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fizika –  PHYSICS –  ФИЗИКА 
 

myari sxeulebis diamagnetizmi 

leri kokilaSvili, lalita darCiaSvili 
saqarTvelos teqnikuri universiteti 

reziume 

diamagnituri nivTierebebi xasiaTdeba mcire uaryofiTi amTviseblobiT, romelic 
araa temperaturaze damokidebuli. amitom inducirebuli magnituri momenti mimarTulia 

magnituri velis sawinaaRmdegod. diamagnetizmis movlena xels uwyobs eleqtronuli   
muxtebis miswrafebas sxeulis moculobis Siga nawilis daekraneba moxdes gare magnituri 
velis moqmedebisas. naSromSi ganixileba myar sxeulebSi diamagnetizmis zogadi sakiTxebi. 

amasTan, ar SevexebiT eleqtron-eleqtronul urTierTqmedebas dieleqtrikebis SemTxveva-
Si, Cveni ganxilva emyareba atomuri fizikis Sedegebs, xolo liTonebis SemTxvevaSi   
movlenebs eZleva zogadi axsna, damoukidebeli eleqtronebis modelis farglebSi. 

sakvanZo sityvebi: diamagnetizmi. amTvisebloba. spini. SeSfoTebaTa Teoria.                    
orbituli momenti. 

1. dileqtrikebis diamagnetizmi 

1.1 Sesavali 
   diamagnetizmi Zalze mniSvnelovania im nivTierebebis Seswavlisas, romelTac aqvT sru-
lad Sevsebuli garsebi, anu im sistemebisTvis, romlebic ar Seicavs araSewyvilebul 

eleqtronebs. diamagnetizmi axasiaTebs nebismier nivTierebas da warmoiqmneba Sewyvilebu-
li eleqtronebis velTan urTierTqmedebisas. amitom paramagnitur nivTierebebSi, romleb-
Sic araSewyvilebuli eleqtronebis garda arsebobs Sevsebuli garsebic, agreTve arsebobs 

diamagnituri mdgeneli (Cveulebriv, igi sagrZnoblad mcirea paramagnitur wyvilTan Seda-
rebiT). bunebrivia, diamagnetizmi axasiaTebs im nivTierebebsac, romlebSic SeiniSneba ato-
mebis magnituri momentebis mowesrigebuloba (feromagnetizmi, antiferomagnetizmi da 
a.S.), rac gamowveulia eleqtronebiT srulad Sevsebuli garsebiT. 

1.2. ZiriTadi nawili 
ganvixiloT sistema, romelic Sedgeba   araurTierTqmedi igivuri ionebisgan (an mo-

lekulebisgan) srulad Sevsebuli garsebiT. gare velis ararsebobis SemTxvevaSi, yoveli 

ioni an molekula xasiaTdeba hamiltonianiT oH1
ˆ . sainteresoa am sistemis reaqcia mcire 

statikur gare magnitur H
r
velze. am velis gasaTvaliswineblad hamiltonianSi unda dae-

matos zeemanis wevri zH1
ˆ , ase rom, sistemis srul hamiltonians eqneba saxe 
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sistemis damagnitebuloba gamoisaxeba formuliT 
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(5.2)-Si daSvebulia, rom ionur momentebs iµr  ar aqvT sivrculi zomebi (miRebuli 

velis talRis sigrZe metia atomis zomebze). garda amisa, vuSvebT, rom adgili ara aqvs 

eleqtronebis naxtomisebr gadasvlebs erTi ionidan meoreze. 
zeemanis hamiltonianisTvis eleqtronebis ionuri sistemis SemTxvevaSi 
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indeqsi a ekuTvnis eleqtronebs. am urTierTqmedebebis gavlena sakuTar mdgomareobebze 

SeiZleba miviRoT SeSfoTebaTa Teoriis meSveobiT 0ˆ
iH  sakuTari funqciebiT, rogorc ara-
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agznebuli mdgomareobebi. radgan ganvixilavT myar sxeulebs, romlebic Sedgeba ionebisgan 
srulad Sevsebuli eleqtronuli garsebiT, maSin ZiriTad mdgomareobaSi spini da orbi-
tuli momentebi nulis tolia. aqedan gamomdinare, ZiriTadi mdgomareobis energiis Sec-
vla magnituri velis gavleniT ganpirobebulia energiis  n sakuTari mniSvnelobis velis 

mixedviT gaSlis mesame rigis wevriT 

 ...2)2()1(0 +++= ininnn HEHEEE      (4) 

Tu hamiltonianis sakuTar funqciebs CavwerT, rogorc |n>0, maSin 

 >+<= ∑ nyxn
mc
lE aa

a
n

22
2

2
)2(

8
.     (5) 

srulad Sevsebuli garsiT ionis, sferuli simetriis gaTvaliswinebiT, gvaqvs 
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(6) CavsvaT (5)-Si, miviRebT 
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Tu Termodinamikuri wonasworobisas albaToba imisa, rom ioni aRmoCndeba ZiriTadi 

mdgomareobisgan gansxvavebul romeliRac mdgomareobaSi, Zalze mcirea (ugulebelsayofi-
a), maSin myari sxeulis amTvisebloba, romelic Sedgeba   aseTi ionisagan, ganisazRvreba 
gamosaxulebiT 
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es aris larmoris diamagnituri amTvisebloba (xSirad mas lanJevenis amTviseblobasac 
uwodeben). niSani "-" aris lencis kanonis gamovlineba, romelic adasturebs, rom muxte-
bis sistemaSi magnituri nakadis cvlilebisas warmoiqmneba denebi im mimarTulebiT, rom 

daakompensiron nakadis cvlileba. es denebi ganapirobebs swored diamagnituri momentis 
gaCenas. 

(5.8) gamosaxuleba SeiZleba Caiweros gansxvavebuli saxiT, Semdegi gamosaxulebis ga-

moyenebiT 

 ><>=< nZn
Z

r a
i

||1 22 ,     (9) 

sadac Zi mocemuli atomis eleqtronTa sruli ricxvia, maSin gvaqvs 
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1.3. daskvna 
SevniSnoT, rom diamagnituri amTvisebloba damokidebulia koordinatTa saTavis arCe-

vaze <r2>-is gamoTvlisas. van flekma [1] uCvena, rom koordinatTa saTavis mdebareobis 

cvlileba kompensirdeba Sesabamisad van flekis paramagnituri amTviseblobis cvlilebiT. 
 

2. liTonebis diamagnetizmi 

2.1. Sesavali 
    liTonTa magnituri Tvisebebis gadmocemisas ganixileboda mxolod gamtarobis eleq-
tronebis paramagnetizmi, gamowveuli eleqtronebis sakuTari spinis urTierTqmedebiT ga-

re magnitur H
r
velTan. garda amisa, arsebobs diamagnetizmi, romelic warmoiqmneba velisa 

da eleqtronebis orbituli moZraobis urTierTkavSiris Sedegad. 

ganvixiloT orbituli magnituri momenti, romelic inducirebulia liTonSi gare 
statikuri velis gavleniT Tavisufal eleqtronebze. jerjerobiT ugulebelvyoT liTo-
nis eleqtronebis spinebi. klasikuri Teoriis Tanaxmad, Termodinamikur wonasworobaSi 
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saSualo magnituri momenti ar arsebobs. es Sedegi cnobilia rogorc van leevenis Teo-
rema, saidanac gamomdinareobs, rom aucilebelia diskretuli sakuTari mniSvnelobebis 
gaTvaliswineba da aqedan gamomdinare, sistemis kvanturi bunebisac. landaum [2] pirvelma 
daadgina, rom kvantur-meqanikuri midgomis Tanaxmad, Tavisufali eleqtronebis sistema 

namdvilad reagirebs gare velze da es reaqcia diamagnituria. landaum amoxsna Sredinge-
ris gantoleba erTi eleqtronisTvis magnitur velSi. napovni sakuTari mniSvnelobebis 
Tanaxmad, man SeZlo gamoeTvala Tavisufali energia da mieRo damagnitebuloba. 

 
2.2. ZiriTadi nawili 

magnitur velSi liTonis moTavsebiT eleqtronebis moZraoba icvleba. romlebic moZ-

raobas iwyebs spiralur traeqtoriaze. amasTan, eleqtronebi damatebiT magnitur vels 
qmnis, romelic gare velis sawinaaRmdegodaa mimarTuli. 

advili saCvenebelia, rom es efeqti kvanturi bunebisaa da igi ar arsebobs klasikur 

miaxloebaSi. klasikuri meqanikis Tanaxmad, magnitur velSi xdeba eleqtronis impulsis 

eP
r
 Secvla A

c
ePe

rr
−  sxvaobiT, sadac A

r
 veqtoruli potencialia, maSin eleqtronis ki-

netikuri energia damokidebuli iqneba mxolod am sxvaobaze. Tavis mxriv, radgan yvela 

Termodinamikuri sidide damokidebulia mxolod eleqtronis energiaze da integralebia 

yvela impulsis mixedviT, maSin SeiZleba gadasvla integrirebaze A
c
ePe

rr
− -s mixedviT. 

amasTan, integralebi miiRebs imave saxes, rac hqonda magnituri velis gareSe. sinamdvile-
Si adgili aqvs diamagnetizms, rac aris magnitur velSi eleqtronis energetikuli donee-

bis dakvantvis Sedegi. 
am amocanis amosaxsnelad gamovTvaloT Termodinamikuri potenciali 
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sadac jami aiReba yvela mdgomareobis mixedviT. Semogvaqvs mdgomareobaTa simkvrive 
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(5.12)-Si gaTvaliswinebulia, rom veli mimarTulia Z RerZis gaswvriv, maSin 
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n-iT ajamva SemosazRvrulia  >  (2n+1) pirobiT, roca kT<< , SeiZleba davuSvaT T=0 
da mcire  -isas SeiZleba ajamvidan gadavideT integrirebaze. gamoTvlebis Sedegad, mivi-
RebT, 
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(5.13)-Si gaTvalisiwnebulia, rom 
m
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0=µ . erTeuli moculobis magnituri momenti 
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sadac 
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−=µ  boris magnetonia. aqedan gamomdinare, magnituri amTvisebloba 
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2.3. daskvna 
(15)-dan Cans, rom energetikuli doneebis dakvantvas mivyavarT diamagnitur amTviseb-

lobamde, romelic Tavisufali eleqtronebis gazisTvis akompensirebs spinebTan dakavSire-
buli paramagnituri amTviseblobis mxolod 1/3-s. maSasadame, Tavisufali eleqtronebis 

gazi (aSkarad) paramagnituri iqneba. 
sinamdvileSi bunebaSi bevri diamagnituri liToni arsebobs. Tvisebrivad es aixsneba 

imiT, rom liTonis eleqtronuli energetikuli speqtri (kristaluri mesris gaTvaliswi-

nebiT) gansxvavdeba idealuri gazis speqtrisagan. 
kristaluri struqturis gaTvaliswinebiT, baierlsis [3] Tanaxmad, (15) formula ic-

vleba. energetikuli speqtris SemTxvevaSi 
*2
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Pp =ε , sadac m* eleqtronis efeqturi 

masaa, miviRebT 
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es sidide SeiZleba erTze meti iyos. analogiuri mdgomareoba SeiniSneba legirebul 

naxevargamtarebSi.  
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THE DIAMAGNETISM OF SO SOLID MATTER 
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Summary 

      The diamagnetic matter define o f  l ow negat ive i ndef endent  –  i ns ens itive a wa y f rom  
temperature. Therefore induced magnetic moment pointed oppositely magnetic fiel d.  The  
happening diamagnetism tie together desire for electrical charge partially shield inside part 
volume matter from movement outward magnetic fiel ds .  Wh en is us e exami ne a question overal l  
question diamagnetism in solid matter by this be touch question electron-electronic interaction. 
In incident dielectric ours consideration found on result atomic physicist but in incident metal 
phenomena explain in general line in frame model indefendent electron. 
 

ДИАМАГНЕТИЗМ ТВЕРДЫХ ТЕЛ 

Дарчиашвили Л. К. Кокилашвили Л. Г. 
Грузинский Технический Университет 

Резюме 
       Диамагнетные вещества характеризуются малой отрицательной восприимчивостью, 
независящей от температуры. Поэтому индуцированный магнитный момент направлен 
противоположно магнитному полю. Явление диамагнетизма связано со стремлением 
электрических зарядов частично экранировать внутреннюю часть объема тела от действия 
внешнего магнитного поля. В данной работе рассмотрены общие вопросы диамагнетизма в 
твердых телах, но не рассматривается вопрос об электрон-электронном взаимодействии. В случае 
диэлектриков рассмотрение основывается на результатах атомной физики, а в случае металлов 
явления объясняются в общих чертах, в рамках модели независимых электронов. 
 


