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Tavi I 

biosamedicino inJineriis ZiriTadi principebi 

biosamedicini inJineria aris mecnierebis dargi, romelic mTlianobaSi 
moicavs yvela im samedicino diagnostikuri, samkurnalo, sareabilitacio da 
profilaqtikuri biosamedicino teqnikis da teqnologiebis  Seqmnas, 
damuSavebas da marTvas,  agreTve im damxmare da saorganizacio sistemebis 
damuSavebas, romelTa meSveobiTac xorcieldeba janmrTelobis dacva. 

 biosamedicini inJineria moicavs specifiur sainJinro koncefciebis da 
teqnologiebis danergvas: 

1. “samedicini interesis” dargSi (biosamedicino inJineriis dargSi) 
samedicino instrumentebis, masalebis, sadiagnostiko da Terapiuli 
mowyobilobebis, xelovnuri organoebis da teqnologouri 
daxmarebis sxva obieqtebis ganviTarebas; 

2. jandacvis momsaxurebis xarisxis gaumjobesebas, misi organizaciis 
da menejmentis dargebis ganviTarebiT. 

samedicino da biologiuri sainJinro disciplinebis saerTaSoriso 
federaciis mier klinikuri inJinris specialoba gansazRvrulia, rogorc 
profesionali, romelic monawileobas iRebs misi sainJinro da menejeruli 
unaris gamoyenebiT, jandacvasTan dakavSirebul teqnologiebTan erTad, 
adamianTa janmrTelobis dacvis maRali xarisxis uzrunvelyofaSi.  

 
1.1. samedicino aparaturis konstruirebis Taviseburebani 

 
biosamedicino aparatura warmoadgens fundamenturi biosamedicino 

kvlevebis, diagnostirebis da samedicino daxmarebis aRmoCenis aucilebel 
saSualebas, garda amisa mniSvnelovan obieqts gamokvlevebisa da 
sakonstruqtoro samuSaoebisaTvis biosamedicino inJineriis dargSi. axali 
tipis diagnostikuri aparaturis damuSavebam farTo SesaZleblobebi Seqmna 
gamokvlevebis, diagnostirebis da mkurnalobis axali meTodebis dasanergad, 
mniSvnelovanwilad gaafarTova klinicistebis SesaZleblobani, romlebmac 
TavianT gankargulebaSi miiRes samedicino kontrolis mravalferovani 
eleqtronuli saSualebani. 

Tanamedrove biosamedicino aparaturis (bsa) konstruireba, damzadeba da 
axali nimuSebis gamocda moiTxovs konstruirebis am sferoSi uaxlesi 
teqnikuri miRwevebis danergvas. samedicino vizualizacia, neiroprotezireba, 
invaziuri da implantirebadi sistemebi – es aris medicinaSi teqnikis 
gamoyenebis is mimarTulebebi, romelTa ganviTareba SesaZlebelia mxolod 
warmoebis Tanamedrove teqnologiebis gamoyenebiT da danergviT. 

nebismieri konstruqcia da maT Soris biosamedicino aparatura, es aris 
adamianis mier xelovnurad Seqmnili rTuli kompozicia fizikuri sxeulebis 
da nivTierebebis didi raodenobisagan, romelic asrulebs mocemul funqcias 
da gaaCnia mocemuli mniSvnelobis parametrebi. 

eleqtronuli biosamedicino aparaturis konstruqcia gamoirCeva Semdegi 
TaviseburebebiT: 

1. calkeul kvanZebsa da elementebs Soris eleqtruli kavSirebis 
uzrunvelyofis aucilebloba (meqanikuri kavSirebi asruleben meorad 
funqcias); 
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2. funqcionaluri elementebis da kvanZebis garegan gaformebasa da Sida 
komponirebas Soris susti kavSiri, rac saSualebas iZleva konstruirebis 
dros es parametrebi ganvixiloT erTmaneTisagan damoukideblad; 

3. sasargeblo signalebis damaxinjebis SesaZleblobebis da dabrkolebebis 
warmoqmnis aRricxvis aucilebloba; 

4. Tburi kavSirebis aRricxvis aucilebloba, rac mniSvnelovnad moqmedebs 
konstruqciis parametrebze. 
Tanamedrove bsa-s konstruqcia unda ganvixiloT rogorc erTgvari 

struqturuli warmonaqmni, romlis calkeuli nawilebi ierarqiul 
TanaqveSevrdomobaSia erTmaneTTan, rac gulisxmobs konstruqciebis 
garTulebas SedarebiT martivi, konstruqciulad damTavrebuli erTeulebis 
gaerTianebiT. konstruqtoruli ierarqia saSualebas iZleva: 

• Semcirebul iqnas wuni warmoebaSi, gauyofadi kvanZebis integraciis 
Semcirebis xarjze; 

• organizebuli iqnas sxvadasxva kvanZebis paraleluri damzadeba, rac 
amcirebs sawarmoo cikls da aiolebs kontrolis organizebas; 

• uzrunvelyos eqspluataciis dros saremontod vargisianoba. 
magaliTisaTvis ganvixiloT analizatorebis konstruqtoruli ierarqia: 
nulovani done – ukorpuso elementebi, romlebic gamoiyeneba 

integralur sqemebSi, rezistorebi, kondensatorebi, tranzistorebi. 
pirveli done – korpusiani integraluri sqemebi, manWvilisebri an 

planaruli gamomyvanebiT, korpusiani tranzistorebi an diodebi, rezistorebi 
da kondensatorebi diskretul SesrulebaSi. 

meore done – Cveulebrivi an mravalSriani nabeWdi firfita masze 
damagrebuli mikrosqemebiT, kontaqtirebis elementebiT da filtraciis 
elementebiT. Cveulebriv am donis konstruqtorul elements uwodeben 
Secvlis tipobriv elements (Ste).                                                                                   

mesame done – samontaJo safuZveli – paneli gamTiSebiT, sadac uerTdeba 
20...40 Secvlis tipobrivi elementi, agreTve xorcieldeba kavSiri sxva 
panelebTan. 

meoTxe done – CarCo, romelic aerTianebs sxvadasxva panelebs 
erTmaneTTan. 

mexuTe done – dgari, romelic aerTianebs CarCoebs. 
konstruqtorul iererqias aqvs Tavisi naklovanebebic, komponirebis 

simWidrovis Semcireba – rac ganpirobebulia danakargebiT integraluri 
sqemebis korpusirebis gamo, nabeWdi firfitebis Semcveli kvanZebis 
gamoyenebis mcire efeqturobiT, gamTiSebis arsebobiT, meqanikuri damagrebis 
kvanZebiT, indikaciis da marTvis elementebis ganlagebis aucileblobiT. 
Tanamedrove bsa-s konstruqcia aris evoluciis Sedegi, romelic 
ganpirobebulia axali konstruqtorul-teqnologiuri gadawyvetebiT. 
perspeqtivaSi mosalodnelia, ekonomikurad mizanSewonili integraciis 
xarisxis gazrda im donemde, rodesac SesaZlebeli iqneba zogierTi 
specifiuri daniSnulebis aparatura damzaddes erTi didi integraluri 
sqemis saxiT, erTi teqnologiuri ciklis saSualebiT. 

bsa-s gamoyenebis mravalferovneba gansazRvravs taqtikur-teqnikuri 
moTxovnebis sxvadasxvagvarobas: mis Rirebulebas, gabaritebs, simZlavres, 
klimatur da sxva garemo pirobebisagan dacvas. yvela es moTxovnebi daculi 
unda iyos konstruirebis dros. 
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konstruqciis xarisxi xasiaTdeba moTxovnebis kompleqsis 
dakmayofilebis xarisxiT. konstruirebis dros iTvaliswineben faqtorTa 5 
jgufs: 

1. realizaciis sistemoteqnikuri meTodebi, romlebic gansazRvravs 
aparaturis struqturas, moqmedeben kompleqsis konstruqciis dayofaze 
calkeul sistemebad, gansazRvraven elementuri bazis parametrebs, 
informaciis warmodgenis xerxebs. 

2. sqemoteqnikuri realizaciis meTodebi gansazRvraven iseT faqtorebs, 
rogoricaa sixSireTa diapazoni, simZlavris done, sqemebis 
dabrkolebamdgradoba, moTxovnebi komponentebis parametrebis 
stabilurobis mimarT. 

3. warmoebis  teqnologiuri saSualebebi gansazRvraven ekonomikurad 
mizanSewonil integraciis xarisxs, bsa-is saimedoobas da Rirebulebas, 
agreTve mis gabaritebs da zomebs, masas, energomoxmarebas. 
konstruirebisas Zalzed aqtualuria warmoebis teqnologiuri 
saSualebebis gaTvaliswineba radgan teqnologiuri procesebis 
saSualebebis codna saWiroa ukve struqturuli sqemis damuSavebis 
etapze. 

4. adamian-operatorTan SeTavsebadobis moTxovnilebebi warmoqmnis 
garkveul SezRudvebs konstruqciebis garegan gaformebaze, es 
ganpirobebulia im moTxovnebiT, rom aparatura unda uzrunvelyofdes 
damkvirvebluri da Semsrulebluri funqciebis warmatebiT Sesrulebas. 
es ki miiRweva mxolod im SemTxvevaSi, rodesac gaTvaliswinebulia 
inJinruli fsiqologiis da teqnikuri esTetikis moTxovnebi. 

5. garemo pirobebTan SeTavsebadobis moTxovnilebani gulisxmobs 
konstruqciebis dacvas Tburi, teniani da sxva klimaturi pirobebisagan. 
yvela es moTxovnebi erTad gansazRvravs xelsawyos saeqspluatacio 

moTxovnilebebs.am mravalganzomilebiani amocanebis gadasawyvetad 
konstruqtors unda hqondes mravalmxrivi codna sxvadasxva masalebis 
fizikur Tvisebebze, maT SeTavsebadobaze da a.S. 

konstruirebis qveS igulisxmeba azrovnebiTi da organizatoruli 
moRvaweobis erToblioba, romlis ZiriTadi Sinaarsia Tanamedrove 
monacemebis (faqtorebis) safuZvelze momavali struqturebis prognozireba, 
konstruqtoruli dokumentaciis gaformeba da warmoebaSi danergva da 
eqspluatacia. konstruirebis erT-erT yvelaze mniSvnelovan rezultats 
warmoadgens axali informacia, romelic SeiZleba gamoyenebuli iqnas Semdgom 
samuSaoebSi. 

konstruireba aris nawili SedarebiT ufro saerTo procesisa, romelsac 
ewodeba proeqtireba. bio-samedicino aparaturis proeqtirebis cnebaSi Sedis 
iseTi kategoriebi, rogoricaa principialuri da struqturuli sqemebis 
SemuSaveba, TviTon konstruireba, damzadebis teqnologiis damuSaveba, 
warmoebaSi danergva. 

konstruirebam gaiara ganviTarebis mTeli rigi etapebi da ganuwyvetliv 
viTardeba Tanamedrove pirobebSic. biosamedicino aparaturis sirTulem, misi 
konstruirebisas gasaTvaliswinebel faqtorTa da konstruqciis SesaZlo 
variantebis simravlem warmoSva axali meTodebis Seqmnis aucilebloba, ramac 
Tavis mxriv gamoiwvia axali meTodebis ganviTareba, romlebic dafuZnebulia 
iseT disciplinebze, rogoricaa sistemoteqnika, operaciebis kvlevis meTodebi, 
gadawyvetilebaTa miRebis Teoria, qseluri dagegmareba, ergonomika, teqnikuri 
esTetika. 
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konstruqtoris mier gadasawyveti amocanebis mTeli kompleqsi SeiZleba 
daiyos or jgufad: 

a. konstruqciis SesaZlo variantebis generacia; 
b. konstruqciis yvela variantis analizi, im mizniT, rom SerCes 

saukeTeso. 
variantebis generacia. Tu cnobilia yvela sawyisi monacemebi, maSin 
SesaZlebelia variantebis generaciis formalizeba. cnobilia, rom im adamians, 
visac SeuZlia drois garkveul erTeulSi meti ideis generireba, ufro meti 
Sansi aqvs marTlac saintereso ideis misawodeblad. sadReisod cnobilia, 
ramodenime saSualeba, romelsac SeuZlia gazardos ideebis generaciis 
efeqturoba: ideebis diagrama, ideebis matrica, asociacia, inversia, gonebrivi 
Sturmis meTodi, sineqtika. 

ideebis diagramis gamoyeneba eyrdnoba imas, rom Znelia erTdroulad 
fiqri ramodenime saganze, Tumca SesaZlebelia rom Tvali erTdroulad 
aRiqvamdes ramodenime sagans. es saSualebas iZleva SesaZlo variantebi 
warmodgenili iqnas erTgvari diagramis saxiT. misi mimdevrobiTi analiziT 
SesaZlebelia SeirCes yvelaze perspeqtiuli. ideebis diagrama es aris 
praqtikulad nebismieri klasifikacia. 

sxvadasxva variantebis aRricxvis yvelaze efeqturi saSualebaa ideebis 
matrica. is dafuZnebulia variantebis swori rigis Seqmnis SesaZleblobaze. 
davuSvaT, rom bsa-is konstruqciis SerCevaze moqmedebs sami faqtori: (sur. 1.1) 

 
 
 
 
 
 
 
 
 

 
eleqtromontaJis tipi 

 
sur. 1.1 

 
 
 
 

blokis 
konstruqcia eleqtromontaJis 

tipi 

korpusis geometria

sur. 1.1 
 

• integraluri sqemis (is) korpusis geometria (brtyeli, cilindruli, 
kuburi); 

• blokis konstruqcia (kaseturi, wignuri, maraosebri); 

• eleqtromontaJis tipi (nabeWdi montaJi, montaJi moqnili samontaJo 
kabelis gamoyenebiT, montaJi moculobiTi gamtariT). 
am SemTxvevaSi ideebis matrica SeiZleba warmovidginoT kubis saxiT, 

romlis yvela mxare Seicavs erTi jgufis faqtorebs. yoveli elementaruli 
kubi ki Tavis mxriv aseve SeiZleba warmovidginoT kubis saxiT, romlis yvela 
mxare Seicavs erTi jgufis faqtorebs. yoveli elementaruli kubi aris 
konstruqciis varianti (am SemTxvevaSi maTi raodenoba 27 udris). 
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asociacia – es aris meTodi, romelic dafuZnebulia adamianis unarze 
gardaqmnas winaswar miRebuli informacia im saxiT, romelic uzrunvelyofs 
mis gamoyenebas axal pirobebSi e.i. iZleva saSualebas gamoviyenoT ideebis 
kavSiri. es meTodi gansakuTrebiT efeqturia im SemTxvevaSi, rodesac 
SemoqmedebiT warmodgenas aqvs saSualeba mimarTos sxva ideebs da erTi 
SemoqmedebiTi idea warmoiqmneba meore ideis safuZvelze. amis magaliTia 
Cveulebrivi samedicino Spricis gamoyeneba aparaturis Znelad misadgom 
adgilebSi kompaundis misawodeblad. 

inversiis dros amocana gamoikvleva im poziciidan, romelic miRebulis 
mkveTrad sawinaaRmdegoa. magaliTad konstruqtors micemuli aqvs aparaturis 
ganlageba obieqtze, saknis forma da zomebi. konstruqtori xedavs, rom 
mocemuli moTxovnilebebis gaTvaliswinebiT konstruqciis Seqmna 
SeuZlebelia. am SemTxvevaSi mas SeuZlia wamoayenos ganlagebis axali 
variantebi da blokis axali forma. 

sineqtika – aris meTodi, romelic dafuZnebulia gonebrivi Sromis 
produqtiulobis gazrdaze analogiebis gamoyenebis safuZvelze. Cveulebriv 
gadawyvetilebas eZebs specialistebis mTeli jgufi. magaliTad jgufis 
xelmZRvaneli svams amocanas uwonadobis pirobebSi mikroeleqtronuli 
xelsawyos saremontod vargisianobis Sesaxeb. SeTavazebulia Zafze 
Camokidebuli penoplastSi naxvretis gakeTeba. am proceduris Catareba 
tradiciuli meTodiT, eleqtruli drelis saSualebiT am SemTxvevaSi 
miuRebelia. jgufis erT-erTi wevris mier gamoTqmulia winadadeba naxvreti 
gakeTdes sigaretis saSualebiT. Semdeg jgufi ikvlevs aseTi principis 
gamoyenebis saSualebebs, raTa realizacia gaukeTdes aparaturis saremontod 
vargisianobas uwonadobis pirobebSi. 

variantebis analizi – xorcieldeba xarisxis maCveneblis saSualebiT. 
erTi ZiriTadi, ramdenime kerZo an kompleqsuri maCvenebeli, romelic 
ramodenime kerZo maCveneblis funqcias warmoadgens. ama Tu im maCveneblis 
mniSvnelovanebis xarisxi ganisazRvreba aparaturis daniSnulebiT. erT 
SemTxvevaSi es aris masa (magaliTad implantirebadi kardiostimulatorebi) 
meore SemTxvevaSi moculoba, mesameSi Rirebuleba. 

xSirad, rodesac konstruqcia ganisazRvreba ramodenime parametriT, 
erT-erTi parametris gaumjobeseba iwvevs meoris gauaresebas. ase magaliTad, 
saimedoobis gazrda xSirad afuWebs mis masa-gabaritul da Rirebulebis 
maxasiaTeblebs. am amocanebis gadawyveta xSirad konfliqtur situaciebs 
qmnis, romlis gadaWra SeiZleba optimizaciis gziT. optimizacia ki SeiZleba 
Catardes mxolod erTi kriteriumis mixedviT. danarCeni kriteriumebi, am 
dros, rogorc zRvruli ise gamoiyeneba. warmoebis sxvadasxva etapze 
kriteriumebis faseuloba SeiZleba Seicvalos. Tu sacdeli nimuSis 
damzadebisas mTavaria misi saimedooba, seriuli warmoebis dros 
ganmsazRvrel faqtorad xSirad Rirebuleba gvevlineba. 

 
 

1.2 konstruirebis meTodebi 
 
konstruireba aris saqmianobis rTuli saxe, romelic xorcieldeba 

evristikuli da Teoriul-gaTvliTi meTodebiT. yoveli axali konstruqcia 
Cveulebriv Seicavs ukve arsebul konstruqciebis elementebs. damuSavebis 
adreul etapebze, rodesac aucilebelia ganisazRvros axali elementebi, 
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ufro xSirad gamoiyeneba evristikuli meTodebi, romlebic dafuZnebulia 
intuiciasa da Secdomebis meTodze. 

evristikuli meTodebi iZleva saSualebas, rom movaxdiniT eqstrapolacia 
cnobilis farglebs gareT. am SemTxvevaSi SeuZlebelia movaxdinoT 
konstruqtoris saqmianobis formalizeba, radganac misi moqmedeba 
Taviseburad jadoqris moqmedebas waagavs. Teoriuli gaTvliTi meTodebi ki 
dafuZnebulia formalizebuli procesebis gamoyenebaze, romelTa 
ganmeorebiTi gamoyeneba iZleva Sesadarebel rezultatebs. am SemTxvevaSi 
konstruqtori SeiZleba SevadaroT kompiuters, romelic garkveuli 
algoriTmiT muSaobs. zogjer am samuSaos nawili SeiZleba gadaeces 
kompiuters. aucileblad unda avRniSnoT, rom rogorc evristikuli, ise 
Teoriul gaTvliTi meTodebi, atareben SemoqmedebiT xasiaTs. 

Tanamedrove pirobebSi, kompiuteruli konstruirebis programebis 
ganviTarebam Seqmna SesaZleblobebi mTeli rigi faqtorebis arsebobisTvis, 
rogoricaa: 

- konstruqtoruli gadawyvetilebebis arCevis sakmaod ganviTarebuli    
  Teoria; 
- SezRudvis parametrebis sakmaod savse katalogebi; 
- universaluri algoriTmebi; 
- tipiuri kvanZebis maTematikuri modelebi. 
am faqtorebis ararsebobisas konstruqciis realizeba xdeba ZiriTadad 

cdebisa da Secdomebis meTodiT. Secdomebis raodenoba konstruqtoris 
kvalifikaciazea damokidebuli, amitom misi kvalifikacia SeiZleba Sefasdes 
im gadakeTebebis raodenobiT, rac gaiara konstruqciam raTa 
daekmayofilebina Sesabamisi taqtikur-teqnikuri moTxovnilebebi. 

biosamedicino aparaturis konstruirebisas aucilebelia mravali 
faqtoris gaTvaliswineba. eleqtronuli xelsawyoebis elementuri bazis 
Secvlam gamoiwvia konstruirebis meTodebis Secvla, rac gamoixata 
sistemuri midgomis farTo gamoyenebaSi, ramac gazarda konstruqtoris da 
teqnologis roli. sistemuri midgomis arsi mdgomareobs imaSi, rom Tu 
adre mTeli rigi faqtorebi ganixileboda konstruqciis Seqmnis sxvadasxva 
etepze, (struqturuli da principialuri sqemebis SemuSaveba, damzadebis 
konstruqcia, teqnologia), axla am faqtorebis gaTvaliswineba xdeba 
konstruirebis sawyis etapze. mikroeleqtronul elementur bazaze 
gadasvlam gaafarTova sistemuri midgomis SesaZleblobebi. sistemurma 
midgomam amave dros gaarTula konstruireba imis gamo, rom aRsaricxia 
faqtorebis didi raodenoba. 

 
 

1.3. sakonstruqtoro dokumentaciis damuSavebis saerTo  
stadiebis saerTo daxasiaTeba 

 
sakonstruqtoro dokumentaciis damuSavebis stadia ewodeba periods, 

romlis ganmavlobaSic warmoebs saproeqto an muSa sakonstruqtoro 
dokumentaciis SemuSaveba, miRebuli teqnikuri gadawyvetilebis Sesrulebis 
gansazRvruli xarisxiT. 

sakonstruqtoro dokumentaciis damuSavebis etapi ewodeba damuSavebis 
stadiis damTavrebul nawils, romlis drosac warmoebs mocemuli 
stadiisaTvis dadgenili calkeul samuSaoTa Sesruleba. yoveli stadia 
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mTavrdeba saSualedo rezultatebis analiziT. ama Tu im xelsawyos 
damzadebis cikli iyofa Semdeg nawilebad (sur1.2).  

am cikls emateba ori punqti: 
a. warmoebis momzadeba, warmoebaSi CaSveba, sakonstruqtoro 

dokumentaciis koreqtireba; 
b. saavtoro meTvalyureoba da eqspluatacia. 

teqnikuri davaleba sruldeba sawyisi dokumentis, “ganacxadi 
damuSavebaze”, safuZvelze. ganacxadSi Sedis Semdegi sawyisi monacemebi: 
nawarmis daniSnuleba, Semsrulebeli, moTxovnileba nawarmze, saorientacio 
Rirebuleba, teqnikur-ekonomikuri dasabuTeba, ZiriTadi moTxovnilebani da 
eqspluataciis pirobebi. 
teqnikur davalebaSi gansakuTrebuli adgili ukavia teqnikuri moTxovnebis 
jgufs, romelic 10 ZiriTad qvejgufs Seicavs: 

1. nawarmis Semadgenloba da moTxovnebi sakonstruqtoro mowyobilobis 
mimarT, rac Seicavs monacemebs masaze, gabaritebze, garemo pirobebis 
zemoqmedebaze, dabrkolebamdgradobaze; 

2. daniSnulebis maCveneblebi; 
3. saimedoobis moTxovnebi;  
4. teqnologiurobis moTxovnebi; 
5. moTxovnebi unifikaciis da standartizaciis donis mimarT; 
6. usafrTxoebis moTxovnebi; 
7. ergonomikuli moTxovnebi; 
8. esTetikuri da sapatento sisufTavis moTxovnebi (miTiTeba im qveynebisa, 

romlis mimarTac aris es moTxovnebi); 
9. eqspluataciis pirobebi; 
10. SefuTvis moTxovnebi 
gadawyvetilebebis variantebis gamovlinebiT, maT Soris sapatento Ziebis  
masalebis safuZvelze. teqnikuri winadadebebis stadiaze ZiriTadad xdeba 

Semdegi procesebis realizacia: 
1. SesaZlo gadawyvetilebaTa variantebis gamovlena, sadac 

gaTvaliswinebulia Tanamedrove teqnikis tendenciebi da perspeqtivebi; 
2. variantebis Semowmeba sapatento-samarTlebrivi moTxovnebis 

gaTvaliswinebiT, gamogonebebze ganacxadebis gaformeba; 
3. variantebis Semowmeba usafrTxoebis teqnikis mxriv. 
sawyisi Canafiqris daxvewa, proeqtirebis yvela stadiaze, dawyebuli 

teqnikuri winadadebebis etapidan, xorcieldeba e.w. bijuri principiT: 
sinTezi-analizi-sinTezi. mTeli procesi daiyvaneba optimumis logikur 
maTematikur Ziebamde, sawyisi variantis mimdevrobiTi daxvewis gziT. 

saeskizo proeqti warmoadgens sakonstruqtoro dokumentaciis saxes, 
romelic Seicavs principialur konstruqtorul gadawyvetilebebs da iZleva 
warmodgenas mowyobilobis an xelsawyos muSaobis principze. am stadiaze 
xdeba eleqtronuli sqemebis SemuSaveba, maTi dayofa blokebad da kvanZebad, 
calkeuli maketebis damzadeba eleqtruli sqemis damuSavebisaTvis. teqnikur 
sabWoze damtkicebis Semdeg saeskizo proeqti xdeba safuZveli teqnikuri 
proeqtis damuSavebisa 
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 samecniero kvleviTi damuSaveba 

 
Gganacxadi damuSavebaze sawyisi 

teqnikuri monacemebi. 
teqnikuri davalebis SemuSaveba, 

teqnikuri davaleba 

 saproeqto stadiebi 

 
saeskizo proeqti, teqnikuri 

winadadebis damuSaveba. 
teqnikuri proeqti 

 sacdeli nimuSis muSa-sakonstruqtoro dokumentaciis SemuSaveba 

 
sacdeli nimuSis muSa 

sakonstruqtoro 
dokumentacia. 

sacdeli nimuSis 
damzadeba da gamocda.

sacdeli nimuSis  
misaRebi eqspluatacia

 
muSa-sakonstruqtoro dokumentaciis SemuSaveba seriuli 

warmoebisaTvis 

 
nimuSis muSa 

sakonstruqtoro 
dokumentacia. 

nimuSis damzadeba da 
gamocda. 

nimuSis misaRebi 
eqspluatacia 

 
sur. 1.2 

 
teqnikuri proeqti aris sakonstruqtoro dokumentaciis saxe, romelic 

Seicavs saboloo teqnikur gadawyvetilebas da Seicavs monacemebs, romlebic 
savsebiT akmayofilebs da aucilebelia muSa sakonstruqtoro dokumentaciis 
Sesaqmnelad. am stadiaSi Sedis yvela sqemis saboloo da detaluri 
damuSaveba, naxazebis Sedgena, garemo pirobebisagan dacvis yvela sakiTxebis 
gadawyveta, teqnikuri proeqti aris yvelaze ufro srulyofili safuZveli 
muSa proeqtirebisaTvis. 

muSa proeqtirebis procesi Seicavs sam ZiriTad etaps: sacdeli nimuSis 
stadia, Casayenebeli seriis stadia, seriuli warmoebis stadia. muSa 
proeqtireba Seicavs sakonstruqtoro dokumentaciis kompleqtis damuSavebas 
da koreqtirebas, sacdeli nimuSis damzadebas, Casayenebeli seriis damzadebas, 
gamocdas da xelsawyos bolo stadiamde damuSavebas. 

aRsaniSnavia, rom sacdel nimuSs amzadebs sawarmoo-damamuSavebeli, 
xolo Casayenebel serias ki seriuli warmoebis qarxana. damamzadeblis 
Secvla aris is ZiriTadi mizezi, rac iwvevs pirveli seriuli nimuSebis 
SedarebiT dabal xarisxs sacdel nimuSTan SedarebiT. am naklovanebis 
aRmofxvra SesaZlebelia Tu Sesruldeba Semdegi pirobebi: 
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a. seriuli warmoebis qarxanam miiRos monawileoba jer kidev sacdeli 
nimuSis gamocdis etapze, raTa advilad Cawvdes konstruqciis 
Taviseburebebs da mis sust mxareebs; 

b. Semsrulebelma organizacia-sawarmom miiRos monawileoba 
Casayenebeli seriis xelsawyos gamocdasa da damkveTisaTvis 
gadacemis procesSi. 

  
 

1.4. sakonstruqtoro dokumentaciis erTiani sistema 
 

teqnikuri procesis tempis gazrdam da konstruqciebis moraluri cveTis 
vadis Semcirebam gamoiwvia konstruirebis da aparaturis danergvis vadebis 
Semcireba, maTi xarisxis erTdrouli gaumjobeseba. am amocanis gadawyveta ki 
SesaZlebeli Ggaxda standartizaciis danergviT 

saerTaSoriso organizaciis gansazRvrebis mixedviT: standartizacia es 
aris mocemul sferoSi wesebis damyarebis da gamoyenebis procesi, moqmedebis 
mowesrigebis mizniT, yvela dainteresebul mxareTa monawileobiT da maTive 
sargeblobisaTvis gamiznuli, kerZod saerTo optimaluri ekonomikis 
misaRwevad. is damyarebulia mecnierebis da teqnikis praqtikuli 
gamocdilebis Sedegebze da gansazRvravs ara marto awmyos safuZvels, aramed 
momaval ganviTarebasac da amasTan aucileblad dakavSirebulia progresTan. 
es  gansazRvreba asaxavs standartizaciis mTel mravalferovnebas, axasiaTebs 
standartizacias rogorc moqmedebas, romelic mimarTulia mowesrigebaze da 
ara marto raime wesebis da pirobiTobebis dacvaze. standartizaciis 
safuZvlebi mkafiod aris gansazRvruli da isini SemdgomSi mdgomareobs: 
produqciis xarisxis gaumjobesebaSi standartizaciis rolis gazrda; 

mrewvelobaSi unificirebis farTo ganviTareba;gamzomi saSualebebis 
SesamCnevi gaumjobeseba; 

teqnikuri dokumentaciis erToblivi sistemis Seqmna. standartizaciis 
saxelmwifo sistema-es aris urTierTdakavSirebuli wesebis da debulebebis 
kompleqsi, romelic gansazRvravs standartizaciis miznebs da amocanebs 
yvela dargSi, dagegmvis damuSavebis, gaformebis, SeTanxmebis, damtkicebis, 
gamocemis, standartebis danergvis da sxva normatiul-teqnikuri 
dokumentaciis wess, agreTve kontrols maT danergvaze. dargTaSorisi 
msxvili standartizaciis sistemis magaliTs warmoadgens warmoebis 
teqnologiuri momzadebis saerTo sistema, romelic Seicavs sakonstruqtoro 
dokumentaciis erTian sistemas, teqnologiuri dokumentaciis erTian sistemas 
da sxva. sakonstruqtoro dokumentaciis erTiani sistema (sdes) aris 
saxelmwifo standartebis sistema, romelic amyarebs wesebs da debulebebs 
damuSavebis rigis, teqnikuri dokumentaciis gaformebaSi, romelic yvela 
sawarmoSi xorcieldeba. sdes gamoyeneba ama Tu im saxis aparaturis, kerZod 
biosamedicino aparaturis konstruirebisas uzrunvelyofs : dasaproeqtebeli 
aparaturis  xarisxis gaumjobesebas,  sxvadasxva sawarmoebs Soris teqnikuri 
dokumentaciis urTierTgacvlis SesaZleblobebs,  kompleqturobis 
stabilizacias, rac gamoricxavs dublirebas da warmoebisaTvis ara saWiro 
dokumentaciis damuSavebas, proeqtebis damuSavebisas unifikaciis 
gafarToebis saSualebas, sakonstruqtoro dokumentaciis formebis gaiolebas, 
rac amcirebs saproeqto-sakonstruqtoro SemuSavebis Sromatevadobas, 
teqnikuri dokumentaciis da masSi arsebuli informaciis damuSavebas, 
warmoebis teqnikuri momzadebis gaumjobesebas, samedicino aparaturas 
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eqspluataciis pirobebis gaumjobesebas, evropuli ekonomikuri integraciis 
sxvadasxva qveynebs Soris teqnikuri dokumentaciis gacvlis saSualebas. sdes 
Seicavs 140 standarts, romlebic gaerTianebulia 10 klasifikaciur jgufSi. 
sdes standartebis miniWebuli aqvT cifri 2 standartis aRniSvna xdeba 
klasifikaciuri niSnis mixedviT. standartis nomeri Sedgeba cifri 2-sgan 
radgan sdes klasis standartebs swored es jgufi aqvT miniWebuli. 
wertilis Semdeg erTi cifri, romelic aRniSnavs standartis klasifikaciur 
jgufs, orniSna cifri – romelic aRniSnavs standartebis mocemul jgufSi 
rigiT nomers da tires Semdeg orniSna cifri standartis registraciis 
nomeri. 

yvela dokumentebi gaformebis mixedviT iyofa grafikul da teqstur 
dokumentebad; damuSavebis stadiis mixedviT-saproeqto (teqnikuri winadadeba, 
saeskizo proeqti, teqnikuri proeqti) da samuSao (muSa dokumentacia); 
Sesrulebis da gamoyenebis mixedviT – originalebi, dublikatebi, aslebi. 
sakonstruqtoro dokumentaciis damuSaveba ramodenime stadiiT mimdinareobs, 
es saSualebas iZleva miRebul iqnas swori gadawyvetilebani da gamoiricxos 
Secdomebi. sakonstruqtoro dokumentaciis kompleqturoba damokidebulia 
damuSavebis stadiaze. arsebobs dokumentaciis sami saxe: 

 
1. ZiriTadi sakonstruqtoro dokumentacia; 
2. sakonstruqtoro dokumentaciis ZiriTadi kompleqti; 
3. sakonstruqtoro dokumentaciis sruli kompleqti; 
kompleqtSi Sedis grafikuli da teqsturi dokumentacia, romelTa 

gaformebis wesebi reglamentirebulia sdes standartebiT. 
saeqsploatacio da saremonto dokumentebi – saeqspluatacio 

dokumentebi gankuTvnilia eqspluataciis, momsaxurebis da SekeTebis dros 
gamosayeneblad. es dokumentebi Seicavs: teqnikur aRwerilobas, 
saeqspluatacio instruqcias, formulars, pasports. am dokumentebis Sedgena 
warmoebs biosamedicino aparaturis klasifikaciis mixedviT.  

samedicino aparaturis, mowyobilobis gamogoneba, romelic 
warmoadgens nebismieri samedicino gamzomi sistemis aucilebel moduls,  
misi prototipis Seqmna, seriuli warmoebisTvis momzadeba, samrewvelo 
warmoeba da gayidva warmoadgens mravalmxriv, rTul da ZviradRirebul 
process.  
    nebismieri samedicino gamzomi sistema Seicavs, ukidures SemTxvevaSi 
ramodenimes mainc, im funqcionaluri blokebidan,    romlebic naCvenebia  
sur. 1.3. am suraTze informacia vrceldeba marcxnidan marjvniv. wyvetili 
xaziT naCvenebia is elementebi da kavSirebi, romlebic umniSvneloa. 
mTavari sxvaoba samedicino gamzom sistemasa da sxva gamzom sistemebs 
Soris mdgomareobs imaSi, rom pirvel SemTxvevaSi signalis wyaro cocxali 
biologiuri qsovilia an kidev energia, romelic modebulia qsovilze da 
gardaiqmneba masSi mimdinare procesebiT. 

terminiT `meJerandi~ aRniSnaven imas, rasac sistema zomavs – fizikur 
sidides, Tvisebas an mdgomareobas. gasazomi sididis xelmisawvdomoba 
warmoadgens mniSvnelovan garemoebas, ramdenadac is SeiZleba 
dakavSirebuli iyos fizikur procesebTan organizmis SigniT (sisxlis 
wneva), sxeulis zedapirze (ekg), aseve mis gareT (infrawiTeli gamosxiveba). 
garda amisa signalis wyaro SeiZleba iyos sxeulis qsovilidan aRebuli 
nimuSi. (mag. sisxlis sinji an masala biofsiisTvis). samedicino 
mowyobilobebiT gazomvadi ufro mniSvnelovani meJerandi SeiZleba 

Comment [i1]:  Lleqcia 3 
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dajgufdes Semdegi kategoriebis saxiT: biopotencialebi, wneva, nakadi, 
zomebi (vizualizacia), gadaadgileba (siCqare, aCqareba, Zala), temperatura, 
koncentracia. yoveli meJerandi SeiZleba davukavSiroT gansazRvrul 
organos an anatomiur struqturas.  

saerTo SemTxvevaSi terminiT `gadamwodi~ an `pirveladi sensoruli 
elementi~ aRniSnaven elementarul mowyobilobebs, romlebic gardaqmnian 
erTi saxis energias sxvaSi. termini `sensori~ aRniSnavs ufro rTul 
mowyobilobas, romelSic gazomvadi sidide gardaiqmneba  eleqtruli 
signalis saxiT. sensori unda reagirebdes mxolod im saxis energiaze, 
romelic dakavSirebulia gazomvad sididesTan. sensori warmoadgens 
`interfeiss~ biologiur sistemasTan, romelic misgan unda Rebulobdes 
minimalur energias da ayenebdes pacients minimalur tramvas, anu gazomva 
mimdinareobdes atravmatulad. bevri sensori Seicavs pirvelad sensorul 
elementebs, rogoricaa membrana, romelic gardaqmnis wnevas. Semdeg 
sensorSi xorcieldeba proporciuli gardaqmna eleqtrul signalSi, 
romelsac axorcieleben membranaze ganlagebuli tenzogadamwodi. zog 
SemTxvevaSi SeiZleba sensoris mgrZnobelobis regulireba farTo 
sazRvrebSi pirveladi sensorebis Secvlis gziT. gradualuri sensoruli 
elementebi iTxoven eleqtruli energiis gadayvanas, rac saSualebas iZlva 
miRebul iqnas eleqtruli signali sensoris gamosasvlelze 

 
  

sur. 1.3 
     

.  
rogorc wesi, eleqtruli signali romelic generirdeba sensoriT, ar 

SeiZleba uSualod mivawodoT maregistrirebel mowyobilobas. iqamde 
aucilebelia moxdes sensoris signalis `kondicireba~, e.i. gardaqmna. 
martivi gardamqmnelebi aZliereben da filtraven signals. Tanamedrove 
samedicino aparaturaSi  warmoebs sensoris gamomsvlelis gardaqmna 
cifrul formaSi, ris Sedegac cifruli signali muSavdeba specialur 
izolirebul cifruli mowyobilobiT an kompiuteriT. gardamqnelis 
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magaliTs warmoadgens filtri, romelic spobs parazitul eleqtrul 
xarvezebs, romlebmac SeaRwies sensoris gamosasvlelSi. garda amisa, 
gardamqmnels SeuZlia gaasaSualos ramodenime tipis signalebi, riTac 
amcirebs eleqtrul xmaurs. da bolos, gardamqnels SeuZlia radikalurad 
Secvalos sensoris signalis saxe, misi droebiTi sferodan sixSirulSi 
gadayvanis gziT (mag: furies gardaqmnis saSualebiT).  
    gazomvis Sedegebi unda gamoisaxos iseTi formiT, rom is gasagebi iyos 
operatorisaTvis. monacemebis gamosaxvis saukeTeso saSualebebi SeiZleba 
iyos maTi cifruli an grafikuli, diskretuli an uwyveti, mudmivi an 
droebiTi warmodgena ekranze, rac damokidebulia gasazom sididesa da 
informaciis Semdgomi damuSavebis xerxze. monacemTa mravali saxiT 
warmodgena uSualod aris orientirebuli Cvens Tvalze da smenaze (mag. 
ultrabgeriTi xelsawyoebis bgeriTi signalebi, romlebic dopleris 
efeqtzea dafuZnebuli). mTlianobaSi, gamosaxuli signalebis parametrebi 
unda Seesabamebodes samedicino xelsawyoTmSeneblobis praqtikul 
saxelmZRvanelos, operatorebis moTxovnilebebiis gaTvaliswinebiT. (Human 
Factors engineering guidlines and preffered practices for the design iof medical devices: AAMI, 
2001).  

gasazomi sidide unda gamoisaxos gazomvis gansazRvrul erTeulebSi. 
am mizniT sensoris Sesasvlels awvdian specialur makalibrebel signals 
damxmare wredis saSualebiT. damxmare elementebis sxva magaliTebs 
warmoadgenen marTvis wredebi da ukukavSirebi, romlebic marTaven 
gardamqmnelis sensorsa da traqts signalis ufro moxerxebuli formiT 
misaRebad, aseve miRebul monacemebs gadascemen asaxvis, Senaxvis 
mowyobilebebs an lokalur informaciul qsels. marTvis mowyobilobebi 
da ukukavSirebi SeiZleba iyos meqanikuri an avtomaturi. monacemebi 
SeiZleba Caweril iyos mexsierebis mowyobilobaSi ara marto maTi 
Semdgomi gardaqmnis mizniT, aramed imisTvisac, rom operatorma SesZlos 
monacemTa im fragmentis gadaxedva, romelic win uZRoda muSaobis avariul 
reJims. aseve SesaZlebelia pirveladi signalebis organizeba, ise rom 
SemdgomSi SesaZlebeli iqneba maTi gardaqmna monacemTa damuSavebis 
sxvadasxva sistemebad.  

monacemTa gadasacemad xSirad iyeneben standartul protokolebs, 
romelTa daxmarebiTac gazomvis Sedegebi miewodeba samedicino da 
inforaciis damuSavebis centrebs. xSir SemTxvevaSi meJerandi (gasazomi 
erTeuli) SeiZleba miRebuli iqnes invaziuri an arainvaziuri sensoris 
mier. saWiro meJerandi miuwvdomelia pirdapiri gazomvisaTvis, maSin 
iyeneben sxva meJerands, romelic gansazRvruli saxiT dakavSirebulia 
SesaswavlTan an gazomvis obieqtze mimarTaven specifikuri saxis energias, 
romlis daxmarebiTac mosaZiebeli meJerandi xelmisawvdomi xdeba 
gazomvisaTvis. gazomvis aseTi iribi meTodebis daxmarebiT gansazRvraven 
gulis gamotyorcnis sidides (gulis mier erTi wuTis ganmavlobaSi 
gadastumbi moculobis sidide), romelsac Rebuloben sunTqvis 
parametrebisa da sisxlSi airis koncentraciis gazomvis SedegebiT. sxva 
magaliTebs warmoadgens Sinagani organoebis morfologiuri 
maxasiaTeblebis gansazRvra rentgenis gadaRebis analizis safuZvelze, 
aseve sunTqvis parametrebis Sefaseba impedansuri pletizmografiis 
sxvadasxva variantebis daxmarebiT.  
 zogierTi gazomvadi sidide, iseTebi rogoricaa sxeulis temperatura 
an ionebis koncentracia, icvleba imdenad nela, rom maTi sidide SeiZleba 
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gaizomos xangrZlivi intervalebis Semdeg. sawinaaRmdegod, sxva sidideebma 
an signalebma, rogoricaa eleqtrokardiograma an sasunTqi airis nakadebi, 
SeiZleba moiTxovon uwyveti monitoringi. gazomvadi fiziologiuri 
parametris CamonaTvalis nawilze zemoqmedeben Semdegi faqtorebi: am 
parametris nawilobrivi maxasiaTeblebi, misi gazomvis mizani, pacientis 
mdgomareoba, aseve samedicino personalis kvalifikacia da 
pasuxismgebloba. mxedvelobaSi unda iqnas miRebuli, rom dagrovili 
uamravi monacemi SeiZleba darCes gamouyenebeli. 
 generatoruli sensorebi axdenen gamomavali signalis formirebas im 
energiis saSualebiT, romelic aiReba gazomviTi procesidan. 
modulatorul sensorebSi ki piriqiT, gazomviTi procesis energia 
gamoiyeneba gare energiis nakadis Secvlis mizniT, romelic daiyvaneba 
gasazom obieqtamde da miemarTeba sensoris gamosasvlelisken. magaliTad 
fotogalvanuri elementi warmoadgens generatoruli sensors, ramdenadac 
is uSualod gardaqmnis dacemuli sinaTlis wyaros  energias, gamosavlel 
eleqtrul signalSi, ar iTxovs ra amisTvis aranair gare energias. 
fotorezistori ki warmoadgens modulatorul sensors: imisaTvis rom 
gaizomos misi winaaRmdegobis cvlileba  dacemuli sinaTlis moqmedebis 
gavleniT, masSi aucilebelia gare wyarodan denis gatareba.  

gazomili signalebi SeiZleba iyos analoguri, romlebic mzad arian 
miiRon nebismieri mniSvneloba dinamikuri diapazonis SigniT, an cifrulebi, 
romelTa mniSvneloba SezRudulia mkacrad gansazRvruli sidideebis 
nakrebiT. samedicino sistemebSi gamoyenebuli  mravali sensorebi muSaoben 
analogur reJimSi, magram arsebobs iseTi sensorebi, romelTa signalis 
diskretuli maxasiaTebeli uSualod dakavSirebulia maTi muSaobis 
principTan. signalebis damuSavebis cifruli meTodebisadmi gazrdilma 
moTxovnilebam, gamoiwvia mravalricxovani  analogur-cifruli da 
cifrul-analoguri gardamqmnelebis SemuSaveba, romliTac awarmoeben 
kompiuteris kavSirs sensorTan an analogur displeisTan. mecnierebma da 
konstruqtorebma SeimuSaves iseTi tipis sensorebi, romlebSic aris 
analoguri gadamwodebi da CaSenebulia cifruli gardamqmnelebi. aseve 
arsebobs kvazicifruli sensorebi, rogoricaa kvarcitis Termometrebi, 
romlebsac SeuZliaT daafiqsiron temperaturis cvlileba pulsuri 
talRis dros. aseTi sensoris gamosasvleli advilad gardaiqmneba cifrul 
formaSi. 

cifrul signalebTan muSaobis upiratesoba mdgomareobs maRal 
sizusteSi, aRmwarmoeblobaSi,  saimedoobaSi da xarvezebisadmi 
aramgrZnobiarobaSi. rogorc wesi, cifrul signalebi ar saWiroeben 
periodul kalibrebas. imis gamo, rom aseTi saxiT informacia martivad 
ikiTxeba, aqvs  maRali sizuste da martivia, cifruli monitorebi 
gamodevnian analogur indikatorebs. imav dros, bevri klinicisti 
upiratesobas aniWebs gamosaxulebis analogur mowyobilobas. magaliTad im 
SemTxvevaSi, roca maT sWirdebaT Seafason, aris Tu ara romelime 
parametri mocemul sazRvrebSi, an maSin, roca eqimi Tvals adevnebs 
fiziologiuri sidideebis swraf cvlilebas, rogoricaa guliscemis 
parametrebis Sefaseba. ukanasknel SemTxvevaSi cifruli displei imdenad 
swrafad cvlis cifrebs, rom maTi Tvalyuris devneba SeuZlebelia. 

gadamwodebi da sensorebi yovelTvis muSaoben realur droSi, e.i. 
zomaven signals zustad im momentSi, rodesac is arsebobs. sawinaaRmdegod, 
zogierT SemTxvevaSi gamzomi sistema aCvenebs signals, romelic Seesabameba 
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drois warsul moments. es xdeba maSin, roca sistemam Tavidan unda 
daamuSaos masSi miRebuli signali. magaliTad ramdenime Tanmimdevruli 
Canaweris gasaSualedeba an rame saxiT Semavali  signalis gardaqmna. 
nawilobriv drois ramenairi Seferxeba gazomviT sistemamde signalis 
misvlasa da ekranze mis gamosaxvas Soris srulebiT dasaSvebia, Tumca  
yovelTvis ase ar xdeba: marTvis zogierTi amocana iTxovs dauyonebliv 
Carevas gazomviT procesSi ukukavSiris meqanizmiT, rac araTavsebadia 
gazomviT sistemis gamomavali signalis SekavebasTan. sxva SemTxvevaSi 
xangrZliv Sekavebas ver gaveqceviT. magaliTad qsovilis mzardi kulturis 
parametrebis registracia saWiroebs ramdenime dRes, raTa aucilebeli 
parametri “momwifdes”. ra Tqma unda, aseT SemTxvevaSi signalis Sekaveba 
gazomviT sistemaSi aranair rols ar TamaSobs. 

Cvens mier zemoT ganxiluli samedicino mowyobilobebi gankuTvnilia 
sxvadasxva fiziologiuri parametrebis gasazomad. gazomvadi signalebis 
sixSire da amplituda warmoadgens mTavar faqtors, romelic gansazRvravs 
gazomviTi sistemis yvela nawilis konstruqcias. medicinaSi gazomvadi 
sidideebis umravlesobis mniSvneloba arsebiTad naklebia sidideebze, 
romlebic izomeba yofaSi da warmoebaSi. magaliTad, Zabva izomeba 
mikrovoltis diapazonSi. wnevis fiziologiuri diapazoni aseve ar aris 
didi (daaxloebiT 100 mm.vwy.sv. =13,3 kpask). yvela cxrilSi moyvanili 
signalebi ekuTvnis bgeriTi sixSiris sferos, Tanac zogierTi maTgani 
Seicavs mudmiv mdgenels da  dabalsixSirian komponentebs. fiziologiuri 
signalebis es Tavisebureba axdens yvelaze uSualo gavlenas samedicino 
mowyobilobis proeqtirebaze.  

cocxali sistemis bevri umTavresi parametri miuRwevadia uSualo 
gazomvisTvis, ramdenadac SeuZlebelia sensoris “mierTeba” cocxali 
organos dazianebis gareSe. bevri urTulesi fizikuri sistemisgan 
gansxvavebiT, biologiur sistemaSi SeuZlebelia nawilobriv  Semadgeneli 
nawilis “gamorTva” an  “gancalkeveba”, rac aucilebeli iqneboda sensoris 
da gazomvis obieqtis SeerTebisTvis. maSinac ki, roca gazomvis procesis 
dacva SeiZleba zogierTi organos mxridan gamowveuli xarvezebisgan, bevri 
sensoris zedmetad didi zomebi ar iZleva saSualebas mivaerToT isini 
gasazom obieqts. aseT SemTxvevaSi uSualo gazomvisTvis miuwvdomeli 
sidideebi SeiZleba gaizomos iribad. xarvezebis pirobebSi signalebis 
gazomvisas aucilebelia mocemuli xarvezebis gazomva. Mmag. maTi 
filtraciis daxmarebiT an maTematikuri gadamuSavebis sxva saSualebiT 
monacemTa analizisas. 

 sidideebi, daregistrirebuli adamianebze an cxovelebze 
gazomvisasAiSviaTad warmoadgenen Seucvlelebs da determinirebulebs. 
bevri parametri icvleba droTa ganmavlobaSi im SemTxvevaSic ki, rodesac 
gazomvis Sedegze moqmedi yvela faqtori standartizebulia. magaliTad 
monacemTa gabneva SeimCneva janmrTeli gamosacdelebis fiziologiuri 
parametrebis registraciisas erTi da igive pirobebSi. gazomviTi 
parametrebis cvalebadoba biologiuri obieqtis damaxasiaTebel Tvisebas 
warmoadgens, romelsac akvirdebian yovel safexurze-makromolekulebidan 
mTlian organizmamde. bevr SemTxvevaSi pacientebis parametrebis gare 
xilul cvlilebebs Seesabameba individualuri anatomiuri 
gansakuTrebulobebi. fiziologiuri gazomvisas miRebuli sidideebis 
mniSvnelovani gabneva nawilobriv aixsneba cocxali organizmebis 
sxvadasxva sistemebis urTierTqmedebiT. fiziologiur sistemebs Soris 
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mudmivad “CarTulia” mravalricxovani ukukavSirebi, Tanac bevri maTgani 
arasakmarisad aris Seswavlili. iSviaTad gansazRvruli parametris 
gazomvisas SesaZlebeli ganeitraldes an Tundac Sefasdes xarvezebi 
mezobeli sistemebis mxridan. fiziologiuri maxasiaTeblebis yvelaze 
farTod miRebul “wamals” cvalebadobisgan warmoadgens analizis 
statistikuri meTodebi, romelic dafuZnebulia gazomvadi sidideebis 
gadanawilebis Tvisebis Sesaxeb warmodgenaze. amasTanave xorcieldeba 
individualuri gazomvebis Sedegebis Sedareba fiziologiur normebTan. 

praqtikulad yvela biosamedicino gazomvebi dakavSirebulia cocxal 
qsovilamde energiis miyvanasTan an specializirebuli wyaros an sensoris 
saSualebiT. rentgenuli analizisas, ultrabgeriTi vizualizaciisa da 
dopleruli ultrabgeriTi gazomvebisas gamoiyeneba energiis gare wyaroebi, 
romlebic zemoqmedeben cocxal qsovilze. metad rTulia energiis 
usafrTxo donis gansazRvra, romelic daiyvaneba organizmamde mocemuli 
gazomvisas, ramdenadac qsovilebis dazianeba da aRdgena arasakmarisadaa 
Seswavlili. gansakuTrebiT mtikvneulad unda CaiTvalos nayofis 
ganviTarebis adreul stadiaze aseTi gazomvebis Catareba. SesaZloa rom 
energiis mcire nakadebma gamoiwvios dazianeba molekulur doneze. 

samedicino dawesebulebebvSi mowyobilobis muSaoba maTze damatebiT 
SezRudvebs adgens. mowyobiloba unda iyos saimedo, muSaobaSi martivi, 
fizikuri datvirTvisa da koroziuli reagentebis moqmedebis mimarT 
mdgradi. garda amisa, eleqtruli mowyobilobebi ise unda iqnas 
proeqtirebuli, raTa minimizirebul iqnas eleqtruli deniT dazianebis 
SesaZlebloba. pacientebis da medpersonali usafrTxoebis sakiTxebi 
mxedvelobaSi unda iqnes miRebuli aparaturis SemuSavebisa da testirebis 
yvela etapze. 
 

1.5 biosamedicino mowyobilobebis klasifikacia 
 

biosamedicino mowyobilobebis Seswavlas SeiZleba mivudgeT oTxi 
mxridan. am mowyobilobebis muSaobis principi SeiZleba klasificirdes 
gazomvadi sidideebis saxeebis mixedviT, rogoricaa wneva, nakadi an 
temperatura. am klasifikaciis erT-erT upiratesobas warmoadgens is, rom 
is aadvilebs erTi da imave sididis gazomvis sxvadasxva meTodis Sedarebas. 

klasifikaciis meore saSualeba dafuZnebulia gazomvadi procesis 
energiis eleqtrul signalSi gardaqmnis principze. masTan SesabamisobiT  
gadamwodebi gadanawildeba rezistul, induqciur, moqnil, ultrbgeriT da 
eleqtroqimiur gadamwodebad. am gadamwodebis miRebis sxvadasxva saxeebi 
aadvileben fizikuri principebis gagebas, romlebic safuZvlad udevs maT 
muSaobas. 

klasifikaciis mesame saSualeba dakavSirebulia fiziologiur 
sistemasTan, romelzec xorcieldeba gazomva. magaliTad, gul-
sisxlZarRvTa, nervul an endokrinologiur sistemebTan. aseTi midgomisas 
specialistebTan gamoiyofa gazomvis is umniSvnelovanesi saxeebi, 
romlebic aucilebelia maTTvis viwro sferoSi gazomvebTan gasacnobad. 
mocemuli klasifikacia aerTianebs sxvadasxva gazomvad sidideebs da 
signalebis gardaqmnis sxvadasxva meTodebs. 

da bolos, samedicino mowyobilobebi SeiZleba davyoT maTi 
samedicino specializaciis Tanaxmad. magaliTad pediatriaSi, 
kardiologiaSi an radiologiaSi maTi gamoyenebis mixedviT. aseTi midgoma 

Comment [i2]: Lleqcia 4 
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sasargebloa medikosebisaTvis, romlebic dainteresebulebi arian sakuTari 
muSaobis sferos aparaturul uzrunvelyofaSi.  

miRebulia biosamedicino aparaturis Semdegi klasifikacia: 
 

 
                                       sadiagnostiko 

 

• biosamedicino aparatura 
 

                 Terapiuli 
 
 

• vizualizaciis aparatura; 

• laboratoriuli aparatura; 

• Terapiuli aparatura. 
 
samedicino aparaturas waeyeneba rigi specifiuri moTxovnebisa maT Soris: 
 

• usafrTxoeba – samedicino aparaturas moxmarebam ziani ar unda 
moutanos pacientebs da personals. 

 

• efeqturoba – samedicino aparaturas meSveobiT SesaZlebeli unda 
iyos mosalodneli Sedegebis miRweva. 

 

• saimedooba – minimumamde unda iyos dayvanili gauTvaliswinebeli 
gaumarTaobis SemTxvevebi. 

 
am pirobebis dasacavad samedicino teqnikis dargSi damuSavebulia 

standartebi, salicenzio sistemebi. ukanaskneli 40 wlis ganmavlobaSi 
TiToeulma qveyanam SeimuSava sakuTari saregulacio meqanizmebi. mag: 

• gaerTianebuli samefo – mwarmoeblebis registracia; DHA 

• aSS-s mier (produqciis xarisxis kontroli); 

• safrangeTi – damtkiceba (hemologizacia). aparaturis savaldebulo 
Semowmeba; 

• germania – aparaturis tipis savaldebulo Semowmeba; 

• italia – savaldebulo registracia jandacvis erovnuli 
institutis Mmier. 

axali, saerTo evropuli ganviTarebis koncefciidan gamomdinare, saerTo 
evropuli bazris Sesaqmnelad damuSavda evropuli direqtivebi. direqtiva 
warmoadgens evrogaerTianebis kanonmdeblobis nawils da saWiroebs 
transformacias nacionalur kanonebSi, TiToeuli qveynisaTvis. jandacvis 
produqciisaTvis damuSavebulia sami direqtiva: 

 
1. aqtiuri implantirebadi samedicino mowyobilobebi  

-90/385/EEC 1990 wlis 20 ivnisi. 

2. samedicino mowyobilobebi 

-93/42/EEC 1993 wlis 14 ivnisi. 
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3. mowyobilobebi in-vitro diagnostikisaTvis 

-98/79/EEC 1998 wlis 27 ivnisi. 

es sami direqtiva moicavs samedicino produqciis mTlian sferos, garda 
farmacevtuli produqciisa. 

samedicino mowyobilobis (aparatis) gansazRvreba: 
nebismieri instrumenti, aparati, masala an sxva saqoneli (kompiuteruli 

programebis CaTvliT), romelic ixmareba calke an kombinaciaSi da 
mwarmoeblis mier gankuTvnilia, raTa gamoyenebul iqnas mxolod an 
ZiriTadad adamianebisaTvis Semdegi miznebis gansaxorcieleblad: 

- daavadebis, dazianebis an Sromisuunarobis diagnostika, profilaqtika, 
mkurnaloba an Semsubuqeba. 

- anatomiuri an fiziologiuri procesis gamokvleva, Secvla an 
modifikacia 

-  Casaxvis kontroli 
da romelic ar anxorcielebs mis principul zemoqmedebas adamianis 

sxeulze(Si) farmakologiuri, imunologiuri an metaboluri meqanizmebis 
meSveobiT, magram romlis zemoqmedebas SesaZlebelia Tan sdevdnen da xels 
uwyobdnen zemoaRniSnuli meqanizmebi. 

 
 

 
samedicino mowyobilobebis klasifikacia evrogaerTianebis direqtivebis 

mixedviT 
 
 

 
 

sur. 1.4 
 
nebismieri samedicino mowyobiloba, romelic SeerTebulia an 

aRWurvilia eleqtruli energiis wyaroTi an nebismieri wyaroTi, garda 

implantirebad

93/42EE
C 14-6-93 

90/385EE
C 20-6-90 

Terapiuli 

invaziuri 

aqtiuri 

arainvaziuri 

 

98/79EC  
27-10-98 

In-vitro 

ara  
aqtiuri 

samedicino 
mowyobiloba 
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amisa, romelic iyenebs adamianis sxeulis mier pirdapir generirebul 
energias da axdens am energiis gardaqmnas. 

samedicino mowyobilobebi, romelebsac gadaaqvT energia, nivTierebebi 
an sxva elementebi aqtiur samedicino mowyobilobasa da pacients Soris 
mniSvnelovani cvlilebebis gareSe, ar arian miCneuli aqtiur samedicino 
mowyobilobebad. 

aqtiuri Terapiuli mowyobiloba – nebismieri aqtiuri samedicino 
mowyobiloba, romelic gamoiyeneba calke an kombinaciaSi sxva samedicino 
mowyobilobasTan, raTa moxdes biologiuri funqciebis an struqturebis 
xelSewyoba, modifikacia an Secvla daavadebis, dazianebis an 
Srimisuunarobis mkurnalobis an Semsubuqebis mizniT. 

 
aqtiuri sadiagnostiko mowyobiloba – nebismieri aqtiuri samedicino 

mowyobiloba, romelic gamoiyeneba calke an kombinaciaSi sxva samedicino 
mowyobilobasTan, raTa moxdes informaciis miwodeba fiziologiuri 
mdgomareobis, janmrTelobis mdgomareobis an ganviTarebis Tandayolili 
mankebis aRmoCena, diagnostireba, monitoringi an mkurnaloba. 

 
- kompetenturi organoebis movaleobebi. saxelmwifo uflebamosili 

organoebi. notificirebis saregistracio organoebi, romlebic 
exmareba zemoT moyvanili sami stadiis ganxorcielebaSi, 

- niSani “CE” aucilebelia produqciis gasayidad evrogaerTianebis 
bazarze. 

- standartebis roli, ganisazRvreba kavSiri mocemul direqtivas 
(romelic kanonia) da standarts Soris (romelic ar aris kanoni). 

direqtiva moicavs or ZiriTad proceduras: “pre-marketuli” 
(wina-sabazro) da “post-marketuli” procedurebi. 
 
mniSvnelovani moTxovnebi (direqtivis danarTi I ,  EC 93/42)  

• zogadi moTxovnebi: 

- zogadi sakiTxebi, romelic exeba samedicino mowyobilobebis 

mTlian usafrTxoebas, efeqturobas da saimedoobas 

• moTxovnebi, romelic exeba dizains da konstruqcias, ZiriTadi 

jgufebi: 

- qimiuri, fizikuri da biologiuri Tvisebebi, 

- infeqciuri da mikrobuli dasnebovneba, 

- konstruqciuli da ekologiuri Tvisebebi, 

- mowyobilobebi gamzomi funqciiT, 

- radiaciis sawinaaRmdego funqciiT, 

- samedicino mowyobilobebis mimarT, romlebic dakavSirebulia an 

aRWurvilia energiis wyaroTi 

- informacia romelic mowodebulia mwarmoeblis mier. 
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klasifikacia (direqtivis danarTi IX, EC 93/42) 

•  klasifikacia Sedgenilia klasifikaciis wesebis mixedviT, romlebic 

mocemulia direqtivebis damateba IX-Si (klasifikaciis 18 wesi) 

•  samedicino mowyobilobebi iyofa Semdeg klasebad: I, IIa, IIb, III. 

•  mowyobilobis klasi ganapirobebs Sesabamis dadgenis optimalur 

procedurebs. 

mowyobilobebi, romlebic mocemulia direqtiviT, dajgufebulia 4 

klsad Semdegnairad: 

•  klasi I – zogadad miCneulia, rogorc dabali riskis, 

•  klasi IIa - zogadad miCneulia, rogorc saSualo riskis, 

•  klasi IIb - zogadad miCneulia, rogorc saSualo riskis, 

•  klasi III - zogadad miCneulia, rogorc maRali riskis. 

klasebi Seesatyviseba samedicino mowyobilobis potenciur risks 

(xifaTs): 

 
sur. 1.5 

samedicino  aparati 

klasifikaciis wesebi 

klasebi I, IIa, IIb, III

mniSvnelovani moTxovnebi sar
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•  klasi I: 

- arainvaziuri mowyobilobebi  

- invaziuri mowyobilobebi 1 saaTze naklebi gamoyenebisaTvis 

•  klasi IIa: 

- arainvaziuri mowyobilobebi sisxlis Senaxvisa da 

gadasxmisaTvis, 

- qirurgiuli mowyobilobebi moklevadiani gamoyenebisaTvis – 30 

dReze naklebi, 

• klasi IIb: 

- arainvaziuri mowyobilobebi, romlebic gankuTvnilia sxeulSi 

Sesayvani sxeulovani an sxva siTxeebis da sisxlis biologiuri 

an qimiuri Semcvelobis SecvlisaTvis – hemodializuri. 

- araaqtiuri implantirebadi mowyobilobebi – orTopediul 

qirurgiaSi 

 

 
 

sur. 1.6 
 

- . 

kompetenturi organo 

incidentebis aRricxvisa da analizis  

sistema (“sifxizlis sistema”) 

erovnuli 

kanonmdebloba 

incidentebis Sesaxeb  
Setyobinebis sistema 

“post-marketuli” procedurebi 
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-  

kodificireba – aparaturas kodificireba warmoebs winaswar 

dadgenili jgufebis, saxeobis an ganlagebis mixedviT, magaliTad: 

- 67.12.176 - el. kardiografi 3 arxiT; 

- 17.143 – oqsimetri (kodi  ECRT); 

- 12.02.05.26 – rentgenuli aparati. 

bolo SemTxvevaSi aparati ganlagebulia me-12 ganyofilebaSi, 02 

seqtorSi, me-5 oTaxSi da misi nomeria 26. 

usafrTxoebis standartebi – saerTaSoriso eleqtroteqnikur 

komisiaSi ~International  Electrotechnicalue  Commission ~-IEC  SemuSavebulia 

eleqtruli samedicino aparaturis usafrTxoebis saerTaSoriso 

standartebi. usafrTxoebis gansazRvreba romelic SemoTavazebulia am 

komisiis mier: 

~dazianebis riskisagan ganTavisufleba~ ISO/IECG.15 

sabaziso usafrTxoeba uzrunvelyofs dacvas pirdapiri fizikuri 

dazianebisagan, rodesac samedicino aparati muSaobs normalur an 

prognozirebad, dasaSveb pirobebSi (mag: meqanikuri dazianeba, denis gaJonva) 

/ ISO/IECG/5. 

ICE-513 – usafrTxoebis fundamentaluri aspeqtebi samedicino 

eleqtronuli mowyobilobebisaTvis; 

ICE-601-2-13 naw.1 – usafrTxoebis saerTo aucileblobani anesTeziis 

aparatebisaTvis; 

ICE-601-2-26  MEE– usafrTxoebis kerZo aucileblobani samedicino 

inkubatorebisaTvis; 

arsebobs eleqtrosamedicino usafrTxoebis britanuli standartebi: 

BS 5724  eleqtrosamedicino xelsawyoebis usafrTxoeba; 

BS 4275 respiratoruli damcavi xelsawyoebis amorCeva, gamoyeneba da 

teqnikuri momsaxureba;  

BS 5724 - seqcia 2.20 el.samedicino xelsawyoebi – CvilTa inkubatorebis 

specifikacia. 



 

Tavi  2 
 

eleqtrodebi biopotencialebis mosaxsnelad  
 

cocxali organizmis potencialebis gazomvisa da CawerisaTvis 
aucilebelia interfeisis arseboba sxeulsa da eleqtronul gamzom 
xelsawyos Soris. aseTi interfeisis rols asruleben eleqtroqimiuri 
eleqtrodebi, romelTa daniSnulebaa biopotencialebis gazomva (gamoyvana). 
gamzom wredSi potencialebis nebismieri gazomvis dros miedineba 
eleqtruli deni, romelic idealur pirobebSi Zalian mcire sididis unda 
iyos, magram praqtikaSi es deni arasodes ar aris nulis toli. 
biopotencialis  mosaxsneli eleqtrodebi unda atarebdenen dens pacientis 
sxeulsa da eleqtrul gamzom wreds Soris. 
 erTi SexedviT biopotencialebis mosaxsneli eleqtrodebi SeiZleba 
iyos sakmaod martivi, magram am problemis guldasmiT Seswavla gviCvenebs, 
rom realuri eleqtrodi aris gardamqmneli xelsawyo, imitom rom denis 
gadatana sxeulSi mimdinareobs ionebis saSualebiT, xolo eleqtrodSi da 
mis dengamtarSi - eleqtronebiT.  amdenad eleqtrodi unda asrulebdes 
ionuri denis eleqtrulSi gardamqmnelis funqcias.  es mniSvnelovnad 
arTulebs eleqtrodebis mowyobas da garkveul SezRudvebs awesebs maT 
gamoyenebaze. rogorc cnobilia, eleqtrolitebi ar Seicaven Tavisufal 
eleqtronebs, xolo liTonis gamtarebSi ki ar moipoveba Tavisufali 
anionebi da kaTionebi. imisaTvis rom muxtma gadakveTos sazRvari or 
principulad gansxvavebul gamtars Soris, maT sazRvarze unda moxdes 
gansakuTrebuli procesi. sinadvileSi ki gamtarebis sazRvarze xdeba 
qimiuri reaqcia, romelic aseTi saxiT Caiwereba  
 
 (2.1) +↔ neCC +↔ meAA−+n −−m

sadac: n – C kaTionis valentobaa, m - A anionis valentobaa. SevniSnavT rom 
orive reaqcia Seqcevadia, ase rom sazRvarze SesaZlebelia moxdes rogorc 
daJangvis, ise aRdgenis reaqciebi. am process adgili aqvs maSinac, rodesac 
eleqtrodsa da eleqtrolits Soris deni ar gadis. amasTan eleqtrodsa da 
eleqtrolits Soris sazRvarze daJangvis reaqciis siCqare udris 
aRdgenisas. 
 
                      C                            A- 

                           e-      
      C                                  c+ 

                          e-                                                        c+ 
                                                                    A-                                                                                                            
                   C 
 
 
eleqtrodi                                           eleqtroliti 

I 
 
 
 

sur. 2.1 
Semdegi kvlevisTvis davakvirdeT ra moxdeba Tu liTonis naWers CavuSvebT 
xsnarSi, romelic  Seicavs am liTonis ionebs. es ionebi warmoadgenen 
kaTionebs ise, rom xsnarSi unda iyos imave raodenobis anionebi, rom 
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SeinarCunos eldqtronuli neitraloba. rogorc ki liToni Seva kontaqtSi 
xsnarTan, maSinve daiwyeba reaqcia (sur 2.1). Tavidan reaqcia SeiZleba 
wavides marcxnidan marjvniv an marjvnidan marcxniv.  es damokidebulia 
xsnarSi kaTionebis koncentraciaze. kaTionebis lokaluri koncentracia 
xsnarSi sazRvrebze icvleba ise, rom moqmedebs anionebis koncentraciaze 
am wertilSi. Sedegad xsn`ris neitraluroba `m wertilebSi irRveva. 
amgvarad liTons zedapirze aqvS eleqtruli potenciali ufro meth vidre 
xsnarhs sxva wertilebSi. am potencialebis sxvaoba cnobilia 
eleqtroduli potencialis saxeliT, romelic ganisazRvreba liTonis 
saxeobiT, xsnarSi ionebis koncentraciiT, temperaturiT, da agreTve 
sxvadasxva faqtorebiT. eleqtroduli potencialis codna saWiroa 
eleqtroqimiuri elementebis muSaobis gasagebad. 

liTonis da eleqtrolitis uSualo Sexebis sazRvarze ionebis 
ganlageba iwvevda eleqtroqimikosebis did interess.  amitom damuSavda  am 
procesis axsnis mravali  Teoria. eleqtroduli potenciali ganixileba 
rogorc Stefis modeli. Cven vsargeblobT am Teoriis ZiriTadi daskvnebiT. 
liTonis da eleqtrolitis Sexebis sazRvarze muxtebis gayofa iwvevs  ori 
eleqtronuli Sris warmoqmnas, romelSic erTi muxtis tipi dominirebs 
liTonis zedapirze,  sawinaaRmdego muxti ki moWarbebuladaa ganlagebuli 
uSualod mimdebare eleqtrolitTan. muxtis aseTma ganawilebam SeiZleba 
iqonios  gavlena eleqtrodis muSaobaze.   

cxrili 2.1   
liTonebis standartuli eleqtronuli potenciali  
romlebic  gamoiyeneba eleqtroqimiuri eleqtrodisTvis 250 C. 
 
 liToni da reaqcia potenciali E0, B 

Al � Al 3+  +3e- -1.706 

Zn  � Zn2+  +2e- -0.763 

Cr � Cr3+  +3e- -0.744 

Fe � Fe2+2e- -0409 

Cd � Cd2++2e- -0.401 

Ni � Ni2++2e- -0.23 

Pb � Pb++2e- -0.126 

H 2 � 2H++2e- 0.000 

Ag+Cl -� AgCl+e- +0.223 

2Hg+2Cl- � Hg2Cl2+2e- +0.0268 

Cu � Cu2++2e- +0.340 

Cu � Cu++e- +0.522 

Ag � Ag++e- +0.799 

Au � Au3++3e- +1.420 

Au � Au++e- +1.680 

eleqtroduli potencialis Secvla SeuZlebelia. uwyveti 
eleqtroduli jaWvis Sesaqmnelad  saWiro gaxda meore eleqtrodi, radgan 
meores gaaCnia sakuTari eleqtroduli potenciali. Sedegad Cven miviRebT 
sxvaobas or eleqtrodul potencialSi. SesaZlebelia Seiqmnas cxrili 
potencialis sxvaobebis yvela kombinaciis wyvili eleqtrodisTvis. 
eleqtroqimikosebi SeTanxmdnen, rom naxevarelementis potenciali, 
normalur laboratoriul mdgomareobaSi, nulis tolia. danarCeni sxva 
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eleqtrodebis potencials zomaven am standartul eleqtrodTan 
mimarTebaSi.  

cxrilSi 2.1 moyvanilia ramodenime tipis liToni da maTi 
standartuli eleqtroduli potenciali, romlebic gamoiyeneba 
eleqtrodebis dasamzadeblad da agreTve naCvenebia Sesabamisi Jangva-
aRdgeniTi reaqcia romelic mimdinareobs am liTonebis zedapirze.  

wyalbadis eleqtrodze mimdinareobs Semdegi reaqcia:             
                 -2e 2í2 ++↔↔ HH     (2.2) 

aq H2 aRniSnavs gazwarmomqmnel wyalbads. es gazi warmoadgens 
atomuri wyalbadis molekulis wyaros. platina aris katalizatori. 

zemoT ganvixileT eleqtroduli potencialis is SemTxvevebi, 
rodesac eleqtrodebsa da eleqtrolitebs Soris ar gadis eleqtruli 
deni. aseT potencials ewodeba   wonasworuli eleqtroduli potenciali. 
Tu eleqtrodebis wyvils Soris gavatarebT dens gasazomi potenciali 
sagrZnoblad Seicvleba. es gansxvaveba gamowveulia eleqtrodebis 
polarizaciiT. sxvaobas eleqtrodebis potencials Soris, romelSic gadis 
eleqtruli deni da amave eleqtrodis wonasworuli  potencials Soris  
ewodeba eleqtrodebis gadaZabva. gadaZabvebi iyofa meqanizmebis mixedviT 
sam saxeobad:  omuri, koncentraciuli da aqtivaciuri. 

omuri gadaZabva aris pirdapiri Sedegi eleqtrodis omuri winaRobis. 
koncentraciuli gadaZabva aRiZvreba eleqtrolitSi ionebis ganawilebis 
Secvlisas massa da eleqtrodis Sexebis sazRvarTan.  

mesame meqanizmi polarizaciisa aris aqtivaciuri gadaZabva. muxtis 
gadatanis procesi Jangva-aRdgeniTi reaqciisas (2.1) ar warmoadgens 
bolomde Seuqcevd reaqcias. liTonis atomebi rom davJangoT kaTionamde, 
romelic SesaZloa gadavides xsnarSi, aucileblad unda gadavlaxoT 
energetikuli barieri. Aam barieris done damokidebulia denis 
mimarTulebaze. 

polarizaciis samive meqanizmi aris aditiuri. amrigad, eleqtrodis 
mTliani gadaZabva ganisazRvreba formuliT:  

 
Vp=Vr+Vc+Va                                                (2.3) 

 
VP  = eleqtrodis gadaZabvis mTliani polarizacia, 
Vr    =  omuri gadaZabva 
Vc = koncentraciuli gadaZabva 
Va   = aqtivaciuri gadaZabva 

 
 
Tu ori eleqtroliti erT da imave ionis sxvadasxva koncentraciT 
gayofilia  membraniT, romelic SeRwevadia mxolod am ionebisTvis,  mis 
membranaze warmoiqmneba potencialTa sxvaoba. es potenciali aRiwereba 
nernstis gantolebiT: 
  
 

(2.4)ln
2

1
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−=

a
a

nF
RTE 

 
 

sadac     warmoadgens  ionis aqtiurobas garsis orive mxares.  1a 1a
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 standartuli eleqtroduli potencialebi (cxrili 2.1) gazomilia 
standartul pirobebSi. amitom eleqtrodi Tavsdeba eleqtrolitSi, 
romelic Seicavs eleqtrodis masalis kaTionebs, Semcveli erTeuli 
aqtivobiT.  
 

( ) )5.2(ln0
++= nca

nF
RtEE

                        

 
aq:  
 E = eleqtroduli potenciali; 
 E0 =  standartuli eleqtronuli potenciali; 
 n =   eleqtrodis valentoba; 
 a can+= kaTionis aqtiuroba C n+ 

(2.6) gantoleba warmoadgens nernstis modificirebul gantolebas  
Jangva-aRdgeniTi reaqciisas gantoleba miiRebs Semdeg saxes 

 
�A+�B         ץC+�D+ne        (2.6)     

 

gantoleba miiRebs Semdeg saxes  
 

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+=

b

d

aa
aa

nF
RTEE

c

β
α

δγ

ln0     (2.7)     

 
sadac a reaqciaSi monawileTa aqtivobaa.  

Tu SeviyvanT kontaqtSi sxvadasxva koncentraciis or eleqtrolits, 
maT Soris aRiZvreba potencialTa sxvaoba, romelsac difuziuri 
potenciali ewodeba. erTi da igive Sedgenilobis naerTisaTvis, romelsac 
sxvadasxva aqtivoba aqvs es sidide gamoiTvleba Semdegnairad: 
 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
′′+

−
=

−+

+

a
a

nF
RTE j ln
μμ

μ
   (2.8) 

 
 
 

aq �+ �-  aRniSnavs dadebiTi da uaryofiTi ionebis gadaadgilebas. 
Teoriulad SesaZlebelia warmovidginoT ori ukiduresi tipis 

eleqtrodis arseboba: absoluturi polaruli da absoluturi 
arapolaruli. es klasifikacia aisaxeba procesSi eleqtrodisa da 
eleqtrolitis Sexebis sazRvarze denis gavlis SemTxvevaSi.  

qlorvercxlis eleqtrodi (Ag/AgCl) farTod gamoiyeneba praqtikaSi da 
advilad miiReba laboratoriul pirobebSic. Tavisi TvisebiT is 
uaxlovdeba arapolarizebul eleqtrods. is ekuTvnis iseTi klasis 
elements, romelic damzadebulia liTonisagan, romelic dafarulia am 
liToniT anionis msgavs  sustadxsnadi marilis SriT. eleqtrods 
tvirTaven eleqtrolitSi, romelic gajerebulia igive anionebiT, sakmaod 
maRali koncentraciiT. 
 

 27 
 



 

 
 
 
 
 
 

 
 

sur. 2.2 
 
 
 
 
 
 
 
sur. 2.2-ze gamosaxulia qlorvercxlis eleqtrodi. eleqtrodis fuZes 
warmoadgens liTonuri vercxli, romelsac mirCiluli aqvs izolirebuli 
sadeni. vercxlis zedapiri dafarulia fuZe mariliT AgCl. es marili  
Znelad ixsneba wyalSi, amitom eleqtrodi ar iSleba  drois ganmavlobaSi. 
eleqtrodi CatvirTulia eleqtrolitSi, ZiriTadi anioni aris Cl. 
saukeTeso Sedegis misaRwevad eleqtrolitis naerTi unda iyos AgCl. 

qlorvercxlis eleqtrodis muSaobisas mimdinareobs ori qimiuri 
reaqcia 

Ag Ag+ +e-                                                            (2.9) 
 

Ag++ Cl-        AgCl�                                                    (2.10) 
 
meore reaqcia mimdinareobs uSualod ionebis Ag+ formirebis Semdeg. 

es ionebi erTiandebian Cl-,  ukve naerTSi myofni da qmnis marils AgCl. 
rogorc zeviT aRvniSneT AgCl Zalin sustad ixsneba wyalSi. 

biologiur siTxeebSi Cl – SedarebiT maRalia, amitom misi aqtivoba 

erTeulze ramdenjerme mcirea.  
Cven SegviZlia vipovoT eleqtrodebis potenciali  Ag/AgCl  

eleqtrodisTvis  
 

( ++= AgAg aLn
nF
RTEE (0 )                                  (2.11) 

 

es gantoleba SegviZlia warmovadginoT ase: 
 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
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cr

s

a
K

nF
RTEE ln0                                 (2.12) 
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nF
RtK

nF
RTEE lnln0 −+=

 

)                    (2.13) 
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 imisaTvis, rom gavigoT eleqtrodis moqmedeba biopotencialis 
registraciisas kanis zedapirze, yuradReba unda gavamaxviloT kidev erT 
bioqimiur sistemaze, eleqtrolitze da kanze. kanze eleqtrodis dadebis 
adgilas gamoiyeneba gamWvirvale eleqtrolituli geli, romelic Seicavs 
Cl.  gelis da eleqtrodis zedapiri warmoadgens igive saxis sazRvars 
rogorc zemoT aRvwereT.  

sur. 2.3 –ze naCvenebia kanis sigrZivi kveTi. kani Sedgeba sami Srisagan, 
romelic icavs organizms garemo pirobebisgan. 

kanis Sreebs Soris ganlagebulia kanis sisxlZarRvebi da kanis 
nervebi, aqve aris ganlagebuli oflis da Tmis folikulebi. 

 

Eepidermisi 
 

Dderma 
 
K 

kanqveSa 
Sre 

 
sur. 2.3 

 
 

Zalian xSirad biopotencialis gasazomad gamoiyeneba liTonis 
firfitebisgan damzadebul eleqtrodebi (sur. 2.4) naCvenebia zogierTi 
maTgani.  

 
sur. 2.4 

 
 
am suraTze warmodgenili eleqtrodebi Semdegia: liTonis firfitis 

diskis msgavsi eleqtrodi, romlis boloebi daxrilia. eleqtrodi  
magrdeba  leikoplastiris daxmarebiT, Ees aris erTjeradi eleqtrodi, 
romelic ufro xSirad gamoiyeneba kardiologiaSi. 
 arsebobs e.w. mimwovi eleqtrodebi, romlebic warmoadgens liTonis 
eleqtrodis erT-erT saxeobas, (sur. 2.5). eleqtrodis es saxeoba ar 
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saWiroebs kanze damagrebas. minisebur mikroeleqtrodebs amzadeben minis 
kapilarebisagan. kapilaris centralur naqils acxeleben sanTuraze minis 
darbilebamde, Semdgom kapilars swrafad gawelaven, pipetis msgavsad, 

aseTi teqnologiuri operaciebiT amzadeben specialur aparatebs, 
romelTa daniSnulebacaa gacxeleba da Tanabari gaWimva sasurvel donemde. 
es aparatebi saSualebas iZleva swrafad damzaddes miniseburi 
mikroeleqtrodebi gaWimuli kapilari iyofa or naxevrad, iReben 
mikropipetebs, romelTa boloebi 1-mkm diametrisaa. aseTi mikropipetisgan 
mzaddeba mikroeleqtrodi.  

 
 

 
 

 
sur. 2.5 

 
 
pipets xuraven saxuraviT, romelzedac mimagrebulia liTonis 

eleqtrodi, is kontaqtSia pipetis SigniT arsebul eleqtrolitTan. aseT 
eleqtrods xSirad amzadeben vercxlis mavTulisgan, romlis zedapiric 
dafarulia vercxlis qloridis eleqtrolizuri feniT. zogjer iyeneben 
agreTve platinis an uJangavi foladis mavTuls. 

farTo gamoyeneba moipoves   mikroeleqtrodebma,     romlebic 
damzadebulia mikroeleqtonuli teqnologiebis meSveobiT. teqnologiebi, 
romlebic gamoyenebulia tranzistorebisa da integraluri mikrosqemebis 
dasamzadeblad, SeiZleba gamoyenebul iqnas mcire zomis meqanikuri 
struqturebisaTvis. praqtikaSi danergilia am teqnologiebis gamoiyeneba 
liTonuri mikroeleqtrodebis dasamzadeblad. 

aseTi mikroeleqtrodebis konstruqciis safuZvels (sur. 2.6 a) 
warmoadgens viwro oqros milakebi, romlebic daleqilia siliciumis 

fuZeSreze, romlis zedapiric winaswar damuSavebulia gaumtari SiO2-is 
daleqviT. Semdgom etapze siliciumis fuZeSres amoaSroben viwro Rilakis 
CamoyalibebisaTvis, romlis sisqec sakmarisia oqros milakisTvis.  

wveris midamoSi siliciumi amoiWmeva (amoiSroba) wveridan 1 an 2 mm-is 

daSorebiT ise, rom darCes mxolod oqros zolebi da maTze SiO2-is 
maizolirebeli fena (Sre). izolacia amoiWmeva mxolod oqros zolebis 
wveroebze, raTa gaxsnas eleqtrodebis kontaqturi zedapiri. Tumca aseTi 
teqnologiis gamoyenebisas ar SeiZleba iseTi eleqtrodebis damzadeba, 
romelTa wveros diametri iseTive mcirea, rogorc zemoT ganxiluli 
minisebri mikropipetebisa. es teqnologia saSualebas iZleva damzaddes 
mikroeleqtrodebis matricebi da amasTan matricaSi SenarCundes TiToeuli 
eleqtrodis geometriuli sizuste 
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sur. 2.6 

  
 

mikroeleqtronuli teqnologiebis maRali aRwarmoeba saSualebas 
iZleva didi raodenobis eleqtrodebis damzadebisa, romelTac aqvT 
erTnairi geometriuli maxasiaTeblebi. erTi eleqtrodis maxasiaTebeli 
mcirediT gansxvavdeba sxva romelime maxasiaTeblisagan. 

 
sur. 2.7 

  
mikroeleqtronuli teqnologiebis gamoyenebiT SemuSavebul iqna 

mastimulirebeli da maregistrirebeli eleqtrodebis sxva konstruqciebi. 
sur. 2.7. viwro zondze siliciumisagan amzadeben mikroeleqtronul 
matricebs, romelic SeiZleba ganvaTavsoT wina tvinis qerqSi 
potencialebis registraciisaTvis. am eleqtrodebis msgavsia oqros an 
vercxlis qloridis eleqtrodebi, romlebic imyofebian Zalian patara 
ujredSi, romelic damzadebulia gaumtari da eleqtrolitis xsnariT 
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savse apkisagan. am ujreds aqvs patara xvreli, romelic saSualebas 
gvaZlevs damyardes eleqtruli kontaqti nervul qsovilTan.  
 

 
 
 

sur. 2.8 
   

yvelaze originaluri multieleqtrodi SemuSavebul iqna 
periferiuli nervebidan signalebis registraciisaTvis (sur. 2.8), es 
eleqtrodi Sedgeboda xvrelebis jgufisagan, romelic amotvifruli iyo 
siliciumis mikrosqemaSi, avtori aseT eleqtrodebs iyenebda cxovelebze 
cdebis Casatareblad, romlebsac periferiuli nervebi gadauWres. Semdgom 
gadaWrili nervebis boloebze ise ganaTavses siliciumis mikrosqemebi, rom 
regeneraciis dros nervi aRdgeboda mikrosqemaSi xvrelis amozrdis 
kvaldakval. mikrosqemis TviToeuli xvrelis siliciumis zedapiri 
ifareboda oqroTi, rac uzrunvelyofda nervul boWkoebs Soris 
eleqtruli kontaqtis damyarebas romlebic xvrelebis gavliT gadiodnen.. 
 eleqtroencefalografiuli monitoringisTvis, xelmZRvaneloben 10-20 
gamomyvanebis sistemiT, romlebic rekomendirebulia eeg-s Seswavlis 
saerTaSoriso sazogadoebiT (sur. 2.9). am sistemis mixedviT eleqtrodebis 
ganlageba xorcieldeba specialuri anatomiuri niSnulebiT. eeg-s 
CawerisTvis iyeneben diferencialur gamaZlierebels (gaaCnia ori 

 32 
 



 

Sesasvleli da gancalkavebuli damiwebis eleqtrodi).Mmisi daxmarebiT 
registrirdeba potencialTa sxvaoba (1) eleqtrodebs nebismier wyvils 
Soris (bipolaruli gadacema), (2) erT monopolarul eleqtrods da 
mocilebul referentul eleqtrods Soris (Cveulebriv is magrdeba erT-
erT yuris bibilos an erdroulad orive yuris bibilosTan) da  (3) erT 
monopolarul eleqtrods da yvela  eleqtrodTa saSualo  potencials 
Soris, romelic gvevlineba virtualur ,,saSualo  referentul 
eleqtrodad’’. 

 
sur. 2.9 

        
ukanasknel SemTxvevaSi am saSualo referentul eleqtrods warmoqmnian, 
yvela aqtiuri eleqtrodebis SeerTebis gziT, romlebic ganlagebulni 
arian Tavze mocemul wertilebSi Tanabari da maRali winaaRmdegobis 
gavliT erT saerTo wertilSi. aseTi  eleqtruli sqema   realizacias 
ukeTebs Tavis yvela eleqtrodebis potencialTa maTematikur 
gasaSualebas. 
 bipolaruli (diferencialuri) gamoyvanisas aregistrireben 
potencialTa sxvaobas or mezobel eleqtrods Soris. aseTi gadacemis 
upiratesoba mdgomareobs imaSi, rom am dros aRmoifxvreba  gare 
dabrkoleba, romelic Tanabarad  modis orive eleqtrodze (dabrkoleba 
am SemTxvevaSi  SeiZleba iyos, rogorc eleqtruli zeddeba, aseve 
SedarebiT daSorebuli qerquli  wyaro). sabolood SesaZlebeli xdeba 
mkafio lokalizaciis pasuxis miReba. Tumca eeg-s erTi da igive epizodebi 
SeiZleba Caiweros zemoT aRwerili sami meTodidan nebismieriT. 
TiToeuli meTodiT registraciisas maT gaaCniaT individualuri saxe. eeg 
registracia xorcieldeba diferencialuri gamaZliereblis daxmarebiT 
gaZlierebis  maRali koeficientiT da Tan tevaduri kavSiris 
SesasvleliT. gamosasvleli signali Cveulebriv iwereba TviTCamweri 
lentis saSualebiT,  eeg-s signals iweren sixSirul zolSi 0.5_dan 80hc-
mde. Tanamedrove eleqtroencefalografebi  warmoadgenen 
kompiuterizirebel xelsawyoebs.  eleqtrodebis komutacia xorcieldeba 
kompiuteruli marTviT, rac  afarToebs diagnostikur SesaZleblobebs. 
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 Cveulebriv  eeg registracias  ukeTeben fxizel mdgomareobaSi, 
pacientebs romlebic wvanan sawolze daxuWuli TvalebiT. pacientebs, 
romlebic  aseTi meTodiT arian ganTavsebulni,  artefaqtebi 
eleqtrodebis moZraobisgan da sxva eleqtruli dabrkolebebi  
mniSvnelovnad  umcirdebaT. kunTebis aqtivoba saxeze, kiserze, yurebze da 
a.S. SeiZleba iTqvas, rom arsebobs kavSiri tvinis aqtivobis xarisxsa da 
eeg-s riTmis saSualo sixSires Soris. es sixSire progresulad matulobs 
aqtiurobis gazrdasTan erTad. dabali sixSiris delta-talRebi 
damaxasiaTebelia patarebisTvis, alfa talRebs  akvirdebian  dasvenebis 
dros. maRali sixSiris beta riTmi, Tan  axlavs intensiur gonebriv 
muSaobas. saWiroa mxedvelobaSi viqonioT, rom gonebrivi muSaobis 
periodSi daregistrirebuli oscilaciebi xdeba asinqronuli, ase rom eeg 
amplituda mcirdeba miuxedavad Tavis tvinis aqtiurobis zrdisa. 
 geometriul enaze tvini SeiZleba warmovidginoT rogorc 
koncentruli garsebiT garSemosili sfero, romlebsac aqvT sxvadasxva 
eleqtruli winaRoba da Seicavs tvinis garsebs (SemaerTebeli qsovilis), 
zurgis tvinis siTxes, qalas da skalps. es modeli arazustia, radgan 
sinamdvileSi tvini ar aris sfero, xolo masze gadafarebuli garsi 
formiT da sisqiT araerTgvarovania. miTiTebuli modelis sizusteebi 
umniSvneloa, tvinis zeda naxevarSi, Tumca isini Zalian didia. amasTanave 
tvinis qveda nawilisaTvis damaxasiaTebelia impedansis mniSvnelovani 
araerTgvarovneba. tvinis sxvadasxvagvari struqturebi gansxvavdebian 
xvedriT winaaRmdegobiT. xvedriTi winaaRmdegoba agreTve damokidebulia 
boWkos dominirebul  mimarTulebze TeTr nivTierebaSi. amrigad tvini 
arc homogenuria da arc izotropuli. 
      neironaluri generatorebi ar warmoadgenen ubralo erTgvarovan 
dipolebs. yvelive wyaros roelsac SeuZlia gamoavlinos Tavi eeg 
Casawerad warmoadgens wrewiris mcire nakveTs neironis sinqronul 
muSaobasTan erTad. aseTi wyaro araeTzomadi dipolia, aramed 
polarizebuli  mrude pirdapir samganzomilebian sivrceSi. im SemTxveveSi 
Tu es zedapiri mcirea, misi  warmodgena SeiZleba, rogorc mrgvali 
ganawilebuli eleqtruli dipolebis veqtoruli  jami. sivrceSi mravali 
ganawilebuli eleqtruli  generatorebis  arsebobisas moipoveba  
kombinaciis usasrulo ricxvi, romlebsac uwodeben, zedapirul  
potencialebis erTi da igive ganawilebas. sxva sityvebiT eeg Caweras 
yovelTvis ar SeuZlia neironaluri generatorebis zusti mdgomareobis 
da simZlavris gansazRvra.  



LEQTavi 3B 
 

biopotencialebis maZliereblebi 
 

 sxvadasxva warmoSobis biopotencialis sixSiris diapazoni da 
amplituda gansxvavdeba erTmaneTisagan, Sesabamisad  unda gansxvavdebodes 
maZliereblis zoli da gaZlierebis koeficientebi. sur. 3.1 naCvenebia 
zogierTi biopotencialis tipiuri amplitudebi da sixSiruli  
diapazonebi. 

 
 

sur. 3.1 
 
signalis tipze damokidebulebiT, signalis sixSire SeiZleba Seicvalos 
mudmivi denidan daaxloebiT 10 khc-de. Asignalis amplitudebi ki  
moTavsebulia diapazonSi  mkv-dan  100 mv-de. 
      sxvadasxva fiziologiuri kvlevebisaTvis gamoyenebuli 
eleqtrodebi moqmedebs im moTxovnebze, romlebic waeyeneba 
maZliereblebs, gansakuTrebiT maZliereblis iseT parametrebs, rogoricaa 
Semavali deni da winaRoba. ganvixiloT ra moTxovnebi waredgineba 
sxvadasxva biopotencialis maZliereblebs. sur. 3.1 Cans, rom miograma 
ikavebs sixSiris zols 25 hc-dan ramodenime khc-de. amplituda Seadgens 
100 mkv-dan 100 mv, imisda mixedviT, Tu ra adgilidan xdeba  signalis 
ganxris aReba da Tu  ra tipis eleqtrodebi iyo moTavsebuli. 
 
 
 
 
 
 
 eleqtromiogramis (emg) maZliereblis sixSiris zoli unda iyos 
ufro farTe, vidre eleqtorkardiogramis (ekg)  maZliereblis maRali 
sixSireebis areSi, magram ar unda gavrceldes aseve farTod dabali 
sixSireebis mxares. es mosaxerxebelia, ramdenadac artefaqti, romelic 
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eleqtrodebis moZraobasTan aris dakavSirebuli,  mdebareobs ZiriTadad 
dabali sixSiris areSi da mniSvnelovnad sustdeba miografis filtrebiT.  
radgan emg registraciisaTvis eleqtrodebis ganlageba warmoebs kanze, 
signalis  done rogorc wesi   dabalia,  pikuri   mniSvnelobebi Seadgens  
0.1-1 mv. eleqtrodebis winaaRmdegoba didi araa, is 200 omi-dan 5 kom-de 
farglebSia da damokidebulia eleqtrodebis tipze, gamoyenebuli 
eleqrolitsa da sixSireze, romelzedac izomeba winaRoba. Semavali 
maZliereblis maxasiaTeblebi SeiZleba iyos iseTive, rogoric ekg  
maZliereblis,  xolo gaZliereba cotaTi meti. rodesac gamoiyeneba 
kunTSiga nemsis saxis eleqtrodebi, signalis amplituda bevrad ufro 
metia, amitom saWiroa naklebi gaZliereba, magram aseTi eleqtrodebis 
winaRoba, Zalian didia. ramdenadac miografis maZliereblebma unda 
imuSavos kanis eleqtrodebzec, mas unda hqondes maRali Semavali 
winaRoba da gadarTvadi gaZlierebis koeficienti.  

Sigaujreduli eleqtrodebi anu mikroeleqtrodebi gankuTvnilia 
ujredis   transmembranuli potencialis gasazomad, romelic  Seadgens 50-
100 mv. kontaqtis mcire farTobis  gamo, maT aqvT sakmao maRali   winaRoba 
da amave  dros didi tevadoba. xSirad TviTon eleqtrodis drois mudmiva 
zRudavs sixSiris zols. amitom maZlierebels unda hqondes  ara marto  
gansakuTrebuli maRali Semavali  winaRoba, aramed  uaryofiTi 
eqvivalenturi Semavali tevadoba, raTa moxdes eleqtrodebis tevadobis 
kompensireba. es miiRweva dadebiTi  ukukavSiris saSualebiT. 
     mikroeleqtroduli  maZliereblebis  sixSiruli diapazoni  unda 
iyos sakmaod farTe. xSirad mikroeleqtrodebi gamoiyeneba  mudmivi  
transmembranuli  potencialis gasazomad, amitom  sixSiris  zoli unda  
iwyebodes mudmivi deniT. meores mxriv  agznebisEdros, nervul da kunTur 
ujredebSi, generirdeba sixSiris komponentebi 10 khc-de, rac gansazRvravs 
moTxovnebs gamtari zolis zeda zRvrisadmi. signalebis amplituda 
SedarebiT didia, amitom gaZliereba unda iyos naklebi vidre wina 
magaliTebSi.D   

 
 

sur. 3.2 
 

uaryofiTi Semavali tevadobis misaRebad gamoiyeneba sqema (sur. 3.2), 
romelic Sedgeba arainvertirebadi mcire  gaZlierebis  koeficientis 
mqone maZliereblisagan, romelsac aqvs  Zalian maRali Semavali 
impendansi da kondensatorisagan -ECf, romelic CarTulia   maZliereblis 
gamosasvlelidan Sesasvlelze. eqvivalenturi sqema moyvanilia sur. 3.. 2 b 
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da Tu CavTvliT rom, Semavali winaRoba usasrulobis tolia, Cven 
SegviZlia davweroT Semavali Zabvis da denis gantoleba: 
  

                           ivi
f

i VAdtl
c

V += ∫
1

                 (3.1)  

     

sadac  _gaZlierebis koeficientia. es utoloba SeiZleba gadavweroT 

Semdegi saxiT: 
vA

 

                dti
CA

V i
fv

i ∫−
=

)1(
1

                       (3.2) 

 

amgvarad eqvivalenturi Sesasvleli tevadoba udris (1- )Cf.  1-ze metad 
gaZlierebisas, Sesasvleli tevadoba uaryofiTia. maZlierebelTan 
SeerTebulia RS winaRobis mqone eleqtrodi, eleqtrodis tevadoba 
kabelTan erTad aRvniSnoT Cs, maSin jamuri tevadoba Sesasvlelze 
Seadgens  

vA

                      ffVS CACC )1( −+=                       (3.3)   

D  G     igi nulis tolia  Tu:    
 

                                                (3.4) fVS CAC )1( −=
amis miRweva SesaZlebelia Tu ganvaxorcielebT gaZlierebis koeficientis  
A  an tevadobis  C koeficientis SerCevas.  
 praqtikulad (3.4) pirobis zusti Sesrulebis miRweva Znelia, radgan 
yoveli maZliereblis koeficientis gaZliereba damokidebulia sixSireze, 
amitom ramdenime sixSireze Sesasvleli tevadobis kompensacia iqneba 
arasruli. uaresia gadaWarbebuli kompensacia, radgan ukukavSiri 
SeiZleba aRmoCndes  generaciis mizezi, amitom  maZlierebelis awyoba 
xorcieldeba ise, rom es toloba  Sesruldes maqsimaluri sizustiT,  
stabiluroibis dakargvis gareSe. dadebiTi ukukavSiris sxva Sedegi aris  
xmauris SedarebiT maRali done, magram Zabva romelic registrirdeba 
mikroeleqtrodebiT maRalia da xmauri ar warmoadgens did problemas. 
 sur.  3.1 naCvenebia, rom eeg sixSiris  diapazoni Seadgens 0.1-100 hc. 
klinikuri gamokvlevebisas gamoiyeneba kanis eleqtrodebi, signalis 
amplituda Seadgens 25_100 mkv, amitom maZlierebels unda hqondes 
SedarebiT meti gaZlierebis koeficienti. eleqtrodebis farTobi 
naklebia, vidre ekg SemTxvevaSi da maTi winaRoba ufro metia, ase rom 
Sesasvleli winaRoba unda iyos maRali.  imis gamo, rom  signalebs aqvT 
dabali done, sinfazuri Zabva warmoadgens seriozul problemas, amitom 
aucilebelia guldasmiT brZola dabrkolebebis wyaroebTan, xolo 
maZlierebels unda hqondes sinfazuri signalis Sesustebis koeficienti 
rac SeiZleba didi.  
 

3.1 biosignalebis gadamuSaveba. 
 

 kardiotaxometrs uwodeben mowyobilobas, romelic zomavs gulis 
SekumSvebis sixSires (gSs), Tumca informaciis mopoveba am fiziologiur 
parametrze SeiZ 
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leba arteriuli wnevis mrudis    an gulis tonebis meSveobiT. xSir 
SemTxvevSi sawyisi signali aris ekg. arsebobs kardiotaxometris ori 
saxeoba. saSualo gSs gamzomi iTvlis garkveul droiT monakveTSi 
SekumSvebis ricxvs, xolo gSs myisieri gamzomi, ki sazRvravs 
kardiociklis yovel xangrZlivobas.  
 sur. 3.3 naCvenebia myisieri gSs gamzomi. ekg signali gadis zolovan  
filtrSi, romelic atarebs kardiogramis QRS kompleqss, asustebs ra 
artefaqtebs da agreTve P_T kbilebs. zRurblovani deteqtori gauSvebs 
pirvel erTvibrators, romelic gamoimuSavebs 10 mkwm xangrZlivobis P 
impulss, rogorc es naCvenebia droiT diagramaze (sur. 3.4), sZw -aris 
stabilizirebuli Zabvis wyaro.  
 

 
 

sur. 3.3 
 

 ukana fronti P1 gauSvebs 10 mkwm xangrZlivobis  impulss (zusti 
mniSvneloba ar aris mTavari, impulsebis xangrZlivoba unda iyos 
gacilebiT naklebi vidre  kardiocikli). es impulsebi miewodeba 
elementis ,,an-ara’’ Sesasvlels.  ,,an-ara’’ elementis gamosasvleli, 

romelic  aRniSnuli, mTliani kardiociklis periodSi imyofeba maRal 

mdgomareobaSi, garda 20 mkwm, romelic    -dan  -ze modis.  maRali 

done 1 mkwm sixSiris signals uflebas aZlevs gavides  ,,da’’ elementis 

gasasvlelze, romelic SeerTebulia mricxvelis SesasvlelTan, radgan  

mricxveli Camoagdebs mTvlels 0 mdgomareobaSi, ricxvi romelsac 
Seicavs mricxveli QRS kompleqsis dawyebis momentSi, udris miliwamSi 

gavlil kardiociklis xangrZlivobas.  impulsi krZalavs Tvlas da 

akopirebs mricxvelis mdgomareobas (xsnis gasaRebs) registrSi, romelic 
mas inaxavs momaval  QRS kompleqsamde. registris gamosasasvlelTan 

2P

1P

3P

1P 2P 3P

2P

2P
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SeerTebulia gardamqmneli - kodi - winaRoba. am winaRobaze miewodeba  
mudmivi Zabva da deni misi gavliT udris: 
 

                    
RT
k

R
Vi ==                (3.5) 

  

 aq – k konstantaa, xolo T - intervali QRS – kompleqsebs Soris. 

Cans, rom deni ukuproporciulia kardiociklis xangrZlivobis, sxva 
sityvebiT igi proporciulia gSs-is myisieri mniSvnelobisa. Va sqemis 
gamosasvleli Zabva formirdeba gardamqmneliT deni - Zabva. 

R

          
 
 
 
 
 
 
 
 
 P1 
 P2 

 
P3 
P4 

 
 
 
 
 
 
 
 
 
 

 
sur. 3.4 

 
    sur. 3.4 naCvenebia rom,  roca sqema  aRmoaCens  QRS – kompleqss, Va 
Rebulobs mniSvnelobas, romelic ukuproporciulia gasuli 
kardiociklis xangrZlivobis. aRsaniSnavia, rom mricxveli yovelTvis 

iwyebs aRricxvas nulidan, rogorc ki   impulsi akopirebs mricxvelis 

Semcvelobas registrSi,  impulsi Camoyris mricxvelis maCveneblebs. 
1P

2P
 kardiotaxometri SeiZleba Seicavdes wredebs, romlebic gamoscems 
gangaSis signals, roca gSs imyofeba raime zRurblovani mniSvnelobebis 
qvemoT an zemoT. es SeiZleba iyos komparatorebi, romlebic adarebs 
gamosasvlel Zabvas garkveul donesTan an es SeiZleba iyos cifruli 
sqema, romelic adarebs kods registrSi zRurblovan mniSvnelobebTan. 
 samedicino kvlevebSi xSirad iTxoven kunTovani aqtivobis 
ricxobriv daxasiaTebas, romelic izomeba miografiT. xSir SemTxvevaSi 
amisTvis gamoiyeneba miogramis absoluturi mniSvneloba da is 
integrirideba, ise  rogorc es naCvenebis sur. 3.5.  emg signali 
gamaZliereblis gamosasvlelisgan  miewodeba zust ornaxevarperiodian 

gammarTvels, rogorc es sur. 3.6  droiTi diagramidan Cans,  Zabvas 2V
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gamosavlelze aqvs dadebiTi polaroba. es Zabva miewodeba integrators. 
muxti, romelic kondesatorzea dagrovili, proporciulia Sesasvleli 
Zabvis integralis. rodesac integratoris gamosasvlelze Zabva zRurbls 
aRwevs,  komparatori uSvebs erTvibrators. 
 erTvibratoris gamosasvleli impulsi ketavs gasaRebs, romelic 
CarTulia kondesatoris paralelurad. impulsis xangrZlivoba unda iyos 
droiT mudmivaze 5-jer meti mainc, imisTvis rom kondesatori mTlianad 
ganimuxtos. amis Semdeg integratori iwyebs nulidan integrirebas da 
cikli meordeba. 
 
 
 

       
sur. 3.5 

 
integratoris gamoyeneba SeiZleba  ori meTodiT: jer erTi gamosavali 
Zabva daregistrirdes TviTCamweri mowyobilobis an kompiuteris 
daxmarebiT, maSin CvenTvis cnobili iqneba Zabvis mniSvneloba  drois 
yovel momentSi. imisTvis rom gairkves integralis sruli mniSvneloba, am 
Zabvas unda mivumatoT Camoyris Zabvis mniSvneloba  gamravlebuli 
Camoyris raodenobaze. meores mxriv, Tu gvainteresebs miaxloebiTi 
integrali SedarebiT xangrZlivi drois SualedSi, ubralod SeiZleba 
dafiqsirdes Camoyrebis raodenoba mricxvelis daxmarebiT. 
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sur. 3.6 
 

neirofizologiaSi xSiradaa saWiro garkveuli stimulze pasuxis 
garkveva. es pasuxi warmoadgens eleqtrul signals romelsac ewodeba 
gamowveuli potenciali (gp). misi amplituda aris Zalian mcire Tu 
stimulis gameorebisas pasuxi zustad an TiTqmis zustad meordeba  
SeiZleba gaumjobesdes Sefardeba signali/xmauri (Ssx), Tu moxdeba 
stimulis mravaljeradad wardgineba da masze pasuxebis dagroveba. sur. 
3.8 ilustrirebulia gamSaualedeblis muSaoba, signali gardaiqmneba 
analogur-cifruli gardamqmnelebis saSualebiT. aTvlas, romelic 
Tanxvdeba stimulis wardginebis moments vuwodoT pirveli, mis momdevnos 
meore da ase Semdeg. imisaTvis rom miviRoT jamuri pasuxi pirveli 
wertilisa, unda avjamoT yvela pirveli aTvlebi, meoris misaRebad yvela 
meore aTvlebi. am procesis saSualebiT miviRebT yvela individualuri 
pasuxebis jams. 

 
 
 
 
 
 
  
 
 
 
 
  

 

pasuxi 12 

gasaSua-

loebuli 

pasuxi 

pasuxi 3 

pasuxi 2 

pasuxi 1 
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sur. 3.8 
 
es teqnika xSirad gamoiyeneba eleqtroencefalogramebis da 
eleqtroretinogramebis gamoyvanis dros. eeg aqvs patara amplituda da 
Sesabamisad Ssx dabali mniSvneloba. cvlilebebi eeg-Si romelic 
gamowveulia raime stimuliT, denis, sinaTlis uceb ganaTeba an bgera, 
Zalian mcirea. ase rom eeg-s CanawerebSi  dauSvebelia signalis 
komponentis gamoyofa, romelic warmoadgens pasuxs stimulze. Tumca 
stimulis mravaljeradi gameorebiT Cven SegviZlia miviRoT saZebni 
gamowveuli potenciali. gp (eeg-s monakveTi romelic Seicavs stimulze 
pasuxs) gasaSualoebis  procedurebis daxmarebiT.  
 xSirad gamsaSualoeblis saxiT gamoiyeneba kompiuteri.  
programuli uzrunvelyofa, cifrul signalSi poulobs moments, romelic 
Seesabameba stimuls (xSir SemTxvevaSi programa xSirad marTavs 
stimulators, ase rom stimulis miwodebis momentis Zebna ar uwevs.). 
aRricxuli signalebis garkveuli raodenoba stimulis Semdeg 
mexsierebaSi inaxeba. Semdegi stimulis pasuxi jamdeba mexsierebaSi 
arsebul CanawerTan. pirveli  aRricxva emateba pirvels, meore meores da 
a.S. stimuli xdeba mravaljeradi da yoveli pasuxi emateba wina dagrovil 
jams. Sejamebuli mrudi gamoisaxeba disfleize,  imisTvis rom operators 
SeeZlos SeaCeros dagroveba, rodesac ukve  miRebuli iqneba sakmarisad 
xarisxiani Canawerebi (xSirad agroveben or mruds, erTs miiReben luwi 
pasuxebis ajamviT, xolo meores kentebis SejamebiT. ramdenadac es 
mrudebi axlosa erTmaneTTan, SeiZleba maTi msgavsobaze msjeloba). 
 dagroveba SeiZleba  gamoyenebuli iqnas  gare stimulis gareSe 
magaliTad   nayofis ekg Casawerad eleqtrodebis daxmarebiT romlebic 
moTavsebulia dedis mucelze.  R kbilebi kargad moCans, magram naklebi 
amplitudis kbilebi ikargeba xmaursa da dabrkolebebSi, am SemTxvevaSi 
gamoiyeneba midgoma, rom drois aTvlis wertilad, stimulis nacvlad, 
aRebuli iyos R kbili.  kompiuteri poulobs R kbils, Cawers ramdenime 
signalis ramodenime milisekunds, manamde da ramdenimes aseuls mis 
Semdeg. signalis Cawerili fragmentebi gasaSualovdeba, imisTvis rom 
miviRoT zRurblebis nayofis kardiogramis P-QRS-T kbilebis 
konfiguracia. samwuxarod es xerxi yovelTvis ar amarTlebs, radgan 
intervali zRurblebs Soris da TviT zRurblebis formac SeiZleba 
Seicvalos ciklidan ciklamde. Sejamebuli mrudi asaxavs P-QRS-T 
kbilebis  gasaSualoebul konfiguracias, romelic ar emTxveva 
konfiguracias arcerT konkretul kardiociklSi. 
 
 
  



Tavi  4 
 

sisxlis wneva da gulis tonebi 
 
pacientis sisxlis wnevis dadgena aris standartuli klinikuri 

gazomva, romelic sruldeba rogorc ambulatoriul, aseve stacionarul 
pirobebSi, specialuri qirurgiuli procedurebis msvlelobisas. sisxlis 
wnevis zomebis codna gulis sxvadasxva saknebSi da aseve pacientis 
arteriuli wnevis codna, exmareba eqims Seafasos avadmyofis gul-
sisxlZarRvTa sistemis mdgomareoba. adamianis wnevis gansazRvrisTvis 
gamoiyeneba sxvadasxva, pirdapiri da iribi gansazRvris meTodebi. yoveli 
gamoyenebuli meTodisTvis unda iyos Sefasebuli misi vargisianobis 
xarisxi mocemul klinikur situaciaSi. 

wnevis cvalebadobas, romelic registrirdeba smenadi (bgeriTi) 
sixSireebis diapazonSi, ewodeba tonebi. gulis tonebis wyaro aris 
vibraciebi, romlebic warmoiqmneba sisxlis dinebis aCqarebis da Senelebis 
dros. 

sisxlis mimoqcevis sistemis funqciaa, miawodos ujredebs sakvebi 
nivTierebebi, romlebic masSi gadadian saWmlis momnelebeli traqtidan, 
moamaragos qsovilebi JangbadiT, xolo qsovilebidan da filtvebidan  
gamomyofi organoebiT gamoitanos  nivTierebaTa cvlis Sedegad 
warmoqmnili arasaWiro nivTierebebi - metabolitebi.  sisxlis saSualebiT 
xorcieldeba organoTa sistemis humoruli regulacia, is asrulebs 
dacviT funqcias vinaidan leikocitebs aqvs fagocitozis unari, da agreTve 
imiT, rom sisxlSi gadadian imunuri sxeulebi, romlebic monawileoben 
sxvadasxva infeqciebTan brZolaSi. sisxls aqvs Sededebis unari, riTac igi 
icavs organizms sisxlis dakargvisgan.  

guli warmoadgens oTxsaknian tumbos, romelic uzrunvelyofs 
sisxlis moZraobas sisxlZarRvTa sistemaSi. pirobiTad guls yofen or 
tumbos sistemaze: marjvena guli da marcxena guli. marjvena guli Wirxnis 
sisxls sisxlis mimoqcevis patara, filtvis wreSi, xolo marcxena guli _ 
did, sistemur wreSi. yovelive maTgans aqvs specialuri sakani anu 
winaguli, romelic exmareba aavsos sisxliT parkuWi. PparkuWi warmoadgens 
Zlier tumbos, romelic Wirxnis sisxls ZarRvebSi. 

suraTze naCvenebia gul-sisxlZarRvTa sistemis sqematuri 
gamosaxuleba. marcxena parkuWi Wirxnis sisxls sisxlis moZraobis did 
wreSi, xolo marjvena parkuWi _ sisxlis moZraobis patara wreSi. 

marcxena parkuWi Wirxnis sisxls aortaluri sarqvelidan aortaSi, 
Semdeg sisxli miemarTeba yvela organosaken da qsovilebisken, arteriebis, 
arteriolebis da kapilarebis qseliT. sisxlis tonis winaaRmdegoba 
ganisazRvreba ZiriTadad arteriolebis mdgomareobiT, romlebic arian 
adgilobrivi, neirogenuri da humoraluri kontrolis qveS Mmkvebavi. 
nivTierebebis cvla xdeba kapilarebis doneze. kapilarebis Semdeg sisxli 
venuri sistemiT brundeba marjvena gulSi, sadac jer miewodeba marjvena 
winaguls. kapilarebis Semdeg sisxli venozuri sistemiT ubrundeba  guls, 
sadac is miewodeba jer marjvena winagulSi, Semdeg marjvena parkuWSi. 
marjvena parkuWi Wirxnis sisxls filtvis sarqveliT filtvis arteriaSi. 
Semdeg sisxli miedineba arteriebSi, arteriolebSi, kapilarebSi da venebSi 
sisxlis mimoqcevis patara wris sisxlZarRvTa sistemiT da miewodeba 
marjvena winagulSi. Ffiltvebis kapilarebis doneze Jangbadi gadadis 
alveolebidan sisxlSi, xolo naxSirorJangi gadadis sapirispiro 
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mimarTulebiT sisxlidan filtvebis alveolebSi. sisxli miedineba 
marjvena winagulidan marcxena parkuWSi da avsebs mas. marcxena parkuWi 
Wirxnis sisxls aortaluri sarqveliT aortaSi. wnevis zomebi, romlebic 
viTardeba marcxena da marjvena parkuWebis SekumSvisas gansxvavdeba 
formebiT da sididiT.  

gulis kunTis SekumSva gamowveulia misi eleqtruli gaRizianebiT. 
eleqtruli impulsi generacias axorcielebs specialur ujredebSi, 
romlebic ganlagebulia marjvena winagulis sinoatrialur kvanZSi. 
eleqtroimpulsi swrafad vrceldeba orive winagulSi da aRwevs 
antrioventrikularul kvanZSi, romelic ganlagebulia winagulis da 
parkuWebis zRvarze, antrioventrikularul kvanZSi impulsi ramdenime xans 
yovndeba, ris Semdegac maRali siCqariT vrceldeba SidaparkuWis ZgideSi 
specialuri gamtari sistemiT, romelic Sedgeba gisis konisgan da 
purkinies boWkoebisgan. 

 

 

qsovili zeda Rru Ffiltvis 
arteria vena 

aorta 

Ffiltvis 
vena

Mmarcxena 
Mmarjvena winagulu 
winaguli 

Mmarjvena 
parkuWi 

Mmarcxena 
parkuWi

Qqveda Rru 
vena 

qsovili 

Mmarcxena 
filtvi

Mmarjvena 
filtvi 

 
sur. 4.1 
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aorta 
sw=90-150 mm.v.wy 
dw=60-80 mm.v.wy 

Ffiltvis arteria 
sw=20-30 mm.v.wy 
dw=8-12 mm.v.wy 

Mmarcxena 
winaguli 
saS.w=6-12 mm.v.wy Mmarjvena 

winaguli 
saS.w=2-6 mm.v.wy Mmarcxena 

parkuWi 
sw=90-150 mm.v.wy 
dw=6-12 mm.v.wy 

Mmarjvena p
sw=20-30 m

arkuWi 
m.v.wy  

dw=2-6 mm.v.wy  
 

 
sur. 4.2 

wnevis maxasiaTebeli sidideebi sisxlis moZraobis sistemaSi.  

sw-sistoluri wneva 
dw-diastoluri wneva 
sw-saSualo wneva 

Ggamtari sistemis wyalobiT xdeba agznebadi impulsis gavrceleba 
parkuWebis mTel zedapirze. Ees impulsi iwvevs orive parkuWis gulis 
kunTis meqanikur SekumSvas, romelic qmnis Sida parkuWis wnevas. Sida 
parkuWis wneva aiZulebs sisxls imoZraos filtvis da aortaluri 
sarqveliT sisxlis mimoqcevis patara da didi wreebis ZarRvebSi, riTac 
iwvevs am ZarRvebSi arterialuri wnevis warmoqmnas, mokled SeiZleba 
iTqvas,  rom gulis tonebi dakavSirebulia sisxlis moZraobis 
TaviseburebebTan gulis ciklis sxvadasxva fazebis dros. turbulentoba, 
romelic warmoiqmneba sisxlis Cqari moZraobisas gulis saknebSi, 
gansazRvravs xmauris da vibraciebis warmoqmnas. 
  
 

4.1 invaziuri gazomvebi 
 

sisxlis wnevis invaziuri gazomvis sistemebi SeiZleba gaiyos 
pirobiTad or jgufad, es dayofa xdeba imis mixedviT, Tu sad aris 
moTavsebuli mgrZnobiare elementi. klinikaSi yvelaze xSirad gamoyenebadi 
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meTodi wnevis pirdapiri gazomvis, mdgomareobs imaSi, rom wneva gadaecema 
siTxiT avsebuli kaTeteriT sisxlZarRvebis sistemis gareT ganlagebul 
wnevis gadamwodze. Ggazomvis sistemebis meore jgufi gansxvavdeba imiT, 
rom maTSi ar aris siTxiT gavsebuli kaTeteri, ris Sedegadac mgrZnobiare 
elementi aris moTavsebuli kaTeteris wverze. aseTi tipis xelsawyoebs 
ewodeba wnevis SidasisxlZarRvTa gadamwodebi. gamoiyeneba wnevis 
gadamwodebis sxvadasxva tipebi, iseTi, rogoricaa tenzometruli, 
diferencialuri, optoeleqtruli da a.S. 

wnevis gazomvis sisxlZarRvgareTa sistemebi Sedgeba kaTeterisgan, 
romlis ukanac moTavsebulia wnevis gadamwodi. iseT sistemaSi, romelic 
Seicavs kaTeters, ramdenime wuTSi erTxel aucilebelia kaTeteris 
gamorecxva axali xsnariT, imisTvis, rom aviciloT kaTeteris wverze 
trombis warmoqmna. Eeqims kaTeteri Seyavs ori gziT, an qsovilebis 
qirurgiuli gaWriT an kaTeteri Seyavs kanSi, risTvisac gamoiyeneba 
specialuri nemsi. gasazomi wneva gadaicema kaTeteriT wnevis gadamwodze 
da zemoqmedebs mis membranaze.  

      

Ggasazomi 
wertili 

samsvladi 
onkani 

momWeri 

wnevis erTjeradi gadamwodi Eeleqtruli gamTiSi  

sur. 4.3 
 
sur. 4.3 mocemulia Tanamedrove, erTjeredi, arteriuli wnevis  

gadamwodis gamoyenebis sqema da asaxulia wnevis gazomva sisxlZarRvgareTa 
gadamwodSi. 

kaTeteris wverze ganlagebuli gadamwodebis upiratesoba 
mdgomareobs imaSi, rom ar arsebobs siTxiT gavsebuli kaTeteri. am 
kaTeteris arseboba mniSvnelovnad auaresebs gazomvis sistemis sixSirul 
maxasiaTebels, roca gamoiyeneba gadamwodi, ganlagebuli kaTeteris wverze, 
eqims SeuZlia daaregistriros wnevis maRalsixSiriani rxevebi, amasTanave 
am meTodiT ar arsebobs droebiTi Seyovneba.  
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praqtikaSi gamoiyeneba sxvadasxva saxis kaTeteris gadamwodebi, 
romlebic gansazRvrulia wnevis gazomvisTvis sisxlZarRvebis sistemaSi. 
erT-erTi aseTi gaxlavT tenzometruli gadamwodebi, romelic 
ganlagebulia kaTeteris wverze, aseT gadamwods ayeneben F5 kalibris 
kaTeteris wverze, gare diametri 1.67 mm. kaTeteris diametris saCveneblad 
gamoiyeneba franguli SkalaF[F], risi erTeulic udris daaxloebiT 0.33 mm. 
SesaZlebelia momavalSi misawvdomi iyos ufro patara zomis gadamwodebi, 
sadac sakmaod  kargad iqna gadawyvetili problemebi, dakavSirebuli 
temperaturis da eleqtrul dreifTan. kaTeteris gadamwodis nakli aris 
maTi maRali fasi da is, rom ramdenime gazomvis Semdeg mwyobridan 
gamodian. SedarebiT xelmisawvdomia wnevis optikurboWkovani 
sisxlZarRvTaSiga sensorebi, romlebsac aqvT daaxloebiT igive zomebi. 

es sensorebi sruliad usafrTxoa, Tumca aqvT is  nakli, rom ar 
SeiZleba wnevis gazomva Tu ar aris meore wnevis gadamwodi.  
optikurboWkovani mikrogadamwodebi gamoiyeneba adamianis sisxlZarRvebSi 
wnevis gasazomad in vivo, sur. 4.4 optikuri sadenis erTi muxli mierTebulia 
Suqdiodur wyarosTan, meore_fotodeteqtorTan. wvero arsebiTad 
warmoadgens wnevis gadamwods, Txeli liTonis membrana, romelic 
damagrebulia optikurboWkovani kabelis ori konis saerTo boloSi. 
membranis wanacvleba, romelic gamowveulia garegani wneviT, cvlis 
optikur SeuRlebas (sinaTlos energiis wili, romelic xvdeba 
Suqdiodidan fotodeteqtorze).   
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

sur. 4.4 

erTjeradi wnevis 
gadamwodi 

samsvladi 
onkani 

momWeri 

Ggasazomi 
wertili 

Eeleqtruli gamTiSi wnevis erTjeradi gadamwodi 

Txeli 

metalis 

m

Sereuli optikoboWkovani 
kona fotodeteq

embrana 
-tori 

wneva 

boWkovani 
kaTeteri 

(a) 

Ggamosasvle
li signali 

samuSao 

diapazoni 

(b) 
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sur. 4.4. (b) naCvenebia gamosasvleli signalis damokidebuleba membranis 
wanacvlebaze.  

saintereso mignebas warmoadgens optikoboWkovani gadamwodi romelic 
gamoiyeneba magnitorezonansul tomografiaSi. am gadamwodSi sinaTlis 
gatareba arxSi wyarosa da mimRebs Soris, modulirdeba plastmasis 
safariT. 

sur. 4.5 naCvenebia sensoris sqematuri gamosaxuleba, romelic 
gamoiyeneba Tavis qalis wnevis gazomvisas axalSobilebSi. am xelsawyos 
moqmedebis principi dafuZnebulia imaze, rom moxdes gadamwodis mxridan 
wnevis modeba avtomaturad yiflibandze, ise rom kani gadamwodis qveS iyos  
gabrtyelebuli. Bgadamwodis membranis brtyeli zedapiris dros zedapiris 
orive mxare wnevebi toli xdeba, is wnevebi romlebic warmoiqmneba rbili 
qsoviliT da masze modebuli membraniT. amgvarad wneva romelic modebulia 
gadamwodze, tolia qalisSiga siTxis wnevisa. membranis simrude (Secdomis 
signali) ganisazRvreba masTan mierTebuli refleqtoris saSualebiT, 
romelic cvlis optikur boWkoSi, sinaTlis wyarodan fotodeteqtoramde 
gamaval sinaTlis nakads. es signali miewodeba avtomatur pnevmatur 
sistemas, romelic aregulirebs gadamwodis kameris SigniT haeris wnevas. 
es wneva yendeba is, rom moxdes mgrZnobiare membranis zedapiris gasworeba, 
Sesabamisad gaswordes Yyiflibandis kanic. amasTan gadamwodis kameris 
SigniT haeris wneva iqneba yiflibandSi wnevis, anu qalisSiga wnevis toli.  

  

Sublis, yiflibandis membrana 

sinaTle wyarosgan 

sinaTle deteqtorisken 

Sezaveba 

 
 

 refleqtori 

 
sur. 4.5 

 
Cveulebriv, fiziologiuri wnevis sididis gazomvisTvis gamoiyeneba 

mravaljeradi gamoyenebis gadamwodebi. Tumca, am bolo dros kargad 
aRWurvil klinikebSi daiwyes erTjeradi gadamwodebis gamoyeneba. aseTi 
gadamwodebis gamoyeneba amcirebs pacientebis dainficirebas  da acilebs 
personals gadamwodebze zrunvas.  

Nnebismieri rTuli formis perioduli signali SeiZleba 
warmodgenili iyos sxvadasxva sixSireebis harmoniuli rxevebis usasrulo 
jamis saxiT, romlebic aRebulia saTanado amplitudiT. Aase rom, Tu 
SevajamebT am rxevebs, miviRebT sawyis signals. signalis aseTi formiT 
warmodgenas uwodeben furies gardaqmnas. Ffuries analizs iyeneben im 
SemTxvevaSi, roca mecnierebs undaT rxeviTi procesebis daxasiaTeba, 
romlebic xdeba sisxlis mimoqcevis da sunTqvis sistemaSi.  

dawyebuli 1950 wlidan, fiziologebi, romlebic ikvleven gul-
sisxlZarRvTa sistemas da aseve zogi klinicisti iyenebs furies analizs 
imisTvis, rom raodenobrivad aRweron wnevis cvalebadoba da sisxlis 
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miwodeba sistemaSi. bolo dros, gamoiyeneba kompiuteruli teqnika, rac 
saSualebas iZleva averidoT specialur mowyobilobebs. arteriuli wnevis 
pulsacia SeiZleba iyos warmodgenili ZiriTadi da maRalsixSiruli 
harmonikis saxiT.  

suraTze 4.6 mocemulia arteriuli wnevis pirveli eqvsi harmoniuli 
Semadgeneli da maTi jami. roca SevadarebT arteriuli wnevis sawyis 
rxevas da signals, romelic miiReba pirveli eqvsi harmonikis jamiT, 
advilad davrwmundebiT, rom es ori mrudi gavs erTmaneTs. SevniSnavT, rom 
meeqvse harmonikis amplituda Seadgens ZiriTadi harmonikis amplitudis 
daaxloebiT 12%-s. 

 
   

sur. 4.6 
 

dinamiuri Tvisebebis codnas aqvs mniSvneloba imisTvis, rom 
ganvaxorcieloT wnevis gazomva aucilebeli sizustiT. rig klinikur 
situaciebSi, dinamiuri wnevis gazomvaSi Secdomebs, SeiZleba hqondes 
seriozuli Sedegebi. Ggazomvis sistema, romelic Sedgeba gadamwodis da 
siTxiT avsebuli kaTeterisgan, warmoadgens hidravlikur sistemas. 

arsebobs e.w. manometruli sistemebi, romlebic iZleva wnevis 
gazomvis zust Sedegebs. suraTi 4.7(a) naCvenebia sistemis fizikuri modeli, 
romelic Sedgeba kaTeterisgan da gadamwodisgan. wnevis momateba kaTeterSi 
Sesvlisas iwvevs siTxis gadasvlas, marjvniv_kaTeteris bolodan, mTeli 
kaTeteris gavliT gadamwodSi. Ees gadaadgileba  sabolood iwvevs 
gadamwodis membranis cvlilebas, romelic aRqmulia eleqtromeqanikuri 
sistemiT. Aam dros warmoqmnili eleqtruli signali Zlierdeba da 
miewodeba maregistrirebel xelsawyos.  

siTxiT avsebul kaTeters aqvs inerciis Tvisebebi. aseTive Tvisebebi 
aqvs gadamwods. suraTze gamosaxulia manometruli sistemis kaTeter-
gadamwodis fizikuri konstruqcia da eleqtruli modeli. kaTeteris yovel 
segments aqvs winaRoba Rc, inercia Lc da garda amisa gaWimvadobas Cc. 
gadamwodi flobs winaRobas Rs, inercias Ls da gaWimvadobas Cs. am sqemaSi 
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siTxis induqcia kaTeterSi aRwerilia eleqtro induqciurobiT. suraTze 
gamosaxuli wredii SeiZleba mniSvnelovnad gavamartivoT, Tu daviyvanT mas 
wredze romelic sur. 4.8 gamosaxuli.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  

sur. 4.7 
 
amisTvis ramdenime garemoeba unda miviRoT mxedvelobaSi: 
I. gadamwodis da kaTeteris kameris tevadoba ufro naklebia, vidre 

tevadoba, romelic gansazRvrulia membranis deformaciiT. Ees 
samarTliania im SemTxvevaSi, Tu siTxe ar Seicavs haers, xolo 
kaTeteri da gadamwodis kamera gakeTebulia arawelvadi masalisgan. 

II. winaRoba da siTxis inerciuli Tvisebebi gadamwodSi mniSvnelovnad 
naklebia kaTeterSi siTxis saTanado maaxasiaTebelze. 

siTxis winaRoba ganiszRvreba Semdegi damokidebulebiT:  

                                             Rc= ( )3/, mwmpa
F
PΔ

                     (4.1) 

                             an Rc=
UA
ΔΡ  

sadac _aris wnevis gradienti kaTeteris segmentze, izomeba paskalSi, PΔ
F =  siTxis moculobiTi  xarjva; 
U =  siTxis saSualo siCqare; 
A = ganivi kveTis farTobi. 
Tu cnobilia L kaTeteris sigrZe, misi radiusi r da siTxis webovneba η  

maSin SeiZleba puazielis kanonis gamoyenebiT gavigoT kaTeterSi Rc 
winaRoba.  

                                                Rc= 4

8
r
L

π
η                                                         (4.2)  
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siTxis inercia kaTeterSi ganisazRvreba im garemoebiT, rom siTxes aqvs 
masa, inercia. Lc sidide ganisazRvreba:                                                                     
 

( )( )3/,
/

mwmpa
dtdF

ΔΡLc=  

an  
 
 

                                                        Lc=
aA
ΔΡ  

 
sadac a_ aCqarebaa 
 

                                            Lc= 2A
m     an   Lc= 2tr

L
π
Ρ                              (4.3) 

 
sadac m- siTxis masaa kaTeterSi, xolo P- am siTxis simkvrive. 

 Seiqmna ufro srulyofili modeli siTxis inerciisa kaTeterSi. Mman 
aCvena, rom siTxis efeqturi masa tolia kaTeterSi realuri masis oTxi 
mesamedis.  

tevadoba 

Cd=
dEV

1
=

Δ
ΔΡ

 

 
sadac Ed-aRniSnavs gadamwodis membranis drekadobis moculobiT 
moduls. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
kaTeteris da wnevis gadamwodisgan Sedgenili sistemis dinamiuri  
 
 
 

 

sfigmomanometris 
baloni 

Qqirurgiuli 
xelTaTmani asanTi 

haeri 

samsvliani 
onkani 

sur. 4.5 
 
maxasiaTeblebi SeiZleba iyos gansazRvruli ori xerxiT: ufro 

martivi xerxi warmoadgens  wnevis mimwodis pasuxis gansazRvras   masze 
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miwodebuli wnevis safexurebrivad cvlilebaze. Mmeore xerxi ki, sistemis 
gamosasvlelis gazomva sxvadasxva sixSiris mqone, Semavali wnevis 
sinusoidaluri cvlilebis dros. wrfivi  sistemebisTvis orive meTodi 
eqvivalenturia, magram realuri sistemisTvis meore meTodi ufro zustia, 
Tumca ufro rTuli, radgan moiTxovs specialuri mowyobilobebis 
gamoyenebas. erT-erTi meTodi sistemis dinamiuri Tvisebebis gazomvisa 
mdgomareobs imaSi, rom kaTeterSi Sesvlisas wnevas cvlian. 
 am dros aregistrireben sistemaSi warmoqmnil qrobad rxevebs 
(sistemis pasuxs). kaTeteri an nemsi SeyavT gadamyvanis meSveobiT, farTo 
milakiT. sistema ivseba siTxiT, ise rom samsvliani onkani iyos gaRebuli 
haerisken. Ggazomvis gansaxorcieleblad milakis Tavisufali bolo unda 
iyos daxuruli rezinis membraniT, Semdeg sistemaSi itumbeba haeri, rac 
ayalibebs masSi garkveul wnevas. rezinis membrana iweleba, ibereba, amis 
mere vabrunebT samsvlian onkans, riTac xorcieldeba  wnevis qveS myof 
sistemis izolireba. membraniT warmoqmnil buSts xvreten cxeli Reros 
midebiT, rasac mivyavarT milSi wnevis momentaluri dacemisken, 
atmosferulamde. Aaregistrireben pasuxs aseTi wnevis klebaze. imisTvis 
rom SesaZlebeli  iyos sistemis pasuxis analizi, unda iyos gamoyenebuli 
registratori, monacemebis analizisTvis SesaZlebelia oscilografis an 
kompiuteruli sistemis gamoyeneba.  

gadamwodi stahman 
P23Gb nemsi: BD 
0,495 mm, sigrZe 31sm 

10mwm 

 
sur. 4.6 

 

      venuri wnevis  

 

gazomva metad mniSvnelovani amocanaa klinicistebisTvis. im SemTxvevaSi, 

roca maT surT Seafason marjvena gulis kapilaruli sistemis muSaoba. 

kapilaruli wnevis qveda patara venebSi wnevas, da wnevis mniSvnelobas 

afaseben kapilarebSi wnevis sididiT. gulmkerdis areSi venuri wneva 

gansazRvravs marjvena parkuWis diastolur Sevsebas. centralur venur 

wnevas zomaven centralur venebSi an  marjvena winagulSi. sunTqvis 

ciklTan erTad is icvleba. zogjer izrdeba, da ufro metia an naklebi 

atomosferul wnevasTan SedarebiT. amasTan erTad msxvili venebis wneva, 

romlebic moTavsebulia mkerdis areSi, metia maRalia atmosferulze  (0,2 
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– 0,5kpa). venuri wnevis  referentul doned, miCneulia wneva, romelic 

warmoiSveba marjvena winagulSi. 

      centraluri venuri wneva warmoadgens mniSvnelovan monacems, imisa 

Tu rogor funqcionirebs miokardi. Cveulebriv centralur venur wnevaze  

monitorings atareben  imisaTvis, raTa SearCion Sesaferisi Terapia, gulis 

ukmarisobis SemTxvevaSi, Sokis, hipo an hipovolemuri mdgomareobis da 

sisxlmimoqcevis ukmarisobisas. wnevis mniSvneloba gviCvenebs, Tu ra 

raodenobis siTxea saWiro pacientis organizmisTvis. 

      Cveulebriv eqimebi zomaven stacionalur an saSualo venur wnevas, 

amisTvis didi diametris xvreliani nemsiT axorcieleben kanis gavliT 

venis punqcias. Semdgom amisa amave nemsis saSualebiT SeyavT kaTeteri nel-

nela iqamde, vidre kaTeteris Tavi ar miaRwevs gazomvis adgils. amis 

Semdeg sxeuls aSoreben nemss, xolo kaTeters aerTeben plastmasis 

milTan, am mils aerTeben sam Sesasvlelian arxTan, romelic saSualebas 

iZleva aucileblobis SemTxvevaSi venaSi SeviyvanoT farmakologuri 

preparatebi da siTxeebi. 

      venuri wnevis uwyveti dinamiuri gazomvisaTvis venaSi kaTeters 

aerTeben maRalmgrZnobiare wnevis gadamwodTan, romlis dinamiuri 

Tvisebebi SesaZloa gacilebiT cudi iyos, vidre gadamwodebisa, romelTac 

iyeneben arterialuri wnevis gazomvisas. 

      im SemTxvevaSi, rodesac pacienti icvlis sxeulis mdebareobas, 

mudmivi bazuri donis SenarCunebasTan warmoiqmneba garkveuli siZneleebi. 

gazomvis Secdomebi SeiZleba warmoiqmnas im SemTxvevaSi, rodesac kaTeteri 

adgils icvlis erTi adgilidan, sadac is iyo damagrebuli da amave dros 

Tu xdeba trombis dacoba, an misi Tavi miekroba sisxlZarRvis kedels. 

Cveulebriv iTvleba rom  centraluri venuri wneva normalurad 

registrirdeba, Tu mis Canawerze naTlad  Cans sunTqviTi rxevebi. 

centraluri venuri wnevis normaluri sididis diapazoni Seadgens 0-dan 12 

sm. wylis svets. (0-dan 1,2kpa), saSualo sididisas daaxloebiT 5sm-mde 

(0,5kpa). 

       

 

4.2 gulis tonebi 
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      gulis mosmena (auskultacia) eqims aZlevs metad mniSvnelovan 

informacias funqcionaluri mdgomareobis Sesaxeb. amasTan erTad 

gacilebiT meti informacia SegviZlia miviRoT, rodesac klinicisti 

amyarebs kavSirs gulis tonebs da im eleqtrul da meqanikur movlenebs 

Soris, romlebic warmoiSveba gulis cikluri muSaobisas. am meTods 

ewodeba fonokardiografia. 

      aqamde ar arsebobs saerTo azri gulis tonebsa da xmauris 

warmoSobasTan dakavSirebiT. magaliTad: warmodgenilia 40-meqanizmze meti, 

romelic saSualebas gvaZlevs pirvelad gulis tonis warmoSobasTan 

dakavSirebiT, xolo gansxvavebas gulis tonsa da xmaurs Soris 

gansazRvraven Semdegnairad, gulis toni ganpirobebulia vibraciebiT, an 

xmauris movlenebiT, romelic dakavSirebulia sisxlisdinebis Seneleba an 

daCqarebasTan.  gulis xmauri gamowveulia vibraciiT an xmauris 

movlenebiT, romelic dakavSirebulia sisxlisdinebisas warmqmnili 

turbulentobiT. 

 4.7 suraTze. naCvenebia, rogor aris dakavSirebuli gulis  4-toni, 

eleqtrul da meqanikur movlenebTan, romelic warmoiqmneba gulis ciklis 

mimdinareobisas. pirveli toni dakavSirebulia, sisxlis moZraobasTan 

parkuWis sistolis dros. parkuWebis SekumSvisas sisxli inacvlebs wina 

gulebis mimarTulebiT, atrioventrikularuli sarqvelebi ixureba, rac 

iwvevs sisxlis rxevas. amis garda pirveli tonis warmoqmna dakavSirebulia 

sisxlis oscilaciasTan., aortis Camdinare fesvsa da parkuWs Soris, amave 

dros vibraciebiT, romelic ganpirobebulia sisxlisdenis 

turburentulobiT aortisa da filtvebis sarqvelebis midamoebSi. 

      gulis pirveli tonis gaxleCva ganisazRvreba samkariani da 

mitraluri sarqvelebis asinqroniuli daxurviT. 

      meore toni: warmoiqmneba dabalsixSiruli vibraciiT, romelic 

dakavSirebulia sisxlis denis SenelebasTan da ukudinebis warmoqmnasTan 

aortisa da filtvis arteriaSi, amave dros namgalisebri sarqvelebis 

daxurviT. (sarqvelebi, romlebic gamoyofen parkuWebs aortisagan da 

gamoyofen agreTve filtvis Zgidisgan). meore toni droSi emTxveva, 

eleqtrokardiogramaze T – talRis dasasruls.) 

      gulis mesame tons akavSireben fazis mkveTr dasrulebasTan. 

parkuWebis kunTebis Sesustebis vibraciasTan. es dabalamplitudiani da 
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dabalsixSiruli vibracia moismineba patara bavSvebSi da zogierT 

mozrdil subieqtebSi. 

      wina gulis meoTxe toni ar moismineba, magram registrirdeba 

fonokardiografiiT. es toni warmoqmneba winagulis SekumSvis momentSi da 

sisxlis gadanacvlebis daCqarebasTan, winagulidan parkuWSi. 

      umetesi xmauris wyaroebi, romlebic warmoiqmnebian swrafad moZravi 

sisxlis turburentulobisas, kargad aris cnobili.  

      gulis tonebi qsovilebiT gadaecema gulidan da mTavari 

sisxlZarRvebidan sxeulis zedapirze, sadac isini moismineba. im qsovilTa 

akustikuri Tvisebebi, romlebiTac vrceldeba bgeriTi talRebi, iseTia, 

rom es talRebi sustdeba, magram ar aisaxeba. bgeriTi talRebis yvelaze 

Zlieri Sesusteba xdeba maT mier iseTi qsovilebis gavlisas, romlebsac 

gaaCniaT yvelaze didi kumSvadoba, rogorebicaa filtvebi da cximovani 

qsovili. 

      gulSi mimdinare sxvadasxva bgeriTi movlenebis registraciisaTvis 

optimaluria sxeulis zedapiris is ubnebi, romlebSic aRniSneba bgeriTi 

rxevebis maqsimaluri intensivoba. es is ubnebia, romlebidanac bgera 

gadaicema ara mxolod da mxolod myari sxeuliT, an myari da kumSvadi 

qsovilebiT (filtvebiT), magram im SemTxvevaSi, rodesac filtvebis 

monakveTis sisqe, romliTac gadaicema bgera, minimaluria. gulmkerdis 

zedapirze arsebobs oTxi ubani, romlebSic oTxi sarqvelidan 

gavrcelebuli bgeris intensivoba maqsimaluria.  

sur. 4.7 -  aortaluri (AA), filtvis (f), samkariani (s) da mitraluri 

(m)Msarqvelebis ganlageba. 
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sur. 4.7 

      gulis tonebsa da Suilebs aqvT Zalze dabali amplituda, xolo am 

xmovani rxevebis sixSire 0,1-dan 2000 hc-mde diapazonSia. sixSireTa aseTi 

diapazoni warmoSobs or problemas. erTis mxriv, signali speqtris 

dabalsixSirovan areSi ar moismineba, radgan 20 hc sixSireTa smenadobis 

zRvarze dablaa. ufro meti sixSiris rxevebi normalurad moismineba, 

radgan sixSireTa swored es diapazoni Seesabameba smenis maqsimalur 

mgrZnobelobas. 

      radgan gulis tonebi da Suilebi warmoadgenen dabali amplitudis 

rxevebs, amitom pacientis mosmenisas yvela garegani Suili da xmauri 

minimumamde unda iyos dayvanili. Cveulebriv fonokardiografis Cawera im 

pacientebSi, romlebic ar arian mijaWvuli loginTan, unda warmoebdes 

specialur, akustikurad izolirebul oTaxSi. pacientis moZraobebs 

fonokardiogramis registraciis msvlelobaSi Tan axlavs artefaqtebi, 

romlebic vlindeba bazuri xazidan gadaxrebis saxiT. 
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sur. 4.8 

      Bbiosamedicino inJinrebis mier Seqmnilia ramodenime sxvadasxva tipis 

eleqtronuli stetoskopi. am xelsawyoebs aqvT sxvadsxva sixSirovani 

maxasiaTeblebi, iseTebi, rogorebicaa ,,idealuri” maxasiaTebeli, romelic 

warmoadgens horizontalur wrfes, maxasiaTebeli gatarebis sixSireTa 

gamoyofili zoliT, an iseTive maxasiaTebliT, rogoric aqvs eqimis 

Cveulebriv stetoskops,  

      fonokardiograma emsaxureba gulis tonebisa da gulis Suilebis 

registracias. fonokardiografia saSualebas gvaZlevs Tavidan aviciloT 

subieqtivizmi am bgerebis interpretaciaSi. garda amisa is saSualebas 

gvaZlevs movaxdinoT gulis tonebisa da Suilebis registracia gulis 

ciklis mimdinareobaSi momxdar eleqtrul da meqanikur movlenebTan 

urTierTqmedebaSi. pacientis mdgomareobis klinikuri Sefasebisas 

fonokardiogramasTan erTad SeiZleba vawarmooT sxvadasxva parametris 

registracia, romelic dakavSirebulia gulis moqmedebasTan. am parametrebs 

miekuTvneba ekg, pulsis registracia saZile arteriasa da sauRle venaSi da 

apeqs-kardiograma. saZile arteriasa da sauRle venis pulsaciis 

arainvaziuri registracia, agreTve, apeks-kardiogramis Cawera warmoebs 0,1-

dan 100 hc-mde sixSireTa zolis mqone mikrofonuli sistemis saSualebiT. 

kardiologebi afaseben fonokardiografiuli gazomvebis Sedegebs 

talRebis formis, fonokardiogramis signalTan sinqronizirebuli rigi 

sxva parametrebis cvlilebis mixedviT.  
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      gulis kaTeterizaciis procedura mdgomareobs ramodenime meTodis 

gamoyenebaSi, romlebic saSualebas aZlevs eqimebs Seafason gulis 

hemodinamiuri funqcia da koronaluri sisxlZarRvebis mdgomareoba. gulis 

kaTeterizacia utardeba praqtikulad yvela pacients, romlebsac daugegmes 

gulze qirurgiuli Careva. am proceduris dros miRebul informacias 

SeiZleba hqondes gadamwyveti mniSvneloba mocemuli pacientisTvis 

qirurgiuli Carevis dros, riskis xarisxisa da mosalodneli sargeblobis 

gansazRvrisaTvis. kaTeterizacia warmoebs  specializirebul 

ganyofilebebSi aRWurviliaa gulis vizualizaciisaTvis da 

sisxlZarRvebSi sxvadasxva kaTeteris ganlagebaze kontrolisaTvis saWiro 

rentgenis mowyobilobiT. kaTeterizacias awarmoeben agreTve, sisxlis 

mimoqcevis wuTmoculobisa da arteriul sisxlSi sxvadasxva airisa da 

metabolur produqtebis Semcvelobis gazomvisaTvis. parkuWebSi an aortaSi 

radioaqtiuri saRebavebis Seyvana klinicistebs aZlevs saSualebas, 

Seafason koronaluri sisxlZarRvebis mdgomareoba.  

      klinicistebs aqvT SesaZlebloba gazomon wneva gulis oTxive sakansa 

da msxvil sisxlZarRvebSi. amisaTvis gamoiyeneba kaTeterebi, romelTa 

wveroebs, rentgenis kontrolis qveS,  aTavseben gul-sisxlZarRvTa 

sistemis saWiro ubnebSi. ubnebis gansazRvea xorcieldeba wnevis 

pulsaciaTa mrudeebis damaxasiaTebeli formis mixedviT. amrigad, zomaven 

wnevis gradients gulis oTxive sarqvelze. klinicistebi iyeneben, agreTve, 

kaTeteris boloSi gaberil patara balons, romelic SehyavT rentgenis 

kontrolis gareSe, kaTeteris mimarTva xdeba sisxlis nakadiT. 

gulmkerdSida veniT Seyvanili kaTeteri boloSi gaberili patara baloniT 

gadaitaneba sisxlis nakadiT, gaivlis ra marjvena wina guls, marjvena 

parkuWs da filtvis arterias, xvdeba mcire wris wvril arteriaSi, 

romelsac ketavs, axdens ra am arteriiT sisxlis dinebis blokirebas. 

arteriis gadaketvis wneva asaxavs saSualo wnevas marcxena winagulSi. 

Seviwroebuli koronaluri arteriebis sanaTuris gafarToebisTvis 

gamoiyeneba kanis transluminaluri koronaluri angioplastikis (ktka) 

meTodi. arteriis Seviwroebuli ubnis gafarToeba, romelic miiRweva am 

meTodis gamoyenebisas, saSualebas gvaZlevs gavzardoT sisxlis nakadi 

mocemuli koronaruli arteriis auzSi, rac Tavis mxriv  aRmofxvravs 
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iSemiis simptomebs da miokardiumis sisxliT momaragebis ukmarisobis 

niSnebs. 

      mravali pacientisTvis koronaluri arteriebis dazianebiT 

warmatebiT Catarebuli ktka warmoadgens aortokoronaruli Suntirebis 

operaciis alternativas. is saSualebas gvaZlevs Tavidan aviciloT 

gulmkerdis gaxsnis, xelovnuri sisxlis mimoqcevisa da zogadi narkozis 

gamoyenebis arasasiamovno Sedegebi, garda amisa, mniSvnelovnad mcirdeba 

pacientis mier saavadmyofoSi gatarebuli dro: pacienti SeiZleba 

gamoweril iqnes warmatebiT Catarebuli proceduridan ori dRis Semdeg. 

      gulis sarqveliT daxuruli xvrelis ganivi kveTis farTobi SeiZleba 

gamoangariSebul iqnes siTxis meqanikis ZiriTadad gantolebaTa 

saSualebiT. eqims SeuZlia Seafasos am xvrelis Seviwroebis xarisxi, 

zomavs ra wnevaTa sxvaobas saintereso sarqvelis orive mxares da xvrelSi 

sisxlis dinebas. 

bernelis gantolebas arablanti siTxisTvis aqvs Semdegi saxe: 

2

2u

t ghPP ρρ ++=  

sadac: Pt – sruli wneva; 

        P – siTxis adgilobrivi statikuri wneva; 

        ρ – siTxis simkvrive; 

        g – Tavisufali vardnis aCqareba; 

        h – simaRle referentuli donidan; 

        u – siTxis dinebis siCqare. 

       

arsebobs iseTi situaciebi, romelTa dros potenciur da kinetikur 

energiasTan dakavSirebuli efeqtebis ugulebelyofam SeiZleba migviyvanos 

Secdomebamde sisxlis wnevis gazomvis SedegebSi. 

      rogorc bernelis gantolebidan (7.8) gamomdinareobs, disipatiur 

ZalTa ararsebobisas siTxis saerTo wneva rCeba mudmivi. Tu gantolebis 

wevrebi, romlebic dakavSirebulia potenciuri da kinetikuri energiis 

aRricxvasTan, udris nuls, maSin sisxlZarRvebSi gazomili wneva udris 

statikur wnevas. 
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4.2  sisxlis wnevis gazomvis arainvaziuri meTodebi 

      arteriuli wnevis gazomvis arainvaziuri xerxebi arapirdapiria. 

pirdapiri (invaziuri) meTodebisagan gansxvavebiT. arteriuli wnevis 

arainvaziuri gazomvis yvelaze farTod gamoyenebuli meTodi mdgomareobs 

pulsaciis gansazRvraSi, romelic warmoiqmneba an palpatorulad, an 

gansazRvruli bgerebis mosmeniT, okluziuri manJetis dadebis adgilidan 

distalurad. sur.4.9 naCvenebia sistema, romelic standartulad gamoiyeneba 

arteriuli wnevis arainvaziuri gazomvisTvis. am sistemaSi gamoiyeneba 

sfigmomanometri, romelic Sedgeba gasaberi manJetisagan - emsaxureba 

sisxlZarRvebis okluaziis Seqmnas, rezinis msxlisagan - manJetSi haeris 

dasatumbad da vercxliswylis an membranuli manometrisagan - manJetSi 

wnevis gasazomad. arteriul wnevas zomaven Semdegnairad: okluziur 

manJetSi tumbaven haers manam, sanam wneva masSi ar gadaaWarbebs sistolur 

wnevas msxvil arteriaSi, ris Semdegac nel-nela iwyeben wnevis Semcirebas 

manJetSi. mas Semdeg, rac sistolaSi miRweuli maqsimaluri wneva 

gadaaWarbebs okluziis wnevas, sisxli daiwyebs gasvlas manJetidan TiTqmis 

mTlianad Seviwroebul sisxlZarRvSi, rac migviyvans palpaciisas aRqmadi 

sxivis arteriis pulsuri rxevebis warmoqmnamde mtevnis doneze (riva-roCis  

meTodi). meore meTodi (auskultaciuri) dafuZnebulia stetoskopis 

saSualebiT idayvis naRunSi warmoqmnili bgerebis (korotkovis tonebis) 

mosmenaze, romlebic ganpirobebulia sisxlis dinebiT manJetiT SekumSul 

arteriaSi da am arteriis vibraciebiT. wneva romelsac gviCvenebs manometri 

sxivur arteriaSi pirveli pulsuri dartymis registraciis momentSi udris 

sistolur wnevas. manJetSi wnevis Semcirebisas SeiZleba gamovyoT 

korotkovis tonebis cvlilebaTa xuTi faza. wnevas romelic 

registrirdeba meoTxe fazidan (rodesac tonebi xdeba miyruebuli) mexuTe 

fazaSi gadasvlisas (rodesac tonebi aRar ismis), Tvlian distoluri 

wnevis tolad.  

      SemuSavebulia mravali iseTi meTodi, romelic saSualebas gvaZlevs 

avtomaturad vawarmooT adamianebSi sistoluri da diastoluri wnevis 

arainvaziuri gazomva. yvela am meTodSi gamoiyeneba avtomaturi 

sfigmomanometri, romelic axorcielebs haeris datumbvas okluziur 

manJetSi da manJetidan haeris Semdgom gamoSvebas winaswar dadgenili 
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siCqariT. arteriaSi pulsaciebis registraciisaTvis manJetis qvemoT da 

manJetSi wnevis aRricxvisaTvis gamoiyeneba mgrZnobiare deteqtori. 

  

 

sur. 4.9 

 

deteqtoris saxiT gamoiyeneba ultrabgeriTi, piezoeleqtruli, 

fotoeleqtruli, eleqtroakustikuri, Termometruli 

eleqtrokardiografiuli xelsawyoebi Dda gadamcemebi, romlebic 

gankuTvnilia qsovilebis impedansis gazomvisaTvis. qvemoT Cven ganvixilavT 

wnevis avtomaturi gazomvis sam yvelaze farTod gamoyenebul meTods. 

      pirveli meTodis realizaciisaTvis gamoiyeneba avtomaturi xelsawyo 

auskultaciisaTvis, romelSic stetoskopi Secvlilia mikrofoniT. manJetSi 

wnevis sidide, romelic arsebobs im momentSi, rodesac mikrofoni axdens 

korotkovis pirveli tonis warmoqmnis registracias, SeaqvT mexsierebaSi. 

wnevis sidide, romlis dros xdeba korotkovis tonebis Sesusuteba da 

gaqroba da romelic Seesabameba diastolur wnevas, agreTve, SeaqvT 

mexsierebaSi. arteriuli wnevis gansazRvrisas ultrabgeriTi gadacemis 

saSualebiT, gamoiyeneba kanis dopleruli gadamcemi, romelic saSualebas 

gvaZlevs movaxdinoT sisxlZarRvis kedlebis moZraobis registracia 

okluziur manJetSi wnevis sxvadasxva donisas.  4.10 suraTze naCvenebia ori 
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ultrabgeriTi kristalis – signalis gamomsxiveblisa (8 mhc) da aRqmulis 

– ganlageba kompresiuli manJetis qveS romelic moTavsebulia cdaSi 

monawile piris xelze. manJetSi wnevis momatebisas, rodesac is xdeba 

diastolurze maRali, rCeba ra amave dros sistolurze dabali, 

sisxlZarRvi iReba da ixureba gulis yoveli dartymisas (gulis yoveli 

ciklis ganmavlobaSi), radgan wneva arteriaSi xan maRalia da xan dabali 

im wnevaze, romelic moqmedebs masze garedan (manJetis mxridan) 

ultrabgeriTi sistema axdens arteriis gaRebisa da daxurvis momentebis  

 

 

sur. 4.10 

 

registracias.  

      gazomvis ultrabgeriTi meTodis upiratesoba mdgomareobs imaSi, rom 

is SeiZleba iyos gamoyenebuli bavSvebsa da dabali arteriuli wnevis 

mqone pirebzec, agreTve, xmauriani oTaxis pirobebSi. meTodis 

naklovanebebs miekuTvneba is garemoeba, rom cdaSi monawile piris sxeulis 

mdebareobis Secvlisas icvleba gzis sigrZe, romelsac gadis 
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ultrabgeriTi signali gadamcemidan arteriamde. ultrabgeriTi meTodis 

gamoyeneba saSualebas gvaZlevs, aseve sruliad aRvadginoT arteriuli 

wnevis pulsaciis mrudi. am proceduris dros referentulis saxiT  

gamoiyeneba eleqtrokardiogramis signali. 

      arteriuli wnevis gazomvis Semdegi arainvaziuri meTodi – 

oscilometriuli – dafuZnebulia okluziur manJetSi wnevis meryeobaTa 

(oscilaciaTa) amplitudis gazomvaze, romlebic warmoiqmneba arteriis 

kedlis radialuri gadanacvlebis (misi diametris gazrdis an Semcirebis) 

gamo, sisxlis dinebis TiToeuli pulsaciisas da arteriaSi wnevis 

SemTxvevaSi. oscilometriuli meTodis unikaluroba mdgomareobs imaSi, 

rom arteriuli wnevis gazomvisaTvis, am meTodis gamoyenebisas, gamoiyeneba 

kompresiul manJetSi arsebuli haeris maxasiaTeblebi. wnevis meryeoba 

manJetSi warmoiqmneba maSin, rodesac wneva masSi uaxlovdeba sistolurs. 

es meryeoba Zlierdeba manJetSi wnevis Semcirebis Sesabamisad, aRwevs ra 

maqsimalur sidides im momentSi, rodesac es wneva xdeba saSualo 

arteriuli wnevis toli. manJetSi wnevis Semcirebisas am sidideze dabla, 

wnevis meryeobis amplituda mcirdeba manJetSi wnevis Semcirebis siCqaris 

proporciulad. manJetSi wnevis meryeobaTa Canaweri ar Seicavs raime 

gamoxatul cvlilebebs, romlis mixedviTac advilad SeiZleboda 

arteriaSi diastoluri wnevis gansazRvra. es dakavSirebulia imasTan, rom 

manJetSi wnevis Semcirebisas diastolurze dabla, kedlis radialuri 

moZraobebi, romlebsac adgili aqvs arteriaSi TiToeuli pulsuri talRis 

gavlisas, narCundeba. am mizeziT monitori wnevis oscilometriuli 

gazomvisaTvis Seicavs specialuri algoriTms, romelic saSualebas 

gvaZlevs SevafasoT diastoluri wnevis sidide arteriaSi. 

  yvelaze saimedo parametrs, romelic registrirdeba 

oscilometriuli meTodis gamoyenebisas, warmoadgens ara sistoluri an 

diastoluri, aramed saSualo wneva, radgan is ganisazRvreba sruliad 

aSkara, gamoxatuli maCveneblis saSualebiT: manJetis wneviT, romelic 

udris arteriis saSualo wnevas.  

      sur 4.11 naCvenebia wnevis `idealuri” Canaweri okluziur manJetSi, 

romelic gakeTebulia diagramuli TviTCamweris saSualebiT, arteriuli 

wnevis gazomvis proceduris msvlelobaSi. sistoluri wneva ganisazRvreba 

manJetSi wnevis pulsaciaTa amplitudis gazrdis mixedviT, romelic xdeba 
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im momentSi, rodesac saSualo wneva manJetSi xdeba sistolur wnevaze 

ramdenadme naklebi (wertili 1). wertili 2  aRniSnavs manJetSi wnevis 

oscilaciis maqsimalur amplitudas da Seesabameba saSualo arteriul 

wnevas, radgan diastoluri wnevis donis gavlisas manJetSi wnevis 

meryeobaTa amplitudis raime gansakuTrebuli cvlileba ar xdeba, amitom 

diastoluri wnevis sididis gansazRvrisaTvis gvixdeba algoriTmuli 

meTodis gamoyeneba. 

 

 

sur.4.11 

sur. 4.12 naCvenebia blok- sqema, oscilometriuli meTodiT arteriuli  

wnevis gazomvisaTvis, sistemis ZiriTadi komponentebi da qvesistemebi,  

romelic dafuZnebulia xelsawyo Dinamap-ze. marTvis paneli: MAP  = 

saSualo arteriuli wneva, SYS = sistoluri wneva, HR - guliscemis 

sixSire da DYS –  

diastoluri wneva. sazomi sistemis aRwera iwyeba kompresiuli manJetidan,  

romelic masSi haeris datumbvisas kumSavs kidurs da gadauWers masSi  

gamaval sisxlZarRvebs.  es manJeti SeerTebulia pnevmatiur sistemasTan.  

wneva manJetSi izomeba kristaluri gadamcemis saSualebiT, romlis 

eleqtro signali muSavdeba ori sxvadasxva wrediT. pirveli wredi 

winaswar aZlierebs gasazom signals da axdens manJetSi wnevis nulis 

wanacvlebis koreqtirebas manam, sanam movaxdenT mis gardaqmnas analogiur-

cifruli gardamqmnelis saSualebiT cifrul formaSi. meore wredi axdens 
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maRali sixSireebis gafiltvras (daTrgunvas) da aZlierebs wnevis signals 

manJetSi. wnevis marTva manJetSi xdeba mikrokompiuteris saSualebiT, 

romelic gazomvis ciklis saWiro momentSi aamoqmedebs manJetSi haeris 

datumbvisa da misgan haeris neli gamoSvebis sistemas.  

 

 

.  

 

sur. 4.12    
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LEQTavi 5 
 

sunTqviTi parametrebis gazomvebi 
 

 
arsebobs xelsawyoebis didi raodenoba, romlebic emsaxureba 

sunTqvasTan dakavSirebul sxvadasxva sidideebis gazomvas. Cven 
SemovifarglebiT aq msjelobiT iseT samedicino xelsawyoebze, romlebic 
uzrunvelyofen mxolod sidideebis zust gazomvas. Sesabamisad ar 
ganvixilavT im xelsawyoebs, romlebic gankuTvnilia mxolod pacientebis 
monitoringisTvis, agreTve sadiagnostiko xelsawyoebis did jgufs. maT 
miekuTvneba xelsawyoebi introskopiis da tomografiisaTvis 
(rentgenografia, kompiuteruli, magnito-rezonansuli da pozitron-emisiuri 
tomografia). amasve mivakuTvnoT xelsawyoebis didi jgufi, romlebic 
gankuTvnilia filtvebis moculobis cvlilebis gasazomad _ 
fluoroskopebi, magnitometrebi, sxvadasxva eleqtro-meqanikuri da 
pnevmatiuri gadamwodebi da  agreTve tenzogadamwodi, romelic 
aregistrirebs sunTqviT moZraobebs. 

Catarebuli gazomvebi unda iyos minimalurad invaziuri. es gazomvebi 
unda iyos minimalurad diskretuli da unda iyos misaRebi klinikuri 
gamoyenebisTvis. mocemuli moTxovnebi zRudavs gazomvebis SesaZlo 
ricxvebsa da tipebs da ganpirobebulia eqvivalenturi parametrebis 
modelebis gamoyenebas, magaliTad, sunTqvaSi gamoiyofa ori funqcia: (1) 
filtvebSi gazTa cvla (haergamtari gzebis da filtvebis kapilarebis 
CaTvliT) da (2) filtvebis da gulmkerdis meqanika. modelebi, romlebic 
aRweren gazTa transportirebas, dakavSirebulia ZiriTadad sxvadasxva gazTa 
komponentebis cvlilebebTan da gazTa nakadis moculobiT siCqaresTan, 
xolo meqanikuri modelebi _ wnevasTan, filtvebis moculobasTan da misi 
siCqaris cvlilebebTan. es ori funqcia mWidrodaa dakavSirebuli 
erTmaneTTan.  

gazebis transportirebis sxvadasxva modelebs safuZvelad  udevs 
masebis balansi sasunTqi sistemebisaTvis. sur. 5.1  naCvenebia filtvebis 
airTa cvlis modeli. is Sedgeba cvalebadi moculobis alveolaruli 
nakveTurisagan, romlis SigniT airi kargad difuzirdeba, agreTve e.w. 
mkvdari sivrcisagan, romelsac aqvs mudmivi moculoba. konveqciis gamo haeri 
gadis mkvdar sivrceSi, igi warmoadgens dayovnebis xazs, romelic aerTebs 
gare sasunTqi xvrelis alveolarul moculobas. sur. 5.1 (a) warmodgenili 
sqema kargad aRwers orive filtvSi airTa cvlas normaluri da mSvidi 
sunTqvisas.  

masebis dinamiuri balansis gantoleba SeiZleba davweroT nebismieri 
qimiuri komponentisaTvis X  an maTi kompoziciiT SesunTqul airTa narevSi. 
Tu X  nivTierebis warmoqmna qimiuri reaqciiT sistemaSi SeiZleba 
ugulebelvyoT, maSin masebis balansis gantoleba X -isTvis SeiZleba 
Caiweros Semdegnairad: 

 
 
 
 
 

sistemaSi X  

dagrovebis 

siCqare  
∑
=

=
n

j 1

Sesavlidan  _ difuziis  

siCqare sistemis gareT )1.5(X  
gadatanis 

siCqare
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sur. 5.1. 
 
sur. 5.1 ze naCvenebia filtvebis modeli.  

(a) – sasunTqi sistemebis airTa cvla. (α Q ) aris X airis nakadi 

molebSi, romelic Semodis haergamtari xvrelis ( ) SesasvleliT da 

sisxlZarRvTa filtvebis b  kapilaruli qseliT. = mkvdari sivrcis 

moculoba; = alveoluri moculoba; 

AWO
DV

AV
(b) = sasunTqi sistemis meqanikuri modeli; = wneva filtvis SigniT 

(alveoluri); = wneva plevraSi; = wneva sasunTqi xvrelis midamoSi; 

= airis moculoba filtvebSi da haermatareblebSi; = airis nakadis 

moculobiTi siCqare filtvebSi Semavali gzebiT. 

AP

PLP AWOP

LV AWOQ

5.1 gantoleba SeiZleba gadavweroT aseve molaruli saxiT, radganac 
molebis raodenoba  - aris N X  masa (gramebSi) gayofili missave 

molekulur wonaze,  - XpAWO X  komponentis molaruli simkvrive (molebis 

raodenoba moculobis erTeulze), xolo  - airis nakadis moculobiTi 

siCqare (airis moculoba Sesuli drois erTeulSi). orive sidide izomeba 
sistemaSi Sesvlisas. maSin sur. 5.1 (a) warmodgenili modelisTvis SeiZleba 
CavweroT Semdegi gantoleba airovani 

AWOQ

X  ingredientisTvis:  
 
 )2.5()(

)(
XUQxp

dt

xNd
bAWOAWO

L
•

−⋅=
 
 
 
sadac: 

XUb  - X   airis sisxliT STanTqmis jamuri molaruli siCqare; 

XN L  - jamuri molaruli airis Semcveli X  filtvebSi mkvdari sivrcis  

       CaTvliT ( ) da alveoluri ganyofileba ( ). XN D XN A

sunTqvis meqanikis modelireba SeiZleba moxerxebulad pnevmaturi da 
meqanikuri elementebis kombinaciiT. 5.1 (b) suraTze warmodgenilia 
filtvebis idealizirebuli meqanikuri modeli. igi Sedgeba deformirebadi 
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pnevmaturi saknisagan, romelic damzadebuli iseTi masalisgan, romelsac 
gaaCnia erTdroulad simkvrive, plastiuroba da aqvs rbili haergamtari 
gzebi, cvalebadi winaaRmdegobiT. sistema Seicavs idealuri airebis 
gajerebul SenaerTebs. Tumca TiToeuli yoveli milioni alveolTagani 
SeZlebda funqcionirebas, rogorc calkeul sunTqvis sistema, mSvidi 
sunTqvisas orive filtvis SemTxvevaSi meqanika kargad aRiwereba erTsakniani 
modeliT (sur. 5.1  b). amave dros, normis da paTologiis dros sunTqvis 
meqanikis adeqvaturi aRwerisaTvis saWiroa ramodenime damoukidebeli 
saknebis mqone modelebis gamoyeneba. sur.5..2 (a) sunTqvis sistemas daemata 
kidev erTi deformirebuli konteineri, warmoqmnili kedliT filtvebis 
garSemo myof gulmkerdis RruSi. es kedeli Seicavs filtvis garSemo myof 
yvela elementebs: neknebs, sunTqviT kunTebs, muclis Rrus organoebs, 
romlebic sunTqvisas moZraoben. filtvebsa da gulmkerds Soris viwro 
xvreli warmoSobs Sidaplevralur siTxiT savse siTxes. 

 

 
 

sur. 5..2 
 

sur. 5..2 normaluri ventilaciis meqanikis modelia, zomieri 
amplitudisa da sunTqvis sixSiris dros (janmrTeli filtvebi, simSvide). (a) 
- meqanikuri modeli filtvebis gulmkerdis kedlebiT garSemortymuli. (b) - 
eqvivalenturi eleqtruli sqema (a) modelisTvis. 

wnevis dinamikuri gazomva sasunTq sistemaSi SeiZleba ganvaxorcieloT, 
wnevis eleqtronuli tenzometriuli gadamwodis gamoyenebiT, romelic 
SeerTebulia kaTeterTan an milTan, zondis rolSi. wnevis sxvaobis 
gazomvisas unda gaviTvaliswinoT erTi mniSvnelovani momenti. uSualod 
aseTi gazomvebi xorcieldeba diferencirebuli manometrebis saSualebiT, 
romlebsac aqvT ori sakani, gamoyofili membraniT masze damagrebuli 
tenzogadamwodebiT. kaTeteri awodebs airs yvela sakans.      

Tu filtvebi icvlian Tavis moculobas, maSin konveqtorul nakads 
miaqvs an moaqvs airis porcia sasunTqi xvreliT. im parametrebis gazomvas, 
romelic dakavSirebulia airis moZraobasTan aqvs udidesi mniSvneloba 

 68  



sasunTqi sistemis Seswavlisas. nakadis moculobiT siCqares da mis droiT 
integrals iyeneben filtvebis moculobis siCqaris cvlilebis SefasebisTvis 
da Sesabamisad, Tu xelsawyoebi dakalibrdeba da gamoiyeneba nakadis 
siCqaris moculobis gasazomad. dadgenilia, rom nakadis moculobiT siCqare 
tolia masis gadatanis siCqarisa Sefardebuli airis simkvriveze gazomvis 
wertilSi. xelsawyoebs romlebic gankuTvnilia airis nakadis moculobiT 
siCqaris gazomvisaTvis, uwodeben moculobiTi xarjsazoms. moculoba, 
romelsac airis masa ikavebs cnobil temperaturaze da wnevaze, 
ganisazRvreba spirometriT. 

Tumca sunTqviT moZraobebi cikluria da Tan axlavs airis nakadis 
urTierTsawinaaRmdego mimarTulebiT gadaadgileba, zogierTi sasunTqi 
gzebis funqcia dafuZnebulia calkeul sasunTq moZraobaze da moiTxoven 
airis nakadis gazomvas marto erT mimarTulebiT. aseT gazomvas atareben 
amosunTqvis fazaSi, filtvebidan indikatoruli airis gamorecxvisas, 
calkeul forsirebul amosunTqvaze filtvebis sasicocxlo tevadobis 
dasadgenad an calkeul maqsimalur CasunTqvaze.  

sistemaSi gamavali airis nakadis gazomvisas saWiroa, rom gadamwodi 
mdebareobdes nakadis perpendikularulad. eqsperimentebSi, gansakuTrebiT 
iseTSi sadac izomeba amosunTquli airi, miRebulia, rom mTeli nakadi 
gadiodes xelsawyoSi an grovdebodes masSi. Ggazomvebis aseT meTods 
SeiZleba Tan axldes garkveuli siZneleebi. Ggazomvebis dros, romlebic 
tardeba Semavali xvrelis doneze, gadamwodi unda uZlebdes nebismier 
wnevas, romelic warmoiqmneba haermatarebelSi (mag. ventilatoriT). airis 
garda, TviTon xelsawyo ar unda qmnides wnevas sawinaaRmdego an haeris 
moZraobis sawinaaRmdegod.  amerikuli pulmonologiuri sazogadoebis 
rekomendaciis Tanaxmad, moculobiTi xarjsazomebis nakadis mimarT 

winaaRmdegoba ar unda aRematebodes 1.5sm O(l/wm). rogorc sxva 

xelsawyoebSi, gazomvis sizustis moTxovnis uzrunvelyofisaTvis, 
xarjsazomis gadamwods unda qondes sakmarisi stabiluroba (gamosasvleli 
signalis mcire dreifi mudmivi xarjvisas) sakmaris mgrZnobelobasTan 
erTad. saWiroa vigulisxmoT, rom airis temperaturisa da Semadgenlobis 
cvlilebam SeiZleba gavlena moaxdinos xarjsazomis dakalibrebaze. aseTi 
cvlilebebi SeiZleba warmoiqnas CasunTqvisas an amosunTqvisas da aseve 
amosunTquli aerozoluri organuli nivTiereba SeiZleba daileqos 
gadamwodis mgZnobiare elementebze da gaaWuWyianos is. aseTma procesebma 
SeiZleba ara marto imoqmedos gadamwodis kavSirebze, aramed aRmoCndes 
infeqciis wyaro. Sesabamisad gadamwodi SeiZleba iyos steriluric an 
erTjeradi.  

OH 2

erT erTi ZiriTadi nivTiereba, romelic abinZurebs gadamwods aris 
amosunTquli wylis orTqli. Tu gadamwodi ar xurdeba sxeulis 
temperaturamde an mis zeviT, is gvevlineba Tavisebur “macivrad” 
gajerebuli wylis orTqlisTvis. dagrovilma siTxem SeiZleba daabinZuros 
gadamwodi da Secvalos efeqturi farTobi ganiv ganakveTze, romelSic airi 
gadis.  

gazomvebis proceduram ar unda migviyvanos CasunTquli haeris 
gaxurebamde da masSi mavne minarevebis moxvedramde. aseTi meTodebi, rogorc 
lazeruli anemometria (romlic moiTxovs nakadSi amreklavi nawilakebis 
arsebobas) da ionuri anemometria (romelsac mivyavarT ozonirebasTan) 
gamousadegaria gazomvisaTvis sasunTqi sistemis SesasvlelSi. Tu gadamwodi 
gamoiyeneba ganuwyveteli sunTqvis monitoringSi maSin mniSvnelovani xdeba 
misi mkvdari sivrce. Tu haermatarebelis moculoba gazomvis sistemaSi 
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imdenad didia, rom TiToeul CasunTqvaze pacienti SeisunTqavs amosunTqul 
haeris gadaWarbebul raodenobas, maSin sistemidan saWiroa gamovdenoT 
naxSiroJangi da davamatoT Jangbadi. 

samuSao maxasiaTebelebi, romlebic moeTxoveba respiratoruli 
xarjsazomebs, damokidebulia Catarebuli gazomvebis specifikaze. gazomvebis 
diapazoni moicavs, rogorc nakadebis mcire sidideebs (Cvilis mSvidi 
sunTqva), aseve airis maqsimalur nakadebs mozardi sportsmenis forsirebul 
sunTqvis drosac. 

praqtikaSi gamoyenebuli respiratorul xarjsazomebi miekuTvneba 
momdevno oTxi kategoriidan erT-erTs: rotaciuli, ultrabgeriTi, 
Termokonveqciuri da diferencialur-manometriuli. 

rotaciuli xarjsazomebi miekuTvneba xelsawyoebis tips, romelTac  
aqvT patara triala, romelic ganlagebulia haergamtarSi. misi brunva, 
triali,  ganisazRvreba airis nakadis moculobiT. meqanikuri gadacemis 
saSualebiT xelsawyos indikatorze gamoiyvaneba nakadis Semdegi 
parametrebi; nakadis pikuri mniSvneloba da jamuri nakadi amosunTqvisas. 
xelsawyos sxva variantSi, gadamwodi aRiqvams sinaTlis trialas mier  
sxivis SeCerebas, da axdens mis transformirebas ZabvaSi, romelic airis 
nakadis an misi integralis proporciulia. es sidide  Seuwyvetliv 
gamoisaxeba monitorze an Caiwereba fotoqaRaldze. moZravi nawilebis masa 
da maT Soris xaxuns SearCeven iseTi saxiT, rom aaridon trialas metad 
maRali sixSiris brunva, aCqarebuli nakadis sapasuxod. Ees xels uSlis 
rotaciul xarjsazomis gamoyenebas cvalebadi an sxvadasxva mimarTulebis 
nakadis gazomvaSi. rotaciul xarjsazomebs iyeneben ZiriTadad klinikaSi 
masobriv gamokvlevebisas. 

sunTqvis parametrebis gazomvebisas mkvlevari afasebs airis dinebis 
zemoqmedebas ultrabgeriTi signalis gavlis xangrZlivobaze. gamosxivebis 
kristaluri wyvili – gadamwodi - mimRebi magrdeba, gareTa kuTxiT, milis 
RerZze, romlis SigniT miedineba airi an Siga mxridan nakadis RerZis 
paralelurad. ultrabgeriTi signalis gatarebis dro, gamomsxivebelsa da 
mimRebs Soris, damokidebulia ara marto maT Soris airis siCqareze, aseve a 
airis narevis Semadgenlobaze da temperaturaze. 

xelsawyos sxva variantSi, airis nakadSi aTavseben Reros, romelic 
iwvevs turbulentur dinebas. ultrabgeriTi gamomsxivebeli da mimRebi 
ganlagebulia milis diametrulad sawinaaRmdego kedlebze. ultrabgeriTi 
signalebis intensiuroba, romelic gadis nakadis perpendikularulad 
modulirdeba  grigalis meSveobiT. modulaciis sixSire ganisazRvreba da 
dakalibrdeba nakadis siCqaris moculobiT erTeulebSi. ultrabgeriTi 
xarjTsazomebi zomaven erTmimarTulebian nakadebs da gamoiyenebian 
pacientebis monitoringisaTvis klinikaSi. 

Termokonveqciuri xarjsazomebis mgrZnobiare elementebi aris liTonis 
mavTulebi, liTonis folga an Termistorebi, eleqtruli winaaRmdegoba 
romelic icvleba temperaturasTan damokidebulebaSi. TviTgaTbobis reJimSi 
muSaobis dros, rodesac masSi gadis mniSvnelovani deni, raTaA saSualo 
temperatura SenarCundes garemomcvel temperaturaze maRla. am elementebze 
siTburi danakargebis siCqare damokidebulia airis lokalur masagadatanaze, 
temperaturaze, Tbotevadobaze, kinematikur siblanteze da Tbogamtarobaze. 
Tu mgrZnobiare elementis muSaoba mudmivi temperaturisas 
uzrunvelyofilia ukukavSiris wrediT, maSin siTbos danakargs 
ganpirobebuls lokaluri temperaturis cvlilebebiT, akompensireben 
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ukukavSiris wredSi meore mgrZnobiare elementis moTavsebiT, romelic 
muSaobs gaxurebis  gareSe.  

im SemTxvevebSi, roca airis Tvisebebi praqtikulad ar icvleba, 
gamomavali Zabva ganxilul xelsawyoebSi warmoadgens arawrfiv  funqcias, 
romelic damokidebulia mxolod da mxolod masagadatanis siCqareze. am 
damokidebulebis aproqsimaciis wyalobiT gardaqmnebis Sedegad 
uzrunvelyofen xazovan kavSirs gamaval Zabvasa da masagadatanis siCqares 
Soris. 

xazovani xarjsazomi, romelSic  gamoiyeneba marto erTi gadamwodi 
temperaturuli kompensaciT, romelic Sesrulebulia gacxelebuli mavTulis 
saxiT, uzrunvelyofsen EEerT mimarTulebiT sunTqviTi nakadebis 
damakmayofilebel gazomvebs. mavTulovani Termoanemometrebis gamoyenebisas 
nakadis moculobiTi siCqaris sunTqvis uwyveti registraciisTvis  
aucilebelia ramodenime pirobis dacva. airis mudmivi simkvrivis 
moculobiTi nakadi gadis zogierT ganivkveTs, romelic 
pirdapirproporciulia masagadatanis saSualo siCqaris, gadakveTaze 
gaSualoebuli. mavTuls, romelic emsaxureba masagadatanis deteqtors, aqvs 
Zalian mcire zomebi (daaxloebiT: diametri 5 mkm da sigrZe 1 – 2 mm), rac 
aucilebelia saWiro siTbogacemis uzrunvelsayofad da inerciulobis 
SemcirebisaTvis. masagadatana izomeba marto airis nakadis mcire midamoSo. 
mili mgrZnobiare mavTuliT ganlagebuli unda iyos iseTi saxiT, rom drois 
nebismier momentSi gadamwodiT registrirebuli mniSvneloba asaxavdes 
mTeli nakadis saSualo sididis reprezentaciul Sefasebas. 

erTmavTuliani gadamwodi gamosasvlelze gascems erTnair polarobis 
signals, nakadis mimarTulebisgan damoukideblad ase, rom zRudavs mis 
gamoyenebas erTmimarTulebiani nakadebis gasazomad. amis asacileblad 
erTdroulad iyeneben ramodenime mgrZnobiare elements, romlebic 
ganlagebulia nakadis gaswvriv sxvadasxva wertilebSi. Sesabamisi 
eleqtruli mowyobilobebis arsebobisas deteqtirebis saSualebas aZlevs 
aramarto sididis, aramed nakadis mimarTulebas. sunTqvisas airis narevis 
Semadgenlobis cvlileba gavlenas axdens gacxelebuli mavTulidan siTbos 
gadatanaze. airis Semadgenlobis mniSvnelovani sxvaoba, SesunTquli da 
amosunTquli haeri aufasurebs erTjeradi dakalibrirebis Sedegebs. 
gadamwodi saWiroa dakalibrdes im airis narevis mixedviT, romlisTvisac 
tardeba gazomva. 

sunTqvis parametrebis gazomvisas mavTulovan anemometrs aqvs 
upiratesoba. mas aqvs kargi sixSiruli maxasiaTeblebi (anemometris 
gadamwods SeuZlia asaxos sixSire ramodenime hercamde). radganac gadamwodi 
miniaturulia, wnevas winaaRmdegobas uwevs  mxolod mili, romlis 
SigniTacaa is ganlagebuli.  

adekvaturi xazovani pirobis dros mavTulovani anemometris zusti 
Cveneba uzrunvelyofilia rogorc mcire, aseve maRali nakadis siCqareebisas. 
saWiroebis dros xelsawyos SeuZlia momaragdes specialuri sqemiT 
gadamwodis Zlieri gaxurebiT, romlis SedegaTac iwveba dagrovili WuWyi. 
ZiriTadi naklovanebaa _ xelsawyos unari gazomos marto erTmimarTulebiani 
nakadebi.  

konveqtiuri nakadi iqmneba sivrcis or wertils Soris wnevaTa sxvaobis 
wyalobiT. wnevaTa sxvaobasa da nakadis moculobis siCqares Soris mWidro 
damokidebulebis arseboba sistemaSi saSualebas iZleva Sefasdes nakadis 
siCqare wnevaTa sxvaobis mixedviT. aseTi principiT momuSave xarjsazomebs 
diferencialur-manometriuli xarjsazomebs, aqvT ramodenime damxmare 
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mowyobiloba, romlebic uzrunvelyofen saWiro Tanafardobas wnevis dacemas 
da nakads Soris. isini Seicaven venturis mils, sazom diafragmas da nakadis 
sxvadasxvagvar winaaRmdegobas. SemuSavebulia aseve xarjsazomebi pitos 
aseve modificirebuli milis safuZvelze.  

xarjis gadamwodebi- pnevmotaxometrebi, romlebic odiTganve 
warmoadgenen fiziologiur laboratoriebSi ZiriTad instruments, agebulia 
moZravi haerisTvis  iseTi winaRobebis gamosayeneblad, romlebic 
uzrunvelyofen wrfiv damokidebulebas nakadsa da wnevis vardnas Soris. 
rogorc wesi xelsawyoebs aseTi gadamwodebiT uwodeben pnevmotaxometrebs, 
rac warmoadgens airovani xarjsazomis sinonims. eqspluataciis dros 
rezistuli pnevmotaxometrebi martivia. isini ansxvaveben airis nakadis 
mimarTulebas. amis garda maT aqvT maRali sizuste, mgrZnobiaroba, kargi 
sixSiruli  maxasiaTeblebi, rac pasuxobs umetesi klinikuri gazomvebis 
moTxovnilebebs. maTSi gamoiyeneba iseTive diferencialuri manometrebi da 
maZliereblebi, romlebic aucilebelia sxva gazomvebis dros, romlebic 
dakavSirebulia sunTqvasTan.  

rezistuli elementebis yvela am mravalsaxeobidan, romlebic 
CaSenebulia pnevmotaxometrebSi, ufro xSirad gamoiyeneba wvrili badis 
erTi an ramodenime blokSi mWidrod Calagebuli ekrani, romlebic 
ganlagebulia nakadisken. am xarjsazomebSi nakadis damokidebuleba wnevaTa 
sxvaobisgan aris wrfivi farTo diapazonze.  

rogorc wesi, rezistul elements aTavseben mrgvali ganivkveTis milSi 
wnevaTa sxvaobas zomaven ganivi mimarTulebiT milis kedelze (nakadis 
mosazRvre SreSi). rezistuli elementis TiToeul boloSi wnevaTa 
gazomvebis acileba adgens erT an mraval xvrelebs, romlibic qmnian saerTo 
mrgval arxs milis kedelSi. igi SeerTebulia saerTo gare milakebze. 
vinaidan wnevaTa sxvaoba izomeba milis periferiulad (milis RerZidan erTi 
radiusis manZilze), maSin varaudoben, rom is warmoadgens reprezentatiuls 
airis mTeli nakadisTvis, romelic gadis milis mTlian kveTze.  

 

 
sur. 5.4 

 
arsebobs mTeli rigi kompromisuli gadawyvetilebebi aseTi 

gadamwodebis dasamuSaveblad da gamosayeneblad. QP −Δ  Tanafardoba mudmiv 
nakadisTvis ufro wrfivia, roca milebs Soris manZili wnevis gasazomad 
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sakmarisad didia. magram, cvalebadi nakadebis SemTxvevaSi, romlebsac aqvT 
maRalsixSiriani mdgenelebi, wnevaTa gazomvas did manZilze umetesad eqceva 
inerciuli Zalebis zemoqmedebis qveS. imisaTvis rom aviciloT grigalis 
warmoSoba nakadebis maRali siCqareebis dros, milis kveTis farTobi 
rezistiuli elementebis mdebareobis adgilas unda iyos sakmaod didi, rom 
SevamciroT nakadis gamavlobis siCqare rezistiuli elementebis gavliT. Aam 
farTobs SeuZlia ramdenimejer gadaaWarbos gamosacdel piris zomebs, 
amitom pirsa da gadamwods Soris saWiroa movaTavsoT adapteri an 
difuzori. turbulentobis da nakadebis mowyvetis asacileblad milis 
SeviwrovebisTanave adapteris (sur. 5.4,a) Sida Seviwroebuli kuTxe ar unda 

aRematebodes 15 0 -s. amrigad, rac  ufro mcirea aseTi kuTxe, miT  metia pirsa 
da gadamwods Soris manZili. wnevis vardnis simetriulobis piroba erTi da 
igive nakadisTvis, gamavali nebismieri mimarTulebiT, miiRweva milis 
Tanabari geometriiT gadamwodisgan orive mxridan. airis moculoba 
adapterebs SigniT da TviT milSi warmoadgens sasunTqi cirkulaciisTvis 
mkvdar sivrces.  

mkvdari sivrcis mosaSoreblad iyeneben nakadis gadaadgilebas e.i. 
damatebiTi mudmivi nakadis, romelic Caberilia pnevmotaqtometrSi. Aam 
mizniT haeri gamoiwoveba gverdiTi xvreliT kedelSi vakuumis tumbos 
meSveobiT, romelic SeerTebulia xvrelidan grZeli miliT (sur. 5.4.b). es 
qmnis mudmiv wnevaTa vardnas gadamwodze pacientis sunTqvis dros mudmivi 
nakadis gadaadgilebiT.  

 
5.2. respiratoruli pletizmografia 

 
termini pletizimografia miekuTvneba moculobis an mTeli sxeulisTvis 

misi variaciebis gazomvas. pulmonologiaSi iyeneben pletizmografiis or 
ZiriTad meTods, romelic gankuTvnilia gulmkerdis Rrus moculobis 
cvlilebis Sesafaseblad:  1) gulmkerdis geometriuli parametrebis gazomva 
sxeulis zogierT specialur monakveTze da 2) torakaluri moculobis 
cvlilebis zemoqmedebis Sefaseba airis parametrebze, pletizmografiis 
saknebis SigniT, romelic moicavs mTel sxeuls (integraluri an saerTo 
pletizmografia). 

arsebobs ramodenime xelsawyo gulmkerdis moZraobis uwyveti 
gazomvisaTvis, romelic dakavSirebulia misi moculobis cvlilebasTan. 
sunTqvisas icvleba gulmkerdis Rrus eleqtruli impendasi, romelic 
SeiZleba davaregistriroT, raTa Tvalyuri vadevnoT sasunTq aqtiurobas. 
impendansur pnevmografebs iyeneben Ramis sunTqvisas apnoes da monitoringis 
deteqtirebisaTvis, sunTqvis umravlesi tipi xasiaTdeba Tavisuflebis ori 
ZiriTadi xarisxiT: gulmkerdis neknebis da diafragmis moZraobiT. 
Sesabamisad, magnetometrebis, tenzogadamwodebis da cvladi indiqtiurobis 
gamoyeneba sensorebis saxiT miTxovs sunTqviTi moZraobebis erTdroul 
registracias gulmkerdis or sxvadasxva nawilSi: mkerdis da muclis 
ganyofilebaSi. gulmkerdis RruSi moculobis cvlilebas Seafaseben 
gadanacvlebis awonili jamiT orive ganyofilebaSi, amasTan abdominaluri 
gadamwodis Cveneba SeiZleba gamoyenebuli iqnas  diafragmuli sunTqvis 
sazomad. 

magnetometrebs da gadaadgilebis sxva wrfiv  gardamqmnelebs SeuZliaT 
gazomon gulmkerdis da muclis Rrus diametrebi. gulmkerdis garSemo 
ganlagebuli tenzogadamwodebi zomaven misi perimetris lokalur 
cvlilebebs sunTqvis dros. tenzometriis saxiT sunTqviTi moZraobis 
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registraciisTvis xSirad gamiyeneben mcire kveTis silikonis mils, romelic 
savsea vercxliswyliT. induqtiur sunTqviT pletizmografSi gadamwodis 
saxiT gamoiyeneba ori sadeni mikerebuli zigzagiseburad elastiur qamarze, 
romelsac aqvs maRali Wimvadoba. pirvel sartyels amagreben gulmkerdis 
garSemo, meores ki muclis garSemo iseTi saxiT, rom sadenebidan TiToeuli 
qmnides erTmag maryuJs. orive sadeniT atareben dabal amplitudis cvalebad 
dens radiosixSirul diapazonSi. gamtariT warmoqmnili maryuJis kveTis 
cvlileba, gamoiwvevs TviTinduqciis Sesabamis cvlilebas. gamomavali 
signalis demodulaciis Semdeg miiReben Zabvas proporciuls gulmkerdis 
ganikveTis farTobisa, mis im nawilSi, sadac gades sartyeli.  

TiToeuli xelsawyo zomavs romelime geometriul parameters (diametri, 
perimetri an farTobi). romlis daxmarebiTac Seafaseben mkerdis moculobis 
cvlilebas. am Sefasebis sizuste varirdeba meTodidan meTodamde. 
Cveulebrivi Secdoma Seadgens 5-10% im moculobidan, romelic izomeba 
spirometriT. gazomvebis artefaqtebi SeiZleba warmoiqmnas sxeulis 
moZraobaiT, mag. gulmkerdis pozis da formis cvlileba, aseve sunTqvis 
amplitudis cvlileba. Sesabamisi dakalibrebisas  induqtiuri 
pletizmografis mgrZnobeloba aseT dabrkolebebTan SeiZleba iyos 
arsebiTad dabali. saerTo (integraluri) pletizmografis 
gansaxorcielebeli xelsawyo warmoadgens mudmivi moculobis uxeS kameras, 
romelSic mTlianad moTavsdeba adamiani. rogorc wesi, klinikaSi es 
xelsawyo gamiyeneba filtvebis absolutur moculobis gansazRvrisaTvis da 
alveoluri wnevis uwyveti registraciisTvis, romliTac advilia 
gamoiTvalos sunTqviTi gzebis winaRoba. arsebobs sami varianti: 
barometriuli, volimetriuli da nakadovani. TiToeuli tipis saxelwodeba 
Seesabameba im fizikur parametrs, romelic izomeba da gamoiyeneba SemdgomSi 
filtvebis danarCeni parametrebis gamosaTvlelad 

sixSireebze, romlis drosac xorcieldeba wnevis gazomva, 
barometriuli pletizmografi ise iqceva, rogorc airisTvis gaumtari 
daxuruli kamera. voliometriuli da nakadovani pletizmografi warmoadgens 
Ria sistemebs, radgan TiToeuli aseTi xelsawyos aqvs xvreli, romlis 
saSalebiTac airs SeuZlia Sesvla an gamosvla kameridan. spirometri an 
moculobiTi xarjTsazomi (mag.pnavmotaqtometri) erTveba am xvrels, da maSin 
SeiZleba SevamciroT wnevis cvlileba aseTi pletizmografis SigniT, airis 
mTeli moZraobis dayvaniT kameras da gamzom xelsawyos Soris mis 
gadaadgilebamde. Ria kamera gamoiyeneba sunTqviTi sinjebisTvis, filtvebis 
moculobis Tanmxlebi didi cvlilebebiT. sinjebisTvis sunTqvis (mag.; xSiri 
zedapiruli sunTqviT) mcire amplitudiT SeiZleba gamoviyenoT nebismieri 
kameris tipi. 

filtvebis absolutur moculobaze da alveoluri wnevis cvlilebebze 
SeiZleba vimsjeloT integralur pletizmografiT Catarebuli gazomvebiT, 
romlis sakanSic adamiani sunTqavs. Semdgomi analizi miekuTvneba 
barometriul integralur pletizmografs (sur. 5.5), romelic albaT, 
yvelaze ufro xSirad gamoiyeneba praqtikaSi. simartivisaTvis davuSvaT, rom 
adamians aqvs normaluri filtvebi. aseT SemTxvevaSi SeiZleba visargebloT 
filtvebis erTsakniani modeliT (sur. 5.1), romelSic damaxasiaTebeli - 
alveoluri wneva ganisazRvreba rogorc alveoluri nakveTuris SigniT wneva 
(sur. 5.5). .haermatarebel gzebs gaaCniaT  nakadebis mimarT  winaRoba, 

amitomac  sunTqvis dros gansxvavdeba,  Pawo - wnevisgan sasunTq xvrelTan. 
sivrce saknis kedlebis da adamianis Soris SeiZleba ganvixiloT rogorc 

Pa

Pa
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mTliani  rezervuari, romelic Seicavs erTgvarovan ujer airTa narevs, 
romlisTvisac damaxasiaTebelia Tavisi sakuTari cvladebi .  da Tb . NbVbTb ,,

 
 

sur. 5.5 
 
sur 5.5. naCvenebia rom manometrul integraluri pletizmografSi Tu 

safari daxurulia, maSin xelsawyo gamoiyeneba filtvebis moculobis 
gansazRvrisaTvis. Ria safaris  mdgomareobaSi mas gamoiyeneben alveoluri 
wnevis cvlilebis registraciisaTvis. aseTi pletizmografis daxmarebiT 
SeiZleba gamoviTvaloT sasunTqi gzebis winaRobebi, sasunTqi xvrelis 
gavliT airis nakadis gazomviT. radganac atmosferuli pirobebi fss dros 
ar icvleba, airis wnevis gazomva SeiZleba CavataroT SefardebiTi 
atmosferuli wnevis saSualebiT. 

 pletizmografis moculoba  iqmneba  adamianis qsovilebis 

moculobiT,  filtvebis airovani sivrciT da  adamianis garSemo myofi 
saknis airovani sivrciT. 

PV TISV
BV1V

    

BLTISP VVVV ++=                             (5.3) 

airTan SedarebiT, filtvebSi adamianis qsovilebi, romlebic Sedgebian 
siTxisgan da myari masalebisgan, SeiZleba CavTvaloT arakumSvadad. 
sunTqviTi moZraobebis dros qsovilebi icvlian Tavis formas, da ara 
moculobas. garda amisa, radganac pletizmografis moculoba rCeba mudmivad 
(im periodis garda, roca atareben dakalibrebas)  cvlilebebi 0-is tolia. 
maSasadame, filtvebSi airis moculobis cvlileba tolia sididiT da 
sawinaaRmdego niSniT sakanSi  moculobis airis cvlilebisa: 

PU
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bl dVdV −=                                                                      (5.4) 
                                                                                                                          
rogorc Termodinamikuri procesebisa Sedegebi, moculobebis es 

sawinaaRmdego cvlilebebi migviyvans filtvebSi wnevis da kamerias SigniT 
airovan sivrcis ZvrebTan. filtvebSi erTgvarovan Sereuli airisTvis da 
saknis airovan sivrceSi samarTliania Semdegi barotropikuli Tanafardoba 
moculobas, wnevasa da idealuri airis molebis raodenobas Soris: 

K
N
VP

a

=⎟
⎠
⎞

⎜
⎝
⎛

                                  (5.5,a) 

am gantolebaSi A  da a K  _ konstantebia. filtvebSi mimdinare 
izoTermuli procesisTvis, a =1; or atomiani airiT (mag; haerTan) adiaabaturi 
procesisTvis =1.4. yvela sxva danarCen SemTxvevaSi a  mdebareobs am or 
sazRvars Soris. sakanSi swrafi sunTqviTi moZraobebis dros  uaxlovdeba 
adiabatur zRvars. (5.5.a). gantolebidan warmoebuli gviCvenebs kavSirs  da 

 namatebs Soris: 

a
a

PV ,
N

dN
p

dP
aP
VdV 1

+−=                            (5.5.b) 

dP -sTan koeficienti sxva araferia Tu ara rezervuarSi  gazis akustikuri 

Wimvadoba . sxva sityvebiT, es aris misi absoluturi kumSvadobis sazomi. 2C
warmovidginoT, rom pletizmografis SigniT airi ujeria, da 

Sesabamisad, ise iqceva rogorc idealuri airebis narevi. maSin, (5.5.b) 
formulis gamoyenebiT sakanSi mTeli airTa narevisTvis da filtvebSi 
mSrali airisTvis, miRebuli gamosaxulebis (5.4)-Si CasmiT, miviRebT 
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LDRY
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ADRY

L

P
dNdP

Pa
V

P
dNdP

P
V

−=+−              (5.6,a) 

pletizmografis kamera hermetiulia, xolo airis jamuri raodenobis 
gasvla filtvebidan sisxlSi ise mcire, rom SeiZleba misi ugulvebelyofa. 
Sesabamisad, calke filtvebisaTvis da kamerasaTvis masebis balansis 
gantolebas eqnabaT Semdegi saxe: 

    

+= dQPdN AWODRYAWODRYL ..  
 

+−= dQPdN AWOAWOB    
gantolebaSi am gamosaxulebis CasmiT da misi gardaqmniT, miviRebT: 
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          (5.6 b) 

idealuri airis gantolebis  
 

RTRT
V
NP ρ==  

gamoyenebiT, simkvrivis sidideebi (5.6,b) tolobaSi SeiZleba gamovsaxoT 
temperaturiT da wneviT. airTan narevis wnevis saSualo sidideebi 
(hidrostatikuri) sasunTqi xvrelis doneze tolia atmosferuli wnevisa _ 
rogorc filtvebis mxridan, aseve pletizmografis kameras mxridan: 

 radganac airis narevSi gajerebuli wylis orTqliT 

parcialuri wneva aris temperatures funqcia, xolo filtvebSi 
Termodinamikuri procesebi izoTermulia, maSin saerTo alveolaruli wnevis 

..arhmBAAWO PPPP ===
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cvlileba ganisazRvreba filtvebSi mSrali airebis parcialuri wnevis 

cvlilebebiT:  Sesabamisad, (5.6,b) toloba SeiZleba gadavweroT 

Semdegi saxiT:  

.DRYdPdP AA =
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⎥
⎦
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) Pa
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A        (5.7) 

formula aris ZiriTadi mocemuli saerTo pletizmografiis meTodis 
analizisaTvis, romelSic adamiani sunTqavs hermetuli kabinis SigniT. igi 
SeiZleba gamoviyenoT sxvadasxva gamokvlevebisaTvis _ rogorc daxurul, 
aseve Ria sasunTqi miliT (filtvebis absoluturi moculobis gasazomad), 
agreTve alveolaruli wnevis Seuwyvetlad gazomvisaTvis. 

mass _ speqtrometri aris  aparati, romelic gamosakvlevi nivTierebidan 
warmoqmnis damuxtuli nawilakebis (ionebis) nakads da iRebs mis speqtrs, 
yofs mas fraqciebad, romelTac aqvT masa/muxti erTnairi damokidebuleba, 
ris Sedegadac miRebul speqtri gansazRvravs TiToeuli fraqciis 
SefardebiT raodenobas. samedicino massa_ speqtrometrebi Sedgeba Semdegi 
elementebisgan: amRebi nakveTuri, ionizirebuli kamera, dispersiuli kamera 
da ionebis deteqtori (koleqtori). (sur. 5.6)  

amRebi nakveTuri Sedgeba gacxelebuli an civi kairaluri milisgan 
(diametri daaxloebiT 0.25 mm) da Semwovi kamerisgan. am sistemaSi airi 
Seiwoveba rotaciuli tumbos meSveobiT, romelic qmnis uaryofiT wnevas _ 
daaxloebiT 10 _ 20 mm/vercx.wy. sveti (1.3 _ 1.7 kpa). difuziis wyalobiT airis 
porcia forovan tixarSi ionizirebul sakanSi, romelic imyofeba maRal 

vakuumSi ( pa), Seqmnili mZlavri tumboTi. gaxurebuli kaTodidan 
anodisken moZravi eleqtronebis nakadi ejaxeba ionizirebul kameraSi 
mimaval airTSan, da airis molekulidan eleqtronebis mowyvetiT qmnis 
dadebiT ionebs. es ionebi fokusireben konaSi da gaiafnteba eleqtruli 
veliT. dispersiul kameraSi moxvedrisas ionebis kona fraqciebad daiSleba 
maTi molekuluri wonis Sesabamisad.  

510−

dispersiuli meTodebi, romlebic gamoiyeneba sxvadasxva firma _ 
mwarmoeblebis danadgarebSi, Seicaven magnituri da kvadrupoluri 
eleqtruli velis generatorebs, aseve mowyobilobas, romelic zomavs 
nawilakebis frenis dros. gayofis Semdeg ionebis konebi xvdebian 
koleqtorSi, sadac formirdeba xelsawyos gamomavali signali. Znelia 
xelaxla SevafasoT massa _ speqtrometris mniSvneloba sunTqvis funqciis 
gamosakvlevad _ magram es sworia mxolod im SemTxvevaSi, Tu is 
uzrunvelyofs uwyvet gazomvas erTbaSad ramodenime arxze, romlebsac 
Seesabameba ramodenime gamosasvlel qimiur nivTierebas. aseT muSaobis reJimi 
miiRweva ori xerxiT. erT_erT variantSi gamoiyeneba mxolod erTi 
koleqtori, romelic maRali sixSiriT skanirdeba ionuri sxivebiT, 
romelTac Seesabameba sxvadasxva komponentebi. yoveli nivTierebisaTvis aris 
individualuri damamaxsovrebeli SerCeva _ Senaxvis mowyobilobebi, 
romlebic Caweren ionur denebs koleqtorze ionebis Sesabamisi sxivis 
moxvedrisas. meore variantSi gamoiyeneba ramodenime koleqtori, romlis 
mdgomareoba isea daregulirebuli, rom yovel maTganze uwyvetad moxdes 
gamosasvleli ionuri komponentebisgan mxolod erTi.  
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sur. 5.6 

 
koleqtorze gazomili ionuri deni proporciulia airis narevis 

Sesabamisi komponentis parcialuri wnevisa. signalis realur droSi 
damuSaveba da Sesabamisi dakalibrireba saSualebas gvaZlevs 
daregistrirdes gamomavali signali, uSualod molaruli fraqciis 
erTeulebSi.  

respiratoruli gamokvlevebis umetesobaSi molekuluri wona izomeba 

4( ) dan 44( )-mde masebis atomuri erTeulebis diapazonSi. xelsawyoebi 

gafarToebuli diapazoniT saSualebas iZleva  iseTi airebis Semcvelobis 
daregistrirebisa, rogoricaa eleairi (gogirdis geqsaftoridi, 146) an 
halotani (196).  

He 2CO

mgZnobiaroba, xazovnoba da signali/xmauri Sefardeba, romelic  
gancxadebulia mass_speqtrometrebis mwarmoeblebis mier, Seesabameba 
preceziul gazomvebs. Ddrois mudmiva signalis Sesasvlelze safexurovani 
cvlilebisaTvis (2-dan 90%-mde) Cveulebriv naklebia 100 mwm. (wylis orTqlis 
gamoklebiT, romlisTvisac drois mudmiva ufro maRalia). droiTi dayovneba 
romelic damokidebulia airis transportiTan kaTeterSi zomiT 1,3-1,6 m 
Seadgens 200 mwm, maSin rodesac aRebis dro 10-dan 30 ml/wT-mde. arsebobs 
iseTi sistemebi, romlebic nebas rTaven Catardes erTdroulad ramodenime 
komponentis gazomva airTa narevSi. aseve SemuSavebulia masa-speqtrometrebis 
kompaqturi (magidis an stelaJis) modelebi. 

airTa narevis Semadgenlobaze damokidebuli fizikuri Tvisebidan erT-
erTia _ misi Tbogamtaroba. rogorc wesi, airis Tbogamtarianoba 

ukuproporciulia misi molekuluri wonisa. mag; -is da -is 

Tbogamtaroba 6.5 jer maRalia, vidre -is da -is. Tbogadacema 
gaxurebuli sxeuls, romelic   mudmivi temperaturisaa, da gverdiT 
gamdinare siTxis (airis) Soris, damokidebulia siCqareze, Tbogamtarobaze 
amave siTxis (airis) temperaturaze da zogierT sxva parametrebze. 

2H

2O
eH

2N

Tbogamtarobis gadamwodebi SemuSavebuli iyo maTi gamoyenebis mizniT 
airTa qromatografiasa  da airebis analizatorebSi, SenarevebisaTvis, 

romlebic Seicavdnen  da . orive SemTxvevaSi mgrZnobiare elementebs, 

romlebic CarTulia uitsonis bogirSi, acxeleben, maTSi mudmiv denis 
2H eH
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gatarebiT. mgrZnobiare elementebad gamoyenebulia liTonis Termistorebi an 
mavTulovani spiralebi winaRobis maRali temperaturuli koeficientiT (mag; 
platina, volframi an nikeli). Tbogamtarobis gadamwodebs romlebic 
damzadebulia gacxelebuli mavTulis safuZvelze, uwodeben katarometrebs. 

sxvaxvadasxva qimiur elementebs gaaCniaT eleqtromagnituri energiis 
STanTqmis sxvadasxvagvari speqtri, rogorc airovan mdgomareobaSi, aseve 
xsnarebSi. gamosxivebis infrawiTeli diapazoni, romelic Seesabameba 
talRur diapazons 3 -  30 mkm-mde, Zalian xelsayrelia airebis 
gamosakvlevad. saqme is gaxlavT, rom airebis umetesoba STanTqavs 
infrawiTeli sxivebis energias mkacrad gansazRvrul talRis sigrZeze, da 
toveben e.w. molekuluri ,,TiTebis anabeWdebs”. STanTqmuli energia 
gardaiqmneba siTbod da zrdis STanTqmuli airis temperaturas. 
infrawiTeli gamosxiveba STainTqmeba mxolod iseTi molekulebiT, 
romlebic Sedgenilia sxvadasxva atomebisagan, radgan mxolod aseT 
molekulebs gaaCniaT dipoluri momenti, romelzec urTierTmoqmedebs 

eleqtronuli veli. msgavss molekulebs miekuTvneba , , ,  da 

mfrinavi anesTetikebi. simetriul molekulebs (mag; ,  da ) da aseve 

keTilSobili airebs (mag;  da ) ar gaaCniaT dipoluri momentebi da ar 

STanTqaven infrawiTel gamosxivebas. 

2CO

2O N
CO

2

ON 2

2H
OH 2

eH eN

rodesac mocemuli airisTvis damaxasiaTebeli gansazRvruli talRis 
sinaTle ecema aseTi airis nimuSze, STainTqmeba mxolod misi energiis 
Sesabamisi nawili. energiis danarCeni nawili gadis airSi STanTqmis gareSe. 
gansazRvruli talRis sinaTlisTvis, nimuSSi gamavali sinaTlis  
simZlavris kavSiri mis sawyis simZlavresTan dgindeba beris kanoniT:  

LCePP α−= 01                                      (5.8) 

sadac P  _ farTobis erTeulze mosuli simZlavrea, α  _ STanTqmis 
koeficienti,  _ airSi sinaTlis gzis sigrZe da C  _ Suqis mSTanTqmeli 
airis koncentracia. maSasadame, airTa narevis SemadgenlobaSi airis 
koncentraciis gansazRvra SeiZleba sinaTlis energiis gazomviT, romelmac 
STanTqa an gaiara airTa narevSi. am principiT (sinaTlis energiis gatareba 
an STanTqma gazomvisas) aris konstruirebuli is xelsawyoebi, romlebic 

gamoiyeneba  sunTqvisas airebis Semcvelobis dasadgenad _ umTavresad , 

, wylis da anesTetikebis orTqlebis. 

L

2CO
CO

tradiciuli meTodiT, romelsac SemdegSi Suq-SeRwevadobis analizs 
vuwodebT, izomeba gamavali sinaTlis simZlavre gamosakvlevi airebisTvis 
damaxasiaTebeli talRis sigrZeze. 

alternatiuli meTodi dafuZnebulia STanTqmuli energiis gazomvaze 
nimuSSi (fotoakustikuri meTodi). orive tipis xelsawyoebSi gamoiyeneba 
farTo-zolis gamomsxivebeli (Savi sxeuli). aRsaniSnavia, rom msgavsi 
xelsawyoebidan arcerTi ar gvaZlevs gatarebis an STanTqmis mTlian 
speqtrs, rogorc es keTdeba ,,dispersiul” speqtroskopiaSi. piriqiT, 
transmisiuri meTodiT nimuSSi airTa komponentebis Semcvelobis dasadgenad, 
gazomvas asruleben mkacrad fiqsirebuli sinaTlis talRis sigrZis 
nakrebiT, romlebsac Seesabameba maqsimaluri signali gamosakvlevi 
nivTierebisaTvis. am meTodis Tavisebureba saSualebas iZleva Seamciros 
minarevebis zegavlena analizis Sedegze. aseTi xelsawyoebi miekuTvneba 
aradispersiulULL infrawiTeli analizatorebis kategorias. 
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sur. 5.7 
 
rogorc gamavali sinaTlis analizatorebi, aseve fotoakustikuri 

sistemebi, Sedgeba rogorc minimum xuTi ZiriTadi blokisgan (sur. 5.7)  (1) 
infrawiTeli talRebis gamomsxivebeli; (2) mowyobiloba periodulad 
cvalebadi simZlavriT da/an sinaTlis konis muSa talRiT (Cveulebriv 
meqanikuri stroboskopi); (3) sazomi ujredi; (4) gadamwodi; (5) signalis 
damuSavebis wredi gamomavali indikatoriT. xelsawyos SigniT blokebis 
mdebareoba SeiZleba icvlebodes. 

SuqSeRwevadobis xelsawyoebSi, romlebic gankuTvnilia gamosakvlevi 
airTa narevis calkeuli komponentebis deteqtirebisaTvis, gamoiyeneba ori 
identuri infrawiTeli (iw) sxivi, romlebic wydeba 10-90/wT sixSiriT (zusti 
sidide damokidebulia xelsawyos tipze). gamosxivebuli airTa narevi, 
romelic miewodeba garedan kaTeteriT. meore sxivis gzaze dgas wvrili 
apkis saxiT Sesrulebuli interferenciuli filtri, romelic atarebs 
gansazRvruli sigrZis talRebs. ufro Zvel nimuSebSi amisaTvis 
gamoiyenebdnen makontrolebel ujreds, romelsac zustad iseTive sinaTlis 
gatarebis fanjrebi hqonda, rogorc sazom ujreds, magram airTa nareviT 
Sevsebuli, romelic ar Seicavda gamosakvlev airs. 

yovel iw-impulsze gadamwodi zomavs konebsSorisi simZlavreTa 
sxvaobas, gamavali sakontrolo da sazom ujredSi. misi efeqturi 
(saSualokvadratuli) mniSvneloba proporciulia mSTanTqmeli airis 
energiis koncentraciisa sazom ujredSi. gadamwodis signali 
demodulirdeba da gardaiqmneba gasazomi airis Sesabamis koncentraciis 
(moraluri simkvrivis) signalad gamosasvlelze. haeris kaTeteriT aRebis 
siCqaris dros 0,5-1 l/wuT-mde, drois mudmiva, romelic Seesabameba 
koncentraciis cvlilebis naxtomis 90%-is ganmeorebas, Skalis Sesabamisad 
Seadgens 100 mwm. magram, Tanamedrove xelsawyoebis zomebi saSualebas ar 
gvaZleven isini gamoviyenoT gazomvebis Casatareblad sunTqvisas haeris 
nakadSi.  gatarebuli sinaTlis analizis principze momuSave iw 
analizatorebi zomaven airebis Semadgenlobas Semdegi diapazonebiT: 10% 

, 0.3% , 100% ,  7,5% halotanis, enfluranis, izofluranis da 
sevofluranis, da aseve 20% dezflurans. 

2CO CO ON 2
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fotoakustikuri analizatorebi. fotoakustikuri efeqti ganisazRvreba  
rogorc airebSi bgeris  generacia, warmoqmnili fotonebis STanTqmis 
Sedegad. airebis Semadgenlobis analizis princips, safuZvlad daedo is rom 
sxivebis energia romelsac STanTqavs  airi,  proporciulia airis 
koncentraciisa. maSasadame, erTi da igive sxivebis energiis dros bgeris 
siZliere  proporciulia airis koncentraciisa. 

5.7 suraTze naCvenebia airTa fotoakustikuri analizatoris saerTo 
sqema. infrawiTeli sxivi farTozoliani gamomsxiveblis saSualebiT  
modulirdeba meqanikuri mwyvetaraTi da filtrSi gavlisas, romelic 
axorcielebs saWiro sigrZis talRebis sinaTlis impulsebis formirebas, 
fokusirdeba gamzom ujredze, romleSic aris  gamosakvlevi airTa narevi. 
wnevis fluqtuaciebis aRwarmoeba xdeba  sixSiriT, romelic mdebareobs 
akustikur diapazonSi da mimwodebeli meqanikuri mwyvetariT. warmoqmnili 
bgeriTi rxevebi registrirdeba Zalian maRali mgrZnobelobis da 
stabilurobis mqone tevaduri mikrofoniT. 

airis fotoakustikuri analizatori zomavs iw sxivebis energias, 
romelsac STanTqavs gamosakvlevi airi, da aregistrirebs airSi warmoqmnili 
wnevis bgeriT talRebs. airiT STanTqmuli sxivebis energia bevrad mcirea 
gatarebis energiaze. gamavali sinaTlis analizatorebi adgenen STanTqmis 
energias mcire sxvaobis saSualebiT romlic aris  or udides sidideebs 
Soris, romlebis Seesabameba sazomi da sakontrolo ujredSi gamavali 
sxivebis energias. Sesabamisad, analizatorebis signali./xmauri Sefardeba, 
SesamCnevad mcirea, vidre fotoakustikuri analizatorebis. 

fotoakustikuri principiT momuSave airis analizatorebi farTod 
gamoiyeneba anesTeziis dros monitoringisTvis. arsebobs fotoakustikuri 

xelsawyoebi, romlebic zomaven erTdroulad ramodenime maCvenebels: , 

 da anesTetikebidan erT-erTs. es miiRweva meqanikuri mwyvetaras 

gamoyenebiT romelsac aqvs wris saxe masze xvrelebis sami koncentriuli 
mwkriviT. xvrelebs Sorisi zoma da manZili, yoveli mwkrivisTvis  
gansxvavebuliaa. amrigad, mwyvetaras wris erTi da igive brunviTi siCqarisas 
formirdeba sami damoukidebeli sxivi, romelTagan  yoveli Tavisi sixSiriT 
Sewydeba. 

2CO
ON 2

yoveli sxivi Tavis filtrSi gaivlis, ise rom gasvlisas mas Tavis 
SemadgenlobaSi aqvs mxolod sinaTlis im talRis sigrZe, romelzedac 
xorcieldeba  gamosakvlevi airebidan erT-erTis energiis STanTqma. sxivebi 
fokusirdeba sazom ujredze, sadac erTdroulad gamoiwveven airis 
ramodenime komponentis rxevas. yoveli komponentidan rxeva warmoiqmneba 
Tavis sixSireze SewyvetiT, xolo yoveli bgeriTi rxevidan amplituda 
proporciulia Sesabamisi airis koncentraciisa. airTa narevis yoveli 
gamosakvlevi komponentidan koncentraciis uwyveti registracia warmoiqmneba 
Sewyvetis sixSireze rxevebis filtraciis gziT, romelic Seesabamieba  
signalis yovel furie-Semadgenels, xolo Semdeg gafiltruli signalebis 
amplituduri demodulaciiT. 

im tipis xelsawyoebi maRal stabilurob axasiaTebT da ar saWiroeben 
dakalibrirebas 1-3 Tvis ganmavlobaSi. maTTvis damaxasiaTebelia sawyisi 
gaxurebis mcire dro (1 wT) da gazomvis maRali sizuste (saves Skalis 
Secdoma < 1% ). Semavali signalis safexurovani cvlilebebisas 10%-dan 90% 
donemde fotoakustikur analizatorebs aqvT drois mudmiva daaxloebiT 250-
300 mwm haeris gatanis 90ml/wT siCqariT.  
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5.3 emisiuri speqtroskopia 
 

suraTze 5.8. naCvenebia xelsawyo, romelSic izomeba airebis narevis 
komponentebidan erT-erTis koncentracia, gansazRvrul talRur diapazonSi 
sinaTlis intensiurobis saSualebiT., romelic warmoiqmneba umciresi 
wnevebis dros airTa narevis ionizaciis Sedegad. Cveulebriv aseTi xerxiT 

zomaven sunTqvisas -is koncentracias. sistemaSi vakuumi iqmneba mZlavri 

vakuumuri tumboTi, amasTan wneva (1-4 mm.vercx.wy. an 150-550 pa) regulirdeba 
nemsisebri sarqveliT, romelic atarebs ionizacuri kameriT airis mcire 
nakads. sasunTqi airebi ionizeben eleqtrodebze 600-1500 v, potencialebis 
mudmivi sxvaobisas, amasTan isini gamoasxiveben sinaTles talRur diapazonSi 
310-480 nm-mde. amreklavi zedapirebi mimarTaven sinaTles seleqtiur optikur 
filrSi, romelic ar atarebs sinaTles romelsac aqvs talRebis 
arasasurveli sigrZe. filtrSi gasvlis Semdeg sinaTle moxvdeba 
fotoeleqtronul gardaqmnelze, romelic warmoqmnis  dens, romlis 
mniSvnelobac proporciulia sinaTlis filtriT gamavali intensiurobisa. es 
deni warmoadgens airis dainteresebuli komponentis molaruli fraqciis 
arawrfiv funqcias (ganisazRvreba ionizaciuri kameris geometriiT), vakuumis 
xarisxis, kameraSi gamavali airis nakadis, aseve fotoeleqtronuli milis 
Tvisebebs. amitom SemdgomSi signali gamomuSavdeba ise, rom xelsawyos 
gamosasvlelze formirdeba Zabva, romelic pirdapirproporciulia airis 
narevSi gansazRvruli komponentis molaruli fraqciisa. 

2N

2N  speqtroskopuli analizatorebi gascemen airTa narevSi  
molaruli fraqciis mniSvnelobas, romelic Seicavs wylis orTqlebs. 
dakalibrebis procedurebi unda iTvaliswinebdnen gamosakvlevi narevis 
tenianobas. SesaZlebelia, rom mimyvani  gzebi, nemsisebri sarqvelis da 
milis CarTviT, romelTa saSualebiTac  miewodeba gamosakvlevi haeri, 
moiTxovs SeTbobas, rom Tavidan aviciloT maTi daxSoba an wylis 
orTqlebis kondensacia. sistemaSi Seqmnili maRali gauxSoeba abrkolebs 
satransporto sistemaSi wylis orTqlebis kondensacias, romlebic 
momarTulia nemsisebri sarqvelidan ionizirebuli kamerisaken, magram amas 
ar SeuZlia Tavidan aicilos absorbciis an desorbciis procesebi wylis 
orTqlebis parcialuri wnevis cvlilebisas. 

2N

2N  analizatorebis qarxnuli modelebsa aqvT gamosvlisas maRali 

stabiluroba: maTi saSualo kvadratuli Secdoma ar aRemateba 0,5%. -is 

koncentraciis diapazonSi O-0 dan 80%-mde. rogorc satransporto Seferxeba, 

aseve signalis zrdis dro ar aRemateba 40 mwm-s  molaruli fraqciis 
safexurovani cvlilebisas. ionizirebuli kameris minis kedlebze 
eleqtrodebis masalis daleqva auaresebs mis muSaobas eqspluataciis 

xangrZlivi drois ganmavlobaSi. airis narevSi -is da -is Semadgenloba 

-is gazomvisas gavlenas ar axdens. amavdroulad, -is an 

2N

2N

2O 2CO
He2N Ar -is yofna 

SeiZleba migiyvanos gazomvisas Secdomebamde. magaliTad; narevisaTvis, 

romelic Seicavs -is 40%-s da -is 5%-s, analizatori gviCvenebs -is 

43%-is mniSvnelobas. 
2N He 2N

 82  



 
sur. 5.7 

emisiur da iw-analizatorebs ar SeuZliaT airis narevSi -is 
gansazRvra. Jangbadis Semcveloba SeiZleba ganvsazRvroT mass-speqtrometris 
daxmarebiT, romlebsac aqvT gadamwodebi Tbur elementebze da aseve 
galvanuri polarografiuli gadamwodebi. airovani analizatorebis kidev 
erT tipSi gamoiyeneba Jangbadis magnituri Tvisebebi. 

2O

 

 
 

sur.5.8 
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paramagnituri Jangbadovani analizatoris sqema (xedi zemodan). sazomi 
sxeuli SeiZleba an Setrialdes (rogorc naCvenebia), an momentis 
sawinaaRmdegod Cerdebodes adgilze, romlis gazomvisas gansazRvraven airis 
narevSi Jangbadis koncentracias. (b) diferencialur-manometriul da 
magnitoakustikuri Jangbadis analizatoris sqema 

Jangbadis paramagnituri gadamwodebi. sxva airebTan SedarebiT, Jangbads 
aqvs unikaluri Tviseba _ is miizideba magnituri veliT. paramagnetizmad 
wodebuli es Tviseba dakavSirebulia dadebiTi magnituri amTviseblobiT. 
swored, rkinis maRali magnituri amTvisebloba _ feromagnetizmi _ 
paramagnetizmis kerZo SemTxveavaa. airebis umetesoba magnituri veliT 
gamoidevneba, e.i. avlens diamagnetizms an uaryofiT magnitur amTviseblobas. 

xelsawyoebis ramdenime tipSi gamoiyeneben Jangbadis paramagnitur 
Tvisebebs. pirvelad damuSavebeli iyo torsionuli tipis analizatori, 
romelSic gasazomi mowyobilobis saxiT gamoiyeneboda Txeli minis Rru 
sxeulis, romelic azotiT iyo Sevsebuli da ganlagebuli araerTgvarovani 
magnituri velis SigniT, romelic Seqmnili iyo kameraSi sadac moTavsebuli 
iyo gamosakvlevi airis narevi. am diamagnitur sxeuls gantelis forma 
hqonda (sur. 5.8 a), romelsac Camohkidebdnen ori burTulis gamaerTianebeli  
RerZis   SuaSi, mkvriv Zafze,. mkvrivi Zafi torsionuri zambaris rols 
TamaSobda da gantels saSualebas aZlevda Sebrunebuliyo sivrceSi. 
magnituri velis perpendikularulad. gasazomi mowyobilobis sferoebi 
wonasworobis mdgomareobaSi ganlagebulia magnituri velis udidesi 
koncentraciis midamoSi _ velis Semqmneli magnitis polusebs Soris. Tu 
gasazom kameraSi Sedis narevi, romelsac ar aqvs paramagnituri Tvisebebi, 
maSin narevis simkvrive rCeba erTgvarovani, xolo sferoebi ikaveben 
wonasworobis mdgomareobas. Tu ki kameraSi Sedis paramagnituri airi (mag; 
Jangbadi), is miizideba magnituri veliT, da magnitis polusebs Soris misi 
lokaluri koncentracia izrdeba. es aiZulebs gasazom sxeuls 
gadaadgildes zustad ise, rogorc wylis maRali simkvrive aiZulebs ankesis 
tivtivas amosvlas wylis zedapirze, sadac is gadasrolilia. rac metia 
Jangbadis Semcveloba, miT ufro farToa udidesi simkvrivis midamo da ufro 
maRalia misi gradienti _ miT metia gasazom sxeulze moqmedi Zala romelic 
aiZulebs mas gadaadgildes. 

Jangbadis koncentracis, Sesabamisad, SeiZleba gaizomos RerZis garSemo 
ganteliseburi sxeulis Semobrunebis kuTxiT.  (an sinaTlis sxivis anarekli 
sarkedan, romlic  gantelisebur sxeulze damagrebuli sakidaris RerZidan 
axlosaa moTavsebuli sur..5.8. a), aseve torsionuli momentis sididiT, 
romelic saWiroa gamoviyenoT ganteliseburi sxeulis sawyisi wonasworobis 
mdgomareobaSi SekavebisaTvis. xelsawyos aseTi konstruqcia uzrunvelyofs 
maRal sizustes. 

Jangbadis paramagnituri Tvisebebis gamoyenebaze dafuZnebuli sxva 
midgoma varaudobs wnevis gazomvas, romelic saWiroa JangbadSemcveli airis 
narevis Tanabari nakadis dasacavad gamdinare magnitur velSi. xelsawyos 
modifikaciebidan erT-erTSi (sur. 5.8 b), sakontrolo arxis ori nakadi 

Sexvdeba da Seereva erTmaneTs gantotebul wertilSi ( ), Semdeg ki 

gamodian saerTo gziT (C ). pulsirebadi magnituri veli fokusirdeba 
sakontrolo arxis nakadebidan erT-erTze ganmanawilebelSi misi Sesvlis 

(

J

E ) adgilas. gamosakvlevi narevi miewodeba ( )-Ti ganmanawilebelSi, sadac 

is uerTdeba sakontrolo airis nakadebs da (C ) gamosasvleli miliT 
gamoedineba. gamosakvlev airTa narevSi myofi Jangbadi magnituri veliT 

D
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miizideba (E ) wertilSi, ris gamoc am adgilas moimatebs airis simkvrive da 
sakontrolo airis nakadebidan erT-erTis gamosasvlelze gaizrdeba 
winaaRmdegoba, Seanelebs mas  da Seqmnis gamzomi sistemis am mxareSi wnevis 
winaaRmdegobas. amas  mivyevarT or sakontrolo gzebs Soris wnevaTa 

sxvaobasTan, romelic ( ) diferencialuri manometriT izomeba da 
gamosakvlevi airebs signali proporciulia sakontrolo da gamosakvlev 

airebs Soris  Jangbadis Semadgenlobis sxvaobisa. 

F

2PO
 arsebobs airis analizatoris kidev erTi varianti, romelSic xdeba 

diferencialur-manometriuli paramagnituri principis fotoakustikuri 
meTodTan SeTavseba. magnitoakustikur speqtroskopiad wodebuli, gazomvis 
aseTi kombinirebuli meTodisas, gamoiyeneba gasazomi sistemis konfiguracia, 
imis analogiurad, rac (5.8 b) suraTze asaxuli, magram zogierTi 
modifikaciebiT. gamosakvlevi airis narevi miewodeba pirdapir erT-erT 

milSi, magaliTad; ( ) milSi, romelic midis ( ) gamanawileblamde. amasTan 

( ) Sesasvleli ar gamoiyeneba. mTeli ganmanawilebeli ( ) imyofeba cvlad 
magnitur velSi, romelic bgeriT diapazonSi sixSiresTan erTad icvleba. 
maSasadame, airis orive nakadze moqmedebs erTi da igive magnituri veli. Tu 

( ) gziT miwodebul narevSi airis Jangbadi, maSin ( ) wertilis miRwevisas 
igi iwyebs SekumSvas da ganmuxtvas, iwvevs ra  akustikuri talRebis 
warmoqmnas, romlebic gavrceldeba orive gzebze. am akustikuri talRebis 
wnevis amplituda proporciulia gamosakvlev narevSi Jangbadis 
koncentraciisa. da bolos, erTi diferencialuri manometris magivrad, 
romliTac izomeba orive milSi wnevebis sxvaoba, am sistemaSi gamoiyeneba 
ori teveduri mikrofoni: erTi _ gamoskvlevi airis narevSi bgeriTi rxevebis 
registraciisaTvis, xolo meore _ referentul gzaSi. gamosakvlevi airis 
narevisaTvis mikrofoni aris iseTive, rogoric gamoiyeneba akustikuri 
talRebis gasazomad, warmoqmnili airis narevis sxva komponentebis iw-
gamosxivebis STanTqmisas. cvalebadi magnituri velis sixSire gansxvavdeba 
iw-konebis modulaciis sixSirisagan. amrigad magnituri veliT 
dakavSirebuli bgeriTi rxevebi, advilad SeiZleba gamovyoT mikrofonis 
signalidan, Sesabamis zolSi signalis cifruli filtraciis gamoyenebiT. 
miRebuli signalidan sakontrolo mikrofonidan signalis gamokvlevebiT, 
miiReben airis narevSi Jangbadis koncentraciis absolutur mniSvnelobas. am  
xelsawyos aqvs  kargi stabiluroba. 

A J
D

A

J

J

Fleisch type pneumotachometer 
Flow (V') is being measured in a tube with a small, fixed resistance. In this type of 

pneumotachograph the resistance to flow comes from an array of capillaries arranged in parallel with 
the direction of flow (ref. 1). The pressure drop across the resistance relates linearly to flow at 
relatively low flows, when the flow pattern is laminar. Higher flows give rise to a turbulent flow 
pattern, when the pressure drop across the resistance changes more than proportionally with flow. 
Accurate measurements are best performed when the flow pattern is laminar and flow linearly related 
to pressure drop. 

Fnakadie is gazomva iwyeba milSi romelsac aqvs mcire , fiqsirebuli 
winaRoba. Atipis pnevmotaxografebSi winaRmdegoba nakadis mimarT iqmneba im 
kapilarebis simravlisagan, romlebic ganlagebuli arina nakadis 
mimarTulebis paralelurad (fig 1). Wnevis vardna winaRobis gaswvriv  
wrfivad dakavaSirebulia nakadTan romelic SedarebiT печатают 
pneumotachometer 
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Поток (V') измеряется в трубе с маленьким, неподвижным сопротивлением. В этом 
типе pneumotachograph сопротивление потоку прибывает из множества капилляров, 
устроенных параллельно с руководством потока (касательно 1). Снижение давления через 
сопротивление имеет отношение линейно, чтобы течь в относительно низких потоках, 
когда образец потока является пластинчатым. Более высокие потоки дают начало 
образцу турбулентного течения, когда снижение давления через сопротивление изменяет 
больше чем пропорционально с потоком. Точные измерения лучше всего выполнены, 
когда образец потока пластинчатый и поток, линейно связанный со снижением давления. 

 
 
Pneumotachometers according to Fleisch are available in various sizes, suitable for different 

flow ranges. Their resistance to flow may increase due to accumulation of secretions or other 
contaminants, and from condensation of water vapor, changing their flow characteristics. The flow 
characteristics also vary with the viscosity of the gas measured, which varies with the gas mixture, 
and with gas temperature (ref. 2). 

Pneumotachometers согласно Fleisch являются доступными в различных размерах, 
подходящими для различных диапазонов потока. Их сопротивление потоку может увеличиться 
из-за накопления выделений или других загрязнителей, и от уплотнения водного пара, изменяя 
их особенности потока. Особенности потока также меняются в зависимости от вязкости 
измеренного газа, который меняется в зависимости от газовой смеси, и с газовой температурой 
(касательно 2). 

 
--------------------------- 
Узнай первым о новых переводчиках 
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LEQTavi 6 
 

AAA            Kklinikuri laboratoriuli teqnika 

 
    Kklinikuri laboratoriis daniSnulebaa im biologiuri masalis 
analizi, romelic aRebulia pacientisagan informaciis miRebis mizniT da 
exmareba eqims daavadebis da Terapiis efeqturobis SefasebaSi. 
savaadmyofos ganyofilebas, romelic asrulebs am funqciebs, SeiZleba 
ewodos - klinikuri laboratoriis ganyofileba an laboratoriuli 
medicinis ganyofileba. Kklinikuri laboratoriis ZiriTadi 
qveganyofilebebia; qimiuri, paTologiuri, hematologiuri da 
mikrobiologiuri, aseve sisxlis banki. qimiuri ganyofileba atarebs 
sisxlis, Sardis, zurgis tvinis siTxis da agreTve sxva siTxeebis analizs. 
klinikuri laboratoriis eleqtronuli aRWurviloba ZiriTad gamoyenebas 
poulobs qimiur ganyofilebaSi. 
 hematologiuri ganyofileba anxorcielebs sisxlis formiani 
elementebis daxasiaTebasa da maT raodenobriv daTvlas (sisxlis wiTeli 
da TeTri ujredebis, trombocitebis), aseve sisxlis fiziologiuri 
sistemis funqciaTa testirebas. bevri, ufro xSirad gamoyenebuli am 
jgufis testebidan, avtomaturad sruldeba “Coulter  Counter” tipis 
danadgariT. rac ufro kritikuli gadawyvetilebaa misaRebi pacientis 
mimarT, romelmac am laboratoriaSi Caitara gamokvlevebi, miT ufro didi 
mniSvneloba eniWeba mis sizustesa da saimedoobas. did rols TamaSobs 
aRWurvilobis konstruqciis vargisianoba da xarisxis kontrolis 
programis efeqturoba. laboratoriaSi momuSave personals ki yovelTvis 
unda axsovdes, rom testebis arasworma rezultatma SeiZleba migviyvanos 
tragikul Sedegamde. 

sadReisod mraval klinikur laboratoriaSi gamoiyeneba informaciuli 
masivebis marTvis   kompiuterul sistemebi. kompiuterul sistemaSi 
gamoiyeneba universaluri gamomTvleli manqanebi; mini da mikro 
kompiuterebi. Llaboratoriuli sainformacio sistemebi iZieben pacientebis 
monacemebs, zogierTi tipis xelsawyosgan avtomaturad moiTxoven 
testirebis rezultats, Semdeg inaxaven da gadascemen Sesabamis 
mowyobilobebs. 

Tanamedrove tendenciebi laboratoriuli aRWurvilobis damuSavebaSi 
amoiwureba imiT, rom SevitanoT praqtikulad yoveli xelsawyos 
konstruqciaSi monacemTa damuSavebis SesaZlebloba.                                   

klinikur laboratoriis erT-erT wamyvan Sefasebis meTods 
warmoadgens speqtrofotometruli gazomva da amisTvis specialurad 
damuSavebuli xelsawyoebi – speqtrofotometrebi,  romelSic Cadebulia  
klinikur qimiaSi gamoyenebuli xelsawyoebis muSaobis sabazo principebi. 
mas axasiaTebs: gazomvis simartive, sizuste da saimedooba. termini 
“speqtrofotometri” gamoiyeneba rogorc xelsawyoebis mTliani klasis 
saerTo dasaxeleba. Aam klasSi Sedian; fotometrebi  da kolorimetrebi. 
aRniSnuli gazomvebi emyareba nivTierebaTa Tvisebas, klinikuri 
TvalsazrisiT seleqciurad STanTqos an gamoyos eleqtro-magnituri 
energia talRis sxvadasxva sigrZeze. ZiriTadad laboratoriul meTodikaSi 
gamoiyeneba talRis sigrZe: a) ultraiisferi (200_400 mhc); b) xiluli 
(400_700 mhc), an  infrawiTeli (700_800 mhc). ZiriTadad danadgarebi muSaoben 
xilul diapazonSi. 

Msur. 6.1 warmodgenilia speqtrofotometruli danadgaris blok sqema. 
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   wyaro afrqvevs energiis nakads, romelic gamoiyeneba nimuSis 

analizisTvis. talRovani seleqtori atarebs energias SezRuduli sixSiris 
SkalaSi, Semdeg gadis kiuvetaSi (RruSi), romelSic moTavsebulia 
saanalizo nimuSi. am dros deteqtori gamoscems eleqtrul signals, 
romelic proporciulia miRebuli energiisa, xolo indikatori gviCvenebs 
miRebuli energiis cifrul maCvenebels an mis romelime funqcias (mag. 
saanalizo nivTierebis koncentracias nimuSSi). 

  
sur. 6.1 

   
speqtrofotometruli gazomvebis principi mdgomareobs imaSi, rom Tu 

movaxdenT nivTierebis analizs, aRniSnuli meTodi daadgens mis 
koncentracias. nimuSebs (sisxls, Sards da a. S.) ar gaaCniaT 
eleqtromagnituri energiis Semwovi Tvisebebi, amitom nimuSs daemateba 
reagentebi, romlebic gamoiwvevs qimiur reqcias. amis Semdeg nimuSs  
moaTavseben xelsawyoSi, sadac dakalibrebis procedura uzrunvelyofs 
sxvaobis aRricxvas. 

ganvixiloT sur. 6.1 - ze warmodgenili blok-sqemis TiToeuli 
elementi. 

gamosxivebis wyaro: wyalbadis an deiteruli airganmuxtvadi naTurebi 
gamoiyeneba energetikuli nakadis misaRebad diapazinSi 200-360 nm, varvaris 
naTura volframis spiraliT gamoiyeneba 360-800 nm diapazonSi. rogorc 
wyalbadis, ise deiteriul naTurebs, aqvT gamosxivebis uwyveti speqtri, 
magram am wyaroebis problema is gaxlavT, rom gamosxivebis 90% modis  
infrawiTel diapazonze. Ggamosxivebis intensiuroba, xilul da 
ultraiisfer diapazonSi SeiZleba gavzardoT, Tu gamoviyenebT naTuras 
Zabvis qveS, romelic aRemateba nominalur mniSvnelobas. meore problema 
volframis gamoyenebisa, aris is, rom am  procesSi xdeba volframis 
TandaTanobiTi aorTqleba da misi kondensireba naTuris kolbaze. es fena, 
rogorc wesi, araTanabrad ileqeba da iwvevs naTuris speqtraluri 
maxasiaTeblebis cvlilebas, ramac SeiZleba migviyvanos gazomvebSi 
Secdomamde.  

speqtruli seleqtorebi:  imis da mixedviT Tu speqtris romel nawils 
gamiviyenebT nimuSis analizisTvis, gamoiyeneba svadasxva mowyobilobebi, 
romlebic iyofa or klasad: minis filtrebi da interfereciuli 
filtrebi. 

 minis filtri funqcionirebs energiis STanTqmis principiT. Ees 
filtrebi SeiZleba mowyobili iyos, rogorc maRali sixSireebis 
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filtrebi, dabal sixSireeebis da zolovani filtrebi (zeda da qveda 
sixSireebis filtrebis kombinacia).                                                     

   interfereciuli filtri Sedgeba amreklavi zedapirebisgan, 
romlebic isea ganlagebuli erTmaneTis daSorebiT, rom masze dacemuli 
sxivi airekleba win da ukan mokle distanciebze. Ddistancia SeirCeva ise, 
rom sinaTlis talRebi moTxovnil diapazonSi aRmoCndes fazaSi da 
Sesabamisad UurTierTgaZlierednen, xolo am zolis gareT talRebi ki 
piriqiT ar iyos fazaSi da urTierTi daTrgunos (interferenciis movlena). 
aparaturas, romelSic talRur seleqtorad gamoiyeneba filtrebi, ewodeba 
kolorimetrebi an fotometrebi. 

monoqromatori. Ees aris mowyobiloba romelSic gamoiyeneba prizmebi 
da difraqciuli gisosebi. isini gamoscemen regulirebad sixSiris Zalian 
viwro zols. A am mowyobilobebis muSaobis ZiriTadi principia moaxdinos 
Semavali sxivuri konis sivrculi ganSla  talRis sigrZisgan 
damokidebulebiT. Semdeg gamoiyeneba meqanikuri samarjvi, romelic 
saSualebas aZlevs Semaval sxivis nakads moTxovnil sixSirul zolSi 
gaiaros WvriteSi. 

Pprizma mzaddeba minisgan an kvarcisagan. Kkvarcis prizmebi gamoiyeneba 
im talRebze, romelic 350 mh-ze naklebia. Pprizma axdens sinaTlis nakadis 
gadaxras. igi SedarebiT naklebi sigrZis mqone talRas  gadaxris ufro 
Zlierad. prizmebisTvis, ise rogorc filtrebisaTvis, sixSires (talRis 
sigrZes)  romelzedac SeimCneva maqsimaluri gamtaroba nominaluri sixSire 
ewodeba. Aam tipis xelsawyos daxmarebiT SegviZlia miviRoT zolis sigane 
0.5 nm. prizmebi gamoiyeneba talRis sigrZeTa diapazonSi 220_950 nm. 

difraqciuli gisosebi miiReba axlos ganlagebuli paraleluri 
xazebis datanebiT minaze an liTonze. Ddifraqciuli gisosebi iyenebs 
sinaTlis kuTxovan gadaxris movlenas (difraqcias). Agadaxris xarisxi 
warmoadgens talRis sigrZis funqcias. am dros SeimCneva maTi urTierT 
gaZliereba an piriqiT. sinaTlis ganawileba talRis sigrZeze, romelic 
miRebulia difraqciiT, aqvs xazovani Tviseba. Pprizmisagan gansxvavebiT  
romlisTvisac talRis sigrZis gadidebiT sivrceSi gadaadgileba mcirdeba. 

kiuveta anu jibe romelSic Tavsddeba saanalizo nivTiereba. mas  unda 
gaaCndes iseTi optikuri Tviseba, rom ar gamoiwvios masSi gavlili 
sinaTlis speqtruli Tvisebebis cvlileba da damaxinjeba. nimuSi (ase 
ewodeba  nivTierebas romelic warmoiqmneba sawyisi biologiuri 
nivTierebisa da reagentis urTierTqmedebis Sedegad) seleqciurad          
STanTqavs sinaTles. gasazomi masalis toli sisqe STanTqavs masSi 
gavlili sxivis Tanabar raodenobas. rac gamoixateba Semdeg formulaSi. 

                                       (6.1) aLC
oPP −= 10

  sadac; 

             -kiuvetaze dacemuli gamosxivebaa. 0P
             P - kiuvetaSi gatarebuli gamosxivebis simZlavre. 
             - nimuSis STanTqmisunarianoba. a
             - optikuri mimarTulebis sigrZe nimuSSi. L
             - mSTanmTqmeli nivTierebis koncentracia. C
  STanTqmisunarianoba damokidebulia: nimuSis Tvisebebze da  

dacemuli sinaTlis talRur maxasiaTeblebze. es Sefasdeba Semdegi 
formuliT: 

                             (6.2) aLCPPT −== 10)100(/100% 0
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    sadac - gatarebis procentia. - mudmivia yvela calkeuli 
nivTierebisaTvis. kiuveta ki aris konstruirebuli ise, rom  iyos - rac 
SeiZleba mudmivi. Sesabamisad 

T% a
L

P -s gazrda unda gamoxatavdes nimuSSi 
STanTqmuli nivTierebis koncentraciis cvlilebas. 

Ggamtarobis procenti xSirad warmoadgens  gazomvis rezultatsac. 
Mmagram radgan gamtarobis procentis warmodgena xdeba logariTmiT, 
miRebulia ufro mosaxerxebeli formula optikuri STanTqmis sididis 

saxiT. Ooptikuri STanTqma A  ganisazRvreba rogorc   ase rom, )/lg( 0 PP
                )lg(%2)%/100lg()/lg( 0 TTPPA −===    (6.3) 

  aRsaniSnavia rom Sefardeba. 
                                              (6.4) aLCA =

 
rogorc ukve avRniSneT,  speqtrometri mowyobilia ise rom 

SeinarCunos ‘’ a ’’ da ‘’L ’’ rac SeiZleba mudmivad, ise rom TiToeul 
konkretul SemTxvevaSi  A damoukidebeli iyos gan. nivTierebis 
ucnobi koeficienti SesaZloa ganvsazRvroT Semdegnairad, jer davadgenT 

-s STanTqmis koeficients standartul nimuSebisaTvis, romelic Seicavs 

analizisTvis mocemul nimuSis  cnobil koncentracias, Semdeg 

davadgenT am nimuSis STanTqmas  da bolos analizisTvis mocemul 

koncentracias  davadgenT formuliT      

L
A −C

sA

sC

uA

uC
                                   )                        (6.5) susu AACC /(=
Tu Sefardeba sruldeba, pacientis sinjSi saanalizo nivTierebis 

koncentraciis  SesaZlo mniSvnelobebis mTels diapazonSi, es niSnavs rom 
gazomva eqvemdebareba beris kanons. Mmagram es Sefardeba SesaZlebelia ar 
moxdes ori mizeziT:  gamxsnelis optikuri zemoqmedebis Sedegad da  jibis 
kedlebidan anareklis gamo.  aseT SemTxvevaSi aucilebelia gavaanalizoT 

nimuSebiს ufro meti raodenobebi, romelSic cnobilia gasaanalizebeli 
nivTierebis koncentraciis mniSvnelobebi,  romelic gadafaravs CvenTvis 
saintereso koncentraciebis diapazons. 

sinaTlis raodenoba, romelsac STanTqavs nivTiereba ZiriTadad 
damokidebulia talRis sigrZeze. sixSire, romelsac atarebs talRovani 
seleqtori amoirCeva ise, rom simetriulad gadafaros STanTqmis piki, 
magram arsebobs mTeli rigi gasaTvaliswinebeli faqtorebisa. magaliTad 
Tu STanTqma didia ( ) an mniSvnelovnad mcirea ( ), maSin 
gazomvis Secdomebi fotometruli sistemebisac  didia. rodesac STanTqma 
didia SegviZlia nimuSi gavazavoT, magram amas sWirdeba dro da SesaZloa 
migviyvanos Secdomamde. sigrZe romelic Seesabameba STanTqmis piks  unda 
imyofebodes speqtrometris muSa diapazonis sazRvrebSi.  

0.1>A 11.0<A

fotometruli sistema Seicavs deteqtorebs romlebic zomavs kiuvetis  
SigTavsSi gamavali sinaTlis nakadis simZlavres,  deteqtorebis mier 
generirebuli  dabali denebis gamaZlierebel wredebs da xelsawyos 
operatorisaTvis gazomvis Sedegebis wardgenis mowyobilobebs. 
deteqtorebad gamoiyeneba fotoelementebi Camketi feniT, foto-
eleqtronuli mamravlebi  da foto-rezistorebi. Zveli konstruqciebi 
garkveul problemebs qmnidnen, magram Tanamedrove cifrulma 
mowyobilobebma umeteswilad moxsna es problemebi.  igi  saSualebas 
gvaZlevs zustad davadginoT Sefardeba; sinaTlis nakadis simZlavresa da 
optikur STanTqmas Soris.  
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        aliani fotometri.  maT aqvT sami ganmasxvavebeli Tviseba 
zemoaRniSnuli fotometrisagan: 
1) energiis wyaros mowyobilobis funqcia, romelsac Seicavs nimuSi, 
SeTavsebulia alTan.  
2) umravles SemTxvevaSi aRniSnuli fotometrebi gamoiyeneba nimuSis 
sinaTlis gamosxivebis gazomvisaTvis da ara sinaTlis STanTqmisTvis. 
 3) cifruli fotometrebi gansazRvraven mxolod sufTa liTonebis 
koncentracias. 
   siTbur fotometrebSi, rodesac simZlavre  Cveulebriv donezea, 
atomebis mxolod 1% gadadis agznebul mdgomareobaSi, garda amisa 
mxolod gamosxivebis sakmarisi simZlavris talRis erT sigrZeze da 
gardaqmnis maRal energetikul an dabal energetikul orbitaze, es ori 
faqtori zRudavs siTburi fotometris atomuri emisiis gamoyenebas 

ZiriTadad  +Na +K  da   ionebis gansazRvrisaTvis. arseboben 
xelsawyoebi, romelTac SeuZliaT uzrunvelyon sxva elementebis aRmoCenac.  

+Li

     gacilebiT rTuli optikuri sqema  naCvenebia sur. (6..2a).   

 
 

sur. 6.2 
 
   nimuSi, gamxsnelTan erTad miewodeba, safrqvevelSi, romelic gardaqmnis 
siTxes Txel aerozolad, romelic miiyvaneba alSi. alian fotometrebSi 
gamoiyeneba ramdenime saxis sawvavi. ZiriTadaT iyeneben: propanis an 
bunebrivi airis da SekumSuli haeris naerTs. gamxsneli orTqldeba alSi 
da tovebs mikroskopul nawilakebs, es nawilakebi iSleba atomebad. 
rogorc avRniSneT, mxolod mcire nawili am atomebisa gadadis moZrav 
mdgomareobaSi. am dros isini gamoyofen energias eleqtromagnituri 
talRis saxiT, damaxasiaTebel sixSireebze. martivi optikuri sqema Seicavs 
mxolod filtrs da linzas, romelic daafokusirebs deteqtorze, 

sinaTlis nakads. ZiriTadad gamoiyeneba  da  +Na +K -is dasadgenad. sxva 
gazomvebisTvis gamoiyeneba ufro rTuli optikuri sqema monoqromatoris 
CaTvliT. aliani fotometrebi gaTvlilia Sida standartebis 
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gamoyenebisaTvis. am mizniT gamoiyeneba  liTiumis ionebi. es ionebi 

biologiur nimuSebSi normaSi ar aris. nimuSSi xdeba marilis ( ) zustad 
gansazRvruli raodenobis damateba. calkeuli optikuri arxi warmoadgens 

-is gamosxivebis intensivobis gamzoms da es sidide -is cnobil 
koncentraciasTan erTad gamoiyeneba SesworebisaTvis. umravles SemTxvevaSi 

, 

+Li

+Li

+Na

+Li

+K , -is gansazRvra mimdinareobs parlelurad. -is gamoyenebisas 
rogorc Siga standartisa, warmoiqmneba zogadi problemebi. jer erTi 
marTalia SesaZlebelia danadgarSi umniSvnelo gadaxrebis kompensacia, 

magram ver xerxdeba didi gadaxrebis kompensacia. meore is rom,  
marilebi ufro xSirad gamoiyeneba seriozuli fsiqikuri moSlilobis,  
maniakalur depresiul fsiqozis  mkurnalobisas. Tu pacientebi romlebic 
Rebuloben am marilebs,  gamiznulad ar arian identificirebuli klinikur 

laboratoriaSi,  SesaZloa  da 

+Li +Li

+Li

+Na +K KgansazRvram did Secdomamde 
migviyvanos.  

Zalze perspeqtiulia Aatomuri absorbciis  meTodika, romelic 
iZleva saSualebas zustad gaizomos rigi elementebis koncentracia, 
rogoricaa  calcium, tyvia, cinki, Tuji, rkina, magniumi. meTodi 
damokidebulia imaze, rom atomTa umravlesoba alSi STanTqavs 
elqtromagnitur energias damaxasiaTebel sixSireze. atomis damaxasiaTebel 
sixSireze gamoiyeneba gamosxivebis specialuri wyaro, romelsac 
warmoadgens naTura sruli kaTodiT, aseTi naTura mzaddeba iseTi 
masalisgan, romlis meSveobiTac ganisazRvreba maTi ionebi, umetes 
SemTxvevaSi xdeba am naTurebis Sesabamisi liToniT dafarva, rom 
ganvsazRvroT TiToeuli liToni, saWiroa calkeuli naTura. inertuli 
airis atmosferoSi movaTavsebT kaTods, am dros atomebi toveben mis 
zedapirs. rodesac miiReben sawyis mdgomareobas gamoasxiveben eleqtro 
magnitur energias Tavis damaxasiaTebel sixSireze. energiis am nakads 
mivmarTavT alisken (sur. 6..2 b). misi STanTqmis intensiuroba alSi 
proporciulia gansazRvrul nivTierebaSi myofi atomebis raodenobis. 
rogorc wesi atomur-absorbciul alian fotometrSi aucileblad unda 
iyos monoqromatori da gamoiyenebodes fotomamravlebel deteqtorad. am 
danadgaris Tavisebureba imaSi mdgomareobs, rom radgan atomebi alSi 
gamoasxiveben, aseve axSoben eleqtromagnitur energias damaxasiaTebel 
sixSireze, aucilebelia gvqondes saSualeba, romelic gamoyofs energiis 
or nakads, romelic mimarTulia deteqtorze. Amas ganapirobebs 
gamosxivebis wyaros pulsatori. Ddeteqtoris eleqtronuli sqema Seicavs 
fazamgrZnobiare demodulators, romelic mokveTs   denSi Semaval 
mudmivas da daafiqsirebs mxolod cvladi denis signals. 
   Fgazomvis fluorometruli  meTodis safuZvelSi devs is faqti, rom 
zogierTi molekulebi gamoyofen sinaTlis damaxasiaTebel speqtrs da 
eleqtromagnituri energiis STanTqmisas gadadian agznebul mdgomareobaSi.  
xarisxi, sanamdec  xdeba molekulebis agzneba,   damokidebulia 
amplitudaze da sxivuri energiis talRis sigrZeze. Aam procesSi nawili 
energiisa ikargeba, rasac iqamde mivyavarT, rom gamSvebi speqtri ZiriTadad 
moTavsebulia ufro grZel talRovan nawilSi, vidre agznebis speqtri. 
sxvadasxva mdgomareobis fluorometrebSi gamoiyeneba gamosxivebis wyaros 
sxvadasxva nairsaxeoba. gamosxivebis wyarod ZiriTadad gamoiyeneba 
Cveulebrivi vercxlis naTurebi. isini  gamoscemen sasurvel speqtrs 
maqsimumebiT; 365; 405; 435; da 546 nm/ mh. deteqtorebad gamoiyeneba 
Cveulebrivi fotomamravlebeli. am mowyobilobebis unikaluri Tvisebaa is, 
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rom aucileblia amoirCio sixSiris ori muSa zoli ori speqtrisaTvis 
agznebisa da gaSvebis. 6.3.suraTze naCvenebia fluorimetris blok-sqema 

 
 

sur. 6.3 
    imisaTvis rom minimumamde daviyvanoT pirdapiri moxvedris albaToba 
deteqtorze, igi unda daviyvanoT marTi kuTxis gamosxivebis wyaroze. 
fluorometriis upiratesobaa maRali mgrZnobiarobaa, romelic aRemateba 
fotometriis mgrZnobiarobisa. Ees imitom xdeba, rom fotometrul 
meTodebSi, analizisaTvis nimuSSi ucnobi koncentraciis dasadgenad 
izomeba sxvaoba STanTqmul siTxesa da gasaanalizebel nimuSs Soris. 
gaTxelebul nimuSebSi (sadac % 98=T  )mcire gadaxrebma SeiZleba did 
Secdomamde migviyvanos. fluorometriis SemTxvevaSi  piriqiT  
xorcieldaba pirdapir gazomva nimuSis ucnobi koncentraciis dasadgenad, 
romelsac Seicavs analizisTvis mocemuli nivTiereba. fotometriis 
gazomvebis SemTxvevaSi sixSiris muSa zolSi nivTierebis analizisas 
SesaZloa aRiniSnos sxva nivTierebis STanTqmac. unda gaviTvaliswinoT, 
rom nivTierebaTa garkveuli raodenobac Seicavs fluoriscenciis unars. 
amitom arsebobs sxvadasxva nivTierebebi, romlebic xels uSlian erTmaneTs 
fotometrul gazomvebisas, fluoroscenciis SemTxvevaSi es gamoricxulia. 
imisaTvis rom Tavidan aviciloT fluorocenciisas sinaTlis STanTqma 
sxva molekulebSi, rodesac igi siTxeSi gadis, gazomvebisas iyeneben Zlier 
gaTxelebul nimuSebs, fluorometriuli meTodis uaryofiT mxares 
warmoadgens gazomvebis damokidebuleba temperaturaze da nimuSis -ze. pH

             
   klinikuri laboratoriis erT erT mniSvnelovan aparatebs warmoadgenen 
avtomaturi  qimiuri analizatorebi. ganvixilavT or ZiriTad qimiur 
analizators:  da klinikuri analizatori   . es ori 
xelsawyo mniSvnelovnad zrdis klinikuri laboratoriis efeqtianobas da 
amcirebs klinikuri kvlevebis dros.  warmoadgens SedarebiT axal 
models, xolo  ufro Zvels, magram klinikuri laboratoriebSi orive 
farTod gamoiyeneba. sistemaSi ZiriTadi gazomvebisTvis gamoiyeneba 
speqtrometruli meTodebi, danadgarebi erTmaneTisagan gansxvavdebian 
nimuSis amorCevis meTodiT: nimuSis reagentebTan Sereva, fizikuri 
gadaadgileba, Sedegebis daTvla da registracia. 

4CX

AKA

)(AKA DuPont

4CX

sistema sinqroni    warmoadgens maRalmwarmoebel qimiur 
analizators. mas gaaCnia unari Tavisufali mimdevrobiT amokrifos 

4CX
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mravali testi. gaaCnia mravali SesaZleblobebi biosamedicino 
teqnologiebis perspeqtivis TvalsazrisiT. igi warmoadgens Tavisufal 
rigiTobiT moqmed qimiur analizators, romelic kontrolirdeba 
mikrokompiuteriT, aseve axdens jamuri Sedegebis analizs da asrulebs 

kinetikur testebs  (  da ). c030 c037
CX  samuSao maxasiaTeblebia:  operatori axorcielebs muSaobas 

monitiris da klaviaturis meSveobiT. ZiriTadad gamoiyeneba xuTi funqcia; 
nimuSebis programireba, reagentebis CatvirTva, dakalibreba, specialuri 
funqciebi da sistemis parametrebi. 

4

  1) nimuSis daprogrameba. 
    Aam funqciis meSveobiT operatori aRniSnavs masalas, romelic 
moTavsebulia garkveul WurWelSi rogorc gasaanalizebeli an 
sakontrolo nimuSi. opertorma unda Seitanos informacia masalis 
identificirebisaTvis da aRniSnos ra testebi unda gaiaros masalam. 
gaTvaliswinebuli unda iyos procedurebi, raTa Catardes nimuSis 
eqstremaluri analizi. sistemuri principebis meSveobiT miviRoT masalaTa 
tipebis sia, romelic unda ganTavsdes TiToeul WurWelSi nimuSebis 
seqtorSi. 
  2) reagentebis CatvirTva. 
    Aam  proceduriT operatori gamocvlis 24 budian diskoze reagentebian 
mWidebs. yvela mWids gaaCnia Strix-kodi, monacemTa nusxa, testis tipi da 
misi vargisianobis vada. Ddiskoze mWidebis Cayenebisas an amoRebisas 
saTanado aRmricxveli xsnis informacias da gadascems sistemis mTavar 
procesors. 
   3) dakalibreba. 
      dakalibreba xorcieldeba rogorc sistemaSi CatvirTvisas aseve 
garkveuli drois Semdeg. 
    4) specialuri funqciebi. 
  es funqcia Seicavs sistemis dayenebas da daregulirebas. diagnozirebas 
da sistemis momsaxurebis procedurebs.  
     5) sistemis parametrebi. 
 Aam reJimSi operators SeuZlia akontrolos xelsawyos muSa mdgomareoba 
da xelsawyos sxva monacemebi. 

testirebis cikli Sedgeba ori etapisagan; momsaxure intervali da 
brunvis analoguri cikli. Cven ganvixilavT erTi jibis SemTxvevas, 
TiToeuli jibe Tanmimdevrulad gadis testirebis etapebis cikls. muSa 
intervalis dris (10 wm) xdeba testis qimiuri reaqciis inicializireba. 
analitikuri ciklis dros nimuSebiani disko brunavs 90 br/wT-Si. 6wm-Si 
jibe gaivlis optikur bloks, romelSic xdeba optikuri STanTqma. 
monacemTa analizis procedura Seicavs gasaanalizebel nivTierebis 
koncentraciis gamoTvlas optikuri STanTqmis maCveneblebSi. 
    sistema Seicavs sam qvesistemas; nimuSTa bloki, reagentTa bloki 
da reaqciis sistema. 

4CX

1) nimuSTa bloki. Sedgeba xuTi modulisagan; nimuSebis seqtori, 
avtomaturi CatvirTvis sistema, mbrunavi magida nimuSebisaTvis, sinjamrevi 
da am Semrevis gasarecxi WurWeli. nimuSebis seqtors SeuZlia mogvawodos 
aTamde nimuSi, romelic miRebulia pacientisagan an sakontrolo 
nimuSebidan. operators Seaqvs TiToeuli maTgani  da kompiuteruli 
marTvis meSveobiT avtomaturi CarTvis sistemebs gadaaqvs nimuSebi diskoze. 
am procesSi gamoiyeneba bijuri Zravi da pnevmohidravlikuri sistema. 
mbrunavi magida nimuSebisaTvis,   Sedgeba nimuSebis diskosagan da optikuri 
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mTvleli mowyobilobebisagan. bijebis  marTva kompiuteriT ise 
xorcieldeba, rom gasaanalizebeli masala misawvdomi iyos 
sinjamRebisaTvis. sinjamRebs gaaCnia siTxis donis sazomi, rac saSualebas 
gvaZlevs, rom sasinji nemsi Cavides saWiro siRrmeze da uzrunvelyos 
swori raodenobis SerCeva. mas Semdeg rac gasaanalizebeli masala 
moxvdeba sinjamRebSi, igi gadava iseT mdgomareobaSi, rom nemsi 
imyofebodes sareaqcio diskos jibis Tavze da moaTavsebs masSi masalas. 
 
 

 
 

sur.6.3 
 

2) reagentebis bloki.  Seicavs reagentebis mWidebs, reagentebis diskos, 
reagentebis dozators. reagentebis mWidebi erTjeradi WurWelia, 
romelSic Tavsdeba reagentebi testirebisaTvis. maT gaaCniaT Strix-kodebi, 
romlebic mianiSnebs imn tests romlSic isini gamoiyeneba.  disko brunavs 
da awvdis dozators saWiro reagents. 
3) reaqciuli sistema.  Seicavs reaqciul diskos da fotometrul bloks, 
sareaqcio diskos aqvs 80 jibe (kiuveta),  romelSic mimdinareobs qimiuri 

reaqciebi. kiuvetebSi mudmivi temperatura c030  an c037 . fotometruli 
bloki Sedgeba: naTuris, kolorimetruli sistemis, optikuri filtris da 
fotodioduri deteqtorisgan. rodesac kiuveta gaivlis optikur bloks, 
naTura yovelTvis gamoyofs mkveTr sinaTles, radgan naTuras gaaCnia 
cvalebadi intensivoba. amis Tavidan asacileblad gamoiyeneba koreqciis 
sistema. es sistema dafuZnebulia im gazomvebze, romelic warmoebs 
sixSireebze STanTqmisas da gansxvavdeba ZiriTadi sixSiris gazomvisagan. 
jibeSi gatarebuli sinaTle moxvdeba kolorimetrul sistemaSi, romelic 
dayofs  mas  da mimarTavs aT filtrze (340, 380, 410, 470, 520, 560, 600, 650, 
670, 700 nm). aT fotodiodur deteqtorze, TiToeuli deteqtori gvaZlevs 
signals, romelic proporciulia masze moxvedrili sinaTlis 
intensivobisa. signali gaivlis gaZlierebis logariTmul wreds da 
miewodeba komutatoris Sesasvlels. mikrokompiuteriT marTvadi 
komutatori garkveul monakveTSi zomavs signals da analogur signals 
gadascems analogur cifrul gardamqmnels. 
   rezultatebis gamoTvlisas umravlesi testebisaTvis gamoiyeneba 
STanTqmis gazomvebis monacemebi. ciklis yoveli brunvisas jibe rvajer 
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gaivlis optikur bloks. Bbrunvis ciklTa raodenoba damokidebulia 
testis tipze.  

 

 
 

avtomaturi klinikuri analizatoris  (aka)-s blok sqema warmodgenilia sur. 
6.4-ze sur.6.4 

 
STanTqmis mrudi (sur.6.3) damaxasiaTebelia testebisaTvis, romlebSic 

warmoebs kinetikuri tipis gazomvebi. saSualo testebSi piriqiT STanTqmis 
gazomvebis monacemebi daiTvleba reaqciis damTavrebisas da mrudi 
STanTqvisas gadis horizontalze. Ggasaanalizeblad nivTierebis saboloo 
koncentracia gamoiTvleba Seris kanoniT. testis rezultatebi amoibeWdeba, 
gadaiwereba pacientis pirad baraTSi da gadaecema mkurnal eqims. 
danadgars gaaCnia kompiuteruli SesaZleblobebi, raTa gadasces monacemTa 
rezultatebi laboratoriul kompiuters. 
     Aavtomaturi  klinikuri analizatori (aka). -is warmoebis aka 

gansxvavdeba maRalmwarmoebeli -gan Tavisi universalurobiT. igi 
awarmoebs gazomvebs Tanmimdevrulad da ara paralelurad, amavdroulad 
TiToeuli biologiuri nimuSisaTvis mas SeuZlia avtomaturad 
ganaxorcielos nebismieri amonakrebi 40 testidan.  

Dupont
4CX

avtomaturi klinikuri analizatoris  (aka)-s blok sqema 
warmodgenilia sur. 6.4-ze. aka-s moqmedebis principi damyarebulia 
biologiuri nimuSebis kasetebis (bnk)  da qimiuri reagentebis kasetebTan 
(qrk) avtomaturi manipulaciis koncefciaze. calkeuli biologiuri 
testisaTvis gamoiyeneba calkeuli qrk.  aka-s meSveobiT nebismier 
gansazRvras sWirdeba 7-wuTi,  intervali ki Seadgens 37 wams. ganvixiloT - 
aka ZiriTadi maxasiaTeblebi. Ppacientisagan miRebuli nimuSi moTavsdeba 
bnk- Si, romelzec mimagrebulia pacientis piradi baraTi. qrk -s Sesabamisi 
testebiT, romelic unda Cautardes garkveul nimuSs, yendeba  konveirze 

bnk ukan. qrk konstruqcia naCvenebia sur. 6.5. Bbolo qrk-s  konveirze 
mosdevs specialuri kaseta, romelic amTavrebs cikls. xelsawyos yoveli 
qvesistema asrulebs Semdeg ZiriTad funqciebs 
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• Ppacientis identifikacia_ rodesac bnk  pirvelad Cadgeba aka Si, igi 
gaivlis bloks, romelic daiTvlis da amobeWdavs pacientis 
saidentifikacio baraTis xelnawers, romelic mimagrebulia bnk -ze. 

• Semvsebi bloki_am blokSi nimuSTa kompleqtidan amorCeuli siTxis 
gazomili raodenoba Seireva gamxsnelTan, romelic SesaZlebelia 
iyos sxvadasxva, sxvadasxva gansazRvrebebisaTvis. Semdeg TiToeul 
qrk _is paketSi SehyavT Sereuli xsnarisa 5 ml. qrk-ze datanilia 
orobiTi kodebi, romlebic aiTvleba Semvsebi blokis eleqtronuli 
mowyobil;obebiT, raTa ganisazRvros Tu mocemuli paketisaTvis 
kerZod romeli gamzavebeli unda iqnas gamoyenebuli.  Sevsebis 
Semdeg qrk gadaadgildeba gamaTbobelisken, xolo bkn moTavsdeba 
gamosaSveb Rarze. 

 
 

 
sur. 6.5 

 

• gamaTbobeli_ aq paketi xurdeba C037 -mde da inarCunebs am 
temperaturas bolomde. 

• gamxsneli miqseri pirveli am blokSi xorcieldeba oTxi 
reaqtivebiani plastikuri kafsulis rRveva, romlebic, Seereva 
gazavebul nimuSTan.  

• dayovnebis sadguri _ qrk paketi Tanmimdevrulad gadis dayovnebis 
xuT sadgurs amasTanave masSi mimdinareobs qimiuri reqciebi, 
pirveli oTxi reagents,  gamzavebel siTxessa da nimuSs Soris.  

• gamxsneli miqseri.  am blokSi gaixsneba darCenili reagentebiani 
sami kafsula, zogierTi testebisaTvis am etapze gaTvaliswinebulia 
garkveuli Seferxeba, es Seferxeba saSualebas iZleva qimiuri 
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reqciis bolomde gatarebisa sanam qrk moxvdeba fotometrul 
blokSi.  

• fotometri  am blokSi plastikuri konverti gardaiqmneba kiuvetad, 
amave  dros plastikur konvertSi izomeba wneva. es gazomvebi 
gamoiyeneba imisaTvis, rom ganvsazRvroT qrk-Si nimuSis swori 
raodenoba da gamxsnelis swori odenobaa Seyvanili Tu ara. Tu 
qrk-Si wneva Zalian mcirea rezultatebi testisa aRiniSneba 
simboloTi  >><< P  (sityvidan pressure-wneva). qrk-is ormagi kodi 
Tavidan daiTvleba. ris Semdegac fotometris marTvis sqema 
amoirCevs gazomvis meTods, filtris tips da analogur cifruli 
gardamqmnelis parametrebs. aka-is gamoiyenebs sami meTodidan erT-
erTs; kinetikurs, orfiltrians da orkasetians, gasaanalizebeli 
nivTierebis koncentraciis dasadgenad kinetikuri meTodiT 
kiuvetaSi sinaTlis  STanTqma izomeba orjer. gazomvebs Soris dro 
mkacrad fiqsirdeba. ormagi filtris meTodis dros STanTqvis 
gazomva xorcieldeba ori sxvadasxva SuqfiltriT. 
Ggasaanalizebeli nivTierebis koncentracia proporciulia 
sxvaobisa sinaTlis STanTqmis miRebul monacemTa Soris. O  

• printeri - gamoscems informacias, romelic Seicavs pacientis 
identifikaciur monacems. 

 
6. 2  qromatologia 

 
qromatologia warmoadgens meTodTa jgufs, romelTa meSveobiTac 

xdeba nivTierebaTa narevis komponentebad dayofa. termini ,,qromotologia’’ 
marTalia damkvidrebulia, magram sinamdvileSi. misi gamoyeneba mcdaria; 
nivTierebaTa identifikaciis Tanamedrove meTodebSi ar gamoiyeneben 
Senarevis komponentTa ferebs. fazebidan erT-erTi faza uZravia, xolo 
meore moZravi. Tu uZravSi gamoiyeneba Txevadi faza mas gadanawilebis 
process uwodeben. Tu gamoiyeneba myari faza, mas adsorbcia ewodeba.  

narevis komponentTa dasayofad qromotologiaSi gamoiyeneba 
siCqareTa sxvaoba moZrav fazaSi, romelic gamowveulia am nivTierebaTa 
urTierTqmedebiT aramoZrav fazasTan.  meTodSi gamoiyeneba uZravi da 
moZravi fazis oTxi SesaZlo kombinacia. klinikur laboratoriaSi es 
meTodebi gamoiyeneba pirvel rigSi rTuli nivTierebebis deteqtirebisas, 
rogoricaa samkurnalo preparatebi da hormonebi. magaliTad gazoTxevadur  
an Txelfenovan  qromotografis daxmarebiT, SedarebiT advilia 
ganvsazRvroT romeli preparati an preparatebi iqna gamoyenebuli 
gadaWarbebuli dozirebis dros. Aes informacia aucilebelia eqimisaTves 
raTa SearCios Sesabamisi Terapiuli procedurebi. 
   air-Txevaduri qromotografebi (aTq) ZiriTadi elementebi naCvenebia sur 
.6.6. pacientisagan miRebuli nimuSis Seyvanamde gtq- Si, tardeba nimuSis 
winaswari gawmenda, gawmendis xarisxi damokidebulia Sesasrulebel 
analizze. qromatografis ZiriTadi qvesistemebi Semdegia.; 

inJeqtori - misi funqciaa gTq-Si Seiyvanos 1-5 ml nimuSis xsnari, 
inJeqtorSi temperatura iseTia, rom gamxsneli nimuSi myisve aorTqldeba. 

air-matarebeli - inertuli air-matarebeli (Cveulebriv es aris N2 an 
He) warmoadgens qromatografis   moZrav fazas. mas miaqvs aorTqlebuli 
nimuSi da airissmagvari gamxsneli, qvemoT kolonis gaswvriv. 

kolona- sigrZe 1m. diametri 7mm. SefuTulia magari damWeri matriciT. 
magari matrica dafarulia Txevadi faziT. magari granulebis namtvrevebis 
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mcire zoma uzrunvelyofs komponentTa dayofas. kolona moTavsebulia 
TermostatSi, romelSic temperatura kontrolirdeba. temperaturis 
damprogramebeli Tanmimdevrulad TandaTanobiT zrdis temperaturas, 
romelic SeirCeva, ise rom gasaanalizebeli nivTiereba maqsimaluri 
efeqtiT gamoiyos. 

 
 

 
 Ggaz-gamtari 
 
 
 

wnevis 

maregulirebeli
 
 
 

inJeqtori          kolona        deteqtori    nimuSi TviTCamweri 
 
 

sur. 6.6 
 

   Ddeteqtori _ moTavsebulia kolonis boloSi, misi daniSnulebaa 
gamosces eleqtruli signali, romelic proporciulia airis nakadSi 
gamavali nivTierebis raodenobisa. sxvadasxva tipis nivTierebisaTvis 
gamoiyeneba sxvadasxva tipis deteqtorebi. maT Soris ionizirebuli, 
Tbogamtari, eleqtronuli deteqtorebi. Kklinikur laboratoriaSi ufro 
xSirad gamoiyeneba ionizirebuli deteqtorebi.  yvela deteqtori 
mgrZnobiarea yvela gasaanalizebeli nivTierebebis mimarT. Tu gvsurs 
davadginoT nimuSSi arsebuli calkeul komponentTa tipi da raodenoba, 
gamoiyeneba rogorc deteqtirebadi nivTierebis koncentracia, aseve drois 
periodebi,  romlis damTavrebis Semdeg es koncentraciebi registrirdeba. 
deteqtoris gamosasvleli uerTdeba TviTCamwer mowyobilobas.. 
   TviTCamweri _ mis x -RerZze aRiniSneba dro, xolo y -RerZze 
deteqtoridan gamomavali signalis intensioba. maSasadame qromotograma 
gviCvenebs, rogorc komponentTa raodenobas, aseve Seyovnebis dros. 
arsebuli informaciidan mocemuli komponentebi SesaZloa 
identificirebuli iqnas droSi dayovnebiT an  umjobesia maTi Sedareba 
aTq  meTodis gamoyenebiT ganxorcielebul cnobili struqturis mqone 
qromatogramebTan.  

sur.6.7 naCvenebia qromotograma, romelic miRebulia  sisxlis nimuSis 
analizis dros,  romelic Seicavs preparatebs fenobarbitals da fenitons. 
Sida standartis saxiT nimuSSi damatebuli iyo  heptobarbitalis 
garkveuli raodenoba. Ffenobarbitalis da fenitonis Semcvelobis 
dasadgenad unda SevadaroT am preparatebis pikebis farTobi  
heptobarbitalis Semcvelobis farTis piks. rTuli SenaerTebis 
analizisaTvis airga Txevadurii qromotografia iZleva rig upiratesobebs:  
siswrafe, maRali mgrZobiaroba, mcire raodenobebTan muSaobis 
SesaZlebloba. danadgarTa umravlesoba klinikurad mniSvnelovan 
nivTierebaTa analizs 1 -sT andomebs,  xSir SemTxvevaSi ki 15 wuTze 
naklebsac da amisaTvis saWiroa mxolod nimuSis 1 ml. danadgaris 
mgrZnobiaroba damokidebulia deteqtoris tipisagan. maRal danadgarebs 
SeuZlia gaanalizon nivTierebis 1 ng.  
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elqtroforezis danadgarebi dafuZnebulia eleqtroforetiul 
principze da klinikur laboratoriebSi gamoiyeneba cilebis raodenobis 
dasadgenad  plazmaSi, SardSi da zurgis tvinis siTxeSi. Aaseve 
fermentebis dasayofad Semcveli izofermentebisagana da antisxeulebis 
identificirebisTvis.  
       eleqtroforezuli movlena ganisazRvreba rogorc myari fazis 
moZraoba SedarebiT Txelis (buferuli xsnari) mimarT. buferuli xsnaris 
ZiriTadi funqciaa gaataros deni da SeinarCunos xsnaris  mudmivi 
maCvenebeli migraciis procesSi. buferuli xsnari stabilurdeba myari 
matriciT.  

Ph

 
 

sur. 6.7 
 

zonaluri eleqtroforezis meTodSi nimuSi SeyavT mxardamWer 
garemoSi da eleqtruli velis gavleniT, erTnairi muxtis, Tanabari zomis 
da formis nawilakebi migririreben Tanabari siCqariT. rasac mivyavarT 
nawilakebis  zonebad daSlasTan.   
  M muxtis sidide - mocemuli nawilakebis moZraoba uSualod 
damokidebulia misi muxtis jamuri sididisagan. 

buferis ionuri Zala_ rac metia buferis koncentracia, miT ufro 
naklebia nawilakTa migraciis siCqare. Ees imitom xdeba, rom jamuri muxtis 
did wils Seadgenen buferuli ionebi, miT ufro meti jamuri denis 
matareblebi arian. Ggarda amisa es xdeba buferuli ionebisa da 
nawilakebis urTierTqmedebis gamo. 

temperatura _ moZraoba uSualod damokidebulia temperaturisagan, 
sayrdeni garemos winaRobas gamaval denisadmi uqmnis siTbo. Ees  siTbo 
eleqtroforezul procesze zemoqmedebs ori gziT, pirveli is iwvevs 
temperaturis zrdas sayrden garemoSi, rac mis winaRobis Semcirebas 
iwvevs. meore, siTbo iwvevs wylis aorTqlebas sayrdeni garemos 
zedapiridan. Ees iwvevs nawilakebis koncentraciis zrdas da ufro zrdis 
migraciis siCqares. Aam efeqtebis Sedegad, imisaTvis rom miviRoT 
aRwarmoebadi  procedurebi, aucilebelia uzrunvelyoT Mmudmiv doneze, an 
modebuli Zabva, an denis Zala. mokle gayofebisaTvis, SedarebiT dabali 
Zabvis pirobebSi SesaZloa SevinarCunoT mudmivi rogorc Zabva aseve deni. 
Tumca sayrdeni garemos saxiT sxvadasxva gelebis gamoyenebisas gacxeleba 
warmoadgens garkveul sirTules. Aam tipis garemoSi siTbos 
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gamoyofisaTvis gamoiyeneba wyaroebi romlebic uzrunvelyofen denis 
mudmiv Zalas. 
  Ddro _ migraciis xangrZlivoba uSualod damokidebulia droze 
romelSic mimdinareobs eleqtroforezuli procesi. Mmigraciaze gavlenas 
mqone sxva procesebi moicaven eleqtroforezis da qromatografiul 
movlenebs, nawilakTa formas da sxva. D 

sayrdeni garemos tipebi _ eleqtroforeziul meTodikebis sxvadasxva 
danarTebSi farTod gamoiyeneba sayrdeni garemos nairsaxeoba, maT Soris:  
qaRaldi, celulozis acetati, saxameblis geli da Saqari. ganvixiloT 
eleqtroforezi celulozis acetatze, radgan es meTodi farTod 
gamoiyeneba klinikur laboratoriaSi da misi principi misaRebia sxva 
sayrdeni garemosaTvisac. filtrul qaRaldTan  celulozis  acetats  
mTeli  rigi  upiratesoba  aqvs, romelic Tavidanve gamoiyeneba 
eleqtroforezis sayrdeni garemod. sur. 6.7Nmocemulia celulozis 
acetatze eleqtroforezis mowyobilobis sqema.   

                                                                  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

sur. 6.7 
 

celulozis  acetatis zoli iJRinTeba buferuli xsnariT da 
magrdeba membranis damWerSi. <<xidi>> moTavsdeba kiuvetaSi ise, rom Tavi 
da bolo moxvdes buferul xsnarSi. erT zolze SesaZlebelia movaTavsoT 
rva nimuSi. TiToeul nimuSs davitanT zolze, aRniSnul wertilze Semdeg 
zolze miewodeba Zabva. Aam tipis eleqtroforeze gamoiyeneba denis wyaro, 
romelsac Zabvis mudmivi mniSvneli gaaCnia. tipiuri maCvenebeli Zabvisa 
Seadgens 250 v, rac Seesabameba denis sawyis Zalas 4-6 ma.  rogorc 
avRniSneT, procesis msvlelobisas denis Zala odnav izrdeba. 15-20 wuTSi 
Zabvis miwodeba wydeba, es damokidebulia danadgaris tipze. Semdegi etapia 
davafiqsiroT zolze cilebis migraciis Sesabamisi zonebi da maTi 
Seferiloba, romelic maT dagvanaxebs da saSualebas mogvcems davTvaloT. 
es SesaZlebelia ganxorcieldes Tanmimdevruli an erTdrouli 
damuSavebiT, membranis damafiqsirebeli reagentiT an saRebaviT.  

Semdeg membrana gaSuqdeba, raTa gavxadoT is gamWvirvale. Aamave dros 
darCeba gaunaTebeli monakveTi, rac damokidebulia saRebavis nawilakze. 
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bolos membranas gavaSrobT da movamzadebT densinometriul 
analizisaTvis. 
  Ddensinometri  Seicavs sinaTlis wyaros, filtrs da deteqtors 
(fotodiodurs). membrana Tavsdeba densinometris damWerSi. Semdeg xdeba 
nimuSis migraciis skanireba. Ddeteqtoridan gamomavali dabalvoltiani 
signali unda gaZlierdes analogur gamaZlierebliT. Aaqedan signali 
miewodeba analogur analizovan orkoordinatian TviTCamwers da analogur 
integrators. Oorkoordinatiani TviTCamweri iZleva grafiks, romelzec 
X RerZze gamoisaxeba migraciis sigrZe, xolo Y RerZze membranis simkvrive. 
integrators gaaCnia sqema, romliTac registrirdeba TiToeuli 
gamokveTili pikis dawyeba-damTavreba da gamoTvleba am pikis FfarTobi. 
farTobebis cifruli mniSvnelebi ibeWdeba eleqtroforegramaze Sesabamisi 
pikebis gverdiT. Aes procesi meordeba membranaze arsebuli TiToeuli 
nimuSisaTvis. 
 

6..2  Hhematologia 
 

sisxli Sedgeba formiani elementebisagan, Cven gavecnobiT am TavSi 
mxolod im mowyobilobebs romlebic zomaven formian elementebis 
maxasiaTebel, eriTrocitebs, leikocitebs, trombocitebs. eroTrocitebis 
ZiriTadi funqciaa filtvebidan  gadaitanos Jangbadi sxva organoebSi da 
naxSirorJangis gadaitanos am organoebidan filtvebisaken, organizmidan 
misi gamoyofis mizniT. leikocitebi icaven organizms inficirebisagan. 
periferiul  sisxlSi normaSi aRmovaCenT 5 tipis leikocitebs, zrdasruli 
adamianis organizmSi Semcirebis rigiTobiT arian neitrofilebi, 
limfocitebi, monocitebi, eozinofilebi da bazofilebi. daavadebisas 
jamuri raodenoba da proporcia am  tipis leikocitebisa SesaZlebelia 
Seicvalos; aseve SeiZleba gaCndnen leikocitebis umwifari da avTvisebiani 
tranformirebuli tipebi. sisxlZarRvebSi warmoqmnil dazianebebs ebrZvian 
trombocitebi, isini aseve monawileoben sisxlis Sededebis meqanizmSi. 
sisxlis formiani elementebis ZiriTad maCvenebels warmoadgens maTi 
yoveli tipis arseboba sisxlSi. N  
    hematokriti - es aris sisxlis formiani elementebis damokidebuleba 
sisxlis nimuSis jamur moculobasTan. hematokriti gamoisaxeba 
procentebSi da misi normaluri diapazoni mamakacisaTves 40-54 %, xolo 
qalisTvis 35-47%. Hhemoglobini aris cila, romelsac eroTrocitebi 

Seicavs. Ees cila transportirebas uwevs  ZiriTad nawils da  mcire 

nawils, romelic sisxls gadaaqvs. Mmisi Semcveloba gamoixateba gramebiT, 
decilitrebiT. Nformaluri diapazoni mamakacisaTvis 13,5-18 g/dl. 
qalisaTvis 12-16 g/dl. meore jgufi gazomvebis warmoebs eriTricitebis 
ujredTa moculobis koncentraciis Sesafaseblad. Ees gazomvebi 
Seicaven ujredTa saSualo moculobis (usr) dadgenas (kubur mikronebSi 
da hemoglobinis saSualo Semcvelobas eriTricitSi (hsS) kilogramebSi da 
hemoglobinis saSualo koncentracias eriTrocitebSi (hsr) procentebiT.Aam 
sidides ewodeba eriTrocitebis indeqsebi. Aam parametrebis normaluri 
diapazonia; 

2O 2CO

Hb

usr = 82-98 mkm3 
hsS = 27-31 pg 
hsr = 32-36%  

G  eriTrocitebis Semcveloba (milionebi mikrolitrze). Hhematokriti 
(procentebSi). Hhemoglobini (gramebSi da decilitrebSi).  
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   sul ufro met mniSvnelobas Rebulobs hematologiaSi eriTricitebis 
moculobis deviacia (emd). igi analogiuria gausis gadanawilebis 
standartuli gadaxrisa, es sidide aris zoma ujredTTa statistikuri 
gadanawilebisa maTi moculobis sididis mimarT. sisxlis aRwarmoebis 
sistemis moSlisas sisxlSi warmoiqmneba iseTi ujredebi, romelTac aqvT 
ufro gafantva zomebis, vidre normaluri eriTricitebs, rac gamoixateba 
emd mniSvnelobis is gazrdiT.   
        biosamedicino inJineriaSi didi nawili ukavia im eleqtronuli 
mowyobilobebis damuSavebas, romlebic gamoiyeneba  sisxlis parametrebis 
gazomvebisTvis.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

sur. 6.8 
 
 
 

sisxlis parametrebis gasazomad ori klasis xelsawyoebi arsebobs. 
pirveli klasis xelsawyoebi zomavs xsnaris eleqtronul winaRobis 
cvlilebebs sisxlis formian elementebis gavlisas am xelsawyoSi, meore 
tipis xelsawyoebi gazomvisas aregistrirebs sinaTlis sxivis gadaxras, 
romelic gamowveulia maTSi gamavali sisxlis formiani elementebiT. 
mravali  wlis ganmavlobaSi kompania Coulter  , lideri 
hematologiuri analizatorebis mTeli rigi xelsawyoebi warmoebaSi.     

nCorporatio

ganvixiloT am firmis  mier warmoebuli farTod gamoyenebuli xelsawyo 
- Kkoulteris hemometri.  am xelsawyosTvis gasaanalizebel masalas 
warmoadgens sisxli, romelSic Camatebulia antikoagulanti, anu 
nivTiereba romelic xels uSlis sisxlis normalur Sededebas. isini aseve 

 102



xels uSlian sisxlis formiani elementebis Serwymas, ramac SesaZloa xeli 
SegviSalos maT daTvlaSi.  P 

proceduris sawyis etaps warmoadgens nimuSis zustad gansazRvruli 
raodenobis avtomaturi amorCeva. Semdeg nimuSi gazavdeba 1/224 xsnariT 
romelic Tavisi osmotiuri MmaxasiaTeblebiT axlosaa sisxlis plazmasTan 
es suraTze naCvenebia rogorc ganmzavebeli 1.. Semdeg xelsawyoSi  
gazavebuli nimuSi iyofa orad. erTi nawili midis Serevisa da lizisis 
kameraSi, xolo meore ganmzavebel  2-Si.    Serevisas,  lizisis (lizisi- 
(berZulad�� λυσις) ganzaveba, daSla ujredebis da maTi sistemebis maT 
Soris mikroorganizmebis, sxvadasxva agentebis zmoqmedebis Sedegad. mag. 
ferementebis, baqteriofagebis, antibiotikebis) 
……………………………………………………………………………………………………………………………………………………………………………………………………………………
…………………kameris daniSnulebaa moamzados nimuSi gazomvisaTvis hemoglobinisa 
da leikocitebis Semcvelobaze. Mmalizirebeli agenti iwvevs 
eriTrocitebis membranebis rRvevas, riTac gamoanTavisuflebs siTxeSi 
arsebul   hemoglobins. Lleikocitebis am agentebTan lizireba ar xdeba. 
Llizirebuli agentis xsnaris damateba zrdis nimuSis gazavebis xarisxs 
1:250. masSi aris aseve  kidev erT reagenti, drabkinis xsnari, romelic  
gardaqmnis hemoglobins cianmethemoglobinSi es keTdeba imisTvis rom 
moxdes im standartul meTodebTan misadageba, romelic miRebulia 
hemoglobinis koncentraciis dasadgenad. Aam  meTodis upiratesobaa 
gaxlavT is, rom is iTvaliswinebs hemoglobinis yvela formas, romelic 
sisxlSia. Semdeg nimuSi gaivlis leikocitebis saTvlel monakveTs, 
romelic asrulebs kiuvetis rols. Hhemoglobinis koncentraciis 
speqtometrulad dadgenisTvis. Bbolo etapia leikocitebis Semcvelobis 
gazomva.  
  Nsur. 6.9 asaxulia meTodi romelic gamoiyeneba am gazomvebisas. igive 
meTodi gamoiyeneba eriTrocitebis daTvlisas. tumbo amoiRebs siTxes 
sakontrolo moculobas leikocitebis saTvleli nawilidan aperturis 
gavliT. Aleikocitebis daTvlis sakanSi ganTavsebul eleqtrodsa da im 
eleqtrods Soris romelic aperturul milSia moTavsebuli gadis mudmivi 
deni. leikocitebis TiToeuli ujredi, aperturSi gavlisas gamoaZevebs 
iqidan xsnaris im moculobas. romelic mis sakuTar moculobis tolia. 
Lleikocitebis xvedriTi winaRoba gacilebiT metia vidre xsnaris. Aamitom 
im wredSi, romelic mierTebulia s eleqtrodebTan, generirdeba Zabvis 
impulsi. Aam impulsis sidide damokidebulia leikocitis ujredis 
moculobaze.  

gazomvebis sizustis gazrdisaTvissistemaSi paralelurad gamoiyeneba 
sami damTvleli mowyobiloba. Lleikocitebis damTvlel nawilSi maT 
gaaCniaT erTi saerTo eleqtrodi. TiToeuli am wredidan gamomavali 
TiToeuli jaWvidan gamosuli signali gadaecema gamaZlierebels. Zabvis 
gaZlierebuli signali miwodeba zRurblovan sqemas. zRublovani Zabvis 
sididis amorCeva warmoadgens dakalibrebis proceduris nawils. E  
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Nsur. 6.9 
etalonuri nimuSebi, romlebisTvisac leikocitebis Semcvelobis 

mniSvneloba dadgenilia damoukidebeli meTodebiT, eqvemdebarebian analizs 
da zRurblovani  Zabvis  mniSvneloba  dgindeba ise, rom analizis 
rezultati SesabamisobaSi iyos etalonur monacemebTan. impulsebi 
romlebic aWarbeben zRurblovan  monacemebs gaivlian impulsebis 
integratorTa jaWvs, romelic gamoscems mudmivi denis signals. igi 
proporciulia leikocitebis daTvlili ricxvisa. sami integratoridan 
miRebuli signalebi gaivlisan Sedarebis sqemas. Tu sxvaoba signalebis 
sidideSi imyofeba mocemul sazRvrebSi, maSin es mniSvnelobebi i 
gasaSualeddeba. Tu erTi sidide metia danarCen orze da aWarbebs 
daSvebul zRvars igi ar gamoiyeneba saSualo monacemebis gamoTvlisas. Tu 
samive sidide gansxvavdeba da aWarbebsen daSvebul zRurbls, CairTveba 
SecdomaTa indikatori da miviRebT nulovan rezultats. signalis 
damuSavebis Semdegi etapia Sesworebis Setana gasaSualedebul signalis 
damTxvevaze. 
  damTxveva _ aris aparaturaSi ori an ramodenime leikocitebis 
erTdrouli gavla. saSualo donis damTxvevaTa Sefasebisas gamoiyeneba 
statistikuri analizi. Sesworebis Seyvana xorcieldeba analoguri sqemiT. 
leikocitTa ricxobrivi Semcvelebis monacemebi gamoisaxeba displeize da 
miewodeba printers.  

ganvixiloT sur. 6.8 marjvena nawili. pirvel etaps warmoadgens 
nimuSis gazaveba 1:224 gamxsnelSi. Mmeore, gazaveba saWiroa imisaTvis rom 
eriTrocitebis koncentracia gacilebiT sWarbobs leikocitebis 
koncentracias. eriTrocitebis dasaTvlelad gamoiyeneba igive sistema, rac  
leikocitebisTvis.  

ujredebi moculobiT, romelic aWarbeben 35,9 fl(femtolitri) 
klasificirdebian rogorc eriTrocitebi. Aigeba 256-arxiani histograma. am 
histogramiT gamoiTvleba ujredis saSualo moculoba da devicia 
ganisazRvreba rogorc variaciaTa koeficienti, eriTrocitebis moculobis 
statistikur gadanawilebisTvis. 

ujredebi moculobiT 2-20 fl klasificirdebian rogorc 
Trombocitebi. Yyoveli sami aparturuli arxisaTvis aigeba 64 arxiani 
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histograma, am ujredTa moculobebisaTvis. Yyoveli arxis  histogramebi 
eqvemdebareba statistikur damuSavebas trombocitTa Semcvelobis sididis 
misaRebad, aseve  trombocitTa saSualo moculobis  da maTi gavrcelebis 
ganwilebis siganis dasadgenad.Aam parametrebis saboloo mniSvnelobis  
misaRebad gamoiyeneba Sedarebis procedura, iseTive rogoricaa 
leikocitebis daTvlisas.  

koulteris hemoanalizatori asrulebs leikocitebis diferenciul 
daTvlas gamdinare citometris daxmarebiT. rodesac nimuSis ori porcia 
aRmoCndeba leikocitsa da eroTrocits saTvlel nawilSi, misi mesame 
nawili lizisi da Serevis ujraSi moxvdebian leikocitebis diferenciuli 
analizisaTvis. Aaq nimuSi Seereva lizirebul agents eriTrocitebisa da 
leikocitebis mastabilizirebuli agentebis mosaSoreblad. 
mastilizirebeli agenti ucvlels tovebs leikocitebis  maxasiaTeblebs 
da icavs ujredebs zemoqmedebisagan, romelsac isini ganicdian sammag 
gamdinare blokSi gavlisas. es bloki Seicavs eleqtronul sqemas da qmnis 
ujredTa erTian karTotekas, romlebic gadian gazomvebis ujras. 

 
 

 
sur.6.10 

 
koulteris hemoanalizatori awarmoebs dabalsixSirian impendansisa, 

maRalisixSirian gamtarianobasa da Suqgafantvis gazomvas.  ujredebis Ta 
moculobis gansazRvra xorcieldeba  dabalsixSiriani impedansis 
safuZvelze. xolo maTi Sinagani gamtarianoba ganisazRvreba maTi 
maRalsixSiriani gamtarianobiT. sxivis gafantvisTvis damTvlel ujraSi 
gamoiyeneba lazeris sxivi. sinaTlis gafantvis gazomva xdeba gafantvis 
deteqtoriT. sinaTlis gafantvis safuZvelze dgindeba ujredTa Sinagani 
struqtura da forma. Mmocemuli gazomvebi ujredTa moculobisa, maTi Siga 
gamtarianobisa; struqturisa da formisa, gadaecema dasamuSaveblad 
kompiuterul analizators. monocitebis, limfocitebis, neitrofilebis, 
bazofilebisa da eozinofilebis procentebi gamoiTvlebaA ujredTa 
ganlagebiT samganzomilebian wertilovan digramaze. 

sur 6.10 warmodgenilia organzomilebiani proeqcia, am 
samganzomilebian wertilovani diagramisa, es orgamzomilebiani proeqcia 
gamoixateba displeize raTa operators SeeZlos misi kontroli. 
bazofilebis da eozofilebis sidideebi SedarebiT uzustoa, vidre sxva 

 105



tipi ujredebisa. Tu am tipis ujredTa procenti aWarbebs laboratoriaSi 
miRebul sazRvrebs, operatorma unda gaukeTos analizi mikroskopiT. 
periferiuli sisxlis nacxi, raTa darwmundes monacemTa sizusteSi. Tu es 
ase ar aris, leikocitebis diferenciuli daTvla xorcieldeba xeliT, 
koulteris analizatori SeukveTavs kriteriumebs zusti diagramisTvis, 
riTac ganisazRvreba leikocitebis diferencialuri daTvlis sizuste, 
daTvla miiCneva sworad, Aase  rom gamoiricxeba vizualuri daTvlis 
aucilebloba. radgan moc, hemoanalizatori ar uzrunvelyofs umwifari 
leikocitebis unificirebas, aseTi ujredebis arseboba nimuSSi iwvevs 
Setyobinebas, rom saWiroa operatorma mimarTos leikocitebis vizualur 
daTvlas. igive midgomaa retikulocitebis daTvlisas. eriTrocitebis 
danadgarebSi moTavsebamde nimuSs Rebaven meTilenis lurjiT  (New Methylen 
Blau) feris saRebaviT. retikulocitebis daTvla xorcieldeba danadgaris 
calke CarTviT, radgan maTi xeliT daTvla Sromatevadi da arc Tu ise 
zustia. sisxlis parametrebi amoibeWdeba specialur blankze, aqve 
fiqsirdeba pacientis identifikaciuri nomeri, romelic Seyavs operators 
aparatSi. Kklinikur laboratoriaSi erTiani sainformacio sistemis 
arsebobisas identifikaciuri nomeri da sisxlis parametrebi gadaecema 
kompiuterul sistemas.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
sur. 6.11 

 
ganxiluli meTodebisagan gansxvavebul meTodikas warmoadgens 

alternatiuli midgoma, romelic gamoiyeneba 10 welze metia. igi 
dafuZnebulia saxeTa amocnobis meTodze. Aamocnobis meTodi aseve 
gamoiyeneba citologiur laboratoriebSi nacxebis avtomaturi 
skriningisas an normaluri ujredebis arsebobis identificirebisaTvis. es 
procesi Sromatevadia, magram igi aucilebelia saSvilosnos yelis kibos 
adreuli diagnozisTvis. nimuSi analizisTvis_es aris sisxlis nacxi 
SeRebili raicis saRebaviT. 

sur .6.11naCvenebia sistemis ZiriTadi detalebi sistemaSi informaciis 
gadacemis Tanmimdevroba. Nnacxi skanirdeba feradi video skaneriT 
mikroskopis meSveobiT. Ooperatori irCevs skanirebis sawyis wertils. 
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nacxis skanireba mimdinareobs sanam ar aRmoaCens birvTul ujreds. 
xelsawyo imaxsovrebs ujredis cifrul gamosaxulebas. Semdeg 
morfologiuri analizatori daadgens ujredis yuradsaReb niSnebs 
birTvis morfologiis CaTvliT, citoplazmis morfologias, birTvisa da 
citoplazmis zomaTa Sefardebas, qromatoris gadanawilebis suraTs da 
citoplazmis maxasiaTeblebs. Ees niSnebi gadaecema amomcnob kompiuters, 
romelic Seadarebs maT mexsierebaSi Senaxul sxvadasxva tipis ujredebis 
TvisebebTan, romelic gvxvdeba sisxlSi. Uujredi klasificirdeba rogorc 
erT-erT jgufs mikuTvnebuli, romelTanac mas gaaCnia ufro msgavsi 
Tvisebebi. Tu ujredi klasificirdeba rogorc anormaluri forma. 
skanireba wydeba da ekranze gamoisaxeba Setyobineba, romelic afrTxilebs 
operators, rom aRmoCenilia saeWvo ujredi. Ooperatori gamoikvlevs 
ujreds an miscems hemoanalizatoris klasifikaciis, an klaviaturiT 
Sehyavs sxva klasifikacia. Eekranze gamosaxuli diferencialuri daTvlis 
Sedegi amoibeWdeba specialuri blankze da gadaecema uSualod centralur 
kompiuters.   
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У этого термина существуют и другие значения, см. Апертура. 
  
Большая (1) и маленькая (2) апертура. 
 
Апертура (лат. apertura — отверстие) — в оптике характеристика оптического 

прибора описывающая его способность собирать свет и противостоять дифракционному 
размытию деталей изображения. В зависимости от типа оптической системы эта 
характеристика может быть линейным или угловым размером. Как правило среди 
деталей оптического прибора специально выделяют так называемую апертурную 
диафрагму, которая сильнее всего ограничивает диаметры световых пучков, 
проходящих через оптический инструмент. Часто роль такой апертурной диафрагмы 
выполняет оправа или просто края одного из оптических элементов (линзы, зеркала, 
призмы). 

 
Входная апертура — характеристика способности оптической системы собирать 

свет от объекта наблюдения. Если объект удаленный (как у телескопа или обычного 
фотообъектива) то апертуру измеряют в линейном виде - это просто диаметр светового 
пучка на входе в оптическую систему, который ограничивается апертурной диафрагмой 
и достигает изображения. В телескопах этот диаметр обычно равен диаметру первого 
по ходу света оптического элемента (линзы или зеркала). В фотообъективах (особенно 
широкоугольных) размер первой линзы как правило много больше входной апертуры и 
ее размер уже следует рассчитывать. Входная апертура объектива равна произведению 
его фокусного расстояния f' на относительное отверстие или частному от фокусного 
расстояния на диафрагменное число. Если объект наблюдения близкий (как у лупы, 
объектива микроскопа или проектора), то апертуру измеряют в угловом виде - это 
угол светового пучка исходящего из точек предмета наблюдения и попадающего в 
оптическую систему. 

 
Выходная апертура — характеристика способности оптической системы собирать 

свет на изображении. Если изображение удаленное (как у телескопа, лупы или 
проектора) то апертуру измеряют в линейном виде - это диаметр светового пучка на 
выходе из оптической системы, в зоне так называемого выходного зрачка. У телескопа 
(бинокля, зрительной трубы) отношение входной и выходной апертур равно его 
кратности (увеличению). Если изображение близкое (как у фотообъектива), то апертура 
характеризуется углом сходимости световых пучков. 

 
Апертурный угол — угол между крайним лучом конического светового пучка на 

входе (выходе из) оптической системы и ее оптической осью 
 
Угловая апертура — угол между крайними лучами конического светового пучка 

на входе (выходе из) оптической системы 
 
Числовая апертура — равна произведению показателя преломления среды между 

предметом и объективом на синус апертурного угла. Именно эта величина наиболее 
полно определяет одновременно светосилу, разрешающую способность объектива 
микроскопа. Для увеличения числовой апертуры объективов в микроскопии 
пространство между объективом и покровным стеклом заполняют иммерсионной 
жидкостью. 
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Апертура объектива — диаметр D светового пучка на входе в объектив и 

целиком проходящего через его апертурную диафрагму. Эта величина определяет 
дифракционный предел разрешения объектива. Угол под которым видны самые мелкие 
детали на объекте D(мм)/140 - в угловых секундах. 
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