
1. ganivi eleqtromagnituri ujredis (TEM Cell-is) modelireba da 

patrametrebis dadgena 

ganivi eleqtromagnituri ujredis e.w.  Transverse Electromagnetic Cell  (TEM Cell) 

warmoadgens eleqtromagnituri taRebis gamtars, romelSic sakvlevi 

biologiuri obieqtis moTavsebis SemTxvevaSi moxdeba am obieqtis dasxiveba 

gamavali eleqtromagnituri talRebiT. dozimetriis amocanebidan 

gamomdinare, DaseT eqsperimqntSi 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 gaereSe 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.  

1.2 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. AamasTanave 

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. 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. veils 

gamomTvlelis gamosavali, romelic 

SAR-is mniSvnelobebs Seicavs 

warmoadgens temperaturis gamomTvlelis Sesavals. imitaciis moZraoba 

naCnenebia 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 
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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.  

1.3 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 

 

 

 

eb=7.9cm;  bc=0.115 cm ;   ab=27.6 ;  cd=2.8 cm ; 

sur. 2 . TEM cell –is maxasiaTebeli zomebi. 

septum -is sisqe t=1mm. septum -is siganis cvalebadobiT miRweul iqna 1800 

mghc-saTvis septum -is optimaluri zoma. modelSi Sesavalze modebul iqna 1 
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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 

 

 

 

 

 

 

 

 

 

 

 

 

 

velis  Ez  simulirebiuli komponenti mocemulia sur 4-ze. Aaq TiTeuli 

eleentisaTvis 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.  

 

 

sur 3. TEM Cell–is 

gamosaxuleba modelSi. 
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sur 5. velis erTvgarovani nawili TEM Cell-Si. 

sur. 4  Ez velis gavrceleba TEM cell –Si 

naCvevnebia sxvadasxva feris qargaSi. 



2. TEM Cell-is eleqtromagnituri maxasiaTeblebis 

gazomvis oqmi  

 

 

 

 

 

sur. 1    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. 2-ze 

 

 

 

 

 



 

TEM Cell 

 

sur. 2 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-3 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. 
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sur. 3 TEM Cell-is mdgari talRis koeficientebi 1700 mghz-1900 mghc diapazonSi. 

sur 4 –ze naCvenebia TEM Cell –is KSW –bi 500 mghc-dan 3 gherc sixSireebis 

diapazonSi. 

 

 

sur. 4 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% 

 

3. Hhelmholcis koWebis   gamocdis oqmi 

1-20 herci 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. 

tesla-gausmetri "Koshava-4 "-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. 1 helmholcis koWebi 

helhpolcis 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 

 



 


