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moswavlis wignSi gamoyenebuli pirobiTi niSnebi

davalebebi _ kiTxvebze pasuxebis gacema, muSaoba savar-
jiSoebsa da situaciur amocanebze; suraTebze, grafikeb-
sa da cxrilebSi mocemuli mona cemebis analizi, monace-
mebis organizeba sqemebSi.

praqtikuli davalebebi _ kvleviTi samuSao: dakvirveba, 
eqspe rimenti, Catarebuli kvlevis monacemebis analizi, 
daskvna, kvlevis angariSis momzadeba; modelis Seqmna da ga-
moyeneba.

gaixsene, imsjele _ biologiaSi an sxva sagnebSi miRebuli 
codnis gaxseneba; problemur kiTxvaze/Temaze diskusia.

mecniereba praqtikaSi _ mecnieruli Teoriis kavSiri da 
gamo yeneba realur cxovrebaSi, mniSvnelovani mecnieruli 
aRmoCenebi da maTi Sefaseba, gavlena teqnologiebis ganvi-
Tarebaze, sazogadoebasa da ga remoze.
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Tema 1. ekologia

bolo dros Zalian popularuli gaxda termini „ekologia“. ufro xSirad mas 
iyeneben, rodesac saubroben bunebrivi garemos arasaxarbielo mdgomareobaze, 
zogjer ki am termins xmaroben iseT sityvebTan erTad, rogoricaa sazogadoe-
ba, ojaxi, kultura, janmrTeloba. 

• ra tipis urTierTobebi SeiZleba iyos suraTze mocemul organizmebs So-
ris?

• ra urTierTdamokidebuleba SeiZleba iyos cocxal da aracocxal bunebas 
Soris?

• ra kavSiria adamiansa da mis garemomcvel bunebriv garemos Soris?

• rogor icvleboda urTierToba adamiansa da bunebas Soris civilizaciis  
ganviTarebasTan erTad?

• ra kavSiria ekologiasa da bunebis dacvas Soris?

• rogor fiqrob, nuTu ekologia imdenad zogadi mecnierebaa, rom moicavs 
kacobriobis winaSe mdgar sxvadasxva tipis problemebs? daasabuTe Seni 
pasuxi.

• ratom SeiZina ekologiam dRes aseTi mniSvneloba?

• gamoTqvi mosazreba _ ras Seiswavlis ekologia, rogorc mecniereba.
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1.1. ეკოლოგია, როგორც მეცნიერება

teqstsa da suraTze mocemuli informaciis mixedviT upasuxe TandarTul kiTxvebs:

suraTze warmodgenilia aRmosavleT afrikis mineraluri marilebiT mdidari erT-erTi 
tba, kerZod, tanzaniaSi mdebare natronis tba. wylis aorTqlebis gamo, tba dafarulia 
mariliani qerqiT da misgan gamoyofili buStukebiT. tbis tutianoba meryeobs 9-10,5 pH-s 
Soris, xolo wylis temperatura 60°C-s aRwevs. amitom cxovelebi (ZiriTadad, frinvele-
bi), romlebic tbaSi vardebian, maSinve iRupebian, xolo maTi naSTebi ifareba mineralebiT 
da iqceva qvis qandakebebad. mecnierebi Tvlian, rom frinvelebis dezorientaciis SesaZlo 
mizezi tbis zedapiris Zlieri arekvlaa (am bunebrivi qandakebebis fotoebi pirvelad fo-
tografma nik brandtma gadaiRo).

marilis borcvebi

tbaSi gavrcelebuli 
wiTeli wyalmcenareebi

natronis tba
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aseTi pirobebis miuxedavad, natronis tbaSi cxovrebas mainc Seegua mikroorganizmebi-
sa da Tevzebis zogierTi saxeoba. magaliTad, am tbaSi cxovrobs Tevzis endemuri saxeoba 
tute tilapia _ Alcolapia alcalica.   

rogorc suraTze Cans, natronis tba mowiTalo vardisferia. mis Seferilobas gana-
pirobebs wiTeli pigmentis Semcveli cianobaqteriebi (halofiluri cianobaqteriebi) da 
wiTeli wyalmcenareebis zogierTi saxeoba, aseve, zogierTi mineralis Seferiloba. wvimis 
Semdeg mtknari wyali marilian zedapirze grovdeba, wyalmcenarec zustad am adgilebSi 
binadrobs. es wyalmcenareebi vardisferi flamingos sakvebia. wiTeli wyalmcenare frin-
velebis bumbuls misTvis damaxasiaTebel vardisfer Seferilobas aniWebs. flamingoebi 
gamravlebis periodSi tbaze milionobiT iyris Tavs. isini budeebs ikeTeben wylis aorTq-
lebis Sedegad warmoqmnil marilis „kunZulebze“/„borcvebze“, romlebsac gars akravs 
tbis momakvdinebeli wyali da icavs mtaceblebisgan. flamingos fexebze arsebuli sqeli 
kani mas aZlevs tbaSi gadaadgilebis saSualebas. 

natronis tba Tavisi feriTa da flamingoebiT afrikis veluri bunebis silamazis das-
turia. igi msoflios veluri bunebis fondis siaSia Setanili. tbas ganzavebis saSiSroebas 
uqmnis Zlieri wvimebiT gamowveuli wyaldidoba da adamianis saqmianobac, mgaliTad, tbis 
CrdiloeTiT mtknari wylis dasagroveblad aSenebuli kaSxali. natronis tbis kidev erT 
safrT xes warmoadgens mis sanapiroze sodagadamamuSavebeli qarxana: tbidan wyals amo-
tumbaven da Semdeg iReben natriumis karbonats, romelsac iyeneben sarecxi fxvnilis 
dasamzadeblad.

• ra tipis urTierTobaa aRwerili teqstSi cocxal organizmebs Soris?

• ra urTierTobaa aracocxal bunebasa da cocxal organizmebs Soris? moiyvane 
teqsti dan Sesabamisi magaliTebi.

• ratom aris xelsayreli es garemo flamingoebis gasamravleblad?

• ra faqtori zRudavs am tbaSi sicocxlis mravalferovnebas? 

• ra safrTxes uqmnis natronis tbas adamianis saqmianoba?

termini ekologia 1866 wels Semoitana 
germanelma mecnierma hekelma. ekologia 
warmodgeba ori berZnuli sityvisgan: „oi-

kos” _ saxli, sacxovrebeli,  „logos” _ me-
cniereba. amitom viwro gagebiT ekologia 
aris mecnierebis dargi saarsebo garemos 
Sesaxeb, xolo farTo gagebiT ekologia 
aris mecnierebis dargi, romelic Seiswa-
vlis urTierTqmedebas organizmebs, or-
ganizmebsa da saarsebo garemos Soris. 
ekologiuri TvalsazrisiT, garemo war-
moadgens saarsebo pirobebis kompleqss, 
romelic ama Tu im xarisxiT, pirdapir 
Tu arapirdapir urTierTqmedebaSi Sedis 
organizmTan da moqmedebs mis cxovelq-
medebaze. garemo pirobebis erToblio-
bas, romelic organizms uzrunvelyofs 
sakvebiT, TavSesafriTa da gamravlebi-
saTvis saWiro adgiliT, saarsebo garemo 
ewodeba. 

yvela saxeoba saarsebo garemoSi arse-
bul garkveul pirobebTan aris Seguebu-

li. magaliTad, kurdRlisTvis saarsebo 
garemoSi Zalian mniSvnelovania sakvebi, 
saarsebo sivrce, mtaceblebi, konkuren-
tebi, daavadebis gamomwvevebi, klimatu-
ri pirobebi da a.S. evoluciis procesSi 
organizmebi gansaxldnen dedamiwaze da 
Seeguvnen garemos gansxvavebul saarsebo 
pirobebs. organizmebis erTmaneTTan da 
aracocxal bunebasTan urTierTqmedebis 
Sedegad dedamiwaze Camoyalibda mraval-
ferovani organuli samyaro. Tavis mxriv, 
organizmebis cxovelqmedebam gavlena 
moaxdina aracocxal bunebaze, romelic 
ganviTarda da Seicvala cocxal bunebas-
Tan erTad.

ekologebi bunebas Seiswavlian orga-
nizaciis sxvadasxva doneze, organizmidan 
dawyebuli mTeli biosferos CaTvliT 
(sur. 1.1). TiToeul doneze aris rTu-
li urTierTobebi organizmebs Soris, 
cocxalsa da aracocxal bunebas Soris. 
ekologebi urTierTobebs Seiswavlian 
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TiToeul doneze da sxvadasxva dones 
Soris. magaliTad, mecnierebi swavloben 
aramarto kurdRlis populaciis indi-
videbs Soris damokidebulebas, aramed 

kurdRelsa da mcenareul safars Soris, 
kurdRelsa da melas Soris urTierTo-
bas, kurdRelsa da aracocxali bunebis 
komponentebs Soris.  

• individi _ calkeuli cocxali arseba/
organizmi, magaliTad, kurdReli. 

• populacia _ aris erTi saxeobis Ta-
visuflad Sejvarebadi yvela indivi-
dis erToblioba, romelic xangrZli-
vad arsebobs garkveul teritoriaze 
da SedarebiT gamocalkevebulia amave 
saxeobis sxva dajgufebisgan (magali-
Tad, kurdRlis populacia). popula-
cia xasiTdeba dakavebuli teritoriis 
farTiT, populaciis simWidroviT 
(farTobis erTeulze individebis 
ricxviT), sqesobrivi da asakobrivi Se-
madgenlobiT, genofondiT.

• biocenozi anu Tanasazogadoeba _ gark-
veul teritoriaze binadari yvela sa-
xeobis populaciebis erToblioba (ma-
galiTad, kurdRlis, meliis, daTvis, 
balaxovani da xemcenareebis, xavsebi-
sa da sxva populaciebis) _ cocxali 
organizmebis mier warmoqmnili TviT-
maregulirebeli biologiuri siste-
ma. yoveli biocenozi xasiaTdeba gan-
sxvavebuli saxeobaTa SemadgenlobiTa 
da mravalferovnebiT, populaciebis  
simWidroviT. biocenozSi TiToeul 
saxeobas aqvs Tavisi unikaluri eko-
logiuri roli. magaliTad, Wiayelebi 
mniSvnelovan rols asruleben niada-

sur. 1.1.

biosfero

ekosistema

biocenozi

populacia

individi
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gis struqturis formirebasa da humu-
siT gamdidrebaSi.

• ekosistema anu biogeocenozi _ aris 
dedamiwis nawilSi arsebuli yvela po-
pulaciisa da aracocxali komponen-
tebis erToblioba. igi mdgradobas 
inarCunebs drois garkveuli perio-
dis ganmavlobaSi. yvela aracocxal 
komponentTan erTad teritorias, ro-
melsac ikavebs biocenozi biotopi 
ewodeba. ekosistema moicavs biotopsa 
da biocenozs (sur. 1.2). ekosistemis 
yvela komponenti urTierTqmedebs da 
gavlenas axdens erTmaneTze. termi-
ni ekosistema mecnierebaSi Semoitana 
ingliselma botanikosma artur ten-
slim 1935 wels. ganasxvaveben xmele-
Tisa da wylis, bunebriv da xelovnur 
(adamianis mier Seqmnil) ekosistemebs. 
saarsebo pirobebze damokidebulebiT, 
sxvadasxva ekosistema erTmaneTisgan 
gansxvavdebian saxeobrivi Semadgenlo-
biTa da mravalferovnebiT, dakavebu-
li teritoriiT.

• biosfero _ cocxali organizmebiT 
dasaxlebuli dedamiwis nawili, anu 
cocxali da aracocxali bunebis rTu-
li urTierTqmedebis Sedegad Camo-

yalibebuli sxvadasxva ekosistemis 
erTiani sistema. 

ekologia Seiswavlis ekosistemebis 
ganviTarebis kanonzomierebebs, ekosis-
temaSi organizmebisa da aracocxali 
bunebis urTierTqmedebas, Tanasazoga-
doebisa da biosferos evolucias. samec-
niero-teqnikuri progresis periodSi igi 
aris bunebis dacvis, ekosistemebis ganvi-
Tarebis prognozirebisa da marTvis sa-
fuZveli.

ekologiuri kvlevis meTodebi

eqsperimentuli meTodi. eqsperimentebs 
mecnierebi atareben aramarto labora-
toriul, aramed savele pirobebSic. ra-
sakvirvelia, savele pirobebSi ufro Zne-
lia cvladebs Soris damokidebulebaze 
dakvirveba uamravi bunebrivi faqtoris 
arsebobis gamo. samagierod, savele eqspe-
rimenti iZleva bunebriv pirobebSi orga-
nizmebs Soris urTierTobis ufro zust 
suraTs.  magaliTad, imis dasadgenad, Tu 
ra gavlenas axdenen irmebi mcenareTa 
Tanasazogadoebasa da wvrili cxovele-
bis populaciebze, mecnierebs SeuZliaT 
irmebis gavrcelebis garkveuli terito-
ria SemosazRvron ise, rom irmebi moeq-
cnen SemosazRvruli teritoriis SigniT. 

sur. 1.2.

biotopi

atmosfero hidrosfero

pedosfero

sokoebi

cxovelebimcenareebi

(niadagi)

(mikocenozi)

mikro- 
organizmebi

(mikrobio-
cenozi)

(zoocenozi)(fitocenozi)

biocenozi

biotopi

biocenozi

garkveuli drois ganmavlobaSi mecniere-
bi akvirdebian, Tu rogor icvleba gare-
mo SemoRobil da SemouRobav terito-
riebze. Sedegebis analizis safuZvelze 
mecnierebs SeuZliaT daadginon, Tu ro-
gor icvleba ubani, sadac irmebi sakvebs 
moipoveben. 

mecnierebi ekologiuri kvle  vis Casa-
tareblad eyrdnobian sxvadasxva meTodsa 
da instruments. xelsawyoebi SeiZleba me-
ryeobdes martivi sazomi lentidan (mag., 
organizmis zomis dasadgenad) kompiute-
rul rTul sistemamde, romelic gamoiye-
neba, magaliTad, ekosistemis modelis Se-
saqmnelad.
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dakvirveba. dakvirveba 
drois ganmavlobaSi Cveu-
lebriv bunebriv pirobebSi 
raRacis yuradRebiT yure-
bis aqtia. aseTi dakvirvebebi 
SeiZleba warmoebdes Seuiara-
Rebeli TvaliT an binokliT, 
lupiT da distanciurad, Tu 
sakvlev ekosistemaSi damon-
taJebuli iqneba videoka-
merebi. aqtiurad moZravi 
cxovelebis populaciaze 
dasakvirveblad iyeneben sa-
telitur teqnologiebs.  ma-
galiTad, keniaSi mecnierebi 
iyeneben GPS-s spiloebis 
moZraobis Tval yurisTvis (sur. 1.3). dak-
virveba SeiZleba iyos xanmokle an xangrZ-
livi. xangrZlivi/grZelvadiani ekolo-
giuri kvlevebi mecnierebisTvis Zalian 
mniSvnelovania, radgan garemos cvlile-
bebis umetesoba didi xnis ganmavlobaSi 
mimdinareobs. magaliTad, qurciki Cvens 
teritoriaze gamqral saxeobad iTvleba 
da mecnierebi xangrZlivad ikvlevdnen 
vaSlovanis nakr Zalis teritoriis bu-

nebriv pirobebs, Tu ramdenad Sesaferi-
si iyo mis gasamravleblad. mxolod amis 
Semdeg Semoiyvanes igi azerbaijanis te-
ritoriidan vaSlovanis nakrZalSi. 

modelireba. bunebrivi ekosistemebis 
Seswavlis safuZvelze mecnierebma Seq-
mnes specialuri kompiuteruli progra-
mebi, romelTa saSualebiT qmnian eko-
sistemis modelebs; cvlian ekosistemis 
sxvadasxva komponents _ cocxals da ara-

cocxals _ akvirdebian eko-
sistemis cvli lebas, Sede-
gebs aanalizeben da akeTeben 
prognozs, Tu msgavsi cvli-
lebebi ra gavlenas moaxdens 
bunebriv ekosistemebze. 

kvadratis meTodi. mcena-
reTa da naklebad moZravi 
wvrili uxexrxemlo cxovele-
bis  populaciis monitorin-
gisTvis mecnierebi iyeneben 
sakvlevi ekosistemis teri-
toriis kvadratebad dayofis 
meTods. kvadrati aris xis 
an liTonisgan damzadebuli 
kvadratuli CarCo (sur. 1.4). 
am CarCos aTaseben sakvle-
vi ekosistemis alalbedze/
SemTxveviT SerCeul monak-
veTze/ubanze da iReben sin-
jebs, anu mcenareTa an mcire 
zomis naklebad moZravi cxo-

sur. 1.4.

sur. 1.3.

GPS
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1. ra pirobebiT unda uzrunvelyos 
organizmebi saarsebo garemom?

2. ra gansxvavebaa populaciasa da 
biocenozs Soris?

3. ra gansxvavebaa biocenozsa da 
biogeocenozs/ekosistemas So-
ris?

4. ra mniSvneloba aqvs ekosistemis 
kvlevas?

5. suraTze mocemuli informaciis 
mixedviT gamoTvale gvirilis 
populaciis ricxobrioba. sin-
jebi aRebulia Seferadebuli 
kvadratebidan da gamosakvlevi 

mindvris farTobi 100m2-ia.
6. kvadratis meTodis gamoyene-

ba, konkretuli populaciis 
ricxobriobis gansazRvris gar-
da, kidev ra mizniT SeiZleba? 

7. ra gansxvavebaa laboratoriul 
da savele pirobebSi Catarebul 
eqsperimentebs Soris?

8. ra upiratesoba da nakli aqvs sa-
vele pirobebSi Catarebul eqs-
periments laboratoriul eqspe-
rimentTan SedarebiT?

velebis populaciis zomis dasadgenad, me-
cnierebi iTvlian am organizmTa raoden-
obas ekosistemis TiToeul SemTxveviT 
SerCeul monakveTSi. sizustisTvis ram-
denime sinjs iReben da gamoiangareSeben 
saSualo sidides.

suraTze (sur. 1.5) SemoTavazebuli ma-
galiTis SemTxvevaSi, mecnierebma kvadra-
tis meTodis gamoyenebiT Seiswavles 
mindorSi vazis lokokinas populacia. 
martivi formulis gamoyenebiT SeiZle-
ba populaciis ricxobriobis Sefaseba: 
T = NA, sadac T aris mTeli populaciis 
ricxobrioba, N _ daTvlili individe-
bis saerTo ricxvi/kvadratebis ricxvi, A 
_saerTo farTi/kvadratis farTobi.

magaliTad, suraTze (sur. 1.5) warmod-
genili yoveli Seferadebuli ubani war-
moadgens kvadrats. xuT kvadratSi daT-
vlilia 6 lokokina. yoveli kvadratis 
farTi aris 1m2. gamosakvlevi mindvris 
farTi aris 200m2.

T = 6/5 X 200m2/1m2 = 1,20 X 200 = 240, 
e.i. mindorSi lokokinis populaciis 
ricxobrioba 240-ia.

sur. 1.5.

2m

2m

1m

1m



12

1.2. ეკოლოგიური ფაქტორები

 moswavleebi ikvlevdnen tyis ekosistemas. maT SeniSnes, rom tyeSi mcenareebi  iarusebad 
arian ganawilebulni da gamoyves ori ZiriTadi iarusi: yvelaze maRali iarusi - xemcena-
reebis da yvelaze dabali iarusi - balaxovani mcenareebis. 
moswavleebma gazomes mzis sinaTlis intensivoba, romelic aRwevs TiToeul iaruss wlis 
sxvadasxva periodSi. maTi Sedegebi naCvenebia grafikze.

 
gaecani grafikze mocemul informacias da upasuxe kiTxvebs:

• romel TveSi aRwevs yvelaze meti sinaTle xemcenareebis iaruss?

• romel TveSi aRwevs yvelaze meti sinaTle balaxovani mcenareebis iaruss?

• rogor fiqrob, ratom aris sinaTlis raodenoba, romelic aRwevs balaxovani mcena-
reebis iaruss zafxulis Sua ricxvebSi ufro dabali, vidre gazafxulze.

• moswavleebma qveda iarusze adre gazafxulze SeniSnes ayvavebuli yoCivarda. yo-
Civardebi Tebervlis bolosa da martis dasawyisSi iwyeben yvavilobas tuberebSi 
dagrovebuli sakvebi nivTierebebis xarjze. ivnisSi maTi foTlebi kvdeba. ratom 
yvavian yoCivardebi adre gazafxulze?

• ratom kvdeba yoCivardas foTlebi ivnisSi?

organizmze, populaciasa da mTlianad 
biocenozze pirdapir an iribad gavlenas 
axdens garemos sxvadasxva komponenti, 
rasac ekologiuri faqtorebi ewodeba. 
ekologiur faqtorebs yofen biotur da 
abiotur faqtorebad.

abioturi faqtorebia aracocxali bu-
nebis yvela is komponenti, romlebic gav-
lenas axdens organizmze, populaciasa 
da biocenozze: klimaturi faqtorebi 
(temperatura, sinaTle, tenianoba, haeris 
masebis moZraoba (qari), wneva, naleqebi), 

niadagis, atmosferos, wylis qimiuri 
Sedgeniloba, pH da a.S. am faqtorebis 
intensivoba da maTi erToblioba gansaz-
Rvravs, Tu romel cocxal organizmebs 
SeuZliaT konkretul garemoSi arseboba 
da gadarCena.

bioturi faqtorebia cocxali orga-
nizmebi (baqteriebi, sokoebi, mcenareebi 
da cxovelebi), maTi urTierTqmedebisa 
da erTmaneTze zegavlenis erToblioba. 
cocxali organizmebis TiToeuli forma 
gansakuTrebul rols asrulebs ekosis-
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ganaTebis intensivobis 
cvlileba xemcenareebis 

iarusze

ganaTebis intensivobis 
cvlileba balaxovani 
mcenareebis iarusze

aprili maisi ivnisi ivlisi agvist. seqt. oqtom. noemb. dekemb.

sinaTlis ganawileba tyeSi
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temaSi. magaliTad, mtaceblebi ekosiste-
maSi sanitris rols asruleben _ pirvel 
rigSi anadgureben sust da daavadebul 
msxverpls. bioturi faqtorebidan cal-
ke gamoyofen anTropogenur faqtors, 
rac gulisxmobs adamianis sameurneo saq-
mianobis gavlenas mTlianad bunebaze.

ekologiuri faqtoris intensivobas, 
romelic yvelaze xelsayrelia konkretu-
li saxeobis organizmisTvis, optimaluri 
sidide, anu optimumi ewodeba. optimalu-
ri zonidan gadaxrili faqtoris zemoq-
medeba organizmis cxovelqmedebis daTr-
gunvas iwvevs. faqtoris sidides, romlis 
iqiTac organizms arseboba aRar SeuZ-
lia, gamZleobis zRvari ewodeba. mas aqvs 
gamZleobis qveda da zeda zRvari (sur. 
1.6). Tu gascda faqtoris intensivoba 
gamZleobis zRvars, maSin igi organizmze 

sicocxlis SemzRudvelad moqmedebs da 
mas SemzRudveli faqtori ewodeba.

 SegaxsenebT, rom modifikaciur cvale-
badobas didi mniSvneloba aqvs organizmis 
garemos cvlad pirobebTan SeguebisaTvis. 
konkretuli faqtoris mimarT gamZleobis 
sazRvrebi (farglebi) niS navs, Tu am faq-
toris mimarT ra farglebSi xdeba orga-
nizmSi modifikaciuri cvalebadoba.

rac ufro farToa modifikaciuri/eko-
logiuri cvalebadobis farglebi, orga-
nizmi miT ufro advilad egueba Secvlil 
garemo pirobebs. erTi da imave saxeobis 
gamZleobis sazRvrebi/modifikaciuri 
cva lebadobis farglebi sxvadasxva eko-
logiuri faqtorisadmi da, amave dros, 
sxvadasxva saxeobis gamZleobis farglebi 
konkretuli faq torisadmi gansxvavebu-
lia (sur. 1.7).
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sur. 1.6.

optimumi

1. ra aris ekologiuri faqtorebi da rogor ajgufeben maT?
2. moiyvane abioturi faqtorebis magaliTebi.
3. SearCie SenTvis nacnobi ekosistema da aRwere misi abioturi da bioturi faqtorebi.
4. ra aris optimumi? SemzRudveli faqtori?
5. ra kavSiria Semdeg faqtebs Soris: 1) zamTarSi cota mfrinavi mwerebia SesamCnevi; 2) 

mercxlebi SemodgomiT Tbil qveynebSi mifrinaven. 
6. daasaxele ori abioturi faqtoris magaliTi, romlebmac SeiZleba gansazRvros, ramde-

nad xelsayrelia garemo cocxali organizmebis arsebobisTvis.
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organizmze yovelTvis moqmedebs ga-
remos faqtorebis kompleqsi. sxvadasxva 
ekologiuri faqtorebi urTierTqmede-
ben, ekosistemaSi erTi faqtoris Secvlam 
SeiZleba gavlena moaxdinos bevr sxva faq-
torze. aseve, erTi faqtoris cvlilebam 
SeiZleba Seamciros gamZleobis sazRvrebi 
sxva faqtorisadmi, an piriqiT – gazar-
dos igi. magaliTad, Tu beRuras zamTarSi 
aqvs sakmarisi sakvebi (optimaluri), misi 
gamZleobis sazRvrebi temperaturisadmi 
izrdeba, xolo Tu arasakmarisi sakvebi 

aqvs, mcirdeba. aseve, optimaluri tem-
peratura zrdis mcenareebis gamZleobas 
tenisa da sakvebis naklebobisadmi. mag-
ram Tu romelime erTi faqtori gascda 
gamZleobis sazRv rebs (yvela danarCeni 
faqtori optimaluric rom iyos), maSin 
igi moqmedebs sicocxlis SemzRudvelad 
da organizmi iRupeba. amrigad, sxvadasxva 
ekologiuri faqtori erTmaneTze gavle-
nas axdens, magram erTis meoriT Canacvle-
ba (kompensacia) ar xdeba.
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faqtoris intensivoba
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7. suraT 1.7-is mixedviT gansazRvre, romeli saxeoba Seegueba advilad mocemuli faqto-
ris intensivobis cvlilebas da romeli saxeoba iqneba naklebad mdgradi. daasabuTe Seni 
pasuxi.

8. suraT 1.8-is mixedviT upasuxe kiTxvebze: 1) ra cvlilebas amCnev frinvelSi faqtoris 
intensivobis cvlilebis Sesabamisad? 2) cvalebadobis romeli forma aRwere? daasabu-
Te Seni pasuxi. 3) ra faqtorebi moqmedebs frinvelis populaciaze? 4) romeli faqtori 
SeiZleba iqces sicocxlis SemzRudvelad? 5) ra moxdeba, Tu yvela faqtori iqneba opti-
maluri da mxolod erTi romelime faqtori gascdeba gamZleobis sazRvrebs?

9. Seiswavle suraTze mocemuli informacia da upasuxe kiTxvebs:
1) temperaturis romeli maCvenebelia yvelaze optimaluri mcenaris normaluri zrda-gan-

viTarebisaTvis?
2) ra temperaturis farglebSia mcenaris gamZleobis sazRvrebi?
3) temperaturis romeli mniSvneloba aRmoCnda misTvis damRupveli?
4) gamoitane daskvna: ratom reagirebs mcenare sxvadasxva temperaturaze gansxvavebuli 

fenotipiT?
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1.3. აბიოტური ფაქტორები

gaecani teqsts da upasuxe TandarTul kiTxvebs: 

bevri saxeobis organizms aqvs 

iseTi Seguebulobani, ro melic 

ganapirobebs maT  gansazRvrul 

klimatur pirobebSi arsebo-

bas. amis magaliTad ganvixiloT 

bayayebis erT-erTi saxeoba 

(Water-holding-Frog-Cyclorana), 

romelic binadrobs centralu-

ri avstraliis mSral stepebsa 

da udabnoSi. am teritoriebze 

weliwadSi mxolod erTxel aris 

wvimiani sezoni da mSrali perio-

di 10 Tveze met xans grZeldeba. 

bayayebi mSrali periodis ganmav-

lobaSi imalebian soroebSi da 

amiT mcirdeba maTi sxeulidan 

wylis aorTqleba. garda amisa, tenis SenarCunebas uzrunvelyofs bayayis sxeulis irgvliv kani-

dan gamoyofili specialuri nivTierebiT warmoqmnili garsi. rodesac wvimebis dros miwa wyliT 

gaiJRenTeba, bayayebi gamodian soroebidan da mravldebian, mdedrebi qviriTs deben wvimebis Sede-

gad warmoqmnil gubeebSi. ramdenime kviris ganmavlobaSi kvercxebidan viTardebian Tavkombalebi, 

romlebic zrdasrul bayayebad yalibdebian. metamorfozis procesi Zalian swrafad mimdinareobs, 

radgan wvimebis sezonis damTavrebis Semdeg wyali Zalian swrafad orTqldeba da gubeebi Sreba.   

• ra gansxvavebaa klimatsa da aminds Soris?

• rogor klimatur pirobebSi cxovrobs teqstSi aRwerili saxeoba?

• romeli klimaturi faqtoria limitirebuli?

• ra tipis Seguebulobani gamoumuSavdaT bayayebs am klimatur faqtorTan mimarTebiT?

• ra tipis arsebobisaTvis brZolis magaliTia aRwerili teqstSi?    

konkretul saarsebo garemos abioturi 
faqtorebisadmi sxvadasxva Seguebuloba-
ni ganuviTardaT organizmebs evoluciis 
procesSi. abioturi faqtorebidan mniSv-
nelovania klimaturi faqtorebi: sinaT-
le, temperatura, tenianoba.

klimati pirvel rigSi damokidebulia 
dedamiwaze mzis energiis SemosvlasTan. 
igi aris energiis ZiriTadi wyaro yvela 
im procesisTvis, romlebic dedamiwaze 
mimdinareobs. mzis sinaTlis biologiuri 
zemoqmedeba damokidebulia mis intensi-
vobaze, speqtris Semadgenlobaze, sezo-
nur da dReRamur periodulobaze. masTan 
dakavSirebiT organizmebs gamoumuSavdaT 
sxvadasxva Seguebuloba: sezonuri, dRe-

Ramuri da sxv.
mzis gamosxivebis speqtrSi gamoyofen 

biologiuri moqmedebiT gansxvavebul sam 
a res: ultraiisfers, xilulsa da inf-
rawiTels (sur. 1.9). mokle ultraiisfe-
ri sxivebi (0,290 mkm) damRupvelia yvela 
cocxalisaTvis. maT ZiriTad nawils aka-
vebs atmosferos ozonis ekrani, ufro 
grZeli sxivebi ki (0,300-400 mkm) aucile-
belia kanSi D vitaminis sinTezisaTvis. 
mzis xiluli sxivebi (400-760 mkm) aucile-
belia mcenareebisa da cxovelebisaTvis. 
mcenareebSi xilul sxivebze fotosin-
Tezi mimdinareobs (sur. 1.10). cxovelur 
organizmebSi xiluli sxivebi mniSvnelo-
vani faqtoria, romelic ganapirobebs 

bayayi ciklorana
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maTi aqtivobis xarisxs, maT sivrceSi 
orientacias. amasTan dakavSirebiT 
cxovelebSi ganviTarda mxedvelobis 
organoebi, mweriTmtveria mcenareeb-
Si ki – mkveTrad Seferili yvavilebi 
mwerebis misazidad (sur. 1.11). tyis 
TanasazogadoebaSi mcenareebi ganaTe-
bis intensivobisadmi moTxovnilebis 
mixedviT iarusebad arian ganlagebu-
li (sur. 1.12).

 dedamiwis brunvasTan dakavSire-
biT, ganaTebis reJims aqvs dReRamu-
ri da sezonuri perioduloba. orga-
nizmis reaqcias dRis xangrZlivobaze 
fotoperiodizmi ewodeba. dReRamuri 
ritmi gaCnda mcenareebsa da cxove-
lebSi, Seguebuloba dRisa da Ramis 
cxovrebisadmi (sur. 1.13 _ Tambaqos 
yvavilebi Rame iSleba, romelsac Ra-
mis peplebi mtveraven). sezonuri rit-
mi _ organizmis reaqcia wlis sezonur 
cvlilebebze _ fotoperiodizmiT 
regulirdeba. magaliTad, rogorc 
ki dadgeba Semodgomis mokle dRe, 
mcenareebs foTlebi scviva da emza-
debian zamTris svenebisaTvis. cxove-
lebSi zamTarSi SeiniSneba aqtivobis 
mniSvnelovani Semcireba. frinvelTa 
saSemodgomo gadafrenisaTvis sig-
nalis rols asrulebs dRis xangrZ-
livobis Semcireba. bevri cxoveli 
eZleva zamTris Zils, rac zamTris 
araxelsayreli pirobebis gadatanas 
emsaxureba. ganaTebis intensivoba 
akontrolebs mcenareebisa da cxove-
lebis sasicocxlo ciklebs. 

sur. 1.12. sur. 1.13.

sur. 1.11.

qlorofilis sinTezi

fotosinTezi

nm

sur. 1.10.

sinaTlis talRis 
sigrZe

ultra- 
iisferi 
sxivebi

infrawiTeli
sxivebi

xiluli sxivebi

290 320 400 760 3000 mkm

sur. 1.9.
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mudmivi temperaturisa da srulyofili 
Termoregulaciis unaris gamo, ufro 
naklebad arian damokidebulni garemos 
temperaturaze.

specialuri Seguebuloba gamoumuSav-
daT Zalian civ da cxel pirobebSi mcxov-
reb cxovelebs. magaliTad, civ klimatur 
pirobebSi mcxovrebi saxeobebis orga-
nizmebi ufro didi zomisaa (sur. 1.15), 
vidre Tbil pirobebSi mobinadre saxeo-
bebis (bergmanis wesi, 1847 w.). es dakav-
Sirebulia imasTan, rom rac ufro didia 
sxeulis moculoba, miT ufro izrdeba im 
qsovilebis moculoba, romlebSic siTbo 
gamomuSavdeba. gacemuli siTbos raoden-
oba ki damokidebulia sxeulis zedapiris 
farTobisa da moculobis Tanafardoba-
ze. rac metia es Tanafardoba, miT met 
siTbos gascems sxeuli. 

civ klimatur pirobebSi mcxovrebi sa-
xeobebis organizmebs sxeulis wanazarde-

bayayis sxeulis temperaturis damokidebuleba 
haeris temperaturaze

haeris temperatura
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bayayis sxeulis  temperatura

sur. 1.14.

sur. 1.16.

sur. 1.15.

temperatura sasicocxlo 
procesebis ganmsazRvreli mniS-
vnelovani faqtoria. organizmSi 
metabolizmis procesebi sxeulis 
garkveul temperaturaze (Ziri-
Tadad, +10 - +400C-ze) mimdina-
reobs. mxolod zogierTi saxeo-
bis organizmia Seguebuli Zalian 
dabal an maRal temperaturas. 
sxeulis temperaturis SenarCune-
bis mixedviT arCeven civsisxlian 
da Tbilsisxlian organizmebs. 
civsisxlianebis sxeulis tempe-
ratura garemos temperaturazea 
damokidebuli (sur. 1.14), ami-
tom, sxeulis aramudmivi tempe-
raturis gamo, maTi aqtivoba, metaboliz-
mis intensivoba garemos temperaturaze  
mkveTradaa damokidebuli. temperatu-
ris momatebiT Cqardeba maTi ganviTare-
bis stadiebic. Tbilsisxliani cxovelebi 
(frinvelebi da ZuZumwovrebi), sxeulis 

udabnos mela

polaruli mela
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bis (yurebi, TaTebi, kiseri, kudi) zomebi 
Semcirebuli aqvT da organizmis mier siT-
bos gacema mcirdeba, xolo Tbil pirobeb-
Si mobinadre monaTesave saxeobebs Sedare-
biT didi zomis sxeulis wanazardebi aqvT 
(alenis wesi, 1877 w.), rac zrdis organiz-
mis mier siTbos gacemas (sur. 1.16). 

dedamiwaze binadari yvela organiz-
mis arsebobis aucilebeli pirobaa wyali, 
radgan igi mniSvnelovan rols asrulebs 
ujredis yvela sasicocxlo  procesSi. 
wylis balansis SenarCuneba organizmis 
mniSvnelovani fiziologiuri funqciaa. 
ekologiuri TvalsazrisiT, sxva faq-
torebTan SedarebiT, wyali xSirad aris 
SemzRudveli faqtori rogorc xmeleTis, 
ise wylis binadarTaTvis (zRvebsa da okea-
neebSi maRali marilianobis gamo SeiZle-
ba organizmma wyali dakargos). tenianoba 
dedamiwaze araTanabradaa ganawilebuli. 
amitom xSirad wylis nakleboba aris or-

ganizmTa gavrcelebis SezRudvis mizezi.
xmeleTze cxovrebasTan dakavSirebiT 

rogorc mcenareebs, ise cxovelebs, wylis 
mopovebisa da SenarCunebis specialuri 
Seguebulobani ganuviTardaT. udabnos 
mcenareebs mSral pirobebSi cxovrebasTan 
dakavSirebiT ganuviTardaT eklebi, qac-
vebi, grZeli fesvebi, xorcovani Reroe-
bi da foTlebi, wyals ekonomiurad xar-

javen (sur. 1.17). 
udabnoSi mcxovreb 
cxovelebs SeuZ-
liaT gaZlon wylis 
gareSe didi xnis 
ganmavlobaSi (ma-
galiTad, aqlemi), 
zogi eweva Ramis 
cxovrebas (amiT 
Tavidan icileben 
dRis ganmavlobaSi 
sxeulis gadaxure-
basa da sxeulidan 
wylis aorTqlebas), 
zogic kmayofilde-
ba mxolod sakvebSi 
arsebuli da meta-
boluri (organuli 
nivTierebebis da-
Jangvis Sedegad ga-
moyofili) wyliT; 
unaleqo zafxulis 
periodSi stepeb-
Si mcxovrebi cxo-
velebi migrireben 
wyalsatevebisken 
(sur. 1.18).

sur. 1.17.

sur. 1.18.
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1. gamoTqvi mosazreba, ra gavlenas moaxdens ekosistemaze mzis sinaTlis intensivobis 
cvli leba?

2. ra roli SeiZleba Seasrulos abioturma faqtorma, magaliTad, temperaturam saxeobis 
evoluciaSi? moiyvane Sesabamisi magaliTi/magaliTebi.

3. ra mniSvneloba aqvs abioturi faqtorebisadmi adaptaciis gamomuSavebas saxeobis mdgra-
dobisTvis?

4. evoluciis procesSi ra Seguebulobani ganuviTardaT mcenareebsa da cxovelebs xme-
leTze tenis naklebobasTan dakavSirebiT?

5. gaaanalize 1.10 suraTis grafikze mocemuli informacia da upasuxe kiTxvebs: 1) rogor 
aris damokidebuli qlorofilis warmoqmnisa da fotosinTezis procesis intensivoba 
xiluli sxivebis sigrZeze? 2) sinaTlis ra sigrZis sxivebze mimdinareobs es procesebi 
yvelaze aqtiurad?

6. foTlovan tyeSi mcenareebi ratom arian 
ganlagebuli iarusebad?

7. gaaanalize grafikze mocemuli informa-
cia da upasuxe kiTxvebs: 1) rogor icvleba 
fotosinTezis siCqare ganaTebis Zalaze/
intensivobaze damokidebulebiT? 2) gana-
Tebis romel Zalazea yvelaze maRali fo-
tosinTezis siCqare? 3) ganaTebis Zalis 
Semdegi gazrda ratom ar iwvevs fotosin-
Tezis siCqaris gazrdas? 4) rogor fiqrob, 
ganaTebis garda, kidev romeli abioturi 
faqtori SeiZleba aferxebdes fotosin-
Tezis siCqaris zrdas? axseni Seni pasuxi.  

8. ganixile saarsebo garemoSi Jangbadis 
Semcveloba, rogorc abioturi faqtori. 
nivTierebaTa da energiis cvlis romel 
procesze axdens igi gavlenas? 

9. moiyvane magaliTebi, Tu rogor iyenebs adamiani Tavis praqtikaSi codnas abioturi faq-
torebis Sesaxeb.

10. gaecani teqsts da upasuxe kiTxvebs: mtknar wyalSi mcxovreb organizmebze moqmedebs 
sxvadasxva faqtori. magaliTad, wylis temperatura, Jangbadis done, pH da wylis di-
nebis siCqare. mtknari wylis ekosistemebis saxeobebi Seguebulia wyalsatevis abiotur 
faqtorebTan. magaliTad, mTis Cqar mdinareebSi mcxovreb kalmaxs SeuZlia wylis dine-
bis sawinaaRmdegod curva, romelSic mas xels uwyobs sxeulis iseTi forma, romliTac  
wyals advilad Wris. zogierT wylis mweris larvas sxeulze aqvs eklismagvari struqtu-
rebi _ kakvebi, romliTac emagreba magar zedapirs, rom wylis dinebam ar waiRos. aseve, 
Cqar mdinareebSi binadar Tavkombalebs pirze misawovrebi aqvT, riTac emagrebian myar 
zedapirs kvebis dros, curvaSi ki maT exmareba farflebi da TiTistariseburi sxeuli 
grZeli kudiT. 

1) ra abioturi faqtorebiT xasiaTdeba mtknari wyalsatevebi?
2) teqstSi mtknari wyalsatevis romel abiotur faqtorTan adaptaciis magaliTebia 

ganxiluli?
3) teqstSi ra tipis adaptaciis magaliTebia aRwerili?

11. bevr Tevzsa da wylis sxva cxovels aqvs sxeulis iseTi Seferiloba, romelic Zalian 
gavs wylis garemoSi arsebul qvis an qviSis Seferilobas. ra ekologiuri upiratesoba 
SeiZleba misces aseTma adaptaciam wylis saxeobebs?      
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1.4. ბიოტური ფაქტორები

umdablesi sokoebi sporebs iviTa-
reben swormdgomi hifebis wveroebSi, 
haeris nakadiT advilad rom gavrcel-
des maTi sporebi. sokoebis zogierT 
saxeobas sporebis efeqturad gavr-
celebisTvis gamoumuSavdaT uCveulo 
Seguebuloba. magaliTad, sokos gvaris 
_ Cordyceps _ warmomadgenlebi parazi-
toben mwerebsa da obobebis zogierT 
saxeobaze. sokos mizania, am cxovelebis 
gamoyenebiT sporebi gaavrcelos rac 
SeiZleba Sors. 

kordicepsis zogierTi saxeoba, mwe-
rebze parazitobs da azombebs maT: 
sokoebs aqvT specialuri receptorebi, romelTa daxmarebiT isini garkveul manZilze 
grZnoben potenciuri msxverplis moaxloebas da maTi mimarTulebiT gamoisvrian sporebs; 
mag., paraziti sokos _ Ophiocordyceps unilateralis _ sporebi stigmebis (mweris sxeulis 
gverdebze arsebuli sasunTqi xvrelebis) saSualebiT xvdeba WianWvelas sxeulSi, daax-
loebiT, ori-sami kviris ganmavlobaSi paraziti moixmars msxverplis rbil qsovilebs; 
TandaTan viTardeba sokos miceliumi da mweris kunTovani qsovili icvleba, garda amisa, 
soko gamoyofs iseT neiroqimiur nivTierebas, romelic cvlis mweris qcevas; mogviane-
biT, inficirebuli da dazombebuli WianWvela tovebs Tavis kolonias da midis sokos 
ganviTarebisTvis xelsayreli adgilis saZieblad; WianWvela niadagidan 20-30 santimet-
ris simaRleze adis, mweri aCerebs asvlas mcenareze da Cerdeba erT adgilas _ ybis 
kunTebiT ekvris axalgazrda ylorts an foTlis ZarRvebs, romlis meSveobiT soko iRebs 
wyalsa da ganviTarebisTvis aucilebel sxva nivTierebebs; Semdeg soko aTavisuflebs 
sporebs  ufro didi simaRlidan.

gaecani teqstsa da videomasalaSi _ 

https://dzen.ru/video/watch/6491f2959b13826e28717529?f=d2d _ aRweril Seguebulobis am 
magaliTs da upasuxe kiTxvebs:

• soko kordicepsa da mwers Soris damokidebuleba rogori bioturi urTierTqmede-
bis magaliTia? 

• Seguebulobis romeli formis magaliTebia aRwerili?

• gamoiyene terminebi _ memkvidreobiToba, cvalebadoba, mutacia, gamravleba, 
Sguebuloba, bunebrivi gadarCeva _ da aRwere soko kordicepSi am Seguebulobis 
Camoyalibeba.

• zogierTi mecnieri mxars uWers soflis meurneobaSi, pesticidebis nacvlad, mavne 
mwerebis gasakontroleblad iseTi sokoebis gamoyenebas, rogoricaa kordicepsi. 
ra SeiZleba iyos aseTi gegmis dadebiTi da uaryofiTi mxareebi? 

biocenozi sxvadasxva saxeobis popula-
ciebis meqanikuri erToblioba ki ar aris, 
aramed rogorc erTi populaciis, ise 
biocenozis sxvadasxva saxeobis popula-
ciis individebs Soris Camoyalibebulia 
rTuli urTierTobebi da Tanacxovrebis 
formebi. es aris bioturi faqtorebis 

gamovlena. bioturi urTierTobebi (faq-
torebi) mJRavndeba erTi biocenozis or-
ganizmebs Soris da mravalferovani xasia-
Ti aqvs. Tanasazogadoebis populaciebma 
SeiZleba erTmaneTs moutanon sargeblo-
ba, ziani an ar moaxdinon uSualo/pirdapi-
ri gavlena erTmaneTze (ix. cxr. 1.1). 

soko kordicepsi da mwerebi
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cxrili 1.1.                                              ori saxeobis populaciebis urTierTqmedeba 

bioturi urTierTqmedebis forma
efeqti saxeoba 1-is  

populaciaze
efeqti saxeoba 2-is  

populaciaze

neitralizmi ar aqvs mniSvneloba ar aqvs mniSvneloba

konkurencia saziano/sasargeblo saziano

mtacebloba sasargeblo saziano

parazitizmi sasargeblo saziano

mutualizmi sasargeblo sasargeblo

komensalizmi sasargeblo ar aqvs mniSvneloba

neitralizmi – urTierTobis iseTi 
formaa, rodesac erT teritoriaze bi-
nadari sxvadasxva saxeobis individebi 
uSualod ar moqmedeben erTmaneTze. ma-
galiTad, kodala da kurdReli erTad 
cxovroben tyeSi, magram erTmaneTTan 
kontaqtSi ar Sedian, Tumca tyis abiotur 
da biotur faqtorTa cvlileba sxva-
dasxva xarisxiT axdens gavlenas oriveze 
(sur. 1.19). bunebaSi namdvili neitraliz-
mi populaciebs Soris ar arsebobs, ram-
denadac sxvadasxva saxeobis populaciebi 
raRac formiT pirdapir Tu arapirdapir 
zegavlenas mainc axdenen erTmaneTze. 
ubra lod, maTi urTierTqmedebis efeqti 
CvenTvis SeumCnevelia. 

konkurencia – urTierTobis tipi 
erTi saxeobis an sxvadasxva saxeobis in-
dividebs Soris, romelTac garemos fa-
qtorebisadmi msgavsi moTxovnilebebi 
aqvT. anu arCeven Sidasaxeobriv da saxeo-
baTSoris konkurencias (sur. 1.20). erT 

saarsebo arealSi mcxovrebi organiz-
mebi xSirad ecilebian erTmaneTs sakve-
bisTvis, sinaTlisTvis, teritoriisa da 
partniorisTvis, rasac konkurencia ewo-
deba. igi miT ufro mZafria, rac ufro 
msgavsia konkurentebis interesebi. ufro 
mZafrdeba konkurencia, Tu biogeocenoz-
Si romelime faqtoris ukmarisobaa. aseT 
SemTxvevaSi gansakuTrebiT mZafrad mim-
dinareobs Sidasaxeobrivi konkurencia. 
darvini did rols aniWebda erTi saxeobis 
individebs Soris mZafr konkurencias re-
sursebisTvis da, rogorc Sidasaxeobriv 
brZolas, Tvlida bunebrivi gadarCevis 
erT-erT winapirobad. magaliTad, sava-
nebSi mcxovreb zebrebs gadarCenisTvis 
brZola uwevT aramarto mtaceblebTan, 
aramed gvalvis periodSi uwevT erTma-
neTTan konkurencia, Tu romeli SeZlebs 
didi manZilis gavlas sakvebisa da mtkna ri 
wylisTvis, romeli mamri moipovebs upi-
ratesobas mdedrisTvis. konkurenciaSi 

imar jvebs aseT pirobeb-
Tan ukeT adaptirebuli 
individebi da gadascemen 
TavianT genebs STamoma-
vlobas. Sidasaxeobriv 
konkurenciaze dakvirve-
ba SeiZleba gazafxulze 
frinvelebis gamravle-
bis periodSi. magali-
Tad, erTi saxeobis mamr-
ma frinvelma teritoria 
SeiZleba gauziaros sxva 
saxeobis mamrebs, magram 
imave teritoriaze ar 
dauSvebs Tavisi saxeobis 
mamrs. 

sur. 1.19.
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saxeobaTSorisi konkurencia 
cxovelebSi _ leSiWamia 

cxovelebi erTmaneTs 
konkurencias uweven 

sakvebisTvis.

k o n k u r e n c i a

saxeobaTSorisi 
konkurencia 
mcenareebSi _ 
rododendroni 
aviwroebs sxva saxeobis 
mcenareebs.

Sidasaxeobrivi 
konkurencia 
mcenareebSi _ erTi 
saxeobis populaciis 
mcenareebi erTmaneTs 
konkurencias uweven 
ganaTebisTvis 
(miwiszeda organoebi), 
wylisa da mineraluri 
marilebisTvis (fesvebi).

Sidasaxeobrivi
konkurencia cxovelebSi 

_ erTi saxeobis 
populaciis individebi 

erTmaneTs konkurencias 
uweven mdedrisTvis, 

teritoriisTvis, 
sakvebisTvis.

sur. 1.20.
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biogeocenozSi/ekosistemaSi romeli-
me faqtoris ukmarisoba, aseve, amZafrebs 
konkurencias ekologiuri faqtorebi-
sadmi msgavsi moTxovnilebis sxvadasxva 
saxeobis populaciebs Soris.  saxeobaT-
Soris konkurenciis SesaZlo Sedegebia: 1) 
erTi saxeoba meores imdenad aviwroebs, 
rom SeiZleba misi ekosistemidan gaqro-
ba da ufro ukeTesad Seguebuli popu-
laciis gadarCena mohyves. magaliTad, 
buCqovani mcenare rododendroni Za-
lian efeqturad aferxebs sxva mcenaree-
bis ganviTarebas mis saarsebo garemoSi. 
amaSi mas xels uwyobs Zalian mWidrod 
ganlagebuli sakmaod farTo foTlebi, 
romliTac Crdilavs sxva mcenareebs da 
aferxebs maTSi fotosinTezis process. 
aseve, maTi fesvebi niadagSi gamoyofs 
iseT qimiur nivTierebas, romelic xels 
uSlis sxva mcenareebis Teslis gaRive-

bas. Sesabamisad, rododendronis buCqebi 
mTlia nad dominirebs im adgilebSi, sadac 
isini viTardeba da aseT adgilebSi saxeo-
baTa mravalferovneba Zalian dabalia. 2) 
orive saxeobis populaciis ricxobriobis 
Semcireba; am SemTxvevaSi erTi saxeobis 
populacia meore saxeobis populaciisgan 
ganicdis zewolas/daCagvras, rac uaryo-
fiTad aisaxeba konkurenciaSi myof orive 
saxeobis populaciaze. magaliTad, tyeSi 
konkurencia erT mindorSi mcxovreb sxva-
dasxva saxeobis mRrRnelebs Soris, tyis 
mtaceblebs, leSiWamia cxovelebs (maga-
liTad, afTarsa da svavebs) Soris da a.S. 
isini zRudaven erTmaneTis ricxobriobas 
da maT mier dakavebul teritorias. 3) 
sxvadasxva saxeobis populaciebs uyalib-
debaT specialuri Seguebulobani Tana-
arsebobisaTvis, magaliTad, mcenareTa ia-
rusianoba tyeSi.

1. gauzes eqsperimentebi 

eqsperimenti 1

1934 wels mikrobiologma gior gi gauzem erTnair pirobebSi (mag., sakvebi, temperatura) 
gamozarda/kultivireba moaxdina infuzoriebis/Paramecium-is ori sxvadasxva saxeobis _ 
Paramecium aurelia da Paramecium caudatum _ populaciebis. eqsperimentis pirvel nawilSi 
TiToeuli saxeoba gamozarda erTmaneTisgan izolirebulad da maTi sakvebi iyo baqterie-
bi, xolo meore nawilSi orive saxeobis individebi erT WurWelSi/sinjaraSi moaTavsa igive 
pirobebSi. meore SemTxvevaSi ori sxva dasxva saxeo bis individebi sargeblobdnen erTi da 
igive resursiT. eqspe rimentis Sedegebi warmodgenilia grafikebze.

gaecani eqsperimentis aRwerilobas, grafikebze warmodgenil mis Sedegebs da upasuxe 
kiTxvebs:

• ra aris am eqsperimentis sakvlevi kiTxva?

• ra Sedegi dadga eqsperimentis pirvel nawilSi?

kvlevis monacemebis analizi

eqsperimentis pirveli nawilis Sedegi

Paramecium caudatum

Paramecium aurelia
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• rogor Seicvala populaciebis simWidro-
ve eqsperimentis meore nawilSi? rogor 
fiq rob, ratom? 

• eqsperimenti bioturi urTierTobis ro-
mel formas aRwers?

• ra gavlena iqonia populaciebze bioturi 
urTierTobis am formam?

• eqsperimentis Sedegebis analizis safuZ-
velze, Camoayalibe daskvna.

eqsperimenti 2

gauzem, aseve, Seiswavla, Tu rogor reagirebda Paramecium-is es saxeobebi gansxvavebul 
sakvebze. am mizniT man Caatara aseTi eqsperimenti: erT sinjaraSi moTavsa orive saxeobis 
individebi, xolo maT sakvebs warmoadgenda baqteriebi da safuari. eqsperimentis Sedegi 
aseTia: orive saxeobis populaciis zrdis tempi Senelda, magram ganagrZes Tanaarseboba, 
radgan erTi saxeobis individebi, upiratesad, ikvebebodnen baqteriebiT, xolo meore saxeo-
bis individebi – sinjaris fskerze daleqili safuariT.  

gaecani eqsperimentis aRwerilobas, mis Sedegebs da upasuxe kiTxvebs:

• axseni eqsperimentis Sedegi;

• ratom Sedga am saxeobebis populaciebs Soris Tanacxovreba? 

• orive eqsperimentis Sedegebis safuZvelze daadgine, baqteriebis romeli saxeoba ik-
vebeba upiratesad safuariT?

• eqsperimentis Sedegebis analizis safuZvelze, Camoayalibe daskvna.

nelson heirstonis eqsperimenti

salamandrebis ori saxeobis _ Plethodon Glutinosus da Plethodon jordani _ populaciebi bu-
nebrivad tyis ekosistemaSi Tanaarseboben.  ekologma nelson heirstonma Seiswavla maTi Ta-
nacxovreba. heirstonma tyis erT-erTi satesto teritoriidan moacila Plethodon Glutinosus, 
xolo meore satesto ubnidan _ Plethodon jordani. tyis garkveuli ubani (pirobiTad, mesame) ki, 
rogorc sakontrolo ubani, ucvleli datova.  

5 wlis Semdeg sakontrolo monakveTze populaciebis ricxobrioba arsebiTad ar Secvli-
la. tyis pirvel da meore monakveTebze, sadac salamandrebis TiTo saxeobis populacia 
binadrobda, populaciis ricxobrioba mkveTrad gaizarda. 

gaecani heirstonis eqsperimentisa da misi Sedegebis aRwerilobas, gamoTqvi mosazreba 
imis Sesaxeb, Tu ra daskvnas gaakeTebda miRebuli Sedegebis safuZvelze heirstoni.

Plethodon Glutinosus Plethodon jordani

Paramecium caudatum

Paramecium aurelia
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moswavleebma erTnairi moculobis 5 qoTanSi Tanabar siRrmeze CaTeses mzesumziris sxva-
dasxva raodenobis Tesli (2, 4, 8, 16, 32). yvela qoTanSi iyo erTi tipisa da raodenobis 
niadagi, yvela qoTani moaTavses erTnairi ganaTebisa da temperaturis pirobebSi, niadagis 
datenianebasac Tanabrad axdendnen. 

moswavleebi 5 kviris ganmavlobaSi aRricxavdnen TiToeul qoTanSi cocxali mcenareebis 
ricxvs, aseve, zomavdnen aRmocenebuli mcenareebis simaRles. monacemebi warmodgenilia 
qvemoT warmodgenil monacemTa cxrilebSi.  

cxrili 1.     cocxali mcenareebis ricxvi

dro/dReebi

Teslebis raodenoba TiToeul qoTanSi

2 4 8 16 32

cocxali mcenareebis ricxvi

7 2 3 6 11 24

14 2 3 6 11 20

21 2 3 4 10 18

28 2 3 3 8 17

35 2 3 3 7 15

cxrili 2.      mcenareTa saSualo simaRle qoTanSi

dro/dReebi

Teslebis raodenoba TiToeul qoTanSi

2 4 8 16 32

mcenaris simaRle (sm)

7 8.5 7.5 6.1 5.2 4.8

14 9.3 8.3 7.2 5.9 5.3

21 18.9 16.2 11.4 9.6 7.3

28 20.2 18.6 14.6 13.4 11.3

35 27.4 22.5 17.4 16.3 15.2

gaecani zemoT aRwerili eqsperimentis Sinaars, eqsperimentis Sedegebs da Seqmeni kvle-

vis angariSi, romelSic asaxuli unda iyos Semdegi:

• sakvlevi kiTxva;

• damokidebuli, damoukidebeli da sakontrolo cvladebi;
• eqsperimentis monacemebis analizi;
• daskvna (daskvnaSi unda Candes bioturi urTierTobis forma da misi Sedegi).  

mtacebloba aris or saxeobas Soris 
urTierTobis forma, romlis drosac 
erT-erTi maTgani meorisgan ganicdis 
uar yofiT zemoqmedebas: mtaceblebi anad-
gureben TavianT msxverpls. mtaceble-
bi msxverplis populaciis zomis buneb-
rivi regulatoris rols asruleben: 
mtaceblebis zomis gazrda iwvevs msxverp-
lis populaciis Semcirebas. Tavis mxriv, 
msxverplis populaciis zomis Semcireba 
iwvevs mtaceblebis ricxvis Semcirebas, 
radgan sakvebi aRar hyofniT. ase are-
gulireben biocenozSi erTmaneTis po-
pulaciis ricxobriobas. garda amisa, 
mtaceblebi biocenozSi sanitris rolsac 

asruleben, radgan, pirvel rigSi, maTi 
msxverpli xdeba susti da daavadebuli 
individi. mtacebloba gvxvdeba rogorc 
xerxemlian cxovelebSi, ise uxerxemloeb-
sa da mcenareebSic ki.

mtaceblebs evoluciis procesSi ga-
moumuSavdaT specialuri adaptaciebi, 
ro melic maT exmareba msxverplis migne-
basa da daWeraSi (sur. 1.21). magaliTad, 
veneras buziWerias, romelic cxovrobs 
iseT garemoSi, sadac azotis naklebobaa, 
ganuviTarda foTlis saxecvlileba, rom-
liTac Seguebulia mwerebiT kvebasTan 
(amiT ikmayofileben azotze moTxovnile-
bas). 

kvlevis angariSis მომზადება
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sur. 1.21

Sxamiani gveli Tavisi SxamiT 
msxverplis damblas iwvevs da 
cocxlad ylapavs _ misi ybebi 

isea mowyobili, rom msxverplis 
zomas SeiZleba moargos.

m t a c e b l o b a

siraqleba gaqceviT  
cdilobs Tavi daaRwios  
mtacebels _ evoluciis 
procesSi Zlieri kidurebi 
da xangrZlivi sirbilis 
unari ganuviTarda rogorc 
mtacebels, ise  
msxverpls.

eklebiani oboba _ igi 
mtacebelia, aqvs kaSkaSa 
Seferiloba, romliTac 
izidavs mwerebs _ maT yvavili 
hgoniaT da advilad ebmebian 
obobas qselSi.

mtacebeli mcenare   
veneras buziWeria _  
foTlis wvrili bususebi aRiqvamen 
mweris Sexebas da sapasuxod foToli 
swrafad ixureba. foToli gamoyofs 
fermentebs, romlis saSualebiT 
moinelebs foTolSi moqceul mwers da 
monelebul sakveb nivTierebebs Seiwovs.

mtacebeli cxovelebi _ 
frinveli mokauWebuli 

niskartiT da 
ZuZumwovara cxoveli 

eSvebiT msxverpls 
iWers, klavs, nadavls 

aqucmacebs.

bususebi
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mtacebel frinvelebs aqvT maxvili mxe-
dveloba, mokauWebuli niskarti, Zlieri 
frTebi da brWyalebiT SeiaraRebuli ki-
durebi, mtacebel ZuZumwovrebs kargad 
gan viTarebuli ynosva, mxedveloba, eSve-
bi, Zlieri kidurebi msxverplis xangrZli-
vi devnisTvis, zogierT gvels ganviTare-

buli aqvs Sxamiani jirkvlebi da SxamiT 
msxverplis damblas iwvevs, msxverpls 
ki cocxlad ylapavs. msxverplsac ga-
moumuSavda mtaceblisgan Tavdacvis sa-
Sualebani: mfarvelobiTi Seferiloba, 
maxvili smena, swrafi sirbilis unari da 
a.S.

evoluciis procesSi sxvadsxva tipis Seguebulobani aramarto mtaceblebs gamoumuSav-
daT, aramed msxverplsac. biologebi cdilobdnen laboratoriaSi bunebis zogierTi speci-
fikuri pirobebis Seqmnas, romelic xels Seuwyobda Seguebulobis warmoqmnaSi bunebrivi 
gadarCevis moqmedebis meqanizmis Seswavlas. mag., miCiganis universitetis laboratoriaSi 
akvirdebodnen, Tu bu rogor nadirobda amerikuli zazunebis or sxvadasxva saxeobaze _  
yviTeli da ruxi Seferilobis cxovelebze. laboratoriis volierSi, sadac bu cxovrobda, 
iataks faravdnen Ria Seferilobis niadagiT, romelic axlos iyo yviTeli  cxovelebis Se-
ferilobasTan, an iataks faravdnen muqi niadagiT, romelic msgavsi iyo ruxi cxovelebis 
ferTan. 

 

yovel dRe volierSi uSvebdnen 15 wuTiT ama Tu im Seferilobis 4 cxovels. niadagis Se-
ferilobaze damokidebulebiT cxovelebis zogierTi partia mkveTrad SesamCnevi iyo fonze, 
meore ki _ ara. 44 SemTxvevaSi bu orjer metad (107 : 65) iWerda niadagis fonze mkveTrad 
SesamCnev cxovelebs.

gaecani miCiganis universitetSi Catarebuli eqsperimentis aRwerilobas, mis Sedegebs da 
upasuxe kiTxvebs: 

• SeZlebisdagvarad daaxasiaTe zazunebis ori sxvadasxva saxeobis saarsebo garemo; 

• eqsperimenti ra tipis Seguebulobis Camoyalibebas aRwers? 

• gaaanalize eqsperimentis Sedegebi da gamoitane daskvna: msxverpls ramdenad exmarebo-
da mtaceblisgan TavdacvaSi aseTi Seguebuloba? 

• rogor daukavSireb am Seguebulobis warmoqmnas memkvidreobiTobasa da cvalebadobas?

kvlevis monacemebis analizi

parazitizmi – saxeobaTSorisi ur-
TierToba, romlis drosac erTi saxeoba 
meoris xarjze cxovrobs, iyenebs mas sak-
vebis wyarod da sacxovrebel adgilad. es 
iseTi urTierTobaa, romelic erTi saxeo-
bisaTvis _ parazitisTvis _ sasargebloa, 
xolo meorisTvis _ maspinZlisTvis _ sa-
ziano. parazitebi gvxvdeba yvela samefos 

warmomadgenlebSi: bev ri baqteria, soko, 
umartivesebi, Wiebi, zogierTi mcenare. 
zogierTi paraziti maspinZlis organizms 
garedan miemagreba da ase iRebs misgan 
sakveb nivTierebebs. aseT parazitebs eq-
toparazitebi ewodeba. eqtoparazitebs 
miekuTvneba rwyilebi, tkipebi, koRoebi, 
wurbelebi da sxv. parazitebis nawili ki 
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organizmSi saxldeba, maT endoparazitebi 
ewodeba. 

paraziti, mtaceblisagan gansxvavebiT, 
swrafad ar klavs da Wams Tavis msxverpls 
– maspinZels, aramed mas xangrZlivi 
drois ganmavlobaSi iyenebs. magaliTad, 
pepela kombostos TeTrulas matlebi 
ikvebebian kombostos foTlebiT da did 

zians ayeneben mebostneebs. maTi paraziti 
mweri _ mxedari _ kvercxebs debs TeTru-
las matlebis kanqveS, kvercxebidan gan-
viTarebuli matlebi TavianTi zrda-gan-
viTarebisTvis saWiro sakveb nivTierebebs 
iReben TeTrulas matlebisgan da es uka-
nasknelni ar uceb, aramed droTa ganma-
vlobaSi kvdebian (sur. 1.22).

simbiozi saxeobaTaSoris urTierTo-

bis kidev erTi formaa, romelic SeiZleba 

iyos orive saxeobisTvis sasargeblo an 

calmxriv sasargeblo. urTierTsasargeb-

lo saxeobaTaSoris urTierTobas mu-

tualizmi ewodeba. mutualizmis sam tips 

arCeven: kvebiTi/trofuli mutualiz-

mi, TavdacviTi da gabnevis mutualizmi. 

qvemoT ganvixilavT TiToeuli tipi mu-

tualizmis magaliTebs.
trofuli mutualizmi gulisxmobs 

ori sxvadasxva saxeobis individebis iseT 
urTierTobas, rodesac partniorebi da-
matebiT energias da sakveb nivTierebebs 
erTmaneTisgan iReben. aqedan gamomdina-
reobs termini ,,trofuli~. trofuli 
mutualizmisas, yoveli partniori meo-
res gadascems im sakvebi nivTierebis Sez-
Rudul raodenobas, romlis mopoveba an 
sinTezi Tavad ar SeuZlia. trofuli mu-
tualizmis magaliTia mRierebSi sokoebi-
sa da wyalmcenareebis urTierToba; aseve, 
mikoriza, romelsac qmnis sokoebis mice-
liumi da mcenaris fesvebi; azotfiqsa-
ciis baqteriebsa da parkosan mcenareebs 
Soris kavSiri; WianWvelebisa da bugrebis 
urTierToba (sur. 1.23); Zroxebisa da sxva 
Cliqosani cxovelebis faSvSi binadrobs 
baqteriebi, romlebic moineleben ce-

lulozas, romlis momnelebeli fermen-
tebi Tavad Zroxas ar aqvs. aseTi urTier-
Toba ZroxisTvisac sasargebloa, radgan 
is baqteriebis mier gadamuSavebul sakveb 
nivTierebebs iRebs; baqteriebisTvisac sa-
sargebloa, radgan mas aqvs arsebobisaT-
vis optimaluri temperatura da sakvebi. 

TavdacviTi mutualizmi gulisxmobs 
urTierTobas ori saxeobis popula-
ciis individebs Soris, romlebic sak-
vebs an TavSesafars partniorisgan iRe-
ben da sanacvlod mas mcenareWamiebisgan, 
mtaceblebisgan an parazitebisgan icaven.  
cxovelebSi TavdacviTi mutualizmis 
magaliTia kibogandegilisa da nawlav-
Rruiani cxovelis aqtinias Tanaarseboba, 
WianWvelebisa da bugrebis urTierTo-
ba (sur. 1.23); xemcenareebze cxovroben 
WianWvelebi, romlebic mas icaven mcena-
reWamia mwerebisgan. aseve, zRvis ekosis-
temis zogierTi Tevzi da kreveti Tevzis 
sxva saxeobis kansa da layuCebs parazi-
tebisgan asufTavebs. `gamwmendebi~ para-
zitebiT ikvebebian da sargebels iReben, 
xolo Tev zi parazitebisgan Tavisuflde-
ba. bevr `gamwmends~ mkveTri Seferiloba 
aqvs da sxva Tevzebi misken miiweven. aR-
moCnda, rom mtacebeli Tevzis ramdenime 
saxeoba daemsgavsa SeferilobiT `gamw-
mends~ da ase izidavs Tavis msxverpls. 

kombostos TeTrulas matlebi mxedaris matlisur. 1.22
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sur. 1.23

mRieri _ sokosa da wyalmcenaris 
Tanacxovreba: soko hifebiT iwovs 
wyalsa da mineralur marilebs da 
awvdis wyalmcenares, xolo soko 
mza organul nivTierebebs iRebs 

wyalmcenarisgan.

mikoriza _ soko hifebiT 
Sewovil wyalsa da mineralur 
marilebs damatebiT awvdis 
xemcenares, mcenare ki 
sokos gadascems organul 
nivTierebebs.

t r o f u l i   m u t u a l i z m i

fotosinTezis pqoduqtebi 
(naxSirwylebi)

wyali da mineraluri  
marilebi

WianWvelebsa da bugrebs Soris 
damokidebuleba _ WianWvelebi 
TavianT budeSi amravleben da 
uvlian bugrebs. bugrebi gamoyofen 
naxSirwylebiT mdidar wvens, 
romliTac WianWvelebi ikvebebian. 
bugrebs aqvT rbili, daucveli 
organizmi da ver icaven Tavs 
mtaceblisgan, WianWvelebi ki  
maT icaven.

kibo  _ gandegilisa da 
nawlavRruiani cxovelis 

aqtinias Tanaarseboba. aqtinia 
mimagrebulia im niJaraze, romelsac 

kibo-gandegili Tavs afarebs. igi ikvebeba 
kibos sakvebis narCenebiT, garda amisa, 

kibos daxmarebiT aqtinia gadaadgildeba 
garemoSi. Tavis mxriv, aqtinia garegnobiTa 

da sacecebiT aSinebs sxvadasxva cxovels 
da icavs kibo-gandegils mtrebisagan.

T a v d a c v i T i  m u t u a l i z m i

aqtinia

kibo-gandegili
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gabnevis mutualizmi, romelic xels 
uwyobs mtvris marcvlebisa da Teslebis 
gabneva-gavrcelebas. aseTi mutualizmis 
magaliTia cxovelebis monawileoba yva-
vilovani mcenareebis jvaredin damtver-
vasa da Teslebis gavrcelebaSi. cxovele-
bi, romlebic damtvervaSi monawileoben, 
yvavilis neqtriTa da mtvriT ikvebebian; 
isini ki, romlebic Teslis gavrcelebas 
uwyoben xels, sanacvlod, nayofs Wamen. 

rogorc mcenareebs, ise yvavilis mtvri-

sa da Teslis gamavrcelebel cxovelebs 
evoluciis procesSi sxvadasxva adapta-
ciebi ganuviTardaT. magaliTad, mcena-
reebs kaSkaSa Seferilobis, surnelova-
ni da saneqtreebiT mdidari yvavilebi, 
gemrieli da kaSkaSa Seferilobis wvniani 
nayofebi, romliTac izidaven cxovelebs 
(sur. 1.24). cxovelebs yvavilebisa da 
nayofebis mignebaSi exmareba kargad ganvi-
Tarebuli mxedveloba da, gansakuTrebiT 
ki, ynosva _ mwerebs.  

Teslis gavrcelebis/gabnevis mutua-
lizmi specializebuli ar aris. magali-
Tad, frinvelis erTi saxeoba mravali 
saxeobis nayofs Wams, xolo erTi saxeo-
bis nayofs mravali saxeobis frinveli 
etaneba. mcenarisa da dammtveravebis kav-
Siri ufro SezRudulia, vinaidan mcena-
res sWirdeba, rom yvavilis dammtveravma 
mtve ri igive saxeobis sxva mcenareze ga-
daitanos. amitom mcenareTa umravlesobas 
Tavisi dammtveravi mweri an sxva cxoveli 
hyavs. magaliTad, devisperas mtveravs 
mweri bazi, yayaCos _ xoWo brinjaosana, 
Tambaqos _ Ramis farvana. yYvavilis pro-
porciebi Seguebulia dammtveravi mwere-
bisa da sxva organizmebis piris aparatis/
niskartis zomasa da formasTan.

komensalizmi calmxriv sasargeblo 

saxeobaTSorisi urTierTobaa, rodesac 
erTi saxeobis individi meore saxeo-
bis individisgan iRebs sargebels, xolo 
ukanask nelisTvis  am urTierTobas mniSv-
neloba ar aqvs. magaliTad, gienebi ikve-
bebian msxvili mtaceblebis narCenebiT, 
Tevzi _ locmani dasdevs zvigenebs, del-
finebs da ikvebeba maTi sakvebis narCene-
biT. zog jer erTi saxeobis sxeuli aris 
meoris sacxovrebeli an TavSesafris/Tav-
dacvis adgili. mcenare _ epifitebi sa-
xldebian xemcenareebze, romlebic maTT-
vis mimagrebis adgilis rols asruleben, 
xolo epi fitebi miiswarafian ganaTebis-
ken, rom efeqturad awarmoon fotosin-
Tezis procesi. epifitebs warmoadgenen 
xavsebi, mRierebi, zogierTi yvavilovani 
mcenare, magaliTad, orqidea (sur. 1.25). 

sur. 1.24
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sakiTxavi masala
daniel iancenma (1966, 

1967) WianWvelebis ramdenime 
saxeobasa da centralur ame-
rikaSi gavrcelebul eklian 
akaciebs Soris damokidebu-
leba aRmoaCina, rac Tanaevo-
luciis Sedegis SesaniSnavi 
magaliTia. akacia WianWve-
lebs sakvebsa da budeebis ad-
gils aZlevs, xolo WianWve-
lebi mcenares mcenareWamia/
fitofagi mwerebisgan icaven. 
xarisrqian akacias (Acacia cor-
nigera) rqebis magvari eklebi 
aqvs. 

Seudomyrmex ferruginea-s 
saxeobis deda WianWvela aka-
ciaSi koloniis SeqmnisTvis 
erT-erT mozrdil ekals  
xvrets da SigTavss asufTa-
vebs, sadac is kvercxebs debs.

kvlevis monacemebis analizi

sur. 1.25

orqidea xemcenareze _ orqidea 
sinaTlis moyvaruli balaxovani  

mcenarea, amitom is xemcenareebis 
Reros miemagreba da ase miiwevs 

zemoT sinaTlisaken, xemcenare amiT 
arc sargeblobas iRebs da arc zians.

gienebi Soridan uyureben 
da elodebian, lomi rodis 
daamTavrebs trapezs, rom 
misi narCenebi miirTvan; 
lomisTvis mniSvneloba ar 
aqvs, misi sakvebis narCenebs 
ra SeWams.

k o m e n s a l i z m i
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akacia WianWvelebs ifarebs da amave dros naxSirwylebiT mdidar sakvebs awvdis. WianWve-
lebis koloniis zrdasTan erTad, mcenare sul ufro met ekals iviTarebs. WianWvelebis 
kolonias weliwadSi aTasobiT muSa WianWvela emateba da maTi raodenoba aTiaTasobiT 
ganisazRvreba. WianWvelebis daaxloebiT 1/4 nebismier dros koloniis gareT imyofeba, 
sakvebs agrovebs da akacias mcenareWamia mwerebisgan icavs. orive maTgani erTmaneTisgan 
sargebels iRebs, Tumca damoukideblad arsebobac SeuZliaT. WianWvelebs moklebuli aka-
cia toqsikur nivTierebas gamoyofs da Tavs icavs fitofagebisgan. 

daniel iancenis eqsperimenti

iancenma akaciis zrdasa da sicocxlis unarianobaze WianWvelebis zegavlenis kvlevis 
mizniT, akaciis axlad gamotanil totebze WianWvelebi ar auSva da maTi zrdis tempi WianW-
velebiani totebisas Seadara. erT-erTi amgvari eqsperimenti samxreT meqsikaSi Catarda da 
10 Tvis Semdeg aRmoCnda, rom WianWvelebis gareSe darCenili totis masa WianWvelebiani 
totis masis 1/10-ze naklebia, foTlebis raodenoba orjer da metjer mcirea, xolo ekle-
bis raodenoba _ samjer da metjer.

aseTi specializirebuli adaptacia Tanaevoluciis kargi magaliTia, romelic or sa-
xeobas Soris xangrZlivi evoluciuri kavSiris Sedegad Camoyalibda.

gaecani teqstisa da eqsperimentis Sinaarss, upasuxe kiTxvebs:

• teqstSi eklebian akaciasa da WianWvelebs Soris bioturi urTierTobis romeli 
formaa aRwerili? Seni pasuxis mtkicebulobani moiyvane teqstidan.

• aRwere iancenis eqsperimenti.

• iancenis eqsperimentis Sedegebi ramdenad amtkicebs akaciasa da WianWvelebs Soris 
arsebul kavSirs? Seni pasuxis dasasabuTeblad moiyvane eqsperimentis Sedegebi.

1. damoukideblad gaecani paragrafis teqstsa da suraTebze mocemul informacias 
biocenozSi bioturi urTierTobis formebis Sesaxeb da Seavse qvemoT mocemuli sqema:

 

2. riT gansxvavdeba konkurencia mtaceblobisa da parazitizmisgan? 
3. rododendrons ra tipis Seguebulobani aZlevs upiratesobas sxva mcenareebTan konku-

renciaSi?
4. zogierTi patara Tevzi, magaliTad, Tev-

zi jambazi, ar aris mgrZnobiare aqtiniis 
msusxavi Zafebis mimarT da igi ikvebeba 
mis sacecebs Soris arsebuli sakvebis 
narCenebiT, xolo aqtinia uneburad icavs  
Tevzs. urTierTobis ra formaa aqtinia-
sa da Tevzs Soris?

5. idealur pirobebSi baqteriebi yovel 20 
wuTSi mravldebian, Tumca bunebaSi baq-
teriebi aseTi siCqariT ar mravldebian, 
winaaRmdeg SemTxvevaSi, mTel dedamiwas 
dafaravdnen. Seni azriT, ra faqtorebi 
zRudaven maT gamravlebas da zogjer maTi 
populaciis ganadgurebasac ki iwveven? 

bioturi urTierTobis 
forma

TiToeuli formis mokle  
aRwera

Sesabamisi magaliTi
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6. ra tipis adaptaciebi aZlevs upiratesobas veneras buziWerias, rogorc mtacebels?
7. radgan mtacebeli klavs Tavis msxverpls, SeiZleba iTqvas, rom mtacebeli bunebas anad-

gurebs? moifiqre, aris Tu ara imis saSiSroeba, rom am mizeziT msxverplis populacia 
mTlianad gadaSendes? pasuxi daasabuTe.

8. jvaredinmtveria mcenareebis yvavilebisa da maTi dammtveravi cxovelebis piris apara-
tis/niskartis forma da zoma xangrZlivi drois ganmavlobaSi mcired icvleba. 1) ra 
mniSvneloba aqvs am faqts rogorc mcenareebis, ise maTi dammtveravi cxovelebisTvis? 2) 
es movlena bunebrivi gadarCevis romeli formis moqmedebis Sedegia? 

9. adamianis wamwamebi mikroskopuli tkipebis 
sacxovrebeli garemoa. maTi sxeulis sigrZe 
0,4 mm-ia, amitom danaxva mxolod mikrosko-
piT SeiZleba. wamwamis erT folikulSi 20-mde 
tkipi cxovrobs. es tkipebi ikvebebian wamwa-
mebis cximismagvari gamonayofiT da mkvdari 
ujredebiT. isini adamians zians ar ayene-
ben. tkipebsa da adamians Soris simbiozuri  
urTierTqmedebis romeli formaa aRweri-
li? daasabuTe Seni pasuxi.

10. yvavilovani mcenareebis didi nawili ra-
tom imtvereba specifikuri dammtverave-
biT?

11. diagramaze mocemulia kurdRlisa (1) da 
melas populaciis (2) zomis cvlilebebis 
dinamika populaciebze dakvirvebis 9 wlis 
ganmavlobaSi. gaaanalize grafikebze moce-
muli informacia da upasuxe kiTxvebs: 1) 
rogoria kurdRlis populaciis zomis cv-
lilebis dinamika dakvir vebis 9 wlis ganma-
vlobaSi? 2)  ro goria melas po pulaciis zomis cvlilebis dinamika dakvirvebis 9 wlis 
ganmavlobaSi? 3) diagramis monacemidan gamomdinare, ganmarte, ra kavSiria kurdRlisa da 
melas populaciis zomis cvli lebebs Soris.

wamwami

wamwamis 
folikuli

tkipebi

25

20

1 _ kurdRlis populacia
2 _ melas populacia
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0

15

10

5po
pu

l
ac

ii
s 

z
o

ma

dakvirvebis wlebi
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1.5. კვებითი ჯაჭვები და კვებითი ქსელები

1977 wels mecnierebi gaocdnen, rodesac pirvelad Seiswavles okeanis siRrmeebi. maT 
aq, sadac sinaTle ver aRwevda, ayvavebuli ekosistemebi aRmoaCines. kvlevebma aCvena, rom 
namceca prokariotebi TviTon qmnidnen TavianT sakveb organul nivTierebebs wyalSi ar-
sebuli mineraluri nivTierebebisgan, risTvisac sulac ar sWirdebodaT mzis sinaTlis 
energia. 

mecnierebma aseTi mikroorganizmebi aRmoaCines aSS-s erT-erT erovnul parkSi _  
Yellowstone National Park _ arsebul gogirdiT mdidar hidroTermul (wylis temperatura 
Zalian maRalia) wyal satevebSi, romelTagan erT-erTi suraTzea gamosaxuli.

• ratom gaocdnen mecnierebi, rodesac okeanis did siRrmeebSi ekosistemebi aRmoa-
Cines?

• rogor fiqrob,  kvebis tipis mixedviT rogor organizmebzea saubari teqstSi?

bunebaSi yvela organizmi Sedis rome-
lime Tanasazogadoebis/biocenozis Semad-
genlobaSi. rogorc ukve ici, biocenozis 
saxeobriv Semadgenlobasa da populacie-
bis ricxovnobas gansazRvravs abioturi 
da bioturi faqtorebis erToblioba. 
wina paragrafSi Cven ganvixileT Tanasa-
zogadoebis individebs Soris arsebuli 
sxvadasxva tipis urTierTobis formebi, 
romlebic dakavSirebulia kvebasTan, Tav-
dacvasa da gamravlebasTan, gavrcelebasa 
da gansaxlebasTan.

ekosistemaSi sxvadasxva organizmis 
urTierTobis yvelaze naTeli magali-

Tia kvebiTi urTierToba, radgan yvela 
cocxali organizmisTvis damaxasiaTe-
belia sasicocxlo Tviseba _ kveba. eko-
sistemis organizmebs Soris kvebiTi kav-
Sirebis formasa da xasiaTs gansazRvravs 
kvebis tipi. kvebis or ZiriTad tips arCe-
ven _ avtotrofuli da heterotrofuli, 
Sesabamisad, organizmebsac kvebis tipis 
mixedviT or ZiriTad jgufad yofen: av-
totrofebad da heterotrofebad. he-
terotrofebi energiisa da mza organuli 
nivTierebebis miRebis gzebis mixedviT ki-
dev gansxvavdebian. es monacemebi warmod-
genilia cxrilis saxiT (cxr. 1.2). 

ekosistemebi wyalsatavebis siRrmesa da eqstremalur pirobebSi
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cxrili 1.2.                                      

kvebis tipi 
energiisa da sakvebis wyaro, sakve-

bis mopovebis Tavisebureba 
organizmebis magaliTebi

avtotrofuli

fotoav-
totrofuli 

mzis energia; araorganuli 
nivTierebebi (wyali da 
naxSirorJangi)

fotoavtotrofebi _ mcenareebi, 
wyalmcenareebi, cianobaqteriebi

qemoav-
totrofuli

araorganuli nivTierebebis (mag., 
rkinis, azotis) daJangvis Sedegad 
gamoTavisuflebuli energia; 
araorganuli nivTierebebi

qemoavtotrofebi 
_ azotobaqteriebi, 
gogirdbaqteriebi, rkinabaqteriebi

heterotrofuli

fitofagia
cocxali mcenareebis organul 
nivTierebebSi dagrovebuli ener-
gia; cxovelebi Wamen mcenareebs

mcenareWamia cxovelebi _ mcenare-
Wamia fexsaxsrianebi, xerxemlianebi; 
nairmWamelebi _ cxovelebi, rom-
lebic ikvebebian rogorc mcenareu-
li, ise cxoveluri organizmebiT

zoofagia

cocxali cxovelebis organul 
nivTierebebSi dagrovebuli 
energia; cxovelebi Wamen cocxal 
cxovels

mtaceblebi _ cxoveliWamia cxo-
velebi; nairmWamelebi _ cxovele-
bi, romlebic ikvebebian rogorc 
mcenareuli, ise cxoveluri orga-
nizmebiT

detritofa-
gia

mkvdari organizmebis an maTi 
narCenebis organul nivTiere-
bebSi (detritebSi) dagrovebuli 
energia; cxovelebi Wamen mkvdar 
organizmebs an maT narCenebs

detritofagebi _ leSiWamia cxo-
velebi _ fexsaxsrianebi, frinvele-
bi, ZuZumwovrebi

saprofitu-
li 

mkvdari organizmebis an maTi 
narCenebis organul nivTiere-
bebSi dagrovebuli energia; mza 
organul nivTierebebs iReben 
organizmebis sxvadasxva narCeni-
dan da mkvdari nawilebidan

saprofitebi _ sokoebisa da 
baqteriebis didi nawili, romel-
Tac axasiaTebT organizmis gareT 
moneleba.

parazituli

cocxali organizmebis organul 
nivTierebebSi dagrovebuli ener-
gia; erTi organizmi saxlobs sxva 
cocxal organizmze an organizm-
Si da misgan iRebs mza organul 
nivTierebebs

parazitebi _ paraziti Wiebi, mwere-
bi, virusebi, sokoebi da baqteriebi

miqsotrofuli

mzis energia an mza organul niv-
TierebebSi dagrovebuli energia; 
axasiaTebT Sereuli tipis kveba 
_ fotoavtotrofuli kveba da 
heterotrofuli kvebac (SeuZ-
liaT mza organuli nivTiere-
bebis SeTviseba)

miqsotrofebi _ zogierTi pro-
tisti (mag., evglena), mweriWamia 
mcenareebi (mag., drozera, veneras 
buziWeria)

kvebis dros erTi organizmi meore or-
ganizmisgan sakvebis saxiT iRebs energiasa 
da saSen masalas. erTi organizmi am mizniT 
moixmars meores, magram SeiZleba TviTon 
gaxdes mesame saxeobis individis msxverp-
li. yvela organizms unda hqondes ener-
giisa da sakvebi organuli nivTierebebis 
wyaro, Tumca yvela saxeobis organizmi 
energiasa da organul nivTierebebs sxva 
organizmis moxmarebiT ar iRebs. aseTia 
avtotrofuli organizmebi, romlebic 
energiiT Raribi araorganuli nivTiere-
bebisgan TviTon qmnian energiiT mdidar 

organul nivTierebebs. amitom avtotrof 
organizms producenti, anu mwarmoebe-
li ewodeba. fotoavtotrofebi amisTvis 
mzis energias iyeneben da fotosinTezs 
awarmoeben. qemoavtotrofebic TviTon 
asinTezireben araorganuli nivTierebe-
bidan organuls, magram amisTvis iyene-
ben araorganuli nivTierebis daJangvis 
Sedegad gamoyofil energias. magaliTad, 
gogirdwyalbadi (H2S) iJangeba gogird-
mJavamde (H2SO4) da gamoTavisuflebuli 
daJangvis energiis xarjze naxSirorJangi-
sa da wylisgan naxSirwyali sinTezirdeba:          
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yvela biocenozs msgavsi struqtura 
aqvs. maT safuZvels warmoadgens pro-
ducentebi, umeteswilad ki mcenareuli 
Tanasazogadoeba _ fotoavtotrofebi. 
biocenozis sxva nawils warmoadgens pro-
ducentebis momxmareblebi _ konsumente-
bi _ heterotrofi organizmebi, romle-

naxSirorJangi + wyali + gogirdwyalbadi + Jangbadi = naxSirwyali + gogirdmJava   

bic mza organul nivTierebebsa da maTSi 
dagrovebul energias moixmaren. kKonsu-
mentebis tipebi gansxvavebulia. es aris: 
mcenareWamiebi, mtaceblebi, nairmWame-
lebi, parazitebi, detritofagebi  (le-
SiWamia cxovelebi), reducentebi (ix. cxr. 
1.2).

 ekosistemaSi sxvadasxva organizms So-
ris kvebiTi kavSirebi SeiZleba iyos naCve-
nebi kvebiTi jaWvis saSualebiT, rogorc 
suraT 1.26-zea warmodgenili. kvebiTi jaW-
vi aris modeli, romelic gviCvenebs, Tu ra 
tipis kvebiTi kavSirebia erTi ekosiste-
mis sxavasxva populaciis individebs So-
ris. I rigis konsumentebi moixmaren mce-
naris organul nivTierebebs (mcenareWamia 
cxovelebi), II da III rigis konsumentebi 
cxoveliWamia cxovelebia. reducentebi 
_ saprofiti mikroorganizmebi, sokoebi, 
romlebic organul narCenebs Slian da 

mineralizacias axdenen, producentebi 
ki kvlav organul nivTierebebad gardaq-
mnian. amitom reducentebi umniSvnelova-
nes rols asruleben bunebaSi nivTiereba-
Ta mimoqcevaSi. kvebiTi jaWvis TiToeul 
komponents kvebiTi anu trofuli done 
ewo deba. 

amrigad, ekologiur sistemebSi Sema-
vali mravalferovani organizmebi kvebis 
mixedviT SeiZleba davajgufoT sam funq-
cionalur jgufad: producentebi, konsu-
mentebi da reducentebi (sur. 1.27).

energiisa da nivTierebaTa gadacema ekosistemaSi

mzis energia

producenti

araorganuli 

nivTierebebi
H2O

CO2

sokoebi da 

baqteriebi

balaxi
gveli

bayayi

kalia

I rigis konsumenti II rigis konsumenti

III rigis konsumenti

cocxali organizmebis 

organuli nivTierebebisa da 

maTSi dagrovebuli energiis 

moZraobis mimarTuleba

organuli narCenebisa da 

maTSi dagrovebuli energiis 

moZraobis mimarTuleba
sur. 1.26.

reducentebi
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kurdReli balaxismWamelia, magram 
mxolod igi rodi Wams balaxs (sur. 1.28). 
bevri sxva organizmic ikvebeba balaxiT. 
kurdReli ki meliis msxverpli xdeba, 
Tumca mas sxva mtaceblebic moinadire-
ben, meliac SeiZleba msxverpli gaxdes. 
ase iqmneba kvebiTi qseli. bunebaSi kvebiT 
qsels urTierTdamokidebuli da dakav-

Sirebuli rTuli kvebiTi jaWvebi qmnian. 
ekosistema rac ufro saxeobrivad mra-
valferovania, miT ufro rTuli kvebiTi 
qselebi iqmneba da ekosistemac mdgradia. 
Tu raRac mizeziT kvebiTi jaWvis qveda 
kvebiTi donis saxeoba qreba, maSin zeda 
rgolis saxeobebi sxva sakvebis gamoyene-
bas iwyeben.

producentebi

reducentebi

o r g a n u l i  n a r C e n e b i

I rigis 
konsumentebi

II da III rigis 
konsumentebi

sur. 1.27.

araorganuli 
nivTierebebi

sur. 1.28.
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ekosistema mdgradi, TviTmaregulire-
beli sistemaa. populaciaSi individebis 
garkveuli ricxvis SenarCuneba efuZneba 
organizmebis urTierTqmedebas: mtacebe-
li – msxverpli, paraziti – maspinZeli. 
Tu raRac mizeziT kvebiTi jaWvis wevri 

qreba, maSin saxeobebi sxva sakvebis gamo-
yenebas iwyeben. sakvebis Secvlis Sedegad 
saxeoba-momxmareblis zoma SenarCundeba. 
populaciis masobrivi gamravleba ekosis-
temaSi pirdapiri da ukukavSirebiT regu-
lirdeba (sur. 1.29)

populaciis zomis regulacia

faqtorebi, 
romlebic 
gavlenas axdens 
populaciis 
zomaze

toqsinebi/damabinZureblebi

ganaTeba

Jangbadi

wyali

organizmebs Soris konkurencia

mtaceblebi an parazitebi

infeqciuri daavadeba

sakvebi

bioturi

abioturi

populaciis zoma 
imaze metia, 
vidre saarsebo 
pirobebi

populaciis zomis 
kontroli ukukavSiris 
meqanizmiT

populaciis 
`normaluri~ 
zoma

populaciis zoma 
imaze naklebia, 
vidre saarsebo 
pirobebi

izrdeba garemos 
zewola

garemos 
zewola 
mcirdeba

populaciis zoma mcirdeba

Sobadoba da 
sikvdilianoba 
abalansebs erTmaneTs, 
rac populaciis 
wonasworobas 
ganapirobebs. 
populaciis zoma 
meryeobs (xan izrdeba, 
xan mcirdeba) garemo 
pirobebis zewolis 
donis mixedviT.

populaciis zoma izrdeba

populaciis 
`normaluri~ 
zoma

sur. 1.29.

1. ganmarte terminebi: mwarmoebeli, momxmarebeli, reducenti. romeli maTganis amovardna 
ar moaxdens gavlenas ekosistemaze? axseni Seni pasuxi. 

2. suraTze miTiTebuli ricxvebi amoiwere rveulSi – 1) amoicani kvebiTi   doneebi da misi 
dasaxeleba miuwere ricxvebs; 2) suraTis mixedviT aRwere kvebiT rgolebSi energiisa da 
organuli niTierebebis moZraobis mimarTuleba. 

3. Seiswavle suraT 1.28-ze mocemuli kvebiTi qselis Semadgeneli kvebiTi rgolebi da upa-
suxe kiTxvebs: 1) daasaxele organizmebi, romlebic erTmaneTs uweven konkurencias da 
miuTiTe Sesabamisi konkurenciis obieqti _ sakvebi; 2) daasaxele organizmi, romelic 
SeiZleba erTdroulad II rigis konsumentic iyos da msxverplic; 3) daasaxele II rigis 
konsumentebi; 4) daasaxele III rigis konsumentebi; 5) ra gavlenas moaxdens am ekosistemi-
dan I rigis konsumentebis amovardna? 6) mRrRnelebis populaciis mniSvnelovani Semcire-
ba romel kvebiT rgolze moaxdens gavlenas? 7) Seqmeni 4-rgoliani kvebiTi jaWvi. 

mzis 
energia

1 2 3 4

5
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4. xangrZlivi gvalva ra gavlenas moaxdens mwarmoeblebsa da momxmareblebze? 
5. ekosistemis stabiluroba rogoraa damokidebuli producentebze?
6. romel or process iyeneben producentebi energiis misaRebad da organuli nivTierebis 

sinTezisTvis?
7. zogierTi producenti cxovrobs wyalsatevebis did siRrmeebSi. axseni es faqti.
8. SeuZliaT producentebs arseboba konsumentebis gareSe? axseni Seni pasuxi.
9. ra kavSiria kvebiT jaWvsa da kvebiT dones Soris?
10. mecnierebisTvis ratom aris mosaxerxebeli kvebiTi jaWvi ekosistemaSi bioturi kavSi-

rebis aRwerisTvis? 
11. konsumentebis Zalian mcire procentia, romelic specifikuri sakvebiT ikvebeba. mas 

meti saSiSroeba elodeba, vidre universalur konsuments (ikvebeba sxvadasxva saxeobiT), 
ratom?

12. ra gavlenas moax-
dens ekosistemis sta-
bilurobaze yvela 
reducentis amovard-
na?     

13. axseni, urTierToba _ 
`mtacebeli _ msxverp-
li~ da `paraziti _ 
maspinZeli~ _ rogor 
ganapirobebs ekosis-
temis mdgradobas

14. aq warmodgenili Ti-
Toeuli jaWvisTvis 
imsjele, ra moxdeba 
ekosistemaSi, Tu amo-
vardeba yvela mtace-
beli da kvebiTi jaWvi 
damokldeba?

rodesac mkveTrad izrdeba mcenareu-
lobis raodenoba, izrdeba mcenarismWa-
melTa ricxvic, Sesabamisad, mtaceblebs 
eqneba meti sakvebi da maTi gamravlebis 
intensivoba gaizrde ba. e.i. rac ufro 
metia wels msxverpl-
Ta ricxvi, miT meti 
iqneba momaval wels 
mtacebelTa ricxvi. es 
TavisTavad gamoiwve-
vs msxverplis ricxvis 
Semcirebas, mtacebel-
Ta gamravlebis inten-
sivobis Semcirebas da 
mtacebeli – msxverp-
lis raodenoba sawyis 
mdgomareobas daub-
rundeba. amis magali-
Tia irmebisa da mglis 

populaciebs Soris damokidebuleba (sur. 
1.30). diagramaze mocemulia irmebisa da 
mglis populaciis zomis cvlilebebis di-
namika populaciebze dakvirvebis mravali 
wlis ganmavlobaSi.
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1.6. ენერგიისა და ნივთიერებათა გადაცემა ეკოსისტემაში

mwerebs, romlebic mosavals anadgureben, mavneblebs uwodeben. mavne mwerebis wi-
naaRmdeg fermerebi xSirad Sxamqimikatebs _ pesticidebs iyeneben. Tumca pesticidebma 
SesaZloa kvebiTi qselis sxva organizmebsac miayenos ziani da, mavneblebis garda, sasar-
geblo cxovelebic gaanadguros.

pesticidi dusti (DDT) Seqmnes 1939 wels da gamoiyenes meore msoflio omis dros 
jariskacebis dasacavad iseTi daavadebisgan (mag., malariisgan), romlis gadamtanebic 
mwerebi arian. omis Semdeg, am Sxamqimikatis warmoeba gaizarda da mas regularulad iye-
nebdnen sasoflo-sameurneo kulturebis naTesebis Sesasxureblad, xalxmraval zRvis 
sanapiro zonebSic ki koRoebis winaaRmdeg. magram 1960-ian wlebSi aRmoaCines, rom DDT 
toqsikuri nivTierebaa da gasuli saukunis 80-iani wlebidan misi warmoeba da gamoyeneba 
mTel rig qveynebSi aikrZala. 

aRmoCnda, rom garemosa da organizmSi moxvedrili dusti ar iSleba. es imas niSnavs, rom 
dusti kvebiTi jaWvis momdevno wevrebs gadaecema da igi maTSi grovdeba, gansakuTrebiT 
ki cximovan qsovilSi. didi raodenobiT dusti momwamvlelia da organizmis sicocxles 
safrTxes uqmnis. amaze metyvelebs Semdegi faqti: kaliforniaSi tbas moasxures DDT ma-
lariis gadamtani koRoebis gasanadgureblad. DDT wylidan moxvda cocxal organizmebSi 
da CaerTo kvebiT jaWvSi, Sedegad, wylis frinvelebi daixoca. qvemoT gTavazobT Sesaba-
misi kvebiTi jaWvis models. gaecani kvebiTi jaWvis models da upasuxe kiTxvebs: 

  

• aRwere,  dusti/ DDT rogor aRmoCnda wylis frinvelebSi.

• gamoTqvi mosazreba _ dustma ratom ar daxoca planqtonis Semadgeneli organizme-
bi an Tevzebi?

• fermerebi ambobdnen, rom tbaSi ar iyo DDT-is iseTi raodenoba, rom frinvelebi 
moekla. rogor fiqrob, maSin ratom dadga aseTi Sedegi?

ekosistemebi energias mzis sinaTliT 
iReben. mzis sinaTle energiiT uzrun-
velyofs fotosinTezis process. Sede-
gad, sinaTlis energia fotoavtotrofeb-
Si qimiuri energiis saxiT akumulirdeba 
organul nivTierebebSi. Semdeg es ener-
gia sakvebi organuli nivTierebebis sa-
xiT moZraobs kvebiT jaWvSi. Tumca kve-
biT jaWvSi moZraobis dros energiis 
nawili siTbos saxiT garemoSi ifanteba 
da ikargeba. mcenareWamiebi ikvebebian 
mcenareebiT da mcenareul sakvebSi dag-

roebuli energiis nawili ikargeba. Sem-
deg mtaceblebi Wamen mcenareWamiebs da 
energia kvlav ikargeba siTbos saxiT. Se-
sabamisad, kvebiTi jaWvis yoveli done 
gacilebiT mcire energias Seicavs, vidre 
masze dabali kvebiTi done. 

kvebiTi jaWvis yovel doneze  energia 
sxvadasxva saxiT ikargeba _ energiis nawi-
li ixarjeba konsumentis sxeulis siTbos 
SenarCunebaze, moZraobaze, nawili moune-
lebeli narCenebis saxiT ikargeba da a.S 
(sur. 1.31 ). energiis dakargvis Sedegad 

planqtoni Tevzi wylis frinveli

DDT-s gamoyenebis istoria
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yoveli momdevno kvebiT doneze warmoqm-
nili organuli nivTierebebis raodenoba/
biomasac progresulad mcirdeba. sasar-
geblo energiis aseTi didi raodenobiT 

dakargvis gamo ar SeiZleba kvebiTi jaWvi 
Zalian grZeli iyos. ufro xSirad, kvebi-
Ti jaWvi 3-5 kvebiTi donisgan/rgolisgan 
Sedgeba.   

zemoT aRweril am metad mniSvnelovan 
kanonzomierebas ekologiuri piramidis 
wess uwodeben. ekosistemaSi energiisa da 
nivTierebaTa gadacemis sailustraciod 
iyeneben ekologiuri piramidis models, 
romelic sami saxis aris: energetikuli 
ekologiuri piramida, biomasisa da ricxv-
Ta piramida.

energetikuli piramida (sur. 1.32) asa-
xavs kvebiTi jaWvis kvebiT doneebze ener-
giis ganawilebas. gamoiTvales, rom ne-
bismier momdevno kvebiT doneze gadadis 
wina donis energiis mxolod 10%, romel-
sac konsumenti iyenebs Tavisi sxeulis 
organuli nivTierebis SeqmnisTvis. 

III rigis 
konsumenti

energiis ekologiuri 
piramida

II rigis  
konsumenti

I rigis 
konsumenti

energiis gadacema

energiis gabneva 
siTboSi

100 kkal

producentebi

sur. 1.32.

10 kkal

90%

90%

90%

0.1 %

1 %

10 %

100 %

1,000 kkal

10,000 kkal

sur. 1.31.

bocveri sakvebSi arsebuli qimiuri 
energiis did nawils moixmars 
sunTqvisTvis, moZraobisTvis, 
siTbos SenarCunebisTvis da sxv.

enrgiis nawili siTbos saxiT 
garemoSi ifanteba.

qimiuri enrgiis mxolod mcire 
nawili gamoiyeneba zrdisTvis.

didi raodenobiT 
qimiuri energia ikargeba 
mounelebel sakvebTan 
erTad.
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biomasis piramida (sur. 1.33), romelic 
yovel kvebiT doneze/rgolSi sinTezire-
buli organuli nivTierebebis raodeno-
bas, anu biomasis ganawilebas asaxavs. 
nebismier kvebiT jaWvSi yoveli momdev-
no rgolis biomasa 10-jer naklebia wina 

III rigis 
konsumenti

biomasis ekologiuri  
piramida

1 kg

10 kg

100kg

1000kg

II rigis 
konsumenti

I rigis 
konsumenti

producenti

sur. 1.33.

rgolze. magaliTad, mcenareuli biomasis 
raodenoba, romelic kvebiTi jaWvis sa-
fuZvelia, yovelTvis ramdenjerme metia, 
vidre mcenareWamia cxovelebis saerTo 
masa, xolo mtaceblebis biomasa ufro 
naklebia, vidre mcenareWamia cxovelebis.

ricxvTa piramida 
(sur. 1.34), romelic 
kvebiTi jaWvis yovel 
rgolSi individebis 
ricxvs asaxavs. magali-
Tad, asobiT balaxo-
vani mcenare mxolod 
mcire raodenobis ka-
liebs gamokvebavs, ka-
liebis es raodenoba 
ramdenime frinvels, 
xolo frinvelebi ki 
mxolod ramdenime 
gvels eyofa, ramde-
nime gveli ki erT-or 
mtacebel frinvels 
ga mokvebavs. 

ricxvTa ekologiuri
piramida

sur. 1.34.
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Tu ekologiuri piramidis wesis mixed-
viT, dabali kvebiTi donidan maRali do-
nisken energiis gadacemisas energia ikar-
geba, piriqiT, maRal kvebiT rgolebSi 
toqsikuri nivTierebebis koncentracia 
izrdeba. amitom garemos pesticidebiTa 
da sxva damabinZureblebiT ufro  zaral-
debian maRali donis konsumentebi. maga-
liTad, mas Semdeg, rac pesticids Seasxu-

reben mindvrebze, am qimiuri nivTierebis 
didi raodenoba Cairecxeba mdinareebsa 
da tbebSi, sadac garemodan fitoplanq-
tonSi xvdeba (sur. 1.36). fitoplanqtonis 
Semadgeneli TiToeuli organizmi Seicavs 
mas Zalian mcire koncentraciiT, magram 
radgan zooplanqtoni didi raodenobis 
fitoplanqtons moixmars, masSi pestici-
dis koncentracia ufro izrdeba. meore 

Wiamaiebi

bugrebi

vardis buCqi

sur. 1.35.

ricxvTa piramida yo-
velTvis ise ar gamoiyu-
reba, rogorc zemoT aris 
naCvenebi (sur. 1.34). pi-
ramida SeiZleba ucnauri 
formisac iyos. magaliTad 
(sur. 1.35), vardis buCqs 
uamravi bugris gamokveba 
SeuZlia, radgan moculo-
biT didia da met energiasa 
da biomasas Seicavs, bugre-
biT ki Wiamaiebi ikvebebian.

pe-pesticidis koncentraciis
pirobiTi erTeuli

wyali
0, 000002 pe

Tolias kvercxebi
124 pe

fotoplanqtoni
0, 0025 pe

zooplanqtoni
0, 123 pe

qaSayi
1,04 pe

tbis kalmaxi
4,83 pe

Tolia
124 pe

sur. 1.36.
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rigis momxmareblebi, rogoricaa patara 
Tevzi, Wamen zooplanqtons da mis sxeul-
Si cximovan qsovilSi kidev izrdeba pes-
ticidis koncentracia. rodesac maTiT 

mtacebeli Tevzi ikvebeba, es ukanaskneli 
iRebs pesticidis yvelaze koncentrire-
bul dozas.  

1. ratom iwyeba TiToeuli kvebiTi jaWvi producentiT?
2. riT aixsneba is faqti, rom biocenozSi energiis nakads erTi mimarTuleba aqvs?
3. ekosistemas uwodeben Ria sistemas. axseni, ratom?
4. ratom ar SeiZleba, rom kvebiTi jaWvi 3-5-ze meti kvebiTi rgolisgan Sedgebodes?
5. ra gansxvavebaa biomasisa da ricxvTa piramidebs Soris?
6. 35-e suraTze mocemuli informaciis mixedviT Seqmeni energetikuli da biomasis pirami-

debi. 
7. gamoTvale energiis raodenoba mesame rigis konsumentis doneze, Tu kvebiTi jaWvis pir-

vel doneze _ producentebSi _ dagrovebulia 5000 kkal. 
8. gamoTvale, ra masis planqtoni iqneba saWiro, rom delfinis biomasa Seadgendes 300kg-s, 

Tu gaviTvaliswinebT imas, rom igi kvebiT jaWvSi ikavebs mesame rigis konsumentis dones. 
aage Sesabamisi biomasis piramida.

9. SemCneuli iyo, rom bevri cxoveli dustisgan iRupebodnen ufro zamTris periodSi, ro-
desac sakvebi ar hqondaT sakmarisi. axseni, ratom?

10. ratom aqvT mesame rigis konsumentebs toqsinebis ufro maRali koncentracia, vidre 
pirveli rigis konsumentebs?

11. gansazRvre, romeli ricxviTi piramida Seesabameba kvebiT jaWvs: balaxi, bocvrebi, rwyi-
lebi.

1 2 3 4
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1.7. ბიოგეოქიმიური ციკლი

Tu energiis TvalsazrisiT dedamiwa Ria sistemaa (kosmosidan ganuwyvetliv Semoedi-
neba mzis energia), materiis TvalsazrisiT, rogoricaa, magaliTad, azoti da naxSirbadi, 
dedamiwa aris daxuruli sistema. dRevandel dedamiwas aqvs daaxloebiT igive raodeno-
bis naxSirbadi, rac hqonda miliardobiT wlis win, rac imas niSnavs, rom igive naxSirbadis 
atomebi, romlebic qmnian Cvens sxeuls, SesaZloa odesRac xemcenaris nawili iyo, an 
vulkanis mier gamofrqveuli airebis an Tundac dinozavris sxeulis nawili.

• naxSirbadi Sedis yvela organuli nivTierebis SemadgenlobaSi. axseni, naxSirbadis 
atomis ra Tvisebebi ganapirobebs am faqts.

• romeli organuli nivTierebis SemadgenlobaSi Sedis azoti? ra biologiur funq-
ciebs asruleben azotSemcveli nivTierebebi organizmSi?

• SearCie romelime bioelementi (mag., naxSirbadi, Jangbadi) da Seqmeni kognituri sqe-
ma, romliTac axsni, Tu ekosistemis abioturi nawilidan rogor SeiZleba moxvdes 
bioelementi cocxal organizmSi da organizmidan kvlav aracocxal garemoSi. aRwe-
re biologiuri procesebi, romlebic uzrunvelyofs am bioelementebis moZraobas 
_ aracocxalidan cocxalSi da piriqiT. 

ekosistemebis umetesi nawilis arse-
boba damokidebulia maTSi mzis energiis 
mudmiv Semodinebaze, Sesabamisad, energi-
is TvalsazrisiT ekosistema Ria sistemaa. 
Tumca,  qimiuri elementebis miwodeba 
cocxal organizmebSi SezRudulia. ami-
tom ganuwyvetliv saWiroa am elementebis 
Semcveli nivTierebebis gadamuSaveba da 
cocxal da aracocxal bunebas Soris 
maTi mimocvla. 

mravali qimiuri elementia aucile-
beli organizmebis struqturirebisa da 

funqcionirebisTvis. maT bioelementebi 
ewodeba, romelTagan organizmebSi um-
niSvnelovanes rols asrulebs Jangbadi, 
naxSirbadi, wyalbadi, azoti, fosfori da 
gogirdi. amitom Zalian mniSvnelovania am 
elementebis cikluri mimocvla cocxal 
da aracocxal bunebas Soris. fiziku-
ri da biologiuri procesebis monawil-
eobiT konkretuli qimiuri nivTierebis/
elementis ciklur moZraobas ekosistemis 
biotur da abiotur komponentebs Soris 
biogeoqimiuri cikli ewodeba.  

naxSirbadi aris sicocxlis samSeneb-
lo masala _ is aris Cveni planetis yve-
la organizmis struqturis safuZveli. 
naxSirbadi aris naxSirwylebis, cilebis, 
cximebis da yvela sxva organuli moleku-
lis aucilebeli komponenti. cocxal 
organizmebs sWirdebaT naxSirbadis Sem-
cveli naerTebi rogorc, magaliTad, _

• energiis wyaro, romelic gamoiyofa 
naxSirbadis Semcveli naerTebis (gan-
sakuTrebiT, naxSirwylebis da cxi-
mebis) daJangvis Sedegad ujreduli 
sunTqvis procesSi;

• nedleuli/saSeni masala ujredebis 
gamravlebisa da zrdisTvis (gansa-
kuTrebiT lipidebi da cilebi).

abiotur garemoSi naxSirbadis naer-
Tebi arsebobs ramdenime formiT _ myar, 
Txevad da airad mdgomareobaSi:

• naxSirorJangi atmosferoSi;
• wyalSi gaxsnili bikarbonati;
• wiaRiseuli sabadoebi navTobis, 

bunebrivi airis da torfis saxiT;
• karbonatuli qanebi, rogoricaa 

kir qva;
• mkvdari organizmebis narCenebSi.
naxSirbadi ganuwyvetliv miedineba 

garemodan cocxal organizmebSi da isev 
brundeba aracocxal garemoSi. naxSir-
badis cikli naCvenebia 1.37-e suraTze. 
naxSirbadis ciklSi did rols asrulebs 
iseTi biologiuri procesebi, rogori-

naxSirbadis cikli
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1. gaaanalize 1.37-e suraTze mocemuli naxSirbadis ciklis modeli da upasuxe kiTxvebs: 1) 
daasaxele umartivesi naxSirbadis naerTi, romelic imyofeba ekosistemis abiotur kom-
ponentSi; 2) daasaxele ekosistemis biotur komponentSi arsebuli naxSirbadis Semcveli 
ori naerTis magaliTi; 3) romeli procesebi zrdis naxSirorJangis koncentracias at-
mosferoSi? 4) romeli procesi amcirebs naxSirorJangis koncentracias atmosferoSi? 
5) daasaxele mizezebi, Tu ratom warmoiqmna zogierTi wiaRiseuli zRvebisa da xmeleTis 
siRrmeebSi; 6) aRwere naxSirbadis ciklis ZiriTadi etapebi.

2. ra gavlenas moaxdens naxSirbadis ciklze ekosistemidan producentebis amovardna? axse-
ni Seni pasuxi. 

3. ra gavlenas moaxdens naxSirbadis ciklze ekosistemidan reducentebis amovardna? axseni 
Seni pasuxi. 

azoti gvxvdeba bevr biologiur na-
erT  Si: cilebSi, aminomJavebSi, nukleinis 
mJavebsa da adenozintrifosfatSi (atf), 
aseve, adf-Si. azotis naerTebi orga-
nizmebSi aucilebelia iseTi funqciebis 
SesrulebisaTvis, rogoricaa:  

• genetikuri masalis funqcia (dnm);
• struqturuli/saSeni masalis funq-

cia (cilebi);
• energetikuli (atf) da sxv.

azotis cikli warmodgenilia 1.38-e su-
raTze. azoti ekosistemis abiotur nawil-
Si aris airis saxiT atmosferoSi (N2), 
niadagsa da wyalsatevebSi nitratebisa da 
amoniumis marilebis saxiT. azotis araor-
ganuli naerTebi araorganuli bunebidan 
pirvelad xvdeba mcenareebsa da azot-
fiqsaciis baqteriebSi, romelsac iyeneben 
organuli nivTierebebis sinTe zi s   Tvis, 
Semdeg ki gadaecema konsumentebs.

azotis cikli

foTosinTezi _ fotoavtrofebi sinaTlis 
energiis xarjze naxSirorJangs gardaqm-
nian organul naerTebad (naxSirwylebi, 
cilebi, cximebi).

damSlelebis moqmedebas xels uSlis zogierTi piroba, mag., temperatura, 
Jangbadis koncentracia da pH. es iwvevs naxSirbadis naerTebis `Caketvas~ 
wiaRiseulSi _ navTobi, torfi, bunebrivi airi, qvanaxSiri _ da garemoSi 
mcirdeba CO2-is koncentracia.

sunTqvis intensivoba gansxvave-
bulia sxvadasxva organizmsa da 
gansxvavebul garemo pirobebSi. 
mag., tropikuli tyis Tbil da 
tenian garemoSi gamoyofili 
CO2-is 80% damSlelebze modis.

fitoplanqtonis mier 
STanTqmuli

niadagis mier 
STanTqmuli

cxovelebis 
sunTqva

mcenareebis 
sunTqva

asimilacia 
mcenareebSi da  

Semdeg cxovelebSi
bunebrivi sawvavis wva

atmosferuli CO2

torfi

qvanaxSiri

navTobi

bunebrivi 
wiaRiseulis 
formireba organuli narCenebis daSla

(detritofagebi da saprofitebi)
narCenebi

zRvaSi CaCO3 - is 
dagroveba

okeane

wva

sur. 1.37.

caa: fotosinTezi da qemosinTezi, kveba, 
aerobuli sunTqva, damSlelebis (detri-

tofagebisa da reducentebis) monawile-
obiT mineralizacia.
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   azotis ciklis ZiriTadi etapebi

mcenareebs sWirdeba nitratebi. mce-
nareebisTvis azoti aucilebelia cile-
bis, nukleinis mJavebisa da vitaminebis 
sinTezisTvis. molekuluri azoti deda-
miwis atmosferos 78%-s Seadgens, mag ram 
mcenareebs ar aqvT molekuluri azotis 
gamoyenebisaTvis saWiro fermentebi, isini 
garemodan azots STanTqaven nitratebis 
saxiT. bunebaSi nitratebi warmoiqmneba 
mikroorganizmebis mier gan xorcielebuli 
ori procesis _ azotfiqsaciisa da nitri-
fikaciis _ safuZvelze.

azotis fiqsacia. azotis fiqsaciisas 
azoti da wyalbadi ukavSirdeba erT-
maneTs da warmoqmnian amoniumis ionebs, 
xolo Semdeg nitrats. es procesi damoki-
debulia fermentebze, romlebic mxo lod 
zogierT baqteriaSia _ azotfiqsaciis 
baqteriebSi. zogierTi es baqteria Tavi-

suflad cxovrobs, zogi ki parkosani 
mcenareebis fesvebze warmoqmnil koJreb-
Si. azotis fiqsacia bunebrivad xdeba 
atmosferoSic, risTvisac aucilebelia 
garemoSi Jangbadi _ elvis energiis sa-
fuZvelze azoti ukavSirdeba Jangbads. 

nitrifikacia. organuli narCeneb-
Si arsebuli aminomJavebis, cilebisa da 
nukleinis mJavebis daSlis Sedegad war-
moiqmneba amoniumis ionebi. nitrifika-
ciis dros, nitrifikaciis baqteriebis 
monawileobiT, amoniumis ionebi iJange-
ba jer nitritamde, Semdeg ki nitratam-
de. nitrifikacia mimdinareobs mxolod 
Jangbadian garemoSi. uJangbado garemoSi 
denitrifikaciis baqteriebi nitratebs 
molekulur azotad gardaqmnian. ami-
tomaa, rom Waobian adgilebSi nitratebi 
ar grovdeba da garemoSi airis saxiT ga-

azoti atmosferoSi (N2)

cxovelebi mcenareebi

asimilacia denitrifikaciis 
baqteriebi

nitrifikaciis 
baqteriebi

nitrifikaciis 
baqteriebi

niadagis azotfiqsaciis 
baqteriebi

azotfiqsaciis 
baqteriebi parkosani 
mcenareebis fesvebze

nitrifikacia
amonifikacia

damSlelebi (aerobuli 
da anaerobuli  
baqteriebi da sokoebi)

nitrati (NO3 
-)

nitriti (NO2 
-)amoniumi (NH4 

+
)

sur. 1.38.
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moiyofa molekuluri azoti.  

azotis gadamuSaveba. rogorc ki ni-
tratebi warmoiqmneba azotfiqsaciis an 
nitrifikaciis baqteriebis monawileobiT, 
mcenareebi nitratebs STanTqavs fesvebis 
saSualebiT da mas iyenebs azotSemcveli 
organuli nivTierebebis sinTezisTvis, 

mcenareebidan ki gadadis konsumenteb-
Si. mcenareebisa da konsumentebis mkvdar 
nawilebsa da narCenebs Slis reducente-
bi, warmoiqmneba amoniumis ionebi, CaerT-
vebian nitrifikaciisa da denitrifikaci-
is baqteriebi da yvelaferi ciklurad 
meordeba.  

fermerebis mier parkosnebs xSirad iyeneben TeslbrunvaSi - mosavlis rotaciis proces-
Si. maTi gamoyeneba SesaZlebelia ori gziT - 1) maT Tesen mosavlis miRebis mizniT, magaliT-
ad, bardas an lobios. mosavlis aRebis Semdeg mcenareebis narCenebs niadagSi toveben. 2)  
magaliTad, Tesen samyuras, Semdeg ki wlis bolos, mcenareebs Caxnaven miwaSi. am SemTxvevaSi 
parkosani mcenaris mier fiqsirebuli azoti mTlianad niadagSi xvdeba da ar ikargeba mosav-
lis saxiT. 

am droisTvis mimdinareobs azotfiqsaciis baqteriebis genetikis kvleva. kvlevis mizania, 
rom 1) azotis fiqsaciaze pasuxismgebeli genebi genuri inJineriiT CarTon sxva organizmeb-
Sic, magaliTad, mcenareebSi an  niadagSi mcxovreb iseT baqteriebSic, romelTac ar aqvT 
molekuluri azotis fiqsaciis unari; 2) an  parkosani mcenareebis fesvebze mcxovrebma 
azotfiqsaciis  baqteriebma SeZlon sxva mcenareebTanac simbiozuri urTierTobis damyare-
ba, magaliTad, marcvlovan kulturebTan. am kvlevebis warmatebiT damTavreba uzrunvel-
yofs mosavlis gazrdasa da azotovani sasuqebis gamoyenebis saWiroebas Seamcirebs. 

1. gaaanalize 1.38-e suraTze mocemuli azotis cikli da upasuxe kiTxvebs: 1) ra ZiriTadi 
etapebisgan Sedgeba azotis cikli? 2) romeli baqteriebi monawileoben azotis ciklSi? 
daaxasiaTe TiToeulis roli azotis ciklSi. 3) ra rols asruleben mcenareebi azotis 
ciklSi? 4) ra mniSvneloba aqvs azotis ciklSi garemoSi Jangbadis arsebobas?  

2. gaecani rubrikaSi _ „mecniereba praqtikaSi“ mocemul informacias da upasuxe kiTxvebs: 1) 
fermerebi sxva kulturuli mcenareebis mindvrebze xSirad Tesen monacvleobiT parkosan 
mcenareebs. axseni, ratom? 2) teqstSi aRwerili fermerebis mier gamoyenebuli gzebidan 
romeli gzaa efeqturi? axseni Seni pasuxi. 3) ra mizniT awarmoeben genetikosebi azotfi-
qsaciis baqteriebis genetikis kvlevas? 4) ra dadebiT Sedegebs moitans kvlevebis warma-
tebiT damTavreba?    

3. fermerebi ratom awarmoeben daWaobebuli mindvrebis amoSrobas?
4. azotis ciklis Sesaxeb qvemoT moyvanili debulebebidan romelia swori?
   a. mcenareebi nitratebs iReben uSualod atmosferuli azotidan;
   b. azots cxovelebi mxolod mcenareebisgan iReben;
   g. azots moixmaren baqteriebi da gamoidevneba niadagidan;
   d. azotfiqsaciis baqteriebi amcireben mcenareebisaTvis xelmisawvdomi azotis raodeno-

bas garemoSi.
5. azotis ciklSi molekuluri azoti atmosferoSi brundeba . . . baqteriebis cxovelqmede-

bis Sedegad: 
    a. azotfiqsaciis;    b. amonifikaciis;    g. nitrifikaciis; d. denitrifikaciis.
6. azotis ciklSi amoniumis ionebis nitratis ionebad gardaqmnas aRweren, rogorc daJang-

vis process, radgan amoniumis ionSi Semavali azotis atomi _ 
   a. kargavs Jangbads da iZens wyalbadis ionebs;
   b. kargavs Jangbads da kargavs wyalbadis ionebs;
   g. iZens Jangbads da wyalbadis ionebs;
   d. iZens Jangbads da kargavs wyalbadis ionebs.
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fermerebs niadagSi SeaqvT nitratebis Semcveli sasuqebi sasoflo sameurneo kultu-
rebis mosavlis gazrdis mizniT. Warbi sasuqebi SeiZleba Cairecxos tbebsa da mdinareebSi. 
tbebsa da mdinareebSi es sasuqebi iwvevs process, romelsac ewodeba evtrofikacia. am 
procesSi:

• sasuqebi iwvevs wyalmcenareebis swraf gamravlebas wyalsatevSi;
• isini ise mravldebian, rom aRar uSveben sinaTles maT qveS myof mcenareebamde,  

maTSi wydeba fotosinTezi da iRupebian; 
• mkvdari wyalmcenareebi da mcenareebi xdeba sakvebi baqteriebisTvis, romlebic 

swra fad mravldebian;
• baqteriebis didi populacia sunTqvisTvis moixmars wyalSi gaxsnili Jangbadis did 

raodenobas; 
• ar rCeba sakmarisi Jangbadi sxva organizmebisTvis, magaliTad, TevzebisTvis da isi-

ni uJangbado garemoSi ixocebian. 
gamoiyene zemoT mocemuli informacia da Seqmeni posteri, romelzedac warmodgeni-

li iqneba sasuqebis gadaWarbebuli gamoyenebis safrTxe. posteri SegiZlia warmoadgino 
flipCartze an eleqtronuli saxiT.

posteris momzadeba

wyals Tavisi cikli aqvs _ hidrolo-
giuri cikli, romelic aseve cnobilia, 
rogorc wylis cikli. rogorc ukve ici,  
cocxali organizmebis ZiriTad nawils 
wyali Seadgens. aseve, isic ici, rom wyals 

dedamiwis 2/3 ukavia.  amitom hidrolo-
giur cikls didi mniSvneloba aqvs.

rogorc naCvenebia 1.39-e suraTze, na-
leqebi dedamiwaze modis wvimisa da Tov-
lis saxiT, am naleqebis nawili Caedine-

wylis cikli

kondensacia

transpiracia

okeane

miwisqveSa wylebi

mdinareebi

naleqebi

aorTqleba

aorTqleba

sur. 1.39.
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1. suraT 1.39-is mixedviT aRwere wylis ciklis ZiriTadi etapebi.
2. ra rols asruleben cocxali organizmebi wylis ciklSi?
2. ra biologiuri mniSvneloba aqvs wyals?
3. Seadgine Jangbadis ciklis sqema. axseni, ra biologiuri procesebi monawileobs Jangbadis 

ciklSi? 

ba miwaSi, nawili Caedineba zRvebsa da 
okeaneebSi, nakadulebSi, tbebSi an sxva 
wyalsatevSi, zogi ki qmnis gubeebs an sxva 
droebiT auzebs. niadagis tipisa da mis 
garSemo arsebuli qanebisa da, aseve, misi 
mdebareobidan gamomdinare, miwisqveSa 
 wylebi SeiZleba pirdapir okeaneebSi Cavi-
des. zogjer wyali miedineba jer tbebSi 
an WaobebSi, magram isini _ mdinareebTan, 
nakadulebTan da sxva mtknari wylis wya-
roebTan erTad _ Caedineba okeaneebSi.

dedamiwis zedapiridan _ xmeleTidan, 
okeaneebidan, cocxali organizmebidan 
_ ganuwyetliv orTqldeba wyali da or-
Tqlis saxiT igi xvdeba atmosferoSi. 

vinadan okeaneebi moicavs dedamiwis zeda-
piris 70 procents, dedamiwidan aorTqle-
buli  wylis, daaxloebiT, 85% okeaneebze 
modis. atmosferoSi wylis orTqli kon-
densirdeba da qmnis Rrublebs, ris Sede-
gadac wyali kvlav dedamiwis zedapirze 
brundeba naleqis saxiT.

naxSirbadis, azotisa da wylis garda 
sxva nivTierebebic arian CarTulni bio-
geoqimiur ciklSi. nivTierebaTa es ciklu-
ri moZraoba ganapirobebs dedamiwaze si-
cocxlis arsebobas, radgan winaaRmdeg 
SemTxvevaSi, nebismieri nivTierebis maragi 
amoiwureboda da Sewydeboda ekosistemaSi 
energiisa da nivTierebaTa gadacema.
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1.8. ადამიანის გავლენა ეკოსისტემაზე

 

• suraTis mixedviT aRwere tyis mdgomareoba;

• ras SeiZleba gamoewvia tyis aseTi cvlileba?

• ra gavlenas moaxdens es faqti am ekosistemaSi mcxovreb sxva populaciebze? ra-
tom?

• ra gavlenas moaxdens abiotur faqtorebze tyis ekosistemis ganadgureba?

ra daemarTa am tyes?

adamiani, cocxal organizmebs Soris, 
yvelaze mniSvnelovan gavlenas axdens 
ekosistemaze, radgan adamians SeuZlia 
Tavis sasargeblod Secvalos garemo 
pirobebi da gadawyvitos rTuli prob-
lemebi. igi cvlis saarsebo garemos _ 
atmosferos, wyalsa da xmeleTs; adami-
anma aramarto Secvala, aramed daarRvia 
sxva organizmebis populaciebis balansi, 
Tavi si saqmianobiT gamoiwvia zogierTi 

saxeobis gaqroba, daabinZura garemo da-
mabinZureblebiT. damabinZurebeli aris 
adamianis moqmedebis nebismieri produq-
ti, romelic damazianebel zegavlenas 
axdens garemoze. ekologebi rodesac 
ikvleven garemos dabinZurebas, isini pa-
suxoben sam kiTxvas: 1) ra aris dabinZure-
bis mizezi? 2) rogoria dabinZurebis 
efeqti? 3) rogor SeiZleba dabinZurebis 
Tavidan acileba?

 atmosferos dabinZureba 

dedamiwaze sicocxlis warmoqmnasa da 
SenarCunebas ramdenime faqtorma Seuw-
yo xeli. maT Sorisaa atmosfero — ciu-
ri sxeu lis airadi garsi, uromlisodac, 
kosmosis radiaciis gavleniT, es garemo 

sul sxvagvari iqneboda. amitom Zalian 
mniSvnelovania atmosferos dabinZurebis 
problemebze msjeloba.

arsebobs dedamiwis atmosferos sami 
ZiriTadi problema: 1) globaluri daTbo-
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ba; 2) ozonis Sris gaTxeleba; 3) mJava 
wvimebi. sawvavi wiaRiseulis wva seri-
ozul gavlenas axdens atmosferoze. 
wvis procesSi iJangeba sawvavSi ar-
sebuli elementebi da naerTebi, ro-
gorc es sqemazea naCvenebi (sur. 1.40). 
es oqsidebi gavlenas axdenen atmos-
feroze: naxSirorJangi saTburis 
airia, gogirdisa da azotis orJangi 
iwvevs mJava wvimebs, azotis oqsidebi, 
sxva damabinZureblebTan erTad, amcirebs 
ozonis Sris sisqes.

saTburis efeqti (sur. 1.41). wylis 

orTq li, naxSirorJangi da meTani aris 
dedamiwis atmosferos SemadgenlobaSi. es 
airebi moqmedebs, rogorc sabani, romel-
ic aferxebs dedamiwidan siTbos gabnevas

naxSirbadi + Jangbadi

azoti + Jangbadi

gogirdi + Jangbadi

naxSirJangi (CO) da

naxSirorJangi (CO2)

azotJangi (NO) da

azotorJangi (NO2)

gogirdis orJangi (SO2)

sur. 1.40.

droSi globaluri temperaturisa da CO2-is cvlileba
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saTburis efeqti

mzis gamosxivebis 
mokle, maRalen-
ergiuli talRebi 
SeaRwevs dedami-
wis atomsferoSi.

1

atomsferos saTburis 
airebi STanTqaven 
infrawiTeli sxivebis 
did nawils.

3

mzis energia 
STainTqmeba dedamiwis 
mier da nawili 
energiisa infrawiTeli 
gamosxivebis an siTbos 
saxiT ukuairekleba.

2

molekulebi ganmeorebiT gamoasxiveben 
infrawiTel sxivebs, romelsac STanTqavs 
sxva molekulebi, dedamiwis zedapiri an 
kosmosur sivrceSi ifanteba.

4

globaluri daTboba

sur. 1.41.
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globaluri daTbobis uaryofiTi Se-
degi: arqtikuli da mTis mwvervalebis 
yinulis swrafi dnoba (sur. 1.42), msof-
lio okeanis simkvrivisa da pH-is cvli-
leba, wylis donis mateba da dasaxlebuli 
sanapiro zolis didi farTobis datbor-
va, qariSxlebi, wyaldibobebi, gvalva, 
nayofieri miwebidan wylis aorTqleba 
da gaudabnoeba. yvela zemoT aRniSnuli 
Sedegi iwvevs sxvadasxva tipis ekologi-
ur katastrofas. globaluri daTbobis 
gavlena sxvadasxva saxeobis populaciaze 
SeiZleba gansxvavebuli iyos: cxovel-
Ta bevr saxeobas, rogoricaa frinvele-
bi da peplebi, SeuZlia gadavides ufro 
gril adgilebSi. mcenareeebis, romlebic 
mimagrebul cxovrebas ewevian, saxeobaTa 
umravlesobaSi ise swrafad ver yalibde-
ba Sesabamisi adaptaciebi, ra siswrafiTac 
klimati icvleba, da SesaZloa gadaSen des; 
rogorc ici, qvewarmavlebis zogierT 
saxeobaSi sqesis gansazRvraSi did rols sur. 1.43.

kosmosSi da uzrunvelyofs dedamiwaze 
sicocxlis arsebobisaTvis saWiro tem-
peraturas. am airebs saTburis airebs 
uwodeben, radgan isini iseTive rols as-
ruleben, rogorsac saTburis fanjris 
minebi saTburSi.

globaluri daTboba. movlenas, rom-
lis drosac dedamiwaze Warbi raodeno-
bis siTbo grovdeba da saSualo wliuri 
temperatura izrdeba, globalur daTbo-
bas uwodeben. gamomwvevi mizezebi: avto-
mobilebis moxmarebisa da mrewvelobis 

zrdasTan erTad, atmosferoSi naxSiror-
Jangisa da sxva saTburis airebis donec 
gaizarda. me-40 suraTze grafiki gviCve-
nebs  saSualo globaluri temperaturis 
cvlilebas naxSirorJangis koncentra-
ciaze damokidebulebiT. naxSirorJangisa 
da sxva saTburis airebis koncentraciis 
zrda atmosferoSi abrkolebs dedamiwis 
zedapiridan areklili infrawiTeli sxi-
vebisa da siTbos kosmosSi gabnevas, Ses-
abamisad, atmosferoSi izrdeba tempera-
tura.

asrulebs maT kvercxebze temperaturis 
gavlena, Sesabamisad, daTbobis mudmivma 
tendenciam SeiZleba gamoiwvios zogi-
erTi qvewarmavlis gadaSeneba maT popu-
laciebSi sqesTa Tanafardobis balansis 
darRvevis gamo. saTburis airebis moq-
medebis SezRudvis erT-erTi gza: wiaRiseu-
lis sawvavad gamoyenebis nacvlad, ener-
giis alterna tiuli wyaroebis (wylis, 
qa ris, mzis energia) farTod gamoyeneba 
(sur. 1.43).

arqtikuli zRvis  
yinulis sazRvari  
1979 wlis zafxuli

arqtikuli zRvis  
yinulis sazRvari  
2014 wlis zafxuli

sur. 1.42.
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ozonis Sris gaTxeleba. dedamiwis zeda-
piridan 12-35 kilometr simaRleze aris 
ozonis Sre. ozoni (O3) STanTqavs mzis 
mokle ultraiisfer sxivebs. msgavsi ga-
mosxiveba cocxali organizmebisTvis 
seriozuli safrTxis Semcveli da zia-
nis momtania, amitom Tamamad SegviZlia 
 vT qvaT, rom ozonis Sre sicocxlis sada-
rajoze dgas. ozonis Sris gaTxelebis ga-
momwvevi mizezebi: SeSfoTeba ozonis Sris 
gaTxelebis Taobaze mecnierebma pirvelad 
gasuli saukunis 70-ian wlebSi gamoTqves. 
maT daadgines, rom ozonis Sres serio-
zul zians ayenebs dedamiwidan atmos-
feroSi moxvedrili adamianis samrewvelo 
saqmianobis Sedegad gamoyofili airebi, 
magaliTad, qlorfTornaxSirbadebi da 
sxva halokarbonebi. es nivTierebebi ul-
traiisfer radiaciasTan urTierTqmede-
biT bromsa da qlors gamoyofs, romelic 
ozonis molekulebs Slis. qimiis dargSi 
nobelis premiis laureatebma, mario mo-
linam da Servud roulendma TavianTi 
kvlevebiT daadgines, rom ozonis Sris 
gaTxelebis mizezi, arc meti, arc nakle-
bi, Cvensave saxlSi unda mogveZebna. ozo-
nis Sris gaTxelebaSi „damnaSave“ airebi 
sayo facxovrebo teqnikasa da sxvadasxva 
saSualebaSia (macivrebi, haeris kondi-
cirebis mowyobilobebi, wylis sadezin-
feqcio xsnarebi, Tmis aerozolebi da 
qafebi). Sedegebi: droTa ganmavlobaSi at-
mosferoSi aseTi airebis koncentraciis 
gazrdam ozonis Sris gaTxeleba gamoiwvia. 
polusebis mimdebared gaCnda regionebi, 
sadac es yvelaze metad SesamCnevi iyo — 
mecnierebi maT ozonis xvrelebs uwode-
ben, romelTa ganac udidesi antarqtikis 
Tavze dafiqsirda (sur. 1.44). gazrdilma 

ultraiisferma radiaciam gazarda muta-
ciebis sixSire, daaziana mcenareebis fo-
TlebSi mezofili, uaryofi Tad imoqmeda 
adamianis janmrTelobaze, maga liTad, 
imata kanis kibos (sur. 1.45), kataraqtis, 
yelisa da filtvebis gaRizianebis SemTx-
vevebma. 

RonisZiebebi ozonis Sris gadasarCe-
nad: 1970-ian wlebSi es problema mTeli 
msoflios masStabiT gaiazres. msof-
lio masStabiT miRebulia iseTi mniS-
vnelovani saerTaSoriso SeTanxmebebi, 
rogoric aris venis konvencia „ozonis 
Sris dacvis Sesaxeb“ (1985 weli), mon-

ozonis 
xvreli

sur. 1.44.

sur. 1.45.

1. ra aris damabinZurebeli?
2. ras niSnavs saTburis efeqti?
3. romeli airebi monawileoben saTburis efeqtis SeqmnaSi? 
4. ra dadebiTi mniSvneloba aqvs saTburis efeqts dedamiwaze sicocxlis arsebobisaTvis?
5. ra movlenas uwodeben globalur daTbobas?
6. ra aris globaluri daTbobis gamomwvevi mizezebi?
7. moiyvane globaluri daTbobis ekosistemebze uaryofiTi gavlenis magaliTebi.
8. ra biologiuri mniSvneloba aqvs ozonis Sres?
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sur. 1.46.

SeiZelba mJava wvimebis Semcireba

eleqtrosadgurebidan 
gamonayofis gawmenda 
skraberebiT (gamwmendi 
aparatebiT).

manqanis gamonabolqvisgan 
gawmenda katalizatoriT.

skraberi katalizatori

gawmendili  
airebi

dabinZurebuli  
airebi

wyali masSi 
gaxsnili 
damabinZurebeli 
nivTierebebiT

katalizatoris gamoyeneba 
manqanis gamonabolqvidan 
naklebad mavne produqtebis 
misaRebad

manqanidan gamonabolqvi 

NO, NO2, CO, 

arasruli wvis 
produqtebi

CO2, H2O da N2

`mJava~ tbebisa da mindvrebis gaumjobeseba 
SeiZleba kirqvis (CaCO3) damatebiT.

sur. 1.47.

realis oqmi „ozondamSleli nivTiere-
bebis xmarebidan amoRebis Sesaxeb“ (1987 
weli) da a.S. unda aRiniSnos, rom am  
mxriv winsvlaa msoflioSi, maTSoris, 
sa qarTveloSic. magaliTad, 2013-2020 
wlebSi ozondamSleli nivTierebebis 
moxmareba 5.21 tonidan 2.4 tonamde Sem-
cirda. 2030 wlisTvis maT srulad amoRe-
bas prognozireben, ris miRwevaSic Cvens 
qveyanas gaeros ganviTarebis programa 
exmareba. globaluri masStabiT saerTo 
Zalisxme viT ganxorcielebulma cvlile-
bebma Sedegi namdvilad gamoiRo. miuxeda-
vad imisa, rom ozonis xvreli jer kidev 
arsebobs, is nel-nela mcirdeba, rasac 
sxvadasxva xelovnuri Tanamgzavris mier 
mopovebuli monacemebi adasturebs.

manqanebisa da qarxnebis gamonabolqvi 
Seicavs Wvartlis myar nawilakebsa da 
airebs _ naxSirorJangs, naxSirJangs, azo-
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9. daaxloebiT, 2 miliardi wlis win atmosferoSi Jangbadis mzardma koncentraciam ozonis 
didi raodenobiT dagrovebas Seuwyo xeli. ra procesma Seuwyo xeli atmosferoSi Jang-
badis koncentraciis gazrdas?

10. ra aris ozonis Sris gaTxelebis gamomwvevi mizezebi? 
11. smogma da mJava wvimebma ra gavlena SeiZleba moaxdinos - 1) fotosinTezze? 2) ekosisi-

temaze?
12. suraT 1.47-is mixedviT aRwere mJava wvimebis Semcirebis gzebi.
13. ra gavlenas axdens garemos dabinZureba adamianis janmrTelobaze? moiyvane konkretu-

li magaliTebi.
14. warsulSi ra gavlena moaxdina klimatis globa-

lurma cvlilebam evoluciis procesze? 
15. globalur daTbobasTan erTad, arqtikis yinulo-

vani zRvis farTobi 34%-iT Semcirda. amasTan da-
kavSirebiT, TeTr daTvebs 100 km-mde manZili unda 
gacuron, rom moipovos Tavisi msxverpli. zogierT 
daTvs es ar SeuZlia da iRupeba. SesaZlebelia, rom 
TeTri daTvebi grizlebis konkurentebi gaxdnen. 
Tu globaluri daTboba Secvlis dedamiwis yvelaze 
civi regionebis formas, es ra gavlenas moaxdens 
Cveni planetis danarCen nawilze? 

16. dawere scenari _ warmoidgine, rom mdgradi ganviTarebis warmatebulma Zalisxmevam 
globaluri resursebis gamoyeneba da narCenebis warmoeba srulad mdgradi gaxada 2099 
wlisTvis. dawere ramdenime abzaci, romelic aRwers, rogori SeiZleba iyos mdgradi sa-
myaro 2099 wels. CarTe informacia resursebis gamoyenebis Sesaxeb, narCenebis warmoeba, 
dabinZureba, biomravalferovneba.

tisa da gogirdis oqsidebsa da gogird 
wyal bads. isini warmoqmnian kvamlis sabur-
vels – smogs, romelic amJamad mravali 
didi qalaqis Tavze mudmivad aris Camowo-
lili (sur. 1.46). gamona bolqvi pirdapir 
zemoqmedebs organizmeb ze. iwvevs iseT 
daavadebebs, rogoricaa sasunTqi gzebis 
simsivne, alergiuli daavadebebi (bron-
quli asTma, WinWris cieba sxv.).

gansakuTrebiT sagangaSoa atmosferos 
dabinZureba iseTi airebiT (mag., azotisa 
da gogirdis oqsidebi), romlebic mJava 
wvimebs uwyobs xels. mJava wvimebi tbebs, 
mdinareebs usicocxlo wyalsatevebad 
gardaqmnis, anadgurebs mcenareTa da 
cxo velTa Tanasazogadoebebs. mJava wvi-
mebis Semcirebis zogierT gza warmodge-
nilia 1.47-e suraTze.

adamiani Tavisi saqmianobiT xSirad 
iwvevs niadagisa da wylis da binZurebas. 
pesticidebi da herbicidebi, sayofacxov-
rebo nagavi, sawarmoo da atomuri sad-
gurebis narCenebi, maT Soris, radioaqti-
uri nivTierebebi, saRebavebi da sarecxi 

saSualebebi, toqsikuria. isini abinZure-
ben wyalsa da niadags. wyalsa da niadags 
haerSi gaSvebuli toqsikuri nivTiere-
bebic abinZurebs. wvimebs Camoaqvs mavne 
nivTierebebi, romlebic niadagSi, mdina-
reebsa da tbebSi Caedineba. es sazianoa 
rogorc adamianisTvis, aseve, zRvisa da 
okeaneebis organizmebisTvis. zRvebisa da 
okeaneebisTvis udides problemas qmnis 
navTobmzidi tankerebidan navTobis ga-
Jonva da maTi katastrofebi. am mizeziT 
uamravi Tevzi, zRvis frinveli da sxva 
organizmi iRupeba, nadgurdeba mimdebare 
Waobisa da Senakadebis ekosistemebic.

dRes qveynebis umravlesoba aqtiurad 
cdilobs ekologiuri problemebis mog-
varebas. ekosistemebis SenarCunebisTvis 
aucilebelia:

• bunebrivi resursebis gonivruli 
gamoyeneba da misi dacva;

• unarCeno teqnologiebze gadasvla;
• energiis alternatiuli wyaroebis 

(mzis, wylis, qaris energiis) gamoye-
neba.
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minamatas daavadeba

waikiTxe qvemoT mocemuli teqsti da upasuxe TandarTul kiTxvebs.

1908 wels, iaponiis qalaq minamataSi kompania `Cisos~ qimiuri qarxana aSenda, romelic 
zogierTi qimiuri nivTierebis warmoebaSi katalizatorad vercxliswylis sulfats iye-
nebda. reaqciebis Sedegad mcire raodenobis meTilis vercxliswyali warmoiqmneboda, ro-
melic warmoebis dawyebidan 30 welze meti xnis ganmavlobaSi, warmoebis sxva narCenebTan 
erTad, pirdapir minamatas yureSi Caedineboda. uaryofiTma ekologiurma Sedegebma Tavi, 
jer kidev, gasuli saukunis 20-40-ian wlebSi iCina, romelic Tevzis resursebis Semcire-
baSi gamoixateboda. problemis daregulirebis mizniT, adgilobrivma meTevzeebma araerT-
xel uCivles kompanias da ramdenjerme kompensaciac miiRes.

1956 wlis aprilSi adgilobrivi saavadmyofos eqimebi ucnaur daavadebas waawydnen, 
romelic xuTi wlis gogonas aRmoaCnda. daavadebis simptomebi _ gaZnelebuli moZraoba, 
modunebuli metyveleba, Setevebi _ axal ucnob nervul daavadebaze mianiSnebda. ori dRis 
Semdeg analogiuri simptomebiT saavadmyofoSi moxvda gogonas dac. mogvianebiT, qalaqSi 
Catarebulma gamokiTxvam ramdenime msgavsi SemTxveva gamoavlina.

1 maiss saaavadmyofos mTavarma eqimma axali nervuli daavadebis aRmoCenis Taobaze 
oficialuri gancxadeba gaakeTa. am momentidan xelisuflebam epidemiis Seswavla daiwyo. 
Seiqmna specialuri „ucnaur daavadebasTan brZolis komiteti“. Tavdapirvelad is infeq-
ciur daavadebad miiCneoda. TandaTan gamovlinda cxovelebis ucnauri qcevis magaliTe-
bic: katebi Zlier krunCxvaSi vardebodnen da xSir SemTxvevaSi ixocebodnen, rasac „kate-
bis cekvis avadmyofoba“ uwodes. cidan cvioda mkvdari frinvelebi, gaqra wyalmcenareebi, 
nadgurdeboda Tevzi. 

dazaralebulebis Sesaxeb informaciis gaanalizebis safuZvelze mecnierebi mividnen 
daskvnamde, rom ZiriTadad avaddebodnen minamatas yuris sanapiroze mdebare meTevzeTa 
dasaxlebis macxovreblebi. maT ZiriTad sakvebs amave yureSi daWerili zRvis produqtebi 
warmoadgenda. mecnierebma daadgines, rom zRvis produqtebi dabinZurebuli iyo mZime li-
TonebiT. aRniSnuli mosazreba 1956 wlis 4 noembers gaxda cnobili. dadginda vercxlis-
wylis organuli naerTebiT mowamvlasa da minamatas avadmyofobis simptomebis msgavseba. 
mizezis dadgenis Semdeg mkvlevarebis yuradRebis centrSi maSinve moeqca qarxana `Ciso~ 
da misi erT-erTi narCeni vercxliswyali.

SveicariaSi 2013 wlis 13 ianvars, qalaq JenevaSi, moxda vercxliswylis Sesaxeb „mina-
matas konvenciis“ teqstis SeTanxmeba. 2013 wlis 10 oqtombers, qalaq minamataSi 100-mde 
qveynis mTavrobam, maT Soris saqarTvelom, xeli moawera minamatas konvencias „vercx-
liswylis Sesaxeb“.

• garemos ra tipis dabinZurebaa aRwerili teqstSi?

• ra aris garemos dabinZurebis gamomwvevi mizezi?

• ra efeqti gamoiwvia garemos dabinZurebam?

• ra simptomebi axasiaTebda minamatas daavadebas?

• upiratesad, romeli sistemis moqmedebis darRveviT iyo gamowveuli minamatas 
daava debis simptomebi?

• Seadgine kvebiTi jaWvi, romelic axsnis, Tu rogor SeiZleboda vercxliswyali mox-
vedriliyo wyalsatevidan adamianis organizmSi. 

• ra RonisZiebas mimarTa saerTaSoriso sazogadoebam am problemis prevenciis miz-
niT? 

teqstis gaazrebuli kiTxva
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dodo 300 wlis win gadaSenebuli frinvelia. igi istoriaSi Sevida, rogorc klasiku-
ri magaliTi da simbolo imisa, Tu anTropogenuri faqtoris gavleniT rogor SeiZleba 
ganadgurdes saxeoba mokle drois ganmavlobaSi. dodo erT-erTia im mcirericxovan cxo-
velTagan, romelmac mniSvnelovani gavlena moaxdina Cvens kulturaze da darCa adamianis 
mexsierebaSi. dodo gadaSenda me-17 saukuneSi, Tumca saukuneebis Semdegac ki es frinveli 
rCeboda popularul personaJad satelevizio Souebsa da TamaSebSi, filmebSi, wignebSi 
(mag. mweralma luis qerolma igi gaacocxla wignSi _ „alisa saocrebaTa qveyanaSi“).

frinveli dodo cxovrobda indoeTis okeanis kunZul mavrikiaze. dResac sakamaToa, 
adamians rodis hqonda pirveli kontaqti dodosTan. Tvlian, rom es frinveli pirvelad 
1507 wels portugalielebma aRmoaCines. maT gadaSenebas ukavSireben jer portugaliel da 
Semdeg holandiel mezRvaurebs, romlebic mavrikiaze gadavidnen 1598 wels. 65 wlis Semdeg 
ki dodo mTlianad gadaSenda; am frinvelis bolo dadasturebuli naxva daTariRebulia 
1662 wliT. 

1.9.
ბიომრავალფეროვნების შენარჩუნების 
ეკოლოგიური მნიშვნელობა 

dodos istoria

waikiTxe qvemoT mocemuli teqsti da upasuxe TandarTul kiTxvebs.
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dodos frena da swrafi sirbili ar SeeZlo, igi iyo 0,9 m simaRlisa da, daaxlobiT, 23 
kg-s iwonida. Tanamedrove epoqamde dodos kunZulze hqonda `momxibvleli~ cxovreba: ro-
desac dodos winaprebi dasaxldnen am kunZulze, maTTvis iyo bevri sakvebi, ar arsebobdnen 
mtaceblebi, ar hyavdaT konkurentebi, Sesabamisad, ar iyo saWiro maTSi raime bunebrivi 
Tavdacvis adaptaciebis ganviTareba. faqtobrivad, es frinvelebi imdenad endobodnen ada-
mians, rom isini Tavad midiodnen SeiaraRebul holandiel mezRvaurebTan _ ar icodnen, 
rom es `ucnauri arsebebi~ maT mokvlasa da SeWmas apirebdnen, rom gemriel lanCebs moum-
zadebdnen maT mier kunZulze Semoyvanil katebs, ZaRlebsa da maimunebs. 

evolucia konservatiuli procesia: mocemuli cxoveli mxolod imden STamomavlobas 
tovebs, ramdenic saWiroa am saxeobis gamravlebisa da saxeobis arsebobisTvis. imis gamo, 
rom dodos bunebrivi mtrebi ar hyavda, mdedrebi mxolod erT kvercxs debdnen. holan-
diel mezRvaurebs kunZulze Semoyolili cxovelebi _ katebi, Tagvebi, Rorebi _ Wamdnen 
dodos kvercxebsa da wiwilebs. mavrikiis kunZulze gadmosuli mezRvaurebi ikvebebodnen 
dodos xorciT, morCenil xorcs amarilebdnen da inaxavdnen.

dodos aRmoCenidan maleve, holandielma kapitanma dodos daarqva „mwoliare frinveli“ 
(`wallowbird~); Tanamedrove filologebi varaudoben, rom „dodo“ warmodgeba holandiuri 
sityva dodoor-isgan, rac niSnavs „zarmacs“ an portugaliuri sityvisgan doudo, rac „giJs" 
niSnavs. 

2016 wels genetikosebis mier dodos SemorCenili naSTebidan (naSTebi daculia oqsfor-
dis, kopenhagenisa da praRis muzeumebSi) genomis nukleotiduri Tanmimdevrobis garkvevam 
_ seqvenirebam wamoWra mecnierebaSi dodos aRdgenis idea, Sesabamisad, gaaqtiurda disku-
sia gadaSenebuli saxeobis aRdgenis bioeTikis Sesaxeb. 

• ra pirobebSi cxovrobda dodo kunZulze?

• misi winaprebisgan gansxvavebiT, dodos frena ar SeeZlo. ratom?

• dodos swrafi sirbilic ar SeeZlo. ratom?

• dodos evoluciis procesSi ar gamoumuSavda mtrisgan Tavdacvis adaptaciebi. ra-
tom?

• ratom uwodebdnen dodos „mwoliare frinvels“, „zarmacs“, „giJs“?

• ra faqtorebma gamoiwvia dodos gadaSeneba?

• rogor imoqmeda kunZulze Semoyvanilma cxovelebma dodos gadaSenebaze?

• wina klasebSi naswavlidan moiyvane ekosistemebze introducirebuli mcenareebisa da 
cxovelTa saxeobebis gavlenis magaliTebi. 

• rogor fiqrob, dRes dodos aRdgena da misi CarTva bunebriv ekosistemaSi ramdenad 
warmatebuli iqneba? 

ra aris biomravalferovneba? bio-
mravalferovnebaSi ufro xSirad gulis-
xmoben ekosistemaSi sxvadasxva saxeobis 
raodenobas. Tu ekosistemaSi aris erTi 
an ori saxeobis individebi, isini ver 
Seitanen did wvlils ekosistemis bio-
mravalferovnebaSi. ufro samarTliania 
aseTi ganmarteba _ biomravalferovneba, 
anu saxeobaTa mravalferovneba. am SemTx-
vevaSi aramarto sxvadasxva saxeobis rao-
denoba, aramed ekosistemaSi TiToeuli 
saxeobis warmatebac igulisxmeba. SesaZ-
lebelia mravalferovnebis indeqsis ga-
moTvla, romlis gamoyenebiTac SeiZleba 
mTlianad ekosistemis suraTis warmod-

gena. Tu rogor gamoiTvlian biomraval-
ferovnebis indeqs, konkretul magali-
Tze gTavazobT rubrikaSi _ „praqtikuli 
davalebebi“. 

biomravalferovnebis indeqsis daba-
li mniSvneloba, romelic gamowveulia 
ekosistemaSi mxolod ramdenime saxeo-
bis dominirebiT/warmatebiT, SeiZleba 
gamowveuli iyos araxelsayreli garemo 
pirobebiT da aseT pirobebTan mxolod 
ramdenime saxeobis kargad adaptirebiT. 
SesaZlebelia garemos mkveTrad Secvlis 
Sedegad adaptirebuli saxeobebis da-
zianeba da am ekosistemis mTlianad dar-
Rvevac.
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qvemoT cxrilSi sailustraciod mocemulia mogonili/ararealuri monacemebis maga-
liTi. samive saarsebo teritoriaze binadrobs erTi da igive eqvsi sxvadasxva saxeoba da 
yvela teritoriaze individebis saerTo raodenoba erTnairia (100), Tumca es sabinadro 
areali erTmaneTisgan mkveTrad gansxvavdeboda saarsebo pirobebiT.

  
monacemTa cxrili.                     eqvsi gamogonili saxeoba

saxeobebi
ToToeul saxeobaSi individebis ricxvi

teritoria 1

86

teritoria 2

16

teritoria 3

23A

B 5 17 25

C 2 16 27

D 3 17 5

E 1 17 12

F 3 17 8

1-l teritoriaze mxolod A saxeobaa namdvilad warmatebuli da dominirebs am teri-
toriaze.

me-2 teritoriaze yvela saxeoba met-naklebad erTnairad warmatebulia.
me-3 teritoriaze eqvsi saxeobidan sami dominirebs.
mravalferovnebis erT-erTi maCvenebelia simpsonis mravalferovnebis indeqsi (1949 

wels edvard simpsonma Semoitana), romelic gamoiTvleba formuliT: D = Σn(n – 1)/ N(N – 1) 
am formulaSi D aris mravalferovnebis indeqsi, N aris yvela saxeobis organizme-

bis saerTo raodenoba teritoriaze da n aris TiToeuli saxeobis organizmebis saerTo 
raodenoba.

am formuliT cxrilSi mocemuli monacemebis safuZvelze gamoTvale TiToeuli saar-
sebo teritoriisTvis biomravalferovnebis indeqsi.

romel teritoriaze aris yvelaze dabali mravalferovnebis indeqsi?
romel teritoriaze aris yvelaze maRali mravalferovnebis indeqsi?
riT aris gamowveuli teritoriaze mravalferovnebis indeqsis gansxvaveba?

კვლევის monacemebis analizi

biomravalferovnebis indeqsis maRa-
li mniSvneloba metyvelebs ramdenime 
warmatebul saxeobasa da ufro stabilur 

ekosistemaze. tropikuli tye Tavisi mra-
valricxovani saxeobebiT aris stabiluri 
ekosistemis magaliTi.

rogorc zemoT ukve aRvniSneT, ada-
miani garemoze gacilebiT did gavlenas 
axdens, vidre nebismieri sxva saxeoba. es 
gavlena izrdeba dedamiwaze mosaxleobis  
zrdisa da teqnologiebis ganviTarebasTan 
erTad. adamianma biomravalferovnebis 
raodenoba Seamcira aramarto ukontro-
lo nadirobis Sedegad (dodos magaliTi), 
upir velesad, es gamoiwvia tyeebis gaCex-
vam da soflis meurneobis ganviTarebam.

ratom Cexs adamiani tyeebs? tyeebi, 
ZiriTadad, iCexeba ori mizniT:

• miwis gamoTavisufleba sasargeb-
lo wiaRiseulis mopovebis, soflis 
meurneobisTvis an satransporto 
magistralebisa da mravalsarTu-
liani saxlebis mSeneblobisTvis.

• qaRaldis dasamzadeblad, gasaTbob 
saSualebad, avejis dasamzadeblad 
da saSen masalad gamosayeneblad.

tropikuli tye dedamiwaze erT-erTi 
yvelaze rTuli da saxeobrivad mdidari 
ekosistemaa. 1970 wlisTvis amazonis tye-
ebis 20% gaCexilia. mosalodnelia, rom 

    anTropogenuri faqtoris gavlena biomravalferovnebaze
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2025 wlisTvis es cifri 40%-mde gaizrde-
ba. Tu ra gavlenas axdens tyeebis inten-

siuri gaCexva _ gautyeureba garemoze, 
1.48-e suraTzea asaxuli. 

adamianebs garkveul teritoriebze xSi-
rad SehyavT ucxo saxeobebi. maT intro-
ducirebul saxeobebs uwodeben. xSiria 
SemTxvevebi, rodesac introducirebuli 
saxeobebi axal teritoriaze SesaniSna-
vad grZnoben Tavs da swrafad mravlde-
bian, axal-axal teritoriebs ipyroben da 
aviwroeben adgilobriv saxeobebs. isini 
invaziuri saxeobebia. invaziuri saxeoba 
safr Txes uqmnis biomravalferovnebasa 

da ekosistemis stabilurobas. magaliTad, 
1859 wels inglisidan saxlSi dabrunebul-
ma avstralielma miwis mesakuTrem qveya-
naSi 24 evropuli kurdReli Camoiyvana 
da gauSva velur bunebaSi sportuli na-
dirobis mizniT. kurdRlebi Zalian swra-
fad da ukontrolod gamravldnen (sur. 
1.49) da 150 welze meti xnis ganmavloba-
Si avstralias didi ekologiuri prob-
lemebi Seuqmnes. kurdRlebi aRmoCndnen 

niadagis nayofierebis Semcireba

• foTlovani xeebi SeiZleba Seicavdes 
tyis ekosistemaSi arsebuli sakvebi 
nivTierebebis 90%-s. xeebis moWrasa 
da maT gatanasTan erTad, es sakvebi 
nivTierebebic gadis am teritoriidan. 

• niadagis erozia SeiZleba gamoiwvios 
swrafma Wram, radgan xeebis fesvTa 
sistema veRar amagrebs niadagis 
struqturas, Sesabamisad, qarma da wvimam 
SeiZleba gamorecxos niadagi.

• wiwvovani tyeebis qveS niadagi 
uxarisxoa soflis meurneobisTvis, 
radgan Camocvenili wiwvebi Seicavs 
toqsikur naerTebs, roblebic aferxeben 
aRmonacenis ganviTarebasa da zrdas.

tyis farTobis Semcireba niSnavs:

• atmosferoSi CO2-is koncentracia izrdeba, radgan naklebi CO2 gamoiyeneba fotosinTezisTvis;

• fotosinTezis Semcirebis gamo aerobuli sunTqvisTvis sasicocxlo mniSvnelobis atmosferuli O2 mcirdeba;

• atmosfero SeiZleba gaxdes mSrali da niadagi ufro sveli, radgan aorTqleba (miwidan) ufro nelia, vidre 
transpiracia (xeebidan).

klimaturi cvlilebebi

• CO2-is koncentraciis gazrda iwvevs globalur daTbobas.

• Semcirebuli transpiraciis siCqare da mSrali atmosfero gavlenas axdens wylis ciklze da amcirebs 
naleqebs.

• SiSveli niadagis mier siTbos swrafi STanTqma amaRlebs qveda atmosferos temperaturas zogierT raionSi, 
romelic iwvevs ufro xSir da intensiur qarebs.

wyaldidoba da mewyerebi

 tyeSi naleqis 25% Seiwoveba foTlebiT an 
orTqldeba, xolo 50% Seiwoveba fesvTa 
sistemis mier. tyis gaCexvis Semdeg wyali 
SeiZleba swrafad dagrovdes mdinaris 
xeobebSi, romlebic xSirad iwvevs cicabo 
ferdobidan mewyerebs

• cxovelTa samefos 
uamravi saxeobisTvis 
tye saarsebo garemoa.

mcenareTa bevr saxeobas SeiZleba hqondes 
samkurnalo Tvisebebi, maTgan amzadeben 
iseT samkurnalo preparatebs, rogoricaa 
damamSvideblebi, reproduqciuli hormonebi, 
antikoagulantebi, tkivilgamayuCeblebi da 
antibiotikebi. magaliTad, madagaskanuri 
buCqi iZleva Zlier wamals, romelic 
gamoiyeneba leikemiis samkurnalod.

ekologebi varaudoben, 
rom tyis gaCexvis gamo 
yovel 30 wuTSi mcenareTa 
da cxovelTa TiTo 
saxeoba gadaSendeba.

tyis gaCexva mraval saxeobas uqmnis gadaSenebis safrTxes:

gautyeureba _ tyis 
swrafi ganadgureba

sur. 1.48.
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iseT garemoSi, sadac iyo Tavisufali da 
sakvebiT mdidari sivrce, ar iyo swra-
fi sirbilis unaris mqone mtacebeli; 
isini ikvebebodnen rogorc veluri, ise 
kulturuli mcenareebiT. garemo, sa-
dac kurdRlebi cxovrobdnen, daemsgavsa 
iseT adgilebs, TiTqos kaliebis gundma 
gadauara. kurdRlebi gadadiodnen sakve-
biT mdidar axal-axal teritoriebze. mi-

uxedavad imisa, rom avstraliis mosaxle-
obisa da mTavrobis mxridan gamoyenebuli 
zogierTi meTodi kurdRlebis gamrav-
lebis gasakontroleblad warmatebuli 
aRmoCnda, avstraliaSi kurdRlebis saer-
To populaciis ricxvi scildeba garemos 
mdgradi ganviTarebis SesaZleblobebs _ 
dRemde avstraliaSi 200-dan 300 miliona-
mde kurdReli cxovrobs. 

mcenareebidan saqarTveloSi invaziuri 
saxeobebia ambrozia, amerikuli Wiafera, 
cruakacia, kanaduri oqrococxa da sxv. 
xolo cxovelTa samyarodan vercxlisfe-
ri karasi _ karCxana, romelmac Seaviwroa 
mdinareebis endemuri saxeobis Tevzebi; 
borjomis xeobis tyeebSi Zvirfasi bewvis 
gamo ruseTidan Semoyvanilma teleutur-
ma ciyvma (sur. 1.50) gandevna ciyvis ad-
gilobrivi saxeoba, gaanadgura kodale-
bisa da tyis sxva frinvelebis budeebic. 
kodalebis Semcirebam didi lafniWamia 
gaamravla, ramac did farTobze tyis gax-
moba gamoiwvia.

biomravalferovnebis SenarCunebis 
miz      niT SemuSavebulia maTi dacvis sxva da-
sxva RonisZieba. gadaSenebis gzaze myofi 
saxeobebis saukeTeso dacva maTi buneb-
rivi sasicocxlo garemos SenarCunebaa. 

     adamianis dadebiTi gavlena biomravalferovnebis SenarCunebaze

dedamiwis sxvadasxva nawilSi mTeli rigi 
teritoriebi daculia, raTa SenarCune-
buli iyos gadaSenebis safrTxeSi myofi 
saxeobebis bunebrivi saarsebo arealebi. 

sur. 1.49.

sur. 1.50.

1. ras niSnavs biomravalferovneba?
2. ra uqmnis safrTxes biomravalferovnebas?
3. 1.47-e suraTze mocemuli informaciis mixedviT aRwere garemoze gautyeurebis gavlenis 

Sedegebi. 
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amisa Tvis Seqmnilia nakrZalebi, aRkve-
Tilebi,  erovnuli parkebi da iq adamia-
nebs ar aqvT bunebaSi Carevisa da raimes 
Secvlis ufleba. sxva RonisZiebebsac mi-
marTaven, ma galiTad, didi satransporto 
magistra le bis mSeneblobis dros cdilo-
ben, bunebrivi garemo minimalurad daa-

zianon (sur. 1.51). 
saqarTveloSi tyiT dafaruli farTo-

bi Seadgens 3 100 500 heqtars, romelic 
qveynis mTliani teritoriis 44.5%-ia. sa-
qarTveloSi tyis 98%-ze meti bunebri-
vi warmoSobisaa, aq arsebuli endemuri 
(adgi lobrivi) da reliqturi (uZvelesi) 

sur. 1.51.

keTilSobili iremi

kavkasiuri jixvi

kavkasiuri ciyvi

focxveri

mura daTvi

qurciki anu jeirani

sur. 1.52.
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qarTuli zambaxi

iulias furisula

lagodexis 
iordasalami

qarTuli nuSi

lagodexis 
TeTryvavila

velis iordasalami

qarTuli kowaxuri

sur. 1.53.

4. avstraliaSi Seyvanili kurdRlis magaliTze axseni, ra gavlenas axdens introducirebu-
li saxeobebi biomravalferovnebaze. ratom gamravldnen kurdRlebi avstraliaSi ukont-
rolod?

5. ra mniSvneloba aqvs biomravalferovnebis SenarCunebas ekosistemis stabilurobisTvis?
6. ra mniSvneloba aqvs biomravalferovnebis SenarCunebas adamianis janmrTelobisTvis?
7. ra RonisZiebebs atarebs adamiani biomravalferovnebis SenarCunebis mizniT?
8. ras niSnavs tyisa da sxva bunebrivi resursebis mdgradi marTva?

sa xeobebi unikalur biomravalferovnebas 
qmnian. saqarTvelos tyeebi saxelmwifo 
sakuTrebaa.

tye mniSvnelovania mosaxleobis jan-
saRi da sasicocxlod aucilebeli re-
sursebiT uzrunvelyofis TvalsazrisiT. 
tyes aqvs haeris, sasmeli wylis xarisxis 
SenarCunebisa da bunebrivi katastrofe-
bisgan dacvis funqcia, aseve, kulturu-
li da istoriuli mniSvneloba. aqedan ga-
momdinare, gansakuTrebiT mniSvnelovania 
tyis mdgradi marTva. tyis mdgradi marT-
va niSnavs tyis resursis ise gamoyenebas, 
rom SenarCunebuli iyos tyis sicocxli-
sunarianoba da TviTaRdgenis unari.

saqarTveloSi bio mra valferovnebis 
dac  vasa da gamoyenebasTan dakavSirebiT 
miRebulia Semdegi kanonebi: `garemos 
dacvis Sesaxeb~, `da culi teritorie-
bis sistemis Sesaxeb~, 2003 wlis ivnisSi 
saqarTvelos parlamentma miiRo kanoni 
saqarTvelos `wiTeli nusxisa~ da `wiTe-

li wignis Sesaxeb~ da sxva. saqarTveloSi 
Seqm nilia daculi teritoriebi: saxel-
mwifo nakrZali _ 14, erovnuli parki _ 
12, aRkveTili _ 9.

damuSavebulia daculi teritoriebis 
sistemis ganviTarebis gegma. dacul te-
ri  toriebze SenarCunebulia bunebrivi pi-
robebi da akrZalulia nadiroba. xelov-
nurad uwyoben xels iSviaTi saxeobe bis 
gamravlebas. 

 yvela iSviaTi da gadaSenebis piras mi-
suli saxeobebi Setanilia saqarTvelos 
wiTel nusxasa da wiTel wignSi. magali-
Tad, saqarTvelos wiTel wignSi Sesulia: 
amierkavkasiuri zazuna, waula, wavi, mura 
daTvi, afTari, focxveri, keTilSobili 
iremi, Sveli, qurciki da sxv. (sur. 1.52). 
wiTel nusxaSi Setanili mcenareTa saxeo-
bebia: Walis muxa, pontos muxa, Zelqva, 
garejis salbi, Savi Rvia, biWvinTis fiW-
vi, uTxovari, saRsaRaji, anu sakmlis xe, 
qarTuli muxa da sxv. (sur. 1.53).
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imisTvis, rom Tavidan aicilos mav-
neblebis winaaRmdeg pesticidebis, her-
bicidebisa da sxva Sxamqimikatebis ga-
moyeneba, adamiani xSirad mimarTavs 

biologiuri kontroli _ idealuri urTierToba mavnebelsa da mis 
makontrolebel agents Soris

po
pu

l
ac

ie
bi

s 
z

o
ma

dro

mavneblebTan brZo-
lis bunebriv 
makontrole bel 
agents warmoadgens 
mtacebeli, romlis 
msxverpli aris 
mavnebeli.

mavnebleblebis ricxvi 
mcirdeba makontrolebeli 
agentis _ mtaceblis _ 
maTTan brZolis gamo.

mtaceblebis 
populacia izrdeba 
mavneblebis 
gamravlebasTan 
erTad.

makontrelebeli agenti 
unda iyos sakmarisad 
didi populacia, raTa 
gaakontrolos mavnebeli, 
sanam is Zalian did zians ar 
miayenebs.

makontrelebeli agentis 
populacia mcirdeba 
sakvebis deficitis gamo, 
romelic gamowveulia 
mtaceblis mier 
mavneblebis raodenobis 
SemcirebiT.

mavnebeli saxeobis populaciis 
zoma, romlis zemoTac igi 
ekonomikur zarals moitans. 
es damokidebulia mosavlis 
mosalodnel raodenobasa da 
potenciur Rirebulebaze.

iqmneba dinamiuri wonasworoba. 
SenarCunebulia makontrolebeli 
agentis zomieri populacia, 
romelic zRudavs mavneblis 
populacias. mavneblis saxeoba 
ar unda aRmoifxvras mTlianad, 
winaaRmdeg SemTxvevaSi 
makontrolebeli agenti mokvdeba 
da saWiro iqneba xelaxla Seyvana, 
raTa Tavidan iqnas acilebuli 
ekonomikurad saziano 
mavneblebis populaciis zrda.

sur. 1.54.

bio logiuri brZolis meTods _ mavneb-
lis winaaRmdeg bunebrivi mtris gamoye-
neba (sur. 1.54).

9. zogs miaCnia, rom tyeebis gaCexva soflis meurneobisTvis sivrcis Sesaqmnelad yovelTvis 
misaRebia. sxva adamianebi ar eTanxmebian amas, radgan Tvlian, rom tyeebis gaCexva amci-
rebs biomravalferovnebas. gamoiyene am sakiTxze saxelmZRvaneloSi mocemuli informa-
cia, moiZie damatebiTi resursebi aRniSnul sakiTxze da moemzade debatebisTvis. Tqvenma 
maswavlebelma SeiZleba klasi dayos sam jgufad:

jgufi 1 _ es jgufi waradgens argumentebs im ideis gasamyareblad, rom tyeebis gaCexva 
sasoflo-sameurneo sivrceebis misaRebad yovelTvis misaRebia;

jgufi 2 _ es jgufi waradgens argumentebs im ideis mxardasaWerad, rom tyeebis gaCexva 
Seamcirebs biomravalferovnebas;

jgufi 3 _ es jgufi Seqmnis „auditorias“, romlis funqciaa debatebis Sedegebis Sefaseba.

10. ra dadebiTi mniSvneloba aqvs mavneblebis winaaRmdeg biologiuri brZolis meTodis 
gamoyenebas?

11. zogjer brZolis biologiuri meTodis gamoyeneba warumateblad mTavrdeba, romlis ma-
galiTebi warmodgenilia suraTze (suraTi ix. marjvniv). axseni, ra aris TiToeul SemTxve-
vaSi warumateblobis mizezi da ra gavlena moaxdina aman biomravalferovnebaze.
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didi britaneTisa da axali zelandiis kunZulebze mRrRnelebis populaciis SezRudvis mizniT katebi 
Seiyvanes. mRrRnelebi emuqrebodnen miwaze mobinadre iSviaT frinvelebs, Tumca, katebma SeWames iSviaTi 
frinvelebis wiwilebi!

saxlis beRurebi Seiyvanes kaliforniaSi 
xexilis paraziti mwerebis larvebis 
gasakontroleblad. beRurebi Zalian 
warmatebulad iyeneben sakvebis sxva 
wyaroebsac, mag., marcvleuls, amitom 
warmatebiT ver akontrolebda mwerebis 
larvas; mweri mravldeba Zalian swrafad 
da axla uzarmazar zians ayenebs naTesebs.

havais lerwmis gombeSoebi Seiyvanes avstraliaSi, raTa gaekontrolebinaT 
Saqris lerwmis mavnebeli _ nacrisferi xoWo. gombeSoebi axla seriozul 
safrTxes uqmnian avstraliis velur bunebas: Wamen bevr adgilobriv 
saxeobebs: mwers, Wiayelas da bayays (ix. marjvniv).

Seaviwroes adgilobrivi bayayebisa da gombeSoebis gamravlebis adgilebi;

wamlaven ufro msxvil cxovelebs, romlebic cdiloben maT SeWmas, radgan 
maTi kani ukiduresad toqsikuria.

havais lerwmis gombeSo 
Seiyvanes avstraliis 
erT-erT regionSi _  
kvinslendSi (ix. rukaze) rux 
xoWosTan sabrZolvelad, 
magram gamravldnen da 
didi safrTxe Seuqmnes 
avstraliis velur bunebas.

biologiuri kontrolis warumatebloba

brZolis biologiuri meTodis gamoye-

nebis erT-erTi pirveli magaliTia Cactob-

lastis cactorum-is muxluxebis gamo yeneba kaq-

tusis winaaRmdeg. aRmosavleT avstraliaSi 

fermerebma kaqtusi darges cocxali Robis 

saxiT TavianTi fermebis garSemo. magram 

kaqtusi Zalian swrafad gamravlda da maT 

naTesebs safrTxe Seuqmna. kaqtusebis bio-

logiuri kontrolisTvis Cactoblastis cac-

torum-is muxluxebis gamoyeneba efeqturi 

aRmoCnda, radgan muxluxoebi ikebebodnen 

mxo lod am saxeobis kaqtusiT. qvemoT war-

modgenilia biologiuri brZolis ramdenime 

magaliTi.

biologiuri brZolis magaliTebi
1. sarevelebis populaciebis 

gasakontroleblad mcenareWamia 

cxovelebis gamoyeneba. mag., Cactoblastis 
larvebs iyeneben kaktusis populaciis gasakontroleblad.

2. mtaceblis gamoyeneba mcenareWamia mavneblis gasakontroleblad. mag., Wiamaiebis 
zogierTi saxeobis gamoyeneba bugrebis gasakontroleblad.

3.  parazitis gamoyeneba misi maspinZlis gasakontroleblad. mag., paraziti mxedaris 
gamoyeneba kombostos TeTrulas winaaRmdeg.

4. mavneblis gamravlebis ciklis darRveva, Tu igi sicocxleSi mxolod erTxel mravldeba. 
mag., msxvilfexarqosani saqonlis paraziti buzis matlebis dasxivebiT sterilizacia.

5. mavneblis qcevis kontroli. mag., qimikatebis, e.w. feromenebis, gamoyeneba vaSlis 
parazitebis sasikvdilo xafangebSi mosazidad.
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დავალების პირობა:

warmoidgine, rom gadawyvite saxlis pirobebSi didi saTburis aSeneba, rom Segeqmna Seni 
ekosistema. დაწერე სცენარი შენი ეკოსისტემის მოდელისთვის, რომელშიც აღწერ რომელ სახეობებს 
შეარჩევ, როგორ უზრუნველყოფ შენს ეკოსისტემაში ენერგიისა და ნივთიერებათა გადაცემას. იმის 
აღსაწერად, რომ შენი ეკოსისტემა იქნება მდგრადი, აუცილებლად ჩართე შენს აღწერაში ბიოტური და 
აბიოტური ფაქტორები.

სცენარის პრეზენტაციისას თვალსაჩინოდ წარმოაჩინე: 

• რა კომპონენტებისგან შედგება ეკოსისტემა და რა კავშირი არსებობს მათ შორის?

• რა ფუნქციური კომპონენტებისგან შედგება ეკოსისტემა და როგორია თითოეული კომპონენტის 
ფუნქცია? 

• როგორ გადაეცემა ენერგია და ნივთიერებები კვებით ჯაჭვში?

• რაში მდგომარეობს ეკოლოგიური პირამიდის წესის არსი?

• რა მნიშვნელობა აქვს ეკოსისტემის მდგრადობისთვის სახეობათა მრავალფეროვნებას?

სცენარი სახლის სათბურის მოწყობის შესახებ

დავალების პირობა:

წარმოიდგინე, რომ უნდა ჩაატარო საჯარო ლექცია ბუნების დაცვის საკითხებზე შენი სკოლის უმცროსი 
კლასების მოსწავლეებისთვის. ამისთვის ძალიან მნიშვნელოვანია წინასწარ მომზადება. მომზადება 
ითვალისწინებს, როგორც ლექციის შინაარსის ძირითადი თეზისების ჩამოყალიბებას, ისე მის შესაბამისი 
ვიზუალური მასალით გამდიდრებასა და საპრეზენტაციო მასალის მომზადებას. 

გაითვალისწინე, რომ ლექციის საშუალებით უმცროს კლასელებს უნდა აუხსნა:

• რა უარყოფით გავლენას ახდენს ადამიანი ბუნებაზე თავისი საქმიანობით? 

• რას ნიშნავს გარემოს დაბინძურება და რა გავლენაs ახდენს იგი ადამიანის ჯანმრთელობაზე?

• ბუნების დაცვის რა ღონისძიებები ტარდება ქვეყანაში?

• რა წვლილი შეიძლება შეიტანონ მოსწავლეებმა გარემოს დაცვაში?  

საჯარო ლექციის მომზადება
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პროექტი 1  
თემა - ეკოლოგია
საკითხი: ეკოსისტემის კომპონენტები
ქვესაკითხები: 

• ეკოსისტემის აბიოტური და ბიოტური კომპონენტები;
• ეკოლოგიური ფაქტორები. აბიოტური ფაქტორები.

საველე კვლევა - აბიოტური კომპონენტის კვლევა

პროექტის სახელწოდება აბიოტური ფაქტორების ინტენსივობის კვლევა

პროექტის ეტაპები

პრობლემის ანალიზი/რატომ 
გადავწყვიტე ამ საკითხზე პროექტის 
განხორციელება?

პროექტიs მიზანი ლოკალურ გარემოში აბიოტური ფაქტორების - განათების,  
ტემპერატურისა და pH-ის  - ინტენსივობის კვლევა 

პროექტის ამოცანები •	 ლოკალურ გარემოში აბიოტური ფაქტორების - 
ტემპერატურის, განათებისა და pH-ის - კვლევა kvadratis 
meTodiTა და სენსორების გამოყენებით;

•	 კვლევის ანგარიშის მომზადება. 

აქტივობები •	 კვლევის ჩასატარებლად ლოკალურ გარემოში (ტყე, პარკი, 
მინდორი)  გარკვეული ტერიტორიის შერჩევა და მისი 
ფართობის გამოთვლა;

•	 კვადრატის ჩარჩოს დამზადება;

•	 მონაცემების ცხრილის შექმნა;

•	 კვადრატის ჩარჩოს საშუალებით საკვლევი ტერიტორიიდან 
ტემპერატურის, განათებისა და pH-ის სენსორებით 
სინჯების აღება - თითოეულ სინჯში ნიადაგის ზედაპირთან 
ახლოს ტემპერატურისა და განათების, ნიადაგში pH-ის 
მაჩვენებლის აღება და მონაცემების ცხრილში ჩანიშვნა; 

•	 ფორმულის - T = NA -ს საშუალებით შერჩეულ 
მონაკვეთზე ტემპერატურის, განათებისა და pH-ის 
საშუალო მაჩვენებლების გამოთვლა;

•	 პასუხების მომზადება კითხვებზე: 1) რა კომპონენტებისგან 
შედგება ეკოსისტემა და რა კავშირია მათ შორის? 2) რა 
გავლენას ახდენს აბიოტური ფაქტორები ეკოსისტემაზე? 
3) რა ადაპტაციები გამოუმუშავდათ სახეობებს აბიოტური 
ფაქტორებისადმი და რა მნიშვნელობა აქვს მას სახეობის 
სტაბილურობისთვის?     

•	 კვლევის ანგარიშის მომზადება;

•	 კვლევის ანგარიშის მასწავლებლისა და კლასის წინაშე 
წარდგენა.  

საჭირო რესურსები •	 ხე ან რბილი მავთული კვადრატის დასამზადებლად, 
სინათლის, ტემპერატურისა და pH-ის სენსორები, 
კომპიუტერი, თაბახის ფურცლები. 

სამოქმედო გეგმა აქტივობა აქტივობისათვის 
საჭირო დრო

პასუხისმგებელი 
პირი
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ლოკალურ გარემოზე ანთროპოგენური ფაქტორების გავლენა

პროექტი 2 
თემა - ეკოლოგია
საკითხი: ბიომრავალფეროვნება და მასზე მოქმედი ფაქტორები
ქვესაკითხები: 

• გარემოს დაბინძურება და მისი გავლენა ბიომრავალფეროვნებაზე;
• გარემოს დაბინძურების გავლენა ადამიანის ჯანმრთელობაზე; 
• ბიომრავალფეროვნების დაცვა და მისი ეკოლოგიური მნიშვნელობა.

პროექტის სახელწოდება ლოკალურ გარემოზე ანთროპოგენური ფაქტორების გავლენა 

პროექტის ეტაპები

პრობლემის ანალიზი/
რატომ გადავწყვიტე 
ამ საკითხზე პროექტის 
განხორციელება?

პროექტიs მიზანი ლოკალურ გარემოში ანთროპოგენური ფაქტორების ზემოქმედების  
კვლევა 

პროექტის ამოცანები •	 ადგილობრივი მოსახლეობის გამოკითხვა;

•	 ძველი პუბლიკაციების, ფოტოების, ვიდეომასალების შეგროვება;

•	 ახალი ფოტო-ვიდეო მასალის გადაღება ლოკლაური გარემოს  
თანამედროვე მდგომარების შესახებ. 

აქტივობები •	 კითხვარის მომზადება მოსახლეობის გამოკითხვისთვის ისე, რომ 
მიიღო ინფორმაცია ბოლო 15-20 წლის განმავლობაში ლოკალურ 
გარემოში მომხდარი ცვლილებების შესახებ;

•	 ადგილობრივი მოსახლეობისგან რესპონდენტებად ასაკოვანი 
ადამიანების შერჩევა და მათი გამოკითხვა;

•	 გამოკითხვის მასალების ანალიზი; 

•	 ლოკალური გარემოს ბუნების ამსახველი ძველი სურათებისა და 
ვიდეომასალის შეგროვება;

•	 პუბლიკაციებისა და ტელეგადაცემების მოძიება ლოკალური გარემოს 
ეკოლოგიური პრობლემების (ასეთის შემთხვევაში) შესახებ;

•	 ფოტოებისა და/ან ვიდეოების გადაღება გარემოს დღევანდელი 
მდგომარეობის შესახებ;

•	 კვლევის ანგარიშის მომზადება, რომელშიც უნდა აისახოს: 1) თუ შენ 
მიერ გამოკვლეულ გარემოში რა ტიპის ეკოლოგიური პრობლემა 
გამოვლინდა; 2) რა არის ამ პრობლემის გამომწვევი მიზეზები; 3) ამ 
ეკოლოგიური პრობლემის გადაჭრის გზების შემოთავაზება; 

•	 საპრეზენტაციო მასალის მომზადება, მასწავლებლისა და კლასის 
წინაშე წარდგენა;

•	 პასუხების მომზადება კითხვებზე: 1) რას ნიშნავს გარემოს 
დაბინძურება? 2) რას ეწოდება დამაბინძურებელი? 3) რა გავლენას 
ახდენს გარემოს დაბინძურება ბიომრავალფეროვნებაზე? 3) 
რა მნიშვნელობა აქვს ბიომრავალფეროვნებას ეკოსისტემის 
მდგრადობისთვის? 4) რა გავლენას ახდენს გარემოს დაბინძურება 
ადამიანის ჯანმრთელობაზე?

საჭირო რესურსები კომპიუტერი, თაბახის ფურცლები, ტელეფონი ან ვიდეოკამერა 
სურათებისა და ვიდეოების გადასაღებად. 

სამოქმედო გეგმა აქტივობა აქტივობისათვის 
საჭირო დრო

პასუხისმგებელი  
პირი
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Tema 1-is Sejameba

Temis mimoxilva

mTavari ideebi

• ekosistema Sedgeba bioturi da abioturi faqtorebisgan;

• ekosistema aris mdgradi, TviTmaregulirebeli sistema;

• ekosistema Ria sistemaa _ masSi ganuwvetliv Sedis kosmosidan mzis sinaTlis 
energia;

• ekosistemis abioturi komponenti zemoqmedebs ekosistemis biotur komponent-
ze da bioturi komponenti _ abioturze; cocxal organizmebs evoluciis 
procesSi gamoumuSavdaT abioturi faqtorebisadmi sxvadasxva tipis (morfo-
logiuri, fiziologiuri) adaptaciebi;

• biocenozis sxvadasxva populaciebs Soris aris rTuli da mravalferovani ur-
TierTobebi: neitralizmi, konkurencia, mtacebloba, parazitizmi, mutualizmi 
da komensalizmi;

• ekosistema Sedegeba Semdegi funqcionaluri komponentebisgan: producentebi, 
konsumentebi da reducentebi; romelime komponentis amovardna iwvevs ekosis-
temis rRveas;

• ekosistemis kvebiT jaWvSi ganuwyvetliv xdeba erTi kvebiTi donidan meoreze 
energiisa da nivTierebaTa gadacema;

• kvebiT jaWvSi erTi kvebiTi donidan momdevno doneze energiisa da nivTiere-
baTa gadacemisas, yovel doneze wina donesTan SedarebiT energia da biomasa 
mcirdeba; am kanonzomierebas ekologiuri piramidis wesi ewodeba;

• fizikuri da biologiuri procesebis monawileobiT konkretuli qimiuri niv-
Tierebis/elementis ciklur moZraobas ekosistemis biotur da abiotur kompo-
nentebs Soris biogeoqimiuri cikli ewodeba;

• biomravalferovnebas didi mniSvneloba aqvs ekosistemis mdgradobisTvis;

• adamiani Tavisi saqmianobiT iwvevs garemos dabinZurebas;

• garemos dabinZureba safrTxes uqmnis biomravalferovnebas;

• dabinZurebuli garemo saSiSroebas uqmnis adamianis janmrTelobas;

• RonisZiebebis gatareba biomravalferovnebis dasacavad mniSvnelovania ekosis-
temebis mdgradobis SesanarCuneblad da adamianis janmrTelobis dasacavad.   

davalebebi TviTSefasebisTvis

testuri davalebebi

1. ekologia Seiswavlis:

a. energiis nakads TanasazogadoebaSi;

b. organizmebis qcevas bunebriv pirobebSi;

g. qimiur procesebs cocxal organizmebSi;

d. organizmebis monawileobas nivTierebaTa mimoqcevaSi;

e. populaciis gansaxlebis kanonzomierebebs;
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 v. sxvadasxva organizmis garegan agebulebas;

 z. sxvadasxva biocenozis ricxovnebis cvlilebas.

pasuxi:

2. Tanasazogadoeba aris:
a. erTi populaciis individebi, romlebic erTad cxovroben;
b. sxvadasxva populaciis individebi, romlebic erTad cxovroben;
g. sxvadasxva saxeobis populaciebis erToblioba erT teritoriaze;
d. igive, rac biocenozi;
e. erTi saxeobis sxvadasxva teritoriaze mcxovrebi populaciebi.

 

pasuxi: 

3.  biogeocenozi aris:
a. igive, rac ekologiuri sistema; 
b. sxvadasxva saxeobis populaciebis erToblioba;
g. sxvadasxva populaciebisa da aracocxali bunebis komponentebis erTianoba;
d. garkveuli adgilis abioturi faqtorebis erTianoba.

 

pasuxi: 

4. ekologiuri faqtorebis moqmedeba yovelTvis:
a. erTi mimarTulebisaa;  g. urTierTdakavSirebulia;
b. ormxrivmimarTulia;   d. moulodnelia.

5. abioturi faqtorebia: 
a. sinaTle;       b. tenianoba;       g. temperatura;       d. yvela pasuxi sworia.

6.   bioturi faqtorebia:

     a. haeris qimiuri Sedgeniloba; g. temperatura;       
  b. niadagis mJavianoba;   d. mcenareWamia cxovelebi.

7. SemzRudveli faqtori:
a. organizms ar aZlevs sicocxlis saSualebas;  
b. ganusazRvreli gamravlebis saSualebas;
g. amcirebs sicocxlisunarianobas; 
d. organizms ar aZlevs ganusazRvreli gavrcelebis saSualebas.

8. xiluli sxivebis speqtris romel ubanSi mimdinareobs fotosinTezi?
a. iisferze;       b. mwvaneze;       g. yviTelze;       d. wiTelze;       e. lurjze.

 

pasuxi: 
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9. xiluli sxivebis speqtris romel ubanze mimdinareobs fotosinTezi yvelaze 
intensiurad?

 a. iisferze;      b. mwvaneze;     g. yviTelze;     d. wiTelze;  e. lurjze.

10. fotoperiodizms uwodeben organizmis reaqcias:
a. ganaTebis arsebobaze;           g. ganaTebis xangrZlivobaze;
b. ganaTebis intensivobaze;       d. sinaTlis talRebis sigrZeze.

11. temperatura Zlierad moqmedebs cxovelmoqmedebaze, ramdenadac:
a. ganapirobebs arealSi organizmebis gavrcelebas;
b. yvela biomSi monawileobs klimatis formirebasa da SenarCunebaSi;
g. gansazRvravs yvela bioqimiuri reaqciis siCqares;
d. organizmSi akontrolebs yvela fiziologiur process.

12. frinvelebsa da ZuZumwovrebs SeuZliaT temperaturis mniSvnelovani Semcire-
bis gadatana, radgan:
a. wylis nawils gamoyofen sunTqvis dros;
b. SeuZliaT anabiozis mdgomareobaSi gadasvla;
g. SeuZliaT wylis SenarCuneba organizmSi;
d. gaaCniaT Termoregulaciis unari.

13. ekosistemaSi TviTregulaciis Sedegad _
a. arcerTi saxeoba mTlianad ar anadgurebs sxva saxeobas;
b. populaciaSi gamudmebiT mcirdeba ricxovneba;
g. mimdinareobs nivTierebaTa cvla;
d. organizmebi mravldebian.

14. wyalsatevis ekosistemaSi wyalmcenareebi kvebiTi jaWvebis umravlesobaSi sa w-
yis rgols Seadgens, radgan isini _
a. mzis energiis akumulacias axdenen;
b. STanTqaven organul nivTierebebs;
g. awarmoeben qemosinTezs;
d. asinTezireben araorganulidan organul nivTierebebs;
e. konsumentebs uzrunvelyofen energiiTa da organuli nivTierebebiT;
v. izrdebian mTeli cxovrebis manZilze.

  

pasuxi: 

15. organizmze moqmedi yvela faqtoris erTobliobas uwodeben –
a. abioturs;     b. bioturs;     g. anTropogenurs;     d. ekologiurs.

16. koRoebis ganadgurebis RonisZiebam ra Sedegebi SeiZleba gamoiwvios biocenoz-
Si?
a. mweriWamia cxovelebis sakvebi bazis gauareseba;
b. mcenareebis gamravlebis procesis darRveva;
g. daWaobebuli teritoriebis gafarToeba;
d. mavne mwerebis ricxvis gazrda.
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17. daadgine Sesabamisoba organizmebis daxasiaTebasa da im funqcionalur jgufs 
Soris, romelsac es organizmi miekuTvneba

                organizmebis daxasiaTeba                              funqcionaluri jgufi

a. kvebiT jaWvSi pirvel dones qmnian;                              1) producentebi
b. araorganulidan organul nivTierebebs asinTezireben;    2) reducentebi
g. iyeneben mzis energias;
d. mineralur nivTierebebs abruneben ekosistemaSi;
e. organul nivTierebebs Slian mineralebamde.

pasuxi:   

a b g d e

18. gansazRvre organizmebi, romelTac erTmaneTTan konkurentuli damokidebule-
ba aqvT:

a. mRierSi soko da wyalmcenare;
b. kulturuli da sarevela mcenareebi;
g. mtacebeli da msxverpli;
d. xorciWamia da mcenareWamia cxovelebi.

19. urTierTdamokidebulebis romeli formaa askaridasa da adamians Soris?

a. parazitizmi; b. konkurencia;  g. simbiozi;  d. mtacebloba.

20. qvemoT mocemuli kvebiTi jaWvebidan sworadaa agebuli:

a. kalia ___ balaxi ___ melia ___ kurdReli;
b. balaxi ___ kalia ___ bayayi ___ gveli;
g. Tevzi ___ kiborCxala ___ balaxi ___ Tolia;
d. kodala ___ muxis xe ___ matli ___ Sevardeni.

21. ekologiuri piramidis wesis mixedviT:

a. producentebis biomasa Warbobs konsumentebisas;
b. konsumentebis biomasa Warbobs producentebisas;
g. kvebiTi jaWvis yovel momdevno doneze energia imatebs;
d. kvebiTi jaWvis yovel momdevno doneze energia ar icvleba.

22. swori debulebebia:

a. mcenareebi da qemosinTetikosi baqteriebi producentebia;
b. pepela, bayayi, gveli, qori, daTvi konsumentebia;
g. baqteriebi narCen produqtebs organul nivTierebebad gardaqmnian;
d. muxa, marwyvi, adamiani, Rori konsumentebia;
e. saprofiti baqteriebi reducentebia.

  

pasuxi: 
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23. swori debulebebia:

a. Tanasazogadoebis wevrebi erTnair garemoSi cxovroben;
b. ekologia Seiswavlis mxolod organizmebis garemo pirobebTan Seguebas;
g. sofelTan SedarebiT qalaqSi ukeTesi garemo pirobebia;
d. akvariumi xelovnuri ekosistemaa;
e. ekosistemas qmnis biocenozisa da garemos aracocxali komponentebis  

erToblioba.
  

pasuxi: 

24. swori debulebebia:

a. maRal temperaturaze organizmis mudmivi temperaturis SenarCunebis er-
TaderTi saSualebaa oflis gamoyofa;

b. infrawiTeli sxivebis meSveobiT mcenare fotosinTezs awarmoebs;
g. ultraiisferi sxivebis moqmedebiT kanSi warmoiqmneba D vitamini;
d. faqtoris im intensivobas, romelic yvelaze xelsayrelia organzmisaTvis, 

optimaluri ewodeba;
e. teniani adgilebis binadar mcenareebs umetesad mokle fesvi da farTo 

foTlebi aqvT.
  

pasuxi: 

25. niadagi dabinZurda Sxamiani nivTierebiT. es nivTiereba ufro didi koncen-
traciiT dagrovdeba:

a. mcenareebSi;      b. mcenareWamia cxovelSi;      g. mtacebel cxovelSi.

26. urTierTdamokidebuleba Tevz-locmansa da zvigens Soris aris:

a. komensalizmi;    b. mutualizmi;    g. parazitizmi;    d. neitralizmi. 

27. urTierTdamokidebuleba aqtiniasa da kibo-gandegils Soris aris:

a. komensalizmi;      b. mutualizmi;      g. parazitizmi;      d. neitralizmi. 

28. urTierTdamokidebuleba adamiansa da nawlavis baqteriebs Soris aris:

a. komensalizmi;      b. mutualizmi;      g. parazitizmi;      d. neitralizmi. 

29. simbiozuri urTierToba ar SeiZleba ewodos Semdegi wyvili organizmebis 
urTierTobas:

a. qudiani sokoebi da xe mcenareebi;   
b. yvavilovani mcenareebi da damtveravi mwerebi;
g. aqtinia da kibo-gandegili;
d. koRoebi da ZuZumwovara cxovelebi.

30. mcenare-epifitebis damokidebuleba xe mcenareebTan aris magaliTi:

a. komensalizmi;      b. mutualizmi;      g. parazitizmi;      d. neitralizmi.
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31. ipove araswori debuleba – ekosistemaSi reducentebis rolia:

a. mkvdari nawilebis daSla;  
b. organuli nivTierebebis sinTezi;
g. mcenareebis momarageba mineraluri marilebiT;
d. narCeni organuli nivTierebebis daSla araorganul nivTierebebad.

32. producentebi _

a. araorganulisgan organul nivTierebebs asinTezireben;
b. Slian cxovelebisa da mcenareebis mkvdar nawilebs;
g. ikvebebian mxolod cocxali mcenareebiT;
d. sakvebad iyeneben mxolod cxovelebs.

33. pirveli rigis konsumentebi:

a. araorganulisgan organul nivTierebebs asinTezireben;
b. Slian cxovelebisa da mcenareebis mkvdar nawilebs;
g. ikvebebian mxolod cocxali mcenareebiT;
d. sakvebad iyeneben mxolod cxovelebs.

34. meore rigis konsumentebi:

a. araorganulidan organul nivTierebebs asinTezireben;
b. Slian cxovelebisa da mcenareebis mkvdar nawilebs;
g. ikvebebian mxolod cocxali mcenareebiT;
d. sakvebad iyeneben mxolod cxovelebs.

35. swori kvebiTi jaWvia:

a. samyura _ xvliki _ kalia _ Sevardeni;
b. samyura _ Sevardeni _ xvliki _ kalia;
g. samyura _ kalia _ Sevardeni _ xvliki;
d. samyura _ kalia _ xvliki _ Sevardeni.

36. ekosistema saxeobrivad rac ufro mravalferovania, miT ufro misi mdgradoba:

a. izrdeba;  b. mcirdeba;    
g. iwyebs meryeobas; d. ar icvleba.

37. narCeni organuli nivTierebebis damSleli organizmebia _

a. mcenareWamia cxovelebi;        g. mxolod detritofagebi; 
b. mxolod saprofiti organizmebi;        d.  detritofagebi da saprofitebi.

38. es kvebiTi qseli gviCvenebs organizmebs 
Soris urTierTobas ekosistemaSi. eko-
sistemis stabilurobisTvis ekosistemis 
romeli funqciuri jgufis organizmi 
aris mniSvnelovani, romelic ar aris na-
Cvenebi am kvebiT qselSi,?

a. producenti;    g. mcenareWamia;
b. konsumenti;    d. damSleli.

  

qori arwivi

cxvari

kaqtusi

xvliki

mwerebi

gveli

ciyvi

muxa
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39. naxSirbadis ciklSi ra procesiT gadadis naxSirbadi abioturi resursidan or-
ganul nivTierebebSi?

a. migraciis; b.  wvis; g.  sunTqvis;      d. fotosinTezis.

40. saarsebo garemoSi arsebuli toqsiku-
ri nivTierebebi grovdeba kvebiTi qse-
lis TiToeul rgolSi. warmoidgine, 
rom mdinare dabinZurebulia toqsikuri 
nivTierebiT, mocemuli kvebiTi qselis 
romel rgolSi iqneba am toqsikuri niv-
Tierebis yvelaze maRali koncentracia? 

a. wylis mcenareebi da wyalmcenareebi
b. Tevzi
g. uxerxemloebi
d. ZuZumwovrebi
e. amfibiebi

41. CO2 mniSvnelovania Cvens atmosferoSi, radgan is saWiroa fotosinTezisTvis da 
akavebs siTbos, riTac unarCunebs dedamiwas sicocxlisaTvis aucilebel tempe-
raturas. Tumca, adamianis saqmianobiT warmoebuli CO2  problemaa, radgan is _

a. iwvevs globaluri temperaturis zrdas;
b. arRvevs sxva saTburis airebis bunebriv cikls;
g. okeaneebSi izrdeba CO2 -is koncentracia;
d. iwvevs ukontrolo fotosinTezs.

davalebebi kritikuli da SemoqmedebiTi azrovnebisTvis

1. rogor fiqrob, ekosistemaSi axali mtaceblis gamoCenam ra gavlena SeiZleba 
moaxdinos _ 1) ekosistemaze? 2) kvebiT jaWvSi energiis gadacemaze? 

2. rogor SeiZleba calkeuli organizmi erTdroulad iyos populaciis, bioce-
nozis, ekosistemisa da biomis nawili?

3. organizaciis romel doneze Seiswavlis mecnieri arqtikaSi selapebisa da po-
laruli daTvebis urTierTqmedebas? ganmarte Seni pasuxi.

4. mecnierebi didxans fiqrobdnen, rom yvela ekosistemis arseboba mxolod mzis 
energiazea damokidebuli, Tumca aRmoCnda, rom es mosazreba ar aris marTebu-
li. axseni, ratom? 

5. axseni, rogor SeiZleba mavne mwerebTan brZolis mizniT Semotanilma mtace-
belma mwerma ziani moutanos mTel ekosistemas?

6. rogor SeiZleba gvalvam gavlena moaxdinos mdeloebis kvebiT qselze? romel 
trofikul doneze imoqmedebs gvalva yvelaze metad? ganmarte Seni pasuxi.

7. qveynis masStabiT, navTobis sawvavze momuSave avtomobilebi aris naxSirJangis/
naxSirbadis monoqsidis, naxSirorJangis, azotis oqsidebisa da kibos gamomwvevi 
toqsinebis ZiriTadi wyaro. ra unda gakeTdes navTobis produqtebis sawvavad 
gamoyenebis Sesamcireblad?

8. bolo 100 wlis ganmavlobaSi, saSualo globaluri temperatura gaizarda 
0,60C-iT, yvelaze dramatuli cvlileba ki bolo 50 wlis ganmavlobaSi mox-
da. globaluri temperaturis meryeoba dedamiwis klimatis ciklis normalu-

ZuZumwovrebi

Tevzi
amfibiebi

xmeleTis mcenareebi wylis mcenareebi 
da wyalmcenareebi

uxerxemloebi
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ri nawilia. magram mkveTri temperaturuli cvlilebebi, rogorc wesi, xdeba 
aTobiT aTasi wlis ganmavlobaSi da ara 100 wlis ganmavlobaSi. biomraval-
ferovnebisTvis ratom aris saSiSi drois mcire monakveTSi temperaturis aseTi 
mniSvnelovani cvlileba, vidre xangrZlivi drois periodSi? 

9. gaecani qvemoT mocemul faqts da upasuxe kiTxvebs.

 1944 wels 29 iremi Seiyvanes wminda maTes kunZulze, aliaskas sanapirosTan ax-
los. Semoyvanis dros mTeli kunZuli dafaruli iyo liqenebis xaliCiT. uxvi 
da kargi sakvebis gamo irmis populacia geometriuli progresiiT gaizarda. 
1963 wlis zafxulisTvis kunZulze populacia 6000 iremamde gaizarda. Tumca, 
zamTarSi didi raodenobiT Tovli movida da dafara liqenebi _ maTi sakvebi, 
romelic ukve mniSvnelovnad iyo gamofituli irmis didi populaciis gamo. 
1964 wlis gazafxulisTvis mxolod 50 iremi darCa. 

1) ra faqtorebma gamoiwvia irmis populaciis swrafi zrda maTes kunZulze 
Seyvanis pirvel wlebSi?

2) ra faqtorebma gamoiwvia irmis populaciis zomis swrafi Semcireba? 

3) ivaraude _ ra mouvidoda sabolood irmis populacias, Tu zamTari ar 
gaaZnelebda maTTvis sakvebis mopovebas? axseni Seni pasuxi.

monacemebis gansja (analizi da daskvna)

1. populaciis raodenobis Sesafaseblad gamoiyene gantoleba T = N x A , sadac T 
_ mTeli populaciis ricxobriobaa, N _ daTvlili individebis saerTo ricxvi/
kvadratebis ricxvi, A = saerTo farTobi/kvadratis farTobi

 1) mecniers surs Seafasos sokos populaciis ricxovnoba tyis 300m2 farTob-
ze. TiToeuli kvadrati aris 2m2 farTobis. mecnierebma 20 kvadratSi 13 soko 
daiTvales. rogoria tyeSi sokos populaciis ricxovnoba?

 2) mecnieri iyenebs kvadratis meTods udabnos 150m2 farTobze kaqtusis 
erT-erTi saxeobis populaciis ricxovnobis gamosaTvlelad. nimuSisTvis maT 
daiTvales 5 kaqtusi 10 kvadratSi. TiToeuli kvadrati aris 2m2 farTobis. 
rogoria udabnoSi kaqtusebis populaciis ricxobrioba?

 3) ra dadebiTi da uaryofiTi mxare aqvs SemTxveviTi SerCevis gamoyenebas ni-
muSebis asaRebad populaciis zomis Sesafaseblad?

vizualuri masalis gansja

1. gaaanalize suraTze mocemuli in-
formacia da upasuxe kiTxvebs: 

1) organizmebis rogor biotur 
urTierTqmedebas asaxavs sura-
Ti? daasabuTe Seni pasuxi.

2) ra biologiuri mniSvneloba 
aqvs organizmTa aseT urTi-
erTqmedebas ekosistemisTvis? 

3) kvebiT jaWvSi romel kvebiT 
do nes ikavebs pepela? mcenare?

4) ra Seguebuloba gamoumuSavda 
pepelas kvebis aseT tipTan da-
kavSirebiT?

xorTumi (mwuwnavi 
piris aparatis 
nawili

milisebri formis 
yvavili
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5) ra Seguebuloba gamoumuSavda mweriTmtveria mcenares?

6) rogor Seesabameba erTmaneTs yvavilis forma da peplis piris aparati? es 
Seguebuloba bunebrivi gadarCevis romeli formis moqmedebis Sedegia?

 2. gamoiyene suraTze mocemuli energetikuli piramida Sem-
deg kiTxvebze pasuxis gasacemad:

1) gamoiyene energetikuli piramida ekosistemaSi ener-
giis nakadis aRsawerad. piramidis romeli done war-
moadgens producentebs da mesame donis, anu umaRles 
konsuments. 

2) Tu energiis 90 procenti siTbos saxiT ikargeba tro-
fikul doneebs Soris, gamoTvale daaxloebiT ram-
deni energiaa xelmisawvdomi meore rigis momxmare-
blebisTvis am energetikul piramidaSi? aCvene Seni 
gamoTvlebi.

3. Seadare erTmaneTs suraTze gamosaxuli ekologiuri pi-
ramidebi da upasuxe kiTxvebs:

 1) ekologiuri piramidis romel formas asxavs? axseni 
Seni pasuxi.

 2) ra gansxvavebaa suraTze gamosaxul ekologiur piramidebs (1 da 2) Soris? 

 3) riT aris es gansxvaveba gamowveuli?

 4) suraTze gamosaxuli kvebiTi jaWvebisTvis Seqmeni ekologiuri piramidis 
sxva formis modelebi. 

5 000 kkal energia

1
2
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4. qvemoT suraTze naCvenebia is zogierTi cvlileba, romelic SeiZleba gamoiwvi-
os adamianis mier tropikuli tyis gaCexvam. 

 1) aRniSne ori mizezi, Tu ratom unda gaCexos adamianma tropikuli tye;

 2) xeebis gaCexvis Semdeg am teritoriaze mniSvnelovnad Semcirda naleqebis 
raodenoba. axseni, ratom?

 3) aRwere, ra gavlena SeiZleba moaxdinos tyis gaCexvam cxovelebze;

 4) ra daemarTa gamoTavisuflebul teritoriaze daTesili kulturas ramde-
nime welSi da ratom?

 5) Sereuli tyis gaCexvis Semdeg xelovnurad darges mxolod erTi saxeobis 
xeebi. axseni, ra upiratesoba eqneba bunebrivad aRdgenil tyes xelovnurad 
aRdgenilTan SedarebiT?

fesvebianad moTxrili da 
gadaWrili xeebi

eqvsi Tvis Semdeg

eqvsi Tvis Semdeg

gawmendili miwa

daTesili kultura

sami wlis Semdeg

ganadgurebuli mosavali

20 wlis Semdeg 10 wlis Semdeg

axali xeebi (bunebrivi) axali xeebi (darguli)
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6. suraTze warmodgenilia fosforis ciklis sqema. gaaanalize suraTze mocemu-
li informacia da upasuxe kiTxvebs: 1) ra gziT erTveba fosfori ekosistemis 
abioturi nawilidan kvebiT jaWvSi? 2) ra roli aqvs organizmebs fosforis 
ciklSi? 3) ra rols asrulebs anTropogenuri faqtori fosforis ciklSi?

naxSirbadis cikli

CO2 atmosferoSi

celuloza 
da bunebrivi 
saTbobi

wiaRiseuli

(mikroorganizmebi 
da sokoebi)

narCenebi

4.  ...  rigis 

konsumentebi

5.  ...  rigis 

konsumenti

wyalmcenareebi

mcenareebi

2
3

1

6.  ...

fosforis cikli

wyalmcenareebi

ujreduli sunTqva

fosfatebi niadagSi

fosfatebis wyalSi 

gaxsna
milionobiT 
weli

sasuqis 
gamorecxva

fosfaturi qa-
nebis danaleqis 

warmoqmna

fosfaturi  
sabadoebis  

mopoveba

agrokultura

sasuqi

planqtoni

gamoiyofa fosfati

heterotrofebis 

kveba

fosfatebs STanTqavs 
mcenareebi da 

mcenareul biomasaSi 
fiqsirdeba organul 

fosfatebSi

5. gaaanalize suraTze mocemuli naxSirbadis ciklis modeli, rveulSi gadaitane 
ricxvebi da maT gverdze miuwere naxSirbadis ciklSi monawile procesebisa da 
kvebiTi donis dasaxeleba.
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monacemebis organizeba sqemebSi

1. qvemoT sqemaze mocemulia azotis ciklis nawili, anu warmodgenilia azotis 
ciklis arasrulyofili sqema. sqema gadaitane samuSao rveulSi, davalebis 
mixedviT Seavse. 

1) a. daasaxele А asoTi aRniSnuli airi da sqemaSi Cawere.

 b. aso B Cawere im or isars Soris, romlebic miuTiTebs azotis ciklis im sta-
diebze, romelSic baqteriebi monawileoben.

 g. X miuTiTe isarze romelic denitrifikaciis process aRniSnavs. 

2) a. daasaxele nivTiereba, romlis sinTezirebisTvis mcenares aucileblad sWir-
deba niadagidan STanTqmuli nitrati. 

 b. daasaxele azotis Semcveli eqskreciuli produqti, romelsac gamoyofen 
cxovelebi.

   

2. ekologiuri piramidis modeli gadaitane rveulSi. 

1) qvemoT CamoTvlili organizmebi 
ise ganalage kvebiT doneebze, rom 
miiRo energetikuli ekologiuri 
piramidis modeli. organizmebi: gve-
li, kurdReli, balaxi, kalia, ar-
wivi. 

2) organizmebs Sesabamisad miuwere: 
producenti, pirveli rigis kon-
sumenti, meore rigis konsumenti, 
mesame rigis konsumenti.

parkosnebis (mag., barda, lobio, samyura) fesvebis koJrebi

azotis organuli 
naerTebi mcenareebSi

azotis organuli 
naerTebi cxovelebSi

airi A 
haerSi

azotis organuli 
naerTebi mcenareul da 
cxovelur narCenebSi

STanTqavs 
mcenareebi  

eqskreciis 
produqtebi

amoniumi

kveba

nitratebi
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2.1 sxvadasxva sistematikuri jgufi

Tema 2. virusidan adamianamde

suraTze gamosaxulia organizmTa samefoebis klasifikacia, romelic mec-
nierTa mier SemuSavebulia sxvadasxva wels (1977 wels SemuSavebuli samefoebis 
klasifikacia dReisTvisac aRiarebulia). 

• ra gansxvavebaa 1938 da 1977 wlebSi SemuSavebul samefoebis klasifika-
ciebs Soris?

• ratom gamoyves mcnareebisgan sokoebi calke jgufad? 

• ris mixedviT ajgufeben organizmebs mcenareebad da cxovelebad?

• mecnierTa nawili am samefoebs aerTianebs or domenSi _ prokariotebsa 
da eukariotebSi. Tanamedrove sistematikis mixedviT romeli samefoebi 
Sedis prokariotebis domenSi? eukariotebis domenSi?

• ra gansxvavebaa prokariotebsa da eukariotebs Soris?

• romeli samefoebia gaerTianebuli eukariotebis domenSi da ratom?

• ratom ar Cans klasifikaciis sqemaze virusebi?

mcenareebi

monerebi
1938 w.

protistebi

cxovelebi mcenareebi

sokoebi

baqteriebi

arqeebi

1977 w.

protistebi

cxovelebi
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2.1.1. მიკროორგანიზმები. ვირუსები

me-19 saukuneSi mikrobiologebis 
lui pasterisa da robert koxis, qi-
rurgi jozef listeris mecnieruli 
kvlevebis safuZvelze adamianebma 
gaiges, rom infeqciuri daavadebebi 
gamowveulia mikroorganizmebiT. 1892 
wels rusma mecnierma dimitri 
ivanovskim Caatara mecnieruli kvle-
vebi Tambaqos mozaikis gamomwvevi 
mikroorganizmis Seswavlis mizniT. 
man Tambaqos mozaikiT daavadebuli 
Tambaqos foTlidan gamoyo eqstraqti 
da gaatara filtrSi, romelic baq-
teriebs ar atarebda. aRmoCnda, rom 
gafiltrul eqstraqts kvlav hqonda 
Tambaqos mozaikis infeqciis gamowve-
vis unari. ivanovskim gaarkvia, rom Tambaqos mozaikis daavadeba realurad gamowveulia 
mikroorganizmebiT, romlebic bevrad ufro mcirea, vidre baqteriebi da maTi danaxva 
sinaTlis mikroskopis gamoyenebiT SeuZlebelia. 1898 wels holandielma mikrobiologma 
martines beierinkma Caatara eqsperimentebi da daadgina, rom es mikroorganizmi, baqte-
riebisgan gansxvavebiT, ar mravldeboda sakveb areze. beierinkma, sakuTari da ivanovskis 
kvlevebis safuZvelze, daaskvna, rom Tambaqos mozaikas iwvevda umciresi nawilakebi da maT 
„Sxami“ uwoda. Tambaqos mozaikis gamomwvevi mikroorganizmi pirvelad mxolod 1939 wels 
naxes eleqtronuli mikroskopiT, iqamde ki maTi Seswavla da Sefaseba mxolod arapirdapiri 
meTodebiT xdeboda. 

• romel organzmebs miakuTvneben mikroorganizmebs da ratom? 

• ivanovskisa da beierinkis mier aRmoCenili mikroorganizmi baqteriis axali saxeoba 
iyo, Tu aqamde jer kidev ucnobi mikroorganizmi?

• es mikroorganizmi ratom ar mravldeboda sakveb areze?

• ratom gaxda am mikroorganizmis danaxva SesaZlebeli mxolod eleqtronuli mikros-
kopiT?

• rogor iTargmneba „Sxami“ laTinurad?

mikroorganizmebis didi umravlesoba 
imdenad mcire zomisaa, rom SeuiaraRebe-
li TvalisTvis uxilavia da maTi danaxva 
mxolod mikroskopiT SeiZleba. mikroor-
ganizmebs miekuTvneba virusebi, baqterie-
bi, arqeebi, protistebi _ erTujrediani 
eukario tebi (wyalmcenareebi, umartive-
sebi, erTujrediani sokoebi).

virusi (laT. _ viruses _ „Sxami“) yvelaze 
patara da martivi mikroorganizmia 
_ gacilebiT mcire zomisaa  nebis mier 
ujredTan SedarebiT (sur. 2.1.1), amitom 

misi aRmoCena SesaZlebeli gaxda mxolod 
eleq tronuli mikroskopiT da pirveli 
iyo Tambaqos mozaikis virusi. Semdegma 
kvlevebma daadgina, rom virusi formiTa 
da agebulebiT aris Zalian mravalfero-
vani (sur. 2.1.2). am aRmoCenebiT safuZve-
li Caeyara biologiis axal dargs _ vi-
rusologias. virusologiis erT-erTi 
mTavari amocanaa virusebis struqturisa 
da funqciebis, maTi gavrcelebis gzebis 
Seswavla. 

ivanovskisa da beierinkis eqsperimentebi

gaecani teqstis Sinaars da upasuxe  kiTxvebs:
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sur. 2.1.1.

baqteria

E.coll

2 mkm sigrZiseukarioti
safuaras ujredi

7 mkm sigrZis

herpesis virusi

150 nm

kovid - 19

50-140 nm

aiv

110 nm

baqteriofagi

65 nm
baqteria

streptokoki

1mkm

virusebis mravalferovani forma

gripis 
virusi

Tambaqos 
mozaikis 
virusi

C hepatitis 
virusi

aiv-i cofis virusiwiTelas 
virusi

sur. 2.1.2.

virusebis struqtura da gamravleba

virusebs ar aqvT ujreduli agebuleba 
_ virusi aris sicocxlis araujreduli 
forma. virusebi gansxvavebuli formi-
sa da zomisaa, magram yvela maTgans aqvs 
genetikuri masala, romelic garSemort-
ymulia cilovani garsiT _ kapsidiT (sur. 
2.1.3). kapsidebs qmnis sxvadasxva cila, am-
itom virusebis kapsidebs aqvT gansxvave-
buli forma. zogierT viruss damatebiT 
lipoproteiduli garsic aqvs da kafsu-
las warmoqmnis. prokariotebisa da euka-
riotebisgan gansxvavebiT, romlebSic 
dnm aris ZiriTadi genetikuri masala, vi-
rusebSi genetikuri masala warmodgenil-
ia dnm-is (mag., baqteriofagSi) an rnm-is 

sur. 2.1.3.

cilovani garsi.

kapsidi

virusis struqtura

kapsula

genetikuri masa-
la (dnm an rnm)

glikoproteiduli 
struqturebi konk-
retuli maspinZeli 
ujredis plazmur 
membranaze misa-
magreblad

saxiT (mag., Tambaqos mozaikis virusi, aiv); 
virusi erTdroulad orive saxeobis nuk-
leinis mJavas ar Seicavs. 
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rogorc ukve ici, yvela cocxal or-
ganizms aqvs iseTi saerTo Tvisebebi, 
rogoricaa, magaliTad, garemosTan niv-
TierebaTa da energiis cvla, zrda-gan-
viTareba, gamravleba, gaRizianebadoba _ 
reagireba garemoze, memkvidreobiToba 
(Seicaven genetikur masalas) da sxv. ise-
Ti prokariotebi, rogoricaa baqteriebi, 
namdvilad miekuTvnebian cocxal orga-
nizmebs, radgan maT aqvT zemoT CamoTvli-
li yvela sasicocxlo Tviseba. magram ari-
an Tu ara virusebi cocxali organizmebi? 
virusebi reagireben garemos cvlilebaze, 
maT aqvT genebi da SeuZliaT gamravleba. 

Tumca, ujreduli agebulebis organizme-
bisgan gansxvavebiT, virusebs cocxali 
ujredis gareSe gamravleba ar SeuZliaT. 
isini iyeneben ujredis nivTierebebsa da 
struqturebs gamravlebisTvis, amdenad, 
yvela virusi parazitia. virusis geneti-
kuri masala axali virusebis aslebis war-
mosaqmnelad saWiro informacias Seicavs. 
misi genetikuri masala maspinZel ujreds 
aiZulebs virusis aslebis warmoqmnas (sur. 
2.1.4). miuxedavad imisa, rom virusebs aqvT 
cocxalisTvis damaxasiaTebeli zogierTi 
Tviseba, mas ver miuCines adgili biolo-
giuri klasifikaciis sistemaSi.

zogierTi virusis maspinZeli baqte-
riaa. virusiT daavadebuli baqteria kvde-
ba, amitom aseT viruss baqteriis mSTan-
mTqmelebs _ baqteriofagebs an ubralod 
fagebs uwodeben. fagis pirveli foto 
eleqtronuli mikroskopiT 1940 wels ga-

daiRes.
kargadaa Seswavlili nawlavis Cxiris 

(Escherichia coli) baqteriofagi _ T-baqte-
riofagi (sur. 2.1.5). baqteriofagi Sedge-
ba Tavisa da kudisgan (Tavi Seicavs dnm_s, 
romelic dafarulia kapsidiT) 

sur. 2.1.4. virusis gamravlebis Semdeg maspinZeli ujredi iSleba

birTvi

1. virusi emagreba SerCeuli 
maspinZeli ujredis 
plazmur membranas.

6. maspinZlis ujredSi 
virusis aslebi warmoiqmneba.

7. maspinZeli ujredi iSleba 
da garemoSi gamoiyofa 
mravali axali virusi. maT 
SeuZliaT sxva maspinZeli 
ujredis dainficireba.

virusi maspinZel ujreds cnobs 
misi plazmuri membranis zedapirze 
arsebuli cilovani receptorebis 
mixedviT. magaliTad, gripis 
virusebi, irCeven ujredebs, 
romliTac amofenilia adamianis 
sasunTqi gzebi.

replikaciis etapze xdeba 
mutaciebi, romlis Sedegad 
Cndeba virusebis axali Stami, 
romlebzec veRar moqmedebs 
organizmis imunuri sistema.

maspinZlis dazianebuli ujredebi 
aRizianeben cxvirisa da xorxis 
lorwovan garss; es iwvevs 
ceminebasa da sxva simptomebs.

Tu virusis genetikur masalas 
warmoadgens rnm da ara dnm, 
misi rnm-is mixedviT xdeba 
ukutranskripcia, anu dnm-is sinTezi 
da mxolod amis Semdeg CaerTveba 
maspinZlis genetikur masalaSi.

5. virusi maspinZeli 
ujredis resursebs iyenebs 
replikaciisTvis _ virusis 
genebis mravali aslis 
Sesaqmnelad.

2. virusis genebi SeaRweven 
maspinZel ujredSi da 
CaerTvebian maspinZlis 
genetikur masalaSi.

3. virusi maspinZeli ujre-
dis resursebs iyenebs trans-
krifciisTvis _ virusis 
m-rnm-is sinTezisTvis.

4. maspinZeli ujredis 
ribosomebi kiTxuloben 
virusis m-rnm-s da 
sinTezirdeba virusis 
garsis cilis mravali asli.
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fagi baqterias `utevs~ baqteriofagi

dnm

kudis 
boWko

kudis 
garsi

kapsidi

sur. 2.1.5.

kudis boWkoebiT fagi emagreba baqte-
rias. mimagrebis Semdeg baqteriofagis 
kudi gamoyofs ferments, romelic Slis 
baqteriis kedels. amis Semdeg kudis gar-
si ikumSeba da fagis dnm Sedis maspinZ-
lis ujredSi. igi iyenebs maspinZeli 
ujredis resursebs da warmoiqmneba fa-

gis uam ravi asli (sur. 2.1.6). baqterio-
fagebi, an ubralod fagebi, dedamiwaze 
yvelaze gavrcelebuli mikroorganizme-
bi da baq te riebis bunebrivi mtrebi ari-
an. fagebi dedamiwaze baqteriuli balan-
sis dacvis funqcias miliardobiT welia 
asruleben.

sur. 2.1.6.

maspinZeli 
baqteria 

iSleba. baq-
teriofagebs 

SeuZliaT  
axali ujredebis dainficireba.

rgoluri 
formis  
virusis 
dnm

baqteriofagi emagreba da 
Tavisi dnm Sehyavs maspinZel 
baqteriaSi.

virusis dnm maspinZel ujreds 
aiZulebs warmoqmnas axali virusis 
nawilebi da maTgan warmoiqmneba 

axali baqteriofagebi.

`baqteriuli  
qromosoma~

baqteriofagi

fagis dnm

1. aRwere tipuri virusis struqtura.
2. virusi ra niSnebiT hgavs cocxals da ra niSnebiT ar hgavs?
3. suraT 2.1.4.-is mixedviT aRwere virusis gamravlebis etapebi.
4. viruss ratom sWirdeba gamravlebisTvis maspinZlis ujredSi SeWra?
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5. aRwere baqteriofagis agebuleba.
6. suraT 2.1.6-is mixedviT aRwere baqteriofagis gamravlebis etapebi.
7. ratom iTvlebian virusebi parazitebad?
8. mecnierebi, virusebisgan gansxvavebiT, sakveb areze advilad qmnian baqteriebis kultu-

ras. ra pirobebi unda Seqmnas mecnierma virusebis laboratoriul pirobebSi gasamrav-
leblad?

9. virusis kapsidis cilebi Tu Seesabameba maspinZeli ujredis zedapiris receptorebs, 
mxolod amis Semdeg SeiZleba virusi SeiWras ujredSi. aRwere, bunebrivi gadarCevis 
moqmedebiT rogor SeiZleboda virusebSi warmoqmniliyo aseTi Segueba.

10. rogor fiqrob, romeli daavadebis samkurnalod SeiZleba fagebis gamoyeneba?

11. gaecani teqstis Sinaarss da upasuxe TandarTul kiTxvebs.

adamianebma virusebis moqmedebis Sedegebis 
Segroveba da aRwera aTasobiT wlis win ise 
daiwyes, rom warmodgenac ar hqondaT maT Sesa-
xeb. uZvelesi samedicino traqtatebi da matia-
neebi Seicavs infeqciuri daavadebebis (magali-
Tad, Cutyvavilas) simptomebis aRwerilobas, 
xolo botanikur naSromebSi aRiricxeba „kva-
li“, romelic virusulma infeqciebma datoves 
mcenareebze. magaliTad, es iyo virusuli daa-
vadeba, romelic titebs aZlevda Tvalwarmtac 
da araprognozirebad ferebs. aseTi Wreli 
titebi Zalian fasobda evropel meyvavileebSi  
me -16 saukunis 30-ian wlebSi. mecnierebs Soris 
es fenomeni pirvelad aRwera karl kliziusma _ 
botanikis profesorma da holandiuri bolqo-
vani mcenareebis industriis damfuZnebelma. im 
drois meyvavileebma daadgines, rom Tu Wrel 
titasTan axlos dargavdnen erTferovanyvavilebiani titebis bolqvebs, didi albaTobiT, 
miiRebdnen Wrelyvavilian titebs. mravali wlis Semdeg aRmoCnda, rom daavadebuli mcena-
ridan janmrTel mcenareze am virusis gadamtanebi arian mcenaris wveniT mkvebavi bugrebi, 
tkipebi da sxva mavne fexsaxsrianebi.   

1)  rogor fiqrob, ratom iwvevda es virusi titebis yvavilebis siWreles?
2)  ra gziT vrceldeboda es virusi titebSi?
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2.1.2. ბაქტერიები

gaecani teqstis Sinaarss da upasuxe TandarTul kiTxvebs

rodesac italielma fermwer-restavratorebma TiTqmis dakarges pizis saxelganTqmul 
koSkTan mdebare sasaflaoze arsebuli XIV-XV saukuneebis freskebis _ msoflioSi erT-er-
Ti udidesi koleqciis _ gadarCenis imedi, maT mxsnelad niadagis baqteria _ Pseudomonas 
stutzeri _ moevlina. restavratorebi uSedegod cdilobdnen freskebis gawmendas im webos 
SemadgenlobaSi arsebuli WuWyisgan, romelic meore msoflio omis Semdeg dazianebu-
li freskebis aRsadgenad gamoiyenes. tradiciuli qimiuri reaqtivebi kidev ufro metad 
azianebda mxatvrobis nimuSebs. mecnierebma icodnen, rom Pseudomonas stutzeri-s SeeZlo 
azotovani naerTebis, sinTezuri fisisa da tetraqloreTinelis daSla. amitom freskebze 
maT moaTavses am baqteriis laboratoriaSi kultivirebuli Stami. 6-12 saaTSi baqteriebma 
webos Semadgenlobis 80% daSales, darCenili nivTierebebi ki mxolod msubuqi Camorecx-
viT moaciles. 

Semdegi analogiuri proeqti, romelsac am mikroorganizmebiT axorcieleben, saberZ-
neTSi kirqvisa da marmarilos qandakebebze arsebuli Savi fufxis mocilebaa.

• teqstSi kvebis mixedviT rogori tipis baqteriebzea saubari?

• ra rols asrulebs kvebis aseTi tipis baqteriebi ekosistemaSi?

• ra ziani SeiZleba moutanos adamians kvebis mixedviT aseTi tipis baqteriebma?

• kvebis rogori tipebia damaxasiaTebeli baqteriebisTvis? 

• kvebis tipis mixedviT romeli baqteriebi ikaveben kvebiT jaWvSi producentebis do-
nes?

XIV-XV saukuneebis pizas freskebis gadarCena 

zogierTi organizmi mxolod erTi uj-
redisgan Sedgeba da es erTi ujredi asru-
lebs yvela sasicocxlo funqcias. yoveli 
organizmis struqturuli da funqciuri 
erTeuli prokariotuli an eukariotuli 
ujredia. prokariotebi dedamiwaze yve-
laze gavrcelebuli da mravalricxovani 

organizmebia. prokariotebidan Cven gan-
vixilavT baqteriebs. 
baqteriebis mravalferovneba da struq-
tura. baqteriebi yoveli biocenozis 
mniSvnelovani nawilia.  baqteriebi Cvens 
garSemo yvelganaa: niadagSi, wyalSi, haer-
Si, organizmebSi, sakveb produqtebSi.   
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1g niadagi SeiZleba baqteriis 10 000-
mde saxeobasa da 5 miliardamde individs 
Seicavdes. adamianebi aramarto proka-
riotebTan erTad erT saarsebo garemo-
Si vcxovrobT, aramed baqteriis bevri 
saxeobisTvis Cveni organizmi saarsebo 
garemoa. magaliTad, piris RruSi konkre-
tul momentSi 25-mde sxvadasxva saxeobis 
baqteria cxovrobs. 1ml nerwyvi SeiZle-
ba baqteriis 40 milion individs Seicav-
des. miuxedavad baqteriebis aseTi mrava-
li ricxvisa, baqteriebis mxolod 1%_ze 
naklebia laboratoriulad kultivire-
buli da Seswavlili.

arian baqteriebi romelTac mxolod 
Jangbadian garemoSi cxovreba SeuZliaT 
da maT aerobuli baqteriebi (obligatu-
ri aerobebi) ewodeba. baqteriebis nawili 

Jangbadian garemoSi iRupebian da mxo-
lod uJangbado garemoSi cxovroben. maT 
anaerobuli baqteriebi (obligaturi ana-
erobebi) ewodeba. isini cxovroben Waobeb-
Si, tbebis fskerze, adamianisa da zo-
gierTi cxovelis, magaliTad, mcoxneli 
ZuZumwovrebis (Zroxebi, cxvrebi, irmebi) 
saWmlis momnelebel arxSi. baqteriebis 
nawili dedamiwis eqstremalur pirobebSi 
cxovroben: eguebian polaruli yinulis 
safars, udabnos, mduRare wyaroebsa da 
okeanis Rrmulebis uCveulod maRal wne-
vas. baqteriuli ujredis gansxvavebuli 
forma arsebobs da ujredebis formis 
mixedviT baqteriebs sam ZiriTad jgufad 
ajgufeben (sur. 2.1.7): Cxiris formis _ 
bacilebi, spiralis formis _ spirili da 
sferos formis _ koki.

miuxedavad baqteriebis mravalfero-
vnebisa, struqtura msgavsi aqvT (sur. 
2.1.8). baqteriebs ar aqvT membranuli Se-
nebis ujredis struqturebi _ birTvi da 
organelebi. prokariotul ujredSi or-
ganelebidan gvxdeba aramembranuli Se-
nebis ribosomebi. maTi rgoluri formis 
dnm (baqteriuli „qromosoma“) moTavse-
bulia citoplazmaSi, zogierT baqterias 
aqvs plazmidac _ es genetikuri masalis 
mcire zomis fragmentia, romelsac baq-
teriuli qromosomisgan damoukideblad 
SeuZlia replikacia. baqteriebs aqvT 
mezosoma _ plazmuri membranis citopla-
zmaSi Cazneqvis Sedegad warmoqmnili mem-

branuli naoWebi (mezosomis membranebze 
aris fermentebi, romlebic monawileo-
ben aerobul sunTqvaSi, mafotosinTeze-
bel baqteriebis mezosomebSi CaSenebulia 
baq teriuli qlorofili). baqteriis bevr 
saxeobas ujredis kedlis garSemo aqvs 
webovani kapsula, romliTac advilad 
ewebeba sxvadasxva saxis zedapirs, maga-
liTad, foTlebs, xorcs, aseve, kapsula 
icavs toqsinebisa da sxva tipis damazia-
neblisgan, mag., paTogenur baqteriebs _ 
organizmis imunuri sistemisgan. umrav-
lesoba baqterias SeuZlia damoukideb-
lad moZraoba Soltebis an wamwamebis 
saSualebiT. 

sur. 2.1.7.

bacilebi

spirilebi

kokebi

1. ra gansxvaveba-msgavsebaa prokariotul da eukariotul ujredebs Soris?
2. romeli organizmebi miekuTvneba prokariotebs?
3. raSi gamoixateba baqteriebis mravalferovneba?
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wamwami

kapsula
ujredis kedeli

plazmuri membrana

dnm _ baqteriuli 
`qromosoma~

citoplazma

ribosoma

mezosoma
plazmida

Solti

miuxedavad imisa, rom baqteriebi usqe-
sod mravldebian, mainc xdeba maTSi gene-
tikuri masalis cvlileba _ genebis re-
kombinacia. genebis rekombinaciis wyaro 
prokariotebSi  memkvidruli informaciis 
gadacemis sxvadasxva gzaa, rogoricaa, 
transduqcia, koniugacia, transforma-
cia. magaliTad, koniugaciis dros (sur. 

2.1.10) ujredebis SeerTebis Sedegad do-
nori ujredidan recipienti ujredis-
ken warmoiqmneba Rruiani xidaki, romlis 
saSualebiT erTi baqteriis ujredidan 
meores gadaecema genetikuri masala. xSi-
rad, es genetikuri masala aris plazmida. 
Sedegad, recipienti ujredi iZens axal 
memkvidrul niSan-Tvisebebs. 

sur. 2.1.8.

gamravleba da genetikuri rekombina-
cia. baqteriebi mravldebian ujredis 
binaluri gayofiT (sur.2.1.9). maTi ge-
netikuri masala ormagdeba da ujredi 
izrdeba. rodesac ujredi, daaxloe-
biT, orjer gaizrdeba zomaSi, plazmuri 

membrana Caizniqeba ujredis SigniT da 
sawyisi ujredi or erTnairi zomis Svi-
leul ujreded iyofa. yoveli Svileu-
li ujredi mSobliuri ujredis genebis 
srul asls/identur genetikur informa-
cias Seicavs.

sur. 2.1.9.

dnm-is
replikacia

ujredi iwyebs 
gayofas

dediseuli 
ujredi 
iyofa

ori identuri 
ujredi
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mkacr pirobebTan adaptacia. baqte-
riebs araxelsayrel pirobebSi gadarCenis 
sxvadasxva strategia aqvs. maT axasiaTebT 
TiTqmis nebismier saarsebo garemosTan 
Zalian swrafi da warmatebuli adaptacia. 
araxelsayrel pirobebSi zogierTi baqte-
ria iviTarebs endosporebs _ sporebs uj-
redis SigniT. endosporebis formirebis 
procesSi baqteria akopirebs Tavis dnm_s 
da kopirebuli dnm-is garSemo warmoqm-
nis sqel kedels. es sqeli kedeli exma-
reba baqterias iseTi mkacri/araxelsay-
reli pirobebis gadatanaSi, rogoricaa 
simSrale, Zalian maRali an dabali tem-
peratura, mokletalRovani ultraiisfe-
ri gamosxiveba, sadezinfeqcio saSuale-
bebi. endosporebma SeiZleba saukuneebs 
gauZlos, magaliTad, bevri maTgani aR-
moaCines egviptur mumiebSi. Tu erTi uj-
redisgan warmoiqmneba sqeli garsiT da-
faruli mdgradi struqtura, mas cista 
ewodeba. magaliTad, cistas warmoqmnis 
azotbaqteriis zogierTi saxeoba.

kveba da sunTqva. baqteriebSi gvxvde-
ba kvebis yvela tipi (ix. cxr.1.2, gv. 36). 

saprofiti baqteriebi ikvebebian mkvdari 
organizmebisa da organuli narCenebiT. 
maT axasiaTebT organizmgare moneleba: 
isini organizmis gareT gamoyofen fer-
mentebs da Semdeg SeiTviseben monelebul 
martiv organul nivTierebebs. parazite-
bi cxovroben maspinZel organizmze an 
organizmSi da ikvebebian maTi mza orga-
nuli niv TierebebiT. aseT baqteriebs pa-
Togenebi ewodeba da iwveven sxvadasxva 
baqteriul daavadebas (ix. gv. 104). qemo-
sinTetikosi baqteriebi, magaliTad, rkina-
baqteriebi orvalentovan rkinas Jangaven 
samvalentovan rkinamde, gamoTavisufle-
buli energiis xarjze araorganulidan 
organul nivTierebebs asinTezireben. 
fotoavtotrof baqteriebs miekuTvneba 
cianobaqteriebi, mwvane da mewamuli go-
girdbaqteriebi. unda aRiniS nos, rom go-
girdbaqteriebSi fotosinTezis procesis 
gverdiTi produqti Jangbadi ar aris, 
radgan wyalbadisa da eleqtronebis wy-
arod iyenebs ara wyals, aramed gogird-
wyalbads.

sur. 2.1.10.

plazmida

xidaki

donori 
ujredi

donori ujredis 
plazmidas asli

recipienti 
ujredi

koniugaciis xidi
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prokariotebis sasargeblo roli bunebasa da adamianis saqmianobaSi

aerobul baqteriebSi mezosomebze mim-
dinareobs energetikuli cvlis Jangbadia-
ni etapi anu aerobuli sunTqva. zogierTi 

baqteriebisTvis ki mxolod anaerobuli 
sunTqvaa damaxasiaTebeli, magaliTad, 
rZemJva da ZmarmJava baqteriebSi. 

prokariotebi mniSvnelovan rols as-
ruleben ekosistemebSi. gavixsenoT sapro-
fituli baqteriebi, romlebic ekosis-
temis erT-erTi funqciuri rgolis _ 
reducentebis _ SemadgenlobaSi Sedis 
(ix. gv. 37); azotfiqsaciis (Tavisuflad 
mcxovrebi da koJris baqteriebi _ sur. 
2.1.11.), nitrifikaciisa da denitrifi-
kaciis baqteriebi, gogirdbaqteriebi, 
romlebic reducentebTan erTad umniSv-
nelovanes rols asruleben bioelement-
Ta biogeoqimiur ciklSi (ix. gv. 46-48). 
cianobaqteriebi fotosinTezis procesSi 
garemoSi gamoyofen Jangbads. avtotrofi 
baqteriebi (fotoavtotrofi da qemosin-
Tetikosi) ekosistemis  funqciuri rgo-
lis _ producentebis _ SemadgenlobaSi 
Sedis. cxovelebis saWmlis momnelebel 
arxSi, magaliTad, mcoxnelebis, cxovrobs 
baqteriebi, romelic maT exmareba ise-
Ti mcenareuli sakvebis monelebaSi, ro-
melsac cxovelebi damoukideblad ver 
moineleben. baqteriis zogierT saxeobas 
SeuZlia navTobisa da misi produqtebis 
daSla, rac Zalian mniSvnelovania navTo-

bis avariuli daRvrisa da sxva sawarmoo 
avariebis dros teritoriis navTobisgan 
gasawmendad.

baqteriebi mniSvnelovan rols asrule-
ben adamianis cxovrebaSi. adamianebi Cveu-
lebriv fiqroben, rom baqteriebi sakvebSi 
sazianoa janmrTelobisTvis. es garkveul-
wilad marTalia, radgan baqteriebiT ga-
mowveuli kvebiTi mowamvla seriozuli 
problemaa. miuxedavad amisa, zogierTi 
baqteria usafrTxoa sakvebi produqte-

koJri parkosnis 
fesvze

sur. 2.1.11.

mecnierebi warmatebiT iyeneben baqteriebis struqturuli agebulebisa da genetikuri 
rekombinaciis unars genur inJineriaSi: genur inJineriaSi iyeneben rekombinantuli dnm-is 
misaRebad da, rogorc veqtors, organizmSi ucxo genis Sesayvanad. genuri inJineriiT gamo h-
yavT baqteriebis Stamebi, romlebic awarmoeben biologiurad aqtiur nivTierebebs: fermen-
tebs, hormonebs, vitaminebs.

mecnierebma bevri xerxi ipoves imisTvis, rom baqteriebi gamoiyenon mrewvelobisa da gare-
mos sasargeblod. erT-erTi mniSvnelovani magaliTia baqteriebis gamoyeneba bioremedia-
ciaSi, procesSi, romlis drosac iSleba baqteriebisa da sxva reducentebis monawileobiT 
garemos damabinZurebeli nivTierebebi. baqteriebs SeuZliaT im produqtebis moneleba, ro-
melic SeiZleba adamianma Seqmnas, maT Soris, toqsikuri nivTierebebisac. erT-erTi masala, 
romlis daSla baqteriebs ar SeuZliaT, aris plastmasis zogierTi saxeoba. 

CO2 + 2H2S                     (CH2O) + H2O 
+ 2S

sinaTle

(naxSirwyali)
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sur. 2.1.12.

baqteriebis kvleva mawonSi/iogurtSi

baqteriebis zogierT saxeobas SeuZlia rZis fermentacia, romlis drosac rZemJava war-

moiqmneba. mawoni/iogurti aris rZemJavaduRilis produqti. misi Senaxva ufro didxans 

SeiZleba, vidre rZis da, aseve, rZeze advili SesaTvisebelia. 

sakvlevi kiTxva: ra formis baqteriebis aRmoCena SeiZleba mawonSi/iogurtSi?

saWiro masala: kbilis sawmendi Cxiri, cocxali baqteriebis Semcveli mawoni/iogurti, 

sasagne da safari minebi, wyali, mikroskopi.

dakvirveba

bisTvis da ufro metic, zogierTi maT-
gani ganapirobebs sakvebi produqtis war-
moebas, adamianisTvis mosawon mis gemosa 
da teqsturas. Sveicaruli yveli, mawoni, 
iogurTi, araJani da karaqi _ es mxolod 
ramdenime produqtia, romlebic iwarmoe-
ba baqteriebSi mimdinare fermentaciis 
procesebis Sedegad. baqteriebi aRmoCeni-
lia adamianis nawlavebSi (sur. 2.1.12), ro-
melic sasargebloa janmrTelobisTvis. 
isini asinTezireben zogierT aminomJavas, 

B jgufisa da K vitaminebs, monawileoben 
celulozis daSlaSi, icavs organizms 
mavne mikrobebisgan (isini nawlavebSi av-
seben sivrces, romelic SeiZleba daeka-
vebinaT daavadebis gamomwvev baqteriebs). 
amitom adamianis janmrTelobisTvis Za-
lian mniSvnelovania organizmSi dabalan-
sebuli baqteriebis biocenozis arseboba. 
zogierTi baqteria ki parazitia da iwvevs 
infeqciur daavadebebs adamiansa da sxva 
organizmebSi.
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procedura:

1. kbilis sawmendi CxiriT mawvnis/iogurtis wveTi gadaitane sasagne minaze;

2. sasagne minaze daawveTe wyali da Seurie mawons/iogurts da frTxilad daafare sa-

fari mina;

3. mikropreparati ganixile mikroskopiT jer mcire da Semdeg did gadidebaze;

4. Caiwere dakvirvebis Sedegi, gaakeTe naxati imis Sesaxeb, rasac mikroskopiT dainaxav.

analizi da daskvna:

1. gansazRvre _ baqteriebis rogori forma/formebi _ bacilebi, kokebi, spirilebi _ 

dainaxe Sen mier momzadebul mikropreparatSi? 

2. analizi _ zogierT adamianSi ar warmoiqmneba fermenti _ laqtaza, romelic rZis 

Saqars Slis. Sedegad, aseT adamianebs eqmneba rZis produqtebis monelebis proble-

ma. ratom eqnebaT adamianebs naklebi problema am mimarTulebiT mawonis/iogurtis 

moxmarebis SemTxvevaSi?   

4. ra msgavseba-gansxvavebaa prokariotebis binalur gayofasa da mitozs Soris?
5. raSi iyeneben mecnierebi baqteriebis unars _ erTi baqteriidan meoreSi genetikuri in-

formaciis gadacemis unars?
6. baqteriebi mravldebian ujredis binaluri gayofiT, romlis Sedegad miiReba geneti-

kurad identuri Svileuli ujredebi. ratomaa mutaciebi da koniugacia mniSvnelovani 
prokariotebSi bunebrivi gadarCevis moqmedebisTvis?

7. raSi gvexmareba Cvens organizmSi mcxovrebi baqteriebi?
8. simbiozuri urTierTqmedebis romeli formis magaliTia adamiansa da  saWmlis momnele-

bel arxSi mcxovreb baqteriebs Soris? 
9. bioturi urTierTqmedebis rogori formaa saWmlis momnelebel arxSi mcxovreb simbio-

tur baqteriebsa da daavadebis gamomwvev baqteriebs Soris?
10. romelime toqsikuri nivTierebis gamofrqvevis SemTxvevaSi adamianebi dabinZurebul 

teritorias ratom asxureben baqteriebs?
11. axseni, baqteriebi rogor uzrunvelyofen adamians sakvebi produqtebiT.
12. aRwere ori saSualeba, romliTac baqteriebi monawileoben elementebis biogeoqimiur 

ciklSi.
13. moigone magaliTi, romelic asaxavs, Tu bioremediaciam rogor gaaumjobesa garemo an 

SesaZlebelia gaaumjobesos igi.
14. baqteriebi Zroxebis nawlavSi ufro met meTans gamoyofen maSin, rodesac Zroxis kvebis 

racionSi balaxs Warbobs marcvleuli. zogierTi mecnieri varaudobs, rom globalur 
daTbobas xeli Seuwyo Zroxebis zedmetad gamokvebam marcvleuliT. rogor mividnen 
mecnierebi am daskvnamde da rogor SeiZleba misi Semowmeba?
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2.1.3. პროტისტები

suraTze warmodgenilia erT-
ujrediani organizmi _ pelomiqsa 
palustrisi (Pelomixsa palustris). 
igi erTujrediani organizmisTvis 
gigantur zomas aRwevs (5 mm-mde  
diametris) da SeuiaraRebeli 
TvaliTac SeiZleba misi danaxva. 
pelomiqsa palustrisi mtknari 
wyalsatevis organuli narCene-
biT mdidar fskerze cxovrobs. 
misi sakvebia SedarebiT mcire zo-
mis erTujrediani organizmebi da 
organuli narCenebi. ujredi ar 
aris dafaruli ujredis kedliT, 
ujreds aqvs sferosebri forma 
da erTi crufexi. amitom, ZiriTadad, erTi mimarTulebiT gadaadgildeba. pelomiqsas aqvs 
mravali birTvi, aseve, uamravi vakuoli _ saWmlis momnelebeli da mfeTqavi vakuolebi. 
radgan es erTujrediani cxovrobs wyalsatevis fskerze, sadac Jangbadis koncentracia 
imdenad mcirea, rom igi praqtikulad uJangbado garemoSi cxovrobs, mas ar aqvs mito-
qondriebi. mecnierebi fiqroben, rom mis winapars hqonda ujredSi mitoqondriebi, magram 
evoluciis procesSi dakarges igi.

• romel samefos miakuTvneb zemoT aRweril erTujredians? axseni, ratom?
• agebulebis ra Tavisebureba metyvelebs imaze, rom pelomiqsa baqteriebs ar miekuTv-

neba?
• ra exmareba mas gadaadgilebaSi?
• kvebis tipis mixedviT rogori organizmia?
• saWmlis monelebis rogori formaa misTvis damaxasiaTebeli - ujredSida Tu ujred-

gare? romeli organela exmareba sakvebis monelebaSi?
• ratom aqvs didi raodenobiT mfeTqavi vakuoli? 
• ratom ar aqvs mitoqondriebi?
• mitoqondriis dakargvas evoluciis procesis romel mimarTulebas daukavSireb? ra-

tom? 

protistebis mravalferovneba

protistebi arian eukariotebi, romle-
bic arc cxovelebia, arc mcenareebi da 
sokoebi. miuxedavad imisa, rom zogierTi 
maTganisTvis damaxasiTebelia mcenaree-
bis, cxovelebis an sokoebisTvis dama-
xasiaTebeli niSnebi, maT ar aqvT rigi ni-
San_Tvisebebisa, romlis mixedviTac maT 
miakuTvnebdnen nebismier zemoT naxseneb 
samefos. protistebi arian erTujredia-
nebi, kolonialuri formebi an mravalu-
jredianebi. erTujrediani protistebi 
yvelaze martivi eukariotebia, magram 

mravali maTganis ujredis agebuleba Za-
lian rTulia. es gamowveulia imiT, rom 
am erTma ujredma unda Seasrulos or-
ganizmisTvis damaxasiaTebeli yvela Ziri-
Tadi funqcia, romelsac mravalujredi-
an organizmSi specializebuli ujredebi 
asruleben. 

maT aqvT eukariotuli ujredisTvis 
damaxasiaTebeli ujredis struqturebi, 
moZraobisa da garemos cvlilebaze  rea-
girebis gansxvavebuli saSualebebi, axasia-
TebT sxvadasxva kvebis tipi, zogierTi 

cru fexi

giganturi pelomiqsa

teqstsa da suraTze mocemuli informaciis mixedviT upasuxe TandarTul kiTxvebs:
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mravldeba mxolod usqesod, zogierTi ki 
rogorc usqesod, ise sqesobrivad. ami-
tom protistebis klasifikacia rTulia. 
am kuTxiT didi roli Seasrula geneti-
kurma kvlevebma, romelmac aCvena, rom 
zogierTi protisti genetikurad ufro 
axlos dgas mcenareebTan, zogierTi cxo-
velebTan da zogic sokoebTan, vidre 
protistebis sxva jgufebTan. mecniere-
bis nawili protistebs kvebis mixedviT 
sam jgufad yofen: fotosinTezis unaris 

mqone protistebi _ wyal mcenareebi; he-
terotrofi protistebi, romlebic gare-
modan sakvebs STanTqaven da organizmis 
SigniT/ujredSi moineleben _ protozoe-
bi; heterotrofuli protistebi, romle-
bic organizmis gareT gamoyofen saWmlis 
momnelebel fermentebs da monelebul 
sakveb nivTierebebs STanTqaven _ sokoe-
bis msgavsi protistebi. Cven protistebi-
dan ganvixilavT wyalmcenareebsa da pro-
tozoebs (umartivesebs).  

2.1.3.1. წყალმცენარეები

eukarioti mikroorganizmebis nawili 
fotoavtotrofia, radgan maT aqvT qlo-
roplastebi. fotoavtotrofi protiste-
bia erTujrediani da mravalujrediani 
mwvane, mura da wiTeli wyalmcenareebi. 

wyalmcenareebis ujredis agebuleba 
ganvixiloT erTujrediani mwvane wyal-
mcenare qlamidomonadas magaliTze (sur. 
2.1.13). igi cxovrobs mtknar wyalSi. moZ-
raobs SoltebiT, aqvs erTi qloroplas-
ti da mas qromatoforsac uwodeben. 
wyalmcenareebi mravldebian rogorc us-
qesod, ise sqesobrivad. wyalmcenaris sa-
sicocxlo cikli suraT 2.1.14_ze ganxi-
lulia qlamidomonadas magaliTze. sur. 2.1.13.

mfeTqavi 
vakuoli

Tvalaki

qloroplasti/ 
qromatofori

ujredis 
kedeli

endopla-
zmuri bade

goljis 
aparati

Solti

mitoqondria
plazmuri 
membrana

saxameblis granula

birTvi

qlamidomonada

sur. 2.1.14.

qlamidomonadas sasicocxlo cikli

sqesobrivi gamravleba

zrdasruli  organizmi (n)

usqeso gamravleba
dediseuli ujredi kargavs 
Soltebs, zedized 2-jer iyofa 
mitozurad da warmoiqmneba 4 
uSolto ujredi.

TiToeuli ujredi iviTarebs garss, 
Soltebs, Tvalaks da yalibdeba 
zoosporebad (n).dediseuli ujredi kargavs Soltebs da 

zedized ramdenjerme iyofa mitozurad, 
warmoiqmneba bevri patara ujredi.

zigota gadaikravs 
garss da eSveba 
wyalsatevis fskerze. 
mosvenebis periodis 
dasrulebis Semdeg 
iyofa meiozurad.

zoosporebi (n)zigota (2n)

gametebis 
Srwyma

gametebi (n)

mitozi

mitozi

meiozi
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mwvane wyalmcenareebs mecnierebi did-
xans miakuTvnebdnen mcenareTa samefos, 
radgan maT Soris aris msgavseba. orives 
ujredebs aqvT msgavsi agebuleba: ujre-
dis kedeli celulozisgan Sedgeba, aqvT 
erTnairi tipis qlorofili, erTnairi 
agebulebis qloroplastebi da axasia-
TebT fotosinTezi, maT ujredebSi sama-
ragod saxamebeli grovdeba, rnm-is Tan-
mimdevrobebis Sedareba mcenareebsa da 
mwvane wyalmcenareebs Soris miuTiTebs 
imaze, rom mwvane wyalmcenareebi ufro 
mWidrod arian dakavSirebuli mcenareeb-
Tan, vidre sxva wyalmcenareebi. am msgav-
sebis gamo mecnierebi varaudoben, rom 
mwvane wyalmcenareebi iyvnen mcenareebis 
adreuli winaprebi. magram wyalmcenaree-

bi arian erTujredianebic, mcenareebi ki 
mxolod mravalujredianebi; mravaluj-
redian wyalmcenareebs ar aqvT diferen-
cirebuli qsovilebi (mag., gam tari qsovi-
li) da organoebi, zogierTi wyalmcenare 
aqtiurad gadaadgildeba garemoSi, didi 
umravlesoba cxovrobs wyalSi, xmeleTze 
ki mxolod tenian garemoSi.

erTujrediani protistia mwvane evg-
lena, romelsac axasiaTebs rogorc cxo-
veluri, ise mcenareuli ujredisTvis 
damaxasiaTebeli niSnebi (sur. 2.1.15): 
misi ujredi ar aris dafaruli ujredis 
kedliT, aqvs mfeTqavi vakuoli, qlo-
roplastebi, wiTeli Tvalaki da foto-
receptori, rom liTac sinaTlis inten-
sivobas SeigrZnobs. igi cxovrobs mtknar  

wyalSi da gadaadgil-
deba erTi SoltiT. mas 
axasiaTebs miqsotro-
fuli kveba: sinaTleze 
awar moebs fotosin-
Tezs, xolo sibneleSi 
garemodan mza organul 
nivTierebebs STanTqa-
vs. 

erTujrediani wyal -
mcenareebi Sedian fi-
toplanqtonis Semad-
genlobaSi da did rols 
asruleben kvebiT jaWv-
Si, rogorc producen-

tebi.
mecnierebis varaudiT, mravalu-

jrediani wyalmcenareebi warmoiS-
vnen volvoqsis msgavsi (sur. 2.1.16) 
uZvelesi koloniuri formis wyal-
mcenareebisgan. igi warmoadgens aso-
biT calkeuli erTujrediani wyal-
mcenareebisgan warmoqmnil sfe  ros 
formis kolonias. mSobliuri ko-
loniis SigniT warmoiqmneba mcire 
zomis Svileuli koloniebi. vol-
voqsis calkeul ujreds SeuZlia 
damoukideblad arseboba da axali 
koloniis warmoqmna.

qloroplasti

endoplazmuri bade

plazmuri 
membrana

goljis 
aparati

mfeTqavi vakuoli

wiTeli Tvalaki

fotoreceptori

Solti
birTvi

birTvaki

mitoqondria

sur. 2.1.15.

Svileuli 
koloniebi

mSobliuri 
kolonia

sur. 2.1.16.
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mravalujrediani mwvane wyalmcenaree-
bi cxovroben mtknar wylebSi, zRvebsa da 
okeaneebSi (sur. 2.1.17). mravalujredian 
wyalmcenareebs miekuTvneba mura wyal-
mcenareebi. zogierTi maTgani giganturi 
zomisaa da warmoqmnian wyalqveSa „tyeebs“, 
romelic bevri zRvis organizmis sacxov-
rebeli garemoa. wiTeli wyalmcenareebis 
didi nawili okeaneebSi cxovroben, Tum-
ca zogierTi saxeoba mtknar wylebSicaa 
gavrcelebuli. rogorc mura, ise wiTeli 
wyalmcenareebi fotoavtotrofebi arian, 

Tumca maTi qlorofili mwvane wyalmcena-
reebisa da mcenareebis qlorofilisgan 
gansxvavebulia. wiTel wyalmcenareebs 
fers aZlevs wiTeli pigmenti (fikoeriT-
rini). wiTeli wyalmcenareebi, sxva wyal-
mcenareebTan SedarebiT, did siRrmeebze 
cxovroben, amaSi maT exma reba wiTeli 
pigmentebi, romlebic mzis xiluli sxive-
bis speqtris lurj sxivebs STanTqaven da 
didi siRrmeebis dabal ganaTebazec awar-
moeben fotosinTezs.

sur. 2.1.17.

mravalujrediani wyalmcenareebi

mwvane wyalmcenareebi mura wyalmcenareebi wiTeli wyalmcenareebi

1. ra aris yvela protistisaTvis damaxasiaTebeli, ris gamoc, maTi mravalferovnebis 
miuxedavad, erT samefoSi aerTianeben?

2. ratomaa rTuli protistebis klasifikacia? 
3. ra gansxvavebaa baqteriebsa da protistebs Soris?
4. Seadare erTmaneTs mwvane wyalmcenareebi da mcenareebi qvemoT mocemuli cxrilis mixe-

dviT:

damaxasiaTebeli niSnebi mwvane wyalmcenareebi mcenareebi

samefo

ujredebis raodenoba

saarsebo garemo 

struqtura

gamravleba 

gadaadgileba sivrceSi

fotosinTezSi monawile pigmentebi

kvebis tipi 

gamtari sistema
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eqsperimenti 1.

moswavleebma Caatares eqsperimenti imis dasadgenad, Tu marjnis polipebis larvebi  

cocxal wiTel wyalmcenareebze dasaxldebodnen, Tu mkvdar wiTel wyalmcenareebze. maT 

erT akvariumSi 28oC-ze moaTavses wiTeli cocxali da mkvdari wyalmcenareebi, xolo meore 

akvariumSi  26oC-ze kontrolis mizniT moaTavses wyalmcenaris teqsturis msgavsi salaTis 

fragmentebi. 24 saaTis Semdeg daiTvales TiToeul (cocxal da mkvdar) wyalmcenareze 

dasaxlebuli larvebis raodenoba.  

• rogor fiqrob, ra Secdomebi dauSves moswavleebma eqsperimentis dagegmvisas? 

• dagegme eqsperimenti ise, rom gamokveTo sakvlevi kiTxva, cvladebi (damokidebuli, 

damoukidebeli da sakontrolo), eqsperimentis etapebi.

eqsperimenti 2.

moswavleebma Caatares eqsperimenti imis gasarkvevad, Tu qimiuri nivTiereba, romel-

sac gamoyofs mura wyalmcenareebi, ramdenad uSlis xels marjnis polipebis larvebs am 

wyalmcenareebze dasaxlebasa da ganviTarebaSi. maT aiRes erTnairi moculobis sami akvar-

iumi, romlebSic wylis temperatura da wyalmcenareebis saxeoba iyo erTnairi. TiToeul 

akvariumSi daamates wyalmcenaris mier gamoyofili qimiuri nivTiereba gansxvavebuli kon-

centraciiT (dabali, saSualo da maRali). TiToeul akvariumSi moaTavses sxvadasxva saxe-

obisa da raodenobis larvebi. sami dRis Semdeg gansazRvres TiToeuli koncentraciisTvis 

wyalmcenareebze dasaxlebuli larvebis raodenoba, romelic warmodgenilia qvemoT moce-

mul monacemTa cxrilSi.   

cxrili 1.1.      mura wyalmcenaris mier gamoyofili qimiuri nivTierebis gavlena larvebis dasaxlebaze

qimiuri nivTierebis koncentracia dabali saSualo maRali

wyalmcenareze dasaxlebuli 
larvebis raodenoba

85% 40% 1%

• ra nakls xedav eqsperimentis dagegmvaSi? 

• ra Sesworebas Seitan eqsperimentis gegmaSi, rom ufro damajerebeli iyos eqsper-

imntis Sedegebi?

• moswavleebma daaskvnes, rom yvela SemTxvevaSi qimiuri nivTiereba gavlenas axdenda 

larvebis wyalmcenareebze dasaxlebaSi. axseni, Segrovebul monacemebze dayrdnobiT 

gamotanili daskvna ramdenad zustia. 

ipove Secdomebi dagegmil eqsperimntSi

5. suraTis mixedviT (2.1.14.) aRwere qlamidomonadas sasicocxlo cikli.
6. bevri wyalmcenare sqesobrivad mravldeba mkacri pirobebis dadgomisas. riT SeiZleba 

iyos es sasargeblo saxeobisTvis?
7. rTulia mwvane evglenas klasifikacia. axseni, ratom?
8. ra msgavseba-gansxvavebaa mwvane, mura da wiTel wyalmcenareebs Soris?
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2.1.3.2. პროტოზოები

protozoebi/umartivesebi arian erT-
ujrediani heterotrofi organizmebi, 
maTi ujredis agebuleba msgavsia cxo-
veluri ujredis agebulebis, SeuZliaT 
garemoSi aqtiurad gadaadgileba. ami-
tom maT didxans ganixilavdnen, rogorc 
erT ujredian cxovelebs, Tumca mravali 
sxva niSniT gansxvavdebian cxovelebis-
gan, magaliTad, sxeulis organizaciiT 
_ isini erTujredianebi arian, cxovele-
bi ki (rogori martivic ar unda iyos) _ 
mravalujrediani.

umartivesebis erT-erT klass war-
moadgens fesvfexianebi. maTgan kargadaa 
Seswav lili amebebi. amebebi Tavisuflad 

cxovroben mtknar, mlaSe wylebsa da te-
nian niadagSi, zogierTi warmomadgeneli 
ki parazitul cxovrebas eweva (ix. gv. 107). 

Cveulebrivi ameba mtknar wyalSi Ta-
visuflad mcxovrebi mikroskopuli or-
ganizmia. misi citoplazma wvrilmarc-
vlovania, romelSic SeimCneva saWmlis 
momnelebeli vakuolebi sakvebis nawi-
lakebiT, mfeTqavi vakuoli, cximis wve-
Tebi; misi sxeulis forma ganuwyvetliv 
icvleba, radgan sxvadasxva adgilas 
warmoiqmneba citoplazmuri gamonazar-
debi _ cru fexebi. ameba cru fexebiT 
gadaadgildeba da moipovebs sakvebs 
(sur.2.1.18). 

sur. 2.1.18.

cru fexebi

amebis sakvebi 
(wyalmcenare)

citoplazma
birTvi

mTqvefavi 
vakuoli

saWmlis momnelebeli 
vakuoli

ameba cru 
fexebiT 
Semoexveva 
sakvebs.

sakvebs fagocitoziT 
moiqcevs citoplazmaSi 
da warmoiqmneba 
fagocitozuri buStuki.

fagocitozur buStuks 
Seerwymeba lizosoma da 
warmoiqmneba saWmlis 
momnelebeli valuoli.

1 2 3

amebas sakvebi aris mravalferova-
ni: baq teriebi, wyalmcenareebi, organu-
li nar Cenebi. maTi sxeulis sxvadasxva 
adgi las warmoiqmneba mfeTqavi vakuoli, 
romlis saSualebiT garemoSi gamoiyofa  
cvlis produqtebi da Warbi wyali. aqe-
dan gamomdinare, mfeTqavi vakuoli did 
rols asrulebs organizmis osmoregula-
ciaSi. amebas ar aqvs specializebuli sen-
soruli organelebi, magram igi reagirebs 

sxvadasxva gamRizianebelze. magaliTad, 
Zalian Zlieri gamRizianeblis sapasuxod 
ameba wyvets crufexebis warmoqmnas da 
garkveuli droiT inarCunebs umoZraobas, 
araxelsayrel pirobebSi warmoqmnis cis-
tas. mravldebian mxolod usqesod ujre-
dis mitozuri gayofiT.

protozoebis/umartivesebis kidev er-
Ti klasia wamwamianebi. wamwamianebidan 
karga daa Seswavlili infuzoria-qalamana,

1. ra gansxvavebaa wyalmcenareebsa da protozoebs/umartivesebs Soris?
2. pelomiqsas protistebis romel tips da am tipis romel klass miakuTvneb? axseni Seni 

pasuxi. 
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romelic mtknar wyalSi cxovrobs. igi 
0,1_03 mm sigrZisaa da misi sxeulis for-
ma ucvlelia, radgan mtkice garsiTaa da-
faruli. qalamanas ujredi ufro rTuli 
agebulebisaa (sur. 2.1.19), vidre amebis. 
qalamanas sxeuli dafarulia wamwamebiT, 
romliTac gadaadgildeba igi wyalSi. 
sakvebs moipovebs wamwamebiT SeiaraRe-
buli „piriT“ da gadaadgildeba sakvebi 
„saylapav milSi“, romlis bolozec war-
moiqmneba saWmlis momnelebeli vakuo-
li. aqvs ori tipis birTvi _ makro da 
mikronukleusi. makronukleusi akont-
rolebs ujre zdis struqturasa da fun-
qcionirebas, xolo mikronukleusi mo-
nawileobs koniugaciis procesSi (sur. 
2.1.20). infuzoriebSi koniugacia xels 
uwyobs genetikur rekombi nacias da ar 
xdeba am dros individebis ricxvis gazr-
da, Tumca mas zogierTi mec nieri sqesob-

rivi gamravlebis Tavisebur formad  
Tvlis. gaRizianebis sapasuxod gamoisv-
ris triqocistebs, romlebic wvril wa-
maxvilboloian Zafebs warmoadgens. tri-
qocistebi exma reba msxverplis daWeraSi. 

heterotrofi umartivesebi did rols 
asruleben ekosistemaSi: Sedian planq-
tonis SemadgenlobaSi, mona wileoben 
or ganuli narCenebis daSlaSi da sxv.

sur. 2.1.19.

infuzoria _ qalamanas struqtura

wamwamebi citostoma 
_ piri

saylapavi

mfeTqavi vakuoli

triqo-
cistebi

makronukleusi
mikronukleusi

citoplazma

sacleli

saWmlis momnele-
beli vakuoli

saWmlis momnelebeli 
vakuolebi

3. raSi gamoixateba qalamana-infuzorias ufro rTuli agebuleba amebasTan SedarebiT?
4. suraTis mixedviT aRwere, rogor uwyobs xels koniugacia qalamanaSi genetikur rekom-

binacias. koniugacias Tvli qalamanas sqesobrivi gamravlebis saSualebad? ratom?

meiozi
mitozi

haploiduri 
mikronukleusi 
(n)

diploiduri 
mikronukleusi 
(2n)

diploiduri 
mikronukleusi (2n)

birTvebis 
Serwyma

axali makronukleusi

mikronukleusi

makronukleusi

TiToeuli maTgani 
usqesod mravldeba.

makronukleusi iSleba, 
xolo mikronukleusi 
meiozurad iyofa.

oTxi haploiduri 
birTvidan sami 
iSleba.

xidakiT 
mikronukleusebis 
gacvla.

8

1

1

2

2

haploiduri birTvi  
mitozurad iyofa 
da yalobdeba erT 
stacionalur da meore 
migrirebad birTvad.

3

3

4

4

5

6

7

rTuli gardaqmnebis 
Sedegad yalibdeba mikro  
da makronukleusebi.

6 7

8

sur. 2.1.20.
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2.1.4. დაავადების გამომწვევი მიკროორგანიზმები

gaecaniT teqstsa da videoSi (https://www.youtube.com/watch?v=9H9hNpfuTrY&t=4s) moce-
mul informacias da upasuxe TandarTul kiTxvebs! 

virusuli infeqcia yvavili erT-erTi yvelaze gamanadgurebeli daavadeba iyo kacobrio-
bis istoriaSi _ man milionobiT adamianis sicocxle Seiwira. ukiduresad gadamdebma am 
daavadebam mxolod meoce saukuneSi 300 mln adamiani imsxverpla. XVIII saukunis inglisSi 
yvavils „winwklebian urCxuls“eZaxdnen, radgan is adamianis sxeulze mtkivneul Cirq-
grovebs warmoqmnida. gadarCenili adamianebi xSirad sicocxlis bolomde usinaTloebad 
rCebodnen da sxeulze mravlobiTi naiarevi aReniSnebodaT. 1967 wels janmrTelobis 
msoflio organizaciam daiwyo yvavilis sawinaaRmdego masobrivi vaqcinacia da amave orga-
nizaciam 1979 wels es infeqciuri daavadeba srulad aRmofxvrilad gamoacxada.  

yvavilis sawinaaRmdego Tanamedrove vaqcinaciis istoria iwyeba 1796 wels, rodesac 
ingliselma eqimma eduard jenerma cnobili eqsperimenti Caatara. mas wlebis ganmavlobaSi 
esmoda istoriebi Zroxis mwvelavi qalebis Sesaxeb: romelTac ukve gadatanili hqondaT 
Zroxis yvavili, isini adamianis yvaviliT aRar avaddebodnen. jenerma ivarauda, rom Zro-
xis yvavili hgavda adamianis yvavils, magram adamianSi msubuqi simptomebiT vlindeboda. 
1796 wels jenerma Zroxis yvaviliT daavadebuli qalis Cirqovani buStukidan aRebuli 
siTxe Tavisi mebaRis Svils 8 wlis jeims fipss specialurad gakawrul kanSi Seazila. masSi 
msubuq formebSi gamovlinda daavadeba. ori Tvis Semdeg jenerma Seuyvana biWs adamianis 
yvavilis virusi, magram mas daavadeba ar ganuviTarda. jenerma daaskvna, rom eqsperimenti 
warmatebuli iyo da axal proceduras vaqcinacia uwoda (laTinuri sityvis wordvacca-dan, 
romelic Zroxas niSnavs). jenerma ori wlis Semdeg gamoaqveyna naSromi „yvavilis acris 
istoria didi britaneTis medicinis istoriaSi“. mecnierTa sazogadoeba jeneris meTods 
undoblobiT uyurebda. yovelgvari eWvi maSin gaifanta, rodesac britaneTis armiisa da 
flotis samxedro mosamsaxureebs acris Semdeg janmrTelobis problemebi ar SeqmniaT da 
isini arc yvaviliT daavadnen.

jeneri zemoT aRniSnul naSromSi miuTiTebs meTodis ucxour warmoSobaze da aRniSnavs 
kavkasiis xalxebSi, kerZod, qarTvelebSi yvavilis acris meTodis gavrcelebis Sesaxeb. wya-
rod asaxelebs emanuil Timonis wigns, romelic 1713 wels gamoica. oqsfordis medicinisa 
da filosofiis doqtorma, inglisis samefo sazogadoebis wevrma, emanuil Timonma yvavilis 
sawinaaRmdegod mimarTa saqarTveloSi gavrcelebuli acris meTods. Timonis aRwerilo-
biT, qarTvelebi masalas iRebdnen gazafxulze an zamTris piras msubuqad daavadebuli 
adamianisgan. aRebul siTxes inaxavdnen sufTa WurWelSi, Tbil adgilas. adamians mklavze

yvavilis sawinaaRmdego vaqcinaciis istoria
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an nebismier sxva adgilas kawravdnen kans da awveTebdnen aRniSnul siTxes. adamians acri-
dan erT kviraSi ewyeboda daavadebis sruli suraTi, oRond, Zalze ioli formiT.  1715 w. 
eqimma iakob pilorinim berZnulad dabeWda wigni, sadac avtori, aseve, saqarTvelos ukav-
Sirebs aRniSnul meTods. orive wigni londonSi gamoica. iohan anton guldenStedtma XVIII 
saukuneSi imogzaura saqarTveloSi. 1772 wels aRwers yvavilis acris process da imas, rom 
acras didgvarovnebsac ukeTebdnen. erekle meorem Tavisi mesame vaJi iulonis acris ufleba 
misca. amasTan, qarTul istoriografiaSic arsebobs monacemebi didgvarovanTa acris Sesa-
xeb. sayuradReboa „Московские Ведомости“-s publikacia, romelic jeneris aRmoCenamde 3 
wliT adre, 1793 wels auwyebs mkiTxvels, rom saqarTvelosa da CerqezeTSi gavrcelebuli 
yofila „yvavilis acra, aqedan gavrcelda inglisSi, Semdeg germaniaSi, safrangeTSi, italiasa da 
sxvagan“. 1823 wels bronevski Tavis SromaSi: „uaxlesi geografiuli da istoriuli cnobebi 
kavkasiis Sesaxeb“ werda, rom saqarTveloSi yvavilis acras uZvelesi droidan misdevdnen. 
magaliTad, xevsureTSi cxovrobda cnobili mkurnali, romelic asacrel masalas Zroxebisa 
da cxvrebidan iRebda. msgavsi faqtebi aRnusxulia svaneTsa da saqarTvelos sxva mTian re-
gionSi.

• aRwere jeneris eqsperimentis Sinaarsi. bioeTikis ra problemas xedavT mis eqsperi-
mentSi?

• jeneris eqsperimenti da misi daskvna ra iyo _ aRmoCena, Tu msoflios uZveles xalxebSi 
arsebuli gamocdilebis mecnieruli gaazreba?

• ra faqtebia moyvanili teqstSi, rac miuTiTebs imaze, rom saqarTveloSi jeneramde 
iyenebdnen yvavilis acras?

• rogor fiqrob, ras Seicavda yvaviliT daavadebuli Cirqovani buStukidan aRebuli 
siTxe?

• gamoiyene Seni codna sisxlis damcvelobiTi funqciis Sesaxeb da axseni, ratom aRar 
avaddeboda acrili adamiani yvaviliT an Tu avaddeboda, iol formebSi?

2.1.4.1. ინფექციური დაავადებები

zogierTi mikroorganizmi daavadebas 
iwvevs. daavadebis gamomwvev organizmebs 
paTogenebs uwodeben. daavadeba SeiZleba 
iyos infeqciuri. infeqciuria daavadeba, 
romelic adamianidan adamians (an nebismie-
ri erTi organizmidan meores) gadaecema. 

infeqciuri daavadebas iwvevs mikroorga-
nizmebi _ virusebi, baqteriebi, sokoebi. 
zogierTi mikroorganizmiT gamowveuli 
daavadebis magaliTi mocemulia cxrilSi 
(cxr. 2.1.1.).

cxrili 2.1.1.                              mTel msoflioSi gavrcelebuli infeqciuri daavadebebi

daavadeba paTogenis tipi gavrcelebis gza
organoTa sistema,  
romelsac azianebs

aiv virusi
sxeulis Sinagani Txevadi 
garemo

imunuri sistema

pnevmonia virusi, baqteria haerwveTovani sasunTqi sistema

tuberkulozi baqteria haerwveTovani sasunTqi sistema

malaria
protozoa /  
umartivesi

koRo anofelesi
saWmlis momnelebeli, 
sisxlis mimoqcevis, 
kunTovani sistemebi

B hepatiti virusi
dabinZurebuli sakvebi da 
wyali

saWmlis momnelebeli, 
imunuri sistemebi

wiTela virusi haerwveTovani
sasunTqi da nervuli 
sistemebi

gripi virusi
haerwveTovani, 
avadmyofTan kontaqti

sasunTqi sistema
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1. ganixile cxrilSi (cxr. 2.1.1) mocemuli informacia da upasuxe kiTxvebs: 1) daasaxele 
paTogeni mikrobebis magaliTebi; 2) ra gzebiT vrceldeba paTogeni mikrobebi? 3) ra 
prevenciuli RonisZiebebis gatarebaa saWiro infeqciuri daavadebebis sawinaaRmdegod?

zogjer infeqciuri daavadeba far-
Tod vrceldeba, asobiT da aTasobiT 
adamiani avaddeba. mwvave infeqciuri daa-
vadebis swraf da farTod gavrcelebas 
romelime regionSi da qveyanaSi, epidemia, 
xolo daavadebis vrcel geografiul 
arealSi gavrcelebas, magaliTad, ram-
denime sxvadasxva kontinentze an mTeli 

msoflios masStabiT, pandemia (berZnuli 
sityva pandemos-idan mimdinareobs. pan 
niSnavs „yvelas,“ demos ki „mosaxleo-
bas“) ewodeba. infeqciuri daavadebebis 
Sesaxeb Tanamedrove warmodgena, diag-
nostirebis, prevenciisa da mkurnalobis 
meTodebi wlebis ganmavlobaSi muSavde-
boda (sur. 2.1.21 a, b)

sur. 2.1.21a.

1857 w. (ax. w. aR.)
frangma mecnierma lui pasterma 

eqsperimentebiT daadgina, rom 
infeqciur daavadebas mikroorganizmebi 

iwveven; man safuZveli Cauyara 
pasterizacias,  Seqmna jilexis/
cimbiruli wylulisa da cofis 

vaqcinebi.

Zv. w. aR.  XII - XIII saukuneebi
mcenareebiT mkurnaloba  _ medea _ 
kolxeTis mefis aietis qaliSvili, 
kargad icnobda samkurnalo mcenareebs 
da maTgan wamlebs amzadebda. sityva 
~medicina~, mecnierTa mosazrebiT, kolxi 
medeas saxelTanaa dakavSirebuli.

Zv. w. aR. 7000 
sulebi _ am periodis sazogadoeba 
Tvlida, rom daavadebas iwvevda 
sulebi; amitom adamianebs Tavis 
qalaSi ukeTebdnen xvrelebs 
sulebis `gamoSvebis~ mizniT.

Zv. w. aR.  460 - 377 
bunebrivi movlena _ berZenma eqimma 
hipokratem ganixila daavadeba ara 

rogorc RvTis sasjeli, aramed, 
rogorc bunebrivi movlena.

m e d i c i n i s  i s t o r i a
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rasakvirvelia, yvela paTogeni mikro-
organizmi parazitia. isini saxldebian 
sxva organizmze an organizmSi da iwveven 
maspinZeli organizmis daavadebas, radgan 
isini ikvebebian maspinZlis sakvebi niv-
TierebebiT, iyeneben maspinZeli ujre-

sur. 2.1.21 b.

dis struqturebs (virusebi) da swrafad 
mravldebian, gamoyofen toqsikur niv-
Tierebebs. paTogeni maspinZel organizm-
Si iwvevs daavadebis sxvadasxva simptoms: 
temperaturis momateba, Warboflianoba, 
Tavis tkivili, xveleba, kanze sxvadasxva 

1928 w.
antibiotiki _ Sotlandielma eqimma 

aleqsandre flemingma aRmoaCina 
antibiotiki _ pelicilini.

1900 w.
antiseptikuri teqnikis gamoyeneba _ mTel 
msoflioSi daiwyo sasmeli wylis qloriT 
damuSaveba, ramac Seamcira mosaxleobis qoleriT 
daavadeba.

1865 w.
antiseptikuri teqnika _ britaneli qirurgis 
jozef listeris zogierTi pacienti 
warmatebuli qirurgiuli operaciis Semdeg 
infeqciis SeWriT kvdeboda. rodesac 
Seityo pasteris mikrobuli Teoriis 
Sesaxeb, daiwyo operaciis win qirurgiuli 
xelsawyoebis susti mJaviT gawmenda, ramac 
inficirebiT pacientebis sikvdilianoba 
mniSvnevlovnad Seamcira.

1883 w. 
germanelma mecnierma robert koxma 

eqsperimentebiT aRmoaCina, rom daavadebuli 
cxovelebidan gamomwvevi mikrobis janmrTel 

cxovelSi Seyvana iwvevda mis daavadebas.
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tipis gamonayari da sxv. sxvadasxva paTo-
geni maspinZelSi gansxvavebul simptomebs 
iwvevs.   

sxvadasxva paTogeni gansxvavdeba 
maspinZel organizmSi moxvedris gzisa 
da maspinZlis ujredebze zemoqmedebis 
mixedviT. magaliTad, virusuli infeqci-
is or ZiriTad tips arCeven: pirveli _ 
ujredSi virusis SeWris Semdeg swra-
fad iSleba maspinZeli ujredi, meore _ 
igi ar iwvevs maSinve maspinZeli ujredis 
daSlas: virusis dnm erTveba maspinZeli 
ujredis dnm-Si da warmoiqmneba genebis 

axali nakrebi, mitozuri gayofis dros 
igi gadaecema Svileul ujredebs da SeiZ-
leba ujreds SesZinos axali niSan-Tvise-
bebi; droTa ganmavlobaSi, raime mizeziT, 
magaliTad, stresis gamo, SeiZleba gaaq-
tiurdes virusis genebi da maspinZeli 
ujredis struqturebi da nivTierebebi 
gamoiyenos gasamravleblad. baqteriebma 
daavadeba SeiZleba gamoiwvios ori gziT: 
erTi _ iWreba maspinZlis qsovilebSi da 
utevs ujredebs, meore _ maspinZel or-
ganizmSi gamoyofs toqsikur nivTiere-
bebs, romelic mTel organizmSi sisxliT 
vrceldeba.

2. romeli mecnieris Teoriam moaxdina gavlena infeqciuri daavadebebis gamomwvevebis Se-
saxeb Tanamedrove warmodgenebis Camoyalibebaze

3. ra gansxvavebaa virusebisa da baqteriebis maspinZlis ujredebze zemoqmedebas Soris?
4. meWeWebis ganviTareba sxeulze dakavSirebulia papilomavirusebis erT-erT saxeobas-

Tan. igi ramdenime wlis ganmavlobaSi SeiZleba umoqmedo iyos organizmSi da Semdeg 
gamoamJRavnos Tavi. es virusuli infeqciis romeli tipis magaliTia? axseni Seni pasuxi.

5. axali virusebi dainficirebis Semdeg swrafad klaven TavianT maspinZels, magram mra-
vali Taobis Semdeg isini TandaTan sustdebian da nakleb sikvdilianobas iwveven. viru-
sisTvis ratom SeiZleba CaiTvalos naklad Tavisi maspinZlis swrafi sikvdili?

6. 

 
 gaaanalize suraTze mocemuli informacia da upasuxe kiTxvebs: 1) aRwere malariis 

plazmodiumis sasicocxlo cikli. 2) ratom vrcel deba zogierTi daavadeba mxolod 
mwerebis saSualebiT?

rodesac daavadebuli koRo ukbens 
adamians, plazmodiumis sporozoitebi 
xvdeba adamianis sisxlSi da Semdeg 
RviZlSi, sadac viTardebian.

1

rodesac koRo kbens adamians, 
malariis plazmodiumi xvdeba 
koRoSi, mis kuWSi mravldeba da 
viTardeba axali Canasaxebi, romlebic 
sabolood sporozoitebs gamoyofen.

3

ganviTarebuli parazitebi toveben RviZls 
da xvdebian eriTrocitebSi, sadac usqesod 
mravldeba da eriTrocitebi iSleba.

2

malariis plazmodiumis 
sasicocxlo cikli
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 miuxedavad imisa, rom Cvens garSemo 
uamravi paTogeni mikrobia, yovelTvis 
ar avad deba adamiani, radgan organizms  
icavs imunuri sistema. imunuri sistema 
_ es aris organizmis sistema, romelic 
ibrZvis paTogenebisa da organizmSi mox-
vedrili sxva ucxo sxeulebisa da nivTie-
rebebis, sakuTari dazianebuli ujrede-
bis winaaRmdeg. imunur sistemas dacvis 
ramdenime „xazi“ aqvs da maT Soris pir-
veli aris kani. kanis epidermisis gare-
Ta mkv da  ri ujredebis Sre fizikurad 
 blokavs paTogenebs. garda amisa, kani ga-
moyofs cximsa da ofls, romelic kanze 
hipertonul da mJava garemos  qmnis. bev-
ri paTogeni aseT garemoSi iRupeba. kanis 
gavliT daavadebis gamomwvevi mikroor-
ganizmebi SeiZleba organizmSi SeiWras 
kanis meqanikuri dazianebisa da sisxl-
denis dros. amitom sisxlis Sededeba 
organizms aramarto sisxlis dakargvis-
gan, aramed infeqciis SeWrisganac icavs. 
fizikur bariers qmnis wamwamovani epiTe-
luri qsovilic, romliTac gamofenilia 

sasunTqi gzebi. organizms paTogenebisgan 
qsovilebis mier gamoyofili qimiuri niv-
Tierebebic icavs. magaliTad, nerwyvi-
sa da cremlis SemadgenlobaSi Semavali 
fermenti lizocimi, yuris gareTa sasmen 
milSi baqteriociduli gogirdi, kuWSi 
marilmJava, Tormetgoja nawlavSi naR-
veli; virusiT inficirebuli ujredi ki 
gamoimuSavebs cilebs _ interferonebs, 
romlebic janmrTel ujredebSi aaqtiu-
reben iseTi fermentebis gamomuSavebas, 
romelic xels uSlis maTSi virusebis 
SeWras da maT dainficirebas.

Tu paTogenebi gadalaxaven zemoT 
aRweril bariers, imunuri sistemidan 
erTveba sisxlisa da limfuri sistemebi, 
sisxlis TeTri ujredebi _ leikocitebi 
_ fagocitebi da limfocitebi. organizm-
Si SeWrili paTogeni azianebs ujredebs, 
dazianebuli ujredebi sapasuxod gamoyo-
fen qimiur nivTierebas, romelic izidavs 
leikocitebis erT-erT formas fagoci-
tebs. fagocitebi STanTqaven paTogenur 
mikrobebs da moineleben (sur. 2.1.22). 

populaciaSi paTogenis gavrcelebis modelireba 

problema _ visgan gavrcelda paTogeni?

saWiro masala: Wiqebi 8 moswavleze, 100 ml ucnobi xsnari, pipeti, „paTogeni“-is aRmomCe-

ni xsnari.

procedura

1. miiRe maswavleblisgan Wiqa ucnobi xsnariT. Seni xsnaris naxevari gadaasxi Tanak-

laselis WiqaSi. Semdeg igive raodenoba xsnari ukan gadmoasxi Tanaklaselis Wiqidan 

Sens WiqaSi. axla Seni Wiqa Seicavs ori xsnaris narevs.

2. gaimeore nabiji 1 kidev or sxvadasxva klaselTan. gaakeTe Canaweri, Tu visTan 

gacvale xsnarebi da ra TanmimdevrobiT.

3. sam klaselTan xsnaris gacvlis Semdeg, finjans daamate sami wveTi „paTogeni“-is aR-

momCeni xsnari. Tu xsnari vardisferi gaxda, Seni Wiqa Seicavs paTogens.

analizi da daskvna

1. analizi _ Tu Seni Wiqa Seicavda paTogens, SegiZlia misi warmoSobis dadgena? Tu Seni 

Wiqa ar Seicavda paTogens, SesaZlebelia Tu ara, Sens WiqaSi Casxmuli romelime sxva 

xsnari Seicavdes paTogens?

2. analizi  _ Sens klasSi mxolod erTma adamianma daiwyo es procedurebi paTogenis 

Semcveli xsnariT. rogor SegiZlia gansazRvro, vis WiqaSi iyo paTogeni?

modelireba

2.1.4.2. იმუნური სისტემა
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organizmis dacvaSi did rols asru-
leben limfocitebis ori tipis ujredebi 
_ B da T _ limfocitebi. B-limfocitebi 
paTogenebis sapasuxod sisxlSi gamoyofen 
antisxeulebs _ specifikur cilovan niv-
Tierebebs. yoveli saxeobis ujredisa da 
virusis zedapirze aris gansakuTrebuli 
qimiuri nivTiereba, romelic, Cveuleb-
riv, es cilaa an cilisa da polisaqaridis 
kompleqsi. am qimiur nivTierebas ewodeba 
antigeni, romelic organizmSi moxvedri-

sas B-limfocitebSi iwvevs specifikuri 
antisxeulebis warmoqmnas. yoveli anti-
genis sapasuxod Sesabamisi saxis antisxeu-
li warmoiqmneba _ antisxeuli antigens 
Seicnobs geometriuli Sesabamisobis 
principiT (konkretuli formis antisxeu-
li „cnobs“ Sesabamisi formis antigens) 
da ukavSirdeba mas (sur. 2.1.23). Sedegad, 
antisxeulebi anadgureben ucxo ujredeb-
sa da mikrobebs an asusteben maT ise, rom 
advilad erevian fagocitebi (sur. 2.1.24). 

sur. 2.1.22.

Wrilobis an paTogenebiT 
dainficirebuli ujredebi 
gamoyofen biologiurad 
aqtiur nivTierebebs, romelic 
fagocitebs izidavs. fagocitebs 
aqvs cru fexebi, ujredis 
formis Secvlis unari da 
wagrZelebuli formis birTvi, es 
yvelaferi maT exmareba gaaRwion 
kapilaris ujredebs Soris.

2

fagociti amoicnobs 
paTogens, gars Semoexveva 
cru fexebiT da moiqcevs 
citoplazmaSi.

3

lizosoma Seerwymeba fagocitozur 
buStuks, warmoiqmneba saWmlis momnelebeli 
vakuoli, romelic baqterias moinelebs.

4

qsovilis  
dainficireba

1

birTvi

lizosoma, 
romelic 
Seicavs 
saWmlis 
momnelebel 
fermentebs

fagociti

fagocitis damcvelobiTi moqmedebis meqanizmi

zogjer fagocitebi iRupebian, radgan 
maTSi grovdeba paTogenebis toqsikuri 
nivTierebebi. Cirqi bevr mkvdar 
fagocits Seicavs.

sisxlis kapilari

antigenebi

antisxeulebi

antisxeuli

paTogeni

sur. 2.1.23.

antigeni

antisxeulebi

paTogeni



110

sur. 2.1.24.

T _ limfocitebi pouloben daavadebis 
gamomwvev mikrobebs an sxva ucxo ujre-
debs, ukavSirdebian antigens geome-
triuli SesabamisobiT, ris Semdegadac 
gamoyofen biologiurad aqtiur iseT 
nivTierebas, romelic anadgurebs am 
mikrobebs.

limfocitebi didi raodenobiTaa lim-
faSic. lLimfuri ZarRvebis gzaze gan-
lagebulia limfuri kvanZebi. limfur 
kvanZebSi aris specialuri imunuri ujre-
debi, romlebic STanTqaven da moinele-
ben mikroorganizmebs. elenTa limfuri 
sistemis udidesi organoa. misi ZiriTadi 
funqciaa limfis gafiltvra paTogenu-
ri mikrobebisgan. es organo Seicavs bevr 
limfocitsa da leikocitebis sxva saxeo-
bebs. elenTaSi xdeba zogierTi saxeobis 
limfocitis Camoyalibeba. amitom limfu-
ri sistema imunuri sistemis mniSvnelova-

ni nawilia.
zogierTi infeqciuri daavadebis ga-

datanis Semdeg adamiani aRar avaddeba am 
infeqciiT, anda iol formebSi gadaitans 
mas. ratom xdeba ase? infeqciis gamomw-
vevi paTogenis organizmSi SeWris Semdeg 
igi mravldeba, gamoyofs toqsikur niv-
Tierebebs, rac organizmSi garkveuli 
simptomebiT gamoixateba. TandaTan or-
ganizmi iwyebs gamojanmrTelebas, radgan 
paTogenis sawinaaRmdegod adamiani gamoi-
muSavebs specifikur antisxeulebsa da 
limfocitebs; maTTan erTad imunuri sis-
temis sxva komponentebis moqmedebiT or-
ganizmi anadgurebs am mikrobebs da gamo-
janmrTeldeba. amis Semdeg es specifikuri 
antisxeulebi da limfocitebi didxans 
(ramdenime Tvidan ramdenime wlamde) rCeba 
sisxlSi. imave paTogenis organizmSi kvlav 
SeWris SemTxvevaSi imunuri sistema ukve 

limfocitebis damcvelobiTi moqmedebis meqanizmi

limfociti

limfociti

antisxeulebi

fagociti

organizmSi paTogenuri 
baqteriis SeWra

1

antisxeuli ukavSirdeba 
Sesabamis paTogens

3

limfocotebi amoicnoben 
mikroorganizmebs maT 
zedapirze arsebuli antigenebis 
mixedviT da sisxlSi gamoyofen 
specifikur antisxeulebs.

2

antisxeuli mTlianad Slis 
baqterias an asustebs mas.

4

dasuistebul baqterias advilad 
moinelebs fagociti.

5

mecnierebis SefasebiT, adamians SeuZlia 1000000-mde saxeobis antisxeulis 
warmoqmna _ es sakmarisia uamravi paTogenisa da `ucxo~ nivTierebis amosacnobad.
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sur. 2.1.25.

cxrili 2.1.2.                                                                  imuniteti

bunebrivi xelovnuri

Tandayolili:
yvela adamians aqvs 
bunebrivi Tandayolili 
imuniteti cxovelebis-
Tvis damaxasiaTebeli 
zogierTi infeqciuri 
daavadebis mimarT. 
magaliTad, adamiani ar 
avaddeba ZaRlis WiriT. 

daavadebis Sede-
gad SeZenili:
gadatanili infe-
qciuri daavade-
bis (mag., wiTela, 
Cut yvavila) 
mimarT adamianebi 
iZenen imunitets.  

vaqcinaciis Sedegad 
SeZenili: 
organizmSi SehyavT 
dasustebuli mikrobi 
an misi Sxami mcire 
doziT, ris sapa-
suxod organizmSi 
specifikuri limfo-
citebi da antisxeu-
lebi gamomuSavdeba.

samkurnalo Sratis Seyvanis Sede-
gad SeZenili:
rodesac adamiani romelime infeq-
ciiT aris daavadebuli, orga-
nizmSi SehyavT samkurnalo Srati, 
romelic am mikrobis sawinaaRmde-
go mza antisxeulebs Seicavs. es 
antisxeulebi (mag., gaSeSebis sawi-
naaRmdego antisxeulebi) sisxlSi 
ramdenime weli rCeba.

imunitetis gamomuSavebisa da misi moqmedebis meqanizmi

meore pasuxi aris ufro _  
      swrafi,
      efeqturi, 
      xangrZlivi,
vidre pirveli pasuxi.
individma SeiZleba arc 
ki icodes, rom meored 
dainficirda.

meore pasuxi aris Zalian swrafi, radgan 
am konkretuli antigenis amomcnobi 
limfocitebi  da antisxeulebi sisxlSi  
ukve arseboben.

antisxeulebis raodenoba 
ecema, radgan paTogenebis 
ganadgurebis Semdeg nawili 
iSleba.
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pirveladi infeqcia 
an vaqcinacia

meoradi infeqcia 
an vaqcinacia

adamianebi ganmeorebiT 
avaddebian gripiT, radgan 
virusis axal Stamebs aqvT 
gansxvavebuli antigenebi, 
romelTac ver amoicnoben 
limfocitebi.dro

aRar aZlevs mas gamravlebis saSua lebas 
da adamiani aRar avaddeba, e.i. organizms 
gamoumuSavdeba imuniteti am infeqciu-
ri daavadebis mimarT (sur. 2.1.25). arse-
bobs imunitetis ramdenime saxe, romelic 
cxrilSia warmodgenili (ix. cxr. 2.1.2).

imuniteti SeiZleba iyos pasiuri an aq-
tiuri. pasiuria imuniteti, Tu organizmSi 
xvdeba mza antisxeulebi da amis Sedegad 
gamomuSavdeba igi, aqtiuri imunitetis 

dros ki TviT organizmi gamoimuSavebs 
antisxeulebs. B _ lLimfocitebi monaw-
ileoben imunitetis erT-erT saxeo baSi, 
romelsac humoruli imuniteti ewode-
ba. humoruli imitom, rom ujredebi an-
tisxeuls sisxlSi gamoyofen da vrcel-
deba mTel organizmSi. T _ limfocitebi 
ki ujredul imunitetSi monawileoben, 
e.i. ujredebi uSualo kontaqtSi Sedi-
an mikrobebTan da ase anadgureben maT. 
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1. ra qmnis adamianis imunur sistemas? 
2. ra principiT amoicnoben da ukavSirdebian limfocitebi da antisxeulebi antigenebs?
3. daasaxele bunebrivi da xelovnuri imunitetis magaliTebi.
4. ra gansxvavebaa pasiur da aqtiur imunitets Soris? moiyvane pasiuri da aqtiuri imuni-

tetis magaliTebi.
5. ra msgavseba-gansxvavebaa humorul da ujredul imunitets Soris?
6. ra miekuTvneba ujredul imunitets?
7. rogor SeiZleba dazaraldes imunuri sistema, Tu ganicada mutacia genma, romelic 

pasuxismgebelia interferonis sinTezze?
8. mokled aRwere, vaqcinaciiT rogor SeiZleba zogierTi infeqiuri daavadebis Tavidan 

acileba.
9. Tu vaqcina arasakmarisia, ratom aris rekomendirebuli, rom pirvel rigSi aicras xan-

dazmuli adamianebi da bavSvebi?
10. Sids-iT (SeZenili imunodeficituri sindromi) daavadebul adamians ratom ar Seswevs 

unari gaumklavdes nebismier infeqciur daavadebas, romelic, Cveulebriv, did zians ar 
ayenebs adamianebs?

11. ratom aris imunuri pasuxi vaqcinaciis Semdeg ufro swrafi, vidre pasuxi paTogenis 
pirveladi SeWrisas?

12. ratom aris sasargeblo adamianisTvis saWiroebis SemTxvevaSi sisxli an qsovilebi mii-
Ros naTesavisgan, vidre aranaTesavi donorisgan?

13. ra gansxvavebaa specifikur da araspecifikur imunur pasuxs Soris?
14. anTeba rogor exmareba imunur sistemas paTogenebTan brZolaSi?
15. cxeleba rogor exmareba imunur sistemas paTogenebTan brZolaSi?

sur. 2.1.26.

grafiki _ sisxlis TeTri ujredebis momwifeba

dReebi

mecnierebma sisxlis TeTri ujredebi moaTavses 
sakveb areSi da daadgines, rom isini ufro 
swrafad mwifdebian maRal (wiTeli xazi), vidre 
dabal temperaturaze.
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ujredul imunitets miekuTvneba agreTve 
fagocitebis moqmedebac.

imunuri sistemis reaqcia antigenebze  
mravalferovania. reaqcia SeiZleba iyos 
specifikuri (specifikuri limfocitebi-
sa da antisxeulebis warmoqmna) da araspe-
cifikuri. es ukanaskneli erTnairia yve-
la antigenze. araspecifikuri imunuri 
reaqciis magaliTebia anTeba da cxeleba. 
anTebas axasiaTebs dazianebuli adgilis 

Sesieba, SewiTleba, tkivili da am adgil-
ze temperaturis momateba. anTebas iwvevs 
organizmSi paTogenis moxvedra an qso-
vilebis dazianeba. magaliTad, Tu muxl-
ze kani  gaiCxapna, es adgili gawiTldeba 
da Sesivdeba. es imitom, rom dazianebu-
li adgilis midamoebSi kapilarebi far-
Tovdeba, bevri sisxli miemarTeba da or-
ganizmi cdilobs masSi paTogenis SeWris 
Tavidan acilebas.

cxeleba _ es aris reaqcia, rome-
lic mTel organizms exeba. daaxloebiT 
37,7oC, astimulirebs interferonebis ga-
momuSavebas, romlebic xels uSlian vi-
rusebis gamravlebas. dabali sicxe aseve 
zrdis leikocitebis aqtivobas maTi mom-
wifebis siCqaris gazrdiT, rogorc na-
Cvenebia suraT 2.1.26-ze. bevri momwifebu-
li leikocitis arseboba mniSvnelovania, 
radgan mxolod momwifebul leikocitebs 
SeuZliaT paTogenebis ganadgureba. rac 
ufro bevria momwifebuli leikociti, 
miT ufro swrafad SeebrZoleba orga-
nizmi infeqcias. 

 



113

mecnierebma infeqciuri daavadebebis 
gavrcelebis sakontrolod sxvadasxva me-
Todi SeimuSaves. sanhigienuri saSualebe-
bi, medikamentebi da vaqcinebi _ es aris 
teqnologiebi, romlebic xels uwyoben 
daavadebis Tavidan acilebas an inficire-
buli adamianebis mkurnalobas. 

radgan Cvens irgvliv paTogenebi yvel-
ganaa, amitom dainficirebis prevenciis 
mniSvnelovani saSualebaa garemos si-
sufTave. garemoSi arsebul paTogenebis 
winaaRmdeg iyeneben antiseptikur saSu-
alebebs. antiseptikebia qimiuri higie-
nuri saSualebebi, saponi, Zmari, spirti. 
magaliTad, samedicino spirti azianebs 
ujredul membranas, rac paTogenis sikv-
dils iwvevs. antiseptikebi ar aris speci-
fikuri moqmedebis, rac imas niSnavs, rom 
maT SeuZliaT mravali sxvadasxva tipis 
paTogenis mokvla.

dRes ukve mravali infeqciuri daava-
debis sawinaaRmdego vaqcinaa Seqmnili. 
vaqcinacia ar kurnavs avadmyofs, radgan 
vaqcinacia saSualebas aZlevs adamians 
gamoimuSaos specifikuri limfocitebi 
da antisxeulebi, Sedegad, SeiZinos imu-
niteti daavadebis winaaRmdeg. vaqcinacia 
dainficirebisa da infeqciis gavrcele-
bis prevenciis efeqturi saSualebaa. vaq-
cinacia xelovnurad warmoqmnis SeZenil 
imunitets. vaqcina Seicavs paTogenis an-
tigens. arsebobs vaqcinebis oTxi ZiriTa-

di tipi:
• zogierTi vaqcina Seicavs mkvdar baq-

teriebs an vrusebs.
• vaqcina Seicavs sust cocxal paToge-

nebs.
• vaqcina Seicavs paTogenis mxolod an-

tigens, magaliTad, vaqcina Seicavs vi-
rusis cilovan garss da ara mis gene-
tikur masalas.

• vaqcina Seicavs inaqtivirebul baqte-
riul toqsinebs, romlebsac baqteria 
ga moyofs da iwvevs adamianis daavade-
bas.

inficirebul adamianebs mkurnaloben 
medikamentebiT. magaliTad, baqteriuli 
infeqciis samkurnalod iyeneben antibio-
tikebs, romlebic xels uSlian baqterie-
bis gamravlebas. sxvadasxva antibiotiki 
gansxvavebulad moqmedebs. magaliTad, 
penicilini xels uSlis baqteriebSi uj-
reduli kedlis warmoqmnas. antibioti-
kebis samkurnalod gamoyeneba SeiZleba, 
radgan cxovelur ujreds ar aqvs ujre-
dis kedeli da mas ver azianebs. rogorc 
ukve ici, gadaWarbebulad antibiotikebis 
gamoyenebam gamoiwvia antibiotikebisadmi 
rezistentuli baqteriebis Stamebis war-
moqmna. amitom dRes baq teriuli infeq-
ciis samkurnalod efeq turad iyeneben 
fagoTerapias (ix. rubrika _ „mecniereba 
praqtikaSi“). antibiotiki ar moqmedebs 
virusul infeqciebze.  

1923 wlidan TbilisSi funqcionirebs giorgi eliavas saxelobis baqteriofagis, mikro-
biologiisa da virusologiis instituti. am institutis laboratoriebSi mikrobiologebs 
gamohyavT baqteriofagebi baqteriuli daavadebebis samkurnalod. mkurnalobis am meTods 
fagoTerapia ewodeba. fagoTerapia aris baqteriuli daavadebebis efeqturi mkurnalobis 
saSualeba, radgan _ 1) antibiotikebis aqtiurad gamoyenebam gamoiwvia antibiotikebisadmi 
rezistentuli baqteriebis saxeobebis gaCena, 2) gamoiyeneba konkretuli daavadebis gamom-
wvevi baqteriis gasanadgureblad, romlis drosac ar ziandeba adamianis nawlavebSi mcxov-
rebi sasargeblo mikroflora. rasakvirvelia, fagoTerapia yovelTvis ver Caanacvlebs an-
tibiotikebs, magram baqteriuli infeqciebis didi nawilis mkurnaloba fagebiT an fagebisa 
da antibiotikebis kombinaciiT efeqturia.

2.1.4.3. პათოგენებთან ბრძოლის სხვადასხვა მეთოდი
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mecnierebi baqteriuli infeqciiT daavadebul 50 Tagvze amowmeben sam antibiotiks _ A, 

B da C. maTi eqsperimentis Sedegebi naCvenebia qvemoT mocemul monacemebis cxrilSi. Sede-

gebis gaanalizebis safuZvelze mecnierebma daaskvnes, rom maT sWirdebaT meti testirebis 

Catareba C antibiotikze. axseni, ratom?

antibiotikebze testirebis dayeneba

antibiotiki A B C

inficirebuli Tagvebis raodenoba 30 15 15

efeqturibis procenti 83 25 100

monacemebis analizi

1. axseni, ratom ar moqmedebs antibiotiki virusebze?
2. axseni, antibiotiki ratom ar azianebs pacientis ujredebs?
3. eqimebs urCeven antibiotikebis gamoyenebis Semcirebas. axseni, ratom? 
4. uyure animaciur films „ratom aRar gvexmarebian antibiotikebi?“ _ https://www.youtube.

com/watch?v=Ve7AinE5YCY&t=53s, gaecani rubrikaSi „mecniereba praqtikaSi“ mocemul 
informacias da upasuxe kiTxvebs: 1) ra dadebiTi Sedegebi mohyva antibiotikebis aR-
moCenas? 2) ra uaryofiTi Sedegi gamoiwvia antibiotikebis farTod da ukontrolod 
gamoyenebam? 3) ras niSnavs fagoTerapia? 4) axseni, fagebs ratom iyeneben baqteriuli 
daavadebebis samkurnalod; 5) raSi mdgomareobs fagoTerapiis upiratesoba antibioti-
kebiT mkurnalobasTan SedarebiT? 

zedmetad aqtiurma imunurma sistemam 
da misma gadaWarbebulma reaqciam SeiZle-
ba adamianis janmrTeloba daazianos, gan-
viTardes alergiuli da autoimunuri 
daavadebebi.

alergia aris gadaWarbebuli reaqcia, 
romlis drosac imunuri sistema rea-
girebs uvnebel antigenebze. alergia 
aris gadaWarbebuli mgrZnobeloba Cveu-
lebrivi uvnebeli antigenis mimarT. ro-
desac vinmes aqvs alergia, imunuri siste-
ma gamoimuSavebs antisxeulebs alergenis 
sapasuxod. alergenebi aris antigenebi, 
romlebic iwveven alergiul reaqcias. 
rodesac alergeni xvdeba organizmSi, 
leikocitebis zogierTi saxeoba gamoyofs 
histamins. histamini aris nivTiereba, ro-
melic anTebas iwvevs. rodesac histamini 
gamoiyofa paTogenis sapasuxod, anTeba 
xels uwyobs infeqciis winaaRmdeg brZo-
las. rodesac anTeba viTardeba alerge-

nis sapasuxod, anTeba arasaWiroa, radgan 
mas sargebloba ar moaqvs organizmisTvis. 

mZime alergiuli reaqciis Sedegad 
adamians SeiZleba ganuviTardes anafi-
laqsia. anafilaqsia viTardeba maSin, ro-
desac imunuri sistema Warbad gamoyofs 
histamins. anafilaqsiis pirveli simpto-
mebia mkveTri adgilobrivi reaqcia, qavi-
li, sunTqvis gaZneleba, gamoxatuli si-
fermkrTale, arteriuli wnevis vardna. 
anafilaqsiuri Soki, SesaZloa, fatalu-
radac dasruldes. am dros xdeba glu-
vi kunTebis spazmi da sasunTqi gzebis 
Seviwroeba, sisxlZarRvebis gafarToeba 
da maTi momatebuli ganvladoba _ sul 
raRac 10 wuTis ganmavlobaSi mimoqceva-
Si myofi sisxlis 50% SeiZleba sisxlZar-
Rvebidan gamovides. mxolod droul da 
kvalificiur Carevas SeuZlia pacientis 
gadarCena.

mecnierebma da eqimebma ar ician, ratom 

2.1.4.4. იმუნური სისტემის დარღვევები
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alergenebi mravalferoania, magali-
Tad, sakvebi alergenebi. nebismierma sak-
vebma SeiZleba gamoiwvios alergia, magram 
yvelaze gavrcelebuli sakvebi alergene-
bia rZe, kvercxi, araqisi da Txili, soio, 
xorbali, Tevzi da moluskebi. haer-wve-
Tovani alergenebi haerSi vrceldeba 
da adamianis organizmSi xvdeba CasunT-
qvis dros. zogjer saubroben alergiis 
sezonze, romelic dakavSirebulia, maga-
liTad, mcenareebis yvavilobasTan. haer-
Si vrceldeba mcenareebis mtvris marc-
vlebi, romelTa CasunTqva alergiul 
reaqcias (cemineba, Tvalebis acremleba, 
SeSupeba) iwvevs. zogi erT adamians aler-
gia aqvs Sinauri cxovelebis (kata, ZaR-
li) qertlze, romelic cxovelebis bewvis 
wvrili nawilakebisgan Sedgeba. zogjer 
alergias iwvevs mtvris tkipebi. haer-wve-
Tovanma alergenebma SeiZ leba gamoiwvios 
asTma. qimiur alergenebs miekuTvneba li-
Tonebi, romlebic kontaqtSia kanTan an 
sisxlSi xvdebian inieqciis an saWmlis mom-
nelebeli sistemis gziT. rodesac liTo-
nis garkveuli tipi didxans exeba kanze, 
adamianebs kanze uCndebaT gamonayari. 
adamianTa didi nawili alergiulia ni-
kelis mimarT, romelic xSirad gvxvdeba 
samkaulebSi. sxva qimiurma nivTierebeb-

aqvs alergia zogierT adamians, zogs ki 
ara. kvlevebis safuZvelze mecnierebi va-
raudoben, rom zogierTi alergia gamo-

wveulia garkveuli tipis antisxeulebis 
Warbi raodenobiT, romelsac adamianis 
genetikuri struqtura gansazRvravs. 

anafilaqsiis pirveli dokumenturad dadasturebuli SemTxveva Cvens welTaRricxvamde 
2641 wels momxdara, roca krazanis TiTqosda uwyinar nakbens TviT egviptis mefe menesi 
Seuwiravs. Tumca es, ra Tqma unda, ucnaur SemTxveviTobas miaweres da am movlenisTvis arc 
saxelis darqmeva ufiqriaT.

termini `anafilaqsia~ frangma fiziologma Sarl riSem SemoiRo, romelmac 1913 wels 
anafilaqsiis gamokvlevisTvis fiziologiasa da medicinaSi nobelis premia miiRo. rogorc 
xSirad xdeba xolme, sruliad SemTxveviT dainteresda am sakiTxis kvleviT _ 1902 wels riSe 
sakuTari iaxtiT dasdevda da iWerda zRvis Rrublebsa da moluskebs, maTgan miRebul niv-
Tierebebs ki laboratoriul cxovelebs uSxapunebda. rodesac es nivTierebebi xelmeored 
SeuSxapuna ZaRlebs, isini kinaRam am eqsperiments gadahyvnen: maT krunCxvebi daewyoT da 
sunTqva uWirdaT.

ma, magaliTad, futkris Sxamma an iseT-
ma medikamentebma, rogoricaa sxvadasxva 
tipis antibiotiki, SeiZleba gamoiwvios 
alergiuli reaqciebi. 

autoimunuri daavadebebis dros, sisx-
lis TeTri ujredebi Tavs esxmian sa-
kuTari sxeulis normalur ujredebs. 
Cveulebriv, imunuri sistema Tavs esxmis 
mxolod paTogenebs, ucxo ujredebsa da 
nivTierebebs, genetikurad Secvlil sa-
kuTar ujredebs. autoimunuri daavade-
bebis dros organizmi sakuTar ujredebs 
ise eqceva, TiTqos isini ucxo iyos. ma-
galiTad, tipi 1 diabetis dros, imunuri 
sistema anadgurebs pankreasis ujredebs. 
Sedegad, pankreasi nakleb insulins ga-
moimuSavebs. arsebobs 60-ze meti sxva au-
toimunuri daavadeba. zogierTi yvelaze 
gavrcelebuli aRwerilia cxrilSi 2.1.3.

mecnierebma ar ician, ratom uviTarde-
ba zogierT adamians autoimunuri daava-
debebi. kvlevebi aCvenebs, rom SesaZloa 
autoimunuri daavadebis ganviTarebas 
genetikuri safuZveli hqondes. amJamad, 
eqimebs ar SeuZliaT autoimunuri daava-
debebis gankurneba, magram maT SeuZliaT 
uzrunvelyon mkurnaloba, romelic am-
cirebs daavadebis gamovlenis efeqts.
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cxrili 2.1.3.                 gavrcelebuli autoimunuri daavadebebi

autoimunuri daavadeba dazianebuli organoTa sistema imunuri sistemis moqmedeba

revmatoiduli arTriti sayrden-mamoZravebeli azianebs qsovilebs, romliTac gamofenilia 
saxsrebi da Zneldeba moZraoba 

diabetis tipi 1 endokrinuli, saWmlis  
momnelebeli

moqmedebs pankreasze da aferxebs insulinis 
gamoyofas

haSimotos Tireoiditi endokrinuli moqmedebs farisebr jirkvalze, Sedegad,  war-
moqmnis nakleb hormonebs

gafantuli sklerozi nervuli iSleba mielinis garsi, irRveva nervuli kav-
Sirebi

greivsis daavadeba endokrinuli astimulirebs farisebr jirkvals, ris Sede-
gadac is warmoqmnis met hormons

1. raSi gamoixateba imunuri sistemis gadaWarbebuli reaqcia?
2. ras niSnavs alergia?
3. ra pirobebSi ewodeba antigens alergeni?
4. zogierT alergias mkurnaloben antihistaminuri saSualebebiT. rogor fiqrob, rogor 

moqmedebs antihistaminebi?
5. samkaulis SerCevis dros ratom unda mivaqcioT yuradReba, nikels Seicavs Tu ara?
6. antibiotikis daniSvnamde pacients ratom unda gaukeTdes sinji _ konkretul antibio-

tikze mgrZnobelobis Semowmeba?  
7. rogor arRvevs autoimunuri daavadebebi sxva organoTa sistemebs?
8. futkris nakbeni SeiZleba sasikvdilo iyos maTze alergiis mqone adamianebisTvis, ma-

gram adamianTa umravlesobaSi futkris nakbeni ubralod tkivils ayenebs da afrTxi-
lebs, Tavi daanebos mwers. ramdenad sasargebloa nakbenis tkivili futkris saxeobebis 
gadarCenisTvis?

SearCie mikroorganizmebis sxadasxva jgufis warmomadgenlebi da maTi SedarebisTvis kriteriume-

bi, Seqmeni cxrili, romlis saSualebiTac warmoadgen am mkiroorganizmebs Soris msgavseba-gansxvave-

bas agebulebis, sasicocxlo Tvisebebis (kvebis, sunTqvis, moZraobis, gamravlebis), saarsebo garemos 

mixedviT.

kognituri sqemis prezentaciisas xazgasmiT warmoaCine:

• agebulebis ra TaviseburebiT xasiaTdeba virusi?

• ra gansxvavebaa baqteriebisa da protistebis agebulebas Soris?

• ra gansxvavebaa wyalmcenareebisa da protozoebis agebulebas Soris?

• kvebis ra tipi gvxvdeba baqteriebSi?

• ra gansxvavebaa wyalmcenareebisa da protozoebis kvebas Soris?

• ras niSnavs aerobuli da anaerobuli sunTqva?

• moZraobis ra saSualebebi aqvT baqteriebsa da protistebs?

• ra gansxvavebaa wyalmcenareebsa da mcenareebs Soris?

• gamravlebisTvis ratom sWirdeba viruss maspinZeli ujredi?

• ra gansxvavebaa baqteriebisa da protistebis usqeso gamravlebas Soris?

kognituri sqemis Seqmna
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survilis mixedviT SearCie romelime infeqciuri daavadeba (sasurvelia es iyos Cvens qveyanaSi, 

an Sens regionSi, raionSi an qalaqSi ufro gavrcelebuli infeqciuri daavadeba), sainformacio buk-

letSi asaxe am infeqciis gamomwvevi paTogeni, daavadebis gavrcelebisa da prevenciis gzebi. 

sainformacio bukletis prezentaciisas xazgasmiT warmoaCine:

• romeli mikroorganizmebi iwveven infeqciur daavadebebs?

• rogor gansxvavdeba sxvadasxva mikroorganizmi maspinZel organizmze zemoqmedebis mixedviT 

da rogor ukavSirdeba es gansxvaveba mikroorganizmis agebulebis Taviseburebas?

• ra gzebiT vrceldebian paTogenebi?

• ra hqmnis imunur sistemas?

• imunitetis ra formebs arCeven da ra gansxvavebaa maT Soris?

• infeqciuri daavadebebis prevenciis ra RonisZiebebis Catareba SeiZleba?

sainformacio bukletis momzadeba

proeqti 

Tema _ virusidan adamianamde

qveTema _ organizmTa sxvadasxva jgufebi

sakiTxi: mikroorganizmebi

qvesakiTxi: daavadebis gamomwvevi mikroorganizmebi

sociologiuri kvleva

proeqtis სახელწოდება
skolisa da/an mikroraionis sazogadoebis vaqcinaciisadmi damok-
idebulebis kvleva

proeqtis etapebi

problemis analizi/ratom 
gadavwyvite am sakiTxze 
proeqtis ganxorcieleba?

proeqtis mizani sazogadoebaSi vaqcinaciisadmi damokidebulebis kvleva da maTi 
informireba vaqcinebisa da vaqcinaciis mniSnelobis Sesaxeb.

proeqtis amocanebi • sociologiuri kvleva - sazogadoebaSi vaqcinaciisadmi damoki-
debulebis kvleva;

• vaqcinebisa da vaqcinaciis mniSvnelobis Sesaxeb sainformacio 
bukletis momzadeba da sazogadoebaSi gavrceleba.

aqtivobebi • kiTxvaris momzadeba sazogadoebis gamokiTxvisTvis (SeniSvna: 
kiTxvari ise unda iyos Sedgenili, rom SesaZlebeli iyos infor-
maciis miReba imis Sesaxeb Tu ra ician infeqciuri daavadebebis 
prevenciis gzebis, vaqcinebisa da vaqcinaciis Sesaxeb, Catare-
buli aqvT Tu ara acrebi, saWirod Tvlian Tu ara vaqcinaciis 
Catarebas da ratom);

• respodentebis SerCeva da gamokiTxvis Catareba;
• mopovebuli informaciis aRricxva, analizi da daskvnis gamota-

na;
• kvlevis angariSis momzadeba
• sainformacio bukletebis momzadeba vaqcinaciis Catarebis mniS-

vnelobis Sesaxeb; proeqtis ganxorcielebis Sesaxeb saprezenta-
cio masalis momzadeba da skolis sazogadoebisTvis wardgena.

saWiro resursebi kompiuteri, Tabaxis furclebi. 

samoqmedo gegma aqtivoba aqtivobisaTvis saWiro dro pasuxismgebeli piri
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2.1.5. სოკოები

yvelaze didi da xnieri cocxali organizmi

rogor fiqrob, dedamiwaze yvelaze didi cocxali organizmi romelia? lurji ve-
Sapi Tu giganturi wiTeli xe? Tumca orive saxeobis organizmi didia, magram isini 
pawawinebi arian suraTze warmodgenil qudian sokosTan _ Armillaria ostoyae _ Sedare-
biT, romelic izrdeba aSS-is oregonis Statis teritoriaze mdebare erovnul parkSi. 
Tvlian, rom misi asaki, daaxloebiT, 2400 welia, xolo sxeulis masa ramdenime aseuli 
tona. misi sxeulis didi nawili niadagSia da 900 heqtramde ikavebs. msoflioSi sxva 
adgilebSic aris TiTqmis aseTive zomis giganturi sokoebi. 

• sokos sxeulis ra nawilia niadagSi ganTavsebuli da ra funqciaa masTan dakavSi-
rebuli?

• garkveul periodamde sokoebi gaerTianebuli iyo mcenareTa samefoSi? axseni 
ratom?

• ra rols asruleben sokoebi ekosistemaSi?

• ra rols asruleben sokoebi adamianis saqmianobaSi?

sokoebi yvelganaa gavrcelebuli _ nia-
dagSi, wyalSi da haerSic ki, isini saxlo-
ben mcenareebis, cxovelebisa da adamia-
nis organizmSi an organizmze. mecnierebs 
aRwerili aqvT sokos 70 000_mde saxeo-
ba, magram varaudoben, rom dedamiwa-
ze SeiZleba arsebobs 1,5 milionze meti 
saxeoba. sokos samefos wevrebi SeiZleba 
Semdeg jgufebSi iyvnen gaerTianebuli: 
erTujrediani safuara sokoebi, obis so-
koebi, qudiani da abeda sokoebi. 

radgan CvenTvis yvelaze metad nacno-
bia qudiani sokoebi, sokoebis agebulebis 
Tavisebureba ganvixiloT qudiani sokos 
magaliTze (sur. 2.1.27). qudiani soko mra-
valujrediania da misi mTavari nawilia 
miceliumi. miceliumi hifebis miwisqveSa 
qsels warmoadgens. Tbil da tenian gare-
moSi miceliumi swrafad izrdeba da fara-
vs did farTobs. miceliumi miwis zemoT 
warmoqmnis nayofsxeuls. nayofsxeuli 
sokos reproduqciuli struqturaa. 

gaecani teqstSi mocemul imformacias da upasuxe TandarTul kiTxvebs.
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mecnierebi sokoebs didxans ganixilavd-
nen mcenareTa samefoSi. mcenareebis msga-
vsad, sokoebi xSirad niadagze izrdebian 
da sakveb nivTierebebs Seiwoven; ewevian 
mimagrebul cxovrebas; izrdebian mTe-
li sicocxle; aseve, sokos ujreds (sur. 
2.1.28) aqvs ujredis kedeli, didi zomis 
vakuoli da birTvi. magram sokoebs, mcena-
reebisgan gansxvavebiT, ujredSi ar aqvs 
qloroplastebi. amitom isini mza sakveb 
nivTierebebs iReben cocxali organizme-
bisgan an mkvdari organizmebis naSTebis-
gan. amrigad, kvebis mixedviT yvela soko 
heterotrofia, maTgan zogi _ paraziti, 
zogi ki _ saprofiti. misTvis damaxasia-
Tebelia saWmlis organizmgare moneleba, 
radgan misi hifebi iWreba sakvebis wyaroSi 
da garemoSi gamoyofen saWmlis momnele-
bel fermentebs, Semdeg ki Seiwoven mo-
nelebul martiv organul nivTierebebs. 
radgan miceliumi did farTze vrceldeba, 

sokoebs SeuZliaT didi raodenobis sakve-
bis moxmareba. cxoveluri ujredis msgav-
sad, aqvs ujredis centri, citoplaz maSi 
samarago naxSirwyals glikogenis saxiT 
igrovebs. am Taviseburebebidan gamomdina-
re, sokoebi calke jgufad gamoyves.

1. suraT 2.1.27.-is mixedviT aRwere qudiani sokos agebuleba. ra funqciebs asrulebs mi-
celiumi?

2. kvebis ra Taviseburebebi axasiaTebs sokoebs?
3. mcenareebisa da sokoebis SedarebisTvis SeimuSave kriteriumebi, daadgine maT Soris 

msgavseba-gansxvaveba da monacemebi warmoadgine cxrilis saxiT.
4. riT hgavs soko cxovels?

sur. 2.1.27.
qudi

fexi

miceliumi

fermentebi 
moineleben 
mkvdari 
organizmebisa 
da maTi 
narCenebis 
rTul organul 
nivTierebebs.

2

hifebi Seiwovs 
monelebul 
organul sakveb 
nivTierebebs.

3

sokos hifebis ujredebi garemoSi 
gamoyofen saWmlis momnelebel 
fermentebs.

1

firfitebi an milebi, 
sadac sporebi 
warmoiqmneba

hifebis konebi sokos 
fexs warmoqmnis

hifebis erToblioba qmnis mTavar nawils _ miceliums.

hifi _ 
erTrigad 

ganlagebuli 
ujredebisgan 

Sedgeba

qudi fexTan erTad 
nayofsxeuls 
warmoqmnis

sur. 2.1.28.sokos ujredi

endoplazmuri bade

plazmuri membrana

ujredis kedeli

mitoqondria

ribosomebi

birTvi

birTvaki

goljis aparati

centraluri vakuoli
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safuari soko erTujrediania. misi 
sakvebi, ZiriTadad, Saqaria. Tu garemo-
Si aris Saqris Semcveli sakvebi, sakmari-
si teni da xelsayreli temperatura, 
safuari  swrafad mravldeba. buneba-
Si safuarebi gvxvdeba yurZnis, Jolos, 
mocxarisa da sxva kenkris zedapirze. 
safuari garemodan iTvisebs glukozas 
da mis ujredSi mimdinareobs spirtuli 

safuari sokoebi

obis sokoebi

duRilis procesi (C6H12O6 → 2C2H5OH + 

2CO2), romlis drosac warmoiqmneba eTi-
lis spiriti da naxSirorJangi gamoiyofa 
buStukebis saxiT. Tu kenkra nayofebis 
wvens davdgamT Tbil adgilas, safuar-
is moqmedebiT warimarTeba duRili da 
wvenisgan Rvino miiReba. rodesac spirtis 
koncetracia 15%-s miaRwevs, igi anad-
gurebs safuar sokoebs wvenSi.

mniSvnelovania safuari sokos roli bioteqnologiaSi. adamiani didi xania, safuar 
sokoebs iyenebs alkoholuri sasmelebisa da puris cxobaSi. igi erTujrediani eukario-
tia, mis ujreds mcenareuli da cxoveluri ujredis msgavsi bevri struqtura aqvs, ufro 
metic, safuars aqvs adamianis qromosomebis msgavsi qromosomuli struqturebi, safuarisa 
da adamianis genTa eqspresiis meqanizmebi msgavsia. am Tvisebebis gamo safuari soko metad 
xelsayreli modelia qromosomebis struqturis, genTa regulaciis, ujredis gayofisa da 
ujreduli ciklis kontrolis Sesaswavlad.

obis sokoebi nayof-sxeuls ar iviTare-
ben, magram aqvT miceliumi. kvebis mixe-
dviT arian saprofitebi. mravldebian 
sporebiT. maTi sporebi yvelganaa, Cvens 
sacxovrebel garemoSic, romelsac ver 
vamCnevT iqamde, sanam sakvebi produqtebi 
ar dagviobdeba. obis sokoebidan ganvi-

xiloT puris TeTri obis soko _ muko-
ri da peniciliumi. mukori xSirad Cnde-
ba purze, bostneulsa da nakelze TeTri 
feris nafifqis saxiT, romelic mere Sav-
deba (sur. 2.1.29.a). Sav fers aZlevs momwi-
febuli sporebi.

sakveb produqtebze sxva obis sokoebic 

sur. 2.1.29.

mravalujrediani hifebisgan 
warmoqmnili miceliumi

peniciliumiT daobebuli 
citrusi

erTujrediani datotvili 
hifebisagan warmoqmnili 

miceliumi

mukoriT daobebuli 
puri

hifi

sporangiumi

sporebi

mukori peniciliumi

sinaTlis mikroskopiT 
danaxuli 

peniciliumi

sinaTlis mikroskopiT 
danaxuli mukori

funjis msgavsi 
warmonaqmnebi, 
romelSic 
momwvano-molurjo 
Seferilobis 
sporebi mwifdeba

sporebia b
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sokoebis gamravleba

sokoebis ekologiuri roli

Cndeba. erT-erTi maTgania peniciliumi. 
peniciliumi Cndeba xilze, magaliTad, 
citrusebze. isic Tavidan TeTri feri-

saa, magram Semdeg iRebs momwvano-molur-
jo fers, radgan mis momwifebul sporebs 
aseTi feri aqvs (sur. 2.1.29.b).

sokoebis didi umravlesoba mravlde-
ba rogorc usqesod, aseve sqesobrivad. 
magaliTad, safuari sokoebi usqesod 
mravldebian rogorc ujredis mitozuri 
gayofiT, ise dakvirtviT. mitozuri gayo-
fis dros miiReba genetikurad identuri 
ori Svileuli ujredi. dakvirtvis dros 
mSobliuri ujredze warmoiqmneba kvirti 
(sur. 2.1.30), romelic Seicavs mSobliuri 
ujredis birTvis identur birTvs. ro-
desac kvirti garkveul zomas aRwevs, igi 
moscildeba mSobliur ujreds da damou-
kideblad agrZelebs funqcionirebas. obis 
sokoebi iseve, rogorc mravalujrediani 
sokoebi, usqesod sporebiT mravlde-
bian, aseve, miceliumis fragmentaciiT. 
sokos sporebi qariT an cxovelebTan 
kontaqtiT vrceldeba. sokoebs sporebis 
gavrcelebis sxvadasxva saSualeba ganu-
viTardaT. magaliTad, sokos erT-erTi 
saxeobis (Puffballs momwifebuli nayofsxeu-
li iRebs sferos formas, romelic skdeba 
masTan raimes SexebiT da gamoisvris spo-
rebis „Rrubels“ (sur. 2.1.31). sokoebi, 
romlebic nayofsxeuls ar iviTareben, 
sporebi warmoiqmneba swormdgomi hifebis 
wveroebSi, haeris nakadiT advilad rom 
gavrceldes. magaliTad, soko kordicepsi 
fexsaxsrianebs iyenebs sporebis Sors ga-
savrceleblad (ix. gv. 21).

sur. 2.1.30.

sur. 2.1.31.

sokoebis, rogorc reducentebis, pa-
Togenebisa da mutualistebis, roli eko-
sistemaSi umniSnelovanesia. saprofiti 
sokoebi, baqteriebTan erTad, nebismier 
ekosistemaSi ZiriTadi reducentebia. 
maTi miceliumis mier didi farTis da-
kavebis gamo saprofit sokoebs swrafad 
SeuZliaT bevri narCeni organuli niv-
Tierebis daSla da mniSvnelovan rols 
asruleben bioelementebis biogeoqimiur 

ciklSi. Tumca saprofiti sokoebis mo-
qmedeba yovelTvis sasargeblo ar aris 
adamianisTvis. sokoebma SeiZleba daaobos 
sakvebi produqtebi, daazianos xexili, 
kulturul-istoriuli mniSvnelobis xis 
Senoba-nagebobebi da sxv.  
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paTogeni sokoebi. rogorc baqteriebi, 
zogierTi saxeobis sokoc SeiZleba iyos 
daavadebis gamomwvevi. zogierTi paTogeni 
soko iwvevs filtvebis mZime daavadebas, 
romlis mkurnaloba Znelia da SeiZleba 
sikvdiliTac damTavrdes. sokovani daava-
debebis mkurnaloba rTulia, radgan soko 

eukariotia da amitom maTi ujreduli 
struqturebi adamianis ujredebis msgav-
sia da Znelia iseTi medikamentebis Seqmna, 
romelic daazianebs sokos ujredebs da 
ara adamianis ujredebs. sokovani paToge-
nebi aavadeben mcenareebsac da did zians 
ayeneben sasof lo-sameurneo kulturebs. 

mokidebuleba sokosa da wyalmcenareebs 
Soris (sur. 2.1.32). aseve, mutualizmis 
magaliTia mikoriza _ urTierToba xemce-
naris fesvebsa da sokos miceliums Soris 

(ix. gv. 34). zogierTi mweric 
aris mutualistur simbiozur 
urTierTobaSi sokosTan. maga-
liTad, centralur da samxreT 
amerikaSi mcxovreb foTol-
mWrel WianWvelebs TavianT 
budeSi „moSenebuli“ aqvT so-
koebi _ „sokos baRebi“. es 
WianWvelebi ybebiT aqucmace-
ben foTlebs da miaqvT bude-
Si sokoebis gamosakvebad (sur. 
2.1.33). samagierod, WianWvelebi 
ikvebebian sokoebis miceliu-
miT.

mutualisti sokoebi urTierTsasar-
geblo damokidebulebas qmnis sxvadasxva 
saxeobis organizmebTan. magaliTad, mRie-
rebSi/liqenebSi aris mutualisturi da-

antibiotikebis arasworad gamoyeneba aris erT-erTi magaliTi imisa, Tu adamianma TviTon 
rogor SeiZleba Seuwyos xeli paTogenebiT daavadebas. antibiotikebma SeiZleba saWmlis 
momnelebel sistemaSi gaanadguros sasargeblo baqteriebic, rac iwvevs sxva mikroorga-
nizmebis, maT Soris, sokoebis gamravlebas. janmrTeli adamianebis kansa da piris RruSi aris 
safuari sokoebis saxeoba Candida. Tu adamianis imunuri sistema dazianebulia, am sokos 
populacia izrdeba da iwvevs daavadebas. 

sur. 2.1.33.

sur. 2.1.32.
sokos hifebi

sokos hifebi

wyalmcenare

wyalmcenaris ujredi
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sasoflo-sameurneo kulturebis sokovan daavadebebs xSirad mkurnaloben Sesasxurebeli 
SxamqimikatebiT, romelTac fungicidebi ewodeba. Tumca, dRes, genuri inJineriiT gamoy-
vanilia iseTi kulturebi, romlebic winaaRmdegobas uweven sokovan daavadebebs. sokovan 
daavadebebs cxovelebsa da adamianebSi mkurnaloben sokos sawinaaRmdego medikamentebiT. 
baqteriebis msgavsad, sokoebs SeuZliaT ganiviTaron rezistentoba samkurnalo prepa-
ratebis mimarT, Tu maT gadaWarbebulad da ukontrolod gamoiyeneben. 

antibiotikis aRmoCenis Semdeg mecnierebma daiwyes kvleva, Tu paTogenebi rogor 
urTierT qmedeben garemosTan, rac daexmaraT sxvadasxva medikamentis SeqmnaSi. magaliTad, 
bunebriv garemoSi saprofiti baqteriebi da sokoebi erTmaneTs konkurencias uweven erTi 
da igi ve resursisTvis _ sakvebisa da teritoriisTvis. droTa ganmavlobaSi sokoebma gamoi-
muSaves baqteriebisgan Tavdacvis unari _ mag., antibiotikebis gamomuSaveba.

5. kvebis ra tipebia damaxasiaTebeli sokoebisTvis? moiyvane magaliTebi. 
6. ra gansxvavebaa agebulebaSi mukorsa da peniciliums Soris?
7. ra rols asruleben sokoebi ekosistemaSi?
8. ratom SeuZliaT saprofit sokoebs swrafad daSalos didi raodenobiT organuli nar-

Cenebi?
9. gamravlebis ra formebia damaxasiaTebeli sokoebisTvis? moiyvane usqeso gamravlebis 

saSualebebis magaliTebi sokoebSi.
10. sokovani daavadebis sawinaaRmdego preparatma SeiZleba daazianos pacientis ujredebi. 

es problema ratom ar dgeba antibiotikebis gamoyenebis dros?
11. fermeri yovel wels asxurebs Tavis atmis xeebs fungicidebs sokovani daavadebis _ 

qerclis _ sawinaaRmdegod, magram yovel wels es procedura araefeqturi xdeba. axse-
ni, ratom?

12. safuari sokoebi ratomaa sasargeblo da mosaxerxebeli samecniero kvlevebisTvis?
13. ra ziani SeiZleba moitanon saprofitma sokoebma?
14. ratom aris mniSvnelovani bunebaSi sokoebis mravalferovnebis SenarCuneba? 
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2.1.6. მცენარეები

mcenareebis klasifikacia 

• romeli jgufebi Sedis mcenareTa samefoSi?

• ra niSnebis mixedviT axdenen mcenareTa klasifikacias?

• ratom Seuwyo xeli gamtari sistemis ganviTarebam mcenareebis xmeleTze cxovrebas-
Tan Seguebas? 

• ra saerTo niSnebi axasiaTebs mcenareebs?

• ra gansxvavebaa mcenareebsa da wyalmcenareebs Soris? 

• mecnierebi miiCneven, rom mcenareebi warmoiSvnen mwvane wyalmcenareebisgan. ra 
monacemebi metyvelebs imaze, rom mwvane wyalmcenareebi arian mcenareebis axlo na-
Tesavebi?

mcenareebis didi umravlesoba cxov-
robs xmeleTze, arian mravalujrediani 
organizmebi, maTi sxeuli diferencire-
bulia organoebad, ewevian mimagrebul 
cxovrebas da arian avtotrofebi, izr-
debian mTeli sicocxlis ganmavlobaSi. 
xmeleTze cxovreba, wyalSi cxovrebasTan 
SedarebiT, gansxvavebul gamowvevebTan 
aris dakavSirebuli. xmeleTis mcenaree-
bisgan gansxvavebiT, wyalmcenareebi mud-
mivad garSemortymulia wyliT, romel-
ic saWiroa fotosinTezisTvis da icavs 
maT organizms gamoSrobisgan; wyali, 
maRali simkvrivis gamo, wyalmcenaree-
bis masas  iWers da formas unarCunebs; 
wyalmcenareebisTvis wyali aris misi zoo-

sporebis moZraobis saSualeba, rac gam-
ravlebisa da gavrcelebisTvisaa aucile-
beli; wyali icavs Canasaxs gamoSrobisgan. 

mcenareebs xmeleTze cxovrebasTan 
dakavSirebiT evoluciis procesSi ganu-
viTardaT mTeli rigi Seguebulobani 
(sur. 2.1.34). Seguebulobani, romelic 
xels uwyobs efeqturad moipovon gare-
modan wyali, moaxdinos wylisa da sxva 
nivTierebebis transportireba mcenaris 
sxvadasxva nawilSi, SeinarCunon teniano-
ba, gaizardon vertikalurad da Seinar-
Cunon forma, gamravldnen wylis uSualo 
monawi leobis gareSe. 

tenis SenarCuneba: mcenaris zedapiri 
dafarulia kutikuliT, romelic aris 

uWurWlo mcenareebi WurWlovani mcenareebi

Teslovani mcenareebi

yvavilovani mcenareebi

sporovani mcenareebi

xavsebi gvimrebi SiSvelTeslovnebi

mcenareebis Segueba xmeleTze cxovrebasTan
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cvilisebri, wyalgaumtari fena da icavs 
mcenares gamoSrobisgan; foTolze ganu-
viTardaT specialuri ujredebi _ bageebi, 
romelic aregulirebs wylis aorTqleba-
sa da airTa cvlas. nivTierebaTa trans-
portireba: ganuviTardaT nivTierebaTa 
satransporto sistema. haeris simkvrive 
wylis simkvriveze naklebia, amitom xme-
leTis mce nareebs ganuviTardaT meqani-
kuri qso vili, romelic sayrden funqcias 

asrulebs. xmeleTis mcenareebis gamrav-
leba naklebad an saerTod aRar aris damo-
kidebuli wyalze _ sporovani mcenareebi 
mravldebian sporebiT, romelic mSralia, 
spora erTujrediani struqturaa, mcire 
zomisaa da advilad vrceldeba haeriT, 
xolo Teslovani mcenareebi mravldebi-
an TesliT, romelic mravalujrediania 
Seicavs Canasaxs da icavs gamoSrobisgan 
(ufro meti ix. gv. 130).

1. ra saerTo niSnebia damaxasiaTebelia mcenareebisTvis?
2. aRwere problemebi, romelic Seeqmna adreul etapze pirvel mcenareebs xmeleTze cxov-

rebasTan  Seguebis procesSi.
3. wyalmcenareebs ratom ar aqvs igive problemebi, romelic xmeleTis mcenareebs? 
4. ra Seguebulobani ganuviTardaT mcenareebs xmeleTze cxovrebasTan dakavSirebiT? 
5. aRwere, rogor SeiZleboda xmeleTis mcenareebs bunebrivi gadarCevis gziT sxeulis 

zedapirze ganviTarebodaT kutikula.

sur. 2.1.34.

kutikula

WurWlebi

sacrisebri milebi (masSi foTolSi 
warmoqmnili organuli nivTierebebi 
moZraobs)

WurWlebi (masSi wyali da mineraluri 
marilebi moZraobs)

wyali

niagadis nawilaki

fesvis bususi

bage

sacrisebri 
milebi

gamtari qsovili

epidermisi
mafotisinTezebeli qsovili

mafotisinTezebeli 
qsovili

bagis Camketi ujredebi

foTlis epidermisSi 
ganviTarebulia 
bageebi, romlebic 
aregulireben wylis 
aorTqlebasa da 
airTa cvlas.

H2O

CO2

O2
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miiCneva, rom xmeleTis pirveli mce-
nareebi xavsebia. suraT 2.1.35-ze  ganxi lu-
lia xavsebis agebuleba RerofoTlovani 
gugulis selis magaliTze, romelic Cvens 
tyeebSi gavrcelebuli xavsia. xavsebs 
aqvT Rero da Zalian martivi foTlebi. 
ar aqvT specialuri gamtari qsovilebi _ 
qsilemis WurWlebi, amitom xavsebs uWurW-
lo mcenareebs miakuTvneben. mravldebian 

sporebiT da ar iviTareben Teslebs. fes-
vis nacvlad aqvT martivi struqtura _ 
rizoidebi, romlebic erTrigad ganlage-
buli ujredebisgan Sedgeba da qsovile-
bad ar aris diferencirebuli. dReisTvis 
cnobilia xavsebis 25 000 saxeoba. xavsebis 
zomebi meryeobs ramdenime milimetri-
dan ramdenime santimetramde. ZiriTadad, 
mravalwlovani mcenareebi arian.

sur. 2.1.35.

zogierT xavss, magaliTad, torfis 
xavss _ sfagnums (sur. 2.1.36) rizoidebi 
ar aqvs da sxeulis mTeli zedapiriT iwovs 
wyals. xavsebi gvxvdeba foTlovan, wiwvo-
van, Sereul tyeebSi, WaobebSi, mdeloebze, 
xis qerqebze, lodebze (sur.2.1.37), sax-
lis kedlebsa da saxuravebze _ yvelgan, 
sadac teniani garemoa. zogierTi saxeo-
ba ki  mtknar wylebSi cxovrobs. amrigad, 
xavsebs SeuZliaT arseboba xmeleTze, ma-
gram mxolod tenian adgilebSi. 

ratom aris aucilebeli xavsebisTvis 
teniani garemo? susti rizoidebi bolom-
de ver uzrunvelyofen saWiro raodeno-
bis wylisa da mineralebis Sewovas. xavsebis 
foTlebi ar aris dafaruli kutikuliT 
da amitom bevr wyals aorTqlebs. sama-
gierod, foTlis aseTi agebulebis gamo 

xavsebi mTeli sxeuliT STanTqaven wyals. 
Sesabamisad, xavss SeuZlia iarsebos yvel-
gan, sadac haerSi sakmarisi teni iqneba. 
garda amisa, sqesobrivi gamravlebis dros 
misi spermatozoidebis moZraobisa da ga-
nayofierebisTvis aucilebelia wyali (gv. 
137).

2.1.6.1. სპოროვანი მცენარეები

gugulis seli

sporebi

saspore kolofi

saspore 
Rero

Rero

foToli

rizoidebi

torfis xavsi

sur. 2.1.36.

xavsebi
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sur. 2.1.37.

1. aRwere RerofoTlovani xavsis agebuleba (sur. 2.1.35); 
2. agebulebis ra TaviseburebiT dganan xavsebi ufro maRal safexurze, vidre wyalmcena-

reebi? 
3. agebulebis ra TaviseburebiT dganan xavsebi ufro dabal safexurze, vidre Teslovani 

mcenareebi? 
4. raSi gamoixateba xavsebis xmeleTze cxovrebasTan Segueba? 
5. ratom aris aucilebeli teniani garemo xavsebis arsebobisaTvis?
6. ra rols asruleben xavsebi bunebaSi?

xavsebis ekologiuri roli. xavse-
bi didad momTxovni ar arian saarsebo 
pirobebis mimarT. sakmarisi teniano-
bis SemTxvevaSi maT SeuZliaT nebismier 
adgilze dasaxleba da nel-nela qmnian 
niadags sxva mcenareebisTvis. xavsebis am 
Taviseburebas adamiani iyenebs tyis aR-
sadgenad. xavsebi aregulireben teniano-
bas, qmnian saukeTeso pirobebs mcenareTa 
Teslis aRmocenebisTvis. Tumca, roca 
isini Zlier mravldebian da sqel fenad 
gadaekvrebian niadags, xels uSlian tyis 
ganaxlebas, radgan Camocvenili Teslebi 

mis zedapirze Cerdeba da niadagamde ver 
aRwevs. tyis masivebze cudad moqmedebs 
torfis xavsis _ sfagnumis Warbi gamrav-
leba. es xavsi didi raodenobiT wyals 
agrovebs da xels uwyobs tyeebis daWao-
bebas, Tumca tyis gareT sfagnumis mier 
Seqmnili Waobi, rogorc mtknari wylis 
maragi, gamosadegia. xavsebi sakvebsa da 
TavSesafars warmoadgens uamravi uxerx-
emlo cxovelisTvis. xavsebi radiaqtiuri 
nivTierebebis STanTqmis maRali unariT 
gamoirCeva. es nivTierebebi ki uaryofiT-
ad moqmedeben adamianis janmrTelobaze. 
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gvimrebi ufro ukeTesad arian Segue-
bulni xmeleTze cxovrebas, vidre xavsebi. 
maT, xavsebisgan gansxvavebiT, aqvT fes-
vebi, ufro rTuli foTlebi da gamtari 
qsovilebi. gvimrebis gamtari sistemis sa-
SualebiT wyali, mineraluri marilebi da 
sakvebi organuli nivTierebebi gadaadg-
ildeba; Tumca es sistema iseTi srulyo-
fili ar aris, rogorc TeslovnebSi. gam-
tari qsovilis arsebobis gamo gvimrebs 
WurWlovan mcenareebs miakuTvneben.

aseve, maTi foTlebi dafarulia kuti-
kuliT. Tumca, maTi kutikula ar aris sqe-
li, wylis aorTqlebisgan naklebad icavs, 
amitom gvimrebi mxolod tenian garemoSi 

arseboben. xavsebis msgavsad, maT wyali 
sesobrivi gamravlebisTvisac sWirdebaT, 
(ix. gv. 138). 

gvimrebi Seicaven mniSvnelovan qimiur 
nivTierebebs, amis gamo maT farmacevtul 
warmoebaSi mravalnairi gamoyeneba aqvT. 
magaliTad, amzadeben tkivilgamayuCebel 
saSualebebs, gvimris fesuraSi dagrovili 
Sxamiani nivTierebisgan zogierTi parazit-
uli Wiis samkurnalo preparats. dedami-
waze arsebuli uZvelesi gvimranairebidan 
ramdenime milioni wlis ganmavlobaSi qva-
naxSiri warmoiqmna. qvanaxSirs didi gamoy-
eneba aqvs mrewvelobaSi, rogorc sawvavisa 
da sxvadasxva qimiuri nivTierebis wyaros.

7. aRwere, ra Seguebulobani ganuviTardaT gvimrebs xmeleTze cxovrebasTan dakavSirebiT? 
8. ratom cxovroben gvimrebi tenian garemoSi?
9. agebulebiT gvimrebi xavsebTan SedarebiT ufro maRal safexurze dganan. raSi gamoixate-

ba es?

sporangiumi

fesvebifesura

frTarTuli 
foToli

axalgazrda 
foToli

sporebi

sur. 2.1.38.

gvimrebi mcenareebis uZvelesi jgu-
fia, dRes, daaxloebiT, 15000-mde saxeo-
baa. zomier sartyelSi gavrcelebulia 
balaxovani erTwlovani an mravalwlo-
vani gvimrebi, xolo tropikul tyeebSi 
_ xemagvari gvimrebic. xemagvar gvimrebs 
aqvT swormdgomi Rero, romlis simaRle 
20 m-mde aRwevs. saqarTveloSi, gvxvdeba 
mxolod balaxovani gvimrebi. magaliTad, 
dasavleT saqarTvelos tenian tyeebSi 
gvxvdeba, Caduna (sur. 2.1.38). Cadunas aqvs 

damoklebuli Rero, saidanac gamodis 
grZel yunwiani frTarTuli foTlebi, mi-
waSi ki iviTarebs fesuras. fesura Reros 
saxecvlilebaa, masze fesvebi viTardeba. 
fesura, fesvisgan gansxvavebiT, horizon-
talurad izrdeba da kvirtebs iviTarebs. 
gazafxulze amoyrili axalgazrda foT-
lebi Caxveulia da mogvagonebs uzarmazar 
lokokinas, romelic nel-nela ixsneba. 
foTlis qveda mxares viTardeba sporan-
giumebi, romlebSic sporebi mwifdeba.

gvimrebi
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2.1.6.2. თესლოვანი მცენარეები

• sporovani mcenareebidan romelia ukeT Seguebuli xmeleTze cxovrebasTan da raSi 
gamoixateba igi?

• ratom aris aucilebeli wyali sporovani mcenareebis sqesobrivi gamravlebisTvis?

• romeli mcenareebia dRes gabatonebul mdgomareobaSi dedamiwaze da ratom?

Teslovani mcenareebi iviTareben 
Tesls, romelic gamravlebis saSuale-
baa. Teslovan mcenareebSi Sedis SiS-
velTeslovani da yvavilovani mcenaree-
bi. Teslovan mcenareebs ajgufeben imis 
mixedviT, aris Tu ara maTi Tesli nayofiT 
dafaruli. SiSvelTeslovani mcenareebis 
Tesli nayofiT araa dafaruli. yvavi-
lovani mcenareebis Tesli nayofiT aris 
dafaruli, amitom maT farulTeslovan 
mcenareebs uwodeben.

mecnierebi varaudoben, rom Teslovani 
mcenareebis warmoSobasa da gavrcelebas 
xeli Seuwyo, daaxloebiT, 410-dan 360 
milioni wlis win dedamiwaze Tbili da 
teniani klimatis cxeli da mSrali kli-
matiT Secvlam. evoluciuri Tvalsaz-
risiT, Teslovan mcenareebs, sporovan 
mcenareebTan SedarebiT, aqvT ramdenime 
upiratesoba.
• Teslovan mcenareebisTvis kargad gan-

viTarebuli gamtari sistemaa dama-
xasiaTebeli, romelic WurWlebisa da 
sacriseburi milebisgan Sedgeba. 

• Teslovan mcenareebs aqvT kargad gan-
viTarebuli fesvTa sistema, Rero da 
foTlebi. fesvis saxeebia: mTavari fes-
vi (Canasaxovani fesvidan viTardeba), 
damatbiTi fesvebi (Rerosa da foT-
lidan viTardeba), gverdiTi fesvebi 
(mTavar da damatebiT fesvebze viTar-
deba). fesvebis erTobliobas fesvTa 
sistema ewodeba. fesvis funqciebia: 
mcenaris niadagSi damagreba da niada-
gidan wylisa da mineraluri marile-
bis Sewova. zogierTi mcenarisTvis da-
maxasiaTebelia fesvis saxecvlilebebi 
(fesvgorgali, Zirxvena), romelic sak-
vebi nivTierebebis samarago da vege-
tatiuri gamravlebis funqciebs asru-

lebs. Rero Seicavs gamtar qsovilebs, 
romelSic nivTierebebi moZraobs da 
erTmaneTTan akavSirebs mcenaris sxva-
dasxva organos. Reroze mimagrebulia 
foTlebi da mcenaris sxva organoebi 
da maTTvis sayrden funqcias asru-
lebs. Reros saxecvlilebebi (fesura, 
gorgli, bolqvi) sakvebi nivTierebe-
bis samarago da vegetatiuri gamra-
vlebis funqciebs asrulebs. foToli 
mkvrivi kutikuliTaa dafaruli, ro-
melic xels uSlis foTlidan wylis 
aorTqlebas da mcenares icavs gamoS-
robisgan, xolo bageebi aregulireben 
wylis aorTqlebas. foToli aris Zi-
riTadi mafotosinTezebeli organo, 
romelic mcenares zrda-ganviTarebis-
Tvis saWiro organuli nivTierebebiT 
uzrunvelyofs. foTlis saxecvlile-
ba ekali mcenares icavs cxovelebis-
gan (mag., kowaxuris eklebi) da wylis 
aorTqlebisgan (mag., kaqtusis eklebi), 
xolo ulvaSi (mag. parkosan mcenareeb-
Si) exveva sayrdens da mcenarisTvis 
sayrden funqcias asrulebs. 

• Teslovan mcenareebs sqesobrivi gam-
ravleba SeuZliaT wylis gareSe. maTSi 
mamrobiTi gametebis _ spermiebis (ro-
melTac Solti ar aqvT) _ kvercxuj-
redisken gadaadgileba da ganayofi-
ereba wyalze damokidebuli aRaraa. 
Teslovani mcenareebi warmoqmnian 
mtvris marcvlebs, romlebic mamro-
biT gametebs Seicaven. mtveri SeiZle-
ba gavrceldes qaris an cxovelebis 
saSualebiT. damtverva xdeba maSin, 
rodesac mtveri xvdeba imave saxeobis 
mcenaris mdedrobiT reproduqciul 
nawilebze. wylis gareSe gamravlebis 
unari saSualebas aZlevs bevr Tes-
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lovan mcenares farTod gavrceldes 
ufro mSral klimatur pirobebSi.

• Tesli aris mravalujrediani, rome-
lic Seicavs Canasaxsa da sakveb niv-
Tierebebs. Tesli icavs da kvebavs Ca-
nasaxs. Tesls SeuZlia mravali Tve an 
Tundac wlebi gaZlos svenebis mdgo-
mareobaSi. am drois ganmavlobaSi, 
Tesls SeuZlia gauZlos mkacr piro-
bebs, rogoricaa gvalva an sicive. ro-

desac pirobebi xelsayrelia, embrioni 
viTardeba Teslis sakvebi nivTierebe-
bis xarjze. 

• Tesli sxvadasxva saSualebiT (qariT, 
wyliT, cxovelebiT) vrceldeba mSob-
liuri mcenarisgan Sors da ikavebs 
axal adgilebs. Teslis gavrcelebis-
Tvis bevr Teslovan mcenares ganuvi-
Tarda sxvadasxva adaptacia.

Semcveli mtvris marcvlebi, xolo mded-
robiT girCis TiToeul qerqlze viTar-
deba kvercxujredis Semcveli or-ori 
Teslkvirti. 

dRes dedamiwaze arsebobs SiSvel-
Teslovani mcenareebis sami jgufi: sago-
vnikebi, wiwvovnebi, ginkgo.  
• sagovnikebi gamoiyurebian palmebiviT, 

romelTac didi girCebi aqvT (sur. 
2.1.39). 248-dan 65 milioni wlis win 
iyo sagovnikebis uzarmazari tyeebi. 
sagovnikebiT dinozavrebi ikvebebod-
nen. dRes es mcenareebi gvxvdeba ame-
rikis, aziis, afrikisa da avstraliis 
tropikul regionebSi. sagovnikebis 
bevr saxeobas gadaSeneba emuqreba. 

• ginkgo sagovnikebis msgavsad, dinoza-
vrebis dros iyo gavrcelebuli. de-
damiwaze dRes mxolod erTi saxeoba 
arsebobs _ ginkgo biloba (sur. 2.1.40). 
mas aqvs maraos formis farTo foT-
lebi. am saxeobis samSoblo CineTia. 
budisturi monaxebi 1100 wlidan am-
ravlebdnen da maTi damsaxurebiT Se-
morCa igi. ramdenadac ginkgo biloba 
Zalian hgavs Tavis namarx winaprebs, 
darvinma mas cocxali namarxi uwo-
da. faqtiurad, ginkgo dRes arsebul 
Teslovan mcenareebs Soris yvelaze 
xnieria. dRes mas mTel msoflioSi 
amravleben da baRebisa da qalaqebis 
landSaftis gasalamazeblad iyeneben.   

SiSvelTeslovani mcenareebis umra-
vlesoba iviTarebs girCebs da marad-
mwvanea. girCi bevri SiSvelTeslovani 
mcenaris reproduqciuli struqturaa. 
girCi Sedgeba garqovanebuli qerqlebis-
gan. mamrobiTi girCis qerqlebze viTar-
deba mamrobiTi gametebis _ spermiebis 

sur. 2.1.39.

sur. 2.1.40.

SiSvelTeslovnebi
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wiwvovani mcenareebi SiSvelTeslovan 
mcenareebs Soris yvelaze mravalferova-
nia. maT aqvT nemsisebri wiwvebi. wiwvebi 
sqeli kutikuliTaa dafaruli, romelic 
mcenares wylis dakargvisgan icavs. wiw-
vovnebs miekuTvneba fiWvi, naZvi, seqvoia, 
kedari, Rvia da sxv. 

wiwvovnebis didi nawili maradmwvanea. 
yovelwliurad wiwvebi erTianad scviva 
lariqss, maradmwvane mcenareebis wiwve-
bis cvla ki xdeba etapobrivad da mTlia-
nad arasodes SiSvldebian. isini kargad 
eguebian did simaRleebze, dabal tempe-
raturasa da sakvebi nivTierebebiT Rarib 
niadagze cxovrebas. wiwvovani mcenaree-
bisTvis damaxasiaTebelia simaRleSi zrda 
da xangrZlivi sicocxle. rekordi ekuT-
vnis kaliforniis fiWvs _ 4700 weli da 

seqvoias, romlis masa 1,2 milion kg-mdea. 
SiSvelTeslovnebis tipuri warmo-

madgenelia fiWvi (sur. 2.1. 41). fiWvs 
aqvs mamrobiTi da mdedrobiTi girCebi. 
mamrobiTi girCis qerqlebze warmoiqmne-
ba mamrobiTi gametebis Semcveli mtvris 
marcvlebi. mtvris marcvlebs specialu-
ri sahaero parkebi aqvT da qariT mded-
robiT girCebze advilad gadaitaneba. 
mdedrobiTi girCis qerqlebze SiSvlad 
arsebul TeslkvirtebSi kvercxujredebi 
mwifdeba. damtvervisa da ganayofierebis 
Semdeg zigota mravaljer iyofa da mded-
robiT girCebze Teslebi viTardeba. isini 
SiSvlad sxedan qerqlebze, Tumca momwi-
febul Tesls aqvs sqeli da mkvrivi sa-
farveli, romelic Canasaxs garemos ara-
xelsayreli pirobebisgan saimedod icavs.

sur. 2.1.41.

mtvris  
marcvali

mamrobiTi girCi

mdedrobiTi  girCi

girCis qerqli

frTa

Tesli

Teslebi SiSvlad 
sxedan qerqlze

sahaero parkebi
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dRes dedamiwaze yvelaze mravalfero-
vani da farTod gavrcelebulia yvavilo-
vani mcenareebi. cnobilia yvavilovani 
mcenareebis minimum 250 000 saxeo ba. yvavi-
lovani mcenareebis dominanturi mdgo-
mareoba dakavSirebulia yvavilis, rogorc 
reproduqciuli organos ganviTarebas-
Tan. yvavilis agebuleba warmodgenilia 
suraT 2.1.42-ze. umravlesoba mcenareebs 
aqvT orsqesiani yvavilebi anu yvavilSi 
aris rogorc mtvrianebi, ise butkoebi. 
zogierT mcenares ki aqvs calsqesiani 
yvavilebi _ yvavilSi mxolod mdedrobi-
Ti an mamrobiTi struqturaa. Tu orive 
tipis calsqesiani yvavilebi erT individ-

zea ganlagebuli, aseT mcenares erTsax-
liani ewodeba (mag., simindi, kitri), xolo 
Tu erT individze mxolod mamrobiTi 
yvavilebia da meoreze mdedrobiTi, aseT 
mcenares orsaxliani ewodeba (mag., verxvi, 
tirifi). SiSelTeslovnebisgan gansxvave-
biT, Teslkvirti naskvSia moTavsebuli da 
ufro daculia sxvadasxva araxelsayreli 
faqtorebis zemoqmedebisgan. damtvervisa 
da ganayofierebis Semdeg Teslkvirtidan 
Tesli viTardeba, xolo naskvidan nayofi 
(ufro dawvrilbiT es sakiTxi ix. gv. 139). 
amrigad, Tesli nayofiTaa dafaruli da 
amitom uwodeben yvavilovan mcenareebs 
farulTeslovnebsac.

sur. 2.1.42.

yvavilovani mcenareebis klasifika-
cias axdenen Rerosa da Teslis tipis, 
aseve, sicocxlis xangrZlivobis mixed-
viT. Reros mixedviT ajgufeben merqnian 
da balaxovan mcenareebad, xolo merqnian 
mcenareebs _ xemcenareebad da buCqovan 
mcenareebad. Teslis agebulebis mixed-
iT ajgufeben orlebnian da erTlebnian 
mcenareebad. orlebniani da erTlebniani 
mcenareebi, Teslis agebulebis garda, sxva 

niSnebiTac gansxvavdebian (sur. 2.1.43), 
Tumca arsebobs gamonaklisebic (mag., 
mravalZarRva orlebniania, magram misT-
vis foTlis rkaluri daZarRvaa damaxasi-
aTebeli, xolo erTlebniani xarisTvalas 
foTlebi badisebr daZarRvulia). buneba-
Si ufro gavrcelebuli da mravalfero-
vania orlebniani mcenareebi. orlebnian 
mcenareebs Soris gvxvdeba xemcenareebi, 
buCqovani da balaxovani mcenareebic, 

mamrobiTi reproduqciuli  
organo

gvirgvinis 
furceli

jamis foTolaki

Teslkvirtebi

dingi

samtvre parki

samtvre Zafi

sveti

naskvi

butko

mtvriana

mdedrobiTi reproduqciuli  
organo

yvavilovani mcenareebi
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erTlebnianebSi ki, ZiriTadad, balaxo-
vani mcenareebi (mag., marcvlovnebi, lil-
iebi, orqidea da sxv.). sicocxlis xangr-

yvavili uzrunvelyofs yvavilovani 
mcenaris ufro efeqtur damtvervas, 
vidre SiSvelTeslovnebSi mxolod qa-
riT damtverva. yvavilovani mcenareebis 
jvaredini damtverva, qaris garda, cxo-
velebiTac xdeba (sur. 2.1.44). dammtver-
avi cxovelebi ikvebebian proteinis maRa-
li Semcvelobis mtvriT an naxSirwyliT 
mdidari neqtriT. mcenareebi TavianT 

Zlivobis mixedviT mcenareebs ajgufeben 
erTwlovan, orwlovan da mravalwlovan 
mcenareebad. 

sur. 2.1.43.

dammtveravebs izidaven yvavilebis kaSkaSa 
SeferilobiTa da mkveTri suniT, qariT-
mtveria mcenareebs ki uferuli yvavile-
bi aqvT da arc saneqtreebi uviTardebaT. 
mtvris marcvlebi, romlebic cxovelis 
(mag., mweris) mier gadaitaneba, didi zo-
misaa, bususebiani da webovania. amitom 
igi cxovels sxeulze advilad ekroba da 
erTi mcenaridan meoreze gadaaqvs. qariT-

ram ganapiroba yvavilovani mcenareebis dominireba?

sur. 2.1.44.

Tesli

er
T

l
eb

ni
an

i

erTi lebani funja fesvTa 
sistema

mTavarRerZiani 
fesvTa sistema

gamtari qsovilebis 
konebi gabneulia 

ReroSi

paraleluri an 
rkalisebri  
daZarRva

gvirgvinis furclebis 
raodenoba 3 an 3-is 

jeradi

gvirgvinis furclebis 
raodenoba 5 an 5-is 

jeradi
badisebri daZarRva

gamtari qsovilebis 
konebi wriuladaa 

ganlagebuli
ori lebani

o
r

l
eb

ni
an

i

fesvi Rero foToli yvavili

jvaredini damtvreva cxovelebiT
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mtveria mcenareebis mtvris marcvlebi ki 
mcire zomisa da msubuqia. qariT mtveria 
mcenareebi tyeSi xeebis SefoTvlamde 
yvavilobs, raTa qarma advilad gadaita-
nos mtveri. cxovelebiT damtverva ufro 
efeqturia, vidre qariT _ am dros bev-
ri mtveri unayofod ikargeba, amitom qa-
riTmtveria mcenareebi gacilebiT didi 
raodenobis mtvers warmoqmnis, razedac 
organizmis didi energia ikargeba. 

aris TviTmtveria mcenareebic, mag ram 
bunebaSi metad gavrcelebulia jvared-
inmtveria mcenareebi. es dakavSirebulia 
imasTan, rom am gziT miRebuli STamomav-
loba genetikurad ufro mravalferova-
nia _ igi mSoblebis genebis axali kombi-
naciis matarebelia. Sesabamisad, Secvlil 
garemo pirobebSi aseT STamomavlobas 
gadarCenis meti SesaZlebloba aqvs; maga-
liTad, mSoblebisagan gansxvavebiT, axali 
Taoba SeiZleba ufro mdgradi iyos raime 
konkretuli daavadebis mimarT. orsqesian 
jvaredinmtveria mcenareebs TviTdamt-
vervisgan Tavis dasacavad aseTi Segue-
buloba aqvT: yvavilSi mtvrianebi ufro 

moklea, vidre butko (sur. 2.1.45), aseve, 
mtvris marcvlebi da kvercxujredi sxva-
dasxva dros mwifdeba, xolo TviTmtveria 
mcenareebSi damtverva yvavilis gaxsnamde 
xdeba.

nayofi Tesls icavs aramarto gamoS-
robisa da sxva tipis dazianebisgan, ara med 
xels uwyobs Teslis gavrcelebas mSob-
liuri mcenaridan ufro Sors, amasTan 
dakavSirebiT yvavilovan mcenareebs sxva-
dasxva saxis adaptaciebi gamoumuSavda 
(sur. 2.1.46).

sur. 2.1.45.

sur. 2.1.46.

nayofisa da Teslis gavrcelebis saSualebebi
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1. evoluciis procesSi ra faqtorebma Seuwyo xeli Teslovani mcenareebis warmoSobasa da 
maT warmatebiT gavrcelebas?

2. ra adaptaciebi ganuviTardaT Teslovan mcenareebs, gvimranairebisgan gansxvavebiT, 
xmeleTze cxovrebasTan dakavSirebiT?

3. ratom ar aris saWiro Teslovani mcenareebis sqesobrivi gamravlebisTvis wyali?
4. ra upiratesoba aqvs TesliT gamravlebas sporebiT gamravlebasTan SedarebiT?
5. ra niSnebis mixedviT axdenen yvavilovani mcenareebis klasifikacias?
6. ra adaptaciebma ganapiroba dedamiwaze yvavilovani mcenareebis farTod gavrceleba?
7. ra gansxvavebaa SiSvelTeslovani da farulTeslovani mcenareebis reproduqciul or-

ganoebs Soris?
8. riT gansxvavdeba SiSvelTeslovnebis damtverva yvavilovani mcenareebis  damtvervis-

gan?
9. ratom aris cxovelebiT damtverva ufro efeqturi, vidre qariT damtverva?
10. ra adaptaciebi aqvT cxovelebiT dammtverav yvavilovan mcenareebs?
11. ra upiratesoba aqvs jvaredin damtvervas TviTdamtverasTan SedarebiT?
12. evoluciis romeli mimarTulebis magaliTia Teslis ganviTareba? daasabuTe Seni pasu-

xi.
13. evoluciis romeli mimarTulebis magaliTia yvavilis ganviTareba? daasabuTe Seni pasu-

xi.
14. evoluciis romeli mimarTulebis magaliTia yvavilovan mcenareebSi damtvervis sxva-

dasxva adaptaciebis warmoqmna? daasabuTe Seni pasuxi.
15. evoluciis romeli mimarTulebis magaliTia yvavilovan mcenareebSi nayofisa da Tes-

lis gavrcelebis sxvadasxva adaptaciebis warmoqmna? daasabuTe Seni pasuxi.
16. qvemoT mocemul cxrilSi „X“-iT moniSne swori pasuxebi.

maxasiaTeblebi

mcenareTa sistematikuri jgufebi

xavsebi gvimrebi SiSvel- 
Teslovnebi

farul- 
Teslovnebi

saarsebo garemo

wyali

xmeleTi _ teniani 
garemo

xmeleTi 

agebuleba

rizoidebi

fesvi

Rero

foToli

yvavili

Tesli nayofi

gamtari sistema

gamravleba

mravldeba sporebiT

mravldeba TesliT

gamravlebisTvis  
aucilebelia wyali
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17. 1)Seadare erTmaneTs sokosa da mcenaris ujredebi, daadgine maT Soris msgavseba-gan-
sxvaveba da monacemebi warmoadgine venis diagramis saSualebiT. 2) maTi ujredebis age-
bulebis Tavisebureba rogoraa dakavSirebuli sokoebisa da mcenareebis kvebis tipTan? 
3) ra gansxvavebaa maTi ujredis kedlis qimiur Sedgenilobas Soris?

sokos ujredi

endoplazmuri bade

plazmuri membrana

ujredis kedeli

mitoqondria

ribosomebi

birTvi

birTvaki

goljis aparati

centraluri vakuoli

mcenareuli ujredi

eb-is gluvi nawili

eb-is granularuli nawili

qloroplasti

centraluri vakuoli

plazmuri membrana
ujredis kedeli

mitoqondria

lizosoma

ribosoma

birTvi

birTvaki
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2.1.6.3. მცენარეთა სასიცოცხლო ციკლი

• ra gansxvavebaa sporovani da Teslovani mcenareebis axal teritoriebze gansaxlebis 
saSualebebs Soris? romels aqvs upiratesoba am kuTxiT da ratom?

• ratomaa mniSvnelovani mSobliuri mcenaridan mocilebiT axal teritoriaze gavrce-
leba?

• ratomaa saWiro wyali sporovani mcenareebis sqesobrivi gamravlebisTvis?

• ratom ar sWirdebaT wyali Teslovan mcenareebss sqesobrivi gamravlebisTvis?

yoveli saxeobis warmomadgeneli gan-
viTarebis garkveul fazebs gadis. gan-
viTarebis fazaTa erTobliobas, rom-
lis ganmavlobaSic organizmi viTardeba, 
zrda srul formas aRwevs da mravldeba, 
sasicocxlo cikli ewodeba. sxvadasxva 
saxeobis organizmSi sasicocxlo ciklis 
sirTule gansxvavebulia. zogierT orga-
nizmSi SeimCneva usqeso da sqesobrivi gam-
ravlebis monacvleoba, romelic TaobaTa 

monacvleobis saxelwodebiTaa cnobili. 
magaliTad, mcenareebSi kargad SeimCneva 
usqeso Taobis _ sporofitisa da sqesiani 
Taobis _ gametofitis monacvleoba. spo-
rofiti (usqeso Taoba) aris diploiduri 
Taoba (2n), romelic sporebs warmoqmnis. 
gametofiti (sqesiani Taoba) aris hap-
loiduri Taoba (n), romelic gametebs 
warmoqmnis.

suraT 2.1.47-ze warmodgenilia xavsis 
sasicocxlo cikli. sporebis warmoqmnas 
win uswrebs gametebis Serwyma _ sqeso-
brivi gamravleba. gametebi RerofoTlo-
vani xavsis wveroSi ganviTarebul sasqeso 
organoebSi (anTeridiumsa da arqegonium-

Si) mitozuri gayofiT warmoiqmneba. te-
nian garemoSi moxvedrili sporidan jer 
mwvane Zafnairi wyalmcenaris msgavsi 
protonema da Semdeg masze RerofoTlo-
vani mcenare viTardeba.

haploidi (n)

diploidi (2n)

mitozi

meiozi

ganayofiereba

zigota (2n)sporofiti (2n)

sporebi (n) kvercx-
ujredi (n)

protonema

mdedrobiTi

mamrobiTi

arqegoniumi

anTeridiumi spermatozoidebi wyalSi 
moZraoben arqegoniumisken

gametofitze viTardeba 
sporofiti

spermatozoidebi (n)  
(Soltiani mamrobiTi 
gametebi)

zrdasruli mcenare _ gametofiti (n)  

gametofiti (n)

saspore kolofi

saspore Rero

sur. 2.1.47.

mitozimitozi



138

1. suraT 2.1.47-ze daakvirdi xavsebis sasicocxlo cikls da upasuxe kiTxvebs: 1) daasaxele 
sqesiani (gametofiti) da usqeso (sporofiti) Taoba; 2). gayofis romeli gziT warmoi-
qmneba gametebi da ratom? 3). gayofis romeli gziT warmoiqmneba sporebi? 4) rodis 
xdeba individebis ricxvis zrda _ usqeso Tu sqesobrivi gamravlebis dros? 5) xavsebSi 
romeli Taoba sWarbobs moculobiT _ gametofiti Tu sporofiti? 6) romeli Taobaa 
damoukidebeli _ gametofiti Tu sporofiti? pasuxi daasabuTe.

2. suraT 2.1.48-ze daakvirdi xavsebis sasicocxlo cikls da upasuxe kiTxvebs: 1) daasaxele 
gametofiti da sporofiti; 2) gayofis romeli gziT warmoiqmneba gametebi da ratom? 
3) gayofis romeli gziT warmoiqmneba sporebi? 4) gvimrebSi romeli Taoba sWarbobs 
moculobiT _ gametofiti Tu sporofiti? 5) Seadare gvimris sporofitis moculoba 
xavsis sporofitis moculobas; ra gansxvavebaa maT Soris? gaakeTe daskvna. 6) rogoria 
gvimrebis sporofiti _ damokidebuli Tu damoukidebeli? pasuxi daasabuTe.

 3. gaaanalize 2.1.49-ze mocemuli yvavilovani mcenareebis sasicocxlo ciklis sqema da 
upasuxe kiTxvebs: 1) daasaxele gametofiti da sporofiti; 2) gayofis romeli gziT war-
moiqmneba gametebi? 3) gayofis romeli gziT warmoiqmneba mikrospora da megaspora? 4) 
yvavilovan mcenareebSi rogoria gametofitis moculoba? 5) ra rols asrulebs vegeta-
tiuri ujredi? 6) TeslkvirtSi ramdeni ujredis ganayofiereba xdeba erTdroulad? 7) 
yvavilis ra nawilidan viTardeba Tesli? nayofi?

suraTi 2.1.48 asaxavs gvimris sasicocx-
lo cikls. gvimraSic sporebi meiozuri 
gayofiT miiReba. tenian garemoSi mox-
vedrili sporidan warmoiqmneba foTlis 
firfitis msgavsi winazrdili, romelze-
dac sasqeso organoebi (anTeridiumi da 
arqegoniumi) viTardeba, maTSi ki gametebi 
mwifdeba. 

yvavilovani mcenareebis sasicocxlo 
ciklSic SenarCunebulia usqeso da sqe-

sobrivi Taobis monacvleoba (sur. 2.1.49). 
Tumca yvavilovan mcenareebSi gametofi-
ti Zalian Semcirebulia da, xavsebisa da 
gvimrebisagan gansxvavebiT, ar aris war-
modgenili damoukdebeli individis sa xiT. 
yvavilovani mcenareebis gametofitis si-
cocxle mTlianad sporofit mcenarezea 
damokidebuli, radgan masze viTardeba da 
misgan iRebs sakveb nivTierebebs.

gvimris sasicocxlo cikli

gametofiti
winazrdili (n)

kvercxujredi (n)

spora (n)

sorusebi

sporangiumi

sporangiumi

gametofiti (n)

zigota (2n)
axalgazrda  
sporofiti (2n)

axalgazrda 
gametofiti (n) spermato-

zoidebi (n)  
(Soltiani 
gametebi)

anTeridiumi

arqegoniumi

ganayofiereba

mitozi

mitozi

meiozi

zrdasruli mcenare _ 
sporofiti (2n)  

haploidi (n)

diploidi (2n)

sur. 2.1.48.

spermatozoidebi wyalSi  
moZraoben arqegoniumisken
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yvavili _ reproduqciuli organo _ 
sporofitis nawilia, farulTeslovan 
mcnareebSi gametofiti imdenad mcire 
zomisaa, rom yvavilis nawilebSi viTar-
deba (samtvreSi mamrobiTi gametofiti _ 
 mtvris marcvali, xolo naskvSi mdedrobi-
Ti gametofiti _ Canasaxovani parki). dRes 
dedamiwaze gabatonebuli mdgomareoba 

Teslovan, gansakuTrebiT ki yvavilo-
van mcenareebs ukavia, rac yvavilisa da 
Teslis ganviTarebasTan aris dakavSire-
buli. TesliT gamraleba did upirateso-
bas aZlevs Teslovan mcenareebs sporovan 
mcenareebTan SedarebiT, magram TesliT 
gamravlebas aqvs rogorc upiratesoba, 
iseve nakli (ix. cxr. 2.1.4). 

cxrili 2.1.4.                                        TesliT gamravlebis upiratesoba da nakli

upiratesoba nakli

• Seicavs mravalujredian Canasaxs; 
• Tesli CanasaxisaTvis saWiro sakveb nivTierebebs 

Seicavs da icavs mas araxelsayreli faqtorebis-
gan;

• Tesls gavrcelebisaTvis sxvadasxva Seguebulo-
bani aqvs; 

• Tesls araxelsayrel pirobebSi SeuZlia didxans 
iyos mosvenebis mdgomareobaSi; 

• Tesli sqesobrivi gamravlebis Sedegad warmoiqm-
neba, amitom saxeobas uzrunvelyofs genetikuri 
rekombinaciiT.

• Tesls didi zoma aqvs sporasTan SedarebiT, rac 
aferxebs mis gavrcelebas;

• Tesli mravali cxovelis sakvebs warmoadgens, 
radgan igi sakveb nivTierebebs Seicavs;

• damtverva xSirad damokidebulia garegan faq-
torebze (qarze, mwerebze); amitom damtverva da 
Sesabamisad, ganayofiereba yovelTvis ar xdeba; 

• Teslebis danakargi didia, amitom mSobliuri 
sporofiti warmatebis misaRwevad did energia-
sa da bevr sakveb nivTierebebs xarjavs Teslebis 
warmoqmnaze. 

yvavilovani mcenaris sasicocxlo cikli

mikrosporebi (n)

spermiebi (n)

ganayofiereba

samtvre

naskvi

meiozi

meiozi

mitozi

mitozi

megasporociti (2n)

mikrosporociti (2n)

generaciuli 
ujredi

samtvre mili

vegetatiuri 
nujredi

4 haploiduri 
ujredi (n)

3 ujredi kvdeba

mamrobiTi gametofiti _ mtvris 
marcvali: 2 haploiduri ujredi  
(1 generaciuli da 1 vegetatiuri)

ormagi ganayo-
fiereba _ erTi 
spermia erwymis 
kvercxujreds da 
meore _ centra-
lur ujreds. 

damtvervis Semdeg vegetatiuri ujredidan samtvre mili viTardeba, 
xolo generaciuli ujredi mitozurad iyofa da ori uSolto mamro-
biTi gameta _ spermiebi warmoiqmneba; isini moZraoben samtvre milSi.

megaspora 3-jer iyofa mitozurad da 8 haploiduri ujredi 
miiReba. aqedan 5 Canasaxovani parkis kedlebis SeqmnaSi monaw-
ileobs, erTi kvercxujredad Camoyalibdeba, 2 erTmaneTs 
Seerwymeba da centraluri ujredi miiReba.

megaspora (n)

zigota (2n)

centraluri 
ujredi (2n)

ganayofierebuli 
centraluri 

ujredi (3n)

kvercxujredi  (n)

triploiduri centraluri ujredidan endospermi viTar-
deba, xolo diploiduri zigotidan _ Canasaxi. Teslkvir-
tidan Tesli, xolo butkos naskvidan viTardeba nayofi.

zrdasruli mcenare _ sporofiti (2n)
sur. 2.1.49.

mdedrobiTi gametofiti _ momwifebuli 
Canasaxovani parki: 7 ujredi, aqedan 6 

haploiduri da erTi diploiduri.
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sur. 2.1.50.

suraT 2.1.50-ze mocemulia mcenaree-
bis sasicocxlo ciklis ganzogadebuli 
sqema, romelic aCvenebs, rom mcenareebSi 
- 1) meiozuri gayofiT mwifdeba spore-
bi, sporidan ki viTardeba haploiduri 
gametofiti; 2) gametebi mitozuri gayo-
fiT warmoiqmneba, ganayofierebis Sede-
gad ki _ diploiduri sporofiti. sura-
Ti 2.1.51 aRwers mcenareTa sasicocxlo 
ciklis evoluciur tendencias. xavsebSi, 
sporofitTan SedarebiT, yvelaze didi 
moculobisaa gametofiti, Sesabamis-
ad,  yvelaze met energias mcenareebis es 
jgufi xarjavs gametofitis formireba-
ze. mcenareTa jgufebi, romlebic Seg-
uebulni arian mSral saarsebo garemoSi 
arsebobasTan, yvelaze met energias deben 
sporofitis formirebaze; radgan spo-

rofiti mcenares Sinagani garemos sta-
bilurobas unarCunebs, kvebavs da icavs 
Canasaxs araxelsayreli pirobebisgan.

 

4. raze miuTiTebs xavsebis protonemis formis msgavseba wyalmcenareebTan? 
5. ra aris ormagi ganayofiereba da ra mniSvneloba aqvs mas?
6. suraT 2.1.51-is mixedviT aRwere xavsebidan farulTeslovnebamde rogori tendencia 

aqvs _ 1) gametofitis moculobis cvlilebas? 2) sporofitis moculobis cvlilebas? 
3) axseni, evoluciis procesSi ratom Camoyalibda aseTi tendencia? 

TaobaTa monacvleoba mcenareebSi

mravalujre-
diani sporof-

iti (2n)

mravalujre-
diani gameto-

fiti (n)

sporebi
 (n)

gametebi
 (n)

zigota
 (2n)

ganayofiereba

diploidi

haploidi

meiozi

sporofiti (2n)gametofiti (n)

xavsebi gvimrebi SiSvelTeslovnebi farulTeslovnebi

sur. 2.1.51.

mitozi

mitozi

mitozi
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7. Seavse qvemoT mocmuli sqema:

TaobaTa monacvleoba mcnareebSi

kriteriumebi SedarebisTvis xavsebi gvimrebi yvavilovani mcenareebi

gametofiti _  
diploidi/haploidi  

sporofitis qromosomuli 
nakrebi _ n/2n

gametofiti (dasaxeleba)

sporofiti (dasaxeleba)

dominanturi Taoba mcenaris 
sasicocxlo ciklSi _  
gametofiti/sporofiti

gametofit/sporofitis 
sicocxlis unarianoba da 
urTierTdamokidbuleba

sporebis momwifebis xerxi _ 
mitozi/meiozi

gametebis momwifebis xerxi _ 
mitozi/meiozi

sporebis ganviTarebis  
adgili

gametebis ganviTarebis 
adgili

mamrobiTi gameta _ 
Soltiani/uSolto

wyali mamrobiTi gametebis 
moZraobisTvis _  aucilebe-
lia/ar aris aucilebeli

moamzade referati bunebasa da adamianis saqmianobaSi mcenareebis rolisa da  maTi biomraval-

ferovnebis SenarCunebis mniSvnelobis Sesaxeb. 

referatis prezentaciis dros xazgasmiT warmoaCine:

• ra arsebiTi gansxvavebaa mcenareebis sxvadasxva sistematikuri jgufis warmomadgenlebis age-

bulebaSi? 

• ra msgavsebaa xavsebisa da gvimrebis gamravlebaSi?

• ra gansxvavebaa sporovani da Teslovani mcenareebis gamravlebas Soris?

• ra msgavseba-gansxvavebaa SiSvelTeslovani da farulTeslovani mcenareebis reproduqciul 

organoebs Soris?

• ratom aris saWiro sifrTxilis gamoCena mcenareebTan urTierTobis dros?

• ra mniSneloba aqvs mcenareebis biomravalferovnebis SenarCunebas ekosistemis mdgardobisa 

da adamianis janmrTelobisTvis? 

• ra uqmnis safrTxes mcenareTa biomravalferovnebas?

• mcenareTa biomravalferovnebis dacvis ra RonisZiebebs mimarTavs saxelmwifo?

referatis momzadeba
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პროექტი 
თემა _ virusidan adamianamde
საკითხი: mcenareebi
ქვესაკითხები: 

• mcenareebis biomravalferovneba da misi dacvis mniSvneloba.

proeqtis saxelwodeba bioturi komponentis kvleva

proeqtis etapebi

problemis analizi/ratom 
gadavwyvite am sakiTxze proeqtis 
ganxorcieleba?

proeqtis mizani lokaluri garemos balaxovan mcenareTa biomravalferovnebis 
kvleva 

proeqtis amocanebi •	 lokalur garemoSi kvadratis meTodis gamoyenebiT 
balaxovan mcenareTa biomravalferovnebis ricxobriobis 
kvleva;

•	 kvlevis angariSis momzadeba. 

aqtivobebi •	 kvlevis Casatareblad lokalur garemoSi garkveuli 
teritoriis SerCeva (tye, parki, mindori) da misi 
farTobis gamoTvla;

•	 kvadratis CarCos damzadeba;

•	 monacemebis cxrilis Seqmna;

•	 kvadratis CarCos saSualebiT sakvlevi teritoriidan 
nimuSebis aReba _ TiToeul nimuSSi balaxovani 
mcenareebis saxeobebis ricxvis daTvla da monacemebis 
cxrilSi CaniSvna;

•	 fotoebis gadaReba;

•	 formulis _ T = NA-s saSualebiT SerCeul monakveTze 
balaxovani mcenareebis saxeobebis saerTo ricxvis 
gamoTvla;

•	 pasuxebis momzadeba kiTxvebze: 1) ra jgufebi Sedis 
mcenareTa samefoSi? 2) ra arsebiTi gansxvavebaa 
mcenareTa sxvadasxva jgufis tipuri warmomadgenlebis 
struqturasa da struqturuli komponentebis 
funqciebSi? 3) ra arsebiTi gansxvavebaa mcenareTa 
sxvadasxva jgufis tipuri warmomadgenlebis 
gamravlebis xerxebs Soris? 4) ra mniSvneloba 
aqvs mcenareTa biomravalferovnebis SenarCunebas 
ekosistemis mdgradobisTvis? 5) ra mniSvneloba aqvs 
mcenareTa biomravalferovnebis SenarCunebas adamianis 
janmrTelobisTvis?    

•	 kvlevis angariSis momzadeba; kvlevis angariSis 
maswavleblisa da klasis winaSe wardgena. 

saWiro resursebi xe an rbili mavTuli kvadratis dasamzadeblad, kompiuteri, 
Tabaxis furclebi, mobiluri telefoni da/an foto da 
videokamera. 

samoqmedo gegma aqtivoba aqtivobisaTvis 
saWiro dro

pasuxismgebeli 
piri

საველე კვლევა - ბიოტური კომპონენტის კვლევა


