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saxelmZRvanelo moicavs iseT sakiTxebs, romlebic gansakuTrebiT 
rTulia moswavleebisaTvis asaTviseblad da maswavleblebisaTvis _ 
gakveTilis Casatareblad. es sakiTxebia: genetika, evolucia, ujredSi 
mimdinare nivTierebaTa da energiis cvla, adamianis anatomia da 
fiziologia, bunebismetyvelebis swavlebaSi gamoyenebuli maTematikuri 
gamoTvlebi (alelebis, fenotipebisa da genotipebis sixSiris gamoTvla 
saSualo maCveneblisa da standartuli gadaxris gamoTvla).

saxelmZRvaneloSi agreTve ganxilulia eqsperimentis Catarebis speci­
fika, damokidebul da damoukidebel cvladebTan muSaoba, monacemebis 
gamosaxva diagramebis saxiT, kvleva, problemis gadaWra, kritikuli 
azrovneba, zogierTi sakiTxi (mag., cocxali organizmebis klasifikacia, 
klasebis daxasiaTeba, gamravlebis tipebi) mocemulia sqemebis saxiT.

wignSi mocemulia laboratoriuli samuSaoebi, gakveTilis scenarebi 
rogorc sabazo da damamTavrebeli, ise dawyebiTi safexurisaTvis.

saxelmZRvaneloSi CarTulia testebi genetikaSi, ujredis biologiaSi, 
anatomia-fiziologiaSi moswavlis codnis Sesamowmeblad.

Tbilisi, m. winamZRvriSvilis 119 
tel: 	 296 40 81,   790 96 40 82
el. fosta: ustari2010@gmail.com
www.ustari.ge
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ujredis sasicocxlo cikli

qromosomebi

qromosomebi ujredis birTvSi arsebuli struqturebia. qromosomebi Seicavs 
nukleinis mJavas – dezoqsi ribonukleinis mJavas (dnm-s). dnm gansazRvravs 
organizmis ZiriTad niSan-Tvisebebs. amitom qromosomebi ujredis erTerTi 
umTavresi komponentia.

qromosomebi erTmaneTTan dawyvilebulia - es qromosomebis homologiuri 
wyvilebia.

ujredSi qromosomebis raodenoba gansxvavebulia cocxali organizmebis 
saxeobebis mixedviT. magaliTad, adamians 46 qromosoma aqvs. magram 46 qromosoma 
gvxvdeba im ujredebSi, romlebic ar iRebs monawileobas gamravlebaSi. es 
somaturi ujredebia. sasqeso ujredebSi, romlebic gamravlebaSi iReben 
monawileobas, qromosomebis raodenoba ganaxevrebulia. adamianis sasqeso 
ujredebSi qromosomebis raodenobaa 23. amgvarad, sasqeso ujredebSi 
qromosomebis ganaxevrebuli – haploiduri kompleqtia (pirobiTad n 
raodenoba), somatur ujredebSi ki ormagi - diploiduri kompleqti (pirobiTad 
2n raodenoba).

diploidur kompleqtSi qromosomebi dawyvilebulia homologiur wyvilebad 
(ix. suraTi qvemoT). suraTze qromosomebi gaormagebulia da Seicavs or 
qromatids.

gamravleba yvela cocxali organizmis damaxasiaTebeli Tvisebaa. ujredul 
doneze gamravleba gamoixateba sawyisi – dediseuli ujredis orad gayofasa 
da axali – Svileuli ujredebis warmoSobaSi. 
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ujredis sicocxle moicavs or ZiriTad process: ujredi izrdeba zomaSi da 
asrulebs Tavis funqciebs, xolo Semdeg ki iyofa – mravldeba.

amgvarad  arCeven ujredis sasicocxlo ciklis or fazas: interfaza 
periodia rodesac ujredi izrdeba da asrulebs sasicocxlo funqciebs, xolo 
interfazis Semdgom iwyeba ujredis gayofa - mitozi.

interfazaSi arCeven ramdenime stadias: pirobiTad 
maT ewodeba G1 faza, S faza da G2 faza.

G1 fazaSi ujredi asrulebs Tavis funqcias. 
nervuli ujredi SeigrZnobs da pasuxobs  
gaRizianebas, kunTovani ujredi ikumSeba, kuWis 
qsovilis ujredebi gamoyofen saWmlis momnelebel 
wvenebs da ase Semdeg. amave fazaSi ujredi izrdeba. 
matulobs organoidebis raodenoba.

S fazaSi xdeba ujredis birTvSi arsebuli 
dnm-s molekulebis da Sesabamisad qromosomebis 
gaormageba.

gamravlebis Sedegad warmoqmnil ujredebs unda SeunarCundes qromosomebis 
is raodenoba, romelic qonda dediseul ujreds. es gasagebicaa: qromosomebi 
dnm-s saxiT Seicaven informacias organizmis niSan-Tvisebebis Sesaxeb da es 
informacia uklebliv unda gadaeces Svileul ujredebs.

amitom interfazaSi qromosomebis raodenoba ormagdeba.
gaormagebuli qromosoma Sedgeba 2 nawilisgan 

– qromatidisgan. qromosomebis gaormagebis dros 
ormagdeba qromosomebSi arsebuli dnm-c. amitom dnm 
aris rogorc erT, ise meore qromatidSi.

interfazis bolo fazaSi - G2 fazaSi, ujredi 
agrZelebs funqciis Sesrulebas da emzadeba 
mitozisTvis, Tu ujredi raRac mizezebis gamo ar 
gadadis interfazidan mitozSi, amboben, rom is 
imyofeba G0 fazaSi.

mitozi
interfazis dasrulebis Semdeg iwyeba mitozi. 
mitozi Sedgeba 4 ZiriTadi fazisagan. es fazebi ganvixiloT sqemis daxmarebiT. 

sqema asaxavs im ujredis gayofas, romelsac 6 qromosoma aqvs.
profaza. sqemaze, qromosomebi ukve gaormagebulia (es interfazaSi moxda) 

da TiToeuli qromosoma Sedgeba 2 qromatidisgan. sul ujredSi 6 qromosomaa 
da 12 qromatidi.

qromatidebi 
gaormagebul 
qromosamaSi
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1

birTvi

profazaSi, citoplazmaSi ganirCeva 2 patara zomis nawilaki – centrioli 
(1). isini ujredis kideebSi (polusebze) erTmaneTis sapirispirod ganlagdebian. 
profazis bolos birTvis garsi qreba da qromosomebi citoplazmaSi gamodian. 
centriolebi gamouSveben specialur cilovan Zafebs - mitozis TiTistaras (2), 
romlebic qromosomebs ujredis Sua nawilisken ubiZgeben.

metafaza. metafazaSi qromosomebi ganlagdeba ujredis centrSi. TiTistarebi 
CaeWidebian qromatidebs. 

rogorc ici, TiToeuli qromosoma 2 qromatidisgan Sedgeba. qromatidebidan 
erTs CaeWideba ujredis erT polusze myofi centriolidan gamosuli 
TiTistara, xolo meore qromatids CaeWideba sawinaaRmdego polusze myofi 
centriolidan gamosuli TiTistara.

anafaza. anafazaSi TiTistarebi qromatidebs polusebisken gadaaadgileben.

metafaza anafaza

telofaza. telofazaSi warmoiqmneba ujredis birTvebi: ori birTvi (3).

3
3
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mitozi telofaziT mTavrdeba. amgvarad, mitozis Sedegad ujredSi 
warmoiqmneba ori axali birTvi, romlebic Seicaven imdenive qromosomas, 
ramdenic qonda erT, “Zvel” birTvs mitozis dawyebamde. 

amis Semdeg iwyeba citokinezi. ujredi Suaze gaiyofa. sabolood, mitozis 
da misi momdevno citokinezis Sedegad miiReba ori Svileuli ujredi. 
qromosomebis gaormageba interfazaSi da qromatidebis gadanawileba mitozis 
dros uzrunvelyofs Svileul ujredebSi qromosomebis imave raodenobis 
SenarCunebas, rac dediseuli ujredisTvis aris damaxasiaTebeli. magaliTad, 
adamianSi, mitozis Sedegad warmoqmil Svileul ujredebs 46 qromosoma eqneba.

mitozurad mravldeba eukariotebis (ujredSi birTvis mqone organizmebis) 
ujredebi.

prokariotebi (ujredSi birTvis ar mqone organizmebi) mravldebian ujredis 
pirdapiri gayofiT – binaruli gayofiT. am dros, gayofamde xdeba dnm-s 
gaormageba, magram binarul gayofas ar axasiaTebs mitozis msgavsi fazebi, 
ujredi Zalian swrafad iyofa or nawilad da warmoqmnis or Svileul ujreds.

meiozi

sqesobriv gamravlebaSi monawileobs 
mdedri da mamri individi. gamravleba xdeba 
sasqeso ujredebiT - gametebiT. mamrobiTi 
sasqeso ujredia spermatozoidi, mdedrobiTi 
– kvercxujredi. organizmis yvela 
danarCeni ujredi, romelic gamravlebaSi ar 
monawileobs, aris somaturi ujredi. 

Sinagan sasqeso organoebSi, mamrobiT 
saTesleSi da mdedrobiT sakvercxeSi 
mwifdeba sasqeso ujredebi (gametebi) – 
spermatozoidi da kvercxujredi. momwifebis 
dawyebamde maT qromosomebis iseTive 
raodenoba aqvT, rogorc somatur ujredebs 
– qromosomTa diploiduri kompleqti. 
momwifebis Semdeg sasqeso ujredebSi 
qromosomaTa raodenoba naxevrdeba – 
haploiduri xdeba.

momwifebis dros sasqeso ujredebi 
iyofian. am process meiozi ewodeba meiozi 
Sedgeba ori Tanmimdevruli gayofisagan. 
pirvelad dediseuli ujredi iyofa 
da warmoqmnis or Svileul ujreds. 
meored iyofa ukve es ori ujredi 
da miiReba oTxi ujredi, romlebic 
yalibdeba spermatozoidad (saTesleSi) da 
kvercxujredad (sakvercxeSi).

123
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ganvixiloT meiozi sqemis daxmarebiT. sqemaze naCvenebia ujredi 4 
qromosomiT anu qromosomebis ori homologiuri wyviliT. qromosomebi ukve 
gaormagebulia (interfazaSi) da Seicavs or qromatids. amgvarad saxezea 4 
qromosoma 8 qromatidiT (1).

profazaSi birTvis garsi ixsneba da qromosomebi gamodian citoplazmaSi. 
centriolebi midian polusebisaken da maTgan gamodis cilovani Zafebi (2).

 gayofis TiTistaras Zafebi CaeWideba mTels qromosomas (da ara mis erT 
qromatids, rogorc mitozis dros. ujredis erTi polusidan TiTistara 
emagreba homologiuri wyvilidan erT qromosomas, mopirdapire polusidan ki 
wyvilis meore qromosomas. anafazaSi qromosomebi Tavisi orive qromatidiT 
midian polusebisaken (3). telofazaSi polusebTan warmoiqmneba birTvebi (4) da 
SemdgomSi ujredi or nawilad gaiyofa. miiReba ori Svileuli ujredi. TiTo 
ujredSi aris homologiuri wyvilidan erTi qromosoma Tavisi 2 qromatidiT 
(5). marTalia, qromosoma or qromotids Seicavs, magram Tavad qromosomebis 
raodenoba dediseul ujredTan SedarebiT ganaxevrebulia. magaliTad, Tu 
dediseul ujreds aqvs 4 qromosoma, interfazaSi maTi gaormagebis Semdeg 
miiReba 4 qromosoma 2 qromatidiT, sul 8 qromatidi. pirveli gayofis Semdeg 
yovel Svileul ujredSi aRmoCndeba 2 qromosoma, TiToeuli 2 qromatidiT. 
Svileuli ujredebis warmoqmnis Semdeg meiozi grZeldeba. TiToeuli 
ujredi kvlav iyofa. am dros, anafazaSi (6), erTmaneTs scildeba qromosomis 
qromatidebi (rogorc mitozis dros). sabolood meiozis Sedegad miRebul 
oTx ujredSi aRmoCndeba TiTo qromosoma. homologiuri wyvilidan sqemaze 
Cans rom ujredebSi aris ara oTxi (rogorc dediseul ujredSi) aramed 2 
qromosoma. amitom sasqeso ujredebSi dediseuli qromosomebis ganaxevrebuli 
– haploiduri raodenobaa (7). 

meiozi waagavs mitozs, magram maT Soris aris mniSvnelovani gansxvaveba, 
romelic cxrilis saxiTaa warmodgenili;

mitozi meiozi

Sedgeba ujredis erTjeradi 

gayofisagan: ujredi erTxel 

iyofa da warmoqmnis 2 ujreds.

ujredi iyofa orjer. pirveli gayofisas miiReba ori ujre­

di. es ori ujredi kvlav iyofa da warmoqmnis 4 ujreds.

mitozis Sedegad miRebuli 

2 Svileuli ujredi Seicavs 

qromosomebis imave raodenobas, 

rac qonda dediseul ujreds

meiozis Sedegad miRebuli 4 Svileuli ujredi Seicavs sawy­

is, dediseul ujredTan SedarebiT qromosomebis ganaxevre­

bul raodenobas

mitozis anafazaSi erTmaneTs 

scildeba gaormagebuli 

qromosomebis qromatidebi

meiozis pirveli gayofis anafazaSi erTmaneTs scildeba ho­

mologiuri qromosomebi (da ara qromatidebi)

meiozis pirveli gayofis profazaSi homologiuri qromo­

somebi erTmaneTs gadaeWdobian da cvlian monakveTebs (am 

process krosingoveri ewodeba)

meiozis meore gayofis wina interfazaSi ar xdeba qromo­

somebis gaormageba
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organizmis niSanTvisebebs ganapirobeben genebi

dnm-is molekula qromosomaSia moTavsebuli. genebi, romlebic moicavs dnm-s 
molekulis monakveTs, ganapirobeben Tu ra niSanTviseba gveqneba.

sxvadasxva geni Cvens sxvadasxva niSanTvisebazea pasuxismgebeli.
cocxal organizmis niSanTvisebebi - fenotipi, ganpirobebulia qromosomaSi 

arsebuli genebiT.
organizmis genebis erTobliobas genotipi ewodeba. 
genebis gacnoba magaliTiT daviwyoT.
Tvals (Tvalis ferad garss) fers aZlevs pigmenti. geni gansazRvravs, Tu 

ramdeni pigmenti dagrovdeba TmaSi, anu adamians muqi feris Tvali eqneba 
(yavisferi) Tu Ria feris (cisferi).

arsebobs Tvalis Ria da muqi feris ganmapirobebeli genebi. 
aleli aris erTi niSan-Tvisebis (am SemTxvevaSi Tvalis feris) ganmapirobebeli 

genis konkretuli varianti (magaliTad yavisferi Tvalis ganmapirobebeli 
aleli, cisferi Tvalis ganmapirobebeli aleli). alelebi (1) homologiur 
qromosomebSia dawyvilebuli, erTi aleli ganlagebulia erT qaromosomaSi, 
meore aleli – meore qromosomaSi. 

1

alelebs pirobiTad SeiZleba davarqvaT dominanturi (wamyvani, Zlieri) da 
recesiuli (susti, daqvemdebarebuli). dominanturi alelis mier ganpirobebuli 
niSanTviseba vlindeba fenotipurad miuxedavad imisa, Tu ra alelia masTan 
wyvilSi – misi msgavsi dominanturi Tu recesiuli. recesiuli aleli 
fenotipurad vlindeba mxolod im SemTxvevaSi, Tu igi wyvilSia Tavis msgavs 
recesiul alelTan.

Tu organizms orive aleli erTnairi aqvs (orive recesiuli an orive 
dominanturi), is mocemuli alelebis mixedviT homozigoturia. Tu es 
alelebi gansxvavdeba (erTi recesiulia, meore ki dominanturi), organizmi 
heterozigoturia. adamians cisferi Tvali aqvs Tu misi Tvalis feris 
ganmapirobebeli orive aleli recesiulia (organizmi am alelis mixedviT 
homozigoturia). Tvali muqia or variantSi – rodesac orive aleli 
dominanturia (adamiani am alelis mixedviT homozigoturia) da maSinac, 
rodesac erTi aleli dominanturia da meore recesiuli, anu organizmi am 
alelebis mixedviT heterozigotulia.
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nu gaaigiveb genotipsa da fenotips. genotipi genebis erTobliobaa, fenotipi 
– niSanTvisebebi. imavdroulad fenotipi ganisazRvreba genotipiT, magram 
SeiZleba zustad ar asaxavdes genotips. magaliTad dominanturi fenotipis 
mqone organizmi SeiZleba genotipurad iyos homozigoturi an heterozigoturi.

alelebis pirobiTi aRniSvna aseTi wesiT xdeba: dominanturi aleli aRiniSneba 
didi laTinuri asoTi, recesiuli patara laTinuri asoTi. magaliTad, muqi 
Tvalis ganmapirobebeli aleli pirobiTad SeiZleba aRvniSnoT rogorc A, 
cisferi Tvalisa – a. Sesabamisad cisferTvala adamianSi alelebis wyvili 
iqneba - aa, xolo SavgvremanSi – AA an Aa. 

mniSvneloba ar aqvs romel laTinur asos gamoiyeneb homo - da heterozigotebis 
aRsaniSnavad.

dominanturi aleliT aris ganpirobebuli kexiani (arwivisebri) cxviri, 
grZeli cxviri, xuWuWi Tma, gaburZgnuli warbebi, naadrevi gaWaRaraveba da 
gameloteba, Tandayolili axlomxedveloba, monRoloiduri tipis (viwro 
Wrilis mqone) Tvali. 

amovxsnaT ramdenime genetikuri amocana. 
amocanis amoxsnis dros: 1. yuradRebiT kiTxulob pirobas, 2. iyeneb codnas, 

romelic genetikaSi gaqvs da 3. am codnis safuZvelze cdilob gaerkve amocanis 
sakiTxSi (akeTeb analizs) da mxolod amis Semdeg 4. moifiqreb pasuxs. 

1. aqvs Tu ara yvela adamians erTnairi genotipi?

ras gekiTxebian: SekiTxva exeba adamianis genotips da adamianebis msgavsebas 
(erTnairobas, identurobas) genotipis mixedviT.

ra ici: cocxali organizmis niSanTvisebebi - fenotipi ganpirobebulia 
genotipiT, anu alelebis erTobliobiT. fenotipi mravalnairi arsebobs 
(sxvadasxva feris Tvali, formis cxviri da ase Semdeg).

analizi: adamianebi gasnxvavdebian niSanTvisebebiT – fenotipurad. 
maSasadame isini gansxvavdebian genotipuradac. 

pasuxi: yvela adamians ar SeiZleba erTnairi genotipi hqondes.

2. romeli alelebis wyvili CC, Cc Tu cc ganapirobebs cxviris kexian formas?

ras gekiTxebian: SekiTxva exeba alelebis wyvils da mis mier ganpirobebul 
niSans – cxviris kexian formas.

ra ici: kexiani cxviri dominanturi niSania. dominanturi fenoti vlindeba 
or variantSi – rodesac orive aleli dominanturia (adamiani am alelis 
mixedviT homozigoturia) da maSinac, rodesac erTi aleli dominanturia da 
meore recesiuli, anu organizmi am alelebis mixedviT heterozigotulia. 

analizi: radgan cxviris kexiani forma dominanturi niSania, is SesaZlebelia 
ganpirobebuli iyos rogorc dominanturi, ise dominanturi da recesiuli 
alelebis wyviliT 

pasuxi: cxviris kexiani forma SesaZlebelia ganpirobebuli iyos alelebis 
wyviliT CC an Cc 
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3. romeli alelebis wyvili BB, Bb Tu bb ganapirobebs recesiul fenotips ?

ras gekiTxebian: SekiTxva exeba alelebis wyvils romelic ganapirobebs 
recesiul fenotips

ra ici: recesiuli aleli fenotipurad vlindeba mxolod im SemTxvevaSi, Tu 
igi wyvilSia Tavis msgavs recesiul alelTan. 

analizi: recesiuli fenotipi SesaZlebelia ganpirobebuli iyos mxolod 
recesiuli alelebis wyviliT 

pasuxi: bb

4. ra SemTxvevaSi SegviZlia zustad amovicnoT genotipi fenotipis mixedviT?

ras gekiTxebian: rogori unda iyos fenotipi, rom mis mixedviT zustad 
mivxvde Tu ra genotipiTaa is ganpirobebuli.

ra ici: fenotipi SesaZlebelia iyos dominanturi, an recesiuli. recesiuli 
fenotipi vlindeba Tu misi ganmapirobebeli orive aleli recesiulia 
(organizmi am alelis mixedviT homozigoturia). fenotipi dominanturia or 
variantSi – rodesac orive aleli dominanturia (adamiani am alelis mixedviT 
homozigoturia) da maSinac, rodesac erTi aleli dominanturia da meore 
recesiuli, anu organizmi am alelebis mixedviT heterozigotulia.

analizi: dominanturi fenotipi maZlevs mxolod varaudis gamoTqmis 
saSualebas, rom genotipi homo an heterozigoturia. recesiuli fenotipi ki 
zustad mimiTiTebs, rom organizmSi orive aleli recesiulia.

pasuxi: genotipis zustad amocnoba SesaZlebelia, Tu fenotipi recesiulia.

5. dawere, rogori alelebi SeiZleba qondes adamians, romelsac ar aqvs 
Tandayolili axlomxedveloba.

ras gekiTxebian: mTxoven davwero im adamianis genotipi, romelsac ar aqvs 
Tandayolili axlomxedveloba

ra ici: Tandayolili axlomxedveloba dominanturi niSania. Tandayolili 
axlomxedvelobis uqonloba recesiuli niSania. recesiuli fenotipi vlindeba 
Tu misi ganmapirobebeli orive aleli recesiulia (organizmi am alelis 
mixedviT homozigoturia). 

analizi: radgan am adamians ar aqvs Tandayolili axlomxedveloba, mas orive 
aleli recesiuli aqvs.

amocanis piroba ar mimiTiTebs, romeli asoebi gamoviyeno alelebis 
aRniSvnisaTvis. amitom Tandayolili axlomxedvelobis alels Cemi nebiT 
pirobiTad aRvniSnav rogorc R, maSin am alelis recesiuli varianti iqneba r. 
am SemTxvevaSi adamians, romelsac ar aqvs Tandayolili axlomxedveloba, aqvs 
alelebi rr.

pasuxi: rr
yuradRebiT waikiTxe amocanis piroba. zog SemTxvevaSi SesaZlebelia amocana 

iTxovdes mokle pasuxs, mag, rogorc me-5 amocana – mxolod genotipis daweras. 
SesaZlebelia amocanis pirobaSi mogTxovon pasuxis dasabuTeba. mag. Tu imave 
me-5 amocanaSi, gTxoven ganmarto, ratom fiqrob, rom adamianis genotipia rr, am 



11

dros pasuxs Tan unda daumato sakiTxTan uSualod dakavSirebuli codnis (ra 
vici) da analizis nawilic. 

magaliTad:

6. Worflianoba dominanturi aleliT aris ganpirobebuli. genotipebidan FF, 
Ff, ff romeli ganapirobebs Worflianobas? pasuxi daasabuTe.

pasuxi: Worflianobas ganapirobebs FF, Ff. dasabuTeba: Worflianoba 
dominanturi niSania. dominanturi aleli Tavs yovelTvis avlens fenotipurad. 
dominanturi fenotipi vlindeba im SemTxvevaSi, rodesac orive aleli 
dominanturia da maSinac, rodesac erTi aleli dominanturia, meore ki 
recesiuli.

alelebis ganawileba sasqeso ujredebSi.

niSanTvisebaTa damemkvidrebis kanonzomiereba. 
aleluri genebi moTavsebulia homologiuri qromosomebis wyvilSi: TiTo 

aleli TiTo qromosomaSi. 
gametebis (mamrobiTi spermatozoidis da mdedrobiTi kvercxujredis) 

warmoqmnisas, meiozis dros, homologiuri qromosomebi erTmaneTs cildebian 
da sxvadasxva ujredSi aRmoCndebian. Sesabamisad alelebic sxvadasxva sasqeso 
ujredSi aRmoCndebian. 

magaliTisaTvis ganvixiloT meiozis sqema, sadac sasqeso ujredSi, 
homologiur qromosomebSi moTavsebulia alelebi B da b. sqemaze pirobiTad 
gamosaxulia qromosomebis mxolod erTi wyvilis mqone sasqeso ujredis meiozi.

1 2

3
4

interfazaSi, qromosomebis gaormagebamde, saxezea ori qromosoma da maTSi 
ganlagebuli alelebi B da b (suraTze 1). qromosomebis gaormagebasTan erTad 
ormagdeba alelebic –BB, bb (2). anafazaSi qromosomebi erTmaneTs cildeba da 
telofazis bolos Svileul ujredebSi aRmoCndeba wyvilidan TiTo qromosoma 
ori qromatidiT (sur. 3 ). qromatidebSi iqneba alelebi BB erT ujredSi da bb 
meore ujredSi. meore meiozuri gayofisas erTmaneTs cildeba qromatidebi da 
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miRebul oTx sasqeso ujredSi aRmoCndeba TiTo qromosoma. or ujredSi iqneba 
B alelis matarebeli qromosoma, xolo danarCen orSi – b alelis matarebeli 
qromosoma (4). 

miaqcie yuradReba, gansxvavebuli alelebis (B da b) matarebeli gametebi 
Tanabari raodenobiT warmoiqmneba (4) 

homozigoturi organizmi aleluri wyviliT BB warmoqmnis erTi saxis 
sasqeso ujredebs - B-alelis matarebels, xolo homozigoturi bb – erTi saxis 
sasqeso ujredebs - b-alelis matarebels. miaqcie yuradReba, rom saubaria 
ara gametebis raodenobaze, romelic yovelTvis oTxia, aramed am ujredebis 
nairferovnebaze aleluri Sedgenilobis TvalsazrisiT.

mravalujrediani organizmebis niSanTvisebebi metad mravalferovania da 
qromosomaTa wyvilSi ganlagebulia ara erTi genis alelebi (rogorc sqemazea) 
aramed mravali genisa. genebis alelebs atarebs am organizmis yvela qromosoma. 
gametebi – spermatozoidi da kvercxujredi yvela aleluri wyvilidan 
erTerTs atareben.

 amgvarad spermatozoidSi da kvercxujredSi aris konkretuli genis 
alelebidan erTerTi. ganayofierebis dros spermatozoidis da kvercxujredis 
birTvebi Seerwymebian erTmaneTs da ganayofierebuli kvercxujredi –zigota 
ukve orive alelis mtarebeli xdeba. amaTgan erTi aleli mamrisaa, meore ki 
mdedris. amitom zigotidan warmoSobil axal organizmSi genebis alelebidan 
erTi mamrisaa, meore mdedris. ase xdeba genebis da genebis mier ganpirobebuli 
niSanTvisebebis damemkvidreba, anu memkvidreobiT gadacema.

daakvirdi, Tu rogor gadadis memkvidreobiT alelebi da Sesabamisad maT 
mier ganpirobebuli niSanTviseba. 

SevadginoT cxrili.
davuSvaT, rom orive mSobeli (mcenare, cxoveli, adamiani, ar aqvs mniSvneloba) 

romeliRac genis alelebis mixedviT heterozigotulia Aa. 

mdedri Aa mamri Aa 
A a

A AA Aa
a Aa aa

isini warmoSoben ori saxis (nairferovnebis mixedviT) sasqeso ujredebs: mamri 
A alelis da a alelis matarebel spermatozoidebs, mdedri ki aseTive alelebis 
A da a matarebel kvercxujredebs (ix. cxrili). gaixsene, rom gansxvavebuli 
alelebis (A da a) matarebeli sasqeso ujredebi Tanabari raodenobiT 
warmoiqmneba. cxrilSi naCvenebia ganayofierebis dros A da a alelis matarebeli 
spermatozoidis da kvercxujredis Sexvedris da Sesabamisad zigotaSi mdedris 
da mamris A da a alelebis kombinirebis yvela SesaZlo varianti. 

rodesac axali Taoba daibadeba, genotipurad is SeiZleba iyos AA, Aa, 
Aa, aa anu AA, 2Aa, aa. fenotipurad sami Svili SeiZleba iyos dominanturi 
niSanTvisebis, xolo erTi Svili recesiuli niSanTvisebis mqone.
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 ratom vambobT: `SeiZleba iyos~ da ar vambobT, aucileblad iqnebao? 
ganayofierebis dros SemTxveviTia Tu romeli alelis matarebeli gametebi 
Sexvdebian erTmaneTs. amitom genotipuri kombinaciebic AA, Aa, Aa, aa 
SemTxveviTia. Teoriulad oTxive mosalodnelia, magram ganayofierebisas 
romeli kombinacia moxdeba, winaswar ver vityviT. amitom winaswar verc imas 
vityviT, Tu ra niSanTviseba (dominanturi Tu recesiuli) eqneba Svils. 

amovxsnaT genetikuri amocanebi:
1. ramdennairi genotipis mqone Svili SeiZleba eyolos cxrilebSi (1, 2) 

aRniSnul mSoblebs ? 

cxrili 1

mdedri CC mamri Cc 

cxrili 2

mdedri ff mamri Ff 
F f

f
f

amoxsna (am SemTxvevaSi gamovtovebT amocanis amoxsnis pirvel 2 etaps – ras 
mekiTxebian, ra vici da mogvyavs amocanis analizi da pasuxi):

qvemoT cxrilSi naCvenebia, rom mdedr mSobels aqvs alelebi CC, xolo mamrs 
– Cc. meiozis Sedegad mamri warmoSobs sasqeso ujredebs, romelTagan erTi 
nawili iqneba C alelis, meore ki – c alelis matarebeli. mdedrs orive aleli 
erTnairi aqvs. amitom misi yvela kvercxujredi Seicavs C alels.

mamris da mdedris sasqeso ujredebis Serwymisas miviRebT Semdeg variantebs:

mdedri CC mamri Cc 
C c

C CC Cc
C CC Cc

pasuxi: miiReba ornairi genotipis – CC da Cc mqone Svilebi.
qvemoT cxrilSi naCvenebia, rom mdedr mSobels aqvs alelebi ff, xolo mamrs 

– Ff. meiozis Sedegad mamri warmoSobs gametebs, romelTagan erTi nawili iqneba 
F alelis, meore ki – f alelis matarebeli. mdedrs orive aleli erTnairi aqvs. 
amitom misi yvela gameta Seicavs F alels.
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mamris da mdedris sasqeso ujredebis Serwymisas miviRebT variantebs:

mdedri ff mamri Ff 
F f

f Ff ff
f Ff ff

pasuxi: miiReba ornairi genotipis – Ff da ff mqone Svilebi.
2. ramdennairi fenotipis mqone Svili SeiZleba eyolos cxrilebSi aRniSnul 

mSoblebs ? 
cxrili 3 

mdedri dd mamri dd 

cxrili 4

mdedri DD mamri DD 

amocana exeba fenotipebs, magram pasuxis gasacemad saWiroa genotipebis 
gamoangariSeba, radgan sxvagvarad ver gavigebT Tu rogori fenotipebi 
warmoiSveba am Sejvarebebis dros.

amoxsna:
cxrili 3.
meiozis Sedegad orive mSobeli warmoSobs sasqeso ujredebs, romelTagan 

yvela iqneba d alelis matarebeli. mamris da mdedris sasqeso ujredebis 
Serwymisas miviRebT mxolod 1 variants

mdedri dd mamri dd 
d d

 d dd dd
 d dd dd

aseTi genotipi dd ganapirobebs recesiuli fenotipis gamomJRavnebas.
pasuxi: warmoiSveba mxolod erTi saxis fenotipis mqone Svilebi.
cxrili 4.
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am SemTxvevaSic orive mSobeli warmoSobs mxolod erTi saxis sasqeso 
ujredebs, dominanturi alelis - D matareblebs. maTi Serwymis yvela variantSi 
miiReba genotipi DD, romelic ganapirobebs erTi saxis, dominanturi fenotipis 
mqone Svilebis warmoSobas. 

mdedri D mamri DD
D D

D DD DD
D DD DD

genetika da matematika

matematikis codna gamogadgeba imisaTvis, rom iangariSo konkretuli 
genetikuri niSanTvisebis fenotipurad gamomJRavnebis albaToba.

albaToba sazogadod iangariSeba ase:
ramdenjer aris mosalodneli raime konkretuli varianti

albaToba = -------------------------------------------------------------------------------
sul ramdeni variantia SesaZlebeli

magaliTad: kamaTels aqvs eqvsi gverdi. am gverdebze aris cifrebi 1-dan 
6-is CaTvliT (e.i. 6 varianti). vTqvaT kamaTeli erTxel gaagore. romelime 
nebismieri cifris “mosvla” mosalodnelia erTxel. sazogadod SesaZlebelia 
eqvsi varianti: mova an erTiani, an oriani, an samiani da a.S.

maSasadame, TiToeuli variantis mosvlis albaToba aris 1/6.
vTqvaT erTmaneTs ejvareba ori heterozigotuli individi. Sen SegiZlia 

iangariSo albaTobebi maTi Svilebis fenotipis da genotipis mixedviT. amisaTvis 
Seadgen cxrils. daimaxsovre, rom genetikuri albaTobebis gamosaangariSeblad 
cxrilis Sedgenis meTodi SemoiRo ingliselma mecnierma penetma. amitom aseT 
cxrilebs penetis cxrili ewodeba.

Tu erTmaneTs ejvareba Aa◊Aa penetis cxrili aseT saxes miiRebs:

mSoblebis 
alelebi

A a

A AA Aa
a Aa aa

TiToeuli fenotipis (dominanturis da recesiulis) gamovlenis albaToba 
aseTia: 3 – jer mosalodnelia gamovlindes dominanturi fenotipi, radgan 
dominanturi alelebis mqone homozigota AA da agreTve heterozigota Aa 
garegnulad amJRavneben dominantur fenotips. daukvirdi, cxrilidan Cans rom 
AA miiReba erT variantSi, Aa ki or variantSi, amitom jamSi 3 genotipuri 
variantia (AA + 2 Aa), romelic ganapirobebs dominantur fenotips. erTxel 
mosalodnelia gamovlindes recesiuli fenotipi, radgan is vlindeba mxolod 



16

im SemTxvevaSi, rodesac orive aleli recesiulia aa, aseTi varianti ki 
(cxrilis mixedviT) mxolod erTia. sul aris 4 genotipuri varianti (AA + 2Aa 
+ aa). maSasadame, dominanturi fenotipis gamovlenis albaTobaa 3/4, xolo 
recesiulisa – 1/4.

genotipebisaTvis situacia gansxvavebulia: sul oTxi variantia (AA +2Aa + 
aa). amaTgan AA da aa mosalodnelia erTxel, xolo Aa - orjer. maSasadame 
TiToeuli genotipis warmoSobis albaTobaa: 1/4 AA da aa – Tvis, da 2/4 Aa – 
Tvis.

amovxsnaT genetikuri amocanebi:
1.	 rogoria heterozigotuli mSoblebisagan cisferTvala da muqTvala 

Svilebis dabadebis albaToba?
amocanis pirobis Tanaxmad mSoblebi Tvalis feris alelebis mixedviT 

heterozigotulia, maSasadame orive aris Aa. heterozigota warmoqmnis 
aleluri Sedgenilobis mixedviT ori saxis gametebs: A da a. SevadginoT cxrili 
da viangariSoT dedis da mamis alelebis Sexvedris variantebi.

mSoblebis 
gametebi

A a

A AA Aa
a Aa aa

amocana gvekiTxeba, Tu rogoria sxvadasxva fenotipis (Tvalis feris) bavSvebis 
dabadebis albaToba. TiToeuli fenotipis (dominanturis da recesiulis, anu 
muq da cisferTvala) gamovlenis albaToba aseTia: 3 –jer mosalodnelia 
gamovlindes dominanturi fenotipi, radgan 3 variantSi miviReT genotipebi 
AA, Aa, Aa, romlebic ganapirobebs muqi feris Tvals, xolod erT variantSi 
miiReba genotipi aa, romelic ganapirobebs cisfers. sul aris 4 genotipuri 
varianti. maSasadame, dominanturi fenotipis – muqi feris Tvalis gamovlenis 
albaTobaa 3/4, xolo recesiulisa (cisfri Tvalis) – 1/4.
amgvarad, muqTvala Svilebis dabadebis albaTobaa ¾, cisferTvala 
Svilebis dabadebis albaTobaa ¼.

2. rogoria amave mSoblebisagan dominanturi da recesiuli homozigoturi 
genotipis da heterozigoturi genotipis warmoSobis albaToba

amocanis pirobis Tanaxmad mSoblebi igive genotipisaa, maSasadame dedac da 
mamac Aa

SevadginoT cxrili da viangariSoT dedis da mamis alelebis Sexvedris 
variantebi.

mSoblebis 
gametebi

A a

A AA Aa
a Aa aa
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amocana gvekiTxeba genotipebis Sesaxeb.
cxrilis Tanaxmad, 3 variantSi miviReT genotipebi AA, Aa, Aa, erT variantSi 

miiReba genotipi aa. sul 4 variantia. amaTgan dominanturi homozigota miiReba 
erTxel AA, maSasadame misi warmoSobis albaTobaa 1/4. 

recesiuli homozigota miiReba erTxel aa, maSasadame misi warmoSobis 
albaTobaa 1/4. 

heterozigota Aa miiReba orjer, maSasadame misi warmoSobis albaTobaa 2/4. 
3. rogoria homozigoturi dominanturi da homozigoturi recesiuli 

genotipis mqone mSoblebisagan qera da muqTmiani Svilebis dabadebis 
albaToba?

SevadginoT cxrili. radgan erTi mSobeli recesiuli homozigotia, misi 
genotipia aa, homozigoturi dominanturi mSobeli ki iqneba AA

mSoblebis 
gametebi

a a

A Aa Aa
A Aa Aa

rogorc xedav oTxive variantSi miiReba mxolod erTi genotipi Aa. rogorc 
ici Tmis Ria feri recesiuli niSania, muqi ki – dominanturi. amitom mSoblebis 
Sejvarebis Sedegad oTxive variantSi ibadeba mxolod muqTmiani Svili, da misi 
dabadebis albaToba aris 4/4 - 100%. 

4. rogori albaTobiT warmoiqmneba sxvadasxva saxis genotipi da fenotipi, 
rodesac erTi mSobeli recesiuli homozigotia, meore ki heterozigoti?

SevadginoT cxrili. radgan erTi mSobeli recesiuli homozigotia, misi 
genotipia aa, heterozigoturi mSobeli ki iqneba Aa

mSoblebis 
gametebi

a a

A Aa Aa
a aa aa

miRebulia 4 varianti, sadac 2-jer miviReT genotipi Aa, amitom misi 
warmoSobis albaTobaa 2/4=1/2. 

2-jer miviReT genotipi aa, amitom misi warmoSobis albaTobac aris 2/4=1/2. 
rac Seexeba fenotipebs: genotipi Aa ganapirobebs dominantur fenotips, 

maSasadame dominanturi fenotipis mqone Svili miiReba 4-dan 2 variantSi da 
amitom misi warmoSobis albaTobaa 2/4=1/2. 

genotipi aa ganapirobebs dominantur fenotips, maSasadame dominanturi 
fenotipis mqone Svili miiReba 4-dan 2 variantSi da amitom misi warmoSobis 
albaTobac aris 2/4=1/2. 
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gregor mendeli da misi genetikuri eqsperimenti. monohibriduli 
Sejvareba.

is codna, romelic ukve gaqvs genetikaSi, gamogadgeba gregor mendelis 
naSromis Sesaswavlad.

mendelis dros, 19-e sakuneSi, mecnierebi ukve fiqrobdnen, rom Svilebs niSan-
Tvisebebi mSoblebisgan aqvT gadacemuli. magram ver xsnidnen niSanTvisebebis 
damemkvidrebis kanonzomierebas. 

mendeli akvirdeboda bardis ramdenime niSans: Reros simaRles, yvavilis 
fers, yvavilebis Reroze ganlagebas, Teslis formas da sxv. mendelma 
specilurad SearCia es niSan-Tvisebebi, radgan isini ar amJRavneben Sualedur 
damemkvidrebas: bardis yvavili mewamulia an TeTri (da ara vardisferi), Rero 
moklea an grZeli (ara saSualo simaRlis) da sxv. 

mendeli xedavda, rom mewamuli feris yvavilis mqone bardisgan warmoiqmneba 
mxolod mewamuli yvavilis mqone bardebi, TeTri feris yvavilis mqonesgan ki 
mxolod aseTive feris yvaviliani bardebi. es egreTwodebuli wminda xazebia: 
iseTi formebi, romelTa TaobebSi niSanTvisebebi ucvlelad gadadis. mendelma 
dakvirvebisaTvis wminda xazebi SearCia, magram gadawyvita gaekontrolebina 
bardis gamravleba. barda TviTmtveria mcenarea. mendeli ar aZlevda wminda 
xazebs TviTdamtvervis saSualebas: xelovnurad gadahqonda mewamulyvaviliani 
bardis mtveri TeTryvavilianis butkoze. 

amgvarad mendelma SeimuSava niSanTvisebaTa damemkvidrebaze dakvirvebis 
meTodi: dakvirvebis obieqti iyo bardis wminda xazi da iseTi niSan-Tvisebebi, 
romlebic ar amJRavneben Sualedur damemkvidrebas, bardebis gamravleba 
kontroldeboda da mendeli Tavis Sexedulebisamebr warmarTavda am 
process. amavdroulad metad mniSvnelovania, rom mendels qonda miRebuli 
sauniversiteto maTematikuri ganaTleba da bardaze dakvirvebis Sedegebs 
maTematikurad amuSavebda.

mendelis cda ase warmarTa: man Seajvara mewamuli da TeTri feris yvavilis 
mqone wminda xazebi. 

rodesac Sejvarebis dros akvirdebian mxolod erTi niSan-Tvisebis 
damemkvidrebas (mag. bardis yvavilis fers) es monohibriduli Sejvarebaa (mono- 
erTi). 

Sesajvareblad aRebuli individebi pirobiTad aRiniSneba rogorc P 
(parentale - laTinurad mSoblebiseuli). Sejvarebis Sedegad warmoiqmna bardebi 
(pirobiTad F -laTinurad Sviliseuli), romlebsac mxolod mewamuli feris 
yvavili qonda. 
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AA

Aa Aa Aa Aa

aa

mendelma bevrjer gadaamowma cdis Sedegi da rodesac darwmunda mis 
sisworeSi, wesis saxiT Camoayaliba. es aris pirveli Taobis (F1) erTgvarovnebis 
wesi, romlis Tanaxmad wminda xazebis Sejvarebisas pirvel TaobaSi vlindeba 
mxolod erTi mSoblis niSanTviseba.

SegiZlia gamoiyeno codna, romelic gaqvs genetikis Sesaxeb da miadevno 
Tvali mendelis eqsperiments. yvavilis mewamuli feri dominanturi niSania, 
TeTri ki recesiuli, mSoblebi ki orive homozigoturi iyo. aRvniSnoT 
yvavilis mewamuli feris ganmapirobebeli aleli A asoTi, xolo TeTri feris 
ganmapirobebeli aleli – a asoTi. mSoblebis genotipi iqneba AA da aa. 
meiozis Sedegad mSoblebis mier warmoqmnil gametebSi aRmoCndeba TiTo aleli 
wyvilidan. am gametebis Serwymis nebismieri varianti warmoqmnis erTsa da imave 
genotips Aa. amitomac pirvel TaobaSi fenotipurad vlindeba mxolod erTi 
mSoblis niSanTviseba.

gamovsaxoT es penetis cxrilis daxmarebiT:

mSoblebi A A
a Aa Aa
a Aa Aa

mendelma pirveli Taobis bardebs TviTdamtvervis saSualeba misca. 
TviTdamtvervis Sedegad warmoqmnil meore TaobaSi (F2) bardebis nawils kvlav 
mewamuli yvavili aRmoaCnda, magram gamoCndnen TeTri feris yvavilis mqone 
bardebic. 
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Aa

AA Aa Aa aa

amgvarad, mendelma daadgina, rom meore mSoblis niSanTviseba (yvavilis 
TeTri feri) pirvel Taobas gadaeca, magram SeniRbuli iyo da fenotipurad 
meore TaobaSi gamovlinda. 

rogorc iTqva, mendeli akvirdeboda bardis sxvadasxva niSanTvisebis 
damemkvidrebas. yvela SemTxvevaSi Sedegi erTnairi iyo: pirvel TaobaSi erTi 
mSoblis niSanTvisebis SeniRbva da meore TaobaSi gamovlena. amgvarad mendelma 
daadgina, rom niSanTvisebebi arsad qreba da arc erTmaneTs Seereva, TiToeuli 
maTgani damoukideblad memkvidreobs.

mendelma naxa, rom meore TaobaSi miiReboda 6300 mewamulferiani da 2000 
TeTryvaviliani barda. mendelma iangariSa, rom mewamuli da TeTri yvavilis 
mqone bardebis raodenobrivi Sefardeba miaxloebiT aris 3:1. amgvarad mendelma 
daadgina, rom niSanTvisebebi garkveuli maTematikuri kanonzomierebiT 
memkvidreobs.

SegiZlia kvlav gamoiyeno penetis cxrili mendelis eqsperimentis 
sademonstraciod.

mSoblebi A a
A AA Aa
a Aa aa

cxrilidan Cans rom F2 TaobaSi miiReba mewamuli da TeTri feris yvavilis 
mqone bardebi. mewamuli feris bardebis raodenoba samjer aRemateba TeTri 
ferisas, radgan gametebis Serwymis 3 variantSi miiReba alelebis kombinacia 
AA, Aa, Aa, romelic ganapirobebs yvavilis mewamul fers da mxolod erTi 
kombinacia aa – romelic ganapirobebs yvavilis TeTr fers. 

sabolood mendelma Camoayaliba niSanTvisebaTa (fenotipis) daTiSvis 
kanoni, romlis Tanaxmad Svilebi mSoblebisagan iReben erTi niSanTvisebis 
ganmapirobebeli genebis orive alels: TiTo alels TiTo mSoblisgan. es 
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imitom xdeba, rom mSoblebis gametebSi genebis aleluri wyvilidan mxolod 
erTi aRmoCndeba. 

amovxsnaT genetikuri amocanebi.
amocanebi, romlebic monohibridul Sejvarebas exeba (mendelis Sromebis 

mixedviT) eyrdnoba Semdeg kanonzomierebebs, romlebic qvemoT cxrilis saxiT 
aris mocemuli. kerZod, Svilebis fenotipis mixedviT advilia imis gamocnoba, 
Tu rogori genotipis mqone mSoblebi Sejvardnen erTmaneTTan:

Svilebis fenotipi mSoblebis genotipi
1 yvela Svili erTnairi recesiuli fenotipis aa X aa
2 yvela Svili erTnairi dominanturi 

fenotipis
AA X AA
AA X aa

3 Svilebis 3 wili dominanturi fenotipis, 1 
wili ki recesiuli fenotipis (fenotipebis 
Sefardeba 3:1)

Aa X Aa

4 Svilebis 1 wili (50%) dominanturi 
fenotipis, 1 wili ki (50%) recesiuli 
fenotipis

Aa X aa

gavarCioT oTxive SemTxveva. 
1.	recesiuli fenotipi SesaZlebelia qondes recesiul homozigotur 

organizms - aa. radgan yvela Svili aseTi genotipisaa, mSoblebs, Tundac 
erT maTgans, ar SeiZleba qondeT Tundac erTi aleli dominanturi, 
radgan aseT SemTxvevaSi es aleli gadavidoda memkvidreobiT SvilebSi da 
maTi nawili mainc dominanturi fenotipis matarebeli iqneboda. amgvarad, 
orive mSoblis genotipia aa.

2.	dominanturi fenotipi SesaZlebelia qondes rogorc dominantur 
homozigotur organizms – AA, aseve heterozigotuls – Aa. Tu yvela 
Svili dominanturi fenotipisaa: Sejvareba AA◊AA mogvcems Taobas, sadac 
yvela Svili iqneba genotipiT AA da fenotipuradac yvela dominanturi 
iqneba. Sejvareba AA◊aa mogvcems Taobas, sadac yvela Svili iqneba 
genotipiT Aa da fenotipuradac yvela isev dominanturi iqneba.

3.	TaobaSi fenotipuri Sefardeba 3:1 cnobilia mendelis Sromidan 
da gulisxmobs, rom amgvari fenotipouri ganawilebisas mSoblebi 
genotipurad aucileblad iqnebian Aa◊Aa. SegviZlia warmovadginoT es 
mtkiceba penetis cxrilis saxiTac:

mSoblebi A a
A AA Aa
a Aa aa

4.	Svilebs aqvT rogorc dominanturi, ise recesiuli fenotipi. radgan 
Svilebis nawils aqvs recesiuli fenotipi, orive mSobels unda qondes 
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Tundac erTi aleli recesiuli, raTa SvilebSi SesaZlebeli iyos alelebis 
kombinacia aa. SvilebSi fenotipuri ganawileba 1:1 (50% - 50%) miiReba 
mSoblebis genotipis mxolod erT SemTxvevaSi Aa◊aa.

ganvixiloT amocanebis konkretuli magaliTebi:
1.	bardis Teslis yviTeli Seferiloba dominirebs mwvaneze. rogoria 

mSoblebis genotipi, Tu maTi Sejvarebis Sedegad miRebul TaobaSi yvela 
bardis Tesli yviTeli ferisaa.

ra ici: Teslis yviTeli feri ganpirobebulia dominanturi aleliT A, mwvane 
feri – recesiuli aleliT - a.

analizi: radgan Svileul TaobaSi yvela Tesli yviTeli ferisaa da arcerTi 
Svili ar aris mwvane feris, anu recesiuli homozigoturi aa, aseTi Sedegi 
SesaZlebelia miviRoT mSoblebis genotipis or variantSi: AA◊AA an AA◊aa

amgvarad, zemoT moyvanili cxrilis codna gexmareba swori analizis 
gakeTebaSi.

2.	rogoria bardaSi mSoblebis genotipi, Tu maTi Sejvarebis Sedegad miRebul 
160 bardidan 120-s aqvs yviTeli feris Tesli, 40-s ki mwvane feris Tesli.

ra ici: mSoblebis Sejvarebisas niSanTvisebaTa daTiSva SesaZlebelia, Tu 
orive mSobels aqvs Tundac erTi recesiuli aleli. arsebobs ori SesaZlebloba: 
Aa◊Aa an Aa◊aa

analizi: Sefardeba 120/40 igivea rac 3:1. es Sefadreba SesaZlebelia mxolod 
im semtxvevaSi, Tu mSoblebi arian orive heterozigotuli Aa.

pasuxi: orive mSobeli heterozigotuli Aa.
3.	wina amocana SesaZlebelia sxva mxridan davinaxoT:
Seajvares ori heterozigotuli yviTeli Teslis mqone barda. rogori 

iqneba maTi Sejvarebis Sedegad miRebuli Taobis fenotipi da rogori iqneba am 
fenotipebis raodenobrivi ganawileba?

zemoT moyvanili cxrili gvaZlevs saSualebas pirdapir vupasuxoT, rom 
miiReba rogorc yviTeli, ise mwvane feris Teslis mqone bardebi da fenotipuri 
ganawileba iqneba 3:1. Tumca SegviZlia gamoviyenoT penetis cxrili:

mSoblebi A a
A AA Aa
a Aa aa

sami wili yviTeli Teslis mqone, da erTi wili – mwvane Teslis mqone bardebi.

arasruli dominantoba. 

arsebobs iseTi genebi, romelTa orive aleli, dominanturi da receriulic 
nawilobriv amJRavnebs Tavs fenotipurad. am dros miiReba fenotipuri ̀ nazavi”. 

zogierT mcenareSi, magaliTad gulisabaSi, yvavilis wiTel ferze 
pasuxismgebelia aleli A, yvavilis TeTr fers ganapirobebs aleli a, xolo 
genotipi Aa ganapirobebs ferTa nazavs – yvavili vardisferi gamodis. am 
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movlenas arasruli dominantoba ewodeba. srulia dominantoba, rodesac 
heterozigotur organizmSi fenotipurad mJRavndeba mxolod dominanturi 
aleli. sruli dominantobis SemTxveva wina paragrafSi ganvixileT. 

cxovelebSi arasruli dominantobis magaliTia mwyeris bumbulis Seferiloba, 
aq erTmaneTTan urTierTqmedebs bumbulis Sokoladisferi da TeTri feris 
ganmapirobebeli alelebi. adamianSi xuWuWi Tmis ganmapirobebeli aleli 
dominanturia, xolo swori Tmis ganmapirobebeli aleli – recesiuli, magram 
am alelebis mixedviT heterozigotul adamianebs talRovani Tma aqvT. 

amoxsnaT genetikuri amocana:
1. rogoria heterozigotuli mSoblebisagan wiTeli, vardisferi da TeTri 

gulisabas warmoSobis albaToba?
amocanis pirobis Tanaxmad mSoblebi yvavilis feris ganmapirobebeli 

alelebis mixedviT heterozigotulia, maSasadame orive aris Aa. heterozigota 
warmoqmnis aleluri Sedgenilobis mixedviT ori saxis sasqeso ujreds A da a. 
SevadginoT penetis cxrili da viangariSoT dedis da mamis alelebis kombinaciis 
variantebi.

mSoblebis 
alelebi

A a

A AA Aa
a Aa aa

amocana gvekiTxeba, Tu rogoria sxvadasxva fenotipis gulisabas warmoSobis 
albaToba. gamoviyenoT penetis cxrili. rogorc xedav, heterozigotuli 
mSoblebis Sejvarebisas miiReba iseTive genotipebi, rogorc adre ganxilul 
SemTxvevebSi (mag. rodesac angariSobdi sxvadasxva feris Tvalis an Tmis 
damemkvidrebis albaTobebs). magram mocemul SemTxvevaSi saqme gaqvs arasrul 
dominantobasTan. amitom igive genotipebis SemTxvevaSi fenotipebi da maTi 
ganawilebis albaTobac mniSvnelovnad gansxvavdeba sruli dominantobis 
SemTxvevisagan. 

davubrundeT cxrils. sxvadasxva fenotipis gulisabas warmoSobis albaToba 
aseTia: 1 variantSi miviReT genotipi AA, romelic ganapirobebs yvavilis wiTel 
fers. 1 variantSi miiReba genotipi aa, romelic ganapirobebs yvavilis TeTr 
fers. 2 variantSi miiReba genotipi Aa romelic ganapirobebs vardisfers. 

amgvarad dominanturi fenotipis – wiTeli feris gamovlenis albaTobaa 
1/4, recesiulisa (TeTri feris) – 1/4, xolo vardisferi fenotipis gamovlenis 
albaTobaa 2/4.

kodominantoba
zogierT SemTxvevaSi Tavs orive aleli erTmaneTisgan damoukideblad 

amJRavnebs fenotipurad. es kodominantobaa. magaliTad, zogierTi mcenaris 
yvavilSi erTdroulad vlindeba wiTeli da TeTri feris ganmapirobebeli alelebi. 
aseT SemTxvevaSi, yvavili vardisferi ki ar aris, rogorc iqneboda arasruli 
dominantobis SemTxvevaSi, aramed TeTria wiTeli laqebiT. amgvarad, fenotipurad 
vlindeba rogorc TeTri, ise wiTeli Seferilobis ganmapirobebeli aleli.
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amovxsnaT genetikuri amocana:
amoxsnaT genetikuri amocana:

1. rogoria heterozigotuli mSoblebisagan wiTeli, TeTri da TeTri wiTel - 
laqebiani yvavilis mqone mcenareebis warmoSobis albaToba?

amocanis pirobis Tanaxmad mSoblebi heterozigotulia, maSasadame orive aris 
Aa. radgan saqme gvaqvs kodominantobasTan, mSoblebis yvavili fenotipurad 
TeTri wiTel – laqebiania.

heterozigota warmoqmnis aleluri Sedgenilobis mixedviT ori saxis sasqeso 
ujreds A da a. SevadginoT penetis cxrili da viangariSoT dedis da mamis 
alelebis Sexvedris variantebi.

mSoblebis 
alelebi

A a

A AA Aa
a Aa aa

genotipebi warmoiqmneba imave wesiT, romelic ukve kargad gesmis. 1 variantSi 
miiReba genotipi AA, romelic ganapirobebs yvavilis wiTel fers. 1 variantSi 
miiReba genotipi aa, romelic ganapirobebs yvavilis TeTr fers. 2 variantSi 
miiReba genotipi Aa romelic ganapirobebs TeTr yvavils wiTeli laqebiT. 

amgvarad wiTeli feris gamovlenis albaTobaa 1/4, TeTri feris – 1/4, xolo 
fenotipis - TeTri wiTeli laqebiT gamovlenis albaTobaa 2/4.

daukvirdi:
ar aqvs mniSvneloba, Tu rogoria dominantoba – sruli, arasruli Tu 

kodominantoba. garkveuli genotipis mSoblebis Sejvarebisas Svilebis 
genotipebi msgasia. 

magaliTad, Tu ejvareba mSoblebi genotipiT Aa, Svilebis genotipebi samive 
SemTxvevaSi (sruli, arasruli da kodominantobis SemTxvevaSi) aris 1 AA, 2 
Aa, 1 aa. magram gansxvavebulia fenotipebi da Sesabamisad maTi raodenoba da 
warmoSobis albaToba. kerZod

sruli dominantobisas fenotipebis raodenobrivi ganawileba aris 3:1 (3 
dominanturi da 1 recesiuli niSnis matarebeli Svili)

arasruli dominantobisas fenotipebis raodenobrivi ganawileba aris 1:2:1 (1 
dominanturi, 2 Sualeduri niSnis (ori mSoblis niSnis `nazavi~) da 1 recesiuli 
niSnis matarebeli Svili)

kodominantobisas fenotipebis raodenobrivi ganawileba aris 1:2:1 (1 
dominanturi, 2 rogorc erTi, ise meore mSoblis niSnis matarebeli da 1 
recesiuli niSnis matarebeli Svili)

ganvixiloT kidev erTi magaliTi:

mSoblebis 
alelebi

a a

A Aa Aa
a aa aa
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aseTi genotipis mqone mSoblebis Sejvarebis Sedegad Svilebis genotipebia 
2 Aa, 2 aa. 

sruli dominantobisas fenotipebis raodenobrivi ganawilebaa 1:1 (2 
dominanturi da 2 recesiuli niSnis - matarebeli Svili)

arasruli dominantobisas fenotipebis raodenobrivi ganawileba aris 1:1 
(2 Sualeduri niSnis (ori mSoblis niSnis “nazavi”) da 2 recesiuli niSnis - 
matarebeli Svili)

kodominantobisas fenotipebis raodenobrivi ganawileba aris 1:1 (2 rogorc 
erTi, ise meore mSoblis niSnis matarebeli (2 Aa da 2 - aa).

amovxsnaT kidev erTi genetikuri amocana:
1. davuSvaT erTmaneTs Seejvara ori heterozigotuli mSobeli. alelebis 

dominantobis ra SemTxvevaSi (sruli Tu arasruli) iqneba SvilebSi genotipebis 
da fenotipebis raodenobrivi ganawileba erTnairi?

kvlav gamoviyenoT penetis cxrili:

mSoblebis 
alelebi

A a

A AA Aa
a Aa aa

heterozigotuli mSoblebis Sejvarebisas miiReba genotipebi: 1 AA: 2Aa:1aa, 
amgvarad genotipebis raodenobrivi ganawilebaa 1:2:1 da TiToeuli maTganis 
warmoSobis albaTobaa (sul 4 variantia) Sesabamisad 1/4, 2/4 da 1/4. asea rogorc 
sruli, ise arasruli dominantobis SemTxvevaSi.

rac Seexeba fenotips:
sruli dominantobis SemTxvevaSi miiReba ori fenotipi: dominanturi da 

recesiuli. dominanturi fenotipi warmoiqmneba 3 SemTxvevaSi (1 AA + 2Aa), 
recesiuli fenotipi warmoiqmneba 1 SemTxvevaSi (1 aa). fenotipebis raodenobrivi 
ganawilebaa 3:1, TiToeuli fenotipis warmoSobis albaTobaa Sesabamisad 3/4 da 
1/4. 

amgvarad fenotipebis da genotipebis raodenobrivi ganawileba (Seasabamisad 
3:1 da 1:2:1) erTmaneTs ar emTxveva.

arasruli dominantobis SemTxvevaSi miiReba sami fenotipi: dominanturi, 
Sualeduri (nazavi) da recesiuli. dominanturi fenotipi warmoiqmneba 1 
SemTxvevaSi (1 AA), Sualeduri 2 SemTxvevaSi (2Aa), recesiuli fenotipi 
warmoiqmneba 1 SemTxvevaSi (1 aa). fenotipebis raodenobrivi ganawilebaa 1:2:1, 
TiToeuli fenotipis warmoSobis albaTobaa Sesabamisad 1/4, 2/4 da 1/4. 

fenotipebis da genotipebis raodenobrivi ganawileba (1:2:1) erTmaneTs 
emTxveva.

amgvarad, amocanis SekiTxvaze pasuxia:
rodesac erTmaneTs ejvareba ori heterozigotuli mSobeli (Aa), SvilebSi 

genotipebis da fenotipebis raodenobrivi ganawileba erTnairia (1:2:1) arasruli 
dominantobis SemTxvevaSi.
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gametebSi sxvadasxva aleluri wyvilebis ganawileba

aqamde ganvixilavdiT alelebis erT wyvils, romelic ganlagebuli iyo 
homologiuri qromosomebis erT wyvilSi. magram ujreds, magaliTad adamianisas, 
aqvs gacilebiT meti qromosoma, da alelebis ara erTi, aramed mravali wyvili. 
alelebi ganlagebulia yvela qromosomaSi, romelic aqvs ujreds.

davuSvaT, rom ujredSi aris homologiuri qromosomebis ori wyvili da 
isini atareben alelebs: Aa-s erTi wyvili da Bb-s meore wyvili. qromosomebis 
ramdeni wyvilic ar unda iyos dediseul ujredSi, yvela erTnairi wesiT 
nawildeba gametebSi. mivyveT meiozis sqemas. 

an

1

2

3

sqemaze ar aris naCvenebi interfaza. qromosomebi ukve gaormagebulia da 
Sedgeba or-ori qromatidisagan. amdenad alelebic gaormagebulia da aris 
AA, aa, BB, bb alelebis saxiT, sadac Tanamosaxele 2 aleli erTi qromosomis 
or qromatidSia ganawilebuli. ganvixiloT meiozis erTi SesaZlo varianti 
(suraTis marcxena nawili).

qromosomebis gaormagebasTan erTad ormagdeba alelebic. Semdeg, rodesac 
homologiuri qromosomebi sxvadasxva ujredSi aRmoCndeba, am ujredebSi 
calcalke gadainacvlebs aleluri wyvilebic. davuSvaT, rom AA-Tan erTad 
erT polulsze gadainacvla BB-m, Sesabamisad meore polusze gadainacvlebs 
aa da bb.

telofazis Semdeg erT Svileuli ujredSi moxvdeba qromosomebi alelebiT 
AA da BB, meore ujredSi aa da bb (1).

meore meiozuri gayofis Sedegad, rodesac qromatidebi dascildeba 
erTmaneTs, miviRebT gametebs, romlebSic iqneba alelebi AB da ab (2).
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gametebSi ar xvdeba erTad erTi homologiuri wyvilis qromosomebi, 
isini sxvadasxva gametaSi nawildeba. samagierod, SemTxveviTia, Tu romeli 
qromosomebi moxvdebian erTad gametaSi sxvadasxva homologiuri wyvilidan. 
suraTis marjvena nawilSi naCvenebia is SemTxveva, rodesac pirveli gayofis 
dros AA-s SeiZleba gayoloda ara BB, aramed bb (Sesabamisad aa-sTan erT 
ujredSi aRmoCndeboda ara bb, aramed BB(3). meore gayofis Sedegad miiReboda 
gametebi alelebiT Ab da aB (4).

erTi meiozuri gayofis dros realizdeba an erTi, an meore varianti, magram 
sazogadod orive varianti Tanabrad mosalodnelia, amitom vambobT, rom ori 
niSniT heterozigotul organizms SeuZlia Tanabari raodenobiT warmoqmnas 
gametebi AB, ab,Ab, aB.

homozigoturi AABB an aabb iZleva mxolod erTi saxis gametebs, Sesabamisad 
AB da ab. 

individebi AaBB, Aabb, AABb, aaBb warmoqmnian ori saxis gametebs, radgan 
isini heterozigotulia erTi aleluri wyvilis mixedviT da homozigoturi – 
alelebis meore wyvilis mixedviT. kerZod:

individis genotipi individis mier warmoqmnili gametebi

AABB AB
aabb ab
AaBB AB aB
AABb AB Ab
AaBb AB Ab aB ab

gavceT pasuxi kiTxvebs:
1.	ratom warmoqmnis ori niSniT heterozigotuli individi AaBb oTx 

gansxvavebuli aleluri Sedgenilobis gametas AB, ab,Ab, aB?
pasuxi: meiozis procesSi SemTxveviTia, Tu romeli qromosomebi moxvdebian 

erTad gametaSi sxvadasxva homologiuri wyvilidan. amitom alelebis sxvadasxva 
wyvilidan Aa da Bb erT gametaSi mosalodnelia nebismieri ori alelis 
kombinacia. amitom ori niSniT heterozigotul organizms SeuZlia warmoqmnas 
gametebi alelebis 4 SesaZlo kombinaciiT AB, ab,Ab, aB.

2.	ratom warmoqmnis ori niSniT heterozigotuli individi AaBb oTx 
gansxvavebuli aleluri Sedgenilobis gametas AB, ab,Ab, aB Tanabari 
raodenobiT?

pasuxi: alelebis sxvadasxva wyvilidan Aa da Bb erT gametaSi nebismieri ori 
alelis kombinacia Tanabrad mosalodnelia.

sxvadasxva aleluri wyvilebis damemkvidreba TaobebSi. 

davuSvaT orive mSobeli aris sxvadasxva alelis wyvilis mixedviT 
heterozigotuli AaBb. aseT organizms diheterozigotulsac eZaxian (di-
niSnavs ors). davuSvaT, rom alelebi A da a ganapirobeben Sesabamisad Tvalis 
muq da cisfer fers, xolo B da b Sesabamisad Tmis muq da qera fers.
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diheterozigotuli organizmi AaBb warmoqmnis gametebs AB, Ab, aB, ab da es 
gametebi Tanabari raodenobiT warmoiqmneba.

SevadginoT penetis cxrili:

mSoblebis gametebi AB Ab aB ab
AB AABB AABb AaBB AaBb
Ab AABb AAbb AaBb Aabb
aB AaBB AaBb aaBB aaBb
ab AaBb Aabb aaBb aabb

rogorc xedav, ganayofierebis dros SesaZlebelia warmoiqmnas 16 genotipuri 
varianti.

aqedan, genotipuri variantebi (AABB, AABb, AaBB, AaBb) warmoqmnis orive 
niSniT dominanturi fenotipis mqone individs – muqTavala muqTmian adamians. 
cxrilidan Cans, rom am genotipuri variantebis raodenoba aris 9. asea, radgan 
erTi da igive genotipi ramdenjerme meordeba. amgvarad fenotipis – muqi 
Tvali muqi Tma warmoSobis albaTobaa 9/16.

muqTvala da qera fenotipis mqone adamians ganapirobebs genotipebi: AAbb, 
Aabb. cxrilis mixedviT aseTi genotipi samia. samia radgan genotipi Aabb orjer 
warmoiqmneba. amgvarad muqTvala da qera fenotipis warmoSobis albaTobaa 
3/16. aseTive albaTobiTa 3/16 mosalodneli cisferTvala muqTmiani fenotipis 
warmoSoba, radgan misi ganmapirobebeli genotipebis raodenobac aaBB, aaBb 
samia (genotipi aaBb orjer meordeba). mxolod erTxel (cxrilis mixedviT) 
warmoiSveba genotipi aabb. maSasadame fenotipurad cisferTvala qeraTmiani 
adamianis dabadebis albaTobaa 1/16.

amgvarad, fenotipebi nawildeba SefardebiT 9:3:3:1 

mendelis Sromebi. dihibriduli Sejvareba

rodesac Sejvarebis dros akvirdebian mxolod erTi niSan-Tvisebis 
damemkvidrebas, es monohibriduli Sejvarebaa (mono- erTi). SesaZlebelia 
dihibriduli (di-ori) Sejvarebis Catareba, am dros davakvirdebiT 2 
niSanTvisebas. rodesac Sejvareba polihibridulia (poli – mravali) 
akvirdebian ramdenime niSan-Tvisebis damemkvidrebas.

monohibriduli Sejvarebis kanonzomierebis dadgenis Semdeg mendels 
gauCnda kiTxva: rogor nawildeba TaobebSi ori sxvadasxva niSan-Tviseba, arian 
isini erTmaneTisagan damoukidebeli?

mendelma daiwyo dihibriduli Sejvarebebis Catareba da Seamowma bardis 
ramdenime niSani. magaliTad, mendeli daakvirda Teslis formis da feris 
ganawilebas TaobebSi. mendelma dasawyiSi kvlav wminda xazebi – yviTeli da 
mrgvali Teslis mqone da mwvane da danaoWebuli Teslis mqone bardebi Seajvara. 
F1 Sedgeboda mxolod yviTeli da mrgvali Teslis mqone bardebisgan. 
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amjeradac SegiZlia gamoiyeno genetikis codna da miadevno Tvali mendelis 
eqsperiments. Teslis yviTeli feri da sigluve dominanturi niSania, mwvane 
feri da danaoWebuli zedapiri ki recesiuli, mSoblebi ki orive niSniT 
homoziguturi iyo. aRvniSnoT Teslis yviTeli feris ganmapirobebeli aleli 
A asoTi, mwvane feris ganmapirobebeli aleli _ a asoTi, Tesli sigluvis 
ganmapirobebeli aleli B _ asoTi, naoWiani zedapiris ganmapirobebeli 
aleli b –asoTi. mSoblebis genotipi iqneba AABB da aabb. meiozis Sedegad 
mSoblebis mier warmoqmnil gametebSi aRmoCndeba TiTo aleli wyvilidan AB 
da ab. ganayofierebis Sedegad miRebul Taobas eqneba genotipi AaBb. amitomac 
pirvel TaobaSi fenotipurad vlindeba mxolod erTi mSoblis niSanTviseba.

gamovsaxoT es penetis cxrilis daxmarebiT:

mSoblebis 
gametebi

AB AB

ab AaBb AaBb
ab AaBb AaBb

mendelma TviTdamtverviT gaamravla pirveli Taobis bardebi. Sedegad F2–
Si gamovlinda meore mSoblis niSan-Tvisebebic. rodesac mendelma iangariSa 
sxvadasxva fenotipis mqone individebis raodenobrivi Sefardeba, aRmoCnda, 
rom F2–Si 9 wili Seadgina yviTeli da gluvi Teslis mqone bardebma, 3 wili 
–yviTeli da naoWiani, 3 wili – mwvane da gluvi da 1 wili- mwvane da naoWiani 
Tesli mqone bardebma. 

davixmaroT penetis cxrili da vnaxoT ra SemTxvevasTan hqonda saqme mendels.
pirveli Taobis bardebis genotipia AaBb da meiozis Sedegad maT SeuZlia 

warmoqmnan 4 saxis gameta: AB, Ab, aB, ab.
maSasadame mSoblebis gametebis Serwymis 16 variantia SesaZlebeli.

AB Ab aB ab
AB AABB AABb AaBB AaBb
Ab AABb AAbb AaBb Aabb
aB AaBB AaBb aaBB aaBb
ab AaBb Aabb aaBb aabb

cxrilidan Cans, rom mwvane feris da danaoWebuli Teslis fenotips ganapirobebs 
mSoblebis gametebis Serwymis mxolod erTi varianti, romlis drosac miiReba 
aleluri kombinacia aabb. amitom aris aseTi bardebis raodenobrivi wili 
mxolod 1. orive niSniT dominanturi fenotifi ganpirobebulia alelebis 
kombinaciebiT AABB, AaBB, AABb, AaBb. aseTi kombinaciebi miiReba gametebis 
Serwymis 9 variantSi ris gamoc am fenotipis bardebis raodenobrivi wilia 
9. gametebis Serwymis danarCeni 6 variantidan 3 iZleva yviTel, naoWTesliani 
fenotipis mqone bardebs da 3 varianti –mwvane, gluvTesliani fenotipis 
bardebs. erTi varianti ganapirobebs mwvane naoWTeslian fenotips.
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maTematikos mendels ar gauWirda imis danaxva, Tu raze miuTiTebs 
raodenobrivi Sefardeba 9 : 3 : 3 : 1. es xom igivea rac (3+1)2, maSasadame sxvadasxva 
niSan-Tviseba erTmaneTisagan damoukideblad memkvidreobs. 

aqedan gamomdinare mendelma Camoayaliba niSanTvisebaTa damoukidebeli 
ganawilebis kanoni, romlis Tanaxmad sxvadasxva niSanTvisebis damemkvidreba 
erTmaneTisagan damoukideblad mimdinareobs.

genetikuri amocanebis amoxsnas gagiadvilebs Tu gemaxsovreba, rom: 
Teoriulad individs SeuZlia warmoSos imdennairi fenotipis Svilebi, 

ramdennairi gametis warmoSobac SeuZlia. kerZod:
 

individis 
genotipi

individis mier 
warmoqmnili nairgvari 
gametebi

individis mier warmoSobili 
Svilebis SesaZlo fenotipebis 
raodenoba

AABB AB 1
aabb ab 1
AaBB AB aB 2
AABb AB Ab 2
AaBb AB Ab aB ab 4

cxadia, imasac gaaCnia, rogori genotipi aqvs meore mSobels. amitom cxrili 
gamoxatavs erTi mSoblis Teoriul SesaZleblobas. 

amovxsnaT genetikuri amocanebi:
1.	 Sejvareba dihibridulia. erTi mSobeli diheterozigotulia, meore 

recesiuli homozigoti. fenotipurad da genotipurad ramdennairi Svili 
SeiZleba eyoloT maT da rogoria am variantebis mosalodneloba?

diheterozigotuli niSnavs ori niSniT heterozigotuls. amgvarad erTi 
mSobelia AaBb. meore mSobelia aabb. diheterozigotuli individi warmoSobas 
4 saxis gametas (AB, Ab, aB,ab), recesiuli homozigoti ki erTi saxis gametas: ab.

gamovsaxoT Sejvareba penetis cxrilis daxmarebiT:

mSoblebis gametebi AB Ab aB ab
ab AaBb Aabb aaBb aabb

amgvarad, Sejvarebis Sedegad miiReba oTxnairi genotipis da 4-nairi 
fenotipis mqone Svilebi. sul 4 variantia, TiToeuli gvxdeba erTxel, maSasadame 
sxvadasxva genotipis da maTi Sesabamisi fenotipis mosalodnelobaa 1/4.

2.	 Sejvareba dihibridulia. erTi mSobeli diheterozigotulia, meore 
heterozigotuli erTi niSniT da recesiuli homozigoturi meore niSniT. 
fenotipurad da genotipurad ramdennairi Svili SeiZleba eyoloT maT da 
rogoria am variantebis mosalodneloba?

amocanis pirobis Tanaxmad erTi mSobelia AaBb. meore mSobelia Aabb 
(dasaSvebia meore varianti aaBb). diheterozigotuli individi warmoSobas 4 
saxis gametas (AB, Ab, aB,ab), meore mSoblis gametebia: Ab, ab.
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gamovsaxoT Sejvareba penetis cxrilis daxmarebiT:

mSoblebis 
gametebi

AB Ab aB ab

Ab AABb AAbb AaBb Aabb
ab AaBb Aabb aaBb aabb

Sejvarebis Sedegad miiReba Semdegi saxis genotipebi: AABb, AAbb, AaBb, 
Aabb, aaBb, aabb. 

amaTgan AaBb, AABb ganapirobebs fenotips _ dominanturi orive niSniT, 
genotipi AAbb, Aabb ganapirobebs fenotips – erTi niSniT (A) dominanturi, 
meore niSniT recesiuli (b), genotipi aaBb ganapirobebs fenotips – erTi 
niSniT (B) dominanturi, meore niSniT recesiuli (a), genotipi aabb ganapirobebs 
fenotips – orive niSniT recesiuli.

daukvirdi, fenotipebi oTxia, Tumca araTanabaria maTi ganawileba, radgan:
miRebulia sul 8 varianti. aqedan varianti aabb gvxvdeba erTxel, maSasadame 

am genotipis da mis mier ganpirobebuli fenotipis (orive niSniT recesiuli) 
mosalodnelobaa 1/8. 

AaBb, AABb ganapirobebs fenotips (dominanturi orive niSniT). amavdroulad 
es genotipebi gvxvdeba (daukvirdi cxrils) samjer. maSasadame fenotipis - 
dominanturi orive niSniT mosalodnelobaa 3/8.

genotipi AAbb, Aabb ganapirobebs fenotips – erTi niSniT (A) dominanturi, 
meore niSniT recesiuli (b). aseTi genotipebis raodenoba samia. amgvarad 
fenotipis mosalodnelobaa 3/8.

genotipi aaBb ganapirobebs fenotips – erTi niSniT (B) dominanturi, 
meore niSniT recesiuli (a). aseTi genotipi erTia da Sesabamisi fenotipis 
mosalodnelobaa 1/8. 

3.	 Sejvareba dihibridulia. erTi mSobeli orive niSniT dominanturi 
homozigotia, meore recesiuli homozigoti. fenotipurad da genotipurad 
ramdennairi Svili SeiZleba eyoloT maT da rogoria am variantebis 
mosalodneloba?

amocanis pirobis Tanaxmad erTi mSobelia AABB. meore mSobelia aabb. 
dominanturi homozigoturi individi warmoSobs 1 saxis gametas (AB), recesiuli 
homozigoti ki erTi saxis gametas: ab. 

am individebis Sejvarebisas warmoiqmneba erTi saxis genotipi AaBb da 
Sesabamisad erTi saxis fenotipi, romlis mosalodneloba iqneba 100%.

4.	 Sejvareba dihibridulia. orive mSobeli orive niSniT dominanturi 
homozigotia. fenotipurad da genotipurad ramdennairi Svili SeiZleba 
eyoloT maT da rogoria am variantebis mosalodneloba?

amocanis pirobis Tanaxmad orive mSobelia AABB. orive warmoSobs 1 saxis 
gametas (AB).

am individebis Sejvarebisas warmoiqmneba erTi saxis genotipi ABBB da 
Sesabamisad erTi saxis fenotipi, romlis mosalodneloba iqneba 100%.
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5.	 Sejvareba dihibridulia. orive mSobeli orive niSniT recesiuli 
homozigotia. fenotipurad da genotipurad ramdennairi Svili SeiZleba 
eyoloT maT da rogoria am variantebis mosalodneloba?

amocanis pirobis Tanaxmad orive mSobelia aabb. orive warmoSobs 1 saxis 
gametas (ab).

am individebis Sejvarebisas warmoiqmneba erTi saxis genotipi aabb da 
Sesabamisad erTi saxis fenotipi, romlis mosalodneloba iqneba 100%.

6.	Sen ukve ici, rom Tu orive mSobeli diheterozigotulia - AaBb, isini 
warmoqmnian 4-nair gametas (AB, Ab, aB,ab) da maTi Sejvarebis Sedegad 
miiReba 4 fenotipi raodenobrivi ganawilebiT 9:3:3:1

SeWiduli genebi

alelebi gacilebiT ufro metia, vidre qromosomebi. amitom erT qromosomaSi 
ganlagebulia mravali sxvadasxva aleli. aseT alelebze amboben, rom isini 
SeWidulia erT qromosomaSi. 

rodesac alelebi A da a ganlagebulia qromosomebis erT wyvilSi, B da b 
ki meoreSi, maT aqvT “arCevanis Tavisufleba”. es niSnavs, rom meiozis dros 
warmoqmnil gametebSi sxvadasxva wyvilidan nebismieri ori aleli erTnairi 
albaTobiT aRmoCndeba erTad da amitom AaBb genotipis mqone individis  
gametebi AB, Ab, aB, ab warmoiqmneba Tanabari raodenobiT.

rodesac sxvadasxva genis alelebi erT qromosomul wyvilSia ganlagebuli, 
aqvT maT “arCevanis Tavisufleba”? SesaZlebelia, erT gametaSi moxvdes A da b 
an a da B? 

Tu orive mSobeli AaBb SeWiduli alelebis matarebelia (A da B erT 
qromosomaSia SeWiduli, a da b – meoreSi), maTi gametebi iqneba ab da AB, xolo 
am mSoblebis Sejvarebis Sedegi iqneba: 

gametebi AB ab
AB AABB AaBb
ab AaBb aabb

Tumca alelebis SeWiduloba SeiZleba dairRves.
meiozis dros, pirveli gayofis profazaSi, homologiuri qromosomebi 

koniugireben - qromotidebi erTmaneTs gadaeWdobian da cvlian monakveTebs – 
xdeba krosingoveri. 

davuSvaT, alelebi A da B SeWidulia erT qromsomaSi, meoreSi ki Sesabamisad 
SeWidulia a da b 

davuSvaT, icvleba is monakveTebi, romlebSic ganTavsebulia B (erT 
qromosomaSi) da b (meore qromosomaSi) sqemaze _ 1.
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1 2

aseT SemTxvevaSi krosingoveris Sedegad miviRebT qromosomebSi alelebis 
ganlagebis axal variants: A da b erT qromosomaSi da a da b – meore qromosomaSi 
(2). rodesac meiozi damTavrdeba, miiReba aseTi aleluri Sedgenilobis gametebi: 
Ab da aB. 

erT qromosomaSi ganlagebuli yvela aleli SeWidulia. romeli alelebi 
aRmoCndeba sxvadasxva qromosomaSi krosingoveris Sedegad imazea damokidebuli, 
icvleba Tu ara is monakveTebi, sadac am alelebis lokusebia ganTavsebuli. 

amgvarad, krosingoveri TavisTavad ar warmoadgens ori konkretuli 
SeWiduli alelis sxvadasxva qromosomaSi gadanawilebis garantias. mniSvneloba 
aqvs, exeba Tu ara krosingoveri im monakveTs, sadac es alelebia SeWiduli da 
agreTve, mniSvnelovania qromosomaSi am alelebis lokusebs Soris manZili. 

davubrundeT ori niSniT heterozigoturi organizmis gametebis nair­
ferovnebas. Tu alelebis sxvadasxva wyvili SeWiduli ar aris, meiozis Sedegad 
erTnairi raodenobiT warmoiqmneba aleluri Sedgenilobis mxriv oTxnairi 
gameta AB, Ab, aB, ab. Tu es alelebi SeWidulia, organizmi warmoSobs gametebs 
AB da ab. monakveTebis gacvlis dros mosalodnelia, rom SeWiduli alelebi 
gadanawildes sxvadasxva qromosomaSi da maSin warmoiqmneba gametebi aB da 
Ab. aseTi gametebis raodenoba damokidebuli iqneba monakveTebis gacvlis 
sixSireze. 

Cveulebriv, amocanebSi mocemulia xolme monakveTebis gacvlis sixSiris 
maCvenebeli. magaliTad, erTmaneTs ejvareba AaBb ◊ aabb da gveubnebian, 
rom AaBb – Si monakveTebis gacvla da SeWiduli alelebis dacileba moxda 
SemTxvevaTa 20%-Si, rac niSnavs, rom 80 SemTxvevaSi (monakveTebi ar icvleba) 
warmoiqmneba gametebi AB da ab, xolo 20 SemTxvevaSi (monakveTebi gaicvala) Ab 
da aB. aqedan gamomdinare sxvadasxva alelebis matarebeli gametebis raodenoba 
iqneba: AB da ab – sul 80 da 40 TiToeuli, Ab da aB – sul 20 da 10 TiToeuli. 
Sesabamisad gamoiTvleba im genotipebis raodenoba, romelic miiReba aRniSnuli 
gametebis kombinirebiT meore mSoblis ab-Tan:
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ab
AB (40) AaBb (40)
ab (40) aabb (40)
Ab (20) Aabb(10)
aB (20) aaBb (10)

mravlobiTi alelizmi

aris SemTxvevebi, rodesac erT gens aqvs ara 2, aramed meti aleluri varian­
ti.  am movlenas mravlobiTi alelizmi ewodeba. Tumca qromosomebis wyvilSi am 
alelebidan mxolod ori wyvildeba. amgvarad SesaZlebelia aseTi wyvilebis ram­
denime varianti iyos, imis mixedviT Tu ramdeni aleli axasiaTebs mocemul gens.

mravlobiTi alelizmi damaxasiaTebelia sisxlis jgufebis ganmsazRvreli 
genisaTvis. arsebobs sami aleli – A,B,O. maTi aRniSvna emTxveva sisxlis jgufebis 
aRniSvnebs. O – recesiuli alelia, xolo A da B dominanturi. alelebia. A da 
B alelebi erTmaneTis mimarT kodominanturia. am sami alelidan konkretul 
genotipSi gvxvdeba romelime romelime oris kombinacia. alelebis kombinacia 
gansazRvravs sisxlis jgufebs:

aleluri kombinacia sisxlis jgufi
00 0
A0 A
B0 B
AB AB

amgvarad sisxlis jgufi O ganpirobebulia acileblad recesiuli 
homozigotiT 00 (radgan aleli O recesiulia). es sisxlis jgufi ar warmoqmnis 
eritrocitis membranul antigens.

sisxlis jgufi AB alelebis kodominirebis gamo amJRavnebs rogorc erTi, 
ise meore alelis mier ganpirobebul antigens.

iq sadac wyvilSia dominanturi (A an B) da recesiuli aleli (0), eritrocits 
aqvs genotipSi mocemuli dominanturi alelis (A an B) mier ganpirobebuli 
membranuli antigeni.

epistazi
epistazi movlenaa, rodesac erTi konkretuli fenotipi ganpirobebulia 

ara erTi genis, aramed ramdenime genis alelebis urTierTqmedebiT. magram 
es urTierTqmedeba imaSi gamoixateba, rom erTi genis aleli (dominanturi 
an recesiuli) Trgunavs sxva genis alels da xels uSlis mis fenotipour 
gamovlenas.

ganvmartoT es sakiTxi.
magaliTad vakvirdebiT alelebis 2 wyvilis damemkvidrebas, ori 

diheterozigotuli individis Sejvarebisas 
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ori diheterozigotuli individis Sejvarebisas miRebuli genotipebis 
variantebi SenTvis ukve cnobilia:

mSoblebis gametebi AB Ab aB ab
AB AABB AABb AaBB AaBb
Ab AABb AAbb AaBb Aabb
aB AaBB AaBb aaBB aaBb
ab AaBb Aabb aaBb aabb

davuSvaT, rom dominanturi A aleli Trgunavs B (b) alelis gamovlenas. 
maSin yvela genotipi, sadac aris A aleli, ganapirobebs mxolod am aleliT 
ganpirobebul fenotips. aseTi genotipebi 12-ia. sam SemTxvevaSi (aaBB, aaBb, 
aaBb) recesiuli a ver mJRavndeba B-s gamo da miviRebT gansxvavebul fenotips 
- gamomJRavndeba orive niSani, recesiuli (aa aleluri wyviliT ganpirobuli) da 
dominanturi (BB, Bb aleluri wyviliT ganpirobuli) da kidev erT SemTxvevaSi 
(aabb), sadac orive aleli recesiulia, warmoiqmneba orive niSniT recesiuli 
fenotipi.

sqesis genetika, sqesTan (sasqeso qromosomebTan) SeWiduli 
niSanTvisebebi

organizmis sqesi ganpirobebulia misi ujredebis qromosomuli SedgenilobiT. 
sqesi damokidebulia qromosomaTa erT wyvilze. adamianSi, magaliTad, es aris 

me-23 wyvili. pirobiTad am qromosomebs ewodeba X da Y qromosoma. mamakacis 
qromosomul kompleqtSi aris erTi Y da erTi X qromosoma, xolo qalSi sqesis 
ganmsazRvreli orive qromosoma aris X. 

X da Y qromosoma ar aris erTmaneTis homologiuri – maT gansxvavebuli 
forma da zoma aqvT da agreTve, gansxvavebulia maTi aleluri Sedgenilobac.

sqesis ganmsazRvrel qromosomebs ewodeba sasqeso qromosomebi, xolo 
danarCen qromosomebs kompleqtSi ewodeba autosomebi.

meiozis dros, qromosomebi ormagdeba. ormagdeba rogorc autosomebi, ise 
sasqeso qromosomebi. 

1
2 3

pirveli meiozuri gayofis anafazaSi (1) sasqeso qromosomebis wyvilebi 
erTmaneTs cildebian. meore meiozuri gayofis anafazaSi (2) erTmaneTs 
cildeba gaormagebuli sasqeso qromosomebis qromatidebi. amgvarad sasqeso 
qromosomebi sxvadasxva gametaSi aRmoCndeba (3). 
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radgan adamianis mamrobiT sqess axasiaTebs gansxvavebuli sasqeso 
qromosomebi, meiozis Sedegad warmoqmnili spermatozoidebis erT nawilSi 
aRmoCndeba X qromosoma da autosomebis naxevari, meore nawilSi ki Y qromosoma 
da autosomebis naxevari (1). 

adamianis mdedrobiT sqess axasiaTebs erTnairi sasqeso qromosomebi. amitom 
yvela kvercxujredi atarebs X qromosomas da autosomebis naxevars (2).

1 2

3

ganayofierebis dros erTmaneTs Seerwymeba mdedris kvercxujredi X 
qromosomiT da mamris spermatozidi, romelic SesaZlebelia atarebdes Y an X 
qromosomas. orive varianti Tanabrad mosalodnelia (3).

cxrili uCvenebs biWis da gogos dabadebis albaTobas. is Tanabaria (1/2 xx, 
1/2  xy).

mSoblebis 
gametebi

X X

X xx xx
Y xy xy

sasqeso qromosomebi marto sqess ar ganapirobeben. sasqeso qromosomebSi, 
iseve rogorc autosomebSi, ganlagebulia alelebi, romlebic sxvadasxva 
saxis niSanTvisebas ganapirobebs. aseT alelebs da maT mier ganpirobebul 
niSanTvisebebs uwodeben xolme sqesTan (sasqeso qromosomebTan) SeWiduls. 
sasqeso qromosomasTan SeWidul alels Cveulebriv weren im sasqeso qromosomis 
Tavze an zeda kuTxeSi, romelTanac es aleli SeWidulia. mag. Xa an YB

amovxsnaT genetikuri amocanebi, romlebic dakavSirebulia sqesTan 
SeWiduli niSanTvisebebis damemkvidrebasTan.
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am saxis amocanebis amoxsnis dros sirTules warmoadgens gametebis aleluri 
Sedgenilobis sworad gansazRvra.

magaliTad, rogor gametebs warmoqmnis organizmi, romlis x qromosomasTan 
SeWidulia daavadebis – hemofiliis aleli?

dasawyisSi gavarkvioT, ras gveubneba amocana. arsebobs daavadeba hemofilia 
(sisxlis Seudedebloba), romlis ganmapirobebeli aleli recesiulia da 
SeWidulia x qromosomasTan. maSasadame es aleli ar aris Y qromosomaSi. imis 
mixedviT, aris Tu ara es aleli organizmSi, adamianis SesaZlo genotipebi 
iqneba: XX, XXh, XhXh, XY, XhY (hemofiliis SemTxvevaSi aleli aRiniSneba laTinuri 
h -iT, am daavadebis laTinuri saxelwodebis pirveli asoTi). amavdroulad, 
radgan aleli SeWidulia X qromosomasTan, is aucileblad gamomJRavndeba 
fenotipurad mamakacebSi XhY, radgan Y- Si ar aris am alelis mewyvile aleli, 
romelic SeZlebda daavadebis gamomwvevi alelis daTrgunvas. qalebSi ki 
daavadeba mJRavndeba mxolod im SemTxvevaSi, Tu qalis genotipia XhXh, radgan, 
XXh SemTxvevaSi meore “janmrTeli” X Trgunavs hemofiliis gamomwvev alels.

genotipebis garkvevis Semdeg advili xdeba meiozis Sedegad warmoqmnili 
gametebis Sedgenilobis dadgenac. magaliTad, hemofiliis alelis mixedviT 
heterozigoturi qali XXh warmoqmnis ori saxis kvercxujreds, erTSi iqneba 
X, meoreSi ki Xh. hemofiliis alelis mixedviT homozigoturi qali XhXh 
warmoqmnis erTi saxis kvercxujreds Xh. mamakaci am alelis mixedviT mxolod 
heterozigotulia XhY, radgan rogorc amocanaSi iTqva, hemofiliis aleli 
SeWidulia X qromosomasTan. 

gansxvavebul SemTxvevasTan gveqneba saqme, Tu romelime aleli SeWidulia Y 
qromosomasTan. es aleli ar iqneba X qromosomaSi. aseT SemTxvevaSi am aleliT 
ganpirobebuli niSanTviseba mxolod mamakacebSi mJRavndeba (Tu maT aqvs es 
aleli Y qromosomaSi). mamakaci genotipiT XYa (sasqeso qromosomasTan SeWiduli 
aleli aRniSnulia a asoTi) warmoqmnis 2 saxis spermatozoidebs: x qromosomis 
matarebels da Ya qromosomis matarebels. amitom mis yvela vaJs eqneba 
a aleli da am alelis mier ganpirobebuli niSanTviseba, gogonebs ki es 
niSanTviseba ar eqnebaT.

amovxsnaT amocanebi:
daavadebis gamomwvevi aleli SeWidulia Y qromosomasTan. ramdeni 

daavadebuli da janmrTeli vaJi da gogona eyoleba wyvils, sadac mamakaci avad 
aris?

viciT, rom daavadebis gamowvevi aleli SeWidulia Y qromosomasTan, 
pirobiTad avRniSnoT es ase: Ya. 

analizi: qali am alels ar atarebs da janmrTelia. radgan mamakaci avad 
aris, maSasadame mis qromosomaSi es aleli arsebobs da misi genotipia XYa. 
mamakaci warmoqmnis 2 saxis spermatozoidebs: x qromosomis matarebels da Ya 

qromosomis matarebels. qali, wesisamebr, warmoqmnis x qromosomis matarebel 
kvercxujreds. gamoviyenoT penetis cxrili:
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mSoblebis 
gametebi

X X

X xx xx
Ya xya xya

pasuxi: yvela gogona janmrTeli, yvela vaJi daavadebuli
1. rogori iqneba Sedegi, Tu daavadebis gamomwvevi aleli SeWidulia 

x qromosomasTan, deda janmrTelia, magram heterozigotulia am alelis 
mixedviT, mama ki janmrTelia.

analizi: radgan viciT, rom deda heterozigotulia am alelis mixedviT, 
maSasadame misi genotipia XXa. mama janmrTelia, es SesaZlebelia mxolod 
im SemTxvevaSi, Tu mas ar aqvs daavadebis gamomwvevi aleli X qromosomaSi. 
maSasadame mamis genotipia XY

gamoviyenoT penetis cxrili:

mSoblebis 
gametebi

X Xa

X xx xXa

Y xy Xay

pasuxi: yvela gogona janmrTelia, Tumca erTi atarebs daavadebis gamomwvev 
alels (xXa), erTi vaJi daavadebulia (Xay), meore janmrTeli.

amocanidan gamoCnda, rom deda da agreTve erTi gogona atareben daavadebis 
gamomwvev alels (xXa), magram janmrTelebi arian, radgan daavadebis gamomwvevi 
aleli ver amJRavnebs Tavs meore – “janmrTeli” x-is Tanaobisas. aseT 
SemTxvevaSi gamoiyeneba termini matarebeli. is aRniSnavs, rom organizms aqvs 
raime daavadebis gamomwvevi aleli (atarebs am alels), magram is fenotipurad 
ar mJRavndeba.

autosomebSi moTavsebuli daavadebebis gamomwvevi aleluri genebis 
damemkvidreba

daavadebis gamomwvevi genebi SesaZlebelia ganlagebuli iyos autosomebSic. 
am SemTxvevaSi autosomaSi moTavsebulia konkretuli genis orive aleli – 
daavadebis gamomwvevialeli da aleli, romelic am daavadebas ar iwvevs. am 
alelebs Soris urTierTqmedeba efuZneba dominatrur-recesiuli alelebis 
urTierTqmedebas.

magaliTad, siyruis erTerTi froma autosomaSi arsebuli aleliT aris 
gamowveuli. es aleli recesiulia da Tu is aris homologiuri wyvilidan orive 
autosomaSi, adamiani yru daibadeba.
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amovxsnaT genetikuri amocana:
1.	ramdeni yru Svili daebadeba mSoblebs, Tu dedac da mamac janmrTelia, 

magram siyruis ganmapirobebeli alelis matarebeli?
viciT rom siyrue recesiuli aleliTaa ganpirobebuli da mSoblebi am 

alelis matareblebi arian. maSasadame maTi genotipia Rr (alelebis aRniSvna 
gakeTebulia zemoT moyvanili sqemis mixedviT)

analizi: gamoviyenoT penetis cxrili:

mSoblebis 
gametebi

R r

R RR Rr
r Rr rr

saqme gvaqvs monohibriduli Sejvarebis mendeliseul kanon­
zomierebasTan:

heterozigotuli mSoblebis Sejvarebisas miRebul TaobaSi xdeba 
niSan-TvisebaTa daTiSva 3 : 1. Svilebis 3 wili atarebs dominantur niSans, 
erTi wili – recesiuls.

pasuxi: Svilebis erTi wili (rr) ibadeba yru 
2.	marfanis sindromi autosomur dominanturi daavadebaa. mama homo­

zigoturia, deda ki heterozigoturi marfanis sindromis gamomwvevi 
alelis mixedviT. rogori genotipi da fenotipi aqvT mSoblebs da rogori 
genotipi da fenotipi eqnebaT maT Svilebs?

analizi: avRniSnoT marfanis sindromis gamomwvevi aleli rogorc M. radgan 
mama homozigoturia am alelis mixedviT, maSasadame misi genotipia M M da 
fenotipurad gamomJRavnebulia marfanis sindromi. deda heterozigotulia, 
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masasadame misi genotipia M m, Tumca radgan daavadebis gamomwvevi aleli 
dominanturia, dedasac fenotipurad gamomJRavnebuli aqvs marfanis sindromi.

gamoviyenoT penetis cxrili:

mSoblebis 
gametebi

M m

M MM Mm
M MM Mm

miviReT ornairi genotipis Svilebi (MM, Mm). yvela SemTxvevaSi saxezea 
dominanturi aleli, romelic ganapirobebs daavadebas. 

pasuxi: Svilebis genotipebia MM, Mm, yvela maTgani daavadebulia.
amocanebis amoxsna rTuldeba, rodesac saqme gvaqvs erTdroulad autosomur 

da sqesTan SeWidul niSanTvisebasTan. am dros zustad unda moxdes gametebis 
Sedgenilobis analizi.

magaliTad qals aqvs muqi Tma (is heterozigotulia Tmis feris alelis 
mixedviT) da amavdroulad is hemofiliis alelis matarebelia.

viciT rom Tmis feris ganmapirobebeli alelebi autosomebSia ganlagebuli, 
hemofiliis gamomwvevi aleli ki ganlagebulia X qromosomaSi. amgvarad am 
qalis genotipia: Aa XXh

es adamiani warmoqmnis Sedgenilobis TvalsazrisiT aseT gametebs: AX, aX, 
AXh, aXh

amovxsnaT amocana: qals aqvs muqi Tma (is heterozigotulia Tmis feris 
alelis mixedviT) da amavdroulad is hemofiliis alelis matarebelia. mamakaci 
janmrTelia da qeraTmiani. rogori genotipis da fenotipis gogebi da vaJebi 
eyolebaT maT. (miaqcieT yuradReba; gekiTxebian ara marto Tmis feris da 
hemofiliis, aramed Svilebis sqesis Sesaxebac)

viciT, rom qera Tma recesiuli niSania. isic viciT, rom Tu hemofiliis 
gamomwvevi aleli aris mamakacis qromosomaSi Xh, mamakaci avad iqneba. isic viciT, 
rom termini `matarebeli~ niSnavs, rom adamiani atarebs daavadebis gamomwvev 
alels, magram fenotipurad is ar mJRavndeba, vinaidan meore homologiur 
qromosomaSi es aleli ar imyofeba.

analizi: radgan mamakaci qeraa, maSasadame misi genotipia aa. radgan is 
janmrTelia, maSasadame mis X qromosomaSi ar aris hemofiliis aleli. amgvarad, 
mamakacis genotipia aaXY. radgan qali heterozigotulia Tmis feris alelis 
mixedviT, misi genotipia Aa. radgan qali hemofiliis alelis matarebelia, misi 
genotipia XXh.

amgvarad mSoblebis genotipia aaXY da AaXXh

gamoviyenoT penetis cxrili:
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mSoblebis 
gametebi

aX aY

AX AaXX AaXY
aX aaXX aaXY
AXh AaXXh AaXhY
a Xh aaXXh aaXhY

pasuxi: SvilebSi 

1.	erTi wili muqTmiani da janmrTeli vaJebi: AaXY
2.	erTi wili qera da janmrTeli vaJebi: aaXY
3.	erTi wili muqTmiani hemofiliis mqone vaJebi AaXhY
4.	erTi wili qera hemofiliis mqone vaJebi aaXhY
5.	ori wili muqTmiani da janmrTeli gogonebi (AaXX, AaXXh), Tumca maTi 

naxevari hemofiliis alelis matarebelia (AaXXh)
6.	ori wili qera da janmrTeli gogonebi (aaXX, aaXXh), Tumca maTi naxevari 

hemofiliis alelis matarebelia (aaXXh)

gamravleba

kvercxujredi gluvi, ovaluri formisaa. kvercxujredi Seicavs didi 
raodenobiT citoplazmas. citolazmaSi birTvia, romelSic qromosomebia 
moTavsebuli. spermatozoids aqvs Tavi, yeli da kudi (Solti). kudi irxeva 
da uzrunvelyofs spermatozoidis gadaadgilebas. spermatozoidis TavSi 
moTavsebulia birTvi qromosomebiT. yelSi mitoqondriebia, romlebic 
warmoqmnis energias spermatozoidis moZraobisaTvis. citoplazma 
spermatozoidSi umniSvnelo raodenobiTaa.

ganayofierebis dros spermatozoidebi gars ertymian kvercxujreds. erTerTi 
spermatozoidi yvelas “daaswrebs” da SeiWreba kvercxujredSi. spermatozoidis 
Tavis gare zedapirze aris enzimi, romelic xsnis kvercxujredis zedapirs 
da uzrunvelyofs spermatozoidis SeWras kvercxujredSi. spermatozoidis da 
kvercxujredis birTvebi SeerTdeba – moxdeba ganayofiereba.

zogierTi cxoveli kvercxujreds garemoSi gamoyofs, magaliTad Tevzebi 
da amfibiebi wyalSi yrian qviriTs – kvercxujredebis masas. mamric wyalSi 
gamoyofs spermatozoidebs da ganayofiereba sxeulis gareT, wyalSi xdeba. 
es garegani ganayofierebaa. zogierTi cxovelis(mag. mwerebis, frinvelebis, 
qvewarmavlebis, ZuZumwovrebis) kvercxujredi rCeba organizmSi, spermatozoidi 
ki mamris organizmidan uSualod mdedris organizmSi gadadis da iq anayofierebs 
kvercxujreds. es aris Sinagani ganayofiereba.

Sinagani ganayofierebis dros axali Taoba dedis sxeulSi yalibdeba da 
Semdeg ibadeba (mag. ZuZumwovrebSi). sxva SemTxvevaSi (mag. mwerebSi, frinvelebSi, 
qvewarmavlebSi) Sinagani ganayofierebis Semdeg cxoveli debs kvercxs, romelSic 
viTardeba da iCekeba axali Taoba. 
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ganayofierebis Semdeg iwyeba ganayofierebuli kvercxujredidan – 
zigotidan Canasaxis (embrionis) ganviTarebis procesi – embriogenezi.

zigota mitozurad iyofa da warmoqmnis or ujreds. mitozi seriul xasiaTs 
atarebs: ori ujredidan miiReba oTxi, oTxidan – rva, rvidan Teqvsmeti da a.S.

garkveuli momentidan ujredebis grovidan iwyeba qsovilebis da organoebis 
warmoqmna – yalibdeba organizmi.

Tavdapirvelad embrions uCndeba momavali organoebis Canasaxi, SemdegSi 
ki organoebi viTardeba da nayofi iZens Tavisi saxeobisaTvis damaxasiaTebel 
ZiriTad niSnebs.

ase xdeba adamianis da xerxemlianTa 
umravlesi warmomadgenlebis SemTxvevaSi - 
dabadebuli (gamoCekili) organizmi Tavidanve 
gavs misi saxeobis zrdasrul organizms.

amfibiebSi (bayayi, gombeSo da sxv.) da 
uxerxemlo cxovelebis erT nawilSi kvercxidan 
gamoCekili Taoba naklebad gavs Tavisi saxeobis 
zrdasrul formas da ganicdis metamorfozs 
– gardaqmnebs romelTa Sedegad TandaTanobiT 
daemsgavseba zrdasrul formas.

mwerebis erT nawilSi kvercxidan (1) iCekeba 
muxluxo (2), romelic Wuprdeba, anu ikeTebs 
garss, WuprSi (3) viTardeba mwerisaTvis 
damaxasiaTebeli organoebi da mweri gamodis 
Wupridan (4). es sruli metamorfozia.

sxva SemTxvevaSi (qveda suraTi) kvercxidan (1) iCekeba organizmi (2) (mag 
kaliebSi mas nimfa ewodeba), romelic ZiriTadad mSoblis msgavsia, Tumca aklia 
garkveuli niSnebi, romlebsac ganiviTarebs droTa ganmavlobaSi da zrdasruli 
xdeba (3). es arasruli metamorfozia.
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magaliTad kalias kvercxidan gamoCekil nimfas ar aqvs frTebi, romlebsac 
droTa ganmavlobaSi iviTarebs, gamoCekili tarakani ramdenjerme icvlis 
safarvels da emsgavseba zrdasrul formas.

prokariotuli organizmebi mravldeba ujredis gayofiT. Tumca am SemTxvevaSi 
gayofas TiTqmis araferi aqvs saerTo eukariotuli ujredis mitozTan.

baqteriebSi aris dnm-s erTi molekula, romelic plazmur membranazea 
mimagrebuli citoplazmis mxridan. baqteriis ujredis gayofis dros dnm 
ormagdeba, ujredi Suaze iyofa da dnm-s ori molekula gadanawildeba or 
Svileul ujreds Soris. am wesiT gayofas Zalian cota dro sWirdeba, amitom 
baqteriebi Zalian swrafad mravldeba.
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dnm, cilis sinTezi

dnm-s agebuleba. komplementurobis principi. dnm-s replikacia (gaormageba)
dnm (dezoqsi ribonukleinis mJava) warmoadgens polimers. polimeri didi 

molekulaa, romelic Sedgeba mcire zomis mravali molekulis – monomerisagan.
dnm-s monomerebia nukleotidebi.
nukleotidi Sedgeba sami nawilisgan: azotovani fuZis (1), naxSirwylis 

(dezoqsi ribozis - 2) da fosformJavis naSTisagan (3). 

12

3

dnm-s nukleotidebi oTxnairia. isini gansxvavdeba azotovani fuZiT, 
danarCeni nawilebi ki erTnairi aqvT.

azotovani fuZeebia: adenini (A), guanini (G), citozini (C) da Timini 
(T). Sesabamisad, arsebobs adeniniani, guaniniani, citoziniani da Timiniani 
nukleotidi.

nukleotidebi (monomerebi) uerTdeba erTmaneTs da qmnis dnm-s nukleotidur 
jaWvs.

dnm Sedgeba ori aseTi jaWvisgan (A da B) da spiralurad aris 
daxveuli. amitom dnm-s uwodeben xolme ormag spirals.

dnm-s ori jaWvi erTmaneTTan dakavSirebulia. ori jaWvis 
nukleotidebi erTmaneTs ukavSirdeba azotovani fuZeebiT, 
maT Soris bma wyalbaduria. qveda suraTze azotovani fuZeebi 
aRniSnulia laTinuri asoebiT.

dnm-is or jaWvze arsebuli nukleotidebis Sepirispireba 
SemTxveviTi ar aris da mkacr princips eqvemdebareba: erT 
jaWvze arsebuli adeniniani nukleotidi (A) upirispirdeba 
meore jaWvis guaninian (G) nukleotids, xolo citoziniani 
nukleotidi (C) ukavSirdeba guaninian nukleotids (G). a 
ukavSireba T-s ori wyalbaduri bmiT, xolo g ukavSirdeba c-s 
sami wyalbaduri bmiT.

dnm-Si A-s raodenoba tolia T-s raodenobis, xolo G-s 
raodenoba tolia C-s raodenobis. 

A B
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nukleotidebis ganlagebis am princips ewodeba azotovani fuZeebis 
dawyvilebis anu komplementurobis principi.

dnm-s replikacia
dnm-is replikaciis - gaormagebis dros xdeba dnm-is axali polimeris sinTezi. 

dnm-is ori jaWvis dawyvilebuli nukleotidebis bmebi enzimis zegavleniT 
irRveva da ormagi jaWvi ixsneba. jaWvi ixsneba erTdroulad ramdenime adgilas. 
ujredSi arsebobs Tavisufali nukleotidebi. es nukleotidebi dauwyvildeba 
da wyalbaduri bmiT ukavSirdeba gaxsnili dnm-is TiToeul jaWvze arsebul 
nukleotidebs. bmebis warmoqmnac enzimebis – dnm polimerazebis daxmarebiT 
xerxdeba. nukleotidebis dawyvileba komplementurobis principis dacviT 
xdeba. suraTze Cans rom dnm-s jaWvis erTi monakveTi ukve gaxsnilia, aq iyris 
Tavs Tavisufali nukleotidebi (2) da TiToeul jaWvze xdeba axali jaWvis 
awyoba (2). dnm-s polimeris TiToeul jaWvze aewyoba axali jaWvi da miiReba 
dnm-is ori molekula. 

1

2

33
3

axal molekulebSi erTi jaWvi Zveli, dediseuli dnm-isaa, meore ki axalia. 
radgan axali jaWvi dediseul jaWvze ewyoba komplementurobis principiT, 
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miRebuli molekulebi dediseuli molekulis zusti aslia. amitomac dnm-is 
gaormagebis process dnm-is replikacia – aslis warmoqmna ewodeba.

amgvarad dnm-is axali jaWvebi iqmneba dediseuli jaWvebis mixedviT, anu 
Zveli jaWvebi gamoyenebulia nimuSad axlis SeqmnisaTvis. ujredSi axali 
molekulebis Seqmnas nimuSis mixedviT ewodeba matriculi reaqcia.

dnm-is replikaciis dros SesaZlebelia nukleotidebi SecdomiT Seewyvilon 
erTmaneTs, mag. A-s mewyviled T-s nacvlad aRmoCndes G. aseT SemTxvevaSi dnm 
polimerazebi moacileben G-s da mis adgils T daikavebs.

rnm (ribonukleinis mJava)
rnm iseve rogorc dnm, polimeria. isic Sedgeba 

nukleotidebisagan.
aris gansxvavebac dnm-s da rnm-s agebulebas Soris.
rnm, dnm-sgan gansxvavebiT, erTjaWviania 
rnm-Si T-s nacvlad aris uraciliani (U) nukleotidi.
rnm-s nukleotidebSi arsebuli naxSirwyali ribozaa. 
rnm ramdenime saxisaa. birTvSi sinTezirdeba informaciuli 

rnm (i-rnm). ribosomebSi aris ribosomuli rnm, xolo 
citoplazmaSi gvxvdeba transportuli rnm (t - rnm).

cilis sinTezi
cilis molekulebi polimeria. maTi monomerebia 

aminomJavebi.
sxvadasxva cilis polimerebi gansxvavdeba aminomJavebis 

SedgenilobiT, raodenobiT da TanmimdevrobiT. 
cila ribosomebSi warmoiqmneba ujredSi arsebuli aminom­

Javebisagan. ribosoma akavSirebs aminomJavebs erTmaneTTan 
da qmnis cilis polimers. 

konkretuli cilis molekulis Sesaxeb informacias ribosoma dnm-sagan iRebs. 
anu dnm-s aqvs informacia imis Taobaze, Tu ra aminomJavebi da ra raodenobiT 
da TanmimdevrobiT unda ganlagdes cilis molekulaSi. 

es informacia, anu dnm-is kodi, warmodgenilia tripletebis saxiT. 
tripleti aris sami mezobeli nukleotidis erToblioba. yoveli tripleti 

Seesabameba konkretul aminomJavas, xolo dnm-Si tripletebis Tanmimdevroba 
da raodenoba ganapirobebs aminomJavebis Tanmimdevrobas da raodenobas cilis 
molekulaSi. 

tripletebi erTmaneTisagan gansxvavdeba nukleotiduri SedgenilobiT. 
ujredSi cilas qmnis 20 sxvadasxva aminomJava. TiToeul aminomJavas gansazRvravs 
ara erTi, aramed ramdenime sxvadasxva tripleti. 

cilis erTi cilis molekulis ganmapirobebeli tripletebis erToblioba 
warmoadgens gens. amgvarad geni moicavs dnm-s erT monakveTs da atarebs 
informacias konkretuli cilis molekulis Sesaxeb. dnm-s jaWvi mravali geniT 
aris warmodgenili.

transkripcia
dnm birTvSia moTavsebuli, ribosomebi ki citoplazmaSi. genSi arsebuli 

informacia ribosomamde miaqvs informaciul rnm-s (i-rnm). 
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 geni gamoiyeneba matricad i-rnm-s Sesaqmnelad. i-rnm iqmneba birTvSi 
arsebuli Tavisufali nukleotidebisagan. dnm-s genis tripletebSi Semavali 
nukleotidebis mixedviT amoirCeva maTi komplementuri rnm-s nukleotidebi, 
isini polimerazebis daxmarebiT daukavSirdeba erTmaneTs da miiReba i-rnm. am 
process transkripcia ewodeba 

suraTze transkripcia dawyebulia. mis mimarTulebas isari giCvenebs. 
Seqmnilia i-rnm-s monakveTi romelic komplementuria dnm-s monakveTisa. 

transkripcia waagavs dnm-s replikacias. es arc aris gasakviri, radgan 
transkripciac da replikaciac matriculi reaqciebia. matriculi reaqciebi 
mimdinareobs nimuSis mixedviT, rodesac axali molekulis sinTezi xdeba ukve 
arsebuli molekulis - matricis mixedviT. magaliTad, dnm-s replikaciis dros 
axali jaWvebi iqmneba arsebuli jaWvebis mixedviT. amgvarad dnm-s arsebuli 
jaWvi axlis matricaa.

matricis rols i-rnm-s sinTezis dros asrulebs dnm-s erTi jaWvi.
amgvarad dnm-s tripletebi gadaiwereba i-rnm-ze. amitomac qvia am process 

transkripcia, rac laTinurad gadaweras niSnavs. 
i-rnm-s tripletebs, romlebic Seiqmneba dnm-s tripletebis matriculi 

sinTeziT, kodoni ewodeba. 
translacia: cilis molekulis sinTezi ribosomebSi
ujredSi aminomJavebis erTmaneTTan gadabma da cilis polimeris formireba 

xdeba ribosomebze. 
ribosomebis ZiriTadi nawili ganlagebulia endo­

plazmur badeze da cilis molekulis awyobac iq mimdi­
nareobs. 

translacia. transkripciis Semdeg i-rnm tovebs birTvs 
da midis ribosomasTan. ribosoma Tavsdeba i-rnm-ze.

aqve Tavs iyrian transportuli rnm-ebi (t-rnm) 
yovel t-rnm-s aqvs 3 koduri nukleotidis erToblioba 

– antikodoni (1), romelic Seesabameba konkretul 
aminomJavas.

t-rnm ukavSirdeba Tavisi antikodonis Sesabamis 
aminomJavas (2) da miitans mas ribosomaSi. amitomac qvia am 
rnm-s transportuli.

2

1
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t-rnm miitans aminomJavas ribosomaSi. ribosomaSi Tavs iyrian sxvadasxva 
t-rnm-ebi romlebsac moaqvT sakuTari antikodonis Sesabamisi aminomJavebi.

ribosoma Tavsdeba i-rnm-ze. t-rnm-ebi antikodoniT exebian i-rnm-s pirvel 
kodons, romelzedac ganTavsebulia ribosoma. 

Tu kodoni da antikodoni erTmaneTis konplementaruli aRmoCnda, t-rnm-s 
mier motanili aminomJava rCeba ribosomaSi. t-rnm ki tovebs ribosomas. mis 
Semdeg t-rnm-ebi antikodoniT exebian i-rnm-s meore kodons. Tu kodoni da 
antikodoni erTmaneTis konplementaruli aRmoCnda, t-rnm-s mier motanili 
aminomJava rCeba ribosomaSi. t-rnm ki tovebs ribosomas. igive ganmeordeba 
i-rnms mesame, meoTxe da ase Semdeg kodonebTan t-rnm-ebis antikodonebiT 
Sexebis SemTxvevaSi.

am gziT SerCeuli aminomJavebi ribosomaSi erTmaneTs daukavSirdeba da 
miiReba cilis molekula.

antikodonebi kodonis komplementuria da genis Sesabamisi tripletis 
analogiuri. erTaderTi gansxvaveba t-rnm-s antikodonsa da genis triplets 
Soris is aris, rom dnm-s tripletebSi aris Timiniani nukleotidi, xolo 
t-rnm-s antikodonebSi T-s nacvlad aris U – uraciliani nukleotidi.

i-rnm-Si aris kodonebi, romlebic ar Seesabameba aminomJavebs, aramed 
miuTiTebs genetikuri informaciis dasawyissa (start-kodoni) da damTavrebaze 
(stop-kodoni).
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biologiis zogierTi sakiTxis swavlebisTvis

xSirad moswavles da maswavlebelsac Secdoma mosdis da alelebs gansazRvravs 
rogorc “genebis wyvils” an “wyvil gens”, romlebic dawyvilebulia homologiuri 
qromosomebis wyvilSi.

aleli genis alternatiuli variantia, amavdroulad aleli SeiZleba 
ar iyos genis meore, alternatiul versiasTan dawyvilebuli. magaliTad 
alelebi, romlebic sqesTan SeWidul niSanTvisebebs ganapirobeben, SeiZleba 
lokalizebuli iyos X qromosomaSi da amdenad, mamrobiTi sqesis organizmSi 
ar iyos dawyvilebuli. garda amisa, alelebi SeiZleba iyos ara 2, aramed meti. 
kanis fers magaliTad 2-ze meti aleli ganapirobebs.

moswavleebs uWirT imis warmodgena, rogor aris ganlagebuli alelebi dnm-
Si. am sakiTxis gasarkvevad gamodgeba dnm-s modelireba.

daamzadeT qaRaldis 2 zonari. gaukeTeT warwerebi ise, rogorc suraTzea 
naCvenebi. Semdeg mieciT zonarebs dnm-s ormagi jaWvis saxe. pirobiTad, es 
iqneba adamianis dnm-s erTi molekulis modeli.

am modelze advilad daanaxvebT moswavles, rom alelebi warmoadgenen dnm-s 
molekulis monakveTs.

am modelze isic kargad Cans, rom dnm-s molekula Seicavs ara erT alels, 
aramed mravals. rodesac moswavle iwyebs monohibriduli Sejvarebis swavlas, 
mas SesaZlebelia Seeqmnas mcdari warmodgena, rom dnm-Si mxolod erTi alelia 
moTavsebuli. amitom sasurvelia, aq aRwerili modeli moswavlem gaaanalizos 
manamde, sanam mendelis kanonebis Seswavlas daiwyebs. 

modeli, romelsac gTavazobT, moswavles swor warmodgenas Seuqmnis dnm-Si 
mravali alelis arsebobaze.

am koncefciis ganmtkicebis Semdeg SesTavazeT moswavleebs savarjiSo:
gaamzadon dnm-s molekulis 2 modeli. miawodeT jgufebs sxvadasxva 

cocxali arsebis suraTi: mag. ori gansxvavebuli mcenaris. mcenareebi unda 
gansxvavdebodes yvavilis feriT, foTlis zomiT da sxv. sTxoveT moswavleebs 
daukvirdnen gansxvavebebs da dnm-s modelze werilobiT daitanon alelebi: 
TiTo mcenarisaTvis gamoiyenon dnm-s erTi modeli.

magaliTad, pirobiTad davuSvaT, rom yvavilis yviTel fers ganapirobebs A 
aleli, xolo lurj fers a, maRal Reros B, dabals b, maSin lurji da maRali 
mcenaris alelebi SesaZlebelia iyos iseTi, rogorc suraTzea naCvenebi an 
AABb, AaBb, AABB.

moswavleebisaTvis saxalisoa 
msgavsi samuSaos Sesruleba saku­
Tari an Tanaklaselis dnm-s aleluri 
Sedgenilobis magaliTze.

am aqtivobebis dasrulebis Semdeg 
maswavlebels SeuZlia dasvas SekiTxva: 
adamians Zalian bevri niSanTviseba aqvs, 
daeteva maTi ganmapirobebeli alelebi 
dnm-s erT molekulaze? SekiTxva da 

a

B
B

a

alelebi erT 
qromosomaSi

mis homologiur 
wyvilSi
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diskusia mis garSemo gamiznulia, raTa moswavlem gaacnobieros ujredSi dnm-s 
mravali molekulis (adamianis SemTxvevaSi 46) arsebobis aucilebloba.

aqtivoba SeiZleba Catardes amgvarad: moswavleebs mieciT adamianis 
dominanturi da recesiuli niSanTvisebebis sia da sTxoveT, daxaton  am 
niSanTvisebebis gaTvaliswinebiT portreti. 

rodesac protretebi Sesruldeba, sTxoveT gansazRvron SesaZlo genotipebi.
msgavsi aqtivobis Catareba SesaZlebelia sxvagvaradac: daurigeT moswavleebs 

adamianebis mxatvruli protretebi an foto da sTxoveT, gansazRvron 
genotipebi.

magaliTad: 
karates cnobil ostats, brius lis, qonda muqi Tvali 

da Tvalis viwro Wrili. orive niSani dominanturia. 
Tu pirobiTad Tvalis fers aRvniSnaT laTinuri a (A) 
asoTi, Tvalis Wrils ki b (B) asoTi, maSin am adamianis 
genotipi SesaZlebelia iyos:

AABB, AaBB, AABb, AaBb.
Tu davamatebT Tmis fersac (pirobiTad c/C ), maSin 

aleluri kombinaciebi kidev ufro meti iqneba:
AABBCC, AABBCc, AABbCC, AABbCc, AaBBCC, 

AaBBCc, AaBbCc, AaBbCC
kidev erTi aqtivoba: moswavleebi dayaviT jgufebad. mieciT gamzadebuli, 

cxrili (an daxateT is dafaze da sTxoveT, gadaixaton rveulebSi) da sTxoveT, 
Seavson jgufis yvela wevris monacemebis mixedviT.

#
Tanaklaselis

saxeli
misi

genotipi
savaraudo aleluri

wyvili

1 gia Savi feris Tma, kexiani cxviri AABB, AaBB, AABb, AaBb

2 qeTi Ria feris Tma, swori cxviri aabb

3

anabolizmi da katabolizmi

ujredSi mimdinare qimiuri reaqciebi ori ZiriTadi saxisaa: anabolizmi da 
katabolizmi.

anabolizmis reaqciebisaTvis damaxasiaTebelia SedarebiT mcire zomis 
molekulebisagan didi zomis molekulebis ageba. kerZod, monomerebisagan 
polimerebis ageba. magaliTad, aminomJavebisagan cilis molekulis ageba.

katabolizmis reaqciebisaTvis ki damaxasiaTebelia didi zomis molekulebis 
daSla SedarebiT mcire zomis molekulebad. magaliTad, glikogenis da saxmeblis 
daSla glukozad, glukozis daSla naxSirorJangad da wylad, cilebis daSla 
aminomJavebad da sxv.
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anabolizmi mimdinareobs energiis STanTqmiT, xolo katabolizmi energiis 
gamoyofiT.

atf
ujredisaTvis energiis wyaros warmoadgens atf. 

misi molekula Sedgeba azotovani fuZe adeninisagan, 
naxSirwylis da fosformJavis naSTis 3 jgufisagan. 
amitomac qvia atf-s adenozin trifosformJava. es 
jgufebi erTmaneTs ukavSirdeba energiiT mdidari 
kovalenturi bmiT.. 

rodesac bma wydeba da erTi fosformJavis 
naSTi moscildeba atf-s, is gardaiqmneba adenozin 
difosformJavad (adf).

bmis gawyvetas Tan axlavs energiis gamoyofa. 
ujredi am energias iyenebs sasicocxlod.

ujreds mudmivad sWirdeba energia, amitom mas 
yovelTvis unda qondes atf-s garkveuli maragi. amisaTvis aucilebelia atf-s 
aRdgena adf-dan. atf-s aRsadgenad adf-s unda miuerTdes fosformJavis 
molekula.

adf + f = atf 
atf-s aRsadgenad, saWiroa energia.
am energias ujredi iRebs glikolizis da qemiosmosis procesSi.
glikolizi da qemiosmosi axasiaTebs rogorc cxovelur, aseve mcenareul 

ujreds da erTujredian organizmebs.
glikolizi.
ujredis energiis ZiriTadi wyaroa naxSirwylebi. ujredSi, citoplazmaSi, 

glukoza iSleba piroyurZnis mJavad. am dros warmoiqmneba garkveuli raodenobiT 
energia, romelic aRadgens 2 molekula atf-s. am process glikolizi ewodeba. 
piroyurZnis mJava mitoqondriaSi gadainacvlebs da ganicdis gardaqmnebs 
raTa dagrovdes energia 36 molekula atf-s sinTezisaTvis.  mitoqondriebSi 
mimdinare process jangbadi esaWiroeba.

Tu Jangbadi raRac mizezis gamo ar miewoda ujreds, glikolizi unda 
gagrZeldes, raTa ujredma am gziT mainc gaagrZelos atf-s sinTezi. 
glikolizis procesis gagrZelebis anu fermentaciis Sedegad piroyurZnis 
mJava gardaiqmneba rZis mJavad. 

fermentacia Cveulebrivi movlenaa zogierTi baqteriisaTvis da ar aris 
gamowveuli Jangbadis naklebobiT. es baqteriebi ar saWiroeben Jangbads – 
anaerobebi arian. maT akmayofilebs fermentaciis Sedegad miRebuli atf. 
baqteriebSi rZemJavuri fermentaciis procesis Sedegia rZis mawvnad qceva, 
sxvadasxva saxis yvelis warmoeba da sxv.

fermentaciis meore variantia alkoholuri fermentacia. am dros miiReba 
ara rZis mJava, aramed alkoholi. alkoholuri fermentacia axasiaTebs 
magaliTad zogierT sokos. maTgan zogierTi ikvebeba yurZnis wvenSi arsebuli 
glukoziT. rodesac yurZnis wveni iwureba, es soko iwyebs glukozis alkoholur 
fermentacias, ris gamoc yurZnis wveni Rvinod gadaiqceva.

atf.  fosformJavis naSTebi
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qemiosmosi
mcenareul ujredSi qemiosmosi mimdinareobs qloroplastebis 

Tilakoidebis membranaSi da mitoqondriebis 
membranaze - kristebze. cxovelur ujreds 
qloroplastebi ar aqvs. cxovelur 
ujredSi qemiosmosi mimdinareobs mxolod 
mitoqondriebis kristebze. proka­
riotebs (mag. baqteriebs) mitoqondriebi 
ar aqvT. kristebis daniSnulebas asrulebs 
plazmuri membranis gamonazardebi. pro­
tistebs (erTujredian eukariotebs) aqvT 
mitoqondriebi. zogierT maTgans aqvs 
qloroplastebic (mag. evglenas).

qloroplastis da mitoqondriis 
membranaSi CaSenebulia cilovani fermentis 
–atf-sinTazas molekula.

ujredSi intensiurad warmoiqmneba wyalbadis ionebi H+ . isini grovdeba 
membranis erT mxares. amgvarad iqmneba wyalbadis ionebis koncentraciuli 
gradienti da daiwyeba H+ difuzia membranis meore mxares. atf-sinTazas 
molekula gamoiyeneba H+ –s difuziisaTvis.   H+ –s difuzias Tan axlavs 
energiis gamoyofa.  es energia gamoiyeneba atf-s aRsadgenad: adf-Tan 
fosformJavis naSTis misaerTeblad

amgvarad, mcenareuli da cxoveluri ujredi atf-s aRsadgen energias 
moipoveben qemiosmosis gziT.

qemiosmosi warimarTeba mxolod im SemTxvevaSi, Tu qloroplastis da 
mitoqondriis membranaze dagrovda H+. magram H+ ar aris ujredSi maragis 
saxiT. ujredma unda warmoqmnas wyalbadis ioni.

sakiTxavia, ra gziT warmoqmnis ujredi H+ –s? 
rogor wamoiqmneba wyalbadis ioni mitoqondriebSi?
glikolizis Sedegad warmoqmnili piroyurZnis mJava Sedis mitoqondriaSi. 

mitoqondriaSi piroyurZnis mJava ganicdis rTul gardaqmnebs, romelTa 
saboloo produqtia naxSirorJangi CH

2
 da wyalbadis atomi H. wyalbadis 

atomi gascems eleqtrons da gadaiqceva wyalbadis ionad. H+ dagrovdeba 
mitoqondriis kristebze, atf-sinTazas siaxloves qemiosmosisaTvis. 

yvela zemoT aRwerili procesi mimdinareobs enzimebis monawileobiT.
amgvarad, mitoqondriebSi wyalbadis ioni warmoiqmneba organuli nivTierebis 

– piroyurZnis mJavis gardaqmnebis Sedegad.
glikolizis da mitoqondriebSi mimdinare procesebis Semajamebeli 

formulaa: 
C6H12O6+6O2 + 38 adf + 38 f  = 6CO2+6H2O+36atf
naxSirorJangi organizmidan garemoSi gaidevneba.
aRwerili procesi mimdinareobs mcenareuli da cxoveluri ujredebis 

citoplazmasa da mitoqondriebSi da am TvalsazrisiT mcenareuli da cxoveluri 
organizmebi erTmaneTis msgavsia.

atf _ sinTaza

fosformJavis 
naSTi
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magram, rogorc iTqva, mcenareul ujredSi qemiosmosi mimdinarebs 
qloroplastebSic. mcenares SeuZlia warmoqmnas wyalbadis ioni 
qloroplastebSic da amisaTvis gamoiyenos araorganuli nivTiereba wyali da 
mzis energia.

rogor warmoiqmneba wyalbadis ioni qloroplastebSi.
mcenareul ujredSi qloroplastebis TilakoidebSi moTavsebulia  

qlorofilis molekulebi. 
es molekulebi qmnis 2 jgufs, romlebsac ewodeba fotosistema I da 

fotosistema II. fotosistema imitom ewodeba, rom molekulebi mgrZnobiarea 
mzis sxivis energiis mimarT.

qlorofilis molekulebi qmnian or dajgufebas: fotosistema I-s da 
fotosistema II-s. es molekulebi, rogorc nebismieri sxva molekula, Seicaven 
eleqtronebis garkveul, maTTvis Cveul raodenobas.

rodesac foTlebi mzes mieficxeba, fotosistemebis eleqtronebi aigzneba 
mzis energiis zegavleniT da datovebs fotosistema I-s. fotosistema II-is 
eleqtronebic aigzneba mzis energiis zegavleniT, toveben fotosistemas da 
gadadian fotosistema I-Si.  amgvarad fotosistema I aRidgens eleqtronebis 
Cveul raodenobas.

magram fotosistema II rCeba eleqtronis gareSe. gacemuli eleqtronis 
Canacvleba axali eleqtroniT xdeba wylis xarjze. ujredi Slis wyals: 2H2O = 
4H+ + 4e - + O2 

am dros gamoyofili eleqtrons miitacebs fotosistema II da aRidgens 
eleqtronebis Cveul raodenobas. Jangbadi mcenaridan garemoSi gamoiyofa.

aRwerili procesis mTavari daniSnuleba is aris, rom wylis daSlisas 
warmoiqmneba wyalbadis ionebi H+, romlebic grovdeba Tilakoidis membranaze.

amgvarad, mcenareuli da cxoveluri ujredi qemiosmosisaTvis saWiro 
wyalbads warmoqmnian mitoqondriebSi organuli nivTierebebidan. magram 
mcenareul ujredSi, cxoveluri ujredisgan gansxvavebiT, qemiosmosis procesi 
mimdinareobs qloroplastebSic. 

qloroplastebSi mcenareuli ujredi moipovebs qemiosmosisaTvis saWiro 
wyalbadis ions araorganuli nivTierebidan – wylidan araorganuli energiis 
– mzis energiis gamoyenebiT. mzis energia saWiroa procesis dawyebisaTvis, 
kerZod  fotosistemis eleqtronebis agznebisaTvis.  

eleqtronebis gadamtani jaWvi:
ujredSi warmoqmnili wyalbadis ionebi unda transportirdes membranis im 

adgilas, sadac CaSenebulia atf-sinTaza. amisaTvis saWiroa energia. saidan 
iRebs ujredi am energias?

rogorc ukve iTqva, mzis energiis zegavleniT qlorofilSi, fotosistema 1 
gascems eleqtronebs. eleqtronebs gascems wyalbadis atomic mitoqondriebSi, 
rodesac is ionad gadaiqceva.

Tilakodis membranebSi da kristebSi moTavsebulia eleqtronebis gadamtani 
jaWvi. es aris erTmaneTis mezoblad ganlagebuli molekulebis jaWvi. erTi 
molekula miierTebs eleqtronebs da gadascems maT mezobel molekulas. am 
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procesSi eleqtronebi TandaTanobiT gascemen energias. es energia gamoiyeneba 
wyalbadis ionebis gadaadgilebisa da dagrovebisaTvis atf-sinTazas siaxloves.

ra gardaqmnas ganicdis wyalbadis ioni mas Semdeg, rac gaivlis atf-sinTazas 
molekulas?

rogorc iTqva, atf-sinTazas molekulaSi gasvlisas, wyalbadis ioni gamoyofs 
energias, romelic xmardeba atf-s sinTezs. ra emarTeba amis Semdeg wyalbadis 
ions? mitoqondriebSi da qloroplastebSi es procesic gansxvavebulia.

procesi mitoqondriebSi:
cocxali organizmebi sunTqvis organoebiT SeiTviseben sacxovrebel garemoSi 

arsebul Jangbads. sunTqvis organoebidan Jangbadi miewodeba ujredebs. 
ujredSi Sesvlisas Jangbadi transportirdeba mitoqondriebSi, SeierTebs 

wyalbadis mier gacemul eleqtronebs (romlebic eleqtronebis gadamtan 
jaWvze moZraoben) da gadaiqceva Jangbadis ionad. rodesac wyalbadis ioni 
gaivlis atf-sinTazas, is SeuerTdeba Jangbadis ions da warmoiqmneba wyali. 
JangbadTan eleqtronebis mierTeba aTavisuflebs eleqtronebis gadamtan jaWvs 
eleqtronebisagan. amgvarad, jaWvi Tavisufldeba wyalbadis atomidan axali 
eleqtronebis misaRebad, rac wyalbadis ionebis warmoqmnis (da Sesabamisad 
qemiosmosis) procesis uwyvetobas uwyobs xels.

procesi qloroplastebSi:
mcenareebi bageebiT SeiTviseben garemoSi arsebul naxSirorJangs. 

naxSirorJangi miewodeba ujredebs, Sedis qloroplastebSi da miierTebs atf-
sinTazas molekulaSi gasul wyalbadis ions. reaqciis Sedegad warmoiqmneba 
glukoza. am process xmardeba qloroplastebSi warmoqmnili atf-s energia.

fotosinTezi.
fotosinTezi aris im reaqciebis saerTo saxelwodeba, romlebic 

qloroplastebSi mimdinareobs. sxva sityvebiT, fotosinTezi aris 
qloroplastebSi mzis energiis xarjze atf-s da glukozis warmoqmnis procesebis 
erToblioba. fotosinTezis procesSi warmoiqmneba agreTve Jangbadi, romelic 
garemoSi gamoiyofa.

amitom fotosinTezis jamuri formula ase gamoiyureba: 
6CO2 + 6H2O + sinaTlis energia = C6H12O6 + 6O2
qemisosmosisaTvis, rogorc iciT, aucilebelia sinaTlis energia, xolo 

glukozis warmoqmnas xmardeba atf-s energia. amitom pirobiTad, mzis energiis 
gamoyenebiT mimdinare reaqciebs uwodeben sinaTleze damokidebuls, xolo 
glukozis warmoqmnis reaqciebs – sinaTlisgan damoukidebels.

aqedan gasagebi xdeba, rom fotosinTezis sinaTleze damokidebuli reaqciebi 
mimdinareobs dRisiT, xolo glukozis warmoqmna SesaZlebelia dRisiTac da 
RamiTac. gansakuTrebiT intensiuria es procesi RamiT.

avtotrofuli da heterotrofuli kvebis tipi.
fotosinTezi aZlevs mcenares saSualebas gamoiyenos mzis energia atf-s 

Sesaqmnelad. amgvarad, mcenare avtotrofia: mas SeuZlia  araorganuli energiis 
gamoyeneba.

cxovelebi energiis misaRebad garemodan SeiTviseben organul nivTierebs. 
ujredSi glukozis, cximebis, zogierT SemTxvevaSi cilebis daSla iZleva 
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energias atf-s sinTezisaTvis.  amgvarad, cxovelebi heterotrofebi arian – 
isini energias organuli nivTierebisagan iReben. rogorc iciT, mcenareebsac 
SeuZlia energiis mopoveba avtotrofuli gziT, radgan masac, iseve rogorc 
cxovelur ujreds, aqvs mitoqondriebi.

magram mcenareebi fotosinTezis dros ara marto iyeneben mzis energias, 
aramed Tavad qmnian sakvebs – saxamebels. saxamebeli glukozis monomerebisagan 
Semdgari organuli polimeria. amgvarad, is warmoadgens energiiT mdidar 
organul sakvebs. heterotrofebs ar SeuZliaT sakvebis Tavad Seqmna. amitom 
balaxismWamelebi Wamen mcenareebs da maTgan iReben energiiT mdidar organul 
naerTebs. xorcismWamelebi nadiroben balaxismWamelebze da iyeneben msxverplis 
organizmSi arsebul organul nivTierebebs.

qemosinTezi
arseboben iseTi avtotrofuli organizmebi, romlebic energias iReben ara 

mzisgan, aramed araorganuli nivTierebebis daJangvis Sedegad. magaliTad, 
wyalsatevebSi mcxovrebi gogirdbaqteriebi gogirwyalbads (H2S) Jangaven, 
nitrifikaciis baqteriebi ki Jangaven amiaks (NH3) niadagSi da wyalsatevebSi. am 
reaqciebis krebiTi saxelia qemosinTezi.

anabolizmi
ujreds sicocxlisaTvis esaWiroeba organuli polimerebi: cilebi, cximebi, 

naxSirwylebi, nukleinis mJavebi. maT asagebad saWiro monomerebis nawili Tavad 
ujredSi warmoiqmneba, nawili ki garemodan SeiTviseba. magaliTad, arsebobs 
egreTwodebuli Seucvleli aminomJavebi, romlebsac adamianis organizmi ver 
warmoqmnis da sakvebTan erTad unda miiRos.

anabolizmis magaliTia fotisinTezis procesSi glukozis da SemdegSi  
glukozis monomerebidan saxameblis polimeris warmoqmna. anabolizmis Sedegad 
cxoveluri ujredebi glukozisagan warmoqmnian cxovelur naxSirwyals – 
polimer  glikogens. aminomJavebisagan xdeba cilis warmoqmna, nukleotidebisagan 
igeba dnm-s da rnm-s polimerebi.

anabolizmis procesSi warmoqmnili polimerebidan zogierTi msgavsia 
sxvadasxva saxeobis cocxal organizmebSi. magaliTad, mcenareebis mier 
warmoqmnili saxamebeli erTnairia sxvadasxva saxeobis mcenareSi. sxvanairad 
aris saqme cilebis anabolizmis SemTxvevaSi. cilis polimeri iqneba 20 sxvadasxva 
saxis aminomJavisagan. es aminomJavebi mravaljeraa ganmeorebuli polimerSi. 
cilis polimerebi gansxvavdeba imis mixedviT, Tu ramdeni aminomJava da ra 
TanmimdevrobiTaa dakavSirebuli peptiduri bmiT polimerSi. 

cilis sinTezi xorcieldeba ribosomebze. ribosoma peptiduri bmiT 
akavSirebs ujredSi arsebul aminomJavebs da qmnis cilis polimers. radgan 
cilebi gansxvavdeba aminomJavebis raodenobiT da polimerSi ganlagebis 
TanmimdevrobiT, ribosomam yoveli konkretuli cilis sinTezis dros unda 
SearCios zustad imdeni aminomJava, ramdenic am polimers axasiaTebs da 
erTmaneTTan daakavSiros isini im TanmimdevrobiT, romelic am polimers 
gamoarCevs sxva cilebisagan.

robosoma am saqmeSi xelmZRvanelobs informaciiT, romelic genebis saxiT 
aris warmodgenili dnm-Si. es aris informacia cilis molekulaSi aminomJavebis 
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raodenobis da Tanmimdevrulad ganlagebis Sesaxeb. rogorc ici, es maCveneblebi 
sxvadasxva cilas Taviseburi aqvs. amitom cilis yoveli konkretuli molekulis 
Sesaxeb informacia Sesabamis genSia Cawerili. 

magaliTad, TiTqmis yvela cocxal organizms ujredebSi aqvs enzimi katalaza, 
romelic Slis naxSirwyal sukrozas. enzimebi cilebia da katalazas sinTezi 
ujredSi garkveuli genis informaciis mixedviT xdeba. am genSi arsebobs 
informacia imis Sesaxeb, Tu ramdeni aminomJava unda SearCios robosomam 
da rogori TanmimdevrobiT unda daakavSiros isini peptiduri bmiT, raTa 
sinTezirdes katalaza da ara sxva cilis molekula.

cocxal organizmebs bevri msgavsi cila aqvs. katalaza amis kargi magaliTia. 
maSasadame, maT bevri msgavsi geni aqvT. es adasturebs cocxali organizmebis 
warmoSobis erTianobas. amavdroulad, TiToeul cocxal organizms aqvs  
mxolod misi saxeobisaTvis damaxasiaTebeli genebi. magaliTad, adamianebs 
bevri geni saerTo aqvT sxva ZuZumwovrebTan, magram aqvT agreTve mxolod 
adamianisaTvis damaxasiaTebeli genebic. es niSnavs, rom adamians aqvs mxolod 
misTvis damaxasiaTebeli cilebi. ujredSi aminomJavebisagan iqmneba originaluri 
cilis polimeri, romelic damaxasiaTebelia mocemuli organizmisaTvis. 

magaliTad, cxovelebisagan adamianebis erTerTi mTavari ganmasxvavebeli 
Tavis tvinis maRalganviTarebulobaa. cnobilia, rom Canasaxis ganviTarebis 
periodSi moqmedebas iwyeben is genebi, da Sesabamisad, sinTezirdeba is cilebi, 
romlebic mxolod adamians aqvs da romlebic pasuximgebelia Tavis tvinSi 
adamianisaTvis damaxasiaTebeli metyvelebis centrebis Camoyalibebaze.

aqtivoba: dnm-s gamoyofa xaxvis bolqvidan

moswavleebi swavloben dnm-s, magram am molekulis Sesaxeb warmodgenas 
iqmnian mxolod wignSi mocemuli suraTebidan. kargia, Tu miscemT moswavleebs 
saSualebas, sakuTari ZalebiT gamoyon dnm xaxvis bolqvidan da dainaxon is.

aqtivobis Catarebisas moswavlem unda icodes, ra mizniT keTdeba cdis esa 
Tu is procedura.

amitom aqtivobas warmogidgenT cxrilis saxiT.

procedura proceduris daniSnuleba

xaxvis bolqvs davWriT da 
vatarebT blenderSi (an xorcis 
sakep manqanaSi) an davnayavT sanaySi

dnm moTavsebulia ujredSi, 
danayva (blenderSi gatareba) 
saWiroa, rom daingres qsovili, 
ujredis garsebi da iqidan 
advilad gamoidevnos SigTavsi 
(dnm-s CaTvliT)

miRebuli masa gadagvaqvs qimiur 
WiqaSi, odnav vfaravT onkanis wyliT 
da vayriT erT sufris kovz marils. 
movurevT rom marili gaixsnas.

marili xels Seuwyobs ujredis 
SigTavsis gamodevnas ujredebidan
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miRebul masas gadavwuravT 
marlaSi. CenCo aRar gvWirdeba. 
marlaSi gasuli siTxe gadagvaqvs 
sufTa qimiur WiqaSi da vamatebT 
erT Cais kovz WurWlis sarecx 
siTxes, magaliTad “feiris”. Zalian 
frTxilad movurevT, rom ar 
aqafdes.

WurWlis sarecxi siTxe gaxsnis 
cximebs, romlebic xels SeuZlis 
dnm-s gamoyofas

miRebuli masa gaiwureba 
marlaSi. nawuri gadagvaqvs 
sinjaraSi. sinjara naxevramde unda 
gaivsos. sinjaris SigTavss zemodan 
frTxilad vasxamT samedicino 
spirts sinjaris gavsebamde. 

spirti  dnm-s molekulebs  
amoativtivebs siTxis zedapirze.

Tu yvelaferi kargad gakeTda, ramdenime wamSi dainaxavT dnm-s molekulebs 
TeTri nafifqis saxiT, romlebic spirtis zedapirze dagrovdeba. SegiZliaT 
aiRoT nafifqi asanTis ReriT da lupis qveS daaTvalierebinoT moswavleebs.

miaqcieT yuradReba: nafifqi ar aris dnm-s erTi molekula. is Seicavs didi 
raodenobiT dnm-s molekulebs (ramdenis gamoyofac moxerxda xaxvis mTeli 
bolqvis ujredebidan).  nafifqSi aucileblad iqneba cilebic, romlebic dnm-s 
molekulebTan aris dakavSirebuli.
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ZiriTadi terminebis leqsikoni

aleli – garkveuli niSanTvisebis 
ganmapirobebeli genis versia. aleli 
ganapirobebs am niSanTvisebis erTerT 
variants. magaliTad, Tmis feris 
ganpirobebuli geni arsebobs Ria Tmis 
da muqi Tmis ganmapirobebeli alelebis 
saxiT.

antikodoni – transportuli rnm-s 
tripleti, romelic atarebs infromacias 
aminomJavis Sesaxeb

anafaza – ujredis gayofis faza, 
rodesac qromosomebi (qromatidebi) 
erTmaneTs cildeba da polusebisken 
miemarTeba 

arasruli metamorfozi – 
metamorfozis forma, rodesac kvercxidan 
gamoCekili organizmi ZiriTadad gavs 
zrdasrul formas (mSobels) da mcire 
gardaqmnebis Semdeg (mag. frTebis 
ganviTareba, sxeulis safarvelis cvla) 
yalibdeba zrdasrul formad

gameta – meiozis Sedegad warmoqmnili 
sasqeso ujredi

ganayofiereba – kvercxujredis da 
spermatozoidis (maTi birTvebis) Serwyma

geni – dnm-s monakveTi, romelic 
ganapirobebs garkveuli niSanTvisebis 
Camoyalibebas

genotipi – organizmis genebis 
erToblioba

dnm (dez oqsi ribonukleinis mJava) – 
ujredis organuli nivTiereba, romelic 
atarebs genetikur informacias. 
eukariotebSi motavsebulia birTvSi, 
prokariotebSi - citoplazmaSi

dominanturi aleli (geni) – aleli, 
romelic ganapirobebs dominantur 
(Zlier) niSanTvisebas. es aleli 
mJRavndeba fenotipurad miuxedavad 
imisa, misi mewyvile aleli recesiulia Tu 
dominanturi

embrioni – ganayofierebis Sedegad 
zigotidan ganviTarebuli Canasaxi

zigota – ganayofierebuli 
kvercxujredi

interfaza – ujredis gayofis wina 
faza. am dros ujredi asrulebs Tavis 
funqciebs. interfazis bolos iwyeba 
ujredis momzadeba mitozisaTvis: dnm-s 
gaormageba, ujredis organoidebis 
gaormageba.

i-rnm (informaciuli rnm) – 
ribonukleinis mJava, warmoiqmneba 
transkripciis Sedegad da gadaaqvs 
informacia genidan citoplazmaSi, 
robosomebTan.

kodoni – informaciuli rnm-s 
tripleti, romelic atarebs informacias 
aminomJavis Sesaxeb

kvercxujredi – mdedrobiTi sasqeso 
ujredi (gameta)

metamorfozi – cocxali organizmis 
ganviTarebis tipi, rodesac kvercxidan 
gamoCekili organizmi Tavidanve ar gavs 
mSobels, ganicdis garkveul gardaqmnebs 
da emsgavseba zrdasrul formas (mSobels).

meiozi – sasqeso ujredis gayofis 
forma, rodesac dediseuli ujredi 
dasabams aZlevs oTx Svileul ujreds – 
gametebs. gametebSi aris qromosomebis 
haploiduri kompeqti.

metafaza – ujredis gayosi faza, 
rodesac qromosomebi dakavSirebulia 
gayofis TiTistaras ZafebTan da 
ganlagebulia ujredis centrSi.

mitozi – ujredis gayofis forma, 
rodesac dediseuli ujredi dasabams 
aZlevs or Svileul ujreds. QSvileul 
ujredebSi SenarCunebulia qromosomebis 
igive diploiduri raodenoba, rac 
dediseul ujredSi.

penetis cxrili – cxrili romelic 
gamoiyeneba individebis Sejvarebis 
Sedegis saangariSod. cnobilia avtoris 
– rejinald penetis gvariT.

profaza – ujredis gayofis faza, 
rodesac birTvi ixsneba da qromosomebi 
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citoplazmaSi gamodian. am drosve 
warmoqmneba gayofis TiTistaras Zafebi, 
romlebic qromosomebs ukavSirdeba

recesiuli aleli (geni) – aleli, 
romelic ganapirobebs recesiul (sust) 
niSanTvisebas. SemTxvevaT erT nawilSi 
recesiuli aleli mJRavndeba fenotipurad 
mxolod im SemTxvevaSi, rodesac misi 
mewyvile alelic recesiulia

ribosoma – ujredis organoidi, 
monawileobs cilis sinTezSi. ZiriTadi masa 
moTavsebulia marcvlovan endoplazmur 
badeze, aris qloeoplastebSi da 
mitoqondriebSic.

sruli metamorfozi – metamorfozis 
forma, rodesac organizmi gamravlebis 
dros gaivlis kvercxis, muxluxos, Wupris 
da zrdasruli formis stadiebs

spermatozoidi – mamrobiTi sasqeso 
ujredi (gameta)

telofaza – ujredis gayofis 
faza, rodesac warmoiqmneba ori, axali 
Svileuli ujredebis birTvi

transkripcia – informaciuli rnm-s 
Seqmna genis informaciis mixedviT

translacia – ribosomaSi aminomJavebis 
SerCeva da erTmaneTTan dakavSireba 
informaciuli rnm-s informaciis 
mixedviT

transportuli rnm (t-rnm) 
ribonukleinis mJava, romelsac gadaaqvs 
aminomJavebi cilis sinTezis adgilSi

ujredis cikli – ujredis sicocxlis 
cikli, Sedgeba interfazis, mitosis da 
citokinezisgan.

fenotipi – organizmis niSanTvisebebis 
erToblioba

qromosoma – warmonaqmni ujredSi, 
romelic Seicavs dnm-s molekulas

qromatidi – gaormagebuli qromosomis 
erTi naxevari romelic Seicavs dnm -s 

erT molekulas. Ggaormagebis Semdeg 
qromosoma Sedgeba 2 qromatidisgan

qromosomaTa diploiduri kompleqti 
– qromosomebis raodenoba (ormagi) 
ujredSi, romelic mocemuli saxeobisTvis 
aris damaxasiaTebeli. magaliTad adamianSi 
qromosomebis diploiduri raodenoba - 
46 gxvdeba somatur ujredebSi da agreTve 
sawyis sasqeso ujredebSi meiozamde.

qromosomaTa haploiduri kompleqti 
– qromosomaTa ganaxevrebuli (erTmagi) 
raodenoba unjredSi. magaliTad adamianSi 
qromosomebis haploiduri raodenoba -23 
gxvdeba sasqeso ujredebSi.

citokinezi – mitozis momdevno 
faza, rodesac ujredi orad iyofa da 
warmoiqmneba ori Svileuli ujredi

homozigoturi organizmi: mocemuli 
niSanTvisebis mixedviT homozigoturia 
organizmi, romelSic am niSanTvisebis 
ganmapirobebeli alelebi erTnairia, 
magaliTad orive recesiuli an orive 
dominanturi. aseTi organizmi warmoqmnis 
aleluri Sedgenilobis mixedviT erTnair 
gametebs

heterozigoturi organizmi: mocemuli 
niSanTvisebis mixedviT heterozigoturia 
organizmi, romelSic am niSanTvisebis 
ganmapirobebeli alelebi gansxvavebulia, 
magaliTad erTi aleli recesiulia, 
meore ki dominanturi. aseTi organizmi 
warmoqmnis aleluri Sedgenilobis 
mixedviT gansxvavebul gametebs

SeniSvna: erTi da igive organizmi 
SesaZlebelia iyos erTi niSanTvisebis 
ganmapirobebeli alelebis mixedviT 
homozigoturi, magram meore niSanTvisebis 
ganmapirobebeli alelebis mixedviT 
heterozigoturi.
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evolucia

evoluciis Tanamedrove gageba eyrdnoba evoluciis sinTezur Teorias. 
sinTezuri Teoriis Tanaxmad evolucia iwyeba da mimdinareobs cocxali 
organizmebis populaciebSi evoluciis mamoZravebeli Zalebis – genofondis 
cvlilebisa da bunebrivi gadarCevis gziT.

ra aris populacia. 
cocxali organizmebi jgufdebian msgavsebis mixedviT. arsebobs klasifikaciis 

sistema, romelic scnobs cocxali organizmebis sxvadasxva donis dajgufebebs: 
samefo, tipi, klasi, rigi, ojaxi, gvari da saxeoba. 

 saxeoba klasifikaciis yvelaze mcire erTeulia, romelic aerTianebs 
erTmaneTis zedmiwevniT msgavs organizmebs: isini cxovroben msgavs garemo 
pirobebSi, msgavsi arian anatomiurad (agebulebiT) da fiziologiurad 
(cxovelqmedebiT), aqvT msgavsi genebi.

magram saxeobis warmomadgenlebi ar cxovroben yvela erTad. isini, 
dayofili arian SedarebiT mcire jgufebad – populaciebad. populaciebi 
garkveulwilad, gamocalkevebulia erTmaneTisagan teritoriulad, naklebad 
amyareben urTierTobas sxva populaciis warmomadgenlebTan, mag. ZiriTadad 
ejvarebian erTmaneTs da ara sxva populaciis warmomadgenels.

cocxali organizmebis evolucia populaciaSi mimdinareobs - populacia 
evoluciis elementaruli erTeulia.

evoluciis erTerTi mTavari maxasiaTebelia genetikuri cvlilebebi, 
romlebsac ganicdis cocxali organizmebi. es cvlilebebi memkvidrulia da 
STamomavlobas gadaecema. 

populacia xasiaTdeba genofondiT. es aris im genebis erToblioba, romelic 
aqvT populaciis warmomadgenlebs. magaliTad, weroebis populacias aqvs 
sxeulis Sefervis, niskartis formis da zomis,  organoebis moqmedebis da 
qcevis ganmapirobebeli da kidev mravali sxva geni, romelTa erToblioba qmnis 
weroebis populaciis genofonds.

yvela procesi, romelic cvlis genebs da Sesabamisad, genofonds, iTvleba 
evoluciis mamoZravebel Zalad.

es procesebia: mutacia, genebis dreifi, genebis nakadi, izolacia. isini 
uSualod cvlian genofonds. genofondi SesaZlebelia Seicvalos 2 ZiriTadi 
gziT. mutacia cvlis genis struqturas, qromosomebis struqturas da 
raodenobas da amgvarad cvlis genofonds. magram 
genofondi icvleba mutaciis gareSec, genofondSi 
alelebis sixSiris cvlilebis gziT.

alelebis sixSireze da sixSiris cvlilebaze 
dakvirvebisaTvis saWiroa genofondSi konkretuli 
alelis sixSiris gamoTvla.

ganvixiloT magaliTi alelebis erTi wyvilis 
magaliTze. davuSvaT, rom romelime mcenaris 
populacia Sedgeba recesiuli da dominanturi 
alelebis matarebeli individebisgan, isini 
heterozigoturia (Bb) da maTi raodenoba Tanabaria.
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mSoblebSi sul 2 saxis alelia. alelis sixSiris gamosaTvlelad am alelis 
raodenoba iyofa alelebis saerTo raodenobaze. alelebis saerTo (orive 
mSoblis) raodenobaa 4 (2 B da 2 b). xolo TiToeuli alelis raodenoba aris 2.  
maSasadame, TiToeuli alelis sixSirea 2 : 4 = 0.5 an 50%. 

meore TaobaSi miRebul genotipebSi (BB, 2Bb, bb) alelebis saerTo raodenobaa 
8 (4 B da 4 b), TiToeuli aleli ki 4-ia. amgvarad, TiToeuli alelis sixSirea 
4 : 8 = 0.5 an 50%. 

alelebis sixSiris garda populacia SesaZlebelia davaxasiaToT genotipebis 
an fenotipebis sixSiriTac. 

rogor viangariSoT konkretuli genotipis sixSire. amisaTvis isev 
gamoviyenoT zeda cxrili. magaliTad, viangariSoT bb genotipis sixSire. am 
genotipis misaRebad mdedrobiTi gameta unda SeuerTdes mamrobiT gametas da 
orive unda atarebdes b alels. am alelis sixSire TiToeul mSobelSi aris 0.5. 
bb genotipis sixSire iqneba: 0.5 x 0.5 = 0.25

konkretuli fenotipis sixSire iangariSeba rogorc am fenotipis mqone 
individebis raodenobis ganayofi populaciaSi individebis saerTo raodenobaze. 
magaliTad, Tu populaciaSi aris 100 individi, xolo maTgan 10 TeTri yvavilis 
mqonea, maSin am fenotipis sixSire populaciaSi aris 10 : 100 = 0.1.

genebis dreifi.
davuSvaT, garkveul teritoriaze izrdeba mcenareTa garkveuli populacia. 

mis genofondSi aris yvavilis Seferilobis alelebi, romelTa kombinacia 
ganapirobebs yvavilis samnair  fers. es alelebi populaciaSi garkveuli 
sixSiriTaa warmodgenili. Tu romeliRac alelis matarebeli mcenareebi sxvebze 
ukeT gamravlda, genofondSi moimatebs am alelis sixSire. alelebis sixSiris 
cvlileba moxdeba im SemTxvevaSic, Tu romelime alelis matarebeli mcenareebi 
daiRupeba. sayuradreboa, rom genebis dreifi ar ukavSirdeba bunebrivi 
gadarCevis moqmedebas: mcenareebis daRupva an sxvebze ukeT gamravleba ar xdeba 
maTi Sesabamisad cudad an ukeT Seguebulobis gamo, es SemTxveviTi procesia.  

genebis nakadi
genebis nakadi gulisxmobs populaciebs Soris genebis mimocvlas. es 

SesaZlebelia moxdes cxovelebis erTi populaciidan meoreSi migraciis 
Sedegad. am dros migrants miaqvs maspinZel populaciaSi sakuTari alelebi, 
ris gamoc icvleba populaciis genofondi. Tu migrantma fexi mokida axal 
adgilas da gamravlda, es mniSvnelovnad Secvlis populaciis alelur 
sixSires. magaliTad, gorilebis populaciaSi axalgazrda gorilebi midian 
xolme jogidan, sxva populacias uerTdebian da mravldebian. amgvarad, isini 
gadaaxaliseben am populaciis genofonds sakuTari alelebiT.

alelebis sixSire Secvleba im populaciaSic, saidanac moxda organizmebis 
emigracia.

mcenareebSiac aqvs adgili genebis nakads. am dros, cxadia, organizmebi ar 
gadainacvleben erTi populaciidan meoreSi, magram mcenaris mtveri SeiZleba 
gavrceldes Zalian didi distanciaze da moaxdinos sxva populaciis mcenareTa 
damtverva. 
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rogor CavatarebinoT moswavleebs kvleva: genebis dreifis modelireba.
boTlis yelis efeqti.
boTlis yelis efeqti wamoadgens genebis dreifis models. is exeba im 

situacias, rodesac populaciis raodenoba mkveTrad mcirdeba ara populaciis 
individebis saziano cvlilebebis gamo, aramed sxva faqtorebis zegavleniT, 
magaliTad, populaciis warmomadgenlebze intensiuri nadirobis mizeziT.

moswavleebs mieciT instruqcia:
ganier yelian boTlSi Cayare sami sxvadasxva feris Wikarti. TiToeuli feris 

20 cali. (Wikartebis magivrad SesaZlebelia sxva masalis gamoyeneba, magram 
Wikartebs advilad naxavT nebismier maraziaSi da Zviric ar Rirs).

modelSi TiToeuli Wikarti warmoadgens populaciis 1 wevrs, xolo 
Wikartebis feri gamoxatavs am organizmebis genotips. 

cdis pirvel (a) etapze daafiqsire sxvadasxva feris Wikartebis raodenoba. 
monacemi Seitane cxrilSi.

cdis etapebi sxvadasxva feris Wikartebis raodenoba

mwvane wiTeli yviTeli

a

b

Semdeg (etapi b) boTli kargad SeanjRrie rom sxvadasxva feris Wikartebi 
airios erTmaneTSi, gadmoayirave boTli jamSi an WiqaSi da swrafad gaaswore. 
daiTvale WiqaSi moxvedrili sxvadasxva feris  Wikartebis raodenoba. 
WiqaSi moxvedrili WikartebiT modeli gviCvenebs, Tu populaciis ramdeni 
warmomadgeneli gadarCa.
gaanalize cdis Sedegi. 

•	 ramdeni Wikartia WiqaSi?
•	 WiqaSi Wikartebis raodenoba gansxvavdeba sawyisi maCveneblisgan: 

a etapze boTlSi Wikartebis raodenobisgan?
•	 rogoria sxvadasxva feris Wikartebis raodenoba WiqaSi?
•	 WiqaSi sxvadasxva feris Wikartebis raodenoba gansxvavdeba sawyisi 

maCveneblisgan: a etapze boTlSi sxvadasxva feris Wikartebis 
raodenobisgan?

•	 populaciis ramdeni warmomadgeneli gadarCa?
•	 Seicvala populacia raodenobrivad?
•	 garda raodenobrivi gansxvavebisa, kidev ra gansxvavebaa sawyis da axal 

populacias Soris?

monacemebis analizis Semdeg daukavSire boTlis yelis efeqti genebis dreifs, 
ganmarte, raSi gamoixata genebis dreifi am SemTxvevaSi da ra zegavlena iqonia 
man populaciaze.
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damfuZneblis efeqti. izolacia

genebis dreifi iwvevs kidev erT bunebriv movlenas, romelic damfuZneblis 
efeqtis saxelwodebiTaa cnobili. 

davuSvaT, populaciidan organizmebis mcire nawili gadis da saxldeba 
garkveul sxva teritoriaze. am SemTxvevaSi saqme ar gvaqvs genebis nakadTan. 
emigrirebuli organizmebi ar uerTdebian sxva populacias, isini calke 
saxldebian.

populaciidan gamoyofil organizmebs eqnebaT populaciaSi darCenili 
organizmebisagan garkveulwilad gansxvavebuli aleluri Sedgeniloba da 
alelebis sixSire. dasaSvebia, rom zogierTi aleli emigrirebul organizmebSi 
saerTod ar iyos.

amgvarad, axalmosaxle organizmebi qmnian populacias, romelsac sawyisi 
populaciisagan garkveulwilad gansxvavebuli genofondi aqvs. amgvarad miiReba 
memkvidruli masala, romelzedac imoqmedebs bunebrivi gadarCeva.

mcenareebSi damfuZneblis efeqti vlindeba, rodesac mcenaris Tesli Sor 
manZilze gadaitaneba da iq mcenareTa axali jgufi iwyebs ganviTarebas. 

izolacia.
arsebobs izolaciis ori ZiriTadi forma – sivrcobrivi da biologiuri.  

sivrcobri izolacia dakavSirebulia populaciis mier dakavebul 
teritoriasTan, xolo biologiuri izolacia ukavSirdeba populaciis 
cxovelqmedebis Taviseburebebs.

bunebriv pirobebSi sivrcobrivi izolacia xdeba rodesac populaciis 
warmomadgenlebs erTmaneTisgan mijnavs mdinare, mTa, tyis masivi. sivrcobrivi 
izolaciisaTvis xelis Sewyoba adamiansac SeuZlia. davuSvaT romeliRac tbaSi 
cxovrobs Tevzebis populacia. adamianma tbaSi jebirebi gaakeTa da populaciis 
warmomadgenlebis nawili jebiris erT mxares aRmoCnda, nawili ki – meore 
mxares. maT uWirT erTmaneTTan kontaqti. TandaTan populaciis ori ganayofi 
erTmaneTisgan izolirebuli xdeba rac xels uwyobs maT Soris gansxvavebebis 
warmoqmnas. Tumca Tu Tevzebma moaxerxes zRudes gadalaxva, isini Seejvarebian 
erTmaneTs da gansxvavebac gaqreba.

biologiuri izolacia, sivrcobrivisgan gansxvavebiT, ukavSirdeba uSualod 
cocxali organizmebis niSanTvisebebs. magaliTad, SejvarebisaTvis seriozuli 
barieria gansxvaveba gamravlebis vadasa da adgilSi. magaliTad, erTi mcenare 
yvavilobs adre gazafxulze, meore ki gvian da amgvarad, praqtikulad 
gamoricxulia, rom erTis mtvris marcvalma gaanayofieros meoris Teslkvirti 
da piriqiT. 

cxovelebis gamravlebis dros mdedrebi da mamrebi Tavs im adgilas moiyrian, 
sadac isini erTmaneTs ejvarebian. magaliTad, mdedri da mamri bayayebi 
Tavs moiyrian iq, sadac Cveulebriv mravldebian, magaliTad zogi guburaSi, 
sxvani tbaSi, WaobSi. Tu erTi bayayi qviriTs yris tbaSi, meore ki guburaSi, 
praqtikulad gamoricxulia, rom guburis mamrma bayayma gaanayofieros tbaSi 
mdedris mier dayrili qviriTi da piriqiT, guburaSi dayrili qviriTi ver 
ganayofierdeba tbis mamris spermatozoidebiT. 
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organizmebis Sejvarebas SeiZleba xeli SeuSalos gansxvavebam maT 
fiziologiur TaviseburebebSi. magaliTad, rodesac Sejvarebis dro modis, 
zogierTi mamri frinveli WikWikiT izidavs mdedrebs Sesajvareblad. am 
dros Zalian didi mniSvneloba aqvs mamri frinvelis mier gamocemuli 
bgerebis simaRles da sixSires da agreTve mdedris unars aRiqvas bgerebis 
es maxasiaTeblebi.  am mxriv mcire gansxvavebebic ki gamoiwvevs organizmebis 
garkveul jgufebad gaerTianebas da am jgufebis erTmaneTisagan izolacias.

amgvarad, izolacia xels uwyobs sawyisi populaciidan ramdenime dajgufebis 
warmoqmnas. es dasabams aZlevs am dajgufebebs Soris genetikuri gansxvavebebis 
warmoqnas.

bunebrivi gadarCeva – evoluciis mTavari mamoZravebeli Zala
populaciis genofondi SesaZlebelia Seicvalos mutaciebis, genefis dreifis 

da nakadis zegavleniT. 
bunebrivi gadarCeva evoluciis mTavari mamoZravebeli Zalaa. populaciaSi 

cvlilebebi xdeba, magram bunebrivi gadarCeva gadawyvets, romelia maTgan 
saziano da romeli sasargeblo.

ras niSnavs bunebrivi gadarCevis mier cvlilebis aRmofxvra an gamtkiceba? 
bunebrivi gadarCevis dros saziano cvlilebebis mqone organizmebi iRupebian, 
xolo sasargeblo cvlilebebis mqoneni imarjveben arsebobisTvis brZolaSi, 
mravldebian da cvlilebas STamomavlobiT gadascemen.

winaswar imis gansazRvra, sasargebloa Tu saziano mocemuli niSanTviseba, 
advili ar aris.

magaliTad, moviyvanoT kibosnairebis warmomadgenlebis  evoluciis istoria. 
maTi ganamarxebuli formebi didi raodenobiT aris napovni dedamiwis sxvadasxva 
siRrmeSi. amitom paleontologebma SeZles am cxovelebis evoluciis sakmaod 
zusti rekonstruqcia.

es mcire kibosnairebi zomiT 0.2 –dan 30 mm-mde aRweven. aRmoCnda, rom 
es kibosnairebi evoluciis manZilze icvlidnen sxeulis zomas. dedamiwaze 
xangrZlivad civi periodebis ganmavlobaSi maTi sxeulis zoma mniSvnelovnad 
matulobda da maqsimalur maCveneblebs aRwevda, xolo zomieri klimatis 
pirobebSi kibosnairebis sxeulis zomebi cvalebadobda cnobil farglebSi.

maSasadame, sxeulis zomis cvlileba TavisTavad ar SeiZleba ganixilebodes 
rogorc sasargeblo an saziano. yvelaferi damokidebulia bunebrivi gadarCevis 
moqmedebaze.

ganxilul magaliTSi kibosnairebis sxeulis maqsimaluri zoma sasargeblo 
iyo dedamiwaze xangrZlivi sicivis periodSi. amgvarad, bunebrivi gadarCeva 
moqmedebda kibosnairebis sxeulis zomaze da gadaarCevda kidura formebs – 
sxeulis ganaskuTrebiT didi zomis mqone kibosnairebs. 

es aris mamoZravebeli bunebrivi gadarCevis moqmedebis magaliTi: rodesac 
bunebriv gadarCevaSi imarjvebs erTi, mkveTrad gamoxatuli niSanTvisebis mqone 
organizmebi.

magaliTad, pekari ikvebeba kaktusebiT da cxadia, cdilobs Tavi aaridos 
eklebs. radgan pekarebis sayvarel yvela kaktuss eklebi aqvs, pekarebi ufro 
metad im kaktuss etanebian, romelsac SedarebiT naklebi eklebi uviTardeba. 
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amis gamo kaktusebis polulaciaSi imoqmeda bunebrivma gadarCevam: gadarCnen 
kaktusebis is formebi, romlebsac maqsimalurad didi raodenobiT eklebi 
uviTardebodaT.

davuSvaT, peplebis populaciaSi aris Ria da muqi Seferilobis peplebi. 
Tu xeebi, romlebzedac es peplebi sxdebian xolme, muqi ferisaa, maSin Citebi 
advilad SeamCneven Ria feris peplebs da SeWamen maT ufro xSirad, vidre 
muqi ferisas. droTa ganmavlobaSi populaciaSi mniSvnelovnad Seicvleba  Ria 
da muqi feris ganmapirobebeli alelebis sixSire. mosalodnelia, rom rarac 
periodSi Ria feris aleli saerTod gaqres populaciidan.

margam Tu bunebrivi puirobebi, am SemTxvevaSi xis Seferiloba Seicvala, 
mamoZravebeli bunebrivi gadarCevac Seicvlis mimarTulebas. Tu magaliTad 
xeebi liqenebma dafara da xes Ria feri SesZina, frinvelebi muq peplebs ufro 
SeamCneven, vidre Ria ferisas. maSasadame, mamoZravebeli gadarCevac ukve muqi 
feris mqone peplebis sasargeblod imoqmedebs.

dizruptuli bunebrivi gadarCeva gavs mamoZravebels, radgan isic gadaarCevs 
mkveTrad gamoxatuli niSanTvisebebis mqone organizmebs. magram mamoZravebeli 
gadarCevisagan gansxvavebiT, dizruptuli erTdoulad 2 kidura formas 
gadaaarCevs da saSualos aRmofxvris.

davuSvaT, romelime mcenaris populaciaSi, romelic mwerebiT imtvereba, 
aris kaSkaSa wiTeli da mkveTrad TeTri yvavilis mqone mcenareebi da agreTve, 
vardisferic. mwerebi ki ufro metad wiTels da TeTrs etanebian. aseT SemTxvevaSi 
dizruptuli gadarCeva imoqmedebs 2 kidura formis sasargeblod, xolo 
vadrisferi yvavilebis mqone mcenareebi warumatebeli iqnebian gamravlebaSi 
da es fenotipi bunebrivi gadarCevis mier aRmoifxvreba.

mastabilizebeli bunebrivi gadarCeva ki xels uwyobs Sualeduri 
niSanTvisebebis mqone organizmebis gadarCevas da aRmofxvris kidura formebs. 
magaliTad, okeanispira teritoriebze, sadac xSiria Zlieri qari, bunebrivi 
gadarCeva xels uwyobs saSualo sigrZis frTis mqome mwerebis gadarCenas. 
mokle frTiani cudad dafrinavs da ver moipovebs sakvebs, grZelfrTians ki 
advilad gaitacebs qari da okeaneSi Caagdebs. 

kvleva: bunebrivi gadarCevis moqmedebis modelireba
saWiro masala: TeTri feris formatis qaRaldi. TeTri da feradi 
qaRaldisgan gamoWrili oTxkuTxedebi – 6 TeTri, 6 - wiTeli, 6 - 
mwvane, 6 - lurji.
moswavleebs mieciT instruqcia:

formatis qaRaldi dade magidaze da zed ganalage oTkuTxedebi erTmaneTisgan 
miaxloebiT Tanabari daSorebiT.

amgvarad, miiReb populaciis models. populaciaSi 24 mweria (oTxkuTxedebi). 
maT sxeulis gansxvavebuli Seferiloba aqvT. populacia cxovrobs garemoSi 
(formatis qaRaldi), romelSic Warbobs TeTri foni. (es mxolod modelia. 
Cveulebriv, mwerebis populaciaSi gacilebiT meti wevria xolme). modelze unda 
imuSavos cdis pirma (Tanaklaselma, an ojaxis wevrma). isic modelis nawilia: 
warmoadgens frinvels, romelic ikvebeba mwerebiT.
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Tanaklaseli an ojaxis wevri (cdis piri) daayene zurgiT qaRaldTan. 
mieci instruqcia cdis pirs:
qaRaldze devs qaRaldisgan gamoWrili oTxkuTxedebi. Seni davalebaa 

rodesac getyvi – “daviwyoT”, Semobrundebi magidisken da swrafad akrifav 
oTkuTxedebs, ramdensac SeZleb 5 wamis ganmavlobaSi. dro CairTveba cdis 
dawyebisTanave. 5 wamis Semdeg getyvi “damTavrda” da Sen wyvet oTxkuTxedebis 
akrefas”.

cda Caatare 2- jer. pirveli cdis Semdeg qaRaldze darCenil oTxkuTxedebs 
Seucvale mdebareoba.

yovel jerze cxrilSi Seitane cdis piris mier akrefili oTxkuTxedebis 
raodenoba.

oTxkuTxedebi akrefili oTxkuTxedebis raodenoba
I cda II cda

TeTri
wiTeli
lurji
mwvane

gaanalize monacemi:
•	 ramdeni oTxkuTxedi darCa qaRaldze I da II cdaSi?
•	 rogoria darCenili oTxkuTxedebis raodenoba feris mixedviT?
•	 rogori iyo sxvadasxva feris oTxkuTxedebis raodenobrivi Sefardeba 

cdis dawyebamde?
•	 rogori iyo sxvadasxva feris oTxkuTxedebis raodenobrivi Sefardeba I 

da II cdis Semdeg?
•	 ra feris oTxkuTxedebi darCa meti, naklebi?

modelze muSaobis Sedegi daukavSire bunebriv situacias: 
•	 romeli mwerebi (sxeulis ra Seferilobis mqone) SeWames frinvelebma 

ufro metad?
•	 ratom moxda ase?
•	 rogor ukavSirdeba modelze mirebuli Sedegi bunebrivi gadarCevis 

moqmedebas?
•	 ganmarte, ra aris modelSi “saziano” da “sasargeblo niSanTviseba?”

sqesobrivi gadarCeva. koevolucia. bunebrivi gadarCevis Sedegi
sqesobrivi gadarCeva gulisxmobs, rom Sejvarebis dros populaciis 

warmomadgenlebi upiratesobas aniWeben sawinaaRmdego sqesis romelime 
warmomadgenels da amgvarad, Sejvareba SemTxveviTi ki ar aris, aramed SerCevis 
safuZvelze xdeba. 

magaliTad, lomebis populaciaSi mdedrebi upiratesobas aniWeben mamrebs 
ukeT ganviTarebuli fafariT.
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populaciisaTvis metad mniSvnelovania, rom man warmoqmnas sicocxlisunariani 
Taoba. amitom bunebrivia, Cndeba kiTxva: SeuZlia fafris mixedviT sqesobriv 
gadarCevas xeli Seuwyos janmrTeli, sicocxlisunariani taobis warmoqmnas. 

aRmoCnda, rom es marTlac asea. mamrebis da mdedrebis organizmi gamoimuSavebs 
sasqeso horomonebs. isini ganapirobeben  organizmis sqesTan dakavSirebul 
niSnebs, maT Soris kunTovani sistemis ufro Zlier ganviTarebas mamrebSi. 
hormonebis normaluri raodenoba organizmSi garkveul sazRvrebSi meryeobs. 
mecnierebma daadgines, rom am sazRvrebSi hormonis minimaluri da maqsimaluri 
raodenoba ar ganekuTvneba modifikaciur cvalebadobas da genotipis aleluri 
SedgenilobiTaa ganpirobebuli. maSasadame, mamrebi gadascemen memkvidreobiT 
Svilebs mamrobiTi hormonebis meti raodenobiT (normalur sazRvrebSi) 
gamomuSavebis unars. Sesabamisad, aseTi mamrebis STamomavlobas SeuZlia 
fizikurad ufro Zlieri iyos, im mamrebis STamomavlobasTan SedarebiT, 
romlebic maTi genotipidan gamomdinare, normis farglebSi nakleb hormonebs 
gamoimuSaveben.

amavdroulad, rac metia mamris organizmSi mamrobiTi hormonebis raodenoba, 
mit ufro kargad viTardeba ara marto kunTovani sistema, aramed fafaric.

amgvarad, fafris zomebis mixedviT sqesobrivi gadarCeva Zlieri 
STamomavlobis datovebis sawindaria. sqesobrivi gadarCevis procesSi 
warmatebuli organizmebis genebi bunebrivi gadaCevis gziT Zlierdeba – 
mravldeba STamomavlobaSi.

lomebis SemTxvevaSi moqmedebs mamoZravebeli bunebrivi gadarCeva, radgan 
upiratesoba eniWeba mkveTrad gamoxatuli - kidura niSanTvisebis (rac SeiZleba 
didi zomis fafris) matarebel mamrebs.

gorilebis populaciaSi Sejvarebis upiratesobiT sargeblobs egreTwodebuli 
vercxlisferzurgiani mamri. misi balanis vercxlis feri Cndeba zrdasrul 
asakTan erTad da amgvarad, gorilas fizikur ganviTarebas da gamocdilebas 
mowmobs. mdedrebi upiratesobas aniWeben aseT mamrs ufro axalgazrda mamrebis 
mimarT da Taobas swored misi genebi gadaecema. am SemTxvevaSi vercxlisferi 
balani mianiSnebs gorilas mxolod asakze da fizukur-gonebriv simwifeze, 
magram ara mis genetikur upiratesobaze axalgazrdebTan SedarebiT. isinic 
gaizrdebian da maTi zurgic Seivercxleba. magram sqesobrivi gadarCevis 
es forma mainc sasargebloa populaciisaTvis, radgan STamomavlobaze 
pasuxismgebeli gamocdili da Zlieri mamri iqneba.

koevolucia
koevolucia niSnavs, rom erTi polulacia viTardeba meoreSi momxdari 

cvlilebebis sapasuxod. 
magaliTad, antilopas populacia viTardeba mamoZravebeli bunebrivi 

gadarCevis zemoqmedebiT – saukeTesod eguebian is organizmebi, romlebic 
gansakuTrebiT swrafad darbian da maSasadame, aqvT Sansi Tavi daaRwion iseT 
swraf morbenals, rogoric hepardia.

Tavis mxriv, hepardis populaciaze moqmedi mamoZravebeli gadarCeva 
gadaarCevs im hepardebs, romelTa siswrafe gansakuTrebiT maRalia. amgvarad, 
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adgili aqvs koevolucias – antilopebis da hepardebis populaciebi icvlebian 
erTmaneTSi momxdari cvlilebebis sapasuxod.

koevoluciis magaliTia Ramuras da im mcenareebis ganviTareba, romelTa 
yvavilis neqtariT ikvebeba Ramura. Ramurebs aqvT grZeli da xaoiani ena, romelic 
aZlevs maT saSualebas yvavilis siRmidan amoiRon neqtari. Ramura sakvebad 
Rame gamodis. amitom yvavilebs, Tavis mxriv, aqvT Ria mkveTri Seferiloba, 
raTa isini Ramuram Rame dainaxos. am SemTxvevaSi koevolucia orive organizmis 
interesebSia: Ramura advilad dainaxs sakveb mcenares, xolo mis bewvze akruli 
mcenaris mtveri xels uwyobs am mcenaris jvaredin damtvervas.

bunebrivi gadarCevis Sedegi.
cocxali organizmebi mravldebian da maT didi raodenobiT STamomavlobis 

mocemis unari aqvT. magram arsebobisaTvis aucilebeli pirobebi: sakvebi, 
sacxovrebeli teritoria da sxv. ar aris ganusazRvreli raodenobiT - 
SezRudulia. amitom iqmneba Seusabamoba cocxali organizmebis raodenobasa 
da maTi sicocxlis SesanarCuneblad aucilebeli pirobebis xelmisawvdomobas 
Soris. 

amis gamo cocxali organizmebi Cabmuli arian arsebobisaTvis brZolaSi 
– isini erTmaneTs ebrZvian saarsebod aucilebeli pirobebis mosapoveblad. 
cocxal organizmebs uwevT agreTve brZola garemos aracocxali faqtorebis – 
(klimatis, sinaTlis raodenobis, atmosferuli wnevis, dedamiwis mizidulobis, 
sxv.) zemoqmedebasTan.  

cocxali organizmebi ganicdian cvlilebebs. populacia erTgvarovani ar aris, 
populaciis warmomadgenlebi, garkveulwilad, gansxvavdebian erTmaneTisagan 
genetikurad. populaciis genofondis cvlilebebs iwvevs ZiriTadad mutaciebi, 
genebis dreifi da nakadi, izolacia. 

es cvlilebebi ar atareben mizanmimarTul xasiaTs, es SemTxveviTi movlenebia.
arsebobisaTvis brZolaSi imarjveben is organizmebi, romlebic gamoimuSaveben 

saarsebo pirobebTan SeguebisaTvis sasargeblo niSan-Tvisebebs. saziano 
niSanTvisebebis mqoneni iRupebian.

bunebrivi gadarCeva cocxali organizmebis evoluciis mimarTuli faqtoria. 
is axdens saarsebo pirobebTan ukeT Seguebul individTa gadarCevas. sxva 
sityvebiT, bunebrivi gadarCevis zemoqmedebiT populaciaSi inaxeba da momdevno 
Taobas gadaecema is genebi, romlebic uzrunvelyofen organizmebis Seguebas 
saarsebo pirobebTan.

amgvarad, bunebrivi gadarCevis Sedegia adaptacia – cocxali organizmebis 
niSan-TvisebaTa erToblioba, romelic xels uwyobs Seguebas saarsebo 
pirobebTan.

mikroevolucia. makroevolucia. divergencia, konvergencia. 
izolaciis Sedegad populaciis dajgufebebi gansxvavebul garemo pirobebSi 

viTardebian. am dros mimdinareobs divergenciis procesi, romelic SesaZlebelia 
axali saxeobebis warmoqmniT damTavrdes.

jer kidev darvinma galapagosis kunZulebze mogzaurobisas naxa, rom 
sxvadasxva kunZulze erTmaneTisagan izolirebulad cxovrobda mTiulebis 
ramdenime saxeoba. isini saerTo winaprisagan iyvnen warmoSobili, magram 
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gansxvavebul pirobebSi moxvedris gamo ganuviTardaT bevri ganmasxvavebeli 
niSanTviseba.

amgvarad, mTiulebi ganviTardnen erTi sawyisi saxeobidan anu moxda 
mikroevolucia - saxeobaTa warmoqmna.

mTiulebis SemTxvevaSi sawyisma saxeobam gaifarTova sacxovrebeli 
teritoria – gansaxlda kunZulebze. aman gamoiwvia populaciebis izolacia 
da maTi erTmaneTisagan damoukideblad ganviTareba.

divergenciis procesi ar mTavrdeba mikroevoluciiT – axal saxeobaTa 
warmoqmniT. divergenciis Sedegad warmoSobili gansxvavebebi kidev ufro 
aSorebs odesRac axlo monaTesave saxeobebs, isini metad izolirebuli xdebian 
da sabolood daadgebian erTmaneTisagan sruliad damoukidebeli ganviTarebis 
gzas. am gziT iwyeba makroevolucia – klasifikaciurad maRali donis 
erTeulebis Camoyalibeba.

hardi - vainbergis principi
ingliseli maTematikosis - godfri hardis da germaneli eqimis -  vilhelm 

vainbergis (hardi-vainbergis) principi exeba populaciis genofondSi alelebis 
da homo/heterozigotuli individebis sixSires. Zvel saxelmZRvaneloebSi es 
principi kanonis saxeliT moixseneboda. axal literaturaSi ufro xSirad 
vxvdebiT aseT saxelwodebas: hardi-vainbergiseuli principi, wonasworoba an 
wonasworobis modeli.

populaciis genofondis cvlileba iwvevs populaciis cvlilebas, ramac 
droTa ganmavlobaSi SesaZlebelia mikroevoluciamde - axali saxeobis 
warmoSobamde migviyvanos. magram evolucia ar niSnavs aucileblad erTi 
saxeobidan axlis warmoSobas. populacia evoluciis procesSia ukve maSin, 
rodesac misi genofondi icvleba. 

Tu magaliTad, populaciaSi raRac periodSi, magaliTad 100 wlis win, 
alelebis raRac wyvilis, magaliTad A da a alelelebis sixSire iyo Sesabamisad 
0.2 da 0.2, xolo 100 wlis Semdeg es sixSire gaxda 0.7 da 0.3, es niSnavs, rom 
populaciis Taobebma ganicades evolucia – populaciis genofondi Seicvala 
erTi alelis (A) sixSiris gazrdis da meore alelis (a) sixSiris Semcirebis 
mimarTulebiT.

viciT, rom genofondis amgvar cvlilebebs xels uwyobs genebis dreifi, 
genebis nakadi, mutacia, bunebrivi gadarCeva, sqesobrivi gadarCeva. dasaSvebia, 
rom drois raRac mcire monakveTSi arcerTi CamoTvlil faqtorTagani ar 
moqmedebdes populaciaSi. am SemTxvevaSi populaciis genofondi ar Seicvleba 
(alelebis da genotipebis sixSire ucvleli darCeba) da populacia ar ganicdis 
evolucias. magram Cveulebriv populacia ganicdis romelime zemoT naxseneb 
faqtorTaganis zemoqmedebas da amgvarad, imyofeba evoluciis procesSi.

Tu SevZlebT populaciis evoluciis gazomvas, SegveZleba SevafasoT 
populaciaSi mimdinare evoluciis procesi. hardim da vainbergma SeimuSaves 
evoluciis procesis maTematikuri sazomi.

maT SemoiRes gantoleba (p2 + 2pq + q2 = 1), sadac p aris populaciaSi 
dominanturi alelis sixSire, q - recesiuli alelis sixSire, p2-homozigoturi 
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dominanturi individebis sixSire, q2 - homozigoturi recesiuli individebis 
sixSire, 2pq – heterozigotuli individebis sixSire.

davuSvaT, populaciaSi aris 1000 individi, vTqvaT, 1000 iaguari.  aqedan 360-s 
aqvs didi zomis laqebi bewvze, 640-s ki patara zomis. davuSvaT, rom  A aleli 
dominanturia da ganapirobebs patara zomis laqebs, xolo a  aleli recesiulia 
da ganapirobebs laqebis did zomas. am SemTxvevaSi AA da Aa genotipis mqone 
iaguarebs (sul 640 individi) eqneba patara zomis laqebi, aa genotipis mqone 
iaguarebs ki (sul 360) - didi zomis laqebi. 

genotipebis sixSiris gamoTvla ukve viciT. amitom advili gamosaTvlelia 
rom q2 (homozigoturi recesiuli individebis sixSire) = 360:1000 = 0.36. 
amgvarad q=0.6 (kvadratuli fesvi 0.36-dan).

miaqcieT yuradReba: gamoTvla daviwyeT recesiuli fenotipis individebiT, 
radgan maTi SemCneva populaciaSi advilia da rac mTavaria, zustad viciT, rom 
recesiuli fenotipis yvela individi aris aa. amgvarad, ramdeni recesiuli 
fenotipis individic aris, imdeni aa genotipia populaciaSi. 

ramdenadac saqme 2 sxvadasxva alelTan gvaqvs, maTi sixSiris jami unda 
udrides 1-s: p + q = 1. aseT SemTxvevaSi logikurad gamodis, rom p = 1 – q

amgvarad, p =1- 0.6 = 0.4, p2=0.16
axla SegviZlia gamovTvaloT 2pq= 2x(0.4)x(0.6)=0.48
amgvard, iaguarebis populaciaSi genotipebis sixSire ganawilda ase: 0.36 aa, 

0.16 AA, 0.48 Aa.
Tu igive gantolebas mivuyenebT populaciis Semdeg Taobas, vnaxavT, Seicvala 

Tu ara poulaciis genofondi da imasac SevafasebT, rogoria es cvlileba: 
romeli alelis (niSanTvisebis) cvlilebis gziT warimarTa evolucia. 

hardi-vainbergis principi ar gvixsnis, Tu ratom xdeba cvlileba populaciaSi. 
is mxolod afiqsirebs cvlilebas. cvlilebis interpretacia cvlilebis 
dadgenis Semdgomi procesia. davuSvaT, Tu cvlilebis Semdeg gaizrdeba aa-s 
sixSire, SeiZleba vivaraudoT, rom bunebrivi gadarCeva xels uwyobs didi 
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zomis laqebis mqone iaguarebis gadarCenas da daviwyoT fiqri laqebis zomis 
adaptur mniSvnelobaze.

maswavleblebis sayuradRebod: hardi-vainbergis principis ganmartebisas 
maswavlebeli moswavles Tavidanve eubneba, rom am principis Tanaxmad 
“populaciaSi Taobidan TaobaSi alelebis (genotipebis) SefardebiTi sixSire 
ar icvleba”. Semdeg ki uxsnis, rom es ase moxdeba, Tu ar eqneba adgili 
mutacias, genebis dreifs, izolacias, bunebriv gadarCevas, anu Tu evolucia 
ar mimdinareobs. 

moswavles uCndeba bunebrivi kiTxva: rad minda iseTi kanoni, romelic 
faqtobrivad asaxavs ar arsebul (an Zalian iSviaT SemTxvevebSi, drois mokle 
periodSi mimdinare) situacias?

amitom aucilebelia, moswavles esaubroT hardi-vainbergis principis 
praqtikul gamoyenebaze, ris Sesaxebac zemoT davwereT.
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kvleva

rogor tardeba kvleva; ras niSnavs damokidebuli da damoukidebeli cvladi; 
rogor avagoT diagramebi da cxrilebi; ras niSnavs gasaSualoebuli monacemi da 
standartuli gadaxra, ras niSnavs problemis gadaWra da kritikuli azrovneba. 
rogor davicvaT usafrTxoeba kvlevis Catarebis dros.

dakvirveba da cda

vTqvaT, gvainteresebs ramden foTols iviTarebs qoTanSi gazrdili 
romelime mcenare. amisaTvis vakvirdebiT aRmonacens da viTliT, ramdeni 
foToli ganuviTardeba mas garkveul  periodSi, magaliTad, aRmocenebidan 
yvavilobis dawyebamde.

am dros, ubralod, vakvirdebiT da vafiqsireb foTlebis raodenobas.
magram, SegviZlia, daviTvaloT mcenaris foTlebis raodenoba gansxvavebul 

pirobebSi. magaliTad: erT qoTanSi mcenares yoveldRiurad davusxaT 100 
grami wyali, meore qoTanSi ki 50 grami. aseT SemTxvevaSi xelovnurad vcvliT 
dakvirvebis pirobebs: mcenarisaTvis miwodebuli wylis raodenobas. 

 Tu CavyriT vTqvaT, 1 gram  marils 1 litr wyalSi da davakvirdebiT marilis 
gaxnas, am dros mxolod vakvirdebiT da vafiqsirebT ixsneba Tu ara marili 
wyalSi.

davuSvaT, gvainteresebs ra pirobebSi ufro swrafad ixsneba 1 grami marili 
1 litr wyalSi: rodesac marils CavyriT da davelodebiT mis wyalSi gaxsnas 
Tu rodesac marils CavyriT da wyals movurevT kovziT an SevaTbobT. samive 
pirobaSi vzomavT dros wyalSi marilis Cayridan marilis gaxnamde (rodesac 
marils wyalSi veRar SevamCnevT). aseT SemTxvevaSi xelovnurad vcvliT pirobebs.

dakvirvebis dros adamiani ar ereva mimdinare procesSi, is ubralod imas 
afiqsirebs, rac xdeba. cdis Catarebis dros adamiani cvlis im pirobebs, 
romlebSic mimdinareobs es procesi da swavlobs, rogor warimarTeba is 
sxvadasxva pirobaSi.

damokidebuli da damoukidebeli cvladebi

cdis (eqsperimentis) Catarebisas saqme gaqvs damoukidebel da damokidebul 
cvladebTan. ras niSnavs es?

magaliTad, cvladia marilis wyalSi gaxsnis piroba: erT SemTxvevaSi 
movurevT wyals, meore SemTxvevaSi SevaTbobT wyals, mesame SemTxvevaSi wyals 
arc vaTbobT da arc movurevT. cvladia marilis wyalSi gaxsnis droc: is 
cvalebadobs sxvadasxva pirobaSi. marilis wyalSi gaxsnis dro damokidebulia 
imaze, SevaTbobT, movurevT Tu ar movurevT wyals. amgvarad, marilis wyalSi 
gaxsnis dro damokidebuli cvladia. wylis moreva _ ar moreva, SeTboba _ar 
SeTboba marilis gaxsnaze damokidebuli ar aris. amitom is damoukidebeli 
cvladia.
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rodesac vakvirdebiT mcenaris foTlebis ganviTarebas sxvadasxva raodenobis 
wyliT morwyvis pirobebSi, damoukidebeli cvladia mcenarisaTvis miwodebuli 
wylis raodenoba. damokidebuli cvladia foTlebis raodenoba, radgan is 
damokidebulia mcenarisaTvis miwodebuli wylis raodenobaze.

eqsperimentis etapebi, usafrTxoebis dacva

eqsperiments, Cveulebriv, dakvirveba uZRvis xolme. magaliTad, vakvirdebiT 
mcenares da viTvliT misi foTlebis raodenobas. dakvirvebis dros Cndeba 
xolme kiTxvebi. magaliTad: aqvs Tu ara mniSvneloba wyals mcenaris foTlebis 
ganviTarebisaTvis? kiTxvaze pasuxis gasacemad movifiqrebT eqsperiments. 
CamovayalibebT eqsperimentis mizans (ra unda vikvlioT, ra kiTxvas unda gasces 
pasuxi), SevimuSavebT eqsperimentis meTods: davakvirdebiT ramden foTols 
ganiviTarebs mcenare, rodesac mas wyals sxvadasxva raodenobiT mivawodebT;  
gadavwyvetT, ra mcenares davakvirdebiT, ramden wyals davusxamT mcenares erT 
qoTanSi da ramdens – meoreSi, rogor da ra drois ganmavlobaSi  davTvliT 
foTlebis raodenobas. amis Semdeg CavatarebT eqsperiments da aviRebT 
monacemebs: davTvliT erT da meore qoTanSi mzardi mcenaris  foTlebis 
raodenobas.  sabolood  gavaanalizebT monacemebs da gamovitanT dakvnas.

amgvarad, eqsperimentis etapebia: 
•	 miznis gansazRvra 
•	 kvlevis meTodis SemuSaveba
•	 eqsperimentis Catareba, monacemebis aReba
•	 monacemebis analizi
•	 daskvna
miznis gansazRvris Semdeg varauds gamoTqvamen xolme. varaudoben, ra Sedegs 

gamoiRebs eqsperimenti. magaliTad, daisva kiTxva: aqvs Tu ara mniSvneloba 
wyals mcenaris foTlebis ganviTarebisaTvis? mkvlevari ivaraudebs, rom 
met foTols ganiviTarebs is mcenare, romelsac 100 gram wyals dausxamen, 
rac savaraudod, mianiSnebs wylis aucileblobaze mcenaris foTlebis 
ganviTarebisaTvis. varaudi SesaZlebelia sxvanairic iyos: meti foToli eqneba 
im mcenares, romelsac nakleb wyals miawodeben, an orive mcenares erTnairi 
raodenobis foToli ganuviTardeba.

varaudi mowmdeba eqsperimentiT. magaliTad, monacemebis aRebis Semdeg 
mkvlevari adarebs 2 qoTanSi mcenareebis foTlebis raodenobas: ra pirobebSi 
ganviTarda meti foToli. mkvlevari amyarebs kavSirs damokidebul da 
damoukidebel cvladebs Soris. davuSvaT, aRmoCnda, rom im qoTnis mcenarem, 
romelsac rwyavdnen 100 grami wyliT, ganiviTara meti foToli SedarebiT im 
mcenaresTan, romelsac nakleb (50 gram) wyals usxavdnen. monacemebis analizis 
(Sedarebis) safuZvelze keTdeba daskvna, rom wyali mniSvnelovania mcenaris 
foTlebis ganviTarebisaTvis.

usafrTxoebis dacva dakvirvebis da eqsperimentis Catarebis dros
pirveli da aucilebeli, rac unda gaakeTos moswavlem eqsperimentis 

Catarebis win: Caicvas xalaTi, rezinis xelTaTmanebi da gaikeTos damcavi 
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saTvale. xalaTad SeiZleba gamodges ufrosi da-Zmis an mSoblebis daZvelebuli 
perangebi an samzareulos winsafari. isini didi zomisaa da moswavles xalaTis 
magivrobas gauwevs.

saTvale aucilebelia, raTa moswavles TvalSi ar Seesxas siTxeebi romelbsac 
ikvlevs, an ar moxvdes TvalSi asanTis naperwkali, liTonis sxeuli da sxv. 

xelTaTmanebi daicavs xelebs siTxeebiT, mWreli sagnebiT dazianebisagan. 
xalaTi ki daicavs  tansacmels.

moswavlem ar unda gausinjos gemo im siTxeebs, romlebzedac muSaobs. Tu 
es aucilebelia, saxelmZRvanelos Sesabamis instruqciaSi miTiTebuli iqneba 
da maswavlebelic darTavs nebas. spirtqura, mWreli sagnebi (mag. lanceti) 
gamoiyeneba maswavleblis daxmarebiT.

monacemis aReba da gamosaxva, xelsawyoebi dakvirvebis da 
eqsperimentisaTvis

dakvirvebis da eqsperimentis dros dagWirdebaT sxvadasxva xelsawyoebi 
daTvalierebisaTvis. magaliTad, mikroskopiT SegiZliaT daaTvalieroT 
yinulis kristalebi, mcenaris Tesli,  ujredebi. amave mizniT SegiZliaT 
gamoiyenoT sxva gamadidebeli xelsawyoebi, Tumca, mikroskopi ufro ukeT 
adidebs sxeulebis gamosaxulebas.

mikroskopis agebuleba:

sasagne dafa

tubusi

okulari

xraxnebi

sadgari

linzebi

naTura

mikroskopis RerZia sadgami, romelzedac mimagrebulia sxvadasxva nawili.
mikroskopis  obieqtivSi Camagrebulia sxvadasxva gadidebis unaris mqone 

linzebi. linzis gadidebis unari obieqtivzea aRniSnuli. mag x 250 niSnavs, 
rom linza 250-jer adidebs gamosaxulebas. sasagne dafaze dadeben sakvlev 
preparats. mas qveda mxridan gaanaTeben naTuriT an mzis sxiviT, romelsac 
sarke aireklavs. preparats aTvaliereben okularis saSualebiT. okulars 
obieqtivTan aerTebs tubusi. tubusi da sasagne dafa SeiZleba amoZravon 
xraxnebiT saukeTeso gamosaxulebis misaRebad.
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preparatis  damzadeba:
dakvirvebisaTvis SesaZlebelia  sxvadasxva masalis gamoyeneba, magaliTad, 

foTlis Txeli anaTlis, an guburis wylis wveTis. 
1.	 guburidan aRebuli wylis wveTs pipetiT daitanen sasagne minis centrSi. 

wveTs zemodan daadeben safar minas. momzadebul preparats dadeben sasagne 
dafaze da aTvaliereben mikroskopiT.

2.	 foTols acileben kans. kanis naWers deben sasagne minis centrSi da pipetiT 
awveTeben onkanis wyals. kanis naWers zemodan daadeben safar minas. safari 
minis erT mxares awveTeben saRebavis dabali koncentraciis xsnars (safari 
minis sawinaaRmdego mxares dadeben filtris qaRaldis naWers. saRebavi 
gavrceldeba safari minis qveS da SeRebavs foTlis kanis naWers. amis Semdeg 
filtris qaRalds moacileben. SeRebva sasurvelia, raTa ukeT gamoCndes 
foTlis kanis agebuleba. momzadebul preparats dadeben sasagne dafaze da 
aTvaliereben mikroskopiT.

monacemebis asaRebad saWiroa gazomva. gazomva SesaZlebelia: saxazaviT 
(sigrZis, siganis, simaRlis), TermometriT (temperaturis), danayofebiani 
WiqiT (siTxis raodenobis). Tu SesaZlebelia, SegiZliaT, monacemi daafiqsiroT 
naxatis saxiT, mag, CaixatoT, rogor gamoiyureba romelime cocxali organizmi 
an ujredi. 

cdis Catarebis dros dagWirdebaT xelsawyoebi: siTxeebisTvis _ kolba, 
sinjarebi, qimiuri Wiqebi. sanayi _ masalis dasaqucmaceblad,  spirtqura _ 
masalis gasacxeleblad. zogierT qimiur Wiqas, kolbas aqvs danayofebi, 
romlebic giCvenebT iq Casxmuli siTxis raodenobas. sadgamebi gamoiyeneba 
sinjarebis Sesanaxad. dagWirdebaT pipeti, raTa wveTebad CaasxaT siTxe iq, 
sadac saWiro iqneba. pincets gamoiyenebT mcire zomis sagnebis dasaWerad.

venis diagrama
monacemebis analizisaTvis sasargebloa venis diagramis gamoyeneba.

diagrama SemoiRo ingliselma jon venma (John Venn) 1880 wels. mis sapativ­
cemulod diagrama gamosaxulia britaneTSi, kembrijis universitetis erTerTi 
Senobis vitraJSi.
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venis diagrama sxvadasxva mizniT gamoiyeneba, maT Soris, msgavseba-
gansxvavebebis saCveneblad.  am SemTxvevaSi diagramis Sinaarsi is aris, rom 
TiToeuli wre warmoadgens Sesadareblad aRebul calke sagans, movlenas. 
davuSvaT, rom adareben raRac or A da B sagans. marcxena diagramaze erTi 
wre ganasaxierebs A sagans, meore wre – B sagans. diagramis Sua nawilSi wreebi 
gadafaraven erTmaneTs, maSasadame, A da B – s aqvT raRac saziaro, saerTo. 
amitom  wreebis gadafarvis adgilas iwereba msgavseba A da B – s Soris. 
wreebis ganapira nawilebi erTmaneTs ar gadafaraven. maSasadame, am adgilebSi 
aRiniSneba is, rac mxolod A –Tvis (marcxena wre) da B –sTvis (marjvena wre) 
aris damaxasiaTebeli. Sesadareblad SesaZlebelia, aviRoT ara marto ori, 
aramed meti, mag. sami obieqti: A,  B da C.

magaliTad, gsurT SeadaroT cocxali organizmebi agebulebis mixedviT. 
saerTo is aris, rom yvela maTgani ujreduli agebulebisaa, ganmasxvavebeli ki 
aris ujredebis raodenoba, ramdenadac arseboben erT da mravalujredianebi. 
venis diagramaze es msgavseba-gansxvaveba aseT saxes iRebs:

erTujre­

diani

ujreduli

agebuleba

mraval­

ujrediani

sadac diagramis ori wre erTmaneTs gadafaravs, aRniSnulia saerTo, xolo 
gadaufarav adgilebSi ki ganmasxvavebeli cocxali organizmebis agebulebaSi.

cxrilebi da diagramebi

monacemebi SesaZlebelia warmodgenil iqnas cxrilis saxiT. magaliTad, 
ikvlevT zRvis wylis Sedgenilobas da gsurT, monacemi warmoadginoT cxrilis 
saxiT. am SemTxvevaSi cxrili aseTi saxis iqneba:

zRvis wylis Sedgeniloba

wyali marili sxva myari nivTierebebi
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rodesac saqme damokidebul da damoukidebel cvladTan gvaqvs, magaliTad, 
ukve aRweril mcenareze dakvirvebis SemTxvevaSi, cxrili SesaZlebelia aseTi 
iyos:

mcenarisaTvis miwodebuli 
wylis raodenoba

foTlebis raodenoba 
yvavilobis dawyebisaTvis

100 grami 10

50 grami 4 

Tu eqsperimentSi SemoitanT kidev erT damoukidebel cvlads: mcenaris 
morwyvas 20 grami wyliT, cxrils daemateba erTi grafa.

mcenarisaTvis miwodebuli 
wylis raodenoba

foTlebis raodenoba

100 grami 10
50 grami 4 
20 grami 2

monacemebi SeiZleba gamoisaxos diagramiT. magaliTad, wyalSi marilis 
gaxsnis droze dakvirvebisas, vertikalur RerZze davitanT marilis wyalSi 
gaxsnis dros (mag. wuTebSi), xolo horizontalur RerZze  aRvniSnavT pirobas: 1. 
wylis moreva, 2. morevis gareSe. am SemTxvevaSi damokidebuli cvladia marilis 
wyalSi gaxsnis dro, damoukidebuli cvladia wylis moreva. diagramis agebis 
dros, tradiciulad, horizontalur RerZze daitanen damoukidebeli cvladis 
maCvenebels, xolo vertikalur RerZe _ damokidebuli cvladis maCvenebels.

14

12

10

8

6

4

2

0
1 2

diagrama gviCvenebs, rom marili morevis SemTxvevaSi gaixsna 10 wuTSi, morevis 
gareSe - 13 wuTSi. diagrama metad sasargebloa, rodesac vakvirdebiT movlenebs 
raRac periodis ganmavlobaSi. magaliTad, vakvirdebiT rogor izrdeba lobios 
aRmonaceni  garkveul periodSi, pirveli foTlis gaSlidan 5 dRis ganmavlobaSi. 
pirveli foTlis gaSlis dRidan yoveldRiurad vzomavT aRmonacenis sigrZes 
niadagis zedapiridan aRmonacenis kenweromde 5 dRis ganmavlobaSi. vertikalur 
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RerZze davitanT aRmonacenis sigrZis maCveneblebs (milimetrebSi) yoveli 
gazomvis dros, xolo horizontalur RerZze – dakvirvebis dReebs.

35

30

25

20

15

10

5

0
1	 2	 3	 4	 5

vertikalur da horizontalur RerZebze aRebuli monacemebis gadakveTis 
wertilebs  SevaerTebT  xaziT. miviReb mruds, romelic giCvenebs rom:

pirvel dRes aRmonacenis sigrZe iyo 22 mm., meore dRes 24 mm., mesame dRes 
25 mm. da ase Semdeg.

savarjiSoebi cxrilebis da diagramebis wakiTxvasa da agebaSi

1.	 diagrama #1 uCvenebs cxovelur ujredebSi  mitoqondriebis raodenobas 
(vertikalur RerZze: mitoqondriebis raodenoba, horizontalur RerZze: 
kunTis (1), kanis (2) da RviZlis (3) ujredi).

diagramis mixedviT upasuxe:

4000

3500

3000

2500

2000

1500

1000

500

0
1	 2	 3

•	 rogoria mitoqondriebis raodenoba kunTis, kanis da RviZlis ujredSi?
•	 romeli ujredi gamoimuSavebs  yvelaze met energias? pasuxi ganmarte
•	 adamianis romeli organo: kunTi, kani Tu RviZlia metad aqtiuri? pasuxi 

ganmarte.
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2.	 mecnierebma guburidan aiRes wyali, romelSic iyo qalamanebi. wyali Caasxes 
specialurad momzadebul WurWelSi. qalamanebs Seuqmnes sacxovreblad 
saWiro yvela piroba: sakvebi, wylis saTanado temperatura da sxv. amis 
Semdeg mecnierebma daiwyes daTvla, ramdeni qalamana iyo wyalSi. mecnierebma 
daTvales qalamanebis raodenoba dakvirvebis dasawyisSi da yovel momdevno 
dRes.  

diagrama #1 qalamanebis raodenoba wyalSi
(vertikalur RerZze _ raodenoba, horizontalur RerZze dakvirvebis 

dReebi)

160000

140000

120000

100000

80000

60000

40000

20000

0
1	 2	 3	 4

diagramis mixedviT upasuxe:
•	 rogori iyo qalamanebis raodenoba dakvirvebis dasawyisSi da momdevno 

dReebSi?
•	 icvleboda Tu ara qalamanebis raodenoba? saidan ici?
•	 rogori iyo cvlileba: qalamanebis raodenoba matulobda Tu 

klebulobda?
•	 dakvirvebis 4-dRian periodSi qalamanebis raodenoba   erTnairad 

icvleboda?
3.	 waikiTxe cxrili 
mindvris Tagvis raodenoba sofel axalSenis SemogarenSi 2000-2003 wlebSi 

wlebi 2000 2001 2002 2003

mindvris Tagvis 
raodenoba

2000 1500 1200 1200

upasuxe:
•	 ras uCvenebs cxrili?
•	 icvleba Tu ara mindvris Tagvis raodenoba wlebis mixedviT?
•	 rogoria es cvlileba: klebaa Tu mateba?
4.	 zemoT moyvanili cxrilis monacemebi asaxulia diagramaSi. waikiTxe 

diagrama da upasuxe: sworad asaxavs Tu ara is cxrilis monacemebs? 
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vertikalur RerZze: Tagvebis raodenoba, horizontalur RerZze _ wlebi.

2500

2000

1500

1000

500

0
2000	 2001	 2002	 2003

5.	 gamoiyene monacemebi, Seadgine cxrili da diagrama:
sofel badiaurSi fermeri yoveldRe wvelis 5 Zroxas.  5 Zroxisgan mowvelili 

rZis raodenoba  2010 wlis agvistoSi Seadgenda: 10 agvistos _ 2.5 litrs, 11 
agvistos – 10 litrs, 12 agvistos – 20 litrs. 

6.	 waikiTxe diagrama.
diagrama: mdinare nilosis napirze (Savi) da mdinare zambezis napirze (TeTri) 

TiTo niangis mier monadirebuli antilopebis raodenoba 2008-2010 wels

0

2

4

6

8

10

12

	 208	 209	 2010

upasuxe:
•	 ras asaxavs diagrama?
•	 es dakvirvebis Sedegia Tu eqsperimentis?
•	 rogoria monadirebuli antilopebis raodenoba zambezis da nilosis 

sanapiroze?
•	 sad iyo nadiroba ufro warmatebuli?

7.	 sofel dolianSi kaliebi Zlier afuWebdnen xorblis mosavals. amitom, 2001 
wlidan xalxma daiwyo yanis yovelwliuri Sewamvla kaliebis sawinaaRmdego 
Sxamiani nivTierebebiT. 



81

waikiTxe cxrili. 
mwvane xvlikis raodenoba sofel dolianSi 

wlebi xvlikis raodenoba
1999 250
2001 248
2002 46
2003 20

upasuxe:
•	 ras uCvenebs cxrili?
•	 es dakvirvebaa Tu cda?
•	 rogor icvleboda mwvane xvlikis raodenoba 1999-2003 wlebSi?
•	 ivaraude: aris SesaZlo kavSiri yanis Sewamvlasa da mwvane xvlikis 

raodenobas Soris?
•	 ra monacemi gaZlevs am varaudis SesaZleblobas?
cxrilis monacemebi gamosaxe diagramis saxiT.
8.	 daakvirdi diagramas.
erT tbaSi, sadac bevri mravalujrediani wyalmcenare da agreTve, bayayebi 

cxovrobdnen, sxva tbidan 2008 wels gadasves  Tevzi – kobri.  dakvirveba 
awarmoes 3 wlis manZilze: pirvel wels (2007) tbaSi kobris gadasmamde da 
Semdegi 2 weli (2008-2009) – kobris gadasmis Semdeg. 

diagramaze asaxulia  kobris (1), bayayebis (2) da wyalmcenareebis (3) raodenoba 
tbaSi. vertikalur RerZze_ raodenoba, horizontalur RerZze _ dakvirvebis 
wlebi.

2000

1500

1000

500

0

2007	 2008	 2009

1

2

3

upasuxe:
•	 rogori iyo kobris sawyisi raodenoba 2008 wels?
•	 Seicvala kobris raodenoba misi tbaSi gadasmidan 1 wlis ganmavlobaSi? 

ra monacemi adasturebs Sens pasuxs?
•	 rogori iyo wyalmcenareebis raodenoba 2007 wels?
•	 Seicvala wyalmcenareebis raodenoba dakvirvebis periodSi? ra monacemi 

adasturebs Sens pasuxs?
•	 rogori iyo bayayis raodenoba 2007 wels?
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•	 Seicvala bayayis raodenoba dakvirvebis periodSi? ra monacemi 
adasturebs Sens pasuxs?

•	 diagramis monacemidan gamomdinare, ra SegiZlia Tqva wyalmcenareebs, 
bayaysa da kobrs Soris kavSiris Sesaxeb? pasuxi daasabuTe.

9.	 mecnierebma Seiswavles niangis mier dadebuli kvercxis raodenoba (I mrudi) 
da mis mier monadirebuli antilopebis raodenoba (II mrudi) 3 wlis ganmavlobaSi. 
vertikalur RerZze – raodenobebi,  horizontalur RerZze – dakvirvebis 
wlebi

25

20

15

10
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I

II

upasuxe:
•	 ra cvlilebas ganicdida nanadirevis da dadebuli kvercxis raodenoba 3 

wlis ganmavlobaSi?
•	 ra kavSiri SeiZleba iyos nanadirevis da dadebuli kvercxis raodenobas 

Soris. pasuxi daasabuTe.

10.	daukvirdi cxrils. is uCvenebs kvlevis Sedegebs. kvlevas unda gaeca 
pasuxi kiTxvaze: ramden dReSi gadaiqceva Tavkombala zrdasrul bayayad 
wyalsatevSi wylis sxvadasxva temperaturis pirobebSi. 

periodi Tavkombalas gamoCe­
kidan zrdasrul bayayad Camoya­
libebamde (dReebi)

wyalsatevSi wylis tempe­
ratura 0C

50 15

43 20

upasuxe:
•	 romelia kvlevaSi damokidebuli da damoukidebeli cvladi?
•	 ra mniSvneloba aqvs temperaturas Tavkombalas CamoyalibebisaTvis?

11.	 waikiTxe diagrama. 
diagrama: ujredebis raodenoba mweris kiduris qsovilSi dakvirvebis 3 Tvis 

(1, 2, 3) ganmavlobaSi
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upasuxe:
•	 icvleba ujredebis raodenoba dakvirvebis ganmavlobaSi?
•	 mweris ganviTarebis ra periods SeiZleba emTxveodes mrudi: muxluxos 

daWuprebas, larvis mwerad Camoyalibebas Tu zrdasruli mweris gamravlebas ? 
pasuxi ganmarte.

12.	 mecnierebi Seiswavlidnen baqteriebis gamravlebis intensiobas 
haeris sxvadasxva temperaturis pirobebSi. isini cvlidnen oTaxSi haeris 
temperaturas. aRmoCnda, rom baqteriis ujredi iyofoda wuTSi 2-jer 500C-
ze, 10-jer - 2000C-ze, 20-jer - 3500C-ze. am informaciis mixedviT gansazRvre, 
romelia damokidebuli da damoukidebeli cvladebi da aage saTanado diagrama.

pasuxi cxrilebis da diagramebis savarjiSoSi mocemul kiTxvebze

1.	

• kunTis ujredSi - 3700, kanis -250 da RviZlis ujredSi 2400
• kunTis, radgan iq yvelaze meti mitoqondriebia
• kunTi, radgan rac ufro aqtiuria organo, meti energia sWirdeba

2.	

• 20000, 50000, 70000, 150000
• icvleboda, amas gviCvenebs maTi ricxvis Sedareba
• matulobda
• meore dRes ufro didi matebaa, vidre mesame dRes, xolo meoTxe dRes 

yvelaze didi matebaa

3.	

•	 cxrili uCvenebs mindvris Tagvis raodenoba sofel axalSenis SemogarenSi 
2000-2003 wlebSi 

•	 icvleba. 
•	 klebaa 2001 da 2002 wlebSi, ucvlelia 2003-Si
•	 dakvirvebis Sedegia 
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4. diagrama sworad ar asaxavs cxrilis monacemebs. meore sveti unda iyves 1500

5.	

dReebi 10 agvisto 11 agvisto 12 agvisto

rZis raodenoba (l) 2.5 10 20

25

20

15

10

5

0
1	 2	 3

6.	

•	 diagrama asaxavs2008-2010 wlebSi mdinareebis - nilosis da zambezis 
napirze TiTo niangis mier monadirebuli antilopebis raodenobas. 

•	 dakvirvebis Sedegia 
•	 zambezi: 8, 8, 11, nilosi 4,9,6
•	 zambezze

7.	

•	 cxrili uCvenebs mwvane xvlikis raodenoba sofel dolianSi 
•	 dakvirvebaa 
•	 raodenoba TiTqmis igivea 1999, 2001 wlebSi da ganuxrelad klebulobs 

momdevno wlebSi
•	 xvlikis raodenobam daiwyo kleba Sewamvlis dawyebasTan erTad 

(savaraudod Sxamqimikatisgan klebulobs kaliebis raodenoba, xolo kaliebi 
xvlikis sakvebia, amitom misi raodenoba klebulobs kaliebis raodenobis 
klebis paralelurad) 

300

250

200

150

100

50

0
1999	 2001	 2002	 2003
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8.	

•	 250
•	 moimata. amas adasturebs mrudi
•	 1500
•	 raodenobam iklo. amas gviCvenebs mrudi
•	 480
•	 ar Secvlila mrudis mixedviT
•	 savaraudod kobrma SeWama wyalmcenareebi

9.	

•	 meore wels orivem imata, mesame wels orivem iklo
•	 savaraudod, rac ukeT ikvebeba niangi, met kvercxs debs

10.	

•	 damokidebuli cvladia Tavkombalas zrdasrul bayayad gadaqceva,  
damoukidebeli cvladia temperatura

•	 aCqarebs Tavkombalas ganviTarebas

11.	

•	 ujredebis raodenoba matulobs
•	 larvis mwerad Camoyalibebas, radgan am dros xdeba mweris sxeulis 

formireba

12.	

25

20

15

10

5

0
1	 2	 3	 4
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problemis gadaWra da kritikuli azrovneba

ras niSnavs problemis gadaWra da kritikuli azrovneba, riT gasxvavdebian 
isini erTmaneTisgan da ra aqvT saerTo?

ganvixiloT ramdenime magaliTi: 

1.

sakiTxi: rogor gavarkvioT, dabinZurebulia Tu ara sasmeli wyali

problemis gadaWra kritikuli azrovneba

aviReT wylis nimuSi 
da davaTvaliereT 
mikroskopis qveS.  
nimuSSi ar aRmoCnda 
erTujrediani orga­
nizmebi. daskvna: 
wyali sufTaa.

miRebuli Sedegi SesaZlebelia ar iyos sando. 
Sesabamisad, daskvna SesaZlebelia iyos mcdari.
argumenti:
1. SesaZlebelia, rom erTujrediani organizmebi 
aris wyalSi, magram ar moyva aRebul nimuSSs. 
rogor gadavWraT problema? unda aviRoT bevri 
nimuSi da yvela davaTvalieroT mikroskopis qveS
2. SesaZlebelia, rom gamoyenebul mikroskops ar 
aqvs saTanado gadideba, ris gamoc ver moxerxda 
erTujredianebis danaxva wylis nimuSSi. 
rogor gadavWraT problema? gamoviyenoT ufro 
Zlieri gadidebis unaris mqone mikroskopi

aRweril SemTxvevaSi adamiani moifiqrebs problemis gadaWris gzas da 
gadaWris problemas. magram Sedegis kritikuli analizis dros iwyebs fiqrs, 
ramdenad sandoa es Sedegi da moiZiebs argumentebs sandoobis sasargeblod da 
sawinaaRmdegod. amis Semdeg adamiani eZebs problemis gadaWris axal gzas.

2.

sakiTxi: rogor vrceldeba qalaqSi infeqciuri daavadeba (erTi romelime 
daavadeba) adamianebSi

mosazreba kritikuli azrovneba

daavadeba gadaecema 
haeriT

SesaZlebelia, rom daavadeba ar gadaecema haeris 
saSualebiT. argumenti: daavadeba rom haeriT 
gadadiodes, maSin daavadebulTa raodenoba 
qalaqis sxvadasxva ubanSi daaxloebiT Tanabari 
unda iyos. es ase ar aris.
varaudi: SesaZlebelia, daavadeba gadaecema 
sasmeli wyliT.
rogor gadavWraT problema? Tu varaudi 
sworia, maSin ar unda avaddebodnen isini, vinc 
anaduRar wyals svams. SevamowmoT, rogor 
wyals svamdnen avadmyofebi da janmrTelebi 
(anaduRars Tu pirdapir onkanidan)

am SemTxvevaSi problema ukve gadaWrilia, ukve arsebobs kiTxvaze pasuxi, 
mosazreba: daavadeba haeriT vrceldeba, magram adamiani eWvs qveS ayenebs 
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arsebul mosazrebas da iwyebs mis kritikul analizs. amisaTvis eZebs argumentebs, 
ratom aris es mosazreba saeWvo, Semdeg gamoTqvams sakuTar varauds da eZebs 
problemis gadaWris axal gzas.

kritikuli azrovnebis dros saWiroa ara marto mosazrebis sasargeblo an 
sawinaaRmdego argumentebis moyvana, aramed imis mofiqrebac, samarTliania, 
sworia Tu ara es argumenti.

magaliTad:
3.

mosazreba mosazrebis sasa­
rgeblo argumenti

am argumentis kritika

konkretuli infeq­
ciuri daavadeba 
gadaecema sasmeli 
wyliT

Cven ojaxSi mxolod 
anaduRar wyals 
viyenebT da ar varT 
am daavadebiT avad

erTi ojaxis magaliTi 
sando ar aris, unda 
Semowmdes rac SeiZleba 
bevri ojaxi

mcenares zrdisTvis 
sWirdeba dReSi 20 
litri wyali

20 litrs rom 
vusxavT, miwa 
mTlianad Seiwovs 
xolme

SesaZlebelia, wyali nawi­
ldebodes niadagSi da ar 
miewodebodes mTlianad 
mcenares. unda Semowmdes.

samive SemTxvevaSi kritikul azrovnebas mosdevs axali problemis dasaxva da 
misi gadaWra. amitom problemis gadaWra da kritikuli azrovneba urTierTSi 
gardamavali procesebia. Tumca kritikuli azrovneba azrovnebis ufro maRali 
donea.

qvemoT mogvyavs zogierTi kiTxvebi, romelsac dausvamen xolme moswavles 
misi kritikuli azrovnebis unaris gasaviTareblad:

•	 saidan ici?
•	 ratom fiqrob, rom es marTlac asea?
•	 riT daamtkiceb Sens mosazrebas? gaqvs saTanado argumenti?
•	 ra SemTxvevaSi Seicvlidi azrs?
•	 sxva kidev ra SeiZleba iyos mizezi?
•	 es faqti gamosadegia am movlenis asaxsnelad?
•	 am ori movlenis msgavseba moCvenebiTi xom ar aris?
•	 ramdenad sworia mosazreba rom . . . . 

saSualo maCvenebeli da standartuli gadaxra.

kvlevaSi miRebuli monacemebis dasamuSaveblad iyeneben saSualo maCvenebels 
da am maCveneblisagan standartul gadaxras.

saSualo maCvenebeli gamoiTvleba aseTi wesiT. davuSvaT, adamianebis mier 
dRe-RameSi miRebul wylis raodenobaze dakvirvebam uCvena, rom 100-kacian 
jgufSi sxvadasxva cdis piris mier miRebuli wylis raodenoba (litrebSi) 
Seadgens: 2, 2.2, 2.5, 2.7, 3, 3.3,  3.5, 3.8, 4.  amgvarad, saxezea cxra monacemi. am 
monacemebis saSualo maCvenebeli iangariSeba rogorc monacemebis jamis (2 + 2.2 
+ 2.5 + 2.7 + 3 + 3.3 +  3.5 + 3.8 + 4 = 27) ganayofi monacemebis raodenobaze (9). 
amgvarad,  27 : 9 = 3.
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saSualo maCvenebeli gviCvenebs, Tu saSualod ramden wyals iReban dRe-
RameSi kvlevis qveS myofi adamianebi.

ramdenad sworia saSualo maCveneblis mixedviT mTel sakvlev jgufze 
msjeloba? anu, SegviZlia Tu ara vTqvaT, rom Cveni dakvirvebis qveS myof 
100-kacian jgufs axasiaTebs dRe-RameSi saSualod 3 l. wylis miReba?

am saxis problemis gadasawyvetad, saSualo maCveneblis gamoTvlis Semdeg 
angariSoben am maCveneblidan standartul gadaxras.

standartuli gadaxris arsis gasagebad gavarkvioT, ras niSnavs monacemebis 
normaluri ganawileba.

monacemebis normaluri ganawileba niSnavs, rom monacemebis rigSi (mag, Cvens 
mier ganxilul SemTxvevaSi, rigSi 2, 2.2, 2.5, 2.7, 3, 3.3,  3.5, 3.8, 4.) rigis wevrTa 
umravlesobis maCveneblebi axlos aris saSualosTan da iSviaTia iseTi wevrebi, 
romelTa maCveneblebi saSualosagan mkveTrad gansxvavebulia. 

monacemebis normaluri ganawilebis diagramaze mruds aqvs xolme “zaris” 
forma.

0	 miRebuli wylis raodenoba

c
d
is

 p
ir

eb
is

 r
ao

d
en

o
ba

horizontalur RerZze (X RerZze) datanilia is maCveneblebi, romlebzedac 
mimdinareobs dakvirveba (mag. miRebuli wylis raodenoba: 2, 2.2, 2.5, 2.7, 3, 3.3,  
3.5, 3.8, 4.), xolo vertikalur RerZze (y RerZze)  naCvenebia, Tu ramdenjer 
gvxvdeba TiToeuli maCvenebeli (Cvens SemTxvevaSi, 100 kacidan ramdeni adamiani 
iRebs 2 litrs, ramdeni - 2.2 l-s da a.S). mrudi uCvenebs, rom gamokvleul 
adamianebs Soris Warbobs is adamianebi, romelTa mier miRebuli wylis raodenoba 
emTxveva saSualo maCvenebels (3 l-s) an Zlier axlos dgas masTan (mag. 2.7, 3.3). 
mrudis mixedviT im adamianebis raodenoba, romelTa maCvenebeli SedarebiT 
Sors dgas saSualosgan, naklebia. yvelaze cotaa saSualosgan gansakuTrebiT 
gansxvavebuli (2 l da 4 l) maCveneblebi. 

mrudi gviCvenebs, rom dakvirvebis Sedegad miRebuli maCveneblebis mxolod 
mcire nawilia mkeTrad gadaxrili saSualo maCveneblisgan. amgvarad, SeiZleba 
vifiqroT, rom saSualo maCvenebeli axasiaTebs sakvlev jgufs, kerZod, 
sakvlevi adamianebis jgufi marTlac xasiaTdeba dRe-RameSi saSualod 3 l. 
wylis miRebiT.

magram zogierT SemTxvevaSi, SesaZlebelia, mrudis “zars” qondes ufro 
brtyeli forma, magaliTad, Tu 100-kacian jgufSi adamianebis raodenoba, 
romlebic dRe-RameSi iReben 2 da 4 litr wyals ufro didi iqneba. aseT 
SemTxvevaSi Sebrtyelebuli mrudi gviCvenebs, rom dakvirvebis Sedegad 
miRebuli maCveneblebis sakmaod didi nawili mkveTrad gadaxrilia saSualo 
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maCveneblisagan. maSasadame, saSualo maCvenebeli naklebad gamosadegia mTeli 
sakvlevi jgufis daxasiaTebisaTvis.

saSualo maCveneblidan gadaxras standartuli gadaxra ewodeba.
amgvarad, standartuli gadaxra gviCvenebs, axasiaTebs Tu ara zogadad 

saSualo maCvenebeli im movlenas, romelsac vswavlobT. 
standartul gadaxras aqvs Tavisi norma. kerZod, yoveli konkretuli 

SemTxvevisTvis statistikosebi gamoTvlian gadaxris ra sididea dasaSvebi 
imisaTvis, rom dakvirvebis qveS myof movlenaze vimsjeloT saSualo maCveneblis 
mixedviT. 

sqemebi: ujredis agebuleba cocxali organizmebis klasifikacia, 
calkeuli klasebis daxasiaTeba, gamravlebis cikli, 

mcenareuli, sokos da cxoveluri ujredis agebulebis ZiriTadi 
Taviseburebebi: (SeniSvna: Tanamedrove literaturaSi gamoiyeneba termini 
`organelebi~ Tumca dasaSvebia terminic `organoidebi~).

mcenareuli ujredi

birTvi (qromosomebiT), 
qloroplastebi (qlo­

rofiliT), didi 
zomis vakuoli, mito­

qondriebi

citoplazmaujredis safarveliorganelebi

ujredis 
kedeli

plazmuri 
membrana

sokos ujredi

ujredis 
safarveli

citoplazmaorganelebi

plazmuri 
membrana

ujredis 
kedeli

birTvi (qromo­
somebiT), vakuoli, 

mitoqondriebi
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cocxali organizmebis klasifikacia

cocxali organizmebi

prokariotebieukariotebi

samefo 
monerebi

samefo 
sokoebi

samefo 
mcenareebi

samefo 
cxovelebi

samefo 
protistebi

xerxemlianTa klasebis ZiriTadi niSanTvisebebi

cxovelTa samefo

cxovelTa samefo

ZuZumwovrebi

cxovroben xmeleTze, zogierTi garkveul periods atarebs wyalSi an sul 
wyalSi cxovrobs, sxeuli dafarulia mSrali kaniT da balniT,  moZraoben 4 
kiduris saSualebiT, wylis cxovelebi kudis da farflebis daxmarebiT aqvT 
samnairi formis kbilebi, sunTqaven filtvebiT, naSiers kvebaven organizmSi 

gamomuSavebuli rZiT

qvewarmavlebi

cxovroben xmeleTze, zogierTi garkveul periods atarebs wyalSi, sxeuli 
dafarulia mSrali kaniT da qercliT,  moZraoben da dacuraven 4 kiduris 
saSualebiT, gvelebs kidurebi ar aqvT da moZraoben sxeulis moxra-
gaSlis saSualebiT, aqvT erTnairi formis wawvetebuli kbilebi, sunTqaven 

filtvebiT

cxovelis ujredi

organelebi citoplazmaujredis safarveli 
(plazmuri membrana)

birTvi (qromosomebiT), centrosoma, 
mcire zomis vakuoli, mitoqondriebi

SeniSvna: zogjer maswavlebeli eubneba moswavles, rom ZuZumwovrebis 
ganmasxvavebeli niSania placenta. es ase ar aris. placenta aqvs Zalian bevr 
xerxemlian da uxerxemlo cxovels. gansxvaveba is aris, Tu romeli qsovilisgan 
aris warmoSobili placenta da rogoria misi ganviTarebis xarisxi.
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frinvelebi

cxovroben xmeleTze, zogierTi garkveul dros wyalSi atarebs, sxeuli 
dafarulia mSrali kaniT da bumbuliT, frenen frTebis saSualebiT, 

sunTqaven filtvebiT, axasiaTebT ormagi sunTqva, kbilebi ar aqvT

cxovelTa samefo

Tevzebi

cxovroben wyalSi, sxeuli 
dafarulia qercliT da 

lorwoTi, ZiriTadad sunTqaven 
layuCebiT, curaven kudis da 
farflebis saSualebi, aqvT 

erTnairi formis wawvetebuli 
kbilebi

amfibiebi

sxeuli dafarulia nazi kaniT 
da lorwoTi, cxovroben wyalSi 
da xmeleTze, wyalSi sunTqaven 

ZiriTadad kaniT, xmeleTze 
filtvebiT, aqvT 4 kiduri, 

zogierTs kudic, aqvT erTnairi 
formis wawvetebuli kbilebi

2.4. uxerxemlo cxovelebis daxasiaTeba

uxerxemlo cxovelebi

fexsaxsrianebi aqvT dasaxsruli 
kidurebi da garegani ConCxi

moluskebi
sxva 

uxerxemloebi

sxeuli rbi­
lia, lorwoTi 
dafaruli, aqvT 
niJara, wyalSi 

sunTqaven 
layuCebiT, 
xmeleTze 
Jangbads 

iTvisebs kani, 
gadaadgil­
debian fexis 
daxmarebiT

aqvT lorwoTi 
dafaruli 

rbili sxeu­
li, erTi an 
mravali ki­
duri, sun­

Tqaven sxeulis 
zedapiriT, 

zRvis varsk­
vlavis sxeuli 

dafarulia 
ekliani kaniT

klasi mwe­
rebi: aqvT 
frTebi, 
6 kiduri, 
sxeuli da­
yofilia 

sam 
ganyofi­
lebad, 

sunTqaven 
traqeebiT

klasi obo­
basnairebi: 

aqvT 8 
fexi, sun­

Tqaven 
traqeebiT 
da fil­
tvebiT, 
aqvT 

Sxamiani 
jirjvebi

klasi kibo­
snairebi: 
aqvT mra­
vali fexi, 
wina fexebi 
gadaqce­
ulia mar­
wuxebad, 

ukana fexi 
_ farflad, 
sunTqaven 
layuCebiT

cocxali organizmebi
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cxovelebis gamravlebis cikli (metamorfozi)

metamorfozi

sruli

arasruli

kvercxidan iCekeba larva. is ar 
gavs mSobels, ramdenjerme icvlis 

kans, Wuprdeba, ganicdis organizmis 
Zireul gardaqmnebs, yalibdeba 

zrdasrul organizmad da gamodis 
Wupris parkidan.

kvercixidan iCekeba nimfa. 
is ZiriTadad gavs mSobels, 
ramdenjerme icvlis kans da 

yalibdeba zrdasrul organizmad

mcenareebis klasifikacia

mcenareebi

xavsebiTeslovani

SiSvelTeslovnebi, 
yvavili da nayofi ar 

aqvT, umravlesobas aqvs 
wiwvebi

gvimrebi

farulTeslovnebi 
(aqvT yvavili, 

Tesli moTavsebulia 
nayofSi)

mcenareebis gamravleba (cxrilSi ar aris aRniSnuli vegetaturi gamravleba 
fesviT, foTliT, ReroTi)

farulTeslovnebi 
da 

SiSvelTeslovnebi

sqesobrivi 
gamravleba Teslis 

warmoqmniT

gvimrebi

usqeso gamravleba 
sporebiT (zrda­
sruli mcenare)

sqesobrivi 
gamravleba (Talusi, 
viTardeba zrdasru­

li mcenarisgan 
gancalkevebiT)

xavsi

usqeso gamrav­
leba (zrdasruli 

mcenare)

sporebiT gamravle­
ba (sporangiumi 
viTardeba xavsis 

sxeulze)
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rogor gavxadoT gakveTili interaqtiuli

(gagebaze, analizze mimarTuli SekiTxvebi, diskusiis warmarTva, teqstebze 
muSaoba, kvleva gakveTilis scenarebi) 

(es Tavi exeba zogadad swavlebis sakiTxebs da ara marto bunebismetyvelebis 
swavlebas)

saswavlo Temebis, sakiTxebis damuSaveba rutinul swavlebas moiTxovs. 
termini `rutinuli”, am SemTxvevaSi, mxolod dadebiT datvirTvas atarebs, 
radgan rutinul swavlebaSi igulisxmeba Tanmimdevruli, logikurad awyobili 
saswavlo procesi, romlis drosac moswavles vawvdiT codnas da misgan viTxovT 
am codnis miRebas da gamomJRavnebas. amitom maswavlebeli ibneva da SeiZleba, 
gaRiziandes kidevac, rodesac mas sTxoven, rom gakveTili ar gadaiqces rutinad, 
iyos interaqtiuli da moswavleTaTvis saintereso da saxaliso. maswavleblis 
pozicia am SemTxvevaSi gasagebia: is fiqrobs, rom `Sous” mowyobas sTxoven da 
ara saswavlo procesis saTanadod gaZRolas.

SeiZleba Tu ara rutinuli gakveTilis Catareba (rac, marTlac aucilebelia) 
ise, rom is iyos interaqtiuli, saintereso da saxaliso moswavlisaTvis?

SevadaroT rutinuli gakveTilis ori varianti. rogorc wesi, axali masalis 
axsna ufro rutinulia, vidre gamokiTxva. amitom axsnaze gavamaxviloT 
yuradReba:

varianti 1 varianti 2
maswavlebeli TviTon uki­
Txavs moswavleebs saswavlo 
teqsts (mag. mxatvrul 
nawarmoebs, saxel­
mZRvanelos an damatebiTi 
resursis teqsts)

teqsts kiTxuloben TviTon moswavleebi

maswavlebeli TviTon iZleva 
teqstis rTuli adgilis, 
ucnobi sityvis ganmartebas

sTxovs moswavleebs, Tavad ganmarton teqstis rTuli 
adgili, ucnobi sityva, ganmarton avtoris mier 
gamoyenebuli mxatvruli xerxi* da mxolod saWiroebis 
SemTxvevaSi exmareba maT

maswavlebeli ar iyenebs 
sokrateseul SekiTxvebs. 

maswavlebeli iyenebs sokrateseul SekiTxvebs:
• teqstis nawyveti ganmarta giam. elene, ganmarte es 
nawyveti sxva sityvebiT (an, elene, amixseni, ra igulisxma 
giam)
• SesaZlebelia am nawyvetis sxvagvari interpretacia?  
magaliTad. . .(TviTon sTavazobs sxva interpretacias, 
marTebuls an mcdars da elodeba moswavleebis pasuxs)
• SeiZleba am sityvis gamoyeneba sxva situaciaSi? (sityvis 
mniSvnelobis mixedviT)
• ra xerxs (metaforas, aliteracias, aluzias a.S.) 
gamoiyenebdiT aseT SemTxvevaSi? (aRwers raRac situacias)

ar iyenebs Tezaurusis 
teqnikas:  Tavad mianiSnebs 
mTavarsa da meorexari­
sxovanze

sTxovs moswavleebs, gamoyon mTavari da meorexarisxovani 
teqstidan 

maswavlebeli ar iyenebs 
resursebs

iyenebs sxvadasxva damxmare saSualebebs** 
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*cxadia, rom moswavle ver moaxerxebs, srulfasovnad ganmartos ucxo teqsti, sityva 
(termini) an mxatvruli xerxi. es ar aris mTavari. mTvaria, moswavle dafiqrdes da scados 
ganmarteba. 

magaliTad,  erT SemTxvevaSi, teqstSi arsebuli magaliTis mixedviT maswavlebeli uxsnis   
moswavles Tu ras niSnavs metafora, anu awvdis moswavles mza informacias. am SemTxvevaSi 
moswavlis aqtivoba mxolod damaxsovrebaa. sxva SemTxvevaSi maswavlebeli svams kiTxvas: 
“ra xerxs iyenebs avtori, raTa dagvanaxos, rogoria personaJi, buneba, situacia, rogor 
moiqca personaJi, ra, rogor ganicada da sxva?” moswavleebis pasuxis mosmenis Semdeg 
maswavlebeli ganmartavs, rom xerxi, romelic gamoiyena avtorma, aris metafora da 
metafora niSnavs amas da amas. am SemTxvevaSi moswavle Tavad midis metaforis arsis 
gagebamde, maswavlebels isRa darCenia, rom metafora ufro kvalificiurad  ganmartos 
(Tu Tvlis, rom es aucilebelia). SesaZlebelia, ganmartebac klass gaakeTebinos, TviTon 
ki mas mxolod gamarTuli saxe misces.

**gansakuTrebiT erTferovani xdeba xolme didtaniani nawarmoebebis Seswavla. am dros 
SesaZlebelia, dro da dro, klasSi teqstis kiTxva maswavlebelma Secvalos mosmeniT. mag, 
firfitebiT, diskebiT romlebzec Cawerilia Cveni msaxiobebis mier wakiTxuli nawyvetebi 
sxvadasxva nawarmoebidan. erT gakveTilze SesaZlebelia sxvadasxva msaxiobis mier 
wakiTxulis (erTi da igive nawyvetis) Sedareba da ganxilvis mowyoba.

damxmare saSualebebidan (resursi) gansakuTrebiT mniSvnelovania damatebiTi 
teqstebi anu sakiTxavi masala 

aq moviyvanT magaliTs istoriis gakveTilisaTvis, Tumca nebismieri sagnis 
maswavlebeli advilad mixvdeba, Tu rogor miusadagos es meTodi sagans, 
romelsac aswavlis.

gakveTilze asaxsnelia Tema: `istoriuli wyaroebi”. mas Semdeg, rac 
ganimarteba ra aris istoriuli wyaro, rogor iwereba da sxv. SeiZleba, 
moswavleebi vamuSaoT ramdenime istoriuli wyaros Sejerebaze. am samuSaos 
mizani: 1. moswavle Tavad muSaobs da ar ismens mza informacias, iviTarebs 
monacemebis Sedarebis, kritikuli azrovnebis unars, 2. swavlobs (oRond, 
miaqcieT yuradReba, TviTon, muSaobis procesSi) rom istoriuli movlenis 
Sesaxeb mxolod erTi wyaroTi msjeloba Znelia, radgan xSiria uzustobebi, 
Secdomebi, faqtebis damaxinjeba (uneblied an ganzrax) da sxv.

amgvarad, moswavle Tavad Seimecnebs imas, rac maswavlebels unda eTqva. 
mniSvnelovania, rom moswavle gakveTilzeve swavlobs axal masalas: rogorc 
axla amboben - swavlobs keTebiT, interaqtiuli gziT.

rogor tardeba aseTi gakveTili:
maswavlebeli amzadebs sakiTxav masalas, magaliTad, amobeWdavs saxarebis 

im adgils, sadac aRwerilia macxovris SebrZaneba ierusalimSi. internetSi 
poulobs imdroindeli ierusalimis rukas.

maswavlebeli am masalas awvdis moswavleebs (jgufs an individualurad) da 
sTxovs, gamoiyenon ruka da Seadaron, ramdenad sworad aRweren maxareblebi 
macxovris mier gavlil gzas da im movlenaTa Tanmimdevrobas da Sinaarss, 
romlebic Tan axlavs macxovris cxovrebis am epizods. es aqtivoba tardeba 
maRal klasebSi da moiTxovs minimum 15, maqsimum 30 wuTs. bavSvebi Zalian 
advilad pouloben Seusabamobebs rukasa da maxareblebiseul teqtsebs Soris.
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es ar aris aqtivoba religiis swavlebis mizniT, es aris aqtivoba istoriuli 
wyaroebis Taviseburebebis gaazrebis mizniT. es aqtivoba uCvenebs moswavleebs 
rogor SeiZleba gansxvavdebodes erTi da igive movlenis aRwera sxvadasxva 
adamianismier.

aqtivobis Catarebis Semdeg keTdeba daskvnebi (Tavad moswavleebis mier, 
maswavleblis daxmarebiT). amis Semdeg moswavleebs eZlevaT davaleba daazuston 
gza rukis da saxarebiseuli teqstebis Sejerebis gziT.

aq maswavleblis Sroma garTulebulia: man unda moamzados sakiTxavi teqsti 
(akrifos, amobeWdos), ipovos internetSi saTanado ruka da amobeWdos. magram 
es ikavebs daaxloebiT naxevar saaTs, romelsac, wesiT, maswavlebeli isedac 
unda uTmobdes gakveTilisaTvis momzadebas. istoriuli wyaroebi mocemulia 
saxelmZRvaneloebSic, Tumca sasurvelia, rom isini amonabeWdis (sakiTxavi 
masalis) saxiT iqonios pedagogma. 

meore magaliTi biologiis gakveTilisaTvis:
Tema „birTvi“, merve klasi
asaxsnelia birTvis agebuleba da funqcia.
maswavlebeli urigebs moswavleebs sakiTxav masalas: ioahim hemerlingis 

eqsperimenti. am eqsperimentSi naCvenebia, rom birTvSia is informacia, romelic 
ganapirobebs ujredis agebulebas da funqcias.

moswavleebs eZlevaT davaleba: waikiTxon teqsti, gamoyon mTavari momentebi: 
kerZod, gaarkvion ra mizniT da ra meTodiT Catarda, cda ra Sedegi miiRo 
hemerlingma da ra daskvna gamoitana (es yvelaferi teqstSi mocemulia). amis 
Semdeg maswavlebeli iwyebs diskusias: 1. ra monacemis safuZvelze gaakeTa 
hemerlingma es daskvna, 2. rogor Seicvleboda es daskvna, Tu cdis Sedegi 
iqneboda ara is, rac hemerlingma sinamdvileSi miiRo, aramed gansxvavebuli 
(sTavazobs raRac gansxvavebul versias), 3. sxvanairad kidev rogor SeiZleboda 
am cdis Catareba da sxv. mkiTxveli advilad mixvdeba, rom yvela am kiTxvaTagani 
sokrateseulia *** (ix. momdevno gverdi).

rogorc xedavT, sakiTxav masalaze muSaoba mxolod zrdis maswavleblis 
datvirTvas, marTalia is naklebs laparakobs da ZiriTadad moswavleebs aZlevs 
azrovnebis, saswavlo masalis analizis saSualebas, magram saqmec is aris, rom 
es Zalian rTuli gasakeTebelia. am procesSi klasic ar zis gasusuli (Zvelad 
direqtorebs da meTodistebs moswondaT: klasTan gaviare da buzis gafrena 
ismodao), magram saqme keTdeba.

mainc ra saqme keTdeba? moswavles ar sZinavs gakveTilze, azrovnebs, daReWil 
masalas ki ar iRebs, aramed TviTon qmnis Tavis codnas (`swavla keTebiT”). arc 
maswavlebeli dgas sakuTari sagnis cocxali ZegliviT gakveTilze, monawileobs 
moswavlesaTan erTad diskusiaSi, moqmedebs  aqtiurad da amisagan Tavad iRebs 
siamovnebas.

xdeba xolme, rom rodesac Cvens mier Catarebuli gakveTili mosawyenia, ver 
vaxerxebT klasis CarTvas sagakveTilo procesSi,  Tavs vimSvidebT imiT, rom 
erTi moswavle Zalian interesiT gvismens da davalebebsac asrulebs. gamodis, 
rom es erTia klasSi rac aris, da danarCenebi ki uvargisebi? am SemTxvevaSi 
dafiqreba gvmarTebs: am moswavles imTaviTve xom ar ainteresebda es sagani 
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(adrec moswonda sporti, biologia, literatura Tu musika), amitomac aris 
gakveTiliT dainteresebuli, davalebebic kargad gamosdis, sxvebs jobnis am 
saganSi da maSasadame, motivirebulia TavisTavad da ara Cveni damsaxurebiT. 
danarCenebis daintereseba ki ver SevZeliT.

sokrateseul SekiTxvebTan dakavSirebiT: zogjer vikiTxavT `ratom” da 
vTvliT, rom sokrateseuli SekiTxva davsviT. magaliTad:  kiTxva: ̀ raSi exmareba 
daTvs bewvi?” pasuxi: `bewvi unarCunebs daTvis sxeuls siTbos da icavs mas 
gadaciebisagan”. SekiTxva gulisxmobs mza codnidan gamomdinare pasuxs. kiTxva: 
`daTvi bewviT aris dafaruli. SegviZlia vifiqroT, rom skunsic bewviT aris 
dafaruli, Tu viciT, rom is da daTvi orive ZuZumwovrebi arian?” pasuxi: 
`radgan orive ZuZumwovari arian, maT unda qondeT saerTo niSnebi. amitom 
mosalodnelia, rom skunsic bewviT iyos dafaruli”. SekiTxva ar gulisxmobs 
mza codnidan gamomdinare pasuxs (moswavlem ar icis, ra aris skunsi). pasuxi 
gulisxmobs varaudis gamoTqmas, ganzogadebis gakeTebis unars, Tumca cxadia, 
efuZneba garkveul codnas ZuZumwovrebis Sesaxeb. am SekiTxvas mosdevs meore: 
`SegiZlia Seni mosazreba ganamtkico raime monacemiT?”. aq moswavle eCveva 
argumentebis moyvanas, oRond ara mza argumentebis, romlebic isedac cxadia,  
aramed mis codnaSi, gamocdilebaSi arsebulis moZiebis gziT. SekiTxva: “ra 
jobs, gavukeToT restavracia neronis droindel vazas, Tu SevinarCunoT is 
im saxiT, rogoric amJamad aqvs?” SekiTxva gulisxmobs arCevans moswavlis 
gemovnebis an maswavleblis mier naswavli, mza argumentis mixedviT. raime 
specialur gonebis daZabvas is ar moiTxovs. sokrateseuli iqneboda SekiTxva: 
`ra unda vicodeT imisaTvis rom gadavwyvitoT, gavukeToT Tu ara neronis 
droindel vazas restavracia?” SekiTxva gulisxmobs diskusias (maswavleblis 
monawileobiT), sadac moswavleebi gamoTqvamen azrs da diskusiis gziT da 
maswavleblis daxmarebiT iReben im aucilebel codnas (an codnis nawils), 
romelic saWiroa sakiTxis gadasawyvetad. SekiTxva: `ratom Seakla joyolam 
Tavi qistebs?” imitom rom . . . …da amas mosdevs naswavli trafareti joyolas 
msoflmxedvelobis Sesaxeb. rogor gavxadoT SekiTxva sokrateseuli? `rogor 
moiqceoda joyola ama da am situaciaSi (situacias sTavazobs maswavlebeli)” 
an, `rogor moiqceoda joyolas adgilze jayo”, an `aRmoCndeboda joyolas 
adgilze jayo”? gasagebia, ratom iwvevs es SekiTxvebi saazrovno procesis 
metad gaZlierebas pirvel SekiTxvasTan SedarebiT.

aravin aris winaaRmdegi kiTxvis `ratom”, es kiTxva Tavis saqmes akeTebs 
da bevr SemTxvevaSi saWiroa. magram  is ar aris sokrateseuli da SedarebiT 
naklebad emsaxureba azrovnebis ganviTarebas. 

gakveTilze viyenebT iseT kiTxvebsac, romlebic gvaZlevs saSualebas 
gavigoT, ra icis moswavlem.

magaliTad, erT-erT saxelmZRvaneloSi aris istoriuli wyaro:
straboni, `geografia”, Zv. w-is I-ax. w-is I ss. 
`marTlac, iberia metwilad kargad aris dasaxlebuli qalaqebiTac da dabebiTac, 

ise rom, iq aris kramitis saxuravebi, saxlebi arqiteqturulad mowyobili, bazrebi 
da sxva sazogado dawesebulebebi.
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qveynis nawili kavkasionis mTebiTaa garSemortymuli. am mTebis metismetad 
nayofieri totebi miemarTeba samxreTisken, moicavs mTlianad iberias. SuaSi 
aris dablobi, mdinareebiT morwyuli, udidesi am mdinareTa Soris aris mtkvari.

am qveyanaSi adamianTa oTxi gvari mosaxleobs: erTia pirveli gvari, 
romlisganac mefeebs sxamen maxloblobisa da asakis mixedviT uxucess, amave 
gvaridan arian mosamarTleebic da mxedarTmTavrebic. meore gvari aris 
qurumTa, romlebic zrunaven agreTve mezobelTan samarTalze. mesame gvari 
aris mxedarTa da miwismoqmedTa. meoTxe gvari aris xalxisa, romlebic samefo 
monebi arian da akeTeben yvelafers, rac cxovrebisTvis aris saWiro. aseTebi 
arian iberebi da maTi qveyana.”

Tu maswavlebelma ukve axsna es masala, mas SeuZlia dasvas SekiTxvebi raTa 
gaigos, ician Tu ara bavSvebma gakveTili:

kiTxvebi:
1. ra masalisagan iyo gakeTebuli saxlis saxuravi qalaqebSi?
2. ra niSniT gadadioda mefoba samefo gvarSi?
3. mefobis garda, ra Tanamdebobebi ebara pirveli gvaris warmomadgenelebs?
aseT kiTxvebs adre frontaluri gamokiTxvis dros iyenebdnen. is codnis 

meqanikur Semowmebazea dafuZnebuli. swori iqneboda gveTqva, rom is amowmebs 
Tu ra icis moswavlem, magram ver gviCvenebs esmis Tu ara moswavles is rac 
icis. 

vnaxoT, rogor SeiZleba igive teqstis axsna interaqtiuli gziT, keTebiT, 
ise, rom maswavlebelma ar isaubros TviTon istoriuli wyaros Sesaxeb, misces 
moswavleebs saSualeba Tavad gaerkvnen teqstSi da gakveTilzeve Seiswavlon 
is.

am saxis aqtivoba gansakuTrebiT mniSvnelovania imisaTvis, rom bavSvebi 
mivaCvioT rTuli teqstis kiTxvas, am teqstidan ZiriTadis gamoyofas, anu 
teqstis analizs.

maswavlebeli daurigebs bavSvebs teqsts amonabeWdis saxiT. sasurvelia, rom 
abzacebi danomrili iyos.

1. marTlac, iberia metwilad kargad aris dasaxlebuli qalaqebiTac da 
dabebiTac ise, rom iq aris kramitis saxuravebi, saxlebi arqiteqturulad 
mowyobili, bazrebi da sxva sazogado dawesebulebebi.

2. qveynis nawili kavkasionis mTebiTaa garSemortymuli. am mTebis metismetad 
nayofieri totebi miemarTeba samxreTisken, moicavs mTlianad iberias. SuaSi 
aris dablobi, mdinareebiT morwyuli, udidesi am mdinareTa Soris aris mtkvari.

3. am qveyanaSi adamianTa oTxi gvari mosaxleobs: erTia pirveli gvari, 
romlisganac mefeebs sxamen maxloblobisa da asakis mixedviT uxucess, amave 
gvaridan arian mosamarTleebic da mxedarTmTavrebic. meore gvari aris 
qurumTa, romlebic zrunaven agreTve mezobelTan samarTalze. mesame gvari 
aris mxedarTa da miwismoqmedTa. meoTxe gvari aris xalxisa, romlebic samefo 
monebi arian da akeTeben yvelafers, rac cxovrebisTvis aris saWiro. aseTebi 
arian iberebi da maTi qveyana.”

axal teqstze muSaobis msvleloba: 
maswavlebeli sTxovs moswavleebs:
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1. monaxeT da waikiTxeT abzaci, sadac aRwerilia iberiis dasaxlebuli 
punqtebi. ipoveT is mTavari sityvebi, romlebic axasiaTebs dasaxlebul 
punqtebs.

2. monaxeT da waikiTxeT abzaci, sadac aRwerilia iberiis geografia? ipoveT 
is mTavari sityvebi, romlebic axasiaTebs iberiis geografias.

3. monaxeT da waikiTxeT abzaci, sadac daxasiaTebulia iberiis gvarovnuli 
wyoba. gamoyaviT mTavari sityvebi, romlebic axasiaTebs iberiis gvarovnul 
wyobas.

Sesabamisi abzacebis povna aCvevs moswavles struqturirebul kiTxvas 
(amitom jobs danomvrac). aqtivoba - mTavari sityvebis gamoyofa, mosdevs 
abzacis wakiTxvas. es uadvilebs moswavles Sinaarsis gagebas da agreTve, aCvevs 
mas gaiazros erT Temaze mowodebuli informacia manade, sanam Semdegi Temis 
(abzacis) kiTxvaze gadava. amiT moswavle eCveva masalis Tanmimdevrul kiTxvas.

ras mogvitans es aqtivoba?  moswavle Tavad erkveva masalaSi (cxadia, 
maswavlebeli amowmebs yovel aqtivobas da saWiroebisamebr exmareba 
moswavleebs), eCveva sakiTxavi teqstis struqturul, Tanmimdevrul analizs, 
klasSive swavlobs keTebiT da interaqtiulad.

gakveTilis axsna Tu am gziT warimarTa, Semdeg gakveTilze codnis 
Sesamowmeblad frontaluri gamokiTxvis nacvlad, SesaZlebelia kidev ufro 
mniSvnelovani aqtivobis Catareba: ukve gaanalizebul wyaros vadarebT sxvas, 
romelSic aRwerilia sxva qveynis (an amave qveynis, oRond sxva istoriul periodSi) 
geografia da/an polikuri mowyoba, infrastruqtura. moswavleebi aanalizeben 
axal teqsts (imave meTodiT, romelic wina teqstis analizisaTvis gamoiyenes) da 
Semdeg adareben or wyaros da msjeloben qveynebis ganviTarebis Sesaxeb.

mTavari sityvebis gamoyofis meTods sxva daniSnulebac aqvs. is nebismier 
moswavles uadvilebs raime sakiTxis werilobiT gadmocemas. es gansakuTrebiT 
mniSvnelovania dawyebiT klasebSi, (V_VI klasSi) Tumca sWirdebaT sabazo da 
damamTavrebel safexurzec. rodesac bavSvs xelT aqvs mTavari sityvebi, is 
gacilebiT advilad gadmoscems azrs werilobiT. wyaroebis Sedarebisas, 
magaliTad, moswavle gamoiyenebs winaswar Sedgenil mTavar sityvebs, Seadarebs 
maT mixedviT or wyaros da advilad SeZlebs wyaroebs Soris msgavseba-
gansxvavebis werilobiT gadmocemas.

“Tu xelT aqvs mTavari sityvebi, ra Tqma unda, gauadvildeba Sedareba, maSin 
risTvis vatarebT weras?”. es SekiTxva xSirad ismis xolme, Tumca miamituria. 
saubaria weriT azris gadmocemis unaris ganviTarebaze da ara testirebis 
mizniT Catarebul weraze.

kvleva (eqsperimenti):
keTebiT swavlebis mniSvnelovani komponentia eqsperimenti. 
srulfasovani kvleva Zneli da xangrZlivi Casatarebelia da yovel 

gakveTilze veranairad ver moxerxdeba. magram kvlevis elementi SesaZlebelia 
gaaCndes TiTqmis yovel gakveTils.

istoriis maswavlebels SeuZlia Seitanos gakveTilze kvlevis elementi 
epoqis, qveynis ganviTarebis, politikuri mdgomareobis gasarkvevad. es 
xerxi maswavlebelma SeiZleba gamoiyenos inglisis an indoeTis istoriis, an 
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kolonizaciis istoriis Sesaxeb saubrisas. magaliTi istoriul wyaroebTan 
dakavSirebiT, romelic zemoT moviyvaneT, aseve kvlevaa, kvlevaa rodesac enis 
maswavlebeli moswavles avalebs Seadaros sxvadasxva teqsti mxatvruli stilis 
mixedviT, an sxvadasxva enebSi warsuli drois warmoebis xerxi, piris, sqesis 
aRniSvnis wesi da sxv. geografiaSi kvlevaa, rodesac moswavle adarebs sxvadasxva 
mogzauris mier ganvlil marSruts. fizikis maswavlebeli amomgdeb ZalasTan 
dakavSirebiT Caatarebinebs moswavles kvlevas amomgdeb Zalasa da sxeulis 
masas Soris damokidebulebaze, biologiis maswavlebeli Tboregulacias axsnis 
kvlevis gziT da sxv. 

maswavleblebi xSirad vCiviT xolme: imxela masalaa, rom dro ar mrCeba 
arc sokratesTvis, arc kvlevisaTvis da arc aranairi sxva aqtivobisTvis. am 
problemas moxsnis xerxebidan erTi yvelaze qmediTi, magram yvelaze rTuli: 
`klasSi axali gakveTilis interaqtiuli ganxilva, mTliani masalis swavla 
saxlSi”. gakveTili ar aris imisaTvis, rom mTeli masala davuReWoT moswavles. 
gakveTilze ganixileba (diskusiis, sxvadasxva aqtivobebis gziT) ZiriTadi 
momentebi, xolo masalas moswavle saxlSi kiTxulobs da swavlobs.

ratom aris es xerxi yvelaze qmediTi? imitom, rom iZleva interaqtiuli 
swavlebis saSualebas.

ratom aris yvelaze Zneli? amas moswavle Tavidanve unda SeeCvios. amitom 
aris aucilebeli interaqtiuli swavlebis dawyeba pirveli klasidanve.

unar_Cvevis gamaviTarebeli sxva aqtivobebi
1. qarTulad (ucxo enaze) wakiTxuli teqstis mosmena da gramatikuli an 

stilisturi Secdomebis aRmoCena. aseTi teqstebis amoReba advili SesaZlebelia 
internetSi, sadac inaxeba qarTuli satelevizio gadacemebis video Canaweri. 
maswavlebeli winaswar naxavs gadacemas, mousmens da SearCevs im nawyvetebs, 
sadac telewamyvani an respondenti uSveben Secdomebs. qarTulis gansakuTrebiT 
damaxinjebiT gamoirCeva kriminaluri qronika, Tumca sxva gadacemebSic 
SexvdebiT. 

SesaZlebelia, am aqtivobis sxva saxiT Catareba. maswavlebeli Tavad adgens 
teqsts ganzrax SecdomiT da ukiTxavs moswavleebs, an akiTxebs maT romelime 
bulvarul Jurnals. magram ar Rirs am aqtivobebiT pirvelis Canacvleba, radgan 
satelevizio gadacemis an filmis naxva sul sxva efeqts iqoniebs: moswavle 
ufro motivirebulia, radgan misTvis satelevizio gadacemis yureba ufro 
sainteresoa.

2. Secdomebis Semcveli teqstis magaliTi SeiZleba SevTavazoT biologiis 
maswavlebelsac (da zogadad, nebismieri sagnis maswavlebels). aseTi mza 
teqstebi arsebobs da dainteresebis SemTxvevaSi ufro detalurad mogiyvebiT 
maT Sesaxeb).

3. qarTulis, ucxo enis an istoriis gakveTilze SesaZlebelia gamoviyenoT 
aqtivoba `dialogi”. moswavleebs eZleva davaleba: warmoadginon ori (an meti) 
adamianis dialogi (ra sityvebs gamoiyeneben, ra iqneba sasaubro Tema da sxv.).

magaliTad, (safexuris gaTvaliswinebiT): xuTkunWula da nacarqeqia, 
ori Tina (wavkiseli da Tinas lekuridan), Zvel saberZneTSi saubrobs ori 
meqoTne, aleqsandre makedonelis meomari esaubreba monRol meomars brZolis 
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strategiaze, solomon morbelaZe platon - samaniSvils, vaTsoni da kriki - 
darvins an dRevandel students, romelic genetikas swavlobs. SesaZlebelia 
msgavsi aqtivoba Catardes ufro maRal doneze (klasis SesaZleblobis mixdviT), 
magaliTad, xevisberi goCas da mateo falkones gasaubreba. mosaubreTa SerCeva 
moxdeba imis mixedviT Tu ra Temas amuSavebs maswavlebeli, ra unda, rom am 
saubriT aswavlos moswavles da rogoria klasis momzadebis done.

diskusia:
diskusiis warmarTvaSi varjiSi moswavlis azrovnebis ganviTarebis erTerTi 

mniSvnelovani meTodia. 
klasSi sakiTxis ganxilvas (diskusias)  xSirad xels uSlis erTi garemoeba – 

moswavlis Sefaseba diskusiaSi monawileobis, gakveTilSi CarTulobis mixedviT.
gakveTilSi CarTulobiT moswavlis Sefaseba garkveul saSiSroebas Seicavs. 

zogierTi moswavle ar erTveba aqtiurad diskusiaSi, radgan azrs ar gamoTqvams 
naCqarevad da urCevnia, kargad moifiqros saTqmeli. SesaZlebelia, rom aseTma 
moswavlem ver moaswros Tavisi mosazrebis dafiqsireba. amitom maswavlebelma 
mas specialuri yuradReba unda miaqcios, sTxovos azris gamoTqma, Tundac is 
jer kidev dausrulebeli iyos. aseTive yuradReba gvmarTebs im moswavleebis 
mimarT, romlebic sxvebTan SedarebiT odnav Senelebulad fiqroben da amitom 
uWirT diskusiaSi Cabma. Cveni azriT, gakveTilSi CarTulobaSi niSani moswavles 
mxolod im SemTxvevaSi unda daakldes, Tu is ar usmens diskusias.

diskusiis dros nebismieri mosazreba misaRebia. oRond es mosazreba unda 
ukavSirdebodes sadiskusio sagans da unda Candes, rom moswavlem Tavisi azri 
am saganTan kavSirSi gamoTqva. xSirad xdeba, rom moswavleebi wamoiZaxeben 
xolme raRac frazas, an sxvis naTqvams imeoreben, mxolod imisaTvis, rom 
diskusiaSi monawileobis STabeWdileba Seqmnan. maswavlebels, romelic icnobs 
Tavis moswavleebs, es ar gamoepareba. aseT SemTxvevaSi imis Semowmeba, marTla 
CarTulia Tu ara moswavle klasis aqtivobaSi, SesaZlebelia SekiTxvebiT:

`ratom fiqrob ase?~, `ris safuZvelze akeTeb am dasvnas?~, `ratom gagiCnda 
es kiTxva?~ da sxv.

imisaTvis rom sworad warmarToT diskusia, miexmaroT moswavles codnisa 
da unaris ganviTarebasa da gamomJRavnebaSi, dabolos, sworad SeafasoT Tqveni 
moswavle, dagexmarebaT qvemoT moyvanili cxrili.

cxrilSi warmodgenilia im SekiTxvebis klasifikacia, romelsac maswavlebeli 
aZlevs mowafes misi azrovnebis unaris gasaviTareblad da agreTve codnis 
Semowmebis mizniT. 
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SekiTxva azris gadmocemisa da sxvisi 
azris gagebis unaris gasaviTareblad

SekiTxva, romelic amowmebs ramdenad logikuria 
moswavlis msjeloba, sworad erkveva Tu ara 
moswavle faqtebSi

19. ras gulisxmob?
20. Tu SeiZleba, sxva sityvebiT 

gamoTqvi rasac fiqrob
21. rogor fiqrob, Sen mier dasmuli 

SekiTxva yvelasaTvis naTelia?
22. giorgi, Tu SeiZleba, mokled 

Seajame, risi Tqma undoda maias
23. Tu SeiZleba, moiyvane magaliTi 

kidev risi Tqma SegiZlia am 
sakiTxis Sesaxeb?

24. ra aris Sens naTqvamSi mTavari?
25. rogor fiqrob, ra aris aq 

mTavari sakiTxi?
26. vnaxoT, ramdenad sworad gagige, 

Sen amas (asaxelebT raRac sakiTxs) 
gulisxmobdi Tu amas? (asaxelebT 
raRac sakiTxs)

27. sanam am SekiTxvas davsvamT, 
jer sxva SekiTxvas xom ar unda 
vupasuxoT?

28. kidev vis SeuZlia gviTxras raime 
am mosazrebis sasargeblod?

1. rasac Sen ambob (rasac Tamari ambobs), ramdenad 
ukavSirdeba Cveni diskusiis Temas?

2. ra mosazrebiT mixvedi am daskvnamde? 3. Tu es 
moxda, ra Sedegi SeiZleba mohyves?

4. es aucileblad moxdeba, Tu SemTxveviTia?
5. sxva gza (sxva varianti) arsebobs?
6. Tu es asea (mogyavT ori faqti), maSin es rogor 

iqneba?
29. Tu es asea (mogyavT faqti), maSin amaze (mogyavT 

sxva, davuSvaT, gamomricxavi faqti) ras ityvi?
30. rogorc vxedav, Seni mosazreba emyareba am ideas 

(ganmartavT, romels). ratom airCie es idea da 
ara es? (asaxelebT sxva ideas)

31. ratom fiqrob, rom es mosazreba sworia?
32. ratom fiqrob, rom es mosazreba ufro sworia 

vidre . . ? (asaxelebT sxva mosazrebas)
33. ase ratom fiqrob?
34. ra faqtebma SeiZleba azri Segicvalos?
35. es faqtebi (monacemebi) sakmarisia am mosazrebis 

gamosaTqmelad?
36. gvaqvs mizezi, ar vendoT (ar davijeroT) am 

monacemebs?
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adamianis anatomia da fiziologia

anatomia da fiziologia:
sakiTxavi masala maswavleblebisa da moswavleebisaTvis. 
gansakuTrebuli problema, romelsac awydeba TiTqmis yvela moswavle, aris 

1. ujredis da organizmis koncefciebis gaerTianeba da 2. organoTa sistemebis 
konceptualuri dakavSireba. moswavles uWirs dainaxos kavSiri ujredebsa da 
organizms Soris, gaerkves organizmis, rogorc mTliani sistemis moqmedebaSi. 
am SemTxvevaSi problemas qmnis saxelmZRvaneloc: organoTa sistemebi 
calcalke paragrafebSi (TavebSi) ganixileba. amas  saxelmZRvanelos agebis 
klasikuri stili moiTxovs da pedagogiurad gamarTlebulicaa, magram amgvari 
struqtura arTulebs organoTa sistemebis erTmaneTTan azrobriv dakavSirebas 
da organizmis mTlian sistemas warmodgenas.

aRniSnuli problemebis daZlevaSi SesaZlebelia maswavleblebs da 
moswavleebs daexmaros qvemoT moyvanili masala.

ujredis energiiT uzrunvelyofa. 
warmoidgineT didi sastumro, romlis yvela oTaxidan gamudmebiT irekeba 

zari sastumros administraciaSi: iTxoven sakvebs, wyals, nagvis gatanas, 
viRacas unda fanjara gauRon, rom meti haeri Semovides, sxvas ki piriqiT – 
sciva da gaTbobis CarTvas iTxovs. sastumros personali darbis koridorebSi, 
raTa yvelas moTxovna daakmayofilos. menejers cxra piri ofli sdis da 
iZleva davalebebs: “meore sarTulze saswrafod miutaneT wyali, meeqvseze 
mwvadi, meoTxmoce da mexuTase oTaxebSi gauReT fanjrebi,  yvela oTaxi 
dasasufTavebelia, bolos da bolos, CarTeT kondicionerebi – cxela!!!!!”

modi, ufro axlos gavicnoT es sastumro, menejeri, sxva momsaxure personali 
da sastumros oTaxebSic SevixedoT. 

cxadia, mixvdiT, risi Tqma gvinda: oTaxebi organizmis ujredebia, 
romlebic mudmivad saWiroebs Jangbads, wyals, sakvebs Tu temperaturis 
regulacias, sastumro ki organizmia Tavisi menejeriT: nervuli sistemiT, 
romlis gankargulebiTac koridorebSi – sisxlarRvebSi mudmivad miedineba 
ujredebisaken saWiro nivTierebebi da ujredebidan ki - cxovelqmedebis 
narCeni.

rogorc iciT, ujredSi ganuwyvetliv mimdinareobs energetikuli cvla: 
ujredi xarjavs da warmoqmnis energias. energetikuli cvla qimiuri procesia, 
romelic citoplazmaSi da mitoqondriebSi mimdinareobs.

energetikuli cvlis warmarTvisaTvis aucilebelia sakvebi, Jangbadi, 
enzimebi, maTi moqmedebisaTvis saTanado temperatura da sxv. energetikuli 
cvlis Sedegad ujredSi grovdeba narCeni – mag. naxSirorJangi, romelic 
ujredma unda moiSoros. 

energetikuli cvlisaTvis ujredi iyenebs sakvebs - organul nivTierebebs, 
ZiriTadad naxSirwylebs. Tu iqneba sakvebi, ujredi SeZlebs energiis miRebas, 
Tu sakvebi ar iqna, ujredebi, da Sesabamisad, organizmi daiRupeba. 

cocxali arsebebi ibrZvian arsebobisaTvis. xorcismWamelebi cdiloben 
raime moinadiron, magaliTad lomi nadirobs antilopaze; mgeli - kurdRelze, 
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bu - Tagvze, balaxismWamelebi miirTmeven mcenareulobas da amavdroulad, 
Tvali mtaceblebze uWiravT, rom maT sadilad ar iqcnen.  adamiani Sromobs, 
raTa moipovos sakvebi. is nairmWamelia da mis kvebiT racionSi Sedis rogorc 
cxoveluri, aseve mcenareuli sakvebi.

amgvarad, cocxali arsebis erTerTi umTavresi sazrunavia sakvebis mopoveba 
– sakuTari organizmis ujredebis energiiT uzrunvelyofa.

rogor moipovebs cocxali arseba sakvebs, ra aris amisaTvis saWiro?
ra sWirdeba, magaliTad, loms imisaTvis, rom antilopa moinadiros? 
sakvebis mopoveba. 
Tavisi organizmis ujredebis sakvebiT (energiiT) uzrunvelyofisaTvis 

lomma, pirvel rigSi, unda ipovos antilopa. yvelaferi imiT iwyeba, rom lomi 
sanadirod gamova da iwyebs msxverplis Zebnas. amisaTvis lomi iyenebs SegrZnebis 
organoebs: is ynosavs haers, nakvalevs, ismens xmebs, iyureba.

rogor dainaxvs lomi antilopas?
sagnebi ireklaven sinaTlis sxivs, romelic Semodis TvalSi gugis xvrelidan, 

gaivlis minisebr sxeuls da daecema baduraze. broli gardatexavs sinaTlis 
sxivs ise, rom is baduraze fokusirdes. 

1

2

3
5

6

7

4

1 - rqovana
2 - guga
3 - wamwamovani kunTi
4 - broli
5 - badura
6 - yviTeli xali
7 - mxedvelobis nervi

rac ufro axlos aris sagani, miT metad amoizniqeba broli da gaizrdeba 
sxivis  gardatexis kuTxe. amgvarad, Tvals aqvs akomodaciis unari – is axdens 
axlomdebare sagnebidan areklili sxivis fokusirebas baduraze. sinaTlis sxivi 
aagznebs baduraze ganlagebul mxedvelobis receptorebs.

mxedvelobis receptorebi – kolbebi da Cxirebi, mxedvelobis nervis 
daboloebebia. maTi agzneba mxedvelobis nerviT gadaecema Tavis tvins, 
miaRwevs didi hemisferoebis kefis wils da gamoiwvevs kefis wilSi arsebuli 
mxedvelobis neironebis agznebas. mxedvelobis neironebis agzneba warmoqmnis 
mxedvelobiT xats: im sagnis xats, romelsac vuyurebT. 

mxedvelobis xarisxi damokidebulia akomodaciaze da agreTve,  TvalSi 
Semosuli sinaTlis raodenobaze. rac ufro kargad aris ganaTebuli sagani, 
miT ukeT Cans. amitom saRamos, rodesac mze Cadis da miTumetes, RamiT 
mxedveloba sustia da Tu sinaTle ar avanTeT, cudad an verafers vxedavT. 
magram es marTebulia adamianis SemTxvevaSi. lomis mxedvelobis receptorebi 
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adamianisaze bevrad ufro mgrZnobiarea sinaTlis mimarT, isini reagireben 
sinaTlis sxivis umcires nakadzec da amitom lomi RamiTac xedavs da SeuZlia 
nadiroba.

lomma antilopa dainaxa - lomis Tavis tvinSi warmoiqmna antilopas xati. 
antilopa balaxs Zovs da gadaadgildeba. lomi mas Tvals adevnebs. Tvalis 
kakals amoZravebs wamwamovani kunTebi, romelTa SekumSva loms saSualebas 
aZlevs mimarTos mzera marcxniv, marjvniv, zemoT da qvemoT. kunTebis moqmedeba 
regulirdeba mogrZo tvinidan mosuli nervuli impulsebis saSualebiT.

axla saWiroa frTxilad miparva. erTi SexedviT ra problemaa: antilopa 
balaxs Zovs da lomis mxares saerTod ar iyureba. sinamdvileSi saqme sul 
sxvagvaradaa. saqmis gasarkvevad unda vicodeT, ra aris mxedvelobis veli.

mxedvelobis veli aris sivrcis is nawili, romelic SegviZlia movicvaT 
mzeriT yovel konkretul momentSi. Tu, magaliTad, vuyurebT erT wertils 
kedelze, maSin mxedvelobis veli moqceulia kedlis im ukidures or wertils 
Soris, romelTa miRma veRarafers vxedavT. zogierT cxovels, maT Soris 
antilopas, Tvalebi ganlagebuli aqvs sxeulis Sua xazidan mniSvnelovnad Sors. 
daakvirdi suraTs: ramdenad Sors aris antilopas Tvalebi erTmaneTisagan 
lomTan SedarebiT.

amitom erTdroulad orive TvaliT anu binokulurad (laTinurad “bi”-ori, 
“okulus”-Tvali) antilopa moicavs mxedvelobiTi velis Zalian mcire nawils: 
binokuluri mxedveloba naklebadaa ganviTarebuli. imavdroulad, mxedvelobis 
veli imdenad farToa, rom antilopas SeuZlia mis ukan arsebuli sagnebic ki 
dainaxos. amitom antiloba kargad xedavs ra xdeba mis garSemo maSinac, rodesac 
balaxs Zovs da Tavs ukan ar abrunebs. 
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binokuluri mxedveloba

antilopa

lomi
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amitom lomi frTxilobs. is balaxebSi imaleba da Zalian frTxilad miiwevs 
win, rom ar dainaxon. loms (iseve, rogorc koiots) Tvalebi Sua xazTan axlos 
aqvs ganlagebuli. mxedvelobis velis didi nawili moqceulia binokuluri 
mxedvelobis areSi. ganviTarebuli binokuluri mxedvelobis wyalobiT ukeT 
ganisazRvreba sagnis adgilmdebareoba sivrceSi da distancia sagnamde. lomsac 
es unda. man zustad unda gansazRvros distancia antilopamde, raTa mozomos 
naxtomi da daiWiros antilopa. 

binokuluri mxedveloba yvela mtacebel ZuZumwovars kargad aqvs 
ganviTarebuli. am mxriv mtacebeli frinvelebi (magaliTad, bu) ZuZumwovrebs 
ar Camouvardebian.

binokuluri mxedvelobis mniSvnelobis dadgena.
cdis mizania, dadgindes, ra SemTxvevaSi _ binokuluri Tu monokuluri 

(mono-erTi, okulus-Tvali) mxedvelobisas sazRvravs adamiani ukeT sivrceSi 
sagnis adgilmdebareobas.

cdisTvis saWiroa: plastmasis erTjeradi Wiqa, 5-an 10-TeTriani moneta, 
furceli, fanqari.

Tanaklaselebma SeqmeniT orkaciani jgufebi: erTi cdis piri da meore
eqsperimentatori.
instruqcia  eqsperimentatorisTvis:
dasvi cdis piri magidasTan (merxTan) da gverdze miujeqi. cdis piris 

pirdapir, misgan 35-40 sm. manZilze magidaze dadgi Wiqa.
mieci cdis pirs davaleba: “erT xelSi, ori TiTiT daiWire moneta.
rodesac getyvi, gaiwode xeli da Caagde moneta WiqaSi. oRond xeli unda 

amoZravo magidis zedapiridan 50 sm-is simaRleze. Wiqisken sxeulis gadaxra ar 
SeiZleba. monetis Casagdebad gaqvs araumetes 3 wamisa.”

dro gazome wammzomiT. 
cdas imeoreb 10-jer. yovel jerze Secvale Wiqis adgilmdebareoba: pirvel 

jerze Wiqa dadgi cdis piris sxeulis Sua xazis pirispir, 2-e – 5-e jerze 
gadaadgile Wiqa cdis pirisagan marcxniv TiTo-TiTo sm.-iT, 6-e – 10-e jerze - 
cdis pirisagan marjvniv TiTo-TiTo sm.-iT. daafiqsire monetis WiqaSi Cagdeba/
acdena. cda Caatare or variantad:
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1. cdis piri muSaobs erTi romelime axelili TvaliT (monokuluri
mxedveloba) 2. cdis piri muSaobs orive axelili TvaliT (binokuluri
mxedveloba). monacemebi Seitane cxrilSi. TiToeuli mcdeloba (1-10) aRniSne 

rogorc Cagdeba “+” an acdena “-“.
sxvadasxva jgufebis mier miRebuli Sedegebi SeajameT, gamoiyvaneT
saSualo maCveneblebi Cagdebisa da acdenisaTvis. Seadare romel variantSi– 

monokuluri Tu binokuluri mxedvelobisas muSaobs cdis piri ufro zustad.

cdis piri 
( s a x el i , 
gvari)

cdis piroba
(mxedveloba)

Cagdeba +
acdena -

jamuri + jamuri -

1 2 3 4 5 6 7 8 9 10

monokuluri 

binokuluri

ConCxis kunTebi, maTi moqmedebis regulacia.
rodesac naxtomis dro mova, rogor imoqmedebs lomis organizmi? 
Tavis  tvini sazRvravs distancias lomsa da antilopas Soris, raTa naxtomi 

zusti iyos. amavdroulad, tvini gamoiwvevs kidurebis kunTebis SekumSvas 
naxtomisaTvis saWiro moZraobis Sesasruleblad.

amgvarad, Tavis tvini integrirebulad moqmedebs: is erTdoulad 
akontrolebs mxedvelobas da moZraobas, anu axdens organoTa sistemebis (am 
SemTxvevaSi mxedvelobis da kunTovani sistemis) moqmedebis SeTanxmebas da 
gamTlianebas – integracias.

lomis romeli kunTebi unda SeikumSos naxtomisaTvis?
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naxtoms mTeli sxeuli asrulebs, magram mTavari roli mainc ukana kidurebis 
kunTebs eniWeba. kiduri jer moixreba, Semdeg ki Zlierad iSleba da ubiZgebs 
miwas. kidurebis moxra momxreli kunTebis SekumSvis Sedegia, gaSla ki gamSleli 
kunTebis SekumSviT xdeba. 

Txemis wili

mamoZravebeli 
gza

zurgis 
tvini

mamoZravebeli nervi

kunTi

kunTebTan tvinidan modis mamoZrvebeli nervebi – somaturi nervebi. 
am nervebiT tvinidan kunTebisaken vrceldeba nervuli impulsi, romelic 
iwvevs kunTis SekumSvas. nervuli impulsi jer Tavis tvinSi, kerZod, tvinis 
hemisferoebis (naxevarsferoebis) Txemis wilSi warmoiqmneba, radgan Tavis 
tvini wyvets, rodis unda amuSavdes kunTi. Tavis tvinidan impulsi vrceldeba 
zurgis tvinSi, xolo zurgis tvinidan ki somatur nervebSi da bolos kunTs 
miaRwevs.

am TvalsazrisiT lomis da adamianis nervuli sistema erTmaneTis TiTqmis 
analogiuria.

momxreli da gamSleli kunTebi erTmaneTis antagonistia – isini sapirispiro 
moqmedebas – kiduris moxras da gaSlas ganapirobeben.  amitom, rodesac lomi 
(an adamiani) aamoqmedebs fexis gamSlel kunTebs gadasaxtomad,  nervulma 
sistemam unda Seakavos fexis momxreli kunTebis SekumSva. amisaTvis nervuli 
sistema Sewyvets fexis momxrel kunTebSi nervuli impulsis gavrcelebas da 
impulsi gamSlel kunTebSi gavrceldeba. amgvarad, tvini aregulirebs momxreli 
da gamSleli kunTebis SeTanxmebul moqmedebas. am TvalsazrisiTac,  lomis da 
adamianis nervuli sistema erTmaneTis TiTqmis analogiuria. msgavsi principiT 
xdeba adamianis antagonisti kunTebis (magaliTad, xelis momxreli da gamSleli 
- orTava da samTava kunTebis) moqmedebis regulaciac.

rodesac lomi antilopas epareboda, brWyalebi TaTebSi qonda Camaluli: 
gamoSvebuli brWyali SeiZleba raimes gamoedos da xmauri gamoiwvios, antilopa 
ki yurdacqvetilia, rom aravin mieparos. axla tvinidan impulsebi miva im 
kunTebSic, romlebic erTi boloTi wvivis Zvalzea mimagrebuli, meore boloTi 
ki brWyalebze. isini ikumSeba raTa lomma  brWyalebi gamouSvas TavdasxmisaTvis. 

SevajamoT naTqvami:
antilopasagan areklili sinaTlis sxivi fokusirda lomis Tvalis baduraze. 

mxedvelobis receptorebi aigznen da mxedvelobis nervma nervuli impulsi 
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waiRo Tavis tvinis kefis wilSi. aq warmoiqmna antilopas xati - lomma dainaxa 
antilopa. Tavis tvini integrirebulad moqmedebs – is ara marto xedavs 
antilopas, aramed mzad aris aamoqmedos lomis ukana kiduris gamSleli kunTebi 
naxtomis Sesasruleblad da ukve gamoaSvebina loms brWyalebi. 

raRa darCa, erTi kargi naxtomi da lomis sadili mzad aris. ase iolad 
saqme iSviaTad aris: antilopac xedavs loms, misi kunTebic ikumSeba da is 
garbis. amitom lomis nadiroba, arc Tu iSviaTad, warumatebelia xolme. magram 
CavTvaloT, rom Cvenma lomma am dRes yoCaRad inadira da gaiara Tavisi sxeulis 
ujredebis energiiT uzrunvelyofis pirveli etapi: lomma sakvebi moipova.

sakvebis moneleba, Sewova da ujredebSi transportireba
axla lomi miirTmevs nanadirevs.
misi tvini sxva saqmeze gadaerTo: axla saWiroa sakvebis moneleba. pirvel 

rigSi xorcis mogleja, Semdeg piris RruSi daReWva, darbileba, nerwyviT 
gaJRenTva da gadaylapva.

lomi jer kidev epareboda antilopas, magram mis danaxvaze nerwyvi ukve 
sdioda. es pirobiTi refleqsia. rodesac lomi patara bokveri iyo da ar icoda, 
ras warmoadgenda antilopa, mis danaxvaze nerwyvi ar sdioda. Tumca antilopas 
xedavda – lomis Tavis tvinis hemisferoebis kefis wili Tavis saqmes – 
antilopas mxedvelobiTi xatis Seqmnas, pirnaTlad asrulebda. rodesac dedam 
antilopas xorci gaasinja, Tavis tvinma daamyara logikuri kavSiri antilopas 
Sesaxedaobasa da kvebas Soris: kefis wilis neironebi funqciurad daukavSirdnen 
tvinis ReroSi nerwyvis gamoyofis maregulirebel neironebs. lomi mixvda: es 
raRac, ori rqiT, moyviTalo feris, aseTi da aseTi suniT da xmiT, gemrieli 
xorci yofila. amis Semdeg antilopas danaxvaze loms yovelTvis mosdioda 
nerwyvi.

magram loms gaCenisTanave Tandayolilad aqvs  kvebis dros nerwyvis 
gamoyofis upirobo refleqsi. rogorc ki sakvebi mis piris RruSi aRmoCndeba, 
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sakvebi aRizianebs piris Rrus kedlebSi arsebul receptorebs. receptorebi 
aigzneba da nervuli impulsi gadaecema tvinis Reros neironebs. isini sapasuxod 
aigzneba da saxis nervis saSualebiT gadascemen nervul impulss sanerwyve 
jirkvlebs, saidanac nerwyvi iwyebs denas.

nerwyvi inelebs sakvebSi arsebul polimerul naxSirwylebs da Slis maT 
monomerebamde.

tvinis Rero ganapirobebs agreTve sakvebis ylapvas. sakvebi gaivlis saylapavs 
da Cava kuWSi. kuWis wveni moinelebs cilebs. kuWis wvenis gamoyofac, nerwyvis 
gamoyofis msgavsad, upirobo da pirobiTrefleqsuri meqanizmiT xdeba. 
kuWidan sakvebi gadadis wvril nawlavebSi. aq yvela polimeri (naxSirwylebi, 
cilebi, cximebi) sabolood iSleba monomerebamde. msxili nawlavi gamoyofs 
mounelebel narCens. 

monomerebi da wyali Seiwoveba wvril nawlavebSi. Tumca wylis Sewova msxvil 
nawlavSic xdeba. sakvebis monelebas xels uwyobs nerwyvSi, kuWis da wvrili 
nawlavebis wvenSi arsebuli enzimebi. enzimebs Seicavs agreTve pankreasis wveni, 
romelic wvril nawlavSi Caedineba.

amgvarad, lomi moinelebs monadirebuli antilopas xorcs. monomerebad 
daSlili sakvebi Seiwoveba sisxlSi, kerZod karis venaSi, romelsac sisxli 
nawlavebidan miaqvs RviZlSi. 

pankreasi

RviZli

karis vena
nawlavi

kuWi

RviZli wmends sisxls nawlavebidan Semosuli toqsikuri nivTierebebisagan. 
RviZlSi rCeba Sewovili sakvebis nawili, danarCeni ki organizmSi nawildeba.

sisxli RviZlis arteriiT gamodis RviZlidan da miedineba mTels organizmSi. 
arteria itoteba jer wvril arteriebad, Semdeg kapilarebad. kapilarebi Sedian 
organoTa qsovilSi da iq monomerebi da wyali sisxlidan gadadis qsovilur 
siTxeSi. qsoviluri siTxidan monomerebi da wyali ujredebSi SeaRwevs.

qsovilur siTxeSi monomerebis koncentracia metia, vidre ujredSi. amitom 
iqmneba koncentraciuli gradienti da sakvebi molekulebi moZraobs qsoviluri 
siTxidan ujredSi plazmuri membranis gavliT. 
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mebranaSi sakvebi molekulebis gavla rTuli procesia. magaliTad, glukoza 
gaivlis membranas gaadvilebuli difuziiT. arxebi gaadvilebuli difuziisaTvis 
gaixsneba im SemTxvevaSi, rodesac ujredebze imoqmedebs hormoni insulini. 
insulini pankreasidan gamoiyofa. 

maswavleblebis sayuradRebod:  jobs, gamoiyenoT termini “pankreasi” da ara 
“kuWqveSa jirkvali”.

nawlavebidan glukozis sisxlSi gadasvla zrdis glukozis koncentracias 
sisxlSi. glukozis koncentraciis gazrdaze reagirebs Tavis tvini, romelic 
astimulirebs pankreasidan insulinis gamoyofas. insulinis daxmarebiT glukoza 
ujredebSi Seva. sisxlSi insulinis koncentraciis matebaze reagirebs Tavis 
tvini. is wyvets pankreasis stimulirebas. Sedegad pankreasi Sewyvets insulinis 
gamoyofas. amgvar funqciur kavSirs Tavis tvinisa da Sinagani sekreciis 
jirkvals (am SemTxvevaSi pankreass) Soris ewodeba uaryofiTi ukukavSiri. is 
uaryofiTia, radgan hormonis (am SemTxvevaSi insulinis) raodenobis mateba 
iwvevs Tavis tvinis `uaryofiT~ reaqcias: tvini xels uSlis jirkvlidan 
hormonis Semdgom gamoyofas.

amgvarad, gavlilia ujredebis energiiT uzrunvelyofis kidev erTi etapi: 
lomma saWmlis momnelebel sistemaSi xorci moinela, monelebuli sakvebi 
gadavida sisxlSi da miewoda ujredebs. Zalian martivad SegviZlia ase vTqvaT: 
antilopas ujredebSi arsebuli glukoza axla lomis ujredebSia dagrovili.

ujredis uzrunvelyofa energetikuli cvlisaTvis aucilebeli JangbadiT da 
naxSirorJangis gamodevna organizmidan

SesavalSi rom sastumro vaxseneT (es sastumro Cvens SemTxvevaSi lomis 
sxeulia ), misi oTaxebidan aRar iTxoven sakvebs - daikmayofiles moTxovnileba 
glukozaze. Tumca,  magaT ra daawynarebs: sakvebi bevri gvaqvs, magram axla 
uhaeroba gvWirs da haeri SemouSviTo.

ujredSi sakvebi nivTierebebi 
erTveba energetikul cvlaSi. glu­
koza jer citoplazmaSi iSleba 
piroyurZnis mJavamde, Semdeg piroy­
urZnis mJava Seva mitoqondriebSi da 
daiSleba naxSirorJangamde da wyl­
amde. process Tan axlavs energiis 
gamoyofa. es energia xmardeba atf-s 
sinTezs. mitoqondriebSi energeti­
kuli cvlis warmarTvisaTvis 
aucilebelia Jangbadi. energetiku­
li cvlis dros ujredebSi grovdeba 
naxSirorJangi, romelic organizmma 
unda moicilos – gareT gamodev­
nos.

lomi filtvebiT sunTqavs. CasunTqvis dros haeri Cadis mis filtvebSi da 
avsebs filtvis buStukebs – alveolebs. alveolebi daqselilia kapilarebiT. 
alveolebSi Jangbadis koncentracia metia, vidre kapilarebSi Semomaval sisxlSi. 

bronqioli

kapilari

alveoli
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amitom Jangbadis molekulebi koncentraciuli gradientis mimarTulebiT 
difundirebs alveolidan sisxlSi. 

sisxlSi Jangbadis molekulebi miuerTdeba eriTrocits – sisxlis wiTel 
ujredebs da eriTrocitebTan erTad mogzaurobs mTels sxeulSi. sisxli midis 
yvela organos ujredebTan. ujredebSi Jangbadis koncentracia sisxlisaze 
naklebia. amjerad Jangbadis molekulebi iwyeben difuzias sisxlidan ujredebSi.

ujredebSi Sesuli Jangbadi monawileobas 
iRebs energetikul cvlaSi. gavadevnoT Tvali 
Jangbadis mogzaurobas filtvebidan ujredebSi. 
alveolebidan Jangbadi sisxlSi gadadis. 
JangbadiT gamdidrebuli – arteriuli sisxli 
filtvis veniT (1) gulSi Caedineba. gulidan 
arteriuli sisxli gadaityorcneba aortaSi. 
aorta itoteba sam did arteriad. erTi 
maTgani – gvirgvinovani arteria, sisxliT 
kvebavs guls. danarCeni ori arteriidan, erTi 
miemarTeba zeda kidurebis, kisris da Tavisaken, 
meore ki Camodis gulmkerdis RruSi. orive 
arteria itoteba ufro wvril arteriebad (3), 
romlebic calkeul organoebSi midis. aq isini 
itotebian kidev ufro wvril arteriolebad, 
arteriolebi ki – kapilarebad. kapilarebi 
imdenad wvrilia, rom SeaRwevs organoTa 
qsovilebSi da arteriuli sisxliT kvebavs 
ujredebs. ujredebSi sisxlidan gadadis 
Jangbadi: Jangbadis molekulebi mowydeba 
eriTrocitebs da Tavisuflad difundireben 
ujredebSi. 

ujredebidan sisxlSi gadava naxSirorJangi. is didi raodenobiT grovdeba 
mitoqondriebSi nivTierebaTa daSlis procesSi da koncentraciuli gradientis 
mimarTulebiT difundirebs ujredebidan sisxlSi. amgvarad, arteriuli sisxli 
ganitvirTeba Jangbadisagan da itvirTeba naxirorJangiT - venur sisxlad 
gardaiqmneba. venuri sisxli gamodis organoebidan sisxlZarRvebis – venebis 
(4) saSualebiT. organoebidan gamosuli venebi ikribeba Rru venebSi (5). es 
ukanasknelebi venur sisxls gulSi Caabrunebs. gulidan venuri sisxli filtvis 
arteriebiT (6) gadaityorcneba filtvebSi. alveolebSi naxSirorJangi venuri 
sisxlidan gadadis CasunTqul haerSi, xolo venuri sisxli gajerdeba JangbadiT 
– arteriul sisxlad gardaiqmneba.

1

2

3

4

5

6

marcxena 
winaguli

marjvena 
winaguli

filtvebi

parkuWebi
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kvleva: ramden energias Seicavs sxvadasxva saxis sakvebi
mieciT moswavleebs instruqcia:
imisaTvis, rom sakvebidan, magaliTad, Saqris natexidan,  energia gamoiyos, is 

unda dawva. rogor mivxdebi ramdeni energia gamoiyo am dros? 
rogorc ici, energia izomeba kaloriebSi da joulebSi. Cven kaloria 

gamoviyenoT.
kaloria ganimarteba, rogorc energiis raodenoba, romelic saWiroa raTa 1 

grami wylis temperatura 1 gradusiT (0C) gaizardos. 
Caasxav wyals sinjaraSi, gazomav wylis temperaturas, Saqris natexs 

moukideb cecxls da sinjaras miuSver als, romelic Saqris natexis wvis dros 
warmoiqmneba. ali gaaTbobs wyals. rodesac Saqris natexi bolomde daiwveba, 
kvlav gazomav wylis temperaturas da naxav gansxvavebas sawyis da saboloo 
maCveneblebs Soris.

dagWirdeba garkveuli gamoTvlis gakeTeba. gavixsenoT, rom 1 kaloria aris 
energiis is raodenoba, romelic 1 gram wyals 1 -0C –iT gaaTbobs. 1 grami 
wylis sinjaraSi aReba da misi temperaturis gazomva gagiZneldeba, amitom 
cdisTvis jobs aiRo meti wyali, magaliTad 20 grami. kaloriis ganmartebidan 
gamomdinare, 20 grami wylis 1 -0C –iT gaaTbobas dasWirdeba 20 kaloria 
energia. 

davuSvaT, cdaSi sinjaraSi Caasxi 20 g. wyali. gazome misi temperatura. 
Saqris natexi dawvi, alze ki wyali gaaTbe.  rodesac Saqris natexi bolomde 
daiwva, kvlav gazome wylis temperatura da naxe, rom sawyis maCvenebelTan 
SedarebiT is 2 0C –iT gaizarda. amgvarad, Saqris natexis energiam 20 g. wyali 
gaaTbo 2 0C –iT.

radgan ici, rom 20 grami wylis 1-0C –iT gaaTbobas sWirdeba 20 kaloria 
energia, gamodis, rom mis 2-0C –iT gaaTbobas dasWirda 20 x 2 = 40 kaloria 
energia.

amgvarad, radgan Saqris natexis dawvisas 20 g. wyali 2 0C –iT gaTba, Saqris 
natexSi yofila 40 kaloria energia.

Saqris ufro did (meti masis mqone) natexSi meti energia iqneba da is metad 
gaaTbobs wyals.

maSasadame, Tu adareb sxvadasxva saxis sakvebs energiis Semcvelobis mixedviT, 
masa erTnairi unda iyos. 

axla SegiZlia cda Caataro.
cdis masala: Saqris natexi, nigvzis lebani, Txili, CurCxelas badagis fenis 

naWeri, wyali, sinjara, wylis temperaturis sazomi, spirtqura, pinceti
procedura: moamzade sadgami. sinjaraSi Caasxi 20 g. wyali da sinjara Caamagre 

sadgamSi. Cade sinjaraSi wylis temperaturis sazomi Termometri. Termometri 
meore bolo sadgamSi Caamagre. 

gazome wylis temperatura da CainiSne.
awone sakvebis samive nimuSi. isini erTnairi masis unda iyos. 
aiRe pincetiT sakvebis erTi nimuSi, spirtquras moukide cecxli da sakvebi 

miuSvire cecxls, raTa daiwyos wva. rogorc ki sakvebis nimuSs cecxli moekideba, 
gadaitane is sinjaris qveS, da geWiros, sanam sakvebi bolomde daiwveba. 
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amis Semdeg gazome wylis temperatura da CainiSne.
igive procedura gaimeore sakvebis sxva nimuSebisaTvis.
monacemebi Seitane cxrilSi. iangariSe sakvebis nimuSSi energiis raodenoba 

(kaloriebSi) da es maCvenebelic cxrilSi Seitane.

sakvebis 

nimuSi

wylis sawyisi 

temperatura

wylis saboloo 

temperatura

sakvebis nimuSSi energiis 

raodenoba (kaloriebSi)

gaanalize monacemi da daaxasiaTe sakvebi masSi energiis Semcvelobis 
mixedviT.

upasuxe: davuSvaT, midixar Soreul mgzavrobaSi, sadac sakvebs ver iyidi. 
amitom unda waiRo rac SeiZleba metad kaloriuli sakvebi. gaqvs CurCxelebi: 
nigvzisgan da Txilisgan damzadebuli. romels mianiWeb upiratesobas? pasuxi 
ganmarte.

dakvirveba nerwyvis moqmedebaze
sam sinjaraSi gadaanawile fqvili da Caumate 5 ml. wyali, SeanjRrie. 

fqvili Seicavs saxamebels. amgvarad sinjarebSi miiReb saxameblis wyalxsnars. 
sinjarebi danomre #1 da #2.

#1 sinjaraSi CaawveTe iodis xsnari. rogorc ici, iodi saxameblis 
indikatoria: Tu sakvlev wyalxsnarSi aris saxamebeli, iodis xsnaris Camatebis 
Semdeg wyalxsnari lurj fers miiRebs.

#2 sinjaraSi Caamate saxameblis damSleli enzimis wyalxsnari da 1 wuTis 
Semdeg CaawveTe iodis xsnari. 

daakvirdi sinjarebSi wyalxsnaris feris cvlilebas.
cdaSi damokidebuli cvladia wyalxsnaris feri, damoukidebeli cvladia 

wyalxsnarSi  enzimis arseboba.
monacemebi Seitane cxrilSi:

sinjara 
#

damoukidebeli cvladi 
(wyalxsnarSi  enzimis 
arseboba)

damokidebuli cvladi

wyalxsnaris feri iodis 
xsnaris CawveTebamde

wyalxsnaris feri 
iodis xsnaris 
CawveTebis Semdeg

1 enzimi ar aris

2 enzimi aris

upasuxe:

•	 rogori feri qonda wyalxsnars #1 da #2 sinjaraSi iodis CawveTebamde?
•	 rogori feri qonda wyalxsnars #1 da #2 sinjaraSi iodis CawveTebis 

Semdeg?
•	 romel sinjaraSi Seicvala damokidebeli cvladi da romelSi darCa 

ucvleli?
•	 ra kavSiria damokidebuli cvladis cvlilebasa da damoukidebel 
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cvlads Soris?
•	 ras gviCvenebs cdis Sedegi: romel sinjaraSi darCa saxamebeli da 

romelSi gaqra?
•	 daSala Tu ara saxamebeli nerwyvis enzimma? pasuxi daasabuTe.

saxameblis damSleli enzimis moqmedebis pirobebze dakvirveba.
oTxi  sufris kovzi puris an simindis fqvili, 4 sinjara, saxameblis damSleli 

enzimis wyalxsnari, iodis xsnari, spirtqura, yinuliani jami.
Seiswavle, rogor moqmedebs saxameblis damSleli enzimi sxvadasxva  pirobaSi. 
3 sinjaraSi Cayare TiTo kovzi fqvili, daamate 5 ml. wyali. sinjarebi 

danomre: #1, 2, 3. 
#1 sinjara datove sadgamSi oTaxis temperaturaze. 
#2 sinjara Cade 10 wuTiT yinulian jamSi, 10 wuTis Semdeg amoiRe, 

Cade sadgamSi da gazome wyalxsnaris temperatura (sinjaraSi wyalxsnarSi 
temperatura daecema savaraudod 5 0C-mde).

#3 sinjaraSi xsnari wamoaduRe spirtquraze 15 wamis ganmavlobaSi, 
moacile spirtquras, Cade sadgamSi. wamoduRebis dros sinjaraSi wyalxsnaris 
temperatura miaRwevs 100 0C-s.

 samive sinjaraSi Tanabari raodenobiT Caasxi saxameblis damSleli enzimis 
wyalxsnari.

yvela sinjaraSi CaawveTe iodis xsnari da daakvirdi, rogor Seicvleba 
wyalxsnaris feri.

monacemi Seitane cxrilSi:
gansazRvre, romelia cdaSi damokidebuli da damoukidebeli cvladi da 

Cawere cxrilis Sesabamis grafaSi.

sinjara 
#

damoukidebeli 
cvladi

damokidebuli cvladi

sinjaraSi iodis xsnaris 
CawveTebamde

sinjaraSi iodis xsnaris 
CawveTebis Semdeg

1
2
3
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ujredSi JangviTi procesebis regulacia 
JangviTi procesebis regulacia xorcieldeba Tiroiduli hormoniT. am 

hormonis zegavleniT JangviTi reaqciebi ujredSi intensiurad mimdinareobs.
Tiroiduli hormoni gamoiyofa Tiroiduli (farisebri) jirkvlis 

mier sisxlSi, sisxlis saSualebiT is miaRwevs samizne ujredebs, gamodis 
kapilarebidan, gadis samizne ujredis plazmur mebranaSi, SeaRwevs birTvSi da 
zemoqmedebs pirdapir dnm-ze. 

farisebri 
jirkvali

Tiroiduli hormoni aaqtivebs dnm-ze im informaciuli rnm-s sinTezs, 
romelic ganapirobebs ribosomebSi specifikuri enzimis warmoqmnas, romelic 
xels uwyobs JangviTi reaqciebis warmarTvas. 

Tavis mxriv organizmi aregulirebs Tiroiduli jirkvlidan Tiroiduli  
hormonis gamoyofas. 

hipoTalamusi

hipofizi

hipofizi gamoyofs Tirotropul hormons, romelic iwvevs Tiroiduli 
jirkvlis gaaqtivebas da Sesabamisad, iqidan hormonis gamoyofas.
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JangviTi reaqciebisaTvis ujreds esaWiroeba Jangbadi. Jangbads organizmi 
garemodan SeiTvisebs sunTqvis organoebiT. magaliTad, lomi, bu, gveli, bayayi, 
adamiani – filtvebiT. 

filtvebidan Jangbadi gadadis sisxlSi.  kapilarebiT sisxli miedineba 
ujredebTan da miaqvs Jangbadi.  radgan Jangbadis koncentracia sisxlSi metia, 
vidre ujredebSi, Jangbadi difundirebs ujredebSi. plazmuri membrana iolad 
ganvladia JangbadisaTvis.

fizikuri datvirTvis, emociuri daZabulobis pirobebSi ujreds meti energia 
sWirdeba, amitom ujredebSi JangviTi procesebi Cqardeba. am dros hipofizi 
gamoyofs Tirotropul hormons, romelic iwvevs Tiroiduli jirkvlis 
gaaqtivebas da iqidan Tiroiduli hormonis didi raodenobiT gamoyofas. 
Tiroiduli hormonis zegavleniT ujredebSi intensiurad warmoiqmneba 
JangviTi procesisaTvis saWiro enzimebi da Sedegad, JangviTi procesebi 
Cqardeba. am dros ujredebs Cveulebrivze meti Jangbadi esaWiroeba. amitom 
xSirdeba sunTqva da Cqardeba sisxlis mimoqceva.

sisxlis mimoqcevis aCqarebas iwvevs gulis SekumSvaTa gaZlieba da gaxSireba 
da agrTve,  sisxlZarRvebis Seviwroeba. es xorcieldeba nervuli sistemidan 
simpaTikuri nervebiT gagzavnili impulsebis da Tirkmelzeda jirkvlidan 
sisxlSi gamoyofili hormonis - adrenalinis saSualebiT. simpaTikuri nervebi 
da adrenalini sunTqvas axSireben.

magram rogor xvdeba organizmi, rodis unda aCqardes sisxlis mimoqceva da 
gaxSirdes sunTqva?

sisxlZarRvebis, kerZod arteriebis kedlis Sida mxares moTavsebulia 
receptorebi, romlebic mgrZnobirea sisxlSi Jangbadis raodenobis mimarT. 
rodesac ujredSi Zlierdeba JangviTi procesebi, ujredi met Jangbads iTvisebs 
sisxlidan. amitom sisxlSi Jangbadis done Cveulebrivze naklebi xdeba. amas 
SeigrZnoben receptorebi. receptorebi aigzneba da nervuli impulsi midis Tavis 
tvinSi. Tavis tvini uzrunvelyofs simpaTikuri nervebis agznebas da agreTve 
hipofizidan Tirkmelzeda jirkvlis moqmedebis maregulirebeli hormonis 
gamoyofas. es hormoni gaaaqtiurebs Tirkmelzeda jirkvals, romelic Tavis 
mxriv, didi raodenobiT adrenalins gamoyofs sisxlSi. Sedegad daCqardeba 
sisxlis mimoqceva da gaxSirdeba sunTqva.

rodesac fizikuri datvirTva Sewydeba an emociuri daZabuloba gaivlis, 
ujredSi JangviTi procesebi Seneldeba. moTxovnileba Jangbadze Semcirdeba. 
amitom sisxlSi Jangbadis done Cveulebriv maCvenebels miaRwevs. Jangbadis 
raodenobis mimarT mgrZnobiare receptorebi Sewyveten impulsis gagzavnas 
Tavis tvinSi. tvini Sewyvets simpaTikuri nervebis da hipofizis stimulacias. 
Sedegad gulis cemis sixSire da agreTve, sunTqvis sixSire Semcirdeba da 
organizmi mosvenebis mdgomareobas daubrundeba.

rogorc teqstidan irkveva, hormonebs axasiaTebs organoebze moqmedebis 2 
ZiriTadi gza. hormoni (mag. insulini) moqmedebs organos ujredebis plazmur 
membranaze an Sedis ujredSi (mag. Tiroiduli hormoni) da moqmedebs uSualod 
genetikur aparatze. organos, romelzedac moqmedebs hormoni, ewodeba samizne 
organo. magaliTad, guli aris adrenalinis samizne organo.
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ujredSi temperaturis regulacia
energetikuli cvlis procesSi glukozidan mopovebuli energiis nawili 

xmardeba atf-s sinTezs, nawili ki siTbos saxiT ibneva ujredSi. siTbo grovdeba 
atf-s daSlis drosac. es siTbo qmnis ujredSi garkveul temperaturas.  
ujredSi saTanado temperatura enzimebis moqmedebis aucilebeli pirobaa.

ujredebSi dagrovili temperatura qmnis organizmis saerTo temperaturas. 
adamianis SemTxvevaSi, normaluri temperaturaa saSualod +36.6 0C.  lomis 
sxeulis temperaturaa saSualod + 38.5 0C.  

magram energetikuli cvla uwyveti procesia da wesiT ujredSi imaze 
meti siTbo unda grovdebodes, vidre saWiroa enzimebis moqmedebisaTvis. am 
SemTxvevaSi enzimebi Sewyvetdnen moqmedebas da ujredi mokvdeboda.

ratom ar xdeba ase?
organizmi, rogorc nebismieri sxeuli, gascems siTbos. amgvarad, organizmSi 

mudmivad warmoiqmneba, grovdeba da gaicema siTbo.
es procesi ise mimdinareobs, rom organizmi inarCunebs warmoqmnil da 

gacemul siTbos Soris saWiro Tanafardobas. saWiro Tanafardoba niSnavs, rom 
siTbos gacemis gamo ujredSi temperatura saTanadoze dabla ar daeces da 
imavdroulad organizmSi dagrovilma siTbom, ar unda gadaaWarbos dawesebul 
normas.

siTbos warmoqmna-gacemis procesis regulacia, anu Tboregulacia, 
xorcieldeba nervuli sistemis saSualebiT.

rodesac lomma naxtomi gaakeTa, mis ujredebSi, ZiriTadad ConCxis kunTebis 
ujredebSi, energetikuli cvla daCqarda: ujredebs myisieri SekumSvisaTvis 
didZali energia dasWirdaT, atf daiSala da ujredSi bevri siTbo dagrovda. 
ujredebi, mTeli organizmi, gadaxurebis saSiSroebis winaSe dadga.

temperaturis mateba SeigrZno Tavis tvinma. rogor? Tavis tvinSi 
aris specialuri struqtura – hipoTalamusi, romelic mgrZnobiarea 
temperaturisadmi. rodesac organizmis temperatura normalurs gadaaWarbebs, 
hipoTalamusis zegavleniT kanSi arsebuli sisxlZarRvebi gafarTovdeba. amis 
gamo, kanSi meti sisxli moedineba da kani intensiurad gascems organizmSi 
dagrovil siTbos.

Tboregulacia xdeba oflis aorTqlebis saSualebiTac. oflis aorTqlebaze 
organizmi xarjavs sakuTar energias da amitom grildeba. rac ufro meti siTbo 
dagrovdeba organizmSi, miT ufro Zlierdeba saofle jirkvlebidan oflis 
gamoyofis procesi.

lomis SemTxvevaSi kanidan siTbos gacema garkveulwilad ferxdeba, radgan 
siTbos gacemas xels uSlis xSiri balani. loms saofle jirkvlebic SedarebiT 
(magaliTad, adamianTan SedarebiT) naklebi aqvs. amitom lomi, sxva ZuZumwovrebi, 
pirs daaReben da enas rac SeiZleba metad gadmoagdeben, raTa siTbo enis da 
piris Rrus zedapiriT gascen. amavdroulad, isini gaxSirebulad sunTqaven, 
radgan siTbos gacema filtvebidan amonasunTqi haeriTac xdeba.
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siciveSi kanSi arsebuli sisxlZarRvebi viwrovdeba, kanSi sisxlis dineba 
Semcirdeba da kani nakleb siTbos gascems. am dros Zlierdeba sisxlis dineba 
muclis RruSi ganlagebul organoebSi, amitom iq ujredebSi JangviTi procesebi 
Zlierdeba da organizmSi siTbo grovdeba. siciveSi siTbos dakargvas xels 
uSlis kanqveSa cximis Srec.

sxvadasxva organizms sxeulis gansxvavebuli temperatura aqvs. amitom 
ujredis enzimi Seguebulia im temperaturaze moqmedebas, romelic am 
organizmisaTvis aris damaxasiaTebeli. 

naswavli masalis Semowmeba. gakveTilis scenari: aRmoaCine teqstSi Secdomebi.
am aqtivobis saSualebiT gairkveva, ramdenad erkvevian moswavleebi anatomiis 

sakiTxebSi, konkretulad TemebSi `sisxli”, `sisxlis mimoqceva” da `kunTovani 
sistema”. aqtivoba uviTarebs moswavles teqstis kritikuli analizis unar-
Cvevas.

daurigeT moswavleebs teqsti (individualurad an jgufs) da sTxoveT, 
daafiqsiron yvela SesaZlo Secdoma da gaakeTon saTanado kritikuli 
komentari. namuSevari warmoadginon klasis winaSe.

SesaZlebelia, am gziT Catardes aRniSnul Temebze Semajamebeli werac. 
teqstSi sul 10 Secdomaa. TiToeulis aRmoCenisaTvis daiwereba 1 qula, jamSi 
maqsimaluri Sefaseba iqneba 10 qula.

teqsti:
samedicino universitetis pirvelkurseli luka kompiuterTan ijda, rodesac 

masTan mezobeli movida.
mezobeli: luka, miSvele, xom xar eqimi, saCvenebeli TiTi gamiwiTlda da 

mtkiva kidevac.



luka: aSkarad sisxlis arteriuli wneva gaqvs momatebuli. axlave wadi da 
miiRe raime wamali, romelic sisxlZarRvebs Segiviwroebs

mezobeli: moica, kaco, guSin am TiTSi CaquCi Cavirtyi da egeb, amitom mtkiva?
luka: eg rom iyos mizezi, maSin anTeba geqneboda da anTebis dros ki Cirqi 

unda dagrovdes, Sen Cirqdena ar gaqvs
mezobeli: sisxlis wneva rom mqondes momatebuli, Tavi ar metkineboda?
luka: ra SuaSia Tavi, arteriebs TavSi sisxli ar miaqvT, iq mxolod venebia. 

arteriebi sisxliT amaragebs ConCxis kunTebs.
mezobeli: marto kunTebs?
luka: marto kunTebs! ConCxis kunTebi did samuSaos asrulebs, isini ikumSeba 

da iweleba, raTa Cven moZraoba SevZloT, amitom maT bevri leikocitebi 
sWirdeba.

mezobeli: da TiTi ra SuaSia, aqac maqvs ConCxis kunTebi? 
luka: ConCxis kunTebi yvelagan aris, xelis TiTebSic gaqvs, fexis TiTebSic, 

gulSic, kuWSic da nawlavebSic. 
mezobeli: vaa, xedav ra xdeba? Tavis droze rom skolaSi kargad meswavla, 

mec xom mecodineboda. skolidan marto is maxsovs, rom arsebobs orTava da 
samTava kunTebi da egeni sporcmenebs aqvT.

luka: ra ginda, gcodnia raRac. eg kunTebi marTlac imaT aqvT, vinc sportiT 
aris dakavebuli. kargi iqneboda, mec mqonoda, magram me eqimi unda gamovide, 
sad mcalia sportisaTvis. 

mezobeli: ise, Cveni mezobeli rom aris, fexburTeli, is ambobs, fexburTs 
Tavi davanebe, radgan barZayis kunTis myesi gamiwydao

luka: ra sisulelea, myesebi aqvs mxolod orTava kunTs. axla bodiSi, 
meCqareba da saRamos gnaxav

mezobeli: ho, kargi, waval, wamals miviReb, gmadlobT, namdvili eqimi xar.
luka: afTiaqSi wadi, uTxari arteriuli wneva maqvs momatebuli da hipotenziis 

sawinaaRmdegod raime momeciT-Tqo.
Secdomebi teqstSi:
1. arteriuli wnevis momatebis sawinaaRmdegod saWiroa sisxlZarRvebis 

gamafarToebeli saSualebebi.
2.	 TiTis siwiTle da tkivili anTebiTi procesis maCvenebelia da ar 

ukavSirdeba arteriuli wnevis matebas.
3.	 arteriebi uxvad amaragebs sisxliT Tavs
4.	 sisxliT maragdeba yvela organo da ara mxolod ConCxis kunTebi
5.	 kunTi ikumSeba da dundeba da ara `iweleba”
6.	 ConCxis kunTebis muSaobisaTvis mniSvnelovania sisxlis mier maTi 

momarageba JangbadiT da sakvebiT. leikocitebi am SemTxvevaSi rols ar TamaSobs
7.	 ConCxis kunTebi ar gvxdeba Sinagan organoebSi (maT Soris arc gulSi, 

kuWSi da nawlavebSi)
8.	 orTava da samTava kunTi zeda kiduris ConCxis kunTebia da aqvs yvelas 

da ara marto sporcmens.
9.	 myesi aqvs yvela ConCxis kunTs
10.	 arteriuli wnevis mateba aris hipertenzia.
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rogor gamoiyureba qsovilebi
adamianis organizmi Sedgeba oTxi ZiriTadi qsovilisgan: epiTeluri, 

SemaerTebeli, kunTovani da nervuli. am qsovilebs aqvT ZiriTadi maxasiaTeblebi 
romelTa mixedviT SeiZleba maTi garCeva mikroskopis saSualebiT.

epiTeluri qsovilis (2) ujredebi erTmaneTTan Zalian axlos aris mijrili. 
isini erTbirTviania.

qvemoT suraTze Cans epiTeluri qsovilis sxvadasxva tipebi

epiTeluri qsovilisgan gansxvavebiT SemaerTebel qsovilSi (1) ujredebi 
erTmaneTisagan daSorebulia da maT Soris sivrce amovsebulia didi raodenobiT 
ujredSorisi nivTierebiT romelic SeiZleba iyos Txevadi, naxevrad Txevadi an 
myari (magaliTad Zvlovan qsovilSi).

birTvi

1 2

3 4

birTvi birTvi

nervuli 
ujredi 
(neironi)

ujredSorisi 
nivTiereba

ConCxis 
kunTis 
zolebi
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sisxlis ujredebs Soris mikroskopSi advili gasarCevia eriTrocitebi da 
leikocitebi. leikocitebSi Cans birTvi, romelic eriTrocitebs ar aqvs.

kunTovani qsovilis (3) ujredebi gamoirCeva rigi maxasiaTeblebiT: ConCxis 
kunTebis qsovili Sesaxedavad zoliania (amitomac ewodeba ganivzoliani) da 
mravalbirTviani.

leikociti birTviT
eriTrociti

ujredSorisi nivTiereba

ujredi
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nervuli qsovili (4) gamoirCeva yvela sxva qsovilisgan imiT rom, mis 
ujredebs aqvs gamonazardebi: mokle dendritebi da grZeli – aqsoni.

ConCxis kunTovani ujredis (boWkos) birTvebi

gakveTilis scenari
mieciT moswavleebs amonabeWdi, waikiTxon da Seasrulon davaleba.
Tavis tvinis naxevarsferoebis wilebis funqcia.
Tavis tvinis naxevarsferoebis romeli wilia pasuxismgebeli dagegmvasa da 

ganWvretaze?
amas Sen TviTon gamoicnob, rodesac gaecnobi faineas geijis cxovrebis 

ambavs.
es ambavi faineas geijs 1848 wlis 14 seqtembers SeemTxva. geiji muSaobda 

amfeTqeblad kldeSi matareblis gzis gayvanaze. im dRes mas denTi unda 
Caetkepna kldeSi gakeTebul xvrelSi. denTs specialuri rkinis ZalayiniT 
tkepnidnen. geijma, muSaobis dros, daaxloebiT 1 metri sigrZis Zalayini 
SemTxveviT kldes moaxvedra, naperwkalisagan denTma ifeTqa da Zalayini didi 
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ZaliT amoisrola xvrelidan. Zalayinma geijs marcxena yvrimalis ZvalSi gauara 
da qaladan, marcxena mxridanve gareT gamovida. Zalayinma daaziana qalas Zvlebi 
da rac mTavaria _ Tavis tvini. saocaria, magram geiji gadarCa. is garkveuli 
xani avadmyofobda, magram Semdeg samuSaoze gasvlac ki SeZlo. is Tavs kargad 
grnobda, magram  TanamSromlebi ambobdnen, rom travmis Semdeg geijs aRar 
SeeZlo swori gadawyvetilebebis miReba, raimes ganWvreta, samuSaos dagegmva.

imsjele Semdegi gegmis mixedviT:
•	 gavigeb, tvinis ra nawili dazianda;
•	 vici, rogor Seicvala amis Sedegad adamianis qceva, ra konkretul 

funqcias veRar asrulebda avadmyofi;
•	 aqedan gamomdinare, gavakeTeb daskvnas, rom tvinis es nawili pasuxismgebeli 

yofila am funqciis Sesrulebaze.
dagWirdeba imis garkveva, Tu naxevarsferos ra nawili dauzianda geijs. 

daazuste geijis qalaSi Zalayinis gavlis traeqtoria da ivaraude, naxevarsferos 
romeli wili dauzianda mas. amisaTvis gaaanalize suraTi, romelzec naCvenebia 
Zalayinis tvinSi gavlis traeqtoria.

SeniSvna: (es davadeba gulisxmobs, rom moswavleebs ukve naswavli aqvT Tavis 
tvinis didi hemisferoebis agebuleba da ician hemisferoebis calkeuli wilebis 
adgilmdebareoba.

aqtivobaSi igulisxmeba, rom geijs dauzianda Sublis wili.  aqtivobis 
mizania moswavlem: 1. SeZlos Sublis wilis identifikacia; 2.  daukavSiros 
geijis daavadebis simptomebi Sublis wils da am gziT;  3. daadginos Sublis 
wilis funqcia).

geiji travmis Semdeg, ZalayiniT xelSi geijis tvinSi Zalayinis gavlis sqema
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testebi anatomiaSi

1. cxrilSi naCvenebia kalciumis raodenobis (miligramebSi) cvlileba adamianis 
ZvlebSi garkveuli drois manZilze. 

10 20 30 40 45

ra process emTxveva droSi es monacemebi:
1.	 adamianis zrdas
2.	 Zvlis qsovilSi araorganuli nivTierebebis dagrovebas
3.	 Zvlis qsovilSi wylis dagrovebas
4.	 sworia yvela
5.	 sworia 1,2
6.	 sworia 2,3

2. cxrilis mixedviT dasvi diagnozi:

leikocitebis raodenoba 
sisxlis 1 mm3-Si

eriTrocitebis raodenoba 
sisxlis 1 mm3-Si

5 000 000 5 000 000

1.	 janmrTelia
2.	 anTeba aqvs
3.	 sisxlis Sededebis unari daqveiTebulia
4.	 sworia 2,3
5.	 sworia 1
6.	 sworia 2
7.	 sworia 3
8.	 arcerTi ar aris swori

3. adamianis sxeulSi Seiyvanes wiTelas gamomwvevi virusi. amis Sedegad:

   1. adamiani gamojanmrTeldeba Tu is avad aris wiTelaTi
   2. moimatebs adamianis sisxlis firfitebis raodenoba
   3. moimatebs adamianis sisxlSi antisxeulebis raodenoba
   4. sworia 1,3
   5. sworia 2,3
   7. sworia 3
   8. sworia 1

 4.	 cxrilis mixedviT dasvi diagnozi:

farisebri jirkvlis mier 
gamoyofili hormonis rao­
denoba (pirobiT erTeulSi)

20 25 40

adamianis mdgomareoba sZinavs gaiRviZa daiwyo 
varjiSi
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1. janmrTelia
2. aqvs bazedovis daavadeba
3. aqvs miqsedema

5. cxrilis mixedviT dasvi diagnozi:

Tirkmelzeda jirkvlis mier 
gamoyofili adrenalinis 

raodenoba (pirobiT 
erTeulSi)

20 25 40

adamianis mdgomareoba sZinavs gaiRviZa daiwyo varjiSi

1. janmrTelia
2.	 awuxebs momatebuli sisxlis wneva
3.	 awuxebs diabeti

6. A vitamini organizmze moqmedebis xasiaTiT waagavs (Semoxaze yvela swori pasuxi):

1.	 D vitamins
2.	 C vitamins
3.	 B vitamins
4.	 lizocims

7. naxSirwylebis cvlas xels uwyobs (Semoxaze yvela swori pasuxi):

1.	 B vitamini
2.	 C vitamini
3.	 Tirkmelzeda jirkvlis hormoni
4.	 kuWqveSa jirkvlis hormoni

8. organos Cauwere grafaSi  is cifri, romliTac aRniSnulia is nivTiereba, 
romelic iSleba am organoSi: 1-cila, 2-cximi, 3-naxSirwyali, 4-wyali

piris Rru

kuWi

wvrili nawlavi

swori nawlavi

9. ra kavSiria genebsa da imunitets Soris:

a.	 kavSiri ar aris, radgan imuniteti ganpirobebulia antisxeulebiT da 
leikocitebiT, genebi ki aris ujredSi, dnm-Si

b.	kavSiri gamoixateba imaSi, rom genebi ganapirobeben antisxeulebis 
warmoqmnas

g.	kavSiri ar SeiZleba iyos, radgan genebi ujredul doneze moqmedebs, xolo 
imuniteti organizmul doneze

d.	kavSiri is aris, rom genebi ganapirobeben ujredSi nivTierebaTa cvlas da 
maSasadame, energiiT amarageben antisxeulebs.
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10.	 SemaerTebeli qsovili gvxvdeba (Semoxaze yvela swori pasuxi):

a.	 kanSi
b.	 gulSi
g.	 sisxlZarRvebSi
d.	 kuWSi
e.	 ZvlebSi
f.	 sisxlSi

11.	 arteriuli wnevis mateba SeiZleba gamoiwvios: 

1.	 kuWqveSa jirkvlidan sisxlSi adrenalinis didi raodenobiT gamoyofam
2.	 gulis SekumSvis siZlieris Semcirebam
3.	 Tirkmlebidan wylis gamodevnis Seferxebam
4.	 yvela pasuxi sworia

12.	 qveda kiduris sartyels qmnis: 

1.	 barZayis Zvali
2.	 wvivis Zvali 
3.	 menji
4.	 terfi 

13.	 kanis romelime midamoSi anTebiTi procesis arsebobaze SesaZlebelia 
miuTiTebdes:

1.	 am midamos siwiTle
2.	 tkivili am midamoSi
3.	 am midamoSi temperaturis mateba
4.	 yvela pasuxi sworia

14.	 rodesac adamiani kargad ver xedavs axlos mdebare sagnebs, Sors mdebares 
ki kargad arCevs, mas savaraudod sWirdeba: 

1.	 Cazneqillinzebiani saTvale
2.	 amozneqillinzebiani saTvale
3.	 sruliad swori zedapiris mqone linzebiani saTvale
4.	 linzebis simrudes aranairi mniSvneloba ar aqvs

15.	 vaSli Seicavs didi raodenobiT rkinas.  amgvarad, is sasargebloa, radgan: 

a.	 rkina aucilebelia kunTebis SekumSvisaTvis
b.	 rkina aucilebelia hemoglobinis warmoqmnisaTvis
c.	 rkina aucilebelia Zvlis simtkicisaTvis
d.	 rkina aucilebelia gulis muSaobisaTvis

16.	 imisaTvis, rom ConCxi normalurad Camoyalibdes, saWiroa: 

1.	 kalciumiT mdidari sakvebis miReba
2.	 cilebiT Raribi sakvebis miReba
3.	 wylis didi raodenobiT miReba
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4.	 arcerTi pasuxi ar aris swori

17.	 sisxlis siCqare yvelaze maRalia: 

1. arteriebSi		  2. venebSi
3. kapilarebSi		  4. gulSi

18. sunTqvis regulacias axocielebs: 

1.	 naTxemi					     2. Tavis tvinis Rero
3.	 Tavis tvinis didi naxevarsferoebi	 4. zurgis tvini

19.	 ConCxis kunTebis moqmedeba: 

1.	 regulirdeba mxolod zurgis tvinis mier 
2.	 regulirdeba zurgis da Tavis tvinis mier 
3.	 regulirdeba mxolod Tavis tvinis mier
4.	 regulirdeba ConCxis kunTebSi warmoSobiuli nervuli impulsiT

20.	 cocxali organizmebis evolucia ganimarteba rogorc: 

1.	 cocxali organizmebis cvlileba maTi ganviTarebis procesSi
2.	 cocxali organizmebis adaptacia saarsebo garemosTan
3.	 cocxali organizmebis agebulebis da funqciis garTuleba
4.	 cocxali organizmebis agebulebis da funqciis gamartiveba

21.	 CaamateT gamotovebuli sityvebi:

1.	  sekreciis jirkvali gamoyofs nivTierebebs sadinariT RruSi 
an sxeulis zedapirze,  sekreciis jirkvali ki sadinaris 
gareSe pirdapir sisxlSi

2.	  Slis naxSirwylebs piris RruSi
3.	 wylis didi raodenobiT Sewova xdeba  nawlavSi
4.	 xaoiani zedapiri aqvs  nawlavs da ar aqvs  

nawlavs
5.	 cilebis daSla iwyeba  Si
6.	 nawlavSi cximebi iSleba  ad da  ad
7.	 cximis daSlis produqtebi Seiwoveba jer  Si da Semdeg 

gadadis  Si.
8.	 nawlavidan Sewovili sakvebi sisxliT gadadis jer  Si da 

Semdeg mTel organizmSi 
9.	  klavs mikrobebs piris RruSi da aSuSebs piris Rrus 

lorwovans.
10.	  xels uwyobs cximebis daSlas kuWqveSa jirkvlis 

fermentebis mier
11.	  neironis sxeuli moTavsebulia zurgis tvinis gareT 

kvanZSi
12.	  neironi akavSirebs mgrZnobiare da mamoZravebel neironebs
13.	 mamoZravebeli neironis aqsoni zurgis tvinidan gamodis  

fesviT
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14.	  jirkvlis hormoni aregulirebs JangviT reaqciebs
15.	  jirkvlis hormoni aregulirebs glukozis raodenobas 

sisxlSi
16.	 zrdis hormons gamoyofs 
17.	 kretinizmi viTardeba, rodesac organizms aklia  jirkvlis 

hormoni
18.	  nervuli sistema iwvevs sunTqvis aCqarebas
19.	  nervebi iwveven ConCxis kunTebis SekumSvas
20.	 Tavis tvinis marcxena naxevarsferos  wili pasuxismgebelia 

zepir metyvelebaze
21.	 sunTqvis centri moTavsebulia Tavis tvinis  Si
22.	 Tavis tvinis Reros Seadgens ,    da 
23.	 Tavisufali zeda kidurebis ConCxs ekuTvnis ,  

da  Zvlebi
24.	 Zvlebis moZrav SeerTebas ewodeba 
25.	 qalas tvinis ganyofilebis Zvlebis SeerTeba Zvlebis  

SeerTebis magaliTia
26.	 neknebi dakavSirebulia  is ZvalTan
27.	 diafragma erTmaneTisagan gamoyofs  is Rrus da 

is Rrus
28.	 organizmidan gansakuTrebiT didi raodenobiT marilis da wylis 

gamoyofa xdeba  dan
29.	 sisxlSi  is raodenoba aregulirebs sunTqvis sixSires
30.	 infeqciiT daavadebul adamians mkurnalobis mizniT gaukeTeben 

 (CawereT  “Srati”, an “acra”)
31.	 imunitetSi sisxlis ujredebidan monawileobs  (CawereT 

“sisxlis firfitebi” an “leikocitebi”)
32.	 antisxeulebs gamoimuSaveben 
33.	 sisxlis SededebisaTvis aucilebelia sisxlis cila 
34.	 sisxlSi 1 kubur milimetrSi aris  5 milioni 
35.	 sisxlSi arsebuli eriTrocitebi sxva sisxlis ujredebisagan imiT 

gansxvavdeba, rom ar aqvT 
36.	 sisxlis mesame jgufi SeiZleba gadavusxaT  da  

jgufs
37.	 nebismieri jgufis sisxli SeiZleba gadavusxaT jgufs
38.	 kanis zeda Sres ewodeba 
39.	 kanSi receptorebi moTavsebulia  Si
40.	 kanidan siTbos gamoyofas xels uwyobs kanSi sisxlZarRvebis 

 (CawereT “Seviwroeba” an “gafarToeba”)
41.	 saWmlis momnelebeli sistema ekuTvnis organizmis  

sistemas (CawereT “organoTa” an “funqciur”)
42.	 parkuWidan sisxlis gadaadgilebas winagulSi xels uSlis  

sarqveli
43.	 venebSi moTavsebulia  sarqveli
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44.	 sisxlis wneva yvelaze maRalia  Si da yvelaze dabali 
 Si

45.	 sisxlis siCqare yvelaze maRalia  Si da yvelaze dabali 
 Si

46.	 gulis avtomatur SekumSvas ganapirobebs  (CawereT “ 
simpaTikuri nervebi” an “gulSi arsebuli ujredebi” an “adrenalini”)

47.	 adrenalini iwvevs gulis cemis 
48.	 sisxlZarRvebs Soris erTSriani epiTeluri qsovilisagan Sedgeba 

49.	 CasunTqvis dros neknTaSorisi kunTebi  (CawereT “ikumSeba” 
an “dundeba”)

50.	 amosunTqvis dros gulmkerdis Rrus moculoba  (CawereT 
“izrdeba” an “mcirdeba”)

pasuxebi testebze anatomiaSi

1.	 sworia 1,2
2.	 anTeba aqvs
3.	 sworia 3
4.	 janmrTelia
5.	 janmrTelia
6.	 C  da B vitamins
7.	 B vitamini, Tirkmelzeda jirkvlis hormoni, kuWqveSa jirkvlis hormoni
8.	

piris Rru 3

kuWi 1,2

wvrili nawlavi 1,2,3

swori nawlavi

9.	 kavSiri gamoixateba imaSi, rom genebi ganapirobeben antisxeulebis 
warmoqmnas

10.	 yvela pasuxi sworia
11.	 Tirkmlebidan wylis gamodevnis Seferxebam
12	 .  menji
13.	 yvela pasuxi sworia
14.	 amozneqillinzebiani saTvale
15.	 rkina aucilebelia hemoglobinis warmoqmnisaTvis
16.	 kalciumiT mdidari sakvebis miReba
17.	 arteriebSi

18.	 Tavis tvinis Rero
19.	 regulirdeba zurgis da Tavis tvinis mier 
20.	 cocxali organizmebis cvlileba maTi ganviTarebis procesSi
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21.
1.	 …Sinagani sekreciis jirkvali gamoyofs nivTierebebs sadinariT 

RruSi an sxeulis zedapirze, garegani sekreciis jirkvali ki sadinaris 
gareSe pirdapir sisxlSi

2.	 nerwyvi Slis naxSirwylebs piris RruSi
3.	 wylis didi raodenobiT Sewova xdeba msxvil nawlavSi
4.	 xaoiani zedapiri aqvs wvril nawlavs da ar aqvs msxvil nawlavs
5.	 cilebis daSla iwyeba kuWSi
6.	 nawlavSi cximebi iSleba glicerinad da cximovan mJavebad
7.	 cximis daSlis produqtebi Seiwoveba jer limfaSi da Semdeg gadadis 

sisxlSi
8.	 nawlavidan Sewovili sakvebi sisxliT gadadis jer RviZlSi da Semdeg 

mTel organizmSi 
9.	 lizocimi klavs mikrobebs piris RruSi da aSuSebs piris Rrus 

lorwovans
10.	 naRveli xels uwyobs cximebis daSlas kuWqveSa jirkvlis fermentebis 

mier
11.	 mgrZnobiare neironis sxeuli moTavsebulia zurgis tvinis gareT 

kvanZSi
12.	  CarTuli neironi akavSirebs mgrZnobiare da mamoZravebel neironebs
13.	 mamoZravebeli neironis aqsoni zurgis tvinidan gamodis  wina fesviT
14.	 farisebri jirkvlis hormoni aregulirebs JangviT reaqciebs
15.	 kuWqveSa jirkvlis hormoni aregulirebs glukozis raodenobas 

sisxlSi
16.	 zrdis hormons gamoyofs hipofizi
17.	 kretinizmi viTardeba, rodesac organizms aklia farisebri jirkvlis 

hormoni
18.	 centraluri nervuli sistema iwvevs sunTqvis aCqarebas
19.	 somaturi nervebi iwveven ConCxis kunTebis SekumSvas
20.	 Tavis tvinis marcxena naxevarsferos Sublis da safeTqlis wili 

pasuxismgebelia zepir metyvelebaze
21.	 sunTqvis centri moTavsebulia Tavis tvinis ReroSi
22.	 Tavis tvinis Reros Seadgens xidi,  mogrZo  da Sua tvini
23.	 Tavisufali zeda kidurebis ConCxs ekuTvnis mxris,   winamxris da 

mtevanis Zvlebi
24.	 Zvlebis moZrav SeerTebas ewodeba saxsari
25.	 qalas tvinis ganyofilebis Zvlebis SeerTeba Zvlebis uZravi SeerTebis 

magaliTia
26.	 neknebi dakavSirebulia mkerdis ZvalTan
27.	 diafragma erTmaneTisagan gamoyofs gulmkerdis Rrus da muclis 

Rrus
28.	 organizmidan gansakuTrebiT didi raodenobiT marilis da wylis 

gamoyofa xdeba Tirkmelebidan
29.	 sisxlSi naxSirorJangis raodenoba aregulirebs sunTqvis sixSires
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30.	 infeqciiT daavadebul adamians mkurnalobis mizniT gaukeTeben Srats
31.	 imunitetSi sisxlis ujredebidan monawileobs leikocitebi
32.	 antisxeulebs gamoimuSaveben limfocitebi
33.	  sisxlis SededebisaTvis aucilebelia sisxlis cila fibrinogeni
34.	 sisxlSi 1 kubur milimetrSi aris  5 milioni eriTrociti
35.	 sisxlSi arsebuli eriTrocitebi sxva sisxlis ujredebisagan imiT 

gansxvavdeba, rom ar aqvT birTvi
36.	 sisxlis mesame jgufi SeiZleba gadavusxaT III da IV jgufs
37.	 nebismieri jgufis sisxli SeiZleba gadavusxaT IV jgufs
38.	 kanis zeda Sres ewodeba epidermisi
39.	 kanSi receptorebi moTavsebulia epidermisSi
40.	 kanidan siTbos gamoyofas xels uwyobs kanSi sisxlZarRvebis 

gafarToeba 
41.	 saWmlis momnelebeli sistema ekuTvnis organizmis organoTa sistemas 
42.	 parkuWidan sisxlis gadaadgilebas winagulSi xels uSlis kariani 

sarqveli
43.	 venebSi moTavsebulia jibisebri sarqveli
44.	 sisxlis wneva yvelaze maRalia arteriebSi da yvelaze dabali venebSi
45.	 sisxlis siCqare yvelaze maRalia arteriebSi da yvelaze dabali 

kapilarebSi
46.	 gulis avtomatur SekumSvas ganapirobebs gulSi arsebuli ujredebi
47.	 adrenalini iwvevs gulis cemis aCqarebas
48.	 sisxlZarRvebs Soris erTSriani epiTeluri qsovilisagan Sedgeba 

kapilarebi
49.	 CasunTqvis dros neknTaSorisi kunTebi ikumSeba
50.	 amosunTqvis dros gulmkerdis Rrus moculoba mcirdeba
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testebi biologiaSi 

varianti I

1.	 mitozi axasiaTebs:

a. mxolod somatur ujredebs
b. mxolod sasqeso ujredebs
g. orive saxis ujreds

2.	 mitozurad mravldeba:

a. prokariotebi
b. eukariotebi
g. orive sworia

3.	 mitozis ra fazaa gamosaxuli suraTze?

a. profaza
b. metafaza
g. anafaza
d. telofaza

4.	 mitozis ra fazaa gamosaxuli suraTze?

a. profaza
b. metafaza
g. anafaza
d. telofaza

5.	 mitozis ra fazaa gamosaxuli suraTze?

a. profaza
b. metafaza
g. anafaza
d. telofaza

6.	 meiozis dros qromatidebi erTmaneTs scildeba:

a. pirveli gayofis metafazaSi
b. pirveli gayofis anafazaSi
g. meore gayofis metafazaSi
d. meore gayofis anafazaSi
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7.	 meiozis dros qromosomebis raodenoba naxevrdeba:

a. pirveli gayofis Semdeg
b. meore gayofis Semdeg
g. Tavidanve ganaxevrebulia

8.	 meiozis Sedegad warmoqmnil gametebSi qromosomebi:

a. zustad imdenia da iseTive ramdenic dediseul ujredSi
b. zustad imdenia ramdenic dediseul ujredSi magram warmoadgens 

axlebur kombinacias
g. ganaxevrebulia, magram iseTivea rogorc dediseul ujredSi
d. ganaxevrebulia, magram warmoadgens axlebur kombinacias

9.	 somatur ujredebs ekuTvnis:

a. kunTis, Zvlis, Tavis tvinis ujredebi
b. spermatozoidebi, kanis, gulis da zurgis tvinis ujredebi
g. orive pasuxi sworia
d. orive pasuxi mcdaria

10.	 sasqeso ujredebi organizmSi gvxvdeba:

a. kunTis, Zvlis, Tavis tvinis qsovilSi
b. spermatozoidebSi, kanis, gulis da zurgis tvinis qsovilSi
g. spermatozoidSi da kvercxujredSi
d. saTeseleSi da sakvercxeSi

11.	 gametebis siwmindes ganapirobebs is rom:

a. meiozis dros gametaSi moxvdeba sxvadasxva niSanTvisebis 
ganmsazRvreli alelebidan mxolod erTi 

b. meiozis dros gametaSi moxvdeba erTi niSanTvisebis ganmsazRvreli 
alelebidan mxolod erTi 

g. meiozis dros gametaSi moxvdeba sxvadasxva niSanTvisebis 
ganmsazRvreli yvela aleli

d. meiozis dros gametaSi moxvdeba erTi niSanTvisebis ganmsazRvreli 
yvela aleli

12.	 ujredSi qromosomebis normaluri raodenoba Seicvleba Tu:

a. meiozis dros erTmaneTs ar daSorda homologiur qromosomebSi 
SeWiduli genebi

b. meiozis dros erTmaneTs ar daSorda qromatidebi
g. orive sworia
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13.	 genotipi ganisazRvreba :

a. organizmis genuri SedgenilobiT
b. genebis da garemos urTierTqmedebiT
g. orive sworia
d. arcerTi ar aris swori

14.	 dnm-s Semadgeneli nukleotidebi aris:

a. qimiuri agebulebiT erTnairi monomerebi
b. qimiuri agebulebiT gansxvavebuli polimerebi
g. qimiuri agebulebiT nawilobriv gansxvavebuli nivTierebebi

15.	 nukleotidebis dakavSireba dnm-s erT jaWvSi xorcieldeba:

a. erTi nukleotidis naxSirwyalsa da meoris fosfatis jgufs Soris 
qimiuri bmis warmoqmniT

b. erTi nukleotidis naxSirwyalsa da meoris azotovan fuZes Soris 
qimiuri bmis warmoqmniT

g. nukleotidebis azotovani fuZeebis dakavSirebiT

16.	 komplementurobis principi vlindeba:

a. nukleotidebis dakavSirebaSi dnm-s erT jaWvSi
b. dnm-s ori jaWvis nukleotidebis dakavSirebaSi
g. orive pasuxi sworia

17.	 romeli kavSiri gamoxatavs sworad komplementurobis princips:

a. a-g, c-T	 b. a-a, g-g, T-T, c-c		 g. a-T, g-c

18.	 rnm-s da dnm-s nukleotidebi gansxvavdeba:

a. nukleotidebSi semavali naxSirwylebiT
b. nukleotidebis azotovani fuZiT
g. orive pasuxi sworia

19.	 Tu dnm-s erTi jaWvis monakveTze nukleotidebis ganlagebaa A-A-A-G-
C-G-G-T-A, Sesabamisi monakveTi meore jaWvze iqneba:

a. T-T-T-C-C-C-C-A-T
b. A-A-A-G-C-G-T-A
g. T-T-T-C-G-C-C-A-T

20.	 dnm-s gaormagebis dros komplementuroba uzrunvelyofs: 

a. dnm-s Zveli molekulis zusti aslebis warmoSobas
b. dnm-s ori axali molekulis warmoSobas
g. dnm-s axali molekulebis spiralurad daxvevas
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21.	 SemoxazeT swori mtkiceba

a. geni moicavs dnm-s erT monakveTs da atarebs informacias konkretuli 
cilis molekulis Sesaxeb.

b. geni moicavs rnm-s erT monakveTs da atarebs informacias konkretuli 
cilis molekulis Sesaxeb

g. orive pasuxi sworia

22.	 i-rnm warmoiqmneba:

a. translaciis procesSi
b. transkripciis procesSi
g. replikaciis procesSi

23.	 Tu dnm-s monakveTia A-C-C-G-T-T-A-A, transkripciis Sedegad 
warmoqmnil i-rnm-s Sesabamisi monakveTi iqneba:

a. T-G-G-C-A-A-T-T
b. A-C-C-G-U-U-A-A
g. U-G-G-C-A-A-U-U

24.	 kodoni ewodeba:

a. i-rnm-s tripletebs, romlebic Seiqmneba dnm-s tripletebis 
matriculi sinTeziT

b. t-rnm-s tripletebs, romlebic Seiqmneba dnm-s tripletebis 
matriculi sinTeziT

g. ribosomul rnm-s tripletebs, romlebic Seiqmneba dnm-s tripletebis 
matriculi sinTeziT

25.	 i-rnm-s kodonebs Soris:

a. yvela Seesabameba konkretul aminomJavas
b. zogierTi Seesabameba aminomJavebs da zogierTi warmoadgens stop 

kodons
g. orive pasuxi sworia

26.	 t-rnm tovebs aminomJavas ribosomaSi rodesac:

a. t-rnm-s antikodoni zustad imeorebs i-rnm-s Sesabamis kodons
b. t-rnm-s antikodoni zustad imeorebs dnm-s Sesabamis triplets
g. t-rnm-s antikodoni komplementarulia i-rnm-s Sesabamisi kodonis

27.	 homologiur wyvilebSi qromosomebs aerTianebs:

a. zomiT da formiT msgavseba
b. dnm-Si nukleotidebis Tanmimdevrobis msgavseba
g. orive parametri erTad
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28.	 kariotipi aris:

a. qromosomaTa kompleqti
b. fotografirebuli, wyvilebad dalagebuli da danomrili 

qromosomebis suraTi 
g. orive pasuxi sworia

29.	 adamianis qromosomuli kompleqti Sedgeba:

a. 46 qromosomisagan
b. 56 qromosomisagan
g. 66 qromosomisagan

30.	 ujreduli cikli moicavs:

a. ujredis arsebobis mTel periods gayofis gamoklebiT
b. ujreduli cikli moicavs ujredis gayofis periods
g. ujreduli cikli moicavs ujredis arsebobis mTel periods gayofis 

CaTvliT.

31.	 interfazis fazebia:

a. G1, S, G2 da M. 
b. G1, S, G2. 
g. S, G2 da M. 

32.	 dnm-s replikaciis Semdeg qromosoma Sedgeba:

a. dnm-s ori molekulisagan
b. ori qromatidisagan
g. orive pasuxi sworia

33.	 mikromilakebis cilis sinTezi xdeba:

a. G1 fazaSi
b. G2 fazaSi
g. S fazaSi

34.	 mitozis dros qromatidebis polusebisaken gadanacvleba xdeba:

a. profazaSi
b. metafazaSi
g. anafazaSi

35.	 telofazaSi xdeba:

a. Svileuli birTvebis warmoSoba
b. qromosomebis gaormageba
g. qromatidebis warmoSoba
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36.	 citokinezis dros xdeba:

a. citoplazmis gayofa
b. Svileuli ujredebis warmoSoba
g. orive pasuxi sworia

37.	 profazaSi:

a. dnm ormagdeba
b. qromosomebi miemarTeba ujredis polusebisaken
g. ujredis birTvi ixsneba da qromosomebi citoplazmaSi gamodis

38.	 meiozis pirveli gayofis anafazaSi:

a. erTmaneTs cildeba qromatidebi
b. erTmaneTs cildeba homologiuri qromosomebi
g. arcerTi pasuxi ar aris swori

39.	 krosingoveri aris:

a. homologiur qromosomebs Soris monakveTebis gacvla
b. arahomologiur qromosomebs Soris monakveTebis gacvla
g. homologiur qromosomebs Soris centromerebis gacvla

40.	 sasqeso ujredis meiozis Sedegad warmoiqmneba:

a. oTxi spermatozoidi
b. oTxi kvercxujredi
g. orive pasuxi sworia

41.	 qromatidebis gadanawileba ujredebSi xdeba:

a. meiozis pirveli gayofis dros
b. meiozis meore gayofis dros
g. meiozis damTavrebis Semdeg

42.	 meiozis Sedegad warmoSobil ujredebSi aris:

a. qromosomebis diploiduri raodenoba
b. qromosomebis haploiduri raodenoba
g. dasaSvebia orive varianti

43.	 metamorfozs adgili aqvs:

a. adamianis embrionis ganviTarebisas
b. mwerebis ganviTarebisas
g. frinvelebis ganviTarebisas
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44.	 	ganayofiereba aris:

a. spermatozoidis Serwyma kvercxujredTan
b. kvercxujredis mitozuri gayofis dawyeba
g. spermatozoidis momwifeba

45.	 alelebi aris:

a. erTi niSnis ganmapirobebeli mxolod recesiuli genebi
b. erTi niSnis ganmapirobebeli mxolod dominanturi genebi
g. erTi niSnis ganmapirobebeli genebis sxvadasxva varianti

46.	 rodesac meiozis normaluri msvlelobis dros homologiuri 
wyvilidan erTi qromosoma xvdeba gametaSi, meore qromosoma 
aRmoCndeba aucileblad:

a. imave gametaSi 
b. sxva gametaSi 
g. orive varianti dasaSvebia

47.	 erTi niSanTvisebis ganmapirobebeli alelebi:

a. yvela recesiulia
b. yvela dominanturia
g. zogierTi recesiulia, zogierTi dominanturi
d. dasaSvebia yvela varianti

48.	 meiozis dros sxvadasxva gametaSi aRmoCndeba:

a. homologiuri qromosomebi
b. homologiur qromosomebSi ganlagebuli erTi niSanTvisebis 

ganmapirobebeli alelebi
g. orive pasuxi sworia

49.	 daunis sindromi gamowveulia:

a. adamianis ujredebSi erTi romelime qromosomis zedmetobiT
b. adamianis ujredebSi me-21 qromosomis zedmetobiT
g. arcerTi pasuxi ar aris swori

50.	 Tu ojaxSi erTi gogonaa, meore Svili:

a. SeiZleba biWi iyos, an isev gogo
b. ucileblad biWi iqneba
g. ucileblad gogo iqneba

51.	 rogori genotipi SeiZleba qondes cisferTvala adamians

a. AA 		  b. Aa 		  g. aa
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52.	 Tu ded-mama raime niSanTvisebis mixedviT recesiuli 
homozigoturia, maT Svils eqneba:

a. am niSanTvisebis ganmapirobebbeli recesiuli da dominanturi aleli
b. am niSanTvisebis ganmapirobebbeli mxolod recesiuli alelebi
g. am niSanTvisebis ganmapirobebbeli mxolod dominanturi alelebi

53.	 Tu Svilebs Worfli aqvT, maTi mSoblebis genotipia:

a. AA x AA 
b. Aa x Aa 
g. Aa x aa 
d. yvela pasuxi sworia

54.	 muqTvala biWis da cisferTvalaa. rogori feris Tvali aqvs maT kidev 
erT Zmas?

a. aucileblad cisferi 
b. aucileblad muqi 
g. cisferi an muqi

55.	 Tu orive mSobels kexiani cxviri aqvs, erTi maTgani ki am niSnis 
mixedviT homozigoturia, maTi Svilebi iqnebian:

a. yvela kexiani cxviriT
b. Tu meore mSobeli heterozigoturia, zogierT Svils kexiani cxviri 

ar eqneba
g. Tu meore mSobeli recesiuli homozigoturia, zogierT Svils kexiani 

cxviri ar eqneba

56.	 konkretuli pirovnebis winaprebSi, Taobidan TaobaSi memkvidreobiT 
gadadioda recesiuli aleli. am pirovnebas ki es aleli saerTod ar 
gaaCnia. riT aixsneba es faqti?

a. mis mSoblebs manamde yavdaT erTi Svili da mas gadasces es aleli
b. ise moxda, rom am pirovnebas ded-mamam mxolod dominanturi aleli 

gadasces
g. orive pasuxi sworia

57.	 Tu Svilebs mSoblebisagan gansxvavebuli niSanTviseba aqvT, amis 
mizezia:

a. Svilebis organizmSi meiozis procesis Sedegad qromosomaTa 
gadanawileba

b. SvilebSi mSoblebis alelebis kombinireba
g. orive pasuxi sworia
d. orive pasuxi mcdaria



140

pasuxebi testebze (varianti I)

1.	 g

2.	 b

3.	 d

4.	 g

5.	 b

6.	 d

7.	 a

8.	 g

9.	 a

10.	 d

11.	 b

12.	 b

13.	 a

14.	 g

15.	 a

16.	 b

17.	 g

18.	 g

19.	 g

20.	 a

21.	 a

22.	 b

23.	 g

24.	 a

25.	 b

26.	 g

27.	 g

28.	 b

29.	 a

30.	 g

31.	 a

32.	 g

33.	 a

34.	 g

35.	 a

36.	 g

37.	 g

38.	 b

39.	 a

40.	 g

41.	 b

42.	 b

43.	 b

44.	 a

45.	 g

46.	 b

47.	 d

48.	 g

49.	 b

50.	 a

51.	 g

52.	 b

53.	 d

54.	 g

55.	 a

56.	 b

57.	 b
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varianti II

1.	 dawereT Sejvarebis Sedegi, iangariSeT miRebuli fenotipebis 
raodenoba: 

a)	 Aa x Aa			   b) AaBB x AaBB
g)	AAbb x AABb		  d) Aa x aa

2.	 rogori iqneba Svilebis fenotipebis raodenobrivi ganawileba Tu 
orive mSobeli orive niSniT heterozigoturia?

3.	 rogoria mSoblebis genotipi Tu Svilebs aqvT sami saxis fenotipi da 
am fenotipebis raodenobrivi ganawileba aris 1:2:1

4.	 SemoxazeT swori pasuxi, mutacia aris:

a)	 genSi erTi aminomJavis Secvla meore aminomJaviT
b)	homologiur qromosomebs Soris monakveTebis gacvla
g)	orive sworia
d)	arcerTi ar aris swori

5.	 erTi konkretuli fenotipuri niSanTviseba SeiZleba ganpirobebuli 
iyos:

a)	 erTi wyvili aleliT
b)	alelebis ramdenime wyviliT
g)	qromosomebis wyviliT
d)	yvela sworia
e)	 sworia 1,2
v)	 sworia 1

6.	 rodesac populaciis warmomadgenlebi icvlebian fenotipurad, es 
SeiZleba iyos:

a)	 maTze garemos zemoqmedebis Sedegi
b)	maTi genebis cvlilebis Sedegi
g)	sworia orive
d)	sworia 1
e)	 sworia 2

7.	 uCveneT genetikuri formulebiT, rogor SeiZleba warmoiSvas TeTri 
bocveri ori Savi bocvrisagan, Tu Savi feri dominanturia, TeTri rec-
ersiuli da feri mxolod alelebis erTi wyviliTaa ganpirobebuli.

8.	 daamtkiceT genetikuri formuliT, rom homozigotur mSoblebs 
SeiZleba yavdeT recesiuli fenotipis mqone Svili.
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9.	 qromosomuli mutacia moxdeba Tu:

a)	 arahomologiurma qromosomebma gacvales monakveTi
b)	gametaSi aRmoCnda erTi qromosomiT meti
g)	genSi Seicvala nukleotidebis Tanmimdevroba
d)	sworia 1,3
e)	 sworia 1,2
v)	 sworia 2,3
z)	yvela sworia

10.	 genotipi ganisazRvreba:

a)	 organizmis genuri SedgenilobiT
b)	genebis da garemos urTierTqmedebiT
g)	orive sworia
d)	arcerTi ar aris swori

11.	 gametebis siwmindes ganapirobebs is, rom:

a)	 meiozis dros gametaSi moxvdeba sxvadasxva niSanTvisebis 
ganmsazRvreli alelebidan mxolod erTi 

b)	meiozis dros gametaSi moxvdeba erTi niSanTvisebis ganmsazRvreli 
alelebidan mxolod erTi 

g)	meiozis dros gametaSi moxvdeba sxvadasxva niSanTvisebis 
ganmsazRvreli yvela aleli

d)	meiozis dros gametaSi moxvdeba erTi niSanTvisebis ganmsazRvreli 
yvela aleli

12.	 monohibriduli Sejvarebis dros orive mSobeli heterozigotulia. 
ramdennairi fenotipis Svilebi SeiZleba gauCndes maT da rogori 
iqneba TiToeuli fenotipis mqone Svilebis raodenoba Tu 
dominantoba srulia?

a)	 yvela Svili dominanturi fenotipis
b)	 50 Svili dominanturi fenotipis  da 50 _ recesiuli fenotipis
g)	yvela Svili recesiuli fenotipis
d)	90 Svili dominanturi fenotipis, 30 _ recesiuli fenotipis

13.	 monohibriduli Sejvarebis dros erTi mSobeli heterozigotulia, 
meore recesiuli homozigoturi. ramdennairi fenotipis Svilebi 
SeiZleba gauCndes maT da rogori iqneba TiToeuli fenotipis mqone 
Svilebis raodenoba Tu dominantoba srulia?

a)	 yvela Svili dominanturi fenotipis
b)	 50 Svili dominanturi fenotipis  da 50 _ recesiuli fenotipis
g)	yvela Svili recesiuli fenotipis
d)	90 Svili dominanturi fenotipis, 30 _ recesiuli fenotipis
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14.	 dihibriduli Sejvarebis dros orive mSobeli orive niSniT 
heterozigotulia. rogori iqneba im Svilebis saerTo raodenoba, 
romlebic atareben erTi mSoblis dominantur da meore mSoblis 
recesiul niSanTvisebas Tu dominantoba srulia?

a)	 Svilebis mTeli raodenobis cxra wili
b)	Svilebis mTeli raodenobis erTi wili
g)	Svilebis mTeli raodenobis sami wili
d)	Svilebis mTeli raodenobis eqvsi wili

15.	 dihibriduli Sejvarebis dros erTi mSobeli orive niSniT 
heterozigotulia, meore orive niSniT recesiuli homozigoturi. 
rogori iqneba im Svilebis saerTo raodenoba, romlebic atareben 
erTi mSoblis dominantur da meore mSoblis recesiul niSanTvisebas 
Tu dominantoba srulia?

a)	 Svilebis mTeli raodenobis naxevari
b)	Svilebis mTeli raodenobis meoTxedi
g)	yvela Svili aseTi iqneba
d)	Svilebis mTeli raodenobis mesamedi

16.	 dihibriduli Sejvarebis dros erTi mSobeli orive niSniT 
heterozigotulia, meore orive niSniT recesiuli homozigoturi. 
maTi Svilebidan 38% zustad gavs erT mSobels, 38% meore mSobels, 
24% atarebs orive mSoblis niSanTvisebebs.  am SemTxvevaSi saqme 
gvaqvs:

a)	 sxvadasxva niSanTvisebis ganmsazRvreli alelebis SeWidulobasTan
b)	erTi niSanTvisebis ganmsazRvreli alelebis SeWidulobasTan
g)	gametebis siwmindis darRvevasTan

17.	 juja mSoblebs yavT rogorc juja, ise normaluri simaRlis 
Svilebi. rogoria mSoblebis genotipi Tu jujoba dominanturi 
niSania?

a)	 orive homozigoturia
b)	orive heterozigoturia
g)	erTi heterozigpoturia, meore homozigoturi

18.	 stafilos narinjisferi dominanturi niSania (aRvniSnoT rogorc 
A), TeTri – recesiuli (a). grZeli foTlebi dominanturia (B). mokle 
recesiuli (b). rogori genotipis mSoblebi Seajvares, Tu Svilebi 
arian: 50% narinjisferi grZeli foTliT, 50% - narinjisferi mokle 
foTliT?

a) AaBb x AaBb	 b) AABB x aabb	 g) AABb x AABB	 d) AABb x aabb
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19.	 mSoblebs pirveli Svili biWi yavT. meore Svili rom gauCndebaT, iqneba:

a)	 aucileblad gogo
b)	aucileblad biWi
g)	gogo an biWi erTnairad mosalodnelia

20.	 adamianis sqess ganapirobeben:

a)	 adamianis somatur ujredebSi arsebuli autosomebi
b)	adamianis somatur ujredebSi arsebuli sasqeso qromosomebi
g)	adamianis sasqeso ujredebSi arsebuli autosomebi
d)	adamianis sasqeso ujredebSi arsebuli sasqeso qromosomebi

21.	 ramdenime TaobaSi Tu  bavSvs grZeli cxviri gamoyva, aucileblad 
aqvs kexic. am SemTxvevaSi:

a)	 am ori niSnis alelebi SeWidulia da erTmaneTTan Zalian axlos 
mdebareobs

b)	am ori niSnis alelebi SeWidulia da erTmaneTTan Zalian Sors 
mdebareobs

g)	alelebs Soris manZils ar aqvs mniSvneloba, radgan am SemTxvevaSi 
xdeba koniugacia

d)	koniugacias ar aqvs mniSvneloba, radgan am SemTxvevaSi  es ori 
sxvadasxva aleli ganlagebulia qromosomebis sxvadasxva wyvilSi

22.	 erTi mSoblebis Svilebs:

a)	 SeiZleba qondeT erTnairi genotipi Tumca gansxvavebuli iyvnen 
fenotipurad

b)	SeiZleba qondeT gansxvavebuli genotipi da gansxvavebuli iyvnen 
fenotipurad

g)	orive sworia

23.	 genuri mutacia aris, rodesac:

a)	 ujredSi  qromosomebis raodenoba aWarbebs normalurs
b)	dnm-Si erTi nukleotidi icvleba sxva nukleotidiT
g)	orive sworia

24.	 mutacia gadava STamomavlobiT, Tu is:

a)	 dominanturia		  b) recesiulia	 g) orive SemTxvevaSi

25.	 mcenareebSi mutacia gadadis STamomavlobiT mxolod maSin, Tu is:

a)	 xdeba somatur ujredSi	 b) xdeba sasqeso ujredSi
g)	xdeba autosomaSi		  d) xdeba sasqeso qromosomaSi
e)	 sworia b, d			  v) sworia a, b
z)	sworia a, b, g, d
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26.	 adamianSi mutacia gadadis STamomavlobiT mxolod maSin, Tu is:

a) xdeba somatur ujredSi	 b) xdeba sasqeso ujredSi

27.	 ujredSi qromosomebis normaluri raodenoba Seicvleba, Tu:

a)	 meiozis dros erTmaneTs ar daSorda homologiur qromosomebSi 
SeWiduli genebi

b)	meiozis dros erTmaneTs ar daSorda qromosomebi
g)	orive sworia.

pasuxebi testebze (varianti II)

1.	 a) Aa x Aa =AA, Aa, Aa,aa,  2 fenotipi 
b) AaBB x AaBB= AABB, AaBB, aaBB 2 fenotipi 
g) AAbb x AABb=AABb, AAbb, 2 fenotipi 
d) Aa x aa=Aa, aa, 2 fenotipi

2.	 9:3:3:1
3.	 Aa X Aa arasruli dominireba
4.	 arcerTi ar aris swori
5.	 sworia 1,2
6.	 sworia orive
7.	 Aa x Aa = aa
8.	 aa x aa = aa
9.	 sworia 1,2
10.	organizmis genuri SedgenilobiT
11.	meiozis dros gametaSi moxvdeba erTi niSanTvisebis ganmsazRvreli 	

	alelebidan mxolod erTi 
12.	90 Svili dominanturi fenotipis, 30 – recesiuli fenotipis
13.	50 Svili dominanturi fenotipis  da 50 - recesiuli fenotipis
14.	Svilebis mTeli raodenobis eqvsi wili
15.	Svilebis mTeli raodenobis naxevari
16.	 sxvadasxva niSanTvisebis ganmsazRvreli alelebis SeWidulobasTan
17.	orive heterozigoturia
18.	AABb x aabb
19.	gogo an biWi erTnairad mosalodnelia
20.	adamianis sasqeso ujredebSi arsebuli sasqeso qromosomebi
21.	 am ori niSnis alelebi SeWidulia da erTmaneTTan Zalian axlos mdebareobs
22.	orive sworia
23.	dnm-Si erTi nukleotidi icvleba sxva nukleotidiT
24.	orive SemTxvevaSi
25.	sworia a, b, g, d
26.	xdeba sasqeso ujredSi
27.	meiozis dros erTmaneTs ar daSorda qromosomebi
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varianti III

1.	 CamoTvlilidan ujredia:

1.	kunTis boWko
2.	neironi
3.	gameta
4.	sworia 1,2
5.	sworia 1,2,3

2.	 `cxoveluri ujredisaTvis damaxasiaTebeli organoidia birTvi”. es 
mtkicebuleba: 

1.	ar aris samarTliani, radgan baqterias ar aqvs birTvi
2.	ar aris samarTliani, radgan viruss ar aqvs birTvi
3.	samarTliania mxolod adamianis ujredis SemTxvevaSi
4.	arcerTi pasuxi ar aris swori

3.	 sinaTlis energiis gamoyeneba atf-s sinTezisaTvis SeuZlia: 

1.	yvela organizms, romlis ujredebi Seicavs qloroplastebs
2.	yvela organizms, romlis ujredebi Seicavs mitoqondriebs
3.	yvela avtotrof organizms
4.	yvela heterotrof organizms

4.	 mitozis Sedegad warmoqmnil Svileul ujredebSi qromosomebis 
kompleqti:    

1.	iseTivea, rogorc dediseul ujredSi
2.	warmoadgens  qromosomaTa axlebur kombinacias
3.	qromosomaTa raodenoba ganaxevrebulia
4.	arcerTi pasuxi ar aris swori

5.	 sasqeso ujredebi organizmSi gvxvdeba: 

1.	kunTis, Zvlis, Tavis tvinis qsovilSi
2.	spermatozoidebSi, kanis, gulis da zurgis tvinis qsovilSi
3.	spermatozoidSi da kvercxujredSi
4.	saTeseleSi da sakvercxeSi

6.	 cilis sinTezis dros movlenebis Tanmimdevroba aseTia: 

1.	translacia, dnm-s gaormageba
2.	dnm-s gaormageba, transkripcia, translacia, 
3.	transkripcia, translacia, dnm-s gaormageba,
4.	transkripcia, translacia
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7.	 ujredSi dnm aris: 

1.	birTvSi da goljis aparatSi
2.	birTvSi da  mitoqondriebSi
3.	mxolod birTvSi
4.	birTvSi, mitoqondriebSi da endoplazmur badeSi

8.	 cilis sxvadasxva molekula erTmaneTisagan gansxvavdeba: 

1.	molekulis Semadgeneli aminomJavebis TanmimdevrobiT
2.	molekulis Semadgenel aminomJavebs Soris arsebuli bmebis qimiuri 

bunebiT
3.	orive pasuxi sworia
4.	arcerTi pasuxi ar aris swori  

9.	 dnm-s nukleotidebi gansxvavdeba erTmaneTisagan: 

1.	azotovani fuZiT da naxSirwyliT
2.	naxSirwyliT da fosfatiT
3.	mxolod azotovani fuZiT
4.	mxolod naxSirwyliT

10.	 glikolizis dros ujredSi xdeba: 

1.	glukozis gardaqmna adf-d
2.	glukozis energiis gamoyeneba  atf-s sinTezisaTvis
3.	atf-s energiis gamoyeneba  glukozis sinTezisaTvis
4.	adf-s gardaqmna glukozad

11.	 ujreduli Teoriis debuleba imis Sesaxeb, rom yvelaferi erTi 
ujredidan-kvercxujredidan warmoiSveba, ekuTvnis

1.	Svans da Sleidens
2.	virxovs
3.	bers
4.	huks

12.	 Casvi gamotovebuli sityvebi:

mcenareuli ujredi garedan dafarulia sqeli garsiT, romelsac 
ewodeba -----------------------, is Sedgeba ---------  gan, xolo cxovelur 
ujredSi es garsi Txelia da ewodeba-----------------------------, is Sedgeba 
--------- da -----gan. am garsis SigniT moTavsebulia kidev erTi garsi, 
romelsac ewodeba -------------------------. is Sedgeba ----------- da ----------
gan. aRniSnuli garsebidan citoplazmas uSualod akravs -------------------
-----------------.
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13.	 CamoTvlilidan romeli funqcia ekuTvnis plazmur membranas

1.	 qmnis mcenaris ujredis sayrdens
2.	 atarebs nivTierebebs garemodan ujredSi
3.	 atarebs nivTierebebs ujredidan garemoSi
4.	 monawileobs samarago nivTierebebis dagrovebaSi
5.	 akavSirebs erTmaneTTan ujredebs
6.	 yvela sworia
7.	 sworia 1, 2, 3
8.	 sworia 1,5
9.	 sworia 1, 2, 4
10.	sworia 2,3,5

14.	 romelia ujreduli Teoriis debuleba:

1.	ujredi warmoadgens mcenareebis agebulebis erTeuls
2.	cxoveluri ujredi warmoiqmneba sawyisi ujredis gayofiT
3.	orive ujreduli Teoriis debuleba
4.	arcerTi ar aris ujreduli Teoriis debuleba

15.	 Semoxaze swori pasuxi. goljis aparati

1.	aqvs  mcenareul ujreds
2.	monawileobs plazmuri membranis aRdgenaSi
3.	moTavsebulia birTvSi
4.	monawileobs ujredis gayofaSi
5.	sworia 1,3
6.	sworia 1,2
7.	sworia 1,2,3
8.	sworia 2,4
9.	sworia 1,2,4

16.	 Semoxaze swori pasuxi: centrioli

1.	aqvs  mcenareul ujreds
2.	monawileobs plazmuri membranis aRdgenaSi
3.	moTavsebulia birTvSi
4.	monawileobs ujredis gayofaSi
5.	sworia 1,3
6.	sworia 1,2
7.	sworia 1,2,3
8.	sworia 4
9.	sworia 1,2,4

17.	 goljis aparatis funqciebia:

1. cilebis sinTezi	 2. naxSirwylebis sinTezi
3. plazmuri membranas ganaxleba	 4. sworia 1,2,3
5. sworia 2,3	 6. sworia 1,3
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18.	 marcvlovani (granularuli) endoplazmuri bade gansxvavdeba 
gluvisagan:

1. pirveli aqvs mxolod mcenareul ujreds, meore _ mxolod cxovelur 
ujreds

2. atf-s sinTezi xdeba mxolod marcvlovanze
3. cilis da cximebis sinTezi xdeba mxolod marcvlovanze
4. naxSirwylebis sinTezi xdeba mxolod gluvze

19.	 ribosomebis warmoqmna xdeba:

1.	maTi gayofiT
2.	goljis aparatSi
3.	birTvakSi
4.	endoplazmur badeze

20.	 ribosomebSi aris:

1. rnm da dnm	 2. rnm
3. dnm	 4. arc rnm da arc dnm

21.	 ujredis samoZrao organoebia:

1. kunTovani boWkoebi	 2. wamwamebi
3. Soltebi	 4. centriolebi
5. sworia 1,2,3	 6.	 sworia 2,3
7. sworia 2,3,4	 8.	 yvela sworia

22.	 ujredSi ribosomebi gvxvdeba:

1. endoplazmur badeze	 2. mitoqondriebSi
3. qloroplastebSi	 4. sworia 1,2
5. sworia 1,3	 6. sworia yvela

23.	 membraniT dafarulia Semdegi organoidebi:

1. ribosomebi	 2. mitoqondriebi
3. qloroplastebi	 4. sworia yvela
5. sworia 2,3	 6. sworia 1,2

24.	 ormagi membrana aqvs:

1. birTvis garss	 2. mitoqondrias
3. qloroplasts	 4. sworia 1,2
5. sworia 2,3	 6. sworia yvela

25.	 qromosomebi aris:

1. mitoqondriebSi	 2. qloroplastebSi	 3. birTvSi
4. sworia 1,2	 5. sworia 3	6. sworia 2,3
7. sworia 1,3	 8. sworia yvela
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26.	 Cawere gamotovebuli sityvebi:

membranis boloSi buStukebi aqvs  s. mitoqondriebis 
membrana Sedgeba  Srisgan. atf-s sinTezi xdeba 
mitoqondriis membranis gamonazardebze, romlebsac qvia  . 
cilis sinTezi xdeba  endoplazmur badeze, xolo 
naxSirwylebisa  endoplazmur badeze.

27.	 glikolizis dros:

1.	ujredi iyenebs didi raodenobiT Jangbads
2.	ujredi Slis glukozas
3.	ujredi Slis rZemJavas

28.	 glikolizi axasiaTebs:

1.	mxolod avtotrofebs
2. avtotrofebs da heterotrofebs
3.	mxolod heterotrofebs

29.	 Jangbadiani daSla mimdinareobs:

1.	mitoqondriis gare membranaze
2.	kristebSi
3.	orive pasuxi sworia

30.	 Tavisi struqturiT atf gavs:

1. naxSirwyals		 2. cilas	 3. nukleotids

31.	 atf-sinTaza aris:

1.	fermenti, romelic monawileobs glikolizSi
2.	fermenti, romelic mitoqondriaSi Slis rZemJavas
3.	fermenti, romelSic gadis wyalbadis ionebi

32.	 atf Sedgeba:

1.	azotovani fuZis, naxSirwylis da aminomJavisagan
2.	azotovani fuZis, fosformJavis naSTis da aminomJavisagan
3.	adeninis, dezoqsiriobozis da fosformJavis naSTisgan
4.	adeninis, ribozis da fosformJavis naSTisgan

33.	 atf advilad iSleba ujredSi radgan:

1.	misi naxSirwyali wyalSi kargad xsnadia
2.	is imyofeba ara mJavis, aramed marilis mdgomareobaSi
3.	man swrafad unda miawodos ujreds energia
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34.	 satransporto rnm aminomJavas tovebs ribosomis funqciur centrSi 
Tu:

1.	satransporto da informaciuli rnm-s kodebi erTmaneTis 
komplementaruli aRmoCnda 

2.	satransporto da informaciuli rnm-s kodebi zustad erTnairi 
erTmaneTis aRmoCnda

3.	satransporto rnm iqneba informaciuli rnm-s komplementaruli
4.	satransporto rnm iqneba dnm-s komplementaruli

35.	 cilis sinTezis dros aminomJavebis erTmaneTTan gadabmas:

1. aucileblad sWirdeba fermenti
2. fermenti ar sWirdeba, radgan gadabmas axorcielebs ribosoma
3. fermenti dasWirdeba, Tu aminomJavebi ukavSirdeba erTmaneTs 

wyalbaduri   bmiT.
4. fermenti arc erT SemTxvevaSi ar aris aucilebeli

36.	 matriculi reaqciebi saWiroa raTa:

1.	ujredSi reaqciebis swrafad warmarTvisaTvis
2.	ujredSi iseTi nivTierebebis warmoqmnisaTvis, romlebic am 

ujredisaTvis aris damaxasiaTebeli
3.	interfazaSi dediseuli ujredis qromosomuli kompleqtis 

gaormagebisaTvis
4.	sworia yvela
5.	sworia 1 da 2
6.	sworia 2 da 3
7.	sworia 1 da 3

37.	 fotosinTezis procesSi:

1.	atf sinTezirdeba kristebze
2.	xdeba atf-s daSla qloroplastis membranebSi
3.	orive sworia
4.	arcerTi ar aris swori

38.	 fotosinTezi ewodeba:

1.	atf-s sinTezs mzis energiis xarjze
2.	naxSirwylebis sinTezs sibnelis fazaSi
3.	wylis daSlas mzis energiis zegavleniT\
4.	sworia 1
5.	sworia 1,3
6.	sworia 2,3
7.	sworia 2
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39.	 fotosinTezis sinaTlis fazaSi  mcenare:

1.	STanTqavs Jangbads da gamoyofs naxSirorJangs
2.	STanTqavs naxSirorJangs da gamoyofs Jangbads
3.	axdens dnm-s sinTezs qloroplastis membranebze
4.	asinTezebs atf-s qloroplastis membranebze

40.	 fotosinTezis unari aqvs:

1.	mxolod eukariotebs	 2. mxolod prokariotebs	 3. orives

41.	 mitozi axasiaTebs:

1. mxolod somatur ujredebs
2. mxolod sasqeso ujredebs
3. orive saxis ujreds

42.	 mitozis Sedegad warmoqmnil Svileul ujredebSi qromosomebi:

1.	zustad imdenia da iseTive, ramdenic dediseul ujredSi
2.	zustad imdenia, ramdenic dediseul ujredSi magram, warmoadgens 

axlebur kombinacias
3.	orive pasuxi sworia

43.	 meiozis dros qromatidebi erTmaneTs scildeba:

1.	pirveli gayofis metafazaSi
2.	pirveli gayofis anafazaSi
3.	meore gayofis metafazaSi
4.	meore gayofis anafazaSi

44.	 meiozis dros qromosomebis raodenoba naxevrdeba:

1.	pirveli gayofis Semdeg
2.	meore gayofis Semdeg
3.	Tavidanve ganaxevrebulia

45.	 zigotaSi  qromosomebi:

1.	zustad imdenia da iseTive, ramdenic dediseul ujredSi
2.	zustad imdenia, ramdenic dediseul ujredSi, magram warmoadgens 

qromosomaTa axlebur kombinacias
3.	ganaxevrebulia, magram iseTivea, rogorc dediseul ujredSi
4.	ganaxevrebulia, magram warmoadgens qromosomaTa axlebur kombinacias

46.	 somatur ujredebs ekuTvnis:

1.	kunTis, Zvlis, Tavis tvinis ujredebi
2.	spermatozoidebi, kanis, gulis da zurgis tvinis ujredebi
3.	orive pasuxi sworia
4.	orive pasuxi mcdaria
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47.	 sasqeso ujredebi organizmSi gvxvdeba:

1.	kunTis, Zvlis, Tavis tvinis qsovilSi
2.	spermatozoidebSi, kanis, gulis da zurgis tvinis qsovilSi
3.	spermatozoidSi da kvercxujredSi
4.	saTesleSi da sakvercxeSi

48.	 adamianis genebze garemos zemoqmedebis Seswavla SesaZlebelia:

1.	citologiuri meTodiT
2.	tyupebis meTodiT
3.	bioqimiuri meTodiT

49.	 genuri mutacia aris rodesac:

1.	ujredSi qromosomebis raodenoba aWarbebs normalurs
2.	dnm-Si erTi nukleotidi icvleba sxva nukleotidiT
3.	orive sworia

50.	 sasqeso ujredSi qromosomebis normaluri raodenoba Seicvleba Tu:

1.	 meiozis dros erTmaneTs ar daSorda homologiur qromosomebSi SeWiduli 
genebi

2.	meiozis dros erTmaneTs ar daSorda qromatidebi
3.	orive sworia

51.	 polimeri aris:

1.	Zalian didi zomis molekula, romelic Sedgeba mravali SedarebiT 
mcire zomis molekulisagan

2.	organuli nivTiereba, romelic warmoadgens ufro didi zomis 
molekulis Semadgenel nawils

3.	orive pasuxi sworia

52.	 polimeris monomerebi:

1.	yvela aucileblad erTmaneTis msgavsia
2.	erTmaneTisagan aucileblad gansxvavebulia
3.	SeiZleba iyos msgavsi an gansxvavebuli

53.	 cilis molekulaSi polimers warmoadgens:

1.	cilis pirveladi struqtura
2.	cilis mesameuli da meoTxeuli struqtura
3.	orive pasuxi sworia

54.	 dnm-Si monomeria:

1. dnm-s nukleotidebi	 2. dnm-s erTi jaWvi	3. dnm-s ori jaWvi
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55.	 aminomJavebi gansxvavdeba erTmaneTisagan:

1. aminojgufiT	 2. karboqsilis jgufiT
3. radikaliT		  4. samive nawiliT

56.	 peptiduri bma warmoiqmneba:

1.	erTi aminomJavas karboqsilis jgufsa da meoris aminojgufs Soris
2.	ori aminomJavas karboqsilis jgufebs Soris
3. erTi aminomJavas karboqsilis jgufsa da meoris radikals Soris

57.	 dnm-s nukleotidebi gansxvavdeba erTmaneTisagan:

1.	azotovani fuZiT da naxSirwyliT
2.	naxSirwyliT da fosfatiT
3.	mxolod azotovani fuZiT
4.	mxolod naxSirwyliT

58.	 dnm-s da rnm-s nukleotidebi gasnxvavdeba erTmaneTisagan:

1. azotovani fuZiT da naxSirwyliT
2. naxSirwyliT da fosfatiT
3. mxolod azotovani fuZiT
4. mxolod naxSirwyliT

59.	 dnm-s erT jaWvSi nukleotidebi dakavSirebulia:

1. azotovani fuZeebiT
2. naxSirwylebiT
3. fosfatis narCeniT
4. arcerTi ar aris swori

60.	 dnm-s gaormagebis dros zusti aslebis warmoSoba saWiroa raTa:

1.	ujredSi gaizardos dnm-s raodenoba
2.	axal Taobas gadaeces igive dnm
3.	endoplazmur badeze moxdes cilis sinTezi

61.	 ribosomebis warmoqmna xdeba:

1. maTi gayofiT	 2. goljis aparatSi
3. birTvakSi		  4. endoplazmur badeze

62.	 atf Sedgeba:

1.	azotovani fuZis, naxSirwylis da aminomJavisagan
2.	azotovani fuZis, fosformJavis naSTis da aminomJavisagan
3.	adeninis, dezoqsiriobozis da fosformJavis naSTisgan
4.	adeninis, ribozis da fosformJavis naSTisgan



155

pasuxebi testebze (varianti III)

1.	 kunTis boWko da neironi
2.	 arcerTi pasuxi ar aris swori
3.	 yvela organizms, romlis ujredebi Seicavs qloroplastebs
4.	 iseTivea, rogorc dediseul ujredSi
5.	 saTeseleSi da sakvercxeSi
6.	 transkripcia, translacia
7.	 birTvSi da  mitoqondriebSi
8.	 molekulis Semadgeneli aminomJavebis TanmimdevrobiT
9.	 mxolod azotovani fuZiT
10.	 glukozis energiis gamoyeneba  atf-s sinTezisaTvis
11.	 bers
12.	 mcenareuli ujredi garedan dafarulia sqeli garsiT, romelsac ewodeba 

ujredis kedeli, is Sedgeba celulozisgan, xolo cxovelur ujredSi 
es garsi Txelia da ewodeba glikokaliqsi, is Sedgeba naxSirwylebis da 
cilebisgan. am garsis SigniT moTavsebulia kidev erTi garsi, romelsac 
ewodeba plazmuri membrana. is Sedgeba cilebis da lipidebisgan. aRniSnuli 
garsebidan citoplazmas uSualod akravs plazmuri membrana.

13.	 sworia 2,3,5
14.	 arcerTi ar aris ujreduli Teoriis debuleba
15.	 sworia 1,2
16.	 monawileobs ujredis gayofaSi
17.	 naxSirwylebis sinTezi da plazmuri membranis ganaxleba
18.	 naxSirwylebis sinTezi xdeba mxolod gluvze
19.	 birTvakSi
20.	 rnm
21.	 sworia 1,2,3
22.	 sworia yvela
23.	 sworia 2,3
24.	 sworia yvela
25.	 sworia 3
26.	 membranis boloSi buStukebi aqvs goljis aparats. mitoqondriebis 

membana Sedgeba  2 Srisgan. atf-s sinTezi xdeba mitoqondriis membranis 
gamonazardebze, romlebsac qvia kristebi. cilis sinTezi xdeba marcvlovan 
endoplazmur badeze, xolo naxSirwylebisa gluv endoplazmur badeze.

27.	 2
28.	 b
29.	 kristebSi
30.	 nukleotids
31.	 fermenti, romelSic gadis wyalbadis ionebi
32.	 adeninis, ribozis da fosformJavis naSTisgan
33.	 is imyofeba ara mJavis, aramed marilis mdgomareobaSi
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34.	  satransporto da informaciuli rnm-s kodebi erTmaneTis komplementaruli 
aRmoCnda 

35.	 aucileblad sWirdeba fermenti
36.	 sworia yvela
37.	 arcerTi ar aris swori
38.	 atf-s sinTezs mzis energiis xarjze
39.	 asinTezebs atf-s qloroplastis membranebze
40.	 orives
41.	 orive saxis ujreds
42.	 zustad imdenia da iseTive, ramdenic dediseul ujredSi
43.	 meore gayofis anafazaSi
44.	 pirveli gayofis Semdeg
45.	 2  
46.	 1
47.	 saTesleSi da sakvercxeSi
48.	 2
49.	 2
50.	 3
51.	 1
52.	 3
53.	 3
54.	 1
55.	 3
56.	 1
57.	 3
58.	 1
59.	 1
60.	 2
61.	 3
62.	 4
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gavrcelebuli uzustobebi

qvemoT mocemulia im uzustobebis CamonaTvali  romlebic,  xSirad gvxvdeba 
bunebismetyvelebis, kerZod biologiis  saxelmZRvaneloebSi da moswavlis da 
maswavleblebis codnis Sesamowmebel testebSi.

1. gul–sisxlZarRvTa sistema:

Secdoma 

(mocemulia boldiT 

da xazgasmulia)

savaraudod saidan 

momdinareobs 

Secdoma

swori interpretacia literatura

simpaTikuri 

nervebi iwvevs 

sisxlZarRvebis 

Seviwroebas, 

parasimpaTikuri 

nervebi ki – 

gafarToebas.

simpaTikuri da 

parasimpaTikuri 

nervebi 

fiziologiurad 

antagonistebia. 

amitom daCveuli 

varT vifiqroT, 

rom ra funqciasac 

asrulebs erTi, 

mis sawinaaRmdegod 

moqmedebs meore. es 

asec aris, Secdoma 

isaa, rodesac 

am Sexedulebas 

meqanikurad 

vavrcelebT yvela 

SemTxvevaze. 

zogierTi organo 

ar imyofeba 

erTdroulad 

simpaTikuri da 

parasimpaTikuri 

antagonisturi 

zegavlenis qveS. 

Aamis mizezia  am 

organos vegetaturi 

inervaciis 

anatomiuri da 

fiziologiuri 

Tavisebureba. 

simpaTikuri nervebi iwvevs 

sisxlZarRvebis Seviwroebas, 

xolo am nervebis zegavlenis 

Sesusteba (Sewyveta) iwvevs 

sisxlZarRvis gafarToebas. 

parasimpaTikuri nervebi 

praqtikulad ar axdens 

zegavlenas sisxlZarRvebze 

(gareTa sasqeso organoebis 

sisxlZarRvebis gamoklebiT)

1.	 C. L. Stanfield. 
Principles 
of human 
physiology 
(Benjamin 
Cummings 
4-th ed.), 2011, 
pp.383-387, 
485

2.	 E. N. Marieb. 
Essentials 
of human 
anatomy and 
physiology 
(Benjamin 
Cummings 
third ed), 1984, 
p.290-304

simpaTikuri 

nervebi iwvevs 

gulis SekumSvaTa 

gaxSirebas da 

gaZlierebas, 

parasimpaTikuri 

– gaiSviaTebas da 

Sesustebas.

gulSi simpaTikuri da 

parasimpaTikuri nervebis 

daboloebebi farTodaa 

warmodgenili sino-atriul da 

atrio-ventrikulur kvanZebSi. 

amgvarad antagonisti 

vegetaturi nervebi 

ukavSirdebian peismeikers 

(sino-atriul kvanZs), da 

SeuZliaT gulis SekumSvaTa 

sixSiris regulireba: 

simpaTikuri nervebi 

iwvevs gulis SekumSvaTa 

gaxSirebas, parasimpaTikuri 

– gaiSviaTebas. parkuWebSi 

simpaTikuri nervis 

daboloebebi Zlier 

ganviTarebulia  da 

aregulireben parkuWebis 

SekumSvis Zalas. 

parasimpaTikuri nervis 

daboloebebi iSviaTia da 

gabneuli. amitom isini ver 

axdenen zegavlenas parkuWebis 

SekumSvis Zalaze.
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2. placenta da amnioni.
xSirad, rodesac saubroben ZuZumwovrebze, CamoTvlian xolme maT sxva 

cxovelebisgan ganmasxvavebel niSnebs. am niSnebs Soris asaxeleben placentas 
da cocxalmSobiarobas.

cocxalmSobiaroba (Sesabamisad Sinagani ganayofiereba) gvxvdeba xerxemlianTa 
sxva klasebSic (frinvelebis garda). albaT jobs ase vTqvaT: cocxalmSobiarea 
ZuZumwovrebis umravlesoba da qvewarmavlebis, amfibiebis da Tevzebis mxolod 
zogierTi warmomadgeneli. cocxalmSobiarea zogierTi uxerxemlo cxovelic.

placentac ar aris mxolod ZuZumwovrebis damaxasiaTebeli organo. is 
aqvs sxva xerxemlian da agreTve, uxerxemlo cxovelebsac. Tumca ara erT 
saxelmZRvaneloSi placenta calsaxad  ganmartebulia  rogorc  mdedri 
ZuZumwovrebis organo. am faqtma gaugebroba rom ar gamoiwvios, albaT jobs 
ase vTqvaT:: 

placenta aqvs ZuZumwovrebis umravlesobas, xolo sxva klasebSi mxolod 
zogierT warmomadgenels. 

placenta ewodeba yvavilovan mcenareebSi Teslkvirtis mimagrebis adgils 
naskvSi.

kidev erTi detali:
rodesac saubaria qvewarmavlebis, frinvelebis da ZuZumwovrebis xmeleTze 

farTod gavrcelebaze, yuradRebas amaxvileben xolme or faqtze: gamomSral da 
qercliT, bumbuliT, an bewviT dacul kanze, rac icavs organizms gamoSrobisgan.

am SemTxvevaSi ar unda dagvaviwydes mTavari faqti: cxovelTa am klasebis 
embrioni moTavsebulia amnionSi (amitomac ewodebaT qvewarmavlebs, frinvelebs 
da ZuZumwovrebs amniotebi) - parkSi, romelic siTxiT aris savse da icavs embrions 
gamoSrobisgan. Aamitom miecaT amniotebs SesaZlebloba gamravlebuliyvnen 
xmeleTze mSral adgilebSic da amgvarad, farTod gavrcelebuliyvnen xmeleTze. 
cocxalmSobiaroba aZlierebs embrionis dacvas gamoSrobisgan.

amfibiebi mravldebian wyalSi, radgan maTi qviriTi gamoSrobisgan ar aris 
daculi. Tumca tropikul wvimis tyeebSi amfibiebi qviriTs xeebis fuRuroebSic 
yrian, radgan wvimis tyeSi tenianoba Zalian maRalia da qviriTs da SemdgomSi 
embrions xmeleTze gamoSroba ar emuqreba.
amnioni zogierT uxerxemlo cxovelSic gvxvdeba. 

3. kariotipi

ganmarteba wyaro

1 1. eukariotuli ujredis birTvSi qro­
mosomebis raodenoba da Sesaxedaoba

2. saxeobis an individualuri organiz­
mis qromosomebis erToblioba

WIKIPEDIA: http://en.wikipedia.org/
wiki/Karyotype

2 saxeobis qromosomebis kompleqtis ni­
SanTvisebaTa (raodenoba, zoma, forma) 
erToblioba 

biologiuri enciklopediuri 
leqsikoni (rusul enaze), mosk­
ovi, “sabWoTa enciklopedia”, 
1986
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3 qromosomebis organizebuli profili, 
sadac qromosomebi dalagebuli da 
danomrilia zomis mixedviT, yvelaze  
didi zomidan yvelaze  mcire zomamde.

http://learn.genetics.utah.edu/
content/begin/traits/karyotype/

4 kariotipis dasamzadeblad iyeneben 
standartuli SeRebvis proceduras, 
romelic avlens yoveli qromosomis 
struqturul Taviseburebas

http://www.nature.com/scitable/
topicpage/karyotyping-for-
chromosomal-abnormalities-298

5 1.	 ujredis qromosomebis fotografi­
uli warmodgena, romelSic qromo­
somebi dalagebulia standartuli 
klasifikaciis Tanaxmad

2.	 individis qromosomebis erToblio­
ba

http://www.ncbi.nlm.nih.gov/books/
NBK5191/

6 kariotipi aRwers qromosomebis raode­
nobas da Sesaxedaobas, rogorc es Cans 
mikroskopi qveS

http://www.innovateus.net/health/
what-karyotype

7 ujredis qromosomebis suraTi S. Nowicki. Biology (Holt 
McDougal), 2010

8 ujredis qromosomebis mowesrigebuli 
warmodgena (demonstracia)

Reece, J., Campbell, N. (2002). 
Biology. San Francisco: Benjamin 
Cummings.

araerTgvarovania terminis - “kariotipi” ganmarteba. cxrilidan Cans, 
rom kariotipi ganimarteba rogorc  saxeobis an individis qromosomebis 
erToblioba (1,5) an am qromosomebis raodenoba da Sesaxedaoba (1),  qromosomuli 
kompleqtis niSan-Tvisebebis erToblioba (2) an ganmartebas emateba sagulisxmo 
detali: es aris qromosomebis organizebuli profili, fotosuraTi sadac Cans 
qromosomebis raodenoba da struqturuli Taviseburebebi (3,5,6,7), ujredis 
qromosomebis mowesrigebuli warmodgena (demonstracia) (8) da mzaddeba 
garkveuli meTodiT (4). kariotipis damzadebis meTodi aRwerilia  me-5 da me-6 
wyaroSic, oRond cxrilSi es aRwera ar aris motanili. zmna “kariotipireba” 
(karyotyping) gulisxmobs kariotipis Seqmnas, qromosomebis kvlevas zomis, 
struqturuli Taviseburebebis mixedviT. xandaxan amave mniSvnelobiT 
gamoiyeneba ara termini “karyotyping”, aramed 

pirdapir -“ karyotype” (mag. http://www.innovateus.net/health/what-karyotype).
arsebobs termini “kariograma”, (zog SemTxvevaSi mis magivrad –“ideograma”) 

romelic gulisxmobs qromosomebis grafikul gamosaxulebas (1. http://
en.wikipedia.org/wiki/Karyotype. 2. http://hapmap.ncbi.nlm.nih.gov/karyogram/gwas.
html 3. http://dictionary.reference.com/browse/karyogram).  amgvarad kariotipis 
zogierTi ganmartebis (3,5,6,7,8) Tanaxmad, “kariotipi” da “kariograma” erTsa 
da imaves aRniSnavs. 

Cemi azriT sasurvelia rom kariotipi ar ganisazRvros rogorc saxeobis 
qromosomebis kompleqtis niSanTvisebaTa (raodenoba, zoma, forma) erToblioba 
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(cxrilSi-2), radgan am gansazRvrebaSi ar Cans, rom kariotipi mzaddeba da es 
aris qromosomebis kompleqtis suraTi. Uumjobesia moswavles vuTxraT rom 
kariotipi aris ujredis qromosomebis mikrografiuli suraTi, romelic 
warmoadgens, gviCvenebs qromosomebis raodenobas, zomas, formas. miTumetes, 
rom kariotips amgvarad ganmartaven biologiis wamyvani specialistebi (7,8).

4.  sakiTxi sensoruli neironis Taobaze iTxovs dazustebas.
Zvel saxelmZRvaneloSi (cuzmer, petriSinasi) da zogierT Tanamedrove 

saxelmZRvaneloSic   naTqvamia, rom receptoridan centraluri nervuli  
sistemisken (ufro zustad, cns-s siaxloves ganlagebuli kvenZebisaken - e.w. 
gangliebisken, sadac sensoruli neironis sxeulia moTavsebuli)  informacia 
vrceldeba sensoruli (mgrZnobiare) neironis dendritiT. sinamdvileSi es aris 
aqsoni.

saqme Semdegia:  sensoruli neironebis umravlesoba psevdo-unipolarulia. 
maT  aqvT periferiuli (suraTze marcxniv) da centraluri (marjvniv) aqsoni. 
periferiuli aqsoni akavSirebs neirons receptorebTan, centraluri ki Sedis 
centralur nervul sistemaSi. amgvarad receptoridan informacia  vrceldeba 
sensoruli neironis ara dendritSi, aramed aqsonSi.

unipolaruli

multipolaruli

fsevdounipolaruli

5. Secdomebi testebSi (aq ar vasaxelebT testebis warmomavlobas, isini 
sxvadasxva dros Sedioda sxvadasxva saxis codnis Sesamowmebel testebis 
SemadgenlobaSi):
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SekiTxva ra aris Secdoma komentari

susti ganaTebis 
dros ZiriTadad 
Tvalis romel 
nawilSi warmoiqmneba 
nervuli impulsi? 
a)  brma xali b) 
CxirebSi g) kolbebSi 
d) brolSi

kolbebSi da CxirebSi nervuli 
impulsis warmoSoba saerTod 
ar xdeba.  nervuli impulsi 
warmoiSveba gangliozur 
ujredebSi, romlebsac 
ukavSirdeba kolbebi da Cxirebi.

aseTi detalebis codna 
moswavles olimpiadazec ki 
ar moeTxoveba (miTumetes, 
rom SekiTxvis avtorsac ki 
gamoepara es niuansi). avtoris 
Canafiqri gasagebia. moswavlem 
unda upasuxos ”CxirebSi”, magram 
SekiTxva  seriozul Secdomas 
Seicavs.

sisxlis mimoqcevis 
procesSi airebis 
transporti 
ujredebamde 
xorcieldeba:

kiTxva arasworadaa 
formulirebuli: ras niSnavs 
”sisxlis mimoqcevis procesSi” 
? rogor gaigos bavSvma, rom 
vekiTxebiT sisxlidan ujredebSi 
transports

genebi 
damoukideblad 
gadaecema 
STamomavlobas, 
rodesac 
lokalizebulia: 
I. erTsa da imave 
homologiur 
qromosomebSi 
II. sxvadasxva 
homologiur 
qromosomebSi 
III. sasqeso 
qromosomebSi

swori pasuxi avtorebis mixedviT 
aris - mxolod II. erTerTi 
alternatiuli pasuxia - I, II, III
kiTxvaSi  gaugebaria, romel 
genebzea saubari - erTi niSnis 
ganmapirobebel alelebze Tu 
sxvadasxva alelur wyvilebze.  
”genebi damoukideblad” 
gaugebaria, unda iyos 
”erTmaneTisgan damoukideblad”. 
aseve, ganmarteba: sxvadasxva 
homologiuri qromosoma - ar 
aris koreqtuli, erTi wyvilis 
ori qromosomac sxvadasxvaa. unda 
iyos: homologiuri qromosomebis 
sxvadasxva wyvili. 
am uzustobebis gamo moswavlem 
SesaZlebelia ifiqros, rom 
saubaria erTi genis alelebze da 
airCios alternatiuli pasuxi, 
romelic Secdomad CaeTvleba.

rodesac vsvamT kiTxvas, gvgonia 
xolme, rom is iseve gasagebia 
kiTxvis adresatisaTvis, rogorc 
CvenTvis. aucilebelia, SekiTxva 
daisvas rac SeiZleba cxadad. am 
SemTxvevaSi formulireba albaT 
aseTi unda yofiliyo:
sxvadasxva genebis alelebi 
erTmaneTisagan damoukideblad 
gadaecema STamomavlobas 
rodesac isini lokalizebulia:

1.	 homologiuri 
qromosomebis erTsa da 
imave wyvilSi 

2.	 homologiuri 
qromosomebis sxvadasxva 
wyvilSi, 

3.	  sasqeso qromosomebSi

CamoTvlilTagan 
romeli nivTierebebi 
gaivlian ujredis 
plazmur membranas 
difuziiT? 
a) glukoza da 
aminomJavebi 
b) wyali, Jangbadi da 
naxSirorJangi 
g) wyali da glukoza 
d) Jangbadi, 
naxSirorJangi da 
aminomJavebi

yvela SemTxvevaSi difuziaa, 
magram ratomRac swor pasuxad 
iTvleba b.

am swori pasuxis (b) variantSi 
SekiTxvaSi unda iyos ara  
”difuzia” aramed ,”martivi 
difuzia” 
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raSi mdgomarebs haerSi sunTqvis upiratesoba 
wyalSi sunTqvasTan 
SedarebiT? 
I.  radgan haeri naklebad mkvrivia, vidre wyali, 
amitom haeris 
moZraobisaTvis energiis xarji mcirea 
II.  Jangbadi haerSi ufro swrafad difundirebs, 
vidre wyalSi 
III.  haerSi Jangbadis Semcveloba metia, vidre 
imave moculobis wyalSi

evoluciuri TvalsazrisiT aseT 
upiratesobaze saerTod ar laparakoben. 
is arc arsebobs, radgan wyalSi mcxovrebi 
Zalian kargadaa Seguebuli wyalSi gaxsnili 
Jangbadis SeTvisebasTan,  xmeleTis 
macxovrebeli ki Seguebulia haerSi 
arsebuli Jangbadis SeTvisebasTan.
amitom sityva “upiratesoba” aq miuRebelia. 
(es igivea, rom vilaparakoT wyalSi 
gadaadgilebis upiratesobaze haerSi an 
dedamiwis zedapirze gadaadgilebasTan 
SedarebiT, an piriqiT).
saSiSroeba is aris, rom moswavle, 
romelsac sworad esmis sakiTxi,  daibneva 
da SesaZlebelia pasuxi ver gasces, an didi 
dro dakargos mofiqrebaze.

ekologi adarebda balaxeuli mcenaris zrdas 
or sxvadasxva ubanze A da B. 
am populaciebis Sesadareblad man Seagrova 30 
nimuSi TiToeuli ubnidan, 
Semdeg gazoma fesvis sigrZe, fesvebis da 
miwiszeda nawilebis biomasa. 
monacemebi mocemulia cxrilSi. am Sedegebze 
dayrdnobiT, romeli 
mtkicebuleba SeiZleba iyos swori?

zrdas Tu akvirdeboda, ris gamoc gazoma 
fesvis sigrZe, gaugebaria, ratom ar gazoma 
Reros simaRle, biomasa ratom gazoma

miuxedavad imisa, rom eqidna kverxismdebeli 
cxovelia, igi miekuTvneba 
ZuZumwovarTa klass, radgan gaaCnia sarZeve 
jirkvlebi. qvemoT moyvanili 
debulebebidan kidev romeli axasiaTebs 
ZuZumwovrebis klass? 
I. misis sxeulis nawili dafarulia TmiT; 
II. hipofizis da farisebri jirkvlis arseboba; 
III. mTlianad gayofili sisxlis mimoqcevis 
mcire da didi wre; 
IV. mkerdis da muclis Rru gamoyofilia 
diafragmiT; 
V. sxeulis temperatura ar aris damokidebuli 
garemos temperaturaze 
VI. ubirTvo eriTrocitebi 
amoirCieT erTi pasuxi:
a.  III da VI 
b.  I, IV da V; 
g. mxolod I da IV; 
d. I da II; 
e. I, IV da VI

1. eqidna ki ara, iqedne
2. iqedne marto imitom ekuTvnis 
ZuZumwovrebs, rom sarZeve jirkvlebi aqvs? 
(ara koreqtulia)
3. SeiZleba debuleba (?) axasiaTebdes (?) 
romelime cxovelTa klass? Aan II, III da VI 
debulebebia?
4. CamoTvlilidan yvela niSani axasiaTebs 
ZuZumwovarTa klass
3. ras niSnavs: mTlianad gayofili sisxlis 
mimoqcevis mcire da didi wre?

4. “mkerdis Rru” ara, gulmkerdis Rru

kanadaSi mamakacebis 7% ver arCevs ferebs. es 
recesiuli niSani 
moTavsebulia X-qromosomaSi.

niSnebi lokalizebuli qromosomaSi? swori 
iqneboda genebi, alelebi?
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muSa futkrebi cekvaven, raTa gadascen 
erTmaneTs informacia sakvebis 
wyaros distanciis Sesaxeb. romeli SegrZneba 
aris CarTuli koloniis 
wevrebs Soris aseT komunikaciaSi? 
amoirCieT erTi pasuxi.
a.  smena; 
b.  gemovneba; 
g. ynosva 
d. Sexeba 
e. mxedveloba

aq erTi pasuxi ar aris mxolod, radgan 
CarTulia ramdenime (minimum ori) SegrZneba

amoirCieT siciviT gamowveuli temperaturis 
regulirebis swori kombinacia.

“siciviT gamowveuli temperaturis 
regulireba” ? gamodis rom sicive 
homeostazs ganapirobebs. albaT unda iyos: 
sicivis pirobebSi, an sicivis sapasuxod

CamoTvlilTagan  romeli organoebis 
moqmedebas  aregulirebs 
da akontrolebs  somaturi  nervuli  sistema? 
a) gulis b)ConCxis kunTebis
g)RviZlis  d)grZnobaTa organoebis
pasuxia - b.

Secdomaa: grZnobaTa organoebs (esec 
Secdomaa, unda iyos SegrZnebis), mag Tvals, 
ainervirebs motoruli somaturi nervi – 
TvalismamoZravebeli nervi.

6. adamians axasiaTebs bunebisadmi gamoyenebiTi midgoma, es bunebrivia, 
Tumca saSiSic. yvelas mogexsenebaT rasac vgulisxmobT, amitom es azri albaT 
ganmartebas ar saWiroebs.

sxva saqmea, rodesac uneburad xels vuwyobT amgvar damokidebulebas 
bunebisadmi.

magaliTad, erT Zalian karg ucxour saxelmZRvaneloSi Tavi mcenareTa 
samefos Sesaxeb iwyeba paragrafiT: “mcenareTa gamoyeneba”. GerTi mxriv 
gasagebia, rom amiT avtorebi cdiloben moswavlis dainteresebas - swored 
adamianis momxmarebluri motivebidan gamomdinare. Mmeore mxriv, saSiSia, 
rodesac moswavlis interess imTaviTve imiT vaRvivebT, sWirdeba Tu ara mas 
romelime cocxali arseba.

igives vfiqrobT iseT Sefasebaze, rogoricaa “megobari” baqteria Tu virusi, 
an “kargi” da “cudi” baqteriebi da virusebi. Cemi azriT EbiologisTvis, 
evoluciuri TvalTaxedviT, es koreqtuli ar aris da amasTanave, arc moswavlis 
TvalTaxedvis Camoyalibebas waadgeba, rom man ifiqros cocxal arsebebze 
im poziciidan, romelia adamianisaTvis kargi da romeli cudi. sxva saqmea, 
rom moswavlem unda icodes romeli mikroorganizmia daavadebis gamomwvevi, 
rogor aicilos Tavidan daavadeba. magram moswavlem pataraobidanve unda 
icodes, rom arcerTi cocxali arseba adamianisTvis ar aris Seqmnili (arc mis 
sakeTildReod da arc dasazianeblad), isini TavisTavad arseboben, CvensaviT 
ibrZvian arsebobisaTvis da aiv-i rom aiv-ia, arc is aris “xixia” da baqteriofagi 
ki gulSi Casaxutebeli (J). ufro metic, aiv-i da nebismieri sxva mikroorganizmi, 
Tavisi sicoxlisunarianobiT mxolod aRtacebas imsaxurebs.   



164

aqtivobebi da gakveTilebis scenarebi dawyebiTi klasebisaTvis.	
I   -  II klasi

aqtivoba 1: vusmenT cxovelebs
maswavlebeli asmeninebs moswavleebs Sinauri cxovelebis xmebs da sTxovs, 

gamoicnon, ra cxovelia. aqtivobis damTavrebis Semdeg kiTxeT: rodesac 
usmendiT cxovelebis xmas, riTi usmendiT – TvalebiT? cxviriT? araswori 
pasuxebi daafiqsireT rogorc: Tvalebi ar gvaqvs mosasmenad, swori pasuxi 
daafiqsireT: Cven vismenT yurebiT.

aqtivoba 2: vxedavT TvalebiT, suns viynosavT cxviriT
rogor gavigebT, rom bebia an deda gemriel namcxvars acxobs samzareuloSi?
pasuxis - davinaxavT an suns gavigebT mixedviT afiqsirebT: Cven vxedavT 

TvaliT (an suns vigebT cxviriT) kidev rogor gavigebT rom samzareuloSi 
raRac gemrieli cxveba?

aqtivoba 3:  wiTelqudas zRapari
waukiTxeT wiTelqudas zRapris monakveTi: wiTelqudas da bebias (mglis) 

dialogi. winaswar aranair specialur instruqcias ar aZlevT. Uubralod 
SeaxseneT mokled istoria da sTxoveT, yuradRebiT moisminon.

“bebia, ratom gaqvs aseTi didi Tvalebi? imitom, rom kargad gavigo ras 
meubnebi, Cemo patarav~ 

daelodeT moswavleebis reaqcias. Ggaasworon Secdoma. Secdomis gasworebis 
Semdeg gaagrZeleT:

“bebia, ratom gaqvs aseTi didi yurebi? imitom, rom kargad gavigo Seni 
motanili namcxvris suni~

daelodeT moswavleebis reaqcias. gaasworon Secdoma Tavad. Tu reaqcia ar 
iqna, gaimeoreT fraza.

yovel Secdomis gasworebaze daafiqsireT: vxedavT TvalebiT, gvesmis 
yurebiT da sxv. (Sinaarsis mixedviT)

qvemoT moyvanili aqtivobebis (1-5) mizania, moswavlem SeZlos ganasxvavos 
cxoveli, mcenare da soko, gamoimuSaos msgavsebis mixedviT dajgufebis unari.

TiToeul aqtivobas eTmoba erTi gakveTili.
aqtivoba 4: ra aris cxoveli
maswavlebeli dayofs moswavleebs jgufebad. yovel jgufs aZlevs yuTs, 

sadac Cayrilia cxovelebis (ZaRli, spilo, beRura, pepela, bayayi, xvliki, 
kobri, Wiayela an maTi klasis sxva warmomadgeneli) fotoebi (an naxati). 
maswavlebeli sTxovs moswavleebs amoarCion yuTidan cxovelebis suraTebi da 
daaweron didi zomis qaRaldze. amisaTvis gamoiyenon qaRaldis zeda naxevari 
(qveda dasWirdebaT momdevno aqtivobisaTvis)

jgufebi warmoadgenen Tavis namuSevars. maswavlebeli namuSevrebs gaakravs 
dafaze yvelas dasanaxad. 

mosalodnelia, rom moswavleebi dauSveben Secdomas: zogierT cxovels ar 
CaTvlian cxovelad.
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maswavlebeli akeTebs komentars: `am jgufma ar daakra qaRaldze pepela (ra 
cxovelic iqneba gamotovebuli). ratom ar daakariT qaRaldze pepela? ismens 
moswavleTa pasuxs. igive meordeba sxva jgufisTvis.

pasuxebidan gairkveva, ra xasiaTis Secdomas uSveben moswavleebi – ra aris 
maTTvis cxoveli.

am Secdomebidan gamomdinare, maswavlebeli aZlevs saTanado ganmartebebs. 
cxovelis ganmarteba pirvelklaselisaTvis  dasaSvebia rogorc: cocxali 
arseba, romelsac SeuZlia gadaadgileba (siaruli, frena, xoxva, curva). jgufebi 
asworeben Secdomas, miamateben sakuTar namuSevars im fotoebs, romlebic 
gamotoves.

aqtivoba 5. gamoicani romelia cxoveli
maswavlebeli yris yuTebSi axal fotoebs (lomi, arwivi, kalia, zvigeni, 

gveli, salamandra, kiborCxala, meduza). aqtivoba meordeba am fotoebis 
gamoyenebiT. oRond, arCeul fotoebs jgufebi daawebeben imave qaRaldze (qveda 
naxevarze) romelzedac adre imuSaves. qaRaldi dafazea gakruli. maswavlebeli 
asworebinebs moswavleebs SesaZlo Secdomebs.

aqtivoba 6. mcenareebi da sokoebi
tardeba im mizniT, rom moswavlem gamijnos erTmaneTisagan mcenare da soko.
aqtivoba mimdinareobs pirveli aqtivobis msgavsad. oRond, yuTSi iyreba 

mcenareTa da sokoebis suraTebi.
maswavlebeli sTxovs moswavleebs, amoarCion yuTidan mcenareTa suraTebi 

da daawebon qaRaldze. jgufebi warmoadgenen Tavis namuSevars. maswavlebeli 
namuSevrebs gaakravs dafaze yvelas dasanaxad. 

mosalodneli Secdoma: jgufebi mcenareebSi gaaerTianeben sokoebsac.
klasi msjelobs SesaZlo Secdomis Sesaxeb. moswavleebi ganmartaven, ratom 

fiqroben, rom soko ekuTvnis (an ar ekuTvnis) mcenareebs.
pirvelklaselisaTvis mcenaris ganmarteba SesaZlebelia, rogorc: cocxali 

arseba, romelsac aqvs foTlebi. cocxali mcenaris foTlebi mwvane ferisaa.
aqtivoba 7. ra aris cxoveli, mcenare da soko
es Semajamebeli aqtivobaa. maswavlebeli yofs klass jgufebad.
yuTSi iyreba cxovelTa, mcenareTa da sokoebis suraTebi.
maswavlebeli sTxovs moswavleebs, amoarCion yuTidan da calcalke jgufebad 

daawebon qaRaldze cxovelebi, mcenareebi da sokoebi. jgufebi warmoadgenen 
Tavis namuSevars. maswavlebeli namuSevrebs gaakravs dafaze yvelas dasanaxad. 

maswavlebeli ekiTxeba, ra niSniT daajgufes cxovelebi, mcenareebi, ratom 
daajgufes sokoebi calke da ara mcenareebTan an cxovelebTan.

aqtivoba 8. ra aris cxoveli, mcenare da soko
aseve SeiZleba gamoyenebul iqnes rogorc Semajamebeli aqtivoba.
maswavlebeli iRebs yuTidan saTiTaod winaswar momzadebul fotoebs, 

uCvenebs klass da sTxovs, xmamaRla daiZaxon, ra aris fotoze – cxoveli, 
mcenare Tu soko. amis Semdeg maswavlebeli ambobs: axla me vityvi visi suraTia 
da Tqven gamisworeT Tu SemeSala. maswavlebeli iRebs suraTebs da zogierTs 
ganzrax SecdomiT asaxelebs.
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cxovelis gavrcelebuli koreqtuli ganmartebaa: cxoveli aris eukariotuli, 
mravalujrediani, heterotrofi organizmi, romelsac (gamonaklisis garda) 
SeuZlia gadaadgileba. magram pirvelklaselebisaTvis es sruliad gaugebari 
iqneba. amitom am etapze cxoveli ganmarteT rogorc: cocxali arseba, romelsac 
SeuZlia gadaadgileba (siaruli, frena, xoxva, curva). 

rodesac moswavleebs esaubrebiT cxovelebis Sesaxeb, miaqcieT yuradReba, 
rom sworad gamoiyenoT termini da ar gaaigivoT “moZraoba” da “gadaadgileba”.  
moZraoba xdeba xolme sxeulis gadaadgilebis (sivrceSi adgilmdebareobis 
Secvlis) gareSec, magaliTad, kiduris moZraoba, sacecis moZraoba, kudis 
moZraoba, Tvalebis, yurebis moZraoba da sxv.

sokoebi, cxovelebi da mcenareebi warmoadgenen cocxali arsebebis 
samefoebis warmomadgenlebs. samefo aris cocxali organizmebis yvelaze 
msxvili klasifikaciuri erTeuli. kidev ori samefoa monerebi da protistebi. 
amgvarad, ganarCeven cocxali organizmebis 5 samefos: cxovelebi, mcenareebi, 
sokoebi, monerebi, protistebi. protistebs ekuTnian: umartivesebi (ameba, 
qalamana), wyalmcenareebi, evglena da sxv. monerebia baqteriebi, arqebaqteriebi, 
cianobaqteriebi.

samefoebSi gaerTianebulia am samefos warmomadgenelTa ufro viwro 
dajgufebebi. magaliTad, cxovelTa samefoSi aris xerxemliani da uxerxemlo 
cxovelebis dajgufeba. xerxemlianebSi gaerTianebulia kidev ufro viwro 
dajgufebebi: ZuZumwovrebi (adamiani, maimunebi, mgeli, lomi, ZaRli, kata, 
veSapi, delfini, sxv.), frinvelebi, qvewarmavlebi (gveli, xvliki, sxv.), amfibiebi 
(bayayi, gombeSo, salamandra sxv.), Tevzebi (kobri, zvigeni sxv.). uxerxemlo 
cxovelebis ufro viwro dajgufebebia mwerebi, obobebi sxv.

rac Seexeba baqteriebs da protistebs. gadaadgileba, cxovelebis 
msgavsad, maTac SeuZlia, da saamiso organoebic aqvT, magaliTad, 
baqteriebis da umartivesebis Solti. cxovelebisgan gansxvavebiT: baqteriebi 
erTujrediani arsebebi arian. umartivesebic  erTujrediania (mag. ameba, 
qalamana). mravalujrediani protistebi (mravalujrediani wyalmcenareebi) 
gansxvavdebian sxva mravalujrediani organizmebisagan (mcenareebis, sokoebis 
da cxovelebisagan) imiT, rom maTi ujredebi ar qmnis qsovils.

baqteriebis Taviseburebaa, rom maT ujreds ar aqvs birTvi, isini 
prokariotuli – birTvis ar mqone  organizmebi arian. 

birTvis mqone organizmebs eukariotebi ewodeba. cxovelebis garda, 
eukariotebi arian mcenareebi, sokoebi da protistebi.

aqtivoba 9. avagoT cxovelis sxeuli
maswavlebeli yofs moswavleebs jgufebad. jgufebs urigebs winaswar momza­

debul cxovelis (ZaRli) nawilebis (Tavi, fexi, kudi, tani) gamomsaxvel patara 
baraTebs. jgufebs eZleva davaleba, baraTebisgan Seadginon cxovelis sxeuli.

aqtivoba 10.  davexmaroT erTmaneTs cxovelis sxeulis agebaSi
am SemTxvevaSi, or-ori jgufi muSaobs SeerTebuli ZalebiT. maswavlebeli 

kvlav urigebs maT winaswar momzadebul sxva 2 cxovelis (spilo, vefxvi) 
nawilebis gamomsaxvel patara baraTebs. 2-2 jgufs elementebi urigdeba ise, 
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rom maT mxolod saerTo ZalebiT (ori jgufis) SeZlon sxeulis aRdgena. 
jgufebs eZleva davaleba baraTebisgan Seadginon cxovelis sxeuli.

msgavsi aqtivoba Catardeba mcenaris da adamianis sxeulis nawilebis (foToli, 
yvavili, Rero, fesvi, tani, Tavi, fexi, xeli) gamomsaxveli baraTebiT. 

aqtivoba 11: davexmaroT erTmaneTs mcenaris sxeulis agebaSi
maswavlebeli klass yofs 2-2 kacian jgufebad. jgufebis erT wevrs urigebs 

winaswar momzadebul mcenaris nawilebis (Rero, fesvi, yvavili, foToli) 
amsaxvel baraTebs. meore wevrs maswavlebeli aZlevs mcenaris arasrul  
gamosaxulebian furcels (mag. aklia foToli). jgufebs eZleva davaleba: visac 
gaqvT mcenaris suraTi, daakvirdiT, ra nawili aklia. uTxariT Tqveni jgufi 
wevrs, rom moZebnos es nawili im baraTebs Soris, romelic mas aqvs. jgufis es 
wevri moZebnis baraTs da Semdeg orive wevri erTad Seavsebs mcenaris naxats 
saWiro nawiliT. 

aqtivoba 12. ra aris zedmeti. am SemTxvevaSi maswavlebeli uCvenebs moswavleebs 
romelime cxovelis suraTs, sadac aris zedmeti, am cxovelisaTvis ara 
damaxasiaTebeli nawilebi (mag. frTiani cxeni, ZaRli farflebiT) da sTxovs, 
gamoicnon, ra nawilia zedmeti da ganmarton, ratom Tvlian, rom es nawili 
zedmetia.

rodesac moswavleebi jgufad sxedan da asruleben davalebas, es jer kidev 
ar niSnavs jgufur muSaobas. jgufuria samuSao, rodesac mis SesrulebaSi 
jgufis yvela wevrs Tavisi wvlili Seaqvs. aqtivobaSi 1 Cndeba saSiSroeba, 
rom samuSaos Seasrulebs jgufis mxolod erTi, an ramdenime magram ara yvela 
wevri erTad. amitom am SemTxvevaSi maswavlebelma unda miaqcios yuradReba, 
rom saqmeSi yvela moswavle CaerTos. aqtivobaSi 2 jgufebs eZleva davaleba 
baraTebisgan, romlebzec cxovelis sxeulis nawilebia gamosaxuli,  Seadginon 
cxovelis sxeuli. sxvadasxva  jgufs baraTebi urigdeba ise, rom maT mxolod 
saerTo ZalebiT (ori jgufis) SeZlon sxeulis aRdgena. am SemTxvevaSi samuSao 
Sesruledeba mxolod maSin, Tu ori jgufi imuSavebs koordinirebulad. 
aqtivobaSi 3 samuSao aseve jgufuria. magram aris mniSvnelovani gansxvaveba 
aqtivobisgan 2. aqtivobaSi 3 samuSao veranairad ver Sesruldeba, Tu  jgufis 
wevrebma erToblivad ar imoqmedes.

aqtivoba 13: interviu (dagegmva) aqtivoba uviTarebs moswavles komunikaciis 
unars da Seaswavlis cocxali arsebebis zrdisaTvis saWiro pirobebs

maswavlebeli svams kiTxvas: miTxariT, ra cxovelebi gyavT saxlSi, ezoSi?
moswavleebis asaxeleben cxovelebs, maswavlebeli wers maT saxelebs dafaze.
Semdegi SekiTxva: ras akeTeben es cxovelebi dRis ganmavlobaSi?
maswavlebeli ismens da ajamebs moswavleTa pasuxebs. amaTgan amoarCevs 

pasuxebs, romlebic ukavSirdeba am cxovelebis mier Wamas da wylis smas.
SekiTxva: amgvarad, Tqven ambobT rom es cxovelebi Wamen da wyals svamen. 

raSi sWirdebaT maT saWmeli da wyali?
maswavlebeli ismens moswavleTa pasuxs, sxvadasxva tipis pasuxebs wers 

dafaze. 
amgvarad, Tqven ambobT, rom saWmeli da wyali saWiroa . . . (CamoTvlis 

pasuxebs).



168

SekiTxva: rogor gavigoT marTla risTvis aris saWiro saWmeli da wyali? (an 
Tu pasuxi calsaxaa: marTla amisTvis aris saWiro saWmeli da wyali?).

maswavlebeli ismens msjelobas. maswavlebeli iRebs yvela mosazrebas, magram 
komentars ar akeTebs.

maswavlebeli: yvela mosazreba Zalian saintereso iyo. magram modi, amjerad 
imisaTvis, rom gavigoT, risTvis aris saWiro saWmeli da wyali, vkiTxoT Tqveni 
ojaxis wevrebs, anu CavataroT maTi gamokiTxva.

amisaTvis davawyoT gegma.
jer gavarkvioT ra gvainteresebs (klasi msjelobs da irkveva interesis 

sagani)
maswavlebeli: amgvarad, Cven gvainteresebs. . . .am sakiTxis gasarkvevad ra 

SekiTxva unda davusvaT ojaxis wevrebs? (klasi msjelobs am sakiTxze)
maswavlebeli: vis unda davusvaT es SekiTxva? (moswavleebi CamoTvlian 

respondentebs)
am procesSi maswavlebeli svams damatebiT SekiTxvebs: ratom SeekiTxebi 

dedas da ara patara Zmas(das)?
Semdegi SekiTxva: rogor davimaxsovroT ras gvetyvian es adamianebi?
msjelobisas irkveva, rom jobs CaviweroT, amisaTvis davixmaroT mSoblebi.
maswavlebeli ajamebs gakveTils, imeorebs gamokiTxvis Tanmimdevrobas da 

saSinao davalebas.
aqtivoba 14. interviu (Sedegebis analizi)
Semdeg gakveTilze ganixileba gamokiTxvis Sedegebi. maswavlebeli sTxovs 

moswavleebs warmoadginon gamokiTxvis Sedegebi. maswavlebeli afiqsirebs 
pasuxs dafaze. moswavleebi maswavleblis daxmarebiT akeTeben daskvnas saWmlis 
da wylis saWiroebis Sesaxeb.

amis Semdeg maswavlebeli erTxel kidev Seaxsenebs moswavleebs gamokiTxvis 
Catarebis Tanmimdevrobas: sakiTxis gansazRvra, kiTxvis mofiqreba, respondentis 
SerCeva, pasuxis dafiqsirebis forma.

maswavlebeli amsjelebs moswavleebs am punqtebis gansazRvris  da maTi 
Tanmimdevrobis dacvis aucileblobaze.

SesaZlo SekiTxvebi: ratom unda gvcodnoda winaswar, ra unda gvekiTxa 
adamianebisaTvis? ratom unda gvcodnoda winaswar, visTvis unda gvekiTxa? rom 
ar gvcodnoda, ra SeiZleba momxdariyo?

aqtivoba 15.
aqtivobis mizani: moswavlem gaarkvios gansxvaveba cocxali da aracocxali 

obieqtebis moZraobas Soris.
maswavlebeli debs magidaze sxvadasxva sagans (mag. burTi, wigni).
msjeloba 1. SekiTxvebia: 1. es burTi rom amoZravdes da gadaadgildes, ra 

aris saWiro? 2. TviTon ver gadaadgildeba?
kiTxvebi daismeva Tanmimdevrulad, diskusiis mimdinareobis dros, im mizniT, 

rom moswavleebi mividnen daskvnebamde:
1.	 burTze unda mivartyaT xeli, fexi, raTa burTi amoZravdes da 

gadaadgildes
2.	 mocemul SemTxvevaSi es aris burTze miyenebuli “biZgi”
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3.	 biZgs axorcielebs gareSe Zala
4.	 burTi damoukideblad ver amoZravdeba da gadaadgildeba
msjelobis Sejamebis Semdeg:
msjeloba 2. SekiTxvebi: 1. es wigni rom amoZravdes da gadaadgildes, ra aris 

saWiro? 2. TviTon ver gadaadgildeba?
kiTxvebi daismeva Tanmimdevrulad, diskusiis mimdinareobis dros, im mizniT, 

rom moswavleebi mividnen daskvnebamde: wignis amoZravebas sWirdeba gareSe 
Zala, wigni damoukideblad ver gadaadgildeba

amis Semdeg maswavlebeli svams magidaze cocxal arsebas (sasurvelia wiwila 
knuti, lekvi).

instruqcia: daakvirdiT wiwilas (lekvs, knuts).
moZraobs? gadaadgildeba? raimem ubiZga? maS, rogor amoZravda, rogor 

gadaadgilda? TviTon, damoukideblad Tu raime Zalis daxmarebiT?
kiTxvebi daismeva Tanmimdevrulad, diskusiis mimdinareobis dros, im mizniT 

rom moswavleebi midnen daskvnebamde: wiwlas (knutis) amoZravebas, gadaadgilebas 
ar sWirdeba gareSe Zala, wiwila damoukideblad gadaadgildeba.

aqtivobebis Catarebis Semdeg keTdeba daskvna: cocxali arsebebi moZraoben, 
gadaadgildebian damoukideblad, aracocxali sxeulebis moZraobas, 
gadaadgilebas sWirdeba gareSe Zala.

III _ IV klasi

aqtivobis mizania, moswavle daakvirdes cocxali arsebis (mcenaris) zrdas 
da daadginos zrdisaTvis aucilebeli pirobebi, Seiswavlos cdis Catarebis 
wesebi, ivarjiSos monacemebis registraciasa da analizSi

aqtivobas aqvs xangrZlivi proeqtis saxe. is gulisxmobs dakvirvebas mcenaris 
aRmocenebasa da zrdaze sxvadasxva pirobebSi.

vikvlevT mcenaris zrdis pirobebs
aqtivoba iyofa sam nawilad: 1. sakiTxis dasma, diskusia, mosazrebis 

gamoTqma,  2. mosazrebis Semowmeba cdiT (2a. cdis dizaini, 2.b. dakvirveba da 
monacemis dafiqsireba) 3. dakvirvebis monacemis analizi da daskvnis gakeTeba 
4. dakvirvebis Sedegis da daskvnis gamoyeneba cocxali arsebebis garemosTan 
Seguebis sakiTxSi garkvevisaTvis

aqtivobis TiToeul nawils eTmoba: 1 - erTi gakveTili, 2 - ramdenime 
gakveTili (5-6), 3 -erTi da 4 -erTi.

1. sakiTxis dasma, diskusia, mosazrebis gamoTqma:
maswavlebeli ekiTxeba moswavleebs: Tqveni azriT, ra sWirdeba cocxal 

arsebas sicocxlisaTvis?
dafaze iwereba moswavleTa pasuxebi. amaTgan maswavlebeli gamoyofs erT 

faqtors:  wyali
maswavlebeli ekiTxeba moswavleebs: saidan iciT, rom wyali marTlac saWiroa 

sicocxlisaTvis?
rogor SegviZlia amis Semowmeba?
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saWiroa, rom moswavleebi Tavad mividnen im cdis aRweramde, romliTac 
SesaZlebelia sicocxlisaTvis wylis mniSvnelobis Semowmeba. maswavlebeli 
exmareba maT, sTavazobs cdisaTvis obieqts (mcenaris aRmonacens) da ekiTxeba: 
es aRmonaceni xom ar gamodgeboda am saqmisaTvis? ra gavakeToT, raTa gavarkvioT, 
namdvilad sWirdeba Tu ara am aRmonacens sicocxlisaTvis wyali?

moswavleebi gamoTqvamen mosazrebas. maswavlebeli akeTebs saTanado 
komentars. diskusia sabolood unda mivides cdis dizainis garkveulwilad 
swor monaxazamde, oRond es moswavleebma unda gaakeTon, maswavlebeli ki 
mxolod exmareba maT.

rodesac sabolood Camoyalibdeba  swori azri, maswavlebeli azustebs mas 
da amowmebs, gaigo Tu ara yvela moswavlem cdis arsi.

2. mosazrebis Semowmeba cdiT
2. a. dizaini
sacdeli nimuSebi iyofa 2 jgufad: I-lambaqze aRmonaceni irwyveba dReSi 

erTxel, gakveTilze, moswavleebis mier. II- lambaqze aRmonaceni ar irwyveba.
(aRmonacenis cdisTvis gamoyvanas sWirdeba maTi yoveldRiuri morwyva. 

amitom cdis dawyebisaTvis orive nimuSSi bamba sveli iqneba. sasurvelia, rom 
cdis dawyebis win nimuSSi II bambas davadoT saSrobi qaRaldi, da gamovaSroT, 
raTa aRmonacenze droulad gamovlindes gauwyloebis Sedegi). maswavlebeli 
uxsnis moswavleebs cdis dizainis arss. ganmartavs, risTvis aris saWiro ori 
nimuSi (unda Sedardes ori varianti: aRmonaceni uwylo da wylian garemoSi).

aRmonacenze dakvirveba mimdinareobs erTi kviris ganmavlobaSi. yovel 
gakveTilze moswavleebi saxazaviT zomaven aRmonacenis sigrZes (Ziridan 
kenweromde), monacemebi SeaqvT maswavleblis mier momzadebul cxrilSi

2 b. dakvirveba da monacemis dafiqsireba
erTi kviris ganmavlobaSi fiqsirdeba aRmonacenis parametrebi. moswavleebi 

cxrilSi iweren aRmonacenis sigrZes:

aRmonacenis sigrZe (sm) dakvirvebis dReebi
romelic 

irwyveboda 
nimuSi

nimuSi romelic ar 
irwyveboda

I
II
III

sasurvelia, dakvirveba Catardes jgufurad da TiToeul jgufs qondes 
sakuTari dakvirvebis obieqti.

dakvirvebis damTavrebis Semdeg maswavlebeli sTxovs jgufebs warmoadginon 
dakvirvebis monacemi.

3. dakvirvebis monacemis analizi da daskvna
maswavlebeli sTxovs jgufebs, Seadaron ori nimuSis parametrebi da daad­

ginon, aris Tu ara maT Soris gansxvaveba. (gansxvaveba oria: aRmonacenis sigrZe 
da nimuSis morwyva/ar morwyva)
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gansxvavebis aRmoCenis Semdeg klasi maswavleblis daxmarebiT afiqsirebs, 
rom aRmonaceni ufro metad gaizarda im nimuSSi, romelic irwyveboda.

maswavlebeli svams SekiTxvas: gviCvena Tu ara dakvirvebam, rom wyali 
aucilebelia sicocxlisaTvis? ra monacemi miuTiTebs amaze?

4. dakvirvebis monacemis da daskvnis gamoyeneba standartiT gaTvaliswinebuli 
konkretuli Sedegis misaRwevad

maswavlebeli sTxovs moswavleebs: gamoiyeneT dakvirvebis Sedegi da aRwereT 
cocxali organizmebis damokidebuleba garemo faqtorebze.

maswavlebeli sTxovs moswavleebs moiyvanon magaliTebi yoveldRiuri 
cxovrebidan, isaubron sxva (wylis garda) sicocxlisaTvis aucilebel 
faqtorebze.

sasurvelia, rom Catardes diskusia: rogor davamtkicoT, rom haeri, mzis 
sinaTle (an sxva romelime faqtori) mniSvnelovania sicocxlisaTvis.

moswavleebma moifiqron cdis dizaini da Caataron dakvirveba maswavleblis 
daxmarebiT.

haeris mniSvnelobis dasadgenad, magaliTad, SesaZlebelia, aiRoT ori 
sacdeli nimuSi: igive aRmonacenebi, erTi gamWvirvale xufis qveS, meore xufis 
gareSe. xufis Zirs SemoavleT plastilinis fena, raTa haeri ar Sevides xufSi. 
orive nimuSi moirwyveba dRegamoSvebiT. ramdenime dReSi xufis qveS arsebuli 
aRmonaceni CamorCeba zrdaSi da daWkneba.

sinaTlis mniSvnelobis dasadgenad gamoiyeneT igive nimuSebi, romelTagan 
erTs moaTavsebT gaumWvirvale yuTSi. ramdenime dReSi am nimuSSi aRmonaceni 
gauferuldeba da Semdeg daWkneba. 

damatebiTi masala maswavleblisaTvis.
damokidebuli da damoukidebeli cvladi; cdis kontroli.
cdis Catarebis dros akvirdebiT xolme raRac obieqts, process da 

gainteresebT,  axdens Tu ara masze zegavlenas raRac konkretuli faqtori. 
sxva sityvebiT, gainteresebT, aris Tu ara dakvirvebis obieqti damokidebuli am 
faqtorze da rogor icvleba dakvirvebis obieqti am faqtorze damokidebulebiT.  
amgvarad, Tqveni dakvirvebis obieqti aris damokidebuli cvladi. magaliTad: 
zemoT aRweril cdaSi dakvirvebis obieqtia mcenaris aRmonacenis zrda. 
cdam unda daadginos, aris Tu ara aRmonacenis zrda damokidebuli garemo 
faqtorze – garemoSi wylis arseboba/ar arsebobaze. amgvarad, aRmonacenis 
zrda damokidebuli cvladia.

Tavis mxriv garemoSi wylis arseboba/ar arseboba ar aris damokidebuli 
aRmonacenis zrda-ganviTarebaze. es piroba dakvirvebis obieqtisagan 
damoukideblad cvalebadobs. amitom, garemoSi wylis arseba/ar arseboba 
damoukidebeli cvladia.

rodesac akvirdebiT damokidebul cvlads raRac konkretul pirobaSi (mag. 
garemoSi wylis arseboba/ar arsebobaSi), yvela sxva piroba (damoukidebeli 
cvladi) mudmivi unda iyos. magaliTad, ganxilul SemTxvevaSi haeris 
temperatura, niadagis mJavianoba, ganaTebis intensivoba da xangrZlivoba da 
sxv. 
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damoukidebeli cvladebi Zalian mravalferovania (gacilebiT meti, vidre 
isini, romlebsac Segnebulad akvirdebiT) da yvela maTganis gaTvaliswineba 
cdaSi sakmaod Znelia.  amitom cdis Catarebis aucilebeli pirobaa cdis 
kontroli. magaliTad, Tu aRmonacens gazrdiT wylis naklebobis pirobebSi, 
zrda Seferxdeba. magram ver ityviT, rom es wylis simciris gamo moxda  Tu 
ar geqnebaT kontroli: aRmonaceni, romelic izrdeboda wyliT uxv garemoSi. 
aseve, ver daamtkicebT, rom aRmonacenis gauferuleba gaumWvirvale yuTSi 
mzis sinaTlis ar arsebobis bralia Tu ar geqnebaT kontroli – mzis 
sinaTleze mzardi aRmonaceni. imavdroulad, es ukanasknelic yuTSi (oRond 
gaumWvirvaleSi) unda iyos moTavsebuli, raTa gamoiricxos Tavad yuTis 
(damoukidebeli cvladis) zegavlena aRmonacenis zrdaze. 

cdaSi gamoyenebuli damoukidebeli cvladebi erTnairi unda iyos sacdel 
nimuSsa da kontrolSi. mag. wyali, romelsac gamoiyenebT sacdeli da 
sakontrolo aRmonacenis mosarwyavad, unda iyos aRebuli erTi adgilidan, 
qondes erTnairi temperatur. yuTi unda iyos erTnairi zomis, erTi masalisgan 
damzadebuli da sxv.

kontrolSi damokidebuli cvladis maCveneblebi iseTive unda iyos, rogorc 
sacdel nimuSSi. magaliTad, zemoT aRweril SemTxvevaSi kontrolad aRebuli 
unda iyos mcenaris igive saxeoba (jiSi). imavdroulad, sasurvelia, rom 
Tesli, saidanac aRmonaceni viTardeba, ekuTvnodes erTsa da imave mcenares. 
am SemTxvevaSi dakvirvebis obieqti (sacdeli da kontroli) genetikuradac 
msgavsia.

aqtivoba;
1.	 `ramdeni wyali sWirdeba sxvadasxva mcenares”
1.	 `ra pirobebSi sWirdeba mcenares meti wyali?” es aqtivoba tardeba mas 

Semdeg, rac moswavleebi gaarkveven wylis mniSvnelobas mcenaris zrdisaTvis.
klasSi winaswar mzaddeba sxvadasxva mcenaris bambaze aRmonaceni. aRmonacenis 

dasamzadeblad gamoiyeneT brinjis, xorblis, lobios Tesli. Teslebi gaaxvieT 
svel bambaSi da gamokariT marlaSi. TiTo nimuSSi unda iyos mxolod erTi 
konkretuli mcenaris Teslebi. boTli gaavseT wyliT. nimuSi moaTavseT boTlis 
Tavze ise, rom marlis grZeli bolo wyalSi CaeSvas. 

rodesac aRmonaceni ganviTardeba, fesvi wyalSi CaeSveba. daacadeT 2-3 dRe, 
rom fesvi kargad ganviTardes.

nimuSebSi gaaTanabreT aRmonacenis raodenoba da daiwyeT dakvirveba. 
dakvirvebis dRes boTlebi piramde SeavseT wyliT.

dakvirvebis mizania gairkves, ramden wyals dalevs sxvadasxva mcenaris 
aRmonaceni.

dakvirveba CaatareT jgufurad. TiToeul jgufs unda qondes sakuTari 
nimuSebi. dakvirvebis dasawyisSi da SemdegSi yovel dRe an dRegamoSvebiT 
flomasteriT aRiniSneba wylis done boTlSi. yovel aRniSvnas gverdze miakariT 
patara baraTi, romelzec aRniSnavT dakvirvebis kalendarul monacems.

sxvadasxva nimuSis SedarebiT dgindeba romeli mcenaris aRmonaceni iwovs 
met wyals. Sesabamisad, keTdeba daskvna: romel mcenares esaWiroeba meti wyali.
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1.	 igive aqtivoba SesaZlebelia gavarTuloT, raTa moswavleebma gaarkvion, ra 
pirobebSi sWirdeba mcenares meti wyali davanaxoT Tu zrdis garda, kidev 
ra process xmardeba wyali.

aqtivobis mimdinareoba:
1. sakiTxis dasma, diskusia, mosazrebis gamoTqma:
maswavlebeli SekiTxvebiT: ̀ rodis svamT met wyals, zafxulSi Tu zamTarSi?”, 

`rasTan unda iyos es dakavSirebuli?” xels uwyobs diskusias romlis mizania 
moswavleebi mividnen daskvnamde, rom rodesac garemoSi maRali temperaturaa, 
adamiani ufro met wyals svams.

amis Semdeg maswavlebeli sTavazobs Seamowmon, asea Tu ara mcenaris 
SemTxvevaSic.

2. a. cdis dizaini
zemoT aRwerili xerxiT (marlis gorgalSi) damzadebuli erTi romelime 

mcenaris aRmonacenis ramdenime nimuSi. erTi nimuSi idgmeva klasSi, oTaxis 
temperaturaze; meore klasSive, pirvelisgan moSorebiT, eleqtro-Rumelis 
gverdiT. Uunda Seiqmnas ori gansxvavebuli piroba: nimuSi, romelic viTardeba 
oTaxis temperaturaze da nimuSi SedarebiT maRali temperaturis pirobebSi. 
marlis gorgali SeZlebisdagvarad, dafareT vercxlis qaRaldiT an kalkiT, 
raTa SeamciroT wylis aorTqleba marlis zedapiridan).

dakvirveba CaatareT jgufurad. TiToeul jgufs unda qondes sakuTari 
nimuSebi.

2 b. dakvirveba da monacemis dafiqsireba
dakvirvebis dasawyisSi da SemdegSi yovel dRe an dRegamoSvebiT flomasteriT 

aRiniSneba wylis done boTlSi. yovel aRniSvnas gverdze miakariT patara 
baraTi, romelzec aRniSnavT dakvirvebis kalendarul monacems.

3. dakvirvebis monacemis analizi da daskvna
am SemTxvevaSi saqme gvaqvs damoukidebel cvladTan - haeris sxvadasxva 

temperaturasTan da damokidebul cvladTan - mcenaris mier Sewovili wylis 
raodenobasTan.

moswavleebi adareben wylis doneebs boTlebSi da adgenen, romel nimuSSi 
daiwia donem ufro metad. Semdeg am faqts ukavSireben damoukidebel cvlads: 
haeris temperaturas, adgenen, rom wylis donem ufro metad daiwia haeris 
SedarebiT maRali temperaturis pirobebSi. amis Semdeg keTdeba daskvna: 
mcenarem ufro meti wyali Seiwova haeris maRali temperaturis pirobebSi. 

aqtivoba (damoukidebeli samuSao)  scadeT, moswavleebs misceT  teqsti 
da daakvirdiT, rogor moaxerxeben isini teqstidan informaciis amoRebas 
da damoukideblad cdis Catarebas. cxadia, periodulad dagWirdebaT maTi 
daxmareba. cdisTvis saWiro sagnebi winaswar daurigeT da darwmundiT, rom 
ician, ra sagani ras warmoadgens.

aqtivoba jgufuria. is ramdenime cdisagan Sedgeba. konkretul cdas akeTebs 
jgufis erTi wevri, magram cdebis damTavrebis Semdeg isini gaanalizeben 
monacems, gacvlian erTmaneTSi informacias da jgufi akeTebs saerTo daskvnas. 
Semdeg jgufebi adareben sakuTar daskvnebs da keTdeba erTi saerTo daskvna 
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(mTeli klasisaTvis) Teslis gaRivebis da aRmonacenis zrdisTvis saWiro 
pirobebis Sesaxeb.

instruqcia (eZleva jgufis wevrs werilobiT). TiToeuli jgufis wevrisTvis 
personaluri (#1, #2 da a.S.)

instruqcia #1.
Sen ukve ici, rom Teslis gaRivebisa da aRmonacenis ganviTarebisaTvis 

saWiroa wyali.
amjerad, Sen unda daadgino, mniSvnelovania Tu ara haeris temperatura 

Teslis gaRvivebisaTvis? 
es sakiTxi cdiT gaarkvie.
cdisaTvis SegiZlia gamoiyeno: mcenaris Tesli, bamba, wyali da sinjarebi. 

bambis naWeri wyliT gaJRinTe da Cade sinjaraSi. Caagde sinjaraSi mcenaris 5-6 
Tesli. daawere sinjaras #1. sinjara moaTavse klasSi, Tbil adgilas. daamzade 
aseTive sacdeli nimuSi.  am sinjaras daawere #2 da Seinaxe siciveSi (SeniSvna: 
Tu es aqtivoba zamTarSi an adre gazafxulze gakeTdeba, gadgan gareT). bamba 
periodulad daasvele xolme. amgvarad, Seni dakvirvebis qveS myofi mcenaris 
Tesli gansxvavebul pirobaSi iqneba. #1 sinjaraSi Tesls eqneba wyali, haeri 
(Jangbadi) da siTbo. #2 sinjaraSi Tesls eqneba wyali, haeri (Jangbadi) magram 
haeris temperatura iqneba ufro dabali, vidre #1 sinjarasTvis.

cdis pirobebi calke furcelze gamosaxe cxrilis saxiT: Cawere, ra pirobebSia 
Tesli #1 da #2 sinjarebSi

cxrili 1. Teslis gaRivebis pirobebi

#1 sinjara #2 sinjara

daakvirdi mcenaris Teslis gaRivebas da aRmonacenis zrdas 10 dRis 
ganmavlobaSi. daakvirdi rodis gamoCndeba aRmonaceni da gazome misi sigrZe 
meaTe dRes. cdis Sedegis mixedviT imsjele, ra pirobebia saWiro Teslis 
gaRivebisaTvis.

instruqcia #2
Sen ukve ici, rom Teslis gaRivebisa da aRmonacenis ganviTarebisaTvis 

saWiroa wyali.
amjerad Sen unda daadgino mniSvnelovania Tu ara sunTqva (haeri) Teslis 

gaRivebisaTvis? 
es sakiTxi cdiT gaarkvie.
cdisaTvis SegiZlia gamoiyeno: mcenaris Tesli, bamba, wyali, zeTi da 

sinjarebi. bambis naWeri wyliT gaJRinTe da Cade sinjaraSi. Caagde sinjaraSi 
mcenaris 5-6 Tesli. daawere sinjaras #1. sinjara moaTavse klasSi, Tbil 
adgilas. bambis naWeri Cade sinjaraSi. Caagde sinjaraSi mcenaris 5-6 Tesli. 
sinjara naxevramde gaavse anaduRari wyliT. wylis zedapirze frTxilad daasxi 
zeTi, ise rom warmoiqmnas zeTis Txeli fena. daawere sinjaras #2. sinjara 
moaTavse 1 sinjarasTan erTad. amgvarad Seni dakvirvebis qveS myofi mcenaris 
Tesli gansxvavebul pirobaSi iqneba. #1 sinjaraSi Tesls eqneba haeri (Jangbadi), 
siTbo, magram ar eqneba wyali. #2 sinjaraSi Tesls eqneba wyali, siTbo, magram 
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ar eqneba Jangbadi. zeTis fena xels SeuSlis haeris Casvlas sinjaraSi myof 
wyalSi.

cdis pirobebi calke furcelze gamosaxe cxrilis saxiT: Cawere, ra pirobebSia 
Tesli #1 da #2 sinjarebSi

cxrili 1. Teslis gaRivebis pirobebi

#1 sinjara #2 sinjara

daakvirdi mcenaris Teslis gaRivebas da aRmonacenis zrdas 10 dRis 
ganmavlobaSi. daakvirdi, rodis gamoCndeba aRmonaceni da gazome misi sigrZe 
meaTe dRes. cdis Sedegis mixedviT imsjele, ra pirobebia saWiro Teslis 
gaRivebisaTvis.

aqtivoba: `sunTqva”:
3-e klasSi moswavles veubnebiT, rom adamians sWirdeba haeri (Jangbadi) da 

rom haers is filtvebis saSualebiT CaisunTqavs.
SesTavazeT moswavleebs, daakvirdnen sunTqvas. gazomon ZafiT gulmkerdis 

garSemoweriloba CasunTqvis da amosunTqvis dros.
amisaTvis iqmneba moswavleTa jgufi, dakvirveba warmoebs am jgufis mier 

arCeul erTerT wevrze, xolo damkvirvebelia jgufis danarCeni wevrebi. 
dakvirvebis subieqti amoisunTqavs, SeaCerebs sunTqvas, xolo damkvirvebeli 
gulmkerdze Semoavlebs Zafs da zomavs gulmkerdis garSemowerilobas. Zafis 
SeerTebis adgili makratliT gadaiWreba. 

igive procedura, sxva ZafiT, meordeba Rrma CasunTqvis dros.
jgufi adarebs Zafebis sigrZes.
maswavlebeli svams SekiTxvas: 
•	 ra SemTxvevaSi iyo Zafi ufro grZeli, CasunTqvis Tu amosunTqvis dros?
•	 ra gavzomeT ZafiT?
•	 ra SemTxvevaSi iyo gulmkerdi metad gafarToebuli, CasunTqvis Tu 

amosunTqvis dros?
maswavlebeli ajamebs aqtivobis Sedegs da ambobs, rom gulmkerdis gafarToeba 

aucilebelia, raTa adamianma SeZlos haeris CasunTqva, xolo gulmkerdis 
Seviwroebisas adamiani amoisunTqavs haers.

sasurvelia, aqtivobas qondes praqtikuli gamosavali. amisaTvis moswavleebs 
dausviT aseTi SekiTxvebi:

•	 ratom ar SeiZleba TamaSis dros bavSvebi erTmaneTs rom asxdebian 
xolme?

•	 miwisZvris dros adamiani SeiZleba saxlis nangrevSi moyves da mas saxlis 
mZime namtvrevebi daawves. ratom aris es sicocxlisaTvis saSiSi?

qvemoT moyvanili aqtivobebi emsaxureba me-3 klasSi dawyebul saqmes: 
moswavleSi dakvirvebis, cdis, monacemebis registraciis, analizis da daskvnis 
gamotanis unaris ganviTarebas.

yvela aqtivoba erTiandeba saTauriT: vikvlevT mcenaris zrdis pirobebs
 aqtivoba 1: aqtivobis mizania, mcenaris aRmonacenis ganviTarebis Seswavla 

dakvirvebis gziT. 
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jgufebs urigdeba gadaWrili plastmasis boTlebi da mcenaris Teslebi. 
yovel jgufs erTi saxeobis mcenaris Tesli. TiToeuli jgufi Tesavs bambaSi 
mcenaris Tesls.

maswavlebeli: am Teslidan ganviTardeba mcenare (azustebs romeli Teslia 
da ra mcenare gaizrdeba). Tqven unda daakvirdeT, rogor gaizrdeba mcenare, 
magram Tqvens boTlebSi mcenaris ganviTarebas raRac sWirdeba. gaixseneT, ra 
sWirdeba cocxal arsebas ganviTarebisaTvis?

msjelobis Sedegad gairkveva wylis saWiroeba. msjelobaSive warmoiSveba 
sakiTxi kvebis Sesaxeb. maswavlebeli ganmartavs rom sakvebi Tavad TeslSia 
moTavsebuli.

moswavleebi rwyaven bambas. 
dakvirveba mimdinareobs sagan `bunebis” yovel gakveTilze.
moswavleebs aqvT dakvirvebis rveuli sadac akeTeben Canaxats. yoveli 

Canaxati unda daTariRdes.
pirveli Canaxati keTdeba Teslis daTesvis dRes. meore – rodesac gamoCndeba 

aRmonaceni. 
maswavlebeli ekiTxeba moswavleebs: ra unda vqnaT imisaTvis, rom gavigoT,  

ra siswrafiT izrdeba aRmonaceni?
msjeloba unda mivides iqamde, rom unda gaizomos aRmonacenis sigrZe. 
maswavlebeli moswavleebTan SeTanxmebiT anawilebs jgufSi funqciebs: vin 

akeTebs Canaxats, vin gazomavs aRmonacenis sigrZes, vin Cawers cxrilSi monacems.
moswavleebi maswavleblis daxmarebiT adgenen dakvirvebis cxrils. cxrilSi 

emateba ori xazi da iq fiqsirdeba TariRi, rodesac mcenare gamoiRebs pirvel 
da meore foTols (es xazebi Tavidan ar keTdeba, radgan moswavleebma winaswar 
ar ician foTlis ganviTarebis Sesaxeb: isini dakvirvebis procesSi naxaven amas).

saboloo saxiT cxrili daaxloebiT aseTi iqneba

mcenaris
aRmonacenis 
ganviTareba

dakvirvebis 
TariRi

dakvirvebis 
TariRi

dakvirvebis 
TariRi

dakvirvebis 
TariRi

aRmonacenis 
sigrZe
pirveli 
foTlis 
gamoReba
meore 
foTlis 
gamoReba

dakvirvebis bolo dRed iTvleba is dRe, rodesac mcenare gamoiRebs meore 
foTols. dakvirvebis damTavrebis Semdeg TiToeuli jgufi warmoadgens 
dakvirvebis Sedegs: 

•	 rodis gamoCnda maTi dakvirvebis qveS myofi mcenaris aRmonaceni
•	 rogor izrdeboda aRmonaceni (zomebi dakvirvebis dReebSi).
•	 rodis gamoiRo pirveli foToli
•	 rodis gamoiRo meore foToli
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aqtivoba 2.
jgufebi adareben sakuTari dakvirvebis monacemebs. Sedarebam unda gasces 

pasuxi Semdeg kiTxvebs:
•	 romeli mcenaris aRmonaceni gaizarda ufro swrafad
•	 romelma aRmonacenma gamoiRo ufro adre foTlebi
maswavlebeli winaswar atarebs diskusias: rogor gavigoT, romeli mcenaris 

aRmonaceni gaizarda ufro swrafad? romelma mcenarem gamoiRo ufro adre 
foTlebi? moswavleebma unda moifiqron Sedarebis meTodi da gamoiyenon 
is SedarebisaTvis. mas Semdeg, rac moswavleebi moifiqreben mcenareTa 
ganviTarebis Sedarebis meTods, maswavleblis daxmarebiT keTdeba cxrili, 
romelic moswavleebs Sedarebas gauadvilebs:

mcenare
aRmonacenis 

sigrZe
pirveli foTlis 

gamoReba
meore foTlis 

gamoReba

oxraxuSi

lobio

xaxvi

aqtivobis bolo etapi: miRebul monacemebze dayrdnobiT moswavleebi 
akeTeben  daskvnas.

aqtivoba 3. aqtivobis mizania, moswavlem uSualo dakvirvebis da  cdis 
saSualebiT gamoavlinos cocxali arsebebis Tmovani safarvelis mniSvneloba 
sxeulis temperaturis SenarCunebisaTvis. imavdroulad aqtivoba iZleva ori 
mimarTulebis: “cocxali samyaro” da “sxeulebi da movlenebi” integraciis 
saSualebas (ix. kavSiri sxva saganTan).

aqtivobis mimdinareoba:
aqtivoba iyofa sam nawilad: 1. sakiTxis dasma, diskusia, mosazrebis gamoTqma,  

2. mosazrebis Semowmeba cdiT (2a. cdis dizaini, 2.b. dakvirveba da monacemis 
dafiqsireba) 3. dakvirvebis Sedegis analizi da dasknis gakeTeba 4. dakvirvebis 
Sedegis da dasvnis gamoyeneba cocxali arsebebis garemosTan Seguebis sakiTxSi 
garkvevisaTvis
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aqtivobis TiToeul nawils eTmoba erTi gakveTili.
1. sakiTxis dasma, diskusia, mosazrebis gamoTqma: 
maswavlebeli uCvenebs moswavleebs Tbili wyliT savse boTls da svams 

SekiTxvas: ra SeiZleba gavakeToT imisaTvis, rom boTlSi arsebuli wyali rac 
SeiZleba did xans Tbili darCes - ar dakargos temperatura? imavdroulad, 
maswavlebelma unda ganumartos moswavleebs, rom imTaviTve gamoricxon 
wylis SeTbobis versia an boTlSi cxeli wylis Camateba. pasuxebis mosmenis 
Semdeg maswavlebeli ajamebs moswavleebis mier gamoTqmul mosazrebebs (Tu 
SesaZlebelia, gamoyofs ramdenime gansxvavebul mosazrebas: gia, qeTi da nino 
fiqroben rom. . .  Tamriko da levani ki fiqroben rom. . . . ). maswavlebeli 
msgavsi mosazrebis mqone moswavleebs aerTinebs jgufebad da sTxovs, sakuTari 
mosazreba qaRaldze gadaitanon werilobiTi saxiT. jgufebi wamoadgenen 
(kiTxuloben an zepirad gadmoscemen) sakuTar mosazrebas klasis winaSe.

amis Semdeg maswavlebeli eubneba moswavleebs, rom saintereso iqneba, 
Semowmdes maTi mosazrebebi. aqcenti gakeTdeba im mosazrebaze, romelic 
boTlis SefuTvas ukavSirdeba.

2. mosazrebis Semowmeba cdiT
2 a. dizaini maswavlebeli alagebs magidaze or erTnair plastmasis boTls, 

romlebSic Casxmulia erTnair temperaturaze gamTbari erTnairi raodenobis 
wyali. iqve devs Salis naWeri da Termometri.

maswavlebeli ganmartavs, rom boTlebSi asxia Tbili wyali. erTerT boTls 
SemovaxvevT Salis naWers. boTlebs gavdgavT gareT (dakvirveba jobs Catardes 
zamTris periodSi, rodesac garemos temperatura klebulobs. boTlebi 
jobs iyos patara zomis, 0.5 litriani, wyali gaaTbeT 30-35 – 0C-mde.) da 
periodulad  SemovitanT raTa gavzomoT wylis temperatura orive boTlSi. 
Uunda davakvirdeT, rogori iqneba temperatura boTlebSi.  

2 b. dakvirveba da monacemis dafiqsireba
moswavleebi atareben dakvirvebas cdis dizainis Tanaxmad. maT unda qondeT 

calke furceli, sadac winaswar gamzadebul (maswavleblis mier) cxrilSi 
daafiqsireben dakvirvebis Sedegs. 

sacdeli 
boTlebi

wylis temperatura 
10 saaTze 

wylis temperatura 10 
saaTsa da 05 wuTze

wylis temperatura 10 
saaTsa da 10 wuTze

SeufuTavi 
boTli 

SefuTuli 
boTli

dakvirvebis monacemi, am SemTxvevaSi, aris boTlebSi arsebuli wylis 
temperaturis maCveneblebi. maswavlebeli sTxovs moswavleebs cxrilis mixedviT 
ganmarton, ra monacemi miiRes. 

3. dakvirvebis monacemis analizi da daskvna
Tu cda sworad warimarTa, moswavleebi Seadareben dafiqsirebul 

temperaturebs da gaarkveven, rom wylis temperatura dakvirvebis bolosaTvis 
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naklebia SeufuTav boTlSi (monacemis analizi). maswavlebeli svams SekiTxvas: 
ra gansxvavebaa or sacdel boTls Soris? pasuxis miRebis Semdeg ismeva saboloo 
SekiTxva: ra SeiZleba iyos imis mizezi, rom SeufuTav boTlSi wylis temperatura 
ufro Cqara daeca? ram Seuwyo xeli meore boTlSi wylis temperaturis ufro 
xangrZlivad SenarCunebas? moswavleebi akeTeben saboloo dasvnas.

4. dakvirvebis monacemis da daskvnis gamoyeneba cocxali arsebebis garemosTan 
Seguebis sakiTxSi garkvevisaTvis 

maswavlebeli avarjiSebs moswavleebs gamoiyenon cdis monacemze dayrdnobiT 
miRebuli daskvna bunebrivi movlenebis asaxsnelad.

amisaTvis maswavlebeli aCvenebs moswavleebs ilustraciebs (ix. internet-
resursi). ilustraciebze naCvenebia civ garemoSi mcxovrebi arsebebi (polaruli 
mela da daTvi), romlebsac aqvT xSiri Tmovani safarveli. maswavlebeli 
ganmartavs, rom es cxovelebi binadroben polusze, sadac Zalian civa da 
svams SekiTxvas: rogor axerxeben es cxovelebi aseT civ garemoSi sxeulis 
temperaturis SenarCunebas?

moswavleebi advilad midian saTanado daskvnamde. amis Semdeg sasurvelia, 
daisvas SekiTxva: saidan iciT, rom bewvi xels uwyobs sxeulis temperaturis 
SenarCunebas? rogor axerxebs adamiani sxeulis temperaturis SenarCunebas civ 
garemoSi?

aqtivoba: 
Seferilobis SeguebulobiTi mniSvnelobis demonstracia:
mwvane fonze (furceli, naWeri) devs muyaosgan (qaRaldisgan) gamoWrili 

qarTuli asoebi (mag. a,b,g,d,e). yoveli maTganic xuTia (sxvadasxva feris): mwvane 
(zustad fonis feri), wiTeli, yviTeli, narinjisferi da lurji. erTidaigive 
da agreTve erTi feris asoebi erTad ar unda idos, aurieT. bavSvebs eZlevaT 
instruqcia: swrafad amoarCieT da gverdze gadaawyeT am asoebidan yvela `a” 
da `b” . dro eZlevaT 5 wm. bavSvebi iTvlian gadarCeul da darCenil asoebs, 
maswavlebeli awvdis  cxrils, romelSic Caweren, Tu ra feris  `a” da `T” 
gadairCa ufro metad. 

mwvane wiTeli yviTeli lurji narinjisferi

akeTeben daskvnebs, rom gadairCa raRac feri meti da raRac naklebi (an 
saerTod ar gadairCa). gamoTqvamen varauds, ratom moxda ase.

daskvnebis gamotanis Semdeg maswavlebeli ekiTxeba: warmoidgineT, xis 
mwvane foTlebze cxovroben mwvane, yviTeli da wiTeli muxluxoebi. beRurebi 
nadiroben maTze. rogor fiqrobT, romeli muxluxoebi gadaurCebian beRurebs 
ufro advilad da romlebs SeWamen beRurebi ufro metad? ratom? 

Semdegi nabiji: SeajameT gakveTili, daafiqsireT, rom saubari iyo cxovelebis 
Seferilobaze, romelic SveliT maT Tavi Seafaron sacxovrebel garemos da  
dausxltnen mtacebels.



180

amis Semdeg miawodeT cal-calke baraTebze dawerili: `mfarvelobiTi 
Seferiloba”, `mtacebluri Seferiloba”, `saqorwino Seferiloba” da sTxoveT, 
SearCion is saTauri, romelic yvelaze kargad asaxavs muxluxos situacias. 

arCevanis gakeTebis Semdeg Tavad daafiqsireT termini da mieciT misi sruli 
ganmarteba.

aqtivoba 2.
Tevzis Seferiloba: muclis mxare Ria, zurgis muqi
aqtivoba: e.w. Brain Storming (gonebis daZabva)
maswavlebeli warudgens moswavleebs Tevzis oTx sqematur models.  modelad 

gaoiyeneT milis formiT daxveuli 4 qaRaldi, romlebic SeRebilia ase: 1. 
zemodan (pirobiTad, zurgis mxare) muqi, qvemodan (pirobiTad muclis mxare) 
TeTri   2. orive mxare muqi  3. orive mxare TeTri 4. zurgis mxare TeTri, 
muclis _ muqi.

SesaZlebelia, modelis nacvlad warudginoT oTxi sqematuri naxati.
maswavlebeli sTxovs moswavleebs, moifiqron, Tu 4 variantidan romeli jobs 

imisaTvis, rom Tevzi naklebad SesamCnevi iyos mtrisaTvis. bavSvebi gamoTqvamen 
sakuTar mosazrebas.

Tu klass uWirs swori versiis migneba, maswavlebeli exmareba: uxsnis, 
rom rodesac Tevzi curavs, mis qvemoT aris fskeri, xolo zemodan ki mziT 
ganaTebuli wyali.

savaraudo daskvna, romelic unda gakeTdes: mtacebeli, romelic wylis 
zedapiridan aTvalierebs wyals (mag. yanCa, daTvi) Znelad gaarCevs Tevzis muq 
zurgs fskeris muqi fonisagan, xolo wylis siRrmidan zeda fenebSi mcuravi 
Tevzis Ria feris muceli naklebad ganirCeva wylis naTeli zeda fenisagan.

V - VI klasi 

qvemoT moyvanili aqtivobebi emsaxureba me-3, me-4  klasSi dawyebul saqmes: 
moswavleSi dakvirvebis, cdis, monacemebis registraciis, analizis da daskvnis 
gamotanis unaris da agreTve, TanamSromlobis Cvevis ganviTarebas. amavdroulad, 
moswavle eCveva dakvirvebisaTvis garkveuli xelsawyoebis gamoyenebas.

aqtivobebi erTiandeba saTauriT: SeviswavloT mcenaris organoebi
aqtivoba 1: 
maswavlebels gayavs klasi ezoSi, yofs jgufebad. jgufebi SearCeven 

yvavilovan mcenares (sxvadasxvas) da lupis daxmarebiT Seiswavlian misi yvavilis 
agebulebas. Sedegebs aformeben cxrilis saxiT.

cxrili winaswar moamzadeT klasSi moswavleebTan erTad.
cxrili: yvavilis agebuleba 

gvirgvinis furc­
lebis raodenoba

gvirgvinis 
furclebis feri

butkos 
raodenoba

mtvrianebis 
raodenoba
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jgufebma Seadaron namuSevari da  imsjelon yvavilovani mcenareebis 
yvavilevs Soris msgavsebasa da gansxvavebaze. Sedegi gamosaxon venis diagramis 
saxiT.

aqtivoba 2. pirvelis msgavsia. oRond jgufebma ar ician, sxva jgufi romel 
yvavils aRwers. maswavlebelma miaqcios yuradReba, rom jgufebma ar aiRon 
erTi da igive mcenaris yvavili. 

Semdeg jgufebi cvlian cxrilebs. jgufi miRebuli aRwerilobis mixedviT 
eZebs bunebaSi xemcenares.

aqtivoba 3.
jgufebi agroveben xemcenaris foTlebs, akvirdebian lupiT da akeTeben 

Canaxats. jgufebma ar ician, romel foTols xatavs sxva jgufi. maswavlebelma 
miaqcios yuradreba, rom jgufebma ar aiRon erTi da igive mcenaris foTlebi. 

Semdeg jgufebi cvlian naxatebs. jgufi miRebuli naxatis mixedviT eZebs 
bunebaSi xemcenares.

qvemoT aRwerili aqtivobebis (1-3) mizania Seaswavlos moswavles ConCxis 
agebuleba, ganuviTaros mas ganzogadebis, klasificirebis unari

aqtivoba 1. ConCxi - sxeulis sayrdenia (cda, msjeloba)
maswavlebeli Tavis magidaze debs sagnebs: saxazavs, xis Zels. urigebs 

moswavleebs naWris tomrebs.
istruqcia: scadeT. am tomrebis `fexze dayeneba”.
ramdenime uSedego cdis Semdeg miuTiTebs magidaze mdebare sagneze: es 

sagnebi xom ar gamogadgebaT davalebis Sesasruleblad?
(Cveulebriv, moswavleebi swrafad wyveten problemas: saxazavs (Zels) 

Seudgamen tomaras Signidan da axerxeben tomris `fexze dayenebas”).
maswavlebeli: ra SemTxvevaSi moxerxda tomris dayeneba? ratom? 
aqtivoba grZeldeba;
maswavlebeli:
rodesac moqandake adamianis sxeuls Zerwavs, is jer akeTebs qandakebisaTvis 

sayrdens (uCvenebs, karkasis doneze Sesrulebuli qandakebis suraTs). 
kiTxva: rogor fiqrobT, risTvis aris sayrdeni saWiro?
diskusiis Semdeg kiTxva: saidan iciT rom sayrdeni saWiroa? ra cdam da 

rogor daadastura es mosazreba? (ganixileba cda tomriT da sayrdeniT-
saxazaviT, ZeliT).

maswavlebeli uCvenebs ilustracias.  SekiTxva: daakvirdiT, sinamdvileSi ra 
asrulebis adamianis sxeulis sayrdenis daniSnulebas?

rogor fiqrobT, ris gakeTebas ver SeZlebdiT, ConCxi rom ar gqondeT.
aqtivoba 2. xerxemali
maswavlebeli yofs moswavleebs jgufebad da urigebs yvela jgufs adamianis 

ConCxis ilustracias. ilustraciebze warwerebi da isrebi miuTiTebs qalaze, 
neknebze, kidurebze da xerxemalze. 

jgufebs urigdeba, agreTve, sxva ilustraciebic: erT jgufs bayayis ConCxis, 
meores  – Tevzis, mesames – bayayis da Tevzis. am ilustraciebzec aRniSnulia: 
qala, xerxemali, kidurebi (bayayis), neknebi da farflebi (Tevzis).
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instruqcia: daakvirdiT ilustraciebs, gamoiyeneT venis diagrama da 
daadgineT saerTo da ganmasxvavebeli am arsebebis ConCxis  agebulebaSi.

jgufebi warmoadgenen davalebas. diagramebi gamoifineba dafaze. jgufebi 
aRweren maT. irkveva ganxiluli organizmebis ConCxis agebulebis saerTo da 
ganmasxvavebeli niSnebi.

qvemoT moyvanili suraTebi gagiadvilebT am aqtivobis Sesrulebas.

aqtivoba 3. xerxemnianebi, uxerxemloebi
maswavlebeli: wers dafaze sam sityvas: `neknianebi”, `kidurebianebi”, 

`xerxemlianebi”. 
instruqcia: bayayi, Tevzi da adamiani erT jgufSia gaerTianebuli ConCxis 

agebulebaSi msgavsebis mixedviT. am jgufs Tavisi saxelwodeba aqvs. moifiqreT, 
am sityvebidan romeli miesadageba yvelaze zustad  jgufis saxelwodebas? 

msjelobaSi irkveva termini `xerxemlianebi”.
davalebis Sesrulebis Semdeg damazustebeli SekiTxvebi: ratom ar airCieT 

saxelwodeba `neknianebi”? `kidurianebi”?
maswavlebeli yofs klass jgufebad, uCvenebs qvewarmavlis (xvliki, ku, gveli), 

frinvelis (qaTami) sxeulis ilustracias, sadac Cans ConCxi da lokokinas, 
buzis (an sxva uxerxemlo cxovelis) sxeulis suraTebs. 

instruqcia: amoarCieT is ilustraciebi, sadac naCvenebia xerxemliani 
cxovelebi.

maswavlebeli amowmebs davalebas. aZlevs damazustebel SekiTxvebs: es 
(magaliTad, qaTmis sxeulis ilustracia) ratom aris xerxemliani? es (magaliTad, 
lokokinas sxeulis ilustracia) ratom ar miaTvale xerxemlianebs?

maswavlebeli ajamebs aqtivobas: maSasadame, xerxemlian cxovelebs 
miekuTvneba: (moswavleebi CamoTvlian). buzs, lokokinas, Wiayelas, pepelas 
(CamoTvlis sxva cxovelebsac da wers maT saxelebs dafaze) xerxemali ar aqvs. 
(am dros maswavlebeli ar iyenebs termins “uxerxemloebi”).
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am aqtivobis damTavrebis Semdeg  maswavlebeli svams SekiTxvas: Tqven 
SearCieT sityva `xerxemlianebi”, raTa erT jgufSi mogeTavsebinaT cxovelebi. 
moifiqreT, ra unda erqvas im jgufs, sadac gaerTianebulia buzi, lokokina, 
pepela, Wiayela?

msjelobaSi irkveva termini `uxerxemloebi”.
gTavazobT kidev ramdenime aqtivobas:
ra uxerxemlo cxovelebi (peplebi, xoWoebi, lokokinebi da sxv.) aris Cvens 

baRSi (skolis ezoSi, velze, tyeSi) aqtivoba: savele kvleva, monacemebis 
aRricxva, analizi – dajgufeba, warmodgena.

es aqtivoba sasargebloa klasifikaciis principebis Sesaswavlad da agreTve, 
damoukidebeli savele samuSaos Catarebis unaris gamomuSavebisaTvis. 

maswavlebeli gegmavs gasvliT gakveTils. 
bavSvebi akvirdebian garemos, agroveben iq arsebul xoWoebs, akeTeben 

Canaxatebs, adareben maT agebulebis, Seferilobis, zomis mixedviT, axdenen 
klasifikacias am niSnebis mixedviT, warmoadgenen prezentaciis saxiT.

aRniSnuli aqtivobis Semdeg moswavleebs SeiZleba warudginoT danarTSi 
arsebuli klasifikaciis sqemebi da sTxovoT, gaarkvion, Tu ra niSnebis 
safuZvelze arian cxovelebi gaerTianebuli romelime konkretul taqsonomiur 
jgufSi.

klasifikacia, naTesauri kavSirebis dadgena:
vin vis gavs metad 
aqtivoba: dakvirveba, Sedareba, dajgufeba, monacemis warmodgena cxrilis, 

diagramis saxiT
moswavleebs davurigebT baraTebs cxovelebis gamosaxulebebiT (spilo, 

jixvi, cxeni, iremi, ciyvi, daTvi, vefxvi, lomi, mgeli, ZaRli, mela, buzi, 
tarakani, futkari, xvliki, bayayi, gveli, ku, beRura, arwivi, mtredi, qaTami, 
mimino, Ramura, zvigeni, kalmaxi, loqo, veSapi, delfini), vTxovT, daajgufon 
msgavsebis mixedviT. muSaobs bavSvebis ramdenime jgufi. vTxovT, TavisTvis 
Caweron ra niSniT daajgufes. amis Semdeg vTxovT, gamoyon ufro didi (an 
patara, gaaCnia, wina dajgufeba rogori iyo) jgufi da isev gaakeTon Canaweri. 
Semdeg gamoyon kidev ufro didi an patara. TiToeuli jgufi monacemebs 
gaaformebs cxrilis(diagramis) saxiT da akeTebs prezentacias.

qvemoT moyvanili aqtivobebis 1,2. mizania moswavlem dakvirvebis gziT 
Seiswavlos Tevzis sunTqvis Tavisebureba, gamoimuSavos dakvirvebis, cdis 
Catarebis unari.

saerTo saTauri: davakvirdeT Tevzis sunTqvas
aqtivoba 1. tardeba mas Semdeg, rac moswavleebi gaigeben, rom haerTan erTad 

CavisunTqavT Jangbads, romelic gadadis Cvens sxeulSi, xolo sxeulidan 
naxSirorJangi gadadis filtvSi  da gareT gamoiyofa.

CaisunTqe da Semdeg amoisunTqe rezinis buStSi. rezinis buSti piriT gabere 
da ganaskve. 

upasuxe: ra nivTierebiT aris savse rezinis buSti? (diskusiiT miiyvaneT 
pasuxamde – amosunTquli haeriT, romelSic aris naxSirorJangi)
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aiRe gamWvirvale WurWeli da sanaxevrod gaavse wyliT. buStis kedeli 
frTxilad gaxvrite or adgilas wvrili nemsiT. Cade buSti wyalSi da daakvirdi 
ra moxdeba. 

upasuxe: 
•	 ra  SeniSne?
•	 ra SeiZleba iyos es?
diskusia midis imis dadgenamde, rom es naxSirorJangia.
aqtivoba 2. moswavleebi akvirdebian Tevzebs akvariumSi. maswavlebeli uCvenebs 

Tevzis naxats, sadac kargad aris gamoxatuli layuCi da sTxovs moswavleebs, 
ipovon es organo akvariumSi myof TevzebSi. maswavlebeli cdilobs, gaamaxvilos 
moswavleTa  yuradReba buStukebze, romlebic dro da dro Cndeba Tevzis 
sxeulis garSemo. dakvirveba grZeldeba imisaTvis, rom gairkves, saidan modis 
es buStukebi. dakvirvebis mizania moswavlem dainaxos, rom buStukebi Tevzis 
sxeulidan, kerZod, layuCebidan gamodis.

maswavlebeli svams kiTxvas: 
•	 ra SeiZleba iyos es buStukebi? (moswavleebi Cveulebriv advilad 

xvdebian, rom es naxSirorJangia)
•	 ratom fiqrobT ase? (aq saWiroa, rom moswavlem mosazreba daakavSiros 

wina aqtivobis gamocdilebasTan)
•	 SeiZleba vifiqroT, rom Tevzic sunTqavs?
•	 ratom SegviZlia vifiqroT ase?
•	 ra organoTi sunTqavs Tevzi?
rekomendacia: marTalia, uxerxemlo cxovelebis Tema am etapze ar 

ganixileba (standartis mixedviT), magram indikatori xerxemlianebis sxva 
cxovelebisgan gansxvavebis Sesaxeb TavisTavad warmoSobs uxerxemloebze 
saubris aucileblobas. amitom gTavazobT ramdenime aqtivobas, romelic, 
Cveni azriT, metad sasargeblo iqneba bavSvebis gonebis ganviTarebisTvis da 
cnobismoyvareobis dasakmayofileblad.

ra uxerxemlo cxovelebi (peplebi, xoWoebi, lokokinebi da sxv.) aris Cvens 
baRSi (skolis ezoSi, velze, tyeSi) aqtivoba: savele kvleva, monacemebis 
aRricxva, analizi – dajgufeba, warmodgena.

es aqtivoba sasargebloa klasifikaciis principebis Sesaswavlad da agreTve, 
damoukidebeli savele samuSaos Catarebis unaris gamomuSavebisaTvis. 

maswavlebeli gegmavs gasvliT gakveTils. 
bavSvebi akvirdebian garemos, agroveben iq arsebul xoWoebs, akeTeben 

Canaxatebs, adareben maT agebulebis, Seferilobis, zomis mixedviT, axdenen 
klasifikacias am niSnebis mixedviT, warmoadgenen prezentaciis saxiT.

aRniSnuli aqtivobis Semdeg moswavleebs SeiZleba warudginoT klasifikaciis 
sqemebi da sTxovoT, gaarkvion, Tu ra niSnebis safuZvelze arian cxovelebi 
gaerTianebuli romelime konkretul taqsonomiur jgufSi.

qvemoT moyvanili aqtivobebis mizania, moswavlem Seiswavlos kvebiTi 
urTierTobebi, gamoimuSavos teqstis analizis, kavSirebis dadgenis, sistemaSi 
cvlilebebis analizis unari. 
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aqtivoba 1. kvebiTi jaWvi. gakveTilis dasawyisSi maswavlebeli yofs klass 
jgufebad da sTxovs: gamaxseneT, rogor iwyeba cnobili xalxuri leqsi: 
modi, vnaxoT venaxi. (wesiT, am asakSi moswavleebs axsovT es leqsi, Tu ara, 
maswavlebeli TviTon eubneba an akiTxebs mis dasawyiss: modi, vnaxoT venaxi, . . 
.  mgelma Wama Txas CaTvliT)

maswavlebeli sTxovs jgufebs: daxateT furcelze am leqsis Sinaarsi. 
jgufebi warmoadgenen namuSevars da ganmartaven naxatis Sinaarss. 

maswavlebeli ajamebs aqtivobas da ambobs, rom am leqsSi da naxatSic gamoCnda, 
Tu vin riTi ikvebeba.

maswavlebeli sTxovs jgufebs: moifiqreT msgavsi leqsi, sadac gamoCndeba 
vin riTi ikvebeba. oRond leqsis personaJebi iyvnen sxva cocxali arsebebi. 
personaJebi airCieT Tqveni survilis mixedviT.

jgufebi warmoadgenen namuSevars. asworeben Secdomas (Tu aseTi arsebobs).
maswavlebeli yoveli leqsis Semdeg svams SekiTxvas:
am leqsis mixedviT vin riTi ikvebeba?
davalebis Sesrulebis Semdeg maswavlebeli urigebs jgufebs 3-3 baraTs 

cocxali arsebebis suraTebiT, TiTo baraTze TiTo suraTi. magaliTad: pirveli 
jgufi- balaxovni mcenare, kurdReli, mela

meore jgufi - balaxovani mcenare, cxvari, mgeli
mesame jgufi - balaxovani mcenare, wiwila, mtacebeli frinveli
instruqcia: daalageT da daawebeT furcelze es baraTebi TanmimdevrobiT 

ise, rom gamoCndes, vin riTi ikvebeba.
namuSevrebi gaikvreba dafaze.
maswavlebeli svams SekiTxvas: „jgufebma warmoadgines namuSevrebi. aq Cans 

vin riTi ikvebeba. me baraTebs davakavSireb isrebiT (akavSirebs), raTa ukeT 
gamoCndes, vin riTi ikvebeba. modi, davasaTauroT Tqveni naxati. me mogcemT 
baraTebs, romlebzec dawerilia sxvadasxva saTauri. amoarCieT is, romelic 
yvelaze kargad gamoxatavs Tqveni namuSevris Sinaarss, moitaneT da daakariT 
dafaze Tqveni naxatis qveS.

maswavlebeli urigebs jgufebs erTidaigive 3 baraTs, romlebzec weria (TiTo 
baraTze TiTo warwera) : „kvebiTi jaWvi“, „kvebiTi wre“, „kvebiTi kvadrati“.

davalebis Sesrulebis Semdeg maswavlebeli sTxovs moswavleebs ganmarton, 
sakuTari arCevani. bolos maswavlebeli svams  SekiTxvas: Tu Tqveni namuSevari 
jaWvs asaxavs, ra aris am jaWvis calkeuli rgolebi? 

aqtivoba 2. balaxismWamelebi da xorcimWamelebi
muSaobs kvlav moswavleTa jgugebi.
ganvlili masalis ganmtkicebisaTvis maswavlebeli dafaze warmoadgens 

sam-komponentian kvebiT jaWvs (daxatavs, an daakravs baraTebis saxiT). mag: 
balaxovani mcenare-kurdReli-mgeli.

maswavlebeli ekiTxeba moswavleebs: ra qvia am gamosaxulebas? ratom aris es 
jaWvi da ara magaliTad, wre?

maswavlebeli agrZelebs aqtivobas: axla dagirigebT baraTebs. zed weria 
raRac sityvebi. urigebs 2-2 baraTs romlebsac aweria: erTs “balaxismWameli”, 
meores –“xorcimWameli”.
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instruqcia: moifiqreT, dafaze naCveneb kvebiT jaWvSi romel rgols romeli 
sityva miesadageba? moifiqreT da Semdeg daakariT baraTebi dafaze Tav-Tavis 
adgilas.

SesaZlo Secdomebi ar swordeba (!!).
davalebis Sesrulebis Semdeg maswavlebeli sTxovs jgufebs: ganmarteT, 

ratom daakariT baraTi “xorcismWameli” mgelTan? ganmartebis mosmenis Semdeg 
SekiTxva: ratom daakariT  baraTi “balaxismWameli” kurdRelTan?

pasuxebis mosmenis dros gaswordes is SesaZlo Secdoma, romelsac 
savaraudod, dauSvebs romelime jgufi. Secdoma gaasworon Tavad moswavleebma, 
ganumarton Tanaklaselebs Secdomis arsi.

aqtivobis damTavrebis Semdeg maswavlebeli sTxovs jgufebs: zogma (vTqvaT, 
orma a da b jgufma)  Camoweron balaxismWamelebis sia, sxva orma jgufma ki (g 
da d) xorcismWamelebis sia.

jgufebi warmoadgenen namuSevars. swordeba SesaZlo Secdoma.
amis Semdeg maswavlebeli sTxovs jgufebs, dasxdnen erTad (a da g, b da d) 

da Seqmnili siis gamoyenebiT Seadginon kvebiTi jaWvebi: werilobiT gamosaxon 
furcelze. 

aqtivoba gaTvlilia, rom moswavleebs gauCndebaT SekiTxva: siaSi ar aris 
balaxi, rogor SevadginoT kvebiTi jaWvi?” maswavlebeli pasuxobs : Tqven Tavad 
CaamateT. SesaZloa, rom aseTi SekiTxva ar gaCndes. aseT SemTxvevaSi Tavad 
maswavlebeli ekiTxeba: ra aklia Tqvens sias imisaTvis, rom SeZloT kvebiTi 
jaWvis Sedgena?

(es aqtivoba saWiroa:  1. kvebiTi jaWvis Sesaxeb swori warmodgenis 
Camoyalibeba/ganmtkicebisaTvis 2. axali terminologiis (balaxismWameli/
xorcismWameli) swavlebisaTvis 3. da agreTve, xels Seuwyobs sabazo safexurze 
producentebis mniSvnelobis garkvevas).

aqtivoba 3: nairmWamelebi
maswavlebeli ekiTxeba moswavleebs: riTi ikvebeba adamiani?
pasuxebi iwereba dafaze. maswavlebeli erT rigSi wers mcenareuli sakvebis 

saxelebs, meore rigSi - cxovelurisas.
moswavleebs albaT gauWirdebaT imis warmodgena, rom mawoni an rZe 

cxoveluri produqtia, puri ki mcenareuli. amitom maswavlebeli aq aqtiurad 
ereva saqmeSi da kiTxvebis gziT arkvevs am sakiTxs.

Semdeg maswavlebeli svams kiTxvas: adamiani Wams pursac da mawonsac, xorcsac 
da xaxvsac. maSin am sami sityvidan, romeli miesadageba adamians yvelaze kargad? 
dafaze iwereba sami termini: `balaxismWameli”, `xorcismWameli”, `nairmWameli”.

aqtivoba 4 zemoT moyvanili sqemebi gamoiyeneT sxva mizniTac.
jgufebs daurigeT sqemebi da sxvadasxva jgufisaTvis sqemidan amoagdeT 

(dafareT qaRaldiT, an amoiReT aslis gadaRebis dros) kvebiTi jaWvis erTi 
romelime komponenti. sTxoveT moswavleebs aRweron, Tu rogor Seicvleba 
kvebiTi jaWvi. calke baraTebze iqonieT sxva producentis (mag. muxa, kakali), 
konsumentebis (mag. gareuli Rori, mgeli) reducentis (xoWo) gamosaxulebebiT. 
daurigeT baraTebi moswavleebs da sTxoveT, Seavson jaWvSi gamotovebuli 
adgili da gaakeTon Sesabamisi komentari.
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aqtivoba 5. zemoT aRwerili aqtivobebis CamTavrebis, kvebiTi jaWvis 
koncefciis ganmtkicebis Semdeg, maswavlebels gayavs moswavleebi gareT. 

es damamTavrebeli aqtivobaa da sruliad aucilebeli Sedegis misaRwevad.
maswavlebels gayavs moswavleebi gareT. moswavleebis iyofa jgufebad. 

jgufebs maswavlebeli mouniSnavs (miwaSi CarWobili joxebiT) dakvirvebis 
teritorias. jgufebs aqvT furceli da fanqari. jgufebs eZleva davaleba: 
aRmoaCineT kvebiTi jaWvis calkeuli rgolebi. moswavleebi akvirdebian 
teritorias, iweren aRmoCenil komponentebs. Canawerebs jgufebi inaxaven 
klasSi Semdegi gakveTilisaTvis.

aqtivoba grZeldeba Semdeg gakveTilze klasSi.
dakvirvebis Canawerebze dayrdnobiT igive jgufebi adgenen (werilobiT) 

kvebiT jaWvs. Sedegebi iwereba dafaze.
jgufebi adareben Sesrulebul namuSevars. maswavlebeli sTxovs, daafiqsiron 

gansxvaveba da msgavseba namuSevrebs Soris. mTeli klasi qmnis erT saerTo 
kvebiT jaWvs yvela jgufis monacemis gaTvaliswinebiT.

kvebiTi jaWvi da kvebiTi bade:
am etapze erovnuli saswavlo standartiT ar aris gaTvaliswinebuli ̀ kvebiTi 

badis” swavleba. Cveni azriT, am sakiTxis swavleba mexuTe klasSi sasurvelia 
Semdegi mizezebis gaTvaliswinebiT:

•	moswavles uyalibdeba arasrulfasovani koncefcia kvebiTi urTierTobebis 
Sesaxeb

•	inteleqtualurad mexuTeklaseli mzad aris kvebiTi badis koncefciis 
SemecnebisaTvis  

am mizezebis gaTvaliswinebiT gTavazobT aqtivobas kvebiTi badis koncefciis 
ganviTarebisaTvis. 

maswavlebeli sqematurad xatavs dafaze balaxovan mcenareebs da ekiTxeba 
moswavleebs: damisaxeleT balaxismWameli cxovelebi.

maswavlebeli wers am saxelebs balaxis naxatis Tavze erT rigad. maswavlebeli: 
axla me davakavSireb am cxovelebs isrebiT mcenareebTan, radgan es cxovelebi 
mcenareebs Wamen.

axla damisaxeleT xorcismWamelebi. moswavleebi asaxeleben xorcimWamelebs, 
maswavlebeli wers am saxelebs dafaze, balaxismWamelebis saxelwodebebis 
Tavze, erT rigad.

maswavlebeli - visTan davakavSiro isrebiT xorcimWamelebi?
pasuxi, rogorc wesi, aris: balaxismWamelebTan. 
maswavlebeli: magram, rogor davakavSiro, mgeli xom Tagvsac Wams da 

kurdRelsac (es konkretuli cxovelebi magaliTia mxolod)? msjeloba 
midis iqamde, rom mglisagan ori isari unda wamovides: erTi TagvTan, meore 
kurdRelTan.

maswavlebeli avlebs isrebs.
amis Semdeg SekiTxva: raRac aklia Cvens naxats. magaliTad, daTvi, is xom 

nairmWamelia, balaxsac Wams da xorcsac. rogor gavavlo isrebi?
naxatis dasrulebis Semdeg:
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maswavlebeli: ai, rogori naxati gamovida. modi, davasaTauroT naxati. me 
mogcemT baraTebs, romlebzec dawerilia sxvadasxva saTauri. amoarCieT is, 
romelic yvelaze kargad gamoxatavs naxatis Sinaarss. maswavlebeli awvdis 
moswavleebs or baraTs. erTze weria: „kvebiTi jaWvi“, meoreze „kvebiTi bade“.

nebismieri arCevani ganixileba diskusiis gziT da SekiTxvebiT: ratom fiqrob 
ase? 

Tu maswavlebeli atyobs, rom moswavleebs uWirT axali koncefciis 
gamomuSaveba, is saqmes aadvilebs: gamoyofs naxatze calkeul kvebiT jaWvebs 
da ganmartavs, rom naxatze erTi ki ara, bevri kvebiTi jaWvia, romlebic 
erTiandeba kvebiT badeSi.

aqtivoba: xerxemlianebis organoebi da maTi funqcia
rodesac am Temas ganixilavT, sasurvelia, gakveTilisaTvis moamzadoT 

ConCxis naturaluri nimuSi. zogierT skolaSi aris aseTi nimuSebi, magram Tu 
Tqvens skolaSi ar aris, SesaZlebelia maTi damzadeba. es SeiZleba iyos Tevzis 
ConCxi. Tevzi Zalian did xans unda xarSoT raTa Zvlebs advilad gascildes 
kunTebi. gaaTavisufleT qala, xerxemali da neknebi sxva qsovilebisagan. 
SeZlebisdagvarad, SeinarCuneT kudis farflis ConCxic. ConCxi daakariT muyaos 
qaRaldze. aCveneT moswavleebs xerxemlianTa klasis ConCxi kompiuterSic. 
magram veranairi suraTi ver Secvlis naturalur nimuSs, amitom Zlier 
sasurvelia Tu Tevzis ConCxs daamzadebT.

sasurvelia, iqonioT baraTebi saxelmZRvaneloSi moyvanili suraTebiT.
gansazRvreT, gakveTilis mizani: cocxali arsebebis ConCxze dakvirveba.
ganumarteT, ras niSnavs Zvlovani ConCxi.
gakveTili daiwyeT adamianis ConCxis suraTiT. miuTiTeT xerxemali, qala, 

kidurebi. miuTiTeT xerxemali Tevzis naturalur ConCxzec.
gakveTili gaagrZeleT aqtivobiT: sxvadasxva xerxemlianis ConCxis Sedareba.
daurigeT moswavleebs baraTebi xmeleTis xerxemlianebis gamosaxulebiT da 

sTxoveT, aRmoaCinon msgavseba adamianis da sxva xerxemlianebis ConCxs Soris. 
pirvel rigSi, es aris xerxemali, qala, kidurebi.

SegiZliaT gamoiyenoT adre moyvanili sqemebi
dasviT SekiTxva: yvela am cxovelTagans ratom vuwodebT `xerxemlians~.
daafiqsireT pasuxi da gaakeTebineT daskvna: dajgufeba xdeba im niSniT, 

romelic saerToa yvela am arsebisaTvis.
sTxoveT moswavleebs, aRmoaCinon gansxvaveba xerxemlianebis ConCxs Soris. 

amuSaveT klasi Tevzis naturalur ConCxze: gamoyon ConCxis ZiriTadi nawilebi.
am SemTxvevaSi, moswavleebma Tavad unda aRmoaCinon gansxvaveba: kidurebis 

arseboba xmeleTis xerxemlianebSi da farflebi TevzebSi.
sTxoveT moswavleebs gansxvaveba-msgavseba gamosaxon venis diagramis saxiT.
Semdeg dasviT SekiTxva: ratom jobs vuwodoT yvela am cxovels ̀ xerxemliani~ 

da ara, magaliTad, `kiduriani~ cxovelebi? (radgan Tevzebs ar aqvT kidurebi).
daafiqsireT pasuxi da gaakeTebineT daskvna: dajgufeba ver moxdeba im 

niSniT, romelic ar aris saerTo yvela am arsebisaTvis.
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Semdeg uCveneT moswavleebs uxerxemlo cxovelebis suraTebi an Tu skolaSi 
gaqvT – naturaluri nimuSebi. auxseniT, rom am cxovelebs ar aqvT Zvlovani 
ConCxi da amitom uxerxemloebi ewodebaT.

aqtivobis Semdeg dasviT kiTxva ConCxis mniSvnelobis Sesaxeb. SegiZliaT 
Zalian advilad moaxdinoT xerxemlis mniSvnelobis demonstracia. aiReT naWris 
tomara, an Tundac celofnis parki da uCveneT moswavleebs, rom misi `fexze 
dayeneba~ ar xerxdeba: rogorc ki xels gauSvebT, daecema. hkiTxeT moswavleebs, 
ra unda gakeTdes imisaTvis, rom tomara `fexze dadges~? SesaZlebelia, rom 
diskusiaSi gamoikveTos sayrdenis aucilebloba. tomaras Ria mxridan SeudgiT 
sayrdeni (mag. joxi farTo ZiriT), dadeT sayrdenianad magidaze da daanaxeT 
moswavleebs, rom sayrdenis daxmarebiT tomara `fexze dadgeba~.

dasviT SekiTxva: saxlisa da qandakebis Sesaxeb (razedac adre iyo saubari).
mieciT moswavleebs saSualeba, gamoTqvan azri. es SesaZlebelia gakeTdes 

jgufuradac: jgufebma moifiqron pasuxi da warmoadginon.
amis Semdeg ukve SesaZlebelia gadasvla xerxemlis funqciaze.
dasviT SekiTxva: ra mniSvneloba aqvs xerxemals cxovelebisaTvis? mieciT 

moswavleebs saSualeba gamoTqvan azri.
es gakveTili iZleva saSualebas, rom maswavlebeli iyos mxolod diskusiis 

warmmarTvelis rolSi, klasis aqtivobaSi minimaluri CareviT, xolo 
moswavleebma gamoiCinon maqsimaluri aqtivoba. Tumca es ar niSnavs, rom 
maswavlebls diskusiaSi meorexarisxovani roli aqvs. man unda uzrunvelyos 
sawyisi informaciis miwodeba, diskusiis warmarTvis wesrigi. wesrigi ar 
myardeba simkacriT. maswavlebelma unda gaacnos klass diskusiis warmarTvis 
wesi: diskusias aqvs msjelobis sagani, amitom vsaubrobT ara yvelafris Sesaxeb, 
aramed im sakiTxis garSemo, romelsac ganvixilavT; yvela usmens im adamians, 
romelic gamoTqvams azrs, yvelanairi azri pativsacemia, diskusias agvirgvinebs 
daskvna. daskvna keTdeba gamoTqmuli mosazrebebis Sejerebis safuZvelze.

aqtivoba: yvavilovani mcenaris organoebi
am Temis damuSavebas aucileblad sWirdeba mcenareebis daTvaliereba 

bunebriv garemoSi. rac Seexeba xelsawyos, Cveni azriT, sruliad sakmarisia 
gamadidebeli SuSis gamoyeneba. moswavleebisaTvis Zalian saintereso iqneba 
butkosa da mtvrianis daTvaliereba.

ar aris saubari maTi struqturis detalur Seswavlaze, ubralod, moswavlem 
unda dainaxos is, rasac SeuiaraRebeli TvaliT ver xedavs da aReZras interesi, 
meti gaigos garemomcveli samyaros Sesaxeb.

TemaSi aucileblad CarTeT muSaoba mcenareTa saxelwodebebze.
adre ukve aRvniSneT, rom es mniSvnelovania im TvalsazrisiT, rom moswavle 

eziaros sakuTari qveynis kulturas da agreTve, ganiviTaros warmosaxvis unari. 
garda amisa, saxelwodebebze muSaoba gulisxmobs dakvirvebas da aviTarebs 
moswavlis warmodgenas mcenareTa agebulebasa da mravalferovnebaze.

gakveTilis warmarTvis scenari rTuli ar aris:
gansazRvreT gakveTilis mizani: gavarkvioT ra ewodeba ama Tu im mcenares da 

movifiqroT, ratom misca adamianma maT es saxeli.



190

maswavlebeli miuTiTebs moswavleebs sxvadasxva mcenareze, usaxelebs maT da 
sTxovs moswavleebs moifiqron, saidan modis esa Tu is saxelwodeba.

moswavleebi akvirdebian mcenareebs da pouloben Sesabamisobas mcenaris 
niSan-Tvisebasa da saxelwodebas Soris.

maswavlebeli sTxovs moswavleebs daafiqsiron, mcenaris romel organos da 
ra niSan-Tvisebas ukavSirdeba es saxelwodeba.

jobs, muSaoba warimarTos iseT mcenareebze, romlebic ar aris TemasTan 
dakavSirebiT naxsenebi saxelmZRvaneloSi. amitom gTavazobT ramdenime variants.

SegiZliaT, maTi foto ipovoT internetSi, amitom yvela saxelwodebas 
mivawerT laTinursac. Tumca, jobs, winaswar moimaragoT maTi nimuSebi.

orfoTola (latanthera bifolia) mravalZarRva (Plantago major) vaciwvera (Stipa) 
yvavisfrCxila (Coronilla varia) Rvina (fritillaria)

kuTxuri saxelwodebebidan SegiZliaT gaacnoT bzis qarTluri saxelwodeba 
– uflis xe da hkiTxoT moswavleebs _ ratom hqvia es saxeli, miawodoT 
Sesabamisi informacia.

gakveTili SegiZliaT daakavSiroT saqarTvelos istoriasTanac. magaliTad:
mcenareTa sul cota 20 kuTxuri saxelwodeba mainc ukavSirdeba macxovris 

da RvTisSmoblis saxelebs: qristeTvala, qristesisxla, qristes ceri, mariama 
da sxv. moswavleebis aqtivoba warmarTeT Semdegi mimarTulebiT:

ratom aris ase bevri saxelwodeba am xasiaTis? rodis unda warmoSobiliyo 
es saxelwodebebi? CarTeT am samuSaoSi istoriis maswavlebelic.

es aqtivoba sasargebloa: moswavle iwyebs fiqrs imis Sesaxeb, Tu ra zegavlena 
aqvs religiasa da kulturas adamianis azrovnebaze.

gTavazobT saqarTveloSi Semodgomaze moyvavile mcenareebis siasac.
siaSi mocemulia am mcenareebis aRwera da maTi gavrcelebis zusti adgilis 

miTiTeba.
am mcenareebidan zogierTi izrdeba mTel saqarTveloSi, amitom gamogadgebaT 

nebismieri regionis maswavleblebs. aris iseTebic, romlebic moipoveba 
TbilisSic.

SegiZliaT, bavSvebs aCvenoT es mcenareebi bunebaSi, gaakeTebinoT maTi 
herbariumi, an Tavad moitanoT skolaSi da uCvenoT agebuleba.

saqarTveloSi Semodgomaze moyvavile mcenareebi mariamsakmela – yvavilebi 
mkrTali yviTeli an moTeTroa, izrdeba mSral balaxovan ferdobebze an 
gzispirebSi. arcTu iSviaTia Tbilisis midamoebSi, kerZod, diRomSi, mSral 
ferdobebze Tbilisis arqeologiuri muzeumidan avejis maRazia `beluqsamde~. 
povna SeiZleba imereTSi, kaxeTSi, mesxeTSi.

oryura – yvavili moTeTro yviTelia, ZirSi – narinjisferi. sakmaod xSiria 
Tbilisis midamoebSi, kerZod, gvxdeba sololakisa (nariyalas SemogarenSi) da 
Taboris qedebze, kojrisaken mimavali gzis pirebze (md. leRvTaxevisken daxril 
ferdobebze). zogadad, etaneba mSral da qvian adgilebs, xSiria gzispirebSi. 
farTodaa gavrcelebuli qarTlSi, qvemo qarTlSi, mesxeTSi.

lema – mcenares sakmaod didi da TeTri yvavilebi aqvs. izrdeba danagvianebul 
adgilebSi, zogjer gzispirebSi an RobeebTan. saqarTveloSi TiTqmis yvelgan 
gvxvdeba, Tumca ar qmnis Zalian did jgufebs.
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didebuli saTovlia (saTovlia) – yvavili vardisferi, iisferi an mewamulia.
saqarTveloSi TiTqmis yvelgan gvxdeba, oRond mTaSi. sakmaod xSiria daba 

bakurianTan, cxrawyaros uReltexilze, narianSi.
kenafi (miaqcieT yuradReba: es mcenare aris kenafi da ara kanafi) – gvirgvinis 

furclebi vardisferia, mcenare maRali, 1.5 m-mdea. izrdeba Waobian adgilebSi, 
arxebis piras. gavrcelebulia aWaraSi, guriaSi, samegreloSi (foTis midamoebi).

yviTeli tuxti – mcenares didi yviTeli yvavilebi aqvs. gavrcelebulia 
mTel saqarTveloSi, xSiria gzis pirebze (Tbilisi-goris gzis orive mxares), 
danagvianebul adgilebSi, naTesebSi. TvalSisacemi mcenarea.

cocxmagara – mewamuli yvavilebi Sekrebilia mogrZo yvaviledad. izrdeba 
saqarTvelos TiTqmis yvela dablob raionSi, xSiria mdinareTa napirebze, 
WaobebSi, gzispira arxebSi (xSiria saqarTvelos samxedro gzis piras, 
fasanaurTan, ananuris wyalsacavTan).

mekenZala – mcenare simaRliT 2 metramdea, yvavilebi TeTria. izrdeba 
tyeebSi, tyisa da mTis sartyelSi, TiTqmis mTel mTian saqarTveloSi.

yviTeli ZiZo – yvavilebi yviTelia, Sekrebilia xSir yvaviledad. izrdeba 
buCqnarebSi, gzis pirebSi, danagvianebul adgilebSi, xSiria Tbilissa da mis 
SemogarenSi, aseve, TiTqmis mTel saqarTveloSi.

xaxunis Zalaze saubris dawyebisas gansazRvreT gakveTilis mizani: sxeuli 
Tavisi zedapiriT yovelTvis aris sxva sxeulis zedapirTan SexebaSi. mcenare 
fesviT exeba miwas, adamiani fexiT exeba miwas, Tevzi exeba wyals da ase Semdeg. 
ra xdeba, rodesac ori sxeuli erTmaneTs exeba zedapiriT, ra kavSiri myardeba 
maT Soris, rogor moqmedeben isini erTmaneTze?

mieciT moswavleebs saSualeba, gamoTqvan Tavisi azri. mosazrebebi dawereT 
dafaze.

daurigeT moswavleebs (jgufebs) or-ori plastmasis Wiqa. erTi kargad 
datkepnili miwiT savse, meore carieli. orive WiqaSi winaswar (miwis Cayramde) 
CadeT Rrmad xis wkirebi.

auxseniT moswavleebs ra aris WiqebSi da hkiTxeT: romeli Wiqidan iqneba 
ufro advili wkiris amoReba? mieciT saSualeba, ganmarton pasuxi. Cveni 
gamocdilebiT pasuxebSi xSiria sityvebi: ̀ miwa iWers~, ̀ uSlis~, Tumca, iSviaTad 
aris sityvebi `miwa edeba joxs~ da a.S. CamowereT jgufebis pasuxebi dafaze.

sTxoveT moswavleebs, amiRon wkiri Wiqebidan da Tan daakvirden, ra 
SemTxvevaSi dasWirdebaT ufro meti Zalis (sinamdvileSi es kunTuri Zalaa) 
gamoyeneba.

ganumarteT moswavleebs, ras niSnavs SeWiduloba da SeWidulobis Zala da 
ra qmnis SeWidulobis Zalas miwasa da wkirs Soris.

amis Semdeg gaimeoreT cda. oRond axla ori miwiani WiqiT. erTSi wkiri idos 
imave siRrmeze, meoreSi wkiri mxolod wveriT CadeT. moswavleebs sTxoveT 
Seamowmon, saidan ufro advilad amoaZroben wkirs. sTxoveT ganmarton mizezi.

daafiqsireT xaxunis Zalis damokidebuleba Sexebis zedapiris farTobze.
amis Semdeg daurigeT baraTebi saxelmZRvanelodan amoRebuli teqstiT (an 

rusuli zRapris, an qarTulis _ devis Sesaxeb). mieciT 5 wuTi wasakiTxad da 
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sTxoveT, rom ganmarton, ratom iyo rTuli Talgamis amoReba da ratom ver 
amoZvra miwidan devi.

dasasruls, gaakeTebineT moswavleebs daskvna xaxunis Zalis, misi gamomwvevi 
mizezebis Sesaxeb da sTxoveT, moiyvanon magaliTebi yoveldRiuri cxovrebidan.

ar aris aucilebeli amave gakveTilze xaxunis Zalis Semcirebis gzebze 
saubari. es SegiZliaT gadadoT Semdegi gakveTilisaTvis.

aqtivoba: moZraobis traeqtoria
am Temaze muSaobisaTvis, sasurvelia, moswavleebi gaiyvanoT gareT (ezoSi, 

mindorSi) da praqtikulad, daanaxoT ras niSnavs traeqtoria da manZili.
ezoSi winaswar moniSneT ori a da b wertili (joxebiT, qvebiT), erTmaneTisagan 

dacilebuli 10 metriT (an metad). aseTi moniSnuli adgili unda iyos ramdenime. 
moswavleebi amuSaveT ramdenime jgufad, TiToeulSi gamoyaviT ̀ damkvirveblebi~ 
da `cdis pirebi~. TiToeuli jgufi imuSavebs TiTo moniSnul adgilze.

damkvirveblebs daurigeT furceli da feradi fanqrebi.
gansazRvreT gakveTilis mizani: rodesac Tqven gadaadgildebiT (saxlSi, 

skolaSi, quCaSi, mindorSi da sxv.), yovelTvis garkveul gzas gaivliT. Cven 
unda gavigoT, ra gza SeiZleba airCios adamianma rodesac is moZraobs erTi 
wertilidan meoreSi.

dakvirvebis pirveli seria:
instruqcia:
cdis piris davalebaa auCqareblad mivides a punqtidan b punqtSi. 

damkvirveblebi furcelze Savi fanqriT moniSnaven a da b punqts (daaweren 
Sesabamisad `a~, `b~); akvirdebian cdis piris moZraobas da furcelze wiTeli 
fanqriT gaavleben wirs, romelic zustad asaxavs mis gadaagilebas a-dan b-Si.

samuSaos dasrulebis Semdeg daafiqsireT, Tu rogori wiri gaavles jgufebma.
dakvirvebis meore seria:
instruqcia:
Cven davasruleT erTi samuSao. vnaxeT, Tu rogor mividnen cdis pirebi 

a punqtidan b-Si. axla gavcvaloT rolebi. cdis piri gaxdes damkvirvebeli, 
damkvirveblebma TavianT Soris amoirCion erTi cdis piri.

cdis piris davalebaa auCqareblad mivides a punqtidan b punqtSi. oRond ar 
unda gaimeoros wina cdis piris gza. damkvirveblebi akvirdebian cdis piris 
moZraobas da furcelze lurji fanqriT gaavleben wirs, romelic zustad 
asaxavs mis gadaagilebas a-dan b-Si.

samuSaos dasrulebis Semdeg daafiqsireT, Tu rogori wiri gaavles jgufebma.
CaatareT cdis kidev ori seria. yovel momdevno seriaSi moswavleebi muSaoben 

sxva feris fanqriT.
amis Semdeg gansazRvreT, ras niSnavs traeqtoria. mxolod gansazRvreba, 

mrudwirulisa da wrfivis ganmartebis gareSe.
sTxoveT jgufebs, sakuTar namuSevarze gaarkvion, rogori traeqtoriiT 

iares maT a-dan b-Si, daadginon erTnairi iyo Tu gansxvavebuli traeqtoriebi 
sxvadasxva cdaSi.
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amis Semdeg sTxoveT, moifiqron, romel traeqtorias SeiZleba vuwodoT 
wrfivi (SegiZliaT, gamoiyenoT sityva `pirdapiri~, raTa sityva `wrfivi~ 
gasagebi gaxdes) da mrudwiruli.

daafiqsireT moswavleTa ganmartebebi, gamarTeT terminologiurad da 
SeajameT gakveTili.

moswavleTa namuSevari (jgufebis mixedviT) SeinaxeT.
aqtivoba: moZraobis traeqtoria
es Tema logikurad agrZelebs sakiTxs traeqtoriis Sesaxeb. gakveTilis 

Catareba, Tu is wina Temis ganxilvas mohyveba, Zlier gaadvilebulia, radgan 
traeqtoriaze dakvirvebisas moswavleebma furclebze faqtobrivad ukve 
Seqmnes manZilis naxazi.

gakveTilis mizani:
davadginoT, ra manZils gaivlis adamiani (an nebismieri sxva sxeuli) moZraobis 

dros, rogor SeiZleba Seicvalos es manZili.
daurigeT jgufebs sakuTari namuSevari. ganumarteT, rom manZili, romelic 

maT gaiares a punqtidan b-Si moZraobisas, izomeba santimetrebSi, metrebSi, 
kilometrebSi. mieciT saxazavi da ganumarteT, rom manZilis gazomvisas isini 
unda mihyvnen im wirs, romelic asaxavs maT traeqtorias.

sTxoveT jgufebs, gazomon wirebi (manZilebi), romlebic sxvadasxva feris 
fanqriT aris gamosaxuli. SeamowmeT samuSao da sTxoveT, Seadaron miRebuli 
maCveneblebi.

jgufebma unda upasuxon: erTnairi manZili gaiares Tu ara cdis pirebma 
cdis sxvadasxva seriaSi.

pasuxebis dafiqsirebis Semdeg hkiTxeT; ra aris cdis sxvadasxva seriaSi a 
punqtidan b-Si moZraobisas gavlil manZilebs Soris gansxvavebis mizezi.

diskusia logikurad miiyvaneT imis gacnobierebamde, rom manZili a punqtidan 
b-Si moZraobisas icvleba imis mixedviT, wrfivia Tu mrudwiruli traeqtoria.

ganumarteT cneba: umoklesi manZili or wertils Soris aris wrfe.
sTxoveT, klasSi aRniSnon umoklesi manZili fanjridan karamde, merxidan 

fanjramde.
sTxoveT, aRniSnon, rogor mivlen karamde mrudwiruli da wrfivi 

traeqtoriiT, moiyvanon wrfivi, texili da wriuli traeqtoriis magaliTebi 
yoveldRiurobidan.

gakveTilis bolos daafiqsireT ganmarteba: ganvlili manZili aris 
traeqtoriis sigrZe.

SeajameT gakveTili.
aqtivoba: nivTierebaTa agregatuli mdgomareoba
maswavleblis daxmarebiT moswavle gegmavs da atarebs cdebs wylis erTi 

mdgomareobidan meoreSi gadasvlaze dasakvirveblad, zomavs temperaturas da 
aRwers wylis gayinva-galRobis, aorTqleba-kondensaciis procesebs. akvirdeba 
am procesTa Seqcevadobas.

gakveTilisaTvis dagWirdebaT winaswar, ramdenime dRiT adre, misceT 
moswavleebs saSinao davaleba: Caasxan wyali naxevramde plastmasis WiqaSi da 
Sedgan sayinuleSi. periodulad, yovel 15 wuTSi Seamowmon, ra mouva wyals 
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da gaakeTon Canawerebi amisaTvis gamoyofil furcelze. moswavleebs yovel 
dRe SeaxseneT xolme, rom davaleba aqvT Sesasrulebeli, magram dakvirvebis 
Sedegebs winaswar nu gamohkiTxavT.

wyali Tavadac gayineT da gakveTilisaTvis miitaneT klasSi. yinuli rom 
ar dagidneT, Wiqa gaaxvieT celofnis naWerSi da winaswar SeuTanxmdiT sxva 
maswavleblebs, rom dagiTmon pirveli gakveTili.

gakveTili daiwyeT SekiTxviT: 1. ra Sedegi miviReT, rodesac wyali SevdgiT 
sayinuleSi? (am SemTxvevaSi dasaSvebia, rom gakveTilis mizani ar ganisazRvros). 
2. ratom gaiyina wyali? am SekiTxvaze moswavleebi advilad pasuxoben.

moswavleebs ganumarteT, ra temperaturaze iyineba wyali da erTxel kidev 
aRniSneT, rom nul gradus da nuls qvemoT temperaturaze wyali gadaiqceva 
yinulad.

ganmarteT, ras niSnavs wylis myari da Txevadi mdgomareoba.
amis Semdeg aiReT Tqven mier motanili yinuli da dasviT SekiTxva: vinmem 

rom gviTxras, ar mjera, yinuli wyaliao, rogor davumtkicoT, rom es marTlac 
asea?

rogorc wesi, moswavleebi advilad pasuxoben am SekiTxvasac da Tavad 
amboben, rom Tu yinuls gavaTbobT, is Txevad wylad iqceva.

daafiqsireT, rom temperaturis daklebisas (nul gradusamde an nuls 
qvemoT) wyali gadadis Txevadi mdgomareobidan myarSi, xolo temperaturis 
momatebisas (nul graduss zeviT) myaridan – TxevadSi.

CaatareT cda: dadgiT wyliani WurWeli spirtquraze. jobs, spirtqurasTan 
imuSaoT Tavad. iqonieT wylis temperaturis sazomi. moswavleebma gazomon 
wylis temperatura da CainiSnon cxrilSi calke furcelze. spirtqura 
aanTeT. moswavleebma gazomon wylis temperatura periodulad. cdis mizania 
dafiqsirdes, rom aduRebuli wyali orTqldeba. moswavleebi aanalizeben cdis 
Sedegs da gamoaqvT saTanado daskvna: wyali orTqldeba duRilis dros 1000 
C-ze da ufro maRal temperaturaze.

moswavleebi akeTeben zogad daskvnas, rom wyali SeiZleba imyofebodes 
airad, myar da Txevad mdgomareobaSi.

amis Semdeg CaatareT cda wylis kondensaciaze. moswavleebma gazomon wylis 
temperatura periodulad.

cdis Sedegi klasma unda ganixilos da mivides daskvnamde: 1 – wyali 
orTqldeba duRilis gareSec, 2 _ wyals axasiaTebs kondensacia.

kidev erTxel daafiqsireT wylis sami agregatuli mdgomareobis arseboba 
da maTi erTmaneTSi gadasvlis pirobebi.

dasviT SekiTxvebi yoveldRiurobidan: ratom Sreba sarecxi? rogor keTdeba 
nayini? ratom dneba is zafxulSi swrafad, Tu sayinuleSi ar SevinaxeT? da sxv. 
moswavleTa jgufebs daavaleT, moifiqron pasuxi SekiTxvaze _ `ra vici wylis 
agregatuli mdgomareobis Sesaxeb~ da zepirad warmoadginon.

SeajameT gakveTili.
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aqtivoba: bunebaSi mimdinare cikluri (riTmuli) procesebi
aqtivobis mizania:
moswavlem moifiqros, rogor SeiZleba cdis dayeneba, raTa gavarkvioT, 

marTla aorTqlebs Tu ara mcenare wyals. imavdroulad moswavle daakvirdeba 
wylis wrebrunvis erT-erT Semadgenels – mcenareTa mier wylis aorTqlebas 
da gaecnoba foTlis kidev erT funqcias.

cdis mofiqreba seriozul gonebriv muSaobas moiTxovs da am mxriv, sasurveli 
aqtivobaa. Tumca is unda Catardes moswavlis asakisa da gamocdilebis 
Sesabamisad.

Tema ar amoiwureba erTi gakveTiliT, radgan dakvirveba ramdenime dRe unda 
gagrZeldes.

gakveTilis dasawyisSi gaaxseneT moswavleebs, rom cocxali organizmebi 
iReben (svamen) da gamoyofen organizmidan (aorTqleben, gamoyofen Sardis 
saxiT) wyals da amiT monawileobas iReben wylis wrebrunvaSi.

gaaxseneT, ras niSnavs wylis aorTqleba da kondensacia.
Semdeg uTxariT, rom mcenare foTlebidan aorTqlebs wyals, magram 

Cveulebriv amas ver vxedavT.
dasviT SekiTxva, rogori cda unda CavataroT, raTa davrwmundeT, rom 

mcenare marTlac aorTqlebs wyals.
diskusiis msvlelobisas, Tu dainaxavT, rom moswavleebs uWirT mofiqreba, 

miexmareT. dasviT SekiTxva: xom ar gamogvadgeba amisaTvis wylis kondensaciis 
movlena?

Semdgomi diskusiis procesSi SegiZliaT, saWiroebisamebr, kidev miexmaroT:
gaaxseneT, rogor akvirdebodnen wylis aorTqleba - kondensacias minis 

firfitis saSualebiT.
sabolood diskusiam unda miiyvanos moswavleebi daskvnamde, rom SesaZlebelia 

minis firfita daviWiroT foTlis Tavze da Tu foToli marTla aorTqlebs 
wyals, firfitaze gamoCndeba kondensirebuli wveTebi.

uTxariT moswavleebs, rom maT mier mofiqrebuli cda arsebiTad sworia, 
Tumca ukeTesi iqneba, Tu mcenares davaxuravT gamWvirvale xufs (magaliTad 
qilas), raTa foTlidan wamosuli wylis orTqli ar gaifantos da mTlianad 
Seexos xufis zedapirs.

cda Caataron jgufebma.
sam miwiT savse plastmasis WiqaSi winaswar (2-3 kviriT adre) gazardeT 

jejili, an sxva ram mwvanileuli. morwyeT regularulad. gakveTilze daurigeT 
es Wiqebi jgufebs. TiToeulma jgufma daaweros Wiqas nomeri, an raime saxeli 
(survilisamebr), dados fanjris rafaze mzian adgilas da daaxuros gamWvirvale 
qila. sTxoveT bavSvebs: 1. aRweron cdis procedura; 2. aris Tu ara qilis 
kedlebze wylis wveTebi; 3. awarmoon yoveldRiuri dakvirveba ramdenime 
gakveTilis ganmavlobaSi da yovel jerze gaakeTon dakvirvebis werilobiTi 
Canaweri.

garkveuli xnis gavlis Semdeg qilaze gamoCdeba wylis wveTebi.
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sTxoveT moswavleebs, gaakeTon saTanado daskvna da Seqmnan naxazi, romelic 
uCvenebs, rogor gamoiyofa mcenaridan wyali, sad midis (orTqli adis da 
monawileobas iRebs Rrublis warmoqmnaSi) da rogor daubrundeba miwas.

amis Semdeg, uTxariT moswavleebs, rom qilis kedlebze kondensirdeba WiqaSi 
arsebuli miwidan aorTqlebuli wyalic.

ar aris gamoricxuli, rom romelime moswavlem Tavad moisazros kidevac, 
rom wylis wveTebi qilis kedlebze miwidan aorTqlebul wyalsac ekuTvnis.

amitom cda bolomde ver gvarwmunebs, rom foToli wyals aorTqlebs:
wylis wveTebi SesaZlebelia miwidan aorTqlebuli wylisa iyos da ara 

foTlidan aorTqlebulis.
sTxoveT bavSvebs, moifiqron, rogor unda Catardes cda, raTa gamoiricxos 

miwidan wylis aorTqlebis Sedegi.
diskusiaSi SesaZlebelia gamoCndes sxvadasxva versia: miwaze wyalgaumtari, 

magaliTad, vercxlis qaRaldis dafareba, miwis zedapirze zeTis dasxma (radgan 
moswavleebma wina masalidan, Teslis gaRivebis pirobebze dakvirvebidan, ukve 
ician, rom zeTi xels SeuSlis airis gatarebas).

sTxoveT moswavleebs, airCion erT-erTi meTodi da gaagrZelon cda. qilis 
kedlebi winaswar kargad gaamSralon. kvlav gaakeTon Canawerebi da Seadaron 
wina da amJamindeli dakvirvebis Sedegebi. gamoitanon saboloo daskvna.

sabolood, SeajameT dakvirvebis Sedegi.
aqtivoba: garemoSi orientaciisaTvis geografiuli xelsawyoebis gamoyeneba
aqtivobis mizania:
1. moswavlem praqtikulad SeZlos sasmeli da sasmelad uvargisi wylis 

garCeva;
2. SeZlos Sesaferisi tansacmlis, aRWurvilobisa da sakvebis SerCeva.
3. gamoiyenos kompasi adgilze orientirebisaTvis;
4. garda amisa gakveTili aviTarebs moswavlis unars dagegmos da Caataros 

dakvirveba bunebaSi.
waiyvaneT moswavleebi eqskursiaze, magaliTad, maxlobel tbaze, mdinareze, 

Releze, xelovnur wyalsacavze, zRvaze, romelic TqvenTvis ufro mosaxerxebeli 
iqneba.

wina gakveTilze winaswar esaubreT moswavleebs momavali gakveTilis miznis 
Sesaxeb: dadgindes wylis sasmelad vargisianoba konkretul wyalsacavSi.

uTxariT, sad apirebT maT wayvanas da rom dasWirdebaT wylis nimuSebis 
aReba. hkiTxeT, rogor unda moemzadon eqskursiisaTvis: rogor gaigeben, Tu 
ra amindi daeswreba eqskursias (amindis prognozi), ra tansacmeli unda Caicvan 
eqskursiaze, ra sakvebi unda waiRon Tan, ra unda iqonion wylis Sesagroveblad 
(SuSis Tu plastmasis WurWeli, Ria Tu Tavdaxuruli) da sxv. winaswar gamarTeT 
diskusia: rogor unda Catardes dakvirveba, rogor gavigebT wyali vargisia Tu 
ara sasmelad. moswavleebma unda SeimuSaon dakvirvebis gegma.

eqskursiaze moswavleebi Seagroveben wylis nimuSebs, gaakeTeben 
saTanado Canawers nimuSis warmomavlobisa (tbis, mdinaris wyali da sxv.) da 
adgilmdebareobis (skolis CrdiloeTiT, ama da am mTaze da sxv.) Sesaxeb. 
adgilmdebareobis dasadgenad gamoiyeneben rukasa da kompass.
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gakveTilis konkretul warmarTvas qvemoT aRvwerT magaliTis saxiT:
eqskursia da saswavlo aqtivobebi:
moswavleebi maswavlebelma miiyvana tbasTan. gakveTilis dinamikas 

gamovxatavT SekiTxvebiT, romelsac maswavlebeli Tanmimdevrulad dasvams, da 
maTi saSualebiT ukeTebs provocirebas diskusias da dagegmil aqtivobas.

1. modi, mivixed-movixedoT da gavarkvioT, rogori amindia: Rrubliani, 
mziani, naleqiani/unaleqo, civa/Tbila.

2. Cveni tansacmeli sworad SevarCieT?
3. gavixsenoT, ra mizniT varT aq mosuli? (saubaria wylis nimuSis aRebaze da 

vargisianobis Semowmebaze)
4. ra gvaqvs amisaTvis wamoRebuli?
5. kompasi raSi gvWirdeba?
6. ruka ra mizniT wamoviReT?
7. rogori boTlebi wamoviReT wylis Sesagroveblad da ratom? ( plastmasis 

da ara SuSis, Tavdaxuruli da ara TavRia)
8. davgegmoT Tanmimdevrulad, rogor mivalT tbasTan da aviRebT wyals.
aq yuradReba eqceva mTel proceduras, dawyebuli usafrTxoebiT, raTa 

moswavleebma fexi ar daisvelon, damTavrebuli wylis nimuSis ise aRebiT, rom 
Segrovebis dros wyali ar aimRvres.

am aqtivobis CamTavrebis Semdeg iwyeba meore aqtivoba:
moswavleebi agroveben tbis wylis nimuSebs.
1. axla SevamowmoT aRebuli nimuSebi. gavixsenoT, ra viswavleT, rogor unda 

vimsjeloT wylis sasmelad vargisianobis Sesaxeb?
2. davakvirdeT tbis napirs, ras xedavT garSemo? (yuradReba unda mieqces 

nagavs, miwaze daRvril manqanis zeTs, saRebavs da sxv.)
3. iqoniebs Tu ara es yvelaferi gavlenas tbis wylis sisufTaveze?
am aqtivobis CamTavrebis Semdeg iwyeba mesame aqtivoba:
klasi emzadeba sauzmisaTvis.
1. aba, vnaxoT, ra sakvebi wamoviReT. moswavleebi axasiaTeben wamoRebul 

sakvebs da ganmartaven, ratom wamoiRes aseTi da ara sxva saxis sakvebi.
sauzmisa da garTobis Semdeg iwyeba meoTxe aqtivoba:
1. zustad aRvweroT, sad aviReT wyali:
ra qvia tbas, sad mdebareobs (zeganze, barSi, ra hqvia am adgils), skolidan 

ra mimarTulebiTaa (horizontis mxare).
2. kompass xom ar SeeSala, rogor gadavamowmoT misi Cveneba?
eqskursiis Sedegebi Sejamdeba skolaSi, momdevno gakveTilze.
kvleva: pigmentebis aRmoCena mcenaris foTolSi
kvlevam pasuxi unda gasces SekiTxvas: aris Tu ara mwvane feris foTOlSi 

mwvanes garda sxva feris pigmentebic?
kvlevis obieqti: mcenaris mwvane foToli
masala da xelsawyoebi: 5 didi zomis mwvane foToli, filtris qaRaldi, 

acetoni an samedicino spirti, makrateli, minis qimiuri Wiqa, sanayi, minis an 
liTonis wkiri mosarevad.
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yuradReba: acetonTan muSaobisas aucileblad daixmare ufrosebi, samuSao 
Caatare kargad oTaxSi,  romelic kargad niavdeba

procedura:
1.foTlebi makratliT daanakuwe
2. danaye filTaqviT.
3. miRebuli masa gadaitane WiqaSi da dafare acetoniT (an samedicino 

spirtiT). masas mourie da gaaCere 5-10  wuTi.
4. filtris qaRaldisgan gamoWeri zonari, zonaris erTi bolo Cade Wiqis 

ZirSi, meore ki Wiqis pirze gadakece da gaamagre samagriT. acetoni (spirti) 
TandaTan gaJRinTavs zonars. acetonTan (spirtTan) erTad zonarSi gadava 
feradi pigmentis nawilakebic.

5. zonari amoiRe Wiqidan da gaaSre.
zonaridan acetonis (spirtis) aorTqlebis Semdeg zonarze darCeba pigmentis 

feradi laqebi. es aris cdis Sedegi.
cdis Sedegi gaaforme cxridan saxiT:

mwvane wiTeli yviTeli

zonarze 
gamoCenili feri

cariel ujrebSi dasvi `+~ TU Sesabamisi feri aris zonarze da `-~ _ TU feri 
ar aris. cxrilSi saWiroebisamebr Secvale an daamate feris dasaxeleba.

gaaanalize cdis Sedegi cxrilis mixedviT:
1. ra ferebi darCa zonarze?
2. ra aris pasuxi kiTxvaze: aris TU ara mwvane feris foTolSi mwvanes garda 

sxva feris pigmentebic?
3.ra monacems eyrdnobodi, rodesac upasuxe 2-e SekiTxvas?
4. gamarTlda Seni varaudi?
(rogorc wesi, rodesac zonari kargad gaSreba, masze gamoCndeba mwvane, 

yviTeli feri da zogierT SemTxvevaSi, wiTeli an yavis feric).
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