
GSM 1800-ში gamoyenebuli eleqtromagnituri velebis calkeul neironze 
zegavlenis gamokvleva 

 

ara ionizebadi eleqtromagnituri velebis (emv) diapazoni moicavs sixSireebs 0 
hercidan 300 gegahercamde. cocxali organizmebi da maT Soris adamianic 
Zlierad eqvemdebareba aseTi saxis   emv-bis zemoqmedebas, Tumca, samwuxarod, 
adamians ar gaaCnia receptorebi am diapazonis emv-bis aRsaqmelad, rac 
gansakuTrebiT saSiSs xdis maT zemoqmedebas. sxvadasxva sixSiris emv-bis 
organizmze zemoqmedebas sxvadasxva meqanizmi gaaaCnia. uaRresad dabali da 
dabali sixSiris emv-bis mimarT eqspoziciisas cocxal qsovilSi aRiZvreba 
ionuri denebi. Tu emv sixSire radosixSiris diapazonisaa zemoqmedeba 
gamoixateba biologiuri qsovilis mier emv-s energiis STanTqmiT, rac mis 
gaxurebas iwvevs, es biologiuri qsovilis epmeraturis aweviT gamoixateba, da 
aSkaraa rom mavnea janm,rTelobisaTvis - e.w. siTburi zemoqmedeba.  Tumca 
ukanasknel wlebSi dadginda, rom radiosixSiris emv-bs garTa siTburi 
zemoqmedebisa aseve gaaCniT arasiTburi efeqtebic. magaliTad radisixSiris emv-
bi iwveven adamianis aRznebadobis gazrdas, Tavis tkivilebs, mexsierebis 
daqveiTebas da sxva. am sixSireebis emv-bis uaryofiT zemoqmedebaTagan unda 
aRiniSnos agreTve kibos gaCenis riskebis arseboba.   

sixSirezea damokidebuli agreTve emv-s qsovilSi SeRwevis unari. ase 
magaliTad, radisixSiris emv mTlianad ganWolavs cocxal qsovilebs, maSin 
roca 300 gegaherci sixSiris diapazonis emv mxolod ramodenime milimetriT 
Sedis biologiur qsovilSi. 

araionizebadi radiaciis zemoqmedeba adamianze did xania mecnierTa yuradRebis 
centrSia. Seqmnilia ramodenime saerTaSoriso organizacia, maT Soris 
aRiarebulia elqtruli da eleqtronuli sainJiro instituti (aSS)  e.w IEEE, 
araionozebadi radiaciisagan dacvis saerTaSoriso komisia (ICNIRP) da sxva. am 
ukanasknelis mier Seqmnilia saxelmZRvaneloebi (rekomendaciebi) emv 
usafrTxoebis doneebis Sesaxeb, romlebic aRiarebulia rogorc 
saxelmZRvanelo mravali qveynis mTavrobebis mier. cxadia es rekomendaciebi 
moicaven aseve emv im sixSireebsac romlebic gamoyenebulia mobilur 
kavSirgabmulobaSi. unda aRiniSnos, rom ICNIRP –is rekomendaciebi efuZneba 
gasaSualoebis princips. gasaSualoeba xdeba rogorc sivrciTi aseve drois 
mixedviT. gasaSauloebis drod aRebulia mxolod 6 wuTi, maSin roca mobiluri 
telefonis gamoyeneba gacilebiT xangrZlivia dRevandel pirobebSi. rac Seexeba 
sivrciT gasaSualoebas- rodesac saqme exeba mobiluri telefonis gamosxivebis 
gavlenas Tavis tvinze- xdeba tvinis qsovilebis mier STanTqmuli energiis 
gasaSualoeba da miRebuli Sedegi aiReba rogorc dakvirvebis done. meores 
mxriv aSkaraa rom tvinis gansazRvruli areebi STanTqaven imze met emv 
energiebs, vidre es daSvebulia normebiT. ucnobia Tu rogor funqcionireben 
neironebi am pikuri STanTqmis areebSi. aqvs Tu ara adgili akumulaciis 
efeqtebs ganmeorebadi dasxivebebis pirobebSi. aRsaniSnavia is garemoebac, rom 
Zalian swrafad xdeba mobiluri aparatebis modernizireba, magaliTad 
gadamtani sixSirebi Tavdapirvelad iyo 800 megaherci, amJamad 1800 megahercia, 
xolo axlo momavalSi 2,4 gegherci iqneba.  



mraval pasuxgaucemel kiTxvebs Soris mniSvnelovani iyo Semdegi kiTxvebi: ra 
zemoqmedeba gaaCnia Tanamedrove mobilur kavSirgabmulobaSi gamoyenebul 
radiosixSiris eleqtromagnitur velebs calkeul neironze? gaaCnia Tu ara 
neironze zemoqmedeba im dabal sixSireebs romlebic mobiluri 
kavSirgabmulobis modulaciaSi gamoiyebena? aqvs Tu ara gavlena neironze  
modulaciaSi gamoyenebulTanAmaxlobel sxva dabal sixSirebis em velebs? ra 
efeqti eqneba ganmeorebiT dasxivebebs anu aqvs Tu ara adgili emv zemoqmedebaTa 
dargovebas? aqvs Tu ara adgili araTermul efeqtebs? 

am kiTxvebis dasma bunebrivad aRiZra, radgan neironi warmoadgens tvinis 
ZiriTad elements da masze emv-s zemoqmedebis codnis gareSe rTulia gaerkve 
mTel tvinze emv-s zemoqmedebaTa meqanizmebSi. 

gamomdinare Tqmuliadan mocemuli proeqtis mizani iyo Segveswavla mobiluri 
kavSirgabmulobaSi gamoyenebuli eleqtromagnituri velebis zegavlena 
calkeul neironze. dasxul iqna amocanebi, romlebic moicavdnen: 

• eqspeqsperimenits bazis momzadebas:  
e.w. ganivi eleqtromagnituri ujredis damuSaveba 1800 mghc-saTvis 
(inglisuri abraviatuta Trensverse electromagnetic cell TEM Cell). SemdegSi 
gamoviyenebT am termins - TEM Cell. TEM Cell–is Seqmna da paramertebis 
dadgena; dabali sixSireebiT modulirebuli 1800 mgc generatoris 
damuSaveba da Seqmna; helmholcis koWebis damuSaveba da Seqmna;  

 

• 1800 mghc sixSiris uwyveti eleqtromagnituri talRis neironis 
ujredSiga da sinafsur stimulaciaze miCvevis procesze gavlenis 
gamokvleva;  

 

• 1-20 herci (gancalkevebulad) sixSiriT modulirebuli 1800 mgc 
generatoris gamosxivebuli emv-is neironis ujredSiga da sinafsur 
stimulaciiis mimarT miCvevis procesze gavlenis gamokvleva 

 

• 1-20 herci dabali sixSiris emv-is neironis ujredSiga da sinafsur 
stimulaciaze miCvevis procesze gavlenis  

• xangrZlivi ganmeorebiTi eqspoziciis neironze zemoqmedebis kvleva 
akumulirebis efeqtebis gamovlenis mizniT 

 

 

 imisaTvis rom Seswavlil iqnas emv-s gavlena biologiur qsovilze da kerZod 
neironebze saWiroa, raTa dadgenil iqna emv-s is raodenoba romelisac 
STanTqavs biologiurio qsovili. am amocanis gadasawyvetad damuSavebul iqna 
TEM CEll-i. Tavdapirvelad moxda TEM Cell –is kompiuteruli modelireba da 
masSi emv-s gavrcelebis AaRwera. 

ganivi eleqtromagnituri ujredis (TEM Cell-is) modelireba da 
patrametrebis dadgena 



ganivi eleqtromagnituri ujredi -TEM Cell warmoadgens 
eleqtromagnituri taRebis gamtars, romelSic sakvlevi biologiuri 
obieqtis moTavsebis SemTxvevaSi moxdeba am obieqtis dasxiveba gamavali 
eleqtromagnituri talRebiT. dozimetriis amocanebidan gamomdinare, 
aseT eqsperimentSi aucilebelia, rom im areSi sadac moTavsebuli iqneba 
biologiuri obieqti, eleqtromagnituri veli iyos erTgvarovani. es imas 
niSnavs, rom veli unda iyos analogiuri e.w. Sori velisa, sadac talRis 
fronti aris brtyeli. aseTi amocanis gadasaWrelad saWroa dadgenil 
iqnas TEM Cell-is rogorc optimaluri forma aseve zomebi.  

imis gamo, rom  TEM Cell-ma unda gaimeoros talRis gamtari kabelis 
funqcia, gadavwyviteT Segveqmna TEM Cell romelsac eqneboda marTkuTxa 
gamtaris forma. amasTanave gadavwyviteT rom boloebi wawvetebuli 
yofiliyo. wawvetebuli boloebi saSualebas iZleva arekvlebisa da 
danakargebis gareSe moxdes eleqtromagnituri talRis gatareba 
talRgamtarSi. winaaRmdeg SemTxvevaSi veli TEM Cell –Si saerTod ar 
iqneboda erTgvarovani, e.i SeuZlebeli iqneboda dozimetrireba.Aamas 
garda TEM Cell -is Sua nawili e.w. septum wamoadgens gansazRvruli formis 
gamtars, romlis biloebi mirCilulia Sesaval da gamosaval budeebTan 
da izolorebuli arian TEM Cell –is korpusisagan.  

programuli paketis damuSaveba 

TEM Cell –is modelirebisa da cocxal obieqtze eleqtromagnituri velis 
zemoqmedebis modelirebisaTvis gamoyenebul iqna sasrulo sxvaobebis 
mqone droiTi domenebis Finite-Difference Time-Domain (FDTD) meTodi, aseve 
Termuli analizis meTodi. damuSavebul programaSi geometriisa da 
zomebis problema wydeba sayovelTaod aRiarebul formulebis, 
rogoricaa STL, NASTRAN gamoyenebiT, an xdeboda xeliT generireba. 
amasTanave SesaZlebelia vizualizirdes warmoebuli badis geometria da 

moxdes misi redaqtireba. amis gamo 
saSualeba gveZleva konstruirebul 
iqnas rTuli formis sxeulebi. 
SesaZlebelia brunva zomebis Secvla 
deformireba rogorc nawilobriv 
aseve srulad. sxeulze zemoqmedebebi 
xdeba mausis gamoyenebiT da 
keibordis gamoyenebiT an brZanebaTa 
gamoyenebiT  console or script areSi. 

 eleqtromagnituri velis 
centraluri gamomTvleli programa 
aris ZiriTadi instrumenti 
eleqtromagnituri velis 
analizisaTvis, romelic 
dafuZnebulia Yee algoriTmze. 
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damuSavebuli  velis gamomTvleli saSualebas iZleva aRebul iqnas yvla 
SesaZlo gamosxivebis wyaro, nebismieri geometriis mqone struqtura da 
amasTanave ganisazRvros nivTierebis Tvisebebi.  Aam gziT wamodgenil 
iqnas sixSireebi da temperaturuli efeqtebi. SeiZleba gamoyenebul iqnas 
sxvadasxva sasazRvro piroba, rac upiratesobas aniWebs aRebul qsels. 
amrigad, SesaZlebelia Sesruldes yvel velis gamoTvla. amasTanave 
SesaZlebelia MAS –is gamoyeneba saTanado geometriisaTvis (nawilobrivi 
geometriuli problemebi), rogorc ufro efeqturisa (e.i naklebi 
resursebis momTxovnisa da ufro swrafisa). rogorc ki moxdeba velis 
amoxsna yvela wertilis mimarT, xdeba integraluri sidideebis 
gamoTvla. kerZod gamoiTvleba STanTqmis kuTri Tanrigis  (SAR) 
gamoTvla. velis gamomTvlelis gamosavali, romelic SAR-is 
mniSvnelobebs Seicavs warmoadgens temperaturis gamomTvlelis 
Sesavals. imitaciis moZraoba naCvenebia suraT 1-ze. 

temperaturis zrdis gamoTvla efuZneba Bioheat –is gantolebas (Pennes 

modeli -.romelsac aqvs cvladi sasazRvro pirobebi. Tavdapirvelad 
xdeba temperaturis sawyisi ganawilebis gansazRvra. Semdgom, 
wonasworobidan gamomdinare temperaturul gamawilebaze dayrdnobiT, 
xdeba miRebuli SAR –iT temperaturis nazrdis gamoTvla. Tu 
temperaturis gamoTvlisas aRmoCndeba, rom nivTierebis dieleqtrikuli 
maxasiaTebelebi mniSvnelovnad icvleba, xdeba parametrebis ganaxleba. 
veli gamoiTvleba axali parameterebiT, vidre ar moxdeba temperaturis 
mdgradoba.  

TEM Cell -sMmodelireba 

didi zomis oTkuTxa gamtarebi farTod gamoiyeneba ganivi 
eleqtromagnituri velebisaTvis. isini xasiaTdebian haeris dieleqtrikiT 
da Txeli centraluri gamtariT (septum), romelic garSemortymulia 
oTxkuTxa gamtariT. mTavari mizania arsebobdes erTgvarovani ganivi 
eleqtromagnituri veli. pirvelad aseTi gamtarebi aRweril iqna 
klaudes Claudie mier. Cvens mier damuSaveuli TEM cell –is zomebi mocemulia 
sur. 2 ze. 

TEM Cell     

 

|GE|=8.2cm      GB=8.3cm 

CD=3.6cm       AB=30.6cm 

FC=2.2cm      GF=BC=0.123 
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eb=7.9cm    bc=0.115 

ab=27.6 

cd=2.8sm 

 

sur. 2 

septum -is sisqe t=1mm. septum -is siganis cvalebadobiT miRweul iqna 1800 
mghc-saTvis septum -is optimaluri zoma. modelSi Sesavalze modebul 
iqna 1 volti Zabva, 50 om winaRobaze.  TEM cell meore mxare bolovdeba 
aseve 50 omiani winaaRmdegobiT, raTa moxdes winaRobaTa SeTanxmeba. sur. 
3-ze naCvenebia modelirebuli  TEM cell. 
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velis  Ez  simulirebiuli komponenti mocemulia sur 4-ze. Aaq TiTeuli 
elementisaTvis gamoTvlilia impedansi, simZlavre da S11. aseTi 
velisaTvis e.w mdgari talRebis koeficienti tolia 1,1-sa xolo 
gadatanili simZlavre 99,5%-s Seadgens. rogorc sur.5 -ze vxedavT 
erTgvarovani veli miiReba TEM Cell –is centralur nawilSi da igi 
gacilebiT metia vidre sakvlevi biologiuri obieqti- moluskis nervuli 
sistema.  
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b) 
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sur. 4  Ez velis gavrceleba TEM cell –Si 

naCvevnebia sxvadasxva feris qargaSi. 

 



 

sur 5. velis erTvgarovani nawili TEM Cell-Si. 

 

TEM Cell-is eleqtromagnituri maxasiaTeblebis gazomva  

 

 

 

sur. 6    Seqmnili TEM Cell -is foto mobilur telefonTan erTad. 

 

gazomvebi Catarda HP 8757A Automatic network Analizer da HP 8341B Synthesized Sweeper –
is gamoyenebiT. 

gazomvebis sqematuri gamosaxuleba mocemulia sur. 7-ze 



 

   TEM Cell 

 

sur. 7 TEM Cell -is gamokvlevis sqema 

Pin/Pout  gamoiTvlba formuliT  

Pin/Pout  = 1 - [(KSW-1)/(KSW+1)]²= 

4KSW/(KSW+1) ² 

sadac KSW  aris mdgari talRebis koeficienti, 

Pin  aris TEM Cell-Si Sesuli eleqtromagnituri  velis simZlavre. 

Pout  aris –is gamosavali eleqtromagnituri  velis simZlavre. 

 

sur-8 ze naCvenebia HP 8757A Automatic network Analizer –is ekranidan gadaRebuli 

Cveneba, romelic asaxavs damuSavebuli TEM Cell-is KSW –bs 1700 mhc-1900 mhc 
sixSireebis diapazonSi. 

 

HP 8757A 

Automatic 

network Analizer  

 

HP 8341B 

Synthesized 

Sweeper 



 

 

 

sur. 8 TEM Cell-is mdgari talRis koeficientebi 1700 mghz-1900 mghc diapazonSi. 

 

sur 9 –ze naCvenebia TEM Cell –is KSW –bi 500 mghc-dan 3 gherc sixSireebis 
diapazonSi. 

 



 

sur. 9. TEM Cell-is mdgari talRis koeficientebi 500 mghz-3 ghc diapazonSi. 

qvemoT mocemulia TEM Cell –is KSW –bi da gamosaval simZlavreebis fardobebi 
Sesaval simZlavreebTan sixSireTa im diapazonebSi, romlebic Seesabamebian 
mobiluri telefonebis gamosxivebis sixSireebs. 

1,77-1,92 Ghz intervali. 

f=1,847 Ghz  

SW=1,154 

Pout/Pin=99,5% 

2,27- 2,38 Ghz intervali. 

 f=2,3441 Ghz 

KSW=1,36 

Pout/Pin=97,7% 

 

980 MHz intervali. 

 KSW= 1,14 

Pout/Pin=99,5% 

 

eqsperimentuli bazis momzadeba moicavda agreTve 1800 mgc generatoris 
damuSavebasa da  Seqmnas. generatoris modulaciis sixSirebi unda yofiliyo 
1-20 hc. aRniSnuli generatori iqna damuSavebuli da realizebuli. ix sur.10  



 

sur. 10 generatori da TEM Cell.H 

 

helmholcis koWebi 

1-20 herci dabali sixSiris mqone eleqtromagnituri velebis neironis 
aqtivobaze zemoqmedebis Seswavlis mizniT damuSavda helmholcis koWebi. 
koWebis wyvilis centrSi magnituri velis mniSvneloba gamoiTvleba 
formuliT: 

                                                            

sadac: 

 B aris magnituri nakadi gamosaxuli gausebSi, 

 aris garemos magnituri SeRwevadoba,  

N aris xviaTa ricxvi  

I aris denis Zala mavTulSi.  

R aris koWis diametri  metrebSi.  

Cvens SemTxvevaSi N=523, Imax=1 ampers. R=0,1 m. amrigad maqsimaluri 
magnturi veli centrSi 6  mili teslaa. 



  SpectranNF-5035- iT koWebsSua areSi sxvadasxva wertilebSi velis 
gazomvis Sedegad dadginda, rom koWebs Sua, centrSi, veli erTgavrovania 
da misi zomebia 2x2x2 sm. Ees moculoba bevrad metia sakvlevi 
biologiuri obieqtis – moluskis nervuli sistemis zomebze. 
erTgvarovneba inaxeba denis yvela mniSvnelobisaTvis. 

suraTze qvemoT mocemulia Seqmnili helmholcis koWebis suraTi. 

 

sur. 11 helmholcis koWebi 

helmholcis koWebis kveba xdeba dabali sixSiris generatoridan. imis 
gamo, rom generator iZleva uaRresad sust denebs (miliamperis rigisa) 
xolo maqsimaluri Zabva 15 voltis farglebSia, Seiqmna simZlavris  
gamaZlierebeli, romelic am denebis pikur mniSvnelobas aZlierebs 1 
amperamde. 

cxrili gviCvenebs denis mniSvnelobebs Sesaval wredsa da helmhlcis 
koWebis xviebSi (gaZlierebuls) da aseve magnituri velis induqciis 
mniSvnelobas koWis Sua areSi. 

cxrili 

denis mniSvneloba 
Sesaval wredSi 
miliamperebSi 

denis mniSvneloba 
helmholcis koWebis 
xviebSi miliamperebSi 

magnituri velis 
induqvia mili 
teslebSi 



1 100  0.6 

2 200 1.14 

3 300 1.68 

4 400 2.22 

5 500 2.76 

6 600 3.3 

7 700 3.84 

8 800 4.38 

9 900 4.83 

10 1000 6 

 

emv-bis calkeul neironze gavlena 

telefonebis gamosavali maqsimaluri simZlavre 1 vatis tolia. Tumca efeqturi 
simZlavre romelsac realurad gamoasxivebs telefoni ar aRemateba 0,125 vats. 
literaturidan cnobilia, rom Tavis tvinis is neironebi, romlebic uSualo 
siaxloveSi arian telefonis gamomsxivebel antenasTan STanTqaven daaxloebiT 
5vati/kg pikur simZlavres. es Seesabameba 5 vat maqsimalur gamosaval 
simZlavres. gamomdinare aqedan Sesaswavl Sesaval simZlavreebad aRebul iqna 
0,125 vati da  5 vati. 

 sakvlevi ganglia Tavsdeba penoplastis mcire kameraSi. kameris moculoba 1 
sm3 –ia. kamera ivseba ringeris xsnariT. penoplastis eleqtruli maxasiaTeblebi 
TiTqmis identuria haeris eleqtruli maxasiaTeblebisa, amitom gamoTvlebSi 
penoplastis parametrebi aRebul iqna haeris parametrebis tolad. TiTeul 
eqsperimentSi ganisazRvreboda eqspozociaSi myofi preparatis koordinatebi, 
rac saWiroa gangliisa da calkeuli neironis mier STanTqmuli kuTri 
simZlavris e.w. SARFgamosaTvlelad. aseve gamoiTvleboda temperaturis nazrdi, 
romelic eleqtromagnituri velis mimarT neironis eqspoziciiis Sedegia. SAR–sa 
da temeperaturis nazrdis gamoTvla xdeba FTDT meTodis gamoyenebiT 
kompiuterSi.  

eqsperimentebis seriaSi adgili hqonda neironis stimulacias ujredsSiga 
mastimulirebeli impulsebiT da uwyveti eleqtromagnituri velis zegavlenis 
Seswavlas neironis reaqciebze aRniSnuli saxis stimulirebis mimarT. neironis  
ujredSiga deniT stimulirebisaTvis gamoyenebul  iqna xelsawyo BPicoampere 

source K 261. damuSavda specialuri mwyvetara, romelic ganapirobebs 
mastimulirebeli denis impulsebad gadaqmnas. mwyvetaras aqvs wyvetis drois 
regulirebis saSualeba, rac ganapirobebs mastimulirebel ujredSiga 
impulsTa xangrZlivobis regulirebis saSualebas. impulsebis xangrZlivoba 



icvleboda 4 miliwamidan 20 miliwamamde.  umetes SemTxvevaSi aiReboda 4 
miliwami. es dro bevrad naklebia qmedebis potencialis winmswreb latentur 
drosTan SedarebiT da amrigad nebismieri reaqcia mxolod neironSi mimdinare 
procesebze aris damokidebuli.  

neironis stimulze reaqciebis registraciisa da ujredSiga stimulaciisaTvis 
xdeboda neironSi ori mikroeleqtrodis Seyvana. erTerT maTganze miewodeba 
denis impulsebi, xolo meore maTganiT xdeba registracia. mikoeleqtrodebis 
neironSi Syvanisas neironis dazianebis Tavidan asacileblad gamoiyeneba ori 
piezio mikromanipuilatori PM-20, romelic ganapirobebs mikroeleqtrodebis 
myisier da dauzianebel Sesvlas neironSi. gamaZliereblis gamosavali 
mierTebulia monacemTa aRebis sitema Powerlab Data acquisition System_Tan "Powerlab 4-
30", riomelic aRWurvilia "Chart 5" programiT.  

moluskis nervuli sistemis aReba kvlevis obieqtad imiTaa saintereso rom, jer 
erTi am neironebis yvela ZiriTadi biofizikuri da eleqtrofiziologiuri 
procesi da maxasiaTebeli identuria umaRlesi ganviTarebis cxovelTa 
analogiur procesebsa da paramatrebTan. meore da mTavari isaa, rom moluskis 
centralur nervul sistemaSi arian identificirebadi neironebi. maTi zoma 150-
200 mikrons aRwevs. amasTanave maTi mdebareoba Seferiloba da sxva yvela 
maxasiTebeli ganmeorebadia preparatidan preparatamde. es saSualebas iZleva 
eqsperimentis pirobebi iyos  identurni.  

miCveva (habituacia) aRebul iqna rogorc calkeuli neironis doneze 
informaciis Senaxvis (daswavlis) modeli. 

 

sakontrolo neironebis ujredSiga stimulacia da Sesabamisi reaqciebi. 

eqsperimentis dasawyisSi neironis gaRizianeba xdeboda 0,01 na amplitudis mqone 
ujredSiga impulsebiT. cdebiT dadginda, rom aseTi amplitudis mqone 
mastimulirebeli impulsebi ver iwveven neironis iseT aRgznebas, rom neironma 
stimuls upasuxos qmedebis potencialis generirebiT. Semdeg xdeboda 
mastimulirebeli impulsebis amplitudis TandaTanobiTi momateba manamde, vidre 
neironi maT ar upasuxebda qmedebis potencialis generirebiT. aseTi stimulacia 
ganapirobebda erT matimulirebel ujredSiga impulsze erTi qmedebis 
potencialis generirebas. stimulirebis aseTi wesi SeiZleba ganxilul iqnas 
rogorc neironisaTvis informaciis gadacemis modeli. neironis reagirebs 
stimulze garkveuli drois ganmavlobaSi, Semdeg iwyeba zogierTi stimulis 
upsuxod gamotoveba, xolo bolos dgeba stimulisadmi sruli miCveva, rac 
imaSi gamoixateba, rom neironi aRar pasuxobs stimulebs qmedebis potencialis 
generirebiT. 

sur 12-ze sailustraciod naCvenebia erTerTi identificirebuli neironis 
stumulis mimarT miCvevis dinamika. 



 

 
sur. 12 N RPG#3 neironis miCveva 0,1 na amplitudis mqone ujredSiga impulsebiT 
stimulaciaze. sruli miCveva ganxorcielda 2 wuTis ganmavlobaSi stimulaciis Semdeg.  

mastimulirebel impulsTa xangrZlivoba 4 miliwamia. TiTeuli ujredsSiga 
mastimulirebeli impulsi iwvevs an qmedebis potencialebis aRmocenebas, an atrefaqts 
(mcire kbilanebs) Canawerze. amitom mastimulirebeli impulsebi uSualod araa naCvenebi. 
abcisaTa RerZze gadazomilia dro wm; ordinatTa RerZze potencialTa sxvaoba 
voltebSi. gamaZliereblis gaZlierebis koeficienti 100-is tolia. gamomdinare aqedan 
qmedebis potencialTa amplituda 70 milivoltis tolia.  

 

neironis mier stimulze qmedebis potencialiT pasuxis xangrZlivoba 
damokidebulia stimulis amplitudaze, ujredSiga impulsebis miwodebis 
sixSireze da TiTeuli impulsis xangrZlivobaze. rac metia es amplituda miT 
gvian dgeba miCveva. Tu amplituda Zalian maRalia, (ramodenime na) maSin miCveva 
SeiZleba ar dadges. ujredSiga impulsebis xangrZlivobis gazrda adidebs 
miCvevisaTvis saWiro dros, Tumca miCveva yovelTvis dgeba, maSinac ki, Tu am 
impulsTa xangrZlioba usasruloa, e.i. neirons vaRizianebT ara impulsebiT 
aramed mudmivi deniT. miCvevisaTvis saWiro dro ukuproporciulia zemoT 
aRniSnuli sixSirisa- rac naklebia es sixSire, miT gvian dgeba miCveva. miCvevis 
dadgomisas stimulacias vwyvetT. stimulaciis ganaxleba ramodenime wuTis 
Semdeg ar iwvevs am stumulze neironis mier qmedebis potencialebiT pasuxs, e.i. 
adgili aqvs informaciis Senaxvas. dro, romelSic xdeba aRniSnuli 
informaciis Senaxva varirebs neironidan neironamde, aseve damokidebulia 
matimulirebel ujredsSiga impulsebis amplitudaze pirdapir proporciulad. 
stimulze qmedebis potencialebiT reaqciis unaris aRdgenas saSualod 
sWirdeba 20-30 wuTi. xelmeored igive ujredsSiga impulsebiT stimulirebis 
SemTxvevaSi  sruli miCvevis dadgomisaTvis saWiro dro mcirdeba. stimulaciis 
seriebis mravaljeradi ganmeorebis SemTxvevaSi SeiZleba miRweul iqnas 
mdgomareoba, rodesac neirona ar generirebs qmedebis potencialebs mocemuli 
amplitudis mqone ujredsSiga denis impulsebze. i.e. xdeba informaciis sruli 
daswavla. 

miCvevis drois garda neironis ujredsSiga impulsebiT stimulaciaze miCveva 
SeiZleba daxasiaTdes qmedebis potencialebis winmswrebi latenturi droiT da 
maTi aRmocenebis zRurbliT. aRniSnuli latenturi dro ar aris mudmivi da 
ganicdis araregularul cvalebadobas, Tumca SeimCneva zrdis tendencia. sur 



13-ze mocemulia erTerTi neironis qmdebis potncialTa latenturi droebi misi 
ujredSiga impulsebiT stimulaciis dros. 
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sur. 13 latenturi droebis damokidebuleba ujredsSiga denis impulsis (stimulis= ST) 
nomerze, stimulis nomeri emTxveva qmedebis potencialis nomers.  

abscisaTa RerZze gadazomilia stimulis nomeri. 

ordinatTa RerZze gadazomilia latenturi periodis dro miliwamebSi. tendencia 
gamosaxulia Savi uwyveti xaziT. zrdis tendencia aSkaraa. 

 

zRurblis mniSvneloba, msgavad latenturi periodisa, ganicdis araregularul 
cvalebadobas, magram zrdis tendencia ar SeiniSneba. sur. 14-ze naCvenebia 
zRurblis mniSvnelobis damokidebuleba qmedebis potencialis nomrisagan.  
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sur. 14 zRurblis mniSvnelobis damokidebuleba qmedebis potencialis nomrisagan.  
zRurblis varaiaciebi araa didi. tendencia gamosaxulia uwyveti Savi xaziT. vxedavT 
rom tendencia mudmivobiskenaa. 

 

uwyveti eleqtromagnituri velis mimarT eqspozirebul neironebis ujredSiga 
stimulacia da Sesabamisi reaqciebi. 

 

rogorc zemoT naCvenebi iqna, stimulaciis seriebis ganmeorebis SemTxvevaSi 
stimulaciis yovel mimdevno seriis mimarT neironis reaqciebi klebulobs. 
gamomdinare aqedan dasxivebuli neironebis stimulacia ujredSiga denis 
impulsebiT xdeboda mxolod erTxel. Sedareba xdeboda dasxivebuli 
neironebnis miCvevis dinamikasa da sakontrolo neiornis miCvevis dinamikas 
Soris stimulaciis mxolod pirveli seriebisaTvis. 

sur 15-ze naCvenebia erTerTi neironis, romelic daqvemdebarebulia TEM Cell-Si 
eqspozicias, ujredSiga denis impulsebis mimarT miCvevis dinamika.  

 
sur. 15. dasxivebul neironis miCveva ujrdSiga denis impulsebiT stimulirebis mimarT. 
eleqtromagnituri velis mimarT eqspozicia moxda TEM Cell-Si. dasxivebis reJimi- 
aramodulirebadi (uwyveti) eleqtromagnituri veli. Sesavali simZlavre – 0,125 vati. 
eqspoziciis dro 60 wuTia. STanTqmis kuTri Tanrigi-SAR= 0,9 vati/kg. temperaturis 



nazrdi = 0,1° C. TiTeuli mastimulirebeli impulsis xangrZlivoba 4 miliwamis tolia. 
sruli habituacis dadga 2 wuTsa da 30 wamSi, rac odnav metia vidre sur 1-ze aRwril 
SemTxvevaSi.DGA 

 

sakontrolo neironebis msgavsad, dasxivebul neironTa SemTxvevaSic, 
latenturi periodi ganicdis araregularul rxevas, romelsac zrdis 
tendencia aqvs. suraT 16-ze naCvenebia erTerTi aseTi damokidebuleba latentur 
periodsa da qmedebis potencialis nomers Soris dasxivebuli neironisaTvis.   
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sur. 16. latenturi periodis damokidebuleba qmedebis potencialis nomerze. SeiniSneba 
latenturi periodis araregularuli rxeva zrdadobis tendenciiT. neironi LPG#3 TEM 

Cell-Si daeqvemdebara daasxivebas 60 wuTis ganmavlobaSi. Sesavali simZlavre ASeadgens 
0,125 vats. dasxiveba – uwyvet reJimSi. STanTqmis kuTri sidide SAR=0,9 vati/kg. 
temperaturis nazrdi 0,1° C. abscisaTa RerZze gadazomilia stimulis nomeri, ordinatTa 
RerZe gadazomilia dro wamebSi.  

 

zRurblis damokidebuleba qmedebis potencialis nomris mimarT dasxivebuli 
neironebisaTvis msgavsia sakontrolo neironebis igive damokidebulebisa. 
gamoTvlebi  gviCveneben, rom STanTqmis kuTri Tanrigi - SAR damokidebulia 
Sesaval simZlavreze, romelic miewodeba TEM Cell-s. meores mxriv, 
literaturidan cnobilia, rom rodesac xdeba mobiluri telefonis 
gamosxivebis STanTqma Tavis tvinis neironebis mier, es STanTqma araTanabaria. 
kerZod, telefonis mdebareobis mimarT uaxloesi neironebi STanTqaven 
gacilebiT met simZlavres, vidre tvinis siRrmiseuli neironebi. gamomdinare 
aqedan, momdevno eqsperimentis seriebSi TEM Cell-is Sesavalze simZlavre 
gazrdil iqna 5 vatamde. 



sur. 17-ze naCvenebia erTerTi neironis reaqciebis dinamika ujredSiga denis 
impulsebiT stimulaciis  mimarT, rodesac igi daeqvemdebara eleqtromagnitur 
gamosxivebas 5 vati Sesavali simZlavriT TEM Cell-Si.   

  

a 

 
b 

sur. 17. LPG #3 neironis  reaqciebi 0,1 na amplitudis mqone ujredSiga denis impulsebiT 
stimulaciis mimarT. TEM Cell-Si eleqtromagnituri velis Sesavali simZlavre Seadgens 5 
vats. eqspoziciis dro 60 wuTi. dasxivebis reJimi aris aramodulirebadi uwyveti 
eleqtromagnituri veli. gamoTvlili  SAR=5,3 vati/kg. temperaturis nazrdi 4,8° C tolia.  

a) neironis reaqciebi stimulaciis dasawyisSi. 

b) neironis reaqciebi stimulaciis 14-e wuTze. aSkaraa, rom miCveva ar Camoyalibda 
14 wuTiani stimulaciis fonzec ki. miCvevis daTrgunva aSkaraa.   

 

latenturi periodze dakvirvebam gamoaaSkarava, rom gazrdili Sesavali 
simZlavris pirobebSi saSualo latenturi periodi Semcirebulia sakontrolo 
neironebis saSualo latentur periodTan SedarebiT. sur. 18 ze naCvenebia 
qmedebis potencialis nomridan latenturi periodebis damokidebuklebebi 
daxivebuli da dausxivebeli neironebisaTvis.  

 

 



 
 

sur. 18 neironebi -- orive  RPG#3.  latenturi periodis damokidebuleba qmedebis 
potencialis nomridan sakontrolo neironisaTvis (Series 1) da dasxivebuli 
neironisaTvis (Series 2). orive neironisaTvis latentur periodis tendencia zrdadia, 
Tumca aSkaraa, rom dasxivebuli neironisaTvis saSualo  saSualo latenturi periodi 
mniSvnerlovnad mcirea sakontrolo neironis Sesabamis saSualo latentur periodTan 
SerdaebiT.  dasxivebuli neiornisaTvis TEM Cell-Si eqspoziciis xangrZlivoba Seadgens 60 
wuTs. Sesavali simZlavre 5 vatia. SAR 5,1 vati/kg. temperaturis nazrdi Seadgens 5° C. 

  

 

Sedegi 1800 mghc sixSiris uwyveti eleqtromagnituri velis neironis ujredSiga 
stimulaciaze miCvevis procesze gavlenis Sesaxeb:  

 

Sesavali simZlavris 0,125 vati mniSvnelobisas calkeul neironis mier 
STanTqmuli energiisaTvis STanTqmis kuTri Tanrigi - SAR   1 vati/kg-mdea. aseTi  
eleqtromagnituri velis zemoqmedeba ar iwvevs neironis miCvvevis dinamikis 
mniSvnelovan Secvlas sakontrolo neironebTan SedarebiT. orive SemTxvevaSi 
TiTqmis tolia miCvevsisaTvis saWiro dro.  

Sesavali simZlavris 5 vatis pirobebSi STanTqnis kuTri Tanrigi- SAR 
mniSvneloba 5 vati/kg farglebSia. neironis mier simZlavris STanTqmis 
procesi Termulia, radgan temeraturis nazrdi mniSvnelovania da   5°C 
farglebSia. aseTi dasxiveba cvlis neironis mier stimulze reaqciis 
dinamikas da Trgunavs neironis miCvevis unars. 

  

 

1800 mghc sixSiris uwyveti eleqtromagnituri talRis neironis sinafsur 
stimulaciaze miCvevis procesze gavlena.  

adamianisa Tu cxovelis tvinSi neironebi urTirTqmedeben erTmaneTTan da 
gadacemen informacias sinafsuri kavSirebis saSualebiT. Tu ganvixilavT ori 
neironisagan Semdgar sistemas, romlebic sinafsuri kavSiriTaa dakavSirebuli, 
vnaxavT, rom TiTeuli maTganis calk calke aRgznebis pirobebSi aRgzneba 
gadaecema mxolod erTi neironidan meores, maSin roca piruku aRgznebas 
adgili ar aqvs. puruku aRgzneba SeiZleba ganxorcieldes mxolod im 



SemTxvevaSi rodesac arsebobs meore sinafsic, oRond mimarTuli meore 
neironidan pirvelisaken. amrigad, erTi neironidan aRgzneba rom gadaeces meore 
neirons saWiroa es aRgzneba aRiZras jer pirvel neironSi. es gamoiwvevs 
qmedebis potencialebis seriis gaCenas pirvel neironSi. rodesac es 
potencialebi miaRweven sinasfss, isini gamoiwveven sinafsur WrilSi neiro-
mediatoris gamoyofas. neiro mediatori Tavis mxriv iwvevs momdevno neironis 
membranis (e.w. postsinafsuri membranis) depolarizacias da zRurblis miRwevis 
SemTxvevaSi qmedebis potencialis(ebis) generacias. Semaval impulsTa qargaSi 
Cawerilia presinafsuri neironidan momdinare informacia.  

cocxali arsebebi cxovroben ganuwyvetliv cvalebad garemoSi. maT uwevT am 
cvlilebebTan Segueba. evoluciis pirobebSi is organizmebi, romlebsac 
gamoumuSavdaT Seguebis unari gadarCnen, xolo am unaris ara mqoneni 
gadaSendnen. nervuli sistemis mqone cxovelebSi Seguebadobas ganapirobebs 
maTi nervuli sitema da tvini. tvinis aqtivoba xasiaTdeba daswavlis unariT. 
informaciis daswavla anu Senaxva mniSvnelovanwiladaa dakavSirebuli tvinSi 
mimdinare plastiur gardaqmnebTan. plastiuroba gvxvdeba sxvadasxva doneze 
dawyebuli mTeli tvinidan da damTavrebuli calkeuli neironiT Tu am 
neironis qve doneebiT. plastiuri cvlilebebi moicvaven or aspeqts, erTia 
miwodebuli stimulis ganmeorebis pirobebSi reaqciis gaZliereba anu 
fasilitacia, xolo meore piriqiT- miwodebuli signalebis gameorebis 
pirobebSi reaqciis Sesusteba da Caqroba anu habituacia. habituacias aseve 
moixsenebeben e.w. negatiuri daswavlis saxeliTac. imis gamo rom neironidan 
neironSi informacia gadaecema sinafsuri kavSirebis saSualebiT habituaciis 
mizezi sinafsebSi unda veZeboT. sinafsur habituacias ori gamovlineba aqvs – 
presinafsuri da postsinafsuri. presinafsuri gamovlinebisas adgili aqvs 
Semdeg pirobebs: stimulis ganmeorebis pirobebSi xdeba gadamcem neiro-
mediatoris sul ufro metad gamoyofa. Tu stimulacia didxans grZeldeba 
moxdeba mediatoris gamoleva. amis gamo Semomavali qmedebis potencialeba aRar 
arian efeqturni, raTa gamoiwvion mediatoris gamoyofa da maSasadame momdevno 
neironia aRgzneba. gacilebiT rTuli meqanizmebi udevs safuZvlad 
postsinafsur habituacias. radgan am SemTxvevaSi xdeba postsinafsuri membranis 
desesitizacia, ris gamoc Semomavali aRgzneba aRaraa sakmarisi raTa aRagznos 
neironi da gamoiwvios qmedebis potencialTa generireba. 

dasaxuli amocanis gadasawyvetad Semdegi meTodika iqna SemuSavebuli: 
Tavdapirvelad xdeba cxovelis tvinisa (nervuli gangliebis) da misi mkvebavi 
aferentuli nervebis amokveTa.  es izolirebuli gangliebi  Tavsdeboda 
ringeris xsnarSi, romlis Semadgenlobaa: NaCl 80 molM; KCl  4molM; CaCl2 7molM; 
MgCl2 5molM; Tris-HCl buffer 5molM; pH =7,5. sakvlevad aRebul iqna identificirebadi 
giganturi neironebi. maTi eleqtrofiziologiuri da biofizikuri parametrebi 
ganmeorebadi arian cxovelidan cxovelSi. es saSualebas gvaZlevs SevadginoT 
saimedo statistikuri suraTi dasaxuli amocanis gadasaWrelad. neironebis 
sinafsuri gziT stimulaciisaTvis SevimuSavebul iqna Semdegi saxis meTodika:  
vaxdenT romelime aferentuli nervis stimulacias Zabvis impulsebiT. 
miwodebuli stimulacia sinafsuri gziT gadaecema sakvlev neirons. neironis 
stimulze reaqciebis Sesaswavlad SerCeul sakvlev neironSi Tavsdeba 
mikroeleqtrodi. 

eqsperimentis sqema mocemulia sur. 19-ze qvemoT. 



 

sur. 19 gangliebis sqematuri gamosaxva. identificirebuli giganturi neironebi 
aRniSnulia cifrebiT. pirveli gafarToeba sqematurad gviCvenebs neironis 
ujreSiga registraciisa da stimulaciis sqemas, meore gafarToeba sqematurad 
gviCvenebs nervis stimulacias Semwovi eleqtrodebis saSualebiT. 

 

Tu gangliebis aferentuli nervebi, romelsac unda miewodos stimulacia, ar 
iqneba siTxeSi (maril xsnarSi) moTavsebuli, maSin isini Zalian swrafad 
gamoSrebian da dakargaven sicicxlis unarianobas. meores mxriv, Tu ki siTxeSi 
moTavsebul nervs davakontaqtebT gamtarTan Zabvis impulsebis mosadebad da 

movdebT Zabვas aRznebis efeqtს ver miviRebT. amis mizezi  ki isaa, rom nervebi 
marilxsnariT daSuntuli aRmoCndeba, romlis winaRoba gacilebiT naklebia 
nervis winaRobasTan SedarebiT. gazomvebma gvaCvenes, rom nervis winaRoba 
ramodenime aseuli kiloomis rigisaa, maSin roca marilxsnaris winaRoba ar 
aRemateba omis meaTed nawilebs. am winaaRmdegobis gadasalaxavad SevimuSaveT 
Semwovi eleqtrodebis sitema, romlis arsi Semdegia: viRebT minis kapilars, 
risganac jer mzaddeba mikroekleqtrodi, Semdeg xdeba wveris wakveTa ise, rom 
masSi nervis Sewovisas nervma srulad Seavsos eleqtrodis mTeli sivrce. aseT 
SemTxvevaSi eleqtrodis Sig moTavsebil xsnarsa da ringeris xsnars Soris 
eleqtruli kontaqti mxolod nervis saSualebiT ganxorcieldeba.  

dasaxuli amocanis gadasaWrelad uaRresad didi mniSvneloba aqvs eqsperimentis 
zust ganmeorebadobas, raTa dadgindes SesaZlo gansxvaveba sakontrolo 
neironebis reaqciebisa da elqtromagnituri velis mimarT eqspozirebul 
neironebs Soris. amisaTvis stimulaciis pirobebi zustad gansazRvruli da 



ganmeorebadi unda iyos.ELSemCneul iqna, rom marcxena palialuri nervi kunTTan 
innervaciis midamoSi iyofa or nawilad. gamomdinare aqedan stimulaciisaTvis 
viRebT or Semwov eleqtrods, romlebSic Seiwoveba marcxena palialuri 
gangliis es ori ganStoeba. eqsperimentis identificirebadobisaTvis rCeba 
mxolod am nervebis mastimulirebel signalTa identificiuroba. amis 
gadasawyvetad viyenebT Cvens mier kostruirebul stimulators. stimulatori 
iZleva saSualebas  miviRoT sxvadasxva sixSiriT Zabvis impulebi. Zabvis 
impulsebis xangrZlivoba da amplituda regulirebadia survilisamebr.OBA 

sinafsuri gziT neironis aRsagznebad Semwov eleqtrodebs miewodeba Zabvis 
impulsebi. impulsebis seriaSi TiTeuli impulsis xangrZlivoba 50 miliwamis 
tolia. maTi mimdevrobis sixSire 1,0 HherciT ganisazRvra. stimulacias 
viwyebT yovelTvis minimaluri mniSvnelobidan- 0,1 voltidan. aseTi 
amplitudis stimuli zRurblovania. Semdeg xdeba amplitudis TandaTan 
momateba, vidre reaqciebSi ar gamoCndeba qmedebis potencialebi.  

suraT 20-ze mocemulia tipiuri suraTi marcxna parietaluri gangliis #3 
identificirebadi neironis reaqciebisa marcxena pallialur gangliaze 
stimulis miwodebis pirobebSi (sakontrolo neironi). stimulis amplituda 
zRurbls aRemateba da SeadgensEN 0,5 V.  

 

sur 20. oscilogramaze vxedavT neironis reaqciebs qmedebis impulsebis 
generirebis saxiT nervze mastimulirebel Zabvis impulsebis modebis gamo. 

Zabvis impulsebis mimdevroba mocemulia oscilogramis qveS. am 
mastimulirebel impulsTa amplituda Seadgens 0,5 volts. mimdevrobis 
sixire 1 hercia. TiTeuli maTganis sigane 50 miliwamis tolia. aSkaraa, rom 
Tavdapirvead TiTeuli mastimulirebeli impulsi iwvevs neironis mier 
ramodenime qmedebis potencialis generirebas. mastimulirebel impulsTa 
ganmeorebis kvalobaze generirebul impulsTa sixSire klebulobs da 



utoldeba stimulis sixSire. habituaciis dagdomis Semdeg neironi 
upasuxod tovebs stimuls.  

amrigad, rogorc vxedavT, stimulis miwodebaze,  romelic warmoadgens 
Zabvis imulsebis erTobliobas, neironi pasuxobs qmedebis potencialebis 
jgufiT TiTeul mastimulirebel ipulsze. es reaqciebi TandaTan susteba 
da bolos myardeba sruliMmiCveva, rac imaSi gamoixateba, rom mTlianad 
wydeba neironis mier qmedebis potencialebia generireba stimulze reaqciis 
saxiT. habituaciis es movlena SeiZeba ganvixiloT rogorc neironis mier 
informaciis gadamuSaveba da Senaxva. mocemuli stimulis seria 
neironisaTvis gaxda “cnobadi”, man daagrova informacia da Sewyvita am 
stimulze reagireba rogorc gadamuSavebul informaciaze. sruli 
habituaciis dadgomis Semdeg stimulacias vwyvetT. am Sewyvetidan 20-30 
wuTis intervalSi stimulaciis xelaxali miwodeba   neironSi ar aRZravs 
reagirebas am stimulze qmedebis potencialebiT, rac imis momaswavebelia 
rom neirons “axsovs” miwodebuli informacia.  

Tu stimulacias gavimeorebT 30 wuTis Semdeg neironis reaqciebi am 
stimulze qmedebis potencialebis generaciis saxiT isev aRsdgeba, oRond 
reaqciebi odnav Sesustebilia pirvandel reaqciebTan SedarebiT.  Semdgomi 
30 wuTis dasveneba saSualebas iZleva suraTis aRsadgenad, oRond reaqcia 
kidev ufro Sesustebulia. Tu aseT stimulacias gavimeorebT mravaljer, 
neironi aRar reagirebs mocemul stimulze da SeiZleba iTqvas, rom 
neironma srulad moaxdina informaciis Senaxva. amrigad neironi saSualod 
informacias inaxavs moklevadiani mexsierebis saxiT 30 wuTamde drois 
intervalSi. 

dasxivebul neironTa gamokvleva  

sur 21 ze vxedavT tipiur suraTs dasxivebuli neironis (marcxena parietaluri 
gangliidan) stimulze miCvevis dinamikisa TEM Cell-Si dasxivebis Semdeg. Semavali 
talRis simZlavre tolia 0,125 vatisa. neironis mier STnTqmuli simZlavre 
udris 0,72 vati/kg.  neironis mgrZnobeloba dausxivebel neironTan SedarebiT 
gaizarda da  igi reagirebs 0,5 V amplitudis stimulze ufro metad vidre 
sakontrolo neironebi. 30 wuTiani intervaliT dasvenebis Semdeg stimulaciis 
seriebis ganmeorebam gamoiwvia qmedebis potencialebis reaqciebis aRdgena, 
Tumca unda aRiniSnos, rom yoveli ganmeorebuli seriis Semdeg reaqciaTa 
intensivoba klebulobs da miCveva swrafad viTadreba.  
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sur 21. pirvel oscilogramaze vxedavT neironis reaqciebs nervis 
stimulaciaze 0,4 V amplitudis mqone stimulebiT. sruli habituaciis 
dagdgomis Semdeg vxedavT mxolod aRmgzneb postsinafsur potencialebs, 
rac Seexeba qmedebis potencialebs isini srulad daiTrgunen. meore 
oscilogramaze naCvenebia igive neironis reaqciebi imave stimulze 
dasvenebidan 30 wuTis Semdeg. vxedavT rom reaciebi aRsdga qmedebis 
impulsTa saxiT, oRond ufro naklebi intensivobiT. mesame oscilogramaze 
vxedavT amave neironis reaqcias me5- stimulacis seriaze. qmedebis 
potencialebi sruliad daTrgunulia. 

 

neironebis reaqciebis xangrZlivoba damokidebulia Sesaval simZlavreze. 
eqsperimentebma cxadyves, rom Sesavali simZlavris 5 vatamde gazrdam gamoiwvia 
reqaciebis xangrZlivobis mniSvnelovani zrda, da Sesabamisad gaizarda sruli 
habituaciisaTvis saWiro droc.  seriebis ganmeoreba 30 wuTiani dasvenebis 
Semdeg aRadgens reqaciebs stimulze. Tumca, aRsaniSnavia, rom es reaqciebi 
ufro meti intensivobisaa vidre 0,125 vati simZlavris mimarT eqspoziciis dros, 
da cxadia sakontrolo neiornebis SemTxvevasTanac.   

sur. 22ze  mocemulia 5 vatis simZlavris elerqtromagnitur velSi  neironis 60 
wuTiani eqspoziciiis tipiuri Sedegi: 
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sur 22. pirvel oscilogramaze naCvenebia LPG #3 identificirebuli neironis 
reaqciebi qmedebis potencialebis saxiT marcxena palailur nervze 0,5 V 
amplitudes mqone Zabvis impulsebiT stimulaciis pirobebSi. sruli habiuacia 
damyarda 1 wuTsa da 31 wamSi.  

meore oscilogramaze naCvenebia neironis reaqciebi igive stimulis mimarT 30 
wuTiani dasvenebis Semdeg. sruli habituaciis damyarebas 27 wami dasWirda.  

 

habituaciis raodenobrivad gamosaxvisaTvis SevimuSaveT Semdegi saxis funqcia: 
abscisaTa RerZze gadazomilia qmedebis potencialis nomeri reaqciaSi, xolo 
ordinatTa RerZze ki impulsTa Soris drois intervali wamebSi. me-23 da me-24 
suraTebze mocemulia es funqciebi sakontrolo da dasxivebul 
neironebisaTvis. aSkaraa habituaciisaTvis saWiro drois gaxangrZliveba, 
generirebul qmedebis potencialTa ricxvis zrda da impulsTaSoris 
intervalis Semcireba. 



 

sur. 23 reaqciis funqcia sakontrolo neironisaTvis. X RerZze gadazomilia 
qmedebis impulsis nomeri, 

Y RerZze gadazomilia impusTaSoris drois intervali miliwamebSi. 
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sur. 24 reaqciis funqcia dasxivebuli neironisaTvis. TEM Cell-Si eqspoziciis 
dro 60 wuTia. Sesavali simZlavre Seadgens 5 vats. SAR=5,7 vat/kg.  

X RerZze gadazomilia qmedebis impulsis nomeri, 

Y RerZze gadazomilia impusTaSoris drois intervali miliwamebSi. 

 

Sedegi 1800 mghc sixSiris uwyveti eleqtromagnituri talRis neironis 
sinafsur stimulaciaze miCvevis procesze gavlenaze 

mobiluri telefonis eleqtromagnitur velSi neironis moTavseba iwvevs 
neironis aRznebadobis gazrdas, mcirdeba sinafsuri stimulis mier gamowveuli 
qmedebis potencialTa Soris drois intervali, xangrZlivdeba amave stimulis 
mimarT reaqciis dro da generirebul qmedebis potencialTa raodenoba. icvleba 
neironis funqciuri maxasiaTeblebi: sustdeba habituaciis unari da farTovdeba 
informaciis SenaxvisaTvis saWiro dro.  

1-20 herci dabali sixxSirebiT imulsurad modulirebuli 
eleqtromagnituri velis (gadamtani sixxSire 1800 megaherci) neironis 
ujredSiga stimulaciis mimarT miCvevis procesze gavlena.  

Tanamedrove mobilur kavSirgabmulobaSi  adgili aqvs ZiriTadi gadamtani 
sixSiris impulsurad anu marTkuTxa modulacias.   GSM sistemaSi  gadamtani 
sixSiris eleqtromagnituri talRa sxivdeba 4,6 miliwamis ganmavlobaSi. e.i. 
gvaqvs am xangrZlivobis marTkuTxa paketebi , romlebic Sevsebulia gadamtani 
sixSiris mqone eleqtromagnituri talRiT. drois intrvali paketis  TiTeul 
impulss Soris aris 0,546 miliwami. am drois ganmavlobaSi veli ar sxivdeba. 
aseTi organizebis Sedegad gvaqvs 217 herci dabali sixSire. yoveli 120 
miliwamis gavlis Semdeg paketis mimdinareoba wydeba 8,7 miliwamis 
ganmavlobaSi. aseTi wyveta ganapirobebs 8,3 herci dabalsiSiruli komponentis 
Semotanas saerTo suraTSi. amrigad ikveTeba ori ZoriTadi dabalsixSiruli 
komponenti: 8,3 herci da 217 herci. cxadia, aseve gvaqvs maRalsixSiruli 
komponenti saSualod 1800 megaherci. rogorc ukanasknel xanebSi gamoqveynebuli 
samecniero kvlevebidan gamoirkva, neironi axdens eelqtromagnituri velis 
demodulacias. aqedan gamomdinareobs is, rom neironze zemoqmedebs 
eleqtromagnituri velis  rogorc maRlsixSiruli aseve dabalsixSiruli 
komponentebi.  

yoveli eqsperimenti moicavda sxvadaxva preparatidan  ori neironis Seswavlas. 
erTerTi maTgani eqvemdebareboda TEM CELL-Si dasxivebas, xolo meore, gadioda  
yvela igive proceduras, TEM CELL -Si 60 wuTs ganmavlobaSi moTavsebiT, oRond 
eleqtromagnituri velis modebis gareSe (sakontrolo neironebi). amasTanave 
unda aRiniSnos isic, rom yvela SemTxvevaSi neironis stimulacia xdeboda 
zRurblze odnav maRali mniSvnelobis mqone stimulebiT. TiTeuli preparati 
gamoiyeneboda mxolod erTxel, pirveli stimulaciis pirobebSi. 

1 herci sixSiriT modulaciis Sedegebi: 



sur. 25 -ze pirvel striqonis oscilogramaze (a) vxedavT sakontrolo neironis 
ujredSiga stimulebze miCvevis suraTs. stimulacia dawyebul iqna 0,1 na 
amplitudis mqone ujerdsSiga impulsebiT. rogorc gamoirkva aseTi ipulsebi 
zRurblsqveda mniSvnelobisa iyvnen, radgan ver gamoiwvies qmedebis 
poencialebia aRmoceneba. amis gamo moxda mastimulirenbel impulsTa 
amplitudis TandaTan gazrda, vidre neironma ar upasuxa qmedebis 
potencialebiT. zRurblszeda aRmoCnda 0,5 na amplitudis impulsebi. neironma 
aseT stimulacias upasuxa 9 qmedebis potencialiT, ris Semdegac damyarda 
stimulis mimarT miCveva. maT nacvlad CanawerSi vxedavT mcire artefaqtebs 
depolarizaciuli “kbilanebis” saxiT. amave suraTze meore striqonis 
oscilograma (b) gviCvenebs dasxivebuli neironis igive amplitudis mqone (0,5 na) 
stimulze miCvevis dinamikas.  

 

 

 a 

 

 

 

b 

sur. 25. 

a- sakontrolo neironi 
b- dasxivebuli neironi. eleqtromagnituri velis sixSire 1800 megahercia. 

modulaciis sixSire Seadgens 1 hercs .  
 

neironma upasuxa 29 qmedebis potencialiT, ris Semdegac damyarda sruli 
habituacia (miCveva). amrigad Tu sakontrolo neirons miCvevisaTvis daWirda 20 
wami, dasxivebul neironis SemTxvevaSi es dro gaizarda 80 wamamde. aSkaraa, rom 
eleqtromagnitur velSi moTavsebam gamoiwvia neironis reaqciebis drois 
gazrda, anu miCvevisaTvis saWiro drois gazrda. 

2 herciT modulrebuli 1800 megaherci sixSiris elerqtromagnituri velis 
zemoqmedebiT nironis stimulze miCvevis dinamika naCvenebis suraT 26-ze. am 
suraTze pirveli striqoni (a) isev gviCvenebs sakontrolo neironis miCvevis 
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dinamikas. vxedavT, rom neironma stimuls upasuxa 12 qmedebis potencialiT da 
Semdeg dadga sruli habituacia. gazomva gviCvenebs, rom miCvevisaTvis neirons 
daWirda 22 wami. es daaxloebiT igivea ras wina SemTxvevaSi iyo sakontrolo 
neironisaTvis.  

  

 

a 

 

b 

sur. 26 

a-sakontrolo neironis miCveva stimulze- 0,8 na. 

b- 2 herci sixSiriT modulirebuli eleqtromagnituri velis gavlena neironis 
stimulismimarT miCvevaze.  

 

rogorc 1 herci sixSiriT modulaciisas, aqac gamoikveTa dasxivebis Sedegad 
neironis pasuxebis zrda da miCvevisaTvis saWiro drois gafarToveba.  

suraT 27-ze naCvenebia neironebis miCvevis dinamika. aqac, pirvel striqonze 
ilustrirebulia sakontrolo neironis reaqciebi ujredSiga stimulaciaze, 
xolo meore striqonze ki naCvenebia 3 herci sixSiriT modulirebul 
eleqtromagnitur velSi eqpozirebuli neironis igive stimulis mimarT miCvevis 
dinamika. sakontrolo neironma (a) stimulebs upasuxa 13 qmedebis potencialiT, 
ris Semdegac dadga sruli miCveva. rac Seexeba dasxivebul neirons (b), aq 22 
qmedebis potencialis generirebis Semdeg TiTqos Camoyalibda miCveva, magram 30 
wamis droiTi intervalis  Semdeg neironma isev gaagrZela periodulad qmedebis 
potencialebis generireba, rac miCvevis darRvevad SeiZleba ganvixiloT. 
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a 

 

b 

 sur. 27 

a –sakontrolo neironis miCvevis dinamika 1,2 na amplitudis mqone stimulebze 
(ujredSiga denis imulsebi). 

b- neironi dasxivda 3 herci modulaciis sixSiris 1800 megaherci 
eleqtromagnituri veliT. miCveva darRveulia. 

 

28-e suraTze ilustrirebulia 1800 megaherci velis 4 herci sixSiriT 
modulaciis pirobebi. neironi dasxivebul iqna aseTi veliT. sakontrolo 
neironi (a) stimuls mieCvia 10 qmedebis potencialis generirebis Semdeg. Tumca 
imasac unda gaesvas xazi, rom neironi Tavidanve midrekili iyo stimulebis 
nawilis “amogdebisaken”, gamomdinare aqedan sruli miCvevisaTvis dro odnav 
gazrdilia.  

am SemTxvevaSic gamoikveTa wina SemTxvevis msgavsi suraTi eleqtromagnituri 
velis mimarT eqspoziciis pirobebSi. raRac drois Semdeg TiTqos yalibdeba 
habituacia, magram Semdeg neironi isev agrZelebs stimulebze qmedebis 
potencialebiT pasuxs (b).  
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b 

sur. 28 

a- sakontrolo neironis miCveva stimulze. stimulis amplituda 0,5 na-s 
Seadgens. 

b- dasxivebuli neironis stimulze reaqciebi. 
.  

modulaciis sixSiris Semdgomma zrdam da saTanadod neironis eqspoziciam 
Sesabamis eleqtromagnituri velis mimarT aRwerilis msgavis efeqtebi 
gamoiwvia. imis gamo, rom sakontrolo neironebis stimulis mimarT reaqciebi da 
saTandod miCvevis dinamika da miCvevis dadgomisaTvis saWiro droebi saSualod 
emTxveva erTmaneTs, Semdgom suraTebze motanil iqneba mxolod dasxivebul 
neironebis stimulis mimarT reaqciebi. 29- suraTze naCvenebia erTerTi im 
neironis miCvevis dinamika, romelic dasxivebul iqna 5 herci sixSiriT 
modulirebul eleqtromagnituri veliT (gadamtani sixSire 1800 megahercia). 
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sur 29. neironis miCvevis dinamika 0,5 na amplitudis mqone ujredSiga denis 
impulsebis mimarT. neironi winaswar dasxivebul iqna 1800 mghc sixSiris 
eleqtromagnituri veliT 5 herciT modulaciis pirobebSi.  

Tavdapirveli stimulis amplituda 0,1 na-s tolia, razec qmedebis potencialebi 
ar aRmocendnen. vxedavT am aplitudis etapobriv zrdas, da neironis reaqciebs 
0,5 na amplitudis stimulis mimarT. neironis pasuxebi gamoixata 50 qmedebis 
potencialis aRmocenebaSi. Tavdapirvelad neironma zedized upasuxa 10 
stimuls. Semdeg TiTo stimulis gamotoveba daiwyo. Semdeg tovebda 2-3 impulss. 
bolos damyarda sruli miCveva. sruli miCvevis drom Seadgina 1 wuTi da 56 
wami. 5 herciT  modulaciis pirobebSic aSkaraa miCvevisaTvis saWiro drois 
zrda kontrolTan SedarebiT. 

 aRsaniSnavia rom 6-10 herci sixSiriT modulirebul eleqtromagnituri velebis 
neironis stimulze reaqciebisa da Sesabamisad stimulis mimarT miCvevis 
dinamikebs Soris mniSvnelovani gansxvaveba ar aRiniSneboda. 

suraT 30-ze naCvenebia 6-11 heciT modulirebul velebis mimarT eqspozirebul 
neironTa stimulze reaqciebi da miCvevis dinamikebi.  
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sur 30. 

a modulaciis sixSire 6 hercia 

b modulaciis sixSire 7 hercia 

g modulaciis sixSire 8 hercia 

d- modulaciis sixSire 9 hercia 

e- modulaciis sixSire 10 hercia. 

 

 

 

 

 

 

 

suraTi 31. 11 herciT modulireba 

vxedavT 11 herciT modulirebuli emv dasxivebuli neirnis reaqciebs stimulze. 
mastimulirebeli impulsebis amplituda Seadgens 1 na. 

sakontrolo neironis SemTxvevaSi neironma stumuls upasuxa 11 qmedebis 
potencialis generirebiT, ris Semdegac Camoyalibda habituacia. emv-s 
zemoqmedebis Sedegad neironma moaxdina 30 qmedebis potencialis generireba, 
Tumca habituacia mainc Camoyalibda. sakontrolo SemTxvevaSi habituaciis 
dadgomas daWirda 45 wami. dasxivebul neironis SemTxvevaSi habituaciisaTvis 
saWiro dro odnav meti iyo, aseve SeiniSneba gansxvaveba - neironma stimulebs 
upasuxa 30 qmedebis potencialiT, rac TiTqmis 3 jer metia vidre sakontrolo 
SemTxvevaSi. 
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suraTi 32.  

am suraTze naCvenebia sakontrolo neironisa da 12 herci sixSiriT 
modulirebul emv-Ti dasxivebuli neironis reaqciebi ujredSiga impulsebiT 
stimulaciaze. sakontrolo neirons habituaciisaTvis daWirda 110 wami, 
stimulze reaqciis saxiT moaxdina 20 qmedebis potencialis generireba.  

daxsivebulma neironma stimulze reaqciis saxiT moaxdina 28 qmedebis 
potencialis generireba. srul habituacias daWirda 167 wami.A   
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sur. 33 

suraTi 33 ze naCvevebia 13 herci sixSiriT modulirebili emv-s efeqti 
neironis habituaciaze. pirvel striqonze ilustrirebulia sakontrolo 
neironis xolo meore striqonze dasxivebuli neironis miCvevis dinamikebi 
erTidaigive stimuliT ujredsSiga stimulaciaze. stimulis amplituda 
Seadgens  2 nanoampers. sakontrolo neironma moaxdina 12 qmedebis 
potencialis generireba. habituaciis dro Seadgens 100 wams, Tumca unda 
aRiniSnos, rom qmedebis potebncialTa AaRmoceneba xdeboda 2-10 stimulis 
gamotovebiT. dasxivebulma neironma moaxdina 16 qmedebis potencialis 
generireba, habituacia ki 65 wami dasWirda, magram unda aRvniSnoT is 
garemoeba, rom am SemTxvevaSi qmedebis potencialebis generirebis simkvrive 
meti iyo ( xdeboda maTi aRmoceneba TiTo TiTo stimulis gamotovebiT). 
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sur. 34. 

me-34 suraTze sailustraciod motanilia 14 herci sixSiris modulaciis 
efeqtebi. pirvel striqonze aris sakontrolo neironis stimulze miCvevis 
dinamika.Hmeore striqoni daTmobili aqvs 14 herci sixSiriT modulirebuli 
emv-s mimarT eqspozicirebul neironis stimulacaze reaqciebs. sakontrolo 
neironis SemTxvevaSi adgili hqonda 16 qmedebis potencialis generirebas. 
SeiZleba iTqvas, rom reaqciebi “klasikuri” stiliT mimdinareobda. 
Tavdapirvelad neironi reagirebs qmedebis potencialiT uklebliv yvela 
stimulze, ris Semdegac iwyeba e.w. “amogdebebi”, rac imaSi gamoixateba, rom 
neironi upasuxod tovebs zogierT stimuls. srul habituacias daWirda 30 
wami, magaram aRsaniSnavia is garemoeba, rom am SemTxvevaSi stimulaciis 
zRurbli dabali iyo da qmedebis potencialebis aRmoceneba daiwyo 0,3 na 
amplitudis ujredSiga impulsebiT stimulaciaze. dasxivebulma neironma 
jer TiTqos gaimeora sakontrolos reaqciebi da upasuxa 16 qmedebis 
potencialiT, Tumca cota xanSi reaqciebi aRsdga da srul habituaciamde 
kidev 12  qmedebis potenciali gamoimuSava. 

 

 

 

suraTi 35.  

aq naCvenebia 15 herci sixSirisT modulirebuli emv-s efeqtebi neironis 
miCvevaze: sakontrolo neironis stimulze reaqciis miCveva swtafad 
damyarda. 15 herci sixSiriT moduliebuli emv-s zemoqmedebis SedegadE 
habituacias daWirda meti dro- meore striqoni. 
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 suraTi 36. 

suraT 36 ze vxedaT 16 herci sixSiriT emv-s  modulaciis efeqtebs. 
sakontrolo neironma (pirveli striqoni gamoimuSava 12 qmedebis potenciali, 
xolo sruli habituaciisaTvis saWiro drom 70 wami 
Seadgina.Heqspozicirebuli neironi 50 wamis ganmavlobaSi reagirebda 
principiT  erTi qmedebis potenciali erT  stimulze, Tumca Semdeg daiwyo 
“amogdebebi” , Tumca habituacia ar damyarda 30 wuTis ganmavlobaSi. 

AGM A  
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sur. 37 17 herci sixSiriT modulaciis efeqti. 

17 herci- dasxivebuli neironi ufro metad eqvemdebareba stimulis 
zemoqmedebas vidre sakontrolo neironi. sakontrolo neironis SemTxvevaSi 
vxedavT, rom neironi”amoagdebda” yovel 3 stimuls da pasuxobda me-4-ebs – 
zeda striqoni. dasxivebuli neironi “agdebs” mxolod TiTi stimuls da 
pasuxobs yovel meore stimuls. qveda striqoni.  

 

 

 

 

 

sur. 38 

23 March 2011 

Channel 1 

(mV) 

-

400 

-

200 

0 

200 

400 

600 

800 

200NA MIDIS 

1:05 1:10 1:15 1:20 1:25 1:30 1:35 1:40 1:45 1:50 1:55 2:00 2:05 2:10 2:15 2:20 2:25 
6 

23.03.2011 12:12:16,790 

23 March 2011 

Channel 1 

(mV) 

-

600 

-

400 

-

200 

0 

200 

400 

600 

19:20 19:25 19:30 19:35 19:40 19:45 19:50 19:55 20:00 20:05 20:10 20:15 20:20 20:25 

23.03.2011 12:30:32,740 



18 herci sixSiriT modulirebuli emv-s zemoqmedeba (sur. 38): –dasxivebuli 
neironis miCvevis dinamika metia dausxivebeli neironis miCvevis 
dinamikisagan. zeda striqoni Seesabameba sakontrolo neirons. qveda 
striqoni Seesabameba eqspozicirebul neirons. emv-s modulaciis sixSire 18 
hercia. ujredSiga impulsebis amplituda Seadgens 1,2 nanoampers.   
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sur. 39 

am suraTze ilustrirebulia sakontrolo da 19 herciT modulaciis 
SemTxvevaSi dasxivebul neironTa miCvevis dinamika. (ix. zeda da qveda 
striqonebi). 
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sur. 40 

me-40 suraTze ilustrirebulia sakontrolo neironis reaqciebi- zeda 
striqoni da  20 herciT modulirebul vels eqspozirebuli neironis 
miCvevis (qveda striqoni) dinamikebi. dasxiveba aqac zrdis neironis 
aRznebadobas. sakontrolo neironma pirvelive stimulidan daiwyo 
amogdebebi, maSin roca dasxivebuli neironi reaqciebi Tavdapirvelad 10 
stimula reagirebs uwyvetad da mxilod amis Semdeg daiwyo amogdebebis 
seria. 

 

Sedegi: 1-20 herci sixSiriT modulirebuli emv-s zemoqmedebis efeqtebi 
habituaciis dinamikaze urTierT identuria. kerZod: sakontrolo neironis 
reaqciebi Sedgeba stimulze qmedebis potencialebis generirebisagan da aseve 
“amogdebebisagan” . dasxivebis Sedegad neironis pasuxebi gaxangrZlivebulia. 
Sesustebulia habituaciis unari.   

 

sinafsuri habituacia 

sinafsuri kavSiri ganapirobebs neironis aRgznebas an Sekavebas imisda 
mixedviT Tu ra miewodeba neirons: aRmgznebi postsinafsuri potencialebi 
Tu Semkavebeli postsinafuri potencialebi. miCvevis dakvirveba gacilebiT 
efeqturia neironis aRgznebis pirobebSi radgan aRgznebas Tan axlavs 
qmedebis potencialebis (impulsebis) generireba. miCveva aisaxeba neironis 
mier generirebul qmedebis potencialTa raodenobis Semcirebasa da 
sabolood am generirebis SewyvetaSi. amis gamo Cven SeviswavlidiT neironis 
sinafsur aRgznebas da miCvevis dinamikas. Cveulebriv sinafsuri 
stimulaciisaTvis gamoiyeneba nervis stimulireba Zabvis impulsebiT. es 
axdens nervis aRzgnebas, rac gadaecema interneironebs da aRagznebs ra maT, 
iwvevs sakvlevi neironis sinafsur gaRizianebas. aRsaniSnavia is garemoeba, 
rom mniSvneloba aqvs Tu romel adgilze xdeba nervis gaRizianeba. rac 
ufro axlosaa mastimulirebeli eleqtrodebi gangliasTan miT metia 
gaRizianebis efeqti. am xelisSemSleli faqtoris Tavidan asacileblad 
saWiroa, rom mastimulirebeli denis impulsebi nervze modebul iqnas 
yovelTvis erTidaigive adgilas.  



TiTeuli eqsperimenti moicavs   neironebis gamokvlevas wyvili 
identuri gangliidan- romelTagan erTerTi aris sakontrolo, xolo meore 
eqvemdebareba eleqtromagnituri velis zemoqmedebas. aseTi midgomis arsi 
SemdegSi mdgomareobs: sakvlevi cxovelebi civsisxlianebia. amitom isini 
damokidebuli arian garemoze, amindze, tenianobasa Dda sxva faqtorebze. 
erTida igive saeqsperimento dRes rogorc sakontrolo iseve sakvlevi 
cxoveli erTidaigive pirobebSi imyofebian da amdenad neironebis reaqciebSi 
gansxvaveba an argansxvaveba iqneba eleqtromagnituri velis Sedegi da ara 
garemo pirobebis cvalebadobis Sedegi.  

suraT 41 a-ze naCvenebia erTerTi sakontrolo neironis (identificirebuli 
neironi LPG#3) reaqcia nervis stimulaciaze impulsiT. mastimulirebel 
neironis sinafsurad aRgznebisaTvis   efeqturi aRmoCnda 1,5 v.A razec 
neironma upasuxa 5 qmedebis potencialiT ris Semdegac damyarda habituacia 
da neironi aRar generirebs qmedebis potencialebs. suraT 41b-ze vxedavT 
igive identifikaciis neironis miCvevis dinamikas igive sididis stimulze TEM 

CELL-Si eleqtromagnituri velis zemoqmedebis Semdeg. 1800 mgahercis veli 
modulirebulia 1 herci sixSiriT. dasxivebuli neironi generirebs met 
qmedebis potencialebs. 
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 sur.41 

a- sakontrolo neironis miCvevis dinamika sinafsur stimulaciaze. 
b- 1800 mghc eleqtromagnitur velSi eqspozicirebuli neironis miCvevis 

dinamika igive sididis stimulze. eleqtromagnituri velis 
modulaciis sixSire 1 hercia. TEM CELl-Si Semavali velis simZlavre 5 
vatis tolia.  

 

suraT 42 a-ze ilustrirebulia sakontrolo neironis miCvevis dinamika 0,4 v 
amplitudis Zabvis impulsiT nervis stimulaciaze. reaqcia Sedegeba 4 



qmedebis potencialisagan, ris Semdegac damyarda habituacia. 
eleqtromagnituri veliT dasxivebuli igive identifikaciis sxva neironis 
miCvevis dinamika igive amplitudis stimulze naCvenebia suraT 42b-ze. 
neironma sinafsur garizianebas upasuxa 12 qmedebis potencialiT, ris 
Semdegac damyarda habituacia. 
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sur 42.  

a- sakontrolo neironis miCvevis dinamika sinafsur stimulaciaze 
b- 1800 mghc eleqtromagnitur velSi eqspozicirebuli neironis miCvevis 

dinamika igive sididis stimulze. eleqtromagnituri velis 
modulaciis sixSire 2 hercia. TEM CELl-Si Semavali velis simZlavre 5 
vatis tolia. 

 

3 herci sixSiriT modulirebuli eleqtromagnituri velis neironze 
zemoqmedebis efeqti naCvenebis suraT 43-ze. 43a daTmobili aqvs sakontrolo 
neironis Canawers. pasuxad miRebulia 4 qmedebis potenciali. 
eleqtromagnituri velis zemoqmedebis Sedegad generirebul qmedebis 
potencialTa ricxvi gaizarda 17-mde.  
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sur 43.  

a- sakontrolo neironis miCvevis dinamika sinafsur stimulaciaze. 
stimuli amplituda 1 na-s Seadgens. 

b- 1800 mghc eleqtromagnitur velSi eqspozicirebuli neironis miCvevis 
dinamika igive sididis stimulze. eleqtromagnituri velis 
modulaciis sixSire 3 hercia. TEM CELl-Si Semavali velis simZlavre 5 
vatis tolia. 

 

msgavsi efeqti aqvs 4 herci sixSiriT modulirebul elqtromagnitur vels 
neironze. suraT 44a-ze isev sakontrolo neironis sinafsur stimulze 
reaqciebia gamosaxuli. eleqtromagnitur velSi moTavsebam marTalia 
gazarda generirebul qmedebis potencialTa raodenoba, Tumca maTi 
aRmocenebis sixSire odnav Semcirebulia. 
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sur 44.  

a- sakontrolo neironis miCvevis dinamika sinafsur stimulaciaze. 
stimuli amplituda 1 na-s Seadgens. 

b- 1800 mghc eleqtromagnitur velSi eqspozicirebuli neironis miCvevis 
dinamika igive sididis stimulze. eleqtromagnituri velis 
modulaciis sixSire 4 hercia. TEM CELl-Si Semavali velis simZlavre 5 
vatis tolia. 

 

sakontrolo neironis reaqciebi urTierT msgavsia da neironi stimulze 
reagirebs 5-7 qmedebis potencialiT. suraTi 45a-ze naCvenebia morigi 
sakontrolo neironis reaqciebi stimulze. aqac miCvevis dadgomamde 
generirebul iqna 4 qmedebis potenciali. 2,5jer Zlieri reaqcia aqvs 
dasxivebul neirons. dasxiveba moxda 1800 mghc sixSiris velSi 5 herci 
sixSiriT modulaciis pirobebSi -- sur 45 b. 

8 April 201 (2)
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sur 45.  

a- sakontrolo neironis miCvevis dinamika sinafsur stimulaciaze. 
stimuli amplituda 1,5 na-s Seadgens. 

b- 5 herci sixSiriT modulirebuli 1800 mghc eleqtromagnitur velSi 
eqspozicirebuli neironis miCvevis dinamika igive sididis stimulze. 
TEM CELl-Si Semavali velis simZlavre 5 vatis tolia. 

 

suraT 46a-ze naCvenebia sakontrolo neironis (RPG#3) reaqcia sinafsur 
stimulaciaze. habituacia damyarda 13 wamSi 6 qmedebis potencialis 
generirebis fonze. eleqtromagnitur velSi eqspozirebuli neironis (RPG#3) 
igive amplitudis mqone sinafsur stimulaciaze pasuxebi mocemulia suraT 
46b-ze. am SemTxvevaSi 1800 megaherci sixSiris eleqtromagnituri veli 
modulirebuli iyo 6 Hherci sixSiriT. am SemTxvevaSi srul habituacias 
dasWirda 18 wami. generirebul iqna 23 qmedebis potenciali.  

3 May 2011
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sur 46.  

a- sakontrolo neironis miCvevis dinamika sinafsur stimulaciaze. 6 
herci sixSiriT modulirebuli 1800 mghc eleqtromagnitur velSi 
eqspozicirebuli neironis miCvevis dinamika igive sididis stimulze. 
TEM CELl-Si Semavali velis simZlavre 5 vatis tolia. 

 

7 herciT modulirebuli da Sesabamisi sakontrolo neironebis reaqciebi 
(RPG#3)  naCvevebia suraTze 47-ze. rogorc vxedavT Tanafardoba sakontrolo 
neironisa da daxsivebuli neironis sinafsur stimulaciaze reaqciebs Soris 
msgavsia zemoT aRweril SemTxvevebisa. 
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sur 47.  

a- sakontrolo neironis miCvevis dinamika sinafsur stimulaciaze.  
b- 7 herci sixSiriT modulirebuli 1800 mghc eleqtromagnitur velSi 

eqspozicirebuli neironis miCvevis dinamika igive sididis stimulze. 
TEM CELl-Si Semavali velis simZlavre 5 vatis tolia. 

 

suraT 48-50-ze Sesabamisad vxedavT 8-10 herci sixSiriT (1800 megaherci 
eleqtromagnituri velis)  modulaciis efeqts sinafsuri stimulaciis 
mimarT  miCvevis dinamikaze. 
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sur 48.  

a- sakontrolo neironis miCvevis dinamika sinafsur stimulaciaze. 
b- 8 herci sixSiriT modulirebuli 1800 mghc eleqtromagnitur velSi 

eqspozicirebuli neironis miCvevis dinamika igive sididis stimulze. 
TEM CELl-Si Semavali velis simZlavre 5 vatis tolia. 
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sur 49.  

a- sakontrolo neironis miCvevis dinamika sinafsur stimulaciaze.  
b- 9 herci sixSiriT modulirebuli 1800 mghc eleqtromagnitur velSi 

eqspozicirebuli neironis miCvevis dinamika igive sididis stimulze. 
eleqtromagnituri velis modulaciis sixSire 9hercia. TEM CELl-Si 
Semavali velis simZlavre 5 vatis tolia. 
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sur 50.  

1. sakontrolo neironis miCvevis dinamika sinafsur stimulaciaze.  
2. 10 hc modulirebuli eleqtromagnitur velSi eqspozicirebuli 

neironis miCvevis dinamika igive sididis stimulze. TEM CELl-Si Semavali 
velis simZlavre 5 vatis tolia. 

 



eqsperimenebis monacemTa statistikuri damuSavebsaTvis  Catarda 
eqsperimentuli masalis damatebiTi gaamokvleva “Chart Peak Analysys” 
saSualebiT. gaizoma yvela qmedebis potencialebis parametrebi rogorc 
sakontrolo iseve dasxivebuli neironebisaTvis: qmedebis potencialis 
amplituda; sigane, kvaluri hiperpolarizaciis amplituda, kvaluri 
hiperpolarizaciis sigane, habituaciis dro, generirebul impulsTa saSualo 
sixSire.     

suraT 51 a-ze naCvenebia erTerTi dasxivebuli neironis (identificirebuli 
neironi LPG#3) reaqcia nervis stimulaciaze. razec neironma upasuxa 11 
qmedebis potencialiT ris Semdegac damyarda miCveva (habituacia) da neironi 
aRar generirebs qmedebis potencialebs. habituaciisaTvis saWiro dro 35 
wamis tolia. suraT 51b-ze vxedavT sakontrolo preparatis aseve LPG#3 
neironis neironis miCvevis dinamikas. aqac aRmocenda 11 qmedebis potenciali, 
Tumca miCvevsisaTvis saWiro dro bevrad naklebia da Seadgens 14,5 wams. 
vxedavT rom dasxivebuli neironi metad aRgznebadia . aseve 
gaxangrZlivebulis miCvevisaTvis saWiro dro. SevadaroT 35 da 14,5 wamebi.  

1800 mgahercis veli modulirebulia 11 herci sixSiriT. 
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 sur. 51 

a 1800 mghc eleqtromagnitur velSi dasxivebuli neironis miCvevis 
dinamika sinafsur stimulaciaze. eleqtromagnituri velis modulaciis 
sixSire 11 hercia. TEM CELl-Si Semavali velis simZlavre 5 vatis tolia.  
b sakontrolo neironis miCvevis dinamika nervis stimulaciaze.  
 



suraT 52 a-ze ilustrirebulia dasxivebuli neironis miCvevis dinamika 
nervis stimulaciaze. reaqcia Sedegeba 10 qmedebis potencialisagan, ris 
Semdegac damyarda habituacia. miCvevis drom Seadgina 20,1 wm. sxva 
gangliis sakontrolo igive identifikaciis neironis miCvevis dinamika 
stimulze naCvenebia suraT 52b-ze. neironma sinafsur gaRizianebas upasuxa 
7 qmedebis potencialiT, ris Semdegac damyarda habituacia. miCvevis drom 
Seadgina 4.8 wami. am eqsperimmentSi eleqtromagnituri velis modulaciis 
sixSire 12 hercis tolia. am SemTxvevaSic aSkarad gamoikveTa eqspoziciis 
Sedegad neironis aRznebadobis gazrda da habituaciisaTvis saWiro 
drois gaxangrZliveba. 
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b 

sur 52.  

a 1800 mghc eleqtromagnitur velSi eqspozicirebuli neironis miCvevis 
dinamika stimulze. eleqtromagnituri velis modulaciis sixSire 12 
hercia. TEM CELl-Si Semavali velis simZlavre 5 vatis tolia. 
b sakontrolo neironis miCvevis dinamika sinafsur stimulaciaze.  
 

13 herci sixSiriT modulirebuli eleqtromagnituri velis neironze 
zemoqmedebis efeqti naCvenebis suraT 53-ze. 53a daTmobili aqvs 
eleqtromagnitur velSi eqspozirebul neironis Canawers. pasuxad miRebulia 
15 qmedebis potenciali. eleqtromagnituri velis zemoqmedebis habituaciis 
dro Seadgens 59,75 wams.B 3b-ze ilustrirebulia amave dRis eqsperimentSi 
sakontrolo gangliis igive identifikaciis neironis Canaweri. neironis 



nervis stimulacia moxda 0,6 v amplitudis impulsebiT. pasuxad generirda 9 
qmedebis potenciali, xolo miCvevis drom Seadgina 20 wami. 
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sur 3.  

a 1800 mghc eleqtromagnitur velSi eqspozicirebuli neironis miCvevis 
dinamika stimulze. eleqtromagnituri velis modulaciis sixSire 13 
hercia. TEM CELl-Si Semavali velis simZlavre 5 vatis tolia. 
b sakontrolo neironis miCvevis dinamika sinafsur stimulaciaze. 
stimuli amplituda igivea. 
 

 

14 herci sixSiriT modulirebul elqtromagnitur velis neironis 
habituaciis procesze zegavlena ilustrirebulia me-54 a suraTze. neironi  
sxivdeboda 60 wuTis ganmavlobaSi aRniSnuli saxis eleqtromagnituri 
veliT. habituaciis dadgomamde saTanado reaqcia Seadgenda 20 qmedebis 
potencialis generirebas. habituacias dasWirda 49,3 wami. suraT 54b-ze ki 
sakontrolo neironis sinafsur stimulze reaqciebia gamosaxuli. 
generirebul qmedebis potencialTa ricxvi Seadgens 12. miCvevsisaTvis saWiro 
dro 26 wamis tolia. 
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sur 54.  

a 14 herciT modulirebuli 1800 mghc eleqtromagnitur velSi 
eqspozicirebuli neironis miCvevis dinamika stimulis mimarT. TEM CELl-Si 
Semavali velis simZlavre 5 vatis tolia. 
b sakontrolo neironis miCvevis dinamika sinafsur stimulaciaze.  
 

suraTi 55a-ze naCvenebia morigi dasxivebuli neironis reaqciebi 
stimulze. velis modulirebis sixSire 15 hercs Seadgens. dasxivebul 
neironis SemTxvevaSi miCvevis dadgomamde generirebul iqna 10 qmedebis 
potenciali, rasac daWirda 32 wami magram habituacis ar damdgara. 
sakontrolo neironisdmi igive stimulis miwodebisas aRmocenda 5 qmedebis 
potenciali xolo moCvevas dasWirda 20,5 wami - sur 55 b. 
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b 

sur 55.  

a 15 herci sixSiriT modulirebuli 1800 mghc eleqtromagnitur velSi 
eqspozicirebuli neironis miCvevis dinamika. stimuli Seadgens 0,6 v-s. TEM 

CELl-Si Semavali velis simZlavre 5 vatis tolia. 
b sakontrolo neironis miCvevis dinamika igive sididis sinafsur 
stimulaciaze.  
 

suraT 56a-ze naCvenebia TEM CELL_Si eqspozirebuli  identificirebuli 
neironis (LPG#3) reaqcia sinafsur stimulaciaze stimuls neironma upasuxa 1 
qmedebis potencialiT. stimulis awevam gamoiwvia xangrZlivi da Zlieri 
reaqcia. stimulis ukan dawevis Semdeg damyarda miCveva.  suraT 56b-ze 
mocemulia sakontrolo neironis (LPG#3) sinafsur stimulaciaze pasuxebi. 
advili SesamCnevia, rom TiTmis orjer Zlieri stimuli neironSi nakleb 
reaqciebs iwvevs – srul habituacias dasWirda 15,3 wami.   
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b 

sur 56.  

a 16 herci sixSiriT modulirebuli 1800 mghc eleqtromagnitur velSi 
eqspozicirebuli neironis miCvevis dinamika sinafsur stimulze. TEM CELL-
Si Semavali velis simZlavre 5 vatis tolia. 
b sakontrolo neironis miCveva sinafsur stimulze. 

 

17 herciT modulirebuli saxivebuli da Sesabamisi sakontrolo neironebis 
reaqciebi (RPG#3)  naCvevebia suraTze 57. moyvnilia TEM CELL-Si dasxivebuli 
neironis miCvevis dinamika sinafsur stimulaciaze. reaqcia Sedgeba 9 
qmedebis potencialisagan. miCvevisaTvis saWiro drom 15.9 wami Seadgina. 7b-ze 
vxedavT sakontrolo neiornis miCvevis dinaamikas. 
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sur 57.  

a 17 herci sixSiriT modulirebuli 1800 mghc eleqtromagnitur velSi 
dasxivebuli neironis miCvevis dinamika sinafsur stimulze. TEM CELl-Si 
Semavali velis simZlavre 5 vatis tolia. 
b sakontrolo neironis miCvevis dinamika igive sididis sinafsur 
stimulaciaze.  

 

18 herciT mudulirebuli 1800 mghc sixSiris eleqtromagnituri velis 
gavlena neironis sinafsur stimulis mimarT miCvevaze naCvenebis suraT 58-ze. 
sur 58a-ze vxedavT sakontrolo neironis miCvevis dinamikas, xolo 58b-ze 
dasxivebulisas igive sididis stimulze.   
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sur 8.  

a   sakontrolo neironis miCvevis dinamika sinafsur stimulaciaze.   
(wertilebi qmedebis potencialis Tavze am da yvela sxva SemTxvevaSi 
dasva programam, romelic qmedebis potencialebis parametrebis 
Sesaswavladaa gankuTvnili.) 
B 
b 18 herci sixSiriT modulirebuli 1800 mghc eleqtromagnitur velSi 
eqspozicirebuli neironis miCvevis dinamika stimulze. TEM CELl-Si 
Semavali velis simZlavre 5 vatis tolia. 
 

 

19 herci sixSiris modulaciis efeqtebi me-59 suraTzea ilustrirebuli. 59a 
aris daxivebuli neironis reaqciebi da miCvevis suraTi. xolo 59b 
sakontrolo neironis reaqcia da miCvevaa. orive SemTxvevaSi stimuli 
erTmaneTis tolia. dasxivebulma neironma orjer meti raodenobis 
impulsebiT upasuxa sididiT tol stimuls. 
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sur 59.  

a 19 herci sixSiriT modulirebuli 1800 mghc eleqtromagnitur velSi 
eqspozicirebuli neironis miCvevis dinamika stimulze. eleqtromagnituri 
velis modulaciis sixSire 19 hercia. TEM CELL-Si Semavali velis 
simZlavre 5 vatis tolia. 
b sakontrolo neironis miCvevis dinamika sinafsur stimulaciaze. 
stimuli amplituda aqac 0,2 v-s Seadgens. 
 

20 herciT modulaciis suraTi ilustrirebulia 60-e suraTze. sinafsur 
stimuls neironma upasuxa 14 qmedebis potencialiT. miCvevisaTvis saWiro 
drom 22 wami Seadgina.  igive amplitudis mqone stimulze sakontrolo 
neironis reaciebi aSkarad naklebia. habituaciisaTvis saWiro dro aseve 
TiTqmis 2 jer naklebia da 10,75 wamis tolia. 



16 September 2011
C
h
a
n
n
e
l 
1
 (

m
V
)

-600

-400

-200

0

200

400

600

0
,1

5
 n

a

4:00 4:05 4:10 4:15 4:20 4:25 4:30 4:35
58

9/16/2011 12:39:52.284 PM

 

a  

16 September 2011

C
h
a
n
n
e
l 
1
 (

m
V
)

-500

0

500

0
,1

5
 n

a

7:55 8:00 8:05 8:10 8:15 8:20
7

9/16/2011 11:45:54.193 AM
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sur 60.  

a1800 mghc eleqtromagnitur velSi eqspozicirebuli neironis miCvevis 
dinamika stimulze. eleqtromagnituri velis modulaciis sixSire 20 
hercia. TEM CELl-Si Semavali velis simZlavre 5 vatis tolia. 
b sakontrolo neironis miCvevis dinamika sinafsur stimulaciaze.  

 

Sedegi: 

1-20 herci sixSiriT modulirebuli eleqtromagnturi velis zemoqmedebis 
Sedegad neironis sinafsurad gasaRizianeblad naklebi amplitudis mqone 
stimuli aRmoCnda saWiro, e.i velSi eqspoziciiT gaizarda neironis 
aRgznebadoba. adgili aqvs miCvevisaTvis saWiro drois gaxangrZlivebas 
sakontrolo neironebTan SedarebiT.  

 

dabali sixSiris emv gavlena neironze 

amocanebis gegmis Tasnaxmad Sesaswavli iyo 1-20 herci dabali sixSiris 
eleqtromagnituri velis (emv) neironis ujredSiga da sinafsur 
stimulaciebze miCvevis procesze gavlenis gamokvleva . aRniSnuli 
sixSireebi SeiZleba gamoyenebul iqnas rogorc modulaciis dabali 
sixSireebi GSM signalebSi. dabali sixSiris eleqtromagnituri velebis 
misaRebad gamoyenebul iqna Cvens mier damuSavebuli da Seqmnili helmholcis 
koWebi.   



helmholcis koWebSi mudmivi denis gatarebis Sedegad maT centrSi miiReba 
erTgvarovani magnituri veli. Tu koWebSi gavatarebT cvlad dens (Cvens 
SemTxvevaSi 1 dan 20 -mde herci sixSiris cvlad dens, maSin koWebis centrSi 
miiReba cvladi eleqtromagnituri veli romlis sixSire emTxveva gatarebuli 
denis sixSires. amrigad, sakvlevi neironis moTavseba koWebis centrSi 
ganapirobebs am neironebis dasxivebas Sesabamisi sixSiris eleqtromanituri 
veliT. gansxvavebiT maRali sixSireebis eqsperimentebisa, sadac dasxivebisaTvis 
TEM Cell-s viyenebdiT, am SemTxvevaSi SesaZlebeli iyo neironis reaqciebze 
eleqtromagnituri velis zemoqmedebis dakvirveba uSualod daxivebis pirobebSi, 
radgan mikroeleqtrodebis moTavseba neironSi SesaZlebelia koWebSi arsebuli 
carieli areebis gavlis saSualebiT. eleqtromagnituri velis magnituri  

xanmokle ujredSiga impulsebis SerCeva stimulaciisaTvisSemdegi mosazrebiT 
aris ganpirobebuli: stimuli iwvevs neironis depolarizacias. depolarizaciis 
es talRa mastimulirebeli eleqtrodis wveridan miemarTeba aqsonur 
borcvisaken, sadac ganlagebulia qmedebis poitencialis aRmocenebis 
trigeruli zona. stimulis moZraoba am zonamde eleqtrotonuria da 
ganapirobebs latentur periods. Cvens mier SerCeuli stimulis xangrZlivoba-4 
miliwami ki gacilebiT naklebia latentur periodTan SedarebiT, amitom 
nebismieri efeti, romelic SeiZleba damzeril iqnas aris mxolod da mxolod 
dasxivebis zemoqmedebis Sedegi da ar SeiZleba mieweros stimualciis saxes.  

rodesac xdeba neironis sinafsuri stimulacia, aqac mastimulirebel agentad 
SevarCieT aseve impulsebi, oRind ara denis aramed Zabvisa.  stimuli moedeba 
marcxena palialuri nervis ganSotebas, rac stimualciis invariantobas 
ganapirobebs. 

suraT 61a-ze naCvenebia sakontrolo neironis reaqciebi da miCvevis dinamika 
stimulaciaze. stimulis amplituda Seadgens 0.6 na-s, rac odnav metia mis 
zRurblovan mniSvnelobaze. vxedavT rom neironma stimuls upasuxa 6 qmedebis 
potencialiT, ris Semdegac damyarda sruli habituacia. habituaciis damyarebis 
Semdeg CanawerSi vakvirdebiT mxolod mcire zomis artefaqtul “kbilanebs”. Tu 
ki habituaciis dadgomis Semdeg stimulis miwodebas ar SevwyvetT, CanawerSi 
fisqirdeba mxolod “kbilanebi”, ragind didxans ar unda xdebodes stimulacia. 
sur 61b naCvenebia igive neironis ujredSiga Canaweri stimulaciis me-5 wuTze. 
neironis habituaciis dinamika da masze 1 herci sixSiris mqone  
eleqtromagnituri velis gavlena ilustrirebulia suraT 61g-ze. aq stimulis 
amplituda 0,5 na-s tolia. neironma stimulacias upasuxa 38 qpedebis 
potencialiT. habituacias daWirda 68 wami.  habituaciis dadgomidan 3 wuTis  
Semdeg CarTul iqna 1 herci sixSiris eleqromagnituri veli. velis daZabuloba 
15 militeslaa. vxedavT rom , neironma moaxdina qmedebis potencialTa 
generireba. velis gamorTvis Semdeg qmedebis potencialebis generireba umalve 
Sewyda –sur 61d.   
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sur. 61 a) b) da g)sakontrolo neironebia,  d) dasxivebuli neironia 

 

suraT 62-ze naCvenebia 2 herci sixSiris eleqtromagnituri velis gavlena 
neironis habituaciaze da dehabituaciaze. Tavdapirvelad neironi mieCvia 
stimuls, rasac 42 wami dasWirda. habituaciis dadgomidan 52-e wamze CarTul 
iqna 10 militesla daZabulobis eleqtromagnituri veli. neironma mas 
ramodenime qmedebis potencialis aRmocenebiT upasuxa. velis xanmokle 
gamorTvisa da isev CarTvis Semdeg neiris reaqciebi ufro mkveTrad aRsdga, 
Tumca velis gamorTvisTanave qmedebis potencialTa generireba Sewyda.  

 

sur. 62. 

 2 herci sixSiris eleqtromagnituri velis gavlena dehabituaciaze. 

 

suraT 63-ze naCvenebia 3 herci sixSiris mqone eleqtromagnituri veliT 
dasxivebuli neironebis miCvevis dinamika ujredSiga stimualciis mimarT. 

miCveva damyarda 18 wamSi 18 qmedebis potncialis generirebis Semdeg. 
habituaciis dadgomidan 0,5 wuTis Semdeg CarTul iqna 3 herci sixSiris 
eleqtromagnituri veli 15 militesla daZabulobiT. dehabituacia aSkaradaa 
gamoikveTili.  
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sur. 63. 

3 herci sixSiris eleqtromagnituri velis gavlena dehabituaciaze. 

 

sur 64-ze naCvenebia 4 herci sixSiris eleqtromagnituri velis gavlena 
habituaciis darRvevaze. 

 

 

 

sur. 64 habituaciis daRveva 4 herci sixSiris mqone eleqtromagnituri velis 
CarTvis Sedegad. 

me- 65-e suraTze vxedavT 5 herci sixSiris mqone eleqtromagnituri velis mier 
habituaciis daRvevas: 

 

 sur. 65 . 5 herci sixSiris eleqtromagnituri velis gavlena habituaciis 
darRvevaze. 
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sur. 66 

suraT 66-ze naCvenebia 6 herci sixSiris eleqtromagnituri velis gavlena 
neironis  miCvevis dinamikaze. imisaTvis rom migveRo qarga “1 qmedebis 
poenciali 1 stimulze” sawyisi stimulis amplitudad SevarCieT zRurblsqveda 
mniSvneloba 0,6 na. 10 aseT stimulze neirons reaqciebi ar aqvs-ix sur-is 
dasawyisi. Semdeg stimulis amplituda aweul iqna 0,9 na-mde. neironma maT 
upasuxa qmedebis potencialebiT. maTi raodenoba Seadgens 10. qmedebis 
potencialebis generirebis Semdeg neironi mieCvia stimuls. CanawerSi SeiniSneba 
mxolod stimulis mier gamowveuli mcire artefaqtebi. habituaciis dadgomidan 
1 wuTis Semdeg helmholcis koWebSi gatarebul iqna 6 herci sixSiris cvaldi 
deni, ramac neironis moTavsebis adgilze Seqmna 10 militesla daZabulobis 
eleqtromagnituri veli. velis CarTvam gamoiwvia neironis mier ramdenime 
qmedebis potencialebis aRmoceneba.  

 

suraT 67-ze naCvenebia 7 herci sixSiris mqone eleqtromagnituri veliT 
dasxivebuli neironebis miCvevis dinamika ujredSiga stimualciis mimarT. 

aq zRurblovani stimulis amplituda 1,5 na toli aRmoCnda. neironi stimuls 
mieCvia 29,6 wamis Semdeg. habituaciis dadgomidan 62 wamis Semdeg CarTul iqna 7 
heci sixSiris eleqtromagnituri veli 10 militesla daZabulobiT. dehabituacia 
xangrZlivad gamoikveTa.  
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7 herci sixSiris eleqtromagnituri velis zemoqmedeba neironis miCvevasa da 
miCvevis darRvevaze. 

aRsaniSnavia is garemoeba, rom cvlad eelqtromagnitur velSi moTavseba 
yovelTvis iwvevs miCvevis darRvevas, Tumca raime statistikuri gavsxvaveba 
miCvevis darRvevis dinamikaSi an sxva romelime parametrSi gamokvleul 
sixSireebisaTvis ar iqna gamovlenili. amitom Semdeg suraTze naCvenebia 
mxolod 10 herci sixSiris eleqtromagnituri velis gavlena dehabituaciaze,  

 

 

sur. 68  

10 herci sixSiris mqone eleqtromagnituri velis CarTvis Sedegad gamowveuli 
habituaciis daRveva. velis daZabuloa 10 mili teslaa. 

 

 

suraTi 69. neironis miCvevis dinamika da habituaciis darRveva magnituri velis 
modebis pirobebSi. magnituri velis sixSirea 11 herci, amplituda Seadgens 10  
militeslas.  

suraT 70-ze naCvenebia  12 herci sixSiris mqone magnituri velis CarTvis 
gavlena neironis habituaciis daTrgunvaze. neironis ujredsSiga stimulacia 
daiwyo drois momentidan romelsac abscisaTa RerZzs Seesabameba 4:20. 5:00-ze 
damyarda habituacia- Sewyda qmedebis potencialebis generireba stimulis 
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mimarT. 7 wamis Semdeg CarTul iqna 12 hercis mqone cvladi magnituri veli. 
velis amplitudaa 10 militesla. magnituri veli CarTuli iyo 5:10-dan 6:50-mde. 
moxda habituaciis darRveva. magnituri velis gamorTvisTanave qmedebis 
potencialebis generireba Sewyda da aRsdga habituacia.   

 

sur. 70. 

 12 herci sixSiris mqone cvladi magnturi velis gavlena neironis ujredSiga 
stimulaciaze  habituaciis darRvevaze. 

 

suraT 71-ze naCvenebia 13 herci sixSiris mqone cvladi magnituri veliT 
dasxivebuli neironebis miCvevis daTrgunvis suraTi ujredSiga stimualciis 
mimarT. 

aq zRurblovani stimulis amplituda 0,7 na iyo. neironi stimuls mieCvia 19 
wamis Semdeg. habituaciis dadgomidan 45 wamis Semdeg CarTul iqna 13 heci 
sixSiris eleqtromagnituri veli, romlis daZabulobis amplitudaa 10 
militesla. dehabituacia aSkarad gamoikveTa, Tumca neironi qmedebis 
potencialebiT pasuxobs ara yvela ujredSsSiga stimuls.  

 

sur. 71 
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13 herci sixSiris eleqtromagnituri velis zemoqmedeba neironis miCvevaze 
ujredSiga stimulaciis mimarT da am miCvevis darRveva 13 harci sixSiris mqone 
cvladi magnituri velis modebisas. 

 

suraT 72-ze ilustrirebulia 14 herci sixSiris cvali magnituri velis gavlena 
dehabituaciaze. mastimulirebeli stimulis ampilituda iyo 1,5 na. amis gamo 
reaqciebi didxans gagrZelda. oscilogramaze vxedavT mxolod habituaciis 
dadgomis moments 20:52-e wamze. miuxedavad habituaciis dagdgomisa stimualcia 
gagrZelda. habituaciis dagdgomidan 1 wuTis Semdeg modebul iqna  14 herci 
sixSiris cvaldi magnituri veli. veils CarTuloba gagrZelda 30 wamis 
ganmavlobaSi. mTeli am drois ganmavlobaSi habituacia daiTrguna da neironi 
pasuxobs stimuls qmedebis potencialebiT.   

 

 

sur. 72.  

14 herci sixSiris cvladi magnituri velis CarTvis Sedegad gamowveuli 
habituaciis daRveva. velis daZabuloa 10 mili teslaa. 

suraT 73-ze naCvenebia 16 herci sixSiris magnituri velis gavlena neironis 
ujredSiga stimulaciaze miCvevis dinamikaze. denis mastimulirebeli 
impulsebis Tavdapirveli amplituda 0,6 na-s toli iyo. vxedavT, rom neironi am 
stimulebs qmedebis potencialebiT ver pasuxobs. Semdeg masimulirebel denis 
impulsTa amplituda aweul iqna 0,7 na-mde. neironma maT upasuxa 5 qmedebis 
potencialebiT da damyarda habituacia- CanawerSi SeiniSneba mxolod mcire 
madepolarizebeili artefaqtebi (“kbilebi”). habituaciis dadgomidan 1 wuTsa da 
29 wamis Semdeg modebul iqna 12 militesla amplitudis cvladi magnituri 
veli- sixSiriT -16 herci.  44 wamis ganmavlobaSi aRsdga qmedebis potencialebis 
generireba, Tumca Semdeg isev damyarda habituacia.   

 

 

Channel 1 (mV) 

-400 

-200 

0 

200 

400 

600 

28:30 28:40 28:50 29:00 29:10 29:20 29:30 29:40 29:50 30:00 30:10 30:20 30:30 

 



 

sur. 73 

16 herci sixSiris magnituri velis gavlena dehabituaciaze. 

 

suraTze 74 ilustrirebulia 17 herci sixSiris mqone magnituri velis 
zegavlena neironze. Tavdapirvelad stimulacia dawyebul iqna 0,1 na 
amplitudis stimulebiT, Tumca qmedebis potencialebi ar aRmocenebulan. 
pirveli qmedebis potenciali aRmocenda 0,5 na stimulze, magram am erTi 
qmedebis potencialis garda meti aRar generirebula. amitom stimulis 
amplitda isev iqna gazrdili 0,6 na-mde- aRmocenda mxolod 2 qmedebis 
potenciali. habituaciis dasamzerad daWiro Seiqmna stimulis amplitudis 
gazrda 0,7 na-mde. neironma upasuxa 5 qmedebis potenciliT da Semdeg damyarda 
habituacia. stimulacia gagrZelda magram qmedebis potencilebi aRar 
aRmocenebulan. am fonze 51 wamis Semdeg modebul iqna 12  militesla 
amplitudis mqone 17 herci sixSiris magnituri veli. qmedebis potencialebis 
Ggenerireba aRsdga 10 wamis ganmavlobaSi da neironma aRmoacena 6 qmedebis 
potenciali.  
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suraTi 74. 

17 hercis gavlena habituaciaze 

 

me-75 suraTze mocemulia 18 herci sixSiris mqone magnituri velis mier 
habituaciis darRvevis suraTi, rodesac neironi mieCvia ujredSiga stimulebs. 
neironi sakamod aRgznebadi iyo da qmedebis potencialebiT regireba moaxdina 
ukve 0,3 na amplitudis mqone stimulebze. reaqciebi sakmao xans gagrZelda-srul 
habituacias daWirda 1 wuTi da 51 wami. amis Semdeg TiTqmis 2 wuTis 
ganmavlobaSi stimulacia ar Sewyvetila, magram reaqciebSi arc erTi qmedebis 
potenciali ar Cans. am fonze moxda 6 militesla amplitudis mqone magnituri 
velis CarTva, rasac myisierad moyva neironis mier qmedebis potencialTa 
generireba- e.i. habituaciis darRveva. magnituri veli CarTuli iyo 14 wamis 
ganmavlobaSi. misi gamorTvisTanave neironma Sewyvita qmedebis potencialebis 
aRmoceneba.  
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sur. 75 

18 hercis gavlena habituaciaze 

 

suraT 76-ze naCvenebia 19 herci sixSiris mqone cvladi magnituri veliT 
dasxivebuli neironebis miCvevis daTrgunvis suraTi ujredSiga stimualciis 
mimarT. 

aq zRurblovani stimulis amplituda 0,5 na iyo. neironi stimuls mieCvia 20 
wamis Semdeg. Semdeg CarTul iqna 19 heci sixSiris magnituri veli, romlis 
daZabulobis amplitudaa 12 militesla. dehabituacia aSkarad gamoikveTa.  

 

sur. 76. 

19 herci sixSiris eleqtromagnituri velis zemoqmedeba neironis 
dehabituaciaze. 

 

unda aRiniSnos rom dabalsixxSiruli magnituri velis zemoqmedeba neironze 
xasiaTeba dehabituaciis efeqtiT, Tumca calkeul sxvadasxva sixSireebis 
efetqebi erTmaneTisagan TiTqmis ar gansxvavdeba. amis  magaliTad gamodgeba 20 
herci sixSiris mqone magnituri velis gavlena neironis dehabituaciaze, 
romelic msgavsia yvela danarCeni sixSireebis efeqtebisa. Tavdapirvelad 
neironis stimulacia moxda 0,3 na amplitudis mastimulirebeli impulsebiT, 
Tumca ori aseTi stimulis micemam aSkara gaxada rom es sidide Sors iyo 
zRurblovani mniSvnelobisagan, amitom stimulis amplituda gavzardeT 0,5 na-
mde. 17,2 wamis ganmavlobaSi stimulaciam ar gamoiwvia qmedebis potencilebis 
aRmoceneba, amis gamo stimuli isev gavzrdeT 0,7 na-mde, razec neironma daiwyo 
qmedebis potencialebis generireba. stimulaciis 43-e wamze damyarda habituacia, 
Tumca stimulacia ar Sewyvetila. am fonze 20 herci sixSiris (12 militesla 
maqs. daZabuloba) magnituri velis CarTvam gamoiwvia habituaciis darRveva da 
qmedebis potencialebis generirebis aRdgena.  veils modeba grZeldeboda 32 
wamis ganmavlobaSi, misi gamorTvisTanave aRsdga habituaciis mdgomareoba –ix 
sur.  
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 sur. 77  

20 herci sixSiris magnituri velis efeqti dehabituaciaze. velis daZabuloobis 
maqsimaluri mniSvneloba 12 militeslaa.  

sinafsuri stimulacia. 

rogorc aRvniSneT, sinafsuri stimulaciisaTvis iseve rogorc ujredsSiga 
stimualciisaTvis viyenebdiT diskretul stimulebs. magram ujredSiga 
“stimuli-reaqcia”-sagan gansxvavebiT sinafsuri stimulaciis pirobebSi 
SeuZlebelia  “erTi stimuli-erTi qmedebis potenciali”-s qargis mqone reqaciis 
miReba. saqme isaa, rom sinasfuri stimulaciisas mastimulirebeli Zabvis 
impulsebi miewodeba nervul boWkoTa mTel “ASekvras”, ris gamoc reaqciebi 
rTuli formisaa. aRsaniSnavia rom gansxvaveba dasxivebis pirobebSi 
dehabituaciis efeqtebis mimarT ar SeiniSneboda. amis gamo sailustraciod 
moviyvanT mxolod 1 da 5 herci sixSiris mqone eleqtromagnituri velis 
gavlenas sinafsuri miCvevis darRvevaze.  

suraT 78-ze vxedavT, rom pirvel stimulze neironma upasuxa mcirdi 
depolarizaciiT rasac moyva erTi qmedebis potebcialis aRmoceneba. habituacia 
gamoisaxa gradualuri repolarizaciiT da qmedebis potencialebis ar 
arsebobaSi. am fonze 1 herci sixSiris eleqtromagnituri velis CarTva iwvevs 
neironis mkveTr aRgznebas da qmedebis potencialTa generirebas, Tumca 8 
qmedebis potncialis aRmocenebis Semdeg habituacia isev aRsdga. 
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sur. 78  

1 herci sixSiris mqone eleqtromagnituri velis gavlena sinafsur habituaciaze. 

 

 

 79-e suraTze naCvenebia 5 herci sixSiris eleqtromagnituri velis gavlena 
sinafsur dehabituaciaze. neironis gasaRizianeblad gamoyenebul iqna 0,5 volti 
amplidudis mqone Zabvis impulsebi. Zabva miewodeboda marcxena palialuri 
nervis ganStoebebs Semwovi eleqtrodebiT. gansazRvruli drois Semdeg 
qmedebis potencialTa aRmoceneba wydeba da stimulaciis gagrZelebas Tan 
axlavs mxolod aRmgznebi post sinafsuri poterncialebi, romelTa 
aRmocenebis sixSire klebulobs, rac miuTiTebs habituaciis gaRrmavebaze. 

 am momentSi 5 herci sixSiris (daZabuloba 10 tesla) eleqtromagnituri velis 
CarTva iwvevs jer aRmgznebi post sinafsuri poterncialebis gaaqtiurebas da 
am fonze qmedebis potencialebis aRmocenebas, Tumca qmedebis potebcialebi 
maleve qreba da rCeba mxolod aRmgznebi post sinafsuri poterncialebi. 
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sur. 79.  

5 herci sixSiries eleqtromagnituri velis gavlena sinafsuri habituaciis 
dinamikaze. 

 suraT 80-ze vxedavT, rom marcxena palialur nervze 0,3 V amplitudis 
impulsebis modebam gamoiwvia neironis sinafsuri reaqciebi qmedebis 
potencialebis ritmulad generirebis saxiT Tumca miCveva damyarda uecrad 19 
wamis Semdeg. stimulacis grZeldeboda Tumca CanawerSi artefatebi ar Cans 
radgan stimulacia araa ujredsSiga. miCvevidan 38 wamis Semdeg CarTul iqna 10 
militesla daZabulobis 6 herci sixSiris eleqtromagnituri veli. neironis 
reaqciebi qmedebis potencialebis saxiT aRsdga 9 wamis ganmavlobaSi isev 
ritmulad, oRond naklebi sixSiriT vidre sawyis mdgomareobaSi, Semdeg 8 wamis 
ganmavlobaSi kidev aRmocenda 3 qmedebis potenciali da miCveva isev damyarda. 

 

 sur. 80  

6 herci sixSiris mqone eleqtromagnituri velis gavlena sinafsur 
habituaciaiis darRvevasaDda aRdgenaze. 

 

  81-eE suraTze naCvenebia 8 herci sixSiris eleqtromagnituri velis gavlena 
sinafsur dehabituaciaze. neironis gasaRizianeblad gamoyenebul iqna 0,5 volti 
amplitudis mqone Zabvis impulsebs. Zabva miewodeboda marcxena palialuri 
nervis ganStoebebs Semwovi eleqtrodebiT.  neironis sinafsur gaRizianebaze 
reaqcia gamoixata  26 milivolti amplitudis mqone 3 wami xangrZlivobis 
depolarizaciiT razec 6 qmedebis potencialis aRmocenda. ris Semdeg damyarda 
miCveva. CanawerSi moCans mxolod mcire amplitudis aRmgznebi postsinafsuri 
potencialebi. habituaciis dadgomidan 26 wamis Semdeg  neironi daeqvemdebara 8 
herci sixSiris mqone eleqtromagnituri velis zemoqmedebas. velis 
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daZabuloba10 militeslaa. gamoikveTa 19 milivoltis depolarizacia maszed 1 
qmedebis potencialiT.  

 

sur. 81.  

8 herci sixSiris eleqtromagnituri velis (10 mili tesla) gavlena neironis 
habituaciis dinamikaze. 

 

suraT 82-ze ilustrirebulia 10 herci sixSiris mqome eleqtromagnituri velis 
gavlena neironis reaqciebze da miCveva- dehabituaciaze. neironis sinfasuri 
stimulacia xdeboda 0,4 volti amplitudis Zabvis imulsebiT. reaqcia qmedebis 
potencialebis generirebiT gagrZelda 13 wamis ganmavlobaSi, ris Semdegac 
gamoikveTa habituacia xnagrZlivi 15 milivoltis ampitudis mqone 
hiperpolarizaciiT. miCvevidan 2 wuTis Semdeg CarTul iqna 10 hercisixSiris 10 
militesla daZabulobis eleqtromanituri veli. gamoikveTa 9,4 milivoltis 
depolarizacia da aRsdga qmedebis potencialebi, oRond naklebi sixSiriT. 

 

 

 

suraTi 82.  10 herci sixSiris eleqtromagnitur velSi neironis moTavseba 
iwvevs neironis depolarizacisa da arRvevs damyarebul habituacias.  
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suraT 83-ze vxedavT, rom marcxena palialur nervze 0,3 V amplitudis 
impulsebis modebam gamoiwvia neironis sinafsuri reaqciebi qmedebis 
potencialebis ritmulad generirebis saxiT Tumca miCveva damyarda 24 wamis 
Semdeg. stimulacis grZeldeboda Tumca CanawerSi artefatebi ar Cans radgan 
stimulacia araa ujredsSiga. am momentSi moxda 14 herci sixSiris mqone 
magnituri velis perioduli CarTva helmholcis koWebs Sua areSi. magnituri 
velis modebis TiTeul momentSi aRiniSneba neironis mier qmedebis 
potencialebis aRmoceneba jgufebis saxiT. sainteresoa is garemoebas, rom 
rodesac magnituri veli gamorTulia nironi ar generirebs qmedebis 
potencialebs. amrigad aSkaraa, rom magnituri veli Trgunavs habituacias 
modebis drois ganmavlobaSi.  

 

 

 sur. 83  

23.52 momentidan daiwyo sinafsuri stimulacia. 24:15-ze damyarda habituacia. 
24:18-dan 24:30 mde 6-jer iqna modebuli magnituri veli, romlis sixSirea 14 
herci, xolo amplituda Seadgens 10 militeslas. magnituri velis TiTeuli 
modeba iwvevs habituaciis daTrgunvas da neironis mier qmedebis potencialTYa 
generirebas.  

 

   

 

suraT 84-ze ilustrirebulia 16 herci sixSiris mqome magnituri velis gavlena 
neironis reaqciebze da miCveva- dehabituaciaze sinafsuri stimulaciis mimarT. 
1:17- 1;24 wamebis ganmavlobaSi neironi mieCvia sinafsur stimulacias. 
habituaciis dadgomidan 11 wamis Semdeg modebul iqna 16 herci sixSiris 
magnituri veli. Tavdapirvelad neironma upasuxa mxolod erTi qmedebis 
potencialiT, Tumca 6 wamis Semdeg igi “amuSavda’ da araritmulad daiwyo 
qmedebis potencialebis generireba.  
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sur. 84. 16 herci sixSiris cvladi magnituri velis gavlena dehabituaciaze. 

. 

suraT 85-ze vxedavT, rom marcxena palialur nervze 2 V amplitudis 
impulsebis modebam gamoiwvia neironis sinafsuri reaqciebi qmedebis 
potencialebis generirebis saxiT. Tavdapirvelad reaqcia Zlieria magram 
SiniSneba reaqciis TandaTanobiTi mileva da habituaciis damyareba. CanawerSi 
vxedavT mxolod aRmgzneb postsinafsur potecialebs romlebic “kbilanebis” 
saxiT daimzireba CanawerSi. habituaciis dadgomidan 1 wuTis Semdeg moxda 
moxda 18 herci sixSiris mqone magnituri velis CarTva helmholcis koWebSi. 
magnituri velis modebis ganmavlobaSi aRiniSneba neironis mier qmedebis 
potencialebis aRmoceneba romelTa sixSire milevadia. amrigad aSkaraa, rom 
magnituri veli Trgunavs habituacias modebis drois ganmavlobaSi.  

 

suraTi 85.  

18 herci sixSiris magnituri velis gavlena sinafsur dehabituaciaze. 
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sur. 86-ze vxedavT 20 herci sixSiris magnituri velis gavlenas 

sinafsuri habituaciis darRvevaze. stimulis amplituda aris 1 v. neironi 

pasuxobs   qmedebis potencialebis seriiT da yalibdeba habituacia. 

reaqciaSi SeiniSneba mxolod sxvadasxva amplitudis mqone aRmgznebi 

postsinafsuri potencialebi. habiutaciis dadgomidan 40 wamis Semdeg 

CairTo 19 herci sixSiriscvladi magnituri veli 15  militesla 

amplitudiT. magnituri veils CarTvas moyva neironis mier qmedebis 

potencialebis generireba araregularuli sixSiriT. 

dehabituacia

 

sur. 86. 

20 herci sixSiris magnituri velis gavlena sinafsuir habituaciiis 

darRvevaze. 

Sedegi 

1-20 herci sixSiris mqone eleqtromagnituri velis efeqtebi neironze 
gamoixateba habituaciis darRvevaSi. efeqtebi erTmaneTis msgavsia da maT Soris 
raime mniSvnelovani gasxvaveba ar SeimCneva. habituaciis darRveva SeiniSneba 
rogor ujredSiga aseve sinafsuri stimulaciis mimarT.  

 

xangrZlivi ganmeorebiTi eqspoziciis neironze zemoqmedeba   

me-12 kvartlis amocanaTa mizani iyo Segveswavla xangrZlivi ganmeorebiTi 
eqspoziciis neironze zemoqmedebis kvleva akumulirebis efeqtebis 
gamovlenisaTvis. am mizniT eqsperimentebi Semdegnairad iqna organizebili: 
sakvlevi cxovelebi Tavsdebodnen TE Cell-Si da xdeboda maTi emv dasxiveba 
yoveldRiurad 3-3 saaTis ganmavlobaSi. cxovelTa ganlageba da 
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Channel 1 (V) 

-8 

-6 

-4 

-2 

0 

2 

4 

3:00 3:10 3:20 3:30 3:40 3:50 4:00 4:10 4:20 4:30 4:40 4:50 5:00 5:10 5:20 5:30 5:40 5:50 

 



adgilmdebareoba ganicdida varirebas. saTanadod xdeboda maTi aRricxva. ix. 
sur.87. 

 

sur. 87 cxovelebis ganlageba TEM CELL-Si. 

STanTqmis kuTri Tanrigis (SAR)-is gamoTvla xdeboda calkeuli 
cxovelisaTvis. am mizniT SemuSavebul iqna cxovelis modeli. modeli 
gulixmobs rogorc garsis aseve misi kunTovani nawilis da nervuli sitemis 
ASesabamisi eleqtruli parametrebis ganTavsebas saTanado adgilebze. amis 
Semdeg xdeboda FDTD meTodis saSualebiT SAR –is gamoTvla. temperaturis 
nazrdis gamoTvla ar xdeboda im martivi mizezis gamo, rom dasxivebis 
damTavrebis Semdeg cxoveli iRebda garemo temperaturas (misi civ 
sisxlianobis gamo). dasxivebisaTvis gamoiyeneboda generatoris maqsimaluri 
simZlavre 10 vati. 

daxivebis periodSi  dasxivebis seansis Semdeg xeboda cxovelebis qcevaze 
dakvirveba. Sesaswavl parametrebidan gamoyofil iqna maTi reaqciebis droebi 
taqtilur Sexebaze, maTi reaqciebi sakvebis miRebaze da Sewyvilebaze. imis gamo, 
rom aRniSnuli cxovelebi arian e.w. Ramis cxovelebi, isini Tavsdebodnen bnel 
kameraSi. dakvirveba xdeboda infawiTeli CCD kameris saSualebiT, amasTanave 
xdeboda maTi qcevis gadaReba amave kameriT  monacemebisSemdgomi damuSavebis 
mizniT. 



Sedegebi: 

dakvirvebam gvaCvena, rom xangrZlivi daxivebis Semdeg sakvlev cxovelebs 
SeusustdaT Tavdacvis refleqsi. daxivebuli cxovelebis moZraoba da 
gadaadgileba ufro swrafia, rac maT aRgzebadobis gazrdaze miuTiTebs.  
Tavdacvis refleqsis gazomva Semdegnairad xdeboda: vakvirdebodiT cxovelis 
mier sacecis saSualebiT dabrkolebis Sexebas da vzomavdiT drois intervals 
romelic saWiroa, raTa am Sexebis Semdeg moxdes dabrkolebidan sacecis 
mocileba da SekumSva. miiReboda gazomil ricxvTa ori nakadi.  

gamoyenebul iqna maTematikuri modeli, romlis saxelwodebaa “ricxviTi 
mwkrivebi wrfivi trendiT”. Tavdacvis refleqsis maTematikuri modelad 
aRebul iqna  

Y(t)=a+bt+ε  (1) 

aq Y (t) aris drois intervali, romelic Seesabameba Tavdacvis reflesis 

gamovilinebias sacecis Sexebidan misi mocilebis dromde,   aris 

SexebaTa ricxvi,  da  arian mudmivi parametrebi, xolio   
warmoadgens komponents nulovabni maTematikuri lodiniT.   
eqsperimentebi Catarda 52 cxovelze, Sesabamisad droebi gaizoma 52-ve 

cxovelisaTvis. formula (1)-dan gamomdinareobs, rom iuri seriisavis  
Caiweros, rom     

 

sadac   da   warmoadgenen statistikur molodinebs ucnobi  da  –

koeficientebisaTvis.  

pirveladSerCeuli modelis adeqvaturiba unda Semowmdes statistikurad. 
modiT SemoviRoT aRniSvnebi  wrfivi trendisaTvis. 

Sesabamisad damzeril iur  monacemebisaTvis gveqneba.  

 

ganvixilodT sxvaoba     raTa Semowmdes modelis 

adeqvaturoba. amasTanave warmovadginoT rom:  

H0 Eε (t)=0    (mTavari hipoTeza) 

H1  Eε (t)/=0                                  (alternatuli hipoTeza). 

aq  arios maTematikuri molodini Tvis.  



CzvTvaloT, rom sxvaoba tolia  da 

ariTemtikuli saSualo miiReba   sxvaobiT  TiTeuli iuri 

gazomvisaTvis.   

amrigad miviRebT satatistikebs     

ganvixiloT statistika  asrogorc kriteriumi e.w -statistika.  

gamoviyenoT normaluri ganawilebis cxrili, radganac gazomvaTa rixcvi 
Seadgens 52. Sesabamisi gazmovebi gviCveneben, rom -–is ricxviTi 

mniSvneloba daaxloebiT udris 0,100 xolo   value daaxloebiT tolia 

0,856.  

aSkaraa, rom that   value  aris sakmaod didi. maS SegviZlia vTqvaTm rom ar 

gagvaCnia safuZveli raTa uarvyoT hipoTeza  . es Tavis mxriv niSnavs, 

rom zemot mocemuli maTematikuri modelis areba sworia.   

esxla movaxdinoT statistikuri hipoTezis Semowmeba, raTa davamtkicoT, 
rom gvaqvs mzardi trendi.  

gamoviTvaloT  ucnobi  koeficientisaTvis (2) –is gamoyenebiT:  

Sedegad miiReba statistikebi  . una Semowmdes hipoThezebi 

   (ZiriTadi hipoTeza) 

      (alternatiuli hipoTeza) 

  

unda gamoviTvaloT    statistikis  ricxviTi mniSvneloba    

gamoTvlebma gviCvenes,rom a  statistikisa –s ricxviTi mniSvneloba 

daaxloebiT 2,77 tolia xolo    value daaxloebiT tolia 0.003.    

aSkaraa,  H0  rom unda uarvyoT da miviRoT H1 hipoTeza. amrigad 
statistikurma analizma daadastura, rom rom xangrZlivi daxivebis Semdeg 
sakvlev cxovelebs SeusustdaT Tavdacvis refleqsi. 

am dakvirvebebis garda eqsperimentebi tardeboda sakontrolo da saxivebul 
cxovelebis izolorebul nervul sistemebsa da identificirebul neironebze. 

eleqtrofiziologia 

 dasxivebis seriis damTavrebis Semdeg adgili hqonda aRniSnuli cxovelebidan 
nervuli gangliebis amokeTas da identificirebuli neironebis Seswavlas. 
mizani iyo Sedarebul yofiliyo neironis funqcionirebebi dasxivebisa da 



sakontrolo pirobebSi. Sesadarebel parametrebad aRebul iqna neironis 
aRgznebadoba- qmedebis potencialis generaciis zRurbli da habituaciisaTvis 
saWiro dro, rac neironis mier iformaciis SenaxvisaTvis saWiro dros 
warmoadens. 

neironis stimulaciisaTvis gamoiyeneboda ujredSiga deni, romlis 
gasatareblad viyenebdiT amerikuli warmoebis xesawyos Pikoamersourcr K251A . 

neironi rogorc sxva biologiuri obieqti variabeluria. stimulis zRurbli 
Tavisuflad cvlads warmoadgens. misi maTematikuri molodini ucnobia. amis 
gamo Cven gamoviTvaleT 95%-iani sandoobis intervali zRurblebisaTvis. es 
aris is intervali romelSic 95% albaTobiT Cavardeba zRurblis mniSvneloba. 
cxadia gamoTvlebi tardeboda rogorc dasxivebul iseve sakontrolo 
neironebze. cxadia gamoTvlebi efuZneboda eqsperimentis monacemebs. miRebul 
iqna rom es intervalebi tolia 0,21na-0,38 na sakontrolo neironebisaTvis, 
xolo dasxivebul neironbisaTvis am intervalma miiRo mniSvneloba 0,11-0,19 na. 
aSkaraa rom es intrevalebi ar gadafaraven erTmaneTs. es niSnavs imas, rom 
zRurblis saSualo mniSvneloba dasxivebuli neironebisaTvis naklebia vidre 
sakontrolo neironebisaTvis. 

suraT 88-ze naCvenebia es  movlena. 

 

sur. 88 

a gviCvenebs sakontrolo neironis Canawers. pirveli stimuli 0,2 na toloia da 
igi zRurblsqvedaa-ar iwvevs qmedebis potencialis aRmocenebas.  meore 
stimilis amplituda 0,3 na tolia da vardeba igi 95% albaTobian intervalSi 



0,21na-0,38 na. am stimulma gamoiwvia qmedebis potencialis aRmoceneba da igi 
warmoadgens zRurblovan stimuls. 

b- ze vxedavT dasxivebuli neironis reaqciebs stimulze. pirveli stimuli 
zRurblsqvedaa da misi amplituda 0,05 na tolia. meore stimulis amplituda 
0,15 na-s udris da igi vardeba igi 95% albaTobian intervalSi 0,11na-0,19 na. am 
stimulma gamoiwvia qmedebis potencialis aRmoceneba da igi warmoadgens 
zRurblovan stimuls. stimulaciis xangrZlovoba naCvenebia osciloarmos qveS 
uwyveti xazebiT. kalibreba 25 mv 1 wm. am Sedegis p < 0.001.  

cxadia, rom habituaciasa da informaciis Senaxvaze SegviZlia vimsjeloT 
rodesac neironi stimuls upasuzebs ramodenime qmedebis potencialiT. 

suraT 89-ze naCvenebia aradasxivebuli neironis reaqciebi zRurblszeda 
sxvadasxva amplitudis stimulzebze. vxedavT rom rac metia stiumulis 
amplituda miT xangrZlivia reaqcia da miT met qmedebis potencialebs 
generirebs neironi, Sesamabisad izrdeba habituaciisaTvis sWiro dro. 



  

sur. 89.  

a stimulis amplituda 0,5 na tolia. b- 1na, c 2 na. 

 

neironis reaqciebi nebismieri stimulis, da kerZod ujredSiga 
stimulaciis miarT ar aris deterministuli.  stimuli minimaluri 
mniSvneloba, romelsac SeuZlia gamoiwvios habituaciis efeqti agreTve 
warmoadgens Tavisual cvlads. eqsperimentul monacemebze dayrdnobiT 
gamoTvlebma gviCvenes am cvladis saSualo mniSvneloba 95%-iani 
albaTobiT vardeba intervalSi 0,423na-0,56 na sakontrolo 
neironebisaTvis. dasxivebuli neironebisaTvis 95% intervali moicavda 
0,19na-0,35 na. vxedavT, rom am SemTxvevaSic ar gvaqvs intervalebis 
gadafarva. saTanado statistikurma analizma gviVena, rom dasivebul 
neurons miCnenvisTvis sWirdeba gacilebiT naklebi stimuli vidre 



sakontrolo neirons - p < 0.003. es movlena ilustrirebuli suraTze 

90.  

sur.90 

a sakontrolo neironi stimuliredeba stimuliT 0,5 na. es mniSvneloba 
vardeba 95% sandoobis intervalSi romelic tolia 0,42-0,56 na. 

. 



b- daxivebuli neironis reaqciebi stimulze romlis amplituda 0,2 na 
tolia (naklebia vidre 0,5 na). dasxivebuli neironisaTvis 95% sandoobis 
intervali tolia 0,190na 0,35 na.  

c – igive neironis stimulacia 0,5 na romelic sakontrolosTvis iyo 
saWiro. reaqciebis drois gazrda aSkaraa. 

 

amrigad, rodesac dasxivebuli neironi stimulirdeba igive stimuliT 
rac dausxivebeli (sakontrolo) mas gacilebiT meti dro Wirdeba 
habituaciisaTvis vidre sakontrolo neurons.  

 

daskvnebi: 

 GSM- 1800 Si Ggamoyenebuli radiosixSiris eleqtromagnituri velebis 
zemoqmedeba calkeul neironze iwveven:  

• neironis aRgznebadobis donis gazrdas,  

• stimulis mimarT neironis reaqciebis gaZlierebas,  

• habiutuaciisaTvis saWiro drois gaxangrZlivebas,  

• neironis mier informaciis gadamuSavebisada SenaxvisaTvis saWiro 
drois gazrdas. aRniSnuli Sedegebi vlindeba rogorc uwyveti 
eleqtromagnituri velebisaTvis, aseve modulirebulisaTvis. 
modulirebuli velebis zemoqmedeba odnav aRemateba efeqtiT 
uwyvet velebs. zemoqmedeba ar aris damokidebuli uwyveti velis 
modulaciis sixSireze. 

• modulaciisaTvis gamoyenebuli uaRresad dabali velebi 1-20 herci 
iwveven neironis habituaciis darRvevas velis zemoqmedebis 
ganmavlobaSi. raime gansxvaveba 1-20 hercis sixSiris uaRresad 
dabali velebis efeqtebs Soris ar SeiniSneba. 

  

publikaciebi: 

proeqtis farglebSi ganxorcielebuli samuSaoebi aisaxa or samecniero 
statiaSi, romlebic gamoqveynda imaqt faqtoris mqone saerTaSoriso 
JurnalSi (aSS). Sedegebi agreTve moxsenda 4 saerTaSoriso samecniero 
konferencias da aisaxa maT masalebSi. am konferenciebidan 3 Catarda 
sazRvargareT xolo 1 saqarTveloSi. 
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