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reziume 

Ooptikuri/lazeruli speqtroskopiis gamoyenebam Zalze 

mniSvnelovani teqnologiebis Seqmnas daudo safuZveli. 

gansakuTrebiT sainteresoa misi gamoyeneba medicinaSi. kerZod 

biostruqturebis optikuri Tvisebebis Seswavla dRes swrafad 

ganviTarebadi mimarTulebis – optikuri (lazeruli) samedicino 

diagnostikis safuZvels warmoadgens, xolo bioqsovilis optika 

da speqtroskopia bolo aTwleulis ganmavlobaSi mecnierebis 

calke dargad Camoyalibda. 

bolo wlebis monacemebiT, msoflioSi, avTvisebiani 

simsivniT saSualod weliwadSi 6.7 milioni adamiani kvdeba. es 

viTareba mkurnalobisa da diagnostirebis arsebuli Tanamedrove 

teqnologiebis ganviTarebasTan erTad axali teqnologiebis 

Seqmnasac moiTxovs. gansakuTrebuli mniSvneloba mieniWa 

pacientze orientirebuli efeqturi da adreuli diagnostirebis 

axali teqnologiebis Seqmnas. aqedan gamomdinare simsivnuri 

warmonaqmnebis adreuli da zusti diagnostirebis mniSvnelobac 

kidev ufro gaizarda. samedicino praqtikaSi simsivnuri 

warmonaqmnebis arsebuli diagnostirebis tradiciuli meTodebi  

rogorc wesi seriozuli problemebis winaSe dgas diagnozis 

dasmis sizustis, siswrafis da arainvaziurobis (uzianobis) 

TvalsazrisiT. marTlac, kibos adreuli stadiis dadgena 

ZiriTadad efuZneba saeWvo areebis vizualur aRmoCenas, 

romelsac mosdevs invaziuri biofsia da garkveuli damuSavebis 

Semdeg nimuSis mikroskopiT gamokvleva. Sesabamisad diagnozis 

dasma droSi gaWimuli procesia da qsovilis seriozul 

dazianebasTanaa dakavSirebuli. am TvalsazrisiT axali 

meTodebis SemuSaveba kvlavac Zalze aqtualuria. dReisaTvis 

msoflioSi intensiurad muSavdeba iseTi principulad axali 

diagnostikuri teqnologiebi, ZiriTadad lazeruli, romlebmac 

unda uzrunvelyon diagnozis dasma realuri drois reJimSi, 
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biologiuri qsovilis minimaluri an sruli dauzianeblobis 

pirobebSi. 

am sakiTxebisadmi Cveni midgoma fizikuria da efuZneba 

lazeris gamosxivebiT sxvadasva bioqsovilebSi fluorescenciis 

inducirebas da misi speqtris analizs. meTodi saSualebas 

iZleva ganvaxorcieloT bioqsovilis paTologiis myisieri 

dadgena da qirurgiuli operaciebis dros gadagvarebuli aris 

kontroli realuri drois reJimSi. es ukanaskneli operaciebis 

efeqturobas mniSvnelovnad gazrdis. rac Seexeba 

arainvaziurobas igi miiRweva lazeruli gamosxivebis nanowamiani 

impulsebis gamoyenebiT. am SemTxvevaSi SesaZlebelia 

inducirebuli gamosxivebis (fluorescenciis) saimedod 

dafiqsireba qsovilis umniSvnelod gaTbobis pirobebSi, romelic 

realobaSi SegviZlia ugulebelvyoT. lazeruli teqnologiebi 

yvela SemTxvevaSi eyrdnoba nivTierebisa da gamosxivebis 

urTierTqmedebis fundamenturi procesebis uSualo analizs. es 

procesebia lazeris gamosxivebis erTjeradi da mravaljeradi 

gabneva da lazeris dasxivebiT bunebriv fluoroforebSi, anu 

biomolekulebsa da maT kompleqsebSi, inducirebuli 

fluorescencia. Sesabamisad SesaZlebelia erTi an orive 

meTodis gamoyeneba, Tumca, Cvenis azriT,  am procesebis Seswavla 

ex vivo stadiaze avlens lazeriT inducirebuli fluorescenciis 

im prioritetebs, romlebic safuZvlad unda daedos lazeruli 

diagnostikis efeqturi teqnologiebisa da Sesabamisi aparaturis 

Seqmnas. kerZod, bioqsovilebSi gabnevisa da fluorescenciis 

procesebis Seswavla diagnostirebis TvalsazrisiT sxvadasxva 

informaciis matarebelelia. Tu gabneva ZiriTadad ujredis 

birTvebis formis cvlilebaze reagirebs fluorescenciis 

analizi makromolekulebis kompleqsebis warmoqmnasa da 

ujredSi mimdinare bioqimiur procesebs asaxavs. 

amrigad, gansaxilvel naSromSi ZiriTadi yuradReba 

daTmobili aqvs bioqsovilebsa da mis ujredul fragmentebSi 

fluorescenciis speqtrebis Seswavlas da miRebul Sedegebze 
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dayrdnobiT lazeriT inducirebuli fluorescenciiT 

diagnostikis teqnologiebis SemuSavebas. am SemTxvevaSi 

garkveuli talRis sigrZis mqone lazeris gamosxivebis 

zemoqmedebiT bioqsovili iwyebs fluorescirebas da misi 

speqtri damokidebulia paTologiis raobaze da mis simZimeze. 

mimoxiluli procesebis safuZvliani kvleva saSualebas 

iZleva Seiqmnas arainvaziuri an minimalurad invaziuri 

biosamedicino diagnostirebis teqnologiebi biologiuri 

qsovilebis sxvadasxva paTologiebis dasadgenad, maT Soris 

simsivneebisTvisac. aseve SesaZlebelia Seiqmnas bioqsovilSi, 

cocxal ujredebSi morfologiuri da fiziologiuri 

procesebis dinamikis, maTze sxvadasxva toqsinebis, 

kancerogenuli da samkurnalo nivTierebebis zemoqmedebis 

kontrolis efeqturi teqnologiebi da aparatura. 

warmodgenili samuSaos mizania sxvadasxva mdgomareobaSi 

myofi bioqsovilebis lazeriT inducirebuli fluorescenciis 

speqtrebis Seswavla, rac qsovilSi mimdinare cvlilebebis da am 

cvlilebebis raobis dadgenisTvis aris aucilebeli. 

sadisertacio naSromSi gamoyenebulia sxvadasxva 

mdgomareobis bioqsovilebis lazeriT inducirebuli 

fluorescenciis speqtroskopia.   

pirvelad aris warmodgenili sxvadasxva paTologiebis 

etalonuri speqtrebi. 

Cvens mier Catarebulma gamokvlevebma aCvena, rom arsebobs 

calsaxa kavSiri bioqsovilis lazeriT inducirebuli 

fluorescenciis spetris formasa da paTologiis saxes Soris. 

naCvenebia, rom am gziT SesaZlebelia sxvadasxva mdgomareobaSi 

myofi bioqsovilebis paTologiurobis xarisxis Sefaseba, rac  

simsivneebis diferencialuri diagnostirebis Tvisobrivad axal 

saSualebas iZleva. 

lazeriT inducirebuli fluorescenciis speqtroskopiis 

meTodis gamoyenebiT gazomil iqna, virTagvebSi bunebrivi gziT 
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Seyvanili egzogenuri fluoroforis vitamini A-s ganawilebisa 

da akumulirebis dinamika. 

aRniSnuli kvlevebi Catarebulia ori saxis danadgarze da 

gamoyenebulia monacemTa Segrovebis da damuSavebis Tanamedrove 

kompiuteruli teqnologiebi. 

fluorescenciis speqtrebis saSualebiT 

identificirebulia adamianis farisebri jirkvlis normaluri 

qsovilis da iseTi paTologiebis maxasiaTebeli speqtraluri 

xazebi, rogorebicaa adenoma, papiluri karcinoma, folikuluri 

karcinoma da Ciyvi. 
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RESUME 
 

Using optical/laser spectroscopy also provided a basis for creation of very 

important technologies. Especially interesting is its use in medical practice. 

Particularly, today studying optical properties of biological structures represents the 

basis for rapidly developing direction – optical (laser) medical diagnostic of biological 

tissues and spectroscopy has developed into separate field of science during the last 

decade. 

As the recent investigations have shown, 6.7 million people are dying on 

average each year on cancer. These circumstances demand new methods and 

technologies of early cancer diagnostic ant treatment. The main goal of the project 

was the development of patient-oriented, efficient and early cancer diagnostic 

methods. Proceed from these, the main goal of the project was the development of 

patient-oriented, efficient and early cancer diagnostic methods. The main problems of 

the traditional diagnostic methods are long diagnostic times, inaccurate diagnostics 

and that they damage biological tissue. The diagnostics of the early cancer stage is 

mainly based on the visual discovering of the suspicious tissue areas, their invasive 

biopsy and investigation under a microscope. Because of this, the traditional 

diagnostic methods are damaging the tissue and are long-term processes. Because of 

all these problems, the development of new diagnostic methods is very important. 

Actually, many new methods are based on the laser technologies, providing damage-

free, real-time diagnosis 

Our approach is physical and based on the spectral analysis of the fluorescence 

in different types of biological tissues induced by the laser irradiation (laser induced 

fluorescence – LIF for short). Our method makes possible the immediate 

determination of the pathologies of biological tissues and the real time control of 

abnormal area during a surgical operation that can importantly raise the success of the 

surgery invasion. One of the main advantages of our method is the noninvasivity 

reached by the nanosecond laser radiation. In this case it is possible to fix the laser 

induced fluorescence data without overheating and thermal damage of the tissue, that 

we can neglect. All the laser technologies are based on the analysis of the fundamental 

processes of laser-matter interactions. These processes are the single and multiple 

scattering of laser radiation and the laser induced fluorescence in biomolecules and 
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their clusters. Thus it is possible to use one or both of these processes, however, in our 

opinion, the investigations of these processes show ex vivo  these priorities that must 

build the base for developing efficient technologies and equipments. The investigation 

of scattering and fluorescence in biological tissues carry different information from 

the diagnostic point of view. In contrary to the scattering that mainly reacts on the 

change of the form of the cell core, the fluorescence analysis provides information 

about the creation of macromolecule complexes and the biochemical processes inside 

the cells. 

Thus, in the proceedings under consideration the basic attention is paid to 

studying spectrums of fluorescence in biological tissues and their cellular fragments 

and depended on the results received, to development of technologies of diagnostics 

by induced fluorescence. In this case, the spectra and duration of the fluorescence 

induced by a radiation of a laser beam of certain intensity and ultra short pulses 

depends on different kinds of the tissue pathology and its degree. 

Thorough research of the considered processes allows creating non-invasive or 

minimally invasive medical and biomedical diagnostic technologies for statement of 

various pathologies, including tumors. Creation of effective technologies and 

equipment to control dynamics of morphological and physiological processes in 

bioplasts, and influence of various toxins, cancerogenic and medicinal substances is 

also possible. 

The purpose of the presented proceedings is studying laser-induced 

fluorescence spectra of biological tissues in various states, which is necessary to 

determine current changes in tissues and essence of these changes.  

For the first time the patterns for the LIF (λ=337nm) spectra of normal and 

pathological biological tissues (thyroid gland) have been determined and are refining.  

As our preliminary investigations have shown, there exists a one-to-one 

relation between the LIF spectra of thyroid gland tissues and the types of  their 

pathology that gives us the possibility to determine the abnormality degree and to 

develop an effective, noninvasiv and innovative, based on the physical processes, 

cancer diagnostic method. 

With method use laser induced fluorescence spectroscopy, distribution and 

dynamics of the accumulation of vitamin A have been measured in rats entered with 

natural way by endogenous fluorophore. 
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The described researches were spent on two spectroscopic installations and 

modern computer technologies of obtaining and data processing  were used. 

By means of characteristic spectra of fluorescence such pathologies as a 

Papillary carcinoma, Microfollicular carcinoma,  Follicular carcinoma, Adenoma and 

Goiter are identified. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xii 

Sinaarsi 

Sesavali ................................................................................................................................................... xix 

1. literaturis mimoxilva ................................................................................................ 24 

2. Sedegebi da maTi gansja ................................................................................................. 37 

2.1. biologiuri qsovilis nimuSebi. eqsperimentuli danadgari da 

kvlevis meTodebi...............................................................................................................................37 

2.1.1. biologiuri qsovilis nimuSebi.............................................................................37 

2.1.2. lazeriT inducirebuli fluorescenciis kvlevis 

eqsperimentuli danadgari.......................................................................................................40 

2.1.2.1. sinaTlis wyaroebi...........................................................................................................44 

2.1.2.2. monoqromatorebi...............................................................................................................47 

2.1.2.3. sxivTa svla.............................................................................................................................48 

2.1.2.4. registracia............................................................................................................................49 

2.1.3. morgebis procedura..........................................................................................................51 

2.1.4. gabnevisa da STanTqmis speqtrebis gazomva da monacemebis 

damuSaveba..................................................................................................................................................53 

2.1.5. lazeriT inducirebuli fluorescencia....................................................61 

2.2. lazeriT inducirebuli fluorescencia da diagnostikis 

fizikuri safuZvlebi....................................................................................................................64 

2.2.1. urTierTqmedebis modelis Sesaxeb....................................................................66 

2.2.2. biologiuri qsovilis sinaTlesTan urTierTqmedebis 

maxasiaTebeli ZiriTadi sididebi....................................................................................69 

2.2.3. lazeriT inducirebuli fluorescencia (LIF).......................................73 
2.2.4. , -is gamoTvla.......................................................................................................76 

3. daskvna.....................................................................................................................................................78 

3.1. eqsperimentebis Sedegebi da maTi ganxilva..................................................78 

3.1.1. winasityvaoba.............................................................................................................................78 

3.1.2. lazeriT inducirebuli fluorescencia adamianis farisebri 

jirkvlis normaluri da paTologiuri ujredebidan..............................82  

3.1.3. farisebri jirkvlis normaluri qsovilis fluorescenciis 

speqtrebi....................................................................................................................................................83 

3.1.4. farisebri jirkvlis paTologiuri qsovilis 

fluorescenciis speqtrebi....................................................................................................85 



xiii 

3.1.5. korelacia speqtraluri xazis formasa da qsovilis 

“gadagvarebulobas” Soris......................................................................................................91 

3.1.6. biologiuri qsovilis gadagvarebulobis gansazRvra 

lazeriT inducirebuli fluorescenciiT............................................................97 

3.1.6.1. biologiuri qsovilis paTologiurobis xarisxis 

Sesafasebeli modeli....................................................................................................................97 

3.1.7. adamianis Ciyvis LIF mideli......................................................................................102 

3.1.8. vitamini A-s ganawilebis Seswavla LIF speqtroskopiiT...........109 

3.1.8.1. cxovelebi................................................................................................................................112 

3.2. daskvnebi.........................................................................................................................................120 

gamoyenebuli literatura.....................................................................................................122 



xiv 

cxrilebis nusxa 

cxrili 1. bunebrivi (endogenuri) fluoroforebis STanTqmisa da 

gamosxivebis maqsimaluri mniSvnelobebi [12]. .…. . . . .28 

cxrili 2. sarkisebri arekvlis koeficientis (rsp) damokidebuleba 

haeri/kvarcis mina/bioqsovili garemoze dacemuli 

gamosxivebis talRis sigrZeze (λ). T = 300K [80,114]. . . .56 

cxrili 3. mocemulia nax.15-16 gamoxatuli lazeriT 

inducirebuli fluorescenciis speqtrebis ZiriTad 

niSanTvisebaTa uxeSi daxasiaTeba. . . . . . . . . . . . . . .96 



xv 

naxazebis nusxa 

nax.1. farisebri jirkvlis mikrostruqtura gamosaxuleba 

miRebulia cifruli mikroskopiT ×200 gadidebiT. . . . . . . 38 

nax.2. fluorescenciuri analizis eqsperimentaluri danadgari . . 

      . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 

nax.3.Eeqsperimentuli danadgari. L1, L2 – linzebi; F – optikuri 

filtri;  Ch – mwyvetara; FM – sixSiris gamamravlebeli 

arawrfivi kristalebi; PM –fotoeleqtronuli 

gamamravlebeli. sxvadasxva saxis nimuSebi magrdeba moZrav 

sadgamze. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .43 

nax.4. intensivobis gamtareblobis (Tcoll) gazomvis eqsperimenti 

biologiur qsovilSi kolimirebuli sinaTlis gavlisas. . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 

nax.5. damatebiTi teleskopuri mowyobiloba. . . . . . . . . . . . . . . .57 

nax.6. Cr3+:Al2O3 kristalis STanTqmis speqtris (R1 da R2 xazebi) 

mrudis hipoTeturi mrudiT aproqsimacia. . . . . . . . . . . . . .59 

nax.7. atomebidan organizmisaken [84]. . . . . . . . . . . . . . . . . . . . . .65 

nax.8. adamianis farisebri jirkvlis normaluri ex vivo qsovilebis 

22 nimuSis 460 nm-ze normirebuli speqtrebi. . . . . . . .  . . 84 

nax.9. normaluri qsovilis fluorescenciis gasaSualoebuli 

speqtri. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .85 

nax.10. papiluri karcinomis qsovilis lazeriT inducirebuli 

fluorescenciis speqtrebi. mimdebare qsovili (wyvetili 

xazi); kibos qsovili (uwyveti xazi). . . . . . . . . . . . . . . . . 87 

nax.11. mikrofolikuluri karcinomis qsovilis lazeriT 

inducirebuli fluorescenciis speqtrebi. mimdebare 

qsovili (wyvetili xazi); kibos qsovili (uwyveti xazi). . .88 

nax.12. folikuluri karcinomis qsovilis lazeriT inducirebuli 

fluorescenciis speqtrebi. mimdebare qsovili (wyvetili 

xazi); kibos qsovili (uwyveti xazi). . . . . . . . . . . . . . . . . 89 



xvi 

nax.13. mikro da makrofolikuluri adenomis qsovilis lazeriT 

inducirebuli fluorescenciis speqtrebi. mimdebare 

qsovili (wyvetili xazi); adenomatozuri qsovili (uwyveti 

xazi). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90 

nax.14. folikuluri adenomis qsovilis lazeriT inducirebuli 

fluorescenciis speqtrebi. mimdebare qsovili (wyvetili 

xazi); adenomatozuri (uwyveti xazi). . . . . . . . . . . . . . . . .91 

nax.15.  lazeriT inducirebuli fluorescenciis speqtrebi: 

normaluri (uwyveti), adenoma (wyvetili) da kibos 

(wertilovani). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .93 

nax.16. Sereuli xasiaTis mqone ori nimuSis fluorescenciis 

speqtrebi, romlebic agebulia ukiduresi SemTxvevebis, 

normaluris (uwyveti) da kibos (wertilovani) kombinaciis 

gziT. zeda (uwyveti) ruxi mrudis speqtri Sedgeba: 70% 

kibos da 30% normaluri qsovilisgan; qveda (uwyveti) ruxi 

mrudis speqtri Sedgeba: 55% normaluri da 45% kibos 

qsovilisgan; wyvetili Savi xazebiT naCvenebia Sesabamisi 

“morgebuli” speqtrebi. . . . . . . . . . . . . . . . . . . . . . . . . . .95 

nax.17. papilaruli karcinomis qsovilis lazeriT inducirebuli 

fluorescenciis speqtrebi. mimdebare qsovili (a), kibos 

qsovili (b) da Sereuli mdgomareobebis qsovili (c,d). 

speqtrebi normirebulia 465nm-is Sesabamis amplitudaze. . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .100 

nax.18. papiluri karcinomis qsovilis lazeriT inducirebuli 

fluorescenciis speqtrebi. Sereuli mdgomareobebis 

qsovili (c,d), warmodgenilia sufTa mdgomareobebis wrfivi 

superpoziciis Sesabamisi mrudebiT (c') da (d'). qveda (c') 

mrudi: 50% mimdebare da 50% kibos qsovili; zeda (d') 

mrudi: 20% mimdebare da 80% kibos qsovili. . . . . . . . . . 101 

nax.19. farisebri jirkvlis sxvadasxva wertilebis LIF speqtrebi. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .105 



xvii 

nax.20. Ciyvis qsovilis eqsperimentuli (b) da morgebuli mrudebi, 

Db = 0.43 gadagvarebis xarisxiT. morgebuli mrudi 

miRebulia (a) da (d) mrudebis wrfivi superpoziciiT. . . 106 

nax.21. Ciyvis qsovilis eqsperimentuli (c) da morgebuli mrudebi, 

Db = 2.33 gadagvarebis xarisxiT. morgebuli mrudi 

miRebulia nax.19. (a) da (d) mrudebis wrfivi superpoziciiT. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107 

nax.22. farisebri jirkvlis qsovilSi aRmoCenilia ori 

paTologiis Tanaarseboba: Ciyvi da adenoma. . . . . . . . . . .108 

nax.23. vitamini A-s (a) (retinol acetati) zeTovani xsnaris, LIF 

speqtri. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .115 

nax.24. sakontrolo jgufis virTagvebis nawlavis ileumis 

nawilis da RviZlis qsovilebis LIF speqtrebi: NADH–s 

damatebuli kolageni (b) da NADH (c). . . . . . . . . . . . . . . 116 

nax.25. eqsperimentaluri virTagvebis nawlavebis ileumis nawilis 

LIF speqtrebi (d) da morgebuli speqtrebi (e), gamoTvlili 

(a) da (b) mrudebiT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117 
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xelmZRvanelebs zaza meliqiSvilsa da Tamaz medoiZes, maTi 

uangaro da Tavdadebuli SromisTvis. rom ara maTi Zalisxmeva 

warmoudgeneli iqneboda am naSromis Seqmna. aseve minda 

gamovxato madliereba kibernetikis institutis direqciis, 

saqarTvelos onkologiis nacionaluri centris, qarTul-

germanuli specializebuli onkologiuri klinikis 

xelmZRvanelis, saxelmwifo samedicino akademiis onkologiis 

kaTedris gamgis, saxelmwifo premiis laureatis, medicinis 

mecnierebaTa doqtoris, profesor k. mardaleiSvilis, 

fiziologiis institutis, bioqimiuri neirofarmakologiis 

laboratoriis gamgis, biologiis mecnierebaTa doqtoris, 

profesor r. solomonias, Tbilisis saxelmwifo samedicino 

universitetis bioqimiis departamentis xelmZRvanelis, profesor 

p. TuSuraSvilis da inglisis, kramfildis universitetis 

profesor j. ramsdenis mimarT im mxardaWerisTvis, romelsac 

mudmivaT vRebulobdiT maTgan samuSaoebis msvlelobisas. 

disertaciis Seqmnisas gamoyenebuli monacemebis 

mniSvnelovani nawilis mopoveba uzrunvelyo saqarTvelos 

erovnuli samecniero fondis (GNSF) mier dafinansebuli grantis 

- “lazeruli kanceroskopi” (GNSF/ST06/4-041) farglebSi 

Catarebulma kvlevebma, romlis monawilec iyo avtori.
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Sesavali 

adamianis organizmi 1014 (100000 miliardi) raodenobis 210 

ganxsxvavebuli tipis ujreds Seicavs. aseTi rTuli sistema 

dRevandeli axalSobilis saxiT kargad ganviTarebul qveynebSi 

daaxloebiT 100 wlis manZilze ifunqcionirebs mudmivi 

ujreduli reproduqciis, kontrolirebadi dayofis, apoftozisa 

(ujredis sikvdili) da aseve Zalze efeqturi aRdgeniTi 

procesebis xarjze. Tu aRdgeniTi procesebi moiSala organizmSi 

daavadeba viTardeba. dReisaTvis 30000 ze meti daavadebaa 

cnobili, romelTa 2/3-is winaSe Tanamedrove samedicino 

teqnologiebi uZluria [1]. zogadad, kiboc aseT daavadebebs 

ganekuTvneba. 

yvelam kargad viciT, rom kibo msoflio mniSvnelobis 

problemaa, is ar scnobs sazRvrebs da yovel CvenTagans 

pirdapir an iribad mainc exeba. msoflios jandacvis 

sazogadoebrivi samsaxuris monacemebis Tanaxmad, dReisaTvis 

msofloSi kiboTi daavadebuli daaxlovebiT 25 milioni 

adamiania, xolo yovelwliurad am daavadebisagan 6.7 milioni 

adamiani iRupeba [2]. magaliTad, amerikis SeerTebul StatebSi 

pankreasis jirkvlis adenokarcinoma kiboTi sikvdilis erT-erTi 

mTavari mizezia. bolo xuTi wlis monacemebiT am SemTxvevaSi 

gadarCenis albaToba mxolod 4%-s Seadgens [3]. 

aseT viTarebaSi, diagnostikisa da mkurnalobis arsebul 

teqnologiebTan erTad aucilebelia axali teqnologiebisa da 

meTodebis Seqmna da maTi danergva. magaliTad, diagnostirebis 

tradiciuli meTodebi ver iZlevian zust diagnozs kibos 

ganviTarebis adreul stadiaze. aseve praqtikulad gamoricxulia 

realuri drois reJimSi qsovilis didi ubnebis monitoringi, maT 

Soris qirurgiuli operaciebis drosac. swored amis gamo, bolo 

dros, gansakuTrebuli yuradReba eqceva pacientze 

orientirebuli adreuli diagnostirebisa da mkurnalobis axali, 

efeqturi teqnologiebis Seqmnas. Tanamedrove msoflioSi 
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moTxovna aseT teqnologiebze Zalze maRalia. am mizniT 2002-2006 

wlebSi evrokavSirma daaxloebiT 475 milioni evro gamoyo [4]. 

amrigad, saboloo jamSi, diagnostikis arsebuli 

konvenciuri meTodebis gamoyeneba mTel rig SemTxvevebSi, rbilad 

rom vTqvaT, “mouxerxebelia”: 

•  dResdReobiT samedicino praqtikaSi dominirebs 

damazianebeli, invaziuri biofsia. miuxedavad imisa, rom 

ukve 1895 wels rentgenis sxivebma mogvces adamianis 

Sinagani organoebis pirveli arainvaziuri gamosaxuleba, 

mainc ver moxerxda, rom kompiuterul da pozitronul-

emisiur tomografias, magnitur-rezonansul da 

ultrabgeriT kvlevis meTodebs mieRwiaT iseTi 

garCevisunarianobisaTvis, rom maTi saSualebiT 

SesaZlebeli gamxdariyo kibos ganviTarebis adreul 

safexurze aRmoCena. magaliTad, mkerdis kibo rentgenis 

sxivebis saSulebiT fiqsirdeba, rodesac simsivne 

daaxloebiT 100 milion ujreds Seicavs. es ricxvi mxolod 

erTi rigiT aRemateba im ujredebis raodenobas, romelsac 

gamocdili eqimi meqanikurad afiqsirebs [1,5]. 

•  sirTuleebi adreuli avTvisebianobis diagnozisas, 

ganpirobebuli damkvirveblebs Soris dabali SeTanxmebis 

xarisxiT. Tanamedrove kvlevis meTodebi zogadad qsovilis 

saeWvo adgilebis vizualur gamokvlevas moicavs. Semdgom 

SesaZloa saWiro gaxdes invaziuri biofsia. biofsiis 

nimuSebs utareben histopaTologiur analizs. nimuSis 

displaziurobis da avTvisebianobis maCvenebelia misi 

metaboluri aqtivoba, epiTeliumis sisqe, stromis 

arqiteqtura (siRrme da simkvrive) da ujredis birTvis 

morfologia (zoma, simkvrive, forma). am maCveneblebis 

Sesabamisi sididdeebis registracia garTulebulia ori 

mizezis gamo: (i) displazia yovelTvis ar daimzireba 

vizualuri gamokvleviT, ase rom aucilebelia uamravi 

arasaWiro qsovilis amokveTa biofsiis masalis 
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analizisTvis; (ii) displaziis diagnozireba sakmaod 

rTulia damkvirveblebs Soris dabali SeTanxmebis xarisxis 

gamo [6,7]. ufro metic, zogjer tradiciuli citologia 

erTmaneTisagan ver ansxvavebs keTilTvisebian da 

avTvisebian simsivneebs, magaliTad folikulur 

neoplaziebs farisebr jirkvalSi [8]. M 

•  sadReisod ar arsebobs kibos ujredebis gansazRvris 

“myisieri” meTodebi.Grogorc wesi, qirurgi operaciis dros, 

daeWvebis SemTxvevaSi  qsovilis nimuSs saeWvo ujredebiT 

laboratoriaSi agzavnis da TviTon 10 – 15 wuTis 

ganmavlobaSi elodeba eqspress analizis Sedegs. 

ujredebis onkogenurobis dadasturebis SemTxvevaSi is 

cvlis operaciis strategias. pirveli, am SemTxvevaSi 

SeuZlebelia zustad daigegmos qirurgiuli Carevis 

sazRvrebi, vinaidan is moiTxovs operaciis msvlelobisas 

eqspres analizis mravaljer Catarebas, anu farTo aris 

kontrols. meore saeWvo areebis gamovlena vizualuri 

dakvirvebiT xorcieldeba. es qirurgis gamocdilebazea 

damokidebuli da Sesabamisad subieqturi faqtoria. es 

garemoebebi savsebiT sakmarisia raTa gaaqarwylos 

samedicino personalis yvela mcdeloba gadaarCinos 

pacienti. 

•  Tanamewdrove msoflioSi Zalze mcirea kibos prevenciis 

globaluri teqnologiebi. erT-erTi aseTi teqnologiaa 

telemedicinis kompleqsi – “Oncotest-WM01”, romelic 

sxvadasxva onkologiuri testebis kontrolis avtomaturi 

marTvis sistemas warmoadgens [9]. 

 

zemoxsenebul gamowvevebs Cvenis azriT yvelaze adeqvaturi 

pasuxi optikuri speqtroskopiis miRwevebiT SeiZleba gavceT 

(ixile [10-20] da iq citirebuli literatura). es miRwevebi 

saSualebas iZleva movipovoT informacia nivTierebis agebulebis 

Sesaxeb sxvadasxva masStabebSi, mikroskopuli donidan dawyebuli 
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da makroskopuli doniT damTavrebuli. marTlac, jaWvi atomidan 

organizmisaken: atomi – molekula – biomolekula – sistema – 

ujredi – organizmi (adamianis sxeuli) Seicavs savsebiT 

gansxvavebul sistemebs da Tu optikur speqtroskopias viyenebT, 

rogorc adamianis qsovilebis Semswavlel instruments, maSin 

misi konkretuli saxeobebis gamoyenebiT SesaZlebelia 

informaciis miReba molekuluridan qsovilur donemde 

(magaliTebisaTvis ixile [21-28]). vinaidan daavadebis ganviTareba 

kompleqsuri procesia, da qsovilSi is iwvevs mTeli rigi 

fiziologiuri da morfologiuri xasiaTis cvlilebebs, 

gonivrulia vivaraudoT, rom Tu speqtroskopiis ramodenime 

Sesabamisi modalobis (aq, samedicino xasiaTis fizikuri 

meTodebiT zemoqmedebisa da informaciis mopovebis xerxi) 

kombinacias gamoviyenebT, is saSualebas mogvcems miviRoT 

srulyofili informacia biologiuri qsovilis mdgomareobis 

Sesaxeb, rac zrdis Cvens SesaZleblobebs aRmovaCinoT daavadeba 

adreul da ganviTarebis nebismier stadiaze [15]. 

sami modalobis speqtroskopiis kombinaciis gamoyeneba 

klinikaSi ukve uzrunvelyofs am miznebis Sesrulebis 

SesaZleblobas. optikuri gamosxivebis gadamtani da 

Semgrovebeli optikur-boWkovani sistemebiT, mZlavri sinaTlis 

wyaroebiT aRWurvili danadgarebi, romlebic iyeneben sakuTari 

fluorescenciis speqtroskopiis (IFS), difuziuri arekvlis 

speqtroskopiisa (DRS) da sinaTlis gabnevis speqtroskopiis (LSS) 

meTodebs, swrafi da mgrZnobiare deteqtorebis xarjze 

uzrunvelyofen monacemTa Segrovebas, iseT droebSi, rom Tavidan 

iqnes acilebuli meqanikuri moZraobiT gamowveuli Secdomebi 

(magaliTebisaTvis ixile [3, 14, 15]). monacemebis analizi SeiZleba 

realur droSi ganxorcieldes, rac Tavis mxriv,   sabolood am 

meTodebis, rogorc damoukidebeli diagnostikuri xerxebis 

gamoyenebis saSualebas iZleva, rogorc wesi, damazianebeli 

biofsiis gareSe. am xerxiT SesaZlebelia pacientis mkurnaloba 

realur droSi monitoringis saSualebiT warimarTos. 
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wertilovani speqtroskopiis safuZvelze SeiZleba axali 

modalobebi Seiqmnas, kerZod iseTi, romelic didi zomis sagnebis 

speqtroskopiul gamosaxulebas mogvcems (magaliTebisaTvis 

ixile [3, 6, 29, 30]). misi saSualebiT qsovilis didi areebis, 

saeWvo daavadebaze gamokvleva gaxdeba SesaZlebeli. radganac  

samive meTods informaciis mocema im umniSvnelo cvlilebebzec 

ki SeuZlia, romlebic win uswrebs nebismier makroskopul 

vizualur cvlilebebs, amitom aseTi meTodebi ara marto 

gaaumjobesebs adreuli paTologiuri cvlilebebis aRmoCenis 

SesaZleblobebs, aramed gaaRrmavebs Cvens warmodgenebs ZiriTadi 

bioqimiuri da morfologiuri movlenebis ganviTarebaze, 

magaliTad, normaluri epiTeliumidan displaziamde da Semdgom 

kibomde. es ki Tavis mxriv gaaumjobesebs Terapiuli zemoqmedebis 

xarisxs. 

realuri drois, biofsiisgan Tavisufali mravalmoduri 

speqtroskopuli testebi advilad SeiZleba CaerTos kibos 

prevenciul globalur teqnologiebSi (iseTi rogoricaa [9]), rac 

prevenciul medicinas axal safexurze aiyvans. 
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1. literaturis mimoxilva 

kacobrioba arasodes yofila ganebivrebuli daavadebulTa 

Tu daavadebaTa nairsaxeobebis simciriT. am mxriv arc 

Tanamedrove periodia gamonaklisi. ukanaskneli 

aTwleulebisaTvis damaxasiaTebelma samecniero-samrewvelo 

progresma dadebiT mxareebTan erTad mravali uaryofiTi Sedegi 

gamoiRo. garemo pirobebis katastrofulma cvlilebebma, 

permanentuli stresebiT aRsavse cxovrebam Tavisi Sedegebi 

moitana. maT Soris erT-erTi yvelaze sayuradRebo, avadobis 

mkveTri matebaa, gansakeTrebiT ki simsivnuri paTologiebis.  

am problemebisadmi gazrdilma yuradRebam, bolo wlebis 

ganmavlobaSi, mkurnalobisa da diagnostikis tradiciuli 

meTodebis modernizaciis da axali meTodebis SemuSavebis 

aucileblobis winaSe dagvayena. gansakuTrebiT es exeba 

diagnostikas, vinaidan sworad dasmul diagnozs gadamwyveti 

roli ekuTvnis saTanado mkurnalobis droulad da warmatebiT 

dasrulebaSi. qirurgiuli Carevis taqtikis arCevisas avTvisebiani 

simsivnis SemTxvevaSi unda iyos gaTvaliswinebuli daavadebis 

stadia, simsivnis funqcionalur-morfologiuri Taviseburebebi 

da metastazireba.Ddiagnostikis Secdomebi, pacientTa isedac 

dagvianebuli mimarTvebis fonze, iwveven simsivneebiT avadobis 

raodenobisa da garTulebuli formebis zrdas. maRalia 

postoperaciuli recidivebis procenti, rac Tavis mxriv kidev 

erTxel miuTiTebs diagnostikis sferoSi arsebul problemebze. 

bioqsovilebis optika, bolo wlebis,  erT-erTi 

intensiurad ganviTarebadi mimarTulebaa, romelic samedicino 

optikuri teqnologiebis, kerZod ki efeqturi diagnostikuri 

meTodebis Seqmnis sferoSi momuSave fizikosebisaTvis didi 

interesis sagans warmoadgens. 

rodesac vaxsenebT bioqsovilebis optikas diagnostikis 

sferoSi, vgulisxmobT bioqsovilebis speqtroskopias. 

speqtroskopiuli meTodebiT SesaZlebelia miviRoT bioqsovilis 
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Sesaxeb bioqimiuri da morfologiuri informacia molekulur, 

ujredul da qsovilur doneebze, bioobieqtis dauzianeblad [15]. 

radganac speqtroskopiul monacemTa analizi SesaZlebelia 

ganxorcieldes realuri drois reJimSi. qsovilis in vivo 

mdgomareobaSi, qirurgiuli Carevis, biofsiis an mkurnalobis 

Sedegebis monitoringisas, optikur-lazeruli speqtroskopia 

gamoiyeneba qsovilis mdgomareobis Sefasebis mZlavr 

instrumentad [6]. optikuri meTodebis wyalobiT, xSir 

SemTxvevaSi, SesaZlebelia biofsiaze uaris Tqmac rac gvaZlevs 

SesaZleblobas erTi optikuri manipulaciiT, kombinirebulad, 

movaxdinoT deteqtirebac da dazianebebis mkurnalobac [15]. 

speqtroskopiuli meTodebi aseve gamoyeneba ex vivo reJimSi 

diagnostirebisas, sadac ZiriTadi aqcenti gadatanilia 

diagnozis dasmis sizusteze [3]. 

ZiriTadi speqtroskopiuli meTodebidan sami gansxvavebuli 

meTodi gamoiyeneba normalur da daavadebul qsovilebSi 

mkafiod gansxvavebuli speqtraluri maxasiaTeblebis dasadgenad. 

empiriuli meTodebi iReben informacias gamosxivebis garkveuli 

talRis sigrZeebze an speqtris calkeuli ubnebis intensivobebze. 

aseTi meTodebi advili gamosayenebelia, magram am SemTxvevaSi ar 

arsebobs informacia mTeli speqtris Sesaxeb, romelic 

mniSvnelovania raodenobrivi analizisaTvis. statistikuri 

meTodebi, iseTi rogoricaa korelaciuri analizis meTodi, 

iyenebs mravalparametruli gamosxivebis mTeli speqtris 

analizs. magram es midgoma ver uzrunvelyofs speqtrSi 

gamowveuli cvlilebebis mizezebis dadgenas, vinaidan igi bevr 

sirTuleebTanaa dakavSirebuli [39]. 

zogierTma avtorma korelaciuri analizis meTodSi, 

fiqsirebuli talRis sigrZis nacvlad, kvleva talRis sigrZeebis 

garkveuli diapazonisaTvis Caatara. magaliTad, gabnevis 

normirebuli speqtris mrudis 540-580nm intervalis fardoba 400-

420nm intervalze gamoiyeneba nawlavis neoplaziis da 

Cveulebrivi qsovilebis gasarCevad [31]. igive avtorebma 
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gamoiyenes gabnevis speqtris mrudis daxra 330-320nm intervalSi 

Sardis buStis kibos da normaluri qsovilis gansasxvaveblad 

[32]. parametrebis kombinacia, romelic dakavSirebulia gabnevis 

speqtraluri xazis garkveul intervalTan, misi  daxra da 

saSualo intensivoba garkveul talRis sigrZeze, gamoiyeneboda 

[33] avTvisebiani melanomisa da pigmentaciiT dazianebuli kanis 

gasarCevad. korelaciuri meTodebi aseve gamoiyeneba kanis [34], 

mkerdis [35] da msxvili nawlavis [36] axalwarmonaqmnebis gabnevis 

speqtris maxasiaTeblebiT identifikaciisaTvis.  

Cveni azriT, amJamad, diagnostikaSi yvelaze ufro 

perspeqtiulia biologiur qsovilSi sinaTlis gavrcelebis 

statistikuri anu fotonebis migraciis modeli [20]. es modeli 

raodenobrivad aRwers qsovilis optikur, morfologiur da 

bioqimur Tvisebebs. fotonebis migraciis modelze dafuZnebuli 

meTodebiT miRebuli parametrebi SeiZleba gamoviyenoT qsovilis 

mdgomareobis klasifikaciisaTvis (magaliTad, normaluris da 

daavadebulis) an qsovilis komponentebis gamosaTvlelad 

(magaliTad, sisxlis Semadgenlebis koncentraciebi). 

ganvixiloT, Tu rogoraa SesaZlebeli sxvadasxva 

speqtroskopiuli meTodiT miviRoT raodenobrivi informacia 

qsovilis bioqimiuri Sedgenilobis, morfologiuri da 

molekuluri struqturis da daavadebis ganviTarebis dros 

arsebuli Sesabamisi cvlilebebis Sesaxeb. 

fluorescenciuli speqtroskopia, erT-erTi yvelaze 

farTod gamoyenebadi meTodia medicinasa da zogadad 

sabunebismetyvelo mecnierebaSi [37]. igi gamoiyeneba rogorc 

endogenuri (sakuTari) da egzogenuri (garedan Setanili) 

fluoroforebis deteqtirebis instrumenti. es ukanaskneli 

fotodinamikuri TerapiiT [38] mkurnalobisas daavadebuli 

areebis lokalizacia-monitoringsa da fotodestruqciuli 

dozebis dadgenas emsaxureba. es sakiTxi ar warmoadgens 

winamdebare naSromis kvlevis sagans da Sesabamisad ZiriTad 

yuradRebas qsovilis endogenur fluorescencias davuTmobT.  
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am mimarTulebiT efeqturad mimdinareobs mTeli rigi 

kvlevebi. am kvlevebSi gamoyenebulia stacionaruli da droSi 

garCevis unariani fluoroscenturi speqtroskopia, romelic 

Tavs imkvidrebs rogorc diagnostikis erT-erTi meTodi, anu 

modaloba. Sesabamisi tipis eqsperimentebi Catarda mraval 

gansxvavebul qsovilSi, maT Sorisaa kuW-nawlavis traqti [39-41], 

saSvilosnos yeli [42-44], kani [42-45], sisxli [46], piris Rru [46-

48], filtvi [46-49]. 

umravles epiTelur qsovilebSi arsebobs endogenuri 

fluoroforebi, romelTa aRgzneba xdeba talRis sigrZeTa 300-

dan 600nm ubanSi. esenia: triftofani, kolageni, elastini, 

NAD(P)H (in vivo), NADH (ex vivo), FAD da porfirinebi. cxrili 1-Si 

moyvanilia bunebrivi fluoroforebis STanTqmisa da 

gamosxivebis maqsimumebi. 

aRgznebis talRis sigrZis SerCeviT, mxolod ori an sami 

maTgani aRigzneba erTdroulad. am garemoebis miuxedavad 

raodenobrivi informaciis miReba TiToeuli fluoroforis 

wvlilis Sesaxeb aratrivialuria. yvelaze did siZneles 

warmoadgens is, rom gazomili fluorescencia SeiZleba Zlier 

iyos modificirebuli qsovilis gabneviT da STanTqmiT. 
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cxrili 1. bunebrivi (endogenuri) fluoroforebis STanTqmisa da 

gamosxivebis maqsimaluri mniSvnelobebi 

 

 

FAD , flavin adenin nukleotidi; NADH, aRdgenili nikotinamid adenin 

dinukleotidi; NAD(P)H, aRdgenili nikotinamid adenin dinukleotid 

fosfati [12]; 
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xSir SemTxvevebSi gamoiyeneba empiriuli meTodebi. maTi 

gamoyenebiT, fluorescenciis maxasiaTeblebze dayrdnobiT, 

SeiZleba ganvasxvavoT qsovilis sxvadasxva mdgomareobebi da 

davafiqsiroT maTi cvlilebebis dinamika. empiriuli meTodebi 

Cveulebriv eyrdnoba fluorescenciis intensivobebis 

mniSvnelobebs an maT Sefardebebs gansazRvrul aRgzneba-

gamosxivebis talRis sigrZeebze an garkveuli talRis sigrZeebis 

ubanSi [39]. am midgomas iyeneben umravles klinikuri 

diagnostirebis sistemebSi, romlebic iyeneben fluorescentul 

meTods [49,50]. 

es meTodebi xSirad sasargebloa iseTi speqtraluri 

ubnebis gamosavlenad, sadac diagnostikis TvalsazrisiT 

sasargeblo fluorescenciuli cvlilebebi xdeba da maT 

SeuZliaT uzrunvelyon cvlilebebis arsSi Tvisobrivi garkveva. 

amgvarad, rogorc amas amtkiceben avtorebi [60], daavadebisas 

qsovilSi mimdinare bioqimiuri cvlilebebis Sesaxeb realuri 

informaciis misaRebad aucilebelia modificirebuli 

fluorescenciidan sakuTari fluorescenciis miReba. amisaTvis 

iqmneba mravali modeli. 

Richards-Kortum da sxv. [51] naSromSi SemoTavazebul modelSi 

gazomil fluorescencias gvTvazoben, rogorc ori faqtoris 

namravls: 1) fluorescenciis procesSi monawile yvela 

fluoroforis sakuTari fluorescenciebis speqtrebis wrfivi 

kombinacia da 2) Sesustebis faqtori, romelic warmoadgens 

farToxazovan Sesustebas gamowveuls, gabneviT da sisxlSi 

hemoglobinis STanTqmiT. es modeli gamoiyeneba adamianis 

arteriis janmrTeli da daavadebuli ex vivo qsovilebis sakuTari 

fluorescenciis Sesaswavlad (476nm aRgznebisas). aq 

zemoTxsenebuli ori faqtoris rolSi gamodian struqturuli 

cilebi (kolageni da elastini) da ceroidi (CEROID) 

fluorescenciiT da Semasustebel faqtorebad gvevlinebian 

hemoglobini da struqturuli cilebi mravaljeradi gabneviTa 

da STanTqmiT [51]. am konkretul SemTxvevaSi ceroidisa da 
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struqturuli cilebis fluorescenciis wvlilebis gamoyenebiT 

diagnostirebis algoriTmi imdenad daixvewa, rom paTologiur 

qsovils normalurisgan ansxvavebs 91% saimedoobiT da 85% 

specifikaciiT.  

igive modeli da aRgznebis talRis sigrZe (476nm) 

gamoiyenes  saSvilosnos yelis normaluri da paTologiuri 

qsovilebis fluorescenciis speqtrebis, in vivo kolposkopuri 

gamokvlevebisas [52]. am SemTxvevaSi miRebuli fluorescencia 

aRiwereba kolagenis, elastinis, NAD(P)H da FAD sakuTari 

fluorescenciiT da modificirdeba hemoglobinis STanTqmiT. mas 

Semdeg, rac mravali pacientis qsovilebis kolagenis 

fluorescenciis speqtri gaasaSualoes da daanormires, 

aRmoaCines, rom kiboswina stadiis qsovilebSi normalur 

qsovilebTan SedarebiT kolagenis fluorescencia mcirdeboda. 

aRmoCnda, rom fluorescenciasTan erTad gazomil 

difuzuri gabnevis speqtrs SeuZlia moaSoros STanTqmiT da 

gabneviT gamowveuli qsovilis fluorescenciuli speqtris 

modifikaciebi da amgvarad gamoyos sakuTari fluorescencia. es 

xerxi SemuSavebuli iyo adreul fluorescenciul kvlevebSi, 

rodesac metabolurad aqtiur qsovilebSi, rogorebicaa tvini, 

guli da RviZli, awarmoebdnen NAD(P)H-is kontrolis samuSaoebs. 

am midgomis ZiriTadi arsi imaSi mdgomareobs, rom 

fluorescentuli da mravaljeradad gabneuli fotonebi, 

difuzuri gabnevis da STanTqmis mxriv ganicdian erTnair 

zegavlenas [53].  

samwuxarod es modelebi gamosadegia mxolod garkveuli 

talRis sigrZis reJimisaTvis, romlebzec isini gamoicadnen da 

ar arian sakmarisi imisTvis, rom aRadginon sakuTari 

fluorescenciis speqtris xazis mTliani forma da intensivoba. 

amis misaRwevad saWiroa ufro mkacri formiT gaviTvaliswinoT 

qsovilis optikuri Tvisebebis damokidebuleba talRis sigrZeze.  

sakuTari fluorescenciis gamoyofis mizniT, monte-karlos 

meTodiT modelirebis gamoyenebiT Seiqmna fotonis migraciaze 
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dafuZnebuli analitikuri modeli [54,55]. faqtiurad misi 

saSualebiT miiReba modifikaciis funqcia M(λ).  am analitikurad 

miRebuli gamosaxulebidan miiRes sakuTari fluorescenciis 

gamosaxuleba. Durkin da sxv. [56] naSromSi sakuTari 

fluorescenciis speqtris misaRebad gamoiyenes kubelka-munkis 

STanTqmis da gabnevis koeficientebi, romlebic difuzuri 

gabnevis da gamtareblobis eqsperimentebidan miiRes.  aseTi 

modeli Zalian gamosadegia ex vivo kvlevebisTvis, Tumca 

parametrebis miRebis sirTule am miaxlovebas in vivo 

gazomvebisTvis arapraqtikuls xdis. 

 kvlevebis umravlesoba [54,55,57,58,59] Catarebulia talRis 

sigrZeTa im speqtralur diapazonSi, romelSic wyali da 

hemoglobini sustad STanTqaven, Tumca qsovilis mniSvnelovani 

luminoforebi, rogorebicaa kolageni da NAD(P)H gamosxivebis 

400nm areSi Zlierad fluorescireben [37,38]. hemoglobinis 

STanTqmac agreTve am speqtralur ubanSia pikiT 420nm-is 

maxloblobaSi. es STanTqma fluorescenciis speqtrSi qmnis 

uRels da gazomili fluorescenciis spetqri aRar iqneba 

Semadgeneli endogenuri fluoroforebis (kolageni, NAD(P)H, 

elastini da sxva) fluorescenciebis speqtrebis jami. rig 

mkvlevarTa mosazrebiT, amgvari zegavlena iwvevs ara marto 

fluorescenciis gziT mowodebuli bioqimiuri procesebis 

araswor gagebas, aramed igi aseve niRbavs im mcire bioqimiur 

cvlilebebs, romlebsac adgili aqvs daavadebul qsovilebSi [51]. 

fotonis migraciaze dafuZnebulma modelma ganicada 

Semdgomi transformacia imisTvis, rom gaezardaT modelis 

SesaZleblobebi [19]. am modelis unari aRadginos sakuTari 

fluorescenciis xazis forma da intensivoba damtkicda 

qsovilis fantomebis gamoyenebiT, romlebsac aqvT qsovilis 

Sesatyvisi gabnevisa da STanTqmis maxasiaTeblebi [60]. es modeli 

gamoyenebul iqna klinikaSi iseTi tipis qsovilebis sakuTari 

fluorescenciis misaRebad, rogorebicaa saylapavi [61], 

saSvilosnos yeli [44] da piris Rru [48].  
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qsovilis optikuri Tvisebebis srulad daxasiaTeba 

SeuZlebelia difuzuri gabnevis speqtroskopiis gamoyenebis 

gareSe. 

difuzuri gabnevis speqtri miiReba qsovilis zedapiris im 

dasxivebuli fotonebiT, romlebic qsovilis SigniT mravaljer 

gaibnevian da dacemis sawinaaRmdego mimarTulebiT gamodian 

qsovilidan. qsovilidan difuzurad gabneuli sinaTlis 

speqtraluri Tvisebebi damokidebulia qsovilis gambnev da 

mSTanTqmel Tvisebebze. difuzuri gabnevis speqtroskopia 

Seiswavlis am optikuri Tvisebebis cvlilebebs, romlebic 

dakavSirebuli arian daavadebebTan an TerapiasTan. arekvladobis 

gazomvebi SeiZleba Catardes sinaTlis Zalian mokle impulsebiT 

(droiTi seleqcia), modulirebuli intensivobis wyaroTi 

(sixSiruli seleqcia) an monoqromatuli wyaroebiT. 

mravali klinikuri gamokvleva Catarebuli iseT 

qsovilebze, rogorebicaa nawlavi [36,62], Sardis buSti [32], 

sarZeve jirkvali [35], sakvercxe [63] da kani [34,64-67] aCvenebs, rom 

difuzuri gabnevis speqtrebi Seicaven diagnostikisaTvis 

sasargeblo informacias. rogorc wesi arekvladobis gasazomad 

mZlavri naTurebis TeTri sinaTle optikuri boWkoebis 

saSualebiT miyavT qsovilamde da maTve iyeneben difuzuri 

arekvlis sinaTlis Sesakrebad. sxvadsxva mdgomareobaSi myofi 

biologiuri qsovilebis difuzuri gabnevis speqtrebiT aRweris 

mizniT SemuSavebul iqna ramodenime algoriTmi, romlebic 

efuZnebian empiriul midgomebs. 

medicinaSi, kerZod diagnostikaSi, mesame optikuri 

teqnologia sinaTlis gabnevis speqtroskopiaa (LSS). misi 

saSualebiT SesaZlebelia sxeulis epiTeluri Sris 

subujreduli organelebis vizualizacia da morfologiis 

daxasiaTeba [16,17]. LSS speqtroskopia dafuZnebulia im faqtze, 

rom gabneuli sinaTlis speqtraluri da kuTxuri ganawileba 

damokidebulia gambnevi nawilakis zomaze, formaze da mis 

Sinagan struqturaze. amgvarad, qsovilidan erTjeradi 
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ukugabnevis aqtiT dabrunebuli da dafiqsirebuli sinaTlis 

analiziT SesaZlebelia miviRoT raodenobrivi da 

morfologiuri informacia gambnevi nawilakis Sesaxeb. 

ukugabneuli sinaTlis gazomviT SesaZlebelia daadgino gambnevi 

nawilakebis zomebis cvlileba. magaliTad, gabneva 

ukumimarTulebiT Seicavs detalur informacias birTvebis 

Sesaxeb [16,17,44,61,68]. birTvebis morfologiis iseTi cvlilebebi, 

rogorebicaa: zomebis gazrda, pleomorfizmi (zomebisa da 

formis cvlileba), SemWidroveba (erTeul moculobaSi birTvebis 

raodenobis gazrda) da hiperqromatizmi (qromatinis Semcvelobis 

an birTvis nivTierebis gazrda) iZlevian mniSvnelovan 

informacias. am histomorfologiur niSanTvisebebs didi 

mniSvneloba aqvT kibos wina stadiisa da kibos 

diagnostikisaTvis. amgvarad, am meTods didi perspeqtiva aqvs, 

rogorc qsovilis mniSvnelovani morfologiuri maxasiaTeblebis 

aRmwers da Sesabamisad daavadebebis gamomvlen instruments. 

Cveulebriv, sinaTlis gabnevis gazomvebi Wavlur 

citometriaSi gamoiyeneba ujredis zomebis dasadgenad [69]. 

mravladaa kvlevebi, romlebSic Seiswavlian gabneuli sinaTlis 

goniometriul ganawilebas anu sinaTlis gabnevis 

damokidebulebas gabnevis kuTxeze. es kvlevebi [12,70,71,72] 

ZiriTadad Sesrulebulia 2–1700 diapazonSi, ujredebis da 

subujreduli organelebis suspenziebisaTvis, maTi gabnevis 

Tvisebebis dasaxasiaTeblad. biologiur qsovilSi erTjeradad 

ukugabneuli sinaTle rTuli gamosayofia difuzuri arekvlis 

signalidan, radgan dacemuli sinaTlis mxolod Zalian mcire 

nawili, brundeba ukugabnevis erTi aqtis Semdgom [73]. danarCeni 

sinaTle aRwevs qsovilSi da qsovilis sxvadsxva Semadgeneli 

komponentisgan ganicdis mravaljerad gabnevas. rogorc Sedegi, 

Sesuli sinaTle nawildeba SemTxveviT mimarTulebebze da 

warmoqmnis difuzurad gabneuli sinaTlis did fons (es aris, 

zemoT ganxiluli, difuzuri gabnevis komponenti - DRS). am 

difuzuri gabnevis komponentze mniSvnelovnad zemoqmedebs 
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hemoglobinis STanTqma da ujredebze gabneva, iseve rogorc 

arabirTvuli struqturebi, rogoricaa kolageni. rogorc ukve 

aRiniSna mTliani qsovilis optikuri Tvisebebis Sesaxeb 

mniSvnelovani informaciis miReba SeiZleba difuzuri gabnevis 

speqtris analizis safuZvelze. erTjeradi ukugabneuli 

sinaTlis Sesaswavlad saWiroa mTlian arekvlil sinaTles 

movaciloT difuzuri gabnevis komponenti. 

gambnevebis Tvisebebis misaRebad saWiroa erTjeradi 

ukugabneuli komponentis speqtris analizi [70,74,75]. gabnevis 

signalis sidide damokidebulia Semkrebi sistemis geometriaze. 

magaliTad, talRis sigrZesTan SedarebiT didi zomis 

nawilakebisaTvis ukugabneva bevrad ufro sustia vidre win 

gabneva [76]. ujredebi da birTvebi swored aseTi tipis gambnevebs 

warmoadgenen. sinaTlis gabnevis eqsperimentebma Catarebulma  

HeLa ujredebis, Cinuri zazunas oocitebis (arazrdasruli 

kvercxujredi) da sisxlis TeTri ujredebis suspenziebze aCvena, 

rom gabnevis gazomili diagrama kargad aRiwereba mi-s TeoriiT, 

kerZod gabneviT mkvriv sferoebze, romlebic moTavsebulebi 

arian naklebad mkvriv sferoebSi [77]. magram, vinaidan qsovilSi 

ujredebi erTmaneTTan mWidrod arian ganlagebuli, amitom 

mezobeli ujredebis membranebs Soris arsebobs gardatexis 

maCvenebelTa Tanxvedra, ris gamoc birTvebi xdebian yvelaze 

didi zomis gambnevebi. 

amas garda, msxvili nawilakebidan ukugabneuli sinaTlis 

intensivoba oscilirebs, rogorc talRuri ricxvis funqcia (van-

der-halstis miaxloveba) [76,78]. nawilakebi, romlebic talRis 

sigrZesTan SedarebiT mcire zomis arian, rogoricaa 

endoplazmuri badis milakebi, sinaTles yvela mimarTulebiT, 

TiTqmis izotropulad gaabneven. amgvarad, gambnevebis zomebis 

ganawileba da gardatexis maCvenebeli SesaZlebelia 

ganisazRvros am nawilakebidan ukugabneuli sinaTlis spetqris 

SeswavliT. Tu, cnobilia nawilakTa zomebis ganawileba da 

gardatexis maCvenebeli maSin SesaZlebelia miviRoT epiTeluri 
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ujredebis morfologiuri cvlilebebis raodenobrivi 

maCveneblebi da aseve SesaZlebelia Sesabamisi diagnostikuri 

algoriTmis SemuSaveba. ramodenime gansxvavebuli organos 

qsovilze Catarda winaswari, in vivo, kvlevebi. samuSaoebis mizani 

mdgomareobda imaSi, rom Sefasebuliyo am meTodis 

SesaZleblobebi, rogorc kiboswina da kibos stadiebze momxdari 

cvlilebebis aRmomCeni instrumentisa.Ees kvlevebi Catarda xuT 

gansxvavebul organoze sami gansxvavebuli tipis epiTeliumiT: 

msxvili nawlavis cilindrul epiTeliumze, baretis saylapavze 

[17,61,68], Sardis buStis gardamaval epiTeliumze [17], piris Rrus 

skvamozur epiTeliumze [60,63] da saSvilosnos yelis 

epiTeliumze [44]. 

amgvarad, zemoT ganxiluli Sromebis analizi Semdegi 

daskvnebis gakeTebis saSualebas iZleva:  

1) speqtroskopias SeuZlia mogvces bioqimiuri da 

morfologiuri informacia qsovilis mdgomareobis Sesaxeb, 

rogorc misi amokveTis aseve amokveTis gareSec.  

2) LSS meTodiT miRebuli ujredis birTvis morfologiis 

maxasiaTeblebi emTxveva amokveTili qsovilis morfologiaze 

histopaTologiuri gamokvleviT miRebul Sedegebs.  

3) speqtroskopiuli meTodi, rogoricaa sakuTari 

fluorescenciis speqtroskopia, iZleva informacias qsovilis 

bioqimiaze, risi in vivo reJimSi, uSualod sxva gziT miReba 

SeuZlebelia.Mmiuxedavad imisa, rom qsovilis amokveTa da 

Semdgomi damuSaveba garkveulwilad Secvlis mis bioqimiur 

mdgomareobas, in vivo mrgomareobasTan SedarebiT,  mainc advilia 

misi Sedareba cito da histomorfologiur SedegebTan da 

Sesabamisi diagnostikis algoriTmis SemuSaveba.  

4) iseTi meTodi, rogoricaa LSS kuTxuri damokidebulebiT, 

Zalian mgrZnobiarea morfologiuri struqturis da misi 

cvlilebebis mimarT, romlebic SeuZlebelia inaxos tradiciuli, 

invaziuri mikroskopuli gamokvlevebiTac ki.  
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5) SesaZlebelia analitikuri modelebis gamoyeneba 

qsovilis gazomili speqtris aRsawerad da raodenobrivi 

informaciis misaRebad.  

yovelive amis gaTvaliswinebiT, naTelia, rom speqtroskopia 

Zlieri instrumentia  im zogierTi fundamentaluri procesis 

ukeT gagebisaTvis, romlebic mimdinareobs daavadebis 

ganviTarebis, rogorc Zalian adreul aseve Semdgom stadiebze. am 

speqtroskopiuli meTodebiT miRebul informaciaTa Sejereba 

saSualebas iZleva miviRoT ufro detaluri suraTi qsovilis 

mdgomareobis Sesaxeb, rac Tavis mxriv ufro zusti diagnozis 

garantiaa. qsovilis patara da didi areebis gamokvlevis 

SeuzRudavi SesaZlebloba kidev ufro zrdis am meTodebis 

klinikebSi gamoyenebis faseulobas. biologiuri qsovilebis 

speqtroskopiis mimarTulebiT ukve arsebul kvlevebze 

dayrdnobiT, Tavisuflad SeiZleba iTqvas, rom speqtroskopia 

Zalian male gaxdeba mniSvnelovani damatebiTi, damxmare 

saSualeba daavadebebis ganviTarebis klinikuri da 

histomorfologiuri Sefasebis saqmeSi. 
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2. Sedegebi da maTi gansja 

 

 

2.1. biologiuri qsovilis nimuSebi. eqsperimentuli 

danadgari da kvlevis meTodebi 

 

2.1.1. biologiuri qsovilis nimuSebi  

momzadebuli da kvlevebSi gamoyenebuli biologiuri 

qsovilis nimuSebi ZiriTadad lazeris gamosxivebiT 

inducirebuli bunebrivi fluorescenciis damzerisaTvis iyo 

gamiznuli. ZiriTadad es iyo farisebri jirkvlis amonakveTi 

qsovilebi. rogorc wesi, isini warmoadgendnen 0.5 – 1.0 cm2 

zedapiris farTobisa da 1 - 3 mm sisqis mqone mTliani qsovilis 

naWrebs. TiToeuli aseTi nimuSi Tavsdeboda speqtroskopiuli 

kvarcis minis kiuvetaSi. es kiuveta mowmdeboda STanTqmaze 

speqtris ultraiisfer 250 - 380 nm (UV-C nawilobriv, UV-B, UV-A) 

da xilul 380-750 nm (Vis) diapazonebSi. kiuveta aseve mowmdeboda 

sakuTar fluorescenciaze ultraiisferi gamosxivebis mqone 

lazeriT dasxivebisas (266 nm, 337 nm, 354 nm).  

mdgomareobis TvalsazrisiT sakvlevi nimuSebi or ZiriTad 

jgufad SeiZleba davyoT: 1. janmrTeli qsovili, 2. paTologiuri 

qsovili. paTologiuri qsovili Tavis mxriv mravalferovania, 

Tumca es jgufi or ZiriTad qvejgufad SegviZlia davyoT:  2.1. 

simsivneebi, 2.2. sxva paTologiebi. qsovilis mdgomareoba, 

lazeruli gamokvlevis paralelurad, tradiciuli (conventional) 

meTodiT – histomorfologiis gamoyenebiT xorcieldeboda.  
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nax. 1. farisebri jirkvlis mikrostruqtura gamosaxuleba 

miRebulia cifruli mikroskopiT ×200 gadidebiT. 

    

vinaidan fizikuri kvlevebisaTvis biologiuri qsovili 

kvlav rCeba ”ucxo” obieqtad, amitom mokled SevexoT nimuSebis, 

kerZod ki farisebri jirkvlis agebulebas. farisebri jirkvali 

rTuli arqiteqturis qsovilia (nax. 1.). farisebri jirkvlis 

mikrostruqtura warmodgenilia daxSuli buStukebiT - 

folikulebiT, romlebic misi Mmofunqcionire elementebia. 

farisebri jirkvlis folikulebi 40-150µm diametris, umetesad 

momrgvalo formis Rrua, romelic iodiT mdidari koloiduri 

masiT aris amovsebuli. folikulis kedeli amofenilia 

jirkvlovani erTSriani epiTeliumiT, romlis ujredebi 

(Tirocitebi) jirkvlis funqciuri aqtivobisas (rac gamoixateba 

folikulidan koloidis gaZlierebuli gamotaniT) cilindrul 

formas Rebulobs, mosvenebisas ki brtyelia. folikulebs Soris 
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Tavisufal sivrces ikavebs faSari, SemaerTebeli qsovili, 

romelSic gadis mravlobiTi sisxlisa da limfuri kapilarebi 

[79]. 

qirurgiuli operaciis Sedegad amokveTili, adamianis 

farisebri jirkvlis, qsovilebidan iWreboda ramodenime 

milimetris sisqis myari naWrebi. yoveli nimuSi iyofoda sam 

nawilad, romelTagan erTi igzavneboda histomorfologiur 

gamokvlevaze, meore bioqimiur laboratoriaSi, xolo mesame 

optikur laboratoriaSi lazeriT inducirebuli 

fluorescenciis speqtrebis Sesaswavlad. unda aRiniSnos, rom 

umravles SemTxvevaSi, paTologiur qsovilTan erTad, 

analogiuri formiT, aseve mzaddeboda “normaluri” anu 

paTologiuri aris mimdebare qsovilebis nimuSebic. 

mikroskopiT gamokvlevis mizniT, histomorfologiur 

laboratoriaSi sakvlevi nimuSi gadis damuSavebis ramodenime 

etaps, iseTebs rogorebicaa: fiqsacia, gauwyloveba, parafinireba, 

anaTlebis gakeTeba, SeRebva da sasagne minaze damagreba. 

detaluri gamokvlevebisTvis masala muSavdeba mTeli rigi 

saRebavebiT, raTa gamovlindes da identificirdes qsovilis 

sxvadasxva struqturebi. 

bioqimiur laboratoriaSi qsovilis nimuSebi igzavneboda 

homogenatisa da Sesabamisi ujreduli fraqciebis misaRebad, maTi 

Semdgomi, lazeriT inducirebuli fluorescenciis speqtrebis, 

gamokvlevis mizniT. 

qsovilis homogenizacia xorcieldeba homogenizatoris 

saSualebiT, romelSic Tavsdeba qsovilis nimuSi da emateba 

samjeradi moculobis 0,32M saqarozas xsnari (0,32M saqarozas 

xsn. + 20mM Tris HCl ph7,5 + 3mM MgCl2 − org.naerTi). aseTi meTodiT 

miRebuli homogenati ukve mzadaa LIF speqtroskopiisTvis. 

qsovilis ujreduli fraqciebis misaRebad saWiroa 

homogenatis Semdgomi mravaljeradi damuSaveba. kerZod, 10 wuTis 

ganmavlobaSi 1000g bruniT mas aTavseben centrifugaSi da iReben 
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supernatants (gamoleqvis Sedegad naleqze zemodan darCenili 

siTxe). amis Semdeg supernatantidan unda gamoiyos membranebi da 

citoplazma. am mizniT mas kvlav 20 wuTis ganmavlobaSi 17000g 

bruniT, acentrifugireben. miRebuli supernatanti citoplazmas 

warmoadgens, xolo naleqi − membranebs. 

birTvebis gamoyofis procesi mravalsafexuriania. amisaTvis  

pirveladi centrifugirebis Semdeg darCenil naleqs xsnian 1,2M 

saqarozas xsnarSi (1,2M saqarozas xsn. + 20mM Tris HCl ph7,5 + 1mM 

MgCl2). es naerTi jer suspenzirdeba da Semdeg centrifugirdeba 

80 wuTis ganmavlobaSi, 15000g bruniT. miRebuli supernatanti 

aRar gamoiyeneba, xolo naleqi suspenzirdeba 0,25M saqarozas 

xsnarSi (0,25M saqarozas xsn. + 20mM Tris HCl ph7,5 + 5mM MgCl2), 

ris Semdegac es suspenzia kidev erTxel centrifugirdeba 20 

wuTis ganmavlobaSi, 4000g bruniT. miRebuli separirebuli 

naerTidan CvenTvis sainteresoa naleqi, sadac grovdeba 

ujredebis birTvebi. 

lazeriT inducirebuli fluorescenciis speqtrebis 

analizisaTvis, optikur laboratoriaSi motanili qsovilis da 

misgan miRebuli homogenatisa da ujreduli fraqciebis, nimuSebi 

Tavsdeboda kvarcis kiuvetebSi. 

 

2.1.2. lazeriT inducirebuli fluorescenciis kvlevis 

eqsperimentuli danadgari 

fluorescenciuri analizis eqsperimentuli danadgaris 

ZiriTadi sqema mocemulia nax.2.-ze. danadgari awyobilia or 

optikur magidaze. misi mTavari Semadgeneli nawilebia: 

1. sinaTlis wyaroebi (lazerebi da lazeruli sxSireebis 

jeradebis misaRebi optikis elementebi).  

2. fluorescenciuri gamosxivebis speqtralurad gaSlis   

saSualebebi (speqtrografi, monoqromatori). 

3. sxivTa svlis optikuri elementebi. 

4. optikuri gamosxivebis mimRebi da eleqtruli signalebis 
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registraciis mowyobilobebi (rogorc stacionaruli, aseve 

impulsur da impulsur-perioduli reJimebisaTvis) 

 
 

 
 
 

nax. 2. fluorescenciuri analizis eqsperimentaluri danadgari 

 

naxatis warwerebi: 

 

1                                 nimuSi 
2(1),2(2),2(3)             abes prizma 

3(1),3(2)                     Semkrebi linzebi saerTo fokusiT 

4   mwyvetara  

5(1),5(2)                     Semkrebi linzebi saerTo fokusiT  

6                               fotogamamravlebeli 

7                               PbS-is fotorezistori 

8                               gamyofi firfita 

9                               oscilografis gamSvebi fotogamamravlebeli 

10(1),10(2)                  xvreli 

11                                organuli saRebarebis lazeruli bloki 

                                                                                                                                                        
                                                                   12(4)   13(3) 13(2)          13(1)     8 
                                                                                                                                                                                 5(1)                12(1) 
 
                                                                                                                                                                                                                         6 
                                                                                                                   14                                                                                   1    
                                                                                                                                                                                                                     7   
                                                                            10(3)                                                                                                                                             
 24                                                                                                                                                                           5(2)                 12(2)                      
                                                                            
                                                                                        11                       9         
 23                                                                                      
                                                           12(3) 
                                                                                      10(2)            
                                                                                                                           15                                                                                     18 
                                                                                          
 22                                                                    2(3)          3(2) 
                                                        25                                                     4 
                                                                                                                                 
                                                                                         3(1)                           16 
 21                                                                              2(2)                    10(1) 
                                                                                            
 
 
                                                     26(1,2,3)                                                       17   
 
 20                                                                                                    2(1) 
                                                                                 
                                                                                                                                                                                                                             19 
 
 
 
 

    

Nd3+:Y3Al5O12 

    Cr3+:Al2O3 

N2 

He-Ne 

     KDP2ω, KDP3ω, KDP4ω

 KDP2ω 

Ë ÀÆÄÒÄÁÉ

Ar+ 

      

ÀÁÄÓ 
ÐÒÉÆÌ À 

UV-VIS speqtrografi/monoqromatori 
IR monoqromatori 

 

seleqtiuri  

nanovoltmetri 

ÍÀÍÏ ÅÏ Ë ÔÌ ÄÔÒÉ
ÂÀÌ ÀÞË ÉÄÒÄÁÄË É 

  PC 

    ÜÀÌ ßÄÒÉ 
Ï ÓÝÉË Ï ÂÒÀ×É 

Ì Ï ÍÀÝÄÌ ÈÀ ÛÄÚÅÀÍÉÓ Ì Ï ßÚÏ ÁÉË Ï ÁÀ 
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12(1,2,3,4),13(1,2,3)   mabrunebeli prizmebi  

14  monoqromatori, speqtrografi (ИКМ-1,  ДФС-452) 

15  seleqtiuri nanovoltmetri  (UNIPAN-233)  

16  mudmivi Zabvis cifruli nanovoltmetri (B2-34)  

17   kompiuterSi monacemTa Semyvani mowyobiloba  

18    Camweri oscilografi (C8-14)  

19    personaluri kompiuteri  

20    Ar+-is lazeri  ЛГН-106М 

21    Nd3+:Y3Al5O12-is lazeri (laboratoriaSi agebuli) 

22    Cr3+:Al2O3 –is lazeri  ОГМ-20 

23     N2-is lazeri ЛГИ-21  

24    He-Ne-is lazeri ЛГ-38  

25    kaliumis digidrofosfatis arawrfivi 

26   kristali θc=50.60 

26(1,2,3)                       kaliumis digidrofosfatis arawrfivi 

                   kristalebi: 1. (θc = 41.20), 2. (θc= 600), 3. (θc=76.80) 

 

samuSaoebis sawyis etapze speqtroskopiuli kvlevebi 

tardeboda danadgarze romelic dReisaTvis sruliad 

modificirebulia da warmodgenilia nax. 3-ze. is oTxi ZiriTadi 

blokisagan Sedgeba: sinaTlis wyaroebis bloki, nimuSis 

ganTavsebis bloki, registraciis bloki da monacemTa 

Segrovebisa da damuSavebis bloki.  

kvlevis mocemul etapze, lazeriT inducirebuli 

fluorescenciis misaRebad ZiriTadad gamoiyeneboda azotis (N2) 

lazeri. misi parametrebia: talRis sigrZe λ=337nm (nanometri); 

gamosxivebis impulsebis sixSire 100Hz (herci); erTi impulsis 

xangrZlivoba 10nsec (nanowami); energia erT impulsSi 0.04mj 

(milijouli).Llazeris sxivi fokusirdeboda nimuSis zedapirze 

100µm (mikrometri) diametris mqone laqis saxiT. 



43 

 

nax. 3.Eeqsperimentuli danadgari. L1, L2 – linzebi; F – optikuri filtri;  
Ch – mwyvetara; FM – sixSiris gamamravlebeli arawrfivi kristalebi; PM 
–fotoeleqtronuli gamamravlebeli. sxvadasxva saxis nimuSebi 
magrdeba moZrav sadgamze.   

 

qsovilis zedapiris skanirebisaTvis, lazeris sxivis 

nacvlad, sibrtyeSi moZraobs nimuSebis samagri, romelic 

specialurad aRWurvilia mikrometruli xraxnebiT.  

lazeriT inducirebuli fluorescenciis fotonebis 

nakadis is nawili, romelic pirveli Semkrebi linziT 

formirdeboda, SemdgomSi linzebis sistemiT fokusirdeboda 

speqtrometris Semaval xvrelze. speqtrometri gamoiyeneba firma 

 TeTri sinaTlis  wyaro 

F L1 

N2-lazeri 

L2 

Ar+ - lazeri 

YAG: Nd3+ - 
lazeri 

CCD 
speqtrometeri 

FM 

ω
2ω 

3ω 
4ω 

Ch 

PM 

IBM PC: 
monacemTa 

Segroveba da 

damuSaveba 

nimuSebis 

sadgami 
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“Spectra Physics”-is Oriel LineSpec CCD speqtrometri, MS125TM
 

speqtrografiTa da monacemTa Sekrebis, marTvisa da damuSavebis 

programuli paketebiT. fluorescenciis speqtrebis Cawera 

xdeboda 300-500nm speqtralur ubanSi, daimzireboda IBM PC tipis 

kompiuteris monitorze da inaxeboda ASCII failebis saxiT. 

TiToeuli eqsperimenti moicavda 2000-mde gazomvas yoveli 

nimuSis yovel wertilSi. 

speqtrebis Semdgomi dacifruli damuSaveba da sxva speqtrebTan 

Sedareba xorcieldeboda “Origin Software” programuli paketiT.  

CCD-speqtrometris Sesabamis samuSao reJimSi gayvaniT 

(integraciis droisa da eleqtronuli skanirebebis raodenobis 

SerCevisa da a.S.) kompiuteris monitoris ekranze ganxorcielda 

qsovilebis lif speqtrebze dakvirveba realuri drois reJimSi. 

 

2.1.2.1. sinaTlis wyaroebi 

warmodgenil fluorescenciuri analizis eqsperimentalur 

danadgarSi gaTvaliswinebulia fluorescenciis aRgzneba 

seleqtiurad, mZlavri monoqromatuli lazeruli gamosxivebiT. 

seleqtiuri aRgzneba saSualebas gvaZlevs davasaxloT mxolod 

CvenTvis saintereso aRgznebuli done da davakvirdeT iqedan 

mimdinare procesebs. lazeruli aRgzneba saSualebas iZleva 

agreTve ultra mokle impulsebis saSualebiT gamosxivebis 

urTierTqmedeba garemosTan gavxadoT faqtiurad myisieri. 

eqsperimentalur danadgarSi gamoyenebulia 5 lazeri, 

romlebic arawrfiv optikur gardamqmnelebTan erTad 226nm-dan 

1064nm-mde diapazonSi 16 sxvadasxva talRis sigrZis 

monoqromatul gamosxivebas iZlevian: 

 

1. He-Ne-is gazuri lazeri  ЛГ-38 

uwyveti, erTmodiani, talRis sigrZe − λ = 633nm, simZlavre − 

P=60mW. gamoiyeneba, rogorc fluorescenciis aRsagznebad, 

aseve optikuri iustirebisaTvis, amitom danadgarSi 
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ganTavsebulia imdagvarad, rom is asxivebs yvela danarCeni 

lazeris Semxvedri mimarTulebiT. 

 

   2.  Ar + -is gazuri lazeri    ЛГ-106М 

            uwyveti, erTmodiani, poliqromatuli, asxivebs 

      erTdroulad 

      6 talRas, Semdegi Sesabamisi simZlavreebiT: 

      talRis sigrZe λ(nm)  457.9   476.5   488   496.5   501.7   514.5 

      simZlavre     P(mW)       50         125        350       100        50          350 

            TiToeuli talRis seleqcia xdeba 2(1) abes prizmis 

      saSualebiT. 

 

3. N2 - gazuri lazeri ЛГИ-21 

  talRis sigrZe − λ = 337nm. impulsur-perioduli (sixSiriT 

 − 1100Hz). impulsis xangrZlivoba − 10ns. energia erT 

 impulsSi − 0.5mj. 

 

4. Cr3+:Al2O3 , lalis lazeri ОГМ-20 

talRis sigrZe − λ = 694nm. lazeri muSaobs erTjerad 

impulsur da impulsur-periodul (sixSiriT − 0.5-1 Hz) 

reJimebSi. giganturi impulsebis reJimi realizebulia 

rezonatoris vargisianobis CarTviT. am mizniT 

gamoyenebulia nitrobenzolSi gaxsnili vanadiumis 

ftolocianinis TviTinducirebuli gamWvirvalobis efeqti. 

giganturi impulsebis reJimSi impulsis xangrZlivoba 20nss, 

energia ki 100mj-s Seadgens. Kaliumis digidrofosfatis 

(KDP) arawrfivi kristalis gamoyenebiT nax.2.-ze 25-iT 

(sinqronizmis kuTxe θc=50.60
) miRebulia lazeruli 

gamosxivebis meore harmoniuli sixSire, Sesabamisad λ=347nm. 

energia erT impulsSi − 10mJ. 
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5. Nd3+:Y3Al5O12-is lazeri (laboratoriaSi agebuli) 

talRis sigrZe − λ = 1064nm. lazeri muSaobs impulsur-

periodul reJimSi (sixSiriT − 3-100 Hz). Giganturi 

impulsebis reJimi realizebulia rezonatoris 

vargisianobis CarTviT. am mizniT gamoyenebulia LiF 

kristalis SeRebvis centrebis TviTinducirebuli 

gamWvirvalobis efeqti. impulses xangrZlivobaa 20ns. 

energia − 25mJ. kaliumis digidrofosfatis (KDP) 3 

arawrfivi kristalis gamoyenebiT nax.2.-ze 26(1,2,3), romlebic 

sinqronizmis Sesabamisi kuTxeebiT iyo daWrili (θc − 41.20; 600; 

76.80
) miRebulia ZiriTadi lazeruli gamosxivebis me-2 − λ = 

532nm,  E = 5mJ, me-3 − λ = 354.7nm, E = 0.8mJ da me-4 − λ = 266nm, E 

= 1.0mJ harmoniuli sixSireebi. aqve 

 aRsaniSnavia, rom giganturi impulsebis reJimSi 

 harmoniulebis generacia xdeba sxivTa paralelur konaSi 

 (fokusirebis gareSe). KDP-s samive arawrfivi kristali 

 ganTavsebulia erT saiustirebo magidaze, romelic 

 saSualebas iZleva paraleluri gadanacvlebebiT 

 (damatebiTi iustirebis gareSe) sxivTa svlaSi ganvalagoT 

 CvenTvis saWiro kristali. me-2 harmoniulis SemTxvevaSi es 

 aris KDP2ω. me-3 harmoniuli miiReba ukve ori kristaliT 

 KDP2ω + KDP3ω, aqedan pirvelSi xdeba me-2 harmoniulis 

  warmoqmna, xolo KDP3ω
-Si ZiriTadi da gaormagebuli 

 sixSireebis Sekreba (ω+2ω). me-4 harmoniuls viRebT orjer 

 gaormagebiT, rac Sesabamisad miiReba Tanamimdevrulad 

 aseve ori kristaliT KDP2ω + KDP4ω. amas garda aRweril 

 danadgars gaaCnia agreTve organuli saRebarebis lazeruli 

 bloki 11, romlis gamoyenebiTac λ = 532nm aRgznebiT 

 miRebulia kidev ori lazeruli sixSire, kerZod: λ = 572nm 

  (Rodamine 6G) da λ = 639nm (Oxazine 120). 
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2.1.2.2. monoqromatorebi  

luorescenciur danadgarSi gamoyenebulia standartuli 

infrawiTeli monoqromatori ИКМ-1 da difraqciuli 

speqtrografi ДФС-452 nax. 2.- 14. 

axloinfrawiTel ubanSi, gamosxivebis speqtralurad 

gasaSlelad, samuSaod (1000 nm-5000 nm) ixmareba ИКМ-1 (LiF-is 

prizmiTa da difraqciuli mesriT (200 Strixi/mm) 

garCevisunarianoba 1nm). 

speqtris ultraiisfer-xilul diapazonSi (180nm-1100nm) 

gamoiyeneba difraqciuli speqtrografi ДФС-452, romelic 

mciredi gadakeTebis Semdeg muSaobs monoqromatoris reJimSi. 

amisaTvis mas moxsnili aqvs fotofiris damWeri mowyobiloba da 

mis adgilze, registraciis sibrtyeSi, moTavsebulia gamosxivebis 

gamosasvleli vertikaluri xvreli da mimRebi. es orive erTad 

moTavsebulia orkoordinatian saiustirebo magidaze, risi 

meSveobiTac xdeba xvrelisa da mimRebis im mdgomareobaSi 

moyvana, rom talRis sigrZis Cveneba speqtrografis skalaze 

Seesabamebodes mimRebSi moxvedrili sinaTlis talRis sigrZes. 

speqtrografis dakalibreba xorcieldeba cnobili lazeruli 

talRis sigrZeebiT. speqtrografi ДФС-452 aRWurvilia ori 

difraqciuli mesriT (600 da 12000 Strixi/mm).Mmaqsimaluri 

garCevisunarianoba Seadgens 0.1nm-s. gazomili talRis sigrZis 

absoluturi cdomileba mTel samuSao diapazonSi (180nm − 1100nm) 

ar aRemateba 0.2nm-s. 

biologiuri qsovilebis fluorescenciis registraciis 

modificirebul danadgarSi monoqromatoris funqcias asrulebs 

difraqciuli meseri 1200 Strixi/mm, 10µm RreCos pirobebSi 

garCevisunarianoba Seadgens 0.22nm. difraqciuli meseri 

integrirebulia MS125TM speqtrografis korpusSi. mas gaaCnia 

dasakalibrebeli mikrometruli xraxni, romlis saSualebiTac 

xdeba deteqtirebis diapazonis SerCeva. 
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2.1.2.3. sxivTa svla 

fluorescenciuri analizis danadgaris sqema mocemulia 

nax.2.-ze. gasazomi nimuSi 1 moTavsebulia monoqromatoris 

Sesasvleli xvrelis win samkoordinatian saiustirebo magidaze. 

5(1) linziT fokusirebuli fluorescenciis aRmgznebi lazeruli 

gamosxiveba 12(1) mabrunebeli prizmiT mimarTulia 

monoqromatoris Sesasvleli xvrelis gaswvriv nimuSze. 12(1) 

mabrunebeli prizmisa da nimuSis magidis regulirebiT xdeba 

xvrelisa da nimuSis aRgznebuli aris sigrZivi Tanxvedra. am 

dros monoqromatoris Sesasvleli xvrelis mTeli sigrZe 

ganaTebulia gasazomi gamosxivebiT, rac sagrZnoblad zrdis 

sinaTlis Zalas. 

12(2) mabrunebeli prizma da 5(2) linza gankuTvnilia He-Ne-

is lazeris optikuri RerZis gaswvriv Semxvedri mimarTulebiT 

misamarTad da sxivis nimuSze dasafokusireblad. He-Ne-is 

lazeri imavdroulad asrulebs saiustirebo  lazeris funqcias. 

12(3) da 12(4) prizmebi Sesabamisad mimarTaven N2-lazers. 

mabrunebeli prizmebi 13(1), 13(2), 13(3) ganTavsebulia 

specialur, moZrav magidebze, ise rom rigrigobiT xdeba maTi 

dayeneba fiqsirebul adgilebze, rac Tavis mxriv uzrunvelyofs 

optikuri RerZis gaswvriv Sesabamisad    Ar+-is , Nd3+-isa  da Cr3+-is 

lazerebisa da maTi harmoniulebis Semoyvanas. lalis lazerisa 

da kaliumis digidrofosfatis (KDP) arawrfivi kristalis 25 

gamoyenebisas miiReba sivrculiad Tanxvedrili ori sxivi 

(lazeris ZiriTadi gamosxiveba − λ = 694nm da misi meore 

harmoniuli − λ = 347nm). maTi gamoyofa xdeba mbrunav magidaze 

moTavsebuli abes prizmis 2(3) saSualebiT. abes prizmis 

gamoyeneba, misi maRali dispersiulobis gamo, saSualebas iZleva 

mokle manZilebze moxdes saWiro sxivis 10(3) xvreliT gamoyofa. 

amave dros abes prizma asrulebs mabrunebeli  prizmis rols.  
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Nd3+-is lazeris 21 da arawrfivi kristalebis 26(1, 2, 3) 

SemTxvevaSi miiReba sxivebi Semdegi talRis sigrZeebiT: 1064nm; 

532nm; 354.7nm; 266nm. 2(2) prizmiTa da 10(2)  xvreliT analogiurad 

xdeba saWiro talRis sigrZis SerCeva. amave dros aRsaniSnavia, 

rom erTi sxividan meoreze gadasvla xdeba mxolod 2(2) abes 

prizmis motrialebiT da sxva damatebiT iustirebas ar 

saWiroebs. organuli saRebarebis lazeruli bloki 11, romelic 

mafokusirebeli linzisa da saRebariani kiuvetisagan Sesdgeba, 

moTavsebulia erT sadgamze. is mxolod saWiroebis SemTxvevaSi 

idgmeba   nax.2.-ze aRniSnul adgilze. 

     Ar+-is gazuri lazeri 20 poliqromatulia, igi asxivebs 

erTdroulad 6 talRas. maTi seleqciisaTvis analogiurad 

gamoyenebulia abes prizma 2(1) da xvreli 10(1). gansxvavebiT 

danarCeni samuSao lazerebisagan Ar+-is gazuri lazeri uwyvetia. 

zogierTi eqsperimenti ki, rogorebicaa: aRgznebuli doneebis 

sicocxlis xangrZlivobis gazomva, registracia sixSiruli 

seleqciis reJimSi, aucileblad saWiroebs fluorescenciis 

aRgznebas impulsur-perioduli gamosxivebiT. amisaTvis 10(1) 

xvrelSi gamavali sxivi modulirebulia 4 mwyvetaras 

saSualebiT. miRebuli marTkuTxa impulsebis flangebis 

xangrZlivoba ≈ 300µs-s Seadgens. lazeris sxivis 3(10) da 3(2) 

linzebiT teleskopirebisa da 4 mwyvetaras linzebis saerTo 

fokusSi moTavsebiT impulsebis flangebis xangrZlivoba 

mcirdeba ≈ 0.5µs-mde, rac ukve swraf relaqsaciur procesebze 

dakvirvebis saSualebas iZleva. 

 

2.1.2.4. registracia  

fluorescenciuri gamosxivebis mimRebebad nax.2.-6, 9 

speqtris ultraiisfer, xilul, axloinfrawiTel ubnebSi 

gamoiyeneba Sesabamisi diapazonis dakalibrebuli 

fotoeleqtruli gamamravleblebi (ФЭУ-18А, ФЭУ-51, ФЭУ-62). 

SuainfrawiTeli gamosxivebis registracia xdeba PbS-is 
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fotowinaRobiT 7 (77K gacivebiT). lazeruli impulsebis 

simZlavrisa da energiis absoluturi mnisvnelobebis gasazomad 

da fotogamamravleblebis dasayalibeblad gamoyenebulia 

simzlavris gamzomi ИМО-2Н.  

fluorescenciuri analizis mocemuli eqsperimentaluri 

danadgari gaTvaliswinebulia: a) stacionarul, b) impulsur-

periodul da g) impulsur reJimebSi samuSaod. samuSao reJimis 

Sesabamisad xdeba fotogamamravleblebis eleqtruli signalebis 

registracia. 

 

a) stacionaruli reJimi. gamoiyeneba fluorescenciis 

speqtrebis Casawerad. fluorescencia aRigzneba uwyveti 

lazeriT (Ar +-is lazeri modulaciis gareSe, He-Ne-is 

lazeri). 6 da 7 mimRebebidan gamomavali eleqtruli 

signalebi mudmivia. signalebis miReba da gaZliereba 

xdeba mudmivi Zabvis cifruli nanovoltmetris 16 

saSualebiT. 17 mowyobilobiT monacemebi Sedis 19 

personalur kompiuterSi. 

 

b) impulsur-perioduli reJimi. ZiriTadi samuSao reJimia 

fluorescenciis speqtrebis Casawerad. aRmgznebi 

lazerebi muSaoben sixSirul reJimSi (lazerebi N2, Nd3+,  

Ar+ modulaciiT). impulsebis sixSire 6÷100Hz. dro or 

uaxloes impulss Soris bevrad metia aRgznebuli  

sicocxlis xangrZlivobaze. Mitom 6 da 7 mimRebebidan 

gamomavali  eleqtruli signalebis registracia 

SesaZlebelia, rogorc inerciuli mudmivi Zabvis 

nanovoltmetris 16 saSualebiT, aseve sixSiruli 

seleqciis reJimSi. es ukanaskneli xorcieldeba 

seleqtiuri nanovoltmetris 15 saSualebiT. seleqtiuri 

nanovoltmetri 15 (UNIPAN – 233) zomavs mxolod im 

impulsebs, romlebic meordebian lazeris impulsebis 

ganmeorebadobis sixSiriT. amiT uzrunvelyofilia 
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xmauris mniSvnelovani Semcireba da fluorescenciis 

speqtrebis zustad gazomva.  

 

g) impulsur reJimi. gamoiyeneba fluorescenciis dinamiuri 

maxasiaTeblebis dasadgenad. marTalia aRmgznebi 

lazerebi muSaoben isev impulsur an impulsur-periodul 

reJimSi (lazerebi: Ar+
 modulaciiT, N2,   Cr3+,   Nd3+

), magram 

am dros dakvirveba xdeba mxolod erTi impulsiT 

aRgznebul fluorescenciaze. 6 da 7 mimRebebis 

eleqtruli signalis registracia xdeba Camweri 

oscilografis 18 (C8-14)-is saSualebiT. 18 oscilografis 

erTjeradi gaSveba xdeba CvenTvis saWiro SeyovnebiT 9 

gamSvebi fotogamamravlebelis saSualebiT. 9 

fotogamamravlebelze ecema aRmgznebi gamosxivebis 

nawili, romelic 8 firfitiTaa gamoyofili. 

oscilografze Cawerili fluorescenciis impulsis 

gadaReba xdeba fotofirze, romlis damuSavebis Semdeg 

monacemebi cxrilis saxiT Seiyvaneba 19 personalur 

kompiuterSi. 

biologiuri qsovilebis fluorescenciis registraciis 

modificirebul danadgarSi signalis registracia xdeba 2048 

piqseliani CCD deteqtiriT. deteqtoris minimaluri integraciis 

dro 10 miliwams Seadgens. 

 

2.1.3. morgebis procedura 

eqsperimentuli monacemebisaTvis misaRebi Teoriuli  

modelis Sesamowmeblad Zalze mosaxerxebelia am modeliT 

gamoTvlili Teoriuli mrudis eqsperimentul monacemebze 

warmatebuli  morgeba. ganvixiloT es procedura. 

nebismieri morgebis procedura SegviZlia davyoT or 

ZiriTad nawilad. pirveli: unda vivaraudoT, rom eqsperimentSi 

raime sidide an sidideebi, romlebic garkveul diapazonSi 

kontrolirebadad icvlebian, warmoadgenen damoukidebel 
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cvladebs. SemdgomSi ganvixiloT, mxolod CvenTvis saintereso, 

erTi cvladis SemTxveva da igi x-iT aRvniSnoT. Semdeg x 

damoukidebeli cvladis kontrolirebadi cvlilebisas viRebT 

(vzomavT) masze damokidebul y  cvlads. meore: vTvliT, rom 

  

      ( ),p,p,p;xfy 321=                                                                      (1) 

 

gamosaxuleba im Teoriul models warmoadgens, romelic 

eqsperimentulad damzeril Sedegebs aRwers. modeli, rogorc 

wesi, aseve ramodenime parametrzea damokidebuli: p1, p2, p3, ... . 

morgebis proceduris arsi xsenebuli parametrebis iseTi 

mniSvnelobebis povnaa, romlis drosac (1) mrudi saukeTesod 

ergeba eqsperimentul wertilebs, anu Teoriuli mrudis 

eqsperimentuli wertilebidan gadaxris kvadratebis jami x  

 

           ( ) ( )[ ]2
i 21iii21

2 ,p,p;xfyw
pn

1,p,p ∑ −
−

=χ                       (2) 

 

damoukidebeli cvladis cvlilebis areSi minimaluia. am 

gamosaxulebaSi n morgebis proceduraSi gamoyenebuli 

eqsperimentuli wertilebis raodenobaa, xolo p ki morgebaSi 

monawile parametrebis sruli raodenobaa. aqedan 

 

            pnDoF −=                                                                                     (3) 

 

Tavisuflebis xarisxia, xolo wi – TiToeuli eqsperimentuli 

wertilis wonaa. Cvens SemTxvevaSi eqsperimentuli wertilis 

awonis ori meTodi gamoiyeneba: 

 

1) xelsawyos wona  

          
2
ii y1w ∆= ,                                                                                    (4) 
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sadac iy∆  eqsperimentuli wertilebis cdomilebaa. 

 

2) statistikuri wona 

             ii y1w = .                                                                                (5) 

 

2.1.4. gabnevisa da STanTqmis speqtrebis gazomva da 

monacemebis damuSaveba 

naTeli fizikuri suraTis misaRebad kvlevebSi 

gansakuTrebuli mniSvneloba STanTqmisa da erTjeradi gabnevis 

koeficientebis, ufro swored ki maTi speqtrebis gazomvas 

eniWeboda. 

biologiur qsovils, misi arqiteqturuli sirTulisagan 

gamomdinare vudgebodiT, rogorc erTgvarovans. Sesabamisad 

aranairi polarizaciuli gazomvebi ar tardeboda. STanTqmis 

speqtris gazomva xorcieldeboda qsovilis Zalian Txel 

nimuSebSi (≤ 100µm). amasTan yvelgan gamoiyeneboda sinaTlis 

kolimirebuli sxivi (nax.4). rogorc ukve aRvniSneT, 

kolimirebuli sinaTlis sxivis intensivoba z sisqis bioqsovilSi 

gavlisas, Tu es sisqe mcirea, sustdeba STanTqmisa da erTjeradi 

gabnevis xarjze (gamtarebloba). 
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nax. 4. intensivobis gamtareblobis (Tcoll) gazomvis eqsperimenti 

biologiur qsovilSi kolimirebuli sinaTlis gavlisas. 

 

biologiur qsovilSi sinaTlis gavrcelebis Teoriis ZiriTadi 

parametrebis sapovnelad ki Semdegi gamosaxuleba gamoiyeneboda:              

 

        
( ) ( ) ( )[ ]







 λµ+λµ−=λ zexpI,zI sa.coll;0.coll ,                          (6) 

sadac 

 

         ( ) .coll;inc.coll;0 IR1I −=                                                         (7) 

 

da saidanac  

         
( ) ( ) ( )[ ] ( )

z
,zTln

z
I,zIln .coll.coll;0.coll

sa
λ−=

λ−
=λµ+λµ .             (8) 

 

upiratesi STanTqmisas ( sa µ>>µ ) an gabnevisas ( as µ>>µ ) am 

ukanaskneli gamosaxulebidan Sesabamisad vpoulobT STanTqmis – 

Ì Ï Í Ï ØÒÏ Ì ÀÔÏ ÒÉÃÀÍ 
ÂÀÌ Ï ÓÖË É 

ÊÏ Ë ÉÌ ÉÒÄÁÖË É 
ÓÉÍÀÈË ÉÓ ÓáÉÅÉ 

ÃÉÀ×ÒÀÂÌ À

ÃÄÔÄØÔÏ ÒÉ

Ï ÒÌ ÀÂÉ
ÃÉÀ×ÒÀÂÌ À 

ÍÉÌ ÖÛÉ

ÊÅÀÒÝÉÓ Ì ÉÍÉÓ
×ÉÒ×ÉÔÄÁÉ 
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( )λµa  da gabnevis – ( )λµs  koeficientebs. vinaidan sakvlevi 

biologiuri nimuSebi Tavsdeboda kvarcis kiuvetaSi da aRgzneba 

xdeboda speqtris ultraiisfer ubanSi, amitom koreqtuli 

gamoTvlebisTvis (8) gamosaxulebaSi aucileblad 

viTvaliswinebdiT arekvlis koeficients (Sesabamisi monacemebi 

moyvanilia cxrilSi 2.). Txeli nimuSiT operirebisas 

biologiuri qsovilis gamyofi zedapiridan haeris arekvlis 

koeficienti sarkisebri (specular) arekvliT ganisazRvreba, anu R = 

rsp, xolo kiuvetaSi moTavsebuli nimuSisaTvis ki Semdegi 

zedapirebiT: haeri/mina(kvarcis)/bioqsovili. ricxobrivad es 

sidide Sesabamisad gardatexis maCveneblebis fardobiT 

ganisazRvreba da (7) formiT Cawerili tolia: 

 

         

2

tissueglass

tissueglass
2

glassair

glassair
sp 1nn

1nn
1nn
1nn

r 










+
−

+










+
−

≈ ,                                  (9) 

 

sadac gamoyenebulia Semdegi miaxlovebiTi toloba: 

 

( ) ( )[ ] ( )[ ]
( ) ( )[ ]{ }tissue/glassrglass/airr1

tissue/glassr1glass/airr1tissue/glass/airr

spsp

spspsp

+−≈

−×−= . 

 

Cvens kvlevas miesadageba gardatexis maCveneblebis Semdegi 

mniSvnelobebi: ( ) 37.156.147.11nnn tissueglassair ÷= . kvarcis minis 

gardetexis maCveneblebi aRebulia [80]-dan, xolo biologiuri 

qsovilisa ki [114]-dan. (9)-iT gamoTvlis Sedegebi mocemulia 

cxrilSi 2. 
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cxrili 2. sarkisebri arekvlis koeficientis (rsp) damokidebuleba 

haeri/kvarcis mina/bioqsovili garemoze dacemuli gamosxivebis 

talRis sigrZeze (λ). T = 300K. 

 

ÔÀËÙÉÓ ÓÉÂÒÞÄ  

λ, nm 

ÂÀÒÃÀÔÄáÉÓ 

ÌÀÜÅÄÍÄÁÄËÉ 

n 

ÓÀÒÊÉÓÄÁÒÉ 

ÀÒÄÊÅËÉÓ 

ÊÏÄ×ÉÝÉÄÍÔÉ spr , % 

200 1.56 5.2 

203 1.55 5.0 

214 1.53 4.7 

226 1.52 4.5 

250 1.51 4.4 

257 1.50 4.2 

303 1.49 4.0 

340 1.48 3.9 

396 1.47 3.7 

 

zogadad STaTqmis speqtrebi izomeboda speqtrofotometris 

“SPECORD M40”-UV-Vis-NIR-is saSualebiT da im damxmare 

mowyobilobebis gamoyenebiT, romlebsac skvlevi nimuSis 

specifika moiTxovda. danadgarSi arakoheretuli wyarodan 

gamosxivebuli sinaTlis dispersia xorcieldeba difraqciuli 

mesriT, romlis garCevisunarianobaa 1200 Strixi/mm-ze. sinaTlis 

monoqromatuli komponentebi 75Hz-is sixSiriT or sxivad iyofa. 

erTi gamzomi sxivia, xolo meore ki Sesadarebeli. 

speqtrofotometri winaswar dakalibrebuli iyo cnobili 

STaTqmis speqtrebiT (≈ 5cm-1
-is sizustiT). 

mcire zomis nimuSebis gasazomad speqtrofotometrSi 

gaTvaliswinebulia gamzomi sxivis diafragmireba, romlis 

gamoyenebiTac SeiZleba sxivis diametric Semcireba 3-4 mm-mde. 

ufro metad diafragmirebis SemTxvevaSi speqtrofotometri 

veRar muSaobs (sinaTlis Zala aRar aris sakmarisi). am 
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problemis gadawyveta moxerxda gamzomi sxivis  specialur 

teleskopSi gatarebiT, romelic erT sayrdenze awyobili, ori 

fokusebiT Tanxvedrili, Semkrebi linzebisa da nimuSis 

damWerisagan Sesdgeba. am SemTxvevaSi nimuSi sxivis fokusSia 

moTavsebuli (ixile nax. 5). aRniSnuli mowyobiloba sinaTlis 

Zalis Semcirebis gareSe, saSualebas iZleva gaizomos umciresi 

zomis biologiuri qsovilebis fraqciebi: sisxlis plazma, 

farisebri jirkvlis koloiduri xsnari. 

 

 

nax. 5. damatebiTi teleskopuri mowyobiloba 

 

speqtrofotometridan miRebuli STanTqmis signalis 

amplitudisa da talRis sigrZis Sesatyvisi cifruli monacemebi 

cxrilebis saxiT Seiyvaneba IBM PC-tipis e.g.m.-Si, sadac 

programuli paketis “ORIGIN software”-is saSualebiT xdeba maTi 

Semdgomi damuSaveba da analizi. aRniSnuli programuli paketis 

“ORIGIN software” saSualebas iZleva aigos STanTqmis speqtri. 

saWiroebis SemTxvevaSi SesaZlebelia speqtris garkveuli ubnis 

mTel formatze gaWimva, speqtris ageba gasaSualebiT (minimaluri 

kvadratuli gadaxris meTodi, gasaSualeba or an ramodenime 

wertilze), speqtris normireba, rogorc absoluturi 

mniSvnelobiT, aseve fardobiT. 

programuli paketi iZleva STanTqmis xazis maTematikuri 

funqcionaluri analizis saSualebas. kerZod SesaZlebelia 

mocemuli eqsperimentaluri mrudis aproqsimacia nebismieri 

funqciiT. imavdroulad dgindeba aproqsimaciis sizuste, anu 

ÂÀÌ ÆÏ Ì É 

Ë ÉÍÆÀ Ë ÉÍÆÀ ÍÉÌ ÖÛÉ

ÓáÉÅÉ 

ÛÄÓÀÃÀÒÄÁÄË É ÓáÉÅÉ
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eqsperimentaluri monacemebis hipoTeturi Teoriuli kanoniT 

aproqsimaciis sizuste − χ2-kriteriumi [81]. vTqvaT erTsa da imave 

x fizikur sidides n-jer vzomavT. Tu es sidide uwyvetad 

icvleba, maSin x-is miRebuli n misvneloba SeiZleba ramdenime, 

Tanatol ∆x klasad davyoT. aseT SemTxvevaSi TiToeuli       xi ± 

∆x / 2 intervalSi moxvedrili gazomvis Sedegebis ricxvi   ni-is 

toli iqneba. vivraudoT, rom x-is damoukidebeli klasebis 

raodenoba k-s tolia. am SemTxvevaSi exsperimentul (empiriul) 

da Teoriul ganawilebebs Soris gansxvaveba toli iqneba Semdegi 

jamisa: 

 

          ( ) n
Pn

n
Pn

Pnn k

1i i

2
i

k

1i i

2
ii2 −=−=χ ∑∑

==
,                                                 (10) 

 

sadac ni sidide i-uri klasis empiriuli sixSirea, xolo nPi ki 

hipoTeturi Pi (Teoriuli) albaTobiT gamoTvlili sixSire. (10) 

gamosaxulebidan naTlad Cans, rom Tu χ2 = 0, maSin 

eqsperimentuli da gamoTvlili sixSireebi erTmaneTs emTxveva, 

rac hipoTezis samarTlianobaze miuTiTebs. sxva SemTxvevaSi  χ2 ≠ 

0 da hipoTeza miT ufro albaTuria, rac ufro mcirea Sesabamisi 

χ2-kriteriumi. e.g.m.-is gamoyenebiT SedarebiT adviladaa 

SesaZlebeli hipoTeturi ganawilebebis parametrebis varireba 

ise, rom χ2-kriteriumis mnisvneloba minimaluri aRmoCndes. maSin 

am minimaluri mnisvnelobis Sesabamisi hipoTeturi ganawileba 

yvelaze ufro albaTuri iqneba. 

Cveni fizikuri gazomvebisaTvis, romelic Tavisi arsiT 

sxvadasxva speqtraluri formebis registracias warmoadgens 

ufro mosaxerxebelia χ2-kriteriumis nacvlad misi normirebuli 

mniSvnelobis − χ2N-is gamoyeneba, romelic χ2-isa da speqtraluri 

mrudis maqsimaluri amplitudis kvadratis fardobiT 

gamoiTvleba. 
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nax. 6.. Cr3+:Al2O3 kristalis STanTqmis speqtris (R1 da R2 xazebi) mrudis 

hipoTeturi mrudiT aproqsimacia 

 

nax.6.ze moyvanilia maTematikuri modelirebis meTodis 

gamoyenebis erT-erTi martivi magaliTi, romelic 

speqtrofotometris dayalibebisaTvis iqna gamoyenebuli. naxazze 

uwyveti xaziT aRniSnulia “SPECORD M40”-iT gazomili Cr3+:Al2O3 

kristalis STanTqmis speqtri (R1 da R2 xazebi). eqsperimentaluri 

mrudi (11) formuliT warmodgenilia ori lorencis funqciis 

jamis saxiT. 

 

           ( )
( ) ( ) 5

2
4

2
7

3

2
2

2
6

1 P

P
Px41

P

P
Px41

PxY +








 −+
+








 −+
= ,                          (11)  

 

sadac x cvladi talRur ricxvs Seesabameba, xolo Y ki 

STanTqmas. formulaSi P1, P2, P3, P4, P5, P6 da P7 Tavisufali 

1 4 , 3 8 1 4 , 4 0 1 4 , 4 2 1 4 , 4 4 1 4 , 4 6 1 4 , 4 8

0 , 2

0 , 3

0 , 4

0 , 5

0 , 6

Ô ÀË Ù Ö Ò É  Ò É Ý á ÅÉ  x  1 0 3  ÓÌ  - 1

M o d e l :  2  L o r e n t z

 χ  2
N  =  0 . 0 0 0 1 0

Û È ÀÍ È ØÌ À 
 ( × ÀÒ Ã .  ÄÒ È )
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parametrebia, romelTa dadgenac modelirebis procesSi 

xorcieldeba. 

STanTqmis mrudis (11) formuliT modelirebis Sedegebi 

nax.6-ze wyvetili xaziTaa warmodgenili. am ori mrudis 

Tanxvedra miuTiTebs modelirebis maRal sizusteze. qvemoT 

moyvanilia gamoTvlis Sedegebi, romlebic Tavis mxriv Semdeg 

fizikur sidideeebs warmoadgenen: 

 

2
Nχ  = 0.00010          (normirebuli 

2
Nχ -kriteriumi)      

P5=0.1703                 (STanTqmis foni, frenelis anareklebi + gabneva) 

P1=0.3154           P3=0.3489     (R1 da R2 STanTqmis xazebis Zala) 

P2=18.05                   P4 =11.55      (R1 da R2 xazebis siganeebi 

                            naxevarsimaRleze cm-1) 

P6=14399           P7=14429      (R1 da R2 xazebis talRuri ricxvebi cm-1) 

 

 R1 da R2 xazebis talRuri ricxvebis literaturuli monacemebi 

Sesabamisad Seadgenen 14403cm-1 da 14432cm-1-s [82]. maTi kargi 

Tanxvedra P6 da P7-is mniSvnelobebTan miuTiTebs rogorc 

gamoTvlis, aseve speqtrofotometris dakalibrebis sizusteze.  

speqtrofotometr “SPECORD M40  –  UV-Vis-NIR”-is 

personalur kompiuterTan dakavSireba da “ORIGIN software”-is 

programuli paketis gamoyenebiT monacemTa damuSaveba speqtrebis 

agebisa da maTi Semdgomi analizis farTo SesaZleblobebs 

iZleva. rac Tavis mxriv moicavs rogorc monacemTa gasaSualebas 

(minimaluri kvadratuli gadaxris meTodi, gasaSualeba or an 

ramodenime wertilze), aseve speqtrebis normirebasa da 

formatirebas. mniSvnelovania agreTve STanTqmis mrudis 

funqcionaluri analizis da maTematikuri modelirebis 

SesaZlebloba. 

speqtrofotometris damatebiTi mowyobilobebiT aRWurva 

polarizaciuli absorbciuli speqtroskopiis Catarebis 

saSualebas iZleva. aseve SesaZlebeli xdeba optikurad mRvrie 
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garemosaTvis kolimirebuli komponentis gamoyofiT sinaTlis 

STanTqmisa da erTjeradi gabnevis maxasiaTeblebis (STanTqmis da 

gabnevis koeficientebi) speqtrebis gazomvac. 

CCD deteqtoriT STanTqmis speqtris Cawera SesaZlebelia 

talRis sigrZeTa mTel samuSao diapazonSi erTdroulad, erTi 

gazomviT.  

 

2.1.5. lazeriT inducirebuli fluorescencia    

stacionarul pirobebSi, Tu lazeris gamosxivebis STanTqma 

 monakveTSi xorcieldeba, maSin drois erTeulSi STanTqmuli 

fotonebis raodenoba ( axn ) toli iqneba Semdegi sididisa: 

      axxax pnn = ,                                        (12) 

sadac    

      ( )axax µp −−= exp1 .                                 (13) 

am gamosaxulebebSi xn  – lazeris mier erT wamSi gamosxivebuli 

fotonebis raodenobaa, xolo axp  erT wamSi  sigrZis 

monakveTze fotonebis STanTqmis albaTobaa. 

fluoroforis mier erT wamSi gamosxivebuli fotonebis 

raodenoba tolia 

 

      xmaxm nn φ=                                         (14) 

 

sadac xmφ  fluorescenciis kvanturi gamosavalia. 

bunebrivia, rom eqsperimentSi mxolod spontanurad 

gamosxivebuli fotonebis nawili xvdeba mimRebs, anu mcoll nη . Tu 

mimRebis mier fotonebis deteqciis efeqturobas aRvniSnavT, 

rogorc detη , maSin erT wamSi daregistrirebuli fotonebis 

ricxvi (12) da (14) gamosaxulebebis gaTvaliswinebiT toli iqneba: 

 

     detcollxmaxxmdetcollFD ηηpnnηηn φ== .                   (15) 
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Txeli nimuSisaTvis, anu rodesac 1<<axµ  (13) da (15) 

gamosaxulebidan viRebT: 

 

     xdetcollxmaxFD nηηφµn = .                              (16) 

 

yovel erT wamSi fluorescenciis fotoni an fotonebi saimedod 

rom davaregistriroT, rasac Seesabameba 1nFD ≥ s-1, amisaTvis 

unda Sesruldes Semdegi piroba: 

 

     [ ]1sphoton1 −×≥
detcollxmax

x ηηφµ
n .                     (17) 

 

SevafasoT lazeriT inducirebuli fluorescenciis 

speqtroskopiis efeqturoba am TvalsazrisiT erT-erTi yvelaze 

araxelsayreli SemTxvevisaTvis. ganvixiloT meTodis efeqturoba 

dnm-is molekulisaTvis. rogorc cnobilia am molekulis 

kvanturi gamosavali  
54 1010 −− − -ia [83]. SefasebisaTvis aviRoT 

sidide 
510−
. Tanamedrove fotodeteqtorebis − fotoeleqronuli 

gamamravleblebis efeqturoba 2.0det =η  [10]. saguldagulod 

SerCeuli  optikuri elementebis SemTxvevaSi ki fluorescenciis 

fotonebi SegviZlia SevagrovoT Semdegi efeqturobiT 1.0coll =η . 

am SemTxvevaSic davamZimoT mdgomareoba da detη  da collη  dan 

TiToeuli SevafasoT rogorc 
210−
. Tavis dazRvevis mizniT axµ  

SevafasoT rogorc 
310−
. SerCeuli sididebis gaTvaliswinbiT (17) 

gamosaxulebidan miviRebT 

 

    [ ]112 sphoton10 −×≥xn .                                (18) 
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Tu ganvixilavT lazers, romelic 266 nm talRis sigrZeze 

generirebs, da misi fotonis energia 
1810−
 J (jouli) maSin (17) 

piroba rom Sesruldes lazers sul mcire 1 µW-is toli 

simZlavre unda gaaCndes. lazerSi aseTi simZlavreebis miReba 

aranair teqnikur sirTules ar warmoadgens. 

amrigad cxadia, rom lazeriT inducirebuli 

fluorescenciis speqtroskopia biologiuri qsovilebis 

fluorescenciis speqtrebis registraciisa da kvlevis saimedo 

meTods warmoadgens. 

zemoT aRwerili fluorescenciuri analizis 

eqsperimentalur danadgarSi fluorescenciis aRgzneba 

seleqtiurad, monoqromatuli lazeruli gamosxivebiT 

xorcieldeba. 16 lazeruli sixSiriT uzrunvelyofilia speqtris 

mTeli xilul − ulraiisferi diapazonis gadafarva. 

fluorescenciuri gamosxivebis registracia SesaZlebelia 

farTo optikur diapazonSi (180nm - 5000nm) aRgznebis 

stacionarul, impulsur-periodul da impulsur reJimebSi. 

fluorescenciis speqtrebis Cawera xdeba maRali 

garCevisunarianobiT (∆λ = 0.2 nm). 

danadgarSi gaTvaliswinebulia fluorescenciis aRgznebisa 

da registraciis dinamiuri reJimebi, rac iTvaliswinebs 

gamosxivebis droze damokidebulebis gadaRebas. drois 

garCevisunarianoba Seadgens 10ns-s. 

fluorescenciuri gazomvebis eqsperimentaluri monacemebis 

damuSaveba xorcieldeba “ORIGIN software”-is programuli paketiT. 

kidev erTxel aRniSvnis Rirsia is, rom programuli paketi 

“ORIGIN software” rogorc STanTqmis, aseve fluorescenciis 

xazebis statistikuri meTodebiT analizis saSualebas iZleva. 

kerZod, SesaZlebelia mocemuli eqsperimentaluri mrudis 

aproqsimacia nebismieri funqciiT, imavdroulad dgindeba 

aproqsimaciis sizuste, anu eqsperimentuli monacemebis 

hipoTeturi Teoriuli kanoniT aproqsimaciis sizuste − χ2-
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kriteriumi. e.g.m.-is gamoyenebiT SedarebiT adviladaa 

SesaZlebeli hipoTeturi ganawilebebis parametrebis varireba da 

Sesabamisad yvelaze ufro albaTuri ganawilebis dadgena. 

STanTqmis analogiurad, CCD deteqtoriT fluorescenciis 

speqtris Cawera SesaZlebelia talRis sigrZeTa mTel samuSao 

diapazonSi erTdroulad, erTi gazomviT. 

 

2.2. lazeriT inducirebuli fluorescencia da 

diagnostikis fizikuri safuZvlebi 

jaWvi atomebidan organizmebamde: atomi → molekula → 

biomolekula → sistema → ujredi → organizmi (adamianis 

sxeuli), Sesdgeba mravali kargad gansxvavebuli sistemebisgan. 

sistemis sirTule izrdeba masSi Semavali atomebis ricxvis 

zrdasTan erTad (nax.7.). dResdReobiT SeuZlebelia winaswar 

aRiweros organizmis qceva atomebis individualur 

maxasiaTeblebze dayrdnobiT. amis miRweva SesaZlebelia mxolod 

im SemTxvevaSi, roca zemoTxsenebul jaWvs davyofT nawilebaT 

da SeviswavliT magaliTad rogor aris biomolekulebis 

Tvisebebi damokidebuli misi Semadgeneli standartuli blokebis 

Tvisebebze [84]. zemoT mocemuli TvalsazrisiT rogor 

davaxasiaToT daavadeba? vinaidan dResdReobiT qsovilis 

mdgomareobis daxasiaTebis yvelaze sarwmuno meTodi 

histologiaa, amitom qsovilis mdgomareobebis Seswavla misi 

Semadgeneli nawilebis SeswavliT unda daviwyoT.  ris Sedegadac 

unda miviRoT qsovilis mdgomareobis damaxasiaTebeli fizikuri 

sidideebi da unda veZeboT Cveni kvlevebis Sedegebis korelacia 

histologiasTan. 
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nax. 7. atomebidan organizmisaken [84]. 

 

lazerul-optikuri speqtroskopia erT-erTi yvelaze 

warmatebuli meTodia, romelic iZleva informacias atomidan 

organizmamde jaWvis nebismier blokze [10,84,85,86]. amitom 

nivTierebis Semadgenlobis Sesaxeb miRebuli informacia 

sxvadsxva masStabisaa mikroskopuli donidan dawyebuli da 

makroskopuli doniT damTavrebuli. amgvarad rodesac 

speqtroskopias viyenebT, rogorc adamianis qsovilebis Sesaswavl 

instruments, aRmoCndeba rom informacia molekuluridan 

qsovilur donemde damokidebulia im meTodis specifikaze, 

romelsac gamoviyenebT [87]. 

vinaidan daavadebis ganviTareba kompleqsuri procesia, da 

qsovilSi is iwvevs mTeli rigi fiziologiuri da 

morfologiuri xasiaTis cvlilebebs, gonivrulia vivaraudoT, 

rom Tu speqtroskopiis ramodenime Sesabamisi modalobis (aq, 

samedicino xasiaTis informaciis mopovebis xerxi) kombinacias 

gamoviyenebT, is saSualebas mogvcems miviRoT srulyofili 

informacia biologiuri qsovilis mdgomareobis Sesaxeb, rac 

zrdis Cvens SesaZleblobebs aRmovaCinoT daavadeba ganviTarebis 

nebismier adreul stadiaze. sami erTmaneTisagan gansxvavebuli 

speqtroskopiuli meTodis kombinaciis gamoyeneba uzrunvelyofs 

am miznebis Sesrulebas. es meTodebia: sakuTari fluorescenciis 
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speqtroskopia (IFS), difuziuri gabnevis speqtroskopia (DRS) da 

sinaTlis gabnevis speqtroskopia (LSS). cxadia, Tu IFS ikvlevs 

bioqsovilis bioqimiur maxasiaTeblebs, rogorebicaa proteinebis 

Semcveloba da metaboluri mdgomareoba, DRS ikvlevs 

SemaerTebeli qsovilis gabnevisa da STanTqmis Taviseburebebs, 

xolo LSS ki mgrZnobiarea epiTeluri ujredebis morfologiisa 

da birTvebSi qromatinis Semcvelobis mimarT. am informaciis 

raodenobrivi formiT misaRebad, mniSvnelovania sinaTlis da 

qsovilis urTierTqmedebis detaluri ganxilva da Sesabamisi 

modelebis Seqmna, srulyofa da  gamoyeneba [87]. 

 
2.2.1. urTierTqmedebis modelis Sesaxeb 

sazogadod, rodesac vsaubrobT sinaTlisa da nivTierebis 

urTierTqmedebaze, saWiroa am procesebis ganxilva mkacrad 

kvanturi poziciebidan [88,89]. amis miuxedavad zog SemTxvevebSi 

SesaZlebelia am procesebis ganxilvisas gverdi auaroT kvantur 

midgomas da gamoviyenoT naxevrad-klasikuri [90] an srulad 

klasikuri miaxloveba [19,54,60,91]. naxevrad-klasikuri midgomisas, 

sinaTle aRwerilia klasikurad, xolo nivTiereba – kvantur-

meqanikurad. srulad klasikur SemTxvevaSi, orive aRiwereba, 

rogorc klasikuri obieqtebi. amis garda, srulad klasikuri 

aRweris pirobebSi sinaTle SesaZlebelia ganvixiloT, rogorc 

klasikuri nawilakebis, anu “klkasikuri fotonebis” nakadi. 

ganvixiloT ufro detalurad fotonebi → klasikuri nawilakebi 

gadasvla lazerebisTvis [90] da optikuri gamosxivebis siTburi 

wyaroebisaTvis. 

mkacrad kvanturi TvalTaxedviT sinaTlis 

eleqtromagnituri talRis eleqtruli da magnituri velebi 

kvantur operatorebs warmoagenen da ara mxolod droisa da 

sivrcis fuqciebs. kargadaa cnobili, rom rodesac atomuri 

sistema STanTqavs sinaTlis kvants, es operatori gadasvlis 

amplitudaSi Seicavs k ⁄  faqtors. kvantis gamosxivebas k1 ⁄  faqtori warmoadgens. sadac k  mocemuli rxeviTi modelis 
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mier STanTqmuli kvantebis raodenobaa anu rxeva mocemuli  k 
talRuri veqtoriT da   polarizaciiT. klasikur miaxlovebaSi 

igulisxmeba, rom pirdapiri da Sebrunebuli procesebis 

matriculi elementebi erTmaneTis tolia. Sesabamisad 

eleqtromagnituri veli SesaZlebelia ganvixiloT klasikurad, 

Tu k 1. aRsaniSnavia, rom es piroba ZalaSia mxolod maSin, 

rodesac oscilatori imyofeba koherentul mdgomareobaSi, rac 

lazeris gamosxivebis prioritetuli Tvisebaa. amitom k 1 
piroba SeiZleba gamoyenebul iqnas im eleqtruli velis 

daZabulobis im zRvruli mniSvnelobis mosaZebnaT, romlis 

Semdegac lazeruli gamosxivebis eleqtruli veli SesaZlebelia 

ganvixiloT, rogorc klasikuri. 

lazerul rezonatorSi SeiZleba arsebobdes gansazRvruli 

energiisa  da gansazRvruli energetikuli intervalis ∆  

mqone fotonebi. Tu SevafasebT velSi oscilstorebis 

raodenobas, miviRebT  ∆k 2 ~ ∆ ⁄⁄ . igulisxmeba, rom 

TiToeuli oscilatori asxivebs erTi da igive raodenobis 

kvantebs, k , da rom yoveli kvantis energia aris . amrigad 

rezonatoris erTeuli moculobis sruli energia  k ∆ ⁄ -is 

tolia. meores mxriv, klasikuri midgomis Tanaxmad es sidide 

SegviZlia SevafasoT rogorc E . amitom k 1 piroba 

eqvivalenturia talRis eleqtruli velis daZabulobaze 

dadebuli ∆ ⁄ ⁄ ~ ∆ ⁄ ⁄  pirobisa, sadac  

lazeris gamosxivebis talRis sigrZea, xolo ∆   gamosxivebis 

speqtris xazis siganea. lazerisa tipiuri gamosxivebisaTvis 500nm-s, xolo ∆ ~0.01nm-s, saidanac viRebT 

naxevradklasikurobis pirobas: E 1 ⁄ . meores mxriv 

eleqtruli velis daZabuloba da gamosxivebis intensivoba I  

gamosaxuli ⁄  erTeulebSi dakavSirebulia Semdegi  

TanafardobebiT:  

                       ⁄ 27 √  
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                      ⁄ 19 √  

 

sadac faqtorebi 27 da 19 mocemulia wrfivi da wriuli 

polarizaciebisaTvis Sesabamisad. cxadia, rom 

naxevradklasikurobis piroba ( 1 ⁄ ) sruldeba umravlesi 

eqsperimentis dros da lazeris rogorc sinaTlis wyaros 

kvanturi maxasiaTeblebi Tavs ar iCenen im konkretuli 

SemTxvevebis garda Tu ar gvainteresebs lazeris xmauris 

parametrebi da an ar vmuSaobT generaciis zRvris uSualo 

maxloblobaSi. 

biologiur qsovilze pirdapiri lazeruli gamosxivebis 

zemoqmedeba, gamosxivebis maRali koherentulobis gamo 

interferenciul efeqtebs iwvevs. kerZod, warmoiqmneba spekl-

struqturebi [92], rogorc arekvlil gamosxivebaSi, aseve 

qsovilis SigniTac [93]. 

qsovilebis speqtroskopiaSi Catarebul umravles 

eqsperimentebSi dasxivebas qsovilis zedapirze “ukiduresad” 

mravalmodiani optikur-boWkovani SuqmtarebiT axorcieleben [6]. 

vinaidan Suqmtari boWko ukiduresad mravalmodiania, lazeris 

sinaTlis sivrciTi da droiTi koherentulobiT gamowveuli 

spekl-struqtura aRar vlindeba, anu ufro mkacrad – is 

naklebadaa gamokveTili. Sesabamisad, am SemTxvevaSi, lazeruli 

gamosxiveba umniSvnelod gansxvavdeba arakoherentuli 

wyaroebisagan optikuri zondis gamosavalze da vinaidan k 1 
piroba Sesrulebulia da lazeruli gamosxiveba biologiuri 

qsovilis nawilakebis didi raodenobasTan urTierTqmedebs, maSin 

SesaZlebelia am urTierTqmedebis modelireba klasikuri 

statistikuri fizikis meTodebiT [19,54,60,91] sadac fotonebi ukve 

klasikur nawilakebad  ganixileba. es exeba orive SemTxvevas, 

rogorc lazerul gamosxivebas, ise siTburi saxis optikur 

wyaroebsac, romlebic Tavisi bunebiT arakoherentulebia. 
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aqedan moyolebuli ganvixilavT fotonis migraciis 

procesebs biologiur qsovilebSi, sadac ugulebelvyofilia 

sinaTlis interferenciuli efeqtebi. 

gamosxivebisa da qsovilis urTierTqmedebis 

dasaxasiaTeblad, saWiroa koreqtulad SevarCiooT ZiriTadi 

fizikuri sidideebi da maTi saSualebiT avagoT urTierTqmedebis 

koreqtuli modeli. 

 
2.2.2. biologiuri qsovilis sinaTlesTan 

urTierTqmedebis maxasiaTebeli ZiriTadi sididebi 
statistikuri midgomisas qsovili ganixileba, rogorc 

arametaboluri, pasiuri, SemTxveviTi, mRvrie garemo, romelic 

Sesdgeba aragambnev da aramSTanTqmel garemoSi ganawilebuli 

diskretuli gambnevi da mSTanTqmeli centrebisagan. STanTqma 

(gabneva) miiReba STanTqmis (gabnevis) kveTis namravliT 

mSTanTqmelebis (gambnevebis) simkvriveze [21]. amgvarad aris 

ganmartebuli STanTqmis  da gabnevis   koeficientebi. 

amgvarad   tipis mSTanTqmelebisaTvis (an gambnevebisaTvis) 

STanTqmisa da gabnevis koeficientebi ganimarteba Semdegnairad: 

 

           , ,                        , ,                                        19  
 

sadac  , , ,  aris  tipis mSTanTqmelebis simkvrive da ,  
aris Sesabamisi STanTqmis kveTi; , , ,  aris  tipis 

gambnevebis simkvrive da ,  aris Sesabamisi gabnevis kveTi. 

mas Semdeg rac ganvmarteT STanTqmisa da gabnevis 

koeficientebi, SegviZlia ganvixiloT Tu rogor reagirebs 

qsovili fotonebis zegavlenaze. vTqvaT qsovili sxivdeba 

gadawyobadi uwyveti lazeriT. rodesac lazeris talRis sigrZe 

daemTxveva mSTanTqmeli molekulis gadasvlas, fotonis 

Tavisufali ganarbenis ℓ manZilze STanTqmuli fotonebis 

raodenoba iqneba 
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                                                                                                       20  
 

sadac             1 exp ℓ                                                                       21  

 

aq  lazeris fotonebis dajaxebaTa ricxvi 1 wamis 

ganmavlobaSi da  aris fotonis STanTqmis albaToba ℓ 
manZilze 1 wamis ganmavlobaSi [10]. analogiuri gziT SeiZleba 

ganisazRvros qsovilSi ℓ manZilis gavlisas fotonis gabnevis 

albaToba  romelic ase SeiZleba gamoisaxos: 

            1 exp ℓ                                                                        22  

 

STanTqmis procesis Semdgom qsovilis aRgznebuli 

molekula an fotons asxivebs (fluorescencia), an energiis 

disipaciis Sedegad qsovils aTbobs (aragamosxivebiTi procesi). 

molekulebis aRgznebuli donidan, 1 wamSi, gamosxivebuli 

fotonebis raodenoba aris 

                                                                                                23  

 

sadac  kvantur gamosavals aRniSnavs. es imas niSnavs, rom 

fluoroforis mier STanTqmuli yoveli fotoni generirebs ⁄  fluorescenciul fotons. meores mxriv, ⁄ , sadac  aRniSnavs yvela spontanuri gadasvlis 

siCqares da  ki aRniSnavs aragamosxivebiTi gadasvlebis 

siCqares. 23  gamosaxulebis orive mxaris   ⁄ -ze 

gamravlebiT da   20  gamosaxulebis gaTvaliswinebiT martivad 

miviRebT gamosaxulebas sakuTari fluorescenciisaTvis 

            ⁄                                                               23  



71 

 

an (21)-is CasmiT (23b)-Si miviRebT 

             ⁄  1 exp ℓ                                24  

 

SemdegSi  0 . Tu 1, da exp 1 , da (24a)-dan 

miviRebT 

            ⁄  ℓ                                                          24  

 

gamosaxulebas sakuTari luminescenciisaTvis, romelic 

samarTliania Txeli, gamWvirvale garemosaTvis. 

axla ganvixiloT fotonis da qsovilis urTierTqmedeba 

fluorescenciis ararsebobis pirobebSi. am SemTxvevaSi 

urTierTqmedebis sruli albaToba total, aris sami 

urTierTdamoukidebeli procesis jami. esenia STanTqmis (21), 

gabnevis (22) da urTierTqmedebis ararsebobis albaTobebis jami: 

   total 1                                                            (25) 

 

sadac  aris albaToba imisa, rom adgili ar aqvs arc 

STanTqmis da arc gabnevis aqtebs. Tu (21) da (22) gamosaxulebebs 

teiloris mwkrivad gavSliT da dauSvebT, rom  ℓ, ℓ 0,, 

maSin 

            ℓ 0                                                                                    26  

            ℓ 0                                                                                     27  

 

da amitom (25)-dan gamomdinareobs, rom 1. es ki imas niSnavs, 

rom qsovilSi Sesuli fotoni Tavisuflad moZraobda. 
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Tavisufali ganarbenis gavlis Semdeg ℓ , (25)-dan 

gamomdinareobs, rom 0 da fotoni iwyebs qsovilis 

nawilakTan erTierTqmedebas. am SemTxvevaSi mas aqvs garkveuli 

albaToba imisa, rom STainTqas: 

                                                                                   28  

 

da aseve garkveuli albaToba imisa, rom gaibnas: 

                                                                                     29  

 

zemoT SemoTavazebul midgomaSi fotoni mcirdeba Tavis wonaSi 

qsovilSi yoveli erTierTqmedebis albaTobiT [91]. fotonis 

axali wona tolia fotonis Zveli wonisa da 1 ⁄⁄  koeficientis namravlis, sadac  aris albedo. 

gabnevis aqtis Semdeg fotoni ganagrZobs moZraobas 

mimarTulebiT, romelsac gansazRvravs fazuri funqcia da es 

grZeldeba momdevno erTierTqmedebamde qsovilis SigniT. 

rogorc vxedavT qsovilis optikuri Tvisebebis kidev erTi 

maxasiaTebelia fazuri funqcia. yoveli gabnevis aqtis Semdeg 

fotoni icvlis Tavis moZraobis mimarTulebas kuTxiT, romelic 

aris nawilakis formis, zomis da misi orientaciis funqcia. igi 

aseve damikidebulia dacemili sinaTlis talRis sigrZeze. 

zogadad, yovel nawilaks eqneba gansxvavebuli gabnevis 

indikatrisa. am gabnevis indikatrisas fazuri funqcia ewodeba. 

vinaidan, zogadad fazuri funqcia gansxvavebulia nawilakidan 

nawilakamde, amitom gabnevis procesebis ZiriTadi 

Taviseburebebis adekvaturad aRsawerad, simartivisaTvis, 

xmaroben saSualo fazur funqcias. saSualo fazuri funqcia 

SemosazRvrulia pirobiT, rom erTi mimarTulebidan meore 
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mimarTulebiT gabnevis albaToba aris mxolod am mimarTulebebs 

Soris kuTxis funqcia :  

            ∑ ,∑ ,                                                                        30  

 

vinaidan qsovilis fazuri funqcia ar aris izotropuli, 

amitom fazuri funqciis anizotropiis zomis aRsawerad iyeneben 

parametrs, romelsac qvia saSualo kosinusi (pirveli momenti). es 

parametri xSirad aRiniSneba -Ti da ganisazRvreba, rogorc 

fazis funqciis integrali yvela kuTxiT gamravlebuli kuTxis 

kosinusze 

            cos cos  ,                                                       31  

 

sadac  aRniSnavs sivrcul kuTxes. 

axla Cven ukve gagvaCnia is yvela ZiriTadi sidide, 

romelTa saSualebiTac SegviZlia aRvweroT lazeruli 

gamosxivebisa da biologiuri qsovilis urTierTqmedeba 

staistikur miaxlovebaSi. 

 

 2.2.3. lazeriT inducirebuli fluorescencia (LIF) 

rogorc viciT, rodesac gamomsxivebeli garemo 

gamWvirvalea maSin fluorescenciis speqtri (24) 

gamosaxulebebiT aRiwereba. axla ganixiloT fluorescencia 

Zlierad gambnev da mSTanTqmel garemoSi. zogadad gabnevasac da 

STanTqmasac SeuZlia sakuTari fluorescenciis speqtri 

Secvalos. gamonakliss mxolod is SemTxveva warmoadgens 

rodesac sakuTari fluorescencia mxolod erTi saxis 

fluoroforis gamosxivebiT miiReba. vinaidan gabnevis 

koeficienti 300-700nm diapazonSi talRis sigrZeze sustadaa 
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damokidebuli, amitom gambnevebis koncentraciis cvlileba 

sakuTari luminescenciis signalis mxolod amplitudas Secvlis, 

xolo speqtraluri xazis formas ki ucvlels datovebs. 

mRvrie garemoSi sakuTari fluorescenciis speqtri rom 

miviRoT amisaTvis gazomili speqtris “gawmendis” garkveuli 

procedura unda SevimuSaoT. 

avRniSnoT qsovilis gazomili fluorescencia rogorc det  
da is warmovadginoT Semdegi saxiT 

             det , det .                                                                     32  

 

am gamosaxulebaSi det gazomili sakuTari fluorescenciis 

intensivobaa. “det” niSani “deteqtors” aRniSnavs. am saxiT 

warmodgenili intensivobebi (24) gamosaxulebisagan gasxvavebiT 

pirobiT erTeulebSi (arbitrary units) izomeba. (32 ) gamosaxulebis 

marjvena nawilSi warmodgenili ,  funqcia sakuTari 

fluorescenciis speqtrs saxes ucvlis (axdens modifikacias). 

misi cxadi saxe damokidebulia qsvilSi arsebul mSTanTqmelebsa 

da gambnevebze da maT koncentraciebze. 

Tu fluorescenciis signalis formirebaSi ramodenime 

damoukidebeli fluorofori iRebs monawileobas, maSin 

            det ,  det ,                                                         32  

 

xolo gamosxivebis speqtri ki ase Cawereba 

 

          det  , detmax
min ,                                         32  

 

an 
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            det det ,                                                                 32  

 

sadac  speqtrs aRniSnavs. 

(32) gantolebebi warmoadgenen biologiuri qsovilis 

optikurad/lazeriT aRgznebuli fluorescenciis ZiriTad 

gantolebebs 300-700nm-is diapazonSi. am saxiT maTi Caweris 

samarTlianoba dasabuTebul iqna [19,54,91,60] naSromebis seriaSi.  

maTi saSualebiT xorcieldeba qsovilis mdgomareobis dadgena: 

sakuTari fluorescenciis nawili, ∑ , gansazRvravs 

fluoroforebis koncentraciebs, xolo garemos zegavlena 

aisaxeba modificirebis funqciaSi, , . aqedan gamodinare 

biologiuri qsovilis mdgomareobis srulfasovani 

dadgenisaTvis sakmarisia orive sididis cxadi saxis codna. 

Tumca xSir SemTxvevaSi es ar aris aucilebeli. ganvixiloT es 

sakiTxi kerZo magaliTze. 

dauSvaT rom erTi saxis qsovilebSi, Sesabamisi 

procedurebis Sedegad vzomavT, ori fluoroforis 

koncentraciebs, -s da -s. amis Semdgom maT vadarebT 

histologiis monacemebs da vadgenT, rom ,  wyvili 

Seesabameba raime paTologias. davsvaT kiTxva, SeiZleba Tu ara 

mivideT wina SemTxvevaSi gakeTebul daskvnamde Tu 

fluoroforebis sakuTari fluorescenciis speqtrebi da 

Sesabamisad maTi koncentraciebi ucnobia. cxadia rom amis 

gakeTeba SegviZlia. marTlac, am SemTxvevaSi nacvlad det  da det  vzomavT mxolod  det-s. vinaidan , det -sa da det-s 
Soris (32) Tanaxmad urTierTcalsaxa damokidebulebaa, 

Sesabamisad det-is saSualebiTac SesaZlebelia daavadebuli 

qsovilis paTologis saxis gansazRvra. procedura ki 

analogiuria: det-is speqtrebi dardeba histologiis monacemebs 

da dgindeba speqtrisa da paTologiis Sesabamisoba. am xerxiT 
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diagnozis dasma kidev ufro swrafi da aranakleb efeqturi 

meTodia, vidre sakuTari fluorescenciiT diagnostirebis 

meTodi. 

  

2.2.4. , -is gamoTvla 

Tu vivaraudebT [54], rom (i) fluorescenciuli fotonebis 

gabnevis anizotropiis koeficienti aRmgznebi fotonebis 

anizotropiis koeficientis  -s tolia da (ii) Sesustebis 

koeficienti    aRgznebisa (lazeris) da gamosxivebis 

(fluorescenciis) talRis sigrZeebisTvis tolebia, maSin 

fluorescenciisa da aRmgznebi gamosxivebis fotonebi qsovilSi 

erTsa da imave traeqtoriaze imoZraveben. (fotonebis migraciis 

modelSi traeqtorias   da  gansazRvravs). am SemTxvevaSi 

[19,60] 

             , 1 ℓ ⁄ ,                    33  

 

sadac   qsovilis difuzuri arekvladobaa (dacemuli da 

areklili sinaTlis intensivobebis Sefardeba). e 1 da 1 .  da ℓ mudmivebia sinaTlis mocemuli dasxiveba – 

Sekrebis sqemisaTvis. simbolo “0” warmoadgens Sesabamis sidides 

rodesac qsovilSi ar mimdinareobs STanTqma. 

miuxedavad imisa, rom (33) gamosaxulebaSi , ,  da  

sidideebis mniSvnelobebi ucnobia, maTi miReba SesaZlebelia 

difuzuri arekvladobis analitikuri gamosaxulebidan [19,60], 

romelic  Zonios-ma da Tanaavtorebma miiRes [62]. rac Seexeba  da ℓ sidideebis mniSvnelobebs maTi miReba, cdis gziT, cnobili 

optikuri maxasiaTeblebis mqone biologiuri qsovilebis 

fantomebiT dakalibrebiT xorcieldeba. 

im SemTxvevaSi rodesac qsovilSi mxolod fluoroforebi 

STanTqaven (33) dan gamomdinareobs, rom 
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            , 1 ℓ ⁄ 1 .                            34  

 

erTi fluoroforis SemTxvevaSi sakuTari fluorescenciis 

speqtraluri xazis forma praqtikulad ar icvleba, vinaidan (34) 

sustadaa damokidebuli talRis sigrZeze. samagierod 

mniSvnelovnad icvleba misi intensivoba gambnevebis koncenraciis 

cvlilebisas. es yovelive eqsperimentulad dadasturda: (i) 

normirebuli speqtrebis Sedarebam aCvena, rom sakuTari 

fluorescenciis forma ucvleli darCa  150nm-is tol 

speqtralur ubanze 350-700nm diapazonSi daaxloebiT 5%-is 

sizustiT, (ii) gambnevebis koncentraciis cvlilebam ki amave 

diapazonSi sakuTari fluorescenciis mniSvnelovani cvlileba 

gamoiwvia [19]. 

im SemTxvevaSi Tu fluorescenciis speqtrs aRmgznebi 

lazeris talRis sigrZis uSualo siaxloves gavzomavT ( ), 

maSin 

            ℓ  ,                                                         35  

 

sadac  da  qsovilis arekvladobaa STanTqmisa da STanTqmis 

gareSe pirobebSi, aRgznebis talRis sigrZeze, . 
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3. daskvna 

 

3.1. eqsperimentebis Sedegebi da maTi ganxilva 

 

3.1.1. winasityvaoba    

bolo wlebis monacemebiT avTvisebiani simsivniT saSualod 

weliwadSi 6.7 milioni adamiani kvdeba. es viTareba mkurnalobisa 

da diagnostirebis arsebuli Tanamedrove teqnologiebis 

ganviTarebasTan erTad axali teqnologiebis Seqmnasac moiTxovs. 

gansakuTrebuli mniSvneloba mieniWa pacientze orientirebuli 

efeqturi da adreuli diagnostirebis axali teqnologiebis 

Seqmnas. 

Cvens mier Catarebulma winaswarma gamokvlevebma aCvena, rom 

arsebobs calsaxa kavSiri bioqsovilis lazeriT inducirebuli 

fluorescenciis spetris formasa da paTologiis saxes Soris, 

rac  simsivneebis diferencialuri diagnostirebis Tvisobrivad 

axal saSualebas iZleva. teqnologiebi saSualebas mogvcems 

ganvaxorcieloT bioqsovilis paTologiis myisieri dadgena da 

qirurgiuli operaciebis dros gadagvarebuli aris on-line 

kontroli. rac Seexeba arainvaziurobas igi miiRweva lazeruli 

gamosxivebis nanowamiani impulsebis gamoyenebiT. am SemTxvevaSi 

SesaZlebelia lazeriT inducirebuli fluorescenciis saimedod 

dafiqsireba dasxivebis mcire dozebiT, rac praqtikulad 

gamoricxavs bioqsovilis gaTbobas da Sesabamisad mis rogorc 

Termul, aseve ablaciur dazianebas.  

samedicino praqtikaSi arsebuli diagnostirebis 

tradiciuli meTodebi [94] rogorc wesi seriozuli problemebis 

winaSe dgas diagnozis dasmis sizustis, siswrafis da 

arainvaziurobis (uzianobis) TvalsazrisiT. marTlac, kiboswina 

stadiis dadgena ZiriTadad efuZneba saeWvo areebis vizualur 

aRmoCenas. romelsac mosdevs invaziuri biofsia da garkveuli 
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damuSavebis Semdeg nimuSis mikroskopiT gamokvleva. Sesabamisad 

diagnozis dasma droSi gaWimuli procesia da qsovilis 

seriozul dazianebasTanaa dakavSirebuli. am TvalsazrisiT 

axali meTodebis SemuSaveba kvlavac Zalze aqtualuria. 

dReisaTvis msoflioSi intensiurad muSavdeba iseTi 

principulad axali diagnostikuri teqnologiebi, ZiriTadad 

lazeruli, romlebmac unda uzrunvelyon diagnozis dasma 

realuri drois (on-line) reJimSi, biologiuri qsovilis 

minimaluri an sruli dauzianeblobis pirobebSi [16,17,95]. 

lazeruli teqnologiebi yvela SemTxvevaSi eyrdnoba 

nivTierebisa da gamosxivebis urTierTqmedebis fundamenturi 

procesebis uSualo analizs [96,97]. es procesebia lazeris 

gamosxivebis erTjeradi da mravaljeradi gabneva [33,97,98,99,100] 

da lazeris dasxivebiT bunebriv fluoroforebSi, anu 

biomolekulebsa da maT kompleqsebSi inducirebuli 

fluorescencia [13,24,101,102,103]. Sesabamisad SesaZlebelia erTi an 

orive meTodis gamoyeneba, Tumca, Cveni azriT,  am procesebis 

Seswavla ukve in vitro SemTxvevaSi avlens im prioritetebs, 

romlebic safuZvlad unda daedos lazeruli diagnostikis 

„realuri“ (in vivo) da efeqturi teqnologiebisa da Sesabamisi 

aparaturis Seqmnas. bioqsovilebSi gabnevisa da fluorescenciis 

procesebis Seswavla diagnostirebis TvalsazrisiT sxvadasxva 

informaciis matarebelelia. Tu gabneva ZiriTadad ujredis 

birTvebis formis cvlilebaze reagirebs [17,16] fluorescenciis 

analizi makromolekulebis kompleqsebis warmoqmnasa da 

ujredSi mimdinare bioqimiur procesebs asaxavs [22,104]. 

bolo wlebSi gansakuTrebiT aqtiurad muSavdeba 

diagnostikis fluorescenciuli meTodebi [13,24,30,101,102,103,106-109]. 

am SemTxvevaSi garkveuli talRis sigrZis mqone lazeris 

gamosxivebis zemoqmedebiT bioqsovili iwyebs fluorescirebas 

da misi speqtri da xangrZlivoba (ultramokle impulsebiT 

aRgznebisas) gansxvavdeba da damokidebulia paTologiis raobaze 

da mis simZimeze [24,101,109]. garemos „geometria“, romelsac axla 
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ukve mxolod fluorescenciuli signalis gabnevaze SeuZlia 

gavlenis moxdena, ver cvlis am speqtrsa da naTebis 

xangrZlivobas [24]. fluorescenciis misaRebad mravalfotonuri 

aRgznebis meqanizmis gamoyeneba, rac lazeris talRis sigrZisa 

da impulsis xangrZlivobis SemcirebiT miiRweva, qsovilis Rrma 

fenebis diagnostirebis saSualeba iZleva [106,107]. amisi miRweva 

gabnevis meTodiT bioqsovilSi principulad SeuZlebelia. 

yovelive zemoTqmulidan udaoa fluorescenciis meTodis 

upiratesoba gabnevis meTodTan. 

2004 wlidan kibernetikis institutis koherentuli optikisa 

da eleqtronikis ganyofilebis fizikosTa jgufisa (z. 

meliqiSvili, T. medoiZe da z. jaliaSvili) da qarTul-germanuli 

specializirebuli klinikis xelmZRvanelis profesor k. 

mardleiSvilis kerZo iniciativiT, lazeriT inducirebuli 

fluorescenciis gamovlenisa da Seswavlis mizniT, farisebri 

jirkvlis simsivnur qsovilebze (Ciyvi, adenoma, kibo) daigegma da 

pirvelad Catarda sacdeli in vitro eqsperimentebi. am 

eqsperimentebma aCvena fluorescenciis speqtris form-faqtoris 

analizze dayrdnobiT diagnostikis axali perspeqtiuli meTodi 

[30,108,109]. amJamad kibernetikis institutis koherentuli da 

kvanturi optikis ganyofilbis laboratoriaSi tardeba sacdeli 

in vitro eqsperimentebi farisebri jirkvlis simsivnur qsovilebze. 

kvlevis obieqts warmoadgens biologiuri qsovilebis anaTlebi, 

aseve bioqimiuri da centrifugirebis meTodebiT miRebuli 

sacdeli qsovilis citoplazma. lazeriT inducirebuli 

fluorescenciis meqanizmebis kvleva, romelic fundamenturi 

saxis samomavlo amocanaa, unda ganxorcieldes bioqsovilis 

ujredul fraqciebzec. 

bioqsovilebis, ujredebis da ujereduli fraqciebis 

fluorescenciis speqtrebis misaRebi mowyobiloba detaluradaa 

aRwerili naSromis 2 TavSi, magram qvemoT mainc mokledaa 

mocemuli eqsperimentis dayenebis ZiriTadi momentebi. 
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farisebri jirkvlis qsovilebis nimuSebi aRebul iqna 200-

ze meti sxvadasxva individisgan ramodenime milimetri sisqis 

mTliani naWris saxiT. yoveli naWeri iyofoda sam nawilad, 

saidanac erTi igzavneboda histomorfologiur gamokvlevaze, 

meore _ bioqimiuri damuSavebisTvis, xolo mesame _ 

fluorescenciur gamokvlevebze. ukanaskneli Tavsdeboda 

speqtroskopiul kvarcis kiuvetaSi da sxivdeboda 10ns, 337nm 

azotis lazeris 100Hz impulsebiT. impulsis energia Seadgenda 

0,4mj. qsovilis zedapirze lazeris sxivi fokusirdeboda 100µm 

diametris wertilad. fluorescencia ikribeboda qsovilis 

frontaluri zedapiridan da Sedioda maRali 

garCevisunarianobis mqone ormagdifraqciul 

speqtrograf/monoqromator DFS-452-is (1200 Strixi/mm) Sesasvlel 

xvrelSi. optikuri kvarcis kiuvetebi specialurad Semowmda, 

raTa talRis sigrZZis samuSao diapazonSi gamogvericxa maTSi 

STanTqmisa da fluorescenciis arseboba. speqtrografis 

fotoeleqtro gamamravlebeli milakidan miRebuli eleqtruli 

signalis “wasakiTxad” gamoiyeneboda UNIPAN-233 seleqtiuri 

nanovoltmetri (periodul-gameorebad impulsur reJimSi 

momuSave). gamosxivebis speqtri registrirdeboda 350-dan 600nm-

mde ubanSi. gazomvebi xorcieldeboda yoveli nimuSis ramodenime 

gansxvavebul wertilSi Sedegebis gameorebadobis 

uzrunvelsayofad. saboloo informacia cifruli saxiT 

muSavdeba personalur kompiuterze monacemTa damuSavebis 

programa ORIGIN-is saSualebiT. 

klinikur praqtikaSi diagnostikis problemisadmi 

gazrdilma yuradRebam da axali teqnologiebis gamoCenam mainc 

bolomde ver aRmofxvra is sirTuleebi, romlebic 

dakavSirebulia diferencialuri diagnostikis sizustesTan. 

aseTTa rigs ganekuTvneba, magaliTad, farisebri jirkvlis 

kvanZovani warmonaqmnebis xasiaTisa da gansakuTrebiT 

keTilTvisebiani da avTvisebiani simsivneebis erTmaneTisagan 

calsaxad garCevis problema [8]. am problemis aqtualoba 
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ganpirobebulia, rogorc farisebri jirkvlis simsivneebis 

raodenobis ganuxreli zrdiT, ise imiTic, rom kibo SeiZleba 

SeeTavsos(Seexamos) am organos praqtikulad yvela daavadebas 

(difuzur toqsiur CiyvTan, autoimunur Tireoidits da sxv.). 

eWvgareSea, rom farisebri jirkvlis simsivnuri da 

arasimsivnuri etiologiis daavadebebis histologiuri 

diagnostika jer-jrobiT rCeba erT-erT Zenlad gadasawyvet 

amocanad. 

 

  
3.1.2. lazeriT inducirebuli fluorescencia adamianis 

farisebri jirkvlis normaluri da paTologiuri 

ujredebidan 

farisebri jirkvlis simsivneebis Sedegiani mkurnaloba 

damokidebulia diagnostikis siCqaresa da sizusteze. 

magaliTisTvis, qirurgiuli operaciis Catarebamde didi 

mniSvneloba eniWeba adenomisa da karcinomis diferenciacias, 

raTa ganisazrvros operaciis optimaluri strategia. 

am problemis gadasaWrelad, axali midgoma mdgomareobs 

mowinave lazeruli da optikuri teqnologiebis gamoyenebaSi. 

maTi saSualebiT SesaZlebelia simsivneebis zusti, arainvaziuri 

(an minimalurad invaziuri), myisieri da rac mTavaria adreuli 

diagnostika [6,33,103,110,111,112]. 

zogadad lazeruli sxivisa da biologiuri qsovilis 

urTierTqmedeba iwyeba zedapiridan frenelis arekvliT, sxivis 

darCenili nawili vrceldeba qsovilSi da zog SemTxvevebSi 

ganicdis dominanturi STanTqmis an mravaljeradi gabnevis 

procesebs, rig SemTxvevebSi _ es procesebi Tanabari 

intensivobiT mimdinareobs [113]. STanTqmuli fotonebi, 

biologiur molekulebSi iwveven gamosxivebad da 

aragamosxivebad gadasvlebs, rac Sesabamisad vlindeba qsovilis 

fluorescenciasa da gaTbobaSi. 
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STanTqmisa da gabnevis procesebs Soris Tanafardoba 

damokidebulia lazeruli gamosxivebis talRis sigrZeze da 

qsovilis optikur Tvisebebze. qsovilSi STanTqma pirdapir iCens 

Tavs, masSi iseTi endogenuri (bunebrivi) fluoroforebis 

arsebobiT, rogorebicaa: triftofani, kolageni, elastini, NADH, 

FAD, protoporfirini ΙX da riboflavini [103]. 350_650nm talRur 

ubanSi sisxli aris mniSvnelovani mSTanTqmeli. igi sinaTlis 

energias gardaqmnis siTburSi [114]. Sesabamisad qsovilSi 

generirebuli fluorescenciuri fotonebi SeiZleba STainTqan 

nimuSis zedapirisaken gzaSi. 

 

3.1.3. farisebri jirkvlis normaluri qsovilis 

fluorescenciis speqtrebi 

Cvens mier Sesrulebuli eqsperimentebis seriaSi TiTqmis 

yovelTvis mogvepoveboda e.w. normaluri qsovili, sinamdvileSi – 

paTologiuri qsovilis mimdebare qsovili. iseve rogorc 

farisebri jirkvlis sxvadasxva paTologiebis SemTxvevaSi, aqac 

vajgufebdiT Sesabamis fluorescenciis speqtrebs. nax.8-ze 

mocemulia adamianis ex vivo farisebri jirkvlis normaluri 

qsovilebis 22 nimuSis 460 nm-ze normirebuli speqtrebi 
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nax. 8. adamianis ex vivo farisebri jirkvlis normaluri qsovilebis 22 

nimuSis 460 nm-ze normirebuli speqtrebi 

 

rogorc nax. 8.-dan Cans farisebri jirkvlis normaluri 

qsovilebis fluorescenciis speqtrebis xazis formebi 

ZiriTadad erTmaneTs emTxveva. intensivobebis  gansxvaveba 

mxolod 0,5 pirobiTi erTeulis farglebSia. rac Seexeba pikebs – 

isini praqtikulad erTmaneTs emTxveva. SemdgomSi sxvadasxva 

paTologiebTan Sesadareblad, raTqmaunda mosaxerxebelia 

normaluri qsovilis erTi standartuli speqtris qona. am 

mizniT, Cven gavasaSualoeT normaluri qsovilebis 

fluorescenciis speqtrebi, rac mocemulia nax. 9.-ze. SemdgomSi 

yvela sxva naxazSi igia gamoyenebuli. etalonad miCneuli 

normaluri qsovilis fluorescenciis speqtri axal-axali 

eqsperimentebis Catarebisas sul ufro da ufro zustdeba 

uaxlesi monacemebiT. aRniSvnis Rirsia is faqti, rom aq 

moyvanili etalonuri speqtri praqtikulad aRar ganicdis 

raimenair Tvisobriv cvlilebas. 
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nax. 9. normaluri qsovilis fluorescenciis gasaSualoebuli speqtri 

 

 

3.1.4. farisebri jirkvlis paTologiuri qsovilis 

fluorescenciis speqtrebi 

farisebri jirkvlis qsovilis nimuSebi miRebul iqna 10 

sxvadasxva individisgan. yvela es nimuSiUgamokvleuli iqna 

histomorfologiuri wesiT da miRebuli iyo Semdegi pasuxebi:  

1) simsivnis mimdebare normaluri qsovili;  

2) papilaruliNkarcinoma;  

3) mikrofolikuluri karcinoma;       

4) folikuluri karcinoma;  

5) mikro da makrofolikuluri adenoma;  

6) folikuluri adenoma. 

337nm lazeruli gamosxivebiT aRgznebuli adamianis 

farisebri jirkvlis normaluri da paTologiuri qsovilebis 

fluorescenciis speqtrebi mocemulia nax.10_14 ze. 

pirvel rigSi ganvixiloT qsovilis gamosxivebis speqtrebis 

xazis formebis mTavari maxasiaTebeli Tvisebebi. miRebuli 
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Sedegebis literaturul monacemebTan SedarebiT SegviZlia 

davaskvnaT, rom fluorescencia momdinareobs kolagenidan [115] 

da NADH–dan [103]. adamianis orivenairi, normaluri da 

paTologiuri qsovilis fluorescenciis speqtralur xazs aqvs 

SedarebiT mudmivi piki 465nm-is ubanSi da SedarebiT cvalebadi 

piki 395nm-is ubanSi. aqedan gamomdinare mosaxerxebelia 

fluorescenciis mTeli speqtris normireba 465nm-is Sesabamis 

intensivobaze anu am pikis erTeuli intensivobisTvis 

(erTeulisTvis) gatoleba. aseTi manipulaciis Catarebis Semdeg 

diagnostikis meTodi daiyvaneba 395nm-is pikis xazis formis 

Semowmebaze. aq Cven movaxdenT normaluri da daavadebuli 

qsovilebis gamosxivebis xazis formebis klasifikacias 

histomorfologiuri gamokvlevebis pasuxebze dayrdnobiT. 

faqtia, rom biologiuri qsovili kompleqsuri, rTuli sistemaa. 

pacientebs Soris igi mniSvnelovani gansxvavebebiT xasiaTdeba, 

rac damokidebulia iseT cvalebad faqtorebze, rogorebicaa 

asaki, daavadebis progresuloba (stadia) da a.S. da rac 

mniSvnelovnad aZnelebs analizs.  

nax.10.-ze mocemulia farisebri jirkvlis normaluri da 

kibos (papilaruli karcinoma) qsovilis fluorescenciis 

tipiuri speqtrebi. papilaruli karcinomisTvis I350 ≤ I465, sadac I 

fluorescenciis intensivobaa. piki 395nm-ze arc ki daimzireba. 
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nax. 10. papiluri karcinomis qsovilis lazeriT inducirebuli 

fluorescenciis speqtrebi. mimdebare qsovili (wyvetili xazi); kibos 

qsovili (uwyveti xazi); 

 

 

farisebri jirkvlis qsovilis sxva tipis kibos 

(mikrofolikuluri karcinoma) fluorescenciis speqtri 

mocemulia nax.11-ze. aq SeiZleba SemovitanoT empiriuli 

Tanafardoba I350 = Km.c. I465, sadac Km.c. daaxloebiT 1,5 ÷ 2,0-is 

tolia. 
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nax. 11. mikrofolikuluri karcinomis qsovilis lazeriT 

inducirebuli fluorescenciis speqtrebi. mimdebare qsovili (wyvetili 

xazi); kibos qsovili (uwyveti xazi); 

 

farisebri jirkvlis qsovilis kidev sxva tipis kibos 

(folikuluri karcinoma) fluorescenciis speqtri mocemulia 

nax.12-ze. zemoxsenebulis magvar Tanafardobas folikuluri 

karcinomisTvis miviRebT Tu Kf.c. koeficients mivaniWebT 

daaxloebiT 1,9 ÷ 2,2-is tol mniSvnelobas. 395nm pikis 

maxasiaTebelia umniSvnelo mxari. 
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nax. 12. folikuluri karcinomis qsovilis lazeriT inducirebuli 

fluorescenciis speqtrebi. mimdebare qsovili (wyvetili xazi); kibos 

qsovili (uwyveti xazi); 

 

mikro da makrofolikuluri da folikuluri adenomebis 

speqtrebi mocemulia nax.13 da nax.14-ze. 395nm da 465nm 

fluorescenciis pikebi naTladaa gamosaxuli orive SemTxvevaSi 

da  Kad  ≈  0,8 ÷ 1,1. 
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nax. 13. mikro da makrofolikuluri adenomis qsovilis lazeriT 

inducirebuli fluorescenciis speqtrebi. mimdebare qsovili (wyvetili 

xazi); adenomatozuri qsovili (uwyveti xazi); 

 
am kvlevebis mTavari Sedegi aris is, rom lazeris 

aRgznebiT inducirebuli fluorescenciis meTodi aris 

bioqsovilis, kerZod ki farisebri jirkvlis qsovilis 

mdgomareobis aRweris mZlavri iaraRi; dadgenil iqna farisebri 

jirkvlis normaluri qsovilis fluorescenciis speqtri; kibos 

da adenomas fluorescenciis speqtrebs Soris gansxvaveba kargad 

Cans. aqedan gamomdinare pirdapiri mizani miRweul iqna: aRmoCnda, 

rom SesaZlebelia qsovilis daavadebis xarisxis (mdgomareobis) 

imavdrouli Sefaseba uSualod qirurgiuli operaciis win.  
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nax. 14. folikuluri adenomis qsovilis lazeriT inducirebuli 

fluorescenciis speqtrebi. mimdebare qsovili (wyvetili xazi); 

adenomatozuri (uwyveti xazi); 

 

K 

3.1.5. korelacia speqtraluri xazis formasa da 

qsovilis “gadagvarebulobas” Soris    

prekancerogenuli cvlilebebis mravali forma Zneli 

dasadgenia Cveulebrivi tipis sadiagnostiko meTodebis 

gamoyenebiT, romlebic gulisxmoben vizualurad saxeSecvlili 

organoebidan miRebuli biofsiuri nimuSebis gamokvlevas an 

SemTxveviT biofsiur kontrols [94,95]. aseTi meTodebi ara marto 

xSirad ar iZleva calsaxa Sedegebs, aramed isini agreTve 

moiTxoven Zalian did dros. 

mravali gansxvavebuli tipis paTologiis nimuSebis kvlevam 

gamoavlina, rom fluorescenciuri gamosxivebis speqtrs aqvs 
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Semdegi sami damaxasiaTebeli niSani-Tviseba: TiTqmis ucvleli 

piki centriT 465nm-ze, cvalebadi intensivobis piki centriT 

395nm-ze da gadidebuli foni, romelic iwyeba 420nm-Tan da 

izrdeba mokletalRovani mimarTulebiT. nax.15-ze naCvenebia sami 

gansxvavebuli tipis qsovilis: normaluri, adenomis da kibos 

speqtrebi. speqtrebi normirebulia erTi da igive 465nm pikis 

intensivobaze. es normireba aris arsebiTi mniSvnelobis mqone 

moqmedeba lazeriT inducirebuli fluorescenciis kvlevis 

meTodis sruli ZaliT gamoyenebis gzaze. 
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nax.15 lazeriT inducirebuli fluorescenciis speqtrebi: normaluri 

(uwyveti), adenoma (wyvetili) da kibos (wertilovani). 

 

 

fluorescenciuri gamosxivebis speqraluri analizis 

sadiagnostiko meTodaT Camoyalibebis mizezi aris is, rom 

avTvisebian simsivneebs, adenomebs da janmrTel qsovilebs aqvT 

mkafiod gamoxatuli gansxvaveba zemoTxsenebuli maxasiaTebeli 

niSan-Tvisebebis mixedviT. kibos qsovilebi dominireben mzardi 

foniT, xolo adenomebi _ 395nm-iani pikiT. 



94 

amis miuxedavad SeiZleba, Zalian uxeSad, iTqvas rom 

adenoma iZleva normaluri da avTvisebiani simsivnis qsovilis 

speqtrebs Soris moTavsebul Sualedur speqtrs. gansxvavebuli 

speqtraluri xazis formebi imis saSualebas iZleva, rom moxdes 

adenomis mkafio diferenciacia normaluri, gadagvarebuli da 

kibos qsovilebisagan. es naTlad aris naCvenebi nax.16-ze, 

romelzec mocemulia ori nimuSis Sualeduri xasiaTi. 

sinamdvileSi, ukiduresi formebis (janmrTeli da kibo) 

saSualebiT, SerCevis wesiT, SesaZlebelia miviRoT Sualeduri 

speqtrebi rogorc am speqtrebis wrfivi kombinacia da aqedan 

gamomdinare ganvsazRvroT nimuSSi normaluri da kibos qsovilis 

wilobrivi Semadgenloba an faqtobrivad SevafasoT 

paTologiurobis (gadagvarebis) xarisxi. 
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nax.16 Sereuli xasiaTis mqone ori nimuSis fluorescenciis speqtrebi, 

romlebic agebulia ukiduresi SemTxvevebis, normaluris (uwyveti) da 

kibos (wertilovani) kombinaciis gziT. zeda (uwyveti) ruxi mrudis 

speqtri Sedgeba: 70% kibos da 30% normaluri qsovilisgan; qveda 

(uwyveti) ruxi mrudis speqtri Sedgeba: 55% normaluri da 45% kibos 

qsovilisgan; wyvetili Savi xazebiT naCvenebia Sesabamisi “morgebuli” 

speqtrebi.   
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cxrilSi 3. mocemulia nax.15-16 gamoxatuli lazeriT 

inducirebuli fluorescenciis speqtrebis ZiriTad 

niSanTvisebaTa uxeSi daxasiaTeba: 

 

 maxasiaTebeli    niSanTviseba            qsovilis saxeoba 

       I395          mzardi foni             

     « I465            ar aris             normaluri (janmrTeli) 

     ≈ I465            ar aris                      adenoma 

     mxari       Zlierad mzardi UV-ken           kibo 

 gamokveTili    sustad mzardi UV-ken     kibos da janmrTelis 

     mxari                                          narevi    

      

lazeriT inducirebuli fluorescenciis speqtroskopia 

aris uaxlesi optikuri meTodi, romelic uzrunvelyofs 

cocxali ujredebis mdgomareobis dadgenas qsovilis mokveTis 

gareSe. igi aris metad perspeqtiuli meTodi daavadebis Zalian 

adreuli stadiebis arainvaziurad da realuri drois reJimSi 

gansasazRvrad. lazeriT inducirebuli fluorescenciis 

speqtroskopiis meTods SeuZlia ganasxvaos erTmaneTisagan 

adamianis normaluri da misgan gansxvavebul mdgomareobaSi 

myofi qsovilebi. lazeriT inducirebuli fluorescenciis 

speqtroskopiis meTodi operirebs molekulur doneze. igi aris 

Zlieri da sarwmuno “iaraRi” optikurad misadgomi organoebis 

sxvadasxva paTologiebis aRmosaCenad. diagnostikis siswrafe 

(TiTqmis myisieri) meTods sZens gansakuTrebul mniSvnelobas 

operaciis mimdinareobisas, romlis drosac SesaZlebelia 

normalur da paTologiur qsovilebs Soris sazRvris datana. 

amrigad, qsovili lazeriT dasxivebis Sedegad iZleva 

damaxasiaTebel fluorescenciuri gamosxivebis speqtrs, romlis 

saxasiaTo Tvisebebi damokidebulia  qsovilis tipze: janmrTeli, 

adenoma an avTvisebiani simsivne. aqedan gamomdinare 



97 

fluorescenciis kvleva aris potenciurad swrafi da saimedo 

diagnostikuri meTodi. 

farisebri jirkvlis qsovilebis lazeriT inducirebuli 

fluorescenciis kvlevisas Cven davadgineT, rom 

fluorescenciis mTeli speqtris normireba 465nm-is Sesabamis 

intensivobaze avlens speqtraluri xazis formasa da qsovilis 

mdgomareobas Soris mWidro korelacias. 

amgvarad lazeriT inducirebuli fluorescenciis 

speqtriT SesaZlebelia qsovilis paTologiuri mdgomareobis 

calsaxa identifikacia. speqtrebis Sedarebebma gvaCvena, rom 

fluorescenciis speqtrebis xazebis formiT calsaxadaa 

SesaZlebeli gansxvavebis “daWera” normalur, adenomatozur da 

avTvisebian simsivneebs Soris. 

 

 

3.1.6. biologiuri qsovilis gadagvarebulobis 

gansazRvra lazeriT inducirebuli fluorescenciiT 

    

3.1.6.1. biologiuri qsovilis paTologiurobis xarisxis 

Sesafasebeli modeli 

miuxedavad miRebuli Sedegebisa kvlavac aqtualuria 

qsovilis mdgomareobis adekvaturi fizikuri aRwera, rac Tavis 

mxriv koreqtuli modelis SerCevas moiTxovs.Aarsebobs mravali 

faqtori, romelic am models SeiZleba daedos safuZvlad. 

qvemoT erT-erT (da ara erTaderT) maTganze SevCerdebiT da 

SevecdebiT bioqsovilis, “sufTa” mdgomareobebiT daxasiaTebas. 

aqve ganvmartavT, rom termini “sufTa” garkveuli idealizaciaa 

da is “absoluturad janmrTel” da  “absoluturad 

paTologiur” mdgomareobebs Seesabameba. danarCeni mdgomareobebi 

ki “Sereul mdgomareobebs” warmoadgenen, romlebic 

erTmaneTisagan gadagvarebis xarisxiT gansxvavdebian. Sereuli 

mdgomareobebic – Cvens mier SemoTavazebuli terminia da is 

ujredebis iseT mdgomareobebs Seesabameba, romlebic ukve 
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paTologourebi arian, magram jer ar miuRweviaT „absoluturad 

paTologiuri“ mdgomareobebisaTvis. 

sayovelTaodaa cnobili, rom biologiuri ujredis 

birTvis cvlilebebi, sxva cvlilebebTan erTad, displaziis an 

avTvisebiani simsivnis adreuli stadiis [16,94] Zalian 

mniSvnelovani maCvenebelia. amgvarad erT-erTi ZiriTadi 

sadiagnostiko kriteriumi gulisxmobs birTvis gadidebas, 

birTvis zomebis da formis (pleomorfizmi) cvlilebas [95]. 

qsovilis gadagvarebis xarisxis aRsawerad Cvenc am 

maxasiaTebels gamoviyenebT. amgvarad, vTanxmdebiT imaze, rom 

birTvebis minimalur zomas Seesabameba qsovilis janmrTeli 

mdgomareoba. birTvebis maqsimalur zomas _ qsovilis mZime 

paTologiuri mdgomareoba. Sualeduri zomis birTvebs ki _ 

susti paTologiuri anu Sualeduri mdgomareobebi. amrigad, 

Sesabamisad Tu Cven vzomavT bioqsovilis lazeriT 

inducirebuli fluorescenciis speqtrs bunebrivia vivaraudoT, 

rom garda ori sufTa mdgomareobisa unda daimzirebodes 

Sereuli (Sualeduri) mdgomareobebic. gamosakvlevi qsovilis 

mdgomareobas fluorescenciis speqtraluri funqciiT aRvwerT. 

mas ki, Semdegi Tvisebebi gaaCnia [109]: mudmivi piki 465nm talRis 

sigrZeze, cvalebadi intensivobis mqone piki centriT 395nm da 

gazrdili foniT _ 420nm-dan dawyebuli da mzardi 

mokletalRovani ubnis mimarTulebiT. yvela speqtri 465nm pikis 

intensivobaze normirdeboda. 

lazeriT inducirebuli fluorescenciis speqtroskopiis 

saSualebiT biologiuri qsovilis paTologiurobis xarisxis 

aRsawerad Cven gTavazobT iseT models, romelSic bioqsovilis 

fluorescenciis 465nm-ze normirebuli speqtri Sarb(λ) 

warmodgenilia, rogorc Snorm(λ) da Sabnorm(λ) sufTa mdgomareobebis 

Sesabamisi speqtraluri funqciebis wrfivi superpozicia. 

Sesabamisad: 

             arb λ  λ                       (36)  
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sadac             det 
  

da C1 da C2 damokidebulia qsovilis mdgomareobaze da 

akmayofilebs Semdeg pirobas: C1 + C2 = 1. bunebrivia, rom (36) 

gamosaxuleba da SemoTavazebuli modelic samarTliani iqneba im 

SemTxvevaSi Tu sufTa mdgomareobebis speqtrebi (C1 → 0 da C2 → 0) 

calsaxad ganisazRvrebian. Sesabamisad modelis samarTlianobis 

SemTxvevaSi fardoba D = C2/C1 gansazRvravs paTologiurobis 

xarisxs. 

SemoTavazebuli modelis Sesamowmeblad gamoviyeneT 

farisebri jirkvlis qsovili, romelic aRebul iqna 100 

sxvadasxva individisgan, rogorc ramodenime milimetris sisqis 

myari naWrebi. am 100 nimuSidan histomorfologiurma gamokvlevam 

gamoavlina Ciyvis, adenomis, papilaruli da folikuluri 

karcinomebis SemTxvevebi. yoveli daavadebuli qsovilisTvis 

gvqonda igive avadmyofis normaluri qsovilis nimuSebic. 

normaluri qsovilis fluorescenciis, anu sufTa 

mdgomareobebis misaRebad Cven aviReT eqsperimentalurad 

gazomili normaluri qsovilebis fluorescenciis speqtrebis 

gasaSualoebuli speqtri (nax.17(a)). 
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nax. 17 papilaruli karcinomis qsovilis lazeriT inducirebuli 

fluorescenciis speqtrebi. mimdebare qsovili (a), kibos qsovili (b) da 
Sereuli mdgomareobebis qsovili (c,d). speqtrebi normirebulia 465nm-is 
Sesabamis amplitudaze. 

                                                           

paTologiuri qsovilis fluorescenciis, anu meore sufTa 

mdgomareobis misaRebad avirCieT folikuluri karcinomis 

SemTxvevebi. Cvens xelT arsebul nimuSebSi aseTi 30 aRmoCnda. 

maTi fluorescenciis speqtrebidan SeirCa normaluri qsovilis  

fluorescenciis speqtrisagan maqsimaluri gansxvavebis mqone 

speqtri, romlis Sesabamisi qsovilic CavTvaleT maqsimalurad 

gadagvarebulad, xolo fluorescenciis speqtri _ 

gadagvarebuli qsovilis sufTa mdgomareobis damaxasiaTebel 

fluorescenciad (nax.17(b)). 

nax.17((c)da(d))_ze gamosaxulia Sualeduri xasiaTis mqone 

ori speqtraluri xazi. isini kargad aRiwerebian mocemuli 

modelis farglebSi (36) gamosaxulebiT. amis naTlad 

warmosadgenad igive mrudebi gamosaxulia nax.18_ze (c) da (d) 

mrudebiT. aqve mocemulia sufTa mdgomareobebis wrfivi 

superpoziciiT warmodgenili Sesabamisi mrudebi (c') da (d'). maTi 
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Tanxvedra TvalsaCinoa. (c) mrudisTvis C1 = C2 = 0.5 da (d) 

mrudisTvis C1 = 0.2 da C2 = 0.8. paTologiurobis xarisxi D = C2 /C1 

Sesabamisi SemTxvevebisTvis miiRebs Semdeg mniSvnelobebs: 

(c)_Tvis D = 1 , xolo (d)_Tvis    D = 4.  

 

 

nax. 18 papiluri karcinomis qsovilis lazeriT inducirebuli 

fluorescenciis speqtrebi. Sereuli mdgomareobebis qsovili (c,d), 
warmodgenilia sufTa mdgomareobebis wrfivi superpoziciis Sesabamisi 

mrudebiT (c') da (d'). qveda (c') mrudi: 50% mimdebare da 50% kibos 

qsovili; zeda (d') mrudi: 20% mimdebare da 80% kibos qsovili;  

 

amrigad, lazeriT inducirebuli fluorescenciis speqtris 

nebismieri gazomviT SesaZlebelia folikuluri karcinomis 

calsaxad gamovlena da gadagvarebis xarisxis dadgena. 

aRwerili fluorescenciis speqtrebis superpoziciuri 

modeli SegviZlia SevadaroT kompiuterul ujredul 

morfometrias [17]. zogadad, diagnostirebisas sizusteSi igi ar 

Camouvardeba xsenebul meTods da mniSvnelovnad aRemateba mas 

arainvaziurobiT da siswrafiT. 
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rogorc zemoT ukve aRvniSneT, nanaxi iqna kargi korelacia 

speqtraluri xazis formasa da qsovilis “paTologiurobas” 

(“gadagvarebulobas”) Soris. zogierT SemTxvevaSi 

fluorescenciis speqtri formirdeba “janmrTeli” da 

”paTologiuri” bazisuri speqtraluri xazebis formebis 

superpoziciiT. es saSualebas iZleva speqtris nebismieri 

erTjeradi gazomviT calsaxad ganisazRvros qsovilis 

mdgomareoba. bioqsovilis lazeriT dasxivebisas gamowveuli 

fluorescenciis speqtraluri maxasiaTeblebi damokidebulia 

qsovilis mdgomareobaze da mkveTrad gansxvavdeba erTmaneTisagan 

iseTi SemTxvevebisTvis, rogorebicaa normaluri (janmrTeli), 

adenomatozuri Tu avTvisebiani simsivneebis qsovilebi (kibo) 

[109].  

 

3.1.7. adamianis Ciyvis LIF mideli  

lazeriT inducirebuli fluorescenciis speqtroskopiis 

(LIFS) meTodi  farTod gamoiyeneba kiboswina da kibos 

mdgomareobebis aRmosaCenad, adamianis sxvadsxva saxeobis 

qsovilebSi [13,16,25,109]: metabolur cvlilebebze dasakvirveblad 

[27], transplantaciis miznebisaTvis [26] da qsovilis 

mikroskopuli arqiteqturis vizualizaciisaTvis [116]. am meTodSi 

Seiswavlian avtofluorescencias, gamowveuls lazeris uziano 

gamosxivebis zemoqmedebiT. speqtris maxasiaTeblebi 

ganisazRvreba qsovilis SemadgenlobiTa da arqiteqturiT da 

gazomvebis Catareba SesaZlebelia realuri drois reJimSi 

qsovilis amoukveTad (in situ). kvlevis es meTodologia 

uzrunvelyofs potenciurad iseTi mniSvnelovani instrumentis 

Seqmnas, romelic Secvlis tradiciul, damazianebel biofsias, 

arainvaziuri optikuri meTodiT. fluorescentuli 

vizualizaciis meTodis [95] da skanirebis reJimSi, LIF 

speqtroskopiis meTodis saSualebiT SesaZlebeli iqneba 

qsovilis farTo areebis kontroli. am meTods aqvs udavo 
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upiratesoba, samedicino praqtikaSi miRebul tradiciul, 

Tanamedrove meTodebTan SedarebiT [1,8,105]. 

fluorescenciis speqtrebis monacemebis saSualebiT 

gansxvavebuli da histomorfologiur diagnozebTan 

korelirebuli normaluri, Ciyvis, adenomis, papiluri da 

folikuluri kibos qsovilebi ukve naCvenebi iyo. paTologiebis 

identifikaciisaTvis aiReboda qsovilis specialuri, 

kvazierTgvarovani areebi (romlebsac Seesabamebodnen Ciyvis, 

adenomis da kibos qsovilebi). swored ase gansazRvrul 

speqtrebze dayrdnobiT SevqmeniT empiriuli algoriTmi, 

romliTac vakvirdebiT da vansxvavebT qsovilis farTo areebis 

mdgomareobebs. es xorcieldeba, daaxlovebiT 40µm qsovilis 

zedapirul fenaSi (SeRwevis aseTi siRrme damaxasiaTebelia 

ultraiisferi gamosxivebisTvis, daaxlovebiT 300nm-ze [113]), 

lazeris moZravi dafokusirebuli (daaxlovebiT 100µm diametris) 

laqis mier gamowveuli fluorescenciis SekrebiTa da analiziT. 

aqamde es speqtraluri Taviseburebebi ar iyo Seswavlili. 

farisebri jirkvlis qsovilis sxvadasxva paTologiuri 

mdgomareobebis aq moyvanili, Tvisobrivi maxasiaTeblebi ase 

detalurad aqamde aravis gamoukvlevia. 

farisebri jirkvlis, Ciyvis, folikuluri adenomis da 

papiluri karcinomis postoperaciuli qsovilebi (ex vivo), 

miiReboda pacientebis sruli informirebulobisa da Tanxmobis 

pirobebSi. yoveli nimuSi ideboda speqtroskopiuli kvarcis 

kiuvetaSi, romlebic 330-500nm talRis sigrZeTa diapazonSi 

Tavisuflebi arian yovelgvari STanTqmisa da 

luminescenciisagan. 

aRgzneba xorcieldeboda 337nm talRis sigrZis mqone 

azotis lazeriT [109], xolo registraciis sistema mTlianad 

Seicvala amJamad arsebuli sistemiT, romelic bevrad 

mosaxerxebelia farTe diapazonis gamosxivebis speqtrebis 

Casawerad. lazeris impulsis xangrZlivoba iyo 10ns, sixSire 

100Hz, xolo impulsis energia – 0.4 mJ. sxivi fokusirdeboda 100µm 
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diametris laqad. lazeris sxivis samoZraod, nimuSi magrdeboda 

or ganzomilebaSi mikrometruli bijiT moZrav sasagne magidaze. 

fluorescenciuli signali grovdeboda linzebis sistemiT da 

fokusirdeboda Oriel LineSpec CCD speqtrometris Sesasvlel 

RreCoze. 330 - 500nm gamosxivebis daregistrirebuliG speqtri 

gamoisaxeboda kompiuteris monitorze da inaxeboda data failebis 

saxiT. daaxlovebiT 2000 anaTvali keTdeboda yovel wertilSi. 

dominanturi STanTqmis SemTxvevaSi, STanTqmuli energiis 

didi wili gardaiqmneba siTboSi, rac nimuSis temperaturas 

zrdis daaxlovebiT 1K-iT 103s-is ganmavlobaSi. es Sefaseba 

gakeTda im daSvebiT, rom qsovilis kuTri siTbotevadoba C ≈ 3.7 

kJ kg−1K−1
 [117]. amgvarad temperaturis mateba skanirebis reJimSi 

ar axdens aranair zegavlenas speqtralur gazomvebze. amasve 

amtkicebs miRebuli speqtrebis ganmeorebadoba, xelaxali 

gazomvebisas qsovilis zedapiris sxvadasxva wertilSi da 

sxvadasxva dros. 

337nm talRis sigrZis aRgznebis LIF speqtroskopia iZleva 

informacias qsovilis Semadgenel iseT bunebriv 

fluoroforebze, rogorebicaa: aromatuli amino mJava 

triftofani, romelic ZiriTadad cilebsa da mitoqondriaSia, 

NADH (nikotinamid adenin dinukleotidi), mniSvnelovani 

kofermenti, agreTve mitoqondriaSi da kolageni da elastini 

struqturul qsovilSi [27,117]. SedarebiT susti fluoroforia 

karotini. rogorc vnaxeT farisebr jirkvalSi triftofani da 

kolageni TavianTi fluorescenciis piks iZlevian, daaxlovebiT 

390nm-ze, xolo NADH - 470nm-ze. elastini da karotini SedarebiT 

mcire intensivobiT fluorescireben. amgvarad, farisebri 

jirkvlis qsovilis LIF speqtri warmoadgens ZiriTadad am 

fluoroforebis individualuri fluorescenciis speqtrebis 

zeddebas. 

Cveni speqtraluri gazomvebis Sedegebi mocemulia nax. 19-22. 

es speqtraluri mrudebi normirebulia intensivobis maqsimumze 

da kargad eqvemdebareba analizs sxvadsxva sufTa paTologiur 
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da normalur mdgomareobebSi [30,109]. zogadad SegviZlia 

vivaraudoT, rom qsovilis nimuSebi Seicaven gansxvavebuli 

xarisxis paTologiur CanarTebs [30]. 

 

 

 
nax. 19 farisebri jirkvlis sxvadasxva wertilebis LIF speqtrebi 

 

nax. 19-ze mocemulia speqtrebi, miRebuli qsovilis 

sxvadsxva wertilodan. mocemuli oTxi saxasiaTo mrudidan (a) 

aris statistikurad kargad identificirebuli normaluri 

qsovilis fluorescenciis speqtri, xolo (b)-(d) aris 

histomorfologiurad dadasturebuli Ciyvis qsovilis 

fluorescenciis speqtrebi. (a) da (b)-(d) mrudebs Soris 

gansxvaveba TvalsaCinoa; (b)-(d) mrudebi formiT gansxvavdebian. (d) 

mrudis mdebareoba iseTia, rom yvela sxva mrudebi moTavsebulia 

am mrudsa da (a) mruds Soris. amitom, Cven vTvliT, rom (d) mrudi 

aris Ciyvis qsovili maqsimaluri gadagvarebiT da rom (b)-(c) 

warmoadgens qsovilis gansxvavebuli, magram ara maqsimaluri 

gadagvarebis areebs. (b) da (c) mrudebi, warmodgenilia 
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Sesabamisad nax.20 da nax.21-ze, sadac es eqsperimentaluri 

mrudebi morgebulia (a) da (d) mrudebis wrfiv superpozicias: 

    arb λ  λ                                             (37)  

 

sadac D = C2/C1 aris gadagvarebis xarisxi, romelic (b) mrudis 

SemTxvevaSi Db = 0.43 tolia da (c) mrudis SemTxvevaSi – Dc = 2.33. 

eqsperimentaluri da gamoTvlili mrudebis Tanxvedra miuTiTebs 

imaze, rom qsovilSi paTologiuri cvlilebebi wrfivad 

mimdinareobs. 

 

 

nax. 20. Ciyvis qsovilis eqsperimentuli (b) da morgebuli mrudebi, Db = 
0.43 gadagvarebis xarisxiT. morgebuli mrudi miRebulia (a) da (d) 
mrudebis wrfivi superpoziciiT. 

 

paTologiuri areebi ZiriTadad normalur-paTologiuris 

narevs warmoadgenen da iSviaTad – ornairi paTologiis narevs. 

rogorc Cven viciT, farisebri jirkvlis qsovilSi ori 

gansxvavebuli paTologiis Tanaarseboba, optikurad, pirvelad 

Cven davafiqsireT.  
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nax. 21 Ciyvis qsovilis eqsperimentuli (c) da morgebuli mrudebi, Dc = 
2.33 gadagvarebis xarisxiT. morgebuli mrudi miRebulia nax. 19. (a) da 
(d) mrudebis wrfivi superpoziciiT. 

 

es rezultati (adenoma da Ciyvi) mocemulia nax. 22-ze. am 

konkretul SemTxvevaSi adenomatozur qsovils bevrad naklebi 

adgili ukavia (xazovani zomiT ≈250µm), romelsac praqtikulad 

ver aRmoaCenT iseTi Tnamedrove meTodiTac ki, rogoricaa 

wvrili nemsiT aspiracia da ujreduli morfometria [8]. amitom, 

biologiuri qsovilis LIF speqtroskopiiT diagnostikis 

SesaZleblobebi unikaluria. 
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nax. 22 farisebri jirkvlis qsovilSi aRmoCenilia ori paTologiis 

Tanaarseboba: Ciyvi da adenoma 

 

 zemoTmoyvanil eqsperimentebis safuZvelze SesaZlebelia 

davaskvnaT, rom adamianis farisebri jirkvlis, Ciyvis 

paTologiuri qsovilis damaxasiaTebeli LIF speqtrebi 

warmoadgenen diagnostikis perspeqtiul SesaZleblobas da rom 

biologiuri qsovilis mdgomareoba aRiwereba qsovilis sufTa 

mdgomareobebis (normaluri da paTologiuri) wrfivi 

superpoziciiT, rac yovel konkretul SemTxvevaSi, iZleva 

qsovilis gadagvarebis xarisxis dadgenis saSualebas (daavadebis 

klinikuri stadiis gansazRvra). 

biologiuri qsovilis zogierT nimuSSi, gverdigverd 

aRmoCnda ori gansxvavebuli paTologiis mqone CanarTebi. 

lazeris sxiviT qsovilis zedapiris skanireba SesaZlebels 

xdis dadgindes sxvadsxxva gadagvarebis xarisxis mqone areebis 

zomebi. 
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3.1.8. vitamini A-s ganawilebis Seswavla LIF 

speqtroskopiiT 

vitamini A aris, retinoidebis naturaluri da sinTetikuri 

naerTebis ojaxidan, romelic mraval ujredsa da qsovilSi 

aregulirebs genur transkripcias [118,119]. ZuZumwovrebSi, 

sxeulis mTliani retinolis 50–80%, rogorc wesi, RviZlis 

varskvlavisebr ujredebSia Tavmoyrili [120,121]. varskvlavisebri 

ujredebis 95%-ze metSi vitamini A warmodgenilia lipiduri 

wveTebis saxiT. 

Cveni interesi vitamini A-s mimarT, garda misi sazogadod 

didi mniSvnelobisa cocxali organizmebis metabolizmsa da 

gamravlebaSi, didwilad ganapiroba im faqtma, rom es nivTiereba 

kargi luminoforia. Tu aqamde biologiur qsovilebSi arsebul 

bunebriv fluoroforebs vakvirdebodiT, axla davgegmeT 

bunebrivi gziT garedan, Segveyvana es nivTiereba organizmSi. 

amitom Tbilisis saxelmwifo samedicino universitetis 

bioqimiur departamentTan TanamSromlobiT gadavwyviteT 

Cagvetarebina eqsperimentebis seria, sadac SevecadeT pasuxi 

gagveca kiTxvaze, SevZlebdiT Tu ara LIFS gamoyenebiT vitamini 

A-s dafiqsirebasa da monitorings sacdeli virTagvebis sxeulis 

sxvadasxva organoebis qsovilebSi. yvelafer zemoTqmulTan 

erTad, aRniSvnis Rirsia is faqti, rom am tipis kvlevebi 

saqarTveloSi jer ar Catarebula. 

virTagvebSi vitamini A-s Seyvanis Semdeg, RviZlis 

varskvlavisebri ujredebis citoplazmaSi lipiduri wveTebi 

imatebs, rogorc raodenobaSi, aseve zomebSi [122]. naCvenebi iyo, 

rom normalur virTagvaSi RviZlis garda, filtvebis da 

nawlavebis varskvlavisebr ujredebSic aseve grovdeba lipiduri 

wveTebi. RviZlis msgavsad aqac izrdeba maTi raodenoba 

cxovelebis vitamini A-s maRali dozebiT kvebisas [123]. lipiduri 

wveTebi axla ukve ganixileba, rogorc damoukidebeli 

organelebi. amas garda lipiduri wveTebi da maTTan 
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dakavSirebuli cilebi mniSvnelovan rols TamaSoben adamianis 

iseTi daavadebebis msvlelobaSi rogorebicaa, simsuqne, C 

hepatiti da aTerosklerozi [124]. 

lipiduri wveTebis struqturis SeswavlaSi progresis 

miuxedavad mainc Zalian mcirea informacia vitamini A-Ti 

mdidari lipiduri wveTebis formirebis meqanizmis Sesaxeb iseve 

rogorc vitamini A-s Sekrebis Sesaxeb. 

aqamde lipiduri wveTebis warmoqmnis gamokvlevebi 

emyareboda eleqtronuli mikroskopiT damzeras [120,122]. Cveni 

TvalTaxedviT mniSvnelovania, rom gvqondes SesaZlebloba 

davakvirdeT lipiduri wveTebis warmoqmnas realuri drois 

reJimSi, ujredebis dauzianeblad. 

lazeriT inducirebuli fluorescenciis speqtroskopia 

(LIFS) da gamosaxulebis miReba intensiurad ixmareba medicinasa 

da bioqimiur da samedicino kvlevebSi [26,27,29,116]. Cveni 

informaciiT aqamde aravis ucdia LIFS gamoyeneba lipiduri 

wveTebis warmoqmnis meqanizmebis gamokvlevebSi. 

Cveni piloturi kvlevis mizani iyo: (a) vitamini A-s 

lipiduri wveTebiT gamdidrebul qsovilSi LIFS gamoyeneba 

speqtraluri maxasiaTeblebis misaRebad da (b) qsovilis sxva 

bunebrivi (NADH, kolageni, elastini,  da sxva) fluoroforebis 

SesaZlo zegavlenis kvleva. 

miRebulma Sedegebma dagvanaxes, rom LIFS saSualebiT 

SesaZlebelia vitamini A-Ti mdidari lipiduri wveTebis 

warmoqmnis monitoringi ujredebis dauzianeblad. 

axla ganvixiloT vitamini A-s gavrcelebisa da 

lokalizaciis “amocnobis” meTodis ZiriTadi idea. 

ganvixiloT biologiuri qsovili da davuSvaT, rom 

zogierTi gareSe fluorofori, kerZod ki A-tipis molekulebi 

Seeria masSi. A-tipis molekulebis gamosxivebis intensivoba 

ganvsazRvroT, rogorc IA(λ). ar unda dagvaviwydes, rom 

biologiur qsovilSi arseboben, agreTve, bunebrivi 
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fluoroforebic. Tu romelime maTgans, pirobiTad aRvniSnoT B-

tipis molekulebad, romlis STanTqmis speqtri nawilobriv mainc 

emTxveva A-tipis molekulebis STanTqmis speqtrs, maSin lazeris 

talRis sigrZis λL SerCeviT SesaZlebelia A da B-tipis 

molekulebis erTdrouli aRgzneba Semdgomi fluorescenciiT. 

Tu davuSvebT, rom es molekulebi erTmaneTTan ar 

urTierTqmedeben da arakoherentuli wvlili SeaqvT mTlian 

fluorescenciaSi, maSin fluorescenciis mTliani speqtraluri 

intensivoba, iqneba yoveli tipis fluoroforis speqtraluri 

intensivobebis ariTmetikuli jami: 

                                             38  
 

sadac IB(λ) aris bunebrivi B-tipis molekulebis speqtraluri 

intensivobis funqcia, maSin roca Si(λ) aris form-faqtori anu 

speqtraluri ganawilebis maqsimumze normirebuli intensivobis 

speqtraluri funqcia; Ci – superpoziciis koeficientabia, 

romlebic damokidebulia mSTanTqmeli Ni molekulebis 

simkvriveze, TiToeuli molekulis STanTqmis kveTze σi , da i-

tipis fluoroforis fluorescenciis kvantur gamosavalze Qi. 

Tu eqsperimentebi imgvarad Catardeba, rom eqsperimentis 

geometria da gamosxivebuli form-faqtoris xazis formebi ar 

Seicvleba, maSin (38) superpoziciis koeficienti Semdegi iqneba: 

 

                                                                                                     39            

                   

amitom, Tu es koeficientebi Tanazomadi sidideebia, maSin 

SesaZlebelia sxvadsxva tipis molekulebis identifikacia da 

maTi ganawilebis gazomva sxeulis sxvadsaxva wertilebSi. 

identifikaciisa da ganawilebis gazomvebis procedurebis 

realizeba SesaZlebelia (38)-is marjvena da marcxena mxareebis 



112 

morgebiT, iseTi qsovilebisaTvis romlebSic fluoroforebi 

Tanabrad arian ganawilebuli da agreTve iseTi qsovilis 

sxvadasxva wertilebisaTvis, romlebSic gvaqvs maTi araTanabari 

ganawileba. 

Cven vuSvebT, rom A da B-tipis molekulebi erTmaneTTan ar 

urTierTqmedeben  da aseve sxva molekulebTanac. am SemTxvevaSi, 

eqsperimentis geometriis da Sesabamisi STanTqmis kveTis da 

kvanturi gamosavlis ucvlelobis pirobebSi, (38)-Si 

koeficientebis cvlileba SeiZleba gamoiwvios mxolod 

fluoroforebis raodenobis simkvrivis Ni an/da Sesabamisi form-

faqtoris cvlilebebma. am meTodiT gaizomeba fluoroforebis 

simkvrivis fardobiTi ricxvi. 

amrigad (38) gamosaxulebis samarTlianobis eqsperimentuli 

Semowmeba saSualebas gvaZlevs: (a) fluoroforebis 

identifikacias, (b) sxvadsxva qsovilebSi anu mTel sxeulSi maTi 

ganawilebis gansazRvras, (g) yoveli fluoroforisTvis 

qsovilis nebismier areSi simkvrivis fardobiTi ricxvis zust 

gansazRvras. 

 

3.1.8.1. cxovelebi 

normaluri mamri virTagvebi (250-300g) ikvebebodnen vitamini 

A-Ti mdidari sakvebiT 21 dRis ganmavlobaSi. sakontrolo jgufi 

Cveulebriv dietur kvebaze iyo. 

eqsperimentis dRes,  yvela virTagva momzadda dilis 9:30-

dan 11:30-mde. cxovelebze eqsperimentebi Catarda nacionaluri 

samecniero-kvleviTi sabWos dadgenilebasTan [125] srul 

SesabamisobaSi. 

sakvlevi jgufis virTagvebs ar gamouvleniaT vitamini A-Ti 

mowamvlis aranairi klinikuri niSani. 

am eqsperimentSi vikvlevdiT RviZls da nawlavis ileumis 

monakveTs (varskvlavisebri ujredebiT mdidari). RviZlisa da 

nawlavis mcire zomis (1x2cm) qsovilebi kargad irecxeboda da 
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ideboda NaCl – 0.8%, KCl – 0.02%, CaCl2 – 0.02%, NaHCO3 – 0.1%, NaH2PO4 – 

0.005%, MgCl2 – 0.01% naerTSi da inaxeboda 4◦C temperaturaze. 

LIFS gamokvlevebis Casatareblad gamoyenebul iqna igive 

aparatura romelic aRwerilia [29] statiaSi. aRmgznebi azotis 

lazeris parametrebi igive iyo rac winamdebare kvlevebSi. 

gadaRebul iqna yvela nimuSis da agreTve, retinol acetatis 

xsnaris (vitamini A) fluorescenciis speqtrebi. gamosxivebis 

speqtri iwereboda 370-540nm speqtralur diapazonSi. 

LIFS SeiZleba iqces vitamini A-s transportirebis gzebis, 

misi sxeulSi akumulirebis da misi meqanizmebis Semswavlel 

efeqtur meTodad, ramac momavalSi SeiZleba ganapirobos 

vitamini A-s da misi warmoebulebis makontrolebeli aparaturis 

Seqmna. rasac xels uwyobs vitamini A-s “amocnobis” saimedooba 

misi pirdapiri deteqtirebis SesaZleblobis gamo.  

qsovilis naWrebi ideboda speqtroskopiuli kvarcis 

kiuvetaSi. vitamini A-s LIF speqtrebi miRebul iqna kiuvetis Sida 

zedapiridan, romelic daifara retinol acetatis zeTovani 

xsnariT (SemdgomSi, simartivisaTvis - vitamini A). am proceduriT 

daculi iqna eqsperimentis geometriis ucvleloba. 

LIFS Catarda Semdegi nimeSebisaTvis: (a) vitamini A, (b) 

virTagvebis sakontrolo jgufis nawlavis ileumus monakveTze, 

(g) virTagvebis eqsperimentaluri (vitamini A mdidari sakvebiT 

gamokvebili) jgufis nawlavis ileumus monakveTze, (d) 

virTagvebis sakontrolo jgufis RviZlze, (e)) virTagvebis 

eqsperimentaluri jgufis RviZlze. 

gazomvebi Catarda yoveli nimuSis ramodenime wertilSi, 

miRebuli rezultatebis ganmeorebadobaSi dasarwmuneblad. 

morgebis procedura Cautarda Semdeg gasaSualoebul LIF 

speqtrebs: (a) eqsperimentaluri virTagvebis ileumis nimuSs - 

vitamini A-s  da sakontrolo jgufis ileumis qsoviliT, (b) 

eqsperimentaluri virTagvebis RviZls - vitamini A-s da 

sakontrolo jgufis RviZlis qsoviliT. 
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337nm talRis sigrZis lazeris gamosxivebiT aRgznebuli da 

gadaRebuli vitamini A-s (retinol acetati) zeTovani xsnaris, 

ileumis monakveTis da RviZlis LIF speqtrebi warmodgenilia nax. 

23-24 da nawilobriv nax. 25-26. 

upirveles yovlisa, unda aRvniSnoT, rom LIF speqtrebi 

praqtikulad erTmaneTis identuria qsovilebis zedapirebis 

sxvadsxva wertilebSi, rogorc RviZlis, aseve nawlavis ileumis 

monakveTisTvisac. sxva sityvebiT, gansxvavebul wertilebSi, 

speqtraluri xazebis formebs Soris gansxvavebebi arasdros ar 

aWarbebs 5%-s. speqtraluri xazebis amgvari stabiluroba 

SeiZleba aixsnas varskvlavisebr ujredebSi vitamini A-s 

erTgvarovani ganawilebiT da Tavis mxriv varskvlavisebri 

ujredebis erTgvarovan ganawilebaSi nawlavis ileumis 

monakveTisa da RviZlis qsovilebSi. 

nax. 23-ze mocemulia vitamini A-s (retinol acetati) 

zeTovani xsnaris, LIF speqtrebi. zemoT ganxiluli modelis 

mixedviT vitamini A warmoadgens A-tipis molekulas. misi 

intensivobis speqtraluri funqciis maqsimumi, daaxlovebiT 

520nm-ia. 
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nax.23. vitamini A-s (a) (retinol acetati) zeTovani xsnaris, LIF speqtri.  
 

nax. 24 mocemulia sakontrolo jgufis ileumisa da 

RviZlis qsovilebis LIF speqtrebi. Cveni modelis mixedviT isini 

warmoadgenen B-tipis molekulebs. kargadaa cnobili, rom Tu 

aRsagznebaT viyenebT 337nm talRis sigrZes, maSin kolageni Tavis 

fluorescenciis piks daaxlovebiT 390nm-ze iZleva, xolo NADH 

- 470nm-ze [29]. Sesabamisad, naTelia, rom LIF speqtrebSi 

gansxavvebebis miuxedavad, orive saxeobis qsovilSi dominirebs 

koferment NADH–is fluorescencia 470nm-ze maqsimumiT. meore 

390nm maqsimumi, rogorc viciT kolagenisaa. martivi sanaxavia, 

rom es piki agreTve Cans eqsperimetaluri jgufis ileumis 

nimuSis LIF speqtrebSi da rom ar cvlis mis formas (nax.25. 

mrudi(d)). amitom kolagenis LIF wvlili morgebis proceduraSi 

ugulebelyofadia. 
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nax. 24 sakontrolo jgufis virTagvebis nawlavis ileumis nawilis da 

RviZlis qsovilebis LIF speqtrebi: NADH–s damatebuli kolageni (b) da 
NADH (c).  

 

sazogadad unda aRiniSnos, rom A da B-tipis molekulebis 

speqtraluri xazebis formebi sagrZnoblad gansxvavdebian 

erTmaneTisagan. 

 nax. 25 mocemulia eqsperimentaluri virTagvebis jgufis 

ileumis nimuSis LIF speqtrebi (d) da morgebuli speqtrebi (e), 

romlebic miRebulia vitamini A-s (a) LIF speqtrebisa da 

sakontrolo jgufis ileumis qsovilis (b) LIF speqtrebis 

kombinaciiT. naTelia, rom Tu aviRebT Sesabamis superpoziciis 

koeficientebs - CA = 0.64 da CB = 0.75, maSin IAB(λ) eqsperimentaluri 

mrudi kargad Tanxvdeba (38)-dan gamoTvlil Teoriul mruds.  
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nax. 25. eqsperimentaluri virTagvebis nawlavebis ileumis nawilis LIF 
speqtrebi (d) da morgebuli speqtrebi (e), gamoTvlili (a) da (b) 
mrudebiT. 

 

es Sedegi imaze miuTiTebs, rom vitamini A-s aTvisebis 

Semdeg nawlavis ileumis qsovilis varskvlavisebri ujredebis 

citoplazmaSi xdeba misi deponireba vitamini A-s zeTovani 

wveTebis saxiT [123,124]. metic, es speqtrebi aCveneben, rom ileumSi 

ar aris raime mniSvnelovani urTierTqmedeba NADH-sa da vitamini 

A-s zeTovani xsnars Soris. 
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nax. 26 eqsperimentaluri jgufis virTagvebis RviZlis qsovilis LIF 
speqtrebi (f) da morgebuli speqtrebi (g), gamoTvlili (a) da (c) 
mrudebiT. 

 

nax. 26 mocemulia eqsperimentaluri virTagvebis jgufis 

RviZlis nimuSis LIF speqtrebi (f) da morgebuli speqtrebi (g), 

romlebic miRebulia vitamini A-s (a) LIF speqtrebisa da 

sakontrolo jgufis RviZlis qsovilis (c) LIF speqtrebis 

kombinaciiT. iseve rogorc ileumis qsovilis SemTxvevaSi, aqac 

naTelia, rom IAB(λ) eqsperimentaluri mrudi kargad Tanxvdeba (38)-

dan gamoTvlil Teoriul mruds Sesabamisi superpoziciis 

koeficientebis SerCevis pirobebSi - CA = 0.55 da CB = 0.79. morgebis 

proceduris Sedegebidan gamomdinareobs, rom ileumSi vitamini 

A-s dagrovebasTan erTad igi aseve vrceldeba virTagvis sxeulis 

sxva organoebSic [123,124]. Cvens SemTxvevaSi es aris RviZli, 

sadac vitamini A kvlav akumulirdeba varskvlavisebr ujredebSi. 

RviZlSic, analogiurad, ar aris raime mniSvnelovani 

erTierTqmedeba NADH-sa da vitamini A-s Soris. 
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vitamini A-Ti nakvebi virTagvebis qsovilebis 337nm talRis 

sigrZis lazeris gamosxivebiT inducirebuli fluorescencia, 

370-540nm talRis sigrZeTa diapazonSi, ZiriTadad ganpirobebulia 

NADH-sa da vitamini A-s mier. 

vitamini A-s lazeriT inducirebuli fluorescencia nanaxi 

iqna virTagvebis, rogorc nawlavebis ileumis ubnis, aseve 

RviZlis qsovilebSi. 

speqtrebis miRebis superpoziciis procedura sakontrolo 

jgufis virTagvebis qsovilebidan da vitamini A-s zeTovani 

xsnaridan SesaZleblobas iZleva modelirdes vitamini A-Ti 

nakvebi jgufis virTagvebis qsovilebis fluorescenciis 

speqtris xazis formebi. modelirebis procedurebis mixedviT 

superpoziciis koeficientebi gvaZlevs SesaZleblobas 

gamoviTvaloT fluoroforebis fardobiTi simkvrive. 

LIF speqtroskopiis da superpoziciis meTodis gamoyeneba 

SeiZleba vitamini A-s ganawilebis da akumulirebis dinamikis 

Sesaswavlad. es Semdgomi kvlevebis sagania. 
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3.2. daskvnebi 

naSromSi gamokvleulia optikurad mRvrie garemos λ=337nm 

talRis sigrZis lazeriT inducirebuli fluorescenciis 

speqtrebi Zlieri STanTqmisa da mravaljeradi gabnevis 

pirobebSi. mRvrie garemo, rogorc wesi, Sedgeba ori 

araurTierTqmedi fluoroforis (kolageni da NADH -  

nikotinamid adenin dinukleotidi aRdgenili formiT), sxvadasxva 

tipis gambnevi da mSTanTqmeli centrebisagan. 

mRvrie garemos kvlevis warmodgenili, lazeriT 

inducirebuli fluorescentur-speqtroskopiuli, meTodikiT 

kargad aRiwereba biologiuri qsovilis optikur-

speqtroskopiuli Tvisebebi, rac Tavis mxriv gamoyenebul iqna 

biologiuri qsovilebis mdgomareobebis dasaxasiaTeblad. 

mniSvnelovani gamoyenebiTi xasiaTis Sedegebi miRebul iqna 

iseTi optikurad mRvrie garemoebisaTvis, rogorebicaa farisebri 

jirkvali, RviZli da nawlavi. 

adamianis farisebri jirkvlis normaluri da paTologiuri 

qsovilis λ=337nm talRis sigrZis lazeriT aRgznebuli 

fluorescenciis speqtris Seswavlisa da analizis safuZvelze, 

350-550nm diapazonisaTvis, miRebulia Semdegi Sedegebi: 

 

1. λ=337nm talRis sigrZis lazeriT aRgznebuli, adamianis 

farisebri jirkvlis qsovilis, fluorescenciis speqtris 

ZiriTad wvlils iZleva iseTi ori endogenuri fluorofori, 

rogorebicaa NADH kompleqsi da kolageni. 

2. vinaidan zemoTxsenebuli fluoroforebis inducirebuli 

gamosxivebis speqtraluri ubnebi erTmaneTs emTxveva, amitom 

modifikaciis funqciis saxe maTTvis erTnairia da jamur 

speqtralur formas fluoroforebis da mSTanTqmelebis 

koncentraciebi gansazRvraven. 

3. dadgenil iqna adamianis farisebri jirkvlis normaluri 

qsovilis fluorescenciis speqtraluri xazis forma. 
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4. gazomilia da dadgenilia adamianis farisebri jirkvlis, 

Ciyvis, adenomis da sxvagasxva tipis karcinomebis 

paTologiuri qsovilebis damaxasiaTebeli lazeriT 

inducirebuli fluorescenciis speqtrebi. 

5. biologiuri qsovilis mdgomareoba aRiwereba qsovilis sufTa 

mdgomareobebis (normaluri da paTologiuri) wrfivi 

superpoziciiT, rac yovel konkretul SemTxvevaSi, iZleva 

qsovilis gadagvarebis saxeobisa (Ciyvi, adenomis, sxvagasxva 

tipis karcinomebis) da xarisxis dadgenis saSualebas 

(daavadebis klinikuri stadiis gansazRvra). 

6. rig SemTxvevebSi, farisebri jirkvlis qsovilSi ori 

gansxvavebuli paTologiis Tanaarseboba, optikurad, pirvelad 

Cven davafiqsireT. 

7. lazeris sxiviT qsovilis zedapiris skanireba SesaZlebels 

xdis dadgindes qsovilis sxvadasxva gadagvarebis xarisxis 

mqone areebis zomebi. 

 

virTagvebis qsovilebSi bunebrivi gziT Seyvanili 

egzogenuri fluoroforis (vitamini A) λ=337nm talRis sigrZis 

lazeriT aRgznebuli fluorescenciis speqtris Seswavlisa da 

analizis safuZvelze, 370-540nm diapazonisaTvis, miRebulia 

Semdegi Sedegebi: 

 

8. vitamini A-Ti nakvebi virTagvebis nawlavebisa da RviZlis 

qsovilebis 337nm talRis sigrZis lazeris gamosxivebiT 

inducirebuli fluorescencia, 370-540nm talRis sigrZeTa 

diapazonSi, ZiriTadad ganpirobebulia NADH-sa da vitamini A-

s fluorescenciebiT. 

9. vitamini A-Ti nakvebi virTagvebis nawlavisa da RviZlis 

qsovilebSi fluorescenciiT dafiqsirebul iqna vitamini A-s 

kvali, risi saSualebiTac dadginda misi raodenobrivi 

maxasiaTeblebi da maTi cvlileba droSi (dagrovebis da 

gawovis dinamika). 



122 

gamoyenebuli literatura 

1. K. Koing, “Clinical multiphoton tomography,” J. Biophoton. 1, No. 1, 13–23 

(2008). 

2. John Pickrell, 9 August 2005, Sources: World Health Organisation / Centers 

for Disease Control and Prevention, US / Cancer Research UK. Information is 

available at www.newscientist.com/channel/health/cancer. 

3. M. Chandra, J. Scheiman, D. Heidt, D. Simeone, B. McKenna, and M-A.  

Mycek, “Probing pancreatic disease using tissue optical spectroscopy,” J. 

Biomed. Opt.12, 060501 (2007). 

4. This information is available at 

www.cordis.europa.eu/lifescihealth/home.html. 

5. T. P. Yeo, R. H. Hruban, S. D. Leach, R. E. Wilentz, T. A. Sohn, S. E. Kern, 

C. A. Iacobuzio-Donahue, A. Maitra, M. Goggins, M. I. Canto, R. A. Abrams, 

D. Laheru, E. M. Jaffee, M. Hidalgo, and C. J. Yeo,“Pancreatic cancer,” Curr. 

Probl Cancer 26, 176–275 (2002). 

6. J.W. Tunnell, A.E. Desjardins, L. Galindo, I. Georgakoudi, S.A. McGee, J. 

Mirkovic, M.G. Mueller, J. Nazemi, F.T. Nguyen, A. Wax, Q. Zhang, R.R. 

Dasari, and Michael S. Feld, “Instrumentation for Multi-modal Spectroscopic 

Diagnosis of Epithelial Dysplasia,” Technol Cancer Res Treat. 2, 505-514 (2003).  

7. H . Yoon, A. Martin, R. Benamouzig, E. Longchampt, J. Deyra, S. Chaussade 

pour le groupe d’etude APACC. Reproductibilite inter-observateurs du 

diagnostic anatomo-pathologique des polypes colorectaux. Données des 

centres participant a l’etude APACC (full text in english on 

www.e2med.com/gcb). Gastroenterol Clin Biol 26, 220-224 (2002). 

8. A. Frasoldati, M. Flora, M. Pesenti, A. Carrogio, and R. Valcavi, “Computer-

Assisted Cell Morphometry and Ploidy Analysis in the Assesment of Thyroid 

Follicular Neoplasms,” Thyroid 11, No. 10, 941-945 (2001). 

9. Science & Technology Center in Ukraine, Catalogue of Technologies of 

Academy of Technological Science of Ukraine, “Technology for Early 

Diagnosis of Malignant Tumors in Humans,” 34 (2005). (Available at:  

www.stcu.int/documents/publications). 

10. W. Demtroder, Laser Spectroscopy. Basic Concepts and Instrumentation, 3rd 

Edition (Springer, Berlin, 2003). 



123 

11. J.R. Lakowicz, Principles of Fluorescence Spectroscopy, 3rd Edition (Springer, 

New York, 2006). 

12. N. Ramanujam, Fluorescence Spectroscopy In Vivo,  in Encyclopedia of 

Analytical Chemistry, R.A. Meyers (Ed.), 20-56 (Wiley & Sons, Chichester, 

2000). 

13. G.I. Zonios, R.M. Cothren, J.T. Arendt, J. Wu, J. Van Dam, J.M. Crawford, R. 

Manoharan, and M.S. Feld, “Morphological Model of Human Colon Tissue 

Fluorescence ,” IEEE Trans Biomed Eng 43, No 2, 113-122 (1996). 

14. I. Georgakoudi, B.C. Jacobson, M.G. Muller, E.E. Sheets, K. Badizadegan, 

D.L. Carr-Locke, C.P. Crum, C.W. Boone, R.R. Dasari, J. Van Dam, and M.S. 

Feld “NAD(P)H and collagen as in vivo quantitative fluorescent biomarkers of 

epithelial precancerous changes,” Cancer Res. 62, 682-687 (2002). 

15. I. Georgakoudi, “The color of cancer,” J. Luminescence 119–120, 75-83 

(2006). 

16. L. T. Perelman, V. Backman, M. B. Wallace, G. Zonios, R. Manoharan, A. 

Nusrat, S. Shields, M. Seiler, C. Lima, T. Hamano, I. Itzkan, J. Van Dam, J. 

M. Crawford, and M. S. Feld,  “Observation of Periodic Fine Structure in 

Reflectance from Biological Tissue: A New Technique for Measuring Nuclear 

Size Distribution,” Phys. Rev.Lett. 80, 627-630 (1998). 

17. V. Backman, M. B. Wallace, L. T. Perelman, J. T. Arendt, R. Gurjar, M. G. 

Muller, Q. Zhang, G. Zonios, E. Kline, J. A. McGilligan, S. Shapshay, T. 

Valdez, K. Badizadegan, J. M. Crawford, M. Fitzmaurice, S. Kabani, H. S. 

Levin, M. Seiler, R. R. Dasari, I. Itzkan, J. Van Dam, M. S. Feld, and T. 

McGillican, “Detection of Preinvasive Cancer Cells,” Nature 406, 35-36 

(2000). 

18. M. G. Muller, I. Georgakoudi, Q. Zhang, J. Wu, and M. S. Feld, “Intrinsic 

Fluorescence Spectroscopy in Turbid Media: Disentangling Effects of 

Scattering and Absorption,” Applied Optics 40, 4633-4646 (2001). 

19. Q. Zhang, M. G. Muller, J. Wu, and M. S. Feld, “Turbidity-free Fluorescence 

Spectroscopy of Biological Tissue,” Opt. Lett. 25, 1451-1453 (2000). 

20. R.S. Bradley and M.S. Thorniley, “A review of attenuation correction 

techniques for tissue fluorescence,” J. R. Soc. Interface 3, 1-13 (2006). 

21. J.R. Mourant, J.P. Freyer, A.H. Hielscher, A.A. Eick, D. Shan, and T.M. 

Johnson, “Mechanisms of light scattering from biological cells relevant to 



124 

noninvasive optical-tissue diagnostics,” Applied Optics 37, No16, 3586-3593 

(1998). 

22. A. Uppal, N. Ghosh, A. Datta, and P.K. Gupta, “Fluorimetric estimation of the 

concentration of NADH from human blood samples,” Biotechnol. Appl. 

Biochem.41, 43-47 (2005). 

23. S. Kukreti, A. Cerussi, B. Tromberg, and E. Gratton, “Intrinsic tumor 

biomarkers revealed by novel double-differential spectroscopic analysis of 

near-infrared spectra,” J. Biomed. Opt.12, 020509 (2007). 

24. Q. Fang, T. Papaioannou, J.A. Jo, R. Vaitha, and K. Shastry, and L. Marcu, 

Time-domain laser-inducerd fluorescence spectroscopy apparatus for clinical 

diagnostics, Rewiew of Scientific Instruments, vol. 75, 151-162 (2004) 

25. Y. Wu and J.Y. Qu, “Combined depth- and time-resolved autofluorescence 

spectroscopy of epithelial tissue,” Opt. Lett. 31, 1833–1835 (2006). 

26. A.K. Sankarankutty, O. Castro e Silva, Jr., J. Ferreira, M.E.J. Souza, M.C. 

Gomes, C. Kurachi,  and V.S. Bagnato, “Use of laser auto-fluorescence for 

evaluating liver grafts,” Laser Phys. Lett. 3, No. 11, 539-545 (2006). 

27. A. Rex and F. Fink, “Applications of laser-induced fluorescence spectroscopy 

for the determination of NADH in experimental neuroscience,” Laser Phys. 

Lett. 3, No 9, 452-459 (2006). 

28. K.T. Akhmeteli, E.N. Ekaladze, Z.V. Jaliashvli, T.D. Medoidze, Z.G. 

Melikishvili, N.Z. Merkviladze,  M.B. Papava, and P.R. Tushurashvili, “Study 

of vitamin A distribution in rats by laser induced fluorescence,” Laser Phys. 

Lett. 5, No 6, 471-475  (2008). 

29. Z.V. Jaliashvili,  T.D. Medoidze, K.M. Mardaleishvili,  J.J. Ramsden,  and 

Z.G. Melikishvili, “Laser induced fluorescence model of human goiter,” Laser 

Phys. Lett., 5, No 3, 217-219 (2008). 

30. G.K. Giorgadze, Z.V. Jaliashvili, K.M. Mardaleishvili, T.D. Medoidze, and 

Z.G. Melikishvili, “Measurement of the abnormality degree in the biological 

tissue by the laser induced fluorescence,” Laser Phys. Lett., 3, No 2, 89-91 

(2006). 

31. Mourant, J.R., Bigio, I., Boyer, J., Johnson, T.M., and Lacey, J., Elastic 

scattering spectroscopy as a diagnostic for differentiating pathologies in the 

gastrointestinal tract: preliminary testing, J. Biomed. Opt., 1, 1, 1996. 



125 

32. Mourant, J.R., Bigio, I., Boyer, J., Conn, R., Johnson, T.M., and Shimada T., 

Spectroscopic diagnosis of bladder cancer with elastic scattering spectroscopy, 

Lasers Surg. Med., 17, 350, 1995. 

33. V.P. Wallace, D.C. Crawford, P.S. Mortimer, R.G. Ott and J.C. Bamber, 

Spectrophotometric assessment of pigmented skin lesions: methods and feature 

selection for evaluation of diagnostic performance, Physics in Medicine and 

Biology, vol. 45, 735-751 (2000). 

34. Wallace, V., Bamber, J., Crawford, D., Ott, R., and Mortimer, P., 

Classification of reflectance spectra from pigmented skin lesions, a 

comparison of multivariate discriminant analysis and artificial neural 

networks, Phys. Med. Biol., 45, 2859, 2000. 

35. Bigio, I., Bown, S., Briggs, G., Kelley, C., Lakhani, S., Rickard, D., Ripley, P., 

Rose, I., and Saunders, C., Diagnosis of breast cancer using elastic-scattering 

spectroscopy: preliminary clinical results, J. Biomed. Opt., 5, 221, 2000. 

36. Ge, Z., Schomacker, K.T., and Nishioka, N.S., Identification of colonic 

dysplasia and neoplasia by diffuse reflectance spectroscopy and pattern 

recognition techniques, Appl. Spectrosc., 52, 833, 1998. 

37. Ramanujam, N., Fluorescence spectroscopy of neoplastic and non-neoplastic 

tissues, Neoplasia, 2, 89, 2000. 

38. Wagnières, G.M., Star, W.M. and Wilson, B.C., In vivo fluorescence 

spectroscopy and imaging for oncological applications, Photochem. Photobiol, 

68, 603, 1998. 

39. Panjehpour, M., Overholt, B., Vo-Dinh, T., Haggit, R., Edwards, D., and 

Buckley, F., Endoscopic fluorescence detection of high-grade dysplasia in 

Barrett’s esophagus, Gastroenterology, 111, 93, 1996. 

40. Mycek, M., Schomacker, K., and Nishioka, N., Colonic polyp differentiation 

using time-resolved autofluorescence spectroscopy, Gastrointest.Endosc., 48, 

390, 1998. 

41. Schomacker, K.T., Frisoli, J.K., Compton, C.C., Flotte, T.J., Richter, J.M., 

Nishioka, N.S., and Deutsch, T.F., Ultraviolet laser-induced fluorescence of 

colonic tissue: basic biology and diagnostic potential, Lasers Surg. Med., 12, 

63, 1992. 



126 

42. Ramanujam, N., Mitchell, M.F., Mahadeevan, A., Thomsen, S., Malpica, A., 

Wright, T., Atkinson, N., and Richards-Kortum, R., Development of a 

multivariate statistical algorithm to analyze human cervical tissue fluorescence 

spectra acquired in vivo, Lasers Surg. Med., 19, 46, 1996. 

43. Nordstrom, R.J., Burke, L., Niloff, J., and Myrtle, J.F., Identification of 

cervical intraepithelial neoplasia (CIN) using UV-excited fluorescence and 

diffuse reflectance tissue spectroscopy, Lasers Surg. Med., 29, 118, 2001. 

44. Georgakoudi, I., Sheets, E.E., Müller, M.G., Backman, V., Crum, C.P., 

Badizadegan, K., Dasari, R.R., and Feld, M.S., Tri-modal spectroscopy for  the 

detection and characterization of cervical precancers in vivo, Am. J.Obstet. 

Gynecol., 186, 374, 2002. 

45. Brancaleon, L., Durkin, A.J., Tu, J.H., Menaker, G., Fallon, J.D., and Kollias, 

N., In vivo fluorescence spectroscopy of nonmelanoma skin cancer, 

Photochem. Photobiol., 73, 178, 2001. 

46. Anidjar, M., Cussenot, O., Avrillier, S., Ettori, D., Teillac, P., and LeDuc, P., 

The role of laser-induced autofluorescence spectroscopy in bladder tumor 

detection, Ann. N.Y. Acad. Sci., 838, 130, 1998. 

47. Gillenwater, A., Jacob, R., Baneshappa, R., Kemp, B., El-Naggar, A., Palmer, 

J., Clayman, G., Mitchell, M.F., and Richards-Kortum, R., Noninvasive 

diagnosis of oral neoplasia based on fluorescence spectroscopy and native 

tissue autofluorescence, Arch. Otolaryngol. Head Neck Surg., 124, 1251, 1998. 

48. Müller, M.G., Valdez, T., Georgakoudi, I., Backman, V., Fuentes, C., Kabani, 

S., Laver, N., Boone, C., Dasari, R., Shapsay, S., and Feld, M.S., Tri-modal 

spectroscopy: a new technique for detecting and evaluating early human oral 

cancer, in review. 

49. Lam, S., Kennedy, T.,Unger, M., Miller, Y., Gelmont, D., Rusch, V., Gipe, 

B.,Howard, D., LeRiche, J., Coldman, A., and Gazdar, A., Localization of 

bronchial intraepithelial neoplastic lesions by fluorescence bronchoscopy, 

Chest, 113, 696, 1998. 

50. Goujon, D., Glanzmann, T., Gabrecht, T., Zellweger, M., Radu, A., van den 

Bergh, H., Monnier, P., and Wagnières, G.A., Detection of early bronchial 

carcinoma by imaging of the tissue autofluorescence, in Diagnostic Optical 

Spectroscopy in Biomedicine, Proc. SPIE, Munich, Germany, 2001. 



127 

51. Richards-Kortum, R., Rava, R.P., Fitzmaurice, M., Tong, L., Ratliff, N.B., 

Kramer, J., and Feld, M.S., A one-layer model of laser induced fluorescence 

for diagnosis of disease in human tissue: applications to atherosclerosis, IEEE 

Trans. Biomed. Eng., 36, 1222, 1989. 

52. Ramanujam, N., Mitchell, M., Mahadevan, A., Warren, S., Thomsen,S., Silva, 

E., and Richards-Kortum, R., In vivo diagnosis of cervical intraepithelial 

neoplasia using 337-nm-excited laserinduced fluorescence, Proc. Natl. Acad. 

Sci. U.S.A., 91, 10193, 1994. 

53. Ince, C., Coremans, J.M.C.C., and Bruining, H.A., In vivo NADH 

fluorescence, Adv. Exp. Med. Biol., 317, 277, 1992. 

54. J. Wu, M.S. Feld, and R. P. Rava, Analytical model for extracting intrinsic 

fluorescence in turbid media, Appl. Opt. 32, 3585-3595 (1993). 

55. Gardner, C.M., Jacques, S.L., and Welch, A.J., Fluorescence spectroscopy of 

tissue: recovery of intrinsic fluorescence from measured fluorescence, Appl. 

Opt., 35, 1780, 1996. 

56. Durkin, A.J., Jaikumar, S., Ramanujam, N., and Richards-Kortum, R., Relation 

between fluorescence-spectra of dilute and turbid samples, Appl. Opt., 33, 414, 

1994. 

57. Finlay, J.C., Conover, D.L., Hull, E.L., and Foster, T.H., Porphyrin bleaching 

and PDT-induced spectral changes are irradiance dependent in ALA sensitized 

normal rat skin in vivo, Photochem. Photobiol., 73, 54, 2001. 

58. Zhadin, N.N. and Alfano, R.R., Correction of the internal absorption effect in 

fluorescence emission and excitation spectra from absorbing and highly 

scattering media: theory and experiment, J. Biomed. Opt., 3, 171, 1998. 

59. Patterson, M.S. and Pogue, B.W., Mathematical model for time-resolved and 

frequency-domain fluorescence spectroscopy in biological tissues, Appl. Opt., 

33, 1963, 1994. 

60. M.G. Müller, I. Georgakoudi, Q. Zhang, J. Wu, and M.S. Feld, “Intrinsic 

fluorescence spectroscopy in turbid media: disentangling effects of scattering 

and absorption,” Appl Opt.40, 4633-4646, (2001). 

61. Georgakoudi, I., Jacobson, B., Van Dam, J., Backman, V., Wallace, M.B., 

Müller, M.G., Zhang, Q., Badizadegan, K., Sun, D., Thomas, G.A., Perelman, 

L.T., and Feld, M.S., Fluorescence, reflectance and light scattering 



128 

spectroscopy for evaluating dysplasia in patients with Barrett’s esophagus, 

Gastroenterology, 120, 1620, 2001. 

62. G. Zonios, L.T. Perelman, V. Backman, R. Manoharan, M. Fitzmaurice, J. Van 

Dam, and M.S. Feld, “Diffuse reflectance spectroscopy of human 

adenomatous colon polyps in vivo,” Appl. Opt. 38, 6628-6637 (1999). 

63. Utzinger, U., Brewer, M., Silva, E., Gershenson, D., Blast, R.C., Follen,M., 

and Richards-Kortum, R., Reflectance spectroscopy for in vivo 

characterization of ovarian tissue, Lasers Surg. Med., 28, 56, 2001. 

64. Anderson, R.R. and Parrish, J.A., The optics of human skin, J. Invest. 

Dermatol., 77, 13, 1981. 

65. Dawson, J.B., Barker, D.J., Ellis, D.J., Grassam, E., Cotterill, J.A., Fisher, 

G.W., and Feather, J.W., A theoretical and experimental study of light 

absorption and scattering by in vivo skin, Phys. Med. Biol., 25, 695, 1980.  

66. Hajizadeh-Saffar, M., Feather, J.W., and Dawson, J.B. An investigation of 

factors affecting the accuracy of in vivo measurements of skin pigments by 

reflectance spectrophotometry, Phys. Med. Biol., 35, 1301, 1990. 

67. Farina, B., Bartoli, C., Bono, A., Colombo, A., Lualdi, M., Tragni, G., and 

Marchesini, R., Multispectral imaging approach in the diagnosis of cutaneous 

melanoma: potentiality and limits, Phys. Med. Biol., 45, 1243, 2000. 

68. Wallace, M., Perelman, L.T., Backman, V., Crawford, J., Fitzmaurice, M., 

Seiler, M., Badizadegan, K., Shields, S., Itzkan, I., Dasari, R.R., Van Dam, J., 

and Feld, M.S., Endoscopic detection of dysplasia in patients with Barrett’s 

esophagus using light-scattering spectroscopy, Gastroenterology, 119, 677, 

2000. 

69. Watson, J.V., Introduction to Flow Cytometry, Cambridge University Press, 

Cambridge, U.K., 1991. 

70. Sokolov, K., Drezek, R., Gossage, K., and Richards-Kortum, R., Reflectance 

spectroscopy with polarized light: is it sensitive to cellular and nuclear 

morphology? Opt. Express, 5, 302, 1999. 

71. Mourant, J.R., Canpolat, M., Brocker, C., Esponda-Ramos, O., Johnson, T.M., 

Matanock, A., Stetter, K., and Freyer, J.P., Light scattering from cells: the 

contribution of the nucleus and the effects of proliferative status, J. Biomed. 

Opt., 5, 131, 2000. 



129 

72. Drezek, R., Dunn, A., and Richards-Kortum, R., Light scattering from cells: 

finite-difference timedomain simulations and goniometric measurements, 

Appl. Opt., 38, 3651, 1999. 

73. Yodh, A. and Chance, B., Spectroscopy and imaging with diffusing light, 

Phys. Today, 48, 34, 1995. 

74. Backman, V., Gurjar, R., Badizadegan, K., Itzkan, I., Dasari, R., Perelman, 

L.T., and Feld, M.S., Polarized light scattering spectroscopy for quantitative 

measurement of epithelial cellular structures, IEEE J. Sel. Top. Quantum 

Electron., 5, 1019, 1999. 

75. Canpolat, M. and Mourant, J.R., Particle size analysis of turbid media with a 

single optical fiber in contact with the medium to deliver and detect white 

light, Appl. Opt., 40, 3792, 2001. 

76. Newton, R.G., Scattering Theory of Waves and Particles, McGraw-Hill, New 

York, 1969. 

77. Brunsting, A. and Mullaney, F., Differential light scattering from spherical 

mammalian cells, Biophys. J., 14, 439, 1974. 

78. H. C. van de Hulst, Light Scattering by Small Particles (John Wiley and Sons, 
New York, 1957). 

79. z. kacitaZe, adamianis anatomia, II nawili (ganaTleba, 

Tbilisi, 1988). 

80. M. Fox, Optical Properties of Solids, (Oxford University Press, New York, 

2001).  

81. G.R. Osche, Optical Detection Theory for Laser Applications (Wiley-VCH, 

2002). 

82. O. Svelto, Principles of Lasers, 4th Ed. (Springer, New York, 1998). 

83. J.R. Lakowicz, B. Shen, Z. Cryczynski, S D’Auria and I. Cryczynski, Intrinsic 

Fluorescence from DNA Can Be Enhanced by Mettalic Particles, Biochemical 

and Biophysical Research Communications 286, 875-879 (2001). 

84. H. Frauenfelder, Physics of Proteins, unpublished lecture notes available 

online at: wwwphy.princeton.edu/%7Eaustin/hf_book/hfbook.html, 

ukanasknelad iqna gadamowmebuli – 20.06.2008. 

85. J.R. Lakowicz, Principles of Fluorescence Spectroscopy, 2nd Ed., (Kluwer 

Academic/Plenum Publisher, New York, 1999). 



130 

86. I. Georgakoudi, J.T. Motz, V. Backman, G. Angheloiu, A.S. Haka, M. Müller, 

R. Dasari, M.S. Feld, “Quantitative Characterization of Biological Tissue 

Using Optical Spectroscopy,” in: T. Vo-Dinh (Ed.),  Biomedical Photonics 

Handbook, vol. 31, CRC Press, Boca Raton, 2003, pp. 1-33. 

87. I. Georgakoudi, “The color of cancer,” J. Lumin. 119-120, 75–83 (2006). 

88. C. Cohen-Tannoudji, J. Dupont-Roc, and G. Grynberg, Atom-Photon 

Interactions (Wiley, New York, 1992). 

89. M.O. Scully and M.S. Zubairy, Quantum Optics (Cambridge University Press, 

Cambridge, 1997). 

90. N.B. Delone, V.P. Krainov, Atoms in Strong Light Fields (Springer, Berlin, 

1985). 

91. J. Wu, F. Partovi, M.S. Feld, and R. P. Rava, Diffuse reflectance from turbid 

media: an analytical model of photon migration, Appl. Opt. 32, 1115-1121 

(1993). 

92. J. W. Goodman, ‘‘Statistics properties of laser speckle patterns,’’ in Laser 

Speckle and Related Phenomenon, J. C. Dainty, Ed., pp. 9–75 (Springer, 

Berlin, 1975). 

93. J. Li, G. Yao, L.V. Wang, “Degree of polarization in laser speckles from turbid 

media: Implications in tissue optics,” J. Biomed. Opt. 7, 317-312 (2002). 

94. R.S. Cotran, S.L. Robbins and V. Kumar, Robbins pathological basis of 

desease (W.B. Saunders, Philadelphia, Pennsylvania, 1994). 

95. R.S. Gurjar, V. Backman, L.T. Perelman, I. Georgakoudi, K. Badizadegan, I. 

Itzkan, R.R. Dasari, and M.S. Feld, Imaging human epithelial properties with 

polarized light-scattering spectroscopy, Nature Medicine, v. 7, 1245-1248 

(2001). 

96. A.D. Kim, Transport theory for light propagation in biological tissue, Journal 

of the Optical Society of America A 21, 820-827 (2004). 

97. Y.L. Kim, Y. Liu, R.K. Wali, H.K. Roy, M.J. Goldberg, A.K. Kromin, K. 

Chen, and V. Backman, Simultaneous Measurement of Angular and Spectral 

Properties of Light Scattering for Characterization of Tissue Microarchitecture 

and Its Alteration in Early Precancer, IEEE Journal on Selected Topics in 

Quantum Electronics, vol. 9, 243-256 (2003). 

98. A.K. Popp, M.T. Valentine, P.D. Kaplan, and David A. Weitz, Microscopic 

origin of light scattering in tissue, Applied Optics, vol. 42, 2871-2880 (2003). 



131 

99.  V. Backman, V. Gopal, M. Kalashnikov, K. Badizadegan, R. Gurjar, A. Wax, 

I. Georgakoudi, M. Muller, C.W. Boone, R.R. Dasari, and M.S. Feld, 

Measuring Cellular Structure at Submicrometer Scale with Light Scattering 

Spectroscopy, IEEE Journal on Selected Topics in Quantum Electronics, vol. 

7, 887-893  (2001). 

100. J.B. Fishkin, O. Coquoz, E.R. Anderson, M. Brenner, and B.J. Tromberg, 

Frequency-domain photon migration measurements of normal and malignant 

tissue optical properties in a human subject, Applied Optics, vol.36, 10-20 

(1997). 

101. R.E.N. Shehada, V.Z. Marmarelis, H.N. Mansour, and W.S. Grundfest, Laser 

induced fluorescence attenuation spectroscopy: detection of  hypoxia, IEEE 

Transactions of Biomedical Engineering, vol. 47, 301-312 (2000). 

102. Z. Huang, W. Zheng, S. Xie, R. Chen, Z. Zeng, D.I. McLean and H. Lui, 

Laser-induced autofluorescence microscopy of normal and tumor colonic 

tissue, International Journal of Oncology, vol. 24, 59-63 (2004). 

103. J.M. Song, R. Jagannathan, D.L. Stokes, P.M. Kasili, M. Panjepour, M.N. 

Phan, B.F. Overholt, R.C. DeNovo, X. Pan, R.J. Lee, T. Vo-Dihn, 

Development of a fluorescence detection system using optical parametric 

oscillator (OPO) laser excitetion for in vivo diagnosis, Technology in Cancer 

research & Treatment, vol. 2, 515-523 (2003). 

104. A. Uppal and P.K. Gupta, Measurement of NADH concentration in normal 

and malignant human tissues from breast and oral cavity, Biotechnology and 

Applied Biochemistry, vol. 37, 45-50 (2003). 

105. kolagenis badis struqtura da dinamika ixile merilendis 

universitetis Semdeg saitze: 

www.ireap.umd.edu/losertlab/collagen/index.htm, ukanasknelad iqna 

gadamowmebuli – 20.06.2008. 

106. B.R. Masters and P.T.C. So, Confocal microscopy and multi-photon excitation 

microscopy of human skin in vivo, Optics Express, vol. 8, 3-10 (2001). 

107. C. Xu, W. Zipfel, J. B. Shear, R.M. Williams, and W.W. Webb, Multiphoton 

fluorescence excitation: New spectral windows for biological nonlinear 

microscopy, Proceedings of National Academy of Sciences of USA, vol.93, 

10763-10768 (1996). (Proc. Natl. Acad. Sci. USA). 



132 

108. Z.V. Jaliashvili, T.D. Medoidze, Z.G. Melikishvili, K.M. Mardaleishvili, and 

J.J. Ramsden, Real time noninvasive cancer diagnostics, Los Alamos 

electronic reprint archive (Physics/Medical Physics) paper number 

physics/0502102 (22 Feb 2005), accessible via the world wide web at 

http://lanl.arxiv.org/abs/physics/0502102, ukanasknelad iqna 

gadamowmebuli – 20.06.2008. 

109. Z.V. Jaliashvili, T.D. Medoidze, Z.G. Melikishvili, K.M. Mardaleishvili, and 

J.J. Ramsden, Laser-exited fluorescence from normal and abnormal human 

thyroid cells: a pilot study. Laser Physics Letters, vol.1, 521-524 (2004). 

110. V.B. Loschenov, V.I. Konov, and A.M. Prokhorov, Laser Phys. 10, 1188 

(2000). 

111. K. Sokoklov, L.T. Nieman, A. Myakov, and A. Gillenwatter, Technology in 

Cancer research & Treatment, vol. 3, 1 (2004). 

112. R.R. Alfano, G.C. Tang, A. Pradham, et al., IEEE J. Quantum Electron. 23, 

1806 (1987). 

113.  G. Yoon, A.J. Welch, M. Motamedi, and M.C.J. Van Germert. Development 

and Application of Three-Dimensional Light Distribution Model for Laser 

Irradiated Tissue. IEEE Journal of Quantum Electronics, QE-23, 1721-

1733(1987). 

114. S.L. Jaques, in: Proceedings of the International Symposium on Lasers in 

Dermatology, Ulm, Fed. Rep. of Germany, 1989 (Springer, Berlin, 1991), pp. 

1-21. 

115.  A.S. Volkov, S.E. Kumekov, E.O. Syrgaliev, and S.V. Chernyshov, Biofisika 

36, 770 (1991), (in Russian). 

116. H. Kand´arov´a, H. Richter, M. Liebsch, and J. Lademann, Laser Phys. Lett. 4, 

308–311 (2007). 

117. C. Sturesson, Medical Laser-Induced Thermotherapy – Models and 

Applications, Lund Reports on Atomic Physics LRAP-235, Doctoral Thesis 

(Lund Institute of Technology, Lund, 1998). 

118. L. Michalik and W. Wahli, Cell 129, 649–651 (2007). 

119. V. Laudet and H. Gronemeyer, The Nuclear Receptor Facts- Book (Academic 

Press, London, 2002). 

120. H. Senoo, Med. Electron Microsc. 37, 3–15 (2004). 



133 

121. R. Blomhoff, M. Rasmussen, A. Nilsson, K.R. Norum, T. Berg,W.S. 

Blaner,M. Kato, J.R. Mertz, D.S. Goodman, and U. Eriksson, J. Biol. Chem. 

260, 13560–13565 (1985). 

122. K. Wake, J. Cell Biol. 63, 683–691 (1974). 

123. N.E. Nagy, K.B. Holven, N. Roos, H. Senoo, N. Kojima, K.R. Norum, and R. 

Blomhoff, J. Lipid Res. 38, 645–658 (1997). 

124. T. Fujimoto and Y. Ohsaki, Ann. N.Y. Acad. Sci. 1086, 104–115 (2006). 

125. National Research Council, Guide for the Care and Use of Laboratory 

Animals, 7-th. ed. (National Academy Press, Washington, D.C., 1996). 


	რეზიუმე
	RESUME
	შინაარსი
	ცხრილების ნუსხა
	ნახაზების ნუსხა
	მადლიერება
	შესავალი
	1.ლიტერატურის მიმოხილვა
	2. შედეგები და მათი განსჯა
	3. დასკვნა
	გამოყენებული ლიტერატურა

