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moswavlis wignSi gamoyenebuli pirobiTi niSnebi

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

praqtikuli davalebebi _ kvleviTi samuSao: dakvirveba, 
eqsperimenti, soci ologiuri kvleva kiTxvarebis, inter-
vius saSualebiT, Catarebuli kvlevis monacemebis analizi, 
daskvna, kvlevis angariSis momzadeba; sakvlevi kiTxvis das-
ma; modelis Seqmna da gamoyeneba; proeqtis ganxorcieleba.

samizne cnebebi, qvecnebebi, samecniero terminebi da maTTan 
dakavSirebuli sakiTxebi.

gaixsene _ biologiaSi an sxva sagnebSi miRebuli codnis 
gaxseneba.

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

Sejameba _ paragarafis ZiriTadi ideebi.
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ras Seiswavli am saxelmZRvanelos gamoyenebiT?

am wigniT gaecnobi adamianis maregulirebel, SegrZnebisa da  reproduqciul  
sistemebs. imsjeleb am organoTa sistemebis struqturis, moqmedebis meqa-
nizmis, biologiuri rolisa da maT daavadebaTa prevenciis gzebze. aseve, 
Seiswavli ujredSi mimdinare nivTierebaTa cvlis procesebs, romlebic gana-
pirobebs sasicocxlo Tvisebebis gamovlenas. isaubreb saxeobebis/popula-
ciebis mravalferovnebis evoluciur, genetikur da ekologiur safuZvlebze.

yoveli Tema saxelmZRvaneloSi gaSuqebulia sxvadasxva sakiTxis magaliTze, 
romelTaganac zogierTi sakmaod Rrmadaa ganxiluli. maswavlebelTan erTad 
SegiZlia gadawyvito, TemaSi romel sakiTxs Seiswavli Rrmad da praqtikuli 
xasiaTis romel davalebas Seasruleb.

rogor unda isargeblo saxelmZRvaneloTi?

yovel adamians aqvs swavlis Tavisi xer xi, magram qvemoT mocemuli rCevebi, 
vfiqrobT, maqsimalurad dagexmareba  saxelmZRvanelos efeqturad gamoyene-
baSi. 

• yuradRebiT gaecani saxelmZRvaneloSi mocemuli rubrikebis aRweri-
lobas; 

Sesavali
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• gaecani Temis Sesaval nawils, romelic warmodgenas Segiqmnis misi Si-
naarsisa da ZiriTadi ideebis Sesaxeb; 

• paragrafis Sinaarsis gacnobamde gaecani rubrikas `ZiriTadi cnebe-
bi, qvecnebebi, mecnieruli terminebi da maTTan dakavSirebuli sakiTxebi~; 
saxelmZRaneloSi mocemuli rubrika ̀ gaixsene~ dagexmareba biologiasa da sxva 
sagnebSi adre miRebuli codnis gaaqtiurebaSi, axali sakiTxebis gaazrebulad 
da Rrmad SeswavlaSi; gaecani paragrafis Sinaarss, teqstis garda, isargeb-
le ilustraciebiTa da maTze mocemuli teqsturi informaciiT; paragrafis 
wakiTxvis Semdeg axseni an ganmarte cnebebi, terminebi da maTTan dakavSirebu-
li sakiTxebi. amaSi dagexmareba paragrafSi mocemul davalebebze muSaoba (te-
qstSi `*~-iT aRniSnuli sityvebis ganmarteba ixile ganmartebiT leqsikonSi); 

• yuradRebiT gaecani da kargad daimaxsovre paragrafis bolos `Se-
jamebaSi~ mocemuli ZiriTadi ideebi; 

• Teoriul masalasTan dakavSirebul saintereso istoriebs, am sakiTxe-
bis teqnologiebTan da cxovrebiseul praqtikasTan kavSiris Sesaxeb Seityob 
rubrikaSi _ `mecniereba praqtikaSi~; 

• yoveli Temis dasrulebis Semdeg mocemulia Temis Sejameba, romelSic 
Tavmoyrilia mTavari ideebi, mravalferovani davalebebi TviTSefasebisTvis. 
davalebebis Sesruleba dagexmareba Temis farglebSi Seswavlil ZiriTad cne-
bebs, qvecnebebsa da samecniero terminebs Soris kavSiris dadgenaSi. 

ra aqtivobebs Seasruleb? 

Sen gelis Zalian saintereso da mravalferovani aqtivobebi, romlebsac 
gTavazobT saxelmZRvaneloSi, magaliTad, kvlevis angariSis momzadeba, sapre-
zentacio masalis warmodgena posterebis an eleqtronul formatSi, sain-
formacio bukletebis momzadeba da sazogadoebaSi gavrceleba, biologiu-
ri procesebis, movlenebis, kanonzomie rebebis amsaxveli sqemebis Sedgena da 
wardgena klasis winaSe, argumentirebuli msjeloba da sxv.  am aqtivobebis 
Sesruleba dagexmareba Teoriuli sakiTxebis cxovrebiseul praqtikasa da/an 
yoveldRiur cxovrebasTan dakavSirebaSi.  

rogorc wina klasebis biologiis kursSi, axlac didi yuradReba eqceva 
samecniero kvlevebis organizebas. mogiwevs eqsperimentis, cdebis dagegmva da 
ganxorcieleba. kvleviTi samuSaos ganxorcielebisas dagWirdeba monacemebis 
Segroveba sxvadasxva xerxiT.

ufro xSirad monacemebi SeaqvT cxrilSi, romlis Sevsebasac Tavisi wesi 
aqvs. monacemTa cxrili organizebulia damokidebuli da damoukidebeli 
cvladebiT. Cveulebriv, damoukidebuli cvladi mocemulia cxrilis marcxe-
na svetSi, xolo marj vena svetSi _ damokidebuli cvladi. zogjer saWiroa 
frCxilebSi miTiTebuli iyos cvladis sazomi erTeuli. yvela cxrils unda 
hqondes nomeri da dasaxeleba. SegaxsenebT, rom eqsprimentis Catarebis dros 
gainteresebs aris Tu ara dakvirvebis obieqti damokidebuli romelime konkre-
tul faqtorze da rogor icvleba dakvirvebis obieqti am faqtorze damoki-
debulebiT. amgvarad, dakvirvebis obieqti damokidebuli cvladia, xolo 
faqtori _ damoukidebeli cvladi. 

ganvixiloT monacemTa cxrilis konkretuli magaliTi. mecnieri Seiswavlis, 
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cxrili1. sirbilis xangrZlivoba da daxarjuli kaloriebi

sirbilis xangrZlivoba (wT.) daxarjuli energiis raodenoba (kal)

10

20

30 260

170

80

damoukidebeli 
cvladi

damokidebuli 
cvaladi

mas Semdeg, rac mecnierebi monacemebs Caweren cxrilSi, isini am monacemebis 
mixedviT zogjer grafiks adgenen, raTa ufro TvalsaCino gaxadon eqsperimen-
tis Sedegebi. amitom mecnierebi TavianTi eqsperimentebis Sedegebs erTmaneTs 
xSirad cxrilebisa da grafikebis saxiT uziareben. grafiki or cvlads Soris 
kavSirs aCve nebs. es mecnierebs exmareba miRebuli monacemebidan daskvnis ga-
motanaSi. grafikze damoukidebeli cvladi, Cveulebriv, datanilia X RerZze, 
damokidebuli cvladi ki _ Y RerZze. orive RerZi dasaTaurebulia cvladis 
saxeliT da sazomi erTeuliT. grafikis agebamde aseve mniSvnelovania grafikis 
RerZebze zusti masStabis gansazRvra, raTa yvela monacemTa wertili srul-
fasovnad iqnes datanili. qvemoT gTavazobT xazovani grafikis nimuSs.

grafiki #. atmosferoSi CO
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Tu rogor icvleba organizmis mier daxarjuli energia sirbilis xangrZlivo-
bis mixedviT. adamianebi darbodnen sxvadasxva drois ganmavlobaSi: 10, 20 da 
30 wuTi. yvela SemTxvevaSi zomavdnen daxarjuli energiis raodenobas kalo-
riebSi da Sedegebs aRricxavdnen monacemTa cxrilSi. ra aris am SemTxvevaSi 
damokidebuli da ra  damoukidebeli cvladi? damokidebuli cvladia daxar-
juli  energia, romelic icvleba sirbilis xangrZlivobis mixedviT. Sesabami-
sad, sirbilze daxarjuli dro aris damoukidebeli cvladi.
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rogorc zemoT aRvniSneT, mogiwevs Catarebuli kvlevis mixedviT angariSis 
dawera da wardgena. gTavazobT kvlevis angariSis nimuSs.

vimedovnebT, rom mogewoneba am wigniT muSaoba! 
gisurvebT warmatebebs!

საკვლევი კითხვა როგორ იცვლება ფოტოსინთეზის სიჩქარე ზაფხულსა და შემოდგომაზე?

ჰიპოთეზა ქლოროპლასტები  შეიცავენ პიგმენტ ქლოროფილს და მათ შეუძლიათ 

ფოტოსინთეზის წარმოება. ფოტოსინთეზის სიჩქარე დამოკიდებული იქნება ujredSi 

ქლოროპლასტების რიცხვზე: რაც მეტი იქნება ფოთლის უჯრედებში qloroplasti, 
მით სწრაფად წარიმართება მათში ფოტოსინთეზი.  ვფიქრობ, ზაფხულში 
მეტი ქლოროპლასტი იქნება ფოთლებში და ფოტოსინთეზიც უფრო სწრაფად 
წარიმართება. 

ცვლადები: დამოუკიდებელი - ზაფხულსა და შემოდგომაზე შეგროვებული სხვადასხვა saxeobis  
ხის ფოთლები, დამოკიდებული - ქლოროპლასტების რაოდენობა ფოთოლში,
saკოnტროლo ცვლადები - 1. ერთსა და იმავე ტერიტორიაზე აღებული ფოთლის 
ნიმუშები, 2. ერთი სახეობის ხის ნიმუშები 

კვლევის ეტაპების 
აღწერა

ზაფხულსა და შემოდგომაზე მოვაგროვე სხვადასხვა saxeobis ხის ფოთლები და 

მათში ქლოროპლასტების რაოდენობა განvსაზღვრე მიკროსკოპის საშუალებით, 
მონაცემები აღვრიცხე მონაცემთა ცხრილში:

ხის ფოთლები
ქლოროპლასტების saSualo რაოდენობა ფოთლებში  

(რიცხვი/უჯრედი)

ზაფხულში შეგროვებული Semodgomaze შეგროვებული

არყი 192 44

ცაცხვი 182 32

ნეკერჩხალი 183 28

ტირიფი 177 35

მონაცემთა 
ანალიზი

ზაფხულში შეგროვებული ყველა სახეობის ხის ფოთლის ნიმუშების უჯრედებში  გაცი-
ლებით დიდი რაოდენობით აღმოვაჩინეთ ქლოროპლასტები, ვიდრე შემო დგომაზე 
შეგროვებულ ფოთლის ნიმუშებში

დასკვნა რადგან ზაფხულში შეგროვებულ ფოთლებში აღმოჩნდა ქლოროპლასტების დიდი 
რაოდენობა, ფოტოსინთეზი კი ქლოროპლასტებში მიმდინარეობს, შესაბამისად, რაც 
მეტი ქლოროპლასტი იქნება ფოთოლში, მით სწრაფად წარიმართება ფოტოსინთეზი. 
ამრიგად, ფოტოსინთეზის პროცესის სიჩქარე მაღალია ზაფხულში,  შემოდგომაზე კი 
მცირდება.
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rogorc yvela cocxali sxeuli, Cveni sxeulic ujredebisgan Sedgeba. kanis yo-
vel 1 sm2-ze, daaxloebiT, 155 000 ujredi gvaqvs, daaxloebiT, 30 miliardi ujredi 
Tavis tvinSi da 20 trilioni eriTrociti sisxlSi. miuxedavad Cveni organizmis 
sirTulisa, ganviTarebas erTi ujredidan _ zigotidan _ viwyebT. amrigad, ujre-
di aris cocxali arsebebis yvelaze mcire erTeuli, romelSic sicocxlisaTvis 
saWiro yvela procesi mimdinareobs.   

yvela kiTxvaze, romlebic sicocxles exeba, pasuxi unda gaeces ujredis do-
neze. ujredi aris biologiis gasaRebi, radgan zustad ujredis doneze wylis, 
mineralebisa da makromolekulebis Semcvelobaze da maT Soris mimdinare bio-
qimiur procesebzea damokidebuli sasicocxlo procesebis gamoxatva. 

am Temis Seswavlisas gascem pasuxs iseT kiTxvebze, rogorebicaa:
• risgan Sedgeba cocxali ujredi? 
• aris gansakuTrebuli nivTierebebi, romlebic mxolod cocxalisaTvis aris 

damaxasiaTebeli?
• mimdinareobs Tu ara cocxal ujredSi iseTi fizikuri da qimiuri procese-

bi, romelTa safuZvelzec SevZlebT sasicocxlo procesebis aRwerasa da axs nas.
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 raSi gamoixateba ujredebis mravalferovneba?

4.1. უჯრედების მრავალფეროვნება

 biomravalferovneba: 

ujrede bis mraval ferovneba 

struq     turis, formis, zomis 

mixedviT;

 struqtura da funqcia: ujredi _ 

euka riotuli, prokariotuli, ujre-

dis organoidebi da maTi funqciebi. 

• raSi mdgomareobs ujreduli Teori-

is arsi?

• rogor organizmebs uwodeben erTujre-

dianebs? mravalujredianebs? prokariot 

da eukariot organizmebs? 

cocxali sxeuli, rogorc ukve ici, Sedgeba 
samSeneblo erTeulisgan _ ujredebisgan. ujre-
di  organizmebis yvelaze mcire struqturuli 
erTeulia, romelSic sicocxlisaTvis saWiro 
yvela procesi mimdinareobs. ujredebi uzrun-
velyofen organizmis zrdas, gamravlebas, da-
zianebuli organoebisa da qsovilebis aRdgenas 
da sxva saxis funqciebs. miuxedavad imisa, rom 
ujredebs SeuZliaT Zalian specifikuri fun-
qciis Sesruleba da amitom isini erTmaneTis-
gan gansxvavdebian agebulebiT, formiT, zomiT 
da sxva niSnebiT. sxvadasxva tipis ujreds aqvs 
saerTo niSan-Tvisebebic, magaliTad, msgavsi 
struqturebi, romlebic mcenareuli da cxove-
luri ujredebis magaliTze suraTzea naCvene-
bi (sur. 4.1).

1. gaecani suraT 4.1-ze mocemul informacias da upasuxe kiTxvebs: 1) daasaxele cxove-
luri da mcenareuli ujredebisaTvis saerTo struqturebi da aRwere maTi funqciebi; 2) 
daasaxele struqturebi, romlebic SenTvis aqamde ucnobi iyo. 3) daasaxele struqturebi, 
romlebic mxolod mcenareuli ujredisTvis aris damaxasiaTebeli da aRwere maTi fun-
qciebi. 4) ra struqturaa mxolod cxoveluri ujredisTvis damaxasiaTebeli?

sur. 4.1

1. birTvi _ ujredSi mimdinare procesebis kontroli; 2. plazmuri membrana _ ujredis SigTavsis 
garemosgan gamijvna da ujredsa da garemos Soris nivTierebaTa mimocvlis kontroli; 3. citoplaz-
ma _ ujredis Sida garemo, romelSic ujredis sasicocxlo procesebi mimdinareobs; 4. mitoqondria 
_ organuli nivTierebis daJangva da ujredis energiiT uzrunvelyofa; 5. endoplazmuri bade _ 
rTuli organuli nivTierebebis warmoqmna; 6. ribosoma _ cilebis warmoqmna; 7. goljis aparati _ 
organuli nivTierebebis saxecvlileba (mag., cilebisa da naxSirwylebis dakavSireba), dagroveba da 
transporti; 8. lizosoma _ ujredis dazianebuli struqturebisa da rTuli organuli nivTiere-
bebis moneleba; 9. ujredis kedeli _ ujredis sayrdeni da damcvelobiTi funqcia; 10. qloroplasti 
_ fotosinTezi; 11. centraluri vakuoli _ amovsebulia ujredis wveniT da ujredis moculobas 
ganapirobebs; 12. ujredis centri _ monawileoba ujredis gayofaSi.

1
2

3
4

5

6
7
8

9

10
11

12

cxoveluri ujredi mcenareuli ujredi
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SegaxsenebT, rom cxovelur da 
mcenareul ujredebs eukariotul ujre-
debs miakuTvneben, radgan birTvi aqvT. 
eukariotuli ujredebia sokos ujre-

debic (sur.4.2). Tu suraTs daakvirde-
bi, SeniSnav, rom sokos ujredebi age-
bulebiT cxovelur ujredsac hgavs da 
mcenareulsac. 

2. Seadare sokos ujredis agebuleba mcenareul ujreds. aRniSne, ra struqturebi aqvT 
saerTo da riT gansxvavdebian. monacemebi warmoadgine venis diagramis an SenTvis sasur-
veli sqemis saxiT.
3. miuxedvad imisa, rom zrdasrul eriTrocits birTvi ar aqvs, is eukariotuli ujredia. 
axseni, ratom?
4. Seadare baqteriisa da cxoveluri ujredis agebuleba; monacemebi warmoadgine SenTvis 
mosaxerxebeli sqemis saxiT. birTvis garda, ra struqturebi ar aqvs baqteriul ujreds 
eukariotuli ujredisgan gansxvavebiT?
5. ujredis agebuleba ganapirobebs mis sasicocxlo Tvisebebs, magaliTad, kvebis Tavise-
burebas. kvebis rogori tipia damaxasiaTebeli cxoveluri da sokos ujredisTvis? ratom?

• ujredi warmoadgens cocxali sistemis struqturul, funqciur da ganviTarebis 

 erTeuls; 

• funqciis Sesabamisad, ujredebi gansxvavdebian formiTa da zomiT, agreTve, Semadgene-

li komponentebiT;

• ujredis TiToeuli komponenti asrulebs garkveul funqcias.

ujredebis raodenobis mixedviT, arian 
erTujrediani da mravalujrediani orga-
nizmebi. eukariotuli ujredebi gaaCnia 
zogierT erTujredian organizmsac, 
maga liTad, wyalmcenareebs, protistebs 
(mag., amebas). yvela eukariotul ujreds, 
birTvis garda, aqvs iseTi organoidebi, 
rogo rebicaa endoplazmuri bade, goljis 
aparati, lizosoma da sxv. eukariotuli 
ujredebi erTmaneTisgan gansxvavdebian 
birTvis raodenobiTac: aris erTbirTvia-
ni, orbirTviani (mag., infuzoria-qalama-
na), mravalbirTviani (ConCxisa da gulis 

ganivzoliani boWkoebi), ubirTvo (eriT-
rociti, sacriseburi milebis ujredebi). 

prokariotuli ujredi baqteriebis-
Tvis aris damaxasiaTebeli (sur. 4.3). pro-
kariotul ujreds birTvis garda ar aqvs 
eukariotuli ujredisTvis damaxasiaTe-
beli mTeli rigi struqturebi.

ujredebi erTmaneTisgan gansxvavdeba 
moZraobis unariTac: zogierT ujreds 
Soltebi aqvs (mag., spermatozoidi, evgle-
na, qlamidomonada, baqteriis zogierTi 
saxeoba), zogsac _ wamwamebi (mag. infuzo-
riebi).

mitoqondria

citoplazma

ujredis 
kedeli

plazmuri 
membrana

endoplazmuri 
bade

centraluri vakuoli

ribosoma

goljis aparati

lizosoma

birTvi

ujredis 
kedeliplazmuri 

membrana
memkvidreobiTi 
nivTiereba (dnm)

citoplazma

ribosoma

sur. 4.3sur. 4.2
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 ra mniSvneloba aqvs ujredis araorganul nivTierebebs?

4.2. უჯრედის არაორგანული ნივთიერებები 

ujredis araorganuli nivTie-

rebebi _ wylis molekulis 

struqtura, misi biologiuri roli; bio-

qimia, bioqimiuri reaqciebi.

 kvleva: monacemebis Segroveba, analizi da 

daskvna.

• daasaxele mravalujrediani organizme-

bis organizaciuli doneebi;

• daasaxele qimiuri bmebis saxeebi da aRwere 

misi arsi;

• ra saxiT gvxvdeba bunebaSi wyali? 

• aRwere wylis fizikur-qimiuri Tvisebebi.

 struqtura da funqcia:
organizmebSi procentuli Semc velobis 
mixedviT yvelaze didi raodenobiTaa Sem-
degi elementebis atomebi: Jangbadis, nax-
Sirbadis, wyalbadisa da azotis. 

atomur doneze gansxvaveba cocxal da 
aracocxal bunebaSi ar aris, molekulur 
doneze ki gansxvavebulia maTi Sedgenilo-
ba. aris nivTierebebi, romlebic mxolod 
cocxali bunebisTvisaa damaxasi aTebeli, 
es organuli nivTierebebia. organuli 
naerTebi (navTobis, qvanaxSirisa da buneb-
rivi airis saxiT), romlebic dedamiwaze 
odesRac arsebuli organizmebis naSTebis-
gan aris warmoqmnili, dedamiwis fenebSic 
moipoveba. araorganuli nivTierebebi ki 
aris rogorc aracocxal, ise cocxal 
bunebaSi. organizmebi araorganuli niv-
Tierebebidan Seicaven wyals da zogierT 
mineralur marilsa da maT ionebs. 

dedamiwaze yvelaze gavrcelebulia 
wyali. TiTqmis yvela cocxali arseba 
ZiriTadad wylisgan Sedgeba. adamianis 
sxvadasxva organosa da qsovilSi wylis 
Semcveloba meryeobs 20%-dan (Zvlovan 
qsovilebSi) 85%-mde (Tavis tvinis ujre-
debSi). adamianis masis 2/3-s wyali Sead-
gens. ujredSi rac ufro aqtiurad mim-
dinareobs sasicocxlo procesebi, miT 
metia masSi wylis Semcveloba. 

sxvadasxva tipis ujredebi ara marto 
struqturuli agebulebiTaa msgavsi, ara-
med qimiuri SedgenilobiTac. ujredebis 
SemadgenlobaSi Semavali nivTierebebis 
Semswavlel mecnierebas bioqimia ewodeba. 
yvela organizmis cxovelqmedeba damoki-
debulia ujredSi  mimdinare qimiur rea-
q ciebze. ujredSi mimdinare qimiur rea-
qciebs bioqimiur reaqciebs uwodeben. 

cocxali bunebis SemadgenlobaSi 80 
qimiur elementze metia aRmoCenili, rom-
lebic aracocxal bunebaSic gvxvdeba. 

sur. 4.5

o

H

H

+

+

_

H+

H+

H+H+O-

O-
wyalbaduri bma

sur. 4.4

_ eleqtroni (e)
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wyals bevri unikaluri Tviseba aqvs. es 
Tvisebebi imdenad mniSvnelovania cocxa-
li organizmebisaTvis, rom sicocxle 
warmoudgenelia wyalbadisa da Jangba-
dis am naerTis _ H

2
O-s gareSe. Segaxsen-

ebT, rom wylis unikalur Tvisebebs misi 
molekulis struqtura ganapi robebs. 
 wylis molekulaSi Jangbadis erTi atomi 
kovalenturi bmiT wyalbadis or atom-
Tanaa dakavSirebuli. wylis molekula 
polarulia (dipolia). wylis molekulis 

erTi bolo dadebiTad aris damuxtuli, 
xolo meore _ uaryofiTad, radgan Jangba-
dis atomi Tavisken nawilobriv miizidavs 
wyalbadis atomTan saziaro eleqtronul 
wyvils (sur. 4.4). wylis molekulis po-
larobis gamo wylis molekulebi erT-
maneTs ukavSirdeba wyalbaduri bmebiT 
(sur. 4.5). 

wylis biologiuri roli mis fizi kur-
qimiur TvisebebTan aris dakavSirebuli, 
romlebic warmodgenilia cxrilSi.

wylis fizikur-qimiuri 
Tvisebebi

wylis biologiuri  

roli

wylis molekula polarulia (dipolia), 
rac mis kargi gamxsnelis bunebas ganapi-
robebs

1) satransporto funqcia: wyalxsnarebis saxiT moZraobs 
nivTierebebi garemodan ujredSi, organizmSi (mcenareeb-
Si gamtar qsovilebSi, cxovelur organizmebSi _ sisxlis 
saSualebiT), aseve cvlis produqtebis transporti qso-
vilebidan gamomyofi organoebisken.
2) ujredSi bioqimiuri reaqciebi, ZiriTadad, wyalSi 
xsnad nivTierebebs Soris mimdinareobs.

wylis molekulebs Soris susti wyal-
baduri bmebia, romlebic advilad wydeba 
da warmoiqmneba garemos temperaturis 
Sesabamisad: maRal temperaturaze wydeba, 
razedac energia ixarjeba, xolo dabal 
temperaturaze warmoiqmneba da garemoSi 
energia gamoiyofa;
wylian garemoSi temperatura naklebad 
meryeobs. 

monawileobs ujredisa da organizmis TboregulaciaSi: 
wylis 50-90%-is Semcvelobisas, organizmi aregulirebs 
sakuTari sxeulis/ujredis temperaturas garkveul 
doneze (magaliTad, transpiracia _ foTlebis mier 
 wylis aorTqleba da oflis aorTqleba organizms icavs 
gadaxu rebisgan);
wyali zogierTi organizmisTvis sacxovrebeli da gam-
ravlebis kargi garemoa.

wyali aqtiurad Sedis reaqciebSi 
sxvadasxva nivTierebasTan

uSualod monawileobs bioqimiur reaqciebSi. magaliTad, 
saWmlis momnelebel arxSi rTuli organuli nivTiere-
bebis moneleba wylis monawileobiT mimdinareobs, rasac 
hidrolizis reaqciebi ewodeba. aseve, wyali fotosinTe-
zis procesis aucilebeli komponentia.

wyali ar ikumSeba
ujredis struqturebisTvis sayrden funqcias asrulebs, 
ganapirobebs ujredis fizikur Tvisebebs: simkvrivesa da 
moculobas.

wylis simkvrive myar mdgomareobaSi ufro 
naklebia, vidre Txevad mdgo mareobaSi, 
amitom yinuli wyalze msubuqia. 

zamTarSi wyali fskeridan ar iyineba da yinulis safaris 
qveS  sicocxle grZeldeba
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wylis garda, araorganuli nivTierebe-
bidan ujredi Seicavs mJavebs, marilebs, 
fuZeebsa da maT ionebs. Sen ukve icnob 
zogierTi mineraluri nivTierebisa da 
maTi ionebis funqciebs (magaliTad, K+, 

Na+, Ca
2
+ , Mg

2
+ , CL_ ). bioqimiuri pro-

cesebis mimdinareoba didad aris damoki-
debuli ujredSi H+-ionebis koncentra-
ciaze. mecnierebi amisTvis iyeneben pH-is 
skalas, romelic ganisazRvreba 1-dan 
14-is niSnuliT. am skalis mixedviT, rac 

pH-is mniSvneloba mcirea, miT xsnarSi 

H+-is didi raodenobaa da maRalia mJa-
vianoba da piriqiT _ pH-is mniSvnelobis 
gazrdiT izrdeba xsnaris tutianoba. 
zogierTi mniSvnelovani biologiuri 
xsnaris pH naCvenebia suraTze (sur. 
4.6). fermentebis aqtivoba didad aris 
damokidebuli pH-ze. magaliTad, ujre-
dis SigTavss aqvs susti tute an neitra-
luri pH da es aris citoplazmis fer-
mentebisTvis reaqciis optimaluri are.

sur. 4.6

citrusebis 
wveni

ufro mJave are neitraluri ufro tute are

kuWis 
wveni pomidori

Sardi
(5,5-6)

nerwyvi
(7,6)rZe

sisxlis 
plazma
(7,45)

pankreasis
wveni

H+ maRali 
koncentracia

H+ dabali 
koncentracia

1. ra sZens wyals gansakuTrebul Tvisebebs?
2. rogor monawileobs wyali saWmlis monelebisa da fotosinTezis procesebSi?
3. gaecani cxrilSi (gv. 14) mocemul informacias da upasuxe kiTxvebs: 1) raSi gamoixate-

ba wylis satransporto funqcia ujredsa da organizmSi? 2) wylis molekulebs Soris 
wyalbaduri bmebi mis ra biologiur rols ganapirobebs? 3) ivaraude is biologiuri 
Sedegi, rac SeiZleba mohyves wyalsatevis fskeridan gayinvas. 

4. gaecani suraT 4.6-ze mocemul informacias da upasuxe kiTxvebs: 1) romeli saWmlis 
momnelebeli wvenis fermenti moqmedebs sust tute garemoSi? 2) romeli saWmlis mom-
nelebeli wvenis fermenti moqmedebs tute garemoSi? 3) romeli saWmlis momnelebeli 
wvenis fermenti moqmedebs mJave garemoSi?
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kvlevis mizani: fotosinTezis procesSi wylis monawileobis dadgena.
saWiro masala: ori kolba an boTli, erTi da imave mcenaris ori foTliani ylorti, wyali, 
mzesumziris zeTi, santimetri.  

procedura: 
• monacemebis cxrilebi gadaitane samuSao rveulSi;
• aiRe ori boTli, Caasxi wyali. TiToeulSi Cade ylorti da Caamate boTlebSi saWmeli 

zeTi ise, rom wylis zedapiri zeTis Txeli feniT daifaros; 
• moniSne TiToeul boTlze cdis dasawyisisTvis masSi arsebuli wylis done da Caiwere 

gazomvis monacemebi dakvirvebaTa cxrilSi; 
• 5-10 dRis ganmavlobaSi Seiswavle mcenaris mier daxarjuli wylis raodenoba sibneleSi 

da sinaTleze. Seitane cxrilSi miRebuli monacemebi. 
SeniSvna: gaiTvaliswine, rom temperatura orive mcenarisTvis erTnairi unda iyos. 

analizi: 
• Seni azriT, ratom iyo saWiro zeTis gamoyeneba? 
• samuSao rveulSi aage grafikebi, romlebic asaxavs boTlSi wylis donis cvlilebas 

droze damokidebulebiT. Seadare erTmaneTs orive eqsperimentis monacemebi. 
• romeli iyo eqsperimentSi damoukidebeli cvladi? romeli iyo damokidebuli? romeli 

sakontrolo?

daskvna: 
• Catarebuli cdis monacemebze dayrdnobiT gamoitane Sesabamisi daskvnebi wylis donis 

Secvlis gamomwvevi ori mizezis Taobaze; 
• axseni, miRebuli Sedegi ramdenad adasturebs wylis monawileobas fotosinTezis pro-

cesSi.

 Catarebuli kvlevis Sesaxeb dawere angariSi, romelic SegiZlia warmoadgino posteris 
saxiT.

saSinao eqsperimenti

TariRi niSnuli (sm)

1
TariRi niSnuli (sm)

2
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• sxvadasxva tipis ujredi msgavsia qimiuri SedgenilobiT;

• yvela organizmi, ZiriTadad, wylisgan Sedgeba; 

• biologiuri reaqciebi yovelTvis wylian garemoSi mimdinareobs;

• wylis biologiuri roli mis fizikur-qimiur TvisebebTanaa dakavSirebuli.

wylis Semcveloba adamianis organizmSi ganviTarebis sxvadasxva etapze

5. suraTis mixedviT gansazRvre, ganviTarebis ra etapze Seicavs adamianis organizmi   
yvelaze meti raodenobiT wyals? rogor fiqrob, ratom?

6. adamianis romeli qsovilis ujredebSi iqneba wylis didi Semcveloba? axseni, Seni mosaz-
reba.
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 ra biologiuri mniSvneloba aqvs naxSirwylebs?

4.3. ნახშირწყლები

 struqtura da funqcia: 
organuli nivTierebebi _ mo-

nosaqaridebi, disaqaridebi, po limeri, 
polisaqaridebi; maTi Semcveloba ujred-
Si da biologiuri funqciebi.

ced ukavSirdebian erTmaneTs sxvadasxva 
kombinaciiT, amitom miiReba organuli 
nivTierebebis didi mravalferovneba. 
arsebobs organuli nivTierebebis oTxi 
ZiriTadi jgufi: naxSirwylebi, lipidebi, 
cilebi da nukleinis mJavebi. esa Tu is 
organuli nivTiereba sxvadasxva ujred-
Si gansxvavebuli raodenobiTaa. magram 
organuli nivTierebebis yoveli jgufi 
nebis mieri tipis ujredis SemadgenlobaSi 
Sedis da msgavs funqciebs asrulebs. 

organuli nivTiereba xSirad ganmeo-
rebadi erTeulebis (martivi moleku-
lebis) – monomerebisgan agebuli jaWvia. 
aseT organul nivTierebas biopolimeri 
ewodeba. Tu romelime monomeris tips A 
asoTi aRvniSnavT, maSin polimeri SeiZle-
ba monomerebis grZeli jaWvis saxiT ase 
warmovidginoT: A - A - A - A - A - A –... (sur. 
4.7).

yvela cocxali organizmis ujredebis 
SemadgenlobaSi Sedis naxSirwylebi. nax-
Sirwylebi organul naerTTa didi jgu-
fia, romelTa SedgenilobaSi Sedis nax-
Sirbadis (C), wyalbadisa (H) da Jangbadis 
(O) atomebi.

erT-erTi gavrcelebuli naxSirwyalia 
glukoza _ C

6
H

12
O

6
. glukoza martivi 

naxSirwyali _ monosaqaridia. ramdenime 
martivi naxSirwylis SeerTebiT rTuli 
naxSirwyali _ polisaqaridi miiReba (sur. 
4.8). ori monosaqaridis SeerTebiT disaqa-
ridi miiReba, samis _ trisaqaridi da a.S. 
monosaqaridebi da disaqaridebi wyalSi 
ixsneba da tkbili gemo aqvs. rac ufro 
izrdeba monosaqaridebis ricxvi naxSir-
wyalSi, miT ufro kargavs tkbil gemos da 
mcirdeba wyalSi xsnadoba.

ujredis SemadgenlobaSi Sedis sxva-
dasxva saxis organuli nivTiereba, ro-
melTac biologiur molekulebsac 
uwodeben, radgan bunebrivad mxolod 
cocxal ujredebSi warmoiqmneba. bio-
qimikosebma aRmoaCines, rom yvela am 
molekulis SemadgenlobaSi naxSirbadis 
atomebi Sedis. naxSirbadis atomebi mtki-

1. daakvirdi suraT 4.8-ze warmodgenil naxSirwylebs da upasuxe kiTxvebs: 1) romeli maT-
gania monosaqaridi, disaqaridi da polisaqaridi; 2) sakvebad gamoyenebuli Saqari ro-
mel naxSirwyals miekuTvneba? 3) romeli naxSirwyali warmoadgens biopolimers? daasa-
buTe Seni pasuxi; 4) romeli monosaqaridi warmoqmnis polisaqarids?

monomerebi

polimeri
sur. 4.7

sur. 4.8

...

dezoqsi-
riboza

riboza glukoza

glu-
koza

glu-
koza

glu-
koza

glu-
koza

glu-
koza

glu-
koza

glu-
koza

glu-
koza

fruq-
toza

glu-
koza

glu-
koza

galaq-
toza

fruqtoza

laqtoza
(rZis Saqari)

saqaroza
(Warxlis Saqari)

maltoza

saxamebeli

galaqto-
za

A
A

A

A

A A A A A A A A

A A

A

A
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2. suraT 4.9-ze mocemuli informaciis mixedviT upasuxe kiTxvebs: 1) ra aqvs saerTo 
da gansxvavebuli sxvadasxva polisaqarids (saxamebels, celulozasa da glikogens) 
struqtura Si? 2) gansazRvre, romeli polisaqaridi ra tipis ujredisTvis aris damaxasia-
Tebeli. 3) sqemis mixedviT daaxasiaTe TiToeuli polisaqaridis biologiuri roli.

saxameblis garda, polisaqaridebs 
mie kuT vneba celuloza, glikogeni (sur. 

4.9), qitini (azotis Semcveli naxSirwya-
li).

polisaqaridebi ujredebSi

celuloza
celuloza

ujredis kedlis 
SemadgenlobaSi 

(sayrdeni da 
damcvelobiTi 

funqcia)

saxameblis 
marcvlebi
(samarago 
funqcia)

saxamebeli

glukozaglukoza

glukoza

glikogeni

glikogenis marcvlebi
(samarago funqcia)

sur. 4.9
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naxSirwylebi organizmSi mravalfero-
van funqcias asruleben: 

• energetikuli _ ujredSi energi-
is  ZiriTadi wyaros rols glukoza as-
rulebs: 1 g glukozis daJangvis Sedegad 
gamoTavisufldeba 17,1 kj energia. glu-
koza radgan wyalSi xsnadia, igi advilad 
transportirdeba organizmSi. 

• struqturuli (samSeneblo) _ poli-
saqaridebi wyalSi uxsnadia, amitom 
SeuZ liaT Seqmnan sxvadasxva biologiu-
ri sistemis mniSvnelovani struqturebi. 
magaliTad,  celuloza Sedis mcenareu-
li ujredis kedlis SemadgenlobaSi, 
xolo qitini _ sokos ujredis kedlisa 
da zogierTi cxovelis (mag., fexsaxsri-

anebis) garegani ConCxis Semadgenloba-
Si. 

• celulozasTan da qitinTan damcve-
lobiTi funqciacaa dakavSirebuli, 
radgan ujredis kedeli ujreds, xolo 
ga regani ConCxi fexsaxsrianebis sxe-
uls icavs sxvadasxva araxelsayreli 
faqtorisagan.

• samarago sakvebi nivTierebebis saxiT 
ujredebSi grovdeba _ glukoza da fruq-
toza xilSi, laqtoza rZeSi, saqaroza 
Saqris WarxalSi, saxamebeli mcenareebSi, 
glikogeni cxovelebsa (RviZlsa da Con-
C xis kunTebSi) da sokoebSi. saxamebeli 
da glikogeni saWiroebis SemTxvevaSi ad-
vilad gardaiqmneba monosaqaridebad.

3. qvemoT mocemuli cxrili samuSao rveulSi gadaitane. gamoiyene am paragrafiT miRebu-
li codna da Seavse:

ნახშირწყლის 
სახეობა

მონოსაქარიდი/ 
დისაქარიდი/ 

პოლისაქარიდი

წყალში 
ხსნადობა

სად გვხვდება ფუნქცია

glukoza

saqaroza

celuloza

saxamebeli

glikogeni

qitini

• ujredebSi, araorganul nivTierebebTan erTad, gvxvdeba mxolod cocxalisaTvis da-

maxasiaTebeli nivTierebebi da maT biologiur molekulebs uwodeben;

• zogierTi rTuli organuli nivTierebis molekula Sedgeba ufro martivi struq-

turebisgan/molekulebisgan, romelTac monomerebi ewodeba, xolo monomerebisgan 

Sedgenil molekulas _ biopolimeri;

• ujredis organuli nivTierebebidan erT-erTi mniSvnelovania naxSirwylebi, romlebic 

ujredSi SeiZleba warmodgenili iyos monosaqaridebis, disaqaridebisa da polisaqa-

ridebis saxiT;

• naxSirwylebi organizmSi asruleben energetikul, struqturul, damcvelobiT da sa-

marago funqciebs.
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ra biologiuri mniSvneloba aqvs lipidebs?

4.4. ლიპიდები

 struqtura da funqcia: or-
ganuli nivTiereba _ lipidebi: 
cximebi, qolesterini, cvili; 

cximis struqtura: cximovani mJava da 
glicerini; lipidebis biologiuri fun-
qciebi;

 kvleva: sakvlevi kiTxva, hipoTeza, 
cvladebi, monacemebis Segorveba (cxime-
bis mniSvnelobis dasabuTeba).

• ra funqcias asrulebs kanqveSa cximovani 

qsovili?

• ra funqcias asrulebs D vitamini?

 lipidebi struqturis mixedviT mra-
valferovania. magram yvelasTvis saer-
To Tvisebebia damaxasiaTebeli: wyalSi 
uxsnadi _ hidrofoburi _ nivTierebebia 
da wyalze msubuqia. lipidebs miekuTvne-
ba cximebi da cximis msgavsi nivTierebebi 
(qolesterini, cvili, fosfolipidi da 
sxv.). lipidebi, naxSirwylebis msgavsad, 
Sedgeba naxSirbadis, wyalbadisa da Jan-
gbadis atomebisgan. 

yvelaze gavrcelebuli lipidia cxi-
mebi. umetes SemTxvevaSi cximebis Semcve-

loba ujredSi 5-15%-s ar aRemateba, 
magram cximovani qsovilis ujredebi, 
zogierTi mcenaris Teslebi da nayofebi 
90%-mde cxims Seicaven. 

cximi Sedgeba glicerinisa da cximo-
vani mJavebisagan (sur.4.10). mcenareuli 
cximebi Txevadia da zeTebs uwodeben. 
cxo veluri cximebi ki ufro myaria da 
qons uwodeben. aris gamonaklisic: qoqo-
sis cximi myaria, Tevzis qoni _ Txevadi. 

cvils organizmebi iyeneben, rogorc 
sapox da wylisagan damcav saSualebas. 
futkrebi da sxva mwerebi cvilisgan age-
ben fiWis ujredebs, romlebSic kver-
cxebs deben da sakvebis marags inaxaven. 

lipidebs miekuTvneba  qolesterinic. 
igi wyalSi uxsnadi kristaluri nivTiere-
baa. qolesterini organizmSi mniSvnelovan 
funqciebs asrulebs. misgan warmoiqmne-
ba naRvlis mJava, sasqeso hormonebi da 
D vitamini, igi elastikurobas aniWebs 
ujredis membranebs. magram qolesterinis 
siWarbem SeiZleba naRvlis kenWebis war-
moqmna da gul-sisxlZarRvTa daavadebebi 
gamoiwvios.

lipidebi organizmSi mravalferovan 
funqcias asruleben: 

• struqturuli _ fosfolipidebi 
da qolesterini ujreduli membranebis 
SenebaSi mniSvnelovan rols asruleben 
(sur. 4.11). fosfolipidebis molekule-
bi TavianTi hidrofoburi bunebis gamo 
bariers warmoqmnian wylian garemosa 
da ujreds Soris (plazmuri membranis 
struqturis Sesaxeb damatebiT informa-
cias Semdeg paragrafSi Seityob). 

• energetikuli _ ujredSi cximebis 
daJangviT didi raodenobis energia ga-
moTavisufldeba, rac ujredis cxovel-
moqmedebas xmardeba. 1 g cximis daJangvis 
Sedegad 38.9 kj energia gamoTavisuflde-
ba, igi TiTqmis 2-jer metia, vidre nax-
Sirwylebisa da cilebis daJangvis dros 
gamoTavisuflebuli energia. 

cximis molekula

gl
ic

er
in

i cximovani mJava

cximovani mJava

cximovani mJava

sur. 4.10

sur. 4.11

lipidis 
molekulebi

qolesterinis 
molekula
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• lipidebis mravalferovnebis miuxedavad, maTTvis damaxasiaTebelia saerTo Tvisebebi: 

yvela lipidi wyalSi uxsnadia da wyalze msubuqia;

• lipidebis funqciebia: struqturuli, energetikuli, samarago, Tboregulacia da or-

ganizmis fiziologiuri funqciebis regulacia.

• samarago sakvebi nivTierebebis 
 saxiT  ujredebSi grovdeba cximis wveTebi. 
cximis daJangvis Sedegad ara marto didi 
raodenobiT energia gamoTavisufldeba, 
aramed wyalic gamoiyofa (100g cximis da-
Jangvisas 107 ml wyali gamoiyofa). ami tom 
zogierT cxovelSi dagrovebuli cxi mi 
sakvebis maragis rolsac asrulebs da, 
upir veles yovlisa, samarago wylis rols. 

• Tboregulacia _ civ klimatur 
pirobebSi mcxovreb zogierT cxovels 
kanqveS warmoeqmneba cximovani Sris sqeli 
fena, romelic siTbos ar atarebs da cxo-
velebs gaciebisgan icavs. 

• organizmis fiziologiuri pro-
cesebis regulacia _ zogierTi hormoni 
(sasqeso hormonebi), vitamini (D vitamini) 
qimiuri bunebiT lipidia.

dagegme eqsperimenti, romliTac daadgen cximovani Sris Termoizolatoris funqcias. 
eqsperi mentis gegmaSi warmoCenili unda iyos: sakvlevi kiTxva, hipoTeza, damokidebu-
li, damoukidebeli da sakontrolo cvladebi, saWiro masala/resursebi, kvlevis etapebi  
(ix. danarTi 3).

eqsperimentis dagegmva

1. naxSirwylebisa da lipidebis funqciebi Seadare erTmaneTs da monacemebi Seitane qve-
moT mocemul cxrilSi:

2. aqlemSi cximi grovdeba kuzSi, xolo selapSi _ kanqveSa cximovan qsovilSi (sur. 4.12). 
gaiTvaliswine am cxovelebis sabinadro garemos pirobebi da daasaxele cximebis saerTo 
funqcia orive cxovelisTvis da gansxvavebuli funqciebi TiToeuli cxovelisaTvis. pa-
suxi daasabuTe.

saerTo funqciebi gansxvavebuli funqciebi

sur. 4.12
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rogori struqtura da ra biologiuri mniSvneloba aqvs cilebs?

4.5. ცილები

 struqtura da funqcia: or-
ganuli nivTiereba _ cilis 
polimeri, monomerebi _ amino-

mJavebi, Zafnairi da sferuli formis 
cilebi; cilebis biologiuri funqciebi.

 sasicocxlo Tvisebebi: ujredSi mimdina-
re fermentuli procesebi; 

 kvleva: sakvlevi kiTxva, dagegmva, 
cvladebi, monacemebis Segroveba, anali-
zi da daskvna.

• rogor naerTs ewodeba polimeri?

• ra aris yvela polimeris struqturuli 

erTeuli?

ujredis organuli naerTebidan rao-
denobrivad da saxeobrivi mraval-
ferovnebis mixedviT gamoirCeva cilebi. 
maT SemadgenlobaSi Sedis naxSirbadis, 
wyalbadis, Jangbadis, azotis atomebi, 
zogierT cilaSi ki _ gogirdis, rkinis, 
magniumis atomebic. cila polimeruli 
naerTia da masSi monomerebis rols amino-
mJavebi asruleben (sur. 4.13). aminomJave-
bis umravlesoba wyalSi xsnadia da mcire 
zomisaa, amitom isini advilad transpor-
tirdeba da monawileoben ujredis bio-
qimiur reaqciebSi.

zogierTi cilis molekula asobiT da 
aTasobiT aminomJavisgan Sedgeba. buneba-
Si mravalferovani aminomJava arsebobs, 
magram cilis SenebaSi 20 saxis aminomJava 
monawileobs. miuxedavad imisa, rom cilis 
molekulis SenebaSi monawileobs mxolod 
20 saxis aminomJava, cilis molekulebis 
mravalferovneba usazRvroa. Sesadareb-
lad gaixsene qarTuli anbani – 33 asos 
sxvadasxva kombinaciiT uamravi sityva 
miiReba. sityvebi erTmaneTisgan gansxvav-
debian asoTa SemadgenlobiT, Tanmimdev-
robiTa da raodenobiT. romelime maT-
ganis Secvla iwvevs sityvis Sinaarsis 
cvlilebas. magaliTad, sityva `asi~ niS-
navs ricxvs, Tu SevcvliT asoebis Tanmim-
devrobas: `sia~, icvleba sityvis Sinaar-
si (sia _ raRacis CamonaTvali); aseve, Tu 
mxolod erTi aso Canacvldeba meoriT, 
magaliTad, `sia~ _ `sio~, maSinac icvle-
ba sityvis Sinaarsi. TiToeuli saxeobis 
cilisaTvisac damaxasiaTebelia Tavisi 
gansakuTrebuli aminomJavuri Semadgen-
loba, Tanmimdevroba da raodenoba. rome-
lime maTganis cvlileba iwvevs cilis 
raobis, Sesabamisad, misi Tvisebebisa da 
funqciebis cvlilebas.

aminomJavebis Tanmimdevroba ganapi-
robebs cilis molekulis geometri-
ul-sivrcul formas _ zogierTi grZeli 
da wvrilia, magaliTad, Tmisa da frCxi-

monomerebi

aminomJavebi

polimeri

cilis molekula
sur. 4.13

sur. 4.15

sur. 4.14
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lebis komponenti cila keratini (sur. 
4.14), myesebis, Zvlebis, xrtilebis kom-
ponenti kolageni, kunTovan boWkoeb-
Si Semavali cila miozini; sxva cila 
ufro sferoseburi formisaa, magali-
Tad, hemog lobini (sur. 4.15), fermentebi, 
anti sxeulebi.  

cilis mravalferovneba (rogorc 
 str uq  turis, ise fizikur-qimiuri Tvise-
bebis mixedviT) ganapirobebs mis mraval 

biologiur  funqcias:
• cilebis funqciebidan erT-er-

Ti aris samSeneblo, anu struqturuli 
funqcia. magaliTad, struqturul fun-
qcias asruleben: cilebi, romlebic Se-
dian plazmuri membranis SemadgenlobaSi 
(sur. 4.16), kolageni (Zvlebis, myesebis, 
xrtilebis komponenti), keratini (Tmis, 
bewvis, frCxilebis, rqebis komponenti) da 
sxv. 

• aRsaniSnavia cilebis satranspor-
to funqcia. magaliTad, xerxemlianebSi 
O

2
-isa da CO

2
-is  transportireba xdeba 

eriTrocitebSi arsebuli cila – hemog-
lo binis saSualebiT.

• cilebis funqciebidan gansakuTre-
biT mniSvnelovania katalizuri funqcia. 
miuxedavad imisa, rom ujredSi moreagire 
nivTierebaTa koncentracia da tempera-
tura dabalia, ujredSi bioqimiuri reaq-
ciebi Zalian swrafad mimdinareobs, zo-
gierT cilas aqvs bioqimiuri reaqciebis 
siCqaris gazrdis unari. aseT cilebs fer-
mentebs (enzimebs) uwodeben. yovel ujred-
Si asobiT sxvadasxva fermentia. maTi dax-
marebiT xorcieldeba mravalricxovani 
qimiuri reaqcia (sur.4.17). magaliTad, 
SenTvis ukve cnobilia saWmlis momnele-
beli fermentebis moqmedebis meqanizmi.

• cilebi asruleben mamoZravebel 
sur. 4.17

fermentebis moqmedebis meqanizmi

fermenti rTul nivTierebas 
Slis martiv nivTierebebad

fermenti martiv nivTierebas 
rTul nivTierebad gardaqmnis

cilis 
molekulebi

qolesterinis 
molekula

lipidis
molekula

plazmuri 
membrana

sur. 4.16

naxSirwylovani 
jaWvebi
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funqciasac: kumSvadi cilebi ganapirobe-
ben kunTebis SekumSvas, erTujredianebSi 
wamwamebis, Soltebis moZraobas. 

• zogierTi hormoni qimiuri bunebiT 
cilaa. magaliTad, insulini, glukagoni, 
zrdis hormoni da sxv. hormonebi aregu-
lireben organizmSi mimdinare sasicocx-
lo procesebs. 

• didi mniSvneloba aqvs cilebis 
dam cvelobiT funqcias. magaliTad, 
anti sxeulebi cilebia. aseve cilebia 
fibrinogeni da Trombini, romlebic  
sisx lis  Sededebas ganapirobeben. 

• energetikuli – 1 g cilis da-
Jangvis Sedegad gamoiyofa 17,6 kj ener-
gia. 

katalaza warmoadgens ferments, romelic moipoveba mravali cxovelisa da mcenaris 
ujredebSi. katalaza moqmedebs wyalbadis zeJangze (H

2
O

2
), romelic ujredisaTvis Zlier 

toqsikuri nivTierebaa. katalazas SeuZlia gaauvneblos ujredebSi am nivTierebis moq-
medeba, vinaidan misi fermentuli aqtivobis Sedegad H

2
O

2
 iSleba da iZleva Jangbadsa da 

wyals: 2H
2
O

2
   2 H

2
O + O

2

kvlevis mizani: ujredebSi  fermentebis moqmedebis dasabuTeba. 

saWiro masala: H
2
O

2
 - is 3% -iani xsnari, umi da moxarSuli kartofilis kangaclili naWre-

bi, sinjara - 2, sinjarebis markeri, sinjarebis sadgami, pipeti, minis wkiri, 2 saWreli dafa 
kartofilis dasaqucmaceblad, saswori. 

eqsperimentis arsi: katalazas  wyaro eqsperimentSi aris kartofilis gorglis ujrede-
bi, romlebic Seicaven am ferments. katalazas moqmedebis Sedegad H

2
O

2
 iSleba da misi 

erT-erTi produqti,O
2
, intensiurad gamoiyofa garemoSi airis buStukebis saxiT.

procedura:
 1. moniSne ori sinjara warwerebiT: „umi“ da „moxarSuli“;
 2. cal-calke awone umi da moxarSuli kartofilis 2 g masis naWrebi;
 3. TiToeuli daaqucmace Tanabari zomis naWrebad sxvadasxva dafaze, daqucmacebuli   

naWrebi Cayare Sesabamisi warweris sinjaraSi;
 4. datkepne sinjarebSi kartofili minis wkirebiT (TiToeuli sinjarisTvis gamoiyene     

sxvadasxva minis wkiri);
 5. daamate TiToeul sinjaras  H

2
O

2
 -is 3%-iani xsnari 3-3 ml da daelode reaqciis Se-    

degs 1 wuTis ganmavlobaSi;
 6. CainiSne, romeli sinjaridan gamoiyo Jangbadis buStukebi.

analizi: raze miuTiTebs sinjaridan gamoyofili buStukebi?

daskvna:  ramdenad asabuTebs eqsperimentis Sedegebi cocxal ujredebSi fermentebis arse-
bobas da maT moqmedebas?

miniSneba: cilebi zogierTi faqtoris zemoqmedebiT (magaliTad, Zalian maRali an dabali 
temperatura, meqanikuri zemoqmedeba, dasxiveba da sxv.) ganicdis denaturacias _ misi 
struqturis rRvevas.

უჯრედში ცილების მნიშვნელობის დასაბუთება

katalaza
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fermentebis aqtivobaze moqmedi faqtorebis kvleva

davalebis piroba: fermentebis aqtivoba damokidebulia bevr faqtorze: temperaturaze, 
pH-ze, gardasaqmneli nivTierebebisa da fermentis koncentraciaze. dagegme eqsperimenti, 
romliTac daadgen ferment katalazas aqtivobis damokidebulebas temperaturaze. eq-
sperimentis gegmaSi asaxuli unda iyos: sakvlevi kiTxva, saWiro masala, cvladebi (damou-
kidebeli, damokidebuli, sakontrolo), eqsperimentis etapebi (ix. danarTi 3).

eqsperimentis gegmis prezentaciisas xazgasmiT warmoaCine: 

• raSi gamoixateba ujredis qimiuri Sedgenilobis Tavisebureba?
• raSi gamoixateba cilis struqtrisa da misi funqciebis Tavisebureba?
• ra gavlenas axdens garemo pirobebi fermentebis aqtivobaze?
• ra aqtivobebs moiazrebs Seni eqsperimentis gegmis TiToeuli etapi?
• ratom aris mniSvnelovani kvlevis dros usafrTxoebis normebis dacva?

eqsperimentis dagegmva

• ujredis biologiuri komponentebisgan raodenobiTa da mravalferovnebiT gamoirCe-

va cilebi;

• cilebi polimeruli naerTia, romlis monomerebi aminomJavebia;

• cilebis raoba da Tvisebebi damokidebulia mis aminomJavur Semadgenlobaze, Tanmim-

devrobasa da raodenobaze;

• cilebis mravalferovneba ganapirobebs maT mravalferovan funqcias; 

• ujredSi yoveli tipis bioqimiuri reaqcia specifikuri fermentis monawileobiT mim-

dinareobs; 

• fermentis denaturaciis Sedegad ujredSi wydeba Sesabamisi bioqimiuri reaqcia.

1. rogori naerTia cila?
2. ra asrulebs monomerebis rols cilis molekulaSi?
3. riT gansxvavdeba cilis molekula polisaqaridebisgan?
4. riT gansxvavdeba erTmaneTisgan sxvadasxva cilis molekula?
5. raSi gamoixateba cilis katalizuri funqcia?
6. pH-is ra mniSvneloba iqneba yvelaze xelsayreli adamianis ujredebSi ferment katalazas 

aqtivobisTvis? daasabuTe Seni pasuxi.
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rogoria nukleinis mJavebis struqtura da funqciebi?

4.6. ნუკლეინის მჟავები 

 struqtura da funqcia: orga-
nuli nivTiereba _ nukleinis 
mJavebi (biopolimerebi, monomere-

bi, nukleotidebi); nukleinis mJavebis 
biologiuri funqciebi (geni);

 sasicocxlo Tvisebebi: memkvidreobiToba; 
 kvleva: nukleinis mJavebis aRmoCenis is-
toria da misi mniSvneloba biologiisa da 
medicinisaTvis, dnm-is anabeWdebi da misi 
praqtikuli gamoyeneba

• ra aris polisaqaridebis monomeri? 

cilebis?

ujredSi nukleinis mJavebi warmodge-
nilia dezoqsiribonukleinis mJavas (dnm) 
da ribonukleinis mJavas (rnm) saxiT. dnm 
eukariot organizmebSi ujredis bir-
TvSia moTavsebuli, prokariotebSi ki 
citoplazmaSia ganTavsebuli. 

dnm-is molekula polimeruli naer-
Tia, romlis monomerebi nukleotidebia. 
nukleotidi oTxi saxisaa. dnm-is mo-
lekula erTmaneTis mimarT spiralurad 
daxveuli ori polinukleotiduri jaW-
visagan Sedgeba (sur. 4.18).  

TiToeuli nukleotidi Sedgeba (sur. 
4.19): 1 – fosfaturi jgufis (fos-
formJavas naSTi), 2 – monosaqaridis _ 
dezoqsiriboza, 3 – azotovani fuZisgan. 
sxvadasxva nukleotidi erTmaneTisgan 
mxolod azotovani fuZeebiT gansxvavde-
ba (Timini _ T, adenini _ A, guanini _ G 

da citozini _ C) da aqedan warmodgeba 
maTi saxelwodebebic. nukleinis mJavebis 
SemadgenlobaSi Sedis naxSirbadis, wyal-
badis, Jangbadis, azotisa da fosforis 
atomebi. ribonukleinis mJavac (rnm) po-
limeria da mis monomerebis rolsac oTxi 
saxis nukleotidi asrulebs (rnm-is erT-

erT funqcias paragraf 4.8-Si gaecnobi). 
dnm-is sxvadasxva molekula erT-

maneTisgan gansxvavdeba nukleotidebis 
TanmimdevrobiTa da raodenobiT. nukle-
otidebis Tanmimdevroba qmnis erTgvar 
kods, romelic memkvidreobiTi infor-
maciis matarebelia. es kodi gadaecema 
erTi Taobidan meores da gansazRvruli 
amocanis Sesrulebis instruqcias ga-
dascems ujreds an organizms. amrigad, 
dnm-Tan dakavSirebulia memkvidreobiTi 
informaciis Senaxva da gadacema. mem-
kvidreobiToba aris cocxal sistemaTa 
universaluri Tviseba, SeinarCunos da 

sur. 4.19sur. 4.18

1 2 3

TT

A

G

C
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gadasces STamomavlobas niSan-Tvisebebi 
da ganviTarebis Taviseburebani.

memkvidruli niSan-Tvisebis gamovle-
na garkveuli tipis cilasTan aris da-
kavSirebuli, xolo cilis aminomJavuri 
Sedgenilobisa da Tanmimdevrobis Sesa-
xeb informacia dnm-is molekulaSia Cawe-
rili. dnm-is monakveTs, romelic Seicavs 
informacias romelime konkretuli ci-
lis struqturis Sesaxeb, geni ewodeba. 

erTi dnm-is molekula uamrav gens Sei-
cavs. amrigad, geni gansazRvravs cilis 
aminomJavur Sedgenilobasa da Tanmim-
devrobas, xolo cila _ niSan-Tvisebas. 
magaliTad, Tvalis Seferiloba damoki-
debulia ferad garsSi pigmentis raode-
nobaze, xolo imisaTvis, rom es pigmen-
ti warmoiqmnas, Sesabamisi fermentia 
saWi ro, rogorc ici, fermenti ki cilaa 
(sur. 4.20). 

dnm-is molekula

cila

geni

niSan-Tviseba

sur. 4.20

rogorc ukve gaecani, cocxal ujredSi gvxvdeba sxvadasxva tipis biopolimeri: polisaqa-
ridebi, cilebi da nukleinis mJavebi. Seadare erTmaneTs sxvadasxva biopolimeri atomu-
ri Sedgenilobis, monomerisa da funqciebis mixedviT. monacemebi warmoadgine kognituri 
sqemis saxiT.

sqemis prezentaciisas xazgasmiT warmoaCine:

• raSi gamoixateba TiToeuli biopolimeris struqturuli Tavisebureba? 
• ra msgavseba-gansxvavebaa sxvadasxva biopolimers Soris? 
• ra funqciebia dakavSirebuli TiToeul biopolimerTan? 
• ratom aris mosaxerxebeli monacemebis organizeba kognitur sqemebSi?

kognituri sqemis Seqnma
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davalebis piroba: 1930 wels 
mecnieri ioahim hemerlingi 
eqsperiments atarebda erT-
ujredian wyalmcenare ace-
tabulariaze, romelsac aqvs 
`fexi~ (1), `Rero~ (2) da qudi 
(3). sxvadasxva saxeobas gansxva-
vebuli formis qudi aqvs (ix. 
suraT ze). acetabularia aris 
euka rioti organizmi, mas birT-
vi aqvs da eukariotuli ujre-
disaTvis damaxasiaTebeli yvela struqtura. im periodisaTvis jer kidev ar iyo cnobili,  
eukariotul ujredebSi ZiriTadi memkvidreobiTi informaciis matarebeli birTvi iyo Tu 
citoplazma, anu ujredis romeli struqtura iyo pasuxismgebeli ujredis sasicocxlo 
procesebze.  qvemoT warmogidgenT hemerlingis eqsperimentis etapebsa da Sedegebs.
1. Tavidan hemerlingma fexi datova da `Rero~ qudiTurT moaWra orive saxeobis acetabu-
larias (a). ramdenime xanSi orive acetabularias `Rero~ da qudi daWkna, xolo fexidan 
ganviTarda axali, magram formiT iseTive `Rero~ da qudi, rogoric adre iyo (b). moxda 
`Reros~ da qudis regeneracia (acetabularias axasiaTebs regeneraciis maRali unari). 
2. hemerlingma kvlav gamoyo fexisgan `Rero~ qudiTurT orive saxeobis acetabulariaSi, 
magram amjerad ovalurqudiani `Rero~ miuerTa danakvTulqudiani acetabularias fexs, 
da piriqiT, danakvTulqudianis `Rero~ da qudi miuerTa ovalurqudianis fexs (g). `Rero~ 
da qudi ar daWkna (d). garkveuli drois gavlis Semdeg acetabulariebma saxe icvales. 

hemerlingis orive eqsperimentisa da miRebuli Sedegebis analizis safuZvelze _ flip-
Cartze Seqmeni naxati, romelic asaxavs me-2 eqsperimentis mosalodnel Sedegs. 

flipCartze Seqmnili Seni naxatis prezentaciisas xazgasmiT warmoaCine:

• am eqsperimentis sakvlevi kiTxva/kvlevis mizani;
• Seni naxatis mixedviT me-2 eqsperimentis mosalodneli Sedegis axsna;
• daskvna: acetabularias fexSi, `ReroSi~ Tu qudSia moTavsebuli memkvidreobiTi infor-

macia? cdis romeli Sedegis safuZvelze gaakeTe es daskvna?
• eqsperimentis Sedegis mixedviT SeZleb daamtkico, rom memkvidreobiTi informacia ace-

tabularias birTvSia moTavsebuli? rogor fiqrob, hemerlingi ra meTods airCevda imi-
saTvis, rom es problema gadaeWra?

eqsperimentis Sedegebis analizi

danakvTuli qudi

1

2

3

ovaluri qudi

hemerlingis eqsperimentis pirveli nawili

a a

b b

hemerlingis eqspermentis meore nawili

g
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1. suraT 4.20-is mixedviT axseni Semdegi sqemis arsi: 
     geni    cila    niSan-Tviseba.
2. aris gansakuTrebuli nivTierebebi, romlebic mxo-

lod cocxalisaTvis aris damaxasiaTebeli?
3. davuSvaT, rom danaSaulSi eWvmitanilia ori ada-

miani da arsebobs danaSaulis adgilze darCenili 
sisxlis wveTidan gamoyofili dnm. dnm-is anabeW dis 
gakeTebisas fragmentebi ganawilda ise, rogorc su-
raTzea naCvenebi. eWvmitanilebis dnm-is anabeWde bis 
mixedviT, romels ekuTvnis sisxlis wveTi?

4. zogierTi mecnieri ityoda, rom nukleinis mJavebi 
yvelaze mniSvnelovani molekulebia cocxal ujre-
debSi; sxvebma SeiZleba ivaraudon, rom cilebia 
yvelaze mniSvnelovani da zogierTma mecnierma 
ki igive SeiZleba Tqvas naxSirwylebze. saTanado 
msje lobis safuZvelze daicavi TiToeuli mecnie-
ris mosazreba. 

• nukleinis mJavebi biopolimeria, romlis monomeri nukleotidia;

• nukleinis mJavebis struqturis SeqmnaSi oTxi saxis nukleotidi monawileobs;

• sxvadasxva dnm-is molekula erTmaneTisgan gansxvavdeba nukleotiduri Tanmimdevro-

biT;

• dnm-Tan dakavSirebulia memkvidreobiToba.

sisxlis wveTi 1 2

eWvmitanili

Sveicarielma eqimma iohan fridrix miSerma 1869 wels adamianis leikocitebis birTvSi aR-
moaCina nukleinis mJavebi. mogvianebiT, eqsperimentebiT mecnierebma daasabuTes, rom igi aris 
memkvidreobiTobaze pasuxismgebeli.

1953 wels amerikelma biologma j. uotsonma da ingliselma fizikosma f. krikma Seqmnes 
dnm-is molekulis orjaWviani sivrculi modeli, risTvisac nobelis premia miiRes. 

nukleinis mJavebis struqturisa da funqciebis dadgenam didi gavlena moaxdina biologi-
isa da medicinis ganviTarebaze. gaCnda axali dargebi: molekuluri genetika, samedicino ge-
netika. codnas dnm-is struqturisa da funqciis Sesaxeb sxva mizniTac iyeneben. ara marto 
sxvada sxva saxeobis organizmis dnm-is molekulebi gansxvavdeba erTmaneTisgan nukleotiduri 
SemadgenlobiTa da TanmimdevrobiT, aramed erTi saxeobis individebic (magaliTad, sxvadasxva 
adamianis dnm gansxvavebulia). 

specialuri teqnologiebis gamoyenebiT amzadeben gamosakvlevi individis/individebis dnm-
is anabeWdebs (dnm-is molekulebi fragmentebad iWreba, sxvadasxva individisaTvis am fragmen-
tebis sigrZe da ganlageba Zalian specifikuria). dnm-is anabeWdebs iyeneben pirovnebis iden-
tificirebisaTvis, naTesauri kavSiris dasadgenad adamianebs Soris, paleontologiaSi* ki _ 
namarx formebsa da Tanamedrove saxeobebs Soris, radgan naTesaur kavSirSi myof individebs 
dnm-is msgavsi anabeWdebi aqvT. aseve, dnm-is anabeWdebs iyeneben kriminalistikaSi damnaSavis 
dasadgenad. 
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ra aris energetikuli cvla da ra mniSvneloba aqvs ujredisTvis?

4.7. უჯრედული მეტაბოლიზმი. ენერგეტიკული ცვლა

 sasicocxlo Tvisebebi: me-
tabolizmi, energiis gardaqmna 
ujredSi, energetikuli cvla, 

plastikuri cvla.

• ra funqciebs asrulebs organizmSi 

sakvebi nivTierebebi?

bioqimiuri reaqciebi SeiZleba or jgu-
fad daiyos: 1) biosinTezis reaqciebi, ro-
melTa drosac martivi nivTierebebisgan 
ufro rTuli nivTierebebis warmoqmna, 
anu sinTezi xdeba. am tipis bioqimiur 
reaqciebze energia ixarjeba; igi ujreds 
uzrunvel yofs saSeni masaliT, romelsac 
ujredi iyenebs ujreduli struqture-
bis ganaxlebisa da aRdgenisaTvis, axali 
ujredebis warmoqmnisa da zrdisTvis. 
ami tomac biosinTezis reaqciebs plasti-
kur cvlasac uwodeben (sur. 4.21).

ujredSi mimdinareobs uamravi saxis 
bioqimiuri reaqcia, romelzec damoki-
debulia ujredis funqcionireba. es 

2) daSlis reaqciebi, romelTa drosac 
rTuli organuli nivTierebebi iSleba 
martiv nivTierebebad da energia gamoiyo-
fa. amitom rTuli organuli nivTiere-
bebis daSlis reaqciebs  energetikul 
cvlas uwodeben (sur.4.22).

amrigad, am tipis bioqimiuri reaqciebi 
ujreds uzrunvel yofs energiiT, romel-

sac igi sxvadasxva sasicocxlo funqciis 
gansaxorcieleblad iyenebs. magaliTad, 
kunTis boWkoebSi es energia meqanikur 
ener giad gardaiqmneba, nervul ujredebSi 
_ eleqtrul energiad, cicinaTelas zo-
gierT ujredSi _ sinaTlis energiad da 
yovel Tvis energiis nawili siTburi ener-
giis saxiT ifanteba. 

martivi nivTierebis molekulebi

biosinTezis reaqciis _ plastikuri cvlis modeli

energia 
STainTqmeba

energia energia

rTuli nivTierebis molekula

martivi nivTierebis molekulebi

rTuli nivTierebis daSlis reaqciis _ energetikuli cvlis modeli

energia 
gamoiyofa

energia energia

rTuli nivTierebis molekula

sur. 4.21

sur. 4.22
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plastikuri da energetikuli cvlis 
procesebis erTobliobas metabolizmi 
ewodeba. plastikuri da energetikuli 
 cvlebi urTierTsawinaRmdego procese-
bia, magram erTmaneTTan dakavSirebulia 
da erTmaneTs ganapirobeben: energeti-
kuli cvlis dros gamoTavisuflebuli 
ener gia plastikur cvlaze ixarjeba, 
xolo plastikuri cvlis procesSi sinTe-
zirebuli rTuli organuli nivTierebebi 
iSleba ener getikuli cvlis procesSi. 

energetikuli cvlis magaliTia rTu-
li organuli nivTierebebis daSla ufro 
martiv organul nivTierebebad, magali-
Tad, polimerebis daSla monomerebad. 

es procesi SenTvis nacnobia, rogorc 
saW mlis monelebis procesi (sur. 4.23). 
cxovelur organizmebSi es procesi mim-
dinareobs saWmlis momnelebel arxSi saW-
mlis momnelebeli fermentebis moqmedeb-
iT. sokoebi da mweriWamia mcenareebi ki 
organizmis gareT gamoyofen saWmlis mom-
nelebul fermentebs da Semdeg Seiwoven 
monelebul martiv organul nivTiere-
bebs (magaliTad, glukozas, aminomJavebs). 
ujredul donezec mimdinareobs es pro-
cesi lizosomaSi, romelic saWmlis mom-
nelebel fermentebs Seicavs. am procese-
bis Sedegad gamoTavisuflebuli energia 
siTbos saxiT ifanteba. 

ujredis doneze mimdinare energeti-
kuli cvlis erT-erT etapze monawileobs 
Jangbadi. es etapi eukariotul ujredeb-
Si aucileblad mimdinareobs mitoqond-

riebSi da daSlis saboloo produqtebi 
araorganuli nivTierebebia (sur. 4.24). 
rogorc ukve ici, ujredis energiis Ziri-
Tadi wyaro glukozaa. 

glukoza  +  Jangbadi  naxSirorJangi  +  wyali  +  energia

fermenti

fermenti

fermenti

cximi

cximovani mJavebi

glicerini

rTuli naxSirwyali

martivi naxSirwyali _ glukozis molekulebi

aminomJavebi

sur. 4.23

ujreduli sunTqva

cila
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naxSirwylebis garda, 
energiis misaRebad ujre-
di cximebsac iyenebs. rac 
Seexeba ujredSi arsebuli 
cilebis daSlas ener giis 
misaRebad, es mxolod maSin 
xdeba, rodesac ujredSi 
naxSirwylebisa da cximebis 
deficitia. cximebis daS-
lis saboloo produqte-
bi, rogorc glukozis, 
naxSirorJangi da wyalia, 
xolo cilebis _ naxSiror-
Jangi, wyali da amiakia. 

1. ra aris metabolizmi? 
2. Seadare energetikuli da plastikuri cvlebi erTmaneTs. aRwere maT Soris gansxvaveba. 
3. axseni, ra kavSiri arsebobs energetikul da plastikur cvlebs Soris.
4. esaWiroeba Tu ara energetikul da plastikur cvlebs fermentebi? Tu esaWiroeba, 

erTi da igive fermenti miiRebs monawileobas Tu sxvadasxva? pasuxi daasabuTe. 
5. mokle periodSi naxSirwylebis Semcveli sakvebis miRebis Sewyveta ar gamoiwvevs `nax-

Sirwylovan SimSils~ _ ujredebs mainc miewodeba glukoza. ganmarte, ra iqneba glu-
kozis wyaro adamianSi, sokosa da mcenareSi?

 

6. Seiswavle diagramaze mocemuli informacia da upasuxe kiTxvebs: 1) romelia yvelaze 
maRali energetikuli danaxarjis organoebi? 2) ujredis romeli organoidis ricxvi 
iqneba am organoebSi SedarebiT didi raodenobiT? 3) ra ewodeba metabolizmis process, 
romelic uzrunvelyofs daxarjuli energiis aRdgenas? 

• ujredSi mimdinare bioqimiuri procesebis erTobliobas metabolizmi ewodeba;

• metabolizms ori urTierTsawinaaRmdego procesi _ energetikuli da plastikuri 

cvla qmnis;

• energetikuli cvla energiiT uzrunvelyofs ujreds, plastikuri cvla ki _ saSeni 

masaliT.

sur. 4.24

ujreduli sunTqva

Jangbadi
organuli 
nivTiereba

naxSirorJangi da wyali energia, romelic 
ujredis sxvadasxva 
process xmardeba

mitoqondria

kunTebi _ 25 %

RviZli _ 24 %

Tirkmlebi _ 9 %

guli _ 10 %

organizmis 
energetikuli
danaxarji 
sxvadasxva organoSi

tvini _ 20 %

saWmlis 
momnelebeli 
sistema _ 12 %
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ra biologiuri mniSvneloba aqvs plastikur cvlas? 

4.8. პლასტიკური ცვლა

 sasicocxlo Tvisebebi: metabo-
lizmi _ plastikuri cvla, 
biosinTezi; 

 janmrTeloba da daavadeba: ujredis me-
tabolizmze mavne nivTierebebis gavlena.

ujreds sicocxlisaTvis esaWiroeba 
rTuli organuli nivTierebebi: cilebi, 
cximebi, naxSirwylebi, nukleinis mJavebi. 
rTuli organuli nivTierebis moleku-
lebs organizmi asinTezirebs martivi 
organuli nivTierebebisgan plastikuri 
 cvlis procesSi.

sur. 4.25

1. cilis 
struqturis 
Sesaxeb genSi 
Cawerili 
informacia 
informaciul 
rnm-s gadaaqvs 
citoplazmaSi 

birTvi

citoplazma

ribosoma

dnm-is molekula

geni

i-rnm

i-rnm

2. citoplazmaSi 
arsebuli aminomJavebi 
Sedian ribosomaSi

3. ribosoma ukavSirdeba i-rnm-s, `arCevs~ aminomJavebs da erTmaneTTan akavSirebs im 
TanmimdevrobiTa da raodenobiT, rogorc es geniTaa gansazRvruli

polimeri 
(aminmJavuri 
jaWvi)
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plastikuri cvlis magaliTebia: glu-
kozis monomerebidan saxameblis polime-
ris sinTezi; plastikuri cvlis Sede-
gad cxoveluri da sokos ujredebi 
glukozisa gan warmoqmnian cxovelur nax-
Sirwyals – polimer glikogens; amino-
mJavebisgan warmoiqmneba cila, nukleo-
tidebisagan igeba dnm-is da rnm-is 
polimerebi. 

plastikuri cvlis procesSi warmoq -
mnili biopolimerebidan zogierTi msgav-
sia sxvadasxva saxeobis cocxal orga-
nizmebSi. magaliTad, mcenareebis mier 
warmoqmnili saxamebeli erTnairia sxva-
dasxva saxeobis mcenareSi. sxvanairad 
aris saqme cilebis sinTezis SemTxvevaSi. 
cilis biopolimeri iqmneba 20 saxis amino-
mJavisagan. es aminomJavebi sxvada sxva kom-
binaciiT mraval jeraa  ganmeorebuli po-
limerSi.

cilis sinTezi xorcieldeba riboso-
mebze (sur. 4.25). ribosomaSi aminomJave-
bi ukavSirdebian da warmoiqmneba cilis 
polimeri. radgan cilebi gansxvavdebian 
aminomJavebis raodenobiT da polimerSi 

ganlagebis TanmimdevrobiT,  ribosomam 
yoveli konkretuli cilis sinTezis 
dros unda `SearCios~ zustad is da imde-
ni aminomJava, rac am polimers gamoarCevs 
sxva cilebisgan. ribosoma am procesSi 
xelmZRvanelobs informaciiT, romelic 
warmodgenilia dnm-Si. rogorc ukve ici, 
cilis yoveli konkretuli molekulis 
Sesaxeb informacia Sesa bamis genSia Cawe-
rili. dnm-is molekula birTvSia, cilis 
sinTezi ki citoplazmaSi ganTavsebul 
ribosomebSi xdeba, amitom genis mixedviT 
sinTezirdeba specialuri rnm _ infor-
maciuli rnm (i-rnm), romelsac cilis 
struqturis Sesa xeb informacia citop-
lazmaSi gadaaqvs. radgan memkvidreobi-
Ti nivTiereba _ dnm _ birTvSia, amitom 
birTvi akontrolebs ujredSi mimdinare 
yvela process.

cilebis sinTezis principi yvela euka-
riot organizmSi erTnairia. rasakvir-
velia, cilebis sinTezis procesSi ami-
nomJavebis erTmaneTTan dakavSirebaze 
energetikuli cvlis dros gamoTavisuf-
lebuli energia ixarjeba. 

davalebis piroba: mavne nivTierebebi (magaliTad, narkotikebi) uaryofiT gavlenas axde-
nen ujredis metabolizmze. qvemoT SegaxsenebT, Tu alkoholi da nikotini, zogadad, ra 
gavlenas axdens organizmze, Sen ki axseni, am faqtebma rogori gavlena SeiZleba iqonios 
ujredis metabolizmze. amisTvis daasrule qvemoT mocemuli cxrili:

organizmze alkoholisa da nikotinis 

gavlenis magaliTi
gavlena ujredis metabolizmze

alkoholis Warbi moxmareba azianebs RviZls (miniSneba: RviZ-
li monawileobs organul nivTierebaTa urTierT gardaqmnaSi)

alkoholi azianebs kuWs da ferxdeba masSi saWmlis monelebis 
procesebi (miniSneba: kuWSi sakvebi cilebis ZiriTadi nawili 
moineleba)

alkoholma SeiZleba pankreasis anTebac gamoiwvios (miniS-
neba: pankreasi asrulebs gare da Sida sekreciis jirkvlis 
funqcias)

nikotinis didi doza azianebs filtvebs, mwevelebSi mcirde-
ba filtvebis sasicocxlo tevadoba

sigaretis bolSi Semavali CO _ naxSirJangi mtkice naerTs 
warmoqmnis hemoglobinTan

nikotini aviwroebs sisxlZarRvebs

monacemebis kognituri sqemis saxiT warmodgena
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• plastikuri cvla niSnavs martivi organuli nivTierebebisgan rTuli organuli niv-

Tierebebis sinTezs;

• plastikuri cvlisTvis saWiroa energia;

• cilis biosinTezi gansxvavebuli procesia polisaqaridebis sinTezis procesisgan, 

radgan cila 20 saxis monomeris gansxvavebuli kombinaciiT, Tanmimdevrobisa da rao-

denobis SeerTebis safuZvelze warmoiqmneba;

• cilis sinTezi xdeba citoplazmaSi, organoid ribosomaSi. 

sqemis prezentaciisas xazgasmiT warmoaCine:

• ra aris ujredis metabolizmi?
• ra kavSiria energetikul da plastikur cvlebs Soris?
• riT gansxvavdeba cilis biosinTezis procesi naxSirwylebis sinTezis procesisgan?
• ratom warmarTavs ujredis sasicocxlo procesebs birTvi? 
• ra gavlenas axdens ujredis metabolizmze mavne nivTierebebi?
• metabolizmis darRveva ra gavlenas moaxdens adamianis janmrTelobaze?

1. daasaxele cilis sinTezSi monawile struqturebi da aRwere TiToeulis funqcia.
2. moiyvane plastikuri cvlis magaliTebi da axseni maTi mniSvneloba ujredisa da orga-

nizmisTvis.
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ra Tavisebureba axasiaTebs plastikur cvlas mcenareebSi?

4.9. ფოტოსინთეზი

 sasicocxlo Tvisebebi: meta-
bolizmi _ kveba, sunTqva,  
fotosinTezi _ plastikuri  

cvlis Tavisebureba mcenareebSi, kavSi-
ri sunTqvasa da fotosinTezs Soris; 
 biomravalferovneba: ujredebis mra-
val ferovneba da maTTan dakavSirebuli 
metabolizmis Tavisebureba;
 kvleva: sxvadasxva ujredis modelebis 
Seqmna da maTi gamoyeneba, eqsperimentis 
dagegmva.

mcenareebs axasiTebs plastikuri 
cvl is gansakuTrebuli saxe _ fotosin-
Tezi: sinaTlis energiis xarjze naxSir-

orJangisa da wylisagan organuli nivTi-
erebis sinTezis procesi. martivad 
fotosin Tezis procesi warmodgenilia 
suraTze (sur.4.26). fotosinTezi aris im 
reaq ciebis saerTo saxelwodeba, romle-
bic qloroplastebSi mimdinareobs. sxva 
sit yvebiT rom vTqvaT, fotosinTe zi aris 
qloroplastebSi mzis energiis xarjze 
ener giiT Raribi araorganuli nivTierebe-
bisgan (H

2
O-sa CO

2
-sgan) Jangba disa da 

energiiT mdidari glukozis warmoq-
mnis procesebis erToblioba. amgva rad, 
mcenare avtotrofia: mas SeuZlia ara-
organulisgan organu li nivTierebebis 
sinTezi.

mzis sinaTle

qloroplasti

Jangbadi

bageebis saSualebiT 
airTa cvla xdeba

wyali

naxSirorJangi

(H
2
O)

H
2
O

(CO
2
)

(O
2
)

CO
2 glukoza

O
2

sur. 4.26

H
2
O  + CO

2
  glukoza  + O

2
 

sinaTlis energia

fotosinTezi
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1. gaecani suraT 4.26-ze mocemul informacias da upasuxe kiTxvebs: 1) CamoTvale foTlis 
agebulebis is Taviseburebani, romelTa wyalobiTac warmatebiT asrulebs ZiriTadi 
mafotosinTezirebeli organos funqcias. 2) CamoTvale pirobebi, romlebic aucile-
belia fotosinTezis procesis warmarTvisTvis. 3) fotosinTezis reaqciis tolobidan 
gamomdinare, romeli sawyisi nivTiereba da produqti SeiZleba gamoviyenoT am procesis 
siCqaris/intensivobis gansasazRvravad? 

fotosinTezis Sedegad warmoqmni-
li glukoza aris ZiriTadi nivTiereba 
mcenareTa ujredebSi sxva organuli 
nivTierebebis warmosaqmnelad. bio-
qimiuri reaqciebiT igi gardaiqmneba 
polisaqaridebad, cximebad, aminomJve-
bad da sxva organul nivTierebebad. nax-
Sirwylebisagan gansxvavebiT, cilebis 
sinTezisaTvis azoti, gogirdi da sxva 
elementebia saWiro, romlebsac mcenare 
niadagidan iRebs mineraluri marilebis 
saxiT (sur.4.27). 

fotosinTezi da sunTqva erTmane-
Tis sawinaaRmdego procesebia, magram 
erTmaneTTan aris dakavSirebuli (sur. 
4.28).

fotosinTezi

glukoza

organuli 
nivTierebebi

fotosinTezis produqtis gardaqmna

mineraluri 
marilebi

cilebicximebisaxamebeli

H
2
O

CO
2

O
2

sur. 4.27

sur. 4.28

fotosinTezi
sinaTlis energia STainTqmeba

warmoiqmneba iSleba

JangbadiJangbadi

naxSirorJanginaxSirorJangi
wyaliwyali

qloroplasti

glukoza
(energiiT mdidari)

(energiiT Raribi)
energia, romelic 
ujreds xmardeba

mitoqondria

glukoza

energia gamoTavisufldeba

sunTqva

O
2

CO
2
 + H

2
O
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davalebis piroba: warmoidgine, rom xar 
garemos dacvis erovnuli saagentos Ta-
namSromeli da dagevala dRe-Ramis sxva-
dasxva monakveTSi haerSi naxSirorJangis 
raodenobis gansazRvra. erTi Tvis ganmav-
lobaSi agrovebdi monacemebs da saSua-
lo maCveneblis mixedviT aage grafiki. 
grafikze mocemuli monacemebis mixedviT 
moamzade kvlevis angariSi.
 
kvlevis angariSSi xazgasmiT warmoaCine:
• sakvlevi kiTxva;
• damokidebuli da damoukidebeli 

cvla debi;
• rogori urTierTkavSiria dRe-Ramis sxvadasxva monakveTsa da haerSi naxSirorJangis 

raodenobas Soris?
• gamoiyene fotosinTezis procesis Sesaxeb codna da axseni miRebuli Sedegebi;
• kidev ra procesebma SeiZleba moaxdinos gavlena haerSi naxSirorJangis raodenobaze?

kvlevis angariSis momzadeba

davalebis piroba: Seqmeni sxvadasxva ujredis modeli: mcenareuli, cxoveluri, sokos da 
baqteriis (ix. danarTi 5). modeli gamoiyene ujredebis biomravalferovnebisa da maTSi 
mimdinare ujreduli metabolizmis Taviseburebebis warmosaCenad. 

ujredebis modelebis prezentaciis dros xazgasmiT warmoaCine:

• ujredTa mravalferovneba, agebulebis, formisa da funqciebis mixedviT, rogor ukav-
Sirdeba organizmTa sxvadasxva sistematikur jgufs? 

• rogor ukavSirdeba TiToeuli ujredis struqturuli agebuleba mis metabolizmis Ta-
viseburebas? 

• ra msgavseba-gansxvavebaa sxvadasxva tipi ujredis metabolizms Soris? 
• ra SezRudvebi aqvs Sen mier Seqmnil modelebs?
• ratom aris mosaxerxebeli TvaliT uxilavi biologiuri struqturebis modelebis saxiT 

warmodgena?

rekomendacia: modelis Sesaqmnelad SegiZlia gamoiyeno feradi plastilini da qaRaldebi, 
Tixa.

modelis  Seqmna

2. rogor SeiZleba gamoviyenoT codna fotosinTezis Sesaxeb misi efeqturobis gasazrde-
lad? 

3. suraT 4.28-ze mocemuli informaciis gaanalizebis safuZvelze: 1) Seadare fotosin-
Tezisa da sunTqvis procesebi erTmaneTs _ SearCie kriteriumebi SedarebisTvis da 
monacemebi cxrilis saxiT warmoadgine; 2) aRwere kavSiri fotosinTezsa da sunTqvas 
Soris.
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davalebis piroba: Tanamedrove laboratoriebSi arsebobs mravalnairi xelsawyo, romlebic 
organizmSi mimdinare procesebze safuZvliani dakvirvebis saSualebas iZleva. xelsawyoebi 
metad mgrZnobiarea da SeuZliaT aRricxon ujredSi (organizmSi) mimdinare TvaliT uxilavi 
raodenobrivi da xarisxobrivi cvlilebebi (magaliTad, sensori, romelic ,Jangbadis kon-
centraciis cvlilebas aRricxavs). xelsawyoebs aqvs monacemebis damuSavebis kompiuteru-
li programebic, romlebic uadvilebs mkvlevars miRebuli monacemebis ana lizs.
warmoidgine, rom  Seni skolis sabunebismetyvelo laboratoria aRWurvilia Semdegi re-

sursiT: naxSirorJangisa da Jangbadis sensorebi, 
kompiuteri  saTanado programiT sensorebidan miRe-
buli informaciis dasamuSaveblad, qila, wyali, pe-
tris jamze moTavsebuli wylis mcenare elodea, pin-
ceti, magidis sanaTi, sxvadasxva simZlavris naTura 
(60, 100, 150 W).
am aRWurvilobis gamoyenebiT dagegme  eqsperimenti 
(ix. danarTi 3), romelmac pasuxi unda gasces kiTxvas: 
rogor moqmedebs ganaTebis intensivoba fotosinT-

ezis siCqareze (geZ leva arCevanis ufleba, fotosinTezis procesis intensivobis gamosakv-
levad fotosinTezis reaqciis sawyis nivTierebas SearCev Tu saboloo produqts).

eqsperimentis gegmis prezentaciisas xazgasmiT warmoaCine:

• ra TaviseburebiT xasiaTdeba mcenareebSi plastikuri 
cvla? 

• ra kavSiria sunTqvasa da fotosinTezs Soris? 
• ra aris eqsperimentis sakvlevi kiTxva? 
• sinaTlis intensivobis cvlileba rogor imoqmedebs Sen  

mier SerCeuli sakvlevi nivTierebis koncentraciaze? 
(varaudi/hipoTeza)

• ra aris damokidebuli, damoukidebeli da sakontrolo 
cvladebi? (miuTiTe Seni arCevanis Sesabamisi sensori) 

• ra etapebisgan Sedgeba Seni eqsperimentis gegma?
• ra mniSvneloba aqvs kvlevis etapebis dagegmvasa da mis 

Tanmimdevrulad ganxorcielebas?

ექსპერიმენტის  დაგეგმვა 

• mcenareul organizmebSi plastikuri cvla cxoveluri ujredebisgan gansxvavebulad 

mimdinareobs;

• fotosinTezi mimdinareobs qloroplastebSi;

• fotosinTezSi sinaTlis energia gardaiqmneba qimiur energiad, romelic glukozaSi 

grovdeba;

• yvela organizmis arseboba fotosinTezis proceszea damokidebuli.

sensoris mgrZnobiare 
nawili

wylis 
mcenare

rezinis saxuravi

qila
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ra ris mitozi da ra biologiuri mniSvneloba aqvs mas?

4.10. მიტოზი

• sasicocxlo Tvisebebi: gamrav-
leba _ ujredis sasicocxlo 

cikli (interfaza, mitozi, citokinezi);
• struqtura da funqcia: ujredi (so-

maturi ujredi, gameta, qromosoma, 
qromatidi)

• ra biologiur rols  asrulebs  dnm 

ujredSi?

• ra aris geni?

• gamravlebis ra da ra forma gvxvdeba orga-

nizmebSi?

• ra TaviseburebiT xasiaTdeba usqeso gamrav-

leba?

amjerad sasicocxlo ciklis im sta-
diaze xar, romelsac gardamavali asaki 
ewodeba. es aqtiuri zrdisa da ganviTa-
rebis periodia. Sen mudmivad icvlebi. 
dRes is ar xar, rac erTi wlis an Tundac 
ramdenime saaTis winaT iyavi. am momentSi, 
roca am gverds kiTxulob, Seni sxeulis 
ujredebi izrdeba, iyofa da kvde ba. mud-
mivad mimdinareobs Seni kanis mkvdari, 
aqerclili ujredebis axliT Canacvleba. 
Sens ZvlebSi sisxlis wiTeli ujredebi 

wam Si 10-15 milioni siCqariT warmoiqmne-
ba, rom daberebuli ujredebi Seicvalos.  
msgavs procesebs sxva organizmebic gadi-
an.

roca ujredi iyofa, amaSi mniSvnelo-
van rols birTvis qromosomebi asrule-
ben. qromosomebi birTvSi ganlagebuli 
struqturebia, romlebic memkvidrul ma-
salas Seicaven (sur. 4.29). dnm-is moleku-
las qromosomaSi Svileuli qromosoma, 
anu qromatidi ewodeba. dnm-s aqvs gaor-
magebis unari (erTi dnm-is molekulis-
gan ori identuri dnm-is molekula 
warmoiqmneba) da ujredis ganviTarebis 
erT-erT stadia ze qromosoma Sedgeba 
ori qromatidisgan, romlebic erTmaneTs 
centromeriT ukavSirdeba  (sur. 4.30). 
dnm-is gaormagebasTan erTad masSi loka-
lizebuli gene bic ormagdeba. 

mravalujredian organizmebSi ori 
tipis ujredebs arCeven: arasasqeso, anu 
somatur ujredebs da sasqeso ujredebs 
_ gametebs.  yovel  saxeobaSi somaturi 
ujredebisTvis damaxasiaTebelia mudmi-
vi qromosomuli kompleqti.  sxvadasxva  

centromeri

qromosoma erTi 
qromatidiT

qromosoma ori 
qromatidiT

qromosoma

birTvi

ujredi
geni

dnm

sur. 4.30sur. 4.29
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 saxeobis qromosomuli kompleqti gan-
sx vav  deba erTmaneTisgan, magaliTad, 
ricxviT. adamianis somatur ujredebSi 
46 qromosomaa (sur. 4. 31). Tu suraTze 
daakvirdebi, SeamCnev, rom TiToeul qro-
mosomas aqvs Tavisi identuri mewyvile. 
or erTnair qromosomas homologiuri  
ewodeba. e.i. adamianis somaturi ujre-
debisTvis 23 wyvili qromosomaa damaxa-
siaTebeli. qromosomebis aseT kompleqts 
dipoloidurs uwodeben da 2n-iT aRiniS-
neba.  

ujredsac aqvs sasicocxlo cikli. 
nebis mieri eukariotuli ujredis sicoc-
x lis umetesi nawili zrdasa da ganviTa-
rebaSi mimdinareobs, rasac interfaza 
ewodeba. interfazis ganmavlobaSi ujre-
di izrdeba, qmnis memkvidreobiTi masalis 
asls (dnm ormagdeba) da gayofisTvis emza-
deba. eukariotuli ujredebis gamrav le-
bis gavrcelebuli saxea mitozuri gayo-

fa. ujredis mitozuri gayofisas birTvi 
iyo fa da Semdeg citoplazmac iyo fa ori 
axali ujredis warmosaqmnelad. ujredis 
sasicocxlo cikli, rogorc es naCvenebia 
suraT 4.32-ze, movlenebis seriaa, rom-
lebic ujredSi erTi dayofidan meorem-
de xdeba. amrigad, ujredis sasicocxlo 

1 2 3 4 5 6

121110987

181716151413

2322212019

sur. 4.31

ujredis sasicocxlo cikli

ujredi izrdeba, 
funqcionirebs, dnm 

ormagdeba da ujredi 
gayofisaTvis emzadeba

citoplazma 
iyofa da ori 

identuri 
Svileuli 

ujredi 
warmoiqmneba

4. polusebTan misuli qromosomebis garSemo 
birTvis garsi warmoiqmneba, am etapze ujredSi ori 
identuri birTvia

3. qromatidebi 
erTmaneTs scildeba 
da damoukidebul 
qromosomebad 
gadaiqceva. isini 
TiTistaras Zafebis 
meSveobiT ujredis 
mopirdapire 
polusebisaken 
miemarTebian

2. qromosomebi 
ganlagdebian 
ujredis 
ekvatorul 
sibrtyeze 
da gayofis 
TiTistaris 
Zafebi miemagreba 
centromerebze

1. TiToeuli qromosoma 
spiralurad exveva, 
mokldeba; igi ori 
qromatidisagan Sedgeba, 
centriolebi  ujredis 
polusebisaken miemarTeba, 
fazis bolos irRveva 
birTvis garsi

telofaza
anafaza

metafaza

profaza

4

3

2

1

interfaza

citokinezi

mitozi

sur. 4.32



43

cikli sami etapisgan Sedgeba: interfaza, 
mitozi, citokinezi. mitozs aRweren fa-
zebis mixedviT. am fazebs ewodeba: pro-
faza, metafaza, anafaza da telofaza. 

mitozi cocxal organizmebSi mniSv-
nelovan biologiur rols asrulebs: 

• mitozis Sedegad miiReba ori ujre-
di, romelTac aqvT qromosomebis igive 
raodenoba, romelic dediseul ujreds 
hqonda. amis mizezi aris interfazaSi dnm-
is gaormageba.  misi gaormagebiT ormag-
deba memkvidreobiTi informaciac, rome-
lic  mitozis Sedegad Tanabrad nawildeba 
Svileul ujredebs Soris. Svileuli 
ujredebi imave memkvidreobiT informa-
cias iRebs, rac dediseul ujreds hqonda.

• mitozis Sedegad ujredebis ric xvi 
izrdeba, amitom igi mravalujrediani 
organizmebis zrda-ganviTarebis safuZ-
velia. zigota mitozurad iyofa, amitom 
mravalujrediani erTi organizmis yvela 
somaturi ujredi erTnair memkvidreo-
biT informacias Seicavs.

• mravalujredian organizmebSi mito-
zis Sedegad xdeba regeneracia: maga liTad, 
sisxlis, Zvlovani da kanis ujredebis 
cvla-ganaxleba, sxeulis dazianebuli da 
dakarguli nawilebis aRdge  na. 

• mitozuri gayofa aris usqeso gam-
ravlebis safuZveli. amitom usqeso gam-
ravlebiT miRebuli STamomavloba mSob-
liuri individis identuria.

1. gaecani suraT 4.32-ze mocemul ujredis sasicocxlo ciklis etapebs da upasuxe kiTx-
vebs: 1) ramdeni da ra da ra etapisgan Sedgeba ujredis sasicocxlo cikli? 2) ramde-
ni da ra da ra fazisgan Sedgeba mitozi? 3) aRwere, rogor ganawildeba qromosomebi 
Svileul ujredebs Soris: ramdeni qromosoma da qromatidi aqvs sawyis ujreds pro-
fazaSi?  ramdeni qromosoma da qromatidi aris telofazaSi TiToeul birTvSi? 4) gamo-
tovebul adgilebSi Cawere mitozis Sesabamisi fazis saxelwodeba: a)  ------------birTvis 
membrana isev formirdeba; b) ------------  qromosomebi ujredis ekvatorze ganlagdebian; 
g) -----------  Cndeba TiTistaras boWkoebi; d) ------------  qromosomebi ujredis mopirda-
pire polusebisken moZraoben. 

2. Tu erTi ujredi mitozs yovel xuT wuTSi erTxel gadis, ramden ujreds miviRebT erTi 
ujredidan 1 saaTis ganmavlobaSi? gamoTvaleT pasuxi da CainiSne Sens samuSao rveulSi.

3. daasaxele usqeso gamravlebis ori magaliTi da axseni, usqeso gamravlebiT miRebuli 
STamomavloba ratom aris erTmaneTisa da mSobliuri individis identuri?

4. ratom aris mniSvnelovani mitozis dros birTvis membranis daSla? 
5. mitozis procesis Sesaswavlad amzadeben fesvis wverosa da embrionis ujredebis mikro-

preparatebs. axseni, ratom?
6. xilis buz drozofilas yvela somatur ujredSi 8 qromosomaa. gamoTvale, ramdeni 

qromosoma da qromatidi eqneba sawyiss ujreds profazaSi?  ramdeni qromosoma da 
qromatidi eqneba Svileul ujredebs?

• mitozuri gayofa ujredebis gamravlebis erT-erTi saSualebaa;

• mitozi mxolod eukariotuli ujredebisTvis aris damaxasiaTebeli;

• mitozi damaxasiaTebelia rogorc mravalujrediani, ise erTujrediani eukarioti or-

ganizmebisTvis;

• mitozuri gayofis Sedegad miiReba  erTmaneTisa da mSobliuri/sawyisi ujredis iden-

turi ori ujredi, radgan qromosomebis imave raodenobas Seicaven Svileuli ujre-

debi, rac sawyisi ujredisTvis iyo damaxasiaTebeli;

• mitozuri gayofa organizmebSi mniSvnelovan biologiur rols asrulebs. 
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ra aris meiozi da ra biologiuri mniSvneloba aqvs mas? 

4.11. მეიოზი

 sasicocxlo Tvisebebi: gamrav-
leba _ meiozi, meiozis procesSi 
qromosomebis ganawileba, qro-

mosomebis haploiduri nakrebi, meiozis 
biologiuri roli;
 kvleva: mitozisa da meiozis modelebis 
Seqmna, maTi gamoyeneba am procesebis 
asaxsnelad da erTmaneTTan Sesadareb-
lad. 

• ra aris qromosoma?

• rogor ganawildeba qromosomebi 

Svileul ujredebSi mitozis procesSi?

• ra TaviseburebebiT xasiaTdeba organizmTa 

sqesobrivi gamravleba usqeso gamravlebasTan 

SedarebiT? 

• sad warmoiqmneba gametebi cxovelebSi? yvavi-

lovan mcenareebSi? 

sqesobriv gamravlebaSi monawileobs 
sasqeso ujredebi – gametebi. amitom 
sqesobrivi gamravleba yovelTvis dakav-
Sirebulia gametebis warmoqmnasa da gana-
yofierebasTan. ganayofierebis Sedegad 
warmoiqmneba zigota. 

gametebi e. w. winasasqeso ujredebis 

meiozuri gayofis Sedegad yalibdeba. 
winasasqeso ujreds qromosomebis dip-
loiduri kompleqti (2n) aqvs. meiozuri 
gayofis Sedegad gametebSi qromosomaTa 
raodenoba naxevrdeba – haploiduri (n) 
xdeba.

meiozi Sedgeba ori Tanmimdevruli 
gayofisagan. pirveli gayofis dros de-
diseuli ujredi iyofa da warmoqmnis or 
Svileul ujreds. meore gayofisas iyo-
fa ukve es ori ujredi da miiReba oTxi 
ujredi, romlebic yalibdeba gametebad 
– spermatozoidad an kvercxujredad. 

rogorc pirveli, ise meore meiozuri 
gayofis dros arCeven oTx fazas: pro-
faza, metafaza, anafaza da telofaza. 
meiozis dawyebamde, interfazaSi aris 
qromosomaTa diploiduri raodenoba. 
sqemaze pirobiTad naCvenebia ujredi, 
romelsac diploidur kompleqtSi aqvs 
qromosomaTa mxolod ori wyvili, anu 4 
qromosoma. interfazaSi dnm ormagdeba. 
TiToeuli qromosoma Sedgeba ori qroma-
tidisagan (sur. 4.33a). 

pirveli meiozuri gayofis mTavari Se-

I meiozuri gayofa (homologiuri qromosomebis dacileba)

I profaza _ qromosomebi 
mokldeba, msxvildeba, 
spiralurad exveva, 
birTvakebi qreba, 
centriolebi ujredis 
polusebisaken 
miemarTeba da fazis 
bolos birTvis garsi 
irRveva.

I metafaza _ homolo-
giuri qromosomebi 
erTmaneTis mopiris-
pired ujredis 
ekvatorze ganladge-
bian. erTi polusidan 
TiTistaras Zafi 
emagreba homologiuri 
wyvilidan erT qro-
mosomas, mopirdapire 
polusidan ki _ wyvilis 
meore qromosomas.

I anafaza _ 
erTmaneTs scildeba 
homologiuri 
qromosomebi: 
homologiuri 
qromosomebis 
TiToeuli wyvilidan 
TiTo orqromatidiani 
qromosoma miemarTeba 
ujredis sxvadasxva 
polusisaken.

I telofaza _ 
polusebTan misuli 
qromosomebis garSemo 
yalibdeba birTvis 
garsi, rasac mohyveba 
citokinezi, ujredi 
or nawilad iyofa da 
miiReba ori Svileuli 
ujredi.

sur. 4.33a
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degi  aris is, rom homologiuri qromo-
somebi sxvadasxva ujredSi aRmoCndeba, 
anu ujredebSi qromosomebis ricxvi ga-
naxevrdeba. amrigad, qromosomebis ricx-
vi ganaxevrdeba pirvel meiozur gayo faSi. 

Svileuli ujredebis war moqmnis Sem-
deg meiozi grZeldeba. TiToeuli ujre-
di kvlav iyofa. gayofas win uZRvis in-
terfaza. mniSvnelovania, rom am dros 
ar xdeba dnm-is replikacia, radganac 
TiToeuli qromosoma ori qromatidisa-
gan Sedgeba. meore meiozuri gayofis 
procesSi ujredebis gayofa zustad ise 
mimdinareobs, rogorc mi-
tozis dros (sur. 4.33 b)

meiozis biologiuri ro-
li SemdegSi gamoixateba: 

• sqesobrivi gamrav-
lebis dros, rogorc ici, 
xdeba ori sasqeso ujre-
dis (gametis) Serwyma, mag-
ram axal individs mainc 
aqvs misi saxeobisaTvis 
damaxa siaTebeli qromo-
somuli ricxvi. am proce-
sis safuZveli aris meiozi. 
radgan meiozis dros qro-
mosomebis ricxvi ganaxevr-

II meiozuri gayofa (qromatidebis dacileba da haploiduri ujredebis miReba)

II profaza _ 
centriolebi 
miemarTebian ujredis 
sxvadasxva polusisaken 
da warmoiqmneba 
gayofis TiTistaras 
Zafi.

II metafaza _ 
orqromatidiani 
qromosomebi 
erTmaneTis gverdiT 
ujredis ekvatorze 
ganlagdebian da 
maT centromerebze 
miebmeba gayofis 
TiTistaras Zafebi.

II anafaza _ Svileuli 
qromosomebi, 
anu qromatidebi 
erTmaneTs scildebian 
da miemarTebian 
ujredis sxvadasxva 
polusisaken.

II telofaza _ 
polusebTan misuli 
qromosomebis garSemo 
kvlav yalibdeba 
birTvis garsi, rasac 
mohyveba citokinezi, 
TiToeuli ujredi 
or nawilad iyofa da 
sabolood miiReba 
oTxi haploiduri 
ujredi.sur. 4.33b

ganayofiereba

dediseuli
qromosomebi (n)

mamiseuli
qromosomebi (n)

(2n)

zigota
spermatozoidi

kvercxujredi

sur. 4.34

deba – haploiduri ujredebi miiReba, 
haploiduri gametebis Serwymis Sedegad 
zigo taSi kvlav aRdgeba saxeobi sa T-
vis damaxasiaTebeli qromosomaTa dip-
loiduri ricxvi. 

• meiozi, aseve, iZleva zigotaSi 
gene bis axali kombinaciis warmoqmnis 
SesaZleblobas (sur. 4.34), radgan zigo-
ta warmoiqmneba gansxvavebuli genetiku-
ri informaciis matarebeli ori gametis 
Serwymis Sedegad (am sakiTxze ufro far-
Tod Semdeg klasebSi Seityob). 
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davalebis piroba: yvela organizmisaTvis damaxasiaTebelia memkvidreobiToba, romelic 
gamravlebaSi vlindeba, gamravleba ki ujredebis gayofasTan aris dakavSirebuli. euka-
ri ot organizmebSi ujredebis gamravlebis ori forma gvxvdeba: mitozuri da meiozuri. 
Seqmeni mitozisa da meiozis modelebi (ix. danarTi 5). modelebi gamoiyene am procesebis 
mimdinareobis sademonstraciod da maT Sesadareblad.  

modelebis prezentaciisas xazgasmiT warmoaCine:

• rogoria Svileul ujredebs Soris qromosomebis ganawilebis  kanonzomiereba mitozsa 
da meiozSi? 

• rogor ukavSirdeba memkvidreobiToba da cvalebadoba ujredebis gamravlebis formebs 
_ mitozsa da meiozs? 

• ra gansxvavebaa mitozisa da meiozis procesebis mimdinareobas Soris? 
• rogor axsni modelis gamoyenebiT mitozisa da meiozis biologiur rols? 
• ra tipis SezRudvebi aqvs Sen mier Seqmnil mitozisa da meiozis modelebs? 
• ratom aris mosaxerxebeli TvaliT uxilavi biologiuri struqturebisa da procesebis 

modelebis saxiT warmodgena?

rekomendacia: 

• simartivisaTvis orive procesis modeli Seqmeni 4 qromosomisTvis;
• modelisTvis SegiZlia gamoiyeno: feradi plastilini, Tixa, sxvadasxva feris koqteilis 

Cxirebi an feradi Zafebi da sxv.;
• gaiTvaliswine, rom homologiur qromosomebs erTnairi zoma da forma unda hqondes.

modelis  Seqmna

1. Seiswavle suraT 4.33-ze mocemuli informacia da upasuxe kiTxvebs: 1) ramdeni qro-
mosoma da qromatidia pirveli meiozuri gayofis profazaSi? 2) ramdeni qromosoma 
da qromatidia pirveli meiozuri gayofis Sedegad miRebul Svileul ujredebSi? 3) 
ramdeni qromosoma da qromatidia meore meiozuri gayofis Sedegad miRebul Svileul 
ujredebSi?  

2. aRwere, sqesobrivi gamravlebis dros rogor inarCunebs organizmi misi saxeobisaTvis 
damaxasiaTebel qromosomul ricxvs?

3. Seadare erTmaneTs mitozisa da meiozis procesebi da monacemebi warmoadgine cxrilis 
saxiT.

4. adamianis somatur ujredebSi 46 qromosomaa. ramdeni qromosoma da qromatidi iqneba 
adamianis gametebSi? 

• gametebi meiozuri gayofiT yalibdeba;

• meiozi mxolod diploiduri ujredebisTvis aris damaxasiaTebeli;

• erTi winasasqeso diploiduri ujredis meiozuri gayofiT miiReba oTxi haploiduri 

ujredi;

• sqesobrivi gamravlebis dros meiozi uzrunvelyofs saxeobisaTvis damaxasiaTebeli 

qromosomebis ricxvis SenarCunebas.
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Tema 4-is Sejameba

Temis mimoxilva

mTavari ideebi

• funqciis Sesabamisad ujredebi gansxvavdebian formiTa da zomiT, agreTve 
Semadgeneli komponentebiT; ujredis TiToeuli komponenti asrulebs garkveul 
funqcias;  

• sxvadasxva tipis ujredi msgavsia qimiuri SedgenilobiTa da masSi mimdinare 
bioqimiuri procesebiT;

• ujredebSi, araorganuli nivTierebebis garda, gvxvdeba mxolod cocxali sa T-
vis damaxasiaTebeli nivTierebebi da maT biologiur molekulebs uwodeben;

• zogierTi rTuli organuli molekula Sedgeba ufro martivi struqturebis-
gan, romelTac monomerebi ewodeba, xolo monomerebisgan Sedgenil molekulas 
_ biopolimeri;

• dnm-Tan dakavSirebulia memkvidreobiTi informaciis Senaxva da gadacema;

• ujredSi mimdinare bioqimiuri procesebis erTobliobas metabolizmi ewodeba; 
metabolizms ori urTierTsawinaaRmdego procesi _ energetikuli da plasti-
kuri cvlebi qmnis;

• mitozuri gayofis Sedegad miiReba erTmaneTisa da sawyisi ujredis identuri 
ori ujredi;

• erTi winasasqeso diploiduri ujredis meiozuri gayofiT miiReba oTxi haplo-
iduri ujredi; sqesobrivi gamravlebis dros meiozi uzrunvelyofs saxeobi-
saTvis damaxasiaTebeli qromosomebis ricxvis SenarCunebas.

davalebebi TviTSefasebisTvis

testuri davalebebi

1. prokariotul ujreds CamoTvlilTagan romeli organoidi aqvs? 

 a. lizosoma;    g. ribosoma; 

 b. endoplazmuri bade;  d. mitoqondria.

2. CamoTvlilTagan adamianis romel zrdasrul ujredSi ar mimdinareobs cilis 
sinTezi? 

 a. fagocitSi;   g. limfocitSi;  

 b. eriTrocitSi;  d. neironSi.

3. CamoTvlilTagan romeli struqtura gvxvdeba rogorc cxovelur, ise 
mcenareul ujredebSi? 

 I. mitoqondria; II. ribosoma; III. ujredis kedeli; IV. endoplazmuri bade.

 pasuxi: a. I da IV;  b. II da IV;  g. I da III;  d. I, II da IV;  e. I, II da III;  v. II, III da IV.

 4. daadgine Sesabamisoba ujredis Tvisebasa da im samefos Soris, romlis warmo-
madgenel organizmebs aseTi tipis ujredi eqneba: 

 ujredis Tviseba:      samefo:   

 a. ujredis kedels qitini qmnis    1. sokoebi

 b. ujredebi qloroplastebs Seicaven  2. cxovelebi
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 g. ujredebSi samaragod glikogeni grovdeba 3. mcenareebi    

 d. ujredebSi samaragod saxamebeli grovdeba 4. baqteriebi  

 e. ujredis kedeli ar gaaCniaT

 v. ujredis kedels celuloza qmnis

 z. ar gaaCniaT birTvi

 pasuxi:   
a b g d e v z

5. romeli organoidebi SeiZleba SevadaroT mikroskopul qarxanas, romelic 
cilebs uSvebs? 

 a. ribosomebi;   g. plastidebi;   

 b. endoplazmuri bade;   d. mitoqondriebi.

6. ufro didi raodenobiT mitoqondriebs Seicaven .......... ujredebi: 

 1. RviZlis;     2. kanis;     3. sisxlis;     4. kunTebis. 

 pasuxi:  a. 1 da 2; b. 1 da 3; g. 1 da 4; d. 3 da 4;

7. ipoveT araswori mtkicebuleba _ qloroplastebSi mimdinareobs: 

 a. organuli nivTierebebis daJangva; 

 b. fotosinTezi _ sinaTlis energiis xarjze naxSirwylebis sinTezi; 

 g. sinaTlis energiis qimiur energiad gardaqmna; 

 d. garemodan CO
2
-is STanTqma da O

2
-is garemoSi gamoyofa.

8. ra marTavs ujredis sasicocxlo procesebs? 

 a. cilebi;    b. dnm;    g. cximebi;    d. naxSirwylebi.

9. Tu pomidvris diploidur ujredebs aqvs 24 qromosoma, ramdeni qromosoma 
iqneba mis sasqeso ujredebSi? 

 a. 6;        b. 12;        g. 24;        d. 48.

10. ujredis sasicocxlo ciklis romel etapze ormagdeba qromosomebi? 

 a. anafazaSi;      b. metafazaSi;      g. interfazaSi;      d. telofazaSi. 

11. mitozis romel fazaSi gancalkevdebian  qromatidebi? 

 a. anafazaSi;      b. profazaSi;      g. metafazaSi;      d. telofazaSi. 

12. mitozuri gayofis Sedegad miRebul ujredebSi qromosomebis raodenoba iqne-
ba:

 a. igive raodenoba;      b. naxevari;      g. orjer meti;      d. oTxjer meti. 

13. ra warmoiqmneba meiozis Sedegad?

 a. diploiduri qromosomuli ricxvis mqone  g. zigota.

    ujredebi;   

 b. identuri qromosomebis mqone ujredebi;  d. haploiduri ujredebi, 

14. ujreduli ciklis romel fazaSi atarebs ujredi sicocxlis umetes nawils?

 a. metafazis;      b. interfazis;      g. anafazis;      d. telofazis.

15. dediseul ujreds 12 qromosoma aqvs. ramdeni qromosoma eqneba meore meiozu-
ri gayofiT miRebul ujreds?

 a. 6;        b. 12;        g. 24;        d. 3



49

davalebebi kritikuli da SemoqmedebiTi azrovnebisTvis

1. zustad am momentSi Sens organizmSi mimdinareobs mitozi? pasuxi daasabuTe. 

2. aRwere movlenebis Tanmimdevroba, romlebic mimdinareobs winasasqeso ujredis 
interfazidan zigotis formirebamde. daadgine, diploiduria Tu haploiduri 
yovel stadiaze ujredebSi qromosomebis raodenoba.   

3. aqlemi kuzSi igrovebs cxims da ara cilebs an naxSirwylebs. axseni, ratom? 

4. zogierTi mecnieri fiqrobs, rom dinozavrebis gadaSenebis mizezi iyo astero-
idi, romelic dedamiwas daejaxa da didi raodenobiT mtveri datova atmos-
feroSi. mtveri atmosferoSi didi xnis ganmavlobaSi darCa. axseni, Tu am mov-
lenas rogor SeeZlo gamoewvia dinozavrebis gadaSeneba. 

5. warmoidgine, rom xar naxSirbadis atomi da cocxali organizmebidan atmos-
feroSi dabrundi naxSirorJangis SemadgenlobaSi. magram Sen gaqvs saSualeba, 
kvlav moxvde cocxal organizmSi da Semdeg ki _ atmosferoSi. Seqmeni sqema, 
romelic asaxavs Sens qimiur mogzaurobas atmosferodan cocxal organiz-
mSi da Semdeg kvlav atmosferoSi. sqemaSi unda Candes: 1) romeli nivTierebis 
SemadgenlobaSi moxvdebi ujredSi, 2) romeli elementis atomebs daukavSirdi; 
3) Seni mogzaurobis gzaze romeli nivTierebebis molekulebi Segxvdnen da ra 
roli Seasrules maT Sens mogzaurobaSi? 4) ujredis komponentebi, romlebic 
mniSvnelovan rols asruleben Sens mogzaurobaSi.   

monacemebis gansja (analizi da daskvna)

1. diagramaze naCvenebia ori fermentis (I 
da II) aqtiurobis damokidebuleba pH-
ze. aqedan erTi citoplazmis fermen-
tia, xolo meore _ saWmlis momnele-
beli wvenis. gansazRvre: 1) TiTo eli 
fermentisaTvis pH-is mniSvneloba, 
romelzedac yvelaze maRalia fer-
mentis aqtivoba; 2) romeli fermentia 
citoplazmis da romeli _ saWmlis 
momnelebeli wvenis. daasabuTe Seni 
pasuxi argumentirebuli msjelobiT.
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X

2. daakvirdi grafiks da gansazRvre, ras 
aRniSnavs am mrudze: 1) AC ubani?  2) 
CB ubani? 3)  G wertili?  4) D werti-
li?
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ujredi a ujredi b

1

9

8

2

3

5 6

1
3

4 5

6

7

7

baqteriuli 
qromosoma

citoplazma

rgoluri formis

qromosoma

birTvi

dnm-Tan dakavSirebuli 
cilebi

spiraluri formis

dnm

prokariotuli ujredi eukariotuli ujredi

vizualuri masalis gansja

1. 1) suraTebze amoicani mcenareuli da cxoveluri ujredi; 2) samuSao rveulSi 
amoiwere mcenareul ujredze miTiTebuli is ricxvebi, romlebic dagexmara 
mis amocnobaSi da miuwere dasaxeleba; 3) amoiwere samuSao rveulSi cxovelur 
ujredze miTiTebuli is ricxvi, romelic mxolod misTvis aris damaxasiaTebe-
li; 4) daasaxele mcenareuli ujredis struqtura, romelic ganapirobebs masSi 
plastikuri cvlis Taviseburebas.

2. amoicani suraTze ricxvebiT aR-
niSnuli ujredis struqture-
bi. 1) samuSao rveulSi amoiwere 
ricxvebi da gverdze miuwere Se-
sabamisi terminebi; 2) aRwere kav-
Siri am struqturebs Soris.

3. suraTze mocemuli informaciis mixedviT Seadare erTmaneTs prokariotuli 
da eukariotuli ujredebi, daadgine maT Soris msgavseba-gansxvaveba da mo-
nacemebi samuSao rveulSi warmoadgine sqemis saxiT.
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4. suraTze amoicani mitozis fazebi da samuSao rveulSi suraTze miTiTebuli 
ricxvebi amoiwere iseTi TanmimdevrobiT, romelic sworad asaxavs mitozis 
procesis mimdinareobas.

 

terminebsa da cnebebs Soris kavSiris dadgena

terminebs Soris damokidebuleba

1. qvemoT mocemul terminebis yovel nakrebSi sami erTmaneTTanaa dakavSirebuli,  
erTi ki ar miekuTvneba maT. gansazRvre: 1) ra aqvs saerTo sam termins. 2) ter-
mini, romelsac maTTan kavSiri ar aqvs.    

 

 1) geni, lipidebi, cila, niSan-Tviseba

 2) mitoqondria, energia, glukoza, ribosoma

 3) plastikuri cvla, sinaTlis energia, plazmuri membrana, qloroplasti

 4) birTvi, polisaqaridi, qromosoma, genebi

 5) anafaza, interfaza, metafaza, telofaza

 6) qromatidi, centromeri, qromosoma, citoplazma

 7) interfaza, profaza, mitozi, citokinezi

2. qvemoT mocemuli terminebis yoveli wyvilisTvis dawere winadadeba, romelic 
asaxavs am or termins Soris kavSirs. magaliTad, CasunTqvis dros gulmkerdis 
Rru farTovdeba, xolo amosunTqvisas _ viwrovdeba.

 1) sinaTlis sxivi, qloroplasti 

 2) mitoqondria, energia

 3) birTvi, memkvidreobiTi informacia

 4) cximebis sinTezi, plastikuri cvla

 5) meiozi, gametebi

sworia Tu mcdari?

 gansazRvre yoveli debuleba/mtkicebuleba sworia Tu mcdari. Tu sworia, daw-
ere `sworia~, Tu mcdaria, gaxazuli sityva Secvale iseTi sityviT an sityve-
biT, rom mtkicebuleba swori iyos!

1) metabolizmi ewodeba biosinTezis reaqciebis erTobliobas.

2) fotosinTezi mimdinareobs sinaTlezec da sibneleSic.

1 2 3 4
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3) energetikuli cvla energiiT uzrunvelyofs ujreds.

4) plastikuri cvlis magaliTia biopolimeris monomerebad daSla.

5) ujreduli sunTqvis procesis erT-erTi sawyisi nivTierebaa CO
2
.  

6) mitozuri gayofiT 10-qromosomiani ujredisgan warmoiqmneba ori 20-qromo-
somiani Svileuli ujredi.

7) dnm-is gaormageba profazaSi xdeba. 

8) interfazaSi qromosomebi spiralurad exveva.

9) anafaza mitozis pirveli fazaa.

10) telofazaSi ujredSi warmoiqmneba ori identuri birTvi.

analogia

 analogia aris or sityvas an frazas Soris damokidebuleba, romelic aseTi 
formiT iwereba: a : b  :: g : d. simbolo `:~ ikiTxeba rogorc `aris~, xolo `::~ _ 
rogorc `ise~. magaliTad, gulidan : arteria :: gulSi : vena, ikiTxeba: `gulidan 
sisxli gamoaqvs arterias iseve, rogorc gulSi sisxli Caaqvs venas~. 

 

 daasrule qvemoT mocemuli yoveli analogia, amisTvis Casvi Sesabamisi sityva 
an fraza:

1) mcenareuli ujredis kedeli : celuloza :: sokos ujredis kedeli : 

2) polisaqaridi : glukoza :: cila : 

3) polisaqaridi : glukoza :: nukleinis mJava : 

4) glukoza da Jangbadi : ujreduli sunTqva :: naxSirorJangi da wyali : 

5) xemcenare : fotoavtotrofi :: soko : 

6) fotosinTezi : qloroplasti :: ujreduli sunTqva : 

7) qromosomebis igive ricxvi : mitozi :: qromosomebis ganaxevreba : 

8) sqesobrivi gamravleba : meiozi :: usqeso gamravleba : 

monacemebis organizeba sqemebSi

rveulSi gadaitane da daasrule qvemoT mocemuli sqema

ujredis qimiuri Sedgeniloba

... mineraluri 
marilebi da 
maTi ionebi

... ...

...

...

...

disaqaridebi

...

... rnm...

...
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albaT, SeuZlebelia, ar aRfrTovande am cxe nis SesaniSnavi garegno-
biT. masSi Serwymulia memkvidreobiT miRebuli saukeTeso niSan-Tvise-
bebi: wvrili, grZeli da Ronieri fexebi, moxdenili sxeuli, siswrafe da 
amtanoba. 

memkvidreobiToba _ es sityva yvelasTvis nacnobia, yvela Cvengans  
gvaqvs biologiuri memkvidreoba. SeiZleba bavSvobaSi TqvenTvis  uTqvamT: 
rom dedisgan `memkvidreobiT miiRe~ Tvalebi, SemoqmedebiTi niWi ki _ 
mamisgan da sxva amis msgavsi. yoveldRiuri gamocdileba cxadyofs, rom 
STamomavloba mSoblebis msgav sia, magram ar aris misi identuri.

ratom gansxvavdebian erTi saxeobis organizmebi erTmaneTisgan? ra-
tom da rogor viRebT memkvidreobiT niSan-Tvisebebs mSoblebisgan? ra 
meqanizmebi uzrunvelyofs mSoblebsa da Svilebs Soris msgavsebasa da 
gansxvavebas? ratom moelian bevrs im kvicisgan, romlis mamac saerTa-
Soriso sxvadasxva Sejibris Cempionia? am da sxva kiTxvebs upasuxeb am 
Temis SeswavliT.

გენეტიკის საფუძვლები

Tema 5. სახეობა, პოპულაცია
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 ra niSnebiT SeiZleba saxeobisa da populaciis daxasiaTeba?

5.1. სახეობა და პოპულაცია

 struqtura da  funqcia: 

saxeoba, populacia, maTTvis 

damaxa siaTebeli niSnebi.

• ra aris sistematika/klasifikacia?

• daasaxele organizmebis Tanamedrove 

sistematikis erTeulebi.

sur. 5.1

dedamiwaze sicocxlis uamravi for-
ma arsebobs. imisTvis, rom gaadvildes 
cocxa li organizmebis Seswavla, mec-
niere bi cocxali organizmebis daj-
gufebas, anu maT klasifikacias axdenen. 
garkveuli niSan-Tvisebebis mixedviT or-
ganizmebs ajgufeben da anawileben Sesaba-
mis jgufebSi _ sistematikur erTeulebSi: 
saxeoba, gvari, ojaxi, rigi, klasi, samefo 
da domeni (sur. 5.1).

Tanamedrove sistematikis umaRlesi 
erTeulia domeni (magaliTad, domeni 
prokariotebi da domeni eukariotebi), 
domeni ki samefoebs aerTianebs. Sen me-7 
klasSi 5 samefos gaecani (sur. 5.2-ze zo-
gierTi niSnis mixedviT organizmebi daj-
gufebulia samefoebad).

sistematikis umciresi erTeuli saxeo-
baa. saxeobis daxasiaTeba SeiZleba Semde-
gi kriteriumebiT: 1. morfologiuri 
_ erTi saxeobis individebs aqvT gare-
gani da Sinagani agebulebis msgavseba; 
2. fiziologiuri _ erTi saxeobis indi-

domeni

samefo

tipi

klasi

rigi

ojaxi

gvari

saxeoba

sistematikuri erTeulebi

1. am organizms aqvs birTviani ujredi?

2. am organizms aqvs mravali 
diferencirebuli ujredi?

3. am organizmis ujredebs aqvs ujredis kedeli?

4. am organizmisTvis damaxasiaTebelia fotosinTezi?

es aris baqteria

es aris cxoveli

es aris sokoes aris mcenare

es erTujrediani
eukarioti organizmia

diax

diax

diax

diax

ara

ara

ara

ara
sur. 5.2
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videbi  sasicocxlo procesebiT msgav-
sia, upirveles yovlisa, gamravlebiT. 
sxvadasxva saxeobis organizmebi ar ej-
varebian erTmaneTs an ejvarebian, magram 
unayofo STamomavlobas iZlevian; 3. bio-
qimiuri _ msgavsi dnm-is molekulebi da 
msgavsi cilebis sinTezis unari aqvT; 4. 
genetikuri _ erTi saxeobis yvela indi-
vidisaTvis erTnairi qromosomuli kom-
p leqtia damaxasiaTebeli; 5. ekologiu-
ri _ bunebaSi saxeoba ikavebs im areals, 
romelSic misi arsebobisaTvis saWiro 
garemo pirobebia: sakvebi, TavSesafari, 
temperatura, tenianoba da sxv. yvela am 
kriteriumis gaTvaliswinebiT romelime 
individs miakuTvneben  ama Tu im saxeo-
bas.  amrigad, saxeobas uwodeben individ-
Ta  erTob liobas, romlebic erTmaneTs 
hgva nan morfologiuri, fiziologiuri 
da bioqimiuri niSan-TvisebebiT, Tavisuf-
lad ejvarebian erTmaneTs da iZlevian 
nayo fier STamomavlobas, Seguebulni 

ari an  garemos gansazRvrul pirobebTan 
da bunebaSi garkveul areals ikaveben.

yovel saxeobas bunebaSi garkveuli 
areali ukavia, sadac saxeobis individe-
bi araTanabrad arian ganawilebulni 
da  calkeul dajgufebebs warmoqmnian. 
gavrcelebis arealSi saxeobis indi-
videbis araTanabari ganawileba dakavSire-
bulia imasTan, rom arealis farglebSi 
saxeobis arsebobisaTvis saWiro pirobebi 
gansxvavebulia: zogan pirobebis umrav-
lesoba xelsayrelia, zogan nawilobriv 
da zoganac araxelsayreli. erTi saxeo-
bis Tavisuf lad Sejvarebad individTa 
erTobliobas/dajgufebas, romelic xan-
grZlivad arsebobs garkveul terito-
riaze da SedarebiT gamocalkevebulia 
amave saxeobis sxva dajgufebisagan, popu-
lacia ewodeba. amrigad, saxeoba Sedgeba 
populaciebisgan. sxvanairad rom vTqvaT, 
popu lacia saxeobis arsebobis formaa 
(sur. 5.3.).

_ individi

1

2

3

_ populacia

_ saxeoba

sur. 5.3

Tu daakvirdebi suraT 5.3-ze mocemul 
populaciebs, SeamCnev, rom isini erT-
maneTisgan gansxvavdebian: 1. dakavebuli 
teritoriiTa da misi farTobiT, 2. indi-
videbis ricxviT, 3. populaciis individe-
bi gansxvavdebian garkveuli niSan-Tvise-
bebiT. 

mTavari faqtori, rac ganapirobebs 
popu laciis erTianobas, aris individebis 
Tavisufali Sejvareba. saxeobis erTiano-
bas ki ganapirobebs is, rom erTi saxeobis 
sxva dasxva populaciis individebi kontaq-
tis SemTxvevaSi ejvarebian erTmaneTs da 
nayofier STamomavlobas warmoqmnian. 
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1. suraT 5.1-is mixedviT, gamotovebul adgilebSi Cawere Sesabamisi sistematikuri erTeu-

lebi: 

 domeni aerTianebs samefoebs;

 samefo aerTianebs ----------------;

 ----------- aerTianebs ----------------; 

 ----------- aerTianebs ----------------; 

 ----------- aerTianebs ----------------; 

 ----------- aerTianebs ----------------; 

 ----------- aerTianebs ----------------; 

2. suraT 5.2-is mixedviT, daasaxele samefoebi. rogorc ukve ici, klasifikaciisas mecniere-

bi iTvaliswineben mTel rig niSan-Tvisebebs. daasaxele, kvebis tipis garda, kidev ra 

niSan-Tvisebebis mixedviT ganaTavseben mcenareebsa da cxovelebs sxvadasxva samefoSi.

3. qvemoT mocemuli mcenareebidan ori erTi ojaxis warmomadgenelia, erTi ki _ sxva 

ojaxis. romel mcenareebs miakuTvneb erT ojaxs? ratom?

4. Seiswavle suraT 5.3-ze mocemuli informacia da upasuxe kiTxvebs: 1) saxeoba ramde-

ni populaciisgan Sedgeba? 2) romeli populacia ikavebs yvelaze did teritorias? 

yvelaze mcire teritorias? 3) romeli populacia gamoirCeva individebis yvelaze didi 

ricxviT? 4) romeli populacia gamoirCeva individebis mravalferovnebiT? 

• sistematikis yvelaze umciresi erTeuli saxeobaa;

• sxvadasxva saxeoba erTmaneTisgan mTeli rigi niSan-TvisebebiT gansxvavdeba: mor-

fologiuri, fiziologiuri, bioqimiuri, genetikuri da ekologiuri;

• saxeobis arsebobis forma populaciaa;

• erTi saxeobis populaciebi erTmaneTisgan gansxvavdebian: dakavebuli teritoriiT, 

inividebis ricxobriobiTa da niSan-Tvisebebis mravalferovnebiT; 

• erTi saxeobis sxvadasxva populaciis individebi kontaqtis adgilas erTmaneTs ejva-

rebian da nayofier STamomavlobas warmoqmnian, rac saxeobis erTianobas ganapirobebs. 

1 2 3
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 ratom gansxvavdebian erTi populaciis individebi
 erTmaneTisgan?

5.2. მემკვიდრეობითობა და ცვალებადობა

• ra aris populacia?

• ra niSnebiT SeiZleba populaciis daxa-

siaTeba?

• ra aris qromosoma? geni?

 sasicocxlo Tvisebebi:  

memkvidreobiToba, cvalebadoba, 

gamravleba;

 struqtura da funqcia: ujredis struq-

tura _ gameta, qromosoma, geni, genotipi, 

fenotipi.

5.4 ), magaliTad, simaRliT, sxeulis masiT, 
Tvalisa da Tmis feriT, cxviris formiT, 
codniTa da gamocdilebiT.

am niSan-Tvisebebidan zogierTi mem-
kvidreobiT mSoblebisgan aqvT miRebu-
li, zogierTi niSan-Tviseba ki sicocxl is 
ganmavlobaSi aqvT SeZenili. mecnierebi, 
romlebic cvalebadobas Seiswavlian, in-
teresdebian Semdegi kiTxvebiT: 1) yve-
la cvalebadoba erTi tipisaa? 2) rogor 
warmoiqmneba cvalebadoba? 3) rogor ga-
daecema niSan-Tvisebebi memkvidreobiT 
mSob lebidan STamomavlobas? 4) ramdenad 
mniSvnelovania cvalebadoba?

yvela organizms axasiaTebs ori urTi-
erTsawinaaRmdego Tviseba: memkvidreo-
biToba da cvalebadoba. cvalebado ba aris 
yvela organizmisaTvis damaxa siaTebeli 
zogadi Tviseba, individualuri ganvi-
Tarebis procesSi SeiZinos axali niSan- 

organizmebi, maT Soris erTi da imave 
saxeobis individebic ki erTmaneTisgan 
gansxvavdebian mTeli rigi niSan-Tvisebe-
biT. yvela adamians aqvs sxeulis msgavsi 
for ma da erTnairi organoebis nak rebi, 
magram zogierTi TaviseburebiT erTi 
ada miani gansxvavdeba meorisgan (sur.  

sur. 5.4
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rebebs Seiswavlis mecnierebis dargi, 
romelsac genetika ewodeba. adamianTa 
codna genetikis sferoSi swrafad izrde-
ba, rac damokidebulia dnm-is molekulis 
Sesaxeb axal-axali codnis dadgenaze. ro-
gorc ukve ici, dnm birTv Si qromosomebis 
SemadgenlobaSi Sedis da yoveli saxeo-
bisTvis damaxasiaTebelia qromosomebis 
gansazRvruli nakrebi.

organizmisTvis damaxasiaTebeli gene bis 
nakrebs genotipi ewodeba, xolo garegani 
da Sinagani niSan-Tvisebebis erTobliobas 
ki _ fenotipi. fenotips genotipi gansaz-
Rvravs. organizmebs TavianTi niSan-Tvise-
bebis gadacema Semdegi TaobisTvis SeuZ-
liaT ori gziT: usqeso da sqesobrivi 
gamravlebiT, romlis magaliTebi suraT 
5.5-zea gamosaxuli. rogorc suraTze Cans, 
sqesobrivi gamravlebis Sedegad miRebuli 
STamomavali fenotipurad gansxvavdeba 
mSoblebisgan _ a mSoblisgan memkvidreo-
biT miiRo yvavilis Seferiloba, xolo b 
mSoblisgan _ yvavilis forma. usqeso gam-
ravlebiT miRebuli STamomavali ki mSob-
lis identuria. 

ratom moxda ase? amisTvis Segaxse-
nebT  sqesobrivi da usqeso gamravlebis 
Taviseburebebs (sur. 5.6): sqesobrivi 
gamravlebisas _ 1) umravles SemTxvevaSi 

a

usqeso gamravleba

b g

sqesobrivi gamravleba

usqeso gamravleba

mSoblis somaturi ujredi

mitozi

mitozi mitozi

(2n)

(2n)

(2n)

(2n)

ganayofiereba

zigotaSi aRdgeba qromosomebis diploiduri 
kompleqti _ erT qromosomas erTi mSoblis-
gan iRebs da meores _ meore mSoblisgan

h a p l o i d u r i  g a m e t e b i

sqesobrivi gamravleba

winasasqeso ujredebi saTeslesa da sakvercxeSi

meiozi meiozi

(2n)

(2n)

(n) (n)

(2n)

Tvisebebi. xolo memkvidreobiTobis gan-
martebas SegaxsenebT: memkvidreobiToba 
aris yvela cocxalis Tviseba, SeinarCunos 
mSoblebisgan miRebuli niSan-Tvisebebi da 
gadasces igi STamomavlobas. memkvidreo-
biTobisa da cvalebadobis kanonzo mie-

sur. 5.5

sur. 5.6
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monawileobs ori mSobliuri individi; 2) 
mSobliuri individebi/individi meiozuri 
gayofiT warmoqmnian haploidur sasqeso 
ujredebs (gametebs); 3) sqesobrivi gam-
ravleba yovelTvis gulisxmobs gametebis 
Serwymas _ ganayofierebas; 4) STamomavlo-
ba yoveli mSoblisgan iRebs garkveul 
genebs da warmoiqmneba maTi axali kombi-
nacia. sqesobrivi gamravlebis dros gene-
bis rekombinacia* STamomavlobaSi iwvevs  
memkvidrul cvalebadobas. es iwvevs po-

pulaciaSi axali jgufebisa da axali 
saxeo bis warmoqmnasac ki, razedac Semdeg 
paragrafebSi mets Seityob. 

usqeso gamravlebiT miRebuli STamoma-
va li ki mSoblis identuria, radgan: 1) 
mo nawileobs mxolod erTi mSobliuri 
organizmi; 2) axali organizmi mSoblis 
somaturi ujredebis mitozuri gayofis 
Se degad miiReba, amitom erTi mSoblis 
yvela niSan-Tviseba gadaecema yvela 
STamomavals. 

1. daakvirdi suraT 5.4-ze mocemul adamianTa populacias. samuSao rveulSi Camowere is 

niSnebi, romlebiTac suraTze  warmodgenili adamianebi erTmaneTisgan gansxvavdebian. 

Semdeg es niSnebi or  jgufSi gaanawile: 1) niSnebi, romlebic migaCnia, rom individebs 

memkvidreobiT aqvT miRebuli mSoblebisgan da 2) niSnebi,  romlebic migaCnia, rom indi-

videbs SeZenili aqvT cxovrebis ganmavlobaSi. 

2. daakvirdi Sens klaselebs. aRmoaCen, rom isini gansxvavdebian erTmaneTisgan sxvadasxva 

niSan-TvisebiT. SemogvTavaze TiTo varianti im niSan-Tvisebisa, romelic migaCnia, rom 

memkvidreobiTia da romelic SeZenilia.

3. ra procesiT gadaecema memkvideobiTi niSan-Tvisebebi Taobidan Taobas? 

4. gamravlebis romeli forma uzrunvelyofs mSoblisgan STamomavlisTvis imave memkvid-

reobiTi informaciis gadacemas? axseni Seni pasuxi.

5. ganayofierebaSi ori sxvadasxva gametis monawileobisas rogor xdeba maTi niSan-Tvise-

bebis kombinireba?

6. ra ganapirobebs populaciaSi gansxvavebuli niSan-Tvisebebis mqone individebis arsebo-

bas?

7. gaixsene sistematikuri jgufebis kategoriebi. rogor fiqrob, romeli sistematikuri 

jgufis warmomadgenel organizmebs Soris iqneba ufro didi gansxvaveba? axseni Seni 

pasuxi.

8. moiZie presaSi da/an internetSi ganTavsebuli sami statia, romlis saTauric Seicavs 

sityva „gens“, „genetikurs“ an „memkvidreobas“. sam-oTx winadadebaSi gadmoeci statiis 

ZiriTadi arsi.

• yvela organizmisTvis damaxasiaTebelia memkvidreobiToba da cvalebadoba;

• organizmebi erTmaneTisgan gansxvavdebian niSan-TvisebebiT, maT Soris, erTi saxeobis 

populaciis individebi;  

• zogierTi niSan-Tviseba organizms mSoblebisgan aqvs memkvidreobiT miRebuli, zogi-

erTi ki _ cxovrebis ganmavlobaSi SeZenili;

• birTvSi ganTavsebuli qromosomebi arian memkvidreobiTi niSan-Tvisebebis matarebe-

li;

• genetika Seiswavlis memkvidreobiTobisa da cvalebadobis kanonzomierebebs.
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 rogor gadaecema niSan-Tvisebebi erTi Taobidan meore Taobas?

5.3. ნიშან-თვისებათა მემკვიდრეობა თაობათა განმავლობაში

• ra aris genotipi? fenotipi?

• ra aris cvalebadoba? memkvidreobiToba?

 struqtura da funqcia:  niv-

Tiereba _ geni da aleli, 

dominanturi aleli da recesiu-

li aleli; ujredi _ homozigoturi, 

hetero zigoturi.

 sasicocxlo Tvisebebi: memkvidreobiTo-

ba, cvalebadoba.

sqesobrivi gamravlebisas genebis nak-
rebi mSoblebisgan gadaecema STamomav-
lobas. Taobidan Taobaze genebis gada-
cema ar aris SemTxveviTi da arsebobs 
gansazRvruli wesi, romelic xsnis, ro-
gor gadaecema da maTgan romeli gamom-
JRavndeba STamomavalSi. am mizniT, 

ganvi xiloT cxovelebSi sqesobrivi gam-
ravlebis magaliTi (sur. 5.7). rogorc 
ukve ici, qromosomebi genetikuri infor-
maciis matarebelia da diploiduri or-
ganizmis birTvSi yovel qromoso mas  aqvs 
partniori qromosoma, romlebic ho-
mologiur wyvilebs warmoqmnian. suraT-
ze Cans, rom mSobliuri individebi erT-
maneTisgan bewvis feriT gansxvavdebian 
_ fenotipurad erTi mSobeli Savia da 
meore _ TeTri Seferilobis. e.i. Tagvis 
bewvis Seferilobis ganmsazRvreli geni 
ori alternatiuli (urTierTgamomricxa-
vi) niSan-Tvisebis ganmsazRvreli formiT 
arsebobs, rasac alels uwodeben. aleli, 
anu aleluri geni aris genis arsebobis 
forma. erTi genis alelebi homologiuri 
wyvilis sxvadasxva qromosomaSi erTsa da 
imave adgilas mdebareobs (sur. 5.8). 

simartivisaTvis davuSvaT, rom Tagvebs 
aqvT homologiuri qromosomebis erTi 
wyvili, romelSic lokalizebulia bew-
vis Seferilobis ganmsazRvreli ge-
nis alelebi (sur. 5.9). cxadia, meiozu-
ri gayo fis Sedegad warmoqmnil TiTo 
gametaSi aleluri wyvilebidan TiTo 
moxv deba, radgan homologiuri qromo-
somebi scildeba erTmaneTs da haploidu-
ri gametebi miiReba. gametebi erwymian 
erTmaneTs ganayofie rebis dros, miiReba 
zigota alelebis sxvadasxva kombinaciiT, 
anu zigotaSi aris rogorc Savi Seferi-
lobis ganmsazRvreli aleli, ise TeTri 
Seferilobis. sainteresoa, fenotipurad 
rogori Seferilobis iqneba STamomava-
li _ Savi Tu TeTri. es damokidebulia 
imaze, Tu romeli alelia dominanturi, 
xolo romeli _ recesiuli. dominantu-
ri (gabatonebuli) alelia is, romelic 
gamovlindeba fenotipurad am zigotidan 
ganviTarebul STamomavalSi, xolo re-
cesiulia (dafaruli, daTrgunuli) is 
aleli, romelic fenotipurad ar gamom-
JRavndeba.

mSoblebi

STamomavali

sur. 5.7

sur. 5.8

alelebi

homologiuri 
qromosomebis 
wyvili
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ganxiluli magaliTis SemTxvevaSi 
STamomavali Savia. e.i. bewvis Savi Seferi-
lobis aleli dominanturia, xolo bew vis 
TeTri Seferilobis ganmsazRvreli ale-
li _ recesiuli. alelebs laTinuri asoe-
biT aRniSnaven: dominanturs didi asoTi 

da recesiuls _ patariT. magali Tad, 
bewvis Savi Seferilobis ganmsazRvreli 
aleli _ A, xolo TeTri Seferilobis 
aleli _ a. 

SemovitanoT genetikuri simboloebi: P 

_ mSoblebi,  _ mdedrobiTi sqesis sim-
bolo,  _ mamrobiTi sqesis simbolo, 
X _ Sejvarebis/qorwinebis simbolo, F

1 
_ 

pirveli Taoba, F
2
 _ meore Taoba, domi-

nanturi aleli (rogorc ukve ici) aRiniS-
neba laTinuri romelime didi asoTi (A, 

B, C, D da a.S.), xolo recesiuli _ Sesa-
bamisi laTinuri patara asoTi (a,b,c,d da 
a.S.). axla ukve SevZlebT zemoT ganxilu-
li magaliTi genetikuri simboloebis ga-
moyenebiT warmovadginoT, anu Sejvarebis 
genetikuri sqemis saxiT. (sur. 5.10). 

Tu niSan-Tvisebis ganmsazRvreli erTi 
genis ori aleli gansxvavebulia konkre-
tuli organizmis ujredebis birTvSi, 
maSin organizmi hete rozigoturia am 

sur. 5.9

bewvis Savi Seferilobis ganmsazRvreli aleli bewvis TeTri Seferilobis ganmsazRvreli aleli

bewvis TeTri Seferilobis ganmsazRvreli aleli

bewvis TeTri Seferilobis ganmsazRvreli aleli

bewvis TeTri Seferilobis ganmsazRvreli aleli

bewvis Savi Seferilobis ganmsazRvreli aleli

bewvis Savi Seferilobis ganmsazRvreli aleli

ganayofiereba

zigota

bewvis Savi Seferilobis ganmsazRvreli aleli

meiozi meiozi

alelebi alelebi

P      AA            aa

      A      a

F1        Aa

TeTriSavi

Savi
sur. 5.10

gametebi:
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 niSan-Tvisebis mixedviT (magaliTad, Aa). 
meore mxriv, Tu ujredebis birTvSi erTi 
genis alelebi erTnairia, maSin organizmi 
homozigoturia am niSnis mixedviT (maga-
liTad, AA an aa). zemoT ganxilul maga-
liTze SeiZleba davweroT mSobliuri 
individebisa da STamomavlis genotipebi: 
Savi Seferilobis mSoblis genotipi iqne-
ba AA, xolo TeTris _ aa, STamomavlis 
_ Aa. STamomavlis fenotipi dominanturi 

niSnisaa, radgan Savi Seferilobis ganmsa-
zRvrelma dominanturma alelma daTrgu-
na TeTri Seferilobis ganmsazRvreli re-
cesiuli alelis fenotipuri gamovlena. 

amrigad, dominanturi aleli fenoti-
purad gamovlindeba rogorc homozig-
otur (AA), ise heterozigotur mdgo-
mareobaSi (Aa), xolo recesiuli aleli 
_ mxolod homozigotur mdgomareobaSi 
(aa) (sur. 5.11).

sur. 5.12

A a

A A A A a

a A a a a

Savi Savi

Savi TeTri

F2

gametebi  A       a  A       a

Savi
 A a

Savi
 A a

imisaTvis, rom ganvsazRvroT, rogor 
gadaecema/memkvidreobs niSan-Tvisebebi 
Semdeg TaobaSi, gamoviyenoT e.w. penetis 
cxrili. ingliselma genetikosma reji-
nald penetma sxvadasxva tipis gametebis 
SerwymiT miRebul kombinaciaTa gaan-
gariSebisaTvis SemoiRo martivi meTodi, 
romelic samecniero literaturaSi pe-
netis cxrilis saxelwodebiTaa cnobili. 
cxrilis marcxena pirvel vertikalur 
ujrebSi iwereba mdedrobiTi gametebi, 
xolo zemo horizontalur ujrebSi _ 
mamrobiTi. urTierTgadamkveT ujreb-
Si iwereba Sesabamisi gametebis Ser-
wymiT miRebuli individis genotipi da 
fenotipi. penetis cxrilis saSualebiT 
ganvsazRv roT, Tu rogori niSan-Tvise-
bebis individebia mosalodneli pirve-
li Taobis heterozigoturi individebis 
Sej varebiT (sur. 5.12). Cven vambobT: „mo-
salodneli“, an „SeiZleba iyos“, radgan 
ganayofiereba sruliad SemTxveviTia _ 
nebismieri mamrobiTi gameta nebismier 
mdedrobiT gametas erwymis. gametebis 

SesaZlo Sexvedrisa da zigo tebis kom-
binaciebi gansazRvravs STamomavlebis 
genotipsa da fenotips. rogorc penetis 
cxrilidan Cans, F

2
-Si mosalodnelia sami 

tipis genotipis miReba: AA, Aa da aa, 
xolo fenotipi _ ori tipis: Savi da TeT-
ri Seferilobis.

F1

mSoblebi

STamomavlis genotipi _ Aa

a

A

sur. 5.11

AA aa



63

• aleli genis arsebobis formaa;

• erTi genis sxvadasxva aleli gansazRvravs urTierTgamomricxav/alternatiul ni-

San-Tvisebas;

• erTi genis alelebi homologiuri qromosomebis wyvilis sxvadasxva qromosomaSia lo-

kalizebuli;

• erT qromosomaSi mravali genia lokalizebuli;

• dominanturi aleli fenotipurad gamomJRavndeba rogorc homozigotur, ise hetero-

zigotur mdgomareobaSi, xolo recesiuli _ mxolod homozigotur mdgomareobaSi;

• homozigoturi genotipis individi mxolod erTi tipis gametebs warmoqmnis, xolo 

heterozigoturi _ gansxvavebuli tipis gametebs.

1. gansazRvre terminebi: homologiuri qromosomebi, heterozigoturi da homozigoturi 

genotipi. 

2. ra gansxvavebaa gensa da alels Soris? 

3. ras niSnavs dominanturi aleli? recesiuli aleli?

4. mocemulia Semdegi tipis genotipebi: AA, BB, Cc, Aa, CC, Bb. romelia maT Soris ho-

mozigoturi? heterozigoturi? daasabuTe Seni pasuxi. 

5. rogori tipis gametebi warmoiqmneba Semdegi genotipis individebSi: 1) AA,  2) Bb,  3) Cc

6. gaaanalize penetis cxrilis struqtura: 1) ra iwereba penetis cxrilis pirvel verti-

kalur da zemo horizontalur ujrebSi? 2) ra iwereba urTierTgadamkveT ujrebSi? 3) 

aRwere, SenTvis ramdenad mosaxerxebeli iqneba penetis cxrilis gamoyenebiT ivaraudo 

Sejvarebis Sedegad miRebuli hibridebis genotipebi da fenotipebi. 

7. gaecani qvemoT warmodgenili penetis cxrilis oTx variants da TiToeulis Tavisufal 

ujrebSi Cawere genotipebi, Semdeg ki upasuxe kiTxvebs: romeli variantis mixedviT war-

moiqmneba fenotipurad _ 1) mxolod dominanturi STamomavloba? 2) mxolod recesiuli 

STamomavloba? 3) rogorc dominanturi, ise recesiuli STamomavloba? 

A A

A

A

A a

A

A

a a

a

a

A a

a

a

a b g d
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 raSi mdgomareobs mendelis mier dadgenili genetikuri 

 kanonzomierebis arsi?

5.4.
მენდელის შრომები ნიშან-თვისებათა მემკვიდრეობის 
შესახებ

• ras niSnavs dominanturi aleli? rece-

siuli?

• ras ewodeba homozigota, heterozigota?

 sasicocxlo Tvisebebi: gamrav-

leba _ damtverva, TviTdamtverva, 

jvaredini damtverva, hibridi-

zacia, hibridi, daTiSva;

 kvleva: dakvirveba, monacemebis Segro-

veba, analizi, daskvna; mendelis kvlevebi 

da hibridologiuri meTodi; kvlevis 

monacemebis analizi da Sejvarebis gene-

tikuri sqemis modelis Seqnmna.

Taobebis ganmavlobaSi memkvidruli niS-
nebis gadacemis saidumloeba yovel Tvis 
aRZravda adamianebSi did interess. ra 
aris memkvidreobiToba? razea is damoki-
debuli? ratom hgvanan STamomavlebi 
mSob lebs ara marto garegnulad, aramed 
xasiaTiT, qceviT, niWiT? magram, ratom 
ar arian Svilebi mSoblebis identuri? 
ra gziT gadascems mcenareTa da cxovel-
Ta yoveli saxeoba misTvis damaxasiaTe-
bel Taviseburebebs STamomavlebs? ra 
kanonzomierebas emorCi leba es proce-
si? am kiTxvebze pasu xis gasacemad bevri 

mecnieri muSaobda, mag ram yvelaze efeq-
turi aRmoCnda avstrieli beris gregor 
mendelis kvlevebi. man Camoayaliba mem-
kvidreobis kanonzomierebebi, romlebic 
saTanadod Seafases XX saukunis dasawyis-
Si da am dargSi momuSave mecnierebma igi 
genetikis fuZemdeblad aRiares. 

mendeli dainteresda mcenareebSi ni-
San-Tvisebebis damemkvidrebis SeswavliT 
da gamokvlevebi daiwyo 1856 wlis zaf-
xulSi. cdis obieqtad SearCia barda, 
romelsac axasiaTebs Semdegi Tvisebebi: 
am saxeobas aqvs mTeli rigi garegani ni-
San-TvisebebiT mkveTrad gansxvavebuli 
mravali jiSi; mcenare advilad mravldeba; 
TviTmtveria mcenarea, magram SeiZleba 
xelovnurad sxvadasxva jiSis Sejvareba 
da miRebuli STamomavloba nayofieria. 

mendelma SeimuSava da gamoiyena 
kvle vis hibridologiuri meTodi _ ni-
San-TvisebiT gansxvavebuli individebis 
Sejvareba _ hibridizacia. am Sejvare-
biT miRebul STamomavlobas ki hib ridi 
ewodeba. mendelma Tavisi eqsperimentebi 
monohibriduli SejvarebiT daiwyo. erTi 
niSan-TvisebiT gansxvavebuli individebis 
Sejvarebas monohibriduli Sejvareba 
ewodeba. sinamdvileSi, aseTi Sejvarebis 
SemTxvevaSic Sesajvarebeli individebi 
mravali niSniT gansxvavdebian, magram men-
deli Seiswavlida mxo lod erTi romelime 
niSnis (magaliTad, Teslis feri an forma) 
memkvidreobas. 

mendelma Seajvara erTmaneTs yviTel-
Tesliani da mwvaneTesliani jiSis bardebi 
(sur. 5.13 ) da daakvirda STamomavlobaSi 
am niSan-Tvisebis memkvidreobas. pirvel 
TaobaSi miRebul yvela hibrids yviTeli 
Seferilobis Tesli aRmoaCnda. e. i. yvela 
individi am niSan-Tvisebis mixedviT iyo 
erTgvarovani (sur. 5.14). amitom am mov-sur. 5.13
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P

F1

F1

A

A

A A

AA Aa

Aa

Aa aa
a

a

a a

F2

aaAA

lenas pirveli Taobis erTgvarovnebis wess 
(mendelis I kanons) uwodeben. niSan-Tvise-
bas, romelic hibridTa pirvel TaobaSi 
yvela mcenareSi gamomJRavnda, mendelma 
dominanturi uwoda. 

pirveli Taobis mcenareebi TviTdam-
tverviT gaamravla da ase miiRo hib-
ridebis meore Taoba. meore TaobaSi men-
delma yviTe li Seferilobis Teslebis 

garda mwvane Seferilobis Teslebic 
aRmoaCina, anu moxda am niSan-Tvisebis 
mixedviT daTiSva.  man ivarauda, rom es 
niSan-Tviseba pirvel TaobaSic dafaru-
li saxiT iyo, magram ar SeeZlo gamom-
JRavneba. mendelma `dafarul~, daTrgu-
nul niSan-Tvisebas recesiuli uwoda. 

suraT 5.14-ze pirveli Taobis –  
Aa x Aa Sejvarebis Sedegebi warmodgeni-
lia penetis cxrilis saxiT. F

2
-Si feno-

tipuri daTiSva Teslis Seferilobis 
mixedviT moxda ase – 3 yviTelTesliani 
: 1 mwvaneTesliani. e. i. mTeli F

2
 -Tao-

bis 3/4 yviTelTesliania, 1/4 ki – mwvane-
Tesliani. es movlena cnobilia daTiSvis 
kanonis (mendelis II kanonis) saxelwode-
biT. 

daTiSvis kanonis Tanaxmad, monohi bri-
du li Sejvarebis dros miRebuli pirveli 
Taobis hibridebis TviTdamtvervis gziT 
an erTmaneTTan SejvarebiT gamravlebi-
sas meore TaobaSi gamovlindeba rogorc 
dominanturi, ise recesiuli niSan-Tvise-
ba TanafardobiT 3:1. 

Tu penetis cxrils daukvirdebiT, 
naxavT, rom genotipuri daTiSvis Tana-
fardoba fenotipuri daTiSvis Tanafar-
dobisagan gansxvavdeba da igi aseTia:  
1AA : 2Aa : 1aa. fenotipuri daTiSva 3:1-
Tan gamowveulia imiT, rom, rogorc ukve 
ici, fenotipurad dominantur niSans 
gansazRvravs ori SesaZlo genotipi: ho-
mozigota – AA an heterozigota – Aa.

davalebis piroba: mendels Tavisi kvlevis Sedegebis ganzogadeba da memkvidreobis 
kanonzomierebebi mxolod erTi tipis hibridizaciis magaliTze ar Camouyalibebia, aramed 
man bardaSi SearCia 7 wyvili alternatiuli niSan-Tviseba da cal-calke atarebda maTze 
monohibridul Sejvarebas. aseTi Sejvarebis pirveli Taobis Sedegebi suraTzea warmod-
genili (gv. 66).
Seiswavle suraTze mocemuli mendelis cdebis Sedegebi da gansazRvre: 
• TiToeuli niSan-Tvisebis alternatiuli wyvilisTvis dominanturi da recesiuli niSne-

bi (maTi aRniSvnisTvis gamoiyene laTinuri asoebi);
• TiToeuli SejvarebisTvis meore TaobaSi mosalodneli daTiSva rogorc genotipis, ise 

fenotipis mixedviT;
• SearCie romelime niSan-Tvisebis erTi alternatiuli wyvili (Teslis Seferilobis gar-

da) da Seqmeni Sejvarebis genetikuri sqema rogorc pirveli, ise meore TaobisTvis. sqema 
`flipCartze~ moamzade da waradgine klasis winaSe.

monacemebis analizi da Sejvarebis genetikuri sqemis Seqmna

sur. 5.14

gametebi

gametebi
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Sejvarebis genetikuri sqemis prezentaciisas xazgasmiT warmoaCine:
• ujredis ra struqturebTanaa dakavSirebuli memkvidreobiToba? 

• romeli sasicocxlo Tviseba ganapirobebs Taobidan Taiobaze memkvidreobiTi infor-

maciis gadacemas? 

• Sen mier Sedgenili Sejvarebis genetikuri sqemis mixedviT niSan-TvisebaTa memkvidreo-

bis mendelis romeli kanonzomierebebi gamomJRavnda? 

• ujredTa meiozuri gayofis ra Tavisebureba ganapirobebs F
2
-Si niSan-TvisebebiT 

gansxva vebuli individebis miRebas?

• erTi an ramdenime wyvili alternatiuli niSnebiT gansxvavebuli individebis Sejvare-

bas hibridizacia ewodeba, xolo meTods _ hibridologiuri;

• hibridizaciis Sedegad miRebul STamomavlobas hibridi/hibridebi ewodeba;

• homozigoturi mSobliuri individebis Sejvarebis Sedegad pirvel TaobaSi gamomJRav-

n deba erTgvarovnebis wesi;

• heterozigoturi individebis SejvarebiT miiReba fenotipurad gansxvavebuli hibri-

debi da am movlenas daTiSva ewodeba.  

yvavilis 
feri

yvavilis 
mdebareoba

Teslis 
feri

Teslis 
forma

nayofis 
forma

nayofis 
feri

Reros 
zoma

mewamuli

P

F
1

gverdiTi yviTeli brtyeli mwvane maRaligluvi

TeTri kenwruli mwvane datixruli yviTeli dabalidanaoWebuli
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 vrceldeba Tu ara mendelis kanonebi adamianze?

5.5. ნიშან-თვისებების მემკვიდრეობა ადამიანში

• SesaZlebelia fenotipurad dominan-

turi niSnis individis genotipis zusti 

gansazRvra? fenotipurad recesiuli niSnis 

individis? axseni Seni pasuxi.

 sasicocxlo Tvisebebi: memkvid-

reobiToba _ niSan-Tvisebebis 

memkvid reoba adamianSi, genealo-

giuri sqema.

 kvleva: monacemebis Segroveba, analizi, 

daskvna

rodesac Cven vfiqrobT imaze, Tu 
Svilebi ramdenad hgvanan TavianT mSob-
lebs an gansxvavdebian maTgan, vgulis-
xmobT garkveul niSan-Tvisebebs, rom-
lebic Taobidan Taobas memkvidreobiT 
gadaecema. magaliTad, Tvalis, Tmis, kanis 
Seferi loba, yuris, Tmis, cxviris, Tvalis 
Wrilis forma da sxv.

mendelis mier dadgenili memkvidre-
obis kanonzomierebebi vrceldeba yvela 
cocxal organizmze, maT Soris adami-
anebzec, Tumca mendelis kanonzomiere-
bebi ver xsnis yvela tipis memkvidreobas 
(am sakiTxebs zeda klasebSi gaecnobi). 
adamia nisTvis damaxasiaTebeli zogier-
Ti niSani dominanturia, zogic _ rece-
siuli (ix. danarTi 6, gv. 147). magali-
Tad, Worfliano ba dominanturi niSania, 
uWorfloba ki _ recesiuli, dominan-

turi aleli   gansazRvravs kexian cxvirs, 
recesiuli ki _ swor cxvirs; miCneulia, 
rom Tvalis muq Seferilobas (magaliTad, 
yavisfers) domi nanturi aleli gansaz-
Rvravs, Ria Seferiloba (cisferi) ki re-
cesiuli aleliTaa ganpirobebuli. 

rogor SeiZleba mSoblebis genotipis 
mixedviT vimsjeloT Svilebis mosalod-
neli genotipebisa da fenotipebis Sesaxeb? 
davuSvaT, orive mSobeli Worfliania da 
heterozigoturi, am niSnis mixedviT ro-
gori genotipisa da fenotipis Svilebia 
mosalodneli am ojaxSi? amisTvis, pir-
vel rigSi, SemovitanoT am niSnis ganmsaz-
Rvreli alelebis aRniSvnebi: radgan 
viciT, rom Worflianobas dominanturi 
aleli gansazRvravs, igi aRvniSnoT, maga-
liTad, B-Ti, xolo uWorflobis ale-
li _ b-Ti, mSoblebi am niSnis mixedviT 
hetero zigoturebi arian, anu maTi geno-
tipi iqneba Bb, heterozigoturi indivi-
di ki ori tipis gametas warmoqmnis _ B 

da b. axla SegviZlia SevadginoT penetis 
cxri li da ganvsazRvroT SvilebSi mo-
salodneli genotipi da fenotipi (sur. 
5.15). mosalod nelia sami tipis genotipis 
gamovlena Semdegi TanafardobiT: 1 BB : 2 

Bb : 1 bb, xolo ori tipis fenotipi aseTi 
TanafardobiT: 3 Worfliani : 1 uWorf-
lo, anu am ojaxSi 75%-iT (3/4) mosalod-
nelia Worfliani bavSvis dabadeba da 
25%-iT (1/4) uWorflo _ bavSvis.

SesaZlebelia Tu ara bavSvebis feno-
tipis mixedviT mSoblebis fenotipisa da 
genotipis gansazRvra? davuSvaT, 50 %-iT 
mosalodnelia ojaxSi rogorc kexiani, 
ise sworcxviriani bavSvis dabadeba, es 
Sedegi warmodgenilia penetis cxrilSi  
(sur. 5.16 a). unda ganvsazRvroT mSob-
lebis genotipebi da fenotipebi. nabi-
ji 1: rogorc zemoT aRvniSneT, kexian 
 cxvirs dominanturi aleli gansazRvravs 
(A), xolo swor cxvirs _ recesiuli (a). 

B b

B BB Bb

b Bb bb

Worfliani Worfliani

Worfliani uWorflo

sur. 5.15
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 nabiji 2: penetis cxrilSi (sur.5.16b) 
Cavwe roT Svilebis genotipebi (sworcxvi-
rianis genotipi viciT, igi iqneba aa, xolo 
kexiani cxviris genotipSi erTi aleli 
aucileblad iqneba dominanturi A, meo-
re ki msjelobis Semdeg ganvsazRvroT. 
nabiji 3: penetis cxrilSi (sur. 5.16g) Se-
sabamis ujraSi CavweroT gametebi, rom-
lebic recesiul alels Seicaven, Semdeg 
es migvaniSnebs, Tu sad unda CavweroT 
dominanturi alelis matarebeli gameta. 

nabiji 4. ukve SegviZlia kexiani cxviris 
genotipis Cawerac (sur. 5.16 d). nabiji 5: 
mSoblebis genotipi da fenotipi iqneba: 
sworcxviriani deda _ aa da kexiancxvi-
riani mama _ Aa. 

rogorc ici, adamians yvela somaturi 
ujredis birTvSi aqvs 46 qromosoma, anu 
homologiuri qromosomebis 23 wyvili. 
rogorc sxva organizmebis, ise adamianis 
erT qromosomaSi mravali genia lokali-
zebuli (sur. 5.17). 

sur. 5.16

a

g

b

d

kexiani
cxviri

swori
cxviri

kexiani
cxviri

swori
cxviri

kexiani
cxviri

A-

swori
cxviri

aa

kexiani
cxviri

A-

swori
cxviri

aa

A a

a

kexiani
cxviri

A-

swori
cxviri

aa

a

kexiani
cxviri

A-

swori
cxviri

aa

A a

a

kexiani
cxviri

Aa

swori
cxviri

aa

a

kexiani
cxviri

Aa

swori
cxviri

aa

dominanturi 
homozigoturi

dominanturi 
aleli

recesiuli
homozigoturi

heterozigoturi

recesiuli
aleli

genebis lokusi

genotipi:  P P           a a      B b

homologiuri qromosomebis wyvili

P

P

a

a b

B

sur. 5.17
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yvela adamians aqvs genebis gansxva-
vebuli nakrebi, maT Soris, Senc gaqvs 
unikaluri genebis nakrebi (Tu ar xar 
identuri tyupiscali), romelic ganapi-
robebs yvela Sens niSan-Tvisebas. am ni-
San-Tvisebebidan zogierTi garegnulad 
SesamCnevia (magaliTad, Tvalis feri), 
mag ram bevri niSan-Tviseba TvalisTvis 
SeumCnevelia (magaliTad, sisxlis jgu-
fi). garegnulad mkveTrad gamoxatu li 
zogierTi niSani TaobebSi gamomJRav-
ndeba da sagvareulo niSnad iqceva. 
maga liTad, suraTze (sur. 5.18) gamosa-
xulni arian avstriis samefo dinastiis* 
_ habsburgebis _ warmomadgenlebi. maT 
yvelas hqondaT msxvili qveda tuCi da 
viw ro, wamoweuli qveda yba. 

rogor SeiZleba Cveni ojaxisTvis, 
gvarisTvis damaxasiaTebeli niSan-Tvise-
bebis gamosaxva ise, rom yvelasTvis 
gasagebi iyos? SeiZleba am survilis 
ganxorcielebaSi dagvexmaros, magaliT-
ad, e.w. sagvartomo xe (sur. 5.19)?

sagvartomo xeze kargad Cans, ra adgi-
li  ukavia Taobebs Soris did bebiebsa da 
papebs, bebiebsa da papebs, mSoblebs da 
a.S. magram sad davweroT ojaxis wevre-
bis  saxelebi, rogor da sad aRvniSnoT 

ferdinand I

rudolf II

karl II

sur. 5.18

sur. 5.19

bavSvebis Taoba

dedebisa da 
mamebis Taoba

bebiebisa da 
papebis Taoba

didi bebiebi-
sa da papebis 
Taoba

sur. 5.20

genealogiuri (warmomavlobiTi) sqemis simboloebi

genealogiuri sqemis nimuSi

mdedrobiTi sqesi

qorwineba

mamrobiTi sqesi

gamosakvlevi niSnis 
fenotipuri gamovlena
(Tvalis cisferi Seferiloba)

I Taoba

II Taoba

III Taoba

bebia bebia

biZa

papa papa

mamida mama deda deida biZa

S v i l e b i
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gamosa kvlevi niSan-Tviseba romel wevrSi 
gamomJRavndeba? am problemebis gadaW-
raSi  dagvexmareba genealogiuri sqema 
(sur. 5.20). 

avxsnaT, ra informacias gvaZlevs genea-
logiuri sqema am ojaxSi sakvlevi niSnis 
_ Tvalis Seferilobis _ damemkvidrebis 
Sesaxeb. davweroT yvela Taobis savarau-
do genotipi. msgavsi problemis gadaWra 
yovelTvis unda daviwyoT fenotipurad 
recesiuli individiT, radgan misi geno-
tipi cnobilia: recesiuli aleli fenoti-
purad mxolod homozigotur mdgomareo-
baSi gamomJRavndeba. I Taobis genotipebi: 
radgan bebia-papebis orive wyvils hyavT 

fenotipurad recesiuli niSnis _ cis-
ferTvala (aa) _ Svilebi, TviTon ki yavis-
feri Tvalebi aqvT. gamodis, rom isini 
recesiuli alelebis matareblebi arian, 
anu heterozigoturebi _ Aa. Sesabamisad,  
II Taobis genotipebi iqneba: biZis (mamis mx-
ridan)  AA/Aa, mamidis _ aa, mamis _ Aa (radgan 
mis erT Svils cisferi Tvalebi aqvs, Tvi-
Ton recesiuli alelis matarebeli iqne-
ba), dedis _ aa,  (cisferTvalaa), deidis 
_ AA/Aa, biZis (dedis mxridan) _ AA/Aa.  
III Taobis genotipebi iqneba: ufrosi biWis 
_ aa, (cisferTvalaa), gogonasi da umcro-
si biWis _ Aa (radgan dedisgan aucileb-
lad miiRebdnen recesiul alels). 

davalebis piroba: ratom emsgavsebian Svilebi mSoblebs? imavdroulad, erTi da imave 
mSoblebis Svilebi erTmaneTisgan gansxvavdebian.

Seagrove informacia Sens ojaxSi erTi romelime niSan-Tvisebis (mag., Tvalis feris, 
Tvalis  Wrilis, Tmis feris, cxviris formis da a.S.)  damemkvidrebis Sesaxeb minimum sam 
TaobaSi (bebia-papa, deda-mama, Svilebi). davalebis Sesasruleblad isargeble saxelmZRva-
neloSi mocemuli danarTiT (ix. danarTi 6), genealogiuri sqemis simboloebis nimuSiT 
(sur. 5.20) da Seadgine Seni ojaxis genealogiuri sqema, sqemaze aRniSne ojaxis TiToeuli 
wevris genotipi.

genealogiuri sqemis  prezentaciis dros xazgasmiT warmoaCine:

• romeli sasicocxlo Tviseba uzrunvelyofs Taobidan Taobaze memkvideobiTi ni-
San-Tvisebebis gadacemas? 

• razea damokidebuli gamosakvlevi memkvidreobiTi niSan-Tvisebis fenotipuri gamovle-
na? 

• eqvemdebareba Tu ara adamianSi niSan-Tvisebebis  memkvidruli gadacema mendelis mier 
dadgenil kanonzomierebebs?

rekomendacia: genealogiuri sqema SesaZloa warmoadgino flipCartze an eleqtronulad.

genealogiuri sqemis Sedgena

1. rogori fenotipi unda hqondes adamians, rom zustad daasaxelo misi genotipi. moiyvane 

maga liTi da dawere Sesabamisi genotipuri formula.

2. rezusdadebiTiani sisxlis mSoblebs SeeZinaT rezusuaryofiTiani bavSvi. gansazRvre 

mSoblebisa da bavSvis genotipebi. 

3. Ria feris Tmiani axalgazrda vaJi daqorwinda muqTmian qaliSvilze, romlis mamas Ria 

feris Tma aqvs. maT SeeZinaT muqTmiani bavSvi. SesaZlebelia Tu ara maT SeeZinoT Ria 

fe ris Tmiani bavSvi?

4. adamianSi eqvsTiTianoba dominirebs mtevnis normalur agebulebaze. gansazRvre nor-

maluri mtevnis mqone bavSvis dabadebis albaToba, Tu orive mSobeli heterozigoturia.
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• adamianSi zogierTi niSan-Tvisebis memkvidreoba TaobebSi ̀ emorCileba~ mendelis gene-

tikur kanonzomierebebs;

• adamianTa ojaxSi TaobaTa ganmavlobaSi garkveuli niSan-Tvisebis memkvidreobis 

vizualu ri asaxva SeiZleba genealogiuri sqemiT.

5. albinizmi recesiuli niSania. ojaxSi, sadac erTi mSobeli albinosia, xolo meores kanis 

normaluri pigmentacia aqvs, daibadnen tyupebi, romelTaganac erTi albinosia. rogo-

ria am ojaxSi  kvlav albinosi bavSvis dabadebis 

albaToba?

6. adamianSi marjvena xelis upiratesad xmareba 

dominanturi niSania, marcxenas xmareba (cacio-

ba) ki recesiulia. cacia mamakaci daqorwinda am 

niSnis mixedviT heterozigotur qalze. rogoria 

am ojaxSi cacia bavSvis dabadebis albaToba?

7. rogoria mSoblebisa da maTi Svilebis genotipebi, 

Tu SavTvala mamasa da  dedas hyavs xuTi Svili, 

romelTagan ori cisferTvalebaa.

8. suraTze mocemuli informaciis mixedviT: 

 1) gansazRvre, Tvalis Seferilobis mixedviT, ale-

luri genebis rogori nakrebi SeiZleba hqondes am 

ojaxis yovel wevrs? 

 2) Seadgine Sejvarebis genetikuri sqema.

P

F
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 ra aris populaciis mravalferovnebis mizezi da ra mniSvneloba 
aqvs mas?

5.6. ცვალებადობის ფორმები

 sasicocxlo Tvisebebi: cva le  ba-

doba _ memkvidruli cvale badoba 

(mutaciebi), modifikaciuri cva-

le ba do ba;

 janmrTeloba da daavadeba: genetikuri 

daavadebebi, maTi gamomwvevi mizezebi da 

simptomebi; 

 biomravalferovneba: adamianTa popu-

laciis mravalferovneba;

 kvleva: statistikuri monacemebis Seg-

roveba, analizi, daskvna; saqmianobis 

sfero _ soflis meurneoba, medicina.

idealurad, uSecdomod aris dabeWdi-
li. meore zustad imave teqstiT, magram 
beW duri xarvezebiT _ zogierT sityvaSi 
uxeSi Secdomaa da zogan ki mTeli frazaa 
gamotovebuli. aseT situaciaSi aseT 
teqsts SeiZleba mutanturi vuwodoT 
(laT. mutatio _ Secvla, gardaqmna). ase-
Tive situacia SeiZleba moxdes genebTan 
mimarTebiT. Secvlil gens genetikosebi 
mutants _ mutaciagancdils uwodeben, 
xolo genis cvlilebis process _ muta-
cias. amrigad, genotipis cvlileba SeiZ-
leba mutaciebma gamoiwvios. mutacia 
aris genotipis SemTxve viTi cvlileba, 
romelic gamowveulia qromosomis ric-
xvis, misi romelime ubnis an calkeuli 
genis struqturis cvlilebiT. 

mutaciebi SemTxveviTi da spontanu-
ria. mutaciis gamomwvevi faqtorebidan 
yvela organizmisaTvis udides geneti-
kur safrTxes warmoadgens radiaciuri 
gamosxiveba: ultraiisferi da rentgenis 
sxivebi. aseve, adamianSi mutacias iwvevs 
zogierTi qimiuri nivTiereba. 

bunebaSi gavrcelebulia genuri muta-
ciebi. mutacia SeiZleba nebismier dros 
nebismieri niSan-Tvisebis ganmsazRvrelma 
genma ganicados. genuri mutaciis feno-
tipuri gamovlena da misi memkvidreobis 
tipi damokidebulia imaze, recesiulia 

mutacia Tu dominanturi.
genuri mutaciebis umravle-

soba recesiulia. magali Tad, 
albinizmi recesiuli aleluri 
geniTaa gamowveuli. am dros 
mutacia ganicada genma, ro-
melic ganapirobebs pigment 
melaninis sinTezs kanSi, Tmebsa 
(bumbulSi, bewvSi) da Tvaleb-
Si. albinizmi gvxvdeba adamia-
nebSi da cxo velebSic farTod 
gavrcelebuli  mutaciaa (sur. 
5.21).

sur. 5.21

nebismieri populaciis  individebi 
erTmaneTisgan gansxvavdebian. anu cvale-
badoba cocxali sistemis zogadi Tvise-
baa, romelic memkvidreobiTobis sa-
pirispiroa. individTa cvalebadobaze 
vmsjelobT misi fenotipis cvlilebis 
mixedviT, fenotipis cvlileba ki ni-
San-Tvisebis cvlilebaSi aisaxeba. 

populaciis mravalferovnebis erT- 
erTi mizezi, romelsac wina paragrafeb-
Si ukve gaecani, sqesobrivi gamravlebaa, 
radgan igi ganapirobebs genetikuri masa-
lis sxvadasxva kombinacias (qmnis axal 
genotipebs da igi, Sesabamisad, iwvevs 
fenotipur cvalebadobas). 

warmoidgine, rom xelT gaqvs nabeW-
di teqstis ori furceli. erTi teqsti 
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dominanturi mutaciiTaa gamowveuli 
aqondroplazia. am mutaciis adamiane-
bi dablebi arian (kidurebi damoklebu-
lia) da aqvT araproporciuli sxeuli, 
 gvxv deba rogorc mamakacebSi, ise qaleb-
Si (sur. 5.22). dominanturi mutaciiTa, 
agreTve, gamowveuli eqvsTiTianoba. am 
niSnis fenotipuri gamovlenis xarisxi 
sxvadasxvanairia: eqvsi TiTi SeiZleba 
hqondes adamians yvela kidurze an erT-
ze, orze, samze (sur. 5.23).

zogierTi genuri mutacia mZime gene-
tikur daavadebas iwvevs. magaliTad, han-
tigtonis daavadeba (dominanturi aleli 
iwvevs), romelic dakavSirebulia nervu-
li sistemis moqmedebis darRvevasTan: 
moZraobis koordinaciisa da metyvelebis 
darRveva, yuradRebisa da azrovnebis da-
susteba, ufro gvian stadiaze, adamianma 
SesaZloa, sruliad dakargos laparakisa 
da gadaadgilebis una ri. daavadeba, Cveu-
lebriv, Tavs iCens 35-40 wlis asakSi. 

mutacia gulisxmobs ara marto cvli-
lebas genSi, aramed cvlilebas qromosoma-
Ta raodenobaSic. am dros qromosomul 
nakrebs, normalurTan SedarebiT, aklia 
erTi an meti qromosoma, anda erTi an meti 
qromosomaa damatebuli. aseTi mutaci-
is  mizezia meiozis procesis darRveva 
(sur. 5.24). zedmet qromosomas organizmi 
mSoblisagan iRebs. Tu ganayofierebis 
dros, vTqvaT, spermatozoidi, Sexvda meo-

re  mSoblis kvercxujreds zedme ti qro-
mosomiT, romelime qromosomul wyvilSi 
damatebuli iqneba qromosoma (2n + 1) (sur. 
5.25).

sur. 5.22

sur. 5.23

homologiuri qromosomebi
ar scildebian erTmaneTs

metafaza I metafaza IIanafaza I anafaza II

gametebi
(n+1)

gametebi
(n-1)

sur. 5.24
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yvela mutacia ar aris saziano. bevr 
maTgans sargebloba moaqvs organizmis-
Tvis da xels uwyobs mis Seguebulobas 
saarsebo garemosTan. zogierTi mutacia 
sazianoa organizmisTvis erT garemoSi, 
magram sasargebloa sxva garemoSi. zogi-
erTi mutacia xels uwyobs populaciaSi 
indivdebis raodenobis zrdas, populaci-

is mier axali teritoriis dakavebasa da 
axali saxeobis warmoqmnasac ki.

didfoTola hortenzia farTod gav-
r celebuli buCqovani dekoratiuli 
mce narea. misi yvalilebis Seferilobis 
gan msazRvreli genis fenotipuri ga-
movlena  damokidebulia niadagis mJavi-
anobaze, ris gamoc gvxvdeba vardisferi, 

kvercxujredi

spermatozoidi
zogota
2n + 1

n + 1

n

sur. 5.25

1 2 3 4 5

1211109876

16 17 18

212019

13 14 15

22 Y X

sur. 5.26 sur. 5.27

qromosomebis normaluri nakrebi-
dan mkveTri gadaxra pirvelad aRmoaC-
ines daunis sindromis SemTxvevaSi. am 
dros adamians 46 qromosomis nacvlad 
47 qromosoma aqvs _ erTi qromosoma 
qromosomebis 21-e wyvilSia damatebuli  
(sur. 5.26). am sindromis simptome-
bia: dabali simaRle, mokle xel-fexi, 
Tvalebis damaxasiaTebeli Wrili, sa 
xis specifikuri gamometyveleba (sur. 

5.27). daunis sindromis mqone adamian-
Ta umetesobas aqvs msubuqidan saSualo 
xarisxis inteleqtualuri ganviTarebis 
Seferxeba, rac ganapi robebs swavlis 
nel temps, Tumca ar gamoricxavs ganvi-
Tarebis, axali unarebis SeZenis, damou-
kidebeli cxovrebisa da funqcionirebis 
SesaZleblobebs. bavSvebi aseTi sindro-
miT sakmaod xSirad ibadebian – 800-1000 
axalSobilze erTia.
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molurjo cisferi da TeTri Seferilo-
bis  horten ziis yvavilebi (sur. 5.28). 
sust tute pH-ze yvavilebi vardis-
feria, xolo sust mJave pH-ze _ cisferi 
an lurji Seferi lobis. Tu undaT, erT 
buCqze sxvadasxva feris yvavilebi ganvi-
Tardes, adre gazafxulidan or kviraSi 
erTxel buCqis erT mxares niadagSi rki-
nis marilebi an limonis mJava, an mJave 
mineraluri sasuqebi _ amoniumis sulfa-
ti, kaliumis sulfati) _ SeaqvT. 

amrigad, populaciis mravalferovne-
bas, genetikuri safuZvlebis garda, sxva 
mizezic aqvs. zogierTi niSani aris ro-
gorc genebis, ise garemos zemoqmedebis 
Sedegi. mag., lobios aRmonacens aqvs 
gene bi, romlebic ganapirobebs qloro-
filis arsebobas da aRmonacens aZlevs 
mwvane fers, magram es ar moxdeba, Tu 
maTze ar imoqmedebs garkveuli inten-
sivobis ganaTeba. axalgazrda ZuZumwo-
vars aqvs gene bi, romlebic aucilebe-
lia myari ConCxis ganviTarebisaTvis, 
magram myari ConCxi ar ganviTardeba, Tu 
mis sakveb racionSi ar iqneba kalciumi. 
am SemTxvevaSi organizmis fenotipuri 
cvlileba genotipis SecvliT ar aris ga-
mowveuli, es aris SeZenili niSan-Tviseba, 
Sesabamisad, memkvidreobiT ar gadaece-
ma. genotipis Secvlis gareSe fenoti-
pebis mravalferovnebas, romelic war-
moiqmneba organizmebSi garemo pirobebis 
gavleniT, modifikaciur cvalebadobas 
uwodeben. amri gad, niSan-Tvisebebi vi-
Tardeba genotipisa da garemo pirobebis 
urTierTqmedebiT.

modifikaciuri cvalebadoba ada  mianTa 
populaciebis mravalferovnebas kidev 

ufro metad zrdis. magaliTad, sxeulis 
masa icvleba kvebaze damoki debulebiT, 
Worflianobas iwvevs domi nanturi ale-
luri geni, magram misi gamov lenis 
xarisxi mzian garemoSi adamianis yofnis 
xangrZlivobazea damokidebuli da a.S. 
zogierTi niSani ki ar icvleba garemos 
zemoqmedebis Sedegad, magaliTad, sis-
xlis jgufi _ adamians SeiZleba hqondes 

A, B, AB an O jgufis sisxli garemos 
nebis mier pirobebSi.

ufro xSirad modifikaciuri cvale-
badoba Seqcevadia, rodesac gamomwvevi 
faqtori aRar moqmedebs, cvlileba Tan-
daTan qreba. magaliTad, avitaminoziT 
gamowveuli daavadebis simptomebi qreba 
Sesabamisi vitaminebis miRebis Sedegad, 
ruji qreba, rodesac kanze mzis kaSkaSa 
sxivebi aRar moqmedebs.

modifikaciuri cvalebadoba SeiZle-
ba iyos SeguebiTi xasiaTis. magaliTad, 

sur. 5.28

1. daakvirdi sura-
Tze wylis mcenare 
isaras sxvadasxva 
formis foTlebis 
ganlagebas. rogor 
fiqrob, garemos 
romeli faqtori 
aris foTlis am 
variaciebis gamom-
wvevi? am faqto-
ris intensivobis 
cvlileba rogor 
moqmedebs foTlis 
formis cvlile-
baze?  
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davalebis piroba: populacia aris mravalferovani _ erTi saxeobis/populaciis individe-
bi mravali niSan-TvisebiT gansxvavdebian erTmaneTisgan, maTgan zogierTi niSan-Tviseba mem-
kvidreobiTia da zogic _ organizms cxovrebis ganmavlobaSi aqvs SeZenili. gaecani danarT 
6-Si mocemul adamianis zogierTi niSan-Tvisebis fenotipuri gamovlenis bunebas, maTgan 
SearCie 4-5 niSani, romlebic garegnulad yvelaze mkveTrad gamoixateba da gamoikvlie sko-
lis moswavleebs Soris/Seni ubnis mosaxleobaSi am niSan-Tvisebebis fenotipuri gamovlena. 

warmoadgine kvlevis angariSi, romelSic iqneba monacemebis cxrili, diagrama (svetovani 
an wriuli), romelic asaxavs gamokvleuli TiToeuli niSan-Tvisebis fenotipuri gamovle-
nis procents, kvlevis Sedegebis analizi: 1) rogori procentuli maCvenebliTaa warmodge-
nili TiToeuli niSan-Tvisebis fenotipuri gamovlena? 2) gamokvleuli niSan-Tvisebebidan 
romeli vlindeba fenotipurad ufro xSirad Sen mier gamokvleul populaciaSi? iSviaTad? 
3) dominanturi niSan-Tvisebebi ufro xSirad mJRavndeba Tu recesiuli? axseni, ratom?
kvlevis angariSis prezentaciisas xazgasmiT warmoaCine:
• raSi gamoixateba  erTi saxeobis populaciis mravalferovneba? 
• ra kavSiria sasicocxlo Tvisebebs - memkvidreobiTobasa da gamravlebas Soris? 
• ra aris populaciis genetikuri mravalferovnebis mizezi? 
• ra mniSvneloba aqvs populaciis genetikur mravalferovnebas? 
• kvlevis etapebi ra TanmimdevrobiT ganaxorciele da ra mniSvneloba hqonda am Tanmim-

devrobas? 
• raSi gamoixateba Sen mier gamokvleuli adamianTa populaciis genetikuri mraval-

ferovneba?
rekomendacia: gamoiyeneT qvemoT mocemuli monacemebis cxrili

adamianTa populaciis mravalferovnebis kvleva

dominanturi recesiuli

muqi Tmebi (A)
Ria feris 
Tmebi ( a)   

muqi Tvalebi (B)
Ria feris 
Tvalebi ( b )

Tavisufali 
yuris bibilo (E)

Sezrdili 
bibilo (e)

Rrmuli 
loyebze (D)

ar aris 
Rrmuli (d)

Worfli (C) uWorflo (c)

niSan-Tviseba moswavleebis 

raodenoba, 

romelTac aqvT 

dominanturi 

fenotipi

moswavleebis 

raodenoba, 

romelTac aqvT 

recesiuli feno-

tipi

dominantu-

ri fenoti-

pis %-uli 

maCvenebeli

recesiuli 

fenotipis 

% -uli 

maCvenebeli

 gnoli,  yaryumi, yarsari zamTarSi TeTria, 
zafxulSi ki _ ara (sur. 5.29).zogierT 
mwers, Tevzs, amfibias, qvewarmavls gare-
mos fonis Sesabamisad ecvlebaT sxeulis 

sur. 5.29 yaryumi zafxulSi yaryumi zamTarSi

Seferiloba. modifikaciuri cvalebado-
bis SeguebulobiTi mniSvnelobis Sesaxeb 
ufro mets Seityob ekologiasTan dakav-
Sirebuli sakiTxebis Seswavlis dros. 
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2. ra aris genuri mutacia? moiyvaneT genuri mutaciis magaliTebi. 
3. sqesobrivi gamravleba ratom iwvevs populaciaSi individebs Soris gansxvavebas? 
4. rogor fiqrob, qromosomebis 21-e wyvilis nacvlad sxva wyvilSi Tu daemateboda 1 

qromosoma, imave simptomebs gamoiwvevda? Seni pasuxi daasabuTe argumentirebuli 
msje lobiT. 

5. 21 marti aRiniSneba daunis sindromis saerTaSoriso 
dRed. Cveni saxelmwifo, arasamTavrobo organizacie-
bi, eqimebi da ufrosklaseli moswavleebic am dRes 
sxvadasxva aqtivobiT exmianebian. 1) rogor fiqrob, 
ra aris daunis sindromis dRisadmi miZRvnili kampa-
niis mizani? 2) aRwere, Sen am kampaniaSi ra aqtivobiT 
CaerTve bodi?

6. warmoidgine, rom populaciaSi mutaciis Sedegad gaC-
nda Zalian mZime daavadebis gamomwvevi dominanturi 
aleli. axseni, SeiZleba Zalian swrafad gaqres es ale-
li populaciidan? pasuxi daasabuTe argumentirebuli msjelobiT.

7. zogjer sityva „dominanturi“ gagebulia ise, rom dominanturi aleli aucilebelad 
recesiul alelze sasargebloa organizmisTvis da rom populaciaSi xSirad gvxvdeba. 
eTanxmebi Tu ara aseT mosazrebas? ratom?

8. ra mniSvneloba aqvs populaciis genetikur mravalferovnebas?

megobrebi 

ar iTvlian 

qromosomebs

21 marti

• populaciis mravalferovnebas ganapirobebs genetikuri da modifikaciuri cvaleba-

doba;

• populaciis genetikuri mravalferovnebis mizezia sqesobrivi gamravlebis Sedegad 

warmoqmnili genebis axali kombinacia da mutaciebi;

• populaciis  mravalferovneba zrdis misi Seguebis SesaZleblobas cvlad saarsebo 

pirobebTan, xels uwyobs axali populaciebisa da saxeobebis warmoqmnas;

• fenotipi yalibdeba genotipisa da garemo faqtorebis urTierTqmedebis Sedegad;

•  organizmis saerTo garegnoba aris mSoblebisgan memkvidreobiT miRebuli niSan-Tvise-

bebisa da garemos zemoqmedebis Sedegad SeZenili niSan-Tvisebebis erTobliobis Sede-

gi. 

genetikis ganviTarebam xeli Seuwyo samedicino genetikis ganviTarebas. samedicino geneti-
ka Seiswavlis adamianis genetikur daavadebebs, maT memkvidreobasa da warmoSobis sakiTxebs, 
saxavs am daavadebaTa diagnostirebisa da mkurnalobis saSualebebs. genuri Terapia Tana-
medrove medicinis yvelaze imedis momcemi dargia genetikuri daavadebebis samkurnalod. 
mas safuZvlad udevs Tanamedrove teqnologiebis gamoyenebiT genebis doneze Catarebuli 
manipulaciebi (magaliTad, daavadebis gamomwvevi alelis normaluri aleliT Canacvleba). 

modifikaciuri cvalebadobis Seswavlas didi praqtikuli mniSvneloba aqvs. modifikaciu-
ri cvalebadobis kanonzomierebebis codna gansakuTrebiT mniSvnelovania soflis meurneo-
bisTvis. kulturul mcenareebsa da Sinaur cxovelebSi produqtiulobis gazrda SesaZlebe-
lia maTi saarsebo pirobebis gaumjobesebiT. modifikaciuri cvalebadobis kanonzomierebebs 
iTvaliswineben medicinaSic. janmrTeli adamianis aRzrdisaTvis saWiroa kvebis, fizikuri 
varjiSis swori reJimisa da higienuri moTxovnilebebis dacva, anu jansaRi cxovrebis wesis 
dacva.
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rodesac pirveli kosmonavtebi gafrindnen kosmosSi da gadmoixedes, 
rom daenaxaT TavianTi mSobliuri planeta, isini gaocdnen misi sila-
maziT: kosmosis bnel fonze Canda uzarmazari mwvane kontinentebi da 
mocimcime firuzisferi okeaneebi. sxva planetebTan SedarebiT, dedami-
wa saocari sanaxaoba iyo.

magram ara marto silamaze aniWebs Cvens planetas gansakuTrebulo-
bas, aramed sxva planetebidan gamoirCeva masze sicocxlis arsebobiT. 
mTel planetaze cocxali gadakrulia qseliviT, saidanac gamodis uam-
ravi erTmaneTSi gadaxlarTuli Zafi. cocxali arsebebi mudmivad zemo-
qmedeben erTmaneTze da garemomcvel garemoze. am urTierTqmedebazea 
damokidebuli maTi sicocxle da mTel dedamiwazec axdens gavlenas. 

am TemaSi Sen gaecnobi da gamoikvlev urTierTqmedebebs, romlebic 
mniSvnelovania rogorc organizmebis sicocxlisaTvis, ise mTeli plane-
tisTvis; gascem pasuxs kiTxvebze: ratom aris mniSvnelovani organizme-
bis mravalferovnebis SenarCuneba? ratom aris mniSvnelovani garemos 
dacva da riT ukavSirdeba igi mdgradi ganviTarebis* principebs?

ekologiis safuZvlebi
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 ra struqturuli komponentebisagan Sedgeba ekosistema?

5.7. ეკოსისტემის კომპონენტები

• ra aris saxeoba da ra _ populacia? ra 

gansxvavebaa maT Soris?

• ra niSnebiT SeiZleba populaciis daxasiaTeba?

 struqtura da funqcia: biolo-

giuri sistemebi _ organizmi, 

populacia, biocenozi, ekosiste-

ma, biosfero.

 kvleva: monacemebis analizi, maTematiku-

ri gamoTvlebi.

termini ekologia (berZ. `oikos~ _ sax-
li, `logos~ _ mecniereba) 1866 wels 
Semoitana germanelma mecnierma hekelma. 
am terminis warmomavlobas aqvs is azri, 
rom Tu Sen dedamiwaze fiqrob, rogorc 
saxlze, maSin aq mcxovrebi yvela orga-
nizmi am saxlis wevria. 

ekologia aris biologiis dargi, rome-
lic Seiswavlis urTierTqmedebas orga-

nizmebs Soris, organizmebsa da saarsebo 
garemos Soris. ekologiuri Tvalsaz-
risiT, garemo warmoadgens saarsebo 
pirobebis kompleqss, romelic ama Tu im 
xarisxiT moqmedebs organizmebis cxo vel-
qmedebaze. saarsebo garemos miekuTvne-
ba is elementebi, romlebTanac mocemu-
li organizmi pirdapir an arapirdapir 
urTierT qmedebs. garemos pirobebis 
erTob liobas, romelic organizms uzrun-
velyofs sakvebiT, TavSesaf riTa da gam-
ravlebisTvis saWiro adgi liT, saarsebo 
garemo ewodeba.

yvela saxeoba garemoSi arsebul gark-
veul pirobebTan aris Seguebuli. maga-
liTad, mura daTvis populaciis Tvis 
saarsebo garemoSi _ tyeSi _ Zalian 
mniSv nelovania sakvebi, saarsebo sivrce, 
konkurentebi, daavadebis gamomwvevebi, 
klimaturi pirobebi da a.S. (sur. 5.30). 

sur. 5.30

organizmi

populacia

ekosistema
biocenozi



80

ekologebi bunebas Seiswavlian orga-
nizaciis sxvadasxva doneze, organizmi-
dan dawyebuli mTeli biosferos CaT-
vliT (sur. 5.31). TiToeul doneze 
rTuli urTierTobebia organizmebs So-
ris, cocxalsa da aracocxal bunebas 
Soris. 

• organizmi _ calkeuli cocxali ar-
seba, magaliTad, losi.

• populacia _ garkveul arealSi erTi 
saxeobis yvela individis erToblioba 
(magaliTad, losis populacia).

• biocenozi, anu Tanasazogadoeba _ 
garkveul teritoriaze binadari yvela 
populaciis erToblioba (magaliTad, 
losis, daTvis, kurdRlis, wiwvovani da 
balaxovani mcenareebis, xavsebisa da sxva 
populaciebis) _ cocxali organizmebis 
mier warmoqmnili TviTmaregulirebe-
li biologiuri sistema. yoveli bioce-
nozi xasiaTdeba gansxvavebul saxeobaTa 
SemadgenlobiTa da mravalferovnebiT.

• ekosistema _ es aris dedamiwis 
garkveul nawilSi arsebuli yvela popu-

laciisa da aracocxali faqtorebis 
erToblioba. amrigad, ekosistema Sedge-
ba cocxali (bioturi) da aracocxali 
(abioturi) komponentebisagan. sxvadasxva 
ekosistema erTmaneTisgan gansxvavdeba 
abioturi faqtorebiTa da, Sesabamisad, 
saxeobaTa SemadgenlobiT. magaliTad, 
wiwvovani tyis, farTofoTlovani tyis, 
Waobis, udabnos, zRvisa da okeanis eko-
sistemebi erTmaneTisgan gansxvavdeba 
abioturi faqtorebiTa da saxeobrivi 
SemadgenlobiT. 

• biomi _ gaerTianebebia, romlebic 
moicaven msgavsi klimatisa da ekosiste-
mebis farTo geografiul ares. ganas-
xvaveben xmeleTis eqvs ZiriTadi bioms: 
tundra, taiga, zomieri foTolmcveni 
tyeebi, tropikuli teniani tyeebi, ste-
pebi da udabnoebi (sur.5.32).

• biosfero _ cocxali organizme-
biT dasaxlebuli dedamiwis nawili, anu 
cocxali da aracocxali bunebis rTuli 
urTierTqmedebis Sedegad Camoyalibebu-
li sxvadasxva ekosistemis erToblioba.

biosfero

biomi

organizmi

populacia
ekosistema

biocenozi

sur. 5.31
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biocenozis mdgomareobis Seswavlis mizniT, eko-
logebi ikvleven masSi Semaval populaciebs sxva-
dasxva maxasiaTebliT. magaliTad, ricxobriobis, 
asakobrivi da sqesobrivi Semadgenlobis, dakavebuli 
teritoriis farTis mixedviT. biocenozis gamosakv-
levad ekologebi sxvadasxva meTodsa da xelsawyoebs 
iyeneben. maT Soris erT-erTi kvadratebad dayofis 
meTodia. did farTobze alalbedze/SemTxveviTobis 
principiT, moxazaven kvadratebs da iReben sinjebs. 
magaliTad, daiTvlian TiToeul kvadratSi ramdeni 
saxeobis cxoveli da mcenarea; TiToeul populacia-
Si ramdeni individia. sizustisaTvis ramdenime sinjs 
iReben da gamoiangareSeben saSualo sidides.

aq warmodgenili magaliTis SemTxvevaSi, mecniereb-
ma kvadratis meTodis gamoyenebiT Seiswav les 
mindor Si buCqovani mcenaris populacia. martivi formulis gamoyenebiT SeiZleba popu-
laciis ricxobriobis Sefaseba: T = NA

T = mTeli populaciis ricxobrioba 
N = daTvlili individebis saerTo ricxvi/kvadratebis ricxvi
A = saerTo farTi/kvadratis farTobi

ekosistemis kvleva kvadratis meTodiT

tundra

taiga

stepi

udabno

tropikuli teniani 
tye
zomieri 
foTolmcveni tye

sur. 5.32

ekologebi urTierTobebs Seiswav-
lian organizaciis yvela doneze da 
aseve, sxvadasxva dones Soris. magali-
Tad, mec nierebi swavloben ara marto 
mura daTvis populaciis individebs So-

ris damokidebulebas, aramed mura daT-
vsa da mdinaris Tevzebs, mura daTvsa da 
tyis qaTams Soris urTierTobebs, mura 
daTvsa da aracocxal bunebas Soris 
(sur. 5.30).

1 m

1 
m
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amoirCie qvemoT mocemuli SenTvis sasurveli kvlevis varianti da Caatare savele 
 kvleva, dawere kvlevis angariSi da warmoadgine. angariSSi unda Candes Seni maTematikuri 
gamoTvlebi (sasurvelia, angariSs daurTo fotoebi).

1. Seni sacxovrebeli regionis bunebriv pirobebSi (tye, parki, mindori) kvadratis meTo-
dis gamoyenebiT gamoikvlie balaxovani mcenareebisa da uxerxemlo cxovelebis saxeobrivi 
mravalferovneba. 

2. Seni sacxovrebeli regionis bunebriv pirobebSi (tye, parki, mindori) kvadratis meTo-
dis gamoyenebiT gamoikvlie balaxovani mcenaris an uxerxemlo cxovelis romelime popu-
laciis ricxobrioba.

3. skolis laboratoriaSi Sesabamisi sensorebis arsebobis SemTxvevaSi, Seni sacxovre-
beli regionis bunebriv pirobebSi (tye, parki, mindori) kvadratis meTodis gamoyenebiT 
gamoikvlie ganaTebis intensivobis, niadagis tenianobisa da pH-is saSualo maCvenebeli.

savele kvleva

magaliTad, suraTze warmodgenili yoveli Seferadebuli ubani warmoadgens kvadrats. 
oTx kvadratSi daTvlilia eqvsi buCqi, yoveli kvadratis farTi aris 1 m2. gamosakvlevi 
mindvris farTi aris 200 m2. 
Т = 6/4 X 200m2/1m2 = 1,5 X 200 = 300 
Т = 300 individi =  mindorSi buCqis populaciis ricxobrioba
populaciis ricxobriobis gansazRvra:
qvemoT mocemuli TiToeuli magaliTisTvis gamoTvale populaciis ricxobrioba. gamoi-
yene formula da aCvene gamoTvla.
 1. gamoTvale _ mecnierebma gamoiyenes 2 m2-is farTis kvadrati, rom gamoeTvalaT 

min  dorSi gvirilebis populaciis ricxovnoba. 15 kvadratSi daiTvales 173 individi. 
mindvris saerTo farTia 250 m2. 

 2. gamoTvale _ mecnierebma gamoiyenes 0,25 m2-is farTis kvadrati, rom gamoeTvalaT 
mindorSi babuawverebis populaciis ricxovnoba 500 m2 farTze. 10 kvadratSi daiTvales 
63 babuawvera.  

1. ras Seiswavlis ekologia? 
2. organizaciis romel doneebze ikvleven ekologebi bunebas?
3. ra komponentebisgan Sedgeba ekosistema? 
4. ra gansxvavebaa populaciasa da Tanasazogadoebas Soris? Tanasazogadoebasa da eko-

sistemas Soris?
5. ra maxasiaTeblebiT SeiZleba biocenozis daxasiaTeba? 
6. ra niSnebis mixedviT ikvleven populacias?
7. rogor fiqrob, raze SeiZleba miuTiTebdes populaciaSi ricxobriobis Semcireba? 

popu laciaSi asakovani individebis siWarbe? 
8. rogor imoqmedebs populaciis Semdgom ganviTarebaze sqesobrivi Semadgenlobis dar-

Rveva?

• ekologia, rogorc mecniereba, Seiswavlis: 1)ekosistemebis ganviTarebis kanonzomiere-

bebs, 2) ekosistemaSi organizmebisa da aracocxali bunebis urTierTqmedebas, 3) Tana-

sazogadoebisa da biosferos ganviTarebas; 

• samecniero-teqnikuri progresis periodSi igi aris bunebis dacvisa da ekosistemebis 

marTvis safuZveli.
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 ra gavlenas axdens ekologiuri faqtoris intensivoba 

 populaciaze?

5.8. ეკოლოგიური ფაქტორები 

• daasaxele cvalebadobis formebi; 

• ra mniSvneloba aqvs organizmisTvis 

modifikaciur cvalebadobas? 

 sasicocxlo   Tvisebebi: adaptacia 

– modifikaciuri cvalebadoba da 

ekologiuri faqtorebi (abiotu-

ri, bioturi, anTropogenuri), optimumi, 

gamZleobis zeda da qveda zRvari;

 kvleva: monacemebis analizi, daskvna

organizmebze pirdapir an iribad gav-
lenas axdens garemos sxvadasxva komponen-
ti, rasac ekologiuri faqtorebi ewode-
ba. ekologiur faqtorebs yofen biotur 
da abiotur faqtorebad. 

abioturi faqtorebia aracocxali 
bunebis yvela is komponenti, romlebic 
gavlenas axdens organizmebze: klimaturi 
faqtorebi (temperatura, sinaTle, tenia-
noba, haeris masebis moZraoba (qari), wneva, 
naleqebi), niadagis, atmosferos, wylis 
qimiuri Sedgeniloba da a.S. 

bioturi faqtorebia cocxali orga-
nizmebis urTierTqmedebisa da erTmaneT-

ze zegavlenis erToblioba. bioturi 
faqtorebidan calke gamoyofen anTropo-
genur faqtors, rac gulisxmobs adamianis 
sameurneo saqmianobis gavlenas mTlianad 
bunebaze. 

ekologiuri faqtoris intensivobas, 
ro melic yvelaze xelsayrelia konkretu-
li  saxeobis organizmisTvis, optimalu-
ri sidide, anu optimumi ewodeba. opti-
maluri zonidan gadaxrili faqtoris 
zemoqme deba organizmis cxovelqmedebis 
daTrgun vas iwvevs. faqtoris sidides, 
romlis iqiTac organizms arseboba aRar 
SeuZlia, gamZleobis zRvari ewodeba. mas 
aqvs gamZleobis qveda da zeda zRva ri 
(sur. 5.33).  Tu gascda faqtoris inten-
sivoba gamZleobis zRvars, maSin igi or-
ganizmze sicocxlis SemzRudvelad moq-
medebs da mas SemzRudveli faqtori 
ewodeba. 

SegaxsenebT, rom modifikaciur cvale-
badobas didi mniSvneloba aqvs organizmis 
garemos cvlad pirobebTan SeguebisaTvis. 
konkretuli faqtoris mimarT gamZleo-
bis sazRvrebi (farglebi) niSnavs, Tu am 
faqtoris mimarT ra farglebSi xdeba 
organizmSi modifikaciuri cvalebadoba. 

populaciis gamZleobis
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intensivoba

daTrgunvis
zona

daTrgunvis
zona

optimumi

normaluri 
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   rac ufro farToa modifikaciuri 
cvalebadobis farglebi, organizmi miT 
ufro advilad egueba Secvlil garemo 
pirobebs. erTi da imave saxeo bis gamZle-
obis sazRvrebi/modifikaciuri cvaleba-
dobis farglebi  sxvadasxva eko logiuri 
faqtorisadmi da,  amave dros, sxvadasxva 
saxeobis gamZleobis farglebi konkretu-
li faqtorisadmi gansxvavebulia (sur. 
5.34).  

organizmze yovelTvis moqmedebs gare-
mos  faqtorebis kompleqsi. sxvadasxva 
ekologiuri faqtorebi urTierTqmede-
ben, rac imaSi mdgomareobs, rom erTi 
faqtoris cvlilebam SeiZleba Seamciros 
gamZleobis sazRvrebi sxva faqtorisadmi, 

an piriqiT – gazardos igi. magali Tad,  
Tu beRuras zamTarSi aqvs sakmarisi sakve-
bi (optimaluri), misi gamZleobis saz-
Rvrebi temperaturisadmi izrdeba, xolo 
Tu arasakmarisi sakvebi aqvs, mcirdeba. 
aseve, optimaluri temperatura zrdis 
mcenareebis gamZleobas tenisa da sakve-
bis naklebobisadmi. magram Tu romelime 
erTi faqtori gascda gamZleobis saz-
Rvrebs (yvela danarCeni faqtori opti-
maluric rom iyos), maSin igi moqmedebs 
sicocxlis SemzRudvelad da organizmi 
iRupeba. amrigad, sxvadasxva ekologiuri 
faqtori erTmaneTze gavlenas axdens, mag-
ram erTis meoriT Canacvleba (kompensacia) 
ar xdeba.

sur. 5.34
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Seiswavle suraTze mocemu-
li kvlevis Sedegebi da upa-
suxe kiTxvebs:  
 1) temperaturis romeli 

maCvenebelia yvelaze op-
timaluri mcenaris nor-
maluri zrda-ganviTarebi-
saTvis? 

 2) ra temperaturis far-
glebSia mcenaris gamZle-
obis sazRvrebi?

 3) temperaturis rome-
li mniSvneloba aRmoCnda 
misTvis damRupveli? 

 4) gamoitane daskvna: ratom 
reagirebs mcenare sxva da-
sxva temperaturaze gan-
sxva vebulad? 

monacemebis analizi

1. rogor SeiZleba ekologiuri faqtorebis dajgufeba? 
2. SeiZleba Tu ara, rom atmosferuli Jangbadi abiotur faqtorad CavTvaloT? ratom? 

naxSirorJangi? ratom? 
3. suraT 5.34-is mixedviT gansazRvre, romeli saxeoba Seegueba advilad mocemuli faqto-

ris intensivobis cvlilebas da romeli saxeoba iqneba naklebad mdgradi. daasabuTe 
Seni pasuxi.

4. suraT 5.35-is mixedviT upasuxe kiTxvebze: 1) ra cvlilebas amCnev cxovelSi faqtoris 
intensivobis cvlilebis Sesabamisad? 2) cvalebadobis romeli forma aRwere? daasa-
buTe Seni pasuxi. 3) ra faqtorebi moqmedebs mglis populaciaze? 4) romeli faqtori 
SeiZleba iqces sicocxlis SemzRudvelad? 5) ra moxdeba, Tu yvela faqtori iqneba 
optimaluri da mxolod erTi romelime faqtori gascdeba gamZleobis sazRvrebs?

• ekologiur faqtorebs ajgufeben abiotur, biotur da anTropogenur faqtorebad;

• erTi da imave faqtoris intensivobis cvlilebaze sxvadasxva saxeobis organizmi 

gansxva vebulad reagirebs;

• saxeobas rac ufro farTo modifikaciuri cvalebadobis farglebi (gamZleobis 

sazRv rebi) axasiaTebs, miT ufro met mdgradobas amJRavnebs garemo faqtorebis 

cvlilebisad mi.

gamZleobis diapazoni

0 8 18 28 38 toC
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 ra mniSvneloba aqvs abioturi faqtorebisadmi Seguebulobis 

 gamomuSavebas saxeobis mdgradobisTvis?

5.9. აბიოტური ფაქტორები 

• ra abioturi faqtorebia aucilebeli 

fotosinTezis procesis warmarTvisTvis? 

• ras niSnavs Tbilsisxlianoba? civsisxlianoba?

• daasaxele Tbilsisxliani cxovelebi; 

• romeli organoebi monawileoben sxeulis 

temperaturis regulaciaSi? 

• ra aris organizmSi siTbos wyaro? 

 sasicocxlo Tvisebebi: adapta-

cia _ abioturi faqtorebis 

gavlena sasicocxlo procesebze, 

adaptaciebi.

 kvleva: monacemebi, analizi, daskvna, 

kvle vis angariSi

abioturi faqtorebidan mniSvnelova-
nia klimaturi faqtorebi: sinaTle, tem-
peratura, tenianoba. 

klimati pirvel rigSi damokidebulia 
dedamiwaze mzis energiis SemosvlasTan. 
igi aris energiis ZiriTadi wyaro yvela 
im procesisaTvis, romlebic dedamiwaze 
mimdinareobs. mzis sinaTlis biologiu-

ri zemoqmedeba damokidebulia mis inten-
sivobaze, speqtris Semadgenlobaze, se-
zonur da dReRamur periodulobaze. 
masTan dakavSirebiT organizmebs gamo-
umuSavdaT sxvadasxva Seguebuloba: se-
zonuri, dReRamuri da sxv. 

mzis gamosxivebis speqtrSi gamoyo-
fen biologiuri moqmedebiT gansxvave-
bul sam ares: ultraiisfers, xilulsa da 
infra wiTels (sur. 5.36). mokle ultra-
iisferi sxivebi (0,290 mkm) damRupve-
lia yvela cocxalisaTvis. maT ZiriTad  
nawils akavebs atmosferos ozonis ekra-
ni, ufro grZeli sxivebi ki (0,300-400 mkm) 
aucilebelia kanSi D vitaminis sinTezi-
saTvis. mzis xiluli sxivebi (400-760 mkm) 
aucilebelia mcenareebisa da cxovelebi-
saTvis. mcenareebSi xilul sxivebze fo-
tosinTezi mimdinareobs. cxovelur or-
ganizmebSi xiluli sxivebi mniSvnelovani 
faqtoria, romelic ganapirobebs maTi 
aqtivobis xarisxs, maT sivrceSi orienta-
cias. amasTan dakavSirebiT cxoveleb-
Si ganviTarda mxedvelobis organoebi, 
mweriTmtveria mcenareebSi ki – mkveT-
rad Seferili yvavilebi mwerebis misazi-
dad (sur. 5.37). tyis TanasazogadoebaSi 
mcenareebi ganaTebis intensivobisadmi 
moTxovnilebis mixedviT iarusebad arian 
ganlagebuli (sur. 5.38). 

ultra- 
iisferi 
sxivebi

infrawiTeli 
sxivebi

sinaTlis talRis
sigrZe290 320 400 760 3000 mkm

xiluli sxivebi

sur. 5.36

sur. 5.37 sur. 5.38
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sur. 5.39

tita dRisiT tita RamiT

dedamiwis brunvasTan da kavSirebiT, 
ganaTebis re Jims  aqvs dReRamuri da 
sezonuri perioduloba. organizmis 
reaqcias dRis xangrZlivobaze foto-
periodizmi ewodeba. dReRamuri ritmi 
gaCnda mcenareebSi (sur. 5.39 _ dReRa-
muri ritmi titaSi), cxovelebSi, Segue-
buloba dRisa da Ramis cxovrebisadmi.  

sezonuri ritmi _ organizmis reaq-
cia wlis sezonur cvlilebebze fo-
toperio diz  miT regulirdeba. magali-

sur. 5.40

Tad, rogorc ki dadgeba Semodgomis 
mokle dRe, mcenareebs foTlebi scvi-
va da emzadebian zamTris svenebisaTvis 
(sur. 5.40). cxo velebSi zamTar Si SeiniS-
neba aqtivobis mniSvnelovani Sem cireba. 
frinvelTa saSemodgomo gadafreni-
sa Tvis signalis rols asrulebs dRis 
xangrZ livobis Semcireba. 

bevri cxo veli eZleva zamTris Zils, 
rac zamTris araxelsayreli pirobebis 
gadatanas emsa xureba. 

temperatura sasicocxlo procesebis 
ganmsazRvreli mniSvnelovani faqtoria. 
organizmSi metabolizmis procesebi 
sxeu lis garkveul temperaturaze (Ziri-
Tadad, +10 - +400C-ze) mimdinareobs. 
mxolod zo gi erTi saxeobis organizmia 
Seguebuli Zalian dabal an maRal tem-
peraturas. sxeu lis temperaturis Sen-
arCunebis mixedviT arCeven civsis xlian 
da Tbilsisxlian organizmebs. civ-
sisxlianebis, sxeulis aramudmivi tem-

peraturis gamo, aqtivoba, metabolizmis 
intensivoba garemos temperaturaze 
mkveTradaa damokidebuli. temperatu-
ris momatebiT Cqardeba maTi ganviTare-
bis stadiebic. 

Tbilsisxliani cxovelebi (frin-
velebi  da ZuZumwovrebi), sxeulis mud-
mivi temperaturisa da srulyofili 
Termoregulaciis unaris gamo, ufro 
naklebad arian damokidebulni garemos 
temperaturaze. 
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specialuri Seguebuloba gamoumu-
SavdaT Zalian civ da cxel pirobebSi 
mcxovreb cxovelebs. magaliTad, civ 
klimatur pirobebSi mcxovrebi saxeo-
bebis organizmebi ufro didi zomisaa 
(sur.5.41), vidre Tbil pirobebSi mo-
binadre saxeobebis. es dakavSirebulia 
imasTan, rom rac ufro didia sxeulis 
moculoba, miT ufro izrdeba im qso-
vilebis moculoba, romlebSic siTbo 
gamomuSavdeba. gacemuli siTbos raode-
noba ki damokidebulia sxeulis zeda-
piris farTobisa da moculobis Tana-

fardobaze. rac metia es Tanafardoba, 
miT met siTbos gascems sxeuli (ufro 
mets am sakiTxze kvleviT davalebaSi 
Seityob, gv. 88).   

civ klimatur pirobebSi mcxovrebi 
saxeobebis organizmebs sxeulis wana-
zardebis (yurebi, TaTebi, kiseri, kudi) 
zomebi Semcirebuli aqvT da organizmis 
mier siTbos gacema mcirdeba, xolo 
Tbil pirobebSi mobinadre monaTesave 
saxeobebs SedarebiT didi zomis sxeulis 
wanazardebi aqvT, rac zrdis organizmis 
mier siTbos gacemas (sur. 5.42).

arqtikuli kurdReliudabnos kurdReli

sur. 5.42

sur. 5.41

dedamiwaze binadari yvela organizmis 
arsebobis aucilebeli pirobaa wyali, 
rad gan igi mniSvnelovan rols asrulebs 

ujredis yvela sasicocxlo   procesSi. 
wylis balansis SenarCuneba organizmis 
mniSvnelovani fiziologiuri  funqciaa.  

arqtikis kurdReliudabnos kurdReli
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ekologiuri TvalsazrisiT, sxva faqto-
rebTan SedarebiT, wyali xSirad aris 
SemzRudveli faqtori rogorc xmele-
Tis, ise wylis binadarTaTvis (zRvebsa 
da okeaneebSi maRali marilianobis gamo 
SeiZleba organizmma wyali dakargos). te-
nianoba dedamiwaze araTanabradaa ganawi-
lebuli. amitom xSirad wylis nakleboba 
aris organizmTa gavrcelebis SezRudvis 
mizezi. 

rogorc mcenareebs, ise cxovelebs, 
wylis mopovebisa da SenarCunebis spe-
cialuri Seguebuloba ganuviTardaT. 
udabnos mcenareebs mSral pirobebSi 
cxov rebasTan dakavSirebiT ganuviTar-
daT eklebi, qacvebi, grZeli fesvebi, 
xorcovani Reroebi da foTlebi, wyals 
ekonomiurad xarjaven (sur. 5.43). udabno-
Si mcxovreb cxovelebs SeuZliaT gaZlon 

wylis gareSe didi xnis ganmavlobaSi 
(maga liTad, aqlemi, sur. 5.44), zogi eweva 
Ramis cxovrebas (amiT Tavidan icileben 
dRis ganmavlobaSi sxeulis gadaxurebasa 
da sxeulidan wylis aorTqlebas), zogic 
kmayofildeba mxolod sakvebSi arsebuli 
da metaboluri (organuli nivTierebebis 
daJangvis Sedegad gamoyofili) wyliT. 

im mcenareebsa da cxovelebs, romle-
bic binadroben perioduli simSralis 
pirobebSi, tenianobis mkveTri Semcire-
bis dros axasiaTebT sasi cocxlo aqti-
vobis Semcireba, fiziologiuri s ve  ne bis  
mdgomareobaSi gadasvla. mSral cxel 
zafxulSi mcenareebs foTlebi scviva, 
zogjer mTlianad kvdeba misi miwiszeda 
nawilebi. zogierTi cxoveli cxel da  
mSral /gvalvian periodSi zafxulis Zils 
eZleva. 

 gaecani paragrafis teqtsa da ilustraciebze mocemul informacias abioturi 
faqtorebis Sesaxeb da monacemebi warmoadgine qvemoT mocemuli sqemis saxiT:

klimaturi faqtori
faqtoris biologiuri 

mniSvneloba

oraganizmis Seguebis magaliTi/
magaliTebi

sur. 5.44sur. 5.43
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davalebis piroba: yvelaze mcire 
zomis mRrRnelis mier dRis ganmav-
lobaSi miRebuli sakvebi 2-4-jer 
aRemateba misi sxeulis masas. vefxvi 
ki, romlis sxeulis masa 250-300 ki-
logramia, dRe-RameSi mxolod 10-12 
kg xorciT kmayofildeba. 

rogor axsni im faqts, rom mcire 
zomis cxovelebs esaWiroebaT sakve-
bis meti raodenoba? 
amocanis amosaxsnelad gamoiyene Semdegi maTematikuri modeli da gaangariSeba: 
gvaqvs 1 sm, 2 sm da 3 sm wibos sigrZis mqone sami kubi. 

 
gaakeTe maTematikuri gamoTvlebi:
 1) TiToeuli waxnagis farTobi: s

1
 = ?   s

2
 = ?   s

3
 = ? 

 2) TiToeuli kubis jamuri farTobi: s
1
 = ?   s

2
 = ?   s

3
 = ? 

 3) TiToeuli kubis moculoba: V
1
 = ?   V

2
 = ?   V

3
 = ?

 4) TiToeulis farTobis Sefardeba moculobasTan: s
1
 / V

1
 = ?    s

2
 / V

2
 = ?    s

3
 / V

3
 = ? 

warmoidgine, rom TiToeuli kubi asaxavs sxvadasxva zomis cxovelis sxeuls, gaaanalize 
maTematikuri gamoTvlebi da upasuxe amocanaSi dasmul kiTxvas. 

analizi: romeli ̀ cxovelis~ SemTxvevaSi miiRe kubis farTobisa da moculobis Tanafardo-
bis yvelaze didi mniSvneloba?

daskvna:
 1. romeli `cxovelis~ sxeuli gascems met siTbos? 
 2. ratom esaWiroeba mcire zomis cxovels meti raodenobis sakvebi?
 3. ratom aqvT civ klimatur pirobebSi mcxovreb cxovelebs sxeulis didi zoma?

problemis gadaWra maTematikuri gamoTvlebis safuZvelze

eqsperimentis aRwera: moswavles surda, gamoekvlia eleqtromagnituri gamosxivebis 
zemoqmedeba ujredebis gamravlebaze. simsivnis ganviTarebis mizezebisa da Sedegebis Sesa-
xeb masalebis gacnobis Semdeg man ivarauda, rom ujredebi, romlebic daeqvemdebareba 
gamosxivebas, SesaZloa, daziandes da dakargos gayofis kontrolis unari an, saerTod, 
gayofis unari. moswavlem daalbo 300 Tesli wyalSi (oTxi saaTis ganmavlobaSi moaTavsa 
wyalSi). dalbobis Semdeg man daasxiva 100 Tesli mikrotalRovan RumelSi 6 wT-is gan-
mavlobaSi, meore 100 Tesli _ 3 wT-is ganmavlobaSi, xolo bolo 100 Tesli man datova 
zemoqmedebis gareSe. Semdeg etapze moswavlem daTesa samasive Tesli ise, rom Seuqmna erTi 
da igive pirobebi niadagisa da wylis miwodebis mxriv. ori kviris ganmavlobaSi Teslebi 
moTavsebuli iyo 25°C-is pirobebSi. am periodis Semdeg moswavlem daiTvala gaRivebuli 
Teslebis raodenoba, anu im Teslebis raodenoba, romelTac hqondaT fesvi da foTlebi.
miRebuli monacemebi warmodgenilia monacemTa cxrilSi:

eleqtromagnituri 

gamosxiveba (6 wT)

eleqtromagnituri 

gamosxiveba (3 wT)

eleqtromagnituri 

gamosxivebis gareSe

gaRivda 23 Tesli gaRivda 67 Tesli gaRivda 89 Tesli

kvlevis angariSis momzadeba

1 sm 2 sm 3 sm
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gaecani zemoT aRweril eqsperiments, gaaanalize da teqstis gaTvaliswinebiT/gamoyenebiT 
dawere eqsperimentis angariSi, romelSic unda warmoadgino: kvlevis mizani/sakvlevi kiT-
xva, hipoTeza, damokidebuli, damoukidebeli da sakontrolo cvladebi, saWiro resursi, 
kvlevis etapebi, monacemebi, monacemebis analizi, daskvna.

kvlevis angariSis  wardgenisas xazgasmiT warmoaCine:
 • eqsperimentSi romel faqtorebzea saubari _ abioturze Tu bioturze?
 • aRwere eqsperimentSi dasaxelebuli TiToeuli ekologiuri faqtoris mniSvneloba  

Teslis aRmocenebisTvis;
 • eqsperimentis mixedviT, zogierTi Teslis CanasaxisTvis romeli faqtori iqca 

sicocxlisa Tvis SemzRudvel faqtorad?
 • romeli faqtorebi iyo Teslis aRmocenebisaTvis optimaluri?

davalebis piroba: warmoidgine, rom xar im 
samecniero eqspediciis wevri, romelic farTofoT-
lovan tyeSi ikvlevda mcenareebSi naxSirwylebis 
sinTezis intensivobis damokidebulebas nale-
qebis raodenobaze. wevrebma gamoTvales erTi 
wlis ganmavlobaSi 1m2-ze mcenareSi warmoqmnili 
naxSir wylebis raodenoba. Sen dagevala samecniero 
sabWoze warsadgenad eqspediciis kvlevis angariSis 
momzadeba da wardgena. monacemebis gaanalizebis 
gaadvilebis mizniT, Sedegebi grafikze gamosaxe.
grafikze mocemuli monacemebis mixedviT, moamza-
de kvlevis angariSi, romelSic asaxuli unda iyos 
Semdegi:
 • sakvlevi kiTxva;
 • damokidebuli da damoukidebeli cvladebi;
 • rogor icvleba naxSirwylebis produqtiuloba naleqebis matebasTan erTad? naleqebis 

ra raodenobaa optimaluri?
 • rogor gamoiyeneb kvlevis Sedegad miRebul codnas praqtikaSi?

kvlevis angariSis prezentaciisas xazgasmiT warmoaCine:

• ra komponentebisgan Sedgeba ekosistema da ra kavSiria maT Soris? 
• ra gavlenas axdens sxvadasxva abioturi  faqtori fotosinTezis procesis intensivoba-

ze? 
• rogor daadgine eqsperimentis  cvladebi, ris safuZvelze gamoitane daskvnebi? 
• rogor daukavSireb soflis meurneobas kvlevis safuZvelze miRebul codnas? 

kvlevis angariSis momzadeba
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• abioturi ekologiuri faqtorebidan didi mniSvneloba aqvs organizmebisTvis klima-

tur faqtorebs: ganaTebas, temperaturasa da tenianobas.

• TiToeul faqtorTan dakavSirebiT, sxvadasxva saxeobis organizms gamoumuSavda 

gansxvavebuli Seguebuloba, rasac didi mniSvneloba aqvs saxeobis gadarCenisTvis. 
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 ra tipis bioturi urTierTobebia erTi biocenozis organizmebs 
Soris?

5.10. ბიოტური ფაქტორები

 sasicocxlo Tvisebebi: adapta-

cia _ bioturi urTierTobebis 

formebi (neitralizmi, konkuren-

cia, simbiozi, parazitizmi);

 kvleva: monacemebis analizi, daskvna.

biocenozi sxvadasxva saxeobis popula-
ciebis meqanikuri erToblioba ki ar aris, 
aramed erTi biocenozis organizmebs So-
ris Camoyalibebulia rTuli urTierTo-
bebi da Tanacxovrebis formebi. es aris 
bioturi faqtorebis gamovlena. bioturi 

urTierTobebi (faqtorebi) mJRavndeba 
erTi biocenozis organizmebs Soris da 
mravalferovani xasiaTi aqvs. 

neitralizmi – urTierTobis ise-
Ti formaa, rodesac erT teritoriaze 
binadari sxvadasxva saxeobis individe-
bi uSualod ar moqmedeben erTmaneTze 
(urTierTobis pirobiTi aRniSvna: ` O O~). 
magaliTad, Sveli da zRarbi erTad cxov-
roben tyeSi, magram erTmaneTTan kon-
taqtSi ar Sedian, Tumca tyis abiotur 
faqtorTa cvlileba sxvadasxva xarisxiT 
axdens gavlenas oriveze (sur. 5.45). 

sur. 5.45

konkurencia – urTierTobis tipi erTi 
saxeobis an sxvadasxva saxeobis individebs 
Soris, romelTac msgavsi moTxovni lebebi 
aqvT. erT saarsebo arealSi mcxovrebi 
organizmebi xSirad ecilebian erTmaneTs 
sakvebisTvis, sinaTlisTvis, teritori-
isa da partniorisTvis, rasac konkuren-
cia  ewodeba. igi miT ufro mZafria, rac 
ufro msgavsia konkurentebis interesebi. 
ufro mZafrdeba konkurencia, Tu bio-
geo ce nozSi romelime faqtoris ukma ri -
sobaa. am SemTxvevaSi erTi saxeobis   po-

pulacia meore saxeobis populaciisgan 
ganicdis zewolas/daCagvras, rac uar-
yofiTad aisaxeba konkurenciaSi myof 
orive saxeobis populaciaze (konkuren-
tuli urTierTobis pirobiTi aRniSvna: 
`_ _~). SeiZleba, romelime saxeobis popu-
lacia biocenozidan saerTod gaqres 
da gadarCes ufro ukeTesad Seguebu-
li. maga liTad, tyeSi konkurencia erT 
mindor Si mcxovreb sxvadasxva saxeobis 
mRrRne lebs Soris, tyis mtaceblebs So-
ris da a.S. (sur. 5.46). 
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mtacebloba  – or saxeobas Soris 
urTier Tobis forma, romlis drosac 
erT-erTi maTgani meorisgan ganicdis 
uaryofiT zemoqmedebas: mtaceblebi 
anadgureben TavianT msxverpls (mtace-
bel-msxverplis urTierTobis pirobiTi 

aRniSvna: `+ _~). mtaceblebi msxverplis 
populaciis ricxovnobis bunebrivi regu-
latoris rols asruleben: mtaceblebis 
ricxovnobis gazrda iwvevs msxverplis 
populaciis Semcirebas. Tavis mxriv, 
msxver plis ricxovno bis Semcireba iwvevs 

sur. 5.46

k o n k u r e n c i a

konkurencia 
cxovelebSi _ 
sxvadasxva saxeobis 
cxovelebi  
erTmaneTs 
konkurencias 
uweven 
sakvebisTvis.

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

konkurencia 
cxovelebSi _ erTi 

saxeobis populaciis 
individebi erTmaneTs 

konkurencias 
uweven mdedrisTvis, 

teritoriisTvis, 
sakvebisTvis.
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mtaceb lebis ricxvis Semcirebas, radgan 
sakvebi aRar hyofniT. ase aregulire-
ben biocenozSi erTmaneTis raodeno-
bas.  garda amisa, mtaceblebi biocenoz-
Si sanit ris rolsac asruleben, radgan, 

pirvel rigSi, maTi msxverpli xdeba sus-
ti da daavadebuli individi. mtacebloba 
gvxvdeba rogorc xerxemlian cxoveleb-
Si, ise uxerxemloebsa da mcenareebSic ki 
(sur. 5.47).

m t a c e b l o b a

mtacebeli 
ZuZumwovari

mtacebeli 
mcenare

mtacebeli 
xoWo

sur. 5.47
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parazitizmi – saxeobaTaSorisi urTi-
erToba, romlis drosac erTi saxeoba 
meoris xarjze cxovrobs, ramdenadac  
iyenebs mas sakvebis wyarod da sacxovre-
bel adgilad. es iseTi urTierTobaa, ro-
melic erTi saxeobisaTvis _ parazitis-
Tvis _ sasargebloa, xolo meorisTvis _ 
mas pinZlisTvis _ saziano (parazit-msxver-

p lis urTierTobis pirobiTi aRniSvna: `+ 
_~). parazitebi gvxvdeba yvela samefos 
warmomadgenlebSi: bevri baqteria, soko, 
umartivesebi, Wiebi, zogierTi mcenare. 
paraziti, mtaceblisagan gansxvavebiT, ar 
klavs Tavis msxverpls – maspinZels, mas 
xangrZlivi drois ganmavlobaSi iyenebs 
(sur. 5.48).

p a r a z i t i z m i

sur. 5.48

paraziti 
yvavilovani 
mcenare abreSuma _ 
mas ar aqvs fesvi 
da foTlebi, 
samagierod 
ganviTarebuli 
aqvs misawovrebi, 
romlebiTac 
maspinZeli 
mcenarisgan iwovs 
mza organul 
nivTierebebs.cxoveluri 

organizmebisa 
da mcenareebis 

paraziti mwerebi _ 
maT ganviTarebuli 

aqvT mwuwnav-
mCxvletavi piris 

aparati, romliTac 
maspinZlisgan 

iReben mza organul 
nivTierebebs.

paraziti sokoebi _ 
abeda sokos 
miceliumi iWreba 
mcenaris ReroSi 
da ikvebeba misi 
mza organuli 
nivTierebebiT.
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simbiozi saxeobaTaSoris urTierTobis 
kidev erTi formaa, romelic SeiZleba 
iyos orive saxeobisTvis sasargeblo an 
calmxriv sasargeblo. urTierTsasargeb-
lo saxeobaTaSorisi urTierTobis (piro-
biTi aRniSvna:  `+ +~) magaliTia koJris 
baqteriebisa da parkosani mcenareebis 
urTierToba, mRierebSi wyalmcena reebisa 

da sokoebis. cxovelebSi ormxriv sa-
sargeblo urTierTobis magaliTia kibo- 
gandegilisa da nawlavRruiani cxovelis 
aqtinias Tanaarseboba (sur. 5.49). 

calmxriv sasargeblo saxeo baTaSorisi 
urTierTobaa (pirobiTi aRniSvna: `+ O~), 
rodesac erTi saxeoba meorisgan iRebs 
sargeblobas, xolo ukanasknelisTvis 

sur. 5.49

mRieri _ sokosa da 
wyalmcenaris Tanacxovreba: 

soko hifebiT iwovs wyalsa da 
mineralur marilebs da awvdis 
wyalmcenares, xolo soko mza 
organul nivTierebebs iRebs 

wyalmcenarisgan.

Ramura ikvebeba 
kaqtusis yvavilis 
neqtriT (es yvavili 
RamiT iSleba) 
da xels uwyobs 
kaqtusis jvaredin 
damtvervas.

kibo  _ gandegilisa da 
nawlavRruiani cxovelis 

aqtinias Tanaarseboba. aqtinia 
mimagrebulia im niJaraze, 

romelsac kibo-gandegili Tavs 
afarebs. igi ikvebeba kibos sakvebis 

narCenebiT, garda amisa, kibos 
daxmarebiT aqtinia gadaadgildeba 

garemoSi. Tavis mxriv, aqtinia 
garegnobiTa da sacecebiT aSinebs 

sxvadasxva cxovels da icavs  
kibo-gandegils mtrebisagan.

kibo-gandegili

aqtinia

sxvadasxva saxeobas Soris urTierTsasargeblo 
damokidebuleba



97

monacemebis analizi:

am urTierTobas mniSvneloba ar aqvs. 
magaliTad, gienebi ikvebebian msxvili 
mtaceb lebis narCenebiT, Tevzi _ loc-
mani dasdevs zvigenebs, delfinebs da 
ikvebeba maTi sakvebis narCenebiT. zog-
jer erTi saxeobis sxeuli aris meoris 
sacxovrebeli an TavSesafris/Tavdacvis 

calmxriv sasargeblo saxeobaTaSorisi 
urTierToba

sur. 5.50

orqidea xemcenareze _ orqidea 
sinaTlis moyvaruli balaxovani  

mcenarea, amitom is xemcenareebis 
Reros miemagreba da ase miiwevs 

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

polaruli mela Soridan 
uyurebs da elodeba,  
TeTri daTvi rodis 
daamTavrebs trapezs, 
rom misi monadirebuli 
msxverplis narCenebi 
miirTvas; daTvisTvis 
mniSvneloba ar aqvs, misi 
sakvebis narCenebs ra 
SeWams.

adgili. mcenare _ epifitebi saxlde-
bian xemcenareebze, romlebic maTTvis 
mimagrebis adgilis rols asruleben, 
xolo epifitebi fotosinTeziT ikvebe-
bian. epifitebs warmoadgenen xavsebi, 
mRierebi, zogierTi yvavilovani mcenare, 
mag., orqidea (sur. 5.50)

diagramaze mocemulia 
Tagvebisa (1) da melas 
populaciis (2) zomis 
cvlilebebis dinamika 
po pulaciebze dakvirve-
bis 9 wlis ganmavlobaSi. 
vertikalur RerZze _ 
populaciis zoma, hori-
zontalur RerZze _ da-
kvirvebis wlebi.

25

20

1 _ Tagvis populacia
2 _ melas populacia

1 2 3 4 5 6 7 8 9
0

15

10

5
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gaaanalize diagrama da gamoitane daskvna:
analizi: 
 • rogoria Tagvis populaciis zomis cvlilebis dinamika dakvirvebis 9 wlis ganmavloba-

Si? 
 • rogoria melas populaciis zomis cvlilebis dinamika dakvirvebis 9 wlis ganmavloba-

Si? 
daskvna: 
 • diagramis monacemidan gamomdinare, ganmarte, ra kavSiria Tagvisa da melas populaciis 

zomis cvlilebebs Soris; 
 • radgan mtacebeli klavs Tavis msxverpls, SeiZleba iTqvas, rom mtacebeli bunebas 

anadgurebs? moifiqre, aris Tu ara imis saSiSroeba, rom am mizeziT msxverplis popula-
cia mTlianad gadaSendes? pasuxi daasabuTe.  

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

bioturi urTierTobis 

forma 

TiToeuli formis mokle 

aRwera
Sesabamisi magaliTi

2. rogor, fiqrob, mtaceblebisgan gansxvavebiT, paraziti swrafad ratom ar klavs Ta-
vis maspinZels?
3. adamianis organizmSi mcxovrebi nawlavis Cxiris baqteriebi: a. Trgunaven paTologi-
uri mikroorganizmebis gavrcelebas; b.  asinTezireben adamianis organizmisTvis saWiro 
zogierT vitamins. urTierTdamokidebulebis romeli formaa: 1) adamiansa da nawlavis Cxi-
ris baqteriebs Soris? 2) adamiansa da paTologiur mikroorganizmebs Soris? 3) nawlavis 
Cxiris baqteriebsa da paTologiur mikroorganizmebs Soris? 
4.  daakvirdi suraTs: risT-
vis uweven bartyebi erTmaneTs 
konkurencias? 
5. frinvelebi ikvebebian anti-
lopas kanze arsebuli parazi-
ti mwerebiT, aseve maTi ueca-
ri afrena cxovelisaTvis 
mosalod neli saSiSroebis sig-
nalicaa. am kavSirs urTier-
Tobis ra formas miakuTvneb? 
daasabuTe Seni pasuxi. 

amrigad, biocenozSi SeimCneva organizmebs Soris mravalferovani da rTuli urTierT-

qmedeba, romelic aregulirebs populaciis ricxovnobas da gansazRvravs Tanasazoga-

doebis mdgradobas.
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 ra mniSvneloba aqvs ekosistemis saxeobaTa mravalferovnebas 
misi mdgradobisTvis?

5.11. კვებითი ჯაჭვი და კვებითი ქსელი

• ra biologiuri mniSvneloba aqvs kvebas 

organizmisTvis? 

• daasaxele kvebis tipebi da ganmarte TiToeu-

li.

• riT gansxvavdeba saprofituli kveba parazi-

tuli an mtacebluri kvebisgan?

• moiyvane saprofiti organizmebis magaliTe-

bi. axseni maTi roli bunebaSi.

 sasicocxlo Tvisebebi: kveba _ 

(kvebiTi kavSirebi biocenozSi)

kve biTi jaWvi, kvebiTi rgolebi, 

kvebiTi qseli;

 biomravalferovneba: saxeobaTa mraval-

ferovneba da ekosistemis mdgradoba;

 kvleva: biologiuri sistemis modeli _ 

ekosistemis modeli.

bunebaSi yvela organizmi Sedis ro-
melime TanasazogadoebaSi/biocenozSi. 
biocenozis Semadgenloba ganpirobebu-
lia gansazRvruli abioturi da bioturi 
faqtorebis erTobliobiT. Tanasazoga-
doebis organizmebs Soris kavSirs uzrun-
velyofs kveba, Tavdacva, gamravleba. 

ekosistemaSi sxvadasxva organizmis 
urTierTobis yvelaze naTeli magaliTia 
kvebiTi urTierToba. kvebis dros erTi 
organizmi meore organizmisgan sakve-
bis saxiT iRebs energias da saSen masa-
las. erTi organizmi Wams meores, magram 
SeiZ leba TviTon gaxdes mesame saxeobis 
msxverp li. ekosistemaSi sxvadasxva orga-
nizms Soris kvebiTi kavSirebi SeiZleba 
iyos naCvenebi kvebiTi jaWvis saSualebiT, 
rogorc qvemoTaa mocemuli (sur. 5.51). 
kvebiTi jaWvi gviCvenebs ra ras Wams ama 
Tu im ekosistemaSi. 

yvela biocenozs msgavsi struqtu-
ra aqvs. maT safuZvels warmoadgens 
mcenareuli Tanasazogadoeba – produ-
centebi (mwarmoebeli), romelic foto-
sinTezis procesSi warmoqmnis organul 
nivTierebebs. biocenozis sxva nawils 
warmoadgens konsumentebi (momxmarebeli) 
– heterotrofi organizmebi, romlebic 
mza organul nivTierebebs da maTSi 
dagrovil energias moixmaren. I rigis kon-
sumentebi moixmaren mcenaris organul 
nivTierebebs (mcenareWamia cxovelebi), 
II da III rigis konsumentebi cxoveliWamia 

mzis energia

producenti I rigis konsumenti
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II rigis konsumenti

organuli 
nivTierebebisa da 
masSi dagrovebuli 
energiis moZraobis 
mimarTuleba

sur. 5.51
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cxovelebia. reducentebi – saprofiti 
mikroorganizmebi, sokoebi, romlebic 
organul narCenebs Slian da minerali-
zacias axdenen, producentebi ki kvlav 
organul nivTierebebad gardaqmnian. ami-
tom reducentebi umniSvnelovanes rols 
asruleben bunebaSi nivTierebaTa mimoq-
cevaSi. amrigad, ekologiur sistemebSi 
yvela mravalferovani organizmi kve-
bis mixedviT SeiZleba davajgufoT sam 
funqcionalur jgufad: producentebi, 

konsu mentebi da reducentebi (sur. 5.52). 
kurdReli balaxismWamelia, magram 

mxo lod igi rodi Wams balaxs. bevri sxva 
organizmic balaxiT ikvebeba. kurdRe-
li ki meliis msxverpli xdeba, Tumca mas 
sxva mtaceblebic moinadireben, meliac 
SeiZleba msxverpli gaxdes. ase iqmne-
ba kvebiTi qseli. bunebaSi kvebiT qsels 
urTierTdamokidebuli da dakavSirebu-
li rTuli kvebiTi jaWvebi qmnian (sur. 
5.53).

producentebi

reducentebi

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

I rigis 
konsumentebi

II da III rigis 
konsumentebi

sur. 5.52

sur. 5.53
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ekosistema rac ufro saxeobrivad 
mravalferovania, miT ufro rTuli kve-
biTi qselebi iqmneba da ekosistemac 
mdgradia. Tu raRac mizeziT kvebiTi 
jaWvis qveda kvebiTi donis saxeoba qre-
ba, maSin zeda rgolis saxeobebi sxva 
sakvebis gamoyenebas iwyeben.

saxeobis masobrivi gamravleba eko-
sis temaSi pirdapiri da ukukavSirebiT 
regu lirdeba. rodesac mkveTrad iz-
rdeba mcenareulobis raodenoba, iz-
rdeba balaxismWamelTa ricxvic, Sesa-
bamisad, mtaceblebs eqneba meti sakvebi 
da maTi gamravlebis intensivoba gaiz-

rdeba. e.i. rac ufro metia wels msxver-
plTa ricxvi, miT me ti iqneba momaval 
wels mtacebelTa ricxvi. es TavisTavad 
gamoiwvevs msxver p lis ricxvis Sem-
cirebas, mtacebelTa gamravlebis in-
tensivobis Semcirebas da mta ce beli 
– msxverplis raodenoba sawyis  mdgo-
mareobas daubrundeba. amis magaliTia 
kurdRlebisa da mglis populaciebs 
Soris damokidebuleba (sur. 5.54). 
 diagramaze mocemulia kurdRlebisa da 
mglis populaciis zomis cvlilebebis 
dina mika populaciebze dakvirvebis 
mravali wlis ganmavlobaSi. 

1. suraT 5.51-ze mocemuli kvebiTi jaWvis mixedviT aRwere kvebiT rgolebSi organuli 
nivTierebebisa da masSi dagrovebuli energiis moZraobis mimarTuleba. 
2. ra sxvaoba arsebobs kvebiT jaWvsa da kvebiT qsels Soris? 
3. Seiswavle suraT 5.53-ze mocemuli kvebiTi qselis Semadgeneli kvebiTi rgolebi da 
upasuxe kiTxvebs: 1) daasaxele organizmebi, romlebic erTmaneTs uweven konkurencias 
da miuTiTe Sesabamisi konkurenciis obieqti _ sakvebi; 2) daasaxele organizmi, romelic  
SeiZleba erTdroulad II rigis konsumentic iyos da msxverplic; 3) daasaxele II rigis kon-
sumentebi; 4) daasaxele III rigis konsumentebi; 5) ra gavlenas moaxdens am ekosistemidan 
I rigis konsumentebis amovardna? 6) mRrRnelebis populaciis mniSvnelovani Semcireba 
romel kvebiT rgolze moaxdens gavlenas? 7) Seqmeni 4-rgoliani kvebiTi jaWvi.
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4. aq warmodgenili TiToeuli jaWvisTvis imsjele, ra moxdeba ekosistemaSi, Tu  amovar-
deba yvela mtacebeli da kvebiTi jaWvi damokldeba?
5. axseni, urTierToba _ `mtacebeli _ msxverpli~ da `paraziti _ maspinZeli~ _ rogor 
ganapirobebs ekosistemis mdgradobas

davalebis piroba:  mTel msoflioSia cnobili britaneli moyvaruli mebaRis, profesiiT 
inJinris, devid latimeris „saocari baRi“. man 1960 wels gadawyvita, rom Seeqmna baRi boT-
lSi. misi „baRis“ originaloba gamoixateba imaSi, rom misi boTli hermetulad iyo daxu-
ruli da arasodes ar ixsneboda. amboben, rom misma baRma 40 welze meti iarseba.  

      

internetSi Cawere saZiebo sityva „miniatiuruli ekosistema“, moZiebuli infromaciisa 
da qvemoT aRwerili proceduris gamoyenebiT Senc cade boTlSi/minis qilaSi xmeleTis/
wylis sakuTari miniatiuruli ekosistemis modelis Seqmna. 15 dRis ganmavlobaSi 2-3 dRis 
intervaliT awarmoe dakvirveba ekosistemis modelze, gadauRe suraTebi  da dakvirve-
bis Sedegebi aRwere dakvirvebis dRiurSi. 15 dRis Semdeg Seni miniatiuruli ekosistemis 
mode li da dakvirvebis Sedegebi waradgine klasis winaSe (ix. danarTi 5). 

procedura: 
• Seni miniatiuruli ekosistemisTvis (survilis mixedviT  xmeleTis an wylis) SearCie kon-

teineri _ gamWvirvale boTli an qila).

ekosistemis modelis Seqmna
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• SearCie mcenareebi, mcire zomis  cxovelebi, romlebsac moaTavseb SerCeul konteinerSi 
(Seni saboloo arCevani cocxali organizmebis Sesaxeb SeaTanxme maswavlebelTan;

• rodesac daamTavreb konteinerSi ekosistemis komponentebis (bioturi da abioturi)  
moTavsebas, igi hermetulad daxure, ris Semdegac aRar geqneba misi gaxsnisa da raimes 
damatebis saSualeba;

• konteinerze gaakeTe patara baraTi, sadac miuTiTeb Seni ekosistemis komponentebs da 
hermetulad daxurvis dros: ricxvs, Tvesa da wels;  

• Seni ekosistemis konteineri moaTavse fanjris rafaze ise, rom mas mzis pirdapiri sxive-
bi ar xvdebodes;

• gamoTqvi varaudi/hipoTeza, rogor ganviTardeba Seni ekosistema;
• awarmoe  dakvirveba 2-3 kviris ganmavlobaSi yoveli 3 dRis intervaliT da masSi SemCneu-

li cvlilebebis Sesaxeb monacemebi aRricxe, gadauRe fotoebi.

miniatiuruli ekosistemis modelis prezentaciisas xazgasmiT warmoaCine:
• ra komponentebisgan (bioturi, abioturi) Sedgeba Seni ekosistemis modeli? 
• ra funqcias asrulebs Seni ekosistemis modelis TiToeuli komponenti? 
• ra mniSvneloba aqvs ekosistemis mdgradobisTvis saxeobaTa mravalferovnebas? 
• dakvirvebis  dReebis ganmavlobaSi ra  cvlilebebi SeamCnie da ra aris am cvlilebebis 

mizezebi? ramdenad mdgradi iyo Seni ekosistema da ratom? 
• ra tipis SezRudvebi axasiaTebs Seni ekosistemis models? 
• ekosistemis modelze dakvirvebis Sedegebis mixedviT gamotanil daskvnas rogor daukav-

Sireb garemos dacviTi RonisZiebebis mniSvnelobas?

analizi da daskvna:
• dakvirvebis Sedegebi Seadare Sens hipoTezas; 
• axseni SemCneuli cvlilebebis mizezebi; 
• Sen mier Seqmnil ekosistemas CaTvli Tu ara mdgrad ekosistemad? ramdenad kargad 

urTier Tobdnen mcenareebi da cxovelebi, SeinarCunes Tu ara maT sicocxle? 
• rogor Secvlidi Sens ekosistemas, Tavidan rom qmnide? ratom?

SeniSvna: dakvirvebis damTavrebis Semdeg cocxali organizmebi bunebaSi daabrune.

• kvebiTi jaWvebi urTierTkavSiris safuZvelia cocxal bunebaSi, magram igi ar aris 

organizmebs Soris urTierTobis erTaderTi saxe; 

• erTi saxeoba SeiZleba monawileobdes meoris gavrcelebaSi, gamravlebaSi, gansaxleba-

Si, Seqmnas misi sicocxlisaTvis aucilebeli pirobebi; 

• cocxali organizmebis erTmaneTTan da garemo pirobebTan mravalferovani urTierTo-

bebi uzrunvelyofs mdgradi, TviTmaregulirebeli ekosistemis arsebobas.
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 ra gavlenas axdens adamiani Tavisi saqmianobiT ekosistemaze?

5.12. ანთროპოგენური ფაქტორი

 janmrTeloba da daavadeba: 

saxeobaTa mravalferovneba da 

adamianis janmrTeloba; 

 biomravalferovneba: saxeobaTa mraval-

ferovneba da ekosistemis mdgradoba;

 kvleva: adamianis gavlena bunebaze, 

saqmia nobis sfero: bunebis dacva, seleq-

cia, soflis meurneoba.

bunebrivi garemos cvlileba xSirad 
adamianis zemoqmedebiTaa gamowveuli. am 
cvlilebebis Sedegebi SeiZleba Seuqceva-
di iyos. Cven, adamianebi, viyenebT da 
vcvliT bunebriv ekosistemebs agraru-
li, tyis gaCexvis, garTobisa da dasvene_
bis, industriuli miznebiT. vabinZurebT 
haers, wyalsa da niadags, varRvevT niv-
TierebaTa wrebrunvas, araekonomiurad 
viyenebT bunebriv resursebs, xels vuw-
yobT saxeobaTa gadaSenebas da safr -
Txis winaSe vayenebT biomravalferovne-
bas. rac mTavaria, garemoze Cveni mavne 
zemoqmedeba yvelaze dramatulad Tvi-
Ton adamianebis janmrTelobaze aisaxeba. 
globalu ri daTboba, ozonis Sris Sem-
cireba da tyis safaris ganadgureba im 
problemebis mxolod nawilia, romelTa 
pirispirac dedamiwa da kacobrioba ukve 

100 welze metia dgas. ganvixiloT zogi-
erTi movlena, romelic adamianis saqmia-
nobasa da civilizaciis progress mohyva.

ra abinZurebs atmosferos? mavne niv-
Tierebebi atmosferoSi sxvadasxva gziT 
aRwevs. qvanaxSiris, navTobis, benzinisa 
da sxv. gamoyeneba haeris dabinZurebis 
udidesi wyaroa. gamonabolqvi Seicavs 
Wvartlis myar nawilakebsa da airebs _ 
naxSirorJangs, naxSirJangs, azotisa da 
gogirdis oqsidebsa da gogirdwyalbads. 
isini warmoqmnian kvamlis saburvels – 
smogs, romelic amJamad mravali didi qa-
laqis Tavze mudmivad aris Camowolili 
(sur.5.55). gamonabolqvi pirdapir zemoq-
medebs organizmebze. iwvevs iseT daavade-
bebs, rogorebicaa sasunTqi gzebis sim-
sivne, alergiuli daavadebebi (bronquli 
asTma, WinWris cieba sxv.). gansakuTrebiT 
sagangaSoa atmosferos dabinZureba go-
girdovani airiT, rac mJava wvimebis ga-
Cenas uwyobs xels. mJava wvimebi tbebs, 
mdinareebs usicocxlo wyalsatevebad 
gardaqmnis, anadgurebs mcenareTa da 
cxo velTa Tanasazogadoebebs (sur.5.56). 
haeris nakadiT damabinZurebeli nivTiere-
bebi vrceldeba mTel dedamiwaze da 
safr Txes uqmnis adamianTa janmrTelobas 
da yvela qveynis bunebriv resursebs. 

sur. 5.55 sur. 5.56
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dedamiwaze SemoWrili mzis energiis 
nawili airekleba misi zedapiridan. nax-
SirorJangis koncentraciis zrda haerSi 
abrkolebs areklili infrawiTeli ener-

giis atmosferos gareT gafantvas da 
xels uwyobs dedamiwaze Warbi raodeno-
biT siTbos dagrovebas, saSualo wliu-
ri temperaturis matebas. am movlenas, 
romelsac globaluri daTbobis saxeliT 
moixsenieben, mravali uaryofiTi Sedegi 
mosdevs. globalurma daTbobam SesaZloa 
gamoiwvios arqtikuli yinulis swrafi 
dnoba, qariSxlebi, wyaldidobebi, gvalva, 
msoflio okeanis donis mateba da dasax-
lebuli sanapiro zolis didi farTobis 
datborva (sur. 5.57.). magaliTad, zRvis 
donis 1 m-iT aweva did saSiSroebas uqm-
nis amerikis, indoeTis, CineTis da sxva 
qveynebis sanapiro qalaqebs.

adamianis saqmianobis kidev erTi Sede-
gi, xSirad niadagisa da wylis dabinZure-
baa. pesticidebi*, sayofacxovrebo nagavi, 
sawarmoo da atomuri sadgurebis narCene-
bi, maT Soris, radioaqtiuri nivTierebe-
bi, saRebavebi da sarecxi saSualebebi, 
toqsikuria (sur.5.58). isini abinZure-
ben wyalsa da niadags. wyalsa da niadags 
haerSi gaSvebuli toqsikuri nivTiere-
bebic abinZurebs. wvimebs Camoaqvs mavne 

sur. 5.57

sur. 5.58
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nivTierebebi, romlebic niadagSi, mdina-
reebsa da tbebSi Caedineba. es sazianoa 
rogorc adamianisTvis, aseve, zRvisa da 
okeaneebis organizmebisTvis. zRvebisa da 
okeaneebisTvis udides problemas qmnis 
navTobmzidi tankerebidan navTobis ga-
Jonva da maTi katastrofebi. am mizeziT 
uamravi Tevzi, zRvis frinveli da sxva 
organizmi iRupeba, nadgurdeba mimdebare 
Waobisa da Senakadebis ekosistemebic 
(sur.5.59). 

1992 wels gaerTianebuli erebis orga-
nizaciis egidiT rio-de-JaneiroSi Catar-
da konferencia `garemo da ganviTareba~, 
sadac pirvelad civilizaciis istoriaSi 
ganixiles adamianTa sameurneo moRvaweo-
bis Sedegebi Cvens planetaze. iTqva, rom 
planeta moicva globalurma ekologi-
urma krizisma, romelic aucileblad 
saWi roebs problemebis gadawyvetis gze-
bis Ziebas. dRes qveynebis umravlesoba 
aqtiu rad cdilobs ekologiuri proble-

mebis mogvarebas. 
biosferos SenarCunebisTvis aucile-

belia: 
• bunebrivi resursebis gonivruli ga-

moyeneba da misi dacva; 
• unarCeno teqnologiebze gadasvla; 
• energiis alternatiuli wyaroebis 

(mzis, wylis, qaris energiis) gamoyeneba; 
• nakrZalebis, daculi teritoriebis, 

erovnuli parkebis, aRkveTilebis Seqmna. 

SearCie qvemoT CamoTvlili ekologiuri problemebidan erT-erTi, gamoiyene saxelmZRva-
neloSi mocemuli teqsti da suraTebi, damatebiT moipove saWiro informacia da monace-
mebi warmoadgine sqemis saxiT. 
ekologiuri problemebis CamonaTvali: 1. haeris dabinZureba, 2. niadagis dabinZureba,  
3. wylis dabinZureba, 4. globaluri daTboba, 5. tyis masivebis Semcireba.

ekologiuri 

problema

gamomwvevi 

mizezebi

mosalodneli 

Sedegebi

problemis gadaWris 

gzebi

sqemis prezentaciisas xazgasmiT warmoaCine:
• ra gavlenas axdens adamianis saqmianoba biomravalferovnebasa da ekosistemebze? 
• rogor uwyobs xels garemos dacviTi RonisZiebebi biomravalferovnebis SenarCunebas? 
• ra kavSiria ekologiur problemasa da sxvadasxva daavadebis ganviTarebas Soris? 
• ra mniSvneloba aqvs garemos dacviT RonisZiebebs adamianis janmrTelobisTvis? 

mopovebuli informaciis organizeba sqemaSi 

sur. 5.59

adamiani memkvidreobisa da cvalebadobis Sesaxeb codnas mravali mimarTulebiT iyenebs. 
memkvidreobiTobis  marTvam xeli Seuwyo seleqciis ganviTarebas: adamians saSualebas 
aZlevs miiRos cxovelTa maRalproduqtiuli da uxvmosavliani mcenareebis jiSebi.
magaliTad, seleqciisa da ekologiuri ganaTlebis safuZvelze miRebulia maRalproduqti-
uli, swrafmzardi, maRali sagemovno Tvisebebis mqone Tevzebis jiSebi. Tevzebis xelovnu-
rad gamravlebisTvis wyalsatevebSi, bioturi kavSirebis gaTvaliswinebiT, qmnian pirobebs 
TevzebisTvis saWiro sakvebi organizmebis gamravlebisTvis. tyis xelovnurad gaSenebisas 
iTvaliswineben mcenareebis damokidebulebas niadagTan, wyalTan, mavneblebTan da a. S. 
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XX saukunis 60-ian wlebSi kanadeli monadireebi ambobdnen, rom mglebis saSineli xrove-
bi aTasobiT karibus (CrdiloeTis iremi) anadgureben, ramac maTi gadaSeneba SeiZleba ga-
moiwvios. amitom sazogadoeba moiTxovda tyeSi mglis ganadgurebas. kanadeli biologi, 
farli moueti daiqirava kanadis gareuli cxovelebis dacvis samsaxurma: mas unda ga-
moekvlia mglebi, rom qveyanaSi mglis populaciis mzardi problemis gadawyveta moxerxe-
buliyo.

farli mouetma Tavisi erTwliani eqspediciis Sesaxeb dawera „nu iyvireb: mgeli, mge-
li!“ (wignis mixedviT 1983 wels filmic gadaiRes; es wigni qarTuladac aris naTargmni). 
ukanasknel wlebSi msoflioSi gamovida mravali wigni, miZRvnili garemos dacvisa da ga-
reul cxovelTa ganadgurebisgan gadarCenis sakiTxebisadmi. farli mouetis nawarmoebebi 
erT-erTi yvelaze Tavgamodebuli da mgznebare mowodebaa maT Soris. 

es wigni metia, vidre ubralod saTavgadasavlo istoria. is gasaocari samecniero aRmo-
Cenis angariSs warmoadgnes. mas mouxda CrdiloeTi kanadis civ tundraSi Tavis gadarCenis 
swavla, roca man banaki gaSala mglebTan siaxloves. wignSi xatovnadaa aRwerili avtoris 
cxovreba mglebis ojaxis gverdiT da maTze mecnieruli dakvirvebis dros Tavs gadaxdeni-
li ambebi. mouetis eqspediciis aRmoCena: sastiki mkvlelebis nacvlad, mouetma aRmoaCina, 
rom mglebi wynari, daxvewili monadireebi  da TavianTi patarebis Tavganwiruli damcvele-
bi arian. mouetma uaryo idea, rom karibus populaciis Semcirebas mglebi iwveven. man aCve-
na, rom mglebis populacia zafxulis Tbili Tveebis ganmavlobaSi, roca Tagvebis popu-
laciis raodenoba mkveTrad izrdeba, TiTqmis mTlianad TagvebiT ikvebeba. 

mouetis gmirulma Zalisxmevam, rom gamoevlina mglebis bunebaSi dRemde ucnobi qceve-
bi, saerTaSoriso yuradReba miaqcia mglebisken, romlebic CrdiloeT amerikaSi da sxva 
adgilebSic gadaSenebamde mividnen. cnobili faqtia, rom kanadis zogierT raionSi, mglis 
suladobis sruli mospobis gamo, irmebSi ifeTqa epidemiam da maTi ricxvi sagrZnob lad 
Semcirda. 

gaecani zemoT mocemul teqsts da upasuxe  kiTxvebs:
 • mouetis eqspedicia kanadis ra ekologiuri problemis gadaWras isaxavda miznad?  
 • moueti Tavis wignSi bioturi urTierTobis romel formas aRwers?
 • rogor asabuTebs, rom irmebis Semcireba mglebiT ar iyo gamowveuli?
 • ra cvlilebas gamoiwvevda ekosistemaSi, Tu mglebi zafxulSi TagvebiT ar gamoikvebebod-

nen?
 • ra Sedegi gamoiRo kanadis zogierT raionSi mglebis srulma mospobam? axseni, ratom?
 • Seafase, rogor SeiZleba iseTi wignebisa da filmebis gamoyeneba, rogoricaa „nu iyvi-

reb: mgeli, mgeli!“ adamianebs romelime obieqtze, movlenaze mosazrebis/Sexedulebis 
Sesacvlelad?   

 •Sen ra aqtivoba/RonisZieba migaCnia mniSvnelovnad sazogadoebis ekologiur problemeb-
ze yuradRebis misaqcevad? 

rekomendacia: sasurveli iqneba, TviTon waikiTxo es wigni, da/an uyuro films.

teqstis gaazrebuli kiTxva:

1. smogma, mJave wvimebma ra gavlena SeiZleba moaxdinos: 1) fotosinTezze, 2) ekosiste-
maze?
2. ratomaa saSiSi niadagSi didi raodenobiT azotovani sasuqebis Setana? rogor xvdeba 
azoti adamianis organizmSi? Seqmeni sqema, romelic asaxavs am gzas.
3. ratomaa arasasurveli (saSiSic ki) sokoebis Segroveba im tyis zolSi, romelic 
saavtomobilo gzis pirasaa? 
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davalebis piroba: 
SearCie Seni regionisaTvis/lokaluri garemosTvis damaxasiaTebeli romelime konkretu-
li anTropogenuri faqtori da gamoikvlie misi gavlena garemoze. am mizniT: 
 • adgilobrivi mosaxleobisgan SearCie asakovani adamianebi respondentebad da 

gamoikiT xe, Tu ra Seicvala lokalur garemoSi ukanaskneli 15-20 wlis ganmavlobaSi 
(ix. danarTi 2);

 • Seagrove bunebis amsaxveli Zveli fotoebi, videomasala, gadaiRe fotoebi da/an 
videoe bi garemos dRevandeli mdgomareobis Sesaxeb;

 • moamzade angariSis eleqtronuli versia, daurTe Sen mier mopovebuli da gadaRebuli 
foto da videomasala da waradgine klasis winaSe.

angariSis prezentaciisas xazgasmiT warmoaCine:
 • mopovebuli informaciis analizis safuZvelze ra tipis ekologiuri problema gamov-

linda da ra aris misi gamomwvevi mizezi/mizezebi? 
 • savaraudod, ra Sedegebia mosalodneli am problemis mougvareblobis SemTxvevaSi?
 • problemis gadaWris gzebis SemoTavazeba.
 • rogoria garemos dacvis RonisZiebebis mniSvneloba saxeobrivi mravalferovnebis 

Senar Cunebasa da mdgradi ganviTarebisaTvis? 

anTropogenuri faqtoris garemoze zemoqmedebis kvleva

• adamiani Tavisi saqmianobiT, xSirad, gamousworebel uaryofiT gavlenas axdens eko-

sistemaze;

• dabinZurebuli garemo arRvevs ekosistemas, amcirebs mis biomravalferovnebas;

• dabinZurebuli garemo da biomravalferovnebis Semcireba uaryofiT gavlenas axdens 

adamianis janmrTelobaze;

• adamianebi yovelTvis zians ar ayeneben garemos _ sul ufro izrdeba bunebis 

damcvelebis ricxvi, romlebic cdiloben daabalanson adamianis moTxovnileba da 

biomravalferovnebis SenarCunebisaTvis aucilebeli bunebrivi pirobebi. 
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evoluciuri moZRvreba warmoadgens Teorias dedamiwaze sicocxlis 
ganviTarebis kanonzomierebebis Sesaxeb. igi gvaZlevs saSualebas, davi-
naxoT organuli samyaros erTianoba da avxsnaT misi gansacvifrebeli 
mravalferovnebis mizezebi, aRmovaCinoT istoriuli kavSirebi sicoc-
xlis sxvadasxva formas Soris da ganvsazRvroT maTi ganviTareba mo-
mavalSi. evoluciuri moZRvreba ganazogadebs mravali mecnierebis (pa-
leontologiis, ekologiis, molekuluri biologiis, genetikis da sxv.) 
mier dagrovebul faqtebs da am codnis praqtikaSi gamoyenebis saSuale-
bas iZleva. mecnierebam uamravi faqti daagrova imis dasamtkiceblad, 
rom Tanamedrove saxeobebi, xangrZlivi istoriuli ganviTarebis pro-
cesSi, odesRac arsebuli cocxali organizmebisgan warmoiqmna. 

Temis Seswavlis procesSi mogiwevs iseT sakvanZo kiTxvaze pasuxis 
gacema, rogoricaa: ra mniSvneloba aqvs organizmebis memkvidreobiTo-
basa da cvalebadobas evoluciis TvalsazrisiT?

evoluciis safuZvlebi
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 ris mixedviT msjeloben mecnierebi cocxali samyaros 

 cvalebadobis Sesaxeb?

5.13. ცოცხალი სამყარო ცვალებადია

• sasicocxlo Tvisebebi: cva-

lebadoba (cocxali samyaros 

cva lebadoba da misi damamtkice-

beli sabuTebi); 

• kvleva: monacemebis analizi, daskvna, 

modeli; mecnierebis dargi _ paleonto-

logia. 

dedamiwaze cocxali samyaro metad 
mravalferovania. sainteresoa, aseTi 
iyo is yovelTvis Tu arsebobdnen iseTi 
cocxa li organizmebi, romlebic dRes 
aRar arian? am kiTxvaze albaT nebis-
mier moswavles gaaxsendeba giganturi 
qvewarmavlebi, romlebic erT dros sax-
lobdnen dedamiwaze, dRes ki gadaSene-
buli ari an. maT Sesaxeb bevri wigni 
daweri la da filmic gadaRebula. magram 
ras efuZneba wignebi da filmis scenari, 
saidan viciT, rom giganturi qvewarmav-
lebi namdvilad saxlobdnen dedamiwaze?

maTi arsebobis damamtkicebeli sabu-
Tebis nawili miwis siRrmeSia moZiebuli, 
zogierTi ki isev iq imyofeba da elode-
ba paleontologebs – mecnierebs, rom-
lebic swavloben dedamiwis Soreul war-
sulSi mcxovreb organizmebs: ikvle ven 

sur. 5.60 sur. 5.61

organizmebis  namarx naSTebs. ganamar-
xebuli organizmebis mixedviT, paleon-
tologebi varaudoben, Tu rogori iyo 
dedamiwis warsulSi mcxovreb arsebaTa 
agebuleba. 

rogor iqmneba namarxi? rodesac or-
ganizmi kvdeba, mas TandaTanobiT faravs 
mtveri, qviSa da talaxi. iq arsebuli mine-
ralebi droTa ganmavlobaSi avsebs orga-
nizmis qsovilebs da imdenad amyarebs maT, 
rom isini milionobiT weli inaxeba miwis 
qveS. ZiriTadad, inaxeba Zvlebi, radgan 
Zvlovani qsovili isedac mtkicea sxva 
qsovilebTan SedarebiT. xandaxan paleon-
tologebi metad uCveulo da uaRresad 
saintereso namarxebsac awydebian. suraT 
5.60-ze Cans ori giganturi qvewarmavlis 
ConCxi. erTis brWyali meoris sxeul-
Sia Casuli: savaraudod, es ori cxove-
li erTmaneTs ebrZoda, rodesac uecarma 
katastrofam mouswro. paleontologebi 
fiqroben, rom isini swrafad CamoSlilma 
qviSis mTam Caitana.

SeiZleba Teslebi, sporebi, organizmis 
sxeuli gauxrwnelad iyos Senaxuli qar-
vaSi (sur.5.61 _ mweri qarvaSi), torfis 
WaobSi. qarvaSi, torfis WaobSi dacul 
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naSTebs kidev ufro meti informaciis 
mocema SeuZlia, radgan, xSir SemTxveva-
Si, daculia didi raodenobiT rbili qso-
vili. aq saqmeSi genetikosebi erTvebian. 
isini qsovilidan gamoyofen nukleinis 
mJavebs da swavloben am organizmis ge-
netikur Taviseburebebs, riTac avlenen 
naTesaur kavSirebs Tanamedrove orga-
nizmebsa da maT Soreul winaprebs Soris. 
namarxi forma qanebze anabeWdis saxiTac 
aris napovni (sur. 5.62).

paleontologiuri kvleva ar gulis-
xmobs mxolod namarxi formebis moZieba-

sur. 5.62

sur. 5.63

dinozavris nakvalevis anabeWdi uxerxemlo cxovelis anabeWdi

xerxemliani cxovelis anabeWdi foTlis anabeWdi

sa da daTvalierebas. paleontologebis 
Sroma gacilebiT ufro rTulia. isini 
iSviaTad aRmoaCenen xolme srulad da-
cul ganamarxebul ConCxs. ufro xSirad 
pouloben gabneul nawilebs, romelTa 
gamoyenebiT aRadgenen mTel ConCxs – 
moaxdenen ConCxis rekonstruqcias (sur. 
5.63). magram saqme amiT ar mTavrdeba _ 
mecnierebma ConCxis mixedviT unda moax-
dinon cxovelis mTeli sxeulis rekon-
struqciac. rekonstruqciuli sxeulis 
mixedviT mecnierebi varaudoben, rogor 
gamoiyureboda es organizmi, rogori 
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iyo misi cxovrebis niri, adareben mas 
Tanamedrove organizmebs da msjeloben 
cocxali samyaros istoriul ganviTare-
baze, varaudoben cocxali organizmebis 

warsuli formebisgan axali organizmebis 
Camoyalibebas. namarxis asaks ki adgenen im 
qanis asakis mixedviT, romelSic ipoves es 
forma.

kvleva 1
saWiro masala: TabaSiri, wyali, muyaos firfitebi.
procedura: 
1. wyalSi mozile TabaSiri, Txel fenad dade muyaos firfitaze;
2. ojaxis sxvadasxva asakis wevrisgan (mcirewlovanisa da zrdasruli adamianis) aiRe cera 
da neka TiTebis anabeWdebi; amisTvis TiTebis baliSi TanmimdevrobiT daaWire TabaSirs da 
swrafad moacile;
3. namuSevari miitane skolaSi; mcire jgufSi CaatareT paleontologiuri kvleva: erTmane-
Tis mier motanil anabeWdebze amoicaniT cerisa da nekis anabeWdi, anabeWdis `patronis~ 
asaki.
rekomendacia: jobs, gqondes TabaSiris cal-calke nimuSi TiToeuli asakobrivi jgufis-
Tvis; TabaSiri swrafad magrdeba da es procedura swrafad unda Seasrulo.

kvleva 2 
daakvirdi paleontologis mier aRmoCenil adamianis ConCxis naSTebs. Seadare isini adamia-
nis ConCxs (skolaSi arsebul ConCxis models, an/da plakats, saxelmZRvaneloSi mocemul 
suraTs) da daadgine, romeli Zvlebi aRmoaCina paleontologma.  

kvleva 3
Seecade, am ganamarxebuli ConCxis rekonstruqciis mixedviT imsjelo cxovelis cxovrebis 
nirze, kerZod, kvebis rogori tipi iyo misTvis damaxasiaTebeli. daasabuTe Seni pasuxi. 

kvleva 4
mecnierebi varaudoben, rom Tanamedrove frinvelebis Soreuli winapari iyo qvewarmavlebis 
warmomadgeneli. es mosazreba eyrdnoba im faqts, rom arqeopteriqsSi (pirvelfrinveli) 
aRmoaCines qvewarmavlebisa da frinvelebisaTvis damaxasiaTebeli niSnebi. daakvirdi suraTs 
da rveulSi amoiwere arqeopteriqsisaTvis damaxasiaTebeli qvewarmavlisa da frinvelis niS-
nebi.

paleontologis samuSao

arqeopteriqsis  
anabeWdi
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 ra mniSvneloba aqvs memkvidrul cvalebadobas seleqciisa da 
evoluciis procesSi?

5.14. დარვინის ევოლუციური მოძღვრება

• sasicocxlo Tvisebebi: mem-

kvidruli cvalebadoba da misi 

evoluciuri mniSvneloba; 

• biomravalferovneba: xelovnuri gadar-

Ce va, jiSi, seleqcia, saxeoba, populacia, 

bu nebrivi gadarCeva, arsebobisaTvis brZo-

la

• kvleva: monacemebis analizi, daskvna, hipo-

Teza.

amgvarad, paleontologiuri masala 
gviCvenebs, rom cocxali samyaro cvale-
badia _ cocxali organizmebi ganicdidnen 
cvlilebebs da ganviTarebas dedamiwis 
istoriis ganmavlobaSi. namarxi naSTebis 
kvleva mecnierebs uCvenebs, rom saarsebo 
pirobebis cvlilebis Sesabamisad, zogi-
erTi saxeoba gadaSendeboda, warmoiqmne-
boda axali Seguebulobebi da saxeobebi, 

TandaTan rTuldeboda organizmTa orga-
nizaciis done, anu mimdinareobda evolu-
cia. 

biologiuri evolucia aris cocxali 
bunebis Seuqcevadi da mimarTuli isto-
riuli ganviTareba, romelsac Tan axlavs 
populaciis genetikuri Sedgenilobis 
cvlileba, Seguebulobebis Camoyalibeba, 
axal saxeobaTa warmoqmna da sxvadasxva 
saxeobis gadaSeneba, biocenozebisa da 
mTlianad biosferos gardaqmna. pirve-
li evoluciuri Teoria Seqmna frangma 
biologma Jan batist lamarkma. ganamar-
xebuli formebis Seswavlaze dayrdno-
biT, lamarkma XVIII saukuneSi ivarauda, 
rom dedamiwaze arsebuli cocxali orga-
nizmebi warmoiSvnen maTi msgavsi winapari 
organizmebisagan. ingliselma mecnierma 
Carlz darvinma XIX saukuneSi ganavrco 

lamarkis evoluciuri idea.
Carlz darvinma gem `big-

liT~ dedamiwis garSemo 
mog zaurobis (1831-1836 ww.) 
Sedegad bevri monacemi Seag-
rova organizmTa cvaleba-
dobis Sesaxeb. mogrovebul-
ma faqtebma daarwmuna imaSi, 
rom saxeobebis ucvlelad 
miCneva ar SeiZleba. darvi-
ni akvirdeboda vulkanuri 
warmoSobis galapagosis kun-
Zulebze qvewarmavlebisa da 
frinvelebis saocar saxeo-
bebs. maT Soris gansakuTre-
buli yuradReba miipyro mTi-
ulebis mravalgvarobam (sur. 
5.64). es frinvelebi sxva gan 
arsad gvxvdeba, magram isi-
ni emsgavsebian mTiulebis im 
saxeo bebs, rom lebic samxreT 
amerikis kontinentze binad-
roben. darvinis azriT, isini  

mTiulebis 
samxreT amerikis 

kontinentis 
saxeoba

kunZulebi

g
a

l
a
p
a
g
o
s
i
s

sur. 5.64
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kunZuleb ze moxvdnen samxreT  amerikis 
kontinentidan, gansaxldnen sxvadasxva 
kunZulze, aman gamoiwvia populaciaTa 
izolacia da gansxvavebul sakvebTan da-
kavSirebiT warmoiSva niskartis formiT 
gansxvavebuli frinvelTa saxeobebi. 

mogzaurobis dros igi xSirad fiqrob-
da cxovelTa Tanamedrove saxeobebis 
namarx formebTan msgavsebis mizezebis 
Sesaxeb. igi im azramde mivida, rom maT 
Soris iyo naTesauri kavSiri. inglisSi 
dabrunebis Semdeg dainteresda mtre-
debisa da sxva Sinauri cxovelebis jiSe-
bis gamoyvaniT, ramac igi xelovnuri 
gadarCevis koncefciamde miiyvana: kul-
turul mcenareTa da Sinaur cxovelTa 
jiSebi adamianma gamoiyvana memkvidrul 
niSan-TvisebaTa sxvadasxva mimarTulebiT 
gadarCevis Sedegad. gamoyvanili jiSebis 
niSan-Tvisebebi Seguebulia adamianis in-
teresebTan (sur. 5.65).

darvinma daayena sakiTxi – buneba-
Si xom ar arsebobs gadarCevis procesi, 
romelic warmoqmnis garemo pirobebTan 
Seguebul organizmebs? man yuradReba 
miaqcia aseT faqts: miuxedavad imisa, rom 
saxeobaTa umravlesobas axasiaTebs maRa-
li reproduqciuli (gamravlebis) unari 
(didi raodenobiT warmoqmnas STamomav-
loba), maT populaciebSi individebis 

ricxvi SefardebiT mudmivi rCeba. popu-
laciebSi yoveli momdevno Taobis yvela 
individi rom gadarCes da gamravldes, 
maSin saxeoba daikavebda dedamiwaze mis-
Tvis xelsayrel yvela adgils. magram ase 
ar xdeba. ratom?

populaciaSi iqmneba Seusabamoba indi-
vidTa ricxvsa da maT saarsebo saSuale-
baTa Soris. yvela populaciis ricxovno-
bas zRudavs an akontrolebs sxvavdasxva 
ekologiuri faqtori, rogoricaa, maga-
liTad, sakvebi resursebi, sacxovrebe-
li teritoria, ganaTeba da sxv. popu-
laciis individebs Soris ganuwyvetlivi 
konkurencia garemos faqtorebisaTvis 
iwvevs `arsebobisaTvis brZolas~. bevri 
individi ver gadarCeba da ver axerxebs 
STamomavlobis datovebas. 

yvela populaciaSi xdeba memkvidruli 
cvlilebebi. uamravi monacemis Sejere bis 
Sedegad darvini mixvda, ramde nadac popu-
laciis yvela individi ganicdis niSan-
Tvisebebis cvalebadobas da yvela maT-
gani CarTulia arsebobisaTvis brZolaSi, 
gadarCeba da STamomavlobas datoveben 
is individebi, romelTac aqvT iseTi mem-
kvidruli niSan-Tvisebebi, romlebiTac 
ukeT Seeguebian garemo pirobebs (sur. 
5.66). 

nebismieri, Tundac umniSvnelo mor-

sxvadasxva mimarTulebiT warmoebuli xelovnuri 
gadarCevis Sedegad gamoyvanili mtredis jiSebi

gareuli (kldis) mtredi
sur. 5.65
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fologiuri, fiziologiuri an qceviTi 
memkvidreobiTi cvlileba, romelic moce-
mul organizms upiratesobas aZlevs arse-
bobisaTvis brZolis procesSi, aniWebs mas 
gadarCenis met SesaZleblobas. 

arsebobisaTvis brZola aris bunebrivi 
gadarCevis winapiroba. darvinma buneb-
rivi gadarCeva uwoda „xelsayrel indi-
vidualur gansxvavebaTa SenarCunebasa da 
sazianoTa mospobas.“ 

darvinis evoluciuri Teoriis mixed-
viT, bunebrivi gadarCeva memkvidruli 
cvalebadobis safuZvelze warmoadgens 
cocxali samyaros evoluciis mTavar ma-
moZravebel Zalas (faqtors).

evoluciis erTeuli aris populacia 
da ara organizmi. calkeuli organiz-

maRalma reproduqciam 
gamoiwvia populaciaSi 
individebis ricxvis 
zrda.

genetikuri 
mravalferovneba _ 
populaciis individebi 
erTmaneTisgan 
gansxvavdebian 
sxeulis zomiTa da 
SeferilobiT, sakvebis 
mopovebis unariT, 
daavadebebisadmi 
mdgradobiT da sxv.

arsebobisaTvis brZola  
populaciaSi individebis 
ricxvsa da saarsebo 
pirobebs Soris 
Seusabamobis gamo iwyeba 
arsebobisaTvis brZola, 
romlis drosac zogierTi 
individi iRupeba.

Seguebulobis amaRleba 
arsebobisTvis brZolis procesSi upiratesad is 
individebi datoveben STamomavlobas, romelTac 
aqvT sasargeblo memkvidreobiTi niSnebi; droTa 
ganmavlobaSi populaciaSi ufro imatebs am niSan-
Tvisebebis mqone individebis ricxvi.

4

3
2

1

sur. 5.66

mi ar SeiZleba iyos evoluciis erTeu-
li, radgan erTi individis sicocxlis 
xangrZli voba Zalian xanmoklea popula-
ciasTan SedarebiT. amitom evolucias 
ganicdis organizmTa jgufi. popula-
ciaSi gamudmebiT warmoiSoba mutacie-
bi, popula ciis individebis Tavisufali 
Sejvarebis gamo is vrceldeba popula-
ciaSi, Sedegad igi  genetikurad ara-
erTgvarovani xdeba. populaciaSi mim-
dinareobs brZola arsebobisTvis da 
bunebrivi gadarCeva, ris gamoc gadarCe-
bian da upiratesad STamomavlobas tove-
ben is individebi, romelTac mocemul 
pirobebSi sasargeb lo cvlilebebi aRmo-
aCndebaT. amrigad, populacia evoluci-
is elementaruli erTeu lia.

1. ra aris jiSTa mravalferovnebis mizezi?
2. ra aris saxeobaTa mravalferovnebis mizezi, anu organuli samyaros evoluciis mTavari 
mamoZravebeli Zalebi darvinis evoluciuri Teoriis mixedviT?
3. ra aris evoluciis elementaruli erTeuli? ratom?
4. arsebobisaTvis brZolis procesSi ra aris gadamwyveti faqtori? 
5. Seadare erTmaneTs xelovnuri da bunebrivi gadarCeva, daadgine maT Soris saerTo da 
gansxvaveba? monacemebi warmoadine sqemis saxiT.



116

• darvinis Rvawli mdgomareobs ara evoluciis arsebobis damtkicebaSi, aramed imaSi, 

rom man axsna rogor mimdinareobda igi _ evoluciis mamoZravebeli Zalebi: arsebobi-

saTvis brZola da bunebrivi gadarCeva memkvidruli cvalebadobis safuZvelze;  

• darvini ar cdilobda dedamiwaze sicocxlis warmoSobis axsnas; mas ainteresebda, ro-

gor SeiZleboda arsebuli saxeobebidan axali saxeobebis warmoqmna.

mecnierebma Tagvebi gamoiyenes, raTa 
daedginaT, cxovelis mier savarjiSos Ses-
rulebis unari gaumjobesdeboda Tu ara 
ramdenime Taobis ganmavlobaSi. am eqsperi-
mentSi xelovnurad arCevdnen Tagvebis im 
individebs, romelTac borblis trialis 
kargi unari hqondaT. Semdegi Taobis da-
satoveblad SearCies is Tagvebi, romel-
Tac borbalze sirbilis yvelaze meti Se-
saZlebloba hqondaT. sakontrolo jgufad 
aiRes SemTxveviTi gamravlebis Sedegad 
miRebuli Tagvebis Taoba.
• X-RerZi gviCvenebs Tagvebis sxvadasxva 
Taobas 1-dan 9-mde; 
• Y-RerZi gviCvenebs Tagvebis mier Sesrule-
bul borblis brunvis raodenobas 1 dRis ganmavlobaSi;
• lurji uwyveti xazi uCvenebs Tagvebis sakontrolo jgufis Sedegebs;
• narinjisferi wyvetili xazi uCvenebs Tagvebis sacdeli jgufis (im Tagvebis Taoba, rom-
lebsac iRebdnen borbalze sirbilis kargi unaris mqone Tagvebis xelovnurad SerCeuli 
individebis gamravlebiT) Sedegebs.

 analizi: ra gansxvavebaa Tagvebis sakontrolo da sacdeli jgufebis Sedegebs Soris?
daskvna:
1. borblis trialis unari TagvebSi aris Tu ara memkvidruli niSani?
2. es eqsperimenti gadarCevis romeli for mis  moqmedebis dasasabuTeblad gamodgeba? 
daasa buTe Seni mosazreba argumentirebuli msjelobiT;
3. gamoiyene grafikze mocemuli monacemebi da gansazRvre borblis brunvis raodenoba 
sacdeli jgufis me-10 TaobaSi.

monacemebis analizi
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 ratom iTvleba arsebobisaTvis brZola bunebrivi gadarCevis 
winapirobad?

5.15. არსებობისათვის ბრძოლის ფორმები 

• ra aris ekologiuri faqtori? daasa-

xele ekologiuri faqtorebis jgufebi;

• biocenozis organizmebs Soris ra tipis bio-

turi urTierTobebi arsebobs?

• biomravalferovneba: ar-

sebobisaTvis brZola, saxeobis 

populaciis mravalferovneba da 

evoluciuri, genetikuri da ekologiuri 

safuZvlebi; 

• kvleva: monacemebis Segroveba, analizi, 

daskvna, msjeloba arsebobisaTvis brZo-

lis saxeebsa da mis mniSvnelobaze.

saxeobaTa mravalferovnebis mTavari 
mamoZravebeli Zala bunebrivi gadarCe-
vaa. bunebrivi gadarCevis winapirobebia: 

• populaciis genetikuri nairgva-
roba; 

• gamravlebis progresia; 
• brZola arsebobisaTvis. 
Sen ukve ici, rom populacia geneti-

kurad mravalferovania sqesobrivi gam-
ravlebis dros genebis axali kombinaciis 
warmoqmnisa da mutaciuri procesis gamo; 

isic ici, rom saxeobaTa umravlesobis-
Tvis damaxasiaTebelia gamravlebis didi 
unari, rac populaciaSi individebis 
ricxvsa da saarsebo pirobebs Soris qmnis 
Seusabamobas; es ki arsebobisaTvis brZo-
las iwvevs, romlis drosac upiratesad 
gadarCebian sasargeblo memkvidruli ni-
San-Tvisebis mqone individebi. amrigad, 
bunebrivi gadarCeva warmoebs arsebobi-
saTvis brZolis safuZvelze. 

arsebobisaTvis brZola aris rTuli da 
mravalferovani urTierTdamokidebule-
ba individebisa saxeobis SigniT, sxvada-
sxva saxeobas Soris da bunebis aracoc xal 
faqtorebTan. amave dros, am procesSi 
igulisxmeba ara marto erTi individis 
sicocxle, aramed isic, Tu ramdenad uz-
runvelyofs igi Tavis Tavs STamomavlo-
biT. darvini arsebobisaTvis brZolis sam 
formas arCevda: Sidasaxeobrivs, saxeo-
baTSorissa da brZolas araorganuli 
bunebis araxelsayrel pirobebTan, anu 
abiotur ekologiur faqtorebTan. 

arsebobisaTvis Sidasaxeobrivi brZo-
la gulisxmobs erTi saxeobis individebs 
Soris mravalferovan urTierTobebs. 

sur. 5.67
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Tu gaixseneb bioturi urTierTobidan 
konkurencias, mixvdebi, rom arsebobi-
saTvis brZolis es forma gansakuTrebu-
li simZafriT xasiaTdeba, radgan erTi 
saxeo bis individebs msgavsi interese-
bi aqvT. konkurenciaa teritoriisTvis, 
ganaTe bisTvis, tenianobisTvis, mded-
risTvis, sakvebisTvis. konkurenciis na-
cvlad, zog jer individebi erTmaneTTan 
pirdapir brZolaSi ebmebian (sur. 5.67). 
meTovliebi, sakvebis naklebobis SemTx-
vevaSi, spoben zogierT marTves, wiw-
kanebi safenis qveS Wyleten erT an or 
bartys, raTa danarCenebi gamokvebon. es 
magaliTebi mowmobs, rom arsebobisTvis 
brZola SesaZloa, saziano iyos calkeu-
li individisTvis, magram sasargebloa 
mTlianad populaciisTvis. magram erTi 
saxeobis individebs Soris arsebobs ara 
marto konkurencia da brZola, aramed 
exmarebian kidec erTmaneTs: erToblivad 

zrunaven STamomavlobaze, erTad icaven 
Tavs mtrisgan an erTad moipoveben 
sakvebs (sur. 5.68 da 5.69).

saxeobaTaSorisi arsebobisaTvis brZo-
la mimdinareobs sxvadasxva saxeobis in-
dividebs Soris. igi, ZiriTadad, pirdapir 
xasiaTs atarebs. saxeobaTSorisi brZolis 
magaliTia iseTi bioturi urTierToba, 
rogoricaa parazitsa da maspinZels, mta-
cebelsa da msxverpls Soris (sur. 5.70). 
zogjer es brZola arapirdapiri xasiaTi-
saa, rac konkurenciis saxiT vlindeba. 
tyeSi sinaTlis moyvaruli saxeobebis 
– fiWvis, aryisa da verxvis totebis 
qveS kargad viTardeba naZvis aRmonace-
ni, romelic gaSlil adgilze daiRupe-
boda. Semdeg ki, norCi naZvebis varjis 
SemWidroebis gamo, sinaTlis moyvaruli 
mcenareebis aRmonacenebi iRupeba. 

farTo gagebiT, arsebobisTvis brZo-
lis magaliTia agreTve isic, rodesac 

sur. 5.69sur. 5.68

sur. 5.70parazitizmi (tkipi adamianis kanze) mtacebloba
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erTi saxeoba sakuTari Tavis dauziane-
blad, xels uwyobs meores (mag., frin-
velebisa da ZuZumwovrebis mier Teslebi-
sa da nayofebis gavrceleba), an rodesac 
sxva dasxva saxeobis individebs Soris 
urTierTsasargeblo damokidebulebaa 
(mag., yvavilovani mcenareebi da maTi dam-
mtveravebi, frinveli ikvebeba niangis 
sakvebis narCenebiT _ sur.5.71). 

brZola garemos araxelsayrel abio-
tur faqtorebTan (dabali an maRali tem-
peratura, niadagis marilianoba, gvalva 
da a.S.) gamoixateba TavdacviTi Seguebu-
lobis warmoqmnaSi. mag., udabnos mcenare 
kaqtuss foTlebi eklebad aqvs gadaq-
ceuli, raTa Seamciros wylis aorTqle-
ba, tropikuli mcenareebis foTlebi ki 
didi zomisaa didi raodenobis bageebiT, 
raTa intesiurad aorTqldes wyali. im 
cxovelebis umravlesobas, romlebsac 
dabali temperaturis pirobebSi uxdebaT 
cxovreba, xSiri bewvi aqvT, kanqveS cximis 
sqeli fena uviTardebaT da/an sxeulis 

mcire wanazardebi aqvT, rac icavs maT 
siTbos dakargvisagan. cxel klimatur 
garemoSi mcxovreb cxovelebs ki Txeli 
bewvi da sxeulis didi wanazardebi aqvT, 
rac zrdis sxeulis mier siTbos gacemas 
(sur. 5.72 _ polaruli mela da udabnos 
mela).

brZolis am formasac didi mniSvnelo-
ba aqvs evoluciisaTvis, radgan igi amZaf-
rebs Sidasaxeobriv brZolas. magali-
Tad, tenis naklebobis dros mcenaris 
populaciaSi mZafrdeba konkurencia am 
faqtorisadmi da gamarjvebulni gamodi-
an is individebi, romelTac eqnebaT iseTi 
memkvidreobiTi cvlilebebi, romlebic 
ganapirobebs wylis ukeT Sewovasa da Se-
narCunebas. es, saboloo jamSi, saxeobis 
saarsebo pirobebTan Segue bis amaRlebas 
gamoiwvevs, radgan arsebobisaTvis brZo-
lis procesSi upiratesad gadarCebian is 
individebi, romelTac mocemul saarse-
bo pirobebSi sasargeblo memkvidreobiTi 
cvlilebebi aqvT.

sur. 5.71

sur. 5.72
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aRmonacenis ganviTareba bevr faqtorzea damokidebuli: temperaturaze, tenianobaze, 
ganaTebasa da, maT Soris, aRmonacenis simWidroveze _ farTobis erTeulze individebis 
raodenobaze.

dagegme da ganaxorciele saSinao eqsperimenti, romliTac daadgen aRmonacenis ganvi-
Tarebaze simWidrovis gavlenas. warmoadgine Catarebuli eqsperimentis angariSi, romel-
Sic unda asaxo: sakvlevi kiTxva, prognozi, damoukidebeli, damokidebuli da sakontrolo 
cvladebi, Catarebuli kvlevis aRwera, kvlevis Sedegebi da misi analizi, daskvna, romelic 
upasuxebs sakvlev kiTxvas (ix. danarTi 3).

kvlevis angariSis prezentaciisas xazgasmiT warmoaCine:
• ra rols asrulebs arsebobisaTvis brZola evoluciis procesSi? 
• arsebobisaTvis brZolis ra formebi mimdinareobs bunebaSi da rogor ukavSirdeba eko_
logiuri urTerTobis formebs? 
• Seni eqsperimenti arsebobisaTvis brZolisa da ekologiuri urTierTobis romel formas 
asaxavda? 
• Seni eqsperimentis mixedviT, rogor imoqmeda maRalma simWidrovem aRmonacenis ganvi-
Tarebaze?
• maRalma simWidrovem romeli abioturi faqtorebisadmi gamoiwvia individebs Soris 
konkurencia? 
• rogor daukavSireb kvlevis Sedegad miRebul codnas soflis meurneobas?

eqsperimentis  dagegmva da ganxorcieleba

1. suraT 5.71-ze mocemuli arsebobisaTvis saxeobaTaSorisi brZolis magaliTebis  mixed-
viT axseni: 1) raSi gamoixateba urTierTsasargeblo damokidebuleba mcenaresa da mis dam-
mtverav mwers Soris? ra Seguebulobis ganviTarebas Seuwyo xeli am urTierTobam? 2) raSi 
gamoixateba urTierTsasargeblo damokidebuleba niangsa da frinvels Soris?
2. gaecani organizmebsa da garemos Soris urTierTobis magaliTebs, TiToeuli magali-
Ti Seusabame arsebobisaTvis brZolisa da ekologiuri urTierTobis formebs, monacemebi 
Seitane cxrilebSi.
magaliTebi: 1. tropikuli mcenareebis didi foToli da bageebis didi ricxvi; 2. frinvel-
Ta sezonuri migracia; 3. abeda soko cxovrobs xemcenareze; 4. zamTarSi kurdRlis TeT ri 
Seferiloba; 5. mRieri sokosa da xemcenaris Tanacxovrebis Sedegi; 6 mSieri mgeli misdevs 
irmebs; 7. irmebi ejibrebian erTmaneTs, romeli gaaswrebs mters; 8. avstraliaSi Cayvanil-
ma futkarma adgilobrivi futkari gandevna; 9. udabnos mcenareebs eklebi da grZe li 
fesvi aqvT; 10. TeTri daTvis zamTris Zili; 11. udabnos cxovelebis zafxulis gvalvian 
periodSi migracia; 12. rwyili cxovrobs ZaRlis kanze; 13. tropikul tyeebSi lianebi 
sayrdenad iyeneben xemcenareebs; 14. mwerebi monawileoben mcenareebis damtvervaSi; 15. 
wiwkanebi safenis qveS Wyleten erT an or bartys; 16. orqidea emagreba xemcenaris Reros.   

arsebobisTvis brZolis forma magaliTis nomeri

Sidasaxeobrivi

saxeobaTSorisi

aracocxali garemos araxelsayrel 
pirobebTan brZola
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• bunebrivi gadarCevis erT-erTi winapiroba aris arsebobisaTvis brZola, romlis pro-

cesSic upi ratesad gadarCebian sasargeblo memkvidruli cvalebadobis mqone indi-

videbi;

• arsebobisaTvis brZolis safuZveli aris ekologiuri urTierTobebi;

• bunebrivi gadarCeva amaRlebs saarsebo pirobebTan saxeobis Seguebulobas.

ekologiuri urTierTobis forma magaliTis nomeri

organizmebsa da abiotur faqtorebs 
Soris

konkurencia

mtacebloba

parazitizmi

urTierTsasargeblo damokidebuleba

calmxriv sasargeblo damokidebuleba



122

 raSi mdgomareobs adaptaciis warmoqmnis evoluciuri meqanizmi?

5.16. ადაპტაცია _ ბუნებრივი გადარჩევის შედეგი

• biomravalferovneba: buneb rivi 

gadarCeva da misi Sedegebi;

• sasicocxlo Tvisebebi: adap-

ta cia da misi formebi (struqturuli, 

fiziologiuri da qceviT adaptaciebi);

• kvleva: sakvlevi kiTxva, monacemebi, ana-

lizi, daskvna (bunebrivi gadarCevis 

moqmedebis dadastureba).

bunebrivi gadarCevis erT-erTi Sede-
gia Seguebulobebis (adaptaciebis) war-
moqmna. evoluciis procesSi organizmebi 
iZenen sxvadasxva Tvisebas, rac saSuale-
bas aZlevT maT ufro warmatebiT Seeguon 
saarsebo pirobebs. magaliTad, Crdiloe-
Tis cxovelebis bewvs (polaruli melie-
bis, daTvebis) aqvs TeTri Seferiloba, 
romelic maT SeumCnevels xdis Tovlis 
fonze. neqtriT mkvebavi mwerebi kve-
bis aseT Taviseburebas Seguebulni ari-
an piris aparatis agebulebiT. selapebis 
sxeulis forma da fex-farflebi xels 
uwyobs maT wyalSi gadaadgilebas. Ji-
rafebi cxovroben savanebSi da ikvebebian 
maRali xeebis foTlebiT, raSic maT exma-
reba grZeli kiseri. 

aseTi magaliTebis moyvana bevri SeiZ-
leba, radganac yovel cocxal arsebas 
aqvs uamravi niSan-Tviseba, romlebic 
maT gamoumuSavdaT saarsebo pirobebTan 
Se guebulobis Camoyalibebis  procesSi.   

Seguebuloba zrdis organizmebis gadar-
Cenisa da STamomavlobis datovebis Sesa-
Zleblobas. 

Seguebuloba exeba organizmebis gare-
gan da Sinagan niSan-Tvisebebs, gamravle-
bisa da qcevebis Taviseburebebs, rac 
ganapirobebs garemosTan organizmTa 
Segu ebulobis sxvadasxva formas: fi-
ziologiur, qceviT da morfologiur, 
anu struqturul adaptaciebs. 

fiziologiuri adaptaciebi mniSvnelo-
vania Secvlil garemo pirobebSi orga-
nizmis sicocxlisaTvis. fiziologiu-
ri adaptaciis magaliTia homeostazi 
– organizmis unari, SeinarCunos Sina-
gani garemos stabiluroba  mudmivad 
cvalebad garemo pirobebSi (sxeulis 
temperatura, wylis Semcveloba, pH da 
sxv.). magaliTad, aqlemi udabnoSi te-
nis naklebobasTan dakavSirebiT, mcire 
raodenobis Sards gamoyofs, ar of-
lianobs, kuzSi igrovebs 110-120kg-mde  
cxims, wylis gareSe 45 dRe Zlebs, mas 
erTbaSad 50 l-mde wylis daleva SeuZlia 
da a.S. zRvis piras mcxovrebi  cxovelebi 
Seguebulni arian zRvis miqcevasa da moq-
cevas. zRvis SroSanebs Sxamiani sacecebi 
aqvT, riTac wylis qveS sakvebs moipoveben. 
wylis miqcevisas burTiviT mrgvaldebian 
da sacecebs malaven, vidre xelaxali moq-
ceva ar daiwyeba. amiT isini gamoSrobis-
gan icaven Tavs (sur. 5.73).

sur. 5.73 zRvis SroSani wyalSi zRvis SroSani uwylod
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bunebrivi gadarCevis moqmedebis Sede-
gia qceviTi adaptaciebic. qceviTi adapta-
ciebi Zalian mravalferovania: sakvebis 
mopovebis xerxebi, SiSisa da agresiis ga-
moxatva, cxovelTa migraciebi, gamravle-

basTan dakavSirebuli saqorwino ritua-
lebi (igi Zalian rTulia da mkveTradaa 
gamoxatuli frinvelebSi, ZuZumwovreb-
Si), orTabrZola mdedrisTvis, zrunva 
STamomavlobaze da a.S. (sur. 5.74). 

qceviTi adaptaciebi

brZola mdedrisTvis

dRis cxel dRes soroebSi 
imalebian

frinvelebis saSemodgomo 
migracia

siciveSi erTad ikribebian 
da kvercxebs fexebze 

ideben

saqorwino cekva zrunva STamomavlobaze

sur. 5.74

sur. 5.75

struqturuli adaptaciebi

morfologiuri (struqturuli) adap-
taciebi (sur. 5.75) – es Seguebuloba-
ni dakavSirebulia sxeulis agebulebis 
Tavi seburebebTan. magaliTad, kodala 
tyeSi xeze cxovrebas aris Seguebuli: 
didi Tavi da wvetiani niskarti exma-
reba xis qerqi dan matlebis amoyvana-
Si, TiTebis ganla geba da Zlieri saWis 
bumbuli exma reba xeze vertikalurad 
jdomaSi, Tevzebs wyal Si cxovrebasTan 

dakavSirebiT aqvT sxeu lis TiTista-
riseburi forma, la yuCebi, farflebi da 
sxv. xmeleTze cxov rebasTan dakavSire-
biT qvewarmavlebis kani rqovani qer-
clebiT daifara, filtvebi kargad aqvT 
ganviTarebuli, kvercxi kiriani naWuWi-
Taa dafaruli da a.S. 

mcenareebSic uamravi struq    turuli 
adaptacia aRiniSneba. yvavilovan mce-
nareebSi yvavilis warmoqmnam xmeleTze 
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maT farTo gavrcelebas Seuwyo xeli, 
 warmoeqmnaT damtvervis sxvada sxva sa-
Sualeba. mweriTmtveria mcenareebi 
surnelovani, mkafiod Seferili didi 

mfarvelobiTi Seferiloba (sur. 5.76) – 
aseTi Seferiloba cxovelebs nakleb Sesa-
mCnevs xdis da warmatebiT icavs mtrebis-
gan, anda mtacebel cxovels SeumCnevels 
xdis msxverplisaTvis. mwvane garemoSi 
mcxovrebi cxovelebis umetesoba mwvanea. 
magaliTad, kutkalia, mwvane bayayi, va-
saka, mwvane xvliki da sxv. udabnos cxo-

mfarvelobiTi Seferiloba

sur. 5.76

gamafrTxilebeli Seferiloba

sur. 5.77

yvavi liT an yvavilediT gamoirCevian, 
yvavilebi mdidaria saneqtreebiT, rac 
izidavs dammtverav mwerebsa da sxva 
 cxovelebs.

velebi moyviTalo an mura-yviTelia, po-
larul mxareSi cxovelebi TeTrad arian 
Seferilni (TeTri daTvi, TeTri mela, 
TeTri bu da sxv.). zog cxovels Seferi-
loba garemos fonis mixedviT ecvleba (qa-
meleoni). CrdiloeTis cxovelebs axasia-
TebT Seferilobis sezonuri cvlileba 
(siasamuri, kurdReli, gnoli da sxv.). 

gamafrTxilebeli Seferilobis (sur. 
5.77) SemTxvevaSi cxovels aqvs mkveTri, 
TvalSisacemi Seferiloba. mkveTrad 
Seferili sxeuliT organizmi TiTqos 
afrTxilebs sxvebs, ar momekaroTo. 
aseTi Seferilobis organizmebs aqvT 
msusxavi ujredebi (aqtiniebi), Sxamiani 
jirkvlebi (gvelebi) da eklebi (zogi-
erTi Tevzi), Sxamiani sxeuli (mag., Sxa-
miani bayayebi), arasasiamovno sunis an 
mwveli siTxis gamoyofis unari (Wiamaia, 

zogierTi pepela).
mimikria (mimbaZveloba) (sur. 5.78) _ 

Tavdacvis uunaro saxeobis organizmebi 
garegnulad emsgavsebian kargad Tavda 
culi saxeobis organizmebs, an orga-
nizmi sxeulis formiTa da SeferilobiT 
emsgav seba aracocxali bunebis sagnebs. 
mimik riis arsi mdgomareobs imaSi, rom 
evoluciis procesSi uwyinari cxovelebi 
iZenen msgavsebas saSiS (mag., Sxamian) cxo-
velebTan. amiT isini Tavidan icileben 
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mtaceblebisagan Tavdasxmas. magaliTad, 
buzebis zogierTi saxeobebi emsgavsebian 
krazanebs; samxreTafrikuli qvis yvavi-
li miwiszeda nawilebiT namdvil qvebs 
hgavs, amitom cxovelebi mas gars uvlian 
da ar Wamen.

adaptaciis warmoqmnis meqanizmi. 
rogorc zemoT aRvniSneT, bunebrivi 
gadarCevis Sedegi, saxeobis mraval-
ferovnebis garda, aris Seguebuloba. 
bunebrivi gadarCevis moqmedeba swrafad 
mJRavndeba garemo pirobebis moulod-
neli da mkveTri cvlilebebis dros an 
roca populaciis wevrebi axal, gansxva-
vebul areals ikaveben. magaliTad, gan-
vixiloT mfarvelobiTi Seferilobis 
warmoqmnis meqanizmi (sur. 5.79). misi 

mimikria

qvewarmavali

mweri

klasikuri magaliTia industriuli 
melanizmis movlena. aryis xis qerq-
ze saxlobs mweri _ aryis xis mzomela. 
rogorc yvela populaciis evoluciis 
procesSi, am populaciaSic xdeba muta-
ciebi da miiReba sxeulis SeferilobiT 
muqi da Ria feris mwerebi. aryis xis 
qerqi buneb rivad moTeTro ferisaa. ami-
tom frinvelebi advilad poulob dnen 
da Wamdnen muqi Seferilobis mwerebs, 
Ria feris aryis xis mzomela ki frin-
velebisTvis naklebad SesamCnevi iyo, 
amitom maTi didi nawili gadarCeboda 
da tovebda STamomavlobas. XIX sauku-
nis dasawyisSi inglisSi mrewveloba gan-
viTarda. haeris gaWuWyianebis gamo sam-
rewvelo mtveri ileqeboda xis qerqze 
da igi TandaTan gamuqda. TeTri peplebi 
advilad Sesam Cnevi gaxda frinvele bis-
Tvis. gadarCebodnen mxolod is peple-
bi, romlebsac frTebis muqi Seferi-
loba hqondaT. STamomavlobasac isini 
tovebdnen da ase grZeldeboda wlebis 
ganmavlobaSi. rac ufro muqdeboda 
mtvris gan xis qerqi, miT ufro muqi pep-
lebisgan Sedgeboda populacia. amJamad 
evropaSi peplebis 80-ze met saxeobas 
feri Seecvala.

industriuli melanizmi imis magali-
Tic aris, Tu adamianis saqmianobam ro-
gor SeiZleba Secvalos saxeobis evolu-
ciuri ganviTareba. amis magaliTia, aseve, 
antibiotikebisadmi mdgradi (rezisten-
tuli) baqteriebis, pesticidebisad-
mi mdgradi mwerebisa da mRrRnelebis 
saxeo bebis Camoyalibeba da a.S.

sur. 5.78

sur. 5.79
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teqsti 1
gaecani teqstis Sinaarss, amoicani TeTri daTvis struqturuli, fiziologiuri, qcevi-

Ti adaptaciebi da ganaTavse qvemoT mocemul cxrilSi.

arqtika dedamiwis CrdiloeT polaruli mxarea, sadac mze arasodes ar aris horizont-
ze maRla, amitom mze dedamiwas Zalian cota siTbos aZlevs. ara marto okeane, aramed 
kunZulebic da materikis nawilic dafarulia sqeli yinulovani feniT. mxolod zogierT 
adgilas ar aris yinuli, magram xmeleTi gayinulia mravali metris siRrmeze. zamTarSi 
arqtikaSi polaruli Ramea. ramdenime Tve mze saerTod ar Cans _ sibnelea. Zalian mkacria 
buneba am dros: aris Zlieri qarebi, temperatura -600-mdec ki ecema.

arqtika ar gamoirCeva saxeobebis mravalferovnebiT. arqtikis cxovelebidan aRsaniS-
navia TeTri daTvi. igi Seguebulia yinulian sivrceSi cxovrebas. isini yvelaze didi zomis 
mtaceblebi arian. zrdasruli mamris wona 800-1000 kg-mde aRwevs, simaRle ki ukana TaTeb-
ze dadgomis dros _ 3,5m-s. sxeulis aseTi didi zoma siTbos SenarCunebaSi uwyobs xels. 
aseve mas aqvs TeTri xSiri grZeli bewvi, romelic wyalSi ar sveldeba. bewvis TeTri 
Seferiloba mas SeumCnevels xdis msxverplisaTvis. ganieri terfic bewviT aqvs dafaru-
li, rac ara marto uTbobs kidurebs, aramed xels uSlis yinulze dasrialebaSi. mZlavri 
brWyalebi exmareba yinulze moWidebaSi. kanis qveS aqvs cximis sqeli fena. cximovani Sre 
gaciebisganac icavs da sakvebis maragicaa. TeTr daTvs erTi Tve SeuZlia sakvebis gareSe 
gaZleba. am dros mas sZinavs. sicocxlis did nawils daTvebi modreife yinulebze atare-
ben. aqvT kargi mxedveloba (2km-ze xedaven yinulze mwoliare selapebs) da ynosva (6-7 km-ze 
grZnoben selapebis suns). arian kargi mocuraveebi da myvinTavebi. 

struqturuli adaptacia fiziologiuri adaptacia qceviTi adaptacia

teqsti 2
gaecani teqstis Sinaarss da upasuxe qvemoT mocemul kiTxvebs.

qvemoT aRwerilia darvinis erT-erTi dakvirveba: 

samyuras zogierTi saxeoba, magaliTad, wiTeli samyura, mravldeba mxolod krazanebis 
saSualebiT, romlebsac gadaaqvs mcenaris mtveri. krazanebis raodenoba sezonidan se-
zonamde Zlier cvalebadobs. adreuli zamTari da sakvebis ukmarisoba maTze gamanadgureb-
lad moqmedebs. garda amisa, krazanebis budes xSirad arbeven Tagvebic, xolo Tagvebs 
emterebian katebi. darvinis azriT, katebis momravleba am teritoriaze xels Seuwyobda 
wiTeli samyuras gamravlebas.
kiTxvebi:
 1. ra Seguebuloba aqvs wiTel samyuras gasamravleblad? 
 2. arsebobisaTvis brZolis romeli formebia moxseniebuli teqstSi? 
 3. ekologiuri urTierTobis romeli formebia moxseniebuli teqstSi?
 4. arsebobisaTvis brZolis rogori forma SeiZleba arsebobdes wiTeli samyuras erT 

romelime populaciaSi, calkeul individebs Soris krazanebis mosazidad? arsebobisa-
Tvis brZolis es forma daakavSire bioturi urTierTobis erT-erT formasTan.

 5. ratom fiqrobda darvini, rom katebis momravleba am teritoriaze xels Seuwyobda 
wiTeli samyuras gamravlebas? 

teqstis gaazrebuli kiTxva
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Carlz darvinma gamoyo bunebrivi gadarCevis erT-erTi forma _ sqesobrivi gadarCeva. 
sqesobrivi gadarCeva gulisxmobs, rom Sejvarebis dros populaciis warmomadgenlebi upi-
ratesobas aniWeben sawinaaRmdego sqesis romelime warmomadgenels da amgvarad, Sejvareba 
SemTxveviTi ki ar aris, aramed SerCevis safuZvelze xdeba. magaliTad, lomebis popula-
ciaSi mdedrebi upiratesobas aniWeben mamrebs ukeT ganviTarebuli fafriT. rac metia 
mamris organizmSi mamrobiTi hormonebis raodenoba, miT  ufro kargad viTardeba ara 
marto kunTovani sistema, aramed fafaric. amgvarad, fafris zomebis mixedviT sqesobrivi 
gadarCeva fizikurad Zlieri STamomavlobis datovebis sawindaria. sqesobrivi gadarCevis 
procesSi warmatebuli organizmebis genebi bunebrivi gadarCevis gziT Zlierdeba - mravl-
deba populaciaSi. 

davalebis  piroba:  warmoidgine, rom Sen xar samecniero eqspediciis wevri. eqspediciis 
mizania kvlevis Sedegad bunebrivi gadarCevis moqmedebis dasabuTeba. eqspedicia frin-
velebis gamravlebis periodSi gaemgzavra daculi teritoriis farTofoTlovan tyeSi. 
eqspediciis wevrebi cdilobdiT, frinvelebis erT-erT saxeobaSi gagesazRvraT kavSiri 
mamris saWis bumbulis sigrZesa da  mis reproduqciul warmatebas Soris. reproduqci-
uli warmatebis sazomad gamoiyeneT budeebis saSualo ricxvi, romelic gansazRvreT mamr 
frin velTa oTxi jgufisaTvis: I jgufi: mamrebs xelovnurad daumokleT saWis bumbuli 
ufro metad, vidre bunebrivad hqonda mokle saWis bumbulian frinvels, II jgufi: mamrebs 
xelovnurad daugrZeleT saWis bumbuli imaze metad, vidre bunebrivad hqonda grZel 
saWis bumbulian frinvels, III jgufi: bunebrivad mokle saWis bumbuliani, IV jgufi: bune-
brivad grZeli saWis bumbuliani. 

budeebis raodenobis mixedviT kvlevis aseTi Sedegi iqna miRebuli: I jgufis mamrebTan 
SejvarebiT Seiqmna 10 bude (anu maT Seejvara 10 mdedri); II jgufis mamrebTan _ 40 bude;  III 
jgufis mamrebTan _ 15 bude; IV jgufis mamrebTan _ 20. 

zemoT aRwerili eqspediciis Sedegebis mixedviT moamzade kvlevis angariSi, romelSic 
unda warmoadgino eqspediciis kvlevis monacemebis safuZvelze Seqmnili svetovani diag-
rama da kvlevis Sedegebis analizi: 1) daasaxele damoukidebeli da damokidebuli cvlade-
bi; 2) frinvelTa romel jgufs CaTvli sakontrolo jgufad? axseni, ratom? 3) ekologi-
uri urTierTobis ra formaa mamr frinvelebs Soris? 4) frinvlebs Soris  arsebobisaTvis 
brZolis romeli forma mimdinareobs? 5) cvalebadobis romeli forma  ganapirobebs saWis 
bumbulis sigrZis cvlilebas? evoluciis procesisaTvis cvalebadobis am formas ra mniS-
vneloba aqvs? 6) ra niSan-Tvisebis matarebeli individebi moipoveben upiratesobas? Seni 
pasuxi daasabuTe eqspediciis Sedegad mopovebuli monacemebis safuZvelze. 7) Seguebu-
lobis romeli formis magaliTia saWis bumbulis sigrZeSi cvlileba? ratom fiqrob ase?

kvlevis angariSis  prezentaciisas xazgasmiT warmoaCine:

• evoluciis procesisaTvis ra mniSvneloba aqvs memkvidrul  cvalebadobas? 
• eqspediciis monacemebis analizis safuZvelze rogor daakavSireb erTmaneTTan ekolo-

giuri, genetikuri da evoluciuri faqtorebis rols evoluciis procesSi? 
• Catarebuli eqspediciis Sedegebi ramdenad asabuTebs bunebaSi bunebrivi gadarCevis 

mimdi nareobas?
• ra maTematikuri modelis saSualebiT warmoaCine  Sen mier Seswavlili movlena?

kvlevis angariSis momzadeba



128

1. yuradRebiT gaecani mfarvelobiTi Seferilobis warmoqmnis meqanizms industriuli 
melanizmis magaliTze (gv. 243), rveulSi gadaitane qvemoT mocemuli mizez-Sedegobrivi 
sqema da Seavse:

2. romeli procesebi uwyobs xels bunebrivi gadarCevis moqmedebas? 
3. Seafase saxeobebis/populaciebis mravalferovnebis warmoqmnaSi genetikuri, ekolo-
giuri da evoluciuri faqtorebis mniSvneloba.
swavlis procesis analizisTvis: axseni, romeli aqtivoba dagexmara yvelaze metad am Temis 
aRqma-gaazrebaSi? ratom?

ekologiur faqtorTan  
Seguebulobis warmoqmna: . . .

bunebrivi gadarCevis moqmedebis 

mimarTuleba: . . .

arsebobisaTvis brZolis formis 

aRwera: . . .

aryis xis mzomelas populaciis 

genetikuri mravalferovneba: . . .

• Seguebuloba, anu adaptacia aris organizmebis morfologur, fiziologiur, qceviT 

TaviseburebaTa erToblioba, romelic xels uwyobs konkretul saarsebo garemoSi 

saxeobis arsebobas; 

• Seguebuloba yalibdeba arsebobisaTvis brZolis safuZvelze mimdinare bunebrivi 

gadarCevis moqmedebiT;

• mTavari moqmedi Zala aris bunebrivi gadarCeva, radgan misi zemoqmedebis Sedegad sus-

ti da saarsebo pirobebs cudad Seguebuli organizmebi iRupebian. ZiriTadad sicoc-

xles inarCuneben da STamomavlobas toveben mocemul saarsebo pirobebSi sasargeb lo 

memkvidruli niSan-Tvisebebis mqone individebi; 

• imisaTvis, rom populaciis SigniT imoqmedos bunebrivma gadarCevam, aucilebelia war-

moiqmnas sxvadasxva xasiaTis memkvidruli cvlilebebi. 
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Tema 5-is Sejameba

Temis mimoxilva

mTavari ideebi

• organizmis sasqeso ujredebSi, misi sxva danarCeni ujredebisgan gansxvavebiT, 
qromosomebis ganaxevrebuli raodenobaa; 

• zigotaSi wyvili aleluri genidan erTi mamrisaa/mamis, xolo meore _ mdedris/
dedis; 

• niSan-Tviseba ganisazRvreba wyvili aleluri geniT (dominanturi, recesiuli); 

• cvalebadoba SeiZleba iyos ganpirobebuli rogorc qromosomebSi sxvadasxva 
saxis cvlilebiT (mutacia), aseve garemo faqtorebis (modifikaciuri cvaleba-
doba) moqmedebiT; 

• adamianis genetikur aparatze uaryofiTad moqmedebs mavne nivTierebebi (mag., 
alkoholi da sxva narkotiki); 

• ekosistemebSi moqmedebs abioturi, bioturi, anTropogenuri faqtorebi; 

• organizmebi ekosistemebSi qmnian kvebiT jaWvebsa da kvebiT qselebs; 

• kvebis donis mixedviT ekosistemaSi, rogorc wesi, gvxvdeba producentebi, kon-
sumentebi, reducentebi; 

• ekosistemaSi organizmebs Soris urTierTdamokidebulebis formebia: neitra-
lizmi, simbiozi, konkurencia, parazitizmi, mtacebloba; 

• ekosistemaSi mudmivad mimdinareobs nivTierebebis wrebrunva da energiis gar-
daqmna; 

• bunebrivi kataklizmebi, nadiroba, tyis gaCexa da sxv. arRvevs ekosistemis sta-
bilurobas da amcirebs saxeobaTa mravalferovnebas. 

• evolucia cocxali samyaros ganviTarebis istoriuli procesia; 

• bunebaSi organizmebi erTmaneTs uweven konkurencias saarsebo garemosa da 
sakvebisTvis; 

• arsebobisaTvis brZolaSi imarjveben iseTi organizmebi, romlebsac konkre-
tul pirobebSi gadarCenisaTvis aqvT sasargeblo memkvidruli niSan-Tvisebebi, 
anu xdeba ekologiur faqtorebTan saukeTesod Seguebuli organizmebis buneb-
rivi gadarCeva; 

• memkvidruli cvalebadoba zrdis masalas bunebrivi gadarCevisTvis;

• bunebrivi gadarCevis Sedegad warmoiqmneba axali saxeobebi da organizmTa Se-
guebulobebi; 

• adamiani awarmoebs misTvis saWiro/sasargeblo niSan-Tvisebebis mqone indi-
videbis gadarCevas (xelovnuri gadarCeva), maT gamravlebas da Sedegad iRebs 
mcenareebisa da cxovelebis axal jiSebs. 

davalebebi TviTSefasebisTvis

testuri davalebebi

1. recesiuli niSani: 

 a. gamomJRavndeba mxolod homozigotur mdgomareobaSi; 

 b. gamomJRavndeba nebismier TaobaSi; 



130

 g. gamomJRavndeba mxolod heterozigotur mdgomareobaSi; 

 d. pirvel TaobaSi SeniRbulia. 

2. dominanturi niSani niSnavs: 

 a. iyos erTaderTi;             g. Trgunavs sxva niSan-Tvisebas/iyos gabatonebuli; 

 b. iyos ufro SesamCnevi;    d. iTrguneba sxva niSan-TvisebiT.

3. romeli debulebaa marTebuli? 

 a. aleluri genebi erTsa da imave qromosomaSia lokalizebuli. 

 b. aleluri genebi qromosomaTa homologiur wyvilSia lokalizebuli. 

 g. aleluri genebi arahomologiur qromosomebSia lokalizebuli.

4. mocemuli niSnis mixedviT homozigoturi ewodebaT organizmebs, romlebic: 

 a. atareben am niSnis ganmsazRvrel mxolod dominantur an mxolod recesiul 
alelur genebs; 

 b. warmoqmnian mxolod erTi tipis gametebs mocemuli genis mixedviT; 

 g. Tavisive msgavs individebTan Sejvarebis dros ar iTiSebian; 

  d. yvela pasuxi sworia.

5. ramdeni tipis gametas warmoqmnis  Aa  heterozigoturi organizmi (mocemuli 
genis mixedviT): 

 a. 2;  b. 4;  g. 8;  d. 16.

6. Savi mamri kata Seajvares TeTr mdedrTan. miiRes sami Savi da oTxi TeTri knu-
ti. Savi Seferiloba dominanturia. mSoblebis genotipebi iqneba: 

 a. mamri – Aa, mdedri – Aa;  g. mamri – aa, mdedri – Aa; 

 b. mamri – Aa, mdedri – aa;  d. mamri – aa, mdedri – AA.

7. gansazRvreT genotipuri daTiSvis Tanafardoba F
1
 Taobis hibridebSi ruxi (Аа) 

da TeTri (аа) bocvrebis Sejvarebisas. 

 a. 25% Аа : 75% аа;  g. 50% Аа : 50% аа;
 b. 25% аа : 75% Аа;  d. 25% АА : 50% Аа : 25% аа.
8. adamianSi muqi Tmebis ganmsazRvreli (A) aleluri geni dominirebs qeraze (a). 

rogori genotipebis mqone mSoblebis SeuRlebisas SeiZleba miviRoT 50% muq-
Tmebiani da 50% qeraTmebiani STamomavloba? 

 a. AA x Aa;  b. Aa x Aa;   g. AA x aa;  d. Aa x aa.

9. adamianSi Taflisferi Tvalebi (B) dominirebs cisferze (b). heterozigoturi 
TaflisferTvaleba qalis da aseTive mamakacis qorwinebis Sedegad dabadebul 
bavSvebs Tvalebi SeiZleba hqondeT: 

 a. mxolod Taflisferi;  g. Taflisferi an cisferi; 

 b. mxolod cisferi;    d. mxolod cisferi.

10. normaluri smenis geni (A) dominirebs siyruis (a) genze. yru qalisa da nor-
maluri smenis mqone mamakacis qorwinebis Sedegad daibada yru-munji bavSvi. 
mSoblebis genotipebia: 

 a. AA x aa;  b. Aa x aa; g. Aa x Aa; d. yvela pasuxi mcdaria.

11. abioturi faqtorebia: 

 a. sinaTle;     b. tenianoba;     g. temperatura;     d. yvela pasuxi sworia. 

12. bioturi faqtorebia: 

 a. haeris qimiuri Sedgeniloba; g. temperatura; 

 b. niadagis mJavianoba;   d. mcenareWamia cxovelebi. 

13. saarsebo garemo aris: 

 a. yvelaferi, rac organizmis garSemoa; 
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 b. yvelaferi, razedac organizms SeuZlia reagireba; 

 g. adgili, sadac organizmi binadrobs; 

 d. bunebis nawili, sadac organizmi binadrobs. 

14. abioturi faqtori ar aris: 

 a. wyali;        b. baqteriebi;       g. haeri;       d. sinaTle. 

15. bioturi faqtoria: 

 a. wyali;       b. temperatura;       g. sokoebi;       d. haeri. 

16. Tanasazogadoeba aris: 

 a. erTi populaciis individebi, romlebic erTad cxovroben; 

 b. sxvadasxva populaciis individebi, romlebic erTad cxovroben; 

 g. sxvadasxva saxeobis populaciebis erToblioba erT teritoriaze; 

 d. igive, rac biocenozi; 

 e. erTi saxeobis sxvadasxva teritoriaze mcxovrebi populaciebi. 

 

pasuxi:   

17. ekosistemaSi TviTregulaciis Sedegad _ 

 a. arc erTi saxeoba mTlianad ar anadgurebs sxva saxeobas; 

 b. populaciaSi gamudmebiT mcirdeba ricxovnoba; 

 g. mimdinareobs nivTierebaTa cvla; 

 d. organizmebi mravldebian.

18. daadgineT Sesabamisoba organizmebis daxasiaTebasa da im funqcionalur jgufs 
Soris, romelsac es organizmi miekuTvneba. 

 organizmebis daxasiaTeba                                     

 a. kvebiT jaWvSi pirvel dones qmnian;                             

 b. araorganulidan organul nivTierebebs asinTezireben;       

 g. iyeneben mzis energias; 

 d. mineralur nivTierebebs abruneben ekosistemaSi; 

 e. organul nivTierebebs Slian mineralebamde. 

 funqcionaluri jgufi 

 1) producentebi 

 2) reducentebi

pasuxi:   

a b g d e

19. pirveli rigis konsumentebi: 

 a. araorganulidan organul nivTierebebs asinTezireben;

 b. Slian cxovelebisa da mcenareebis mkvdar nawilebs; 

 g. ikvebebian mxolod cocxali mcenareebiT; 

 d. sakvebad iyeneben mxolod cxovelebs. 
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20. meore rigis konsumentebi: 

 a. araorganulidan organul nivTierebebs asinTezeben; 

 b. Slian cxovelebisa da mcenareebis mkvdar nawilebs; 

 g. ikvebebian mxolod cocxali mcenareebiT; 

 d. sakvebad iyeneben mxolod cxovelebs. 

21. evoluciis erTeuli aris: 

 a. calkeuli individi;   g. organizmebis saxeoba; 

 b. populacia;    d. organizmis genotipi.

22. ipoveT Secdoma: 

 a. populacia warmoadgens sxvadasxva saxeobis individebis erTobliobas, rom-
lebic didi xnis ganmavlobaSi arseboben saerTo teritoriaze. 

 b. erTi da imave saxeobis populaciebi SefardebiT izolirebulni arian erT-
maneTisgan. 

 g. populacia saxeobis struqturuli erTeulia. 

 d. populacia evoluciis erTeulia.

23. populaciaSi individebis genetikur mravalferovnebas aZlierebs: 

 a. mutaciuri cvalebadoba;  

 b. geografiuli izolacia;

 g. brZola arsebobisaTvis;  

 d. xelovnuri gadarCeva.

24. mcenareTa da cxovelTa jiSebi warmoiSvnen: 

 a. bunebrivi gadarCevis gziT; 

 b. xelovnuri gadarCevis gziT; 

 g. garemo pirobebis gaumjobesebis Sedegad. 

25. saxeoba warmoiqmneba: 

 a. bunebrivi gadarCevis gziT; 

 b. xelovnuri gadarCevis gziT; 

 g. ganviTarebisaken organizmTa Sinagani swrafvis Sedegad. 

26. evoluciis Teoriis mixedviT, arsebobisaTvis brZola ufro mZafri iqneba, Tu 
erT  teritoriaze cxovroben organizmebi: 

 a. mravali sxvadasxva saxeobis;                 

 b. ori axlonaTesauri saxeobis;

 g. ori sxvadasxva saxeobis;               

 d. mxolod erTi saxeobis.

27. rTul da mravalferovan urTierTobas individebisas saxeobis SigniT, saxeo-
bebs Soris da garemo pirobebTan darvinma uwoda: 

 a. arsebobisaTvis brZola;   

 b.  bunebrivi gadarCeva;   

 g. adaptacia;  

 d. divergencia.

28. zogierTi buzi garegnulad krazanis msgavsia. es aris: 

 a. gamafrTxilebeli Seferiloba;

 b. mimikria;

 g. mfarvelobiTi Seferiloba;

 d. qceviTi adaptacia.
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29. Ramurebis, busa da delfinebis eqolokaciis unari aris ............. Seguebuloba: 

 a. qceviTi;     b.  fiziologiuri;     g. struqturuli;     d. mimikria.

30. saxeobaTaSoris arsebobisaTvis brZolas asaxavs: 

 a. avstraliaSi evropidan Cayvanili futkris mier adgilobrivi unestro 
futk ris   gaZeveba; 

 b. udabnoSi mcenareebis `brZola~ gvalvis mimarT; 

 g. meTovliebis mier marTveebis nawilis mospoba, roca STamomavlobaSi indi-
videbis didi raodenobaa; 

 d. metoqeoba mdedrisaTvis.

31. ipoveT mcdari debuleba _ tbis bayayis mwvane Seferilobis ganviTareba aixsne-
ba Semdegi faqtorebiT: 

 a. modifikaciuri cvalebadobiT;  g. mutaciebiT; 

 b. arsebobisaTvis brZoliT;   d. bunebrivi gadarCeviT.

davalebebi kritikuli da SemoqmedebiTi azrovnebisTvis

1. mendelma monohibriduli SejvarebisTvis bardaSi SearCia 7 wyvili alternatiu-
li (urTierTgamomricxavi) niSan-Tviseba. rogor fiqrob, mendeli Tu gamoik-
vlevda mxolod erT niSan-Tvisebas, is daadgenda damemkvidrebis kanonzomiere-
bas? axseni Seni pasuxi. 

2. mendeli ajvarebda gamosakvlev jiSTa wyvilebis mraval mcenares da agrovebda 
didi raodenobis monacemebs da maTi analizis safuZvelze akeTebda daskvnebs. 
mendels rom eqsperimenti mxolod or mcenareze Caetarebina, rogor fiqrob, 
aRmoaCenda daTiSvis kanons? pasuxi daasabuTe argumentirebuli msjelobiT.

3. mendelma araferi icoda dnm-is, rogorc genetikuri masalis, Sesaxeb. magram man 
sworad iwinaswarmetyvela Taobidan Taobaze niSan-Tvisebebis memkvidreobiT 
gadacemis Sesaxeb. axseni, mendelis Sromebi ramdenad adastureben mecnierul 
kvlevaSi dakvirvebis did mniSvnelobas?  

4. axseni, ratomaa, rom organizmi SeiZleba iyos dominanturi homozigoturi, re-
cesiuli homozigoturi, heterozigoturi domonanturi, magram arasodes ar 
iqneba recesiuli heterozigoturi? 

5. Tu populaciaSi recesiuli aleli exmareba gamravlebaSi, xolo dominanturi 
aleli xels uSlis, maSin populaciaSi ufro romeli aleli iqneba gavrcele-
buli?

6. mukoviscidozi aris adamianis sicocxlisTvis saSiSi recesiuli daavadeba. ro-
gori genotipi eqneba mukoviscidoziT daavadebul adamians: CC, Cc Tu cc? axse-
ni Seni pasuxi.

7. axseni, ra aris saxeobis gadarCenisTvis ufro mniSvnelovani: frinveli _ a. 
debs 10 kvercxs da zrdasrul formas 2 individi aRwevs; b. debs 3 kvercxs da 
zrdasrul formas 3 aRwevs. 

8. erT-erTi teleserialis siuJeti agebuli iyo droSi mogzaurobaze: yovel se-
riaSi stumrobdnen romelime cnobil istoriul pirovnebas da iRebdnen mis-
gan intervius, raTa SeeqmnaT warmodgena pirovnebis epoqisa da misi moRvawe-
obis Sesaxeb. warmoidgine, rom Sen xar am teleserialis scenaristi, erT-erTi 
seria li ki eZRvneba gregor mendels. dawere kiTxvebi, romlebsac dausvamdi 
gregor mendels.   
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monacemebis gansja (analizi da daskvna)

1. warmoidgine, rom muSaob dekoratiuli mcenareebis Teslebis gayidvebis kom-
paniaSi. Sen ikvlev mcenaris jiSs, romlis dominanturi fenotipi aris vardis-
feri yvavilebi (PP an Pp), recesiuli fenotipis mcenarebs ki TeTri yvavilebi 
aqvT (pp). momxmareblebi ufro metad iTxoven vardisferyvaviliani mcenareebis 
Teslebs. es moTxovnileba rom dakmayofildes, Sen unda gansazRvro zogierTi 
mcenaris genotipi.  

 gadasaWreli problema: rogori genotipi aqvs yoveli fenotipis mcenares?  

 procedura: 

 1) warmoidgine, rom am jiSis А mcenares, romelsac Sen ikvlev, aqvs vardis-
feri yvavilebi da ginda misi genotipis garkveva;

 2) А mcenare Seajvare B mcenares, romelsac TeTri yvavilebi aqvs pp genoti-
piT.

 3) Sejvarebis Sedegad miiRe 6 vardisferyvaviliani da 6 TeTryvaviliani 
mcenare. gamoiyene penetis kvadrati А mcenaris genotipis gansazRvis mizniT. 

 monacemebis analizi da daskvna:

 1) rogori genotipi aqvs А mcenares? axseni, rogor mixvedi am pasuxamde. 

 2) rogori iqneba STamomavlobis SesaZlo fenotipi da genotipi, Tu А mcenares 
Seajvareben PP genotipis mcenares? 

 3) gamoTvale: rogori iqneba dominanturi da recesiuli fenotipebis Tana-
fardoba, Tu А mcenares Seajvarebdi Pp genotipis mcenares? 

 4) Seafase: А mcenaris genotipi aris Tu ara saukeTeso varianti, raTa daakma-
yofilos Senma kompaniam momxmareblebis moTxovnileba vardisferyvaviliani 
mcenaris Teslebis moTxovnilebaze? daasabuTe Seni pasuxi. rogori genoti-
pis mcenaresTan iqneba muSaoba yvelaze kargi varianti momxmareblis moTxov-
nilebis dasakmayofileblad? ratom fiqrob ase?   

2. diagramebze warmodgenili monacemebis mixedviT gansazRvre: 1) romeli ni-
San-Tviseba ganisazRvreba genotipisa da garemo faqtorebis urTierTqmedebiT 
da romeli _ mxolod genotipiT. axseni Seni pasuxi.

sisxlis jgufebis gavrceleba adamianTa erT-erT populaciaSi

O (I) jg.         A (II) jg.         B (III) jg.       AB (IV) jg.

30%

40%

20%

10%

moswavleebis raodenoba

30

25

20

15

10

5

moswavlis sxeulis masa (kg)
33 38 44 48 50 52 55
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3. grafikze mocemulia 
erT-erTi antarqtiku-
li Tevzis saxeobis 
gavr celebis damoki-
debuleba temperatu-
raze. gaaanalize moce-
muli informacia da 
upasuxe kiTxvebs:

 1) ra farglebSi mer-
yeobs am saxeobisaTvis 
yvelaze xelsayreli 
tem peratura?

 2) rogor icvleba in-
dividTa raodenoba _ 
40C-dan -30C-mde da +30C-dan +40C-mde?

 3) ras daarqmevdi -40C-dan-30C-mde da +30C-dan +40C-mde temperaturis saz-
Rvrebs?

 4) cvalebadobis romel formas asaxavs? ras uwodeb  gamZleobis sazRvrebs? 
ra mniSvneloba aqvs cvalebadobis am formas populaciisTvis?

vizualuri masalis gansja

1. mendelma Seajvara iisferyvaviliani da 
TeTryvaviliani individebi. F

1
- Si mxo-

lod iisferyvavilebiani hibridebi 
miiRo, magram meore TaobaSi miiRo ro-
gorc iisferyvaviliani, ise TeTryva-
viliani hibridebic. gansazRvre: 

 1) dominanturi da recesiuli niSnebi; 
2) mSob lebisa da F

1
-is genotipebi; 3) F

2
-

Si genotipuri da fenotipuri daTiSvis 
Tanafardoba.   

2. pomidorSi nayofis mrgvali forma dominirebs 
msxli seburze. ilustraciaze mocemuli informaci-
is mixedviT gansazRvre:

  1) mSobliuri mcenareebis genotipebi; 2) hibridebis 
genotipuri daTiSvis Tanafardoba.

3. suraTze mo-
ce muli meore Tao-
baSi miRebuli Se-
degebis gamoyenebiT gansazRvre pomidorSi: 1) 
mSoblebis genotipebi; 2) pirveli Taobis geno-
tipi; 3) meore Taobis genotipuri daTiSvis 
Tanafardoba.

 

gamZleobis diapazoni

-4 -3 -2 -1 0 1 2 3 4 t0C

optimumis zona
daTrgunvis 

zona

daTrgunvis 

zona

P

F
1

F
2

P

F

383 118

75% 25%

F
1

F
2
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furusula oTaxis 
pirobebSi

furusula 30-35oC-ze 
da tenian pirobebSi

4. suraTi cvalebadobis romel formas asaxavs? daasabuTe Seni pasuxi.

5. cvalebadobis romel formas asaxavs suraTi da ra rols asrulebs igi evolu-
ciis procesSi?

6. Seguebulobis romel formas asaxavs suraTebi da ra mniSvneloba aqvs mas saxe-
obisTvis?

7. suraTze warmodgenili organizmebisgan Seqmeni kvebiTi jaWvi, isrebiT miuTiTe 
kvebiT jaWvSi nivTierebebisa da energiis gadacemis mimarTuleba, gansazRvre, 
maTgan romelia producenti, I rigis konsumenti, II rigis konsumenti, III rigis 
konsumenti da reducenti.   

1 2 3

4
5
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sakvanZo samecniero terminebis gamoyeneba

1. waikiTxe teqsti da gamotovebul adgilze Casvi Sesabamisi sityvebi: 1. geno-
tipi, 2. memkvidruli cvalebadoba, 3. modifikaciuri cvalebadovba, 4. garemo 
faqtorebi, 5. fenotipi 

 Seavse gamotovebuli adgilebi: arsebobs cvalebadobis ori forma --------------
----- da -------------------------------------. genebis erTobliobas, romelsac Seicavs 
organizmi, ewodeba  ----------------,  xolo yvela niSan-Tvisebis erTobliobas 
----------- -------. fenotipi yalibdeba  ------------------ da -------------- urTierTq-
medebiT

2. waikiTxe teqsti da gamotvebul adgilze Casvi Sesabamisi sityvebi: 1. alelebi, 
2. homologiuri wyvili, 3. homozigoturi, 4. heterozigoturi. 

 

 qromosomebi genetikuri informaciis matarebelia, radgan maTSi lokalizebu-
lia genebi, magaliTad, Tvalis Seferilobis geni, yuris bibilos formis geni 
da Tmis  formis ganmsazRvreli geni. diploiduri organizmis birTvSi yovel 
qromosomas aqvs partniori qromosoma, romelic imave genebs Seicavs. qro-
mosomebis aseT wyvils ----------------------------- ewodeba. wyvilis yoveli qro-
mosoma Seicavs erTi da imave genis alternatiul formas.  am alternatiul 
formebs ---------------------- uwodeben. magaliTad, Tvalis feris ganmsazRvreli 
genis erTi forma  gansazRvravs Tvalis cisfer, xolo meore _ yavisfer Sefe-
rilobas.  Tu genis orive forma arsebobs konkretuli organizmis ujredebis 
birTvSi, maSin organizmi ------------------------------ am niSan-Tvisebis mixedviT. 
meore mxriv, Tu genis arsebobis orive forma erTnairia, maSin organizmi ------
------------------------------ am niSnis mixedviT.  
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Sefasebis kriteriumi
yovelT-

vis
xSirad iSviaTad

saxelmZRvaneloSi swrafad vpoulob saWiro informa-

cias

aqtiurad var CarTuli sagakveTilo procesSi

damoukideblad SemiZlia saWiro informaciis mopove-

ba da damuSaveba

ar meSinia Cemi Secdomis aRiarebis

mzad var rCevebi miviRo Cemi Tanaklaselebisgan

saWiroebis SemTxvevaSi, rCevebs vaZlev Cems klaselebs

gakveTilze Tavisuflad gamovTqvam Cems mosazrebas 

da vasabuTeb argumentirebuli msjelobiT

vsvam kiTxvebs gakveTilis TemasTan dakavSirebiT

SemiZlia eqsperimentis dagegmva

SemiZlia eqsperimentis dagegmva da ganxorcieleba

vwer kvlevis angariSs da warvadgen klasis winaSe

SemiZlia grafikebsa da suraTebze mocemuli monaceme-

bis mtkicebulebebad gamoyeneba da daskvnis gamotana

vadareb sxvadasxva biologiur sistemas erTmaneTTan, 

vadgen maT Soris msgavsebasa da gansxvavebas

vadgen sqemebs, romlebic asaxavs mizezSedegobriv ka-

vSirebs, movlenebis Tanmimdevrobas da/an biologiu-

ri sistemis komponentebs Soris kavSirsa da msgavse-

ba-gansxvavebas

vakeTeb Cemi namuSevris prezentacias klasis winaSe

swavlis procesis analizisTvis

miRwevebis Sefasebis mizniT, Seavse qvemoT warmodgenili cxrili:
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danarTi 1

1. stacionaluri pacientis samedicino baraTi aris samedicino dokumenti im 
pacientis, romelic samedicino dawesebulebaSi imyofeba dRe-Ramis ganmav-
lobaSi da mkurnalobas itarebs eqimis meTalyureobiT.

2. samedicino baraTi ivseba yvela pacientisTvis individualurad. samedicino 
baraTs rigiTi nomeri eniWeba saavadmyofos pacientTa miRebisa da gaweris 
registraciis JurnalSi dafiqsirebuli rigiTi nomris mixedviT.

3. mimRebi ganyofilebis TanamSromlebi pacientis saavadmyofoSi/stacionar-
Si SemosvlisTanave avseben personalur monacemebs piradobis mowmobis an 
pasportis mixediT baraTis satitulo gverdze.

4. monacemebs sisxlis jgufis, rezus-faqtorisa da medikamentebze alergiuli 
reaqciebis Sesaxeb avsebs mimRebi (morige, mkurnali) eqimi pirveli gasinjvis 
dros garda im SemTxvevebisa, rodesac informaciis miReba SeuZlebelia pa-
cientis mdgomareobidan gamomdinare.

5. mkurnali eqimis mier pacientis Civilebi da avadmyofobis anamnezi iwereba 
mokled, paTologiuri cvlilebebisa da daavadebasTan dakavSirebuli mo-
nacemebis miTiTebiT.

6. klinikuri diagnozi iwereba pacientis baraTis satitulo furcelze pacien-
tis stacionarSi Sesvlidan sami samuSao dRis ganmavlobaSi. daskvniTi diag-
nozi iwereba pacientis stacionaridan gawerisas.

7. dokumentSi aisaxeba pacientis daavadebis mkurnalobasTan dakavSirebuli 
monacemebi.  

stacionaluri pacientis avadmyofobis istoriis 

samedicino baraTi
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danarTi 2

gamokiTxva aris pirveladi monacemebis Segrovebis meTodi adamianTa popu-
laciis individebTan (respondentebTan) komunikaciis Sedegad.

ratom awarmoeben gamokiTxvas? gamokiTxviT mkvlevari moipovebs mniSvnelovan 
informacias misTvis saintereso sakiTxze.

rogori unda iyos gamokiTxva? 

• respondentebis raodenoba unda iyos sakmarisad didi, raTa miviRoT Se-
degebis sizustis sasurveli done; 

• respondentebis SerCeva sazogadoebis sxvadasxva jgufidan unda iyos 
SemTxveviTi;

• gamosakiTxi sakiTxis Sinaarsze damokidebulebiT, SesaZlebelia gaTval-
iswinebuli iyos Semdegi: qalaqisa da soflis mosaxleoba; sqesi, asaki.

klasifikacia

• gamokiTxulTa masStabebis mixedviT (qveynis, Temis, skolis da a.S);

• Segrovebuli monacemebis tipis mixedviT (raodenobrivi an xarisxobrivi).

klasifikacia komunikaciis meTodis mixedviT

• vizualuri (internetiT);

• smeniTi (satelefono);

• yvela forma (interviuireba).

gamokiTxvis CatarebasTan dakavSirebuli aqtivobebi

• gamokiTxvis miznebis da amocanebis Camoyalibeba;

• samizne/gamosakiTxi populaciis/jgufis gansazRvra;

• gansazRvra imisa, Tu ra saxis informaciis (monacemebis) Segrovebaa saWi-
ro;

• gamokiTxvis instrumentis/kiTxvaris SemuSaveba;

• respondentebis SerCeva;

• monacemebis Segroveba;

• Segrovili monacemebis analizi da daskvnis Camoyalibeba.

ra aris kiTxvari?

• instrumenti (forma), romlis meSveobiTac xdeba pirveladi monacemebis 
(informaciis) Segroveba;

• SekiTxvebis racionalurad gansazRvruli Tanmimdevroba.

gamokiTxva
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kiTxvaris dadebiTi mxareebi

• SesaZlebelia didi raodenobiT adamianebis gamokiTxva;

• gvawvdis Tvlad monacemebs;

• advilia monacemebis analizi; 

• respondentis gulwrfelobis xarisxi ufro maRalia;

• respondenti kiTxvars avsebs misTvis xelsayrel dros;

• interviueri (piri, romelic atarebs gamokiTxvas) ver axdens gavlenas 
respondentze.

kiTxvaris naklovani mxareebi

• winaswar gansazRvruli SekiTxvebi da pasuxebi;

• arasworad dasmuli SekiTxva;

• SekiTxvis arasworad aRqma/interpretacia.

rogori unda iyos kiTxvari?

• pirvel gverdze kvlevis saTauri (gamokveTilad);

• kiTxvaris Sevsebis naTeli da garkveuli instruqcia;

• vizualurad kargad gamoiyurebodes;

• TvalisTvis advilad aRsaqmeli;

• advilad kiTxvadi (fontis stili, feri, zoma);

• SekiTxvebi imgvarad unda iyos formulirebuli, rom respondentma zus-
tad gasces pasuxi;

• adekvaturi adgili pasuxebisTvis;

• kiTxvebi SeZlebisdagvarad  mokle da martivi;

• danomrili SekiTxvebi;

• kiTxvebi unda Seesabamebodes sakvlev sakiTxs;

• kiTxvebi unda iyos aradamamcirebeli, araSeuracmyofeli;

• kiTxvari unda iwyebodes martivi kiTxvebiT;

• yvelaze mniSvnelovani SekiTxvebi ar unda ganTavsdes kiTxvaris bolos. 

eTikis normebis dacva

• konfidencialobis dacvis uzrunvelyofa/ar unda moxdes kvlevis Se-
degebis gamoqveynebis dros gamokiTxulis pirovnebis identificireba; 

• kvlevaSi monawileoba aris nebayoflobiTi da monawiles SeuZlia nebis-
mier dros Tqvas uari kvlevaSi monawileobaze. 
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SekiTxvebis magaliTebi kiTxvarisTvis

daazusteT kiTxva

dauzustebeli kiTxva

xSirad dadixarT salonSi wveris gasaparsad? 

diax  
ara

ufro metad dazustebuli kiTxva

ramdenjer iyaviT salonSi wveris gasaparsad bolo 1 Tvis 

ganmavlobaSi?

erTxel

orjer

samjer

samjer da da metjer

saerTod ar vyofilvar

ar vici/ar armaxsovs

kiTxva dasviT koreqtulad 

arakoreqtulia!

alkoholiki xarT? 

diax 

ara 

koreqtulia!

ramdenjer moixmareT alkoholi bolo 3 Tvis ganmavlobaSi?

yoveldRiurad

2-6 jer kviraSi

kviraSi erTxel

 ar vici/ar maxsovs

kiTxva dasviT martivi formulirebiT

kiTxva rTuladaa dasmuli

mowieT Tu  ara dReSi saSualod 2 kolofi sigareti   2010 
wlidan dRemde?

diax 

ara 
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kiTxva martivadaa dasmuli

saSualod ramden kolof sigarets eweviT bolo 3 wlis gan-
mavlobaSi?

< 1

1 _ 2

> 2

SekiTxvebis formati

daxuruli formatis _  arCeviTpasuxebiani

diax

ara

ar ici

yovelTvis

iSviaTad

arasodes

Ria formatis _ Tavisufali teqsti

Tqeni azriT, ra faqtorebma SeiZleba gamoiwvios adamianSi ...?  

___________________________________________________

___________________________________________________
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danarTi 3

samecniero kvlevis gegmis etapebis nimuSi

kvlevis gegmis 

komponentebi

kiTxvebi, raze pasuxsac gulisxmobs  kvlevis yoveli 

komponenti? 

sakvlevi kiTxva ratom vatareb cdas/eqsperiments/dakvirvebas? risi Ses-
wavla minda?

ra vici am sakiTxis Sesaxeb? kidev ra informacia mWir-
deba?

hipoTeza ras moveli kvlevis Sedegad?

cvladebi/kvlevis obieqti ra aris Cemi kvlevis sagani/obieqti/movlena/procesi da 
raze damokidebulebiT vikvlev?

resursebi ra damWirdeba kvlevis Casatareblad?

kvlevis etapebis/proce-
duris  aRwera

ras vakeTeb da ra TanmimdevrobiT vatareb cdas/eqsper-
iments/dakvirvebas? proceduris romelime etapis gameo-
reba aris Tu ara saWiro? Tu saWiroa, ramdenjer vimeo-
reb?

usafrTxoebis wesebi ramdenad usafrTxoa cda/eqsperimenti/dakvirveba? saW-
iroebis SemTxvevaSi rogor vicav eTikur normebs?

monacemTa aRricxva ra miviRe, ra davinaxe cdis/dakvirvebis/eqsperimentis 
Sedegad? rogor davafiqsiro/aRvricxo miRebuli Sede-
gebi? ra gamoviyeno amisTvis _ Canawerebi, dakvirvebis 
dRiuri, monacemebis cxrili, Canaxatebi, Tu foto da 
videomasala gadaviRo?

monacemTa analizi ras niSnavs/raze miuTiTebs miRebuli Sedegebi/monaceme-
bi? am mizniT damWirdeba Tu ara grafikebis/diagramebis 
ageba da amisTvis kompiuteriT sargebloba?

daskvna ras miCenebs cdis/dakvirvebis/eqsperimentis Sedegebis 
analizi? miRebuli monacemebi maZlevs Tu ara saSuale-
bas gavakeTo sakvlevi kiTxvis Sesabamisi daskvna? Cemi 
daskvna daemTxva Tu ara Cems hipoTezas?

kvlevis Sedegebisa da 
daskvnis  gaziareba

rogor gavuziaro Cemi kvlevis Sedegebi Cems Tanak-
laselebs/maswavlebels? kvlevis angariSi posterze war-
movadgino Tu vordis failSi movamzado? posteri flip-
Cartze Tu eleqtronuli versiis saxiT  warmovadgino?
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danarTi 4

sazogadoebasTan urTierTobis formebs didi xnis istoria aqvs da mudmivad 
ganicdis cvlilebebs. sazogadoebasTan urTierTobis erT-erTi formaa saja-
ro leqcia. sazogadoebasTan urTierTobis specifika, maT Soris sajaro leqci-
is formatiT, dagegmvis gareSe ar arsebobs. dagegmva am dargSi sasicocxlod 
mniSv nelovania, radgan dagegmili leqcia iZleva mxolod xelSesaxeb Sedegs. sa-
jaro leqciis dagegmvisas mniSvnelovania Semdegi aspeqtebis gaTvaliswineba:

1. pirvel rigSi unda ganisazRvros sajaro leqciis Tema da mizani. leqci-
is Tema unda iyos mocemuli momentisTvis sazogadoebisTvis aqtualuri,  
saintereso da mniSvnelovani.

2. informacia im SemTxvevaSi aris aqtualuri, rodesac igi asaxavs sazoga-
doebaSi mimdinare viTarebas da/an es informacia miRebis Semdeg droulad 
gamosadegia.

3. informacia ramdenad sruli da sandoa, ramdenad morgebulia sazogadoe-
bis saWiroebebTan. 

4. informaciis vizualizacia – vizualizacia gamoiyeneba teqnikuri mniSvne-
lobiT da zepiri komunikaciis vizualuri saSualebebiT gamdidrebas 
niSnavs. adamiani informaciis umetes nawils mxedvelobis daxmarebiT, 
vizualu rad Rebulobs. momxsenebeli informaciis gadacemisas aqtiu-
rad unda iyenebdes vizualizaciis saSualebebs sqemebis, fotoebisa da/
an video masalis saxiT. vizualizacia unda grZeldebodes mTeli leqciis 
ganmavlobaSi.

5. saWiroa auditoriis, msmenelebis Taviseburebebis gaTvaliswineba. amasTan 
dakavSirebuli rekomendaciebi:
• Tu msmeneli Tavs arakomfortulad an daZabulad grZnobs, mas uWirs 

informaciis aRqma da damaxsovreba. amitom, izruneT imaze, rom saub-
ris daswyisSive mouxsnaT msmenels daZabuloba; 

• ZiriTadad, msmenels yvelaze kargad teqstis dasawyisi da bolo 
amaxsovrdeba, amitom kargad gansazRvreT ras ityviT leqciis dasawy-
issa da boloSi; 

• Tqven mniSvnelovnad SeamsubuqebT msmenelis amocanas, Tu Tqveni teqs-
ti kargad struqturirebuli iqneba;

• teqstis gagebasa da damaxsovrebas xels uwyobs misi magaliTebiT gam-
didreba; 

• SeecadeT, moeridoT zogad gamonaTqvamebs. isaubreT rac SeiZleba me-
tad konkretulad; 

• SeecadeT amomwuravad ilaparakoT, rom saubris dasrulebis Semdeg mo-
saubres ar sWirdebodes damatebiTi daskvnebis gakeTeba.

 sajaro leqcia
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danarTi 5

modeli (frang. modèle, laT. modulus-dan — „analogi, nimuSi“) — sistema, 
romlis gamokvlevebic emsaxureba sxva sistemis Sesaxeb informaciis miRebas, 
es aris gamartivebuli warmodgena realuri mowyobilobis/sistemis da/an masSi 
mimdina re procesebisa da movlenebis Sesaxeb. modelebis ageba da gamokvleva, 
anu mode lireba, amartivebs realur sistemaSi (procesSi...) arsebuli Tvisebebisa 
da kanonzomierebebis gamokvlevas. 

adamiani Tavis samecniero, saganmanaTleblo, teqnologiur da mxatvrul 
saqmianobaSi mudmivad qmnis da iyenebs garemomcveli samyaros modelebs. mode-
lebi saSualebas gvaZlevs, TvalsaCinod warmovidginoT obieqtebis formebi da 
procesebi, gansakuTrebiT ki isini, romelTa uSualod danaxva da warmodgena 
SeuZlebelia (Zalian didi an Zalian patara obieqtebi, Zalian swrafad an Zalian 
nela mimdinare procesebi da sxv.). modelirebis obieqti SeiZleba iyos sagani, 
movlena da procesi.

modeli SeiZleba iyos fizikuri (mag., mulaJi, maketi), kognitur-vizualuri 
(mag., sqema, diagrama, aplikacia), an kompiuteruli (mag. simulacia).

saWiroa, rom sworad Seafaso ama Tu im modelis Rirsebebi an misi SezRudve-
bi Sesabamis obieqtTan, movlenasTan, moqmedebis meqanizmTan mimarTebiT, SeZlo 
misi sxva modelTan Sedareba.

modeli da modelireba
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danarTi 6 

zogierTi niSnis memkvidreoba adamianSi

niSnebi damemkvidrebis tipi

dominanturi recesiuli

Tvalis feri yavisferi (Taflisferi) cisferi 

Tvalis zoma didi patara 

Tvalis tipi mongoloiduri Cveulebrivi 

cxviris zoma didi saSualo an patara 

cxviris forma kexiani (`romauli~) swori 

nestoebi farTo viwro 

yuris sigane farTo viwro 

yuris sigrZe grZeli mokle 

yuris bibilo Tavisufali Sezrdili 

loyis Rrmulebi aris ar aris 

Tmis forma patara kululebiT swori 

Tmis feri muqi feris Ria feris 

simelote mamakacebSi qalebSi 

Tmis gaTeTreba 25 wlis asakSi 40 wlis Semdeg 

TeTri Tmis kululi Sub-
lTan

aris ar aris 

saxis forma mrgvali ovaluri 

qveda tuCi msxvili normaluri 

sisxli rezusdadebiTiani rezusuaryofiTiani 

mtevani sindaqtilia (TiTebis Sez-
rda)

normaluri mtevani

pigment-melaninis sinT-
ezis unari

 aris ar aris (viTardeba 
albinizmi)

kanis pigmentacia Worflianoba uWorfloba
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 abreviatura _ sityva, romelic war-
moadgens ori an ramdenime sityvis 
Semoklebas.

 avadmyofobis istoria _ eqimis mokle 
Canawerebi avadmyofis simptomebisa da 
mkurnalobis mimdinareobis Sesaxeb.

 anamnezi _ avadmyofobis ganviTarebis 
istoria, romelsac  eqimi moipovebs 
avadm yofis an misi axloblebis monaTx-
robis mixedviT. 

 andrologi _ mecnieri, romelic Seis-
wavlis mamakacTa organizmis fiziolo-
giasa da paTologias, aseve mamakacTa 
sasqeso organoebis daavadebebs, maT 
diagnostikasa da mkurnalobas.

 biologiurad aqtiuri nivTiereba _ ro-
melic sul mcire doziTac axdens sa-
Tanado efeqts.

 diagnozi _ avadmyofis mravalmxriv 
gamokvlevaze dafuZnebuli saeqimo 
daskvna.

 dinastia _ erTi da imave gvaris mefee-
bi, romlebic TanamimdevrobiT cvlian 
erTmaneTs taxtze naTesaobis da mem-
kvidreobis uflebis safuZvelze.

 endokrinologia _ medicinis dargi, 
romelic Seiswavlis Sinagani sekreciis 
jirkv lebis mier sisxlSi gamoyofili 
hormonebis (aqtiuri nivTierebebi) or-
ganizmze zemoqmedebas.

 ereqcia _ mamakacis sasqeso asos gaber-
va da gamagreba sqesobrivi aRgznebis 
dros.

 venerologi _ eqimi, romelic mkur-
nalobs sqesobrivi gziT gadamdeb in-
feqciebs.

 eqstrimi _ anu gadaWarbebuli, araor-
dinaluri, eqstremaluri moqmedebebi 
romlebic sicocxlisTvisaa saxifaTo.

 impotencia _ mamakacSi sqesobrivi kav-
Siris damyarebis uunaroba.

 in vitro _ aris meTodi, romlis meSveo-
biT qalis kvercxujredis da mamakacis 
spermatozoidebis Serwyma xdeba adamia-
nis organizmis gareT.

 kaTeteri _ samedicino xelsawyo _ mili, 

romelic SehyavT sxeulis arxebsa da 
RruebSi.

 kampania _ muSaoba, romelic tardeba 
garkveul periodSi raime mniSvnelovani 
sazogadoebriv-politikuri an sameur-
neo amocanis Sesasruleblad.

 kognituri sqema _ informaciis, mo-
nacemebis organizeba sxvadasxva tipis 
sqemebSi.

 mdgradi ganviTareba _ biologiuri re-
sursebis iseTi gziT da siswrafiT ga-
moyeneba, romelic momavalSi ar ga-
moiwvevs saxeobaTa mravalferovnebis 
Semcirebas da mas momavali Taobebi 
saWiroebebis gaTvaliswinebiT Seinar-
Cunebs.

 mean-ginekologi _ eqimi, romelic ikv-
levs qalis reproduqciuli organoebis 
daavadebebs, axdens maT diagnostikasa 
da mkurnalobas. 

 mistikuri _ zebunebrivi.
 paranoia _ fsiqikuri daavadeba, romel-

sac axasiaTebs afeqturi bodviTi idee-
bi.

 paleontologia _ mecniereba gadaSen-
ebul cxovelTa da mcenareTa Sesaxeb; 
swavlobs maT ganamarxebuli naSTebis 
mixedviT.

 pesticidi _ qimiuri nivTierebebi, rom-
lebic gamoiyeneba mavneblebis winaaRm-
deg.

 rekombinacia _ am SemTxvevaSi zigotaSi 
genebis axali SeTanawyobis _ axali kom-
binaciis _ warmoqmna.

 slogani _ mokled formulirebuli lo-
zungi, devizi, mowodeba.

 transi _ cnobierebis fxizeli mdgo-
mareobis droebiTi Secvla, romelic 
moicavs yuradRebisa da STagonebado-
bis momatebas.

 frigidoba _ rodesac qali gulgrilia 
sqesobrivi kavSiris mimarT da ugrZno-
bia intimuri urTierTobis dros.

 halucinacia _ mcdari aRqma, roca in-
divids esmis an xedavs imas, rac awymoSi 
obieqturad ar aris mocemuli.

ganmartebiTi leqsikoni


