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Sesavali  
              

         Temis aqtualoba . dedamiwis gravitaciul velSi sivrcis 
adeqvaturi aRqmisaTvis cxovelTa umravlesobas gaaCnia specializebuli 
wonasworobis organo, romelic monawileobs organizmis iseTi 
mniSvnelovani funqciebis ganxorcielebaSi, rogoricaa sxeulis 
mdgomareoba da orientacia sivrceSi da Tvalis moZraobis regulacia 
(ʄʘgnus, 1924; ɹʝʨʠʪʘʰʚʠʣʠ, 1958; ʍʝʯʠʥʘʰʚʠʣʠ, 1958).  

        garkveul pirob ebSi wonasworobis organos normaluri funqcionireba 
mniSvnelovnad irRveva. uCveulo xasiaTis da mimarTulebis aCqarebis 
zegavleniT, romelic iqmneba saxmeleTo, sazRvao da sahaero transportSi, 
adamianebSi adgili aqvs sensorul, motorul da vegetatiur simptomebs (e .w. 
moZraobis daavadeba). uwonadobis pirobebSic dedamiwis garSemo orbituli 
frenis ganxorcielebisas adamianeb Si  vlindeba  msgavsi  simptomebi . mraval i  
mecnier is  azriT am daavadebis upirveles mizezs wonasworobis organos 
disfunqcia warmoadgens ( ɹʨʷʥʦʚ ʠ ʜʨ., 1976, 1986;  Graybiel, et al., 1975;  ɻʦʨʛʠʣʘʜʟʝ  ʠ 

ʜʨ., 1989; ʈʝʰʢʝ ʠ ʜʨ., 1997). kosmosuri safreni aparatis ekipaJis wevrebs 
dedamiwis simZimis Zalisadmi readaptacis periodSic uCndebaT movlenebi, 
romlebic miewereba aseve wonasworobis organo s disfunqcias: sxvadasxva 
saxis iluziuri SegrZnebebi, Tavbru sxveva, gulisreva, pirRebineba, 
gamoxedvis fiqsaciis moSla da Tvalis nistagmi ( ɻʦʨʛʠʣʘʜʟʝ  ʠ ʜʨ., 1986, 1989, 

1991). am problemebma  didi biZgi misca wonasworobis organos funqciis da 
aRnagobis ufr o Rrmad da farTod Seswavlas . 

         wonasworobis organo cxovelis ganviTarebis donis miuxedavad 
agebulia erTi da igive principiT. igi Sedgeba ori ZiriTadi nawilisagan: 
Ăsasinji masañ Ł statoliti an statokoniebi Ł da mgrZnobiare ujredebi (e. 
w. stato - anu gravitaciis receptorebi), romlebic aRiqvamen sasinji masis 
mdgomareobas an gadaadgilebas.  

         mucelfexiani moluskebis wonasworobis organo Ł statocisti 
warmoadgens xerxemliani cxovelebis akustikur -vestibuluri sistemis 
analogs. mkvlevarebis gansakuTreb uli yuradReba iyo miqceuli moluskebis 
statocistis kvlevisadmi garkveuli mizezebis gamo (cxovelebis advilad 
misawvdomoba da rac mTavaria statocistis  struqturuli organizaciis 
SedarebiTi simartive) . moluskebis statocisti mikroskopuli, wyvili 
buStukiseburi war monaqmnia. romelTa  Sida zedapiri Sedgeba wamwamebiT 
(kinociliebiT) aRWurvili mgrZnobiare ujredebisagan da maT Soris 
ganlagebuli xaoebiT dafaruli zedapiris mqone sayrdeni ujredebisagan. 
statocistis Rru amovsebulia endolimfiT, sadac ganlagebulia ramdenime 
aseuli, mcire zomis  statokoni a an erTi SedarebiT didi zomis 
statoliti. moluskebis statocistis mgrZnobiare ujredebi reagireben 
rogorc sivrceSi sxeulis mdgomareobis Secvlaze, ise vibraciul da 
bgeriT stimulebze. am reaqciebis realizeba statocistebSi, ise rogor c 
nebismier wonasworobis organoSi, sasinji masis  arsebobiT aris 
ganpirobebuli ( ɼʦʛʝʣʴ, 1938; Geuz, 1968;  Dijkgraaf, Hessel, 1969; ɺʠʥʥʠʢʦʚ  ʠ ʜʨ., 1971; 
Wolff , 1969, 1970, 1973, 1975;  ʉʦʢʦʣʦʚ, ʂʦʚʘʣʝʚ, 1979;  ɿʘʡʮʝʚʘ, 1990, 1992, 1996, 1998, 

1999;  ɻʦʨʛʠʣʘʜʟʝ, 2002 ).   
        amave dros dReisaTvis arsebobs seriozuli xarvezebi mo luskebis 
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statocistis struqturuli organizaciis Seswavlis saqmeSi.  kerZod, im 
saxeobebSi, romlebic mravalgzis gamoiyeneba kvlevis obieqtebad 
(filtviani mucelfexianebi) da xasiaTdebian mgrZnobiare ujredebis 
mcirericxovnobiT, ar aris dazustebuli am ujredebis raodenoba da 
topografia, statokoniebis struqtura, maTi raodenobrivi maCveneblebi 
cxovelis postnataluri zrdis procesSi, statokoniebis genezisi. meore 
mxriv, statocistis SedarebiTi martivi struqturuli organizacia 
filtvian lokokinebSi: mgrZnobiare ujredebis m cire raodenoba da maTi 
didi zomebi, statocistis da statokoniebis advilad izolireba, aqcevs am 
cxovelebs xelsayrel samodelo obieqtad wonasworobis organos 
struqturis da funqciis Sesaswavlad.    

         unda aRiniSnos, rom gasuli saukunis 90 -iani wlebidan mo luskebi iyo 
gamoyenebuli, rogorc samodelo obieqt ebi  wonasworobis organos 
struqturis da funqciis Sesaswavlad uwonadobis pirobebSi orbituli 
frenis dros ( ɻʦʨʛʠʣʘʜʟʝ  ʠ ʜʨ., 1997; ɻʦʨʛʠʣʘʜʟʝ, 2001, 2002). 

           warmodgenili naSromi aris akademikos ivane beritaSvilis 
xelmZRvanelobiT qarTuli fiziologiis skolis mier Catarebuli 
mravalwliani kvlevis CarCoSi. sayovelTaod cnobilia am skolis 
warmatebebi wonaswo robis organos mniSvnelobis dadgenaSi adamianis da 
cxovelTa sistemur reaqciebSi.  

   

    samuSaos mizani da amocanebi:  samuSaos mizans warmoadgen s  xmeleTis 

filtviani lokokina Helix lucorum (var.taur.Kryn) statocistis struqturuli 
organizaciis dadgena normaS i da misi Taviseburebani cvalebadi wonadobis 
(uwonadoba da zewonadoba) pirobebSi.  

      samuSaos miznidan gamomdinare dasaxuli aYSemdegi amocanebi: 
1. statocistis struqturuli elementebis _ mgrZnobiare da sayrdeni 

ujredebis da statokoniebis  Seswavla normaSi.  
2. statocistis struqturuli elementebis _ mgrZnobiare da sayrdeni 

ujredebis da statokoniebis  Seswavla uwonadobis zemoqmedebis 
pirobebSi.  

3. statokoniebis Seswavla zewonadobis pirobebSi.  
 

     naSromis mecnieruli siaxle.  
      xmeleTis filtviani lokokina Helix lucorum-is statocistis struqturuli 

organizaciis kvlevis Sedegad pirvelad dadgenilia:  

¶ statocistis mgrZnobiare ujredebis zusti raodenoba. statocistis Sida 
kedlis amomfeni epiTel iumi  warmoadgens sivrcobrivad mowesrigebul, 
cameti ujreduli ansamblisagan Semdgar k ompleqss : erT mgrZnobiare 
ujreds gars akravs 5_6 sateliti sayrdeni ujredi.  statocistis  erTi 
varskvlaviseburi formis ujredi mdebareobs mis wina polusze , xolo 
danarCeni 12 poligonaluri formis ujredi qmnis oTx -oTxi ujredisagan 
Semdgar sam sartyels statocistis  Sida zedapirze: winas, Sua -
ekvatoruls da ukanas. statocistis wina polusze  erTi ujredis 
arseboba da msgavsis arqona sawinaaRmdego ukana polusze  am 
warmonaqmnis struqturul polarizaciaze miuTiTebs.  

¶ mgrZnobiare ujredis citoplazmis vakuolizacia: ekvatoris sart ylis 
laterarul ujredSi maTi Zewkviseburi, xolo medialur ujredSi 
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giganturi vakuolis ganlageba; danarCen TerTmet  ujredSi vakuolebi s 
difuzur i  an araTanabr i  ganlageb a; ujredSoris sivrceSi arsebuli e.w. 
lakunebis sistema statocistis RruSi gamavali arxebiT.  

¶ stat okoniebis struqturuli araerTgvarovneba: mart i vi ĂerTbirTvianiñ 
da rTuli ĂmravalbirTvianiñ; statokoniebis mineraluri Sedgeniloba da 
kristaluri struqtura.  

¶ statokoniebis zrdis dinamika cxovelis postnataluri zrdis procesSi.  

¶ statocistis RruSi ganlagebuli, mine ralizacias moklebuli 
struqturuli warmonaqmnebis arseboba.  

¶ uwonadobis pirobebSi eqsponirebul cxovelebSi mgrZnobiare ujredebis 
simaRlis Semcireba da statokoniebis morfologiuri parametrebis zrda.  

¶ zewonadobis pirobebSi eqsponirebul cxovelebSi statokoniebis daS la 
da maTi saerTo raodenobis Semcireba.  

 
  

     naSromis Teoriuli da praqtikuli mniSvneloba:    
      sadisertacio naSromi miekuTvneba fundamentur gamokvlevas. igi Seicavs 

Teoriuli mniSvnelobis axal monacemebs gravireceptoruli warmonaqmnebis 
struqturuli org anizaciis Sesaxeb xmeleTis filtviani lokokinas Helix 

lucorum- is magaliTze normaSi da cvalebadi gravitaciuli velis pirobebSi 
(uwonadoba da zewonadoba).  

       naSromis praqtikul mniSvnelobas warmoadgens eqsperimentulad 
dadgenili faqti wonasworobis organoS i ñsasinji masisò raodenobis 
damokidebuleba abiotur faqtorTan, rogoricaa gravitaciuli veli: 
ñsasinji masis ò zrda uwonadobis pirobebSi da misi Semcireba zewonadobis 
pirobebSi. es metad mniSvnelovan faqts warmoadgens kosmosur biologiaSi, 
romelic gaTvaliswine buli unda iqnas specialuri samedicino saSualebaTa 
kompleqsis SemuSavebisas samomavlo xangrZlivi pilotirebadi kosmosuri 
frenebis uzrunvelsayofad. miRebuli Sedegebi sasargeblo iqneba agreTve  
wonasworobis organos  disfunqciis mizezebis ufro Rrmad Seswavlis  d a 
misi normaliz ebis  gzebis Ziebis sferosaTvis.    
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Tavi 1. literaturis momoxilva  

 
1.1. cocxali organizmebis orientacia dedamiwis gravitaciul  
    velSi da wonasworobis organos zogadi daxasiaTeba  

 
cocxali organizmebis evolucia dedamiwaze mimdinare obda simZimis 

Zalis mudmivi zemoqmedebis pirobebSi anu dedamiwis gravitaciul velSi. 
gravitaciuli velisadmi orientaciisaTvis cxovelebs gaaCniaT 
specializebuli mgrZnobiare warmonaqmnebi, vinikovis terminologiiT  
ñgravitaciis receptoriò, romelic maTi organizaciis  donis amaRlebis 
Sesabamisad ufro srulyofili gaxda da Camoyalibda wonasworobis 
organod (ɺʠʥʥʠʢʦʚ  ʠ ʜʨ., 1971).  

gravitaciis receptori aRwerilia jer kidev umartivesebSi. 
infuzoriebSi ( Loxodes, Holotricha, Paraizotrichia), organelebi, e. w. miuleris 
buStukebi, anu miniaturuli ñstatocistebi ò, romlebic savsea mrgvali 
mineraluri konkreciebiT Ł st atokoniebiT, miCneulia mravalujredianebis 
statocistis analogad ( ɼʦʛʝʣʴ, 1929;  ɼʦʛʝʣʴ, ʇʦʣʷʥʩʢʠʡ, ʍʝʡʩʠʥ, 1962). 

parameciebSi es organeli saWmlis momnelebeli vakuoliT aris 
warmodgenili da sxeulis mdgomareobis Secvla xorcieldeba samoZrao 
aparatiT - wamwamebiT ( Koehler , 1922, 1926). yvela SemTxvevaSi unda vifiqroT, 
rom konkreciebis gadaadgileba umartivesebSi aRiqmeba ujredis plazmuri 
membranis mier, rac citoplazmis saSualebiT gadaecema wamwamebs, romelTa 
SekumSva aregulirebs sxeulis wonasworobas. Tu CavTvliT , rom msgavsi 
organelebi umartivesebSi asruleben gravitaciis receptoris rols, maSin 
SeiZleba vaRiaroT, rom sxeulis wonasworobis funqciam struqturuli 
safuZveli ukve erTujredian organizmebSi miiRo.  

mravalujredianebSi gravitaciis receptori pirvelad 
nawlavRru ianebs da savarcxlianebs warmoeqmnaT. nawlavRruianebis 
gravitaciis receptori ori tipisaa: litostili da statocisti. Ppirveli _ 
litostili _ Sedgeba receptoruli ujredebisagan da didi zomis 
litocitebisagan, romlebic Seicaven konkreciebs Ł statokoniebs ( ɼʦʛʝʣʴ, 

1938). nawlavRruianebis zogierT warmomadgenlebSi litostili didi 
zomisaa da  gverdiTi organos ropaliebSia ganlagebuli. ropalia Tavisi 
arsiT gigantur litostils warmoadgens, romelic Seicavs konkreciebiT 
savse litocitebs. receptorul ujredad moiazreba e.w. kni doblastebi erTi 
SoltiT da ramdenime stereociliebiT aRWurvili knidociliebiT. Solts 

tipuri fibrilaruli struqtura (9 ³2+2) gaaCnia. stereociliebi ki 
saxecvlili mikroxaoebia. meore  tipis gravitaciis receptori _ 
statocisti, warmodgenilia  gardamavali formebiT: pa tara CaRrmavebidan, 
SemosazRvrul buStukebamde  da ori saxis  ujredebisagan Sedgeba: 
litociti da mgrZnobiare ujredebi. litociti Seicavs mrgval konkrecias, 
romlis SemadgenlobaSi Sedis kalciumis sulfati da organuli 
nivTierebebi. mkvlevarebi mas ñsasinj masad òDDmiiCneven. sxeulis 
mdgomareobis nebismieri cvlileba gravitaciul velSi iwvevs litostilis 
gadaxras, rac mgrZnobiare ujredebis wamwamebiT aRiqmeba ( Bullock, Horridge, 

1965;  Slautterback , 1963, 1967). 
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gacilebiT ufro progresulad aris agebuli savarxclianebis 
gravitaciis receptori, igive aboraluri organo. pirvelad  am cxovelebSi  
gvxvdeba mgrZnobiare ujredebi moZravi tipuri fibrilaruli struqturis 
mqone SoltebiT, da rac mTavaria, gaaCnia Tavisufali statoliti, romelic 
warmoiqmneba amave ujredebis eqskreciis Sedegad.  Soltebi Sewebebulia 
erTmaneTTan balanserebad, romlebzedac ewebeba konkreciebi da 
warmoiqmneba rTuli statoliti . aseve progresuli monapovaria   

balanserebis gadaxra statolitebis gadaadgilebis gavleniT, rac iwvevs 
receptoruli ujredebis aRgznebas, rogorc varau doben, sinapsuri gziT 
(ɼʦʛʝʣʴ, 1938; Horridge, 1964, 1965). yovelive es   iZleva saSualebas davaskvnaT, 
rom  savarcxlianebSi pirvelad xorcieldeba  transsinapsuri gadacema 
mgrZnobiare ujredebidan nervul gangliebSi.  gravireceptorebis agebulebis 
aseTi principi  praqtikulad ucvlelad aRiniSneba cxovelebSi, romlebic 
evoluciuri ganviTarebis Semdgom safexurebze dganan.    

uxerxemloebSi (umdablesi Wiebi, umaRlesi jagriani Wiebi, moluskebi 
da fexsaxsrianebi) parazitebis gamoklebiT, gravitaciis receptori 
warmodgenilia st atocistebiT.  maT Soris  gamonakliss warmoadgenen 
mwerebi. xerxemlianebSi ki warmoiqmneba vestibuluri aparati. 
uxerxemlianTa statocistebi da xerxemlianebis vestibuluri aparati 
miuxedavad imisa, rom evoluciuri ganviTarebis sxvadasxva safexurze 
erTmaneTisagan damoukideblad warmoiqmna, principul msgavsebas amJRavneben 
rogorc struqturuli, ise funqciuri TvalsazrisiT.  

statocistebi warmoadgenen siTxiT amovsebul wyvil SemosazRvrul 
buStukebs, sadac ganlagebulia statokoniebi an statolitebi. es 
warmonaqmnebi warmoadgenen biokristalebs da statocistis ujredebSi 
warmoiqmnebian, an (kibosnairebi) SeiZleba Semotanil iqnan garedan wvrili 
qviSis saxiT. statokoniis an statolitis nebismieri gadaadgileba iwvevs 
kinociliebis gadaxras, romlebiTac yvela SemTxvevaSi dafarulia 
statoci stis amomfeni mgrZnobiare ujredebis zedapiri (Buddenbrock, 1935; 
Schºne, 1952.,  Dijkgraaf, 1961; Schºne, Steinbrecht, 1968;  ɺʠʥʥʠʢʦʚ   ʠ ʜʨ., 1971).  
      
      

  

   1.2. mucelfexiani moluskebis ( Gastropoda) wonasworobis  
     organos Ł statocistis ageb uleba  
 
           mucelfexianTa klasSi agebulebis mixedviT gamoiyofa statocistebis 
ori tipi. Ppirveli - romelTa  kedeli agebulia ramdenime aseuli patara 
zomis receptoruli ujredebisagan, meore _ romelTa kedeli agebulia 
mcire raodenobis Ł 11-dan 15-mde gigant uri mgrZnobiare ujredebisagan 
(Wolff, 1975; ɿʘʡʮʝʚʘ, 1980, 1990, 1996; ʉʦʢʦʣʦʚ, ʂʦʚʘʣʝʚ, 1979). maT Soris  pirveli 
gaaCniaT winalayuCianTa ( Prosobranchia) qveklasis warmomadgenlebs, meore ki 
ukanalayuCianebis ( Opisthobranchia) da filtvianebis ( Pulmonata) qveklasis 
warmomadgenlebs.  
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1.2.1. winalayuCiani m oluskebis ( Prosobranchia) statocisti  
literaturis  monacemebis mixedviT winalayuCianebis statocistebs 

gaaCnia ovaluri buStukis forma da ganlagebuli arian fexis kunTovan 
CaRrmavebebSi , pedaluri gangliis gverdebze. statocisti garedan 
dafarulia ori sxvadasxva simkvrivis mqone SemaerTebelqsovilovani garsiT 
da ramdenime  elastiuri WimebiT dakidulia kunTovan CaRrmavebebSi. 
yvelaze mkvrivi da grZeli Wimi gamodis Rrus gareT da pedaluri 
gangliebidan  dorso -kaudaluri mimarTulebiT aerTebs marjvena da 
marcxena statocist ebs erTmaneTTan. statocistis mgrZnobiare da sayrdeni 
ujredebis  ganlagebaze statocistis Sida zedapirze , maT formebsa da 
zomebTan dakavSirebiT  mkvlevarebi gansxvavebul mosazrebebs gamoTqvamen.  

 adreuli gamokvlevebi T  Caxotinis mier Heteroopda-s (Pterotrachea) 
statocistis Sida kedlis dorsalur zedapirze aRwerili iyo 
gansakuTrebuli ubani, romlis centraluri nawili Seicavs didi zomis  
cilindruli formis mgrZnobiare  ujredebs , romelTa garSemo   3-4 
koncentrul wreebad ganlagebuli a SedarebiT patara zomis ujredebi. 
mkvl evari statocistis am ubans moixseniebs rogorc ñmakulasò, danarCen 
epiTels ki ñantimakuladò. es ukanaskneli  Seicavs brtyel 
varskvlaviseburi formis  ujredebs ( Tschachotin, 1908). Semdgomi  eleqtronul -
mikroskopuli gamokvlevebi T barberis da Tanaavtorebis mier  detalurad 
iqna Seswavlili e.w. makulas  mgrZnobiare ujredebi. isini aRWurvili 
armoCnda  30_60 kinociliebiT da maT Soris araTanabrad ganawilebuli, 
mokle mravalricxovani mikroxaoebiT. ujredebis apikalur zedapirze 
aRwerilia TiTiseburi gamonazardebi multivezik uluri sxeulakebiT. 
yoveli aseTi sxeulaki warmoadgens erTgvar centrs, romlis garSemo 
orientirebulia kinociliebis jgufi. mgrZnobiare ujredebi 
koncentrirebuli aRmoCnda  ñmakulasò-Tan axlos. xolo maT gars akravs e.w. 
pericentraluri sayrdeni ujredebi ( Barber, 1968;  Barber, Dilly, 1969; Wolff, 1976).  

zaicevas mier winalayuCianebis warmomadgenlebSi ( Littorina littorea, 

Viviparus viviparus, Viviparus cornectus, Pomacea paludosa da  Pomacea elegans) mravalmxriv 
Seswavlilia statocistebis  struqturuli  niSnebi. CamoTvlili 
saxeobebidan Viviparus-is gvaris mtknari wylis tborulas da amfibiotur   
moluskebs P. paludosa (ampularia s) gaaCniaT 400 -480 mkm diametris  
statocistebi, xolo xmeleTis moluskis P. elegans (ciklostoma) 
statocistis diametri Seadgens 180 -220 mkm-s, zRvis mo lusk  L. littorea-s Ł 110-
180 mkm-s. V. viviparus-is umravles individebSi marcxena statocisti didia 
marjvenasTan SedarebiT. mkvlevaris azriT es faqti SeiZleba aixsnas imiT, 
rom tborulebi substratze moZraoben ara sworxazobrivad, aramed 
ramdenadme marjvniv ga daxrili. vertikalur sibrtyeSic cxovelebi 
yovelTvis cdiloben miiRon odnav marjvniv gadaxrili mdgomareoba . msgavsi  
movlena aRwerilia  tboruleb is  marjvena  statocistis  dazianebisas an misi 
amokveTis SemTxvevaSic  (Geuze, 1968). zaicevas monacemebiT  winalay uCianebis  
statocistis Sida epiTeluri kedeli  Sedgeba ramdenime aseuli (zogierT 
SemTxvevaSi ramdenime aTasi) pirveladimgrZnobelobis ujredebisagan da maT 
Soris ganlagebuli sayrdeni ujredebisagan.  mgrZnobiare ujredebis 
diametri 6 -14 mkm-ia, simaRle - 7-11 mkm. isin i  ganawilebulia statocistis 
mTel zedapirze ; gamonakliss warmoadgens mxolod uSualod statonervis 
gamosvlis adgili. mgrZnobiare ujredebis apikaluri  zedapiri aRWurvilia 
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kino ciliebiT , bazaluri zedapiridan ki gamodis 3 -5 morCi. tborulas 
statocistis  ventro -rostra lur nawilSi gamoiyofa gansakuTrebuli zona, 
romelic Sedgeba didi zomis (20 -28 mkm simaRlis) cilindruli formis  
ujredebisagan. am zonis diametri 40 -60 mkm-ia da Seicavs daaxloebiT  14 -18  
ujreds. naCvenebi  iqna, rom aq ganlagebuli  ujredebis simaRle orjer 
Warbobs statocistis danarCen ubanSi ganlagebul ujredebis simaRles. 
Tumca ujredebi isea CaZiruli statocistis SemaerTebelqsovilovan  
garsSi, rom maTi sensoruli  zedapiri ar aRemateba danarCeni ubnis 
simaRles. cocxal preparatze ki es ubani  patara borcvaks gavs,  ris gamo 
mkvlevari am warmonaqmns  Pterotrachea-s zemoT aRweril  ñmakulas Tanò aigivebs. 
Semdgomi kvlevebSi maskanirebeli   eleqtronuli mikroskopis saSualebiT 
avtori  statocistis am ubnis identificirebas  ar akeTebs. cxadia es imaze 
miuTiTebs, rom sensoruli zedapiris organizaciiT aRniSnuli  ubani ar 
gansxvavdeba statocistis danarCeni ubnebisagan. mgrZnobiare ujredebis 
nawilobrivi markirebis SemTxvevaSi, kobaltiT an pirSuSxas peroqsidazas  
xsnaris SeyvaniT dazianebul statonervSi mikroeleqtrodebis saSualebiT,  
mkvlevari aRwers, rom yvela zemoT CamoTvlil saxeobebSi   mgrZnobiare  
ujredebi ganlagebulia garkveul jgufebad. yovel  aseT jgufs gaaCnia 
Tavisi sakuTari ujreduli morCebis kona, romlebic miemarTebian 
statonervSi da gamocalkevebuli arian analogiuri sxva jgufisa gan 
sayrdeni ujredebis ganieri feniT. tborulas statocistebSi  erT aseT 
jgufSi ganlagebulia 40 -100 ujredi. tborulas da ampularias statocistis 
sensorul zedapirze 30 -40 aseTi jgufia aRwerili, romlebsac mkvlevari 
struqturul modulebs uwodebs. ciklostomebsa da l itoreas  
statocistebSi  20-28 jgufi - modulia aRwerili. mgrZnobiare ujredebis 
nervuli morCebis konebi erTmaneTTan SeerTebis gziT qmnian statonervis 
or, araTanabari diametris mqone ganStoebebs. ganStoebaSi, romlis diametri 
30 mkm-ia, Sedis statocistis ventro -rostraluri da gare -lateralur 
zedapirze ganlagebuli ujredebis morCebi.  meoreSi,  romlis diametri 20 
mkm-ia - dorso -kaudaluri da Sida -lateraluri ujredebis morCebi. garda 
amisa ujredebis receptoruli zedapiris eleqtronul -mikroskopuli 
kvlevis Sedegad kinociliebi s raodenobis da apikalur zedapirze maTi  
ganlagebis mixedviT mkvlevari mgrZnobiare ujredebs  or jgufad yofs: 
erTi, romelTa apikalur zedapirze ganlagebulia sul 15 -25 kinocilia da 
meore- mxolod 3 -6 periferiulad ganlagebuli kinocil i a.  

winalayuCianebis  statoc istebSi , kerZod  ampularieb sa da   tboruleb Si 
zaicevas mier aRwerilia  didi da patara zomis statokoniebi. didi 
statokoniebis sigrZe 70 -85 mkm-ia, sigane 30 -40 mkm, patara statokoniebis ki 
18-25 da 8 -12 mkm Sesabamisad. L. littorea-s da P. elegans-s statocis tebSi mxolod 
TiTo momrgvalo formis statolitia ganlagebuli, romelTa diametrebi 50 -
70 mkm da 130-150 mkm-ia Sesabamisad . statolitebi da statokoniebi Sedgeba 
organuli da mineraluri Sedgenilobis mqone  radialuri da koncentruli 
struqturebisagan ( ɿʘʡʮʝʚʘ, 1980, 1996, 1998, 1999).   

sayuradReboa is faqti, rom statolituri masis gadaadgileba 
statocistis sensoruli zedapiris gayolebiT, rac iwvevs kinociliebis 
gadaxras, am ukanasknelis bazaluri fexis orientaciis Sesabamisad iwvevs 
mgrZnobiare ujredebis a Rgznebas an Sekavebas. es procesi  mkvlevarebma 
eleqtronulmikroskopuli da eleqtrofiziologiuri  gamokvlevebiT 
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daadgines. naCvenebia, rom ampulariebSi da tborulebSi mgrZnobiare 
ujredebis kinociliebis bazaluri fexebi orientirebulia mxolod sasinji 
masis stimulac iis mimarTulebiT , ris gamo  yoveli ujredis maqsimaluri 
aRgzneba da Sekaveba xdeba swored am mimarTulebiT ( McClary , 1966;  Stahlshmidt,  

Wolff,  1972;  Wolff, 1975; ʉʦʢʦʣʦʚ, ʂʦʚʘʣʝʚ, 1979). amis garda  naCvenebia, rom 
winalayuCianeb is statocistebSi  erTnairi polaroba gaaCniaT   erTmaneTis 
gverdi T  ganlagebul ujredeb i s jguf ebs. eleqtrofiziologiuri cdebiT 
dasturdeba agreTve kavSiri erTnairad polarizebuli ujredebis jgufebsa 
da statonervSi erTmaneTisgan izolirebul mgrZnobiare ujredebis 
morCebis konebs Soris ( Stahlshmidt, Wolff, 1972). cxadia , aseT jgufebs 
miekuTvneba zaicevas mier aRwerili modulebi.  

zemoT ganxiluli literaturis Sedegebidan  gamomdinare o. zaicevas 
da sxvebis  Ta naxmad SeiZleba davaskvnaT, rom winalayuCiani moluskebis 
statocistebSi gamoiyo fa  ramdenime sxvadasxvanairad polarizebuli 
struqturul -funqciuri sensoruli modulebi, romlebic SenarCunebulia 
statonervis mTel sigrZeze da sensoruli sistemis centralur 
ganyofilebam de ( ɿʘʡʮʝʚʘ , 1999).  

               
     1.2.2. ukanalayuCiani moluskebis ( Opisthobranchia) statocisti  
 

ukanalayuCiani moluskebis statocisti mrgvali formis gamWvirvale 
buStukeb ia , romlebic mdebareoben pedalur gangliaSi. arsebuli 
gamokvlevebis safuZvelze  statocistebis diametri saSualod 200 -250 mkm-ia.  
maT gaaCniaT bazaluri membran a da SemaerT ebelq sovilovani garsiT  arian  
SemosazRvruli. winalayuCianebisagan gansxvavebiT  statocistis amomfeni 
epiTeluri kedeli Sedgeba  didi zomis mgrZnobiare  ujredebisagan  da 
SedarebiT patara zomis sayrdeni ujredebisagan. statocistis ujreduli 
elementebi formiT, zomiT da zog SemTxvevaSi  raodenobiT  gansxvavdebian 
sxvadasxva saxeobebSi.  

cirulisis mier detalurad Seswavlilia ukanalayuCianis 

warmomadgenlis Clione limacina-s statocistis struqtura. misi diametri 
Seadgens 130- 150 mkm-s da Seferilia oranJisferi pigmentiT. statocistis  
Sida epiTeluri kedelSi mkvlevari aRwers e.w. muq da naTel ujredebs, 
romlebic statocistis sxvadasxva doneze gansazRvraven epiTeli umis 
sxvadasxva simaRles : SedarebiT dabalia statikuri nervis gamosvlis 
adgilas, sadac ganlagebulia naTeli ujredebi ; xolo misgan moSorebiT 
statocistis kedeli TandaTanobiT maRldeba ; aq ganlagebulia muqi 
ujredebi. ukanasknelni mdidaria citoplazmaSi Tanabrad ganawilebuli 
wvrili, muqi, gran ulebiT. optikurad naTeli ujredebis citoplazmaSi 
mkvlevari aRwers struqturebs moklebul ubnebs, romlebsac vakuolebad 

miiCnevs. aseTi  ujredebis raodenoba erT anaTalze  3 -idan 4-mdea. Clione 

limacina-s statocistis mgrZnobiare ujredebi  sokoseburi formisaa,  
gver debidan gamomavali sokos firfitiseburi Txeli (1.5 mkm) warmonaqmnebis 
gamo. mkvlevari Tvlis, rom am warmonaqmnebis  xarjze izrdeba ujredis 
apikalur zedapiris sigrZe da aRwevs 125 mkm -s maSin, rodesac sigane 45 mkm -
ia. mgrZnobiare ujredebis apikaluri zedapi rze ganlagebulia   

Wadrakiseburi wyobiT gamomavali, tipuri fibrilaruli kompleqtis (9 ³2+2) 
mqone kinociliebi , romlebic  erTmaneTisagan 3 -4 mkm-iT arian daSorebuli. 
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kinociliebis bazaluri sxeulakis  erTi mxridan gamodis  misi  e.w. fexi da 
miemarTeba ujredis apik aluri zedapiris centrisken. meore mxridan ki 
gamodis ujredis zedapiris paralelurad ganlagebuli e.w. fesvebi 
maraoseburi ganlagebis mqone konebiT. ujredebis citoplazma Si aRwerilia 
gluvi da granularuli endoplazmuri bade, mitoqondriebi, maTTan erTad  
membranebs Soris ganlagebuli 0.7 -0.8 mkm diametris mrgvali formis 
osmiofiluri granulebi, eleqtronulad mkvrivi, homogenuri nivTierebiT. 
ujredis birTvTan axlos ganlagebulia goljis aparatis cisternebi. 
zogierT ujredebSi ki aRwerilia gluvi endoplazmuri badis spiralura d 
daxveuli  membranebisagan Semdgari  erTgvari  mieliniseburi struqturebi, 
romelTa centrSi aRiniSneba  buStukebis, granulebis da mitoqondriebis 
grovebi. mgrZnobiare ujredis birTvi wagrZelebuli an cilindruli 
formisaa. misi karioplazma Seicavs difuzurad gan awilebul  qromatins da 
erT - mrgvali formis, maRali eleqtronuli simkvrivis mqone birTvaks. 
mgrZnobiare ujredebis sxeulis uSualo gagrZelebas warmoadgens ganieri 
aqsoni. statonervis ganivkveTSi nanaxia 9 -11 aqsoni , romelTa  raodenoba 
TavisTavad statocistis mgrZnob iare ujredebis raodenobaze  miuTiTebs. 
Tumca Kunda aRiniSnos, rom mkvlevaris mier  ar aris dazustebuli 
ujredebis raodenoba.  ise rogorc es gakeTebulia osuga da Tanaavtorebis 

mier C.  limacina-s monaTesave saxeobis Pleurobranchaea japonica-s magaliTze: 
statikur i nervis anaTalze eleqtronul -mikroskopuli kvlevis Sedegad 
daTvlilia 13 mgrZnobiare ujredis aqsoni ( Ohsuga,et al., 2000).   

C. limacina-s statocistis sayrdeni ujredebi ganlagebulia mgrZnobiare 
ujredebis gverdebze da maT Soris da uSualod  ekvrian  statocistis 
bazalur membranas . sayrdeni ujredebis viwro mwvervali Ł falangi, mijnavs 
erTmaneTisgan mgrZnobiare ujredebs. falangebi gaWimulia receptoruli 
ujredebis apikaluri firfitis qveS da susti desmosomebiT ukavSirdeba 
maT. falangis apikaluri zedapiri moklebulia rog orc kinociliebs, ise 
mikr o xaoebs. sayrdeni ujredis citoplazmaSi aRwerilia 0.1 -0.8 mkm 
diametris eleqtronulad mkvriv i  granulebi, romlebic avtoris 
SexedulebiT Se i cavs statocistis feris ganmsazRvrel oranJisfer 
pigments. ujredebis birTvi l o potiseburi an mrgval i formisaa da 
ganlagebulia mis bazalur nawilSi. birTvi Seicavs  maRali  eleqtronuli 
simkvrivis  qromatinis masiur grovebs. tipuri formis birTvaki sayrdeni 
ujredis birTvSi ar aris aRwerili.  

 amave naSromSi aRwerilia statokoniebis formireba statikur nervTan 
axlos ganlagebuli sayrdeni ujredebSi. apikalur zedapirze aRwerilia 
0.8- 1.3 mkm diametris vakuolis msgavsi struqturebi, romlebic 
garSemoxveulia membranebiT da Seicaven faSar fantelisebur i formis  

warmonaqmnebs. vakuolebze  garedan  ganlagebulia 400 -700 A -̄is b uStukebi, 
romleb Sic aRiniSneba homogenuri, dabali eleqtronuli simkvrivis 
nivTierebebi . msgavsi buStukebi aRwerilia vakuolebis SemomsazRvreli 
membranis Sida zedapirzec. garda  amisa, aRwerilia agreTve vakuolebi 
eleqtronulad mkvrivi, 4 - 12 mkm diametris stru qturebiT , romlebsac  
gaaCniaT  statokoniebis msgavsi koncentruli zrdis rgolebi da radialuri 
moxazulobebi, Tumca gacilebiT ufro faSari   definitur statokoniebTan 
SedarebiT . erT ujredSi 1 - 3 aseTi vakuolia ganlagebuli. mkvlevars 
miaCnia, rom aRwerili struqture bi ukve sayrden ujredSi stuqturirebuli 
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statokoniebia.  Tumca iqve miuTiTebs, rom statokoniebis  struqturirebis 
ufro adreuli stadiebi ar aris nanaxi. miuxedavad amisa mkvlevari askvnis, 
rom C. limacina-s statocistSi sayrdeni ujredebi, romlebic ganlagebulia 
statikuri nervis gamosvlis adgilas SeiZleba ganxilul iqnas, rogorc 
statokonioblastebi ( ʎʠʨʫʣʠʩ, 1974).  

 ukanalayuCianebis sxva warmomadgenleb is  Aplysia limacina (Dijkgraaf, Hessels, 

1969), Aplysia californica (Coggeshall, 1969), Pleurobranchaea californica (Wood and von 

Baumgarten, 1975), Hermissenda crassicornis (Alkon, 1980) statocistis diametri  

daaxloebiT  200 mkm-ia . maTi  mgrZnobiare  ujredeb i  aRwerilia  rogorc 
diskosebur i  brtyeli,  diametri T  50-60 mkm. simaRl eSi  gansxvavebuli ubnebi  
statocistis  kedelis  epiTel iumSi  ar aRiniSneba. CamoTvlil saxeobebSi  
mgrZnobiare ujredebis raodenoba Seadgens 13 -s. A. limacinaŁs mgrZnobiare 
ujredebi gansakuTrebulad ganlagebuli aRmoCnda statocistis Sida 
zedapirze: 13 mgrZnobiare ujredidan 4 -ganlagebulia statikuri nervis 
garSe mo erT rigad , Semdegi ori rigi Sedgeba  aseve 4 - 4 ujredisagan, erTi  
ujredi ki statikuri nervis sawinaaRmdego mxares mdebareobs. sami rigis 
ujredebi erTmaneTis mimarT agurisebur wyobas qmnian ( Dijkgraaf, Hessels, 1969).  

bolo wlebis naSromebSi didi adgili aqvs daTmobili statocistis 
mgrZnobiare ujredebis imunocitoqimiuri meTodebiT kvlevas , am ujredebis  
neirotransmiter uli substratebi s gamovlinebas . sonilas , sonilas da 
mpitsosis mier A. californica da  P.californica-s statocistebSi gamovlenilia 
histaminuri imu noreaqcia  (Sonila et al., 1990; Sonila and Mpitsos, 1991). iaponeli 
mkvlevarebis mier  P.californica-s statocisteb is  mgrZnobiare  ujredeb Si aseve   

imunocitoqimiuri meTodebiT  gamovlenilia sam i  sxvadasxva transmiter uli 
substrati da demonstrirebulia maTi lokal izacia - mozaikuri ranJireba , 
(rogorc mkvlevarebi uwodeben) statocistis zedapirze.  P. japonica -s 
statocistSi 13 mgrZnobiare ujredidan ori avlens SCPB 

imunor eaqtiulobas , romelTagan  er T i ganlagebulia statocistis 
anterodorsalur da meore  _ ventralur zedapir ebz e; sami ujredi avlens 
FMRF-amidur  reaqcias, romelTagan erTi ganlagebulia statocistis 
posteroventralur zedapirze,  ori ki anterodorsalur ze; rva  ujredi  
histaminuri imunoreaqciuli aRmoCnda, romlebic statocistis 
posterodorsalur da posteroventralur ubnebSi a ganl agebuli  (Ohsuga et 

al., 2000).  

ukanalayuCianebis  statocistebSi statokoniebis genezis sa da maTi 
mineralizaciis sakiTxebze literaturis farTo speqtria warmodgenili . 
bidvel ma da Tanaavtoreb ma pirvelebma aRniSnes , rom  A. californica-s  embrionul 
da larvul stad iaze  statocist ebi Seicaven mxolod erT, amorfuli 
struqturis mqone statolits, romlic mudmiv kontaqtSi imyofeb a 
statocistis cametive mgrZnobiare ujredTan, rac grZeldeba vidre 
statocistis diametri ar miaRwevs  45 mkm -s da  embrionis sigrZe ki 1 mm -s. 
es kriti kuli periodi Seesabameba cxovelis postmetamorfozuli 
ganviTarebis me -60 da 65 -e dRes. Semdeg ki iwyeba  ukve mravali  statokoniebis 
warmoqmna (Bidwell et al., 1986). aseTi  Sedegebi miRebulia agreTve viderholdis 
da TanaavtorTa mier  amave saxeobis statocistis kvlevis drosac . 
postmetamorfozul cxovelebSi, ganviTarebis  me-60 dRes, rodesac cxovelis 
sigrZe ukve 1 mm -ia statolitis diametri 9 -12 mkm-ia. embrionul cxovelebSi 
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statoliti bevrad didi  zomisaa , vidre statocistis nebismieri ujredi. es 
ki  mkvlevars saSualebas  aZlevs daaskvnas, rom statoliti warmoiqmneba 
statocistis RruSi da ara ujredebSi . axladwarmoqmnili statokoniebi ki 
imdenad mcire  zomisaa , rom SesaZlebelia maTi warmoqmna ujredSi. ra 
meqanizmebi iwveven erTi statolitidan mravali statokoniebis warmoqmnas? 
amaze mkvlevarebs gaaCniaT garkveuli mosazreba. kerZod, erTi statolitis 
stadiaze mgrZnobiare ujredebis kinociliebi yovelTvis mimarTulia am 
erTaderTi statolitisken da  aCereben mas  statocistis Rrus centrSi. 
statocistis diametris zrdis Sedegad statoliti vardeba  da exeba 
mxolod ramdenime ujreds , aqtiurdeba ramdenime receptori , rogorc amas 
adgili aqvs mravali statokoniebis SemTxvevaSi ( Gallin, Wiederhold, 1977). 

ramdenime ujredis stimulaciis Sedegad cerebraluri gangliidan 
wamosuli eferentuli signalebiT, an statoli tis vardnisas gamowveuli 
meqanikuri stimulaciis Sedegad izrdeba ujredSida kalciumis aqtivoba, 
rac Tavis mxriv iwvevs statokoniebis mineralizaciis iniciacias (Wiederhold  

et al., 1990).  
in vitro eqsperimentebiT  A. californica-s statocistSi aRwerilia 

statok oniebis mineralizaciis maregulirebeli meqanizmebi. mkvlevarebma 
daadgines, rom am procesSi monawileoben fermentebi karbonuli anhidraza 
da ureaza. karbonuli anhidrazas acetazolamidiT inhibirebisas adgili 
aqvs statokoniebis warmoqmnis Semcirebas 16% -iT, stat okoniebis moculobis 
Semcirebas, eqsperimentis dawyebidan 30 wuTis ganmavlobaSi statocistis 
pH-is   zrd as, Semdeg ki piriqiT  - Semcirebas. ureazas inhibireba 
acetohidroqsamidiT iwvevda statokoniebis saerTo raodenobis Semcirebas 
41%-iT, ar moqmedebda statokon iebis moculobaze, agreTve  iwvevda  pH-is  
Semcirebas Tavidanve. yvela es efeqti aRmoCnda dozaze damokidebuli 
(Pedrozo et al., 1996).  

cnobilia, rom moluskebSi kalcificirebuli qsovilis warmoqmna da 
SenarCuneba regulirdeba nawilobrivad endolimfaSi mJava _ fuZ is 
balansiT ( Simkiss, 1969). statocistis pH-is  modelirebis gziT ( rac naCvenebia 
zemoT aRweril eqsperimentSi) SesaZ l ebelia gaizardos kalciumis 
karbonatis warmoqmna da daareguliros statokoniebis raodenoba da 
zomebi. aRmoCnda, rom ureaza monawileobs tut e ares  SenarCunebaSi, 
karbonuli anfidraza ki mJavianobisken gadaxr aSi . radgan 30 wuTis Semdeg 
karbonuli anhidrazas inhibirebiT gamowveuli efeqti ixsneba, mkvlevarebi  
fiqroben, rom ureaza TamaSobs dominantur rols statocistis pH-is  
SenarCunebaSi. miRebuli Sedegeb i adastureben kampbelis hipoTezas CaCO3-is 
formirebis Sesaxeb endolimfaSi , romlis Tanaxmad , amiaki, romelic miiReba 
ureaz aTi  Sardovanas hidrolizis Sedegad, moqmedebs rogorc protonuli 

aqceptori, romelic iwvevs karbonatis warmoqmnas HCO3 -̀is ionidan da 
sabol ood  CaCO3 -is deponirebas ( Campbell, Speeg  1969). karboqsuli anhidraza 
da ureaza monawileoben  kalciumis mineralizacis procesSi  aseve umaRlesi 
cxovelebis  ZvlebSi da Sida yurSi ( Minkin,  Jennings, 1972; Cao, Gay,  1985).  

viderholdis da misi skolis mier  A. californica-s  statocistebSi 
statokoniebis ganawilebis eqsperimentuli monacemebis safuZvelze 
kondraCukis mier warmodgenili iqna statokoniebis ganawilebis 
maTematikuri modeli maTi zrdis procesSi. statokoniebis zrda aRwerilia 
rogorc misi kristalizaciis proc esi. avtori gvTavazobs mosazrebas, rom 
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statokoniebis ganawileb a icvleba, rac  cxovelis ontogenezSi 
statokoni ebis  generaciis da m aTi  zomebis Semdgomi xazobrivi zrdis 
Sedegia. aRwerilia statokoniebis ganawilebis Semdegi etapebi: I - romelsac 
gansazRvravs axali  statokoniebis generacia da Seesabameba cxovelis  
niJaris diametris zrdis periods 4 mm -de. II - romelic ganisazRvreba maTi 
zomebis zrdis mudmivi siCqariT da Seesabameba periods rodesac niJaris 
diametri 6 mm -s aRemateba. intervalSi, rodesac niJaris diametri 4 _6 mm-ia, 
mimdinareobs statokoniebis ganawilebis transformacia. mkvlevaris  
SexedulebiT  es u7kanaskneli  dakavSirebulia  didi zomis statokoniebis 
seleqciur daSlasTan da rac TavisTavad cvlis statokoniebis xazobrivi 
zrdis periods ( ʂʦʥʜʨʘʯʫʢ,  2001). 

ganxiluli gamokvlevebis safuZvelze SeiZleba davaskvnaT, rom 
ukanalayuCian i moluskebis  statocistis epiTeluri kedli Sedgeba  
Tanabradganawilebuli giganturi mgrZnobiare ujredebisagan da sayrdeni 
ujredebisagan. statocistis kedelSi ar aRiniSne ba ñmakulaò da 
ñantimakularuliò ubnebi. mgrZnobiare ujredebis raodenoba Seswavlil 
saxeobaTa umravlesobaSi  Seadgens 13-s. statokoniebi A. limacna da   A. 

californica-s magaliTze warmoqmneba specializebul sayrden ujredebSi e.w. 
statokonioblastebSi. Tumca cxov elis embrionuli da larvuli 
ganviTarebis periodSi statocistSi moTavsebuli  erTaderTi statoliti, 
Tavisi sididis gamo, SesaZlebelia mxolod endolimfaSi warmoiqmnas. 
postmetamorfozuli ganviTarebis Semdgom etapze ki statolitidan 
statokoniebis warmoqmna, maTi mcir e zomebis gamo, SesaZlebelia ujred ebSi 
xdebodes.  

 
            1..2.3. filtviani  moluskebis ( Pulmonata) statocisti  

 
filtviani  mucelfexiani moluskebis statocistebis struqturuli 

organizaciis Sesaxeb dReisaTvis arsebuli  gamokvleveb i  rogorc mtknari 
wylis , ise  xmeleTis fi ltvianeb is magaliTzea warmodgenili  (Sesabamisad 
Stilommatophora da  Basommatophora-s rig ebi ). kvlevis monacemebidan gamomdinare 
maTi statocist ebi  ganlagebulia  xaxis qveda ganglionuri kompleqsis  
pedaluri gangli ebis  latera lur mxares da nawilobriv CaZ irulia masSi.  
statocistis diametri zrdasruli lokokinebSi Seadgens saSualod 180-220 
mkm-s. am niSniT  gamonakliss warmoadgenen  mtknari wylis Lymnea stagnalis da  

Biomphalaria glabrata, romelTa  statocistis diametri  100-110 mkm-ia.   
filtviani moluskebis stato cistis pirveli farTo histologiuri 

gamokvlevebi Catarebulia jer kidev meoce saukunis dasawyisSi v. Smidtis 
mier saxeobebSi Arion empiricorum,  Lymnea stagnalis, Planorbis corneus-Si  da   Helix-is 
gvaris warmomadgenlebSi. aRniSnuli saxeobebidan  erTaderTi   mtknari wylis 
saxeoba- L.stagnalis statocistis epiTelur kedelSi aRwerilia  SemaRlebuli 
ubani, sadac ganlagebulia e.w. buStuki ani  mgrZnobiare  ujredebi. ufro 
sustad  isini  aRwerilia  P. corneus-is statocistebSi c ; xolo   Arion da  Helix-

Si saerTod ar aRiniSneba. avtori Tvlis, rom swored  buStuk ebiani  
ujrede bis vakuolebidan gamoyofili  nivTierebebis kristalizaciis gziT 
statocistis RruSi warmoiqmneba statokoniebi . statocistis epiTeluri 
kedlis danarCen ubanSi mkvlevari aRwers ufro dabal mgrZnobiare 
ujredebs da e.w. sinci tialur ujredebs (Schmidt, 1912). Tu  statocistis 
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romel zedapirzea lokalizebuli  maRali  da dabali mgrZnobiare ujredebi 

ar aris miTiTebuli.   ueWvelia , rom amas aqvs principuli mniSvneloba.  Tu 
ujredis am or tips  statocistis kedelSi sxvadasxva adgilmdebareoba  
gaaCnia anu gamoxatulia organos morfologiuri polaroba, maSin es 
naCvenebi unda iyos maTi SesaZlo funqciuri polarobiTac.  

am mosazrebis  dasamtkiceblad  goicis mier mizanmimarTulad iqna 
Seswavlili L. stagnalis statocistis struqturuli organizacia . statocistis 
kedelSi mkvlevaris mier  eleqtronul -mikroskopul doneze aRwerilia 
ujredebis sami tipi: maRali da dabali mgrZnobiare ujredebi da sayrdeni 
ujredebi. maRali mgrZnobiare ujredebis diametri tangencialuri 
mimarTulebiT  Seadgens 30 mkm, radialuri mimarTulebiT - 40 mkm. dabali 
ujredebisaTvis es monacemebi Seadgens 60 da 15 mkm -s Sesabamisad. maRali 
mgrZnobiare ujredebi bipolarulia. maTi apikaluri zedapiri aRWurvilia 
kinociliebiT da mokle mikroxaoebiT. bazaluri zedapiridan ki saTaves 
iRebs aqsoni. ujredis apikalur zedapi rze ganlagebulia kinociliebi , 
romelTa  sigrZe Seadgens 7  mkm-s, diametri - 0.2 mkm-s. ujredebis 
citoplazmaSi aRwerilia sami Sre: eqtoplazma, hialoplazma da 
granularuli Sre. eqtoplazma homogenuria , ZiriTadad Sedgeba 
granulebisagan da Txeli boWkovani struqture bisagan. granularuli Sre 
mdidaria organelebiT. hialoplazmisaTvis damaxasiaTebelia e.w. 
ñsicarielebiò, romlebic membraniT ar aris SemosazRvruli danarCeni 
citoplazmisagan , ris gamo avtori ar aigivebs maT vakuolebTan  
gansxvavebiT Smidtisagan . hialoplazmis mud mivi komponentebia dabali 
eleqtronuli simkvrivis, 1 mkm  diametris  da maRali eleqtronuli 
simkvrivis, 1-1.5 mkm diametris mqone substruqturebi . hialo - da 
granularuri Sreebis sazRvarze aRiniSneba ukanasknelis endoplazmuri 
badisagan warmoqmnili paralelurad ori entirebuli membranuli kompleqsi 
e.w. xveula. dabali mgrZnobiare ujred ebi  mcire raodenobiT Seicav en an 
mTlianad moklebuli  arian  hialoplazmas. granularuli struqturebTan 
erTad dabal ujredebSi zogjer aRiniSneba 1 mkm diametris dabali 
eleqtronuli simkvrivis niv Tierebebis Semcveli buStukebi da 
multivezikuluri sxeulakebi. ujredis centrSi ganlagebulia  birTvi, 
romlis zoma aRwevs 12 mkm -s.  

mkvlevaris mier seriuli anaTlebis Caxatvis safuZvelze Sedgenili 
iqna statocistis zeda da qveda naxevarsferoebis ruqa , ujredebis  
ganlagebis dasadgenad. aRmoCnda, rom L. stagnalis statocisteb Si  adgili aqvs 
ujredebis morfologiur polarizacias simaRlis (tangenciuri diametris) 
da topografiis mixedviT. kerZod: dabali ujredebi ganlagebuli a  
umeteswilad statocistis dorso -latero -rostralur z edapirze, maRali ki 
Ł ventro - medio - kaudalur zedapirze. orive tipis ujredebis  saerTo 
raodenoba  meryeobs 9 -13 farglebSi. aqedan 6 -8 Seadgens maRal ujredebs, 
xolo 1  - 4 ki dabals ( Geuze,  1968). goicis am monacemebs eWvis qveS ayeneben 
sxva mkvlevarebi. s okolovi da kovalevi maskanirebeli  eleqtronul -
mikroskopuli  kvlevis  Sedegad amtkiceben, rom L. stagnalis statocistis  
epiTeluri  kedelis  amomfeni mgrZnobiare ujredebi  zomebiT  ar 
gansxvavdebian erTmaneTisagan  da miaCniaT, rom  ar  aris  mkveTri  sxvaoba 
mgrZnobiare  ujredebis  simaRleSi , ris  gamoc SesaZlebeli iyos  maTi  
dayofa  maRal  da dabal  ujredebad . aRniSnul   gansxvavebas ki  xsnian  
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ujredebis  funqciuri  mdgomareobiT  maTi fiqsaciis  momentSi (ʉʦʢʦʣʦʚ, 

ʂʦʚʘʣʝʚ, 1979). amas asabuTebs zaiceva c  mgrZnobiare ujredebis cocxal  
preparatze Seswavlis Sedegebidan  gamomdinare. igi aRniSnavs, rom  sivrceSi  
lokokinas  sxeulis  nebismieri  mdgomareobisas  statocistSi  formirdeba  
funqciurad  polarizebuli  zonebi , romlebic  gansxvavdebian erTmaneTisagan  
mxolod  mgrZnobiare ujredebis  kinociliebsa  d a statokoniebs  Soris  
kontaqtis  arsebobiT  an ararsebobiT  (ɿʘʡʮʝʚʘ  ʠ  ʜʨ., 1978). 

goi cis  mier  amave naSromSi  Seswavlili a agreTve statokoniebis 
formirebis dinamika  statocistis  statikuri  nervis  gamosvlis  adgilas 
mdebare sayrden  ujredebSi. am ujredebSi sxvadasxva doneze ganlagebulia 
membranebiT erTmaneTisagan izolir ebuli sxvadasxva zomis statokoniebi, 
romelTa zomebi izrdeba ujredis bazaluridan apikaluri zedapiris 
mimarTulebiT. apikalur zedapirze vakuolebi  ujredis  zedapiridan   
wamoweulia  statocistis  Rrusken , mocildeba  ra  citoplazmuri  arSia , 
gadmodis  statocistis  RruSi . definitur  struqturebs  statokoniebis  
msgavsad gaaCniaT maRali  eleqtronuli  simkvrive  da radialurad  da 
koncentrulad  ganlagebuli  Sreebi. statokoniebi ZiriTadad   ovaluri  
formisaa, aRwerilia mrgvali da araswori formis statokoniebic. maTi 
diametri 0.5-dan 7  mkm-ia.  

mkvlevari detalurad aRwers statokoniebis formirebas L.stagnalis 

regenerirebad statocistSic. es ukanaskneli miRebuli iyo statocistis 
dazianebiT. ris Sedegad adgili aqvs endolimfis gadmoRvras 
statokoniebTan erTad da statocistis SekumSvas. sxvadasxva 
pos toperaciul vadebSi  dafiqsirebuli (6, 12, 24 da 48   saaTi s Semdeg) 
masalis  faz ur -kontrastuli  da eleqtronulmikroskopuli  gamokvlevebiT  
naCvenebia, rom dazianebuli  statocistis   stato koniebi  pirvelive  saaTebSi  
qmnian agregirebul  kompaqtur  masas.  6 saaTis gavli s Semdeg statocistebi  
anaTlebze jer ar  Cans; xolo  statocistebi, romelTa izolireba moxda 
dazianebidan  12 saaTis  Semdeg, warmoadgenen erTgvarovan  ujredul  masas (55 
mkm diametris ), statocistis  Rru  Zalian  pataraa  an saerTod  ar  gaaCniaT . am 
etapze u jredebi  ar a ris identificirebuli.  Tumca zogierT  SemTxvevaSi 
apikalur  zedapirze  aRwerilia  ramdenime, sxvadasxva  zomis  statokonia  da 
aseve sxvadasxva zomis vakuolebi fanteliseburi  SigTavsiT.  xSirad  aseTi  
vakuolebi  gars  axvevia  statokoniebs . mkvlevaris varaudiT  rogorc C ans, 
patara  vakuolebi  erwymian erTmaneTs da warmoqmnian statokoniebs . 
statocistis d azianebidan 24 saaTis  gavlis Semdeg ukve xdeba misi aRdgena 
mTlian i  SemosazRvrul i  buStuk i s saxiT , epiTeluri kedli Sedgeba 
kinociliebiT aRWurvili mgrZnobiare  ujredebisagan  da mikroxaoebiT 
aRWurvili sayrdeni  ujredebisagan.  am ukanasknelSi aRwerilia  ujreduli  
aqtivobis  ultrastruqturuli  niSnebic , Tumca stato koniebis intensiuri 
warmoqmnis maCveneblebi  ukve ar  SeiniSneba. 48 saaTis  gavlis Semdeg 
statocisti ubrundeba normalur mdgomar eobas: gaaCnia mTliani  bazaluri  
membrana da epiTeli umi. miRebuli Sedegebi mkvlevars aZlevs saSualebas 
daaskvnas, rom  statocisteb is  regeneracia  swrafi  procesia. igi  iwyeba 
dazianebuli  statocistebis  transformaciiT  da midis  misi  ujreduli  
kompaqturi  masis warmoqmnamde operaciidan  12 saaTis  ganmavlobaSi . 
statocistis ujredebi saboloo  diferencirebas aRweven misi dazianebidan  
48 saaTis ganmavlobaSi . 
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dReisaTvis iaponeli mkvlevarebis mier L. stagnalis statocisteb Si 
konfokaluri mikroskopis gamoyenebiT  garda imisa, ro m dadgenilia cameti 
mgrZnobiare ujredi s arseboba , identificirebulia isini sxvadasxva 
stimulebze reaqciebis mixedviT. gamovlenilia sami  tipis 
fotoreceptoruli mgrZnobiare ujredebi  da maTi lokalizacia 
statocistis zedapirze . fotostimulaciaze reagirebis Sedegeb idan 
gamomdinare statocistis latero -kaudaluri ujredebi pasuxoben 
depolarizaciiT; xolo maTi perpendikularuli latero -rostraluri 
ujrdebi hiperpolarizaciiT ( Sakakibara et al., 2005).  

mtknari  wylis  filtvianebis sxva  warmomadgenlis  Planorbis corneus-is  

stato c is ti s struqturuli  organizaciis kvlevis Sedegad vinikovis da 
Tanaavtorebis mier naCvenebia, rom  statocistis  epiTeluri  kedeli  Sedgeba 
brtyeli , giganturi  zomis , Tasiseburi  formis  ujredebisagan , mrgvali  an 
ovaluri  birTvebiT . statocistis erT  anaTalze  ganlagebulia  ara  umetes 3-
4 aseTi  ujredi . maTi diametri  50 mkm-ia , simaRle  5-10 mkm.  mgrZnobiare 
ujredebis  apikaluri  zedapiri  arWurvilia  ramdenime aTeuli  
kinociliebiT , romelTa  ganivkveTs   tipuri  fibrilaruli  struqtura 
gaaCnia. kinociliebs  Soris  alag -alag  SeimCneva msxvili , mokle  
citoplazmuri  morCebi. unda  aRiniSnos , rom  mgrZnobiare ujredebis  
citoplazmaSi aRwerilia  didi  raodenobiT  glikogenis  granulebis 
arseboba.  0.1-0.2 mkm diametris  buStukebi  eleqtronulad  mkvrivi  
nivTierebebiT , araswori,  poligonaluri  formis   didi  zomis  granulebiT,  
zogjer  erwymian erTmaneTs erT  did  gamWvirvale  lakunad,  romlis  SigTavsi  
endolimfaSi  gadmodis . aseT ujredebs mkvlevari buStukisebur ujredebs  
uwodebs . Tumca maTi   lokalizacia statocistis epiTelur zedapirze ar 
aris miTiTebuli.  ultrastruqturuli g amokvlevebiT mgrZnobiare 
ujredebis citoplazmaSi aRwerilia damaxasiaTebeli mieliniseburi 
sxeulakebi s arseboba . histoqimiuri gamokvlevebiT ki mgrZnobiare  
ujredebi mdidari aRmoCnda rnm -iT  da suqcinadehidrogenaziT. ujredis 
centrSi ganlagebuli didi zomis birTv i metnaklebad ovaluri formisaa, 
romlis erTerT polusTan ganlagebulia  maRali eleqtronuli simkvrivis 
mqone erTi birTvaki.   

amave naSromSi detalurad aRwerilia  sayrdeni ujredebis agebuleba. 
maTi Seviwroebuli apikaluri zedapiri - falangi,  rogorc wesi 
moTavsebul ia or mezobel mgrZnobiare ujredebs Soris. falangebi 
aRWurvilia mikroxaoebiT, romlebzedac Semoxveulia citoplazmuri 
membrana. mikroxaoebi Seicaven gamWvirvale vakuolizirebul citoplazmas. 
ujredebis Seviwroebuli mwvervali gadadis bazalur konusiseburad 
gafarToe bul sxeulSi, romelic mWidrod ekvris erTi mxriv statocistis 
kapsulis Sida zedapirs da meore mxriv amofen s mgrZnobiare ujredebs. 
sayrdeni ujredis citoplazma  Raribia organelebiT. histoqimiuri 
gamokvlevebiT aRiniSneba didi raodenobiT polisaqariduli bunebis 
wvrilmarcvlovani granularuli grovebis arseboba. ujredebis birTvi  
citoplazmis gafarToebul bazalur zedapirzea ganlagebuli (ɺʠʥʥʠʢʦʚ  ʠ 

ʜʨ., 1971).   
sxva saxeobis  mag.  Biomphalaria glabrata-s statocistis epiTeluri kedeli  

msgavsad zemoTaRwerili P. corneus-is  warmodgenilia Tanabrad ganawilebuli  
didi zomis mgrZnobiare ujredebiT da mcire zomis  sayrdeni ujredebiT. 
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maTi struqturuli organizacia  da  sensoruli zedapiris agebuleba 
TiTqmis ar gansxvavdeba P.corneus-is  statocistis ujreduli elementebis 
agebulebisagan ( Gao,  Wiederhold, 1997).  
     xmeleTis filtvianeb is  statocistebis struqturul - funqciuri 
organizacia detalurad Seswavlilia Helix-is gvaris warmomadgenlebSi:  H. 

vulgaris da H. pomatia zaicevas mier .  goljis meTodiT  da  supravitaluri 
SeRebviT meTilenis lurjiT  am saxeobebis  sxvadasxva individebis 
statocistSi  nanaxia 10_13 pirvelad admgrZnobelobis ujredi. 
daufiqsirebul preparatze aRwerilia maTi momrgvalo forma, 
dafiqsirebulze ki poligonaluri Tasiseburi. H. pomatia-s mgrZnobiare 
ujredebis saSualo diametri Seadgens  60-70 mkm-s, sisqe (simaRle) 10-15 mkm-s. 
aRwerilia agreTve calkeuli wagrZelebuli ujredebi didi diametriT 90 
mkm da patara diametriT 30 mkm statocistis epiTel iumSi  lokalizaci is  
miTiTeb is gareSe.  mkvlevari detalurad aRwers mgrZnobiare ujredebis 
calkeuli st ruqturebis (mgrZnobiare wamwamebi, citoplazma, aqsoni) 
morfologiur niSnebs. ujredis Cazneqili zedapiri, romelic  mimarTulia 
statocistis Rrusken, Tanabrad dafarulia 6.5-8.5 mkm sigrZis da 0.24 mkm 
diametris mqone kinociliebiT , romelTa  Soris ganlagebulia cal keuli, 0.6 
mkm sigrZis mqone mikroxaoebi, diametriT 0.1 mkm. ujred ebis  sxeulidan 
gamodis erTi didi morCi, romelic itoteba statocistSive  V an T Łs 
msgavsad. erTi toti midis statikur nervSi, meore ki  rCeba statocistSi 
da Sedis kontaqtSi sxva mgrZnobiare uj redis morCebTan da sxeulTan an 
centraluri nervuli sistemidan mo maval  eferentul elementebTan. 
ujreduli morCebi  statocistis urTierTsawinaaRmdego naxevarsferoebze 
qmnian boWkoebis konebs, romlebic statocistis gareT, garkveul manZilze 
erTdebian erT statikur ne rvad.  

krolis mier naCvenebia filtviani moluskebis statocistis 
mgrZnobiare ujredebis imunoreaqtuilob a. aRwerilia, rom  serotoninuri 
imunoreaqtiuli boWkoebi  mag. Achatina fulica-s (warmoadgens yvelaze didi 
zomis xmeleTis filtvians) statocistebSi cerebraluri da pedaluri 
gangliebidan vrceldeba (Croll, 1988).   
    xmeleTis filtvianebis  sayrdeni ujredebi ganlagebulia mgrZnobiare 
ujredebis garSemo. maTi apikaluri zedapiri, romelic gamodis 
statocistis RruSi dafarulia mWidrod ganlagebuli 0.6 mkm sigrZis da 
0.17 mkm diametris mqone mikroxaoebiT ( ɿʘʡʮʝʚʘ, 1990, 1992).  

     statocistis RruSi aRwerilia ZiriTadad kvercxis formis ori 
sxvadasxva zomis statokoniebi. maT Soris didebi 15 -21 mkm, xolo patarebi 
4.5 - 6  mkm  diametris (ɿʘʡʮʝʚʘ  ʠ ʜʨ., 1980). sxva mkvlevarebis mier  H. aspersa da  

H. pomatia-z e Catarebul i  eqsperimentebis safuZvelze   naCvenebi iqna, rom  
statokoniebis  formirebasa  da maT mineralizaciaSi  aqtiur  rols  TamaSobs 
fermenti  ureaza  (Speeg, Campbell,  1969).  

sokolovis da kovalovis, zaicevas da Tanaavtorebis mier 
statokoniebis moZraobaze da kvirvebisas naCvenebi a, rom horizontaluri 
RerZis mimarT  cxovelis moxvevisas, statokoniebis masis gadaadgileba 
xdeba ara erTi mimarTulebiT sensoruli epiTelis gaswvriv, rogorc amas 
adgili aqvs winalayuCianebSi, aramed xdeba statokoniebis  ZiriTadi masis 
zedap iridan zogierTi s  Camosrialeba , rac iwvevs mgrZnobiare ujredebis 
stimulirebas. Cans, rom statocistis pasuxi  trialis mimarTulebaze 
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ganpirobebulia ara imdenad ujredebis morfologiuri polarizaciiT, 
damdenadac  statokoniebis mier maTi stimulirebiT (ʉʦʢʦʣʦʚ, ʂʦʚʘʣʝʚ, 1979;  

ɿʘʡʮʝʚʘ  ʠ ʜʨ., 1980).  
zemoTganxiluli gamokvlevebis safuZvelze mtknari wylis da 

xmeleTis filtviani moluskebi statocistis struqturuli organizaci iT  
rogorc sinaTlis  ise  eleqtronulmikroskopul doneze , mTeli rigi 
niSnebiT axlos dganan erTmaneTTan.  Tumca aris niSnebi riTac isini 
scildebian erTmaneTs.  mgrZnobiare ujredebis zusti raodenoba dadgenilia 
mtknari wylis erT saxeobaSi L. stagnalis, xmeleTis warmomadgenlebidan Arion 

empiricorum, Limax maximus, Limax flavus statocistebSi  da Seadgens 13 -s. danarCen 
saxeobebSi  mkvlevarebi miuTi T eben mgrZnobiare ujredebis sxvadasxva 
raodenoba ze. 

literaturis  monacemebis mixedviT  mucelfexianTa klasis  samive 
qveklasis  cxovelebSi  statocistebis struqturuli organizacii s kvlevis 
Sedegebidan  gamomdinare SeiZleba davaskvna T, rom winalayuCian i  moluskebis  
statocistis  sensorul  epiTels  gaaCnia modularuli  organizacia . 
cnobilia  agreTve , rom  danarCeni  ori  qveklasis  lokokinebSi  giganturi  
nervuli  da receptoruli  ujredebis  warmoqmnis erTerT  ZiriTad  mizezad  
ganixileba  erTi  tipis  ramdenime ujredebis  sinqronul  muSaoba (ʉʘʭʘʨʦʚ, 

1974). arsebobs  mosazreba , rom  wina layuCianebis  modulebis  nacvlad  ukana 
layuCianebis  da filtvianebis  statocistebSi  evoluciis  procesSi  
warmoiqmna giganturi  receptoruli  ujredebi  da yoveli  aseTi  ujredi  
asrulebs  erTi  mTliani  modulis  funqcias  (ɿʘʡʮʝʚʘ,  1999). e.i . mucelfexian  
moluskebis  statocistebSi  SeiZleba  gamoiyos  SedarebiT  mcire  raodenobis , 
erTmaneTTan sxvadasxva  saSualebebiT  dakavSirebuli  struqturul Ł 
funqciuri  erTeulebi .  

sensoruli  warmonaqmnebis modularuli  organizacia  universaluria  
mucelfexian i  moluskebisaTvis . aseTi  principiT  agebulia  agreTve   maTi 
qemosensoruli  organoebis  da kanis  safarvelis  epiTelic  (ɿʘʡʮʝʚʘ, 1998).  

      
    
     1. 3. wonasworobis organos  struqturuli elementebis   
         Taviseburebebi cvalebadi gravitaciis  pirobebSi  

 
1. 3. 1. uwonadob a 
 
wonasworobis organos  struqturul -funqciuri  mdgomareoba 

uwonadobis  pirobebSi  Seiswavleboda  sxvadasxv a cxovelebSi  (moluskebi , 
Tevzebi , amfibiebi , frinvelebi , ZuZumwovrebi). mraval mkvlevarTa 
monacemebiTDcxovelebSi, romlebic eqsponirebuli iyvnen dedamiwis garSemo 
Catarebuli orbituli frenis pirobebSi, simZimis Zalis ararseboba iwvevs 
sivrciT dezorientacias,  mdgomareobis refleqsebis gaqrobas, ataqsias. 
CamoTvlili efeqtebi dakavSirebulia wonasworobis organos Secvlil 
funqcionirebasTan uwonadobis pirobebSi ( ʂʦʪʦʚʩʢʘʷ ʠ ʜʨ., 1979, 1980; ʉʤʠʨʥʦʚ ʠ 

ʜʨ., 1986; ɻʦʨʛʠʣʘʜʟʝ ʠ ʜʨ., 1986, 1989, 1991).  

akvariumis  Tevzebis  (Brachydanio rerio) ganayofierebul i  qviriTebis  6 
dRe-Rame orbituli  frenis  pirobebSi yofnis Semdeg labirinTis  
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neiroepiTelis  sayrdeni  da receptoruli  u jredebis  normalur i  
diferencireba  aRiniSneboda . am cxovelebis  gastrulis  stadiaze  myofi  
Canasaxebis rva  dRe-Rame orbituli  frenis  pirobebSi c  labirinTis  
neiroepiTelis  diferencireba  mimdinareobda  struqturuli  cvlilebis  
gareSe (ɺʠʥʥʠʢʦʚ ʠ ʜʨ., 1976, 1979). zRvis  Tevzebis  Fundulus heteroclitus  embrioneb Si   

(ganayofierebidan  32, 42, 66, 88, 128, 336 saaTi ) da axalgazrda  cxovelebSi  
romlebic  9 da 19.5 dRe-Rame imyofebodnen  orbituli  frenis  pirobebSi , 
sinaTlis  da eleqtronul -mikroskopuli  gamokvlevebiT  naCvenebia, rom  ukve 
32 saaTiani  CanasaxSi vestibuluri  aparatis  ganviTareba  mimdinareobs  ise ,  
rogorc  sakontrolo  cxovelebSi : warmodgenilia  sasmeni laqa  
utrikulussa  da sakulusSi  da qala -tvinis  VIII  nervi . lagenas  otoliti  
ganviTarebas  iwyebs postembrionaluri ganviTarebis me-4 da me-5 dRes . 
statolitebis  zedapiri , neiroepiTelis  mgrZnobiare  da sayrdeni  ujredebis  
ultrastruqtura  ar  gansxvavdeboda  sakontrolo  cxovelebis  Sesabamisi 
struqturebisagan  (ʐʝʣʜ ʠ ʜʨ., 1979). sxva mkvlevarebis mier  amave cxovelebis  im 

individebSi , romlebic  gamoiCeka 19.5 dRe-Rame orbituli  frenis  damTavrebis  
Semdeg, raodenobrivi  histoqimiuri  analizis  meTodiT  naCvenebia, rom 
vestibulo -naTxemis ujredebSi  kreatinkinazas  aqtivoba  sarwmunod  meti  
aRmoCnda sakontrolo  cxovelebTan  SedarebiT  (ʂʨʘʩʥʦʚ, 1979). liCakovis mi er 
zrdasruli  Zvlovani  Tevzebis  Lebistes reticulatus (mamri)  5 dRe-Rame kosmosuri  
frenis  Semdeg otolitebis  masa sakontrolo maCveneblebTan SedarebiT 
ucvleli  rCeba (ʃʳʯʘʢʦʚ, 1988). msgavsi Sedegebi  iqna miRebuli  maSinac, 
rodesac  saeqsperimento  obieqtad  gamoyenebuli  iyo  dezebiani  bayayi Xenopus 

laevis. am cxovelis  Sua neirulas  da kudis  nergis  da adreuli  blastulis  
stadiaze  myofi  CanasaxebSi, romlebic  Sesabamisad rva  da cxra  dRe-Rame 
viTardebodnen  uwonadobis  pirobebSi , otolituri  organos  
naxevarrkalovani  arxebis  neiroepiTelis  ultrastruqturaSi  sxvaoba 
kontrolTan  SedarebiT  ar  aRiniSneboda  (ɺʠʥʥʠʢʦʚ, 1983). sxva mklevarTa  
mixedviT ac  mgrZnobiare  ujredebis  ultrastruqtura  (kinociliebis  
struqtura , stereociliebis  polarizacia  kinociliebis  mimarT da 
mikroxaoebis  ganawileba  ujredebis  apikalur   zedapirze ) uwonadobaSi  
eqsponirebul  jgufebSi  cvlilebas  ar  ganicdis  sakontrolosTan  
SedarebiT . amave dros  seriuli  anaTlebis  morfometruli  analiziT   
otolituri  membranis moculoba  utrikulusSi  1.3-jer  meti  aRmoCnda 
dedamiwis  kontrolTan  SedarebiT . erTdroulad  aRiniSneboda  agreTve  
marjvena  da marcxena otolituri  membranebisaTvis  normaSi  damaxasiaTebeli  
asimetriis  mateba (ʃʳʯʘʢʦʚ, ʃʘʚʨʦʚʘ, 1985;  ʃʳʯʘʢʦʚ, 1988).  

noibertis  da Tanaavtorebis   mixedviT  ki  amave cxovelebis  Canasaxovani 
ganviTarebis  12/13 da 35/36 stadiaze  Svidi  dRe-Rame orbituli  frenis  Semdeg 
statolituri  membranebis formis , zomis , ultrastruqturis  da 
eleqtronuli  simkvrivis  mixedviT  sxvaoba kontrolTan  SedarebiT  ar  
aRiniSneboda  (Neubert  et al., 1986).  

iaponuri  tritonis  (Cynops pyrrhogaster) ganayofierebuli  qviri T ebi s 15 
dRe-Rame uwonadobaSi  eqsponirebisas   Canasaxovani ganviTarebis  stadiebis  
Tanmimdevroba, romeli c  Sefasebuli  iyo  videoaparatis  saSualebiT , 
dedamiwis  kontrolis  eqvivalenturi  aRmoCnda.  orbitaze  gaSvebamde arc  
erT  Canasaxs ar  hqonda ganviTarebuli  otokoniebi  (otolitebis  
mikrofokusur  gamosaxulebas  aTvalierebdnen  koikes  meTodiT  (Koike  et al., 
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1995a, 1995b). frenis  dasrulebisaTvis  ki  Sida  yuris  yvela  komponentebi  ukve 
formirebuli  iyo . Tumca otokoniebi s ganviTarebis  ufro  adreul  stadi ebi 
iqna aRricxuli  sakontrolo  cxovelebTan  SedarebiT . anaTlebis  
samganzomilebiani  rekonstruqciis  meTodiT  gamoTvlili  iyo  statoli tis  
moculoba , ris  safuZvelze  nafren  seriaSi  nanaxi  iqna statolitebis  
moculobis  sxvadasxva  variantebi . aRiniSneboda  otolitebis  zrdis  
tendencia , magram ara  sarwmuno sxvaobiT  kontrolTan  SedarebiT  (Wiederhold  

et al., 1997).  
iaponuri  mwyerebis (Coturnis coturnis) embrionebSi , romlebic  18.5 dRe-Rame 

inkubirebuli  iyvnen kosmosuri  frenis  pirobebSi  da dedamiwaze daSvebis  da 
fiqsaciis  momentSic  imyofebodnen  embrionuli  ganviTarebis  me-9, me-12 da 
12.5-e dRe-Ramis stadiaze , vestibuluri  aparatis  calkeuli  struqturebi  
srulad  iyo  ganviTarebuli . amasTan nafreni  jgufis   embrionebSi  
otolituri  organos  mgrZnobiare  epiTelis  da naxevarrkalovani  arxebis  
ampulebis  kristebSi  orive  mxares yvela  fialiseburi  nervuli  daboloebebi  
gadidebuli  aRmoCnda (ʃʳʯʘʢʦʚ  ʠ ʜʨ., 1989, 1993).  

vinikovis  da Tanaavtorebis , liCakovis  da Tanaavtorebis  mier  
zrdasruli  virTagvebis  18.5 dRe-Rame orbituli  frenis  Semdeg 
struqturuli  cvlilebebi  gamovlinda  utrikulusis  receptorul  
ujredebSi . rac  gamoxatuli  iyo   birTvakuli  masis da birTvis  qromatinis  
aglutinaciiT , I tipis  receptoruli  ujredebis  sxeulis  SeWmuWvniT da 
amasTan am ujredebis  fialiseburi  daboloebebis  gadidebiT  asimetriulad , 
erTi  mimarTulebiT  (ɺʠʥʥʠʢʦʚ ʠ ʜʨ., 1980). liCakovis  da TanaavtorTa  

monacemebiT asimetria  metad iyo  gamoxatuli  Tanamgzavris  daSvebidan  
adreul  vadebSi  dafiqsirebul  preparatebze  (ʃʳʯʘʢʦʚ ʠ ʜʨ., 1989). sxva 
mkvlevarTa  mixedviT  ki  vir Tagvebis  utrikulusis  otolituri  membranebis 
zedapirze  7 dRe-Rame frenis  Semdeg utrikulusis  otolitur  membranaze 
SeiniSneboda  pata ra  otokoniebis  raodenobis  zrda . xolo  sakulusis  
otolitur  membranebSi ki  aRiniSneboda  otokoniebis  zedapiris  
xorklianobis  Semcireba  (Ross  et al., 1985).  

ganxiluli literaturis safuZvelze SeiZleba davaskvnaT, rom 
uwonadobis pirobebSi Tevzeb is, amfibiebis da  frinvelebis embriogenezSi 
labirinTis vestibuluri aparatis struqturireba normis Sesabamisad  
mimdinareobs.  rac imaze miuTiTebs, rom  am warmonaqmnebis morfogenezi ar 
aris damokidebuli modalur -specifikur stimulebze da mimdinareobs 
genetikuri programiT. axalg azrda cxovelebis labirinTSi uwonadobis 
faqtori  iwvevs zogierT struqturul cvlilebebs, rac gamoixateba 
statolituri membranis zrdaSi da misi zomebis asimetriaSi. zrdasrul 
individebSi ki struqturuli cvlilebebi mgrZnobiare warmonaqmnebSi an ar 
aRiniSneba,  an gamoxatulia ujreduli organoidebis cvlilebebiT: es exeba 
sinapsur daboloebebs, aseve statokoniebis raodenobis da zomebis zrdas.      
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1. 3. 2. zewonadob a 
 

Aplysia Californica-s (zRvis kurdReli ) embrionebSi, romlebic 
ganicdidnen gazrdili gravitaci is zemoqmedebas xelovnurad, centrifugaSi 
(2, 3 da 5.7 -g ze  triali), yvela SemTxvevaSi kontrolTan SedarebiT 
sarwmunod patara zomis statolitebia aRwerili. amasTan, rac metia 
radialuri aCqarebis Zala , miT naklebia embrionis statolitis diametri. 
postmetamorfoz ul cxovelebSi, ganviTarebis im stadiaze, rodesac 
dawyebulia statokoniebis warmoqmna,  maRal g-ze maTi centrifugirebisas 
statokoniebis raodenoba da zomebi Semcirebuli aRmoCnda sakontrolo 
maCvenebelTan SedarebiT. msgavs Sedegs hqonda  adgili agreTve 
izolirebul i statocistebis kulturaSic ( Wiederhold et al., 1997). gazrdili 
gravitaciis pirobebSi (2 g)  9-12  dRis embrionebSi  (aplizias ganviTarebis is 
periodi, rodesac statocisti Seicavs mxolod erT statolits) izrdeba 
apli z ias sxeulis zoma,  statocistis diametri ucvl elia, statolitis 
zoma ki mcirdeba ( Pedrozo, Wiederhold, 1994). amave avtorebis mier  apli z ias 
ganviTarebis in vivo da  in vitro  modelebSi  naCvenebia, rom hipergravitacia 
gavlenas axdens kalciumis karbonatis marcvlebis warmoqmnaze. in vivo 

modelSi  statoliti s warmoqmna embrionul statocistebSi ( periodi , 

rodesac statoliti warmoiSoba SedarebiT dabali siCqariT) Sedarebuli 
iqna  statokoniebis granulebis warmoqmnasTan ganviTarebis me -7  stadiaze 
(periodi, rodesac statokoniebi warmoiSoba didi siCqariT). aRmoCnda, ro m 
zewonadobis pirobebSi adgili aqvs kalciumis karbonatis marcvlebis 
warmoqmnis Semcirebas da agreTve maTi zomebis Semcirebasac. aqedan 
pirveli - statokoniebis raodenobis Semcirebis  maniSnebelia, meore ki 
statolitis diametris da statokoniebis moculobis Semc irebis. 
mkvlevarebi gamoTqvamen mosazrebas, rom statokoniebis warmoqmnis da maTi 
zrdis maregulirebeli meqanizmebis inhibirebas axdens gravitaciis Zalis 
cvlilebebi. naCvenebia, rom gazrdili gravitacia amcirebs ferment ureazas 
aqtiurobas, romelic monawileobs  statokoniebis formirebaSi da 
statocistis pH-is regulaciaSi ( Pedrozo et al., 1996). pH-is Semcirebis Sedegad 
ki mcirdeba kalciumis karbonatis deponireba. kvlevis SedegebiT naCvenebia 
agreTve, rom zewonadobis  pirobebSi ganviTarebuli embrionebis sxeuli 
ufro  didi zomisaa, ris gamo  statolitis diametris Sefardeba embrionis 
sxeulTan ufro naklebi aRmoCnda cdis SemTxvevaSi, vidre sakontrolo 
cxovelebSi. (statocistis diametrze hipergravitacia gavlenas ar axdenda). 
es efeqti ufro didia maRal  g-ze (3 da 5. 7 g)  tria lis SemTxvevaSi.  

.hovland da bolarinos mier qaTmis embrionebis 2 g-ze 
centrifugirebisas naCvenebia otokoniebis ganviTarebis SeCereba, 
cvlilebebi sxeulis wonaSi da utrikulusis otolituri masis Semcireba 
(Howland, Bollarino, 1981). Tumca eqsperiment is ganmeoreb isas mkvlevarebma 
Tavdapirvelad aRniSnuli Sedegebi ver daadastures ( Bollarino,  Howland, 1984). 
otokoniebis ganviTarebis Seneleba qaTmis embrionebSi  maTi 2 g-ze  

centrifugirebisas  aRwerilia agreTve   sxva mklevarebis mier ( Hara, 1993).  

virTagvebis embrio nebis  2 g-ze  centrifugirebisas  adgili hqonda 
utrikulusis zomis Semcirebis tendencias ( ʃʳʯʘʢʦʚ  ʠ  ʜʨ., 1988). Tumca aseTi 
cvlilebebi ar gamovlinda centrifugaSi 2.5 g-ze trialisas zrdasruli 
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virTagvebis sakulusis otolitis, zazunebis sakulusis da utrikulusis 
otokoniebSi ( Lim  et al., 1974;  Sondag  et al., 1995).  

ganxiluli gamokvlevebSi miReb uli Sedegebidan naTlad Cans 
zewonadobis ñsidide-damokidebuli efeqtiò  sasinji masis raodenobaze da 
mis zomebze. Cans agreTve, rom  embrion uli ganviTarebis stadiaze myof  da 
axalgazrda cxovelebs ufro metad aqvT gamoxatuli adaptaciis unari 
gazrdil gravitacias Tan zrdasrul cxovelebTan SedarebiT Ł rac am 
cxovelebSi statolitis an statokoniebis zomebis SemcirebiT  
regulirdeba.     
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Tavi 2 . sakvlevi obieqti  da kvlevis meTodebi  

2.1. sakvlevi obieqti  
 
       cdebi Catarebulia amierkavkasiaSi da kerZod saqarTveloSi  farTod 
gavrcelebul xmeleTis  lokokinaze Helix lucorum var. taurica Kryn.  
(mucelfexianTa  klasi  Ł Gastropoda, filtvianebi s qveklasi  Ł Pulmonata ).      
H. lucorum-is   sxeuli moTavsebulia  momrgvalo konusisebr niJaraSi, romlis 
ZiriTadi feri yomrali TeTria  da aRWurvilia sigrZivi da ganivi muqi 
yavisferi zolebiT . niJaras  gaaCnia bage, iribi, blagvi kideebiT. lokokina 
gvxvdeba notio balaxebsa da mcenareul narCenebs Soris, qalaqis  parkebis 
buCqebis ZirSi da xe m cenareebis qveda (iSv iaTad zeda ) iarusebze bagiT 
mikruli. lokokinebis zrda -ganviTarebisaTvis garkveuli mniSvneloba aqvs 
niadagis struqturas da mis tips. normalur i  teniani yomrali, fxvieri da 
kiriani niadagebi  saukeTesod iTvleba am saxeobisaTvis.   isini fitofagi  
cxovelebia , ikv ebebian  sxvadasxva saxis b ostneuliT da baRis nargavebiT, 
gansakuTrebiT aqtiurni arian gazafxulsa da  adre Semodgomaze. dekembris  
pirveli ricxvebidan cxovelebi zamTris Zils eZlev ian . am periodSi  5-7 
lokokina erTad iyri s Tavs da Tavsdebian niadagSi 2 -3 sm si RrmeSi bagiT 
zemoT. lokokinebi niJaris pirze TeTr epifragmas ifareb en sicivisgan 
Tavdacvis mizniT , romelic mantiis SigniT Tavisufal adgil as mdebare 
jirkvlidan  gamoiyofa. epifragma TeTri feris webovani konsistenciis 
siTxidan warmoiqmneba . lokokinebi  mas erT i an ramdenime fenad gamoyof en. 
epifragmis fenebis raodenoba damokidebulia garemo pirobebze. pirveli 
fena niJaris bagis horizontalur ia  da sxva fenebTan SedarebiT sqeli da 
mkvrivia ;  Semdgomi fenebi ufro Rrmad aris niJaris SigniT da Ria 
moyviTalo ferisaa. bolo fena yvelaze Txelia da TiTqmis lorwovani.  
lokokinebi   zafxulSi c,  didi sicxeebis dros , gamoyof en epifragmas 
sxeulis gamoSrobisagan Tavdacvis mizniT. epifragmas SeumCneveli forebi 
aqvs, saidanac  cxoveli garemodan Jangbads Rebul obs. zamTris Zili martis 
bolo ricxvebamde grZeldeba. H. lucorum  hermafroditi  cxovelia . maTi 
ganayofiereba Sinagania.  ganayofierebidan 30 -40 dRis Semdeg  mais-ivnisSi 
deben 105_120 qviriTis msgavs , moTeTro mrgvali  formis , webovani 
nivTierebiT erTmaneTTan Sewebebul kvercxebs  fxvier  niadagSi, mcenaris 
fesvebis qveS an budeSi. ukanasknel SemTxvevaSi lokokina  niJaris wveroTi 
qvemoT eqceva da fexis saSualebiT Txris 5 Ł8 sm xvrels,  romelic 
siRrmisken gafarToebulia. kvercxis dadebidan 30 dRis Semdeg iCekebian 
patara lokokinebi. xelsayrel i amindis SemTxvevaSi gamravleba SeiZleba 
meorejerac agvisto -seqtemberSi. axalgamoCekil lokokinebs aqvT Ria 
moyviTalo feris niJara, brunTa ricxvi T  2.5. sawyisi bruni (embrion uli) 
TeTri ferisaa, Semdegi ki moyviTalo. 1 .5Ł2 wlis lokokinebi zrdas 
asruleben. z rdasrul i cxovelebisaTvis  damaxasiaTebelia   niJaris 5 
definituri bruni, bagis blagvi  kide da  e.w. tuCi , romelic warmoiqmneba 
niJaris  boZis ( kolumelaruli ) kidis gadazneqvis Sedegad. zrdasruli 
cxovelis niJaris diametri (sigane) g. leJavas monacemebiT  37 -50 mm-ia, 
simaRle ki 36 -42 mm. g. javeliZis monacemebiT ki - 41Ł49 mm da 40Ł47 mm-s 
Sesabamisad (niJaris diametri izomeba bagis kidis maqsimaluri 
SemaRlebidan mis mopirdapire mxaremde). H. lucorum-is  sico cxlis 
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xangrZlivoba 5 Ł6 welia ( javeliZe , 1949, 1972; le Java, 1968;  ʃʠʭʘʨʝʚ, 

ʈʘʤʝʣʴʤʝʡʝʨ, 1952). g. javeliZis monacemebiT axlgamoCekili lokokinebi 
iwonis 60 -70 mg-s, maTi niJaris diametri 6 -7 mm-ia, simaRle 4.8 -5 mm (javeliZe  
g., 1949). Cvens mier mopovebuli masalis  mixedviT  gvxvdeba zrdasruli 
lokokinebi, rom elTa niJaris diametri Seadgens 33 -34 mm-s, maTi  Mmasa 
aranakleb 10 gramia. xolo gvxvdeba axalgamoCekili  lokokinebi , romelTa 
masa Seadgens 14 - 20 mg,  maTi niJaris   diametri 3.3 Ł4.0 mm-ia, simaRle ki 2.8 - 
3.7 mm. aseTi  masis da zomis cxovelebi imyofebian  budeSi gamoCekidan 7 -8 
dRis ganmavlobaSi. xolo 50-60  mg masis mqone lokokinebi ukve  budidan 
miwis zedapirze amodian.  
     lokokinas niJaris masa mniSvnelovnad aris damokidebuli  maTi 
sabinadro adgilis niadagis Sedgenilob aze. kir is Semcveli   niadagidan 
aRebuli  cxovelis  niJaris masa ramdenjerme aRemateba aseTive zomis 
fxvieri niadagidan aRebuli cxovelis  niJaris masas ( ɼʦʛʝʣʴ, 1938). am faqtis  
gaTvaliswinebiT  cxovelebi  Segrovilia  q. Tbilisis erTsa da imave 
parkSi ("mziur i") ZiriTadad  april ŁmaisSi da seq tember  _oqtomberSi. 
saeqsperimento cxovelebi mopovebulia bunebaSi, amitom maTi postnataluri 
ganviTarebis periodis  maCveneblad aRebulia cxovelis masa da niJaris 
diametri. warmodgenil gamokvlevebSi   gamoyenebulia  14 .0 mg-dan 20 .0 
gramamde masis  da Sesabamisad 3 .3 mm-dan 42 .0 mm niJaris diametris  mqone 
cxovelebi.  
     lokokinas  masis da niJaris diametris urTierTdamokidebuleba 
sworxazovan xasiaTs atarebs (sur. 1).  
     kvlevis struqtura da M moculoba mocemulia  cxril Si  (cxrili 1).  
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sur.1   Helix Lucorum-is n iJaris diametris damokidebuleba c xovelis masaze  
 

    masStabi: ( 0 - Z1 )    0 _ 0,01; ( Z1 _ Z2 )     0,1 _ 1,0; ( Z2 _ Z3 )    1 _ 20  
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                                                                  c xrili 1  
   kvlevis struqtura da moculoba    
                                                                                                  

 

#  
#  

sa
kv

le
vi

 
o

b
ie

q
ti

 
 
 

kvlevis Sinaarsi  

cx
o

ve
le

b
is

 
ra

o
d
e

n
o
b

a
 cxovelebis  

masa  (g, zeda  
niSnebi ) da  
niJaris  
diametri   (mm, 
qveda niSnebi )   

1 Helix 

lucorum 

statocistis ujreduli elementebis 
morfologiuri maxasiaTeblebi, maTi 
Sinagani Sedgen i loba da natifi aRnagoba 
sinaTlis, maskanirebeli da 
transmisiuli mikroskopiis gamoyenebiT  

40 0.016+0.03 
3.6+0.2 

2 Helix 

lucorum 
statocistis morfometria cxovelebis 
zrdis procesSi  

170 0.016 Ł 20.0 
  3.8 Ł   40..2 

3 Helix 

lucorum 
cxovelebis masis da niJaris diametris 
dinamika maTi z rdis procesSi  

170 0.016 Ł 20.0 
  3.8 Ł   40..2 

4 Helix 

lucorum 
statokoniebis raodenobis dinamika 
cxovelebis zrdis procesSi  

170 0.016 Ł 20.0 
  3.8 Ł   40..2 

5 Helix 

lucorum 
statokoniebis  morfologiuri  
maxasiaTeblebi  (forma , raodenoba , 
qimiuri  Semadgenloba , kristaluri  
aRnagoba da Sinagani  struqtura ) 

60 13.0 
35.5 

6 Helix 

lucorum 
statocistis ujreduli elementebis da 
statokoniebis Seswavla sinaTlis, 
maskanirebeli da transmisiuli 
eleqtronuli mikroskopiis gamoyenebiT 
cxovelebis uwonadobis pirobebSi 
eqsponirebis S emdeg orbituli frenisas 
sadgur ñmirò-ze: 

40-dRiani eqsperimenti,  
 

43-dRiani eqsperimenti  
 

102-dRiani eqsperimenti  
 

135-dRiani eqsperimenti  

100 
 
 
 
 
 
 

40 
 

20 
 

20 
 

20 

0.5 Ł 13.0 
11.0 Ł 35.5 

 
 
 
 
 

2.0 Ł 13.0 
18.8 Ł 35.5 

0.5  
11.0 
13.0 
35.5 
13.0 
35.5 

7 Helix 

lucorum 
statokoniebis Seswavla sinaTlis, 
maskanirebeli da transmisiuli 
eleqtronuli mikroskopiis gamoyenebiT 
cxovelebis zewonadobis pirobebSi 
eqsponirebis Se mdeg  
           30-dRiani eqsperiment i  

80 
 
 
 
 

40 
 

40 
 

2.0 Ł 13.0 
18.8 Ł 35.5 

 
 
 

2.0 
18 

13.0 
35.5 
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2.2. obieqtis  preparireba  
 

      lokokinebs  vaTavisuflebdiT  niJarisagan  da entomologiuri  
nemsebiT vafiqsirebdiT  sapreparacio  magidaze ventraluri   mxariT  zeviT . 
fexis  wina nawils  vWridiT  sxeulis  Sua xazis  gayolebaze . gaWrili  fexis  
kideebis  gadawevis  Semdeg gamoCndeba xaxisqveda  gangli uri  kompleqsi . 
saylapavis  gadaWris  Semdeg ki  mTlianad  Cans xaxis  irgvlivi  gangli uri  
rgoli . pedaluri  gangliis  gverdiT  zedapirebze  binokul uri  mikroskopis  
saSualebiT  vpoulobdiT  statocistebs , romlebic   sinaTlis  areklil  
sxivSi  vlindebi an TavianTi  bzinvarebiT  garSemo arsebuli  qsovilebis  
fonze . 
      

2.3. sinaTlis  mikroskopia  
 

    zemoT aRwerili  wesiT  damzadebuli  preparatebidan  amoWril  xaxis  
qveda gangliur  kompleqss  vafiqsirebdiT  karnuas  an cenkeris  safiqsacio  

siTxeSi  parafiniani  anaTlebi s misaRebad. zrdadi  simagris  spirtebSi  (70̄ _ 

100̄), spirt -qloroform Si  (1:1) da qloroformSi  dehidrataciis  Semdeg 
sxeulis  wina nawilis  mimarT rostro -kaudalurad  orientirebul  obieqtebs  
vayalibebdiT  parafinSi . mikroto mze viRebdiT  5Ł7 mikronian  seriul  
anaTlebs  f rontalur , sagitalur  da horizontalur  sibrtyeSi .  

deparafinirebis  da klebadi  simagris  spirtebSi  (100̄-dan 70̄ -de) gatarebis  
Semdeg anaTlebs  vRebavdiT  hematoqsiliniT  (heidenhainis  meTodi ), 
hematoqsiliniT  krezil -violetis  damatebiT  (i . mefisaSvilis  
modificirebu li  meTodi ) krezil -violetiT  (nislis  meTodi ). masalis  
nawils  vRebavdiT  meTilenis  mwvane Ł pironiniT  (braSes  meTodi )  ( ʈʦʩʢʠʥ, 

1951;  ʈʦʤʝʡʩ, 1954; ʇʠʨʩ, 1962; ʦ ɺʦʣʢʦʚʘ,  ɽʜʠʮʢʠʡ, 1971; ʠʄʝʧʠʩʘʰʚʠʣʠ, 1973). 

       stato cistebis  morfometriisaTvis  lokokinebis  damzadebuli  
preparatebidan  izolirebul  statocistebs  vaTavsdebdiT  sasagne minaze 
fiziologiuri  xsnaris  wveTSi .  
       statokonieb is  morfologiuri  maxasiaTeblebis  Sesaswavlad  
lokokinebis  damzadebuli  preparatebidan  izolirebul  statocistebs  
vaTavsdebdiT  sasagne minaze fiziologiuri  xsnaris  wveTSi , specialuri  
sapreparacio  nemsiT  vazianebdiT , ris  Sedegadac  statocistis  Rrudan  
advi lad  iyreboda  statokoniebi , romlebsac  SeRebvis gareSe 
vaTvalierebdiT  faz ur -kontrastuli  mowyobilobis  gamoyenebiT.  
       statocistis  ujreduli  elementebis  morfologiuri  maxasiaTebleb s 
da maT sivrciT  ganlagebas  (topografias ) SeviswavlidiT  statocistis   5-7 
mkm-ian  seriul  frontalur  anaTlebze .  
      kvleva  mimdinareobda  MICMED-2 (ruseTi ) markis  sinaTlis  mikroskopis  
saSualebiT .  

 
2.4. maskanirebeli   eleqtronuli  mikroskopia  

 
       lokokinebis  preparatebidan  amoWril  statocistebs  vafiqsirebdiT  
glutaraldehidis  2.5%-i an xsnarSi  (damzadebuli  NNa2HPO4  da   KH2PO4-is  0.1 
M fosfatur  buferze ), obieqts  damatebiT  vafiqsirebdiT  osmiumis  (OsO4) 1%-
an xsnarSi  (damzadebuli  NNa2HPO4  da   KH2PO4-is  NK0.2 M  fosfatur  buferze , 
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pH=7.2). zrdadi  simagris  spirtebSi  30̄ _idan  100̄  -mde da acetonSi  
dehidrataciis  Semdeg vaSrobdiT  kritikul  wertilamde  amilacetatis  da 
naxSirmJavas areSi , Semdeg vxsnidiT  statocistis  kedels  da darCenil  
nawils  vfaravdiT  oqro Ti  kaTod -ionur  amaorTqlebelze . cdebis  nawilSi  
statocistebidan  amoRebul  statokoniebs  vaTavsebdiT  denis  gamtar  
grafitis  firfitaze  da aseve vfaravdiT  oqro Ti . nawilSi  ki  specialuri  
mowyobilobis  saSualebiT  vaxdendiT  statokoniebis  meqanikur damsxvrevas 
da amgvarad miRebul  fragmentebs  aseve vfaravdiT  oqroTi . kvlevas  
vawarmoebdiT  "Cam-Scan"- markis  (didi  britaneTi ) maskanirebeli  
eleqtronuli  mikroskopis  gamoyenebiT.   
        statokoniebis  qimiuri  Sedgenilobis  Sesaswavlad  statocistidan  
amoRebuli  statokonieb s vaTavsebdiT  aseve denis  gamtar  grafitis  
firfitaze . qimiuri  elementebis  Sedgenilobis  kvleva  xdeboda  
mikroanalizis  «ISIS» sistemis  daxmarebiT , rentgenuli  gamosxivebis  
deteqtoriT  gajerebuli  maskanirebeli  eleqtronuli  mikroskopiT . 
statokoniebis  kristalur  struqturas  SeviswavlidiT  rentgenofazuri  
analizis  (ɼʈʆʅ-ʋʄ1) meTodiT .  
               
               2. 5. transmisiuli  eleqtronuli  mikroskopi a 

 
        lokokinebis  preparatebidan  amoWril  1 mm2 gangliumis  naWrebs 
statocisteb iTurT  vafiqsirebdiT   glutaraldehidis  2.5%-ian  xsnarSi , 
(damzadebuli  NNa2HPO4  da   KH2PO4-is  0.1 M fosfatur  buferze ). obieqt ebs 
damatebiT  vafiqsirebdiT   osmiumis  (OsO4) 1%-ian  xsnarSi  (damzadebuli  
NNa2HPO4  da   KH2PO4-is  0.2 M fosfatur  buferze , pH= 7.2). dehidrataciis  

(zrdadi  simagris  spirtebSi  30̄ _idan  100̄  -mde da acetonSi ) Semdeg  
vayalibebdiT  fisis  da aralditis  narevSi . 1Ł1.5 mikronian  naxevar Txel  da 
800_1000AAAÜ ultraTxel  anaTlebs  vamzadebdiT  ultratomze . pirveli  
iRebeboda  1%-iani  toluidiniT , meore _ 1-%-iani  uranilacetatiT  da tyviis  
citratiT . ultraTxel  anaTlebs  viyenebdiT  transmisiul i  eleqtronul -
mikroskopuli  kvlevisaTvis  ñTESLAï500BS" markis  (Cexoslovakia ) 
eleqtronul i  mikroskopis  saSualebiT . naxevar  Txel  anaTlebs  viyenebdiT  
sinaTlis  mikroskopuli  kvlevisaTvis . 
              

              2.6.  eqsperimentebis  Catarebis   pirobebi  
 

        2.6.1. uwonadobis  mdgomareoba. uwonadobis  mdgomareoba iqmneboda 
orbit uli  frenis  dros  saerTaSoriso  kosmosur  sadgur  "mir ò-ze. 
eqsperimenti  mzaddeboda  q. baikanuris  (yazaxeTis  respublika ) teqnikur  
poziciaze  (eqsperimenti  ñgravirecepcia ò). saeqsperimento  cxo velebi  
Tavsdeboda  specialurad  mowyobil  konteinerSi  ñulitka ò (sur . 2. a, b, g). 
(70Ł90 lokokina ). konteineri  aRWurvili  iyo  filtrebis  specialuri  
sistemi T  cxovelmyofelobis  produqtebis  garemoSi  gamoyofis  da cxovelTa  
SesaZlo  kvdomis  Sedegad arasasiamovno  sunis  Tavidan  acilebis  mizniT . 
orbit ul  sadgur  "mir "-ze konteineri  gadahqonda satvirTo  kosmosur  
xomald s "progres " ( sur . 3. a, b) xomaldis  hermetul  nakveTurSi   konteineri  
Tavsdeboda  startamde  4 dRe-RamiT adre . orbit uli  frenis  periodSi  
konteineris  adgil mdebareobaSi  mimdinareobda  mikroklimaturi  parametrebis  
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yoveldRiuri  telemetruli  kontroli  (sur . 4). temperaturis  reJimi  

Seadgenda 17 Ł 22̄ C, tenianoba  45 Ł 65 %, Jangbadis  Semcveloba  Ł20 %, 
naxSirorJangis Ł 0.3 %, atmosferuli  wneva 0.7-1.2-s.  
   uwonadobaSi  cxovelebis  eqspoziciis  xangrZlivoba  Seadgenda 40 (5. 07ï 

14. 08 1997 w), 43 (16. 07 ï 28. 08 1999 w), 102 (15. 05 ï 25. 08 1998 w) da 135 dRe-Rames 
(5. 10 1997 w. Ł 19. 02 1998 w). cxovelebis  preparireba  xdeboda  dasaSvebi  
aparatis   dedamiwaze daSvebidan  4-5 saaTis  gavlis  Semdeg (sur . 5). 
statocistis  ujreduli  elementebis  da statokoniebis  Seswavla  xdeboda  
sinaTlis , maskanirebeli  da transmisiuli  eleqtronuli  mikroskopiis  
gamoyenebiT (ixileT  gv. 29, 30). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a 
 
      sur . 2. eqsperiment  ñgravirecepci is ò momzadebis Tanmimdevruli  

stadiebi  q. baikanuris  teqnikur  poziciaze .  a Ł lokokinebi  Tavsdeba 
konteinerSi  ñulitka ò. 

 
 
 
 
 
 
 
 
 



32 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                      b 
 
                                    
 
 
 
 

BBB 
                                        
 
 
 
 
 
 
 
 
 
 
 
 

                                     g                     

   
       me-2 sur . (gagrZeleba ) b Ł lokokinebi  moTavsebulia  konteinerSi . 
       g Ł cxovelebiT  Sevsebuli  konteineri   daxuruli  saxuraviT .  
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a 

 
b 

         sur.  3. a Ł satransporto satvirTo xomaldi ñprogresiò 
sastarto moedanze, b Ł gaSvebis momentSi (baikanuri, yazaxeTi)  
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       sur. 4.  kosmonavtebi - sergei krikalovi (zeda suraTi) da pavel  

vinogradovi konteiner ñulitkasò da temperaturis avtomaturi 
registratoris d emonstrirebisas orbituli sadguris bortze  
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sur. 5. dasaSvebi aparati yazaxeTis stepebSi  

 

 
       2.6.2. zewonadobis mdgomareoba .  momatebuli simZimis Zalis mdgomareobis 

modelireba radialuri aCqarebis saSualebiT xdeboda  centrifugaSi ɹʄʉ-

ʕʄʀɹ (ʉʉʉʈ).ʪcentrifugas 6 metal ur  WiqaSi,  romlis Sida diametri 
Seadgens 65 mm, simaRle 90 mm, Tavsdeboda  oTx -oTxi  lokokina. centrifug as  
triali warmoebda 6 g aCqarebiT , saaTis isris mimarTulebis sawinaaRmdegod, 
Seusveneblad 30 dRe -Ramis ganmavlobaSi (trialis sixSire  - 159 
brunva/wamSi, centrifug as mxari  180 mm), temperatura SenobaSi  Seadgenda 22Ł

24̄ -s. trialis damTavrebisTanave cxovelebi amogvyavda centrifugadan. 
zemoTaRwerili meTodebiT vaxdendiT statokoniebis izolirebas 
statocistidan da maT Seswavlas sinaTlis da maskanir ebeli eleqtronuli 
mikroskopiis saSualebiT (ixileT gv. 2 9, 30) 

 
2.7. sakontrolo eqsperimentebi  

 
      uwonadobis da zewonadobis pirobebSi Catarebul eqsperimentebs  Tan 

axlda Sesabamisi sakontrolo eqsperimentebi: vivariuli anu norma da e.w. 
sinqronuli . orbitu li frenis sinqronuli eqsperimentisaTvis lokokinebi 
Tavsdeboda "safren is" analogiur konteinerSi. M misi adgilmdebareobis 
temperatura da tenianoba Seesabameboda kosmosuri frenisas 
daregistrirebul  monacemebs. xdeboda agreTve  kosmosuri aparatis afrenis 
da dafr enis dinamiurobis imitirebul i  zemoqmedeba cxovelebze . maTi 
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preparireba da statocistebis amoReba mimdinareobda ñnafreni ò  masalis 
aRebis paralelurad.  
      centrifugaSi modelirebuli zewonadobis  mdgomareobis  
eqsperimentebisaTvis sakontrolo jgufis lokokineb i s nawili Tavsdeboda 
uSualod centrifugis RerZze  moTavsebul WiqaSi (kontroli 1), meore ki  
daxurul konteinerSi da ar ganicdidnen trials  (kontroli 2).  vivariuli 
kontrolis cxovelebs Tavisuflad eZleodaT wyali da sakvebi. 
statocistis ujreduli elementebis da stato koniebis Seswavla xdeboda 
sinaTlis, maskanirebeli da transmisiuli eleqtronuli mikroskopiis 
gamoyenebiT (ixileT gv. 2 9, 30). 
 

2.8. eqsperimentuli monacemebis  damuSaveba  
 

    okular -mikrometris saSualebiT  vzomavdiT statocistis diametrebs 
cocxal praparatebze  (norma) da ñnafren ò obieqtebSi  (fiqsirebul 
preparatebze ); mgrZnobiare ujredebis sigrZes da simaRles  rogorc  
normaSi , ise ñnafren ò obieqtebSi  - anaTlebze ; ujredis sigan es ki vadgendiT 
anaTlebis sisqis Tanmimdevruli SejamebiT (maTi rekonstruqciisas ), 
romlebz edac SesaZlebeli iyo TiToeuli ujredis daTvaliereba . 
mgrZnobi are da sayrden  ujredebSi  vzomavdiT  birTvebis did da patara 
diametrebs, aseve mgrZnobiare ujredis citoplazmuri vakuolebis did da 
patara diametrebs . statokoniebis sigrZe da sigane s mzomavdiT normaSi 

cocxal preparatze da  statocistis 30̄ -ian spirtSi fiqsaciis Semdeg 
centrifugirebul obieqtebSi; xolo nafren obieqtebSi  maT did da patara 
diametrebs anaTlebze.  

   statokoniebis farTob is dadgena anaTalze xdeboda formuliT S= 2p 

D1D2/2,  sadac  D1  da DD2 did i da patara  diametrebia Sesabamisi 
struqturisaTvis.  statokonieb i  maTi morfometruli parametrebis 
maCveneblebis mixedviT  pirobiTad davyaviT  sam fraqciad: patara (sigrZeSi 
1.5Ł10 mkm, siganeSi 1.1Ł6 mkm), saSualo (sigrZeSi 10.1 Ł20 mkm, siganeSi 6.1Ł12 mkm) 
da didi (sigrZeSi 20.1 Ł30 mkm, siganeSi 12.1Ł20 mkm); aseve anaTalze 
gamoTvlili maTi farTobis mixedviTac : 48-100 mkm2 farTobis mqone 
statokonieb i pirobiTad mivakuTvneT  patara fraqcias, 100 -200 mkm2-i s mqone _ 
saSualos da 200 Ł500 mkm2 farTobis mqone statokoni ebi  ki did fraqcias. 
calkeul fraqcias ki vyofdiT  klasebad (qvefraqciebad).  
       statocistis struqturuli elementebis morfometruli monacemebis 
erTobliobas vajgufebdiT Sualedur variaciul rigebad. Sesaswavl 
parametrebs Soris sarwmuno sxvaobis dasadgenad viy enebdiT araparametrul 

kriteriums " Uò (uilkinson -mana-uitni), "c2ò- 4 veliani tabulisaTvis  da ñtò  
kriteriumebs. eqsperimentis nawilSi statokoniebis raodenoba da 
morfometruli monacemebi muSavdeboda agreTve kompi uterulad 
statistikuri paketis "Statistics V.5.1"  saSualebiT.  
      sinaTlismikroskopuli fotosuraTebis gadaReba xdeboda 
mikrofotodanadgariT ʄʌ-9, foto firze mikrat  Ł 300.  
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Tavi 3. kvlevis Sedegebi da maTi ganxilva  
   3.1. statocistis aRnagoba normaSi  

 
 3.1.1. statocistis zogadi daxasiaTeba  

 
    xmeleTis lokokina Helix lucorum-is statocisti mikroskopuli  zomis , 
sferuli formis wyvili organoa . isini ganlagebulia xaxisqveda 
gangli uri  kompleqsis pedaluri gangliebis dorso -lateraluri zedapiris 
CaRrmavebebSi. statocistebs garedan faravs periganglionuri 
SemaerTebelqsovilovani garsi, romelic gluvkunTovan da kolagenur 
boWkoebs Seicavs . mozard cxovelebSi es garsi  ar aris ganviTarebuli da 
statocistebi SemaerTebelqsovilovani WimebiT pedalur gangliebze a 
damagrebuli . periganglionuri garsis SigniT statocists uSual od akravs 
homogenuri SemaerTebelqsovilovani kafsula, romlis sisqe saSualod 7 
mkm-s Seadgens. 
    statocistis Rrus Sida kedeli mgrZnobiare (receptoruli) da 
sayrdeni ujredebisagan  Sedgeba. isini statocistis kafsulisagan 
gamoyofilia bazaluri membraniT. statoc istis Rru amovsebulia blanti 
endolimfiT, romelSic ganlagebulia statokoniebi. areklil sinaTlis 
sxivSi statocisti garSemo arsebuli qsovilebisagan gamoirCeva 
bzinvarebiT, maTSi ganlagebuli statokoniebis gamo. xolo sinaTlis 
gamaval sxivSi ki piriqiT, Cans Savi  laqis saxiT (sur. 6. a, b).  
    zrdasruli (13 °1.0 g) lokokinas statocistis gare kedlis diametri 

daufiqsirebel preparatze marjvena statocistSi 198 °0.2 mkm-ia, marcxenaSi 

ki 197°0.6 mkm. cxovelis masis zrdasTan erTad statocistis diametri 
izrdeba. 0.016 g ma sis lokokinebis marjvena da marcxena  statocistebis 

diametrebi Seadgens 98 °0.8 mkm-s. 0.5 gramian cxovelebSi es maCvenebeli 1.7 

jer izrdeba da Seadgens 170.6 °1.7 da 168.2°1.9 mkm-s marjvena da marcxena 
statocistebSi Sesabamisad. 0.5 -dan 2 g -mde masis cxove lebSi statocistis 
diametris zrda ar aRiniSneba. xolo 2 -4 da 4 -6 gramis SualedebSi izrdeba 
TiToeul intervalSi 10 mkm -iT anu 1.06 -jer. 6 -idan 10 g -mde masis 
cxovelebSi statocistis  diametris zomebi  ar icvleba. 10 -dan 15 g 
farglebSi  kvlav  izrdeba  saSualod 10  mkm-iT (1.06 -jer). yvela Seswavlili 
woniTi kategoriis cxovelebis marjvena da marcxena statocisteb is  
diametrebis maCveneblebi erTmaneTisagan TiTqmis ar gansxvavdeba (sur. 7).  
    fiqsirebul preparatze zrdasruli cxovelis statocistis gare 
kedlis diametri  1 80 mkm-s Seadgens, xolo Sida kedlis diametri - 160-165 
mkm-s. aseT SemTxvevaSi statocistis Rrus moculoba 2150400 mkm 3 Łia ,  xolo 
misi Sida zedapiris farTobi - 80384 mkm2. 
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                                   b 
   sur. 6. a Ł pedaluri gangliidan izolirebuli statocisti 
(statocistis RruSi statokoniebi Cans Savi laqis saxiT). sn _ statikuri 
nervi . ok. 7., ob . 4. b Ł marjvena da marcxena statocistebi xaxisqve da 
gangliuri kompleqsis frontalur anaTalze (naCvenebia isrebiT). Ppg_ 
pedaluri ganglia, statocistis Rru Si  ganlagebuli a statokoniebi. 
naxevarTxeli anaTali , SeRebva toluidinis lurjiT. ok. 7., ob . 20.  
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 3.1.2. mgrZnobiare  ujredebi  
 

    sinaTlis mikroskopuli gamokvlevebi s Tanaxmad statocistis Rrus 
Sida kedlis amomfen epiTel iumSi ganlagebulia  sakmaod didi zomis  
mgrZnobiare ujredebi (sur. 8). bazaluri zedapiriT  isini  mimarTulia 
statocistis bazaluri membranisaken, xolo apikaluri, kinocili ebiT 
aRWurvili receptoruli zedapiriT - statocistis Rrusken . mgrZnobiare 
ujredebi brtyelia  da iregularuli formisaa . ujredis centraluri 
nawili SedarebiT sqelia, periferiebisaken ki TandaTanobiT Txeldeba. 
maskanirebel eleqtronul mikroskopSi daTvalierebisas mg rZnobiare 
ujredebis apikaluri zedapiris kideebi umeteswilad waxnagovania da 
xasiaTdeba poligonaluri agebulebiT (sur. 9), garda erTi ujredisa, 
romlis  kideebi Rrmad SeWrilia da warmoqmnis mravalricxovan, 
periferiisken TandaTanobiT SeTxelebul citoplazmur mor Cebs. 
mgrZnobiare ujredebis citoplazmaSi pironiniT SeRebil preparatze 
SeRebvis intensivobidan gamomdinare  rnm -s koncentracia ar aris maRali. 
wvrili, vardisferi pironinofiluri marcvlebi difuzurad arian 
ganawilebuli mTel citoplazmaSi.  
 transmisiuli eleqtro nuli mikroskopi iZleva mgrZnobiare 
ujredebis struqturis  gacilebiT ufro srul suraTs, vidre sinaTlis 
mikroskopi. maTi citoplazma Sedgeba sami Srisagan: 1. eqtoplazma, romelic  
warmoadgens viwro, homogenur, eleqtronulad naklebad mkvriv Sres. mis  
periferiebSi  aRiniSneba wvrili granulebi, mikrofilamentebi da 
kinociliebis fuZis profilebi. 2. granularuli Sre; igi ufro ganieria, 
vidre eqtoplazma da mdidaria ujreduli organelebiT . aq didi 
raodenobiT aRiniSneba polimorfuli  mitoqondriebi struqturirebuli   
kristebiT, ro mlebic garSemoxveulia kargad ganviTarebuli granularuli 
endoplazmuri badiT. goljis kompleqs i warmodgenilia  erTmaneTze 
mWidrod dalagebuli paraleluri cisternebi T , romlis distaluri 
boloebidan gamoizonreba daaxloebiT 30 nm -is mikrobuStukebi  mkvrivi 
SigTavsiT. mikrobuStukebi ZiriTadad gvxvdeba ujreduli membranis 
apikalur zedapirze. 3. H hial inuri Sre ;  eleqtronulad naklebad mkvrivi a 
da ukavia citoplazmis didi nawili. aq warmodgenilia gluvi da 
granularuli endoplazmuri bade, sxvadasxva wvrilmarcvlovani 
struqturebi,  msxvili homogenuri wveTebi, gamWvirvale da mkvrivi 
granulebi , mikrofilamentebi . granularul da hial inur  Sreebis sazRvarze 
ganlagebulia mgrZnobiare ujredebis gansakuTrebuli  specifiuri  
elementebi - mieliniseburi sxeulak i  _ xveula. igi Sedgeba erTmaneTis 
mimarT  paralelurad ganlagebuli Sebrtyelebuli cisternebis xviebisgan.   
am ukanasknelis raodenoba organelaSi meryeobs 8-17 brunis  frglebSi.   
centralur nawilSi xviebi ganlagebulia ufro mWidrod, vidre 
periferiaze, sadac maT gaaCniaT sxvadasxva zomis daSorebebi. xveulas 
centrSi moTavsebulia marcvlovani, vezikuluri da wveTiseburi, 
eleqtronulad maRali simkvrivis mqone warmonaqmnebi (sur. 10. a, b). erT 
ujredSi ramdenime aseTi xveulaa ganlagebuli. isini erTmaneTisgan 1 -2 mkm-
iT arian dacilebuli. xveula, rogorc wesi, m itoqondriebiT da 
glikogenuri granulebiT aris garSemoxveuli. zemoTaRweril suraTs 
emateba agreTve ujredebis citoplazmaSi multivezikuluri sxeulakebis 
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arseboba  (sur. 20) . isini ovaluri am momrgvalo warmonaqmnebia, romlebic 
20- idan 50 -mde vezikulebs Seicavs da  elementaruli membranebiT arian 
SemosazRvruli. multivezikulebi xSiradA mdebareoben uSualod ujreduli 
membranis qveS, zogi maTgani SeiZleba Segvxvdes gaxsnil mdgomareobaSi. 
aseT SemTxvevaSi maTi SigTavsi statocistis RruSi gadadis.   
    ujredis apikaluri nawi li dafarulia glikokaliqsiT, rac  swor 
saxes aZlevs mis zedapirs. aqedan gamodis 500 -mde kinocilia, romlebic 
koncentrul ad arian ganlagebuli  ujredis centridan misi periferiisken 
(sur. 11 a). yoveli kinocilia izrdeba ujredis membranuli 
amozneqilobidan. kinoc ilias proqsimaluri nawili Tavisuflad gamodis 
statocistis RruSi, xolo distaluri nawili warmodgens e.w. bazalur 
sxeulaks. kinocilias bazaluri sxeulakis erTi mxridan gamodis e.w. fexi, 
xolo mopirdapire mxridan, odnav qveviT Ł fesvi. am ukanasknelidan  
citopla zmis siRrmeSi gaWimulia 0.01 mkm siganis mikromilakebi (sur. 12).  
kinociliebis sigrZe Seadgens 6 -10 mkm-s, rac TviT ujredis simaRles odnav 
CamorCeba, xolo diametri Seadgens daaxloebiT 0.25 mkm -s. kinociliebs 
Soris  manZili  0.9 -2.25 mkm -ia. TiToeuli kino cilia Sedgeba 9 wyvili 
periferiuli da erTi wyvili centraluri mikromilakebisagan. ujredis 
zedapiridan 1 -2 mkm-is daSorebiT kinocilias gaaCnia Seviwroebuli ubani,  
saxsriseburi struqtura. kinocili ebs Soris  ganlagebulia 5 -7 mikroxao, 
romelTa sigrZe 0.65 - 1.0 mkm-ia, diametri ki 0.12 - 0.18 mkm. mikroxaoebi 
martivi agebulebis eqtoplazmuri gamonazardebia (sur. 11 b). Tu 
kinociliebis wveri odnav  Seviwroebilia, mikroxaoebSi igi mrgvalia. 
xSirad mikroxaoebis fuZeze vlindeba multivezikuluri sxeulakebi, 
buStukebi da eleqtronulad mkvrivi granulebi.  
     mgrZnobiare ujredebis citoplazmis gansakuTrebuli damaxasiaTebeli 
niSani  aRmoCnda maTSi vakuolebis Semcveloba. amave dros vakuolebis 
raodenoba, maTi zomebi da ganawileba sxvadasxva ujredebSi arsebiTad 
gansxvavebulia (su r. 8, b). statocistis naxevarTxel anaTlebze vakuolebSi 
aRiniSneba 0.5 -1.0 mkm diametris mqone optikurad mkvrivi, mrgvali formis 
warmonaqmnebi, romlebic ZiriTadad vakuolebis periferiebzea ganlagebuli.
 ujredis birTvi brtyelia da rogorc wesi  moTavsebulia  
ci toplazmis  centralur nawilSi mis bazalur zedapirTan axlos. 
sinaTlis mikroskopSi maTi forma  momrgval o  an ovaluri a araswori 
konturebiT . momrgval o   birTvebis diametri saSualod 18.8 mkm -ia, 
ovalurebis didi da patara diametrebi ki 21 mkm da 15 mkm Sesabamisad.  
birTvis sisqe  daaxloebiT 5 -6 mkm-ia. karioplazma susti osmiofilurobis 
gamo naTelia, Seicavs mraval uwvriles da agreTve erTeul beltisebur 
qromatins. birTvebSi 2 an 3 eqscentrulad ganlagebuli birTvakia 
moTavsebuli, romlebic xasiaTdebian maRali optikuri sim kvriviT da 
mkafiod gamoxatulia karioplazmaSi.  birTvakebSi rnm -s koncentracia 
maRalia poroniniT SeRebvis intensivobis mixedviT (SeRebilia muq 
wiTelad).  
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b 
    sur. 8. a, b Ł Helix lukorum-is statocistis horizontaluri anaTlebi , 
(Cans Sida kedlis amomfeni mgrZnobiare ujredebi ).  sR _ statocistis Rru 
maTSi ganlagebuli statokoniebiT. sn _ statikuri nervi, b Ł mgrZnobiare 
ujredi giganturi vakuoliT (naCvenebia isriT) . naxevarTxeli anaTlebi , 
SeRebva toluidinis lurjiT. a- ok.7., ob. 10; b  - ok. 7., ob . 20.                                                                                                       
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         sur. 9. Helix lukorum-is statocistis Sida zedapiri.  
Cans 4 mgrZnobiare ujredis nawilebi  (mu) kinociliebis  didi   
raodenobiT. didi isrebiT naCvenebia bususebiT dafaruli ori sayrdeni 
ujredis  centraluri nawilebi; patara isrebiT - sayrdeni ujredebis 
falangebi. (kc) _  kinociliebi. maskanirebeli eleqtronuli mikroskopi. 
masStabi  Ł3  mkm. 
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b 

 sur. 10. a - mieliniseburi xveula (naCvenebia isriT) da mkvrivi 
sxeulakebi  (ms) Helix  lucorum-is statocistis mgrZnobiare ujredis 
citoplazmaSi. Bb _ xveulas centrSi ganlagebuli s xvadasxva simkvrivis 
marcvlovani, vezikuluri da wveTiseburi warmonaqmnebi. transmisiuli 
eleqtronuli mikroskopi.  

ms 
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      b 
 
    sur. 11. a _ koncentrulad ganlagebuli kinociliebi Helix  lucorum-is  
 statocistis  mgrZnobiare ujredis apikalur zedapirze.  b _ mikroxaoebiT  
 (mx)  garSemoxveuli kinociliebi (kc).  
  maskanirebeli eleqtronuli mikroskopi. masStabi a _ 25 mkm. b _10 mkm. 
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      sur. 12. Helix  lucorum-is  statocistis mgrZnobiare ujredis  
   apikaluri zedapiris fragmenti.  
   sR- statocistis Rru; kc - kinocilia; mx -mikroxao; bs - bazaluri  
   sxeuli; bsf - bazaluri sxeulis fexi.  
   transmisiuli eleqtronuli mikroskopi.  
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3.1.3. mgrZnobiare ujredebis topografia da morfologiuri  
maxasiaTeblebi  

 
      statocistis rekonstruqciam frontaluri seriuli anaTlebis 
daxmarebiT rogorc zrdasrul, ise axalgazrda cxovelebSi  (13 gramiani da 
2 gramiani) , saSualeba mogvca dagvedgina 13 mgrZnobiare ujr edis arseboba 
mis Sida zedapirze.  TiToeuli ujredis warmosadgenad isini danomrilia 
statocistis frontalur anaTlebze maTi gamoCenis Sesabamisad. 
statocistis cameti mgrZnobiare ujredis ganlagebis sqema da maTi 
morfometruli maCveneblebi Sesabamisad naCvenebia suraTze  da cxrilSi 
(sur.  13. cxrili 2)  
    statocistis wina mxares, uSualod polus is areSi , ganlagebulia erTi 
ujredi. am ujredis apikaluri zedapiris kide Zlier SeWrilia da iqmneba 
sakmaod grZeli, periferiisken  TandaTanobiT SeTxelebuli mravali 
citoplazmuri  gamonazardi, ris gamo ujreds varskvlaviseburi forma 
gaaCnia. 13 gramian cxovelebSi  am ujredis sigrZe saSualod aRwevs 77 mkm -
s, sigane -  55 mkm-s, 2 gramian cxovelebSi ki 75, 51 mkm -s Sesabamisad. 
simaRle orive SemTxvevaSi Seadgens 10 mkm -s. varskvlavise buri  ujredis 
sigrZis daaxloebiT 2/3 nawili (saSualod 47 mkm) citoplazmuri morCebis 
CaTvliT statocistis lateralur zedapirzea ganlagebuli. xolo 
danarCeni 1/3 (saSualod 30 mkm) ki  mis medialur  zedapirze . maSin, rodesac 
siganeSi ujredis 2/3 (saSualod 38 mkm)  statocistis dorsalur zedapirzea 
ganlagebuli, danarCeni  1/3 (saSualod 17 mkm) ki statocistis ventralur 
zedapirze. citoplazmuri gamonazardebis sigrZeE 15 Ł25 mkm-ia. ase, rom am 
ujredis centraluri nawilis sigrZe da sigane Seadgens Sesabamisad 52 da 
39 mkm-s. ujredis birTvi mrgvali formisaa da ganlagebulia statocistis 
dorsalur zedapirze. birTvi Seicavs eqscentrulad ganlagebul sam 
birTvaks. citoplazmaSi difuzurad ganawilebulia  2 -3 mkm diametris mqone 
vakuolebi. zogjer mis periferiebSi aRiniSneba 2 -7 mkm diametris mqone 
vakuolebic.  Cveni klasifikaciis mixedviT es ujredi pirobiTad 
wodebulia ( ˉ1) e.w. varskvlavisebur ujredad (sur. 1 4. a). statocistis 
danarCeni 12 ujredi qmnis sam sartyels mis  Sida zedapirze: winas, Sua 
(ekvatoruls) da ukanas. statocistis wina s artyelSi ganlagebulia 4 
ujredi: ori ujredi statocistis ventralur zedapirze  da ori mis 
dorsalur zedapirze. ventraluri zedapiris lateraluri ubani 
dakavebuli aqvs #2 ujreds, xolo mis gverdiT medialuri ubani _ #3  
ujreds.  13 gramian cxovelebSi meore ujredis sigrZe saSualod Seadgens  
81, sigane 66 da simaRle _ 10 mkm -s, mesame ujredis ki  99 ,  73,2  da  10 mkm -s 
Sesabamisad. 2 gramian cxovelebSi meore ujredis sigrZea 81  mkm, sigane  63 
da simaRle 10 mkm. mesame ujredisaTvis es maCveneblebi Seadgens 91, 73.3 d a 
10 mkm-s Sesabamisad. meore da mesame ujredis citoplazma Seicavs 2 -7 mkm 
diametris vakuolebs, romlebic araTanabrad arian ganawilebuli: 
citoplazmis vakuoliani adgilebi enacvlebian vakuolebiT Rarib 
adgilebs. mesame ujredis gverdiT,  statocistis dorsaluri z edapiris 
medialuri ubani ukavia #4 ujreds, xolo mis gagrZelebas warmoadgens 
latera l uri  _ #5 ujredi (sur. 1 4. b, g). 13 gramian cxovelebSi meoTxe 
ujredis sigrZea 78 mkm, sigane 66 da simaRle  8 mkm. mexuTe ujredis ki 
Sesabamisad 79 ,  66  da  8 mkm ; 2 grami an cxovelebSi meoTxe ujredis 
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sigrZea  76, sigane 63, da simaRle 8 mkm, mexuTe ujredis ki  78, 66, da 8 mkm 
Sesabamisad. meoTxe da mexuTe ujredebis citoplazmaSi vakuolebis 
ganlagebis Tavisebureba igivea rac  ventralur ujredebSi, im 
gansxvavebiT, rom maTSi g arda patara zomis vakuolebisa aRiniSneba 
agreTve vakuolebi didi diametriT 8 -15 mkm. am sartylis oTxive ujreds 
gaaCnia ovaluri birTvebi 2 Ł2 birTvakiT. romlebic ganlagebulia 
eqscentrulad.   
   statocistis ekvatorul sartyelSi ganlagebulia aseve oTxi ujredi. 
erTi maTgani mis ventralur zedapirze (#6), erTic dorsalurze (#9). am 
ujredebs Soris lateraluri ubani ukavia  #8 da medialuri #7 ujredebs. 
meeqvse ujredi statocistis yvelaze  didi zomis mgrZnobiare ujredia.  13 
gramian  cxovelebSi misi  sigrZe Seadgens 112, sigane  94.5  da simaRle 10 
mkm-s.  mecxre ujredi, iseve rogorc meeqvse, statocistis didi zomis 
ujredia. 13 gramian cxovelebSi misi  sigrZe 108, sigane 87 da simaRle 10 
mkm-ia ; 2 gramian cxovelebSi meeqvse ujredis sigrZea 103, sigane 85 da 
simaRle 9 mkm.  mecxre ujredisaTvis es maCveneblebi Seadgens  101,  84 da 9 
mkm-s Sesabamisad.  aRsaniSnavia, rom ekvatoris ujredebi erTmaneTis mimarT 
gadanacvlebulni aRmoCndnen: meeqvse ujredis sigrZis ufro patara nawili 
(36 mkm) mdebareobs statocistis lateralur mxares, didi nawili ki (76 mkm) 
medialur mxares ; maSin rodesac mecxre ujredis sigrZis didi  nawili (64 
mkm) ganlagebulia statocistis lateralur mxares, xolo patara nawili 
(44 mkm) - medialur mxares. ise, rom es ujredebi erTmaneTis mimarT 
sarkiseburad arian ganlageb uli. ekvatoris sartylis danarCeni ori 
ujredidan (meSvide da merve) 13 gramian cxovelebSi me Svide  ujredis 
sigrZe Seadgens 98, sigane 81  da simaRle 10 mkm -s; merve  ujredis Tvisac es 
maCveneblebi igivea.  2 gramian cxovelebSi me Svide  ujredis sigrZe 90  mkm-ia , 
sigane 7 5 da simaRle 9 mkm ; merve ujredisaTvis es maCveneblebi igivea.  merve 
da meSvide ujredebi meeqvse da mecxre ujredebis msgavsad erTmaneTis 
mimarT gadanacvlebulni aRmoCndnen: me rve  ujredis sigrZis ufro patara 
nawili (45 mkm) statocistis dorsalur zedap irzea ganlagebuli, xolo 
danarCeni 53 mkm gadadis mis ventralur zedapirze. maSin rodesac, meSvide 
ujredis sigrZis meti nawili (55 mkm) statocistis ventralur zedapirzea 
ganlagebuli, xolo danarCeni 44 mkm gadadis statocistis dorsalur 
zedapirze. ise, rom es uj redebic  sarkiseburad arian erTmaneTis mimarT 
ganlagebulni. ventraluri da dorsaluri ujredebis citoplazma Seicavs 
araTanabrad ganawilebul  vakuolebs didi diametriT 8 -15 mkm. maT Soris 
lateralur ujredSi amave zomis vakuolebi ujredis TiTqmis mTel 
sigrZeze, er TmaneTis miyolebiT Zewkviseburad arian ganlagebuli , sigrZiT 
62-64 mkm-de. medialuri ujredisaTvis damaxasiaTebelia gacilebiT ufro 
didi diametris (16 -35 mkm) mqone ori an sami vakuolis arseboba. rig 
SemTxvevaSi isini Serwymulia erT (64 mkm -de diametris) giga ntur vakuolad 
(sur. 1 5. a, b) aqve unda aRiniSnos, rom bolo ori ujredis vakuolebis 
zomebi sakmaod cvalebadia sxvadasxva individebis statocistebSi  (10 -20 
mkm-s farglebSi), Tumca maTi ganlagebis zemoT aRwerili Tavisebureba 
yvela SemTxvevaSi SenarCunebulia. unda aRiniSnos, rom ekvatoris 
sartylis ujredebis citoplazma mcire zomis vakuolebs TiTqmis ar 
Seicavs. oTxive ujredis vakuolebi zogjer Seicavs 1 -1.5 mkm-de diametris 
optikurad mkvriv, mrgval struqturebs, romlebic ZiriTadad vakuolebis 
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periferiebze arian ganl agebuli. statocistis ekvatoruli zonis  oTxive 
ujredis birTvebi ovaluri formisaa or -or i   eqscentrulad ganlagebuli 
birTvakebiT.  
   statocistis ukana sartyelSi aseve  ganlagebulia 4 mgrZnobiare 
ujredi. wina sartyelis msgavsad: ori mis ventralur zedapirze  da  ori 
dorsalur zedapirze.  ventraluri zedapiris medialuri ubani ukavia #11 
ujreds, xolo mis gverdiT  lateraluri _ #10 ujreds. 13 gramian 
cxovelebSi meaTe ujredis sigrZe Seadgens 80, sigane 6 7 da simaRle 10 mkm -
s, meTerTmete ujredis ki 79, 66 da 10 mkm-s Ses abamisad. 2 gramian 
cxovelebSi meaTe ujredisaTvis es maCveneblebi Seadgens 7 8 , 66  da 10 mk-s, 
meTerTmete ujredisaTvis - 73,  60  da 10 mkm-s Sesabamisad. am ujredebis 
citoplazma Seicavs mraval 2 -7 mkm diametris difuzurad ganlagebul 
vakuolebs. zogierT SemT xvevaSi  me-10 ujredis citoplazmaSi gvxvdeba 
erTeuli 8 -15 mkm diametris mqone vakuolebic. statocistis  ukana 
sartylis dorsaluri zedapiris medialuri ubani ukavia #12 ujreds, 
xolo am ukanasknelis gverdiT lateraluri ubani _ #13 ujreds.  13 
gramian cxovelebSi meTormete ujredis sigrZe Seadgens 7 5, sigane - 60  da 
simaRle - 10 mkm-s,  mecamete ujredisaTvis es maCveneblebi  76,  6 0  da  10 
mkm-ia Sesabamisad. 2 gramian cxovelebSi meTormete ujredis sigrZea 7 1, 
sigane 6 3 da simaRle 10 mkm. mecamete ujredis aTvis  es maCveneblebi igivea .  
orive ujredis citoplazma msgavsad ventraluri ujredebisa Seicavs 
mraval 2 -7 mkm diametris difuzurad  ganawilebul vakuolebs. unda 
aRiniSnos, rom ventraluri ˉ10 da ˉ11  ujredebis birTvebi ovaluria da 
Seicavs  or -or eqscentrulad ganlagebul b irTvaks.  xolo dorsaluri  ̄
12 da   ˉ 13  ujredebis birTvebi mrgvali formisaa da Seicavs 3 Ł 3, aseve 
eqscentrulad ganlagebul  birTvaks. statocistis ukana polus is garSemo , 
gansxvavebiT  wina polusisagan , ar mdebareobs mgrZnobiare ujredi. aq 
Tanxvdebian  ukan a sartylis oTxive ujredebis periferiuli nawilebi da 
maTi amomfeni  sayrdeni ujredis nawilebi.  
    statocistis yvela mgrZnobiare ujredi  TavianTi sigrZivi RerZiT 
orientirebulia sxeulis frontaluri sibrtyis paralelurad an mcire 
kuTxiT misadmi. amave dros sta tocistis erTi sartylis ujredebi 
aguriseburad arian ganlagebuli  danarCen or sartyelSi ganlagebuli 
sxva ujredebis mimarT.  

statocistSi TiToeli mgrZnobiare ujredisaTvis dadgenili  
adgilmdebareobis da maTi morfometruli parametrebis monacemebis 
gamoyenebiT agebulia statocistis kompiuteruli modeli. statocistis 
sferoseburi formidan gamomdinare masSi ujredis  sigrZis da siganis 
ganTavsebis mizniT  Sida zedapiri  pirobiTad davyaviT meridianebad da 
paralelebad  (statocistis Sida kedlis diametri Seadgen da 165 mkm-s). 
yoveli ujredis sigrZisa da siganis ganlageba  Sesabamisad sferos 
meridianebsa da paralelebs Soris gradusebSi mocemulia cxrilSi 
(cxrili 3) da suraTebze (sur. 1 6, I, II, III, IV).   
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 sur. 1 3. Helix Lucorum-is  marjvena st atocistis mgrZnobiare  
    ujredebis sqematuri gamosaxuleba , Sida xedi. I statocistis wina  
    sartyeli, II - Sua anu ekvatoruli sartyeli,  III - ukana sartyeli.   
    vu Łvarskvlaviseburi ujredi. muqi struqturebi  ujredSi birTvebi  
    birTvakebiT, naTeli Ł vakuolebi .P  

vu 
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cxrili 2  

 mgrZnobiare ujredebis topografia da morfometruli parametrebi ( MÑm)  
 zrdasruli (zeda niSnebi) da axalgazrda (qveda niSnebi) H.  lucorum-is  
 statocistis Sida zedapirze  

statoci
stis  
ubani  

ˉ  ̄
ujred .  

ujredis ganlageba   

ujredis zomebi, mkm  

sigrZe  sigane  simaRle  

    wina  
   
polusi  

1 
polusis garSemo, 

do r so -ventralur i  
77.0 Ñ 0.7 

74.0 Ñ 0.7 

55.2 Ñ 1.6 

51.0 Ñ 0.7 

10.0Ñ0.1 

10.0Ñ0.1 

wina 

sartyeli  

2 
ventro -lateralur i  81.0 Ñ 1.6 

81.0 Ñ 1.0 

66,0 Ñ 1.20 

63.0 Ñ 1.20 

8.5 Ñ 0.3 

8.0 Ñ 0.2 

3 
 

ventro -medialur i  
99.0 Ñ 1.1 

91.0 Ñ 1.1 

70,8 Ñ 2.0 

73.0 Ñ 1.4 

10.4 Ñ 0.4 

10.0 Ñ+0.3 

4 
 

dorso -medialur i  
78.0 Ñ 0.7 

76.0 Ñ 0.5 

66.6 Ñ 1.6 

63.0 Ñ 0.4 

8.0 Ñ 0.2 

8.0 Ñ 0.2 

5 
dorso -lateralur i  79.0 Ñ 0.5 

78.0 Ñ 0.5 

66.2 Ñ 1.6 

63.0 Ñ 0.4 

8.0 Ñ 0. 

8.0 Ñ 0.2 

Sua 
(ekvatoru

li) 
sartyeli  

6   
 

          ventralur i  
112.0 Ñ 1.1 

101.0 Ñ 1.2 

94.5Ñ2.2 

85.0 Ñ 1.0 

10.0 Ñ 0.3 

9.0 Ñ 0. 

7 
 

dorso ventralur i  
medialur mxare s 

98.0 Ñ 0,8 

90,0 Ñ 0,7 

80,9 Ñ 2,2 

75,0 Ñ 0,8 

10,3 Ñ 0,4 

9,0 Ñ 0,2 

8 
dorso ventralur i  
lateralur mxare s 

98,0 Ñ 0.8 

90.0 Ñ 0.7 

80.9 Ñ 1.6 

75.0 Ñ 0.8 

10.2 Ñ 0.4 

9.0 Ñ 0.2 

9 
 

dorsalur i  
108.0Ñ1.4 

103.0Ñ1.5 

87.5Ñ2.2 

86.0Ñ1.4 

9.0 Ñ 0.25 

9.0 Ñ 0.2 

ukana 
sartyeli  

10 
ventro  

 lateraluri  
80.0 Ñ 0.9 

78.0 Ñ 1.0 

67.1 Ñ 2.0 

66.0 Ñ 0.5 

10.0 Ñ 0.1 

10.0 Ñ 0.3 

11 
 

ventro medialuri  
79.0Ñ0.8 

73.0Ñ1.0 

66.0Ñ1.0 

60.0Ñ0.8 

10.0 Ñ 0.1 

10.0 Ñ 0.3 

12 
 

dorso medialur i  
75.0 Ñ 0.6 

71.0 Ñ 0.3 

59,9 Ñ 1,6 

63.0 Ñ 0.5 

10.0Ñ0. 

10.0 Ñ 0.3 

13 
dorso lateralur i  76.0 Ñ 1.3 

71.0 Ñ 0.6 

59.9 Ñ 1.6 

63.0 Ñ 0.5 

10.0 Ñ 0.2 

10.0 Ñ 0.1 

 

SeniSvna: M Ł saSualo ariTmetikuli, m Łstardatuli Secdoma  
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a 
 
   
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 b                               g 
 
     sur. 1 4. Helix lukorum-is statocistis mgrZnobiare ujredebi.  
Aa Ł varskvlaviseburi ujredi;  b da g Ł statocistis wina sartyelSi 
ganlagebuli #4 da #5 ujredebi. sR Ł statocistis Rru, sk Ł 
statokoniebi, c Ł citoplazma, cm Ł citoplazmuri morCebi, b Ł birTvi.  
a Ł parafiniani anaTali, SeRebva krezilvioletiT. ok. 7., ob . 90. b, g - 
naxevarTxeli anaTlebi , SeRebva toluidinis lurjiT. ok. 7., ob . 40. 

cm 

c  

b 

sR 

sk 
b 

sR 

b 
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 a                                 b  
          
 

sur. 1 5. Helix lukorum-is statocistis mgrZnobiare ujredebi.  
  a ï ekvatorul sartyelSi ganlagebuli ujredi ˉ7  sami didi vakuoliT ,    

    b Ł ujredi ˉ8 Zewkviseburad ganlagebuli vakuolebiT. sR  Ł  
  statocistis  Rru, sk  Ł statokoniebi, S gŁ SemaerTebelqsovilovani garsi.   
  bm Ł bazaluri  membrana. naxevarTxeli anaTlebi , SeRebva toluidinis  
  lurjiT. ok. 7., ob . 90.  
 

 
 
 
 
 
 
 
 
 
 
 
 

sR 

sk 

Sg 

bm 

Sg 

bm sR 

sk 
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cxrili 3 

  mgrZnobiare ujredebis gan lageba Helix lucorum-is    
  statocistis Sida zedapirze  
 
 
 

 

ujredis  
ˉ  ̄

ujredebis sigrZis 
ganlageba meridianebs 
Soris gradusebSi  

ujredebis siganis 
ganlageba paralelebs  
Soris gradusebSi  

1 0 -̄45̄  

0 -̄30̄  

0 -̄27̄  

0 -̄12̄  

2 183̄ -257̄  13̄ -61̄  

3 270̄ -350̄  16̄ -66̄  

4 13̄ -84̄  29̄ -76̄  

5 98̄ -170̄  30̄ -77̄  

6 231̄ -315̄  64̄ -131̄  

7 326̄ -360̄  68̄ -126̄  

8 145̄ -220̄  72̄ -130̄  

9 52̄ -134̄  75̄ -137̄  

10 190̄ -265̄  123̄ -166̄  

11 280̄ -358̄  125̄ -17̄  

12 14̄ -87̄  128̄ -171̄  

13 101̄ -171̄  131̄ -178̄  
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                            I 
 

      sur. 1 6. H. lucorum-is  stat ocistis mgrZnobiare ujredebis   

  topografia .     I Ł statocistis zed xedi.  (rostraluri zedapiri)  A  
 
SeniSvna: aTvlis nulovani wertili Seesabameba nulovani meridianis da 
nulovani paralelis gadakveTas. nulovan meridianad pirobiTad miRebulia 
gamyofi xazis mon akveTi, romelic statocists yofs dorsalur da 
ventralur naxevrebad. nulovan paralelad miRebulia wertili, romelic 
Seesabameba wina poluss. mgrZnobiare ujredebis ganlageba sigrZeSi 

ganisazRvreba nulovani meridianidan 0 -̄dan 360Ü- mde, siganeSi - nulovani 

parale lidan 0 -̄dan 180Ü- mde.  
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                             II  
    Mme- 16 suraTis   gagrZeleba . 

   II  Ł statocistis ventraluri zedapiri .  
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                                                                 III  

 

M   me- 16 suraTis   gagrZeleba . 
   III  Ł statocistis dorsaluri zedapiri.  
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                            IV  
 
 M me- 16 suraTis   gagrZeleba . 
      IV Ł statocistis ukana xedi  (kaudaluri zedapiri) .  
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 sayrdeni ujredebi  
  

mgrZnobiare ujr edebisagan Tavisufali st atocistis Sida zedapiri  
mTlianad Sevsebulia  sayrdeni ujredebiT.   yoveli mgrZnobiare ujredis 
irgvliv ganlagebulia aranakleb 6  sayrdeni ujredi. isini erTi mxriv 
warmoadgenen mgrZnobiare ujredebis sayrdens, radgan ganlagebuli arian  
mgrZnobiare ujredebsa da statocistis bazalur membranas Soris, meore 
mxriv Cadgmulia mgrZnobiare ujredebs Soris (1 - idan 3 - mde), ris gamo  
ukanasknelebi erTmaneTTan uSualo kontaqts ver amyareben (sur. 17). 
sayrdeni ujredebis  citoplazma 5  - 7 mikronian anaT lebze Znelad 
SesamCnevia. naxevrad Txel anaTlebze ki SeiniSneba naTeli zolis saxiT.   
      transmisiul eleqtronulmikroskopuli kvlevi s Sedegebma gviCvenes, 
rom sayrdeni ujredis citoplazmaSi ujredis organelebidan 
endoplazmuri bade da goljis aparati sustad ar is ganviTarebuli. didi 
raodenobiT Seicavs SedarebiT patara zomis citoplazmaSi Tanabrad 
ganawilebul mitoqondriebs ,  kargad gamoxatuli kristebiT . agreTve 
lizosomebs, msxvil meorad lizosomebs , vakuolebs  da mkvriv   
sxeulakebs. citoplazmis membranis sazRvris z onaSi gvxvdeba  
pinocitozuri warmoSobis buStukeb i.  citoplazmis bazaluri nawili 
Zlier gabrtyelebulia da gaaCnia vrceli  kontaqti erTi mxriv 
statocistis bazalur membranasTan, meore mxriv mgrZnobiare ujredebTan. 
maT Soris 0 .5-1.0 mkm siganis sivrcea. ujredis b azaluri zedapiridan 
zogjer SeiniSneba morCebis zrdis adgilebi. citoplazmis apikaluri 
nawili Sedis axlomdebare mgrZnobiare ujredebis sazRvrebs Soris da 
qmnis Txel fenebs -falangebs . sayrdeni ujredis centralur nawils  ukavia 
sivrcis is nawili romelic iqmneba sami mezobeli mgrZnobiare ujredis 
kuTxeebiT (sur. 9). aqedan gamodis sami, daaxloebiT 25 mkm sigrZis morCi, 
romlebic TandaTanobiT Txeldeba. maTi bolodan 0.15 Ł0.2 mkm daSorebiT 
iwyeba sxva axali morCi, romelic sxva sayrden ujreds ekuTvnis. sayrdeni 
ujredis  apikaluri zedapiri ramdenadme gadmoweulia mgrZnobiare 
ujredebis apikalur zedapirze . mgrZnobiare da sayrdeni ujredebis 
mosazRvre kideebi daklaknilia. maskanirebel eleqtronul mikroskopSi 
sayrdeni ujredis citoplazma advilad identificirdeba mis zedapirze 
mikro xaoebis siuxvi s gamo (sur. 9). mikroxaoebi eqtoplazmur i  
gamonazardeb ia , romlebic mTlianad dafarulia plazmuri membraniT. 
xSirad mikroxaoebi itotebian da warmoqmnian anastomozebs (sur. 18). 
mikroxaoebis gafarToebul fuZeze vlindeba buStukebis grovebi an 
membranuli struqturebi. zogierT adgilas mikroxaoebis membranuli 
zedapiri gaxsnilia da misi SigTavsi gadmodis statocistis RruSi (sur. 
19). mikroxaoebis sigrZe 0 .6 mkm-ia, diametri 0 .17-0.19 mkm. maTi raodenoba erT 
sayrden ujredze Seadgens ramdenime aTass. saSual od 10 mkm2 zedapirze 
5000 mikroxao aRiniSneba. sayrdeni ujredebis kideebze mikroxaoebis 
nacvlad moTavsebulia citoplazmis TiTiseburi gamonazardebi (sur. 20).  
     ujredis birTvi citoplazmis bazalur nawilSia moTavsebuli . igi 
ovaluri  an wagrZelebuli  formisaa , xSirad araswori konturebiT . 
karioplazma mdidaria qromatinis mkvriv i  belteb iT , rac sakmaod aZnelebs 
birTvakis gamovlinebas  (sur. 17) .  birTvis  didi da patara diametrebi 
Sesabamisad 9.1 Ł 14.7 mkm da 4.2 Ł 7.7 mkm-is farglebSia.  
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    sur. 1 7. sami erTmaneTis mezoblad ganlagebuli sayrdeni ujredi  
Helix  lucorum-is statocistis amomfen epiTel iumSi .  
ujredebs Soris sazRvrebi naCvenebia isrebiT. sR Ł statocistis Rru; su 
Ł sayrdeni ujredi; b Ł sayrdeni ujredis birTvi; bm Ł bazaluri  
membrana; Sk Ł SemaerTebelqsovilovani kafsula;  l Ł lakuna; mx Ł 
mikroxaoebi; statocistis  RruSi Cans kinociliebis ganivi profilebi.  
transmisiuli eleqtronuli mikroskopi.  

 
 

 
 
 
 
 
 
 

ʭ15 000 

bm 

Sk 

b 

b 

l  

l  

su  

su  

sR 

mx 

mx 
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      sur. 1 8.  Helix  lucorum-is statocistis  amomfe ni epiTeli umis   
fragmenti.   sRŁ statocistis Rru, Osu Ł sayrdeni ujredi, mu Ł mgrZnobiare 
ujredi,  mx Ł mikroxaoebi, m Ł mitoqondria, bm Ł bazaluri membrana,  
Sk Ł SemaerTebelqsovilovani kafsula. mlz_ meoradi lizosoma. isrebiT 
naCvenebia sazRvrebi  sayrden da o r mezobel mgrZnobiare ujredebs Soris.  
transmisiuli eleqtronuli mikroskopi.  

 
 

 
 
 
 
 
 
 
 

mu 

mu 

su  

bm 
 

Sk 

m 
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ʍ  35 000 
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     sur. 19. sferoseburi sxeulebi, mravali Zafiseburi struqturebi da  
kinociliebis profilebi Helix  lucorum-is statocistis RruSi.  
marjvena qveda kuTxeSi isriT naCvene bia mikroxaos ubani (mx),  
membrana darRveulia da  SigTavsi gadadis statocistis RruSi. 
transmisiuli eleqtronuli mikroskopi.  
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3.1.5. statikuri nervi  
 

   statocistis mgrZnobiare ujredebis   aqsonebi misi bazaluri membranis  
Sida zedapirze grovde bian. ekvatoruli zonis dorsaluri da ventraluri 
zedapirebidan gamodis nervuli boWkoebis ori kona, romlebic miaRweven 
statocistis kranialur zedapiramde da SemaerTebelqsovilovani garsebis 
gavliT, statocistidan 50 -55 mkm-s daSorebiT, erTiandebian statikur 
nerv ad.  statikuri nervis diametri Seadgens saSualod 20 mkm -s (sur. 6. a; 
sur. 8. a).  

 
3.1.6. ujredSorisi NkavSirebi  

 
   mimdebare ujredebis (mgrZnobiare ujredebi sayrdenTan an sayrdeni 
ujredi sayrdenTan) plazmuri membranebi,  aseve citoplazmis mosazRvre 
nawil ebi xasiaTdeba garkveuli struqturuli TaviseburebebiT. zogan isini 
qmnian specialur sakontaqto ubnebs, romlebic epiTeluri qsovilis 
desmosomebis analogiuria. yoveli membranis Sida Sres emijneba 2 mkm 
sisqis, eleqtronulad mkvrivi nivTiereba, sadac Sedis e.w. epiTeluri 
Zafebi. aseTi desmosomebi sigrZiT 0.4 -1.0 mkm-ia. Cveulebrivad isini 
warmoiqmneba plazmuri membranebis swor monakveTebze, ujredis Tavisufali 
zedapiridan odnav moSorebiT (sur. 18, 20, 21). gvxvdeba desmosomebi, 
romlebic ufro grZelia da daklaknili formisaa. maTi membranaTSoris 
sivrceSi mravalricxovani ganivi tixrebia, romlebic aerTeben membranebs 
erTmaneTTan da TavianTi struqturiT Tokis kibes mogvagoneben, ris gamo 
isini cnobilia tixrebian anu fiWur desmosomebad. sayrden ujredebs 
Soris desmosomebis qvemoT, mezobeli ujredebis plazmur membranebs 
mravalricxovani amozneqilobebis da Cazneqilobebis gamo, metwilad 
nakecebiani forma gaaCnia T  da Rrmad iWrebian erTmaneTSi.  aseTi kavSirebi 
cnobilia rogorc interdigitaciebi da warmoadgenen ZiriTad kontaqtebs 
gard amavali epiTeliumis safar ujredebs Soris. sadac asruleben 
damcvelobiT funqciebs. eleqtronogramebze mgrZnobiare da sayrden 
ujredebs Soris plazmuri membranis Cazneqilobebis adgilas zogjer 
SeiniSneba Tu rogor xorcieldeba mgrZnobiare ujredis SigniT 
ujredSorisi  sivrcis Semadgenlobis mitaceba da SemWidroebis Semdeg mis 
pinocitozur buStukad gadaqceva  ukve sayrden ujredSi  (sur. 20, 21). 
ujredSorisi sivrce zogierT adgilebSi Zlier farTovdeba da gadaiqceva 
e. w. lakunad. calkeuli lakunas ganivkveTi 15 mkm -mdea. isini Seicaven 
membranisebur struqturebs an sxvadasxva zomis da formis zomieri 
eleqtronuli simkvrivis mqone  homogenur masalas. lakunebi Txeli 
arxebiT ukavSirdebian erTmaneTs da amis Sedegad warmoiqmneba daqsaqsuli 
da rTuli konfiguraciis, erTmaneTTan dakavSirebu li sistema. lakunebi 
Rrmad iWrebian ujredis citoplazmaSi da amave dros gaaCniaT gamosavali 
statocistis RruSi (sur. 22).       
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      sur. 2 0. Helix  lucorum-is statocistis amomfeni epiTeli umis fragmenti.  
   sRŁ stat ocistis Rru, Osu Ł sayrdeni ujredi, mu Ł mgrZnobiare ujredi,  
   ds Ł desmosoma, mf_ mikrofilamentebi, lz_ lizosomebi. mv_  
   multivezikul uri sxeuli,  sami pinocitozuri buStuki sayrdeni  
   ujredis   citoplazmaSi. isriT naCvenebia sayrdeni ujredis  
   citoplazm is   TiTiseburi gamonazardi.  
   transmisiuli eleqtronuli mikroskopi.  
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         sur. 2 1. Helix  lucorum-is statocistis amomfeni epiTeli umis 
fragmenti.  sRŁ statocistis Rru, Osu Ł sayrdeni ujredi, mu Ł mgrZnobiare 
ujredi, ds Ł desmosoma, pbŁ pi nocitozuri buStukebi sayrdeni ujredis  
citoplazmaSi , mf_ mikrofilamentebi, lz_ lizosomebi. isriT naCvenebia 
mgrZnobiare ujredis  SigniT plazmuri membranis amozneqili ubani. 
transmisiuli eleqtronuli mikroskopi . 
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         sur. 2 2. mravalricxovani  lakuna (l)  Helix  lucorum-is statocistis  
amomfen epiTel iumSi , dakavSirebuli erTmaneTTan viwro arxebiT (naCvenebia 
Savi isrebiT). erTi lakuna Seicavs eleqtronulad mkvriv CanarTs  
(naCvenebia naTeli isriT). sR Ł statocistis Rru, Osu Ł sayrdeni ujredi, mu Ł 
mgrZnobiare ujredi , mlz_ meoradi lizosom a. 
transmisiuli eleqtronuli mikroskopi.  
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3.2. statokoniebis Seswavla normaSi  
   

3. 2. 1. statokoniebis formebi  
 

   statocistis Rrus 2/3 ukavia statokoniebs (sur. 2 3) statocistis 
kedlis dazianebis SemTxvevaSi st atokoniebi advilad gadmoiyreba 
statocistis Rrudan.  
   statokoniebis zedapiri, rogorc wesi, brtyelia, kideebi ki odnav 
momrgvalebulia da mogvagonebs abebs (sur. 2 4). statokoniebis umetesoba, 
daaxloebiT 70 -80% ovaluri Fformisaa (sur. 2 5 _ 1,3). gvxvdeba agr eTve 
wagrZelebuli (sur. 2 5 _ 4) momrgvalo (sur. 2 5 _ 9), samkuTxa (sur. 2 5 _ 8, 
10), oTxkuTxa (sur. 2 5 _ 61), araswori da zogjer ucnauri formis 
statokoniebi (sur. 2 5 _ 21-69). 
 
 
 

 
 
 
 
          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     sur. 2 3. statocistis Rru.  Cans kinocil iebiT  dafaruli mgrZnobiare 
ujredis zedapiri da sami statokonia. maskanirebeli eleqtronuli 
mikroskopi. masStabi 10 mkm.  
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     sur. 2 4. sxvadasxva kuTxiT ganlagebuli ovaluri formis 
statokoniebi (aRniSnulia varskvlavebiT). m askanirebeli eleqtronuli  
mikroskopi. masStabi 10 mkm.  
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9 

 

10 

 

11 

 

12 

 

   sur . 25. sxvadasxva  formis  statokoniebi  zrdasrul   H. lucorum-is  

statocistSi .     maskanirebeli eleqtronuli  mikroskopi.   masStabi 3 mkm. 
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3. 2. 2. statokoniebis morfometruli monacemebi  

     statokoniebi morfometruli parametrebiT gansxvavdebian 
erT maneTisagan. maTi sigrZ e 2.5-dan 30 mkm-is farglebSia, siganeNE 1.7-dan 22 
mkm-is, sisq e ki 2-dan 7 mkm-is. War bobs saSualo zomis statokoniebi 
(sigrZeSi _ 10.1 mkm da siganeSi _ 6.1 mkm), maSin rodesac patara da didi 
zomis statokoniebis wili sigrZis mixedviT (1.5 -10 mkm d a 20.1-30 mkm 
Sesabamisad) meryeobs 15-20 %-is, xolo siganis mixedviT (1.1 -6 mkm da 12.1-18 
mkm Sesabamisad) 10-15 %-is farglebSi. statocistSi statokoniebis 
ganawilebis grafikuli gamosaxuleba sigrZis da siganis mixedviT 
zrdasrul cxovelebSi histogramis saxiT normalur xasiaTs atarebs, 
radgan histogramis centrSi gvxvdeba didi raodenobis saSualo zomis 
st atokoniebi (sur. 2 6. I, II). sxvadasxva zomis ( fraqciis ) statokoniebis 
ganawileba cxovelis masis da niJaris diametris zrdis Sesabamisad 
ganxilulia qvemoT. yvelaze axalgazrda 0.016 da 0.03 gramian  cxovelebis 
marjvena da marcxena   statocistebSi gvxvdeba mx olod patara da 
saSualo fraqciis statokoniebi TiTqmis Tanabari raodenobiT (saSualod 
50-50%). Semdegi woniTi kategoriis cxovelebis ( 0.07 da 0.09 gramiani) 
statocistebSi  statokoniebis zomebis zrdis Sesabamisad aRiniSneba did i  
fraqcieb ic, romlebic mTeli raode nobis 1. 3 Ł 3.7%-s da 1.2Ł3.8 %-s Seadgens  
Sesabamisad marjvena da marcxena statocistebSi. 0.2 da 0.5 gramian 
lokokinebSi patara fraqciis statokoniebis raodenoba iklebs da marjvena 
statocistebSi Seadgens 22 % da 19 % -s da marcxenaSi 20 % da 27 % -s. amis 
fonz e izrdeba didi fraqciis statokoniebis raodenoba da marjvena da 
marcxena statocistebSi aRwevs  saSualod 2.6 % -s da 4.6 % -s Sesabamisad. 
1.0 g ramian cxovelebSi  patara  fraqciis statokoniebis raodenoba 13 Ł 17 
%- mde iklebs da Sesabamisad matulobs didi   fraqc iis raodenoba orive 
statocistebSi  14.0 % -mde. 2 da 4 g ramian cxoveleb Si patara fraqciis 
statokoniebi marjvena da marcxena statocistebSi saSualod 12 Ł 15 %-ia, 
xolo didi fraqciebi 12 - 18 %-is farglebSi, danarCeni modis saSualo 
fraqciaze. unda aRiniSnos, ro m 6 gramian cxovelebSi adgili aqvs didi 
fraqciis statokoniebis raodenobis klebas saSualod 4 -6%- iT. danarCeni 
woniTi kategoriis - 7, 8, 10, 13, 15, 20 grami masis lokokinebSi samive 
fraqciis statokoniebis ganawileba TiTqmis erTnairia. yvela SemTxvevaSi 
Warbobs saSualo fraqciis raodenoba (68 -75%), patara fraqciisA wili 
Seadgens saSualod  14 -16 %-s, aseTive maCvenebliT gvxvdeba didi 
fraqciebis statokoniebi (cxrili 4). rogorc cxrilidan Cans, cxovelebis 
postnataluri zrdis periodSi statokoniebis ganawileba  stato cistebSi 
normis xasiaTs iRebs ukve 2 - 4 grami masis da Sesabamisad 18.8 da 24.4 mm 
niJaris diametris mqone cxovelebSi. statokoniebis  farTobi   48 mkm2-dan 
500 mkm2-s farglebSi meryeobs.  sxvadasxva farTobis mqone statokoniebis 
klasebad ganawilebis histogram aze 2 gramiani cxovelebSi adgili aqvs 
marcxena mxaris asimetrias da or piks saSualo fraqciaSi. 13 gramiani 
cxovelebis SemTxvevaSic aRiniSneba  marcxena mxaris asimetria da ori piki 
saSualo fraqciaSi ( sur. 2 7. I,  II). rac er T xel kidev adasturebs 
statokonieb is ganawilebis Sesaxeb zemoT gamoTqmul mosazrebas.   
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                                                            sigrZe (mkm) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                   sigane (mkm) 
 
       sur. 2 6. statokoniebis ganawileba 13.  0 gramiani lokokinas  marjvena  
     (Ria  svetebi ) da marcxena ( daStrixuli svetebi )  statocistebSi  

IŁ sigrZis , II Ł siganis  mixedviT . n=570. 
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cxrili 4    

statokoniebis ganawileba fraqciebad sxvadasxva masis da niJaris 
diametris mqone  Helix lucorum-i s marjvena da marcxena   statocistebSi ( M Ñ m) 

  

 

  masa  
   (g)  

niJaris  
diametri  
  (mm) 

marjvena statocisti  marcxena statocisti  

patara  
fraqcia  

saSualo  
fraqcia  

didi  
fraqcia  

patara  
fraqcia  

saSualo  
fraqcia  

didi  
fraqcia  

0.016°0.03 3.6°0.18 30°5.0 28°4.9   - 28°1.7 33°5.2    - 

0.03°0.001 4.1°0.04 54°2.4 62°7.1    - 58°8.5 57°2.5  0.6°0.5 

0.07°0.004 6.3°0.06 47°11.5 108°5.4  6°4.9 31°4.9 119°2.3  6°4.5 

0.093°0.002 6.3°0.12 43°9.5 149°11.0 2.5°0.7 40°8.1 155°5.4  2.3°0.7 

0.2°0.001 7.8°0.16 57°3.5 194°9.7 12°4.7 74°12.7 188°17.6  7°3.8 

0.5°0.002 11.0°0.27 68°8.3 264°15.9 23°5.4 78°8.7 301°26.0  19.8°4.8 

1.0°0.01 13.6°0.05 67°7.7 263°18.2 58°12.7 50°14.8 285°14.3 56°19.8 

2.0°0.02 18.8°0.16 51°13.9 280°22.7 62°19.6 52°2.6 298°21.5 59°23.3 

4.0°0.001 24.4°0.19 83°14.8 366°41.0 80°5.3 85°6.5 365°25.4 72°16.4 

6.04°0.04 27.4°0.69 92°17.7 474°23.9 72°31.9 100°11.9 526°22.6 47°15.9 

7.03°0.005 27.6°0.09 75°17.8 394°28.6 64°9.4 64°12.4 408°33.2 72°19.3 

8.0°0.01 31.7°0.35 89°20.7 403°13.9 73°8.3 79°9.8 410°19.8 81°20.3 

10.03°0.04 33.7°0.2 80°3.7 433°6.5 72°17.4 74°3.5 445°34.1 79°3.8 

13.0°0.06 35.5°0.26 77°4.1 418°30.9 92°25.1 62°5.5 431°28.9 87°14.5 

15.2°0.05 36.7°0.32 95°10.1 488°28.3 93°10.5 99°15.1 474°40.2 111°20.1 

20.0°0.1 40.2°0.48 78°9.9 432°8.6 104°24.2 74°11.7 471°25.1 97°19.5 

 

 

M ï saSualo ariTmetikuli, m Ł standartuli Secdoma  
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I 

 

 
II  

  
   sur. 2 7. statokoniebis farTobis fraqciebad ganawilebis histograma IŁ 
2 gramian da  IIŁ 13 gramiani  Helix lucorum-is  statocistebSi  (norma).  
abscisaTa RerZ zeŁ statokoniebis farTobi (mkm 2). n=500. 
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                   3. 2. 3. statokoniebis aRnagoba  
 

     sinaTlis mikroskopSi  statokoniebi gamWvirvalea . statocistis SigniT 
aseT statokoniebs Soris gvxvdeba agreTve erTeuli muqi da nawilobriv an 
mTlianad daSlili sta tokoniebic. amasTan  fazur -kontrastul mikroskopSi 
vlindeba maTi Sida struqturis araerTgvarovneba. ovaluri da rTuli 
form is  mqone statokoniebis aRnagoba arsebiTad gansxvavebulia  
erTmaneTisagan. yoveli ovaluri statokoniis centrSi , rogorc wesi,  
moTavsebulia op tikurad mkvrivi momrgvalo, 1-1.5 mkm diametris mqone guli 
(birTvi) , rom eli c  garemoculia  erTmaneTis momdevno optikurad naTeli  
(mineraluri Sedgenilobis)  da muqi  (organuli Sedgenilobis)  koncentruli 
Sre obrivi struqturebiT (sur. 2 8). amasTan erTad  pirveli, rog orc wesi, 
gacilebiT ganieria meoreze. rac ufro didi zomisaa statokonia, miT metia  
aseTi  Sreebis  raodenoba. yvelaze patara zomis statokoniebSi (sigrZe 2.5 -3 
mkm, sigane 1.5- 2.5 mkm) aRiniSneba mxolod erTi optikurad naTeli Sre. 
koncentrulad ganlagebuli Sre ebis garda statokoniebisaTvis 
damaxasiaTebelia radialuri  moxazulobebic, rasac Sesabamisad 
ganlagebuli eleqtronulad mkvrivi nawilakebi  iZleva. aRwerili  Sida 
struqturis mqone statokoniebs Cven vuwodeT martivi statokoniebi  (sur. 
28-is 1_5) . araovaluri formis statokoniebi  gansxvavdebian zemoTaRwerili 
suraTisgan. isini rogorc wesi, Seicav en ara erT, aramed or an met guls 
(birTvs ), maTi raodenoba aRwevs Tormets  da zogjer metsac.  aseTi  
statokonieb is Taviseburebas warmoadgens is, rom yoveli  maTganis garSemo 
gamoxat uli a 2-3 an meti nazardi Sre , romlebic TavisTavad garedan 
damatebiT dafarulia kidev saerTo SreebiT (sur. 2 8-is 7, 8, 1 7, 23). zogierT 
statokonieb Si  birTvebi moklebulia sakuTar Srianobas . aseT SemTxvevaSi 
isini garemoculia mxolod saerTo Sr eebiT (sur. 2 8-is 6, 16).  gvxvdeba 
agreTve ramdenime martivi  statokoniebisagan Semdgari warmonaqmnebi, 
romlebic SeerTebulia erTmaneTTan TavianTi zedapir ebiT , ris gamoc 
sazRvrebi maT Soris kargad vlindeba (sur. 2 8-is 9 -14, 19). zogjer ki  
mxolod birTvebia SeerTebuli erTmane TTan saerTo Srianobis gareSe (sur. 
25-is 70 -72). sapirispirod martivisa,Yyvela danarCeni formis da struqturis 
statokoniebs  Cven vuwodeT  rTuli statokoniebi.  
   statocistebSi rTuli statokoniebis raodenoba cxovelis zrdis 
Sesabamisad izrdeba. 0 .016 gr amiani lokokinebis marjvena da marcxena 
statocisteb Si rTuli statokoniebi mTeli  raodenobis daaxloebiT 10 .3Ł
11.0 %-s Seadgens ; 0.07 gr amian cxovelebSi  maTi raodenoba matulobs  12.6 % -
mde;  0.5 gramian lokokinebSi ki 17 .4 da 16 .6%-s aRwevs marjvena da marcxena 
stat ocistebSi Sesabamisad . 5 da 6 g ramian lokokineb Si  rTuli 
statokoniebis raodenoba marjvena statocistebSi 15 .0 %-ia, marcxenaSi ki 
20.0 da 15 .0 % Sesabamisad.  7-dan 13 grami masis mqone cxoveleb Si  es 
monacemi 14- 15 %-ia  marjvena da marcxena statocistebSi Se sabamisad. 15 da 
20 gramian cxovelebSi  rTuli statokoniebis raodenoba kidev matulobs da 
Seadgens marjvena da marcxena statocistebSi Sesabamisad 30 da 15 % -s da  
21.4 da 21 .7 %-s. rTuli statokoniebis maqsimaluri raod enoba aRmoCnda 15 
gramian cxovelebSi.  yvel a woniTi kategoriis cxovelebis  rogorc 
marjvena, ise marcxena statocistebSi  Warbobs or guliani (orbirTviani) 
statokoniebi.  rac metia statokonieb Si birTvebis raodenoba miT naklebia 
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aseTi  statokoniebis raodenoba (sur. 29. I, II).   
     transmisiul eleqtronul  mikroskopSi, ise rogorc s inaTlis 
mikroskopSi, statokoni ebis  centrSi gamovlenilia  eleqtronulad mkvrivi 
guli , romelic gar emoculia  morigeobiT  ganlagebuli  eleqtronulad 
naTeli  da mkvrivi koncentrul i  struqturebiT. ris  gamo naTlad Cans 
statokonieb isa T vis  damaxasiaTebeli Srianoba. naTeli  Sreebi sagrZnoblad 
ganieria mkvriv SreebTan SedarebiT. Cans agreTve, rom  rTul i  
statokonieb is guli ( birTvi ) gar emoculia  2-3 an meti sakuTari 
koncentruli SreebiT , romlebic garedan damatebiT aseve ramdenime saerTo 
Sri Taa garemoculi (s ur. 3 0. a, b).   
   maskanirebel eleqtronul mikroskopSi statokoniebis ganiv da gaswvriv 
kveTazec naTlad Cans maTi  optikurad mkvrivi centri da mis garSemo 
arsebuli koncentruli da radialuri Srianoba (sur. 3 1. a, b, g). 
statokoniebis zedapiri ki dafarulia  ele qtronulad mkvrivi nemsiseburi 
nawilakebiT . zedapirze SeiniSneba agreTve msubuqi xorklianoba, zogjer ki 
0.1Ł0.6 mkm diametris CaRrmavebebi.   
   ganzavebul mJavaTa (marilmJava, azotmJava, gogirdmJava, 
eTilendiamidtetraZmarmJava) xsnarebis zemoqmedebiT stato koniebi ixsneba, 
magram ara mTlianad. statokoniebis zedapiri  Tavdapirvelad  muqdeba da 
xorkliani xdeba . mJavaTa zemoqmedebis xangrZlivobis gazrdis Sedegad  
statokoniebi Txeldeba da vlindeba misi Si da Srianoba  sinaTlis 
mikroskopSi fazur -kontrastuli mowyobilo bis gareSec . amasTan erTad  
statokoniebis kideebidan centrisken mkrTali arSia  Cndeba, romli s 
ganivkveTi  TandaTanobiT izrdeba , bolos mkrTali, gamWvirvale Txeli 
struqtura  rCeba, aseve mkrTalad gamoxatuli SrianobiT. aseTi suraTis 
fonze SedarebiT muqi , homogenuri optikurad mkvrivi statokoniis guli  
SenarCunebulia .  
      zemoTaRwerili formisa da aRnagobis mqone statokoniebis garda 
statocistis RruSi xSirad maTgan gansxvavebuli struqturebi  gvxvdeba. 
isini mrgvali a an ovaluri formis, optikurad mkvrivi . es struqture bi  or -
orad, oTx -oTxad, xSir SemTxvevaSi ki grovebad arian ganlagebuli  (10Ł40 
cali ) (sur . 32). mrgvali struqturebis  diametri 1 .5 mkm-s ar aRemateba . 
ovaluri form ebi s umetesi nawilis sigrZe da sigane 2.5 da 1 .65 mkm-ia 
Sesabamisad. maT Soris gvxvdeba  iseT ebi  romlebsac garSemo Zalian Txeli 
erTi naTeli Sre gaaCniaT. aRwerili struqturebi  ZiriTadad  axalgazrda 
cxovele bSi  aRiniSneba. ase magaliTad 0 .06 gr amian lokokinebSi maTi 
raodenoba saSualod 310 -ia, 0 .1 gr amianebSi _ 150. 1.0-8.0 gr amian cxovelebSi 
ki maTi rao denoba saSualod 48 -100 farglebSia. mJav aTa zemoqmedebiT isini  
ar ixsneba da TavianT optikur simkvrives  inarCuneben.  
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   sur. 2 8. statokoniebis aRnagobis sqematuri gamosaxuleba (faz ur -

kontrastuli  mikroskopi dan)  
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                      Mmasa (g)                                                   
                                                                                I  
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                                         II      
                                                            Mmasa (g)M 

       sur. 29. I - rTuli statokoniebis saerTo raodenoba , II - rTuli  

      or birTviani statokoniebis raodenoba Helix lucorum Ł is marjvena da  
      marcxena statocistebSi . 

marjvena ,      marcxena statocistebi         
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a 

 

     b 
      sur. 3 0 aŁ martivi da b Ł rTuli statokoniebis Sida struqtura.   
transmisiuli eleqtronuli mikroskopi.  
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a 
 

 
 
 
 
 
 
 
 
 
 
 
 

 b                              g 
     

    sur. 3 1.  a. statokoniis Sida struqtura ganiv meqanikur natexze.  
isriT naCvenebia statokoniis centralur nawilSi ganlagebuli 
koncentruli warmonaqmnis SiSveli ubani.  b, g. statokoniis Sida 
struqtura gaswvriv meqanikur natex ze. b ï amovardnili centraluri 
nawiliT (naCvenebia isriT) da g Ł SenarCunebuli birTviT  (naCvenebia 
isriT). maskanirebeli eleqtronuli mikroskopi. masStabi Ł 3 mkm.  
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a 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

b 
         sur. 3 2. a _ statocistis RruSi ganlagebuli op tikurad mkvrivi  
    struqtura, b _ erTmaneTTan Sezrdili stru qtu rebi.   
    maskanirebeli eleqtronuli mikroskopi. masStabi, a _ 300 nm, b _ 3 mkm.  
 
 
 



86 

 

3. .2. 4. statokoniebis qimiuri Sedgeniloba da kristaluri struqtura  
 

    maskanirebeli eleqtronulmikroskop uli kvleviT,  «ISIS» sistemis 
daxmarebiT Catarebuli mikroanalizis Sedegad dadginda, rom 
statokoniebis ZiriTadi qimiuri  elementebia Ca, C, da  O. sxva elementebidan 
gamovlenilia Cl,  Na,  K,  S, da  Si,  romelTa masuri wili meryeobs O.1- O.7% -is 
farglebSi  (c xrili 5 ). rendgenospeqtruli analiziT  kristaluri  
struqtura warmodgenilia aragonitis formiT.  

                                                                                                                                                                               
 

cxrili 5  
 

 H. lucorum-is statokoniebSi qimiuri elementebis Semcveloba woniT 
procentebSi ( M Ñ S), normirebuli   

 

gazomvis 
maCvenebeli 

                       qimiuri  elementebi  

C O Na Si S Cl K Ca 

M 7.41 50.31 0.46 0.21 0.23 0.68 0.44 40.04 

s 2.17 4.47 0.13 0.08 0.12 0.18 0.11 5.69 

       
 
   
      3. 2. 5. statokoniebis raodenoba cxovelis  zrdis procesSi  
 
    Cvens mier bunebaSi mopovebuli yvelaze patara 0.01 6 gramiani,  niJaris 

diametri T  3.6 mkm, lokokin ebis  marjvena  statocisti Seicavs 58°4.5, marcxena 

ki  61°3.7 statokonias . 1.0 gramamde masis lokokinebSi statokoniebis 
raodenoba TandaTanobiT izrdeba da  marjvena statocistSi Seadgens 

396°12.6, marcxenaSi ki 402 °14.3. 1_i dan 2 g ramamde masis cxovelebSi 
statokoniebis raodenob is zrda  ar gamovlinda . 4 da  5 grami masis 
cxovelebis statocistebSi statokoniebis raodenoba izrdeba saSualod 

120-130 erTeuliT da marjvena statocistebSi Seadgens 528 °18.9 da 534°28.6 Łs, 

marcxenaSi ki 522 °18.03 da 538°42.7 Sesabamisad. 6 grami masis  lokokinebis 
orive statociste bSi statokoniebis raodenoba  kvlav saSualod 110 -120 

erTeuliT izrdeba da Seadgens 641 °19.5 (marjvenaSi) da 646 °21.5 (marcxenaSi). 
7 grami masis mqone lokokinebSi statokoniebis raodenob a mkveTrad ecema. 
es sxvaoba 6 gramiani cxovelebis monacemebTan SedarebiT Seadgens 
saSualod 107 - 102 erTeuls marjvena da marcxena statocistebSi 
Sesabamisad.  8 gramian cxovelebSi iwyeba statokoniebis raodenob is zrd a 

da 13 da 15 gramian i  cxoveleb is  marjvena statocistebSi Seadgens 587 °17.7 

da 676°26.3 da marcxenaSi 580 °19.2 da  684°31.7 Sesabamisad. 20 grami masis 
mqone lokokinebis statocistebSi statokoniebis raodenoba umniSvnelod 
matulobs 15 gramianTan SedarebiT da Seadgens  marjvena statocistSi 




