 
y koordinatebis cvlilebani iqneba 

,A y A B y By t y tυ υ∆ = ⋅ ∆ ∆ = ∆  

xolo saZiebeli kuTxe K sistemaSi aris:

( ) ( )21y b a b aB A

B A B a B a

t t t ty y
tg

x x x x x x
υ

ϑ υ β
∆ − ∆ ∆ − ∆∆ − ∆ ′= = = −

− − −
 

lorencis gardaqmnebidan gvaqvs (radgan sawyisi momen
tebi emTxveoda da amitom, t t∆ �~t ):

2 2

2 2
, ,

1 1

A A B B

A B

V Vt x t x
c ct t
β β

′ ′ ′ ′+ +
∆ = ∆ =

− −
 

magram B At t′ ′=  . e. i. 2 21
B A

B A
x xVt t

c β

′ ′−
∆ − ∆ =

−
 

gamoviyenoT axla lorencis gardaqmna 
21

b B
B

x Vt
x

β

′ ′+
=

−
 

da igive A  wertilisTvis. miviRebT

21
B A

B A
x x

x x
β

′ ′−
− =

−
, saidanac ( ) 21B A B Ax x x x β′ ′− = − −  

amitomac, sabolood ( )2b A B A
Vt t x x
c

∆ − ∆ = − , xolo 

kuTxisTvis miiReba 
2

2 1Vtg
c
υϑ β
′

= −
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naxazi 23. Reros Semobruneba

amrigad, vardnili Rero Semobrundeba gamoTvlili 
kuTxiT. 

amocanebi damoukideblad samuSaod:
1.  siCqaris gardaqmnis relativisturi kanonis safuZ

velze daamtkiceT Semdegi debulebebi: 

 1.  u c u c′ > → >      3. 2 /u c uυ′ = − → = ∞

 2.  2 /u u c υ′ = ∞ → =   4. u c u c′ < → <
2.  Tu erTerT sistemaSi gvaqvs sinaTleze meti siCqaris 

signali, moiZebneba iseTi sistema, romelSic misi siC
qare aris usasruloba. 

3.  aTvlis K sistemaSi nawilakebi moZraoben erTmane Tis 
Sesaxvedrad 1′υ  da 2′υ siCqareebiT. aCveneT, rom maTi 
daaxloebis `siCqare~ ar aris invarianti, e. i. gansxva
vdeba K  da K ′sistemebSi. 
pasuxSi gamoCndeba, rom nawilakTa daaxloebis siCqa
re maTTvis gareSe aTvlis sistemaSi ar aris Tavisi 
SinaarsiT raime materialuri obieqtis siCqare da ami
tom, moduliT SeiZleba iyos nebismieri!

4.  wina amocanis pirobaSi CavTvaloT, rom nawilakebi 
sinaTlis gamosxivebis wyaroebs warmoadgenen da vupa
suxoT Semdeg SekiTxvebs: a) gamovTvaloT sinaTlis 
wyaroebis daaxloebis siCqare, 2) nawilakTa mier ga
mosxivebuli sinaTleebis daaxloebis siCqare, 3) erTi 
wyaros moZraobis siCqare meoris aTvlis sistemaSi. pa
suxebi SeadareT klasikuri meqanikis Sedegebs. 
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minkovskis sivrce

rogorc zemoT iTqva, ainStainis fardobiTobis spe
cialur Teorias minkovskim misca geometriuli inter
pretacia 4ganzomilebiani sivrcis SemotaniT. 4gan
zomilebian sivrceSi yoveli wertili xasiaTdeba sami 
sivrculi da erTi droiTi koordinatiT. amrigad, am 
sivrcis wertilebi Seesabamebian garkveul fizikur mov
lenas. Tu formalurad warmovidgenT 4 urTierTmarTob 
RerZs, am sivrcis dekartis koordinatebisTvis Segvi
Zlia visargebloT erTgvarovani aRniSvnebiT 

( )1 2 3 4, , ,x x x x x=                 (40)

sadac me4 koordinata aris warmosaxviTi, 4x ict= . amis 
garda, ufro xSirad gamoiyeneba xolme aRniSvnebi, sadac 
yvela koordinati namdvilia

( )0 1 2 3 0, , , ,x x x x x x ctµ = =            (41)

gavixsenoT intervalis cneba or usasrulod axlos 
myof movlenas Soris 

2 2 2 2 2 2ds c dt dx dy dz= − − −  

rac minkovskis koordinatebSi ase gadaiwereba

( )2 2 2 2 2 2
1 2 3 4 ids dx dx dx dx dx= − + + + = −  

amrigad, minkovskis sivrceSi intervali yofila 4gan
zomilebiani elementaruli sigrZis kvadrati uaryofiTi 
niSniT

2 2
ik i kds dx dx dxδ= − = −  

sadac ikδ  aris kronekeris simbolo. 

1,
0,ik

if i k
if i k

δ
=

=  ≠
minkovskis sivrceSi 4veqtoris kvadrati ar aris 

dadebiTad gansazRvruli evkliduri sivrcisgan gansx
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vavebiT. amitom mas fsevdoevklidur sivrces uwodeben. 
intervalis Cawera SegviZlia metrikuli saxiTac, Tu 

gamoviyenebT nulovan proeqcias, anu xµ  saxes:

( )2 ; , 0,1, 2,3ds g x xµ ν
µν µ ν= = ,            (42)

sadac metrikul tenzors eqneba saxe:

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

g

+ 
 − =
 −
 

− 

                (43) 

2 2 2 2 2 2 2 2 2
00 0 11 1 22 2 33 3 0 1 2 3ds g x g x g x g x x x x x= + + + = − − −  

literaturaSi gamoiyeneba orive aRniSvna. minkovskis 
koordinatebs is upiratesoba aqvT, rom formalu
rad, fsevdoevklidur sivrceSi SegviZlia gamoviyenoT 
evklidis sivrcis algebra. 

lorencis gardaqmnebi minkovskis koordi-
natebSi

cxadia, rom lorencis gardaqmnebs (13) am koordi
natebSi eqneba Semdegi saxe

1 4 4 1
2 2 3 3 42 2

, , ,
1 1

x i x x i xx x x x x xβ β

β β

+ −′ ′ ′ ′= = = =
− −

      (44)

SemoviRoT aRniSvnebi

( ) 1/221 , ,ch sh thθ γ β θ βγ θ β
−

= = − = =       (45)

sadac SemovitaneT hiperboluri funqciebi _ ,ch shθ θ  
da thθ . sidides θ  uwodeben siswrafes. cnobilia, rom 

cos , sin , .ch i sh i i th itgiθ θ θ θ θ θ= = − = − am cvladebSi lo
rencis gardaqmnebi miiRebs saxes:
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1 1 4

2 2

3 3

4 1 4

cos sin

sin cos

x i x i x
x x
x x
x i x i x

θ θ

θ θ

′ = ⋅ + ⋅
′ =
′ =
′ = − ⋅ + ⋅             

(46)

romelic SegviZlia ganvixiloT rogorc minkovskis 
4ganzomilebian sivrceSi saTavis irgvliv 1 4x x  sibrtye
Si mobruneba warmosaxviT iθ  kuTxeze. e. i. K ′ sistemis 
saTavis gadatanas x  RerZis gaswvriv V  siCqariT Seesa
bameba 1 4x x  sibrtyeSi mobruneba warmosaxviT iθ  kuTxeze. 

cxadia, rom (46) warmoadgens wrfiv orTogonalur 
gardaqmnas matriciT 

( )

0 0
0 1 0 0
0 0 1 0

0 0

i

A V

i

γ βγ

βγ γ

 
 
 =
 
 
− 

          (47)

misi Sesabamisi determinanti erTis tolia. marTlac

( ) ( )2 2 2 2 21 1θ γ β γ γ β∆ = − = − =             (48) 

am gardaqmnas uwodeben lorencis kerZo gardaqmnas, 
radgan is Seesabameba K ′ sistemis moZraobas 1x  RerZis 
gaswvriv. zogad SemTxvevaSi lorencis gardaqmna Caiw
ereba zogadi saxis wrfivi orTogonaluri gardaqmnebiT 

( ), , 1, 2,3, 4i ik kx a x i k′ = =            (49)

es gardaqmnebi minkovskis sivrceSi invariantuls 
tovebs 4ganzomilebiani veqtoris `sigrZes~, 2 2

ix x= − . 
maT lorencis zogad gardaqmnebs uwodeben, radgan 

isini Seicaven ara marto mobrunebebs minkovskis i kx x  
sibrtyeSi, aramed arekvlebsac (inversiebs) _ kenti ra
odenobis sakoordinato RerZebis sarkisebur arekvlas. 
aseTi gardaqmnis determinanti aris 1 da lorencis ara
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sakuTriv gardaqmnebs uwodeben. amis sapirispirod, +1 
determinantis mqone matricebiT gardaqmnebs uwodeben 
sakuTrivs. 

ukve iTqva, rom romelime sibrtyeSi mobruneba Sees
abameba garkveuli RerZis gaswvriv K ′sistemis saTavis 
moZraobas V siCqariT. 

ganvixiloT lorencis ori Tanmimdevruli gardaqmna 
_ erTi, roca K  sistemis mimarT K ′sistema moZraobs 

1V siCqariT 1x  RerZis gaswvriv, Sesabamisi matrica iyos 
( )1A V , xolo meore gardaqmna Seesabamebodes 2K  mesa

me aTvlis sistemis moZraobas 1K  sistemis x RerZis 
mimarT 2V siCqariT, romlis matricaa ( )2A V . SegviZlia 
davukavSiroT wertilis koordinatebi am sistemisa sawy
isi sistemis koordinatebs. am gardaqmnis matrica unda 
miiRebodes namravliT ( ) ( ) ( )1 2 1 2,A V V A V A V= . gamravle
ba iZleva matricas

( )

2 2 2 1 1 1

1 2

2 2 2 1 1 1

0 0 0 0
0 1 0 0 0 1 0 0

,
0 0 1 0 0 0 1 0

0 0 0 0

i i

A V V

i i

γ β γ γ β γ

β γ γ β γ γ

  
  
  =
  
  
− −  

 

anu 

( )

( ) ( )

( ) ( )

1 2 1 2 1 2 1 2

1 2

1 2 1 2 1 2 1 2

1 0 0
0 1 0 0

,
0 0 1 0

0 0 1

i

A V V

i

β β γ γ β β γ γ

β β γ γ β β γ γ

 + +
 
 =  
 
 − + + 

am matricas advilad miecema Cveulebrivi saxe, oRond 
siCqaris rols Seasrulebs gamosaxuleba 

1 2

1 2
21

V V
V

V V
c

+
=

+
                (50)

rac warmoadgens ainStainis siCqareTa Sekrebis kanons 
erTganzomilebiani moZraobisaTvis. 
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amrigad, zemoT ganxiluli lorencis ori Tanmim
devruli paraleluri gardaqmna isev lorencis gardaqm
na yofila, romelic Seesabameba jamur siCqares, siCqare
Ta Sekrebis relativisturi kanonis mixedviT. 

am formulidan vRebulobT

( )1 2
1 2

1 21
th thV th th

c th th
θ θ

θ θ θ
θ θ
+

= = = +
+

          (51)

anu 1 2θ θ θ= +                  (52)
e. i. lorencis Tanmimdevruli paraleluri gar

daqmnebis dros ikribeba siswrafeebi. Turme siswrafe 
aditiur sidides warmoadgens. 

amis Semdeg advilia minkovskis sivrceSi sxvadasxva 
rangis tenzoruli sidideebis SemoReba. imis aRsaniSna
vad, rom es tenzorebi gansazRvruli iqnebian minkovskis 
sivrceSi, maT 4tenzorebs vuwodebT. magaliTad, 4veqto
ri ewodeba iseTi 4 sididis 1 2 3 4, , ,A A A A  erTobliobas, 
romlebic koordinatTa sistemis mobrunebisas gardai
qmnebian rogorc koordinatebi, e. i. Semdegi wesiT:

1 4 4 1
2 2 3 3 42 2

. , , ,
1 1

i
A i A A i A

A A A A A A
β β

β β

+ −′ ′ ′ ′= = = =
− −

 (53)

amasTan me4 komponenti wminda warmosaxviTi sididea, 
22

4 4A A= − . rac Seexeba kovariantul aRniSvnebs, koor
dinatebi (43) metrikuli tenzoriT gardaiqmnebian da ig
ive gardaqmna gadadis 4veqtorebzec. Cven aq detalebSi 
Sesvlas Tavs avaridebT, radgan mogviwevda kontravar
iantuli da kovariantuli sidideebis Semoyvana. maSa
sadame, CavTvliT, rom nebismieri 4veqtori lorencis 
kerZo gardaqmnebis mimarT gardaiqmneba zemoT moyvani
li kanoniT. 
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oTxganzomilebiani da samganzomilebiani 
siCqareebi minkovskis sivrceSi

materialuri wertilis wrfivi da Tanabari moZraoba 
minkovskis sivrceSi, rogorc zemoT vnaxeT, gamoixateba 
wrfeebiT. xolo araTanabrad moZravi wertilebi gamo
saxuli iqneba mrudi wirebiT. yovel mocemul wertilSi 
aseTi moZraoba xasiaTdeba msoflio wiris mimarT gav
lebuli mxebebis mimarTulebiT. mxebi SegviZlia ganvmar
toT rogorc oTxganzomilebiani veqtori komponentebiT 

/ ( 0,1, 2,3)idx ds i = , 

sadac ( ) ( ) ( ) ( ) ( )2 2 2 2 2
0 1 2 3ds dx dx dx dx= − − −  aris interva

lis elementis kvadrati, romelic aris oTxganzomilebi
ani invarianti. minkovskis terminologiiT am veqtors 
uwodeben msoflio mxebs. misi komponentebi SegviZlia 
gamovsaxoT Semdegnairad:

2 2

/1
1 /

i idx dx dt
ds c cυ

=
−

            (54)

sxva sityvebiT rom vTqvaT, am veqtors aqvs 4 Semdegi 
komponenti 

(
2 2 2 2 2 2 2 2

// /1 , , ,
1 / 1 / 1 / 1 /

yx z
cc c

c c c c

υυ υ

υ υ υ υ− − − −
)    (55)

rodesac cυ � << c, am veqtoris nulovani komponenti ga
dadis 1Si, xolo danarCeni komponentebi gadadian 3gan
zomilebiani / cυ  siCqaris veqtoris komponentebSi , 
amrigad, c ze gamravlebuli oTxveqtori SegviZlia gan
vixiloT rogorc oTxganzomilebiani ganzogadeba Cveu
lebrivi samganzomilebiani siCqarisa, υ , e. i. 

2 21 /
i i i

i
dx dx dxU c
ds ddt c τυ

≡ = =
−

,             (56)
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sadac 2 21 /d dt cτ υ= − aris sakuTari drois elemen
ti. cxadia, rom 4siCqaris veqtoris sigrZe minkovskis 
sivrceSi tolia 

2 2 2 2 2
0 1 2 3

i
iU U U U U U c= − − − =             (57)

oTxganzomilebian fsevdoevklidur sivrceSi (aR
niSnuli) wesiT Semotanili sidide aris kovariantuli 
fizikuri sidide, samganzomilebiani veqtoris ganzoga
deba. TviTon samganzomilebiani siCqare ar aris aseTi 
kovariantuli fizikuri sidide, radgan ar adgens sim
ravles, romelic sworad gardaiqmnebodes rogorc oTx
ganzomilebiani veqtori lorencis gardaqmnebisas. 

mxolod mcire siCqareebisTvis, roca lorencis gar
daqmnebi gadadian galileis gardaqmnebSi υ  veqtori xde
ba fizikurad sworad Semotanili sidide. iU veqtoris 
komponentebi, rogorc sxva nebismieri 4ganzomilebiani 
veqtoris komponentebi υ  siCqariT moZrav sistemaze ga
dasvlisas gardaiqmnebian rogorc idx  komponentebi, e. i. 
lorencis gardaqmnebis mixedviT

1 0 0 1
1 2 2 3 3 02 2

, , ,
1 1

U U U UU U U U U Uβ β

β β

− −′ ′ ′ ′= = = =
− −

  (58)

fizikis amocanebSi gvxvdeba sxvadasxva 4veqtorebi, 
romlebic mniSvnelovan funqcias asruleben ama Tu im 
fizikuri movlenis aRweraSi. qvemoT naCvenebi iqneba zo
gierTi maTgani da gavarkvevT maTs fizikur rols. davi
wyoT, pirve rigSi e. w. talRuri 4 veqtoridan. 

talRuri oTxveqtori 

ganvixiloT brtyeli monoqromatuli talRa. misi saxe 
ase iwereba:
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( ) ( ), ei tt const ωψ ⋅ −= k rr           (59)

sadac c
ωk = n  talRuri veqtoria, xolo k

=
kn  erTeu

lovani orti talRis gavrcelebis mimarTulebiT. ω  
aris e. w. cikluri sixSire*, romelic ganisazRvreba ka
vSiriT

ckω =  

SemoaqvT talRis faza 

tθ ω= ⋅k r -               (60)
romlis saSualebiTac talRuri veqtori da sixSire 

ase ganimarteba

,
t
θθ ω ∂

= ∇ = −
∂

k            (61)

cxadia, faza invariantuli sididea, rogorc skalari. 
amitom faza 4aRniSvnebiT asedac Caiwereba 

( ), 1, 2,3, 4j jk x jθ = =       (62)

sadac ,j j
ik k
c
ω =  

 
k  aris 4veqtori, sinaTlismagvari, 

radgan 
2

2 2
2 0jk k

c
ω

= − =  

misi sidide (4ganzomilebian kvadrati) yvela inerci
ul sistemaSi erTi da igivea. 

radgan jk  aris 4veqtori, misi gardaqmnis wesi moice
ma lorencis gardaqmnis formulebiT,

* ω  aris e. w. cikluri sixSire, romelic Cveulebriv sixSires uka
vSirdeba TanafardobiT 2ω πν= . raki gansxvaveba mxolod martiv 
mamravlSia talRuri veqtorisTvisac, amitom gardaqmnis formulebSi 
SegviZlia Tavisuflad visargeblod orive kategoriiT.  
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1 2
1

1 2 2 3 32 2
, , ,

1 1

Vk Vkck k k k k
ω ω

ω
β β

′ ′+ ′ ′+′ ′= = = =
− −   

 (63)

4.  dopleris efeqti

4. 1 dopleris efeqti bgeriT talRebSi

gavixsenoT, rom dopleris efeqti mdgomareobs tal
Ris sixSiris cvlilebaSi wyaros an damkvirveblis moZ
raobis Sedegad. 

naxazi 24. dopleris efeqti bgeriTi talRebisTvis

yvelasTvis cnobili unda iyos, rom moZravi manqanis 
(an matareblis) sirenis mier gamocemuli bgeriTi signa
lis sixSire mkveTrad icvleba _ CvenTan moaxloebisas 
bgeris sixSire gveCveneba maRali, daSorebisas ki _dab
ali. talRuri impulsis sixSiris damokidebulebas wy
aros da damkvirveblis fardobiTi moZraobis siCqareze 
ewodeba dopleris efeqti, avstrieli fizikosis qristian 
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iohan dopleris (18031853) sapativcemulod, romelmac 
es movlena Seiswavla. 

22e naxazze gamosaxulia sferuli bgeriTi talRebi 
(raime mudmivi sixSiriT da amplitudiT). am talRebis S  
wyaro moZraobs damkvirveblis mimarTulebiT. mudmivi 

Sυ  siCqariT. 
davuSvaT, rom wyarosTan dakavSirebul aTvlis siste

maSi bgeriT talRebs aqvT sixSire Sν . maSin t  droSi wy
aro gamoscems S tν  talRas. ganvixiloT drois Suale
di 0dan t mde. sawyis momentSi gamosxivebuli talRa am 
droSi gaivlis tυ  manZils, sadac υ  aris talRis siCqare 
garemoSi (is damokidebulia mxolod garemos meqanikur 
Tvisebebze da ara wyaros moZraobis siCqareze). 

S tν dan ukanaskneli talRis gamosxivebis momentisaT
vis wyaro gaivlis S tυ  manZils. amitom yvela S tν  talRa 
sivrceSi daikavebs St tυ υ−  ares da damkvirveblis Tval
sazrisiT maTi talRis sigrZe iqneba 

S S
L

S S

t t
t

υ υ υ υ
λ

υ υ
− −

= =             (64)

anu sixSirisTvis 

S
L

L S

νυν υ
λ υ υ

= =
−

                 (65)

saidanac gamovTvliT ra sixSires aRiqvams damkvirve
blis yuri:

1 /
S

L
S

ν
ν

υ υ
=

−
                       (66)

es gamosaxuleba gviCvenebs, rom L  damkvirveblis mier 
miRebuli bgeris sixSire izrdeba imasTan SedarebiT, ra
sac igi gaigebda, wyaro uZravi rom yofiliyo. roca wy
aro Sordeba damkvirvebels, Seicvleba Sυ is niSani da 
amitom sixSire dadabldeba. analogiuri Sedegebi miiRe
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ba, roca bgeris wyaro uZravia, xolo damkvirvebeli uax
lovdeba an Sordeba mas. 

dopleris efeqti daikvirveba nebismieri saxis talRu
ri moZraobis SemTxvevaSi _ bgeriTi talRebi atmosfero
Si, drekadi talRebi zambarebSi an myar sxeulebSi, tal
Rebi wyalze da a. S. eleqtromagnituri talRebic (mag. , 
sinaTle) ki, romelTa gavrceleba arsebiTad gansxvavdeba 
meqanikuri talRebisgan, amJRavneben dopleris efeqts. 

dopleris efeqti sinaTlis talRebisaT-
vis; wiTeli wanacvleba

bgeris ganxilvis dros viyenebdiT siCqareTa Sekre
bis klasikur kanons, roca samarTliania galileis for
mulebi. sinaTlis talRebis ganxilvisas saqme gveqneba 
relativistur siCqareebTan. amitom unda daveyrdnoT 
fardobiTobis Teorias. 

ganvixiloT K ′ sistemaSi uZravad damagrebuli wy
aros mier sinaTlis gamosxiveba mimarTulebiT, romelic 
adgens α  kuTxes K sistemis x RerZTan. wyaros mier 
gamosxivebuli sinaTlis sixSire K ′ sistemaSi, sadac wy
aro uZravia, aRvniSnoT 0ω iT. esaa wyaros sakuTari six
Sire. gavarkvioT risi toli iqneba sixSire K sistemis 
damkvirveblisaTvis, romlis mimarT wyaro moZraobs υ  
siCqariT. am sakiTxSi gasarkvevad sakmarisia gamoviyenoT 
lorencis gardaqmnebi sixSirisaTvis. formulis Tanax
mad gvaqvs

0 2 21 /
xVk

V c

ω
ω

−
=

−
,

sadac ω  da xk  aris sixSire da talRuri veqtoris x  md
geneli K sistemaSi, romelic tolia cos cosxk k

c
ωα α= =

, sadac α  aris kuTxe talRis gavrcelebis mimarTulebasa 
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da wyaros moZraobis mimarTulebas Soris (ix. naxazi 25). 

naxazi 25. dopleris efeqtis demonstrireba

vpoulobT

0 2 2

cos

1 /

V
c
V c

ω ω α
ω

−
=

−
,

saidanac sixSirisaTvis K  damkvirveblis mimarT sab
olood vRebulobT

2 2
0 1 /

1 cos

V c
V
c

ω
ω

α

−
=

−
                    (67)

rogorc vxedavT, sixSire K  damkvirveblis mimarT 
Seicvala. swored amaSi mdgomareobs dopleris efeqti _ 
wyaros da damkvirveblis fardobiTi moZraobis Sedegad 
damkvirveblis mier miRebuli da wyaros gamosxivebuli 
sixSire erTmaneTis toli ar aris. 

ararelativistur zRvarSi β  rigis wevrebis sizus
tiT miviRebT formulas 

( )0
0 1 cos

1 cos
c

ω
ω ω β α

υ α
= ≈ +

−
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rac sixSiris fardobiTi cvlilebisaTvis 0

0 0

ω ωω
ω ω

−∆
=  

mogvcems

0

cosω β α
ω
∆

= −                (68)

rogorc vxedavT, roca wyaro moZraobs damkvirveblis 
Sesaxvedrad, maSin sixSire izrdeba, xolo roca wyaro 
gaurbis K  damkvirvebels ( )0β < , maSin damkvirveblis 
mier miRebuli signalis sixSire naklebia 0ω  sakuTar 
sixSireze. 

arCeven ori tipis dopleris efeqts _ ganivsa da gas-
wvrivs. amasTan, ganivi efeqti wminda relativisturi 
movlenaa. dopleris ganivi efeqti gveqneba maSin, roca

 
2
πα = . maSin miRebuli formulidan SegviZlia davweroT:

2 2
0 0

11 1 ...
2

ω ω β ω β = − ≈ − + 
 

 

vxedavT, rom efeqtis mimarT pirveli xarisxis damok
idebuleba ispoba da fardobiTi cvlilebaa

2

0

1
2

ω β
ω
∆

≈                   (69) 

is ar aris damokidebuli siCqaris niSanze. ararelativ
istur TeoriaSi dopleris ganiv efeqts adgili ar aqvs. 
dopleris ganiv efeqts cdaze daakvirdnen aivsi da sti-
lueli (1938 w), didi siCqariT moZravi ionebis gamosxivebis 
Seswavlisas. maT aCvenes, rom efeqti kargad aRiwereba zeda 
formuliT. ufro sainteresoa grZivi efeqti, rodesac wya
ro da damkvirvebeli erTi wrfis gaswvriv moZraoben. 

naxazi 26. dopleris grZivi efeqti sinaTlisaTvis
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am dros 0α =  da miviRebT

0
1
1

β
ω ω

β
+

=
−

                   (70)

romelic ararelativistur zRvarSi gadadis gamosax
ulebaSi

( )0 1 , 1ω ω β β= + � << 1            (71)
1929 wels e. p. hablma pirvelma gamoTqva azri samyaros 

gafarToebis Sesaxeb. man ivarauda, rom varskvlavebidan 
wamosuli sinaTle wanacvlebuli unda iyos wiTeli fer
isken (radgan wyaro Tu gvSordeba, sinaTlis talRis six
Sire unda Semcirdes). esaa cnobili wiTeli wanacvleba. 
Soreuli galaqtikebidan wamosuli sinaTle yovelTvis 
aris wanacvlebuli dabali sixSireebisken. amrigad, wiTe
li wanacvleba gamoiyeneba Cvengan gamqcevi wyaroebis 
dopleris efeqtis aRwerisaTvis. 

aCqarebis gardaqmna

Cven ukve ganvixileT TiTqmis yvela kinematikuri si
didis yofaqceva lorencis gardaqmnebis mimarT. axla 
ganvixiloT aCqarebis gardaqmnis sakiTxi. aRmoCndeba, 
rom gansxvavebiT klasikuri meqanikisgan, relativistur 
meqanikaSi aCqareba ar iqneba invariantuli sidide, misi 
gardaqmnis formulebic sakmaod rTuli xasiaTisaa. 

gamovdivarT siCqaris gardaqmnis formulebidan (37) 

2 2 2 2
0 00

0 0 0
2 2 2

1 / 1 /
, , ,

1 1 1

x
x y y z z

x x x

V c V cu V
u u u u u

V u V u V u
c c c

− −′ +
′ ′= = =

′ ′ ′
+ + +

 

aCqarebas gamovTvliT ase

,x x
x x

du du
a a

dt dt
′

′≡ ≡
′
           (72) 
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siCqareTa gawarmoebisas mogviwevs gadasvla sakuTar 
droze, risTvisac unda SemoviRoT gadamyvani mamravli

2 2
0

0
2

1 /

1 x

V cdt
V udt

c

−′
=

′
+

,             (73)

romelic gamodis siCqaris lorencgardaqmnebidan. 
amrigad, gvaqvs

( )
2

0 0 0
02 2 2

0
2 2

0 0 0
2 2 2

1 1

1 1 1

x
x x x

x x
x x

x x x

V u V Va a u V
du u Vdt d dt dtc c ca aV udt dt dt dt dtV u V u

c c c

′   ′ ′ ′+ − + −  ′′ ′ ′+   ′= = = = ′′ ′ ′    + + +        

 

win mdgomi mamravlis gaTvaliswinebiT, vRebulobT

( )
( )

3/22 2
0

32
0

1 /

1 /
x x

x

V c
a a

V u c

−
′=

′+
            (74)

analogiurad, 

( )
( ){ }

( )
( ){ }

2 2
20

0 032
0

2 2
20

0 032
0

1 /
1 /

1 /

1 /
1 /

1 /

y y x x y

x

z z x x z

x

V c
a a u V c a V u

u V c

V c
a a u V c a V u

u V c

−
′ ′ ′ ′= + −

′+

−
′ ′ ′ ′= + −

′+

      (75)

rogorc vxedavT, aCqarebis gardaqmnis formulebs 
aqvT Zalian rTuli saxe. gansxvavebiT klasikuri meqan
ikisgan, aCqareba icvleba sxva inerciul sistemaze gad
asvlisas. 

aCqarebuli moZraobis Seswavlisas iyeneben xolme spe
cialur sistemas, romelsac ewodeba mimyoli anu myis-
ierad mimyoli sistema. aCqarebulad moZravi nawilaki nebi
smier gansaxilav momentSi iTvleba uZravad am sistemis 
mimarT, e. i. yovel momentSi nawilakTan vakavSirebT mi
sive siCqariT moZrav inerciul sistemas da amitom naw
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ilaki mis mimarT uZravia da iwyebs aCqarebiT moZraobas. 
yovel Semdeg momentSi nawilaks vakavSirebT kvlav im 
sistemasTan, romelSic is uZravia am momentSi. bunebriv
ia, rom es ar aris erTi romelime sistema, aramed aris 
sistemaTa mTeli erToblioba, romelTa mimarT nawilaki 
mocemul momentSi myisierad uZravia. sxva sityvebiT rom 
vTqvaT, aCqarebis gardaqmnis moyvanil formulebSi unda 
aviRoT 0x y zu u u′ ′ ′= = = . drois yovel momentSi mimyoli 
sistemis siCqare emTxveva am momentSi nawilakis siCqares, 

, 0x y zu u uυ= = = . es yvelaferi unda SevitanoT aCqa
rebebis gardaqmnis formulebSi da Tan gaviTvaliswinoT, 
rom mimyoli sistemis siCqare aris υ . am sididiT unda 
SevcvaloT yvelgan sistemis siCqare, V . maSin aCqarebis 
gardaqmnis formulebi gamartivdeba da miiRebs saxes:

3/22 2 2

2 2 21 , 1 , 1x x y y z za a a a a a
c c c
υ υ υ     

′ ′ ′= − = − = −     
     

(76)

rogorc vxedavT, aCqareba nebismier sistemaSi nak
lebia, vidre mimyol sistemaSi. es gansxvaveba gamowveulia 
mamravliT ( )2 21 / cυ− , sadac υ  aris mimyoli sistemis 
siCqare. 

magaliTi: TanabaraCqarebuli moZraoba

bunebrivia, rom erT mocemul sistemaSi TanabaraCqa
rebuli moZraoba SeuZlebelia, radgan nawilakis siCqare 
ganuxrelad gaizrdeba da raRac drois Semdeg SeiZleba 
gadaaWarbos sinaTlis siCqares. 

ukve viciT, rom aCqarebuli moZraobis Seswavla um
jobesia myisierad mimyol sistemaSi. TanabaraCqarebuls 
vuwodebT iseT moZraobas, romlisTvisac mudmivia aCqare
ba aRebul momentSi am nawilakis mimarT uZrav sistemaSi. 
es ganmarteba niSnavs Semdegs: vTqvaT nawilaki moZraobs 
OX RerZis gaswvriv cvalebadi siCqariT (ix. naxazi 31)
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naxazi 27. TanabaraCqarebuli moZraoba mimyol sistemaSi 

gansaxilvel 1t  momentSi avirCioT aTvlis sistema, 
romlis mimarT nawilaki uZravia da gamoviTvaloT misi 
aCqareba. romeliRac momdevno momentSi isev unda avir
CioT axali aTvlis sistema, romlis mimarT nawilaki am 
momentSi uZravia da isev gamovTvaloT aCqareba. Tu aseT
nairad gamoTvlili aCqarebebi erTi da igivea, moZraobas 
ewodeba TanabaraCqarebuli. cxadia, rom im ZiriTadi aT
vlis sistemis mimarT, sadac vswavlobT moZraobas, aCqa
reba ar iqneba mudmivi. 

gamoviyenoT axla aCqarebis gardaqmnis zemoT miRebu
li formulebi. 

unda aviRoT, 0 , 0x y za a const a a′ ′ ′= = = = . maSin K
(ZiriTad) sistemaSic gveqneba erTganzomilebiani aCqare
ba: , 0x y za a a a= = = . gardaqmnis formulis Tanax
mad

3/22

0 21a a
c
υ 

= − 
 

                 (77)

gamoviyenoT, rom 
da
dt
υ

= , maSin gveqneba gantoleba

( ) 03/22 21 /

d a dt
c

υ

υ
=

−
                (78)
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aSkaraa, rom 

( ) ( ) ( )
2

1/2 3/2 3/22 2 2 2 2 2 2 21 / 1 / 1 / 1 /

dd dcd
c c c c

υυ υυ υ υ

υ υ υ υ

⋅ 
= + =  − − − − 

 

amitomac, (78)is gamo vwerT 

02 21 /
d a dt

c
υ

υ

 
=  − 

 

romlis integracia iZleva gantolebas

( )0 02 21 /
a t t

c
υ

υ
= −

−             

 (79)

sadac 0t  aris sawyisi momenti, romelic SegviZlia nulis 
tolad CavTvaloT. maSin zeda formulidan, siCqarisaT
vis gvaqvs 

( )
0

2
0

21

a t

a t
c

υ =

+

                (80)

siCqaris damokidebuleba droze grafikulad ase ga
moiyureba

naxazi 28. TanabaraCqarebuli moZraobis siCqaris grafiki

drois Zalian didi mniSvnelobebisaTvis, roca 2
0a t c�>>              c2,  

nawilakis siCqare izrdeba, magram ver gadaaWarbebs 
sinaTlis siCqares

roca t →∞ , maSin cυ →  (81)
es tendencia gamosaxulia grafikze (ix. naxazi 28)
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maSin, radganac 
dx
dt

υ = , vipoviT x s, rogorc drois 
funqcias. 

koordinata moiZebneba (80)Si am Casmis Semdeg miRebu
li formulis integraciiT, rac gvaZlevs

2 22
0

2
0

1 1
a tcx

a c

 
 = + −
 
 

            (82)

sadac daSvebulia, rom sawyis momentSi nawilaki koordi
natTa saTaveSi imyofeboda. 

mcire drois intervalSi, sanam 
2 2
0

2 1
a t
c

�<<1, koordinatisT

vis miiReba 
2

0

2
a t

x = , rac emTxveva TanabaraCqarebuli moZ

raobis gantolebebs ararelativistur meqanikaSi. 

kosmosuri raketis moZraoba [1 ]

fardobiTobis TeoriaSi TanabaraCqarebuli moZrao
bis saintereso magaliTs warmoadgens kosmosuri raketis 
moZraoba. davuSvaT, rom dedamiwidan romelime varsvla
visaken gaSvebulia kosmosuri raketa, romlis mizania 
miaRwios varsvlavs da Semdeg dabrundes dadamiwaze. 
simartivisTvis miviRoT, rom gzis pirvel naxevars ra
keta gadis aCqarebulad, Semdeg moZraobs Senelebulad, 
aRwevs varskvlavs da Semdeg iseTive moZraobiT brunde
ba dedamiwaze. 

vinaidan mTeli mogzauroba Sedgeba ori aCqarebuli 
da ori Senelebuli moZraobisgan, romelnic sruliad ms
gavsi arian siCqaris cvlilebis TvalsazrisiT, sakmari
sia ganvixiloT mxolod pirveli meoTxedi _ aCqarebuli 
moZraoba, romliTac raketa gaivlis varskvlavamde manZi
lis naxevars. davuSvaT, rom varskvlavamde manZili aris 
10 sinaTlis weliwadi, rac imas niSnavs, rom varskvlav
idan dedamiwamde sinaTle modis 10 wlis ganmavloba
Si. vinaidan erTi sinaTlis weliwadi aris daaxloebiT 
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59.5 10⋅ km, manZili varskvlavamde iqneba 129.5 10s = ⋅ km. 
davuSvaT, rom raketa moZraobs aCqarebiT, romelic 

10jer aRemateba simZimis Zalis aCqarebas, anu 1 100a =
m/wm2. gamovTvaloT dro, romelic dasWirdeba raketas 
dedamiwaze myofi damkvirveblisTvis, rom gaiaros manZi
lis naxevari. vinaidan am gzaze raketa TanabaraCqarebu
lad moZraobs, dro gamoiTvleba formuliT (80). ricxvi
Ti sidideebis mniSvnelobebis Casma mogvcems

5
83 10 56 1.68 10

0.1
t ⋅
≈ = ⋅ wm anu daaxloebiT 5 weli da 2 

Tve 
cxadia, rom mTel gzas raketa gaivlis 2jer met dro

Si, 10 weli da 4 Tve, e. i. CamorCeba sinaTlis sxivs 4 
TviT. vinaidan igive dro dasWirdeba dabrunebisaTvis, 
mTel mogzaurobas moandomebs 20 wels da 8 Tves, , cxa
dia, dedamiwaze myofi damkvirveblisTvis. 

gamovarkvioT axla , ra drois ganmavlobaSi mogzau
robs raketa TviT raketaSi myofi damkvirveblisTvis. es 
dro ar iqneba igive, radganac sakuTari dro, fardo
biTobis Teoriis Tanaxmad, yovelTvis naklebia, vidre 
sxva damkvirveblis dro. is dakavSirebulia im aTvlis 
sistemis drosTan, romlis mimarT sxeuli υ  siCqariT

moZraobs, TanafardobiT 

2 21 /d c dtτ υ= −
drois sasrulo SualedisTvis ki miviRebT:

2

2
0

1
t

dt
c
υτ = −∫

υ s mniSvnelobis Casma (ix. (80)) da integreba mogvcems 

1 1
2

1

ln 1 a x a tc
a c c

τ  = + + 
 

cnobili ricxviTi mnvnelobebis gaTvaliswineba gva
Zlevs
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71.41 10τ = ⋅ wm≈6 Tve da 7 dRe. 
mTeli mogzaurobis xangrZlivoba kosmonavtis Tval

sazrisiT iqneba daaxloebiT 2 weli da 1 Tve. rasakvirve
lia, aseTi didi gansxvaveba imitom gamovida, rom raketis 
aCqareba Zalian didi aviReT, rac iwvevs didi siCqaris 
miRwevas. 

I. 2 amocanebi relativisturi kinematikidan

amocana 1. 
gansazRvreT dedamiwis zedapiridan saSualod ra si
maRleze iSlebian 30 km simaRleze dabadebuli µ naw
ilakebi, romlebic moZraoben 48 10 cυ −≈ ⋅  siCqariT ver
tikalurad. ra manZilia dedamiwamde miuonis dabadebis 
momentSi masTan dakavSirebul koordinatTa sistemaSi?
amocana 2. 
damkvirvebeli moZraobs metriani saxazavis gaswvriv / 2c  
siCqariT. rogori iqneba mis mier gazomili saxazavi?
amocana 3. 
Rero moZraobs grZivi mimarTulebiT mudmivi υ  siCqariT
K  aTvlis sistemis mimarT. siCqaris ra mnisvnelobisT
vis iqneba Reros sigrZe 0.5%η = iT naklebi mis sakuTar 
sigrZesTan SedarebiT am sistemaSi? 
amocana 4. 
ipoveT Reros sakuTari sigrZe, Tu aTvlis laborato
riul sistemaSi misi siCqarea / 2cυ = , sigrZe 1 m. kuTxe 
Rerosa da moZraobis mimarTulebas Soris aris 045ϑ = . 
amocana 5
swori uZravi konusis naxevargaSlis kuTxea 450, xolo 
gverdiTi zedapiris farTobi 4m2 . ipoveT konusis RerZis 
gaswvriv v= 4/5 c  siCqariT moZrav aTvlis sistemaSi: a) misi  
naxevargaSlis kuTxe, b) gverdiTi zedapiris farTobi. 
amocana 6. 
ra siCqariT moZraobda saaTi K  sistemaSi, Tu am siste
maSi is 5 wamSi 0. 1 wamiT CamorCa am sistemis saaTs?
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amocana 7. 
mudmivi siCqariT moZravma Rerom Cauara K  sistemaSi 
myof uZrav niSans. K  sistemis mimarT Cavlis dro 

20t∆ = wmia. RerosTan dakavSirebul sistemaSi niSani 
moZraobda mis gaswvriv t ′∆ =25 wmis ganmavlobaSi. ipov
eT Reros sakuTari sigrZe. 
amocana 8. 
horizontaluri RerZis gaswvriv erTmaneTis Semxvedrad 
moZraobs 0l  sakuTari sigrZis mqone ori erTnairi Rero. 
erT RerosTan dakavSirebul aTvlis sistemaSi drois 
Sualedi Reros marcxena da marjvena boloebis damTx
vevis momentebs Soris aRmoCnda t∆ . gaigeT erTerTi Re
ros siCqare meoris mimarT. 
amocana 9. 
ori arastabiluri nawilaki moZraobs 0.990cυ =  siCqariT 
K  aTvlis sistemis romeliRac wrfis mimarTulebis gas
wvriv. am sistemaSi maT Soris manZilia 20l = m. garkveul 
momentSi orive nawilaki erTdroulad daiSala maTTan da
kavSirebul aTvlis sistemaSi. gansazRvreT drois Suale
di nawilakebis daSlis momentebs Soris K  sistemaSi. 
amocana 10. 
mze brunavs ekvatoris garSemo daaxloebiT 25.4 dReRa
mis ganmavlobaSi. mzis radiusia 87.0 10⋅ m. gamoTvaleT 
mosalodneli dopleris efeqti mzis marjvena da marcx
ena kideebidan ekvatorTan 550λ =  mm talRis sigrZis 
(yviTeli sinaTle) sinaTlisaTvis. rogoria is _wiTeli 
Tu lurji wanacvleba? 

fardobiTobis Teoriis paradoqsebi

paradoqsebi, e. i. Teoriidan gamomdinare moulodneli 
Sedegebi, romlebic ewinaaRmdegeba adre arsebul war
modgenebs, asruleben gansakuTrebul rols mecnierebis 
ganviTarebis procesSi. ama Tu im Teoriuli paradoqsis 
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gadawyvetisas saqme gvaqvs Teoriis yvelaze principul 
debulebebTan, da xandaxan gviwevs arsebuli warmodgen
ebis radikaluri gadaxedva. udaoa, rom yoveli Teoriis 
ganviTarebisaTvis ZiriTadi mniSvneloba aqvs eqsperimen
tebiT miRebul faqtebs da dakvirvebebs, magram mxolod 
faqtebi ar kmara daasabuTos, daazustos an Secvalos 
Teoria, Tu maT ar mivyavarT Teoriis logikuri struq
turis dasabuTebasTan an uaryofasTan. 

fardobiTobis Teoriis mixedviT miRebuli warmod
genebi Zireulad gansxvavdeba Cveulebrivi, yoveldRi
uri warmodgenebisgan droisa, sivrcisa da materiis 
Sesaxeb. Cveulebrivi warmodgenebiT paradoqsalurad 
warmogvidgeba fardobiTobis Teoriidan gamomdinare 
uamravi Sedegi. paradoqsalurad gamoiyureba moZravi 
sxeulebis sigrZis cvlilebis, an drois mimdinareobis 
cvlilebis Sesaxeb daskvnebi, da, albaT, saerTod mTeli 
fardobiTobis Teoria. relativisturi dinamikis agebi
sas Semdeg TavebSi agreTve bevr paradoqsalur Sedegs 
davinaxavT. 

qvemoT ganxiluli gveqneba zogierTi metad gavrcele
buli movlenebi, romlebic gamoiyurebian rogorc `para
doqsebi~ . paradoqsaluri situacia xSirad warmoiqmneba 
xolme imis gamo, rom aTvlis sxvadasxva sistemebis ekviv
alenturoba moiTxoveba. ganvixiloT, magaliTad, Wokis 
da fardulis cnobili paradoqsi, romelic sqematurad 
mocemulia qveda naxazze. 

Wokis da fardulis paradoqsi 

amocana mdgomareobs SemdegSi: 10 m sigrZis Woki mor
benalma unda moaTavsos 5 m siRrmis fardulSi. damk
virvebeli dgas sardafis maxloblad ise, rom xedavdes 
sardafis orive _ wina da ukana karebs. morbenali WokiT 
xelSi unda gaiqces fardulisken iseTi swrafi siCqa
riT, rom damkvirvebelma dainaxos lorencSemoklebu
li Wokis fardulSi moTavsebis faqti, rac niSnavs, rom 
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man erTdroulad unda daafiqsiros Wokis wveri ukana 
karebze da Wokis bolo _ wina (frontis) karebze. usa
frTxoebisTvis SeiZleba warmovidinoT, rom ukana kari 
damzadebulia qaRaldisgan. morbenali irCevs saWiro 
siCqares da damkvirvebeli raRac momentSi xedavs, rom 
Woki mTlianad moTavsda fardulSi. 

naxazi 29. morbenali da dakvirveba masze

am aqtSi morbenlis minimaluri siCqaris gamosaTvlelad 
gamoviyenoT CvenTvis ukve cnobili formulebi: 0L  iyos 
Wokis sakuTari sigrZe (10m), is ukavSirdeba Wokis Semok
lebul sigrZes TanafardobiT 2 2

0 0/ 1 /L L L cγ υ= = − . 
amitom gvaqvs

0 10
5

L
L

γ = =

aqedan 
22 2

2 2

51 , 0.75 0.866 , 0.866
10

c
c c
υ υ υ β − = → = → = → = 

 

amrigad, aseTi unda iyos morbenlis siCqare, rom man 
Woki moaTavsos fardulSi. paradoqsi warmoiqmneba, roca 
movlenas SevxedavT morbenlis aTvlis sistemaSi. misTvis 
Woki uZravia (10 m). magram farduli dapataravebulia da 
moZraobs Wokisken. misi sigrZea 
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2
0 / 5 1 , 2.5l L lγ β= = − ⇒ = m. 

rogor moaTavsos 10 metriani Woki 2. 5 metrian Semok
lebul fardulSi? sistemis arCevaze ar aris damok
idebuli Tu romeli movlenebi xdeba. magram, roca es 
movlenebi gayofilia raRac manZiliT da dro miekuTvne
ba ama Tu im sistemas, maTi aRwera SeiZleba gansxvavde
bodes. 

lorencis gardaqmnebis gamoyenebiT Cven ukve vaCveneT 
(ix. mag. ,(17)), rom uZrav sistemaSi erTdrouli ori mov
lena, romelic gayofilia 0l  manZiliT fardobiTi siC
qaris mimarTulebiT, moZrav sistemaSi gancalkevebulia 
drois SualediT 2

0 /t l cγυ∆ = . 
amrigad, morbenlis sistemaSi jer gazeTi ejaxeba 

Woks, xolo Wokis danarCeni 7. 5 m rCeba fardulis gareT, 
xolo 2

0 /t l cγυ∆ =  drois Semdeg es narCeni mTlianad ga
dis karebis sibrtyeSi. am sistemaSi karebis sibrtyem, ro
melic moZraobs υ  siCqariT, unda gaiaros manZili 0L l−  
swored am t∆  droSi, anu 

0L l tυ− = ∆

marTlac, Tu gamoviyenebT zemoT mocemul ganmarte
bebs, miiReba 

( ) ( )2
0 0 0 0/ , 1/ /L L t L c Lγ γ υ γ γ γ υ− = ∆ → − =  

rac niSnavs, 

( )22 2 21 1/ / 1/ 1 /c cγ γ υ γ υ− = ⇒ = −  

miRebuli Sedegi niSnavs, rom araviTari paradoqsi 
ar gvaqvs, ubralod gasaTvaliswinebelia is garemoeba, 
rom raime sistemaSi ori erTdrouli movlena aRar rCeba 
erTdrouli sxva sistemaze gadasvlisas!
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sinaTleze meti siCqare

gavrcelebuli azris miuxedavad sinaTleze meti siC
qareebi Cveulebrivi ambavia. magaliTad, vakuumidan gam
tar firfitaze eleqtromagnituri talRis dacemisas 
talRis da firis gadakveTis are mirbis sinaTleze meti 
siCqariT. 

naxazi 30. sinaTlis talRis dacema firfitaze

marTlac, talRis siCqaris veqtori perpendikula
rulia misi frontisa, romelic warmoqmnilia talRis 
wertilebis erTdrouli mosvliT. Tu fronti kveTs si
brtyes α  kuTxiT, drois erTeulSi is gadaadgildeba 
sakuTar normalze c s tol manZilze, xolo firfitis 
da frontis gadakveTis wiri gadaiwevs manZiliT 

/ sinu c cα= >
esaa saZiebeli siCqare. 
imis miuxedavad, rom fardobiTobis specialuri Te

oriiT vakuumSi signalis gavrcelebis siCqare maqsimal
uria, xolo dadebiTi masis mqone nawilakis energia (ix. 
dinamikis Tavi) usasrulobisken miiswrafis sinaTlis siC
qaresTan miaxloebisas, obieqtebs, romelTa moZraoba ar 
aris dakavSirebuli informaciis gadacemasTan, SeiZleba 
hqondeT ragind didi siCqare. magaliTebia: rxevis faza 
talRaSi, Crdili an mzis aTinaTi. 

sinaTlis laqas, an, magaliTad, makratlis samarTe
blebis gadakveTis wertils SeuZliaT Seicvalon mde
bareoba zesinaTlis siCqariT, magram am dros informacia 
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da energia gadaecema mimarTulebiT, romelic ar emTxve
va mzis aTinaTis mimarTulebas:
azrobrivi eqsperimenti 1: SevecadoT raime signalis ga

dacemas ekranis erTi wertilidan meoreSi aTinaTis 
meSveobiT. cxadia, ver movaxerxebT _ rac ar unda 
vecadoT ekranis erT wertilSi fotonebisTvis, ( mag
aliTad, CavaqroT an movumatoT sikaSkaSes), verafriT 
moxdeba zegavlena aTinaTze meore wertilSi, sadac is 
miva (meore wertilSi aTinaTis fotonebi midian ara 
pirveli wertilidan, aramed fanridan). 

azrobrivi eqsperimenti 2. 
makratelTan ufro rTuladaa saqme. 

naxazi 31. `makratlis paradoqsis~ sqema

naxazze gamoxazulia makratlis zeda tuCi, romel
ic qvedasTan ( x RerZi) adgens θ kuTxes. davukvirdeT 
grZeli (didi) makratlis tuCebis gadakveTis wertilis 
moZraobas swrafi Caketvis dros. zeda naxazze naCven
ebia es movlena, romelsac xSirad makratlis ̀ paradoqss~ 
uwodeben. 

makrateli naxazze gamosaxulia grZeli Reros sax
iT, romelic warmoadgens makratlis zeda samarTeblis 
models. is x  RerZTan (meore samarTebelTan) adgens θ  
kuTxes da moZraobs y RerZis sawinaaRmdegod mudmivi 

y
y
t

υ ∆
=
∆

 siCqariT. t∆  droSi samarTeblebis gadakveTis P  

wertili gadaadgildeba marjvniv x∆ manZiliT. naxazidan 
Cans, rom /y x tgθ∆ ∆ = . amrigad, P  wertilis marjvniv 
moZraobis siCqare iqneba 
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/
y

P
y

xx x
t y xtg

υ
υ

υ θ
∆∆ ∆

= = =
∆ ∆ ∆

anu 

y
P tg

υ
υ

θ
=

radgan 0,tgθ → roca 0θ → , yovelTvis SeiZleba moi
Zebnos nulTan sakmaod axlos mdebare kuTxe, romlisT
visac P cυ > , nebismieri aranulovani yυ isTvis. 

vavilov-Cerenkovis gamosxiveba

fardobiTobis Teoria gveubneba, rom arc erTi ma
terialuri nawilaki swrafi elementaruli nawilakebis 
CaTvliT, ver imoZravebs sinaTleze meti siCqariT. ma
gram optikurad gamWvirvale garemoSi swrafi damuxtu
li nawilakis siCqare SeiZleba gaxdes am garemoSi sinaT
lis fazur siCqareze meti. marTlac, sinaTlis fazuri 
siCqare mc  (wertilis gadaadgilebis siCqare, romelsac 
aqvs sivrceSi rxeviTi moZraobis mudmivi faza, anu tal
Ris mudmivi fazis gadaadgilebis siCqare), udris vakuum
Si sinaTlis siCqaris Sefardebas am garemos gardatexis 
maCvenebelTan, m

cc
n

=
.
 cnobilia, magaliTad, rom wyli

saTvis 1.33n = . sxvadasxva optikurad gamWvirvale niv
TierebisaTvis gardatexis maCvenebeli meryeobs 1.43 2.1−  
intervalSi. amitom aRmoCndeba, rom saTanado fazuri 
siCqareebi aseT garemoSi aris vakuumSi sinaTlis siCqa
ris 50 75%− . ase, rom didi siCqaris relativistur naw
ilakebs aseT garemoSi SeiZleba aRmoaCndeT /c n ze meti 
siCqare. aseTi ram SeiZleba moxdes ara marto sinaTlis 
SemTxvevaSi, aramed siTxeebSi (maxis konusi), zebgeriTi 
moZraobisas haerSi (TviTmfrinavi, tyvia) da a. S. sanam 
sxeulis moZraobis siCqare naklebia saTanado talRebis 
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gavrcelebis siCqareze garemomcvel garemoSi, saTanado 
talRebis gamosxiveba SeiZleba moxdes mxolod sistemis, 
rogorc mTlianis, an misi nawilis rxeviTi moZraobis 
gamo (magaliTad, eleqtronis perioduli moZraobiT at
omSi an propeleris brunviT TviTmfrinavSi). ufro zus
tad rom vTqvaT, gamosxivebisaTvis ar aris aucilebeli 
perioduli moZraoba. arsebiTia marto moZraoba iyos 
araTanabari. 

magram, roca sistemis siCqare xdeba meti, vidre sa
Tanado talRebis gavrcelebis siCqare, saqmeSi Semodis 
gamosxivebis arsebiTad gansxvavebuli meqanizmi, romlis 
gamo gamosxivebas iwyebs Tanabrad moZravi sistemac ki. 

aRvniSnoT ( )c ω′ iT ω sixSiris talRis gavrcelebis 
siCqare garemoSi. maSin, rogorc wesi, gamosxiveba gare
moSi mudmivi υ siCqariT moZravi sistemisa Seicavs yvela 
sixSires, romlebic akmayofileben ZiriTad pirobas 

( )cυ ω′>

1934 wels p. Cerenkovma, akademikos s. vavilovis as
pirantma, Seiswavla uranis marilebis mier γ sxivebT 
dasxivebis Sedgad warmoebuli naTeba (luminescencia). 
man aRmoaCina naTebis axali saxe, romelic ver ixsneboda 
luminescenciis Cveulebrivi meqanizmebiT. 

es ar iyo atomebSi da molekulebSi agznebul mdgo
mareobebs Soris gadasvlebis efeqti. gamosxivebis inten
sivoba damoukidebeli aRmoCnda garemos Z  muxtze. ami
tom es ar iyo gamosxivebis bunebisa. gamosxiveba xdeboda 
garkveuli kuTxiT damuxtuli nawilakebis moZraobis 
mimarTulebis mimarT. 

am gamosxivebis axsna mogvces 1937 wels sabWoTa 
fizikosebma i. tamma da i. Cerenkovma klasikur eleqtro
dinamikaze dayrdnobiT. maT gaiazres, rom klasikuri 
eleqtrodinamikis debuleba imis Sesaxeb, rom Tanabrad 
da wrfivad moZravi damuxtuli nawilaki ver dakargavs 
energias vakuumSi, aRar aris samarTliani Tu vakuumis 
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nacvlad ganvixilavT garemos erTze meti gardatexis 
maCvenebliT, 1n > . maTi argumentebi mokled SegviZlia 
ase CamovayaliboT: 

davuSvaT, rom Tanabarwrfivad moZrav muxts SeeZlos 
energiis da impulsis kargva gamosxivebiT. maSin unda 
Sesrulebuliyo Semdegi toloba:

( ) ( )/ /
part rad

dE dp dE dp=                 (83)

advilad vaCvenebT, rom es toloba aRar Sesruldeba 
gamWvirvale garemoSi. marTlac, Tavisuflad moZravi 
nawilakis energia aris (ix. dinamikis nawili)

2 4 2 2E m c p c= +
amitom 

( ) 2/ /
part

dE dp pc E cβ υ= = =  

meores mxriv, vakuumSi eleqtromagnituri gamosxive
bisTvis gvaqvs 

radE pc=  e. i. ( )/
rad

dE dp c= ,

radgan cυ < , vaskvniT, 

( ) ( )/ /
part rad

dE dp dE dp<

amrigad, energiis da impulsis Senaxvis kanonebi 
krZalaven vakuumSi Tanabarwrfivad moZravi muxtis mier 
energiis da impulsis kargvas _ gadasvas eleqtromagni
tur gamosxivebaSi. 

magram es SezRudva ixsneba, roca nawilaki moZraobs 
garemoSi gardatexis maCvenebliT 1n > . am dros garemoSi 
sinaTlis fazuri siCqarea /c c n′ =  da nawilakis siCqarem 
SeiZleba gadaaWarbos am siCqares. marTlac, roca cυ ′= ,  
Senaxvis kanoni (83) dakmayofildeba Tu gasxiveba xde
ba moZraobisadmi nulovani kuTxiT. xolo roca cυ ′> ,  
Senaxvis kanoni (83) dakmayofildeba θ  mimarTulebiT, 
romelzec cos cυ υ θ′ ′≡ = , anu nawilakis siCqaris mimar
Tulebaze gegmili. 
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amitom, 1n >  maCveneblian garemoSi Senaxvis kanonebi 
nebas rTaven Tanabarwrfivad moZrav muxts dakargos Ta
visi energia da impulsi, da gamoasxivon eleqtromagni
turi talRa kuTxiT ( )arccos 1/ nθ β=

A

naxazi 32. gamosxivebis meqanizmisTvis

vTqvaT, eleqtroni Tanabawrfivad moZraobs garemoSi 
/c nυ >  siCqariT z RerZis mimarTulebiT. eleqtronis 

mier gavlil yovel wertilSi is aRZravs eleqtromag
nitur SeSfoTebas, romelic am wertilebidan gavrcel
deba rogorc dagvianebuli talRa. eleqtronis gzaze 
sxvadasxva wertilebidan gamosuli talRis sixSiris 
komponentebidan raime θ  mimarTulebiT (ix. naxazi 35), 
davrwmundebiT, rom yvela mimarTulebiT, garda imisa, 
romelic akmayofilebs pirobas cos ct t

n
υ θ = ct/n, talRe

bi erTmaneTs Caaqroben interferenciis gamo. am mimar
TulebiT ki talRebi movlen nulovani svlaTa sxvaobiT 
da swored am mimarTulebiT wava gamosxiveba. am gamosx
ivebas aqvs zusti analogia balistikur talRebSi, rode
sac TviTmfrinavi mifrinavs zebgeriTi siCqariT (maxis 
talRebi). sazogadod, roca sxeuli moZraobs mocemul 
garemoSi am garemoSi talRis gavrcelebis siCqareze meti 
siCqariT. Cerenkovis gamosxivebis pirobebSi vaskvniT, 
rom gamosxiveba rom xdebodes, unda Sesruldes piroba 

1nβ > , e. i. Tu nawilakis siCqare aRemateba am garemoSi 
sinaTlis fazur siCqares. Sebrunebuli utolobis dros 
gamosxivebas adgili ar aqvs. gamosxivebis zRurblia 
piroba: 1nβ = . 
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Tu suraTs ganvixilavT sivrceSi da ara sibrtyeSi, 
maSin gamosxiveba unda gavrceldes konusis zedapirze, 
romlis RerZs warmoadgens nawilakis traeqtoria, xolo 
msaxveli am RerZTan adgens Cθ  kuTxes. 

naxazi 33. Cerenkovis gamosxiveba. talRebi nawilakisa garemoSi 
sinaTlis fazur siCqareze naklebi (marcxniv) da meti (marjvniv) 

siCqariT. roca /cυ ε> , waroiSvebian eleqtromagnituri 
`dartymiTi~ talRebi, romlebis miedinebian Cerenkovis Cθ  

kuTxis mimarTulebiT. (am naxazze eleqtrodinamikis Teoriis 
mixedviT ε  aris garemos dieleqtrikuli mudmiva da Semdeg 

kavSirSia garemos gardatexis maCvenebelTan:
 n ε= . 

Cerenkovis gamosxivebazea damyarebuli e. w. Cerenkov
is mTvlelebi, romlebic farTod gamoiyeneba elementa
ruli nawilakebis eqsperimentul fizikaSi. 

taxionebi
elementaruli nawilakebis fizikis ganviTarebis sx

vadasxva etapze postulirebuli iyo mTeli rigi axali 
nawilakebisa da miTiTebuli iyo xolme maTi roli da 
dakvirvebis SesaZleblobebi. maT Soris ZiriTad masas 
warmoadgendnen Cveulebrivi nawilakebi, romlebic far
dobiTobis Teoriis CarCoebSi Tavsdebodnen. sxva am



_ 122 _

bavia, xdeboda Tu ara maTi realuri dakvirveba. iyvnen 
iseTebic, romlebic fantastikis sferoebsac ki scil
debodnen. erTerT aseT SesaZleblobad ganixileboda 
hipoteturi nawilakebi e. w. taxionebi, romlebic mu
dam sinaTleze meti siCqariT moZraoben. sainteresoa, 
rom aseTi nawilakebis arseboba ganixileboda fardobi
Tobis Teoriis farglebSi. Tu aseTi nawilaki iarsebeb
da, raki imoZravebda sinaTleze swrafad, is daarRvevda 
mizezobriobas da gamoiwvevda uamrav logikur parado
qsebs. taxionebs eqnebodaT araCveulebrivi Tvisebebi _ 
maTi siCqare gaizrdeboda energiis SemcirebasTan er
Tad, da, amave dros moiTxovda usasrulod did ener
gias, raTa misi siCqare dagvegdo sinaTlis siCqaremde. 
ar arsebobs araviTari eqsperimentuli dadastureba ase
Ti nawilakis arsebobisTvis. taxionis cneba Tanamedrove 
etapze Semoitanes amerikelma fizikosma jerald fein
bergma (1967) da belarusma fizikosma oleg bilaniukma 
1962 wels, rogorc velebis warmosaxviTi masiT agzneba. 
maT Semoitanes velebi warmosaxviTi masiT. specialur 
fardobiTobis TeoriaSi sinaTleze meti siCqariT moZrav 
nawilaks unda hqondes sivrcismagvari 4impulsi, gansx
vavebiT Cveulebrivi nawilakebisgan. fardobiTobis Te
oriis formulebs Tu mivuyenebT taxionebs, rogoricaa

( ) ( )222 2E pc mc= +  da 
2

2 21 /
mcE

cυ
=

−
,

gamoCndeba, rom rodesac nawilakis siCqare υ  metia 
sinaTlis c  siCqareze, energiis gamosaxulebis mniSvneli 
gaxdeba warmosaxviTi, da radgan nawilakis sruli ener
gia unda iyos namdvili, raime praqtikuli Sinaarsi rom 
mieces sakiTxs, mricxvelic unda iyos warmosaxviTi, anu 
masa _ warmosaxviTi. 

unda aRiniSnos, rom arseboben modelebi, romlebSic 
xdeba lorencis gardaqmnebis gafarToeba ise, rom su
perluminaluri (sinaTleze meti siCqariT) moZravi naw
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ilakebi Semoyvanil iqnan, rogorc namdvili masis mqone. 
magram es sul sxva Teoriebia. ainStainis fardobiTobis 
Teoriis msgavsad am modelebSi Tavidanve figurirebs 

relativisturi fesvi adgilSecvlili wevrebiT, 
2

2 1
c
υ

− ,  

anu Tavidanve Semoitaneba sinaTleze meti siCqariT moZ
ravi nawilaki. magram amiT siZneleebis, kerZod, mizezo
briobasTan dakavSirebuli problemebis Tavidan acileba 
ver xerxdeba. rac Seexeba lorencis gardaqmnebis ga
farToebas, aq uxdebaT drois 3 koordinatis da sivr
cis erTi koordinatis Semoyvana. detaluri informaci
is misaRebad mkiTxvels vTavazobT mimoxilvas E. Recami, 
`Classical tachions and possible applications~, Rivista del Nuovo Ci-
mento, Vol. 9 (6), pp. 1-178. 

miuxedavad uCveulo Tvisebebisa, rac ar aris eqs
perimentulad dakvirvebuli, fizikosTa mcire nawili 
agrZelebs taxionebis ideis ganviTarebas, gansakuTre
biT aqtiuroben italieli fizikosebi q. pizas universi
tetidan. detalebs SeiZleba gaecnoT zemoT miTiTebul 
mimoxilvaSi. aqtiuroba ar aris SemTxeviTi, radgan velis 
kvantur TeoriebSi virtualuri nawilakebis gavrceleba 
sivrcismagvar intervalebSi Cveulebrivi movlenaa, rac 
ZiriTadad dakavSirebulia e. w. antinawilakebis moZrao
basTan, rasac arakvantur TeoriebSi adgili ar aqvs. 

magaliTad, zesinaTlis siCqariT moZraoba gamoiwvev
da vavilovCerenkovis gamosxivebas vakuumSi, rasac ar 
vakvirdebiT, rogorc zemoT aRvniSneT. 

miuxedavad uamravi konceptualuri winaaRmdegobebi
sa, taxioni, rogorc nawilaki, mainc sainteresoa Tana
medrove fizikisaTvis. ase, magaliTad, elementarul 
nawilakTa samyaro didi sizustiT aRiwereba e. w. stan
dartuli modeliT. am modelSi Semoyvanilia skalaruli 
(uspino) nawilakebi, romlebTan urTierTqmedebis Sede
gad bunebaSi arsebuli yvela nawilaki iZens aranulo
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van masas. gamoiyeneba garkveuli simetriis TavisTavadi 
darRveva (higsis meqanizmi), romelsac ganapirobebs ska
larul nawilakTa Soris taxionis arseboba. e. w. hig
sis meqanizmi gandevnis Teoriidan taxions da itovebs 
mxolod fizikur nawilakebs. Sedegad miiReba mxolod 
fizikuri nawilakebis sistema, romelSic taxionuri naw
ilidan gvrCeba erTi skalaruli (Cveulebrivi) nawilaki 
sakmaod didi (namdvili) masiT. esaa e. w. higsis nawilaki, 
romelic Zalian mZimea (daaxloebiT, 126 gevi), aRmoCe
nilia 2012 wels msoflioSi yvelaze mZlavr kolaiderze 
SveicariaSi (CERN). es aris virtualuri samyarodan ga
moZaxili, romelic realur samyaroze axdens gavlenas. 
swored amitom aris saintereso taxionebis kvleva. 

gadavideT axla sxva paradoqsebis ganxilvazec: 

drois paradoqsi

rogorc vnaxeT, fardobiTobis TeoriaSi drois msv
leloba damokidebulia imaze, damkvirvebeli saaTis 
mimarT moZraobs Tu uZravia. am faqts erT saintereso 
Sedegamde mivyavarT. ganvixiloT aTvlis ori inerci
uli sistema, K  da 1K  da davuSvaT, rom 1K sistema moZ
raobs K  sistemis mimarT υ  siCqariT. vTqvaT 1K siste
maSi mimdinareobs raime movlena, romlis xangrZlivoba 
am sistemis mimarT aris 1T , maSin igive movlenis xangr
Zlivoba K  sistemis mimarT iqneba 1T Tγ= , anu movle
nis xangrZlivoba metia. es gaxangrZliveba miT metia, rac 
didia 1K  sistemis siCqare K  sistemis mimarT. 

gavarCioT aseTi cda: K  sistemis saTaveSi movaT
avsoT ori uZravi saaTi, romlebic erTsa da imave dros 
gviCvenebdes (ix. naxazi 34)
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naxazi 34. drois paradoqsis ilustracia

vTqvaT, 0t =  momentSi (orive saaTisaTvis) erTerTi 
maTgani amoZravda υ  siCqariTOX RerZis gaswvriv, gaiara 
garkveuli manZili, SeCerda A  wertilSi da isev dabrun
da K  sistemis saTaveSi. gviCvenebs Tu ara dabrunebis 
Semdeg es saaTi igive dros, rasac K  sistemis saTaveSi 
uZravad myofi saaTi? cxadia, rom ara. marTlac, moZ
ravi saaTi ganvixiloT, rogorc aTvlis 1K  sistema da 
aRvniSnoT 1T iT dro, romelic am saaTiT gavida moZ
raobis dawyebidan dabrunebamde. vinaidan 1K  sistema υ  
siCqariT moZraobs K s mimarT orive mimarTulebiT K
sistemaSi uZravad myofi saaTis mixedviT gavlili dro 
iqneba 1T Tγ= , rac imas niSnavs, rom amoZravebuli da 
ukan dabrunebuli saaTi CamorCeba uZravad myof saaTs, 
e. i. mis mixedviT naklebi dro gaivlis, vidre uZravi 
saaTis mixedviT. 

ainStainma miuTiTa, rom aq Catarebuli msjeloba 
warmoqmnis `paradoqss~, romelsac SemdgomSi `saaTebis 
paradoqsi~ daerqva. paradoqsis Sinaarsi SemdgomSi md
gomareobs: Cven vambobT, rom amoZravebuli da ukan dab
runebuli saaTi CamorCeba uZrav saaTs, magram, fardobi
Tobis principis Tanaxmad, mTeli procesi igivurad unda 
mimdinareobdes. Tu am process ganvixilavT 1K  sistemis 
, anu moZravi saaTis TvalsazrisiT, masSi myofi saaTi 
uZravia, xolo win da ukan moZraobs K  sistema da masSi 
myofi saaTi. maSasadame, moZraobis damTavrebis Semdeg 
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unda CamorCes K sistemaSi myofi saaTi da ara 1K is saa
Ti. rasakvirvelia, yovlad SeuZlebelia, rom procesis 
damTavrebis Semdeg orive saaTi CamorCebodes erTi meo
res. swored amaSi mdgomareobs ‘saaTis paradoqsi~. 

ainStainma maSinve axsna es paradoqsaluri Sedegi. 
saqme imaSia, rom fardobiTobis Teoriis Tanaxmad tol
fasia mxolod inerciuli sistemebi, e. i. mxolod ase
Ti sistemebi SeiZleba SevcvaloT erTimeoriT ise, rom 
araferi Seicvalos movlenis mimdinareobis xasiaTSi, 
vinaidan mxolod inerciuli sistemebis mimarT mimdin
areobs igivurad yvela fizikuri movlena. magram, Tu K
 sistema inerciulia, maSin 1K  sistema ar SeiZleba iyos 
inerciuli, vinaidan amoZravebis an gaCerebis dros igi 
moZraobs aCqarebulad K  sistemis mimarT. amitom 1K
 sistemaSi myofi saaTis CamorCena K  sistemaSi myof 
saaTTan SedarebiT ar ewinaaRmdegeba fardobiTobis 
specialur Teorias. K  sistemaSi myofi damkvirvebeli 
daadgens, rom CamorCeba yovelTvis is saaTi, romelic 
imyofeba arainerciul sistemaSi. amiT savsebiT ixsne
ba `saaTis paradoqsi~. magram, am CamorCenis axsna 1K  
sistemis TvalsazrisiT SesaZlebeli gaxdeba mxolod mas 
Semdeg, rodesac gavarkvevT, Tu rogor xdeba gadasvla 
inerciulidan arainerciul sistemaze. 

tyupTa paradoqsi

saaTebis paradoqsi kidev ufro mZafri rom gavxad
oT, gadavitanoT igi tyupebze. upirveles yovlisa, ar 
unda gvegonos, rom drois Seneleba dakavSirebulia mx
olod saaTebTan. drois Senelebas adgili eqneba nebi
smier procesSi, romelic mimdinareobs rogor araor
ganul, ise organul samyaroSi, ramdenadac nebismieri 
moZraoba fizikis kanonebs emorCileba. Tu biologiur 
organizms raime sxva gansakuTreba ar axasiaTebs, rom
lis Sesaxebac Cven dRemde araferi viciT, maSin cocx
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ali organizmisaTvisac drois Seneleba moZrav sistemaSi 
unda warmoadgendes nebismieri biologiuri procesis 
Senelebul mimdinareobas, magaliTad, gulis nela cemas, 
nel mosazrebulobas da, rac mTavaria, nela daberebas. 
amitom, Tu tyupis cals gavuSvebT swrafi raketiT sam
yaroSi samogzaurod, maSin igi gacilebiT axalgazrda 
dabrundeba Tavis tyupis calTan SedarebiT, romelic 
dadamiwaze darCa. amave dros, kosmonavti tyupis cali 
miT ufro axalgazrda dabrundeba, rac ufro didi siC
qariT moZraobda misi kosmosuri xomaldi. dadamiwaze 
dabrunebisas SeiZleba aRmoCndes, rom `dedamiwis Tval
sazrisiT~ gasulia aseuli da, SesaZlebelia, aTaseuli 
wlebic. zemoT aRwerili saaTebis paradoqsi gveubneba, 
rom tyupebis SemTxvevaSic gvaqvs asimetriuloba maT 
Soris _ samogzaurod gaSvebuli tyupis cali mudam ar 
imyofeba inerciul sistemaSi, gansxvavebiT dedamiwaze 
darCenilisgan. amitom, dabrunebisas is ufro axalgaz
rda aRmoCndeba. 

moZraoba kosmosur samyaroSi,

kosmosuri raketis moZraoba 

fardobiTobis TeoriaSi TanabaraCqarebuli moZrao
bis saintereso magaliTs warmoadgens kosmosuri raketis 
moZraoba, romelic ganvixileT zemoT (ix. gv. 108 da Sem
deg). moZrav sistemaSi drois SenelebasTan dakavSirebu
lia samyaros uSoresi wertilebis aTvisebis saintereso 
perspeqtiva. drois Senelebas rom ar hqonoda adgili, 
adamiani sicocxlis xangrZlivobis SezRudulobis gamo, 
ver gaivlida samyaros zomebis Sesadar manZilebs. mag
aliTad, adamianis sicocxlis saSualo xangrZlivobad 
Tu aviRebT 100 wels, maSin ukan dabrunebis CaTvliT 
adamiani dedamiwas dascildeboda maqsimum 50 sinaTlis 
wliT. magram, Tu warmovidgenT, rom SegveZleba raketis 
aCqareba TiTqmis sinaTlis siCqaremde, adamianis mier da
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pyrobili kosmosis sivrcec gaizrdeboda, miTumetes, Tu 
mxedvelobaSi miviRebT drois relativistur Senelebas. 

Tanamedrove amaCqareblebze mag. , LHCze cernSi, pro
tonebs aCqareben ( )~ 10 15E TeV− energiebamde. aseTi 
energiebisaTvis gadamyvani faqtori γ  gamodis Zalian 
didi, ramdenime aTasis rigisa. rom SegveZlos aseT ener
giebamde avaCqaroT kosmosuri raketa, miviRebdiT kos
mosis aTvisebis kolosalur SesaZleblobebs 



_ 129 _

Tavi II.  
relativisturi dinamika

1.impulsis Senaxvis kanoni da  
relativisturi impulsi

unda SemovitanoT dinamikuri sidideebi (impulsi, en
ergia da a. S. ) relativistur meqanikaSi ise, rom mcire 
siCqareebis zRvarSi ( cυ � << c) daemTxves niutoniseul 
ganmartebebs. daviwyoT impulsiT. niutonis meqanikaSi 
gvqonda impulsis Semdegi ganmarteba m=p υ . amasTan ase 
ganmartebuli impulsi izolirebuli sistemisaTvis inax
eboda ,

1 1
.

N N

i i
i i

m const
= =

= =∑ ∑p υi  anu 
1 1

.
N N

i i i
i i

m m const
= =

= =∑ ∑ uυi   (84)

aq iu  aRniSnavs i uri nawilakis siCqares dajaxebis 
Semdeg. 

Senaxvis es kanoni sruldeboda galileis yvela siste
maSi. marTlac, Tu gadavalT sxva sistemaSi, romelic 
mocemuli sistemis mimarT moZraobs V mudmivi siCqariT, 
rogorc viciT, am dros adgili aqvs siCqareTa Sekrebis 
galileiseul wess i i i→ +u Vυ = υ . Tu am Secvlas gamov
iyenebT Senaxvis kanonSi yvela siCqarisaTvis, davrwmun
debiT, rom Senaxvis kanoni Sesruldeba moZrav siste
maSic. ubralod daemateba mudmivi veqtori, rac ar 
Secvlis kanons. 

es asedac unda yofiliyo, radgan galileis fardobi
Tobis principis Tanaxmad meqanikis kanonebi ar unda icv
lebodnen galileis erTi sistemidan meoreSi gadasvlis 
dros. sailustraciod ganvixiloT aseTi amocana: 
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toli masis burTulebis drekadi dajaxeba. vaCvenoT, 
rom niutoniseuli impulsis gamosaxuleba ar uzrunve
lyofs mis Senaxvas dajaxebebSi relativisturi siCqaree
bis monawileobiT. ganvixiloT drekadi dajaxebis sura
Ti (ix. naxazi 35)

naxazi 35. toli masebis ori burTulas dajaxeba

naxazze arCeulia sistema, romelSic nawilakebi uax
lovdebian erTmaneTs toli da sapirispiro siCqareebiT, 
anu agvirCevia masaTa centris sistema. mocemul siste
maSi masaTa centri uZravia. simetriis gamo sruli im
pulsis y mdgeneli nulis toli unda iyos dajaxebamde 
da dajaxebis Semdeg. es xdeba, cxadia, impulsisTvis niu
toniseuli ganmartebis dros (83) _ yp is namati pirveli 
nawilakisTvis aris 2 ymυ+ , xolo meore nawilakisTvis 
aris 2 ymυ− ase, rom jami nulis tolia. suraTi ase ga
moiyureba (nax. 36) 
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  a        b         c) moZravi da uZravi sistemebi
naxazi 36. dajaxebis konfiguracia: a) y -mimarTulebaze dajax-
ebamde da b) dajaxebis Semdeg; c) S ′ sistemas aqvs siCqare S -is 

mimarT V= xυ

axla ganvixiloT suraTi S ′ sistemaSi, romelsac aqvs 
siCqare ˆxυ=V x uZravi S sistemis mimarT. aq x̂ aris er
Teulovani veqtori. saTanado naxazia (37) 

naxazi 37. relativisturi dajaxebis suraTi

SevniSnoT, rom xυ aris me2 nawilakis siCqaris x kom
ponenti S  sistemaSi, xolo xυ− aris igive pirveli naw
ilakisTvis. siCqareTa gardaqmnis kanonidan gamomdinare
obs, rom S ′ sistemaSi nawilakTa siCqaris komponentebi 
iqneba 

( ) 2 2 2

21
1 / 1 /

x x
x

x x

V
V c c

υ υυ
υ υ
− − −′− = =
+ +
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( ) ( ) ( )1/2 1/22 2 2 2
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1 / 1 /
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maSin, roca 
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es Sedegebi gamoxatulia (38)e naxazze. 
aqedan Cans, rom moZrav sistemaSi calkeuli nawilakis 

siCqaris mdgenelebi ar udrian erTmaneTs, maSinac ki 
roca uZrav sistemaSi tolebi iyvnen:

naxazi 38. impulsebis konfiguracia S ′ sistemaSi

amrigad, impulsis namati ( )2 2ymυ′  ar udris namats
( )2 1ymυ′ s. vaskvniT, rom gamosaxuleba, romelSic im

pulsi siCqaris proporciulia, ver uzrunvelyofs im
pulsis Senaxvas yvela aTvlis sistemaSi. 

bunebrivia, ise unda SemovitanoT relativisturi im
pulsis ganmarteba, rom aTvlis yvela sistemaSi adgili 
hqondes impulsis Senaxvis kanons, Tu is sruldeboda 
erT romelime sistemaSi. 
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davinaxeT, rom Tu impulsis Zvel (niutoniseul) 
ganmartebas SevinarCunebT, Senaxvis kanoni ar Sesrul
deba lorencis sxva sistemaSi. marTlac, gavixsenoT, rom 
sxva sistemaze gadasvla xdeba lorencis gardaqmnebiT, 
romelTac aqvT saxe

0
2

0
2 2 2 2

0 0

, , ,
1 / 1 /

Vt xx V t cx y y z z t
V c V c

−−′ ′ ′ ′= = = =
− −

rogorc viciT, aseTive saxe aqvs lorencis gardaqmnebs 
koordinatebis da drois diferencialebisTvis, saidanac 
davadgineT siCqareTa gardaqmnis relativisturi for
mulebi:

2 2 2 2
0 00

0 0 0
2 2 2

1 / 1 /
, ,

1 1 1

y zx
x y z

x x x

V c V cV
V V V

c c c

υ υυυ υ υυ υ υ
− −−′ ′ ′= = =

− − −

axla advili Sesamowmebelia, rom Tundac umartives 
magaliTSi _ ori nawilakis drekadi dajaxeba _ Tu im
pulsis Zvel ganmartebas SevinarCunebT, impulsis Senax
vis kanoni

1 1 2 2 1 1 2 2m m m m+ = +u uυ υ
ar Sesruldeba lorencis gardaqmnis Semdeg. gansa

kuTrebiT martivad gamoCndeba es, Tu ganvixilavT da
jaxebas masaTa centris sistemaSi, rogorc amocanaSia 
ganxiluli, sadac es jamebi orive nulis tolia da Sem
deg CavatarebT lorencis gardaqmnas x RerZis gaswvriv. 
mizezic advilad gamoCndeba: saqme imaSia, rom x RerZis 
gaswvriv gardaqmnisas siCqaris sxva mdgenelebic ( ,y zυ υ ) 
gardaiqmnebian, rac iwvevs impulsis Senaxvis kanonis dar
Rvevas lorencis axal sistemaSi. Cven ki gvinda, rom im
pulsis Senaxvis kanoni Sesruldes lorencis yvela siste
maSi, rogorc moiTxovs ainStainis pirveli postulati. 

ainStaini mixvda, rom Senaxvis kanonis uzrunvelyofi
saTvis unda Seicvalos impulsis ganmarteba. ganmarteba 
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iseTi unda iyos, rom nawilakis impulsis y komponenti da
moukidebeli iyos sistemis siCqaris x komponentze, romel
Sic vakvirdebiT gafantvas. Tu aseT ganmartebas vipoviT, 
maSin impulsis y komponentis Senaxva aTvlis erT sistemaSi 
uzrunvelhyofs mis Senaxvas aTvlis nebismier sistemaSi. 

Cven viciT, rom lorencis gardaqmnisas wanacvleba y∆
erTnairia yvela aTvlis sistemaSi, magram drois nazrdi 

t∆  damokidebulia aTvlis sistemaze. swored amis gamo 
aTvlis sistemazea damokidebuli siCqaris komponenti 

/y y tυ = ∆ ∆ . laboratoriuli saaTis nacvlad drois xan
grZlivobis gasazomad Tu gamoviyenebT sakuTari drois 
intervals τ∆ , mis mniSvnelobas daeTanxmeba yvela damk
virvebeli. amitom /y τ∆ ∆ yvela damkvirveblisTvis iqneba 
erTnairi. am mosazrebebis mixedviT a. ainStainma Semoi
tana relativisturi impulsi Semdegi TanafardobiT:

2 21 /
md m
d cτ υ

= =
−

rp υ
            (85)

sadac υ  aris nawilakis siCqare, radius veqtoris war
moebuli droiT. vxedavT, rom mcire siCqareebis dros  
( cυ � << c) es formula gadadis ararelativistur ganmarte
baSi. didi siCqareebis dros ki dgeba sagrZnobi gansxvaveba. 

naxazi 39. relativisturi impulsis yofaqceva  
nawilakis siCqaris mixedviT



_ 135 _

ase, rom Sesabamisobis principi daculia. axla ad
vilad davadgenT, rom x RerZis gaswvriv lorencis gar
daqmnis dros relativisturi impulsis ,y z  mdgenele
bi ar gardaiqmnebian. amaSi darwmuneba advilia uSualo 
SemowmebiT, Tu siCqaris gardaqmnis formulebs gamovi
yenebT. magram gacilebiT martivad davrwmundebiT, Tu 
gavixsenebT sakuTari drois cnebas da mis invariantu
lobas: 

2 21 /d dt c invτ υ= − =                 (86)

es ki niSnavs, rom impulsis gardaqmnis wesi daemTxve

va koordinatis diferencialis gardaqmnis wess, radgan 

formulaSi 
dm
dτ

=
rp  marto mricxveli gardaiqmneba 

lorencis gardaqmnebisas. xolo, rogorc viciT, loren
cis gardaqmnisas x RerZis gaswvriv y  da z  koordinatebi 
ar gardaiqmnebian. amrigad, impulsis aseTi ganmartebisas 
siZnele Tavidan avicileT da uzrunvelvyofT impulsis 
Senaxvis kanonis lorenckovariantulobas. (kanoni Ses
ruldeba aTvlis yvela lorencis sistemaSi). 

xSirad, ase iqceodnen fardobiTobis Teoriis ganvi
Tarebis pirvel etapze: SemohqondaT e. w. relativistu
ri masa anu moZravi masa

( )
2 21 /

mM
c

υ
υ

=
−

,                (87)

anu impulss ganmartavdnen ase 

( ) ( )
( )1/22 21 /

mM
c

υ υ
υ

= =
−

p υ, Μ          (88)

mricxvelSi moTavsebul masas, romelic ubralod aris 
niutoniseuli masa, uwodebdnen uZraobis masas da aRniS
navdnen ase _ 0m . (87)e formulis yofaqceva mocemulia 
naxazze 40. 
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naxazi 40. moZravi masis damokidebulebis xasiaTi siCqaris mixedviT

gamodis, rom sxeulis masa damokidebulia misi moZ
raobis siCqareze. rogorc Semdgomma ganviTarebam aCvena, 
aseTi interpretacia ar aris mizanSewonili da Cven mas 
ar gamoviyenebT. 1948 wels a. ainStaini werda erTerT 

Tavis kolegas: `ar aris kargi ( )
2 21 /

mM
c

υ
υ

=
−

 kon-

cefciis masis Semotana, misi ganmarteba ar aris naTeli. 
ukeTesia ar SemovitanoT sxva masa, garda `uZraobis masi-
sa~ m . umjobesia gvaxsovdes impulsis da energiis gamo-
saxulebebi moZravi sxeulebisa~ 

moZraobis relativisturi gantoleba

zogadi strategiis mixedviT, bunebrivia CavTvaloT, 
rom sxeulze moqmedi Zala iyos impulsis warmoebuli 
drois mixedviT, rogorc gvqonda ararelativistur 
meqanikaSi: anu ZalaSi davtovoT moZraobis kanonis niu
toniseuli Camoyalibeba _ Zala udris moZraobis raode
nobis cvlilebis siCqares (cvlilebas drois erTeulSi)

2 21 /
d d m
dt dt cυ

 
= =  

− 

pF υ
          (89)
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aseTi saxe aqvs axla niutonis meore kanons. gamovT
valoT marjvniv mdgomi warmoebuli:

( )

2 2 2 2 2 2

3/2 22 2 2 2

1
1 / 1 / 1 /

1 / 1 /

d m m d dm
dt dt dtc c c

m d m d
dt c dtc c

υ υ υ
υ υ

υ υ

   
= = + =   

− − −   

= +
− −

F υ υ υ

υ υ
   (90)

vxedavT, rom es Tanafardoba sagrZnoblad gansxvavde
ba niutonis kanonisagan. pirvel rigSi, TvalSi sacemia 

is, rom Zalis mimarTuleba ar emTxveva aCqarebis 
d
dt

=a υ
 

mimarTulebas, rom araferi vTqvaT sxva gansxavebebze. 

muSaoba da energia

moviqceT klasikuri meqanikis analogiiT _ gamovT
valoT drois erTeulSi Zalis mier nawilakze Sesrule
buli muSaoba anu simZlavre. ganmartebis Tanaxmad, 

( )

( )

( )

2

3/22 2 2 2 2

2 2 2

3/22 2 2 2 2

2 2

3/2 2 2 22 2

1 / 1 /

1 1
2 21 / 1 /

1
2 1 /1 /

dA m d m d
dt dt dtc c c

m d m d
dt dtc c c

m d d mc
dt c dt cc

υ υυ
υ υ

υ υ υ
υ υ

υ
υυ

 = ⋅ ⋅ + = 
 − −

= + =
− −

  
= =   

− −  

F υυ = 	 υ

(90)

amrigad
2

2 21 /
dA d mc
dt dt cυ

 
=  

− 
, 

romlis integraciiT miviRebT Sesrulebuli muSaobis 
formulas
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2

2 2
.

1 /
mcA const

cυ
= +

−
gavixsenoT axla Teorema kinetikuri energiis Sesaxeb: 

•	 sxeulze Sesrulebuli muSaoba toli unda iyos sxeu-
lis kinetikuri energiis cvlilebisa. 
amitom, roca 0υ = , marjvena mxare nulis toli unda 

iyos, saidanac vaskvniT, rom 
2.const mc= −

anu kinetikuri energiaa
2

2

2 21 /
k

mcE mc
cυ

= −
−

         (91)

SevamowmoT am formulis azri mcire siCqareebze. amis

aTvis fesvi gavSaloT mwkrivad 
2

2c
υ  xarisxebis mixedviT 

da SemovisazRvroT pirveli aranulovani wevriT (mwkrivad 

gaSla ase xdeba: ( )
2

1/2
2

1 11 1 ... 1 ...
2 2

x x
c
υ−− = + + ≈ − + )

amitom ararelativisturi kinetikuri energiisTvis 
miiReba

2

2
NR
k

mE υ
=

amrigad energiis gamosaxuleba am TvalsazrisiT 
sworadaa Sedgenili. 

sidides 
2

2 21 /
mcE

cυ
=

−
              (92)

uwodeben nawilakis relativistur energias, roca misi 
siCqarea υ . roca siCqare nulia anu nawilaki uZravia, mas 
aqvs energia 

2
0E mc= ,               (93) 
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romelsac nawilakis uZraobis energia ewodeba. es aris 
energiis forma, romelic aRmoaCina fardobiTobis spe
cialurma Teoriam. esaa ainStainis cnobili formula, 
romlidan gamomdinare Sedegebs SeviswavliT Cvens kurs
Si. es aris, magaliTad, nawilakis Sinagani energia, ro
melSic SeiZleba vigulisxmoT misi siTburi energia da 
a. S. 

naTelia, rom ainStainis energiis formula SegviZlia 
CavweroT sakuTari drois meSveobiT Semdegnairad, 

2 dtE mc
dτ

=                      (94)

amis gamo energia Tavisi gardaqmnis TvisebebiT dauka
vSirdeba impulss Semdegi oTxganzomilebiani komponen
tebis saxiT:

2, , ,x y z
dx dy dz dtp m p m p m E mc
d d d dτ τ τ τ

= = = =    (95)

lorencis gardaqmnebis dros am gamosaxulebaTa mar
to mricxvelebi gardaiqmneba da amitom SegviZlia davw
eroT impulsisa da energiis gardaqmnis formulebi lor
encis gardaqmnebis analogiiT Semdegnairad. impulsi da 
energia unda gavigoT Semdeg oTxeulad 

2, , ,x y z
Ep p p
c

 
 
 

 
da vweroT:

0
0 2 2 2

22 2 2 2
, , ,

1 / 1 /

x x

x y y z z

VE Ep V pEc c cp p p p p
cc cυ υ

− −′
′ ′ ′= = = =

− −
 (96)

e. i. 

0
2 21 /

xE V pE
cυ

−′ =
−

               (97)

am oTxi sididis erToblioba qmnis energiaimpulsis 
4veqtors. 
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gardaqmnis invarianti, intervali

vxedavT, rom am oTxi sididis gardaqmna absoluturad 
emTxveva koordinatebis da drois gardaqmnebs. amitom 
koordinatebis analogiiT SegviZlia SevadginoT invari
anti lorencis gardaqmnebis mimarT (intervalis ms
gavsad). saxeldobr, invarianti iqneba 

2 2 2 2
2 2 2 2 2 2

4 2 2 2 2 .
1 / 1 /x y z

E mc mc p p p m c inv
c c c

υ
υ υ

− − − = − = =
− −

e. i.   2 2 2 2 4 .E p c m c inv− = =    (98)
vxedavT, rom energiaimpulsis oTxveqtorisgan Sedge

nili invariantis mniSvneloba aris nawilakis uZraobis en
ergia. amitom, yvela inerciul sistemaSi damkvirveblebi 
gazomaven erTsa da imave mniSvnlobas uZraobis energiisa 
da radgan .c const=  masis erTsa da imave mniSvnlobas. 

2. kavSirebi energiasa da impulss Soris. umaso 
nawilakebi

zemoT moyvanili formulebidan gvaqvs Semdegi Tana
fardobebi:

2

E
c

p = υ ,          (84) da (92) dan        (99)

2 2 2E c p m c= + ,         (98)dan         (100)

am bolo Tanafardobis mixedviT Cans, rom fardobi
Tobis Teoria uSvebs imis SesaZleblobas, rom bunebaSi 
gvqondes umaso ( 0)m = nawilakebi. am SemTxvevaSi aseTi 
nawilakis energia impulss ukavSirdeba TanafardobiT

E pc=                  (101)
Tu amasTan erTad meore kavSirsac gaviTvaliswinebT, 

umaso nawilakisTvis miviRebT 

2 2

E pcp
c c
υ υ= = , 
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saidanac vRebulobT 
cυ = ,                  (102)

e. i. umaso nawilaki yovelTvis sinaTlis siCqariT moZ
raobs. dReisaTvis aRmoCenilia erTaderTi umaso nawila
ki _ fotoni anu gama kvanti (sinaTlis kvanti), romelic, 
cxadia, sinaTlis siCqariT moZraobs*. 

ganvixiloT Semdegi magaliTi: fotonebis sistemis 
uZraobis energia. sazogadod nawilakTa sistemis uZrao
bis energia ar aris jami calkeuli nawilakebis uZraobis 
energiebisa, Tu isini moZraoben erTmaneTis mimarT. es 
gamodgeba fotonebisTvisac: vTqvaT, gvaqvs ori fotoni 
energiebiT 5 mevi da 2 mevi, romlebic erTmaneTs uaxlo
vdebian x RerZis gaswvriv. rogoria am sistemis uZrao
bis energia?

amoxsna: umasobis gamo am nawilakebis impulsebia 5 mev/
c  da 2 mev/ c . amitom sistemis energiaa 5 mev. +2 mev. = 7 
mev, xolo impulsi ki 5p =  mev/ c  2 mev/ c =3 mev/ c . aqedan 
gamomdinareobs, rom sistemis uZraobis energiaa

( ) ( )2 22 7 3 6.3 !!mc MeV MeV MeV= − =

meore umaso nawilaki aris gluoni, romelsac gadaaqvs 
urTirTqmedeba kvarkebs Soris (fotonis msgavsad). glu
onebis arseboba eqsperimentulad dadasturebulia. 
da bolos, arsebobs Zlieri Teoriuli mosazreba imis 
Taobaze, rom gravitaciuli urTierTqmedeba gadaaqvT 
agreTve umaso nawilakebs _ gravitonebs. Tumca pirda

* didi xnis ganmavlobaSi umasod iTvleboda neitrino (eleqtrulad 
neitraluri nawilaki, romelic ibadeba betadaSlis reaqciaSi). 
misi Tvisebebis gasacnobad arsebobs uamravi literatura. qar
Tul enaze mkiTxvels SegviZlia SevTavazoT statia, a. xelaSvili, 
`neitrino da misi masa~ JurnalSi ssJ _ sorosis saganmanaTleblo 
Jurnali, 1998 w. #4, gv. 3143). amJamad dakvirvebulia neitrinoebis 
oscilaciebi, rac maT aranulovan masaze miuTiTebs, Tumca es masa 
Zalze mcirea sxva masiur nawilakebTan SedarebiT). ufro detalu
ri informacia neitrinos Sesaxeb mocemuli iqneba qvemoT.  



_ 142 _

piri dakvirveba gravitonebisa jer momavlis saqmea, maTs 
arsebobaSic eWvi aravis epareba. 

3.  energia_impulsis Senaxvis kanoni

ganvixiloT absoluturad aradrekadi dajaxeba, roca, 
magaliTad, plastilinis ori burTula centralurad 
ejaxeba erTmaneTs da Seerwymis, anu gvaqvs absoluturad 
aradrekadi procesi

1 2 3+ →            (103) 
es martivi procesi umjobesia ganvixiloT masaTa cen

tris sistemaSi, sadac gvaqvs impulsis Senaxvis kanoni 
Semdegi saxiT 

1 2 3 0+ = =p p p
           (104) 

cxadia procesi midis erTi wrfis gaswvriv, romel
sac davarqvaT x RerZi da gadavideT nebismier aTvlis 
sistemaSi, romelic x RerZis gaswvriv moZraobs 0V siC
qariT. maSin moZrav sistemaSi impulsis Senaxvis zeda gan
toleba miiRebs saxes 

1 2 3′ ′ ′+ =p p p             (105) 
gamoviyenoT aq adre moyvanili gardaqmnis formulebi 

(96). miiReba:

0 0 0
1 1 2 2 3 32 2 2

2 2 2 2 2 2
0 0 01 / 1 / 1 /

x x x
V V Vp E p E p E
c c c

V c V c V c

− − −
+ =

− − −

da raki 3 0xp = , an ufro zogadad: 1 2 3x x xp p p+ = . 
aqedan miiReba 

1 2 3E E E+ =            (106)

miviReT energiis Senaxvis kanoni nebismier sistemaSi. 
ras gveubneba es kanoni am magaliTze? vTqvaT nawilakebs 
hqondaT toli masebi da sabolood miRebuli nawilakis 
masa aRvniSnoT M iT. gvaqvs 

2
2

2 2

2
1 /

mcMc
cυ

=
−

           (107)
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sadac υ  aris Semxvedr nawilakTa siCqare masaTa centris 
sistemaSi. aq arsebiTia is, rom gvaqvs 

2M m>          (108)
amrigad, miRebul nawilaks aqvs meti masa, vidre dam

jaxebel mawilakTa masebis jamia(!!!). es moxda damjaxebel 
nawilakTa kinetikuri energiis xarjze. 

vxedavT, rom uZraobis energia ar aris ubralod en
ergiis ganzomilebis mqone sidide. is aris realuri ener
gia, romelic SegviZlia miviRoT kinetikuri energiidan an 
energiis sxva formebidan. aseve uZraobis energia SeiZleba 
gadaiqces energiis sxva formebad. ase xdeba, magaliTad, 
birTvuli energiis miReba. fardobiTobis Teoria winas
warmetyvelebs uZraobis energiis (an masis) ekvivalenturi 
energiis miRebas an STanTqmas. kargi magaliTia nawilakan
tinawilakis anihilacia (gaqroba) da gamosxivebis warmoqm
na. magaliTisaTvis moviyvanoT procesebi

2 ,4 ,...e e γ γ− ++ →
an piriqiT eleqtronulpozitronuli wyvilis warmo

qmna fotonebis dajaxebisas

e eγ γ − ++ → + ,
am reaqciis ganxorcielebisTvis energiis Senaxvis kan

onis Tanaxmad ori fotonis energia unda aRematebodes 
eleqtronpozitronuli wyvilis saerTo uZraobis ener
gias, 22mc . 

energiisa da masis am urTierTkavSirs xSirad masis da 
energiis ekvivalenturobas uwodeben da amis qveS esmiT 
masis da energiis urTierTgardaqmnis SesaZlebloba _ en
ergiis gardaqmna masaSi da piriqiT. magram es mtkiceba 
fizikurad arasworia. 

fardobiTobis Teoriis mixedviT masasa da energias 
Soris gacilebiT ufro Rrma kavSiria, vidre klasikur 
meqanikaSi. klasikur meqanikaSi savsebiT SesaZlebeli iyo, 
rom sxeuls hqonoda didi masa, magram ar hqonoda didi 
energia. SeiZleba sxeulis energia Secvliliyo, magram es 
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srulebiTac ar iwvevda misi masis Secvlas. sxeulis masa 
iTvleboda absoluturad mudmiv sidided, romelic mx
olod im SemTxvevaSi SeiZleboda Secvliliyo, Tu sxeuls 
CamovaSorebdiT an davumatebdiT nivTierebis nawils. 

fardobiTobis Teoriis mixedviT energia masis pro
porciulia da, vinaidan proporciulobis koeficienti 
( 2c ) absoluturad ucvlelia, energiis yoveli Secvla 
iwvevs masis proporciul Secvlas. Tu sxeuls mivaniWebT 
energias, misi masa Semdegi sididiT gaizrdeba 

2

Em
c
∆

∆ = ,              (109)

masisa da energiis proporciulobis kanonidan xSirad 
sruliad umarTebulo daskvnebi gamoaqvT. amboben, mag
aliTad, rom es kanoni niSnavs masis gadasvlas energia
Si, an, rac ufro metad dauSvebelia, materiis gadasvlas 
energiaSi. cxadia, rom proporciulobis kanonis aseTi 
gageba sruliad ar gamomdinareobs misi Sinaarsidan es 
kanoni rom masis energiaSi gadasvlas gamosaxavdes, mis
gan unda gamomdinareobdes, rom masis Semcirebas Tan 
unda axlavdes energiis gadideba; magram kanoni gveub
neba, rom Tu sxeulis masa Semcirda, misi energiac unda 
Semcirdes da piriqiT. magaliTad, msubuqi birTvebidan 
mZime birTvis Seqmnisas masis Semcireba ise unda gavigoT, 
rom sistemam dakarga masa da masTan erTad dakarga en
ergiac. es dakaguli masa da energia gareSe sxeulebs an 
eleqtromagnitur vels gadaecema. 

zemoT ganxiluli magaliTebi niSnavs, rom raRac pro
cesSi gaqra masa da warmoiSva misi ekvivalenturi ener
gia. yvela procesSi energia qreba erTi formiT, magram 
warmoiqmneba meore formiT, ise, rom inaxeba. analogi
urad icvleba masis arsebobis forma, magram misi mniSvn
eloba inaxeba. ainStainis formula ambobs, rom rogori 
urTierTgardaqmnebic ar unda xdebodes maT Soris, moy
vanili ricxviTi mniSvneloba mudam ZalaSi darCeba. 
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4. relativisturi dinamikis zogierTi gamoyeneba 

nawilakis daSla or nawilakad A B C→ + . 

vipovoT gamosuli nawilakebis energiebi 

gamoviyenoT Senaxvis kanonebi:
•	 impulsis A B C= +p p p  (1)

•	 energiis A B CE E E= +  (2)
energiisTvis aviRoT relativisturi gamosaxuleba 

2 2 2E c p m c= +  
umjobesia vimuSaoT bunebriv erTeulebSi, sadac 

sinaTlis siCqare aRebulia erTis tolad, 1c = . maSin, 
gamoviyenebT formulas

2 2E p m= +  
amoxsnisaTvis avirCioT aTvlis sistema, romelSic 

sawyisi nawilaki uZravi iyo

0;A B C= ⇒ = − ≡p p p p          (110)
am sistemaSi energiis Senaxvis kanoni miiRebs saxes 

2 2 2 2
A B Cm m p m p= + + +          (111)

sadac (da zemoTac ase iyo) 2 2p ≡ p . gvinda ganvsazRv

roT, magaliTad, C  nawilakis energia, 2 2
C CE m p= + . 

amisaTvis (111) formulaSi unda amovxsnaT 2p  da CavsvaT 
aq. cxadia, rom 2p  mTlianad masebiT gamoixateba da am
itom iqneba fiqsirebuli ricxvi, e. i. CE c iqneba fiq
sirebuli ricxvi. 

aviyvanoT (111) formula kvadratSi pirveli fesvis 
marcxniv gadmotanis Semdeg

( )2
2 2 2 2

A B Cm m p m p− + = +  

anu
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2 2 2 2 2 2 22A B A B Cm p m m p m p m+ + − + = +  

saidanac gvaqvs

2 2 2 2 22A B C A Bm m m m p m+ − = +  

es ukve gamodgeba 2p is sapovnelad, radgan kidev 
erTxel kvadratSi ayvana gagvaTavisuflebs fesvisagan

( )4 4 4 2 2 2 2 2 2 2 2 22 2 2 4A B C A B A C B C A Bm m m m m m m m m m p m+ + + − − = +

aqedan amovxsniT 2p s

( ){ }22 2 2 4 2 2 2 2
2

1 2 2
4 A B C A C B C

A

p m m m m m m m
m

= − + − −  

xolo 

( ){ }
( ){ }

{ } { }

22 2 2 2 2 4 2 2 2
2

22 2 2 2 4 2 2 2 2
2

24 4 4 2 2 2 2 2 2 2 2 2
2 2

1 2 2
4

1 4 2 2
4

1 12 2 2
4 4

C A C A B C B C C
A

A C A B C A C B C
A

A B C A C A B B C A C B
A A

E m m m m m m m m
m

m m m m m m m m m
m

m m m m m m m m m m m m
m m

= − + − + − + =

= + − + − − =

= + + + − − = + −

 

amrigad, 

( )2 2 21
2C A C B

A

E m m m
m

= + −              (112)

miviReT saboloo gamosaxuleba. am Sedegs hqonda didi 
gamoyeneba radioaqtivobis amocanaSi. rogorc cnobilia, 
zogierT birTvebs axasiaTebT bunebrivi radioaqtivoba, 
isini asxiveben e. w. betanawilakebs, romlebic arsebiT
ad arian eleqtronebi. eqsperimentze daikvirveboda be
taradioaqtivobis movlena, 

1
Z N Z N

Z ZA A e+ + −
+′→ +  

neitronis aRmoCenis Semdeg beta radioaqtivoba gage
buli iqna, rogorc birTvSi neitronis gardaqmna pro
tonad eleqtronis gamosxivebiT anu reaqcia n p e−→ +  
birTvSi. 



_ 147 _

1914 wels Cedvikma eqsperimentulad gansazRvra gamo
suli eleqtronebis energiis speqtri, anu gamosuli ele
qtronebis raodenoba sxvadasxva energiebiT. is gamovida 
uwyveti (ix. naxazi 41). 

naxazi 41. eleqtronebis energetikuli speqtri  
beta-daSlis reaqciaSi

maSin, roca (112) formulis ZaliT, unda yofiliyo 
fiqsirebuli ricxvi. gamodioda, rom irRveoda ener
giaimpulsis Senaxvis kanoni. 1930 wlamde anu 16 wlis 
ganmavlobaSi auxsneli iyo, ra xdeboda. 

1930 wels volfgang paulim ivarauda, rom am proces
Si unda ibadebodes kidev erTi neitraluri nawilaki, 
romelic Zalze msubuqia da aqvs ganWolvis didi unari. 
am nawilaks paulim miawera / 2 is toli spini da en
riko fermis winadadebiT daerqva neitrino, ν . amrigad, 
gamodis, rom reaqciaSi ibadeba kidev neitrino da ami
tom aris eleqtronis energia uwyveti ganawilebisa. gar
da amisa, naxevarspinianobis gamo am reaqciaSi Sesrul
deba agreTve impulsis momentis Senaxvis kanoni, radgan 
neitronis betadaSlis reaqciaSi

n p e ν−→ + +  
yvela monawile nawilaks aqvs naxevris toli spini. 
amrigad, paulis hipotezam gadaarCina erTdroulad 

ori Senaxvis kanoni da Tan axali nawilakic iwinaswarme
tyvela. am nawilakis uSualo gamovlinebas daakvirdnen 
sakmaod gvian, 1953 wels raiensi da koueni. mogvianebiT, 
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2015 wlis nobelis premia mieniWa or fizikoss _ iapo
nel k. kaJitas superkamiokande (iaponia) danadgarze da 
kanadel j. makdonalds, SNO deteqtorze neitrinoe
bis oscilaciebis dakvirvebisaTvis, rac amtkicebs, rom 
neitrinos aqvs masa (Tumca Zalian mcire, eleqtronze 
aTasjer mcire!). 

1.  nawilakis dabadeba da anihilacia 

masis da energiis eqvivalenturoba iZleva kidev erT 
mniSvnelovan winaswarmetyvelebas, romelsac ar aqvs 
klasikuri analogia. raki impulsi da energia inaxeba 
procesebSi, masiuri elementaruli nawilaki SeiZleba 
daukavSirdes mis antinawilaks, orives masa mTlianad 
gadaiqces energiad _ am process hqvia anihilacia. mag
aliTad, Cveulebrivma eleqtronma SeiZleba SeierTos 
Tavisi antinawilaki _ pozitroni. erTmaneTi `gaaqron~ 
da warmoqmnan 2 an 3 fotoni. 

naxazi 39. orfotoniani anihilacia

bmis energia. masis defeqti

masis defeqti ewodeba atombirTvis uZraobis masasa 
da mocemuli izotopis masas Soris sxvaobas. ufro de
talurad _ masis defeqti ewodeba birTvis Semadgeneli 
nuklonebis masaTa jamsa da birTvis masas Soris sxvao
bas*. 

*  qvemoT xSirad viyenebT uZraobis masis cnebas, nacvlad uZraobis 
energiisa, romlebic erTmaneTisgan mxolod universaluri c mam
ravliT gansxvavdebian. am saxelwodebaTa gamoyeneba ganpirobebu
lia istoriuli gamocdilebiT. imedi maqvs, rom es faqti gauge
brobas ar gamoiwvevs. swori interpretaciis Sesaxeb saubari iyo 
zemoT. 
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birTvis masebis zustma gazomvebma aCvena, rom stabilu
ri birTvis masa yovelTvis ramdenime procentiT naklebia 
misi Semadgeneli Tavisufali nuklonebis masaTa jamze, 

( )p nm Zm A Z m m ∆ = + − −  b 
,          (113)

sadac Z  aris birTvis muxturi ricxvi (birTvSi pro
tonebis raodenoba), A  birTvis masuri ricxvi (nuk
lonebis sruli raodenoba), pm  protonis masa, nm
 neitronis masa, xolo m

b
 _ birTvis masa. Tu am ga

mosaxulebas 2c ze gavamravlebT, miviRebT birTvis bmis 
energias, 

2E m c∆ = ∆ ⋅  
es cneba vrceldeba yvela sxeulze da ara marto birT

vze _ esaa energia, romelic unda davxarjoT rom sxeuli 
davSaloT calkeul Semadgenel nawilebad da TiToeuli 
nawili waviRoT usasrulobaSi. magaliTad, atomSi ele
qtronis bmis energia ase ganimarteba 

2 2 2 2
atomic Nucl e Am c M c Zm c M c∆ = + −            (114)

sadac NuclM  aris birTvis masa, AM  _ atomis masa,
birTvul fizikaSi didi gamoyeneba aqvs e. w. kuTr bmis 

energias anu birTvSi erT nuklonze mosul bmis energias. 
mrudze naCvenebia kuTri bmis energiis damokidebuleba 
masur ricxvze, A  

naxazi 43. birTvebis kuTri bmis energiis mrudi
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magaliTebi:
1.  gamovTvaloT masis defeqti uranis 236

92U  birTvis 
daSlisas birTvebad 92Kr  da 141Ba , romlis drosac ga
moiyofa kidev 3 Tavisufali neitroni. 

236 92 141 3U Kr Ba n→ + +  

amoxsna: mosaxerxebelia masis atomuri erTeulebis 
gamoyeneba, rac energetikul erTeulebSi gadayvanisas 
iZleva 1 m. a. e. =931. 494 mev. 

uranis am birTvis masuri ricxvia 236. misi realu
ri atomuri masa aris 236. 045563 m. a. e. amitom masis 
defeqtia +0. 045563 m. a. e. aseve danarCeni birTvebis 
masis defeqtebia 92Kr isTvis _ 0. 073843 m. a. e. da 141Ba
isTvis aris 0. 085588 m. a. e. xolo neitronisTvis +0. 
0086648 m. a. e. 

daSlis produqtebis masis defeqtia
0. 073843+(0. 085536) +3×0. 0086648=0. 1334366 m. a. e. 
sruli masis defeqti=sawyisi elementis masasa da daS

lis produqtebis masebs Soris aris 
0. 045563(0. 133436)=0. 178996 m. a. e. 
anu daSlis produqtebis masis defeqti naklebia, vidre 

sawyisi komponentisa da amitom moxdeba gaxleCa; Sedegi 
SeiZleba gadaviyvanoT energiaSi, gamodis 166 mevi. es _ 
kolosaluri energiaa. 

gaTvlebisas unda visargebloT Semdegi cxriliT da 
mendeleevis tabuliT

nawilaki masa (kg) masa (mae) masa (Mev/c2)
1 atomuri  
erTeuli

1. 660540 x 10-27 kg 1. 000 mae 931. 5 MeV/c2

neitroni 1. 674929 x 10-27 kg 1. 008664 mae 939. 57 MeV/c2

protoni 1. 672623 x 10-27 kg 1. 007276 mae 938. 28 MeV/c2

eleqtroni 9. 109390 x 10-31 kg 0. 00054858 mae 0. 511 MeV/c2

birTvis masa izomeba masis atomur erTeulebSi (m. a. e.).  
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1 m. a. e. d miRebulia naxSirbadis neitraluri atomis 
masis 1/12  nawili

1 m. a. e. =1. 6606 2710−⋅ kg. 
enegetikul erTeulebSi ase gamoisaxeba 
1 m. a. e. =1. 5 310−⋅ ergi= 101.5 10−⋅ j=931. 49 mev. 
stabiluri birTvis masa yovelTvis naklebia misi 

Semadgeneli nuklonebis (protonebis da neitronebis) ma
saTa jamze. 

yvelaze mdgrad birTvebSi protonebis /an neitronebis 
raodenobaa

n  _ 2, 8, 20, 28, 50, 82, 126, 184
p  2, 8, 20, 28, 50, 82, 114
am ricxvebs uwodeben magiur ricxvebs, xolo birTvebs 

_ magiur birTvebs. 

2.  relativisturi procesebi  
(reaqciebi)

procesi
e eγ − +→ +  

SeuZlebelia. aseve SeuZlebelia procesebi, romleb
Sic sxva sxeuli ar monawileobs. 

marTlac, procesi e eγ − +→ + . 
•	 E+ iyos pozitronis energia, +p  misi impulsi, Sesa

bamisad, eleqtronisTvis gveqneba aRniSvnebi, ,E− −p .  
SemovitanoT invarianti ( ) ( )2 2s E E+ − + −= + − +p p .  
sawyis mdgomareobaSi gvaqvs fotoni. misTvis 0s =  
saboloo mdgomareobaSi

•	  
( ) ( )

( )
2 2 2

2 2 2 2 2

2 2( cos )

2 m 2 cos 0

e

e e e

s E E m E E p p

p m p m p p

θ

θ

+ − + − + − + −

+ − + −

= + − + = + − =

= + + + − >

p p
 

amrigad, reaqcia ver wava. 

•	 e e γ+ −+ →  aris Sebrunebuli procesi. cxadia, esec 
ar wava. 
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•	 ;e eγ − −+ →  sawyisi eleqtroni iyos gaCerebuli _lab
oratoriuli sistema. Eγ  iyos fotonis energia, γp  
_ misi impulsi, xolo ,f fE p  saboloo eleqtronis 
energia da impulsi, saTanadod. sawyis mdgomreobaSi 
gvaqvs ( )2 2 22e e es E m p m E mγ γ γ= + − = +  

saboloo mdgomareobaSi ki _ 2 2 2
f f es E p m= − =  

am ori tolobis gatoleba iZleva araswor Sedegs. 
•	 igive exeba Sebrunebul process e e γ− −→ +  

samagierod, es procesi midis birTvis kulonur velSi. 
e Z e Z γ+ → + +  

mas damuxruWebiT gamosxivebas uwodeben. literatur
aSi xSirad gamoiyeneba procesis germanuli saxelwodeba 
bremsstrahlung. 

komptonis efeqti

fotonis Semotana garkveuli SinaarsiT aRadgenda 
sinaTleze korpuskulur Sexedulebebs (i. niutoni). fo
toni rom marTlac nawilakia, sabolood dadasturda 
1923 wels, roca komptonma aRmoaCina efeqti, romelic 
mis saxels atarebs. dadginda, rom roca eleqtronze 
gavabnevT sakmaod mokle talRis sigrZis sinaTles, ro
melic Sesadaria sididesTan (komptonis talRis sigrZe) 

113.9 10e
em c

−= = ⋅


 sm

sinaTle iqceva ise, TiTqos individualuri fotonebi 
gaibnevian eleqtronze da am elementarul aqtSi srul
deba Senaxvis yvela meqanikuri kanoni. amasTan fotonebs 
energiasTan erTad unda mivaweroT impulsic 

= p k

sadac k aris talRuri veqtori, 2( 1)
c
ω

= =k n n . (aq 
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da yvelgan wignSi   aris plankis mudmivi, 341.05 10−= ⋅

jwm). 
maSin fotonis eleqtronTan dajaxebis sqema ase war

moidgineba:

naxazi 44. fotonis gabneva eleqtronze

dajaxebamde eleqtroni CavTvaloT uZravad. mas ecema 

k impulsis da ω energiis fotoni. dajaxebis Sedegad 

eleqtroni SeiZens impulss 
2

21

em

c
υ−

υ
, xolo gafantuli 

fotonis impulsi gaxdeba ′k . davweroT energiisa da 
impulsis Senaxvis kanonebi (zustad ise, rogorc viqceo
diT burTulebis dajaxebis ganxilvisas):

2
2

2
2

2
2

1

1

e

e
e

m

c
m c

m c

c

υ

ω ω
υ

′= +
−

′+ = +
−

 

 

k k
υ

                

 (113)

gamovxatoT ,k k
c c
ω ω′′= =  da wina ori gantolebis 

kombinirebiT miviRebT

( ) ( )2 1 cosem c ω ω ωω θ′ ′− = −
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da radgan 2 /cω π λ= , xolo 2 /cω π λ′ ′= , amitom 
miiReba Tanafardoba talRis sigrZeebs Soris 

( )2 1 cos
em c

λ λ π θ′ − = −


vxedavT,rom gafantvis Sedegad icvleba fotonis 
talRis sigrZe 

( ) ( )2 24 sin / 2 2 sin / 2e
em c
πλ λ λ θ θ′∆ ≡ − = =


       (114)

sadac sidides 82 / 0.024 10e em cπ −= = ⋅  sm uwodeben 
eleqtronis komptonis talRis sigrZes. is gacilebiT 
naklebia, vidre rentgenis gamosxivebis talRis sigrZe. 
miRebuli formula SesaniSnav TanxmobaSia komptonis 
eqsperimentul SedegTan

80.048 10λ −∆ = ⋅  sm. 
es faqti asabuTebs fotonze, rogorc korpuskulaze 

warmodgenis siswores. Tu eleqtromagnituri velis 
Tvalsazrisze davrCebodiT, fotonis sixSire gafantvis 
Semdeg ar unda Secvliliyo, radgan veli eleqtronTan 
urTierTqmedebis Sedegad eleqtrons moiyvanda rxevaSi 
Tavisive rxevis sixSiriT. zustad amave sixSiris talRa 
gasxivdeboda merxevi eleqtronidan. cdaze ki daikvirve
ba sixSiris wanacvleba. swored amaSi mdgomareobs (komp
tonis) efeqti. 

2.1 reaqciis zRurbli (Threshold) 

relativisturi efeqtebi, rogorc wesi, daikvirve
ba maRal energiebze. maRali energiebis miReba xerxdeba 
specialur danadgarebze _ amaCqareblebze. 

gamoiyeneba ori saxis amaCqareblebi _ Semxvedri 
konebiT (kolaiderebi, mag., CERN is kolaideri, LHC )  
da fiqsirebuli samizniT. am danadgarebis sqematuri ga
mosaxuleba ase gamoiyureba
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      → ←� �               →� � 
       a) kolaideri          b) fiqs. samizne

energiis Senaxvis kanonma SeiZleba akrZalos zogierTi 
reaqciis ganxorcieleba, ase vTqvaT, daados veto reaq
cias, romelic sxva mxriv dasaSvebia. magaliTad, aviRoT 
reaqcia A B C D→ + + , romelic formalurad miiReba 
pirdapiri reaqciidan A B C D+ → + , Tu erTerT naw
ilaks gadavitanT reaqciis meore mxares, ris gamoc igi 
antinawilakiT Seicvleba. miTiTebuli daSla SeiZleba 
ver ganxorcieldes, Tuki A  aris ufro msubuqi, vidre 
danarCeni nawilakebis masaTa jami. analogiurad, reaqcia 
A C B D+ → +   ar Sedgeba, Tu sawyisi kinetikuri energia 
ar gadaaWarbebs garkveul mniSvnelobas, romelsac vu
wodebT `reaqciis zRurbls~. sxva sityvebiT rom vTqvaT, 
mocemul SemTxvevaSi reaqcia SesaZlebeli iyos dinami
kurad (yvela sxva Senaxvis kanonebis dacviT), magram is 
SeiZleba ar iyos kinematikurad dasaSvebi. 

gansakuTrebul mniSvnelobas iZens zRurblis cneba 
procesebSi, sadac xdeba nawilakis dabadeba. gavixsenoT, 
magaliTad, Cvens kursSi ukve ganxiluli procesi: ori 
nawilakis Sejaxebisas maTi `Sewebeba~ da erT nawilakad 
gardaqmna,

m m M→ ←  �  

romlebic erTmaneTis Semxvedrad moZraobdnen Ti

Toeuli 
3
5

c  siCqariT. 

energiis Senaxvis kanonma mogvca 

( )
( )

2
2 2

2

2 52 2
41 3 / 5

m
mcMc E mc= = =

−
 

amrigad, warmoqmnili nawilakis masa iqneba 
5
2

M m= . 
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es metia, vidre sawyisi nawilakebis masebis jami _ Serwy
misas kinetikuri energia gardaqmnila uZraobis energiad 
da, amitom, masa gaizarda. 

•	 SevabrunoT axla amocana: M masis uZravi nawilaki 
iSleba or natexad, TiToeuli masiT m . ganvsazRvroT 
TiToeuli natexis siCqare daSlis Semdeg. 

amoxsna: cxadia, procesi imis Sebrunebulia, rac ga
mosaxulia naxazze. impulsis Senaxvis kanoni gvetyvis, 
rom warmoqmnili nawilakebi imoZraveben erTmaneTis saw
inaaRmdego mimarTulebiT. energiis Senaxvis kanoni ki 
gveubneba, rom 

2 2

2
1 /

mM
cυ

=
−

 da aqedan ( )21 2 /c m Mυ = −  

es pasuxi azrs dakargavs, Tuki 2M m< : unda arse
bobdes sul mcire sakmarisi uZraobis energia, romelic 
gadafaravs saboloo mdgomareobaSi uZraobis energiebs 
(zedmeti dasaSvebia, is gadava warmoqmnili nawilakebis 
kinetikur energiad). vityviT, rom am procesis ganxor
cielebisTvis zRurbli aris 2M m= maSin warmoqmnili 
nawilakebi iqnebian uZravni. magaliTad, deitronis masa 
imyofeba misi protonad da neitronad daSlis zRurbls 
qvemoT: 2 21875 / 1877.9 /D p nM MeV c m m MeV c= + =  

amitom deitroni stabiluria. (detalebi, ix. qvemoT)
arasworia Sexeduleba imis Sesaxeb, rom fizikuri si

dideebis umniSvnelo cvlileba migviyvanda umniSvnelo 
cvlilebebamde Cvens samyaroSi. ganvixiloT aseTi mag
aliTi:

aviRoT umartivesi atomi _ wyalbadis atomi, romelic 
Sedgeba protonisa da eleqtronisagan da iarsebebs usas
rulod didxans, Tu ar movdebT Zlier gareSe qmedebas. 
ismis kiTxva _ ratom ar Sedis protonTan reaqciaSi ele
qtroni? xom cnobilia, rom amaCqarebelze SesaZloa maTi 
Sejaxebis reaqcia 

p e n ν−+ → +  
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ratom ar xdeba msgavsi reaqcia wyalbadis atomSi? 
saqme imaSia, rom es reaqcia ar aris energetikulad xel
sayreli: protonisa da eleqtronis uZraobis energiebis 
jami naklebia neitronis uZraobis energiaze. neitroni 
protonze mZimea 1.3m∆ =  meviT, xolo eleqtronis masaa 
mxolod 0.51em =  mevi. amrigad, wyalbadis atomis ar
sebobisTvis aucilebelia, rom gvqondes em m< ∆ , rac, 
cxadia, sruldeba. (aq da SemdgomSi, viyenebT erTidai
give erTeulebs masisa da energiisaTvis, anu masas gam
ovxatavT energetikul erTeulebSi). 

kidev erT magaliTad SegviZlia ganvixiloT deitroni, 
formalurad amaze ukve iTqva zemoT. birTvuli urT
ierTqmedebiT deitronSi protoni da neitroni dakav
Sirebulia erTmaneTTan 2.2ε ≈  mevi bmis energiiT. xom 
SeiZleboda neitroni deitronSi daSliliyo zemoT moy
vanili reaqciiT (112), rac gamoiwvevda deitronis daSlas. 
marTlac, neitronis daSlisas gaCenili nawilakebis ener
gia warmoiqmneba m∆ is gamo. amrigad, protonis garda 
energia unda daixarjos gamotyorcnili eleqtronis ma
saze, em , anu gamosuli nawilakebis energia unda iyos 

1.3 0.5 0.8eE m m MeV MeV MeV= ∆ − ≈ − ≈  
es ki naklebia bmis energiaze 2.2ε ≈ MeV
amitom deitronis daSla energetikulad araxelsayre

lia. 

deitroni SeiZleba davSaloT mxolod garkveuli en
ergiis miniWebiT. nebismieri stabiluri bmuli mdgomare
obisaTvis bmis energia unda iyos uaryofiTi. Tu Sedge
nili nawilaki ufro masiuria, vidre misi Semadgenlebis 
masebis jami, is TavisTavad daiSleba. 

relativisturi invariantebis gamoyeneba 
reaqciis zRurblis dasadgenad 

zemoT, zogierT amocanaSi gamoviyeneT relativistu
ri invariantebi. maTi gamoyeneba metad efeqturia mo
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saxerxebeli aTvlis sistemebis arCevisaTvis. sistemis 
arCeva invariantul gamosaxulebebSi SesaZlebelia praq
tikulad Tavisuflad. marTalia, eqsperimentebi ZiriT
adad tardeba laboratoriul sistemebSi, analizisTvis 
laboratoriuli sistemis gamoyeneba yovelTvis ar aris 
xolme mosaxerxebeli. gansaxilveli reaqciebi, magaliT
ad, rogoricaa dabadebis reaqciebi, vTqvaT

p p+ →  raSic gnebavT, 

asimetriulia laboratoriuli sistemis Tvalsaz
risiT, radgan erTi protoni moZraobs, meore ki gaCe
rebulia. kinematikurad, gacilebiT martivia procesis 
ganxilva masaTa centris sistemaSi, romelSic orive pro
toni moZraobs erTmaneTis Semxvedrad toli siCqaree
biT, radgan am sistemaSi sruli impulsi nulis tolia. 

amocana: berklis bevatroni (aSS) aSenda antiprotonebis 
dabadebis Seswavlis mizniT reaqciaSi 

p p p p p p+ → + + +  

anu, maRali energiis protoni ejaxeba uZrav protons 
da aCens damatebiT protonis da antiprotonis wyvils. 
ismis kiTxva _ risi tolia am reaqciis zRurbli, anu ra 
minimaluri energia unda mivaniWoT sawyis protons, rom 
man protonze dajaxebisas warmoqmnas protonantipro
tonis wyvili?

amoxsna: rogoria zRurblis piroba? laboratoriul 
sistemaSi rTulia amis gansazRvra. gacilebiT martiv
ia avirCioT masaTa centris sistema. xolo zRurblis 
sapovnelad gaviTvaliswinoT, rom yvela saboloo naw
ilaki unda iyos gaCerebuli (am dros iqneba ̀ daxarjuli~ 
energia minimaluri). 

vTqvaT, TotPµ  iyos sruli energiaimpulsis 4veqtori 
laboratoriul sistemaSi; is inaxeba. amitom ar aqvs mniS
vneloba romel sistemaSia gamoTvlili dajaxebamde an 
dajaxebis Semdeg. aviRoT jer dajaxebamde
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2

, ,0,0Tot
E mcP

c
µ  +
=  
 

p
          

(115)

sadac E  da p  arian dacemuli protonis energia da im
pulsi, xolo m  aris protonis masa. dajaxebis Semdeg 
aviRoT sruli energiaimpulsis 4veqtori masaTa cen
tris sistemaSi (4 ,0,0,0)TotP mcµ′ = . es asea, raki zRurblze 
oTxive nawilaki gaCerebuli unda iyos. axla bunebrivia, 

Tot TotP Pµ µ′≠ , samagierod invariantuli (skalaruli) namrav
li ( )Tot TotP Pµ µ′ ⋅  ar Seicvleba, e. i. 

( )
22

22 4E mc mc
c

 +
− = 

 
p  

gavxsnaT es gamosaxuleba standartuli gziT
2 2

2 2 2 2 2 2
2 22 16E EmE m c m c m c

c c
 

+ + − − = 
 

 

aq gamoviyeneT energiasa da impulss Soris ainStainis 
Tanafardoba 2p is gamosaricxavad. amrigad vpoulobT 
zRublis energias

27thE mc=               (116)

saTanadod, unda davxarjoT kinetikuri energia 
2T E mc= − , e. i. 2 26thT E mc mc= − =  

irkveva, rom dacemul protons unda hqondes sul 
mcire 6jer meti kinetikuri energia Tavis uZraobis 
energiasTan SedarebiT, raTa es procesi wavides. sinam
dvileSi, antiprotoni aRmoaCines, roca amaCqareblis 
energiam miaRwia 6000 MeV s, rac 6jer aRemateba pro
tonis uZraobis energias. 

axla aris imis adgili, rom ganvasxvavoT Senaxvadi si
dide invariantuli sididisgan, energia inaxeba _ dajax
ebis Semdeg igivea, rac dajaxebamde _ magram lorencin
variantuli ar aris. masa invariantulia _ erTidaigivea 
yvela inerciul sistemaSi _ magram ar inaxeba; zogierTi 
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fizikuri sidide invariantulic aris da inaxeba kidec. 
(mag. , eleqtruli muxti). bevri fizikuri sidide arc 
invariantulia da arc Senaxvadi (mag. , siCqare), rogorc 
ganxiluli magaliTi gviCvenebs, Senaxvadi da invariantu
li sidideebis gonivruli gamoyeneba Tavidan agvaSorebs 
grZel algebrul gamoTvlebs. Cans agreTve, rom zogi
erTi problema umjobesia ganvixiloT masaTa centris 
sistemaSi, xolo sxvebi SeiZleba ufro martivni aRmoCnd
nen laboratoriul sistemaSi. (aseTi iyo, magaliTad, ze
moT ganxiluli komptonis efeqti). 

roca vixilavT nawilakTa sistemebs, mosaxerxebelia 
agreTve invariantebis gamoyeneba. 

erTerTi sasargeblo invarianti aris gamosaxuleba:

( ) ( )22 2
E E∗− =∑ ∑ ∑p            (117)

aq Tavze varskvlaviT aRniSnulia mniSvneloba masaTa 
centrSi, sadac 0∗

=∑ p

nawilakis dabadebis zRurbli 

•	amocana: 1m masis β siCqariT moZravi nawilaki kinetiku
ri energiiT 1T  ejaxeba uZrav 2m masis nuklons da warmo
qmnis 3m  da 4m masis nawilakebs. 

gamoTvaleT amisTvis saWiro kinetikuri energia. 
amoxsna: (117) formulidan vwerT (bunebriv erTeuleb

Si, 1c = ) 
( ) ( )2 22

1 1 2 1 3 4T m m p m m+ + − = +
Cven marjvena mxareSi unda aviRoT yvela nawilaki ga

Cerebulad (amas niSnavs reaqciis zRurbli). am formul
idan gvaqvs

( ) ( ) ( )2 22
1 1 2 1 1 1 3 42T m m T m T m m+ + − + = +

aq marjvena mxareSi CavsviT ( )22 2
1 1 1 1p T m m= + −

anu, gvaqvs        ( ) ( )2 2
1 3 4 1 2

2

1
2

T m m m m
m

 = + − +   
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cxadia, es amocana daismis, roca dabadebuli naw
ilakebis masebis jami aRemateba sawyisi nawilakebis mase
bis jams. 
•	 ori M masis protonis Sejaxebisas daibada axali naw

ilaki masiT m . ganvsazRvroT am reaqciis zRurbli. 
amoxsna: gamoviyenoT (117) gantoleba: 

( ) ( )22 2 2
1 1( ) 2E M E M M m+ − − = +

gamartivebis Semdeg dagvrCeba

( )22
12 2 2ME M M m+ = +

aq CavsvaT 1E T M= + , miiReba
2 4 2 1

2 4
m mM mT m

M M
+  = = + 

 
Tu axali nawilaki aris π mezoni ( 140m MeVπ = ), 

zRurblis energia gamodis
290MeV

•	 SegviZlia am gziT aseve martivad amovxsnaT zemoT 
ukve ganxiluli amocana antiprotonebis dabadebis 
Sesaxeb. 

•	 amoxsna: zogadi (117) formulidan gvaqvs

( ) ( ) ( )2 22 2
1 1 4E M E M M+ − − =

saidanac vpoulobT
2 2

12 2 16ME M M+ =
anu

( ) 22 14M T M M+ = ;

aqedan vipoviT,   6T M=  
e. i. zRurblis kinetikuri energia yofila  

6 5.63thT M GeV= �~_ 6 5.63thT M GeV= �

damoukideblad samuSao amocanebi:
1.  A nawilaki energiiT E ejaxeba uZrav B nawilaks 

da warmoqmnis nawilakebs 1 2, ,..., nC C C anu gvaqvs procesi
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1 2 ... CnA B C C+ → + + +

gamoTvaleT am reaqciis zRurbli (e. i. E s minimumi) 
am reaqciisaTvis nawilakebis masebis saSualebiT. 

(pasuxi: 
2 2 2

1 2, ...
2

A B
th n

B

M m mE M m m m
m

− −
= ≡ + + + )

naTelia, rom es aris zogadi formula da yovelTvis 
SegviZlia gamoviyenoT. 

2. gamoiyeneT es Sedegi da gamoTvaleT Semdegi pro
cesebis zRurblis energiebi, Tu samizne aris gaCerebuli:

0

0 0

0

0

p p p p
p p p p

p p p n
p K

p p p K
K p K K

π

π π

π

π

+ −

−

−

+

− − +

+ → + +

+ → + + +

+ → + +

+ → +Σ

+ → +Σ +

+ →Ω + +



isargebleT masebis eqsperimentuli mniSvnelobebiT:

938pm MeV= , 140m MeVπ = , 495Km MeV= , 1385m MeVΣ = , 

 1672m MeVΩ = . 

6. masaTa centris sistema relativistur meqanikaSi

masaTa centris sistemaSi ganxilvas bevr SemTxveva
Si garkveuli upiratesoba gaaCnia. magram daismis kiTx
va: yovelTvis arsebobs Tu ara masaTa centris sistema? 
sxva sityvebiT rom vTqvaT, Tu mocemulia nawilakTa er
Toblioba masebiT 1 2 3, , ,...m m m  da siCqareebiT 1 2 3, , ,...υ υ υ  ,  
iarsebebs Tu ara aucileblad inerciuli sistema, romel
Sic maTi sruli impulsis 3veqtori nulis toli iqne
ba? rogorc davinaxavT, pasuxi dadebiTia. gvinda vipovoT 
aseTi sistemis siCqare da vaCvenoT, rom is naklebia c ze. 
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laboratoriul sistemaSi sruli energia da impulsi aris

2

2

1; ;
1

Tot i i Tot i i i i
i i i

E m c mγ γ γ
β

 
 = = ≡
 − 

∑ ∑p υ

 
(118)

raki Totpµ  aris 4veqtori, SegviZlia gamoviyenoT lor
encis gardaqmnebi da gadavideT sistemaSi, romelic moZ
raobs Totp  impulsis mimarTulebiT υ  siCqariT. maSin 

Tot
Tot Tot

E
c

γ β ′ = − 
 

p p  

kerZod, impulsi nulis tolia, Tu siCqares ase avirCevT

i i i
Tot i

Tot i i
i

m
p c

c E m c

γ υ
υ

γ
= =

∑
∑

 

axla naTelia, rom 3veqtorebis jamis sigrZe (modu
li) ver gadaaWarbebs maTive sigrZeebis jams (geometri
ulad esaa samkuTxedis utoloba), amitom

/i i i
Tot i

Tot i i
i

m c
p c

c E m

γ υ
υ

γ
≤ =

∑
∑

da radgan i cυ < , davaskvniT, rom )cυ ∗< *. amitom masa
Ta centris sistema yovelTvis arsebobs da misi siCqare 
laboratoriuli sistemis mimarT moicema Semdegi Tana
fardobiT 

2
Tot

CM
Tot

p c
E

υ =                 (119)
 

*  gamoyvanis dros igulisxmeboda, rom Tundac erTi nawilaki aris 
masiuri. Tu yvela maTgani umasoa, vipovidiT cυ = , anu ar gvaqvs 
masaTa centris sistema. 
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relativisturi dinamikis amocanebi

1.  protoni moZraobs 10 gev/ c  impulsiT. ramdeni pro
centiT gansxvavdeba am protonis siCqare sinaTlis 
siCqarisagan?

2.  ra siCqariT moZraobs nawilaki, Tu misi relativistu
ri impulsi 2jer aRemateba mis klasikur impulss. 

3.  ra muSaoba unda Sesruldes, rom m  uZraobis masis 
mqone nawilakis siCqare gaizardos 0. 60 c dan 0. 80 c
mde?

4.  ipoveT siCqare, romlis drosac nawilakis kinetikuri 
energia misi uZraobis energiis toli iqneba. 

5.  gamoTvaleT 500 gev kinetikuri energiis mqone proto
nis impulsi. 

6.  uZravi sxeulis simkvrivea 0ρ . ipoveT aTvlis sistemis 
siCqare mocemuli sxeulis mimarT, romelSic misi sim
kvrive 25%iT metia 0ρ ze. 

7.  T  kinetikuri energiis mqone relativisturi naw
ilakebis kona ecema mSTanTqav samiznes. konaSi denis 
Zalaa I , TiToeuli nawilakis muxti da masa Sesabamis
ad aris e  da m . ipoveT wnevis Zala samizneze da masSi 
gamoyofili simZlavre. 

8.  gazSi, romlis moculobis erTeulSi imyofeba nela 
moZravi m  masis n  nawilaki, υ  relativisturi siC
qariT moZraobs sfero. ipoveT gazis mxridan sferos 
zedapiris elementze, sferos siCqaris marTobulad 
warmoebuli wneva, Tu nawilakebis arekvla drekadia. 
darwmundiT, rom es wneva erTnairia sferosTan da 
gazTan dakavSirebul aTvlis sistemebSi. 

9.  m  masis nawilaki 0t =  momentSi iwyebs moZraobas F  
mudmivi Zalis moqmedebiT. ipoveT nawilakis siCqari
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sa da mis mier gavlili manZilis damokidebuleba t  
droze. 

10.  m  masis nawilaki 2 2 2x a c t= + kanoniT moZraobs K  
sistemis x  RerZis gaswvriv. aq a  raRac mudmivaa. 
ipoveT nawilakze moqmedi Zala am aTvlis sistemaSi. 

11.  ipoveT, rodis emTxveva nawilakis aCqareba masze moq
medi Zalis mimarTulebas

12.  ipoveT proporciulobis koeficienti F  Zalasa da 
a  aCqarebas Soris im SemTxvevebSi, rodesac ⊥F υ  
da �F υ||υ  , sadac υ  _ nawilakis siCqarea

13.  22T mc=  kinetikuri energiis mqone m  masis neitroni 
ejaxeba sxva uZrav neitrons. gansazRvreT: a) orive 
neitronis jamuri kinetikuri energia da TiToeuli 
neitronis impulsi maTi inerciis centrTan dakav
Sirebul sistemaSi, b) inerciis centris siCqare naw
ilakTa am sistemisaTvis. 

14.   m  masis da T  kinetikuri energiis mqone nawilaki 
ejaxeba aseTive masis nawilaks. ipoveT dajaxebis Se
degad Sedgenili nawilakis masa da siCqare. 

15.  m  masis mqone uZravi nawilaki iSleba 1 2,m m  da 3m  
masis sam nawilakad. ipoveT udidesi sruli energia, 
romelic SeiZleba hqondes, magaliTad, 1m  nawilaks. 

reaqtiuli moZraoba 

raketebis ZravebSi wevis Zala iqmneba sawvavis wvis 
produqtebis gamotyorcnis Sedegad Zalis sawinaaRmdego 
mimarTulebiT. is warmoiSveba niutonis kanonis mixed
viT, rogorc reaqciis Zala da swored amitom uwodeben 
reaqtiuls. 

arsebobs erTi principuli gansxvaveba raketis reaq
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tiul moZraobasa da sxva Zalebs Soris. saraketo ZravaSi 
weva Cndeba wvis produqtebis gamotyorcniT, romlebic 
wevis warmoSobamde raketis masis nawilia, rac ar iyo sxva 
Zalebis SemTxvevaSi. es niSavs, rom ganixileba moZraoba 
sxeulebisa cvladi masiT da weva Cndeba im nawilakebis 
masis gamotyorcniT, romlebic sxeuls ekuTvnoda. 

reaqtiuli moZraobis gantoleba. vTqvaT, t  momen
tSi raketis masaa ( )m t , xolo siCqare laboratoriul 
sistemaSi _ υ . igi gamotyorcnis dm′  masas u  siCqariT 
dedamiwis mimarT (anu imave laboratoriul sistemaSi). 
gamoviyenoT martivi winadadeba: ra masac gamoityorcne
ba, is masa akldeba raketas

( )0 0dm dm dm′+ = <                       (120)
t  momentSi sistemis sruli impulsi aris mυ  (jer vix

ilavT ararelativistur raketas), xolo t dt+  momentSi 
sruli impulsi iqneba ( )( )m dm d dm′+ + + uυ υ ; maSin am 
izolirebuli sistemisaTvis impulsis Senaxvis kanoni ase 
Caiwereba 

( )( )m dm d dm m′+ + + =uυ υ υ
aqedan gamomdinareobs toloba 

0md dm dm′+ + =uυ υ  
am dros gadavagdeT meore rigis usasrulod mcire 

wevri d dmυ . sainteresoa aRiniSnos, rom es Tanafardo
ba Sesruldeba relativistur SemTxvevaSic, anu, rogorc 
mcire, aseve did siCqareebze. gamoviyenoT axla (120) gan
toleba, maSin miviRebT 

( )d dmm
dt dt

= uυ                  (121)

raketis mimarT gamotyorcnili dm′  masis siCqare iyos ′u . 
1. ganvixiloT jer ararelativisturi moZraoba. gamov

iyenoT siCqareTa Sekrebis saTanado kanoni

′ υu u= +  

gantoleba miiRebs saxes 
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( ) ( )
d m dm

dt dt
′= +u

υ
υ

 
saidanac, gamartivebis Semdeg, miiReba 

d dmm
dt dt

′= uυ
 

es aris gantoleba, romelic aRwers ararelativistu
ri siCqareebis dros raketis moZraobas, roca ar moq
medeben gareSe Zalebi. 

Tu raketaze F Zalac moqmedebs, gantolebas Zalac 
daemateba d dmm

dt dt
′= +F uυ

                 (122)

yovel wamSi raketis mier gamotyorcnili masa iyos 
dm
dt

µ = − . maSin zeda gantoleba miiRebs saxes ( niSani 

miuTiTebs, rom masa moaklda)

dm
dt

µ ′= −F uυ
                 (123)

µ ′u  aris reaqtiuli Zala: rodesac ′u  sawinaaRmdegoa 

υ si, raketa aCqardeba ( 0d
dt
υ
> ),xolo Tu ′u  Tanxvdeba 

υ s, raketa muxruWdeba. 

ciolkovskis formula. 

vTqvaT gare Zalebi ar moqmedeben, F = 0  da ′u iyos υ
s sawinaaRmdego. 

maSin moZraobis gantolebas CavwerT skalarulad Sem
degnairad

,d dm dm dm u
dt dt m
υ υ

υ
′= − ⇒ = −  

romlis integracia gvaZlevs ciolkovskis formulas, 
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0

0

ln m
m u

υ υ−
= −

′
, 

anu 

0

0
um m e

υ υ−
−

′=            (124)

is gviCvenebs, Tu rogor icvleba siCqare ( )0υ υ− , 
roca raketis masa icvleba 0m dan m mde. es aris ci
olkovskis cnobili formula. 

2. axla gadavideT relativisturi raketis ganxilvaze. 
rogorc vTqviT, relativisturi siCqareebisTvis kvlav 
ZalaSia (9) formula, oRond masasa da siCqares Soris 
gvaqvs relativisturi damokidebuleba 

2
2

2

21

m cmc

c
υ

′
=

−

 

da cvladi masis rolSi gamodis masa, m′ . aseTi aRniS
vnisas xazgasmulia, rom es aris masa aTvlis moZrav siste
maSi, romelic dakavSirebulia raketasTan. sinamdvileSi 
laparaki unda gvqondes energiaze da ara masaze. cxadia, 
es ar iwvevs gaugebrobas trivialuri mudmivi mamravlis 
gamo. moZraobis procesSi raketis masa mcirdeba. 

davweroT moZraobis relativisturi gantoleba 

2 2 2 21 / 1 /
d m d m
dt dtc cυ υ

′ ′
=

− −
uυ

 

gawarmoebis Semdeg ase gadaiwereba 

( )
2 2 2 21 / 1 /

m d d m
dt dtc cυ υ

′ ′
= −

− −
uυ υ      (125)

mivmarToT x RerZi aCqarebis gaswvriv

( )
2 2 2 21 / 1 /

x
m d d mu

dt dtc c
υ υ

υ υ

′ ′
= −

− −
     (126)

gadavideT raketis (moZrav) sistemaSi
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21

x
x

x

u
u

u
c

υ
υ

−
′ =

−
         

(127)

 
gamovTvaloT warmoebuli

( )3/2 22 2 2 2 2 2

1
1 / 1 / 1 /

d m dm m d
dt dt dtcc c c

υ υ

υ υ υ

 ′ ′ ′
= +  − − − 

 

da es CavsvaT (12) gantolebaSi,

( )
( )3/2 22 2 2 2 2 21 / 1 / 1 /

x
x

um d dm m du
dt dt dtcc c c

υυ υ υυ
υ υ υ

′ ′ ′−
= + −

− − −
 

anu

( )
( )2

3/2 2 2 2 22 2
1

1 /1 /
x xu um d dm

dt dtc c cc

υ υυ υ υ
υυ

 −′ ′− − − = 
  −−  

 

amrigad, davediT gantolebaze

2

22
11

x

x

um d dm
udt dt
cc

υυ
υυ

′ ′−
=

−−
         (128)

axla marjvena mxareSi gamoviyenoT siCqareTa Sekrebis 
relativisturi formula, miiReba 

2

21 x
d dmm u
dt dtc
υ υ ′ 

′ ′= − 
 

        (129)

raketis aCqarebisaTvis saWiroa, xu u′ ′= − , e. i. 

2 2

1
1 /

dm d
m u c

υ
υ

′
= −

′ ′ −
 

CavataroT integracia, winaswar gaviTvaliswinoT, rom 

2

2

1 1 1 1
2 1 11 c cc

υ υυ

 
 

= + 
 − +−   
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maSin miiReba

1 1

2 21 1 1 1

d d d d
dm c cc c c c
m u u

c c c c

υ υ υ υ

υ υ υ υ

          + −          ′           = − + = − −   ′ ′ ′   − + + −
      

 (130)

saidanac, 

0

0

00

1 1
ln ln 1 ln 1 ln

2 2 1 1

c cm c c
m u c c u

c c

υ

υ

υυ
υ υ

υ υ

   + −   ′          = − + − − = −      ′ ′ ′         + −      

 

sabolood, 
/2

0

00

1 1

1 1

c u

c cm
m

c c

υυ

υυ

′−
   + −   ′    =  ′    − +      

          (131) 

es aris relativisturi raketis formula, romelic 
cvlis (124) formulas ararelativisturi raketisTvis. 
gansakuTrebiT martivdeba Sedegi, roca raketis aCqare
ba iwyeba uZraobis mdgomareobidan. marTlac, Tu sawyis 
siCqares nulad aviRebT, 0 0υ = , aqedan miiReba 

/2

0

1

1

c u

cm m

c

υ

υ

′
 − 

′ ′=  
 + 
 

,        (132)

mcire siCqareebis SemTxvevaSi cυ � << c, vwerT

1
1 2

1

c
c

c

υ
υ

υ

−
≈ −

+
 



_ 171 _

da
//2 /2 /21 / 1 2 1 2

1 /

uc u c u c uc
c c c

υ
υ υ υ
υ

′−′ ′−  −     ≈ + ≈ +      +       
 

gamoviyenoT axla neperis ricxvis ganmarteba 

1lim 1
n

n
e

n→∞

 + = 
 

 

maSin miRebul Sedegs ase CavwerT
/2

/
0 0

1 /
1 /

c u
ucm m m e

c
υυ

υ

′
′−− ′ ′ ′≈ ≈ +                 

 (133)

gavakeToT zogierTi saintereso Sefaseba miRebuli 
Sedegebidan:

davuSvaT, rom raketis aCqareba gvinda / 2c  siCqarem
de qimiuri sawvaviT, roca 4u′ = km/wm. sawyisi masis ra 
nawili aCqardeba am dros?

(133) formulidan vRebulobT
5

4
310 /2 4

2 10
0 0

1 / 2 / 10
3 / 2

m m m
⋅ ⋅

⋅ ′ ′ ′≈ ≈ 
 

 

am ricxvis warmodgena (1020000) praqtikulad SeuZlebe
lia. amitom relativistur siCqareebamde raketis aCqa
rebaze laparaki qimiuri sawvaviT arc ki SeiZleba. ma
gram, sxva saxis sawvavis SemTxvevaSi saqme ukeTesadaa. 
birTvul energiaze momuSave raketebisTvis, romlebic 
gamoiyeneben gaxleCis energias, 410u′ ≈ km/wm, (15) for
mula gvaZlevs 

15 6
0 0/ 3 / 10m m m′ ′ ′= ≈               (134)

e. i. saboloo siCqares / 2c  miaRwevs raketis sawyisi 
masis daaxloebiT memilionedi. amitom ase Tu ise saime
do Sedegebs relativisturi siCqareebis misaRwevad Sei
Zleba velodeT mxolod im SemTxvevaSi, Tu u′  axlos 
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iqneba sinaTlis siCqaresTan. dRes aseTad moiazreba e. w. 
fotonuri raketebi. 

fotonuri raketebisTvis u c′ = , amitom (133) gan
tolebis pirveli nawilidan Cans, rom / 2c  siCqaremde 
SegveZleboda 0 / 3m m′ ′=  masis aCqareba, e. i. sastar
to masis naxevarze metis. vTqvaT, υ  sinaTlis siCqaris

gan gansxvavdeba Zalze mcired, magaliTad, 410− iT, anu 

41 10
c
υ −≈ − . maSin (133) formulidan miviRebT

2
0 10 / 2m m −′ ′≈ ⋅  (135)

rac savsebiT misaRebi Sedegia. marTalia, aseTi ra
ketebis damzadeba dRes teqnikurad gadaulaxav siZ
neleebs awydeba, es ar niSnavs, rom gamosxivebis reaqti
ul Zalas ar hqondes mniSvneloba. piriqiT, is asrulebs 
mniSvnelovan rols bunebaSi, magaliTad, astrofizikur 
movlenebSi. 
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Tavi III.  
fardobiTobis zogadi  

Teoriis elementebi

rogorc viciT, fardobiTobis specialuri Teo
ria SemoisazRvreba mxolod inerciuli sistemebiT da 
srulebiTac ar ganixilavs arainerciul sistemebs. magram 
kargad aris cnobili, rom garda inerciuli sistemebisa 
movlenebis aRwerisaTvis arsebobs da xSirad gamoiyeneba 
e. w. arainerciuli sistemebi. aseTi sistemebi SeiZleba 
moZraobdnen an wrfivad da aCqarebulad an brunavdnen 
inerciuli sistemebis mimarT. 

ainStainma Semdegi kiTxvebi dasva: riT gamoirCeva aTv
lis inerciuli sistemebi sxva sistemebisgan? ratom aqvT 
maT is upiratesoba, romelzedac laparakobs fardobi
Tobis specialuri principi? rogor SeiZleba fardobi
Tobis principi ganzogaddes arainerciul sistemebze? 
cxadia, rom am amocanis gadawyveta ufro rTulia, radgan 
inerciuli sistemebis SemTxvevaSi fizikuri movlenebi 
sruliad erTnairad mimdinareobs da amitom veraviTari 
cdebiT ver iqneba dadgenili, Tu romeli maTgania uZ
ravi da romelia moZravi ZiriTadi inerciuli sistemis 
mimarT, romelsac `uZravi~ varskvlavebis sistema axor
cielebs. 

sul sxva mdgomareobaa arainerciuli sistemebis SemTx
vevaSi. fizikuri movlenebi ar mimdinareobs ise, rogorc 
inerciulSi da amitom saSualeba gveZleva ganvasxvavoT 
isini inerciuli sistemebisgan. zogadi fardobiTobis 
principi unda dasabuTdes miuxedavad gansxvavebisa iner
ciul da arainerciul sistemebs Soris. ainStainma yur
adReba miaqcia kargad Seswavlil gravitaciul vels da 
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mis gansakuTrebul Tvisebas _ erTnairi aCqareba miani
Wos sxvadasxva sxeulebs da swored es faqti, saxeldobr, 
gravitaciuli da inerciuli masebis toloba _ daudo 
safuZvlad specialuri Teoriis ganzogadebas arainer
ciul sistemebze. 

qvemoT Cven SemovisazRvrebiT mxolod zogadi Teori
is ZiriTadi principebis da Sedegebis ganxilviT. gavyve
biT logikas, romelic mocemulia akad. maTe mirianaSvi
lis popularul wignSi `fardobiTobis Teoria~

arainerciuli sistemebi niutonis meqanikaSi

simartivisaTvis gavarCioT mxolod Semdegi arainer
ciuli sistemebi: 

a) wrfivad da TanabaraCqarebulad moZravi arainerci-
uli sistemebi

b) Tanabrad mbrunavi arainerciuli sistemebi
ganvixiloT ori aTvlis sitema; erTi _ inerciuli ( )K ,  

uZravi ZiriTadi inerciuli sistemis mimarT da meore _ 
arainerciuli ( )1K , moZravi inerciuli sistemis mimarT 
TanabaraCqarebulad OX  RerZis gaswvriv 0a  aCqarebiT 
(nax. 45)

nax. 45. inerciuli da TanabaraCqarebuli arainerciuli sistemebi

niutoniseuli fizikis Tanaxmad (galileis gardaqmne
bi) nawilakis x  koordinatebi am sistemebis mimarT erT
maneTTan asea dakavSirebuli
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1 1x x OO= + , 
sadac 1OO  aris manZili, romelic gaiara 1K is saTavem 
K s mimarT Tanabrad aCqarebuli moZraobis Sedegad. 
gvaqvs

2
0

1 2
a tx x= +  

aq miRebulia, rom dro igivea orive sistemaSi (niuto
nis meqanika)

1t t=  
koordinatis gardaqmnis formulidan orjer gawar

moebiT miviRebT

1 0a a a= +  

sadac a  da 1a  arian nawilakis aCqarebebi K  da 1K  siste
mebis mimarT, saTanadod. 

unda davadginoT meqanikis kanonebis saxe 1K  siste
maSi. 

vTqvaT K sistemis mimarT nawilakze araviTari ga
reSe sxeulebi ar moqmedebs. maSin, nawilaki imoZravebs 
mudmivi siCqariT

0a =  
maSin wina formulis ZaliT gveqneba

1 0 0a a= − ≠  

anu, imis miuxedavad, rom nawilakze araviTari sxeule
bi ar moqmedebs, misi aCqareba 1K  arainerciuli sistemis 
mimarT ar aris nuli. es imas niSnavs, rom inerciis prin
cipi ar aris samarTliani arainerciuli sistemebisTvis. 

ganvixiloT axla niutonis meore kanoni. inerciuli 
sistemis mimarT igi Semdegi saxiT daiwereba:

ma F=  
am formulis gamoyenebiT arainerciuli sistemisaTvis 

miviRebT

1 0ma F ma= −  

anu, arainerciuli sistemisaTvis niutonis meore 
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kanoni samarTliani ar aris. masis namravli aCqarebaze 
ar udris moqmed Zalas. gantolebis marjvena mxareSi 
ZalasTan erTad dgas sidide 0ma− , sadac 0a  aris arain
erciuli sistemis aCqareba inerciuli sistemis mimarT. 

iqcevian ase: ganvixiloT 0ma−  sidide, rogorc 
damatebiTi Zala, gamowveuli sistemis arainerciulo
biT. es Zala, romelsac inerciis Zalas uwodeben, ar aris 
gamowveuli raime materialuri sxeuliT da amiT gansxva
vdeba inerciul sistemaSi moqmedi F  Zalisgan. Tu Semo
viRebT aRniSvnas 

0 inma F− =             (136)

maSin wina formula ase Caiwereba:

1 inma F F= +           (137)
amrigad, SeiZleba vTqvaT, rom arainerciul sistemaSic 

samarTliania niutonis meore kanoni, oRond im gansxvave
biT, rom gareSe sxeulebiT gamowveuli Zalis garda, gan
saxilvel sxeulze moqmedebs damatebiTi inerciis Zala 

0ma− . am inerciis Zalis damaxasiaTebeli Tviseba isaa, 
rom rogori sxeulic ar unda ganvixiloT, inerciis Zala 
aniWebs erTi da igive aCqarebas 0a− , vinaidan es Zala sx
eulis inertuli masis proporciulia. 

cxadia, rom inerciuli Zalis arsebobis gamo damk
virvebelma 1K  sistemaSi SeiZleba daadginos, rom misi 
sistema aCqarebulad moZraobs, vinaidan am sistemaSi myo
fi yoveli sxeuli Rebulobs damatebiT aCqarebas 0a− s. 

inerciis Zalebis realurobis Sesaxeb

ismis kiTxva: arian Tu ara inerciis Zalebi realu
ri? isini arian realuri im SinaarsiT, romliTac real
uria aCqareba arainerciul sistemebSi. isini realuria 
ufro Rrma SinaarsiTac: fizikuri movlenebis ganxil
visas arainerciul sistemebSi SegviZlia mivuTiToT in
erciis Zalebis konkretul gamovlinebebze. magaliTad, 
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matareblis vagonSi inerciis Zalebma SeiZleba gamoiwvi
on mgzavrTa dasaxiCreba _ realuri da xelSesaxebi Se
degi. amrigad, inerciis Zalebi iseve realuria, rogorc 
realuria Tanabari da wrfivi moZraobis faqti inerci-
ul sistemebSi, Tuki ar arseboben `Cveulebrivi~ Zalebi, 
rogorc es formulirdeba niutonis pirvel kanonSi. 

inerciis Zalebs aqvT mniSvnelovani praqtikuli gam
oyeneba. magaliTad, navigaciis problemebSi didi sizus
tiT ganisazRvreba mfrinavi aparatebis mdebareoba iner
ciis Zalebis gazomviT. 

inerciis Zalebis povna

arainerciul sistemebSi sxeulTa moZraobis aRweri
saTvis moZraobis gantolebiT aucilebelia mivuTiToT 
gantolebis marjvena mxareSi arsebuli inerciis Zalebis 
gansazRvris xerxi. CavweroT moZraobis gantolebebi 
orive sistemaSi

1 inm
m =

a = F + F
a F

 

aq orive sistemaSi `Cveulebrivi~ Zalebi erTnairia. am 
gantolebebidan gvaqvs 

( )1in m= −F a a  

arainerciuli sistemebis ganxilvisas Cveulebriv 
iyeneben Semdeg terminologias: a  aCqarebas inerciuli 
sistemis mimarT uwodeben absoluturs, xolo 1a aCqare
bas arainerciuli sistemis mimarT _ fardobiTs. ukanas
neli formula gveubneba, rom inerciis Zalebi gansaz
Rvraven sxvaobas fardobiT da absolutur aCqarebebs 
Soris. aqedan naTelia, rom inerciis Zalebi arseboben 
mxolod arainerciul sistemebSi. maTi CarTva moZrao
bis gantolebebSi da gamoyeneba fizikuri movlenebis 
asaxsnelad aris swori da aucilebeli. oRond inerciis 
Zalebis cnebis gamoyeneba inerciul sistemebSi moZrao
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bis analizis dros mcdaria, radgan inerciul sistemebSi 
isini ar arseboben. 

ganvixiloT inerciis Zalebis ramdenime magaliTi: 
1.  saqani urikaze. ganvixiloT saqanis wonasworuli md

gomareoba urikaze, romelic moZraobs horizontal
urad 0a  aCqarebiT (naxazi 46). saqanze moqmedi Zalebi 
miTiTebulia naxazze. saqanis moZraobis gantolebas 
aqvs saxe

1 0 0inm m= + + = + − =a T P F T P a  
e. i. 1 0=a . anu inerciis Zala am dros ar gvaqvs. gva

qvs marto Zafis daWimulobis Zala T  da simZimis Zala 
m=P g . wonasworobis piroba niSnavs 

m = +a T P  
marcxena naxazi Seesabameba saqanis wonasworobas ara

inerciul sistemaSi, xolo marjvena _ inerciul siste
maSi. 

 

naxazi 46. saqanis wonasworoba arainerciul (marcxena) da iner-
ciul (marjvena) sistemebSi 

2. vardnili saqani 
Zalze efeqturad gamoiyureba movlenebi wrfivad 
moZrav arainerciul sistemebSi vardnili saqanis mag
aliTze. saqani Camokidebulia masiuri yuTis CarCoze, 
romelsac SeuZlia Tavisuflad vardna TiTqmis xaxu
nis gareSe (ix. naxazi 47) 
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                 (a)                                           (b)                                          (g)
nax. 47. vardnil saqanze moqmedi Zalebis sqema: a) saqani wonaswo-
robaSi, b) saqanTan dakavSirebuli arainerciuli sistema, g) in-

erciuli sistema, romelSic saqani vardeba Tavisufali vardnis 
aCqarebiT. 

roca CarCo uZravia, saqani asrulebs sakuTar rxevebs 
(nax. 47a). CarCo SegviZlia moviyvanoT Tavisufali vard
nis mdgomareobaSi rxevis nebismier fazaSi (nebismier mi
mentSi). Tu vardnis dawyebis momentSi saqani gadaxrilia 
maqsimalurad, is ase darCeba uZravad am wertilSi. Tu 
ar imyofeba maqsimalurad gadaxrili da vubiZgebT, mi
vaniWebT raime siCqares, CarCos mimarT, CarCos vardnis 
dros am siCqaris moduli ar Seicvleba, Seicvleba marto 
mimrTuleba, anu saqani ibrunebs Camokidebis wertilis 
irgvliv. rac Seexeba CarCosTan dakavSirebul arainer
ciul sistemas (nax. 47b), aq moZraobis gantolebas eqneba 
saxe

1 inm m m= + + = + − =a T P F T g g T              (138) 

amrigad, es aris moZraoba, drekadi (daWimvis) Zalis 
moqmedebiT centriT Camokidebis wertilSi. moZraoba 
gvaqvs wreze sawyisi siCqaris toli wiriTi siCqariT, ro
melic uzrunvelhyofs saqanis Tanabar moZraobas wre
wirze da aris 2

0 /m lυ , sadac l  aris saqanis sigrZe, xolo 

0υ  _ saqanis moZraobis siCqare CarCos mimarT. 
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aTvlis inerciul sistemaSi (nax. 47g) inerciis Zalebi 
ar gvaqvs. amitom gantoleba aseTia 

m m= + = +a P T g T                (139)
am gantolebis amoxsna (aCqareba a  ori nawilisgan 

Sedgeba 1 2= +a a a . amasTan 

1 2,m m m= =a T a g               (140)
saidanac 2 =a g , xolo pirveli maTganis amoxsna savse

biT emTxveva (136)is amoxsnas da aRwers brunvas da
kidebis wertilis irgvliv. 

cxadia, rom yvela es movlena naTlad uCvenebs gansxvave
bas inerciul da arainerciul sistemebs Soris da saSuale
bas aZlevs sistemaSi myof damkvirvebels daadginos misi 
sistemis aCqarebuli moZraoba inerciuli sistemis mimarT. 
ismis kiTxva, rogor SeiZleba ganvazogadoT fardobiTo
bis principi arainerciul sistemebze? saqme imaSia, rom 
unda gavixsenoT gravitaciuli velis arseboba. Tu gvsurs 
gavaigivoT arainerciuli sistema inerciul sistemasTan, 
unda SevadaroT igi ara iseT inerciul sistemas, romelsac 
aqamde vixilavdiT da romlis irgvliv ar arsebobda grav
itaciuli veli, aramed inerciul sistemas gravitaciul 
velSi. marTlac, cdebi gviCvenebs, rom arsebobs ori ti
pis inerciuli sistemebi. orive tipis SemTxvevaSi isini an 
uZravia ZiriTadi inerciuli sistemis mimarT, an Tanabrad 
da wrfivad moZravi da swored amitom arian inerciuli. 
magram erT SemTxvevaSi isini Tavisufalia gravitaciuli 
moqmedebisgan, meore SemTxvevaSi isini imyofeba gravitaci
ul velSi. swored am ukanasknelTan unda SevadaroT arain
erciuli sistemebi. marTlac, Cven ukve vnaxeT, Tu rogor 
mimdinareobda meqanikuri movlenebi TanabradaCqarebulad 
moZrav 1K sistemaSi: xelidan gaSvebuli sxeuli moZraobs 
aCqarebiT, zambaraze Camokidebuli sxeuli Wimavs zambaras, 
damkvirvebeli awveba iataks, da a. S. yvela am movlenis 
mimdinareoba swored aseTive iqneboda 1K sistema inerci
uli rom iyos da masSi arsebobdes 0= −g a  erTgvarovani 
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daZabulobis gravitaciuli veli. es veli gamoiwvevs sx
eulebis `vardnas~, damkvirveblis dawolas iatakze saqa
nis rxevas da a. S. sruliad iseve, rogorc amas iwvevs 1K
 sistemis arainerciuloba. gansxvaveba mxolod imaSia, rom 

1K sistemis arainerciulobis SemTxvevaSi sxeulze moqme
di inerciis Zala proporciulia `inertuli masis~, (136), 
xolo 1K sistemis inerciulad miCnevis da gravitaciuli 
velis moqmedebis SemTxvevaSi, moqmedi Zala proporciuli 
unda iyos `gravitaciuli masis~. maSasadame, arainerci
uli sistemis da gravitaciul veliani inerciuli sistemis 
garCeva mxolod im SemTxvevaSi iqneba SesaZlebeli, Tu in
ertuli da gravitaciuli masebi tolia. es toloba Zalian 
didi sizustiT aris Semowmebuli cdebiT. uwonadobis md
gomareobis Seqmna Tavisufali vardnis dros gamowveulia 
mniSvnelovani fizikuri faqtoriT: sxeulis inertuli da 
gravitaciuli masebis tolobiT. 

yovelive zemoTqmuli saSualebas gvaZlevs Camovayali
boT Semdegi debuleba: Tanabrad aCqarebulad moZrav arain-
erciul sistemaSi meqanikuri movlenebi iseve mimdinareobs, 
rogorc inerciul sistemaSi erTgvarovani gravitaciuli 
veliT, romlis daZabuloba sididiT tolia arainerciuli 
sistemis aCqarebis da mimarTulia mis sawinaaRmdegod. 

rogorc vxedavT, meqanikuri movlenebis mimdinare
obis TvalsazrisiT arainerciuli sistema gravitaci
ul velSi myofi inerciuli sistemis ekvivalenturia. es 
debuleba, romlis dasayrdensac warmoadgens inertuli 
da gravitaciuli masebis toloba, cnobilia ekvivalen
tobis principis saxelwodebiT. am principze daafuZna a. 
ainStainma Tavisi zogadi fardobiTobis Teoria. xSirad 
ekvivalentobis princips uwodeben inertuli da grav
itaciuli masebis tolobis faqts. 

am faqtidan gamomdinareobs, rom Tu aTvlis sistema 
moZraobs TanabaraCqarebulad inerciuli sistemis mimarT 
(romelSic, ganmartebis Tanaxmad ar aris simZimis veli), 
maSin aseT sistemaSi movlenebi ise mimdinareoben, rom 
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TiTqos gvqondes gravitaciuli veli, romlis Tavisufa
li vardnis aCqareba tolia sistemis aCqarebisa. meqaniku
ri movlenebisTvis es cxadia. am debulebis gadatana yvela 
fizikur movlenaze aris swored ekvivalentobis principi. 

mbrunavi arainerciuli sistemebi

cnobilia, rom gadataniTis garda SeiZleba gvqondes 
mbrunavi arainerciuli sistemebi. aseT sistemebze gad
asvlisas niutonis meore kanoni agreTve icvlis saxes 
_ masis namravli aCqarebaze aRar aris toli inerciul 
sistemaSi moqmedi Zalisa. 

gavarCioT axla SemTxveva, rodesac aTvlis sistema 
brunavs ZiriTadi sistemis mimarT mudmivi kuTxuri aC-
qarebiT. mbrunav arainerciul sistemaSi gadasvlis Sede
gad niutonis meore kanoni icvlis saxes. masis namravli 
aCqarebaze aRar aris toli inerciul sistemaSi moqme
di Zalisa. am ukanasknels emateba kidev ori Zala: erTi 
centridanuli (centrgamSori), mimarTuli brunvis Re
rZidan da sididiT toli 2mrω isa, sadac r  aris manZi
li nawilakidan RerZamde, ω  _ aTvlis sistemis brunvis 
kuTxuri siCqarea, xolo m _ nawilakis inertuli masa (ix. 
naxazi 48)

  
naxazi 48.    a) centridanuli Zala           b) koriolisis Zala

koriolisis Zala ufro rTuli xasiaTisaa. igi mxolod 
im SemTxvevaSi Cndeba, Tu nawilaki moZraobs arainerci
uli sistemis mimarT. magram, rac mTavaria, orive es Zala 
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proporciulia nawiilakis inertuli masisa. koriolisis 
Zala aniWebs masaze damoukidebel aCqarebas ka , romlis 
ganlageba naCvenebia b) naxazze. sididiT igi tolia 

12 coska υ ω α= ,
sadac α  aris kuTxe 1υ  da ω  veqtorebs Soris. mimar
Tuleba moiZebneba marjvena burRis wesiT. koriolisis 
aCqareba mimarTulia im burRis gadanacvlebis gaswvriv, 
romelic brunavs 1υ veqtoridan ω  veqtorisaken. es aC
qareba aqvs mxolod im nawilaks, romelic moZraobs ara
inerciuli sistemis mimarT. 

es Zalebi arsebobs mxolod arainerciuli sistemebis 
mimarT da erTsa da imave aCqarebas aniWebs yvela sxeuls. 
arainerciuli sistemebis es ori magaliTi sruliad 
sakmarisia imisaTvis, rom sazogadod gamovTqvaT Sem
degi debuleba (klasikuri fizikis ekvivalentobis prin-
cipi): meqanikuri movlenebi iseve mimdinareobs nebismier 
arainerciul sistemaSi, rogorc garkveuli xasiaTis grav-
itaciul velSi myof inerciul sistemaSi. 

Tu ganvixilavT erTgvarovan gravitaciul vels, e. 
i. vels, romlis daZabuloba yvelgan erTnairia, Segvi
Zlia aviRoT arainerciuli sistema, romelic vardeba am 
gravitaciul velSi misi daZabulobis toli aCqarebiT, e. 
i. Tavisuflad. maSin cxadia, rom araviTari gravitaci
uli veli ar iqneba, masSi myofi sxeulebi `dakargaven~ 
wonas. marTlac, gavarCioT aseTi magaliTi: miuxedavad 
imisa, rom dedamiwis gravitaciuli veli ar aris erTg
varovani, yovelTvis SeiZleba SeirCes zedapiris imdenad 
mcire nawili, rom mis maxloblobaSi veli erTgvarovnad 
CavTvaloT (ix. naxazi 50) aseTi gravitaciuli velis Zal
wirebi paralelur wrfeebs warmoadgenen da daZabuloba 
iqneba yvelgan erTnairi, aRvniSnoT igi g Ti. ganvixi
loT yuTi, romelic g  aCqarebiT vardeba dedamiwisken. 
igi warmoadgens arainerciul sistemas da amitom, masSi 
myof yvela sxeulze imoqmedebs inerciis Zala, romelic 
tolia inF mg= − . meores mxriv, dedamiwis gravitaciuli 
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veli moqmedebs sxeulze mizidvis ZaliT grm g , sadac grm  
aris gravitaciuli masa. es Zalebi urTierTsawinaaRm
degodaa mimarTuli da amitom sxeulze moqmedi saerTo 
Zala nulis tolia: 0in grm g m g− + = . 

naxazi 49. vardnili yuTi erTgvarovan gravitaciul velSi

da vinaidan in grm m= , vardnil yuTSi sxeulze aravi
Tari Zala ar moqmedebs, amitom masSi myof damkvirveb
els sruli ufleba aqvs CaTvalos, rom mis irgvliv grav
itaciuli veli ar arsebobs. 

maSasadame, am kerZo SemTxvevaSi marTlac SesaZlebelia 
gravitaciul velSi myofi inerciuli sistema SevcvaloT 
arainerciuli sistemiT, romlisTvisac gravitaciuli 
veli ar iarsebebs. 

magram sazogadod aseTi Secvla SeuZlebelia. es naTe
li gaxdeba, Tu ganvixilavT dedamiwis mTlian gravitaci
ul vels. advili gasagebia, rom arainerciuli sistemis 
veraviTari SerCeviT ver mospobT am gravitaciul vels 
yvelgan. maSasadame, SeuZlebelia nebismieri gravitaci
uli velis SemTxvevaSi moiZebnos iseTi arainerciuli 
sistema, romlis mimarT gravitaciuli veli ar iarsebebs 
mTel sivrceSi. es friad mniSvnelovani Sedegia. SesaZle
beli rom yofiliyo aseTi arainerciuli sistemis arCe
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va, es imis maCvenebeli iqneboda, rom gravitaciuli veli 
wminda kinematikuri xasiaTisaa. 

arainerciuli sistemebi fardobiTobis 
TeoriaSi

yvelaferi, rac zemoT iTqva arainerciuli da grav
itaciul velSi myofi inerciuli sistemebis ekvivalen
tobis Sesaxeb klasikur meqanikaSi, ucvlelad gadava 
fardobiTobis TeoriaSi. aqac inertuli da gravitaci
uli masebis tolobaze dayrdnobiT SeiZleba davaskvnaT, 
rom arainerciuli sistema SeiZleba CaiTvalos saTanado 
xasiaTis gravitaciul velSi myof inerciul sistemad, 
oRond, klasikuri meqanikis ekvivalentobis principis
gan gansxvavebiT, romelic SemoisazRvreboda meqanikuri 
movlenebis mimdinareobis ekvivalentobiT, fardobiTo
bis TeoriaSi ekvivalentoba vrceldeba yvela fizikur 
movlenaze. amasTan erTad, cxadia, gravitaciuli velis 
gareSe arsebul inerciul sistemebSi sivrcisa da drois 
gazomvebi warmoebs fardobiTobis specialuri Teoriis 
Tanaxmad. 

amitom fardobiTobis TeoriaSi ekvivalentobis prin
cipi Semdegnairad yalibdeba: fizikuri movlenebi ise 
mimdinareobs nebismier arainerciul sistemaSi, rogorc 
garkveuli xasiaTis gravitaciul velSi myof inerciul 
sistemaSi; e. i. nebismieri arainerciuli sistema yovelTvis 
SeiZleba SevcvaloT gravitaciul velSi myofi inerciuli 
sistemiT. . amitomac veraviTari fizikuri cdebiT ver 
iqneba SesaZlebeli imis garkveva, arainerciulia sistema, 
Tu igi aris saTanado gravitaciul velSi myofi inerci
uli sistema. es niSnavs, rom aCqareba fardobiTi sididea 
da ara absoluturi, rogorc es iyo klasikur meqanikaSi. 

Tumca sazogadod ar SeiZleba iseTi aTvlis sistemis 
SerCeva, rom nebismieri gravitaciuli veli moispos 
yvelgan da yovelTvis, magram aTvlis sistemis saTanado 
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arCeviT yovelTvis SesaZlebelia nebismieri gravitaci
uli velis mospoba sakmarisad mcire areSi da mcire 
drois SualedSi, roca veli SeiZleba CaiTvalos erT
gvarovnad. amrigad: sivrcis nebismierad mcire nawilSi 
da drois mcire SualedSi, e. i. sivrce-drois usasrulod 
mcire nawilSi arainerciuli sistema gravitaciuli ve-
lis gareSe da inerciuli sistema saTanado gravitaciuli 
veliT savsebiT ekvivalenturia. orive sistemaSi yvela 
fizikuri movlena erTnairad mimdinareobs. 

aseTia ekvivalentobis principis saboloo gamosaxva. 

dro da sivrce gravitaciul velSi 
myof inerciul sistemaSi

ekvivalentobis principi saSualebas iZleva gamovarkv
ioT, Tu rogor mimdinareobs dro da rogor icvleba 
sxe ulis sigrZe gravitaciuli velis gavleniT. 

drois Seneleba gravitaciul velSi
gvaqvs gravitaciul velSi myofi inerciuli sistema 

naxazi 50. saaTebis Cvenebani gravitaciul velSi

masSi moTavsebulia ori A  da B  saaTi, romelTa So
ris manZili aris h . gravitaciuli velis daZabuloba 
iyos g . SeiZleba M  masiT gamowveuli gravitaciuli 
veli ar iyos erTgvarovani, e. i. daZabuloba icvlebodes 
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manZilis mixedviT. magram, Tu manZili h  sakmaod mcirea, 
mis gaswvriv g  SeiZleba mudmivad CavTvaloT. ekviva
lentobis principis Tanaxmad A  da B  saaTebis Cvene
bani iseTive iqneba, rogorc msgavsi 1A  da 1B  saaTebisa, 
romlebic imyofebian  g  aCqarebiT moZrav arainerciul 
sistemaSi. imisaTvis, rom gamovarkvioT rogoria am 1A  da 

1B  saaTebis Cvenebani, isini unda SevadaroT gravitaci
uli velis gareSe myofi inerciuli sistemis C  saaTis 
Cvenebas. aRvniSnoT 

1Aυ iT siCqare, romliTac 1A  saaTi 
gaivlis C  saaTis maxloblad aCqarebuli moZraobisas. 
fardobiTobis specialuri Teoriis Tanaxmad, Tu C  saa
Tis periodia T , 1A saaTis periodi iqneba 

1

1

2

21
A

A

TT

c
υ

=

−

Tu davuSvebT, rom 
1Aυ Zalian mcirea c sTan Sedare

biT, es formula miaxloebiT ase SeiZleba Caiweros 

1

1

2

21
2

A
AT T

c
υ 

≈ +  
 

sruliad analogiurad, rodesac 1B  saaTi gaivlis C s 
maxloblad, misi periodi iqneba

1

1

2

21
2

B
BT T

c
υ 

≈ +  
 

 

amave miaxloebaSi miviRebT 

1 1

1 1

2 2

21
2

B A
B AT T

c
υ υ −

≈ +  
 

TanabaraCqarebuli moZraobis formulis Tanaxmad, 

1 1

2 2 2B A ghυ υ− =
amitom, sabolood am saaTebis periodebisTvis mi

viRebT Tanafardobas
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1 1 21B A
ghT T
c

 ≈ + 
 

ekvivalentobis principis Tanaxmad gravitaciul vel
Si myofi A da B  saaTebis Cvenebebs Soris iseTive kavSiri 
unda iyos, rogorc g  aCqarebiT moZrav sistemaSi myofi 

1A  da 1B  saaTebis Cvenebebs Soris (gravitaciuli velis 
gareSe) amitomac SegviZlia davweroT

21B A
ghT T
c

 ≈ + 
 

aq ukve g  aris gravitaciuli velis daZabuloba. ro
gorc vxedavT drois mimdinareoba damokidebulia saaTis 
mdebareobaze gravitaciul velSi, vinaidan erTgvarovani 
velis SemTxvevaSi gh  aris gravitaciuli velis poten
cialTa sxvaoba h  manZilze gadanacvlebisas, B Agh ϕ ϕ= −
, SegviZlia davweroT

21 B A
B AT T

c
ϕ ϕ− ≈ + 

 
           (141)

miRebuli formula SegviZlia gamoviyenoT araerTg
varovani velisTvisac, Tu CavTvliT, rom igi samarTli
ania nebismieri gravitaciuli velisaTvis, gvaqvs 

2 21B A
B A

GM GMT T
c r c r

 
≈ + − 

 
Tu CavTvliT, rom A  saaTi gadatanilia usasruloba

Si, e. i. moTavsebulia inerciul sistemaSi gravitaciuli 
velis gareSe, maSin zeda formula miiRebs saxes

21B
B

GMT T
c r

 
≈ + 

 
             (142)

es formula gviCvenebs, rom gravitaciul velSi myofi 
saaTi ufro nela midis, vidre gravitaciuli velis ga
reSe myof inerciul sistemaSi. 
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gravitaciuli~wiTeli wanacvleba~ 

ganvixiloT ori msgavsi atomi: erTi _ moTavsebuli 
varskvlavis zedapirze, xolo meore _ dedamiwis zeda
pirze. Tu dedamiwis gravitaciul vels mxedvelobaSi ar 
miviRebT dadamiwis masis simciris gamo varskvlavTan Se
darebiT, gveqneba 

21B
GMT T
c R

 ≈ + 
 

sadac R varskvlavis radiusia. varskvlavis zedapirze my
ofi atomis periodi, e. i. mis mier gamosxivebuli sinaT
lis periodi meti iqneba, vidre dedamiwaze myofi msgav
si atomis mier gamosxivebuli sinaTlis periodi. amitom 
varskvlavis zedapiridan mosuli speqtruli xazi gad

anacvlebuli iqneba speqtris wiTeli mxrisaken 2

GMT
c R

 

sididiT, sadac T aris dedamiwis atomisgan miRebuli 
speqtruli xazis periodi. es aris e. w. `wiTeli wanacv
leba~. am formuliT gansazRvruli periodis cvlileba 
SesamCnevi iqneba mxolod Zlieri gravitaciuli velis 
SemTTxvevaSi. magaliTad, mzeze myofi atomisaTvis 

331.983 10M ≈ ⋅ g; 106.95 10R ≈ ⋅ sm. 

da amitom periodis fardobiTi cvlilebisaTvis mi
viRebT

62.6 10T
T

−∆
≈ ⋅

gacilebiT meti cvlileba miiReba ufro mZime var
skvla vebisTvis. 

sigrZis cvlileba gravitaciul velSi

saaTebis nacvlad gravitaciul velSi daZabulobis 
gaswvriv movaTavsoT A  da B  Reroebi (nax. 51). 
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naxazi 51. Reroebi gravitaciul velSi

maTi sigrZeebi iyos AL  da BL . ekvivalentobis princi
pis Tanaxmad isini SeiZleba SevcvaloT moZrav arainer
ciul sistemaSi myofi 1A  da 1B  ReroebiT. vinaidan maTi 
siCqareebi inerciul sistemaSi myofi C  Reros mimarT 
iqneba 

1Aυ  da 
1Bυ , saTanado sigrZeebisaTvis miviRebT

1

1 1

2
2 2

21 / 1
2

A
A AL L c L

c
υ

υ
 

= − ≈ −  
 

1

1 1

2
2 2

21 / 1
2

B
B BL L c L

c
υ

υ
 

= − ≈ −  
 

saidanac miaxloebiT gveqneba 

1 1

1 1

2 2

21
2

B A
B AL L

c
υ υ −

≈ −  
 

           (143)

magram 
1 1

2 2 2B A ghυ υ− = , amitom es formula miiRebs saxes 

1 1 21B A
ghL L
c

 ≈ − 
 

ekvivalentobis principis Tanaxmad igive Tanafardoba 
gveqneba g  daZabulobis gravitaciul velSi myofi A  da 
B  Reroebis sigrZeebisaTvis
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21B A
ghL L
c

 ≈ − 
 

xolo gravitaciuli potencialiT:

21 B A
B AL L

c
ϕ ϕ− ≈ − 

 
                (144)

es formula gviCvenebs, rom sxeulis sigrZe damok
idebulia gravitaciuli velis potencialze. igi miT 
ufro naklebia, rac ufro metia potenciali. Semokleba 
Seexeba sxeulis zomas velis gaswvriv. marTobuli zoma 
ar icvleba. (142) formulis analogiurad SeiZleba mivi
RoT Semdegi formula 

21R
GML L
c R

 ≈ − 
 

romelic akavSirebs gravitaciuli velis gareT myofi 
Reros L  sigrZes gravitaciuli velis gamomwvev M  ma
sis sferodan R  manZilze myofi Reros sigrZesTan. 

miRebuli formulebi gamoyvanili iyo erTgvarovani 
velis SemTxvevisaTvis. isini gamodgebian araerTgvaro
vani velisaTvisac, Tu ganvixilavT usasrulod mcire 
sigrZeebs da drois xangrZlivobebs. Tu am sidideebs in
erciul ugravitacio aTvlis sistemaSi 0dl iT da 0dt iT 
aRvniSnavT, xolo imave sidideebs gravitaciul velSi 
myof aTvlis sistemaSi niSnakis gareSe, miiReba:

0 02 21 ; 1dt dt dl dl
c c
ϕ ϕ   ≈ + ≈ −   

   
     (145)

sivrcisa da drois gamrudeba arainerciul 
sistemaSi da gravitaciul velSi

is, rom arainerciul sistemaSi da gravitaciul velSi 
myof inerciul sistemaSi monakveTis sigrZe da drois 
Sualadi Secvlilia, metad mniSvnelovan daskvnas iZleva 
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sivrcisa da drois struqturis Sesaxeb. advili misax
vedria, rom araienerciul sistemaSi sivrce aRar iqne
ba evkliduri, e. i. rom sivrcis geometriuli Tvisebebi 
aRar daemorCileba evklides geometrias. 

marTlac, ganvixiloT wriuli disko, romelic brunavs 
misi sibrtyisadmi marTobuli da mis centrze gamavali 
RerZis irgvliv (nax. 52). 

naxazi 52. mbrunavi disko

garda im K  inerciuli sistemisa, romlis mimarT disko 
brunavs, aviRoT meore aTvlis arainerciuli 1K  sistema, 
romelic brunavs diskosTan erTad (RerZebi gamosaxulia 
punqtiriT). vTqvaT, 1K  sistemaSi myofi damkvirvebeli 
zomavs diskos radiuss da mis garSemowerilobas sigr
Zis erTeuliT, romelic diskos uZraobis dros Tanx
vdeboda inerciuli sistemis sigrZis erTeuls. rogori 
iqneba gazomvebis Sedegi? amisaTvis gamovarkvioT, Tu 
ras daaskvnis inerciul sistemaSi myofi damkvirvebeli, 
rodesac is Tvals adevnebs am gazomvebs. misTvis sazomi 
etaloni moZraobs diskosTan erTad. uZravi damkvirveb
lis mimarT etaloni moZraobs Tavisi sigrZis marTobu
lad da amitom misi sigrZe iseTivea, rogorc inerciul 
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sistemaSi. amitomac diskos radiusisaTvis miiReba igive 
mniSvneloba, rac inerciul sistemaSi. magram, rodesac 
igi zomavs wrewiris sigrZes, man unda gaaCeros etaloni 
wrewiris mxebad da amitom etalonis sigrZe damokldeba 

( )1/22 21 / cυ− jer, sadac υ  aris diskos periferiuli 
wertilebis wrfivi siCqare. 

amitomac uZravi damkvirvebeli dainaxavs, rom diskos 
perimetrze dalagdeba etalonebis meti raodenoba, e. i. 
misi sigrZe meti iqneba, vidre uZravi diskos SemTxveva
Si. cxadia, rom igive Sedegs miiRebs diskosTan erTad 
mbrunavi damkvirvebeli. maSasadame, Tu uZravi diskosT
vis Cven gvaqvs Tanafardoba 

2L Rπ= , 
sadac L  da R  uZravi diskos perimetri da radiusia, 
moZravi diskosaTvis miviRebT, 

1 2L Rπ>
vxedavT, rom geometriis kanonebi mbruav diskoze 

ar eTanxmeba evklidis geometriis kanonebs. Tu mbrunav 
diskoze myofi damkvirvebeli geometriul gazomvebs 
Caatarebs am diskoze, aRmoaCens, rom am gazomvebis Sede
gebi ar eTanxmeba evklides geometriis kanonebs. umokle
si wirebi iqneba ara wrfeebi, aramed mrudi wirebi. aseTi 
wirebiT agebuli samkuTxedis kuTxeebis jami ar iqneba 
2π  da sxv. igi darwmundeba, rom misi disko gamrudebu-
lia . 

aseTive Sedegs miviRebT, Tu dros gavzomavT diskos 
sxvadasxva wertilSi. cxadia, rom mbrunavi diskos per
iferiul adgilas moTavsebuli saaTi CamorCeba diskos 
centrSi mdebare saaTs, vinaidan misi moZraobis gamo 
lorencis gardaqmebis formulebis Tanaxmad mis mier na
Cvenebi dro iqneba 

2 2

0 21 Rt t
c

ω
= − ,

sadac Rω υ=  aris saaTis moZraobis siCqare. 
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yovelive zemoTqmuli gviCvenebs, rom arainerciul 
sistemaSi sivrce ar aris evkliduri da droc mimdin
areobs sxvadasxva siCqariT sistemis sxvadasxva adgilas. 
magram, ekvivalentobis principis Tanaxmad igive Sede
gi unda miviRoT iseT aTvlis sistemebSic, sadac arse
bobs gravitaciuli veli. gravitaciul velSi sivrcis da 
drois Tvisebebi aRar aris iseTi, rogorc gravitaciuli 
velisgan Tavisufal aTvlis sistemaSi. gravitaciuli 
veli iwvevs sivrcis gamrudebas, e. i. mis gadaxras evkl
iduri sivrcisagan da drois sxvadasxva mimdinareobas sx
vadasxva adgilas. 

zogierTi dakvirvebadi efeqti  
gravitaciul velSi

fardobiTobis zogadi Teoria gulisxmobs specifiku
ri maTematikuri aparatis tenzoruli aRricxvis gamoy
enebas, rac gacilebiT rTulia, vidre specialuri Teo
riis maTematikuri meTodebi. miuxedavad amisa, arsebobs 
ramdenime situacia, rodesac es sirTule ar iCens Tavs 
da mis daZlevas SevZlebT. amitom qvemoT moviyvanoT 
zogierTi efeqti, romelsac winaswarmetyvelebs zogadi 
Teoria da aqvs didi gamoyeneba astrofizikasa da kos
mologiaSi, agreTve globaluri navigaciis problemeb
Si. fardobiTobis zogadi Teoriis srulfasovani aRwera 
moiTxovs e. w. tenzoruli analizis codnas, rac Zalian 
scildeba Cveni kursis farglebs da amitom, Semovifar
glebiT naxevrad Tvisobrivi aRweriT. 

fardobiTobis zogadi Teoriis safuZveli _ ekviv
alentobis principi _ ukve gvqonda zemoT ganxiluli, 
romlis Tanaxmadac erTgvarovani gravitaciuli veli 
mTlianad ekvivalenturia Tanabrad aCqarebuli aTvlis 
sistemebisa. es principi warmoiqmneba niutonis meqani
kidan gravitaciuli da inertuli masebis gaigivebiT. 
Tanamedrove eqsperimentebi adastureben am winadadebas 
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1210−  sizustiT. ukve pirvelsave statiaSi 1916 wels ain
Stainma SeZlo aexsna raodenobrivad didi xnis proble
ma _ gansxvaveba planeta merkuris periheliumis orbitis 
winswrebisa gazomil da klasikuri meqanikiT gamoTvlil 
mniSvnelobebs Soris. es iyo Teoriis pirveli warmate
ba. meore winaswarmetyveleba exeboda sinaTlis gadaxras 
gravitaciul velSi, romlis dakvirveba cdaze iyo Zalian 
rTuli efeqtis simciris gamo. miuxedavad amisa, artur 
edingtonma es gazoma mzis dabnelebis dros. zogadi Te
oria agreTve winaswarmetyvelebs sinaTlis Senelebas da 
saaTebis Senelebas gravitaciul velSi, orive maTgani 
gansakuTrebiT mniSvnelovania astrofizikaSi. saaTebis 
Seneleba anu gravitaciuli wiTeli wanacvleba gazomil 
iqna poundis mier 1960 wels dedamiwis gravitaciul vel
Si, xolo sinaTlis Seneleba gazoma Sapirom 1971 wels 
mesbaueris teqnikis gamoyenebiT. zogi sxva efeqti far
dobiTobis zogadi Teoriisa dResac aqtiuri kvlevis 
procesSia. maTze pirveli dakvirvebebi ukve arsebobs, 
magaliTebia, Savi xvrelebi da gravitaciuli talRebi. 
ganvixiloT axla zogierTi maTgani:P 

sinaTlis sxivi gravitaciul velSi

fardobiTobis specialuri Teoriis ganxilvisas davr
wmundiT, rom niutonis gravitaciis kanoni konceptu
alurad araTanmimdevrulia da siZneleebis Semcveli. 
erTerTi maTgania energiis da masis relativisturi kon
cefcia maTi ekvivalentobis Sesaxeb, rom umaso nawilak
mac ki SeiZleba gamoamJRavnos iseTi Tvisebebi, rogori
caa wona da inercia. klasikuri Teoria ar Seicavs aseT 
nawilakebs. ekvivalentobis principis Tanaxmad sinaTlec 
ki unda ganicdides gravitaciuli Zalebis zemoqmedebas. 
mZime (didi) masis mqone sxeulebis gravitaciul velSi 
sinaTlis kona unda gadaixaros gravitaciis zemoqmedeb
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iT. esaa ekvialentobis principis pirveli winaswarme
tyveleba. 

ainStainma SeniSna, rom sinaTlis sxivi unda gadaix
aros mZime sxeulebTan da amis dakvirveba SesaZlebeli 
unda iyos Soreuli varskvlavidan wamosul sxivze dak
virvebiT, romelmac gaiara mzis maxloblad (ix. naxazi 53) 

naxazi 53. sxivis gadaxra gravitaciuli mizidviT

gadaxris kuTxis gamoTvla SegviZlia Semdegnairad: 
drosivrcis intervali gadavweroT polarul koordi
natebSi (2ganzomilebaSi, radgan gadaxra xdeba sibrtye
Si). gvaqvs

( )2 2 2 2 2 2ds c dt dr r dθ= − +            (146)

ainStainma aCvena, rom gravitaciul velSi es Tanafar
doba unda Seicvalos gamosaxulebiT 

( ) ( )2 22 2 2 2 2 2/ds r c dt dr r r dγ γ θ= − −          (147)
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sadac 

( ) ( )1/22 21 2 /r GM c rγ = −
         

 (148)

am Tanafardobebis warmomavloba advili misaxvedria: 
sakmarisia gavixsenoT drois da sigZis diferencialebis 
gamosaxulebani (145) gravitaciul velSi. es situacia 
ilustrirebulia 53e naxazze. sinaTlis gravitaciuli 
gamrudeba masiT 2/m E cγ =  SegviZlia gavigoT, rogorc 
sinaTlis gardatexa. sinaTlis siCqare dadis ( )r cγ mde 
M  masis maxloblobaSi, radgan ( ) 1rγ < , amitom daxris 
sinaTlis fronts, da konas. (147) gantolebis integraci
iT mTeli traeqtoriis gaswvriv sinaTlis konisa (gavix
senoT, rom sinaTlisaTvis 0ds = ). sruli gadaxrisaTvis 
miiReba 

2

4GM
c R

α =            (149)

aq R  aris umciresi daSoreba M  masis centridan. 
konisTvis, romelic uSualod exeba mzes, R R= =�  = mzis 
radiusi= 86.96 10⋅ m. yvela monacemis Casmis Semdeg miiRe
ba 1.75α ′′= . amrigad, varsvlavidan wamosuli sxivi, ro
melic gadis mzis zedapirTan, unda gadaixaros aseTi 
kuTxiT. 1919 wels edingtonma moawyo eqspedicia mzis 
sruli dabnelebis Sesaswavlad da amave dros sxvadasx
va varskvlavebidan wamosuli sinaTlis sxivebis gadaxris 
dasadgenad. am da Semdgomma dakvirvebebma mogvca Teori
ul SedegTan kargi Tanxmoba. amave dros dadginda sinaT
lis Seneleba ( ( )rγ  faqtori). 

sxva efeqtebidan ukve aRvwereT gravitaciuli `wiTe
li wanacvleba~, roca sinaTle gadadis metidan naklebi 
gravitaciuli potencialisken. Cven vaCveneT, rom dab
ali gravitaciuli potencialis pirobebSi ufro nela 
midis saaTi. 

gravitaciuli efeqtebiT gamowveuli sixSiris wana
cvlebis dakvirveba varskvlavebidan Zalian rTulia, 
radgan sxva wanacvlebebic monawileoben. magaliTad, 
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sinaTle gravitaciulad wiTlad wainacvlebs, roca is 
tovebs varskvlavs, magram lurjad wainacvlebs, roca 
modis dedamiwaze. marTalia lurji wanacvleba aris us
asrulod mcire arsebuli gazomvis meTodebisTvis. gac
ilebiT meti wvlili Seaqvs samyaros gafarToebiT Seqm
nil wanacvlebebs. 1960 wels poundma TanamSromlebTan 
erTad gamoiyena mesbaueris efeqtze damyarebuli gazom
vis teqnika da Caatara didi garCevisunarianobis mqone 
analizi. Sedegad, maT 1968 wels daadgines Tanxmoba naw
inaswarmetyveleb lurj wanacvlebasTan 1 procentis 
sizustiT, 2 15/ 2.45 10gh c −= ⋅ . 

mesbaueris efeqtis gamoyeneba sixSiris 
wanacvlebis Sesamowmeblad

ganvixiloT gama gamosxivebis ori wyaro _ erTi dedami
wis zedapirze, meore ki misgan garkveul h  simaRleze. 
vinaidan gravitaciuli potencialebi am or wertilSi 
sxvadasxvaa, wyaroebis mier gamosxivebuli sixSireebic 
sxvadasxva iqneba. Tanaxmad moyvanili formulebisa, ga
mosxivebuli sixSireebi ase daukavSirdeba erTmaneTs 

( )0 21h
GM

c R h
ω ω

 
= −  + 

,

sadac ,0hω  aris wyaroebis sixSireebi h  simaRleze da 
dedamiwis zedapirze. aqedan sixSiris fardobiTi wanacv
lebisTvis miviRebT:

2 2
o

GMh
c R

ω
ω
∆

=

vinaidan 2

GM g
R

= , sabolood miviRebT

2
0

gh
c

ω
ω
∆

≈              (150)
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Tu, magaliTad, 1h = m, gveqneba 
6

0

10ω
ω

−∆
≈

. poundis 
mier 1960 da 1964 wlebSi Catarebulma cdebma savsebiT 
daadastures sixSiris gravitaciuli wanacvlebis arse
boba. SemdgomSi aseTi eqsperimenti Caatares TviTmfri
navSi 10000 metr simaRleze. dRes es faqti ukve aravisSi 
iwvevs eWvs. 
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daskvnis nacvlad

am kursSi Cven ganvixileT Tanamedroveobis erTerTi 
wamyvani Teoria _ fardobiTobis Teoria, romelic Seiqm
na a. ainStainis fundamentur naSromebze dayrdnobiT. 
ainStainis genia imaSi mdgomareobda, rom Teorias safuZ
vlad daudo eqsperimentulad dakvirvebuli movlena _ 
vakuumSi sinaTlis siCqaris mudmivoba, romelic aRiara 
bunebis erTerT fundamentur kanonad. 

unda aRiniSnos, rom ainStainis aseT midgomas bevri 
kritikosi hyavda. iyo uamravi mcdeloba uari eTqvaT ain
Stainis am postulatze, uareyoT sinaTlis siCqaris uni
versaluroba. magram fardobiTobis specialuri Teori
is postulatiur xasiaTs veravin auara gverdi _ xdeboda 
mxolod am postulatis Canacvleba sxva, ̀ ekvivalenturi~ 
postulatebiT, magram es mcdelobebi ZiriTadad usarge
blo gamodga. rac Seexeba sinaTlis siCqares, misi gan
sazRvra meordeba TiTqmis yoveldRiurad da zustdeba 
misi ricxviTi mniSvneloba. ukanasneli monacemebiT aris 

82.99792458 10c = ×  m/wm. amitom Cveulebriv gamoTvlebSi 
gamoiyeneba damrgvalebuli ricxvi, 300 000 km/wm. 

fardobiTobis Teoriidan gamomdinare Sedegebis eqs
perimentuli Semowmeba uwyvetad mimdinareobs elemen
tarul nawilakTa Tanamedrove amaCqareblebze. swored 
fardobiTobis specialur Teorias eyrdnoba uTvalavi 
miRweva elementarul nawilakTa fizikaSi. 

rogorc SesavalSi aRvniSneT, me20 saukuneSive Seiqm
na meore giganturi moZRvreba bunebis kanonebis Sesaxeb 
mokle masStabebze _ kvanturi meqanika. kvanturma meqa
nikam Suqi mohfina subatomur movlenebs da mikrosamya
ro adamianis samsaxurSi Caayena. dRes es ori moZRvreba 
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sinTezurad marTavs Cvens warmodgenebs rogorc mikro
samyaroSi, aseve astrofizikur manZilebze. am warmod
genebis daufleba aucilebelia Tanamedrove moazrovne 
adamianisaTvis. imedi gvaqvs, rom qarTveli moswavleebi 
da studentebi jerovnad dainteresdebian bunebis mier 
dasmuli kiTxvebiT da gaamdidreben kacobriobis codnas 
bunebis saidumloebaTa gaSifrviT. 

amiT vamTavrebT wignis pirvel nawils. meore nawilSi 
ganzraxulia kvanturi meqanikis safuZvlebTan erTad gan
vixiloT ukve kombinirebuli problemebi astrofizika
Si, gravitaciaSi da kosmologiaSi. fizikis am sferoebSi 
miRweulia TvalsaCino warmatebebi. da, ufro mniSvnelo
vania is garemoeba, rom wminda Teoriuli fizika, romel
ic Camoyalibda ZiriTadad me20 saukuneSi zemoT ganxi
lul or mZlavr moZRvrebaze dayrdnobiT, miabijebs win 
giganturi nabijebiT. 

anzor xelaSvili, 20. 09. 21
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