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winamdebare saxelmZRvanelo warmoadgens leqciebis kursis eleqtronul

versias zogad fizikaSi. igi Sedgenilia amJamad moqmedi zogadi fizikis

silabusis mixedviT.

wigni gamiznulia informatikisa da marTvis sistemebis fakultetis

studentebisaTvis. aseve am wigniT SeuZlia isargeblon energetikis,

samSeneblo,  samTo - geologiis, satransporto da manqanaTmSeneblobis

fakultetis studentebma.

avtorTa mizania swori warmodgena Seuqmnas studentebs gamocdebze

moTxovnaTa donis Sesaxeb da daexmaros maT fizikis gamocdebisaTvis

momzadebaSi.

am leqciebis kursiT SeuZliaT isargeblon fizikis leqtorebmac da aseve

sxva pirebmac, romlebic daintersdeba fizikis saswavlo kursiT saq. teqnikur

universitetSi.

amJamad warmodgenilia III nawili 15 saleqcio kviris masala, romelic

dayofilia programiT gaTvaliswinebuli TiToeuli kviris leqciebis

mixedviT.

avtorebi mwuxarebas gamoTqvamen, rom maT rigebs gamoaklda niWieri

mecnieri da Tavisi profesiis Rrma mcodne profesori nodar maisuraZe,

romelsac didi wvlili aqvs Setanili winamdebare fizikis leqciebis kursis

SedgenaSi.
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I leqcia

optikis ganviTarebis mokle istoria. sinaTlis dualizmi. geometriuli optikis ZiriTadi kano-

nebi.  gardatexis maCvenebeli da misi kavSiri sinaTlis gavrcelebis siCqaresTan. sruli Sinagani

arekvla da misi gamoyeneba.

$1. optikis ganviTarebis mokle istoria. sinaTlis dualizmi.

optika aris mecniereba sinaTlis Sesaxeb – sinaTlis buneba, gavrcelebis da nivTierebasTan

urTierTqmedebis kanonebi. tradiciulad optika iyofa or nawilad: geometriuli optika

(romelic Seiswavlis sinaTlis gavrcelebis kanonebs) da fizikuri optika (romelic

Seiswavlis sinaTlis fizikur bunebas).  istoriulad TiTqmis erTdroulad Camoyalibda ori

urTierTsawinaaRmdego fizikuri Teoria: sinaTlis korpuskuluri da sinaTlis talRuri

Teoria.

pirveli Teoriis fuZemdebelia niutoni, romlis Teoriis mixedviT sinaTle Sedgeba

umciresi nawilakebis – korpuskulebisagan, romlebic erTgvarovan garemoSi araviTari Zalis

moqmedebas ar ganicdian da maSasadame moZraoben inerciiT, Tanabarwrfivad. niutonis mixed-

viT ori garemos gamyofi zedapiridan sinaTlis arekvla gamowveulia korpuskulebis arek-

vliT, romelic absoluturad drekadi birTvebis arekvlis msgavsad xdeba. aseve sinaTlis

dispersia niutonis mixedviT aixsneboda sinaTlis korpuskulebis sxvadasxva zomiT. is

Tvlida, rom wiTeli feris sinaTlis korpuskula yvelaze didia, xolo iisferis yvelaze

patara da sxvadasxva zomis korpuskulebi minis samkuTxa prizmaSi gavlisas sxvada-

sxvanairad gadaixrebodnen. magram es Teoria ver xsnida sinaTlis interferencias, dif-

raqcias, sinaTlis sxivTa damoukideblobis princips da sxva. amitom XVII saukuneSi

Camoyalibda sinaTlis talRuri Teoria, romelic niutonis Teoriis sawinaaRmdegoa da misi

fuZemdebelia holandieli hiugensi.

hiugensis mixedviT sinaTle warmoadgens garkveul talRur process – drekadi deformaciis

talRas, romelic vrceldeba hipotezur garemoSi (romelic avsebs mTel sivrces) – eTerSi.

am eTers gaaCnia garkveuli meqanikuri Tvisebebi – drekadoba da metismetad mcire

simkvrive. erTgvarovan garemoSi talRa vrceldeba wrfivad, xolo ori garemos gamyof

sazRvarze is nawilobriv airekleba da nawilobriv gardatydeba. hiugensis talRuri Teoria

dasturdeba sinaTlis interferenciiT, difraqciiT, polarizaciiT da sxva. am or Teorias

Soris mimdinareobda kamaTi TiTqmis saukunis ganmavlobaSi, romelic dasrulda talRuri

Teoriis sruli gamarjvebiT (iungis da frenelis Sromebi).

XIX saukunis meore naxevarSi maqsvelisa da hercis Sromebis Sedegad dadginda sinaTlis

eleqtromagnituri buneba. Amaqsvelis Teoriis mixedviT sinaTle warmoadgens ganiv elmag-

nitur talRebs, romelTa sigrZe (xiluli sinaTle) icvleba 0,4 mkm-dan 0,76 mkm-mde. Mmisi siC-

qare tolia elmagnituri talRebis siCqarisa vakuumSi ( 8103c  m/wm). nebismier garemoSi

el.magn. talRaTa gavrcelebis siCqare

c

v  , sadac  , - dieleqtrikuli da magnituri
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SeRwevadobebia. meore mxriv garemoSi sinaTlis gavrcelebis siCqare
n
c

v  sadac n garemos

absoluturi gardatexis maCvenebelia. aqedan gamodis, rom n . rogorc zemoT mivu-

TiTeT sinaTle warmoadgens eleqtromagnitur talRas. is xasiaTdeba periodulad cvladi

eletruli ( E

) da magnituri ( )H


velebis gavrcelebiT. is ganivi talRaa, sadac E


da H



veqtorebi irxevian urTierTmarTobulad. Aadamianis mier sinaTlis aRqma dakavSirebulia E


veqtoris rxevebTan. realuri wyarodan gamosxivebuli sinaTlis talRa ar aris sinusoiduri

talRa. magram igi SeiZleba daiSalos calkeul sinusoidebad e.i. sinaTlis talRa davSaloT

monoqromatul (sinaTle, romelsac erTi garkveuli sixSire an talRis sigrZe Seesabameba –

anu garkveuli erTi feri. berZnulad monos-erTi, chroma-feri) sinaTleebad. bunebrivi TeTri

sinaTle poliqromatulia (Sedgeba 7 sxvasxva feris sinaTlisagan).

es Teoria kargad xsnida sinaTlis talRur movlenebs, magram me-19 saukunis bolos

dagrovda iseTi sakiTxebi (fotoefeqti, absoluturad Savi sxeulis gamosxivebis speqtrSi

energiis ganawileba da sxva), romelic am TeoriiT ver aixsneboda. es sakiTxebi aixsna

sinaTlis kvanturi TeoriiT.

kvanturi Teoriis fuZemdebelia germaneli maqs planki, romelmac dauSva, rom nivTierebis

atomebi da molekulebi energias asxiveben ara uwyvetad, e.i. ara talRis saxiT, aramed wyve-

tilad – calkeuli porciebis (kvantebi – fotonebi) saxiT, anu sinaTle aris fotonebis

nakadi. TiToeuli fotonis energia tolia 341062,6h,h   jwm plankis mudmivaa, xo-

lo  rxevis sixSire. es Teoria ar iyo dabruneba korpuskuluri Teoriisken, radgan am

TeoriaSi SenarCunda talRuri warmodgenebic: kvantis energia gamoisaxeba rxevis sixSiris

(talRis sigrZis saSualebiT).

e.i. arsebobs sinaTlis ori Tanamedrove Teoria – eleqtromagnituri da kvanturi. sabolood

dadginda, rom sinaTles gaaCnia ormagi Tviseba-dualizmi. sinaTlis gavrcelebisas

(interferencia, difraqcia) mas axasiaTebs talRuri Tvisebebi, xolo nivTierebasTan

urTierTqmedebisas (gamosxiveba da STanTqma) – korpuskuluri (kvanturi).

$2. geometriuli optikis ZiriTadi kanonebi. gardatexis maCvenebeli, misi kavSiri garemoSi

sinaTlis gavrcelebis siCqaresTan

optikis nawils, romelic Seiswavlis sinaTlis sxivTa gavrcelebis kanonebs, geometriuli

optika ewodeba. dadgenilia geometriuli optikis oTxi ZiriTadi kanoni:

I. sinaTlis wrfivi gavrcelebis kanoni. optikurad erTgvarovan garemoSi sinaTle wrfivad

vrceldeba. amis damadasturebel;ia gaumWirvale sxeulebidan sinaTlis wertilovani

(sakmaod mcire zomis) wyarodan sinaTlis dasxivebisas  Crdilebis da naxevarCrdilebis

warmoqmna. Crdili– are, sadac ar xvdeba sinaTlis energia miiReba mcire zomis wertilovani

S wyaros SemTvevaSi (nax. 1a), xolo aramkveTri Crdili ki didi zomis sinaTlis wyaros

SemTxvevaSi (nax. 1.b).
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aseve damadasturebelia cdiseuli

movlena, rodesac Soreuli wyarodan

sinaTle gadis viwro xvrelSi da

amis Sedegad iqmneba viwro sinaTlis

kona. unda aRiniSnos, rom sinaTlis

nax. 1 wrfivi gavrcelebis kanoni irRveva im Sem-Si, Tu

sinaTle gadis iseT viwro xvrelebSi, romelTa zomebi Tanarigisaa sinaTlis talRis sig-

rZis. SemdegSi aRmoCnda, rom es kanoni MmiaxloebiTia da garkveul pirobebSi irRveva. am

wrfivi gavrcelebis darRvevas difraqcia ewodeba (mag. sinaTlis gavlisas Zalian mcire

zomis  ( 0005,0 mm) xvrelSi gavlisas. (yvelaze kargi gamosaxuleba miiReba 0,5 mm zomis

xvrelSi sinaTlis gavlisas).

II. sinaTlis sxivTa damoukideblobis principi. am principis azri is aris, rom sxivTa

konebis gadakveTisas maTi urTierTqmedeba ar xdeba, e.i. TviToeli vrceldeba meorisagan

damoukideblad, ise rom TiTqos gansaxilveli sxivis garda sxva sxivebi ar arsebobdnen. ase-

ve es kanoni samarTliani im SemTxvevaSi, Tu sinaTlis intensivoba didi ar aris. mag. mZlavri

lazeris sxivebis gadakveTisas adgili aqvs maT urTierTqmedebas.

III. sinaTlis arekvlis kanonebi. dadgenilia, rom ori gamWirvale garemos gamyof sazRvarze

sinaTle nawilobriv ise airekleba, rom nawili sinaTlis energiisaa gavrceldeba imave

garemoSi axali mimarTulebiT, xolo nawili gadis am sazRvars, Seicvlis mimarTulebas da

vrceldeba meore garemoSi. kuTxes dacemul ( SO ) sxivsa da dacemis

O wertilSi aRmarTul perpendikulars Soris dacemis )i( 1 kuTxe

ewodeba, xolo kuTxes arekvlil )'OS( sxivsa da dacemis O

wertilSi aRmarTul perpendikulars Soris, arekvlis ( i ) kuTxe

ewodeba N(nax. 2).

nax. 2 sinaTlis arekvlis kanonebia:

1. arekvlili sxivi ( )'OS mdebareobs sibrtyeSi, romelic gadis dacemul sxivsa ( )SO da

gamyofi zedapirisadmi dacemis wertilSi aRmarTul normalze – ON (mas sxivis dacemis

sibrtye ewodeba).

2. arekvlis kuTxe udris dacemis kuTxes ii1  .

3. dacemuli da arekvlili sxivebi urTierTSeqcevadia. es niSnavs, rom Tu sxivi zedapirs

ecema arekvlili sxivis mimarTulebiT, maSin igi airekleba dacemuli sxivis mimarTulebiT.
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IV. sinaTlis gardatexis kanonebi . rogorc zemoT avRniSneT, rodesac sinaTle ecema ori

(gamWirvale) garemos gamyof sazRvars, nawili sinaTlisa gadadis meore garemoSi, ise rom

icvlis Tavis gavrcelebis mimarTulebas. am movlenas sinaTlis

gardatexa ewodeba. kuTxes gardatexil ( ''OS ) sxivsa da dacemis O

wertilSi aRmarTul perpendikulars Soris, gardatexis kuTxe ewodeba

(nax. 3). sinaTlis gardatexis kanonebia:

1. gardatexili sxivi mdebareobs dacemis sibrtyeSi.

2. dacemisa da gardatexis kuTxeebis sinusebis fardoba mocemuli ori

nax. 3 garemosTvis mudmivia: 21
2

1 nconst
isin

isin
 da mas ewodeba meore garemos

gardatexis fardobiTi maCvenebeli pirvelis mimarT.

3. dacemuli da gardatexili sxivebi urTierTSeqcevadia.

sxivTa urTierTSeqcevadobidan gamodis, rom Tu sxivi meore garemodan ecema gamyof zeda-

pirs 2i kuTxiT, maSin igi gardatydeba pirvel garemoSi 1i kuTxiT anu 12
1

2 n
isin

isin
 . maSin

21
12 n

1
n  . Tu 0i1  (sxivi ecema marTobulad), maSin 0i2  (meore garemoSi mimarTulebas ar

icvlis).

mocemuli garemos gardatexis maCvenebels vakuumis mimarT am garemos absoluturi maC-

venebeli ewodeba da igi gviCvenebs , Tu ramdenjer naklebia sinaTlis siCqare (v ) mocemul

garemoSi sinaTlis siCqareze (c ) vakuumSi.
v
c

n  . ori garemodan, romlis absoluturi gar-

datexis maCvenebeli naklebia, optikurad naklebad mkvrivi garemoa da piriqiT. gardaqmnebiT

miRebulia, rom ori garemos fardobiTi gardatexis maCvenebeli udris meore da pirveli

garemos absolutur gardatexis maCvenebelTa fardobas
1

2
21 n

n
n  . rodesac sxivi gadadis

naklebad mkvrivi optikurad garemodan metad mkvrivSi, mag. haeridan minaSi, maSin dacemis

kuTxe metia gardatexis kuTxeze 21 ii  , radgan 12 nn  da 21 isinisin  . e.i. am dros

gardatexili sxivi uaxlovdeba am ori garemos gamyofi zedapirisadmi gavlebul

normals (nax. 4a).

$3. sruli Sinagani arekvla da misi gamoyeneba. rodesac sxivi gadadis metad mkvrivi

garemodan naklebad mkvrivSi mag. minidan haerSi ( )nn 21  ,

maSin piriqiT gardatexis kuTxe metia dacemis kuTxeze

)ii( 12  , radgan 21
1

2

2

1 isinisin,1
n

n

isin

isin
 (nax. 4b). e.i. am

nax. 4 dros gardatexili sxivi Sordeba am ori garemos gamyofi zedapirisadmi
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gavlebul normals. Tu dacemis kuTxes gavadidebT, gaizrdeba gardatexis kuTxec

(nax. 5 a,b) da mivaRwevT dacemis kuTxis iseT oi mniSvnelobas, rodesac gardatexili

sxivi gayveba gamyof zedapirs, anu 0
2 90i  (nax. 5 g). aseT dacemis 0i kuTxes zRvruli

kuTxe ewodeba. e.i.
1

20

n

n

90sin

isin
 da

1

2
0 n

n
isin  . mag. Tu sxivi gadadis haerSi (an

vakuumSi), maSin 1n2  da
1

0 n
1

isin  . Tu

dacemis kuTxe meti gaxdeba zRvrul kuTxe-

nax. 5 ze, maSin sxivi meore garemoSi ar gadava da mTlianad

airekleba imave garemoSi (nax. 5 d). am movlenas sruli Sinagani arekvla ewodeba.

zRvruli kuTxeebi sxvadasxva gamWirvale garemosTvis sxvadasxvaa mag. wylisTvis ( 33,1n1  )

'3548i 0
0  , minisTvis ( )5,1n1  0

0 42i  da a.S.

aqve SemovitanoT sxivis optikuri gzis cneba, romelic ewodeba geometriuli gzis namravls

im garemos gardatexis maCvenebelze, romelSic is vrceldeba. Tu garemo erTgvarovania

(gardatexis maCvenebeli mudmivia) da tolia n is, xolo l am garemoSi gavlili gza, maSin

sxivis optikuri gza nlS  . Tu gvaqvs ori garemo 111 lnS  da 222 lnS  optikuri gzebiT,

maSin 12 SS  aris optikuri svlaTa sxvaoba.

srul Sinagani arekvlis movlenas mravalmxrivi gamoyeneba aqvs. gamoiyeneba mag. optikur

xelsawyoebSi sxivTa mimarTulebis Sesacvlelad 90 da 1800-iT, an gamosaxu-

lebis Sesabruneblad (nax. 6 a, b, g). am dros sinaTlis sxivi minis Sinagani

arekvlis prizmis  gardamtex zedapirs ecema 450-iani kuTxiT da xdeba sru-

li arekvla (mobruneba Sesabamisi kuTxeebiT).

sruli Sinagani arekvla gamoiyeneba aseve boWkovan optikaSi sinaTlisa da

gamosaxulebis gadasacemad specialuri Suqsatarebis saSualebiT.

Suqsatari es aris cilindruli formis minis wvrili moqnili Rero,

nax. 6         boWko, romelsac SeiZleba mivceT nebismieri forma. boWko dafarulia

gamWirvale garsis Txeli feniT, romlis gardatexis maCvenebeli naklebia minis gardatexis

maCvenebelze da sinaTle mravaljeradi arekvlis Semdeg SeiZleba

mivmarToT nebismier mrud gzaze (nax. 7). gamoiyeneba Znelad misadgomi

ubnebis gasanaTeblad, mag. medicinaSi adamianis Sinagani organoebis

dasaTvaliereblad.
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II leqcia

sinaTlis interferencia. koherentuli talRebi. iungis cda. interferenciuli suraTis gaTvla

da sinaTlis talRis sigrZis Sefaseba. sinaTlis difraqcia. hiugens-frenelis principi.

difraqcia wriul xvrelze.

$1. hiugensis principi, sinaTlis interferencia, gaZliereba Sesustebis  pirobebi,

koherentuli talRebi. iungis cda. interferenciuli suraTis gaTvla da sinaTlis talRis

sigrZis Sefaseba. zogadad yvela bunebis talRaTa zeddebis dros maTi urTier-

TgaZlierebisa da Sesustebis movlenas, interferencia ewo-

deba. vTqvaT A da B wertilidan vrceldeba ori talRa,

romelTa rxevis sixSireebi tolia, sawyisi fazebi erTnairia

da rxevis mimarTulebebi urTierTparaleluri (nax.1). maTi

Sesabamisi gantolebebia: S 1= )kxtcos(A 1011   da

nax. 1 S 2 = 0222 kxtcos(A   ). aq S - nebismieri wertilis gadaxraa

drois nebismier momentSi rxevis wyarodan raime x manZilze,  sixSirea,

2

k  talRuri

ricxvia da is tolia talRaTa ricxvisa 2 manZilze, 21 A,A amplitudebia, 2010 , -sawyisi

fazebi. vipovoT rezultirebuli Sedegi C wertilSi. aq xdeba ara intensivobaTa, aramed

amplitudaTa geometriuli Sekreba. rxevaTa Sekreba  (gaZlierebis piroba 21 AAA  )

moxdeba maSin, rodesac svlaTa sxvaoba 21 xxx  tolia naxevartalRaTa luwi ricxvis

2
n2x


  da Seasusteben, xolo rxevaTa gamokleba (Sesustebis piroba 21 AAA  ) moxdeba

maSin rodesac svlaTa sxvaoba naxevartalRaTa kenti ricxvis tolia
2

)1n2(x


  , sadac

...2,1,0n  nebismieri mTeli ricxvia. I Sem-Si 21 AAA  da fazaTa sxvaoba

n212   . II Sem-Si 21 AAA  da  )1n2(12  . sxva nebismier svlaTa

sxvaobis dros gveqneba Sualeduri mdgomareoba. am movlenas – talRaTa zeddebis dros maTi

urTierTgaZlierebisa da Sesustebis movlenas talRaTa interferencia ewodeba. talRebis

interferenciisTvis aucilebelia isini iyvnen koherentuli, romelTac aqvT erTnairi

sixSireebi da drois mixedviT fazaTa sxvaoba mudmivia constx
2

 



 , anu ar icvleba

da rxevaTa mimarTulebebi urTierTparal;eluri. interferenciisas adgili aqvs energiis

gadanawilebas garemos wertilebs Soris. talRebis interferencia marTebulia aseve

sinaTlis talRebisaTvis da koherentuli wyaroebis mier gamosxivebuli sinaTlis konebis

gadafarvisas unda miviRoT interferenciuli suraTi naTeli da bneli zolebis saxiT..

magram am dros gasaTvaliwinebelia is, rom sinaTlis koherentuli talRebis miReba sakmaod

rTulia da sxvadasxva wyarodan gamosxivebuli talRebi ar iqnebian koherentuli. erT-erTi

aseTi meTodia erTi da igive Tu erTi da igive atomebidan gamosxivebul sxivTa konas
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gavyofT da maT sxvadasxva gzis gavlis Semdeg SevaxvedreT. Ppirvelad sinaTlis koheren-

tuli talRebi miiRo iungma Semdegi cdiT:

monoqromatuli (sinaTle, romelsac erTi garkveuli sixSire an talRis sigrZe Seesabameba –

erTi garkveuli feris) talRebis S wyarodan is ecema 1M ekrans, romelsac S -sadmi ori

simetriuli A da B Wrili aqvs ( )pAB  . hiugensis principis Tanaxmad am Wrilebidan wamo-

suli TviToeuli wertili gamoasxivebs meorad sferul talRebs, romelTa zeddebisas L

( )pL  manZiliT dacilebul 2M ekranze adgili eqneba maT interferencias (nax. 2). O

centrSi iqneba ganaTebuli laqa
2

00


  , Semdgom

bneli da naTeli laqebi.Mmartivi gamoTvlebiT svlaTa

sxvaoba
L
pl

 ( l manZilia O wertilidan nebismier

C mde). Tu es  =2
2

n


, iq miviRebT naTel zolebs (maqsi-

nax. 2         mumebis piroba)  da Tu  =(2
2

)1n


 ( ...)2,10n  , maSin bnel zols

(minimumebis piroba). ei. centrSi gveqneba raime garkveuli feris naTeli, xolo Semdeg bneli

da isev imave feris naTeli zolebis erToblioba. maqsimumis pirobidan SeiZleba talRis

sigrZis gazomvac. marTlac maqsimumis pirobidan
2

n2
L
pl 

 da aqedan
p

L
nl


 , xolo manZili

or mezobel naTel zols Soris (or mezobel bnel zols Soris, romelsac inter-

ferenciuli zolis sigane ewodeba)
p
L

p
L)1n(

p
Ln

lll 1nn


 


  . aqedan gavigebT  s.

am gazomvebidan gvaqvs, rom sxvadasxva feris sxivebi gansxvavdebian erTmaneTisagan talRis

sigrZiT. xiluli sinaTlidan udidesi aqvs wiTel fers – 76,0 mkm, xolo umciresi –

iisfers – 40,0 mkm. Tu sinaTle ar aris monoqromatuli (sinaTle, romelsac erTi

garkveuli sixSire an talRis sigrZe Seesabameba), anu TeTri sinaTlea, maSin centrSi iqneba

naTeli TeTri zoli. radgan am wertilisTvis svlaTa sxvaoba nulis tolia, amitom masSi

Tavsdeba naxevartalRaTa luwi ricxvi ganurCevlad talRis sigrZisa (ferisa) da iq

aZliereben yvela talRis sigrZeebi, rac mogvcems TeTr sinaTles. sxva wertilebSi mocemul

svlaTa sxvaobaSi zogi feris naxevartalRaTa ricxvi moTavsdeba, zogis kenti, amitom zogis

talRebi gaaZliereben, zogis Caaqroben. e.i. aq miviRebT Sesabamis feris sinaTles da centris

irgvliv gveqneba sxvadasxva feris naTeli zolebi. Uuaxloesi iqneba iisferi, vinaidan gaZ-

lierebis pirobidan  =2
2

n


yvelaze mokle talRis sigrZe gaaCnia. garda amisa radgan

ekranis garkveul wertilebSi wiTeli sxivebis bneli zoli daemTxveva lurji sinaTlis

ganaTebul zols, amitom interferenciuli suraTi moispoba mesame-meoTxe zolidan.

sinaTlis interferencia sinaTlis talRuri bunebis Sedegia da mas aqvs praqtikuli
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gamoyeneba: SeiZleba ganvsazRvroT sinaTlis talRis sigrZe, gamWirvale firfitis sisqe,

linzis simrudis radiusi, SevamowmoT firfitis brtyel-paraleluroba, zedapiris damu-

Savebis xarisxi da sxva (es aris gamoyenebis pirveli jgufi).

meorea aris e.w. optikis gasxivosneba. dadgenilia, rom sxivebis marTobulad arekvlis

SemTxvevaSic ki dacemuli sxivebis 5-8% airekleba da optikur xelsawyoebSi linzaTa didi

raodenobis gamo, arekvlili sinaTlis sinaTlis wili sakmaod didia 80-90%. es ki amcirebs

gamosaxulebis sikaSkaSes. aseve samxedro saqmeSi mowinaaRmdeges SeuZlia arekvlili sxivis

saSualebiT daadginos SeniRbuli obieqtis adgilmdebareba. amitom amcireben sinaTlis are-

kvlil nawils maqsimalurad optikuri gaxsvosnebiT, romelic dafuZnebulia sinaTlis in-

terferenciaze: linzis (firfitis, prizmis) wina zedapirs faraven sinaTlisaTvis gamWirvale

Txeli feniT da miiReba 2 arekvlili sxivi: erTi haerisa da am fenis gamyofi zedapiridan,

meore fenis da linzis gamyofi zedapiridan. es sxivebi koherentulebi arian da

interferireben. Semdgom fenis sisqes da masalas ise arCeven, rom rom gvqondes minimumebis

piroba – arekvlilma sxivebma erTmaneTi Caaqron da xelsawyoSi gasuli sinaTlis inten-

sivobac izrdeba. fenis d sisqe gamoiTvleba minimumebis pirobidan: optikur svlaTa sxvaoba

2
dn2


 ( n fenis gardatexis maCvenebelia) da n4d  . miRebulia, rom sruli Caqroba

xdeba maSin, rodesac ,nn 0 sadac 0n linzis gardatexis maCvenebelia.

mesame jgufs miekuTvneba zusti gazomvebis jgufi, risTvisac gamoiyeneba interferometrebi.

am xelsawyoebiT gamoiTvleba zustad mcire manZilebi, aseve SeiZleba zustad gardatexis

maCveneblis gansazRvra.

$2. sinaTlis difraqcia. hiugens-frenelis principi. difraqcia ewodeba talRis mier

dabrkolebis Semovlas, rac iwvevs misi gavrcelebis sworxazovnebis darRvevas anu

yovelgvar gadaxras pirvandeli gavrcelebis mimarTulebidan. difraqcia warmodgeba laTi-

nuri sityvisagan “diffractus”, rac niSnavs “gatexils”. mag. wylis zedapirze warmoqmnili tal-

Rebis an  bgeriTi talRebis mier dabrkolebis Semovla (bgera gvesmis maSinac, rodesac bge-

ris wyarosa da Cvens Soris raime dabrkolebaa, mag. kedelia moTavsebuli). aseve Soreuli

sadgurebidan gamosxivebuli radiotalRebi aRweven Cvenamde, miuxedavad imisa, rom mravali

dabrkoleba eRobeba maT win.

cnobilia, rom erTnair fazebSi merxev wertilTa geometriul adgils talRis

zedapiri ewodeba, xolo talRis mowinave zedapirs - talRis fron-

ti. talRis gavrcelebis mimarTulebas sxivi ewodeba. difraqciis

movlena aixsneba hiugensis mier Camoyalibebuli principiT, rome-

lic SemdegSi mdg-s: hiugensis (1690w.) talRuri Teoriis Tanaxmad

sinaTle garkveuli talRuri procesia. misi principis Tanaxmad

talRis zedapiris yoveli wertili sadamdec aRwevs talRa,

SeiZleba ganvixiloT rogorc meoradi elementaruli sferuli talRebis wyaro da am meo-
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reuli naxevarsferuli talRebis geometriuli momvlebi (saerTo mxebi) zedapiri warmo-

adgens talRis zedapirs (talRis fronts) axal ( tt0  ) momentSi , sadac 0t drois sawyisi

momentia. e.i. yoveli wertili sadac talRa aRwevs axali talRebis centria. amasTan igulis-

xmeba, rom erTgvarovan garemoSi meoreuli talRebi vrceldeba mxolod win. e.i.  hiugensis

principi gvaZlevs talRis frontis agebis saSualebas ( tt0  ) momentSi, Tu cnobilia talRis

fronti 0t momentSi. maSasadame Tu mag. S aris 0t momentSi talRis zedapiri, maSin t drois

Semdeg talRis zedapiris dasadgenad saWiroa S zedapiris yoveli wertilidan vtr 

radiusiani sferuli talRebis gavleba da maTi momvlebi 'S zedapiri gamosaxavs talRur

zedapirs t drois Semdeg. amis gaTvaliswinebiT vinaidan sxivi marTobulia talRuri

zedapiris, gamodis rom adgili aqvs sinaTlis SeWras geometriuli Crdilis areSi, anu

difraqcias.

difraqcia talRuri procesebisaTvis damaxasiaTebeli movlenaa. is gansakuTrebiT maSin

vlindeba, rodesac talRebis gzaze moTavsebuli dabrkolebis zoma igive rigisaa, rogoric

talRis sigrZe ( ).d rodesac d , maSin difraqcia ukve aRar TamaSobs mniSvnelovan

rols. sinaTlis eleq. magn. Teoriis Tanaxmad cnobilia, rom sinaTle es aris sivrceSi

el.magn. velis gavrceleba, anu is el.magn. talRaa. amitom Tu sinaTle talRuri bunebisaa,

maSin adgili unda hqondes mis difraqciasac, anu rodesac sinaTle ecema gaumWvir sxeuls

unda Semouaros mas da  unda SeiWras geometriuli Crdilis areSi, an rac igivea nebismieri

gadaxra sinaTlis talRebisa geometriuli optikis kanonebidan.

sinaTlis difraqciis qveS igulisxmeba nebismieri gadaxra sinaTlis sworxazovani

gavrcelebidan, rodesac is ar aris gamowveuli arc arekvliT, arc gardatexiT da arc im

garemos gartdatexis maCveneblis uwyveti cvlilebiT, sadac es sinaTle vrceldeba. aseve is

ar aris sinaTlis gabneva, romelic gamowveulia garemoSi, sadac sinaTle vrceldeba sxva

nivTierebebis mikronawilakebis arsebobiT, mag. nisli. magram cda gviCvenebs sapirispiros –

sxeulebi, romlebic naTdebian wertilovani wyaros mier gamosxivebuli sinaTliT, qmnian

mkveTr Crdilebs, e.i. sxivebi ar ixrebian Tavdapirveli gavrcelebis mimarTulebidan. amitom

sinaTlis difraqcia yoveldRiur cxovrebaSi Zneli dasamzeria, radgan misi talRis sigrZe

Zalian mcirea, xolo obieqtebis zoma, romlebasac is ejaxeba ufro gacilebiT metia misi

talRis sigrZeze.

maSasadame sinaTlis difraqcia es kerZo SemTxvevaa. mis dasamzerad saWiroa spe-

cialuri pirobebi da rogorc avRniSneT es gamowveulia  sinaTlis talRis sigrZis

simciriT. cnobilia, rom rodesac 0 , maSin talRuri optikis kanonebi gadadian geomet-

riuli optikis kanonebSi.  sinaTlis difraqcia daimzireba mxolod maSin rodesac mis gzaze

moTavsebuli dabrkolebis an Wrilis zoma sinaTlis talRis sigrZisaa (10-6-10-7 m), an masze

naklebia ( ).d

Tu sinaTle gadis raime xvrelSi, geometriuli optikis Tanaxmad sinaTlem ver unda

SeaRwios geometriuli Crdilis areSi. davuSvaT sinaTlis paralelur sxivTa kona anu
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brtyeli talRa ecema gaumWvir firfitas (anu sinaTle vrceldeba frontis marTobulad nax.

3), romelsac datanebuli aqvs mcire siganis xvreli. maSin am principidan gamomdinare

talRebi vrceldebian ara marto WrilSi pirdapir, aramed aRweven Crdilis areebSi Wrilis

kedlebTan, rac iwvevs misi gavrcelebis sworxazovnebis darRvevas. es gamowveuli iqneba

imiT, rom xvrelis TiToeuli wertili gadaiqceva sferuli talRis wyarod. maSin talRis

fronti brtyelia mxolod Sua nawilSi, xolo Wrilis

kideebTan xdeba frontis gamrudeba, e.i. talRebi SeiWrebian

geometriuli Crdilis areSi, anu sxivebi gadaixrebian

Tavdapirveli gavrcelebis mimarTulebidan. am meoreuli

talRebis  geometriuli momvlebi warmoadgens xvrelidan

nax. 3 gamosuli talRis zedapirs. hiugensis principi gviCvenebs mxolod

talRis frontis gavrcelebis mimarTulebas, magram ar gvaZlevs talRis amplitudis da

Sesabamisad sxvadasxva mimarTulebiT gavrcelebuli talRebis  intensivobis I(  )2A monax-

vas. hiugensios principi iZleva difraqciis mxolod Tvisobriv axsnas, magram ar iZleva rao-

denobrivi axsnis saSualebas.

am princips frenelma (1815 w.) daumata idea meoreuli talRebis interferenciis fizikuri

arsisa da cnobilia hiugens-frenelis principiT: sinaTlis talRa, romelic aRZrulia raime

S wyaroTi, SegviZlia warmovidginoT, rogorc “fiqtiuri wyaroebis mier gamosxivebuli”

koherentuli meoreuli talRebis superpoziciis Sedegi, e.i. talRebi romlebic vrceldebian

wyarodan, warmoadgenen meoreuli talRebis interferenciis Sedegs. hiugens-frenelis

principi SeiZleba gamovsaxoT Semdegi daSvebebis safuZvelze: a) rodesac gvinda gamovTva-

loT sinaTlis talRebis amplituda, romelic aRiZvreba raime 0S wyaroTi raime P wer-

tilSi, 0S wyaro unda SevcvaloT misi eqvivalenturi meoreuli “fiqtiuri” wyaroebis sis-

temiT, anu patara usasrulod mcire dS ubnebiT raime warmosaxviT damatebiT Caketil S ze-

dapirze, ise rom S zedapiri moicavdes 0S wyaros da ar moicavdes P wertils. b) es

meoreuli talRebi koherentuli arian erTmaneTis mimarT da Sesabamisad talRebi, romlebic

vrceldebian wyarodan, aris Sedegi meoradi koherentuli wyaroebis interferenciisa, e.i.

maTi zeddebisas xdeba maTi interferireba. interferenciis gaTvla ufro advilia, Tu S

zedapiri aris 0S wyaros talRuri zedapiri, radgan am dros yvela meoreuli wyaroebis

rxevebis fazebi am dros erTnairia.

maSasadame frenelis principi saSualebas iZleva ganisazRvros talRis amplituda mis

nebismier wertilSi, xolo radgan sinaTlis intensivoba proporciulia talRis amplitudis

kvadratisa, maSasadame sinaTlis intensivobac.

zogad Sem-Si maTematikurad es sakmaod rTulia. magram rogorc frenelma aCvena simetriiT

gamorCeul SemTxvevebSi, amocana martivdeba da jamuri rxevis amplitudis gamoTvla
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SeiZleba movaxdinoT martivi algebruli an geometriuli SekrebiT. am dros man gamoiyena e.w.

zonebis meTodi.

$3. frenelis difraqcia wriul xvrelze. difraqciis ori saxe gvaqvs: frenelis da

fraunhoferis. frenelis difraqciis dros dabrkolebas ecema sferuli

talRa da difraqciuli suraTi daimzireba ekranze, romelic iseve

rogorc sinaTlis wyaro daSorebulia sasrul manZilze. (aq ar

viyenebT optikur xelsawyoebs). ganvixiloT frenelis difraqciis

magaliTi: frenelis difraqcia mcire wriul xvrelze. monoqromatuli

sinaTlis S wyarodan a manZilze movaTavsoT gaumWviri AB firfita,

romelsac datanebuli aqvs 0r radiusis wriuli xvreli. SO sxivi

marTobulia firfitis sibrtyis da gadis xvrelis centrSi (nax. 4). dak-

virveba warmoebs MN ekranis P wertilSi, romelic xvrelis

centridan b manZilzea. maSin Tu davyofT xvrels frenelis zonebad,

nax. 4 amplituda P wertilSi frenelis zonebis meTodis gaTvaliswinebiT toli

iqneba
22

1 mAA
A  . Tu xvrelSi moTavsebuli zonaTa ricxvi mcirea (xvrelis zomis

simciris gamo), maSin mA mcired gansxvavdeba 1A sagan. amitom kenti zonebis Sem-Si 1AA 

)(
22

11 AA
A  , xolo luwi zonebis Sem-Si 0A )(

22
11 AA

A  . e.i. kenti zonebis Sem-Si

amplituda TiTqmis orjer metia, vidre dabrkoleba rom ar yofiliyo )
2

( 1A
A  da

intensivoba ki 4-jer izrdeba.

xvrelis wertilebi simetriuladaa ganlagebuli SP wrfis mimarT. amitom P wertilidan

Tanabrad daSorebuli wertilebis ganaTebuloba iqneba erTnairi. e.i. difraqciuli suraTi

iqneba naTeli da bneli koncentruli rgolebis erToblioba, centrSi naTeli laqiT, Tu am

wertilisTvis zonebis ricxvi kentia (intensivobis ganawileba naCvenebia a-ze). Tu xvrelSi

moTavsebuli zonebis ricxvi luwia, maSin P wertilSi gveqneba bneli laqa da mis garSemo

aseve naTeli da bneli koncentruli rgolebis erToblioba (intensivobis ganawileba naC-

venebia b-ze). e.i. difraqciul suraTs wriuli xvrelidan aqvs Tanmimdevruli naTeli da

bneli rgolebis saxe. centrSi iqneba an naTeli (m kentia), an bneli laqa (m luwia).  Tu

xvreli Tavisi zomis simciris gamo  gaxsnis mxolod erT centralur zonas, maSin ekranze

miiReba erTi didi zomis naTeli laqa, romlis intensivoba centridan daSorebisas klebu-

loba. am dros naTeli da bneli rgolebi ar miiReba. xvrelis TeTri sinaTliT ganaTebisas

miiReba Seferadebuli difraqciuli suraTi. Tu xvrelis zoma gacilebiT meti iqneboda

sinaTlis talRis sigrZeze ( d ), maSin difraqcias adgili ar eqneboda da ekranze mii-

Reboda mxolod xvrelis radiusis toli naTeli laqa.
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III leqcia

sinaTlis dispersia. niutonis cdebi. normaluri da anomaluri dispersia. gardatexis

maCveneblis damokidebuleba sixSireze (talRis sigrZeze). sinaTlis STanTqma. buger-

lambertis kanoni. STanTqmis speqtrebi.

$1. sinaTlis dispersia. niutonis cdebi. normaluri da anomaluri dispersia. gardatexis

maCveneblis damokidebuleba sixSireze (talRis sigrZeze).

$1. sinaTlis dispersia, normaluri da anomaluri dispersia

dispersia warmoadgens talRis zogad Tvisebas da mdgomareobs imaSi, rom talRis gav-

rcelebis siCqare damokidebulia rxevis sixSireze an talRis sigrZeze. Tavis mxriv talRis

siCqare damokidebulia gardatexis maCvenebelze
n
c

v  da maSasadame gardatexis maCvenebeli

n damokidebulia talRis  sigrZeze. anu dispersia ewodeba nivTierebis gardatexis maCve-

neblis damokidebulebas talRis sigrZeze )(fn  . dispersia axasiaTebs yvela garemos

garda absoluturi vakuumisa. sinaTlis dispersia aRmoCenil iqna niutonis mier, romelmac

daadgina, rom nivTierebis gardatexis maCvenebeli ar aris damokidebuli sinaTlis dacemis

kuTxeze, aramed damokidebulia mis talRis sigr-

Zeze. misi cda aseTi iyo: sinaTlis wyaros warmo-

adgenda mzis sxivebiT ganaTebuli fanjris viwro

xvreli, xolo ekrans kedeli (nax. 1). man aCvena, rom

minis samwaxnaga prizmaSi TeTri sinaTlis konis

gavlisas igi iSleboda Semadgenel ferebad

(speqtrad) da Sesabamisad sxvadasxva feris

nax. 1 an sxvadasxva talRis sigrZis sxivebisTvis prizmis

nivTierebis gardatexis maCvenebeli araerTnairia. es sxivebi prizmidan gamosvlisas sxva-

dasxva kuTxeebiT gardatydebian. rodesac niutonma diafragmis saSualebiT gamoyo erT-erTi

feris sxivi, mag. wiTeli, igi fuZisken ar daixara, magram ar daSlila. e.i. prizma ki ar

aferadebda TeTr sinaTles, aramed Slida mas nawilebad. speqtris Svidive feris SekrebiT

man isev TeTri sinaTle miiRo.

am cdebis safuZvelze man aseTi daskvnebi gaakeTa:

a) TeTri sinaTle rTuli sinaTlea, igi Sedgeba Svidi sxvadasxva ferisagan wiTeli, narin-

jisferi, yviTeli, mwvane, cisferi, lurji, iisferi.

b) sxvadasxva feris sxivebisaTvis mocemuli nivTierebis gardatexis maCvenebeli sxvadasxvaa,

amitom TeTri sinaTle prizmaSi gavlisas iSleba ferebad.

g) speqtris Svidive feris Sekrebisas kvlav miiReba TeTri sinaTle.

sinaTlis talRuri Teoriis Tanaxmad sinaTlis fers gansazRvravs talRis sigrZe, anu rxe-

vis sixSire. e.i. sinaTlis dispersia imiTaa gamowveuli, rom gardatexis maCvenebeli damoki-

debulia talRis sigrZeze )(fn  .

viciT, rom prizmaSi sxivis gadaxris kuTxe, garda gardatexis kuTxisa, damokidebulia

agreTve gardatexis maCvenebelze ( )1n(   , sadac  sxivis gadaxris kuTxea prizmidan
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gamosvlisas,  prizmis gardatexis kuTxe da n gardatexis maCvenebeli), e.i. sxvadasxva

talRis sigrZis sxivebis gadaxra sxvadasxva kuTxiT aixsneba imiT, rom )(fn  . es aris

dispersiis formula, xolo n sa da  s Soris damokidebulebis grafiks – dispersiis

wiri. yvelaze metad gardatydeba iisferi, yvelaze naklebad wiTeli. viciT
v
c

n  , amitom

wiTel sxivebs aqvT yvelaze didi siCqare (yvelaze meti talRis sigrZe aqvT) da yvelaze

naklebi iisfers (yvelaze naklebi talRis sigrZe aqvs).

nivTierebis dispersia ewodeba sidides, romelic izomeba talRis sigrZis mixedviT gar-

datexis maCveneblis cvlilebis siCqariT, anu gviCvenebs, Tu ramdenad swrafad icvleba

gardatexis maCvenebeli talRis sigrZis cvlilebasTan erTad. Tu talRis sigrZis 

cvlilebas Seesabameba gardatexis maCveneblis n cvlileba, maSin saSualo dispersia

tolia  saS.


n
 , xolo dispersiis WeSmariti mniS-ba, romelic mocemul  talRis sigrZes

Seesabameba tolia





 d
dnn

lim
0




. dispersias, rodesac talRis

sigrZis gadidebiT gardatexis maCvenebeli mcirdeba-normaluri

dispersia ewodeba (nax. 2). normaluri dispersias adgili aqvs im

talRis sigrZeebisaTvis, romlebic ar STainTqmeba garemos mier.

piriqiT, Tu talRis sigrZis gadidebiT gardatexis maCvenebelic

izrdeba, gvaqvs anomaluri dispersia.

nax. 2 es xdeba im Sem-Si, rodesac nivTierebaSi gamavali talRis sigrZe axlos

aris im talRis sigrZesTan, rogorsac nivTiereba gamoasxivebs, an STanTqavs (e.i. mokle

talRebi naklebad gardatydebian, vidre grZeli talRebi). normaluri dispersiisTvis koSim

miiRo formula
42

CB
An


 , sadac C,B,A mocemuli nivTierebis damaxasiaTebeli

sidideebia da ganisazRvreba eqsperimentalurad. Sesabamisad normaluri dispersiisaTvis

0
C4B2

d
dn

53



 . anomaluri dispersiisaTvis .0

anomalur dispersia pirvelad 1862 wels daakvirda leru iodis orTqliT avsebul prizmaSi

sinaTlis sxivebis gardatexis dakvirvebisas. man SeamCnia, rom lurji sxivebi ufro naklebad

gardatydnen, vidre wiTeli (sxva ferisani STainTqmebodnen). cnobilia, rom yvela niv-

Tierebis atomebi STanTqavs (asxivebs) mkacrad gansazRvruli sigrZis  talRebs, anu sxeuls

Seesabameba gansazRvruli STanTqmis speqtrebi (xazebi, zolebi). STanTqmis zols rodesac

vuaxlovdebiT mokle talRebis mxridan, gardatexis maCvenebeli jer

mcirdeba (ab ubani  nax. 3), anu adgili aqvs normalur dispersias, xolo

Semdeg izrdeba (bc ubani), e.i. gadadis anomalur dispersiaSi da Semdeg

talRis sigrZis Semdgomi gazrdisas gardatexis maCvenebeli isev mcirdeba

( cd ubani), isev normalur dispersiaSi gadavdivarT.

nax. 3
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$2. sinaTlis STanTqma. buger-lambertis kanoni. STanTqmis speqtrebi.

garemoSi gavlis Sedegad sinaTlis intensivobis Semcirebas sinaTlis STnTqma ewodeba. am

dros sinaTlis energiis nawili gardaiqmneba sxva saxis energiad (siTburi, qimiuri da a.S.).

STanTqmis Sedegad intensivobis Semcirebis kanoni ase miiReba: vTqvaT 0I intensivobis monoq-

romatuli sinaTle ecema l sisqis sxeuls marTobulad (nax. 4). I aris

intensivoba sxeulis SigniT dx sisqis fenamde. cxadia 0II  . inten-

sivobis Semcireba dx sisqis fenaSi proporciulia fenaze dacemuli

sinaTlis intensivobis da fenis sisqis dI ~ Idx , an

IdxdI  .

aq niSani “-“ miuTiTebs imas, rom x is gadidebiT intensivoba mcirdeba,

nax. 4 anu intensivobis cvlileba uaryofiTia.  STanTqmis koeficientia.
Idx

dI
 .

Tu
I

dI
,1dx  

da STanTqmis koeficienti gviCvenebs Tu dacemuli intensivobis ra nawils STanTqavs

erTeuli sisqis fena. am formulaSi ganvacalkevoT cvladebi da gavaintegraloT sawyisi

pirobebis dacviT:  
I

I

x

00

dx
I

dI
 .

aqedan x
I
I

ln
0

 da x
0 eII  .

es aris buger-lambertis kanoni. is gviCvenebs, rom STanTqmis Sedegad sinaTlis intensivoba

eqsponencialuri kanoniT mcirdeba. am kanonis grafiki, anu xI  damokidebulebis mrudi

moyvanilia nax. 5-ze.

Tu

1

x  , maSin ,
e

I
I 0 e.i.  warmoadgens im sisqis Sebrunebul

sidides, romelSic sinaTlis intensivoba  72,2e jer mcirdeba. SI

sistemaSi misi erTeulia m-1.

1852 w. germanelma berim daadgina, rom Tu mSTanTqmeli nivTiereba

NAnax. 5 gaxsnilia araSmTanTqmel (gamWirvale) nivTierebaSi (airsa an siTxeSi),

maSin aseTi xsnaris STanTqmis koeficienti proporciulia xsnaris c koncentraciis:

c  .

aq proporciulobis koeficienti  ar aris damokidebuli koncentraciaze da ganisazRvreba

mSTanTqmeli nivTierebis molekulaTa qimiuri TvisebebiT. c  formula gamosaxavs beris

kanons. Tu beris kanoniT gansazRvrul  -s sevitanT buger-lambertis formulaSi, miviRebT

buger-lambert-beris kanons: cx
0eII  , romelic samarTliania iseve rogorc beris kanoni

mxolod monoqromatuli sinaTlisa da susti xsnarebisaTvis.
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STanTqmis koeficienti  damokidebulia sinaTlis talRis sigrZeze (sixSireze), StanTqme-

lis qimiur bunebaze da mis mdg-ze. es damokidebuleba ki gansazRvravs e.w. STanTqmis

speqtrs. STanTqmis speqtri iseTi nivTierebebisTvis, romelTa atomebi ar urTierTqmedeben

(mag. erTatomiani airebi, liTonTa orTqli mcire wnevis dros), xazovania, anu STanTqmis

koeficienti talRis sigrZis umravlesobisTvis nulis tolia da mxolod zogierTi talRis

sigrZisTvis SeimCneva mkveTri maqsimumebi ( 1112 1010   m-1) (nax. 6a).

airis maRali wnevis dros, iseve rogorc siTxe

da myari sxeulebi gvaZleven STanTqmis farTo

zols (nax. 6b), e.i. am dros STanTqmis speqtri

mTliania (uwyvetia 53 1010   m-1). aseTive

speqtri miiReba airisTvis, Tu daviwyebT wnevis

TandaTan zrdas. am dros STanTqmis viwro maqsimumebi farTovdebian da maRali wnevis dros

uaxlovdebian siTxis STanTqmnis speqtrs. es gafarToeba ki miuTiTebs atomTa urTierT-

qmedebaze. amave mizeziT, molekuluri STanTqmis speqtri, romelic ganisazRvreba atomebis

rxeviT molekulaSi – zolovania.. STanTqmis zolis sigane ki asjer da metad aRemateba

xazovani STanTqmis zolis siganes.

liTonebis STanTqmis koeficienti metad didia (~106 m-1), amitom isini sinaTlisadmi gaumWirvi

arian. es imitom, rom liTonebSi bevri Tavisufali eleqtronebia, romlebic sinaTlis el.

velis moqmedebiT modian mowesrigebul moZraobaSi, qmnian swrafad cvlad denebs, gamoiyofa

joulis siTbo da sinaTlis energia amis gamo swrafad mcirdeba – gardaiqmneba liTonis

Sinagan energiad.

rogorc avRniSneT sinaTlis STanTqma SerCeviTia: sxeuli araerTnairad STanTqavs sxva-

dasxva sigrZis talRebs. STanTqma gansakuTrebiT Zlieria atomSi eleqtronebis sakuTari

sixSireebis maxloblad, rasac rezonansuli sixSire ewodeba. SerCeviTi  TvisebebiT (Stan-

Tqmis koeficientis damokidebuleba talRis sigrZeze) aixsneba gamWirvale da aragamWirvale

sxeulTa feri. qaRaldis TeTri feris furceli erTnairad aireklavs yvela feris sxivs da

is TeTrad gveCveneba (yvela feris sxivebis Sekrebis Sedegad TeTri feri miiReba). qaRaldi

rom davfaroT yviTeli saRebaviT, maSin airekleba yviTeli sxivebi, danarCeni STainTqmeva

saRebavis mier. yviTeli mina STanTqavs yvela fers garda yviTelisa, yviTels gaatarebs.

balaxi imitom gveCveneba mwvaned, rom is mzis sxivebidan areklavs mwvanes, danarCens

STanTqaven. Tu balaxs SevxedavT wiTeli miniT, romelic atarebs wiTel sxivs, maSin is

Savad mogveCeneba.  Savi feris sxeuli STanTqavs yvela fers. es movlena gamoiyeneba

Suqfiltrebis dasamzadeblad, romlebic imis da mixedviT, Tu rogoria maTi qimiuri

Semadgenloba, atareben erTi feris sinaTles da STanTqaven danarCen ferebs. aseve STanTqmis

speqtrebis saSualebiT dadgindes nivTierebis qimiuri Semadgenloba.
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IV leqcia

sinaTlis gabneva. tindalis cda. releis kanoni. sinaTlis polarizacia. bunebrivi da pola-

rizebuli sinaTle. malusis kanoni. sinaTlis dapolareba arekvlis da gardatexis dros,

briusteris kanoni.

$1. sinaTlis gabneva. tindalis cda. releis kanoni.

garemoSi garkveuli mimarTulebis sinaTlis nakadis gadaxras yvela SesaZlo mimarTu-

lebiT – sinaTlis gabneვa ewodeba. gabnevis procesSi sinaTle icvlis mimarTulebas. opti-

kurad erTgvarovani garemos mcire moculobebi SeiZleba ganvixiloT, rogorc meoradi

talRebis gamomsxivebeli koherentuli wyaroebi da aseT garemoSi sinaTlis gavlisas es

gamosxivebuli meoradi koherentuli talRebi interferenciis Sedegad erTmaneTs Caaqroben

yvela mimarTulebiT, garda ZiriTadi mimarTulebisa, e.i. gabnevas adgili ar eqneba da sina-

Tlis kona gverdidan uxilavia. sinaTlis gabnevisaTvis saWiroa, rom garemo iyos araerTgva-

rovani.

realuri garemo yovelTvis araerTgvarovania (erTgvarovani, rodesac gardatexis

maCvenebeli ar icvleba). garemoSi yovelTvis arsebobs mcire nawilakebi, romelTa garda-

texis maCvenebeli gansxvavdeba garemomcveli garemos gardatexis maCveneblisagan (nisli,

kvamli, mtveri da sxva). aseT garemos mRvrie garemo ewodeba. aseT garemoSi uwesrigod

ganlagebuli gambnevi nawilakebi, romelTa Soris manZili talRis sigrZeze gacilebiT metia,

warmoadgenen meorad talRaTa arakoherentul wyaroebs da amitom maT mier gamosxivebuli

arakoherentuli talRebi interferencias ar ganicdian da sinaTle ganibneva yvela

mimarTulebiT. e.i. mRvrie garemoSi sinaTlis gavlisas adgili aqvs sinaTlis gabnevas. am

dros xdeba sinaTlis difraqcia mRvrie garemoSi. rodesac sinaTle gadis aseT garemoSi, is

am uwesrigod ganlagebuli araerTgvarovnebebidan iwyebs difraqcias da gvaZlevs inten-

sivobis Tanabrad ganawilebas, ise rom konkretul difraqciul suraTs ar gvaZlevs. Tu

araerTgvarovnebaTa zoma   2,01,0 s ar aRemateba, maSin aseT garemoSi mag. rZian wyalSi,

kvamlSi-TeTri sinaTlis konas davakvirdebiT, mas eqneba mocisfro-molurjo feri, ris

Sedegad sinaTlis kona gverdidan xiluli xdeba.

sinaTlis gabneva aseve daimzireba sufTa garemoSic, romlebic ar Seicaven ucxo nawi-

lakebs. aseT garemoSi xdeba optikuri araerTgvarovnebebis darRveva da gardatexis maCve-

nebeli wertilidan wertilamde icvleba icvleba. es SeiZleba gamowveuli iqnas simkvrivis

(romelic gamowveulia molekulebis qaosuri siTburi moZraobiT), anizotropiis, koncen-

traciis fluqtuaciiT. amas molekuluri gabneva ewodeba. am gabnevis intensivoba miT metia,

rac maRalia temperatura.

sinaTlis gabnevis xarisxi damokidebulia gambnev nawilakTa zomebze. sinaTlis gab-

nevis kanonzomierebani mRvrie garemoSi, romlebSic erTgvarovnobis damrRvev nawilakTa zo-

ma naklebia talRis sigrZeze daadgina eqsperimentalurad tindalma (1869w.), xolo Teori-

ulad es kanonzomierebani  releis mier iqna axsnili , romlis mixedviT:
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1. gabneuli sinaTlis intensivoba talRis sigrZis meoTxe xarisxis ukuproporciulia

(relies kanoni): I 
4

1


.

e.i. mRvrie garemoSi TeTri sinaTlis gavlisas yvelaze intensiurad ganibnevian lurji da

cisferi sxivebi. TeTri sinaTlidan iisferi sxivebi ( 4,0 mkm) 16-jer ufro intensiurad

gaibneva vidre wiTeli ( 76,0 mkm). releis kanoniT aixsneba cis lurji feri, imitom rom

swored es mokletalRovani ferebi gaibneva yvelaze intensiurad. magram unda aRiniSnos, rom

swored molekuluri gabneviT aixsneba cis lurji feri da ara imiT, rogorc tindali

ambobda, rom cis feri aris Sedegi atmosferoSi arsebul mtvris nawilakebze sinaTlis gab-

nevaze.

did qalaqebSi haeri Seicavs mtvris SedarebiT did nawilakebs, romelTaganac xdeba

mzis sxivebis arekvla. es arekvlili sxivebi emateba molekuluri gabnevis Sedegad gabneul

lurj sxivebs da cis feri moTeTroa.

amave mizeziT mzis Casvlisas da amosvlisas mze gveCveneba wiTlad, radgan am dros

Cven vakvirdebiT mzidan wamosul pirdapir sxivebs, romlebSic haeris sqeli fenis gavlis

gamo TiTqmis aRar aris mokletalRovani ferebi. temperaturis zrdasTan erTad simkvrivis

fluqtuaciebi da gabneuli sinaTlis intensivobebi matulobs, amitom zafxulSi ca ufro

gajerebulia, vidre zamTarSi. molekuluri gabneva rom ar iyos, maSin ca iqneboda sruliad

Savi, xolo mze da varskvlavebi ufro kaSkaSa, rogorc amas xedaven kosmonavtebi kosmosSi

xomaldidan.

2. gabneul sinaTleSi talRis sigrZe dacemuli talRis sigrZis tolia.

3. gabneuli sinaTlis intensivoba proporciulia gambnevi nawilakebis zomisa. amiT xSirad

sargebloben koloiduri xsnaris gambnevi nawilakebis zomis dasadgenad.

4. gabneuli sinaTlis intensivoba damokidebulia gabnevis  kuTxeze. raime  kuTxiT

(kuTxe konis ZiriTad mimarTulebasa da gabnevis mimarTulebas Soris) gabneuli sinaTlis

intensivoba ).cos1(II 2

2

  aq 
2

I  2


kuTxiT gabneuli (pirveladi sxivis mimarTule-

basTan) sinaTlis intensivobaa. Tu 0 an   (dacemuli talRis mimarTulebiT), maSin

I udidesia da is orjer metia vidre 
2


 is dros (aq intensivoba umciresia).

5. gabneuli sinaTle nawilobriv polarizebulia (dacemuli ar aris dapolarebuli).

polarizacia srulia dacemuli talRis gavrcelebis marTobuli mimarTulebiT.

Tu nawilakebis zoma mRvrie garemoSi dacemuli talRis sigrZeze metia, maSin es kanon-

zimierebebi irRveva.

$2. sinaTlis polarizacia. bunebrivi da polarizebuli sinaTle. malusis kanoni.

zemoT ganxiluli talRuri movlenebi – interferencia da difraqcia, damaxasiaTebelia ro-

gorc ganivi, aseve grZivi talRebisaTvis. sinaTlis talRaSi (romelic ganivi el. magnituri

talRaa, sadac eleqtruli da magnituri daZabulobis E


an H


rxevis mimarTulebebi tal-
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Ris gavrcelebis marTobulia da erTmaneTis marTobulni arian) E


an H

veqtoris sibrtye

metad da swrafad icleba ise, rom igi mudam talRis gavrcelebis marTobulia, xolo ampli-

tudebi yvela mimarTulebiT erTnairia. aseT sinaTles bunebrivi ewodeba ( nax. 1a). Tu rxevis

sibrtye ganuwyvetliv icvleba, magram rxevis amplitudebi sxvadasxva mimarTulebiT

araerTnairia, aseTi sinaTle nawilobriv dapolarebulia (nax.

1b), xolo Tu rxevis sibrtye ucvlelia anu E


veqtori erTi

wrfis paralelurad irxeva, maSin sinaTle wrfivad (brtylad)

dapolarebulia (nax. 1g).

nax. 1 ganivi talRa SeiZleba iyos bunebrivi da dapolarebuli. sibrtyes,

romelSic mimdinareoben E


veqtoris rxevebi – polarizaciis sibrtye ewodeba. polariza-

ciis xarisxad miRebulia sidide )II/()II(P minmaxminmax  , sadac minmax I,I sinaTlis inten-

sivobis maqsimaluri da minimaluri mniSvnelobebia, romlebic Seesabamebian E


veqtoris or

urTierTmarTobul komponentebs. bunebrivSi minmax II  da 0P  , xolo brtyelpola-

rizirebulisTvis 0I min  da .1P  bunebrivi sinaTle SeiZleba gardavqmnaT brtylad-

polarizirebulad e.w. polarizatorebis saSualebiT, romlebic atareben mxolod gansaz-

Rvruli mimarTulebis rxevebs (mag. polarizaciis sirtyis paralelur) da mTlianad aqroben

am sibrtyis marTobul rxevebs. amisTvis gamoiyeneba gamWirvale mwvane Seferilobis

kristali –turmalini, romelsac aqvs simetriis RerZi. mivmarToT bunebrivi sinaTle

turmalinis 1T firfitaze, romelic gamoWri-

lia optikuri 'OO RerZis paralelurad (op-

tikuri RerZis mimarTuleba – es is mimar-

Tulebaa kristalSi, romlis mimarTac krista-

luri mesris atomebi (ionebi) ganlagebuli

arian simetriulad). (nax. 2). 1T (polari-

zatori- P ) firfita atarebs rxevebs AB

nax. 2 mimarTulebiT da iqidan gamodis brtylad polarizirebuli

sinaTle. 1T firfitas brunva araviTar cvlilebas intensivobisa ar iZleva. es imitom, rom

rodesac 1T -s vatrialebT, masSi masSi mainc gaivlis bunebrivi sinaTlidan E


el velis

daZabulobis rxevebi, romelic optikuri RerZis paraleluria. movaTavsoT meore 2T

(analizatori- A )  turmalinis firfita sxivis gzaze da daviwyoT misi brunva. davinaxavT,

rom misgan gamosuli sinaTlis intensivoba icvleba firfitebis RerZebs Soris kuTxis

cvlilebisas. intensivoba maqsimaluria, rodesac firfitebis RerZebi paraleluria ( 0 ,

sadac  aris kuTxe 1T da 2T kristalebis optikur RerZebs Soris) da PA II  . kuTxis

zrdasTan erTad intensivoba mcirdeba da rodesac 90 , maSin 0I A  . analizatorSi
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gasuli sinaTlis intensivoba gamoiTvleba malusis kanoniT: 2
PA cosII  . malusis kanoni

asec iwereba: ,cosII 2
0  sadac oI da I Sesabamisad sinaTlis intensivobebia meore kris-

talze dacemisas (polarizatoridan gamosuli) da misgan gamosvlis Semdeg (analizatoridan

gamosuli).  turmalinis kristalTan dakavSirebuli cdebi aixsneba martivad, Tu gavi-

TvaliwinebT polarizatoris mier sinaTlis gavlas. polarizatori atarebs mxolod

garkveuli mimarTulebis rxevebs, romelic naxazze naCvenebia AB isriT, anu is bunebriv

sinaTles gardaqmnis brtyelpolarizebul sinaTled. analizatori, imis da mixedviT ra

orientacia aqvs polarizebul sinaTlesTan, atarebs did an mcire nawils. nax.2-ze pola-

rizatori da analizatori ganlagebuli arian ise, rom maTSi sinaTlis gavlis mima-

rTulebebi AB da 'B'A urTierTmarTobulni arian. am dros polarizatori atarebs AB

mimarTulebiT, xolo analizatori mTlianad aqrobs, anu sinaTle masSi ver gadis. malusis

kanoni  miiReba Semdegi diagramidan (nax. 3). polarizatorSi gavlili talRis eleqtruli

veqtoris amplituda iyos 0E , xolo analizatorSi gavlilis E . anali-

zatori atarebs  analizatori 0E -is im mdgenels, romelic misi optikuri

RerZis paraleluria. naxazidan cosEE 0 , anu 22
0

2 cosEE  . radgan

intensivoba amplitudis kvadratis propociulia, amitom .cosII 2
0 

unda aRiniSnos, rom pirveli firfitidan gamosuli sinaTlis intensivoba

nax. 3 I
2
1

II 0P  bun. (radgan kuTxe rxevis sibrtyesa da analizatoris optikur

RerZs Soris iRebs mniS-bebs 0-sa da 
2


s Soris, e.i. saSualodan
42

2/0 
 


 da

II P  bun. I
2
1

4
cos 2 


bun.), maSin I

2
1

I A  bun. .cos 2  aqedan rodesac firfitebi paraleluria

( 0 ) I
2
1

I max  bun. da rodesac urTierTmarTobulia ( 090 ) 0I min  .

$3. sinaTlis dapolareba arekvlis da gardatexis dros, briusteris kanoni

sinaTlis polarizacia daimzireba agreTve ori izotropiuli gare-

mos gamyofi zedapiridan talRis arekvlisa da gardatexis dros. Tu

gamyofi zedapiri iseTia, rom sinaTlis sxivs nawilobriv areklavs

da nawilobriv gardatexavs, maSin aRmoCnda, rom orive sxivebi nawi-

lobriv dapolarebulia. arekvlil sinaTleSi upiratesi rxevebia da-

cemis sibrtyis marTob sibrtyeSi, xolo gardatexil sxivebSi – TviT

dacemis sibrtyeSi (nax. 4). dacemis kuTxis cvlilebiT SeiZleba Sevar-

CioT iseTi 0 kuTxe, romlis drosac arekvlili sxivi srulad

nax. 4 wrfivad polarizirebulia (gardatexili sxivi nawilobriv dapolarebulia)
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(nax. 5). am 0 kuTxes sruli polarizaciis kuTxe ewodeba da ganisazRvreba briusteris kano-

niT
1

2
0 n

n
ntg  , sadac n meore garemos gardatexis maCvenebelia pirvelis mimarT (ori

garemos gardatexis fardobiTi maCvenebeli). e.i. briusteris mier

dadgenili kanoniT arekvlili sxivi srulad maSin aris polarize-

buli, roca dacemis kuTxis tangensi amrekli garemos gardatexis maC-

veneblis tolia. nax. 5-dan aseve mtkicdeba, rom kuTxe arekvlil da

gardatexil sxivebs Soris 090 . marTlac n
cos

sin

0

0 



.gardatexis

nax. 5    kanonidan n
sin

sin 0 



. ),
2

sin(cossin 00 


  an 02



  da

20


  ,

anu 0
0 90)(180   . polarizacia adasturebs, rom sinaTlis talRa ganivi talRaa.

rom  yofiliyo grZivi da ara ganivi, maSin is analizatoridanac gamovidoda RerZebs Soris

900-iani kuTxis drosac ki.
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V leqcia

siTburi gamosxiveba. kirhxofis kanoni. absoluturad Savi sxeulis gamosxivebis kanonebi. optik-

uri pirometria.

$1. siTburi gamosxiveba. kirhxofis kanoni.

yoveli sxeuli, romlis Semadgeneli atomebi da molekulebi asruleben siTbur rxe-

vebs, asxivebs energias eleqtromagnituri talRebis saxiT. sxeulebi, romlebic maRal tempe-

raturamde arian gaxurebuli – asxiveben. iseT gamosxivebas, romlis drosac gamosxivebul

energiad gardaiqmneba siTburi energia - siTburi gamosxiveba ewodeba. gamosxivebis yvela

sxva saxe cnobilia erTi saerTo saxelwodebiT – luminescencia.

temperaturis gazrdiT izrdeba atomebis rxeviTi moZraobis intensivoba, rac iwvevs

gamosxivebis intensivobis zrdas, amitom siTbur gamosxivebas temperaturulsac uwodeben.

gamosxivebis Sedegad sxeuli Sinagani energia mcirdeba, amitom Tu sxeuli garedan ar iRebs

siTbos, is civdeba. siTburi gamosxiveba yovelTvis gvaqvs, Tu sxeulis temperatura abso-

lutur nulze metia. C500 0 mde myari sxeuli asxivebs uxilav (infrawiTel) eleqtromag-

nitur talRebs, xiluls ki C500 0 ze zeviT gaxurebis Semdeg.

es gamosxiveba gamosxivebis erTaderTi saxea, romelic wonasworobaSia gamomsxivebel

sxeulTan. e.i. wonasworuli gamosxivebaa, rac niSnavs imas, rom gamosxivebis intensivoba

damokidebulia temperaturaze da wonasworobis yovel darRvevas misi kvlav aRdgena

mohyveba. mag. Tu sxeuli gamoasxivebs met energias, vidre STanTqavs, maSin misi temperatura

Semcirdeba, rac gamoiwvevs gamosxivebis Semcirebas, gamosxivebuli energia kvlav gautol-

deba STanTqmuls da wonasworoba aRsdgeba.

maRal temperaturaze gamosxivdeba mokle (xiluli da ultraisferi) eleqtro-

magnituri talRebi, xolo dabal temperaturebze grZeli (infrawiTeli) talRebi.

siTburi gamosxivebis maxasiaTebeli sidideebia:

1. siTburi gamosxivebis energetikuli mnaToba (anu gamosxivebis energiis simkvrive) – R ,

romelic ewodeba sxeulis zedapiris erTeuli farTis mier drois erTeulSi gamosxivebul

energias. R aris temperaturis funqcia ( TR ). is aseve talRis sigrZis funqciaa R . SI

sistemaSi misi erTeulia j/m2wm.

2. gamosxivebis unarianoba (an gamosxivebis speqtruli simkvrive) – T,r . T,r warmoadgens

talRis sigrZisa da absoluturi  temperaturis funqcias. igi tolia



 d

dR
r T,  , sadac dR

aris  d,  Sualedis Sesabamisi energetikuli mnaToba. Tu 1d  , maSin  dRr T,  e.i.

gamosxivebis unarianoba tolia erTeuli farTis mier drois erTeulSi gamosxivebuli

energiisa talRis sigrZeTa 1,  intervalSi (speqtris mocemul erTeulovan ubanSi).
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aqedan  drdR T,T,  da sruli energetikuli mnaToba, anu integraluri intensivoba yvela

talRis sigrZis Sesabamisi toli iqneba: 



0

T,T, drR  .

gamosxivebis unarianobas gamosaxavan aseve sixSiris saSualebiT:

  drdrdRdR TT,TT,  .

magram .
c

c
d
d

,
c 2

2







  niSani minusi miuTiTebs imas, rom  s zrdiT  mcirdeba

da piriqiT. maSin .r
c

r T

2

T 




3. STanTqmis unarianoba T,a . cdebi gviCveneben, rom yvela sxeuli nawilobriv STanTqvs masze

dacemul sinaTlis energias. sinaTlis energiis STanTma xasiaTdeba STanTmis unarianobiT.

STanTqmis unarianoba T,a gviCvenebs, Tu dacemuli energiis ra nawils STanTqavs mocemuli

sxeuli:



 dW

dW
a

'

T,  .

aq mricxveli erTeul droSi STanTqmuli energiaa, xolo mniSvneli igive droSi dacemuli.

cxadia 1a T,  . is uganzomilebi sididea da aseve damokidebulia talRis sigrZeze da

temperaturaze. iseT sxeuls, romelic mTlianad STanTqavs masze dacemul energias ganur-

Cevlad talRis sigrZisa, e.i.  dWdW '  da ,1a T,  absoluturad Savi sxeuli ewodeba.

aseTia mag. platinis muri (98%-iani STanTqma), Savi barxati, Savi fxvnilebi da a.S. maTTvis

95,0a  .

eqsperimentuli monacemebisa da Termodinamikuri mosazrebebis safuZvelze kirhxofma

daadgina kanoni, romlis Tanaxmad gamosxivebis unarianobis fardoba STanTqmis unariano-

basTan  yvela sxeulisTvis erTnairia (ar aris damokidebuli sxeulis gvarobaze) da tolia

absoluturad Savi sxeuli gamosxivebis Tr unarianobis imave talRis sigrZisa da

temperaturis pirobebSi. Tr  -s da T s funqciaa. es kanoni ase Caiwereba:

,r...
a

r

a

r

a

r
T,'''

T,

'''
T,

''
T,

''
T,

'
T,

'
T,












 

sadac T,T,T, '''r,''r,'r  - pirveli, meore da mesame sxeulebis gamosxivebis unarianobaa,

xolo T,T,T, '''a,''a,'a  STanTqmis unarianoba Sesabamisad.

maSasadame romelsac meti gamosxivebis unarianoba aqvs, mas meti STanTqmis unarianoba aqvs.

absoluturad Sav sxeuls yvelaze meti STanTqmis unarianoba aqvs e.i. gamosxivebis unarian-

obac udidesia.

kirhxofis kanoni ase miiReba: mag. 1, 2, 3.... sxeulebisTvis gvaqvs

).T,(f...
a

r

a

r

a

r
'''

T,

T,
'''

''
T,

''
T,

'
T,

'
T, 
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es fardoba yvela sxeulisTvis erTnairia da warmoadgens talRis sigrZisa da temperaturis

universalur funqcias. Tu davuSvebT, rom erT-erTi sxeuli zemoT moyvanil tolobaSi aris

absoluturad Savi sxeuli, romlis gamosxivebis unarianobaa Tr , xolo radgan misi STan-

Tqmis unarianoba ,1a T,  miviRebT rom T,r)T,(f   da kirhxofis kanoni zogadad ase

Caiwereba: .r...
a

r

a

r

a

r
T,'''

T,

'''
T,

''
T,

''
T,

'
T,

'
T,












 

$2. absoluturad Savi sxeuli da misi gamosxivebis kanonebi.

es kanonebi Semdegia:

1. stefan-bolcmanis kanoni: avstrielma stefanma (1879 w) da bolcmanma Teoriulad (1884 w)

daadgines, rom absoluturad Savi sxeulis sruli integraluri intensivoba (sruli energe-

tikuli naTeba) abs. temp-is meoTxe xarisxis proporciulia 4TR  . 81067,5  vt/m2.
4K –

stefan-bolcmanis mudmivaa. kanonis mixedviT gamosxivebuli energia Zlieradaa damokidebuli

temperaturaze, anu rac maRalia temperatura, miT metia mis mier gamosxivebuli energia.

2. vinis pirveli kanoni (vinis gadanacvlebis kanoni): absoluturad Savi sxeulis maqsi-

maluri gamosxivebis unarianobis Sesabamisi talRis sigrZe absoluturi temperaturis

ukuproporciulia:
T

'C
m  ,

sadac 3109,2'C  m K . – vinis mudmivaa, romelic dgindeba cdiT. e.i. rac maRalia

gamomsxivebeli sxeulis temperatura, miT naklebia im talRis

sigrZe, romelsac Seesabameba gamosxivebis unarianobis maqsimumi

(nax. 1). rogorc nax. 1-dan Cans T temperaturis gadidebiT izrdeba

ara marto gamosxivebuli energia (grafikis qveS moTavsebuli

farTi), aramed icvleba gamosxivebis speqtruli Semadgenlobac.

nax. 1        kerZod temperaturis zrdisas Tr ( )

damokidebulebis maqsimumi gadainacvlebs marcxniv, anu mokle talRebis mxares. marTlac

temperaturis TandaTan zrdisas sxeuli jer asxivebs infrawiTel sxivebs, mere iwyebs

(~ C500 0 ) wiTeli sxivebis gamosxivebas, Semdeg narinjisfers, yviTels da bolos TeTri –

iisfers. amitom uwodeben mas vinis gadanacvlebis kanonsac.

3. vinis meore kanoni: absoluturad Savi sxeulis maqsimaluri gamosxivebis unarianoba

absoluturi temperaturis mexuTe xarisxis proporciulia 5
m T''Cr  , sadac 5103,1C 

vt/m3
5K .

$3. optikuri pirometria.

siTburi gamosxivebis kanonebis gamoyenebiT SeiZleba ganisazRvros maRal

temperaturamde gaxurebuli sxeulebis temperatura. am meTods optikuri pirometriis meTodi

ewodeba, xolo xelsawyoebs Sesabamisad optikuri pirometrebi.

Tu gavzomavT sxeulis mier gamosxivebul srul energias stefan-bolcmanis kanonidan

SeiZleba gamomsxivebeli sxeulis temperaturis gansazRvra. radgan Cveulebriv sxeuli ar
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aris absoluturad Savi,  amitom es kanoni ase Caiwereba: ,TKR 4 sadac K siSavis xaris-

xia. is gviCvenebs Tu ramdenad axloa mocemuli sxeuli absolutur Sav sxeulTan da misi

mniSvnelobebi sxvadasxva sxeulebisTvis dadgenilia. formulidan 4

K
R

T


 . e.i. Tu cdiT

gavzomavT R s, maSin SeiZleba temperaturis gansazRvra. es meTodi iSviaTad gamoiyeneba,

radgan R is zusti gazomva Znelia.

ufro didi sizustiT gamoiyeneba vinis pivel kanonze damyarebuli meTodi. aq cdiT

pouloben im talRis sigrZes ( m ), romelic gamosxivebis unarianobis maqsimums Seesabameba.

am talRis sigrZis zusti gazomvis Semdeg vinis pirveli kanonidan
T

'C
m  SeiZleba gamom-

sxivebeli sxeulis temperaturis gazomva: .
'C

T
m



am meTodiT gansazRvrul temperaturas feriTi temperatura ewodeba. mag. mzis

temperatura am meTodiT dadginda Semdegnairad: mzis gamosxivebis speqtris SeswavliT dad-

ginda, rom gamosxivebis maqsimumi modis 7
m 107,4  m talRis sigrZeze. maSin vinis pirveli

kanonidan .K6000
107,4

109,2'C
T

7

3

m





 





praqtikaSi maRali temperaturebis gasazomad xSirad iyeneben nax. 2-ze moyvanil

optikur pirometrebs. aq cilindruli milis boloebSi Cadgmulia gavarvarebuli S

sxeulisaken mimarTuli 1L obieqtivi da 2L okulari. 1L -is

fokusur sibrtyeSi moTavsebulia naTuris Zafi, romlis

boloebi denis wyarosTanaa SeerTebuli. amitom damkvirvebeli,

romelic umzers 2L okulars, erTsa da imave sibrtyeSi xedavs

gamosakvlevi sxeulis da naTuris Zafis gamosaxulebas. amasTan

nax. 2          naTuris Zafis sikaSkaSe Tu metia gamosakvlevi sxeulis sikaSkaSeze,

maSin  is ganaTebulad moCans  bnel fonze da piriqiT. R reostatis saSualebiT naTuraSi

gamaval dens ise varegulirebT, rom sxeulis fonze es Zafi aRar Candes, e.i. am dros Zafisa

da sxeulis sikaSkaSe erTmaneTis tolia. naTura winaswar dagraduirebulia absoluturad

Sav sxeulze, anu cnobilia mocemul dens Zafis rogori temperatura Seesabameba. amitom A

ampermetrze denis aTvliT graduirebis mrudidan vpoulobT gamosakvlevi sxeulis T

temperaturas.
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VI leqcia

hipoTeza kvantebis Sesaxeb. plankis formula. rentgenis sxivebis gabneva, komptonis efeqti.

$1. hipoTeza kvantebis Sesaxeb. plankis formula.

absoluturad Savi sxeulis gamosxivebis kanonebis (stefan-bolcmanis da vinis gada-

nacvlebis, sadac pirveli gansazRvravda gamosxivebis damokidebulebas temperaturaze, xolo

meore – rogor icvleba temperaturis cvlilebiT maqsimumis Sesabamisi talRis sigrZe)

dasadgenad saWiro iyo dadgeniliyo gamosxivebis unarianobis T,r funqciis saxe.

klasikuri warmodgenebiT – rom nivTierebis atomebi da molekulebi energias gamo-

asxiveben uwyvetad, anu talRis saxiT, miRebuli iqna gamosxivebis unarianobisTvis ori for-

mula:

1. vinis formula. is miiRo germanelma vinma 1896 w. Termodinamikuri mosazrebebis safuZ-

velze da aseTi saxisaa: T

b

5T, e
a

r 
 

 , sadac a da b mudmivebia.  vinis es formula mar-

Tebulia mokle talRebisaTvis, anu ganawilebis mrudis im nawilisTvis, romelic mokle

talRebs Seesabameba (nax. 1 – wyvetili xazi). grZeli talRebisTvis igi ar sruldeba.

2. relei – jinsis formula. ingliselebi relei da jinsi T,r

funqciis gansazRvrisas gamomdinareobdnen klasikuri statistikis

debulebidan Tavisuflebis xarisxTa mixedviT energiis Tanabari

ganawilebis Sesaxeb. maT dauSves, rom TiToel el. magnitur

rxevaze modis kT toli energia ( k bolcmanis mudmivaa). aqedan

nax. 1 kT
2
1

eleqtruli energiaa, xolo kT
2
1

magnituri. am daSvebis

safuZvelze maT miiRes, rom
4T,

ckT2
r




  , sadac 8103c  m/wm – vakuumSi el. magnituri

talRebis gavrcelebis siCqarea. es formula iZleva eqsperimentTan Tanvdenas grZeli

talRebisaTvis (nax. 1 – wyvetili xazi). mokle talRebisaTvis is mcdaria, radgan mis

mixedviT is gviCvenebs energiis ganuwyvetli zrdas talRis sigrZis Semcirebis dros, maSin

rodesac talRis sigrZis garkveuli m mniSvnelobisTvis mocemul T ze aqvs maqsimumi.

aseve am formulidan miviRebT, rom  
 


0 0

4T,T ,
d

ckT2drR



 e.i. sruli energetikuli

naTeba nebismier temperaturaze unda iyos didi, maSin rodesac stefan-bolcmanidan is 4T s

proporciulia.

maSasadame vinis formula marTebulia mokle talRebisTvis, relei-jinsisa ki grZeli

talRebisTvis. magram isini marTebuli arian mxolod speqtris calkeuli ubnebisaTvis da

verc erTi ver xsnis energiis ganawilebis eqsperimentul mruds mTlianad.

1900 wels planki mixvda, rom wonasworuli siTburi gamosxivebis (wonasworulia gamo-

sxiveba, Tu gamosxivebis intensivoba damokidebulia sxeulis temperaturaze da maSasadame

wonasworobis darRvevas misi aRdgena mohyveba, mag. Tu sxeuli gamoasxivebs met energias, vid-
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re STanTqavs, temperatura daecema, ris Sedegad gamosxiveba Semcirdeba da wonasworoba

aRsdgeba) axsna manamde cnobil kanonebze dayrdnobiT ar SeiZleboda. amitom man wamoayena

hipoTeza energiis wyvetili bunebis Sesaxeb. plankis mixedviT sxeulis nawilakebi energias

(sinaTlis el.magnitur talRebs) asxiveben ara uwyvetad (klasikuri fizikis Tanaxmad,

nebismieri sistemis energia SeiZleba Seicvalos uwyvetad), aramed wyvetilad calkeuli

ulufebis anu kvantebis (fotonebis) saxiT. gamosxivebuli kvantis energia proporciulia ga-

mosxivebuli sinaTlis talRis sixSiris:



hc

h  . aq proporciulobis koeficienti

h plankis mudmivaa da ricxobrivad 341062,6h  j.wm,  gamosxivebuli sinaTlis rxevis

sixSirea, xolo  talRis sigrZe. e.i. kvantis (fotonis) energia miT metia, rac metia

gamosxivebuli sinaTlis talRis rxevis sixSire (anu mcirea talRis sigrZe). aqedan plankma

gamosxivebis unarianobiTvis miiRo formula:

1e

hc2r
Tk

hc

5
2

T,











 .

plankis formulis grafikic moyvanilia nax. 1-ze, romelic gamosaxulia uwyveti wiriT.

wertilebiT mocemulia eqsperimentuli monacemebi. e.i. cdiseuli monacemebi zustad emTxveva

plankis formulis grafiks.

am formulidan ukve miiReba absoluturad Savi sxeulis kanonebi. marTlac Tu am for-

mulas CavsvamT   drdR T,T, Si da amovxsniT integrals, miviRebT stefan-bolcmanis

formulas. marTlac SemovitanoT axali cvladi
Tk

hc
x


 , aqedan

kTx
hc

 da
2kTx

hcdx
d  .

maSin .
1e

x
hcx
kT

hc2r
x

52
2

T, 






  davadginoT integrebis sazRvrebi. rodesac ,0 maSin

,x  xolo roca , maSin .0x  e.i.  
 










0 0
x

34
2

T,T, .
1e

dxx
hc
kT

hc2drR  cnobilia, rom





0

4

x

3

,
151e

dxx 
amitom 4

23

45

T, T
ch15

k2
R 


 avRniSnoT .

ch15

k2
23

45
  maSin miviRebT ,TR 4

T,   rac

gamosaxavs stefan-bolcmanis kanons.
23

45

ch15

k2
  formulaSi ricxviTi mniSvnelobebis Casmis

Semdeg miviRebT, rom
2

8

K
1068,5

2m

vt , rac zustad emTxveva cdiseul mniSvnelobas.

aseve am formulidan miiReba vinis pirveli da meore kanoni. maSasadame absoluturad

Savi sxeulebis gamosxivebis kanonebi aixsneba sinaTlis ara talRuri, aramed korpuskuluri

(kvanturi) TvisebebiT.

$2. rentgenis sxivebis gabneva, komptonis efeqti.

sinaTlis korpuskuluri Tvisebebi SedarebiT srulad da mkveTrad gamoxatulia komp-

tonis efeqtSi. sinaTlis gabnevis ganxilvis dros vnaxeT, rom gabneuli sinaTlis talRis
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sigrZe dacemuli talRis sigrZis tolia. 1923 w. komptonma (amerikeli mecnieri) SeamCnia, rom

rentgenis sxivebis gabnevisas gabneul sxivebSi zogierTi talRis sigrZe udris dacemuli

talRis sigrZes, zogierTisa ki masze metia. komptonma, romelic ikvlevda monoqromatuli

rentgenis sxivebis gabnevas msubuq atomian nivTierebebTan (parafini, grafiti, bori)

urTierTqmedebisas, SeamCnia, rom gabneul sxivebSi dacemuli talRis sigrZis tol sxivebTan

erTad SeimCneoda agreTve sxivebi, romelTa talRis sigrZe meti iyo dacemul talRis

sigrZeze. nivTierebis Tavisufal (anu sustad dakavSirebul) eleqtronebze rentgenis

sxivebis gabnevis Sedegad talRis sigrZis zrdas komtonis efeqti ewodeba. unda aRiniSnos,

rom gabnevis Sedegad talRis sigrZis cvlileba damokidebulia gabnevis  kuTxeze da ar

aris damokidebuli nivTierebis gvarobaze. es ki miuTiTebs imas, rom gabneva xdeba

eleqtronebze.

komptonis mier Catarebuli cdis sqema mocemulia nax. 2-ze. A rentgenis milakidan ga-

mosxivebuli sxivebi D diafragmis gavliT ecema C gambnev nivTie-

rebas. gabneuli sxivebi ecema E rentgenospeqtrografs, romliTac

swavloben gabneul sxivebs talRis sigrZeebis mixedviT.

klasikuri eleqtromagnituri Teoriis mixedviT dacemuli

nax. 2 sxivi gambnev nivTierebaSi iwvevs atomis eleqtronebis iZulebiT rxevebs,

romelTa sixSire tolia dacemuli talRis sixSiris da amis Sedegad atomebi gamoasxiveben

igive sixSiris (talRis sigrZis) el.magn. talRas, e.i. gabneuli talRis sixSire (sigrZe)

toli iqneba dacemuli talRis sixSiris (sigrZis). amitom am TeoriiT komptonis efeqti ver

aixsneba. komptonma es movlena axsna kvanturi TeoriiT, romlis mixedviT rentgebnis sxivebi

ganixileba rogorc kvantebis (fotonebis) nakadi, romelTac gaaCniaT energia  h da

impulsi .
c

h
p


 ( ,mcp  2mc hpccmc  da )

c
h

p


 . iTvleboda, rom rentgenis

sxivebis gabneva warmoadgens rentgenis kvantisa da praqtikulad Tavisufali eleqtronis

urTierTqmedebis Sedegs. fotoefeqtis dros kvantis energia  h mTlianad ixarjeba

eleqtronis gamosvlis muSaobaze da misTvis konetikuri energiis miniWebaze. komptonis

efeqtSi kvanti uZrav Tavisufal eleqtrons (romlis uZraobis energia dajaxebamde

2
00 cm , xolo impulsi ki nulis tolia) drekadi dajaxebisas gadascems mxolod Tavisi

energiis nawils, warmoqmnis e.w. ukucemis eleqtrons (romelsac eqneba

2mc energia da impulsi vm

) da TviTon ganibneva (icvlis mimar-

Tulebas) 11 h  energiiT da
C

h
p 1

1


 impulsiT (nax. 3). nax. 3

maSasadame ,1  an 1hh   ,
1

1

c
,

c





  da
1

11


 . aqedan  1 . e.i. gabneuli talRis

sigrZe metia dacemulisaze. maSasadame rentgenis sxivebis gabnevisas maTi talRis sigrZis

zrda uSualo Sedegia gabnevis gamo maTi Sesabamisi kvantebis energiis Semcirebisa. am dros

gvaqvs talRis sigrZis cvlileba   1 . mis sapovnelad gamoviyenoT energiisa da
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impulsis mudmivobis kanonebi. rogorc avRniSneT vTqvaT rentgenis fotoni Tavisufal

(uZrav) eleqtrons drekadad ejaxeba.  energiis mudmivobis kanoni fotoni – eleqtroni ase

Caiwereba: 2
1

2
0 mchcmh   an .mc

hc
cm

hc 2

1

2
0 


cxadia 0mm  (eleqtronis masa

2

2

0

c

v
1

m
m



 ). impulsis mudmivobis kanoni ki ase Caiwereba: e1 pp0p


 ( p


da 1p


rentgenis

kvantis impulsebia dajaxebamde da dajaxebis Semdeg, xolo  vmpe


eleqtronis impulsi

dajaxebis Semdeg. aqedan kosinusebis TeoremiT (nax. 3) ganisazRvreba eleqtronis impulsi:

cospp2ppvm 21
2
1

222  ,

an 


cos
c

h
2)

c

h
()

c
h

()mv( 12

2
2122  ,

.cos
h

2
hh

)mv(
1

2

1

2
2 




















2

1

2
0 mc

hc
cm

hc



toloba SevkvecoT c ze da aviyvanoT kvadratSi da gardaqmnis

Semdeg gveqneba: 22
0

1
0

1

2

2
1

2

2

22

0
1

2 cm
11

chm2
h2hh

cm
hh

)mc( 




















    2222222 c0ba(c2bab2ac)ba(c2)ba()c)ba()cba( 

( cmc,
h

b,
h

a 0
1




). bolo tolobas wevr-wevrad gamovakloT Semdegi zemoT moyvanili

toloba .cos
h

2
hh

)mv(
1

2

1

2
2 


















 maSin gveqneba:

)(chm2)cos1(
h

2cm)vc(m 1
1

0
1

2
2

0
22 







 .

am formulaSi SevitanoT Semdegi sidide

2

2

0

c

v
1

m
m



 formulidan gardaqmniT miRebuli

).vc(mcm)
c

v
1(mm 22222

02

2
22

0  maSin gveqneba

2
sin2sin

cm
h2

)cos1(
cm

h 2
C

2

00


  .

aq 0

0
C A024,0

cm
h

 mudmivas komptonis talRis sigrZe ewodeba. e.i. rac metia  , miT metia

. Tu 10cos,0  da maSin 0 an  1 , anu pirveladi fotonebis mimarTulebiT
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talRis sigrZis cvlileba ar xdeba. Tu ,
2


  maSin 0cos  da C
0A024,0   e.i.

tolia komptonis talRis sigrZis. Tu 1cos,   da ,A048,0A024,02
00

 e.i. am

dros talRis sigrZeTa sxvaoba orjer metia, vidre
2


  mniSvnelobisaTvis, an

.22 C1C  

gabneul sxivebSi zogierTis talRis sigrZis toloba dacemuli talRis sigrZesTan

aixsneba ase, rom  fotonebi ecema ara marto Tavisufal eleqtronebs, aramed iseT eleq-

tronebsac, romlebic atombirTvTan Zlierad arian dakavSirebuli (gansakuTrebiT mZime

atomebSi). am dros fotoni cvlis energias da impulss atomTan mTlianad. radgan atomis

masa eleqtronis masasTan SedarebiT didia, amitom atoms gadaecema fotonis energiis Zalian

mcire nawili. amis gamo gabneuli talRis sigrZe praqtikulad ar gansxvavdeba dacemuli

talRis sigrZisagan da komptonis efeqts adgili ar eqneba.

komptonis efeqti gansxvavebiT fotoefeqtisagan, romelic adasturebs, rom fotons

aqvs  h energia, aris imis eqsperimentuli mtkiceba, rom fotons gaaCnia

h

p  impulsi.

komptonis efeqti daimzireba ara marto eleqtronebze, aramed sxva damuxtul

nawilakebze, mag. protonebze. magram imis gamo, rom protonebis masa eleqtronebis masasTan

SedarebiT didia, misi ukucema moxdeba fotonebis mxolod didi energiis SemTxvevaSi.
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VII leqcia

fotoeleqtruli efeqti. fotoefeqtis kanonebi. ainStainis formula. fotonis masa da impulsi.

$1. fotoe;eqtruli efeqti. fotoefeqtis kanonebi.

kidev erTi optikuri movlena, romelic aixsneba sinaTlis qvanturi bunebiT, aris fo-

toefeqti. sinaTlis sxivebis moqmedebiT liTonidan uaryofiTi eleqtronebis amofrqvevis

movlenas fotoefeqti ewodeba. is aRmoaCina hercma 1887 wels. man daadgina, rom ultraiseri

sxivebis moqmedebiT uaryofiTad damuxtuli sxeuli swrafad ganimuxteba (e.i. kargavs uar-

yofiT muxts), maSin rodesac dadebiTad damuxtuli firfita araviTar cvlilebas ar ga-

nicdis. Semdeg mas swavlobda stoletovi. 10 wlis Semdeg ingliselma tomsonma da germa-

nelma lenardma daadgines, rom sinaTlis moqmedebiT amofrqveuli nawilakis kuTri muxti

tolia 111076,1
m
e

 k/kg, rac emTxveoda milikenisa da tomsonis mier eqsperimentulad gazo-

mil eleqtronis kuTr muxts. e.i. dadginda, rom sinaTlis dasxivebis Sedegad amotyorcnili

nawilaki aris eleqtroni.

nax. 1-ze naCvenebia fotoefeqtis Sesaswavli cda da fotodenis Zabvaze damokidebu-

lebis grafiki. minis balonSi, saidanac amotumbulia haeri, CarCilulia ori eleqtrodi –

kaTodi ( K ) da anodi ( A ). balonSi sinaTle Sedioda kvarcis sarkmlidan, romelic gamWirva-

lea rogorc xiluli, ise ultraisferi sinaTlisaTvis. kaTodze sinaTlis dacemisas misgan

amoifrqveva eleqtronebi, romlebic mie-

marTebian anodisaken da wredSi gaivlis

fotodeni, romelsac zomavs mili-

ampermetri. saWiro iyo dadgena, Tu rogo-

raa damokidebuli amotyorcnili eleq-

tronebis ricxvi da maTi energia

nax. 1 (siCqare) dacemuli monoqromatuli sinaTlis

intensivobaze da sixSireze. cdiseuli monacemebidan avagoT mrudi kaTodsa da anods Soris

V Zabvasa da fotodenis I Zalis damokidebulebas Soris (volt-amperuli

maxasiaTebeli).Ggrafikidan gamomdinareobs Semdegi daskvnebi:

1. roca Zabva nulia (V=0), maSin denis Zala ar aris nuli ( )II 0 . Ees niSnavs rom kaTodidan

amotyorcnil eleqtronTa garkveul ricxvs gaaCnia sawyisi kinetikuri energia
2

mv 2

, romlis

xarjzec isini aRweven anodamde. Semdgom Zabvis zrdiT izrdeba fotodenic.

2. Zabvis raRac 1V mniS-ze fotodeni najeria ( e.i am dros kaTodidan erT wamSi amotyor-

cnili yvela eleqtroni imave droSi aRwevs anodamde. najerobis fotodeni  e,neInaj

eleqtronis muxtia.

3. Tu K kaTodsa da A anods Soris movdebT uaryofiT Zabvas, maSin eleqtruli veli

daamuxruWebs kaTodidan amotyorcnil eleqtronebs da fotodeni mcirdeba.  rodesac mamu-
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xruWebeli velis muSaoba gautoldeba eleqtronTa maqsimalur sawyis kinetikur energias

eV d =
2

mv 2
m , maSin fotodeni utoldeba nuls (eleqtronebi ver aRweven anods).

ganvixiloT Semdegi SemTxvevebi:

a) Tu dacemuli sinaTlis  sixSire ucvleli iqneba, xolo intensivobas ( ) gavzrdiT, ma-

Sin vnaxavT rom, sinaTlis intensivobis zrdisas mamuxruWebeli Zabva ar icvleba, xolo na-

jerobis fotodeni izrdeba, anu izrdeba amofrqveuli eleqtronebis ricxvi da ara maTi

kinetikuri energia. es aris fotoefeqtis I kanoni: najeri fotodenis sidide pirdapirpro-

porciulia kaTodze dacemuli sinaTlis intensivobis. Sesabamisi

grafiki mocemulia nax. 2-ze. e.i. kaTodidan amofrqveuli

eleqtronebis sawyisi kinetikuri energia araa damokidebuli

dacemuli sinaTlis intensivobaze.

b) aseve, Tu intensivobas ucvlels davtovebT, xolo sixSires

nax. 2 gavzrdiT, maSin gaizrdeba damamuxruWebeli Zabva (nax. 3). am SemTxvevaSi

izrdeba rogorc avRniSneT damamuxruWebeli Zabva 'V''V d
'
d  ,

xolo eV d =
2

mv 2
m formulis Tanaxmad ki kaTodidan amofrq-

veuli eleqtronebis kinetikuri energia. cdebidan dadgenilia,

rom damamuxruWebel Zabvasa da kaTodze dacemul sinaTlis

sixSires Soris wrfivi damokidebulebaa, romlis formulas

nax. 3 aseTi saxe aqvs V d.= 0Vk  , sadac 0V,k cnobili mudmivebia da

maSasadame kaTodidan amotyorcnili eleqtronebis maqsimaluri kinetikuri energia wrfivad

izrdeba dacemuli sinaTlis sixSiris mixedviT da araa damokidebuli sinaTlis inten-

sivobaze ( .eVek
2

mv
0

2

  e eleqtronis muxtia). es aris fotoefeqtis II kanoni. A

amave dros yvela liTonisTvis arsebobs sinaTlis zRvruli sixSire ( 0 wiTeli

sazRvari), romlis drosac fotoeleqtronis energia nulis tolia (masze naklebi sixSirisas

fotoefeqts adgili ar aqvs). e.i. faqtiurad fotoefeqtis II kanonidan gamodis fotoefeqtis

III kanoni: arsebobs sinaTlis talRis minimaluri sixSire 0 , romlis qveviTac fotoefeqts

adgili aRar eqneba, ranairi mZlavri sinaTlis nakadic ar unda daeces kaTods. marTlac

2

mv 2
m ~  , s SemcirebiT kinetikuri energia unda Semcirdes da raRac 0 ze nulis toli

unda gaxdes.

E$2. ainStainis formula..

es cdiseuli faqtebi ver aixsna sinaTlis talRuri TeoriiT (marTlac ratom aris

damokidebuli erT wamSi amotyorcnili eleqtronebis ricxvi – najerobis fotodeni
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dacemuli sinaTlis intensivobaze, ratom ar aris fotoeleqtronebis kinetikuri energia

damokidebuli sinaTlis intensivobaze, ratom arsebobs wiTeli sazRvari). isini axsna ainS-

tainma sinaTlis qvanturi TeoriiT (plankis hipoTeza – sinaTle gamosxivdeba kvantebis-

fotonebis saxiT), romelmac ganazogada plankis hipoTeze da dauSva, rom sinaTle ara marto

gamosxivdeba, aseve vrceldeba da STainTqmeba kvantebis saxiT (kvantis energia  h , sadac

h plankis mudmivaa,  sixSire). ainStainis Teoriis mixedviT fotoefeqtis dros sinaTlis

kvantis energia  h ixarjeba liTonidan eleqtronis amosagdebad (gamosvlis A ) muSa-

obaze da misTvis kinetikuri energiis miniWebaze:
2

mv
Ah

2

 . es aris ainStainis ganto-

leba fotoefeqtisaTvis da is xsnis cdiseul movlenebs.

1. marTlac rac metia sinaTlis intensivoba, anu dacemuli fotonebis ricxvi, miT meti iqneba

amogdebuli eleqtronebis ricxvic, anu Tu sinaTlis TiToeuli kvanti STainTqmeba mxolod

erTi eleqtroniT, maSin amofrqveuli fotoeleqtronebis ricxvi proporciuli iqneba

STanTqmuli fotonebis ricxvis da maSasadame kaTodze dacemuli sinaTlis intensivobis

(fotoefeqtis I kanoni).

2. am formulidan eleqtronis kinetikuri energia Ah
2

mv 2

  . aqedan Cans, rom is pro-

porciulia dacemuli sinaTlis sixSiris da damokidebulia gamosvlis A muSaobaze,

romelic mocemuli liTonisaTvis mudmivia (fotoefeqtis II kanoni).

3. aseve Cans, rom fotoefeqti maSin gvaqvs ( )0
2

mv 2

 , rodesac dacemuli kvantis energia

metia gamosvlis muSaobaze Ah  . aqedan fotoefeqtis wiTeli sazRvari, anu zRvruli

sixSire ase ganisazRvreba
h
A

,...Ah 00   , romelic sxvadasxva liTonisTvis sxvadasxvaa.

radgan 00c  , amitom Sesabamisi talRis sigrZe
A
hc

0  (
h
Ac

0




).

0 damokidebulia masalis gvarobaze da zedapiris mdgomareobaze.

$3. fotonis masa da impulsi.

rogorc zemoT avRniSneT absoluturad Savi sxeulebis kanonebis asasxnelad plankma

dauSva, rom sinaTle gamosxivdeba wyvetilad, porciebis – kvantebis saxiT. fotoefeqtis asas-

xnelad ki ainStainma dauSva, rom sinaTle ara marto gamosxivdeba, aramed vrceldeba da Stain-

Tqmeba porciebis – kvantebis saxiT. es hipoTeza Semdgom damkicebuli iqna cdebis saSualebiT

jer iofes, Semdeg ki botes mier. eqsperimentulad damtkicda gansakuTrebuli nawilakis (kvantis)

arseboba, romelsac fotoni uwodes. plankis TeoriiT fotonis energia damokidebulia talRis 

sixSireze (talRis  sigrZeze) da gamoisaxeba formuliT:



c

hh  . fotonebi nebismier

sistemaSi moZraoben 8103c  m/wm siCqariT, amitom igi relativisturi nawilakia da
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fardobiTobis Teoriis Tanaxmad misi masa gamoiTvleba formuliT: ,

c

v
1

m
m

2

2

0



 sadac

0m nawilakis uZraobis masaa, v ki misi siCqare. radgan cv  , amitom gamodis, rom m , rac

uazrobaa. maSin unda davuSvaT, rom 0m0  . e.i. fotoni uZrav mdgomareobaSi ar arsebobs. is

”gaCenisTanave” iZens c siCqares. sxivi rom gaCerdes, maSin sinaTle Tavis arsebobas Sewyvets.

fotoni STainTqmeba nivTierebis mier da maTi energia gardaiqmneba sxva saxis energiad. ainStainis

fardobiTobis Teoriis Tanaxmad nawilakis energia damokidebulia mis masaze: .mc 2 maSin




c
hh  formulis gaTvaliswinebiT miviRebT, rom

c
h

c

h
m

2 


 . e.i. Tu gaviTveliswinebT

talRis sigrZeebs, xilul sinaTleSi yvelaze didi masa aqvs ”iisfer” fotons, yvelaze patara

”wiTels”. fotonis impulsis gansazRvrisaTvis gamoviyenoT fardobiT TeoriaSi dadgenili

kavSiri energiasa da impulss Soris: 22
0

2 cmPc  . radgan fotonisTvis uZraobis masa,

0m0  , amitom Pc da fotonis impulsi .mc
c

mch
c

h
c

P
2






aqedan Cans, rom rac metia sixSire, miT metia fotonis energia da impulsi, anu miT ufro

mkafiod aris gamoxatuli sinaTlis nawilakuri (korpuskuluri) Tvisebebi.

qvemoT cxrilSi moyvanilia sxvadasxva gamosxivebis Sesabamisi sixSireebi da fotonTa

masebi.  cxrilidan Cans, rom xiluli sinaTlis masa sxva gamosxivebebTan SedarebiT mcirea.

rentgenis gamosxivebis kvantis masa

eleqtronis masis Sesadaria, xolo  sxi-

vebis kvantis masa ki aRemateba mas.

sabolood dadginda, rom sinaTles

gaaCnia ormagi Tviseba, dualizmi. sinaTlis

gavrcelebisas (interferencia, difraqcia,

polarizacia) mas axasiaTebs talRuri

Tvisebebi, xolo nivTierebasTan

urTierTqmedebisas (gamosxiveba da STanTqma) – korpuskuluri. aseve dadgenilia, rom dualizmiT

xasiaTdebian mikronawilakebic: eleqtroni, protoni da sxva. am nawilakis Tvisebebs Seiswavlis

kvanturi meqanika.
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VIII leqcia

atomis agebuleba. rezerfordis cda. atomis birTvuli modeli. atomis birTvuli modelis

siZneleebi.

$1. atomis agebuleba. rezerfordis cda.

sityva atomi berZnuli warmoSobisaa da niSnavs ganuyofels. Zveli berZnebi Tvlidnen, rom

atomi iyo nivTierebis Semadgeneli umciresi nawilaki, romlis Semdgomi gayofa SeuZlebelia.

SemdegSi aRmoCnda rom es azri mcdari iyo. me-19 saukunis meore naxevarSi mTeli rigi faqtebiT

dadginda, rom atomi rTuli agebulebisaa. rom atomi Sedgeba dadebiTad da uaryofiTad

damuxtuli nawilakebisagan. daisva sakiTxi, Tu rogor es nawilakebi ganawilebuli atomSi, anu

rogoria atomis agebuleba.

pirveli modeli atomis agebulebis  Sesaxeb Seqmna tomsonma, romlis mixedviT atomi

warmoadgens 10-10 m radiusis mqone sferos, romlis SigniT Tanabradaa ganawilebuli dade-

biTi muxti, xolo maT Soris ki wonasworobis maxloblad irxevian eleqtronebi, rac ganapi-

robebs atomis mier eleqtromagnituri talRis (sinaTlis) gamosxivebas. atomis sruli muxti

nulis tolia, e.i. uaryofiTi da dadebiTi jamuri muxti atomSi erTnairia. eleqtronebis

nakleboba an siWarbe iwvevs dadebiTi da uaryofiTi ionebis warmoqmnas.

am models hqonda garkveuli naklovanebi – ar iyo gansazRvruli atomSi eleqtronebis

raodenoba, aseve ra rols asrulebda atomSi dadebiTi muxti. am modelSi uaryofiTi

muxtebi arseboben calkeuli nawilakebis – eleqtronebis saxiT, dadebiTi muxti ki

uwyvetadaa ganawilebuli gacilebiT did moculobaSi. ismeboda kiTxva: maSin ra akavebda am

dadebiT muxtebs, ratom ar gaityorcnebodnen isini kulonuri Zalis gavleniT. gamokvlevebma

aCvena, rom tomsonis hipoTeza mcdari iyo. atomis agebulebis Tanamedrove warmodgenebis

safuZveli gaxda rezerfordisa da misi mowafeebis geigerisa da marsdenis mier 1906-911 wels

Catarebuli cdebis Sedegebi  (heliumis dadebiTi He birTvebi) nawilakebis gabnevaze

Txeli liTonis furcelSi gavlisas, romlis mizani iyo imis dadgena, atomis dadebiTi

muxti mTel moculobaSi iyo ganawilebuli, rogorc tomsoni Tvlida, Tu Tavmoyrilia mcire

moculobaSi. cdebma aCvena, rom tomsonis modeli mcdaria mTavar sakiTxSi – dadebiTi muxti

Tanabradaa ganawilebuli atomis mTel moculobaSi.

cdis sqema mocemulia nax. 1-ze.  konteinerSi moTavsebuli iyo  nawilakebis wyaro – R

radioaqtiuri preparati. wyarodan wamosuli  nawilakebi D

diafragmaSi gavlis Semdeg viwro konis saxiT ecemoda

gogirdovani TuRiiT ( ZnS ) dafarul naxevradgamWirvale E

ekrans, romelzec maT mier gamowveuli xanmokle naTebebis Sede-

gad miiReboda xvrelis zomis Sesabamisi laqa, romlis

nax. 1             damzera mikroskopiT xdeboda. amis Semdeg am nawilakebis gzaze

aTavsebdnen oqros Txel ( 1d  mkm sisqis) firfitas – K kilitas. didi kinetikuri energiis

 nawilakebi gadiodnen oqros firfitaSi, Semdeg isini ecemodnen luminescireb ekrans.

Sedegad ekranze xdeboda mnaTi laqis gafarToeba, rac gamowveuli iyo kilitaSi gavlis

Semdeg  nawilakebis gadaxriT sawyisi mimarTulebidan, anu maTi gabneviT. ekranze
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dakvirvebisas (am nawilakebis gabnevis Sedegad firfitaSi) daimzireboda ganieri laqa

(gansxvavebiT, rodesac firfita ar gvqonda) centrSi udidesi intensivobiT. e.i. nawilakebis

umravlesoba gadioda mimarTulebis Seucvlelad, anu gabnevis gareSe nawili gadaixreboda –

metad mcire kuTxeebiT, Zalian mcire (daaxlobiT 20000-dan 1 – 0180 -iTac ki. anu gabneuli

nawilakebis ricxvi gabnevis kuTxis zrdasTan erTad mkveTrad mcirdeboda. is faqti, rom

nawilakebis didi raodenoba “ganWolavs” atomebs da amasTan ar ganicdis Zlier gadaxrebs,

mowmobs imas, rom atomebis mier dakavebul sivrcis did nawilSi eleqtruli veli araa

Zlieri. magram im faqtidan, rom  nawilakebis mcire ricxvi mainc gadaixreba didi

kuTxeebiT, gamomdinareobs mniSvnelovani daskvnebi.

ismeoda kiTxva: ra mizeziT icvlian  nawilakebi mimarTulebas. am nawilakebs aqvT

masa da muxti. amitom maTze SeiZleba imoqmedos rogorc gravitaciulma, ise kulonurma

Zalebma, magram kulonuri Zalebis sidide mniSvnelovnad aRemateba gravitaciul Zalebs. e.i.

maT gadaxras iwveven atomis SigniT myofi damuxtuli nawilakebi. cxadia eleqtronebs maTi

masis simciris da muxtis uaryofiTobis gamo am nawilakebis gadaxra ar SeeZloT. gadaxris

mizezi SeiZleba yofiliyo mcire moculobaSi (romelic gacilebiT naklebia atomis

moculobaze) Tavmoyrili dadebiTi muxti, romlis masa TiTqmis atomis masis tolia (eleq-

tronebs, romelTa masa mcirea da muxti uaryofiTi gadaxra ar SeeZloT). imisaTvis, rom

 nawilaki gadaixaros 1800-is maxlobeli kuTxiT, is unda miuaxlovdes dadebiT muxts iseT

r manZilze, romlisTvisac mTeli kinetikuri energia daxarjuli aRmoCndeba ganzidvis

eleqtruli Zalebis daZlevaze da gardaiqmneba sistemis potenciur energiad ( nawilaki

TandaTan uaxlovdeba birTvs, Semdeg icvlis siCqaris mimarTulebas sapirispirod – am

momentSi siCqare nulis tolia da misi kinetikuri energia gadadis misi da atomis ganzidvis

potenciur energiaSi):
r

Zee2
r

qq

2

mv
E Au

2
m

pot


  , sadac  e2q  nawilakis muxtia,

Z oqros ( Au ) rigiTi nomeri periodul sistemaSi. am gamoTvlebiT miRebulia, rom

1415 1010r   m. e.i. imisaTvis, rom  nawilaki gadaixaros 1800-is maxlobeli kuTxiT, is

unda miuaxlovdes dadebiT muxts 10-15 m manZilze. aqedan ki gamomdinareobs, rom atomis

dadebiTi muxti ganawilebulia ara atomis mTel moculobaSi, aramed koncentrirebulia mis

mcire nawilSi, romlis xazovani zomebi 10-15 m rigisaa. dadebiTi muxti atomis mTel mocu-

lobaSi rom iyos ganawilebuli, maSin is ver Seqmnida iseT vels, romelic SesZlebda 

nawilakebis ukugdebas. maSasadame atomis dadebiTi muxTi mxolod erTganaa koncen-

trirebuli – mis mcire moculobaSi da swored is  nawilakebi gadaixrebian, romelic

axlos Caivlian birTvTan.

am mcire moculobas atomis birTvi ewodeba. Tu tomsonis mixedviT dadebiTi muxti

ganawilebuli iqneboda mTel moculobaSi, maSin firfitis dadebiTi muxti ganizidavda

 nawilakebs ar micdemda kilitaSi gavlis saSualebas.

$2. atomis birTvuli modeli. atomis birTvuli modelis siZneleebi.

aseTi cdebis safuZvelze rezerfordma 1911 wels Seqmna Camoayaliba Semdegi daskvnebi:
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1. atoms aqvs birTvi, romelic moTavsebulia atomis centrSi da romlis radiusi 10-15 m

rigisaa.

2. birTvis dadebiTi muxtia Ze , sadac Z - elementis rigiTi nomeria periodul sistemaSi,

e -eleqtronis muxtis absoluturi mniSvneloba.

3. eleqtronebi moZraoben birTvis irgvliv orbitebze, romelTa radiusi ar aRemateba atomis

radiuss (10-10 m).

4. neitraluri atomis birTvSi dadebiTi nawilakebis – protonebis raodenoba tolia atomSi

eleqtronebis raodenobisa.

es aris atomis agebulebis birTvuli modeli. rezerfordis mier warmodgenili atomis

birTvuli modeli garegnulad mogvagonebs mzis sistemas: sistemis centrSi imyofeba “mze” –

birTvi, xolo mis irgvliv orbitebze moZraoben “planetebi” – eleqtronebi. amis gamo atomis

birTvul models aseve uwodeben planetaruls.

aseve am modelis sisworeze miuTiTebda is, rom am modelis safuZvelze rezerfordis

mier Teoriulad gamoyvanili gabnevis formula (gabneuli nawilakebis ricxvis damoki-

debuleba gabnevis kuTxeze) kargad xsnida cdiseul faqtebs.

Semdgom dadgenili iqna, rom atombirTvic rTuli agebulebisa. igi Sedgeba dadebiTad

damuxtuli nawilakebisagan – protonebisagan ( p ) da neitraluri nawilakebisagan –

neitronebisagan (n ). e.i. atomi Sedgeba sami saxis elementaruli nawilakebisagan:

eleqtronebis, proptonebis da neitronebisagan.

eleqtronis muxti da masa tolia: 19106,1e  k, 31
e 101,9m  kg.

protonis muxti sididiT eleqtronis muxtis tolia, xolo masa daaxloebiT 1840-jer

metia eleqtronis masaze: 19
p 106,1q  k, ep m1840m  .

neitronis muxti nulis tolia, xolo masa cotaTi metia protonis masaze: 0qn  ,

pn mm  .

rezerfordis dadgenili atomis birTvuli  modeli Seicavda garkveul siZneleebs,

kerZod igi ver xsnida atomis mdgradobas da gamosxivebis speqtris arsebobas klasikuri

fizikis kanonebis gamoyenebiT. marTlac

a) radgan eleqtronebi moZraoben birTvis garSemo wriul orbitebze, amitom maT gaaCniaT

aCqareba, xolo aCqarebulad moZravi muxti klasikuri eleqtrodinamikis kanonebis

gamoyenebiT unda asxivebdes eleqtromagnitur talRebs, anu kargavdes energias da energia

ganuwyetliv unda mcirdebodes. amis Sedegad orbitaze brunvis radiusic unda Semcirdes,

anu eleqtroni unda moZraobdes spiralur wirze da bolos unda daeces atomis birTvs da

atomi unda gaqres. e.i. atomi ar unda iyos mdgradi sistema. gamoTvlebiT meRebulia rom es

procesi unda Sesruldes 10-10 wm-is ganmavlobaSi. magram sinamdvileSi atomi mdgradia.

b) niutonis II kanonis Tanaxmad kulonuri mizidvis Zala birTvsa da eleqtrons Soris

tolia centriskenuli Zalis
r

mv

r

eZe
k

2

2



(radgan eleqtroni moZraobs birTvis garSemo).

am formulaSi ucnobia ori sidide r da v . amis gamo unda arsebobdes r radiusebis da misi
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Sesabamisi v siCqaris da maSasadame E energiis uamravi simravle da isini SeiZleba

Seicvalon uwyvetad da erTi orbitidan meoreze gadasvlisas  gamosxiveba unda moxdes

uwyvetad da ara porciebiT. Tan gamosxivebis sixSire eleqtronis brunvis sixSiris toli

unda iyos. sinamdvileSi es ase ar aris. atomi asxivebs ara uwyvet aramed xazovan speqtrs da

am speqtrSi calkeuli speqtruli xazebi ganlagebulia garkveuli kanonzomierebiT.

amrigad rezerfordis atomis birTvuli modelisadmi klasikuri fizikis kanonebis

gamoyenebam migviyvana cdiseuleul faqtebTan srul winaaRmdegobamde. e.i am Teoriidan

gamodis, rom:

1) eleqtronis mier eleqtromagnituri talRebis gamosxivebisas energiis dakargvis gamo

atomi unda iyos aramdgradi. sinamdvileSi atomi mdgradi sistemaa da

2) xazovani (wyvetili) speqtri ar unda arsebobdes. sinamdvileSi atomur mdgomareobaSi

myofi nivTiereba (gavarvarebuli airi an orTqli) gamoasxivebs ara uwyvet, aramed xazovan

speqtrs.

es Rrma winaaRmdegoba cdiseul faqtebsa da klasikuri fizikis kanonebis gamoyenebiT

miRebul Sedegebs Soris iZleva im daskvnis gakeTebis saSualebas, rom klasikuri meqanikis

da eleqtrodinamikis gantolebebi, romlebic miRebulia makroskopiuli zomebis areebSi

eleqtruli muxtebis moZraobis Seswavlis Sedegad, ar gamoxatavs atomSi eleqtronebis

moZraobis namdvil xasiaTs. maSasadame atomSi eleqtronebis moZraobisas Tavs iCens axali

Tvisebebi, romlebic ver aixsneboda niutonis da maqsvelis gantolebebiT.

am Tvisebebis asaxsnelad Zalze mniSvnelovania wyalbadis speqtrSi aRmoCenili

kanonzomierebebi.
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IX leqcia

kanonzomierebani wyalbadis atomis gamosxivebis speqtrSi, seriuli formulebi. boris postu-

latebi. boris Teoria wyalbadiseburi sistemebisaTvis. da misi siZneleebi.

$1. kanonzomierebani wyalbadis atomis gamosxivebis speqtrSi, seriuli formulebi.

normalur mdgomareobaSi wyalbadis atomebi ar asxiveben, magram Tu maT gadavcemT da-

matebiT Sinagan energias, maSin atomur mdgomareobaSi myofi wyalbadis atomebi aRigzne-

bian da gamoasxiveben xazovan speqtrs, romlebic SeiZleba davyoT calkeuli xazebisagan

Sedgenil jgufebad anu seriebad. TviToel seriaSi sixSireTa Sesabamisi xazebis erTobli-

oba emorCileba garkveul kanonzomierebebs da SiZleba aRiweros martivi maTematikuri for-

muliT. Sveicarielma fizikosma balmerma miiRo speqtris xiluli nawilis xazebis Sesabamis

sixSireTa gamosaTvleli formula da is aseTi saxisaa:

),
n

1

2

1
(R

22


sadac 151029,3R  wm-1 – ridbergis mudmivaa, xolo .....5,4,3n  . Tu 3n  gvaqvs wiTeli

pirveli xazi, 4n  meore – momwvano cisferi, 5n  - mesame – lurji, 6n  meoTxe – iisfe-

ri. SeiZleba Sesabamisi talRis sigrZeebis gamoTvlac



c

 . n is gazrdiT seriis xazebi

uaxlovdeba erTmaneTs. n gansazRvravs seriis sazRvars da misi Sesabamisi talRis sig-

rZe 1010981,3645  m.

SemdegSi wyalbadis speqtrSi aRmoaCines laimanis seria – speqtris uxilav ult-

raisfer nawilSi

..4,3,2n),
n

1

1

1
(R

22
 ,

da paSenis seria uxilav infrawiTel areSi

6,5,4n),
n

1

3

1
(R

22
 .

aseve Soreul infrawiTel areSi aRmoCnda breketis seria

...7,6,5n),
n

1

4

1
(R

22


da pfundis seria ,...8,7,6n),
n

1

5

1
(R

22
 .

zogadad wyalbadis atomis yvela seriuli formula SeiZleba gamoisaxos erTiani

formuliT )
n

1

m

1
(R

22
 ,

sadac mTeli ricxvebi ...3,2,1m  gansazRvravs serias, xolo ...2m,1mn  am seriis

calkeul xazs. bolo formula didi sizustiT dadsturda eqsperimentalurad. am

formulaSi gamoCnda mTeli ricxvebis gansakuTrebuli roli speqtrul kanonzomierebaSi.
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$2. boris postulatebi. maSasadame atomis birTvul models klasikuri meqanikisa da

eleqtrodinamikis farglebSi ar SeuZlia axsnas atomis mdgradobis da gamosxivebis speqtris

kanonzomierebaTa axsna. rogorc zemoT avRniSneT gamosxivebisa da SanTqmis speqtrebis wyve-

til xasiaTs mivyavarT im daskvnamde, rom atoms SeuZlia gamosxiveba ara uwyvetad nebismieri

raodenobiT, aramed sruliad gansazRvruli ulufebiT – kvantebiT. swored amas miaqcia

yuradReba danielma fizikosma nils borma, romelmac Seqmna atomis agebulebis

araklasikuri, kvanturi Teoria da Camoayaliba sami postulati:

1. eleqtronebs atomSi moZraoba SeuZliaT ara nebismier, aramed mkacrad gansazRvrul (sta-

cionalur-kvantur) orbitebze – Tavisi radiusiT, sadac maT aqvT mkacrad gansazRvruli

energia. es energia ar icvleba, sanam eleqtroni am orbitazea. am orbitebze, romlebsac

stacionalur anu dasaSveb orbitebs uwodeben, eleqtronis impulsis momenti nmvr jeradia


2
h

is e.i. nmvr =
 2
h

,n
2
h

n   , sadac ..3,2,1n  aq n mTavari kvanturi ricxvia. es

toloba gamoxatavs eleqtronuli orbitebis dakvantvis pirobas. am dakvantvis pirobidan

ganisazRvreba stacionaluri orbitis radiusi.

2. stacionalur mdgomareobaSi myofi atomi ar asxivebs da arc STanTqavs energias,

miuxedavad imisa, rom igi aCqarebulad moZraobs. yovel stacionalur mdg-Si eleqtrons aqvs

raRac nE energia e.i. moZraobs n ur orbitaze. es energia ar icvleba, sanam eleqtroni am

orbitazea. es postulati ewinaaRmdegeba kanons imis Sesaxeb, rom aCqarebulad moZravi muxti

unda asxivebdes energias.

maSasadame I da II postulati xsnis atomis mdgradobas.

3. erTi stacionaluri orbitidan meoreze eleqtronis gadasvlisas gamosxivdeba (an STain-

Tqmeba) energiis kvanti, romlis energia kn EEh  ( kn E,E energiebia Sesabamis orbiteb-

ze). Tu kn EE  energia gamosxivdeba da piriqiT. gamosxiveba xdeba eleqtronis gadasvlisas

meti energiis mdgomareobidan naklebSi, anu eleqtroni gadadis meti radiusis mqone

orbitidan nakleb radiusianze. e.i. eleqtroni uaxlovdeba birTvs. piriqiT energia Stain-

Tqmeba.

Tu eleqtronis mier SeZenili energia metia eleqtronsa da atombirTvs Soris bmis ener-

giaze, maSin adgili aqvs atomis ionizacias. Tu es energia sakmarisi araa ionizaciisTvis,

maSin eleqtroni gadadis ufro maRal energetikul doneze, sadac is rCeba ~10-8 wm-is

ganmavlobaSi, Semdeg ki ubrundeba ZiriTad mdgomareobas da Warb energias gamoasxivebs

sinaTlis kvantis saxiT. es gamosxivebuli energia tolia im energiisa, romelic eleqtronma

miiRo aRgznebis dros. e.i. gamodis, rom atomebi STnTqaven im sixSireebs, romelTa

gamosxivebac maT SeuZliaT (kirhxofis kanoni). gamosxivebis sixSire

h

E

h

E mn 
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da is ganisazRvreba ara atomSi eleqtronis brunvis sixSiriT, aramed atomis stacionalur

mdgomareobaTa energiebis sxvaobiT, e.i. atomi asxivebs da STanTqavs raRac sixSireebis

Sesabamisi  mkacrad gansazRvrul ulufebs. amiT aixsneba xazovani speqtrebis xasiaTi.

boris postulatebis fizikuri arsi ewinaaRmdegeba klasikuri fizikis kanonebs.

$3. boris Teoria wyalbadiseburi sistemebisaTvis. da misi siZneleebi.

borma Tavisi Teoria ganaviTara erTeleqtroniani sistemebisTvis (wyalbadis atomi H ,

heliumis ioni He , liTiumis orjer ionizirebuli ioni Li da sxva ionebi, romlebsac

aklia yvela eleqtroni, garda erTisa) . birTvis muxti aris Ze . boris mixedviT Tu

eleqtroni moZraobs r radiusian orbitaze, maSin niutonis II kanonidan

)Fma(
r

Ze
k

r
mv

K2
n

2

n

2

 . I postulatidan nmvr = n ,
2

n

2

2
n

2
n

22

2
n

2

22
2

r

Ze
k

rmr

mn
,

rm

n
v 


da aqedan

..3,2,1n,
mkZe

nr
2

2
2

n 


e.i. radiusi izrdeba mTeli ricxvebis kvadratebis proporciulad.

mocemuli formula gansazRvravs wyalbadis atomis stacionaluri orbitebis radiuss.

wyalbadis atomisTvis ,1Z  da pirveli orbitis radiusi ( )1n  10
1 10528,0r  m. es

ricxvi emTxveva gazebis kinetikuri Teiriidan gaangariSebuls. Sesabamisad zemoTmoyvanili

formulebidan miviRebT, rom eleqtronis siCqare nebismier n ur orbitaze tolia

.
n

kZe

n

mkZe
m
n

mr
n

v
2

22

2

n
n






aseve eleqtronis sruli energia atomSi tolia birTvis irgvliv eleqtronis moZrao-

bis kinetikuri da birTvTan misi urTierTqmedebis potenciuri energiis jamisa

r
Ze

k
2
1

)
r

Ze
k(

2
mv

E
222

 ,

radgan
2

22

r

Ze
k

r
mv

 da
r

Ze
k

2
1

2
mv 22

 (potenciuri energia uaryofiTia muxtebis gansxva-

vebuli niSnebis gamo). viciT
mkZe

nr
2

2
2

n


 , maSin energiisTvis miviRebT diskretul mniSvne-

lobebs:

42
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e.i. energia ikvanteba n sgan damokidebulebiT (nax. 1). n s

mTavari kvanturi ricxvi ewodeba, xolo nE s raRac orbitaze

eleqtronis srul energiis mniSvnelobas, uwodeben atomis

energetikul dones. Tu 1n  , gvaqvs ZiriTadi energetikuli

mdgomareoba,  1n aRgznebuli. 1n  energetikuli mdgoma-

reoba ZiriTadia, yvela sxva ki aRgznebuli. n is gazrdiT
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energia izrdeba (mcirdeba misi uaryofiTi mniS-ba da Sesabamisad sxvaoba mezobel

energetikul doneebs Soris), xolo energetikuli doneebi uaxlovdebian sazRvars ( n ),

e.i. minimaluri energia wyalbadis atomis aris .55,13E1  ev ( )1n  , xolo maqsimaluri

0E  ( n , rac Seesabameba atomis ionizacias – atomidan eleqtronis mowyveta). e.i.

rodesac ,n  sxvaoba energetikul  doneebs Soris imdenad mcirea, rom energetikuli

doneebis diskretulobaze ver vilaparakebT, anu Tavisufali eleqtronis energia ar

ikvanteba da misi energetikuli speqtri uwyvetia. maqsimaluri energia ionizaciis energiaa. am

TeoriiT miiReba aseve speqtruli seriebis empiriuli formulebi. marTlac Tu 1Z 

wyalbadisTvis,

).
n

1

m

1
(R)

m

1

n

1
(

2

kme
h

EE
22222

24
mn 







am formuliT miRebuli
2

24

2

kme
R


 ridbergis mudmiva emTxveva eqsperimentalur mniSvne-

lobas, rac adasturebs boris Teoriis siswores wyalbadiseburi sistemebisTvis.

Tu ..4,3,2n,1m  miviRebT laimanis serias da a.S.

maSasadame boris TeoriiT kargad aixsneboda xazovani speqtrebi wyalbadiseburi

sitemebisTvis da ridbergis mudmivas mniSvneloba Teoriuli gaTvlebisaTvis. Teoriulad

iqna gansazRvruli protonis masis Sefardeba eleqtronis masasTan. gamoTvlebma aCvenes, rom

1847
m

m

e

p  , rac eTanxmeboda cdis Sedegebs. aseve SesaZlebeli gaxda speqtroskopuli

monacemebis saSualebiT gansaZRruliyo eleqtronis jeradi muxti
m
e

. magram iyo xarvezebi,

romelSic ZiriTadi iyo is, rom boris Teoria warmoadgenda klasikuri fizikis Serwymas

kvantur postulatebTan, romelic ewinaaRmdegebodnen klasikur fizikas. aseve SeuZlebeli

iyo iseTi sistemebis axsna, romelic Seicavda erTze met eleqtrons, ver aixsna speqtraluri

xazebis intensivobebi da a.S. amitom Seiqmna axali Teoria-qvanturi meqanika.

miuxedavad amisa boris Teoriam udidesi roli Seasrula Tanamedrove atomuri

fizikis SeqmnaSi.
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X leqcia

nivTierebis korpuskulur – talRuri dualizmi. de – broilis formula. haizenbergis ganuzRvre-

lobaTa principi.

$1. nivTierebis korpuskulur – talRuri dualizmi. de – broilis formula.

maSasadame, rogorc wina leqciebSi avRniSneT klasikurma fizikam ver axsna rezerfordis

birTvuli modelis verc mdgradoba, verc xazovani speqtris arseboba. boris kvanturma Teoriam

axsna atomis mdgradoba, xazovani speqtrebisa da seriuli formulebis arseboba. magram is ar ga-

modgeboda mravaleleqtroniani sistemebisTvis. maSasadame saWiro iyo axali Sexedulebebi

mikronawilakebis bunebis Sesaxeb. aseTi Zireuli gadaqmna moaxdina 1924 wels frangma lui de

broilma, romlmac gamoTqva hipoTeza imis Sesaxeb, rom dualizmi anu orgvari buneba ara marto

sinaTlis nawilakisTvis ki ar aris damaxasiaTebeli, aramed universaluria da marTebulia niv-

Tierebis nawilakisTvisac (mag. eleqtronebisaTvis).

rogorc zemoT avRniSneT, sinaTlis dualizmi imiT vlindeba, rom zog optikur movlenebSi

(interferencia, difraqcia) igi amJRavnebs talRur bunebas, zogSi (fotoefeqti, komptonis efeqti)

– korpuskulurs.

daisva sakiTxi, Tu ramdenad amomwuravia eleqtronis warmodgena mcire materialur we-

rtilad, romelic drois yovel momentSi daxasiaTdes garkveuli koordinatiT da siCqariT.

es warmodgena arasakmarisia. axali Teoriis safuZvelia sinaTlis bunebis orgvaroba.

rogorc avRniSneT 1924w. de-broilma wamoayena hipoTeza korpuskulur-talRuri dualizmis

universalobis Sesaxeb. is amtkicebda, rom ara marto fotonebi, aramed eleqtronebi da sxva

nebismieri nawilakebi korpuskulur TvisebebTan erTad amJRavneben talRur Tvisebebs. viciT

sinaTle erTi mxriv talRaa )( talRis sigrZiT (sixSiriT) da meore mxriv nawilaki m

masiT da mcp  impulsiT (fotoni). maSin arsebobs Tanafardoba: energia ainStainis fardo-

biTobis Teoriis Tanaxmad .mcE 2 meore mxriv plankis Teoriidan



hc

hE  , anu


hc

mc 2  . impulsi ,mcp 

hc

pcE  da
mv
h

p
h

 . am formulas de-broilis formulas

uwodeben. e.i. fotonis korpuskuluri maxasiaTeblebi – energia, masa, impulsi da talRuri –

talRis sigrZe (sixSire) de broilis formuliT arian dakavSirebuli. de broilis for-

muliT gamoxatul mikronawilakTan dakavSirebul talRas  de broilis talRas uwodeben. de

broilma dauSva, rom es formulebi marTebulia nivTierebis nawilakebisTvisac.

amrigad de broilis hipoTezis Tanaxmad, mikronawilaks, romlis masa aris m da moZ-

raobs v siCqariT, eTanadeba talRa, romlis sigrZec gamoiTvleba formuliT:
mv
h

p
h

 .

Teoria, romelsac safuZvlad daedo es formula, aris axali kvanturi Teoria.

de broilis formulidan Cans, rom Tu nawilakis masa Zalian mcire ar aris, maSin

h is simciris gamo ( 341062,6h  j.wm)  Zalian mcire iqneba da talRuri Tvisebebi ar
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gamoCndeba. mag. Tu aviRebT CogburTis burTs 100m  gr masiT da 20v  m/wm siCqariT

moZravs, maSin 34103,3  m, rac Zalian mcirea da talRuri Tvisebebis gamovlena SeuZ-

lebelia. magram Tu gvaqvs eleqtroni, romlis 31101,9m  kg da moZraobs 106 m/wm siCqa-

riT, maSin 1010  m da ukve mJRavndeba talRuri Tvisebebi. mag. eleqtronebis difraqcia

kristalis meserze (mesris mudmiva eleqtronis talRis sigrZis rigisaa), rodesac misi

gatarebiT liTonis Txel firfitaSi unda miviRoT difraqciuli suraTi – naTeli da bneli

rgolebis saxiT. es movlena eqsperimentalurad 1927w. aRmoaCines devisonma da jermerma. am

eqsperimentis cdis sqema mocemulia nax. 1-ze.

eleqtronul A qvemexis SigniT amaCqarebuli velis

(romelic gansazRvravda eleqtronebis energiasa da

siCqares) saSualebiT miiReboda eleqtronebis viwro

kona, romelic ecemoda nikelis monokristals –

bunebriv difraqciul mesers da irekleboda misgan da

gvaZlevda difraqciul suraTs. monokristals SeeZlo brunva naxazis sibrtyisadmi

perpendikularuli RerZis irgvliv. aseve moZrav C mimRebsac SeeZlo brunva imave

nax. 1 RerZis irgvliv da is afiqsirebda nikelis mier sxvadasxva

mimarTulebiT gafantul eleqtronebs, romelmac aCvena, rom gabneuli eleqtronebis

intensivoba sxvadasxva mimarTulebiT sxvadasxvaa, rac damaxasiaTebelia difraqciis

movlenisaTvis. difraqciuli maqsimumebi Seesabameboda rentgenis sxivebis difraqciis dros

gamoyenebul vulf-bregis formulas ,nsind2   sadac  rentgenis talRis sigrZea,

d kristaluri mesris mudmiva,  gabnevis kuTxe , xolo n mTeli ricxvi. am formuliT

gamoTvlili talRis sigrZe zustad emTxveoda de broilis formuliT gamoTvlil talRis

sigrZes. es ki miuTiTebda de broilis hipoTezis sisworeze.

am talRebis fizikuri arsis dasadgenad unda gavixsenoT, rom sinaTlis intensivoba

proporciulia talRis amplitudis kvadratisa, romelic Tavis mxriv proporciulia raime

wertilSi moxvedrili fotonebis raodenobis. eleqtronebis da sxva nawilakebis krista-

lebis zedapiridan arekvlisas aRmoCnda, rom raRac mimarTulebiT airekleba meti rao-

denoba, rac talRuri TvalsazrisiT Seesabameba intensivobis maqsimumebs, romelic arekvlil

nawilakebTanaa dakavSirebuli. e.i. de-broilis talRis intensivobas sivrcis mocemul areSi

gansazRvravs am areSi moxvedrili nawilakTa raodenoba, anu sivrcis mocemul wertilSi am

talRis amplitudis kvadrati warmoadgens am wertilSi nawilakis moxvedris albaTobis

zomas. es aris swored moZrav nawilakebTan dakavSirebuli talRis statistikuri arsi.

maSasadame mikronawilakis moZraobasTan garkveuli talRaa dakavSirebuli. de-broilis

talRebi ar arian eleqtromagnituri, vinaidan aseTi talRa gamosxivdeba muxtis aCqarebuli

moZraobis dros, xolo de broilis talRa ki dakavSirebulia Tanabrad moZrav muxtTan da

ara aCqarebulTan. aseve is ukavSirdeba umuxto nawilakebsac (atomi, neitroni). isini ar

ganicdian dispersias. ase, rom misi buneba bolomde garkveuli araa.
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$4. haizenbergis ganuzRvrelobis Tanafardoba.

klasikur meqanikaSi yovelTvis SeiZleba zustad da erTdroulad ganisazRvros moZra-

vi sxeulis an materialuri wertilis siCqare, koordinati da traeqtoria. mikronawila-

kebisTvis ki maTi talRuri Tvisebebis gamo mdgomareobis aseTi aRwera SeuZlebelia. magram

zogierT SemTxvevaSi maTi mdgomareoba SeiZleba davaxasiaToT koordinatis da siCqaris

mniSvnelobebiT sakmaod mcire intervalSi, e.i. is ganvixiloT rogorc mikronawilaki.

eleqtroni ar warmoadgens materialur wertils, rogorc klasikur meqanikaSia. is ase-

ve xasiaTdeba talRuri TvisebebiT. klasikur meqanikaSi nawilaki moZraobs gansazRvrul

traeqtoriaze, ise rom nebismier momentSi mas gaaCnia gansazRvruli koordinati da impulsi.

mikronawilakebi maTi talRuri Tvisebebis gamo Zireulad gansxvavdebian klasikuri nawila-

kebisagan. am nawilakebs ar aqvT traetoria da amitom arasworia vilaparakoT misi koor-

dinatis da impulsis zust mniSvnelobebze. es gamomdinareobs dualizmidan. marTlac cneba

“talRis sigrZe mocemul wertilSi” azrs moklebulia da radganac impulsi gamoixateba

talRis sigrZiT , gamomdinareobs, rom mikronawilaks romelsac gaaCnia zustad gansazRvru-

li impulsi, MmaSin mas ar aqvs mkacrad gansazRvruli koordinati da piriqiT, Tu aqvs koor-

dinatis zusti mniSvneloba, maSin misi impulsi mTlianad ganuzRvrelia e.i. x da p

sidideebze laparaki SeiZleba mxolod garkveuli miaxloebiT-ganuzRvrelobiT. koordinatis

da impulsis ganuzRvrelobebs (gazomvis cdomilebebi, uzustobebi) Soris – x da xp

kavSirs amyarebs haizenbergis (1927w.) mier dadgenili Tanafardoba, romelmac gaiTvaliswina

nawilakis talRuri Tvisebebi da mivida daskvnamde, rom mikronawilaks ar SeiZleba

erTdroulad hqondes zustad gansazRvruli koordinati ( )z,y,x da impulsi ( )p,p,p zyx . mis

mixedviT kavSiri koordinatis da impulsis ganuzRvrelobebs Soris kavSiri

aseTia:

hpz

hpy

hpx

z

y

x













e.i. Tu nawilaks gaaCnia koordinatis zusti mniSvneloba ( )0x  , maSin impulsis proeqcias

saerTod ar aqvs azri, anu  xx p,
0
h

p  , anu rac ufro zustad ganisazRvreba koor-

dinati (mcirdeba x ), miT ufro naklebad zustia impulsi (izrdeba xp ) da piriqiT. maSa-

sadame mikronawilakisTvis ar arsebobs mdgomareoba, romelSic kordinatebs da impulss

erTdroulad hqondes zusti mniS-ba. e.i. mikronawilakis koordinatisa da impulsis

erTdrouli zusti gazomvis SeuZlebloba gamowveulia nawilakis Tvisebebis dualizmiT.

SevcvaloT xx vmp   , maSin
m
h

vx x   da a.S. aqedan Cans, rom

1) Tu nawilakis masa m Zalian mcire ar aris ( 341062,6h  j.wm, metad mcire sididea),

maSin marjvena mxares miiReba Zalian mcire sidide 10-34 da x da xv orive Zalian mcire

iqneba, anu koordinatis da siCqaris (impulsis) gansazRvra SeiZleba Zalian didi sizustiT.



50

nawilaki materialuri wertilia. mag. aviRoT birTvi, romlis masa 310m  kg. Cveulebriv

birTvis mdebareoba SeiZleba ganisazRros milimetris meaTedi da measedi sizustiT. yovel

SemTxvevaSi imaze met sizusteze ver vilaparakebT, vidre atomis zomaa. amitom aseTi birTvi-

sTvis gazomvis sizuste  atomis zomaze. meti sizuste ar aqvs, e.i. 1010x  m, maSin

20
310

34

x 10
1010

1062,6
mx

h
v 















 m/wm,

rac Zalian mcirea, anu makroskopiuli sxeulebisTvis maTi talRuri Tvisebebi araviTar

rols ar asrulebs. am dros vargisia klasikuri meqanikis kanonebi.

2) Tu  nawilakis masa m Zalian mcirea, mag eleqtronisTvis 31101,9m  kg, maSin rac ufro

zustadaa gazomili erT-erTi (mag. )x , miT metia meoris ganuzRvreloba xv . Tu x gazo-

milia idealurad zustad ( x =0), maSin xv , anu siCqare ganuzRvreli iqneba. mag. aviRoT

eleqtronis moZraoba wyalbadis atomSi. misi siCqare 610v  m/wm, masa 31101,9m  kg.

wyalbadis atomis zoma 1010  m rigisaa, e.i. misi koordinatis ganuzRvrelobac 1010x  m.

maSin siCqaris ganuzRvreloba 6
331

34

x 107
10101,9

1062,6
mx

h
v 







 




 m/wm, anu eleqtronis ganu-

zRvreloba 7-jer meti gamodis Tavisive siCqareze. e.i. koordinats da siCqares erTdroulad

ver ganvsazRvravT da am dros ver gamoviyenebT klasikuri meqanikis kanonebs.

maSasadame haizenbergis principi iZleva klasikuri meqanikis gamoyenebis kriteriums:

klasikuri meqanikis gamoyeneba SesaZlebelia im SemTxvevaSi, rodesac x da v sakmaod mci-

rea, anu x da v SeiZleba gaizomos erTdroulad da zustad. es ki SeiZleba maSin, rodesac

nawilakis masa gacilebiT metia atomis masaze.

es principi martivad xsnis Tu ratom ar ecema eleqtroni birTvs, anu ratom aris

atomi mdgradi. eleqtroni rom birTvs daeces, maSin misi koordinati da impulsi miiRebda

sruliad gansazRvrul (nulovan) mniSvnelobas, rac SeuTavsebelia ganuzRvrelobis prin-

cipTan.

haizenbergis ganuzRvrelobaTa Tanafardobis miReba SeiZleba eleqtronebis difraq-

ciis analizis safuZvelze. vTqvaT v siCqariT da y RerZis mimarTulebis mqone eleqt-

ronebis kona gadis x RerZis paralelur d siganis xvrelis mqone

A firfitaSi da ecema MN ekrans (nax. 2). eleqtronebis talRuri

Tvisebebis gamo adgili eqneba maT difraqcias. wyvetili mrudi

gamosaxavs intensivobis ganawilebas centridan daSorebiT

(eleqtronebis ganawilebis simkvrive). intensivobis didi nawili

modis centralur maqsimumze da amitom is ganvixiloT.

vTqvaT eleqtronebis gavla xvrelSi da difraqciuli

suraTis registrireba warmoadgens misi koordinatisa da impulsis erTdrouli gazomvis

aqts. zustad Cven ar viciT xvrelis romel wertilSi gaiara eleqtronma, amitom eleqtronis

x koordinati xvrelSi gavlis momentSi gansazRvruli iqneba xvrelis d siganis sizustiT,
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anu dx  . impulsis mdgeneli xvrelSi gavlamde iyo nulis toli (hqonda zusti

mniSvneloba). xvrelSi gavlis Semdeg man SeiZina garkveuli ganuzRvreloba, vinaidan difra-

qciis gamo gaCnda imis albaToba, rom eleqtroni imoZravebs 2 sxeulovani kuTxis saz-

RvrebSi, sadac  pirveli difraqciuli minimumis Sesabamisi kuTxea. e.i. ganuzRvreloba im-

pulsis xp mdgenelis gansazRvraSi toli iqneba  sinppx  . radgan de broilis formu-

lidan

h

p  , amitom 


 sin
h

px  . pirveli minimumi ( 1k  ), iseve rogorc sinaTlis dif-

raqciis SemTxvevaSi erTi xvrelidan, miiReba Semdegi pirobidan  sind da ,
d

sin


  an

radgan dx  ,
x

sin



  , amitom .
x

h
sin

h
px 







  aqedan hpx x   . difraqciuli su-

raTis meore, mesame da a.S. minimumebis gaTvaliswinebiT xp gaxdeba ufro didi da gveqneba

hpx x   , rac haizenbergis ganuzRvrelobebis princips gamosaxavs.

analogiuri Tanafardoba miiReba y da z mdgenelebisaTvis.
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XI leqcia

talRuri funqcia. Sredingeris gantoleba da misi gamoyenebis magaliTebi.  wyalbadis atomi kvan-

turi meqanikis TvalsazrisiT.

$1. talRuri funqcia. Sredingeris gantoleba da misi gamoyenebis magaliTebi.

klasikuri meqanikis ZiriTadi gantoleba (niutonis II kanoni) saSualebas iZleva ganv-

sazRvroT materialuri wertilis kordinatebi da siCqare drois nebismier momentSi, Tu cno-

bilia am sidideebis mniS-bebi sawyis momentSi da moqmedi Zala.  radgan mikronawilakebs

talRuri buneba gaaCniaT, amitom nawilakis moZraobis Seswavla sxvanairad unda xdebodes.

mikronawilakebis talRuri Tvisebebis gamo kvantur meqanikaSi (es aris Teoria, romelic

ixilavs mikronawilakebis moZraobas da urTierTqmedebis kanonebs maTi talRuri Tvisebebis

gaTvaliswinebiT) azri aqvs mxolod sivrcis mcire dV moculobaSi drois mocemul momen-

tSi nawilakis yofnis albaTobaze laparaks. vTqvaT kristals ecema eleqtronTa kona, maSin

TviToel eleqtrons Seesabameba de broilis talRa. yoveli talRa xasiaTdeba ara marto

mv
h

 talRis sigrZiT, aramed A amplitudiT da I intensivobiT, romelic amplitudis

kvadratis proporciulia – I ~ 2A . ra vigulisxmoT A amplitudis da I intensivobis qveS

eleqtronuli talRis SemTxvevaSi? amisaTvis CavataroT eqsperimenti eleqtronebis

difraqciaze momokristalze maTi dacemisas. ekranis nacvlad gamoviyenoT fotofiri. cxadia

im adgilebSi, sadac gvaqvs difraqciuli maqsimumebi, firfita gaSavdeba da sadac gvaqvs

difraqciuli minimumebi, iq gveqneba naTeli areebi. es gaSavebis xarisxi damokidebulia

talRis intensivobaze. Tu eleqtronuli talRis amplitudas avRniSnavT  Ti, maSin

intensivoba, romelic gansazRvravs gaSavebis xarisxs, proporciuli iqneba 2 is. meore

mxriv eleqtronuli konis intensivoba ganisazRvreba eleqtronebis n koncentraciiT

nakadSi, amitom SegviZlia CavweroT, rom n2  .

gavarkvioT Tu ra unda vigulisxmoT 2 is qveS, rodesac erTi eleqtroni gvaqvs. am

dros CavataroT aseTi eqsperimenti: liTonis Txel firfitaSi erTimeoris miyolebiT ise

gavataroT calkeuli eleqtronebi, rom mocemul eleqtronze sxva eleqtronebis moqmedeba

gamovricxoT. cdiT dasturdeba, rom eleqtronebi fotofirze ecemian sul sxvadasxva

wertilebSi, magram maTi ganawileba araTanabaria. statistikuirad isini ufro xSirad

ecemian im wertilebSi, romlebic Seesabamebian difraqciul maqsimumebs, xolo im

wertilebSi, romlebic difraqciul minimumebs Seesabamebian, eleqtronebi an sul ar

xvdebian, an xvdebian iSviaTad. eleqtronebis sakmaod didi ricxvis gatarebis SemTxvevaSic,

difraqciuli suraTi analogiuria, imisa rac gvqonda eleqtronuli konis SemTxvevaSi.

maSasadame difraqciuli suraTi warmoadgens statistikur kanonzomierebis gamovlenas,

romlis Tanaxmad eleqtronebi meti albaTobiT xvdebian fotofiris garkveul adgilebSi

(bneli rgolebi – maqsimumebi) da naklebi albaTobiT sxva adgilebSi (naTeli rgolebi –

minimumebi). e.i. difraqciuli maqsimumebi talRuri Teoriis Tanaxmad miiReba iq, sadac



53

intensivobebi (anu talRis amplitudis kvadratebi) udidesia, xolo korpuskuluri Teoriis

Tanaxmad miiReba iq sadac bevri nawilaki moxvdeba (sadac fotonebis dacemis albaToba udi-

desia), anu de-broilis talRebis intensivoba mocemul wertilSi ganisazRvreba im

nawilakebis ricxviT, romlebic mocemul wertilSi xvdebian. e.i. difraqciuli suraTi

mikronawilakebisTvis aris statistikuri (albaTuri) kanonzomiereba, romlis Tanaxmad

nawilakebi xvdebian im adgilebSi sadac intensivoba udidesia. es ki gvaZlevs imis

saSualebas, rom 2 ganvsazRvroT, rogorc eleqtronis sivrcis mocemul wertilSi moxved-

ris albaToba. sivrcis mocemul adgilas mocemul momentSi nawilakis aRmoCenis albaTobaTa

ganawileba xasiaTdeba talRuri funqciiT )t,z,y,x( . mikronawilakis talRuri Tvisebebis

gamo misi mdebareoba unda aRiweros raRac talRuri funqciiT. fizikuri azri aqvs mxolod

misi modulis kvadrats
2 , romelic gansazRvravs sivrcis mocemul wertilSi nawilakis

moxvedris albaTobas.
2 -s aseve albaTobis simkvrives uwodeben (gansazRvravs de-broilis

talRis intensivobas). raime mcire dxdydzdV  moculobaSi nawilakis aRmoCenis albaToba

tolia
2

dW  dxdydz . 2 iT ganisazRvreba de broilis talRis intensivoba.

talRuri funqcia unda akmayofilebdes Semdeg pirobebs:

1)  unda iyos uwyveti (ar unda icvlebodes naxtomiseburad), calsaxa (e.i. erT

mdgomareobas unda aRwerdes erTi funqcia) da sasruli.

2) unda akmayofilebdes pirobas   
V V

2
1dVdW  , romelic gamosaxavs normirebis pirobas.

misi arsi isaa, rom nawilaki sadRac usaTuod iqneba aRmoCenili, anu mTel moculobaSi nawi-

lakis aRmoCenis albaToba tolia erTis. funqcia, romelic am pirobas akmayofilebs, nor-

mirebulia.

maSasadame klasikuri meqanikisgan gansxvavebiT, romelic saSualebas iZleva zustad

moinaxos nawilakis mdebareoba da ganisazRvros moZraobis traeqtoria, kvantur meqanikaSi

SeiZleba vilaparakoT mxolod nawilaki sivrcis mocemul wertilSi yofnis, an mocemul

traeqtoriaze moZraobis albaTobaze.

yoveli talRuri procesi aRiwereba talRuri gantolebiT, amitom mikronawilakebis

moZraobac talRuri gantolebiT unda aRiweros. aseTi gantoleba mogvca Sredingerma.

talRuri funqcia warmoadgens Sredingeris gant-is amonaxsns. Tu nawilaki moZraobs x Rer-

Zis gaswvriv, maSin am gant-s aseTi saxe aqvs: 0)UE(
h

m8

x 2

2

2

2








.

xolo nebismieri mimarTulebiT moZraobisas 0)UE(
h

m8
2

2




 .
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aq E da U nawilakis sruli da potenciuri energiaa, xolo
2

2

2

2

2

2

zyx 















( 












2

2

2

2

2

2

zyx
 laplasis operatoria). es aris Sredingeris stacionaluri gantoleba,

radgan is ar Seicavs dros.

amrigad Sredingeris gantoleba mikronawilakis moZraobis gantolebaa. igi iseTive

rols TamaSobs kvantur meqanikaSi, rogorsac niutonis II kanoni klasikur meqanikaSi da maqs-

velis gantolebebi eleqtrodinamikaSi. es gantoleba vargisia, mxolod sinaTlis siCqaresTan

SedarebiT mcire siCqariT moZravi mikronawilakebisTvis. am gantolebidan vpoulobT

talRur  funqcias, romlis saSualebiTac moinaxeba sivrcis sxvadasxva nawilebSi nawi-

lakis aRmoCenis albaToba. aseTi tipis gantolebebs amoxsna gaaCniaT ara E energiis nebis-

mieri mniSvnelobisTvis, aramed mxolod garkveuli diskretuli mniS-bebisaTvis. am mniS-

vnelobebs energiis sakuTari mniSvnelobebi ewodebaT, xolo Sesabamis  funqciebs-sakuTari

 funqciebi.

Sredingeris gantoleba ar gamoiyvaneba, is mxolod postulirdeba da gantolebiT

miRebuli Sedegebi atomur fizikaSi mowmdeba cdiT, rac mis samarlianoba amtkicebs.

gavarCioT am gantolebis gamoyenebis magaliTi.

Tavisufali nawilakis moZraoba. vTqvaT gvaqvs Tavisufali m masis mikronawilaki,

romelzec araviTari Zala ar moqmedebs da is moZraobs x RerZis gaswvriv. imis gamo rom

isTavisufalia da masze araviTari Zala ar moqmedebs, amitom misi potenciuri energia nulis

tolia 0)x(U  . maSin sruli energia kinetikuri energiis toli iqneba da Sredingeris

gantoleba am dros ase Caiwereba: .0E
h

m8

dx

d
2

2

2

2

 


rogorc aRvniSneT sruli energia am dros nawilakis kinetikuri energiis tolia:

).
h

p(
m2

h
m2

p
m2
vm

2
mv

WE
2

22222

k 


energiis es mniSvneloba SevitanoT Sredingeris gantolebaSi:

.0
4

dx

d

m2

h

h

m8

dx

d
2

2

2

2

2

2

2

2

2

2










SemovitanoT aRniSvna

2

k  (es aris mikronawilakis Sesabamisi de-broilis talRis talRu-

ri ricxvi), maSin .0k
dx

d 2
2

2

 


mocemuli gantoleba harmoniuli rxevis diferencialuri gantolebaa, romlis amo-

naxsni aseTi saxisaa ,kxcosA sadac A talRis amplitudaa. bolo da sawyisi gan-

tolebebidan gamodis, rom 2
2

2
2

2

2

k
m8

h
EkE

h

m8




 . e.i. Tavisufali mikronawilakis ener-

gia misi talRuri ricxvis kvadratuli funqciaa. radgan nawilakis siCqare da maSasadame ta-
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lRuri ricxvi k nebismieri SeiZleba iyos, amitom gamodis, rom Tavisufali nawilakis

energia SeiZleba iRebdes nebismier mniSvnelobebs, anu aseTi nawilakis

energia ar ikvanteba, anu misi energetikuli speqtri uwyvetiaSesabamisi

mrudi ),k(fE  romelic gamoxatavs Tavisufali nawilakis energiis

damokidebulebas mis Sesabamis de broilis talRis talRur ricxvze,

mocemulia nax. 1-ze. rogorc naxazidan Cans grafiki warmoadgens

nax. 1       parabolas.

$2. wyalbadis atomi kvanturi meqanikis TvalsazrisiT

wyalbadis atomi Sedgeba erTi protonisagan (birTvSi) ( eq1  ) da erTi eleqtroni-

sagan )eq( 2  , romelic brunavs birTvis irgvliv r radiusian orbitaze. protonsa da

eleqtrons Soris moqmedebs eleqtruli mizidvis Zala. radgan protonis masa >>

eleqtronis masaze, amitom protoni CavTvaloT uZravad. eleqtronis birTvTan urTierTqme-

debis potenciuri energia
r4

e
U

0

2


 , sadac r manZilia protonsa da eleqtrons Soris.

grafikulad )r(U funqcia mocemulia nax. 2-ze sqeli mrudiT. rodesac

 U,0r da Tu .0U,r  niSani „–„ niSnavs, rom atomis Semad-

geneli nawilebi urTierTmiizidebian. Sredingeris gantolebas, Tu

gaviTvaliswinebT U s mniSvnelobas eqneba aseTi saxe:

0)
r4

e
E(

h

m8

0

2

2

2

 



 .

nax. 2         aseT gantolebas amonaxsni aqvs mxolod eleqtronis sruli energiis

mxolod gansazRvruli mniSvnelobebiTvis. E s diskretuli mniS-bebi miuTiTebs imaze, rom

atomSi SeiZleba ganxorcieldes moZraobebis mxolod gansazRvruli saxeebi. maSasadame ato-

mis stacionaluri mdgomareobebi xasiaTdeba energiis mxolod gansazRvruli diskretuli

mniSvnelobebiT. amrigad Sredingeris gantolebas mivyavarT im daskvnamde, rom atomis

stacionaluri mdgomareobebi xasiaTdeba energiis mxolod gansazRvruli diskretuli

mniSvnelobebiT. energiis am mniSvnelobaTa Sesabamisi talRuri funqciebi damokidebulia sam

mTel parametrze, romelTac kvanturi ricxvebi ewodeba da romelsac SemdgomSi ganvixilavT.
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XII leqcia

kvanturi ricxvebi da maTi fizikuri arsi. eleqtronis spini. paulis principi. eleqtronTa

ganawileba atomSi mdgomareobebis mixedviT.

$1. kvanturi ricxvebi da maTi fizikuri arsi.

rogorc wina leqciaSi avRniSneT, Sredingeris gantolebas mivyavarT im daskvnamde,

rom atomis stacionaluri mdgomareobebi xasiaTdeba energiis mxolod gansazRvruli diskre-

tuli mniSvnelobebiT. energiis am mniSvnelobaTa Sesabamisi talRuri funqciebi damokide-

bulia sam mTel parametrze, romelTac kvanturi ricxvebi ewodeba.

1. mTavari kvanturi ricxvi n , romelic gansazRvravs eleqtronis energetikul dones atomSi

(eleqtronis energia). is Rebulobs nebismier mTel ricxviT mniSvnelobebs ...3,2,1n  . Sesa-

bamisad energia
2
0

2

4

2n h8

me

n

1
E


 (diskretul mniSvnelobaTa uaryofiTi mniS-bebi). n gansaz-

Rvravs atomSi ara orbitis nomers, rogorc es boris TeoriaSi iyo, aramed energiis

diskretul mniSvnelobebs da eleqtronuli Rrublis anu orbitalis

zomebs, e.i. kvantur mdgomareobaTa jgufs, romlebSic danarCeni

kvanturi ricxvebi SeiZleba sxvadasxva mniSvnelobebs iRebdnen.

eleqtronis energia wyalbadis atomSi ikvanteba, anu misi energetikuli

speqtri wyvetilia, diskretuli. aseTive Sedegi iyo postulirebuli

boris TeoriaSic, aq ki aris Sredingeris gantolebis amonaxsni. am

formulis Sesabamisi   energiis Sesabamisi mniS-bebi ....E,E,E 321

naCvenebia nax. 1-ze. yvelaze dabali done, sadac energia

nax. 1 minimaluria ( 55,13E,1n 1  ev) ZiriTadia (normaluri), danarCenebi

5,1E,3n,37,3E,2n 32  ev da a.S. agznebuli. Tu n izrdeba energetikuli doneebi

erTmaneTs uaxlovdebian da roca n , maSin 0E  . Tu 0E  -eleqtronis moZraoba SezRu-

dulia, xolo Tu 0E  , maSin moZraoba Tavisufalia. es Seesabameba ionizirebul  atoms.

ionizaciis energia 55,13EE 1i  ev. Sesabamis Sreebs ase aRniSnaven: ,K1n  ,L2n 

,M3n  N4n  Sre da a.S. maSasadame rodesac 0E  Sredingeris gant-s amoxsna aqvs

E s nebismieri mniS-sTvis, xolo roca 0E  E s garkveuli diskretuli mniS-bebisTvis.

2. eleqtrons r radiusian orbitaze moZraobisas aqvs impulsis momenti ].rv[mL


 kvantur

meqanikaSi mtkicdeba, rom impulsis momenti, iseve rogorc energia ikvanteba e.i. Rebulobs

wyvetil mniSvnelobebs da ara nebismiers, romelic ase ganisazRvreba: )1l(l
2
h

L 


, sadac

l mTeli ricxvia da mas orbituli kvanturi ricxvi ewodeba. is iRebs Semdeg mniS-bebs

)1n...(2,1,0l  – sul n mniSvneloba. mag. Tu 3n  , maSin l SeiZleba iyos 0-is, 1-is an 2-is

toli. aRniSvnebi aseTia ,s0l  ,p1l  ,d2l  f3l  ( f,d,p,s mdgomareobebi) da

a.S. Tu 1n  da 0l  aRiniSneba s1 iT, ,2n  maSin .1,0l  rodesac 0l  , gvaqvs s2 da
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rodesac ,1l  gvaqvs p2 mdgomareoba. rodesac eleqtroni imyofeba p mdgomareobaSi,

misTvis ,1l  anu 2
2
h

L


 . s1 mdgomareoba ZiriTadia. mocemul mdgomareobaSi

eleqtronebis raodenoba Z iwereba xarisxis maCvenebliT Znl . mag. 4p2 niSnavs oTxi

eleqtronisTvis 1l,2n  . Tavis talRuri Tvisebebis gamo eleqtroni wyalbadis atomSi

SeiZleba aRmovaCinoT nebismier adgilas, magram sxvadasxva albaTobiT, romelic

ganisazRvreba  talRuri funqciis modulis kvadratiT. eleqtronis SesaZlo

mdgomareobaTa Sesabamis wertilebis erTobliobas ewodeba orbitali, romelic pirobiTad

gamoisaxeba sivrciTi eleqtronuli Rrublis saxiT, romlis simkvrive axasiaTebs

eleqtronis aRmoCenis albaTobis ganawilebas. rodesac 1n  da 0l  e.i. ZiriTadi mdgo-

mareobaa, orbitals aqvs sferuli forma simkvrivis araTanabari ganawilebiT, romlis maqsi-

mumi centridan boris ZiriTadi orbitis Sesabamisi 0r manZilis tolia. Semdeg birTvis mimar-

TulebiT simkvrive mcirdeba. rodesac ,1l  anu eleqtroni p mdgomareobaSia, eleqtronis

orbitas aqvs iseTi forma, romelic miiReba rvianis brunviT. l is ufro didi

mniSvnelobebisTvis orbitalebis forma ufro rTulia.

orbituli kvanturi ricxvi l gansazRvravs eleqtronis impulsis momentis absolutur

mniSvnelobas, magram impulsis momenti veqtoruli sididea da amitom sruli daxasiaTe-

bisTvis aucilebelia agreTve misi mimarTulebis dadgena (L


marTobulia brunvis sibrtyis).

3. eleqtrons atomSi orbitaluri meqanikuri impulsis momentis garda  agreTve gaaCnia mas-

Tan dakavSirebuli orbitaluri magnituri momenti .SePm 


amave dros cnobilia

em L
m2
e

P


 . amitom gareSe magnitur velSi eleqtronuli Rrubeli orientirdeba sruliad

garkveuli mimarTulebiT. mag. Tu gareSe magnitur velSi movaTavsebT atoms, romlisTvis

,1l  maSin “rviani” ise orientirdeba, rom sami SesaZlo mniSvnelobidan miiRebs erT-erTs

(nax.2). maSasadame L


veqtoris mimarTuleba gareSe magnituri velis

mimarT unda ikvantebodes, rasac sivrcul dakvantvas uwodeben. L

-

is mimarTulebax gansazRvravs magnituri kvanturi ricxvi ,m

romelic gvaZlevs mis mdgenels magnituri velis gaswvriv. Tu magnituri velis B


s mimar-

Tuleba emTxveva Z RerZs, maSin L


veqtoris mdgeneli am mimarTulebiT unda iyos

,m
2
h

LZ 
 anu impulsis momentis proeqcias ZL s gare magnituri velis mimarTulebaze

SeiZleba hqondes sruliad gansazRvruli kvanturi mniSvnelobebi. imis gamo, rom kvantur

meqanikaSi eleqtronis orbitas azri ar aqvs, amitom L


veqtoris zusti mimarTulebis

dadgena SeuZlebelia. e,i. ar SeiZleba erTdroulad cnobili iyos samive ZYX L,L,L misi

mdgeneli. m -magnituri (magnituri imitom, rom mimarTulebad, romelzedac L


veqtoris

gegmili, iReben magnituri velis mimarTulebas – an gareSe, an birTvisa da eleqtronis mier
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Seqmnili magnituri veli) kvanturi ricxvi iRebs nebismier mniS-bebs l dan l mde. e.i.

l,....2,1,0m  . ZL s SeuZlia miiRos )1l2(  mniS-ba, anu L


veqtors SeiZleba hqondes Z

RerZis mimarT )1l2(  orientacia. mag. Tu ,1l  1,1,0m  . am movlenas sivrculi dak-

vantva ewodeba. maSasadame ikvanteba L


veqtoris ara marto sidide, aramed misi mimar-

Tulebac. maSasadame eleqtronis mdgomareoba atomSi ganisazRvreba sami kvanturi ricxviT,

xolo wyalbadis atomSi mxolod erTi mTavari kvanturi ricxviT. sxvadasxva kvantur

mdgomareobaSi energetikul dones, romelsac ramdenime kvanturi mdgomareoba Seesabameba –

gadagvarebuli done ewodeba, xolo mocemuli energiis Sesabamis sxvadasxva kvantur

mdgomareobiT ricxvs gadagvarebis jeradoba. e.i. erTi da igive energiis eleqtroni SeiZleba

imyofebodes sxvadasxva kvantur mdgomareobaSi. l is TviToel mniSvnelobas Seesabameba

)1l2(  mdg-ba, romlebic gansxvavdebian m magnituri ricxviT. radgan l icvleba 0-dan

)1n(  mde, amitom mocemuli energiis Sesabamis mdgomareobaTa ricxvi, romlebic gansxvav-

debian l da m iT tolia 





1n

0l

2n)1l2( e.i. energetikuli donis gadagvarebis jeradoba

2n is tolia. Tu 1n  , done gadaugvarebelia.

Tu
31,0m,1l

10m,0l,2n




sul 4-jer gadagvarebuli, anu 42n 22  .

Tu

52,1,0,1,2m,2l

31,0m,1l

10m,0l,3n





sul 9-jer gadagvarebuli mdgomareoba, anu 92n 322  .

ibadeba kiTxva: ratom ikvanteba L


is mxolod erTi mdgeneli ZL ? saqme imaSia, rom

L


s ar SeuZlia Z is mimarT daikavos sruliad gansazRvruli mdebareoba, radga is sivr-

ceSi aRwers konuss, ise rom ZL gegmili tolia m
2
h


is. am movlenis mizezi aixsneba ganu-

zRvrelobis TanafardobiT. L


veqtors rom hqondes garkveuli mimarTuleba da maSasadame

gaaCndes ZYX L,L,L mdgenelebi, maSin eleqtroni moTavsebuli iqneboda garkveul sibrtyeSi.

mag. L


s rom Z is mimarTuleba hqondes, maSin eleqtroni imoZravebda XY sibrtyeSi. es ki

haizenbergis principis Tanaxmad maSin aris SesaZlebeli, rodesac impulsis ganuzRvreloba


Z

pZ 



, radgan 0Z  . es ki SeuZlebelia Tu eleqtroni ekuTvnis wyalbadis atoms.

sinamdvileSi radgan garkveuli mniSvnelobebi aqvs mxolod ZL s, amitom eleqtronis mde-

bareoba ar Semoifargleba erTi sibrtyiT da is xasiaTdeba garkveuli ganuzRvrelobiT.

radgan L


is mimarTuleba ganuwyvetliv icvleba, amitom XL da YL saSualo mniSvnelobebi

nulis tolia, xolo m
2
h

LZ 
 .
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maSasadame magnituri kvanturi ricxvebis arseboba gvaZlevs imas, rom mTavari kvanturi

ricxvis mqone done ixliCeba 1l2  qvedoneebad. marTalia nE energia damokidebulia mTavar

kvantur ricxvze, magram nE -is TiToeul sakuTar mniSvnelobas Seesabameba (garda 1E sa)

ramdenime sakuTari m,l,n funqciis mniSvneloba, romlebic erTmaneTisagan gansxvavdeba l da

m iT. amitom eleqtrons SeiZleba hqondes erTi da igive energia sxvadasxva mdgomareobebSi.

radgan eleqtronebis moZraoba atomSi xasiaTdeba talRuri TvisebebiT, amitom kvantur

meqanikaSi ar ganixileba (rogorc klasikur meqanikaSia) eleqtronuli orbitebi. aq ukve

eleqtronebi qmnian eleqtronul Rrubels, romlis simkvrive axasiaTebs eleqtronis aRmo-

Cenis albaTobas atomis moculobis sxvadasxva wertilebSi. kvantur meqanikaSi n da l

axasiaTebs eleqtronuli Rrublis formasa da zomas, xolo m ki eleqtronuli Rrublis

orientacias sivrceSi.

sivrcul dakvantvas gamosaxaven grafikulad. roca ,0l  maSin ZL s aqvs erTi mniS-

vneloba 0LZ  , e.i. L


marTobia B


si. roca
 2
h

,
2
h

,0L1,1,0m,1l Z  . nax. 3-ze

naCvenebia sivrciTi dakvantva, rodesac 1l  da 2l  . pirvel

SemTxvevaSi gvaqvs L


veqtoris 3 SesaZlo orientacia ( 1,0m  )

xolo meoreSi ki 5 orientacia – 2,1,0m  .  maSasadame n mTavari

kvanturi ricxvi gamosaxavs energiis mniSvnelobebs, l orbituli

kvanturi ricxvi orbituli impulsis momentis sididis mniSvnelobebs,

m magnituri kvanturi ricxvi ki orbituli impulsis momentis

nax. 3          gegmilis mniSvnelobebs. e.i. erTi da igive energiis mqone (n )

eleqtroni SeiZleba imyofebodes sxvasxva kvantur mdgomareobaSi.

$2. eleqtronis spini, spinuri kvanturi ricxvi, paulis principi, eleqtronTa ganawileba

atomSi. atomSi eleqtronis mdgomareoba garda zemoT aRniSnuli sami kvanturi ricxvisa, xa-

siaTdeba agreTve spinuri kvanturi ricxviT. cdebis Sedegad dadginda, rom eleqtrons garda

orbituli impulsis momentisa da misi Sesabamisi magnituri momentisa, gaaCnia aseve sakuTari

impulsis meqanikuri momenti sL (spini – bzriala, romelic ar aris dakavSirebuli eleqt-

ronis brunvasTan sakuTari RerZis garSemo) da misi Sesabamisi magnituri momenti msP . gareSe

magnitur velSi spini, iseve  rogorc orbitaluri impulsis momenti orientirdeba garkveu-

li saxiT da ikvanteba Semdegi saxiT: )1s(s
2
h

Ls 


, sadac s spinuri kvanturi ricxvia.

spini warmoadgens materiis pirvelad Tvisebas da ar SeiZleba dayvanil iqnas sxva ufro

martivv cnebaze. mas aqvs mxolod erTi mniSvneloba –
2
1
. orbituli sivrciTi dakvantvis ana-

logiurad eleqtronis spinis proeqcias gareSe magnituri velis mimarTulebaze SeiZleba

hqondes mxolod garkveuli dakvantuli mniS-ba SZSZ m
2
h

L


 . sm magnituri spinuri kvan-
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turi ricxvia da iRebs or mniS-bas ,
2
1

mS  anu
2
h

2
1

LSZ  . maSasadame spinis impulsis

momentis gegmili gare Z mimarTulebaze ikvanteba formuliT
 4
h

m
2
h

L SSZ  .

maSasadame mravaleleqtronian atomSi eleqtroni imyofeba erT-erT dasaSveb mdgomareobaSi,

romelic xasiaTdeba sm,m,l,n kvanturi ricxvebis gansazRvruli mniS-bebiT.

2
2
1

m;1l2l,....2,1,0m;n)1n,...(2,1,0l...;4,3,2,1n S  mniSvnelobebi.

doneebis mixedviT eleqtronebis ganawileba emorCileba paulis princips, romelic SemdegSi

mdg-s: nebismier mravaleleqtronian sistemaSi oTxi kvanturi ( sm,m,l,n ) ricxviT gansazRv-

rul stacionalur mdg-Si ar SeiZleba imyofebodes erTze meti eleqtroni, anu ar arsebobs

ori eleqtroni, romelTaTvisac oTxive kvanturi ricxvi erTnairia. gamovTvaloT im eleq-

tronTa maqsimaluri ricxvi, romlebsac aqvT erTnairi mTavari kvanturi ricxvi. mocemuli

n sTvis orbitaluri kvanturi ricxvi icvleba 0-dan  )1n( mde. amitom am mdgomareobaSi

eleqtronebis maqsimaluri raodenoba toli iqneba 





1n

0i

2n2n]2)1n(2[)1l2(2)n(N .

Tu .2N,1n  Tu 8N,2n  , 18N,3n  da a.S. erTnairi n da l kvanturi ricxvebis mqo-

ne eleqtronTa erToblioba qmnis eleqtronul garss, xolo erTnairi n -is mqone ki eleqt-

ronul Sres. viciT ..4,3,2,1n  . maTi Sesabamis Sreebi aRiniSneba ..O,N,M,L,K asoebiT. aseve

...4,3,2,1,0l  Sesabamisi mdg-bebia ...g,f,d,p,s . radgan mocemul garsSi SeiZleba imyofebodes

ara umetes 2( )1l2  eleqtronisa, amitom mocemul n ur SreSi SeiZleba iyos ara umetes

ori s eleqtronisa, eqvsi p eleqtronisa, aTi d eleqtronisa, ToTxmeti f eleqtronisa da

a.S. calkeul SreebSi gveqneba gvaqvs eleqtronebis aseTi ganawileba:

K 1s2 2

L                2s22p6 8

M               3s2 3p6 3d10 18

N                4s2 4p6 4d10 4f14 32

mag. Na, romelic periodul sistemaSi me-11 elementia, anu aqvs sul 11 eleqtroni garsze,

eleqtronuli konfiguracia ase Caiwereba : 1s22s22p63s1.  2s2 niSnavs, rom meore L SreSi gvaqvs

s mdg-Si aris ori eleqtroni, 5p3 niSnavs, rom mesame SreSi ( M3n  ) p mdgomareobaSi

( 1l  ) gvaqvs 5 eleqtroni  da a.S 1 cxrilSi mocemulia  Sreebis aRniSvna da eleqtronebis

ganawileba Sreebis da

qveSreebis mixedviT.
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XIII leqcia

atombirTvis Semadgenloba da Tvisebebi. izotopebi. birTvuli Zalebi. radioaqtivoba,  ,,

sxivebi.  da  daSla. radioaqtiuri gadanacvlebis wesebi.

$1. atombirTvis Semadgenloba da Tvisebebi. izotopebi. birTvuli Zalebi.

rezerfordis cdebis Sedegad dadginda atomis agebulebis birTvuli modeli, romlis

Tanaxmad atomi Sedgeba dadebiTad damuxtuli birTvisagan da mis garSemo orbitebze moZravi

eleqtronebisagan. atoms aqvs birTvi, romlis radiusi 10-15 m rigisaa da  is daaxloebiT 104 –

105 –jer naklebia atomis diametrze. birTvSi Tavmoyrilia TiTqmis mTeli atomis masa.  bir-

Tvis dadebiTi muxtia Ze , sadac Z - rigiTi nomeria, e -eleqtronis muxtis absoluturi

mniSvneloba.

birTvis protonul-neitronuli modelis Tanaxmad birTvi Sedgeba ori saxis ele-

mentaruli nawilkebisagan – protonebis (dadebiTad damuxtuli nawilakebi) da neitro-

nebisagan (umuxto nawilakebi). protonebis da neitronebis saerTo saxelia – nukloni, amitom

isini ganixilebian, rogorc nuklonis ori sxvadasxva mdgomareoba.

birTvul fiziaSi SemoRebulia mcire – atomuri erTeulebi.

muxtis atomuri erTeulad miRebulia eleqtronis muxtis sidide: 19106,1e  k.

masis atomur erTeulad (mae) – naxSirbadis atomis 1/12 nawili da miRebulia, rom

1mae 271066,1  kg. sigrZis erTeulad fermi (f): 1f 1010  m da energiis ki eleqtronvolti;

1ev 19106,1  j. miRebulia aseve energiis atomuri erTeuli (eae), romelic tolia masis

atomuri erTeulis namravlisa sinaTlis siCqaris kvadratze: 1 eae=1 mae 931c 2  mev.

protonebis da neitronebis masebi miaxloebiT erTmaneTis tolia 00727,1m( p  mae,

xolo 00866,1mn  mae. atombirTvSi Semavali protonebis Z ricxvi (muxtis ricxvi)

emTxveva mendeleevis periodul sistemaSi elementis rigiT nomers. igi gansazRvras birTvis

muxts ( Ze ). masuri ricxvi ( )A ewodeba birTvSi Semavali nuklonebis anu protonebisa ( )Z

da neitronebis ( )N jams NZA  . yvela birTvisTvis, garda H1
1 wyalbadisa da He4

2

heliumisa, .ZN  msubuqi birTvebisaTvis 1
Z
N

 . perioduli sistemis boloSi myofebisaTvis

(mZime birTvebisaTvis) ki 6,1
Z
N

 . yoveli atomis birTvs gamosaxaven A
Z X , sadac X qimiuri

elementis simboloa.

birTvis radiusi gamoisaxeba empiriuli formuliT ,ARR 3/1
0 sadac

15
0 10)5,14,1(R  m )5,14,1(  f. 3/1

0 ARR  formulidan gamomdinareobs, rom birTvis

moculoba proporciulia nuklonebis ricxvisa masSi da amitom birTvuli materiis simkvrive
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yvela birTvisTvis erTnairia. Tu CavTvliT rom birTvis masa nAmm  ,  maSin

8
15

27

3

n 105,1
)105,1(4

1067,13

R
3
4
Am

V
m





 




 t/sm3, rac sakmaod didia.

izotopebi ewodeba mocemuli qimiuri elementis atomTa nairsaxeobas, romelTa birTvebs

aqvT erTnairi muxti (anu Seicaven protonebis erTi da igive raodenobas), magram gansx-

vavdebian masiT (anu Seicaven neitronebis sxvadasxva raodenobas). amJamad bunebaSi

daaxloebiT 300 stabiluri da 1000-ze meti arastabiluri izotopi arsebobs. yoveli qimiuri

elementi Cveulebriv warmoadgens ramodenime izotopis narevs, amitom qimiuri elementis masa

misi izotopebis atomuri masebis saSualoa. mag. qlori bunebaSi arsebobs ori izotopis

saxiT, romelTa atomuri masebia 37 (bunebrivi qloris 25%) da 35 (75%). amitom qloris

atomuri masa 5,3575,03525,037A  . wyalbads aqvs sami izotopi 1
1 H (protiumi –

msubuqi wyalbadi – Sedgeba erTi protonisagan), 2
1 H (deiteriumi – Sedgeba erTi protoni

da erTi neitronisagan) da 3
1 H (tritiumi –Sedgeba erTi protoni da ori neitronisagan).

radgan atombirTvs aqvs didi simkvrive da aseve is mdgradia, amitom SeiZleba iTqvas,

rom birTvSi nuklonebs Soris moqmedeben metad Zlieri urTierTmizidvis Zalebi. es Zalebi

ar warmoadgenen gravitaciul Zalebs (nuklonebis mcire masis gamo) da arc eleqtruls

(radgan birTvSi ar gvaqvs sxvadasxva niSniani damuxtuli nawilakebi). maSasadame birTvSi

moqmed Zalebs gansakuTrebuli rTuli buneba gaaCniaT da maT atombirTvul Zalebs uwodeben.

am Zalebis ZiriTadi Tvisebebia:

1. es Zalebi bunebaSi arsebul Zalebs Soris yvelaze mZlavria. isini daaxloebiT 100-jer

aRematebian eleqtromagnitur Zalebs. swored amis gamo miuxedavad protonebs Soris moqmedi

ganzidvis Zalebis miuxedavad birTvi mdgradi sistemaa.

2. es Zalebi axloqmedi Zalebia, anu moqmedeben metad mcire manZilebze. mag. ukve 2 f

manZilze maTi moqmedeba ar vlindeba, xolo 1 f-ze nakleb manZilze urTierTmizidva icvleba

ganzidviT.

3. birTvuli Zalebis sidide muxtze damokidebuli ar aris: or protons Soris moqmedebs

birTvuli mizidvis iseTive Zala, rogor or neitrons, an neitronsa da protons Soris.

4. am Zalebs axasiaTebs najeroba. es mdgomareobs imaSi, rom mocemul nuklons SeuZlia

urTierTqmedeba nuklonTa mxolod garkveul ricxvTan.

$2. radioaqtivoba,  ,, sxivebi.  da  daSla. radioaqtiuri gadanacvlebis wesebi.

radioaqtiuroba ewodeba erTi elementis (aramdgradi) birTvebis TavisTavad (spon-

tanurad) gardaqmnas meore elementis birTvebad. mas Tan axlavs uxilavi gamosxiveba. am

gamosxivebas radioaqtiuri gamosxiveba (radioaqtiuri sxivebi) ewodeba, xolo nivTierebebs,

romelTa birTvebic ganicdian spontanur gardaqmnebs-radioaqtiuri nivTierebebi. radioaq-

tiuroba SeiZleba iyos bunebrivi (bunebaSi arsebul aramdgrad birTvebSi, damaxasiaTebelia

mZime elementebis birTvebisaTvis–moTavsebuli arian perioduli sistemis boloSi) da xelov-

nuri (sxvadasxva birTvuli reaqciebis meSveobiT – xelovnuri radioaqtiuroba). movlena aR-
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moaCina frangma bekerelma 1896w. uranis marilebis gamosxivebaze dakvirvebiT. uranis

marilebis Seswavlisas man daadgina, rom mzis sxivebis ganaTebis Semdeg, isini xilul sina-

TlesTan erTad uxilav sxivebsac gamoasxivebs. es sxivebi rentgenis sxivebis msgavsad iw-

vevda airis ionizacias, xasiaTdeba nivTierebis ganWolvis didi unariT, moqmedebs Sav qa-

RaldSi gaxveul fotofirze da sxva. amitom bekerels egona, rom saqme aqvs rentgenis msgavs

gamosxivebasTan, romelic Cndeba mzis sxivebis gavleniT. magram erTxel Rrubliani amindis

gamo morigi cda ver Caatara da bekerelma Seinaxa ujraSi Sav qaRaldSi gaxveuli foto-

firi, romelzec ido uranis mariliT dafaruli spilenZis jvari. ramdenime dRis Semdeg

fotofiris gamJRavnebisas man SeamCnia jvris mkafio gamosaxuleba da amis Semdeg mivida

daskvnamde, rom uranis marilebi TavisTavad, garegani faqtorebis gareSe gamoasxivebs

rentgenis msgavs sxivebs.

e.i. bunebriv radioaqtiurobaSi igulisxmeba birTvebis (aramdgradi izotopebis)

TavisTavad gardaqmnas mdgrad birTvebad, romelic mimdinareobs nawilakebis da energiis

gamosxivebiT.

bekerelis mier aRmoCenil sxivebs daarqves radioaqtiuri sxivebi (laTinuri sityvidan

Radius sxivi).

magn.ituri velis saSualebiT daadgines rom gamosxiveba Sedgeboda sami saxis sxive-

bisagan:  (heliumis orjer ionizebuli anu birTvebi –dadebiTi nawilakebi He4
2 ), 

(eleqtronebis nakadi-uaryofiTi e0
1 ) da  (mokle sigrZis el.magn. talRa)

sxivebisagan.  da  sxivebi magn. velSi gadaixrebodnen urTierTsapirispi-

rod (rac adasturebda rom isini sawinaaRmdego niSniT  damuxuli nawila-

kebia), xolo  -ar gadaixreboda, anu muxti ar gaaCniaT (nax. 1).

birTvis radioaqtiur gardaqmnas radioaqtiur daSlasac uwodeben.

ganvixiloT es gamosxivebebi calk-calke.

 daSla. am dros birTvidan gamoityorcneba  nawilaki (heliumis

nax. 1    atombirTvi). misi muxti ,2Z xolo masa 4A  . am nawilakebis siCqare 1,4107

m/wm-dan 2107 m/wm-mdea, xolo kinetikuri energia ki 4–8 mev.

 nawilakis SeRwevisunarianoba (anu manZili, rasac is gadis nivTierebaSi gaCere-

bamde) mcirea. mag. haerSi ramdenime santimetri, siTxeebsa da biologiur qsovilebSi ~10-2 m.

 nawilaks mTlianad akavebs qaRaldis furceli, tansacmeli, 0.05mm sisqis aluminis kilita.

 daSla. am dros birTvidan gamoityorcneba  nawilaki, romelic warmoadgens eleqtrons

( e0
1

  ), iSviaTad (xelovnurad radioaqtiuri birTvis Sem-Si) pozitrons ( e0
1

  ). am

nawilakebis masa 7350-jer naklebia  nawilakebis masaze. maT aqvT yvelanairi siCqare

nulidan TiTqmis sinaTlis siCqaremde. daSlis reaqcia aseTi saxisaa: A
1z

0
1

A
z YX    . e.i.

elementi gadaiwevs erTi ujriT marjvniv periodul sistemaSi. mag. kaliumis izotopis

gardaqmna kalciumad: 40
20

0
1

40
19 CaeK   .
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ibadeboda kiTxva, rogor gamoityorcneba birTvidan eleqtroni (  daSla), rodesac

is masSi ar aris? birTvSi eleqtroni Cndeba neitronis gardaqmnis Sedegad protonad da

eleqtronad. sqema aseTia: epn 0
1

1
1

1
0   .

 daSlis dros pozitroni Cndeba imis gamo, rom birTvSi protoni gardaiqmneba nei-

tronad da pozitronad aseTi sqemiT: enp 0
1

1
0

1
1   , anu  daSlis dros adgili aqvs pro-

tonisa da neitronis urTierTgardaqmnas, rac maTi ricxvis cvlilebas iwvevs.

misi SeRwevis unarianoba ufro didia, vidre  si. mag. haerSi ~8m, siTxeSi da

biologiur qsovilebSi ~10mm, aluminSi ~3mm. amitom misgan saWiroa dacva (tyviagareuli

minis, plastmasis ekranebi da sxva).

 -gamoxsxiveba. es aris mokle sigrZis eleqtromagnituri talRa (10-12m). maTi siCqare

sinaTlis siCqaris tolia. es ar aris radioaqtiuri gamosxivebis damoukidebeli saxe. es ga-

mosxiveba Tan axlavs orive wina daSlas. misTvis gadanaclebis kanoni periodul sistemaSi

ar arsebobs, vinaidan am dros atombirTvi da maSasadame elementic ar icvleba. icvleba

mxolod birTvis energia.

radgan  sxivebi neitraluria, amitom maTi ionizaciis unari mcirea. garda amisa imis

gamo, rom maT didi energia aqvT da amasTan neitralurebi arian, gaaCniaT didi

SeRwevisunarianoba. mag. haerSi ~100m, biologiur qsovilebSi ramdenime aTeuli santimetri,

tyviaSi ramdenime santimetri, Tavisuflad gadis adamianis sxeulSi. amitom misgan dacva

ufro Znelia vidre  sxivebisaga (wylis, miwis, betonis sqeli fenebi, tyviis 10sm-iani

firfitebi da a.S.)

eqsperimentulad zemoT ganvixiluli  da  daSlis dros inaxeba rogorc eleq-

truli muxti, aseve masuri ricxvi. amis safuZvelze germanelma faiansma da ingliselma

sodim 1913 wels Camoayalibes e.w. gadanacvlebis wesebi, romliTac ganisazRvreboda am

daSlebis Sedegad miRebuli axali elementis rogorc Z muxtis ricxvi (rigiTi nomeri

periodul sistemaSi), aseve A masuri ricxvi (neitronebis da protonebis jami).

 daSlis dros birTvidan gamoityorcneba heliumis atombirTvi, ris gamoc muxti

mcirdeba ori erTeuliT, xolo masa oTxi erTeuliT. amis gamo elementi gadainacvlebs peri-

oduli sistemis dasawyisisaken ori ujriT, anu simbolurad misi Cawera aseTia:

YX 4A
2Z

4
2

A
Z


  ,

sadac X aris sawyisi birTvis qimiuri simbolo, xolo Y daSlis Sedegad miRebulis. misi

magaliTia radiumis gardaqmna radonad: RnHeRa 222
86

4
2

226
88  .

 daSlis dros birTvidan gamoityorcneba eleqtroni. amis gamo birTvis muxti izr-

deba erTi erTeuliT (neitronis protonad gardaqmnis gamo). Sesabamisad elementi gadai-

nacvlebs perioduli sistemis bolosaken, xolo misi masa TiTqmis ar mcirdeba. gada-

nacvlebis wesi simbolurad am dros ase Caiwereba: YX A
1Z

0
1

A
Z    .

magaliTad kaliumis izotopis gardaqmna kalciumad: CaeK 40
20

0
1

40
19   .
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pozitronuli  daSlis gadanacvlebis wess ki eqneba aseTi saxe: YX A
1Z

0
1

A
Z    .

elementi gadainacvlebs erTi ujriT marcxniv. magaliTad azotis gardaqmna naxSirbadad:

CeN 13
6

0
1

13
7   .
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XIV leqcia

radiaciuli daSlis ZiriTadi kanoni. naxevardaSlis periodi. aqtivoba. atombirTvis bmis energia

da masis defeqti.

$1. radiaciuli daSlis ZiriTadi kanoni. naxevardaSlis periodi. aqtivoba.

birTvis daSla SemTxveviTi (spontanuri) procesia. amitom SeuZlebelia winaswar

ganisazRvros Tu rodis daiSleba mocemuli birTvi. magram birTvebis didi erTob-

liobisaTvis SeiZleba Sefasdes daSlis albaToba. radioaqtiuri daSla es aris birTvebis

TavisTavad gardaqmna. yvela izotopi, romelTa rigiTi nomeri 83-ze metia, radioaqtiuria.

statistikuri kanoni, romelic gamosaxavs mocemuli nivTierebis dauSleli birTvebis

damokidebulebas droze ase miiReba:

vTqvaT sawyis momentSi ( 0t  ) radioaqtiuri birTvebis ricxvi iyo 0N , xolo t wamis

Semdeg gaxda N . usasrulod mcire dt droSi ( t dan dtt  intervalSi) daSlili birTvebis

raodenoba iyos dN . imis gamo rom birTvebi iSlebian spontanurad, amitom cxadia dN

proporciuli iqneba rogorc N is, aseve dt -si.

dN  Ndt an NdtdN  .

niSani “-“ imitom gvaqvs, rom dN unda iyos uaryofiTi, vinaidan dauSleli birTvebis

raodenoba drois mixedviT mcirdeba.  proporciulobis koeficients daSlis mudmiva

ewodeba. Tu 1dt  , maSin
N

dN
 .

e.i. daSlis mudmiva gviCvenebs, Tu mocemuli birTvebis ra nawili iSleba drois erTeulSi,

anu is gansazRvravs (axasiaTebis) birTvis daSlis albaTobas drois erTeulSi. is ganisaz-

Rvreba birTvis Sinagani TvisebebiT da mocemuli birTvisTvis mudmivi sididea.

NdtdN  formulidan t
N

dN
 .

aviRoT integrali am gamosaxulebidan

  
0N

N

t

0

t

0

e
N
N

ndt
N

dN   da t
0eNN  .

es formula gamosaxavs radioaqtiuri daSlis ZiriTadi kanons. maSasadame dauSleli bir-

Tvebis raodenoba drois mixedviT eqsponencialurad mcirdeba (nax. 1). es ki niSnavs, rom mT-

liani daSla ( 0N  ) Teoriulad grZeldeba usasrulod didi drois ganmavlobaSi ( )t  .

amitom daSlis siswrafes axasiaTeben naxevardaSlis periodiT ( )T , romelic ewodeba im

dros, ra droSic iSleba mocemuli birTvebis naxevari, an igive

droa, ra droSic dauSleli birTvebis ricxvi 2-jer mcirdeba. maSa-

sadame Tu Tt  , maSin
2

N
N 0 . anu T

0
0 eN

2

N  , aqedan

T2n,e2 T    da

693,0n

T 


.

nax. 1
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sxvadasxva birTvebisTvis naxevardaSlis periodi sxvadasxvaa, mag. uranisTvis U238
92 ,

15109,4T  wels. Toriumi ( Th232
90 , 10104,1T  ), neptuniumi ( Np237

93 ).  aseve aris birTvebi,

romelTa daSlis periodi 7103  wm-ia da a.S.

birTvebis daSlis siswrafes garda naxevardaSlis periodisa, axasiaTeben agreTve 

sicocxlis saSualo xangrZlivobiT (anu droiT warmoqmnis momentidan daSlis momentamde).

vTqvaT t dan dtt  droSi daSlili birTvebis ricxvi aris NdtdN  . am birTvebidan

TiToeulis sicocxlis xangrZlivoba aris t , amitom dN birTvis jamuri sicocxlis xang-

rZlivoba iqneba dtetNNdtttdN t
0

  . maSasadame yvela birTvis jamuri sicocxlis

xangrZlivoba miiReba yvela SesaZlo sicocxlis xangrZlivobiT, anu zemoT moyvanili

gamosaxulebis integrebiT 0-dan  mde. am integralis gayofa 0N ze mogvcems birTvis

sicocxlis saSualo xangrZlivobas:

 
 

 
0 0

tt
0

0

1
dttedtetN

N
1


  .

magram T44,1
T
693,0

 da amitom T44,1
1




 .

radioaqtiur preparatTan muSaobisas saWiroa aseve vicodeT Tu ra raodenobis nawi-

lakebi an  kvantebi gamoityorcneba misgan erT wamSi. es raodenoba ki proporciulia wam-

Si daSlili birTvebis raodenobis, anu daSlis siCqaris ( )
dt
dN

. am daSlis siCqares ewodeba

aqtivoba )A( da is radioaqtiuri preparatis mniSvnelovani maxasiaTebelia.

e.i. t
0 eNN

dt
dN

A   , an ,2n
T
N

A  radgan
T

2n
 .

niSani “–“ rogorc zemoT avRniSneT miuTiTebs imas, rom dauSleli birTvebis raodenoba

drois mixedviT mcirdeba. aqtivoba miT metia, rac metia masSi birTvebis raodenoba da nak-

lebia naxevardaSlis periodi. aqtivoba  drois mixedviT eqsponencialurad mcirdeba. misi

erTeuli SI sistemaSi aris wm-1. es iseTi preparatis aqtivobaa, romelSic wamSi xdeba erTi

daSla. am erTeuls bekereli (bk) ewodeba. Tu 400A  bekereli, maSin is saSiSi ar aris

organizmisaTvis. roca 310A  bk, aucilebelia gamafrTxilebeli zomebis miReba, xolo

roca 710A  bk, is ukve sicocxlisTvis Zalia sasiSia da saWiroa gansakuTrebuli

sifrTxile.

aseve gamoiyeneba sistemgareSe erTeuli –kiuri. kiuri 1g radiumis aqtivobaa, anu daS-

laTa im ricxvis tolia, romelic xdeba 1g radiumSi 1 wm-Si. viciT atomTa ricxvi 1g radi-

umSi tolia 1-1- gmoli
g/moli

2123
A 1067,21002,6

226
1

N
M
m

N  .

maSin 1g radiumis aqtivoba 1021 107,31067,2
3600243671590

693,0
N

T
693,0

NA 



wm

 bk.
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e.i. kiuri iseTi radiaqtiuri preparatis aqtivobaa, romelSic erT wamSi xdeba 3,71010 daSla.

$2. atombirTvis bmis energia da masis defeqti.

energias, romelic saWiroa birTvis dasaSlelad Semadgenel nuklonebad (igive

muSaoba, romelic unda SevasruloT mocemuli nuklonis birTvidan gamosagdebad misTvis

kinetikuri energiis miniWebis gareSe), anu energias romelic gamoiyofa calkeuli

nuklonebisagan birTvis warmoqmnisas – birTvis bmis energia ewodeba. mis gamosaTvlelad

gamoiyeneba energiis mudmivobis da ainStainis dadgenili kavSiri masasa da energias Soris.

vTqvaT gvaqvs heliumis birTvi (ori protoni, ori neitroni). misi energia, rodesac

nuklonebi SekavSirebuli arian iyos ,E1 xolo roca gancalkevebuli arian 2E . cxadia

12 EE  , radgan pirveli mdgomareobidan meoreSi gadasayvanad unda Sesruldes birTvis bmis

energiis toli muSaoba, anu es E energia energiis mudmivobis kanonis Tanaxmad

12 EEE  . meore mxriv ainStainis Teoriidan 2
11 cmE  da 2

22 cmE  , sadac 1m -birTvis

masaa, xolo 2m gancalkevebuli nuklonebis masaTa jami, c sinaTlis siCqare. radgan

12 EE  , amitom 12 mm  , anu birTvis masa naklebia Semadgeneli nuklonebis masaTa jamze

12 mmm  sididiT. e.i. arsebobs masis defeqti.

dadgenilia, rom stabiluri atombirTvis masa yovelTvis naklebia misi Semadgeneli

nuklonebis masaTa jamze. am sxvaobas masis defeqti ewodeba

mm)ZA(Zmm np  birT.

mag. heliumis birTvis masa 0,75%-iT naklebia ori protonisa da ori neitronis masaTa

jamze. am m sididiT mcirdeba yvela nuklonis masa maTgan birTvis warmoqmnisas swored am

masis defeqtis Sesabamisi energia gamoiyofa, an unda daixarjos birTvebis warmoqmnisas

( calkeul nuklonebad dasaSlelad, an calkeuli nuklonebisagan birTvis warmoqmnisas):

mm)ZA(Zm[cmcE np
22   birT].

e.i. bmis energia masis defeqtis saSualebiT gamoisaxeba. bmis energia izrdeba masuri ricxvis

zrdasTan erTad. mag. heliumisTvis ( He4
2 ) is Seadgens 28,3 meb-s, xolo uranisTvis ( U28

92 ) –

1800 mev-s. birTmm)ZA(Zm[cmcE np
22   jouli.

magram radgan s-931mevmae  1c 2 da

mev.birT ]mm)ZA(Zm[931E np 

cxrilebidan birTM -is nacvlad iReben atomis m masas.

Tu 0E  , birTvi stabiluria (calkeul nuklonebad dasaSlelad saWiroa garedan

energiis miwodeba). Tu 0E  , maSin birTvi arastabilria da is iSleba TavisTavad-sponta-

nurad.

aseve birTvebis mniSvnelovani maxasiaTebelia birTvebis simtkicis (birTvebis mdgradobis)

bmis kuTri energia, anu bmis energia, romelic modis erT nuklonze, romelic im muSaobis
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tolia, romelic saWiroa birTvidan 1 nuklonis amosagdebad. is tolia bmis energiis far-

dobisa nuklonebis ricxvTan:
A
E

  .

rac metia  , e.i. rac ufro didia energiaa saWiro misgan nuklonis amosaglejad, miT

ufro mtkicea birTvi.

nax. 2-ze mocemulia  bmis kuTri energiis A masur ricxvze damokidebulebis grafiki.

grafiks aqvs sustad gamosaxuli maqsimumi. maqsimaluri (8,6 mev) aqvT elementebs masuri

ricxviT 50-60 (rkina da a.S.). amitom isini mdgradi

arian. mZime elementebisTvis is naklebia (7,6 mev)

da Sesabamisad naklebad mdgradebi arian da

SeiZleba maTi gayofa. msubuqebisTvis is ufro

naklebia (izrdeba 1,1-dan 6 mev-mde).

grafikis aseTi saxe miuTiTebs, rom

principulad SesaZlebelia energetikulad

xelsayreli birTvuli reaqciebis ori tipi: mZime

birTvebis gayofa da msubuqi birTvebis SeerTeba.

marTlac energia maSin gamoiyofa, rodesac

sistema gadadis meti energiis mdgomareobidan

nax. 2                     naklebi energiis mdgomareobaSi an naklebi bmis

energiis mdgomareobidan meti bmis energiis mdgomareobaSi. pirveli tipis reaqcia

xorcieldeba, magaliTad uranis birTvis gayofisas, meore – deiteriumisa da tritiumis

SeerTebisas.

msubuqi birTvebisaTvis bmis kuTri energiis Semcireba aixsneba zedapiruli efeqtit.

nuklonis bmis energia zedapirze imis gamo, rom zedapirze myofi nuklonebi

urTierTqmedeben naklebi raodenobis mezobel nuklonebTan, vidre birTvis SigniT myofi

nuklonebi, ufro naklebia, vidre birvis SigniT. birTvis zomis Semcirebisas izrdeba

zedapirze mosuli nuklonebis wili, rac iwvevs bmis kuTri energiis Semcirebas.

mZime birTvebisTvis bmis kuTri energiis Semcireba imiT aixsneba, rom Z is zrdasTan

erTad izrdeba kulonuri ganzidvis energia. am dros kulonuri Zalebi cdiloben birTvis

gaxleCas.
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XV leqcia

birTvuli reaqciebi. birTvebis gayofa. gayofis jaWvuri reaqcia. atombirTvebis sinTezis reaqcia.

energiis gamoyofa wyalbadis birTvebis sinTezis magaliTze..

$1. birTvuli reaqciebi.

birTvuli reaqciebi ewodeba birTvebis gardaqmnas, maTi erTmaneTTan an elementarul nawi-

lakebTan (maT Soris  kvantebTan) urTierTqmedebas.

vTqvaT a msubuqi nawilaki (protoni– p , neitroni-n ,  nawilaki,  kvanti) moqme-

debs X birTvze, ris Sedegad miiReba Y birTvi da msubuqi b nawilaki. reaqcia ase Cai-

wereba: bYaX 

am reaqciebis dros sruldeba eleqtruli muxtisa da masuri ricxvis mudmivobis kano-

nebi: nawilakebisa da birTvebis muxtebis (masuri ricxvebis) jami reaqciamde da reaqciis

Semdeg erTmaneTis tolia. sruldeba aseve energiis, impulsis da impulsis momentis mud-

mivobis kanonebi. es reaqciebi maSin xorcieldeba, roca nawilakebs aqvT imdenad didi kine-

tikuri energia, rom isini moxvdnen birTvuli Zalebis moqmedebis sferoSi ( 1510 m). am ener-

gias isini iZenen nawilakebis amaCqareblebis saSualebiT. birTvuli reaqciebis ganxor-

cieleba SeiZleba aseve radioaqtiuri elementebis mier gamosxivebuli  nawilakebis saSu-

alebiTac.  aseTi reaqciis mimdinareobisas energia an gamoiyofa (egzoTermuli reaqcia), an

STainTqmeba (endoTermuli reaqcia). e.i. mZime birTvebis gayofis da msubuqi birTvebis Seer-

Tebis reaqciebi egzoTermulia.

boris (1936 w.) mixedviT birTvuli reaqciebi mimdinareobs or etapad Semdegi sqemis

mixedviT: bYCaX  .

pirvel etapze xdeba X birTvis mier masTan miaxloebuli a nawilakis CaWera, ris Se-

degadac warmoiqmneba C Sualeduri birTvi, romelsac Sedgenili birTvi (“kompaund” – bir-

Tvi) ewodeba. Sualeduri birTvi SeWrili nawilakis energiis xarjze aRmoCndeba aRgznebul

mdgomareobaSi. amitom aseTi birTvis nuklonebis urTierTSejaxebisas deitroni, an a

nawilaki iZens birTvidan gamosvlisaTvis saWiro energias, rasac mosdevs reaqciis meore

etapi – Sedgenili birTvis daSla Y birTvad da b nawilakad.

Tu a nawilaki igivuria b nawilakis  ( ab  ), maSin process ewodeba gabneva, xolo Tu

maTi energiebi tolia ( ba EE  ), maSin gabneva drekadia. birTvuli reaqcia maSin gvaqvs, ro-

desac gamosxivebuli b nawilaki ar aris igivuri CaWerili a nawilakis.

pirveli birTvuli reaqcia ganaxorciela rezerfordma 1919 wels. azotis birTvebis

bombardirebas axdenda radiumidan gamotyorcnili  nawilakebiT. azotis birTvi misi CaWe-

ris Semdeg gardaiqmneboda ftoris (Sedgenili) birTvad da Semdeg iSleboda protonad da

Jangbadis birTvad: pOFHeN 17
8

18
9

4
2

14
7  .

xelovnurad aCqarebuli nawilakebiT ki pirveli birTvuli reaqcia ganaxorcieles

kokroftma da uoltonma 1932 wels. aq 0,8 mev energiamde aCqarebuli protoniT xdeboda

liTiumis birTvis dabobmva da misi gaxleCa heliumis or birTvad:
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HeHeBeHLi 4
2

4
2

8
4

1
1

7
3  .

umuxto nawilaki – neitroni pirvelad miiRes beriliumis birTvis  nawilakTan

urTierTqmedebisas CnHeBe 12
6

1
0

4
2

9
4  .

neitronebiT pirveli birTvuli reaqcia ganaxorciela italielmsa fermim 1934 wels,

romelic axdenda ftoris birTvis dabombvas neitronebiT da am dros mimdinareobda aseTi

reaqcia: HeNFnF 4
2

16
7

20
9

1
0

19
9  .

sainteresoa aseve azotis birTvebis dabombva neitronebiT, romelic mimdinareobs

atmosferoSi kosmosuri sxivebis gavleniT: HCnN 1
1

14
6

1
0

14
7  , sadac C14

6 radionaxSirbadia.

birTvuli reaqciebi SeiZleba aseve ganxorcieldes  kvantebis (  fotonebis) moqme-

debiT, Tu am kvantebis (fotonebi) energia 3–10 mev-s aRemateba.  kvantebiT (  fotonebiT)

gamowveul reaqciebs fotobirTvuli reaqciebi ewodeba. aseT reaqciebs adgili aqvs rogorc

msubuq, aseve mZime birTvebze.

$2. birTvebis gayofa. gayofis jaWvuri reaqcia.

Tu Sedgenili birTvi iSleba or (iSviaTad sam da oTx) Sesadar (daaxloebiT toli

masis) nawilad, maSin adgili aqvs birTvis gayofas (gayofis birTvuli reaqcia). gayofis

Sedegad miRebul nawilebs (axal birTvebs) ki gayofis namsxvrevebi.

cdebiT dadgenilia, rom neitronebiT dasxivebis Sedegad mZime atombirTvebi ixliCeba

daaxloebiT or nawilad, rasac Tan sdevs didi energiis gamoyofa. gamoyofili energiis na-

wili midis ganayofi birTvebis kinetikur enegiaze, xolo nawili gamosxivdeba  kvantebis

saxiT. gayofisas aseve warmoiqmneba ori-sami neitroni, romelTac meoradi (gayofis) neitro-

nebi ewodeba. aseve gamosxivdeba  nawilakebi. Tu neitronebis energia 200 mev-s aRemateba,

maSin iyofa yvela birTvi. mZime (mag. uranis) birTvebi iyofa nebismieri energiis neitronebiT.

gayofis birTvuli reaqciebi pirvelad ganaxorcieles germanelma ganma da Strasmanma.

maT aRmoaCines, rom uranis birTvebis gayofisas warmoiqmneboda perioduli sistemis Sua

nawilis elementebi – bariumi, lanTani, kripitoni da sxva. uranis birTvis gayofisas gamoi-

yofa daaxloebiT 240 mev energia. es aixsneba imiT, rom rogorc avRniSneT mZime birTvebis

bmis kuTri energia 7,5 mev-s tolia, xolo gayofis Sedegad miRebuli birTvebis 8,5 mev. e.i.

erT nuklonze mosuli gamoTavisuflebuli energia daaxloebiT 1 mev-is tolia. Tu aviRebT

uranis birTvs, romlis masuri ricxvi 238-ia ( U238
92 ), maSin uranis atombirTvis gaxleCisas ga-

moyofili energia 240)5,75,8(238E  mev. aseve U238
92 birTvis gaxleCisas meoradi neit-

ronebi. viciT, rom saSualo birTvebisaTvis neitronebis ricxvis Sefardeba protonebTan

,1
Z
N

 xolo mZime birTvebisaTvis ki 6,1
Z
N

 da amitom gamoTavisufldeba gayofis neitro-

nebi. birTvis gaxleCisas meoradi neitronebis gamoTavisuflebas didi praqtikuli mniSv-

neloba aqvs. es meoradi neitronebi Tavis mxriv ejaxebian uranis sxva birTvebs da gaxleCen

mas da a.S. es procesi swrafad vrceldeba uranis mTel naWerSi da gayofili birTvebisa da
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gamosxivebuli neitronebis raodenoba zvaviseburad izrdeba. am reaqcias jaWvuri reaqcia

ewodeba (nax. 1). namsxvrevebis,  sxivebis da meoradi neitronebis energia ( 180 mev) maSinve

gardaiqmneba siTbod. jaWvuri reaqciis ganxorcielebisaTvis saWiroa U235
92 izotopi, romelic

bunebaSi mcire raodenobiTaa (0,7%). misi gamoyofa xdeba sxva saSualebebiT bunebrivi

uranidan, romelic warmoadgens ori izotopis ( U238
92 %3,99 da U235

92 %)7,0 narevs

warmoadgens. meore izotopi iyofa rogorc swrafi, aseve neli

neitronebiT. pirveli izotopi ar gamodgeba. am meore izotopis

miReba garda bunebrivi uranis gasufTavebisa SeiZleba sxva gziTac.

mag. U238
92 izotopis neitronis STanTqmisas is xdeba  radioaqtiuri

da orjer  nawilakis gamosxivebis Semdeg gadaiqceva plutoniumis

birTvad, romelic aseve gamoiyeneba jaWvuri reaqciisaTvis

nax. 1 PunU 239
94

1
0

238
92  .

amas garda rom ganviTardes jaWvuri reaqcia, saWiroa uranis

naWris zoma meti iyos raRac zRvrul mniS-ze, romelsac kritikuli masa ewodeba (mag. U235
92

izotopis sferuli formis naWrisTvis kritikuli masa daaxloebiT 50 kg-is tolia, sferos

radiusi 9 sm-ia). es imis gamo, rom Tu uranis naWeri mcire zomisaa, maSin gamoyofili

neitronebi SeiZleba gamovidnen aqtiuri sivrcidan (sadac mimdinareobs jaWvuri reaqcia),

rac gamoiwvevs reaqciis milevas.

jaWvuri reaqciis mimdinareobisaTvis ar aris aucilebeli, rom yovelma neitronma

gamoiwvios birTvis gayofa. aq saWiroa, rom gamosxivebuli neitronebis ricxvi ar mcir-

debodes. amitom SemaqvT k neitronebis gamravlebis koeficienti, romelic tolia mocemuli

“Taobis” neitronebis ricxvis Sefardebisa wina “Taobis” neitronebTan da is 1 . Tu 1k 

neitronebis ricxvi mcirdeba, jaWvuri reaqcia wydeba. Tu 1k  , neitronebis ricxvi ar

icvleba, reaqcia wonasworulad mimdinareobs – reaqcia marTvadia (gamoiyeneba atomur

elsadgurebSi). reJimi kritikulia. Tu 1k  , neitronebis ricxvi izrdeba,  reJimi zekri-

tikulia, reaqcia aramarTvadia, mimdinareobs Zalian swrafad da xdeba afeTqeba (aseTi ara-

marTvadi reaqciebi xorcieldeba atomur bombSi).

gamravlebis koeficienti damokidebulia gasayofi nivTierebis bunebaze, mocemuli

izotopis SemTxvevaSi mis raodenobaze. aseve aqtiuri zonis (sivrce, sadac mimdinareobs

jaWvuri reaqcia) zomebsa da formaze.

nivTierebebs, romlebic Seicaven Pu,U,U 239
94

233
92

235
92 (urani, plutoniumi) izotopebs jaW-

vuri reaqciis ganxorcielebisaTvis aucilebel raodenobas, birTvuli sawvavi, xolo

Th,U 232
90

238
92 (urani, Toriumi) izotopebs, romlebisganac miiReba jaWvuri reaqciisaTvis saWiro

Pu,U,U 239
94

233
92

235
92 izotopebi, sawvavi nedleuli ewodeba.
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gamoyofili energiis mniSvnelobaze SeiZleba ase vimsjeloT. 1 g uranSi birTvebis

raodenoba ~  21106,2 a. am dros misi gaxleCisas gamoiyofa 10108  j energia, anu rac gamo-

iyofa 2 t qvanaxSiris dawvisas.

$3. atombirTvebis sinTezis reaqcia. energiis gamoyofa wyalbadis birTvebis sinTezis magaliTze..

energiis gamoyofa SesaZlebelia agreTve msubuqi birTvebis SeerTebisas ufro mZime bi-

rTvebad (sinTezi). msubuqi birTvebis sinTezi SesaZlebelia mxolod Zalian maRal tempera-

turaze, mag. deiteriumis H2
1 birTvebis SeerTebisaTvis saWiro temperatura K102T 9 .

amitom msubuqi birTvebis SeerTebis reaqcias TermobirTvuli reaqcia ewodeba. cnobilia,

rom uranis birTvis uZraobis masa metia gayofis Sedegad miRebuli namsxvrevebis masebis jam-

ze. msubuqi birTvebisTvis piriqiTaa. mZime wyalbadis ori birTvis uZraobis masaTa jami

metia maTi sinTeziT warmqmnili heliumis uZraobis masaze. maSasadama msubuqi birTvebis See-

rTebisas uZraobis masa mcirdeba da gamoiyofa didi raodenobis energia. mag. reaqciisas

1
1

3
1

2
1

2
1 pHHH 

gamoiyofa 4,03 mev, xolo 1
0

4
2

3
1

2
1 nHeHH 

reaqciisas 17,6 mev energia. sinTezis reaqciebi ufro efeqturia, vidre mZime birTvebis gax-

leCis reaqciebi. mag aseTi reaqciis dros 1
0

4
2

2
1

2
1 nHeHH  1 nuklonze gamoiyofa 5,3 mev

energia, maSin rodesac uranis birTvis gayofisas 1 nuklonze gamoiyofa 1 mev energia.

mzeze da varskvlavebze maRali temperaturis da agreTve maTze wyalbadisa da heli-

umis didi raodenobiT arsebobis gamo, gvafiqrebinebs, rom am sxeulebis gamosxivebis ener-

giis wyaro swored TermobirTvuli reaqciebia.

jerjerobiT TermobirTvuli reaqcia ganxorcielebulia wyalbadis atomur bombebSi,

sadac reaqcia aramarTvadia. aq maRali temperatura sinTezisaTvis miiReba atomuri bombis

afeTqebiT. wyalbadis bobmis simZlavre ramdenime aseuljer aRemateba atomuri bombis sim-

Zlavres. saqme imaSia, rom atomur bombSi feTqebadi” masalis ( Pu,U,U 239
94

233
92

235
92 ) raodenoba

SezRudulia, vinaidan calkeuli nawilebis masa kritikulze naklebi ar unda iyos. wyal-

badis bombSi ki masebis – deiteriumi, liTiumi, maTi narevi da a.S. raodenoba SezRuduli ar

aris da bombi TavisTavad ar afeTqdeba.

unda ainiSnos, rom 1 litr Cveulebriv wyalSi deiteriumis raodenoba (wyalbadis

saerTo raodenobis 0,015%) energetikulad ekvivalenturia daaxloebiT 50 l benzinisa. amitom

marTvadi reaqciis ganxorcielebas didi praqtikuli mniSvneloba aqvs. amJamad marTvadi

reaqciis ganxorcieleba dakavSirebulia did siZneleebTan, pirvel rigSi maRali tem-

peraturis miRebasTan (afeTqebis gareSe).


