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marTvadi lokaluri hiperTermia kibos daavadebebis 
samkurnalod 

 
 
proeqtis  farglebSi  misaRebi  Sedegebis  valdebulebaTa  

nusxa 
 
I         etapi 
 
• hematitis nawilakebis fizikuri Tvisebebis Seswavla 
• nanonawilakebis zomisa da xsnarSi maTi koncentraciebis gavlenis 
Seswavla magnituri hiperTermiis mimdinareobaze 
• hiperTermiuli gazomvebi sxvadasxva sixSireebsa da magnitur 
velebze hiperTermiis meqanizmis dasadgenad da nanonawilakebis 
gamaTbobeli simZlavris korelirebisaTvis maT magnitur TvisebebTan. 
06.05 – 31.08.2011 
 
    II       etapi 
 
• magnetitis nano-nawilakebiT gamowveuli hiperTermiis 
simsivnissawinaaRmdego Tvisebebis da maTi moqmedebis meqanizmebis 
SedarebiTi Seswavla eqsperimentul cxovelebze 
• magnetitis nano-nawilakebis preparatis momzadeba-koncentrireba, 
aqtivobis kontroli 
• preparatis simsivnissawinaaRmdego aqtivobis SedarebiTi Seswavla; 
optimaluri reJimisa da  sqemebis dadgena-SemuSaveba.  
• eqsperimentSi  gamoviyenoT 3–3,5 Tvis ujiSo (araxazovani) TeTri 
Tagvebi (18–20gr. masiT)  da virTagvebi (100–120gr. masiT). 
eqsperimentisTvis SerCevis Semdeg 10-14 dRis ganmavlobaSi cxovelebis 
vivariumSi sakarantino reJimSi ganTavseba. TiToeul cxovelze unda 
Sedges individualur  oqmi. cxovelebisaTvis unda Seiqmnas erTnairi 
kvebisa da movlis pirobebi.  
01.09-31.12.2011 
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avTvisebiani simsivneebis mkurnalobis hiperTermiuli meTodis damuSaveba. 
 
1. Temis aqtualoba. 
 

cnobilia, rom avTvisebiani simsivneebi Sedgebian organizmis 
sakuTari ujredebisagan, romlebic normisagan mxolod imiT 
gansxvavdebian, rom maTSi mimdinareobs ukontrolo SeuzRudavi 
gamravleba da zrda. amitom avTvisebian simsivneebSi metaboluri 
procesebis intensioba da Sesabamisad energetikuli moTxovnilebebi 
ufro maRalia, vidre Cveulebriv qsovilebSi. am faqtoris 
gaTvaliswinebiT perspeqtiulia onkologiurad daavadebul da mis 
mosazRvre qsovilebze iseTi qimiuri da biofizikuri zemoqmedebis 
gamoyeneba, romelic drois erT monakveTSi amowuravs gadagvarebuli 
ujredebis energetikul potencials, gamoiwvevs maTi cilebis 
denaturacias (daRupvas), amave dros SenarCunebuli iqneba janmrTeli 
ujredebis sicocxlisunarianoba. 

aseTi biofizikuri zemoqmedeba SeiZleba iyos adgilobrivi 
hiperTermia (+43 - +45oC). 

kibos ujredebi iRupeba Cveulebriv daaxloebiT 43oC, radgan 
Jangbadis miwodeba sisxlZarRvebiT arasakmarisia, maSin rodesac 
normaluri ujredebi ar ziandeba ufro maRali temperaturis drosac. 
garda amisa, simsivne ufro advilad xurdeba, vidre garSemo mdebare 
normaluri qsovili, radgan sisxlZarRvebi da nervuli sistemebi nakleb 
ganviTarebulia simsivneSi[1-3]. 
 
keramikuli mikrosferoebi kibos radioTerapiisTvis 
Y2O3 –Al2O3 – SiO2 minis mikrosferoebi 
 

1987 wels hiatma da deim[4] da erbem da deim [5] pirvelad 
daadastures, rom 17Y2O3 –19Al2O3 – 64SiO2 (mol %) 20-30 mkm diametris minis 
mikrosferoebis gamoyeneba SesaZlebeli iyo kibos in situ (adgilze) 
dasxivebisTvis. itrium-89 (89Y) am minaSi aris araradioaqtiuri izotopi, 
romelic bunebaSi arsebobs 100% raodenobiT, magram neitronuli 
dasxiveba axdens   89Y–is gaaqtivebas da warmoqmnis    β-
gamomsxivebeli    90Y, romlis naxevar sicocxle 64.1 saaTa. rodesac es 
20-30 mkm diametris radioaqtiuri minis mikrosferoebi SeyavT organoSi 
(mag. RviZlis kiboSi) isini moxvdebian simsivnis wvril sisxlZarRvebSi 
da blokaven misTvis sakvebis miwodebas, garda amisa iZlevian mokle 
manZilze moqmed maRal-ionizebul β sxivebs. β-sxivebi ar moqmedebs sxva 
romelime qimiur elementze da aqvs daaxloebiT 2.5 mm-is mokle 
SeRwevadobis diapazoni cocxal qsovilSi da amgvarad ar warmoadgens 
radiaciul saSiSroebas garSemo janmrTeli qsovilisTvis. am 
mikrosferoebs axasiaTebs maRali qimiuri xangamZleoba da amdenad 
radioaqtiuri 90Y mikrosfero ZiriTadad rCeba pacientis SigniT 
moTavsebisas da ar moqmedebs mezobel janmrTel qsovilze. 90Y–is 
radioaqtioba neitroniT dasxivebisas [6] 21 dReSi umniSvnelo donemde 
mcirdeba; amitom mikrosferoebi kargaven aqtiurobas maleve kibos 
mkurnalobis Semdeg. isini ukve gamoiyeneba klinikurad RviZlis kibos 
samkurnalod kanadaSi, aSS-Si, da CineTSi, isini gamoiyeneba klinikur 
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cdebSi daavadebuli Tirkmlis da elenTis mkurnalobaSi da artrituli 
saxsrebis dasxivebis sinoveqtomiaSi[7-20]. 
 
keramikuli mikrosferoebi kibos hiperTermiisTvis 
feromagnituri mina-keramika 

 
amJamad SemuSavebulia liTiumis feritis (LiFe5O8) Semcveli mina 

keramika hematitis (α- F2O3) bio-SeTavsebad matricaSi da SiO2–P2O5 
minisebri faza[21-27], magnetiti (F3O4) β-volastonitis (β-CaSiO3) matricaSi 
da CaO-SiO2-B2O3–P2O5 minisebri faza[28-35], α - Fex [36], F3O4 B2O3-Tavisufal 
CaO-SiO2-P2O5 minisebr fazaSi[37] da cinki-rkinis feriti CaO-SiO2 minisebr 
fazaSi[38], rogorc Termomarcvali kibos hiperTermiaSi. mag. mina-keramika, 
romelic Seicavs F3O4-s β-CaSiO3 matricaSi da CaO-SiO2-B2O3–P2O5 minis 
fazas efeqturia[29-31] kurdRlis TeZos ZvalSi gadanergili kibos 
ujredebis daSlisTvis, rodesac is qinZisTavis formiT Seiyvanes tvinis 
arxSi da x [36] moaTavses cvlad magnitur velSi[33]. magram aseTi mina-
keramikuli qinZisTavi ar SeiZleba gamoviyenoT klinikurad, radgan 
simsivnuri ujredebi SesaZlebelia gafantuli iyos normaluri 
ujredebis irgvliv da simsivneSi mina-keramikis qinZisTavis Seyvanam 
SesaZloa gamoiwvios simsivnis metastazebi. SesaZlebelia 20-30 mkm 
diametris feromagnituri mikrosferoebi gamoviyenoT kibos 
adgilobrivad gaxurebisTvis feromagnituri masalebis mier histerezisis 
dakargviT kibos metastazebis gamowvevis gareSe; mikrosferoebi 
SesaZlebelia SeviyvanoT simsivneSi sisxlZarRvebis saSualebiT [39] da 
Semdeg movaTavsoT cvlad magnitur velSi. magram jerjerobiT 20-30 mkm 
diametris mikrosferoebi ar Seqmnila da ar gamouvlenia maRali siTbos 
warmoebis unari. 

pirveli etapis Sesasruleblad upirvelesad gadaRebul iqna 
magnetitis mikrofxvnilis da Cvens mier miRebuli hematitis 
nanonawilakebis rentgenogramebi, sur. 1 da sur. 2. 
 

 
sur. 1. magnetitis (Fe3O4) mikrofxvnilis rentgenograma 
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sur. 2. hematitis (α-Fe2O3) nanofxvnilis rentgenograma 

 
rogorc rentgenofazuri analizidan Cans magnetiti Sedgeba 

ZiriTadad Fe3O4-gan, dhkl=2,954; 1,520; 2,095; 1,710; 1,612; 1,483Å, hematitisagan 
dhkl=2,690; 2,520; 2,422; 1,710; 1,694; 1,600 Å, CaCO3-is kvalisagan dhkl=3,030; 1,910; 
1,873 da SiO2-is kvalisagan, magram ZiriTadi masa magnetitia, Sesabamisad 
fxvnili muqi Savi ferisaa. 

hematitis fxvnili wiTeli ferisaa da masa mTlianad α-Fe2O3–gan 
Sedgeba. 

fazuri analizis Semdeg magnetitis fxvnilis fizikuri Tvisebebi 
Seswavlili iqna inglisuri warmoebis aparat „Nanosizer“-ze. fxvnili 
winaswar gatarebuli iqna #0063-8270 xvrelian sacerSi. 

moyvanil suraTebze intensivoba aris gamavali lazeris sxivis 
intensivoba, Width aris pikis sigane da gviCvenebs, Tu rogoria 
nawilakebis ganawileba zomebis mixedviT. rac ufro viwroa piki, miT 
ufro Tanabari ganawilebaa. 

nawilakebis daxasiaTebisaTvis mniSvnelovan sidideebs warmoadgens 
saSualo zoma da polidispersiulobis indeqsi: Pdl. Tu misi mniSvneloba 
0,1-0,4 farglebSia suspenzia kargi polidispersiulia. 

Zeta-potenciali aris nawilakis difuziuri Sris potenciali, 
romelic moTavsebulia gamxsnelSi. Tu Zeta-potencialis mniSvneloba -
30mv-dan +30mv-mdea, maSin aseT nawilaks aqvs midrekileba agregaciisaken. 

analizma aCvena, rom miRebuli nawilakebis zomebi gadanawilebulia 
ZiriTadad or diapazonSi. daaxloebiT 93% nawilakebs aqvT zoma 200-
1000nm da maTi saSualo zoma Seadgens 478,6 nm-s. daaxloebiT 7% 
nawilakebis zomebi moTavsebulia 4-8mkm-s Soris. maTi saSualo zoma 
5,41mkm-ia. es unda iyos ukve nanonawilakebis agregaciis Sedegi. 
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sur. 3. #0063-8270 xvrelian sacerSi gatarebuli fxvnilis analizi. 

dispersanti – wyali. 
 

gazomili iqna aseve Zeta-potencialis sidide mocemuli 
nawilakebisaTvis da igi tolia -27mv-is, rac SeiZleba CaiTvalos zRvrul 
sidided, romlis Semdegac izrdeba nawilakebis midrekileba 
agregaciisaken. 
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sur. 4. sur. 1. #0063-8270 xvrelian sacerSi gatarebuli fxvnilis 

Zeta-potenciali. dispersanti – wyali. 
 

miRebuli nawilakebis zomebze Semdgomi meqanikuri damuSavebis 
gavlenis Sesaswavlad ori partia davamuSaveT ori meTodiT: pirveli 
partiis dafqva moxda xeliT 2 saaTis ganmavlobaSi faifuris jamSi, 
xolo meoresi 2 saaTis ganmavlobaSi erTburTulian vibrowisqvilSi. 
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sur. 5. 2 saaTi faifuris jamSi xeliT damuSavebuli fxvnilis 

analizi. dispersanti – wyali.. 
 

faifuris jamSi damuSavebisas (sur. 5) mcired gaizarda wvrili 
fraqciis Semcveloba, magram agregirebuli nawilakebis garkveuli 
raodenoba mainc darCa, rac imis maniSnebelia rom xeliT dafqva ver 
uzrunvelyofs didi nawilakebis mniSvnelovnad daSlas, Tumca mainc 
hqonda pozitiuri Sedegi: Semcirda nawilakebis saSualo zoma. 

 
sur. 6. 2 saaTi vibrowisqvilSi damuSavebuli fxvnilis analizi. 

dispersanti – wyali. 
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vibrowisqvilSi 2 saaTis damuSavebis Semdeg (sur. 6) msxvili fraqcia 

saerTod gaqra, magram samagierod gaizarda nawilakebis saSualo zoma 
da ganawilebis mrudis sigane. es SeiZleba CaiTvalos imis Sedegad, rom 
vibrowisqvilSi 2 sT dafqvam mxolod mcired SeZlo nawilakebis zomebis 
Semcireba da saWiroa dafqvis xangrZlivobis gazrda. 

 

 
sur. 7. 5 saaTi vibrowisqvilSi dafqvili fxvnilis analizi. 

dispersanti – wyali. 
 

5 saaTi vibrowisqvilSi dafqvis Semdeg gaqra didi zomis nawilakebi 
4-8 mkm intervaliT da saSualo zomiT 5,41 mkm. nawilakebis saSualo zoma 
740,9 nm-ia. polidispersiulobis indeqsi Seicvala 0,557 dan 0,571-mde (sur. 
7), gaizarda nawilakebis saerTo dispersiuloba, ramac gamoiwvia Zeta-
potencialis Semcireba -19,8 mv-mde (sur. 8) SedarebiT daufqvel 
fxvnilTan (sur. 4). es gviCvenebs am dispersiulobis fxvnilis 
midrekilebas agregaciisaken. 
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sur. 8. sur. 7. 5 saaTi vibrowisqvilSi dafqvili fxvnilis Zeta-

potenciali. dispersanti – wyali.  
 
 
 
 

kvlevis Semdgom etaps warmoadgenda xelsawyos Seqmna. magnituri 
hiperTermiis meTodis gamosayeneblad, magnituri nawilakebis siTburi 
gabnevis efeqtis misaRwevad [40-42] saWiro cvladi denis magnituri velis 
misaRebad Seiqmna originaluri cvladi denis Zaluri kvebis wyaro, 
Semdegi parametrebiT: 
 gamosavali Zabva  0 - 240 V 
 datvirTvis deni  10 A (xangrZlivi reJimi) 
 pikuri datvirTva 12 A  
 cvladi denis sixSiris diapazoni 20 khz - 295 khz  
 sixSiris cvlis biji 1 khz 

(gamosavali Zabvis sidide SeizRuda mxolod usafrTxoebis dacvis 
pirobebiT). 
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sur. 9. originaluri cvladi denis Zaluri kvebis wyaro 

 
aRniSnuli kvebis wyaros sqematur-konstruqciuli tipi misi  

parametrebi Sejerda Sesaqmneli cvladi magnituri velis intensivobis 
donis mixedviT eqsperimentalurad. 

temperaturis gazomvisTvis gamoyenebuli iqna Termowyvili 
(sensoris mcire zomebis mcire inerciulobis gamo) 3.5 Tanrigian cifrul 
testerTan kompleqtSi. am meTodis sizustis asamaRleblad testeris 
kalibreba ganxorcielda 45 oC gradusze. 

 
sur. 10. Termowyvili cifrul testerTan erTad gamocdis dros 
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 denis formis, mniSvnelobis da sixSiris gasazomad gamoyenebuli 
iqna eleqtrosxivuri orarxiani 1 MHz-iani oscilografi. monacemebis 
aReba xorcieldeboda Zalovan wredSi koWasTan mimdevrobiT CarTuli 0.1 
omiani 0.1% sizustis Suntidan. 

 
sur 11. orarxiani oscilografi  

 
magnituri velis intensivobis saWiro donis gansazRvra daefuZna 

Semdeg eqsperiments: 10 mm dimetris PVC (polivinilqloridi)  sinjaraSi 1 
grami gamoxdil wyalSi CaSvebuli iqna 1 x 3 mm zomis, 15 miligrami wonis 
rkinis Txeli firfita (SemdgomSi moixseneba rogorc sinjara #0). 
CaiTvala, rom garkveuli miaxloebiT aRniSnuli kompozicia 
gamosacdeli fxvnilis 1.5% wyalxsnaris Sesabamisi variantia. amis Semdeg 
sinjara moTavsebuli iqna sxva da sxva daZabulobis cvlad magnitur 
velis gavlenis areSi.  

gamoicada praqtikulad yvela tipis toroiduli, ETD, E, ELP, U 
magnitogamtarebi standartuli zoma-gabaritebiT. 
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sur. 12. gamocdili magnitogamtarebis tipebi. 

 

 
sur. 13.  SerCeuli magnitogamtarebis tipebi. 

 
amocanis pirobebidan gamomdinare miRebuli Sedegebis Sejerebis 

Semdeg SerCeul iqna  U  tipis, MnZn –is masalis, N67/N87  
eleqtromagnituri Tvisebebis mqone magnitogamtarebi. saWiro gabaritebis 
misaRebad standartulis garda gamoyenebuli iqna ETD34, E42  da E52 tipis 
standartuli magnitogamtarebis saTanado meqanikuri damuSavebiT 
miRebuli saWiro gabaritebi. 
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sur. 14.  SerCeuli magnitogamtarebis tipebi amoWrili RreCoebiT. 

 
Sekrul magnitogamtarebSi amoiWra sxvadasxva zomis RreCoebi 20mm, 

16mm, 12mm, 10mm, 8mm. winaswari cdebiT miRebuli gamocdilebidan muSa 
RreCoebad arCeuli iqna 10.0 milimetri da 8.0 milimetri sigane. aseve 
SeirCa mgnitogamtarebis optimaluri zoma gabaritebi mm-Si. 

1. 50 x 50 x 11   
2. 60 x 50 x 12   
3. 40 x 40  magnitogamtaris kveTis farTi 32 mm2 
4. 40 x 30   magnitogamtaris kveTis farTi 32 mm2 
sixSiris 20 khz - 295 khz  mTeli diapazonis sruli gadafarvisTvis 

damzadda eleqtro  koWebi TviToeuli magnitogamtarisTvis 
1. 42 xvia 2.0 mm satransformatoro spilenZis gamtari 
2. 36 xvia 2.0 mm satransformatoro spilenZis gamtari 
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3. 34 xvia 2.0 mm satransformatoro spilenZis gamtari 
4. 30 xvia 2.0 mm satransformatoro spilenZis gamtari 
5. 30 xvia 3X0.6 mm satransformatoro spilenZis gamtari 
6. 26 xvia 2.0 mm satransformatoro spilenZis gamtari 
7. 22 xvia 2.0 mm satransformatoro spilenZis gamtari 

8. 18 xvia 1.5 mm2 kveTis samontaJo spilenZis mravalwveriani 
gamtari 

9. 16 xvia 1.5 mm2 kveTis samontaJo spilenZis mravalwveriani 
gamtari 

10. 12 xvia 1.5 mm2 kveTis samontaJo spilenZis mravalwveriani 
gamtari 

damzadebulma magnitogamtarebma zemoT aRniSnul cvladi denis 
Zaluri wyarosTan erTad saSualeba mogvca Cagvetarebina eqsperimentebis 
seria sxvadasxva velis daZabulobebis da sixSireebis pirobebSi. 

#1 da #2 Sesabamisad hematitisa da magnetitis fxnilebisgan 
damzadda 5% da 10%-iani suspenziebi. 8.0mm diametris SuSis milisgan 
damzadda sinjarebi, romlebSic Caisxa zemoT aRniSnuli suspenziebi. 

 

 
sur. 15. gamocdisaTvis gankuTvnili SuSis milisgan damzadebuli 

sinjarebi 
 
Tavdapirvelad cdebi Catarda 27.7 khz, 33.3 khz, 40.0 khz, 50.0 khz, 66.0 khz, 

100.0 khz, 166.0 khz, 200khz, 250 khz da 290 khz sixSireebze.  
kvebis wyarodan gamomavali Zabvis cvlilebiT eleqtrokoWebSi 

davafiqsireT gamavali denis 4.0, 6.0, 8.0, 9.0 da 10.0 amperis mniSvnelobebi. 
temperaturis monitoringi xorcieldeboda 1wT, 5wT, 10wT da 15wT 
SuledebSi. praqtikulad gamoiricxa 8.0 amperze  dabali mniSvnelobis 
deniT Seqmnili cvladi magnituri velis areSi eqsperimentebis 
gagrZelebis mizanSSewoniloba, asave gmoiricxa 10mm-ze meti RreCoebis 
gamoyenebac. MmiRebuli iqna aRniSnuli sixSirebis Sesabamisi 
magnitogamtarebisTvis 8mm da 10mm  RreCoebSi  magnituri velis 
daZabulobis mniSvnelobebi: 4200 A /xvia, 4000 A/xvia, 3800 A/xvia, 3400 
A/xvia, 3200 A/xvia, 3000 A/xvia, 2800 A/xvia, 2600 A/xvia.  
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sur. 16. gamocdis mimdinareobis procesi. 

 
eqsperimentebis pirvelma seriam gviCvena, rom magnitur velSi 

moTavsebul sinjarebSi xsnarebis temperatura garemos temperaturasTan 
SedarebiT 15wuTis ganmavlobaSi izrdeboda mxolod 8.0-10.0 gradusiT, 
aqedan 6-7 gradusi modioda pirvel 5 wuTze.  sinjara #0 analogiur 
daZabulobis velSi moTavsebisas 5 wuTSi iZleoda 25-30 gradusian zrdas, 
aqedan 15-20 gradusiani zrda pirvel wuTze modioda. temperaturis 
zrdis intensivoba pirdapir proporciuli gamodga magnituri velis 
daZabulobasTan. Eeqsperimentebis  dros RreCoebSi mniSvnelovani 
magnituri velis daZabulobis pirobebSi SemCneuli iqna 
magnitogamtarebis da eleqtrokoWebis mniSvnelovani gadaxureba, 
gazomvebma gviCvena rom cdebis Catarebis pirobebSi magnitogamtarebis 
zedapirze RreCoebTan temperatura 50-70 gradusamde adioda, amdenad 
gavlena sinjarebzec mniSvnelovani iqneboda. Catarebuli iqna cdebis 
seria romlebmac gviCvena rom sinjarebSi 5 wuTian SualedSi 
temeraturis   6-7 gradusiani zrda gamowveli iyo RreCoSi 
magnitogamtaris Tburi zemoqmedebiT. 

rogorc cdebma gviCvena magnituri hiperTermiis efeqturi 
mkurnalobisaTvis saWiroa SedarebiT Zlier danadgari maRali 5-10 
megahercis sixSireebiT, raTa Cvens mier miRebul nano- da 
mikrofxvnilebze cvladi magnituri velis zemoqmedebiT SesaZlebeli 
gaxdes neelis da braunis meqanizmebis amoqmedeba. samwuxarod rogorc 
fizikosebma gviTxres cvlad magnitur velebze amJamad saqarTveloSi ar 
muSaoben. aseTi danadgaris SeZena ki did Tanxebs moiTxovs. gamomdinare 
aqedan Cvens mier Seqmnili iqna axali xelsawyo hiperTermiuli 
mkurnalobisaTvis da Semdgomi cdebi meore etapze gagrZelda am 
xelsawyoze, romelsac pirobiTad vuwodeT “lezi”, sur. 17. 
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sur. 17. xelsawyo “lezi” (marcxniv), galia TagunebiT (marjvniv) 
 
 
 

hiperTermiis antiblasturi efeqti eqsperimentul simsivneebze xelsawyo 
«lezi»-iT mkurnalobis pirobebSi 

 
II etapi 

 
 
  mTel msoflioSi avTvisebiani simsivneebiT ganpirobebuli avadobisa da 
misgan gamowveuli sikvdilianobis maCvenebeli gamudmebiT izrdeba da 
klebis tendecia ar gaaCnia. gaZnelebulia naadrevi diagnostika da 
avadmyofTa didi nawili  stacionars gavrcelebuli simsivneebiT (III-IV 
stadia) mimarTavs, rodesac maT qirurgiuli, sxivuri da medikamenturi 
komponentebis gamoyenebiT kombinirebuli da kompleqsuri mkurnaloba 
esaWiroebaT. imata im pacientTa raodenobamac, romlebic eqim-onkologs 
mimarTaven simsivnuri procesis mogvianebiTi klinikuri niSnebis 
manifestaciiTa da sxvadasxva metaboluri darRvevebiT.  
M avTvisebian simsivneTa mkurnalobis axali meTodebis SemuSaveba 
onkologiis mniSvnelovani amocanaa. eqsperimentuli da klinikuri 
kvlevebiT dadasturebuli dadebiTi efeqtis mqone samkurnalwamlo 
saSualebisa Tu mkurnalobis meTodis klinikur praqtikaSi danergva ki 
wingadadgmuli nabijia onkologiuri pacientebis mkurnalobis sakiTxSi.  
hiperTermiuli kvlevis mizani da amocanebi. kvlevis mizania onkologiuri 
avadmyofebis mkurnalobis uaxloesi da Soreuli Sedegebis gaumjobeseba 
simsivnur warmonaqmnze hiperTermiis  gamoyenebiT . 
aRniSnuli miznis misaRwevad dasaxuli iyo Semdegi amocanebis gadaWra: 
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1) eqsperimentul simsivneebze hiperTermiis simsivnissawinaaRmdego 
samkurnalo efeqtis Seswavla. 

2) eqsperimentSi hiperTermiis simsivnissawinaaRmdego adiuvanturi efeqtis 
dadgena poliqimioTerapiasTan kombinaciaSi. 

3) hiperTermiis sxvadasxva reJimis Seswavla mkurnalobis uSualo da 
Soreul Sedegebze. 

mecnieruli siaxle.  
 
   eqsperimentul masalaze dayrdnobiT saqarTveloSi pirvelad iqna 
warmodgenili hipertermiis simsivnissawinaaRmdego monoTerapiuli 
samkurnalo efeqti  da adiuvanturi moqmedeba simsivneTa 
poliqimioTerapiul mkurnalobaSi. 
   am mizniT SemuSavdeba hipertermiis racionaluri sqemebi. 
 
      
kvlevis Sinaarsi 
kvlevis masala da meTodebi:  
  eqsperimentSi  gamoviyeneT 3 Tvis ujiSo (araxazovani) TeTri  Tagvebi 
18–20gr. masiT. cxovelTa raodenobam 9 Tagvi Seadgina.  
  eqsperimentisTvis SerCevis Semdeg 10-14 dRis ganmavlobaSi cxovelebs 
vivariumSi sakarantino reJimSi, sqesis mixedviT vaTavsebdiT. TiToeul 
cxovelze vadgendiT individualur  oqms. cxovelebi erTnairi kvebisa da 
movlis pirobebSi imyofebodnen. 
  kvlevebs vawarmoebdiT erlixis adenokarcinomis (EAT, ascituri 
varianti) simsivnuri Stamis gamoyenebiT. erlixis adenokarcinomis 
inokulacias  vaxdendiT  TagvebSi kanqveS,  beWqveSa midamoSi.  
 cdebi CavatareT eqsperimentul onkologiaSi farTod gamoyenebuli 
meTodebiT. hiperTermiis simsivnissawinaaRmdego efeqtze vmsjelobdiT 
simsivnuri zrdis damuxruWebiT, intratumoruli nekrozis ganviTarebis 
sixSiriTa da cxovelTa sicocxlis gaxangrZlivebis maCveneblis 
cvlilebiT.  
  miRebuli Sedegebi damuSavdeba variaciuli statistikis meTodebiT, 
xolo calkeul jgufebSi monacemTa Soris sxvaobaTa sarwmunooba 
ganisazRvreba stiudentis t-kriteriumiT.……………………………………… 
 
 
 
miRebuli Sedegebi da maTi gansja. 
 
hipertermiis simsivnissawinaaRmdego hiperTermiuli samkurnalo efeqti 
     
   I jgufSi SeviswavleT hiperTermiis simsivnissawinaaRmdego samkurnalo 
efeqti. eqsperimentis pirvel dRes – 18.11.2011 - ganxorcielda EAT–is 
simsivnuri Stamis kanqveSa inokulacia. sakvlevi jgufis yvela cxovelebs 
simsivne ganuviTarda.   
   28.11.2011 w.  – gavzomeT cxovelTa simsivneebi (ix. cxrili #1) da es 
gazomvebi vawarmoeT yovel 3 dReSi erTxel; xolo 01.12.2011 w. Catarda 
hipertemiis pirveli seansi. aRniSnuli seansebi gagrZelda  11.12.2011 w. 
CaTvliT. simsivnur warmonaqmnze Tavsdeboda xelsawyo, romlis 
daboloebazec fiqsirdeboda 43-45 gradusi temperatura (celsiusiT). 
hipertermiuli manipulaciis xangrZlivoba iyo 5-5 wuTi.  
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cxrili # 1 

cxov 
# 

28.11.11 01.12.11 04.12.11 07.12.11 11.12.11 14.12.11 17.12.11 

1 3x3x3 mm 5x3x3 
mm 

5x3x3 mm 5x3x3 
mm 

5x3x3 
mm 

5x3x3 
mm 

5x3x3 
mm 

2 13x10x5 
mm 

16x12x8 
mm 

18x12x10 
(dawylulda) 

19x13x8 
mm 

20x14x10 
mm 

23x16x10 
mm 

25x16x10 
mm 

3 8x5x5 mm 10x8x5 
mm 

11x8x5 mm 11x8x5 
mm 

11x8x5 
mm 

12x10x5 
mm 

12x10x5 
mm 

4 12x10x5 
mm 

14x10x8 
mm 

16x12x10 mm 
(dawylulda) 

18x13x10 
mm 

20x15x10 
mm 

22x17x10 
mm 

24x18x10 
mm 

5 8x5x5 mm 10x8x5 
mm 

12x8x5 mm 12x8x5 
mm 

12x8x5 
mm 

12x10x5 
mm 

12x10x8 
mm 

6 12x8x8 mm 13x10x8 
mm 

15x10x8 mm 
(dawylulda) 

16x10x8 
mm 

18x10x8 
mm 

19x10x8 
mm 

21x10x8 
mm 

 
   eqsperimentis Sedegad dadginda, rom I , III da V cxovelSi dafiqsirda 
simsivnuri zrdis Seferxeba (SeCereba), xolo II, IV da VI cxovelebSi, 
sadac aRiniSna simsivnuri warmonaqmnis zomaSi progresuli mateba, 
simsivneebSi ganviTarda e.w. “intratumoruli nekrozi” – simsivnuri 
ujredebis danekrozeba. yvelaferi es Cveni azriT, ganpirobebulia 
hiperTermiis zemoqmedebiT. 
   eqsperimentul meore jgufSi aseve SeviswavleT hiperTermiis 
simsivnissawinaaRmdego samkurnalo efeqti. eqsperimentis pirvel dRes – 
03.01.2012 - ganxorcielda EAT–is simsivnuri Stamis kanqveSa inokulacia. 
sakvlevi jgufis samive cxovelebs simsivne ganuviTarda.   
 

cxrili #2 
cxovelTa 

# 
seansis nomeri da simsivnis zomis aRebis TariRi 

I 
13.01.2012 

II 
16.01.2012 

III 
18.01.2012 

IV 
21.01.2012 

VII 
27.01.2012 

X 
06.02.2012 

1 8x8x5/10x8x5 8x8x5/10x5x5 10x8x5/8x5x3 
(nekrozi) 

10x8x5/5x5x3 
(nekrozi) 

12x10x8/5x5x3 
(nekrozi, 
aRiniSneba 

dawyluleba) 

10x10x8/8x8x5 
(nekrozi, 
aRiniSneba 

dawyluleba) 
2 10x8x5 10x8x5 8x8x5 

(nekrozi) 
8x6x3 

(nekrozi) 
16x12x5 

(nekrozi, 
aRiniSneba 

dawyluleba) 

12x9x5 
(nekrozi, 
aRiniSneba 

dawyluleba) 
3 16x14x10 16x14x10 16x14x10 

(nekrozi) 
16x14x5 

(nekrozi) 
17x14x5 

(nekrozi, 
aSkara 

dawyluleba) 

21x14x8 
(nekrozi, 
aSkara 

dawyluleba) 
 
   13.01.2012 w.  – gavzomeT cxovelTa simsivneebi (ix. cxrili #2, sur. 18). 
gazomvebi vawarmoeT yoveli 3 seansis Semdeg. 13.01.2012 Catarda hiperTemiis 
pirveli seansi. aRniSnuli seansebi tardeboda yovel meore dRes. 
simsivnur warmonaqmnze Tavsdeboda xelsawyo, romlis daboloebazec 
fiqsirdeboda 43-45 gradusi temperatura (celsiusiT). hipertermiuli 
manipulaciis xangrZlivoba iyo 30, 40 da 50 wuTi Sesabamisad I, II da III 
cxovelze. pirveli cxoveli orkuziania. mkurnaloba ganxorcielda 
marjvena kuzze. 
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#1 

 
#2 

 
#3 
 

sur. 18.   # 1 (orkuziani), #2 da #3 cxovelebi mkurnalobis erTi seansis 
Semdeg, 13.01.2012. 
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     eqsperimentis 3 seansis Sedegad dadginda, rom samive cxovelSi 
dafiqsirda simsivnuri zrdis Seferxeba (SeCereba), xolo II  da III 
cxovelebs simsivneebSi ganuviTardaT intratumoruli nekrozi (sur. 19). 
am SemTxvevaSic, simsivnuri zrdis damuxruWeba da intratumoruli 
nekrozi ganpirobebulia hiperTermiis zemoqmedebiT. 
 

 
#1 

 
#2 

 
#3 

sur. 19. #1, #2 da #3 cxovelebi sami seansis Semdeg. intratumoruli 
nekrozi aRiniSneba II da III SemTxvevaSi, I SemTxvevaSi aRiniSneba 

simsivnuri daavadebis zrdis Seferxeba 18.01.2012.  



 21 

   Svidi seansis Semdeg kvlav Catarda gazomvebi samive cxovelze. 
cxrili 2-is mixedviT da vizualuradac daimzireba daavadebis nekrozi 
da dawyluleba,  rac eqsperimentis dadebiT Sedegze metyvelebs. aTi 
seansis Semdeg  kvlav aRiniSneba daavadebis gamokveTili nekrozi da 
dawyluleba, sur. 20.  
 

 
#1 

 
#2 

 
#3 

sur. 20.  # 1, # 2 da #3 cxovelebi aTi seansis Semdeg. aRiniSneba 
daavadebis dawyluleba. nekrozi gamokveTilia, 06.02.2012. 
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daskvna 
 

hiperTermiuli mkurnalobis ukve sami seansis Semdeg vizualurad 
aSkarad SeiniSneba simsivnuri warmonaqmnis zomebSi Semcireba (cxrili 2), 
xolo II da III SemTxvevaSi nekrozi, sur.18. Svidi seansis Semdeg yvela 
SemTxvevaSi aRiniSneba daavadebis nekrozi da dawyluleba, rac simsivnis 
gankurnebis fazaSi gadasvlaze metyvelebs. aTi seansis Semdeg kvlav 
aRiniSneba daavadebis nekrozi da dawyluleba.  

saWirod migvaCnia: 
1. miRebuli dadebiTi Sedegebis srulyofisa da konsolidaciis 

mizniT kanis zedapiruli da kanqveSa daavadebebis samkurnalod 
eqsperimentebis gagrZeleba cxovelebze. Cvens mier Seqmnili 
xelsawyo “lezi” saWiroebs hiperTermiuli blokis dizainis 
mravalfunqciurobas, raTa SesaZlebeli iyos sxvadasxva zomis 
simsivneebis mkurnaloba. 

2. hiperTermiuli mkurnalobis teqnologiuri parametrebis sizustis 
dadgena. 

3. mkurnalobis temperaturuli reJimebis dadgena SedarebiT efeqturi 
mkurnalobisaTvis. 

4. samuSaoebis gagrZeleba organizmis Sinagani organoebis 
mkurnalobis efeqturi saSualebebis gamonaxvisaTvis. 

5. finansuri saSualebebis gamonaxva magnituri hiperTermiis da 
hiperTermiisaTvis saWiro aparaturis SesaZenad. 
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