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Tavi  1Tavi  1Tavi  1Tavi  1    

ssssistemebiistemebiistemebiistemebi    oooorganoebis da qsovilebisrganoebis da qsovilebisrganoebis da qsovilebisrganoebis da qsovilebis    

vizualizaciisaTvisvizualizaciisaTvisvizualizaciisaTvisvizualizaciisaTvis    

1.1.1.1.1.1.1.1. SesavaliSesavaliSesavaliSesavali    

 

 samedicino diagnostikur praqtikaSi xSirad aucilebelia 

miRebul iqnas calkeuli organoebis gamosaxuleba, aseTi 

gamosaxulebis miReba SesaZlebelia specialuri xelsawyoebis-

tomografebis gamoyenebiT. gamokvlevebis sxvadasxva mimarTulebebma, 

aRwarmoebis sizustem, adamianis sxvadasxva organoebis da sistemebis 

gamokvlevebis specifikam, moiTxova sxvadasxva saxis tomografebis 

Seqmna. sadReisod samedicino teqnika gamoirCeva organoebis da 

qsovilebis vizualizaciis farTo saSualebebiT. 

 rentgenuli tomografia iZleva saSualebas ganvaxorcieloT 

Type equation here.bioobieqtis sxvadasxva Sreebis kvleva, tomografebSi 

gamoiyeneba gadasaRebi obieqtis da firiani kasetis sinqronuli 

brunvis sistemebi, uZravi rentge 

nuli milakis pirobebSi. rTuli biologiuri obieqtis gamokvlevisas 

(mag. bronqialuri xe) Cveulebrivi tomografiis saSualebani ar aris 

sakmarisi, radgan rentgenogramebze gamosaxulebebi erTmaneTze 

daitaneba da aseT SemTxvevaSi xSirad SeuZlebelia  TiToeuli maTganis 

calke Seswavla. xarisxian gamosaxulebas iZleva rentgenuli 

tomografia. mag. firma “ Medikur”_is mier gamoSvebuli kompiuteruli 

tomografi “ Medekt-18”  SeiZleba gamoyenebuli iqnas mTeli sxeulis 

gamokvlevisaTvis. skanirebis dro Seadgens 18...45wm_s da damokidebulia 

gamokvlevis meTodze. bioobieqtidan informaciis moxsnis Semdeg, imave 

dros Cndeba gamosakvlevi organos gamosaxuleba, rac miiRweva 

specialuri eleqtronuli blokis saSualebiT, romelic 

dakavSirebulia egm_Tan (eleqtronul gamomTvleli manqana). 

 firma “Siemens”_is (germania) mier damuSavebuli kompiuteruli 

danadgari “ Komatom-2” , uzrunvelyofs maRal garCevisunarianobas 

rbili qsovilebis gamosaxvisas; amasTan miiReba ganivi anaTlebis 
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gamosaxuleba, rac aucilebelia Tavis qalis daavadebebis da tramvebis 

diagnostirebisaTvis. gansakuTrebiT mZime SemTxvevebSi gamosaxulebis 

xarisxi SeiZleba gaumjobesdes informaciis damatebiTi damuSavebiT 

kompiuteruli sistemis saSualebiT 6wm_is ganmavlobaSi. 

 xarisxobrivi gamosaxulebis miRebisaTvis xelsawyo “ Komatom-

2”_Si, gamoiyeneba gamosxivebis sistema mbrunavi deteqtoriT. am 

meTodis gamoyenebisas gamosxivebis yoveli impulsis miReba xdeba 

deteqtoruli rkalis yvela elementebis mier (gamoiyeneba maRali 

mgrZnobiarobis mqone deteqtorebis sistema naxevradgamtarul 

kristalebze). rentgenuli milaki grafituli anodiT uZlebs 25 

skanirebas (simZlavre 750kvt). skanirebis maqsimaluri sixSiris dros 

(7skanireba/wT.) anodis diski ar gadametxurdeba. mudmivi Zabvis 

generatori, romelic kvebavs anodis wreds iZleva maRali Zabvis 

stabilur impulsebs. es aparati saSualebas iZleva informacia 

SevinaxoT cifruli formiT. 

 kompiuteruli tomografis saSualebiT SeiZleba gakeTdes 

daskvnebi calkeuli organoebis funqcionaluri mdgomareobis Sesaxeb 

(Tirkmelebi, guli da a.S.) “ Komatom-2” daproeqtebulia rogorc 

erTiani sistema, romelic Sedgeba standartuli elementebis da 

Secvladi modulebisagan, romelic Sicavs maskanirebel bloks 

pacientebis gansaTavsebeli magidiT, monacemebis marTvis da 

damuSavebis pults displeebiT da TviTawyobad fotokameras, 

gamosasvleli sistemiT gamosaxulebebis agebis, rekonstruqciisa da 

tomogramebis damuSavebisaTvis. 

 firma “ Hitachi” (iaponia) mier mTeli sxeulis kompiuteruli 

tomografiis sistema (modeli NO-4, seria 30), skanirebis dro 2,8 wm. 

gamosaxulebis rekonstruqcia xorcieldeba dagrovebuli monacemebis 

mixedviT. swarfqmedi kompiuteris saSualebiT, ris Sedegadac dro 

skanirebidan gamosaxulebis miRebamde Seadgens daaxloebiT 18-77wm. 

mkafio da naTeli gamosaxulebis miReba uzrunvelyofilia skanirebiT 

3600 -is farglebSi da impulsebis gameorebis maRali sixSiriT, rac 

ganapirobebs didi raodenobis monacemebis akrefas mravali 

mimarTulebiT. gamosaxulebis matrica Sedgeba 320x320 elementisagan, 

Sris sisqe SeirCeva 3.5 da 10 mm. 
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 firma ““““Philips”-ma (niderlandebi) daamuSava sistema ““““Politam”- 4, 

romelic akmayofilebs tomografiis gamosaxulebis maRal moTxovnebs. 

gamosaxulebis maRali xarisxi am SemTxvevaSi uzrunvelyofilia sxivis 

zusti moZraobiT rkalis gaswvriv, rac SesaZlebelia sistemis 

Stativis specialuri konstruqciis da yoveli SrisTvis gamosaxulebis 

mudmivi zrdis gamo. sistemis xisti safuZveli gamoricxavs vibracias 

muSaobis nebismier reJimSi. hipocikloidaluri moZraoba, romelic 

tomografiisaTvis uCveuloa, gamosaxulebis rTuli ganSliT 

xorcieldeba 480 kuTxiT. Tu moZraoba xorcieldeba elifsoidis 

mixedviT, maSin moZraobis mTavari RerZis orientacia SeiZleba 

Seicvalos, rac iZleva sSualebas centrireba moxdes saWiro 

mimarTulebiT: ase mag. xerxemlis zurgismieri ubnis, menj-barZayovani 

aris kvlevisas. amasTan SeiZleba ganisazRvros manZili im Sridan, 

romlis tomografiac xorcieldeba, im magidamde, romelzedac 

moTavsebulia pacienti. wrfivi tomografia iZleva karg Sedegs mcire 

eqspoziciuri periodis da bioobieqtis Sedarebis martivi struqturis 

SemTxvevaSi. imisaTvis, rom ufro mkafiod iyos gansazRvruli 

dasneulebuli are, sxivis moZraoba unda daemTxves gamokvlelvis 

obieqtis RerZis mimarTulebas. sistemis regulirebis muSaoba 

martivdeba mafokusirebeli diafragmis gamoyenebis gamo. tomografiis 

Catarebis dros, gamosakvlevi ubnis centris Tanaxvedra unda moxdes 

im wertilTan, romelis garSemoc trialebs rentgenuli milaki da 

kaseta firTan erTad. am sistemaSi gamoyenebul rentgenul milaks aqvs 

mcire fokusi ufro wvrili organoebis da struqturebis 

gamosaxulebis misaRebad. mbrunavi gisosi, romelic sxivis 

RerZismierad yendeba da uzrunvelyofs tomografiis maRal xarisxs, 

sakontrolo Sris sisqisagan damoukideblad. vizualizaciis 

efeqturobis gasazrdelad iyeneben satelevizio fluoroskopiul 

mowyobilobas. rogorc cnobilia, tomografiaSi gamosakvlevi Sris 

sisqe da miRebuli gamosaxulebis kontrastuloba urTierTkavSirSia, 

ris gamoc Txeli fenebis tomogramebi nakleb kontrastulia. 

xangrZlivi eqspozicia, gamokvlevebis xangrZlivobasTan erTad, rac 

aucilebelia maRali kontrastulobis tomografiuli gamosaxulebis 

seriis misaRebad, gansazRvravs rentgenuli milakis SerCevas, 
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fokusireba 0.6 da 1 mm-ia. klinikur praqtikasa da samedicino 

sistemebSi gamoyeneba  hpoves ultrabgeriTi lokaciis meTodebma, 

romlebic damyarebulia dopleris efeqtze, rac mdgomareobs imaSi, 

rom ultrabgeriTi rxevebi gansxvavebulad airekleba sxvadasxva 

biostruqturebidan, magram isini ver uzrunvelyofen 

mravalganzomilebiani sivrciTi gamosaxulebis miRebas, amitom 

ganviTarda maRalganzomilebiani lokaciis meTodebi, rac 

dafuZnebulia imaze, rom lokaciis dros arekvlili signalebi 

sinqronulad miiReba ramdenime wertilSi, rac iZleva moZraobis 

siCqaris veqtoris Semadgenlebis sivrciT ganSlas, 

biostruqturebisagan ultrabgeris gabnevis difuziuri mdgenelebis 

mdgrad miRebas. aseTi mowyobilobebi Seicaven erT mimReb-gadamcem 

gardamqmnels, or damatebiT gardamqmnels, maZlierebel arxebs da 

damuSavebis bloks. 

 am firmis mier SemoTavazebuli aparatura iZleva saSualebas 

gaizardos gamosaxulebis masStabi, gamoyenebul iqnas sxivuri kalami 

gamosakvlevi organoebis da qsovilebis farTobis, perimetris da 

moculobis gansazRvrisaTvis. 

 firma “Siemens”-ma ultrabgeriTi diagnostikisaTvis gamouSva 

xelsawyo “Sonoline 800”. es aparati mravalsaaTiani muSaobis Sedegadac 

ki ar moiTxovs regulirebas. radiolokaciuri teqnikidan aRebuli 

“gamamravlebeli antenis” meTodi uzrunvelyofs gamosakvlevi obieqtis 

maxlobeli zondidan ucxo arekvlili signalebis gacxrilvas. 

xelsawyosaTvis damuSavebulia maRali integraciis specialuri 

integraluri modulebi, romlebic Sesrulebulia e.w. emiterul-

SeuRlebuli logikiT, rac iZleva saSualebas, bevrad gaizardos 

monacemebis damuSavebis siCqare analogur xelsawyoebTan SedarebiT, 

sadac gamoyenebulia mikroprocesorebi. sxvadasxva arxebis signalebis 

fokusireba ajamva da gamosaxulebis saerTo winaswari momzadeba 

SeiZleba ganxorcieldes swrafqmed egm-Si, amasTan mikroprocesorebi 

ara marto asruleben marTvis amocanebs, aramed uzrunvelyofen gamzom 

mowyobilobebs monacemebiT, qmnian informaciul masivebs. am xelsawyos 

SeiZleba SeuerTdes erTdroulad ori aplikatori. saerTo gaZliereba 

erTi aplikatoriT meoreze gadasvlis SemTxvevaSi avtomaturad 
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SeeTanxmeba axal sixSires, ase, rom gaZlierebis Semdegi regulireba 

ar xorcieldeba. aplikatorebis farTo nakrebis arsebobis gamo 

xelsawyo universaluria sonografiisaTvis, bgeriTi sixSiris 

diapazonSi 2.5 mghc-dan 7 mghc-de. 

 haimoritis diagnostirebisaTvis finuri firma E”Oriola”-s mier 

damuSavebulia ultrabgeriTi aparati “Sinuscan”. misi kveba 

xorcieldeba cvladi deniT (220 v. Zabva; sixSire 50 hc; moxmarebuli 

simZlavre 10 vt; muSa sixSire 1..3 mghc). didi gamoyeneba hpova 

organoebis da qsovilebis vizualizaciis meTodma, romelic 

dafuZnebulia birTvul magnitur rezonansis (bmr) gamoyenebaze.  

 bmr-is aparatebSi rentgenuli gamosxiveba gamoricxulia. 

(gansxvavebiT rentgenuli tomografebisagan). gacilebiT maRalia 

garCevisunarianoba ultrabgeriT aparaturasTan SedarebiT.  bmr-is 

meTodi dafuZnebulia imaze, rom sxvadasxva qsovilebis atomebis 

birTvebs, maT Soris biologiuri qsovilebisas, aqvT unari gamoasxivon 

eleqtromagnituri signalebi, romelTac SeuZliaT garegan magnitur 

velTan rezonireba. bmr----is arsi: SeiZleba gavarCioT wyalbadis atomi 

planeruli  modelis saSualebiT. ramdenadac traeqtoriis gansazRvra 

xdeba erTdroulad sxva fiziologiuri parametrebis, mag. 

saSvilosnosSida wnevis gansazRvrasTan erTad. muSaobis dopleris 

reJimi sistemaSi irTveba rogorc saSualeba, im struqturebis 

moZraobebis Casawerad, romelTa arekvlis SesaZleblobani sustia.  

 statiur da dinamiur reaqciaSi nayofis gamosaxulebis 

erTganzomilebiani da organzomilebiani aRwarmoebis skanerebs, 

awarmoebs iaponuri firma “Topson”.     erTganzomilebiani gamosaxuleba 

aRwarmoebulia osciloskopze, organzomilebiani ki satelevizio 

monitorze. gazomvis Sedegebi aisaxeba cifrul indikatorze. am 

xelsawyoSi aris mimdinare drois mTvleli da bgeriTi 

signalizatori. 

 samedicino diagnostikur praqtikaSi xSirad dgeba aucilebloba 

miRebul iqnas calkeuli organoebis gamosaxuleba, aseTi 

gamosaxulebis miReba SesaZlebelia sxvadasxva specialuri 

radiologiuri xelsawyoebis – rentgenuli aparatebis, tomografebis, 

magnitur-rezonansuli aparatebis  gamoyenebiT. gamokvlevebis 
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sxvadasxva mimarTulebebma, aRwarmoebis sizustem, adamianis sxvadasxva 

organoebis da sistemebis gamokvlevebis specifikam moiTxova am 

mimarTulebiT sxvadasxva saxis aparaturis Seqmna. sadReisod 

samedicino teqnika gamoirCeva organoebis da qsovilebis 

vizualizaciis farTo saSualebebiT.  

     mravali wlis manZilze medicinaSi gamosaxulebis Sesanax 

saSualebad foto firs iyenebdnen. kompiuteruli teqnologiebis 

ganviTarebam saSualeba mogvca migveRo sruliad sxva xarisxis 

gamosaxuleba, misi Senaxvis da gadacemis aparaturuli da 

komunikaciuri saSualebebi.  

 kompiuteri da gamosaxulebis cifruli damuSaveba pirvelad 

gamoiyenes kompiuterul tomografiaSi, ramac revoluciuri biZgi misca 

am sferos ganviTarebas, kerZod gamosaxulebis damuSavebisa da miRebis 

saSualebebis ganviTarebas. axla ukve SesaZlebeli gaxda monacemebis 

miReba, maTematikuri operaciebis Sesruleba, gamosaxulebis 

formirebisaTvis aucilebeli monacemebis generireba. eqimebs miecaT 

SesaZlebloba organoebis gamosaxulebaze dakvirvebodnen da aReniSnaT 

detalebi da maTi gansxvavebani, SeenaxaT da moeZebnaT gamosaxuleba, 

miRebuli gamosakvlevi adgilebidan da  es yvelaferi firis gareSe. 

 telefons da telekomunikaciis sxva saSualebebs, mag. internets, 

aqvs saerTo standartebi gamosaxulebis gadacemisaTvis, rac 

saSualebas gvaZlevs myisierad gadaviRoT saWiro gamosaxuleba 

diagnostikuri informaciis misaRebad. fotografiuli, 

rentgenologiuri, ultrabgeriTi, radioizotopuri, satelevizio da 

yvela sxva sistemis gamosaxulebis formireba SeiZleba warmovidginoT 

kameris saxiT, xolo yvela aseTi kameriT miRebuli gamosaxuleba,  

SezRudulia garCevisunarianobiT, xmauris doniT da amplituduri 

SkaliT.... mag. fotogamosaxuleba SeiZleba gavadidoT iqamde, sanam igi 

ar gaxdeba Zalian ,,marcvlovani,” es marcvlovneba zRudavs 

garCevisunarianobas da gansazRvravs xmauris dones. rentgenuli 

gamosaxuleba SezRudulia  garCevisunarianobis mixedviT - rentgenuli 

gamosxivebis wyaros zomebiT, xolo xmauris mixedviT - sxivis 

intensiurobiT. ultrabgeriTi gamosaxulebis SezRudva ganisazRvreba 

kuTxuri garCevisunarianobiT, gardamqmnelis unariT ganasxvavos cru 
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signali WeSmaritisagan an xmaurisagan. rac Seexeba satelevizio 

gamosaxulebas, igi SezRudulia kameris mgrZnobiare elementis 

eleqtronuli mexsierebis moculobiT. 

 gamosaxulebis Tviseba SeiZleba gamovikvlioT ise, rom 

yuradReba ar mivaqcioT kameras, romlis daxmarebiTac iyo is 

miRebuli. kamera SeiZleba CavTvaloT mowyobilobad, romliTac 

gamosaxuleba gadaecema erTi zedapiridan meores. is SeiZleba 

warmovidginoT, rogorc gadamcemi arxi, romelSic gaivlis yvela 

gamosaxulebidan gamomavali signali, imisTvis rom Semdeg moxdes misi 

gamJRavneba - miviRoT misi saboloo gamosaxuleba (saxe). Sesabamisad 

nebismieri kamera, satelevizio, rentgenologiuri, rogorc sxva  

nebismieri mowyobiloba, romelic qmnis gamosaxulebebs SeiZleba 

aRvweroT sivrciTi gadamcemi funqciis daxmarebiT. 

 

1.1.1.1.2.2.2.2.    gamosaxulebis gamosaxulebis gamosaxulebis gamosaxulebis sainformacio moculoba.sainformacio moculoba.sainformacio moculoba.sainformacio moculoba.    

 gamosaxulebaSi informaciis raodenoba - ,,informaciuli 

moculoba”, umetes SemTxvevaSi ganisazRvreba misi diskretuli 

elementebis raodenobis gamravlebiT TiToeuli piqselis amplitudis 

ricxobriv raodenobaze, magram amisaTvis aucilebelia, SeirCes 

romelime meTodi piqselebis zomebis gansazRvrisaTvis. piqselebis 

zeddebis gamo SeuZlebelia maTi zustad gayofa. piqseli  (picture element 

an picture сell)  es aris gamosaxulebis elementi, rastrul grafikaSi 

organzomilebiani cifruli gamosaxulebis umciresi logikuri 

elementi. piqseli aris gauyofadi, marTkuTxovani obieqti, Cveulebriv 

kvadratuli an wris formis, romelsac aqvs gansazRvrulu feri. 

rastruli kompiuteruli gamosaxuleba Sedgeba piqselebisagan, 

romlebic ganlagebulia striqonebis da svetebis mixedviT. rac ufro 

metia farTobis erTeulze piqselebis raodenoba, miT ufro detaluria 

igi. rastruli gamosaxulebis TiToeuli piqseli – es aris obieqti, 

romelic xasiaTdeba garkveuli feriT, ruxi feris sxvadasxva 

gradaciiT. erT piqsels SeuZlia Seinaxos informacia mxolod erTi 

feris Sesaxeb. piqseli aseve aris rastruli gamosaxulebis umciresi 

erTeuli, romelsac Rebuloben informaciis gamotanis grafikuli 

sistemebis (kompiuterebis  monitorebi, printerebi da a.S.)                                                            
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saSualebiT. aseTi mowyobilobebis garCevisunarianoba ganisazRvreba 

gamotanili gamosaxulebis horizontaluri da vertikaluri zomebiT 

piqselebSi. ferad monitorebze asaxuli piqselebi Sedgeba 

triadebisagan  (subpiqselebi wiTeli, mwvane da lurji feris). 

garCevisunarianoba es aris ekranis zoma wertilebSi, e.w. piqselebSi. 

 nebismieri warmoSobis xmauri, riTac ar unda iyos is 

gamowveuli, fotografiis marcvlovnebiT, eleqtruli muxtis an 

statistikuri fluqtuaciis qvantebis raodenobis gamo (sinaTle, 

rentgenuli an gama_sxivebi),  zRudavs gaZlierebas, romelic SeiZleba 

gamoviyenoT arxze. rogorc wesi, iTvleba rom amplitudis gradaciis 

ricxvi arxze tolia gazomvis Sedegad miRebuli sididis – fardoba 

signali/xmauri (fsx).Oarxis xmauris faqtori ganisazRvreba, rogorc 

fardoba Teoriuli fsx (anu maqsimalurad SesaZlebeli mniSvneloba) 

gazomvis Sedegad miRebuli fsx  sididesTan. 

gamosaxuleba SeiZleba ganvixiloT, rogorc gansazRvruli zomis 

zedapiri, romelzec datanilia sivrculi garCevisunarianoba, romelic 

izomeba wyvili xazebis ricxviT  milimetrze (wy.xaz/mm). 

garCevisunarianobis aseTi gansazRvrisas SemTxvevaSi gamosaxulebaze 

obieqtebi da maT Soris manZilebi erTmaneTis eqvivalenturad 

CaiTvleba. magaliTad, imisaTvis, rom gamovsaxoT spilenZis badis 

yvela naxvreti da yvela xlarTi, Tu mas aqvs 10 aseTi naxvrti 1 sm2 

farTobze an 100 naxvreti 1 sm2, sistemas unda qondes 

garCevisunarianoba ukidures SemTxvevaSi 1 wy.xaz/mm an 2 piqseli/mm-ze, 

vinaidan calkeuli obieqtis da monakveTis dasaregistrireblad 

moiTxoveba ara umcires 2 (ori) wyvili xazisa (2 piqseli) TiToeul 

RerZze  maTi sxva obieqtebisagan gamosayofad.     

 sur.1.2.1. naCvenebia rogor Sendeba, iqmneba  satelevizio kadrSi 

mrgvali  obieqtebis mimdevrobis, rigis gamosaxuleba. pirvel 

problemas warmoadgens satelevizio kadrebis xazebis ricxvis zusti 

gansazRvra. davuSvaT, rom satelevizio skaneri moicavs gadamwodsac, 

romelic iTvlis gamosaxulebebis erT xazs, Semdeg gadava meore xazze 

da a.S. manam, sanam gamosaxuleba ar iqneba mTlianad daskanirebuli 

CavTvaloT rom gadamwodidan gamosuli signali miewodeba sinaTlis 

proeqtors, romelic, sawyisi gamosaxulebis aRsadgenad modulirebul 
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sinaTlis sxivis konas agzavnis foto firze. pirvel rigSi 

aucilebelia skanirebis dros erTma xazma mainc gaiaros am mrgval 

obieqtSi. CavTvaloT, rom Tu obieqti TeTria gadamwodidan gamomavali 

signali iqneba dadebiTi, Tu muqi _ uaryofiTi.  TeTri obieqtebis da 

muqi Sualedebis mimdevrobaSi yoveli obieqti warmodgenili iqneba  

signalis dadebiTi naxevarperiodiT, yoveli Sualedi -  uaryofiTi 

naxevarperiodiT. zogadad obieqtebis registraciisTvis saWiroa erTi 

mTliani cikli dawyebuli sivrciTi sixSiris gasaSvebi zolidan, 

TviTon obieqtebisaTvis - dadebiTi naxevarperiodi da uaryofiTi 

naxevarperiodi _ obieqtebs Soris SualedisaTvis. 

 

 

sur.sur.sur.sur.1.1.1.1.2222.1..1..1..1.    

    

    

(a) TiToeuli obieqti Sedgeba erTi piqselisagan, da gamosasvleli 

signalis TiToeuli cikli Sedgeba 2 piqselisagan. (b) n vertikaluri 

obieqtebisaTvis saWiroa 2n striqoni. (g) Tu obieqtebi ganlagebulia 
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ganSlis xazebs Soris 2n xazi ar aris sakmarisi (d) sakmaris 

garCevisunarianobas iZleva mxolod  2n√2   striqoni.   

        

vertikaluri RerZis mixedviT obieqtebis yvela mimdevrobisaTvis 

aucilebelia ganSlis erTi striqoni. kidev erTi striqoni 

aucilebelia rigebs Soris manZilebis dasaregistrireblad. nebismier 

realur sistemaSi ar SeiZleba winaswar vicodeT obieqtebis ganlageba 

ganSlis striqonis mimarT. 

imisaTvis rom gavakeToT Sesworeba SemTxveviTobaze, xazebis 

ricxvi kadrSi unda gavadidoT – √2-jer. obieqtebis saerTo raodenoba 

mexsierebis velze tolia n2. amasTan vTvliT, rom vertikalur xazze 

ganawilebulia n raodenoba obieqtebisa. imisaTvis, rom uzrunvelyoT 

albaToba TiToeuli aRmoCenili obieqtisa da maT Soris manZilisa, 

sistemaSi aucilebelia gvqondes daaxloebiT 2n√2 brunvis xazi. Tu 

kadris sazRvrebSi obieqtebis raodenoba udris n2, gamSveb zolSi 

saWiroa rogorc minimum  n raodenobis cikli, raTa gvqondes saWiro 

garCevisunarianoba am obieqtebis registraciisaTvis ganSlis yvela 

xazSi. amgvarad, gamosaxulebis  sruli gatarebis zoli unda 

Sedgebodes 2n2√2  ciklisagan.  

obieqtebi da maT Soris manZilebi mniSvnelobiT eqvivalenturia. 

piqseli SeiZleba ganisazRvros, rogorc nawili gamosaxulebis 

zedapirisa, romlis zomac horizontaluri mimarTulebiT tolia 

gamtari zolis  naxevris horizontaluri RerZis mixedviT, xolo zoma 

vertikalurad analogiuria sididiT. Cveulebrivad pikselis zomas 

arCeven ise, rom is iyos toli obieqtis umciresi zomisa, romlisganac 

Semdgaria gamosaxuleba. es ar niSnavs, rom obieqti, romelsac aqvs 

pikselze naklebi zoma, ar iqneba garCevadi. amiT ufro xorcieldeba 

obieqtis gamosaxulebis zomis miwodeba, gansazRvra, romlisTvisac 

inaxeba informacia amplitudis Sesaxeb. mcire obieqtis amplituda 

saSualovdeba piqselis zomis mixedviT, amitom informacia mis Sesaxeb 

iqneba damaxinjebuli. magaliTad: Tu sistemas eqneba pikselis zomebi, 

romelic Seesabameba  0,5 mm da misi daxmarebiTAgamovikvlevT 0,10 mm-ian 
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volframis mavTuls,MOmaSin mavTulis gamosaxulebas eqneba 0,5 mm 

diametri da mas eqneba naklebad mkafio kontrasti. 

satelevizio sistemis gatarebis zolis sigane √�f  gamoisaxeba 

 
TFF

nn
f

vh

vh 22
=∆                (1.2.1) 

nh = obieqtebis maqsimaluri ricxvi horizontalur xazze; 

nν  = obieqtebis maqsimaluri ricxvi vertikalur  xazze; 

Fh = daxarjuli drois wili, gamosaxulebis horizontalurad 

skanirebis  formirebisas 

Fν = daxarjuli drois wili gamosaxulebis vertikalurad             

skanirebis formirebisaTvis; 

T = kadris skanirebaze daxarjuli  sruli dro 

magaliTi 1 . 

aSS-s standartul sakabelo satelevizio sistemas aqvs 240 obieqti 

horizontaluri da 180 vertikaluri mimarTulebiT. Fh = 0,82,  Fν  = 0.92, T 

=1/30    wm. gamoTvaleT gamSvebi zolis sigane  

pasuxi:   MgHf 85.4)30
1)(92.0)(82.0()2)(2)(180)(240( 2

1

==∆ (mghc). 
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Tavi Tavi Tavi Tavi     2222    

1.3.1.3.1.3.1.3.    gamosaxulebis xmaurigamosaxulebis xmaurigamosaxulebis xmaurigamosaxulebis xmauri    

    yvela gamosaxulebas aqvs SezRudvebi, gansazRvruli SeferxebiT 

(xmauri) da sivrciTi garCevisunarianobiT. Tu gamosaxulebas calkeul 

nawilebad davSliT, TandaTanobiT SevamcirebT mis zomebs, maleve 

SevamCnevT, rom gamosaxulebas aqvs minimaluri zomis elementi. sxva 

sityvebiT linza an skanirebis sistema gvaZlevs elementebis minimalur 

zomas, romelzedac Cven SegviZlia ganvalagoT gamosaxuleba. SemdegSi, 

Cven SegviZlia vTqvaT, rom am ganlagebul mcire elementebze 

gamosaxuleba “aris“ an “ar aris.”. “aris“ an “ar aris” aseTi midgoma 

SeiZleba gamoviyenoT vercxlis marcvlebisadmi romlebic aris 

fotofirSi. is aseve gamoyenebadia im eleqtronebis konis ganxilvisas, 

romlebic axdenen eleqtrul - sxivuri milakebis  luminoforis 

dabombvas. (luminofori warmodgeba sityvebisagan lumen –sinaTle da 

phoros — matarebeli – nivTiereba, romelsac aqvs unari mis mier 

STanTqmuli energia gardaqmna sinaTlis gamosxivebaSi anu  

luminescirebs). es kona ar iTvleba uwyvetad, aramed Sedgeba 

diskretuli  elementebisagan. luminoforis nawilakebi gansxvavdebian 

zomebiT da aqvT sxvadasxvanairi dasxivebis albaToba. didi zomis 

elementis gamosaxulebas SeiZleba hqondes nebismier amplituda 

(nacrisferi feris gradaciebi),  romelic SeiZleba davaxasiaToT 
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diskretuli cifriT. es kidev erTi SesaZleblobaa vaCvenoT, rom 

gamosaxuleba SeiZleba warmovadginoT rogorc umciresi zomis 

elementebis nakrebi, romelTagan TiToeuls SeiZleba hqondes erT 

erTi ori mdgomareobidan  “aris“ an “ar aris”.  

Tu TiToeulisaTvis, didi raodenobis q gamocdebisagan, aqvs 

mcire p albaToba gansazRvruli tipis xdomilebis dadgomisa, maSin 

saSualo ricxvi am tipis xdomilebis ganisazRvreba ubralod rogorc 

m=qр. magaliTad, Tu q wm-is ganmavlobaSi Cven  velodebiT mocemul 

gansazRvruli  farTobis farglebSi SemTxveviTi ganawilebiT wvimis 

wveTebis Camovardnas, da amasTan wvimis wveTebis Camovardnis albaToba 

yovel wamSi tolia р,  maSin m tolia wveTebis  saSualo raodenobisa 

romlebic SevniSneT ramodenime dakvirvebiT, romelTagan  TiToeulis 

xangrZlivoba q wami iyo. mocemuli K raodenobis wvimis wveTebis 

Camovardnis fardobiTi albaToba erT ganzomilebaSi, m saSulo  

mniSvnelobisas, р (K,m) ganisazRvreba puasonis ganawilebis albaTobis 

simkvriviT: 

       
!

);(
K

me
mKp

km−

=                    (1.3.1) 

 

Cven SegviZlia SevamowmoT, rom am ganawilebas marTlac aqvs saSualo  

mniSvneloba m: 

 ∑
∞

=

=
0

);(
k

mmKKp                  (1.3.2) 

 

ra Tqma unda jami р(K,m), K-s yvela mniSvnelobisaTvis, nulidan  

usasrulobamde, tolia 1-is da sabolood dispersia am ganawilebisa 

tolia m - is. 

 

 ( ) ( ) mmKpmK
K

=−∑
∞

=0

2 ,                                            (1.3.3) 

                       

amgvarad, saSualo mniSvnelobidan gadaxris saSualo kvadratuli 

mniSvneloba _ m  tolia √m----is. Tu gadavxedavT gazomvaTa 

Tanmimdevrobas, romelTac aqvT saSualo  Sedegi - 100 xdomiloba, 
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maSin moiZebneba Zalian cota gazomvebi, romlebSic iyo 

daregistrirebuli zustad 100 xdomiloba, xdomilobebis ricxvi, 

daregistrirebuli TiToeul konkretul gazomvaSi, ganawildeba  

saSualo mniSvnelobis garSemo romlis standartuli gadaxra aris 10 

xdomiloba. 

rogorc wvimis wveTebs, romlebic erTmaneTisagan damoukideblad 

ecema garkveul farTobze, aseve  rentgenis gamosxivebis fotonebs, 

deteqtoris piqselze dacemis dros, aqvT erTnairi statistikuri 

Tvisebebi. Tu farTobis erTeulze  dacemuli wvimis wveTebis saSualo 

ricxvi r - tolia  100 erTeulisa, maSin zustad 100 wveTis aRmoCenis 

albaToba 0,040-is tolia. Tu gavakeTebT maskanirebel voltmetrs, 

romelic iZleva mniSvnelobas -  N volti yoveli  N  movlenisaTvis 

da gamoviyenebT mas calkeuli piqselebisagan,  signalis gasazomad, 

maSin fluqtuaciis sidide Seadgens √N volts (saSualo kvadratuli 

mniSvneloba).  

axla SevcvaloT mudmivi signali N modulirebul signalze 

)1( MN ±   sadac 10 ≤≤ M  _ modulaciis koeficientia. MN  _ nazrdi, 

romelic warmoadgens sainformacio signals - S-s. signali aRwevs 

maqsimums rodesac 1=M , amitom signali/xmauris maqsimaluri fardoba 

Seadgens N/√N=√N. radgan saSualod 1 piqselze 1 wamSi modis 100 

xdomiloba,  maSin maqsimaluri mniSvneloba signali/xmaurisa tolia 

10. Tu ujredis xazis zomas 2-jer gavadidebT, maSin misi farTobi 

gaizrdeba 4-jer. amitom drois am monakveTSi registrirdeba 400 

xdomiloba, romelic modis didi zomis piqselebze da maqsimaluri 

fsx (fardoba signali/xmauri)  toli iqneba 20-is. analogiurad, Tu 

sawyisi zomis ujredis integrirebas gavadidebT 1 wm-dan 4 wm-mde, 

maSin 1 piqselze 400 xdomiloba igulisxmeba da maqsimaluri fsx mainc 

iqneba 20 toli. SemTxveviTi signalebisaTvis drois erTnairi 

gasaSualoebisas droiTi da sivrciTi integrireba erTnair efeqts 

gamoiwvevs. sxva sityvebiT rom vTqvaT, gamosaxulebis 

garCevisunarianobis Semcireba (piqselis farTobis gadideba) an 

adidebs fsx-s, erTidaigive xmauris doneze, an amcirebs moTxovnilebas 

movlenebis ricxvze. 
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im SemTxvevaSi, rodesac M ar udris 1, signali tolia NM , 

amasTan xmauris done Zveleburad ganisazRvreba  √N -iT,  ase rom fsx 

udris M √N.        dabalkontrastuli signalebis registracia xmauris 

fonze moiTxovs sakmaod maRal    fsx-s (fardoba signali/xmauri)  

mniSvnelobas. 

 

1.4.1.4.1.4.1.4. modulaciuri gadamcemi funqciamodulaciuri gadamcemi funqciamodulaciuri gadamcemi funqciamodulaciuri gadamcemi funqcia    

    

modulaciuri gadamcemi funqcia (mgf)  aris  modificirebuli 

forma mowyobilobis sivrciT-sixSiruli gamoZaxilisa, gamosaxulebis 

an misi calkeuli elementebis formirebisaTvis. zRvruli 

garCevisuanarianoba arasakmarisad srulad aRwers mowyobilobebis 

SesaZleblobebs, Tumca garkveulwilad axasiaTebs mas, radgan 

gansazRvravs obieqtis minimalur zomas, romelic SeiZleba gavarCioT 

misi saSualebiT. magaliTad mowyobilobas SeuZlia gansazRvros 

maRalkontrastuli spilenZis bade 2 ujris struqturiT/mm-ze, magram am 

dros sustad kontrastuli iqneba saSarde buStis gamosaxuleba. mgf 

gamoiTvleba signalis gamoZaxilis (signalis gamoZaxili tolia 

eleqtronuli milakis maStaburi badis vartikaluri zomisa) 

amplitudis sivrciTi sixSirisgan  damokidebulebis gazomvis gziT, am 

dros 100%-ad miiCneva nulovani sixSiris mniSvneloba da fazuri 

wanacvleba ar miiReba mxedvelobaSi (sur 1.4.1). CavTvaloT, rom 

amplituda tolia nulisa fazis pirveli mobrunebis (krossoveri) 

Semdeg.ф mowyobilobis    sruli    mgf (modulaciuri gadamcemi funqcia) 

SeiZleba miRebuli iqnas mgf-s TiToeuli elementis gadamravlebiT 

mTel sivrciT sixSireze.ф    mgf-s gasazomad gamoiyeneba sinusoiduri 

test-obieqti, mxolod Sesasvleli signalis modulacia unda moicavdes 

sixSiris mTel zols nulidan maqsimalur sixSiremde.ф sinusoiduri 

test-obieqtis damzadeba sakmaod rTulia. Aamitom iyeneben specialur 

Sablons marTkuTxovani zolis saxiT. rentgenuli sistemebisaTvis  

aseTi Sabloni mzaddeba tyviis an volframis Senadnobisagan. is Sedgeba 

erTmaneTisagan intervalebiT daSorebuli zolebis nakrebisagan, mzardi 

sixSiriT (amasTan mcirdeba intervali zolebs Soris). aseT test-

obieqtebs aTavseben rentgenis gamosaxulebis deteqtoris win, ris 
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Semdegac CarTaven gamosxivebas. am meTodis daxmarebiT, SeiZleba 

miviRoT optikuri gamosaxuleba analoguri fotoSabloniT da optikuri 

meTodiT SevamowmoT. deteqtori Sedgeba mikroskopisagan, romlis 

optikuri sistemis fokalur sibrtyeSi aris ganTavsebuli viwro xvreli 

da mis ukan damagrebulia fotomamravli. Gmilakidan gamomavali signali 

miewodeba Camwer mowyobilobas, romelic aregistrirebs 

damokidebulebas marTkuTxa talRis amplitudasa da sixSires Soris.  

    

  

  

ssssurururur    1.1.1.1.4444.1.1.1.1    

modulaciuri gadamodulaciuri gadamodulaciuri gadamodulaciuri gadamcemi mcemi mcemi mcemi funqcia funqcia funqcia funqcia S(f), tipiuri rentgenuli tipiuri rentgenuli tipiuri rentgenuli tipiuri rentgenuli 

aparatisaparatisaparatisaparatisaaaaTvis. Tvis. Tvis. Tvis. imisaTvis, rom miviRoT Ne – sixSiris xmauris  zolis 

eqvivalenturi sigane, S(f) ayvanilia kvadratSi da integrirebulia. 

zRvruli garCevisunarianoba (4 cikli/mm) mocemulia  kontrastis 0,05 

doniT. abscisaTa RerZis mniSvnelobebi gamosaxulia cikl/mm–Si  (rac 

eqvivalenturia xazebis wyvilis/mm-ze).    

miRebuli damokidebuleba, perioduli marTkuTxovani funqciis 

saSualebiT, SeiZleba gavaanalizoT, Tu gamoviTvliT mis sinusoidur 

mdgenels furies mwkrivis saSualebiT. qvemoT mocemulia formula 

romelSic S(f)  sinusoiduri talRebis amplituda, f sixSiriT 

gamoiTvleba M(f)  mniSvnelobis    Casmis saSualebiT,    romelsac zomaven 

marTkuTxa talRisaTvis f, 3f, 5f,  da a.S. sixSireebze. 
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          (1..3.1) 

 

am saxiT SeiZleba gardavqmnaT marTkuTxa talRebis saSualebiT 

miRebuli monacemebi mgf-s mniSvnelobis gamosaTvlelad da 

sinusoiduri talRis amplitudis Sesafaseblad.    mgf (modulaciuri 

gadamcemi funqcia) SeiZleba miviRoT aseve impulsuri maxasiaTeblebis 

daxmarebiT, Tu gavzomavT wertilis an xazis gafantvis funqcias. 

  Tu miRebulia    mgf  mTeli sistemisaTvis an misi calkeuli  

elementebisaTvis, maSin misi daxmarebiT SeiZleba gamoiTvalos sxva 

saWiro maxasiaTeblebi. calkeuli elementis an mTeli sistemis 

garCevisunarianoba ganisazRvreba sixSireze, romelic akmayofilebs 

5%-ian kontrastis dones. rentgenul sistemebSi kontrasti dabal 

sixSireze ganisazRvreba mgf-s mniSvnelobiT Sesabamisad 0,1 xw/mm-ze. 

signalis amplituda mTlianad damokidebulia movlenebis raodenobaze, 

romelic modis 1 piqselze. Tu aviRebT zolis ekvivalentur siganes an 

ganvaxorcielebT integrirebas sixSiris mTel zolze, Cven SegviZlia 

miviRoT informaciis raodenobis gazomvis zoma, romelsac Seicavs 

ujra. Cven viciT, rom fardoba signali/xmauri gansazRvreba^ N ----iT,,,, 

sadacфN aris xdomilobebis ricxvi piqselSi. imisaTvis, rom sxvadasxva 

sistemebi vizualurad erTnairad CaiTvalos, saWiroa SevadaroT maTi 

amplitudis saSulo kvadratuli mniSvneloba. es SeiZleba gavakeToT 

amplitudis kvadratebis фintegrirebis daxmarebiT yvela 

sixSirisaTvis.    
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Tavi 3Tavi 3Tavi 3Tavi 3                                        

1.5.1.5.1.5.1.5. birTvuli medicinabirTvuli medicinabirTvuli medicinabirTvuli medicina....    

 daavadebis diagnozirebisaTvis da pacientis mdgomareobis 

Sesafaseblad birTvul medicinaSi iyeneben radiaqtiur masalebs. 

vizualizaciis es saSualeba imiT gansxvavdeba radiografiisagan, rom 

gama gamosxivebis wyaro mdebareobs avadmyofis SigniT. meore 

umTavresi gansxvaveba mdgomareobs imaSi, rom SegviZlia gardavqmnaT 

radioaqtiurad is nivTierebebi, romlebic monawileoben bioqimiur 

reaqciebSi. amitom Tvlian, rom birTvuli medicina asaxavs organos 

funqcias, rutinuli morfologiis sapirispirod. am SemTxvevaSi 

radioaqtiurobis ganawilebis gazomva, adamianis sxeulis SigniT, 

warmoadgens organoebis vizualizaciis safuZvels. es ganawilebebi 

SeiZleba iyos stacionaruli da SeiZleba icvlebodes droSi (Benedetto, 

1988).  
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sur.sur.sur.sur.    1.1.1.1.5555.1.1.1.1    

scintilaciuri deteqtoris principialuri sqema scintilaciuri deteqtoris principialuri sqema scintilaciuri deteqtoris principialuri sqema scintilaciuri deteqtoris principialuri sqema NaI (natriumnatriumnatriumnatrium iodiodiodiodiiii))))    

kristalzekristalzekristalzekristalze. naCvenebia scintilatori, SuqmgrZnobiare fotoeleqtruli 

gamamravlebeli (S.f.g) da marTvis eleqtronuli sistema. kwK- kvebis 

wyaro. 

 birTvul medicinaSi gamosaxulebis misaRebad gamoyenebul  

TiTqmis yvela xelsawyos saerTo mowyobilobad iyeneben iod-natriumis 

deteqtors, romelic naCvenebia sur.4.1 –ze. deteqtori Sedgeba sami 

ZiriTadi nawilisagan: (1.) kristalisagan, romelic scintilirebs feris 

lurj speqtrSi, gama-sxivis mier STanTqmuli energiis mimarT wrfivi 

damokidebulebiT, (2). fotoeleqtruli gamamravlebeli. (f.e.g), romelic 

gardaqmnis am sinaTles proporciul eleqtrul signalad. (3.) 

eleqtruli mowyobilobebi, romlebic aZlierebs da gardaqmnis 

eleqtrul signals vizualur formaSi. birTvul medicinaSi yvelaze 

ubralo procedurebi ar iTvaliswineben saerTo jamSi gamosaxulebis 

miRebas, aramed Semoifarglebian pacientis kanis zedapirTan 

deteqtoris  ganlagebiT da gama-qvantebis nakadis daTvliT. 
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  pirveli mowyobilobebis muSaoba, romlebic  birTvuli 

medicinis princips - gamosaxulebis formirebas uwyobda xels,  iyo 

dafuZnebuli operatoris skanirebad moZraobaze, romelic iRebda 

xelSi deteqtors da amoZravebda pacientis mimarT 

urTierTperpendikularulad. (zustad ase atareben 

aerofotogadaRebebs dedamiwis zedapiridan). nebismier process, 

romelic gvTavazobs deteqtoris urTierTperpendikularul moZraobas, 

ewodeba skanireba.  

 

sur. sur. sur. sur. 1.1.1.1.5555.2.2.2.2        

fokusirebuli kolimatoris ganivi Wrili, romelsac iyeneben birTvul fokusirebuli kolimatoris ganivi Wrili, romelsac iyeneben birTvul fokusirebuli kolimatoris ganivi Wrili, romelsac iyeneben birTvul fokusirebuli kolimatoris ganivi Wrili, romelsac iyeneben birTvul 

medicinaSi marTrkuTxa skanirebis dros.medicinaSi marTrkuTxa skanirebis dros.medicinaSi marTrkuTxa skanirebis dros.medicinaSi marTrkuTxa skanirebis dros. gamosxivebis wertilovan 

wyarosTan mdebare qveda konturuli xazebi Seesabamebian erTnairi 

mgrZnobiarobis izoxazebs.   

 1.5.2 suraTze naCvenebia rom  skanirebis dros aucilebelia iod-

natriumis deteqtoris kolimireba, raTa SevzRudoT TvalTaxedvis are 

sapirispiro da mimarTul RerZebze. TvalTaxedvis sapirispiro  are 

(zoli) aris mTavari ganmsazRvreli faqtori radiaqtiuri skanirebisas, 
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gamosaxulebis  garCevisunarianobis SesaZleblobis gansazRvrisas. Tu 

cnobilia wyaros miaxloebiTi siZliere, maSin Cven SegviZlia  

gavaerTianoT es informacia kolimatoriT gansazRvrul 

garCevisunarianobis mTavari elementis zomasTan, raTa gamovTvaloT 

skanirebis aucilebeli siCqare, romelic gamosaxulebis aucilebel 

statistikur siswores uzrunvelyofs. 

 ganvixiloT Zvlis radioaqtiuri skanireba, romlis drosac 

gamoiyeneba nivTiereba romelsac aqvs maRali metabolizmi ConCxze 

zemoqmedebisas, raTa gavarkvioT  Zvlebis adgilmdebareoba, romlebic 

CarTuli arian avTvisebian procesSi, (ZvalSi metastazebis 

arsebobisas). tipiuri doza am saSualebisa 15 mki (ki - warmoadgens 

radiaqtiurobis standartul erTeuls, kiuri: 1 ki = 3.7x1010 birTvuli 

daSla wamSi). sruli aqtivoba farTod aris ganawilebuli mTel 

ConCxze. Ees ganawileba kombinirebulia gama-sxivebis izotropul 

ganawilebasTan, bevr maTgans pacientis sxeulSive STanTqavs, igi 

ganapirobebs gamosasvlelze impulsebis maqsimalur intensivobas 

sxeulis zedapirTan daaxloebiT 1000 imp/wm-Si. birTvul medicinaSi 

piqselis tipiuri zomebia 0.5X0.5 sm. Tu saWiroa statistikuri 

fluqtuacia - piqselebis 10% (100 imp), romelic Seesabameba aRricxvis 

yvelaze maRal sixSires, maSin swrafqmedeba advilad ganisazRvreba 

Semdegnairad: impulsebis ricxvi piqselSi udris = impulsebis 

sixSires/ (horizontaluri sixSire X piqselis vertikaluri zoma). 

horizontaluri siCqare (sm/wT) udris = impulsebis sixSire/( 

(impulsi/piqseli) X piqselis  vertikaluri zoma)):  

wT.

sm 

sm imp. 

sm

wT.

wm 

wm.

imp 1000
2 300

5.0

1

100

25.060
=×××  
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sur.sur.sur.sur.    1.1.1.1.5555.3.3.3.3    

gamagamagamagama----kameris ganivi kveTi. kameris ganivi kveTi. kameris ganivi kveTi. kameris ganivi kveTi. Ffeg  - fotoeleqtruli gamamravlebeli. 

 

 Ffunqciurad-damTavrebul radioaqtiur samedicino skaners 

ewodeba impulsebis amplituduri analizatori, romelic calke 

iTvlis birTvul gardaqmnebs (xdomilobebs), romelsac aqvs garkveuli 

gama  gamosaxulebis energia. es xdomilobebi gamoiyeneba sinaTlis 

wyaros sikaSkaSis marTvisas, romelic askanirebs zemgrZnobiare firis 

zedapirs, imave marTkuTxa meTodiT, romliTac deteqtori askanirebs 

pacients. amasTan impulsebis deteqtoris signalebi axSoben filtrebs 

intensimetris jaWvSi. Aam xerxiT firze iReben gamosaxulebas, 

romelic Seesabameba pacientis sxeulSi birTvuli ganSlis 

intensivobas.  

 meore xerxiT gamosaxulebis ageba, romelSic xdomilobebi 

daregistrirebulia impulsis amplituduri analizatoriT, gamosaxaven 

cifruli formiT, rogorc deteqtoris poziciis funqcias. amis Semdeg  

iTvlian organzomilebiani funqciidan miRebl sivrcul sixSireebs da 

maTematikuri analizis daxmarebiT pouloben gamosaxulebis ori-sam 
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elements. saboloo gamosaxulebis xilva ki kompiuteris ekranze an 

oscilogragis saSualebiT aris SesaZlebeli. sur. 1.5.4-ze mocemulia 

am ori meTodis saSualebiT miRebuli marTkuTxa skanirebis Sedegebi.  

 birTvuli medicinis vizualizaciis danadgaris meore varianti, 

daaxloebiT aTwleuliT adre iqna SemoRebuli vidre marTkuTxa 

skaneri. amis Semdeg igi gaxda (laboratoriis muSa cxeni). gama kameras 

xandaxan angeris kamerasac eZaxian, misi pirveli SemmuSaveblis saxelia 

(Anger, 1958).  

 Ggama-kamera _ aris vizualizaciis stacionaluri sistema, 

romelic mgrZnobiarea erTdroulad TvalTaxedvis yoveli 

radioaqtiurobis mimarT. amasTan saboloo suraTis Camoyalibeba ar 

aris damokidebuli deteqtoris moZraobaze.  

 

sursursursur. . . . 1.1.1.1.5555.4.4.4.4    

marTkuTxa skaneriT miRebulimarTkuTxa skaneriT miRebulimarTkuTxa skaneriT miRebulimarTkuTxa skaneriT miRebuli    pacientis ConCxis gamosaxuleba.pacientis ConCxis gamosaxuleba.pacientis ConCxis gamosaxuleba.pacientis ConCxis gamosaxuleba.    

moniSnuli texneciusis fosfatiT pouloben aranormalurad  maRal 

nivTierebaTa cvlis adgilebs. Mmarcxniv – Cveulebrivi analogiuri 

gamosaxuleba, marjvniv – es gamosaxuleba cifruli damuSavebis 

Semdeg. 

 suraT 1.5.4-ze naCvenebia aseTi gamosaxulebis formirebis sistemis 

gamartivebuli sapirispiro Wrili. Ddeteqtoris rolSi gvevlineba 

erTi iod-natriumis kristali, 30-40 sm diametriTa da 1.2 sm sisqiT. am 

deteqtorze erTdrouladaa mimarTuli ramdenime f.e.g. isini 

moTavsebulia deteqtoris ukana nawilSi, heqsogonalur anawyobSi. Tu 

gama-sxivi aRwevs iodnatriumis kristals, maSin warmoqmnili 



 26

luminesencia sxvadasxva mimarTulebiT gadis. ase rom yoveli f.e.g. 

aRiqvams saerTo nakadis mxolod nawils. Nnakadis es nawili 

damokidebulia gama-sxivis SeRwevis sawyis wertilTan f.e.g.-s 

siaxloveze.  

 Ggama_kameris muSaoba dafuZnebulia mTliani sxivis wilze, 

romelic f.e.g.-s nakrebma daafiqsira da romelic sazRvravs 

gama_sxivis sawyisi Sesasvleli wertilis pozicias. Zabva, romelic 

Seesabameba gama-sxivis X-Y koordinats aRdgeba ramdenime f.e.g.-is 

signalebidan Tanamedrove analoguri eleqtronuli sqemis saSualebiT. 

am sqemaSi gamoiyeneba operaciuli maZliereblebi, romelTa gazrda  

Seesabameba nakrebSi f.e.g.-s pozicias. gansazRvrebiT iodnatriumis 

deteqtoris centri mdebareobs  X=0 da Y=0 poziciaze.    

 xdomilobebs (scintilaciuri e.w. ”vspiSka”) romlebic 

akmayofileben energetikuli amocanebis pirobebs, aRniSnaven 

oscilografiT da gadaaqvT firze, sadac yalibdeba gamosaxuleba. 

alternatiurad signalebi SeiZleba cifrulad damuSavdes, romlis 

Semdeg X_Y koordinatebi gamoiyeneba kompiuteruli misamarTis 

gasagebad, scintilaciuri e.w. ”vspiSk-is” koordinatis Sesabamisad. 

cifruli gamosaxuleba iqmneba kompiuterul misamarTSi 

mniSvnelobebis gadidebiT. 

  1.5.5 suraTze naCvenebia gama-gamosxiveba, romlebic miRebulia am 

ori meTodiT.  

 

 

sur.sur.sur.sur.    1.1.1.1.5555.5.5.5.5    
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pacientis RviZlis marjvena nawilis gama-gamosaxuleba, winxedi. 

moniSnuli radioaqtiuri texneciusis koloidi gadaadgilda 

sisxlsadinaridan RviZlis normalur qsovilSi. Mmarcxniv: Cveulebrivi 

analoguri gamosaxuleba. Mmarjvniv: imave obieqtis gamosaxuleba, 

cifruli damuSavebis Semdeg.                  

 

 marTkuTxa skanerTan SedarebiT gama-kameris mTavar upiratesobas, 

radioaqtiurobis cvlilebis gansazRvris SesaZlebloba warmoadgens. 

gama-kamerebs, romlebic mierTebulia kompiuterul sistemebTan, 

SeuZliaT monacemebis miReba wamSi 30-kadris siswrafiT. faqtiurad 

siCqare iqneboda meti rom ara usafrTxoebis sistema, romelic icavs 

adamians dasxivebisagan.  

 ase rom radiologiur gamosaxulebas aqvs tipiuri 

garCevisunarianoba daaxloebiT gamosaxulebis zomis 1%, romelic 

miRebulia mxolod 105_106 fotoniT. isini martivia raodenobrivi 

analizisaTvis da garkveviT gamosaxaven gamosaxulebis agebis mTavar 

principebs,   

 

 

sur. sur. sur. sur. 1.1.1.1.5555.6.6.6.6    

gama-kameris sivrciT-wrfivi funqciis gamoZaxili, L(x) kompiuteruli 

marTviT da Sesabamisi modulaciuri gadamcemi funqcia S(f). 
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 1.5.6 suraTi gviCvenebs gamosaxulebis maxasiaTeblebs, romelic 

iqna miRebuli gama-kameriT radioaqtiurobis wrfivi wyarodan. wrfivi 

sivrciTiLL(x) gamoZaxili iqna miRebuli cifruli gamosaxulebis 

TiTo-TiTo zomis radiologur kompiuterSi dajamebiT. am funqciaze 

Seasrules furies gardaqmna da miiRes modulaciuri gadamcemi 

funqcia.  

 12.2 suraTi adidebs Sefardebas gamosaxulebis xarisxsa da 

fotonebis ricxvs Soris. masze naCvenebia ,,farisebri jirkvalis 

fantomi”-s gamosaxuleba, saSualo zomis gamWvirvale WurWeli, 

romelic radioaqtiuri masalebiT Sevsebisas  uzrunvelyofs radio 

nuklidebis ganawilebas. formiT gvagonebs adamianis moniSnul 

farisebr jirkvals. garCevisunarianobis demonstrireba xdeba 

saCvenebeli nimuSis RreCos saSualebiT.   yoveli fantomuri 

gamosaxuleba warmodgenilia gaormagebuli fotonebis ricxviT.  

    

1.6 1.6 1.6 1.6 vizualizacia magnituri rezonansis meTodiTvizualizacia magnituri rezonansis meTodiTvizualizacia magnituri rezonansis meTodiTvizualizacia magnituri rezonansis meTodiT    

    

     mbrunav damuxtul nawilaks gaaCnia magnituri momenti. aseTi 

nawilaki cdilobs Tavisi RerZi, Sida magnitur velSi mimarTos 

magnituri induqciis veqtoris paralelurad. damuxtuli 

nawilakisaTvis Cveulebrivi iqneboda sakuTari pozicionireba фNN-dan   

S-ken, sadac N- misi Crdilo polusia, xolo S- Sida veils samxreT 

polusi. Tumca nawilakebi SeiZleba orientirebulni iyvnen N-dan S-mde. 

amasTan uniSvnelo aRSfoTebas mivyavarT Semobrunebisaken da xdeba 

gadasvla dabal energetikul mdgomareobaSi N-S, amas Tan sdevs 

energiis dabruneba sistemisaTvis. es N-N   mdgomareoba savsea energiiT 

da Seesabameba ionizirebul mdgomareobas. 

nebismier dros fizikur sxeulSi arsebobs damuxtuli 

nawilakebi, normalur mdgomareobaSi, uZraobis da aRgznebul 

mdgomareobaSi am or mdgomareobas ewodeba mdgomareoba paraleluri 

da araparaleluri spiniT. aRgznebuli nawilakebisa da uZraobis 

mdgomareobaSi myofi nawilakebis damokidebuleba ganisazRvreba 

energies sxvaobiTa da temperaturiT. kvanturi energiis sxvaoba aris 

E=hV, sadac, h- mudmivi  plankis da V-sixSire. normaluri nawilakebis 
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Sefardeba aRgznebul nawilakebTan tolia Nn/Ne=ehv/kT  sadac KK- 

bolcmanis konstantaa da T-temperatura. procesiuli sixSire SeiZleba 

vipovoT larmonis formuliT W=yB. sadac W-aris precesis kuTri 

sixSire,BB-magnituri veli, y-nawilakis daxasiaTeba, romelsac 

piromagnituri damokidebuleba ewodeba. rezonansi anu energiis 

STanTqma, maSin xdeba, rodesac dasxivebis sixSire tolia larmoris 

sixSiriS. aseT gamosxivebas nawilakebi aRgznebul mdgomareobaSi 

gadahyavs. 

     ramdenadac ganxiluli nawilakebi arseboben samganzomilebian 

sivrceSi, dauSvaT, rom Sida magnituri veli ganlagebulia Z – RerZis 

mixedviT. precesia mimdinareobs amave RerZis irgvliv. Tu am 

sistemisken mivmarTavT maRalsixSirian eleqtromagnitur impulses (ms). 

larmoris sixSiriT, xdeba nawilakebis mier energiis absorbireba, 

amasTan maTi precesis RerZebi Semobrundeba am RerZebs Semobruneba 

SeuZliaT 900 –iani, an 1800-iani kuTxiT. 

 

 

 

 

sur.6.6.1.sur.6.6.1.sur.6.6.1.sur.6.6.1.    

 

imis gamo, rom maRalsixSiriani energia da impulsis sidide 

gansazRvraven kuTxur gadaadgilebas Sesabamis impulsebs uwodeben, 900 

an 1800 m.s.. impulsebs. impulsis miwodebis Semdeg nawilakebi ubrundeba 

wonasworebis mdgomareobas siCqariT, romelic gansazRvrulia siTburi 
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kavSiriT gisosTan da magnituri energiis gacvliT aRznebul da 

araagznebul nawilakebs Soris. arsebobs energetikuli daSlis ori 

saxeoba; ,,spin-gisosis daSla’’ (drois konstantiT T1) da  ,,spiniT-spinis 

daSla’’ (drois konstantiT  T2)   es konstantebi sakmaod didia 

(ramodenime miliwamidan ramodenime wamamde) da damokidebulia 

nawilakebis tipze.  T1 da T2  SeiZleba gansazRvroT drois cvlilebiT 

m.s. impulsebs Soris maTi simZlavre aseve mimRebi koWebis  

adgilmdebareobas cvlilebiT. (romelic Seesabameba bruns 900-ze an 

1800–ze) 

pacientis RerZs uwodoT y  RerZi. pacienti Tavsdeba mudmiv 

magnitur velSi (RerZi Z )  Semdeg veli aRigzneba RerZis y gaswvriv 

mcire gradientis producirebisaTvis. amasTan winawar gansazRvruli 

mniSvnelobis magnituri veli yendeba Txeli Wrilobis sazRvrebSi. 

(velis gradientis gamo misi mniSvneloba am Wrilis zemoT da qvemoT 

iqneba ganTavsebuli) swored es monakveTi aris kvlevis obieqti. 

amisaTvis m.s. koWas irgvliv ganlagebuli maRalsixSiruli 

eleqtromagnituri impulsis induqciuri koWebi pulsireben sixSireze, 

romelic Seesabameba garkveuli nawilakebis lermoroiis sixSires.  

aqtiurdeba, mxolod nawilakebi zemoT miTiTebuli Wrilis 

gansazRvrul areSi. m.s. –koWebis muSaobis Sedegad, magnituri veli 

swrafad vrceldeba pacientis ganivad X  RerZis gaswvriv. amasTan 

daSlis redaqtiuri sixSire icvleba am RerZis gaswvriv, rogorc 

magnituri velis funqcia. amorCeviTi radiomimRebi gamohyofs signals 

ise, TiTqos isini gaSlis striqonia, gradientebis orive velis 

orTogonalurad. ufro srulyofili mimRebi (speqtris analizatori) 

producirebs mravalarxian signalebs, rogoc funqcias da miwodebis 

kompiuters. 

     rogorc cnobilia magnituri veli denis koWebis daxmarebiT 

miiReba. es koWebi floben induqcias, romelic ewinaaRmdegeba maT mier 

Seqmnil magnitur velSi nebismier cvlilebas.   

pacientis sakanSi velis Sesacvlelad SeimuSaves  originaluri 

meTodi Suntebis saxiT. maTi muSaoba meqanikuri  xmauris TanxlebiT 

mimdinareobs. sistemis SesaZlebloba StambeWdavia. is qmnis RerZul  

magnitur gradients ise, rom gaaqtiuros (aRagznos) mxolod erTi 
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Wrili, Semdeg qmnis magnitur gradients X  RerZis gaswvriv, mimRebis 

awyobas axorcielebs Wrilis mixedviT, abrunebs gradientul vels, 

damatebiTi striqonebis  nakrebis skanirebisaTvis, amuSavebs signalebs 

speqtroanalizatorSi. garda amisa sistema imeorebs process 

mravaljer, rom daswios dabrkolebebis raodenoba. 

mbrunavi magnituri nawilakebis  roli, SeiZleba Seasrulos 

calkeulma an Sereulma eleqtrodebma. garda amisa aseTi nawilakebi 

SeiZleba iyos atomi, birTvi (gansakuTrebiT rogoricaa protoni) 

aqtiuri da araaqtiuri nawilakebis  ricxvis damokidebuleba birTvi, 

agreTve sxva Tvisebebi specifikuri birTvisa. gansazRvraven birTvul-

magnitur rezonansis meTodis mgrZnobelobas (b.m.r. mgrZnobeloba).  am 

parametris mixedviT SeiZleba vimsjeloT sasrgeblo informaciis 

miRebis xelmisawvdemobaze cxril 6.6.1-Si mocemulia b.m.r. sixSireebis 

gavrcelebuli biologiuri elementebi. 

cxrili 6.6.1. b.m.r. sixSireebis metad biologiuri elementebi; 

Eelementebi Mmasa 

sxeuli % 

izotopi mgrZnobeloba b.m.r. 

sixSire 

wyalbadi 10 1H 
1.0 42.57 

naxSirbadi 18 13C 
1.6x102 10.70 

Aazoti 3.4 14N 
1.0x10-3 3.08 

Nnatriumi 0.18 21Na 
9.3x10-2 11.26 

Ffosfori 1.2 31p 
6.6x10-2 17.24 

 

TiToeuli am elementis birTvuli magnituri rezonansis efeqti 

SeiZleba gaizomos, Tu nimuSebi moTavsebulia aparatSi erTgvarovani 

magnituri veliT, cvalebadi sixSiriT, rom miviRoT pacientis ganivi 

Wrilis gamosaxuleba, iyeneben magnituri velis gradients mag; Tu 

magnituri veli icvleba daaxloebiT 1.0T, maSin sixSire wyalbadisa 

varirebs niSnulTan 42-57 m.h.c. qsovilis didi kveTis SemTxvevaSi 

wyalbadi sxvadasxva simkvriveSia, amitom mimRebi afiqsirebs ara marto 

erT sixSires, aramed rezonansuli sixSiriT mTel zols. am 



 32

sixSireebis amplitudis ganmsazRvrelad iyeneb furie analizs. es 

sruldeba Semobrunebuli proeqciiT (iseve rogorc kompiuterul 

tomografiaSi) k.t. –sagan gansxvavebiT m.s.-skaneri ar unda brunavdes 

pacientis irgvliv, sakmarisia, rom odnav Seicvalos magnituri 

gradientis mimarTuleba, Semdgomi ciklis ganmeorebiT, rom miviRoT 

morigi uku proeqcia, uku proeqciis signalebs kompiuteri aanalizebs. 

Wrilis sisqe moCans velis SezRudviT m.s. anteniT gadacemuli da 

dabrunebuli signalebisa. Tu b.m.r. signalebi gamoiyeneba 

gamosaxulebis MmisaRebadD, mocemul meRodikas magnitur-rezonansuli 

introskopia (m.r.n.) anu magnitur-rezonansuli tomografia (m.r.t.) 

ewodeba. 

k.t.-sagan gansxvavebiT m.r.t.-Si ar gamoiyeneba ionizirebeli 

radiacia. Sesabamisad b.m.r. –is gamoyenebisas gverdiTi movlenebi ar 

aRiniSneba. amrigad ganmeorebiTi kvleva an xangrZlivoba kvlevis 

uvnebelia. 

b.m.r.-is aparatSi magnituri veli SeiZleba sakmaod Zlieri iyos 

(2.0T an ufro maRali). rodesac saWiroa Zlieri veli gamoiyeneben 

maRalgamtarian induqciur koWebs. ufro dabali siZlieris magnituri 

veils Sesaqmnelad  (1 E da  ufro dabla,) SeiZlebagamoiyenon mudmivi 

magniti an eleqrtomagniti, maralgamtarianobis gareSe. ufro dabali 

magnituri veli niSnavs, rom larmorois sixSire aseve daqveiTebulia 

Sesabamisad  gamosaxulebac gauaresebulia. Tumca aseT aparats 

iyeneben damatebiTi kvlevis dros. 

pacientis pozicionireba m.r.t.-is aparatis traversze  identuria 

kompiuteruli tomografiisa-(anu erTian mdgomareobaSi arian 

pacientebi) m.r.t.-is traversi ufro Rrmaa, radgan gamoiyeneba didi 

magnitebi, romlebic veils erTgvarovnebas uzrunvelyofs, aseve 

uzrunvelyofs radiosixSireebis ekranirebas. 

b.m.r.-skanireba grZeldeba ramdenime wuTi sur.12.17. aCvenebs, rom 

m.r.t.-is suraTebi tomografiuli Wrilis magvaria, rodesac k.t. 

meTodiT viRebT. orive aparats SeuZlia gaaketos Wrili, rom 

gansazRvros anatomuri obieqti an anomalia. ufro da sruli 

informaciis misaRebad eqims SeuZlia Seiswavlos firebi, romlebic 

kompiteruli tomografiiT da m.r.t.-is manqanebiT aris miRebuli. 
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Tavi 2Tavi 2Tavi 2Tavi 2    

diagnostirebisdiagnostirebisdiagnostirebisdiagnostirebis        rentgenuli sistemebirentgenuli sistemebirentgenuli sistemebirentgenuli sistemebi    

2.1.2.1.2.1.2.1.SesavaliSesavaliSesavaliSesavali 

 radiografiis daxmarebiT Seqmnili iqna organizmis Sinagani 

organoebis pirveli samedicino gamosaxulebebi. rentgenul fotonebs 

gaaCniaT igive eleqtro - magnituri buneba, rac sinaTlis fotonebs 

Tumca, sinaTlis fotonebs gaaCniaT 2-dan 4-ev-mde energia, xolo 

rentgenul fotonebs ki 20-dan 150 kev-mde energia, rac daaxloebiT 104 

-jer metia. es metad maRali energia ganapirobebs rentgenuli 

fotonebis SeRwevadobis gaZlierebas. rentgenuli fotonebis nakads 

SeuZliaT nivTierebaTa atomebis ionizireba (maionizirebeli radiacia) 

rentgenis sxivebis mavne zegavlena organizmisTvis, dasxivebis 

odenobisa da intensivobis proporciulia. 

 rentgenuli sxivebi aRmoCenili iqna 1895w vilgelm rentgenis 

mier, am aRmoCenisTvis man istoriaSi pirvelma nobelis premia 

daimsaxura. 

erT rentgenSi (r) haerSi ionizaciis xarisxi ganisazRvreba  

rogorc 2,58 X 10-4 k/kg (kuloni kilogramSi), Tumca es gansazRvreba ar 

iTvaliswinebs temperaturisa da wnevis cvalebadobis zegavlenas. 

STanTqmuli dozis sawyisi erTeuli (radi), gansazRvrulia rogorc   

10-2 j/kg sididis energiis STanTqma. imdenad, ramdenadac mSral haerSi 

erTi ionuri wyvilis CamoyalibebisaTvis aucilebelia daaxloebiT 33,7 

ev,  maSin 1 rentgeni®ф(r)® eqvivalenturia 0,87 radisa. sxvadasxva 

energiisфф fotonebi sxvadasxvagvar zemoqmedebas axdens pacientze: 

didi energiis mqone fotonTaффkona qsovilebis ufro met dazianebas 

iwvevs, vidre gazomili  gamosxivebis igive doza. raTa avxsnaT 

sxvadasxvagvari biologiuri qmedeba, STanTqmuli doza radebSi 

mravldeba biologiuri zemoqmedebis koeficientze -  daaxloebiT 1.0 

dabalenergetikuli diapazonisaTvis (150 фkevф/foton-mde) da  

daaxloebiT 4.0 maRalenergetikuli gamosxivebisaTvis (4 mev-mde) ase, 

rom sabolood STanTqmuli doza gamoisaxeba rentgenis biologiur 

eqvivalentSi. (rbe). 

  gamosxivebis gazomvis Tanamedrove erTeuli, radis nacvlad aris 

grei (Gy=gr), romelic ganisazRvreba mSral  haerSi rogorc 1j/kg.  
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eqspoziciis Tanamedrove gazomvis erTeulia ziverti (Sv=zv) tolia 

gamosxivebis raodenoba (gr) gamravlebuli biologiuri zemoqmedebis 

koeficientze. orive erTeuli 100 - jer metia, vidre maTi winamorbedi 

eqvivalentebi – radi da beri.        

 Cven vcxovrobT fonuri radiaciis samyaroSi, kosmosuri 

gamosxivebis  da dedamiwis bunebrivi radioaqtiuri gmosxivebis 

samyaroSi, romelic gamowveulia mZime elementebis daSliT. am daSlis 

produqts—radons SeuZlia gaaRwios qvis nakeTobebSi da SeiWras Cveni 

saxlebis qveda sarTulebSi. radonis daSlis produqtebs SeuZliaT 

STanTqon mtvris nawilakebi da kvamli. samedicino da 

stomatologiuri rentgenuli danadgarebis gamosxivebas SeuZlia 

zemoqmedeba iqonios fonur radiaciaze, rogorc qlori wyalSi, aseve 

Zalian mcire raodenobiT gamosxiveba ar aris mavne, metic aseTi 

gamosxiveba SesaZloa iyos sasargebloc (mzeze garujva). didi doziT 

radiacias SeuZlia daazianos qsovilebi, rasac iyeneben avTvisebiani 

simsivnis arCeviTi ganadgurebis dros. 

bunebrivi fonuri radiacia meryeobs 5x10-3-Ddan  2x10-2 zv/weliw. 

planetaze aris raionebi, sadac bunebrivi foni metia 10-jer. Tumca 

statistikuri mateba simsivniT gardacvlilTa siaSi ar aRiniSneba. 

gamosxivebis pirobebSi momuSave pirTaTvis usafrTxo doza 

profesiuli gamosxivebisa SezRudulia da Seadgens 5x10-2  

zv/weliwadSi. Cveulebriv moqalaqeTaTvis es zRvari Seadgens 5x10-3 

zv/weliwads, rac fonur doneze odnav metia. maSin, roca 

maionizirebeli radiacia azianebs qsovilebs, fonuri eqspoziciis 

neli siCqare organizms aRdgenis saSualebas aZlevs. erTjeradi 

gamosxiveba sididiT 6 zv/weliwad. warmoadgens saSualo sasikvdilo 

dozas (s.s.d.) es ki niSnavs, rom adamianTa naxevari, vinc miiRebs aseT ф 

dozas, mokvdeba 1 Tvis ganmavlobaSi. Aaseve 10 zv/w es aris doza 

romelsac adamiani mTeli cxovrebis manZilze iRebs da aris savsebiT 

usafrTxo. maionizirebeli radiaciis Sedegebis mimarT yvela qsovili 

ar aris erTnairad mgrZnobiare. gansakuTrebiT mgrZnobiarea nayofi 

(Canasaxi), aseve Tvalis broli, Zvlis tvini, sarZeve jirkvlebi da 

filtvis qsovili. radiaciis damazianebeli zemoqmedebis 
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gaTvaliswinebiT iqna SemuSavebuli rentgenogramebi minimaluri 

eqspoziciebi principiT ,,gonivruli minimumi’’. 

    

2.2.2.2.2222....    rentgenuli sxivebis generaciarentgenuli sxivebis generaciarentgenuli sxivebis generaciarentgenuli sxivebis generacia    

    

Cveulebrivi rentgenuli sistema Sedgeba maRali Zabvis 

generatoris, rentgenuli milis, kolimatoris, obieqtis (anu pacientis) 

gamaZlierebeli ekranis da fotofirisagan (sur.2.1.1.) ubralo 

rentgenul generators aqvs sinaTlis kvebis Semwyveti, regulirebadi 

avtotransformatori, eqspozimetri da kontaqtori, amwevi 

transformatori da gammarTveli.  

 

           

sur. sur. sur. sur. 2.2.2.2.2222.1.1.1.1    

rentgenuli mili gamoimuSavebs sxivebs, romelic SezRudulia 

aparaturiT kolimatorSi. aluminis filtri akavebs dabal 

energetikul rentgenul sxivebs, romlebic sxeulSi ar gaivlian. 

gafantul meorad gamosxivebas akavebs bade, xolo pirveladi 

gamosxiveba bombavs luminoforul ekrans. inducirebuli sinaTle 

moqmedebs fotofirze.  

kolimatori (collimo – laTinuri sityvidan - mivmarTav 

pirdapiri xaziT) –es aris mowyobiloba, romelic iZleva saSualebas 

miviRoT paralelur sxivTa kona an maionizirebeli gamosxiveba. 

optikuri kolimatori (sur. 2.2.2, 2.2.3.) Sedgeba obieqtivis an 

Cazneqili sarkisagan, romlis fokalur sibrtyeSi Tavsdeba 
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ganaTebuli sagani. yvelaze xSirad aseT sagans warmoadgens 

gaumWvirvale diafragma, mag. mudmivi an cvladi siganis mqone wvrili 

Wvrite. obieqtivis da sagnis fardobiTi ganlageba fiqsirdeba maTi 

korpusSi damagrebiT (Cveulebriv milismsgavsi forma). korpusis Siga 

damuqebuli kedlebi STanTqaven sxivebs, romelTa mimarTuleba ar 

emTxveva  moTxovnil mimarTulebas. 

 

sur.sur.sur.sur.2.2.2.2.2222.2.2.2.2    

sxivebis paraleluroba, romlebic gamodian kolimatoridan 

miaxloebiTia, radgan sxivebi, romlebic gamosxivdeba sagnis erTi 

wertilidan, ar SeiZleba iyos zustad paraleluri erTmaneTis mimarT 

(sur. 2.2.3  nawilakebis kolimatori (umartivesi)), obieqtivis difraqciis 

da aberaciis gamo. sagnis zomebis sasruloba ganapirobebs sxivebis 

konis dacilebas erTmaneTisagan, romlebic gamodian misi sxvadasxva 

wertilidan.  

  

 

sur.sur.sur.sur.2.2.2.2.2222.3.3.3.3 
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   samedicino rentgenuli aparatebi muSaoben 80 kv Zabvaze 

(amplituduri mniSvneloba), moixmaren 300 ma dens, eqspoziciis 

xangrZlivoba 0,1 wm. gamosxivebis simZlavre aRwevs 100 kvt-s.   

   rentgenuli milaki aris Termoeleqtronuli diodi. rentgenuli 

milakis  emisiuri denis done ramdenadme dabalia doneze,  romelic 

ganisazRvreba riCardson - duSmanis tolobiT:  

    
kTueATJ /2

1
−=            (2.2.1) 

            aseve lengmiuris tolobiT: 

2
3

2 BVJ =                (2.2.2) 

sadac  J - denis simkvrivea,  T    ----    arxis varvarebis Zafis temperatura, 

u – arxis gamosasvleli varvarebis Zafis muSaoba, k    - bolcmanis 

konstanta,  A da B konstantebia, ganisazRvreba Cveulebriv 

eqsperimentebiT, V - anodur-kaToduri Zabva. imis gamo, rom varvarebis 

Zafi civdeba gamosxivebiT, varvarebis Zafis simZlavre utoldeba 

siTbos radiaciul gafantvas.    

RIT 24 =σ                (2.2.3)    

 

sadac  σ    ----    stefan-bolcmanis mudmivaa, I da R - denis Zala da 

varvarebis Zafis winaRobaa. amdenad el.sxivis deni imarTeba arxis 

varvarebis Zafis deniT, anoduri denis ukukavSiriT misi 

stabilizaciisaTvis. amasTan anoduri denis gradacia, romelic 

saWiroa gamokvlevebis sxvadasxva reJimisaTvis, mxolod ramdenime 

doniTaa meti, vidre varvarebis Zafis deniT marTuli anoduri denis 

stabilizaciis sizuste. 
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sur.sur.sur.sur.    2.22.22.22.2.4.4.4.4    

rentgenuli gamosxivebis  speqtrirentgenuli gamosxivebis  speqtrirentgenuli gamosxivebis  speqtrirentgenuli gamosxivebis  speqtri. yvelaze dabali energetikuli 

rengenuli sxivebi STainTqmeba anoduri metaliT da milis minis 

zedapiriT. Semdgom aluminirebuli filtri aCerebs dabal 

energetikul rentgenul sxivebs, romlebic sxeulSi ar gadis da 

mxolod uSedegod zrdian gamosxivebis dozas. mxolod SedarebiT 

maRal energetikul rentgenul sxivebs SeuZliaT SeaRwion sxeulis  

gavliT da daamuqon firi (anu moaxdinon gamosaxulebis formireba). 

fotonis saSualo energia izrdeba filtridan filtramde (mrudebi 

erTdebian marjvniv).   

konis eleqtronebi ecemian anods da iwveven rentgenul 

gamosxivebas ori meqanizmis saSualebiT. pirvel rigSi es aris – 

samuxruWe gamosxiveba, romelic gamomuSavdeba anodis atomTa 

dadebiTad damuxtuli birTvebis eleqtronebis Senelebis meSveobiT. 

meore meqanizms warmoadgens _ maxasiaTebeli gamosxiveba, romelic 
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warmoiqmneba radgan bombardirebuli eleqtronebi irCeven Tavis 

TanamoZmeebs dabali atomuri orbitebidan, amis Semdeg masSi 

“yvinTaven” eleqtronebi zemo garsidan qvanti gamosxivebis gamoyofiT. 

imis gamo rom Sekaveba proporciulia birTvis protonebis simkvrivisa, 

romelic Tavis mxriv proporciulia Z anoduri masalis atomTa 

ricxvisa, rentgenuli danadgaris efeqturoba proporciulia ZV 

sididis. radgan dasxivebuli fotonebis energia iqneba proporciuli 

V-si, maSin gamosxivebis sruli energia iqneba proporciuli     ZV2    . . . .  

sur.2.2.4-ze mocemulia rentgenis sxivebis (fotonebis) “bedi”, 

romlebic generirdeba rentgenis milSi fiqsirebuli anoduri Zabvis 

V-s pirobebSi.... am fotonebs aqvT sxvadasxva energia. mkvriv 

nivTierebaSi rentgenis sxivebis ganvladoba proporciulia E2----is, sadac 

E ----    aris rentgenis fotonebis energia. ase, rom dabali energiis 

fotonebs aqvT mcire Sansi gaiaron anodSi an miniseburi milis garsSi. 

100 kev    energiis eleqtronebisaTvis romlebic exlebian volframul 

anods da k garsidan eleqtronebs gamodevnian, rentgenuli fotonebis 

gaSvebis speqtrs ori maxasiaTebeli piki gaaCnia 58 da 68 kev. amasTan 68 

kev warmoadgens gamoSvebuli eleqtronebis energias, romelic 

mdebareobs 1-li garsis zemoT k garsSi, xolo 58 kev Seesabameba 1-li 

garsis eleqtronebis gacemul energias k garsze CaSvebisas. garda amisa 

speqtrze moqmedebs, metalis anodiT dawyebuli, eleqronebis 

damamuxruWebeli gamosxiveba da yvela filtrSi dabali energiis  

fotonebis STanTqma.  

 

2.32.32.32.3    rentgenis sxivebis daxSobarentgenis sxivebis daxSobarentgenis sxivebis daxSobarentgenis sxivebis daxSoba 

rentgenis sxivebis kona TeTri sinaTlis msgavsad, moicavs energiis 

farTo speqtrs, romelic warmoadgens mraval ferTa erTobliobas. 

monoqromatuli rentgenuli fotonebis (anu toli energiis fotonebis) 

daxSoba xdeba imave wesiT, rogoriTac zRvis wyalSi axSoben 

monoqromatul sinaTles: 

        

    
xeII µ−= 0                                     (2.3.1) 
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aq I    ––––konis saboloo intensivobaa, I0 - konis sawyisi intensivoba, µ----    

daxSobis koeficienti, x ---- Camaqroblis sisqe an qsovilis fenaa. 

daxSobis koeficienti damokidebulia fotonebis energiaze, elementTa 

Semadgenlobasa da qsovilovani Sris simkvriveze. rentgenogramaze 

aRiniSneba sxeulis qsovilebis, Zvlebis, kunTebisa da siTxis 

Semadgenlobasa da simkvrives Soris gansxvaveba. rentgenuli konis saS. 

energiis erT-erTi Semfasebelia - naxevrad Sesustebis Sre - nSS,  igi 

aluminis firfitis sisqis tolia, romelic aucilebelia konis 

intensivobis orjer Sesamcireblad. konis intensivobis gasazomad 

iyeneben ionizaciur kameras, xolo aluminis firfitas deben 

rentgenuli wyaros gverdiT. imis gamo, rom aluminis firfitis sisqe 

ar SeiZleba Seicvalos  usasrulod, iReben or firfitas, romelTa 

sisqeebi yvelaze axlosaa nSS -sTan, ris Semdegac iTvlian daxSobis 

saSulo koeficientis  mniSvnelobas    da konis intensivobis nSS -s. 

samedicino rentgenis danadgaris naxevarad STanTqmis Sre muSaobs 80 

kv  Zabvaze da daaxloebiT 3,0  mm-is (AAI) tolia. 
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2.42.42.42.4. . . . rentgenis sxivebis deteqtirebarentgenis sxivebis deteqtirebarentgenis sxivebis deteqtirebarentgenis sxivebis deteqtireba    

    

   pacientze mimarTuli rentgenis sxivebi STainTqmeba an airekleba 

meoradi gamosxivebis saxiT, amitom mxolod maTi pirveladi 

gamosxivebis mcire nawili (1--4%) aRwevs deteqtors. umetes SemTxvevaSi 

pirveladi da meoradi fotonebis garCevisaTvis, romlebic mifrinaven 

sxvadasxva mimarTulebiT, rentgenuli sxivebis deteqtoris win 

aTavseben Txeli tyviis firisagan Semdgar bades, romelic waagavs 

miniaturuli zomis fanjris Jaluzs. am tyviis firebis simetriis 

mokle RerZi mimarTulia rentgenis  milis fokusuri laqisaken, ise, 

rom firebs Soris gaiaros pirveladma gamosxivebam, xolo meoradi 

gamosxiveba Seferxdes. 

 badis gavlis Semdeg gamosxiveba deteqtirdeba. firfita 

SesaZloa gamoyenebuli iqnas rogorc deteqtori, magram firfitis 

dabali  Z - is (atomuri ricxvi)  da emulsiis Txeli fenis gamo, 

firfita nawilobriv mainc ganvladia. rentgenuli fotonebis 

aRmoCenis  albaTobis momatebisaTvis gamoiyeneba maZlierebeli 

ekranebi. es ekranebi warmoadgenen plastmasis furclebs, romlebic  

gajerebuli an dafarulia luminescenturi fxvniliT maRali  Z-iT 

(magaliTad CaWO4) romlebsac aTavseben ormagi emulsiuri SriT 

dafaruli yoveli firfitis zedapiris pirispir. rentgenografiis 

meTodebis maZlierebeli ekraniT gamoyeneba zrdis mgrZnobelobas  da 

amcirebs eqspozicias 20-100-jer imis mixedviT, Tu romel ekrans 

gamoviyenebT. or naxevari sisqis ekrans gaaCniaT ufro maRali 

garCevisunarianoba, vidre erT sqel ekrans. 

 rogorc cnobilia, arsebobs rentgenis qvantis ricxvis 

minimaluri mniSvneloba, romelic saWiroa mocemuli 

garCevisunarianobisas gamosaxulebis misaRebad. amocana mdgomareobs 

deteqtoris arCevaSi, romelsac gaaCnia saWiro garCevisunarianoba. 

 kvadratul milimetrSi aRmoCenili fotonebis raodenoba  N , 

aucilebelia rom mxolod davinaxoT d zomisa da  C kontrastis 

Txeli obieqti.... fotonebis raodenoba gamoiTvleba formuliT: 

 
( )

2

05.0

2.7









−
=

Cd
AN         (2.4.1) 
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sadac A velis farTobia. Cven vvaraudobT rom tipiuri dasxivebis 1 r 

(rentgeni), daaxloebiT eqvivalenturia 3x108 f/mm2-is, sadac f/mm2-sqel 

fenaSi rentgenuli konis filtraciamde, kvadratul milimetrze 

rentgenuli fotonebis raodenobaa. maSin gamosxiveba romelic saWiroa 

gamosaxulebis misaRebad, gamoiTvleba Semdegi formuliT: 

 ( )( ) ( )05.02 −
×=

Cdrgdqm

102
sgg/kadri

-7

         (2.4.2) 

 

 sadac dqm _ deteqtirebis qvanturi mgrZnobeloba (rentgen - 

fotonebis aRmosaCenad) da rg _ rentgenogamWvirvaleoba (rentgen-

fotonebis saSualo wili, romlebic gamodian obieqtidan an 

pacientidan, gamosaxulebis formirebis mizniT) am formuliT 

Sefasebuli rentgenuli eqspoziciis dabali maCvneblisas miRebuli 

gamosaxuleba uxarisxoa, xolo maRali maCveneblis SemTxvevaSi 

muSaobisas miiReba metad xarisxiani gamosaxuleba – pacientis 

zedmetad dasxivebis xarjze. 

 ,,rentgenis suraTi-ekrani” kombinaciis SerCevisas, unda avirCioT 

is ekrani, romelic mogvcems aucilebel garCevisunarianobas da is 

firi, romelsac aqvs Sesabamisi simkvrive, raTa miviRoT sasurveli 

dozis dasxiveba. Tu arCeuli firi metad mgrZnobiarea, is aRwevs 

maqsimalur simkvrives ufro adre, vidre masSi gaivlis fotonTa 

saWiro raodenoba (“gamJRavndeba”). aseT firze swori eqspoziciis 

drosac ki gamosaxuleba ar miiReba xarvezebis gareSe. ukeTesia 

avirCioT ufro dabali mgrZnobelobis firi, romelic saSualebas 

gvaZlevs dasxivebis doza gavzardoT. maSin statistikuri moTxovnebi 

izrdeba, xolo firis xmauri dabali rCeba swori Sekavebisas. 

metad mgrZnobiare ekranebi ufro sqelia, vidre 

naklebmgrZnobiare. ekranis sisqe meryeobs, 300-mm-dan da zeviT maRali 

mgrZnobelobis da dabali garCevisunarianobis ekranebisaTvis  da 70-mm-

mde maRali garCevisunarianobis detalizirebuli ekranebisaTvis. 

detalizirebuli ekranebisa da maRaligarCevisunarianobis firis 

gamoyenebas, dabali garCevisunarianobis obieqtebis daTvalierebisas, 

mivyavarT pacientis metismet eqspoziciamde. maRal garCevisunarianobis 

kombinacia ,,ekrani-firi’’ aucilebelia zogierTi formis 
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arteriografiisaTvis, romlis drosac unda gavarCioT wvrili 

sisxlZarRvebi, magram is zedmetia, magaliTad aramkveTri sazRvrebis 

mqone filtvis farTo dazianebis aRmoCenis dros. maRali 

garCevisunarianoba ar unda iyos mTavari mizani samedicino 

rentgenuli sistemis proeqtirebisas.  

ufro sqel maRalmgrZnobiare ekrans aqvs  dqm =10%, xolo ufro 

Txel detalizebul ekrans aqvs  dqm < 2%. mamografiisaTvis 

gamoiyeneba Txeli ekranebi, magram am procedurebis Sesruleba 

saWiroebs konis dabal energias, amitom aseTi energiisas ekranebs aqvT     

dqm romelic daxloebiT udris =30%-s. 

    ekranis arCeva warmoadgens kompromiss ,,Txeli ekrani + maRali 

garCevisunarianoba + dabali dqm da ,,Txeli ekrani + dabali 

garCevisunarianoba + maRali dqm. iodidi ceziumis (natriumiT 

legirebuli) ekrans aqvs uCveulo struqtura (boWkovani optikis 

msgavsi) da SeiZleba ganvaTavsoT sqel fenad, romlis dqm 50-80%-s 

aRwevs, Tanac xasiaTdeba maRali garCevisunarianobiT mcire gverdiTi 

SuqgabneviT. samwuxarod, isini wyals absorbireben, iSlebian haerSi da 

ar SeiZleba maTi firTan erTad gamoyeneba, Tumca kargad muSaoben 

vakuumSi simkveTris gaZlierebis mizniT. 

 

2.52.52.52.5. . . . gamosaxulebis gamosaxulebis gamosaxulebis gamosaxulebis maZliereblebimaZliereblebimaZliereblebimaZliereblebi 

 

 rentgenuli gamosaxulebis maZliereblebi gamoiyeneba 

fluoroskopul sistemebSi da ukve Secvales moZvelebuli ekranebi 

fluoroskopiisaTvis. fluoroskopis  ekranis erT-erT nakls 

warmoadgenda is, rom rentgenologis Tvali unda SeCveoda sibneles, 

rom gaerCia sustad kontrastuli obieqtebi. sxva naklovanebebi ki 

ukavSirdeboda gamosaxulebis fotografirebasTan dakavSirebul 

siZneleebs, gansakuTrebiT rodesac erTdroulad xdeboda 

daTvalierebac da Jurnalis Sedgena. 
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sur.sur.sur.sur.    2.52.52.52.5.1.1.1.1    

 

     gamosaxulebis gaZlierebis mizniT rentgenuli sxivebi 

bombardireben Sesasvlel luminiscentrul ekrans da generireben 

sinaTles. sinaTle aiZulebs fotokaTods eleqtronebi gamoyos. 

eleqtronebi Cqardebian 25 Kkv - Zabvaze da fokusirdebian eleqtruli 

veliT. gamosaxulebis formirebisaTvis bombardireben gamosasvlel 

luminiscentrul ekrans, romelic umciresia zomiT, magram ufro 

naTelia vidre Sesasvlel luminoforSi miRebuli gamosaxuleba. 

sikaSkaSis gaZliereba gaZlierebis geometriis da aseve eleqtronebis 

daCqarebis Sedegia. 

 gamosaxulebis   rentgenuli  maZlierebeli aerTebs rentgenuli 

deteqtorisa da simkveTris maZliereblebis  funqciebs minis korpusSi. 

rentgenis sxivebi bombaven Semaval  ekrans (es aris ceziumis iodidi), 

romelic axdens rentgenis gamosxivebis intensivobis proporciul 

fluroscirebas. Semavali luminofori mdebareobs  maqsimalurad 

axlos fotokaTodTan ise, rom sinaTle astimulirebs eleqtronebis 

gamosrolas. es eleqrtonebi aCqareben Zabvas 25 kv-mdeKda    fokusirdeba 

eleqtruli veliT. isini bombaven gamosaval luminofors, romlebic 

axdenen gamosaxulebis formirebas, romelic aris zomiT naklebi, 

magram metad mkveTri, vidre miRebuli Sesasvlel  luminoforSi. 

gamosaxulebis simkveTris damokidebulebas, romelic miiReba ori 

luminoforiT, ewodeba maZliereblis milis simkveTris gaZliereba. 

simkveTris gaZliereba tolia, geometriuli (Sesasvleli da 

gamosasvleli luminoforis farTobebis damokidebuleba) da 
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eleqtruli simkveTreebis warmoebulisa (Sesasvleli luminescentuli 

efeqturobis warmoebuli, fotokaTodis efeqturoba, luminoforis 

Sesasvlel gamosasvlelsa da gamosasvlel luminescentobis 

efeqturobas Soris potencialTa sxvaoba). 

 gamosaxulebis maZlierebelzeф damontaJebuli linza 

gamosasvleli gamosaxulebis kolimirebas an fokusirebas axdens 

usasrulobaze. linzas, romelic gamoiyeneba, rogorc kolimatori, 

gaaCnia maqsimaluri Semkrebi unari, im linzebTan фSedarebiT, romelic 

gamoiyeneba, rogorc kvlavwarmoebis elementi. obieqtivis yoveli 

kameris linzebi kreben sinaTles kolimirebis  meSveobiT, xolo 

Semdgom afokusireben mas firis  sibrtyeze. ormagi optikuri sistemis 

upiratesoba mdgomareobs imaSi, rom am sistemaSi SesaZlebeli xdeba 

gamoviyenoT sinaTlis gamyofi sarke, rom mivmarToT sxivi or 

samizneze konis simZlavris proporciuli gayofiT. 

 magaliTad, rentgenoskopiisYdros mTeli sinaTle SesaZloa iyos 

mimarTuli satelevizio kamerisaken. rentgenokinomatografiis 

warmoebisas erTeuli kinokadrebi saWiroeben ufro mkveTr 

gamosaxulebas, vidre es saWiroa satelevizio kameraSi, amitom 

sinaTlisgamyofi isea pozicirebuli,  rom sinTlis 90% mimarTos 

kinokamerisaken, xolo 10% satelevizio kameraSi. amis Sedegad, 

rentgenologs SeuZlia daakvirdes gamosaxulebas uSualod filmis 

gadaRebis dros. 

 

2.62.62.62.6. . . . gamosaxulebis xmaurigamosaxulebis xmaurigamosaxulebis xmaurigamosaxulebis xmauri    (Seferxeba)(Seferxeba)(Seferxeba)(Seferxeba)    

    

 Tu gamoviyenebT damiznebiTi fluoroskopiis meTods obieqtivis 

linzis farTod gaxsnili aperturiT, maSin firi gamuqdeba. operators 

SeuZlia Seamciros rentgenis gamosxivebis doza, rom miaRwios lentis 

Camuqebas, magram es iqneboda Secdoma, radgan gamosaxulebis xarisxi 

iqneba limitirebuli fotokaTodze SemTxveviTi procesebiT. swori 

meTodikiT saWiroa gamosxivebis doza SeirCes ise, rom miviRoT 

damakmayofilebeli xarisxis gamosaxuleba, xolo Semdeg movaxdinoT  

kameris linzis diafragmireba, rom mivaRwioT firis Camuqebas. 
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       radiografiuli fluoroskopiuli sistema Sedgeba rentgenis 

magidisagan rentgenis miliT romelzec damiznebiTi rentgenografis 

aparati meqanikuradaa mierTebuli. damiznebiTi rentgenografiis 

aparati ikavebs firian kasetas da maZlierebel ekranebs (damagrebuli 

saxiT), gamtaris ekranirebul garsSi. rentgenoskopiisas radiologi 

akvirdeba satelevizio suraTs rentgenis gamosaxulebis maZliereblis 

gamosasvlelidan. obieqtis aRmoCenisas Zrava gadaadgilebs kasetas 

gamosaxulebis maZliereblis win, ris Sedegadac xorcieldeba 

rentgenoskopuli eqspozicia. Semdeg Zravi abrunebs firs sawyis 

mdgomareobaSi da sistema ubrundeba fluoroskopiis reJims. 

tomografiuli sistemebi ganlagebulia ise, rom eqspoziciis dros 

magenerirebeli mili da kaseta Tavsdeba brunvis centris an RerZis 

axlos. Sedegad unda waiSalos obieqtis gamosaxuleba, romelic devs 

RerZis sibrtyis miRma. es procedura gvaZlevs saSulebas aRmovaCinoT 

mcire zomis simsivneebi filtvsa da TirkmelSi. arsebobs 

tomografiuli aparatebi, romlebic  gadaadgildebian milsa da 

kasetis wriul spiralur da hiprocikloidaluri traeqtoriiT iseTi 

sizustiT, rom advilia miviRoT SigniTa yuris Zvlebis gamosaxuleba. 

 

2.72.72.72.7. . . . pacientis dasxiveba rentgenuli sxivebiTpacientis dasxiveba rentgenuli sxivebiTpacientis dasxiveba rentgenuli sxivebiTpacientis dasxiveba rentgenuli sxivebiT    

    

 rogorc zemoT iqna aRwerili radiacias gaaCnia rigiToba 10-2 

zv/weli. Cveulebrivi gulmkerdis organoebis rentgenografi pacients 

asxivebs 4X10-4 zv, rac eqvivalenturia fonuri radiaciis 25 dRisa. sxva 

diagnostikuri rentgenuli procedurebi damyarebulia erTjerad 

dasxivebaze 10-4zv (TiTebi)-dan, 10-1 zv (Tavi)-mde da iTvleba SedarebiT 

usafrTxod. kadrebis moWarbebulma raodenobam an glukoskopiam 

SesaZloa pacienti daasxivos zedmetad, amitom saWiroa yoveli aseTi 

proceduris riskisa da sargeblis Sedareba. rentgenokinematografia 

an TandaTanobiTi eleqtronuli radiografia (sadac gamoiyeneba 

videomagnitofoni) aregistrirebs gamosaxulebaTa Tanmimdvrobas, 

maTgan yoveli ki calkeuli rentgenogramaa. gulis gafarToebulma 

gamokvlevam SesaZloa migviyvanos pacientis didi doziT radiaciamde, 

cnobilia, rom mTeli sxeulis erTjeradi dasxivebis saSualo 
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sasikvdilo doza 6 zv-is tolia. SezRuduli regionebis eqspozicia, 

aZlevs organos aRdgenis saSualebas, magram zrdis simsivniT 

daavadebis Sanss. 

 invaziuri rentgenoskopia saSualebas gvaZlevs aRvadginoT an 

saxeSevucvaloT sisxlZarRvebs da organoebs qirurgiuli Carevis 

gareSe. sisxlZarRvSida kanulis (patara mili) saSualebiT balonuri 

dilataciisas sisxlZarRvovan sistemaSi, sisxlZarRvis defeqtur 

ubanSi SeyavT erTarxiani talRSemyvani, ris Semdegac balons beraven, 

amiT afarToveben Seviwroebuli sisxlZarRvis saSualo diametrs. 

amgvari principiT fluroskopuli kontroliT sisxlZarRvSi ayeneben 

stents (brunvadi metalis gamafarTovebeli, romelsac atareben 

gamtarSi kanulis gavliT) rom daicvan sisxlZarRvi kvlav 

Seviwrovebisagan. saubedurod zogierTi rentgenuli procedurebi 

metad gaxangrZlivebulia da pacientis kanis eqspoziciam SesaZloa 1-

zv--s gadaaWarbos, rac iwvevs kanis siwiTles (eriTemas) da Tmis cvenas. 

ufro maRalma dozam ki SesaZloa gamoiwvios kanis dawyluleba, rac 

Znelad Sexorcebadia da kanis  gadanergvis gareSe ar inkurneba.   
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Tavi 3Tavi 3Tavi 3Tavi 3    

ultrasonografiaultrasonografiaultrasonografiaultrasonografia    

3.1. Sesavali3.1. Sesavali3.1. Sesavali3.1. Sesavali    

 

Cven viciT, rom bgeriTi talRis impulsebi gamoiyeneba wyalqveSa 

navebis aRmoCenisaTvis. ramdenadac talRis sigrZe λ, sixSire ƒ da 

siCqare u dakavSirebulia erTmaneTTan martivi damokidebulebiT u = 

ƒλ, martivia imis Cveneba, rom  talRis sigrZe  mosasmeni bgeriTi 

sixSiris speqtrSi Seadgens wyalqveSa navis sigrZis mxolod mcire 

nawils. navis koordinatebis gansazRvris cdomileba bgeriTi 

talRebis sigrZis tolia. Tu miviRebT wyalSi bgeris misaReb siCqares 

1480 m/wm da hidrolokatoris SesarCev sixSires ƒ = 1 kgh, miviRebT λ = 

1.48 m. es sizuste sruliad sakmarisia sazRvao saqmeSi, magram 

dauSvebelia, adamianis nayofis vizualizaciisaTvis. imisaTvis rom 

miviRoT sizuste 1.48 mm-i (anu gavaumjobesoT 1000-jer), lokators unda 

hqondes sixSire 1.0 mgh, e.i. unda muSaobdes ultrabgeriT diapazonSi. 

bgera da ultrabgera eqvemdebareba gavrcelebis da arekvlis 

igive kanonebs romelsac eleqtronuli signalebi. Sesabamisad, 

gadasacemi bgeriTi arxebis bolos datvirTva impedansiT unda iyos 

gansazRvruli, winaaRmdeg SemTxvevaSi xdeba bgeris arekvla arxis 

bolodan da aramxolod gamosakvlevi obieqtidan. akustikuri 

winaaRmdegoba Z aris materiis Tviseba, romelic ganisazRvreba misi ρ 

simkvriviT da masSi bgeriTi talRis gavrcelebis siCqariT u: Z = ρu. 

energiis wili R, romelic airekleba ori sxvadasxva tipis qsovilis 

gayofisas, gamoiTvleba formuliT. 

 

( )
( )

2

12

12









−
−

=
ZZ

ZZ
R

                                            (3.1.1.)
 

 

sadac impedansebi Seesabamebian qsovilebs, romlebic mdebareoben 

dayofis zedapiris orive mxares. 
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cxrili 3.1.1.cxrili 3.1.1.cxrili 3.1.1.cxrili 3.1.1.    1.0 mgh sixSir1.0 mgh sixSir1.0 mgh sixSir1.0 mgh sixSirezeezeezeeze    zogierTi qsovilebis akustikuri zogierTi qsovilebis akustikuri zogierTi qsovilebis akustikuri zogierTi qsovilebis akustikuri 

Tvisebebi Tvisebebi Tvisebebi Tvisebebi  

    

Qsovili u, m/wm Z, r/(sm2.wm) nSf, sm R gayofis zedapirze  

Wyali 1496 1.49x105 4100 haeri/wyali 0.999 

Cximi 1476 1.37 x105 3.8 wyali/cximi 0.042 

kunTebi 1568 1.66 x105 2.5 wyali/kunTi 0.054 

Tvini 1521 1.58 x105 2.5 wyali/tvini 0.029 

Zvali 3360 6.20 x105 0.23 wyali/Zvali 0.614 

Hhaeri 331 4.13  1.1 qsovili/haeri 0.999 

 

akustikuri signalebis Sesusteba (Caqroba) damokidebulia 

manZilze, geometriaze da CaxSobaze. es signalebi Tavisufal sivrceSi 

mcirdebian manZilis kvadratis ukuproporciulad, imitom rom energia, 

romelic modis farTobis erTeulze aris ucvleli energiis wili, 

romelic nawildeba  Tanabrad r radiusiani sferos mTel farTobze da 

romelic tolia manZilisa wyarodan. signalebi mcirdeba da Sedegad 

sustdeba garemo. Tu α aris Sesustebis koeficienti, xolo I0  - bgeris 

intensivoba wyarosTan axlos, maSin bgeris intensivoba wyarodan 

ganisazRvreba formuliT: 

 

2
0

r

eI
I

rα−

=
         (3.1.2.)

 

Tu  α  aris meti r-Tan SedarebiT, eqsponencialuri wevri 

TamaSobs ZiriTad rols. am SemTxvevaSi mizanSewonilia ganisazRvros 

sxeulis sisqe, romlis drosac garemos SesustebiT naxevrdeba 

signalebi geometriul efeqtebisgan damoukideblad. 3.1.1. cxrilSi 

CamoTvlilia nSf (naxevrad Sesustebis fena) wylis da sxvadasxva 

qsovilebis mniSvnelobebi. mivaqcioT yuradReba imas, rom wyali 

sakmaod kargi gamWolia bgeris _ masSi signali mcirdeba 50 %-iT 

mxolod 41 m-ze.  50% -iT bgeriTi signalis Semcirebisas warmoebs misi 

gavla 2.5 sm fenis kunTebSi. biologiuri qsovilebis umravlesobas 
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aqvs Sesustebis maRali koeficienti da, Sesabamisad dabali sidide 

nSf. Sesusteba aseve Zlierdeba sixSiresTan erTad. 

ultrabgeris generaciisaTvis gamoiyeneba ultra bgeriTi 

gardamqmneli (ubg), romlis muSaobac dafuZnebulia keramikis 

`piezoeleqtrul~ Tvisebebze, rogoricaa bariumis titanati an misi 

msgavsi masalebi. am masalebis SekumSvisas warmoiqmneba potencialuri 

sxvaoba eleqtrodebze, romlebic mierTebulia maTTan Sesabamisi 

kristaluri waxnagebiT. amis msgavsad, igive waxnagebze damatebiTi  

zewola gamoiwvevs kristalis deformacias. Tu Sesabamisi impulsi 

moklea, maSin keramikis elementebi `rekavs” masze meqanikuri 

rezonansuli sixSiriT. Sesabamisi eleqtronuli sqemiT muSaobisas, 

keramikuli elementi SeiZleba Tavidan gamoscemdes impulsebs, rogorc 

miniaturuli xmamaRali molaparake, romelic gadascems ultrabgeriTi 

energiis mokle impulss, xolo Semdeg gadairTveba, raTa imuSaos 

rogorc signalebis misaRebma mikrofonma, romelic airekleba 

sxvadasxva tipis qsovilebis nawilebis zedapiridan. mimRebis simZlave 

impulsebs Soris SeiZleba Seicvalos rogorc drois funqcia, raTa 

moxdes Zlier modunebuli impulsebis kompensacia qsovilis mxridan. am 

energiis ultrabgera, romelic axasiaTebs vizualuri medicinis 

aparaturas, qsovilis dazianebisas ar arsebobs, rac naTlad 

ganasxvavebs ultrabgeriT meTodebs rentgenuli gamokvlevebisagan, 

romelic Tan axlavs ionizirebul radiacias. 

 

sur. 3.1sur. 3.1sur. 3.1sur. 3.1.1..1..1..1.    

A-reJimSi tvinis sfines Suaxazis skanireba  
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zondirebul impulsebsa da areklils (eqos) Soris dagvianeba 

gansazRvravs manZils, ganayofi qsovilis nawilis zedapiramde.  

qsovilebis ultrastruqtura (sisxlZarRvebi, kunTovani garsi, 

SemaerTebeli qsovilebi) iZleva damatebiT exos `erTgvarovani~ 

struqturis qsovilis sazRvrebSi. aseTi saxiT, qsovilis struqturis 

yovel cvlilebas Seaqvs wvlili eqos formaSi. sur. 3.1.1. gviCvenebs Tu 

rogor warmoiSoba dazianebuli struqturis zedapiris nawilidan eqos 

signalebi, romelic aRmoaCens mis ganlagebas. aseTi tipis 

ultrabgeriTi skaneri _ es aris А reJimSi momuSave mowyobiloba.  Ees 

mowyobilobebi gavrcelebuli iyo Zvel droSi, roca maT iyenebdnen 

Tavis tvinis Sua xazis wanacvlebis gasazomad. А reJimSi momuSave es 

mowyobilobebi gviCvenebs eqosignalebis intensivobas 

organzomilebiani grafikis saxiT X-Y koordinatebSi. ubg Tavsdeboda 

Tavis qalis mopirdapired da displeize moicemoda Tavis tvinis Sua 

xazis eqo _ dro (proporciulia siRrmis). Semdeg ubg gadaadgildeboda 

Tavis qalis sxva mxares, da procedura meordeboda. normalur 

mdgomareobaSi gamosaxuleba simetriulia, ise rom Tavis tvinis Sua 

xazi Cndeba igive poziciaSi orive proeqciis dros. simsivnem an  didi 

zomis Sesqelebulma sisxlma SeiZleba waanacvlos Tavis tvinis 

naxevarsferoebi,  Sua xazis wanacvlebiT. es martivi mowyobiloba 

amJamad gamoiyeneba iSviaTad. ase rom is Seicvala iseTi sistemebiT, 

romlebic aCveneben Tavis tvinis gacilebiT ufro mcire  zomis 

struqturebs, vidre misi Sua xazia. 

Tu oscilografs mivawodebT eqos sgnalis Semosvlis  

proporciul signals (Y RerZi), risTvisac nulovani xazi dayendeba 

ekranis yvelaze zeda nawilSi, maSin yvelaze martiv SemTxvevaSi 

uZravi zedapiris nawilze Cven davinaxavT horizontalur xazs,  

sxivebis Cveulebrivi mobrunebis dros (marcxnidan marjvniv). Tu 

zedapiris nawili moZraobs, Cven davinaxavT am xazis periodul Serevas 

zemoT da qvemoT. Tu eqolokatoris  `mxedvelobis~ velSi xvdeba 

dayofis ramodenime zedapiri, maSin ekranze Cndeba ramodenime 

horizontaluri xazi. amas mosdevs eqos amplitudis sxivis  sikaSkaSis 
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modulacia da Tanmxlebi signalebis damaxsovreba, raTa miviRoT 

mowyobiloba (exokardiografi), romelic naCvenebia sur. 3.1.2.-ze. 

vizualizaciis aseT reJims ewodeba dinamiuri skanireba  DC (time-

motion, TM)))) anu exokardiografia, romelsac iyeneben kardiologiaSi. 

3.1.2. suraTze naCvenbia gulis sarqvelis moZraoba sam kardialur 

ciklSi, vizualizaciis mocemuli meTodebiT. 

 

sur. 3.1.2.sur. 3.1.2.sur. 3.1.2.sur. 3.1.2.    

gulis mitraluri sarqvelis eqokardiograma.gulis mitraluri sarqvelis eqokardiograma.gulis mitraluri sarqvelis eqokardiograma.gulis mitraluri sarqvelis eqokardiograma.     

    

monitoris gamosaxulebis sikaSkaSis modulireba mexsierebiT an 

eleqtro sxivuri miliT - esm ganaTebis Semdeg SeiZleba ubg-s 

gadaadgilebasTan damokidebulebiT. amiT SesaZlebelia miviRoT 

obieqtis organzomilebiani konturi. Zvel sistemebSi informacia 

koordinatebSi da ubg sxivis mimarTuleba gadaecemoda displeize 

blokuri sistemisa da potenciometrebis daxmarebiT. axal sistemebSi 

gamoiyeneba meqanikuri dayofa an CarCos fazirebuli antenebi 

(konstruqciulad ganlagebuli ubg-s blokSi). ase rom SesaZlebeli 

iqneba miviRoT organzomilebiani gamosaxuleba ubg-s moZraobis 

gareSec. kompiuteri inaxavs areklil signalebs displeize seqtorebis 

saxiT. zogierTi gaumjobesebuli sistemebi aerTianebs ramodenime 

seqtorul gamosaxulebebs, romlebic miRebulia sxvadasxva 
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mimarTulebiT. Sedegad miiReba jamuri gamosaxuleba, romelic bevrad 

ufro ukeTesi xarisxisaa, vidre erTi mimarTulebiT gadaRebuli 

gamosaxuleba. seqtorul gamosaxulebas da agreTve organzomilebiani 

gamosaxulebebis umravlesobas ewodeba В reJimis gamosaxuleba. 

(sur.3.1.1.). 

 

sur. 3.1.3.sur. 3.1.3.sur. 3.1.3.sur. 3.1.3.        

a) gviCvenebs organzomilebian konturebs da gamosaxulebis 

sazRvrebs ra drosac iyenebs ramodenime mimarTulebis 

skanirebas.Bb) B-reJimSi ultrabgeriTi gamosaxuleba romelic 

Seesabameba a) - sqemas da gviCvenebs muclis kans (marjvniv 

zemoT); RviZls (marcxniv centrSi); naRvlis buSts (marjvniv 

da centris maRla) da Tirkmelebs (marjvniv dacentris 

qvemoT). NTirkmelebis proeqciis sazRvrebSi naTeli monakveTi  

Seesabameba Semagrovebel milebs. 

 



 

ufro xSirad samedicino ultrasonografiaSi gamoiyeneba 

sixSire 1-dan 15 mgh.

miviRoT obieqtis u

umjobesdeba garCevisunarianoba

SeRwevis siRrmes. da mainc specialuri miznebisaTvis muSa sixSire 

SeiZleba gaizardos 15 

gamoiyeneba axalSobilis o

ofTalmologiaSi, sadac obieqtis zomebi arc Tu i

maRali garCevisunarianoba

anomaliebis Sesaswavlad.

ultrabgeriTi sensorebis sxvadasxva tipebi 

ofTalmologiuri mimRebebis 4 mgh

Tavakiani mowyobilobiT.

 

3.1.4. suraTze naCvenebia oTxi tipis ultrabgeriTi sensorebi. ori 

didi mowyobilobis

siTxiT savse garsSi (sur. 3

ofTalmologiur mimRebebSi gamoiyeneba fazirebuli antenis CarCoebi, 

romlebiTac  regulirdeba  impulsebis gagzavnis dro ramodenime 

keramikuli gamomsxiveblidan. Tu 

impulsebs erTdroulad, maSin ultrabgeriTi energia gamosxivdeba 

ufro xSirad samedicino ultrasonografiaSi gamoiyeneba 

dan 15 mgh.-mde. muSa sixSire SeirCeva iseTi saxiT, rom 

miviRoT obieqtis ukeTesi gamosaxuleba. ufro maRal

a garCevisunarianoba, magram Tanmxlebi  mcire 

. da mainc specialuri miznebisaTvis muSa sixSire 

SeiZleba gaizardos 15 mgh-mde da maRla. magaliTad, maRali sixSire 

gamoiyeneba axalSobilis organos vizualizaciisaTvis da 

lmologiaSi, sadac obieqtis zomebi arc Tu i

maRali garCevisunarianoba gamoiyeneba Zalian patara struqturebis an 

anomaliebis Sesaswavlad. 

 

susususur.r.r.r. 3.3.3.3.1.1.1.1.4444.... 

ultrabgeriTi sensorebis sxvadasxva tipebi 12 mgh-iani muSa sixSiridan 

lmologiuri mimRebebis 4 mgh-mde sensorebis

mowyobilobiT. 

suraTze naCvenebia oTxi tipis ultrabgeriTi sensorebi. ori 

didi mowyobilobisaTvis gamoiyeneba sami ubg, romelic brun

siTxiT savse garsSi (sur. 3.1.5. a). saSualo zomis sensorebSi da mcire 

lmologiur mimRebebSi gamoiyeneba fazirebuli antenis CarCoebi, 

romlebiTac  regulirdeba  impulsebis gagzavnis dro ramodenime 

msxiveblidan. Tu ubg -s yvela elementi  aregulirebs 

impulsebs erTdroulad, maSin ultrabgeriTi energia gamosxivdeba 
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ufro xSirad samedicino ultrasonografiaSi gamoiyeneba 

muSa sixSire SeirCeva iseTi saxiT, rom 

keTesi gamosaxuleba. ufro maRal sixSireze 

, magram Tanmxlebi  mcire nSf zRudavs 

. da mainc specialuri miznebisaTvis muSa sixSire 

da maRla. magaliTad, maRali sixSire 

rganos vizualizaciisaTvis da 

lmologiaSi, sadac obieqtis zomebi arc Tu ise didia. amiT 

gamoiyeneba Zalian patara struqturebis an 

 

iani muSa sixSiridan 

mde sensorebisaTvis, mbrunav 

suraTze naCvenebia oTxi tipis ultrabgeriTi sensorebi. ori 

romelic brunavs 

o zomis sensorebSi da mcire 

lmologiur mimRebebSi gamoiyeneba fazirebuli antenis CarCoebi, 

romlebiTac  regulirdeba  impulsebis gagzavnis dro ramodenime 

yvela elementi  aregulirebs 

impulsebs erTdroulad, maSin ultrabgeriTi energia gamosxivdeba 
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pirdapiri mimarTulebiT (3.1.5. b). Tu marcxena mxaris elementi 

aRigzneba drois dayovnebiT  marjvena gamomsxivebelTan SefardebiT, 

maSin jamuri energia gamosxivdeba marjvena kuTxeSi, drois dayovnebis 

proporciulad (sur. 3.1.5. g). dayovnebis drois cvlilebisas, SeiZleba 

mivmarToT ultrabgeriTi sxivebis kona erTidan meore mxares. Tu 

movaTavsebT kanze mbrunav ubg–s an uZrav ubg–s, damagrovebeli 

fazirebuli gamomsxiveblebiT, miviRebT seqtorul gamosaxulebas. ubg 

fazirebuli CarCos anteniT SeiZleba iyos sakmaod mcire zomis, ase 

rom SeiZleba maTi dayeneba zondis boloze, romelic Sedis sxeulSi – 

magaliTad, swor nawlavSi prostatis, nayofis gamosaxulebisaTvis an 

reproduqciuli organoebis mdgomareobis SefasebisTvis. 

 

sur. 3.sur. 3.sur. 3.sur. 3.1.1.1.1.5.5.5.5.    

ultrabgeriTi skanirebis Tavakebi.ultrabgeriTi skanirebis Tavakebi.ultrabgeriTi skanirebis Tavakebi.ultrabgeriTi skanirebis Tavakebi.  (a)  meqanikuri mowyobilebis 

mbrunavi. (b) sworxazovani fazirebuli antenis CarCo, romelic 

askanirebs iseTive sigrZis nawils, rogorc skanirebis Tavaki. (v) 

amozneqili ultrabgeriTi  gardamsaxebiT (ubg) SeiZleba seqtoris 

skanireba. (g) ubg -s fazirebuli nakrebis aRgzneba SeiZleba SevcvaloT 

konis (nakrebis) mimarTuleba. amitom ramdenime mcire ubg-Ti xdeba 
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didi nawilis skanireba da  erTi Zlieri ubg-s eqvivalernturi xdeba, 

romelic meqanikurad brunavs sxvadasxva mimarTulebiT.    

ufro mcire zomis gardamsaxebi iyo Seqmnili maRalxarisxiani 

ultrabgerisaTvis. maT dgamen kaTeteris boloSi da gamoiyeneba  

angioplastikis wina mosamzadebeli periodis dros sisxlZarRvebis 

gamokvlevisaTvis. sur. 3.1.6. naCvenebia normaluri arteriis garegnuli 

saxe, romelic miReba ubg-s daxmarebiT da moTavsebulia kaTeteris 

boloSi. angioplastikis dros (plastikuri operaciebi 

sisxlZarRvebze)  baloni SeyavT iSemizirebul an xSirad Caketil 

sisxlZarRSi da Caibereba, raTa gaiWimos sisxlZarRvis kedeli da 

gadiddes masSi sanaTuri (diametri). Sedegad gaizrdeba regionaluri 

sisxldena da gaumjobesdeba organos momarageba JangbadiT. Tu 

sisxlZarRvis kedeli sustia, maSin zondirebis saSualebiT miRebuli 

gamosaxuleba gviCvenebs, rom angioplastikam SeiZleba safrTxeSi 

Caagdos pacientis sicocxle. balonis Cabervis Semdeg, zondi SeiZleba 

gamovqaCoT ukan, raTa ganvsazRvroT daWimuli kedlis zoma da 

SevamowmoT sisxlZarRvis mTlianoba. 

 

sur. sur. sur. sur. 3.3.3.3.1.1.1.1.6.6.6.6.    

SidasisxlZarRvebis ultrabgeriT gamosaxulebas gviCvenebs normaluri 

arteriis samfeniani kveTa. `ciferblatis 7 saaTze~ Cans laqa, romelic 

airekleba arteriis mkvdari kalcinozidan.  
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3.3.3.3.2. 2. 2. 2. dupleqsuri skanerebidupleqsuri skanerebidupleqsuri skanerebidupleqsuri skanerebi    

    

statiaSi aRwerilia ultrabgeriTi fazirebuli antenis 

CarCoiani dupleqsuri skaneris konstruqcia. am skaneriT erTdroulad 

xdeba drois realuri masStabiani organzomilebiani gamosaxulebis 

miReba da atramvatuli impulsuri dopleris meTodiT xdeba sisxlis 

mimarTuli moZraobis siCqaris gansazRvra. sur. 3.5. (g) gviCvenebs, Tu 

rogor generirebs meqanikuri skaneri maraosebur konas drois realur 

masStabSi.  sur. 3.2.2 warmodgenilia xelsawyos struqtura. dupleqsuri 

skaneris feradi displei gviCvenebs sisxlis moZraobis mimarTulebas 

mayureblisken wiTeli feriT, xolo misgan _ cisferiT, amasTan,  

feris intensivoba Seesabameba sisxlis moZraobis siCqares. am meTods 

ewodeba sisxlis moZraobis feradi tomografia. 

dupleqsuri skaneriT SeiZleba ganvasxvaoT Sereuli sisxli 

mudmivi rbili laqisgan, romelic gamoiyeneba karodituli arteriis 

paTologiis diagnostikisaTvis. impulsuri dupleqsuri meTodi 

farTod gamoiyeneba gulis paTologiuri nakadis mimarTulebisa da 

xarisxis lokalizaciisa da aRmoCenisaTvis, sarqvelebis defeqtebis, 

dazianebis Suntirebis, aseve kuWsa da  gulSi tixarebis defeqtebisas.  



 

(a) dupleqsuri skanireba B

    

sur. 3.sur. 3.sur. 3.sur. 3.2.1.2.1.2.1.2.1.    

(a) dupleqsuri skanireba BB-reJimSi     
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sur. sur. sur. sur. 3.3.3.3.2.2.2.2.2.2.2.2.    

dupleqsuri skaneri - Seicavs meqanikur seqtorul ganawilebas, 

muSaobs drois realur masStabSi, romliTac xdeba maraosmsgavsi 

organzomilebiani gamosaxulebis eqo-impulsis generireba. imisaTvis 

rom ganvsazRvroT sisxlis siCqare, gansazRvruli sixSiris da 

mimarTulebis signalebi damuSavebulia specialuri eleqtronuli 

mowyobilobiT. 
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Tavi 4 Tavi 4 Tavi 4 Tavi 4         

kompiuteruli tomografiakompiuteruli tomografiakompiuteruli tomografiakompiuteruli tomografia    ––––    CT    

    

       Cveulebrivi rentgenuli gamosaxuleba SezRudulia, radgan is 

aris rentgenuli sxivebis jer obieqtze moxvedris da Semdeg lentze 

proeqciis Sedegi. Tu arsebobs sxivis erTi da igive nawilSi 

eleqtronebis simkvrivis didi da mcire variaciebi, maSin mcire 

variaciebis gamovlineba ar xdeba. amis magaliTia Cveulebrivi 

gulmkerdis  rentgenograma, romelzec Zvlis mWidro struqturebi 

arTulebs ufro naklebad mWidro, filtvebis struqturebis Sesaxeb 

informaciis miRebas. 

       erT-erTi saSualeba aseTi saxis Seferxebis minimizaciisa aris 

suraTze sxvadasxva mimarTulebis ramdenime proeqciis Seqmna, magram 

praqtikulad es SeuZlebelia. DSedarebiT arc ise didi xnis win 

gamoCnda axali gza dawvrilebiTi informaciis miRebisa da damuSavda 

diagnostirebis axali meTodi da Sesabamisi rTuli aparatebi 

kompiuteruli tomografebi.. 

       kompiuteruli tomografiakompiuteruli tomografiakompiuteruli tomografiakompiuteruli tomografia    ktktktkt    _ _ _ _ ewodeba gamosaxulebis    

diagnostirebis    proceduras, romelzec anatomiuri informacia 

cifruli formiT aRdgenilia gadacemis rentgenuli arxidan, romelic 

miRebulia raRac garkveuli aris skanirebiT  mravali mimarTulebiT, 

erTi da igive sibrtyeSi, raTa ganxorcieldes, moxdes am sibrtyis 

Sesaxeb informaciis vizualizacia. idea pirvelad SemuSavda Tavis 

tvinis gamosaxulebis Sesaqmnelad. cnobilia, rom tvinSi simkvrivis  

dinamiuri diapazoni Seadgens mxolod ramdenime procents. amasTan, 

tvini garSemortymulia Tavis qaliT romelic imdenad  mkvrivia, rom 

aferxebs da STanTqavs rentgenuli sxivebis umetesobas. kompiuteruli 

tomografia dafuZnebulia gantolebaTa sistemis amoxsnaze romelSic 

Cabmulia milevis aTasobiT koeficienti, UUUUUij , , , , yoveli ij  elementisaTvis 

mravalnairi mimarTulebiT (proeqciiT). mocemuli mimarTulebiT 

sruli mileva  dakavSirebulia individualuri milevis  koeficientis   

jamTan. 

erTeulovani elementisTvis gvaqvs I=I0e
-µx an ln(I/I0)=--µx formula.         

erTi sisqis elementebis rigisaTvis gvaqvs: 



 

 ln I/I0=-∆xe-Dx(µ

intensivobaa, I0 _ konis sawyisi intensivobaa,  

mudmivi sididis elementis sisqe, 

STanTqmis koeficienti.

kompiuteruli tomografiis geometria da koordinatTa sistemakompiuteruli tomografiis geometria da koordinatTa sistemakompiuteruli tomografiis geometria da koordinatTa sistemakompiuteruli tomografiis geometria da koordinatTa sistema

obieqts asxiveben θ kuTxiT

brundebian mcire kuTxiT da procedura meordeba. Ggazomvebi 

grZeldeba  srul 180

 

gamosaxulia ,,pirveli Taobis” kompiuteruli tomografebis skanirebis 

procesis principialuri sqema. r

konas atareben pacientis Tavis gavliT, 

sawinaaRmdego mimarTulebiT

konis nakadis gamoCena mudmivad kontroldeba scintilaciur mimRebSi. 

rentgenuli wyaro da deteqtori gadaadgildeba erTdroulad (konis 

gadaadgilebis perpendikularulad). skanirebis gzaze xorcieldeba 

rentgenuli konis sruli milevis 160

ganawilebul wertilebSi.  rentgenuli wyarosa da deteqtorisgan 

Semdgari  anwyobi brundeba patara kuTxiT (Cveulebriv 1

Semdegac procedura meordeba. skanirebis procedura, romelsac Tan 

(µµ1+µ2+µ3+...),   aq I _ gamosasvleli konis 

konis sawyisi intensivobaa,  x - Sris sisqe, 

mudmivi sididis elementis sisqe, µµ  _Pmilvis koeficienti, 

STanTqmis koeficienti. 

sur.3.3sur.3.3sur.3.3sur.3.3....1.1.1.1.    

kompiuteruli tomografiis geometria da koordinatTa sistemakompiuteruli tomografiis geometria da koordinatTa sistemakompiuteruli tomografiis geometria da koordinatTa sistemakompiuteruli tomografiis geometria da koordinatTa sistema

kuTxiT. Semdgom wyaro da deteqtori erTdroulad 

brundebian mcire kuTxiT da procedura meordeba. Ggazomvebi 

grZeldeba  srul 1800  mobrunebamde. 

gamosaxulia ,,pirveli Taobis” kompiuteruli tomografebis skanirebis 

procesis principialuri sqema. rentgenuli sxivebis kolimirebul

tareben pacientis Tavis gavliT, gaswvrivi (mimarTuli)

mimarTulebiT. pacientis mopirdapire mxareze 

konis nakadis gamoCena mudmivad kontroldeba scintilaciur mimRebSi. 

rentgenuli wyaro da deteqtori gadaadgildeba erTdroulad (konis 

gadaadgilebis perpendikularulad). skanirebis gzaze xorcieldeba 

rentgenuli konis sruli milevis 160-mde calkeuli gazomva

ganawilebul wertilebSi.  rentgenuli wyarosa da deteqtorisgan 

Semdgari  anwyobi brundeba patara kuTxiT (Cveulebriv 1

Semdegac procedura meordeba. skanirebis procedura, romelsac Tan 
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gamosasvleli konis 

Sris sisqe, ф∆x - 

milvis koeficienti, µµi – 

 

kompiuteruli tomografiis geometria da koordinatTa sistemakompiuteruli tomografiis geometria da koordinatTa sistemakompiuteruli tomografiis geometria da koordinatTa sistemakompiuteruli tomografiis geometria da koordinatTa sistema    

. Semdgom wyaro da deteqtori erTdroulad 

brundebian mcire kuTxiT da procedura meordeba. Ggazomvebi 

gamosaxulia ,,pirveli Taobis” kompiuteruli tomografebis skanirebis 

entgenuli sxivebis kolimirebul 

(mimarTuli) RerZis 

pacientis mopirdapire mxareze sxivebis 

konis nakadis gamoCena mudmivad kontroldeba scintilaciur mimRebSi. 

rentgenuli wyaro da deteqtori gadaadgildeba erTdroulad (konis 

gadaadgilebis perpendikularulad). skanirebis gzaze xorcieldeba 

mde calkeuli gazomva, Tanabrad 

ganawilebul wertilebSi.  rentgenuli wyarosa da deteqtorisgan 

Semdgari  anwyobi brundeba patara kuTxiT (Cveulebriv 10-iT), ris 

Semdegac procedura meordeba. skanirebis procedura, romelsac Tan 
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sdevs informaciis Segroveba, grZeldeba sanam ar Sesruldeba sruli 

bruni. 

       aRweril proceduras ewodeba tomografia. sabolood miiReba 

informacia mxolod im struqturis viwro anatomiur Wrilze, romelic  

gadakveTa sxivma. kompiuteruli tomografia dafuZnebulia maTematikur 

gamogonebaze, rom  organzomilebiani funqcia ganisazRvreba proeqciiT 

yvela mimarTulebiT. Tu konis absorbacia izomeba 1 skanirebis 60 

sxvadasxva wertilSi, kuTxis 10-iani matebiT, vRebulobT daaxloebiT 

29 000 rentgenuli sxivis STanTqmis ricxvs. maT iyenebn imisaTvis, rom 

moaxdinon  rentgenuli STanTqmis organzomilebiani gamosaxulebis, 

rogorc koordinaciis funqciis rekonstruireba, romelic 

warmodgenilia rogorc 160x160 erTgvarovan kvadratuli elementebis  

matricis saxiT. 

       gamosaxulebis rekonstruqcia skanirebis monacemebze 

dayrdnobiT xorcieldeba  patara kompiuteris saSualebiT. samuSao 

Zalian swrafad sruldeba maTematikuri algoriTmebis meSveobiT. 

       maTematikuri algoriTmebi or did saerTo klasad iyofa: 

iteraciuli (ganmeorebiTi) da analitikuri. realur da hipoTetur 

monacemebs adareben  da iRebens gansxvavebas, romelsac iyeneben 

iteraciuli algoriTmis Semdegi miaxloebis misaRebad. 

       suraTi 3.3.2.-ze gamosaxulia obieqtis gaSuqebis  sqema, 

romliTac miiReba proeqciis matrica. AM am proeqciebs  adareben 

sawyis savaraudo sidideebs, Teoriul da eqsperimentul monacemebs 

Soris sxvaobas iyeneben  algoriTmis bijis gameorebisas raTa miiRon 

Semdegi miaxloeba. TiToeuli elementis gamosaxuleba warmodgenilia 

milevis  saSualo koeficientiT µµij sadac indeqsi i da  j gansazRvravs 

elementis pozicias gamosaxulebis saboloo organzomilebian 

suraTSi. k sxivis energiis fardobiTi STanTqmaa, romelic mimarTulia 

skanirebis θф kuTxiT, obieqtis jk elementad warmodgenilia 

oTxindeqsiani Wθk
ij matrica.. es sidide ganisazRvreba rentgenuli konis 

geometriuli gadafarviT, saboloo siganiT skanirebis θk poziciaSi da 

gamosaxulebis kvadratuli ij elementiT. 
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sur.3.sur.3.sur.3.sur.3.3.2.3.2.3.2.3.2.  

proeqciebiT proeqciebiT proeqciebiT proeqciebiT gamosaxulebis kompiuteruli gamosaxulebis kompiuteruli gamosaxulebis kompiuteruli gamosaxulebis kompiuteruli aRdgenis aRdgenis aRdgenis aRdgenis ZiriTadi ZiriTadi ZiriTadi ZiriTadi 

parametrebiparametrebiparametrebiparametrebi....    naCvenebia µµi  elementis gamosaxuleba, tipiuri proeqciis 

sxivi l 
θk da maTi geometriuli gadafarva Wθk

ij x nx=ny. 

cxadia, rom  Wθk
ijis 8x108sidideebis umetesoba aris nulovani, 

radgan umetes SemTxvevaSi sxivi фθkK K ar gaivlis ij elements.  

modeluri masiviµµij  aRwers TiToeul interaciaSi proeqcias, Semdegi 

formulis Tanaxmad:  

 

IθK=I0exp(-Σij W
θK

ij µij)        (3.3.1.) 

 

PθK=ln(I0/I
θK)= Σij W

θK
ij µij        (3.3.2.) 

        aq I0 _Sesasvleli konis mudmivi intensivobaa, l 
θk _ k 

mdgomareobidan θ kuTxiT gamogzavnili  gamosasvleli sxivis 

intensivobaa. PθK _ s tradiciulad ewodeba proeqciis koeficienti. µij  

ucnobi sidideebis wrfivi kombinacia. 

        praqtikaSi mkvlevarebi iyenebdnen  iteraciuli algoriTmis 

yvelaze gansxvavebul variantebs, rom aemaRlebinaT misi efeqturoba.  

        analitikuri meTodebi arsebiTad gansxvavdeba iteraciulisagan.  
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am meTodebSi gamosaxuleba iqmneba uSualod proeqciul monacemebze 

dayrdnobiT, nebismieri realuri da modeluri monacemebis Sedarebis 

gareSe. analitikuri meTodis safuZvels warmoadgens ukuproeqciis 

koncefcia. 

 

 

 

sur.3.3.3sur.3.3.3sur.3.3.3sur.3.3.3....    

ukuproeqcia.ukuproeqcia.ukuproeqcia.ukuproeqcia.    (a) miRebulia obieqtis proeqcia X da Y ori 

perpendikularuli mimarTulebiT; (b) PθKproeqciis mniSvnelobebs 

iyeneben elementis obieqtis ukuproeqciis saSualebiT    

rekonstruqciisaTvis gamosaxulebis sibrtyeSi. kveTis areSi 

intensivobebi ikribeba. ueWvelia rom ukuproeqciebi pirvelive 

miaxloebisas gvaZleven eqsponirebuli obieqtis gamosaxulebas. 

    

suraTi 3.3.3. ilustrirebas ukeTebs ukuproeqcias, 

urTierTperpendikularuli proeqciis SemTxvevaSi, uku-proecirebul 

gamosaxulebas Rebuloben skanirebis parametrebi PθK proecirebiT ukan, 

gamosaxulebis sibrtyeze.  

jamuri ukuproecirebadi gamosaxuleba miiReba skanirebis yvela  

θ kuTxis monacemTa ajamviT. aseTi ajamva xdeba imave geometriuli 

sasworiT, rasac iyenebdnen wina paragrafSi. zusti 

urTierTdamokidebulebis gamosaTvlelad  ukuproecirebad 

gamosaxulebasa da milevis koeficientebis masivs Soris romelic 

SeiZleba gamoviTvaloT iqnas furies analiziT es ukuproecirebadi 
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gamosaxuleba gardaiqmneba sixSirul gamosaxulebaSi da ifiltreba 

sivrciTi sixSiris proporciulad, gansazRvruli sixSiris sididemde. 

amis Semdeg sruldeba furies ukugardaqmna da miiReba gamosaxuleba 

dekartis koordinatebSi. 

         furies analizis daxmarebiT SesaZlebelia imis Cveneba, rom 

Sedegebi zustad iseTive iqneba, Tu proeciul monacemebs Tavidanve 

gavfiltravT. pirveli Taobis kompiuterul tomografebSi iyenebdnen 

mxolod  erTeul, maxvili kuTxiT daxril konas da erTeul 

deteqtors., riTac xorcieldeboda  svlad-brunvadi skanireba. 

TiToeul translacias sWirdeboda 5 wami cikluri moZraobisaTvis, 

Semdeg manqanis muSaoba ferxdeboda 1 wamiT, vibraciis Sesamcireblad. 

1800 gradusiani sruli brunva moicavda daaxloebiT 20 wuTs.  

         meore Taoba kompiuteruli tomografebisa iyenebda  100 an 

ufro meti deteqtoris masivs, romlebic ganlagebuli iyo yovel 5 mm-

Si da rentgenuli milisagan, romlis gamosasvlelze miiReboda, 

maraoseburi  formis  kona. deteqtorebi da rentgenuli mili 

moZraobdnen erTad. multideteqtorma skanirebis dro Seamcira 100-jer 

da ufro metad. informaciis Sekrebis dro 10 wamze ufro Semcirda. 

SesaZlebeli gaxda Seqmniliyo gulmkerdis kompiuteruli tomografi, 

radgan SesaZlebelia sunTqvis 10 wamiT Sekaveba. 

Semdeg mTavari Semaferxebeli faqtori gaxda gulis moZraoba 

(muSa procesSi). 

      mesame Taobis tomografebSi   damagrebulia ramodenime aseuli 

uZravi deteqtori da moZravi rentgenuli mili. kompiuteris 

gaumjobesebam da rentgenuli milis simZlavris gazrdam gamoiwvia 

skanirebis drois Semcireba 2 wamidan ufro nakleb dromde, aseve 

Seamcires Wrilis sisqe 2-mm-mde. imisaTvis rom ganaxorcielon 

eqspozicia “kabelebs”- sadenebs aerTeben brunvad milSi kvebis 

blokTan erTad, ise rom skanirebis seria Sedgebodes rigi gadaxveva-

ganxvevisagan (gadatrialeba-gadmotrialebisagan). 

         Semdgomi Taobis tomografebi xasiaTdeba pacientis magidis da 

rentgenuli milis mudmivi moZraobiT. es xveuli an spiraluri meTodi 

iZleva video informacias ufro  meti siCqariT, vidre 5 gamosaxulebaa 

wamSi. Semdegi gaumjobeseba mdgomareobs _ Sewyvilebul deteqtorebSi, 
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romelic moiTxovs erTmaneTisagan 1 sm-iT dacilebuli ori Wris 

anaTvalis erTdroul skanirebas. gamosaxulebis miRebis swrafi 

sistemebi  gulis tomogramis – gulis angiografiis Sesrulebis 

saSualebas iZleva. 

 

sur.3.3.4sur.3.3.4sur.3.3.4sur.3.3.4....    

eleqtro-sxivuri kompiuteruli tomografi-sistema IMATRON. 

 

naCvenebia aparati, romelSic praqtikuli problema – mZime rentgenuli 

milis daCqareba da kvebis bloki, agebulia rentgenuli milis 

“anawyob” formasTan.  mocemul SemTxvevaSi eleqtruli sxivi moqmedebs 

TiTqmis ori metris diametris mqone wriul anodze, romlis SigniT 

imyofeba pacienti. deteqtoris rgoli iseTivea, rogorc meoTxe Taobis 

manqanebSi. aseTi manqanebi kompiuteruli tomografiis -angiografias 

qmnian ufro meti siCqariT, vidre 30 gamosaxulebaa wamSi. 

mesame da meoTxe Taobis manqanebis brunva SeiZleba gaizardos 

512x512 pikselamde. zog SemTxvevaSi, romlisaTvisac maRali brunva ar 

aris saWiro, operators SeuZlia Seamciros misi mniSvneloba. 

         Zveli aparatebi iyenebdnen scintilaciur mimRebebs, romlebic 

dafuZnebuli iyo gamosaxulebis teqnologiaze, romelic miRebulia 

birTvul medicinaSi. Seiqmna axali deteqtorebi. imisaTvis rom mcire 

manZilze ganelagebinaT rac SeiZleba meti deteqtori gamoiyenes 

sxvadasxva xexebi. am amocanis erT-erTi amonaxsni iyo  dafuZnebuli 
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,,kvercxebis Casawyobis” magaliTze, romlebSic ganlagebulia 

hermetuli cilindruli ionizirebuli kamerebi qsenoniT. TiToeuli 

maTgani dakavSirebulia Sesabamis maZlierebelTan. 

          TiToeuli cilindris zoma da airis wneva iseTia, rom 

qsenonis airis masis rentgenuli STanTqma cilindris sigrZis gaswvriv  

sakmarisia, raTa ganxorcieldes deteqtireba kadrebis sixSiris 

misaRebi sixSiriT.  

          deteqtoris gaumjobesebam SesaZlebeli gaxada mcire 

scintilatorebis mierTeba masiur fotodiodebTan. Tanamedrove 

deteqtorebi axdenen uSualo rentgenuli ganaTebis konversias 

eleqtrul signalad, romlebic miemarTeba integralur sqemebze 

agebul maZliereblebisaken. 

          pacientis kanSi rentgenuli konis milevis  wrfivi 

koeficienti SeiZleba gamoisaxos db/sm-Si. Tumca es parametri 

damokidebulia sxivis energiaze da ar aris rekomendebuli misi xSiri 

gamoyeneba. diagnostirebisaTvis ufro sainteresoa sxivis energiis da 

sxva efeqtebis Semcireba da maTze damokidebulebebis koreqtireba. 

        sur.12.15-ze (3.3.5. da 3.3.6.) kompiuteruli tomografiis marTvis 

pultia ganlagebuli.  operatori marTavs fanjris sisqes da dones, 

aseve sinaTles da kontrasts. ekranze Cans gamosaxuleba, pacientis 

Sesaxeb informaciis Taobaze da manqanis awyobis parametrebis Sesaxeb. 

imisTvis rom SevafasoT obieqtis forma, eqimi SeiZleba daakvirdes mis 

Sinagan saxes, mdgomareobas da ramdenime sxvadasxva qsovils. 

magaliTad: Tavis qalis Zvlebis gamosaxuleba SeiZleba damuSavebuli 

iyos Tavis qalis samganzomilebiani gamosaxulebis Seqmnis mizniT. 

TiToeuli monitori moqmedebs fotoaparatTan erTad, raTa moxdes 

kompiuteruli tomografiis fotografireba sxvadasxva qsovilisa 

sxvadasxva ganaTebaSi da kontrastSi. ramodenime gamosaxulebis 

fotografireba warmoebs daavadebis istoriisaTvis. eqimebi iyeneben 

kompiuteruli tomografiul kvlevas imdenad xSirad, ramdenadac sxva 

saxis vizualizaciis saSualebebs, radgan obieqtebi erT saxis 

vizualizaciis saSualebis gamoyenebiT burusiTaa moculi, sxva 

meTodiT SeiZleba mkveTrad gansxvavebuli Sedegi miviRoT. 
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3.4. 3.4. 3.4. 3.4. kompiuteruli tomografis komponentebikompiuteruli tomografis komponentebikompiuteruli tomografis komponentebikompiuteruli tomografis komponentebi    
da maTi funqciebida maTi funqciebida maTi funqciebida maTi funqciebi    

    
SesavaliSesavaliSesavaliSesavali    

 es Tavi dagvexmareba gavigoT damokidebuleba, romelic arsebobs 

kompiuteruli tomografis komponentebs Soris. Cven SviswavliT 

kompiuteruli tomografis nawilebis saxelebs da maTi erToblivi 

muSaobis process. 



 

kompiuteruli tomografi Sedgeba asobi

SeviswavliT oTx mTavar mowyobilobas, romelic moicavs kt

komponents. 

mTavari mowyobilobebi

Kkt-is sistema saWiroebs

• kvebis ganawilebis erTeuli 

• operatoris konsoli

• pacientis magida

• gentri 

kompiuteruli tomografis garemokompiuteruli tomografis garemokompiuteruli tomografis garemokompiuteruli tomografis garemo

ZiriTad SemTxvevaSi kompiuteruli tomografi gaSlilia or oTaxze.

• skanirebis oTaxi, sadac pacientis magi

moTavsebuli 

• operatoris oTaxi, saidanac xdeba skanirebis kontroli

operatoris OoTaxs da skanirebis oTaxs Soris moTavsebulia tyvi

fanjara. 

 

 

kvebis ganawilebis erTeulikvebis ganawilebis erTeulikvebis ganawilebis erTeulikvebis ganawilebis erTeuli

 

iuteruli tomografi Sedgeba asobiT nawilis

SeviswavliT oTx mTavar mowyobilobas, romelic moicavs kt

mTavari mowyobilobebi. 

is sistema saWiroebs oTx Semdeg mTavar mowyobilobas:

kvebis ganawilebis erTeuli  

operatoris konsoli 

pacientis magida 

kompiuteruli tomografis garemokompiuteruli tomografis garemokompiuteruli tomografis garemokompiuteruli tomografis garemo    

ZiriTad SemTxvevaSi kompiuteruli tomografi gaSlilia or oTaxze.

skanirebis oTaxi, sadac pacientis magida da gentri aris 

operatoris oTaxi, saidanac xdeba skanirebis kontroli

operatoris OoTaxs da skanirebis oTaxs Soris moTavsebulia tyvi

 

sur.sur.sur.sur.3.4.3.4.3.4.3.4.1.1.1.1.    

    

kvebis ganawilebis erTeulikvebis ganawilebis erTeulikvebis ganawilebis erTeulikvebis ganawilebis erTeuli    

69

T nawilisagan. Cven 

SeviswavliT oTx mTavar mowyobilobas, romelic moicavs kt-is yvela 

oTx Semdeg mTavar mowyobilobas: 

ZiriTad SemTxvevaSi kompiuteruli tomografi gaSlilia or oTaxze. 

da da gentri aris 

operatoris oTaxi, saidanac xdeba skanirebis kontroli 

operatoris OoTaxs da skanirebis oTaxs Soris moTavsebulia tyviis 
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kge (PDU) awvdis energias kompiuteruli tomografis sxvadasxva 

komponentebs. ZiriTadad es Zabva aris samfaziani 480 V.  

 

 

sursursursur. . . . 3.4.3.4.3.4.3.4.2222....    

PDU – es aris calke kabineti kompiuteruli tomografis garemoSi. is 

SeiZleba idgas skanirebis oTaxSi, operatoris oTaxSi an skanirebis 

oTaxTan mezoblad ganlagebul calke oTaxSic ki. 

    

maxasiaTebeli ZabvebimaxasiaTebeli ZabvebimaxasiaTebeli ZabvebimaxasiaTebeli Zabvebi    

 

kveba miewodeba oTaxs A1 kontaqtorze, igi SeiZleba iyos 380 – 

480 V samfaziani Zabva. A1 kontaqtori Sedgeba xazis damcveli 

mcvelebiT da agreTve CarTva gamorTvis gadamrTvelisagan. sistemis 

transformatori konvertirebas ukeTebs Zabvis im raodenobebs, 

romelic saWiroa TiToeuli ZiriTadi komponentisaTvis. es Zabvebi 

gansxvavdeba mwarmoeblis mixedviT. 

sistemis transformatorsa da mowyobilobis kontaqtors Soris 

arsebuli gadamrTveli gvaZlevs saSualebas gamovrToT TiToeuli 

mowyobiloba damoukideblad. miuxedavad imisa, rom TiTqmis yvela 

mowyobilobas aqvs Tavisi gamomrTveli, ZiriTad servis procedurebis 

Catarebis win Cven unda gamovrToT sistema A1 kontaqtoridan. 
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sur.sur.sur.sur.3333.4.3..4.3..4.3..4.3.    

operatoris konsolioperatoris konsolioperatoris konsolioperatoris konsoli    

operatoris konsolo aris samuSao adgili, romelic moicavs 

kompiuters, ekrans, Senaxvis da Seyvanis mowyobilobebs.  

operatoris konsoli aZlevs operators saSualebas: 

• Seiyvanos da gaagzavnos skanirebis kontrolis monacemebi 

pacinetis magidaze da gentrize 

• gaakontrolos skanireba 

• komunikacia moaxdinos pacientTan 

• ekranze gamoitanos, daarqivos da marTos miRebuli suraTebi 

• moaxdinos Sida qselSi kvlevebis gadagzavna sxva kompiuterebze 
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sur.sur.sur.sur.3.4.3.4.3.4.3.4.4444....    

monacemTa komunikaciamonacemTa komunikaciamonacemTa komunikaciamonacemTa komunikacia    

kompiuteruli tomografis operatoris konsolis kompiuteri 

SeiZleba dakavSirebuli iyos radiologiis sainformacio sistemasTan 

(RIS) an hospitalis sainformacio sistemasTan (HIS). Ees kavSiri aZlevs 

saSualoebas kompiuteruli tomografis kompiuters raTa miiRos 

pacinetze iseTi informacia, rogoricaa misi saxeli, gvari, pacientis 

saidentifikacio kodi da misi mkurnali eqimis saxeli.  

kt-is sistemaSi aris suraTis aplikacia, radgan mis mexsierebaSi 

inaxeba suraTis cifruli da ricxviTi reprezentaciebi. kompiuteris 

saSualebiT SesaZlebelia suraTebis CatvirTva sxvadasxva samuSao 

adgilebze. agreTve qselis arsebobis SemTxvevaSi SesaZlebelia 

suraTebis gagzavna eqimTan saxlSi an ofisSi, Tu mas saWiroeba 

moiTxovs. 
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sur.sur.sur.sur.3.4.3.4.3.4.3.4.5555....    

pacinetis magipacinetis magipacinetis magipacinetis magidadadada    

 

kvlevis dros magida gamoiyeneba pacientis dasawvenad. pacientis 

magida Sedgeba fuZisagan, sayrdenisa da akvanisagan. magidis fuZe 

damagrebulia iatakze. sayrdeni moZraobs vertikalurad rac wevs 

magidas zeviT an qveviT. akvani ZiriTad SemTxvevaSi Sedgeba narevi 

komponentebisagan da igi srialebs liandagze, Sedis da gamodis  

gentris SigniT da gareT. mwarmoeblebi gvawvdian kidev damatebiT 

saSualebebs pacientis dasafiqsireblad da maTi usafrTxoebisaTvis. 

 

 

 

sur.sur.sur.sur.3.4.3.4.3.4.3.4.6666....    
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gentrigentrigentrigentri    

 

gentri aris kompiuteruli tomografis yvelaze didi Semadgeneli 

komponenti. is Sedgeba ori CarCosagan: 

 

• brunvadi 

• stacionaruli 

 

scaionaruli mxare, anu gentris fuZe ZiriTadaT damagrebulia 

iatakze. fuZe daxmarebas uwevs gentris roca igi ixreba. brunvadi 

CarCo Sedgeba rentgenis milisgan da im mowyobilobebisagan, romelic 

saWiroa rentgenis sxivis Sesaqmnelad, misTvis formis misacemad, 

signalis dasaWerad da monacemebis dasaTvlelad.  

 

 

 

    

sur.sur.sur.sur.3.4.7.3.4.7.3.4.7.3.4.7.    

gentris eqsterierigentris eqsterierigentris eqsterierigentris eqsterieri    

 

gentri garedan Sedgeba: 

 

• operatoris konolisagan, raTa vamoZraoT magida da akvani 
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• avariuli Rilakisagan, raTa gavaCeroT skanireba 

• ekranis panelisagan, razec gamoisaxeba magidis simaRle, sigrZiTi 

pozicia da gentris gadaxris kuTxe 

• gasworebis fanjrisagan, saidanac xdeba gamasworebeli Suqis 

(lazeris) damizneba pacientze 

gentris Ria nawils warmoadgens xvreli. akvans Seyavs pacienti 

xvrelSi skanirebis dros. rentgenis milidan viwro rentgenis sxivis 

nakadi miemarTeba xvrelis mimarTulebiT. deteqtori mdebareobs 

rentgenis milis mopirdapire mxares. 

 

sur.sur.sur.sur.3.4.8.3.4.8.3.4.8.3.4.8.    

    

geometriageometriageometriageometria    

gentris komponentebis SeswavlasTan erTad Cven gavacnobierebT 

X, Y da Z RerZebsac.  
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sur.sur.sur.sur.3.4.93.4.93.4.93.4.9    

• X  RerZi – aris rentgenis sxivis sigane pacientze da deteqtorze. 

• Y  RerZi – rentgenis sxivis simaRle, romelic gamoisaxeba 

rentgenis milisa da deteqtors Soris arsebuli manZiliT. 

• Z  RerZi – im Wrilis sisqe, romelic kontrolirdeba rentgenis 

sxiviT. 

 

kompiuteruli tomografis skanirebis procesikompiuteruli tomografis skanirebis procesikompiuteruli tomografis skanirebis procesikompiuteruli tomografis skanirebis procesi    

    

kt-s skanirebis mizans warmoadgens anatomiis suraTis Seqmna. es 

procesi Sedgeba oTxi safexurisagan. 

1. skanirebis momzadeba 

2. rentgenis sxivis gamomuSaveba 

3. monacemTa miReba/Segroveba 

4. suraTis rekonstruqcia 

am Tavis Seswavlis Sedegad, Cven SevZlebT CamovTvaloT kt 

skanirebis procesebi da mis yovel fazasTan dakavSirebuli 

mowyobilobebi. 
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kt skanirebis oTxi safexurikt skanirebis oTxi safexurikt skanirebis oTxi safexurikt skanirebis oTxi safexuri    

 

 

sur.sur.sur.sur.3.4.103.4.103.4.103.4.10....    

zemoT moyvanil suraTze gamosaxulia kompiuteruli tomografis 

skanirebis oTxi safexuri. ganvixiloT isini saTiTaod. 

skanirebis momzadebaskanirebis momzadebaskanirebis momzadebaskanirebis momzadeba    

mizani: mizani: mizani: mizani: davawvinoT pacienti magidaze da SevarCioT skanirebis 

protokoli. protokoli Seicavs specifiuri kvlevis winaswar SerCeul 

maxasiaTeblebs, rogoricaa Tavi, mkerdi an muceli.  

dakavSirebuli mowyobilobebi: dakavSirebuli mowyobilobebi: dakavSirebuli mowyobilobebi: dakavSirebuli mowyobilobebi: operatoris konsoli, magida da gentri. 

sistema agzavnis protokolis maxasiaTeblebs procesorebze, raTa 

moxdes qvemoT moyvanili skanirebis cvladebis kontrolireba kvlevis 

dros: 

• radiaciis raodenoba 

• gentris brunvis siswrafe 

• radiaciis gamosxivebis dro 

• skanirebis Wrilis sisqe 

• magidis da gentris moZraoba 

• Wrilebis raodenoba 

 

rentgenis sxivis generirebarentgenis sxivis generirebarentgenis sxivis generirebarentgenis sxivis generireba    

 

mizanimizanimizanimizani: : : : vawarmooT rentgenis sxivis is raodenoba romelic 

gansazRvrulia skanirebis protokolis mier. 

dakavSirebuli mowyobilobebidakavSirebuli mowyobilobebidakavSirebuli mowyobilobebidakavSirebuli mowyobilobebi: : : : gentri da operatoris konsoli. 
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operatori rTavs rentgenis sxivis generators gentriSi, raTa man 

Seqmnas maRali Zabva da deni swori rentgenis sxivis gaSuqebisaTvis. 

Zabva da deni gadis rentgenis milSi raTa moxdes rentgenis sxivis 

gamomuSaveba, romelic Semdeg tardeba pacientis sxeulSi. skanirebis 

protokoli agrTve akontrolebs pacientis magidis moZraobas mbrunavi 

gentris SigniT. rogorc ki magida dadgeba gansazRvrul poziciaSi, 

rentgenis mili gentriSi uSvebs rentgenis sxivebs. 

 

 

 

 

sur.sur.sur.sur.3.4.113.4.113.4.113.4.11....    

    

monacemTa miReba, Segroveba da gadacemamonacemTa miReba, Segroveba da gadacemamonacemTa miReba, Segroveba da gadacemamonacemTa miReba, Segroveba da gadacema    

mizanimizanimizanimizani: : : : SevqmnaT cifruli faili deteqtoridan miRebuli 

monacemebisagan.        

dakavSirebuli mowyobilobebi : dakavSirebuli mowyobilobebi : dakavSirebuli mowyobilobebi : dakavSirebuli mowyobilobebi : gentri da operatoris konsoli 

deteqtori Rebulobs gatarebuli rentgenis sxivis radiacias da 

generirebas ukeTebas Sesabamisi donis Suqs. deteqtors gadayavs Suqi 

denSi. monacemTa miRebis sistema (DAS) gentriSi, qmnis nedli 

monacemebis cifrul matricas da agzavnis mas kompiuterze raTa 

moxdes suraTis warmoeba. 
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sur.sur.sur.sur.3.4.123.4.123.4.123.4.12    

suraTis rekonstruqciasuraTis rekonstruqciasuraTis rekonstruqciasuraTis rekonstruqcia    

mizanimizanimizanimizani    : : : : SevqmnaT pacientis anatomiis suraTi 

dakavSirebuli mowyobilobebi : dakavSirebuli mowyobilobebi : dakavSirebuli mowyobilobebi : dakavSirebuli mowyobilobebi : operatoris konsoli 

kompiuteri iyenebs specializirebul procesorebs da kompleqsur 

maTematikur algoriTmebs raTa moxdes rekonstruqcia, an Seqmnas 

suraTis monacemebi nedli an skanirebis monacemebidan. rodesac 

moxdeba misi Seqmna, kompiuteri inaxavs suraTis monacemebs. suraTi 

SeiZleba gamotanili iqnas ekranze, moxdes misi dabeWdva, gadagzavna, 

daarqiveba  

 

procesis Sedegiprocesis Sedegiprocesis Sedegiprocesis Sedegi    

kompiuteruli tomografis skanirebis procesSi, sistema atarebs 

pacientis sxeulSi rentgenis sxivs, iRebs signalis monacemebs raTa 

awarmoos suraTi. 

 

 

 
    

sur.sur.sur.sur.3.4.13.3.4.13.3.4.13.3.4.13.    
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daskvnadaskvnadaskvnadaskvna    

kompiuteruli tomografis skanirebis procesi moiTxovs Semdeg 

punqtebs suraTis Sesaqmnelad.  

• skanirebis protokols 

• rentgenis sxivi 

• nedli, skanirebis monacemTa faili 

• rekonstruqciis maTematikur kompleqsur algoriTms 

operatoris konsolSi arsebuli kompiuterebi Rebuloben ZiriTad 

monawileobas skanirebis mTliani procesis dros. gentri gamoiyeneba 

rentgenis sxivebis gamosamuSaveblad da monacemebis miRebisaTvis. 

6.7. erTfotoniani emisiuri kompiuteruli tomografia.6.7. erTfotoniani emisiuri kompiuteruli tomografia.6.7. erTfotoniani emisiuri kompiuteruli tomografia.6.7. erTfotoniani emisiuri kompiuteruli tomografia.    

 

     erTfotoniani emisiuri kompiuteruli tomografiis meTodi 

dafuZnebulia gabmul luminescentur gamosxivebaze, romelic 

pacientis irgvliv brunavs. bevri izotopi, romlebic gamoiyeneba 

birTvul medicinaSi, uSvebs erTeul fotons an gama-sxivs energiis  

sasargeblo diapazonSi. paraleluri sxivebi, rom Sekribon iyeneben 

kolimators. Segrovil signalebs iyeneben gamosaxulebis aRsadgenad. 

analogiuri meTodi gamoiyeneba kompiuterul tomografiaSi. es 

mravali Wrili SesaZleblobas gvaZlevs miviRoT didi gamosaxuleba, 

ramdenime ganivi saxeobisa, damatebiTi frontaulurisa da 

zedapirulisa anu Cveulebrivi birTvuli kameriT. amis garda 

erTfotonian emisiur kompiuterul tomografias aqvs ukeTesi 

garCevisnarianoba vidre gama-kameras.  e.e.k.t.-is sistemaSi aucilebelia 

signalis Semasustebeli  meryeobis kompensacia sxvadasxva 

pacientebTan. Sesabamisad am sistemebs ar iyeneben dinamikuri 

gamokvlevebisaTvis. maT iyeneben mxolod kvazistikuri struqturebis 

gamosaxulebisaTvis. mag; simsivneebis an osteoporosis dros, Zvlovan 

struqturebSi. aq SesaZlebelia sammagi informaciis miRebis Sedegad, 

naTlad davinaxoT is rac ar Cans Cveulebriv  redgenis suraTze. 

 

6.8. pozitronuli emisiuri tomografia6.8. pozitronuli emisiuri tomografia6.8. pozitronuli emisiuri tomografia6.8. pozitronuli emisiuri tomografia    
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zogierTi izotopi daSlis dros gamoyofs pozitronebs, 

romlebic eleqtrodebTan  anigilirdebian, gzavnian ra sawinaaRmdego 

mimarTulebiT. or fotons 511 KЭB energiiT TiToeuli. pozitronuli  

emisiuri tomografia iyenebs  am fizikur efeqts gamosxivebis wyaros 

gansazRvrisaTvis. izotopebi, romlebic p.e.t.-Si gamoiyeneba, aqvT 

daSlis ori xerxi, TiToeuli maTgani mTavrdeba pozitron-eleqtronis 

anigilaciiT. erT SemTxvevaSi birTvi jer moicavs orbitalur 

eleqtrons, xolo meore SemTxvevaSi birTvi uSvebs pozitrons, 

romelic mokle manZilze gadaadgildeba, sanam SemTxveviT eleqtrons 

ar Sexvdeba. anigilaciis Sedegad  nadgurdeba urTierTsawinaaRmdego 

muxti da orive nawilakebis masa, magram rCebian fotonebi, romlebic 

Sejaxebis adgilidan sawinaaRmdego mimarTulebiT gadaitanen  

energias. 

pozitronebs, romlebsac birTvi uSvebs, aqvT gansazRvruli  

kinetikuri  energia, ase rom isini  aswreben gadaadgildnen ramdenime 

milimetrze, sanam eleqtrons Sexvdebian. Sedegad gvaqvs Secdoma 

pozitronebis wyaros  mdgomareobis gansazRvraSi. 

Tviseba erTdroulad gamouSvas ori gama-sxivi sawinaaRmdego 

mimarTulebebiT p.e.t.-s meTods wyaros lokalizebis saSualebas 

aZlevs. a. kolimatorTan erTad p.e.t.-s aparatSi gamoiyeneben or 

deteqtors, romelsac  SeuZlia X-y koordinatebis gansazRvra.  

TiToeuli X-y koordinatis  wyvili gamoiTvleba luminescenciis ori 

naTebis damTxvevis Sedegad, romelTac energetikuli done aqvT da 

romelic maTematikuri lodinis  511 KЭB –s axlosaa. 

cxrili 6.8.1. xuTi izotopis daxasiaTeba, romelic  p.e.t.-Si gamoiyeneba. 

Izotopi Mmaqsimaluri 

Kinetikuri 

Nnaxevrad daSla gafarToeba 

10F 
640 m.k.v. 110 wT 1.1 mm 

11C 
960 m.k.v. 20.4 wT 1.9mm 

13
N 

1.2 m.k.v. 10.0 wT 3.0mm 

60Ga 
1.9 m.k.v. 62.3 wT 5.9mm 
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82Rb 
3.4 m.k.v. 1.3 wT 13.2mm 

 

 

 

 

yvelaze ubralo p.e.t.-is kameraSi, ori modificirebuli gama-kamera 

ganlagebulia pacientis sapirispiro mxares (sur 12.24 a) modifikacia 

niSnavs kolimatoris mocilebas da damatebas, damTxvevas sqemasa da 

gamoTvliTi mowyobilobisa. kolimatoris mocileba zrdis 

informaciis Esegrovebis kuTxes, amcirebs dros, rac erTfotoniani 

emisiuri kompiuteruli tomografiis meTodze ufro met upiratesobas 

flobs. kamera  nela brunavs pacientis irgvliv, iRebs axal-axal 

Wrilebs gamosaxulebis gasaumjobeseblad. wyvili deteqtorebis 

damatebis SemTxvevaSi gamosaxulebas ufro  swrafad miviRebT. 

suraTi 12.24(b)  aCvenebs deteqtoruli kameris sam weevils 

geksagonalur-wriul nakrebSi. safexurisebri gverduli  gadaadgileba 

da mosaxvevebi aumjobeseben gamosaxulebas. sakmaod uzado aparatis 

Seqmna SeiZleba rgolebis gamoyenebiT, romelic uamravi 

deteqtorebisagan Sedgeba (12.24.b) amave dros wriul deteqori 

umoZraoa, xolo gamosaxulebas uzrunvelyofs kompiuteruli signali. 

ise rogorc yvela radionuklidur  blokebSi samedicino 

vizualizaciaSi, radioaqtiur dones gansazRvravs xmauri, romelic 

zRudavs gamosaxulebas. 
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Tavi Tavi Tavi Tavi 5555    

doplerografiuli diagnostikis sistemebidoplerografiuli diagnostikis sistemebidoplerografiuli diagnostikis sistemebidoplerografiuli diagnostikis sistemebi    

    

sisxlsisxlsisxlsisxlis is is is ddddinebinebinebinebis da sisxlis moculobisis da sisxlis moculobisis da sisxlis moculobisis da sisxlis moculobis    gazomvagazomvagazomvagazomva    

    SesavaliSesavaliSesavaliSesavali        

 
 

 erTi umTavresi gazomva romelic surs ganaxorcielos eqimma, 

pacientis gamokvlevis dros mdgomareobs imaSi rom miiRos informacia 

Jangbadis da sxva Semadgeneli nivTierebebis Sesaxeb, romelsac Seicavs 

ujredi. aseTi gazomvebi SeiZleba mivakuTvnoT pirvel safexurs. 

Nnormalur pirobebSi aseTi sididis gazomvebi Zalian rTulia, rac 

aiZulebs eqims scados gazomvebis ganxorcieleba meore safexuriT _ 

gazomos sisxlis dineba da gazomos sisxlis moculoba, romelic 

Cveulebriv korelireben ujredebSi mkvebav nivTierebebTan. Tu sisxlis 

dineba aseve Znelad izomeba maSin eqims SeuZlia gamoiyenos mesame 

safexuris gazomvebi e.i. gazomos arteriuli wneva, romelic 

Cveulebriv adeqvaturad korelirebs sisxlis dinebis sididesTan. Tu 

SeuZlebelia sisxlis dinebis wnevis gazomvac maSin eqims SeuZlia 

daixios erTi nabijiT ukan da ganaxorcielos meoTxe safexuri _ 

magaliTad daaregistriros pacientis ekg romelic Cveulebriv 

adeqvaturad korelirebs arteriuli wnevis sididesTan. 

 

4.1.4.1.4.1.4.1. ssssisxlisxlisxlisxlisisisis    dinebisdinebisdinebisdinebis    siCqaris gazomvasiCqaris gazomvasiCqaris gazomvasiCqaris gazomva    

 

 sisxlis dinebis gazomva, warmoadgens gazomvas romelic yvelaze 

axlo dgas bazur gazomvebTan _ ujredebSi Jangbadis koncentraciis 

gazomvasTan. erTismxriv sisxlis dinebis gazomvis ganxorcieleba 

Cveulebriv pirobebSi sakmaod rTulia, radganac es procedura 

moiTxovs  cocxal organizmSi SeWras - “metad invaziuria”, vidre 

wnevis gazomva an kardiogramis gadaReba. 

 sisxlis dinebis gazomvisaTvis ar gamoiyeneba siTxis dinebis 

siCqaris gamzomebi rasac warmoebaSi iyeneben, iseTi rogoricaa 

diafragmuli an turbinuli xarjmzomebi, radganac aseTi tipis 

xarjmzomebi iTxovs sisxlZarRvis gaWras, ramac SemdgomSi SeiZleba 



 84

gamoiwvios Trombis ganviTareba. sisxlis dinebis siCqaris gasazomad 

gamoiyenebaGsxva meTodebi romlebsac ganvixilavT. Aam TavSi moyvanili 

indikatoris gaxsnis meTodi ar iZleva saSualebas gavzomoT 

momentaluri sapulso sisxlis dinebis mniSvneloba, magram is iZleva 

saSualebas gavzomoT gasaSualoebuli ramodenime gulis ciklis 

sisxlis dinebis moculobiTi siCqaris mniSvneloba. K 

 Tu mocemul 0m
 indikatoris raodenobas  gavxsniT V siTxis 

moculobaSi, miRebul xsnarSi indikatoris  koncentracia C  iqneba 

V

m
C 0= . Tu axla am xsnarSi gavxsniT damatebiT indikatoris raodenoba 

m-s maSin misi koncentracia gaizrdeba 
V

m
C =∆  sididiT. davuSvaT rom 

siTxe ganuwyvetliv gadis gamosakvlevi moculobidan da icvleba 

axali xsnariT, iseve rogorc es mimdinareobs siTxis dinebisas. Aam 

SemTxvevaSi imisaTvis rom gaizardos indikatoris koncentracia yovel 

momdevno dinebis erTidaimave sididis siTxis porcia mocemul 

moculobaSi, aucilebelia yovelTvis davamatoT gansazRvruli 

raodenobis indikatori. koncentraciis gazrda iqneba asaxuli am 

tolobaSi         


















=∆

dt

dv
dt

dm

C         aqedan SeiZleba gamoviyvanoT  

siTxis moculobiTi xarjvis formula F                         

        
C
dt

dm

dt

dv
F

∆
==

                                             (4.2.1.)
 

 

mag. 1. gamoviyvanoT es formula masis gadatanis principis gamoyenebiT. 

pasuxi: siCqare romliTac indikatori miewodeba siTxes  gamosakvlev 

sisxlZarRvSi, udris indikatoris koncentraciis warmoebuls 

sisxlZarRvis Sesasvlel iC  -ze da siTxis dinebis moculobiT siCqares 

F -s. siCqare romliTac indikatori Seiyvaneba sisxlZarRvSi siTxis 

moculoba udris indikatoris raodenobas, romelic  miewodeba drois 

erTeul dm/dt-Si. sisxlZarRvidan indikatoris gamodevnis siCqare 

udris indikatoris koncentraciis warmoebuls sisxlZarRvis 



 

gamosasvlel Co-Tan

stacionaluri reJimisaTvis gamoiyeneba Semdegi Sesabamisoba 

gamomdinareobs  

( )iCC
dt

dm
F −







= 0

    

fikis meTodifikis meTodifikis meTodifikis meTodi.... (4.2.2.) 

mimoqcevis wuTieri moculobis gansasazRvr

gamodenili sisxlis raodenoba

      
va CC

dt
dm

F
−

=
  

 

sadac 

 F = sisxlis dineba

=
dt

dm  Jangbadis gamoyenebis 

=aC  Jangbadis 

=vC  Jangbadis 

Tan da siTxis moculobiTi xarjva

tacionaluri reJimisaTvis gamoiyeneba Semdegi Sesabamisoba 

      

(4.2.2.) formula SeiZleba iyos gamoyenebuli sisxl

vis wuTieri moculobis gansasazRvravad. (erT 

sisxlis raodenoba) Semdegnairad                   

      

dinebaa (sisxlis moculobiTi xarji)

angbadis gamoyenebis  siCqare, l/wT  

Jangbadis koncentracia arteriul sisxlSi,

Jangbadis koncentracia venur sisxlSi, l/l

sur.4.2.1.sur.4.2.1.sur.4.2.1.sur.4.2.1.    
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xarjva _ F-is tolia. 

tacionaluri reJimisaTvis gamoiyeneba Semdegi Sesabamisoba  saidanac 

 (4.2.2.)
 

formula SeiZleba iyos gamoyenebuli sisxlis 

erT wuTSi gulidan 

                 

 (4.2.3.)
 

moculobiTi xarji), l/wT  

, l/l           

l/l 
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sisxlsisxlsisxlsisxlmimimimimoqcevis wuTieri moculobis gazomvebis meTodi.moqcevis wuTieri moculobis gazomvebis meTodi.moqcevis wuTieri moculobis gazomvebis meTodi.moqcevis wuTieri moculobis gazomvebis meTodi. fikis 

meTodSi indikatori Jangbadia, romlis gamoyeneba izomeba spirometris 

daxmarebiT, xolo Jangbadis koncentraciis sxvaoba arterialur da 

venur sisxlSi ganisazRvreba sisxlis sinjebSi, romelsac iReben didi 

wris romelime mozrdili arteriidan da filtvebis arteriidan. 

saRebavis Serevis meTodSi, filtvebis arteriebSi SeyavT saRebavi, misi 

Semcveloba erTeulovan moculobaSi izomeba sisxlis sinjSi, 

romelsac iReben sisxlmimoqcevis didi wris romelime mozrdili 

arteriidan. Termomodulaciis meTodis gamoyenebisas marilxsnari 

marjvena winagulSi SeyavT, amasTan zomaven sisxlis temperaturas  

filtvis arteriaSi.    

    

sur. 4.2.1.-ze  aris realizebuli fikis meTodi. tanis zeda naxevarSi, 

gulSi mimdinare sisxlSi Jangbadis koncentracia gansxvavdeba 

sisxlSi Jangbadis koncentraciisagan, romelic moedineba qveda tanis 

naxevridan. maTi sidideebi imiTaa dakavSirebuli, rom Jangbadis 

eqstraqcia tvinis ujredebis arterialuri sisxlidan gansxvavdeba 

Tirkmelebis, kunTebis da sxva organoebis Jangbadis eqstraqciisagan. 

es mdgomareoba ar gvaZlevs saSualebas zustad ganvsazRvroT 

koncentracia nC , Tu mas gavzomavT marjvena winagulSi. venur sisxlSi 

Jangbadis koncentraciis zusti gansazRvrisaTvis, is unda gaizomos 

filtvis arteriaSi, mas Semdeg rac sisxli, romelic moedineba 

sxvadasxva organoebidan, iqneba Sereuli marjvena gulis parkuWis 

SekumSvisas. sasinji sisxlis aReba eqims SeuZlia filtvis arteriidan 

orarxiani kaTeteris saSualebiT, romelic gadaitaneba sisxlis 

dinebiT “balonis” meSveobiT. gaberili “baloni” kaTeteris boloSia 

moTavsebuli. Mmeore kaTeteris arxi gamoiyeneba sisxlis sinjis 

gamosatanad. 

 Ffiltvebis kapilarebis gavlisas sisxli mdidrdeba JangbadiT 

(romelic am meTodSi gamoiyeneba rogorc indikatori). Ggamosakvlevi 

obieqti sunTqavs sufTa JangbadiT romelic miewodeba spirometridan. 

amonasunTqi naxSirorJangi STainTqmeba silikaturi filtriT. Eam gziT 

Jangbadis moxmareba ganisazRvreba sunTqvisas miwodebuli jamuri 

gazis sidideebis SejamebiT. sunTqvis dros imisaTvis rom 
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ganvsazRvroT Jangbadis koncentracia Ca oqsigenur arterialur 

sisxlSi, SeiZleba aviRoT sisxlis sinji nebismieri didi arteriidan. 

saqme imaSia rom sisxli gamdidrebulia JangbadiT filtvebis 

kapilarebSi kargad Seereva marcxena parkuWSi, xolo Jangbadis 

moxmareba did arteriebSi umniSvnelod mcirea. gamokvlevebiT 

dadginda, rom Jangbadis koncentracia yvela did arteriaSi 

praqtikulad erTi da igivea. sasinji arteriuli sisxlis asaRebad 

gamoiyeneba xelis an fexis magistraluri arteria. 

 

 Mmag. gamoiTvaleTGsisxlis mimoqcevis moculoba Semdegi 

monacemebis gamoyenebiT: spirometrSi gamoyenebuli Jangbadis 

raodenoba Seadgens 250 ml/wT. 

 arteriul sisxlSi Jangbadis Semcveloba 0.20 ml/wT, xolo venur 

sisxlSi 0.15 ml/wT. 

pasuxi: 

  

( ) ( ) l/wT
lll

5
)/15.0(20.10

25.0 =
−

=−= va CC
dt

dm
F

    (4.2.4)
 

Jangbadis koncentraciis sidide gviCvenebs, romeli sididis 

Jangbadi SeiZleba iqnes gamoyenebuli sisxlis moculobis erTeulSi. 

Jangbadis koncentracia didia sisxlSi radganac Jangbadis umetes 

nawils sisxli Seicavs, dakavSirebulia hemoglobinTan. im SemTxvevaSi 

Tu sisxlZarRvebSi sisxlis magivrad wyali gaedineboda Jangbadis 

koncentracia masSi iqneboda mniSvnelovnad mcire, vidre sisxlis 

dinebis dros im SemTxvevaSic ki Tu Jangbadis Zabva Po2 orive 

SemTxvevaSi iyo erTnairi. Ffikis meTodi sruliad aratoqsikuria 

ramdenadac indikatoris saxiT gamoyenebuli Jangbadi aris nivTiereba,  

romelsac organizmis ujredebi normalurad iyeneben. imisaTvis rom 

mkvlevarma SeZlos miiRos Jangbadis gamoyenebis mrudis gadaxra, 

sisxmimoqcevis wuTieri moculoba unda imyofebodes mudmiv 

mdgomareobaSi ramodenime wuTis ganmavlobaSi. arteriaSi Seyvanili 

kaTeterebi iwveven sisxlmimoqcevis wuTieri moculobis umniSvnelod 

mcire cvlilebebs. 

 bolusis indikatoris gaxsnisbolusis indikatoris gaxsnisbolusis indikatoris gaxsnisbolusis indikatoris gaxsnis    meTodimeTodimeTodimeTodi    
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gantoleba  

   
 

 maRla ganxiluli indikatoris gaxsnis meTodis realizacia, 

roca indikatori Seiyvaneba ganuwyvetliv, gamoiyeneba iSviaTad. 

praqtikulad yvelgan mas cvlis sxva, ufro moxerxebuli am meTodis 

modifikacia, romlis SemTxvevaSi awarmoeben mokle da Cqar 

indikatorebis Seyvanas. Bbolusi Cqara Seiyvaneba sisxlZarRvSi 

dinebiT da mogvianebiT aregistrireben gamdinare indikatoris 

koncentraciis cvlilebas, romelic aris gamowveuli bolusis gavliT, 

indikatoris koncentraciis cvlilebas, romelsac aregistrireben 

bolusis Cqari Seyvanis dros, suraTze gamosaxulia uwyveti xaziT. 

wertilebiT gamosaxulia eqsponencialuri daSlis mrudi; indikatoris 

koncentraciis aseTi cvlileba SeiZleba gvexila sisxlis 

recirkulaciis arqonisas. aseTi SemTxvevis dros SeiZleba movixmaroT 

gantoleba da gamovTvaloT sisxlis dineba sisxlZarRvebSi. 

 sisxlis patara moculoba dV gadis WriliT, sadac zomaven 

indikatoris koncentracias dt drois ganmavlobaSi. indikatoris 

raodenoba dm, romelic aris dV moculobaSi udris, indikatoris 

koncentacia C(t) gamravlebuli dV moculobaze. Sesabamisad dm=C(t)dV. 

Tu am gantolebis orive mxares gavyofT dt-ze miviRebT dm/dt=C(t)dV/dt. 

magram dV/dt=Fi, sadac Fi - aris sisxlis dinebis moculobis siCqaris 

wamieri mniSvneloba e.i. dm=FiC(t)dt. am gantolebis integrirebisas 

nulidan drois t1 momentamde, roca bolusi recirkulaciis 

ararsebobisas mTlianad gaivlida gazomvis adgils, miviRebT: 

   � = � ��
��

� ������         (4.2.5.) 

amasTan t1 dro Seesabameba E wertils (sur 4.2.2.) Fi _ sisxlis dinebis 

myisieri mcire rxevebi, romelic gamowveulia gulis SekumSviT 

gluvdeba radgan bolusis indikatori ereva sisxls gulis saknebSi da 

da filtvebSi. Aaqedan gamomdinare SeiZleba miviRoT saSualo sisxlis 

dinebis F formula.  



 

bolusis bolusis bolusis bolusis indikatoris gaxsnisindikatoris gaxsnisindikatoris gaxsnisindikatoris gaxsnis

 

bolusis indikatori SehyavT drois 

warmoadgens transportul Sekavebas _ dro

momentidan, misi 

ganTavsebulia ,,dinebis qveviT”. 

koncentracia aRwevs pik

Semcireba, romelic mimdinareobs 

rom gamovricxoT es Semcireba

xazamde  drois 
1t  momentamde. 

recirkulacias amitom 

piki. wyvetili xaziT aRniSnuli

romelic xdeba marjvena da marcxena gulebs Soris naxvretis 

SemTxvevaSi.     

 

   

( )dttC

m
F

t

∫
=

1

0

                           

suraTze daStrixul

erTeulovani kvadratebis daTvliT, romlebic qmnian am ares da 

 

sur.4.2.2.sur.4.2.2.sur.4.2.2.sur.4.2.2.    

indikatoris gaxsnisindikatoris gaxsnisindikatoris gaxsnisindikatoris gaxsnis    dinamikadinamikadinamikadinamika    

bolusis indikatori SehyavT drois A momentSi, AB drois intervali 

ns transportul Sekavebas _ dro indikatoris Seyvanis 

wertili B-Si gaCenis momentamde,

,,dinebis qveviT”. gazomvis wertilSi

aRwevs piks, ris Semdeg iwyeba misi eqspon

romelic mimdinareobs CD drois monakveTSi. 

rom gamovricxoT es Semcireba gagrZeldeboda wertilebiT gamosaxul 

momentamde. Mmagram radgan adgili 

s amitom E wertilSi warmoiqmneba koncen

xaziT aRniSnulia recirkulaciis swrafi SemTxveva, 

romelic xdeba marjvena da marcxena gulebs Soris naxvretis 

                                                        

daStrixuli aris farTobs integralis saSualebiT

erTeulovani kvadratebis daTvliT, romlebic qmnian am ares da 
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drois intervali 

indikatoris Seyvanis 

gaCenis momentamde, romelic 

gazomvis wertilSi indikatoris 

ris Semdeg iwyeba misi eqsponencialuri 

drois monakveTSi. recirkulacia 

wertilebiT gamosaxul 

agram radgan adgili aqvs sisxlis 

koncentraciis meore 

recirkulaciis swrafi SemTxveva, 

romelic xdeba marjvena da marcxena gulebs Soris naxvretis 

                             (4.2.6)  

s saSualebiT viTvliT. 

erTeulovani kvadratebis daTvliT, romlebic qmnian am ares da 
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planimetris saSualebiT. Aamis garda iqmneba patara spec. kopiuterebi 

romlebic realur drois maStabSi eqstrapolireben eqsperimentalur 

mruds da Tvlian sisxlis moculobiT xarjs. 

 Tu sisxlSi indikatoris sawyisi koncentracia nulisagan 

gansxvavdeba, romelsac SeiZleba hqondes adgili im SemTxvevaSi Tu 

indikatoris garkveuli raodenoba rCeba sisxlSi, is agrZelebs iq 

cirkulirebas da formula iRebs saxes  

   

( )[ ]∫ ∆
=

1

0

t

dttC

m
F          (4.2.7.) 

 

4.2.4.2.4.2.4.2. saRebavebis gaxsnasaRebavebis gaxsnasaRebavebis gaxsnasaRebavebis gaxsna    

 klinikebSi farTod gavrcelebuli sisxlmimoqcevis 

wuTmoculobis gazomvebis meTodi warmoadgens feradi saRebavis 

indocianinis mwvanis (kardiogrinis) gamoyenebis meTods. es saRebavi 

akmayofilebs yvela moTxovnas, romelic moeTxoveba indikators 1. is 

inertulia, 2. usafrTxoa, 3. ekonomiuria, 4. ar tovebs sisxlZarRvis 

kalapots, 5. misi koncentraciis gazomva sisxlSi advilia. amis garda 

misi optimaluri STanTqmis piki 805 nm talRis sigrZes emTxveva; am 

talRis sigrZeze, sisxlis optikuri STanTqvis koeficienti ar aris 

damokidebuli misi oqsigenaciis xarisxze. am saRebavs uSveben siTxis 

saxiT, romelsac xsnian izotonur xsnarSi da SeyavT kaTeteriT, 

Cveulebriv filtvebis arteriaSi. Seyvanili saRebavis daaxloebiT 50% 

gamoidevneba TirkmelebiT pirveli 10 wuTis ganmavlobaSi rac 

gvaZlevs saSualebas ganvaxorcieloT ganmeorebiTi gazomva. sisxlSi 

saRebavis koncentraciis droze damokidebulebis mruds iReben mudmivi 

xarjis tumbos saSualebiT. uzrunvelyofs kaTeteridan sisxlis 

amotumbvas, romelic SeyavT barZayidan an mklavis arteriidan. 

arteriidan amoqaCuli sisxli gaiSveba kolorimetrul kiuvetaSi, 

sadac  absorbciuli fotometriis principis safuZvelze ganuwyvetliv 

izomeba saRebavis koncentracia. saRebavis gaxsnis mrudis mosaxsnelad 

iyeneben 805 nm-ze dayenebul orarxian hemoqsimetrs. eqimma winaswar 

unda daakalibros kolorimetri, sisxli _ romelSic aris DSereuli 

cnobili saRebavis raodenoba, gaataros kiuvetSi. 
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 forma romelic aris miRebuli indikatoris mrudiT gvaZlevs 

saSualebas miviRoT damatebiTi informacia romelsac aqvs 

diagnostikuri faseuloba. Ppunqtiris mrudi sur.4.2.2. aireklavs 

gamoTvlis Sedegs, romelic Seesabameba  marjvena da marcxena gulis 

SuaSi arsebul Sunts (gulis marjvena da marcxena nawilebs Soris 

xvreli). amasTan sisxlis recirkulacia mimdinareobs ufro swrafad 

vidre normaa, rac uzrunvelyofs adreuli recirkulaciuri pikis 

gaCenas. amis garda Suntis arsebobisas marjvena da marcxena gulis 

SuaSi transportuli Sekaveba aranormalurad moklea, radganac  

saRebavis raRac raodenoba patara sisxlmimoqcevis wris gverdis 

avliT xvdeba registraciis adgilze. 

 TermoTermoTermoTermomomomomoduladuladuladulaciaciaciacia 

sisxlmimoqcevis wuTieri gazomvis meTodi dafuZnebulia 

bolusis indikatoris saxiT, civi fiziologiuri xsnaris gamoyenebaze. 

Termodiluciis meTodis realizaciisaTvis gamoiyeneba specialuri 

oTxarxiani kaTeteri sisxlis Sereuli dinebiT. es kaTeteri Seiyvaneba 

mxris venidan filtvebis arteriaSi Spricis meSveobiT. kaTeteris 

arxSi CaitvirTeba airi, romelic beravs kaTeteris boloebze patara 

“balons”, romelsac aqvs mrgvali forma. moZravi sisxli izidavs am 

“balons” gadaadgilebs kaTeteris bolos filtvis arteriaSi. 

indikatoris magivrad gamoyenebuli civi fiziologiuri xsnari SehyavT 

marjvena winagulSi meore arxiT am kaTeteris indikatori kargad 

Seereva sisxls marjvena gulis parkuWSi, romelic iwvevs  sisxlis 

temperaturis dacemas. kaTeteris mesame arxis Tavakis axlos, romelic  

filtvebis arteriaSia, ganTavsebulia Termistori, romelic zomavs 

sisxlis temperaturas; eleqtruli sadeni romelic modis 

Termistoridan gamodis gareT kaTeteris mesame arxiT. aseTi gazomvebi 

ar SeiZleba CavataroT saRebavi indikatoris gamoviyenoT.  

Termomodulaciis meTodisaTvis SegviZlia gamoviyenoT Semdegi 

gantoleba: 

 










∆
=

∫
wm

m 3

1

0

)( dttTc

Q
F

bbbρ
                                                                               (4.4.1.)  

  



 92

 

sadac =bQ Seyvanil xsnarSi siTbos raodenoba, jouli  

       =bρ
sisxlis simkvrive, kg/m3

 

       =bc sisxlis kuTri Tbomoculoba, j/(kg.k) 

      Termomodulaciis meTodis gamoyenebiT mkvlevari SeiZleba 

waawydes bevr problemas, romelmac SeiZleba SecdomaSi Seiyvanos 

gazomvebis dros. am problemebs miekuTvnebebian: 

1. civi xsnaris sisxlTan cudaT Sereva an registracia, 

2. siTbocvla, sisxlisa da gulis arxebis kedlebTan;  Tbocvla  

kaTeteris kedlebTan indikatoris Seyvanamde, Seyvanis dros 

dros an Seyvanis Semdeg. Tumca, xelsawyo SeiZleba 

davakalibroT, Tu xsnaris Serevis meTods erTdroulad 

gamoviyenebT, rac saSualebas mogvcems vipovoT koreqtirebadi 

koeficientebi da Semdgom gazomvis Sedegebis koreqtirebasac 

SevZlebT. 
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Tavi 5Tavi 5Tavi 5Tavi 5    

eleqtromagnituri xarjmeleqtromagnituri xarjmeleqtromagnituri xarjmeleqtromagnituri xarjmzomebizomebizomebizomebi    

5.1 Sesavali5.1 Sesavali5.1 Sesavali5.1 Sesavali 

       sisxlis eleqtromagnituri xarjmzomebi  gvaZlevs  saSualebas 

rom gavzomoT sapulso sisxlis dinebis wamieri siCqare. maT gaaCnia 

ufro didi SesaZleblobebi vidre indikatoris gaxsnis meTods, 

romelic gvaZlevs saSualebas gamoviTvaloT mxolod saSualo 

sisxlis dineba. Eeleqtromagnitur xarjmzomebs  SeuZliaT imuSaon 

mxolod gamdinare siTxeebTan erTad, rogoric aris sisxli da 

fiziologiuri xsnari. 

 

muSaobismuSaobismuSaobismuSaobis    principiprincipiprincipiprincipi    

    

     avtomobilis generatorSi eleqtruli daZabuloba warmoiqmneba 

eleqtromagnituri induqciis movlenis safuZvelze.  spilenZis 

sadenebi moZraoben magnitur velSi, kveTen am velis Zalur xazebs, rac 

warmoqmnis emZ (eleqtro mamoZravebeli Zala). Aamave principzea 

damyarebuli,  farTod gavrcelebuli, sisxlis dinebis 

eleqtromagnituri sisxlis xarjmzomis muSaoba. xarjmzomis sqema 

mocemulia 5.1.1. suraTze. aq sadenis magivrad magnitur velSi moZraobs  

sisxli, romelic rogorc marilxsnari warmoadgens gamtar                                                                                        

siTxes. F gaCenili eleqtro magnituri ZalisaTvis formula moicema  

faradeis induqciis kanoniT:  

    � = � ��� �!
� �" 

sadac B= magnituri nakadis simkvrive (magnituri velis induqciaA), tlL 

             L= eleqtrodebs Soris manZili, m, 

             u= sisxlis dinebis wamieri mniSvneloba m/wm, 

   Tan eleqtruli velis daZabulobis veqtori perpendikularulia 

magnituri induqciis da  siCqaris veqtoris. 

  

erTgvarovani B induqciis mqone magnituri velis, erTgvarovani 

sisxlis siCqaris u ganawilebiT, warmoqmnili eleqtromamoZravebeli 

Zala tolia  

e=BLu           (5.1.1.) 



 

  sadac samive veqtor

induqciis da sisxlis dinebis siCqare)

ganvixiloT realuri

idealurisagan.  eleqtrodebs aqvT patara zoma

axlos mdebare siTxis fenebis siCqare

CamoyalibebaSi Seaqvs

siCqares. sur. 5.1.2.-ze

funqciis zogierTi mniSvneloba, romelic axasiaTebs am efeqts

eleqtrodebs movaTavsebT sisxlZarRvis SigniTa kedlebze maSin 

problema arc Tu ise seriozuli xdeba.

mowyobiloba sworad zomavs sisxl

profilis SemTxvevaSi. 

aris asimetriuli 

cilindrul milSi siTxis laminaruli dineba)

zomavs saSualo dinebis siCq

kveTis farTobi A cnobilia, 

gamoTvla, Tu u-s A 

monakveTze, magaliTad aortis rkali an 

adgilis axlos, siCqareebis profilebi ar aris asimetriuli

gazomvisas SeiZleba Secdomebi

               

eleqtromagnituri xarjmzomieleqtromagnituri xarjmzomieleqtromagnituri xarjmzomieleqtromagnituri xarjmzomi

sisxlZarRvSi aqvs siCqare 

Cndeba eleqtro mamoZrav

sadac samive veqtori (eleqtruli veli daZabulobis, magnituri 

induqciis da sisxlis dinebis siCqare) urTierTpenpendikularulia

ganvixiloT realuri xarjmzomebi. Uumetesoba gansxvavdeba 

eleqtrodebs aqvT patara zoma, amitom

siTxis fenebis siCqares, xarjmzomis signalis 

aqvs wvlili, vidre ufro moSo

ze naCvenebia wriuli kveTis sisxlZarRvisaTvis

funqciis zogierTi mniSvneloba, romelic axasiaTebs am efeqts

eleqtrodebs movaTavsebT sisxlZarRvis SigniTa kedlebze maSin 

problema arc Tu ise seriozuli xdeba. 

sworad zomavs sisxlis dinebas siCqaris prtyeli 

profilis SemTxvevaSi. Tu siCqaris profilebi ar aris Tanabari

 (magaliTad aseTia paraboluri profili an 

cilindrul milSi siTxis laminaruli dineba), xarjmzomi

zomavs saSualo dinebis siCqares u. ramdenadac sisxlZarRvis 

cnobilia,  advilia siTxis moculobiTi xarji 

A -ze gavamravlebT. sisxlZarRvTa sistemis bevr 

magaliTad aortis rkali an sisxlZarRvebis gant

siCqareebis profilebi ar aris asimetriuli

SeiZleba Secdomebi gamoiwvios. 

sur.sur.sur.sur.5.1.1.5.1.1.5.1.1.5.1.1.    

eleqtromagnituri xarjmzomieleqtromagnituri xarjmzomieleqtromagnituri xarjmzomieleqtromagnituri xarjmzomi. . . . Tu sisxls romelic miedineba 

siCqare u da moZraobs magnitur velSi 

oZravebeli Zala _ emZ, romelic izomeba suraTze 
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(eleqtruli veli daZabulobis, magnituri 

urTierTpenpendikularulia.    

xarjmzomebi. Uumetesoba gansxvavdeba 

amitom eleqtrodebis 

, xarjmzomis signalis 

wvlili, vidre ufro moSorebul fenebis 

wriuli kveTis sisxlZarRvisaTvis 

funqciis zogierTi mniSvneloba, romelic axasiaTebs am efeqts. Tu 

eleqtrodebs movaTavsebT sisxlZarRvis SigniTa kedlebze maSin 

siCqaris prtyeli 

aris profilebi ar aris Tanabari da 

(magaliTad aseTia paraboluri profili an 

xarjmzomi sworad 

sisxlZarRvis  ganivi 

siTxis moculobiTi xarji F 

ZarRvTa sistemis bevr 

sisxlZarRvebis gantotvebis 

siCqareebis profilebi ar aris asimetriuli, ramac 

 

Tu sisxls romelic miedineba 

magnitur velSi B induqciiT, 

_ emZ, romelic izomeba suraTze 
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naCvenebi eleqtrodebiT, Tu xarjmzomi muSaobs cvlad magnitur velSi, 

maSin damuqebuli konturis am velis induqciis wirebiT gadakveTisas, 

Cndeba magnituri “navodka” Cveneba.    

    

miuTiTeT aseve sxva faqtorebi romlebic SeiZleba iyos Secdomebis 

wyaro: 

1. maRali siCqaris sisxlis dinebis are qmnis did 

eleqtromamoZravebel Zalas, sisxlis dinebis dabali siCqaris aresTan 

SedarebiT. 

2. sisxlZarRvis kedlis eleqtruli gatarebis  Sefaseba sisxlis 

gatarebasTan, rac aris damokidebuli sisxlis hematokritis 

mniSvnelobaze. 

3. sisxlZarRvis kedlis gare mxridan siTxes axasiaTebs ufro maRali 

gamtarianoba, vidre TviTon kedels. rasac mivyavarT xarjvis signalis 

daSuntebamde. 

4. magnituri dinebis simkvrive araerTgvarovania aseve aqsialuri 

mimarTulebiT rac iwvevs sisxlZarRvis RerZis gaswvriv denis 

cirkulirebis warmoqmnas.  

imisaTvis rom SevamciroT es Secdomebi saWiroa gamoviyenoT 

cxovelebis sisxli da sadac SesaZlebelia cxovelebis sisxlZarRvebi. 

Am SemTxvevaSi pirdapiri xarjis gazomva xdeba dagraduirebul 

cilindrSi sadac agroveben sisxlZarRvebSi gadinebul sisxls da 

wamzomis saSualebiT niSnaven dros, Tu ra drois ganmavlobaSi 

gamoedineba mocemuli raodenobis sisxli. 

sur.5.1.1.-ze mudmiv magnitur veliani xarjmzomia gamosaxuli. masSi 

gamoiyeneba mudmivi magnituri veli, romelSic gamosasvleli Zabva 

drois nebismier momentSi gamosaxavs sisxlis dinebis sidides 

sisxlZarRvebSi. pirveli xarjmzomebi zustad aseTebi iyo, magram 

naklebad gamosadegi Semdegi mizezebis gamo: pirvel rigSi xarjmzomis 

signali warmoadgens polarizaciis daZabulobis jams romelic 

warmoiqmneba metalis eleqtrodsa da siTxesTan sazRvarze, 

daZabuloba dakavSirebuli siTxis dinebasTan polarizaciis 

daZabuloba mniSvnelovnad didia daZabulobaze. dakavSirebuli aseT 

siTxesTan da maSinac ki roca gamoiyeneba arapolarizebadi 
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eleqtrodebi, SemTxveviTi gadaxra daZabulobisa polarizaciisaken 

eqneba igive sidide rogoric sisxlis dinebis signals. signalis 

sididis gamoyofa am etapze pirvelad SeuZlebelia. meore mxriv 

eleqtro kardiogramis signalis forma emTxveva am TvisebebiT sisxlis 

dinebis signals, miuxedavad imisa rom eleqtrokardiogramis signali 

ufro didi formisaa vidre sisxlis dinebis signali. Aamitom sisxlis 

xarjvis gazomva sixlZarRvebSi, romlebic ganlagebulni arian 

gularis axlos, gamouvali xarvezebi romelic iqmneba eleqtro 

kardiogramis signaliT, yvelaze didi miRebuli mniSvneloba sisxlis 

dinebis sixSiris gazomvisas, romelic aris ganTavsebuli 0-dan 30- 

hercamde diapazonSi, sakmaod didia gaZlierebis xmauri, rasac 

mivyavarT Zalian cud SefardebasTan signali _ xmauri. 

cvladi magnituri veliani xarjmzomebi  

 dabrkolebebi romlebic gamowveulia xarjmzomebis muSaobisas 

mudmivi magnituri velis dros SeiZleba iyos ugulvebelyofili Tu 

magnitur vels gavxdiT cvlads, cvlad sixSires 100 hercis farglebSi. 

ufro dabali sixSireebi iTxovs gamoyenebis xolo ufro maRali 

sixSireebis dros SesamCnevad iwyebs moqmedebas parazituli moculoba. 

 sur.5.1.2. aris ilustrirebuli sistemis muSaoba romelSic 

magniti aris CarTuli cvladi denis jaWvSi. cvlad magnitur velSi 

mudmiv erT mxriv mimartul siTxis dens Seeesabameba cvladi signali 

xarjmzomis gamosvlaze Tu dineba icvlis mimarTulebas sawinaaRmdego 

mimarTulebiT, gamosasvleli Zabva faziT gadaiwevs 180 gradusiT  

Sesabamisad gamosasvleli signalis misaRebad, romelic iTvlis winebs 

siTxis moZraobis mimarTulebas, aucilebelia gamoiyeno faza 

mgrZnobare demodulatori. Tumca cvladi magnituri veliani 

xarjmzomebi muSaobs ufro kargad vidre,  mudmivi magnituri veliani 

xarjmzomebi, mainc am SemTxvevaSi gviwevs Sejaxeba problemasTan 

romelic gamoiwvia magniturma miniSnebam, romelic am SemTxvevaSi aris 

transportuli Zabva. 



 

sinqronuli xarjmzomi

Zabva wanacvlebulia

iT, yvela sxva signaleb

dadebiTi mimarTulebis dinebisaTvis da punqtiruli xazebisaTvis _ 

siTxis ukudinebisaTvis.

 

transpormatoris Zabvis kompensaciisaTvis signali moixsneba 

maZliereblis gamosasvlelidan da kvadratuli generatoridan 

miewodeba simetriuli Sesasvleli transformatoris gulas.

sur.5.1.2.sur.5.1.2.sur.5.1.2.sur.5.1.2.    

xarjmzomi signalebis forma trans

 faziT, eleqtro magnituri denis SefardebiT 900

iT, yvela sxva signalebi aris naCvenebi uwyveti xazebiT

dadebiTi mimarTulebis dinebisaTvis da punqtiruli xazebisaTvis _ 

siTxis ukudinebisaTvis. 

sur.sur.sur.sur.5.1.3.5.1.3.5.1.3.5.1.3.    

transpormatoris Zabvis kompensaciisaTvis signali moixsneba 

maZliereblis gamosasvlelidan da kvadratuli generatoridan 

miewodeba simetriuli Sesasvleli transformatoris gulas.
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signalebis forma transformatorebis 

faziT, eleqtro magnituri denis SefardebiT 900-

naCvenebi uwyveti xazebiT, siTxis 

dadebiTi mimarTulebis dinebisaTvis da punqtiruli xazebisaTvis _ 

 

transpormatoris Zabvis kompensaciisaTvis signali moixsneba 

maZliereblis gamosasvlelidan da kvadratuli generatoridan 

miewodeba simetriuli Sesasvleli transformatoris gulas. 
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arsebobs ramodenime xerxi problemis asaxsnelad:  

 transformatoris Zabvam SeiZleba miaRwios nuls, fantomuri 

eleqtrodis SeyvaniT. amisaTvis erTaderT eleqtrods hyofen orad 

romelsac anawileben RerZis mimarTulebiT. Snurebi romlebic modian 

eleqtrodebidan patenciometris ukidures kontaqtebs am 

patenciometris Zravis Zabva warmoadgens fatomuri eleqtrodis 

signals, romelic moZraobs RerZis mimarTulebiT. Zaravis 

gadaadgilebisas Cabnelebuli (5.1.1.) maryuJi ixreba win an ukan, rac 

gvaZlevs imis saSualebas rom is iyos paraleluri magnituri velis  

induqciis veqtoris B-si. 

rogorc Cans sur. 5.1.3. yoveli velis ciklis cvlilebisas aris  

iseTi momenti roca transformatoris Zabva udris nuls. am dros Zabva 

romelic ganisazRvreba siTxis dinebiT aris maqsimaluri. Tu 

davaregistrirebT signals maSin gamosasvleli Zabva aseTi sinqronuli 

xarjmzomis iqneba proporciuli siTxis moculobis xarjvisa 

transformatuli Zabvis damatebis gareSe.  

yvelaze ukeTesi xerxi transformatoris Zabvis dasaklebad 

gamoiyeneba kvadratuli blokis zogierTi zarjmzomi magnituri velis 

sinusoiduri cvlilebis magivrad magnituri velis aRgznebisaTvis     

gamoiyeneba marTkuTxa deniT. 

 

maCveneblis mowyobilobamaCveneblis mowyobilobamaCveneblis mowyobilobamaCveneblis mowyobiloba    

sisxlis dinebis gasazomad gamiyeneba sxvadasxva maCveneblebi, 

yvelaze ukeTes gamoTvlis Sedegebs Rebuloben placinuri 

eleqtrodebis gamoyenebiT. am dros miiRweva dabali impedansuri 

eleqtrodis mniSvneloba. radgan aseTi eleqtrodebi aRweven karkas 

rac uflebas aZlevs parazituli wertilebis minimumamde dayvanas. 

zogierTi maCveneblisaTvis eleqtromagnituri veli iqmneba 

gragnilze romelsac ara aqvs gulari. tipiuri perevaskularuli 

maCveneblis eleqtro magnituri veli xarjmzomebis aris naCvenebi 

sur.5.1.4. am maCvenebelze aris ori gragnili romlebic arian daxveuli 

erTmaneTis mimarTulebiT mravalfeniani toroidalur gularze. am 

dros Seqmnili eleqtro magnituri veli TiTqmis bolomde aris 



 

koncentrirebuli maCveneblis SigniT. maCveneb

kompaundi kargaT uZlebs marilian wyals

Wrili romelic aris maCveneblis erT mxares gvaZlevs 

saSualebas rom sisxlZarRvs wamovacvaT maCvenebeli ZarRvis gaWris 

gareSe. maCveneblis zoma unda Seesabamebodes 

diastolis dros es aris saWiro imisaTvis rom el

sisxlZarRvis kedel

cistoluris dros izrdeba daaxloebiT

Aarsebobs iseTi m

SevurCioT nebismieri kalibris arterias, magram am

Zalian Zviri jdeba. maCveneblebiT ar aris rekomendirebuli gavzomoT 

sisxlis dineba venebSi. 

 

     

5.2.5.2.5.2.5.2.    ultrabgeriTi xarjmzomebiultrabgeriTi xarjmzomebiultrabgeriTi xarjmzomebiultrabgeriTi xarjmzomebi

 

      iseve rogorc eleqtromagnituri xarjmzo

xarjmzomebic saSualebas iZleva mome

dinebis moculobiTi siCqaris mniSvneloba. radganac ultrabgera 

koncentrirebuli maCveneblis SigniT. maCvenebels avseben kompaundiT, 

kargaT uZlebs marilian wyals. 

Wrili romelic aris maCveneblis erT mxares gvaZlevs 

sisxlZarRvs wamovacvaT maCvenebeli ZarRvis gaWris 

gareSe. maCveneblis zoma unda Seesabamebodes sisxlZarRvis z

diastolis dros es aris saWiro imisaTvis rom el

ZarRvis kedels Soris iyos kargi kontaqti. r

os izrdeba daaxloebiT 7%-iT. 

rsebobs iseTi maCveneblebis kompleqti romlebi

urCioT nebismieri kalibris arterias, magram am kompleqtis yidva 

jdeba. maCveneblebiT ar aris rekomendirebuli gavzomoT 

venebSi.  

 

sur.5.1.4.sur.5.1.4.sur.5.1.4.sur.5.1.4.    

ultrabgeriTi xarjmzomebiultrabgeriTi xarjmzomebiultrabgeriTi xarjmzomebiultrabgeriTi xarjmzomebi    

iseve rogorc eleqtromagnituri xarjmzomebi, ultrabgeriTi 

saSualebas iZleva momentalurad ganisazRvros sisxlis

s moculobiTi siCqaris mniSvneloba. radganac ultrabgera 

99

els avseben kompaundiT, 

Wrili romelic aris maCveneblis erT mxares gvaZlevs 

sisxlZarRvs wamovacvaT maCvenebeli ZarRvis gaWris 

sisxlZarRvis zomas 

diastolis dros es aris saWiro imisaTvis rom eleqtrodebis da 

s Soris iyos kargi kontaqti. ramdenadac 

aCveneblebis kompleqti romlebic SeiZleba 

kompleqtis yidva 

jdeba. maCveneblebiT ar aris rekomendirebuli gavzomoT 

 

mebi, ultrabgeriTi 

ntalurad ganisazRvros sisxlis 

s moculobiTi siCqaris mniSvneloba. radganac ultrabgera 
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aRwevs kanSi, amitom ultrabgeriTi xarjmzomebi saSualebas iZleva 

sisxlis dineba ganisazRvros kangavliT. Tanamedrove ultrabgeriTi 

xarjmzomebi saSualebas iZleva aseve ganisazRvros nakadis siCqaris 

profili. yvela CamoTvlili upiratesoba xels uwyobs ultrabgeriTi 

xarjmzomis swraf ganviTarebas. am SemTxvevaSi Cven ganvixilavT 

ultrabgeriTi xarjmzomebis funqcionirebis zogierT aspeqts. 

 

ultrabgeriTi gardamqmnelebi (ubv)ultrabgeriTi gardamqmnelebi (ubv)ultrabgeriTi gardamqmnelebi (ubv)ultrabgeriTi gardamqmnelebi (ubv)    

 

      ultrabgeriTi xarjmzomebis Sesaqmnelad Cveulebriv arCeven 

piezoeleqtrul masalebs, romlebic saSualebas iZlevian eleqtruli 

energia gardaqmnil iqnas akustikurSi, anu eleqtrobgeriTi talRebis 

energiaSi (Christensen, 1988). ultrabgeriTi gardamqnelebs Soris 

saukeTeso gardamqmneli Tvisebebi aqvs tyviis cirkonat-titanats, 

romelsac sasurvel formats aZleven gamdnar mdgomareobaSi. Semdgomi 

gacivebisas, rodesac nimuSi gaivlis wertils mas aTavseben Zlier 

eleqtrul velSi, rac masalis polarizebis saSualebas iZleva. 

Cveulebriv ultrabgeris wyaroebs (damasxivleblebs) aZleven diskis 

formas, romlis sawinaaRmdego mxareebs sakontaqto zedapirebis 

Seqmnis mizniT faraven liToniT, romelsac, Tavis mxriv, uerTeben 

eleqtruli generatoris gamosavals. eleqtruli veli kristalSi 

iwvevs mis meqanikur (zomebis Semcirebas) SekumSvas. dguSis moZraoba 

qmnis sigrZivi mimartulebis talRebs, romlebic vrceldebian 

qsovilSi. maqsimaluri efeqturobis misaRwevad, kristalis sisqe unda 

udrides talRis sigrZis naxevars. kristalsa da qsovils Soris 

sicariele amovsebul unda iqnas wyliT an Txevadi geliT. es 

aucilebelia imisaTvis, rom tavidan acilebul iqnas gazsa da xsnars 

Soris sazRvarze Zlieri arekvla. 

       radganac ultrabgeriT damasxivebels aqvs saboloo forma, is 

qmnis difraqciul suraTs, imis msgavs, romelsac optikaSi qmnis 

aparturuli diafragma.  
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sur.5.2.1.sur.5.2.1.sur.5.2.1.sur.5.2.1.    

  naCvenebia sxvadasxva zomis ubv-s mier Seqmnili signalebis 

gavrcelebis sazRvrebi sxvadasxva sixSirisas. a x l o v e l S i 

talRebi praqtikulad ar gadaixrebian da vrceldebian romeliRaca 

pirobiTi cilindris SigniT. magram am dros talRis intensivoba 

araerTgvarovania: am ubanSi mravlad arsebobs intenverenciiT 

ganpirobebuli intensiobebis maqsimumebi da minimumebi. axlo veils 

sigrZe SeiZleba Sefardebul iqnas formulis saSualebiT:       

                          

    
λ4

2D
dnf =                                                                                                                    (5.2.1) 

    

    sadac D da r aRniSnulia damasxiveblis diametri da talRis 

sigrZe, Sesabamisad. S e r e u l velSi iwyeba talRis gadaxra, 

imgvarad rom misi intensioba damasxiveblidan daSorebis kvadratis 

ukuproporciulad ecema. talRis gadaxris kuTxe a, romelic 

mocemulia sur5.2.1.-ze, ganisazRvreba formuliT: 

          
D

λϕ 2.1
sin =                                                                                                                          (5.2.2) 

 

 rogorc sur.5.2.1.-dan Cans, Tavi unda avaridoT Soreul velSi 

muSaobs, radganac is xasiaTdeba naklebi sivrculi 

daSvebisunarianobiT. imisaTvis, rom SesaZlebeli iyos axalo velSi 
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muSaoba, aucilebelia ufro meti sixSireebisa da didi diametric 

mqone da masxiveblebis gamoyeneba. 

 

 sur. 5.2.1. sxvadasxva diametric mqone damasxiveblebis axlo da 

Soreul velebi sxvadasxva sixSireze muSaobisas. talRebi gamosaxulia 

WurWlis diametriT (10mm) ganpirobebul masStabSi, romelSic gadis 

signali. damasxiveblis zomebia 5,2 da 1mm. uwyveti xazebi miekuTvneba 

signals, romlis sixSirea 1.5mhc, xolo punqtiruli 7.5mhc sixSiris 

signals. 

 samuSao sixSiris SerCevisas aucilebelia ramodenime faqtoris 

ganxilva. aragadaxrili talRis simZlavre (romelsac ganivi Wrilis 

mudmivi farTobi aqvs) qsovilebis mier energiis STanTqmis Sedegad 

eqspotencialurad daiklebs. STanTqmis koeficienti daaxloebiT 

sixSiris proporciulia da Tu am mosazrebidan gamovalT samuSaod 

dabali sixSireebi unda SevarCioT, Tumca ultrabgeriTi xarjmzomebis 

umravlesobis mier registrirdeba signali, romelsac ganabneven 

(ireklaven) moZravi eriTrocitebi. radganac ukan areklili signalis 

simZlavre sixSiris me-4 xarisxis proporciulia, amitom upriania 

maRali samuSao sixSiris SerCeva. am or mosazrebas Soris kompromis 

iwvevs 2-dan 10mgh-mde diapazonis samuSao sixSiris SerCevas. 

 

5555.3..3..3..3. qronometruli xarjmzomebiqronometruli xarjmzomebiqronometruli xarjmzomebiqronometruli xarjmzomebi    

 

sur.sur.sur.sur.5.3.1.5.3.1.5.3.1.5.3.1. 

   gamosaxulia ultrabgeriTi qronometruli xarjmzomis ubg-s 

(damasxivebeli da aRmqmeli) ganlageba, romelic iyenebs signalis 

gasvlis drois dafiqsirebis princips (trowsit-time flowmeter. Christensen 

1988) moZrav areSi (sisxli) gavrcelebuli bgeris siCqare, tolia uZrav 
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areSi bgeris siCqaris C da U siCqaris algebruli jamisa, romelic 

warmoadgens ultrabgeriTi signalis gasvlis mTel gzaze sisxldenis 

gasaSualoebul siCqares. laminarul denisaTvis U=1,33XU, xolo 

turbulenturi denisaTvis U=1.07XU, sadac U aris sisxlZarRvSi 

sisxldenis saSualo siCqare kveTis mixedviT. siCqare U gansxvavdeba 

kveTis mixedviT saSualo U siCqarisagan. es dakavSirebuli imasTan, rom 

signalis gasvlis dro ganisazRvreba ultrabgeris mxolod im 

nawiliT, romelic gadis sisxldenis yvelaze swrafi xazis gaswvriv. 

dro romlis ganmavlobaSic signali gadis denis mimarTulebit (+) da 

denis sawinaaRmdegod (-) ganisazRvreba formuliT: 

 

 sisxldenis mimarTulebasTan mimarTebaSi gasvlis droebs Soris 

sxvaoba, romelsac signali undeba denis mimarTulebiT da denis 

sawinaaRmdegod Seadgens 

 

 ( ) 2222

cosˆ2

cosˆ
cosˆ2

c

uD

uc

uD
t

θ
θ

θ ≅
−

=∆                                     (5.3.1.) 

 

 gamomdinare aqedan, sisxlis denis saSualo siCqare U 

proporciulia sididisa. am xarjmzomSi mokle ultrabgeriTi signali 

vrceldeba denis mimarTulebiT da mis sawinaaRmdegod, amasTan 

impulsis gasvlis droebs Soris gansxvaveba asaxavs sisxldenis 

siCqares. samwuxarod  t-s sidide sul ramodenime wams Seadgens da 

sakmaod stabiluri Sedegebis misaRwevad aucilebeli xdeba rTuli 

eleqtronuli aparaturis gamoyeneba. xarjmzomebs, romlebic 

efuZnebian signalis gasvlis droebis gazomvas, aseve analogiur 

xarjzomebs, romlebic iyeneben fazebis gadanacvlebis princips, 

SeuZliaT eleqtromagnituri xajzomebis msgavsad gazomon denis 

siCqare, rogorc sisxlia aseve marilxsnaris, radganac isini ar 

saWiroeben siTxis nawilakebze signalis gbnevis principis gamoyenebas. 

Tumca maTi gamoyenebiT gazomvebi invanziuria, radganac am 

xarjmzomebis gamoyeneba SesaZlebelia mxolod SiSvel sisxlZarRvSi. 

 sur.5.3.1. ultrabgeriTi xarjmzomebSi ubg-s ( damaxasiaTebeli da 

mimRebi) ganlageba. a) signalis gasvlis drois gazomvis principze 
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dafuZnebul qronometrul xarjzomebSi signalis damasxivebeli da 

mimRebi ganlagebulia  sisxlZarRvis sxvadasxva mxareze 

erTmanetisagan D manZilis daSorebiT. wrfe romelic aerTebs am ubg-s 

Soris. b) kanis gavliT xarjis gazomvisas orive ubg Tavsdeba kanis 

zedapirze sisxlZarRvis erT mxareze. StrixiT naCvenebia talRebis 

gadakveTis adgili. g) nebismier damaxasiaTebeli SeiZleba aRWurvili 

iqnas plasmasis linziT, romelic aviwrovebs da afokusirebs talRas. 

d) impulsur reJimSi muSaobisas damasxiveblis ukana/zurgis mxares 

aekranireben volfranis fxvniliT, romelic dafiqsirebulia 

epoqsiduri fisiT. es iwvevs energiis danakargebis zrdas da 

parazituli gamosxivebis Q -s Semcirebas. daStrixuli ubani aCvenebs 

akustikur impuls. e) daStrixuli ubani aCvenebs lucits, romelic 

gardatexs ultrabgeras. v) kaTeteris boloSi moTavsebuli ubg 

ultrabgeras asxivebs sisxlZarRvis gaswvriv. z) impulsur reJimSi 

samuSaod damsxivebels asxiveben kuTxiT. 
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5.4. 5.4. 5.4. 5.4. uwyveti moqmedebis dopleruli xarjmzomiuwyveti moqmedebis dopleruli xarjmzomiuwyveti moqmedebis dopleruli xarjmzomiuwyveti moqmedebis dopleruli xarjmzomi    

 Tu romelime obieqti daSordeba bgeris uZrav wyaros, maSin 

bgeriTi signalis sixSire, romelsac es obieqti aRiqvams iqneba ufro 

dabali im bgeris sixSireze, romelsac asxivebs wyaro. sixSiris am 

gadanacvlebas uwodeben dopleris efeqts. sixSireTa meore 

gadanacvlebisaTvis sixSiris cvlilebisa da sawyisi signalis 

sixSiris Soris Tanafardoba aiwereba formuliT:  

 
c

u

f

fd =
0

           (5.4.1.) 

aq 

 td= sixSiris dopleruli gadanacvleba. 

      to= wyaros mier gamosxivebuli bgeris sixSire. 

 U= obieqtis moZraobis siCqare. 

 e= mocemul areSi bgeris siCqare. 

dopleris efeqtze momuSave xarjmzomis sqema mocemulia sur.5.4.1.-ze 

aseT xarjmzoms SeuZlia mxolod iseTi siTxeebis siCqaris gazomva, 

romelSic arsebul nawilakebs SeuZliaT maTze moxvedrili siCqaris 

arekvla; kerZod sisxlisa, romelSic ultrabgeriTi gabnevis unari 

aqvT noTrocitebs. aseT xarjmzomSi ultrabgeriTi signalis sixSire 

orjer iklebs. sixSiris pirveli gadanacvleba xdeba signalis 

msvlelobisas ultrabgeris wyarodan mis ganbmnev nawilakamde. 

meorejer amave sididiT signals iklebs moZravi nawilakidan 

areklili signalisn ukan mimRebis mier aRqmisas. amrigad 

 ( ) c

u

uc

u

f

f

o

d 22 ≈
+

=         (5.4.2.) 

 am formulaSi gakeTebuli daaxloebiTiba samarTliania, 

radganac siTxeSi bgeris siCqarea e=1500m/wT, xolo arteriebSi 

eriTrocitebis moZraobis maqsimaluri siCqare U=1.5m/wm. rdaganac 

ganbmnevi nawilakebis siCqare ar aris erT wrfeze mimarTuli, romelic 

paralelurad iqneboda ultrabgeris gavrcelebisa, formulaSi (5.4.2) 

aucilebelia kuTxuri mamravlis Seyvana. 

 
c

uf
f d

ϑcos2 0=         (5.4.3) 
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 sadac Q aris kuTxe ultrabgeris talRis mimarTulebasa da 

sisxlZarRvis RerZs Soris, rogorc es naCvenebia sur. 5.4.1.-ze Tu 

kapilarSi sisxlis dena ar xdeba RerZie gaswvriv an ultrabgeris 

wyaro da miRebi ganlagebulia sxvadasxva kuTxiT kapilaris RerZis 

mimarT, rogorc es naCvenebia sur.5.3.1. (b)-ze, maSin aucilebelia 

formulaSi damatebiTi trigonometriuli koeficientebis Seyvana. sur. 

5.4.1-ze moyvanilia sisxlis umartivesi ultrabgeriTi dopleruli 

xarjmzomis blok-sqema. oscilatoris gamosavali winaRoba sakmarisa 

mcire unda iyos imisaTvis, rom mas hqondes dabali impedansis mqone 

kristalis aRznebis unari. Tumca sixSireebis umravlesobisaTvis 

kristaluri mimRebis impendansi sakmaod maRalia, mimRebi muSaobs 

meqanikuri rezonansis sixSireebze. aseTi sixSireebis dros aseTi 

impedansi ecema 100 obamde. gavrcelebisas ultrabgeriTi signali 

aRwevs moZrav ujredamde, romlisaganac is irekleba gadanacvlebuli 

sixSiriT (dopleris efeqtis formulis Sesabalisad) da areklili 

signali ubrundeba mimRebs, romlis kristali ultrabgeriTi da 

masxiveblis kristalis identuria. gaZlierebuli radiotalRuri 

signali, romelic Sereulia matarebeli sixSiris signalTan, 

identirdeba rac saSualebas iZleva gamosvlaze miviRoT bgeriTi 

signali, romelsac aqvs (5.4.3.) formulis Sesabamisi sixSire.  

 

sur.sur.sur.sur.5.4.1.5.4.1.5.4.1.5.4.1. 

 

  sisxlis dopleruli ultrabgeriTi xarjmzomi aparatis umartives 

variantSi ultrabgera gadis sisxlZarRvis kedelSi, ganibneva 

eriTrocitebze, da areklili signali aRiqmeba piezoleqtruli 

kristalis mier. dabali da maRali sixSireebis gamaZliereblebi da 
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filteri aRniSnulia msg (msm – maRalsixSiruli maZlierebeli), dsm 

dsm-dabalsixSiruli maZlierebeli), dsf (dsf-dabalsixSiruli 

filtri). 

 dinamikiT gaxmovanebuli aseTi signalis mosmena mraval 

sasargeblo da xarisxian informacias iZleva, xolo sixSiris Zabvad 

gardaqmnili umartivesi mowyobiloba registratorze raodenobrivi 

informaciis (gamomsvleli signali) gamoyvanis saSualebas gvaZlevs. 

yovelTvis rodesac bgeriTi signali gaivlis nulovan dones, nulis 

gadakveTis deteqtori fiqsirebuli xangrZlivobis impuls gamoscems. 

es impulsebi dabali sixSiris filtris gavlis Semdeg axdenen 

gamomavali signalis formirebas, romelic eriTrocitebis moZraobis 

proporciulia. 

 zemoT aRniSnulia, rom eleqtromagnitur xarjmzomebs SeuZliaT 

sisxldenis siCqare gazomon orive mimarTulebiT (win da ukan). amave 

dros ultrabgeriTi xarjmzomebi, romlebic iyeneben gamosvlaze 

ornaxevarperiodian gamarTvas, ver zomaven sisxldenis siCqares 

sisxlis moZrabis mimarTulebis gaTvaliswinebiT. es dakavSirebulia 

imasTan, rom aseTi xarjmzomebi zomaven mxolod sixSireebis 

dopleruli gadanacvlebis absolutur mniSvnelobebs. sur.5.4.1.-ze 

moyvanili sqemis Seswavlisas SeiZleba davaskvnaT, rom talRis 

mimRebze xvdeba dopleris efeqtis Sesabamisad gadanacvlebuli 

sixSiris mqone mxolod gabneuli signali, Tumca realobaSi masze 

matarebeli sixSiris signalic xvdeba, ama sTan misi intensivoba 

gacilebiT maRalia, vidre gadanacvlebuli sixSiris mqone signalisa. 

matarebeli sixSiris signali mimRebze sxvadasxva gzebiT xvdeba . 

pirvel rigSi is xdeba gamosxivebis wyaros mier Seqmnili eleqtruli 

velis xarjze. meores mxriv, damasxiveblis naxvretebSi gverdiTi 

furclebis arsebobis gamo damasxiveblis signalis garkveuli nawili 

uSualod xvdeba mimRebze. bolos matarebeli sixSiris signali 

mimRebze SeiZleba moxvdes uZravi struqturebidan erTi an 

ramodenimejer arekvlis Semdeg. Sedegad gamosxivebis mimRebze xvdeba 

matarebeli sixSiris maRalplituduri signali da gadanacvlebuli 

sixSiris  mqone Zalian susti (amplitudiT, romelic ZiriTadi 

signalis amplitudis daaxloebiT 0.1%-ia) signali. 
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 dopleris efeqtiT ganpirobebuli sixSiris gadanacvleba 

warmoadgens ara erT sidides, romelic (5.4.3.) formuliT 

ganisazRvreba, aramed warmoadgens sixSireebis speqtrs. is 

dakavSirebulia rig mizezebTan:  

 1. siCqareebis profili TiTqmis arasdros  ar aris brtyeli, 

Cveulebriv eriTrocitebis siCqare sisxlZarRvis RerZidan sxvadasxva 

daSorebaze sxvadasxvaa da es gansxvavebuli siCqareebi sawyisi 

signalis sixSiris sxvadasxva gadanacvlebebs iwvevs. 

 2. yoveli gambnevi ujredi masze dacemuli signalis zonaSi 

Zalian mcire dro rCeba. amis Sedegad sixSiris gadanacvleba, romelic 

ganpirobebulia gabneviT konkretul ujredze, imyofeba drois 

romeliRaca mastrobirebuli funqciis gavlenis qveS, rac 

dasaregulirebel signalSi sixSireebis zolis gaCenas iwvevs. 

 3. akustikuri energiis nawili, romelic ZiriTad talRebTan 

erTad gaicema, am talRis RerZis mimarT garkveuli kuTxiT vrceldeba. 

amis garda energiis nawili obieqtze xvdeba mimRebis gverdiTi 

furclebidan. yvelaferi es iwvevs imas, rom talRa ganmbnev obieqtze 

xvdeba sxvadasxva Q kuTxiT, rac Tavis mxriv sixSireTa sxvadasxva 

gadanacvlebas iwvevs. 

 4. ujredebis brunva da adgilobrivi nakadebi, romlebic 

dakavSirebuia turbelentobasTan, aseve iwveven sixSireebis 

dopleruli gadanacvlebis sxvadasxva mniSvnelobebis warmoqmnas. 

 yvela es faqtori ganapirobebs moZravi ujredebidan areklili 

signalis sixSireebis zolis arsebobs. am dros warmoqmnili speqtri 

eluqtuaciuri xmauris msgavsia, romelsac SezRuduli zoli aqvs. 

swored am xmauridan unda iqnas amoRebuli sisxlZarRvSi sisxldenis 

Sesaxeb informacia.  

 imisaTvis, rom gazrdili iqnas gadanacvlebuli dopleruli 

sixSiris mqone dabalamplituduri signali, aucilebelia gaZlierdes 

maRali koeficientis  mqone maRali sixSiris gamaZlierebeli (msg). 

Tumca, mtarebeli talRis amplituda sakmaod maRalia, amitom 

gaZlierebis koeficienti ar SeiZleba iyos aseve Zalian maRali, radgan 

is gamoiwvevs msg-s gajerebas. ar aris aucilebeli sixSireebis farTo 

zolis mqone msg-s zona, radgan gadaxra matarebeli sixSiridan 
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(sixSiris gadanacvleba) Seadgens matarebeli talRis sixSiris 0,001-s. 

Tumca sixSireebis am zols zogjer ufro farTes akeTeben, vidre 

saWiroa, rac saSualebas iZleva erTidaigive gamaZlierebeli 

gamoyenebul iqnas sxvadasxva mimRebebisaTvis.  

 deteqtorad SeiZleba gamoyenebuli iqnas kvadratuli 

maxasiaTeblebis mqone nebismieri mowyobiloba, iseTi magaliTad 

rogoricaa diodi. gamomavali signalis speqtri Seicavs xmovan 

diapazonSi myof dopleruli gadanacvlebis sixSireebs, zogierT 

(gazomvisaTvis araa saWiro) Tanmdev sixSireebsac. 

 magaliTi 8.3 gamoiangariSeT sisxlis dopleruli xarjmzomis 

maqsimaliri bgeriTi sixSire, romelic muSaobs 7 mgh tol matarebel 

sixSireze, Tu mimRebi ganlagebulia 45 gradusiani kuTxiT kapilaris 

RerZisadmi, sisxlis denis siCqarea 150 sm/wT xolo areSi bgeris 

siCqarea 1500./wm. 

 pasuxi: Tu monacemebs CavsvavT formulaSi (5.4.3.). 

 

 miviRebT:    

#$ =
%&'×)�*+,-�)../ 0⁄ � 230 4.°

).��/ 0⁄
≅ 10kHz                                             (5.4.4) 

 
 
 Semadgeneli mudmiva gamoricxul unda iqnas maRali sixSiris 

maZliereblis maRal sixSiruli filtris (msf) saSualebiT. imisaTvis 

rom gaifiltros sisxlZarRvis kedlis moZraobiT ganpirobebuli 

maRalamplituduri dopleruli signali, filtris amplitudur-

sixSiruli maxasiaTeblis moWris sixSire unda iyos 100hc. samwuxarod, 

aseTi msf-s gamoyeneba, ar iZleva saSualebas gaizomos kapilarSi 

dabali siCqariT moZravi (1.5m/wm-ze naklebi) nawilakebis siCqare, 

romelic SeiniSneba kapilaris kedelTan. dabali sixSireebis filtri 

(dsf), aSorebs maRalsixSirul signalebsa da xmaurs. aseTi filtris 

moWris sixSire daaxloebiT Seadgens 15khc, rac saSualebas iZleva 

daregistrirdes sixSireebis yvela dopleruli gadanacvleba, romelic 

warmoiqmneba sisxlis ujredebze gabnevisas, aseve iZleva speqtris 

gafarToebis saSualebasac. 

 am tipis umartives xarjmzomebSi bgeriTi sixSiris maZliereblis 

gamosavalze signalma unda aRagznos dinamikis an Tavze dasamagrebeli 
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telefonebis membrana. gamomavali signali warmoadgens sixSireebis 

zols, ase rom stacionaluri nakadisas yurmilebSi ismis signali, 

romelic hgavs stvenis xmas, an flukatuciur xmaurs. venus sisxldenis 

gazomvisas ismis dabalsixSiruli xma, romelic zogjer 

modulirebulia pacientis sunTqvasTan. radgan arteriul sisxldenas 

aqvs pulsirebis saxe, gulis ciklis ganmavlobaSi erTjer ismis 

maRali sixSiris signali, romelsac Tan sdevs erTi an ramodenime 

susti, Tumca mkveTri xmovani talRa, romelic asaxavs arteriebSi 

sisxldenis dempfireba. amrigad aseTi martivi xelsawyo SeiZleba 

gamoyenebuli iqnas iseT sisxlZarRvebSi sisxldenis Tvisobrivad 

Sesafaseblad, romlebic fexebis, xelebis da kisris kanqveS imyofebian 

araumetes 1sm siRrmeze. sisxlZarRvSi sisxldenis Sesaxeb ufro zusti 

raodenobrivi informaciis misaRebad, aseve SeiZleba gamoTvlil iqnas 

bgeriTi signalis speqtri, rogorc drois funqciisa. 

 rogorc zemoT aRiniSna nulis gadakveTis deteqtori bgeriTi 

signalis sixSires gardaqmnis mis proporciul Zabvad. amisaTvis 

deteqtorma Semomavali signalis mier nulis yoveli gadakveTisas unda 

gamosces standartuli impulsi. realobaSi nulis yoveli gadakveTa 

ar gamoiyeneba sisxldenis gansasazRvrad. marTlac, realur signals 

gaaCnia xmauris Semadgeneli, ase rom idealuri sinosovnis nulis 

,,swor” gadakveTasTan erTad, adgili aqvs ramodenime parazitul 

gadakveTasac. parazituli gadakveTebia am efeqts blokavs Smidtis 

triveri, romelic reagirebs sinosovnis mier nulis gadakveTis faqtze, 

aramed nulida mis sakmaod daSorebiT wasvlaze sawinaaRmdego mxares. 

am sxvaobas triveris amuSavebis donesa da nuls Soris ewodeba 

Smidtis triveris hisrezisi. sinusoidis amplitudis farTobs 

hisrezisTan ewodeba Tanafardoba signali/hisrezosi (Tsh). kargad 

iTvleba 7 toli Tsh sidide, radgan Tsh-s aseTi mniSvnelobisas 

gamomavali signali praqtikulad ar aris damokidebuli signalis 

hisrezisTan Tanafardobis mcire cvlilebebze. Tsh-s aseTi sididis 

SesanarCuneblad sistemaSi gamoiyeneba gaZlierebis avtomaturi 

regulireba (gar). Tsh-s Zalian maRali mniSvnelobebi ar aris 

sasurveli, radgan aseT SemTxvevaSi xmauris impulsebma Smidtis 

trigeris amuSavebis dabali donis gamo, SeiZleba gamoiwvios 
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kompartoris amuSaveba. aseT pirobebSi gamomavali signali gaizrdeba 

da Semcirdeba droSi axlosmdgomi sixSireebis mqone Semomavali 

signalis Semadgenlebis pulsaciis gamo. meores mxriv Tsh-s Zalian 

dabali mniSvnelobebi gamoiwvevs imas, rom nulis zogierTi WeSmariti 

gadakveTebi ar moaxdenen triveris amuSavebas, rac Tavis mxriv 

gamoiwvevs Secdomebs. amrigad aucilebelia Tsh-s sididis SerCevisas 

didi sifrTxile. 

  nulis gadakveTis deteqtoris gamomavali signali warmoadgens 

impulsebis Tanmimdevrobas. imisaTvis, rom mocilebul iqnas am 

signalis maRalsixSiruli Semadgeneli, mas atareben dabalsiSirul 

filtrSi. aseTi filtris gatarebis zoli unda iyos 0-dan 25hc-mde, 

romelic atarebs sisxldenis pulsaciis rekunsruqciisaTvis 

mniSvnelovan yvela sixSires. amasTan gasaTvaliswinebelia rom 

signals aqvs SezRuduli zolis mqone fluqtuaciuri xmauris saxe. 

amis Sedegad, Tundac sisxldenis mudmivi siCqarisas, impulsebi ar 

mosdeven erTmaneTs erTnairi droiTi intervalebiT. maTi 

Tanmimdevroba yvelaze metad hgavs puasonis process. es niSnavs imas, 

rom gamomaval signalSi aris arasasurveli xmauri. amis gamo dabali 

sixSireebis gamomavali filtris maxasiaTeblebs arCeven Semdegi 

kompromisis safuZvelze: erTis mxriv mas unda hqondes texvis sakmaod 

didi sixSire, raTa rekonstruirebul iqnas sisxldenis siCqarisaTvis 

yvela mniSvnelovani sixSireebi, meore mxriv _ texvis sixSire unda 

iyos sakmarisad dabali, raTa maqsimalurad Seamciros xmauri. 

 aseT umartives xarjmzomebSi gamoyenebuli deteqtorebis 

umTavresi mdgomareobs imaSi, rom isini ar iZlevian sisxlis denis 

mimarTulebis gansazRvris saSualebas. gamomavali signalis Canaweri 

gamoiyeneba ise, rom TiTqos sisxldenis gamomavalma signalma ganicada 

ori naxevarperiodiani gamarTva. es aris mniSvnelovani nakli, 

magaliTad eleqtro magnitur xarjmzomTan SedarebiT, radgan mraval 

sisxlZarRvSi adgili aqvs sisxlis ukudenis fazebs. SeiZleba 

mogveCvenos, rom am winaaRmdegobis daZleva SesaZlebelia, Tu 

sixSirebis doplerul gadanacvlebas ganvixilavT ara nulis mimarT, 

aramed 20khc sixSiris mimarT. maSin sisxlis dena ,,win” iqneboda 

magaliTad 30 khc sixSiris Sesabamisi, xolo dena ,,ukan” _ 10 khc-is. 
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magram aseTi midgoma dakavSirebulia Zalian seriozul winaaRmdegobis 

daZlevasTan, romelic ganpirobebulia 20khc-is tol matarebel 

sixSireze maRalampitudur signalis arsebobasTan. doplerul 

signalis amplituda Zalian dabalia, amitom saWiro gaxdeboda 

mniSvnelovani Zalisxmeva sixSiris ZabvaSi iseTi gardamqnelis 

Sesaqmnelad, romelic  daTrgunavda maRalamlitudur signals 20 khc 

sixSireze da amave dros ar Seexeboda dabalamplitudur signalebs 

axlosmyof sixSireebze. 

 gacilebiT ufro warmatebuli midgoma nasesxebi iqna radaruli 

teqnologiebis sferodan, romelic saSualebas iZleva ganisazRvros 

ara mxolod TviTmfrinavis siCqare, aramed misi mimarTulebac es 

midgoma mdgomareobs kvadratul-fazuri deteqtoris gamoyenebaSi. 

 kvadratul-fazuri deteqtoris analogiuri nawili gamosaxulia 

sur.5.4.2.a (mcleon 1967). fazis gadanacvlebis jaWvi matarebel signals 

Slis or komponentad, romlebic fazasTan mimarTebaSi 90 gradusian 

kuTxes qmnian. sinusis da kosinusis es referentuli signalebi 

amplitudiT ramodenimejer ufro didi unda iyos, vidre msg-dan 

gamomavali (sur.5.4.3.a). isini msg-dan gamomaval signalTan xazovnad 

ikribebian, rac qmnis radiosignalis rkals, romelic naCvenebia 

sur.5.4.3..b). droebiT CavTvaloT, rom msg-dan gamomavali signali ar 

Seicavs matarebel sixSires. 
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sur.5.4.2.sur.5.4.2.sur.5.4.2.sur.5.4.2.    

dopleruli xarjmzomis blok-sqema, romelic saSualebas iZleva 

ganisazRros denis mimarTuleba. a) kvadratuli deteqtori. 

deteqtorebis win matarebeli sixSiris sinusisa da kosinusis 

signalebi sumirdeba signalTan, romelic gamodis maRali sixSiris 

gamaZliereblidan (msg) C arxSi (kosinusis arxi) gamomavali signali 

fazis mixedviT uswrebs S arxidan (sinusis arxi) gamomaval signals Tu 

sisxli moedineba mimRebidan da piriqiT, CamorCeba, Tu sisxli 

moedineba mimRebisken. b) impulsis gasvlis logikuri jaWvi. 

vibratoris impulsebi gadian zeda U arxiT, Tu sisxli moedineba 

mimRebidan, da qveda U arxidan, sisxli miedineba mimRebisken. 

deferencialuri gamaZlierebeli iZleva orpolarul gamomaval 

signals, romelic Semdgom dabali sixSireebis filtriT (dsf) 

ifiltreba. dsg _ dabali sixSireebis gamaZlierebeli. 

  Tu sisxli miedineba igive mimarTulebiT, romelSic vrceldeba 

ultrabgeriTi signali, maSin unda visaubroT, rom sisxli miedineba 

xarjmzomidan, rogorc amas adgili aqvs sur.5.4.2. (a). denis aseTi 

mimarTulebisaTvis, dopleruli gadanacvleba amcirebs areklili 

signalis sixSires (sixSire matarebeli talRis sixSireze dabali 
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xdeba). am dros fazis mixedviT dopleruli signali CamorCeba 

referentul matarebel talRas da dopleruli veqtori brunavs 

saaTis isris mimarTulebiT (sur.5.4.3.a.). ganvixiloT sur.5.4.3. (b). dros 

momentSi1 matarebeli da dopleruli talRebi ikribeba, rac qmnis 

sumaruli signalis did mniSvnelobas kosinusis arxze; sinusis arxi am 

dros ar icvleba. drois momentSi 2 (dopleruli signalis saaTis 

isris imarTulebiT 90 gradusiT Semobrunebisas) matarebeli da 

dopleruli talRebi ikribeba sinusis arxze, rac am arxze didi 

mniSvnelobis signals qmnis. analogiurad SeiZleba ganvixiloT 

talRebis moqmedeba drois moment 3 da 4-Si. sayuradreboa, rom 

sonusis arxi am dros CamorCeba kosinusis arxs fazis mixedviT. 

      

 

sur.sur.sur.sur.5.4.3.5.4.3.5.4.3.5.4.3. 

sur.5.4.3. signalebis formebi denis mimarTulebisadmi mgrZnobiare 

doplerul xarjmzomSi. a) veqtoruli diagrama. matarebel sixSireze 

fazis mixedviT sinusis talRa 90 gradusisT CamorCeba kosinusis 

talRas. Tu sisxli moedineba mimRebidan, dopleruli signalis 

sixSire ufro dabalia matarebeli talRis sixSireze. mokle veqtori 

gamosaxavs doplerul signals. esn veqtori brunavs saaTis isris 

mimarTulebiT da rigrigobiT gadis 1,2,3 da 4 mdebareobebs. b) droiTi 

diagrama ori zeda talRa warmoadgens doplerul talRasTan erTad 

Semomvleli matarebeli talRis erT fazas ise rogorc isini 

gamoiyureba deteqtorSi Sesvlamde. kampartorebis gamosavlebi pasuxs 
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ageben deteqtorebis Semdeg kosinusis arxSi warmoqmnil bgerovan 

signalze. erTeulovani impulsi generirdeba sinusis arxSi da gadis 

Sesabamis logikur element U-Si, romelic dgas kompartorebis 

gamosavalze. punqtiriT aRniSnulia SemTxveva, rodesac sisxli 

mimRebis mimarTulebiT moedineba.  

 Tu sisxli moedineba mimRebisken, dopleruli sixSire ufro 

maRali aRmoCndeba vidre matarebeli sixSire da doplerul sixSiris 

veqtori brunvas iwyebs saaTis isris sawinaaRmdegod. es situacia 

gamosaxulia sur.5.4.3.(b) punqtiriT. am SemTxvevaSi sinusisa da 

kosinusis arxebit fazebs Soris Tanafardoba imis sawinaaRmdego 

aRmoCndeba, vidre is iyo roca sisxli moedineboda mimRebidan. amrigad 

sisxlis denis mimarTulebis dadgena SesaZlebeli xdeba fazuri 

gadanacvlebis niSnis garkveviT. deteqtorebi gamoyofs bgerovani 

sixSiris signals, romelsac igive forma aqvs, rac signalis 

Semomvlel radiosixSireebs. logikuri sqema, romelic adgens fazuri 

gadanacvlebis niSans, warmodgenilia sur.5.4.2.(b). kosinusis arxis 

signali rTavs komparators, romlis sur.5.4.3.(b)-ze naCvenebi 

gamosavali, ar icvleba sisxlis denis mimarTulebis cvlilebisas. 

signali romelic modis sinusis arxidan, rTavs mokle erTeuli 

impulsis mowodebas. sisxlis denis mimarTulebidan gamomdinare, es 

impulsi moewodeba periodis an dasawyisSi, an SuaSi rogorc es 

naCvenebia sur.5.4.3.(b). Semdgom logikuri elementi U (logikuti 

gamravlebis elementi) agzavnis signals diferecialuri 

gamaZliereblis an zeda, an qveda Sesasvlelze, rac ganapirobebs iseTi 

gamomavali signalis warmoqmnas, romelic iTvaliswinebs sisxlis 

denis mimarTulebas. 

 zemoT aRniSnuli samarTliania im SemTxvevaSi, Tu radiosignali 

sinusoidaluri bunebisaa. Tumca cnobilia rom aseT xarmzomebSi 

radiosignali warmoadgens fleqtuaciur xmaurs SezRuduli zoliT. 

es iwvevs sur.5.4.3.(b)-ze naCveneb TanafardobaSi zogierTi droiTi 

gadanacvlebebis warmoqmnas. amis garda arsebobs matarebeli sixSiris 

signalis didi Semadgeneli, romelic iwvevs sur.5.4.3.-ze naCvenebi 

mdgomareobidan dopleruli signalis gadanacvlebas. ramdenadac 

sinusisa da kosinusis referentuli signalebi amplitudis mixedviT 
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orjer da ufro meTad aRemateba gamomaval radiosignals, 

warmarTveli impulsebi droiTi gadanacvlebebi ar aris Zalian didi 

da ar warmoadgens problemas xarjmzomis praqtikuli gamoyenebisas. 

 gamomavali impulsebis misaRebad, nulis rogorc dadebiTi, ise 

uaryofiTi gadakveTebisas, sqemaSi SesaZlebelia mokle impulsebis 

kidev erT wyarosa da ramodenime logikuri blokis damateba. es 

gamoiwvevs impulsebis mimdevrobis sixSiris gaormagebas da gamomavali 

signalis fluqtuaciis Semcirebas 0.707-mde, maT sawyis 

mniSvnelobasTan SedarebiT. 
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5.5. 5.5. 5.5. 5.5. impulsuri dopleruli xarjmzomebiimpulsuri dopleruli xarjmzomebiimpulsuri dopleruli xarjmzomebiimpulsuri dopleruli xarjmzomebi    

 

 uwyveti dopleruli xarjmzomebi praqtikulad aranair 

informacias ar iZlevian denis siCqaris profilze. am amocanis 

gadasawyvetaT Seqmnili iqna ramodenime xelsawyo (Christensen 1988), 

romlebic igive principebs iyeneben, rasac radarebi. am xelsawyoebSi 

gamosxivebis wyaro agzavnis impulsebis mokle wyebas. gamosxivebuli 

talRa vrceldeba erTiani talRuri paketis saxiT, xolo gamosxivebis 

wyaros erTdroulad SeuZlia areklili signalis miRebis rolic 

Seasrulos. es SesaZlebelia radgan areklili signali mimRebze modis 

droSi gadanacvlebuli ukve mas Semdeg, rac ukve damTavrebulia 

talRuri paketis gamosxiveba. e.i. gamosxivebasa da areklili signalis 

milebs Soris Sekavebis dro ganisazRvreba manZiliT damasxivebelsa da 

amrekl obieqts Soris. Sesabamisad areklili signalis 

sixSirisdopleruli gadanacvlebi damokidebulebidan mis mimRebze 

mosvlis droze SesaZlebelia zusti warmodgenis Seqmna sisxlZarRvSi 

siCqareebis profilze. 

 amisaTvis rom miRweul iqnas daSorebis mixedviT efeqts, 

idealSi gamosxivebuli signalis pakeTis xangrZlivoba unda iyos 

Zalian mikle. meores mxriv, imisaTvis rom miviRoT signali/xmauri 

Tanafardoba (sxT) da siCqaris mixedviT kargi efeqti, es paketi unda 

iyos sakmaod grZeli.. kompromisuli sidideebis TvalsazrisiT 

Cveulebriv arCeven signalis sixSires, romelic tolia 8mgh, amastan 

impulsebis paketis xangrZlivoba Seadgens 1m/wm-s amrigad impulsebis 

gavrcelebadi paketis sigrZe daaxloebiT Seadgens 1.5mm-s rogorc es 

naCvenebia sur.#8.9(g). mimRebze mosuli signali warmoadgena am 

talRuri paketis intesivobebisa da siCqareebis lokaluri profilis 

erTobliobas. amisaTvis, rom miRebul iqnas siCqaris profili, 

gamomaval signals uqvemdebareben maTemaTikur operaciebs, romelic am 

erTobliobis ukusididea gamomdinare iqidan, rom talRuri paketi 

ecema garkveuli kuTxiT, sisxlZarRvis kedlis adgilmdebareoba 

isazRvreba aramkveTrad.  

 sixSire, romliTac erTmaneTs mosdeven talRuri paketebi fr 

ganisazRvreba ori SezRudviT: 1. imisaTvis, rom Tavidan iqnes 
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acilebuli sivrculi araerTgvarovneba, areklili signali unda 

ganalizdes manamde, sanam gamosxivebuli iqneba meore paketi aqedan 

gamomdinareobs: 

   
m

r R

c
f

2
<             (5.5.1.) 

 sadac R,m aris gamoyenebuli maqsimaluri daSoreba 

(analizisaTvis gamoyenebuli yvelaze Soreuli amrekli obieqtisa da 

gamosxivebis wyaros Soris manZili) meores mxriv signalebis 

urTierTmiyolebis sixSire unda akmayofilebdes Teoremis diskretuli 

warmodgenis Sesaxeb (kotelnikovis Teorema), romelic moiTxovs, rom 

Sesruldes Semdegi piroba 

 

   dt ff 2>            (5.5.2.) 

  Tu movaxdenT (8.17) da (8.18) formulebis kombinirebas da 

gamoviyenebT (8.15) formulas, miviRebT: 

 

   ( )
0

2

max 8
cos

f

c
Rum <θ                                               (5.5.3.) 

 

 es Tanafardoba gviCvenebs rom mimRebis RerZis gaswvriv 

maqsimaluri siCqarisa da daSorebis warmoebuli SezRudulia. 

praqtikaSi, gazomvebis moqmedebis ufro Zlieri SezRudvebic, vidre 

isini, romlebic gamomdinareobs (8.19)-dan. es dakavSirebulia jer erTi, 

speqtris dagaseoebasTan, romlis Sedegad signalSi Cndeba ufro 

maRali sixSireebi da meores mxriv maxasiaTeblebis 

arasrulyofilebiT, romlebic ganapirobeben seqtorebis 

urTierTdadebis (signalis damuSavebisas fiqtiuri sixSireebis 

generacia) gamosaricxad gamoyenebuli dabal sixSireebis filtris 

Wris sixSires. 

 radganac, arc ise martivia erTi m/wm-is xangrZlivobis 

impulsebis paketis gamasxivebeli generatoris CarTva da gaCereba, misi 

pirveli kaskadi muSaobs uwyvet reJimSi. gamimdinare iqidan, rom 

signalis damasxivebelic da mimRebic iyeneben saerTo piezoeleqtrul 

sensors, aucilebelia eleqtronuli gasaRebis gamoyeneba, romelic 
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saSualebas iZleva gaiTiSos generatoris soignali im momentSi, 

rodesac mimdinareobs areklili signalis miReba. aRmoCnda, rom 

erTsafexuriani gasaRebis gamoyeneba arasakmarisia imisaTvis, rom 

erTmaneTisagan gamocalkevebul iqnas gamosxivebuli maRal 

amplituduri signali da mimRebamde mosuli dabalamplituduri 

areklili signali. amitom, gamosxivebuli signalis gamosarTavad 

iyeneben erTmaneTis mimdevrobiT ganlagebuli ori gasaRebs. idealur 

SemTxvevaSi gamosxivebuli signali unda warmoadgendes impulsurad 

modelirebuli sinusoidur matarebel talRas. aseTi signalis 

eleqtruolad Seqmna rTuli ar aris, magram sirTuleebi Cndeba amave 

paketuri eleqtronuli signalis analogiuri bgeriT signalSi 

transformaciisas. es ganpirobebulia imiT, rom sensoris kristals 

gaaCnia Q-s (gatarebis viwro zoli) maRali maCvenebeli, ris gamoc is 

agrZelebs rezonansul sixSireze ,,rekvas” masze eleqtruli signalis 

mowodebis damTavrebis Semdegac. am mizezis gamo sensors saxes 

ucvlian ise, rom Seamciron misi Q (gatarebis zols aketeben ufro 

farTes. am mizniT mas umateben ufro farTes). am mizniT mas umateben 

romelime masas ukana mxares (sur.#8.9, g) an winidan (sur. 8.9, d). Q-s ar 

amcireben sasurvel donemde, romelic mdebareobs diapazonSi 2-5, 

radganac es gamoiwvevda damasxiveblis efeqturobasa da mimRebis 

mgrZnobelobis Semcirebas, amitom Q-s dobe iyeneben diapazinSi 5-15, 

amrigad garkveuli ,,rekva” rezonsul sixSireze mainc narCundeba. 

 sinusoiduri impulsebis mokle paketis generirebisas ar 

SeiZleba saubari imaze, rom arsebobs romeliRaca erTaderTi sixSire. 

ufro upriania saubari imasTan dakavSirebiT, rom ganmeorebadi 

impulsebis mimdevroba iwvevs gverdiTi zolebis gaCenas sixSireebis 

Sesabamis ubanSi. es speqtri aRagznebs sensors, qmnis ufro srul vels 

imasTan SedarebiT, romelic warmoiqmneba sensoris uwyveti aRznebisas. 

aseTi situacia iwvevs sensoris mier miRebuli signalis speqtris 

gafarToebas.  

 

 

5.6. 5.6. 5.6. 5.6. sisxlis lazeruli dopleruli xarjmzomisisxlis lazeruli dopleruli xarjmzomisisxlis lazeruli dopleruli xarjmzomisisxlis lazeruli dopleruli xarjmzomi    
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 sisxlis lazerul dopleruli xarjmzomSi gamoiyeneba helium-

neonuri lazeri, romelic muSaobs 632,8wm talRis sigrZeze da 5mvt 

simZlavreze. lazeris sinaTle kanis zedapiramde miyavT optikuri 

boWkos saSualebiT (HOLOWAY, 1988). kanis sisxlZarRvSi moZravi 

eriTrocitebi iwveven lazeruli gamosxivebis sixSiris gadanacvlebas 

signalis speqtris gafarToebiT. areklili sinaTle optikuri boWkos 

saSualebiT gadaecema dotodiods. signalis damuSavebisas 

xorcieldeba misi filtracia, woniT koeficientze gamravleba, 

kvadratSi ayvana da gayofa. am xelsawyos saSualebiT zomaven kanisa 

da sxva organoebis kapelarul sisxldenas. 

 

 

5.7.5.7.5.7.5.7.    siCqaris sazomi Termokonveqtruli sensorebisiCqaris sazomi Termokonveqtruli sensorebisiCqaris sazomi Termokonveqtruli sensorebisiCqaris sazomi Termokonveqtruli sensorebi    

    

muSaobis pricipimuSaobis pricipimuSaobis pricipimuSaobis pricipi 

  

 Termodiluciis meTodi damokidebulia sisxlis mTel nakadSi 

Termuli niSnis arevaze. misgan gansxvavebiT, siTburi sensorebis 

saSualebiT sicqaris gazomvis qvemoT ganxiluli meTodi 

damokidebulia gaxurebuli sensoris konveqciul gacivebaze da 

amrigad saSualebas iZleva gazomos sisxldenis siCqare Zalian mcire 

moculobaSi sensoris axlos. 

 umartivesi sensori mocemulia sur. 5.7.1.-ze Ru Termosturs 

acxeleben temperaturamde, romelic  T∆ -iT metia sisxlis 

temperaturaze. Ru winaRobaSi denis gasvlisas ganibneva W simZlavre. 

rogorc mowmoben eqsperimentuli monacemebi (Grahn et al, 1969), es 

sidideebi sisxlis denis siCqaresTan dakavSirebuli arian Semdegi 

TanafardobiT. 

 

 uba
T

W
lg+=

∆
           (5.7.1.) 
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sadac Q da b-kontaqtebia. Tanafardoba 5.7.1-dan Cans, rom es meTodi ar 

aris wrfivi: mas axasiaTebs maRali mgrZnobeloba sisxlis denis 

dabali siCqareebisas da dabali mgrZnobeloba _ maRali siCqareebisas. 

 

5.85.85.85.8.... sensorebisensorebisensorebisensorebi    

   

 Termokonveqciul gazomvebisaTvis kaTeterebis boloebze 

amagreben ori tipis sensorebs (Cobbold,1974). sur.5.8.1.-ze naCveneb 

pirveli tipis sensorebSi iyeneben Termostorebs, romelTac 

axasiaTebT winaRobis Sesabamisi maCveneblis mqone maRali 

mgrZnobeloba. radganac sur.5.8.1.(a)-s Sesabamisad ganlagebuli 

Termostori erTnairad civdeba sisxlis orive mimarTulebiT denisas, 

am xelsawyos gamosavalze Cndeba sisxlis denis lokaluri siCqaris 

WeSmariti mniSvnelobis gamarTuli signali. imisaTvis rom daZleuli 

iqnas es winaaRmdegoba, sur.5.8.1.(b)-ze mocemul sensorSi gamoiyeneba 

ori damatebiTi Termistori, romlebis Termistori Ru-dan zeviT da 

qveviT (sisxlis denis mixedviT) ganlagebulia milimetrebis meaTedSi. 

sisxlis denis mimarTulebidan gamomdinare, am ori Termostoridan 

erTerTi gacxeldeba im siTbos xarjze, romelic sisxlis nakads 

moaqvs Termostori Ru-dan am or damatebiT Termostors rTaven 

xiduvan sqemaSi da am xids abalanseben sisxldenis nulovani siCqaris 

pirobebSi. Sedarebis elementi gansazRvravs xidis ganbalansebas da 

axdens gamomavali signalis polarobis gadarTvas. sur. 5.8.1. (g)-ze 

mocemulia siCqaris ori sensori, romlebic imdagvaradaa ganlagebuli 

rom erTi maTgani imyofeba uSualod sisxlis nakadSi, xolo meore 

daculia momRebis konstruqciiT sisxlTan kontaqtisagan. 

 

sur.5.8.1.sur.5.8.1.sur.5.8.1.sur.5.8.1.    
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 sur.5.8.1. sisxlis dinebis siCqaris siTburi sensorebi. (a) 

siCqarisadmi mgrZnobiare Termostori Ru Tavsdeba sisxlis nakadSi 

temperaturis cvlilebaze kompensirebuli Termistori Rt, 

moTavsebulia mimRebis SigniT. Termistori ganlagebulia Ru 

Termistoris zeviT da qveviT, sisxlis denis mimarTulebis mixedviT 

erTerTi maTgani cxeldeba im siTbos xarjze, romelic moaqvs sisxlis 

nakads Termostori Ru-dan, rac saSualebas iZleva ganisazRvros 

sisxlis denis mimarTuleba. (g) Termistorebi, romelTagan erTi 

imyofeba uSualod sisxlis nakadSi, xolo meore daculia (aseTi 

mowyobiloba saSualebas iZleva ganisazRvros ara mxolod sisxldenis 

siCqare, aramed mimarTulebac). 

 me-2 tipis sensorebi (platiniT dafaruli) warmoadgenen SuSis 

burTulebs. romelTa  zedapirze Txeli feniT dafarulia platina. 

Txevad mdgomareobaSi myofi platina SeiZleba datanilm iqnas 

burTulebis zedapirze, ris Semdegac maT gamowvaven RumelSi, 

burTulebis meTalizireba SeiZleba vakuumSi eleqtruli ganmuxtvis 

saSualebiT maTze platinis dataniTac. platiniT daferili sensorebis 

uaryofiTi mxarea dabali winaRoba (ramodenime ori) da dabali 

mgrZnobeloba. 

 aseTi sensorebis gamoyenebisas ismis bunebrivi kiTxva: uSualod 

ras zomaven isini? sisxlZarRvis sanaTurSi kaTeteris Seyvanisas, misi 

wveri SeiZleba moxvdes rogorc sisxlZarRvis RerZze (maSin is 

gazomavs sisxldenis maqsimalur siCqares), aseve sisxlZarRvis kedlis 

axlos (am SemTxvevaSi is gazomavs kedlis maxlobel sasazRvro dabal 

siCqares). erTerTi meTodi imaSi dasarwmuneblad, rom kaTeteri ar 

miebjina sisxlZarRvis kedels, aris misi mibruneb mobruneba iseTi 

mdgomareobis moZebnis mizniT, romlis drosac gamomavali signali 

iqneba maqsimaluri. sensorebs aseve SeuZliaT aRiqvan sisxlis 

radialuri dena, iseve rogorc kaTeteris radialuri rxevebi. amrigad, 

sisxlis denis siCqaris gazomvisas daSvebuli Secdomebis 

paralelurad, SeiZleba gaCndes Secdomebi, romlebic dakavSirebulia 

sisxlZarRvSi kaTeteris mdebareobis Sesaxeb informaciis simwiriT. Tu 

sensorebis (maTi tipis miuxedavad) zomebi sakmarisad mcirea, maSin 

SesaZlebelia is moTavsdes kanqveSi inieqciebisaTvis Spricis nemsis 
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wverze da sisxlZarRvSi Seyvanil iqnas misi RerZis 

penpendikularulad, rac saSualebas iZleva nemsis gadaadgilebis 

sisxlZarRvis ganivi mimarTulebis gaizomos sisxldenis profili. 

 

eleqtruli sqemaeleqtruli sqemaeleqtruli sqemaeleqtruli sqema    

 mudmivi denis wyaro gamoyeneba sensorebis kvebisaTvis ar aris 

SesaZlebeli Semdegi mizezebis gamo. pirveli, sensoris droiTi 

mudmiva Seadgens wamis ramodenime meaTeds, rac Zalian bevria 

imisaTvis, rom miRebul iqnas pasuxis sasurveli sixSire, romelic 

unda imyofebodes diapazonSi 0-dan 25hc-mde. meore, maRal siCqarisas 

sensoris sakmarisi mgrZnobelobis miRwevis mizniT, misi kvebis deni 

iseTi maRali unda iyos, rom sisxldenis gaCerebisas, sensoris 

konveqturi gacivebis arsebobis periodSi, misi temperatura sisxlis 

temperaturas gazrdis 50 gradus celsiusamde metad, rac gamoiwvevs 

fibronis daleqvas sensoris zedapirze. 

 orive es nakli aRmoifxvreba sur.5.8.2.-ze gamosaxuli jaWvis 

gamoyenebiT, romelic ganapirobebs sensoris mudmiv temperaturas. am 

jaWvs Tavidan ganabalanseben R1 sididis Sesabamisi SerCevis gziT. 

ganbalansebis signali Zlierdeba operatiuli gamaZlierebliT, 

romelsac gaZlierebis didi koeficienti gaaCnia, da gamaZliereblis 

gamosvlidan signali gadaecema winaRobebis xidze. gaverkveT, rogor 

muSaobs mocemuli sqema. vivaraudoT, rom TviTgacxelebis Sedegad Ru 

Termistoris temperatura sisxlis temperaturas aRemateba 50 gradusi 

celsiusiT. sisxldenis siCqaris gaZlierebasTan erTad Termistori Ru 

daiwyebs gacivebassiTbos konfeqciuri gacemis xarjze, xolo misi 

winaRoba, Sesabamisad gaizrdeba. am dros gamaZliereblis 

aramainventirebel Sesavalze miwodebas daiwyeba didi dadebiTi muxti, 

rac gamoiwvevs vb signalis gaZlierebas. es Tavis mxriv gamoiwvevs im 

simZlavris gazrdas, romelic ganibneva xidovan sqemaSi da Sesabamisad 

Termistori Ru-s temperatura gaizrdeba. amrigad Termistoris gaciveba 

ukukavSiris maryuJis wyalobiT, gamoiwvevs am Termistoris gacxelebas, 

rac saSualebas iZleva misi temperatura SenarCundes praqtikulad 

erTidaigive doneze. cxadia rom aseTi sistema romelic iyenebs maRali 

koeficientis mqone maryuJovani gaZierebas anu kavSirs, mudmivad 
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inarCunebs xidis balans da uzrunvelyofs Termistori Ru-s 

temperaturis mudmivobas.  

 

 

    

sur.sur.sur.sur.5.8.2.5.8.2.5.8.2.5.8.2. 

siCqaris siTburi sensoris CarTvis eleqtruli sqema.siCqaris siTburi sensoris CarTvis eleqtruli sqema.siCqaris siTburi sensoris CarTvis eleqtruli sqema.siCqaris siTburi sensoris CarTvis eleqtruli sqema.    

 

 sisxldenis siCqaris gazrda acivebs siCqaris mzom Termistor Ru-

s operatiuli gamaZliereblis aramainventirebel Sesavalze Zabvis 

gazrda iwvevs Vp xidis diagonalSi Zabvis zrdas, rac ganapirobebs Ru 

Termistoris gacxelebas. winaRoba Rt uzrunvelyofs temperaturul 

kompesancias. 

 ukukavSiris aseTi jaWvis gamoyeneba mniSvnelovnad aumjobesebs 

sensorissixSirul maxasiaTeblebs, radganac aseT sqemaSi sensoris 

droiTi mudmiva imdenjer klebulobs, rac tolia maryuJovani 

gaZliereblis koeficientis. Tu sensoris temperatura ramdenadme 

klebulobs, maSin operatiuli gamaZlierebeli uzrunvelyofs sqemaSi 

didi simZlavris gabnevas, rac ganapirobebs sensoris swraf 

gacxelebas. abrunebs ra mis temperaturas sasurvel donemde.  

 aseTi sqema damakmayofileblad muSaobs erTi Ru sensoriT, Tu 

sisxlis temperatura ucvlelia. im pirobebisaTvis rodesac 

temperatura sisxlisa SeiZleba Seicvalos, sqemaSi damatebulia 

kompensaciuri Rt Termistori, romelic uzrunvelyofs xidis balansis 

SenarCunebas. sadac Rt Termistoris temperaturuli cvlilebebi Zalian 

mcirea, mas unda hqondes Ru Termistorze mniSvnelovnad ufro dabali 

winaRobis temperaturuli koeficienti (wtk). es pirobebi aucileblad 
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unda Sesruldes imisaTvis, rom Termistori Rt iyos temperaturis 

sensori da ara siCqaris. Rt winaRobis wtk SeiZleba Semcirdes an misi 

zimebis gazrdis xarjze, an misi moTavsebis sensorul mowyobilobaSi 

ise, rom uzrunvelyofili iqnas didi gamacivebeli zedapiri. am 

problemis gadawyvetis meore gza mdgomareobs R2 da Rt winaRobebis 

gazrdaSi, rac uzrunvelyofs maTze gabneuli simZlavris Semcirebas. 

 sqemaSi CarTuli linearizatori saWiroa (8.20) tolobis 

,,amoxsnisaTvis”. simZlavre W-s sididis misaRebad SesaZlebeli Zabva 

Vp-s kvadratSi ayvana. sidide Vo-is misaRebad gamoiyeneba 

antilogariTmuli gardamqmneli. sur.#8.17(b)-ze gamosaxuli sensoriT 

muSaobisas, romelic iZleva saSualebas ganisazRvros sisxldenis 

mimarTuleba, aucilebelia gaZlierebis erTeulovani koeficientis 

mqone gamaZliereblisa da gasarebis gamoye/neba. aseTi sensorebis 

dakalibreba SesaZlebelia sinusoidaluri nakadis nwarmomqmneli 

tumbos gamoyenebiT, romelic brunavs sabrunebel magidaze.  

 siTburi sensorebis gamoyenebis ZiriTadi sferoa cxovelebis 

msxvil sisxlZarRvebSi sisxldenis siCqaris gansazvra da siCqareebis 

profilze monacemebis miReba. Tumca am sensorebs aseve regularulad 

iyeneben diagnostikuri kaTeterizaciisas pacientebis aortis rkalSi 

sisxlis siCqarisa da aCqarebis gansasazRvravad (Roberts, 1972). amave 

princips iyeneben filtvebSi haeris siCqaris gasazomad, risTvisac 

sasunTq milSi SeyavT gacxelebuli platinis mavTuli. 
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Tavi 6Tavi 6Tavi 6Tavi 6    

pletizmofrafebipletizmofrafebipletizmofrafebipletizmofrafebi    

6.1.6.1.6.1.6.1.SesavaliSesavaliSesavaliSesavali 

 pletizmografi warmoadgens mowyobilobas, romelic gamoiyeneba 

moculobebis cvlilebebis registraciisaTvis. dResdReobiT 

pletizmografia aris kidurebSi sisxlis moculobebis cvlilebebis 

gazomvis erTaderTi arainvaziuri da zusti meTodi. V moculobis 

droze damokidebulebis registrirebiT da formulis F=dV/dt 

gamoyenebiT SesaZlebelia kidurebSi sisxldena F-is gansazRvra. aseTi 

gazomvisas unda gamoiricxos sisxlis venozuri ukudena, rac miiRweva 

okluziuri (gadamWeri) manJetis dadebiT. am meTods uwodes venozuri 

okluziuri pletizmogradia (Seagar et al, 1984). 

 

mowyobilobamowyobilobamowyobilobamowyobiloba    

 

 mowyobiloba, romelic gamoiyeneba genozuri okluziuri 

pletizmografiisaTvis naCvenebia sur. 8.15 pletizmografiis kamera 

warmoadgens xist cilindrulkonteiners, romelic Camoecmeva wvivze. 

wvivis moculobis gazrdisas is kumSavs kameraSi moTavsebul 

elastiur balobs (buSts) rac iwvevs misi moculobis Semcirebas. Tu 

es baloni gavsebulia wyliT, maSin mas uerTeben dakalibrebul 

vertikalur mils da masSi wylis donis aweviT sazRvraven moculobis 

cvlilebas. registraciis gasaaadvileblad am balonSi SeyavT haeris 

garkveuli raodenoba da sazRvraven haeris wnevis cvlilebas. 

temperaturuli dreifis gamosaricxad wylis pletizmografSi 

uzrunvelyofen temperaturis mudmivobas. hidrostatikurma wnevam 

SeiZleba gamoiwvios sisxlZarRvebis Seviwroeba da amiT moaxdinos 

arasasurveli fiziologiuri cvlilebebi. 

 balonis gasavsebad nulis nacvlad SeiZleba haeris gamoyenebac, 

romlis keduris moculobis cvlilebiT gamowveuli moculobis 

cvlileba, registrirdeba uSualod. zogierT pletizmografSi 

balonebs ar iyeneben da cdiloben hermetulad daxuron 

pletizmografiuli kameris is adgilebi, romlebidanac masSi Sedis 

fexi. aseT sistemaSi nulis an haeris danakargi, romelic 



 

ganpirobebulia kameris ganhermetizaciiT, qmnis seriozul problemas. 

zogirT xelsawyoSi pnevmotaqometris saS

nakads kameridan da kameraSi. am nakadebis integrirebiT SesaZlebelia 

moculobis cvlilebis sididis gazomva. pletizmografiuli kamera 

zomebiT unda Seesabamebodes sakvlevi kiduris zomebs. SesaZlebelia 

aseve erTi kameris gamoyeneba kidureb

aRWurvilia irisis diafragmebiT, romelTa daxurviT uzrunvelyofen 

kameris diafragmebis kidurebTan mWidro kontaqts.

        

 sur.6.1.1-ze wvivi moTavsebulia pletizmografiul kameraSi. 

vezozur okluziur manJets beraven vercxlis wylis svetis 50mm (6,7kpa) 

wnevamde, rac gamoricxavs sisxlis ukusvlas venebiT. sisxlis 

arteriuli nakadi iwvevs kameraSi moTavsebuli kiduris moculohbis 

gazrdas, romelic izomeba sensoriT. arteriuli okluziuri manJetis 

funqcia axsnilia teqstSi.

 

  

  sur. 6.1.1-ze naCvenebia movlenebis Tanmimdevroba, romelic 

saSualebas iZleva gaizomos sisxldenis moculoba. (

Canawerze aRniSnuli dakalibreba SeiZleba

magaliTad dakalibrebuli SpriciT siTxis cnobili moculobis 

SeyvaniT. Semdgom kiduras adeben venozur okluziur manJets da 

beraven mas 6,7kpa wnevamde. es wneva gamoricxavs sisxlis venozur 

ukudenas. radganac aseTi wneva manJetSi ver zRu

ganpirobebulia kameris ganhermetizaciiT, qmnis seriozul problemas. 

zogirT xelsawyoSi pnevmotaqometris saSualebiT zomaven haeris 

nakads kameridan da kameraSi. am nakadebis integrirebiT SesaZlebelia 

moculobis cvlilebis sididis gazomva. pletizmografiuli kamera 

zomebiT unda Seesabamebodes sakvlevi kiduris zomebs. SesaZlebelia 

aseve erTi kameris gamoyeneba kidurebisaTvisac. aseTi kamerebi 

aRWurvilia irisis diafragmebiT, romelTa daxurviT uzrunvelyofen 

kameris diafragmebis kidurebTan mWidro kontaqts. 

sur.6.1.1.sur.6.1.1.sur.6.1.1.sur.6.1.1.    

wvivi moTavsebulia pletizmografiul kameraSi. 

vezozur okluziur manJets beraven vercxlis wylis svetis 50mm (6,7kpa) 

wnevamde, rac gamoricxavs sisxlis ukusvlas venebiT. sisxlis 

arteriuli nakadi iwvevs kameraSi moTavsebuli kiduris moculohbis 

izomeba sensoriT. arteriuli okluziuri manJetis 

funqcia axsnilia teqstSi. 

meTodimeTodimeTodimeTodi    

ze naCvenebia movlenebis Tanmimdevroba, romelic 

saSualebas iZleva gaizomos sisxldenis moculoba. (Raines, Darling,1976

Canawerze aRniSnuli dakalibreba SeiZleba ganxorcieldes kameraSi, 

magaliTad dakalibrebuli SpriciT siTxis cnobili moculobis 

SeyvaniT. Semdgom kiduras adeben venozur okluziur manJets da 

beraven mas 6,7kpa wnevamde. es wneva gamoricxavs sisxlis venozur 

ukudenas. radganac aseTi wneva manJetSi ver zRu
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ganpirobebulia kameris ganhermetizaciiT, qmnis seriozul problemas. 

ualebiT zomaven haeris 

nakads kameridan da kameraSi. am nakadebis integrirebiT SesaZlebelia 

moculobis cvlilebis sididis gazomva. pletizmografiuli kamera 

zomebiT unda Seesabamebodes sakvlevi kiduris zomebs. SesaZlebelia 

isaTvisac. aseTi kamerebi 

aRWurvilia irisis diafragmebiT, romelTa daxurviT uzrunvelyofen 

 

wvivi moTavsebulia pletizmografiul kameraSi. 

vezozur okluziur manJets beraven vercxlis wylis svetis 50mm (6,7kpa) 

wnevamde, rac gamoricxavs sisxlis ukusvlas venebiT. sisxlis 

arteriuli nakadi iwvevs kameraSi moTavsebuli kiduris moculohbis 

izomeba sensoriT. arteriuli okluziuri manJetis 

ze naCvenebia movlenebis Tanmimdevroba, romelic 

Raines, Darling,1976). 

ganxorcieldes kameraSi, 

magaliTad dakalibrebuli SpriciT siTxis cnobili moculobis 

SeyvaniT. Semdgom kiduras adeben venozur okluziur manJets da 

beraven mas 6,7kpa wnevamde. es wneva gamoricxavs sisxlis venozur 

ukudenas. radganac aseTi wneva manJetSi ver zRudavs arteriul 
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sisxldenas, kiduris moculobis cvlileba drois erTeulSi sisxlis 

arteriuli denis tolia. Tu kameraSi moTavsebulia mTeli kiduri, 

maSin izomeba mTel kidurSi arteriuli sisxldena. xolo Tu kameraSi 

moTavsebulia kiduris mxolod sigmenti, rogorc es naCvenebia sur. 

#8.15-ze, maSin kameris distalur mxareze unda daidos arteriuli 

manJeti, romelSic qmnian 24kpa wnevas. es manJeti gamoricxavs 

arteriuli sisxlis denas kiduris im segmentSi, romelic ar aris 

CarTuli kameraSi da saSualebas iZleva gaizomos sisxldenis 

moculoba kiduris mxolod imsegmentSi, romelic moTavsebulia 

kameraSi. 

 venozuri okluziuri manJetis daSvebidan ramodenime wamSi 

venebSi wneva iwevs 6,7kpa-s. am dros aRdgeba sisxlis venozuri uku 

dena, rasac Tan sdevs moculobis droze damokidebulebis mrudis 

platoze gasvla. rodesac eqsperimentori daagdebs wnevas venozuri 

okluziuri manJetSi, kiduris Sesaswavl manJetSi sisxlis moculoba 

swrafad ubrundeba sawyis dones (A mrudi sur.6.1.2.-ze). Tu adgili aqvs 

venozur Trombs, romelic xels uSlis sisxlis venozur ukudenas, 

maSin sisxlis moculoba kiduris sigmentSi normas ubrundeba 

gacilebit nela (mrudi B sur. 6.1.2.-ze) amrigad, es meTodi sasargebloa 

ara ingazuri testis saxiT Trombozebis gamosavlenad. 

 Semmlow(1988) aRniSna, rom ereqcia (sasqeso asos gadideba) aris 

erTaderTi fiziologiuri reaqcia romelic saSualebas iZleva 

mamakacis sqesobrivi aRzneba saimedod diferencirebis sxva emociuri 

mdgomareobebisagan. adre, ereqciis donis gansazRvrisaTvis iyenebdnen 

wyliT an haeriT gavsebul pletizmografiul kamerebs. exla am mizniT 

iyeneben ufro mcire zomis mrgval metalis lentebs an deformaciis 

Wimvad sensorebs. 



 

     

 moculobis droze damokidebulebis mrudis daxra, romelic izomeba 

venozuri okluziuri manJetis gabervisTanave (starti), arteriuli 

sisxldenis gazomvis saSualebas iZ

moTavsebuli sigmentis moculoba swrafad ubrundeba sawyis dones 

manJetSi wnevis dagdebisTanave (

Trombozis dros, romelic xels uSlis sisxlis ukudenas, moculobis 

normaluri mniSvnelobis aRdgena nela xdeba (

 

6666.2..2..2..2.

 

 did problemas ar warmoadgens qsovilis se

eleqtrodebis mierTeba da misi impendansis gazomva. radganac qsovilis 

moculoba icvleba masSi sisxld

(rasac adgili aqvs kidurebSi), xolo qso

icvleba masSi arsebuli haris Semcvelobis cvlisas (rasac adgili 

aqvs filtvebSi), amitom am procesebisas qsovilis impendasic unda 

icvlebodes (Anderson,1988)

 impendasur pletizmografias iyeneben mraval sxvadasxva sididis 

gasazomad, umravles SemTxvevaSi am meTodis sizuste Zalian maRalia, 

an saerTod ar aris cnobili.

 

 

sur.sur.sur.sur.6.1.2.6.1.2.6.1.2.6.1.2.    

moculobis droze damokidebulebis mrudis daxra, romelic izomeba 

venozuri okluziuri manJetis gabervisTanave (starti), arteriuli 

sisxldenis gazomvis saSualebas iZleva. kiduris kameraSi 

moTavsebuli sigmentis moculoba swrafad ubrundeba sawyis dones 

manJetSi wnevis dagdebisTanave (A). venozuri sisxlZarRvebis 

Trombozis dros, romelic xels uSlis sisxlis ukudenas, moculobis 

normaluri mniSvnelobis aRdgena nela xdeba (B). 

.2..2..2..2.    impendansuri pletizmografiaimpendansuri pletizmografiaimpendansuri pletizmografiaimpendansuri pletizmografia    

lemas ar warmoadgens qsovilis se

eleqtrodebis mierTeba da misi impendansis gazomva. radganac qsovilis 

moculoba icvleba masSi sisxldinebis sapulso talRis gavlisas 

(rasac adgili aqvs kidurebSi), xolo qsovilis xvedriTi winaRoba 

icvleba masSi arsebuli haris Semcvelobis cvlisas (rasac adgili 

aqvs filtvebSi), amitom am procesebisas qsovilis impendasic unda 

Anderson,1988).  

impendasur pletizmografias iyeneben mraval sxvadasxva sididis 

mravles SemTxvevaSi am meTodis sizuste Zalian maRalia, 

an saerTod ar aris cnobili. 
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moculobis droze damokidebulebis mrudis daxra, romelic izomeba 

venozuri okluziuri manJetis gabervisTanave (starti), arteriuli 

leva. kiduris kameraSi 

moTavsebuli sigmentis moculoba swrafad ubrundeba sawyis dones 

). venozuri sisxlZarRvebis 

Trombozis dros, romelic xels uSlis sisxlis ukudenas, moculobis 

lemas ar warmoadgens qsovilis segmentisaTvis 

eleqtrodebis mierTeba da misi impendansis gazomva. radganac qsovilis 

talRis gavlisas 

vilis xvedriTi winaRoba 

icvleba masSi arsebuli haris Semcvelobis cvlisas (rasac adgili 

aqvs filtvebSi), amitom am procesebisas qsovilis impendasic unda 

impendasur pletizmografias iyeneben mraval sxvadasxva sididis 

mravles SemTxvevaSi am meTodis sizuste Zalian maRalia, 



 

 

 1950 wlebis dasawyisSi 

gamoiyeneba impendasur pletizmografiaSi. Tumca Cven am formulas 

gamoviyvanT Swanson (1976) 

konceptualurad, ise maTemaTikuradac. sur.#8.17 gamosaxulia 

is mier SemoTavazebuli kiduris cilindruli modeli. imisaTvis rom 

gamoyvanil iqnas am modelis aRmweri formula, aucilebelia 3 

daSvebis gakeTeba. (1) arteriis gafarToeba erTgvarovnad unda 

CaiTvalos (mTel sigrZeze erTnairi). SesaZloa is daSveba samarTliani 

iyos normaluri sisxlZarRvebisaTvis, magram is aSkarad 

arasamarTliania paTeologiuri cvlilebebis mqone 

sisxlZarRvebisaTvis. (2) sisxlis xvedriTi w

mudmiv sidided. saerTod sisxlis xvedriTi winaRoba mcirdeba 

sisxldenis Semcirebisas imis gamo, rom dabali sisxldenis dros 

eriTrocitebi gadanacvldebian sisxlZarRvis ReZisaken da lagdebian 

denis xazis gaswvriv. amis garda maRal sixSi

mxolod aqtiuri (namdvili) aramed pasiuri Semadgenelic. (3) unda 

CaiTvalos, rom eleqtruli deni moedineba arteriebis paralelurad, 

es daSveba rogor

umravlesobisaTvis, magram muxlisaTvis aseTi daSve

Secdomaa. 

 

muSaobis principimuSaobis principimuSaobis principimuSaobis principi 

1950 wlebis dasawyisSi Nyboer (1970) Seadgina gantoleba, romelic 

gamoiyeneba impendasur pletizmografiaSi. Tumca Cven am formulas 

Swanson (1976) mixedviT, rac ufo martivia rogorc 

konceptualurad, ise maTemaTikuradac. sur.#8.17 gamosaxulia 

is mier SemoTavazebuli kiduris cilindruli modeli. imisaTvis rom 

gamoyvanil iqnas am modelis aRmweri formula, aucilebelia 3 

. (1) arteriis gafarToeba erTgvarovnad unda 

CaiTvalos (mTel sigrZeze erTnairi). SesaZloa is daSveba samarTliani 

iyos normaluri sisxlZarRvebisaTvis, magram is aSkarad 

arasamarTliania paTeologiuri cvlilebebis mqone 

sisxlZarRvebisaTvis. (2) sisxlis xvedriTi winaRoba Pb 

mudmiv sidided. saerTod sisxlis xvedriTi winaRoba mcirdeba 

sisxldenis Semcirebisas imis gamo, rom dabali sisxldenis dros 

eriTrocitebi gadanacvldebian sisxlZarRvis ReZisaken da lagdebian 

denis xazis gaswvriv. amis garda maRal sixSireebze 

mxolod aqtiuri (namdvili) aramed pasiuri Semadgenelic. (3) unda 

CaiTvalos, rom eleqtruli deni moedineba arteriebis paralelurad, 

es daSveba rogorc Cans samarTliania kidurebis se

umravlesobisaTvis, magram muxlisaTvis aseTi daSve
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Seadgina gantoleba, romelic 

gamoiyeneba impendasur pletizmografiaSi. Tumca Cven am formulas 

mixedviT, rac ufo martivia rogorc 

konceptualurad, ise maTemaTikuradac. sur.#8.17 gamosaxulia Swanson-

is mier SemoTavazebuli kiduris cilindruli modeli. imisaTvis rom 

gamoyvanil iqnas am modelis aRmweri formula, aucilebelia 3 

. (1) arteriis gafarToeba erTgvarovnad unda 

CaiTvalos (mTel sigrZeze erTnairi). SesaZloa is daSveba samarTliani 

iyos normaluri sisxlZarRvebisaTvis, magram is aSkarad 

arasamarTliania paTeologiuri cvlilebebis mqone 

Pb unda CaiTvalos 

mudmiv sidided. saerTod sisxlis xvedriTi winaRoba mcirdeba 

sisxldenis Semcirebisas imis gamo, rom dabali sisxldenis dros 

eriTrocitebi gadanacvldebian sisxlZarRvis ReZisaken da lagdebian 

reebze Pb-s aqvs ara 

mxolod aqtiuri (namdvili) aramed pasiuri Semadgenelic. (3) unda 

CaiTvalos, rom eleqtruli deni moedineba arteriebis paralelurad, 

c Cans samarTliania kidurebis segmentebis 

umravlesobisaTvis, magram muxlisaTvis aseTi daSvebis gakeTeba 
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sur. 6.2.1.sur. 6.2.1.sur. 6.2.1.sur. 6.2.1.    

impendasuri pletizmografia. (a) monacemebis maintepretirebeli 

modeli. cilindrul kidurs aqvs L sigrZe da ganivkveTis A farTobi. 

wnevis yoveli pulsaciisas A izrdeba   ∆A sididiT (daStrixulia). (b) 

imisaTvis rom gaTvaliswinebul iqnas sisxlis es damatebiTi 

moculoba. aucilebelia cvladi Zp impendasis Z impendasisaTvis 

paraleluri mierTeba. (g) Cveulebriv Zb impendasis gazomvis nacvlad 

zomaven impendansis cvlilebas  ∆Z-s. 

Suntirebeli Zb impendansi Tavisi warmoSobiT dakavSirebulia sisxlis 

damatebiT ∆V moculobasTan, romelic Seesabameba ganivkveTis 

farTobis gazrdas   ∆A sididiT: 

 

 
A

L
Z b

b ∆
=

ρ
                           (6.2.1.) 

da 

  
b

b

Z

L
ALV

2ρ
=∆=∆                                                (6.2.2.) 

 Tumca saWiroa sur.6.2.1(b)-ze gamosaxuli Zb impendansis Secvla  

  ∆Z=[(Zb//Z)-Z] impendasiT, romelic izomeba Cveulebriv da mocemulia 

sur.6.2.1.(g)-ze. 

 amrigad, 

 

 
bb

b

ZZ

Z
Z

ZZ

ZZ
Z

+
−=−

+
=∆

2

                                        (6.2.3.)^ 

 

imis gaTvaliwinebit, rom  Z    Zb miviRebT: 

 

 2

1

Z

Z

Zb

∆−≡                                                       (6.2.4.) 

 

Tu (8.24) CavsvamT (8.22)-Si miviRebT 
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 2

2

Z

ZL
V b ∆−

=∆
ρ

                                                 (6.2.5.) 

 

 Tu gakeTebuli daSvebebi samarTliania, maSin formula (6.2.5) 

saSualebas gvaZlevs gamoviTvaloT sidide  ∆V .  

 miuxedavad imisa rom Tanafardoba (8.25) samarTliania nebismier 

sixSireze, arsebobs ramdenime mosazreba, ris gamoc gazomvebi xdeba 

100khc sixSireze. 

 sasurvelia, rom gasazomi deni 1ma-ze meti iyos, romelic 

saSualebas iZleva miRweul iqnas signali/xmauri Tanafardobis (sxT) 

kargi mniSvneloba. dabal sixSireebze aseTi Zalis deni iwvevs 

eleqtruli dartymis arasasiamovno SegrZnebas. Tumca arasasiamovno 

SegrZnebebi, romlebic dakavSirebulia eleqtruli denis gavlenasTan, 

denis sixSiris matebasTan erTad klebulobs. amrigad, arasasiamovno 

SegrZnebebis Tavidan asacileblad sixSire unda iyos 20khc-ze meti. 

 sixSireebis dabali mniSvnelobidan 100khc-mde gazrdisas, 

impendansi sazRvarze kani-eleqtrodi iklebs daaxloebiT 100 jer. 

amitom azri aqvs sakmaod maRali sixSiris signalis gamoyenebas 

imisaTvis, rom pirveli Semcirdes impendansi sazRvarze kani-

eleqtrodi, da meore, Semcirdes am impendasis arasasurveli 

cvlilebebi, romelic Tan sdevs pacientebis moZraobas. 

 Tu gamoyenebul iqneba iseTi sixSireebi, romlebic mniSvnelovnad 

aRemateba 100khc-s, maSin parazitulo moculobebis dabali impendansi 

Zlier gaarTulebs mowyobilobis konstruirebas. 

 

6666.3. .3. .3. .3. bipolaruli da tetrapolaruli pletizmografiabipolaruli da tetrapolaruli pletizmografiabipolaruli da tetrapolaruli pletizmografiabipolaruli da tetrapolaruli pletizmografia    

 

 zogierT impendansur pletizmografiaSi ekonomiurobisa da 

gamoyenebis simartivis mosazrebidan gamomdinare, iyeneben mxolod 2 

eleqtrods, rogorc es naCvenebia sur.6.3.1.-ze. impendansur 

pletizmografiis aseTi realizaciisas (romelsac bipolaruls 

uwodeben), deni i miewodeba imave eleqtrodebiT, romlebic gamoiyeneba 

V Zabvis sazomad. aseTi mowyobilobis gamoyeneba dakavSirebulia 

ramodenime problemasTan: denis simkvrive eleqtrodebTan axlos ufro 



 

maRalia, vidre qsovilis sxva ubnebSi. aqedan gamomdinare, gazomili 

impendansi Z=Vli metwilad ganpirobebulia qsovilebis TaviseburebebiT, 

romlebic ganlagebulia uSualod eleqtrodebis siaxloves, vidre 

daSorebuli qsovilebis ubnebiT.

pulsacia, CvenTvis saintereso qsovilis impendansis cvlilebis garda, 

iwvevs asevev impendansis cvlilebas sazRvarze kani

impendansis gayofa SeuZlebelia da Sedegad SeuZlebelia qsovilis 

impendansis cvlilebis WeSmariti maCveneblis gansazRvra.

CvenTvis saintereso ubanSi denis simkvrive araerTgvarovania, 

SeuZlebelia (6.2.5) Tanafardobis gamoyeneba.

am problemebis daZlevis mizniT, eqimebi iyeneben tetrapolarul 

(oTxeleqtrodian) pletizmografias, 

ze. xolo Zabvis aRqma xdeba ori Sida eleqtrodis saSualebiT. aseTi 

sqemis dros, debnis simkvrive or Sida eleqtrods Soris bevrad 

ufro erTgvarovania, xolo impendansis cvlileba sazRvarze kani

eleqtrodi iwvevs mxolod me

moyvanil sqemaze gadamrTvelebi imyofebian iseT adgilebSi, rac 

Seesabameba bipolarul pletizmografias. pletizmografiis aseTi 

varianti iwvevs Zabvis gamzomi eleqtrodebis axlos denis ufro met 

simkvrives (uwyveti zolebi). Tu gadamrTvelebs gadavanacvlebT 

tetrapolaruli impendansuri platizmografis Sesabamis adgilebSi, 

Ralia, vidre qsovilis sxva ubnebSi. aqedan gamomdinare, gazomili 

metwilad ganpirobebulia qsovilebis TaviseburebebiT, 

romlebic ganlagebulia uSualod eleqtrodebis siaxloves, vidre 

daSorebuli qsovilebis ubnebiT. qsovilSi sisxlis moculobis 

acia, CvenTvis saintereso qsovilis impendansis cvlilebis garda, 

iwvevs asevev impendansis cvlilebas sazRvarze kani-eleqtrodi. am ori 

impendansis gayofa SeuZlebelia da Sedegad SeuZlebelia qsovilis 

impendansis cvlilebis WeSmariti maCveneblis gansazRvra.

CvenTvis saintereso ubanSi denis simkvrive araerTgvarovania, 

5) Tanafardobis gamoyeneba. 

am problemebis daZlevis mizniT, eqimebi iyeneben tetrapolarul 

(oTxeleqtrodian) pletizmografias, romlis sqema mocemulia sur.6.3.1

ze. xolo Zabvis aRqma xdeba ori Sida eleqtrodis saSualebiT. aseTi 

sqemis dros, debnis simkvrive or Sida eleqtrods Soris bevrad 

ufro erTgvarovania, xolo impendansis cvlileba sazRvarze kani

eleqtrodi iwvevs mxolod me-2 rigis simciris Secdomebs. 

 

sur 6.3.sur 6.3.sur 6.3.sur 6.3.1.1.1.1.    

moyvanil sqemaze gadamrTvelebi imyofebian iseT adgilebSi, rac 

Seesabameba bipolarul pletizmografias. pletizmografiis aseTi 

varianti iwvevs Zabvis gamzomi eleqtrodebis axlos denis ufro met 

simkvrives (uwyveti zolebi). Tu gadamrTvelebs gadavanacvlebT 

apolaruli impendansuri platizmografis Sesabamis adgilebSi, 
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Ralia, vidre qsovilis sxva ubnebSi. aqedan gamomdinare, gazomili 

metwilad ganpirobebulia qsovilebis TaviseburebebiT, 

romlebic ganlagebulia uSualod eleqtrodebis siaxloves, vidre 

qsovilSi sisxlis moculobis 

acia, CvenTvis saintereso qsovilis impendansis cvlilebis garda, 

eleqtrodi. am ori 

impendansis gayofa SeuZlebelia da Sedegad SeuZlebelia qsovilis 

impendansis cvlilebis WeSmariti maCveneblis gansazRvra. ramdenadac 

CvenTvis saintereso ubanSi denis simkvrive araerTgvarovania, 

am problemebis daZlevis mizniT, eqimebi iyeneben tetrapolarul 

romlis sqema mocemulia sur.6.3.1-

ze. xolo Zabvis aRqma xdeba ori Sida eleqtrodis saSualebiT. aseTi 

sqemis dros, debnis simkvrive or Sida eleqtrods Soris bevrad 

ufro erTgvarovania, xolo impendansis cvlileba sazRvarze kani-

2 rigis simciris Secdomebs.  

 

moyvanil sqemaze gadamrTvelebi imyofebian iseT adgilebSi, rac 

Seesabameba bipolarul pletizmografias. pletizmografiis aseTi 

varianti iwvevs Zabvis gamzomi eleqtrodebis axlos denis ufro met 

simkvrives (uwyveti zolebi). Tu gadamrTvelebs gadavanacvlebT 

apolaruli impendansuri platizmografis Sesabamis adgilebSi, 
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maSin gamzom eleqtrodebs Soris denis simkvrive (uwyveti xazebi) 

gaxdeba ufro erTgvarovani. 

 

mudmivi denis generatorimudmivi denis generatorimudmivi denis generatorimudmivi denis generatori    

    

    

 sur. 6.3.1.-ze tetrapolaruli impendansuri pletizmografis 

eleqtruli SeerTebis sqema. idealSi, i denis generatorma unda 

uzrunvelyos Z qsovilis impendansSi mudmivi deni, am impendansis 

cvlilebis an sxva impendansebisagan damoukideblad. Tumca, realur 

sistemaSi, arsebobs Zi maSuntirebeli impensdansi, romelic 

waroqmnilia parazituli moculobis an kabelis moculobis wyalobiT. 

100khc sixSirisas, 15 pf toli moculoba Seesabameba 100 komi rigis 

impendanss. wyarodan gamosuli mudmivi deni iyofa z da Zi impendansebs 

Soris da radganac Zi, ∆Z da Z4 is mniSvnelobebi icvleba, amitomac 

fardobac, romelSic deni iyofa Z da Zi-s Soris ar aris mudmivi. es 

aris seriozuli problema meTodis praqtikuli gamoyenebisas, 

radganac  Zi, ∆Z da Z4 impendansebis cvlileba Zalian mcirea, xolo 

impendansi Z kargad SemuSavebul xelsawyoebSi sakmaod maRalia. amis 

garda, Z da Zi impendansebi fazis mixedviT gadanacvlebulia TiTqmis 

900-iT, rac asevev amartivebs aRniSnul problemas. xSirad damiwebis 

parazitul konturTan dakavSirebuli problemis aRmosafxvrelad, 

mudmiv dens awodeben maizolirebeli mowyobilebis gavliT 

(transformatori, Tu denis xangrZlivoba ar aris didi), romelsac 

gaaCnia gasvlis mcire moculoba (moculoba transformatoris xviebs 

Soris). 

 

Zabvis gamaZlierebeliZabvis gamaZlierebeliZabvis gamaZlierebeliZabvis gamaZlierebeli    

    

 rogorc sur.6.3.2-dan Cans, Zabvis registraciisaTvis gamoiyeneba 

Z2 da Z3 eleqtrodebi. idealSi Zabvis maZlierebels unda hqondes 

sakmaod didi Semevali winaRoba, imisaTvis, rom deni Z2 da Z3 

winaRobebSi praqtikulad gautoldes 0-s. reralurad ki arsebobs 

maSuntirebeli Zv impendansi, romelic ganpirobebulia parazituli 
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moculobiT, asevev kabelisa da gamaZliereblis moculobebiT. amasTan 

gasazomi Zabva (Zabvca romelic gamodis Z+∆Z impendansebidan) icvleba 

Z2 da Z3 impendansebis cvlilebidan gamomdinare. es saerTod ar 

warmoadgens seriozul problemas, radgan Z2 da Z3 impendansebis 

cvlileba Zalian mcirea, xolo impendansi Z kargad konstruirebul 

xelsawyoebSi maRalia. amis garda Z2 da Z3 impendansebi, fazis 

mixedviT Zi impendansis mimarT TiTqmis 900 –iT aris gadanacvlebuli, 

rac aseve amartivebs problemas. sur 8.18-ze ar aris naCvenebi 

sinfazuri mpendansebi gamaZliereblis yvela Sesevalsa da minas Soris. 

Tu xelsawyo cudad aris daproeqtebuli, am impendansebs Soris 

balansireba iwvevs gazomvisas Secdomebs. umravles SemTxvevaSi Zabvis 

miwodeba xdeba mcire tevadobis transformatoriT, rac saSualebas 

iZleva gawyvetil iqnas damiwebis parazituli konturi. ganxiluli 

gamaZliereblis gaZlierebis koeficienti SeiZleba arc ise maRali 

iyos, radgan Cveulebriv registrirebadi Zabva tolia V=iZ≈0,004x4=0,16B 

        

 

sur.6.3.2.sur.6.3.2.sur.6.3.2.sur.6.3.2.    

tetrapolarul impendansur pletizmografSi deni moZraobs or gareTa 

eleqtrods Soris, xolo Zabvis aRqma xdeba ori Sida eleqtrodiT. 

gaZlierebisa da demodulaciis Semdeg miiReba signali, romlis sidide 

(Z+∆Z)-is proporciulia, sistemis normaluri muSaobisas ∆Z-is 

saZiebel sidides Rebuloben damabalansirebeli Vb Zabvis miwodebiT. 

V0 sididisgajerebaze gasvlisas irTveba Camoyris avtomaturi sistema. 
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komparatori signals awodebs gamorCeva-Senaxvis mowyobilobaze, 

romelic imaxsovrebs Vibe Zabvas, romelic Tavis mxriv Seesabameba 

(Z+∆Z)-is mniSvnelobas. am dros xdeba saboloo V0 gamaZliereblis 

gamosavlis 0-ze davardna. ∆Z-is mniSvnelobis Semdgomi cvlilebebi 

iwvevs V0 sididis gazomvas gamaZliereblis gajerebaze gasvlis gareSe.    

 

demodulaciademodulaciademodulaciademodulacia    

    

 gamaZlierebelis gamosavalze adgili aqvs maRalsixSiruli 

signalebis arsebobas, daaxloebiT 100 khc, romlis amplituda 

modulirebulia: ∆Z-is susti signaliT. am signalis demodulacia 

SesaZlebelia amplitudur-modulirebuli signalis nebismieri 

deteqtoriT. am mxriv saukeTesoa fazamgrZnobiare deteqtori, radganac 

is ar ganicdis qseluri Zabvis sixSireze xmauris gavlenas. 

   

balansirebis meTodibalansirebis meTodibalansirebis meTodibalansirebis meTodi    

    

 demodulaciis gamosavalze signali Seesabameba impendansebis 

(Z+∆Z)-is jams. ufro xSirad sasargeblo informacias Seicavs ∆Z, 

Tumca misi gamoyofa sakmaod Znelia, radganac SesaZlebelia is 

Seadgendes  Z-is meaTaseds. ∆Z-is gamoyofis erT-erTi meTodia msf-s  

romelic atarebs mxolod 0,05 hc-mde maral sixSireebs. aseTi meTodi 

damakmayofilebel Sedegebs iZleva pulsuri arteriuli cvlilebebis 

gazomvisas, magram is ar gamodgeba sunTqvasTan  an venaSi mimdinare 

procesebTan dakavSirebiT. imisaTvis, rom xelsawyom gazomos 

dabalsixSiruli cvlilebebi da gamoyos ∆Z-is neli cvlilebebi, 

saWiroa, iseve rogorc es naCvenebia sur. 6.3.2.-ze, demodulatoris 

signmals gamoakldes balansirebis vb Zabva. am sididis miwodeba 

SeiZleba mudmivi Zabvis regulirebadi wyarodan, magram am SemTxvevaSi 

i denis mcire (SemTxveviTi) cvlilebebi gamoiwvevs Secdomebs ∆Z 

sididis gazomvisas. Vb sididis micemis ufro xelsayreli xerxia am 

sididis miReba gamarTuli signalidan, romelic miewodeba i denis 

generatoridan. am SemTxvevaSi signali iqceva rogorc uitstonis xidi: 

mkvebavi denis cvliolebebi ar iwveven xidis balansis darRvevas. 
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Tumca arsebobs kidev erTi problema. im SemTxvevaSi, rodesac 

eleqtrodebi axaldadebulia an pacienti inZreva, xdeba Z sididis 

iseTi cvlileba, romelic aRemateba ∆Z sidides. imisaTvis, rom 

gamoiricxos ∆Z sididis mudmivi Semadgenenlio (romelmac SeiZleba 

gamoiwvios gamaZliereblis gajereba), operatorma xeliT unda 

daayenos Vb-s saWiro mniSvneloba. imisaTvis, rom Tavidan acilebul 

iqnas xeliT dayenebis procedura, SemuSavebul iqna avtomaturi 

Camoyris sistema .im SemTxvevaSi rodesac ∆Z-is registrirebadi sidide 

aris imdenad maRali, rom iwvevs gamaZliereblis gajerebaze gasvlas. 

gamorCeva-Senxvis sqema ayenebs      Vb= Z+∆Z, rac Camoyris ∆Z-is 

sidides nulze. Canawerze aseToi swrafi Camoyra advili SesamCnebia, 

radgan is gansxvavdeba nela mimdinare fiziologiuri 

cvclilebebisagan. arsebobs impendansuri pletiozmografis 

avtomaturi balansirebis sistemis dawvrilebiTi aRwera (Shankar, 

Webster, 1985). 
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6666.4. .4. .4. .4. impendansuri pletizmografiis gamoyenebaimpendansuri pletizmografiis gamoyenebaimpendansuri pletizmografiis gamoyenebaimpendansuri pletizmografiis gamoyeneba    

    

impendansuri pletizmografia gamoiyeneba qsovilTa moculobis 

sxvadasxva cvlilebebis gasazomad (Geddes, Baeer, 1989). Tu eleqtrodebs 

daayeneben pacientis fexebze, SesaZlebelia dadgindes Seesabameba Tu 

ara normas moculobebis pulsacia kidurebSi. Tu erT kidurSi 

pulsuri mrudis amplituda gacilebiT naklebia, vidre me-2 kidurSi, 

es miuTiTebs pirvel kidurSi sisxlZarrvebis obstruqciaze. Tu 

pulsaciis amplituda Semcirebulia orive kidurSi, es miuTiTebs 

orive kiduris mkvebavi proqsimaluri sisxlZarRvebis obstruqciaze. 

klinikaSi yvelaze farTo gavrceleba hpova venebis trombozebis 

gansazRvris arainvaziurma meTodma, romelic dafuZnebulia venozur 

okluziur pletizmografiaze. impendansuri pletizmografiiT (sur. 

6.1.1.) ganxorcielebuli moculobebis cvlilebebis Sefaseba saSualebas 

iZleva acilebul iqnas didi zomis platizmografiuli  kamerebisa da 

manJetebis gamoyenebis aucilebloba (sur. 6.1.2.).  

gulmkerdis Rrus orive mxareze dadebuli eleqtrodebi iZlevian 

zust monacemebs sunTqviT moZraobebze, Tumca am meTodiT gazomil 

sunTqviTi moculobebis cvlileba SedarebiT arazustia. eleqtruli 

impendansis transtoraqsul gazomvas farTod iyeneben bavSvebSi 

sunTqvis gaCerebis monitoringisas, rac uecari sikvdilis sindromis 

profilaktikis saSualebas iZleva. kardeiogenuli da moZraobasTan 

dakavSirebuli artefaqtebis gafiltvrisas, kompiuterul 

algoriTmebSi iyeneben Cvenebis gamocnobis meTodebs, mag: zRvris 

gadideba, adaptiuri zRvari da maqsimaluri mniSvnelobebis gansazRvra 

(Neuman, 1988). 

eleqtrodebis dadeba kisrisa da welis irgvli, saSualebas 

iZleva eleqtruli deni gatardes msxvil sisxlZarRvebSi, romlebic 

uSualod arian gulTan dakavSirebuli. amgvarad registrirebuli 

impendansis cvlilebebiT SesaZlebelia gulis dartymiTi 

gamotyorcnebis Rrma Sefaseba (Kubieek et al. 1970). dawvrilebiTi 

mimoxilva impendansuri kardiografiis saSualebiT mocemulia SromaSi 

(Mohapatra, 1988). impendansuri kardiografiis signalebi midebul iqna 

eleqtrtodebis kiserze, gulmkerdis Rrus zeda da qveda nawilze 
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dadebiT pacientebze, romlebic imyofebodnen zurgze mwoliare da 

mjdomiare mdgomareobebSi, aseve pacientebze, romlebic  asrulebdnen 

veloergometrze datvirTvis tests (Patterson et al., 1991). wertilovan 

eleqtrodebs ganalageben sxvanairad, vidre lentur eleqtrodebs da 

ar iZlevian saSualebas zustad gaizomos gulis sistolebi, magram 

misaRebad afaseben regionaluri sisxldenis sidideebs. lenturi 

eleqtrodebis gamoyeneba upriania janmrTel adamianebTan mimarTebaSi, 

xolo mZimed avadmyofi pacientebis guli sistolebis Sesafaseblad 

sruliad gamousadegaria. 

miuxedavad imisa, rom Nyboer-i (1970) da sxva avtorebi amtkiceben, 

rom impendansuri pletizmografiis gamoyeneba SeiZleba kidurebSi 

sisxldenis Sesafaseblad, Swanson-ma aCvena, rom es meTodi msgavsi 

amocanebis gadasawyvetad gamousadegaria. 

SesaZlebelia marcxena parkuWSi rvaeleqtrodiani kaTeteris 

Seyvana, denis gatareba pirvel da merve lentur eleqtrods Soris da 

Zabvis wyvilwyvilad gazomva eleqtrodebs Soris. impendansis 

cvlilebebidan gamomdinare SesaZlebelia droSi parkuWis moculobis 

cvlilebis gansazRvra xolo am monacemebidan wuTis ganmavlobaSi 

sisxldenis moculobis Sesaxeb informaciis miReba. wneva-moculoba 

mrudis qveS farTobis gansazRvra saSualebas iZleva gaizomos 

marcxena parkuWSis muSaoba erTi dartymis  ganmavlobaSi. 

zogierTi avtori amtkicebs, rom kidurebs Soris impendansis 

gazomviT SesaZlebeblia gamosakvlev sxeulSi wylisa da cximis 

moculobebis gansazRvra. tumca mtevansa da terfs Soris gazomili 

impendansi, ZiriTadad ganisazRvreba xelisa da fexis impendansebis 

sididiT, xolo am impendansSi torsis Senatani, romelic sxeulis 

saerTo masis naxevars Seadgens  5%-ze naklebia. Tumca Tu xelis, 

fexis da torsis impendansebi gaizomeba cal-calke, SesaZlebelia 

Sesafaseblad ufro vargisi Sedegebis miReba (patterson, 1989).   

N eleqtrodebis saSualebiT  miRebuli damoukidebenli gazomvebis 

raodenoba tolia N(N-1)/2. Tu gulmkerdis Rrus perimetrze dadebuli 

iqneba 16 eleqtrodi maSin SesaZlebelia 120 damoukidebeli gazomvis 

miReba da am monacem,ebiT gulmkerdis Rrus SigniT winaRobebis 

ganawilebis organzomilebiani suraTis Seqmnis mcdeloba. aseTi 
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suraTis Sesaqmnelad vargisi eleqtruli denis miwodebis, 

eleqtrodebs Soris Zabvis gazomvisa da optimizaciuri 

marekonstruirebeli algoriTmi moemulia Webster-is (1990) SromaSi. 

Tumca aseTi suraTis moculobiTi efeqturoba sul raRac 10 %-is 

miuxedavad amisa impendansuri pletizmografia sasargeblo SeiZleba 

iyos pnevmoniis ganviTarebis Sesafaseblad, kuWis SigTavsis evakuaciis 

siCqaris gasazomad, sunTqvis procesis monitoringisaTvis. 

aseTi impendansuri pletizmografiis dadebiT mxares SeiZleba 

mivakuTvnoT misi arainvaziuroba da gamoyuenebis simartive. merTodis 

uaryofiTi mxarea  mravali amocanis gadasawyvetad saWiro sizustis 

uqonloba da is garemoeba, rom bevr SemTxvevaSi ucnobia mizezebi, 

romlebic iwveven impendansis ama Tu im cvlilebebs. 

   

6666.5.5.5.5    fotopletizmografiafotopletizmografiafotopletizmografiafotopletizmografia 

fotopletizmografias safuZvlad udevs sinaTlis gatareba 

kapilarul arxSi. arteriuli wnevis pulsaciis dros kapilaruli 

arxi ivseba sisxliT, rac iwvevs sisxlZarRvebis  moculobis gazrdas, 

rac Tavis mxriv cvlis mocemul ubanSi sinaTlis STanTqmis, arekvlisa 

da gabnevis maxasiaTeblebs. Tumca miuxedavad imisa, rom 

fotopletizmografia aris SedarebiT swrafi movlenebis registraciis 

sakmaod martivi meTodi, is ver iZleva moculobis cvlilebis sakmaod 

zustad  gansazRvris saSualebas. amis garda, fotopletiozmografia  

Zalian mgrZnobiarea moZraobis artefaqtebis mimarT. 

sinaTlis wyaroebisinaTlis wyaroebisinaTlis wyaroebisinaTlis wyaroebi    

    

sur. 6.5.1-ze naCvenebia fotopletizmografiuli meTodis ori 

realizacia, romlebSic wyaros mier gamosxivebuli Suqi gadis sakvlev 

qsovilSi (Geddes, Baker, 1989). Suqis wyaros SesaZlebelia patara 

volframis naTuris gamoyeneba, Tumca gasaTvaliswinebelia is, rom mis 

mier warmoebuli siTbo iwvevs kapilarebis gafarToebas, rac cvlis 

sakvlevis obieqtis mdgomareobas. aseTi zegavlena SeiZleba 

dadebiTadac CaiTvalos radgan vazodilataciis dros izrdeba 

sisxlZarrvebis gafarToebis pulsuri amplituda. zomiT ufro patara 

sinaTlis wyaros Seqmna SeiZleba galiumis arsenidiani Suqdiodis 



 

gamoyenebiT (Lee, et al.1975), romelic iZleva 940 nm speqtruli maqsimumis 

mqone viwrozolian gamos

      

(a), sinTle, romelic gadis TiTis baliSSi, airekleba Zvlidan da 

aRiqmeba fotomimRebiT. 

fotomimRebiT.    

 

adre sinaTlis miRebebad iyenebdne fotorezistorebs. maT

mxolod didi zoma hqondaT aramed icvlidnen mgrZnobelobasac 

sinaTliT dasxivebis Semdeg. amis garda, fotorezistorebis 

gamoyenebisas saWiroa Suqfiltric, romelic SezRudavs mimRebis 

mgrZnobelobas infrawiteli speqtris maxlobeli sixSireebis 

sinaTlisaTvis. am 

romelic yvelaze kargad xilul ubanSi Cans, iwvevs mimRebis 

mgrZnobelobis Secvlas.

ufro mcire zomis mimRebebs akeTeben siliciumiani 

fototranzistorebis safuZvelze. mimRebebis yvela tipTan sasurvelia 

filtrebis gamoyeneba, romlebic atareben mxolod infrawiTel 

gamosxivebas da icaven mimRebs ormagi qseluri sixSiris 100khc

damiznebis gamomwvevi luminescenturi ganaTebisagan. aseTi filtri ar 

uSlis mzis an varvariani naturebis Suqis gatarebas, romlebsac 

SeuZliaT nulovani xazis gadaweva. amis gamo fotopletizmografebs 

moyveba SuqisaTvis SeuRwevadi specialuri yuTebi (CaCebi).

.1975), romelic iZleva 940 nm speqtruli maqsimumis 

rozolian gamosxivebas (sur.6.5.1a). 

sur. 6.5.1.sur. 6.5.1.sur. 6.5.1.sur. 6.5.1.    

(a), sinTle, romelic gadis TiTis baliSSi, airekleba Zvlidan da 

aRiqmeba fotomimRebiT. (b) sinaTle gadis yuris niJaraSi da aRiqmeba 

fotomimRebebifotomimRebebifotomimRebebifotomimRebebi    

adre sinaTlis miRebebad iyenebdne fotorezistorebs. maT

mxolod didi zoma hqondaT aramed icvlidnen mgrZnobelobasac 

sinaTliT dasxivebis Semdeg. amis garda, fotorezistorebis 

gamoyenebisas saWiroa Suqfiltric, romelic SezRudavs mimRebis 

mgrZnobelobas infrawiteli speqtris maxlobeli sixSireebis 

sinaTlisaTvis. am filtris gareSe, sisxlis gajereba JangbadiT, 

romelic yvelaze kargad xilul ubanSi Cans, iwvevs mimRebis 

mgrZnobelobis Secvlas. 

ufro mcire zomis mimRebebs akeTeben siliciumiani 

fototranzistorebis safuZvelze. mimRebebis yvela tipTan sasurvelia 

neba, romlebic atareben mxolod infrawiTel 

gamosxivebas da icaven mimRebs ormagi qseluri sixSiris 100khc

damiznebis gamomwvevi luminescenturi ganaTebisagan. aseTi filtri ar 

uSlis mzis an varvariani naturebis Suqis gatarebas, romlebsac 

ni xazis gadaweva. amis gamo fotopletizmografebs 

moyveba SuqisaTvis SeuRwevadi specialuri yuTebi (CaCebi).

 

eleqtruli sqemebieleqtruli sqemebieleqtruli sqemebieleqtruli sqemebi    
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.1975), romelic iZleva 940 nm speqtruli maqsimumis 

 

(a), sinTle, romelic gadis TiTis baliSSi, airekleba Zvlidan da 

(b) sinaTle gadis yuris niJaraSi da aRiqmeba 

adre sinaTlis miRebebad iyenebdne fotorezistorebs. maT ara 

mxolod didi zoma hqondaT aramed icvlidnen mgrZnobelobasac 

sinaTliT dasxivebis Semdeg. amis garda, fotorezistorebis 

gamoyenebisas saWiroa Suqfiltric, romelic SezRudavs mimRebis 

mgrZnobelobas infrawiteli speqtris maxlobeli sixSireebis 

filtris gareSe, sisxlis gajereba JangbadiT, 

romelic yvelaze kargad xilul ubanSi Cans, iwvevs mimRebis 

ufro mcire zomis mimRebebs akeTeben siliciumiani 

fototranzistorebis safuZvelze. mimRebebis yvela tipTan sasurvelia 

neba, romlebic atareben mxolod infrawiTel 

gamosxivebas da icaven mimRebs ormagi qseluri sixSiris 100khc-s toli 

damiznebis gamomwvevi luminescenturi ganaTebisagan. aseTi filtri ar 

uSlis mzis an varvariani naturebis Suqis gatarebas, romlebsac 

ni xazis gadaweva. amis gamo fotopletizmografebs 

moyveba SuqisaTvis SeuRwevadi specialuri yuTebi (CaCebi). 
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mimRebis gamosasvleli signali  warmoadgens gamavali Suqis 

Zlier signals (sabazo xazi), romelic modulirebulia sakvlev 

qsovilSi sisxlis pulsaciiT gamowveuli Zalian susti signaliT. 

imisaTvis rom gamoyon es susti signali sabazo xazis Zlieri 

signalidan, iyeneben msf-s, romelic atarebs 0,05 hc-ze ufro maRali 

sixSiris signalebs. gafiltrul signals aZliereben raTa miiRon 

sisxlis moculobis pulsaciis sakmaod maRalamplituduri signali. 

pletizmogramis registraciis dros, sakvlevi qsovilis nebismieri 

moZraoba iwvevs sabazo xazis iseT cvlilebebs, romelic mravaljer 

aRemateba pulsaciasTan pulsaciis signals. es, moZraobasTan 

dakavSirebuli didi artefaqtebi iwveven gamaZliereblis gajerebas, 

amitom eleqtrul sqemaSi gasaTvaliswinebelia saSualeba, romelic 

swrafad daabrunebs xelsawyos sasargeblo gamomavali signalis 

registraciisken. 

 

GgGgGgGgamoyenebaamoyenebaamoyenebaamoyeneba    

fotopletizmografia SeiZleba gamoyeneul iqnas mosvenebis 

mdgomareobaSi myofi pacientebisaTvis gulis SekumSvebis registraciis 

mizniT. am SemTxvevaSi meTodis gamoyenebis upiratesoba mdgomareobs 

imaSi rom registrirdeba gulis realuri SekumSvebi, da ara 

eleqtrokardiogramis signalebi. saTanado doneze daculi 

pletizmografi ar aris mgZnobiare gverdiT momuSave 

eleqtroqirurgiuli xelsawyoebisadmi, romelTa gamoyeneba Cveulebriv 

SeuZlebels xdis eleqtrokardiografiis gamoyenebas. Tumca Tu 

pacienti imyofeba Sokis mdgomareobaSi, maSin am dros warmoqmnilma 

vazokonstriqciam SeiZleba gamoiwvios periferiuli sisxldenis iseTi 

Semcireba da Sesabamisad fotopletizmografiis gamomavali signalis 

iseTi dasusteba, rom es meTodi gamousadegari xdeba. aseTi situaciis 

gamoricxvis mizniT, axdenen  cxviris ZgideSi gamavali Suqis 

registracias. aseTi midgomisas fasdeba Sida saZile arteriis 

terminaluri ganStoebebis pulsuri cvlilebebi, da Sesabamisad 

xelsawyodan gamomavali signali korelirebs tvinis sisxlis dinebis 

sididesTan. 

 



 

 

 

 

 

ciklur-wriuli p.e.t.  _

heksogonaluri (b)  wriuli kamerebi, romlebic pacientis irgvliv 

brunavs. wriuli deteqtorebis nakrebi (d) ar brunavs, magram SeuZlia 

odnav mobruneba im zomiT, rom Seavsos deteqtorebs Soris  sivrce.

wriuli kameris 

kolimatorTan da konstruqciiT hgavs deteqtorebs, romelsac 

kompiuterul tomografiaSi gamoiyeneben

Cveulebrivi radiologiur gamokvlevebTan SedarebiT, gamoixateba 

imaSi, rom Wrilis gamosaxuleba mkveTria. emiterebi Warbadaa, romelic 

SeiZleba damzaddes metabolitebis formiT. raodenobrivi gazomvebi

p.e.t-Si gamoixateba emiteris pozitronis koncentraciis gansazRvriT 

qsovilSi. faqtiuri  koncentracia, rom miviRoT p.e.t

dakalibreba aucilebelia.

qsovilis koncentraciis Sesaswavlad Tavisufal erTeulebSi. 

tomografiis Semdeg sisxlis nimuSi mokle droSi SeiZleba 

movaTavsoT scintilaciur mTvlelSi. etalos sididis 

gamosaangariSeblad qsovilSi aqtiurobis Sedarebisa sisxlTan 

gvaZlevs izotopiuri STanTqmis koeficients. am 

gazomili lokaluri tvinis sisxlis moculoba da misi aqtivoba.

tvinis sxvadasxva nawilebi sxvadasxvanairad moqmedebs 

stimulebze. pozitronuli emisiuri tomograma aCvenebs am aqtiurobas 

sur. 6.8.1.sur. 6.8.1.sur. 6.8.1.sur. 6.8.1.    

wriuli p.e.t.  _ kameris konstruqciis evolucia.

sogonaluri (b)  wriuli kamerebi, romlebic pacientis irgvliv 

brunavs. wriuli deteqtorebis nakrebi (d) ar brunavs, magram SeuZlia 

odnav mobruneba im zomiT, rom Seavsos deteqtorebs Soris  sivrce.

naxevrad gamtari deteqtori 

kolimatorTan da konstruqciiT hgavs deteqtorebs, romelsac 

kompiuterul tomografiaSi gamoiyeneben. p.e.t.-is upiratesoba 

Cveulebrivi radiologiur gamokvlevebTan SedarebiT, gamoixateba 

imaSi, rom Wrilis gamosaxuleba mkveTria. emiterebi Warbadaa, romelic 

a damzaddes metabolitebis formiT. raodenobrivi gazomvebi

Si gamoixateba emiteris pozitronis koncentraciis gansazRvriT 

qsovilSi. faqtiuri  koncentracia, rom miviRoT p.e.t

dakalibreba aucilebelia. p.e.t-is kamera SeiZleba gamoviyenoT 

oncentraciis Sesaswavlad Tavisufal erTeulebSi. 

tomografiis Semdeg sisxlis nimuSi mokle droSi SeiZleba 

movaTavsoT scintilaciur mTvlelSi. etalos sididis 

gamosaangariSeblad qsovilSi aqtiurobis Sedarebisa sisxlTan 

gvaZlevs izotopiuri STanTqmis koeficients. am 

gazomili lokaluri tvinis sisxlis moculoba da misi aqtivoba.

tvinis sxvadasxva nawilebi sxvadasxvanairad moqmedebs 

stimulebze. pozitronuli emisiuri tomograma aCvenebs am aqtiurobas 
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kameris konstruqciis evolucia. Aa) 

sogonaluri (b)  wriuli kamerebi, romlebic pacientis irgvliv 

brunavs. wriuli deteqtorebis nakrebi (d) ar brunavs, magram SeuZlia 

odnav mobruneba im zomiT, rom Seavsos deteqtorebs Soris  sivrce., 

 gaerTianebulia 

kolimatorTan da konstruqciiT hgavs deteqtorebs, romelsac 

is upiratesoba 

Cveulebrivi radiologiur gamokvlevebTan SedarebiT, gamoixateba 

imaSi, rom Wrilis gamosaxuleba mkveTria. emiterebi Warbadaa, romelic 

a damzaddes metabolitebis formiT. raodenobrivi gazomvebi 

Si gamoixateba emiteris pozitronis koncentraciis gansazRvriT 

qsovilSi. faqtiuri  koncentracia, rom miviRoT p.e.t-kameris 

is kamera SeiZleba gamoviyenoT 

oncentraciis Sesaswavlad Tavisufal erTeulebSi. 

tomografiis Semdeg sisxlis nimuSi mokle droSi SeiZleba 

movaTavsoT scintilaciur mTvlelSi. etalos sididis 

gamosaangariSeblad qsovilSi aqtiurobis Sedarebisa sisxlTan 

gvaZlevs izotopiuri STanTqmis koeficients. am meTodiT iqna 

gazomili lokaluri tvinis sisxlis moculoba da misi aqtivoba. 

tvinis sxvadasxva nawilebi sxvadasxvanairad moqmedebs 

stimulebze. pozitronuli emisiuri tomograma aCvenebs am aqtiurobas 



 

(nax.12.25.) normaluri Tavis tvini generacias ukeTebs tvinis aq

gamosaxulebas. cerebraluri paTologiebi, simsivne, insulti da sxva 

anomaliebi. 

  izotopis Seyvanis erT

gamosaxulebis misaRebad, aris pacientis mier haeris Rrmad SesunTqva, 

romelic Seicavs CO

izotopebi bunebaSi ar arseboben da SeiZleba Seiqmnas patara 

ciklotronSi. es miiReba birTvSi protonis SeyvaniT, romelic Semdeg 

uSvebs  alfa nawilaks an neitrons. zogierTi  elementisaTvis 

darCenili birTvi arastabiluria da mokle droSi uSvebs pos

mag; 11C aqvs naxevrad daSlis periodi 24 wuTSi. naxevrad daSlis 

mokle  periodi niSnavs, rom izotopi unda momzaddes uSualod 

gamokvlevis win. radionuklidis daSla xdeba swrafad da pacienti 

iwmindeba emiterisagan, romelic flobs maRal  aqtivobas garkveu

drois ganmavlobaSi, rac sakamrisia gamosaxulebis misaRebad. 

organizmis gawmenda izotopebisagan  ganisazRvreba, rogorc 

radioaqtiuri daSla, an bilogiuri gamoyvana.

 

 

 

 

 

 

 

 

 

 

 

 Tavis tvinis pozitronuli emisiuri tomograma.Tavis tvinis pozitronuli emisiuri tomograma.Tavis tvinis pozitronuli emisiuri tomograma.Tavis tvinis pozitronuli emisiuri tomograma.

 

 

 

 

(nax.12.25.) normaluri Tavis tvini generacias ukeTebs tvinis aq

gamosaxulebas. cerebraluri paTologiebi, simsivne, insulti da sxva 

izotopis Seyvanis erT-erTi meTodi, tvinis Sesabamisi 

gamosaxulebis misaRebad, aris pacientis mier haeris Rrmad SesunTqva, 

CO-s radioaqtiuri izotopiT 11C

izotopebi bunebaSi ar arseboben da SeiZleba Seiqmnas patara 

ciklotronSi. es miiReba birTvSi protonis SeyvaniT, romelic Semdeg 

uSvebs  alfa nawilaks an neitrons. zogierTi  elementisaTvis 

darCenili birTvi arastabiluria da mokle droSi uSvebs pos

aqvs naxevrad daSlis periodi 24 wuTSi. naxevrad daSlis 

mokle  periodi niSnavs, rom izotopi unda momzaddes uSualod 

gamokvlevis win. radionuklidis daSla xdeba swrafad da pacienti 

iwmindeba emiterisagan, romelic flobs maRal  aqtivobas garkveu

drois ganmavlobaSi, rac sakamrisia gamosaxulebis misaRebad. 

organizmis gawmenda izotopebisagan  ganisazRvreba, rogorc 

radioaqtiuri daSla, an bilogiuri gamoyvana. 

sursursursur. . . . 6.8.2.6.8.2.6.8.2.6.8.2.    

Tavis tvinis pozitronuli emisiuri tomograma.Tavis tvinis pozitronuli emisiuri tomograma.Tavis tvinis pozitronuli emisiuri tomograma.Tavis tvinis pozitronuli emisiuri tomograma.    
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(nax.12.25.) normaluri Tavis tvini generacias ukeTebs tvinis aqtiobis  

gamosaxulebas. cerebraluri paTologiebi, simsivne, insulti da sxva 

erTi meTodi, tvinis Sesabamisi 

gamosaxulebis misaRebad, aris pacientis mier haeris Rrmad SesunTqva, 

C aseTi  saxis 

izotopebi bunebaSi ar arseboben da SeiZleba Seiqmnas patara 

ciklotronSi. es miiReba birTvSi protonis SeyvaniT, romelic Semdeg 

uSvebs  alfa nawilaks an neitrons. zogierTi  elementisaTvis 

darCenili birTvi arastabiluria da mokle droSi uSvebs positrons. 

aqvs naxevrad daSlis periodi 24 wuTSi. naxevrad daSlis 

mokle  periodi niSnavs, rom izotopi unda momzaddes uSualod 

gamokvlevis win. radionuklidis daSla xdeba swrafad da pacienti 

iwmindeba emiterisagan, romelic flobs maRal  aqtivobas garkveuli 

drois ganmavlobaSi, rac sakamrisia gamosaxulebis misaRebad. 

organizmis gawmenda izotopebisagan  ganisazRvreba, rogorc 



 145

 

 

Lliteratura: 

 

1. J. Dyro. The Clinical Engineering Handbook Academic Press. The Biomedical 

Engineering. Series 2008; 

2. Biomedical Engineering Handbook. Third Edition.  -4.  232pp; 

3. Н.А. Кореневский, Е.П. Попечителев, С.А. Филист Проектирование 

электронной медицинской аппаратуры для диагностики и лечебных 

воздействий; 

4. Джозеф П. Хорнак, Основы МРТ. Copyright © 1996-2007; 

5. Марусина М.Я., Казначеева А.О. Современные Виды Томографии. СПб., 2006. 152стр.   


