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Tavi |
biosamedicino inJineriis ZiriTadi principebi

biosamedicini inJineria aris mecnierebis dargi, romelic nT lianobaSi
moicavs yvela im samedicino diagnostikuri, sankurnall o, sareabi litacio da
profi lagtikuri biosamedicino teqgnikis da teqno B ogiebis Segmnas,
damuSavebas da marTvas, agreTve im damxmare da saorganizacio sistemebis
damuSavebas, rome I Ta meSveobiTac xorcieldeba ganmrTel obis dacva.

biosamedicini inJineria moicavs specifiur sainJinro koncefciebis da
tegno B ogiebis danergvas:

1. “samedicini interesis” dargSi (biosamedicino inJineriis dargSi)
samedicino instrumentebis, masalebis, sadiagnostiko da Terapiulli
mowyobi B obebis, xe Bovnuri organoebis da  tegno Bl ogouri
daxmarebis sxva obieqtebis ganviTarebas;

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

samedicino da biolBogiuri sainJinro disciplinebis saerTaSoriso
Federaciis mier kBinikuri inJinris specialoba gansazRvrullia, rogorc
profesionali, romelic monawi Beobas iRebs misi sainJinro da menejerulli
unaris gamoyenebiT, JandacvasTan dakavSirebull tegnoBogiebTan erTad,
adamianTa janmrTe B obis dacvis maRalli xarisxis uzrunve 1 yofaSi.

1.1. samedicino aparaturis konstruirebis Taviseburebani

biosamedicino aparatura warmoadgens Ffundamenturi biosamedicino
kv Bevebis, diagnostirebis da samedicino daxmarebis aRmoCenis auci lebel
saSuallebas, garda amisa mniSvneBovan oObieqts gamokvBevebisa da
sakonstruqtoro samuSaoebisaTvis biosamedicino inJineriis dargSi. axali
tipis diagnostikuri aparaturis damuSavebam FarTo SesaZlebl obebi Seqgmna
gamokv Bevebis, diagnostirebis da mkurnalBobis axalli meTodebis dasanergad,
mniSvne B ovanwi Bad gaafarTova kB inicistebis SesaZBebBobani, romllebmac
TavianT gankarguBebaSi miiRes samedicino kontrolis mravall ferovani
eleqtronulli saSuallebani.

Tanamedrove biosamedicino aparaturis (bsa) konstruireba, damzadeba da
axali nimuSebis gamocda moiTxovs konstruirebis am sFeroSi uaxBesi
tegnikuri miRwevebis danergvas. samedicino vizualizacia, neiroprotezireba,
invaziuri da implantirebadi sistemebi —es aris medicinaSi tegnikis
gamoyenebis is mimarTuBebebi, romeBTa ganviTareba SesaZBebelia mxollod
warmoebis Tanamedrove tegno B ogiebis gamoyenebiT da danergviT.

nebismieri konstrugcia da maT Soris biosamedicino aparatura, es aris
adamianis mier xeBovnurad SegmniBi rTulli kompozicia Fizikuri sxeulebis
da nivTierebebis didi raodenobisagan, romelic asrullebs mocemull Ffungcias
da gaaCnia mocemu Bi mniSvne B obis parametrebi.

eleqgtronulli biosamedicino aparaturis konstrugcia gamoirCeva Semdegi
TaviseburebebiT:

1. calkeul kvanZebsa da elementebs Soris eleqtrulli kavSirebis
uzrunve ByoFfis aucilebBoba (meganikuri kavSirebi asrulleben meorad
funqcias);



2. Fungcionaluri elementebis da kvanZebis garegan gaformebasa da Sida
komponirebas Soris susti kavSiri, rac saSuallebas iZBeva konstruirebis
dros es parametrebi ganvixi BOT erTmaneTisagan damoukideb I ad;

3. sasargeb B o signallebis damaxinjebis SesaZ B ebll obebis da dabrko Bebebis
warmogmnis aRricxvis auci Beb 1 obag;

4. Thuri kavSirebis aRricxvis aucillebBoba, rac mniSvne B ovnad mogmedebs
konstrugciis parametrebze.

Tanamedrove bsa-s konstrugcia unda ganvixi BoT rogorc erTgvari
strugqturulli warmonagmni, ronblis callkeulli nawi B ebi ierarqiul
TanagveSevrdomobaSia erTmaneTTan, rac gu B isxmobs konstrugciebis
garTullebas SedarebiT martivi, konstruqciullad damTavrebulli erTeulebis
gaerTianebiT. konstrugqtorulli ierargia saSuallebas iZlBeva

e Semcirebull ignas wuni warmoebaSi, gauyofadi kvanZebis integraciis

Semcirebis xar jze;

e organizebulli ignas sxvadasxva kvanZebis paraleBuri damzadeba, rac

amcirebs sawarmoo cikls da aiollebs kontrollis organizebas;

e uzrunve Blyos egspBuataciis dros saremontod vargisianoba.
maga B iTisaTvis ganvixi BOT anall izatorebis konstruqtorulli ierargia

nuBovani done - ukorpuso elementebi, romBebic gamoiyeneba
integralur sgemebSi, rezistorebi, kondensatorebi, tranzistorebi.
pirveBli done - korpusiani integraluri sgemebi, manWvi Bisebri an

pBanarulli gamomyvanebiT, korpusiani tranzistorebi an diodebi, rezistorebi
da kondensatorebi diskretull SesrullebaSi.

meore done — Cveullebrivi an mravalSriani nabeWdi Firfita masze
damagrebuli nmikrosgemebiT, kontagtirebis elementebiT da Filltraciis
elementebiT. Cveullebriv am donis konstrugtorull ellements uwodeben
Secvl is tipobriv el ements (Ste).

mesame done — samontaJo safuZveli — panelBi gamTiSebiT, sadac uerTdeba
20.40 Secvlis tipobrivi elementi, agreTve xorcieldeba kavSiri sxva
pane B ebTan.

meoTxe done - CarCo, romelic aerTianebs sxvadasxva pane B ebs
erTmaneTTan.

mexuTe done — dgari, romelic aerTianebs CarCoebs.

konstrugtorull ierergias aqvs Tavisi nakBovanebebic, komponirebis
simWidrovis Semcireba — rac ganpirobebullia danakargebiT integralluri
sgemebis  korpusirebis gamo, nabeWdi  FirFfitebis Semcveli kvanZebis
gamoyenebis mcire efeqturobiT, gamTiSebis arsebobiT, meganikuri damagrebis
kvanZebiT, indikaciis da marTvis elementebis ganBagebis aucillebBobiT.
Tanamedrove bsa-s konstrugcia aris evolBuciis Sedegi, vromelic
ganpirobebu I ia axalli konstrugtorull-tegno B ogiuri gadawyvetebiT.
perspeqtivaSi mosallodnelia, ekonomikurad mizanSewonilli integraciis
xarisxis gazrda im donemde, rodesac SesaZllebelBi 1igneba zogierTi
specifiuri daniSnullebis aparatura damzaddes erTi didi integralluri
sgemis saxiT, erTi tegno Bogiuri cikBis saSuallebiT.

bsa-s gamoyenebis mravall Ferovneba gansazRvravs tagtikur-tegnikuri
moTxovnebis sxvadasxvagvarobas: mis Rirebulebas, gabaritebs, simZBavres,
kB imatur da sxva garemo pirobebisagan dacvas. yve la es moTxovnebi daculli
unda iyos konstruirebis dros.



konstrugciis xarisxi xasiaTdeba moTxovnebis komp B egsis
dakmayoF¥i Bebis xarisxiT. konstruirebis dros iTvaliswineben FfagtorTa 5
Joufs:

1. realizaciis sistenotegnikuri meTodebi, romlebic gansazRvravs
aparaturis struqturas, mogmedeben kompBegsis konstruqciis dayofaze
callkeull sistemebad, gansazRvraven elementuri bazis parametrebs,
infFormaciis warmodgenis xerxebs.

2. sgemotegnikuri reallizaciis meTodebi gansazRvraven iseT Taqtorebs,

rogoricaa sixSireTa diapazoni, simZBavris done, sqgemebis
dabrko 0 ebamdgradoba, moTxovnebi komponentebis parametrebis
stabi Burobis mimarT.

3. warmoebis tegno B ogiuri saSuallebebi gansazRvraven ekonomikurad

mizanSewoni B integraciis xarisxs, bsa-is saimedoobas da Rirebullebas,
agreTve mis gabaritebs da zonmebs, masas, energomoxmarebas.
konstruirebisas Zall zed aqtualluria warmoebis tegno B ogiuri
saSua B ebebis gaTvall iswineba radgan tegno B ogiuri procesebis
saSualebebis codna salWiroa ukve strugturulli sgemis damuSavebis
etapze.
4. adamian-operatorTan SeTavsebadobis moTxovni Bebebi warmogmnis
garkveu ll SezRudvebs konstrugciebis garegan gafFormebaze, es
ganpirobebulia im moTxovnebiT, rom aparatura unda uzrunve Blyofdes
damkvirvebBuri da SemsrullebBuri Funqciebis warmatebiT Sesrullebas.
es ki miiRweva mxoBod im SemTxvevaSi, rodesac gaTvalliswinebullia
inJinrulli FsiqoBogiis da tegnikuri esTetikis moTxovnebi.
5. garemo pirobebTan SeTavsebadobis moTxovni B ebani gu B isxmobs
konstrugciebis dacvas Thuri, teniani da sxva kl imaturi pirobebisagan.
yveBla es moTxovnebi erTad gansazRvravs xelsawyos saeqsplluatacio
moTxovni B ebebs.am mrava B ganzomi Bebiani amocanebis gadasawyvetad
konstrugtors unda hgondes mravalmxrivi codna sxvadasxva masalebis
Fizikur Tvisebebze, maT SeTavsebadobaze da a.S.

konstruirebis qveS igullisxmeba azrovnebiTi da organizatorulli
moRvaweobis erTobl ioba, rombis ZiriTadi Sinaarsia Tanamedrove
monacemebis (Fagtorebis) safuZvelze momavalli struqturebis prognozireba,
konstrugtorulli dokumentaciis gaformeba da warmoebaSi danergva da
eqsp Buatacia. konstruirebis erT-erT yveBaze mniSvneBlovan rezull tats
warmoadgens axalli informacia, romeBic SeiZll eba gamoyenebu i ignas Semdgom
samuSaoebSi.

konstruireba aris nawi Bi SedarebiT ufro saerTo procesisa, romellsac
ewodeba proegtireba. bio-samedicino aparaturis proeqtirebis cnebaSi Sedis
iseTi kategoriebi, rogoricaa principialuri da struqturulli sgemebis
SemuSaveba, TviTon konstruireba, damzadebis tegnoBogiis damuSaveba,
warmoebaSi danergva.

konstruirebam gaiara ganviTarebis mTeli rigi etapebi da ganuwyvetliv
viTardeba Tanamedrove pirobebSic. biosamedicino aparaturis sirTullem misi
konstruirebisas gasaTvaliswinebel FagqtorTa da konstruqciis Sesazllo
variantebis simravBlem warmoSva axall i meTodebis Segmnis auci Beb B oba, ramac
Tavis mxriv gamoiwvia axalli meTodebis ganviTareba, romBebic dafuznebullia
iseT disciplinebze, rogoricaa sistemoteqnika, operaciebis kvBevis meTodebi,
gadawyveti BebaTa miRebis Teoria, gse Buri dagegmareba, ergonomika, tegnikuri
esTetika



konstrugtoris mier gadasawyveti amocanebis mTelBi kompBegsi SeiZlleba
daiyos or jgufad:

a. konstruqciis Sesazl o variantebis generacia;

b. konstrugciis yveBla variantis analizi, im mizniT, rom SerCes

saukeTeso.

variantebis generacia Tu cnobillia yveBla sawyisi monacemebi, maSin
SesaZ B ebe B ia variantebis generaciis Formallizeba cnobillia, rom im adamians,
visac SeuZlBia drois garkveull erTeull Si meti ideis generireba, ufro nmeti
Sansi aqvs marT Bac saintereso ideis misawodebBad. sadReisod cnobillia,
ramodenime saSualleba, romellsac SeuZBia gazardos ideebis generaciis
efeqturoba: ideebis diagrama, ideebis matrica, asociacia, inversia, gonebrivi
Sturmis meTodi, sineqtika.

ideebis diagramis gamoyeneba eyrdnoba imas, rom ZneBia erTdroullad
Figri ramodenime saganze, Tumca SesaZllebeBia rom Tvali erTdroullad
aRigvandes ramodenime sagans. es saSuallebas iZBeva SesaZzZBlo variantebi
warmodgeni Bi ignas erTgvari diagramis saxiT. misi mimdevrobiTi analiziT
SesazBebelia SeirCes yveBlaze perspeqtiulli. ideebis diagrama es aris
pragtiku Bad nebismieri kB asiFikacia.

sxvadasxva variantebis aRricxvis yve Baze efeqturi saSuallebaa ideebis
matrica. is dafuZnebullia variantebis swori rigis Segmnis SesaZleb ll obaze.
davuSvaT, rom bsa-is konstruqciis SerCevaze mogmedebs sami Fagqtori: (sur. 11)

b B okis

konstrugcia e Beqtromontalis
tipi

v

korpusis geometria

sur. 11

e integraluri sgemis (is) korpusis geometria (brtyeli, cilindrulli,
kuburi);
* bl okis konstruqgcia (kaseturi, wignuri, maraosebri);
e elegqtromontalis tipi (nabeWdi montali, montali mognilli samontalo
kabe B is gamoyenebiT, montaJi mocu B obiTi gantariT).
am SemTxvevaSi ideebis matrica SeiZlBeba warmovidginoT kubis saxiT,
ronlis yvela mxare Seicavs erTi jguFfis Fagtorebs. yoveli elementarulli
kubi ki Tavis mxriv aseve SeiZleba warmovidginoT kubis saxiT, romlis yvella
mxare Seicavs erTi jJgufFis TFagtorebs. yoveli elementarulli kubi aris
konstrugciis varianti (am SemTxvevaSi maTi raodenoba 27 udris).
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asociacia — es aris meTodi, romelic dafuZnebullia adamianis unarze
gardagmnas winaswar miRebuli informacia im saxiT, romelic uzrunve lyofs
mis gamoyenebas axall pirobebSi e.i. iZBeva saSuallebas gamoviyenoT ideebis
kavSiri. es meTodi gansakuTrebiT efeqturia im SemTxvevaSi, rodesac
SemoqgmedebiT warmodgenas aqvs saSualleba mimarTos sxva ideebs da erTi
SemoqgmedebiTi idea warmoigmneba meore ideis safuzZvelze. amis magaliTia
Cveullebrivi samedicino Spricis gamoyeneba aparaturis ZneBad misadgonm
adgi BebSi kompaundis misawodeb B ad.

inversiis dros amocana gamoikvBeva im poziciidan, romeBic miRebullis
mkveTrad sawinaaRmdegoa. magall iTad konstrugtors micemuli agvs aparaturis
gan Bageba obieqtze, saknis Fforma da zomebi. konstrugtori xedavs, rom
mocemu B i moTxovni B ebebis gaTvaliswinebiT konstrugciis Segmna
SeuzlBlebelia. am SemTxvevaSi mas SeuZBia wamoayenos ganBagebis axali
variantebi da bl okis axali Forma

sineqtika — aris meTodi, romeBic dafuZnebullia gonebrivi Sronis
produgtiull obis gazrdaze anall ogiebis gamoyenebis safuZvelze. Cveullebriv
gadawyveti Bebas eZebs specialistebis mTeli jgufi. magaliTad jJguTFis
xe ImZRvane i svams amocanas uwonadobis pirobebSi mikroeleqtronulli
xe Bsawyos  saremontod vargisianobis  Sesaxeb. SeTavazebulBia ZaFze
CamokidebuB'i penop BastSi naxvretis gakeTeba. am proceduris Catareba
tradiciulli meTodiT, eleqtrulli drelis saSuallebiT am SemTxvevaSi
miuRebe Bia. JguFis erT-erTi wevris mier gamoTgmu B ia winadadeba naxvreti
gakeTdes sigaretis saSuallebiT. Semdeg jJguFi ikvBevs aseTi principis
gamoyenebis saSualebebs, raTa reallizacia gaukeTdes aparaturis saremontod
vargisianobas uwonadobis pirobebSi.

variantebis anallizi — xorcieldeba xarisxis maCvenebBis saSuallebiT.
erTi ZiriTadi, ramdenime kerZo an kompBegsuri maCvenebeli, romelic
ramodenime kerZo maCveneb Bis Fungcias warmoadgens. ama Tu im maCveneb B is
mniSvne B ovanebis xarisxi ganisazRvreba aparaturis daniSnullebiT. erT
SemTxvevaSi es aris masa (magaBiTad impBantirebadi kardiostimullatorebi)
meore SemTxvevaSi mocu B oba, mesameSi Rirebu leba.

xSirad, rodesac konstruqcia ganisazRvreba ramodenime parametriT,
erT-erTi parametris gaumjobeseba iwvevs meoris gauaresebas. ase magall iTad,
saimedoobis gazrda xSirad afuWebs mis masa-gabaritull da Rirebullebis
maxasiaTeb Bebs. am amocanebis gadawyveta xSirad konFHRigtur situaciebs
gnnis, romBis gadaWra SeiZlBeba optimizaciis gziT. optimizacia ki SeiZleba
Catardes mxolBlod erTi kriteriumis mixedviT. danarCeni kriteriumebi, am
dros, rogorc zRvrulli ise gamoiyeneba. warmoebis sxvadasxva etapze
kriteriumebis FfaseuBloba SeiZlleba Seicvallos. Tu sacdelli ninuSis
damzadebisas mTavaria misi saimedooba, seriulli warmoebis dros
ganmsazRvrel fagtorad xSirad Rirebuleba gvevllineba.

1.2 konstruirebis meTodebi

konstruireba aris sagmianobis rTulli saxe, romelic xorcielldeba
evristikulli da Teoriull-gaTvliTi meTodebiT. yoveli axalli konstruqcia
Cveulebriv Seicavs ukve arsebull konstrugciebis elementebs. damuSavebis
adreull etapebze, rodesac aucillebelia ganisazRvros axalli elementebi,



ufro xSirad gamoiyeneba evristikuli meTodebi, romBebic dafuZnebullia
intuiciasa da Secdomebis meTodze.

evristikulli meTodebi iZBeva saSuallebas, rom movaxdiniT egstrapo Bacia
cnobillis TFfarglebs gareT. am SemTxvevaSi SeuZBebelBia movaxdinoT
konstrugtoris  sagmnianobis  Formalizeba, radganac  misi mogmedeba
Taviseburad jadogris mogmedebas waagavs. Teoriulli gaTvBiTi meTodebi ki
dafuZnebul ia formalizebuli procesebis gamoyenebaze, rome B Ta
ganmeorebiTi gamoyeneba iZBeva Sesadarebell rezull tatebs. am SemTxvevaSi
konstrugtori SeiZleba SevadaroT  kompiuters, vromeBic garkveulli
algoriTmiT muSaobs. zogjer am samuSaos nawilli SeiZlleba gadaeces
kompiuters. aucillebBlad unda avRniSnoT, rom rogorc evristikulli, ise
Teoriull gaTvliTi meTodebi, atareben SemogmedebiT xasiaTs.

Tanamedrove pirobebSi, kompiuteruli konstruirebis programebis
ganviTarebam Segmna SesaZBebBobebi mTeli rigi Fagtorebis arsebobisTvis,
rogoricaa:

- konstrugtorull i gadawyveti Bebebis arCevis sakmaod ganviTarebulli

Teoria;

- SezRudvis parametrebis sakmaod savse katall ogebi;

- universaluri algoriTmebi;

- tipiuri kvanZebis maTematikuri mode lebi.

an Fagtorebis ararsebobisas konstruqciis reallizeba xdeba ZiriTadad
cdebisa da Secdomebis meTodiT. Secdomebis raodenoba konstrugtoris
kval ifikaciazea damokidebu i, amitom misi kvalifikacia SeiZlBeba Sefasdes
im gadakeTebebis raodenobiT, rac gaiara konstrugciam raTa
daekmayoFi Bebina Sesabamisi tagtikur-tegnikuri moTxovni B ebebi.

biosamedicino aparaturis konstruirebisas aucillebelia mravali
faqtoris gaTvaliswineba. eleqtronulli xellsawyoebis elementuri bazis
Secvlam gamoiwvia konstruirebis meTodebis Secvla, rac gamoixata
sistemuri midgomis FarTo gamoyenebaSi, ramac gazarda konstruqtoris da
teqgnoBogis roli. sistemuri midgomis arsi mdgomareobs imaSi, rom Tu
adre mTeli rigi Fagtorebi ganixi Beboda konstruqciis Segmnis sxvadasxva
etepze, (strugqturulli da principialuri sgemebis SemuSaveba, damzadebis
konstrugcia, teqnolBogia), axBa am TFTagtorebis gaTvaliswineba xdeba
konstruirebis sawyis etapze. mikroelleqtronull elementur bazaze
gadasvlam gaafarTova sistemuri midgomis SesaZleblobebi. sistemurma
midgomam amave dros gaarTulla konstruireba imis gamo, rom aRsaricxia
Faqtorebis didi raodenoba.

13. sakonstruqtoro dokumentaciis damuSavebis saerTo
stadiebis saerTo daxasiaTeba

sakonstruqtoro dokumentaciis damuSavebis stadia ewodeba periods,
romlis ganmavBobaSic warmoebs saproeqto an muSa sakonstrugtoro
dokumentaciis SemuSaveba, miRebuli tegnikuri gadawyveti Bebis Sesrulebis
gansazRvru i xarisxiT.

sakonstrugtoro dokumentaciis damuSavebis etapi ewodeba damuSavebis
stadiis damTavrebul nawills, romBis drosac warmoebs mocemuli
stadiisaTvis dadgenilli callkeul samuSaoTa Sesrulleba. yoveli stadia



mTavrdeba saSualledo rezulltatebis analiziT. ama Tu im xellsawyos
damzadebis cikBi iyofa Semdeg nawi Bebad (surlz2).

am cikBs emateba ori pungti:

a. warmoebis momzadeba, warmoebaSi CaSveba, sakonstruqtoro

dokumentaciis koreqtireba;

b. saavtoro meTvalyureoba da eqsp luatacia

tegnikuri davalleba srulldeba  sawyisi dokumentis, “ganacxadi
damuSavebaze”, safuZvellze. ganacxadSi Sedis Semdegi sawyisi monacemebi:
nawarmis daniSnu Beba, Semsrullebel i, moTxovni Beba nawarmze, saorientacio
Rirebu B eba, tegnikur-ekonomikuri dasabuTeba, ZiriTadi moTxovni Bebani da
eqsp Buataciis pirobebi.
tegnikur davalebaSi gansakuTrebuli adgili ukavia tegnikuri moTxovnebis
Joufs, romelic 10 ZiriTad quejgufs Seicavs:

1. nawarmis SemadgenBoba da moTxovnebi sakonstrugtoro mowyobi ll obis
mimarT, rac Seicavs monacemebs masaze, gabaritebze, garemo pirobebis
zemogmedebaze, dabrko B ebamdgradobaze;
daniSnu B ebis maCveneb l ebi;
saimedoobis moTxovnebi;
tegno B ogiurobis moTxovnebi;
moTxovnebi unifikaciis da standartizaciis donis mimarT,;
usaFrTxoebis moTxovnebi;
ergonomiku i moTxovnebi;
esTetikuri da sapatento sisufTavis moTxovnebi (miTiTeba im gveynebisa,
romb is mimarTac aris es moTxovnebi);

9. egspluataciis pirobebi;

10. SefuTvis moTxovnebi

gadawyveti Bebebis variantebis gamov B inebiT, maT Soris sapatento Ziebis

masa B ebis safuzve B ze. tegnikuri winadadebebis stadiaze ZiriTadad xdeba
Semdegi procesebis reallizacia

O N TR wWN

1. Sesazllo gadawyveti BebaTa variantebis gamov B ena, sadac
gaTvaliswinebu Bl ia Tanamedrove teqnikis tendenciebi da perspeqtivebi;
2. variantebis Semowmeba sapatento-samarT Bebrivi moTxovnebis

gaTvaliswinebiT, gamogonebebze ganacxadebis gaformeba;

3. variantebis Semowmeba usaFrTxoebis tegnikis mxriv.

sawyisi CanaFigris daxvewa, proegtirebis yvela stadiaze, dawyebulli
tegnikuri winadadebebis etapidan, xorcieldeba ew bijuri principiT:
sinTezi-analizi-sinTezi. mTelBi procesi daiyvaneba optimumis Bogikur
maTematikur Ziebamde, sawyisi variantis mimdevrobiTi daxvewis gziT.

saeskizo proegti warmoadgens sakonstrugtoro dokumentaciis saxes,
romelic Seicavs principialur konstruqtorull gadawyveti Bebebs da iZBeva
warmodgenas mowyobi Bobis an xe Bsawyos muSaobis principze. am stadiaze
xdeba elBegqtronulli sgemebis SemuSaveba, maTi dayofa bWl okebad da kvanZebad,
callkeuli maketebis damzadeba eBeqtrulli sgemis damuSavebisaTvis. tegnikur
sabWoze damtkicebis Semdeg saeskizo proegti xdeba safuzveli tegnikuri
proeqtis damuSavebisa



samecniero kvBeviTi damuSaveba

Gganacxadi damuSavebaze sawyisi tegnikuri davallebis SemuSaveba,
tegnikuri monacemebi. teqgnikuri davalleba

saproeqto stadiebi

saeskizo proeqti, tegnikuri

winadadebis damuSaveba. tegnikuri proeqti

sacde b'i nimuSis muSa-sakonstruqtoro dokumentaciis SemuSaveba

sacde B i nimuSis muSa
sakonstruqtoro
dokumentacia.

sacde Bi ninuSis sacde i nimuSis
damzadeba da gamocda.| misaRebi eqsp Buatacia

muSa-sakonstrugqtoro dokumentaciis SemuSaveba seriulli

warmoebisaTvis
ninusis nusa nimuSis damzadeba da nimuSis misaRebi
sakonstrugtoro \
dokumentacia. gamocda, eqsp Buatacia
sur. 12

tegnikuri proegti aris sakonstruqtoro dokumentaciis saxe, romelic
Seicavs sabol oo tegnikur gadawyveti Bebas da Seicavs monacemebs, romBebic
savsebiT akmayoFfi Bebs da auci Bebellia muSa sakonstrugtoro dokumentaciis
SesagmneBad. am stadiaSi Sedis yveBla sgemis saboBoo da detaluri
damuSaveba, naxazebis Sedgena, garemo pirobebisagan dacvis yve Ba sakiTxebis
gadawyveta, tegnikuri proeqti aris yvelaze ufro srullyofilli safuZveli
muSa proeqtirebisaTvis.

muSa proegtirebis procesi Seicavs sam ZiriTad etaps: sacdeli nimuSis
stadia, CasayenebeBi seriis stadia, seriulli warmoebis stadia. muSa
proeqtireba Seicavs sakonstrugtoro dokumentaciis kompBeqtis damuSavebas
da koreqgtirebas, sacde i nimuSis damzadebas, Casayenebe B i1 seriis damzadebas,
gamocdas da xe Bsawyos bo B o stadiande damuSavebas.

aRsaniSnavia, rom sacdell nimuSs amzadebs sawarmoo-damamuSavebeli,
xoBo Casayenebel serias ki seriulli warmoebis garxana. damamzadeblis
Secvla aris is ZiriTadi mizezi, rac iwvevs pirveli seriulli nimuSebis
SedarebiT daball xarisxs sacdell nimuSTan SedarebiT. am nak B ovanebis
aRmofxvra SesaZlebel ia Tu Sesru Bl deba Semdegi pirobebi:
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a. seriulli warmoebis garxanam miiRos monawi Beoba jer kidev sacdeli
nimuSis gamocdis etapze, raTa advillad Cawvdes konstruqciis
Taviseburebebs da mis sust mxareebs;

b. Semsru Bl ebe BIma organizacia-sawarmom miiRos monawi B eoba
CasayenebeBi seriis xellsawyos gamocdasa da damkveTisaTvis
gadacemis procesSi.

14. sakonstrugtoro dokumentaciis erTiani sistema

tegnikuri procesis tempis gazrdam da konstruqciebis moralluri cveTis
vadis Semcirebam gamoiwvia konstruirebis da aparaturis danergvis vadebis
Semcireba, maTi xarisxis erTdroulli gaumjobeseba. an amocanis gadawyveta ki
SesaZz B ebe i Ggaxda standartizaciis danergviT

saerTaSoriso organizaciis gansazRvrebis nmixedviT: standartizacia es
aris mocemu l sferoSi wesebis damyarebis da gamoyenebis procesi, mogmedebis
mowesrigebis mizniT, yve la dainteresebull mxareTa monawi BeobiT da maTive
sargeb M obisaTvis gamiznulli, kerZod saerTo optimaluri ekonomikis
misaRwevad. is damyarebullia mecnierebis da  tegnikis pragtikulli
gamocdi B ebis Sedegebze da gansazRvravs ara marto awmyos safuZve ls, aramed
momava Bl ganviTarebasac da amasTan auci Beblad dakavSirebulia progresTan,
es gansazRvreba asaxavs standartizaciis mTell mravall Ferovnebas, axasiaTebs
standartizacias rogorc mogmedebas, romelic mimarTull ia mowesrigebaze da
ara marto vraime wesebis da pirobiTobebis dacvaze. standartizaciis
safuzvlebi nkaFiod aris gansazRvrulli da isini SemdgomSi mdgomareobs:
produgciis xarisxis gaumjobesebaSi standartizaciis rolis gazrda;

mrewve BobaSi uniFficirebis TFfarTo ganviTareba,gamzomi saSuallebebis
SesamCnevi gaumj obeseba;

tegnikuri dokumentaciis erToblivi sistemis Segmna__standartizaciis
saxe Imwifo sistema-es aris urTierTdakavSirebuli wesebis da debullebebis
kompBegsi, romelic gansazRvravs standartizaciis miznebs da amocanebs
yve Bla dargSi, dagegmvis damuSavebis, gaFormebis, SeTanxmebis, damtkicebis,
gamocenis, standartebis danergvis da sxva normatiu B -tegnikuri
dokumentaciis wess, agreTve kontrolls maT danergvaze. dargTaSorisi
msxvi Bi  standartizaciis sistemis magaliTs warmoadgens warmoebis
tegno B ogiuri momzadebis saerTo sistema, romelic Seicavs sakonstrugtoro
dokumentaciis erTian sistemas, teqgno Bogiuri dokumentaciis erTian sistemas
da sxva. sakonstrugtoro dokumentaciis erTiani sistema (sdes) aris
saxe Imwifo standartebis sistema, romelic amyarebs wesebs da debu lebebs
damuSavebis rigis, tegnikuri dokumentaciis gaformebaSi, romelBic yvela
sawarmoSi xorcie B deba. sdes gamoyeneba ama Tu im saxis aparaturis, kerZod
biosamedicino aparaturis konstruirebisas uzrunve lyofs . dasaproeqtebell i
aparaturis xarisxis gaumjobesebas, sxvadasxva sawarmoebs Soris tegnikuri

dokumentaciis urTierTgacvlis SesaZz B eb I obebs, komp Beqturobis
stabi Bizacias, rac gamoricxavs dubBirebas da warmoebisaTvis ara saWiro
dokumentaciis damuSavebas, proeqtebis damuSavebisas uniFikaciis

gaFarToebis saSuall ebas, sakonstruqtoro dokumentaciis Formebis gaio l ebas,
rac amcirebs saproegto-sakonstrugtoro SemuSavebis Sromatevadobas,
tegnikuri dokumentaciis da masSi arsebulli informaciis damuSavebas,
warmoebis tegnikuri momzadebis gaumjobesebas, samedicino aparaturas
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eqsp Buataciis pirobebis gaumjobesebas, evropulli ekonomikuri integraciis
sxvadasxva qveynebs Soris tegnikuri dokumentaciis gacvlis saSuallebas. sdes
Seicavs 140 standarts, romBebic gaerTianebullia 10 kBasiFfikaciur JgufSi.
sdes standartebis miniWebuli agvT cifri 2 standartis aRniSvha xdeba
k BasiFikaciuri niSnis mixedviT. standartis nomeri Sedgeba cifri 2-sgan
radgan sdes kBasis standartebs swored es jJgufi agqvT miniWebuli.
wertilis Semdeg erTi cifri, romelic aRniSnavs standartis kBasifikaciur
Jgufs, orniSna cifri — romelic aRniSnavs standartebis mocemull JgufSi
rigiT nomers da tires Semdeg orniSna cifri standartis registraciis
nomeri.

yve Ba dokumentebi gaformebis mixedviT iyofa grafFikull da teqstur
dokumentebad; damuSavebis stadiis mixedviT-saproeqto (tegnikuri winadadeba,
saeskizo proeqti, tegnikuri proegti) da samuSao (muSa dokumentacia);
Sesrullebis da gamoyenebis mixedviT - originallebi, dublikatebi, asHlebi.
sakonstruqtoro dokumentaciis damuSaveba ramodenime stadiiT mimdinareobs,
es saSuallebas iZBeva miRebull ignas swori gadawyveti Bebani da gamoiricxos
Secdomebi. sakonstrugqtoro dokumentaciis kompBeqturoba damokidebulia
damuSavebis stadiaze. arsebobs dokumentaciis sami saxe:

1. ZiriTadi sakonstruqtoro dokumentacia;

2. sakonstrugtoro dokumentaciis ZiriTadi kompHeqti;

3. sakonstrugtoro dokumentaciis srulli kompleqti;

kompBeqtSi Sedis grafikuli da tegsturi dokumentacia, romell Ta
gaformebis wesebi regBamentirebull ia sdes standartebiT.

saeqsp l oatacio da saremonto dokumentebi — saeqsp B uatacio
dokumentebi gankuTvni Bia egspBuataciis, momsaxurebis da SekeTebis dros
gamosayeneb B ad. es dokumentebi Seicavs: tegnikur aRweri I obas,

saeqsp Buatacio instrugcias, Formulars, pasports. amn dokumentebis Sedgena
warmoebs biosamedicino aparaturis kBasiFikaciis mixedviT.

samedicino aparaturis, mowyobi B obis gamogoneba, romelic
warmoadgens nebismieri samedicino gamzomi sistemis aucilebel modulls,
misi prototipis Segmna, seriulli warmoebisTvis momzadeba, samrewvello
warmoeba da gayidva warmoadgens mravaBmxriv, rTull da ZviradRirebul

process.
nebisnieri| samedicino gamzomi sistema Seicavs, ukidures SemTxvevaSi
ramodenimes mainc, im FungcionaBuri bl okebidan, romB ebic naCvenebia

sur. 13. am suraTze informacia vrce B deba marcxnidan mar_gvniv. wyvetilli
xaziT naCvenebia 1is elementebi da kavSirebi, romBebic umniSvnell oa.
mTavari sxvaoba samedicino gamzom sistemasa da sxva gamzom sistemebs
Soris mdgomareobs imaSi, rom pirve B SemTxvevaSi signallis wyaro cocxali
bioBogiuri gsovillia an kidev energia, romelic modebullia gsovill ze da
gardaigmneba masSi mimdinare procesebiT.

terminiT “meJerandi~ aRniSnaven imas, rasac sistema zomavs — Fizikur
sidides, Tvisebas an mdgomareobas. gasazomi sididis xeBmnisawvdomoba
warmoadgens mniSvne B ovan garemoebas, ramdenadac is SeiZll eba
dakavSirebulli iyos TFizikur procesebTan organizmis SigniT (sisxlis
wneva), sxeu lis zedapirze (ekg), aseve mis gareT (infFrawiTel i gamosxiveba).
garda amisa signallis wyaro SeiZlleba iyos sxeulis gsovilidan aRebulli
nimuSi. (mag. sisxBis sinji an masala bioFsiisTvis). samedicino
mowyobi BobebiT gazomvadi ufro mniSvneBovani meJerandi SeiZlleba
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dajgufdes Semdegi kategoriebis saxiT: biopotenciallebi, wneva, nakadi,
zomebi (vizualizacia), gadaadgi Beba (siCgare, aCgareba, Zalla), temperatura,
koncentracia. yoveli meJerandi SeiZlBleba davukavSiroT gansazRvrul
organos an anatomiur strugturas.

saerTo SemTxvevaSi terminiT “gadamwodi~ an “pirveBadi sensorulli
e Bementi~ aRniSnaven elBementarull mowyobi B obebs, romBebic gardagmnian
erTi saxis energias sxvaSi. termini “sensori~ aRniSnavs ufro rTul
mowyobi Bobas, romelSic gazomvadi sidide gardaigmneba elegtrulli
signalis saxiT. sensori unda reagirebdes mxoBod im saxis energiaze,
romelic dakavSirebullia gazomvad sididesTan. sensori warmoadgens
“interfeiss~ biologiur sistemasTan, romeBic misgan unda Rebull obdes
minimaBur energias da ayenebdes pacients minimaBur tramvas, anu gazomva
mimdinareobdes atravmatulad. bevri sensori Seicavs pirvelad sensorul
elementebs, rogoricaa nmembrana, romeBic gardagmnis wnevas. Semdeg
sensorSi  xorcielldeba proporciulli gardagma eleqtrull signallSi,
rome Bsac axorcielleben membranaze ganBagebulli tenzogadamwodi. zog
SemTxvevaSi  SeiZlleba sensoris mgrZnobeBobis regullireba farTo
sazRvrebSi pirveBadi sensorebis Secvlis gziT. gradualuri sensorulli
e Bementebi iTxoven eBeqtrulli energiis gadayvanas, rac saSuallebas iZlBva
miRebu l ignas eleqtrulli signalli sensoris gamosasvilell ze

________ Ao s s A
o BTG Befo |

i + |

sur. 13

rogorc wesi, eleqtrulli signalli romelic generirdeba sensoriT, ar
SeiZBleba uSualod mivawodoT maregistrirebel mowyobi Bobas. igande
auci Bebelia moxdes sensoris signalis ‘“kondicireba~, e.i. gardagma.
martivi gardamgmne Bebi aZBiereben da Filtraven signalls. Tanamedrove
samedicino aparaturaSi warmoebs sensoris gamomsvBelis gardagmna
cifrull formaSi, ris Sedegac cifrulli signalli muSavdeba speciallur
izolirebull cifrulli nmowyobiBobiT an kompiuteriT. gardamgnellis
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magal iTs warmoadgens TFilltri, romelic spobs parazitull eleqtrul
xarvezebs, romBebmac SeaRwies sensoris gamosasvBelSi. garda amisa,
gardamgmne Bs SeuZBia gaasaSuallos ramodenime tipis signallebi, riTac
ancirebs eleqtrull xmaurs. da bolos, gardamgneBs SeuZlia radikalurad
Secvallos sensoris signallis saxe, misi droebiTi sferodan sixSirullSi
gadayvanis gziT (mag: Furies gardagmnis saSuallebiT).

gazomvis Sedegebi unda gamoisaxos iseTi FormiT, rom is gasagebi iyos
operatorisaTvis. monacemebis gamosaxvis saukeTeso saSuallebebi SeiZlleba
iyos maTi cifrulli an grafikulli, diskretulli an uwyveti, mudmivi an
droebiTi warmodgena ekranze, rac damokidebulia gasazom sididesa da
informaciis Semdgomi damuSavebis xerxze. monacemTa mravalli saxiT
warmodgena uSuallod aris orientirebulli Cvens Tvallze da smenaze (mag.
ulltrabgeriTi xelsawyoebis bgeriTi signallebi, romBebic dopleris
efeqtzea dafuZnebulli). mT BianobaSi, gamosaxulli signallebis parametrebi
unda  Seesabamebodes  samedicino  xe B sawyoTmSeneb B obis pragtikull
saxe ImZRvane B 0s, operatorebis moTxovni Bebebiis gaTvall iswinebiT. (Human
Factors engineering guidlines and preffered practices for the design iof medical devices: AAMI,
2001).

) gasazomi sidide unda gamoisaxos gazomvis gansazRvrull erTeu lebSi.
am mizniT sensoris SesasvBels awdian specialur makall ibrebel signalls
damxmare wredis saSuallebiT. damxmare eBementebis sxva magalliTebs
warmoadgenen marTvis wredebi da ukukavSirebi, romBebic marTaven
gardamgmne Bis sensorsa da traqts signalis ufro moxerxebulli formiT
misaRebad, aseve miRebull monacemebs gadascemen asaxvis, Senaxvis
mowyobi Bebebs an BokaBur informaciull gsells. marTvis mowyobi I obebi
da ukukavSirebi SeiZlleba 1iyos meganikuri an avtomaturi. monacemebi
Seizleba Cawerill iyos nmexsierebis mowyobiBobaSi ara marto maTi
Semdgomi gardagmnis mizniT, aramed imisTvisac, rom operatorma SesZll os
monacemTa im Fragmentis gadaxedva, romeBic win uZRoda muSaobis avariul
relJims. aseve SesaZllebelBia pirveBladi signallebis organizeba, ise ronm
SemdgomSi  SesaZBlebelBi 1igneba maTi gardagmna monacemTa damuSavebis
sxvadasxva sistemebad.

monacemTa gadasacemad xSirad iyeneben standartull protoko lebs,
rome B Ta daxmarebiTac gazomvis Sedegebi miewodeba samedicino da
inforaciis damuSavebis centrebs. xSir SemTxvevaSi meJerandi (gasazonmi
erTeulli) SeiZBleba miRebulli ignes invaziuri an arainvaziuri sensoris
mier. saWiro meJerandi miuwvdomeBlia pirdapiri gazomvisaTvis, maSin
iyeneben sxva meJerands, romelBic gansazRvrulli saxiT dakavSirebullia
Sesaswavl Tan an gazomvis obieqtze mimarTaven specifikuri saxis energias,
romlis daxmarebiTac mosaZiebeBi meJerandi xeBmisawvdomi  xdeba
gazomvisaTvis. gazomvis aseTi iribi meTodebis daxmarebiT gansazRvraven
gullis gamotyorcnis sidides (gulis nmier erTi wuTis ganmavl obaSi

gadastumbi mocu B obis sidide), rome I sac Rebu B oben sunTqvis
parametrebisa da sisxBSi airis koncentraciis gazomvis SedegebiT. sxva
maga B i Tebs warmoadgens Sinagani organoebis morfo B ogiuri

maxasiaTeb Bebis gansazRvra rentgenis gadaRebis analizis safuZvel ze,
aseve sunTqvis parametrebis Sefaseba impedansuri pletizmografiis
sxvadasxva variantebis daxmarebiT.

zogierTi gazomvadi sidide, iseTebi rogoricaa sxeullis temperatura
an i1onebis koncentracia, icvBleba imdenad nella, rom maTi sidide SeiZleba
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gaizomos xangrZBivi intervallebis Semdeg. sawinaaRmdegod, sxva sidideebma
an signallebma, rogoricaa elleqtrokardiograma an sasunTqi airis nakadebi,
SeiZleba moiTxovon uwyveti monitoringi. gazomvadi Fiziologiuri
parametris CamonaTvalis nawiBze zemogmedeben Semdegi +Fagtorebi: am
parametris nawi Bobrivi maxasiaTebBebi, misi gazomvis mizani, pacientis
mdgomareoba, aseve samedicino personalis kva b iFikacia da
pasuxismgeb B oba. mxedveBobaSi unda ignas miRebulli, rom dagrovilli
uamravi monacemi SeiZ B eba darCes gamouyenebe l i.

generatorulli sensorebi axdenen gamomavalli signallis formirebas im
energiis saSuallebiT, romelic aiReba gazomviTi procesidan.
modu Batorull sensorebSi ki piriqiT, gazomviTi procesis energia
gamoiyeneba gare energiis nakadis SecvBis mizniT, romelic daiyvaneba
gasazom obieqtamnde da miemarTeba sensoris gamosasviBlelisken. magaliTad
Ffotogallvanuri el ementi warmoadgens generatorulli sensors, ramdenadac
is uSuallod gardagmnis dacemu i sinaT Bis wyaros energias, gamosaviel
eleqtrull signallSi, ar iTxovs ra amisTvis aranair gare energias.
fotorezistori ki warmoadgens modulBatorull sensors: imisaTvis ron
gaizomos misi winaaRmdegobis cvBilleba dacemuli sinaTBis mogmedebis
gav BeniT, masSi auci Bebelia gare wyarodan denis gatareba.

gazomi Bi signallebi SeiZleba iyos analoguri, romBebic mzad arian
miiRon nebismieri mniSvne Boba dinamikuri diapazonis SigniT, an cifrullebi,
rome B Ta mniSvneBoba SezRudulia mkacrad gansazRvrulli sidideebis
nakrebiT. samedicino sistemebSi gamoyenebuBi mravalli sensorebi muSaoben
analogur relJimSi, magram arsebobs iseTi sensorebi, romelTa signallis
diskretulli maxasiaTebeli uSualod dakavSirebullia maTi muSaobis
principTan. signallebis damuSavebis cifrulli meTodebisadni gazrdilma
moTxovni Bebam, gamoiwvia mravall ricxovani analogur-cifrulli da
cifrul-analoguri gardamgmne Bebis SemuSaveba, romBiTac awarmoeben
kompiuteris kavSirs sensorTan an anallogur dispBeisTan. mecnierebma da
konstrugtorebma SeimuSaves 1iseTi tipis sensorebi, romBebSic aris
analoguri gadamwodebi da CaSenebullia cifrulli gardamgmne Bebi. aseve
arsebobs kvazicifrulli sensorebi, rogoricaa kvarcitis Termometrebi,
romlebsac SeuzBiaT daaFigsiron +temperaturis cvBilleba pullsuri
tal Ris dros. aseTi sensoris ganosasvleli advi Blad gardaigmneba cifrul
formaSi.

cifrull signallebTan muSaobis upiratesoba mdgomareobs maRal
sizusteSi, aRmwarmoeb l obaSi, saimedoobaSi da Xarvezebisadmi
aramgrzZnobiarobaSi. rogorc wesi, cifrull signallebi ar saWiroeben
periodull kalibrebas. imis gamo, rom aseTi saxiT informacia martivad
ikiTxeba, aqvs maRali sizuste da martivia, cifrulli monitorebi
gamodevnian anallogur indikatorebs. imav dros, bevri kHRinicisti
upiratesobas aniWebs gamosaxu Bebis anal ogur mowyobi B obas. magaliTad im
SemTxvevaSi, roca maT sWirdebaT Seafason, aris Tu ara romellime
parametri mocemull sazRvrebSi, an maSin, roca eqimi Tvalls adevnebs
Fiziologiuri sidideebis swraF cvlillebas, rogoricaa guliscenis
parametrebis Sefaseba. ukanasknel SemTxvevaSi cifrulli displei imdenad
swrafad cvlis cifrebs, rom maTi Tvalyuris devneba SeuZBebell ia

gadamwodebi da sensorebi yove B Tvis muSaoben realur droSi, ei.
zomaven signalls zustad im momentSi, rodesac is arsebobs. sawinaaRmdegod,
zogierT SemTxvevaSi gamzomi sistema aCvenebs signalls, rome B ic Seesabameba
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drois warsull moments. es xdeba maSin, roca sistemam Tavidan unda
daamuSaos masSi miRebuBi signalli. magaliTad ramdenime Tanmimdevrulli
Canaweris gasaSualledeba an rame saxiT Semavali signallis gardagmna.
nawi Bobriv drois ramenairi Seferxeba gazomviT sistemande signallis
misvBasa da ekranze mis gamosaxvas Soris srullebiT dasaSvebia, Tumca
yove B Tvis ase ar xdeba: marTvis zogierTi amocana iTxovs dauyoneblliv
Carevas gazomviT procesSi ukukavSiris meganizmiT, rac araTavsebadia
gazomviT sistemis gamomavalli signalis SekavebasTan. sxva SemTxvevaSi
xangrZ b iv Sekavebas ver gaveqceviT. magaBliTad gsovilis mzardi kull turis
parametrebis registracia saWiroebs ramdenime dRes, raTa aucilebeli
parametri “momwifdes”. ra Tgma unda, aseT SemTxvevaSi signallis Sekaveba
gazomviT sistemaSi aranair rolls ar TamaSobs.

Cvens mier zemoT ganxi Bulli samedicino mowyobi B obebi gankuTvni Bia
sxvadasxva Fiziologiuri parametrebis gasazomad. gazomvadi signalebis
sixSire da amp l ituda warmoadgens mTavar Ffaqtors, romelic gansazRvravs
gazomviTi sistemis yvela nawillis konstruqcias. medicinaSi gazomvadi
sidideebis umravBesobis mniSvneBoba arsebiTad nakBebia sidideebze,
ronlebic 1izomeba yofaSi da warmoebaSi. magaliTad, Zabva izomeba
mikrovo B tis diapazonSi. wnevis TFiziologiuri diapazoni aseve ar aris
didi (daaxBoebiT 100 mmvwysv. =133 kpask). yveBla cxrillSi moyvanili
signallebi ekuTvnis bgeriTi sixSiris sferos, Tanac zogierTi maTgani
Seicavs mudmiv mdgenels da dabalsixSirian komponentebs. Fiziologiuri
signallebis es Tavisebureba axdens yveBaze uSuallo gavBenas samedicino
mowyobi B obis proeqtirebaze.

cocxalli sistemis bevri umTavresi parametri miuRwevadia uSuallo
gazomvisTvis, ramdenadac SeuZBebelia sensoris “mierTeba” cocxali
organos dazianebis gareSe. bevri urTullesi Fizikuri sistenmisgan
gansxvavebiT, bioBogiur sistemaSi SeuZBebelia nawi Bobriv Semadgenel i
nawi Bis “gamorTva” an “gancall keveba”, rac aucilebeli igneboda sensoris
da gazomvis obieqtis SeerTebisTvis. maSinac ki, roca gazomvis procesis
dacva SeiZlleba zogierTi organos mxridan gamowveu Bi xarvezebisgan, bevri
sensoris zedmetad didi zomebi ar iZBeva saSuallebas mivaerToT isini
gasazom obieqts. aseT SemTxvevaSi uSuallo gazomvisTvis miuwvdomeli
sidideebi SeiZlBeba gaizomos iribad. xarvezebis pirobebSi signalebis
gazomvisas aucillebelia mocemuli xarvezebis gazomva. Mmag. maTi
Tiltraciis daxmarebiT an maTematikuri gadamuSavebis sxva saSuallebiT
monacemTa anal izisas.

sidideebi, daregistrirebulli adamianebze an cxove B ebze
gazomvisasAiSviaTad warmoadgenen SeucvBellebs da determinirebullebs.
bevri parametri icvBleba droTa ganmavB obaSi im SemTxvevaSic ki, rodesac
gazomvis Sedegze mogmedi yveBa TFfagtori standartizebulia magalliTad
monacemTa gabneva SeimCneva _jJanmrTeli gamosacdelebis TFiziologiuri
parametrebis registraciisas erTi da igive pirobebSi. gazomviTi
parametrebis cvallebadoba bioBogiuri obieqtis damaxasiaTebel Tvisebas
warmoadgens, rome Bl sac akvirdebian yovel safexurze-makromo leku lebidan
mT Bian organizmamde. bevr SemTxvevaSi pacientebis parametrebis gare
xillul cv i Bebebs Seesabameba individualluri anatomiuri
gansakuTrebu Bobebi. TFiziologiuri gazomvisas miRebuli sidideebis
mniSvne Bovani  gabneva nawi Bobriv aixsneba cocxalli organizmebis
sxvadasxva sistemebis urTierTgmedebiT. FizioBogiur sistemebs Soris
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mudmivad “CarTulia” mravall ricxovani ukukavSirebi, Tanac bevri maTgani
arasakmarisad aris SeswavBilli. iSviaTad gansazRvrulli parametris
gazomvisas SesaZllebeli ganeitralldes an Tundac Sefasdes xarvezebi
mezobe B i1 sistemebis mxridan. Fiziologiuri maxasiaTebBebis yvelaze
farTod nmiRebull “wamalls” cvallebadobisgan warmoadgens analizis
statistikuri meTodebi, romelBic daFfuZnebullia gazomvadi sidideebis
gadanawi Bebis Tvisebis Sesaxeb warmodgenaze. amasTanave Xxorciell deba
individuaBuri gazomvebis Sedegebis Sedareba Fizio B ogiur normebTan.

pragtikuBlad yvela biosamedicino gazomvebi dakavSirebull ia cocxal
gsovi Bamde energiis miyvanasTan an specializirebulli wyaros an sensoris
saSuallebiT. rentgenuli analizisas, ulltrabgeriTi vizualizaciisa da
doplerulli ull trabgeriTi gazomvebisas gamoiyeneba energiis gare wyaroebi,
ronlebic zemogmedeben cocxall qgsovillze. metad rTulia energiis
usaFrTxo donis gansazRvra, romelic daiyvaneba organizmande mocemull i
gazomvisas, ramdenadac gsovi Bebis dazianeba da aRdgena arasakmarisadaa
SeswavBili. gansakuTrebiT mtikvneuBad unda CaiTvalos nayofis
ganviTarebis adreull stadiaze aseTi gazomvebis Catareba SesazBloa ronm
energiis mcire nakadebma gamoiwvios dazianeba mo Beku Bur doneze.

samedicino dawesebu B ebebvSi mowyobi B obis muSaoba maTze damatebiT
SezRudvebs adgens. mowyobi Boba unda iyos saimedo, muSaobaSi martivi,
Fizikuri datvirTvisa da koroziulli reagentebis mogmedebis mimarT
mdgradi. garda amisa, eleqtrulli mowyobiBobebi 1ise wunda ignas
proeqtirebulli, raTa minimizirebull ignas eleqtrulli deniT dazianebis
SesaZlebBoba pacientebis da medpersonali usaFrTxoebis sakiTxebi
mxedve B obaSi unda ignes miRebuli aparaturis SemuSavebisa da testirebis
yve B a etapze.

L5 biosamedicino mowyobi B obebis kMasifikacia

biosamedicino mowyobi B obebis SeswavBas SeiZBeba mivudgeT oOTxi
mxridan. am mowyobi B obebis muSaobis principi SeiZlleba kBasiFicirdes
gazomvadi sidideebis saxeebis mixedviT, rogoricaa wneva, nakadi an
temperatura. am kBasifikaciis erT-erT upiratesobas warmoadgens is, rom
is aadvi Bebs erTi da imave sididis gazomvis sxvadasxva meTodis Sedarebas.

kBasifikaciis meore saSualleba dafuZnebulia gazomvadi procesis
energiis elleqtrull signall Si gardagmnis principze. masTan SesabamisobiT
gadamwodebi gadanawi Bdeba rezistull, indugciur, mogni I, ultrbgeriT da
eleqtrogimniur gadamwodebad. am gadamwodebis miRebis sxvadasxva saxeebi
aadvi Beben Fizikuri principebis gagebas, romBebic safuzvBlad udevs maT
muSaobas.

kBasifikaciis mesame saSualleba dakavSirebulia Fiziologiur
sistemasTan, rome l zec xorcie B deba gazomva. maga B iTad, gull-
sisxBZarRvTa, nervull an endokrino B ogiur sistemebTan. aseTi midgomisas
speciall istebTan gamoiyofa gazomvis is umniSvne Bovanesi  saxeebi,
romBebic aucillebelia maTTvis viwro sferoSi gazomvebTan gasacnobad.
mocemuBi kBasifikacia aerTianebs sxvadasxva gazomvad sidideebs da
signalebis gardagmnis sxvadasxva meTodebs.

da bolos, samedicino mowyobiBobebi SeiZBeba davyoT maTi
samedicino speciall izaciis Tanaxmad. magalliTad pediatriaSi,
kardio B ogiaSi an radiologiaSi maTi gamoyenebis mixedviT. aseTi midgoma
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sasargeb B oa medikosebisaTvis, romBebic dainteresebulebi arian sakuTari
muSaobis sferos aparaturull uzrunve lyofaSi.
miRebu B ia biosamedicino aparaturis Semdegi kB asiFfikacia

sadiagnostiko

/
\ Terapiulli

e biosamedicino aparatura

e vizuall izaciis aparatura;
e Baboratoriulli aparatura;
e Terapiulli aparatura

samedicino aparaturas waeyeneba rigi specifiuri moTxovnebisa maT Soris:

e usafrTxoeba — samedicino aparaturas moxmarebam =ziani ar unda
moutanos pacientebs da personals.

e efeqturoba — samedicino aparaturas meSveobiT SesaZlebeli unda
iyos mosalodne i Sedegebis miRweva.

e saimedooba — minimumamde unda iyos dayvaniBi gauTvaliswinebeli
gaumarTaobis SemTxvevebi.

an pirobebis dasacavad samedicino tegnikis dargSi damuSavebullia
standartebi, salicenzio sistemebi. ukanaskneBi 40 wHlis ganmavll obaSi
TiToeu I ma gveyanam SeimuSava sakuTari saregu Bacio meganizmebi. mag:
e gaerTianebuli samefo — mwarmoeb Bebis registracia; DHA
e aSS-s mier (produqciis xarisxis kontroli);
e safrangeTi — damtkiceba (hemo B ogizacia). aparaturis savaldebullo

Semowmeba;
e germania — aparaturis tipis savall debu B o Semowmeba;
eitallia — savalldebullo registracia Jandacvis erovnulli

institutis Mmier.
axall i, saerTo evropulli ganviTarebis koncefciidan gamomdinare, saerTo
evropulli bazris SesagmneBad damuSavda evropulli direqtivebi. diregtiva
warmoadgens evrogaerTianebis kanonmdeb B obis nawills da saWiroebs
transformacias nacionaBlur kanonebSi, TiToeulli qveynisaTvis. jandacvis
produgciisaTvis damuSavebu Bia sami diregtiva:
1. aqtiuri impBantirebadi samedicino mowyobi B obebi
-90/385/EEC 1990 w Bis 20 ivnisi.
2. samedicino mowyobi B obebi

-93/42/EEC 1993 wlis 14 ivnisi.
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3. mowyobi B obebi in-vitro diagnostikisaTvis
-98/79/EEC 1998 w l is 27 ivnisi.

es sami direqtiva moicavs samedicino produgciis mT Bian sFferos, garda
Farmacevtull'i produgciisa
samedicino mowyobi B obis (aparatis) gansazRvreba:
nebismieri instrumenti, aparati, masalla an sxva saqoneli (kompiuterulli
programebis CaTvRiT), romelic ixmareba callke an kombinaciaSi da
mwarmoeb Bis mier gankuTvnilBlia, raTa gamoyenebull ignas mxoBod an
ZiriTadad adamianebisaTvis Semdegi miznebis gansaxorcielleblad:
- daavadebis, dazianebis an Sromisuunarobis diagnostika, proFfi Bagtika,
mkurnal oba an Semsubugeba.
- anatomiuri an TFiziologiuri procesis gamokvBeva, Secvla an
modiFfikacia
- Casaxvis kontroli
da romelic ar anxorciellebs mis principull zemogmedebas adamianis
sxeu B ze(Si) Farmako Bogiuri, imunoBogiuri an metaboBuri meganizmebis
meSveobiT, magram romBis zemogmedebas SesaZBebeBia Tan sdevdnen da xells
uwyobdnen zemoaRniSnu B i meganizmebi.

samedicino mowyobi B obebis k Basifikacia evrogaerTianebis direqtivebis

mixedviT

inp Bantirebad ﬂI]l::>

90/385EE

agtiuri | N | C20-6-90

Terapiuli
sanedicino >HLII_>
mowyobi I oba invaziuri 93/42EE
ara C 14-6-93
aqriuri arainvaziuri |/

In-vitro [ —

98/79EC
27-10-98

sur. 14

nebismieri samedicino mowyobi I oba, romelic SeerTebullia an
aRWurvi lia elleqgtrulli energiis wyaroTi an nebismieri wyaroTi, garda
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amisa, romelic iyenebs adamianis sxeulis mier pirdapir generirebul
energias da axdens am energiis gardagmnas.

samedicino mowyobi B obebi, romeBebsac gadaaqvT energia, nivTierebebi
an sxva elementebi aqtiur samedicino mowyobi Bobasa da pacients Soris
mniSvne Bovani cvliBebebis gareSe, ar arian miCneulli agtiur samedicino
mowyobi B obebad.

aqtiuri Terapiulli mowyobi Boba — nebismieri agqtiuri samedicino
mowyobi Boba, romel ic gamoiyeneba callke an kombinaciaSi sxva samedicino
mowyobi B obasTan, raTa moxdes bioBogiuri Funqciebis an strugturebis
xe 1 Sewyoba, modiFikacia an Secvlla daavadebis, dazianebis an
Srimisuunarobis mkurna Bl obis an Semsubugebis mizniT.

agtiuri sadiagnostiko mowyobi Boba — nebismieri aqtiuri samedicino
mowyobi B oba, romelic gamoiyeneba cal ke an kombinaciaSi sxva samedicino
mowyobi BobasTan, raTa moxdes informaciis miwodeba Fiziologiuri
mdgomareobis, janmrTel obis mdgomareobis an ganviTarebis Tandayolili
mankebis aRmoCena, diagnostireba, monitoringi an mkurnall oba.

- kompetenturi organoebis movalleobebi. saxeBmwifo ufFBebamosili
organoebi. notificirebis saregistracio organoebi, romlebic
exmareba zemoT moyvani Bi sami stadiis ganxorcie lebaSi,

- niSani “CE” aucillebelia produgciis gasayidad evrogaerTianebis
bazarze.

- standartebis roli, ganisazRvreba kavSiri mocemull direqgtivas
(rome B ic kanonia) da standarts Soris (romelic ar aris kanoni).
diregtiva moicavs or ZiriTad proceduras: “pre-marketulli”

(wina-sabazro) da “post-marketulli” procedurebi.
mniSvne B ovani moTxovnebi (direqtivis danarTi |, EC 93/42)
e zogadi moTxovnebi:

- zogadi sakiTxebi, romelic exeba samedicino mowyobi B obebis

mT Bian usaFrTxoebas, efeqturobas da saimedoobas
e moTxovnebi, rome B ic exeba dizains da konstruqcias, ZiriTadi

Jgufebi:

- gimiuri, Fizikuri da biologiuri Tvisebebi,

- infeqciuri da mikrobu B'i dasnebovneba,

- konstrugciulli da ekoBogiuri Tvisebebi,

- mowyobi B obebi gamzomi FunqciiT,

- radiaciis sawinaaRmdego FfunqciiT,

- samedicino mowyobi B obebis mimarT, romBebic dakavSirebullia an
aRWurvi Bia energiis wyaroTi

- infFormacia romell ic mowodebu l ia mvarmoeb B is mier.
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k BasiFfikacia (direqtivis danarTi IX, EC93/42)
e kBasifikacia Sedgenilia kBasifikaciis wesebis mixedviT, romlBebic
mocemu B ia diregtivebis damateba IX-Si (kBasifikaciis 18 wesi)
» samedicino mowyobi B obebi iyofa Semdeg kW asebad: I, lla, Ilb, Il
e mowyobi Bobis kMNasi ganapirobebs Sesabamis dadgenis optimallur
procedurebs.
mowyobi B obebi, romBebic mocemuBia direqtiviT, dajgufebullia 4
k B sad Semdegnairad:
e kBasi | — zogadad miCneul ia, rogorc daballi riskis,
e kBasi lla - zogadad miCneu B ia, rogorc saSuall o riskis,
e kBasi Ilb - zogadad miCneu lia, rogorc saSuall o riskis,
e kBasi lll - zogadad miCneu Bia, rogorc maRali riskis.
kB asebi Seesatyviseba samedicino mowyobi Bobis potenciur risks

(xifaTs):

“pre-marketulli” (wina-sabazro) procedurebi

samedicino aparati mniSvne B ovani moTxovnebi

—>

Il

k Basifikaciis wesebi
k Basebi 1, Ila, Ilb, I

Il

Sesabanosqhi
dadgeni
procedurebi

lLCEl’
niSani

1geoueba0 or1oeaysibaaes

sur. 15
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e kBasi I

- arainvaziuri mowyobi I obebi

- invaziuri mowyobi B obebi 1 saaTze nak Bebi gamoyenebisaTvis
e klasi lla:

- arainvaziuri mowyobi B obebi sisxlis Senaxvisa da
gadasxmisaTvis,

- girurgiulli mowyobi Bl obebi mokBevadiani gamoyenebisaTvis — 30
dReze nak l ebi,

e kBasi llb:

- arainvaziuri mowyobi Bobebi, romBebic gankuTvniBia sxeullSi
Sesayvani sxeu B ovani an sxva siTxeebis da sisxBis biologiuri
an gimiuri Semcve 1 obis SecvlisaTvis — hemodializuri.

- araaqtiuri imp Bantirebadi mowyobi B obebi — orTopediul

girurgiaSi

“post-marketull i” procedurebi

kompetenturi organo

erovnuli
kanonndeb I oba

incidentebis Sesaxeb
Setyobinebis sistema

incidentebis aRricxvisa da analizis
sistema (“sifxizlis sistema”)

sur. 16
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kodificireba — aparaturas kodiFficireba warmoebs winaswar
dadgeni B'i jguTebis, saxeobis an gan B agebis mixedviT, magall iTad:
- 6712176 - el. kardiografi 3 arxiT;
- 17143 — ogsimetri (kodi ECRT);
- 12020526 — rentgenu li aparati.
boBlo SemTxvevaSi aparati ganBagebulia me-12 ganyofi lebaSi, 02
seqtorSi, me-5 oTaxSi da misi nomeria 26.
usafrTxoebis standaritebi — saerTaSoriso elegtrotegnikur
komisiaSi ~International Electrotechnicdlue ~ Commission ~IEC SemuSavebu I ia
eleqtrulli samedicino aparaturis usaFrTxoebis saerTaSoriso
standartebi. usaFrTxoebis gansazRvreba romelic SemoTavazebulia am
komisiis mier:
~dazianebis riskisagan ganTavisuf I eba~ISO/IECG.15
sabaziso usafrTxoeba uzrunvelyofs dacvas pirdapiri Fizikuri
dazianebisagan, rodesac samedicino aparati muSaobs normallur an
prognozirebad, dasaSveb pirobebSi (mag: meganikuri dazianeba, denis gaJonva)
/ 1SO/IECG/5.
ICE-513 — usaFrTxoebis Ffundamenta B uri aspeqtebi samedicino
eleqtronulli mowyobi B obebisaTvis;
ICE-601-2-13 naw.l — usaFrTxoebis saerTo aucillebBobani anesTeziis
aparatebisaTvis;
| CE-601-2-26 MEE— usaFrTxoebis kerZo aucillebBobani samedicino
inkubatorebisaTvis;
arsebobs el eqtrosamedicino usafrTxoebis britanulli standartebi:
BS5724 elegtrosamedicino xe I sawyoebis usafrTxoeba;
BS 4275 respiratorulli damcavi xe B sawyoebis amorCeva, gamoyeneba da
tegnikuri momsaxureba;
BS 5724 - seqcia 220 e B .sanedicino xe B sawyoebi — Cvi B Ta inkubatorebis

speciFfikacia
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Tavi 2

e leqtrodebi biopotenciallebis mosaxsne lad

cocxalli organizmis potenciallebis gazomvisa da CawerisaTvis
aucilebelia interfeisis arseboba sxeullsa da elegtronull gamzom
xe Bsawyos Soris. aseTi interfeisis rolls asrulleben eleqtrogimiuri
e Beqtrodebi, rome I Ta daniSnu lebaa biopotenciallebis gazomva (gamoyvana).
gamzom wredSi potenciallebis nebismieri gazomvis dros miedineba
eleqtrulli deni, romelic i1idealur pirobebSi Zallian mcire sididis unda
Iyos, magram praqtikaSi es deni arasodes ar aris nullis toll
biopotenciallis mosaxsneli eleqtrodebi unda atarebdenen dens pacientis
sxeu lsa da elleqgtrull gamzom wreds Soris.

erTi SexedviT biopotenciallebis mosaxsneli elBeqtrodebi SeiZleba
Iiyos sakmaod martivi, magram am probBemis guBdasmiT SeswavBa gviCvenebs,
rom realluri elleqgtrodi aris gardamgmneli xell sawyo, imitom rom denis
gadatana sxeu B Si mimdinareobs i1onebis saSuallebiT, xolo eleqtrodSi da
mis dengamtarSi - elegtronebiT. amdenad elBegqtrodi unda asrullebdes
ionuri denis elleqtrullSi gardamgmne Bis TFunqcias. es mniSvne I ovnad
arTullebs eleqtrodebis mowyobas da garkveul SezRudvebs awesebs maT
gamoyenebaze. rogorc cnobilia, eleqgtrolitebi ar Seicaven Tavisufal
elegtronebs, xolo HRiTonis gamtarebSi ki ar moipoveba Tavisufali
anionebi da kaTionebi. imisaTvis rom muxtma gadakveTos sazRvari or
principullad gansxvavebull gamtars Soris, maT sazRvarze unda moxdes
gansakuTrebu i procesi. sinadviBeSi ki gamtarebis sazRvarze xdeba
gqimiuri reaqcia, romelic aseTi saxiT Caiwereba

C o C"™+ne’ A" o A+me” 2.0)

sadac: n— CkaTionis vallentobaa, m= A anionis vallentobaa. SevniSnavT rom
orive reagcia Seqcevadia, ase rom sazRvarze SesaZBebell ia moxdes rogorc
daJangvis, ise aRdgenis reaqciebi. am process adgi Bi agvs maSinac, rodesac
eleqtrodsa da eleqtrolits Soris deni ar gadis. amasTan e Beqtrodsa da
eleqgtrolits Soris sazRvarze daJdangvis reaqciis siCgare udris

aRdgenisas.
—
+«—C A
o s
+
C o EE——
e — Cct+
A
C
eleqtrodi eleqgtroliti
I >
sur. 2.1

Semdegi kv BevisTvis davakvirdeT ra moxdeba Tu BiTonis naWers CavuSvebT
xsnarSi, romelic Seicavs am HBiTonis ionebs. es ionebi warmoadgenen
kaTionebs 1se, rom xsnarSi unda iyos imave raodenobis anionebi, rom
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SeinarCunos elldgtronulli neitralloba rogorc ki BiToni Seva kontagqtSi
xsnarTan, maSinve daiwyeba reaqcia (sur 21). Tavidan reaqcia SeiZleba
wavides marcxnidan mar gvniv an mar gvnidan marcxniv. es damokidebullia
xsnarSi kaTionebis koncentraciaze. kaTionebis BokaBuri koncentracia
xsnarSi sazRvrebze icvBleba ise, rom mogmedebs anionebis koncentraciaze
an wertillSi. Sedegad xsn'ris neitralluroba m wertilebSi irRveva
angvarad B i1Tons zedapirze aqvS elleqtrulli potencialli ufro meth vidre
xsnarhs sxva  werti BebSi. am potenciallebis sxvaoba  cnobi lia
elegtrodulli potenciallis saxeliT, romelic ganisazRvreba HBiTonis
saxeobiT, xsnarSi ionebis koncentraciiT, temperaturiT, da agreTve
sxvadasxva FaqtorebiT. eleqtrodulli potencialis codna saWiroa
eleqtrogimiuri el ementebis muSaobis gasagebad.

BiTonis da eleqtrolitis uSuallo Sexebis sazRvarze 1ionebis
gan Bageba iwvevda e Beqtrogimikosebis did interess. amitom damuSavda am
procesis axsnis mravalli Teoria eleqtrodulli potencialli ganixi Beba
rogorc Stefis modeli. Cven vsargeb BobT am Teoriis ZiriTadi daskvnebiT.
BiTonis da eleqtrolitis Sexebis sazRvarze muxtebis gayofa iwvevs ori
eleqtronuli Sris warmogmnas, romelBSic erTi muxtis tipi dominirebs
BiTonis zedapirze, sawinaaRmdego muxti ki moWarbebu Badaa ganBagebulli
uSuallod mimdebare elBeqtrolitTan muxtis aseTma ganawi Bebam SeiZll eba
igonios gavllena elegqtrodis muSaobaze.

cxrilli 21

BiTonebis standartulli eleqtronulli potenciali

ronBebic gamoiyeneba e Beqtroginiuri eBeqtrodisTvis 25° C.

BiToni da reaqcia potencialli E° B

AlD Al®* +3¢ -1.706

Zn 0 Zn** +2¢ -0.763

Cr0 Cr** +3¢” -0.744

Fel Fe*'2e’ -0409

Cdn Cd**+2e -0.401

Ni D Ni**+2e’ -0.23

Pb 0 Pb™+2e -0.126

H,0 2H"+2e 0.000

Ag+Cl 1 AgCl+e +0.223

2Hg+2ClI 0 Hg,Cl,+2e +0.0268

Cul Cu*+2e +0.340

Cull Cu'+e’ +0.522

Agl Ag'+e +0.799

Aul Au*'+3e’ +1.420

Aull Au*+e +1.680
eleqgtrodulli potencialis Secvlla SeuZbBebel ia uwyveti

elegtrodulli jawvis SesagnmneBad saWiro gaxda meore elBeqtrodi, radgan
meores gaaCnia sakuTari elegqtrodulli potencialli. Sedegad Cven miviRebT
sxvaobas or ellegtrodull potenciallSi. SesaZBebeBia Seigmnas cxrilli
potenciallis sxvaobebis yvela kombinaciis wyvilli eleqtrodisTvis.
e Beqtrogimikosebi SeTanxmdnen, rom naxevare Bementis potenciali,
normalur Baboratoriull mdgomareobaSi, nullis tolia danarCeni sxva
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eleqtrodebis potencialls zomaven am standartul eleqtrodTan
mimar TebaSi.

cxrillSi 21 moyvanillia vramodenime tipis BiToni da maTi
standartulli eleqtroduli potencial i, romBebic gamoiyeneba
eleqtrodebis dasamzadebBad da agreTve naCvenebia Sesabamisi Jangva-
aRdgeniTi reagcia romellic mimdinareobs am BiTonebis zedapirze.

wya B badis el eqtrodze mimdinareobs Semdegi reaqcia

H o 2H o 2i++2e- (2.2)

ag H, aRniSnavs gazwarmomgmned wyalbads. es gazi warmoadgens
atomuri wya B badis molekullis wyaros. pBlatina aris katalizatori.

zemoT ganvixileT elleqgtrodulli potencialis is SemTxvevebi,
rodesac elleqtrodebsa da eleqtrolitebs Soris ar gadis elleqtrulli
deni. aseT potencialls ewodeba wonasworulli eleqgtrodulli potenciali.
Tu eleqtrodebis wyvills Soris gavatarebT dens gasazomi potenciali
sagrZznobBlad Seicvleba. es gansxvaveba gamowveullia eleqtrodebis
po BarizaciiT. sxvaobas e Beqtrodebis potencialls Soris, rome B Sic gadis
eleqgtrullt deni da amave elegqtrodis wonasworulli potencialls Soris
ewodeba e Beqtrodebis gadaZabva. gadaZabvebi iyofa meganizmebis mixedviT
sam saxeobad: omuri, koncentraciulli da agtivaciuri.

omuri gadaZabva aris pirdapiri Sedegi eleqtrodis omuri winaRobis.
koncentraciulli gadaZabva aRiZvreba eBeqtroBitSi ionebis ganawi Bebis
Secv B isas massa da elBeqtrodis Sexebis sazRvarTan.

mesame meganizmi po Barizaciisa aris agtivaciuri gadaZabva. muxtis
gadatanis procesi Jangva-aRdgeniTi reaqciisas (21) ar warmoadgens
bo Bl omde Seugcevd reaqcias. BiTonis atomebi rom davJangoT kaTionamde,
romelic SesaZBloa gadavides xsnarSi, aucillebBad unda gadavBaxoT
energetikull i barieri. Aam barieris done damokidebulia denis
mimarTu B ebaze.

polarizaciis samive meganizmi aris aditiuri. amrigad, elegtrodis
mT B iani gadaZabva ganisazRvreba formuliT:

Vp=VtVe+V, (2.3)

Vp =eleqtrodis gadaZabvis mT Biani po Barizacia,
V., = omuri gadaZabva

Vc = koncentraciu b1 gadaZabva

V. =agqtivaciuri gadaZabva

Tu ori eleqtroliti erT da 1imave ionis sxvadasxva koncentraciT
gayofFiblia nmembraniT, romeBic SeRwevadia mxoBod am ionebisTvis, mis
membranaze warmoigmneba potenciall Ta sxvaoba. es potencialli aRiwereba
nernstis ganto BebiT:

a
E:—ﬂln

—+ 2.4
nF a, @4

sadac a, a, warmoadgens 1ionis agtiurobas garsis orive mxares.
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standartulli elleqgtrodulli potenciallebi (cxrilli 21) gazomilia
standartull pirobebSi. amitom eleqtrodi Tavsdeba eleqtrolitSi,
romelic Seicavs eleqtrodis masalis kaTionebs, Semcveli erTeulli
agtivobiT.

E=E° +s—;ln(acn+) (2.5

aq:
E=eleqgtrodulli potenciali;
E°= standartulli elBeqtronulli potenciali;
n= eleqtrodis valentoba;
a=kaTionis aqtiurobaC™
(2.6) ganto Beba warmoadgens nernstis modiFficirebull ganto lebas
Jangva-aRdgeniTi reaqciisas ganto Beba miiRebs Semdeg saxes

IA+1B <« »C+ID+ne (2.6)

ganto B eba miiRebs Semdeg saxes

£=pos R, @ 8%
nF aa aﬂb

(2.7)

sadac a reagqciaSi monawi BeTa agtivobaa.

Tu SeviyvanT kontagtSi sxvadasxva koncentraciis or elleqtrolits,
maT Soris aRiZvreba potencialTa sxvaoba, romellsac difuziuri
potencialli ewodeba. erTi da igive Sedgeni Bobis naerTisaTvis, romellsac
sxvadasxva aqtivoba aqvs es sidide gamoiTv leba Semdegnairad:

E. :ﬂm a (2.8)

" optpnF @

ag 0, 0. aRniSnavs dadebiTi da uaryofiTi ionebis gadaadgi Hebas.

Teoriullad SesaZllebelBia warmovidginoT ori ukiduresi tipis
ellegtrodis arseboba: abso Buturi polRlarulli da abso luturi
arapolarulli. es kBlasifikacia aisaxeba procesSi eleqtrodisa da
elegtrolitis Sexebis sazRvarze denis gavBlis SemTxvevaSi.

qlorvercxlis eleqtrodi (Ag/AgCIl) farTod gamoiyeneba pragtikaSi da
advillad miiReba HBaboratoriull pirobebSic. Tavisi TvisebiT 1is
uax Bovdeba arapoBarizebull ellegqtrods. is ekuTvnis 1iseTi kBlasis
elements, romelic damzadebulia HBiTonisagan, romelic dafarulia am
BiToniT anionis msgavs sustadxsnadi marilis SriT. eleqtrods
tvirTaven eleqgtrolitSi, romelic gajerebullia igive anionebiT, sakmaod
maRa Bl 1 koncentraciiT.
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sur. 2.2

sur. 22-ze gamosaxulia gqBorvercxlis eleqtrodi. ellegtrodis TuZes
warmoadgens BiTonuri vercxBi, romelsac mirCiBulli agvs 1zobRirebulli
sadeni. vercxBlis zedapiri dafarullia FfuZe mariBiT AgQCl es marili
Zne Bad ixsneba wyal Si, amitom eleqtrodi ar iSBeba drois ganmavll obaSi.
eleqtrodi CatvirTullia eleqtrolitSi, ZiriTadi anioni aris Cl
saukeTeso Sedegis misaRwevad e Beqtro B itis naerTi unda iyos AgCl.

qlorvercxlis elegtrodis muSaobisas mimdinareobs ori qiniuri
reagcia

Ag <« Ag'+e (2.9)

Ag*+ ClI” <—>AgCIl (2.10)

meore reaqcia mimdinareobs uSuallod ionebis Ag® Formirebis Semdeg.
es i1onebi erTiandebian CI© ukve naerTSi myofni da gmnis marills AgCl
rogorc zeviT aRvniSneT AgClZal in sustad ixsneba wyall Si.

bioBogiur siTxeebSi Cl - SedarebiT maRall ia, amitom misi agtivoba
erTeull ze randenjerme mcirea.

Cven SegviZBia vipovoT elleqtrodebis potenciali Ag/AgCl
eleqtrodisTvis

E = E%, +%Ln((aAg+) (2.10)

es ganto Beba SegviZll ia warmovadginoT ase:

RT = K,

E=E°+—_——|n —= (2.12)
nF a,
an
RT Rt
E=E%; +—In —Inla 2.13
Ag nF ( s) nE ( cr) ( )
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imisaTvis, rom gavigoT ellegtrodis mogmedeba biopotencialis

registraciisas kanis zedapirze, yuradReba unda gavamaxvi BOT kidev erT
biogimiur sistemaze, eleqtrolitze da kanze. kanze eleqtrodis dadebis
adgi Bas gamoiyeneba gamwvirvalle eBeqgtrolitulli geli, romelic Seicavs
Cl. gellis da elleqtrodis =zedapiri warmoadgens Iigive saxis sazRvars
rogorc zemoT aRvwereT.

sur. 23 —ze naCvenebia kanis sigrZivi kveTi. kani Sedgeba sami Srisagan,
rome B ic icavs organizms garemo pirobebisgan.

kanis Sreebs Soris ganBagebullia kanis sisxBZarRvebi da Kkanis
nervebi, agve aris ganBlagebulli oflis da Tmis Fo liku lebi.

Eepidermisi
Dderma
K

kangveSa
Sre

sur. 2.3

Zalian xSirad biopotenciallis gasazomad gamoiyeneba HBiTonis
Firfitebisgan damzadebull eleqtrodebi (sur. 24) naCvenebia zogierTi
maTgani.

Piie

: ({;;: 7
‘—{%‘\%:f"?ﬁf Q: h-::-‘:;-)

(=) (6)

X

(=)

sur. 24

an suraTze warmodgeni Bi eleqtrodebi Semdegia: BiTonis Firfitis
diskis msgavsi elleqtrodi, romlis bolRoebi daxrilia elegtrodi
magrdeba Beikoplastiris daxmarebiT, Ees aris erTjeradi eleqtrodi,
rome lic ufro xSirad gamoiyeneba kardio B ogiaSi.
arsebobs ew. mimwovi elBeqtrodebi, romBebic warmoadgens BiTonis
eleqtrodis erT-erT saxeobas, (sur. 25). eleqtrodis es saxeoba ar
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saWiroebs kanze damagrebas. minisebur mikroe Begtrodebs amzadeben minis
kapi Barebisagan. kapi Baris centrallur nagi Bs acxeleben sanTuraze minis
darbi Bebande, Semdgom kapi Bars swrafad gawe Baven, pipetis msgavsad,

aseTi tegnoBogiuri operaciebiT amzadeben specialur aparatebs,
rome B Ta daniSnu Bebacaa gacxe Beba da Tanabari gaWimva sasurve l donemde.
es aparatebi saSuallebas iZBeva swrafad damzaddes miniseburi
mikroe Beqgtrodebi gaWimulli kapiBari iyofa or naxevrad, iReben
mikropipetebs, rome B Ta boHBoebi 1-mkm diametrisaa. aseTi mikropipetisgan
mzaddeba mikroe B eqtrodi.

]"“:‘FEJE als a

Bodopmbgbe = —E,j%
\C _:;é.j;,h Loy 3o s iy
S bymoda®o

sur. 25

pipets xuraven saxuraviT, romellzedac mimagrebullia HBiTonis
eleqtrodi, is kontaqtSia pipetis SigniT arsebull elleqgtrolitTan aseT
elegtrods xSirad amzadeben vercxBis mavTulisgan, romBis zedapiric
dafarullia vercxlis gloridis elleqgtrolizuri feniT. zogjer iyeneben
agreTve pRatinis an uJangavi foladis mavTulls.

farTo gamoyeneba moipoves mikroe 1 eqtrodebma, romBebic
damzadebu B ia mikroeBeqtonulli tegno Bogiebis meSveobiT. tegno B ogiebi,
romBebic gamoyenebu Bl ia tranzistorebisa da integraluri mikrosgemebis
dasamzadeb Bad, SeiZleba gamoyenebull ignas mcire zomis meganikuri
strugturebisaTvis. pragtikaSi danergiBia am tegno B ogiebis gamoiyeneba
BiTonuri mikroe Begtrodebis dasamzadeb l ad.

aseTi1 mikroelleqtrodebis konstrugciis safuZzvels (sur. 26 a)
warmoadgens viwro ogros milakebi, romBebic dallegilia silBiciunmis
fuZeSreze, romlbis zedapiric winaswar damuSavebu Bia gaumtari SiOz-is
daleqviT. Semdgom etapze siliciumis FuZeSres amoaSroben viwro RiBakis
Camoya B ibebisaTvis, roml is sisgec sakmarisia ogros mi BakisTvis.

wveris midamoSi siBiciumi amoiWmeva (amoiSroba) wveridan 1 an 2 mm-is
daSorebiT ise, rom darCes mxoBlod ogqros zolebi da maTze SiOz-is
maizoBirebel1 Tena (Sre). 1zoBacia amoiWmeva mxoBod ogros zolebis
wveroebze, raTa gaxsnas elBegqtrodebis kontagturi zedapiri. Tumca aseTi
teqgno B ogiis gamoyenebisas ar SeiZleba iseTi eleqtrodebis damzadeba,
romelTa wveros diametri iseTive mcirea, rogorc zemoT ganxiBulli
minisebri mikropipetebisa. es tegqnoBlogia saSuallebas i1ZBeva damzaddes
mikroe B eqtrodebis matricebi da amasTan matricaSi SenarCundes TiToeuli
elleqtrodis geometriulli sizuste
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sur. 2.6
mikroeBeqgtronulli tegno B ogiebis maRali aRwarmoeba saSualebas
iZBleva didi raodenobis eleqtrodebis damzadebisa, romelBTac aqvT

erTnairi geometriulli maxasiaTebBebi. erTi eleqtrodis maxasiaTebeli
mcirediT gansxvavdeba sxva romell ime maxasiaTeb ll isagan.

dabygn
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b of g drero L
HESII e = \ AL
i ) _|I?- S \ ..-. e, 5 Id'
T Jafbamoels bobmo el
aengdeioage et -~
(a)

(e}
sur. 2.7

mikroeBeqgtronulli tegno B ogiebis gamoyenebiT SemuSavebull igna
mastimu B irebeli da maregistrirebelli eleqtrodebis sxva konstruqciebi.
sur. 27. viwro zondze siliciumisagan amzadeben mikroeleqtronul
matricebs, romelic SeiZleba ganvaTavsoT wina tvinis qergsSi
potenciallebis registraciisaTvis. am elegqtrodebis msgavsia OQros an
vercxBlis qloridis eleqtrodebi, romBebic imyofebian ZalBian patara
ugredSi, romelic damzadebulBlia gaumtari da eleqtrolitis xsnariT
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savse apkisagan. am ujgreds aqvs patara xvreli, romeBic saSualebas
gvaZ B evs damyardes elleqtrulli kontagti nervull gsovill Tan.

gbtedhate -I'ilz a7 g4 gk
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sur. 2.8

yve B aze originalluri mu l tieleqtrodi SemuSavebu I igna
periferiulli nervebidan signallebis registraciisalvis (sur. 28), es
eleqtrodi Sedgeboda xvreBebis jgufisagan, romeBic amotvifrulli iyo
siBliciumis mikrosgemaSi, avtori aseT eleqtrodebs iyenebda cxove lebze
cdebis CasatarebBad, romBebsac periferiulli nervebi gadauWres. Semdgom
gadaWri Bi nervebis bo Boebze ise ganaTavses siBiciumis mikrosgemebi, rom
regeneraciis dros nervi aRdgeboda mikrosgemaSi xvreBlis amozrdis
kvaBdakvall. mikrosgemis TviToeulli xvrelis silliciumis zedapiri
ifareboda ogroTi, rac uzrunvellyofda nervull boWkoebs Soris
eleqtrulli kontaqtis damyarebas romBebic xvrelebis gavliT gadiodnen.
eleqtroencefalografiulli monitoringisTvis, xeBmZRvane B oben 10-20
gamomyvanebis sistemiT, romBebic rekomendirebullia eeg-s Seswavlis
saerTaSoriso sazogadoebiT (sur. 29). am sistemis mixedviT e lBeqtrodebis
ganBageba xorcielldeba specialuri anatomiuri niSnullebiT. eeg-s
CawerisTvis iyeneben diferencialur gamaZBlierebels (gaaCnia ori
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Sesasvleli da gancallkavebulli damiwebis elBeqtrodi)Mmisi daxmarebiT
registrirdeba potenciall Ta sxvaoba (1) eBeqtrodebs nebismier wyvills
Soris (bipoBlarulli gadacema), (2) erT monopolarull elleqtrods da
moci Bebull referentull elleqtrods Soris (Cveullebriv is magrdeba erT-
erT yuris bibillos an erdroullad orive yuris bibilosTan) da (3) erT
monopo Barull elleqgtrods da yvela eleqtrodTa saSualo potencialls
Soris, vromelic gvevlineba virtualur ,saSuallo referentull
ellegtrodad”.

sur. 29

ukanaskne I SemTxvevaSi am saSuallo referentull ellegtrods warmogmnian,
yve Ba aqtiuri elegtrodebis SeerTebis gziT, romBebic ganBagebulni
arian Tavze mocemull wertilebSi Tanabari da maRaBl i winaaRmdegobis
gavliT erT saerTo wertillSi. aseTi eleqtrulli sgema reall izacias
ukeTebs Tavis yve la e Beqtrodebis potenciall Ta maTematikur
gasaSua l ebas.

bipoRarulli (diferencialluri) gamoyvanisas aregistrireben
potencial Ta sxvaobas or mezobell elleqtrods Soris. aseTi gadacenmis
upiratesoba mdgomareobs 1imaSi, rom am dros aRmoifxvreba gare
dabrkoleba, romelic Tanabarad modis orive elleqtrodze (dabrko leba
am SemTxvevaSi SeiZleba 1iyos, rogorc elleqtrulli zeddeba, aseve
SedarebiT daSorebulli gerqulli wyaro). saboBood SesaZBebeli xdeba
mkafio B okallizaciis pasuxis miReba. Tumca eeg-s erTi da igive epizodebi
SeiZBleba Caiweros zemoT aRwerili1 sami meTodidan nebismieriT.
TiToeulli meTodiT registraciisas maT gaaCniaT individuaBluri saxe. eeg
registracia xorcielldeba diferencialuri gamaZBierebBis daxmarebiT
gaZl ierebis maRali koeFficientiT da Tan tevaduri KkavSiris
SesasvleliT. gamosasvBeli signali Cveullebriv iwereba TviTCanweri
Bentis saSuallebiT, eeg-s signalls iweren sixSirull zolSi 05_dan 80hc-
mde. Tanamedrove e Beqtroencefall ografebi warmoadgenen
kompiuterizirebel xelsawyoebs. eleqtrodebis komutacia xorciell deba
kompiuteru i marTviT, rac afarToebs diagnostikur SesaZleb l obebs.
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Cveullebriv eeg registracias ukeTeben Ffxizel mdgomareobaSi,
pacientebs romBebic wvanan sawolze daxuWulli TvalebiT. pacientebs,
romBebic aseTi meTodiT arian ganTavsebu Ini, artefaqtebi
eleqtrodebis moZraobisgan da sxva elleqtrulli dabrko 0 ebebi
mniSvne Bovnad umcirdebaT. kunTebis aqtivoba saxeze, kiserze, yurebze da
aS. SeiZlleba iTqvas, rom arsebobs kavSiri tvinis agtivobis xarisxsa da
eeg-s riTmis saSuall o sixSires Soris. es sixSire progresulad matull obs
agtiurobis gazrdasTan erTad. dabali sixSiris del ta-tallRebi
damaxasiaTebe B ia patarebisTvis, all fa talRebs akvirdebian dasvenebis
dros. maRalli sixSiris beta riTmi, Tan axBavs intensiur gonebriv
muSaobas. saWiroa mxedveB obaSi vigonioT, rom gonebrivi muSaobis
periodSi daregistrirebulli osciBaciebi xdeba asingronulli, ase rom eeg
amp B 1tuda mcirdeba miuxedavad Tavis tvinis agtiurobis zrdisa

geometriul enaze tvini  SeiZBleba warmovidginoT rogorc
koncentrulli garsebiT garSemosilli sfero, romBebsac agqvT sxvadasxva
eleqtrulli winaRoba da Seicavs tvinis garsebs (SemaerTebelBi gsovilis),
zurgis tvinis siTxes, galas da skallps. es modeli1 arazustia, radgan
sinandvi BeSi tvini ar aris sfero, xoBlo masze gadafarebulli garsi
FformiT da sisqiT araerTgvarovania. miTiTebuli modelis sizusteebi
umniSvne B oa, tvinis zeda naxevarSi, Tumca isini Zalian didia amasTanave
tvinis qveda nawi BisaTvis damaxasiaTebelia impedansis mniSvne B ovani
araerTgvarovneba. tvinis sxvadasxvagvari struqturebi gansxvavdebian
xvedriT winaaRmdegobiT. xvedriTi winaaRmdegoba agreTve damokidebu ll ia
boWkos dominirebul mimarTu B ebze TeTr nivTierebaSi. amrigad tvini
arc homogenuria da arc izotropulli.

neironalluri generatorebi ar warmoadgenen ubrallo erTgvarovan
dipollebs. yvelive wyaros roellsac SeuzBia gamoavBinos Tavi eeg
Casawerad warmoadgens wrewiris mcire nakveTs neironis singronul
muSaobasTan erTad. aseTi wyaro araeTzomadi dipolia, aramed
polarizebulli mrude pirdapir samganzomi Bebian sivrceSi. im SemTxveveSi
Tu es zedapiri mcirea, misi warmodgena SeiZleba, rogorc mrgvali
ganawi Bebull'i eleqtrulli dipolebis veqgtorulli jgami. sivrceSi mravali
ganawi Bebullt eleqtrulli generatorebis arsebobisas moipoveba
kombinaciis usasrullo ricxvi, romBebsac uwodeben, zedapirul
potenciallebis erTi da igive ganawi Bebas. sxva sityvebiT eeg Caweras
yove B Tvis ar SeuZbBia neironalluri generatorebis zusti mdgomareobis
da simZBavris gansazRvra.



LEQTavi 3B

biopotenciallebis maZliereblebi

sxvadasxva warmoSobis biopotenciallis sixSiris diapazoni da
amp B ituda gansxvavdeba erTmaneTisagan, Sesabamisad unda gansxvavdebodes
maZBiereblis zoli da gaZlblierebis koeficientebi. sur. 31 naCvenebia
zogierTi biopotenciallis  tipiuri amp B itudebi da sixSirulli
diapazonebi.
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sur. 3.1

signallis tipze damokidebu BebiT, signalis sixSire SeiZlleba Seicvall os
mudmivi denidan daaxBoebiT 10 khc-de. Asignalis ampBitudebi Ki
moTavsebu B ia diapazonSi mkv-dan 100 mv-de.

sxvadasxva Fiziologiuri kv B evebisaTvis gamoyenebu B i
e Beqtrodebi mogmedebs im moTxovnebze, romflebic waeyeneba
maZ B iereb Bebs, gansakuTrebiT maZBiereb B is iseT parametrebs, rogoricaa
Semavali deni da winaRoba. ganvixiBoT ra moTxovnebi waredgineba
sxvadasxva biopotenciallis maZBierebBebs. sur. 31 Cans, rom miograma
ikavebs sixSiris zols 25 hc-dan ramodenime khc-de. amp B ituda Seadgens
100 mkv-dan 100 mv, imisda mixedviT, Tu ra adgilidan xdeba signallis
ganxris aReba da Tu ra tipis elleqtrodebi iyo moTavsebull 1.

el eqgtromiogramis (emg) maZBierebBis sixSiris zoli unda iyos
ufro TarTe, vidre elegtorkardiogramis (ekg) maZBierebBis maRali
sixSireebis areSi, magram ar unda gavrceldes aseve FfarTod dabali
sixSireebis mxares. es mosaxerxebell ia, ramdenadac artefaqti, romelic
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e leqtrodebis moZraobasTan aris dakavSirebulli, mdebareobs ZiriTadad
daball 1 sixSiris areSi da mniSvne B ovnad sustdeba miografis Fill trebiT.
radgan emg registraciisaTvis elegtrodebis ganBageba warmoebs kanze,
signallis done rogorc wesi dabalia, pikuri mniSvne B obebi Seadgens
0.1-1 mv. elegtrodebis winaaRmdegoba didi araa, is 200 omi-dan 5 kom-de
FfarglebSia da damokidebulia eleqtrodebis tipze, gamoyenebulli
eleqrolitsa da sixSireze, romellzedac 1zomeba winaRoba. Semavalli
maZl ierebBis maxasiaTebBebi SeiZBeba 1yos 1iseTive, rogoric ekg
maZ 0 iereb l is, xolo gaZliereba cotaTi meti. rodesac gamoiyeneba
kunTSiga nemsis saxis eleqtrodebi, signalis ampBituda bevrad ufro
metia, amitom saWiroa nakBebi gaZBiereba, magram aseTi eleqtrodebis
winaRoba, ZaBian didia. ramdenadac miografis maZBierebBebma unda
imuSavos kanis eleqtrodebzec, mas unda hgondes maRalli Semavali
winaRoba da gadarTvadi gaZll ierebis koeficienti.

Sigaujredulli eleqtrodebi anu mikroelegtrodebi gankuTvnilia
ujredis transmembranuli potenciall is gasazomad, romeBic Seadgens 50-
100 mv. kontagtis mcire FarTobis gamo, maT aqvT sakmao maRal1  winaRoba
da amave dros didi tevadoba xSirad TviTon elegtrodis drois mudmiva
zRudavs sixSiris zolls. anitom maZBierebels unda hgondes ara marto
gansakuTrebulli maRali Semavali winaRoba, aramed uaryofiTi
eqvivallenturi Semavalli tevadoba, raTa moxdes elegqtrodebis tevadobis
kompensireba. es miiRweva dadebiTi ukukavSiris saSuallebiT.

mikroeBleqgtrodulli  maZBierebBebis sixSirulll1 diapazoni unda
Iyos sakmaod TF¥arTe. xSirad mikroellegqtrodebi gamoiyeneba mudmivi
transmembranuli potenciallis gasazomad, amitom sixSiris zoli unda
iwyebodes mudmivi deniT. meores mxriv agznebistdros, nervull da kunTur
u j redebSi, generirdeba sixSiris komponentebi 10 khc-de, rac gansazRvravs
moTxovnebs gamtari zolis zeda zRvrisadmi. signallebis ampBituda
SedarebiT didia, amitom gaZBiereba unda 1iyos nakBebi vidre wina
maga B i TebSi.D

5 d)

sur. 3.2

uaryofiTi Semavalli tevadobis misaRebad gamoiyeneba sgema (sur. 3.2),
rome Bic Sedgeba arainvertirebadi mcire gaZlierebis koeFicientis
mqgone maZWBierebBisagan, romellsac aqvs ZaBlian maRali1 Semavali
impendansi da kondensatorisagan -EC;, romelBic CarTullia maZBiereblis
gamosasv Bel idan Sesasvilell ze. eqvivallenturi sgema moyvani Bia sur. 3. 2 b
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da Tu CavTvBiT rom Semavali winaRoba usasrulobis tolia Cven
SegviZ bl 1a davweroT Semavall i Zabvis da denis ganto leba:

1
V, = aJ’Iidt + AV, (1)

sadac A, _gaZlierebis koeficientia es uto B oba SeiZleba gadavweroT
Semdegi saxiT:

_ 1 .
v, RrErven [t (3.2)

amgvarad eqvivalenturi SesasvBeli tevadoba udris (I1-A,)Cr 1-ze metad
gaZl ierebisas, SesasvBlelli tevadoba wuaryofiTia. maZBierebell Tan
SeerTebulia Rs winaRobis mgone elegqtrodi, eleqtrodis tevadoba
kabe B Tan erTad aRvniSnoT Cs maSin jgamuri tevadoba SesasvBlel ze
Seadgens

C=Cs+(1-A,)Cx (33)
D G igi nullis tollia Tu
Cs = (A, -1C (34)

amis miRweva SesaZ B ebelBia Tu ganvaxorcielebT gaZzlierebis koeFficientis
A an tevadobis C koeFficientis SerCevas.

pragtikuBlad (34) pirobis zusti Sesrullebis miRweva Zne B ia, radgan
yove 11 maZBiereb B is koeFficientis gaZliereba damokidebu Bl i1a sixSireze,
anitom ramdenime sixSireze SesasvBeli tevadobis kompensacia igqneba
arasrulli. uaresia gadaWarbebuli kompensacia, radgan ukukavSiri
SeiZlBleba aRmoCndes generaciis mizezi, amitom maZBierebelis awyoba
xorcieldeba ise, rom es toloba Sesrulldes magsimBuri sizustiT,
stabi Buroibis dakargvis gareSe. dadebiTi ukukavSiris sxva Sedegi aris
xmauris SedarebiT maRalBli done, magram Zabva romeBic registrirdeba
mikroe BeqtrodebiT maRall ia da xmauri ar warmoadgens did prob llemas.

sur. 3.1 naCvenebia, rom eeg sixSiris diapazoni Seadgens 0.1-100 hc.
kB inikuri gamokvBevebisas gamoiyeneba kanis elegqtrodebi, signalis
amp B ituda Seadgens 25 100 mkv, amitom maZBierebels unda hgondes
SedarebiT meti gaZlierebis koeFicienti. eleqtrodebis TFfarTobi
nak Bebia, vidre ekg SemTxvevaSi da maTi winaRoba ufro metia, ase rom
Sesasvlell1 winaRoba unda iyos maRali. imis gamo, rom signallebs agqvT
dabali done, sinfazuri Zabva warmoadgens seriozull probBlemas, amitom
aucilebelia gulldasmiT brZolBla dabrkoBebebis wyaroebTan, xollo
maZ B ierebe s unda hgondes sinfazuri signallis Sesustebis koeFicienti
rac SeiZleba didi.

3.1 biosignallebis gadamuSaveba.

kardiotaxometrs uwodeben mowyobi Bobas, romeBic zomavs gulis
SekumSvebis sixSires (gSs), Tumca informaciis mopoveba am Fiziologiur
parametrze Seil’
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Beba arteriulli wnevis mrudis an gullis tonebis meSveobiT. xSir
SemTxvevSi sawyisi signalli aris ekg. arsebobs kardiotaxometris ori
saxeoba. saSuallo gSs gamzomi 1TvRBis garkveull droiT monakveTSi
SekumSvebis ricxvs, xolBlo gSs myisieri gamzomi, ki  sazRvravs
kardiociklis yovel xangrZHl ivobas.

sur. 3.3 naCvenebia myisieri gSs gamzomi. ekg signali gadis zo B ovan
TiltrSi, romelic atarebs kardiogramis QRS kompBegss, asustebs ra
artefaqtebs da agreTve P_T kbilebs. zRurbBovani deteqtori gauSvebs
pirvel erTvibrators, romelic gamoimuSavebs 10 mkwm xangrZHl ivobis P
impu Bss, rogorc es naCvenebia droiT diagramaze (sur. 34), sZw -aris
stabi Bizirebulli Zabvis wyaro.

iy | e | | Gpedam) | phegisadese] | ghepisetosa
N o boqe ggmeeal | ldyea [ ?E'Eiﬂ
IS
el Aa
Emaa;_?;m‘m PPN |, S
palapgtn |
e i
111}l
0405 st ol |
Ly E:};;E-h"ﬁ'ﬁEmﬂm : - b - ederl

sur. 3.3

ukana Fronti P; gauSvebs 10 mkwm xangrZBivobis P, impullss (zusti
mniSvne Boba ar aris mTavari, impullsebis xangrZBivoba wunda iyos
gaciBlebiT nakBebi vidre kardiocikBi). es 1impulsebi miewodeba
el ementis ,an-ara” Sesasvlels. ,an-ara” elementis gamosasvileli,

romelic P, aRniSnulli, mT Riani kardiociklis periodSi imyofeba maRall
mdgomareobaSi, garda 20 mkwm, romeBic P, -dan P,-ze modis. P, maRali
done 1 mkwm sixSiris signalls uflebas aZlevs gavides P, ,da” elementis

gasasvilel ze, romelic SeerTebulia mricxvellis Sesasvlell Tan, radgan P,
mricxve B1 Camoagdebs mTvEBells 0 mdgomareobaSi, ricxvi romellsac
Seicavs mricxvelli QRS kompBegsis dawyebis momentSi, udris miliwanSi

gavl il kardiocikBis xangrZBivobas. P, impullsi krZaBlavs TvBas da

akopirebs mricxve Bis mdgomareobas (xsnis gasaRebs) registrSi, romelic
mas inaxavs momaval QRS komp Begsamde. registris gamosasasviBlell Tan
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SeerTebulia gardamgmne @i - kodi - winaRoba am winaRobaze miewodeba
mudmivi Zabva da deni misi gavBliT udris:

R T,
aq — k konstantaa, xoBlo T;- intervali QRS - kompBegsebs Soris.
Cans, rom deni ukuproporciullia kardiocikBis xangrZlivobis, sxva
sityvebiT igi proporciullia gSs-is myisieri mniSvne Bobisa. Va sgemis
gamosasvilelli Zabva Formirdeba gardamgmne B 1T deni - Zabva.

dod h
1 Ly} 1 L | i L R |
245 I 1 ™ 1
: ; e
FasrBfaraal
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—I1 n L _
Py 44
i
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sur. 34

sur. 34 naCvenebia rom, roca sgema aRmoaCens QRS — kompBegss, Va
Rebu B obs mniSvne B obas, romelic ukuproporciul ia gasulli
kardiocikBis xangrZBivobis. aRsaniSnavia, rom mricxveli yovel Tvis
iwyebs aRricxvas nullidan, rogorc ki P, impu B si akopirebs mricxvelis

Semcve B obas registrSi, P, impullsi Camoyris mricxve Bis maCveneb B ebs.
kardiotaxometri SeiZleba Seicavdes wredebs, romBebic gamoscems
gangaSis signalls, roca gSs imyofeba raime zRurb B ovani mniSvne I obebis
gvemoT an zemoT. es SeiZBeba i1yos komparatorebi, romBebic adarebs
ganosasvilell Zabvas garkveul donesTan an es SeiZlleba i1yos cifrulli

sgema, rome Bic adarebs kods registrSi zRurb B ovan mniSvne I obebTan.
samedicino kvBevebSi xSirad 1i1Txoven kunTovani aqtivobis
ricxobriv daxasiaTebas, romeBic i1zomeba miografiT. xSir SemTxvevaSi
amisTvis gamoiyeneba miogramis absoButuri mniSvneBloba da is
integrirideba, ise rogorc es naCvenebis sur. 35 emg signali
gamaZ B iereb Bis gamosasvBelisgan miewodeba zust ornaxevarperiodian
gammarTvells, rogorc es sur. 36 droiTi diagramidan Cans, V, Zabvas
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gamosav Bell ze aqvs dadebiTi poBaroba es Zabva miewodeba integrators.
muxti, romelBic kondesatorzea dagrovilli, proporciullia Sesasvieli
Zabvis integrallis. rodesac integratoris gamosasvilell ze Zabva zRurblls
aRwevs, komparatori uSvebs erTvibrators.

erTvibratoris gamosasvleli impullsi ketavs gasaRebs, romelic
CarTulia kondesatoris paralleBurad. impullsis xangrZBivoba unda iyos
droiT mudmivaze 5-jer meti mainc, imisTvis rom kondesatori mT B ianad
ganimuxtos. amis Semdeg iIntegratori iwyebs nullidan integrirebas da
cikli meordeba.

sur. 35

integratoris gamoyeneba SeiZBleba ori meTodiT: jer erTi gamosavali
Zabva daregistrirdes TviTCamweri mowyobi Bobis an kompiuteris
daxmarebiT, maSin CvenTvis cnobili igneba Zabvis mniSvneBoba drois
yove I momentSi. imisTvis rom gairkves integrallis srulli mniSvne B oba, am
Zabvas unda mivumatoT Camoyris Zabvis mniSvnell oba gamravilebulli
Camoyris raodenobaze. meores mxriv, Tu gvainteresebs miaxBoebiTi
integralli1 SedarebiT xangrZBivi drois SualledSi, ubrallod SeiZleba
daFigsirdes Camoyrebis raodenoba mricxve bis daxmarebiT.
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sur. 3.6

neirofFizolBogiaSi xSiradaa salWiro garkveulli stimullze pasuxis
garkveva. es pasuxi warmoadgens elleqtrull signalls romellsac ewodeba
gamowveu Bi potencialli (gp). misi ampBituda aris Zallian mcire Tu
stimulis gameorebisas pasuxi zustad an TiTgmis zustad meordeba
SeiZleba gaumgobesdes Sefardeba signalli/xmauri (Ssx), Tu moxdeba
stimulis mravall Jeradad wardgineba da masze pasuxebis dagroveba sur.
38 1i1lRustrirebullia gamSaualledebBis muSaoba, signalli gardaigmneba
analogur-cifrulli gardamgmne Bebis saSuallebiT. aTvBas, romelic
Tanxvdeba stimu B is wardginebis moments vuwodoT pirvel i, mis momdevnos
meore da ase Semdeg. imisaTvis rom miviROT jJamuri pasuxi pirveli
wertilisa, unda avjamoT yvela pirveli aTvlebi, meoris misaRebad yvela
meore aTvlebi. am procesis saSuallebiT miviRebT yveBa individualuri
pasuxebis jgams.

W*%WWWMMAW pasuxi 1

M"ﬂkww)'ﬁw"ﬁ"wu‘ugﬁ’w Pasux i 2
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sur. 3.8

es tegnika xSirad gamoiyeneba e Begtroencefall ogramebis da
el eqtroretinogramebis gamoyvanis dros. eeg aqvs patara ampBituda da
Sesabamisad Ssx dabali mniSvneBoba. cvlilebebi eeg-Si romelic
gamowveu Bia raime stimulliT, denis, sinaT Bis uceb ganaTeba an bgera,
Zalian mcirea. ase rom eeg-s CanawerebSi dauSvebe Bia signalis
komponentis gamoyofa, romeBic warmoadgens pasuxs stimullze. Tumca
stimulis mravall Jeradi gameorebiT Cven SegviZBia miviROT saZebni
gamowveu B'i potencialli. gp (eeg-s monakveTi romeBic Seicavs stimull ze
pasuxs) gasaSua B oebis procedurebis daxmarebiT.

xSirad gamsaSuaBloeb R is saxiT gamoiyeneba kompiuteri.
programu i uzrunve lyofa, cifrull signall Si poull obs moments, romellic
Seesabameba stimulls (XSir SemTxvevaSi programa xSirad marTavs
stimuBators, ase rom stimulis miwodebis momentis Zebna ar uwevs.).
aRricxulli signallebis garkveulli raodenoba stimulis  Semdeg
mexsierebaSi inaxeba. Semdegi stimulBis pasuxi jgamdeba mexsierebaSi
arsebull CanawerTan. pirvel1 aRricxva emateba pirvells, meore meores da
aS. stimuli1 xdeba mravall Jeradi da yove i1 pasuxi emateba wina dagrovill
Jams. Sejamebu Bi mrudi gamoisaxeba disFHBeize, iImisTvis rom operators
SeeZB 0os SeaCeros dagroveba, rodesac ukve miRebuli igneba sakmarisad
xarisxiani Canawerebi (xSirad agroveben or mruds, erTs miiReben Buwi
pasuxebis apamviT, xoBo meores kentebis SejgamebiT. ramdenadac es
mrudebi ax B osa erTmaneTTan, SeiZleba maTi1 msgavsobaze msje ll oba).

dagroveba SeiZlBleba gamoyenebuli ignas gare stimulis gareSe
maga B iTad nayofis ekg Casawerad el egqtrodebis daxmarebiT romBebic
moTavsebu B 1a dedis mucell ze. R kbi Bebi kargad moCans, magram nak B ebi
amp B itudis kbi Bebi ikargeba xmaursa da dabrko BebebSi, am SemTxvevaSi
gamoiyeneba midgoma, rom drois aTvBlis wertilad, stimulis nacvllad,
aRebulli iyos R kbili. kompiuteri poullobs R kbills, Cawers ramdenime
signalis ramodenime miBisekunds, manamde da ramdenimes aseulls mis
Semdeg. signallis Caweri i1 Tragmentebi gasaSuallovdeba, ImisTvis rom
miviRoT zRurb B ebis nayofis kardiogranmis P-QRS-T  kbi Bebis
konfFiguracia. samwuxarod es xerxi yovelTvis ar amarT Bebs, radgan
intervalli zRurblebs Soris da TviT zRurbBebis Fformac SeiZleba
Seicvallos cikBlidan cikBande. Segamebulli mrudi asaxavs P-QRS-T
kbi Bebis gasaSualloebull konfiguracias, romelic ar emTxveva
konfiguracias arcerT konkretull kardiocikll Si.

42



Tavi 4

sisx B is wneva da gull is tonebi

pacientis sisxBis wnevis dadgena aris standartulli kHRinikuri
gazomva, romelBic srulldeba rogorc ambulatoriull, aseve stacionarul
pirobebSi, specialuri girurgiulll procedurebis msvBelobisas. sisxlis
wnevis zomebis codna gulis sxvadasxva saknebSi da aseve pacientis
arteriulli wnevis codna, exmareba eqims Seafasos avadmyofis gull-
sisxBZarRvTa sistemis mdgomareoba. adamianis wnevis gansazRvrisTvis
gamoiyeneba sxvadasxva, pirdapiri da iribi gansazRvris meTodebi. yoveli
gamoyenebu Bi  meTodisTvis unda 1iyos Sefasebulli misi vargisianobis
xarisxi mocemu l kB inikur situaciaSi.
wnevis cvallebadobas, romeBic registrirdeba smenadi (bgeriTi)

sixSireebis diapazonSi, ewodeba tonebi. gulis tonebis wyaro aris
vibraciebi, romBebic warmoigmneba sisxBis dinebis aCgarebis da Sene Bebis
dros.

sisxBis mimogcevis sistemis Tungciaa, miawodos ujredebs sakvebi
nivTierebebi, romBebic masSi gadadian saWmBis momneBebeli tragtidan,
moamaragos qsovi Bebi JangbadiT, xoBo qgsovillebidan da Filltvebidan
gamomyofi  organoebiT gamoitanos nivTierebaTa cvlis Sedegad
warmogmni B 1 arasaWiro nivTierebebi - metabo Bitebi. sisxBis saSuallebiT
xorcielldeba organoTa sistemis humorulli regulacia, 1is asrullebs
dacviT Fungcias vinaidan Beikocitebs agvs Fagocitozis unari, da agreTve
imiT, rom sisxBSi gadadian imunuri sxeullebi, romBebic monawi Beoben
sxvadasxva infeqciebTan brZo BaSi. sisxBs agvs Sededebis unari, riTac igi
icavs organizms sisxlis dakargvisgan.

gulli warmoadgens oOTxsaknian tumbos, romeBic uzrunvellyofs
sisxBis moZraobas sisxBZarRvTa sistemaSi. pirobiTad gulls yofen or
tumbos sistemaze: mar gvena gulli da marcxena gulli. mar jvena gulli Wirxnis
sisx s sisxBis mimogcevis patara, Fi B tvis wreSi, xolo marcxena gulli _
did, sistemur wreSi. yovelBive maTgans aqvs specialluri sakani anu
winagu b1, rome B ic exmareba aavsos sisxBiIT parkuWi. PparkuWi warmoadgens
Zhier tumbos, romelic Wirxnis sisx s ZarRvebSi.

suraTze naCvenebia gul-sisxBZarRvTa sistenis sgematuri
gamosaxu Beba. marcxena parkuWi Wirxnis sisxBs sisxBis moZraobis did
wreSi, xo o mar gvena parkuWi _ sisx B is moZraobis patara wreSi.

marcxena parkuWi Wirxnis sisx@s aortalluri sarqgvelidan aortaSi,
Semdeg sisx b1 miemarTeba yve Ba organosaken da gsovi Bebisken, arteriebis,
arteriollebis da kapilarebis gseliT. sisxBis tonis winaaRmdegoba
ganisazRvreba ZiriTadad arteriolebis mdgomareobiT, romBebic arian
adgi Bobrivi, neirogenuri da humoraBluri kontrolis qveS Mmkvebavi.
nivTierebebis cvBla xdeba kapi Barebis doneze. kapi Barebis Semdeg sisxli
venuri sistemiT brundeba mar gvena gu Bl Si, sadac jer miewodeba mar jvena
winagu B's. kapi Barebis Semdeg sisxBi venozuri sistemiT ubrundeba gulls,
sadac 1is miewodeba jJer mar jvena winagu BSi, Semdeg mar jvena parkuWSi.
mar gvena parkuWi Wirxnis sisxBs Filltvis sarqueBiT Ffilltvis arteriaSi.
Semdeg sisx b1 miedineba arteriebSi, arterio BebSi, kapi BarebSi da venebSi
sisxBis mimogcevis patara wris sisxBZarRvTa sistemiT da miewodeba
mar gvena winagu BSi. FFil tvebis kapi Barebis doneze Jangbadi gadadis
allveolebidan sisxBSi, xoBo naxSirorJangi gadadis sapirispiro
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mimarTuBebiT sisxBidan TFiltvebis allveolBebSi. sisxBi miedineba
mar gvena winagu Bidan marcxena parkuWSi da avsebs mas. marcxena parkuWi
Wirxnis sisxBs aortalluri sarqueliT aortaSi. wnevis zomebi, romBebic
viTardeba marcxena da marjgvena parkuWebis SekumSvisas gansxvavdeba
formebiT da sididiT.

gullis kunTis SekumSva gamowveu Bia misi eleqtrulli gaRizianebiT.
eleqtrulli impulsi generacias axorciellebs speciallur ujredebSi,
romBebic ganBagebulia marjvena winagullis sinoatriallur kvanZSi.
elegtroimpullsi swrafad vrcelldeba orive winagullSi da aRwevs
antrioventrikuBlarull kvanZSi, romelic ganBagebullia winagullis da
parkuWebis zRvarze, antrioventrikuBlarull kvanZSi impu Bsi ramdenime xans
yovndeba, ris Semdegac maRali siCgariT vrcel deba SidaparkuWis ZgideSi
specialluri gamtari sistemiT, romeBic Sedgeba gisis konisgan da
purkinies boWkoebisgan.

FFil tvis
arteria

Mmarcxena

L {4 Mmarjvena winagu Ru

ll.,q . '«: e .Winagu i -
"—t ?an"". Tas =
- ._.._'--. - 1'__; - = Mmar jvena Mmarcxena
LEYANS parkuWi ' parkuWi
C..:-‘:'_:__J Qgveda Rru \\
vena !
gsovi ki
Mmarcxena
Filtvi
Mmar_jvena
Ffiltvi
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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
winagu i
Mmar jvena saS.w=6-12 mm.v.wy
winagu i

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

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

Mmar jvena parkuWi
sw=20-30 mm.v.wy
dw=2-6 mm.v.wy

sur. 4.2

wnevis maxasiaTebe 1 sidideebi sisxBlis moZraobis sistemaSi.
sw-sisto Buri wneva
dw-diasto Buri wneva
sw-saSua B 0 wneva

Ggamtari sistemis wyalobiT xdeba agznebadi impullsis gavrceleba
parkuWebis mTel zedapirze. Ees impullsi iwvevs orive parkuWis gulis
kunTis meganikur SekumSvas, romeBic gmis Sida parkuWis wnevas. Sida
parkuWis wneva aiZullebs sisxBs 1imoZraos Tilltvis da aortaluri
sarqve 11T sisxBis mimogcevis patara da didi wreebis ZarRvebSi, riTac
iwevs am ZarRvebSi arterialluri wnevis warmogmnas, mokBed SeiZlleba
iTgvas, rom gullis tonebi dakavSirebulia sisxBis moZraobis
TaviseburebebTan gulis cikBlis sxvadasxva Ffazebis dros. turbull entoba,
romelic warmoigmneba sisxBis Cgari moZraobisas gulis saknebSi,
gansazRvravs xmauris da vibraciebis warmogmnas.

4.1 invaziuri gazomvebi
sisxBis wnevis invaziuri gazomvis sistemebi SeiZlBeba gaiyos

pirobiTad or jgufad, es dayofa xdeba 1imis mixedviT, Tu sad aris
moTavsebu B i mgrZnobiare e Bementi. kB inikaSi yve Baze xSirad gamoyenebadi
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meTodi wnevis pirdapiri gazomvis, mdgomareobs imaSi, rom wneva gadaecema
siTxiT avsebuli kaTeteriT sisxBZarRvebis sistemis gareT ganBagebul
wnevis gadamwodze. Ggazomvis sistemebis meore jJguFfi gansxvavdeba 1miT,
rom maTSi ar aris siTxiT gavsebulli1 kaTeteri, ris Sedegadac mgrZnobiare
elementi aris moTavsebuBi kaTeteris wverze. aseTi tipis xell sawyoebs
ewodeba wnevis SidasisxBZarRvTa gadamwodebi. gamoiyeneba  wnevis
gadamwodebis  sxvadasxva  tipebi, 1iseTi, rogoricaa tenzometruli,
diferencialluri, optoelleqtrull1 da asS.

wnevis gazomvis sisxBZarRvgareTa sistemebi Sedgeba kaTeterisgan,
romBis ukanac moTavsebu lia wnevis gadamwodi. iseT sistemaSi, romelic
Seicavs kaTeters, vramdenime wuTSi erTxell aucillebelia kaTeteris
gamorecxva axalli xsnariT, imisTvis, rom avicilloT kaTeteris wverze
trombis warmogmna. Eegims kaTeteri Seyavs ori gziT, an qsovilebis
girurgiullt gaWriT an kaTeteri Seyavs kanSi, risTvisac gamoiyeneba
specialluri nemsi. gasazomi wneva gadaicema kaTeteriT wnevis gadamwodze
da zemogmedebs mis membranaze.

P ——
#.-l
Ggasazonmi
wertilli
samsv Badi momWeri
onkani
o= o] 1
=_=—
_———
wnevis erT jeradi gadamwodi EeBegtrulli gamTiSi
sur. 43

sur. 43 mocemu B ia Tanamedrove, erT jeredi, arteriulli wnevis
gadamwodis gamoyenebis sgema da asaxu B ia wnevis gazomva sisx BZarRvgareTa
gadamwodSi.

kaTeteris wverze ganBagebu i gadamwodebis upiratesoba
mdgomareobs imaSi, rom ar arsebobs siTxiT gavsebulli kaTeteri. am
kaTeteris arseboba mniSvne Bovhad auaresebs gazomvis sistemis sixSirul
maxasiaTebe B's, roca gamoiyeneba gadamwodi, ganBagebu li kaTeteris wverze,
eqims SeuzZli1a daaregistriros wnevis maRall sixSiriani rxevebi, amasTanave
am meTodiT ar arsebobs droebiTi Seyovneba.
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pragtikaSi gamoiyeneba sxvadasxva saxis kaTeteris gadamwodebi,
romBebic gansazRvruBlia wnevis gazomvisTvis sisxBZarRvebis sistemaSi.
erT-erTi aseTi gaxBavT tenzometrulli gadamwodebi, romelic
ganBagebu Bia kaTeteris wverze, aseT gadamwods ayeneben F5 kalibris
kaTeteris wverze, gare diametri 167 mm kaTeteris diametris saCveneblad
gamoiyeneba Franguli SkalaF[F], risi erTeullic udris daax B oebiT 0.33 mm
SesaZ B ebe Bia momava l Si misawvdomi iyos ufro patara zomis gadamwodebi,
sadac sakmaod kargad 1igna gadawyvetiBi probBemebi, dakavSirebulli
temperaturis da elleqtrull dreifTan kaTeteris gadamwodis nakBi aris
maTi maRali Fasi da is, rom ramdenime gazomvis Semdeg mwyobridan
gamodian. SedarebiT xe Emisawvdomia wnevis optikurboWkovani
sisx B ZarRvTaSiga sensorebi, romBebsac agvT daax B oebiT igive zomebi.

es sensorebi srulliad usafrTxoa, Tumca aqvT 1s nakBi, rom ar
SeiZBeba wnevis gazomva Tu ar aris meore wnevis gadamnwodi.
optikurboWkovani mikrogadamwodebi gamoiyeneba adamianis sisx lZarRvebSi
wnevis gasazomad in vivo, sur. 44 optikuri sadenis erTi muxBi mierTebulia
Sugdiodur wyarosTan, meore_FfotodeteqtorTan. wvero arsebiTad
warmoadgens wnevis gadamwods, Txeli HBiTonis membrana, romelic
damagrebu B ia optikurboWkovani kabeBis ori konis saerTo boloSi.
membranis wanacvBeba, romelBic gamowveulia garegani wneviT, cvlis
optikur SeuRWBebas (sinaTBos energiis wili, romelic xvdeba
Sugdiodidan Fotodeteqtorze).

- Txeli
Sereulli optikoboWkovani = - metalis
fotodeteq kona ' membrana
-tori
wneva

boWkovani
kaTeteri

(a)

Ggamosasv 1 e

Bi signali
L i )
] sanuSao
diapazoni
-Jll-
—>
(b) + } -

sur. 44
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sur. 44. (b) naCvenebia gamosasvBeli1 signalis damokidebu Beba membranis
wanacv B ebaze.

saintereso mignebas warmoadgens optikoboWkovani gadamwodi romelic
gamoiyeneba magnitorezonansull tomografiaSi. am gadamwodSi sinaT Ris
gatareba arxSi wyarosa da mimRebs Soris, modulirdeba pBastmasis
safariT.

sur. 45 naCvenebia sensoris sgematuri gamosaxulleba, romelic
gamoiyeneba Tavis gaBis wnevis gazomvisas axall Sobi BebSi. am xe I sawyos
mogmedebis principi dafuzZnebulia imaze, rom moxdes gadamwodis mxridan
wnevis modeba avtomaturad yifHlibandze, ise rom kani gadamwodis qveS iyos
gabrtye Bebull 1. Bgadamwodis membranis brtyeli zedapiris dros zedapiris
orive mxare wnevebi toBi1 xdeba, is wnevebi romBebic warmoigmneba rbili
gsovi 11T da masze modebu Bi membraniT. amgvarad wneva romelic modebu ll ia
gadamwodze, tolia galisSiga siTxis wnevisa membranis simrude (Secdomis
signalli) ganisazRvreba masTan mierTebulli refFBeqtoris saSuallebiT,
romelic cvlis optikur boWkoSi, sinaT Bis wyarodan fotodeteqtoramde
gamavall sinaT Bis nakads. es signalli1 miewodeba avtomatur pnevmatur
sistemas, romelic aregulirebs gadamwodis kameris SigniT haeris wnevas.
es wneva yendeba is, rom moxdes mgrZnobiare membranis zedapiris gasworeba,
Sesabamisad gaswordes YyifHibandis kanic. amasTan gadamwodis kameris
SigniT haeris wneva igneba yi ¥ B ibandSi wnevis, anu gall isSiga wnevis tolli.

Sublis, yifHibandis membrana

—— Y j
‘—J-!}! E_ : «y sinaTle wyarosgan

i

L ] = 3 sinaT Be deteqtorisken
N
Sezaveba
reflegtori
sur. 45

Cveu lebriv, FiziolBogiuri wnevis sididis gazomvisTvis gamoiyeneba
mravall Jeradi gamoyenebis gadamwodebi. Tumca, am boBo dros kargad
aRWurvil kB inikebSi daiwyes erTjeradi gadamwodebis gamoyeneba. aseTi
gadamwodebis gamoyeneba amcirebs pacientebis dainficirebas da acilebs
personall s gadamwodebze zrunvas.

Nnebismieri rTulli fornis periodulli signali SeiZl eba
warmodgeni Bi 1yos sxvadasxva sixSireebis harmoniulli rxevebis usasrullo
Jamis saxiT, romBebic aRebulia saTanado ampBitudiT. Aase rom Tu
SevajamebT am rxevebs, miviRebT sawyis signalls. signallis aseTi formiT
warmodgenas uwodeben TF¥uries gardagmnas. FFuries analizs 1iyeneben im
SemTxvevaSi, roca mecnierebs undaT rxeviTi procesebis daxasiaTeba,
romBebic xdeba sisx B is mimogcevis da sunTqvis sistemaSi.

dawyebu i 1950 wHlidan, TFiziologebi, romBebic ikvBeven gull-
sisxBZarRvTa sistemas da aseve zogi kRinicisti iyenebs Ffuries analizs
imisTvis, rom raodenobrivad aRweron wnevis cvallebadoba da sisxlis
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miwodeba sistemaSi. boBlo dros, gamoiyeneba kompiuteruli tegnika, rac
saSuallebas iZBeva averidoT specialur mowyobi Bobebs. arteriulli wnevis
pullsacia SeiZBleba 1yos warmodgenilli ZiriTadi da maRalBsixSirulli
harmonikis saxiT.

suraTze 46 mocemulia arteriulli wnevis pirveli eqvsi harmoniulli
SemadgeneBi da maTi jJgami. roca SevadarebT arteriulll wnevis sawyis
rxevas da signalls, romeBic miiReba pirveli1 eqvsi harmonikis jgamiT,
advi Bad davrwmundebiT, rom es ori mrudi gavs erTmaneTs. SevniSnavT, rom
meeqvse harmonikis ampBituda Seadgens ZiriTadi harmonikis amplitudis
daax B oebiT 12%-s.

a-  §hggol Lafgola SHEL&.BO&.
b dnfhggmmo 6B dafhdeabo ol arsdo

o Jea bogs baﬁﬂgnﬁﬁgb

100 #

$3.2
9.5
22
144
118

A e k-

sur. 4.6

dinamiuri Tvisebebis codnas agvs mniSvneBoba ImisTvis, ronm
ganvaxorcie BoT wnevis gazomva aucillebeli sizustiT. rig kBRinikur
situaciebSi, dinamiuri wnevis gazomvaSi Secdomebs, SeiZBeba hgondes
seriozulli Sedegebi. Ggazomvis sistema, romelic Sedgeba gadamwodis da
siTxiT avsebuli kaTeterisgan, warmoadgens hidrav B ikur sistemas.

arsebobs ew. manometrulli sistemebi, romBebic iZBeva wnevis
gazomvis zust Sedegebs. suraTi 4.7(a) naCvenebia sistemis Fizikuri model i,
rome B ic Sedgeba kaTeterisgan da gadamwodisgan. wnevis momateba kaTeterSi
Sesvlisas 1wvevs siTxis gadasvBlas, mar gvniv_kaTeteris boBodan, mTeli
kaTeteris gavBliT gadamwodSi. Ees gadaadgi Beba saboBlood iwvevs
gadamwodis membranis cvBillebas, romelic aRgnullia eleqtromeganikuri
sistemiT. Aam dros warmogmni Bi eleqtrulli signalli ZHBierdeba da
miewodeba maregistrirebell xe l sawyos.

SsiTxiT avsebull kaTeters agvs inerciis Tvisebebi. aseTive Tvisebebi
agvs gadamwods. suraTze gamosaxullia manometrulli sistemis kaTeter-
gadamwodis Fizikuri konstruqcia da eleqtrulli model 1. kaTeteris yovel
segments agvs winaRoba R inercia L. da garda amisa gaWimvadobas C
gadamwodi FHobs winaRobas Rg, inercias Ls da gaWimvadobas Cs. am sgemaSi
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siTxis indugcia kaTeterSi aRwerillia elleqtro indugqciurobiT. suraTze
gamosaxu b1 wredii SeiZBeba mniSvne B ovnad gavamartivoT, Tu daviyvanT mas
wredze romelic sur. 48 gamosaxull i.
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sur. 4.7

anisTvis ramdenime garemoeba unda miviROT mxedve I obaSi:

I. gadamwwodis da kaTeteris kameris tevadoba ufro nakBebia, vidre
tevadoba, romelic gansazRvrullia nmembranis deformaciiT. Ees
samarT Bi1ania i1m SemTxvevaSi, Tu siTxe ar Seicavs haers, xollo
kaTeteri da gadamwodis kamera gakeTebu B ia arawe Bvadi masall isgan.

Il. winaRoba da siTxis inerciulli Tvisebebi gadamwodSi mniSvne I ovnad
nak Bebia kaTeterSi siTxis saTanado maaxasiaTebe  ze.

siTxis winaRoba ganiszRvreba Semdegi damokidebu BebiT:

RC:A?P(pa,wm/W) (41)

an RC: _A

sadac AP _aris wnevis gradienti kaTeteris segmentze, izomeba paskall Si,
F= siTxis mocullobiTi xarjva;

U = siTxis saSuall o siCgare;

A =ganivi kveTis FarTobi.

Tu cnobi lia L kaTeteris sigrZe, misi radiusi r da siTxis webovneba 7

maSin SeiZlBeba puazielis kanonis gamoyenebiT gavigoT kaTeterSi R
winaRoba.
8nL

Rc=
't

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

_ AP
L= Edt ((pa,wm/m3))
an

sadac a_ aCgarebaa

m PL

sadac m- siTxis masaa kaTeterSi, xobl o P-am siTxis simkvrive.

Seignna ufro srullyofilli modelBi siTxis inerciisa kaTeterSi. Mman
aCvena, rom siTxis efeqturi masa tolia kaTeterSi realluri masis oOTxi
mesamedis.

tevadoba

Cdzﬁzi

AV E,

sadac Eg-aRniSnavs gadamwodis membranis drekadobis mocullobiT
modu B s.

Quirurgiuli
LY xe B TaTmani

o asanTi
samsv B iani w.
onkani ?" -
——
9 '% haeri
.- 'l1
L) "
sFigmomanometris
ba I oni — T —]
—_—————
1)
sur. 45

maxasiaTeb Bebi SeiZleba

iyos gansazRvrulli ori XxerxiT.
martivi Xxerxi warmoadgens
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miwodebu Bi1 wnevis safexurebrivad cvlilebaze. Mreore xerxi ki, sistenmis
gamosasvBlelis gazomva sxvadasxva sSixSiris mgone, Semavalli wnevis
sinusoidalluri cvhlilebis dros. wrfivi sistemebisTvis orive meTodi
eqgvivallenturia, magram realluri sistemisTvis meore meTodi ufro zustia,
Tumca ufro rTulli, radgan moiTxovs specialuri mowyobi B obebis
gamoyenebas. erT-erTi meTodi sistemis dinaniuri Tvisebebis gazomvisa
mdgomareobs imaSi, rom kaTeterSi Sesvl isas wnevas cv il ian.

an dros aregistrireben sistemaSi warmogmnil  grobad rxevebs
(sistemis pasuxs). kaTeteri an nemsi SeyavlT gadamyvanis meSveobiT, FfarTo
mi BakiT. sistema ivseba siTxiT, ise rom samsvliani onkani iyos gaRebulli
haerisken. Ggazomvis gansaxorciellebBlad miBakis Tavisufalli bolo unda
iIyos daxurulli rezinis membraniT, Semdeg sistemaSi itumbeba haeri, rac
aya l ibebs masSi garkveul wnevas. rezinis membrana iweleba, ibereba, amis
mere vabrunebT samsvBian onkans, riTac xorcieldeba wnevis qveS myoFf
sistemis 1zolireba. membraniT warmogmni B buSts xvreten cxelli Reros
midebiT, rasac mivyavarT miBSi wnevis momentaBluri  dacemisken,
atmosferu Bande. Aaregistrireben pasuxs aseTi wnevis kBebaze 1imisTvis
rom SesaZllebeli 1yos sistemis pasuxis anallizi, unda i1yos gamoyenebull i
registratori, monacemebis analizisTvis SesaZlebelia oscilografis an
kompiuteru i sistemis gamoyeneba.

gadamwodi stahman
P23Gb nemsi: BD
0,495 mm, sigrZe 3lsm

10mwm

venuri wnevis

gazomva metad mniSvne Bovani amocanaa kB inicistebisTvis. im SemTXxvevaSi,
roca maT surT Seafason marjvena gullis kapi Barulli sistemis muSaoba.
kapi Baru 1 wnevis (veda patara venebSi wnevas, da wnevis mniSvne I obas
afaseben kapi BarebSi wnevis sididiT. gulnmkerdis areSi venuri wneva
gansazRvravs mar jvena parkuWis diastoBur Sevsebas. centrallur venur
wnevas zomaven centrallur venebSi an mar gvena winagu BSi. sunTqvis
cikBTan erTad is icvleba zogjer izrdeba, da ufro metia an nakHllebi
atomosferull wnevasTan SedarebiT. amasTan erTad msxviB1 venebis wneva,

romBebic moTavsebu B 1a mkerdis areSi, metia maRalia atmosferullze (0,2
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— 0,5kpa). venuri wnevis referentull doned, miCneulia wneva, romellic
warmoiSveba mar jvena winagu I Si.

centralluri venuri wneva warmoadgens mniSvne Bl ovan monacems, imisa
Tu rogor TFungcionirebs miokardi. Cveullebriv centrallur venur wnevaze
monitorings atareben imisaTvis, raTa SearCion Sesaferisi Terapia, gullis
ukmarisobis SemTxvevaSi, Sokis, hipo an hipovo Bemuri mdgomareobis da
sisx Imimoqcevis ukmarisobisas. wnevis mniSvneBoba gviCvenebs, Tu ra
raodenobis siTxea saWiro pacientis organizmisTvis.

Cveu Bebriv eqimebi zomaven stacionallur an saSuallo venur wnevas,
anisTvis didi diametris xvreBiani nemsiT axorcieleben kanis gavliT
venis punqcias. Semdgom amisa amave nemsis saSualBebiT SeyavT kaTeteri nell-
nela 1igande, vidre kaTeteris Tavi ar miaRwevs gazomvis adgills. amis
Semdeg sxeulls aSoreben nemss, xoBo kaTeters aerTeben pBHlastmasis
mi B Tan, an mi Bs aerTeben sam SesasvBelian arxTan, romelic saSualebas
iZBeva aucillebBobis SemTxvevaSi venaSi SeviyvanoT Farmako Boguri
preparatebi da siTxeebi.

venuri wnevis uwyveti dinamiuri gazomvisaTvis venaSi kaTeters

aerTeben maRal@mgrZnobiare wnevis gadamwodTan, romBis dinaniuri
Tvisebebi SesazBoa gacilebiT cudi iyos, vidre gadamwodebisa, romell Tac
1yeneben arterialluri wnevis gazomvisas.
im  SemTxvevaSi, rodesac pacienti icvlis sxeullis mdebareobas,
mudmivi bazuri donis SenarCunebasTan warmoigmneba garkveu B i1 siZne leebi.
gazomvis Secdomebi SeiZBeba warmoigmnas im SemTxvevaSi, rodesac kaTeteri
adgils icvlis erTi adgiBidan, sadac is iyo damagrebulli da amave dros
Tu xdeba trombis dacoba, an misi Tavi miekroba sisxBZarRvis kedels.
Cveullebriv i1TvBeba rom centralluri venuri wneva normalurad
registrirdeba, Tu mis Canawerze naT Bad Cans sunTqviTi rxevebi.
centralluri venuri wnevis normalluri sididis diapazoni Seadgens 0-dan 12
sm. wyBis svets. (0-dan 12kpa), saSuaBlo sididisas daax B oebiT 5sm-mde
(0,5kpa).

42 gullis tonebi
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gullis mosmena (auskultacia) eqims aZBlevs metad mniSvne I ovan
infFormacias  FfunqcionaBuri mdgomareobis Sesaxeb. amasTan erTad
gaci BebiT meti infFormacia SegviZBia nmiviROT, rodesac kHRinicisti
amyarebs kavSirs gullis tonebs da im eleqtrull da meganikur mov ll enebs
Soris, romBebic warmoiSveba gullis cikBuri muSaobisas. am meTods
ewodeba fonokardiografia.

agamde ar arsebobs saerTo azri gulis tonebsa da xmauris
warmoSobasTan dakavSirebiT. magall iTad: warmodgeni B ia 40-meganizmze meti,
romelic saSuallebas gvaZzllevs pirvelad gullis tonis warmoSobasTan
dakavSirebiT, xoBo gansxvavebas gullis tonsa da xmaurs Soris
gansazRvraven Semdegnairad, gullis toni ganpirobebu B ia vibraciebiT, an
xmauris mov BenebiT, romelic dakavSirebuBia sisxBisdinebis SeneBeba an
daCgarebasTan. gullis xmauri gamowveulia vibraciiT an Xxmauris
mov BenebiT, romeBic dakavSirebulia sisxBisdinebisas warmgmni Bi
turbu lentobiT.

4.7 suraTze. naCvenebia, rogor aris dakavSirebulli gullis 4-toni,
eleqtrull da meganikur mov BenebTan, romell ic warmoigmneba gulis ciklis
mimdinareobisas. pirveli toni dakavSirebullia, sisxBis moZraobasTan
parkuWis sistolis dros. parkuWebis SekumSvisas sisxBi inacvBlebs wina
gullebis mimarTullebiT, atrioventrikuBarulli sarqvelebi ixureba, rac
iwvevs sisx B is rxevas. anis garda pirvelli tonis warmogmna dakavSirebull ia
sisxbis oscilaciasTan, aortis Candinare fesvsa da parkuWs Soris, amave
dros vibraciebiT, romellic ganpirobebu ll ia sisx B isdenis
turburentulobiT aortisa da Fill tvebis sarqve Bebis midamoebSi.

gullis pirveli tonis gaxBeCva ganisazRvreba samkariani da
mitraBluri sarqve Bebis asingroniull1 daxurviT.

meore toni: warmoigmneba dabalsixSirulli vibraciiT, romelic
dakavSirebu lia sisxBis denis SenelBebasTan da ukudinebis warmogmnasTan
aortisa da TFilltvis arteriaSi, amave dros namgalisebri sarqvellebis
daxurviT. (sarqveBebi, romBebic gamoyofen parkuWebs aortisagan da
gamoyofen agreTve TFiltvis Zgidisgan) meore toni droSi emTxveva,
e Begtrokardiogramaze T — tallRis dasasrulls)

gullis mesame tons akavSireben TFazis nmkveTr dasrullebasTan.

parkuWebis kunTebis Sesustebis vibraciasTan. es dabaBlamplitudiani da
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dabalsixSirulli vibracia moismineba patara bavSvebSi da zogierT
mozrdi 0 subieqtebSi.

wina gullis meoTxe toni ar moismineba, magram registrirdeba
FfonokardiografiiT. es toni warmogmneba winagu Bis SekumSvis momentSi da
sisx b is gadanacv B ebis daCgarebasTan, winagu B idan parkuWSi.

umetesi xmauris wyaroebi, romBebic warmoigmnebian swrafad moZravi
sisx b is turburentu Bl obisas, kargad aris cnobilli.

gullis tonebi gsovillebiT gadaecema gulidan da mTavari
sisx B ZarRvebidan sxeull is zedapirze, sadac isini moismineba. im gsovill Ta
akustikuri Tvisebebi, romBebiTac vrceldeba bgeriTi talRebi, iseTia,
rom es talRebi sustdeba, magram ar aisaxeba. bgeriTi talRebis yveBlaze
Zhieri Sesusteba xdeba maT mier iseTi qgsovi Bebis gavlisas, romllebsac
gaaCniaT yveBaze didi kumSvadoba, rogorebicaa Filltvebi da cximovani
gsovi k1.

gu B Si mimdinare sxvadasxva bgeriTi movBenebis registraciisaTvis
optimaluria sxeulis zedapiris is ubnebi, romBebSic aRniSneba bgeriTi
rxevebis magsimaBuri intensivoba. es is ubnebia, romBebidanac bgera
gadaicema ara mxolod da mxoBod myari sxeuliT, an myari da kumSvadi
qgsovi BebiT (FiltvebiT), magram im SemTxvevaSi, rodesac Filltvebis
monakveTis sisge, romBiTac gadaicema bgera, minimaBuria gulnmnkerdis
zedapirze arsebobs oTxi  ubani, romBebSic oTxi sarqgvell idan
gavrce Bebul'i bgeris intensivoba magsimaBuria.

sur. 47 - aortalluri (AA), Filltvis (F), sankariani (s) da mitraluri

(mMsarqve Bebis gan B ageba.
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sur. 4.7

gullis tonebsa da Suillebs agvT Zalze daballi ampRituda, xolBo am
xmovani rxevebis sixSire 0,1-dan 2000 hc-mde diapazonSia. sixSireTa aseTi
diapazoni warmoSobs or problemas. erTis mxriv, signali speqgtris
daba B sixSirovan areSi ar moismineba, radgan 20 hc sixSireTa smenadobis
zRvarze dabBaa. ufro meti sixSiris rxevebi normaBurad moismineba,
radgan sixSireTa swored es diapazoni Seesabameba smenis magsimalur
mgrZnobe 0 obas.

radgan gullis tonebi da Suilebi warmoadgenen dabali amp B itudis
rxevebs, amitom pacientis mosmenisas yveBla garegani Suilli da xmauri
minimumamde unda iyos dayvani Bi. CveuBebriv fonokardiografis Cawera 1im
pacientebSi, romBebic ar arian migawulli BoginTan, unda warmoebdes
speciallur, akustikurad izolRirebulll oOTaxSi. pacientis moZraobebs
fonokardiogramis registraciis msvBlelobaSi Tan axBavs artefaqtebi,

romBebic vlindeba bazuri xazidan gadaxrebis saxiT.
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Bbiosamedicino inJinrebis mier Segmni B ia ramodenime sxvadasxva tipis
eleqgtronulli stetoskopi. am xelBsawyoebs aqgvT sxvadsxva sixSirovani
maxasiaTeb Bebi, iseTebi, rogorebicaa ,ideaBuri” maxasiaTebeli, romelic
warmoadgens horizontalur wr¥es, maxasiaTebeBi gatarebis sixSireTa
gamoyofFili zoliT, an iseTive maxasiaTebBiT, rogoric aqvs eqimis
Cveu B ebriv stetoskops,

fonokardiograma emsaxureba gulis tonebisa da gullis Suillebis
registracias. fonokardiografia saSuallebas gvaZBevs Tavidan avicilloT
subiegtivizmi am bgerebis interpretaciaSi. garda amisa is saSuallebas
gvaZlBlevs movaxdinoT gulis tonebisa da Suillebis registracia gullis
cikBlis nmimdinareobaSi momxdar eleqtrull da meganikur movHBenebTan
urTierTgmedebaSi. pacientis mdgomareobis kB inikuri Sefasebisas
TonokardiogramasTan erTad SeiZBeba vawarmooT sxvadasxva parametris
registracia, romelic dakavSirebull ia gull is mogmedebasTan. am parametrebs
miekuTvneba ekg, pull sis registracia saZi le arteriasa da sauR Be venaSi da
apegs-kardiograma. saZille arteriasa da sauRBe venis pullsaciis
arainvaziuri registracia, agreTve, apeks-kardiogramis Cawera warmoebs 0,1-
dan 100 hc-mde sixSireTa zolBis mgone mikrofonu i sistemis saSuallebiT.
kardio 0 ogebi afaseben  Fonokardiografiulli gazomvebis  Sedegebs
tal Rebis TFornmis, Ffonokardiogramis signall Tan singronizirebulli rigi

sxva parametrebis cvlilebis mixedviT.
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gullis kaTeterizaciis procedura mdgomareobs ramodenime meTodis
gamoyenebaSi, romBebic saSuallebas aZBevs eqimebs Seafason gulis
hemodinamiuri Ffungcia da koronaluri sisxBlZarRvebis mdgomareoba gullis
kaTeterizacia utardeba pragtiku Bad yve Ba pacients, romlebsac daugegmes
gullze qgirurgiulli Careva. am proceduris dros miRebull iInformacias
SeiZBeba hgondes gadamwyveti mniSvneBoba mocemulBi1 pacientisTvis
girurgiulli Carevis dros, riskis xarisxisa da mosalodneli sargebl obis
gansazRvrisaTvis. kaTeterizacia warmoebs specializirebul
ganyoFi B ebebSi aRWurvi l i1aa gullis vizual izaciisaTvis da
sisx B ZarRvebSi sxvadasxva kaTeteris ganBagebaze kontrolisaTvis saWiro
rentgenis mowyobi BobiT. kaTeterizacias awarmoeben agreTve, sisxBis
mimogcevis wuTmocu B obisa da arteriull sisxBSi sxvadasxva airisa da
metabo Bur produqgtebis Semcve B obis gazomvisaTvis. parkuWebSi an aortaSi
radioagtiuri saRebavebis Seyvana kHRinicistebs aZlBllevs saSualebas,
Seafason koronalBuri sisxZarRvebis mdgomareoba.

kB inicistebs aqgvT SesaZzlBeb B oba gazomon wneva gu B is oTxive sakansa
da msxvill sisxBZarRvebSi. amisaTvis gamoiyeneba kaTeterebi, romell Ta
wveroebs, rentgenis kontrolis qveS, aTavseben gull-sisxBZarRvTa
sistemis salWiro ubnebSi. ubnebis gansazRvea xorcielldeba wnevis
pul saciaTa mrudeebis damaxasiaTebelB i1 Formis mixedviT. amrigad, zomaven
wnevis gradients gullis oTxive sarqve B ze. kB inicistebi iyeneben, agreTve,
kaTeteris boBoSi gaberill patara ballons, romeBic SehyavT rentgenis
kontrollis gareSe, kaTeteris mimarTva xdeba sisxBis nakadiT.
gu BmkerdSida veniT Seyvani Bi kaTeteri boBoSi gaberilli patara balloniT
gadaitaneba sisxBis nakadiT, gaivlis ra marjvena wina gulls, mar jvena
parkuWs da Tiltvis arterias, xvdeba mcire wris wvrill arteriaSi,
rome Bsac ketavs, axdens ra am arteriiT sisxBis dinebis bl okirebas.
arteriis gadaketvis wneva asaxavs saSuall o wnevas marcxena winagu I Si.

Seviwroebuli koronalluri arteriebis sanaTuris gafarToebisTvis
gamoiyeneba kanis transBuminaBuri koronaluri angiopBastikis (ktka)
meTodi. arteriis Seviwroebuli ubnis gafarToeba, romeBic miiRweva am
meTodis gamoyenebisas, saSuallebas gvaZlBlevs gavzardoT sisxBis nakadi

mocemuli koronarulli arteriis auzSi, rac Tavis mxriv aRmofxvravs
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1Semiis simptomebs da miokardiumis sisxBiIT momaragebis ukmarisobis
niSnebs.

mravall i pacientisTvis koronalluri arteriebis dazianebiT
warmatebiT Catarebuli ktka warmoadgens aortokoronarulli Suntirebis
operaciis alternativas. i1s saSuallebas gvaZzlevs Tavidan avicilloT
gu Bmkerdis gaxsnis, xeBlovnuri sisxBis mimogcevisa da zogadi narkozis
gamoyenebis arasasiamovno Sedegebi, garda amisa, mniSvne Bovnad mcirdeba
pacientis mier saavadmyofoSi gatarebulli dro: pacienti SeiZleba
gamoweri B ignes warmatebiT Catarebuli proceduridan ori dRis Semdeg.

gullis sarqueBiT daxurulli xvrelis ganivi kveTis FarTobi SeiZleba
gamoangariSebu i ignes  siTxis  meganikis ZiriTadad gantolebaTa
saSuallebiT. eqims SeuZBia Seafasos am xvrelBis Seviwroebis xarisxi,
zomavs ra wnevaTa sxvaobas saintereso sarqve Bis orive mxares da xvrell Si
sisxbis dinebas.

bernel is ganto Bebas arabBanti siTxisTvis agqvs Semdegi saxe:

u2

0
2

R =P +pgh+

sadac: P — srull'i wneva;

P — siTxis adgi Bobrivi statikuri wneva;
p — siTxis sinmkvrive;

g — Tavisufalli vardnis aCgareba;

h — simaR Be referentulli donidan;

u — siTxis dinebis siCgare.

arsebobs iseTi situaciebi, rome B Ta dros potenciur da kinetikur
energiasTan dakavSirebull1 efeqtebis ugu lebe Byofam SeiZBeba migviyvanos
Secdomebamde sisx B is wnevis gazomvis SedegebSi.

rogorc bernelis gantolebidan (7.8) gamomdinareobs, disipatiur
Zall Ta ararsebobisas siTxis saerTo wneva rCeba mudmivi. Tu ganto Bebis
wevrebi, romBebic dakavSirebulia potenciuri da Kkinetikuri energiis
aRricxvasTan, udris nulls, maSin sisxBZarRvebSi gazomiBi wneva udris

statikur wnevas.
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42 sisxlis wnevis gazomvis arainvaziuri meTodebi

arteriulli wnevis gazomvis arainvaziuri xerxebi arapirdapiria
pirdapiri (invaziuri) meTodebisagan gansxvavebiT. arteriulli wnevis
arainvaziuri gazomvis yve laze farTod gamoyenebuli meTodi mdgomareobs
pulsaciis gansazRvraSi, romelBic warmoigmneba an pallpatorullad, an
gansazRvru Bi bgerebis mosmeniT, okBuziuri manJetis dadebis adgi lidan
distalurad. sur.49 naCvenebia sistema, romelic standartullad gamoiyeneba
arteriulli wnevis arainvaziuri gazomvisTvis. am sistemaSi gamoiyeneba
sFignomanometri, romelBic Sedgeba gasaberi manJetisagan - emsaxureba
sisx B ZarRvebis okBuaziis Segmnas, rezinis msx B isagan - manJetSi haeris
dasatumbad da vercxBiswyBis an membranuBi manometrisagan - manJetSi
wnevis gasazomad. arteriull wnevas zomaven Semdegnairad: okBuziur
manJetSi tumbaven haers manam, sanam wneva masSi ar gadaaWarbebs sistoBur
wnevas msxvi l arteriaSi, ris Semdegac nell-nela iwyeben wnevis Semcirebas
manJetSi. mas Semdeg, rac sistoBlaSi miRweuli1 magsimaBuri wneva
gadaaWarbebs ok Buziis wnevas, sisx i1 daiwyebs gasvBas manJetidan TiTqgmis
mT Bianad Seviwroebull sisxBZarRvSi, rac migviyvans palpaciisas aRgmadi
sxivis arteriis pullsuri rxevebis warmogmnamde mtevnis doneze (riva-roCis
meTodi). meore meTodi (auskull taciuri) dafuZnebullia stetoskopis
saSuallebiT 1i1dayvis naRunSi warmogmni Bi bgerebis (korotkovis tonebis)
mosmenaze, romBebic ganpirobebulia sisxBis dinebiT manJetiT SekumSul
arteriaSi da am arteriis vibraciebiT. wneva rome Il sac gviCvenebs manometri
sxivur arteriaSi pirveli pullsuri dartymis registraciis momentSi udris
sistolur wnevas. manJetSi wnevis Semcirebisas SeiZlleba gamovyoT
korotkovis tonebis cvlilebaTa xuTi Taza. wnevas romellic
registrirdeba meoTxe Fazidan (rodesac tonebi xdeba miyruebul i) mexuTe
fazaSi gadasvlisas (rodesac tonebi aRar ismis), Tvhian distoluri
wnevis to lad.

SemuSavebu Bia mravalli iseTi meTodi, romelic saSuallebas gvaZlevs
avtomaturad vawarmooT adamianebSi sistoBuri da diastoBuri wnevis
arainvaziuri gazomva. yvella am meTodSi gamoiyeneba avtomaturi
sTignomanometri, romelic axorciellebs haeris datumbvas okBuziur

manJetSi da manJetidan haeris Semdgom gamoSvebas winaswar dadgenilli
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siCgariT. arteriaSi pullsaciebis registraciisaTvis manJetis qvemoT da

manJetSi wnevis aRricxvisaTvis gamoiyeneba mgrZnobiare deteqtori.
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deteqtoris saxiT gamoiyeneba ull trabgeriTi, piezoeleqtruli,
fotoeleqtruli, e Begtroakustikuri, Termometrull i
el egtrokardiograftiulli xe B sawyoebi Dda  gadamcemebi, rombebic

gankuTvni Bia gsovi Bebis impedansis gazomvisaTvis. qvemoT Cven ganvixi BavT
wnevis avtomaturi gazomvis sam yve Baze FarTod gamoyenebul meTods.
pirveli meTodis reallizaciisaTvis gamoiyeneba avtomaturi xell sawyo
ausku l taciisaTvis, rome 1 Sic stetoskopi Secvlilia mikrofoniT. manJetSi
wnevis sidide, romeBic arsebobs im momentSi, rodesac mikrofoni axdens
korotkovis pirvelli tonis warmogmnis registracias, SeaqvT mexsierebaSi.
wnevis sidide, rombBis dros xdeba korotkovis tonebis Sesusuteba da
gagroba da romelBic Seesabameba diastoBur wnevas, agreTve, SeaqvT
mexsierebaSi. arteriulli wnevis gansazRvrisas ulltrabgeriTi gadacemnis
saSuallebiT, gamoiyeneba kanis dopBerulli gadamcemi, romelic saSuall ebas
gvaZllevs movaxdinoT sisxBZarRvis kedBebis moZraobis registracia

ok Buziur manJetSi wnevis sxvadasxva donisas. 4.10 suraTze naCvenebia ori
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ull trabgeriTi kristalis - signallis gamomsxivebBisa (8 mhc) da aRgmu B is
— ganBageba kompresiulli manJetis qveS romelBic moTavsebulia cdaSi
monawi Be piris xelze. manJetSi wnevis momatebisas, rodesac is xdeba
diastolurze maRali, rCeba ra amave dros sistolurze dabali,
sisxBZarRvi 1Reba da ixureba gullis yoveli1 dartymisas (gulis yoveli
cik B is ganmav B obaSi), radgan wneva arteriaSi xan maRallia da xan dabali
im wnevaze, romeBic mogmedebs masze garedan (manJetis mxridan)

ull trabgeriTi sistema axdens arteriis gaRebisa da daxurvis momentebis
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registracias.

gazomvis ul trabgeriTi meTodis upiratesoba mdgomareobs imaSi, rom
iIs SeiZlBeba i1yos gamoyenebulli1 bavSvebsa da daballi arteriulli wnevis
mgone  pirebzec, agreTve, Xxmauriani oTaxis pirobebSi. meTodis
nak B ovanebebs miekuTvneba is garemoeba, rom cdaSi monawi Be piris sxeullis

mdebareobis  Secvlisas icvlleba gzis sigrze, romelsac gadis
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ull trabgeriTi signalli gadamcemidan arteriamde. ull trabgeriTi meTodis
gamoyeneba saSuallebas gvaZzlevs, aseve srulliad aRvadginoT arteriulli
wnevis pulsaciis mrudi. am proceduris dros referentullis saxiT
gamoiyeneba e Beqtrokardiogranmis signali.

arteriulli  wnevis gazomvis Semdegi arainvaziuri meTodi -
oscillometriulli - dafuZnebullia okBuziur manJetSi wnevis meryeobaTa
(osci BaciaTa) ampBitudis gazomvaze, romBebic warmoigmneba arteriis
ked Bis radialuri gadanacvlebis (nisi diametris gazrdis an Semcirebis)
gamo, sisxBis dinebis TiToeulli pullsaciisas da arteriaSi wnevis
SemTxvevaSi. oscilometriulli meTodis unikaBuroba mdgomareobs imaSi,
rom arteriulli wnevis gazomvisaTvis, an meTodis gamoyenebisas, gamoiyeneba
kompresiull manJetSi arsebuli haeris maxasiaTebBebi. wnevis meryeoba
manJetSi warmoigmneba maSin, rodesac wneva masSi uax Bovdeba sistolurs.
es meryeoba ZHNierdeba manJetSi wnevis Semcirebis Sesabamisad, aRwevs ra
magsimaBur sidides im momentSi, rodesac es wneva xdeba saSuallo
arteriulli wnevis toli. manJetSi wnevis Semcirebisas am sidideze dabla,
wnevis meryeobis amp B ituda mcirdeba manJetSi wnevis Semcirebis siCgaris
proporciullad. manJetSi wnevis meryeobaTa Canaweri ar Seicavs raime
gamoxatu i cvlillebebs, romBis  mixedviTac advillad SeiZleboda
arteriaSi diastoBluri wnevis gansazRvra. es dakavSirebull ia imasTan, rom
manJetSi wnevis Semcirebisas diastoBlurze dabBla kedBis radialuri
moZraobebi, romBebsac adgi Bi aqvs arteriaSi TiToeulli pullsuri talRis
gavlisas, narCundeba. am mizeziT monitori wnevis oscillometriulli
gazomvisaTvis Seicavs specialluri allgoriTms, romelic saSuallebas
gvaZBevs SevafasoT diasto Buri wnevis sidide arteriaSi.

yve Baze saimedo parametrs, romellic registrirdeba
oscillometriulli meTodis gamoyenebisas, warmoadgens ara sistoBuri an
diastoBuri, aramed saSuallo wneva, radgan is ganisazRvreba srulliad
aSkara, gamoxatulli maCvenebBis saSuallebiT: manJetis wneviT, romelic
udris arteriis saSuall 0 wnevas.

sur 411 naCvenebia wnevis “ideaBluri” Canaweri okBuziur manJetSi,
romelic gakeTebulia diagramulli TviTCanweris saSuallebiT, arteriulli
wnevis gazomvis proceduris msvBlel obaSi. sistoBuri wneva ganisazRvreba

manJetSi wnevis pulsaciaTa amp B i1tudis gazrdis mixedviT, romelic xdeba
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im momentSi, rodesac saSuallo wneva manJetSi xdeba sistoBur wnevaze
ramdenadme nakBebi (wertilli 1). wertilli 2 aRniSnavs manJetSi wnevis
osci laciis magsimaBur ampBitudas da Seesabameba saSuallo arteriul
wnevas, radgan diastoBuri wnevis donis gavBisas manJetSi wnevis
meryeobaTa amp B itudis raime gansakuTrebulli cvlilleba ar xdeba, amitom
diastoBluri wnevis sididis gansazRvrisaTvis gvixdeba algoriTmulli

meTodis gamoyeneba.
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sur.4ll
sur. 412 naCvenebia b B ok- sgema, osci Bometriulli meTodiT arteriuli
wnevis gazomvisaTvis, sistemis ZiriTadi komponentebi da qvesistemebi,
romelic dafuzZnebulia xeBsawyo Dinamap-ze. marTvis paneli. MAP =
saSuallo arteriulli wneva SYS = sistoBuri wneva, HR - guliscenis
sixSire daDYS -
diasto Buri wneva. sazomi sistemis aRwera iwyeba kompresiu i manJetidan,
rome B ic masSi haeris datumbvisas kumSavs kidurs da gadauWers masSi
gamava B sisx B ZarRvebs. es manJeti SeerTebu B ia pnevmatiur sistemasTan.
wneva manJetSi i1zomeba kristaBluri gadamcemis saSuallebiT, rombis
eleqtro signali muSavdeba ori sxvadasxva wrediT. pirveli wredi
winaswar aZlierebs gasazom signalls da axdens manJetSi wnevis nullis
wanacv B ebis koreqtirebas manam, sanam movaxdenT mis gardagmnas ana B ogiur-

cifrullt gardamgmne B is saSuallebiT cifrull FormaSi. meore wredi axdens
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maRa B 1 sixSireebis gafi B tvras (daTrgunvas) da aZlBierebs wnevis signalls
manJetSi. wnevis marTva manJetSi xdeba mikrokompiuteris saSuallebiT,
romelic gazomvis cikBis saliro momentSi aamogmedebs manJetSi haeris

datumbvisa da misgan haeris ne B i gamoSvebis sistemas.
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LEQTavi 5

sunTqviTi parametrebis gazomvebi

arsebobs  xe Bsawyoebis  didi raodenoba, romBebic emsaxureba
sunTqvasTan dakavSirebu ll sxvadasxva sidideebis gazonmvas. Cven
SemovifarglebiT ag msgeBobiT iseT samedicino xell sawyoebze, romBebic
uzrunve Blyofen mxoBlod sidideebis zust gazomvas. Sesabamisad ar
ganvixi BavT im xe B sawyoebs, romBebic gankuTvni Bia mxoBod pacientebis
monitoringisTvis, agreTve sadiagnostiko xelsawyoebis did jgufs. maT
miekuTvneba xe B sawyoebi introskopiis da tomografiisaTvis
(rentgenografia, kompiuterulli, magnito-rezonansulli da pozitron-emisiuri
tomografia). amasve mivakuTvnoT xeBsawyoebis didi jgufi, romlebic

gankuTvni R ia il tvebis mocu B obis cviilebis gasazomad _
f B uoroskopebi, magnitometrebi, sxvadasxva e Beqtro-meganikuri da
pnevmatiuri gadamwodebi da agreTve  tenzogadamwodi, romellic

aregistrirebs sunTqviT moZraobebs.

Catarebuli gazomvebi unda iyos minimaBurad invaziuri. es gazomvebi
unda 1i1yos minimaBurad diskretulli da unda iyos misaRebi kHBinikuri
gamoyenebisTvis. mocemuli moTxovnebi zRudavs gazomvebis Sesazllo
ricxvebsa da tipebs da ganpirobebullia eqvivallenturi parametrebis
mode Bebis gamoyenebas, magaBiTad, sunTqgvaSi gamoiyofa ori +Fungcia (1)
TiltvebSi gazTa cvBa (haergamtari gzebis da Tiltvebis kapiBarebis
CaTvliT) da (2) Filtvebis da gullmkerdis meganika. modelebi, romlebic
aRweren gazTa transportirebas, dakavSirebullia ZiriTadad sxvadasxva gazTa
komponentebis cvlillebebTan da gazTa nakadis moculobiT siCgaresTan,
xo 0o meganikuri modeBebi _ wnevasTan, Filltvebis mocul obasTan da misi
siCgaris cvBillebebTan. es ori FTungcia mWidrodaa dakavSirebuli
erTmaneT Tan.

gazebis +transportirebis sxvadasxva modelebs safuZvellad udevs
masebis balBansi sasunTqgi sistemebisaTvis. sur. 51  naCvenebia i lltvebis
airTa cvlis modeli. is Sedgeba cvallebadi mocuBlobis allveoRarulli
nakveTurisagan, romBis SigniT airi kargad difuzirdeba, agreTve ew.
mkvdari sivrcisagan, rome B sac agvs mudmivi mocu B oba. konveqciis gamo haeri
gadis mkvdar sivrceSi, igi warmoadgens dayovnebis xazs, romelBic aerTebs
gare sasunTqgi xvrellis allveoBlarull moculobas. sur. 51 (a) warmodgeni i
sgema kargad aRwers orive FilltvSi airTa cvlas normaBuri da mSvidi
sunTqvisas.

masebis dinamiuri balansis gantoleba SeiZlleba davweroT nebismieri
gimiuri komponentisaTvis X an maTi kompoziciiT SesunTqull airTa narevSi.
Tu X nivTierebis warmogmna qimiuri reaqcilT sistemaSi SeiZleba
ugu Bebe BvyoT, maSin masebis balansis gantolleba X-isTvis SeiZlleba
Caiweros Semdegnairad:

sistemaSi X n Sesav I idan difuziis
dagrovebis — X h siCgare sistenis gareT (5.1)
siCgare —- gadatanis

siCnare
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sur. 51

sur. 51 ze naCvenebia Fi ll tvebis model 1.

(@) — sasunTqgi sistemebis airTa cvla (aQ) aris Xairis nakadi
mo BebSi, romelic Semodis haergamtari xvreBlis (AWO) SesasvBleliT da
sisxBZarRvTa Tiltvebis b kapiBlarulli gseBiT. V,= nkvdari sivrcis
mocu B oba;, V,= allveoluri mocu l oba;

(b) = sasunTqi sistemis meganikuri modeli; P,= wneva Filtvis SigniT
(a@veoluri), P, = wneva pBlevraSi;, P,,,= wneva sasunTqi xvrelis midamoSi;
V, = airis moculloba FilltvebSi da haermatareb BebSi; Q,,,= airis nakadis
mocu BobiTi siCgare Fill tvebSi Semavali gzebiT.

51 gantoleba SeiZBleba gadavweroT aseve moBarulli saxiT, radganac
mo Bebis raodenoba N - aris X masa (gramebSi) gayofilBi missave
mo Beku Bur wonaze, p,,X - X komponentis moBarulli simkvrive (moHBebis

raodenoba mocu Bl obis erTeullze), xolo Q,, - airis nakadis mocuBobiTi
siCgare (airis moculloba Sesulli drois erTeullSi). orive sidide izomeba
sistemaSi Sesvlisas. maSin sur. 51 (a) warmodgeni i mode B isTvis SeiZleba
CavweroT Semdegi ganto Beba airovani X ingredientisTvis:

d(N_x)

o = (PawoX Qano)~Usb X (5.2)

sadac:

U,X - X airis sisxBiT STanTgnis ganuri moBarulli siCgare;

N, X - gamuri moBRarulli airis Semcvelli X ¥iltvebSi mkvdari sivrcis
CaTvBiT (N,X) da allveoRuri ganyofiBeba (N,X).

sunTqvis meganikis modelBireba SeiZBeba moxerxebulad pnevmaturi da

meganikuri e Bementebis kombinaciiT. 51 (b) suraTze warmodgenilia
Tilltvebis 1dealizirebulli meganikuri modeli. igi Sedgeba deformirebadi
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pnevmaturi saknisagan, romeBic damzadebuli1 iseTi masalisgan, romellsac
gaaCnia erTdroullad simkvrive, pBlastiuroba da agqvs rbili haergantari
gzebi, cvallebadi winaaRmdegobiT. sistema Seicavs idealluri airebis
gagerebull SenaerTebs. Tumca TiToeulli yoveli milioni allveoll Tagani
SeZBlebda Funqcionirebas, rogorc callkeul sunTqvis sistema, mnSvidi
sunTqvisas orive Fi Bl tvis SemTxvevaSi meganika kargad aRiwereba erTsakniani
modeBiT (sur. 51 b). amave dros, normis da paToBogiis dros sunTqvis
meganikis adegvaturi aRwerisaTvis saWiroa ramodenime damoukidebeli
saknebis mgone mode Bebis gamoyeneba. surb5.2 (a) sunTqvis sistemas daemata
kidev erTi deformirebulli konteineri, warmogmniBi ked BiT Fill tvebis
garSemo myo¥ gulmkerdis RruSi. es kedeli Seicavs Filltvis garSemo myof
yve Ba elementebs: neknebs, sunTqviT kunTebs, mucBis Rrus organoebs,
romBebic sunTqvisas moZraoben. Filtvebsa da gullmkerds Soris viwro
xvre l1 warmoSobs SidapBevralur siTxiIT savse siTxes.

(Pawo ‘Qﬂ

sur. 5.2

sur. 5.2 normalBuri ventilBaciis meganikis modelia, zomieri
amp B 1tudisa da sunTqvis sixSiris dros (JanmrTel 1 Fi I tvebi, simSvide). (a)
- meqanikuri modeli Fill tvebis gulmkerdis ked BebiT garSemortymulli. (b) -
eqvivallenturi elleqtrulli sgema (a) mode B isTvis.

wnevis dinamikuri gazomva sasunTq sistemaSi SeiZBeba ganvaxorciel oT,
wnevis eleqgtronulli  tenzometriulli gadamwodis gamoyenebiT, romelic
SeerTebulia kaTeterTan an milBTan, zondis rolBSi. wnevis sxvaobis
gazomvisas unda gaviTvaBiswinoT erTi mniSvne Bovani momenti. uSuall od
aseTi gazomvebi xorcieldeba diferencirebulli manometrebis saSuallebiT,
romBebsac agqvT ori sakani, gamoyofiBi membraniT masze damagrebulli
tenzogadamwodebiT. kaTeteri awodebs airs yve Ba sakans.

Tu TFiltvebi icvlian Tavis mocullobas, maSin konveqtorull nakads
miagvs an moaqvs airis porcia sasunTqi xvreBiT. im parametrebis gazomvas,
romelic dakavSirebulia airis moZraobasTan aqvs udidesi mniSvne I oba
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sasunTqi sistemis Seswav ll isas. nakadis mocu B obiT siCgares da mis droiT
integrall s iyeneben Fi1 0 tvebis mocull obis siCgaris cvliBebis SefasebisTvis
da Sesabamisad, Tu xe B sawyoebi dakallibrdeba da gamoiyeneba nakadis
siCgaris mocu Bl obis gasazomad. dadgeni Bia, rom nakadis mocu B obiT siCgare
tolia masis gadatanis siCgarisa Sefardebulli airis simkvriveze gazomvis
werti BSi. xelBsawyoebs romBebic gankuTvni Bia airis nakadis mocullobiT
siCgaris gazomvisaTvis, uwodeben mocullobiTi xarjsazoms. mocull oba,
romellsac airis masa ikavebs cnobil temperaturaze da wnevaze,
ganisazRvreba spirometriT.

Tumca sunTqviT moZraobebi cikBuria da Tan axBavs airis nakadis
urTierTsawinaaRmdego mimarTulebiT gadaadgiBeba, =zogierTi sasunTqi
gzebis Tungcia dafuZnebuBia callkeull sasunTq moZraobaze da moiTxoven
airis nakadis gazomvas marto erT mimarTullebiT. aseT gazomvas atareben
amosunTqvis TFazaSi, Tiltvebidan indikatorulli airis gamorecxvisas,
callkeull forsirebull amosunTqvaze Filltvebis sasicocxBo tevadobis
dasadgenad an cal keul magsimaBur CasunTqvaze.

sistemaSi gamavali airis nakadis gazomvisas salWiroa, rom gadamwodi
mdebareobdes nakadis perpendikuBarullad. egsperimentebSi, gansakuTrebiT
iIseTSi sadac 1izomeba amosunTqulli airi, miRebullia, rom mTeli nakadi
gadiodes xeBsawyoSi an grovdebodes masSi. Ggazomvebis aseT meTods
SeiZBleba Tan axBdes garkveulli siZneBeebi. Ggazomvebis dros, romlebic
tardeba Semavalli xvrelis doneze, gadamwodi unda uZBebdes nebismier
wnevas, romellic warmoigmneba haermatarebe BSi (mag. ventiBatoriT) airis
garda, TviTon xellsawyo ar unda gmnides wnevas sawinaaRmdego an haeris
moZraobis sawinaaRmdegod. amerikuli pullmonologiuri sazogadoebis
rekomendaciis Tanaxmad, moculobiTi xarjsazomebis nakadis mimarT
winaaRmdegoba ar unda aRematebodes 15sm H,O0(B/wm). rogorc sxva
xe I sawyoebSi, gazomvis sizustis moTxovnis uzrunve ByoTisaTvis,
xar jsazomis gadamwods unda gondes sakmarisi stabi Buroba (gamosasvileli
signallis mcire dreifi mudmivi Xxarjvisas) sakmaris mgrZnobel obasTan
erTad. saWiroa vigulisxmoT, rom airis temperaturisa da Semadgenl obis
cvilileban SeiZlBeba gavBena moaxdinos xar jsazomis dakall ibrebaze. aseTi
cvililebebi SeiZBeba warmoignas CasunTgvisas an amosunTqgvisas da aseve
amosunTqulli  aerozoluri organulli nivTiereba SeiZlBleba dailleqos
gadamwodis mgZnobiare e Bementebze da gaaWuWyianos is. aseTma procesebma
SeiZBleba ara marto imognedos gadamwodis kavSirebze, aramed aRmoCndes
infeqciis wyaro. Sesabamisad gadamwodi SeiZBeba 1yos sterilluric an
erTjeradi.

erT erTi ZiriTadi nivTiereba, romelBic abinZurebs gadamwods aris
amosunTqulli wylis orTgli. Tu gadamwwodi ar xurdeba sxeullis
temperaturamde an mis zeviT, 1is gvevlineba Tavisebur “macivrad”
gagerebulli wylis orTqlisTvis. dagroviIma siTxem SeiZBeba daabinZuros
gadamwodi da Secvall os efeqturi FarTobi ganiv ganakveTze, romel Sic airi
gadis.

gazomvebis proceduram ar unda migviyvanos CasunTqulli haeris
gaxurebamde da masSi mavne minarevebis moxvedramde. aseTi meTodebi, rogorc
Bazerulli anemometria (romBic moiTxovs nakadSi amrekBavi nawi Bakebis
arsebobas) da 1ionuri anemometria (romellsac mivyavarT ozonirebasTan)
gamousadegaria gazomvisaTvis sasunTqgi sistemis SesasvBel Si. Tu gadamwodi
gamoiyeneba ganuwyvete Bi sunTqgvis monitoringSi maSin mniSvne Bovani xdeba
misi mkvdari sivrce. Tu haermatarebelis moculoba gazomvis sistemaSi
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imdenad didia, rom TiToeull CasunTqgvaze pacienti SeisunTgavs amosunTqu i
haeris gadaWarbebull raodenobas, maSin sistemidan saWiroa gamovdenoT
naxSiroJdangi da davamatoT Jangbadi.

samuSao maxasiaTebe B ebi, romBebic  moeTxoveba respiratorulli
xar jsazomebs, damokidebu B ia Catarebu i gazomvebis specifikaze. gazomvebis
diapazoni moicavs, rogorc nakadebis mcire sidideebs (Cvillis mSvidi
sunTqva), aseve airis magsimaBur nakadebs mozardi sportsmenis Forsirebul
sunTgvis drosac.

pragtikaSi gamoyenebulli1 respiratorull xargsazomebi miekuTvneba
momdevno oOTxi kategoriidan erT-erTs. rotaciulli, ulltrabgeriTi,
Termokonveqciuri da diferencialur-manometriuli.

rotaciulli xar jsazomebi miekuTvneba xelsawyoebis tips, romell Tac
agvT patara trialla, romelic ganBagebullia haergamtarSi. misi brunva,
triali, ganisazRvreba airis nakadis mocu B obiT. meganikuri gadacemis
saSuallebiT  xe B sawyos indikatorze gamoiyvaneba nakadis Semdegi
parametrebi; nakadis pikuri mniSvneBoba da jgamuri nakadi amosunTqvisas.
xe Bsawyos sxva variantSi, gadamwodi aRigqvams sinaT Bis triallas nmier
sxivis SeCerebas, da axdens mis transformirebas ZabvaSi, romelBic airis
nakadis an misi integralis proporciullia es sidide Seuwyvet B 1v
gamoisaxeba monitorze an Caiwereba FotogaRal dze. moZravi nawi Bebis masa
da maT Soris xaxuns SearCeven 1iseTi saxiT, rom aaridon triallas metad
maRaB 1 sixSiris brunva, aCgarebuli nakadis sapasuxod. Ees xells uSlHis
rotaciull xar jsazomis gamoyenebas cvalebadi an sxvadasxva mimarTu Bebis
nakadis gazomvaSi. rotaciull xar jsazomebs 1iyeneben ZiriTadad k0 inikaSi
masobriv gamokv B evebisas.

sunTqvis parametrebis gazomvebisas mkvBevari afasebs airis dinebis
zemogmedebas u Bl trabgeriTi signallis gavlis xangrZlivobaze. gamosxivebis
kristaluri wyvilli - gadamwodi - mimRebi magrdeba, gareTa kuTxiT, milBis
RerZze, romBis SigniT miedineba airi an Siga mxridan nakadis RerZis
parallelurad. ulltrabgeriTi signalis gatarebis dro, gamomsxivebe Bsa da
mimRebs Soris, damokidebu B ia ara marto maT Soris airis siCgareze, aseve a
airis narevis Semadgen l obaze da temperaturaze.

xe I sawyos sxva variantSi, airis nakadSi aTavseben Reros, romelic
iwevs turbullentur dinebas. ultrabgeriTi gamomsxivebeli1 da mimRebi
ganBagebu lia miBis diametrulad sawinaaRmdego ked Bebze. ull trabgeriTi
signallebis intensiuroba, romelBic gadis nakadis perpendikullarullad
modu Birdeba grigalis meSveobiT. moduBaciis sixSire ganisazRvreba da
daka B ibrdeba nakadis siCgaris mocullobiT erTeullebSi. ull trabgeriTi
xar yTsazomebi  zomaven erTmimarTulebian nakadebs da gamoiyenebian
pacientebis monitoringisaTvis kB inikaSi.

Termokonveqciuri xar jsazomebis mgrZnobiare e Bementebi aris RiTonis
mavTulebi, BiTonis follga an Termistorebi, eleqtrulli winaaRmdegoba
romelic icvleba temperaturasTan damokidebu BebaSi. TviTgaTbobis reJimSi
muSaobis dros, rodesac masSi gadis mniSvne Bovani deni, raTaA saSuallo
temperatura SenarCundes garemomcve B temperaturaze maRBa. am e Bementebze
siTburi danakargebis siCgare damokidebu B ia airis B okalur masagadatanaze,
temperaturaze, Thotevadobaze, kinematikur sibBanteze da Tbogamtarobaze.
Tu mgrZnobiare e Bementis muSaoba mudmivi temperaturisas
uzrunve Blyofilia ukukavSiris wrediT, masin siThos danakargs
ganpirobebulls BokaBuri temperaturis cvBlillebebiT, akompensireben
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ukukavSiris wredSi meore mgrZnobiare elementis moTavsebiT, romelic
muSaobs gaxurebis gareSe.

im  SemTxvevebSi, roca airis Tvisebebi pragtikulad ar icvlleba,
gamomava B 1 Zabva ganxi Bull xe B sawyoebSi warmoadgens arawrfiv Funqcias,
romelic damokidebulia mxoBlod da mxoBod masagadatanis siCgareze. am
damokidebu B ebis aprogsimaciis wyaBobiT gardagmnebis Sedegad
uzrunve Byofen xazovan kavSirs gamavall Zabvasa da masagadatanis siCgares
Soris.

Xazovani xar gsazomi, romellSic gamoiyeneba marto erTi gadamwodi
temperaturulli kompensaciT, romelic Sesrullebulia gacxelebulli mavTullis
saxiT, uzrunve Byofsen EEerT  mimarTullebiT  sunTqviTi nakadebis
damakmayofi Bebel gazomvebs. mavTu B ovani Termoanemometrebis gamoyenebisas
nakadis mocullobiTi siCgaris sunTgqgvis  uwyveti registraciisTvis
auci lebelia ramodenime pirobis dacva. airis mudmivi  simkvrivis
mocu B obiTi nakadi gadis zogierT ganivkveTs, romellic
pirdapirproporciullia masagadatanis saSuallo siCgaris, gadakveTaze
gaSualloebulli. mavTulls, romeBic emsaxureba masagadatanis deteqtors, agvs
Zalian mcire zomebi (daaxBoebiT. diametri 5 mkm da sigrZe 1 — 2 mm), rac
auci Blebelia salWiro siTbogacemis wuzrunvelsayofad da 1inerciullobis
SemcirebisaTvis. masagadatana izomeba marto airis nakadis mcire midamoSo.
mi B 1 mgrZnobiare mavTuliT ganBagebu i unda iyos iseTi saxiT, rom drois
nebismier momentSi gadamwodiT registrirebulli mniSvneBloba asaxavdes
mTe Wi nakadis saSuall o sididis reprezentaciull Sefasebas.

erTmavTu B iani gadamwodi gamosasvBell ze gascems erTnair poBarobis
signalls, nakadis mimarTulebisgan damoukidebBad ase, rom zRudavs nis
gamoyenebas erTmimarTu Bebiani nakadebis gasazomad. amis asacillebllad
erTdroullad Iyeneben  ramodenime mgrZnobiare e Bements, romBebic
ganBagebulia nakadis gaswvriv  sxvadasxva wertilBebSi. Sesabamisi
eleqtrulli mowyobi B obebis arsebobisas deteqtirebis saSuallebas aZlBlevs
aramarto sididis, aramed nakadis mimarTulebas. sunTqvisas airis narevis
Semadgen Bobis cvlilleba gavBenas axdens gacxeBebulli mavTulidan siTbos
gadatanaze. airis SemadgenBobis mniSvne Bovani sxvaoba, SesunTqulli da
anosunTqu i  haeri aufasurebs erTjeradi dakalibrirebis Sedegebs.
gadamwodi saWiroa dakaBibrdes im airis narevis mixedviT, romBisTvisac
tardeba gazomva.

sunTqvis  parametrebis gazomvisas mavTullovan anemometrs  aqvs
upiratesoba. mas aqvs kargi sixSirulli maxasiaTebBebi (anemometris
gadamwods SeuZll i1a asaxos sixSire ramodenime hercamde). radganac gadamwodi
miniaturulia, wnevas winaaRmdegobas uwevs mxoBlod mibi, rombis
SigniTacaa is ganBagebull 1.

adekvaturi xazovani pirobis dros mavTulovani anemometris zusti
Cveneba uzrunve BlyofiBia rogorc mcire, aseve maRall i nakadis siCgareebisas.
saWiroebis dros xelsawyos SeuzBia momaragdes specialluri sgemiT
gadamwodis ZBieri gaxurebiT, romBis SedegaTac iwveba dagrovili WuWyi.
ZiriTadi nak Bovanebaa _ xe B sawyos unari gazomos marto erTmimarTu Bebiani
nakadebi.

konvegtiuri nakadi igmneba sivrcis or wertills Soris wnevaTa sxvaobis
wya BobiT. wnevaTa sxvaobasa da nakadis mocu B obis siCgares Soris mWidro
damokidebu Bebis arseboba sistemaSi saSuallebas i1ZBeva Sefasdes nakadis
siCgare wnevaTa sxvaobis mixedviT. aseTi principiT momuSave Xxar jsazomebs
diferencialur-manometriulli xar jsazomebs, aqvT ramodenime damxmare
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mowyobi B oba, romBebic uzrunve Byofen saWiro TanaFfardobas wnevis dacemas
da nakads Soris. isini Seicaven venturis mills, sazom diafragmas da nakadis
sxvadasxvagvar winaaRmdegobas. SemuSavebullia aseve xar jsazomebi pitos
aseve modificirebulli mi Bis safuZvell ze.

xar jis gadamwodebi- pnevmotaxometrebi, romflebic odiTganve
warmoadgenen Fiziologiur BaboratoriebSi ZiriTad instruments, agebull ia
moZravi  haerisTvis iIseTi winaRobebis gamosayenebBad, romBebic

uzrunve Byofen wrfiv damokidebu Bebas nakadsa da wnevis vardnas Soris.
rogorc wesi xe Bsawyoebs aseTi gadamwodebiT uwodeben pnevmotaxometrebs,
rac warmoadgens airovani Xxar jsazomis sinonims. eqspBuataciis dros
rezistulli pnevmotaxometrebi martivia 1isini ansxvaveben airis nakadis
mimarTu Bebas. amis garda maT aqvT maRali sizuste, mgrZnobiaroba, kargi
sixSirulli maxasiaTeb Bebi, rac pasuxobs umetesi kBinikuri gazomvebis
moTxovni Bebebs. maTSi gamoiyeneba i1seTive diferencialuri manometrebi da
maZ B iereb Bebi, romBebic aucillebelia sxva gazomvebis dros, romlebic
dakavSirebu B ia sunTqgvasTan.

rezistulli elementebis yvella am mravallsaxeobidan, romBebic
CaSenebu B 1a pnevmotaxometrebSi, ufro xSirad gamoiyeneba wvrilli badis
erTi  an vramodenime bBokSi mWidrod CalBagebulli ekrani, romlebic
gan Bagebu B ia nakadisken. am xar jsazomebSi nakadis damokidebu Beba wnevaTa
sxvaobisgan aris wrfivi farTo diapazonze.

rogorc wesi, rezistull ellements aTavseben mrgvall i ganivkveTis mi B Si
wnevaTa sxvaobas zomaven ganivi mimarTullebiT milBis kedellze (nakadis
mosazRvre SreSi). rezistulli ellementis TiToeul bolBoSi wnevaTa
gazomvebis aci Beba adgens erT an mravall xvrelebs, romlibic gmnian saerTo
mrgvall arxs milBis kedelBSi. igi SeerTebulia saerTo gare milakebze.
vinaidan wnevaTa sxvaoba izomeba miBis periferiullad (mi Bis RerZidan erTi
radiusis manZi B ze), maSin varaudoben, rom is warmoadgens reprezentatiulls
airis mTel i1 nakadisTvis, rome B ic gadis mi Bis mT Bian kveTze.

wongE b o s gto
dobmidfso

(8 (6)

o d=yo
L

sur. 54

arsebobs mTeli rigi kompromisu i gadawyveti 0 ebebi aseTi
gadamwodebis dasamuSaveb Bad da gamosayeneb Bad. AP-Q TanaFfardoba mudmiv
nakadisTvis ufro wr¥Fivia, roca millebs Soris manZi Bi wnevis gasazomad
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sakmarisad didia. magram, cvallebadi nakadebis SemTxvevaSi, romBebsac aqvT
maRa B sixSiriani mdgene Bebi, wnevaTa gazomvas did manZi B ze umetesad eqceva
inerciulli Zallebis zemogmedebis qveS. imisaTvis rom avicilloT grigalis
warmoSoba nakadebis maRalli siCgareebis dros, milbis kveTis TFTarTobi
rezistiulli elementebis mdebareobis adgi Bas unda iyos sakmaod didi, rom
SevamciroT nakadis gamav B obis siCgare rezistiulli elementebis gavliT. Aam
farTobs SeuZBlia ramdenimejer gadaaWarbos gamosacdell piris zomebs,
anitom pirsa da gadamnwods Soris saWiroa movaTavsOoT adapteri an
difuzori. turbullentobis da nakadebis mowyvetis asacillebBad nmilis
SeviwrovebisTanave adapteris (sur. 54,a) Sida Seviwroebulli1 kuTxe ar unda

aRematebodes 15°-s. amrigad, rac ufro mcirea aseTi kuTxe, miT metia pirsa
da gadamwods Soris manZi Bi. wnevis vardnis simetriu Bl obis piroba erTi da
igive nakadisTvis, gamavali nebismieri mimarTullebiT, miiRweva nmilis
Tanabari geometriiT gadamwodisgan orive mxridan. airis moculloba
adapterebs SigniT da TviT miBSi warmoadgens sasunTqi cirkuBaciisTvis
mkvdar sivrces.

mkvdari sivrcis mosaSorebBad iyeneben nakadis gadaadgi lebas e.l.
damatebiTi mudmivi nakadis, romelBic Caberilia pnevmotagtometrSi. Aam
mizniT haeri gamoiwoveba gverdiTi xvreBiT kedelSi vakuumis tumbos
meSveobiT, romeBic SeerTebulia xvreBidan grZeli miBiT (sur. 54b). es
gnmnis mudmiv wnevaTa vardnas gadamwodze pacientis sunTqvis dros mudmivi
nakadis gadaadgi BebiT.

52. respiratorulli pletizmografia

termini pBletizimografia miekuTvneba mocu B obis an mTelB i sxeuBisTvis
misi variaciebis gazomvas. pulmono B ogiaSi iyeneben pBetizmografiis or
ZiriTad nmeTods, romelic gankuTvnillia gullnmkerdis Rrus mocullobis
cvlilebis Sesafaseblad: 1) gulmkerdis geometriulli parametrebis gazomva
sxeullis zogierT speciallur monakveTze da 2) torakaBluri mocullobis
cvililebis zemogmedebis Sefaseba airis parametrebze, pHRetizmografiis
saknebis SigniT, romeBic moicavs mTell sxeulls (integralluri an saerTo
p Betizmografia).

arsebobs  ramodenime xelBsawyo gulmkerdis moZraobis  uwyveti
gazomvisaTvis, romelic dakavSirebullia misi mocullobis cvlilebasTan.
sunTqvisas 1icvBeba gulmkerdis Rrus eleqgtrulll 1impendasi, romelic
SeiZleba davaregistriroT, raTa Tvalyuri vadevnoT sasunTqg agqtiurobas.
impendansur pnevmografebs iyeneben Ramis sunTgqvisas apnoes da monitoringis
detegtirebisaTvis, sunTqvis umravBesi tipi xasiaTdeba TavisufBebis ori
ZiriTadi xarisxiT: gullmkerdis neknebis da diafragnis moZraobiT.
Sesabamisad, magnetometrebis, tenzogadamwodebis da cvBadi indigtiurobis
gamoyeneba sensorebis saxiT miTxovs sunTquiTi moZraobebis erTdroul
registracias gullmkerdis or sxvadasxva nawiBSi: mkerdis da muclis
ganyoFfi BebaSi. gullmkerdis RruSi mocullobis cvlillebas Seafaseben
gadanacv Bebis awonili gamiT orive ganyofi BebaSi, amasTan abdominaBuri
gadamwodis Cveneba SeiZBeba gamoyenebulli 1ignas diafragnulli sunTgvis
sazomad.

magnetometrebs da gadaadgi Bebis sxva wrFfiv gardamgmne Bebs SeuzZliaT
gazomon gulmkerdis da muclis Rrus diametrebi. gullmkerdis garSemo
ganBagebuli  tenzogadamwodebi  zomaven misi  perimetris Hokalur
cvilillebebs sunTqvis dros. tenzometriis saxiT sunTqviTi moZraobis
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registraciisTvis xSirad gamiyeneben mcire kveTis siBikonis mills, romelic
savsea vercxBiswyBiT. indugtiur sunTgviT pBetizmografSi gadamwodis
saxiT gamoiyeneba ori sadeni mikerebu 1 zigzagiseburad eBastiur gamarze,
romeBsac agqvs maRali1 Wimvadoba. pirvell sartyells amagreben gulmkerdis
garSemo, meores ki mucBis garSemo iseTi saxiT, rom sadenebidan TiToeuli
gnmnides erTmag maryulJs. orive sadeniT atareben daball amp B itudis cvall ebad
dens radiosixSirull diapazonSi. gamtariT warmogmni Bi maryudis kveTis
cvilileba, gamoiwvevs TviTinduqciis Sesabamis cvBillebas. gamomavali
signallis demodulaciis Semdeg miiReben Zabvas proporciulls gullnmkerdis
ganikveTis FarTobisa, mis im nawi B Si, sadac gades sartyeli.

TiToeulli xelsawyo zomavs romell ime geometriull parameters (diametri,
perimetri an FarTobi) romBis daxmarebiTac Seafaseben mkerdis mocu B obis
cvlillebas. am Sefasebis sizuste varirdeba meTodidan meTodamde.
Cveu Bebrivi Secdoma Seadgens 5-10% i1m mocu Bl obidan, romeBic i1zomeba
spirometriT. gazomvebis artefaqtebi SeiZBeba warmoigmnas sxeullis
moZraobaiT, mag. gul@mkerdis pozis da TFformis cvlilleba, aseve sunTqvis

amp B itudis cvililleba Sesabamisi daka B ibrebisas indugtiuri
pBetizmografis mgrZnobelBoba aseT dabrkoBebebTan SeiZBeba iyos
arsebiTad daballi. saerTo (integralluri) pBetizmografis

gansaxorciellebe Bi xe B sawyo warmoadgens mudmivi mocu B obis uxeS kameras,
rome BSic mT Bianad moTavsdeba adamiani. rogorc wesi, kHBinikaSi es
xe B sawyo gamiyeneba Fi l tvebis abso Butur mocull obis gansazRvrisaTvis da
allveoluri wnevis uwyveti registraciisTvis, romBiTac advi B 1ia
gamoiTvallos sunTqviTi gzebis winaRoba. arsebobs sami varianti:
barometriulli, volimetriulli da nakadovani. TiToeulli tipis saxe Bwodeba
Seesabameba im Fizikur parametrs, romelic izomeba da gamoiyeneba SemdgomSi
Ti B tvebis danarCeni parametrebis gamosaTvilellad

sixSireebze, rombis drosac xorcie Bl deba wnevis gazomva,
barometriulli pletizmografi 1ise 1igceva, rogorc airisTvis gaumtari
daxurulli kamera voRiometriulli da nakadovani pletizmografi warmoadgens
Ria sistemebs, radgan TiToeulli aseTi xelsawyos aqvs xvreli, romlis
saSallebiTac airs SeuZBia SesvBla an gamosvBa kameridan. spirometri an
mocu BobiTi xar jTsazomi (mag.pnavmotagtometri) erTveba am xvrell's, da maSin
SeiZlBeba SevamciroT wnevis cvlilleba aseTi pRetizmografis SigniT, airis
mTelBi1 moZraobis dayvaniT kameras da gamzom xeBsawyos Soris nis
gadaadgi Bebande. Ria kamera gamoiyeneba sunTqviTi sinjebisTvis, Fill tvebis
mocu B obis Tanmx Bebi didi cvliBebebiT. singebisTvis sunTqvis (mag.; XSiri
zedapirulli sunTqviT) mcire ampBlitudiT SeiZlBeba gamoviyenoT nebismieri
kameris tipi.

Ti Il tvebis absoButur mocullobaze da allveoBuri wnevis cvililebebze
SeiZleba vimsgeBoT integrallur pRetizmografiT Catarebulli gazomvebiT,
romBis sakanSic adamiani sunTgavs. Semdgomi anaBizi  miekuTvneba
barometriull integrallur pletizmografs (sur. 55), romelic allbaT,
yve Baze ufro xSirad gamoiyeneba pragtikaSi. simartivisaTvis davuSvaT, rom
adamians aqvs normaBuri Filltvebi. aseT SemTxvevaSi SeiZlBeba visargebBoT
il tvebis erTsakniani modeBiT (sur. 51), romel Sic damaxasiaTebeli Pa-
allveoBuri wneva ganisazRvreba rogorc allveo Buri nakveTuris SigniT wneva
(sur. 55). .haermatarebel gzebs gaaCniaT nakadebis mimarT winaRoba,

amitomac Pa sunTqvis dros gansxvavdeba, Pawo - wnevisgan sasunTq xvre ll Tan.
sivrce saknis ked Bebis da adamianis Soris SeiZlleba ganvixi BOoT rogorc
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mT B iani rezervuari, romelic Seicavs erTgvarovan ujer airTa narevs,
romB isTvisac damaxasiaTebe B ia Tavisi sakuTari cvBadebi .Th,Vb,Nb da Tb.

(P

{aPy),
ha-{;a{ﬁn
Pat = P PEUERH e et

‘\h*'ﬂfﬁ-_@

EA"H

sur. 55

sur 55 naCvenebia rom manometrull integralluri pRetizmografSi Tu
safari daxurulia, maSin xellsawyo gamoiyeneba Filltvebis moculobis
gansazRvrisaTvis. Ria safaris mdgomareobaSi mas gamoiyeneben allveo Ruri
wnevis cvlillebis registraciisaTvis. aseTi pletizmografFis daxmarebiT
SeiZBleba gamoviTvaBloT sasunTqi gzebis winaRobebi, sasunTqgi xvrelis
gavliT airis nakadis gazomviT. radganac atmosferuli pirobebi fss dros
ar icvleba, airis wnevis gazomva SeiZlleba CavataroT SefardebiTi
atmosfterulli wnevis saSuallebiT.
pBetiznografis moculoba Ve 1igmneba V., adamianis qsovi lebis

mocullobiT, Vi Filtvebis airovani sivrciT da Ve adamianis garSemo myoTfi
saknis airovani sivrciT.

VP :VTIS +VL +VB (5.3)

airTan SedarebiT, FilltvebSi adamianis gsovi Bebi, romBebic Sedgebian
siTxisgan da myari masalebisgan, SeiZlleba CavTvaBloT arakumSvadad.
sunTqviTi moZraobebis dros gsovillebi icvBian Tavis Fformas, da ara
mocu B obas. garda amisa, radganac p BetizmograFfis mocull oba rCeba mudmivad
(im periodis garda, roca atareben dakall ibrebas) Ur cvlli Bebebi 0-is tolia
maSasadame, FiltvebSi airis mocullobis cvBilleba tolia sididiT da
sawinaaRmdego niSniT sakanSi mocu B obis airis cvlilebisa
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dVi = -dVs (5.4)

rogorc Termodinamikuri procesebisa Sedegebi, moculobebis es
sawinaaRmdego cv Ui Bebebi migviyvans Fi 0 tvebSi wnevis da kamerias SigniT
airovan sivrcis ZvrebTan. FiltvebSi erTgvarovan Sereulli airisTvis da
saknis airovan sivrceSi samarT Biania Semdegi barotropikulli Tanafardoba
mocu B obas, wnevasa da idealluri airis mo Bebis raodenobas Soris:
V a
P N K (55,a)
an gantoBebaSi Aa da K _ konstantebia. FilltvebSi mimdinare
1zoTermu i1 procesisTvis, a=1;0or atomiani airiT (mag; haerTan)
procesisTvis a=14. yvelBla sxva danarCen SemTxvevaSi a mdebareobs am or
sazRvars Soris. sakanSi swrafi sunTquviTi moZraobebis dros a uax B ovdeba
adiabatur zRvars. (55a). ganto Bebidan warmoebu Bi gviCvenebs kavSirs V,P da

N namatebs Soris:

av =-Lagp+Lan (55.b)
aP p
dP-sTan koeficienti sxva araferia Tu ara rezervuarSi gazis akustikuri
Wimvadoba C,. sxva sityvebiT, es aris misi absoButuri kumSvadobis sazonmi.
warmovidginoT, vrom pletizmografis SigniT airi ujeria, da
Sesabamisad, 1ise iqceva rogorc 1idealluri airebis narevi. maSin, (55b)
formulis gamoyenebiT sakanSi mTeBi airTa narevisTvis da FilltvebSi
mSralli airisTvis, miRebu Bi gamosaxu Bebis (5.4)-Si CasmiT, miviRebT
VM APyory + AN oy - Ve dr; - dN, (5.6,a)
I:)ADRY I:)LDTY aB I:)B I:)B
pBetizmografis kamera hermetiulia, xoBlo airis jJamuri raodenobis
gasvla Fill tvebidan sisxBSi ise mcire, rom SeiZleba misi ugu llvebe Byofa
Sesabamisad, callke TiltvebisaTvis da kamerasaTvis masebis balansis
ganto Bebas egnabaT Semdegi saxe:

dNL.DRY = PAWO.DRYQAWOd +

dNB = _PAWOQAWOd +
ganto BebaSi am gamosaxu Bebis CasmiT da misi gardagmniT, miviRebT:

Vv Vv P P
L dPA.DRY - — B dPB + AWO _ ' AWO>DRY QAWOd + (56 b)
I:)A.DRY aB I:>B I:,B I:)L.DRY
idealluri airis ganto Bebis
N
=—RT = pRT
v PR

gamoyenebiT, simkvrivis sidideebi (5.6,0) to B obaSi SeiZlBeba gamovsaxoT
temperaturiT da wneviT. airTan narevis wnevis saSuallo sidideebi
(hidrostatikuri) sasunTqgi xvrelis doneze tolia atmosferulli wnevisa _
rogorc Tiltvebis mxridan, aseve pletizmografis kameras mxridan:
Pwo = P» =P; =P, radganac airis narevSi gajerebulli wyBis orTglhiT

parcialluri  wneva aris  temperatures TFunqcia, xoBo  FilltvebSi
Termodinamikuri procesebi 1izoTermulli1a, maSin saerTo allveolarulli1 wnevis
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cvilileba ganisazRvreba +FiltvebSi mSralli airebis parcialuri wnevis
cviiBebebiT: dP, =dP,DRY. Sesabamisad, (5.6,0) toBoba SeiZlBeba gadavweroT
Semdegi saxiT:
v 0P, = - Vo , To _(Pan ~Pawono) T, Ouod +. 57)
(Patm - PA.HZO) agPy Tawo (Patm - PA.HZO) Tawo

Tformulla aris ZiriTadi mocemulli saerTo pHletizmografiis meTodis
analizisaTvis, romelB Sic adamiani sunTgavs hermetuli kabinis SigniT. igi
SeiZleba gamoviyenoT sxvadasxva gamokv BevebisaTvis _ rogorc daxurull,
aseve Ria sasunTqi miBiT (Filltvebis absoButuri mocullobis gasazomad),
agreTve allveolarulli wnevis Seuwyvet Bad gazomvisaTvis.

mass _ speqtrometri aris aparati, romell ic gamosakv Bevi nivTierebidan
warmogmnis damuxtu B 1 nawi Bakebis (ionebis) nakads da i1Rebs mis speqtrs,
yofs mas Fragciebad, romel Tac agvT masa/muxti erTnairi damokidebu leba,
ris Sedegadac miRebull  speqtri gansazRvravs TiToeulli Ffragciis
SefardebiT raodenobas. samedicino massa_ speqtrometrebi Sedgeba Semdegi
e Bementebisgan: amRebi nakveTuri, 1onizirebuli kamera, dispersiulli kamera
da i1onebis deteqtori (koleqtori). (sur. 56)

amRebi nakveTuri Sedgeba gacxeBebulli an civi kairaBluri milisgan
(diametri daaxBoebiT 025 mm) da Semwovi kamerisgan. am sistemaSi airi
Seiwoveba rotaciulli tumbos meSveobiT, romeBic gmnis uaryoFfiT wnevas _
daax B oebiT 10 _ 20 mm/vercxwy. sveti (1.3 _ 17 kpa). difuziis wyalobiT airis
porcia Fforovan tixarSi ionizirebull sakanSi, romeBic imyofeba maRal

vakuumSi  (10°pa), SegmniBi mZBavri tumboTi. gaxurebulli kaTodidan
anodisken moZravi eleqtronebis nakadi ejaxeba 1onizirebull kameraSi
mimavall airTSan, da airis moBekulidan elegtronebis mowyvetiT gmnis
dadebiT 1onebs. es 1onebi TFokusireben konaSi da gaiafnteba eleqtrulli
ve I 1T. dispersiull kameraSi moxvedrisas ionebis kona Fraqciebad daiSHeba
maTi mo BekuBuri wonis Sesabamisad.

dispersiulli meTodebi, romBebic gamoiyeneba sxvadasxva TFirma
mwarmoeb Bebis  danadgarebSi, Seicaven magnituri da kvadrupoBRuri
eleqgtrullt velis generatorebs, aseve mowyobiBobas, romeBic zomavs
nawi Bakebis Ffrenis dros. gayofis Semdeg 1onebis konebi xvdebian
koBeqtorSi, sadac TFformirdeba xeBsawyos gamomavalli signalli. Znelia
xe BaxBa SevaFasoT massa _ speqtrometris mniSvne Boba sunTqvis Fungciis
gamosakvBevad _ magram es sworia mxoBod im SemTxvevaSi, Tu is
uzrunve lyofs uwyvet gazomvas erTbaSad ramodenime arxze, romlebsac
Seesabameba ramodenime gamosasvBell qgimiur nivTierebas. aseT muSaobis reJimi
miiRweva ori xerxiT. erT_erT variantSi gamoiyeneba mxoBlod erTi
koBeqtori, romelBic maRali sixSiriT skanirdeba ionuri sxivebiT,
rome I Tac Seesabameba sxvadasxva komponentebi. yove Bi nivTierebisaTvis aris
individuaBuri damamaxsovrebeBi SerCeva _  Senaxvis mowyobi Bl obebi,
romBebic Caweren 1onur denebs ko Begqtorze ionebis Sesabamisi SxIvis
moxvedrisas. meore variantSi gamoiyeneba ramodenime ko Begqtori, romlis
mdgomareoba isea daregulirebulli, rom yovel maTganze uwyvetad moxdes
gamosasvilell i1 1onuri komponentebisgan mxo Bod erTi.

77



wefmgabo Ambern ombobaen@o  2ad oo Fror
ﬁ.ﬂhhﬁﬂ ‘jgl:%d@ o= hhdhEnG ? G?Eﬁ%@

Fo
——3
_-_-'_..m'
dergn s trngn o

nfa]izegdoe

s |
-—-—-—-hFH:

\ T o0z

hn E::. qool
Ba-{;mﬁ ﬂﬁaba;ﬂ?n

-+

o' b b y]
?ﬂdgahan o=
dogna jo

dgdfege  gag7 H'T_]ﬁ“ olidq@liowgma liajabo
h“h‘%ﬂ oli  Gydd Ié;a ﬁ:mg‘va?gfmﬁn .

sur. 56

koBeqtorze gazomilli ionuri deni proporciullia airis narevis
Sesabamisi  komponentis parcialluri wnevisa. signallis reallur droSi
damuSaveba da Sesabamisi dakal ibrireba saSua l ebas gvaZ B evs
daregistrirdes gamomavalli signalli, uSuallod moBarulli Ffragciis
erTeu B ebSi.

respiratorulli gamokv Bevebis umetesobaSi moBekuBuri wona izomeba
4(He) dan 44(CO,)-mde masebis atomuri erTeulebis diapazonSi. xell sawyoebi
gafarToebulli diapazoniT saSuallebas i1ZBeva 1iseTi airebis Semcve Bobis
daregistrirebisa, rogoricaa eleairi (gogirdis gegsaftoridi, 146) an
ha B otani (196).

mgZnobiaroba, xazovnoba da signali/xmauri Sefardeba, romelic
gancxadebu B ia mass_speqtrometrebis mwarmoeb Bebis mier, Seesabameba
preceziull gazomvebs. Ddrois mudmiva signallis SesasvBell ze safexurovani
cvlilebisaTvis (2-dan 90%-mde) Cveu Bebriv nak Bebia 100 mwm. (wyBis orTglis
ganok BebiT, romBisTvisac drois mudmiva ufro maRalia). droiTi dayovneba
romelic damokidebuBlia airis transportiTan kaTeterSi zomiT 13-16 m
Seadgens 200 mwm, maSin rodesac aRebis dro 10-dan 30 mB/wT-mde. arsebobs
iseTi sistemebi, romBebic nebas rTaven Catardes erTdroullad ramodenime
komponentis gazomva airTa narevSi. aseve SemuSavebu B ia masa-speqtrometrebis
kompagturi (magidis an ste B alis) mode Bebi.

airTa narevis Semadgen Bl obaze damokidebuli Fizikuri Tvisebidan erT-
erTia _ misi Thogamtaroba. rogorc wesi, airis Tbogamtarianoba
ukuproporciullia misi moBekuBuri wonisa mag;, H,-is da H,-is

Tbogamtaroba 65 jer maRalBia, vidre N,-is da O,-is. Thogadacema
gaxurebulli sxeulls, romelic mudmivi temperaturisaa, da gverdiT
gandinare siTxis (airis) Soris, damokidebullia siCgareze, Thogamtarobaze
amave siTxis (airis) temperaturaze da zogierT sxva parametrebze.
Thogamtarobis gadamwodebi SemuSavebuBi iyo maTi gamoyenebis mizniT
airTa qromatografiasa da airebis analizatorebSi, SenarevebisaTvis,
romBebic Seicavdnen H, da H,. orive SemTxvevaSi mgrZnobiare e lementebs,

romBebic CarTullia uitsonis bogirSi, acxelleben, maTSi mudmiv denis
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gatarebiT. mgrZnobiare e B ementebad gamoyenebu Bia BiTonis Termistorebi an
mavTu B ovani spirallebi winaRobis maRali1 temperaturulli koeficientiT (mag;
pBatina, volframi an nikelBi). Tbogantarobis gadamwodebs romlebic
damzadebu B i1a gacxeBebull'i mavTu ll is safuZve I ze, uwodeben katarometrebs.
sxvaxvadasxva qimiur eBementebs gaaCniaT elegqtromagnituri energiis
STanTqgmis sxvadasxvagvari speqtri, rogorc airovan mdgomareobaSi, aseve
xsnarebSi. gamosxivebis infrawiTeBi1 diapazoni, romeBic Seesabameba
talRur diapazons 3 - 30 mkm-mde, ZalBian xelsayrelia airebis
gamosakv Bevad. sagme is gaxBavl, rom airebis umetesoba STanTgavs
infFrawiTe B i sxivebis energias mkacrad gansazRvrull talRis sigrZeze, da
toveben ew. moBekuBuri ,TiTebis anabeWdebs”. ~STanTgmulli energia
gardaigmeba siThod da zrdis STanTgnuli airis  temperaturas.
infFrawiTel 1  gamosxiveba STainTgmeba mxoBod iseTi moBekulebiT,
romBebic Sedgeni Bia sxvadasxva atomebisagan, radgan mxoBod aseT
mo Beku Bebs gaaCniaT dipoBuri momenti, romelzec urTierTmogmedebs
eleqgtronulli veli. msgavss mo Beku Bebs miekuTvneba CO,, CO, N,0, H,O da
mFrinavi anesTetikebi. simetriull molekullebs (mag; O,, N, da H,) da aseve
keTi BSobi 01 airebs (mag;, H, da N_,) ar gaaCniaT dipo Buri momentebi da ar

STanTqgaven infrawiTell gamosxivebas.

rodesac mocemuBi1 airisTvis damaxasiaTebeB1 gansazRvrulli talRis
sinaT Be ecema aseTi airis nimuSze, STainTgneba mxoBod misi energiis
Sesabamisi nawi Bi. energiis danarCeni nawi Bi gadis airSi STanTgmis gareSe.
gansazRvrull i talRis sinaT BisTvis, nimuSSi gamava B 1 sinaT Rhis
simZBavris kavSiri mis sawyis simZBavresTan dgindeba beris kanoniT:

R =PRe " (58)

sadac P _ FfarTobis erTeullze mosulli simZBavrea, a _ STanTgmis
koeFficienti, L _ airSi sinaThis gzis sigrZe da C _ Suqis mSTanTqgmel i
airis koncentracia. maSasadame, airTa narevis SemadgenBobaSi airis
koncentraciis gansazRvra SeiZlBeba sinaT Bis energiis gazomviT, romelmac
STanTga an galara airTa narevSi. am principiT (sinaT Bis energiis gatareba
an STanTgma gazomvisas) aris konstruirebullit is xelsawyoebi, romlebic
gamoiyeneba sunTgvisas airebis Semcve B obis dasadgenad _ umTavresad CO,,
CO, wy Bis da anesTetikebis orTqglebis.

tradiciulli meTodiT, romelsac SemdegSi Sug-SeRwevadobis analizs
vuwodebT, i1zomeba gamavaBli sinaT Bis simZBavre gamosakvBevi airebisTvis
damaxasiaTebe i tal Ris sigrZeze.

alternatiuli meTodi dafuzZnebulia STanTgnuBli energiis gazomvaze
nimuSSi1 (Fotoakustikuri meTodi). orive tipis xelsawyoebSi gamoiyeneba
farTo-zolis gamomsxivebelBi (Savi sxeull1). aRsaniSnavia, rom msgavsi
xe B sawyoebidan arcerTi ar gvaZllevs gatarebis an STanTgmis mT Rian
speqtrs, rogorc es keTdeba ,dispersiull” speqtroskopiaSi. piriqiT,
transmisiuri meTodiT nimuSSi airTa komponentebis Semcve B obis dasadgenad,
gazomvas asrulleben mkacrad TFigsirebulli sinaTlis talRis sigrZis
nakrebiT, romBebsac Seesabameba magsimaBuri signali gamosakv levi
nivTierebisaTvis. am meTodis Tavisebureba saSuallebas iZBeva Seamciros
minarevebis =zegavBena analizis Sedegze. aseTi xellsawyoebi miekuTvneba
aradispersiuBULL inFrawiTeli analizatorebis kategorias.
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sur. 5.7

rogorc gamavalli sinaTRBis anallizatorebi, aseve TFotoakustikuri
sistemebi, Sedgeba rogorc minimum xuTi ZiriTadi bBokisgan (sur. 57) (1)
inFrawiTeli talRebis gamomsxivebeli; (2) mowyobiBoba periodullad
cvallebadi simZBavriT da/an sinaT Bis konis muSa taBRiIT (Cveullebriv
meganikuri stroboskopi); (3) sazomi ujredi; (4) gadamwodi; (5) signalis
damuSavebis wredi gamomavalli indikatoriT. xel@sawyos SigniT bl okebis
mdebareoba SeiZBeba icvlebodes.

SugSeRwevadobis xe I sawyoebSi, romBebic gankuTvni Bia gamosakv levi
airTa narevis callkeuli komponentebis deteqtirebisaTvis, gamoiyeneba ori
identuri infFrawiTeli (iw) sxivi, romBebic wydeba 10-90/wT sixSiriT (zusti
sidide damokidebulia xelsawyos tipze). gamosxivebuli airTa narevi,
rome Bic miewodeba garedan kaTeteriT. meore sxivis gzaze dgas wvrili
apkis saxiT Sesrullebulli interferenciulli Tilltri, romelic atarebs
gansazRvrull i sigrZis tallRebs. ufro 2Zvel nimuSebSi amisaTvis
gamoiyenebdnen makontrolebell ujreds, romellsac zustad iseTive sinaTlis
gatarebis Tanjrebi hgonda, rogorc sazom ujreds, magram airTa nareviT
Sevsebu i, rome B ic ar Seicavda gamosakv Bev airs.

yove l iw-impu Bsze gadamwodi zomavs konebsSorisi simZBavreTa
sxvaobas, gamavalli sakontroBlo da sazom wujredSi. misi eFfeqturi
(saSua Bl okvadratu i) mniSvneBoba proporciullia mnSTanTgmneBi airis
energiis koncentraciisa sazom uj redsSi. gadamwodis signali
demodu Bl irdeba da gardaigmneba gasazomi airis Sesabamis koncentraciis
(moraluri simkvrivis) signallad gamosasvlell ze. haeris kaTeteriT aRebis
siCgaris dros 051 B/wuT-mde, drois mudmiva, romeBic Seesabameba
koncentraciis cvlillebis naxtomis 90%-is ganmeorebas, Skallis Sesabamisad
Seadgens 100 mwm. magram, Tanamedrove xe @ sawyoebis zomebi saSuallebas ar
gvaZlBleven 1isini gamoviyenoT gazomvebis CasatarebBad sunTgvisas haeris
nakadSi. gatarebuli sinaTBis anallizis principze momuSave 1w
anall izatorebi zomaven airebis Semadgen B obas Semdegi diapazonebiT: 10%
CO,, 03% CO, 100% N,O, 75% haBotanis, enfFRuranis, izofRuranis da
sevof Buranis, da aseve 20% dezf Rurans.
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fotoakustikuri analizatorebi, Fotoakustikuri efeqti ganisazRvreba
rogorc airebSi bgeris generacia, warmogmni Bi Ffotonebis STanTgmis
Sedegad. airebis Semadgen B obis analizis princips, safuZvlad daedo is ronm
sxivebis energia romellsac STanTgavs airi, proporciullia airis
koncentraciisa. maSasadame, erTi da igive sxivebis energiis dros bgeris
siZhliere proporciulia airis koncentraciisa.

57 suraTze naCvenebia airTa Totoakustikuri analizatoris saerTo
sgema. infFrawiTeli sxivi TFTarTozoliani gamomsxivebBis saSuallebiT
modu B irdeba meganikuri mwyvetaraTi da TFfiltrSi gavlisas, romelic
axorciellebs saWiro sigrZis talRebis sinaTHlis impullsebis Formirebas,
fokusirdeba gamzom ujredze, romBeSic aris gamosakvBevi airTa narevi.
wnevis T HRuqtuaciebis aRwarmoeba xdeba  sixSiriT, romelic mdebareobs
akustikur diapazonSi da mimwodebe Bi meganikuri mwyvetariT. warmogmni Bi
bgeriTi  rxevebi registrirdeba ZalBlian maRalli mgrZnobeBobis da
stabi Burobis mgone tevaduri mikrofoniT.

airis Totoakustikuri analizatori zomavs iIw sxivebis energias,
rome Bsac STanTqgavs gamosakv Bevi airi, da aregistrirebs airSi warmogmni Bi
wnevis bgeriT tallRebs. airiT STanTgmu B i1 sxivebis energia bevrad mcirea
gatarebis energiaze. gamavalli sinaT Bis analizatorebi adgenen STanTgmis
energias mcire sxvaobis saSuallebiT romBic aris or udides sidideebs
Soris, romBebis Seesabameba sazomi da sakontroBo ujredSi gamavalli
sxivebis energias. Sesabamisad, anall izatorebis signalli/xmauri Sefardeba,
SesamCnevad mcirea, vidre Fotoakustikuri anall izatorebis.

Tfotoakustikuri principiT momuSave airis analizatorebi TarTod
gamoiyeneba anesTeziis dros monitoringisTvis. arsebobs fFotoakustikuri
xe B sawyoebi, romBebic zomaven erTdroullad ramodenime maCvenebell's: CO,,

N,O da anesTetikebidan erT-erTs. es miiRweva meganikuri mwyvetaras
gamoyenebiT romeBsac agvs wris saxe masze xvrelBebis sami koncentriulli
mwkriviT. xvrellebs Sorisi zoma da manZilli, yoveli mwkrivisTvis
gansxvavebu l 1aa. amrigad, mwyvetaras wris erTi da igive brunviTi siCgarisas
Tformirdeba sami damoukidebeBi sxivi, rome B Tagan yoveli Tavisi SixSIiriT
Sewydeba.

yovel1 sxivi Tavis TiltrSi gaivlis, ise rom gasvlisas mas Tavis
Semadgen B obaSi agqvs mxoBod sinaTRis im talRis sigrZe, romellzedac
xorcielldeba gamosakvBevi airebidan erT-erTis energiis STanTgma. sxivebi
fokusirdeba sazom wujredze, sadac erTdroullad gamoiwveven airis
ramodenime komponentis rxevas. yoveli komponentidan rxeva warmoigmneba
Tavis sixSireze SewyvetiT, xoBlo yoveli bgeriTi rxevidan amplituda
proporciull ia Sesabamisi airis koncentraciisa. airTa narevis yoveli
gamosakv Bevi komponentidan koncentraciis uwyveti registracia warmoigmneba
Sewyvetis sixSireze rxevebis TFilltraciis gziT, romelBic Seesabamieba
signallis yovell Turie-Semadgenells, xolo Semdeg gaFfiltrulli signalebis
amp B ituduri demodu BaciiT.

im tipis xe B sawyoebi maRall stabi Burob axasiaTebT da ar saWiroeben
daka Bl ibrirebas 1-3 Tvis ganmavB obaSi. maTTvis damaxasiaTebelia sawyisi
gaxurebis mcire dro (1 wT) da gazomvis maRali sizuste (saves Skalis
Secdoma < 1% ). Semavalli signallis safexurovani cv i Bebebisas 10%-dan 90%
donende fotoakustikur anall izatorebs agvT drois mudmiva daax B oebiT 250-
300 mwm haeris gatanis 90mB/wT siCqariT.
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