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Sesavali 

 

qanebisa da mineralebis petrografiuli kvlevis erT-erT ZiriTad meTods 

warmoadgens maTi Seswavla polarizaciuli mikroskopis saSualebiT. amisTvis ki 

aucilebelia, mkvlevari kargad icnobdes kristalTa optikis safuZvlebs. Cven 

vecadeT, naSromSi warmogvedgina yvela is sakiTxi, romelic uSualod 

dakavSirebulia mikroskopiT kvlevasTan. amasTanave, rogorc Teoriuli safuZveli, 

fizikis kursidan gamoviyeneT optikis ZiriTadi sakiTxebi.  

naSromi gaTvaliswinebulia geologiuri fakultetis studentebisTvis. aseve 

warmatebiT SeiZleba gamoiyenon mineralebisa da qanebis kvlevis meTodebSi 

momuSave specialistebma. 
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talRuri Teoria 

 

kristalTa optika eyrdnoba fizikis im nawils, romelic sinaTlis gavrcelebis 

movlenebs swavlobs. uwin sinaTlis talRuri gavrcelebis mizezad Tvlidnen 

hipoTezur eTers, romelic am warmodgenis mixedviT avsebs samyaros mTel sivrces, maT 

Soris, yvela nivTierebis umcires nawilakebs Soris arsebul sivrcesac. sxvadasxva 

garemoSi sinaTlis gavrcelebis siCqare damokidebulia eTeris mier dakavebuli sivrcis 

Tvisebebze. fizikurad ufro mkvriv sxeulebSi es siCqare yovelTvis naklebia, vidre 

naklebad mkvriv sxeulebSi, xolo am ukanasknelSi naklebia, vidre uhaero sivrceSi. 

Tanamedrove gagebiT sinaTle warmoadgens gansazRvruli sigrZis eleqtromag-

nituri talRebis rxevis Sedegs. 

sinaTlis rxeviT moZraobaSi arCeven rxevis mimarTulebas da rxevis gavrcelebis 

mimarTulebas e.i. sinaTlis gavrcelebas. am ukanasknels sinaTlis sxivi ewodeba. 

 

sinaTlis talRis zedapiri 

 

Tu drois garkveul monakveTSi sxivebze mxeb zedapirs avagebT, ganaTebuli 

wertilis garSemo miviRebT erTgvar amoburcul zedapirs, romelsac sinaTlis talRis 

zedapiri ewodeba. aq unda gavarCioT Semdegi: 

a) uhaero sivrceSi da optikurad izotropul (airad da Txevad, magar amorful 

da kuburi singoniis kristalebis) nivTierebebSi sinaTle yvela mimarTulebiT erTnaeri 

siCqariT vrceldeba. 

aqedan gamomdinare sinaTlis talRis zedapiri izotropuli sxeulebisTvis iqneba 

sferos formis. 

b) brtyeli talRa. mnaTi wertilis ormxriv amozneqili linzis fokusSi 

moTavsebiT miviRebT paralelur sxivebs, romelTa marTobulad brtyeli talRis 

zedapiri gveqneba. aseve, usasrulod didi radiusis mqone sferuli talRis zedapiri 

SeiZleba warmovidginioT, rogorc brtyeli talRis zedapiri. 

g) rTuli talRuri zedapiri. dabolos, anizotorpul (umTavresad kristalur) 

sxeulebSi, sadac Tvisebebi damokidebulia mimarTulebaze, sinaTle unda gavrceldes 

cvalebadi siCqariT da talRis zedapiri ar SeiZleba iyos sfero. anizotropuli 

nivTierebebisTvis talRis zedapiri warmogvidgeba rTuli ormagi talRis zedapiriT. 
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arCeven erToptikurRerZian da oroptikurRerZian kristalur nivTierebebs. uar-

yofiTi erTRerZiani kristalebisTvis talRis zedapiri warmoadgens sferos, Cawerils 

brunviT elifsoidSi (nax. 1a) da piriqiT dadebiTi erTRerZian kristalebisTvis iqneba 

brunvis elifsoidi Camjdari sferoSi (nax. 1b), brunvis RerZs warmoadgens AA 

mimarTuleba. es ukanaskneli warmoadgens simetriis ormag RerZs rTuli figurebisTvis 

(elifsisa da wrexazisTvis) da amrigad, usasrulod didi raodenoba ormagi 

zedapirebisTvis (sivrculi figurebis) da ewodeba erTRerZiani kristalebis optikuri 

RerZi. amrigad, SegviZlia gavakeToT daskvna, rom sinaTlis gavrcelebisas erTRerZian 

kristalebSi miviRebT or talRas – erTi sferuli, meore – elifsoiduri, romlebic 

erTamneTs exebian or erTamaneTis sawinaaRmdegod brunvis AA
’ RerZze ganlagebul 

wertilebSi. 

sferuli talRis zedapirTan dakavSirebul sxivs da talRas ewodeba Cveulebrivi 

sxivi da talRa, elifsoiduri talRis zedapirTan dakavSirebul sxivs da talRas ki 

araCveulebrivi sxivi da talRa. 

 

nax.1a 

 

nax.1b 



 7 

difraqcia. sinaTlis sxivsa da talRis zedapirze warmodgenas, rogorc zemoT iyo 

Camoyalibebuli, ase rom vTqvaT, ara aqvs fizikuri arsi, aramed warmoadgens mxolod 

geometriul gamosaxvas sxvadasxva movlenebis asaxsnelad. ase, magaliTad, Tu sinaTlis 

sxivs warmovidgenT, rogorc geometriul wrfes, maSin CvenTvis gaugebari iqneba 

difraqciis movlena anu sxivebis gaRunva: S wertilidan gamomavali sxivebi (nax. 2), 

romlebsac Tavis gzaze daxvdebaT ekrani AB Zalian patara xvreliT bc, ekrans iqiT 

anaTeben ara marto konusur abcd garemos, aramed ganaTeba Seimneva am wakveTili 

konusis ab xazis zemoTac da cd xazis qvemoTac da agreTve, ekranis napirebzec. 

sinaTlis sxivebi TiTqos iRunebian, ganicdian difraqcias, ixrebian ekranis mxares. 

(mikroskopSi difraqciis movlenis dakvirveba SeiZleba okularSi daWimuli Zafebis 

siaxloves). am movlenaze daydrnobiT SeiZleba gamoiTqvas azri, rom bunebaSi ar 

arsebobs is, rasac geometriaSi uwodeben wertils. 

hiugensis principi. sinaTlis yovelmxriv da sworxazobrivad gavrcelebas Soris 

urTierTdamokidebulebis axsna pirvelad mogvca hiugensma, xolo SemdegSi frenelma 

igi logikur daboloebamde miiyvana. 

a. sferuli talRisTvis. vTqvaT izotropul garemoSi S wertilidan vrceldebian 

sinaTlis rxevebi, maSin drois garkveul monakveTSi isini miaRweven, dauSvaT, sfero I-

is zeapiramde, romlis radiusia IR . am zedapiris yoveli wertili, magaliTad, 
1 2O ,O , 

da a.S. SegviZlia miviRiT talRebis gavrcelebis axal damoukidebel centrebad da 

Sedegad garkveuli drois Semdeg yoveli am wertilis irgvliv unda warmoiqmnan patara 

elementaruli zedapirebi anu elementaruli sferuli talRebi r radiusiT. 

elementaruli talRebis zedapirebze agebuli mxebi zedapiri iqneba im talRis zeda-

piri (II), romlis radiusic iqneba 
II IR =R r . frenelis Tanaxmad, yvela rxevebi ukan 

dabrunebuli S  wertilisken 
1 2O ,O  da a.S. centrebidan, agreTve, yvela rxevebi, 

romlebic xdeba I da II zedapirebs Soris erTmaneTs spoben (xdeba interferencia) da 

sinaTlis sxivebi gveqneba 
1 2ST , ST  da a.S. swori xazebi, romlebic aerTeben centrs da 

1 2T , T  da a.S. wertilebs, romlebSic mxebi zedapiri II exeba elementarul sferoebs r 

radiusiT. (nax.3). 
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nax. 2 

 

nax.3 

 

nax.4 
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nax..5 

 

ukve aRniSnuli talRebis urTierTCaqrobis movlena, dakavSirebuli maT 

interferenciasTan, gasagebs xdis im movlenas, rom Tvali, romelic sinaTlis 

talRisken aris mimarTuli, magaliTad, 
2T  wertilSi 

2SO  sxivis gaswvriv 

STabeWdilebas iRebs mxolod S  wertilidan da ara talRa I-is mTeli zedapiridan e.i. 

vxedavT mxolod sxivs da ara ganaTebul garemos. talRis sigrZe rom yofiliyo ufro 

didi (magaliTad 1mm da meti), Cven ver vimsjelebdiT sinaTlis sxivze rogorc swor 

xazze. magaliTad, Tu wyalSi vrceldeba talRebi, Cven Cvens sxeulze mas vgrZnobT ara 

rogorc nemsis naCxvlets, aramed rogorc garkveul zemoqmedebas Cveni sxeulis 

zedapirze da es xdeba imitom, rom wylis talRebi uzomod didia sinaTlisaze. aq 

talRisa da sxivis cneba SeuTavsebelia. rogorc Cans sinaTlis sxivsac unda hqondes 

ganivi ganzomileba da ara mxlod erTi, rogorc gemotriul swor xazs. amrigad, 

Tvalze moqmedebs ara I talRis wertili 
2O , aramed am wertilTan (TiTqmis 

wertiliviT) arsebuli patara asimetriuli moedani, damokidebuli sinaTlis talRis 

sigrZeze. sxivi ar aris geometriulad swori wrfe, aramed wrfeTa konaa da Tvali 

Rebulobs STabeWdilebas konidan (TiTqmis paraleluridan) da ara erTi sxividan, 

romelic wrfis saxiT aris warmodgenili. 
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b. brtyeli talRisTvis. Tu talRuri zedapiri warmoadgens sibrtye AB romelic 

naxazis perpendikularulia. (nax.4), talRa iqneba brtyeli. imisTvis rom avagoT talRa 

romelic warmoiqmneba brtyeli AB talRis moZraobis dros, am sibrtis yoveli 

wertili hiugensis mixedviT, unda miviRoT rxevis centrebidan 
1 2 3O , O , O ... da avagoT 

elementaruli naxevarsferoebi r radiusiT sinaTlis gavrcelebis mimarTulebiT. (zemoT 

aRniSnuli iyo rom ukan mimavali rxevebi erTmaneTs aqroben, aqedan gamomdinare AB 

xazis zemoT naxevarsferoebi Cven ar gvWirdeba). mxedvelobaSi unda miviRoT rom AB 

xazi sinamdvileSi aris sibrtye da Cven ara erTi rigi gvaqvs sferoebis, aramed maTi 

ase vTqvaT, zolebi 1

22

1

11 OOOO  da a.S. mimarTulebebiT (nax.5). Tu gavatarebT 1 1ABA B  

sibrtyis paralelur sibrtyes 11DCDC -s r radiusis manZilze, miviRebT saerTo mxeb 

zedapirs e.i. axal talRis zedapirs, romelic naxazis WrilSi warmodgenil iqneba CD 

xaziT. igi paraleluri iqneba AB xazis da daSorebuli misgan r manZiliT. 

hiugensis principis mniSvneloba da frenelis warmodgenebi. sinaTlis rxevebis 

aseTi gageba: a) kargad xsnis difraqciis movlenas da xels ar uSlis warmodgenas 

sxivTa sworxazobriobaze (axsnilia nax. 2); b) saSualebas iZleva Tavisuflad 

vixmaroT cneba sinaTlis talRis zedapiri, romelic SeiZleba davSaloT usasrulod 

mcire elementebad; g) migviTiTebs talRebis paralelur gadaadgilebaze (nax. 3 – 

zedapirebi I da II, nax. 4 – zedapirebi AB da CD erTmaneTis paralelurni arian); d) 

migviTiTebs rom sinaTlis sxivebi marTobia sferuli talRis zedapiris (sferoebis 

centrebis SeerTebisas Sexebis wertilTan, sxivebi zedapiris marTobia) da e) yvelaze 

mTavari – aucileblad gamomdinareobs aqedan cnebebi sinaTlis talRebisa da sxivebis 

gardatexisa da arekvlis Sesaxeb sinaTlis gadasvlis dros erTi garemodan meoreSi, 

sulerTia izotropulia es garemo Tu anizotropuli. 

sinaTlis gardatexa. erTi simkvrivis aridan sxva simkvrivis areSi gadasvlisas 

xdeba sinaTlis gardatexa. Tu orive are izotropulia erTi Tvisebis sxivebidan da 

talRebidan vRebulobT imave Tvisebis sxivebs da talRebs. anizotropul areSi 

gardatexisas ki erTi Tvisebis sxivebidan da talRebidan warmoiqmneba orgvari Tvisebis 

sxivebi da talRebi. aq ormagi gardatexa xdeba. 

jer ganvixiloT gardatexis movlenebi izotropul areSi. 

vTqvaT, gvaqvs ori izotropuli are, romelTa gamyofi zedapiris gegmili naxazis 

sibrtyeze aris MM . davuSvaT, rom gamyofi zedapiris mimarT romelime nebismieri 

kuTxiT ecema brtyeli talRa AB (nax.6) am talRidan wamosuli sxivebi iqneba 
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AC,BD  drois garkveul monakveTSi brtyeli talRa AB Tavis Tavis swvrivad 

gadaadgildeba da CD mdebareobas miiRebs. 

Semdegi drois monakveTSi AC sxivi ivlis ukve meore areSi. xolo BD sxivi 

jer isev pirvel areSi. Sualed monakveTSi sxivebi gadaadgildebian jer pirvel, xolo 

Semdeg meore areSi. 

Tu pirveli aris simkvrive meoreze naklebia, maSin sinaTlis siCqare pirvel areSi 

iqneba meti, vidre meoreSi e.i. 
1 2V >V  da Sesabamisad CH<DG . 

imisTvis, rom gardatexili sxivi avagoT, hiugensis principis Tanaxmad, saWiroa C  

wertilidan avagoT elementaruli talRis zedapiri, Semdeg am zedapirze (wrexazze) 

da kidev ufro patara radiusis mqone wrexazebze gavataroT mxebi. G  wertilSi 

elementaruli talRis zedapiri am wertils emTxveva. C  da D  da E da J  

wertilebis SeerTebiT miviRebT CH  da EJ  gardatexil sxivebs. 

Semdegi drois monakveTSi gardatexili talRa HJG , mTlianad meore areSi Tavis 

Tavis swvrivad gadaadgildeba da daikavebs KL  mdebareobas. 

axla, C  wertilSi gamyofi zedapiris mimarT avagoT marTobi xazi pp . igi 

dacemul da gardatexil sxivebTan Seqmnis dacemis α  da gardatexis β  kuTxeebs, 

romlebic DCG  da CGH  kuTxeebis tolia, rogorc urTierTmarTobi gverdebisgan 

Semdgari kuTxeebi. CDG  da CHG  marTkuTxa samkuTxedebs aqvT saerTo hipotenuza, 

ris gamoc isini msgavsni arian da Tu siCqareebs pirvel da meore garemoSi Sesabamisad 

avRniSnavT 
1V  da 

2V -Ti SegviZlia davweroT 1

2

VDG sinα

CH sinβ V
  . 

e.i. dacemis kuTxis sinusis Sefardeba gardatexis kuTxis sinusTan udris 

saTanado areebSi sinaTlis siCqareebis Sefardebas da ori izotropuli garemosTvis 

warmoadgens mudmiv sidides. es iZleva, swored meore garemos gardatexis koeficients 

pirvelTan SefardebiT e.i. SefardebiT gardatexis koeficients anu maCvenebels am 

kanons sinusebis kanoni, an dekarte-sneliusis kanoni ewodeba. 

absoluturi gardatexis maCveneblis misaRebad sinaTlis siCqares uhaero sivrceSi 

utoleben 1-s. 

sinaTlis siCqare haerSi mcired gansxvavdeba sinaTlis siCqarisagan uhaero 

sivrceSi. haeris absoluturi gardatexis koeficienti O  temperaturis da 760 mm 

wnevis pirobebSi yviTeli ferisaTvis udris 1.000292 aqedan gamomdinare, sinaTlis 

siCqare haerSi, agreTve, 1-is tolia. amis safuZvelze SegviZlia davweroT. 
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1

2

V 1
N

V V
   

e.i. mocemuli garemos gardatexis koeficienti aris Sefardeba sinaTlis talRebis 

gavrcelebis siCqarisa haerSi gavrcelebis siCqaresTan mocemul garemoSi, an sxvanairad: 

gardatexis koeficienti aris mocemul garemoSi sinaTlis gavrcelebis siCqaris 

Sebrunebuli sidide, Tu sinaTlis gavrcelebis siCqares haerSi miviRebT 1-is tolad. 

qanmaSeni mineralebisaTvis gansxvaveba absolutur gardatexis koeficientsa da 

gardatexis koeficients Soris haerTan SefardebiT aRwevs mxolod 0.0005 e.i. sidides 

romelic ar TamaSobs araviTar rols mineralebis gansazRvris dros. dasawyisSi iTqva, 

rom rac ufro mkvrivia garemo miT ufro nela vrceldeba masSi sinaTle. aqedan 

gamomdinare, gardatexis maCvenebeli myari da Txevadi nivTierebebisTvis TiTqmis 

yovelTvis >1-ze. nax. 6-dan Cans, rom DG>CH , xolo kuTxe α>  kuTxe β  e.i. 
sin α

1
sinβ

 . 

maSasadame, gardatexis maCvenebeli n  (TiTqmis yovelTvis aRiniSneba am asoTi, iSviaTad 

didi N -iT), rogorc Sefardeba aris ganyenebuli sidide da myari da Txevadi 

sxeulebisTvis yovelTvis erTze metia (gamonakliss warmoadgens zogierTi metali). 

zemoT aRwerili movlenidan mniSvnelovani daskvna gamomdinareobs. 

rodesac sxivi naklebi simkvrivis garemodan metad mkvriv garemoSi gadasvlisas 

gardatydeba, igi gardatexis wertilSi agebul marTobs uaxlovdeba da piriqiT, 

rodesac igi meti simkvrivis garemodan naklebi simkvrivis garemoSi gadadis, am marTobs 

Sordeba. am dros arsebobs zRvari, rodesac sxivs sruliad ar SeuZlia metad mkvrivi 

garemodan gadavides naklebad mkvrivSi da igi mTlianad airekleba misgan. am movlenas 

sruli Sinagani arekvla ewodeba, xolo kuTxes sruli Sinagani arekvlis zRvruli 

kuTxe. 

gardatexa anizotropul areSi. anizotropul sxeulebSi yvela Tviseba, maT Soris 

optikuric, damokidebulia mimarTulebaze. amitom, Tu Cven gvinda avxsnaT gardatexis 

movlenebi anizotropul garemoSi, magaliTad erTRerZian kristalSi, aucilebelia 

vicodeT ara marto tipi da forma erTRerZiani elifsoidisa, aramed isic, Tu rogor 

aris ganlagebuli es elifsoidi sinaTlis gavrcelebis mimarTulebasTan aRebul 

garemoSi. aviRoT isev brtyeli talRa BC  da gavarCioT erTRerZiani elifsoidis an 

misi 1AA  optikuri RerZis da sinaTlis gavrcelebis mimarTulebis urTierTganlagebis 

sxvadasxva SemTxveva. 
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gardatexa, rodesac optikuri RerZi mdebareobs dacemis sibrtyeSi. vTqvaT, MM 

sibrtye ori garemos gamyofi sibrtyea (nax.7) izotropuli I-is da kristalurad 

erTRerZiani II-is da romelzec ecema brtyeli talRa BC  da amave dros optikuri 

RerZi 1AA  devs dacemis sibrtyeSi, romelic emTxveva naxazis sibrtyes. BD da CF 

sxivebi. agreTve sferoebisa da elifsoidebis centrebi D, O; O  da F da optikuri 

RerZebi 1AA  da 
1 1A A  mdebareoben naxazis sibrtyeSi. wina SemTxvevaSi msjelobis 

analogiurad movnaxavT gardatexil talRas FG  da gardatexil sxiv DG . igive 

msjelobas gamoviyenebT talRis im nawilisTvis romelic elifsuri zedapiriT aris 

gamosaxuli: sanam CF sxivi I garemoSi gaivlis EF manZils sxivebi D  wertilidan 

miaRweven erTRerZian kristalSi 1AHA  elifsamde. ase F wertilamde danarCeni 

sxivebi. Tu avagebT mxebs FH , romelic, gaivlis yvela Sualed elifsebze. hiugensis 

principis Tanaxmad mxebi sibrtye FH iqneba im talRis sibrtye romelSic axali 

mdgomareoba dikava gardatexis Semdeg. DH da misi msgavsi xazebi iqnebian gardatexili 

sinaTlis sxivebi, orive talRa SemdgomSi gadaadgildeba Tavis Tavis paralelurad. 

Cveulebrivi talRa da Cveulebrivi sxivi. cxadia, rom rogorc ar unda 

vatrialoT gamosaxuleba 1DAHA  (wrexazi da elfsi) Tavisi centris garSemo, mxebi 

FG  wrexazisadmi darCeba yovelTvis erTi da igive, Tu I, II areebi da BC  talRis 

mimarTuleba (anu BD,CF  sxivebi) ar Seicvlebian. sxvanairad rom vTqvaT, gardatexili 

FG  talRis mdgomareoba romelic miekuTvneba sferos da misi Sesabamisi gardatexili 

DG  sxivis mdgomareoba ar icvleba. es talRa da es sxivi iqcevian iseve rogorc 

izotropul nivTierebebSi da eqvemdebarebian im kanonzomierebebs romlebic adre 

CamovayalibeT aseTi sxeulebisTvis. amitom talRa da sxivi, romlebic miekuTvnebian 

talRuri zedapiris sferul nawils, iwodebian Cveulebrivad. 

araCveulebrivi talRa da araCveulebrivi sxivi. sul sxva mdgomareobaa FH 

talRisa da DH sxivis SemTxvevaSi, romlebic gamoyvanilia 1AHA  elifsisagan. mTeli 

gamosaxulebis 1DAHA  (wrexazis da elifsis) trialis dros D  centris garSemo da 

Tu dacemuli sxivebis mimarTulebac ucvlelia, 1AHA  elifsis mdgomareoba F 

wertilis mimarT cvalebadia, am wertilidan Cven vatarebT mxebebs. im SemTxvevaSic ki 

Tu brunva xdeba ise, rom optikuri RerZi 1AA  yovelTvis devs naxazis sibrtyeSi. 

aqedan gamomdinare, aseTi brunvis dros icvleba FH mxebis da gardatexil DH sxivis 
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mdebareobac. ai, amitom DH sxivsac da FH talRasac, romlebic miekuTvnebian 

talRuri zedapiris elifsoids, ewodebad araCveulebrivi. 

talRisa da optikuri RerZis urTierTganlagebis kerZo SemTxvevebi. Tu ganvi-

xilavT BC  brtyeli talRisa da 1AA  optikuri RerZis urTierTganlagebis 

gansakuTrebul SemTxvevebs qvemoT moyvanili naxazidan (nax.7a-7g) gamomdinareobs: 

1) rodesac gamyof MM zedapirze sxivebi marTobulad ecemian da ar arian 

optikuri 1AA   RerZis paraleluri, araCveulebrivi sxivi gardatydeba da gaCndeba 

ori talRa GF  da HF , romlebic vrceldebian erTmaneTis paralelurad sxvadasxva 

siCqariT (nax.7a). 

2) rodesac sxivebi gamoyof zedapirze marTobulad ecemian da amave dros 

optikur 1AA  RerZTanac marTobulad arian ganlagebuli (nax. 7b) araCveulebrivi sxivi 

DH ar gardatydeba, magram isev or talRas miviRebT GF  da HF , romlebic 

sxvadasxva siCqariT vrceldebian. 

3) rodesac MM zedapirze marTobulad dacemuli sxivebi amave dros 1AA  

optikuri RerZis paraleluri arian (nax.7g), Cven miviRebT mxolod erTi saxis sxivebs 

(Cveulebrivs) da mxolod erT Cveulebriv talRas. e.i. iseTi STabeWdilebaa TiTqos 

gvqondes izotropuli sxeuli da ara erTRerZiani kristali. 

 

nax.6 



 15 

 

nax.7 

zemoT aRweril SemTxvevebi bevri daskvnis saSualebas gvaZlevs: 

a) erTi talRa anizotropul sxeulebSi. mesame (nax.7g) SemTxvevaSi, rodesac 

dacemuli sxivebi da talRa erTRerZiani kristalis optikuri RerZis paraleluria, 

miviRebT mxolod erT Cveulebriv talRas da kristali moiqceva rogorc izotropuli 

nivTiereba. yvela danarCen SemTxvevaSi (nax.7a. da 7b.) erTi BC  talRidan da erTi 

xarisxis B.........C  sxivebidan miviRebT yovelTvis or talRas, GF  da HF da ori 

xarisxis sxivebs DG  da DH . es movlena ganapirobebs imas, rasac anizotropul 

nivTierebebSi ormagi gardatexa ewodeba. 

 

nax.7a 
nax.7b 

nax.7g 
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b) ori talRis svlaTa sxvaoba. Tu ganvixilavT nax.7a-7g vnaxavT, rom DG  da 

DN  marTobebi gvaZleven GF  da HF talRebis gavrcelebis siCqareebs. Tu CavTvliT 

rom isini MM gamyofi zedapiridan gavrceldnen drois erT romelime monakveTSi. 

cxadia, am doris monakveTSi talRa HF -araCveulebrivi erTi da igive nivTierebaSi 

uswrebs GF  Cveulebriv talRas, mxolod sxvadasxva SemTxvevaSi sxvadasxva sididiT. 

GN  nax.7a-ze ar udris GN -s nax.7b-ze, xolo nax.7g-ze GN =0. am gansxvavebas 

manZilSi ewodeba svlaTa sxvaoba  da damokidebulia erTidaigive nivTierebaSi 

elifsoidis RerZebisa da talRis mimarTulebis urTierT ganlagebaze. 

g) anizotropuli nivTierebebis ormagi sxivtexa. dauSvaT, rom gardatexili 

talRebi ganagrZoben moZraobas da gadaadgildebian Tavis Tavis paralelurad 

anizotropul nivTierebaSi. rodesac miaRweven 1 1G ,F  da 1 1N ,F  mdgomareobas, maT mier 

gavlili manZili 1DG 2DG  da 1DN 2DN  e.i. svlaTa sxvaoba orjer gaizrdeba 

aqedan Cans, rom svlaTa sxvaoba damokidebulia im droze, romelSic talRebi 

vrceldebian anizotropul nivTierebebSi. an im gzis sigrZeze, romelsac talRebi 

gairbenen am nivTierebaSi. aqedan gamomdinare, ormagi sxivtexis mqone nivTierebebis 

daxasiaTeba svlaTa sxvaobiT ar SeiZleba, vinaidan is damokidebulia, fenis SemTxveviT 

sisqeze, ris gamoc cvalebadia, isini unda davaxasiaToT an svlaTa sxvaobiT drois 

erTeul monakveTSi, an svlaTa sxvaobiT gzis erTeul monakveTSi, romlis gavla 

moxdeba anizotropul nivTierebaSi. es ukanaskneli warmoadgens nivTierebis 

ormagsxivtexas mis mocemul mdgomareobaSi. nax.7a da nax.7b-s SemTxvevaSi svlaTa 

sxvaobac da ormagi sxivtexac erTidaigive manZilis SemTxvevaSic ki gansxvavebulia. 

amis gamo nivTierebis ormag sxivtexas uwodeben, ormagi sxivtexis maqsimalur 

SesaZlebel sidides am nivTierebisTvis. nax.7a-7g-ze ormagi sxivtexa iqneba nax.7b-s 

Sesabamisi sidide, 7a-ze saSualo sidide, 7c -ze ormagi sxivtexa udris nols. 7a-ze ki 

mas Sualedi mniSvneloba ukavia. 

 

sinaTlis rxeviTi moZraoba 

 

ganivi rxevebi. sinaTlis gavrcelebis dros rxeviTi moZraoba SeiZleba SevadaroT 

aseTive moZraobas, romelic viTardeba qvis Cavardnis dros wyalSi. cnobilia, rom am 

dros wylis zedapirze Cndebian talRebi e.i. morigeoben azvirTebuli da CaRrmavebuli 
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adgilebi, romelTa RerZuli sibrtyeebi a,b.... marTobia talRaTa winsvliTi moZraobis 

mimarTulebisa. rogorc haerSi, aseve eTerSi rxevebi, romlebic ganapirobeben talRaTa 

warmoqmnas, upirvelesad yovlisa ganivia e.i. rxeva xdeba talRis gavrcelebis 

mimarTulebis marTobul sibrtyeSi. rac sinaTlisTvis igivea, rom rxeva xdeba sinaTlis 

gavrcelebis marTobul sibrtyeSi (nax.8) amave dros es rxevebi harmoniulicaa, rac 

igivea, rom isini warmoadgenen ubralo periodul moZraobebs da sruliad analogiurni 

arian p  wertilis moZraobisa AB diametrze (nax.9) da romelic ganixileba rogorc 

p  wertilis proeqcia. p  wertili moZraobs mudmivi siCqariT 1PAP BP  wrexazze. im 

droSi, sanam p  wertili isriT naCvenebi mimarTulebiT Semourbens mTel wrexazs, misi 

proeqcia p  Seasrulebs erT mTlian rxevas. jer gadava p  wertilidan A -Si, Semdeg 

dabrundeba A -dan p -Si, p -dan B -Si, da bolos, daubrundeba Tavis sawyis mdebareobas 

B -dan p -Si. 

dro T , romlis ganmavlobaSic xdeba erTi mTliani rxeva-warmoadgens rxevis 

periods. sidides 
1

T
 e.i. rxevis periodis Sebrunebul sidides ewodeba rxevis sixSire. 

am sidideebze, frenelis mixedviT damokidebulia sinaTlis feri: iisfer sinaTleSi 

nawilakebi nebismier garemoSi asruleben 12754 10  rxevas wamSi. wiTel sinaTleSi - 

12394 10  rxevas wamSi. 

rxevadi p  wertilis (proeqciis) maqsimaluri dacileba sawyisi p  mdgomareobidan 

A -mde tolia a  radiusisa da ewodeba rxevis amplituda. es amplituda damokidebulia 

biZgis Zalaze e.i. TviT sinaTlis Zalaze an mis intensivobaze. es Zala anu sinaTlis 

intensivoba amplitudis kvadratis proporciulia. 

rxevadi C  wertilis raime mdebareoba sawyisi p  wertilis mimarT gamoisaxeba 

pc rkaliT wrexazze da izomeba  kuTxiT (nax.9). Tu t  aRvniSnavT dros, romlis 

ganmavlobaSic wertili p  gadaadgildeba 
tC  wertilamde, xolo periods, rogorc 

yovelTvis avRniSnavT T , maSin :360=t:T, saidanac =360.
T

t
=2

T

t
π . kuTxe , 

romelic warmoadgens nawilakis gadaadgilebis kuTxes wonasworobis mdgomareobidan 

ewodeba rxeviTi moZraobis faza.  

es faza, amplitudasa da periodTan erTad, gvaZlevs yvelafers, rac aucilebelia 

rxeviTi moZraobis gansazRvrisaTvis: 1) rxevadi wertilis moZraobis mimarTulebas 

(nax. 9-ze nawilaki unda moZraobdes zeviT C-dan A-sken). 
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2) moZraobis siCqare da 3) mocemuli fazis momentSi rxevadi wertilis pc 

gadaadgilebas.  

rxeviTi moZraobis siCqare aris cvalebadi sidide p  wertilSi, biZgis momentSi, 

siCqare V   aris maqsimaluri. A  da B  wertilebSi V=0 , es is momentia, rodesac 

rxevadi wertili TiTqos Cerdeba ukan moZraobis win. nebismier t  momentSi siCqare 

CVc
 wertilisTvis iqneba: 

cosCCV 1c   = )
T

t
cos(360V                                                                         (1) 

VCC1  radgan, rogorc meqanikidan cnobilia, moZravi wertilis wrexazis 

irgvliv gaadaadgilebis siCqare am wertilSi gatarebuli mxebi xazis monakveTiT 

ganisazRvreba. 

 

sinusoidi-harmoniuli rxevis mrudi 

 

rxevadi p  wertilis C  mdebareoba e.i. manZili p C  SeiZleba gamosaxul iqna 

Semdegi gantolebiT marTkuTxa PCO samkuTxedidan gamomdinare, manZili 

)
T

t
360sin(sinPC   a  (nax.9)           (2). 

geometriulad es formula warmoadgens sinusoidis gantolebas, amitom 

harmoniul rxevebs meore saxelwodeba aqvT _ sinusoiduri rxevebi. 

 

nax. 8 

 

nax. 9 
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sinaTlisa da ganivi rxevebis gavrceleba 

 

vTqvaT, snaTle vrceldeba O  wertilidan (nax.10) marjvniv S -is mimarTulebiT, 

ise, rom sawyis momentSi 
0t 0  da rxeva iwyeba O  wertilidan. sinaTlis gavrcelebis 

siCqare aRvniSnoT V -Ti. drois garkveul monakvTis Semdeg 1

1
t T

4
  (periodis meoT-

xedi) OS  xazze rxevas daiwyebs nawilaki, romelic daSorebulia sawyisi O  

wertilidan 
1

OA V T
4

   manZilze (nax.10a) am drois ganmavlobaSi ganivi rxeva O  

wertilSi gavrceldeba O -dan 1O -mde. amave dros formula (2)-iT 

1 1
OO =b=α sin(360 T)=a

4
 , xolo O  da A -s Soris wertilSi rxeva gavrceldeba a -sa 

da O -s Soris manZilebze, romlebic igive formuliT ganisazRvreba. iseTive msjelobiT 

miviRebT, rom 
2t  droisTvis 2

2 1
t T= T

4 2
  sinaTle gavrceldeba OB manZilze da 

1
OB=V T

2
 e.i. OB=2xOA (nax. 10b), xolo rxevebi gavrceldebian nulovani 

wertilidan 
T

a sin(360 ) 0
2

   , xolo A  wertilidan manZilze 
1

a sin(360 ) a
4

   , da B  

wertilSi rxeva mxolod iwyeba. amasTan, rxevis siCqare O  da B  wertilebSi 

mimarTuli iqneba sxvadasxva mxares. O  wertilisTvis (1) formuliT miviRebT. 

0

0

1
V =V cos(360 ) -V

2
    

xolo B  wertilisTvis igive formuliT 

0

B

0
V =V cos(360 ) V

T
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nax.10 

Semdeg. 3

3
t = T

4
 droisTvis sinTle gavrceldeba. O -dan E -mde (nax.10g.), sadac  

3
OE=V T

4
 , xolo rxeva O  wertilSi miva 

3
a sin(360 )=-a

4
 -mde A  wertilSi 

1
a sin(360 )=O

2
 , B  wertilSi 

1
a sin(360 )=a

4
  da E wertilSi udris O -s da rxeva 

mxolod iwyeba. dabolos, droisTvis 
4t T  miviRebT (nax.10d) OD=V T . O  wertilSi 

a sin360 =O , A  wertilSi a sin270 =-a , B -Si a sin380 =O , C -Si a sin90 =a , D  

wertilSi udris O -s da rxeva mxolod iwyeba siCqareTa mimarTulebebi naCvenebia 

isrebiT. amrigad, Cven miviReT sinusoidi mTliani periodisTvis T . bolo wertilebi 

O  da D  rxevaTa mimarT arian erTnair pirobebSi – rxevis fazebi am wertilebisTvis 

erTnairia. cxadia, sinaTlis Semdgomi gavrcelebis SemTxvevaSi, gameordeba igive. mrudi 

1 1OA BC D  SeiZleba gagrZeldes misi gameorebiT ramdenadme Sors da damokidebuli 

iqneba doris t  Sualedze (nax.10), romelmac gaiara rxevis dasawyisidan. 

talRis sigrZe. manZili OD  (nax.10 da 10d), romelzedac vrceldeba sinaTle 

sicarieleSi erTi mTliani T periodis ganmavlobaSi, ewodeba talRis sigrZe da 

aRiniSneba berZnuli asoTi λ , zemonaTqvamidan gamomdinareobs rom λ=VT . 
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sinaTlis polarizaciis movlenebi 

 

Cveulebrivi anu bunebrivi sinaTle. iseT sinaTles, romlis rxeva xdeba misi 

gavrcelebis marTob sibrtySi yvela mimarTulebiT, da es sibrtye gadis am sxivis 

mimarTulebaze, ewodeba Cveulebrivi anu bunebrivi sinaTle. nax.11a-ze naCvenebia 

rxevebis winxedi, xolo 11b-ze gverdxedi da 1 1 1A , C , E  da a.S. kveTebi gviCveneben rxevis 

mimarTulebebs. 

dapolarebuli sinaTle. Tu sinaTlis rxeva xdeba mxolod erT sibrtyeSi Sa=Q  

(nax.12b.), romelic agreTve sxivis gavrcelebis marTobia, ewodeba dapolarebuli 

sinaTle. nax.12a win xedia, xolo 12b gverdxedi. 1p  sibrtye, romelic rxevis Q  

sibrtyis marTobia da igi TviT sxivze gadis warmoadgens polarizaciis sibrtyes. 

dapolarebuli sinaTlis miReba. polarizatori da analizatori. kristaluri 

nivTierebis optikuri Tvisebebis Sesaswavlad mosaxerxebelia dapolarebuli sinaTlis 

gamoyeneba, radagn aq rxeva xdeba erT garkveul sibrtyeSi, xolo gansxvaveba TvisebebSi 

damokidebuli gansxvavebul mimarTulebebze warmoadgens kristalebis ZiriTad Tvisebas. 

dapolarebuli da bunebrivi sinaTlis garCeva erTmaneTisgan SeiZleba mxolod 

xelsawyoebis saSualebiT. mirkoskopSi aseT xelsawyoebs warmoadgenen nikolis prizmebi 

(saxelwodeba micemuli aqvT ingliseli mecnieris nikolis sapativsacemod, romelmac 

gamoiyena es prizmebi mikroskopSi) an ubralod nikolebi. mikroskopSi gamoyenebulia 

ori nikoli: erTi, romelic bunebriv sinaTles gardaqmnis dapolarebulSi da ewodeba 

polarizatori da meore, romelic aanalizebs am dapolarebul sinaTles misi gavlis 

Semdeg sakvlev kristalSi da ewodeba analizatori. 

ras warmoadgens nikoli? nikolma dapolarebuli sinaTlis misaRebad SearCia 

kalcitis gamWvirvale saxeoba islandiuri Spati. gmWvirvale imitom, rom miviRoT 

Seuferavi sinaTle. aseTi kristalis saTanado damuSavebiT nikolma miiRo sinaTlis 

damapolarebeli prizma, rac Semdegnaerad xdeba: iReben isnalduri Spatis tkeCvadobis 

gaswvriv wagrZelebul romboedrs, sadac grZeli wiboebi mokleze 3.495-jer metia 

(nax.13) romboedris msxvili kuTxeebi =7052’, xolo blagvi 10908’, kristals mokle 

waxnagebis mxridan Slifaven ise, rom saTanadod miiRon kuTxeebi 68 da 112 naxazze 

mocemulia kalcitis romboedris mTavari kveTi. kristalis blagv kuTxeebze gamavali 

mTavari kveTis marTobul sibrtyeze xerxaven. gaWril sibrtyeebs akrialeben da soWis 
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weboTi (kanadis balzamiT) awebeben. nikolis prizmis gverdebs Savi saRebaviT Rebaven. 

viciT, rom Savi feri mSTanTqmeli feria. 

 

 

ra xdeba nikolis prizmaSi? vTqvaT, nikolis prizmis qveda waxnags grZeli 

waxagebis swvrivad ecema bunebrivi sinaTle. nikolSi Sesvlisas moxdeba sinaTlis 

ormagi gardatexa. is or sxivad gaiyofa. orive iqneba dapolarebuli, romelTa rxeva 

xdeba urTierTmarTob sibrtyeebSi (nax.14). am ori sxividan erTi aris Cveulebrivi 

sxivi, anu ordineri, meore ki araCveulebrivi anu eqstraordineri naxazze Cveulebrivi 

sxivis rxeva aRniSnulia wertilebiT e.i. rxeva xdeba naxazis marTob sibrtyeSi, xolo 

araCveulebrivi sxivis rxeva xdeba naxazis sibrtyeSi da aRniSnulia mokle xazebiT. 

kalcitis Cvulebrivi sxivis No-1,658, xolo soWis webos N k.b.=1.537 da, radgan 

dacemis kuTxec saTanadodaa SerCeuli, Cveulebrivi sxivi ver gaivlis kanadis 

balzamSi, moxdeba misi sruli Sinagani arekvla da STainTqmeba nikolis prizmis 

gverdebze wasmuli Savi saRebavis mier. 

 

 

nax.11a 
nax.11b 

nax.12a 

nax.13 

nax.14 

nax.12b 
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kalcitis araCveulebrivi sxivis 
EN =1.536, rac TiTqmis kanadis balzamis 

gardatexis maCveneblis tolia, ris gamoc igi soWis webos fenas gardautexavad 

gaivlis da nikolidan gamova imaev mimarTulebiT, ra mimarTulebiTac igi nikolSi 

Sevida. aq sxivis Zala rasakvirvelia, Sesustebulia, magram miviReT erTi 

dapolarebuli sxivi. 

sistema – polarizatori da analizatori. ukve viciT, rom qveda nikoli aris 

polarizatori, sadac xdeba bunebrivi sxivis gardaqmna dapolarebul sxivad da zeda 

nikoli, romelsac analizatori ewodeba. 

jer ganvixiloT analizatoris moqmedeba kristaluri firfitis gareSe, Semdeg ki, 

- rodesac masSi Sedis sxivi ara uSualod polarizatoridan, aramed kristalur 

firfitaSi gavlis Semdeg. 

qveda nikolidan wamosul sxivs zeda nikoli iseTive orientaciiT rom davax-

vedroT e.i. Tu nikolebi urTierT-paralelur – Nicll mdgomareobaSi iqnebian, sxivi 

meore nikolSi Tavisuflad gaivlis, radgan aq araCveulebrivi sxivis rxeva imave 

mTavari kveTis sibrtyeSi iwarmoebs (nax.15) da Cven vxedavT sinaTles. axla Tu zeda 

nikols SemovabrunebT 90-iT da orives zemodan davxedavT miviRebT nax.16-ze 

gamosaxul suraTs – nikolebi jvaredinia - Nie . aseT SemTxvevaSi zeda nikolis 

meore naxevarSi sinaTle ar gaivlis da mikroskopSi sibneles miviRebT, radgan nikolis 

araCveulebrivi sxivis rxeva gaivlis zeda nikolis Cveulebrivi sxivis rxevis 

sibrtyeSi, ris gamoc Cveulebriv sxivad gardaiqmneba, soWis webos fenidan airekleba 

da STainTqmeba e.i. Tu nikolebi erTmaneTis mimarT 90-iT arian Semobrunebuli, an 

rogorc amboben jvaredin nikolebSi sinaTle qreba zeda nikolis saSualebiT. axla 

cxadia, rom zeda nikoli gamaanalizebeli nawilia ori nikolis sistemaSi. Cven 

ganvixileT ori martivi SemTxveva polarizatorisa da analizatoris 

urTierTganlagebaSi: paraleluri da jvaredini, II da +. analizatoris Semobrunebis 

dros II da + mdgomareobas Soris unda miviRoT Sualedi efeqti e.i. II mdgomareobidan 

sinaTlis TandaTanobiTi Sesusteba srul sibnelemde + mdgomareobaSi. 
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nax.15 

axla, avxsnaT movlena, ra xdeba rodesac polarizatorsa da analizators Soris 

moTavsebulia kristaluri firfita. vTqvaT, nikolebi jvaredin mdgomareobaSia (nax.16) 

kristalur nivTierebaSi rogorc anizotropul sxeulSi warmoiqmneba or urTierT-

marTob sibrtyeSi rxevadi talRebi. maTi rxevebi ar emTxveva polarizatorSi da 

analizatorSi rxevebis mimarTulebas (nax.17). aseT SemTxvevaSi polarizatoridan 

wamosuli, vTqvaT P  araCveulebrivi talRa kristalur firfitaSi, meqanikaSi Zalebis 

daSlis analogiurad, paralelogramis wesiT or Semadgenel 
1OK  da 

2OK  talRebad 

daiSleba, romlebsac sxvadasxva siCqare eqnebaT. 

kristaluri firfitidan gamosvlisas 
2OK  talRa gauswrebs 

1OK -s da maT Soris 

gaCndeba svlaTa sxvaoba , romelic analizatorSi Sesvlamde ucvleli iqneba, radgan 

isini izotropul areSi (haerSi) vrceldebian (nax.18) 

        
nax.16 nax.17 
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analizatorSi Sesvlisas TiToeuli talRa Tavis mxriv or Semadgenel I

IOK  da 

II

IOK  da 1

2OK  da II

2OK  talRebad daiSleba. TiToeuli maTganis TiTo Semadgeneli e.i 

I

IOK  da 1

2OK  talRa kanadis balzamis fenaze srul Sinagan arekvlas ganicdis da 

STainTqmeba. rac Seeexeba II

IOK  da II

2OK -s erTi da imave sigrZis (λ ) anu erTferovani 

talRebia da analizatoris mTavari kveTis sibrtyeSi irxevian. isini ikribebian da 

gvaZleven sinaTlis intensivobis gazrdas an Semcirebas. am movlenas sinaTlis inter-

ferencia ewodeba. 

         

 

 

jvaredin nikolebs Soris moTavsebuli kristaluri nivTierebis firfita 

mikroskopis magidis saSualebiT 360-ze, SemotrialebiT oTxjer (ori mimarTulebiT) 

sibnelis mdgomareobaSi modis (pirveli sibnelis mdgomaeobidan yovel 90-is Semdeg), 

radgan aseT SemTxvevaSi kristaluri nivTierebis sinaTlis talRis rxevis erT-erTi 

mimarTuleba analizatoris Cveulebrivi talRis rxevis mimarTulebiT gaivlis, rac 

sinaTlis srul Sinagan arekvlas da STanTqmas gamoiwvevs. sibnelis mdgomareobaTa 

Soris 45-is dacilebiT gveqneba maqsimaluri ganaTeba (nax. 19)  

interferenciuli movlenebi. ori talRis urTierTqmedeba anu interferencia 

advili warmosadgenia grafikulad. dauSvaT gvaqvs ori talRa. 1 da 2 (nax.20) 

erTgvarovani (erTferovani) sinaTlis e.i. erTnairi sigrZis λ  talRebiT. sinaTle 

dapolarebulia da rxeva xdeba naxazis sibrtyeSi. gansxvaveba or talRas Soris 

nax.18 nax.19 
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mxolod rxevis amplitudaSia 
1a  da 

2a . e.i. gansxvavebaa sinaTlis intesivobaSi da ara 

maT SefervaSi (maSasadame rxevis periodebic tolia) ori mocemuli talRis Sekreba 

xdeba geometriulad (raTqmaunda, mxedvelobaSi unda miviRoT rxevebi mimarTulia 

mocemul wertilSi, mocemul momentSi, erT mxares (Sekreba), Tu sxvadasxva mxares 

(gamokleba)) Tu rxevaTa fazebi erTnairia, maSin rezultatiuri talRa gveqneba 

rogorc (sqeli xazi) naCvenebia nax. 20b-ze misi ordinatebi warmoadgenen Sesakrebi 

talRebis ordinatTa jams (nax.20a-ze). Tu fazebi ganirCevian 
π λ

2 4
  maSin, sanam 

ordinatebs SevkrebdeT unda gadavwioT romelime, magaliTad 1-li talRa marjvniv, ise 

rom ordinati 
π

2
 daemTxves meore talRis 0-ovan ordinats da a.S. nax. 20g-ze 

mocemulia rezultatiuri talRa am SemTxvevisTvis.  nax.20d-ze naCvenebia 

rezultaturi talRa im SemTxvevisTvis, rodesac fazebi gansxvavdebian 
2


  . 

dabolos, 20e-ze naCvenebia is SemTxveva, rodesac xdeba ori toli amplitudis mqone 

talRis Sejameba, magram sawinaaRmdego fazebiT e.i. gansxvavdebian erTmaneTisgan 
λ

2
, ise 

rogorc wina naxazze. am SemTxvevaSi araviTari rezultatiuri talRa ar aris, 

amplitudebi nulis tolia da sinaTle ar aris (talRebi erTmaneTs spoben). 

zemoT moyvanili msjelobidan gamomdinareobs interferenciis Semdegi saerTo 

kanoni: 

ori erTgvarovani sinaTlis talRis interferenciisas amplitudis (
1 2a +a ) anu 

sinaTlis intensivobis maqsimaluri gazrda moxdeba maSin, rodesac Sesakrebi talRebis 

fazebi mTeli talRebiT anu rac igivea, luwi naxevartalRebiT gansxvavdeba, e.i.  1 λ  

da 360, 2 λ  anu 2.360..... 
λ

2n
2
 anu 

360
2n 2n 180

2
  . amplitudis minimums vRebulobT 

maSin, rodesac Sesakrebi talRebis fazebi kenti naxevartalRebiT gansxvavdeba, e.i. 
λ

1
2
 

anu 180 , 
λ

3
2
 anu 3 180 .... 

λ
(2n+1)

2
 anu (2n+1)180 . 

interferenciuli movlenebi bunebriv sinaTleSi kvlevis dros. kristaluri 

nivTierebis kvlevisas bunebriv sinaTleSi, romelic Seicavs sinaTlis speqtris yvela 

xilul fers, λ=393 -dan λ=760 -mde interferenciis Sedegad xdeba kristaluri 
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nivTierebis Seferva, rac gamowveulia im ferebis intensivobis gazrdiT, romelTa 

svlaTa sxvaoba kent ricxv naxevartlRas Seicavs da im ferebis SesustebiT an 

mospobiT, romlebic luw ricxv naxevartalRebiT gansxvavdeba. 

 

nax.20 

 

optikuri indikatrisa 

optikuri Tvisebebis mixedviT yvela bunebrivi nivTiereba SeiZleba daiyos or did 

jgufad: pirvel jgufSi Sedis kuburi singoniis yvela kristaluri nivTiereba, 

zogierTi myari sxeuli (amorfuli), minebi, siTxeebi, airebi. TiToeul maTgans 

axasiaTebs yvela mimarTulebiT erTnairi optikuri Tvisebebi, riTac ganpirobebulia 

maTi umTavresi gansxvaveba meore jgufis nivTierebebisagan. kerZod, isini ar reagireben 

dapolarebul sinaTleze. aseTi nivTierebebis firfitebi + nikolebSi yovelTvis 

bnelia. es izotropuli nivTierebebia. 

bunebrivi nivTierebebis meore jgufs miekuTvnebian araizotropuli sxeulebi anu 

anizotropulebi. am jgufSi Sedian yvela singoniis kristaluri nivTierebebi, garda 
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kuburisa da rogorc gamonaklisi siTxeebi. yvela am nivTierebebSi optikuri Tvisebebi 

icvleba, ra Tqma unda (TiToeuli maTganSi gansxvavebulad) mimarTulebasTan 

dakavSirebiT, ise rom paraleluri mimarTulebebiT es Tvisebebi yovelTvis erTnaeria, 

xolo araparaleluri mimarTulebebiT - gansxvavebuli. aqdan gamomdinareobs anizot-

ropuli nivTierebebis mTavari niSani - isini reagireben dapolarebul sinaTleze, rac 

mJRavndeba ama Tu im interferenciuli feris warmoqmnaSi Tu anizotropul firfitas 

movaTavsebT + nikolebSi. 

Tu anizotropuli kristalebis sxvadasxva kveTebze CavatarebT optikur gamokv-

levebs gamoCndeba: 

1) rom erTi kveTis Tvisebebi icvleba am kveTSi aRebul mimarTulebasTan damoki-

debulebaSi. 

2) rom es cvlileba xdeba uwyvetad da TandaTanobiT da amJRavnebs simetriu-

lobas ori urTierTmarTobi mimarTulebiT, romlebic am kveTSi arian ganlagebuli. 

3) rom aRebuli kristalis sxvadasxva kveTis Tvisebebi icvleba, agreTve, sru-

liad uwyvetad da TandaTanobiT da simetriulobas amJRavnebs sami urTierTmarTobi 

mimarTulebiT, rolebic ganlagebuli arian am aRebul nivTierebaSi. 

4) rom, im SemTxvevaSi Tu kveTebs aqvT erTnaeri orientacia am nivTierebis 

kristalografiuli elementebis mimarT, optikuri efeqti iqneba sruliad erTnaeri, am 

nivTierebis rogori formis (dawaxnagebis TvalsazrisiT) kristalebic ar unda 

avarCioT gamosakvlevad. 

5) rom, yovel anizotropul nivTierebaSi aucileblad arsebobs iseTi kveTi _ 

izotropuli kveTi, romelSic kristaluri firfita moiqceva iseve, rogorc 

izotropuli nivTierebis firfita. 

6) rom, sxvadasxva kristalur nivTierebebs aqvT: an a) mxolod erTi 

izotropuli kveTi1 _ erTRerZiani kristaluri nivTierebebi: trigonuli, tetra-

gonuli da heqsagonuri singoniebis, an b) ori izotropuli kveTi _ orRerZiani 

kristaluri nivTierebebi rombuli, monoklinuri da triklinuri singoniebisa. 

 

1. gamomdinare iqidan, rom paraleluri mimarTulebebiT anizotropul nivTierebebs Tvisebebi 

erTnairi aqvT. Tu arsebobs erTi izotropuli kveTi, maSin gveqneba aseTi kveTebis uricxvi 

raodenoba da isini iqnebian pirvelis paraleluri. `erTi izotropuli kveTi~ _ am gamoTqmis qveS 

igulismxeba iseTi kveTi, romelic miiReba kristalis gakveTiT mxolod erTaderTi mimarTulebis 

sibrtyiT, an sxvanairad, gvaqvs mxolod erTi kristalis centrze gamavali wriuli kveTi. 
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7) rom, dabolos, sinaTlis gavrcelebis dros anizotropul nivTierebebSi 

miiReba ori dapolarebuli talRa, romelTa rxeva xdeba ori urTierTmarTobi 

mimarTulebiT, xolo maTi moZraobis mimarTuleba am rxevaTa marTobia. 

frangma fizikosma frenelma yvela gamokvleuli faqtebi gaaerTiana erT saerTo 

debulebaSi, romelic safuZvlad udevs yvela bunebrivi nivTierebis optikas for-

mulireba aseTia: yvela bunebrivi nivTierebis optikuri Tvisebebi SeiZleba aixsnas 

optikuri warmosaxviTi zedapiris daxmarebiT, romelic warmoadgens meore rigis 

Caketil, Sekrul zedapirs da mas fletCeris mixedviT optikuri indikatrisa ewodeba. 

optikuri indikatrisis yoveli radius-veqtori gamosaxavs garkveul masStabSi - im 

talRis gardatexis koeficients, romelic am radius-veqtoris gaswvriv irxeva 

(gagaxsenebT, rom talRa, rac igivea sxivi vrceldeba radius-veqtoris marTobuli 

mimarTulebiT). ufro martivad, rom vTqvaT, optikuri indikatrisa aris warmosaxviTi 

zedapiri agebuli gardatexis maCveneblebze. optikuri indikatrisa es is instrumentia, 

romlis daxmarebiTac Cven SegviZlia SeviswavloT urTierTdamokidebuleba gardatexis 

maCvenebelsa da kristalebis simetrias Soris. 

optikuri indikatrisa _ sfero. izotropuli sxeulebisTvis optikuri 

indikatrisa warmoadgens sferos. aseT nivTierebebSi sinaTle vrceldeba yvela 

mimarTulebiT erTnairi siCqariT da amitom radius-veqtorebi, romlebic gavrcelebis 

mimarTulebis marTobulni arian da gamosaxaven maT gardatexis koeficientebs n-s (e.i. 

gavrcelebis siCqaris Sebrunebul sidideebs) aseve unda iyvnen erTmaneTis toli. 

sxvadasxva gardatexis mqone izotropuli nivTierebebisTvis optikur indikatrisebs - 

sferoebs, Sesabamisad, sxvadasxva radiusi eqnebaT e.i. sxvadasxva zomisa iqnebian. erTi 

da igive nivTierebisTvis sferoTa radiusebi gansxvavebuli iqneba sinaTlis sxvadasxva 

sigrZis talRebisTvis (e.i. sxvadasxva ferisTvis) - gardatexis dispersia - da icvlian 

Tavis sidides, agreTve, temperaturasTan da yovelmxriv ganviTarebul Tanabar wnevasTan 

damokidebulebaSi, magram yvela SemTxvevaSi izotropuli nivTierebebis optikur 

indikatrisas aqvs sferos forma. 

temperaturis momatebasTan erTad novTierebis simkvrive mcirdeba, amasTan dakav-

SirebiT gardatexis koeficienti unda Semcirdes. Txevad da gazisebur nivTierebebSi am 

damokidebulebas yovelTvis aqvs adgili. magar izotropul nivTierebebSi (zogierTi 

mina da kristaluri nivTierebebidan - almasi) temperatura zogjer aamaRlebs garda-
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texis koeficients e.i. moqmedebs uSualod, rac aixsneba absorbciis movlenebiT 

(Pockels). 

 

optikuri indikatrisa - sferoidi - brunvis elifsoidi 

 

           

nax. 21a                                          nax. 21b 

 

                                         

nax. 22a                                       nax. 22b 

trigonuli, tetragonuli da heqsagonuri singoniebis kristalebisTvis e.i. 

erTRerZiani nivTierebebisTvis, optikuri indikatrisa warmoadgens brunviT elifsoids 

anu sferoids, figuras, romelic miiReba elifsis brunviT erT-erTi simetriis RerZis 

garSemo. am kristalebs aqvT erTi gansakuTrebuli RerZi umaRlesi rigis da elif-

soidis brunvis RerZi emTxveva, swored mesame, me-4 da me-6 rigis simetriis RerZebs, 

xolo am erTaderTi optikuri RerZis marTobi kveTi warmoadgens sferoidis wriul 

kveTs. amitom am kristalebs uwodeben optikurad erTRerZianebs an ubralod erTRer-
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Zianebs. sferoidebi erTmaneTisgan garda sididisa, formiTac gansxvavdebian Tu 

optikuri naxevarRerZi Ng  metia wriuli kveTis Nm radiusze, maSin sferoids eqneba 

wagrZelebuli forma da kristalebi romlebic xasiaTdebian am formis sferoidiT 

ewodebaT optikurad dadebiTi an ubralod dadebiTi (nax.21a) Tu optikuri naxevar-

RerZi Np  naklebia wriuli kveTis Nm radiusze, maSin sferoids Sebrtyelebuli 

forma aqvs da kristalebs romlebic am formis sferoidiT xasiaTdebian ewodebaT op-

tikurad uaryofiTi (nax.21b) an ubralod uaryofiTi sidideebi Ng ,Nm pirvelebisTvis 

Nm , Np  meoreTaTvis warmoadgenen mTavar gardatexis maCveneblebs, xolo maTi 

sxvaobebi Ng - Nm da Nm - Np  iZlevian ormagi gardatexis maqsimalur sidides da 

ubralod, warmoadgens erTReZiani kristalebis ormag gardatexas. amrigad, rodesac 

laparakoben ormag gardatexaze mxedvelobaSi aqvT misi maqsimaluri mniSvneloba 

romlesac is miiRebs mTavar kveTSi. es kveTi gadis optikur RerZze da sferoidis 

wriuli kveTis nebismier radiusze. erTRerZian elifsoidSi gveqneba sruliad erTnairi 

mTavari kveTebis usasrulo raodenoba, romlebic warmoadgenen elifsebs, Ng ,Nm 

naxevar RerZebiT dadebiTi kristalebi, an Nm , Np -Ti uaryofiTi. optikuri RerZis 

marTob kveTSi, romelic wriuls warmoadgens ormagi gardatexa nulis tolia ( Nm -

Nm=0) xolo Sualed kveTebSi mTavarsa da wriuls Soris es sidide miiRebs yvela 

mniSvnelobas Ng - Nm an Nm - Np -sa da 0-s Soris dabolos, unda davamatoT, rom 

rodesac undaT zustad daaxasiaTon erTRerZiani minerali ormagi gardatexis 

TvalsazrisiT, amboben, rom minerali uaryofiTia da aqvs aseTi, Tu iseTi sididis 

ormagi gardatexa. an aRniSnaven rom aseTi sididis ormagi gardatexa uaryofiTia. 

dadebiT mineralebs ormagi gardatexa dadebiTi aqvT. nax.22a,b-ze naCvenebia dadebiTi da 

uaryofiTi indikatrisebis orientacia tetragonul singoniis kristalSi 

optikuri indikatrisa _ samRerZa elifsoidi (elifsoidi sami aratoli RerZiT). 

rombuli, monoklinuri da triklinuri singoniebis kristalebisTvis optikuri 

indikatrisa warmoadgens elifsoids sami aratoli urTierTmarTobi RerZebiT: udidesi 

Ng , saSualo Nm da umcresi Np , rogorc geometriidan aris cnobili, aseT elif-

soids yovelTvis aqvs ori wriuli kveTi, romelTa radiusebi erTnaeria da sididiT 

tolia elifsoidis saSualo Nm naxevarRerZis. mimarTulebebi AA (nax. 23a, 23b), 

romlebic marTobni arian elifsoidis ori wriuli kveTisa warmoadgenen elifsoidis 

optikur RerZebs. e.i. gvaqvs ori wriuli kveTi da ori optikuri RerZi. amitom es 

elifsoidi da kristaluri nivTierebebi, romlebsac igi axasiaTebT, iwodebian 
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optikurad orRerZian kristalebad an ubralod orRerZianad. naxevarRerZebi Ng  da 

Np  warmoadgenen optikur RerZTa Soris kuTxis (2V) biseqtrisebs. TiToeul maTgans 

SeuZlia Suaze gayos an optikur RerZTa Soris maxvili kuTxe _ maxvili anu pirveli 

biseqtrisa, an blagvi - blagvi anu meore biseqtrisa: Tu maxvili kuTxis biseqtrisa 

elifsoidis Ng  naxevarRerZia, elifsoids wagreZelebuli forma aqvs da kristalebs 

romlebsac is axasiaTebs ewodebaT optikurad dadebiTi an ubralod dadebiTi (nax.23a). 

Tu maxvili kuTxis biseqtrisas warmoadgens elifsoidis Np  naxevarRerZi, maSin mas 

aqvs Sebrtyelebuli forma da kristalebs, romlebsac axasiaTebT aseTi elifsoidi 

ewodebaT optikurad uaryofiTi an ubralod uaryofiTi (nax. 23.b). Nm naxevarRerZs, 

rogorc elifsoidis optikuri RerZebis marTob mimarTulebas, zogjer optikur 

normals uwodeben. rodesac laparakoben optikur RerZTa Soris kuTxeze, yovelTvis 

gulisxmoben maxvil kuTxes da aRniSnaven 2V-Ti dadebiTi an uaryofiTi niSniT imis 

mixedviT elifsoidi dadebiTia Tu uaryofiTi. rodesac 2V=90 niSans ara aqvs 

mniSvneloba, magram zogjer gvxvdeba aRniSvna: 2V=90. 

                                        

nax. 23a                                               nax.. 23b 

 

sidideebi Ng , Nm da Np  warmoadgenen orRerZiani kristalebis mTavar 

gardatexis maCveneblebs, xolo sxvaoba Ng - Np  gvaZlevs ormagi gardatexis 

maqsimalur sidides an ubralod orRerZiani mineralebis ormag gardatexas, rodesac 

laparakoben mineralis ormag gardatexaze, gulisxmoben Ng - Np  sidides, xolo ormagi 

gardatexis yvela Sualedi sididisTvis miuTiTeben kveTs, romelSic am sidides aqvs 

adgili. mTavar gardatexis maCvenebelze gamavali sibrtyeebi e.i. Ng Np , Ng Nm da 

Nm Np  sibrtyeebi warmoadgenen elifsoidis mTavar kveTebs. amrigad, orRerZian 

elifsoidSi gvaqvs sami mTavari kveTi. optikuri RerZebi ganlagebulia yovelTvis 

+ - 
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Ng Np  sibrtyeSi da mas optikur RerZTa sibrtyes uwodeben. ormagi gardatexa Ng -

Np  yovelTvis dadebiTia, vinaidan Ng  yovelTvis metia Np -ze xolo Tu mokled 

undaT daaxasiaTon orRerZiani minerali, imis nacvlad rom iTqvas minerali uaryofiTia 

da aqvs aseTi da aseTi ormagi gardatexa, pirobiTad amboben rom minerals aqvs 

uaryofiTi ormagi gardatexa, xolo dadebiT nivTierebebs aqvT dadebiTi ormagi 

gardatexa. 

elifsoidis orientireba rombul kristalebSi. rogorc zemoT aRvniSneT, opti-

kuri indikatrisis orRerZa elifsoidi gansazRvravs rombuli, monoklinuri da trik-

linuri singoniebis kristalTa optikur Tvisebebs. rombul singoniaSi elifsoidis 

RerZebi yovelTvis emTxveva kristalografiul RerZebs (ufro zustad, kristalis 

simetriis RerZebs). amasTan, Ng ,Nm da Np  RerZebs sxvadasvxa mineralSi SeiZleba 

daemTxves sxadasxva kristalografiuli RerZi - [001], [010] an [100]. ase rom, optikur 

RerZTa Ng Np  sibrtye (aqve unda gavixsenoT, rom elifsoidis optikuri RerZebi 

SeiZleba ganlagebuli iyos mxolod Ng Np  sibrtyeSi da ara sxva romelimeSi) 

sxvadasxva mineralSi emTxveva an pirvel, an meore, an mesame pinakoids da es aris 

rombuli mineralebisTvis erT-erTi optikuri maxasiaTebeli. kristalografiuli 

RerZebis da indikatrisis RerZebis damTxvevas rombul singoniaSi adgili aqvs rogorc 

sxvadasxva sigrZis talRebis SemTxvevaSi, aseve sxvadasxva temperaturisa da wnevis 

pirobebSi, romelTa drosac xdeba dakvirveba, magram Ng ,Nm da Np  sidideebi 

SeiZleba Seicvalos da ganapirobebdes gardatexisa da ormagi gardatexis dispersias 

yvela kveTSi. gansxvavebiT izotropuli da erTRerZiani nivTierebebisgan, sadac mxolod 

erTi gardatexis da agreTve, ormagi gardatexis dispersia xdeba, aq ki adgili unda 

hqondes optikuri RerZebis dispersiasac. 

daskvna: rombuli kristalebis srulyofili daxasiaTebisTvis maTi optikuri 

orientaciis TvalsazrisiT aucilebelia miuTiToT: 1) romel kristalografiul 

RerZebs _ [100], [010], [001] - emTxvevian Ng ,Nm da Np  optikuri indikatrisis 

RerZebi, an rac igivea: romeli pinakoidi _ (100), (010), (001) - warmoadgens optikur 

RerZTa sibrtye Ng Np -s da romel kristalografiul RerZs emTxvevian Ng  an Np  am 

pinakoidSi 
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magaliTad, hiperstenisTvis gvaqvs Semdegi daxasiaTeba 

 

1a Ng =[001] 

Nm=[010] 

maSin 

Np =[100] 

an 

1b Ng Np =(010) Ng Np II(010) 

Ng =[001] Ng -[001] 

maSin 

Np =[100] da Nm [010] 

2) rogori xasiTi aqvs optikur RerZTa dispersias 

3) Tu orientacia sxvadasxva ferisTvis gansxvavebulia unda mieTiTos 

elifsoidis orientireba monoklinur kristalebSi. monoklinur singoniaSi orRe-

rZiani elifsoidis erT-erTi RerZi (Cveulebriv Nm ) yovelTvis emTxveva meore kris-

talografiul RerZs [010], danarCeni ori RerZi meore pinakoidis (010) sibrtyeSi devs 

da warmoqmnis irib kuTxeebs _ egreT wodebul aRebuli mineralis Caqrobis kuTxeebs - 

pirvel da mesame kristalografiul RerZebTan, amasTan es kuTxeebi (ufro xSirad 

kuTxe Ng -sa da [001] Soris) warmoadgenen mineralebis mniSvnelovan optikur 

maxasiaTeblebs (miTumetes Tu miTiTebulia RerZi, romelic emTxveva [010]-s) da 

izomorful narevebSi, Cveulebriv uwyvetad icvleba Semadgenlobis SecvlasTan erTad, 

(magaliTad, avgitis kuTxe Ng [100]=44-dan 55-mde, egirin-avgitis 55-dan 85-mde, 

egirinis 85-dan 88-mde. pirobebis Secvla (feri, wneva, temperatura) am SemTxvevaSic 

iwvevs rogorc gardatexis aseve ormagi gardatexis dispersias, amasTan monoklinur 

kristalebSi biseqtrisebis dispersiac xdeba. 

amrigad, monoklinuri kristalebis dasaxasiaTeblad maTi optikuri orientirebis 

TvalsazrisiT, aucilebelia miuTiToT: 

1a) elifsoidis romeli RerZi-Cveulebriv Nm - emTxveva meore kristalog-

rafiul [010] RerZs an rac igivea 

1b) mTavari kveTebidan - Ng Np , Ng Nm , Nm Np  - Cveulebrv Ng Np  - romeli 

emTxveva meore pinakoids (010) 

2) rogor aris ganlagebuli [100] an [001] RerZi optikuri indikatrisis RerZebis 

mimarT, romlebic ganlagebuli arian meore pinakoidis sibrtyeSi e.i. ras udris Caq-

robis kuTxe indikatrisis erT-erTi RerZis mimarT - Cveulebriv Ng . amasTan, mxed-

velobaSi unda miviRoT, rom vTqvaT, kuTxe Ng [001]=15, maSin kuTxe 

Np [001]=90_15=75, vinaidan kuTxe Ng  da Np  Soris yovelTvis 90-is tolia. 
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umravlesoba monoklinuri singoniis qanmaSeni mineralebisTvis gveqneba Semdegi 

daxasiaTeba 1 da 2 punqtebis mimarT: 

                                       

nax.. 24a                     nax.. 24b                       nax.. 24g 

1a) Nm=[010] 

an 

1b) NgNp=(010) 

da 2) < Ng [001]= a (maSin< Np [001]=90- a ) 

ufro iSviaTad:  

1) Ng =[010] 

an 

NmNp=(010) 

da 2) < Nm [001]= a (maSin< Np [001]=90- a ) 

da qanmaSeni mineralebisTvis Zalian iSviaTad (magnezialuri diofsidi, monaciti) 

1a) Np =[010] 

an 

   NgNm=(010) 

da 2) < Ng [001]= a (maSin< Nm [001]=90- a ) 

3) ra xasiaTi aqvs optikuri RerZebis dispersias 

4) ra xasiaTi aqvs indikatrisis mTavari RerZebis dispersias (ra Tqma unda 

mxolod or RerZzea laparaki, radgan mesame RerZi emTxveva meore rigis RerZs da 

dispersias ar ganicdis) 

elifsoidis orientireba triklinur kristalebSi. triklinur singoniaSi 

optikuri indikatrisis orRerZiani elifsoidis RerZebi, saerTod, ar emTxvevian 

kristalografiul RerZebs. is kuTxeebi, romlebic maT Soris iqmneba (Caqrobis 

kuTxeebi) warmoadgenen triklinuri mineralebis mniSvnelovan optikur maxasiaTeblebs 

da aqvT sxvadasxva mineralebisTvis da erTi da igive individis sxvadasxva izomorfuli 

wevrisTvis sxvadasxva mniSvneloba (magaliTad moviyvanT plagioklazebs). magram erTi 

da igive saxeobisTvis es maxasiaTeblebi mudmivia erTi da igive pirobebSi. am pirobebis 
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Secvla (feri, temperatura, wneva) iwvevs cvlilebebs optikuri indikatrisis yvela 

elementis sididesa da mdgomareobaSi e.i. triklinur mineralebSi gveqneba gardatexis 

dispersiac, optikur RerZTa dispersiac da elifsoidis mTavari RerZebis (biseqtrisebi 

da optikuri normali) dispersiac. 

daskvna: triklinuri mineralebis daxasiaTebisaTvis maTi optikuri orientaciis 

TvalsazrisiT mohyavT is kuTxeebi romlebic, Cveulebriv, NmNg,  da Np  RerZebTan 

iqmnebian: 

1) erT-erTi kristalografiuli RerZiT [100], [010], [001] an 

2) marTobiT erTerTi pinakoidis mimarT (100), (010), (001). amave dros, 

mxedvelobaSi unda miviRoT, rom am kuTxeebidan ori gveqneba, magaliTad, 

1) <[001] Ng = a  da <[001] Nm=   

an 

2) < aNg  )010(  da <  Nm)010(  

mesame kuTxe _ Np]001[  pirveli SemTxvevisTvis an  Np)010(  - meore 

SemTxvevisTvis. es ganisazRvreba sruliad erTmniSvnelovnad analizuri geometriis 

daxmarebiT (RerZebi NmNg,  da Np  yovelTvis urTierTmarTobia). 

2. ganisazRvreba optikur RerZTa dispersiis xasiaTi 

3. ganisazRvreba elifsoidis mTavari RerZebis dispersiis xasiaTi (triklinur 

singoniaSi dispersias ganicdis yvela RerZi). 

indikatrisis wesi. amrigad, yvela bunebrivi nivTierebis optikuri indikatrisa 

gamoisaxeba: 1) an sferoTi, an 2) sferoidiT, an 3) elifsoidiT. optikuri indi-

katrisis formiT da orientaciiT ganisazRvreba im nivTierebaTa optikuri Tvisebebi, 

romlebsac axasiaTebT ama Tu im formis indikatrisa. amisTvis saWiroa davimaxsovroT 

indikatrisis Semdegi wesi: Tu kristalur nivTierebaSi sinaTle vrceldeba optikuri 

indikatrisis mimarT gansazRvruli mimarTulebiT (es iqneba optikuri normalis 

mimarTuleba), maSin am dros miRbuli efeqti ganpirobebuli iqneba optikuri 

indikatrisis centraluri kveTiT, romelic TavisTavad optikuri normalis marTobia.  

amasTan am kveTis simetriis RerZebi warmoadgenen sinaTlis rxevis erTaderT 

SesaZlebel mimarTulebebs, xolo am naxevarRerZebis ricxobrivi sidide tolia 

gardatexis koeficientisa erTi talRisTvis (izotropul niveTierebebSi) an ori tal-

RisTvis, romlebic optikuri normalis mimarTulebiT vrceldebian (da amrigad, am 

naxevarRerZebis Sebrunebuli sidide gvaZlevs am ori talRis gavrcelebis siCqareebs). 
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rxevis mimarTulebis gansazRvra mocemul kveTSi. Tu gavaerTianebT da 

ganvazogadebT yvelafers, rac optikur indikatrisaze iTqva, SeiZleba CamovayaliboT 

Semdegi kanoni: imisTvis, rom jvaredin nikolebSi miviRoT sibnele aucilebelia da 

sakmarisia, rom polarizatoris rxevis mimarTulebas daemTxves optikuri indikatrisis 

im kveTis simetriis RerZi, romelic sinaTlis talRis gavrcelebis marTobia. 

sxvanairad rom vTqvaT, sibnele + nikolebSi SeiZleba miviRoT mxolod erT 

SemTxvevaSi, romelic zemoT iyo miTiTebuli. Sebrunebulad ase iqneba: Tu + nikolebSi 

vRebulobT sibneles, maSin polarizatoris mimarTulebas emTxveva, aucileblad, 

indikatrisis kveTis RerZi da es kveTi optikuri normalis marTobia. aseTnairad, Cven 

SegviZlia ganvsazRvroT indikatrisis mocemul elifsur kveTSi simetriis RerZebis 

mimarTuleba. (wriul kveTze ar vlaparakobT, vinaidan am SemTxvevaSi yvela mimarTuleba 

tolia da izotropuli kveTis nebismier ganlagebaSi jvaredin nikolebSi is bneli 

iqneba). 

erTerT ZiriTad amocanas warmoadgens rxevis mimarTulebis gansazRvra kris-

taluri nivTierebis kveTSi. am mimarTulebebis gansazRvra xdeba sakompensacio fir-

fitebis saSualebiT. mxolod Cven vixmarT ara NmNg,  da Np -s (indikatrisis 

RerZebs) aramed 11, NmNg  da 1Np , vinaidan gveqneba kristalis nebismieri SemTxveviTi 

kveTi. 

sakompensacio firfitebs Soris gavrcelebulia TabaSiris firfita da kvarcis 

soli. pirveli warmoadgens TabaSiris sworkuTxovan wagrZelebul firfitas, romlis 

sisqe iseTnairad aris SerCeuli, rom jvaredin nikolebSi miviRoT interferenciis 

mgrZnobiare iisferi. am firfitas or wagrZelebul sworkuTxovan minebs Soris soWis 

weboTi awebeben. 

analogiurad amzadeben kvarcis solsac, im gansxvavebiT, rom aq kvarcis sworkuT-

xovan wagrZelebul, daaxloebiT 50mm sigrZis firfitas aqvs solisebri saxe. Txel 

nawilSi kvarcis firfitas aqvs 0.01mm sisqe, sqel nawilSi ki 0.25mm, amitom kvarcis 

solis jvaredin nikolebs Soris gadaadgilebisas xdeba interferenciis feris TandaTan 

aweva. 

talRebis svlaTa sxvaoba ganisazRvreba kristaluri nivTierebebis sisqis ( d ) da 

misi ormagi gardatexis sididis ( NpNg  ) namravliT, e.i. )( NpNgd  . Tu am 

formulaSi ricxviT mniSvnelobebs CavsvamT, miviRebT: 01.0 mm 00009.0009.0  mm 
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mm= 90 , rac muqnacrisfer interferenciis fers upasuxebs. solis sqeli nawilisTvis 

daiwereba: 

25.0 mm 2250009.0  , rac me-4 rigis mkrTal momwvano-molurjo interfe-

renciis fers upasuxebs. 

orive sakompensacio firfita damzadebulia iseTnaerad, rom Ng  anu plus (+) 

RerZi paraleluria firfitis mokle RerZis, xolo Np  anu (-) RerZi ki firfitis 

grZeli RerZis. 

imisTvis, rom kristalur firfitaSi sinaTlis rxevis dasaxeleba gavigoT, saWi-

roa jvaredin nikolebs Soris moTavsebuli kristaluri firfita sibnelis anu Caq-

robis mdgomareobaSi moviyvanoT. aseT SemTxvevaSi kristaluri nivTierebis sinaTlis 

rxevis erT-erTi mimarTuleba (indikatrisis kveTis simetriis erT-erTi RerZi) 

polarizatoris rxevis mimarTulebas uTavsdeba. amis Semdeg saWiroa kristaluri 

firfita sibnelis mdgomareobidan gamoviyvanoT, risTvisac mikroskopis magidis saSua-

lebiT mas jer saaTis isris sawinaaRmdego mimarTulebiT 45-iT vatrialebT. aseT 

mdgomareobaSi, rogorc viciT, vRebulobT yvelaze ufro intensiur interferenciis 

fers, rac gamowveulia imiT, rom kristalur firfitaSi warmoSobil 1Np  talRam 

gauswro 1Ng  talRas. interferenciis intensiuri feri dakvirvebis Catarebas 

gviadvilebs. amis gamo mikroskopis milSi - tubusSi - polarizatoris rxevisadmi 45-

iani kuTxiT gakeTebulia sakompensacio firfitis gasatarebeli xvreli. 

vatarebT am xvrelSi sakompensacio firfitas (nax.25). 1Ng  talRa, romelic 1Np  

talRas kristalur firfitaSi gavlis Sedegad  sididiT CamorCa, gaivlis ra 

kompensatoris Ng  rxevis mimarTulebiT, kidev ufro metad  manZiliT CamorCeba 1Np  

talRas, ris Sedegadac miviRebT ufro maRal interferenciis fers, vidre amas adgili 

hqonda kompensatoris gatarebamde. 

Seswavlili kristaluri firfita, rom Caqrobis mdgomareobidan saaTis isris 

mimarTulebiT 45-iT movatrialoT miviRebT piriqiT movlenas da interferenciis 

feris dawevas. 

Tu mikroskopis Zafjvaredinis vertikalur mimarTulebasTan 1Ng  RerZia SeTav-

sebuli (nax.26) miviRebT wina SemTxvevis sawinaaRmdego efeqts. 
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sakompensacio firfitis saSualebiT xdeba, agreTve mineralis wagrZelebis niSnis 

gansazRvra, romelic mineralis diagnostikisTvis erT-erT mniSvnelovan saSualebas 

warmoadgens. 

wagrZelebis gansazRvra, cxadia, SeiZleba mxolod iseT mineralebSi, romlebsac 

erTmxriv wagrZelebuli kristalografiuli formebi axasiaTebT da SlifSi iZlevian 

cotad Tu bevrad wesier sworkuTxeds. 

Tu mineralis wagrZelebis swvrivad Ng  anu (+) RerZi imyofeba, igi sakom-

pensacio firfitis Np  rxevis mimarTulebiT gaivlis (nax.27), rac gamoiwvevs  -s 

Semicrebas da interferenciis feris dawevas, xolo Tu mineralis wagrZelebas Np  anu 

(-) RerZi emTxveva, igi sakompensacio firfitis Np  rxevis mimarTulebiT gavlisas 

(nax.28) kidev ufro gauswrebs kristalur firfitaSi gavlis Sedegad CamorCenil Ng  

rxevas, rac gamoiwvevs svlaTa sxvaobis gazrdas da saTanadod interferenciis feris 

awevas. 

                   

nax.. 25                                              nax.. 26 

 

           

nax.. 27                                           nax. 28 
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sinaTlis STanTqmis movlenebi (absorbcia) 

 

umTavres SemTxvevaSi mineralis Seferva gamowveulia TeTri sinaTlis xiluli 

speqtris SerCeviTi STanTqmiT. miRebuli feri Seesabameba TeTri sinaTlis speqtrs misi 

STanTqmuli nawilis gamoklebiT. rodesac TeTri sinaTle, Semdgari sxvadasxva sigrZis 

eleqtromagnituri talRebisgan SeaRwevs kristalur nivTierebaSi, romeliRac gar-

kveuli sigrZis talRebi gaivlis kristalSi an airekleba, xolo speqtris darCenili 

nawili STainTqmeba da gardaiqmneba siTbur energiad. aq saqme gvaqvs sinaTlisa da 

mineralis urTierTqmedebasTan, mineralis STanTqmis unarTan adamianis Tvali am 

movlenas sxvadasxvanairad aRiqvams. rodesac nivTiereba atarebs TiTqmis mTel xilul 

speqtrs. is uferulia an TeTri. es aris gawonasworebuli gamosxiveba, rodesac 

xiluli speqtri TiTqmis mTlianad STainTqmeba minerali muqia, an TiTqmis Savi. Savi 

feri aris absoluturi STanTqmis movlena. im SemTxvevaSi, rodesac nivTiereba atarebs 

speqtris viwro zols, an aseT ramdenime zols (xolo speqtris danarCeni nawili 

STainTqmeba) adamianis Tvali aRiqvams romeliRac garkveul fers. es wonasworobis 

darRvevaa. magaliTebad SeiZleba moviyvanoT zurmuxtis mwvane feri, romelic Seesa-

bameba sinaTlis gatarebas 5000-dan 5500


A -mde talRis sigrZeTa intervalSi. 

lalis wiTeli feri Seesabameba speqtris ori zolis Serevas. mowiTalo-narinjis-

ferisa (


A70006000   talRis sigrZeebi) da lurjis (


A48004000  ) farglebSi. 

aucileblad unda gaviTvaliswinoT sinaTlis wyaro: dRis sinaTlea Tu raime sxva 

(xelovnuri ganaTeba), aseT SemTxvevaSi feri SeiZleba adamianis Tvalma sxvanairad 

aRiqvas. 

yvela SemTxvevaSi mineralTa Seferva dakavSierbulia rTul eleqtromagnitur 

procesebTan. umravles SemTxvevebSi es procesebi an saWiroeben agznebas garedan, 

magaliTad, sinaTliT dasxivebas, rasac Tan axlavs atomebsa da ionebs Soris 

eleqtronuli Rrublis gadanawileba, an ukavSirdebian kristaluri struqturis 

defeqtebs. 

mineralebs, romlebsac mudmivad aqvT maTTvis damaxasiaTebeli feri, gamowveuli 

maTi struqturis amgebi ionebis an ionTa jgufebis mier sinaTlis STanTqmiT ewodebaT 

idioqromatuli. 
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mineralebs, romlebsac ara aqvT `sakuTari~ feri, aramed Seferva gamowveulia 

struqturaSi minarevi elementebis arsebobiT, an sxva Seferili mineralebis meqanikuri 

CanarTebiT ewodebaT aloqromatuli. aseT mineralebSi feri sxvadasxva nimuSSi SeiZ-

leba iyos cvalebadi. da mainc, feradi nivTierebebi sxvadasxvanairad STanTqaven sxvada-

sxva sigrZis talRebs da amrigad, ferTan dakavSirebuli yvela movlena warmoadgens 

STanTqmis movlenebs anu sinaTlis absorbcias. 

garda amisa, zogierT minerals axasiaTebs moCvenebiTi Seferva, romelic gamow-

veulia ara sinaTlis STanTqmiT, aramed iseTi optikuri movlenebiT, rogoric aris 

sinaTlis difraqcia, interferencia, an gabneva Sesabamisad orientirebul CanarTebze, 

aseT Sefervas ewodeba fsevdoqromatuli. 

STanTqmis movlenebi izotropul nivTierebebSi. optikurad izotropul nivTie-

rebebSi absorbciis movlenebi emorCilebian sferuli indikatrisis kanonebs: aseT 

nivTierebebSi sinaTle yvela mimarTulebiT erTnairad STainTqmeba e.i. izotropul 

nivTierebebSi aranairi cvlileba arc SefervaSi, arc mis intensivobaSi ar aRiniSneba 

da ar aris damokidebuli mimarTulebaze. aseTi nivTierebebis dasaxasiaTeblad Sefervis 

TvalsazrisiT sakmarisia moviyvanoT mxolod erTi feri, romelic damokidebuli iqneba 

am nivTierebis firfitis sisqeze. SedarebiT gavrcelebuli izotropuli qanmaSeni 

mineralebidan yovelTvis gaumWvirvale da Savia magnetiti, titano-magnetiti da piriti. 

normaluri sisqis SlifebSi aSkarad Seferilia garnatebi (vardisferi, mowiTalo an 

moyavisfro), Spineli (nacrisfer-mwvane, mura feris), iisfrad Seferilia fluoriti 

da zogjer SeiZleba SevamCnioT qromitis mura-wiTeli feri. 

pleoqroizmis movlena anizotorpul niveTierebebSi. anizotropul nivTierebebSi 

absorbciuli movlenebi emorCileba, rogorc sinaTlis sxva movlenebis, sferoidis an 

elifsoidis formis optikuri indikatrisis kanonebs. mimarTulebis SecvlasTan erTad 

icvleba feri anu STanTqmis unari. feris aseT cvlilebas anizotropul nivTierebebSi, 

romelic mimarTulebazea damokidebuli ewodeba pleoqroizmi. 

am movlenaze dakvirveba xdeba mxolod polarizebul sinaTleSi. (bunebrvi 

sinaTleSi pleoqrizmze dakvirveba SeiZleba mxolod kristalebis zdapirze, rasac 

waxnagis pleoqroizmi ewodeba. adamianis Tvali ver arCevs ramdenime fers erTdroulad 

da aRiqvavs erT jamur Sefervad kristalis waxnagidan), amitom analizatori 

gamorTulia da vsargeblobT mxolod polarizatoridan gamosuli sinaTliT, romelic 

Semdeg kristalur nivTierebaSi gaivlis da ase moxvdeba dakmvirveblis TvalSi. aseT 
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dakvirvebebs ewodeba kvleva gamaval sinaTleSi. aramkveTri pleoqrozmis 

gansazRvrisTvis xmaroben mikro-diqro-skopebs. principi aseTia: ori aramkveTrad 

gamoxatuli feri mohyavT iseT mdgomareobaSi, rom iyvnen erTmaneTis gverdiT 

ganlagebuli da aseT mdgomarebaSi advili dasaWeria gansxvaveba maT Soris. garda amisa 

pleoqroizmis daxasiaTebisTvis iyeneben speqtrofotometrebs, magram maTi gamoyeneba 

xdeba mxolod specialuri miznebisTvis. 

pleoqroizmi erTRerZian kristalebSi. erTRerZian kristalebSi pleoqroizmis 

movlena gamoixateba erTRerZiani elifsoidiT. maqsimaluri gansxvaveba sinaTlis 

STanTqmaSi e.i. ferebSi, daikvirveba RerZebis Ng -s an Np -s mimarTulebiT da wriuli 

kveTis Nm radiusis mimarTulebiT. yvela sxva mimarTulebiT feri iqneba Sualedi 

(gardamavali) or ZiriTad mimarTulebas Soris. amitom trigonuli, tetragonuli da 

heqsagonuri singoniebis kristalebs zogjer uwodeben diqroulebs anu orferovans. 

erTRerZiani kritsalebis dasaxasiaTeblad aucilebelia miuTiToT ferebi am ori 

mimarTulebiT, razedac dakvirveba SeiZleba mxolod optikuri indikatrisis mTavar 

kveTSi. aseTi kveTis SemTxvevaSi polarizatoris mimarTulebas SeuTavsebT mTavari 

kveTis jer erT RerZs, risTvisac kristalis firfita unda SemovabrunoT jvaredin 

nikolebSi sibnelis momentamde. Semdeg gamovrTavT analizators da davafiqsirebT 

mineralis fers. analizators aRar CavrTavT da movabrunebT firfitas 90-iT, vnaxavT 

rom feri Seicvleba TandaTanobiT da am mdgomareobaSic davafiqsirebT fers. garda 

amisa, unda aRvniSnoT orive feris SemTxvevaSi ReZrebis dasaxeleba, romlebsac 

Seesabamebian dafiqsirebuli ferebi ( Ng  an Nm , Tu Nm an Np ), magaliTad, 

idioqromatuli turmalinisTvis miviRebT Semdeg daxasiaTebas pleoqroizmis mimarT. 

Nm _ mimarTulebiT _ moyviTalo-mura 

Np  _ mimarTulebiT _ zeTisxiliseburi-mwvane 

an 

Nm _ mimarTulebiT _ baci mwvane 

Np  _ mimarTulebiT _ Zalian Ria mwvane 

an 

Nm _ mimarTulebiT _ lurji 

Np  _ mimarTulebiT _ vardisferi (mowiTalo-mura) da a.S. 

amasTan, turmalinisTvis Zalian damaxasiaTebelia lurji feri Nm -is mimarT, 

Semdeg - erTidaigive marcvalSi zemoTxsenebuli sxvadasxva ferebis arseboba ( Nm -is 
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mimarT marcvlis sxvadasxva nawilSi sami feri da Np -s mimarTac sami feri 

Sesabamisad). da bolos, turmalinis pleoqroizmisTvis damaxasiaTebelia Nm -is mimarT 

ufro muqi Seferva, vidre Np -s mimarT. amas aRniSnaven absorbciis sqemiT, romelic 

turmalinisTvis aris aseTi: Nm>Np . aloqromatuli apatitisTvis (zogjer efuziur 

qanebSi apatiti Seferilia) gveqneba: 

Np -s mimarT _ vardisfer-mura, Nm -is mimarT Zalian Ria vardisfer mura 

an 

Np -s mimarT _ iisferi an molurjo, Nm -is mimarT _ TiTqmis uferuli 

movardisfro. 

aq absorbciis sqema Sebrunebulia Np >Nm , mTavar kveTsa da wriul kveTs Soris, 

Sualed kveTebSi, pleoqroizmis simkveTre izotropul kveTTan miaxloebasTan 

dakavSirebiT mcirdeba da wriul kveTSi, TavisTavad cxadia, pleoqroizmi ar gveqneba. 

orRerZiani kristalebis pleoqroizmi. aseTi kristalebis absorbciis movlenebi, 

rasakvirvelia damokidebulia oroptikur RerZian indikatrisaze. rombuli singoniis 

kristalebSi STanTqmis elifsoidis RerZebi emTxveva optikuri indikatrisis ,Ng Nm 

da Np  RerZebs. monoklinur singoniaSi STanTqmis elifsoidis mxolod erTi RerZi 

emTxveva optikuri indikatrisas RerZs, kerZod im RerZs, romelic emTxveva kristalis 

meore rigis RerZs. triklinur singoniaSi ki STanTqmis elifsoidis arcerTi RerZi 

optikuri indikatrisis RerZebs ar emTxveva da gasagebia, rom maT Soris iqmneba raRac 

kuTxeebi. miuxedavad amisa orRerZiani kristalebis dasaxasiaTeblad praqtikulad 

sakmarisia ferebis aRniSvna indikatrisis ,Ng Np  da Nm RerZebis mimarT. amsiTvis 

saWiroa iseTi kveTis povna, sadac aRniSnuli RerZebia ganlagebuli. Cveulebriv, 

mikroskopze muSaobisas saWiroa erTi da igive kristalis iseTi ori marcvlis SerCeva, 

rom erT maTganSi iyos romelime ori RerZi, meoreSi ki pirvel marcvalSi ukve 

gansazRvruli erTerTi RerZi da mesame RerZi. TiToeul am RerZTagans saTanado wesiT 

vuTavsebT polarizatoris rxevis mimarTTulebas da aRvniSnavT fers. cxadia, 

orRerZiani kristalebisTvis gvaqvs sami damaxasiaTebeli feri, ris gamoc zogjer maT 

uwodeben triqrouls. 

idioqromatuli rqatyuarebisTvis maTi pleoqroizmis dasaxasiaTeblad gveqneba 

sqema: 
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Ng  Nm Np  

molurjo-momwvano an mura moyviTalo-momwvano an mura 

(ufro Ria, vidre Ng -s 

mimarT) 

Calisfer-yviTeli Zalian 

Ria mura feris 

am rqatyuarebisTvis absorbciis sqema iqneba Ng > Nm>Np  glaukofanisTvis 

aseTive absorbciis sqemiT gvaqvs: 

Ng -s mimarT - lurji 

Nm -s mimarT - mowiTalo an molurjo-moiisfro 

Np -s mimarT - TiTqmis uferuli, moyviTalo an momwvano 

tute arfedsonit-ribekitis jgufis rqatyuarebisTvis da tute piroqsenebisTvis 

damaxasiaTebelia Sebrunebuli absorbciis sqema _ Np >Nm>Ng . im mineralebisTvis, 

romlebic Zalian umniSvnelod gansxvavdebian Tavisi optikuri TvisebebiT 

erTRerZianebisgan, rogorc, magaliTad, biotitebi, feri indikatrisis im ori RerZis 

mimarT, romlebic Tavisi sididiT TiTqmis ar gansxvavdebian, aseve sruliad ar 

gansxvavdeba. 

Ng  da Nm mimarTulebiT  Np -s mimarTulebiT 

muqi mura feris Savamde 

(mTlian absorbciamde) an muqi 

mwvane mura feris ieriT 

 Zalian Ria moyviTalo, an 

mura feris an Zalian Ria 

momwvano 

orive SemTxvevaSi absorbciis sqema iqneba Ng =Nm>Np  cxadia, orRerZiani 

mineralebis wriul kveTebSi mimarTulebasTan damokidebulebaSi Sefervis araviTari 

cvlileba ar gveqneba. 

pleoqrouli areebi. zogierT mineralSi pleoqroizmi gamoxatulia mcire zomis 

laqebis saxiT ufro Zlier, vidre mTel marcvalSi (biotiti, turmalini), zgjer ki 

aseTi pleoqrouli laqebi gvaqvs iseT mineralebSi, romlebsac saerTid ar axasiaTebT 

pleoqroizmi (kordieriti). es movlena dakavSirebulia mineralSi ucxo CanarTebTan da 

ewodebaT pleqorouli are an pleoqrouli ezo xSirad xmaroben pleoqroul garss. 

gansakuTrebiT xSirad gvxvdeba aseTi movlena biotitebSi, sadac pleoqroizmi TiTqmis 

srul absorbciamde midis (cirkonis CanarTis garSemo iqmneba Savi pleoqrouli are). 

arapleoqrouli mineralebisTvis es movlena gansakuTrebiT damaxasiaTebelia 

kordieritiSi, sadac CanarTebis garSemo (cirkoni, diumortieriti) are icvleba 

limonisferi yviTlidan-uferulamde. mineralebi, romlebic warmoqmnian pleoqroul 
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areebs arian: cirkoni, epidoti (orTiti, alaniti), monaciti da sxva mineralebi, 

romlebic Seicaven iSviaTi miwebis elementebs, kerZod, cirkoni uranis Semcveli 

mineralia. 

fsevdoqroizmi. (fsevdo-sicrue). fsevdoqroizmi anu cru Sefervis movlena 

zogjer axasiaTebT sruliad uferul mindvris Spatebs, romlebic gamaval sinaTleSi 

zogjer arian mura feris da preparatis Semobrunebis dros Sefervis intensivoba 

icvleba. es fsevdodiqroizmia. es Seferva ar aris mineralis Serefva, aramed 

gamowveulia gardatexisa da dispersiis movlenebiT sinaTlis gavlis dros mindvris 

SpatebSi. aseve aixsneba sosuritizirebuli plagioklazebis mura feri gamaval 

sinaTleSi. sosuritis nivTiereba Sedgeba sxvadasxva mineralebis uaRresad 

wmindakristaluri narevisgan. esenia: epidot-coizitis jgufis mineralebi, albiti, 

zogjer kalciti da sericiti. arc erT am minerals ar axasiaTebs gamaval sinaTleSi 

mura feri e.i. aqac cru SefervasTan gvaqvs saqme. zogjer kalcitic amJRavnebs am 

Tvisebas. 

fsevdoabsorbcia. es movlenac gardatexis movlenebiT axisneba. mikroskopis 

magidis Semobrunebis dros gamaval sinaTleSi mineralis erTidaigive marcvali 

warmogvidgeba xan sruliad uferuli gluvi zedapiriT da ureliefo, xan monacrisfro 

(an Ria, an muqi) xorkliani zedapiriT da mkveTri reliefiT. unda aRiniSnos, rom 

fsevdoabsorbcia ganpirobebulia: 1) mineralis mkveTri anizotorpulobiT. izotorpul 

sxeulebSi am movlenas ar SeiZleba hqondes adgili, xolo anizotorpul mineralebSi 

igi sruliad aSkarad mJRavndeba im SemTxvevaSi, Tu sakvlev kveTSi gardatexis 

koeficientebs Soris mkveTri gansxvavebaa; 2) SefardebiT mineralis gardatexis 

koeficientebsa da kanadis balzamis gardatexas Soris; 3) Slifis damzadebis meTodiT; 

4) mineralis agregatuli agebulebiT. 

 

polarizaciuli mikroskopi 

 

mikroskopi Sedgeba 3 nawilisagan: 1) Stativi; 2) mikroskopis magida da 3) 

tubusi. magida brunavs Tavis sakuTar sibrtyeSi. misi brunvis RerZi emTxveva tubusSi 

moTavsebul linzaTa sistemis saerTo optikur RerZs da rodesac mikroskopi 

moyvanilia normalur samuSao mdgomareobaSi, es orive RerZi mikroskopis optikur 

RerZs qmnis. 
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magidis qveS moTavsebulia gamanaTebeli xelsawyo _ sarke, romelic ormxrivia da 

moZravi. erT mxares moTavsebulia brtyeli sarke, romelic gamoiyeneba paraleluri 

sinaTlis misaRebad Sors manZilze moTavsebuli sinaTlis wyarodan. meore mxares sarke 

Cazneqilia, Semkrebi zedapiria da misi saSualebiT miviRebT karg ganaTebas. magidis qveS 

moTavsebulia, agreTve, polarizatori. ras warmoadgens mikroskopis es nawili amis 

Sesaxeb Cven zemoT detalurad vilaparakeT. polarizatori Casmulia mrgval 

cilindrul CarCoSi, romelic Savad aris SeRebili. imisTvis, rom polarizatori 

analizatoris mimarT + mdgomareobaSi moviyvanoT, polarizatoris CarCoze gakeTebuli 

naWdevi unda SevuTavsoT nulovan maCvenebels. am mdgomareobaSi miiRweva maqsimaluri 

Cabneleba. qveda mxridan polarizatori daculia miniT, romelic mis CarCoSia 

Caxraxnili. xolo zeda nawilSi gvaqvs grZelfokusiani Semkrebi linza-koleqtori, 

romelic Caxraxnilia polarizatoris milSi. koleqtori gamoiyeneba imisTvis, rom 

sakvlevi obieqtisken mivmarToT polarizatoridan gamosuli sinaTlis, rac SeiZleba, 

meti raodenoba. rac ufro axlos aris koleqtori magidasTan e.i. aweulia zeviT, miT 

metia ganaTeba da, rac ufro qveviT iqneba daweuli _ ganaTeba naklebi iqneba.  

polarizatoris Tavze moTavsebulia diafragma, romelic aregulirebs ganaTebas. 

diafragma firfitebiT aris agebuli da patara saxeluris moZraobiT xvreli SeiZleba 

gavafarTovoT an SevamciroT. aseTi diafragmebi SeiZleba iyos moTavsebuli obieqtivSi 

an okularSi. arsebobs diafragma, romelic warmoadgens firfitas Zalian mcire zomis 

centraluri xvreliT. konusur sinaTleSi interferenciuli figuris dakvirvebis dros 

mikroskopis tubusidan amoiReben okulars da zemodan diafragmas daadeben. patara 

centraluri xvrelidan interferenciuli figura ufro naTlad da mkveTrad Cans. 

mikroskopSi kvlevas vawarmoebT paralelur sinaTleSi. amas orToskopuli kvleva 

ewodeba da TviTon mikroskopi warmoadgens orToskops imisTvis, rom gadavideT 

konoskopze, anu SevqmnaT konusuri sinaTle. mikroskops aqvs lazos linza _ es 

Semkrebi calmxriv amozneqili linzaa, aqvs saxeluri da vaTavsebT mas polarizatoris 

Tavze, obieqtisaken mivmarTavT da igi moklefokusian obieqtivTan erTad qmnis konusur 

sinaTles. 

mikroskopis magida anu sasagne magida Tavisuflad brunavs xeliT Tavisive 

sibrtyeSi, romelic mikroskopis optikuri RerZis marTobia. magida dayofilia 360-ad 

da gverdebze aqvs noniusebi dacilebuli erTmaneTisagan 45-iT. SeiZleba magidis 

gaCerebac da saxeluris saSualebiT saWiro mdgomareobaSi daxra. 
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tubusis qveda nawilSi moTavsebulia obieqtivi, romelic warmoadgens linzaTa 

sistemas da mikroskopis gamadidebeli nawilia. mikroskops axlavs ramdenime gadidebis 

obieqtivi: 8X, 20X, 40X, 60X.   

mikroskopis polarizaciuli aparati Sedgeba, rogorc yovelTvis, analizatorisa 

da polarizatorisagan. pirveli mdebareobs tubusSi obieqtivis Tavze da misi gamorTva 

SeiZleba (Tu gvWirdeba gamavali sinaTle). zogjer analizators aqvs saxeluri, 

romlis saSualebiTac SeiZleba nikolis prizmis Semobruneba analizatoris gamorTvis 

gareSe. analizatoris rxevis mimarTuleba am dros SegviZlia davayenoT polarizatoris 

paralelurad da advilad gadavalT + mdgomareobidan paralelurSi. ras warmoadgens 

sistema polarizatori _ analizatori, amis Sesaxeb zemoT ukve iyo naTqvami. 

tubusSi obieqtivis Tavze aris xvreli, romelSic idgmeba sakompensacio 

firfitebi. mikroskopis RerZis mimarT es xvreli ganlagebulia 45-ze. ras vswavlobT 

sakompensacio firfitebis daxmarebiT, amaze zemoT vilaparakeT.  

obieqtivis zemoT tubusSi bertranis linzaa. es damxmare linzaa okularisTvis. 

misi saSualebiT ukeTesad SeiZleba dakvirveba interferenciul figuraze konusur 

sinaTleSi. 

tubusis zeda nawilSi moTavsebulia okulari (`okeulus~ – Tvali). igi, 

obieqtivis msgavsad, linzaTa sistemaa da mikroskopis gamadidebeli nawilia. 

mikroskops axlavs sxvadasxva gadidebis ramdenime obieqtivi: 5X, 6X, 8X, 12,5X, 17X. 

obieqtivSi daWimulia ori urTierTmarTobi wvrili Zafi e.w. okularis jvari, 

romlebic migviTiTeben analizatorisa da polarizatoris rxevis mimarTulebebs.  

  

mikroskopis Semowmeba da regulireba 

mikroskopSi Sesaswavli preparatebi 

erTi aucilebeli piroba mikroskopze muSaobis dawyebis win aris is, rom 

mikroskopi yvelanairad unda Semowmdes da mkvlevarma unda icodes Tavisi mikroskopis 

cdomilebebi. 

mikroskopze muSaobis dros aucilebelia, orive Tvali gvqondes Ria. Tu ase ar 

moviqceviT, iRleba da gvtkiva is Tvali, romelsac vxuWavT da ase SeiZleba, 

gavifuWoT mxedveloba. Tu Tavidanve amas ver vaxerxebT, im Tvalze, romliTac ar 

viyurebiT mikroskopSi, unda avifaroT xeli da Tvali gavaRoT. unda miveCvioT 

mikroskopSi yurebas xan erTi, xan meore TvaliT. 
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optikur wunSi mTavaria xolme obieqtivis sakiTxi, xSirad jvaredin nikolebSi ar 

gvaqvs sruli sibnele, es obieqtivis bralia da igi unda gamoicvalos an Seswordes. 

obieqtivis Semowmeba xdeba imis gamo, rom swored is aris moTavsebuli analizatorsa 

da polarizators Soris. 

mikroskopis dacentvra (centrireba). samuSao rom kargad Catardes, gansakuTrebiT, 

didi gadidebis dros, aucilebelia mikroskopi iyos dacentrili e.i. tubusis optikuri 

RerZi emTxveodes magidis centrs. amisTvis mikroskopis konstruqciaSi aris iustirebis 

xraxnebi an obieqtivis xraxnebi, romlebic saWiroebis dros unda gavukeToT obieqtivs. 

dacentvra xdeba Semdegnairad: analizators gamovrTavT, Slifs davdebT magidaze da 

tubusis moZraobiT mikroskops moviyvanT fokusSi. avirCevT SlifSi patara wertils 

da davayenebT mas okularis Zafjvaredinis centrSi. Tu mikroskopi ar aris 

dacentrili, magidis Semobrunebis dros es wertili gamova centridan da, Tu magida 

SemovabruneT 360-ze, Semowers an did an patara wres (gaaCnia decentrirebis xarisxs) 

da dabrundeba centrSi (nax. 29a,b). 

 

nax. 29a                         nax. 29b 

am wrexazis 0 centri iqneba magidis brunvis centri. Cven es centri unda 

davamTxvioT okularis centrs. amisTvis magida unda SemovabrunoT 180-iT. wertili a 

gadainacvlebs Tavisi diametris sawinaaRmdego mxares b  wertilSi. brunvis centri 0 

iqneba SuaSi a da b-s Soris. davimaxsovrebT am Sua wertils da jer xeliT Slifs 

vamoZravebT ise, rom Cveni wertili davamTxvioT Sua wertils 0-s. Semdeg, xraxnebis 

moZraobiT migvyavs isev a wertilSi. Tu Sua wertili 0 zustad gaviTvaliswineT, Cven 

ukve miviRebT sasurvel Sedegs. Cveulebrivad ki wertili isev Semowers wres, mxolod 

ufro patara diametriT. Cven igives gavimeorebT manam, sanam wertili magidis 

Semobrunebis dros ar darCeba ucvlelad okularis centrSi. xolo, Tu xdeba ise, rom 

wertili gaxteba sxvadasxva mxares, amis gasworeba SeiZleba mxolod qarxanaSi magidis 
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SesworebiT. obieqtivis Secvlis dros, gansakuTrebiT, maSin, rodesac patara 

gadidebidan did gadidebaze gadavdivarT, saWiro xdeba Tavidan dacentvra. 

garda amisa, mikroskopis normaluri muSaobisTvis saWiroa nikolebis dayeneba 

jvaredin mdgomareobaSi da misi Semowmeba, okularis jvris iustireba, im rxevebis 

mimarTulebiT gansazRvra, romelsac atarebs TiToeuli nikoli.  

Zafjvaredinis iustireba xdeba erTRerZiani kristalis saSualebiT, Caqrobaze 

dakvirvebiT, rombuli mineralebis saSualebiT, dabolos, nebismieri mineralis 

saSualebiT. sainteresoa biotitis gamoyeneba, mxolod unda SeirCes iseTi kveTi, sadac 

kargad Cans tkeCvadoba swori da paraleluri xazebis saxiT. biotiti unda airCes 

granitidan, sienitidan an dioritidan, vinaidan tute qanebSi biotits xSirad aqvs 

iribi Caqroba, romelic ramdenime graduss aRwevs xolme. 

unda iTqvas, rom, Tu ar aris raime gansakuTrebuli miznebi, Zafebis zusti 

iustireba aucilebeli ar aris. es iZleva did cdomilebas. 

 

Slifi da misi damzadeba 

 

mineralebisa da qanebis petrografiuli Seswavla mikroskopSi Slifebis (Tlilis) 

saSualebiT xdeba. 

Slifi rTuli preparatia da sami nawilisagan Sedgeba: 1) qanis an mineralis 

Zalian Txeli firfita, sisqiT _ 0,02-0,03-0,04 mm. 

2) sasagne mina _ sisqe  1 mm da 3) safari mina, romelic Zalian Txelia. misi 

sisqe  0,1 _ 0,15 mm. es sami nawili erTmaneTTan kanadis balzamiTaa dakavSirebuli. 

Slifi Semdegnairad keTdeba: qanis an mineralis patara natexs specialur dazgaze 

Slifaven swori zedapiris miRebamde. am zedapiriT kanadis balzamiT miakraven sasagne 

minaze, Semdeg ukaviaT xeliT am minis saSualebiT da Slifaven meore araswor 

zedapirs. rodesac mas daiyvanen sasurvel sisqemde, isev kanadis balzamis meSveobiT 

daakraven safar minas. orive SemTxvevaSi dawebebis win natexi kargad unda gairecxos 

gamdinare wyalSi. 

gaSlifva xdeba jer uxeSi, xolo Semdeg wvrili zumfaris fxvniliT. Sedegad 

vRebulobT sakmaod uxeS zedapirs, romelic Sedgeba CaRrmavebuli da amoburculi 

adgilebisgan, sxvadasxva zomis Rarebisgan da gaSlifvis Ddros gaCenili napralebisgan. 

aseTi adgilebi amovsebulia kanadis balzamiT, rac aadvilebs qanSi Semavali 
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mineralebis SefardebiTi gardatexis maCveneblis gansazRvras. Sedareba xdeba, ra Tqma 

unda, kanadis balzamTan, romlis gardatexis maCvenebeli n k.b.=1,537.  

Slifebi sxvadasxva standartis arsebobs: germanuli _ sasagne mina 28X48 mm-ia, 

safari _ 21X24 mm, inglisuri da amerikuli _ 26X76 mm. samuSaod pirveli ufro 

mosaxerxebelia. 

Slifebi safari minis gareSe ixmareba gansakuTrebiT im SemTxvevaSi, rodesac 

akvirdebian tkeCvadobas, Tu es mniSvnelovania. Cveulebriv SlifSi Tu kanadis 

balzamisa da mineralis gardatexis maCvenebeli axlos aris erTmaneTTan, tkeCvadobis 

napralebi cudad Cans. asea xolme mindvris SpatebSi, maSin xmaroben Slifebs safari 

minis gareSe. am dros Slifis zedapirs Sexeba aqvs haerTan (n=1.00). cxadia, forebi, 

napralebi, uswormasworo adgilebi amovsebulia haeriT da aseT SemTxvevaSi 

tkeCvadobis napralebi ukeTesad Cans. 

Slifis damzadeba fxvieri masalisgan rTulia da iyeneben sxvadasxva masalas: 1) 

kanadis balzams (n=1,537); 2) bakelits (n=1,60 _ 1,640); 3) meTilenketons (n=1,519 _ 

1,520). 

 

gardatexis maCveneblis gazomva mikroskopSi 

  

gardatexis maCveneblis SefardebiTi sididis gansazRvra mikroskopis qveS 

warmoadgens erT-erT mniSvnelovan saSualebas mineralebis diagnostikisTvis, 

gansakuTrebiT  _ uferuli mineralebisTvis. sakmarisia, aRvniSnoT, rom iseTi mTavari 

qanmaSeni mineralebi, rogorebic arian orToklazi da oligoklazi, mikroskopSi 

erTmaneTisgan ar ganirCevian, Tu ar ganvsazRvreT  maTi gardatexis maCveneblebi kanadis 

balzamTan SefardebiT. zogjer SefardebiTi gardatexis maCveneblis gansazRvra 

warmoadgens kontrols ufro zusti gazomvebis dros. 

sazRvrebi:  Tu ori erTnairad Seferili an orive uferuli minerali erTmaneTis 

gverdiT aris, an erTi CarTulia meoreSi, maTi konturebis (sazRvrebis) garCeva 

SesaZlebelia mxolod im SemTxvevaSi, Tu maT Soris gardatexis maCveneblebSi 

gansxvavebaa. es xdeba imitom, rom, Tu gansxvaveba arc ferSia, arc gardatexaSi, maSin 

sinaTlis talRam erTnairi gardatexis mqone areebSi gavlisas aranairi cvlileba ar 

unda ganicados: am SemTxvevaSi, ar moxdeba arc difraqciis movlena, arc gardatexisa 

da arekvlis movlenebi, vinaidan swored isini ganapirobeben nivTierebaTa xedvas. 
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rasakvirvelia, detalurad SeiZleba aixsnas difraqciis, gardatexisa da arekvlis 

movlenebis gavlena mineralTa Soris sazRvrebis xasiaTze, rasac aq ar vakeTebT, 

mxolod gvainteresebs daskvna: SlifebSi or sxvadasxva gardatexis mqone nivTierebas 

Soris sazRvris gaCena e.i. konturis gamokveTa aixsneba, erTis mxriv, difraqciis 

movlenebiT, xolo umTavresad, gardatexiT da arekvliT, romlebic warmoiqmnebian maT 

kontaqtSi. gardatexis erTnairi mniSvnelobis dros es movlenebi ar xdeba da sazRvari 

or erTnairad Seferil an uferul minerals Soris ar ganirCeva. rac ufro didia 

gansxvaveba gardatexis koeficientebSi am or nivTierebas Soris, miT ufro mkveTrad 

gamoirCeva sazRvari maT Soris. 

gamoucdeli Tvali dasawyisSi ver arCevs sazRvars kanadis balzamsa 

(n=1,5370,004) da kvarcs Soris (n=1,544_1,553) uferuli mineralebis CanarTebi 

(sericitis, muskovitis _ n=1,563_1,601) albitebSi da oligoklaz-albitebSi 

(n=1,529_1,543) advili gamosarCevia, vinaidan CanarTebis garSemo gveCveneba muqi zoli, 

ufro mkveTrad gamoirCeva am mineralebis fonze coiziti da epidoti (n=608 _1,46), 

ufro uxeSad Cans sfenisa da cirkonis (n=1,9 da meti) sazRvrebi, haeris buStebs 

(n=1,002) sqeli Savi konturi aqvT. 

reliefi. reliefis gamovlineba damokidebulia mineralis da misi Semcveli 

garemos (kanadis balzamis) gardatexis maCveneblebze. Tu maTi gardatexis maCveneblebi 

axlos aris an odnav gansxvavdeba erTmaneTisagan, minerals reliefi, ase vTqvaT, ara 

aqvs, sazRvrebi ara aqvs mkveTri da zedapiri gluvia. Tu mineralsa da kanadis balzams 

Soris gardatexis maCveneblebSi didi gansxvavebaa, maTi sazRvari mkveTria, kargad 

ganirCevian erTmaneTisgan: maRali gardatexis maCvenebliani minerali gveCveneba 

amoburculi, amozneqili, xolo dabali gardatexis maCveneblis mqone _ CaRrmavebuli, 

Cazneqili. pirveli dadebiTi reliefia, meore uaryofiTi. sinamdvileSi, SlifSi yvela 

minerali da kanadis balzami erTi sisqisaa da es mxolod optikuri efeqtis cdunebaa. 

zedapiris xasiaTi. rogorc ukve viciT, reliefi damokidebulia mxolod 

gansxvavebaze gardatexis maCveneblebs Soris. zedapiris xasiaTi ki damokidebulia or 

faqtorze: 1) Slifis damzadebis meTodze da 2) gansxvavebaze gardatexis maCveneblebSi 

sakvlev mineralsa da kanadis balzams Soris. ukve naTqvamia, rom Slifis zedapiri 

mTlad gluvi ar aris, igi araTanabaria, xorkliania da CaRrmavebebi amovsebulia 

kanadis balzamiT da, rac metia gansxvaveba am maCvenebelSi kanadis balzamsa da 

minerals Soris, miT ufro mkveTrad gamoCndeba es araTanabari zedapiri. Tu maTi 
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gardatexis maCveneblebi axlos aris erTmaneTTan, maSin mineralis firfita Seadgens 

TiTqos erT mTlians kanadis balzamTan da misi zedapiri gveCveneba swori da gluvi, 

xolo rac ufro didia gansxvaveba gind metisken, gind naklebisken, mineralisa da 

kanadis balzamis maCveneblebs Soris, miT ufro mkveTrad unda gamoCndes gadaxrebi e.i. 

sxivTa gardatexa da arekvla (sinaTlis gabneva) mineralidan kanadis balzamSi 

gadasvlis dros da ufro mkveTrad gamovlindeba TiToeuli CaRrmavebis da amoburculi 

adgilebis arasimetriuli ganaTeba, ris Sedegadac, es adgilebi kargad iqneba 

gamokveTili dakvirvebis dros. amis gamo, maRali garadatexis mqone mineralebis 

zedapiri da agreTve, dabali gardatexis mqone mineralebis zedapiric kanadis balzamTan 

SedarebiT SlifSi gveCveneba xorkliani, araTanabari, rogorc amboben, Sagreniseburi. 

SegviZlia, SevadaroT saxazavi qaRaldis zedapirs. rac ufro didia es gansxvavebebi, 

miT ufro mkveTrad gamoixateba Sagreniseburi zedapiri. 

Tu zemoT naTqvams miviRebT mxedvelobaSi, SegviZlia sazRvrebis, reliefis da 

zedapiris xasiaTis gaTvaliswinebiT mineralebi davyoT ramdenime jgufad: 1. sazRvrebi 

da reliefi ar SeimCneva an TiTqmis ar SeimCneva, zedapiri ar gairCeva kanadis balzamis 

zedapirisgan. es Seesabameba n=1,53 _ 1,56-mde. aq Sedis plagioklazebis umravlesoba, 

nefelini, kvarci, kordieriti, Na2O–iT mdidari skapolitebi, fuZe da saSualo 

vulkanuri minebi. 

2. sazRvrebi da reliefi sustad SeimCneva, zedapiri sustad xorkliania _ 

n=1,48_1,52 (uaryofiTi reliefi da zedapiri) _ mJave da saSualo, nawilobriv fuZe 

vulkanuri minebi, feldSpatoidebi, nefelinis gamoklebiT, kristobaliti, ceolitebi, 

natrium-kaliumiani mindvris Spatebi. aqve Sedis n=1,57 _ 1,60 _ fuZe vulkanuri 

minebi, bitovniti, anorTiti, skapolitebi, isev kordieriti, talki, qloritebis 

umravlesoba, kalciti, sericiti da muskoviti. 

3. sazRvrebi da reliefi naTelia, naTelia Sagreniseburi zedapiric; n=1,41–1,47 

(uaryofiTi reliefi da Sagreniseburi zedapiri) _ opali, fluoriti, tridimiti. aqvea 

n=1,61_1,65 _ apatiti, topazi, andaluziti. 

me-2 da me-3 jgufSi mocemulia gardatexis koeficientebis or-ori rigi, radgan 

aq Sedian mineralebi, romlebic an erT mxares an meore mxares iZlevian gansxvavebas 

kanadis balzamTan. aq uaryofiTi reliefis da Sagreniseburi zedapiris, an dadebiTi 

reliefis da Sagreniseburi zedapiris gansazRvra ukve SeiZleba bekes xazis daxmarebiT. 
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4. sazRvrebi da reliefi mkveTria, aseTivea Sagreniseburi zedapiri _ olivini, 

piroqsenebi, epidoti, vezuviani, granatebi (n=1,66_1,78). Sesabamisi qanmaSeni mineralebi 

uaryofiTi niSnebiT ar gvaqvs. 

5. sazRvrebi Zalian muqia da uxeSi, reliefi da Sagreniseburi zedapiri zedmetad 

mkveTri _ zogierTi granati, cirkoni, rutili, brukiti, anatazi, rac Seesabameba 

n>1,78, Sesabamisi mineralebi, Cveulebrivi qanmaSenebidan, uaryofiTi niSnebiT ar gvaqvs. 

bekes meTodi. bekes meTods akvirdebian gamaval sinaTleSi, erTi nikolis 

saSualebiT, rodesac analizatori gamorTulia. am dros ori uferuli mineralis 

sazRvarze, Tu maT Soris gardatexis maCveneblebSi gansxvavebaa, an mineralisa da 

kanadis balzamis sazRvarze mikroskopis diafragmis nawilobrivi CabnelebiT gaCndeba 

wvrili ganaTebuli zoli, romelsac bekes xazi ewodeba. misi gaCenis mizezia, erTis 

mxriv,  gardatexisa da arekvlis movlenebi da sinaTlis sxivebis difraqciis movlena, 

meores mxriv. bekes xazis sigane  milimetris meoTxedia; tubusis awevis e.i. 

fokusidan gamoyvanis SemTxvevaSi, bekes xazi gadainacvlebs im mineralisken, romelsac 

meti aqvs gardatexis maCvenebeli. daweviT piriqiT, naklebisken wava. lodoCnikovs 

gamoyenebuli aqvs mnemonuri wesi поднятие _ положительное e.i. metisken wava, опускание 

_ отрицательное  e.i. naklebisken wava. 

imisTvis, rom bekes xazs davakvirdeT, saWiroa, SevasruloT ramdenime piroba: 1) 

sazRvari or minerals Soris unda iyos sufTa, Tavisufali meoradi warmonaqmnis, 

CanarTebisgan; 

2) Sesadarebeli nivTierebebis kontaqti unda iyos uSualo. maT Soris ar unda 

iyos Zalian wvrili napralic ki, vinaidan es naprali amovsebuli iqneba kanadis 

balzamiT; 

3) aucilebelia gamoviyenoT didi gadideba; 

4) polarizatori, romelSic Caxraxnilia koleqtori (gamanaTebeli linza), 

maqsimalurad qveviT unda daiwios; 

5) kondensoric unda daiwios qveviT, polarizatorTan erTad, an saerTod 

gamoirTos; 

6) polarizatoris Tavze moTavsebulia diafragma. me-4 da me-5 operaciebis Semdeg 

aucilebelia, es diafragma nela-nela davwioT da mxedvelobis aris ganaTeba 

TandaTanobiT SevasustoT. ase ukeTesad Cans bekes xazi. 
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7) Tu vsargeblobT iribi ganaTebiT, aucilebelia ori Sexebis adgili iyos 

dayenebuli mikroskopis RerZis paralelurad. ase Tu ar moviqceviT, SeiZleba miviRoT 

araswori efeqti (tubusis aweviT bekes xazi gadainacvlebs naklebi gardatexis 

maCveneblis mqone mineralisken). 

gardatexis maCveneblis gazomvaze bekes meTodiT bevri faqtori axdens gavlenas: 

1) Slifis sisqe; 2) gardatexis maCveneblebis sidide; 3) Zlieri ganaTebis dros 

SeiZleba gaCndes ori xazi. 

SegviZlia gavakeToT daskvna: anizotropul nivTierebebSi bekes xazze dakvirveba 

unda vawarmooT Caqrobis momentebSi, e.i. unda davayenoT minerali + nikolebSi 

Caqrobaze, gamovrToT analizatori da davakvirdeT bekes xazs. Semdeg isev CavrToT 

analizatori da 90-is Semdeg davayenoT meore Caqrobaze da isev davakvirdeT bekes 

xazs. dabolos, Tu bekes xazi sustad Cans, es niSnavs, rom gardatexis maCveneblebi 

mineralebs axlos aqvT.  

 

dispersiuli efeqti ori uferuli mineralis kontaqtSi 

 

es meTodi gamoiyena cnobilma petrografma lodoCnikovma da mas `lodoCnikovis 

efeqti~ ewoda. Tu SlifSi erTmaneTis gverdiT gvaqvs ori uferuli minerali da maT 

Soris gardatexis maCveneblebSi gansxvavebaa, maSin is, romelsac meti aqvs gardatexis 

maCvenebeli, uSualo kontaqtSi gveCveneba molurjo-momwvano, xolo romelsac naklebi 

aqvs _ oqrosfer-yviTeli. es Sefervebi Zalian mkrTalia da SeimCneva mxolod ori 

uferuli mineralis uSualo kontaqtSi. es efeqti Znelad SesamCnevia. ukeTesad 

davinaxavT Tu bekes xazis ganxilvis dros Sesasrulebeli pirobebis CamonaTvalidan me-

4 da me-6 punqtebs SevasrulebT. gansakuTrebiT kargad gamoiyeneba es meTodi mindvris 

Spatebis gansazRvris dros. granitebSi maT kvarcTan an plagioklazTan kontaqtSi 

ganixilaven. 

 

bekes meTodis praqtikuli gamoyeneba mineralebis dajgufebisTvis gardatexis 

maCveneblis mixedviT 

 

bekes meTodma didi gamoyeneba hpova mineralogiur da petrografiul praqtikaSi. 

amdenad, mogviwevs masze ufro dawvrilebiT SevCerdeT. zemoT moviyvaneT qanmaSeni 
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mineralebis uxeSi dajgufeba sazRvrebis, reliefisa da zedapiris xasiaTis mixedviT da 

gamovyaviT 5 jgufi. axla bevri sxva faqtoris gaTvaliswinebiT SegviZlia ufro 

obieqturi dayofa warmovadginoT 7 jgufad (uferuli mineralebisTvis): 

1. n=1,41 _ 1,47 

xorkliani zedapiri, moxazuloba da reliefi mkveTri uaryofiTi, Cazneqili 

reliefi. opali, fluoriti, tridimiti. 

2. n=1,48 _ 1,52 

uaryofiTi xorkliani zedapiri. dispersiuli efeqti mkveTri _ mooqrisfero _ 

yviTeli kanadis balzamTan sazRvarze kristobaliti, analcemi, sodalitis jgufi, 

leiciti, ceolitebi, kaliumis mindvris Spatebi, karbonatebi, kankriniti, vulkanuri 

minebi. 

3. n=1,535 _ 1,545 

reliefi da moxazuloba aramkveTri. dispersiuli efeqti SeumCneveli. qalcedoni, 

albiti da oligoklaz-albiti, nefelini. 

4. n=1,55 _ 1,60 

reliefi da moxazuloba Znelad SesamCnevi, dispersiuli efeqti SesamCnevi: 

kordieriti, kvarci, skapolitebi, plagioklazebi, muskoviti, paragoniti, kaolini, 

talki. 

5. n=1,61 _ 1,65 

moxazuloba da reliefi mkveTri. mkveTri xorkliani zedapiri. dispersiuli 

efeqti da bekes xazi kargad Cans. topazi, apatiti, andaluziti, meliliti, 

volastoniti, preniti, tremoliTi. 

6. n=1,66 _ 1,78 

moxazuloba da reliefi Zalian mkveTri, mkveTri xorkliani zedapiri. bekes xazi 

da dispersiuli efeqti Zalian mkveTri. karbonatebi, silimaniti, olivini, rombuli da 

monoklinuri piroqsenebi, coiziti, epidoti, vezuvini, disteni. 

7. n=1,8 da meti. 

moxazuloba da reliefi Zalian mkveTri, uxeSi. mkveTri xorkliani zedapiri. 

granatebi, qsenotimi, monaciti, cirkoni, sfeni, kasiteriti. 

Seferili qanmaSeni mineralebi gardatexis maCveneblis zrdis mixedviT 

Semdegnairad SeiZleba davalagoT: serpentini, qloritebi, glaukoniti, biotiti. 
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rombuli da monoklinuri amfibolebi, tute amfibolebi, titan avgiti, egirini, 

orTiti, turmalini, stavroliti, Spineli, rutili. 

 

bekes meTodis gamoyeneba mindvris Spatebis gansazRvrisaTvis 

 

SlifSi mindvris Spatebis garCeva zog SemTxvevaSi TiTqmis SeuZlebelia. es 

gansakuTrebiT exeba orToklazs da oligoklazs. nax. 30-ze mocemulia diagrama, 

romlis abcisaze gadazomilia plagioklazebis procentuli Semcveloba An-is mixedviT 

100 nomramde, ordinatze maTi Sesabamisi gardatexis maCveneblebi Ng, Nm da Np. 

ramdenime wertilSi datanilia Pl-is gardatexis maCvenebeli dawyebuli 0 nomridan 

100-mde da gaerTianebulia mTliani mrudiT (##0, 5, 13, 20, 25, 40, 50, 75, 100). 

nebismieri plagioklazis gardatexis maCveneblis gansazRvra am mrudiT SesaZlebelia. 

jvrebiT aRniSnulia K-is mindvris Spatis gardatexis maCveneblebi. orToklazisa da 

anorToklazis diagramaze kargad Cans, rom K-is mindvris Spatebs gardatexis 

maCveneblebi yovelTvis naklebi aqvT kanadis balzamze. 

 

nax. 30 

plagioklazebis rigidan oligoklazi (#20) arc optikuri orientaciiT, arc 

zogjer optikur RerZTa Soris kuTxiT ar ganirCeva orToklazis rigis mindvris 

Spatebisgan. amave dros, aseTi oligoklazebi jvaredin nikolebSi ar amJRavneben 
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plagioklazebisTvis damaxasiaTebel polisinTetur SemrCoblebas. amitom erTaderT 

saimedo kriteriums maTi garCevisTvis warmoadgens am mindvris Spatebis (igulisxmeba 

oligoklazi da orToklazi) damokidebuleba kanadis balzamTan: orToklazs Ng  

yovelTvis naklebi aqvs kanadis balzamze, xolo oligoklazs Np-c ki cotaTi, magram 

mainc meti aqvs masze (Np=1,539). 

 

kvarcis Nm RerZis gamoyeneba 

 

garda kanadis balzamisa, SedarebisTvis SeiZleba gamoviyenoT kvarcis Nm  RerZi 

gardatexis maCvenebliT _ 1,544, romelic mudmivia yvela wriul kveTSi. gavixsenoT, 

rom kvarci erTRerZiania da brunvis RerZs warmoadgens Ng , xolo wriuli kveTis 

radiusi yovelTvis aris Nm.  plagioklazebSi # 0_ 6_ 11 _16 _ 20, Sesabamisad, # 39 _35 

_ 30 _ 26 _22  ar ganirCevian arc optikuri orientaciiT da arc optikur RerZTa Soris 

kuTxiT. diagramaze gansxvaveba kargad Cans: #0-6-Tvis yovelTvis naklebia kanadis 

balzamze da kvarczec, #39-35-Tvis bevrad metia kanadis balzamze. 6-16-Tvis kvarcis  

Nm-ze naklebia, xolo, Sesabamisad, #35-26-Tvis TiTqmis yvela kveTSi kvarcis Nm-ze 

metia. 

  

imersiuli meTodi 

 

gardatexis maCveneblis SefardebiTi sididis gansazRvrisTvis Cven aRvwereT 

ramdenime meTodi: mineralTa sazRvrebi, reliefi, zedapiris xasiaTi, bekes meTodi da 

dispersiuli efeqti. garda am meTodebisa, arsebobs e.w. imersiuli meTodi, romlis 

saSualebiTac Cven SegviZlia ganvsazRvroT gardatexis maCveneblis ricxobrivi sidide. 

misi arsi mdgomareobs SemdegSi: Tu gvaqvs siTxeebi, romelTa gardatexis maCveneblebi 

cnobilia, maSin bekes meTodis gamoyenebiT  yovelTvis SeiZleba SeirCes ori iseTi 

siTxe gardatexis maCvenebliT n1  da n2 , rom sakvlevi mineralis gardatexa n moeqces maT 

Soris e.i., rom n1 > n > n2.  cxadia, rac ufro axlos iqneba am ori siTxis maCvenebeli 

erTmaneTTan, miT ufro zustad ganisazRvreba n. mineralogiisa da petrografiis 

Cveulebrivi miznebisTvis sakmarisia sizuste 0,005, xolo intervali ori siTxis 

koeficientebs Soris SeiZleba iyos ufro meti. 
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praqtikulad, gansazRvra xdeba Semdegnairad: minerali ifxvneba wvrilad, 

moTavsdeba sasagne minaze, romelic mikroskopis magidazea moTavsebuli. nemsis 

saSualebiT, fxvnilis nawili unda gavwioT sasagne minaze, gverdiT. am gamocalkevebul 

nawilTan mWidrod, Zalian axlos davawveTebT siTxes da yvelafers davafarebT safar 

minas. siTxe fxvnils Seiwovs da moaqcevs siTxis qveS. Semdeg mikroskopSi bekes 

meTodiT ganvsazRvravT mineralis n metia Tu naklebi siTxis n1 –ze. Tu bekes xazis 

saSualebiT davadgineT, rom siTxis n1 metia mineralis n-ze, maSin saSrobi qaRaldis 

saSualebiT siTxes safari minis qveSidan gamovwovT da SeviyvanT sxva siTxes naklebi  

n1 – iT da a. S. manam, sanam ar mivakvlevT or mosazRvre siTxes n1  da n2 , rom miviRoT 

n1 > n > n2. vinaidan qaRaldiT siTxes mTlianad ver gamovwovT, igi Seereva axal Seyvanil 

siTxes. amitom sabolood utolobis dadgena n1 > n > n2  aucilebelia SevamowmoT 

darCenil fxvnilze, romelic adreve gamovyaviT. zogjer gamokvlevis win mineralis 

marcvlebs asveleben wyliT da Semdeg aSroben. marcvlebi miewebeba minas. daafareben 

safar  minas da gvedidan SeuSveben siTxes. mxolod gaSroba unda moxdes mTlianad. 

ormagi gardatexis mqone mineralebisTvis ganisazRvreba, ra Tqma unda, ori maCvenebeli 

Np
1 da  Ng

1 da, Tu saqme gvaqvs iseT mineralTan, romelic mudmivad ar ixliCeba 

garkveuli sibrtyis mimarT, SegviZlia, vTqvaT, rom umciresi Np
1 es aris mineralis 

optikuri indikatrisis Np RerZi da udidesi Ng
1  aris Ng RerZi. erTRerZian 

kristalebSi erT-erT maCvenebels Nm-s aqvs yovelTvis erTi da igive mniSvneloba. 

orRerZiani mineralebis izotropuli kveTebi gvaZleven agreTve mineralis indikatrisis 

Nm RerZis sidides. 

imersiuli siTxeebis ramdenime kompleqti arsebobs. maT yovelTvis axlavs 

cxrili, sadac Camowerilia maTi gardatexis maCveneblebi da miTiTebulia maTi Senaxvis 

wesi.  
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