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sisxlZarRvebSi wiTeli Trombebis warmoqmnis

procesis maTematikuri modelireba

Tamaz obgaZe, beso babalaSvili

saqarTvelos teqnikuri universiteti

reziume

naSromSi ganxilulia wiTeli Trombebis warmoqmnis procesi. wiTeli Trombebi,

Trombocitebisa da fibrinis garda, Seicaven eriTrocitebis did raodenobas. maTi warmoqmna xdeba

swrafad, sisxlis venebSi neli dinebisas. es umeteswilad gamowveulia umoZraobiT (mjdomare

samuSao), stresebiTa da sisxlSi fibrinis momatebuli raodenobiT, rac iwvevs sisxlis

momatebul Sededebadobas. naSromSi agebulia wiTeli Trombebis warmoqmnisa da evoluciis

maTematikuri modeli, rac saSualebas iZleva, SeviswavloT maTze medikamentozuri zemoqmedebis

Sedegebi da SevadginoT mkurnalobis optimaluri gegma.

sakvanZo sityvebi: Trombi. Trombocitebi. fibrini. maTematikuri modeli.

1. Sesavali

Trombebi Semadgenlobisa da Sesaxedaobis mixedviT, arsebobs sami saxis: TeTri, wiTeli,

Sereuli(fenovani) da gialinuri[1-3].

 TeTri Trombebi Sedgeba Trombocitebis, fibrinisa da leikocitebisagan. warmoiqmneba

arteriebSi sisxlis swrafi moZraobisas. warmoqmna mimdinareobs neli tempiT.

 wiTeli Trombebi Trombocitebisa da fibrinis garda Seicavs eriTrocitebis did raodenobas.

maTi warmoqmna xdeba swrafad, sisxlis venebSi neli dinebisas.

 Sereuli tipis Trombebs (yvelaze ufro xSiria), aqvs fenovani Semadgenloba da Wreli

ferebi. Seicavs rogorc TeTri feris, aseve, wiTeli feris elementebs. fenovani Trombebi ufro

xSirad, warmoiqmneba venebSi, aortis anevrizmis gulis areSi.

 gialinuri Trombebi – iSviaTad Seicavs fibrins, Sedgeba dazianebuli eriTrocitebis,

Trombocitebisa da plazmis cilebisagan. Aamave dros, Trombuli masa mogvagonebs gialins. aseTi
Trombebi gvxvdeba mikrocirkulaciis kalapotebSi.

sisxlZarRvis ganivkveTisa da Trombis zomebidan gamomdinare, ganasxvaveben kedlispira

Trombebs – roca maTi zoma naklebia ganivkveTis farTobTan SedarebiT da gadamket Trombebs –

roca isini ketaven sisxlZarRvis mTel ganivkveTs  da aferxeben sisxlis moZraobas.
 Kkedlispira Trombebi xSirad gvxvdeba gulSi klapanur an parietalur endokardze misi

anTebisas (Tromboendokarditi), trabekulebs Soris (qronikuli iSemiuri daavadebisas), msxvil

arteriebSi aTerosklerozisas, venebSi maTi anTebisas (Tromboflebiti), gulis sisxlZarRvebsa da

anevrizmSi (dilataciuri trombi).

 Ggadamketi Trombebi warmoiqmnebian ufro xSirad, venebSi da mcire arteriebSi kedlispira

Trombebis zrdis Sedegad, iSviaTad – msxvil arteriebSi da aortaSi.

warmoqmnis adgilis mixedviT ganasxvaveben: venebis Trombebs, arteriis Trombebs da

mikrocirkulaciuri sisxlZarRvebis Trombebs. yvelaze metad ganviTarebulia venebis Trombozi.

2. Trombebis warmoqmnis mizezebi

Trombebis warmoqmnis ZiriTadi mizezebi da riskfaqtorebia: sisxlZarRvis kedlis dazianeba;

sisxlis Sesqeleba; sisxlis nakadis moZraobis Seneleba [1]. CamoTvlili sami faqtori virxovis

triadis saxelwodebiT aris cnobili. saTanado mkurnalobis gareSe Rrma venebis Trombozi

progresirebs, intensiurad warmoqmnili Trombebi ufro da ufro metad azianebs venebis kedlebs.

Rrma venebis Trombozis ganviTarebis albaToba didia onkologiuri daavadebebis dros, Tambaqos

mwevelebSi, oraluri hormonuli kontraceptivebis gamoyenebisas. Rrma venebis Trombozi SesaZloa

ganviTardes postoperaciul periodSic, sakeisro kveTis an sxva romelime ginekologiuri

operaciis Semdeg. Trombozis ganviTarebisTvis xelsayrel pirobebs qmnis agreTve xangrZlivi

woliTi reJimi am dros mcirdeba venuri nakadis siCqare, kunTebi saTanadod ver ikumSeba da

gulisaken sisxlis gadaadgileba ramdenadme ferxdeba. Rrma venebis Trombozi SesaZloa

ganuviTardeT axalgazrda janmrTel adamianebsac, romlebic didxans dganan fexze an sxedan skamze.

miokardiumis infarqti: am dros gulis gvirgvinovani sisxlZarRvebi sisxls aRar atarebs,

rasac miokardiumis gansazRvruli ubnis mxolod iSemia ki ara, nekrozic (kvdoma) mohyveba.

miokardiumis infarqtis dros tkivili gacilebiT Zlieri da xangrZlivia – naxevar saaTamde.

Setevis dros adamiani SesaZloa Seawuxos Tavbruxvevam, sulxuTvam, gulisrevis SegrZnebam da

Rebinebamac ki SesaZloa, gonic ki dakargos uecari koronaruli sikvdili. asidan 90-95
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SemTxvevaSi uecari sikvdili swored gulis mkvebavi (koronaruli) sisxlZarRvebis bralia. ase,

rom problemis aqtualoba cxadze cxadia.

3. wiTeli Trombebis warmoqmnisa da evoluciis procesis

konceptualuri modelireba

ganvixiloT wiTeli Trombebis warmoqmnis procesi. sisxli warmoadgens sxvadasxva tipis

ujredebisa da gansakuTrebuli Txevadi nawilakebis (hilomikronebis) suspenzias plazmaSi. TviT

plazma ki – wylis xsnaria, romelic Seicavs dabali koncentraciiT sxvadasxva mciremolekulur

organul da araorganul nivTierebebs [1-3]. amasTan, plazmis masis 7% cilebia. წითელი
თრომბები Trombocitebisa da fibrinis garda Seicaven eriTrocitebis did raodenobas. maTi

warmoqmna xdeba swrafad, sisxlis venebSi neli dinebisas. cirkulirebadi sisxli Seicavs

sxvadasxva tipis ujredebs. gansakuTrebuli yuradRebis Rirsia eriTrocitebi, radgan sisxlis

meqanikur Tvisebebze yvelaze metia maTi gavlena. eriTrocitebi sisxlis mTeli moculobis 45%

Seadgens ix. cxrili 1.

sisxlis ujredebi cxr.1

№ უჯრედების ტიპები უჯრედების რაოდენობა
1 მოცულობაში

ფორმა და ზომები,
მკმ

მოცულობითი
კონცენტრაცია

%
1. ერითროციტები (4-6) ორმხრივამოზნექილი

დისკი,
45%

2. ლეიკოციტები
საერთო შემადგენლობა

2.1. გრანულოციტები:
2.1.1.ნეიტროფილები
2.1.2.ეოზინოფილები
2.1.3.ბაზოფილები
2.2.ლიმფოციტები
2.3.მონოციტები

მიახლოებით სფერული, 7-22
1%

3. თრომბოციტები სფერული, 2-4
eriTrocitebis SigniTaa moTavsebuli sisxlis TiTqmis mTliani gemoglobini. is Seicavs

rkinis atoms, rac ganapirobebs eriTrocitebis wiTel Seferilobas. eriTrocitebi warmoiqmnebian

Zvlis tvinSi. maTi sicocxlis xangrZlivobaa 120 dRe-Rame. amitom ganuwyvetliv xdeba maTi

ganaxleba. yovel dRe-RameSi maTi 8% kvdeba da axaliT icvleba. eriTrocitebi, daberebisas

imsxvrevian da STainTqmebian leikocitebisa da sxva gamwmendi ujredebis mier. am movlenas

fagocitozs uwodeben. eriTrocitebis simkvrivea 1,08x103 kg/m3 . eroTrocitis SigniT siTxea,

romlis moculobis 32% gemoglobins uWiravs. am siTxis siblante 6 მნ x wm/m2, xuTjer aRemateba

sisxlis plazmis siblantes. dazianebuli eriTrocitebi ( maT dasazianeblad sakmarisia 200 n/m2

Zvris Zabva) xSirad ekvrian erTmaneTs da warmoqmnian agregatebs, romelTac xels uwyoben

fibrinogenisa da globulinebis makromolekulebis siaxlove. ase xdeba, wiTeli Trombebis

warmoqmna sawyis etapze. eriTrocitebis dazianeba (hemolizi) xSirad xdeba stenozirebuli

aortaluri sarqvelis maxloblad warmoqmnili turbulenturi nakadis zemoqmedebiT.

leikocitebis gavlena sisxlis dinamikaze umniSvneloa. maTze modis mTeli sisxlis moculobis

1%. leikocitebis mTavari amocanaa brZola infeqciebTan da mavne ujredebTan. isini anadgureben

mavne mikroorganizmebs da warmoqmnian Sesabamis antisxeulebs. aseve, STanTqaven dazianebul da

usargeblo, eriTrocitebis narCenebs.

Trombocitebi warmoiqmnebian Zvlis tvinSi megakariocitebis mier. maT sferuli forma aqvT

2-4 mkm diametriT. adenozindifosfatis makromolekulasTan urTierTqmedebisas Trombocitebi

warmoqmnian agregatebs. iTvleba, rom adenozindifosfati warmoiqmneba eriTrocitebis rRvevisas,

agreTve, TviT Trombocitic gamoyofs mas, roca misi amocanaa dazianebuli sisxlZarRvis aRdgena.

Trombinis, kolagenisa da adenozindifosfatis an adrenalinis zemoqmedebisas, Trombociti male

kargavs sferul formas. warmoqmnis wanazardebs (fsevdopodiebs). es procesi win uZRvis maT

agregacias. Trombocitebis agregacia erT-erTi mTavari procesia sisxldenis SeCerebisas. aseve,

xdeba sisxlZarRvis Seviwroeba da sisxlis Sededeba.

Sededebisas, warmoiqmneba Semkvrivebuli masa, romelic Sedgeba fibrinis badisagan da am

badeSi moxvedrili eriTrocitebis, leikocitebisa da Trombocitebisagan. maTi koncentraciebi

ekvivalenturia Sesabamisi koncentraciebisa, sisxlZarRvebSi moZravi sisxlisaTvis.
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4. wiTeli Trombebis warmoqmnis maTematikuri modeli

ganvixiloT wiTeli Trombebis warmoqmnis kinetikuri maTematikuri modeli. Trombebis

warmoqmnis procesi warmovadginoT sqemis saxiT (nax.1). SevadginoT Sesabamisi grafi (nax.2.).

nax.1. wiTeli Trombis warmoqmnis sqema nax.2. Trombis warmoqmnis procesis grafi

reaqtoruli saqemebis teqnikis safuZvelze [4-6], advilad SevadgenT Sesabamis kinetikur,

maTematikur models:

  ),,,( 321111312221
1 tSSSfSkkSk

dt

dS
 ,                               (1)

  ),,,( 321222321112
2 tSSSfSkkSk

dt

dS
 ,                              (2)

),,,( 3213223113
3 tSSSfSkSk

dt

dS
 . (3)

sadac if - medikomentozuri marTvis veqtor-funqciis komponentebia, romlis mizania sistema

gadaiyvanos (0.5; 0.5; 1) mdgomareobidan (0.1; 0.1; 0) mdgomareobaSi. anu, daSalos wiTeli Trombis

warmonaqmni; xolo -kinetikuri koeficientebia.
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MATHEMATICAL MODELING OF RED BLOOD CLOTS IN BLOOD VESSELS

Obgadze Tamaz, Babalashvili Beso
Georgian Technical University

Summary
In the represented paper there is considered the process of red blood clots’ emergence. Red blood clots in addition

to platelets and fibrin, contain large amounts of Red blood cells. Their formation occurs rapidly, with slow blood flow in
blood vessels. In most cases this is due to immobility (sitting job), stress and elevated levels in the blood Fibrin that
strengthens blood coagulation. We are constructing a mathematical model of the red blood clots evolution, which can be used
to study the impact of the medicamental therapy on this process and make the optimal treatment plan.

МАТЕМАТИЧЕСКОЕ МОДЕЛИРОВАНИЕ ПРОЦЕССА ВОЗНИКНОВЕНИЯ КРАСНЫХ ТРОМБОВ
В КРОВЕНОСНЫХ СОСУДАХ

Обгадзе Т., Бабалашвили Б.
Грузинский Технический Университет

Резюме
Pассматривается процесс возникновения красных тромбов. Красные тромбы, помимо тромбоцитов и

фибрина, содержат большое количество еритроцитов. Их образование происходит быстро при медленном течении
крови в кровеносных сосудах. В большинстве случаев это вызвано неподвижностью (сидячая работа), стрессами и
повышенным содержанием вибриногена в крови, что усиливает свёртываемость крови. В работе строится
математическая модель возникновения эволюции красных тромбов, что позволяет изучить, соответствующее
медикаментозное воздействие и составить оптимальный план лечения.


